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Metaphase c h r o m o s o m e s  were  invest igated in cul tures  of human embryonic  f ib rob las t s  a f t e r  
t r e a t m e n t  with the an t i tumor  antibiotic rubomycin  C (daunomycin, rubidomycin) .  Two ef-  
fec ts  we re  found: polyploid ce l l s  and ch romosomal  abe r r a t ions .  During subcul ture  the num-  
ber  of injured ce l l s  fell to the control  level  by the fourth to sixth passage .  On fu r the r  sub-  
cul ture ,  however ,  ch romat id  exchanges  and m a r k e r  c h r o m o s o m e s  were  found in some cel ls  
until the fif teenth passage .  

The dynamics  of the c h r o m o s o m a l  in jur ies  in human cell  cu l tures  a f t e r  exposure  to the action of 
v i r u s e s  [10, 12], t e m p e r a t u r e  shock [9], and rad ioac t ive  radia t ions  [3, 8] has  been invest igated.  However,  
the duration of p e r s i s t e n c e  of c h r o m o s o m a l  abe r r a t i ons  in human cell  cu l tures  a f te r  exposure  to chemica l  
mutagens  has  r ece ived  l i t t le  study. 

The object  of this invest igat ion was to de te rmine  ch romosoma l  abe r r a t i ons  in a s e r i e s  of cell  gen-  
e ra t ions  a f t e r  t r ea tmen t  of cu l tures  of human embryonic  f ib roblas t s  with the ant i tumor  antibiotic rubo-  
mycin  C. The cytogenetic  effect  of this compound on human cell  cu l tures  has  been descr ibed  p rev ious ly  
[6,111. 

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

Human embryonic  f ib rob las t s  were  cult ivated by the method desc r ibed  in [4]. A suspension of e m b r y -  
onic ce l l s  obtained f r o m  the musc le  t i s sues  of 6- to 9-week human e m b r y o s  with the aid of 0.25% s te r i l e  
t ryps in  solution was incubated at 37~ The opt imal  concentrat ion of ce l l s  was  250,000 pe r  m m  3 nutr ient  
medium containing 50% Eag le ' s  medium,  30% lacta lbumin hydrolysa te  solution, and 20% bovine s e rum.  
Rubomycin C was added to the cul ture  of dividing cel ls  for  2 h in concent ra t ions  of  0.05 # g / m l  ( se r i e s  1) 
and 0.02 # g / m l  ( se r i e s  H and HI). The s ame  volume of Hanks '  solution was added to the control  cul ture .  
Twenty-four  hours  a f t e r  r e m o v a l  of the rubomycin ,  one-hal f  of the ce l l s  was t r ea t ed  for  6 h with colchicine 
in a concentrat ion of 0.3-0.5 # g / m l ,  then subjected to hypotonic t r ea tmen t ,  and fixed with me thano l -ace t i c  
acid fixative.  The o ther  half  of the ce l l s  f r o m  the exper imenta l  and control  cu l tures  was  subcul tured by 
the method of Hayflock and Moorhead [7]. Chromosome  p repa ra t i ons  were  made 48 h a f t e r  subcul ture .  
They w e r e  stained with a z u r e - e o s i n  by Romanowsky ' s  method and examined under  oil i m m e r s i o n  with a 
magnif icat ion of 1350 x .  

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

Ser ies  I. Chromosome  p repa ra t i ons  were  obtained in eight p a s s a g e s  a f t e r  t r ea tmen t  of the or iginal  
cul ture with rubomycin  C in a concentrat ion of 0.05 g g / m l .  No dividing ce l l s  were  found at the f i r s t  pas -  
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Fig. 1. F r a g m e n t s  of me taphase  p la tes  
in cul ture of human embryonic  f ib ro -  
b la s t s  at second (A), seventh (B), and 
fifteenth (C) p a s s a g e s  a f t e r  t r e a t m e n t  
with rubomycin  C in a concentra t ion of 
0.02 # g / m l .  pf) Pa i r ed  f r agmen t s ;  ex) 
chromat id  exchange; d) d icent r ic  c h r o m -  
osome.  Romanowsky ' s  a z u r e - e o s i n ,  

sage,  s o l i t a r y m i t o s e s w e r e  found at the second, while at the 
th i rd  pa s sage  16 metaphase  p la tes  were  counted, including 
four  with abe r r a t i ons  (paired f ragments)  and ten te t raploid .  
At the fourth passage ,  among 100 metaphase  p la tes  examined 
eight had c h r o m o s o m a l  abe r r a t i ons  and eight were  t e t r a -  
ploid. At the fifth and sixth p a s s a g e s  3% and 4% of cel ls ,  r e -  
spect ively ,  were  found with ch romosoma l  abe r r a t i ons ,  but 
there  were  no polyploid cel ls .  At the seventh (Fig. 1B) and 
eighth p a s s a g e s  the f requency of cel ls  with ch romosomal  
abe r r a t i ons  was no higher  than in the control cu l tu res ,  i .e. ,  
0-1%. The mitot ic  act ivi ty  of the cel ls  f rom the fourth p a s -  
sage af ter  t r ea tmen twi th  rubomycin  was  g r e a t e r  than the 
mi to t ic  ac t iv i ty  in the control  cul ture ,  and the ac t iv i t ies  in 
the exper imenta l  and control  cu l tures  did not become equal 
until the eighth passage .  

Ser ies  II. Of the metaphase  p la tes  examined 24 h 
a f t e r  t r e a t m e n t  with rubomycin  C in a concentrat ion of 0.02 
~ g / m l  29.4% contained c h r o m o s o m a l  abe r ra t ions .  At the 
second pa s sage  (Fig. 1A) 49.5% of ce l l s  contained abe r r an t  
c h r o m o s o m e s  and 30% of cel ls  had a t r iploid set  of c h r o m o -  
somes .  Af te r  the fourth pas sage  the ce l l s  in the exper imen-  
tal  cul ture degenera ted .  

Ser ies  HI. Af ter  the f i r s t  f ixation the number  of ce l l s  
with abe r r a t i ons  was 35.8%, at the second passage  13.6%, 
and at the th i rd  3.5%. By con t ras t  with the two prev ious  
s e r i e s  of invest igat ions there  was no inc rease  in the f r e -  

1350 x .  quency of polyploid cel ls .  At the  eighth pas sage  there  were  
two abe r r a t i ons  in 100 cel ls :  one chromat id  f r agmen t  and 

one c h r o m o s o m a l  F / G  t rans loca t ion .  At the fifteenth pa s sage  two cel ls  with c h r o m o s o m a l  abe r r a t i ons  
were  found: one chromat id  rup ture  and one chromat id  exchange (Fig. 1C). 

It  is uncer ta in  whether  induced c h r o m o s o m a l  in jur ies  can p e r s i s t  in cell  cu l tures .  Fo r  instance,  
a f t e r  infection of human cell cu l tures  with SV40 v i rus  d icentr ic  c h r o m o s o m e s  were  found on the fifth day, 
while on the twelfth day more  than half  of all ce l l s  studied were  nea r - t e t r ap lo id  and contained at l eas t  one 
d icent r ic  ch romosome  [11, 13]. Kuliev [2] obse rved  polyploid ce l l s  with ch romosomal  abe r r a t i ons  ove r  a 
s e r i e s  of p a s s a g e s  in a cul ture  of embryonic  f ib rob las t s  in which v i ru s  infection was p r e s u m e d  to have oc -  
cu r red .  After  t r e a t m e n t  of human cell  cu l tures  with t e m p e r a t u r e  shock, polyploid cel ls  were  found during 
subculture for  s eve ra l  months  [9]. Polyploidizat ion was  also obse rved  a f t e r  t r ea tmen t  of human cel ls  with 
ionizing radia t ion [8] and with N - n i t r o s o - N - m e t h y l u r e a  [5]. 

Polyploidizat ion is evidently a nonspecif ic  reac t ion  of ce l l s  to s eve ra l  types  of agent. The a p p e a r -  
ance of te t raploid  ce l l s  in the expe r imen t s  of s e r i e s  I and II can be at t r ibuted to the action of rubomycin  C 
on the achromat i c  pa r t  of the division spindle.  As a resu l t ,  endomitos is  takes  p lace ,  followed by the f o r m a -  
tion of te t raplo id  ce l l s  with a b e r r a t i o n s  of c h r o m o s o m a l  type.  By the fourth to sixth pas sage  a f te r  t r e a t -  
ment  with rubomycin  the f requency of cel ls  with ch romosoma l  abe r r a t i ons  was no longer  higher  than the 
control .  However ,  at the seventh pa s sage ,  so l i t a ry  chromat id  exchanges  were  stil l  found, indicating the 
p r e s e n c e  of potential  o r  subehromat id  rup tu res  [1]. The d i s cove ry  of a ch romosoma l  t rans loea t ion  at the 
fifteenth pa s sage  m a y  indicate that  induced cell  clones with s table  m a r k e r  c h r o m o s o m e s  can be fo rmed .  
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