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P A T H O L O G Y  OF M I T O S I S  A F T E R  R E C O V E R Y  OF C E L L S  

F R O M  M E T A P H A S E  B L O C K  
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N .  A~ S t a r o s v e t s k a y a ,  M. E .  A s p i z ,  
a n d  I .  A .  A l o v  

UDC 576.353.355 : 001.1 

Experiments on fibroblast-like Chinese hamster  cells showed that agents inducing c-mitosis  
(colchicine, colcemid, low temperature} give r i se  to two distinct effects: stathmokinetic and 
radiomimetic.  Toward the t ime of reversibi l i ty  of the f i rs t  of these effects, the second be- 
comes clear ly  manifested as bridge formation. The appearance of this pathological form is 
evidently due to disturbance of cell nucleoprotein metabolism during c-mitosis .  

KEY WORDS: pathology of mitosis; stathmokinetic effect; radiomimetic effect; chromosome 
bridges. 

The appearance of colchicine-like mitosis, or  c-mitosis ,  may be caused by several factors.  The c- 
mitosis is connected with disturbance of several mechanisms of normal mitosis [1]. Our previous studies 
of colchicine-like mitosis were mainly concerned with the study of the character  o f  injury to the microtubules 
of the division spindle and ways of its repair ,  depending on the factor causing the c-mitosis .  We were also 
interested in the successive replacement of pathological forms of mitosis during the development of the stathmo- 
kinetic response and in the course of its reversibi l i ty  [5, 6], due to differences in the degree of disorganization 
of the mitotic spindle [7]. The attainment of the control values of the mitotic index and of the relative pro- 
portions of the stages of mitosis demonstrated normalization of the spindle and the ability of the cells to r e -  
cover from metaphase block and to complete the final stages of mitosis - anaphase and telophase. However, 
analysis of these last stages of mitosis was not studied at that time; the present investigation was devoted to 
this  problem. 

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

Just as in the previous investigations [2, 4, 5], experiments were car r ied  out on a monolayer culture 
of Chinese hamster  fibroblast-like cells (clone 237). Colchicine (exposure for 30 rain, 1 pg /ml ) ,  colcemid 
(exposure for 2 h, 0.03 ~g/ml}, and cold shock {culture for 2 h at 21~ served as the inducers of the stathmo- 
kinetic reaction. The doses and exposures used were such that, after removal of the alkaloid by washing or  
af ter  heating (37~C) of the cooled cultures,  the lat ter  were able to recover  from the metaphase block and to 
complete mitosis.  

Institute of Human Morphology, Academy of Medical Sciences of the USSR, Moscow. (Presented by 
Academician of the Academy of Medical Sciences of the USSR A. P.  Avtsyn.) Translated from Byulleten' 
Eksperimental~oi  Biologii i Meditsiny, Vol. 87, No. 6, pp. 587-589, June, 1979. Original art icle submitted 
September 18, 1978. 

0007-4888/79/8706-0619 $07.50 �9 1979 Plenum Publishing Corporation 619 



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

The  p rev ious  invest igat ions showed that  despi te  s i m i l a r  morphologica l  p i c tu res  of  c - m i t o s i s  produced 
by the  above-ment ioned  agents ,  the m e c h a n i s m s  of r e c o v e r y  of the ce l l s  f r o m  metaphase  block were  different ,  
Af t e r  t r e a t m e n t  with colchicine,  the  des t royed  spindle mic ro tubu les  r e c o v e r e d  mainly  by the fo rmat ion  of 
new tubulins; a f t e r  cooling, r e c o v e r y  took p lace  mainly  through r epo lymer i za t i on  of tubulins; r e c o v e r y  of the 
mic ro tubu le s  a f t e r  t r e a t m e n t  of the ce l l s  with co lcemid ,  however ,  occupied an in te rmedia te  posit ion in th is  
r e s p e c t  and took p lace  both by pro te in  syn thes i s  de novo and by tubulin r epo lymer i za t i on .  The normal  mitot ic  
r e g i m e  was r e s t o r e d  m o s t  rap id ly  a f t e r  cold shock, within 40-60 rain. Af te r  t r e a t m e n t  with co lcemid  this  
p r o c e s s  took 2-2.5 h. Most  t i m e  of  all  was r equ i red  for  r e c o v e r y  of the normal  c o u r s e  of m i to s i s  a f t e r  
colchicine,  namely  8-10 h. 

During r e c o v e r y  of the ce l l s  f r o m  cold block,  bes ides  a r egu l a r  dec r ea se  in the number  of c - m e t a p h a s e s  
and also in the number  of  m e t a p h a s e s  with s ca t t e r ed  and deleted c h r o m o s o m e s ,  the  number  of  final s tages  of 
m i to s i s  with single and mul t ip le  b r idges  was inc reased .  In ce l l s  of  the cont ro l  cu l tu res  the mean  number  of 
anaphases  and t e lophases  with b r idges  was usua l ly  not m o r e  than 0.6% (in al l  c a s e s  100 dividing ce l l s  we re  
counted) .  In expe r imen t s  in which r e c o v e r y  of the cons level  of  the  mitot ic  index and of the ra t io  between 
the  s tages  was comple ted  60 min  a f t e r  r e t u r n  of the cu l tu res  to normal  t e m p e r a t u r e  condit ions,  the number  of 
b r idges  (mainly anaphase)  r e ached  3% only 40 min  a f t e r  heat ing,  and a f t e r  a fu r the r  20 rain it was about 6%. 
On r e c o v e r y  of the ce l l s  f r o m  m e t a p h a s e  block induced by co lcemid  the number  of pathological  br idges  also 
i n c r e a s e d  gradual ly .  The  pe rcen tage  of b r idges  1 and 2 h a f t e r  r ins ing  out the alkaloid was 3 and 4 r e s p e c -  
t ive ly ,  and r ema ined  at th i s  level  until comple te  r e s t o r a t i o n  of  the  control  va lues  of  the mitot ic  index and 
ra t io  between the s t ages  of  m i t o s i s .  

A gradual  i n c r ea s e  in the num ber  of  b r idges  a lso  was o b s e r v e d  a t  the end of r e v e r s i b i l i t y  of the  s t a thmo-  
kinetic r eac t i on  to colchic ine .  In th is  case  the number  of b r idges  r eached  8%. 

The  r e s u l t s  thus show that  dur ing the per iod of r e v e r s i b i l i t y  of the s tathmokinet ic  r eac t ion  the d e c r e a s e  
in mitot ic  indexand inc rea se  in the number  of anaphases  and t e lophases  a r e  accompanied  by the accumulat ion 
of  br id~es;  th is  phenomenon was o b s e r v e d  during r eve r s ib i l i t y  of  c - m i t o s e s  induced by all th ree  agents .  How- 
ever ,  the phenotypical  r eac t ion  o f  the ce l l s  (in th is  c a s e  br idge  formation)  may  have been due to s imi la r i ty  of 
the  final s tages  of  a long chain  of  cel l  changes  based on different  c ause s .  In par t i cu la r ,  b r idges  a r e  known 
to be fo rmed  as  a r e s u l t  of  d i s tu rbance  of the  integri ty of c h r o m o s o m e s ,  during the i r  f ragmenta t ion  and sub- 
sequent combinat ion of the f r a g m e n t s  with the fo rmat ion  of dieentr ic  c h r o m o s o m e s .  T h e r e  is evidence of 
the effect  of colchicine and co lcemid  [8, 11], and a lso  of  a lowered  t e m p e r a t u r e  [9] on synthes is  of  s t ruc tu ra l  
p ro te ins  and enzym es  in the ce l l .  F u r t h e r m o r e ,  under  the influence of  these  alkaloids,  in ce l l s  of  the Chinese  
h a m s t e r  cu l tu re  d is in tegra t ion  of  po lysomes  and an  i nc rea se  in the number  of  single r i b o s o m e s  were  ob-  
se rved .  T h e s e  f ea t u r e s  point to a d e c r e a s e  of p ro te in  synthes is  in the ce l l s  and, consequently,  a d e c r e a s e  in 
t he i r  powers  of r e p a i r .  T h i s  l a s t  fact  evidently a lso  explains the inc reased  f ragmenta t ion  of the c h r o m o s o m e s  
and d i s tu rbance  of the fo rmat ion  of no rma l  "reunions w of the f r a g m e n t s  under  the condit ions invest igated.  

On the  o ther  hand, br idge  fo rma t ion  may  be connected with conformat iona l  changes  in DNA s t ruc ture ,  
when me taphase  c h r o m o s o m e s  appear  to be glued together  by ch roma t in  f ib r i l s ,  and a s  a resu l t ,  they r e m a i n  
connected dur ing separa t ion  to the po les .  F i b r i l s  joining s i s t e r  ch roma t id s  and a lso  di f ferent  c h r o m o s o m e s  
have been o b s e r v e d  in HeLa  ce l l s  a f t e r  prolonged exposure  to colchicine [10] and in ce l l s  of  va r ious  Chinese  
h a m s t e r  s t r a in s  t r e a t e d  with ethidium b romide  [12]. I n t e r c h r o m o s o m a l  f ib r i l s  of different  types  have also 
been  obse rved  a f t e r  s i m i l a r  t r e a t m e n t  in mouse  bone m a r r o w  ce l l s  [15]; end- to -end  connect ions were  obse rved  
m o s t  f requently,  although connect ions between s i s t e r  ch roma t id s  a lso  were  found. The  poss ib i l i ty  cannot be 
ru led  out that  th is  phenomenon is due e i ther  to d i rec t  binding of the colchicine to DNA or  to i ts  indirect  act ion 
through d is turbance  of the normal  o r d e r  of DNA rep l ica t ion  ( increased  asynchrony  of DNA synthesis)  [1], o r  
through inhibition of synthes is  of the  pro te in  r e spons ib l e  fo r  mainta ining the normal  conformat ion  of DNA 
s t rands .  Ind i rec t  conf i rmat ion  of th is  view is given by data on induction of adhesion by o ther  subs tances  
(amikhell in,  fo r  example) of c h r o m o s o m e s  at  ce r t a in  points  during anaphase .  I t  has  be~n suggested that  
amikhel l in ,  if incorpora ted  into the DNA molecule ,  d i s tu rbs  r e l a t i o n s  of  the DNA molecu les  with histories and 
with each o the r  [14]. 

Final ly ,  br idge  fo rmat ion  in the la te  s tages  of  r e c o v e r y  of the  ce l l s  f r o m  stathmokinet ic  block may  be 
connected  with d i s tu rbance  of  syn thes i s  of  the RNA concerned  in maintenance  of  normal  ch romosoma l  s t ruc tu re  
[4]. An inc rease  in the number  of  c h r o m o s o m a l  anoma l i e s  (mainly br idges)  to up to 8% of all cell  d iv is ions  
(compared  with 1% in the  control) was  o b s e r v e d  in a cu l ture  of  human T lymphocytes  a f t e r  t r e a t m e n t  with 
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olivetol - a substance disturbing RNA transcript ion [13]. On the basis of the resul ts  it is impossible to ex- 
press  preference for any one of the three  possible mechanisms of bridge induction at the end of reversibil i ty 
of the stathmokinetic effect. The possibility cannot be ruled out that these mechanisms may be different in 
c-mitoses  caused by different factors or  they may be due to different combinations of disturbances to indi- 
vidual stages of cell metabolism. 

The data so far  available indicate that all the agents used to induce c-mitosis  bring about two distinct 
effects: stathmokinetic and radiomimetico The f irs t  is expressed as the development of metaphase block 
and induction of colchicine-like mitoses, the second as pathology of the final stages of mitosis, specifically 
as bridge formation. The observations described above show that these effects differ in their stability. 
The stathmokinetic effect is more labile and less  resis tant .  
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