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Changes in the mi to t ic  indices of cel ls  of Chinese h a m s t e r s  of line 451 were  studied during 
colchicine mi tos i s  and r e c o v e r y  of the cel ls  f r o m  the metaphase  block.  During development  
of the c -mi tos i s  under the influence of co leemid there  was a r e g u l a r  success ion  of pathologi-  
cal  f o rms  of mi tos i s  connected with par t ia l  (delay of the c h r o m o s o m e s  in me tak ines i s ,  t h r ee -  
group m e t a p h a s e s ,  " s t a r "  metaphases )  or  comple te  d isorganiza t ion  (d ispersa l  of the ch romo-  
s o m e s ,  ' b a l l "  m e t a p h a s e s ,  c lumped metaphases )  of the mitot ic  appa ra tus .  The effect  is di- 
r ec t ly  propor t iona l  to the dose and t ime of act ion of colcemid.  After  r e m o v a l  of the alkaloid,  
the normal  course  of mi tos i s  is  r e s t o r e d ,  and this also takes place through the appearance  
of pathological  f o r m s  of mi tos i s  such as  delay of the c h r o m o s o m e s  in metak ines i s  and t h r ee -  
group m e t a p h a s e s .  

The colchicine mi tos i s  (c-mitosis)  is one of the mos t  widespread  f o r m s  of mi tos i s  pathology. The 
ant imi to t ic  effect  of eolchicine and i ts  de r iva t ives  was desc r ibed  many y e a r s  ago [4, 6, 7, 12, 14], but our 
in format ion  on the succes s ive  s tages  of development  of the colchicine ef fec t  and the fea tures  dist inguishing 
the pathology of mi tos i s  a r i s ing  a f t e r  exposure  to ant imi to t ic  poisons is s t i l l  e x t r e m e l y  l imited.  The ques-  
t ion of the r eve r s i b i l i t y  of the c -mi tos i s  and the poss ibi l i ty  of r e c o v e r y  of the normal  course  of mi tos i s  
a f t e r  r emova l  of the colchicine has  only begun to be studied in r ecen t  y e a r s  [10, 11, 13, 17, 18]. With these 
facts  in mind it  was decided to study the success ive  s tages  of development  of the colchicine mi tos i s  and to 
examine whether  this type of pathology of mi tos i s  in m a m m a l i a n  cells  is r e v e r s i b l e .  

For  this purpose  changes in the indices of mi tos i s  were  studied during the development  of c -mi tos i s  
and during r e c o v e r y  of the cel ls  f rom the colchicine block.  

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

The colchicine der iva t ive  co lcemid  (n-deacetyl-n-methylcolchicine) ,  which is m o r e  effect ive and less  
toxic than colchicine i t se l f  [18, 19], was used for  the expe r imen t s .  Cell cu l tures  f r o m  Chinese h a m s t e r s  of 
subline 451, i so la ted  f r o m  line Bll dii FAF-28 were  used. The cel ls  were  grown by the usual method.  The 
seeding densi ty was 100,000 cel ls  per  ml.  A 48-h culture was used in the expe r imen t s .  The final concen- 
t ra t ion  of co lcemid  was 0.03 p g / m l .  Cul tures  incubated under the s ame  conditions but without co lcemid,  
but with change of the growth medium at  the s ame  t imes  as the exper imen ta l  cu l tu res ,  were  used as the 
control .  

In expe r imen t s  to study the r e c o v e r y  of cell  division a f t e r  exposure  for  2 h to colcemid solution the 
cul tures  were  washed three  t imes  in Hanks '  solution and t r a n s f e r r e d  to growth medium (without colcemid) ,  
in which they were  cul t ivated for  be tween 5 rain and 3 h. 

After  fixation and staining with C a r a z z i ' s  hematoxyl in ,  the number  of mi toses  pe r  2000 cel ls  was 
counted in each PrePara t ion .  The ef fec t  of co lcemid  was evaluated f r o m  the following indices:  mitot ic  
act ivi ty (per thousand cel ls) ,  ra t io  between individual phases  of mi to s i s ,  and the total number  of pathological  
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Fig. 1. Mitotic act iv i ty  of f ib roblas t s  f rom Chinese h a m s t e r  of 
line 451 t r ea t ed  with colcemid (0.03 #g /ml ) .  Absc i ssa ,  t ime of 
t r e a t m e n t  with colcemid;  ordinate ,  mi tot ic  index (in go), r e la t ive  
number  of me taphases  and pathological  mi toses  (in %); a) number  
of me taphases ;  b) mitot ic  index; wide unshaded columns show 
pathological  mi toses ;  narrow columns" shaded with oblique double 
l i n e s -  delay of c h r o m o s o m e s  in metakines is ;  shaded b l a c k -  
t h r e e - g r o u p  me taphases ;  shaded with single oblique l ines - " s t a r "  
me taphases ;  shaded with hor izontal  l i n e s - d i s p e r s a l  of super -  
coiled c h r o m o s o m e s ;  c r o s s - h a t c h e d - " b a l l "  and compac t  coi l -  
me taphases ;  unshaded nar row c o l u m n s - c l u m p e d  me taphase s , o the r  
f o r m s  of pathology of mi tos i s ,  combined into one group.  

mi toses  and the number  of the var ious  fo rms  re la t ive  to the total  number  of mi toses .  The pathology of mi-  
tos is  was c lass i f ied  by r e f e r e n c e  to Alov 's  scheme [1]. The F i she r -S tuden t  method was used for s t a t i s -  
t ica l  ana lys i s  of the expe r imen ta l  r e s u l t s .  

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

Investigation of the development of c-mitosis showed that treatment with colcemid led to an increase 
in the mitotic index connected with delay of division (or even complete block) at the metaphase stage and 
with an i nc rea se  in the number  of the var ious  fo rms  of pathology of mi tos i s .  During the f i r s t  45 rain the 
mitot ic  index inc reased  by 2-2.5 t imes  above the control  (Fig. 1), a f t e r  which there  was no s ignif icant  
change in the number  of dividing cel ls  until 2 h. Between 2 h and 5-6 h a f te r  the addition of co lcemid  the 
mitot ic  index inc reased  by 5-6 t imes  over  the control  ( f rom 35-45 to 200-240 ~ P < 0.001). The i nc rea se  
in mitot ic  index was a l inear  function of t ime ,  as other  inves t iga tors  a lso  have obse rved  [11, 18]. It is 
in te res t ing  to note that the mitot ic  index continued to r i s e  for  a fu r ther  45-60 rain a f t e r  r e m o v a l  of  the col-  
cemid  (Fig. 2). 

The re la t ive  number  of me taphases  r eached  a m a x i m u m  (90-95%) a f t e r  exposure  to co icemid  for  30- 
45 rain and it r ema ined  at  this level  throughout the subsequent  per iod of observa t ion  (Fig. 1). The number  
of p rophases  during the f i r s t  hour of exposure  of the cel ls  to the colcemid solution var ied  f r o m  5 to 20%, 
a f t e r  which it  was s tabi l ized a t  the 5-10% level .  Anaphases  and te lophases  d i sappeared  comple te ly  a f t e r  
exposure  to colcemid for  30 re_in, indicating a complete  blocking of division a t  the metaphase  s tage .  

A dis t inct  colchicine effect  began to ap pea r  a f t e r  exposure  to colcemid in a dose 0.03 # g / m l  for  20 
rain. The ve ry  s l ight  i nc rea se  in the number  of dividing cel ls  was accompanied  by an i nc r ea se  in the num- 
b e r  of me taphases  and a s h a r p  i nc rea se  in the number  of pathological  mi toses  (P < 0.001). The patholog- 
ical  f o rms  included me taphase s  with delayed separa t ion  of the c h r o m o s o m e s ,  th ree-group  me taphase s ,  d is-  
pe r s a l  of r e l a t ive ly  unchanged and superco i led  c h r o m o s o m e s ,  and " s t a r "  m e t a p h a s e s .  The appearance  of 
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Fig. 2. Mitotic act ivi ty  of f ib roblas t s  of Chinese h a m s t e r  of line 
451 dur ing r e v e r s a l  of the co lcemid  effect  (after its act ion for  2 
h in a dose of 0.03 pg /ml ) .  Legend as in Fig. 1. 

typical  c -mi toses ,  i t  is in te res t ing  to note, was p receded  by an i nc rea se  in the number  of pathological  mi -  
toses ,  including delayed separa t ion  of the c h r o m o s o m e s  in metaphase  and t h r e e - g r o u p  me taphases .  

A cha rac t e r i s t i c  fea ture  of " s t a r "  metaphase  is that  in this fo rm of pathology of mi tos i s ,  unlike in 
the ma t e rna l  s t a r  during normal  mi tos i s ,  the c h r o m o s o m e s  are  concent ra ted  in the cen te r  of the dividing 
cell  (Fig. 3a). The k ine tochores  of the chromat ids  turned toward the cen te r ,  facing the unsepara ted  cea -  
t r i o l e s ,  a re  connected with them by s e v e r a l  s t rands  of the division spindle [3, 5]. Together  with " s t a r "  
me taphase s ,  pseudoanaphases  (or mult iple " s t a r s  ") could be observed .  This type of c -mi tos i s  is  cha rac -  
t e r i zed  by the fo rmat ion  of two or  m o r e  s te l la te  groups  of metaphase  c h r o m o s o m e s  (Fig. 3b). The number  
of c h r o m o s o m e s  in the groups may vary  [2, 7]. 

Metaphases  with delayed separa t ion  of the c h r o m o s o m e s  and t h r e e - g r o u p  me taphases  d i sappeared  
quickly (by 30-45 rain of exposure  of the cel ls  in co lcemid  solution). During the f i r s t  hour of action of the 
alkaloid two types  of c -mi to se s  were  predominant :  ce i ls  with d i spe r sa l  of supereoi led  c h r o m o s o m e s  and 
" s t a r "  me taphase s .  

By the end of the f i r s t  hour of exposure  to colcemid the number  of " s t a r "  me taphases  fell  s l ightly,  
and side by side with an i nc rea se  in the number  of cel ls  with d i spe r sa l  of supercof led  c h r o m o s o m e s  there  
was an inc rease  in the number  of dividing cel ls  in which the c h r o m o s o m e s  were  e i ther  c lus te red  into a bal l  
o r  fo rmed  a compac t  coil .  The dif ference between the "ball"  metaphase  and the ord inary  metaphase  is  that 
the c h r o m o s o m e s  do not f o r m  an equator ia l  plate ,  although they l ikewise a re  not d i spe r sed  haphazardly  
(Fig. 3d). The c h r o m o s o m e s  are  s p r ead  all over  the cel l  and f o r m  a loosely  packed ball  [4, 7]. The ex-  
t r e m e  fo rm of pathology of mi tos i s  is that  in which all c h r o m o s o m e s  were  fused into one or  s e v e r a l  c lumps 
in the center  of the cell  (Fig. 3e). 

During the development  of the colchicine mi tos i s  there  is thus a gradual  success ion  of predominant  
f o r m s  of pathology of mi tos i s .  Whereas  in the ea r ly  s tages  of action of co lcemid  delayed sepa ra t ion  of the 
c h r o m o s o m e s  in metak ines i s  and t h r e e - g r o u p  me taphases  appear  init ially,  these  a r e  followed by the appear -  
ance of the ea r ly  f o r m s  of c -mi tos i s  ( " s t a r "  metaphases)  and, l a t e r ,  by d i s p e r s a l  o f  supercoi led  c h r o m o -  
s o m e s .  After  exposure  to colcemid for  1 h the number  of "ball" me taphases  is inc reased  and clumped 
me taphases  appear .  P r e s u m a b l y  the success ion  of different  fo rms  of c -mi tos i s  during development  of the 
ant imitot ic  effect  is connected with var ia t ion  in the degree  of injury to the mitot ic  appara tus .  E lec t ron-  
mic roscop i c  s tudies  have shown that  d i f fe rences  in the degree  of disor ienta t ion of the c h r o m o s o m e s  c o r r e -  
spond to d i f fe rences  in the degree  of in jury to the micro tubules  of the mitot ic  appara tus  [16]. It  has  also 
been shown that  if  only the continuous micro tubu les  a re  d isorganized,  only " s t a r "  me taphases  a r i s e ,  
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Fig. 3. F ib rob las t s  of Chinese h a m s t e r  of line 451 t rea ted  
with colcemid:  a) " s t a r "  metaphase ;  b) pseudoanaphase;  
c) d i spe r sa l  of superco i led  ch romosomes ;  d) "ball"  me ta -  
phase;  e) c lumped metaphase ;  f) d i spe r sa l  of c h r o m o -  
s o m e s .  C a r a z z i ' s  hematoxyl in ,  900 • 

whe reas  if  all  mic ro tubu les  a r e  comple te ly  des t royed ,  d i s p e r s a l  of the c h r o m o s o m e s  takes  place [3]. Ex- 
aminat ion of the spec imens  always r e v e a l s  a number  of in te rmedia te  fo rms  between the pr incipal  types of 
c -mi tos i s .  

To study r e c o v e r y  of the normal  course  of mi tos i s ,  a f te r  exposure  for  2 h to co lcemid  solution the 
cel ls  were  t r a n s f e r r e d  to growth med ium not containing the alkaloid,  and the mitot ic  indices were  studied 
by fixation at  var ious  t imes  t he r ea f t e r  (Fig. 2). 

Exposure  to eo lcemid  for  2 h caused a complete  blocking of division at the me taphase  s tage (P < 
0.001), and all the dividing cel ls  consis ted  of c -mi toses :  " s t a r "  me taphase s ,  d i s p e r s a l  of superco i l ed  c h r o -  
m o s o m e s ,  'Bal l"  me taphase s ,  and c lumped me taphase s .  

F r o m  20 to 30 rain a f t e r  the co lcemid  had been washed f rom the cel ls  the mitot ic  index rose  (P < 
0.001) and a t  the s a m e  t ime  the re  was a d e c r e a s e  in the number  of me taphases  (P< 0.001) and pathological  
mi to ses  (P < 0.001). The number  of c -mi toses  fell and me taphases  with delayed sepa ra t ion  of the c h r o m o -  
somes  and t h r e e - g r o u p  m e t a p h a s e s  began to appea r  (P < 0.001). 

The f i r s t  ana- te lophases  began to appea r  45 rain a f t e r  r e m o v a l  of the colcemid and the i r  number  in- 
c r e a s e d  gradual ly  (up to 30% of the total  of mi toses  60 rain a f t e r  r emova l  of the colcemid) .  

The mitot ic  index reached  its m a x i m u m  45-60 rain a f t e r  r e m o v a l  of the co lcemid ,  a f t e r  which it fell 
sharp ly  to r each  the control  level  1.5-2 h a f t e r  the cel ls  had been kept in co lcemid , f ree  medium.  

At 1.5-2 h of the r e c o v e r y  per iod al l  indices of mitot ic  act ivi ty  had rega ined  the control  level .  Conse-  
quently, r e s t o r a t i o n  of the normal  course  of mi tos i s  (like the development  of c -mi toses)  takes  place through 
the appea rance  of a defect  of mi tos i s  connected only with pa r t i a l  injury to the divis ion spindle.  

After  exposure  to co lcemid  (from 2 rain to 6 h) no s ignif icant  change was obse rved  in the number  of 
mul t inuc lear  and polyploid cel ls ,  which accord ing  to the l i t e ra tu re  [11,18] appea r  only a f t e r  exposure  to 
the alkaloids for  6-8 h. 

The r e su l t s  of these expe r imen t s  thus show that  during development  of the ant imi to t ic  effect  of colce-  
mid there  is a r egu l a r  success ion  of var ious  phases  of c -mi tos i s ,  probably resu l t ing  f r o m  different  degrees  
of injury to the mitot ic  appara tus  and c h r o m o s o m e s .  After  r emova l  of the alkaloid the normal  course  of 
mi tos i s  is r e s t o r e d .  
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