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The action of increas ing doses of colcemid on mitosis,  cell migration,  and DNA synthesis in 
mouse embryonic fibroblast  cul tures was compared. Dose-effect  curves  for the blocking of 
mitosis  and inhibition of cell migration into the wound were s imi lar  (minimal effective dose 
0.01-0.015 gg /ml) .  DNA synthesis  was stimulated only by doses  of colcemid for which inhi- 
bition of mitosis  was maximal: 0.035 g g / m l  and higher. 

A study of the action of metaphase inhibitors (colchicine and its derivat ives,  vinblastin, vincristin) is 
at present  at t ract ing considerable attention because these substances can act selectively on the mic ro -  
tubules of cells [6, 7]. 

Metaphase inhibitors not only have a charac te r i s t i c  action on mitosis  in embryonic  fibroblast  cultures 
but also induce marked changes in cells current ly  in interphase. Stable a reas  of the cell surface disappear,  
leading to i r r egu la r  activation of movements  of all pa r t s  of the surface,  so that the cells  a re  unable to mi-  
grate in a fixed direction [4]. Metaphase inhibitors also induce the onset of DNA synthesis in many cells  in 
high-density cul tures [5]. However, it has not yet been discovered to what extend the two types of changes 
are  interconnected. One approach to the elucidation of the connection between dis turbances of the cha rac -  
ter  of cell migrat ion and stimulation of DNA synthesis  is to compare  the doses of colcemid inducing these 
effects. 

The object of the present  investigation was to compare the dose-effect  curves  for inhibition of mitosis,  
dis turbance of cell migrat ion into the wound, and stimulation of DNA synthesis under the influence of 
colcemid. 

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

P r i m a r y  cul tures of mouse embryonic  tissue, grown on covers l ips  in penicill in flasks by the method 
descr ibed previously  [3], were  used. On the seventh day of cultivation, 24-30 h after  a change of medium, 
par t  of the monolayer  was removed and, at the same time, without changing the medium, 0.02-0.2 ml col-  
cemid (Ciba) solution was added to the culture fluid to give a final concentrat ion of the compound of between 
0.0025 and 0.4 ~g /ml .  Thymidine-H 3 was added to the culture medium in a dose of 1 ~Ci /ml  (speeif icact iv-  
ity 0.45 Ci/mmole) 24 h after the addition of colcemid and 30 rain before fixation. The methods of fixa- 
tion, staining, and prepara t ion of autoradiographs were descr ibed previously  [2]. 

Three experiments  were  car r ied  out altogether,  and at each point in the experiment two to five 
paral lel  samples were tested. Numbered prepara t ions  were counted by two invest igators  independently. 

To a s ses s  the mitostat ic  action of colcemid the mitotic index was counted in 1000 cells in a p r e p a r a -  
tion and the ratio between the phases  of mitosis  was determined (in 100 dividing cells  pe r  preparation).  
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Fig.  1. Act ion of co lcemid  on m i -  
g ra t ion  of ce l l s  into the wound, DNA 
synthes i s ,  and mi tos i s .  A b s c i s s a ,  
doses  of co lcemid  ( i n ~ g / m l ) ,  dose 
i n t e rva l s  p lo t ted  on a l oga r i t hmic  
sca le ;  ord ina te :  1) LI (in %); 2) CM; 
3) PL; 4) pe r cen t  of late  phases  of 
mi tos i s  (PM). Each curve based  on 
mean r e s u l t s  of th ree  expe r imen t s .  

The p ropor t ion  of ce l l s  in the S-phase  was  de t e rmined  on 
au to rad iographs  and the index of labeled nuclei  (LD was  ca lcula ted  
for  500 ce l l s  in the specimen.  

The intensi ty of cel t  mig ra t ion  into the wound was  a s s e s s e d  
by means of two indices. 

I. The coefficient of migration of cells into the wound (CM). 
The first stage in the work of obtaining this index was to deter- 
mine the mean density of cells in the monolayer, expressed as the 
number of cells per mm 2 of culture. The number of cells was 
counted in at least 60 fields of vision under a magnification of 7 • 
90 (a rea  of field of v is ion 1.2 x 10 -3 mm 2) in d i f ferent  p a r t s  of the 
monolayer .  The number  of ce l l s  migra t ing  into the wound was 
counted above 1-2 mm of the l ine of d ivis ion of the mono laye r  
(total length of the l ine of d ivis ion 5-7 ram). The ocu l a r  gr id ,  
consis t ing  of a nar row rec tang le  (area  6 x 10 -3 ram2), was moved 
p e r p e n d i c u l a r l y  to the edge of the wound, s t a r t ing  f rom the las t  
cel l  migra t ing  into the wound. All  f ie lds  of v is ion  in which the 
cel l  densi ty  was  75% or  l e s s  of the mean densi ty  of the monolayer  
were  c l a s sed  as  belonging to the wound region.  The coeff ic ient  of 
cel l  mig ra t ion  into the wound was  defined as  the ra t io  between the 
number  of ce l l s  migra t ing  f rom 1 mm of the wound edge and the 
number  of ce l l s  p r e s e n t  in 1 mm 2 of the monolayer .  

2. The path length of the migra t ing  ce l l s  (PL). Under low power  (7 x 10) by means  of an ocu la r  gr id  
the d i s tance  was  de t e rmined  f rom the d is tance  of the cel l  migra t ing  f a r thes t  into the wound in a given field 
of v is ion as  fa r  as  the v i s ib l e  r idge  fo rmed  at the s i te  of d ivis ion of the monolayer .  Af t e r  20-30 m e a s u r e -  
men t s  fo r  each wound the mean index was calcula ted.  At each point inthe expe r imen t  at l eas t  4 wounds 
we re  m e a s u r e d  in th i s  way. 

EXPERIMENTAL RESULTS 

M i t o s t a t i c  E f f e c t  o f  C o l c e m i d  

Blocking of mi tos i s  was  o b s e r v e d  a f te r  t r ea tmen t  with co lcemid  in a dose of 0.01 ~ g / m l  (Fig. 1). 
With an i n c r e a s e  in concent ra t ion  of the compound the effect a lso  inc reased ,  and doses  exceeding 0.035tN/ml 
a r r e s t e d  a l l  dividing ce l l s  in the c -me taphas e .  So f a r  as  the mi to t ic  index is  concerned,  a s t a t i s t i c a l l y  
s ignif icant  i n c r e a s e  was  obse rved  a f te r  doses  exceeding 0.02 ~ g / m l  (mitot ic  index 0.87 • 0.13% in the con- 
t rol ;  a f te r  co lcemid  in a dose of 0.02 ;xg/ml  the mi to t ic  index was  2.38 :k 0.46, P < 0.01). The r e s u l t s  of 
these  e x p e r i m e n t s  a g r e e  with those obtained p rev ious ly  [6]. 

Effect of Colcemid on Cell Migration into the Wound 

The value of CM varied with the action of increasing doses of colcemid in the same way as the other 

index, PL (Fig. i). These two criteria evidently give equivalent values for the intensity of cell migration. 

The indices of intensity of migration began to decrease in cultures treated with colcemid in a dose 

of 0.015 ~g/ml. With an increase in the doses up to 0.035 ~g/ml these indices continued to fall. Maximal 
inhibition of migration of cells into the wound was observed after a dose of 0.05 ~g/ml, no further increase 

in inhibition being observed after a further increase in the dose of coleemid (CM did not exceed 0.04). 

The cells in the wound were round in shape and were not oriented in any particular direction. 

Action of Colcemid on DNA Synthesis 

The results show that doses of colcemid which delay only some of the cells in c-metaphase were 
very close to the doses partly inhibiting cell migration into the wound (0.01 and 0.015 ~g/ml respectively). 

Doses of the compound inducing a total block of mitosis (0.035 Izg/ml) and maximal inhibition of cell migra- 
tion (0.035-0.05 ~g/ml) alsoweresimilar. The mitostatic effect of colcemid is linked with its action on the 

microtubules of the division spindle, and the action on cell migration is evidently the result of destruction 
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of the cy top lasmic  micro tubu les  [4]. The r e su l t s  suggest  that micro tubules  of the cytoplasm and of the 
spindle in the s y s t e m  invest igated a re  des t royed  by colcemid in closely s i m i l a r  concentrat ions.  

DNA synthesis  in these expe r imen t s  was  s t imulated only by doses  of colcemid which blocked all ce l ls  
in c - m e t a p h a s e  and induced max imal  inhibition of cell  migra t ion  into the wound (0.035-0.4 /~g/ml). As 
mentioned prev ious ly ,  inhibition of cell  migra t ion  into the wound is  a ref lect ion of d i sappearance  of stable 
a r e a s  of the cell  sur face  and the appearance  of random movements  of all  b o r d e r s  of the cell. The r e su l t s  
thus ag ree  with the hypothes is  that  induction of DNA synthesis  is  a resu l t  of ma rked  act ivat ion of m o v e m e n t s  
of the cell  sur face .  This  ac t ivat ion of m o v e m e n t s  as the resu l t  of the act ion of colcemid m a y  be one type o f  
change in the cel l  su r face  induced by a number  of di f ferent  agents  and leading to induction of DNA synthes is  
[1, 3]. 
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