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The response  of epithelial cells  of the small  intestine and cornea  to administrat ion of col -  
chicine at different t imes of day and night was studied in mice. Colchicine, made up in phy- 
siological saline, was injected subcutaneously into the animals in a dose of 1 mg/kg  at 7 a.m. 
and 7 p.m. Mice of the control  group received physiological saline. The animals were killed 
2 h after  each injection. After injection of the alkaloid in the evening the stathmokinetic ef-  
fect in the intestinal epithelium was more  marked than after  the morning injection. In the 
corneal  epithelium the diurnal variat ions in the stathmokinetic react ion were less marked 
and were c lassed  chiefly as metaphase delay. 
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Diurnal variat ions in the response  of cells  to various physiological factors  and chemical  substances 
discovered at the end of the 1950's[13, 14] have recent ly  at t racted increas ing at tent ion.  Investigations have 
been ca r r i ed  out to study diurnal var ia t ions  in the response  to sarco lys in  [5], antimetabolites (actinomycin 
D, 5-f luorouraci l )  influencing RNA and DNA synthesis  [11], hydroquinone [6], adrenalin [9], hydrocor t isone 
[7], chemotherapeut ic  prepara t ions  [2-4, 8], x r ays  [10], and colcemid [12]. Considering the importance of 
these observat ions  for the development of rational therapeutic schemes,  it was decided to study diurnal 
var ia t ions  in the response  of the intestinal and corneal  epithelium to the stathmokinetic poison colchicine. 

EX P E R I M E  N T A L  

Exper iments  were ca r r i ed  out on mice (65 animals in two analogous ser ies)  aged 2-2.5 months. Col-  
chicine, made up physiological  saline, was injected subcutaneously into the animals at 7 a.m. and 7 p.m. 
Mice of the control  group received physiological  saline. The animals were killed 2 h after each injection. 
Mitoses were counted in sections through the epithelium of the small  intestine stained with hematoxylin and 
eosin and in total prepara t ions  of the cornea  stained with t r ioxyhematein (in 100 fields of vision of each 
preparation).  The total number of m i to se s  was expressed  in absolute numbers ,  and the phases of mitosis  
and the number of c -mi to se s  as percentages .  Statistical analysis of the resul ts  was ca r r i ed  out by the 
method of Fisher  and Student. Pathological  mitoses  were defined by Alov 's  c lassif icat ion [1]. 

R E S U L T S  

Counting the number of dividing cel ls  in the intestinal epithelium of the control  groups revealed an 
a lmost  identical level of mitotic activity in the morning and evening. In the experimental  group of animals 
colchicine produced a sharp  r i se  in the number of dividing ceils  and inhibited division at the metaphase 
stage. However, the stathmokinetic react ion of the intestinal epithelium to administrat ion of colchicine at 
the different t imes differed. In the morning (Fig. 1) the number of dividing ceils was inc reasedby  2.7 t imes ,  
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Fig. 1. Diurnal changes in mitotic activity and re la t ive  pe rcen t -  
ages of the phases  of mitosis  in the intestinal  epi thel ium in r e -  
sponse to colchicine injected in the morning (A) and evening (B): 
C) control ;  E) a f te r  injection of colchicine (experimental);  P) 
prophase,  M) metaphase,  A) anaphase,  T) telophase. 

Fig. 2. Diurnal var ia t ion in number of pathological mi toses  in 
intestinal  epi l ium after  morning (A) and evening (t3) admin i s t ra -  
tion of colchicine.  Unshaded columns r e p r e s e n t  pathological mi-  
toses  (in %). 1) Scat tered metaphases  with shortened,  condensed 
ch romosomes  (in %); 2) metaphases  with fusion of swollen ch romo-  
somes  (in %); 3) spher ica l  metaphases  (in %); 4) pseudoanaphases 
(in %). 

TA13LE i. Changes in Mitotic Activity in Epithelium of Small In- 

testine under the Influence of Colchicine 

Time Group of 
of in- animals 
jection 

7 a.m. I Control 
Exprt. 

7 p.m. Control 
Exprt. 

EE 
Z~ 

Mitotic 
activity 

358,7 
993,1 
366,0 

1196,5 

T ~  

Relative percentages I Relative percentages of dif- 
of phases of mitosis I I ferent forms of c-mitosis(% ) 

22,7 37,2 4~4 35,7 
11,7186,5 ! ~ 1,3 8~,6 3T,~ 3T,1 G 23-~8 
18,0 39,8 I 

90,2 1,4 90,,0 25,6 3~,0 ~ 3~,4 8,7 5d4 36,7 

i.e., by 174.3% (P <0.001). After administration of colchicine at 7 p.m. the number of cell divisions in- 
creased by 3.7 times, i.e., by 279.8% (P <0.0001). After the morning injection of colchicine the number of 
metaphases was increased to almost 5 times the control value, i.e., by 381.3 % (P <0.0001). In the evening 
the effect of delayed division was more marked. The number of metaphases in the experimental group was 
increased by 7.4 times, i.e., by 642.7 % (P <0.0001). After both morning and evening injections the complete 
absence of anaphases and the sharp decrease in the number of telophases (by 8 times in the morning and by 
12 times in the evening) were observed in the animals of the experimental groups. Pathological mitoses in 
the intestinal epithelium of the control groups of mice were virtually absent. Under the influence of colehi- 

cine their number rose sharply. The degree of increase in the number of c-mitoses also differed in the 
morning and evening (Fig. 2). They were more numerous in the evening (92.6 % compared with 95.8% of e- 
mitoses in the evening; P = 0.02). The pathological forms included severe swelling and fusion of the chro- 
mosomes, together with clumped metaphases. The highest percentage of pathological forms of c-mitoses 
was accounted for by scattered metaphases with shortened, highly condensed chromosomes, metaphases 
with fusion of swollen chromosomes, and spherical metaphases (99.8% in the morning and 99.4 % in the 
evening). Pseudoanaphases were rare (0.2% in the morning and 0.6 % in the evening). 

Similar results were obtained in the second series of experiments (Table I). 

Less clear results were found in the experimental animals when the response of the corneal epithe- 
lium to injection of colchicine in the morning and evening was studied. High indices of mitotic activity were 
found in these cells in the morning, and low in the evening. Colchicine induced changes in the cornea simi- 
lar to those observed in the intestinal epithelium. However, the response of the cells to colchicine in the 
dose used (i mg/kg) was less clear. The increase in the level of mitotic activity (Fig. 3) in the experimental 
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Fig. 3. Diurnal  changes  in mitot ic  activity and re la t ive  
pe rcen tages  of the phases  of mi tos i s  in the cornea l  ep i -  
the l ium produced by morning CA) and evening (B) in jec-  
tion of colchicine.  Legend as in Fig. 1. 

groups was not significant  (P = 0.1) both in the morning  and in the evening. A l a r g e r  inc rease  in the number  
of c - m i t o s e s  was obse rved  in the morning (80%) than in the evening (68.3 %; P < 0.0001), with a predominance  
of me taphases  with sca t t e r ing  of shor tened,  condensed c h r o m o s o m e s  (83.4 % in the morning,  89.2 % in the 
evening). Metaphase delay was mos t  marked  a f te r  injection of the alkaloid in the evening (Fig. 3). In the 
morning,  the number  of me taphase s  was inc reased  by 4.6 t imes  compared  with the control  group under the 
influence of colchicine,  i .e. ,  by 413% (P 0.0001). In the evening the number  of me taphases  in the exp e r i -  
menta l  group was inc reased  by 5.4 t imes ,  i .e. ,  by 493 %, suggest ing that colchicine acts  more  s t rongly  in 
the evening. 

The r e su l t s  of these expe r imen t s  thus showed that the r e sponse  of the ce i l s  to colchicine va r i e s  with 
the t ime of day. The s ta thmokinet ic  ef fec t  was more  marked  in the intest inal  epi thel ium af ter  evening in- 
ject ion of the alkaloid than af ter  its morning injection. In the cornea l  epi thel ium diurnal  d i f fe rences  in the 
s ta thmokinet ic  r e sponse  also were  obse rved ,  but they re la ted  chiefly to metaphase  delay and they were  l ess  
marked.  The r e a s o n  for  this may probably  be the poore r  blood supply to the cornea ,  resu l t ing  in p e n e t r a -  
tion of l ess  of the colehicine into it, and also d i f fe rences  in the sensi t iv i ty  of di f ferent  t i s sues  to this a lka -  
loid. 
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