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Mitotic activity was studied in the corneal  epithelium of albino mice after  total x - r a y  i r r ad ia -  
tion in the morning and evening. The experimental  resu l t s  show that marked diagonal fluctu- 
ations in mitotic activity continued to be observed in the corneal  epithelium after  x - r a y  i r -  
radiation whether in the morning or  in the evening. A more  marked antimitotic effect was ob- 
served after  evening i rradiat ion,  evidently because of differences in the response  of the cells  
to i r radiat ion at different t imes  of day. Whole-body x - r a y  i r radiat ion of the animals  led to 
the appearance of numerous  pathological mitosis  in the corneal  epithelium, especial ly after 
morning irradiat ion.  

Radiation damage to cel ls  is accompanied by a dis turbance of their  mitotic activity. Investigations 
by the author and others  [1, 7, 11, 13, 14] have shown that mitotic activity is depressed after  i rradiat ion 
and pathological mi tos is  appears  [4, 11]. The problem a r i ses  whether the diurnal rhythm of mitotic cell 
division is maintained after  whole-body i rradiat ion of animals with x rays .  

In connection with observat ions descr ibed in the l i tera ture  [8, 13] it was also interest ing to de te r -  
mine whether the response  of cells  to i r radiat ion va r ies  with the time of day. The experiments  descr ibed 
below were ca r r i ed  out to study these problems.  

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

Exper iments  were ca r r i ed  out on noninbred albino mice aged 2.5 months which received whole-body 
x - r a y  irradiat ion in a single dose of 200 R f rom a type RUM-13 x - r a y  therapy apparatus (160 kV, 10 mA, 
f i l ter  Cu 0.5 m m +  AI 1 ram, dose rate 54 R / m i n ,  skin-focus distance 30 cm, duration of i r radiat ion 3 min). 
The animals were divided into two groups with 16 mice in each group. The mice of group 1 were  i r rad i -  
ated at 9 A.M. and those of group 2 at 7 P .M.  The animals were sacr i f iced at 9 A.M. and 7 P.M.,  24 h after 
i rradiat ion,  in groups of eight mice at each time. 

Control groups of mice were sacr i f iced simultaneously with the experimental  groups (at 9 A.M. and 
7 P.M., respect ively) .  

Mitotic activity and the number  of pathological mi toses  were determined in 100 fields of vision; the 
number  of undivided cells  was recorded  at the same t ime,  after  which the mitotic activity per  thousand 
cells,  the relat ive percentages  of the individual phases of mitosis ,  the total number  of pathological mi toses ,  
and their  separate  fo rms  were calculated.  

The classif icat ion and technique of Alov [2] was used to determine the number  of pathological mi toses  
and of their  separate  fo rms .  

Statistical analysis  of the resu l t s  was ca r r i ed  out by the F i she r -S tuden t  method. 
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Fig. i. Mitotic activity and number of pathological mitoses in corneal epithelium of albino mice after x- 
ray irradiation in the morning and evening. Unshaded columns show mitotic activity in morning; black 
columns, mitotic activity in evening; obliquely shaded columns represent number of pathological mitoses. 
C) Control;  1) i r rad ia t ion  in the morning;  l-I) i r rad ia t ion  in the evening. 

Fig. 2. Changes in number  of pathological  m i to se s  and in the i r  separa te  f o r m s  a f t e r  x - r a y  i r rad ia t ion  at 
different  t imes  of day. a) Br idges ;  b) br idges  and f r agmen t s  of c h r o m o s o m e s ;  c) re tent ion of c h r o m o -  
somes  and their  f r agmen t s  in me tak ines i s ;  d) deletion of c h r o m o s o m e s  and the i r  f r agmen t s  during s e p a r a -  
tion; e) d i spers ion  of c h r o m o s o m e s  in metaphase ;  t h r ee -g roup  metaphase ;  g) hollow metaphases ;  h) a s y m -  
me t r i c a l  mi tos i s ;  i) mul t ipo lar  mi tos i s ;  j) mi tos i s .  Large  columns r e p r e s e n t  pe rcen t  of pathological  
mi toses ;  smal l  columns,  re la t ive  pe rcen tages  of va r ious  f o r m s  of pathological  mi toses .  

EXPERIMENTAL RESULTS 

The results of these experiments showed that clear differences in mitotic activity were present in 
the cornea of the control animals at 9 A.M. and 7 P.M. 

After total x-ray irradiation of the animals in a dose of 200 R the diurnal fluctuations in the number 
of mitoses still persisted regardless of the time of irradiation (at 9 A.M. and 7 P.M.; Fig. I). However, 
the level of mitotic activity in the cornea of the experimental groups of animals was significantly lower 
than in the cornea  of the control  an imals .  

P e r s i s t e n c e  of the diurnal  rhy thm of m i to se s  in the adrenal  cor tex  6 h a f te r  whole-body x- raY i r -  
radiat ion in a dose of 800 R was obse rved  by Truupyl 'd  [10]. Bulgak [3] also showed that the diurnal  
rhy thm of mi toses  is p r e s e r v e d  in the regenera t ing  l iver  at the height of radia t ion s ickness .  

Compar i son  of the diurnal  f luctuations in m i to se s  in the cornea  of albino mice  i r rad ia ted  in the 
morning with the changes in mitot ic  act ivi ty  in the cornea  of the an imals  i r rad ia ted  in the evening showed 
that the f luctuations in mitot ic  act ivi ty  were  more  c l ea r ly  defined a f t e r  evening i r rad ia t ion  (Fig. 1). 

Analys is  of the au tho r ' s  own observa t ions  and exper imenta l  r e su l t s  obtained by other  w r i t e r s  [3, 5, 
6, 9, 10] leads  to the conclusion that the diurnal rhy thm of m i to se s  is s table even a f te r  exposure  to power -  
ful ant imitot ic  f ac to r s  (radiation, total  s ta rva t ion ,  adminis t ra t ion  of adrenal in ,  my le ran ,  etc.) .  

However,  the t ime of day at which the pa r t i cu l a r  fac tor  ac ts  has  a substant ia l  effect  on the course  of 
subsequent cell  divisions.  

Invest igat ion of mitot ic  cell  division in the corneal  epi thel ium in the morning,  24 h a f t e r  i r rad ia t ion  
of the an imals ,  r evea led  a significant d i f ference  in the number  of m i to se s  by 31.2%. 

When the an imals  were  i r r ad ia ted  in the evening, mitot ic  act iv i ty  in the corneal  epi thel ium was r e -  
duced in the morning by a much  g r e a t e r  degree ,  by 42.6% compared  with the control  (P = 0.01). 

Analys is  of mi to t ic  act iv i ty  in the evening (7 P.M.) shows that when the an imals  were  i r rad ia ted  in 
the morning the num ber  of mi to t ica l ly  dividing ce l l s  was  10.9% higher  than the control  (P = 0.05), whe reas  
i r radia t ion  in the evening led to a significant dec r ea se  of 22.7% in the number  of mi to se s .  
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Pathological  m i t o s e s  were  found e x t r e m e l y  r a r e l y  (1.5-2%) in the corneal  epi thel ium of the control  
an imals .  After  x - r a y  i r rad ia t ion  the i r  num b er  rose  sharp ly  (Fig. 1). The l a rges t  number  of pathological  
m i to se s  (20.8%) was found a f t e r  morn ing  i r rad ia t ion  in the group of an imals  sacr i f iced  during the evening 
(P = 0.001). After  evening i r rad ia t ion  of the an ima l s  the number  of pathological  mi to ses  in the corneal  
epi thel ium in the morning was 12.6%, i .e . ,  8.2% fewer  than in mice  i r r ad ia ted  with x r a y s  in the morning.  

The study of the pathology of mi tos i s  in the evening indicates that the difference between the number  
of pathological  mi to ses  in groups  of an imals  i r r ad ia t ed  in the morning and evening is smal l  (1.8%) and is 
not significant (P = 0.5). 

The r e su l t s  given in Fig. 2 show that the predominant  f o r m s  of pathological  mi tos i s  a re :  1) r e t en -  
tion of the c h r o m o s o m e s  and the i r  f r a g m e n t s  during separa t ion;  2) re tent ion of the c h r o m o s o m e s  or  the i r  
f r agmen t s  in me tak ines i s ;  3) d i spe r s ion  of the c h r o m o s o m e s  in metaphase ;  4) c h r o m o s o m a l  and chromat id  
bridges~ 
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