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At present we can consider the presence of a diurnal rhythm of mitoses during reparative regeneration of vari-  
ous tissues as established [1, 5, 6, 8, t0, 12]. The question arises whether it is retained in acute radiation sickness 
which occurs under conditions of a change in the activity of the regulating systems of an organism [2, 3, 91. 

The results of the few investigations into this probtem are contradictory. J a f f e y h o  studied mitotic periodicity 
in regenerating rat liver, detected a great difference between the average data obtained in animals killed during the 
morning and evening hours [12]. This difference persisted even after x-irradiation of the animals. G. P. Gruzdev in- 
vestigated the physiological regeneration of the ceils of corneal epithelium of mice  totally irradiated with y -rays of 
radioactive cobalt  in a dose of 750 r [4]. He elicited by the 5th day of radiation sickness changes of the normal ratio 
of the number of mitoses in mice  killed at 10:00 a.m. and 1:00 p.m. and on this basis concluded a disturbance of the 
the diurnal rhythm. 

The present article is devoted to a study of the diurnal rhythm of mitoses in the ceils of regenerating liver in 
acute radiation sickness. 

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

The investigation was carried out on white male rats weighing 200-250 g in which, under aseptic conditions 

TABLE 1. Change in Mitotic Activity and Number of Binuclear Cells in Regenerating 
Liver of Unirradiated and Irradiated Rats at Different Hours of the Day 
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TABLE 2. Percentage of Mitot ic  Phases in Regenerating Liver of Unirradiated and Irrad- 

ia ted Rats at  Different Hours of the Day 
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16,7 t 
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15,8~ 
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4,8 
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with the use of ether, we removed the left  la tera l  and central  lobes of the l iver by the method of Higgins and Ander-  
son [11]. All  operations were carr ied out at the same t ime  of d a y ( f r o m  2 to 3:00 p.m.).  Two series of experiments 
were set up: in the I, control, series of experiments  the animals  were not irradiated;  in the II series of experiments 
par t ia l  hepatec tomy was performed 3 days after single to ta l -body  x- i r rad ia t ion  in a dose of 600 r on the RUM-3 ap-  
paratus under standard conditions. This dose caused a drop in the number of leukocytes in the peripheral  blood after 
3 days on the average from 23,000 to 1700 in 1 cc.  Of the 58 i r radiated rats 10 died on the 1st day after the opera-  
tion; not 1 of the unirradiated animals  died after surgery. It is known that the m a x i m a l  increase in the number of 
mitoses in the l iver  occurs 2 days after the operation [6, 11, 13]. Therefore, to study the mi to t ic  ac t iv i ty  the 3rd day 

after the operation was selected.  For the i r radia ted rats i t  corresponded to the 5th-6th day of acute radiat ion sickness. 
In both series of experiments  the rats were k i l led  in groups of 3 animals  at 3 h intervals.  The ma te r i a l  was fixed in 
Carnoy's  fixing fluid. Paraffin sections 7 p thick were stained with hematoxyt in-eos in .  For each an imal  we counted 

mitoses and the number of binuclear  cel ls  in the epi the l ium of regenerat ing l iver  per 6000 cel ls .  The mi to t ic  phases 

were considered it! the count. On the basis of the data obtained we ca lcu la t ed  the mi to t i c  index and the percent  of 
b inuclear  cel ls  per 1000 cells .  The numer ica l  mate r ia t  was subjected to var iance  analysis. 

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

The results of the counts (for each period per 18,000 cells) are shown in Table  1. The mi to t ic  index of unir-  
radia ted (coutrol) animals  reached a max ima l  value by 6:00 a .m.  (9.8:k 1.0). A second negl ig ib le  increase occurred 
at 3:00 p.m. (4.9:k 0.5). A s ta t is t ical  analysis of the data revealed that the difference in the number of mitoses at  
6:00 a .m.  and 3:00 p.m. with respect to the lowest index (1.01 0.2 at  9:00 p.m.) was significant (P<< 0.001). The min -  

ima l  number of dividing cel ls  for the irradiated rats was also at  9:00 p.m. (2.8~0.5).  Then an increase of mi to t i c  ac -  
t ivi ty  began which reached a max ima l  value at 3:00 a,m. (8.7:k 1.3). A 2nd slight rise occurred at noon (4.8:k0.4). 

A comparison of these data with the lowest index shows that here the difference is also significant (P = 0,001 and 

0.006). 

We must emphasize  that our indexes of mi to t i c  ac t iv i ty  are appreciably  higher than those ci ted by N, V. Kras i l ' -  

nikova [5]. According to her data the mi to t ic  index in repara t ive  regeneration of the l iver f luctuated from 3.0 to 
0.04 (the range of fluctuations in our experiments  was from 9.8 to t.0). Undoubtedly this difference is because we re-  
moved not one but two lobes of the l iver,  as a consequence of which the process of regeneration occurred, on thewhole ,  

more intensely.  

As is apparent  from Table  2, at  the same hours the percentage  of individual  mi to t ic  phases of the unirradiated 
and i r radiated rats varied within rather wide l imits .  However, the average daily indexes for each phase in both series 
of experiments  were graphica l ly  the same. We note the unusually large number of early phases with respect to the 
la te  ones. The coeff ic ient  of phases (P + M/A + T) varied at different hours in the control  from 2.2 to 5.1 (averaging 
3.3), whereas with i r radiat ion i t  var ied from 2.3 to 4.1 (averaging 3.1). These indexes can hardly be considered random. 

Wilson and cohorts who studied the cy to logicaI  changes in regenerat ing mouse l iver  [13] also noted a low 
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Diurnal rhythm of mitotic activity in liver cells. 1) 

Physiological regeneration of mouse liver (according to 

the data of L. D. Liozner and V. F. Sidorova); 2) re- 

parative regeneration of rat liver (our data); 3) repar- 

ative regeneration of rat liver in acute radiation sick- 

ness (our data). 

percent of telophases. They explained this by the fact that 

nuclear division here goes to the end, however, in some 

cases it was not accompanied by division of the cytoplasm. 

ha other words, the authors expressed a quite interesting 

thought concerning the origin of binuclear liver cells as re- 

sult of mitosis. 

We were not able to detect any patterns indicating 
the presence of diurnal fluctuations in the number of binu-  

clear cells (see Table 1). Their average percent in both 

series of experiments was ahnost the same. 

It is interesting to compare our data with the results 

of the investigation of L. D. Liozner and V. F. Sidorova [7], 

who studied the diurnal rhythm of mitoses during physiol- 

ogical regeneration in mice (see figure). The shape of tile 

curves indicates that at the acme of acute radiation sick- 

hess the diurnal rhythm of mitoses persists in reparative re- 

generation of the liver. The maximum of rnitotic activity, 

just as with reparative and physiological regeneration in 

unirradiated animals, occurs during the early mousing hours. 
It is necessary to emphasize that in acute radiation sickness the average daily index of mitotic activity does not de- 

crease in comparison with the control. 

S U M M A R Y  

In experiments on albino rats a study was made of the 24 h rhythm in the mitotic activity of hepatic cells and 

in the percentage of binuclear cells in the regenerating liver following a single total exposure to X-irradiation in a 

dose of 600 r. The finding was that at the peak of acute radiation sickness the 24 h mitot ic  rhythm was retained. As 

in the case with reparative and physiological regeneration in nonirradiated animals the peak of mitotic activity oc- 

cured during the early morning hours. The mean 24 h coefficient of the cel l  mitotic activity (2-3 days following op- 

eration and correspondingly 5-6 days following irradiation) did not diminish as compared to control. No regularities 
were revealed that would suggest that during the 24 h period the number of binuclear cells in irradiated and nonir-  

radiated rats was changed. 
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