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Of a l l  the v i ta l  processes, mitosis is the most radiosensit ive El, 3, 5, 91. With an increase in the dose of 
i r radiat ion,  the more radioresistant  cy toplasmic  processes, namely  those responsible for the i m m e d i a t e  v iab i l i ty  

of the ce l l .  also begin to be affected,  and this may  cause cel l  destruction. 

In the present paper we analyze  the changes taking place in the corneal ep i the l ium of an albino mouse after 

i r radiat ion with soft x-rays.  

E X P E R I M E N T A L  M E T H O D  
The corneas of albino mice  were irradiated loca l ly  by means of a Dermamobi l  apparatus (20 kV, focus distance 

10 cm,  f i l ter  0.1 mm A1) in doses of 100 r (dose rate 296 r / m i n )  700 r (296 r / m i n ) ,  and 2000 r (800 r / r a i n ) .  The 
hardness of the radiat ion was so se lected that it was comple te ly  absorbed in the cornea.  The i r radiated mice  were 
sacrif iced by decap i ta t ion  at the same t ime as control mice ,  at 10 A. M. on the 1st, 3rd, 5th, 7th, and 9th days after 
i r radiat ion (at  each  t ime 10 exper imenta l  and 5 control mice  were sacrif iced) .  The mate r ia l  was fixed in Bouin's 

fluid and total  preparations of the cornea were obtained.  These were stained with Weigert ' s  hematoxyl in  and the 
number of cel ls  in a field of  vision of the microscope and the number of normal  and pathologica l  mitoses in 100 
fields of vision were counted with a magnif ica t ion  of.. e y e - p i e c e  7x ,  objec t ive  60 x 2.5. The mean value of the 
counts in two corneas was ca lcu la ted .  For a l l  the animals  we ca lcu la ted  the index of normal  and pa thologica l  
mitoses. The mean value for the group of animals  sacrif iced at any one t ime  was used in the m a t h e m a t i c a l  analysis 

of  our results, which was along the lines previously foltowed in our analysis of ce l l  injury due to radia t ion [21. The 

mean  error of the numerica l  results c i ted  below was :~15%. 

E X P E R I M E N T A L  R E S U L T S  
One field of vision of the microscope (magnif icat ion:  e y e - p i e c e ,  7x; ob jec t ive ,60  x 2 .5)conta ined  on the 

average 196 cel ls  of the cornea of the unirradiated animals .  The mean  mi to t i c  index during the morning,  at  a t ime  
of m a x i m a l  mi to t i c  ac t iv i ty ,  was 8.3%. It is c lear  from Figs. 1, 2, and 3 that  ionizing radia t ion in the doses inves-  
t iga ted  suppressed mi to t ic  ac t iv i ty  and led to pathologica l  mitoses,  in the form of chromosome bridges, spli t t ing of 
chromosomes,  irregular division of chromosomes,  e t c . ,  and to the appearance  of giant ,  mul t inuc lea r  cells;  the num-  

ber of  cel ls  per unit area of the cornea was reduced.  

Al l  tbree doses of i r radiat ion (see Fig. 1) caused comple te  suppression of mi to t i c  ac t iv i ty  i m m e d i a t e l y  after 

i r radiat ion;  the differences were in the speed and charac ter  of the recovery process. The fate of the celts injured by 

ionizing radiat ion could be judged from the number of  pa thologica l  mitoses and the number of  cel ls  in a f ield of  
vision, and their  comparison with the number of normal  mitoses,  from which the intensi ty of cel l  renewal can be 
es t imated .  The curves showing the changes in the number of  pa thologica l  mitoses are shown in Fig. 2. Each consists 
of an ascending and descending part ,  and the peak value rose as the dose of i r radiat ion was increased.  Comparison 
of the ascending gradients of the curves of the changes in the numbers of normal and pa thologica l  mitoses (see Figs. 1 
and 2) showed that  the probabi l i ty  of  cei ls  with normal and abnormal mi to t i c  apparatuses starting to undergo mitosis  
was approximate ly  the same.  This means that de lay  in the onset of mitosis in an injured ce l l  was due not to a dis-  
turbance of  the mi to t i c  apparatus,  but to a reversible inhibit ion of synthesis of products essential  for division.  

The degree of injury to the mi to t i c  apparatus of the ce l l  de te rmined  the outcome of the pa thologica l  mitosis,  

and could be es t imated  from the analysis of the gradient  of the curve showing the decrease  in the index of pa thologica l  
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mitosis. It may be concluded from a comparison of the curves illustrated in Figs. 1 and 2 that after irradiation in a 
dose of 100 r the number of chromosomal aberrations decreased at a rate corresponding to the intensity of cell re- 
newal. Hence it follows that the damage to the mitotic apparatus was irreversible, and the cells entering into path- 

ological mitosis did not divide but formed giant, multinuclear 
cells. The rate of decrease of the number of pathological mi -  
toses after irradiation in doses of 700 and 2000 r was greatly 

. " ~ ~-"~ff in excess of  the intensity of physiological regeneration. Two 
.~ hypotheses may be put forward to explain this phenomenon. 
o t ,,oj,ss *'~" .~ The simpler of the two is to suggest that irradiation in doses 

�9 of 700 and 2000 r caused such serious injury to the mitotic . oS �9 & ~.. . . - '~" . 
,tt11.,~ . . . . .  - - . ."  �9 ~ apparatus of  the cell that it died when entering into patho- 

�9 s . __,.~,-'--~ logical mitosis. However, grounds also exist for the sugges- 
0'5~ t t ' f  - ~ tion that at the t ime of a sharp decrease in the number of 

~ ( , , J .  pathological mitoses, cells with injury to their mitotic ap- 
paratus grow old and die naturally. To explain the observed 

0 ..... . , changes in the number of pathological mitoses we must pos- 
/ d 5 /" ~ tulate that the mean potential life span of the corneal epi-  

Time (in days) thelial cell is approximately 7 days. We shall give below 
Fig. 1. Change in the number of normal mitoses the arguments in support of  the second hypothesis. 
after irradiation. I) Irradiation in a dose of 100 r; 

Our analysis of  the radiation injury to the tissue would 
II) in a dose of 700 r; l id  in a dose of 2000 r. 

be incomplete if we did not examine the question of  death 
of the cell  in the interphase stage. By determining experi-  

f ~  mentally the rate at which cells appear in the tissue (as a 
u 
"~o a~ " result of normal mitoses) and the change in the number of 
~ cells in unit volume of tissue (from the change in the num- 

ber of cells in a field of  vision of the microscope, Fig. 3), 
we may determine the intensity of the loss of cells from the 

'~ .~ 0,~ /f.a,,, ,  o cornea, 

x~_.~ . / / I . . . .  g] '~...~... A r ~.~ If we accept  that the duration of mitosis in the corneal 
a "~"~-~" ~ _ . ~ _ - ~ . . . . _ . . 1 ~  epithelium is 30 min, and the amplitude of the diurnal varia-  

r $ 6 Y ~ tions in the number of  mitoses is approximately 1.5-2 E4, 6, 
Time (in days) 8], then the constant of renewal of the cornea of the albino 

Fig. 2. Change in the number of  pathological mi to -  mouse, according to Leblond and Walker ET], will be 0.3 per 
diem ( t ime  of renewal 3.4 days). In unirradiated tissue, the 

ses after irradiation. I) Irradiation in a dose of  100 r; 
intensity of removal of cells from the tissue is equal to the 

II) in a dose of  700 r; III) in a dose of 2000 r. 
intensity of renewal. After irradiation in doses of 100 and 
700 r, on account  of the sharp decrease in the number of nor- 

~. f f  mal mitoses, the rate of removal of cells from the tissue falls 
- . . . . . j  . . / ,  ~.~.~..-~ to 0.15 per diem. As the mitot ic  activity approaches normal, 

~ ' - . . . .  - . . . .  ~... .*-" / "" the intensity of  removal of  cells from the tissue approaches 
~ a " ' - ' " ~  J the value of  0.3 per diem characteristic of unirradiated tissue. 

~o 0 , 5 - ~  These facts suggest that viable cells are being ousted from 
x the unirradiated corneal epithelium. The mean potential 

6 life span of the corneal epithelial cell of the albino mouse 
2; 0 ~ j " ,Jr ~ ~ is approximately 6.7 days. This period is almost twice the 

t ime of renewal. This factor must evidently increase the re- 
Time (in days) sistance of the tissue to external influences. 

Fig. 3. Change in the number of cells per field of 
We observed a different situation after irradiation in a 

vision after irradiation. I) Irradiation in a dose of  
dose of 2000 r. Despite the total suppression of mitotic ac -  

100 r; II) in a dose of  700 r; III) in a doseof2000r .  
tivity on the lst-3rd day after irradiation (see Figs. 1 and 2), 
the intensity of removal of the cells from the tissue on the 

first day was 0.32, and it fell to a level  corresponding to naturat death only on the 3rd day after irradiation. This 
means that for 24 h after irradiation of the cornea in a dose of  2000 r intensive destructive processes took place in 
the corneal cells in a stage of interphase. 
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Hence, the corneal cells may be detached as a result of one of the following processes: 1) Ousting of cells 
from the tissue by newly formed cells as a result of division; 2) death of cells as a result of natural aging; 3) radia- 
tion destruction of cells. In unirradiated tissue the first process is most intensive, and it determines the rate of re- 
moval of cells from the cornea, overshadowing the role of death of the ceUs from natural aging. After irradiation 
of the tissue, however, when the mitotic activity falls sharplyo the rate of removal of cells from the tissue is deter- 
mined by the intensity of natural dying. As the dose of irradiation is increased, the effect of direct radiation destruc- 
tion of the cells is brought into play. 

SUMMARY 
An inquiry was made into the changes occurring in the corneal epithelium of albino mice following soft 

x-irradiation in doses of 100, 700 and 2,000 r. These x-ray doses depress the mitotic activity, cause the appear- 
ance of pathological mitosis and reduction of the number of cells per unit of corneal area. The affection of the 
mitotic apparatus, underlying pathological mitosis, blocks irreversibly the passing of the cell through mitotic 
stages. Of the doses investigated only 2,000 r caused a direct radiation destruction of the cell. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the orlginal Russian journal. Some or all of this perl- 

od ica l  l i t e ra tu re  may wel l  be ava i lab le  in Eng l i sh  t rans lat ion.  A complete l i s t  o f  the cove r - to -  

cover  Eng l i sh  t rans la t i ons  appears at the back o f  th is  issue.  
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