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It has been shown that the development  of radiation damage and repair processes are re la ted to regenerat ive 
act ivi ty,  and par t icular ly  to processes of physiological  regeneration as indica ted  by mi to t ic  activity.  Comparisons 
have been made between the different tissues having different rates of physiological  regenerat ion [6, 7]. Very in- 
teresting work has been done in this direction where it has been shown that an ar t i f ic ia l  increase or decrease of re-  
generative act ivi ty  caused by some kind of interference leads to changes in the response to irradiation, There are 

indications that mechanica l  damage or the influence of certain chemica l  agents causing an increased prol i ferat ive 
ac t iv i ty  of the tissues leads to a more rapid and sometimes to a better  defined morphological  picture of the radia-  
tion damage. 

At the same t ime,  this exper imenta l ly  induced rise in regenerat ive ac t iv i ty  faci l i ta tes  the repair process [1, 
5, 7, 9]. Naturally the opposite effect occurs when regenerat ive power is reduced, Then not only does the damage 
induced by radiation develop more rapidly,  but its extent may be iess apparent; at the same t ime there is also a re- 
duction of the recovery processes. Thus a fal l  in the rate of physiological  regeneration of the intest inal  epi the l ium 

in mice  induced by starving'leads to a reduction of radiat ion damage,  as wel l  as a delay in repair  [2]. Olficksmann 
and Spear [11] showed that in the scarcely differentiated nervous tissue ol frog tadpoles, radiat ion results in the des- 
truction of fewer cells than in control animals,  They attribute this effect  to an increased sensit ivity of the cells in 
the premitot ic  stage. 

It seemed to us interesting to observe and compare the development  of radiat ion damage and repair in various 
epi thel ia  differing in their in i t ia l  rate of ce l l  division. 

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

Our observations were made on Rana temporaria  tadpoles. Previous information showed that mi tot ic  ac t iv i ty  
ira the corneal  epi the l ium was always approximate ly  five times as intense as in the epithelim-n of the ta i l  (Fig. 1). 
By the end of metamorphosis (37-40th day after the start of hatching) when the forelimbs appear and the ta i l  begins 
to be reduced, there is a marked increase of mitot ic  act ivi ty  in the corneal  epi thel ium,  whereas in the tai l  it  almost 
ceases. 

In one set of experiments we st imulated mitosis by the infl ict ion of trauma. We amputated the ta i l  of 8 -day -o ld  
tadpoles. We found that for a considerable t ime the mitot ic  ac t iv i ty  in the epi thel ium of  the regenerating part of  the 
ta i l  was approximately  twice as intense as in the basal  portion (see Fig. 1). By the end of metamorphosis,  in both 
the basal  and regenerating portions, ligares of ce l l  division were entirely absent, 

Tota l  preparations of the cornea and tai l  of the tadpoles were stained in hematoxylin,  As a measure of the 
changes we counted the mitot ic  figures and ca lcu la ted  the mi to t ic  index (number of dividing cel ls  as a percentage 
of the cells of the basal layer of the epithelium).  In each tadpole mitoses were counted in the epi the l ium of both 
corneas, and in 50 fields of vision of the epi thel ium of the base of the ta i l  (not concerned in regeneration),  and in the 
regenerating portions. Observations were made with a 90 x immersion objec t ive ,  and a 7 x ocular. 
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Fig. 1. Age changes of the mitotic index: a) in the 
corneal epithelium, b) in the epithelium of the  
regenerating portion of the tail, and (c) in the epi- 
thelium of the basal portion of the tail. I -  meanerror. 

We used tadpoles taken directly from their natural 
habitat. During the experiment they were kept in crystal- 
lizing dishes in water at 18-20 ~ from which the sediment 
had settled out; they were fed with Protococcus, raw kid- 
ney, and boiled frog muscle [8]. The 20-day tadpoles 
with a 12-day regenerating portion were irradiated by an 
RUM-3 apparatus adjusted as follows: potential 190 kv, 
current 15 ma, 8 mm A1 filter without a tube. Distance 
from anode to object 30 cm. Dose rate 270 r/rain. Doses 
of 800 and 600 r were given. 

This amount of  radiation caused no deaths at any 
time during the experiment. The tadpoles which received 
800 r completed metamorphosis, as did the control tad- 
poles also; irradiation with 600 r extended metamorphosis 
by several days. 

Material for histological study was fixed 2, 4, and 
6 hr and 1, 3, 6, 10, 12, 15, 20, 27, 30, and 35 days after 
irradiation. However, we made no observations after the 
20th day, because on account of metamorphosis at later 

periods there is a disturbance of the ratio of the mitotic activity of tissues which makes it difficult to compare the 
reactive changes, 

We used 5-10 animals for observations at each period of the experiment. 

E X P E R I M E N T A L  R E S U L T S  
The results of the first set of experiments are shown in Fig. 2. In the corneal epithelium where the mitotic ac- 

tivity was highest, two hours after irradiation the mitotic index fell from 1.35 to 0.143, i.e., by 900] o. In the epithel- 
ium of the regenerating portion it fell by 700]0, and at the base of the tail, where the cell  division was slower still, 
mitotic activity was reduced by 57%. In all tissues the greatest depression of cell  division occurred four hours after 
irradiation. At this time, in the corneal epithelium mitotic figures disappeared almost entirely, in the epithelium 
of the regenerating portion the mitotic index was reduced by 860] o, while in the epithelium of the base of the tail it 
fell only by 75%. In the corneal epithelium, after irradiation the rate of cell  division fell more rapidly than it did 
in the cutaneous epithelium of the tail. Therefore in tissue with a relatively large number of mitoses the suppression 
of mitotic activity was more manifest and more extensive. 

Six hours after irradiation repair commenced,  as shown by an increase in the number of figures of cellular di- 
vision. In the first hours after irradiation, the recovery of mitotic activity, just like its reduction, was related to the 
initial rates of cell  division. In the corneal epithelium having the highest mitotic index, mitotic activity was in- 
creased the most rapidly, in the epithelium of the regenerating portion it was slower, and in the epithelium of the 
base of the tail, where the number of cell divisions was the smallest, the activity was the lowest (Fig. 2, A). 

At the same time, despite the rapid recovery, in the tissue with the highest mitotic activity (corneal epithelium) 
the repair of the radiation damage was incomplete (Fig. 2, B). Thus by the third day after irradiation, in the epithelium 
of zhe base of the tail the mitotic activity recovered to the control figure; in the epithelium of the regenerating por- 
tion of the tail, where the initial level of cell  division was higher, the index was only 89%, and in the corneal epi- 
thelium, where normally the proliferative activity is highest, it was only 7~o. The attained rate of cell division was 
maintained at later periods. As mitotic activity increased, there were abnormalities in the figures of  cell  division; 
we found no other morphological changes of the epithelial cells. 

From the results we may conclude that on the one hand tissues having a comparatively high proliferative activ- 
ity show the effect of radiation damage more clearly and more extensively than do others, and on the other hand there 
is a tendency for them to produce a more rapid repair, although the process is not complete. 

As can be seen from Fig. 3, the results obtained by irradiation of  the tadpoles with 600 r do not differ essentially 
from those of the previous series. The greatest suppression of  cell  division in all tissues occurred four hours after irra- 
diation. In the corneal epithelium where the rate of cell  division was relatively high, just as when a dose of 300 r 
was given, the reduction of the mitotic index was more marked than it was in the epithelium of the tail. The damage 
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Fig. 2. Change in the actual value of the mitotic index (A), and its change 
expressed as a percentage of the control (B) as caused by irradiation of tad- 
poles with a dose of 300 r. Indications as in Fig. t. 

Fig, 3. Change of the absolute value of the mitotic index (A), and its change 
as a percentage of the control value (B), induced by irradiation of tadpoles 
with a dose of 600 r. Indicatiotls as in Fig. 1. 

from radiation in the tissues was more extensive than in the first series. This was shown by the greater and more pro- 
longed suppression of mitotic activity. No noticeable repair process could be observed before three days. In the cor- 
neal epithelium mitotic activity increased more rapidly than in the epithelium of the regenerating portion; in that of the 
tailbasalregion it rose stilImore rapidly. Despite the great rapidity of the recovery processes, in agreement with the 
results of the first experiment, the mitotic index did not reach the control figures. Under these conditions of radiation 
in the epithelium at the base of the tail there was no complete recovery of mitotic activity, As mitotic activity re- 
covered abnormal figures of cell division appeared later after the irradiation (16th-20th day), and in the cornea1 epi- 
thelium binucleate ceils were quite commonly found. No other morphological changes in the epithelial cells were 
found. 

From the results obtained we may conclude that the manifestation of radiation damage, its extent, and the ex- 
tent of the repair processes were determined (for a given dose of  irradiation) by the initial level of proliferative ac- 
tivity. Thus, in tissue having a comparatively high mitotic activity (corneal epithelium), recovery was more rapid 
even though the radiation damage was greater and more manifest. Nevertheless the repair was not complete.  In gen- 
eral the results conformed with experiments on the development of radiation damage in the corneal epithelium in 
frogs and mice, where a comparison was made of  the reaction of  tissues differing in their rate of physiological regen- 
eration [6, 10]. However, in these works, principal attention was paid to the time relationships of the development of 
changes due to radiation, and the extent of the damage was not considered. 

The degree of proliferative activity determines the response of the tissue to the action not only of X-rays but also 
of other factors. This dependence of the tissue response on the initial level of mitotic activity was established from an 
investigation of the inhibition of mitoses in the cornea of the mouse, by treatment with adrenalin [8]. Similar results 
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were obtained by a comparison of the react ive  changes of mi to t ic  ac t iv i ty  in the epi thel ium of the upper and lower 
surfaces of the tongue of the rat [4]. In experiments on fasting tadpoles and mice we found a direct  relationship be-  
tween the normal mi tot ic  ac t iv i ty  and the extent of its suppression. Thus in fasting animals,  in the tissue with the 
highest mi to t ic  ac t iv i ty  suppression occurred compara t ive ly  rapidly and intensely. When the animals were fed after 
a short fasting period the recovery processes occurred most rapidly in tissue having a re la t ive ly  high ini t ia l  mi tot ic  
act ivi ty ,  although this leve l  of ac t iv i ty  both before and after radiat ion was reached earl iest  in tissues normally show- 
trig a low mi to t ic  index [a]. 

There is therefore a considerable resemblance in the tissue reactions induced by a variety of factors. However, 
many of the morphological  manifestations and t ime relationships were very characteris t ic  of radiation changes. 

S U M M A R Y  
Rana temporar ia  tadpoles aged 20 days were exposed to 300 or 600 r of X-rays The degrees of damage and re- 

covery in the epi the l ium of the cornea,  tai l ,  and regenerating portion of the t a i l  were studied, and differences were 
found which were reIated to the ini t ia l  rate of ce l l  division. The change of mitot ic  ac t iv i ty  was used as a criterion 
of the extent  of the injury and of the rate of the subsequent repair. The fal l  in mitot ic  index was more abrupt and 
pronounced in the cornea and epi the l ium where the rate of mitosis was re la t ive ly  high. After radiation repair pro- 
cesses were more rapid in the tissues in which mitot ic  ac t iv i ty  is normally high; nevertheless the recovery was in-  

complete .  Regenerative ac t iv i ty  was more dist inctly shown after irradiation with a dose of 300 r; differences between 
the reactions of the various tissues to irradiation was less well  shown with a dose of 600 r. 
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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 original Russian journal. S o m e  or  a l l  o f  t h i s  p e r i -  

o d i c a l  l i t e r a t u r e  m a y  w e l l  b e  a v a i l a b l e  in E n g l i s h  t r a n s l a t i o n .  A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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