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A detailed study of DNA synthesis in irradiated tissue has been carried out by the method of autoradiography 
using tritiated thymidine on small bowel epithelium [4, 6-8] and a number of other tissues [1, 2, g]. These investiga- 
tions have established the dissimilar effect of radiation on different periods in the mitotic cycle. 

The present paper is a study of DNA synthesis in the nuclei of various cells of the stratified squamous epithe- 
lium of the rat tongue during the depression of mitotic activity produced by x-irradiation. In addition, the morpho- 
logic changes in the epithelium at different periods after irradiation were studied and a connection was established 
between binuclear elements and ceils wbXch were undergoing mitosis. 

M E T H O D S  

The experiments were performed on 34 white rats of weight 150-180 g. The experimental animals were sub- 
jected to total single doses of x-ray of 700 R from a RUM-8 apparatus. Tritfated thymidine (specific activity 4,5 
curies/Mmole) was injected subcutaneously into all animals in a dosage of 0.8 microcurie per gram of weight. The 
experimental rats received the isotope at different periods after irradiation: at 1, 24, 48, 96, and 240 h. Animals-- 
both controls and experimentals-were killed at 4, 24, and 48 h after injection with tritiated thymictine. To obtain 
autographs on paraffin sections stained with Feulgen reagent, a liquid emulsion of type R (NIKFI) was used. The ex- 
posure period for the autographs was 18 days. In parallel with this, preparations were made that were stained with 
hemalum and iron hematoxylin. In the autographs the percent of labelled nuclei in the epithelial cells and the in- 
tensity of the labelling are determined. In addition, we calculated the number of layers of epithelium that contain 
labelled nuclei at the different times after thymidine administration. 

RESULTS 

In control animals at 4 h after injection of tritiated thymidine (Table 1) the greatest number of nuclei which 
contained the label were encountered in cells of the basal layer-14.9% (Fig. la, d). In the stratum malpighii 
where mitoses are observed very rarely, only isolated, single-nucleated cells appeared labelled (0.7%). No signifi- 
cant difference was detected between the intensity of labelling nuclei from cells of the basal and malpighian layers. 

At 24 h after isotope injection the percentage of labelled nuclei in cells of the malpighian layer rose to 10.5. 
Not only uninuclear but also binuclear malpighian cells, which are mainly distributed in the layer lying adjacent to 
the basal layer, were labelled (Fig. lb). The average intensity of labelling in the basal and malpighian ceils was 
almost the same and was slightly less than at 4 h after injection of tritiated thymidine. Such an increase in the num- 
ber of labelled nuclei of the malpighian layer at 24 h after isotope injections is related to the transport of cells 
which had previously incorporated tritiated thymidine from the upper strata of the basal layer after their next division. 

At 48 h after isotope injection (Fig. lc) the number of malpighian cells containing incorporated tritiated thy- 
m~dine is still more markedly elevated in comparison to the preceding periods of investigation (see Table I). 

In irradiated animals the most marred alteration in DNA synthesis in epithelial nuclei, as shown in Table 1, is 
noted when the isotope is injected at 1 and 96 h after irradiation. When the isotope is given at 1 h after irradiation 
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TABLE 1. Incorporation of HS-Thymidine into Nuclei of the Strat if ied Epithel ial  Cells 

of the Tongue at  Different Times after kradia t ion  and Isotope Administrat ion 

r i m e  of adminis t ra t ion 
~f HS-thymidine after 
~rradiation (in hours) 

Control 

Control 

Control 

r ime of fixa-I Basal layer ' Malpighian layer___lNo, of ep i -  

:ion . . . .  of mate-~a I moenea'" Aver. in-  label led  Aver. in-  ~hial layer, 
rta~ niter m -~ 
ithymidine ir~ nuclei  tensity of nuclei  tensity of !containing 
}adiat ion(h) | (in %) label l ing t'in %~ label l ing [nucleiilabelled 

1 
24 
48 
96 

240 

14,9 
4,5 

11,6 
8,4 

24,3 
7,5 

15,9 
14,0 
9,0 

15,9 
21,2 
17,1 

0.7 
0,5 
0,8 
0,7 
0,5 
0,5 

1 
24 
49 
96 

240 

24 
24 
24 
24 
24 
24 

12,5 
3,3 

22,8 
4,6 

38,5 
6,6 

9,2 
10,6 
7,1 
8,4 
8,1 

10,3 

10,5 
0,7 

11,0 
�9 0,4 

19,3 
3,1 

t 
24 
48 
96 

48 
48 
48 
48 
48 

10.8 
0,7 
8,1 
9,0 

18,6 

9,7 
7,0 

10,6 
i0,1 
9,8 

23,8 
3,8 
4,8 
7,0 

33,8 

14,0 2 
19,0 2 
1 1 , 0  2 
20,7 2 
15,7 2 
16,7 2 

I0,2 
10,8 
!2,2 
8,0 

14,0 
8,5 

11,2 
8,7 

12,8 
14,5 
14,0 

TABLE 2. Normal and Atypica l  Mitoses, Binuclear 
Ceils  and Cells  with Atypica l  Nuclei in Strat i f ied 

Epithel ium of the Tongue in Rats after Irradiation 

( i n  %) 

T ime  after 
i r radiat ion 

(inhours) 

Basal laery , 

r , 

sa 

Control 
0,25 

0,5 
1 
2 
5 

24 
48 
75 
96 

144 
240 

1,6 
1,1 
0,5 
0,2 

0,8 
0,7 
0,3 
! ,8  
1,5 

0,7 
0,3 
0,1 
0,6 

J 

7, 
. I , [  
O, 

Malpighian ayer 

O ~'~ � 9  ~ O oa 

17,3 - -  - -  

9 , 2  - -  - -  
24,6 - -  - -  

41,6 - -  - -  
19,4 - -  - -  
45,0 - -  - -  
1 2 , 8  - -  --- 
11,6 22,8 2,1 
7,9 21,2 9,7 
7,9 27,0 7,6 

12,1 1,0 0,2 
17,0 - -  - -  

there is observed (mainly)  a sharp fal l  in the percentage of 

l abe l led  nuclei .  In addi t ion,  the mean  intensity of nuclear  
label l ing  in most instances remains ahnost  the same as in 

control  anienals. When the isotope is adminis tered at  96 h 
after irradiation,  a sharp rise in the percentage of labe l led  

nuclei  (Fig. 2) in the epi the l ium of exper imenta l  animals  

k i l led  at different periods after receiving the isotope is 
noted, but in some cases the intensity of label l ing  both in 
the basal and malpighian  layers, and even the number of 

labe l led  nuclei  is noted to rise. More intense label l ing,  
evidently,  is related to the rate of DNA synthesis and an in-  

increase in the number of labe t led  n u c l e i - t o  the shortening 
of the G 1 period. At 240 h after i r radiat ion a decrease in 
the percentage of labe l led  nucle i  is again noted. 

Changes in the mi to t i c  index in the ep i the l ium were 
studied at 15 and 30 rain.,  1, 2, 5, 24, 48, 71, 96, 144, and 
240 h after irradiat ion.  A fal l  in mi to t i c  ac t iv i ty  in the 
epi the l ium was de tec ted  a l ready at  30 rain after i r radiat ion.  

At 3 and 5 h mitoses were comple te ly  absent. At 24 h the 
mi to t i c  act ivi ty  had been restored almost to normal,  but 
then fel l  again and finally,  at 240 h once more reached the 
in i t ia l  level  (Table  2). 

The fal l  in mi to t ic  ac t iv i ty  produced by irradiat ion 
was accompan ied  in the major i ty  of instances by an increase in the number of binuclear  cel ls  and, contrariwise, res- 
torat ion of mi to t ic  ac t iv i ty  led to normal iza t ion  of the number of b inuc l ea r  ep i the l ia l  e lements .  These resuIts 
agree ent i rely with the data of other workers [8]. 

Comparing the disruption of DNA synthesis with the mi to t i c  act ivi ty  after i r radiat ion,  it  may be noted that 
the al terat ions in these processes are not always paral le l .  Thus, for instance, at 96 h after  i r radiat ion an increase in 
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Fig. 1. Incorporation of H3-thymidine into nuclei of cells from different layers of 
the tongue epithelium in control rats. a) At 4 h; b) at 24 h; c) at 48 h after ad-  
ministration of isotope; d) labelled anaphase in basal layer of epithelium (4 h af-  
ter isotope). Autoradiograph exposure 15 days. Stain: hematoxylin (a, d), Feulgen 
reaction (b, c). Magnification: Ob. 90x , oc. 7x .  

Fig. 2. Incorporation of H3-thymidine into nuclei of cells from different layers 
of the tongue epithelium in irradiated rats. Increase in number of labelled nuclei. 
a) At 96 h after irradiation and 48 h after isotope. Autoradiograph exposure 
15 days. Feulgen reaction. Obj. 90x , oc. 7x .  
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Fig. 3. Tongue epithelium of irradiated rat. a, b) Increased nuclei and small 
supplementary nuclei (d. n.) adjacent to the membrane of the "main" nucleus; 
b) atypical anaphase with bridge and chromosome fragments (B) at 48 h (a) and 
72 h (b)af ter  irradiation. Stain: hematoxylin. Obj. 90x ,  oc. 7 x .  

the percentage of nuclei which are synthesizing DNA is observed when there is a significant decrease in mitotic ac -  
tivity. Besides this, beginning at 48 h after irradiation atypical mitotic figures are encountered in the epithelial cells 
of the basal layer: bridges, fragments and non-disjunction of chromosomes (Fig. 3b). tn addition, in epithelium dam- 
aged by irradiation cells with atypical nuclei were observed both in the malpighian and basal layers. This is mani-  
fested by considerable increase in their size and in the appearance of one or several small nuclear satellites which 
lie directly against the nuclear membrane of the "large r nucleus (see Fig. 8). When complete restoration of mitotic 
activity occurs both the atypical mitotic figures and cells with atypical nuclei disappear. 

S U M M A R Y  

In the epithelium of the tongue in albino rats, mitoses disappear after irradiation and the percentage of cells 
synthesizing DNA markedly declines. In 96 h, the number of labelled nuclei sharply increases as compared to the 
control ones. Consequently, irradiation interferes with the transition of the cells from the G 1 period to the S period 
and the O z period. With the advent of a compensatory process, alI periods of the mitot ic  cycle  apparently become 
shorter. 
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