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The writers showed previously [3] that a single exposure of male albino rats to suble- 
thal hyperthermia up to 40-41.5~ causes inhibition of mitotic activity (MA) of the corneal 
epithelium by 1.3-3 times compared with the control, and is accompanied byatwo- to fourfoldin- 
crease in the number of pathological mitoses (PM), 

The object of this investigation was to study the character of the response of cytogenet- 
ic processes in the corneal epithelium and bone marrow cells during repeated exposure to sub- 
lethal hyperthermia. 

EXPERIMENTAL METHOD 

Experiments were carried out on 200 male albino rats weighing 150-200 g. The animals 
were exposed for 1.5 h to hypothermia at 41-41.5~ by the method in [3] daily, at the same 
time of day (from i0 a.m. to noon) for a period of 5 days. The tests were carried out immedi- 
ately after the final exposure and 2, b, 12, and 24 h later. The mitotic cycle was deter- 
mined and autoradiographs prepared also by the method in [3]. To assess the role of the 
adrenal glands in changes in the mitotic cycle during hyperthermia, parameters of the stress 
reaction were studied: The adrenals and thymus were weighed and the concentrations of cho- 
lesterol in the adrenals [6] and ll-hydroxycorticosterone in the blood plasma and the adrenalin 
content in the liver were determined [7]. In parallel experiments the animals were suhjected 
to bilateral adrenalectomy. To rule out any possible change in the duration of mitosis it- 
sel~, experiments also were carried out at the same time on animals receiving an injection 
of colchicine, in a dose of 4 ~g/g, intraperitoneally 2 h before sacrifice, and 0.i ml of a 
0.1% solution of colchicine was applied simultaneously to the cornea. To assess the mutagen- 
ic effect of the high temperature metaphase analysis of bone marrow cell chromosomes was car- 
ried out 3 h after the end of exposure to hyperthermia by the method in [8]. 

EXPERImeNTAL RESULTS 

The results are evidence that the animals developed a marked stress reaction immediately 
and 6 h after the final exposure to a high temperature. This was shown by a decrease in the 
body weight of the animals and in the weight of their thymus, an increase in the weight of 
their adrenals accompanied by a decrease in their cholesterol concentration~ and an increase 
in the plasma ll-hydroxycorticosterone level (Fig. i). These results agree with data in the 
literature indicating that sublethal hyperthermia is a severe form of stress [I], 

The time course of the reaction of the mitotic cycle of the corneal epithelium to repeat- 
ed hyperthermia differed considerably from that to a single exposure to heat. Whereas with 
a single exposure deep inhibition of proliferation was observed for 12 h after the end of ex- 
posure to heat, in the case of repeated exposure to hyperthermia depression of MA was observed 
only immediately after the end of heating. By 2 h after the end of exposure there was a ten- 
dency for the number of dividing cells to increase: 6 and 12 h after the last exposure the 
number of mitoses was increased by 4 and 1.7 times, respectively. After 24 h ~ was the same 
in the experimental and control animals (Fig. 2). The experiments with colchicine showed that 
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Fig. i. Parameters of the general adaptation syndrome (in %) in 
rats after repeated exposure to sublethal hyperthermia. A) Con- 
trol; B) after hyperthermia; C) 6 h after hyperthermia, i) ll-Hy- 
droxycorticosterone (17.24 ~g%); 2) cholesterol (4.73 ~g/mg); 3) 
adrenalin (2.36 ~g/g); 4) body weight of animal (230 g); 5) weight 
of adrenals (8.78 mg/lO0 g); 6) weight of thymus 450.6 mg/100 g). 
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Fig. 2. Time course of proliferation of corneal epithelium of albino rats after time 
of investigation relative to end of large exposure to hyperthermia (in h); ordinate: 
MI) number of mitoses in i00 fields of vision, PM) percent of pathological mitoses; 
ILN) index of labeled nuclei (in %), IL) intensity of labeling (number of tracks 
above the nucleus). *) P < 0.05. 

Fig. 3. Effect of repeated exposure to hyperthermia on cell division in the corneal 
epithelium of intact (A) and adrenalectomized (B) rats. i) Control; 2) experiment. 
Ordinate: MIC) number of colchicine mitoses in i00 fields of vision. Tests carried 
out 2 h after end of last exposure to hyperthermia. 

the increase in the number of dividing cells was due, not to a change in the time of mitosis, 
but to an increase in the number of cells starting mitosis. Just as in the case of a single 
exposure, in this series of experiments a significant rise in the PM level was observed im- 
mediately after hyperthermia, and also 2, 6, 12, and 24 h after the last exposure (Fig. 2). 
The results of autoradiographic analysis are evidence that the increase in the number of divid- 
ing cells after the 5th exposure to hyperthemiawas due to activation of DNA synthesis. Inhi- 
bition of DNA synthesis after 12 h was probably the result of the differential sensitivity of 
the various phases of the cell cycle to the action of sublethal hyperthermia. According to 
data in the literature, the GI period is the most sensitive to the action of a high tempera- 
ture. The absence of inhibition of cell division 2, 6, and 12 h after five exposures to sub- 
lethal hyperthermia was due not only to a decrease in the adrenalin concentration, but alsQ~ 
probably, to massive death of the cells following repeated hyperthermia [9], which leads to 
a fall in the concentration of chalones -- tissue regulators of cell division. Another con- 
tributory factor is inhibition of protein synthesis under conditions such as these [i0], How- 
ever, this hypothesis requires further experimental verification, 
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TABLE i. Frequency of Chromosomal Aberrations in Bone Marrow Cells of Intact and 
Adrenalectomized Rats after Repeated Exposure to Hyperthermia 

Experimental conditions 

of aberrations No. of Aneuploid cells, % Types Cells with 
CE DC aberrations Cells with meta- h dip-~pdo hyperdip- total % phases i1ol ,11 ~ ,1 , ACF CCF AC delectiom 

] 4,4 0,3 4,7 [ ; I ~ I ~ : ~ ; 0,3 0,5 
600 I 0,5 0,5 

600 l 3,9 I 0,3 1 4,2 --  0 3 0,17 
600 ] 4,7 I 0 ' 3 1  5,0 0,00 

In, tact rats 
control 
experiment 

Adrenalectomy control 
experiment 

Legend. *) P < 0.05 relative to control; ACF) acentric chromatid fragment; CCF) cen- 
tric fragment (chromatid deletion); CE) chromatid exchange; DC) dicentric chromosome" 
AC) atypical chromosome. 

Repeated exposure of adrenalectomized animals to sublethal hyperthermia was not accom- 
panied by stimulation of cell division in the corneal epithelium. Meanwhile, in rats with 
their adrenals intact, the number of colchicine mitoses was increased 3 h after hyperthermia, 
whereas in adrenalectomized animals their number was reduced 3 h after exposure (Fig. 3). The 
PM level in the adrenalectomized animals 6 h after exposure to hyperthermia was 25%, whereas 
in animals with intact adrenals it was only 15.3%. This is in agreement with previous obser- 
vations showing the protective character of the action of increased secretion of adrenal hor- 
mones for cell division during stress [4, 5]. Further confirmation of this view is given by 
the results of metaphase analysis of bone marrow cell chromosomes of albino rats exposed to 
these conditions of hyperthermia. Whereas five exposures to sublethal hyperthermia caused no 
change in the level of aneuploid cells or in the number of chromosomal aberrations in animals 
with intact adrenals, in adrenalectomized animals the number of aberrant cells was increased 
sixfold (Table i) o 

The results of these experiments are evidence of the different character of response of 
the mitotic cycle of the corneal epithelium to single and repeated exposure to hyperthermia, 
The results confirm the view that high temperatures exert a mutagenic action and they demon- 
strate once again the protective effect of increased secretion of adrenal hormones for cyto- 
genetic processes in the somatic cells of homoiothermic animals. 
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