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EFFECT OF REPEATED COOLING ON THE STATE OF THE ADRENALS AND 

PROLIFERATION OF THE CORNEAL EPITHELIUM IN ALBINO RATS 

N. B. Simon, S. S. Timoshin, 
and N. B. Murzina 

UDC 576.365:616.45-001/3 

The effect of repeated cooling on the state of the adrenals and on the mitotic 
cycle and number of DNA-synthesizing nuclei in the corneal epithelium was studied 
in albino rats. The animals were cooled by a contact method to a body tempera- 
ture of 28~ and exposed at that temperature 1 h daily for 5 days. Marked acti- 
vation of the adrenals was observed: The weight of the glands was doubled, their 
cholesterol concentration reduced by two-thirds, their blood ll-hydroxycortico- 
steroid level increased fourfold, and their adrenalin excretion stimulated. The 
mean number of mitoses in the cornea was reduced by half. The depression was not 
connected with any change in the rate of mitosis but was due to delay in inter- 
phases. There was no change in the level of pathological mitoses. Chronic ex- 
posure to stress was not accompanied by any change in the number of DNA-synthe- 
sizing nuclei or the intensity of DNA synthesis. 

KEY WORDS: mitotic activity; stress; hypothermia; DNA synthesis; cornea. 

In previous investigations the writers found that chronic exposure to stress (intravenous 
injection of pyrogenal daily for 5 days) causes prolonged depression of mitotic activity with- 
out changing the index of labeled nuclei [i0]. 

The object of the present investigation was to test if this rule applies also to the 
effect of a different stressor, namely moderate hypothermia. The study of this problem is of 
applied importance: moderate hypothermia is widely used in clinical practice. However, the 
basic research into the effects of low temperatures on cell proliferationhas been under- 
taken on tissue cultures [2, 8, 13]. The few studies of the action of cold on cell division 
which have been undertaken on homeothermic animals have given contradictory results and were 
carried out on specialized tissues which play an active part in adaptation to low temperature 
[3, 12]. 
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Fig. i. Indices of the state of the 
adrenals of animals during repeated 
cooling. A) Control groups (C) ; B) ex- 
perimental group (E) (indices expressed 
as percentages of control). 

EXPERIMENTAL METHOD 

Experiments were carried out on male albino rats weighting 150-200 g. Contact cooling 
of the animals for 1 h was carried out by the method described previously [7], daily for 5 
days from noon to i p.m. The animals were decapitated 6 h after the last (fifth) cooling. 
To prepare autoradiographs one cornea was incubated for i h in medium No. 199 with [SH]thy- 
midine in a dose of 2 ~Ci/ml, after which it was rinsed in medium No. 199 and fixed in Car- 
noy's fluid. Autoradiographs were prepared in the usual way. The number of DNA-synthesizing 
nuclei was counted in the stratum basale and stratum spinosum. After examination of 2500- 
3500 nuclei the index of labeled nuclei (ILN) was calculated in percent. The intensity of 
DNA synthesis was judged on the basis of counting grains of silver above i00 labeled nuclei 
in each preparation. The mitotic cycle was determined in total preparations of the corena 
fixed in~uediately after sacrifice. Mitotic activity was judged from the number of mitoses in 
i00 fields of vision. The levelof pathological mitoses was determined in accordance with 
Alov's classification [i] and expressed in percentages of the total number of mitotic figures. 
To rule out any change in the rate of mitosis itself, parallel experiments were carried out 
with animals receiving an Intraperitoneal injection of colchicine in a dose of 4 pg/g body 
weight 3 h before sacrifice. To achieve a complete stathmokinetic effect, simultaneously with 
the intraperitoneal injection of colchicine into the animals, 0.I ml of 0.1% colchicine solu- 
tion was instilled into both eyes. The adrenals of the rats were dissected, weighed on ana- 
lytical scales, and their cholesterol content determined by Lifschutz' method [ii]. Blood 
ll-hydroxycorticosteroids (II-HCS) were determined by the method of Pankov and Usvatova [6] 
and catecholamines in the 24-h sample of urine were determined by Matlina's method [4]. The 
numerical resultswere analyzed by Student's method. Altogether 56 animals were used in the 
experiments. 

EXPERIMENTAL RESULTS 

The experimental results show that the rats exposed to repeated cooling developed a 
marked reaction to the stressor (Fig. i). The weight of the adrenals In the experimental 
animals doubled and their cholesterol content fell by two-thirds. The blood II-HCS concentra- 
tion increased fourfold. These results are in agreement with those obtained bo other workers 
who found activation of adrenal function during exposure to cold [9, i0, 14]. The changes in 
catecholamine excretion were opposite in character: Whereas the adrenalin content in the urine 
increased by 60%, noradrenalin excretion was significantly reduced. This observation agrees 
with the view that hormonal-mediator dissociation develops during exposure to stress [5]. 

Analysis of the mitotic cycle showed considerable inhibition of cell division (Table i). 

The mean number of mitoses in the aornea of the experimental rats was reduced by half. 
Changes in the level of pathological mitoses were not observed as a result of exposure of 
tissue cultures to low temperatures [2]. The experiments with colchicine confirmed that the 
decrease in the number of dividing cells during repeated stress does not depend on changes in 
the rate of mitosis but is the result of delay in interphase. The mean number of mitosis in 
the experimental rats was reduced almost by half as a result of treatment with colchicine. 
Autoradiographic analysis with [SH]thymidlne showed that repeated cooling is not accompanied 
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TABLE i. Effect of Repeated Cooling on Some Indices of Pro- 
liferation in Corneal Epithelium of Albino Rats 

Group of 
animals 

Control 
Experimental 

P 

Mean 

No, of 
mitoses 

234,4+24,0 
1,8,1_+12,33 

<0,001 

No of IMean No. of 
" �9 rc/tos~ after pathological] rr 

-~ .~ - - " . ,  ~ea tment  ILN, % 
�9 ~ 70 ~ithcolchic, 

6 198o,o_+,21,oJ,2  5_+,,36 
6,5 [ 542,1+8,,6 I ,2,5,• 

>0,5 t <o,m 1 >0,5 

Mean No. of 
graim above 
nucleus 

28,fi+_2,7 
34,7+_2,5 

D, 1<P<O 25 

by any change in the number of DNA-synthesizing nuclei: Whereas ILN for the control animals 
was 12.85%, for the experimental rats it was 12.51%. The intensity of DNA synthesis likewise 
showed no significant change. The mean number of grains of reduced silver above the corneal 
nuclei of the control animals was 28.6• compared with 34.7• for the experimental ani- 
mals (0. I<P<0.25). 

In the present investigation no attempt was made to differentiate the role of low tem- 
perature itself in the depression of cell division and the role of increased secretion of 
adrenal hormones in this process. In the present experiments it is difficult to rule out com- 
pletely an antimitotic effect of low temperature, which has been repeatedly demonstrated on 
tissue cultures [2, 8, 13]. However, the authors' previous experiments on adrenalectomized 
animals, and also experiments using 8-adrenoblockers, suggest that increased secretion of 
adrenal hormones during hypothermia is a determining factor of the depression of mitotic ac- 
tivity under these experimental conditions. Furthermore, rapid reversibility is characteris- 
tic of the antimitotic effect of a moderately low temperature: The mitotic index and the ra- 
tio between the phases were completely restored as early as 1 h after restoration of the 
normal temperature in tissue culture [2]. 

In the present experiments inhibition of cell division was observed not only 6 h, but 
also 12 h after cooling. In additional experiments the animals were decapitated 12 h after 
cooling for 5 days. In thisseries of experiments depression of mitotic activity also per- 
sisted: Whereas the mean number of mitoses in the control animals was 237.9• in the ex- 
perimental rats it was 165.2• (P<O.OI). 

The facts described above suggest that adrenal hormones play the leading role in the de- 
pression of cell division during repeated moderate hypothermia in albino rats, just as during 
pyrogenal stress. 

It can thus be concluded from the results of these investigations that depression of mi- 
totic activity during chronic exposure to stress is not connected with changes in the number 
of DNA-synthesizlng nuclei or with lengthening of the S period. Suggestions regarding the 
nature of the divergence between ILN and mitotic activity have been put forward by the writers 
previously [i0]. The results of the cytophotometricand autoradlographic analyses of changes 
in the cell cycle of the corneal epithelium observed by the present writers in pyrogenal 
stress will be published in the near future. 
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INTERACTION BETWEEN MITOGENIC LECTINS AND PLASMA MEMBRANES 

OF LYMPHOCYTES 
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Mitogenic signals from concanavalin A and phytohemagglutinin were shown to under- 
go summation in time under conditions when each mitogen separately, if the dura- 
tion of contact with lymphocytes during the experiment was the same (14 or 20 h), 
did not induce mitogenesis. The results are discussed from the standpoint of cell-- 
cell interaction between lymphocytes. It is suggested that the ability of these 
signals to undergo time summation lies at the basis of the nonspecific mechanism 
of protection against tolerance. 

KEY WORDS: mitogens; lymphocytes; plasma membrane. 

In order to understand the molecular mechanism of activation of lymphocytes and induction 
of tolerance, information is needed on the state of the receptor molecules on the surface of 
the plasma membrane of lymphocytes. A convenient model of interaction between lymphocytes 
and antigens is provided by the process of nonspecific activation by certain mitogens, mainly 
lectins of plant origin and of different carbohydrate specificity, which induce RNA, DNA, and 
protein synthesis and also blast transformation [6]. 

Because of the nonspecific nature of mitogenic stimuli, it might be expected that mito- 
gens would be "mutually interchangeable," or in other words that signals from different re- 
ceptors could undergo time summation. 

In the investigation described below interaction between two mitogens -- concanavalin A 
(conA) and phytohemagglutinin (PHA) --with lymphocytes from rat lymph nodes was studied. 

EXPERIMENTAL METHOD 

Purified suspensions of mesenteric lymph node cells from Wistar rats were used. The 
cells (2.10 ~) wereincubated at 37~ in 2 ml of medium No. 199 to which 5% inactivated human 
bloodgroup AB serum and antibiotics were added. Mitogenesis was induced by addition of conA 
(from Boehringer Mannheim) or PHA (from Difco) to the culture. The carbohydrate specificity 
of lectins has been studied sufficiently well, so that it was possible to remove cells binding 
conA selectively from the surface by washing in medium containing hapten carbohydrates: u- 
methylmannopyranoside (u-MM) or u-methylglucopyranoside (a-GP) (from Calbiochem). The cells 
were incubated with the haptens for 20 min at 37~ 14 or 20 h after addition of mitogenic con- 
centrations of conA, after which they were washed three times with culture medium containing 
the hapten carbohydrate, P}IA or conA was added, and culturing continued. Next, 48 h after the 
beginning of cultivation, 0.5 ~Ci [sH]thymidine (specific activity 20.6 Ci/mmole) was added to 
the cultures. After 72 h the cells were treated with cold 5% TCA and the insoluble fraction 
(DNA) was harvested on membrane filters. The quantity of [sH]thymidine incorporated into 
DNA was determined by means of the ZhS-106 scintillator on aM ark II counter. The quantita- 
tive data on incorporation of [SH]thymidine into lymphocyte DNA consisted of the arithmetic 
means of measurements in the three to five parallel cultures, expressed as cpm/2.10" cells. 
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