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BERGE, O.-G. AND I. GARCIA-CABRERA. Effects of ethanol on body temperature of rats at high ambient pressure. PHAR- 
MACOL BIOCHEM BEHAV 39(1) 37-41, 1991.--Separately, ethanol and high ambient pressure cause hypothermia in labora- 
tory animals. However, ethanol and high pressure have mutually antagonistic effects on several biological functions and the present 
experiments investigate their combined action on body temperature. Rats given saline, 1.5 g/kg ethanol or 3.5 g/kg ethanol were 
exposed to 1 bar air at 25-26°C, 1 bar helium-oxygen at 30-31°C, or 48 bar helium-oxygen at 33.5-34.5°C. Ambient, colonic 
and tail-skin temperatures were monitored for 60 min. There were no significant differences in mean ambient or tail-skin tempera- 
tures between groups belonging to the same ambient condition. Colonic temperatures under the 1 bar conditions were 1.5-2°C 
lower in the 3.5 g/kg ethanol group than in the saline and 1.5 g/kg ethanol groups, while no significant differences were observed 
between the groups at 48 bar. Comparisons of the colonic temperatures at the end of the observation period, i.e., 60 min after 
administration of ethanol, demonstrated that their values at 48 bar were significantly lower than at 1 bar after saline, significantly 
higher after 3.5 g/kg ethanol and identical across conditions in the 1.5 g/kg groups. The results suggest that high ambient pressure 
may counteract rather than potentiate the hypothermic effect of ethanol. 

Ethanol Hyperbaric conditions Hypothermia Rat Colonic temperature Thermoregulation 

REVERSAL of some effects of ethanol by high ambient pres- 
sure has been demonstrated in several species (1, 13, 17, 19, 
20, 34). Conversely, recent studies show that ethanol protects 
animals against some of the aversive effects of high pressure 
(14,15). Although alteration in body temperature is a possible 
confounding factor in in vivo experiments dealing with high 
pressure and ethanol, the literature contains little information on 
the combined effects of these factors on body temperature and 
thermoregulation. 

The biological effects of ethanol depend on tissue tempera- 
ture. Hypothermia antagonizes behavioral intoxication in rats 
and mice (10, 25, 28). The ability of ethanol to reduce the am- 
plitude of squid giant axon action potentials (32) and to reduce 
the duration of action potentials in cultured rat sensory neurons 
(8) varies directly with temperature. The net effect of low tem- 
perature is thus to reduce the potency of ethanol, although the 
rate of ethanol elimination may also be decreased (30). 

Ethanol does, on the other hand, cause hypothermia in both 
rats and mice under conditions that favor thermal balance in an- 
imals which are not intoxicated (23, 26, 28). The effect may 
partially be due to a change in thermoregulatory set-point (5, 
16, 23). Increased ambient pressure may also lower the set- 
point for body temperature regulation (7,24). Thus the com- 
bined effect of pressure and ethanol is difficult to predict. Mice 
given a narcotic dose of ethanol and then compressed to 6 bar 
in heliox at 34.5°C did not exhibit significant changes in rectal 

temperature (25). At higher pressures, aggravated hypothermia 
due to combined pressure- and ethanol-induced interference with 
temperature regulation may be expected. On the other hand, it 
is possible that mutually antagonistic effects of pressure and eth- 
anol may prevent the hypothermic effects observed when either 
factor is applied separately. The present study addresses this 
problem and examines whether ethanol administration under 
standard hyperbaric conditions may affect body temperature to 
such an extent as to contribute to the reversal of ethanol intoxi- 
cation observed in rats in previous behavioral studies. 

METHOD 

Subjects 

Male Sprague-Dawley rats (Mol:SPRD, M¢lleg~d,  Den- 
mark) were housed three to a cage. Food was limited to 15 g of 
pellets per animal per day. Water was freely available. Retro- 
spective analysis of data from several stress-sensitive behavioral 
experiments indicates that this feeding procedure reduces differ- 
ences in drug effects caused by inhomogeneity of body weight 
without interfering with the behavioral tests. The weight at the 
time of testing was 286---22 g (mean--+ SD) and there were no 
statistical differences between groups. The light phase lasted 
from 0800 to 2000 hours and ambient temperature was 22-23°C. 
All experiments took place between 0830 and 1500 and the var- 
ious treatment groups were tested in balanced order across 
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days and with regard to time of the day. Food but not water 
was removed one hour before testing. 

The Hyperbaric Chamber 

Experiments were carried out in a 24.5 1 steel hyperbaric 
chamber equipped with video monitoring, gas supply and tem- 
perature control systems as described in detail previously (13). 

Colonic and Tail-Skin Temperature Recordings 

Each rat was restrained in an acrylic cylinder with an inter- 
nal diameter of 6.2 cm and of variable length (15-22 cm). The 
restrainer was perforated to allow free exchange of gas with the 
rest of the chamber. Colonic temperature probes (Pt-100, length: 
6.0 mm, diameter at the tip: 1.3 mm) were inserted 5 cm. Skin 
temperature probes (Pt-100, 10.2 x 3.2 x 0.6 mm) were taped to 
the dorsal aspect of the tail, 3 cm from the base. Heat-conduct- 
ing paste was applied between the skin and the probe which was 
supplied with a layer of insulating material towards the surround- 
ing gas. Animals were tested two at a time. 

Procedure 

The animals were exposed to one of three ambient conditions 
(1 bar air at 25-26°C, 1 bar heliox at 30-31°C, or 48 bar heliox 
at 33.5-34.5°C, referring to the period 20--60 min after the start 
of the experiment when all groups were at stable pressure). The 
temperature and pressure parameters were chosen to allow com- 
parison with previous behavioral studies (13). The actual cham- 
ber temperatures recorded during the experiments were analyzed 
as described below and did not differ significantly between 
groups. For each condition, the animals were divided into three 
groups which received intraperitoneal injections of either isotonic 
saline or a solution of 1.5 g/kg or 3.5 g/kg ethanol in 21 ml/kg 
saline (corresponding to 0.07 and 0.17 g/ml). 

Immediately after injection, the animals were placed in the 
pressure chamber. When rats belonging to the 1 bar air groups 
were tested, the chamber was flushed with air from 2 to 20 min 
after injection. The 1 bar heliox groups received similar treat- 
ment except that a mixture of 80% helium and 20% oxygen was 
used for flushing. The 48 bar heliox groups were treated as the 
1 bar heliox groups until 4 min 20 s after injection when com- 
pression was started. 

The compression was performed with helium at a rate of 3 
bar/min so that stable pressure was reached 20 min after injec- 
tion. Throughout the experiments, the partial pressure of oxygen 
in the breathing gas was kept between 0.2 and 0.4 bar. 

Statistics and Data Presentation 

Temperature data for each subject was recorded as the me- 
dian of 6 sampled temperatures per minute. 

For statistical analysis, data for the following four periods 
were averaged: 1) Zero to 4 min 20 s (the precompression pe- 
riod of the 48 bar groups). 2) Four min 20 s to 20 min (the 
compression period). 3) Twenty to 40 min. 4) Forty to 60 min. 
Analysis of variance (ANOVA; 3 groups × 4 periods unless 
otherwise specified) was employed throughout. 

In addition, colonic temperatures recorded during the first 
and last minute of the experiment were evaluated by ANOVA 
(3 conditions x 3 doses x 2 periods) and when appropriate, 
Scheffr ' s  test was used after one-way ANOVA for post hoc 
comparison of mean values. 
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FIG. 1. Colonic (upper thick lines), tail (lower thick lines) and chamber 
temperatures (thin lines) obtained from experiments in air at 1 bar and 
heliox at 1 bar or 48 bar. Saline or ethanol were given by IP injection at 
time 0. Compression to 48 bar took place between 4 rain 20 s and 20 
min at a rate of 3 bar/min. Each line represents mean values of 7-8 
experiments, calculated for each min of recording. 

RESULTS 

Tail-Skin Temperature 

At 1 bar air, the group that had received 1.5 g/kg ethanol 
had slightly lower tail-skin temperatures than the other two 
groups (Fig. 1), but the difference did not reach significance, 
F(2,21) =2 .96 ,  0 . 0 5 < p < 0 . 1 0 .  At 1 bar heliox, the progressive 
rise in temperatures throughout the recording period yielded a 
significant periods effect, F (3 ,60)=26 .63 ,  p<0 .00001 ,  but 
there was no tendency to group difference or interaction. Simi- 
larly, analysis of the data from the groups that were compressed 
to 48 bar showed a significant periods effect, F(3 ,63)=  235.56, 
p<0 .00001 ,  but no difference between groups and no interac- 
tion. Thus there were no significant differences in mean tail- 
skin temperature between groups belonging to the same ambient 
condition. 

Colonic Temperature 

At 1 bar air, the mean colonic temperatures in the saline and 
1.5 g/kg ethanol groups increased slightly during the first 10 
min after injection and subsequently dropped steadily (Fig. 1) so 
that the average temperature at the conclusion of the observation 
period was the same as at the start for both groups. In contrast, 
the colonic temperatures in the 3.5 g/kg ethanol group gradually 
dropped between 1.1 and 2.3°C (mean: 1.5°C). Statistical anal- 
ysis of the average temperatures recorded during the observation 
periods demonstrated highly significant differences between 
groups, F(2 ,21)=35.42 ,  2.96, p<0 .000001 ,  and between peri- 
ods, F(3 ,63)=23.62 ,  p<0 .000001 ,  and a reliable interaction, 
F(3 ,63)=  15.63, p<0.000001.  Further comparison between the 
saline-treated animals and the rats that received 1.5 g/kg ethanol 
(2 groups x 4 periods ANOVA) demonstrated only a nonsig- 
nificant tendency to group differences, F(1,14) = 4.13, 0 .05<  
p<0 .10 ,  and no interaction between groups and periods, 
whereas a similar comparison between the saline and 3.5 g/kg 
group revealed highly significant effects of group, F ( I , 14 )=  
55.09, p<0 .000001 ,  period, F(3 ,42)=  24.82, p<0.000001,  and 
interaction, F(3 ,42)= 19.74, p<0.O00001. 
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TABLE 1 

COLONIC TEMPERATURES (MEAN± S.E.M., n = 7-8 IN 
EACH GROUP) BASED ON THE MEDIAN OF VALUES RECORDED 
DURING THE FIRST (INITIAL) AND THE SIXTIETH MIN (FINAL) 

AFTER ADMISSION TO THE CHAMBER 

Temperature (°C) 

Pressure Dose (g/kg) Initial Final 

1 Bar air 
0.0 37.8 __- 0.2 37.8 --- 0.1 
1.5 37.6 --- 0.1 37.5 + 0.1 
3.5 37.5 ± 0.2 36.0 ± 0.1~: 

1 Bar heliox 
0.0 37.3 --- 0.2 37.8 ± 0.2 
1.5 37.5 --+ 0.2 37.5 + 0.2 
3.5 37.4 _+ 0.2 36.2 --- 0.2:~ 

48 Bar heliox 
0.0 38.0 _+ 0.2 37.1 --+ 0.2* 
1.5 37.7 --- 0.2 37.5 ± 0.1 
3.5 37.5 __- 0.1 37.0 --- 0.1t 

*Significantly different from the final temperatures of the saline 
groups at 1 bar air and 1 bar heliox, p<0.02; tsignificantly different 
from the final temperatures of the 3.5 g/kg groups at 1 bar air, 
p<0.0005 and 1 bar heliox, p<0.002; :[:significantly different from the 
saline group and the 1.5 g/kg ethanol group within the same condition, 
p<0.001, Scheffr's test subsequent to ANOVA. 

The data obtained at 1 bar heliox were similar to the results 
of the air groups. ANOVA demonstrated highly significant ef- 
fects of group, F(2,20)= 12.51, p<0.0005,  period, F(3,60)= 
9.10, p<0.0001,  and interaction, F(3,60)= 11.41, p<0.00005,  
while further comparison between the saline-treated animals and 
the rats that had received 1.5 g/kg ethanol (2 groups × 4 peri- 
ods ANOVA) demonstrated no significant group difference 
or interaction. As at 1 bar air, significant effects of group, 
F(1,13)= 18.75, p<0.002,  period, F(3,39)=9.82,  p<0.0002,  
and interaction, F(3,39)---22.74, p<0.000001, were evident be- 
tween the saline and the 3.5 g/kg group. 

The compressed groups showed a different pattern with tem- 
peratures rising by 0.5-1.0°C during the second half of the com- 
pression period and dropping by between 1.7°C (saline group) 
and 0.9°C (3.5 g/kg ethanol group) during the 40 min at stable 
pressure. The two groups that had received ethanol 
followed a parallel course, with the values of the 1.5 g/kg 
group being 0.3-0.6°C higher. Statistical analysis demonstrated 
significant differences between periods, F(3,63) = 26.91, 
p<0.000001, and significant groups × periods interaction, 
F(3,63)=3.45,  p<0.01.  Further analysis (3 groups × 2 periods 
ANOVA) restricted to the last two observation periods did not, 
however, yield significant group difference or interaction. Thus 
no difference in mean colonic temperatures could be demon- 
strated between the groups during the periods at 48 bar. 

The colonic temperatures recorded during the first and the 
last minute of observation are shown in Table 1. There was a 
highly significant overall interaction between ambient condi- 
tions, doses and sampling periods [F(4,62)=9.89, p>0.00001; 
3 × 3 × 2 ANOVA]. The initial temperatures were similar in all 
groups and separate analysis of these data revealed no main ef- 
fects of conditions or doses and no interaction effect (3 × 3 
ANOVA). Analysis of the data obtained at 60 rain showed a 
significant interaction between pressure and dose [F(4,62)= 
11.48, p<0.00001,  3 × 3 ANOVA] and one-way ANOVA dem- 
onstrated significant differences between groups at I bar air, 
F(2,21)=63.10,  p<0.00001,  and at 1 bar heliox, F(2,20)= 

29.23, p<0.00002,  but not at 48 bar, F(2,21)=2.95,  0 .05< 
p<0.10.  Post hoc evaluation of the final colonic temperatures 
confirmed that at 1 bar, the 3.5 g/kg groups had significantly 
lower temperatures than the other groups (Table 1). Furthermore, 
the values at 48 bar were significantly lower than at 1 bar after 
saline, significantly higher after 3.5 g/kg ethanol and identical 
across conditions in the 1.5 g/kg groups. 

DISCUSSION 

Several factors may have contributed to alleviate ethanol-in- 
duced hypothermia at 48 bar in this study. It seems likely that 
pressure reversal of ethanol-induced hypothermia took place in 
the 3.5 g/kg ethanol group. We have previously reported com- 
plete reversal of the depressant effect on spontaneous behavior 
of 1.5 g/kg ethanol in rats exposed to 48 bar (13). The effect of 
3.5 g/kg was not significantly reversed, even at a pressure of 72 
bar (15), but the study employed a method less suitable to de- 
tect partial reversal of intoxication and do not preclude pressure 
reversal in the present experiments. Others have found reversal 
of the depressant effect of high doses of ethanol on the righting 
reflex of mice at pressures of 4-12 bar (25). 

The magnitude and direction of body temperature changes in 
ethanol-intoxicated animals are modified by ambient temperature 
(12, 26, 28). It is unlikely, however, that the lack of ethanol- 
induced hypothermia at 48 bar was due to the ambient tempera- 
ture. Under the conditions of this experiment, the heat loss to 
the environment is augmented both by the thermal properties of 
helium which is substituted for nitrogen to prevent narcosis, and 
by the higher density of the hyperbaric gas. At 1 bar of 80% 
helium and 20% oxygen (heliox), an ambient temperature of ap- 
proximately 30°C is required to prevent increased oxygen con- 
sumption in rats (22). At pressures greater than 35 bar, temperatures 
between 33°C and 35°C are needed to maintain thermal balance 
in several species, including the rat (31, 33, 35). Previous ex- 
periments have shown identical levels of oxygen consumption in 
groups of rats exposed to ambient conditions similar to the three 
conditions employed in the present experiments (33). Thus the 
heat transfer to the environment should be approximately equal 
across conditions in the present studies. Also, the pronounced 
drop in body temperature exhibited by the saline group at pres- 
sure demonstrates that heat-loss was possible in the 48-bar con- 
dition. The situation may have been different during parts of the 
compression period when the ambient temperature was approxi- 
mately 1.5°C higher than at pressure. The parallel rise in body 
temperature shown by all groups during the last part of this pe- 
riod may have been caused by a combination of factors, includ- 
ing environmental temperature and compression effects. 

Under pressure, the saline-treated group showed a more pro- 
nounced drqp in temperature than the other groups, and its mean 
temperature at the end of the observation period was signifi- 
cantly lower than at 1 bar air or heliox, a finding which is com- 
patible with a pressure-induced lowering of the thermoregulatory 
set-point (7,24). It is possible that this effect was reduced in the 
other groups since anesthetics, including ethanol, may protect 
against some actions of pressure (14,17). 

It is unlikely that any of the observed effects were due to 
differences in blood and brain ethanol concentrations between 
groups given the same dose of ethanol in the present study. No 
differences in blood or brain ethanol concentrations were previ- 
ously detected between groups of rats given the same doses and 
exposed to the same ambient temperatures and pressures as in 
these experiments (13,15). In other studies, no difference in the 
ethanol clearance rate was found between hyper- and normo- 
thermic rats (9). Similarly, blood and brain concentrations were 
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not affected in mice after hyperbaric exposure (25). 
In order to determine the relevance of the present experi- 

ments with regard to behavioral studies on pressure reversal of 
ethanol intoxication one must consider whether colonic temper- 
ature is representative of brain temperature. A high correlation 
between rectal and thalamic temperature was found in guinea 
pigs at 50 bar in a heliox atmosphere (35). The thalamic tem- 
perature was slightly but consistently higher, and the difference 
increased during cold challenge. Under normobaric conditions, 
evidence that brain and deep body temperature may change with 
some degree of independence has been obtained from several 
species, including the rat (2, 6, 18). Recent experiments in mice 
have indicated that brain temperature may be lowered as a com- 
pensatory response to ethanol intoxication, but remains less af- 
fected than rectal temperature by ambient temperatures (4). 

Thus some difference may occur between brain and rectal 
temperature and the latter appears to be more susceptible to 
thermal challenge, particularly after ethanol administration. Un- 
der the conditions of the present experiments, however, it seems 
unlikely that the overall temperature pattern would differ sub- 
stantially between the brain and the colon. 

Several stressors affect the core temperature of experimental 
animals. Introduction into a novel observation chamber or either 
the intermittent or continuous presence of a rectal temperature 
probe causes persistent hyperthermia in rats (29). Restraint re- 
duces the ability for behavioral thermoregulation at both low 
and high temperatures in this species (3,11). At normal labora- 
tory temperatures, restraint has been reported as lowering co- 
Ionic temperature in mice and guinea pigs (21,35), but as 
elevating it in rats (21,36). Mild stressors, e.g.,  combined han- 
dling and rectal temperature recording, which induce hyperther- 
mia in the absence of ethanol, may potentiate ethanol-induced 

hypothermia (27,37). In the present study, the animals that re- 
ceived saline showed an initial increase in colonic temperature 
compatible with the results cited above concerning the hyper- 
thermic effects of handling, immobilization and rectal probing. 
There was no evidence for hypothermia after 1.5 g/kg ethanol, 
but it is possible that the moderate but long-lasting hypothermia 
observed after 3.5 g/kg ethanol at 1 bar was enhanced by the 
stress caused by restraint and temperature measurement. 

On this basis, it seems possible that the difference in colonic 
temperature between saline- and ethanol-treated rats at 1 bar 
would have been less pronounced in unrestrained animals and in 
animals that had been habituated to the observation chamber. It 
is also possible that the fluctuations in colonic temperature as- 
sociated with the increase in ambient temperature during com- 
pression would have been smaller in unrestrained rats. Since 
both restrained and freely moving animals are used in hyper- 
baric studies, further investigations comparing restrained and 
unrestrained animals are warranted. 

In conclusion, high ambient pressure may counteract rather 
than potentiate the hypothermic effect of ethanol. The chamber 
temperatures employed supported normal colonic temperature in 
saline-treated rats and in animals which had received a moderate 
dose of ethanol and supported normal body temperatures even 
after a higher dose at high pressures. On this basis it is unlikely 
that alterations in body temperature contributed significantly to 
the pressure reversal of ethanol intoxication previously reported. 
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