
Pharmacoh~gy Biochemistry & Behavior, Vol. 16, pp. 903---908, 1982. Printed in the U.S.A. 

Does Hypothermia Play a Relevant Role 
in the Glycemic Alterations 

Induced by Ethanol? 1 

M A R I A  L U C I A  O L I V E I R A  S O U Z A  2 A N D  J A N D I R A  M A S U R  :~ 

Depar tamento  de P s i c o b i o l o g i a ~ E P M ,  Rua Botucatu.  862, 04023 Sdo Paulo, BrasU 

R e c e i v e d  30 N o v e m b e r  1981 

OLIVEIRA SOUZA, M. L. AND J. MASUR. Does hypotherrnia play a relevant role in the glycemic alterations induced 
by ethanol? PHARMAC. BIOCHEM. BEHAV. 16(6) 903-908, 1982.--The potential role of ethanol-induced hypothermia 
on the glycemic alterations induced by this drug were evaluated. In Experiment I ambient temperature was manipulated. 
After 4.0 g/kg of ethanol blood glucose levels and body temperature were assessed in fed or 48 hr starved rats at either 2 I°C 
or 28°C room temperature. Hyper or hypoglycemia was observed depending on both the feeding condition and the 
environmental temperature. In Experiment 2, this hypothesis was tested by determining if rats tolerant to the thermic 
effects of ethanol would show a decreased glycemic response. The results support this assumption. 
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Tolerance to ethanol Room temperature and ethanol 

A L T H O U G H  the hypothermic and glycemic alterations in- 
duced by ethanol have been extensively investigated (e.g., 
[I, 4, 10, 16, 22, 23]) there is a paucity of experimental data 
regarding a possible link between both phenomena. Haight 
and Keatinge [5] suggested that hypothermia occurs as a 
consequence of the ethanol-induced hypoglycemia. Con- 
versely, we recently reported that in 48 hr starved rats, when 
hypoglycemia and hypothermia occurred, the fall in body 
temperature paralelled or preceded the decrease in blood 
glucose levels. Furthermore, it was also observed that rats 
not deprived of food were hyperglycemic while being 
hypothermic [20]. 

One approach to provide further data on this issue is to 
observe whether altering the hypothermic action of ethanol 
alters the glycemic reaction. This hypothesis was tested in 
Experiment 1 by presenting alcohol to starved and fed rats at 
different environmental temperatures, as this procedure has 
been reported to alter the hypothermic action of ethanol [3, 
13,211. 

Another possibility is to observe whether the develop- 
ment of tolerance to the hypothermic effect of ethanol [2,18] 
prevents the glycemic alterations. This hypothesis was 
tested in Experiment 2. 

METHOD 

Animals 

Male Wistar rats from our own colony, 75 days old at the 
beginning of the experiment, were used. After weaning, at 25 

days of age, they were housed in wire cages measuring 
30x20× 18 cm, three per cage. They were fed ad lib and 
maintained at a room temperature of 22-24°C on a 12 hr 
light-dark cycle. 

Drugs 

For IP injections, ethanol for analysis diluted with saline 
to a strength of 20% (w/v) was used, while for oral consump- 
tion, a solution of 15% ethanol v/v with 0.15% saccharin 
mixed in tap water was employed. 

Body Temperature Measurements 

Rectal temperature was obtained with a Dixtal thermome- 
ter (Dixtal Tec. Ind. Com., Ltda., Model 128E) by placing 
the rat in a small restrainer and inserting a vaseline- 
lubricated thermistor probe 2.0 cm into the rectum, until the 
stabilization of the measure (20-30 sec). 

Blood Glucose Determinations 

Blood glucose was measured through the reaction of a 
blood drop collected from the tail of the rat with a DE- 
XTROSTIX strip using the DEXTROMETER/DEXTROS-  
TIX system, a digital version of the DEXTROSTIX- 
EYETONE method [17]. 
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Experiment I: Influence of Environmental Temperature on 
Glycemic and 7hermic Alterations Induced by Ethanol 

Two groups of 32 rats were tested at a room temperature 
of either 21°C or 28°C. One half of the rats were 48 hr food 
deprived and the other remaining rats were not. These 
groups were further divided so that half of the rats in each of 
these groups received saline and the other half ethanol. 
Therefore, four subgroups of 8 animals each were used at 
each temperature. After two hours of acclimatization to the 
specified temperature, the rats were placed in plastic re- 
strainers and the basal rectal temperature and blood glucose 
levels were taken. Immediately after these measures, the 
animals were injected IP with 4.0 g/kg of ethanol or an 
equivalent volume of saline, and the rectal temperature and 
the blood glucose were again measured after 45, 90 and 180 
min. All experiments were carried out between l:(X) and 5:00 
p.m. to avoid possible diurnal effects. During this period the 
animals had no access to food. 

Erperiment 2: Influence o f  Tolerance to Hypothermic l£ffect 
o f  Ethanol on Glycemic Alterations in Starved Rats 

For 30 days two groups of 8 rats each, received a 15% 
(v/v) solution of ethanol with saccharin (0.15%) as their sole 
fluid source and were injected daily with 2.5 g/kg of ethanol 
IP. The animals had free access to food. A third group of 6 
rats were daily injected with an equivalent volume of saline. 
Their food and fluid consumption (0.15% saccharin solution) 
was determined on the basis of the average daily intake of 
the two groups receiving ethanol. 

On the experimental day, the solutions of ethanol or sac- 
charin were withdrawn at 8:00 a.m. and replaced by tap 
water ad lib. By I:00 p.m., the rats were 48 hr food deprived 
and 4.0 g/kg of ethanol was injected IP in one of the ethanol 
treated group, while saline was injected into the other group. 
This second group was designed to test for the possibility 
that withdrawing alcohol from 8:00 a.m. to I:00 p.m. could 
per se alter the parameters studied. The group injected daily 
with saline received 4.0 g/kg of ethanol. The same procedure 
described in Experiment 1 was followed in a room tempera- 
ture of 23°C. 

RESUI.TS 

Experiment I 

Figure l shows the results obtained when ethanol was 
administered to the fed rats at temperatures of either 21 or 
28°C. The animals were first divided according to the direc- 
tion of the glycemic alterations, using as criterion the depar- 
ture from the basal values, considering 0.99 confidence limits 
for small samples [6]. Therefore, rats that showed either no 
alteration or an increased glycemia were considered apart 
from those who presented a fall in blood glucose levels. The 
body temperature of the rats was, accordingly, also repre- 
sented separately. 

At 21°C, 6 out of 8 rats presented either no alteration or an 
increase of glycemia, with a mean above the basal values at 
45 and 90 min after ethanol. Conversely, the remaining 2 
animals showed hypoglycemia. Although all rats at 2 I°C pre- 
sented a decrease in body temperature, there was a trend for 
a more pronounced decay in the two hypoglycemic rats. In 
this particular case, no statistical analysis was performed 
considering the small size of the samples (six and two). At 

room temperature of 28°C (Fig. I) the glycemia of the 8 rats 
injected with ethanol was altered only in the direction of 
hyperglycemia. It is noteworthy that the fall in body tem- 
perature of these 8 rats was less pronounced than the ob- 
served with the 8 rats under 21°C, at 90 and 180 min (Student 
t-test, p ~<0.051. 

The results obtained with the 48 hr starved rats are repre- 
sented in Fig. 2, using the same criterion described for Fig. I. 
At room temperature of 21°C all ethanol-injected rats pre- 
sented marked hypoglycemia and hypothermia. Two rats 
from the control group also showed a slight decrease in glu- 
cose levels, although temperature remained unchanged. Dif- 
ferent results were observed when the room temperature 
was increased to 28°C. In this condition, the majority of the 
ethanol-injected rats (6 out of 8) showed mean blood glucose 
levels slightly above the basal values. Only 2 animals pre- 
sented a slight decay of glycemia at 181) min after ethanol, 
showing also the trend for a greater fall in body temperature. 
Again, as occurred with the fed group, the hypothermia ob- 
served for the 8 ethanol-treated rats under 28°C was less 
pronounced than for the group under 21°C, at 45, 90 and 180 
rain (Student t-test, p~0.001). 

Experiment 2 

Figure 3 shows that withdrawal from ethanol from 8:00 
a.m. to 1:00 p.m. did not alter either glycemia or body tem- 
perature as the basal levels of the 3 groups are similar (Dun- 
cart's new multiple range test; p>0.05). In the same figure 
the alterations in glycemia and body temperature induced by 
4.0 g/kg of ethanol in rats either chronically treated with 
ethanol or receiving the drug for the first time can be ob- 
served. Partial tolerance developed to the hypothermic ef- 
fect of ethanol, as the decrease of temperature in the chroni- 
cally treated group was less pronounced than that observed 
in the animals receiving ethanol for the first time. The statis- 
tical analysis using the Duncan's new multiple-range test at a 
level of 0.05 shows that the ethanol chronically treated group 
presented body temperature values significantly different 
from both, the saline and the ethanol acute injected groups. 

Concerning glycemia a similar trend was found, that is, 
the chronic plus acute ethanol-treated rats showed less al- 
teration than the acute ethanol-injected group. The Duncan's  
new multiple range test at a level of 0.05 revealed that the 
chronic plus acute ethanol-injected group differed from the 
chronic ethanol plus acute saline-injected animals only at 90 
rain after injection, while the chronic saline plus acute 
ethanol-injected rats differed at 45.90 and 180 min. 

DISCUSSION 

Pohorecky and Rizek [15] studying the role of ethanol- 
induced hypothermia on free fatty acids, corticosterone. 
tyrosine levels and behavioral parameters, concluded that 
the decrease in body temperature influences and interacts 
with other actions of ethanol. The data here presented show 
that, in rats, the glycemic response to this drug is also de- 
pendent on the magnitude of body temperature alterations. 

The association between hypothermia and hypoglycemia 
induced by ethanol has been described in the literature, as a 
decline in glycemia inducing a decrease in body temperature 
[5]. The present results, extending observations from our 
previous work [20], show an inverse relationship. Thus, by 
altering environmental temperature (Experiment 1), a varia- 
tion in both the hypothermic and glycemic responses in- 
duced by ethanol was observed. This was most evident in the 
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FIG. I. Mean blood glucose levels and body temperature of normal fed rats, after saline or 4.0 g/kg of 
ethanol injections, at 21°C and 28°C room temperature. The isolated points indicate the mean basal 
values of each group, immediately before injections. Vertical bars represent 0.99 confidence limits. 
The animals whose mean values of glycemia, after the ethanol injections, were within or above (&) 
these limits are represented apart from those which showed decreased glycemia (A). The number of 
animals of each of these groups is indicated within brackets. Standard deviations of the post-injection 
values varied from 7.5 to 25.3% of the mean for glycemia and from I. I to 5.(:r7o for body temperature. 

48 hr starved rats, which at 2 I°C were markedly hypothermic 
and hypoglycemic, while at 28°C they presented a less 
pronounced decline of body temperature along with minor 
glycemic alterations. 

The relationship between the magnitude of the 
hypothermic and glycemic alterations under ethanol is 
strengthened by the results obtained in Experiment 2, which 
showed that the development of tolerance to the hypother- 
mic effect of ethanol goes along with a decreased hypo- 
glycemic response. 

The explanation provided in the literature for the hypo- 
glycemia induced by ethanol in food deprived subjects is 
based on the inhibitory effect of this drug on neoglucogenesis 
(e.g., [9, I l, 19]), which is the primary mechanism responsi- 
ble for hepatic glucose output in food deprivation conditions 
[ 12,22]. However, if inhibition of neoglucogenesis alone is to 
account for hypoglycemia, raising the room temperature 
should not prevent the decrease in blood glucose, as actually 
occurred in the present experiment. 

Another interesting finding in Experiment 1 was that al- 
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FIG. 2. Mean blood glucose levels and body temperature of 48 hr-starved rats, after saline or 4.0 g/kg 
of ethanol injections, at 21°C and 28°C room temperature. Standard deviations of the postinjection 
values varied from 0 to 33.2% of the mean for glycemia and from 0.2 to 2.6% for body temperature. To 
be read as in Fig. 1. 

though at 21°C the prevalent glycemic response of the fed 
group to alcohol was either an increase or no alteration in 
glycemia, 2 out of the 8 rats developed hypoglycemia. As 
these rats were not starved how can this fall in glucose con- 
centrations be explained? Increased rate of gluconeogenesis 
is a significant source of glucose in animals exposed to very 
low temperature (4°C) [8,14]. It is possible that these two 
particular animals, being specially sensitive to cold, could 
not rely on neoglucogenesis for glucose production, as it was 
impaired by ethanol. Based on this hypothesis it should be 
expected that at still lower room temperature than used in 
the present experiment an increased number of fed rats 
should present hypoglycemia under ethanol. 

In combination our results show that ethanol-induced hy- 

poglycemia depends not only on the state of nourishment of 
the organism but also on the degree of hypothermia. If 
hypothermia is magnified, hypoglycemia can occur even in 
fed animals. Conversely, by reducing the hypothermic ef- 
fect, hypoglycemia can be parti',dly prevented in starved 
rats. 

Based on this finding it is interesting to analyse recent 
data in the literature showing that ethanol in young rats in- 
duced hypoglycemia whereas older rats exhibited raised glu- 
cose concentrations [7]. As suggested by the authors, a re- 
duced glycogen storage in young organisms, may make them 
more sensitive to the inhibitory action of alcohol on neog- 
lucogenesis. However, an alternative possibility could be 
that early in development, a more precarious thermoregula- 
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FIG. 3. Mean body temperature and blood glucose levels of 48 hr starved rats after IP saline or 4.0 g/kg 
of ethanol at 23°C room temperature. The animals were previously treated for 30 days with daily 
administration of ethanol or saline (see text for details). Vertical bars indicate S.E.M. Body tempera- 
ture for the chronic plus acute ethanol-treated group was significantly different from both, the chronic 
ethanol plus acute saline or the chronic saline plus acute ethanol treated rats. Glycemia for the chronic 
plus acute ethanol-treated group was significantly different from the chronic ethanol plus acute saline- 
injected rats only at 90 min, while the chronic saline plus acute ethanol-injected animals differed at all 
intervals considered (Duncan's new multiple range test at a level of 0.05). 

tory  con t ro l  would  make  rats  more  sens i t ive  to the  e thano l  
h y p o t h e r m i c  effect ,  and  c o n s e q u e n t l y  p re sen t  a hypog-  
lycemic  r e sponse .  

A ques t ion  to be fo rmula ted  c o n c e r n s  the  r e l evance  of  
this  d~ta  for  the  cl inical  cond i t ion  of  a lcohol  in toxica t ion .  It 
is a c c e p t e d  tha t  h u m a n s  have  a g rea te r  capac i ty  to main ta in  
no rma l  body  t e m p e r a t u r e  than  do  roden t s ,  in tha t  h u m a n s  

only  suffer  e thano l - induced  h y p o t h e r m i a  u n d e r  unusua l ly  
seve re  e n v i r o n m e n t a l  cond i t ions  [4]. But  to wha t  ex ten t  this  
g rea te r  t h e r m o r e g u l a t o r y  capac i ty  func t ions  as a p ro tec t ion  
against  h y p o t h e r m i c  and  hypog lycemic  effects  of  a lcohol  in 
u n d e r n o u r i s h e d  h u m a n  be ings  is an  issue open  to invest iga-  
t ion.  
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