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MORATO, G. S., M. L. O. SOUZA, M. L. N. PIRES AND J. MASUR. Hypoglycemia and hypothermia induced by 
ethanol: Antagonism by indomethacin. PHARMACOL BIOCHEM BEHAV 25(4) 73%742, 1986.--The influence of 
pretreatment with 5.0 or 10.0 mg/kg of indomethacin, a prostaglandin synthetase inhibitor, on the alterations in body 
temperature produced by 3.0 and 4.0 g/kg of ethanol, was studied in food-deprived and free-feeding rats. A partial 
antagonism of ethanol's hypothermie effect resulted from indomethacin pretreatments and this effect was found to be 
ethanol dose-dependent. This result could account for the conflicting reports in the literature on the effectiveness of 
indomethacin in antagonizing ethanol-induced hypothermia, lndomethacin (5.0 mg/kg) also antagonized ethanol-induced 
hypoglycemia in 48 hr starved rats. The relationship between two effects of ethanol, hypothermia and hypoglycemia, is 
discussed. 

Ethanol-induced hypothermia Ethanol-induced hypoglycemia Indomethacin and ethanol 

AN increasing body of evidence suggests that prostaglandins 
are involved in the molecular mechanisms through which 
ethanol influences some peripheral and central nervous sys- 
tem functions [1, 3, 16]. It is known that aspirin and other 
prostaglandin synthetase inhibitors (PGSI) [22] can antago- 
nize some effects of alcohol such as sleep time [2, 4, 6], 
hyperactivity [15]  and prenatal malformations [14] in 
animals. 

Some authors have suggested that hypothermia occurs as 
a consequence of the ethanol-induced hypoglycemia [7]. 
However ,  Kalant and Le [9] recently suggested that " there 
is rather more persuasive evidence that severe and pro- 
longed hypothermia may cause hypoglycemia." Therefore, 
it is likely that hypothermic and hypoglycemic effects 
produced by ethanol are casually linked. Although hypogly- 
cemia induced by ethanol in fasted animals has been re- 
ported [18--21] to our knowledge there is no data concerning 
the effects of PGSI on this response. 

Reports of  the effect of PGSI on ethanol-induced 
hypothermia have been inconsistent. For instance, George et 
al. [5] found that PGSI significantly reduced ethanol-induced 
hypothermia in mice, while Pohorecky et al. [12] and 
Greizerstein [6] observed no effect of PGSI on ethanol- 
induced hypothermia in rats and mice, respectively. 

In view of the conflicting reports on the effects o: 
aspirin-like drugs on ethanol-induced hypothermia and con. 
sidering the possibility that this hypothermic effect can leac 
to hypoglycemia, the purpose of this study was to re. 
examine ethanol-induced hypothermia and hypoglycemia ir 
rats and to determine whether such actions are reliably influ. 
enced by the PGSI indomethacin. 

METHOD 

Animals 

One hundred and thirty-six male Wistar rats, from om 
own colony, 90 days old and weighing 250-300 g were used. 
After weaning at 25 days of age, they were housed 3 to a cage 
(wire, 30×20× 15 cm) in a room maintained at a constanl 
temperature (23+ l°C) and on a 12 hr dark-light cycle (lights 
on from 7:00 to 19:00 hr). Free access to tap water and 
standard laboratory chow, except in fasting experiments. 
was made available. 

Drugs 

Ethanol for analysis (Carlo Erba Lab) and indomethacin 
(Indocid ® Merck Lab) were used. Ethanol was diluted in 

1This work was partially supported by Conselho Nacional de Desenvolvimento Cientifico e Technologico (CNPq) and Associaqfio Fundo d~ 
Incentivo a Psicofarmacologia (AFIP). 

~Permanent address: Departamento de Farmacologia, CCB, Universidade Federal de Santa Catarina, Rua Ferreira Lima. 26, 88000 
Florianopolis, SC, Brasil. 

3Career Investigator of CNPq. 

739 



740 MORATO ET AL. 

Y 

n,. 

I-- 
n,- 

n 

14A 
I-- 

0 m 

N O N F A S T E D  RATS 

3 8  

3 6 .  

3 4  ¸ 

3 2 -  

3 8 -  

3 6 "  

3 4 .  

~,2 

A B 
SALINE ETHANOL 3g/kg 

4'5 9b I~O ,/~ 9'o ,~o 
C D 

ETHANOL 4g /kg  ETHANOL 4g/kg 

.15 

i 
4'S 9'o tso ds 9b 'BO 

T I M E  AFTER ETHANOL ADMINISTRATION ( m i n i  

FIG. I. Mean body temperature of free-feeding rats injected with 
saline or ethanol (3.0 or 4.0 g/kg) 20 rain after pretreatment with 
saline (©), 5.0 (0) or 10.0 (I)  mg/kg of indomethacin. The isolated 
points indicate the mean basal values of each group, immediately 
before injections. Vertical bars over isolated points indicate 0.99 
confidence limits. Vertical bars in the curves represent standard 
errors. *p<0.05. 
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FIG. 2. Mean body temperature and blood glucose levels of 48 hr 
food-deprived rats injected with saline or ethanol (3.0 or 4.0 g/kg) 20 
min after pretreatment with saline (©) or 5.0 mg/kg of indomethacin 
(0). The isolated points indicate mean basal values of each group 
immediately before injections. Vertical bars over isolated points 
indicate 0.99 confidence limits. Vertical bars in the curves represent 
standard errors. *p<0.05. 

saline (0.9% NaCI) to the concentration of 20% w/v, and 
indomethacin was dissolved in distilled water immediately 
before the experiments. 

Blood Glucose Deterndnations 

Blood glucose was determined through the reaction of a 
blood drop, collected from the tail, with a Dextrostix strip 
using a dextrometer reflectance colorimeter [13]. 

7k'mp('rature Measurenu'nts 

Temperature was monitored through a digital thermome- 
ter. The animals were placed in plastic restraining cages and 
rectal temperature was taken by inserting a Vaseline- 
lubricated thermistor probe 2.5 cm into the rectum until the 
measure was stable (30 sec). 

Statistical Analysis 

The values of body temperature and blood glucose after 
drug administration were compared to basal values (before 
drug) using the 0.99 confidence interval for small samples 
according to Hardyck and Petrinovich [8]. Comparisons be- 
tween groups were performed using the unpaired Student 's 
t-test, p<0.05 was used as the significance level. 

E X P E R I M E N T  I 

Effect of indomethacin pretreatment on hypothermia in- 
duced by ethanol in free-feeding rats. 

Pt'o('¢,dlllU 

Rats were injected with 5.0 or 10.0 mg/kg of indomethacin 
or saline (volume 0.1 ml/100 g body weight) intraperitoneally 
(IP). Twenty minutes later they received ethanol 3.0 or 4.0 
g/kg (volume 1.5 or 2.0 ml/100 g body weight, respectively) 
or saline, IP. Body temperature was determined immediately 
before indomethacin, and 45, 90 or 180 min after ethanol 
administration. All experiments were carried out between 
13:00 and 18:00 hr to avoid circadian effects. 

Rt'MI#S 

The effects of ethanol alone or in combination with in- 
domethacin on body temperature in nonfasted rats are 
shown in Fig. 1 (Panels A to D). Administration of in- 
domethacin alone (5.0 and 10.0 mg/kg) had no effect on body 
temperature (Panel A). As expected both doses of ethanol 
led to a significant and sustained fall in body temperature. 
The effects of pretreatment with indomethacin varied ac- 
cording to the dose of ethanol used. Thus, 5.0 mg/kg of in- 
domethacin did not affect the hypothermic action of  3.0 g/kg 
of alcohol (Panel B) but produced a partial though significant 
antagonism on the effect of ethanol 4.0 g/kg (Panel C). The 
dose of 5.0 mg/kg of indomethacin seemed to be more effec- 
tive in antagonizing the ethanol effect since indomethacin 
10.0 mg/kg did not promote a significant antagonism of ethanol 
hypothermia at 90 min after alcohol injection (Panel D). 

E X P E R I M E N T  II 

Influence of indomethacin pretreatment on glycemic and 
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thermic alterations induced by ethanol in 48 hr food-deprived 
rats. 

Procedure 

Following food deprivation of 48 hr, rats were injected 
with 5.0 mg/kg indomethacin or saline, IP. Twenty minutes 
later they were administered ethanol 3.0 or 4.0 g/kg or saline 
through the same route. Blood glucose and body tempera- 
ture were determined immediately before indomethacin and 
45, 90 or 180 min after ethanol administration. 

Resul ts  

As can be seen in Fig. 2 ethanol produced a dose- 
dependent hypothermia in 48 hr food-deprived rats. In- 
domethacin by itself had no effect on body temperature. The 
hypothermic effect of ethanol in this group appeared to be 
more pronounced than that produced in non food-deprived 
rats (Fig. 1). Thus, while body temperature fell to about 34°C 
after the injection of 4.0 g/kg in free-feeding rats, it dropped 
to near 32°C in fasted rats challenged with the same dose of 
ethanol. On the other hand it is important to note that pre- 
treatment with 5.0 mg/kg indomethacin efficiently antago- 
nized the hypothermic action of 3.0 and 4.0 g/kg of ethanol in 
food-deprived rats. 

As expected, administration of hypnotic doses of ethanol 
resulted in hypoglycemia in 48 hr food-deprived rats (Fig. 2). 
Pretreatment with indomethacin significantly reversed the 
hypoglycemia induced by 3.0 g/kg of ethanol. This experi- 
ment was replicated with similar results. However, in- 
domethacin failed to antagonize the hypoglycemic effect in- 
duced by ethanol 4.0 g/kg. As can also be observed in Fig. 2, 
indomethacin by itself did not affect blood glucose levels. 

DISCUSSION 

The present results confirm the study by George et al. [5], 
by showing that ethanol-induced hypothermia in rats can be 
partially antagonized by indomethacin, a potent PGS1. The 
data also indicate that the antagonizing effect of indometha- 
cin is dependent on the dose of ethanol since pretreatment 
with the PGSI did not alter the hypothermia observed with 
the lower dose of ethanol (3.0 g/kg) in free-feeding rats. In- 
terestingly, in the 48 hr food-deprived rats indomethacin was 
effective in antagonizing the hypothermia induced by both 
doses of ethanol (3.0 and 4.0 g/kg). In fact, acute food depri- 

vation increases the effect of ethanol [10], probably due to 
the reduction of the rate of NADH reoxidation to NAD [17], 
an important limiting factor in the metabolism of ethanol 
[11]. While free-feeding rats treated with 3.0 g/kg of ethanol 
had body temperatures near 35°C, the body temperature of 
food-deprived animals dropped to nearly 33.5°C. Our find- 
ings suggest that the antagonizing effect of PGSI depends on 
the magnitude of the ethanol-induced hypothermia. This ob- 
servation provides experimental support for George et al . 's  
[5] hypothesis that attributes the negative findings reported 
in the literature [12] to an insufficient decay in body tempera- 
ture. 

Another salient finding of this study was the observation 
that indomethacin significantly antagonized ethanol-induced 
hypoglycemia in 48 hr food-deprived rats. PGSI pretreat- 
ment effectively antagonized hypoglycemia induced by 3.13 
g/kg of ethanol while no antagonism was seen when the 
ethanol dose was raised to 4.0 g/kg. Thus, differences be- 
tween the thermic and the glycemic response to ethanol were 
noted since a clear antagonizing effect of indomethacin was 
observed for the body temperature response to 4.0 g/k~ 
ethanol, while no antagonism of the glycemic response to 4.( 
g/kg ethanol was detected. This dissociation could indicate 
different mechanisms mediating ethanol-induced body tem- 
perature and blood glucose alterations. In opposition to thi,, 
interpretation are previous findings showing concomitant re- 
versal of ethanol-induced hypothermia and hypoglycemia b} 
increasing room temperature [19,20]. This relationship is sc 
close that by raising the ambient temperature from 21 tc 
32°C, 4.0 g/kg of ethanol induced no hypothermia, and hy. 
poglycemia was shifted to hyperglycemia in 48 hr food. 
deprived rats [20]. Moreover, it was observed that rats whict 
were tolerant to the hypothermic effect of ethanol showec 
decreased glycemic response [19]. Considering the evidence 
in favor of a close relationship between the glycemic anc 
thermic alterations induced by ethanol, the present data in. 
dicating that antagonism of ethanol-induced hypothermia k, 
not necessarily accompanied by attenuation of the glycemk 
response to ethanol has to be cautiously interpreted. 
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