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ARAGON, C. M. G., K. SPIVAK AND Z. AMIT. Effect of 3-amino-l,2,4-triazole on ethanol-induced narcosis, lethality and 
hypothermia in rats. PHARMACOL BIOCHEM BEHAV 39(1) 55-59, 1991.--It has been proposed that ethanol can be oxidized 
in brain via the peroxidatic activity of catalase and that centrally formed acetaldehyde may mediate several of the psychopharma- 
cological actions of ethanol. The present study was designed to investigate the role of brain catalase in the mediation of ethanol- 
induced narcosis, hypothermia and lethality in rats. Rats were pretreated with the catalase inhibitor 3-amino-l,2,4-triazole (AT) or 
saline. Five hours later, animals in each pretreatment group received IP injections of ethanol (3 or 4 g/kg). Ethanol-induced 
narcosis was significantly attenuated in AT-pretreated rats compared to the saline control group. As well, AT pretreatments re- 
duced significantly the lethal effect of these ethanol doses. However, AT-pretreated ethanol-injected animals significantly reduce 
their body temperature as compared to the saline-ethanol animals. Blood ethanol determinations revealed that AT did interfere 
with ethanol metabolism. AT inhibits significantly brain catalase activity at all doses used in this study. The results indicate a role 
for brain catalase in ethanol effects. Furthermore, they suggest that catalase may be involved in the oxidation of ethanol in brain 
and that centrally formed acetaldehyde may play a role in ethanol-induced narcosis and lethality, but not hypothermia. 
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ETHANOL, through its action in the central nervous system, is 
known to produce a variety of behavioral effects in rats. These 
include, among others, positive reinforcement (15,25), condi- 
tioned taste aversion (CTA) (3, 9, 19), narcosis (18), motor in- 
coordination (16), locomotor depression (6,27) and hypothermia 
(17). Acetaldehyde, the first metabolite of ethanol, has initially 
been implicated in both the reinforcing (1) and aversive (3) 
properties of ethanol. More recently, several other ethanol-in- 
duced effects were also reported to be mediated through the 
possible activity of central acetaldehyde, e.g.,  CTA (5,26) and 
locomotor activity (6,27). 

The presence or absence of acetaldehyde in the brain has 
been an issue of considerable controversy. This lack of consen- 
sus is linked to the fact that numerous attempts to measure or 
detect the presence of acetaldehyde in brain following exposure 
to ethanol have been inconclusive (13,31). However, the identi- 
fication and presence of ethanol-metabolizing enzymes in cere- 
bral tissue provides some indirect evidence of the possible 
presence of acetaldehyde in brain. For example, it has been re- 
ported that brain catalase, in conjunction with endogenous hy- 
drogen peroxide, may, in fact, oxidize ethanol in vivo (10). We 
have also recently reported the results of several studies which 
support the notion that at least some of the behavioral effects of 
ethanol may be mediated through the activity of acetaldehyde, 
centrally formed via the peroxidatic activity of brain catalase. 
We demonstrated that brain (and not liver) catalase was posi- 
tively correlated with voluntary ethanol consumption in rats (7). 

Furthermore, inhibition of brain catalase by 3-amino-l,2,4-triaz- 
ole (AT), a H202-dependent catalase inhibitor, blocked ethanol- 
induced locomotor depression (6) and ethanol-induced CTA (5). 

Given these findings, it seemed logical to extend our investi- 
gation and examine the role of the enzyme catalase in the medi- 
ation of the psychopharmacological effects of narcotic doses of 
ethanol. Specifically, the present study investigated the role of 
brain catalase and by implication, centrally formed acetaldehyde, 
in the mediation of ethanoMnduced sleep time (narcosis), lethal- 
ity and hypothermia. Brain Catalase activity was manipulated 
through the administration of the catalase inhibitor 3-amino- 
1,2,4-triazole (AT). 

METHOD 

Subjects 

Subjects were male Long-Evans rats (Charles River Breeding 
Farms, Canada) weighing 260-300 grams. Animals were housed 
individually in stainless steel cages in a room regulated for hu- 
midity, temperature and a day/night cycle of 12 hours lights on 
(8 a.m. to 8 p.m.) and 12 hours lights off (8 p.m. to 8 a.m.). 
Food and water were available ad lib. 

Drugs 

3-Amino-l,2,4-triazole (AT) (Sigma Co., St. Louis) was dis- 
solved in saline (1 g/2 ml). Ethanol was diluted to 25% v/v with 
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saline from a 95% stock solution. All injections were adminis- 
tered intraperitoneally (IP). 

Narcosis Time 

After 7 days adaptation to laboratory housing conditions, an- 
imals were randomly assigned to four pretreatment groups. One 
group of subjects received an injection of saline (2 ml/kg) and 
the other three groups received an injection of one of three doses 
of AT (0.250, 0.5 or 1 g/kg). Five hours later, narcosis was 
induced in each pretreatment group by an acute administration 
of ethanol (3 or 4 g/kg) (N = 12 per pretreatment and ethanol 
dose). The time interval between AT pretreatment and ethanol 
treatment was chosen because AT produces maximum inhibition 
of brain catalase 5 h after AT administration (4). The duration 
of narcosis or sleep time was defined as the time from loss of 
righting reflex to the time the righting reflex was regained. Re- 
covery of the righting reflex was determined when subjects could 
right themselves three times within 60 s after being placed on 
their backs. Immediately following recovery of the righting re- 
flex, animals were sacrificed by decapitation. Trunk blood of 
each animal was collected for blood ethanol determination. These 
assays were included to determine a possible relationship be- 
tween blood levels of ethanol and duration of sleep time. 

Lethality 

Lethality was expressed as the number of rats dead 24 hours 
after ethanol injections relative to the total number of animals 
tested. Lethality was observed under the same experimental con- 
ditions as narcosis. In order to study the effect of different etha- 
nol concentrations on lethality, rats were injected with ethanol 
solutions of 10, 17 and 25% of v/v at doses of 3 and 4 g/kg 
(n = 6 per ethanol solution and dose). 

Hypothermia 

This experiment was conducted in the animal colony where 
the ambient temperature was verified to be 24°C at all times. 
Animals were first habituated to the insertion of a rectal thermal 
probe during six consecutive daily sessions. The habituation ses- 
sions and the subsequent experimental sessions were carried out 
at the same point in the day/night cycle. Following habituation 
sessions the animals were divided into four equal groups (N = 
8). Five hours before the beginning of the experimental session 
two of the four groups received injections of AT (1 g/kg). The 
two remaining groups received injections of saline (2 ml/kg). 
Rectal temperature was measured in all animals at the beginning 
of the session and used as baseline. Immediately following 
baseline temperature measurement, animals received injections 
as follows: Of the two AT-pretreated groups one received saline 
injections and the other ethanol (3 g/kg). Of the two saline-pre- 
treated groups one received saline injections and the other etha- 
nol (3 g/kg). Rectal temperature was then measured in all 
animals at 30, 60, 90 and 120 minutes following baseline 
measures. 

Blood Ethanol Determinations 

Additional animals were used to determine whether AT in- 
fluenced the overall metabolism of ethanol at the doses and times 
tested in the behavioral studies. Animals were pretreated with 
AT (1 g/kg) or saline as previously described. Five hours later 
they received IP injections of ethanol (3 or 4 g/kg). Animals 
were sacrificed by decapitation at 15, 30, 60, 120 and 240 

TABLE 1 

EFFECT OF PRETREATMENT WITH 3-AMINO-1,2,4-TRIAZOLE ON 
NARCOSIS TIME INDUCED BY DIFFERENT DOSES OF ETHANOL 

Ethanol Dose 

Pretreatment 3 g/kg IP 4 g/kg IP 

Saline 147 --- 11 350 ± 21 
AT0.250g/kglP 134 ___ 9 323 ± 15 
AT0.500 g/kg IP 118 --- 10 259 ± 16 
AT 1.000 g/kg IP 97 -+ 12 254 ± 8 

Data represents mean ± S.E.M. in minutes. 

minutes postinjection. Trunk blood was collected and assayed 
for ethanol levels by head-space gas chromatography with a 
flame ionization detector (31). 

Catalase Activity Determinations 

Five hours after IP administration of AT (0.25, 0.5 or 1 g/kg) 
or saline, another group of rats were killed by exsanguination 
under ether anesthesia. Organs were perfused in vitro by whole 
body perfusion using 300-500 ml of heparinized (1000 units/l) 
iostonic saline. The saline solution was infused into the left ven- 
tricle, and a small incision was made in the right ventricle for 
the effluent. Perfusion was continued until the kidneys were vis- 
ibly cleared of erythrocytes. Brains were removed and 10% ho- 
mogenates were prepared with 0.1% Triton X-100 in 10 mM 
potassium phosphate buffer, pH 7.0. Brain catalase activity was 
measured using a Yellow Springs oxygen monitor equipped with 
a Clark style oxygen electrode (11). The reaction cell was tem- 
perature controlled and maintained at 25°C. A 0.01 mM potas- 
sium phosphate buffer, pH 7.0 (1.7 ml), was deoxygenated with 
a stream of N 2. Hydrogen peroxide (7.6 Ixmol in 10 p~l) was 
added to the deoxygenated buffer at zero time, and the baseline 
02 formation rate was recorded. Then at 1 min a 25-txl aliquot 
of brain homogenate was added. The difference between the rate 
of 02 formation before and after the addition of tissue homoge- 
hate was taken as the actual reaction time. Brain catalase activ- 
ity is expressed in nmol of 0 2 formed per min per I~g of protein. 
Protein was determined using the Lowry method with bovine se- 
rum albumin as the standard. 

RESULTS 

Ethanol-Induced Narcosis 

Results of the experiment on ethanol-induced narcosis are 
shown in Table 1. A two-way analysis of variance (ANOVA) 
(pretreatment × treatment) completely randomized design re- 
vealed a significant pretreatment effect, F(3,88) = 24.29, p<0.01 ,  
a significant treatment effect, F(1,88)=617.66,  p<0.01,  
and a significant pretreatment x treatment interaction, F(3,88)= 
4.24, p<0.01.  Pairwise comparisons using Tukey tests revealed 
significant differences between AT (1 g/kg)- and saline-pre- 
treated animals independently of the ethanol dose, q(8,88)= 
43.60, p<0.05.  AT (0.5 g/kg)-pretreated animals were also 
significantly different from saline-pretreated rats when tested 
with 4 g/kg of ethanol. Finally, animals pretreated with AT (0.5 
and 1.0 g/kg) demonstrated a significant shorter narcosis time 
than those pretreated with AT (0.25 g/kg) and injected with 4 
g/kg of ethanol. All the animals recovered the righting reflex. 
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TABLE 2 

EFFECT OF 3-AMINO-1,2 ,4-TRIAZOLE (AT) PRETREATMENT ON 
LETHALITY INDUCED BY ETHANOL* 

Ethanol Dose 

Pretreatment 3 g/kg IP 4 g/kg IP 

Saline 4/12 8/12 
AT 0.250 g/kg IP 3/12 6/12 
AT 0.500 g/kg IP 0/12 6/12 
AT 1.000 g/kg IP 1/12 3/12 

*Number of rats dead at 24 hours over total tested. 

The duration of the ethanol-induced narcosis did not last longer 
than 6 h. 

There were no significant correlations between individual 
narcosis time and levels of blood ethanol of rats (r = .21, p < 0 . 0 5  
for the ethanol dose of 3 g/kg; r =  .02, p > 0 . 0 5  for the 4 g/kg 
dose). Trunk blood was collected from the tested rats immedi- 
ately following recovery of the righting reflex. 

Ethanol-Induced Lethality 

The effect of AT administration on ethanol-induced lethality 
is summarized in Table 2. Prior administration of AT to rats re- 
duced significantly the lethal effects of a dose of 3 g/kg (chi- 
square=6 ,  p < 0 . 0 5 ,  contingency coefficient C = 0 . 3 3 3 )  and 4 
g/kg of ethanol (chi -square=6,  p < 0 . 0 5 ,  C = 0 . 2 8 5 ) .  No differ- 
ences on lethality were observed between animals injected with 
ethanol solutions of 10, 17 and 25% at the ethanol doses tested 
(p>O.05). 

Ethanol-Induced Hypothermia 

As can be seen in Fig. 1, there were no significant changes 
in rectal temperature throughout the sequence of temperature 
readings within the saline/saline (S-S) and aminotriazole/saline 
(AT-S) groups (p>0.05) .  Furthermore, there were also no dif- 
ferences in rectal temperature between the S-S and AT-S groups 
throughout the sequence of temperature readings (p>0.05) .  A 
two-way analysis of variance (ANOVA) (pretreatment × treat- 
ment) with repeated measures yielded a significant pretreatment 
× treatment interaction, F (1 ,28)=7 .21 ,  p<0 .01 .  The saline/ 

ethanol (S-E) group revealed a significant drop in rectal temper- 
ature at all temperature readings. The aminotriazole/ethanol (AT-E) 
group displayed a further drop in rectal temperature which was 
significantly lower than that of the S-E group at all temperature 
readings. Pretreatment with AT does not affect the baseline tem- 
perature at any reading time. 

Blood Ethanol Levels 

The effect of AT on the metabolism of ethanol is presented 
in Fig. 2. A three-way analysis of variance (ANOVA) (Pretreat- 
m e n t ×  Dose × Time) revealed a significant effect of AT pre- 
treatment (1 g/kg), F ( 1 , 1 4 0 ) = 6 . 6 8 ,  p < 0 . 0 1 .  However,  no 
significant pretreatment × dose or pretreatment × dose × time 
interactions (p>0.05)  were found in this study. 

Catalase Activity 

Mean catalatic activity of brain catalase in animals treated 
with saline or AT are shown in Table 3. A one-way analysis of 
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ole (1 g/kg, 5 hours before ethanol)-pretreated rats following injections 
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variance (ANOVA) yielded a significant interaction, F(3 ,23)=  
1061.33, p<0 .01 .  An independent t-test was performed on the 
catalatic activity of the brains of the four groups of rats. These 
analyses revealed a significant difference between the activities 
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TABLE 3 

BRAIN CATALASE ACTIVITY LEVELS OF RATS FIVE HOURS 
FOLLOWING ADMINISTRATION OF 3-AMINO- 1,2,3-TRIAZOLE (N = 6) 

Treatment nmol 02/min/p~g Protein 

Saline 0.610 -+ 0.009 
AT 0.25 g/kg IP 0.173 -+ 0.010" 
AT 0.50 g/kg IP 0.139 +- 0.003* 
AT 1.00 g/kg IP 0.105 +- 0.005* 

*p<0.01, compared from saline values. Experimental details were as 
described under the Method section. 

of all treatment groups ( t= 2.845, p<0.01).  In other words, sa- 
line ~ AT 0.25 g/kg ~ AT 0.5 g/kg ~ AT 1.00 g/kg. 

DISCUSSION 

The data obtained in the present study revealed a bidirec- 
tional effect of AT on several psychopharmacological effects 
such as narcosis, hypothermia and lethality induced by hypnotic 
doses of ethanol. While AT antagonized the narcotic and lethal 
effects of ethanol, it seemed to have a synergistic effect with 
ethanol in inducing hypothermia (EIH). These observations con- 
firm, in part, previous findings where an antagonistic interaction 
between AT and ethanol subhypnotic doses has been demon- 
strated (2, 5, 6). For example, we have reported that when etha- 
nol-treated rats pretreated with AT were compared with 
untreated controls, the former displayed less motor depression 
(6), less ethanol-induced corticosterone release (2), and a com- 
plete blockade of ethanol-induced conditioned taste aversion (5). 
These AT effects appear to be specific to ethanol, since AT did 
not attenuate the behavioral effects induced by other drugs such 
as morphine or lithium chloride (5). AT did not affect plasma 
levels of ethanol measured at different times following IP injec- 
tions of moderate doses of ethanol (up to 2 g/kg) (5,6). We have 
suggested, therefore, that the alterations in these ethanol-in- 
duced behaviors by AT must be due to some direct effect at a 
central level, possibly by the manipulation of brain catalase ac- 
tivity (5,6). 

An effect of AT pretreatment on blood ethanol levels after 
intraperitoneal administration of hypnotic doses of ethanol was, 
however, demonstrated in this study. Animals pretreated with 
AT showed, in general, higher levels of blood ethanol indepen- 
dent of the dose or time tested. This finding supports a previous 
study by Tampier and Mardones (29) where AT (1 g/kg) pre- 
treatment resulted in higher ethanol blood levels during the first 
hour following IP ethanol administration in rats of doses higher 
than 3 g/kg. Since AT inhibits liver catalase in vivo (22,29), 
these findings lent support to the notion that liver catalase may 
play a moderate role in the disposal of ethanol, following the 
administration of high narcotic doses. 

While the observed small differences in blood ethanol levels 
could be the cause of the interaction between AT and ethanol 
obtained in this study, a more plausible explanation must be 
considered since it is more in line with the results of previous 
studies. The finding that AT antagonized the effects of ethanol 
in such diverse behaviors as motor activity (6), conditioned taste 
aversion (5), corticosterone release (2), narcosis and lethality in 
various strains of rats and mice and across several ethanol doses 
suggested that the interaction of AT and ethanol must occur at a 
fundamental physiological juncture necessary for the expression 
of some of ethanol's induced behaviors. Furthermore, brain AT 
levels decline very sharply after 2 hours postadministration and 

are undetectable after 5 hours (manuscript in preparation). 
Therefore, it is suggested that ethanol must act on some bio- 
chemical or cellular structure that has been previously altered by 
AT. This AT-modified element appears to be central for the ex- 
pression of some of ethanol's psychopharmacological effects. 

The protective effect that AT exerts on narcosis and lethality 
may be due to the effect of AT on brain catalase. Brain catalase 
determinations revealed a dose-dependent decrease from control 
values 5 hours after AT administration. One must bear in mind, 
however, that the dose of 0.25 g/kg of AT which significantly 
decreased brain catalase did not result in significant changes in 
both narcosis and lethality. Clearly, this finding may argue 
against the contention stated above. However, since little if any- 
thing is known about the minimal levels of catalase necessary to 
show behavioral effects, one cannot, despite this finding, rule 
out the argument presented in this paper. In support of this line 
of reasoning, we wish to point to the well-known facts that sig- 
nificant depletions of catecholamines (at a level of 70% of 
whole brain) do not result in behavioral deficits (32). Only 
massive depletions (e.g., 90% of whole brain) revealed such be- 
havioral deficits. When ethanol was administered, the inhibition 
of catalase by AT could be the factor altering some of ethanol's 
induced behaviors. It was, therefore, our contention that brain 
catalase may play an important role in mediating ethanol's cen- 
tral effects. Furthermore, we also reported a relationship be- 
tween brain catalase and voluntary ethanol consumption in rats 
(7), suggesting a role for brain catalase activity in determining 
the level of ethanol intake in individual animals. Inhibition of 
brain catalase does not, however, completely block the expres- 
sion of such effects as narcosis or lethality. It follows that etha- 
nol metabolism, through the brain catalase system, is a 
contributing but not an exclusive factor for narcosis and lethality 
induced by these high doses of ethanol. 

AT inhibits irreversibly both the catalatic and peroxidatic ac- 
tivities of catalase. It has been demonstrated that prior adminis- 
tration of ethanol prevented the inhibition of brain catalase by 
AT in studies in vivo (10). We have suggested that ethanol's 
protection of catalase from inhibition by AT provided indirect 
evidence supporting the notion that ethanol is oxidized in the 
brain in vivo via the peroxidatic activity of catalase. We have 
also suggested that the role of catalase in some of ethanol's psy- 
chopharmacological effects occurs through its ability to oxidize 
ethanol in the brain. The presence and distribution of catalase in 
brain has been verified by both biochemical (8,14) and his- 
tochemical methods (21). The presence of hydrogen peroxide, 
necessary for oxidation of ethanol by catalase, has been demon- 
strated in the brain (11, 23, 24) and acetaldehyde, the first me- 
tabolite of this oxidation, has been implicated in ethanol's effects 
(1,20). Therefore, when all these findings are taken together, 
one could suggest that AT alters some of the behavioral effects 
of ethanol through its inhibition of brain catalase and subsequent 
reduction in the formation of central acetaldehyde. It is impor- 
tant to point out that catalase may not be homogenously distrib- 
uted in rat brain (8,21), therefore, acetaldehyde produced in a 
specific central environment might be of great consequence in 
that environment. 

While the above findings may provide a role for central ace- 
taldehyde in some of ethanol's behavioral effects, a different 
mechanism must be proposed for ethanol-induced hypothermia. 
Pretreatment with AT significantly increased the hypothermic ef- 
fect observed in the S-E group. It was further demonstrated that 
the increase in hypothermia observed in the AT-E group was not 
an artifact of AT administration, since the AT-S group did not 
differ from the S-S group in rectal temperature. These findings 
seem to preclude the possibility that ethanol-induced hypother- 
mia (EIH) is mediated by brain acetaldehyde and raises the pos- 



AMINOTRIAZOLE-ETHANOL INTERACTION 59 

sibility that it is mediated directly by ethanol. The logic of this 
argument stems from the notion that if AT inhibits the forma- 
tion of brain acetaldehyde then one would expect an attenuation 
of EIH following treatment with AT if brain acetaldehyde was 
in fact the mediator. The fact that we found moderately higher 
levels of blood ethanol in AT-pretreated rats allows us to draw a 
conclusion suggesting a role for ethanol in facilitating EIH fol- 
lowing treatment with AT. This differential effect of AT in nar- 
cosis and EIH seems to be supported by several lines of research 
reported in the literature. Thus it has been reported that the de- 
gree of ethanol-mediated hypothermia in individual mice of a 
genetically heterogenous line was negatively and significantly 
correlated to the period of time the animals were void of the 
righting reflex (12). In other words, narcosis and EIH are medi- 
ated by separate mechanisms. Other studies have reported also 
that hypothermia induced by ethanol on one hand, and ethanol's 
effects on locomotion on the other, are mediated through differ- 
ent mechanisms (19). 

In summary, the catalase inhibitor 3-amino-l,2,4-triazole at- 
tenuated narcosis and lethality produced by ethanol in rats. 
These findings seem to support the notion that acetaldehyde for- 
mation in brain via the peroxidatic activity of catalase may me- 
diate some of the psychopharmacological effects of ethanol. The 
present findings that EIH is not mediated via the action of ace- 
taldehyde but is probably mediated directly by ethanol leads to 
the conclusion that the psychopharmacological actions of etha- 
nol are controlled by several distinct mechanisms. This finding 
is in agreement with several lines of research within the alcohol 
field (12,19), as well as with other studies investigating multiple 
mechanisms mediating the psychopharmacological effects of 
drugs such as morphine (30). 

ACKNOWLEDGEMENT 

This study was supported by a grant from N.S.E.R.C. of Canada 
(A0991) to C.M.G. Aragon. 

REFERENCES 

1. Amit, Z.; Smith, B. R. A multi-dimensional examination of the 
positive reinforcing properties of acetaldehyde. Alcohol 2:367-370; 
1985. 

2. Aragon, C. M. G.; Amit, Z. Genetic variation in ethanol sensitivity 
in C57BL/6 and DBA/2 mice. A further investigation of the differ- 
ences in brain catalase activity. Ann. NY Acad. Sci. 492:398-400; 
1987. 

3. Aragon, C. M. G.; Abitbol, M.; Amit, Z. Acetaldehyde may medi- 
ate reinforcement and aversion produced by ethanol. An examina- 
tion using a conditioned taste-aversion paradigm. Neurophar- 
macology 25:79-83; 1986. 

4. Aragon, C. M. G.; Rogan, F.; Amit, Z. Dose and time dependent 
effect of an acute 3-amino-l,2,4-triazole injection on rat brain cata- 
lase activity. Biochem. Pharmacol., in press; 1991. 

5. Aragon, C. M. G.; Spivak, K.; Amit, Z. Blockade of ethanol in- 
duced conditioned taste aversion by 3-amino-l,2,4-triazole: Evi- 
dence for catalase mediated synthesis of acetaldehyde in rat brain. 
Life Sci. 37:2077-2084; 1985. 

6. Aragon, C. M. G.; Spivak, K.; Amit, Z. Effects of 3-amino-l,2,4- 
triazole on ethanol induced open field activity: Evidence for brain 
catalase mediation of ethanol's effects. Alcohol.: Clin. Exp. Res. 
13:104-108; 1989. 

7. Aragon, C. M. G.; Sternklar, G.; Amit, Z. A correlation between 
voluntary ethanol consumption and brain catalase activity in the rat. 
Alcohol 2:353-356; 1985. 

8. Brannan, T. S.; Maker, H. S.; Raes, T. P. Regional distribution of 
catalase in the adult rat brain. J. Neurochem. 86:307-309; 1981. 

9. Cappell, H.; LeBlanc, A. E.; Endrenyi, L. Aversive conditioning 
by psychoactive drugs: Effects of morphine, alcohol and chlordiaz- 
epoxide. Psychopharmacology (Berlin) 29:239-246; 1973. 

10. Cohen, G.; Sinet, P. M.; Heikkila, R. Ethanol oxidation by rat brain 
in vivo. Alcohol.: Clin. Exp. Res. 4:366-370; 1980. 

11. DeMaster, E. G.; Redfern, B.; Shirota, F. N.; Nagasawa, H. T. 
Differential inhibition of rat tissue catalase by cyanamide. Biochem. 
Pharmacol. 35:2081-2085; 1986. 

12. Eriksson, C. J. P.; Deitffch, R. A.; Rusi, M.; Clay, K.; Petersen, 
D. A. Dissociation of components of ethanol intoxication and toler- 
ance. In: Yoshida, H.; Hagihara, Y.; Ebashi, S. Advances in phar- 
macology and therapeutics. II. vol. 5. Toxicology and experimental 
models. New York: Pergamon Press; 1982:245-251. 

13. Eriksson, C. J. P.; Sippel, H. W. The distribution and metabolism 
of acetaldehyde in rats during ethanol oxidation. I. The distribution 
of acetaldehyde in liver, brain, blood and breath. Biochem. Phar- 
macol. 26:241-247; 1977. 

14. Gaunt, G. L.; De Duve, C. Subcellular distribution of D-amino acid 
oxidase and catalase in rat brain. J. Neurochem. 26:749-759; 1976. 

15. Gill, K.; France, C.; Amit, Z. Voluntary ethanol consumption in 
rats: An examination of blood/brain ethanol levels and behavior. 
Alcohol.: Clin. Exp. Res. 10:457-462; 1986. 

16. Goldberg, L.; Hollstedt, C.; Neff, A.; Rydberg, U. Synergistic ac- 
tion of pyrazole on ethanol incoordination: Differential metabolic 
and CNS effects. J. Pharm. Pharmacol. 24:593-601; 1972. 

17. Kalant, H.; Le, A. D. Effects of ethanol on thermoregulation. Phar- 
macol. Ther. 23:313-364; 1984. 

18. Khanna, J. M.; Mayer, J. M.; Kalant, H.; Shah, G. Effect of nalox- 
one on ethanol and pentobarbital induced narcosis. Can. J. Physiol. 
Pharmacol. 60:1315-1318; 1982. 

19. Linakis, J. G.; Cunningham, C. L. Effects of concentration of etha- 
nol injected intraperitoneally on taste aversion, body temperature, 
and activity. Psychopharmacology (Berlin) 64:61~55; 1979. 

20. Lindros, K. O. Acetaldehyde, its metabolism and role in the actions 
of ethanol. In: Israel, Y.; Glaser, F. S.; Kalant, H.; Popham, R.; 
Smidt, W.; Smart, R. L., eds. Brain advances in alcohol and drug 
problems, vol. 4. New York: Plenum Press; 1978. 

21. McKenna, O.; Arnold, G.; Holtzman, E. Microperoxisome distribu- 
tion in the central nervous system. Brain Res. 117:181-194; 1976. 

22. Nelson, G. H.; Kinard, F. W.; Aull, T. C.; Hay, B. S. Effect of 
aminotriazole on alcohol metabolism and hepatic enzyme activities 
in several species. Q. J. Stud. Alcohol 18:343-348', 1956. 

23. Patole, M. S.; Swaroop, A.; Ramasarna, T. Generation of H202 in 
brain mitochondria. J. Neurochem. 47:1-8; 1986. 

24. Sinet, P. M.; Heikkila, R. E.; Cohen, G. Hydrogen peroxide pro- 
duction by rat brain in vivo. J. Neurochem. 34:1421-1428; 1980. 

25. Smith, G. S.; Werner, T. E.; Davis, W. M. Comparison between 
intravenous and intragastric alcohol self-administration. Physiol. 
Psychol. 4:91-93; 1976. 

26. Spivak, K.; Aragon, C. M. G.; Amit, Z. Alterations in brain alde- 
hyde dehydrogenase activity modify ethanol induced conditioned 
taste aversion. Alcohol.: Clin. Exp. Res. 11:513-517; 1987. 

27. Spivak, K.; Aragon, C. M. G.; Amit, Z. Alterations in brain alde- 
hyde dehydrogenase activity modify the locomotor effects produced 
by ethanol in rats. Alcohol. Drug Res. 7:481-491; 1987. 

28. Stowell, A. R. An improved method for determination of acetalde- 
hyde in human blood with minimal ethanol interference. Clin. 
Chem. Acta 98:201-205; 1979. 

29. Tampier, L.; Mardones, J. Effect of 3-amino-l,2,4-triazole pretreat- 
ment on ethanol blood levels after intrapefftoneal administration. 
Alcohol 3:181-t83; 1986. 

30. Vezina, P.; Stewart, J. Hyperthermia induced by morphine adminis- 
tration to the VTA of the rat brain: An effect dissociable from mor- 
phine-induced reward and hyperactivity. Life Sci. 36:1095-1105; 
1985. 

31. Westcott, J. Y.; Weiner, H.; Shultz, J.; Myers, R. D. In vivo ace- 
taldehyde in the brain of the rat treated with ethanol. Biochem. 
Pharmacol. 29:411-417; 1980. 

32. Zigmond, M. J.; Stricker, E. M. Recovery of feeding and drinking 
by rats after intraventricular 6-hydroxydopamine or lateral hypotha- 
lamic lesions. Science 182:717-720; 1973. 


