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ARAGON, C. M. G. AND Z. AMIT. Differences in ethanol-induced behaviors in normal and acatalasemic mice: System- 
atic examination using a biobehavioral approach. PHARMACOL BIOCHEM BEHAV 44(3) 547-554, 1993.-In studies 
designed to further examine the previously reported involvement of catalase in ethanol-induced effects, we attempted to 
confirm cartier observations by using normal (C3H-N) and acatalasemic (C3H-A) mice. These mice are identical in every 
respect and differ only in their catalase activity. Data suggested that the application of 3-amino-l,2,4-triazole (AT), a catalase 
inhibitor, to both substrains of mice resulted in a proportional decrease in motor activity, thus supporting our earlier 
observations. We also showed that this effect was specific to ethanol because AT did not have any effect on cocaine-induced 
motor activity in both substralns. Contrary to the effects of ethanol, these substrains did not differ in motor activity in 
response to cocaine. In an additional study, we observed that acataiasemic mice differed from the normals in their pattern of 
voluntary ethanol consumption. Acatalasemic mice consumed more ethanol but only when it was presented in the range of 
concentrations between 12 and 18%. Finally, we also obtained data suggesting that acatalasemic mice have longer duration 
of sleep time following ethanol administration compared to normals. Catalase activity was measured in both substralns. 
Results, once again, confirmed earlier data that the substralns differ in this activity and that AT further decreases brain 
catalase activity in both mice. Finally, when brain homogenates derived from both substrains were incubated with ethanol 
significant differences in the amount of generated acetaldehyde were found between the two mice strains. Together, these 
results provide strong support for the involvement of brain catalase in a variety of ethanol-induced behavioral effects. 

Ethanol Acetaldehyde Catalase Acatalasemic mice 
Voluntary ethanol consumption Ethanol oxidation 

Locomotor activity Narcosis 

ETHANOL, through its effects in the CNS, induces a variety 
of behavioral and physiological effects on mice. These in- 
elude, among others, locomotor excitation and depression (2, 
12,16), narcosis (12), conditioned taste aversion (20), and pos- 
itive reinforcement (17). Acetaldehyde, the first metabolite of 
ethanol, has been implicated in the possible mediation of some 
of the central actions of ethanol (25). Thus, positive reinforce- 
ment as measured in the self-administration paradigm (9) and 
in the place preference paradigm (24), conditioned taste aver- 
sion (4,26), locomotor activity (5,27), and narcosis (6,29) were 
all shown to be mediated, in part, by acetaldehyde. 

More recently, reports from several laboratories also sug- 
gested a role for brain catalase activity in the mediation of 
some of the psychopharmacological effects of ethanol (1,2,4- 
7,29). It has been suggested that the enzyme cataiase, in con- 
junction with hydrogen peroxide, may metabolize ethanol di- 
rectly in the brain (8,10). It has been shown that ethanol pro- 
tected brain catalase from inhibition by 3-amino-l,2,4-triazole 

(AT) (10) as well as cyanamide (8), both catalase inhibitors. 
This prevention of the inhibition of catalase has been taken as 
indirect supportive evidence for the oxidation of ethanol to 
acetaldehyde in the CNS (8,10). Evidence suggesting a biologic 
significance to this central metabolic process or interaction of 
ethanol with catalase was reported in several studies. Pretreat- 
ment with AT, and the consequent loss of brain catalase activ- 
ity, blocked or attenuated such different ethanol-induced be- 
haviors as conditioned taste aversion (4), locomotor activity 
(5), narcosis (6,29), lethality (6,29), and voluntary ethanol 
drinking (1). Together, these studies suggested an involvement 
of brain catalase in ethanol's behavioral effects and supported 
the notion that this putative ability to synthesize acetaldehyde 
in brain may be an important regulator of ethanol's psycho- 
pharmacological effects. 

Given these findings, it seemed logical to further extend 
these studies on the role of the enzyme catalase in the media- 
tion of the central effects of ethanol. The present studies were 

i To whom requests for reprints should be addressed. 
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designed in an attempt to rule out the possible artifactual 
confounds emanating from the use of inhibitors (19,23) as 
tools to manipulate catalase activities. Specifically, the role of 
brain catalase in mediating ethanol's behavioral effects was 
assessed by comparing ethanol's effects on locomotor activity, 
voluntary ethanol consumption, and narcosis in normal and 
acatalasemic mice (13-15). Genetically acatalasemic mice were 
originally produced by X-ray irradiation from normal mice 
(strain C3H) (14,15). This autosomally inherited acatalasemia 
resulted in the loss of catalase in the liver, blood, and brain 
(13-15). To confirm these reports on the differences between 
the two substrains, brain catalase activities of these mice was 
investigated. Finally, the possible differential capacity of 
brain homogenates extracted from both strains of mice to 
oxidize ethanol was also tested. It was hoped that the use of 
animals genetically deficient in catalase activity would exclude 
the possible confounding effects of the use of  the somewhat 
toxic cataiase inhibitors. 

METHOD 

Subjects 

Wild-type mice C3H-N (normal) and a corresponding col- 
ony of C3H-A (acatalasemic) mice produced by X-ray irradia- 
tion were supplied by Oak Ridge Laboratory (Oak Ridge, 
TN). This colony was originally established by Dr. Feinstein 
at Argonne National Laboratory (14,15). Male mice of about 
27 g were used in the present experiment. 

Experiment 1: Locomotor Activity and Ethanol 

This experiment constitutes a further examination as well as 
an extension and elaboration of data reported elsewhere (2). 

Apparatus. Locomotor activities were measured in an 
open-field apparatus that consisted of  a glass cylinder (30 cm 
in diameter) divided into four quadrants by black markings 
on the floor of  the cylinder. A single locomotor activity count 
was considered each time the mouse crossed over from one 
quadrant to another with all four paws. 

Procedure. Five hours prior to open-field testing, subjects 
received IP injections of  either AT (0.5 g/kg) or saline (S). 
This dose of  AT was chosen on the basis of previous studies 
demonstrating a reduction of about 95% of brain cataiase 
activity following such treatment (2,3). Immediately before 
testing, mice received an IP injection of  one of  these doses of  
ethanol: 0.0, 0.8, 1.2, 1.6, 2.0, or 3.2 g/kg. Following injec- 
tions, mice were placed in the open-field apparatus, where 
locomotor activity was recorded for a total of  10 consecutive 
min. For each treatment and mouse strain, n = 8. 

Experiment la: Locomotor Activity and Cocaine 

This experiment was designed to examine the presumed 
specificity of the interaction between AT and ethanol. 

Procedure. Five hours prior to open-field testing, subjects 
received IP injections of either AT (0.5 g/kg) or S. Immedi- 
ately before testing, mice received an IP injection of  one of  
two doses of  cocaine (2.0 or 4.0 mg/kg) or saline. Following 
injections, mice were placed in the open-field apparatus, 
where locomotor activity was recorded for a total of  l0 con- 
secutive rain. For each treatment and mouse strain, n = 8. 

Experiment 2: Voluntary Ethanol Consumption 

Procedure. Twenty-one male mice of each strain were 
housed, three to a cage, during testing in a room regulated for 
constant temperature and humidity on a 12 L : 12 D cycle. 

Drinking fluids were presented in test tubes fitted with stain- 
less steel ball-bearing spouts inserted through the wire mesh 
in the top of  the cage. Animals were offered a free choice 
between water and increasing concentrations of  ethanol (2- 
22°70). Ethanol solutions were prepared by mixing 95070 etha- 
nol with tapwater. The concentrations of ethanol solutions 
offered to animals were raised by increments of 1070. To avoid 
a position bias, the location of the fluid containing tubes was 
shifted systematically. Each ethanol concentration was pre- 
sented for 4 consecutive days. To reduce the confounding 
effects of  variability, the data was then analyzed in 2-day 
blocks. In view of  the difficulties in obtaining accurate fluid 
intake and weight measurement from individual mice, dally 
fluid consumption and body weights of  all three animals resid- 
ing in a cage were measured together. Ethanol consumption 
was, thus, calculated as g/kg body weight/cage. Dally ethanol 
preference ratio scores were obtained by dividing the con- 
sumption of ethanol (ml) derived from the ethanol bottle 
alone by the total fluid consumption (ml) derived from both 
the ethanol and water bottles. 

Experiment 3: Duration of  Narcosis 

Procedure. Immediately before sleep-time testing, male mice 
of both substrains received an IP injection of ethanol, 3.0 or 4.0 
g/kg (20o70). The duration of  narcosis or sleep time was clef'reed 
as the time elapsed from loss of fighting reflex to the time the 
fighting reflex was regained. Recovery of the righting reflex was 
determined when subjects could right themselves three times 
within 60 s after being placed on their backs. 

Experiment 4: Catalase Activity Determination 

Procedure. Five hours after IP administration of  AT (0.5 
g/kg) or saline, normal and acatalasemic mice were placed in 
an ether inhalation chamber 1 rain prior to being sacrificed by 
decapitation. Brains were removed and prepared for catalase 
activity determinations. Brain catalase activity was determined 
using a Yellow Springs oxygen monitor (Yellow Springs In- 
struments, Yellow Springs, OH) equipped with a Clark style 
oxygen electrode according to a procedure described by De- 
Master et al. (l  l). Catalase activity is expressed in units of 
nM of 02 formed per minute per/tg protein. 

Experiment 5: Ethanol Oxidation in Brain Homogenates 

Procedure. Brains of C3H-N and C3H-A male mice were 
excised and 10070 homogenates were prepared with 0.1070 Tri- 
ton X-100 in 0.1 mM potassium phosphate buffer (pH 7.6) at 
4°C. All homogenates were stored at 0°C and assayed the 
same day. Aliquots of these homogenates equivalent to 25 mg 
wet tissue were incubated at 37°C for 1 h in sealed, clear 6-ml 
Hypo-vials with 90 mM potassium phosphate buffer (pH 7.6), 
10 raM glucose, and ethanol (12.5, 25, 50, 100, and 200 mM) 
in the presence or absence of sodium azide (5 raM), a total 
inhibitor of catalase activity used as control for nonenzymatic 
formation of  acetaldehyde. The acetaldehyde content of  the 
gaseous phase of  each vial was measured by a head-space gas 
chromatography procedure (28). The flasks were incubated at 
65°C for 25 rain and 2 ml of the head space was injected 
into a Varian Model 1400 gas chromatograph (Varian, Walnut 
Creek, CA) with flame ionization detectors. A 180 c m x  
2-mm column of Chromosorb 101 mesh 80/100 was used with 
inlet and detector temperatures of  140 and 180°C, respec- 
tively, as well as a nitrogen flow rate of about 20 ml/min. 
Under these conditions, the retention time was 1.8 rain for 
acetaldehyde and 3.4 rain for ethanol. Relative peak heights 



were determined by comparison with standards prepared by 
the addition of  known amounts of  acetaldehyde to "zero-time" 
controls. Blanks with boiled homogenates used as totally non- 
active tissue controls were employed in each experiment. For 
each strain and ethanol concentration, n = 6. 

Statistical Analysis 

Results where appropriate were expressed as group mean 
+ SEM. The appropriate analysis of variance (ANOVA) was 
performed on these means. Posthoc comparisons using Tukey 
tests or t-tests were carried out on each individual data point. 
p values of  < 0.05 were accepted as significant. 

RESULTS 
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Experiment 1: Locomotor Activity and Ethanol 

Mean activity counts in 10-min blocks at each of  the six 
treatment doses of  ethanol for both substrains of  mice are 
presented in Fig. 1. A two-way ANOVA yielded a significant 
two-way interaction, F(5, 84) = 21.35, p < 0.001. It also 
yielded a significant strain effect, F(1, 84) = 441.38, p < 
0.001, as well as a significant dose effect, F(5, 84) = 302.99, 
p < 0.001. Ethanol induced biphasic effects on locomotor 
activity in both substrains of  mice (p < 0.01). Moderate 
doses of  ethanol (0.8, 1.2, 1.6, and 2.0 g/kg) produced excita- 
tion (p < 0.01), while higher doses of  ethanol produced de- 
pression (3.2 g/kg;  p < 0.01). These findings of  a biphasic 
effect of  ethanol on locomotor activity confirmed previous 
studies reported by this laboratory (2). Significant differences 
in locomotion between the two substrains of  mice were found 
following administration of 0.8-, 1.2-, 1.6-, and 2.0-g/kg (p  
< 0.01) ethanol doses. Locomotor activity following all excit- 
atory ethanol doses was significantly different from locomo- 
tor activity following the depressive dose (3.2 g/kg) in normal 
mice. It is worth noting that locomotor activity following the 
depressive dose of  3.2 g /kg  was not significantly different 
from activity following the saline injection in those mice (p 
> 0.05). Acataiasemic mice also revealed significant differ- 

ences in locomotion following injections of  the excitatory 
doses of  1.6 and 2.0 g/kg ethanol as compared to the saline 
injection as well as the highest and depressive, 3.2-g/kg injec- 
tion of  ethanol (/7 < 0.01). 

Both strains of  mice were pretreated 5 h prior to ethanol 
injection with saline or AT (0.5g/kg). AT produced a signifi- 
cant decrease in ethanol-induced locomotor activity in mice 
from the normal substrain (C3H-N) (Fig. 2A). A two-way 
ANOVA yielded a significant interaction, F(5, 84) = 37.08, 
p < 0.001. It also yielded a significant AT treatment and eth- 
anol dose effects, F( I ,  84) = 585.57, p < 0.001; F(5, 84) = 
152.27, p < 0.001, respectively. AT also produced a signifi- 
cant decrease in ethanol-induced locomotor activity in acatala- 
semic mice (Fig. 2B) following all ethanol doses tested with 
the exception of  the highest dose of  3.2 g/kg. A two-way 
ANOVA yielded a significant interaction as well as a signifi- 
cant AT treatment and ethanol dose effect, F(5, 84) = 63.87, 
p < 0.001; F( I ,  84) = 482.45, p < 0.001; F(5, 84) = 
184.79, p < 0.001, respectively. Administration of  AT did 
not affect the spontaneous activity of  mice from the two sub- 
strains. Also, baseline (saline) activity scores of  the two sub- 
strains were identical. 

Experiment la: Locomotor Activity and Cocaine 

The results depicted in Table 1 summarize the effects of  
saline or AT on cocaine-induced locomotor activity in both 
substrains of  mice. The results revealed a significant effect of  
cocaine but not of  strain or pretreatment. A three-way 
ANOVA yielded a significant cocaine dose effect, F(2, 86) = 
222.51, p < 0.001. No significant interaction and no signifi- 
cant strain and AT treatment effects were found. The higher 
dose of cocaine (4 mg/kg) did produce locomotor excitation 
in all groups tested. 

Experiment 2: Voluntary Ethanol Consumption 

An examination of  the ethanol drinking data of  the two 
substrains following a wide range of  ethanol concentrations 
offered to these animals (2-22%) revealed the following pic- 
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FIG. 1. Locomotor activity (counts/10 rain) for normal (C3H-N) and acatalasemic 
(C3H-A) mice as a function of ethanol dose (g/kg). Data represent mean + SEM of n = 
s (*p < 0.05). 



2 5 0 "  

-..  
"". N 

200"  

Z 

0 

150- 
P 

t 0 0 -  

o 

o 
X 
o 5 0  
0 
0 
J 

550 ARAGON AND AMIT 

I I I I I I 
0 . 0  O.S  i . 2  1 . 6  2 . 0  3 . 2  

ETHANOL DOSE (G/KG) 

- - - D - - - C 3 H - N + S  
..... • ..... C3H-N+AT 

2 5 0  

200 '  p- 
Z 

0 

t50' 
p -  

l,,,- 

~ t00' 
n -  
O 
I,,- 
0 
Z 
o 50' 
U 
0 
.._1 

B 

I I I I I I 
0 . 0  0 . 8  1 . 2  1 . 8  2 . 0  3 . 2  

" ~ ' O ~ C 3 H - A + S  
..... • ..... C3H-A+AT 

ETHANOL DOSE (G/KG) 

FIG. 2. Locomotor activity (counts/10 min) for normal (C3H-N) and acatalasemic 
(C3H-A) mice pretreated with saline (S) or 3-amino-l,2,4-triazole (AT) (0.5g/kg) as a 
function of ethanol dose (g/kg). (A). Normal mice. (B). Acatalasemic mice. Data represent 
mean + SEM of n = 8 (*p < 0.05). 

T A B L E  1 

MEAN LOCOMOTOR ACTIVITY (COUNTS/10min; ±SEM) FOR 
NORMAL (C3I-.I-N) AND ACATALASEMIC (C3H-A) MICE PRETREATED WITH AT 

(0.5 g/kg) OR SALINE AS A FUNCTION OF COCAINE DOSE (mg/kg) 

Strain 

C3H-N C3H-A 

Treatment S AT S AT 

Cocaine Dose 
(mg/kg) 

0.0 65.0 + 5 55.0 + 8 58.0 + 9 62.0 + 6 
2.0 71.0 + 16 73.0 + 10 70.0 + 18 68.0 :t: 16 
4.0 125.0 + 16 132.0 d: 14 118.0 + 15 123.0 :t: 18 
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FIG. 3. Voluntary ethanol intake calculated in g ethanol/kg body weight/cage as a 
function of ethanol concentration for normal (C3H-N) and acatalasemic (C3H-A) mice. 
Each point represents mean of 2 days of exposure to one ethanol concentration (*p < 
0.05). 

ture, represented in Figs. 3 and 4.  The intake of  absolute 
ethanol in normal mice stabilized at 3.9 g /kg body weight/ 
cage/day once animals reached the 5-18% ethanol concentra- 
tion range. Acatalasemic mice consumed an average of  4.4 g /  
kg body weight/cage/day when ethanol solutions were pre- 
sented in a range of  concentrations around 6-12%. Ethanol 
intake rose further to 5.5 g /kg body weight/cage/day when 
ethanol was presented in the 14-18% concentration range to 
the same mice. A two-way ANOVA with repeated measures 
yielded a significant interaction, as well as a significant strain 
and days effect, F(41, 492) = 283.07, p < 0.05; F(1, 492) 

= 3,651.09, p < 0.05; F(41,492) = 3,419.21,p < 0.05, re- 
spectively. Posthoc Tukey tests applied to the data revealed a 
significant effect between strains on 10 different 2-day blocks 
(see Fig. 3). No differences were found between the two sub- 
strains in total fluid intake. 

A differential pattern of preference for ethanol was ob- 
served between the two substrains of  mice (Fig. 4). A two-way 
ANOVA with repeated measures reveled a significant interac- 
tion, as well as a significant strain and days effect, F(41,492) 
= 5.825, p < 0.05; F(1, 492) = 138.93, p < 0.05; F(41, 
492) = 60.95, p < 0.05, respectively. Normal (C3H-N) mice 
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FIG. 4. Ethanol preference ratio calculated by dividing the consumption of ethanol 
(ml) by the total fluid consumption (mi) derived from both the ethanol and water 
bottles. Each dot point represents mean of 2 days of exposure to one ethanol concentra- 
tion (*p < 0.05). 



552 ARAGON AND AMIT 

TABLE 2 

DURATION OF NARCOSIS TIME INDUCED 
BY DIFFERENT DOSES OF ETHANOL IN 

NORMAL (C3H-N) AND ACATALASEMIC MICE 
(C3H-A) (n = 8 PER GROUP AND DOSE) 

Ethanol Dose 

Strain 3.0 g/kg IP 4.0 g/kg IP 

C3H-N 0 32 ± 10* 
C3H-A 16 ± 6* 76 ± 22* 

Data represents mean ± SEM in minutes. 
*p < 0.01. 

maintained a relatively stable level of ethanol preference when 
the concentrations of  ethanol solutions offered to them were 
between 2 and 13070. Preference for more concentrated solu- 
tions rapidly declined in these mice. Acatalasemic (C3H-A) 
mice, on the other hand, maintained the same level of ethanol 
preference (40-600?o of total fluid intake) until the concentra- 
tions of ethanol solutions offered to them reached 19070. Post- 
hoc Tukey tests applied to the data revealed significant differ- 
ences between strains when the ethanol concentrations were in 
the range of 12-18070 (see Figure 4). 

Experiment 3: Duration of  Narcosis 

Duration of  ethanol-induced narcosis in both substrains is 
summarized in Table 2. Significant differences in duration of  
narcosis were observed between mice of  the two substrains 
following administration of  the two ethanol doses. A two-way 
ANOVA yielded a significant interaction, as well as a signifi- 
cant strain and ethanol dose effect, F(1, 28) = 16.89, p < 
0.001; F(I ,  28) = 212.12,p < 0.001; F(4, 28) = 81.32,p < 
0.001, respectively. Acatalasemic mice revealed a significantly 
higher sensitivity to the narcotic effects of ethanol following 
both ethanol doses tested (p < 0.01). 

Experiment 4: Catalase Activity Determinations 

Mean brain catalase activity in both substrains of mice 
treated with either saline or AT are shown in Table 3. A 
two-way ANOVA revealed a significant interaction, as well as 
a significant strain and AT treatment effect, F(1,28) = 78.51, 
p < 0.001;F(1, 28) = 81.32,p < 0.001;F(1, 28) = 212.12, 
p < 0.001, respectively. As can be seen in this table, differ- 
ences in brain catalase activity were observed between the two 
mice substrains. It can also be seen that AT induced a further 

TABLE 3 

MEAN CATALATIC ACTIVITY OF BRAIN 
CATALASE OF NORMAL AND ACATALASEMIC 
MICE 5 h FOLLOWING ADMINISTRATION OF 
SALINE OR 3-AMINO-I,2,4-TRIAZOLE (n = 6) 

Mouse Strain nM 02 Formed/min//~g protein in Brain 

C3H-N + S 1.067 ± 0.050 
C3H-N + AT 0.429 ± 0.029* 
C3H-A + S 0.469 + 0.017" 
C3H-A + AT 0.056 ± 0.028* 

*p < 0.(301. 

TABLE 4 

ACETALDEHYDE RECOVERED AFTER INCUBATION OF 
MICE BRAIN HOMOGENATES FROM NORMAL AND 

ACATALASEMIC MICE WITH ETHANOL (n = 6) 

ETOH concentration (raM) 

nM Acetaldehyde/ms Protein/h 

Strain 

C3H-N C3H-A 

12.5 5.27 ± 0.11 0.22 ± 0.01 
25.0 6.99 + 0.16 0.27 ± 0.01 
50.0 9.03 + 0.16 0.34 + 0.01 

100.0 10.35 ± 0.12 0.36 ± 0.02 
200.0 12.87 + 0.17 0.55 ± 0.02 

significant decrease in brain catalase activity in both sub- 
strains. 

Experiment 5: Ethanol Oxidation in Brain Homogenates 

Table 4 summarizes the results of  acetaldehyde generated 
after incubation (60 rain) of  brain homogenates with ethanol 
(12.5, 25.0, 50.0, 100.0, and 200.0 raM). As can be seen from 
this table, pharmacologically meaningful amounts of  acetalde- 
hyde were generated after incubation of  the brain homoge- 
nates with ethanol in both substrains of  mice. A two-way 
ANOVA revealed a significant interaction and also a signifi- 
cant strain and ethanol concentration effect, F(4, 5 0 ) =  
128.65,p < 0.001;F(1, 50) = 5,853.89,p < 0.001; F(4, 50) 
= 151.43, p < 0.001, respectively. Significant differences be- 
tween the two substrains were found following incubation of 
tissue homogenates with all ethanol concentrations used in 
this experiment (p < 0.01). A dose-response relationship be- 
tween ethanol doses and the acetaldehyde generated was ob- 
served only in the C3H-N (normals) substrain (p < 0.01). 
Negligible increases in acetaldehyde production following the 
increases in ethanol dose were observed in C3H-A mice (p > 
0.05). The influence of different incubation periods on the 
production of acetaldehyde is presented in Table 5. A two-way 
ANOVA yielded a significant interaction and also a significant 
strain and time of  incubation effect, F(2, 30) = 202.87, p < 
0.001; F(1, 30) = 1,316.89, p < 0.001; F(2, 30) = 207.03, 
p < 0.001, respectively. Maximum generation of  acetalde- 
hyde was obtained after 1 h of incubation with 50 mM etha- 

TABLE 5 

TIME COURSE FOR THE OXIDATION OF ETHANOL 
(50 raM) BY BRAIN HOMOGENATES (25 mg WET TISSUE) 

OF NORMAL AND ACATALASEMIC MICE 

Incubation Time (rain) 

nM Acetaidehyde/mg Protein 

Strain 

C3H-N C3H-A 

15 2.20 ± 0.53 0.35 ± 0.05 

30 4.84 ± 0.17 0.II ± 0.01 

60 9.03 ± 0.16 0.34 ± 0.01 

Reactions were carded out as described in the Method sec- 
tion and were initiated by the addition of ethanol (50 mM final 
concentration) (n = 6). 
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nol. However, it is important to note that shorter incubation 
periods yielded measurable levels of  acetaldehyde in brain ho- 
mogenates of  normal mice (C3H-N) (see Table 5). 

DISCUSSION 

The results of  the present series of  experiments reveal 
marked differences between the two substrains of  mice in 
terms of their behavioral responses following administration 
of  ethanol. These mice also differed in terms of  their catalase 
activity, and finally the data showed that the differences in 
catalase activity are probably related to the observed differ- 
ences in ethanol-induced behaviors. 

More specifically, the results of  Experiment 1 revealed a 
significant difference in ethanol-induced motor activity be- 
tween the two substrains. These results directly confirm earlier 
data reported by this laboratory (2). Normal (C3H-N) mice 
were found to be more sensitive to the effects of  ethanol injec- 
tions that resulted in higher activity scores for these animals. 
This difference between the two substrains was in particular 
obvious following administration of  ethanol doses resulting 
in motor excitation (see Fig. 1). When catalase activity was 
blocked in both substrains following administration of  AT, 
ethanol-induced motor activity was attenuated in both sub- 
strains. These observations tended to provide further support 
for the notion that it was the difference in catalase activity 
between the two substrains that underlied the observed differ- 
ences in motor activity in those mice (2). 

The results of  Experiment l a  support the notion that the 
involvement of  catalase activity in the mediation of  behavior 
is specific to its interaction with ethanol. No differences in 
motor activity between the two substrains were observed fol- 
lowing treatment with cocaine. These findings are in line with 
other reports on the lack of  relationship between AT treat- 
ment and behavioral indices induced by such drugs as mor- 
phine and LiC1 (4). This lack of  difference in motor activity 
was maintained when animals were treated with both saline 
and AT. Both the initial lack of  difference and the lack of  
effect of  AT treatment tend to confirm the suggestion that 
the differences in ethanol-induced motor activity between the 
two substrains and its putative mediation by catalase were 
specific to ethanol. 

A differential pattern of  preference for ethanol was also 
observed between the two strains of  mice. While normal mice 
rejected ethanol concentrations higher than 13%, acatala- 
semic mice maintained the same or almost the same level of  
ethanol preference until the ethanol concentrations reached 
the range of  19% (see Figs. 3 and 4). These results provide 
support for the notion that brain catalase activity exerts an 
influence on both the intake of  and preference for ethanol. 
However, the direction of  the effect seems to be in the oppo- 
site direction to those observed in rats with reduced catalase 
activity (1,7). While rats with lowered catalase activity dis- 
played a lowered pattern of  ethanol intake, the opposite was 
observed with these mice. Acatalasemic mice deficient in brain 
catalase activity revealed a higher tendency to drink ethanol. 
These species-specific differences between mice and rats seem 

tO be similar to the observed differences between rats and mice 
in ethanol-induced motor activity (2,5,16). 

Significant differences between normal and acatalasemic 
mice were also observed on the duration of  narcosis or sleep 
time induced by ethanol (see Table 2). In similar fashion to 
the data on ethanol intake, we found that while rats with 
reduced levels of  brain catalase activity due to treatment with 
AT displayed a reduction in ethanol-induced narcosis (6,29) 
acatalasemic mice in the present study displayed the opposite; 
an increase in ethanol-induced narcosis. 

Given the behavioral data described above and our con- 
tention (1,2,4-7) that these behavioral responses are a func- 
tion of changes in brain catalase activity, one must predict 
that there would be differences in brain catalase activity be- 
tween the two mice substrains. Indeed, the results of  Experi- 
ment 4 demonstrated differential levels of brain catalase in 
the two substrains. Such differences in brain catalase activity 
have also been reported elsewhere (2,13). 

AT treatment further decreased catalase activity in both 
substrains. Because the inhibition of  catalase by AT is H202 
dependent (21,22), the present data supports the notion of  the 
presence of  H202 in the brain of this mice and the possibility 
of ethanol metabolism in vivo by catalase. 

Experiment 5 was conducted in support of  the notion that 
ethanol may be differentially metabolized in brains of  mice 
from the two substrains via the peroxidatic activity of  the 
enzyme catalase. Acetaldehyde was obtained after incubation 
of brain homogenates with low concentrations of  ethanol sim- 
ilar to those found in rat brains to produce meaningful behav- 
ioral effects (18). Significant differences in the amount of  
generated acetaldehyde were found between the two mice 
strains after incubation of brain homogenates with ethanol. 
These data support similar data obtained in previous studies 
with the same mice (2). In these studies, ethanol incubation of  
brain homogenates of  normal and acatalasemic mice treated 
with AT prior to sacrifice produced lower levels of acetalde- 
hyde than those produced by normal and acatalasemic con- 
trols. A difference between both strains was also reported in 
the same study (2). 

In conclusion, the results obtained in the present series of  
experiments tend to support the postulation that the putative 
role of the enzyme catalase in ethanol's effects may be through 
its ability to oxidize ethanol in the brain and that this capacity 
exerts at least some influence on ethanol-induced behaviors. 
We have shown in an in vitro experiment (Experiment 5) the 
capacity of catalase to oxidize ethanol in brain tissue. We 
further demonstrated in vivo that two substrains of  mice dif- 
fering in their behavioral response to ethanol also differed in 
their brain levels of  catalase activity and, finally we reported 
that when brain catalase of  both substrains is reduced by AT 
a corresponding change in ethanol-induced behavior occurred 
in both substrains. 

ACKNOWLEDGEMENTS 

This study was supported by a grant from the Medical Research 
Council of Canada to Z.A. and C.M.G.A. 

REFERENCES 

1. Aragon, C. M. G.; Amit, Z. The effect of 3-amino-l,2,4-triazole motor activity in normal and acatalasemi¢ mice. Alcohol 9:207- 
on voluntary ethanol consumption: Evidence for brain catalase 211; 1992. 
involvement in the mechanism of action. Neuropharmacology 3 t: 3. Aragon, C. M. G.; Rogan, F.; Amit, Z. Dose- and time-dependent 
709-712; 1992. effect of an acute 3-amino-l,2,4-triazole injection on rat brain cat- 

2. Aragon, C. M. G.; Pesold, C. N.; Amit, Z. Ethanol induced alaseactivity. Biochem. Pharmacol. 42:699-702; 1991. 



554 A R A G O N  A N D  A M I T  

4. Aragon, C. M. G.; Spivak, K.; Amit, Z. Blockade of ethanol 
induced conditioned taste aversion by 3-amino-1,2,4-triazole: Ev- 
idence for catalase-mediated synthesis of acetaldehyde in rat 
brain. Life Sci. 37:2077-2084; 1985. 

5. Aragon, C. M. G.; Spivak, K.; Amit, Z. Effects of 3-amino- 
1,2,4-triazole on ethanol induced open field activity: Evidence for 
brain catalase mediation of ethanol's effects. Alcohol. Clin. Exp. 
Res. 13:104-108; 1989. 

6. Aragon, C. M. G.; Spivak, K.; Amit, Z. Effect of 3-amino-l,2,4- 
triazole on ethanol-induced narcosis, lethality and hypothermia 
in rats. Pharmacol. Biochem. Behav. 39:55-59; 1991. 

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. Aragon, C. M. G.; Stotland, L. M.; Amit, Z. Studies on ethanol- 
brain catalase interaction: Evidence for central ethanol oxidation. 
Alcohol. Clin. Exp. Res. 15:165-169; 1991. 

9. Brown, Z. W.; Amit, Z.; Smith, B. R. Intraventricular self- 
administration of acetaldehyde and voluntary ethanol consump- 
tion in rats. Behav. Neural Biol. 28:150-155; 1980. 

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

11. De Master, 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. Dudek, B. C.; Abbott, M. E. The relationship between ethanol- 
induced locomotor activation and narcosis in long-sleep and 
short-sleep mice. Alcohol. Clin. Exp. Res. 8:272-276; 1984. 

13. Eide, J.; Syversen, L. M. Uptake of elemental mercury and activ- 
ity of catalase in rat, hamster, guinea pig, normal and acatala- 
semic mice. Acta Pharmacol. Toxicol. 51:371-376; 1982. 

14. Feinstein, R. N.; Howard, J. B.; Braun, J. T.; Seaholm, J, E. 
Acatalasemic and hypocatalasemic mouse mutants. Genetics 53: 
923-933; 1966. 

15. Feinstein, R. N.; Seaholm, J. E.; Howard, J. B.; Russell, W. L. 
Acatalasemic mice. Genetics 52:661-662; 1964. 

16. Frye, G. D,; Breese, G. R. An evaluation of the locomotor stimu- 
latory action of ethanol in rat and mice. Psychopharmacology 
(Bed.) 75:372-379; 1981. 

17. Fuller, J. L. Measurement of alcohol preference in genetic experi- 
ments. J. Comp. Physiol. Psychol. 57:85-88; 1964. 

18. 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. 

19. Handler, J. A.; Bradford, B. V.; Glassman, E.; Ladine, J. K.; 
Thurman, R. G. Catalase-dependent ethanol metabolism in vivo 
in deermice lacking alcohol dehydrogenase. Biochem. Pharmacol. 
35:4487-4492; 1986. 

20. Horowitz, G. P.; Whitney, G. Alcohol-induced conditioned aver- 
sion: Genotypic specificity in mice (Mus musculus). J. Comp. 
Physiol. Psychol. 89:340-346; 1974. 

21. Keilin, D.; Nicholls, P. Reactions of cataiase with hydrogen per- 
oxide and hydrogen donors. Biochem. Biophys. Acta 29:302-307; 
1958. 

22. Nicholls, P. The reaction between aminotriazol¢ and cataiase. 
Biochem. Biophys. Acta 59:414-420;1962. 

23. Reitze, H. L.; Seitz, K. A. Light and electron microscopical 
changes in the liver of mice following treatment with aminotri- 
azole. Exp. Pathol. 27:17-31; 1985. 

24. Smith, B. R.; Amit, Z.; Splavinsky, J. Conditioned place prefer- 
ence induced by intraventricular infusions of acetaldehyde. Alco- 
hol 1:193-195; 1984. 

25. Smith, B. R.; Spivak, K. J.; Amit, Z. Does acetaldehyde play a 
role in alcoholism? Behavioral versus biochemical analysis. In: 
Kozlowski, L. T.; Annis, H. M.; Cappell, H. D.; Glaser, F. B.; 
Goodstadt, M. S.; Israel, Y.; Kalant, H.; Sellers, E. M.; Vingilis, 
E. R., eds. Research advances in alcohol and drug problems, vol. 
10. New York: Plenum Press; 1990:1-13. 

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

27. Spivak, K.; Aragon, C. M. G.; Amit, Z. Alterations in brain 
aldehyde 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 acetal- 
dehyde in human blood with minimal ethanol interference. Clin. 
Chem. Acta 98:201-205; 1979. 

29. Tampier, L.; Quintanilla, M. E.; Letelier, C.; Mardones, J. Ef- 
fect of 3-amino-l,2,4-triazole on narcosis time and lethality of 
ethanol in UChA rats. Alcohol 5:5-8; 1988. 


