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Abstract

To assess the role of cyanamide and 4-methylpyrazole (4-MP) in mediating ethanol-induced locomotor activity in mice, they were
pretreated with cyanamide (12.5, 25, or 50 g/kg) prior to one ethanol injection (2.4 g/kg) and showed significantly depressed locomotor
activity compared with control groups. Cyanamide (25 mg/kg) also cancelled out the biphasic action of ethanol (0, 0.8, 1.6, 2.4, 3.2, or
4 g/kg) on locomotor activity. The action of cyanamide and 4-MP in combined administration was also tested. Our data show that
pretreatment with 4-MP alone does not change the spontaneous or ethanol-induced locomotor activity. Conversely, when mice were
pretreated with cyanamide and 4-MP, the depressive effect of cyanamide on the locomotor activity induced by ethanol disappeared, and
the locomotor activity rose to levels similar to those of the control group, recovering the biphasic ethanol effect. These effects cannot be
attributed to peripheral elevated blood acetaldehyde levels, as pretreatment with 4-MP prevents accumulation of acetaldehyde. These data
might suggest some influence of brain catalase and aldehyde dehydrogenase (ALDH) on the effects of ethanol. © 2002 Elsevier Science Inc.

All rights reserved.
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1. Introduction

The catalase and aldehyde dehydrogenase (ALDH) activ-
ity, using inhibitors of these enzymatic systems, have been
researched for decades. After calcium cyanamide adminis-
tration, voluntary ethanol drinking was suppressed in rats
(Sinclair and Lindros, 1981); similar results were obtained
in continual and alternate access to alcohol (Sinclair et al.,
1980). In humans, this pretreatment reduces drinking by
alcoholics (Brien et al., 1980; Peachey et al., 1981a),
whereas in social drinkers or normal subjects, it does not
produce enough aversion to curtail drinking totally (Peachey
et al., 1981b,c, 1983). Varying data were obtained in this
field of research (Sinclair and Gribble, 1985; Sinclair et al.,
1980). Some authors (Sinclair and Lindros, 1981; Sinclair
et al., 1980; Spivak et al., 1987a,b) state that the accumula-
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tion of acetaldehyde by cyanamide in the periphery after
ethanol ingestion is not responsible for changes in several
ethanol-induced behaviors.

These enzymatic systems, i.e., brain catalase and ALDH,
could control the production and elimination of acetalde-
hyde in the brain. This hypothesis finds support in the
results obtained from the manipulation of these systems.
Changes in the activity of enzymatic systems produce
modifications in ethanol-related behaviors, such as alcohol
intake (Sinclair and Lindros, 1981), conditioned taste aver-
sion (CTA) (Spivak et al., 1987a; Aragon et al., 1985a,b), or
locomotor activity (Spivak et al., 1987b; Escarabajal et al.,
2000). These results may indicate that brain catalase and
ALDH could have an effect on ethanol metabolism by
regulating the levels of acetaldehyde in the brain.

Some results obtained from correlational studies on the
subject are in line with this hypothesis. Thus, levels of brain
ALDH correlated better with ethanol consumption levels
than liver aldehyde-oxidizing capacity (Socaransky et al.,
1984). Similar data are available for catalase: catalase
activity from rats naive to ethanol was significantly and
positively correlated with later voluntary consumption of
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ethanol (Aragon et al., 1985a,b; Amit and Aragon, 1988).
Global brain ALDH activity also correlated with ethanol
intake levels in rats (Aragon et al., 1985a,b; Socaransky
et al., 1985).

According to this, if brain acetaldehyde levels determine
ethanol effects, changes in central catalase and ALDH
activity could show both the possibility of brain ethanol
metabolism and the role of acetaldehyde on the psycho-
pharmacological effects of ethanol.

The role of these enzymatic systems were analyzed here
using a combined treatment with cyanamide, a catalase and
ALDH inhibitor (Deitrich et al., 1976; Nagasawa et al.,
1990), and 4-methylpyrazole (4-MP), an alcohol dehydro-
genase (ADH) inhibitor (Theorell et al., 1969). These
substances were selected for their effect on the enzymatic
system that is involved in the metabolism of ethanol. The
former, cyanamide, inhibits catalase and ALDH activity,
which could show the role of these enzymes on ethanol-
induced behaviors. The latter, 4-MP, inhibits the activity of
ADH, which could reduce the acetaldehyde levels in the
periphery after ethanol ingestion. This, in turn, could reduce
the toxic effect of the peripheral acetaldehyde. In fact, 4-MP
is used for the treatment of the toxic effect produced by high
doses of alcohol (Lindros et al., 1981).

Combined treatment of cyanamide and 4-MP to prevent
acetaldehyde accumulation in periphery also inhibits ALDH
in the brain (Sinclair and Lindros, 1981). In our study, this
manipulation was used to assess the role of peripheral and
central action of acetaldehyde in the mediation of the
locomotor activity. The hypothesis is that, if the levels of
acetaldehyde in the brain are a physiological parameter that
controls alcohol-induced locomotor activity, variations in
brain catalase or ALDH activity in the brain may then cause
differences in this behavior.

As shown above, most experiments on the cyanamide
effect have been conducted with ethanol ingestion (Socar-
ansky et al., 1985; Aragon et al., 1993) and few studies
analyzed its effect on other ethanol behaviors (Spivak et al.,
1987a,b). Our aim is to try to elucidate the role of ALDH
and catalase enzymes through (a) a systematic study with a
wide range of cyanamide doses, (b) the effect of cyanamide
in a combined treatment with 4-MP preventing peripheral
accumulation of acetaldehyde produced by cyanamide, and
(c) assessment of the effect of the latter treatment on the
locomotor activity in mice.

Specifically, we examined the effects of acetaldehyde on
ethanol-induced locomotor activity by manipulating acet-
aldehyde-metabolizing enzymes.

2. Materials and methods
2.1. Subjects

The subjects were Swiss albino mice (Harlan Interfauna
Ibérica, Barcelona, Spain), 5 weeks old, and weighing

30-35 g at the start of the experiment. The animals were
housed in groups of three or four per cage with laboratory
chow (Panlab, Spain) and tap water available ad libitum.
The animal colony room was illuminated on a 12-h day/
night cycle, lights on at 8 a.m. and lights off at 8§ p.m.
Testing was always carried out during the light cycle. The
mice were allowed 1 week of adaptation to the laboratory
housing conditions prior to experimentation. All experi-
mental procedures complied with the European Community
Council Directive (86/609/ECC) for the use of laboratory
animal subjects and in agreement with the UK Animals
Scientific Procedures Act 1986.

2.2. Apparatus

The open-field chamber consisted of a clear glass cylin-
der 25 cm in diameter and 30 cm high. The floor of the
cylinder was divided into four equal quadrants by two
intersecting lines drawn on the floor. A locomotion score
was assigned each time an animal crossed one of the lines
with all four legs. The test room was illuminated with a soft
white light and external noise was reduced.

2.3. Procedure

2.3.1. Experiment 1

The effect of doses of cyanamide (12.5, 25, and 50 mg/kg)
on an acute ethanol injection was studied in the first
experiment. Sixty-four Swiss male albino mice were treated
with intraperitoneal injections of cyanamide or saline.
Ninety minutes later, they received one saline injection,
and 30 min after that they were injected with saline
(control group) or ethanol (2.4 g/kg, experimental group).
Following the latter treatment, mice were individually
placed in the open-field chamber for 20 min and locomotor
activity was recorded for the last 10 min. This delay was
chosen to reduce the handling effect and the environmental
novelty of the open field and to allow the drug to be
absorbed (Kelley, 1993).

2.3.2. Experiment 2

In order to analyze the effect of cyanamide (25 mg/kg) on
ethanol-induced locomotor activity, 96 animals were ran-
domly assigned to two groups: control (cyanamide + saline +
saline doses) and experimental (cyanamide + saline + etha-
nol doses). The time interval between injections and loco-
motor activity measure was similar to those described in
Experiment 1.

2.3.3. Experiment 3

In Experiment 3, the effect of 4-MP on ethanol-induced
locomotor activity was analyzed. Ninety-six mice (n=8 per
group) received intraperitoneal injections of saline. Ninety
minutes after the injections, the animals were assigned to
two pretreatment conditions: saline or 4-MP (10 mg/kg).
This 4-MP dose was selected because previous studies
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(Sinclair et al., 1980; Spivak et al., 1987b) proved that it
does not produce a significant effect on locomotor behavior.

Half an hour later, the mice were injected with ethanol
(0,0.8,1.6,2.4,3.2, or 4 g/lkg) and were immediately placed
in open-field chambers for 20 min and the locomotor
activity was recorded for the last 10 min.

2.3.4. Experiment 4

The fourth study tested the effect of concurrent treatment
of cyanamide and 4-MP on the locomotor activity induced
by different doses of ethanol. Ninety-six mice were pre-
treated with cyanamide (25 mg/kg), as in Experiment 2
above. They were randomly assigned either to a control or
to an experimental group. In the former case, animals
received saline and several doses of ethanol injections; in
the latter, they were treated with 4-MP and, after half an
hour, with different doses of ethanol (0, 0.8, 1.6, 2.4, 3.2,
or 4 g/kg).

2.3.5. Experiment 5

The effect of different doses of cyanamide when inter-
acting with 4-MP was explored in another experiment.
Sixty-four mice were pretreated with cyanamide (12.5, 25,
or 50 mg/kg) half an hour before the injection of 4-MP
(10 mg/kg). The animals were treated with ethanol (0, 0.8,
1.6, 2.4, 3.2, or 4 g/kg) or saline half an hour later and
placed in the open-field chambers.

In all experiments, the animals were placed in their cages
between injections.

2.4. Drugs

Cyanamide and 4-MP (Sigma-Aldrich Quimica, Madrid,
Spain) were dissolved in saline (50 mg/20 ml and 20 mg/
20 ml, respectively). Ethanol solution (Panreac Quimica,
Madrid, Spain) was diluted in saline at 20% v/v from 96%
solutions. All injections were administered intraperitoneally.

2.5. Statistical analysis

All data were analyzed by two-way analysis of variance
(ANOVA). Pairwise comparisons were made using Fisher’s
Least Significant Difference Tests (LSD). In this study,
SYSTAT 5.2 (SPSS, Chicago, IL) was used.

3. Results

Fig. 1 shows the dose—response effects on locomotion of
cyanamide pretreatment (12.5, 25, or 50 mg/kg) 2 h before an
ethanol challenge (2.4 g/kg). A two-way ANOVA revealed a
significant cyanamide pretreatment effect [ £(3,56)=9.61,
P<.000] and an interaction effect [ F(3,56)=10.604,
P<.000], but it does not show a significant ethanol effect
[F(1,56)=1.713, P> .05]. Pairwise comparisons using Fish-
er’s test revealed that cyanamide did not change the spon-
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Fig. 1. Effect of different doses of cyanamide on locomotion induced by
ethanol. Mean (+SE) locomotor activity (counts in 10 min) for all
treatment groups (n=8). Mice were pretreated intraperitoneally with
cyanamide (12.5, 25, or 50 mg/kg). Two hours after this treatment,
ethanol (2.4 g/kg) was administered to the mice. **P<.01, for
differences between cyanamide—saline groups and cyanamide—ethanol
groups. P < 01, for differences between saline—ethanol and cyanamide—
ethanol group.

taneous locomotion compared with the control group.
Conversely, in the experimental group, the analyses showed
that cyanamide pretreatment significantly reduced ethanol-
inducing effect at all cyanamide doses evaluated: 12.5, 25,
and 50 mg/kg (P <.000).

Fig. 2 shows the locomotor activity of saline- and
cyanamide-(25 mg/kg) pretreated mice 2 h before an acute
injection of several doses of ethanol (0, 0.8, 1.6, 2.4, 3.2,
and 4 g/kg). A two-way ANOVA yielded a cyanamide effect
[F(1,84)=23.058, P<.000], an ethanol treatment effect
[F(5,84)=8.481, P<.000], and a significant interaction
between both effects [ F(5,84)=6.535, P<.000]. LSD com-
parisons showed that cyanamide pretreatment significantly
reduces ethanol-induced locomotor activity at the 1.6
[((14)=—2.791; P<.01], 2.4 [#(14)=—3.328; P<.00],
and 3.2 [#(14)=— 2.495; P<.03] doses. Besides, cyanamide
did not affect the spontaneous locomotor activity compared
to the control group.

In order to decide whether 4-MP can be used as a
pharmacological tool in later experiments, we examined its
effect on locomotor activity induced by a wide range of
ethanol doses (0, 0.8, 1.6, 2.4, 3.2, and 4 g/kg). The results are
shown in Fig. 3. A two-way ANOVA (Group x Doses)
revealed a significant ethanol pretreatment [ F(1,84)=
12.535, P<.000], but neither the 4-MP pretreatment
[F(5,84)=2.445, P>.05] nor the interaction between two
factors [ F(5,84)=1.449, P>.05] were significant. Pairwise
comparisons using Fisher’s test showed that ethanol has a
biphasic effect on locomotor activity increasing crossings
significantly at 1.6 and 2.4 g/kg. It was also shown that 4-MP
administration does not have any effect on spontaneous
locomotor activity.
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Fig. 2. Effect of cyanamide or saline on ethanol-induced locomotor
activity. Mean (£SE) locomotor activity (counts in 10 min) for all
treatment groups (n=_8). Mice were pretreated intraperitoneally with saline
or cyanamide (25 mg/kg) 2 h prior to ethanol administration (0.0, 0.8, 1.6,
24, 32, or 40 gkg). *P<.05, **P<.0l, for differences between
saline—ethanol groups and cyanamide—ethanol group. P<.05, #P<.01,
for differences between saline—saline groups and saline—ethanol groups.
TP<.05, 1TP<.01, for differences between cyanamide—saline and cyana-
mide—ethanol groups.

The results of the fourth experiment are given in Fig. 4.
This experiment tests the effect of concurrent administration
of cyanamide and 4-MP on ethanol-induced locomotor
activity. A two-way ANOVA showed a significant ethanol
effect [ F(5,84)=12.442, P<.000], but neither the factor
group [ F(1,84)=0.22, P>.05] nor the interaction between
both factors [ £(5,84)=1.017, P>.05] were significant. Post
hoc Fisher’s LSD test revealed that ethanol has a similar
biphasic effect on locomotor activity. Crosses are signific-
antly increased at 1.6—2.4 and 2.4 g/kg for the control and
experimental groups, respectively.
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Fig. 3. Effect of 4-MP on ethanol-induced locomotor activity. Mean (£ SE)
locomotor activity (counts in 10 min) for all treatment groups (n=_8). Mice
were pretreated intraperitoneally with saline or 4-MP (10 mg/kg) half an
hour prior to ethanol administration (0.0, 0.8, 1.6, 2.4, 3.2, or 4.0 g/kg).
** Pp<.01, for differences between saline—ethanol groups and saline—
saline groups. "P< 01, for differences between 4-MP—etanol and 4-MP—
saline groups.
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Fig. 4. Effect of concurrent administration of cyanamide and 4-MP or saline
on ethanol-induced locomotor activity. Mean (+SE) locomotor activity
(counts in 10 min) for all treatment groups (n=28). Mice were pretreated
intraperitoneally with cyanamide (25 mg/kg) or saline (0.0, 0.8, 1.6, 2.4,
3.2, or 4.0 g/kg) 2 h prior to ethanol administration. #p<.01, for
differences between saline—saline group and saline—ethanol groups.
fTpP<.01, for differences between cyanamide—4-MP—saline group and
cyanamide—4-MP —ethanol groups.

The fifth experiment studied the effect of the combined
administration of 4-MP and different doses of cyanamide
(12.5, 25, and 50 mg/kg) on locomotor and ethanol-induced
locomotor activity (Fig. 5). A two-way ANOVA showed a
significant effect only for the factor group [ F(1,56) =26.409,
P<.000], but no statistical effect for the factor dose
[F(3,56)=0.446, P>.05] or the interaction [F(3,56)=
0.377, P>.05]. LSD comparisons proved that none of the
groups treated with the combined treatment show any effect
on the spontaneous locomotor activity or between doses
of cyanamide.
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Fig. 5. Effect of concurrent administration of different doses of cyanamide
and 4-MP on locomotion induced by ethanol. Mean (+SE) locomotor
activity (counts in 10 min) for all treatment groups (n=8). Mice were
pretreated intraperitoneally with cyanamide (12.5, 25, or 50 mg/kg). Two
hours after this treatment, ethanol (2.4 g/kg) was administered to mice.
*P<.05, **P<.01, for differences between cyanamide— 4-MP—ethanol
groups and cyanamide— 4-MP—saline group.
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4. Discussion

This paper gives evidence that cyanamide injections
depress the stimulating effect that ethanol causes on the
locomotor activity in a dose-dependent manner (Figs. 1
and 2). Cyanamide doses do not modify the spontaneous
locomotor activity compared with control groups when
administered alone.

Besides, when mice were pretreated with 4-MP injections
(Fig. 3), we obtained an effect similar to that of saline-
pretreated animals. Both groups showed the biphasic effect
of ethanol on the locomotor activity in mice. The spontan-
eous locomotor activity did not change. These results may
allow the use of this inhibitor as a pharmacological tool in
the study of possible implications of catalase and ALDH on
ethanol-induced behaviours.

The results of the fourth experiment showed that the
combined treatment of cyanamide and 4-MP enhances the
ethanol-induced locomotor activity similar to saline- and
4-MP-pretreated mice. As in other studies, cyanamide
appears to cause a depression in ethanol-induced locomotor
activity (Figs. 1 and 2). However, we also showed that the
increase in the locomotor activity following treatment with
the combination of cyanamide and 4-MP is not just an
additive response, because administration of 4-MP alone
(Experiment 3) gives similar results to those administered
with saline only.

These results are not just the prevention of cyanamide-
induced depression by 4-MP either: if we compare this
result with those obtained when an inhibitor of ALDH, but
not of catalase, is administered, a different pattern of
behavior can be seen (Escarabajal, 2000). In this case
(inhibitor + 4-MP), the locomotor activity differs signific-
antly as compared with the control group (saline +4-MP).

The difference between the results obtained from cyan-
amide and from disulfiram or its metabolites lies in that the
former inhibits the catalase activity whereas the latter does
not. Several studies have also shown that the treatment with
cyanamide reduces the brain catalase activity in a dose-
dependent manner (Shirota et al., 1982; DeMaster et al.,
1986, 1988; Sanchis-Segura et al., 1999). According to these
data, the results obtained here could be a reflection of the
brain catalase in the ethanol-induced effects on behavior.

On the other hand, although treatment with 4-MP
reduces the peripheral accumulation of acetaldehyde, the
interaction between cyanamide and 4-MP does not
enhance the locomotor activity over the levels of saline.
This may be because cyanamide inhibits the activity of
brain catalase and this may result in lower levels of
acetaldehyde. This may find support in the fact that
ALDH inhibition alone enhances the locomotor activity
over the control group (Escarabajal, 2000) and in the data
showing that, when only catalase is inhibited (Sanchis-
Segura et al., 1999; Escarabajal et al., 2000), the cyan-
amide-induced depressing activity increases in animals
treated with ethanol.

In this sense, several studies have analyzed the role of
catalase (Gill et al., 1996, Sanchis-Segura et al., 1999;
Escarabajal et al., 2000) and ALDH enzymes (Spivak et al.,
1987a; Gill et al., 1996; Escarabajal, 2000) in the metabol-
ism of ethanol. Consequently, acetaldehyde has been held
responsible for some of the psychopharmacological effects
of ethanol, for example, CTA (Aragon et al., 1985a,b;
Spivak et al., 1987a), ethanol consumption (Sinclair et al.,
1980; Socaransky et al., 1984, 1985), or locomotor activity
(Spivak et al., 1987b).

This hypothesis is not without problems. First is the
difficulty in detecting acetaldehyde in brain following
exposure to normal amounts of ethanol (Eriksson, 1980);
this is because the hepatic metabolism of acetaldehyde by
ALDH is very effective and does not let acetaldehyde into
the brain. Secondly, the metabolic barrier constituted by
ALDH (Tabakoff et al., 1976; Zimatkin, 1991) prevents
acetaldehyde from penetrating from blood to brain.

Identification of brain ethanol metabolizing enzymes,
e.g., catalase (Zimatkin and Lindros, 1996; Hamby-Mason
et al.,, 1997) and ALDH enzymes (Zimatkin and Lindros,
1989; Zimatkin et al., 1992) may indicate occurrence of
acetaldehyde in the brain. This has been interpreted as an
evidence of ethanol metabolism in the brain (Cohen et al.,
1980; Zimatkin and Deitrich, 1997).

The pretreatment with ALDH inhibitors such as disul-
firam (Deitrich and Erwin, 1971; Yourick and Faiman,
1989) or cyanamide (Brien et al., 1985) before ethanol
challenge causes toxicity due to an increase in the peripheral
acetaldehyde levels (Kitson, 1991; Kupari et al., 1983). This
toxic effect may conceal the behavioral expression of
ethanol induction.

Therefore, pretreatment with 4-MP could reduce the
acetaldehyde levels after ethanol ingestion (Sinclair and
Lindros, 1981; Sinclair et al., 1980), but this reduction
would be only in the periphery because brain ADH plays
a minor role in the metabolism of ethanol (Raskin and
Sokoloff, 1972; Giri et al., 1989). Hence, there could be a
larger accumulation of brain acetaldehyde, and this in turn
could result in an increase in ethanol-induced behaviors
(Experiment 4).

Our results show an antagonistic interaction between
cyanamide and ethanol-induced effects. This is in accord-
ance with previous studies (Sinclair and Gribble, 1985;
Sinclair and Lindros, 1981; Aragon et al., 1993; Spivak
et al., 1987a,b). Thus, different doses of cyanamide in mice
treated with an acute dose of ethanol show a significant
decrease in locomotor activity compared to the control
group. Moreover, cyanamide (25 mg/kg) removes the bipha-
sic effect of ethanol on locomotor activity, showing even
larger levels of narcosis than in saline-pretreated animals.

The reduction of ethanol-induced behaviors may thus be
caused by peripheral accumulation of acetaldehyde. In fact,
this is the rationale of the pharmacological therapies that
use cyanamide as a deterrent, as an increase in peripheral
levels of acetaldehyde is toxic. In our study, this toxicity
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could reduce the locomotor activity induced by ethanol,
since the higher the dose of ethanol, the lower the
locomotor activity. This is because the peripheral acetalde-
hyde increases too, sometimes reaching levels higher than
those of the control group.

On the other hand, Experiments 4 and 5 showed (a) the
suppression of the effect of cyanamide on ethanol-induced
locomotor activity and (b) an increase in ethanol-induced
locomotor activity after pretreatment with cyanamide and
4-MP, thus leading to the biphasic ethanol effect on loco-
motor activity. Contrary to the results obtained with drugs
that only inhibit ALDH activity (Escarabajal, 2000), our
results do not show any significative increase compared to
the control group. This could be explained by the double
cyanamide action that inhibits catalase (Shirota et al., 1982;
DeMaster et al., 1988) and ALDH (Deitrich et al., 1976;
Loomis and Brien, 1983) activity.

Overall, these results could suggest a role for the
catalase in the mediation of locomotor activity induced by
ethanol. They might also support the idea that some
psychopharmacological actions of ethanol could be medi-
ated by acetaldehyde.
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