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ABSTRACT

Catalase Inhibition Attenuates the Acquisition and Maintenance of Ethanol
and Saccharin-Quinine Consumption in Laboratory Rats

Susan Rotzinger

The central production and elimination of acetaldehyde has long been
thought 10 mediate many of the behavioral and rewarding effects of ethanol.
The enzyme catalase is thought to play an important role in the central
production of acetaldehyde, and hence in many of ethanol's effects. The
objective of the present work was to examine the role of catalase in the
acquisition and maintenance of voluntary ethanol consumption in rats using
the catalase inhibitor 3-amino-1,2,4-triazole (AT). In the first experiment, AT
(0.5 g/kyp) significantly attenuated consumption of novel ethanol and
saccharin-quinine (SQ) solutions throughout an acquisition period and a
subsequent maintenance period during which no injections were
administered. This finding suggested that AT had a non-specific suppressive
effect on the consumption of a novel flavored fluid. In a second experiment,
the consumption of familiar ethanol or SQ solutions was examined following
two duses of AT . Both AT doses decreased ethanol consumption, supporting
the notion that catalase activity is involved in the modulation of ethanol
intak .. However, the higher dose of AT also decreased SQ consumption,
suggesting that some other mechanism may have been involved in the
decreased consumption. Thereiore, the possibility that AT induced a
conditioned taste aversion (CTA) was assessed in a final experiment. The
results suggested that a CTA was not likely the sole cause of the decreased
consumption, and suggested the need to further examine the effects of AT on

the consumption of flavored fluids.
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INTRODUCTION

Determining the biological factors that control ethanol intake is an
important problem on an applied level in terms of the obvious health and
social benefits, but is also important on a more basic level in terms of
providing insight into the neurobiological mechanisms which regulate ethanol
intake. Arguments have been presented to suggest that the basis of ethanol
consumption and addiction is its reinforcing properties, and is not a result of
physical dependence, stress reduction, or nutritional deficiencies (Amit &
Sutherland, 1987; Amit, Sutherland, & White, 1976). However, the
biochemical substrate of this reinforcement has not been adequately
identified. Several neurotransmitter systems have been proposed to play a
role in ethanol's reinforcing and behavioral effects; however, regardless of
which transmitter systems are ultimately found to mediate ethanol
consumption, the critical question which remains to be answered is how
ethanol or its metabolites initiate these changes. The first step in any of
ethanol's effects is likely to be the direct action of either ethanol or one of its
metabolites.

Acetaldehyde is the first metabolic product of ethanol metabolism, and
it has been implicated in many of ethanol's toxic (Raskin, 1975; Raskin &
Sokoloff, 1972), behavioral, and rewarding properties (Amir, Brown & Amit,
1980; Amit & Smith, 1989). The theoretical basis of the presen. thesis is that
the rate of central acetaldehyde formation and degradation is critical in the
mediation of ethanol's effects, and that it is the enzyme catalase which is
critical in central acetaldehyde formation (e.g. Aragon & Amit, 1985). The
present work will be concerned with demonstrating the importance of

catalase activity in mediating voluntary ethanol consumption in rats.



'che first part of this introduction will provide a brief background into
the metabolism of ethanol, and some of the studies implicating differencc - in
ethanol metabolism as underlying differences in response to, and
consumption of, ethanol. Human studies of differences in ethanol and
acetaldehyde metabolism will be briefly examined to illustrate that alt*: ugh
acetaldehyde has well known aversive properties, it also has potentially
reinforcing properties. Next, a detailed examination of experimental studies
of the reinforcing and behavioral effects of acetaldehyde will be presented.
Finally, the putative role of the enzyme catalase in central acetaldehyde
formation, and the behavioral significance of this presumed pathway, will be
examined in detail, and will conclude with the rationale and purpose of the
present work.

Enzymes of Peripheral Ethanol Metabolism

Ethanol is thought to be oxidized to acetaldehyde in the liver primarily
by alcohol dehydrogenase (ADH) (Koop, 1989). There are also several minor
pathways in the liver through which ethanol oxidation takes place. Two of
the more important of these minor pathways are the cytochrome P450
system, and the hydrogen peroxide (H202) dependent catalase pathway
(Koop, 1989). Following its formation, acetaldehyde is then rapidly oxidizea
to acetate by the NAD*-dependent aldehyde dehydrogenase (ALDH)
(Agarwal & Goedde, 1989). Several forms of human ALDH exist, the two
major ones being the cytoplasmic ALDH1, and the mitochondrial high affinity
(low Km) ALDH2 (Agarwal & Goedde, 1989).

Human Studies

Studies of the drinking patterns of certain racial and ethnic groups
suggest that biological factors ccntrolling acetaldehyde production and
elimination may play an important role in the regulation of alcohol intake. A
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large percentage of Orientals experience the alcohol sensitivity symptoms of
facial flushing and increased heart rate in response to alcohol consumption
(Agarwal & Goedde, 1989). This effect is associated with the absence of the
low Km ALDH isozyme in these individuals (vonWartburg & Buhler, 1984,
Agarwal & Goedde, 1989), and is attributed to an increase in blood
acetaldehyde levels (Mizoi et al., 1979). These higher blood acetaldehyde
levels, and the concomitant aversive affects, are thought to be responsible for
the lower alcohol consumption seen in many segments of the Oriental
population (Higuchi et al., 1992; Thomasson, Crabb, Edenberg, & Li, 1993)

In a somev.hat related vein, a drug therapy for alcoholism was
initiated based on the finding that peripheral acetaldehyde accumulation has
aversive effects (Hald & Jacobsen, 1948). Inhibitors of ALDH were
administercd so that when alcohol was consumed, the metabolism of
acetaldehyde would be inhibited, leading to illness which would curtail
further drinking (Peachey, 1989). However, it was soon discovered that at
low levels, acetaldehyde could produce euphoric effects, and could actually
enhance ethanol's effects. Non-alcoholic human volunteers given the ALDH
inhibitors disulfiram or calcium carbimide, and small quantities of ethanol,
reported feeling less sober, happier, more clear thinking, alert, relaxed, and
more intoxicated and euphoric than controls (Brown, Amit, Smith,
Sutherland, & Selvaggi, 1983). Other data alsc uggested that the reaction to
calcium carbimide or disulfiram and ethanol is highly variable between and
within individuals, and may actually have positive subjective effects in some
(Peachey, 1989). These findings support the notion that acetaldehyde may

have positively reinforcing properties in humans.




Animal Studies

The production and elimination of acetaldehyde has been studied in
animals with respect to its role in regulating ethanol intake. Blocking the
production of acetaldehyde with ADH inhibitors decreased voluntary ethanol
consumption in rats (Carr, Brown, Rockman, & Amit, 1980), which suggest.d
that acetaldehyde production may be important in mediating some aspects of
alcohol consumption.

Rapid elimination of acetaldehyde also appears to be involved in the
mediation of alcohnl consumption, since a positive correlation between ALDH
activity and ethanol consumption has been established (Amir, 1977; Sinclair
& Lindros, 1981; Socaransky, Aragon, & Amit, 1985; Socaransky, Aragon,
Amit, & Blander, 1984). Furthermore, a pharmacological manipulation
which decreased the activity of ALDH (cyanamide) also decreased voluntary
ethanol consumption in rats in a 24 hour free access paradigm (Sinclair &
Lindros, 1981; Aragon, Spivak, Smith & Amit, 1993). An important
extension of this finding was that when cyanamide was co-administered with
4-methylpyrazole (an ADH inhibitor), to prevent peripheral acetaldehyde
accumulation, the suppression of drinking was not removed (Sinclair &
Lindros, 1981). This suggested that the effects of ALDH inhibition on ethanol
consumption were centrally mediated, and were not due to the aversive
effects of peripheral acetaldehyde accumulation.

The enzymes of ethanol and acetaldehyde metabolism appear to play a
significant role also in the behavioral effects of ethanol. Inhibition of brain
ALDH attenuated ethanol-induced locomotor behavior (Spivak, Aragon, &
Amit, 1987b), which suggested that the rapid elimination of central
acetaldehyde was important in the expression of this effect.




When ethanol is administered following the consumption of a novel
flavored saccharin solution, it will cause a decrease in the consumption of
that fluid on subsequent presentations, an effect known as a conditioned
taste aversion (CTA) (Kulkosky, Sickel & Riley, 1980; Lester, Nachman &
LeMagnen, 1970). All self-administered drugs are also capable of producing a
CTA, which is thought to reflect an aversion to the novelty of the
psychopharmacological effects of the drug (Hunt & Amit, 1987; Sklar & Amit,
1977). Therefore, it can be inferred that a manipulation which attenuates the
CTA to ethanol may have attenuated ethanol's psychopharmacological effects.
This logic was applied in a study of the effects of ALDH inhibition on an
ethanol-induced CTA (Spivak, Aragon & Amit, 1987a). Low ethanol doses
(0.4 g/kg), which alone were too small to produce a CTA, were capable of
producing a CTA when administered in combination with the ALDH inhibitor
cyanamide. This result may have been due to an enhancement of
acetaldehyde's central effects via ALDH inhibition, similar to the effect seen
in humans when low quantities of ethanol were consumed following the
administration of ALDH inhibitors (Brown et al., 1983). However, at the
highest ethanol doses tested (1.2g/kg), cyanamide decreased an ethanol CTA.
At first, this result seemed to suggest that ALDH inhibiticn attenuated some
of the psychopharmacological properties of ethanol, which resulted in the
attenuated CTA. This interpretation would be consistent with the findings
that ALDH inhibition decreased unrestricted voluntary ethanol consumption
(Sinclair & Lindros, 1981), and that an increase in ALDH activity was
associated with an increase in ethanol drinking (Amir, 1977; Sinclair &
Lindros, 1981; Socaransky et al., 1984;1985). However, the CTA results must
be viewed with caution in light of recent evidence that cyanamide may have a

general effect of increasing fluid consumption in a restricted access paradigm
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(Aragon et al., 1993; Spivak & Amit, 1987). Thus, the attenuation in the CTA
to the high dose of ethanol by cyanamide may have been secondary to
cyanamide's effect of increasing fluid consumption in general.

einforcing Properties of Acetaldehyde

Although the studies cited above indirectly implicated acetaldehyde in
ethanol reinforcement, more direct evidence of acetaldehyde's reinforcing
properties has also been obtained. Centrally administered acetaldehyde
produced a conditioned place preference in rats (Smith, Amit, & Splawinsky,
1984), an effect taken as evidence of reinforcement (Mucha, van der Kooy,
O’Shaughnessy & Bucenicks, 1982). Rats also performed an operant response
to receive intracerebroventricular (Brown, Amit, & Rockman, 1979) or
intravenous (Myers, Ng, & Singer, 1982) infusions of acetaldehyde.
Furthermore, the rate at which rats self-administered acetaldehyde centrally
was correlated with subsequent levels of voluntary ethanol intake (Brown,
Amit & Smith, 1980). This finding provided evidence not only that central
acetaldehyde could support reinforcement, but also that ethanol intake was
related to acetaldehyde intake, which implied a possible common regulatory
mechanism.

Further support that ethanol and acetaldehyde have similar
psychopharmacological properties came from a report that ethanol pre-
exposure blocked a CTA to a low dose of acetaldehyde, and a low dose of
acetaldehyde blocked an ethanol-induced CTA (Aragon, Abitbol, & Amit,
1986). Since pre-exposure to a conditioning agent reduces the subsequent
ability of that agent to induce a CTA. presumably through latent inhibition
(Logue, 1979), pre-exposure disruption of a CTA can be taken as evidence of a
pharmacological similarity between the drug given during pre-exposure and
the drug used in CTA conditioning (Aragon et al., 1986).




Thus, several lines of evidence indicate that acetaldehyde has
reinforcing properties, and that the rate of acetaldehyde formation and
degradation may be important in mediating these reinforcing effects.
However, the mechanism by which acetaldehyde is formed, and subsequently
mediates these effects, is not currently known.

Catalase

Catalase-mediated acetaldehyde formation

Although considerable evidence supported the role of acetaldehyde in
many of ethanol's effects, it was still unclear how acetaldehyde mediated
these effects in the brain, since acetaldehyde was not readily detectable in the
brain during ethanol intoxication (Eriksson & Sippel, 1977: Sippel, 1974;
Westcott, Weiner, Shultz, & Myers, 1980). Acetaldehyde was unlikely to be
carried by the blood to the brain in appreciable quantities, since erythrocytes
rapidly oxidize acetaldehyde, and since during normal ethanol intake blood
acetaldehyde levels are very low for this reason (Lindros, 1989).

Furthermore, blood acetaldehyde levels do not reflect those found in the brain
(Tabakoff, Anderson, & Ritzman, 1976), and appear to reflect artefactual non-
enzymatic acetaldehyde production (Eriksson, 1980; Eriksson & Fukunaga,
1993). However, acetaldehyde could still be postulated to mediate ethanol's
behavioral and rewarding effects if a mechanism for the production of
acetaldehyde in the brain itself was identified.

The first demonstration of ethanol oxidation by rat brain in vivo
involved the action of the enzyme catalase in conjunction with endogenous
H2092 (Cohen, Sinet & Heikkila, 1980). The presence of catalase in brain had
already been demonstrated by biochemical (Gaunt & DeDuve, 1976), and
histochemical (McKenna, Arnold & Holtzman, 1976) techniques. As well,

evidence for HQ02 production by rat brain in vivo had also been obtained




(Sinet, Heikkila & Cohen, 1980). Thus, all that remained was to demonstrate
that ethanol served as a substrate for catalase activity in vivo.

Catalase reacts with H209 to form a compound known as compound I
(Cohen et al., 1980) (see Table 1, reaction 1). Under normal physiological
conditions, catalase decomposes H202 via the formation of the catalase-H202
compound I, which is followed by a reaction between compound I and another
molecule of H202 to form oxygen, water, and free catalase (see Table 1,
reaction 2). Compound I can alse react with the drug 3-amino-1,2,4-triazole
(AT) to irreversibly inhibit catalase activity (Margoliash, Novogrodsky, &
Schejter, 1960) (see Table 1, reaction 3). Catalase also reacts with ethanol to
produce acetaldehyde and free catalase (Keilin & Nicholls, 1958) (Table 1,
reaction 4). The reactions of ethanol and AT with compound I are competitive

(Table 1, reactions 3 and 4).

Table 1
Reactions of catalase and compound I

1. catalase + H209 --> [catalase-H202]
compound I

2. compound I + H902 --> catalase + 02 + 2H20

3. compound I + AT --> irreversibly inhibited
catalase

4. compound I + ethanol --> catalase +
acetaldehyde

Cohen et al. (1980) reasoned that if ethanol prevents the inhibition of
catalase by AT, then it can be inferred that ethanol has served as a substrate

for catalase oxidation. In a study examining this question, rats were injected

with ethanol followed 30 minutes later by AT. Inhibition of catalase by AT



was completely blocked by ethanol, whereas ethanol by itself had no effect on
brain catalase activity. This finding represented the first demonstration of
ethanol oxidation by rat brain in vivo (Cohen et al., 1980). This finding was
extended in a subsequent study which showed that ethanol protects catalase
from inhibition by cyanamide and 4-hydroxypyrazole dose dependently in
vitro and in vivo, again providing evidence that ethanol is a substrate for
catalase (Aragon, Stotland, & Amit, 1991). Further evidence of ethanol
oxidation by the catalase pathway came from studies of acetaldehyde
production in vitro by rat brain homogenates incubated with ethanol. The
production of acetaldehyde was increased by the addition to the incubation
medium of glucose oxidase, a known hydrogen peroxide generator (Aragon,
Rogan, & Amit, 1992; Gill, Menez, Lucas, & Deitrich, 1992; Tampier,
Quantanilla, Letelier & Mardones, 1988). However, the same studies showed
that acetaldehyde production was unaffected by metyrapone, an inhibitor of
cytochrome P450, or by pyrazole, an alcohol dehydrogenase inhibitor. These
findings demonstrated that the cytochrome P450 pathway and the ADH
pathways were not playing a significant role in acetaldehyde production.
Further evidence for the role of catalase in acetaldehyde production in
vivo came from swudies of normal and acatalasemic mice. The C3H-N and
C3H-A mouse strains are similar in every respect except that the C3H-A
strain is genetic .y acatalasemic (Feinstein, Howard, Braun, & Seaholm,
1966; Feinstein, Seaholm, Howard, & Russell, 1964). Mean brain catalase
activity in the C3H-A mice is approximately half of that in the normal C3H-N
mice (Aragon & Amit, 1993). When normal C3H-N brain homogenates were
incubated with increasing concentrations of ethanol, there was a dose-
dependent increase in acetaldehyde production (Aragon & Amit, 1993).

However, when acatalasemic C3H-A brains were incubated with increasing
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ethanol concentrations, there was a negligible increase in acetaldehyde
production. Moreover, the amount of acetaldehyde recovered following
ethanol incubation with C3H-A brains was significantly less than was
recovered following incubation with the normal C3H-N brains (Aragon &
Amit, 1993). Thus, this study demonstrated a difference in acetaldehyde
production from brain homogenates differing only in their amount of catalase
activity, and provided further support for the impcctance of the catalase
pathway in acetaldehyde production.

Other evidence supporting the importance of catalase activity in
ethanol metabolism comes from studies of alcohol dehydrogenase deficient
(ADH-) deer mice. The ADH inhibitor 4-methylpyrazole (4-MP) significantly
decreased ethanol metabolism in ADH- mice, suggesting that 4-MP must
have affected ethanol metabolism by a pathway other than the ADH pathway
(Bradford, Forman, and Thurman, 1993). Since 4-MP also inhibits the
availability of H902, this study suggested that the catalase pathway may
play a larger role in ethanol metabolism than was previously thought. It has
been estimated that the catalase pathway accounts for approximately 75% of
ethanol metabolism in ADH" mice, and approximately 50% in ADH* mice
(Bradford, Seed, Handler, F.rman & Thurman, 1993).

lase and the behavioral effects of nol consumpti

Although catalase had been demonstrated to oxidize ethanol in vivo in
rat brain (Cohen et al., 1980), the neurobehavioral significance of this finding
still remained to be demonstrated. Therefore, the drug 3-amino-1,2,4-triazole
(AT), which has been shown to attenuate catalase activity dose and time
dependently in vivo (Aragon, Rogan & Amit, 1991), was used in a number of

studies on ethanol-induced behavioral effects in an attempt to demonstrate
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the importance of catalase-mediated acetaldehyde production in the
expression of these behaviors.

AT pretreatment was found to attenuate locomotor depression induced
by a dose of 2.0 g/kg of ethanol in rats (Aragon, Spivak, & Amit, 1989). AT
alone had no effect on locomotor behavior, which suggested that it was the
interaction of AT and ethanol which was critical in the mediation of the
attenuated locomotor depression. Also, there were no differences in blood
ethanol levels between the AT and saline-treated animals, which argued
against the possibility that the differences in locomotor behavior were due to
differences in overall rate of ethanol metabolism and availability.

In mice, low doses of ethanol induce locomotor excitation, whereas
higher ethanol doses induce locomotor depression (Frye & Breese, 1981).
These effects of ethanol were found to be attenuated in genetically
acatalasemic mice (Aragon, Pesold & Amit, 1992), and also attenuated in
both normal and acatalasemic mice following AT administration (Aragon &
Amit, 1993). These findings are consistent with the hypothesis that
catalase-mediated acetaldehyde production is important in the expression of
ethanol-induced locomotion. Cocaine-induced locomotion was not affected by
AT in normal or acatalasemic mice, ascribing the specificity of AT's effect to
an interaction with ethanol (Aragon & Amit, 1993). Blood ethanol levels did
not differ between AT treated animals ¢ ad controls in these studies,
suggesting that the acatalasemic mice do not differ from normals in
peripheral ethanol metabolism, and that the effects of AT on locomotion are
likely to be centrally mediated.

Pre-treatment with AT has also been found to attenuate ethanol-
induced narcosis and lethality (Aragon, Spivak, & Amit, 1991, Tampier et al.,

1988). This effect was observed with several doses of ethanol (Tampier et al.,
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1988), and AT (Aragon, Spivak & Amit, 1991). Studies with normal and
acatalasemic mice have also revealed differences in the duration of ethanol-
induced narcosis (Aragon & Amit, 1993). However, it was found that the
acatalasemic mice had longer ethanol-induced sleep durations than those
observed in ncrmal mice. This at first seems contrary to expectations, since
catalasc depletions with AT attenuated sleep times in rats. However, when
AT was administered to rats following ethanol injections, rather than
preceding cthanol injections, an increase in narcosis time was also noted
(Tampier ct al., 1988). Thercfore, the effects of catalase depletion via AT, and
low catalasc activity in genetically acatalascmic mice, may not be directly
comparable in this instance. However, the important point is that there are
differences observed in ethanol-induced narcosis and lethality as a function of
catalase activity.

The C57BL/6 and DBA/2 mouse strains were also found to differ in
catalasc activity, with C57BL/6 mice having approximately 35% less catalase
than the DBA/2 (Aragon & Amit, 1987). It is of interest that there are also
differences in response to ethanol between these two strains which closely
reflect the differences seen between AT treated rats and control ratsin
response to cthanol (Aragon & Amit, 1987). For example, the C57BL/6 strain
has less catalase activity, and showed an attenuated ethanol-induced CTA to
saccharin, similar to the effect seen in AT-treated 1ats (Aragon & Amit,
1987). The C57BL/6 strain also differed from the DBA/2 strain in ethanol-
induced changes in rectal temperature, regaining of the righting reflex, and
locomotor activity, all in the same direction as seen in rats administered AT
(Aragon & Amit, 1987).

The psychopharmacological significance of central acetaldehyde

production via the catalase pathway was investigated using an ethanol-
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induced CTA paradigm (Aragon, Spivak, & Amit, 1985). Pre-treatment with
AT, and thus a decrease in catalase activity, blocked an ethanol-induced CTA
to a saccharin solution, suggesting that catalase-mediated acetaldehyde
formation may play a role in some of the psychopharmacological effects of
ethanol. AT pretreatment did not affect a lithium chloride or morphine
induced CTA, and did not induce a CTA in control animals, demonstrating
the specificity of AT to ethanol-induced effects. The effect of AT was also not
likely to be due to peripheral effects on ethanol metabolism, since blood
ethanol levels did not differ between AT treated and control animals (Aragon,

Spivak & Amit, 1985).

Catalase and Ethanol Consumption

In addition to the interaction of catalase and ethanol-induced
behaviors, brain catalase activity has also been implicated in voluntary
ethanol consumption in mice and rats. Normal (C3H-N) and acatalasemic
(C3H-A) mice differ from each other in their patterns of ethanol intake
(Aragon & Amit, 1993). Acatalasemic mice drink more ethanol than normals
at concentrations of 13-18% ethanol (v/v), and drink equivalent volumes at
concentrations cf2-12% and 19-22%. Similarly, the C57BL/6 mice have lower
catalase activity than the DBA/2 mice (Aragon & Amit, 1987), yet are known
to be a high alerhol consuming strain (Whitney & Horowitz, 1978). 1t is not
presently clear why lower catalase activity is associated with higher ethanol
consumption in mice, whereas the inverse is true for rats (see below).
However, one obvious possibility is that there are species differences in
sensitivity to ethanol, an assertion which is supported by the well known
differences between rats and mice in ethanol induced locomotion (Frye &

Breese, 1980).
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Studies of catalase activity in rats have indicated a positive correlation
between brain and blood catalase activity and ethanol intake. Brain catalase
activity in rats was analvzed after a period of 25 days of voluntary ethanol
consumption, and significant positive correlations between ethanol intake
and catalase activity in individual rats were obtained (Aragon, Sternklar, &
Amit, 1985). This effect was not likely to have been due to the immediate
effects of ethanol consumption on brain catalase activity because the
correlations between catalase activity and ethanol consumption were
significant whether the rats were sacrificed immediately, or 15 days following
ethanol withdrawal. The possibility that catalase activity was induced by
ethanol consumption, and therefore accounted for the correlations, was
further tested by comparing catalase activity in rats consuming only water
with catalase activity in rats consuming only eﬁanol (Aragon, Sternklar &
Amit, 1985). Mean brain catalase activity did not differ between the groups,
indicating again that catalase activity was not induced by ethanol
consumption. The possibility that catalase activity may be an inherent
predisposing factor for ethanol consumption was still further tested in a
subsequent study in which blood catalase activity was measured in rats naive
to alcohol (Amit & Aragon, 1988). These rats were then given access to
ethanol in free choice with water for 30 days, following which they were
sacrificed and the brains were assayed for catalase activity. Blood catalase
activity measured before ethanol consumption was significantly correlated
with stable levels of ethanol intake, indicating that catalase activity was an
inherent predisposing factor. Furthermore, blood catalase activity was
significantly correlated with brain catalase activity, indicating that blood

catalase is a reliable and valid indicator of brain catalase activity.



The possibility that catalase activity represents a biological marker of
the propensity to consume alcohol in humans was tested in a recent study in
which subjects were asked to complete a number of questionnaires on their
typical alcohol and drug use, and to provide a blood sample from which
catalase activity could be determined (Koechling & Amit, 1992). Blood
catalase activity was significantly correlated with typical levels of self-
reported alcohol consumption. When drug users were excluded from the
analysis so that only alcohol consumption was reflected, the correlation was
further improved. In fact, of all the predictor variables included in the
analysis, catalase activity explained the largest portion of the variance in
alcohol consumption. This study provided evidence that catalase activity
represents a possible biological marker system of alcohol intake.

Although many correlations between catalase activity and ethanol
consumption had been demonstrated, it was important to try to demonstrate
a causal relationship in which manipulations of catalase activity resulted in
changes in ethanol intake. Recent findings indicated that catalase inhibition
via AT administration resulted in a dose dependent decrease in an
established pattern of alcohol consumption in rats (Aragon & Amit, 1992),
and mice (Koechling & Amit, 1993).

The main objective of the present work was to further examine the
effects of catalase inhibition on voluntary ethanol consumption in rats. In
addition to studying the effects of catalase inhibition on stable ethanol intake,
the effects of catalase inhibition on the acquisition of ethanol intake were also
studied. Presumably, the acquisition period is when rats learn about the
reinforcing properties of ethanol consumption, and associate these effects

with the taste and smell of alcohol. If catalase-mediated acetaldehyde
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production is important in this process, then attenuating catalase activity
should attenuate the acquisition of ethanol consumption.

A second objective of the present work was to assess the specificity of
AT's effect on ethanol consumption. Several pharmacological manipulations
which have been shown to attenuate ethanol consumption have later been
discovered to attenuate the consumption of other flavored fluids, reflecting a
non-specific effect of drug treatment on alcohol consumption. Two examples
are the dopamine-B-hydroxylase inhibitor FLA-57 (Amit, Gill & Ng Cheong
Ton, 1991, Sirota & Boland, 1987), and the serotonin reuptake inhibitor
zimeldine (Gill, Amit & Ogren, 1985, Gill, Shatz, Amit & Ogren, 1986).

Therefore, the purpose of the present thesis was to further examine the
role of catalase-mediated acetaldehyde formation in the acquisition and
maintenance of voluntary consumption of ethanol, and to assess the

specificity of the catalase inhibitor AT on ethanol consumption.
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Experiment 1A

The purpose of this experiment was to further explore the relationship
between catalase activity and voluntary ethanol consumption in rats by
examining the effect of AT on the acquisition of ethanol consumption. It has
been suggested that the acquisition of ethanol consumption may be affected
by factors other than those involved in the maintenance of ethanol
consumption (Ng Cheong Ton, Brown, Michalakcas & Amit, 1983). Although
it has been shown that AT attenuated maintained ethanol consumption
(Aragon & Amit, 1992), implying a role for catalase in supporting maintained
ethanol consumption, it was nevertheless not known if catalase was
important in the acquisition of stable ethanol consumption.

It is likely that during the acquisition of high, stable levels of voluntary
ethanol intake, both taste and post-absorptive factors play a role. By
comparing ethanol intake acquisition with the intake acquisition of a
saccharin-quinine solution, it might be possible to separate the cffects of drug
treatment on the consumption of a novel flavor from the pharmacological
effects associated with ethanol consumption. If catalase-mediated central
acetaldchvdc production is important for learning about ethanol'’s reinforcing,
postabsorptive effects, then blocking acetaldehyde production with AT shouid
decrease ethanol intake relative to controls. However, if AT administration
in some way interferes with the propensity to consume novel 1lavors, then
drinking in both the ethanol and saccharin-quinine conditions should be

decreased below control levels.
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METHOD

Subjects

The subjects were 21 naive, male Long-Evans rats weighing 200-240g
at the start of the experiment. They were housed individually in stairless
steel cages in a humidity and temperature cortrolled animal colony
maintained on a 12 hour light/dark cycle (lights on at 0800). Rat chow was
available ad lib, and fluids were presented in two glass Richter tubes
mounted on the front of the cage.
Drugs

3-amino-1,2,4-triazole (Sigma Chemical Co.) was prepared fresh daily
in a concentration of 1g/2 ml of vehicle by heating and mixing with 0.9%
saline.
Procedure

Following one week of acclimatization to the colony, the animals were
presented with an ethanol acquisition schedule in which ethanol was given in
a free choice with water on alternate days. Only water was available on
intervening days. The first presentation was of a 2% (v/v) ethanol solution
prepared by mixing a 95% stock solution with tap water. On each subseq ent
presentation, the concentration was increased by 1% to a final concentration
of 10%. Onre the 10% concentration was reached, one further water day was
given, followed by a switch to 10 days of everyday presentation of 10%
ethanol in a free choice with water. Following this maintenance period, only
water was presented for a further five days, following which a second
acquisition period was instituted.

Prior to the first acquisition day, the rats were randomly assigned to
either drug or vehicle groups. One group (n=11) received 0.5 g/kg AT (ip),
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and the other group (n=10) received equivalent volumes of saline (ip).
Injections were given on ethanol presentation days five hours before the onset
of the dark cycle, and were given only during the first acquisition period. No
injections were given during the maintenance period or the second acquisition
period.
Catalase Activity

Following the completion of the experiment (24 hours after the last
ethanol presentation) the animals were anesthetized with metofane and
perfused intracardially with heparinized saline. The brains were removed
and 10% homogenates were prepared with 0.1% Triton X-100 in 10mM
potassium phosphate buffer, pH 7.0. Catalase activity was measured using a
Yellow Springs oxygen monitor equipped with a Clark style oxygen electrode
(DeMaster, Redfern, Shirota, & Nagasawa, 1986). Protein was determined
using the Lowry method (Lowry, Rosebrough, Far & Randall, 1951) and

bovine serum albumin as the standard.

RESULTS AND DISCUSSION

First Acquisition Period

Data for mean ethanol consumption (g/kg) during the acquisition and
maintenance periods are presented in Figure 1 (top panel). A two-way
analysis of variance with repeated measures (drug x days) on the acquisition
period yielded a significant effect of drug treatment (F(1,19)=16.01,p<0.001),
reflecting the finding that the AT-treated rats drank significantly less
ethanol than the control group. There was also a significant effect of ethanol
concentration (F(8,152)=3.68, p<0.001), reflecting an increase in ethanol
intake as the concentration increased. However, there was no interaction of

drug group and ethanol concentration (F(8,152)=1.986,p>0.05) .
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There was also a significant effect of drug treatment (F(1,19)=14.458,
p<0.01) and of ethanol concentration (F=(8,152)=7.183, p<0.001) on ethanol
preference (ethanol consumption in ml divided by total fluid consumption)
(Figure 1, bottom panel).

There was no effect of drug treatment on total fluid consumption
(F(1,19)=0.639, p>0.05), suggesting that the AT-treated rats compensated for
their decreased ethanol intake by increasing their water intake. There was
also no effect of AT on body weight (F(1,19)=1.77,p>0.05) during the
acquisition period, which suggested that the effect of AT on ethanol
consumption was not part of a larger general suppressive effect of AT on food
and fluid intake.

Maintenance Period

A significant difference between the groups in ethanol intake (g/kg)
remained during the 10 day maintenance period during which no injections
were given (F(1,19)=5.46, p<0.05) (see Fig. 1, top panel). This effect was
unlikely to have been due to continued catalase depletion because catalase
levels have previously been reported to recover to approximately 809 of
control levels within 48 hours following a dose of 0.5 g/kg AT (Aragon et al.,
1991). Therefore, this finding suggested that the acquisition period was a
critical time in the development of ethanol consumption without which the
animals would not spontaneously drink significant amounts of 10% ethanol.
This result is consistent with previous reports on the importance of either an
acquisition period, or a period of prolonged ethanol exposure in the
development of high levels of voluntary ethanol intake (Wise, 1973).

Ethanol intake (g/kg) changed significantly across days during the
maintenance period (F(9,171)=2.079, p<0.05), but there was no significant
interaction between days and drug group (F(9,171)=2.324, p>0.05) during this



time. The significant effect of days reflected the decrease in ethaunol intake
that occurred when the animals were switched from the alternate day ethanol
presentations of the acquisition period to the everyday presentations of the
maintenance period. This finding is consistent with many reports in the
literature that animals consume more ethanol on an alternate day schedule
than on an every day presentation schedule (Pinel, Mucha & Rovner, 1976;
Wise, 1973).

A significant difference in ethanol preference ratios between the
groups (F(1,19)=4.92, p<0.05) was also noted during the maintenance period
(Figure 1, bottom panel). This finding was consistent with the g/kg intake
results, which showed that drinking did not spontaneously recover in the AT-
treated group following the termination of injections.

There were no differences between the groups in terms of total fluid
intake (F'(1,19)=0.067, p>0.05), or body weight (F( 1,19 )=1.24, p>0.05) during
the maintenance period.

Second Acquisition Period

Ethanol intake (g/kg) during the second acquisition is presented in
Figure 2 (top panel). Two-way ANOVA revealed no significant effect of
former drug treatment on this measure (F(1,19)=3.154, p>0.05); however,
there was a significant effect of ethanol concentration (F(8,152)=20.739,
p<0.001), and a significant interaction between previous drug group and
ethanol concentration (F(8,152 )=2.195, p<0.05). A test of simple main
effects revealed that the group previously administered AT consumed less
ethanol than controls at concentrations of 6% (F(1,30)=4.32, p<0.05), 8%
(F'(1,30)=7.93, p<0.01), and 10% (F(1,30)=4.17, p<0.05). This result can be
explained by observing that ethanol drinking in the control group increased

slightly in the second acquisition period relative to the first acquisition period
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levels, suggesting that previous alcohol consumption increased the second
acquisition period drinking. Thus, since the AT-treated animals did not
drink ethanol during the first acquisition period, it should be expected that
their drinking would be lower than that of the saline-treated animals during
the second acquisition period. However, since drinking in the AT group in
the second acquisition was comparable to typical levels observed in untreated
rats during their first acquisition, drinking can be said to have recovered in
the AT-treated group.

There were no differences between the groups in terms of preference
ratios (F(1,19)=1.997, p>0.05) during the second acquisition, which further
supports the contention that drinking fully recovered when a second
acquisition period was introduced.

Neither total fluid consumption (F'(1,19)=1.167,p>0.05) nor body weight
(F(1,19)=1.331, p>0.05) differed between the groups during the second
acquisition.

] ivit

There was no significant difference between the groups in mean
catalase activity at the end of the experiment (mean catalase activity for
saline group 0.582 (4/- 0.071) nM O2/min/ug protein, AT group 0.581 (+/-
0.044), t(19)=0.048, p>0.05) demonstrating that there was n. long term effect
of AT treatment on catalase activity, and that the groups consisted of anima!s
in the same range of catalase activity.

Overall, this experiment showed that animals treated with AT during
the acquisition period failed to acquire levels of ethanol consumption as high
as those of saline treated animals during the drug treatment period. The AT
treated animals did not recover their drinking spontaneously following the

termination of drug treatment, and required a second acquisition period to do
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so. This result suggested that the acquisition period may be a critical time in
the development of voluntary ethanol consumption, when the animal may
learn about the association of taste factors with the post-absorptive,
pharmacological effects of ethanol. However, the possibility remained that
the decrease in ethanol consumption was due to an aversive association
between the effects of drug treatment and the novel flavor of ethanol.

Therefore, the next experiment was designed to address this possibility.
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Experiment 1B

Experiment 1A showed that AT administration attenuated ethanol
consumption when administered during the acquisition period. However, it
was important to determine whether this effect was specific to ethanol
consumption. If the effect was specific, then it could be attributed to the AT-
induced decrease in catalase activity, and the presumed subsequent decrease
in acetaldehyde production. However, if the effect was non-specific, another
explanation of the data would be required. Therefore, the purpose of the
present experiment was to assess the specificity of the effects of AT on
ethanol consumption by looking at its effects on the consumption of another
novel flavored fluid. The same procedure was used as in Experiment 1A,
‘xcept that a saccharin-quinine solution was used instead of ethanol.
Saccharin-quinine solutions were prepared with increasing concentrations of
quinine in an attempt to obtain similar preference ratios to those obtained

with the increasing ethanol concentrations used in Experiment 1A.
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METHOD

Subjects

The subjects were 17 naive, male Long-Evans rats, housed under the
same conditions as in Experiment 1A.
Drugs

AT was used and prepared as in Experiment 1A.
Procedure

On day one of acquisition, the rats received 0.4% sodium saccharin
solution in free choice with water. On subsequent presentations of the
saccharin, quinine sulfate (Fisher Scientific) was added in increasing
concentrations to bring consumption to levels comparable to that seen with
ethanol consumption during acquisition. The concentrations of quinine
sulfate used were 0.001% (acquisition day 2), 0.002% (day 3), 0.003% (day 4),
0.0049% (day 5), 0.006% (day 6), 0.009% (day 7), 0.011% (day 8), 0.015% (day
8), 0.03% (day 9), 0.04% (day 10). Saccharin concentrations were held
constant at 0.4% throughout. Saccharin-quinine (SQ) solutions were
presented on alternate days, with only water available on the intervening
days, as in the ethanol acquisition pro~edure. Injections of either 0.5 g/kg AT
(n=8) or saline (n=9) were given five hours before the dark cycle as in
Experiment 1A. Following the injection period, a ten day maintenance period
was instituted during which no injections were given and the animals were
maintained on a solution of 0.4% saccharin and 0.04% quinine presented

every day in free choice with water.
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RESULTS

Two-way ANOVA on saccharin consumption (ml) revealed a significant
difference between the drug groups (F(1,15)=45.146, p<0.001), with the AT
treated group consuming less SQ than the control group {(Figure 3, top panel).
There was a significant effect of days (F(10,150)=19.062, p<0.001), resulting
from the decrease in consumption across days as the quinine concentration
was increased. There was also a significant interaction of drug group and
days (F(10,150)=8.07, p<0.001) as a combined result of the AT group
consuming less SQ from the start of the acquisition period, and the control
group decreasing their consumption over days.

Two-way ANOVA on preference ratios yielded the same pattern of
results as seen with the intake data. There was a significant effect of drug
group (F(1,15)=64.513, p<0.001), a significant days effect (F(10,150)=20.087,
p<0.001), and a significant interaction (F(10,150)=5.277,p<0.001) (Figure 3,
bottom).

There was no significant difference between the drug groups in terms
of body weight (F(1,15)=3.022, p>0.05), which suggested that AT did not
affect food intake. There was a significant difference in total fluid
consumption between the groups (F(1,15)=19.715 p<0.001). This effect was
due to the enhanced SQ consumption in the saline-treated animals. The AT
treated animals drank significantly more water than controls (F1,15)=58.863,
p<0.001), suggesting that the effect of AT within the context of this
experiment was specific to saccharin consumption, and was not due to a

general suppression of fluid intake.
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Maintenance Period

Saccharin-quinine consumption (m!) remained significantly different
between the groups during the maintenance period (F(1,15)=16.743, p<0.001),
with the AT group consuming less SQ than the controls (Figure 3, top). There
was a significant days effect (F(9, 135)=2.325, p<0.05), and a significant
interaction between groups and days (F(9,135)=2.003, p<0.05) reflecting
slight variations in consumption in the control group during the maintenance
period.

Two-way ANOVA on preference ratios yielded a significant effect of
previous drug group during the maintenance period (F(1,15)=14.696,p<0.01),
a significant days effect (F(9,135)=2.958, p<0.01), but no significant
interaction (F(9,135)=1.519, p>0.05) (see Fig. 3, bottom). These results
suggested that AT had a relatively long-lasting effect on SQ consumption, as
was the case with ethanol intake.

Total fluid consumption was not significantly different between the
groups during the maintenance period (F(1,15)=4.277, p>0.05), and there was
no effect of days (F(9,135)=1.734, p>0.05), although there was a significant
interaction of group and days (F(9,135)=2.853, p<0.01) due to slight
fluctuations in total fluid consumption in the saline group during the
maintenance period.

Body weight during the maintenance period was significantly greater
for the saline-treated animals than for the AT-trcated animals
(F(1,15)=4.751,p<0.05). This finding was surprising since there was no
difference in body weight between the groups during the acquisition period.
The differences in body weight may have been due to some latent effect of AT

treatment; however, this does not seem to be likely in the absence of a similar
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effect in Experiment 1A under the same drug treatment regimen. There was
an effect of days on body weight (F(9,135)=38.212, p<0.001), reflecting an
increase in body weight over time for both groups, but no significant
interaction (F(9,135)=0.963, p>0.05), which suggested that both groups grew
at the same rate, and that the AT group did not lose weight during the
maintcuance period.

To summarize, this experiment was designed to assess the specificity of
the effect of catalase inhibition by AT on ethanol consumption through the
administration of AT during a SQ acquisition period. AT-treated animals
consumed significantly less of the SQ solution than did control animals,
paralleling the results of Experiment 1A. Furthermore, there was no
recovery of consumption during the maintenance period when no drug was
administered, as was found in the ethanol acquisition experiment, suggesting
a carry-over effect of AT administration for both ethanol and SQ
consumption.

Taken together, experiments 1A and 1B revealed that administration
of the catalase inhibitor AT resulted in a decrease in consumption when the
drug was administered concurrently with the presentation of novel-flavored
ethanol or SQ solutions. Because the consumption of novel-flavors is mo~e
easily disrupted by pairing with a drug treatment than is the consumption of
familiar flavors (Fenwick, Mikulka & Klein, 1975), and because previous
work has shown that AT treatment disrupts the consumption of a familiar
flavored ethanol solution (Aragon & Amit, 1992), it was necessary to assess

the effects of AT on the consumption of familiar ethanol and SQ solutions.
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Experiment 2

The results of Experiments 1A and 1B, which showed that 0.5 g/kg AT
decreased the consumption of novel ethanol or SQ solutions, prompted the
need for the second set of experiments in which the effects of AT on the
consumption of familiar ethanol or SQ solutions was examined. Although AT
has previously been shown to reduce ethanol consumption in a dose-
dependent fashion (Aragon & Amit, 1992), it was necessary to determine
whether this effect was specific to ethanol. Several other drugs which at first
were shown to reduce ethanol intake were later found to also reduce the
consumption of SQ solutions (Amit et al., 1991; Gill et al., 1985). Therefore,
the present series of experiments was designed to replicate previous findings
with AT on maintained ethanol consumption, and to extend these findings by
examining the effects of AT on maintained SQ consumption. In contrast to
Experiment 1, in which the ethanol and SQ su.utions were introduced on the
same day as the first drug administration, the present set of experiments
examined the effects of AT on familiar ethanol and SQ solutions that the
animals were consuming at a stable level. In Experiments 2A and 2B, the
effects of a moderate dose of AT (0.5 g/kg) on ethanol and SQ intake were
studied. A higher dose of AT (1.0 g/kg) was used in experiments 2C and 2D to
again asscss the effects of AT on maintained ethanol and SQ consumpiion,

respectively.
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Experiment 2A
METHOD

Subjects

The subjects were 20 male Long-Evans rats (Charles River, Canada)
weighing 215-240g at the start of the experiment. They were housed
individually in stainless steel cages in a humidity and temperature controlled
animal colony maintained on a 12 hour light/dark cycle (lights on at 0800).
Rat chow was available ad lib, and fluids were presented in two glass Richter
tubes mounted on the front of the cage.
Drugs

3-amino-1,2,4-triazole (Sigma Chemical Co.) was prepared fresh daily
in a concentration of 1g/2 ml of vehicle by heating and mixing with 0.9%
saline.
Procedure

Following one week of acclimatization to the colony, the animals were
presented with an ethanol acquisition regimen in which ethanol was
presented in free choice with water on alternate days. Only water was
available on intervening days. Fluid consumption was measured daily. The
first ethanol presentation was of a 2% (v/v) solution prepared by mixing a
95% stock solution with tap water. On each subsequent presentation, the
concentration was increased by 1% to a final concentration of 10%. Once the
10% concentration was reached, one further water day was given, followed by
a switch to 10 days of everyday presentation of 109 ethanol in free choice
with water. The last 5 days of this 10% maintenance period constituted the
baseline ethanol intake. Following the baseline period, a five day treatment
period was initiated. During this time, 10% ethanol was available in free

choice with water as it was during the maintenance period. However, during
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the treatment period, the animals were given intraperitoneal injections of
either saline (n=10) or AT (0.5 g/kg) (n=10) five hours before the onset of the
dark cycle. This time period was chosen to replicate previous work (Aragon &
Amit, 1992). This time period was also chosen because catalase activity has
been shown to be maximally decreased between 3 and 6 hours post injection,
and to remain decreased for at least 24 hours (Aragon, Rogan & Amit, 1991).
Following the treatment period, there were five more days of everyday
ethanol presentation in free choice with water which constituted the post-

treatment period.

RESULTS

Because of the large within group variation inherent to ethanol
drinking studies, all measures for this set of experiments are expressed in
terms of percent change from baseline for each rat. The five baseline days
were averaged for each rat, and a percent change from baseline score was
obtained for cach rat for each treatment and post-treatment day by
subtracting the baseline score from the daily score, and dividing the result by
the baseline score. Two-way analysis of variance with repeated measures on
days as the within factor, and drug group as the between factor were then
performed on all percent change from baseline measures.

Two-way analysis of variance (group x days) revealed a significant
effect of drug (F(1,18)=4.606, p<0.05) on percent change in ethanol intake
(g/kg) across the treatment and post-treatment days (Figure 4, top),
suggesting that AT treatment decreased maintained ethanol consumption,
consistent with previous reports (Aragon & Amit, 1992). There was no main
effect of days (F(9, 162)=0.895, p>0.05), and no interaction of drug group by



days (F(9, 162)=1.843, p>0.05), suggesting that AT decreased ethanol
consumption throughout the treatment and post-treatment periods.

A similar pattern of results was obtained when percent change in
ethanol preference ratios were analyzed. Ethanol preference was defined as
ethanol intake divided by total fluid (ethanol + water) intake. There was a
significant effect of group (F(1,18)=4.602, p<0.05), but no effect of days
(F(9,162)=0.901, p>0.05), and no interaction (F(9,162)=1.343. p>0.05) (Figure
4, bottom). Again, this result reflected the decrease in ethanol consumption
in the AT treated group during the treatment and post-treatment periods.

There was no effect of AT treatment on percent change in total fluid
consumption (F(1,18)=1.185, p>0.05), suggesting that AT did not have a
general effect on fluid intake, and that the rats treated with AT compensated
for their decrease in ethanol intake by increasing their water intake.

There was a significant effect of group on percent change in body
weight (F(1,18)=6.359, p<0.05), a significant effect of days (F(9,162)=108.33,
p<0.071), and a significant interaction of group and days (F(9,162)=2.507,
p<0.01). The group difference may have been due to AT having some general
suppressive effect on food consumption, or it may have been due to the saline
group increasing their weight from the extra calories they received from their
extra ethanol intake.

Overall, this experiment confirmed pervious findings that AT
decreased ethanol intake, and suggested that catalase activity was important
in the regulation of stable voluntary ethanol intake. However, given the
results of Experiment 1B, in which the effects of AT were found to be non-
specific to ethanol consumption, Experiment 2B was designed to assess the

specificity of AT's effect on maintained ethanol consumption.
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and percent change from baseline in ethanol preference ratios (bottom panel)

in saline (open circles) and AT treated (filled circles) animals.
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Experiment 2B

Subjects

The subjects were 20 male Long-Evans rats (Charles River, Canada)
weighing 200-240g at the start of the experiment. They were housed under
the same conditions as in Experiment 2A.
Drugs

3-amino-1,2,4-triazole (Sigma Chemical Co.) was prepared fresh daily
in a concentration of 1g/2 ml of vehicle by heating and mixing with 0.9%
saline.
Procedure

The animals were graduzlly introduced to saccharin with increasing
concentrations of quinine using the acquisition procedure of Experiment 1B.
On Day 1 of acquisition, the rats received a 0.4% sodium saccharin solution in
free choice with water. On subsequent presentation days, quinine sulfate
(Fisher Scientific) was added to the saccharin solution in increasing
concentrations. The concentrations used were 0.001% (acquisition day 2),
0.002¢% (day 3), 0.003% (day 4), 0.004% (day 5), 0.006% (day 6), 0.009% (day
7), 0.011% (day 8), 0.015% (day 8), 0.03% (day 9), 0.04% (day 10). Saccharin-
quinine solutions were presented on days alternating with only water
presentation. The position of the SQ bottle was alternated daily to prevent
the development of a position bias. Following acquisition, the rats were
switched to ten days of everyday presentation of saccharin-quinine (0.4%
saccharin and 0.04% quinine) in free choice with water, the last five days of
which constituted the baseline intake period. Following baseline, a five day
treatment period was initiated, during which injections of either 0.5 g/kg AT
(n=10) or saline (n=10) were administered (ip) five hours before the dark
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cycle. Following the injection period, a five day post-treatment period was
instituted during which no injections were given.
RESULTS AND DISCUSSION

Two-way analysis of variance on percent change from baseline scores of
SQ intake (ml) revealed no significant effect of group (F(1,18)=2.86, p>0.05),
no effect of days (F(9,162)=1.003, p>0.05), and no significant interaction of
group and days (F(9,162)=0.43, p>0.05) (Figure 5, top). This finding
suggested that AT did not have an effect on SQ intake, and that the effect of
AT in Experiment 2A was therefore specific to ethanol intake.

Similarly, there was no significant effect of group (F(1,18)=2.502,
p>0.05), no effect of days (F(9, 162)=0.930, p>0.05), and no group by days
interaction (F(9,162)=0.503, p>0.05) on percent change in SQ preference
ratios (Figure 5, bottom), again suggesting that AT had no effect on SQ
intake.

Percent change in total fluid intake was also not different between the
drug groups (F(1,18)=2.032, p>0.05), and there was no effect of days
(F(9,162)=1.517, p>0.05), and no group by days interaction (F(9,162)=0.849),
p>0.05). This finding again supported the notion that the effect of AT
treatment was specific to ethanol intake, and did not have a general
suppressive effect on consumption.

Body weight did not differ between the drug treatment groups
(F(1,18)=0.053, p>0.05), although there was an effect of days
(F(9,162)=96.346, p<0.001), reflecting the animals' growth over time. There
was no interaction of group by days (F(9, 162)=1.044, p>0.05), again
suggesting that AT treatment did not have an effect on food intake. This
finding also argued against the possibility that the differences in body weight

seen in Experiment 2A were due to a suppressive effect of AT on feeding, and




suggested that the differences were due to differences in calories obtained
from ethanol consumption.

Together, the results of Experiments 2A and 2B suggested that the
effect of AT was specific to ethanol intake when the flavored fluid was
familiar, in contrast to the findings of Experiment 1 in which 0.5 g/kg of AT
resulted in a decreased intake of both ethanol and SQ solutions. These
results supported the hypothesis that catalase activity was important in the
control of ethanol intake. However, the reduction in ethanol intake as a
result of AT treatment in Experiment 2A was not as large as had previously
been reported (Aragon & Amit, 1992). Furthermore, there appeared to be a
trend toward a decrease in SQ intake in Experiment 2B (Figure 5).
Therefore, a higher dose of AT (1.0 g/kg) was used in a Experiments 2C and
2D to again assess the effects of AT on the intake of familiar ethanol and SQ

solutions.
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Experiment 2C
METHOD

Subjects

The subjects were 14 male Long-Evans rats (Charles River, Canada),
housed and maintained under the same conditions as in Experiments 2A and
2B.
Drugs

3-amino-1,2,4-triazole (Sigma Chemical Co.) was prepared fresh daily
in a concentration of 1g/2 ml of vehicle by heating and mixing with 0.9%
saline.
Procedure

The procedure used was identical to that in Experiment 2A except that

1.0 g/kg AT was used.

RESULTS AND DISCUSSION

Two-way analysis of variance on percent change from baseline scores
revealed a significant effect of drug treatment on ethanol intake (g/kg)
(F(1,12)=6.031, p<0.05), but no effect of days (F(9,108)=0.626 p>0.05), and no
interaction of drug group and days (F(9,108)=0.944, p>0.05) (Figure 6, top).
These results indicated that AT treatment decreased ethanol intake during
the treatment period, and that this effect carried over to th. post-treatment
period, as was found in Experiment 2A using the 0.5 g/kg dose of AT. The
decrease in consumption during the treatment period suggested that catalase
may play an important role in mediating voluntary ethanol consumption.
However, the continued reduction in ethanol intake seen during the post-
treatment period suggested that some factors other than catalase inhibition

may have been involved in the observed reduction in ethanol intake.
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In contrast to the difference seen in g/kg ethanol intake, there were no
differences between the groups in terms of percent change in preference
ratios (F(1,12)=2.018, p>0.05), no effect of days (F(9,108)=0.532, p>0.05), and
no interaction (F(9,108)=0.439, p>0.05) (Figure 6, bottom). However, these
results can be explained by the finding ihat percent change in total fluid
intake was also decreased significantly in the AT group relative to controls
(F(1,12)=7.882, p<0.05). Thus, since the preference ratio represented the
amount of ethanol intake relative to total fluid intake, and since both ethanol
intake and total fluid intake were decreased in the AT group, the ratio
remained constant. Therefore, the percent change in preference ratios for the
AT group was not significantly different from controls. The decrease in total
fluid intake in the AT group can be attributed entirely to their decreased
ethanol intake, since there was no difference between the groups in percent
change in water intake (F(1,12)=0.082, p>0.05).

Percent change in body weight did not differ between the groups
(F(1,12)=1.621, p>0.05), again arguing against AT having a non-specific effect
on food consumption. There was an effect of days (F(9,108)=15.794, p<0.001),
reflecting growth, and there was an interaction of groups and days
(F(9,108)=2.247, p<0.05), which suggested that the two groups gained weight
at different rates; however, in the absence of an overall group difference this
finding does not support a non-specific action of AT on food intake.

This experiment confirmed previous findings which showed that AT
administration decreased ethanol intake in rats (Aragon & Amit, 1992).
However, in light of the discrepancy between Experiments 1 and 2 in terms of
the specificity of AT's effect, it was necessary to assess the specificity of the
effect of 1.0 g/kg AT by examining a SQ control group. This was the purpose

of the following experiment.
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Experiment 2D
METHOD

Subjects

The subjects were 18 male Long-Evans rats (Charles River, Canada)
housed and maintained under the same conditions as in the previous
experiments.
Drugs

3-amino-1,2,4-triazole (Sigma Chemical Co.) was prepared fresh daily
in a concentration of 1g/2 ml of vehicle by heating and mixing with 0.9%
saline.
Pr r

The procedure used was identical to that in Experiment 2B except that

1.0 g/kg AT was used.

RESULTS AND DISCUSSION

Percent change from baseline data was again used, and two-way
analysis of variance on SQ intake (ml) revealed a significant effect of drug
treatment (F(1,16)=22.498, p<0.001), but no effect of days (F(9,144)=0.508,
p>0.05), and no interaction between groups and days (F(9,144)=0.812, p>0.05)
(Figure 7, top). These results parallel what was seen with ethanol
consumption following both 0.5 and 1.0 g/kg AT in that the consumption of
the flavored fluid decreased during the treatment period, and remained
attenuated during the post-treatment period.

Preference ratios were also significantly lower in the AT group as
compared to the saline group (F(1,16)=16.367, p<0.001), reflecting the
decrease in SQ preference in the AT group (Figure 7, bottom). There was no
effect of days (F'(9,144)=0.481, p>0.05), and no interaction of days and group



(F(9,144)=0.874), p>0.05) on the measure of percent change in preference
ratios. This finding corresponded to the findings with ethanol intake, which
suggested that intake was decreased across both the treatment and post-
treatment periods.

Percent change in body weight was significantly different between the
groups (F(1,16)=96.217, p<0.001), with the AT treated group showing less of
an increase in weight than the control group. There was also a significant
effect of days (F'(9,144)=43.406,p<0.001), reflecting the animals’ growth over
time, and a significant interaction (F(9,144)=10.409, p<0.001), reflecting the
slower rate of growth in the AT treated animals. These results suggested
that AT animals may have been consuming less food than the controls.

Overall, Experiment 2D showed that AT disrupted the consumption of
a familiar SQ solution. The reason for the decrease in ethanol and SQ
consumption in this experiment, and in Experiment 1, needed to be further

explored. This was the purpose of the next experiment.
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milliliters (top panel), and percent change from baseline in saccharin-quinine

preference ratios (bottom panel) in saline (open circles) and AT treated (filled

circles) animals during a five day treatment with 1.0 g’kg AT, and during five

post-treatment days.
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Experiment 3

The previous experiments demonstrated that 0.5 g/kg of AT decreased
the consumption of novel and familiar ethanol solutions, but not familiar SQ
solutions. However, 1.0 g/kg of AT decreased the consumption of both novel
and familiar ethanol and SQ solutions. Furthermore, the decreases in
consumption were relatively long lasting. The reason for the decrease was
not immediately clear, since it was hypothesized that AT would decrease only
ethanol consumption by inhibiting the central production of acetaldehyde and
its presumed reinforcing effects. One possible explanation of the results was
that AT induced a conditioned taste aversion (CTA), which resulted in the
decreased fluid consumption. This possibility was tested in the present
experiment.

In the traditional CTA paradigm (forward CTA), a drug or other
physiological agent (conditioning agent) is administered immediately
following the consumption of a novel or distinctively flavored substance (Hunt
& Amit, 1987). It is presumed that the aversive interoc:ptive cues produced
by the drug become associated with the flavor of the ingested substance,
which results in an avoidance of that flavor on subsequent presentations.
Many psychoactive and emetic agents are capable of inducing a CTA, which is
thought to result from the novelty of the drug state or from a drug-induced
i)lness (Hunt & Amit, 1987; Sklar & Amit, 1977).

The forward CTA paradigm was used in the present study to
determine whether AT was capable of inducing a CTA. However, in the
drinking studies of Experiments 1 and 2, the drug AT was administered five
hours before the dark cycle, and thus, five hours before the majority of the
drinking took place. Therefore, to invoke the CTA explanation in these

experiments, it must be demonstrated that AT is capable of inducing a CTA
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when administered before fluid presentation (backward CTA). Backward
conditioning typically does not result in as strong or as stable CTAs as does
forward conditioning, and the strength of the aversion usually decreases as
the interval between drug administration and the ingestion of the foo( or
fluid increases (Barker, Smith, Suarez, 1977). For example, lithium chloride
(LiCl), an agent which is very effective in the forward conditioning of a CTA
(Kulkosky et al., 1980), did not produce a CTA when the interval between
LiCl administration and saccharin ingestion exceeded 30 minutes (Barker et
al., 1977). However, backward conditioning has been demonstrated with the
dopamine-B-hydroxylase inhibitor FLA-57 when this drug was administered
3-4 hours before fluid presentation (Sirota & Boland, 1987). Therefore, it was
thought necessary to test for the possibility of backward conditioning in the
present experiment.

It has previously been shown that 1.0 g/kg of AT did not induce a CTA
when administered 4 hours before the consumption of a novel saccharin
solution (Aragon, Spivak & Amit, 1985). However, the paradigm involved a
one bottle test in which saccharin was the only fluid available to the fluid
deprived rats. Since the drinking studies of Experiments 1 and 2 involved a
two bottle choice between water and either ethanol or SQ, the CTA
experiments of the present study involved a two bottle test to more closely
duplicate the testing conditions of Experiments 1 and 2. Furthermore, two
bottle tests are known to be more sensitive tests of CTA than are one bottle
tests (Hunt & Amit, 1987), therefore, it was thought prudent to employ the
two bottle test. The ability of AT (0.5 g/kg and 1.0 g'kg) to induce both

backward and forward CTA's was investigated in the present experiment.
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METHOD
Subjects

The subjects were 49 male Long-Evans rats weighing 290-340g at the
start of the experiment. The animals were housed and maintained under the
same conditions as in the previous experiments.

Drugs

3-amino-1,2,4-triazole (Sigma Chemical Co.) was prepared fresh daily
in a concentration of 1g/2 ml of vehicle by heating and mixing with 0.9%
saline.

Procedure

Baseline. The animals were allowed to adapt to the housing conditions
for two weeks, with food and water available ad lib. Following this
adaptation period, the animals were switched to a 23 hour 40 minute water
deprivation schedule. Water was available for only 20 minutes each day, and
was presented in plastic drinking tubes fitted with ball-bearing spouts and
mounted on the front of the cages. Fluid consumption was measured daily.
Water was presented for nine consecutive days until daily intake was
relatively stable for each animal.

Backward CTA. On the tenth deprivation day, a 0.1% saccharin
solution was presented for 20 minutes in the drinking tube instead of water
(Pairing Day 1). Five hours prior to the presentation of the drinking tube, the
animals were given one of three injections (ip.). One group received saline
(n=9), the second group received 0.5 g’lkg AT (n=8), and the third group
received 1.0 g/kg AT (n=8). Following Pairing Day 1, there were five days of
water presentation, followed by Pairing Day 2, in which the procedure of
Pairing Day 1 was repeated. Pairing Day 2 was followed by five more water

days. Test Day 1 followed this period, and consisted of the saccharin solution
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being presented in free choice with water for the 20 minute drinking period.
A two bottle test was used because the drinking studies of Experiments 1 and
2 employed two bottle tests, and because the two bottle test has been shown
to be a more sensitive test of CTA (Hunt & Amit, 1987). Test Day 1 was
followed by five more water days, and then by Test Day 2, which was
identical to Test Day 1. No injections were given on either of the Test Days.
Forward CTA. The procedure was identical to that of the backward
CTA, except that injections (0.0 g’kg, n=7; 0.5 g/kg, n=8; 1.0 g/kg, n=8) were
administered immediately following the 20 minute saccharin presentation on

Pairing Days 1 and 2.

RESULTS AND DISCUSSION
ck TA

A two-way analysis of variance with drug groups as the between factor
and days Pairing 1 (P1), Pairing 2 (P2), Test 1 (T1), and Test 2 (T2) as the
within factor, was performed on saccharin intake (ml). There was a
significant effect of days (F(3,66)=5.209, p<0.01), reflecting a slight decrease
in saccharin intake in all groups on Test Day 1 (Figure 8, top). However,
there was no effect of drug (F(2,22)=3.296, p>0.05), and no drug by days
interaction (F(6,66)=1.047, p>0.05), which showed that 0.0, 0.5, and 1.0 g/kg
of AT administered five hours before fluid consumption did not have a
differential effect on saccharin intake. This finding indicated that AT did not
induce a backward CTA, consistent with previous reports (Aragon et al.,
1985).

Because the test day involved a two bottle choice between water and
saccharin, test day preference ratios were also examined. A preference ratio

was obtained for each animal by dividing saccharin consumption by total




fluid intake. A two-way analysis of variance of drug by days for T1 and T2
showed again that there was no effect of AT dose on saccharin preference
(F(2,20)=1.208, p>0.05), no effect of days (F(1,20)=0.315, p>0.05), and no
interaction (F(2,20)=0.554, p>0.05) (Figure 8, bottom). This finding provided
further support that AT did not induce a backward CTA.

Forward CTA

Two-way analysis of variance on saccharin intake across days P1, P2,
T1, and T2 for the animals receiving 0.0, 0.5, or 1.0 g/kg of AT following
saccharin consumption revealed a significant effect of drug (F(2,20)=22.498,
p<0.001), days (F(3,60)=18.768, p<0.001), and a significant interaction of drug
and days (F(6,60)=3.917, p<0.01) (Figure 9, top).

Post hoc test of simple main effects revealed that there was no
significant difference between the groups on day P1 (F(2,20)=0.382, p>0.05),
indicating that the groups were evenly matched at baseline. There was a
significant effect of groups on days P2 (F(2,20)=8.517, p<0.01), T1
(F(2,20)=14.664, p<0.001), and T2 (F(2,20)=16.839, p<0.001). Further
analysis with Tukey post hoc tests revealed that on day P2 the group given
1.0 g/kg AT drank significantly less saccharin than the control group
(p<0.05). On both Test Days 1 and 2, both drug groups (0.5 and 1.0 g/kg)
drank significantly less than the control group (p<0.05). These results
indicated that AT did induce a CTA when it was administered following
saccharin consumption.

Preference data on Test Days 1 and 2 were also analyzed by two way
analysis of variance with drug as the between factor and days as the within
factor. There was a significant effect of drug (F(2,21)=23.225, p<0.001), but
no effect of days (F(1,21)=1.003, p>0.05), and no interaction of drug and days
(F(2,21)=1.062, p>0.05) (Figure 9, bottom). The drug effects were further




analyzed with Tukey post hoc tests, which revealed that both the 0.5 and 1.0
g/kg groups had significantly lower saccharin preference ratios than the
control group on Test Day 1 (p<0.05). This finding supported the saccharin
intake results which showed that AT can produce a CTA when administered
immediately following saccharin intake. However, on Test Day 2 only the 1.0
g/kg group differed significantly from the control group (p<0.05). This finding
suggested that the 0.5 g/kg group may have been starting to recover from the
effects of drug treatment on Pairing Days 1 and 2.

Overall, the results of this experiment showed that AT did not produce
a backward CTA, but did induce a forward CTA. In the context of the present
thesis, this finding suggested that the decreases in consumption that were
observed in Experiments 1, 2, and 3 were not likely to have been entirely due

to a CTA mechanism.
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GENERAL DISCUSSION

The purpose of this thesis was to demonstrate the importance of the
role of catalase activity in the acquisition of voluntary ethanol intake in rats.
The reason for this goal was linked to the fact that considerable evidence has
implicated central acetaldehyde as mediating many of the behavioral and
reinforcing effects of ethanol (e.g., Amit & Smith, 1985). Furthermore, a
large body of biochemical and behavioral data has shown that the enzyme
catalase oxidizes ethanol to acetaldehyde in the brain (Aragon, Rogan &
Amit, 1992; Cohen et al., 1980; Gill et al., 1992), and that this oxidation has
behavioral significance for many ethanol induced behaviors in rats and mice
(Aragon & Amit, 1993; Aragon, Pesold & Amit, 1992; Aragon, Spivak & Amit,
1985; 1989;1991).

In the attempt to further characterize the importance of catalase
activity in mediating ethanol consumption, the effect of catalase
manipulations on voluntary ethanol intake in rats was studied in the present
thesis using the catalase inhibitor AT. Preliminary work showed that
catalase inhibition induced by AT administration dose-dependently
attenuated voluntary intake of a familiar ethanol solution in rats (Aragon &
Amit, 1992). Therefore, the preser.. work was undertaken to extend these
results to the acquisition of ethanol intake, and to assess the specificity of the
effect of AT on ethanol consumpticn by studying the effects of AT on SQ
intake.

The present series of experiments revealed that while AT did decrease
the consumption of ethanol during acquisition and during maintained ethanol
consumption, it also decreased the consumption of a novel SQ solution at 0.5
g/kg of AT, and of a familiar SQ solution at 1.0 g/kg of AT. In Experiment 1A,
0.5 g/kg AT was administered to rats during an ethanol acquisition period.
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AT treated animals drank significantly less ethanol than controls during the
acquisition period, and consumption remained lower even after drug
treatment was terminated. Experiment 1B showed that the same pattern of
results occurred when the novel fluid was SQ instead of ethanol. This finding
made it impossible to interpret the results of the ethanol acquisition in terms
of the role of catalase-mediated acetaldehyde production in the development
of voluntary ethanol intake. Since catalase is not presently known to be
involved in SQ metabolism, these results suggested a more general effect of
AT administration on the consumption of novel fluids.

Previous work had shown that AT decreased the consumption of a
familiar ethanol solution (Aragon & Amit, 1992). Since the consumption of
fluids with novel flavors is more easily disrupted than is the consumption of
familiar flavored fluids (Fenwick et al., 1975; Kalat, 1974; Kalat & Rozin,
1970), it was necessary to test the effect of AT on the consumption of a
familiar SQ solution, to see if consumption would again be decreased.
Experiment 2 examined the effects of two doses of AT on maintained ethanol
and SQ intake. Experiment 2A showed that 0.5 g’kg AT decreased ethanol
consumption during the treatment and post-treatment periods, whereas
Experiment 2B revealed a non-significant decrease in SQ consumption. This
finding suggested that catalase played a role in the consumption of ethanol,
and that blocking catalase activity with AT resulted in the decrease in
ethanol intake. However, Experiments 2C and 2D showed that 1.0 g/kg AT
decreased both ethanol and SQ intake throughout the treatment and post-
treatment periods. Initially, this finding, together with the results of
Experiments 2A and 2B, suggested that although some of the decrease in
ethanol intak¢ may have been due to a decrease in the reinforcing effects of
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ethanol, some of the reduction must also have been due to another more
generalized mechanism.

These results suggested that perhaps AT was inducing a conditioned
taste aversion (CTA), which resulted in the decreased intake of the flavored
fluids. Therefore, Experiment 3 was designed to test this hypothesis using
both backward and forward CTA paradigms. Although AT did produce a
forward CTA at both doses tested, it did not induce a backward CTA at either
dose. Since the drinking studies of Experiments 1 and 2 employed what could
be viewed as an essentially backward C'l A paradigm, it was unlikely that the
decreases in drinking observed in the present studies were entirely due to a
CTA mechanism. This and other alternative interpretations of the data will
be examined in the following sections.

ALTERNATIVE INTERPRETATIONS
Conditioned Taste Aversion

The main finding that argues against a CTA explanation of the data is
that the drinking studies of Experiments 1 and 2 involved the administration
of AT five hours before the dark cycle, and thus five hours before the majority
of the drinking took place. Thus the procedure was essentially a backward
conditioning procedure in that the unconditioned stimulur of AT was
experienced by the animals five hours before the majority of their experience
with the conditioned stimulus flavored solutions. However, Experiment 3
clearly showed that AT did not induce a backward CTA, in that there was no
significant decrease in saccharin intake on any of the test days in the groups
given AT five hours before saccharin presentation.

Despite the findings of the backward CTA study, the possibility that
the reduction in drinking seen in Experiments 1 and 2 was due to a CTA

mechanism still remained, since AT did induce a strong forward CTA. The
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fluids in Experiments 1 and 2 were available for 24 hours each day, except for
when the bottles were removed to administer injections and change the
fluids. Therefore, it was possible that if small amounts of fluid were ingested
closely following the AT injections, the flavor could have become associated
with the effects of the AT injection. With shorter UCS-CS intervals, the
backward procedure is essentially a forward procedure, since the illness and
the flavor may be experienced contiguously (Barker et al., 1977). Thus, this
might have been the mechanism for the decreased SQ and ethanol intake.
This possibility could be addressed in a future study by having the flavored
fluids available only during the dark cycle, and not available in the hours
immediately preceding or following drug treatment.

Another notable finding was that body weight was decreased in some
of the AT groups in some experiments. Though body weight was not reduced
by AT in all experiments, the fact that it was reduced in some, and when
seen, was always reduced in the AT group, suggested that AT may have had
an effect on food intake. In Experiment 1, there were no differences in body
weight between saline and AT treated animals in either the SQ acquisition or
the ethanol acquisition period, which suggested that AT did not affect food
intake. However, in Experiment 1B, body weight was lower in the A™ group
as compared to controls during the maintenance period, when no AT
injections were given. Thus, this finding suggested that AT may hav- had a
latent effect on food intake. A reduction in body weight in the AT group was
also found in Experiment 2A with 0.5 g’lkg AT. However, under the same
drug treatment conditions there was no difference in body weight found in
Experiment 2B, when SQ was the novel fluid. Thus, the difference in weight
gain in Experiment 2A could have been due to the extra calories the saline

group received from their higher ethanol intake. A strong effect of AT on
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body weight seems unlikely since thei'e was no effect of AT on body weight in
the acquisition period of Experiment 1 during which 11 injections of 0.5 g/kg
AT were administered, as opposed to the 5 injections administered in
Experiment 2A. Using 1.0 g/kg AT, a significant effect of drug treatment on
body weight was found in Experiment 2D, but not in 2C. Thus, while it is
still possible that AT had an effect on food consumption as a result of some
aversive or toxic effects, the inconsistency of the effect suggests that this was
not a likely reason for any observed differences in fluid intake.

Another finding which warrants consideration with respect to the CTA
interpretation of the data is the lack of recovery of drinking following the
termination of drug treatment. In Experiment 1, AT-treated animals’
drinking did not recover during a 10 day drug free maintenance period in
either the ethanol or SQ conditions. In Experiment 2, ethanol consumption
remained decreased throughout the five .. nost-treatment period following
0.5 g/kg AT, as did both ethanol and SQ consumption following 1.0 g/kg AT.
These decreases in consumption could not be due to continued catalase
depletion, since catalase activity is known to recover to normal levels within
48 hours of administration of 0.5 and 1.0 g’kg AT (Aragon, Rogan, & Amit,
1991). Thus, the continued decreases in consumption may not be inconsistent
with a CTA interpretation of the data. For example, one pairing of lithium
chloride following ethanol consumption has been shown to result in an
avoidance of the ethanol solution throughout an 18 day post-treatment period
(Boland & Stern, 1980). However, the aldehyde dehydrogenase inhibitor 4-
methylpyrazole has been shown to decrease ethanol consumption in rats
throughout a five day treatment and post-treatment period, but did not
decrease SQ intake, and did not result in a CTA (Carr et al., 1980). Thus, the

absence of immediate recovery of pre-treatment drinking levels following the
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drug treatment period does not necessarily imply that a CTA was involved.
In this respect, it is important to try to differentiate between the effects of
drug treatments on the intake of ethanol and other fluids.

Several drugs which at first were thought to decrease ethanol intake
by interfering with the reinforcing effects of ethanol were later found to be
capable of also inducing prolonged decreases in saccharin consumption. For
example, parachlorophenylalanine (p-CPA), a tryptophan hydroxylase
inhibitor, decreased ethanol consumption for up to 33 days following 11
pairings of ethanol with p-CPA injections (Veale & Myers, 1970).
Consumption of a saccharin solution was also decreased by p-CPA treatment,
but took only six days to recover following 11 pairings of saccharin and p-CPA
injections (Parker & Radow, 1976). The serotonin reuptake inhibitor
zimeldine was shown to decrease the free choice consumption of both ethanol
and SQ solutions throughout a five day drug treatment and five day post-
treatment period (Gill et al., 1985), as was found with the dopamine 3-
hydroxylase inhibitor FLA-57 (Sirota & Boland, 1987). Lii:e AT, zimeldine
was subsequently found to induce a forward but not a backward CTA (Gill et
al,, 1986). However, FLA-57 was shown to induce both forward and
backward CTAs, to both novel and familiar solutions (Amit et al., 1991).
Thus, these examples illustrate that although a drug treatment may decrease
ethanol and saccharin intake, the magnitude of the effect may not be the
same for both fluids, and may be specific to certain fluid presentation and
drug treatment conditions. These findings suggest that a simple CTA
interpretation of the results may be too simplistic, and illustrate the need to

explore some alternative interpretations of the data.
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Taste Reactivity Hypothesis

Another possible explanation of the present results comes from many
recent reports that ethanol intake and saccharin intake are correlated in
many strains of rats (Gosnell & Krahn, 1992; Kampov-Polevoy,
Kasheffskaya, & Sinclair, 1990; Overstreet et al., 1993; Sinclair, Kampov-
Polevoy, Stewart & Li, 1992). The relationship between saccharin and
ethanol consumption appears to be reciprocal in that saccharin intake is a
good predictor of subsequent ethanol intake (Gosnell & Krahn, 1992;
Overstreet et al., 1993). Conversely, rats initially selected for high ethanol
intake will subsequently drink more saccharin than rats initially selected for
low ethanol intake (Sinclair et al., 1992). This also appears to be true of mice
in that the high ethanol drinking C57BL/6J mice (Whitney & Horowitz, 1978)
also drink more saccharin than do the low alcohol drinking DBA mice (Forgie,
Byerstein & Alexander, 1988). These findings suggested some commonalities
in either the behavioral or neurochemical responses to ethanol and saccharin
ingestion.

Evidence of behavioral similarities between the ingestion of ethanol
and saccharin solutions in rats also comes from studies that manipulated the
schedules of fluid presentation. Periodic presentation and witholding of
ethanol, or periods of prolonged ethanol withdrawal, will increase the
subsequent consumption of ethanol in rats (Sinclair & Bender, 1979; Wisc,
1973). This effect has also been noted for quinine, saccharin (Wayner, et al.,
1972), saline and citric acid solutions (Wayner & Fraley, 1972). When
directly compared, similar patterns of consumption are seen with both
ethanol and sodium saccharin solutions under a variety of schedule
manipulations, which suggested that there may be similar taste factors which
control the intake of these solutions (Pinel & Huang, 1976).
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Rats trained to avoeid ethanol solutions have been shown to display
similar orofacial responses to oral infusions of both ethanol and sucrose-
quinine solutions (Keifer, Bice, Orr & Dopp, 1990). This finding suggested
that these two solutions may have similar taste properties. It is possible that
some pharmacological manipulations might render certain tastes more or less
palatable, thus affecting the subsequent intake of those flavors. While it is
purely speculative at this point, it is possible that the decrease in fluid
consumption in the present experiments was due to some effect of AT on taste

reactivity to these solutions.

DIRECTIONS FOR FUTURE RESEARCH

In future work it would be both interesting and useful to attempt to
further differentiate between the effects of AT on the intake of ethanol and
other flavored fluids. This is important since AT did not have the same effect
on ethanol and SQ intake in Experiments 2A and 2B. If consistent
differences in the the effect of AT on ethanol and SQ intake do exist, it would
provide a better indication of the amount of variability in ethanol
consumption that can be accounted for by catalase activity. This goal could
be achieved by extending the post-treatment period to examine the time
course of recovery between the two fluid conditions in order to see whether
there are any qualitative differences in this respect. Furthermore, since a
different effect was found with 0.5 and 1.0 g’lkg of AT on maintained ethanol
consumption, it would be useful to examine the effects of several doses of AT
on ethanol and SQ consumption. It would also be important to study the
effects of AT on a more extensive set of concentrations of both ethanol and SQ
solutions. Some drugs have been shown to have inverse effects on saccharin

intake as a function of saccharin concentration (Touzani, Akarid, & Vellev,
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1991), therefore, it is important to pursue this possibility in future studies.
In addition, it would be useful to study the effects of AT on the consumption
of other flavors, such as salty and bitter, since the consumption of these
flavors has also been shown to covary with ethanol intake in some strains of
rats (Sinclair et al., 1992).

Considering the weight of the data which suggests that catalase
activity plays an important role in the reinforcing and behavioral properties
of ethanol, it is important to continue this line of research. This would be
possible if another pharmacological agent could be identified which would
block catalase activity, without any possible illness-inducing effects.
Preliminary work from this laboratory with the nitric oxide synthase blocker
L-nitro-arginine-methylester (L-NAME) has been promising in this respect.

The role of catalase in modulating voluntary ethanol intake could also
be further explored by studying the effects of AT on ethanol self-
administration in a paradigm in which taste factors are bypassed. For
example, the effects of AT on intracerebral, intragastric, or intraventricular
ethanol or acetaldehyde self-administration could be assessed without the

possible confounding factors of oral self-administration.

onclusion
It was hoped that the importance of the role of catalase in mediating
learning about the pharmacological effects of ethanol during acquisition could
be elucidated in the present experiments. Instead, the results pointed to the
possibility that AT had a more general effect on the consumption of flavored
fluids, which may have been due to an effect on taste perception, or to an
illness-inducing effect of the drug. This work illustrates the need for careful

controls of possible confounding factors in studies of voluntary oral ethanol



intake in animal models. Since the effect of AT on consumption was similar
for both ethanol and SQ solutions, it is not reasonable to draw any firm
conclusions about the role of acetaldehyde on the reinforcing properties of
ethanol from this work. However, these findings do not preclude the
possibility that catalase-mediated acetaldehyde formation may still be
important in the mediation of voluntary ethanol intake.




References
Agarwal, D.P., & Goedde, H.W. (1989). Human aldehyde dehydrogenases:
Their role in alcoholism. Alcohol, 6, 517-523.
Amir, S. (1977). Brain and liver aldehyde dehydrogenase : Relations to
ethanol consumption in Wistar rats. Neuropharmacology, 16, 781-784.
Amir, S., Brown, ZW., & Amit, Z. (1980). The role of acetaldehyde in the

psychopharmacological effects of ethanol. In H. Righter and J.C. Crabbe
(Eds) Alcohol Tolerance and Dependence (pp. 317-337). New York:
Elsevier/North Holland.

Amit, Z., & Aragon, C.M.G. (1988). Catalase activity measured in rats naive
to ethanol correlates with later voluntary ethanol consumption: possible
evidence for a biological marker system of ethanol intake.
Psychopharmacology, 95, 512-515.

Amit, Z., Gill, K., & Ng Cheong Ton, M. (1991). Attenuation of voluntary
ethanol consumption by dopamine-B-hydroxylase inhibition (FLA-57):
Mediated by changes in aversion, reinforcement, or both. Alcohol, 8, 79-
85.

Amit, Z., & Smith, B.R. (1985). A multi-dimensional examination of the
positi ve reinforcing properties of acetaldehyde. Alcohol, 2, 367-370.
Amit, Z., & Smith, B.R. (1989). The role of acetaldehyde in alcoho! addiction.
In K ®. Crow and R.D. Batt (Eds.), Human Metabolism of Alcohol:

Regulation, Enzymology & Metabolites of Ethanol (pp. 193-200). Boca
Raton, Florida: CRC Press.

Amit, Z., & Sutherland, E.A. (1987). Voluntary consumption of alcohol: An

acquired motivational system. In K.V. (Ed.), Systems research in

Physiology, Volume 1, Motivation in Functional Systems (pp. 279-291).
New York: Tordon & Breach Science Publishers.



66

Amit, Z., Sutherland, A., & White, N. (1976). The role of physical dependence
in animal models of human alcoholism. Drug and Alcohol Dependence, 1,
435-440.

Aragon, C.M.G., Abitbol, M., & Amit, Z. (1986). Acetaldehyde may mediate
reinforcement and aversion produced by ethanol: An examination using
a conditioned taste aversion paradigm. Neuropharmacology, 25, 79-83.

Aragon, CM.G., & Amit, Z. (1985). A two-dimensional model of alcohol
consumption: Possible interaction of brain catalase and aldehyde
dehydrogenase. Alcohol, 2, 357-360.

Aragon, C.M.G., & Amit, Z. (1987). Genetic variation in ethanol sensitivity in
C57BL/6 and DBA/2 mice: A further investigation of the fdifferences in
brain catalase activity. Annals of the New York Academy of Sciences,
492, 398-400.

Aragon, CM.G., & Amit, Z. (1992). The effect of 3-amino-1,2,4-triazole on
voluntary ethanol consumption: Evidence for brain catalase involvement
in the mechanism of action. Neuropharmacology, 31, 709-712.

Aragon, CM.G., & Amit, Z. (1993). Differences in ethanol-induced behaviors

in normal and acatalasemic mice: Systematic examination using a
biobehavioral approach. Pharmacology, Biochemistry & Behavior, 44,
547-554.
Aragon, C.M.G., Pesold, C.N., & Amit, Z. (1992). Ethanol-induced motor
activity in normal and acatalasemic mice. Alcohol, 9, 207-211.
Aragon, C.M.G., Rogan, F., & Amit, Z. (1991). Dose- and time-dependent
effect of an acute 3-amino-1,2,4-triazole injection on rat brain catalase

activity. Biochemical Pharmacology, 42, 699-702.



67

Aragon, C.M.G,, Rogan, F., & Amit, Z. (1992). Ethanol metabolism in rat
brain homogenates by a catalase-H209 system. Biochemical
Pharmacology, 44, 93-98.

Aragon, C.M.G., Spivak, K., & Amit, Z. (1985). Blockade of ethanol induced
conditioned taste aversion by 3-amino-1,2,4-triazole: evidence for

catalase mediated synthesis of acetaldehyde in rat brain. Life Sciences,
37, 2077-2084.

Aragon, CM.G,, Spivak, K., & Amit, Z. (1989). Effects of 3-amino-1,2,4-
triazole on ethanol-induced open-field activity: Evidence for brain
catalase mediation of ethanol's effects. Alcoholism: Clinical and
Experimental Research, 13, 104-108.

Aragon, C.M.G., Spivak, K., & Amit, Z. (1991). Effect of 3-amino-1,2,4-triazole
on ethanol-induced narcosis, lethality, and hypothermia in rats.
Pharmacology, Biochemistry, & Behavior, 39, 55-59.

Aragon, C.M.G., Spivak, K., Smith, B.R., & Amit, Z. (1993). Cyanamide on

ethanol intake: How does it really work? Alcohol & Alcoholism, 28, 413-
421.

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

Aragon, C.M.G., Stotland, L.M., & Amit, Z. (1991). Studies on ethanol-brain
catalase interaction: Evidence for central ethanol oxidation. Alcoholism:

Clinical and Experimental Regearch, 15, 165-169.
Barker, L.M., Smith, J.C., & Suarez, E.M. (1977). "Sickness" and the

backward conditioning of taste aversions. In L.M. Barker, M.R. Best,

and M. Domjan (Eds.), Learning Mechanisms in Food Selection (pp. 533-
553). Waco, T'exas: Baylor University Press.




68

Boland, F.J., & Stern, M.H. (1980). Suppression by lithium of voluntary
alcohol intake in the rat: Mechanism of action. Pharmacology,
Biochemistry & Behavior, 12, 239-248.

Bradford, B.U., Forman, D.T., & Thurman, R.G. (1993). 4-Methylpyrazole
inhibits fatty acyl coenzyme synthetase and diminishes catalase-
dependent alcohol metabolism: Has the contribution of alcohol
dehydrogenase to alcohol metabolism been previously overestimated?
Molecular Pharmacology, 43, 115-119.

Bradford, B.U,, Seed, C.B., Handler, J A., Forman, D.T., & Thurman, R.G.
(1993). Evidence that catalase is a major pathway of ethanol ocidation in
vivo: Dose-response studies in deer mice using methanol as a selective
substrate. Archives of Biochemistry and Biophysics, 303, 172-176.

Brown, Z.W., Amit, Z., & Rockman, G.E. (1979). Intraventricular self-
administration of acetaldehyde, but not ethanol, in naive laboratory rats.
Psychopharmacology, 64, 271-276.

Brown, Z.W., Amit, Z., & Smith, B. (1980). Intraventricular self-
administration of acetaldehyde and voluntary consumption of ethanol in
rats. Behavioral and Neural Biology, 28, 150-155.

Brown, Z., Amit, Z., Smith, B.R., Sutherland, §.A., & Selvaggi, N. (1983).
Alcohol-induced euphoria enhanced by disulfiram and calcium
carbimide. Alcoholism: Clinical and Experimental Research, 7, 276-278.

Carr, G., Brown, Z.W,, Rockman, G.E., & Amit, Z. (1980). Reduction in
voluntary ethanol consumption by treament with alcohol dehydrogenase

inhibitors. Substance and Alcohol Actions/Misuse, 1, 187-196.
Cohen, G., Sinet, P.M., & Heikkila, R. (1980). Ethanol oxidation by rat brain

in vivo. Alcoholism: Clinical and Experimental Research, 4, 366-370.



DeMaster, E.G., Redfern, B., Shirota, F.N., & Nagasawa, H.T. (1986).
Differential inhibition of rat tissue catalase by cyanamide. Biochemical
Pharmacology, 35, 2081-2085.

Eriksson, C.J.P. (1980). Problems and pitfalls in acetaldehyde
determinations. Alcoholism: Clinical an imental R , 4, 22-
29.

Eriksson, C.J.P., & Fukunaga, T. (1993). Human blood acetaldehyde (Update
1992). Alcohol & Alcoholism, Suppl.2, 9-25.

Eriksson, C.J.P., & Sippel, HW. (1977). The distribution and metabolism of
acetaldehyde in rats during ethanol oxidation. Biochemical
Pharmacology, 26, 241-247.

Feinstein, R.N., Howard, J.B., Braun, J.T., & Seaholm, J.E. (1966).
Acatalasemic and hypocatalasemic mouse mutants. Genetics, 53, 923-
933.

Feinstein, R.N., Seaholm, J .E., Howard, J.B., & Russell, W.L. (1964).

Acatalasemic mice. Genetics, 52, 661-662.

Fenwick, S., Mikulka, P.J., & Klein, S.B. (1975). The effect of different levels
of pre-exposure to sucrose on the acquisition ard extinction of a
conditioned taste aversion. Behavioral Biology, 14, 231-235.

Forgie, M.L., Beyerste..., B.L., & Alexander, B.K. (1988). Contributions of
taste factors and gender to opioid preferences in CE7BL and DBA mice.
Psychopharmacology, 95, 237-244.

Frye, G.D., & Breese, G.R. (1981). An evaluation of the locomotor stimulating
action of ethanol in rats and mice. Psychopharmacology, 75, 372-379.

Gaunt, G.L., & DeDuve, C. (1976). Subcellular distribution of D-amino acid

oxidase and catalase in rat brain. Journal of Neurochemistry, 26, 749-
759.



70

Gill, K., Amit, Z., & Ogren, S.0. (1985). The effects of zimeldine on voluntary
ethanol consumption: Studies on the mechanism of action. Alcohol, 2,
343-347.

Gill, K., Menez, J.F., Lucas, D., & Deitrich, R.A. (1992). Enzymatic
production of acetaldehyde frcm ethanol in rat brain tissue. Alcoholism:
Clinical and Experimental Research, 16, 910-215.

Gill, K., Shatz, K., Amit, Z., & Ogren, S.0. (1986). Conditioned taste aversion
to ethanol induced by zimeldine. Pharmacology, Biochemistry &
Behavior, 24, 463-468.

Gosnell, B.A,, & Krahn, D.D. (1992). The relationship between saccharin and
alcohol intake in rats. Alcohol, 9, 203-206.

Hald, J., & Jacobsen, E. (1948). A drug sensitizing the organism to ethyl
alchohol. Lancet, 2, 1001-1004.

Higuchi, S., Muramatsu, T., Shigemori, K., Saito, M., Kono, H., Dufour, M.C.,
& Harford, T.C. (1992). The relationship between low Km aldehyde
dehydrogenase phenotype and drinking behavior in Japanese. Journal of
Studies on Alcohol, 53, 170-175.

Hunt, T., & Amit, Z. (1987). Conditioned taste aversion induced by self-
administered drugs: Paradox revisited. Neuroscience and Biobenavioral
Reviews, 11, 107-130.

Kalat, J.W. (1974). Taste salience depends on novelty, not concentrction, in
taste-aversion learning in the rat. Journal of Comparative and

Physiological Psychology, 86, 47-50.
Kalat, J. W., & Rozin, P. (1970). "Salience:" A factor which can override

temporal contiguity in taste-aversion learning. Journal of Comparative
and Physiological Psychology, 71, 192-197.



71

Kampov-Polevoy, A.B., Kasheffskaya, O.P., & Sinclair, J.D. (1990). Initial

acceptance of ethanol: gustatory factors and patterns of alcohol drinking.
Alcohol, 7, 83-85.

Keifer, S.W., Bice, P.J., Orr, M.R,, & Dopp, J.M. (1990). Similarity of taste

reactivity responses to alcohol and sucrose mixtures in rats. Alcohol, 7,
115-120.

Keilin, D., & Nicholls, P. (1958). Reactions of catalase with hydrogen peroxide
and hydrogen donors. Biochimie and Biophysical Acta, 29, 302-307.

Koechling, U.M., & Amit, Z. (1992). Relationship between blood catalase
activity and drinking history in a human population, a possible
biological marker of the affinity to consume alcohol. Alcohol
&Alcoholism, 27, 181-188.

Koechling, U.M. & Amit, Z. (1993). Evidence for brain catalase, through the
production of acetaldehyde, in the mediation of ethanol consumption in
mice. (submitted)

Koop, D.R. (1989). Minor pathways of ethanol metabolism. In K.E. Crow and
R.D. Batt (Eds.), Human Metabolism of Alcohol: Regulation, Enzymology
& Metabolites of Ethanol (pp. 133-145). Boca Raton, Florida: CRC Press.

Kulkosky, P.J., Sickel, J.L., & Riley, A.L. (1980). Total avoidance of saccharin
consumption by rats after repeatedly paired injections of ethanol or LiCl.
Pharmacology, Biochemistr ehavior, 13, 77-80.

Lester, D., Nachman, M., & Le Magnen, J. (1970) Aversive conditioning by
ethanol in the rat. Quarterly Journal of Studies on Alcohol, 31, 578-586.

Lindros, K.O. (1989). Human blood acetaldehyde. In K.E. Crow an~* R.D. Batt
(Eds.), Human Metabolism of Alcohol: Regulation, Enzymolor %
Metabolites of Ethanol (pp. 177-192). Boca Raton, Florida: CRC Press.




72

Logue, A.W. (1979). Taste aversion and the generality of the laws of learning.
Psychological Bulletin, 86, 276-296.

Lowry, O.H., Rosebrough, N.J., Far, A., & Randall, R.J. (1951). Protein
measurement with the folin phenol reagent. Journa) of Biological
Chemistry, 193, 265.

Margoliash, E., Novogrodsky, A., & Schejter, A. (1960). Irreversible reaction
of 3-amino-1,2,4-triazole and related inhibitors with the protein of
catalase. Biochemical Jo 1,74, 339-348.

McKenna, O., Arnold, G., & Holtzman, E. (1976). Microperoxisome
distribution in the central nervous system. Brain Research, 117, 181-
194.

Mizoi, Y., Ijiri, 1., Tatsuno, Y., Kijima, T., Fujiwara, S., & Hishida, S. (1979).
Relationship between facial flushing and blood acetaldehyde levels after
alcohol intake. Pharmacology, Biochemistry & Behavior, 10, 303-311.

Mucha, R.F., Van Der Kooy, D., O'Shaughnessy, M. & Bucenieks, P. (1982).
Drug reinforcement studied by the use of place conditioning in rat.
Brain Research, 243, 91-105.

Myers, W.D., Ng, K.T,, & Singer, G. (1982). Intravenous self-administration
of acetaldehyde in the rat as a function of schedule, food deprivation, and
photoperiod. Pharmacology, Biochemistry & Behavior, 17, 807-811.

Ng Cheong Ton, M.J., Brown, Z., Michalakeas, A., & Amit, Z. (1983). Stress
induced suppression of maintenance but not of acquisition of ethanol
consumption in rats. Pharmacology, Biochemistry, & Behavior, 18, 141-
144.

Overstreet, D.H., Kampov-Polevoy, A.B, Rezvani, A H., Murrelle, L., Halikas,
J.A., & Janowsky, D.S. (1993). Saccharin intake predicts ethanol intake




73
in genetically heterogeneous rats as well as different rat strains.
Alcoholism: Clinical and Experimental Research, 17, 366-369.

Parker, L.F., & Radow, B.L. (1976). Effects of parachlorophenylalanine on

ethanol self-selection in the rat. Pharmacology, Biochemistry &
Behavior, 4, 535-540.

Peachey, J.E. (1989). Disulfiram-Ethanol and related reactions. In K.E. Crow

and R.D. Batt (Eds.), Human Metabolism of Alcohol;: Regulation,
Enzymology & Metabolites of Ethanol (pp. 201-218). Boca Raton,
Florida: CRC Press.

Pinel, J.P.J., & Huang, E. (1976). Effects of periodic withdrawal on ethanol
and saccharin selection in rats. Physiolo havior, 16, 693-698.
Pinel, J . P.J, Mucha, R.F.,, & Rovner, L.1. (1976). Temporary effects of periodic

alcohol availability. Behaviora) Biology, 16, 227-232.

Raskin, N.H. (1975). Alcoholism or acetaldehydism? The New England
Journal of Medicine, 292, 422-423.

Raskin, N.H., & Sokoloff, L. (1972). Enzymes catalysing ethanol metabolism
in neural and somatic tissues of the rat. Journal of Neurochemistry, 19,
273-282.

Sinclair, J.D., & Bender, D.0. (1979). Limited increases in alcohol intake by
rats produced by infrequent periodic access. Journal of Studies on
Alcohol, 40, 729-731.

Sinclair, J.D., Kampov-Polevoy, A., Stewart, R., & Li, T.K. (1992). Taste
preferences in rat lines selected for low and high alcohol consumption.
Alcohol, 9, 155-160.

Sinclair, J.D., & Lindros, K.O. (1981). Suppression of alcohol drinking with
brain aldehyde dehydrogenase inhibition. Pharmacology, Biochemistry
& Behavior, 14, 377-383.



74

Sinet, P.M., Heikkila, R E., & Cohen, G. (1980). Hydrogan peroxide
production by rat brain in vivo. Journal of Neurochemistry, 34, 1421-
1428.

Sippel, H.W. (1974). The acetaldehyde content in rat brain during ethanol
metabolism. Journal of Neurochemistry, 23, 451-452.

Sirota, P., & Boland, F.J. {1987). A role for taste aversion learning in FLA-57
induced reductions of voluntary alcohol intake. Alcohol, 4, 21-24.

Sklar, L.S., & Amit, Z. (1977). Manipulations of catecholamine systems block

the conditioned tste averison induced by self-administered drugs.
Neuropharmacclogy, 18, 649-655.

Smith, B.R., Amit, Z., & Splawinsky, J. (1984). Conditioned place preference
induced by intraventricular infusions of acetaldehyde. Alcohol, 1, 193-
195.

Socaransky, S.M., Aragon, CM.G., & Amit, Z. (1985). Brain ALDH as a
possible modulator of voluntary ethanol intake. Alcohol, 2, 361-365.

Socaransky, S.M., Aragon, C.M.G., Amit, Z., & Blander, A. (1984). Higher
correlation of ethanol consumption with brain than liver aldehyde
dehydrogenase in three strains of rats. Psychopharmacology, 84, 250-
253.

Spivak, K. & Amit, Z. (1987). The role of acetaldehyde-metabolizing enzymes
in the mediation of ethanol consumption: An investigation using a
simulated drinking bout. Alcohol & Alcoholism, Suppl. 1, 361-365.

Spivak, K., Aragon, C.M.G., & Amit, Z. (1987a). Alterations in brain aldehyde
dehydrogenase activity modify ethanol-induced conditioned taste

aversion. Alcoholism; Clinical and Experimental Research, 11, 513-517.



75

Spivak, K., Aragon, CM.G., & Amit, Z. (1987b). Alterations in brain aldehyde
dehydrogenase activity modify the lecomotor effects produced by ethanol
in rats. Alcohol and Drug Research, 7, 481-491.

Tabakoff, B., Anderson, R.A,, & Ritzman, R.F. (1976). Brain acetaldehyde
after ethanol administration. Biochemical Pharmacology, 25, 1305-1309.

Tampier, L., Quintanilla, M.E., Letelier, C., & Mardones, J. (1988). Effect of

3-amino-1,2,4-triazole on narcosis time and lethality of ethanol in UChA
rats. Alcohol, 5, 5-8.
Thomasson, H.R., Crabb, D.W., Edenberg, H.J., & Li, T-K. (1993). Alcohol

and aldehyde dehydrogenase polymorphisms and alcoholism. Behavior
Genetics, 23, 131-136.

Touzani, K., Akarid, K., & Velley, L. (1991). Modulation of saccharin
preference by morphine and naloxone: Inversion of drug effects as a
function of saccharin ccacentration. Pharmacology, Biochemistry &
Behavior, 38, 37-41.

Veale, W L., & Myers, R.D. (1970). Decrease in ethanol intake in rats
following administration of p-chlerophenylalanine. Neuropharmacology,
9, 317-326.

von Wartburg, J.-P. & Buhler, R. (1984). Alcoholism and aldehydism: New
Biomedical concepts. Laboratory Investigation, 50, 5-15.

Wayner, M.J., & Fraley, S. (1972). Enhancement of the consumption of
acclimated sapid solutions following periodic and prolonged withdrawal.

Physiology and Behavior, 9, 463-474.

Wayner, M.J ., Greenberg, 1., Tartaglione, R., Nolley, D., Fraley, S., & Cott, A.
(1972). A new factor affecting the consumption of ethyl alcchol and other
sapid fluids. Physiology and Behavior, 8, 345-362.




76

Westcott, J.Y., Weiner, H., Shultz, J., & Myers, R.D. (1980). In vivo
acetaldehyde in the brain of the rat treated with ethanol. Biochemical
Pharmacology, 29, 411-417.

Whitney, G. & Horowitz, G.P. (1978). Morphine preference of alcohol-avoiding
and alcohol-preferring C57BL. mice. Behavior Genetics, 8, 177-182.

Wise, R.A. (1973). Voluntary ethanol intake in rats following exposure to
ethanol on various schedules. Psychopharmacologia, 29, 203-210.





