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ABSTRACT

Catalase: a Possible Marker for Human Alcohol Consumption.
Ulrike M. Koechling, Ph.D.

Concordia University, 1993

Earlier studies have suggested that catalase activity may be a
predictor of alcohol intake in animals and in humans. The
hypothesis that blood catalase may represent a biological marker
for human alcohol intake was tested. An initial study was first
designed to rule out the possibility that catalase activity is induced
as a function of acute alcohol intake. Subjects (N = 80) were
presented with either a control solution, or vodka and orange juice
(EtOH 0.5 g/kg of bodyweight), and asked to provide four 100 pl
blood and four breath alcohol samples (BAC), which were collected
at 0.0, 0.5, 2.0, and 24.0 hours. Results showed no significant
differences in catalase activity between individuals who had
received alcohol, and controls, even when the effects of previous
drinking history were covaried out of the analysis. In addition,
results showed that, BAC was higher for the alcohol condition
compared to that of controls, and for the alcohol condition, females
had significantly higher BAC compared to males. This lack of effect
of acute alcohol intake on the possible induction of catalase further
supported the notion that catalase may be a viable marker of
alcohol intake, rather than the converse. In the second study, the

relation between catalase activity and
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alcohol intake was investigated in individuals with a family
history of alcoholism (FH+), and without a family history of
alcoholism (FH-). Subjects (N = 607) were recruited from three
treatment centers as well as from newspaper advertising. They
were asked to complete the Michigan Alcoholism Screening
Questionnaire (MAST), MacAndrew Scale (MAC), and the Concordia
University Alcohol Screening Questionnaire (CASQ). They were also
asked to answer questions concerning their family history of
alcoholism, and to provide a 100 ul blood sample. Results showed
that FH+ individuals had higher mean catalase activity compared to
FH- individuals. When individuals with FH+ were compared to
those with FH- on the above measures, differences in the pattern of
relation between catalase activity and alcohol intake were observed.
Although a significant relation between catalase activity and alcohol
intake was obtained for both FH- and FH+ individuals, this relation
was significantly higher (p<.001) for individuals with FH+. In order
to rule out the possibility that catalase activity in FH+ individuals
was a covariate of one or more variables, the data were subjected to
multiple regression analysis. Results from the multiple regression
analyses suggested that catalase activity in FH+ individuals made
the highest contribution to the variance, even after accounting for
several additional variables. These results support the contention
that catalase activity may be a biological marker of the propensity

of FH+ individuals to consume alcohol.
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Alcoholism is the single, most pervasive drug abuse
problem in the world (NIAAA, 1990b). Alcohol abuse has serious
psychological and physical consequences that affect about 10 to 15
% of adults in North America (Helzer & Prysbeck, 1988: NIAAA,
1990b). Adverse social, psychological, and medical consequences of
excessive drinking arise from single bouts of drinking, as well as
from the long term effects of alcohol consumption (NIAAA, 1990a,
1990b). A minimum of 3 out of every 100 deaths in the United
States alone can be'attributed to alcohol-related causes (Van Natta,
Malin, Bertolucci, & Kaelber, 1984-85). The main chronic health
hazard associated with alcohol abuse, chronic liver disease and
cirrhosis associated with alcohol abuse, was ranked as the ninth
leading cause of death in the United States in 1986, causing more
than 26, 000 deaths in that year alone (NIAAA, 1990b).
Proportionally similar numbers have been reported for Canada
(Mann, Smart, & Aglin, 1988).

A variety of factors have been proposed to explain individual
differences in alcohol drinking patterns in humans. These factors
can be classified as being cultural, social, psychological, genetic, and
biological in nature (Heath, 1990-91; Lex, 1987; Searles, 1988, 1990;
Vaillant, 1983). However, a growing body of evidence (Amit,
Brown, Amir, Smith, & Sutherland, 1980: Amit & Smith, 1989;
Myers, Ng, Marzuki, Myers, & Singer, 1984; Smith, Spivak, & Amit,
1990; Takayama & Uyeno, 1985) has suggested that acetaldehyde,

the primary metabolite of alcohol, may play a role in the
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mediation of these individual differences in alcohol consumption
patterns.

More specifically, considerable evidence has accumulated
suggesting that acetaldehyde may be mediating many of the
behavioral, pharmacological, and reinforcing effects of ethanol in
animalsl (Amit & Smith, 1989: Lindros, 1978; Myers et al., 1984:
Smith et al., 1990: Takayama & Uyeno, 1985).

Numerous studies, however, have demonstrated that
acetaldehyde, when present in peripheral circulation at high
concentrations, can also evoke a variety of aversive effects in
humans and in laboratory animals (see Kitson, 1989; Lindros, 1978).

In addition to these aversive effects, it has also been
demonstrated that rats previously naive to ethanol, will learn to
perform an operant task when maintained by response-contingent
intracerebroventricular (Brown, Amit, & Rockman, 1979) or by
intravenous (Myers, Ng, & Singer, 1982; Myers et al., 1984;
Takayama & Uyeno, 1985) infusions of acetaldehyde. These results
suggested that acetaldehyde may possess reinforcing properties.

[t would appear, therefore, that acetaldehyde may have both
aversive and positive reinforcing properties. Given that
acetaldehyde is the primary metabolite of ethanol, and that

acetaldehyde may be mediating many of the reinforcing properties

I In line with traditional nomenclature, the term ‘alcohol' will be
used exclusively with regards to humans, while the term ‘ethanol’

will be used exclusively with regards to animals.
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of ethanol (Amit & Smith, 1989; Brown, Amit, & Smith, 1980; Smith
et al., 1990), it has been postulated that the enzymes responsible
for the formation aad degradation of acetaldehyde may play a role
in a number of the psychopharmacological effects of ethanol,
including voluntary ethanol consumption (Amit & Aragon, 1988;
Aragon & Amit, 1985: Aragon, Sternklar, & Amit, 1985¢c; Lindros,
Koivula, & Eriksson, 1975); and, locomotor activity (Spivak, Aragon,
& Amit, 1987b). Accordingly, the possible contribution of these
enzymes in the mediation of the biobehavioral effects of ethanol,
may provide important insights concerning acetaldehyde's role in
ethanol's effects. More importantly, it has been suggested that
genetic factors which may predispose individuals towards
alcoholism, may be related to individual differences in the
metabolism of alcohol (Amit, Smith, & Aragon, 1986; Bosron & Li,
1986). The primary reinforcing properties that may mediate the
initiation of alcohol consumption and the potential development of
alcohol dependence (Amit, Smith, & Sutherland, 1987; Falk & Tang,
1988; Meisch & Beardsley, 1975; Mello & Mendelson, 1972; Myers
et al., 1984), may also be modulated by acetaldehyde. Several
researchers have in fact gone as far as to suggest that "alcoholism
may in fact be acetaldehydism” (Amit et al., 1987; Brien & Loomis,
1983; Raskin & Sokoloff, 1970: Von Wartburg & Buehler, 1984).

Despite the consistency of results from many behavioral

studies (Aragon & Amit, 1985, 1988; Aragon et al., 1985¢; Lindros
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et al., 1975), there has been a reluctance (Erikkson, 1983: Smith et
al., 1990) to accept the contention that acetaldehyde has reinforcing
properties and that it may play a role in the rediation of voluntary
ethanol consumption. This reluctance is attributable to limitations
in the current state of analytical technology to reliably measure
levels of acetaldehyde in the periphery, or to detect levels of
acetaldehyde directly in brain (for a review, see Lindros, 1978,
1989). Nevertheless, evidence for the functional role of
acetaldehyde is well documented and substantiated by reliable and
previously replicated behavioral data (Aragon & Amit, 1985, 1988:
Aragon et al., 1985c; Lindros et al.,, 1975), which seem to far
outweigh the limitations previously outlined. Issues pertaining to
the measurement of acetaldehyde are, however, beyond the scope
of the present dissertation and will therefore not be discussed
beyond the short summary presented below (for a review, see
Lindros, 1978, 1989).

This inability to detect significant quantities of acetaldehyde
in brain, led researchers (Erikkson & Sippel, 1977; Kiianmaa &
Virtanen, 1978; Sippel, 1974; Tabakoff, Anderson, & Ritzmann,
1986) to postulate that there may be an enzymatic blood-brain
barrier which may limit the entry of peripherally circulating
acetaldehyde to the brain. Nevertheless, results from other studies
(Hillbom, Lindros, & Larsen, 1981; Kiianmaa & Virtanen, 1978:;
Pertersson & Kiessling, 1977; Westcott, Weiner, Shultz, & Myers,

1980) have suggested that, because acetaldehyde has been
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identified in cerebrospinal fluid (CSF) of rats injected with ethanol,
that acetaldehyde may indeed cross the blood-brain barrier. Thus,
the presence of acetaldehyde in CSF would seem to suggest that
acetaldehyde may in fact also be present in the interstitial fluid of
the brain. It would appear, however, that current limitations in the
state of analytical technology may preclude the direct measurement
of the acetaldehyde present in brain tissue following ethanol
exposure. It has also been suggested that acetaldehyde, reversibly
bound to erythrocytes, may be transported via hepatocytes to the
brain (Baraona, DiPavoda, Tabasco, & Lieber, 1987: DiPavoda,
Alderman, & Lieber, 1986). It seems unlikely, however, that
acetaldehyde may reach the brain from the periphery (Deitrich,
1987; Eriksson & Sippel, 1977: Sippel, 1974) because hepatic
aldehyde dehydrogenase (ALDH), an enzyme involved in the
elimination of acetaldehyde, is extremely metabolically efficient
(Lindros, 1978).

The metabolic degradation of acetaldehyde is largely
controlled by the NAD-dependent enzyme ALDH which metabolizes
acetaldehyde to acetic acid (Lundquist, 1971; Von Wartburg, 1980).
The presence of ALDH has been confirmed in the liver, kidney,
small intestine, and even in the brain (Petterson & Tottmar, 1982).
Thus the brain may possess the oxidative capacity for the removal

of acetaldehyde. ALDH has been proposed to be the most likely
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candidate, as it has a high affinity for this substrate (Duncan &
Tipton, 1971; Erwin & Deitrich, 1966; Mukherji, Kashiki, Ohyanagi &
Sloviter, 1975).

Furthermore, additional evidence confirming a role for
acetaldehyde in the mediation of the reinforcing properties of
ethanol has been suggested from results of behavioral studies
(Amir, 1977, 1978; Amir & Stern, 1978; Sinclair & Lindros, 1981) on
the role of ALDH in mediating ethanol-oriented behavior. These
studies established that a positive relationship exists between brain
ALDH and ethanol consumption in rats (Amir, 1977, 1978; Amir &
Stern, 1978; Sinclair & Lindros, 1981). In addition to correlational
evidence implicating ALDH in ethanol consumption in animals,
experimental results pertaining to the inhibition of ALDH in both
animals (Spivak & Amit, 1987; Spivak, Aragon, & Amit, 1987a,
1987b) and in humans (Behar, Berg, Rapoport, Nelson, Linnoila,
Cohen, Bozevich, & Marshall, 1983: Brown, Amit, Smith, Sutherland,
& Selvaggi, 1983; Kitson, 1989; Peachey, 1989) have suggested that
ALDH and acetaldehyde may be involved, either independently or
mutually, in the mediation of some of the reinforcing effects of
alcohol.  Given that the focus of the present dissertation is the
presumed formation of acetaldehyde, the involvement of ALDH in
the mediation of the reinforcing effects of acetaldehyde will not be
discussed further (see Amit et al., 1987; Smith et al., 1990)

Alcoholism in general, and voluntary alcohol consumption in

particular, are by definition behavioral phenomena, controlled by
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brain function as any other motivational phenomena; and, given
that it seemed unlikely, based on previous research (Deitrich, 1987;
Eriksson & Sippel, 1977; Sippel, 1974) that acetaldehyde may reach
the brain via the periphery; in the past, researchers working on the
possibility that acetaldehyde mediated ethanol-induced behavior
were always left with the question of how acetaldehyde reached the
brain. Thus, it was
proposed that acetaldehyde might be formed directly in the brain
itself (Cohen, Sinet, & Heikkila, 1980).

A number of proposals concerning the mechanism by which
acetaldehyde may be formed in brain have been proposed (Aragon,
Rogan, & Amit, 1992; Cohen et al., 1980; Gill, Menez, Lucas, &
Deitrich, 1992). It is well established that ethanol is readily
absorbed into brain tissue (Ritchie, 1970) and, in fact, several
metabolic pathways for ethanol in the brain have been suggested
(Aragon et al., 1992; Cohen et al., 1980; DeMaster, Redfern, Shirota,
& Nagasawa, 1986: Gill et al.,, 1992; Hawkins & Kalant, 1972; Lieber,
1977,1983; Lieber & DeCarli, 1971; Sinet, Heikkila, & Cohen,1980;
Thurman, Glassman, Handler, & Forman, 1989). These pathways
included the oxidation of ethanol via alcohol dehydrogenase (ADH)
(Hawkins & Kalant, 1972); the hydrogen peroxide dependent
ethanol conversion by catalase (Aragon et al.,, 1992; Cohen et al.,
1980; DeMaster et al., 1986: Gill et al.,, 1992; Sinet et al., 1980:
Thurman et al., 1989); and, the NADPH- and O2-dependent

microsomal ethanol oxidation pathways (MEOS) (Lieber,



1977, 1983; Lieber & DeCarli, 1971). The evidence for the
metabolic processes mentioned above will be briefly examined

below.

I. The Formation of Acetaldehvde

A. Role of Alcohol Dehydrogenase

There is a general consensus that formation of acetaldehyde

through the oxidation of ethanol, is primarily controlled by the
enzyme ADH (see Hawkins & Kalant, 1972) in the liver. Aside from
the liver, where large quantities of ADH have been measured,
smaller quantities have also been found in the kidney, and in
endocrine organs (Raskin & Sokoloff, 1970). Although trace
amounts of ADH have also been found in various areas of the brain
(Buehler, Pestalozzi, Hess & Von Wartburg, 1983; Giri, Linnoila,
O'Neil, & Goldman, 1989), ADH is considered essentially unreactive
in the brain (Raskin & Sokoloff, 1970; Tabokoff & Von Wartburg,
1975). In addition, evidence from behavioral studies examining the
role of ADH in ethanol consumption, have generally yielded
equivocal results (Carr, Brown, Rockman, & Amit, 1980; Sinclair &
Lindros, 1979).

Aside from ADH, however, the role of other enzymes in
ethanol metabolism has also been investigated. In the brain, three
alternative pathways for the formation of acetaldehyde have been
proposed. The first pathway involves the formation of hydroxyl
radicals during the auto-oxidation of ascorbate (Cohen, 1977); and,

the second is via the enzyme cytochrome P-450, whose presence
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has been established in the brain (Paul, Axelrod, & Diliberto, 1977).
The existence of these pathways has, however, only been skcwn in
viro. Therefore to date, there is no direct evidence to support the
role of these two pathways in the metabolism of ethanol in brain.
The third pathway proposed for the formation of acetaldehyde from
ethanol has been shown, both in vitro and in vivo, to be the
hydrogen peroxide dependant catalase system (Cohen et al., 1980;
Thurman et al., 1989). Since this third pathway was the only
pathway to receive validation from in vivo studies (Aragon et al.,
1992; Cohen et al,, 1980; Gill et al., 1992), the examination of the
possible involvement of catalase in the mediation of ethanol-
relevant motivated (in vivo) behaviors has become a central field of

investigation within the alcohol research area.

B. The Role of Catalase

The presence of the enzyme catalase throughout the body,
including the liver, has been well established. Thurman and
Handler (1989) showed that catalase oxidized ethanol in perfused
rat liver by using fatty acids as a source of hydrogen peroxide.
Earlier findings (Thurman, Oshino & Chance, 1975) suggested that
the
rate-limiting step in the peroxidatic conversion of ethanol to
acetaldehyde via catalase, is the generation of hydrogen peroxide.
These results supported the notion that catalase represented a

possible metabolic pathway for the conversion of ethanol to
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acetaldehyde in the liver (Thurman et al.,, 1989: Thurman et al.,
1975).

In brain, preliminary findings by Cohen et al. (1980) showed
that ethanol was converted to acetaldehyde in brain homogenates
via the peroxidatic activity of the enzyme catalase. The necessary
presence of hydrogen peroxide in brain tissue has also been
established (DeMaster et al., 1986; Patole, Swaroop, & Ramasarna,
1986; Sinet et al.,, 1980). These preliminary findings were later
confirmed independently by others (e.g. Aragon et al., 1992).

The presence of catalase in the brain has been verified both
biochemically (Brannan, Maker, & Raes, 1981: Gaunt & DeDuve,
1976; Tampier & Mardones, 1979) and histochemically (McKenna,
Armold, & Holzman, 1976). It was found (Branan et al., 1981: Gaunt
& DeDuve, 1976; McKenna et al.,, 1976) that the activity of catalase
was related to the presence of small subcellular particles known as
microperoxisomes. Areas of the brain reported to contain the
highest distribution of catalase-reactive neurons include the locus
coeruleus, nucleus A] of the medulla, and the substantia nigra
(Brannan et al., 1981, McKenna et al., 1976), with small numbers of
microperoxisomes also present in the cortex and the cerebellum
(McKenna et al., 1976). Examinations of the rates of oxidation of
ethanol in brain have revealed that rates of oxidation differ across
various brain regions, with the cortex-diencephalon showing the
highest rates of oxidation (Tampier & Mardones, 1979; Tampier,

Quintanilla, & Mardones, 1980). Given that catalase has been found
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in the brain and that catalase has thus, been implicated in the
mediation of motivated behaviors (Amit & Aragon, 1988), a direct
behavioral examination of the role of catalase in ethanol-mediated
behavior was undertaken (Amit & Aragon, 1988: Aragon et al.,

1985c; Quintanilla, Tampier, & Mardones, 1980).

1. Role of Catalase in Volgn[gg Ethanol ansl_lmgtion

A direct examination of the behavioral role of catalase in

ethanol-mediated behavior was carried out. Recently Aragon et al.
(1985¢c) found a positive correlation between brain catalase activity
and voluntary ethanol consumption in rats. They also found that
mean brain catalase activity measured across a 25 day period did
not differ between groups of animals exposed to ethanol, and those
exposed to water. This finding implied, since voluntary ethanol
consumption did not affect catalase activity over a 3 to 4 week
period, that it was actually the inherent catalase activity that was
correlated with the amount of ethanol consumed. This conclusion
has also been supported by Aragon et al. (1985c) who showed that
brain catalase activity was not affected when animals were given
ethanol over a 25 day period, as their exclusive source of fluid.
Further evidence for a relationship, through its possible role
in the metabolism of ethanol to acetaldehyde, between catalase
activity and voluntary ethanol consumption, was obtained by Amit
and Aragon (1988). Rats, initially naive to ethanol, were presented
with a choice between a 10% ethanol solution or water over a 30

day period. Catalase activity was measured in tail blood prior to
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the experiment, and again in blood and brain 10 days after ethanol
withdrawal. Blood catalase activity remained uichanged as a result
of exposure to ethanol, and there was a strong positive correlation
between blood and brain catalase activity.

Furthermore, in support of earlier findings (Aragon et al., 1985¢),
voluntary ethanol consumption was positively correlated with brain
catalase activity.

Another line of evidence for the involvement of catalase in
ethanol consumption comes from studies utilizing inbred strains of
mice such as the CS7BL/6 and DBA/2. The large differences in
sensitivity to ethanol between the C57BL/6 and DBA/2 mice have
been well documented (Holmes, Mether, & Duley, 198s; Kakihana,
Nable & Butte, 1968: Kiianmaa, Hoffman, & Tabakoff, 1983:;
Tabakoff & Kiianmaa, 1982). In particular, the C57BL/6 mice, as
compared to the DBA/2 mice, have been shown to consume larger
amounts of ethanol (Belknap, 1980: Belknap, Belknap, Berg, &
Coleman, 1977; Schneider, Evans, Chenoweth, & Benman, 1973).

Several mechanisms have been proposed to explain the
differences in ethanol sensitivity of these two strains. These
proposed mechanisms included differences in neurosensitivity
(Belknap et al., 1977; Schneider et al., 1973); development of
tolerance (Crabbe, Johnson, & Gray, 1982; LaDroitte, Lamboeuf, & De
Saint Blanquat, 1984; Schneider, Trzil, & D'Andrea, 1974; Tabokoff &
Kiianamaa, 1982); liver metabolism of ethanol and acetaldehyde

(Hjelle & Petterson, 1981: Holmes, 1985: Schneider et
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al.,, 1973); and, membrane fatty acid composition (LaDroitte et al.,
1984).

Of particular interest, in this context, however, was the finding
that, compared to DBA/2 mice, the C57BL/6 mice have lower
catalase activity in the liver (Ganschow & Shimke, 1969, 1970) and
brain (Aragon & Amit, 1987). In other words, these
differences have been detected between C57BL/6 mice which have
been shown to consume larger amounts of ethanol, and DBA/2 mice
who tend to avoid ethanol (Belknap, 1980: Belknap et al., 1977;
Schneider et al., 1973). These findings tended not to support other
studies (Amit & Aragon, 1988; Aragon et al., 1985¢), which found a
correlation between voluntary ethanol consumption and catalase
activity in standard strains of laboratory rats.

In summary, considerable evidence has accumulated in
support of the contention that catalase activity is related to
voluntary ethanol consumption in rodents. The possible mediation
by catalase of other ethanol-induced effects has also been

investigated, and will be discussed in the next section.

2. The Effect of Catalase Inhibition

on Ethanol-Mediated Behaviors

There is also evidence (Aragon & Amit, 1992a, 1992b: Aragon,
Spivak, & Amit, 19852, 1985b, 1989, 1991: Koechling & Amit, in
press; Rotzinger, Smith, & Amit, 1993) to suggest that the inhibition

of the activity of catalase would result in the
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modification or inhibition of some ethanol-mediated behaviors.

The compound 3-amino-1,2,4-triazole (AT), a specific
irreversible catalase inhibitor (Darr & Fridovich, 1986; Heim,
Appleman, & Pyfrom, 1955), has been widely used in studies to
inhibit catalase activity (Aragon & Amit, 1992a, 1992b; Aragon et
al., 1985a, 1985b, 1989, 1991; Koechling & Amit, in press; Rotzinger
et al,, 1993). AT, administered via intraperitoneal
injections, has been shown to inhibit both the catalytic and
peroxidatic activity of catalase (Cohen et al., 1980),
and further, (Cohen et al., 1980) that the irreversible inhibition of
catalase by AT could be prevented by the prior administration of
ethanol. In addition, it was demonstrated (Aragon et al., 1992) that
AT produced a dose-dependent reduction of acetaldehyde in brain
homogenates, and that this reduction was not observed while using
pyrazole, an alcohol dehydrogenase inhibitor, or metyrapone, a
cytochrome P-450 inhibitor. Similar results were obtained by Gill
et al. (1992) who found that while the catalase inhibitors AT,
sodium azide, and cyanamide all reduced the production of
acetaldehyde in brain homogenates, pyrazole and metyrapone did
not produce a similar reduction in acetaldehyde production in brain
homogenates.

The effects of AT on voluntary ethanol consumption have
been examined in both rats and in mice (Aragon & Amit, 1992a,
1992b; Aragon et al., 1985a, 1985b, 1989, 1991; Koechling & Amit,
in press; Rotzinger et al., 1993). Aragon and Amit (1992a) found
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that, in rats, AT produced a dose-dependent reduction in the
maintenance of voluntary ethanol intake without having an effect
on total fluid consumption. Furthermore, daily administrations of
AT induced a dose-dependent inhibition of brain catalase activity
which was maintained for the duration of the five day treatment
period (Aragon & Amit, 1992a). The effects of AT on the acquisition
of ethanol intake in rats have also been examined (Rotzinger et al.,
1993). It was found that AT reduced ethanol intake, without
affecting total fluid intake during the acquisition period. When
treatment with AT was terminated, the same animals continued to
consume a reduced amount of ethanol during the rest
of the ethanol maintenance period. However, when a second
acquisition period without AT treatment was initiated in these same
animals, no effect of the previous drug treatment was found
(Rotzinger et al., 1993). That is to say, ethanol consumption rates of
these animals were not different from pretreatment consumption
rates.

The effects of AT have also been examined in Swiss Webster
mice (Koechling & Amit, in press). Their findings showed that AT
significantly reduced ethanol intake and preference across
treatment days, without affecting total fluid intake.

In addition, it has been found that a strain of acatalasemic
mice (Eide & Syverse, 1982; Feinstein, Howard, Braun, & Seaholm,
1966; Srivastava & Ansari, 1980) developed in Oak Ridge National

Laboratories through x-ray irradiation and the resultant induction



16
of a catalase deficient mutation, have differential ethanol
consumption patterns (Aragon & Amit, 1992a). More specifically, it
was found that acatalasemic mice (C3H-A), compared to inbred
animals of the same strain (C3H-N) , consumed significantly higher
amounts of ethanol when presented with ethanol concentrations
ranging from 12% to 18%. The tendency of acatalasemic mice to
drink more ethanol than their normal controls, seemed to be the
reverse of what had been observed with regards to ethanol intake
in rats treated with AT. With respect to this anomaly, it may be
important to note that that this difference between acatalasemic
mice and their normal controls, seemed identical to the difference
found between the high ethanol consuming C57BL/6 mice and the
ethanol avoiding DBA/2 mice (Belknap, 1980; Belknap et al., 1977;
Schneider et al., 1973). The CS57BL/6 mice were found to be
significantly lower in brain catalase activity than the DBA/2 mice
(Aragon & Amit, 1987). However, despite the fact that the
C57BL/6 mice drink more ethanol, and have lower brain catalase
activity when compared to DBA/2 mice, in all other measures of
ethanol-induced behaviors with the exception of voluntary ethanol
consumption the former resembled that of both rats and mice
treated with AT and acatalasemic mice (Aragon & Amit, 1992b;
Aragon et al., 1985a, 1985b, 1989, 1991; Koechling & Amit, in press;
Rotzinger et al., 1993).

These results suggested a role for brain catalase in

determining patterns of ethanol intake in a variety of strains of
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mice (Aragon & Amit, 1992a; Koechling & Amit, in press), and of
rats (Aragon et al.,, 1992b; Rotzinger et al., 1993). Investigations of
the effects of AT have included a variety of ethanol-mediated
behaviors in rats. In one experiment, the role of catalase in ethanol-
induced conditioned taste aversion (CTA) to a
saccharin solution was examined (Aragon, et al., 1985b). AT was
found to attenuate an ethanol-induced CTA, and at the same time, it
was found not to affect a CTA induced by either morphine or by
lithium chloride. This suggested that the effects of AT were specific
to ethanol (Aragon et al., 1985b). Furthermore, the fact that AT did
not affect peripheral blood levels of ethanol, implies that the
observed effects were centrally mediated (Aragon et al., 1985b).

Further investigations of the involvement of catalase in
ethanol-mediated behaviors have included examinations of the
durations of ethanol-induced narcosis and of ethanol-induced
lethality. In a series of experiments, Tampier and Mardones and
their associates showed that AT produced a significant reduction in
the narcotic actions of ethanol in two inbred strains of rat
(Quintanilla et al., 1980; Tampier, Quintanilla, Letelier, & Mardones,
1988; Tampier & Mardones, 1979, 1983). In contrast, AT had no
effect on the narcotic effects of paraldehyde or of pentobarbitol
(Quintanilla et al., 1980). Since AT had no effect on blood ethanol
climination rates, the reduction produced by AT in the narcotic
actions of ethanol were attributed to a central effect of AT (Tampier

& Mardones, 1986). More recently, Aragon et al. (1991) confirmed
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that pretreatment with AT in standard laboratory rats produced a
reduction in ethanol-induced narcosis and lethality.

The effects of AT on ethanol-induced locomotor changes have
also been investigated. Ethanol has been reported to have a
biphasic effect on locomotor activity in some species: high doses
producing a decrease in motor activity, and low doses producing an
increase in motor activity (Frye & Breese, 1981). Although ethanol-
induced motor excitation has been well documented in mice, this
effect is less frequently observed in genetically unselected strains
of rats (Frye & Breese, 1981). When Aragon et al. (1989) injected
Long-Evans rats intraperitoneally with either 1.0 or 2.0 g/kg of
ethanol, the highest dose produced a
depression of motor activity, while the lower dose had no effect.
AT, at a dose which by itself had no effect on motor activity
produced no change in activity at the lower dose of ethanol, but this
dose significantly attenuated the depression in motor activity
observed for the higher ethanol dose. This dose of AT was also
found to significantly reduce mean brain catalase activity (Aragon
et al., 1992; Gill et al., 1992; Quintanilla et al., 1980; Sinet et al.,
1980). Thus, since AT blocks brain catalase activity, it is probable
that the modulation of ethanol-related behaviors by AT is mediated
via some action on the central nervous system.

The role of catalase in ethanol-induced hypothermia has also
been examined (Aragon et al, 1991). Although it has been
established that high doses of ethanol induce hypothermia (Kalant &
Le, 1984; Lomax, Bajorek, Bajorek, & Chaffee, 1981), there is little
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consensus as to the mechanism underlying this phenomenon
(Crowell, Hinson, & Siegel, 1981; Myers & Ruwe, 1982; Ymawaski,
Nishiguchi, Miyamoto, Ogita, & Kakanishi, 1983). AT, however, was
found to have no effect on ethanol-induced hypothermia (Aragon et
al., 1991). These findings led Aragon et al. (1991) to suggest that
hypothermia was mediated directly by ethanol rather than by its
metabolites. This contention was supported by others (Eriksson &
Sarviharju, 1984; Linakis & Cunningham, 1979), who found the
genetic mechanism of ethanol-induced hypothermia to be different
from the one mediating ethanol-induced motor activity. In this
respect, the results obtained by Aragon et al. (1991) indirectly
supported the previously mentioned contention (Eriksson &
Sarviharju, 1984; Linakis & Cunningham, 1979) since Aragon et al.
(1991) suggested a role for catalase in motor activity but not in
hypothermia.

The last in this series of investigations examining the role of
catalase in ethanol-induced phenomena, focused on ethanol-induced
corticosterone release. Considerable data support the notion that
acute administration of ethanol results in an increase in
corticosterone release (e.g. Aragon & Amit, 1987; Kakihana et al.,
1968). An examination of the involvement of catalase in the
ethanol-induced corticosterone response was conducted by Aragon
and Amit (1987) in selectively bred mice. CS7BL/6 and DBA/2
mice were treated with AT prior to injections with ethanol. It
was found that AT pretreatment significantly attenuated the

ethanol-induced release of corticosterone in both strains of mice,
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even though blood ethanol levels of mice pretreated with AT were
not different from those of controls. Furthermore, AT pretreatment
resulted in a significant decrease in brain catalase activity in both
strains of mice. These results (Aragon & Amit, 1987) suggested that
inhibition of brain catalase via AT, resulted in an attenuation of
ethanol-induced corticosterone release.

In summary, there is considerable evidence that the enzyme
catalase plays a role in the mediation of voluntary ethanol
consumption, as well as in a variety of other ethanol-mediated
effects (Aragon & Amit, 1992a, 1992b; Aragon et al., 1985a, 1985b,
1989, 1991; Koechling & Amit, in press; Rotzinger et al., 1993;
Tampier & Mardones, 1980).

3. Catalase as a Potential Predictor of Alcohol Consumption

Taken together, evidence from many animal experiments has
suggested that catalase is involved in the mediation of some of
ethanol's psychopharmacological effects (Aragon & Amit, 1992a,
1992b; Aragon et al., 1985a, 1985b, 1985c, 1987, 1989; Rotzinger et
al.,, 1993; Tampier & Mardones, 1983). In particular, individual
differences in catalase activity have been shown to predict, in part,
levels of ethanol consumption in animals (Amit & Aragon, 1988;
Aragon et al., 1985c). Thus, it was found that the activity of
catalase in brain was positively correlated with levels of ethanol
intake in rats (Amit & Aragon, 1988; Aragon et al.,, 1985c).

Furthermore, it was reported that catalase activity in blood of
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ethanol-naive rats was positively related to subsequent levels of
ethanol consumption, as well as to catalase activity in brain
(Aragon & Amit, 1988). Based on these findings, Amit and Aragon
(1988) suggested that catalase may represent a biological marker
for the propensity of an organism to ingest alcohol.

Under present day technological limitations, it is not possible
to measure catalase activity directly in the brains of humans to
assess its relation to alcohol intake. Less invasive and more indirect
approaches must therefore be taken. Hence, the importance of
measuring catalase activity in human blood as a valid marker of the
propensity to consume alcohol. Thus, through simple blood
sampling, the propensity for future consumption of alcohol might be
predicted by catalase activity. The validity of this approach is
further increased by the fact that catalase in blood and in brain
were found to be highly correlated in rats (Amit & Aragon, 1988).
The possible ramifications of this approach, naturally, sparked an
investigation of the role of catalase in the regulation of alcohol
intake in humans (Koechling & Amit, 1992). Specifically, the
purpose of this study was to examine the possibility that catalase in
human erythrocytes may represent a correlate of alcohol intake.
Findings from a study using volunteers, showed a significant
positive relationship between catalase activity and typical amount
of alcohol consumed over a 30 day time period. Results from a
multiple regression analysis showed that, even after accounting for

the contribution of six other variables to the variance, catalase
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activity made the highest single contribution to the overall variance
in alcohol intake.

These results (Koechling & Amit, 1992), together with the
existing body of evidence from animal research (Aragon & Amit,
1992a, 1992b; Aragon et al., 1985c, 1987, 1989, 1991; Koechling &
Amit, in press; Rotzinger et al., 1993; Tampier & Mardones, 1983),
support the notion that catalase activity could also act as a biological
marker for alcohol consumption among individuals who have a
family history of alcoholism. This possibility opens up a way for
examining the role biological markers, such as catalase activity, may
play in the identification of individuals who may be at risk for the
development of alcohol dependence. The literature pertaining to

this issue will be reviewed in subsequent sections.

II. Family History and the Risk of Alcoholism
It has been well established that alcoholism often ‘runs in

families' (Cotton, 1979; Schuckit, Goodwin & Winokur, 1972;
Winokur, Reich, Rimmer, & Pitts, 1970). This truism had always
suggested that there is a genetic contribution for the vulnerability
towards the development of alcoholism. More specifically, in a
review of the literature Coiion (i979) found that the incidence of
alcoholism is higher in relatives of alcoholics, as compared to that
found in relatives of controls. Winokur et al. (1970), found that this
relationship was higher in first-degree relatives of male alcoholics

but not of females. Adoption (Bohman, Sigvardsson & Cloninger,
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1981; Cadoret; 1990; Goodwin, Schlusinger, Hermansen, Guze, &
Winokur, 1973) and twin studies (for a review, see Searles,
1990; Cadoret 1990) have also demonstrated a genetic contribution
of the vulnerability towards alcoholism.

The search for risk factors, or those factors which contribute
to the increased likelihood of developing alcoholism, has recently
received considerable interest (Searles, 1990). This search for risk
factors often begins with the identification of individuals who have
a family history of alcohol abuse or of dependence (FH+), but who
themselves may not necessarily be alcoholic. Such individuals are
typically compared with individuals who have no family history of
alcohol abuse or of dependence (FH-). In general, FH+ individuals
and FH- individuals have been compared in terms of their
performance on a variety of behavioral, physiological, and
psychological tests, in order to identify markers which may
predispose individuals to alcohol use and abuse. These studies are
not technically considered to be behavior-genetic in nature since
they do not allow the delineation of genetic and of environmental
effects. Nevertheless, these markers are of considerable value
inasmuch as they point to a possible predisposition towards alcohol
use and abuse (Searles, 1990); and, because it has been established
that alcoholism runs in families (Cotton, 1979; Winokur et al., 1970).
Therefore, these studies are generally classified as being part of the
body of research on the genetics of alcoholism (Searles, 1990). This
area of research has generally been divided into four major areas,

concerning four different types of markers, namely:
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neuropsychological, or cognitive; electrophysiological; trait; and,
biological. Before reviewing the respective areas of the
literature concerning the markers for a predisposition towards
alcohol use and abu.se, a summary of the general nature of markers

follows in the next section.

A. What is a Marker?

The term ‘marker’ can denote either genetic or non-genetic
bases for an active state or predisposition towards a particular
disease (Rowe, 1990). The presence of a marker does not
necessarily imply a causal relationship with alcoholism since
environmental and other factors, including social and psychological
ones, may modulate the expression of a particular
marker (Rauduco-Thomas, Garcia, Faure, & Lemay, 1984; Rowe,
1990; Tarter, Moss, & Laird, 1990).

Sub-classification of markers has yielded a variety of
different types of markers (Rauduco-Thomas et al.,, 1984; Rowe,
1990; Tarter et al.,, 1990). The most general term, a 'biological
marker' refers to a characteristic concomitant to a particular
condition or disease (Rauduco-Thomas et al., 1984; Rowe, 1990;
Tarter et al., 1990). Biological markers can be sub-divided into
‘state markers' or 'trait markers’. A state marker refers to a
feature associated with the active expression of a particular disease.
State markers are often used for diagnostic assessments and denote
the presence of a disease state (ie. low serum albumin levels in liver

disease). Trait markers, on the other hand, may occur
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independently of the active expression of any particular disease
state, and can be characteristic of the individual
throughout their life-span. Trait makers often act as indicators for
the predisposition for a disease. For instance, the trait of 'obesity’
may predispose an individual to heart disease.

Trait markers are usually further classified into ‘genetic’ and
‘other’ markers (Rauduco-Thomas et al., 1984; Rowe, 1990;: Tarter et
al., 1990). Genetic markers, by definition, must be present in
persons affected by the disease itself. Conversely, trait markers
that do not fit the profile of genetic markers are simply termed
‘other’ markers (Rowe, 1990).

Genetic markers are also sub-divided into 'phenotypic’, or
‘DNA’' markers (Rauduco-Thomas et al., 1984; Rowe, 1990; Tarter et
al., 1990). Phenotypic markers include all markers which indirectly
reflect gene expression in the domains of morphology, biochemistry,
physiology, or behavior. DNA markers, based on the analysis of
DNA sequences, allow for the detection and the identification of
specific gene activity. Phenotypic markers, in turn, are divided into
‘linkage’, and ‘association’ markers (Rauduco-Thomas et al., 1984;
Rowe, 1990; Tarter et al.,, 1990). A linkage marker consists of a
phenotype where the gene is known to be physically proximal to
the gene underlying any particular condition in question, and
known to be correlated with such genes. An association marker, on
the other hand, is functionally and causally related to a particular
disease itself. Thus, while association markers are considered to be

an integral part of the disorder, or assumed to reflect a biological
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process which may culminate in the disorder, this is not necessarily
the case for linkage markers. Association markers tend to be more
often identified with biochemical, neurophysiological, and enzymatic
characteristics associated with alcoholism (Tarter et al., 1990).

Finally, association markers are further classified into
‘observable’, and ‘evokable’ markers (Rauduco-Thomas et al., 1984;
Rowe, 1990; Tarter et al.,, 1990). Observable markers are described
as being always present; whereas the evokable markers are solely
revealed following a 'biological challenge’, for instance ‘'alcohol
challenge paradigms' (Schuckit, 1987, 1991), wherein subjects are
challenged to consume a given dose of alcohol within a specific time
period and then evaluated.

The following sections will more specifically focus on aspects
of four different research areas pertaining to markers:
neuropsychological, or cognitive; electrophysiological; trait; and,

biological.

1. Neuropsychological and_ Cognitive Trait Markers

Neuropsychological deficits, which include decreased verbal IQ
scores and increased errors on various neuropsychological batteries,
have been reported in offspring of alcoholics when compared to
controls (Alterman, Bridges, & Tarter, 1985; Drejer, Thielgaard,
Teasdale, Schlusinger, & Goodwin, 1985; Gabrielle & Mednick, 1983).
However, it is interesting to note that neuropsychological and
cognitive differences between FH+ and FH- individuals disappeared

following alcohol challenge tests (Nagoshi & Wilson, 1987), and



when effects due to prior alcohol consumption history were
controlled for (Hesselbrock, Stabenau, & Hesselbrock, 1985b).
Although static ataxia (measured by the body sway test) has been
identified as a potential evoked neuropsychological trait marker for
the development of alcoholism (Schuckit, 1991), the literature to
date has yielded equivocal results that are difficult to reconcile.
Varying test conditions such as the extent of body sway; the extent
to which eyes were closed or open during the test itself; and, the
question as to whether testing sessions were run before or after
alcohol challenge tests; have all produced conflicting results
(Hegedus, Tarter, Hill, Jacob, & Winston, 1984; Lipscomb, Carpenter,
& Nathan, 1979; Schuckit, 1987). Accordingly, to date,
neuropsychological trait markers have not demonstrated good
predictive validity with regards to a differentiation between FH+
and FH- with regard to their respective in predispositions towards

alcoholism (Tarter et al., 1990; Searles, 1990).

2. Electrophysiological Markers

Over the past few decades, electrophysiological aberrations in
alcoholics have been extensively investigated with the use of
electroencephalographic (EEG) and event-related potentials (ERP)
(for review, see Begleiter & Platz, 1972; Porjesz & Begleiter, 1983).
For many years, differences between alcoholics and controls on EEG
alpha production, auditory brain stem potential, and P3 components

of the ERP to target stimuli; were considered to be the consequences
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of the neurotoxic effects of chronic alcohol exposure on the brain
(Porjesz & Begleiter, 1991). Recently, however, evidence has
emerged to suggest that these electrophysiological aberrations
antecede the development of alcoholism, and may represent
phenotypic markers for the predisposition towards alcoholism
(Porjesz & Begleiter, 1991). For instance, it was reported (Begleiter,
Porjesz, Bihari, & Kissin, 1984; Begleiter & Porjesz, 1990) that pre-
adolescent sons of alcoholics exhibit a decrease of the P300 wave
following presentation of a visual signal. Others (Gabrielli, Mednick,
Volavka, Pollock, Schlusinger & Stil, 1982) reported increased beta
waves in FH+ compared to FH- individuals, although this finding was
not replicated as yet (Pollock, Volavka, Goodwin, Mednick, Gabrielli,
Knoop, & Schlusinger, 1983). Furthermore, it was also found that
FH+ subjects showed decreased P300 wave and slow alpha wave
activity subsequent to an alcohol challenge test (Polich, Bumns, &
Bloom, 1988).

Several competing hypotheses have been suggested to explain
these differences in electrophysiological aberrations between FH+
and FH- individuals with regards to the etiology of alcoholism.
Begleiter et al. (1984; Begleiter & Porjesz, 1990) have suggested
that the reduced P300 amplitude could constitute a phenotypic
marker for visual short term memory impairment which would
consequently interact with an individual's current monitoring of his
or her own behavior. Volavka, Pollock, Gabrielli and Mednick

(1985) hypothesized that the EEG data support the tension
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reduction hypothesis of alcoholism, while Schuckit (1987) suggested
that in high risk individuals there may be an association between
decreased ethanol reaction and electrophysiological activity. Taken
together, it seems that at this point there is no agreement
concerning the theoretical explanations and implications of the
reported electrophysiological differences between FH+ and FH-

groups.

3. Psychological Trait Markers

In general, the search for an ‘alcoholic personality’ has borne
little fruit, and has produced largely equivocal results (Barnes,
1979). More recently, several traits have been found to
differentiate children of FH+ and of FH- individuals, including high
novelty-seeking and low harm avoidance (Cloninger, 1987a, 1987b);
impulsivity and under-control in boys (Jones, 1981); traits related
to antisocial-personality disorder (Vaillant, 1983; Zucker &
Lisansky-Gomberg, 1986); arousability (temperament) and higher
levels of activity in infancy, two traits known to have a large
heritability component (Tarter et al., 1990). To date, however, no
studies have followed-up FH+ individuals with a particular trait
marker in order to determine whether or not these individuals
actually developed a dependence on alcohol at a later age (Tarter et
al., 1990). Thus, the predictive validity of these trait markers has

not yet been ascertained.
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4. Biological Markers
In a series of studies, Schuckit and colleagues (1984, 1987: Schuckit
& Rayes, 1979; Schuckit, 1991) have compared the
effects of alcohol and of placebo challenges in sons of alcoholics and
of controls on multiple variables. Evidence from these types of
studies have suggested that FH+ individuals, as opposed to FH-
subjects, showed (Schuckit, 1991) a decreased responsivity to
alcohol in terms of body sway (static ataxia); and, of decreased self-
reported subjective feelings of intensity of intoxication compared to
the FH- group (Schuckit, 1991). These differences were specific to
alcohol, in that cocaine and amphetamine did not produce any
differences between those groups (Schuckit, 1991). No differences
between FH+ and FH- individuals were found with regards to
alcohol metabolism measured in terms of absorption or clearance
rates of ethanol, time to peak blood alcohol concentrations (BACQ), or
maximum BAC (Nagoshi & Wilson, 1987; Schuckit, 1991).

In addition, differences in biochemical sensitivity and
reactivity to alcohol have been well established for individuals who
lack an isozyme for ALDH (Harada, Agarwal, Goedde, & Ishikawa,
1983; Teng, 1981; Wolff, 1972). More specifically, it has been
shown that these types of individuals exhibit an increased
sensitivity to the euphoric and to the depressant properties of
alcohol (for review see Teng, 1981). FH+ and FH- groups, however,
could not be differentiated on the basis of this biochemical marker

(Teng, 1981).
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Furthermore, several in vitro studies have been carried out in
an attempt to reliably identify biochemical markers that
differentiate between FH+ and FH- individuals. The search for
these biochemical markers included an examination of low
monoamine oxidase (MAO), an enzyme that catalyzes the oxidative
deamination of neurotransmitter catecholamines, indoleamines and
various trace amines (Alexopoulos, Lieberman, & Frances, 1983;
Tabokoff, Lee, De-Leon-Jones, & Hoffman, 1985; Von Knorring &
Oreland, 1985); low brain serotonin, measured by peripheral
metabolites (Boismare, Lhuintre, Daoust, Moore, Saligaut, &
Hillemand, 1987) and, low plasma gamma-aminobutyric acid levels
(Moss, Yao, Burns, Maddlock & Tarter, 1992). In addition, numerous
pituitary and brain opioid peptides and other pituitary hormones
(ie. thyrotropin-releasing hormone, prolactin, vasopressin, and
melanphore-stimulating hormones) has also been
examined as potential biochemical markers (Esaky & Linnoila, 1991;
Tarter et al.,, 1990). Overall, these neurochemical studies, which
focused largely on monoaminergic and peptidergic systems, have
not succeeded in elucidating a brain substrate underlying
alcoholism (Moss et al.,, 1992; Ryback, Rawlings, Negron, Correa-
Corans, Cirelli, & Chobanian, 1986; Tarter et al., 1991).

As previously stated, to date no studies have followed-up FH+
individuals along a particular biological marker in order to
determine whether or not these individuals actually developed a

dependence on alcohol (Tarter et al., 1990). In order to address this
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issue, a longitudinal study has been recently launched by Schuckit
et al. (Schuckit, 1991). Since the results of this longitudina! study
will not become available for some time, at the present time the
predictive validity of these biological markers has not yet been

ascertained.

5. Concluding Remarks on Markers

During the past three decades, a vast body of evidence has
emerged in support of the notion that 'alcoholism runs in families'
(Cadoret, 1990; Heath, 1990-91; Rowe, 1990; Searles, 1988, 1990:
Tarter et al., 1990). Thus, a wide consensus has evolved in support
of the concept that the risk of 'becoming an alcoholic' is, at least in
part, genetically transmitted. Following this adage, more recently,
researchers focused their attention on the identification of a genetic
marker for alcoholism and more specifically, for the biological
mechanisms and other concomitant factors which may mediate the
expression of this genetic transmission (Heath 1990-91; Porjesz &
Begleiter, 1991; Schuckit, 1991; Searles, 1990; Tarter at al., 1990).
To date, researchers have taken a non-theoretical approach, and
have relied largely on post-hoc explanations of findings concerning
the determination of potential markers that may differentiate
between FH+ and FH- individuals.

A cohesive theoretical framework which would allow for the testing
of a priori assumptions would help explain findings regarding the

determination of potential biological markers, and furthermore,
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would provide a much needed bridge between animal and human

research in this area.

[II. The Present Investigation

In recent years considerable evidence has emerged suggesting
that acetaldehyde, the primary metabolite of alcohol, may be
mediating many of the reinforcing properties of alcohol (Amit and
Smith, 1989; Brown et al., 1980; Myers et al., 1984; Smith et al..
1990; Takayama & Uyeno, 1985). Given the control exerted by the
central nervous system on motivated behavior in general, and on
consummatory behavior including ethanol intake in particular, it
would follow that the identification of the mechanism controlling
the formation of acetaldehyde in the central nervous system may
help elucidate factors controlling the propensity of an organism to
ingest alcohol. Furthermore, it may also help clarify the propensity
to develop a dependence on alcohol. Recently, evidence began to
emerge (Aragon et al.,, 1992; Cohen et al., 1980; Gill et al., 1992;
DeMaster et al.,1986; Sinet et al.,, 1980) that the enzyme catalase
may be a viable metabolic pathway for the oxidation of alcohol to
acetaldehyde in the brain. In addition, recent reports support the
notion that the activity of catalase may be mediating many of the
behavioral effects of ethanol (Amit & Aragon, 1988; Aragon & Amit,
1992a, 1992b; Aragon et al., 1985a, 1985b, 1985c, 1989, 1991;
Koechling & Amit, in press; Tampier & Mardones, 1983). More
specifically, individual differences in catalase activity have been

shown to predict levels of alcohol consumption in rats (Amit &
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Aragon, 1988). Based on this evidence, Amit and Aragon (1988)
suggested that catalase may, through the production of
acetaldehyde in brain, be a biological marker determining the
propensity of an organism to ingest alcohol.

This latter claim provided the impetus and rationale for the
investigation of the role of catalase in the regulation of alcohol
intake in a human population. Recent results (Koechling & Amit,
1992) of studies examining the nature of this relationship,
suggested that the activity of catalase in human erythrocytes was a
significant positive predictor of human alcohol consumption.

These results (Koechling & Amit, 1992) together with the
existing evidence from animal research (Amit & Aragon, 1988;
Aragon & Amit, 1987, 1992a, 1992b; Aragon et al., 1985a, 1985b,
1985¢c, 1989, 1991, 1992; Koechling & Amit, in press; Tampier &
Mardones, 1983) added support for the contention that inherent
catalase activity in specific target tissues could function as a
biological marker for the affinity to drink alcohol. The activity of
catalase could be used to identify those individuals who may be
prone to high alcohol consumption and thus, who may be at risk for
the development of alcohol dependence. The most efficient way of
testing this hypothesis would be through an examination of the
patterns of relation between catalase activity and alcohol
consumption in FH+ and in FH- individuals.

However, before it would be possible to proceed with testing
the hypothesis concerning the nature of catalase as a biological

marker for the propensity to consume alcohol, the question as to
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whether or not catalase was an evokable marker or an observable
marker associated with the consumption of alcohol had to be

addressed. The first experiment of the present dissertation was
designed to examine the possibility, by using an alcohol challenge
paradigm, that differences in catalase activity reflect their induction
by alcohol intake rather then their activity as predictors.

Thus, the present series of studies was designed to first test
this initial hypothesis by:

(1) ruling out the possibility that the acute administration of alcohol
produced a short-term induction of catalase measured over a 24
hour period;

(2) ruling out the contribution of prior alcohol consumption history
to the possible induction of catalase;

(3) examining the effect of acute administration of alcohol on breath
alcohol content (BAC) over a 24 hour period in order to ensure that
subjects consumed the alcohol.

The present series of studies were then designed to examine
the central question underlying the bulk of the research of the
present dissertation, namely, whether or not there are any
significant differences in the pattern of relation between catalase
activity and alcohol consumption in FH+ and in FH- individuals.

The central focus of the present dissertation is therefore to
investigate the role of catalase, in human erythrocytes, and by
implication, the role of centrally-acting acetaldehyde in the
mediation of alcohol consumption. The specific aim of this

dissertation was to examine this broader question in a more specific
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framework: The differential contribution of catalase to its

relationship with alcohol consumption in FH+ and FH- individuals.
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EXPERIMENT 1

Several reports in the literature (Fazekas, 1965; Gambassi &
Maggi, 1952) suggested that acute doses of alcohol produced
transient increases in catalase activity in human blood over a
7-hour post-ingestion period. More specifically, Fazekas (1965)
found that, in male volunteers, following the intake of alcohol (0.5
and 1.5 g/kg), catalase activity increased substantially at 1.0 to 3.0
hours post-ingestion. Similar results were also reported by
Gambassi and Maggi (1952). However, the earlier research
(Fazekas, 1965; Gambassi & Maggi, 1952) relied exclusively on male
volunteers, used small sample sizes (n = 5), restricted sampling to a
7 hour time period post alcohol ingestion, and did
not include control groups ingesting non-alcoholic fluids.

Generally, the early data obtained from humans (Fazekas,
1965; Gambassi & Maggi, 1952) are inconsistent with results from
animal data, which suggested that catalase activity did not change
as a function of acute or chronic exposure to ethanol (Amit &
Aragon, 1988; Aragon et al.,, 1985c). Aragon et al. (1985c), for
example, showed that catalase activity remained unchanged when
rats were given ethanol as their exclusive source of fluid over a 25
day period.

Given this inconsistency between data obtained from humans
and from animals, the first study was designed to assess whether or
not the acute ingestion of alcohol would alter the activity of catalase
in human blood over a 24 hour time period. The study was also

intended to incorporate more recently developed methodology
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using an oxygen electrode. It was expected that results from this
study would yield evidence which might help to determine the
directionality of the relation between catalase activity and alcohol
consumption under a regimen of acute ingestion of alcohol.
Furthermore, it would also be of interest to determine, whether or
not individuals' prior alcohol consumption history contributed to a
potential induction of catalase.

As mentioned before, earlier research (Fazekas, 196S5;
Gambassi & Maggi, 1952) in this area did not include non-alcohol
control groups, and relied exclusively on data from a small group of
male volunteers without regard to their alcohol consumption
history. It was therefore also of interest to ascertain whether or not
the potential induction of catalase varied as a function of gender
and of prior alcohol consumption history. This part of experiment 1
is presented in phase 1.

In phase 2, the effects of acute administration of alcohol on
blood alcohol content (BAC) were determined. The rationale for the
inclusion of BAC measurement in experiment 1, was to obtain a
non-verbal verification of alcohol consumption by subjects. In
addition, it was of interest to determine whether or not potential
group differences in BAC might be consistent with those found in
the literature (Allen, Eckhardt, & Wallen, 1988; Frezza, DiPadova,
Pozzato, Terpin, Baraona, & Lieber, 1990; Julkunen, Tannnbaum,
Baraona, & Lieber, 1985; Reich, 1988; Salaspuro, 1986) suggesting
that females have higher mean BAC than did males. Thus, results

from phase 2 would yield evidence concerning the conformity of the
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present sample with other reports in the literature, as it related to

BAC.

Method

Subjects

A total of 80 Caucasian, english-speaking subjects--40 men
and 40 women--took part in the experiment. Volunteers were
recruited from the student population of Concordia and McGill
universities. Subjects suffering from diabetes, hypertension, or
hyperthyroidism were not included (2.5%, [n = 2]) in this study
because of earlier reports suggesting that the activity of catalase
might be altered in these individuals (Csontos & Jaklosky, 1966;
Kursz;ki, Saito, Kaji, Kojima, & Saito, 1986; Watala, Bryszewska,
Stefaniak, & Nowak, 1986; Wei, Heghinian, Bell, & Jakschik, 1986).
The initial sample size was reduced to 78 individuals (Mean age:
24.77, sd = 6.19, range: 19-51), 38 females (Mean age: 24.82, sd:
6.98, range:19-51) and 40 males (Mean age: 24.72, sd: 5.42, range:
19-45), since 2 females were found to be suffering from diabetes

and/or hypertension.

Materials

Vodka (40% EtOH) and orange juice were used. The Vodka
was mixed in orange juice at a ratio of 1:3. A breath alcohol
screening device (Alco-Sensor III) designed to measure blood

alcohol concentrations (mg of alcohol per 100 ml of blood); a digital
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manual stop-watch (Tag Heuer) to record the time period to
consume alcohol; and, a scale (Detector Scale Inc., Model: 3PY 1002)
to measure subjects’ body weight; were all used for the purpose of
this experiment.

Alcohol swabs were used to clean the fingertip of each subject
before blood collection. An autolet machine (Ulster Scientific) was
used to prick the finger with a sterile stainless steel needle. Blood
was collected in ammonium heparin coated tubes to which 5 ul of
1% heparin solution had been added prior to the blood collection.
Band-aids were used to cover the pin-prick. All needles and
platforms were used only once, and discarded after individual
usage.

Ques:ionnaires. The Concordia Alcohol Screening Questionnaire
(CASQ)--developed in our laboratory--provided demographic
information, medical history, prescription and non-prescription
drug usage, and alcohol drinking history (see Appendix A). This
information was used to assess quantity and frequency of alcohol
(beer, wine and spirits) consumed in a 30-day period. Q-Value, an
index of daily alcohol intake based on a method developed by
NIAAA (Armor & Polich, 1982; Polich, Armor, & Braiker, 1981)
which has received ratings of good reliability, and has been widely
used (Armor & Polich, 1982; Hesselbrock, Babor, Hesselbrock,
Meyer, & Workman, 1983; Koechling & Amit, 1992; Polich et al.,
1981) was used in the present study. A Q-Value of 3.54, for
example, would describe an individual who had consumed 3.5

ounces of 40% alcohol on a typical day, and this over any given
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typical 30-day period. Q-Value has been operationally defined (also
see Appendix B) as being the total daily alcohol consumed in any
type of alcoholic beverage--adjusted by alcohol content to ounces
(oz) of 40% alcohol equivalence--over a typical period of 30 days
(Armor & Polich, 1982; Hesselbrock et al., 1983; Koechling & Amit,
1992; Polich et al.,, 1981). A yearly calendar was provided to help
"jog" the memory of informants with respect to their alcohol

consumption frequency.

Procedure

Subjects were asked to abstain from alcohol or any other drug
use (with the exception of nicotine, caffeine or prescribed drugs) for
a 24-hour period prior to the experimental sessions. Subjects were
also asked to have a light breakfast before attending the
experimental sessions, which took place between 8 a.m. and 1 p.m.
All subjects were given a food voucher to be used after attending
the first of the two sessions. Subjects were requested to abstain
from alcohol or any other drug use (with the exception of nicotine,
caffeine or prescribed drugs) until attendance at the second session
on the following day. Following the completion of the experimental
sessions, subjects were also eligible for a lottery ticket, the prize
valued at $500.

All subjects were briefed on the experimental protocol, and
were required to sign an informed consent form (see Appendix C).
Their body weight was then measured and they were informed that

smoking, and food and beverage consumption (other than beverages
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presented during the testing session), were not permitted during
the sessions. During the first session, prior to consumption of fluids,
subjects were also asked to complete the CASQ.

Subjects were randomly assigned to one of two experimental
groups (for a detailed description of the group distribution see
Table 1), and presented with either orange juice (control), or vodka
(40% EtOH) and orange juice (0.5 g of ethanol/kg body weight; 1:3
ratio alcohol - orange juice). The time period allotted for the
beverage consumption was three minutes. Subjects were also asked
to provide four 100 pl blood samples which were collected from
each subject at 0.0, 0.5, 2.0, and 24.0 hours after beverage
consumption. All blood samples were kept on ice until reaching the
laboratory, and every effort was made to transport these samples to
the laboratory as promptly as possible. The time of blood collection,
and the drawn blood volume, were recorded. In
addition to blood sampling, a breath alcohol screening device was
used to determine blood alcohol content (BAC) in each subject at 0.0,
0.5, 2.0, and 24.0 hours after beverage consumption. A sterile
mouth-piece adaptor was used for each subject. The time of BAC
sampling and percentage of blood alcohol readings were recorded.

Biochemical Analysis: Upon reaching the laboratory, the blood

samples were prepared by diluting 5 ul aliquots of whole blood
with 2995 and 2495 ul of 10 millimolar potassium phosphate
buffer (Ph = 7). From each of the diluted samples, two 850 pl
sub-samples were taken to yield a total of four samples; and,

20 pl of whole blood were kept for later hemoglobin analysis. All



Table 1

Group Distribution_for Experiment 1.

Drug Gender n

Control -- 36
Alcohol -- 42
Control Female 18
Control Male 18
Alcohol Female 20
Alcohol Male 22
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samples were subsequently frozen at -70? C. until biochemical
analysis could be carried out. Catalase activity was measured using
a Clark oxygen electrode (Del Rio, Ortega, Lopez & Gorge, 1977),
using the method described by Aragon et al. (1985c) and by
DeMaster et al. (1986). This assay is based on the measurement of
the initial rate of oxygen released by catalase in an oxygen-free
buffer. Hemoglobin analysis was carried out using a
spectrophotometer with absorption at 540 nm (Sigma Diagnostics,
Procedure No. 525, 1984). Assay results were expressed in terms of
the reaction rate of catalase in nmoles of oxygen per minute per ug

of hemoglobin (nmoles O2/min/pug Hb).

Results

Results of Phase 1

In order to determine potential group differences in catalase
activity a 2 (drug group) x 2 (gender) x 3 (time-of-sampling)
analysis of variance (ANOVA) with the last factor as repeated
measure, was computed. Significant main effects for drug
(E(1, 66) = 21.42, p<.001) and a significant main effect for
time-of-sampling (E(3, 198) = 6.58, p<.001) were obtained as well as
a significant gender x time-of-sampling (E(3, 198) = 2.80, p<0.04).
Post-hoc comparisons were carried out using Fisher's Protected t-
tests (Cohen & Cohen, 1989).

Post-hoc tests for the main effect of drug (alcohol/control)
showed that, overall, the alcohol group was significantly higher in

mean catalase activity (8(69) = 4.78, p<.001) compared to the
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control.  Furthermore, significant baseline differences in mean
catalase activity, prior to the ingestion of fluids, (see Figure 1)
between subjects in the alcohol group and controls (1(69) = 3.72,
p<.001) were obtained.

Given the baseline differences between the alcohol group and
the control group, the data were converted to percent-change from
baseline scores, and an additional 2 (drug group) x 2 (gender) x 4
(time-of-sampling) analysis of variance (ANOVA) with the last
factor as repeated measure, was computed. A significant main
effect for time-of-sampling (E(3, 198) = 3.68, p<.01) was obtained.

Post-hoc tests for the main effect of time-of sampling showed
that mean catalase at time 4 ([24-hours] was significantly lower (see
Figure 2) compared to time 1 [0-hours] (1(69) = 2.56, p<.01).

In order to assess whether prior alcohol consumption history
contributed to the variance in catalase activity, this same analysis
was repeated using prior alcohol consumption history (Q-Value) as a
covariate. Results (ANCOVA) remained the same (see Appendix D).
In other words, the effects attributable to individuals' prior alcohol
consumption history did not alter the previous results which had
shown no main effect for drug on mean catalase activity.

In summary, the results from the ANOVA (when, in order to
correct for baseline differences in catalase activity, percentage of
change from baseline scores were used) revealed no main effect for
drug on mean catalase activity. The results, however, showed that
mean catalase activity at 24-hours post-fluid-ingestion, was

significantly lower than mean catalase activity prior to any fluid
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Figure 1. Mean catalase activity at baseline of individuals assigned

to the alcohol (n = 42) or control (n = 36) condition (p <.001).
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Figure 2. Mean catalase activity (% change of baseline, N = 78) as a

function of time of sampling (hrs.).
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ingestion (at 0.0 hours). In addition, the results remained the same
when the effects of individuals' prior alcohol consumption history
on catalase activity were covaried out of the analysis. Thus, the
lack of an alcohol effect on catalase could not be attributed to

individuals’ prior alcohol consumption history.

Results for Phase 2

In order to determine potential group differences in BAC,
a 2 (drug group) x 2 (gender) x 4 (time-of-sampling) analysis of
variance (ANOVA) with the last factor as repeated measure, was
computed. Significant main effects for drug (E(l, 66) = 115.83,
p<.001); for gender (E(1, 66) = 4.40; p<.04); and a significant main
effect for time-of-sampling (E(3, 198) = 38.12, p<.001); were
obtained. Furthermore, results from the ANOVA revealed
significant interactions for drug x gender (E(1, 66) = 4.43, p<.04);
time-of-sampling x drug (E(3, 198) = 38.18, p<.001); time-of-
sampling x gender (E(3, 198) = 3.68, p<.01); and time-of-sampling x
drug x gender (E(3, 198) = 3.67, p<.01). Post-hoc comparisons were
carried out using Fisher's Protected t-tests (Cohen & Cohen, 1989).

Post-hoc tests for the main effect of drug showed that,
overall, the alcohol group was significantly higher in mean BAC
(1(69) = 10.32, p<.001) compared to the control group (see Figure 3).
Post-hocs for the main effect of gender showed that, overall and
collapsed across all time periods, there were no significant
differences in mean BAC between males and females (t(69) = 1.28,

p<.2). Post-hocs for the drug x gender interaction, however, showed
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Figure 3. Mean BAC of individuals who had received either alcohol
(n = 42) or control (n = 36) solutions (p <.001).
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Figure 4. Mean BAC of males (n = 40) and of females (n = 38) who
had received either alcohol (n = 42; n = 20 females; n = 22
males) or control (control n = 36; n = 18 females; n = 18 males)

solutions (p <.001).
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(see Figure 4) that mean BAC was significantly higher for the
alcohol condition compared to the control condition for males (1(32)
= 18.15, p<.001) and for females (¢(34) = 6.81, p<.001) collapsed
across all time-periods. For the alcohol condition, females had
significantly higher mean BAC (1(34) = 2.131, p<.04) compared to
males.

In order to assess whether prior alcohol consumptior history
contributed to the variance, this same analysis was repeated using
prior alcohol consumption history (Q-Value) as a covariate. Results
(ANCOVA) remained the same (see Appendix E). To elaborate, the
effects attributable to individuals' prior alcohol consumption history
did not alter the previous results, showing that mean BAC was
higher for the alcohol condition compared to the control condition,
and that females had higher mean BAC than males in the alcohol
condition.

In summary, results from the ANOVA revealed that for
individuals in the alcohol group, mean BAC was significantly higher
than that of the control group. For the alcohol condition, females
had significantly higher mean BAC compared to males. The results
remained the same when the effects of individuals' prior alcohol
consumption history on BAC were covaried out of the analysis.
Thus, the present results showing higher mean BAC for the alcohol
condition compared to the control condition, and, for the alcohol
condition, higher mean BAC for females compared to males, could

not be attributed to individuals' prior alcohol consumption history.



52
Discussion

The results of phase 1 showed that the activity of catalase in
blood did not vary as a function of acute administration of alcohol.
Results of the analysis also showed that regardless of drug
condition, catalase activity was lower at 24-hours post-fluid-
ingestion compared to baseline. However, it is noteworthy that at
24-hours post-fluid ingestion the number of samples was reduced
due to subject attrition (n = 8 subjects dropped out). This decrease
in the number of subjects may have contributed to the decrease in
catalase activity at this point in time for both the alcohol and the
control group.

In addition, these results did not change when the effects due
to prior alcohol consumption history were covaried out of the
analysis, suggesting that catalase activity is also not induced by
alcohol consumption history.

The lack of effect of the acute ingestion of alcohol on catalase
activity was not consistent with earlier reports (Fazekas, 1965;
Gambassi & Maggi, 1952) which had suggested that acute doses of
alcohol produced short-term increases in catalase activity in
humans. This inconsistency in findings may be partly attributable
to the fact that none of these earlier studies had incorporated
control groups receiving non-alcoholic beverages into their design.
Furthermore, comparison between studies is precluded due to
differences in methodology, inasmuch as earlier studies (Fazekas,
1965; Gambassi & Maggi, 1952) had small sample sizes (n = 3),

restricted their samples to males, and had relied
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on older methods of biochemical analysis for catalase. These
possible differences in methodology may also have contributed to
inconsistencies in findings between the present and earlier studies.

Results from the present study, while showing a lack of
overall effect of alcohol ingestion on catalase activity, are consistent
with those obtained from animal studies (Amit & Aragon, 1988;
Aragon & Amit, 1992a, 1992b; Aragon et al., 1985a, 1985b, 1985c,
1989, 1992). The results from the animal research suggested that
prior acute alcohol intake did not alter catalase activity.

In addition, the present finding showing the failure of
acute alcohol ingestion to induce catalase is consistent also with
previous human research (Koechling & Amit, 1992), showing that
alcohol intake by subjects during their most recent 30-day period
was not related to their catalase activity. Moreover, it was recently
reported (Koechling & Amit, 1992) that alcohol intake over a
typical, but not the most recent, 30 day period was significantly
correlated with catalase activity. This finding, together with the
previously mentioned observation that recent drinking was not
related to catalase activity, further supports the notion that catalase
activity may not be induced by prolonged drinking prior
to catalase measurement. It follows that if catalase was indeed
induced by prolonged periods of drinking, indices of both recent
and typical drinking would have to have been related to catalase

activity. In this respect, the current findings showing that the
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results of the analysis did not change when effects due to prior
alcohol consumption were covaried out of the analysis, further
supports the earlier findings in humans in terms of the above
mentioned comment regarding the relation between catalase
activity and typical drinking (Koechling & Amit, 1992).

Thus, at this point, the evidence from animal (Amit and
Aragon, 1988; Aragon & Amit, 1992a, 1992b; Aragon et al., 1985a,
1985b, 1985c, 1989, 1992) and human studies (Fazekas, 1965;
Gambassi & Maggi, 1952; Koechling & Amit, 1992) would tend to
argue against acute induction of catalase activity following alcohol
intake.

In order to ensure that subjects actually consumed the
alcohol, the effects of acute administration of alcohol on BAC
were examined in phase 2. The results showed that mean BAC was
higher for the alcohol condition compared to the control condition.
Furthermore, in the alcohol condition, females had a higher mean
BAC compared to males. In addition, the results pertaining to the
gender differences in BAC for the alcohol condition, as well as the
finding that BAC was higher for the alcohol condition, remained
unchanged when the effects attributable to individuals' prior
alcohol consumption history were statistically controlled for.

The present findings showing higher BAC for the alcohol
condition compared to the control condition were verified via
breathalizer tests (Allen et al., 1988; Reich, 1988; Salaspuro, 1986).
It has been found that, using a breathalizer instrument to measure

the increase of BAC, it is possible to reliably measure
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blood alcohol content following alcohol ingestion for a minimum of
six hours post-alcohol-ingestion ( Allen et al., 1988; Reich, 1988;
Salaspuro, 1986). Thus, the present results of phase 2
suggested that none of the subjects consumed alcohol 6 hours prior
to the experimental session and that they did not consume alcohol
24-hours post-fluid ingestion. Furthermore, the results showing
that mean BAC was only elevated for individuals who had received
the alcoholic beverage, suggested that only these individuals
actually consumed the alcoholic beverage received during the
testing session. Thus, via the measurement of BAC it was possible
to ensure that subjects actually consumed the alcoholic beverage
presented during the experimental session, and that subjects in the
control group had not consumed any alcohol at all during the
experimental session.

The current finding that females have higher BAC than males
i1s also congruent with previous research findings (Frezza et al.,
1990; Julkunen et al., 1985). It has been found (Jones & Jones,
1976) that females become intoxicated after drinking smaller
quantities of alcohol than those needed to produce intoxication in
males. Two possible hypotheses have been proposed to explain this
gender-difference in response to alcohol.

First, females have lower total body water content than do
males of comparable size (Frezza et al.,, 1990; Jones & Jones, 1976;
Julkunen et al., 1985). After alcohol is consumed, it diffuses
uniformly into all body fluids, both intra- and extra-cellularly

(Frezza et al., 1990; Jones & Jones, 1976; Julkunen et al., 1985).
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Thus, because of their lower quantity of body fluids, females may
achieve higher concentrations of blood alcohol than males after
drinking equivalent amounts of alcohol (Frezza et al., 1990; Jones &
Jones, 1976; Julkunen et al., 1985).

The second hypothesis proposed that diminished activity of
alcohol dehydrogenase in the stomach may also contribute to the
gender-related differences in blood alcohol concentrations.
Julkunen and colleagues (1985) demonstrated in rats, that a
substantial amount of alcohol is metabolized by gastric alcohol
dehydrogenase before it enters systemic circulation. This
‘'first-pass metabolism’' of alcohol in the stomach decreases the
overall availability of alcohol to the system. Frezza et al. (1990)
reported that in females, because of the gender-specific diminished
activity of gastric alcohol dehydrogenase, first-pass metabolism was
lower than that found in males, and that first-pass metabolism was
virtually non-existent in alcoholic females.

In addition, phase 2 results suggested that the effects due to
individuals' prior alcohol consumption history did not contribute to
the overall variance in BAC, since results remained the same when
these effects were covaried out of the analysis. This finding is
consistent with those of others (Allen et al., 1988; Reich, 1988:
Salaspuro, 1986) who developed norms for the general population
using a breathalizer apparatus to measure BAC, and who showed
that individuals’ BAC was not affected by prior alcohol consumption

history.



57

Thus, the results obtained in phase 1 of the present study
established that catalase activity is not evoked by the acute
administration of alcohol, and that catalase activity is probably also
not induced by individuals' drinking history. The results
obtained in phase 2 established that the acute administration of
alcohol, increased BAC to a greater degree in females than it did in
males, suggesting that BAC is higher for females than it is in males.

Given that the acute administration of alcohol failed to induce
the activity of catalase, the following series of experiments
examined, using a much larger sample, whether or not the activity
of catalase is a potential biological marker for alcohol intake. More
specifically, it was of interest to examine whether the activity of
catalase differentially predicts alcohol consumption in FH+ and FH-

individuals.
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EXPERIMENT 2

Results from experiment 1 established that catalase activity
was not induced by acute administration of alcohol. In addition to
the above, these findings led to the conclusion that the relation
between catalase activity and alcohol intake must be
uni-directional. The data showed that the consumption of alcohol
did not affect the activity of catalase, at least over a 24-hour period.
It followed, logically, that it was catalase activity that exerted
control over voluntary ethanol intake, and not the converse. These
results justified a further investigation of the role of catalase as a
potential biological marker which may be controlling, at least in
part, the propensity to consume alcohol.

This contention of catalase as a biological marker was also
based on previous data from human studies (Koechling & Amit,
1992) and on an existing body of evidence from animal research
(Amit & Aragon, 1988; Aragon & Amit, 1992a, 1992b; Aragon et al.,
1985a, 1985b; 1985c; 1992; Gill et al., 1992; Tampier & Mardones,
1983). As a whole, these data suggested that the activity of catalase
in blood may be a predictor of alcohol consumption. In other words,
the data supported the contention that the activity of catalase in
blood could act as a biological marker for the affinity of organisms
to voluntarily ingest alcohol. If the assumptions outlined above
were valid, it would then logically follow that there should be
differences in the patterns of catalase activity and of alcohol intake
between persons with or without family history of alcoholism. It

would further follow that the pattern of relation between catalase
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activity and alcohol intake would differ in these two sub-
populations.  This, in fact, was the working hypothesis underlying
Experiment 2. Experiment 2 was therefore designed to investigate
the possibility that the pattern of relation between catalase activity

and alcohol consumption would differ in individuals with a FH+ as

o

opposed to FH-.  This hypothesis was examined in phase 1. Phase
of experiment 2 was designed primarily to investigate two
additional questions. Does catalase activity explain a significant
portion of the variance in alcohol intake in the presumably
genetically predisposed FH+ individuals? Also, given that catalase
activity may in fact represent a covariate of variables which had
previously been found (Koechling & Amit,1992) to predict alcohol
intake, it was of interest to determine whether or not and to what
extent other variables may contribute to the relation between Q-

Value and catalase activity in the predisposed FH+ individuals.

Method

Subjects

Volunteers were recruited from a university population or
via newspaper advertisement (53% of the sample), and from drug
rehabilitation centers (Addiction Unit, Montreal General Hospital:
16%; Maison Jean La Pointe: 15%; Phoenix Foundation: 16% of the
sample). A total of 607 subjects--353 males and 254 females--
took part in the experiment. Mean age was 34.32 years (sd =

11.57).
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To ensure a relatively homogeneous sample in which the relation
between catalase and Q-Value could be examined
without the influence of confounding factors, the following exclusion
criteria were applied:
1. subjects (n = 56) suffering from either diabetes
(4.1% [n = 25]), hypertension (2.8% [n = 17]), or hyperthyroidism
(2.3% [n = 14]), were eliminated because of reports that catalase
activity may be altered in these individuals (Csontos & Jaklosky,
1966; Kursaki et al., 1986: Watala et al., 1986; Wei et al., 1986).
2. individuals (16% [n = 97]) who reported chronic usage of drugs
other than alcohol--including cocaine/crack, heroine, marijuana, or
prescription drugs--were eliminated from the sample in order to
reduce the presence of possible confounding variables (Gold, 1986;
Koechling & Amit, 1992; Miller, Gold, Belkin, & Klahr, 1989).
3. individuals who had been either adopted and/or for whom family
history was not provided (2% [n=15]), were excluded.
4. individuals who were above 70 years of age (1% [n = 6]) were
excluded because they were under-represented in the sample, and
thus, results would not be generalizable to these individuals.
5. individuals who had catalase activities above 160 (1% [n = 4]
were excluded, again, because they were under-represented in the
sample, and thus, results would not be generalizable to these
individuals.
6. individuals, who scored '0' on the MAC scale (0.5% [n = 3]) were
excluded, again, because they were underrepresented in the sample,

and thus, results would not be generalizable to these individuals.
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7. individuals who scored above 44 oz/day on Q-Value (1% [n = 35])
were excluded, again, because they were under-represented in the
sample, and thus, results would not be generalizable to these
individuals.

The final sample size consisted of 421 individuals, 237 males
with a mean age of 34.71 (sd = 10.91 ), and 184 females with a
mean age of 34.32 (sd = 12.32). The range of age was 18 to 68
years for females and 18 to 70 for males. Demographic information
is presented in Tables 2, 3, and 4. Subjects were drawn primarily
from an english speaking population in Montreal (english = 73% [n =
307); french = 27% [n = 114]). Typically, subjects were married; had
completed some community college or university education; and, if
they were employed, were employed as were their fathers, in semi-
skilled occupations.
Materials

Questionnaires: A total of three paper-and-pencil
questionnaires were used. These were, the CASQ (see: Experiment
1); the Michigan Alcoholism Screening Test (MAST); and, the
MacAndrew Scale (MAC), a sub-scale of the Minnesota Multiphasic
Personality Inventory (MMPI). All three instruments were
translated into French. English and French versions were used as
appropriate.

The MAST, originally developed by Selzer (1971), was used as
a measure of alcohol-related problems. The MAST consists of a
checklist of 25 questions requiring "yes" or "no" answers (see

Appendix F). The MAST is presently considered to be one of the



Table 2

Descriptive Statistics For Selected Variables

Of The Total Sample (N = 421).

Variable % of Sample Mean (SD) Range
Age

(Total Sample N = 421) 34.54 (11.54) 18 - 70
Time of Blood

Collection (hrs.) 1294 (3.19) 07 - 20
Q-Value

(% EtOH/oz/day) 05.29 (1.05) 00 - 34
Years Smoked (years) 10.79 (10.85) 00 - 45

Current Smoking 71%
Cannabis Use 26%
Cocaine/Crack Use 16%
Prescription Drug Use 38%
A'llergies 31%




Table 3

Descriptive Statistics For Selected Variables

For Males Of The Total Sample (N = 237).

Variable % of Sample Mean (SD) Range
Age (Males N = 237) 34.71 (1091) 18 - 70
Time of Blood

Collection (hrs.) 1250 (2.81) 08 - 20
Q-Value

(% EtOH/oz/day) 06.25 (6.07) 00 - 34
.Years Smoked (years) 11.56 (10.66) 00 - 39

Current Smoking 76 %
Cannabis Use 32%
Cocaine/Crack Use 23%
Prescription Drug Use 34%
Allergies 27%




Table 4

Descriptive Statistics For Selected Variables
For Females Of The Total Sample (N = 184).

Variable % of Sample Mean (SD) Range
Age (Females N = 184) 34.32 (12.32) 18 - 68
Time of Blood

Collection (hrs.) 1350 (3.59) 07 - 20
Q-Value

(% EtOH/oz/day) 0408 (4.63) 00 - 32
Years Smoked (years) 09.82 (11.04) 00 - 45

Current Smoking 64%
Cannabis Use 18%
Cocaine/Crack Use 08%
Prescription Drug Use 41%
Allergies 36%
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most sensitive instruments for the detection of alcohol abuse
(Gibbs, 1983; Hedlund & Vieweg, 1984; Magruber-Habib, Fraker, &
Peterson, 1983; Mischke & Venneri, 1987; Skinner & Sheu, 1982;
Willenbring, Christensen, Spring, & Rasmussen, 1987); and, has
recenily received cross-cultural validation among in- and
out-patients residing in Switzerland and Italy (Garzotto, Bratia,
Pistoso, & Faccincani, 1988; Yersin, Trisoni, Paccaud, Gutzwiller, &
Magenat, 1989). The classic cut-off value of 'more than' or ‘equal to
5" was used to identify and to classify individuals considered to be
suffering from alcohol-related problems (Selzer, 1971).

The MAC was originally designed to identify individuals for
potential alcohol abuse. It was developed using a normative group
of male psychiatric out-patients (MacAndrew, 1965). This
questionnaire requires true or false responses to 49 items (see
Appendix G). Subjects' total raw scores were converted to
t-scores, and only t-scores were used for statistical analyses in
accordance with procedures for standard validity for the MMPI
(Hathaway & McKinley, 1983).

There has been some controversy concerning the validity and
reliability of the MAC. Some investigators (Babor, Kranzler, &
Lauerman, 1989; Jacobson, 1983) have claimed that the MAC is a
valid test for the detection of alcoholism. Others (Andrucci, Archer,
& Pancoast, 1989; Burke & Markus, 1977; Craig, 1984; Clopton,
1978; Davis, Colligan, Morse, & Offord, 1987; Gottesman & Prescott,
1988; Moore, 1985; Burke, 1983; Otto, Lang, Megargee, & Rosenblatt,

1988) have concluded that although this instrument



66
was not specifically designed to identify alcohol abuse, it could be
used for the detection of substance abuse in general. Given these
questions concerning the validity and reliability of the MAC, it was
of interest to determine whether the MAC, in the present subject
population, would contribute to the overall variance in Q-Value in
individuals with a FH+.

Family history of alcoholism was assessed in all subjects via a
family tree tracing over two generations. It was operationally
defined as the existence of any biological relative in those
generations who had suffered from, or was currently suffering from
alcohol-related problems such as loss of employment, marital
problems and/or loss of driver's license (e.g. Dawson, Harford, &
Grant, 1992; Hesselbrock, Hesselbrock, & Stabeau, 1985a; Schuckit,
1991). The biological relatives assessed included siblings; parents;
maternal and paternal aunts and uncles; as well as maternal and

paternal grandparents.

Procedure

Subjects were asked to abstain from alcohol or any other drug
(with the exception of nicotine, caffeine or prescribed drugs) for a
24-hour period prior to the testing session. Among subjects from
the treatment centers, drug abstinence was verified via urine
analysis.

Following the completion of the informed consent form (see
Appendix H) and the three questionnaires (CASQ, MAST, and MACQ),

a blood sample (~100 pl) was collected from the middle finger of
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each subject. This sample was kept on ice until reaching the
laboratory. Every effort was made to transport these samples to
the laboratory as promptly as possible. The time of blood collection,
and blood volume, were recorded. All other procedures were the

same as those described in experiment 1.

Results
Phase 1

This study was designed primarily to investigate two
questions. First, are there differences in mean catalase activity and
in mean Q-Value between FH+ and FH- individuals? Second, given
the relation between alcohol intake (Q-Value) and catalase activity
(Koechling & Amit, 1992), does the degree of relationship between
catalase activity and alcohol intake differ for FH+ compared to FH-
individuals?

Of the total sample (N = 421), 229 individuals satisfied the
criteria for FH-, and 192 individuals satisfied the criteria for FH+.
Results from an independent t-test for catalase activity showed (see
Figure 5) that FH+ individuals had higher mean catalase activity
when compared to FH- individuals (1¢(419) = 3.59, p<0.001).
Similarly, results from an additional t-test for Q-Value showed (see
Figure 6) that FH+ individuals also had higher mean Q-Value
compared to FH- individuals (1(419) = 5.38, p<0.001).

When the relation between catalase activity and Q-Value were
examined separately for potential differences between FH+ and FH-

individuals, statistical analysis revealed the following:
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Figure 5. Mean catalase activity of FH+ (n = 192) and of FH- (n =
229) individuals (p <.001).
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Figure 6. Mean Q-Value of FH+ (n = 192) and of FH- (n = 229)
individuals (p <.001).
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For FH- individuals, a significant correlation (r(227) = .26, p<.001, n
= 229) was obtained between catalase activity and Q-Value (see
Figure 7) accounting for 7% of the variance. For FH+ individuals, a
significant correlation (r(190) = .47, p<.001, n = 192) emerged
between catalase activity and Q-Value (see Figure 8) accounting for
22% of the variance. In order to statistically compare the size of
correlations for FH+ and FH- individuals, Fisher's r to z
transformations for comparisons between independent samples
were computed (Cohen & Cohen, 1989). Results showed that the
size of the correlation between catalase activity and Q-Value was
significantly larger for FH+ individuals when compared to FH-
individuals (z = 2.35, p<.01).

Thus, overall, these results showed that FH+ individuals had
significantly higher mean catalase activity compared to FH-
individuals. The results also showed that FH+ individuals had
significantly higher mean alcohol intake compared to FH-
individuals. Differences in the pattern and size of correlation
between catalase activity and Q-Value were also obtained for FH+
and FH- individuals. It was found that the size of the correlation
between catalase activity and Q-Value was significantly higher for

FH+ than for FH- individuals.

Phase 2

Given that the results of phase 1 showed that the size
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Figure 7. Catalase activity in relation to Q-Value in FH- individuals
(r = .26, p <.001, n = 229).
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Figure 8. Catalase activity in relation to Q-Value in FH+
individuals (r = .47, p <.001, n = 192).
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of the correlation between catalase activity and Q-Value was
significantly larger for FH+ as compared to FH- individuals, it was
of interest to further examine, in FH+ individuals, the relation
between catalase activity and Q-Value. Phase 2 of experiment 2
was designed to further investigate two basic questions. First, does
catalase activity explain a significant portion of the variance in Q-
Value for FH+ individuals? Second, what other variables may
contribute to the relation between Q-Value and catalase activity in
FH+ individuals? In an attempt to answer these questions, a
hierarchical regression analysis with Q-Value as the dependent
measure was performed. Prior to this hierarchical regression, a
preliminary regression was carried out. The latter were employed
to identify those variables which accounted for a significant portion
of the overall variance, and to control for the influence of 'nuisance’
variables (Tabachnick & Fidell, 1989). The predictor variables were
divided into six sets (see Table 5) and selected based on previous
research reports (Koechling & Amit, 1992). Once the pertinent
variables had been determined, the final hierarchical regression
was computed to further assess the influence of selected predictor

variables on Q-Value.

Tests of Assumptions
The data used in the subsequent analyses were tested to

ensure that all assumptions regarding multiple regression analyses

were met. The data were examined for normality; univariate and



Table §

Set 1. Demographic and Experimental Variables

Gender (male/female)

Age (years)

Education (years)

Time of Blood Collection (hours)
Set 2. Medical Variable
Allergies (yes/no)

Set 3.  Smoking Variables

Current Smoking (yes/no)

Years Smoked (years)

Set 4. Illegal & Prescription Drug Variables
Cannabis Use (yes/no)

Cocaine/Crack Use (yes/no)

Prescription Drug Use (yes/no)

Set 5. Questionnaire Variables

MAC (t-scores)

MAST (<5 or > 5)

et 6. Biochemical Variabl

Catalase (nmoles 02/min/ug Hb)

74
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multivariate outliers; multicollinearity and singularity; linear
relations among all independent variables; dependent variable;
and, for ratio of cases to independent variables to ensure that
assumptions for multiple regression analyses were met.

Tests of skewness revealed that some of the variables were
not normally distributed. In order to improve normality,
logarithmic transformations were performed on alcohol intake (Q-
Value) and square root transformations were carried out on the
number of years an individual reported having smoked (Years-
Smoked). Z-score transformations and examination of the
Mahalanobis distance measure (p<.0001) failed to reveal any
univariate or multivariate outliers. Inspection of the residual plots
for the dependent measure using all predictors indicated that the
assumptions for normality, linearity and homoscedasticity of
residuals were met. Pair-wise correlations between the dependent
and independent variables and tolerance values, determined that no
problems of multicollinearity/singularity existed.

All variables showed bivariate correlations that were
moderate in size (see Table 6); however, none of the variables
demonstrated correlations that were high enough to indicate
variable redundancy (Cohen & Cohen, 1983; Tabachnick & Fidell,
1989). Of the total sample (N = 192) missing cases (n = 3) were
eliminated for the purpose of the present analysis, reducing the
sample to 189 subjects. The cases to independent variables ratio
was 15:1, which was adequate for hierarchical regression analyses

(Tabachnick & Fidell, 1989).
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Dichotomous variables were dummy-coded for entry into the
analyses. Gender was coded as: "1"= male, "0"= female, while the
MAST scores were coded as: "1"= alcohol-related problems, "0"= no
alcohol-related problems. Allergies, Current-Smoking, Cannabis
Use, Cocaine/Crack Use, and Prescription Drug Use were coded as:
"1"= yes, "2"= no. The variable Education was measured in years
and coded in levels as: "1"= some public school, "2"= completed
public school, "3"= some high school, "4"= completed high school,
"5"= some community college or university, "6"= completed
community college or university, "7"= completed post-graduate or
professional degree.

Variables were grouped into six sets (demographic and
experimental variables, subjects’ medical variable, smoking
variables, illegal and prescription drug use, questionnaire variables,
and biochemical variable) and these sets were entered into the
regression in a hierarchical manner (see Table 5). The order of
entry of the sets of variables was based on findings obtained in a
previous study (Koechling & Amit, 1992), with variables of greatest
interest entered on the last step in order to determine the
successive influence of each predictor set on alcohol intake (Q-

Value).

Preliminary Regression Analysis

A preliminary hierarchical regression was computed using all

sets of independent variables (see Table 5). The purpose of this
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preliminary regression was to determine the significant predictors
for the dependent measure, Q-Value. The results of this analysis
(see Appendix I) were as follows: The significant predictor
variables of Gender, Age, and Education from the first set;
Current-Smoking from third set; Cocaine-Crack Use from the fourth
set; the MAC and MAST questionnaires from the fifth set: and,
Catalase from the final set; met the criterion (p<.10) for inclusion in
further analysis. Only these variables were used in the final

regression analysis.

Hierarchical Multiple Regression

Following the preliminary analyses, a hierarchical regression
was carried out using only the significant predictor variables, and
entered in the previously described order. Although only Gender,
Age, Education, Current-Smoking, Cocaine/Crack Use, MAC, MAST,
and Catalase were significant, there was a possibility that other
non-significant predictor variables may have contributed to the
significance of the above mentioned six variables. Hence, an
additional hierarchical regression was computed using only those
variables that were found to be significant at the same points
during the preliminary analysis.

A five-step hierarchical regression analysis was conducted
with Q-Value as the dependent variables (see Table 7). The
standardized regression coefficient (Beta), semi-partial correlation
squared (sr2), R2, adjusted R2, and change in R2 (R2 change) for

each step of the regression are shown in Table 7. Of the



Table 7

Summary of Hierarchical Regression predicting Alcohol
Consumption (Q-Value) (N=189)

w
I

Variable Beta sr2

"~

Step 1
Gender 17 .148 .02 4. 75%*

Age 29 261 .07 14.81%%*
Education -25  -224 05 10.91%**
R2 = 16 **x*

Adjusted R2 = .14

Step 2

Current-Smoking 30 263 .07 15.70%**
R2 = 22 *%x

Adjusted R2 = 21

R2 Change = .07 ***

**%* p< 0.001 ** p< 0.01 * p< 0.05



Variable

=

Im

Step 3
Cocaine/Crack Use
R2 = 25 **x
Adjusted R2 = 23
R2 Change = .03 *

Step_4
MAC

MAST
R2 = 4] ***

Adjusted R2 = 39

R2 Change = .16 **x*

Step 5

Catalase
R2 = 55%**
Adjusted R2 = 53

R2 Change = .14 ***

.48
57

.47

171

171
387

383

.03

.10

.14

6.28**

4.72%*
30.76%**

57.25%**

*** p< 0.001 ** p< 0.01 * p< 0.05

80
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demographic variables entered on the first step, Gender, Age, and
Education accounted for a significant portion of the variance
(E(3, 185) = 13.13, p<.01). All the variables entered on step 1
accounted for a significant proportion of unique variance (see Table
7), with Age accounting for 7% (F(1, 180) = 14.81, p<.01). In the
second step Current-Smoking was added to the equation. This
variable increased the amount of shared variance by 6% (Finc. (1,
184) = 15.73, p<.0l). In the third step the addition of Cocaine/Crack
Use to the equation, resulted in a significant increase (3%) in the
proportion of shared variance (Finc. (1, 183) = 6.27, p<.05). In the
fourth step the questionnaire variables MAC and MAST were added
to the other variables in the equation. The addition of these
variables increased the amount of shared variance by 16% (Finc. (2,
181) = 24.77, p<.01), with the MAST contributing 10% (E(1, 180) =
30.76, p<.001) in unique variance. In the final step, the addition of
catalase to the other variables in the equation resulted in a
significant increase (14%) in the shared variance (Finc. (1, 180) =
57.22, p<.0l) with catalase accounting for 14% in unique variance
(E(1, 180) = 57.25, p<.001).

When comparing the standardized regression coefficients as
shown in Table 7, it becomes evident that Education has a negative
Beta weight and that Catalase and MAST are weighed more heavily
than all other variables. Catalase activity made the highest single

contribution to the overall variance, although, being male,
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increasing in age, having lower education, currently smoking, using
cocaine/crack, increasing scores on the MAC, and having
alcohol-related problems (MAST) also explained a significant
portion of the variance in alcohol intake (Q-Value).

In conclusion, even after accounting for the variance of 12
other predictor variables, catalase activity still contributed the
highest amount in unique variance (14%) in the overall variance in

alcohol intake.

Discussion

Results of Experiment 2 established that individuals with a
FH+ had significantly higher mean catalase activity than those with
a FH-. Similarly, it was found that FH+ individuals had higher mean
alcohol intake than those with a FH-. Most importantly, however,
differences in the pattern and size of correlation were obtained
when FH+ and FH- individuals were compared. It was found that
the size of the correlation between catalase activity and alcohol
intake was significantly higher for FH+ compared to FH- individuals.
In order to rule out the possibility that catalase may represent a
covariate of one or more variables, the data for FH+ individuals
were subjected to hierarchical regression analysis. Results from the
hierarchical regression analyses showed that, even after accounting
for the influence of twelve other variables, catalase activity in FH+
individuals still contributed the highest amount in unique variance
(14%) in the overall variance in alcohol intake. Furthermore, it was

found that being male, increasing in age, having lower education,
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currently smoking, using cocaine/crack, increasing scores on the
MAC, having alcohol related problems (MAST), and increasing
catalase activity, explained a significant portion of the variance in
alcohol intake. These results showing that catalase activity was the
strongest single predictor of alcohol intake in FH+ individuals,
suggested that catalase activity may, in fact be a biological marker
for the propensity to consume alcohol in FH+ individuals, and this
increased propensity may contribute to the development of
alcoholism.

In general, the present results are consistent with previous
evidence (Cadoret, 1990; Heath, Meyer, Eaves, & Martin, 1991a:
Heath, Meyer, Jardine, & Martin, 1991b; Schuckit, 1990:; Searles,
1988, 1990) suggesting a role for a genetic predisposition in the
development of alcohol abuse. The present results are also
consistent with evidence (Begleiter et al., 1984; Hesselbrock et al.,
1985b; Schuckit, 1984, 1987) implicating biological markers as key
factors in the identification of mechanisms related to the potential
development of alcohol abuse. The question of which factors may
be inherited and implicated in the possible development of alcohol
abuse has been in dispute in the literature (Searles, 1990). Given
that operational definitions of alcoholism differed between studies
and that these definitions were vague at best (Searles, 1990; Pollock
& Earleywine, 1992), it was not surprising that there was a large
discrepancy in findings regarding the possible genetic mechanisms
underlying the dependence on alcohol (Pollock & Earleywine, 1992).

The present results suggested that what may be inherited by
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persons at high risk for the development of alcoholism, is the
predisposition to consume large amounts of alcohol, rather than the
inheritance of the 'disease’ of alcoholism per se. This was further
substantiated by the finding that the MAST, a widely used
diagnostic instrument for alcoholism (Gibbs, 1983; Hedlund &
Vieweg, 1984; Magruber-Habib et al., 1983; Mischke & Venneri,
1987; Skinner & Sheu, 1982; Willenbring et al., 1987) was not as
strong a predictor as was catalase which, in turn, accounted for the
highest proportion of the overall variance in alcohol intake. Again,
for this reason, the findings of the present study suggested that
what may be genetically transmitted is the propensity to consume
large quantities of alcohol, and not the transmission of the 'disease’
of alcoholism per se. These findings are also consistent with recent
findings (Heath et al., 1991a, 1992b) suggesting that, when
comparing MZ and DZ twins-pairs, significantly higher heritability
rates were found for the quantity of alcohol consumption, rather
than for alcoholism itself. Since previous research has concentrated
largely on identifying mechanisms for the genetic transmission of
alcoholism, rather than focusing on the quantity of alcohol
consumed, this may help to explain the large discrepancies found in
the literature (Searles, 1988, 1990: Pollock & Earleywine, 1992)
regarding genetic markers for alcoholism. If we assume that the
process which leads to the dependence on alcohol involves the
consumption of large quantities of alcohol, a behavior that is
governed by principles of learning and motivation (Smith & Amit,

1990), it
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seemed logical to rely on measures of alcohol consumption for the
present study.

The current results also support data reported earlier by
Koechling and Amit (1992), and further substantiate the
conclusion that catalase activity in erythrocytes is a significant
predictor of voluntary alcohol intake. Furthermore, the present
results are consistent with data obtained from animal studies (Amit
& Aragon, 1988; Aragon & Amit, 1992a, 1992b; Aragon et al.,
1985a, 1985b, 1985¢c, 1989; 1992; Koechling & Amit, in press;
Rowzinger et al.,, 1993; Tampier & Mardones, 1983) which suggest
that catalase activity may play a role in the mediation of a variety
of ethanol's behavioral effects (Amit & Aragon, 1988; Aragon &
Amit, 1992a, 1992b; Aragon et al., 1985c, 1989, 1991; Tampier &
Mardones, 1983) and, more importantly, that catalase activity may
play a role in the regulation of ethanol intake in animals (Amit &
Aragon, 1988; Aragon et al., 1985c).

The previously cited evidence also provided further support
for research (Cohen et al.,, 1980; DeMaster et al., 1986; Sinet et al.,
1980) which has suggested that catalase may be a viable metabolic
pathway for the oxidation of alcohol to acetaldehyde in the brain.
In this respect, the current results showing that mean catalase
activity was significantly higher in FH+ individuals, compared to FH-
individuals, as well as the finding that catalase activity while
correlated with alcohol intake in FH- individuals, this correlation
was significantly higher in FH+ individuals, suggested that these

differences in catalase activity may be related to differences in the
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production of acetaldehyde by catalase in the brain. These findings
may also lend support to the contention that acetaldehyde may be
mediating the reinforcing properties of alcohol (Amit and Smith,
1989; Smith et al., 1990; Von Wartburg, 1980).

In conclusion, the present investigation represents the first
step towards the identification of a mechanism underlying the
genetic predisposition towards high alcohol consumption and,
consequently, towards the subsequent development of alcoholism.
More specifically, the present findings suggested that the
mechanisms underlying this susceptibility may be mediated by the
production of acetaldehyde in the brain via the metabolic activity of
catalase, and further, that catalase activity may therefore serve as a
marker for the identification of individuals who, due to their
affinity to consume large amounts of alcohol, may be at risk for the

development of alcoholism.
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GENERAL DISCUSSION

The present series of experiments examined the relation of
catalase and Q-Value in terms of its differential contribution to
alcohol consumption in FH+ and FH- individuals. Before, however
it would be possible to proceed with testing the hypothesis
concerning the nature of catalase as a biological marker for the
propensity to consume alcohol, the issue as to whether catalase was
an observable rather than an evocable marker had to be addressed
(Radouco-Thomas et al.,, 1984; Rowe, 1990; Tarter et al., 1990). The
main reason for addressing this issue was to determine whether
catalase activity, as a potential biological marker for the propensity
to consume alcohol, had predictive validity for future alcohol intake.
Accordingly, the question as to whether catalase was a predictor of
future alcohol intake, or whether catalase activity was a marker for
past or recent alcohol intake needed to be addressed. Thus, the first
experiment was designed to examine the possibility, by using an
alcohol challenge paradigm, that differences in catalase activity
reflect their induction by recent alcohol intake rather than their
activity as predictors of future alcohol intake.

Phase 1 of experiment 1 demonstrated that catalase activity
in males and females was not induced by the acute administration
of alcohol, and that catalase activity probably also was not induced
by individuals' prior alcohol consumption history. This lack of
effect of alcohol on catalase activity observed in the present study

was inconsistent with earlier reports (Fazekas, 1965; Gambassi &
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Maggi, 1952), which had suggested that acute doses of alcohol
produced short-term increases in catalase activity in humans
measured over a 7-hour time period. This inconsistency in findings
may be partially due to the fact that none of these earlier studies
(Fazekas, 1965; Gambassi & Maggi, 1952) incorporated into their
designs control groups receiving non-alcoholic beverages, and that
these earlier studies were based on older, less reliable methods of
biochemical analysis for catalase. More specifically, in these early
studies catalase activity was measured exclusively in a small group
of male volunteers (n = 5 per group) before and after alcohol
ingestion sampled over a 7-hour time period. Given the design,
used in these early studies (Fazekas, 1965; Gambassi & Maggi,
1952), effects due to potential fluctuations in baseline catalase
activity, post-fluid-ingestion, effects due to the small sample sizes,
and effects due to individuals' prior alcohol consumption history,
were not controlled for. In addition, the designs of these early
studies excluded females, and relied exclusively on male volunteers.
Considering the methodological short-comings of these early studies
(Fazekas, 1965; Gambassi & Maggi, 1952), the findings of these
studies may have been too confounded to allow for a reliable and
valid interpretation of the data. Further, they may have also been
too confounded to allow for meaningful comparisons between the

present and early findings.
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Results from the present study showing a lack of effect of
alcohol on catalase activity are congruent with those obtained from
animal studies (Amit & Aragon, 1988; Aragon & Amit, 1992a,
1992b; Aragon et al.,, 1985a, 1985b, 1985c, 1989, 1991; Koechling
& Amit, in press; Rotzinger et al., 1993; Tampier & Mardones, 1983).
In general, the results of these animal studies suggested that prior
ethanol intake would not alter catalase activity. More specifically,
Aragon et al. (1985¢c) showed that brain catalase activity did not
differ between groups of animals exposed to ethanol and those
exposed to water only. Furthermore, findings from a second study
(Aragon et al.,, 1985c) showed that brain catalase activity in groups
of rats forced to drink ethanol presented as their exclusive source of
fluid over a 25 day period, did not differ from groups of rats
exposed to water. Further support for lack of induction of catalase
by ethanol intake in rats was provided by Amit and Aragon (1988)
in a second study. They (Amit & Aragon, 1988) showed that blood
catalase activity in young (approximately 60 days of age), ethanol
naive rats, was positively correlated with later ethanol consumption
at around 100 days of age.

In addition, this lack of effect of alcohol intake on catalase
activity was also congruent with findings of previous human studies
(Koechling & Amit, 1992), showing that alcohol intake by subjects
over their most recent 30-day period was not related to their
catalase activity. More specifically, Koechling and Amit (1992)

found that catalase activity was positively correlated
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with alcohol intake consumed over a typical, but not the most
recent, 30-day period. This finding, together with the previously
mentioned observation that recent drinking was not related to
catalase activity, further supported the lack of effect of alcohol
intake on catalase activity. It follows that if catalase was indeed
induced by prolonged periods of of drinking (ie. at least over the
most recent 30 days), indices of both recent and typical drinking
would have been related to catalase activity. Furthermore, the
contention regarding the lack of effect of alcohol intake on catalase
activity was further substantiated by findings obtained in
experiment 1 showing that the results of the analysis of variance
examining the potential effects of alcohol intake on catalase activity
did not change when effects due to prior alcohol consumption
history were covaried out of this analysis. Taken together, these
results suggested that catalase activity may neither be induced by
the acute, nor by the long-term ingestion of alcohol.

The purpose of phase 2 of experiment 2 was to examine the
effect of acute administration of alcohol on BAC over a 24-hour
period in order to ensure that subjects consumed the alcohol
presented to them during the experimental session. The results
obtained in phase 2 of experiment 2 demonstrated that none of the
subjects consumed alcohol prior to the experimental session and
further, that they did not consume alcohol 24-hours post-fluid
ingestion. Furthermore, the results showed that mean BAC readings
were only elevated for individuals who had received the alcoholic

beverage as opposed to those who had consumed the non-alcoholic
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beverage. Lastly, the present findings established that the acute
administration of alcohol increased BAC to a greater degree in
females than it did in males, suggesting that blood alcohol levels is
higher for females compared to males.

These findings are congruent with previous research findings
(Allen et al., 1988; Frezza et al., 1990; Julkunen et al.,, 1985; Reich,
1988; Salaspuro, 1986). Results from these studies (Allen et al.,
1988; Reich, 1988; Salaspuro, 1986) suggested that it is possible, to
reliably monitor, using a breathalizer apparatus to measure BAC, an
individual's prior, for a minimum of six hours, alcohol consumption
level.  Furthermore, the current results showing that BAC, in the
alcohol condition, was higher for females as compared to males, is
consistent with findings of studies (Frezza et al., 1990; Julkunen et
al., 1985) suggesting that females become intoxicated after drinking
smaller quantities of alcohol than those needed to produce
intoxication in males. Taken together, the present findings of phase
2 of experiment 2 demonstrated that individuals who were assigned
to the alcohol condition actually consumed the alcoholic beverage.

Since catalase activity was not induced by acute
administration of alcohol, and thus, was not an evocable marker
(Radouco-Thomas et al., 1984; Rowe, 1990; Tarter et al., 1990)
associated with alcohol intake, experiment 2 addressed the

following question regarding the potential predictive validity of
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catalase, namely: whether or not catalase may be a biological
marker for the propensity to consume alcohol. More specifically, it
was of importance to examine whether the activity of catalase
differentially predicted alcohol consumption in FH+ and in FH-
individuals. In phase 1 of experiment 2 it was found that FH+
individuals had higher mean catalase activity than those observed
in FH- individuals. When the relation between catalase and alcohol
intake was examined, differences in the size of the correlations
between catalase activity and Q-Value were obtained for FH+
compared to FH- individuals. It was found that the size of the
correlation between catalase activity and alcohol intake was
significantly higher for FH+ than it was for FH- individuals. The fact
that the correlation between catalase activity and alcohol intake
was significantly higher in FH+ individuals, and that catalase
activity in FH+ individuals accounted for a significantly higher
proportion (22%) of the variance in alcohol intake, provided the
impetus to examine in greater detail the relation between catalase
activity and alcohol intake in FH+ individuals. It was of importance
to rule out the possibility that catalase activity may represent a
covariate of one or more variables, since it may have been possible
that other predictors of alcohol intake may have contributed to the
shared variance between catalase activity and alcohol intake in FH+
individuals. Thus, to rule out potential rival hypotheses suggesting
that the shared variance between other predictor variables and
catalase may potentially account for the obtained correlation

between catalase and alcohol intake in FH+ individuals, in phase 2 of
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experiment 2, data for FH+ individuals were subjected to a
hierarchical regression analyses. The selection and order of entry of
predictor variables of alcohol intake were based on previous studies
(see Koechling & Amit, 1992). Data obtained through the
preliminary hierarchical regression analyses showed that, even
after accounting for the influence of twelve other variables, catalase
activity in FH+ individuals still made the highest single contribution
(14%) to the overall variance in alcohol intake. Data obtained from
the final hierarchical regression analysis showed that although
being male, increasing in age, having lower education, currently
smoking, using cocaine/crack, higher scores on the MAC, and having
alcohol-related problems (MAST) were all predictors of alcohol
intake, catalase activity was the strongest single predictor of alcohol
intake. After accounting for the variance of all of the other
predictor variables, catalase activity in FH+ individu-als still
contributed 14% to the overall variance in alcohol intake.

The present finding, showing that FH+ individuals had higher
catalase activity and alcohol consumption rates compared to FH-
individuals, gave rise to the possibility that previous long-term
alcohol consumption may have altered catalase activity. This issue
needed to be addressed in order to further assess the predictive
validity of catalase as a marker for future alcohol intake. Although
the present finding showing that FH+ individuals had higher
catalase activity as well as higher alcohol consumption rates
compared to FH- individuals might support such a contention,

several lines of investigation would argue strongly against the
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possibility of an induction of catalase by previous long-term alcohol
intake. First, if one accepts the notion that catalase may be induced
by prolonged drinking in FH+ individuals, then this notion must also
hold true for FH- individuals for the following reasons: The
correlation between alcohol intake and catalase activity, although
significantly smaller in magnitude, was also significant for FH-
individuals. Furthermore, the range of values obtained in catalase
activity for non-drinkers was similar in both FH+ and FH-
individuals, a finding which also argued against the possible
induction of catalase. Second, the finding of an earlier study
(Bjorneboe, Johnson, Bjorneboe, Marklund, Skylv, Hoiseth, Backe-
Wiig, Morland & Drevon, 1988) suggested that both alcoholics and
non-alcoholics had similar levels of catalase activity. This finding
would argue strongly against the conclusion that chronic alcohol
consumption altered catalase activity. Moreover, alcoholics included
in the Bjorneboe et al. study (1988) consumed ten times the amount
of alcohol consumed by non-alcoholics over a time span that ranged
from 2 years up to 30 years, were physically dependent on alcohol,
suffered from pathology of the liver, and showed cerebellar
atrophy. Third, the previously mentioned finding, that alcohcl
intake over the most recent, but not typical 30-day period was not
correlated with catalase activity (Koechling & Amit, 1992), further
argues against the possibility that prolonged drinking produced an

induction of catalase. If this had been the case, indices of both
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recent and of typical drinking would have to have been correlated
with catalase activity. Moreover, the present findings obtained in
experiment 1 showing no change in results when the effects of prior
alcohol consumption were statistically controlled, further supported
the contention that prolonged drinking did not alter catalase
activity. Fourth, results from animal studies wherein ethanol was
the sole fluid consumed over a 25 day period, suggested that
catalase activity did not change as a function of chronic exposure to
ethanol (Aragon et al., 1985c). Further, Amit and Aragon (1988)
also showed that catalase activity measured in young, ethanol naive
rats, correlated positively with later ethanol consumption. Thus, the
findings from the animal studies (Amit & Aragon, 1988: Aragon et
al., 1985c) further support the contention that previous long-term
exposure to ethanol does not alter catalase activity. Taken together,
findings from human studies (Bjorneboe et al. 1988: Koechling &
Amit, 1992), animal studies (Amit & Aragon, 1988; Aragon et al.,
1985¢), and the present findings showing a lack of effect for the
induction of catalase, suggest that a study of the chronic effects of
alcohol ingestion on catalase activity in humans would likely

confirm the present contention.

Catalase as a_ Marker for the Propensity to Consume Alcohol

The present findings showed that catalase activity in FH+
individuals was significantly higher compared to FH- individuals.

This finding suggested that catalase activity may be inherently
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higher in FH+ compared to FH- individuals. Furthermore, current
findings also demonstrated that alcohol intake was significantly
higher in FH+ compared to FH- individuals. Taken together, these
findings supported the contention that the inherent activity of
catalase in FH+ individuals may predispose them towards a higher
propensity to consume alcohol. These findings are consistent with
previous reports suggesting that genetic markers associated with a
predisposition towards alcoholism may be related to individual
differences in the metabolism of alcohol (Amit et al., 1986; Bosron &
Li, 1986; Tarter et al., 1990).

Current findings showed that catalase activity was correlated
with alcohol intake in both FH+ and in FH- individuals, although
accounting for a much smaller amount of variance in the FH- group.
These results also supported data reported earlier by Koechling and
Amit (1992) showing a positive relation between alcohol intake and
catalase activity in a group of volunteers. Taken together, these
findings further substantiated the conclusion that catalase activity
in erythrocytes may be a significant predictor of alcohol intake.
Furthermore, the present results showing a relation between
catalase activity and alcohol intake, are also consistent with data
obtained from animal studies (Amit & Aragon, 1988; Aragon &
Amit, 1992a, 1992b; Aragon et al., 1985a, 1985b, 1985c, 1989;
1991; Tampier & Mardones, 1983). Findings obtained in these
animal studies suggested that catalase activity may play a role in
the mediation of a variety of ethanol's behavioral effects, including

ethanol consumption (Amit & Aragon, 1988; Aragon & Amit, 1992a,
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1992b; Aragon et al., 1985c: Koechling & Amit, in press; Rotzinger et
al., 1993); ethanol-induced locomotor depression (Aragon et al.,
1989); narcosis and lethality (Aragon et al., 1991; Tampier &
Mardones, 1983); and, ethanol-induced CTA (Aragon et al., 1985b).
Most importantly, the findings (Amit & Aragon, 1988; Aragon &
Amit, 1992a, 1992b; Aragon et al., 1985c: Koechling & Amit, in
press; Rotzinger et al.,, 1993) suggesting that catalase activity may
play a role in the regulation of ethanol intake in animals, is
consistent with the present results suggesting that catalase activity
in erythrocytes may be a predictor of alcohol intake in humans.

The present results showed that the relation between catalase
activity and alcohol intake in FH+ was significantly greater than that
of FH- individuals, and accounted for a higher proportion of the
variance. This provided the rationale for a more detailed
examination of this relation in FH+ individuals. In this respect, it
was of importance to rule out the possibility that other predictors of
alcohol intake may have contributed to the shared variance
between catalase activity and alcohol intake in FH+ individuals.
Data obtained from the final hierarchical regression analysis showed
that, although being male, increasing in age, having lower education,
currently smoking, using cocaine/crack, increasing scores on the
MAC, and having alcohol-related problems (MAST) were all
significant predictors, catalase activity was the strongest single
predictor of alcohol intake. Even after all other predictor variables
had entered the regression equation, catalase activity in FH+

individuals still contributed 14% to the overall variance in alcohol
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intake. These results showing that catalase in FH+ individuals was
the strongest predictor of alcohol intake, suggested that catalase
activity may be a biological marker for the propensity to consume
alcohol in FH+ individuals; and, that this propensity may contribute
to an increased risk for the development of alcoholism. These
results demonstrating that the inherent activity of catalase was
significantly higher in FH+ individuals, together with the finding
that catalase was the strongest predictor of alcohol intake in FH+
individuals, are consistent with reports in the literature suggesting
that predispositional factors participate in the development of
alcoholism. Family history studies (Cotton, 1979; Schuckit et al.,
1972; Winokur et al., 1970), as well as investigations of twins
(Cadoret, 1990; Searles, 1990), and of adoptees (Bohman et al.,
1981; Cadoret, 1990; Goodwin et al.,, 1973) have established that
alcoholism is a familial disorder that may be inherited by the
offspring.  Further, the present results are also consistent with
evidence (Porjesz & Begleiter, 1991; Schuckit, 1991; Tarter et al.,
1990) implicating biological markers as key factors in the
identification of mechanisms related to the potential development
of alcoholism. Findings obtained from these at-risk studies (Porjesz
& Begleiter, 1991; Schuckit, 1991: Tarter et al., 1990) suggested that
neuropsychological (Alterman et al., 1985: Tarter et al., 1990),
electrophysiological (Porjesz & Begleiter, 1991; Volavka et al. 1985),
psychological (Cloninger, 1987a, 1987b: Tarter et al., 1990), and
biological markers (Esaky & Linnoila, 1991; Schuckit, 1991), which

have been found to differentiate FH+ and FH- individuals, may
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mediate the genetic expression of alcohol abuse. Further, findings
from these at-risk studies (Porjesz & Begleiter, 1991; Schuckit,
1991; Tarter, 1991) suggested that markers identifying differential
physiological and psychological responses to alcohol may be
implicated in the potential development of alcohol abuse. Taken
together, the present findings, showing that FH+ and FH- individuals
can be differentiated on the basis of catalase activity and in terms
of the relation between catalase activity and alcohol intake, are
consistent with the above mentioned studies (Porjesz & Begleiter,
1991; Schuckit, 1991; Tarter, 1991) suggesting that the
identification of biological markers may help elucidate the possible
genetic determinants for alcohol intake and the subsequent
development of alcohol abuse. Furthermore, the current finding
showing that catalase activity predicted alcohol intake, rather than
predicting alcoholism, as measured by the MAST, was also
congruent with recent findings (Heath et al., 1991a, 1992b)
suggesting that, when comparing MZ and DZ twin-pairs, higher
heritability rates were observed for the quantity of alcohol
consumed, rather than for ‘alcoholism’ per se. Results from the
above-mentioned twin studies (Heath et al.,, 1991a, 1991b) are also
consistent with findings from at-risk studies (Porjesz & Begleiter,
1991; Schuckit, 1991; Tarter, 1991) suggesting that what markers
may identify, is a differential responding between FH+ and FH-
individuals to alcohol, rather than to alcohol abuse itself. Moreover,
the present findings together with findings, from twin studies

(Heath et al.,, 1991a, 1991b) and at-risk studies (Porjesz & Begleiter,
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1991; Schuckit, 1991; Tarter, 1991) suggested that what may be
inherited by FH+ individuals, is the predisposition to consume large
amounts of alcohol, rather than the inheritance of the ‘disorder' of
alcoholism per se.

The present findings demonstrating that catalase activity was
a strong predictor of alcohol intake in FH+ individuals and thus, the
suggestion that catalase activity may be a biological marker for
propensity of organisms to consume alcohol, is also consistent with
the previous reports (Amit et al., 1986; Amit & Aragon, 1988; Smith
et al., 1990) suggesting a role for catalase and, by implication, a role
for centrally-acting acetaldehyde in the mediation of alcohol
consumption. More specifically, the present findings supported the
contention that central ethanol metabolizing enzymes may play a
role in alcohol consumption behavior by regulating the rate of
formation and degradation of acetaldehyde in brain (Amit et al.,
1986; Amit & Aragon, 1988: Smith et al.,, 1990). The source of
centrally-acting acetaldehyde, which has been implicated in the
mediation of several of the reinforcing properties of ethanol in
animals (Brown et al., 1980; Myers et al., 1984; Takayama & Uyeno,
1985) and humans (Behar et al.,, 1983; Brown et al., 1983; Peachey,
1989), may be formed directly in brain by catalase. It has been
demonstrated that catalase has the capacity to metabolize ethanol to
acetaldehyde in brain homogenates (Aragon et al., 1992; Cohen et
al., 1980; Gill et al., 1992), which suggested that catalase is also
involved in the formation of acetaldehyde. The putative ability to

synthesize acetaldehyde, via catalase, in the mediation of a variety
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of ethanol-mediated behaviors has also been demonstrated (Amit &
Aragon, 1988; Aragon & Amit, 1992a, 1992b; Aragon et al., 19835a,
1985b, 1985c¢, 1989; Koechling & Amit, in press; Rotzinger et al.,
1993; Tampier & Mardones, 1983). As previously stated,
particularly, the findings (Amit & Aragon, 1988; Aragon et al.,
1985¢c; Koechling & Amit, in press; Rotzinger et al.,, 1993) suggesting
that catalase activity, through its control of the formation of
acetaldehyde, may play a role in the regulation of ethanol intake in
animals, are consistent with the present results suggesting that
catalase activity may be a predictor of the propensity to consume

alcohol in individuals a risk for the development of alcohol abuse.

Conclusion

The present results obtained in experiment 1 showed that
catalase activity was not induced by the acute consumption of
alcohol, and probably neither by the chronic prior consumption of
alcohol. This suggested that catalase may be a predictor of future
alcohol intake. Support for the contention that catalase may be a
predictor of future alcohol intake was obtained by the results of
experiment 2. These results, showing that catalase activity was
significantly higher in FH+ than in FH- individuals, suggested that
FH+ individuals may inherently have higher catalase activity.
Further results of experiment 2 showed that catalase activity in FH+
individuals was the strongest single predictor of alcohol intake,

even after accounting for the influence of several other
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variables. Taken together, these results supported the contention
that catalase activity may be a predictor of the propensity to
consume alcohol in FH+ individuals, and thus, that catalase activity
may contribute to the identification of individuals at risk for the
subsequent development of alcoholism.

A logical extension of the present line of research would be to
focus on further elucidating the predictive validity of catalase as a
potential biological marker of alcohol intake in individuals at risk
for the development of alcohol abuse. A marker with predictive
validity and reliability must identify individuals at risk; it must be
present before the onset of drinking, as well as before any other
comorbid psychopathology; and, it must be specific to alcoholism
(Tarter et al., 1990). To date, no marker has been identified that
meets these criteria (Searles, 1990; Tarter et al.,, 1990). It is our
contention that the present results seem to have satisfied the
above-mentioned definition of a marker to a greater degree than
have most previous reports in the literature, in that previous
researchers relied on non-theoretical, post-hoc explanations of
findings (Searles, 1990; Tarter et al., 1990), and were largely unable
to rule out potential effects attributable to prior alcohol
consumption (Esaky & Linnoila, 1991; Rowe, 1990; Tarter et al.,
1990). However, based on the present results and other
collaborative evidence (Amit & Aragon, 1988; Aragon et al., 1985c:

Bjorneboe et al., 1988: Koechling & Amit, 1992), the possible
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induction of catalase produced by acute and chronic prior
consumption of alcohol were ruled out, thus suggesting that the
activity of catalase may be present before the onset of drinking.
Hence, based on the present results, a large-scale longitudinal-
prospective study may be justified in order to further investigate
the predictive validity and reliability of catalase as a biological
marker for future alcohol consumption. The sample for this project
would consist of three different age cohorts, to reflect the influence
of social/environmental factors:

1. Pre-adolescents age 8 to 12 who are likely to have consumed
little or no alcohol; 2. Adolescents age 13 to 18 who are likely to
have consumed some alcohol, and; 3. Young adults age 18 to 25
who are likely to have established more stable patterns of alcohol
consumption. These three age-cohorts would be followed-up for a
period of 2 years in order to investigate whether or not the activity
of catalase would identify individuals at risk. In addition, it would
help to determine whether the activity of catalase is marker that is
specific to alcoholism, as opposed to other drugs of abuse. This type
of study would allow for multiple sampling of catalase activity and
alcohol intake, and hence, would yield evidence as to the reliability
and validity of both measures. Lastly, results from this study
would also yield evidence as to the criteria for the predictive
validity and reliability of catalase as a marker for the propensity to
consume alcohol in FH+ individuals in particular, but also for the
general population, thus identifying individuals who might be at

risk for the development of alcoholism.
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In summary, the key findings in the present dissertation were
as follows. Differences in catalase activity among individuals did
not reflect a possible induction by prior alcohol intake but, rather,
these differences in catalase activity may be predictors of future
alcohol intake. Not surprisingly, it was found that mean catalase
activity was higher in FH+ individuals compared to FH- individuals.
as was their alcohol intake. A central finding of this dissertation
was that catalase activity made a significantly higher contribution
to the variance of alcohol intake in FH+ individuals compared to FH-
individuals. Further results from hierarchical regression analyses
showed that, even after accounting for the influence of several
other variables, catalase activity in FH+ individuals made the
highest single contribution to the overall variance in alcohol intake.
These results suggested that catalase activity may in fact be a
biological marker for the propensity to consume alcohol, and that
this increased propensity may contribute to the development of
alcoholism.

The present evidence provided further support for research
(Aragon et al.,, 1992; Cohen et al., 1980; DeMaster et al., 1986; Sinet
et al, 1980) which has suggested that catalase may be a viable
metabolic pathway for the oxidation of alcohol to acetaldehyde in
the brain. In this respect, the current results showing that mean
catalase activity was significantly higher in FH+ individuals,
compared to FH- individuals; as well as the finding that catalase
activity in FH+ individuals less so in FH- individuals, was a

significant predictor of alcoho!l intake; suggest that these differences
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in catalase activity may be related to differences in the production
of acetaldehyde by catalase in the brain. These findings also lend
support to the contention
that acetaldehyde may be mediating the reinforcing properties of
alcohol (Amit and Smith, 1989; Smith et al., 1990; Von Wartburg,
1980).

In conclusion, the present investigation represents the first
step towards the identification of a mechanism underlying the
genetic predisposition towards high alcohol consumption and,
consequently, towards the development of alcoholism. More
specifically, the present findings suggested that the mechanisms
underlying this susceptibility, may be mediated by the production
of acetaldehyde in the brain via the metabolic activity of catalase.
Catalase activity may therefore serve as a marker for the
identification of individuals who, due to their affinity to consume
large amounts of alcohol, may be at risk for the development of

alcoholism.



106
REFERENCES

Alexopoulos, G.S., Lieberman, K.W., & Frances, RJ. (1983). Platelet
MAO activity in alcoholic patients and their first-degree

relatives. American_Journal of Psychiatry, ]40, 1501-1504.

Allen, J.P., Eckhardt, M.J., & Wallen, J. (1988). Screening for
alcoholism: Techniques and issues. Public Health Report, 103,
586-592.

Alterman, A.L, Bridges, K.R., & Tarter, R.E. (1985). The influence

of both drinking and familial risk statuses on cognitive

functioning of social drinkers. Alcoholism: Clinical and
Experimental Research, 10, 448-451.

Amir, S. (1977). Brain and liver aldehyde dehydrogenase: relations
to ethanol consumption in Wistar rats. Psychopharmacology,
16, 781-789.

Amir, S. (1978). Brain and liver aldehyde dehydrogenase activity
and voluntary ethanol consumption by rats: relations to strain,
sex, and age. Psychopharmacology, 57, 97-102.

Amir, S., & Stern, M.H. (1978). Electrical stimulation and
lesions of the medial forebrain bundle of the rat: changes in
voluntary ethanol consumption and brain aldehyde
dehydrogenase activity. Psychopharmacology, §7, 167-174.

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. hopharmacol 95, 512-5185.



107

Amit, Z., Brown, ZW., Amir, S., Smith, B., & Sutherland, E.A.
(1980). Behavioral assessment of the role of acetaldehyde
in the mediation of alcohol intake in animals and humans. In
C.J.P. Eriksson, J.D. Sinclair, & K. Kiianmaa (Eds.), Animal
Models in Alcohol Research (pp.159-165). Toronto: Academic
Press.

Amit, Z. & Smith, B.R. (1989). The role of acetaldehyde in
alcohol addiction. In K.E. Crow & R.D. Batt (Eds.), Human
Metabolism of Alcohol, Vol 2 (pp. 193-200). Florida: CRC
Press, Boca Raton. |

Amit, Z., Smith, B.R., & Aragon, C.M.G. (1986). Alcohol metabolizing
enzymes as possible markers mediating voluntary alcohol
consumption. Canadian mal of li Ith, 77 (Suppl. 1),
15-20.

Amit, Z., Smith, B.R., & Sutherland, E.A. (1987). Oral-self-
administration of alcohol: A valid approach to the study of

drug-self-administration and human alcoholism. In M.A.

- Bozarth (Ed.), Methods of Assessing the Reinforcing

Properties of Abused Drugs, (pp. 161-171). New York:
Springer.

Andrucci, G.L., Archer, R.P., & Pancoast, D.L. (1989). The
relationship of MMPI and sensation seeking scales to
adolescent drug use. 1 _of i men
33(2), 253-266.

Aragon, CM.G,, & Amit, Z. (1985). A two-dimensional model of



108
alcohol consumption: Possible interaction of brain catalase and
aldehyde dehydrogenase. Alcohol, 2, 357-360.

Aragon, CM.G., & Amit, Z. (1987). Genetic variation in ethanol
sensitivity in CS7BL/6 and DBA/2 mice: A further
investigation of the differences in brain catalase activity.
Annals of the New York Academy of Science, 492, 398-400.

Aragon, CM.G, & Amit, Z. (1992a). The effect of 3-amino-1,2,4-
triazole on voluntary ethanol consumption: Evidence for brain
catalase involvement in the mechanism of action.
Neuropharmacology, 32, 709-712.

Aragor, CM.G, & Amit, Z. (1992b). Differences in ethano! induced
behaviors in normal and acatalasemic mice: A systematic
examination using a bio-behavioral approach. Pharmacology,
Biochemistry & Behavior, 44, 547-554.

Aragon, CM.G,, Rogan, F., & Amit, Z. (1992). Ethanol
metabolism in brain homogenates by a catalase hydrogen
peroxide system. Biochemical Pharmacology, 41, 93-96.

Aragon, CM.G., Spivak, K., & Amit, Z. (1985a). Blockade of
ethanol induced taste aversion by 3-amino-1,2,4-triazole:
Evidence for catalase mediated synthesis of acetaldehyde in
rat brain. Life Science, 37, 2077-2084.

Aragon, CM.G., Spivak, K., & Amit, Z. (1985b). Blockade of ethanol

induced conditioned taste aversion by 3-amino-1,2,4-triazole:



109
evidence for catalase mediated synthesis of acetaldehyde in
rat brain. Life Sciences, 37, 2077-2084.

Aragon, C.M.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(1),
104-108.

Aragon, C.M.G., Spivak, K., & Amit, Z. (1991). Effects of 3-
amino-1,2,4-triazole on ethanol indued narcosis, lethality and
hypothermia in rats. Ph 1 iochemi n havior
391, 55-59.

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

Armor, D.J., & Polich, J.M. (1982). Measurement of alcohol
consumption. In E.M. Pattison, & E. Kaufman (Eds.),

Encyclopedic Handbook of Alcoholism (pp. 72-80).
New York: Gardener Press.

Babor, T.F., Kranzler, H.R., & Lauerman, R.J. (1989). Early detection
of harmful alcohol consumption: Comparison of clinical,
laboratory, and self-report screening procedures. ictiv
Behaviors, 14(2), 139-157.

Baraona, E., DiPadova, C., Tabasco, J., & Lieber, C.S. (1987). Red
blood cells: a new major modality for acetaldehyde transport
from liver to other tissues. Life Science, 40, 253-258.



110

Barnes, G.E. (1979). The alcoholic personality: A reanalysis of the
literature. Journal of Studies on Alcohol, 5, 41-60.

Begleiter, H., & Platz, A. (1972). The effects of alcohol on the
central nervous system in humans. In B. Kissin, & H. Begleiter
(Eds.), The Biology of Alcoholism, Vol 2 (pp.293- 343). New
York: Plenum Press.

Begleiter, H., & Porjesz, B. (1990). Neuroelectric processes in
individuals at risk for alcoholism. Alcohol and
Alcoholism, 25(2/3), 251-256.

Begleiter, H., Porjesz, B., Bihari, B., & Kissin, B. (1984). Event-
related brain potentials in boys at risk for alcoholism.
Science, 225, 1493-1496.

Behar, D., Berg, C.J., Rapoport, J.L., Nelson, W., Linnoila, M.,

, Cohen, M., Bozevich, C., & Mashall, T. (1983). Behavioral and
physiological effects of ethanol in high-risk and control
children: A pilot study. Alcoholism: Clinical and
Experimental Research, 7, 404-410.

Belknap, J.K. (1980). Genetic factors in the effects of ethanol. In H.

Rigter, & J. Crabbe (Eds.), Alcohol Tolerance and
Dependence (pp.157-180). Amsterdam: Elsevier Biomedical

Press.
Belknap, J K., Belknap, N.D., Berg, JH.,, & Coleman, R. (1977).
Preabsorptive vs. postabsorptive control of ethanol intake

in C57BL/6J and DBA/2J mice. Behavior Genetics, 7(6),
413-425.

Bjorneboe, G.A., Johnsen, J., Bjoreboe, A., Marklud, S.L., Skylv,



111
N., Hoiseth, A., Bache-Wiig, J., Morland, J., & Drevon, C.A.
(1988). Some aspects of the antioxidant status in blood
from alcoholics. Al ism: Clini xperimental
Research, 12(6), 806-810.

Bohman, M., Sigvardsson, S., & Cloninger, C.R. (1981). Maternal
inheritance of alcohol abuse: Cross fostering analysis of
adopted women. Archives of General Psychiatry, 38, 965-969.

Boismare, F., Lhuintre, J.P., Daoust, M., Moore, N., Saligaut, C., &
Hillemand, B. (1987). Platelet affinity for serotonin is
increased in alcoholics and former alcoholics: A biological
marker for dependence? Alcohol and Alcoholism, 22(2), 155-
159.

Bosron, W.F., & Li, T-K. (1986). Genetic polymorphism of human

‘ liver alcohol and aldehyde dehydrogenase and their relationship
to alcohol metabolism and alcoholism. Hepatology, 6, 502-510.

Brannan, T.S., Maker, H.S., & Raes, I.P. (1981). Regional
distribution of catalase in the adult rat brain. Journal of
Neurochemistry, 36, 307-309.

Brien, J.K., & Loomis, C.W. (1983). Pharmacology of
acetaldehyde. Canadian mal_of Physiol
Pharmacology, 61, 1-22.

Brown, ZW., 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




112
self-administration of acetaldehyde and voluntary
consumption of ethanol in rats. Behavioral and Neural
Biology, 28,150-155.
Brown, ZW., Amit, Z., Smith, B.R., Sutherland, E.A., & Selvaggi,
N. (1983). Alcohol-induced euphoria enhanced by

disulfiram and calcium carbimide. Alcoholism: Clinical and

Experimental Research, 7(3), 276-278.
Buhler, R., Pestalozzi, D., Hess, M., & von Wartburg, J.P.

(1983). Immunohistochemical localiztion of alcohol
dehydrogenase in human kidney, endocrine organs and
brain. Pharmacology, Biochemistry & Behavior, 18(Suppl.1),
55-60.

Burke, H.R. (1983). Markers for the MacAndrew and Cavior
Heroin Addiction MMPI scales. Journal of Studi n_Alcohol,
44, 558-563.

Burke, H.R., & Marcus, R. (1977). MacAndrew MMPI Alcoholism
Scale: Alcoholism and drug addictiveness. The Journal of
Studies _on_Alcohol, 44, 558-563.

Cadoret, R.J. (1990). Genetics of alcoholism. In R.L. Collins, K.E.

Leonard, & J.S. Searles (Eds.), Alcohol and the Family:
Research and Clinial Perspectives, (pp. 39-79). New York: The

Guilford Press.
Carr, G., Brown, ZW., Rockman, G.E., & Amit, Z. (1980). Reduction

in voluntary ethanol consumption by treatment with alcohol




113
dehydrogenase inhibitors. n Alcohol
Actions/Misuse, 1, 187-196.

Cloninger, C.R. (1987a). A systematic method for clinial

description and classification of personaltiy variants. A
proposal. Archives of General Psychiatry, 44, 573-588.

Cloninger, C.R. (1987b). Neurogenic adoptive mechansims in
alcoholism. Science, 236, 410-436.

Clopton, J.R. (1978). Alcoholism and the MMPI. Journal of
Studies _on _Alcohol, 39, 1540-1558.

Cohen, G. (1977). An acetaldehyde artifact in studies of ethanol

with biogenic amine systems: the oxidation of ethanol by
ascorbic acid. ournal of Neurochemi 29, 761-762.
Cohen, G., Sinet, P.M., & Heikkila, R. (1980). Ethanol oxidation by

rat brain in vivo. Alcoholism: Clinical and Experimental

Research, 4, 366-370.

? -—

Cohen, J., & Cohen, P. (1983). Applied Multiple
Regression/Correlation Analysis for the Behavioral Sciences.

New Jersey: Laurence Erlbaum Associates, Publishers.
Cotton, N.S. (1979). The famial incidence of alcoholism: A review.
Journa! of Studies on ALcohol, 40, 89-116.
Crabbe, J.C., Johnson, N.A., & Gray, D.K. (1982). Biphasic effects of
ethanol on open-field activity: Sensitivity and tolerance in
C57BL/6N and DBA/2N mice. rnal m tive an

Physiological Psychology, 95(3), 440-451.



114
Craig, R. (1984). MMPI substance abuse scales on drug addicts with
and without concurrent alcoholism. Journal of Personality
Assessment, 48(5), 495-499.
Crowell, C.R., Hinson, R.E., & Siegel, S. (1981). The role of
conditional drug responses in tolerance to the hypothermic

effects of ethanol. Psychopharmacology, 73, 51-54.
Csontos, A., & Jakloczsky, D. (1966). Variations of the catalase

index in essential arterial hypertension. Medicina Interna,
18(5), 607-612.

Darr, D., & Fridovich, 1. (1986). Irreversible inactivation of
catalase by 3-amino-1,2,4-triazole. Bigchemical _
Pharmacology, 35(20), 3642.

l?avis, L.J., Colligan, R.C., Morse, R.M., & Offord, K.P. (1987).
Validity of the MacAndrew scale in a general medical
population. Journal_of Studies on Alcohol, 48, 202-206.

Del Rio, L.A., Ortega, M.G., Lopez, A.L., & Gorge, J.L. (1977). A

more sensitive modification of the catalase assay with the

Clark Oxygen Electrode. Analytical Biochemistry, 80,

409-415.
Dawson, D.A., Harford, T.C., & Grant, B.F. (1992). Family history as
a predictor of alcohol dependence. Alcoholism: Clini n

Experimental Research, 16, 572-575.
Deitrich, R.A. (1987). Specificity of the action of ethanol in the



115
central nervous system: Behavioral effects. In K.O. Lindros, R.
Yikahri, & K. Kiianmaa (Eds.), Advances in Biomedical Alcohol
Research, (pp.133-138). Oxford: Pergamon Press.
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.
DiPadova, C., Alderman, J. and Lieber, C.S. (1986). Improved methods

for the measurement of acetaldehyde concentrations in plasma

and red blood cells. Alcoholism: Clinical & Experimental

Research, 10, 86-89

Drejer, K., Theilgaard, A. Teasdale, T.W., Schlusinger, F.,, &
Goodwin, D.W. (1985). A prospective study of young men at
high risk for alcoholism: Neuropsychological Assessment.

Alcoholism: Clinical and Experimental Research, 9, 498-502.

Duncan R., & Tipton, K.F. (1971). The kinetics of brain aldehyde
dehydrogenase. European Journal of Biochemistry, 22, 538-543.
Eide, I, & Syverse, L.M. (1982). Uptake of elementary mercury and

activity of catalase in rat, hamster, guinea pig, normal and

acatalasemic mice. Acta Pharamacological Toxicology, 51,

371-376.

Eriksson, C.J.P. (1980). The aversive effect of acetaldehyde on
alcohol drinking behavior in the rat. Alcoholism: Clinical and
Experimental Research, 4, 107-111.

Eriksson, C.J.P. (1983). Human blood acetaldehyde concentrations
during ethanol oxidation (update 1982). Pharmacology.



116

Biochemistry & Behavior, 18, 141-150.
Eriksson, CJ.P., & Sarviharju, M. (1984). Motor impairment,

narcosis and hypothermia by ethanol: separate genetic
mechansims. ALcohol, 1, 59-62.

Eriksson, C.J.P., & Sippel, H.W. (1977). The distribution and
metabolism of acetaldehyde in rats during ethanol oxidation.
I. The distribution of acetaldehyde in liver, brain, blood and

breath. Biochemical Pharmacology, 26, 241-247.
Erwin, V.G., & Deitrich, R.A. (1966). Brain aldehyde dehydrogenase

localization, puification and properties. Journal of Biological
Chemistry, 241, 3533-3539.

Eskay, R., & Linnoila, M. (1991). Potential Biochemical Markers
for the Predisposition toward alcoholism. In M. Galanter (ed.),

. Recent Developments in Alcoholism, Vol 9, (pp. 41-67). New
York: Plenum Press.

Falk, J.L., & Tang, M. (1988). What schedule-induced polydipsia can
tell us about alcoholism. Alcoholism: Clinical and Experimental
Research, 12, 577-585.

Fazekas, 1.G. (1965). Changes in catalase activity and of

hydrocortisone content in human blood after ingestion of

alcohol (wine). Deutsche Zeitschrift der Gesetzlichen und

Gerichtlichen Medizin, 56, 411-420.
Feinstein, R.N., Howard, J.B., Braun, J.T., & Seaholm, J.E. (1966).

Acatalasemic and hypocatalasemic mouse mutants. Genetics,
53, 923-933.



117
Frezza, M., DiPadova, C., Pozzato, G., Terpin, M., Baraona, E., &
Lieber, C.S. (1990). High blood alcohol levels in women: The role
of decreased gastric alcohol dehydrogenase and first-pass
metabolism. New England Joumnal of Medicine, 322(2), 95-99.
Frye, G.D., & Breese, G.R. (1981). An evaluation of the locomotor
stimulatory action of ethanol in rats and mice.

Psychopharmacology, 75(4), 372-379.
Gabrielli, W.F., & Mednick, S.A. (1983) Intellectual performance in

children of alcoholics. Journal of Nervous and Mental Disease,
171, 444-447.

Gabrielli, W.F., Mednick, S.A., Volavka, J., Pollock, V.E.
Schlusinger, F., & Stil, T.M. (1982). Electrocéphalograms in
children of alcoholic fathers. Psychophysiology, 19, 404-407.
Gambassi, G., & Maggi, V. (1952). Blood catalase after
administration of alcohol. Bollettino Societa Italiana de

Biologica Sperimentala, 28, 1484-1486.
Ganshow, R.E., & Schimke, R.T. (1969). Independent genetic

control of catalytic activity and rate of degradation of

catalase in mice. Journal of Biological Chemistry, 244,

4649-4652.
Ganshow, R.E.,, & Schimke, R.T. (1970). Murine catalase
phenotypes. Biochemical neti 4, 157-167.

Garzotto, N., Baratta, S., Pistoso, S., & Faccincani, C. (1988).
Validation of a screening questionnaire for alcoholism

(MAST) in an Italian sample. mprehensiv hiatry,



118
29(3), 323-329.
Gaunt, G.L., & DeDuve, C. (1976). Subcellular distribution of d-
amino acid oxidase and catalase in rat brain. Journal of

Neurochemistry, 26, 749-759.
Gibbs, L.E. (1983). Validity and reliability of the Michigan

Alcoholism Screening Test: A review. Drug and Alcohol
Dependence, 12(3), 279-285.

Gill, K., Menez, J.F., Lucas, D., & Deitrich, R.A. (1992).
Acetaldehyde production in rat brain tissue. Alcoholism:
Clinical and Experimental Research, 16, 910-915.

Giri, P.R,, Linnoila, M., O'Neil, J.B., and Goldman, D. (1989).

Distribution and possible metabolic role of class III

alcohol dehydrogenase in human brain. Brain_Research, 481,
131-141.
Gold, M.S. (1986). Adolescent cocaine epidemic. harm ical

Chemistry Newsletter, 15(1), 1-8.
Goodwin, D.W., Schlusinger, F., Hermansen, L., Guze, S.B., &

Winokur, G. (1973). Alcohol problems in adoptees raised apart
from biological parents. Archives of General Psychiatry, 28,
238-243.

Gottesman, LI, & Prescott, C.A. (1989). Abuses of the
MacAndrew MMPI alcoholism scale: A critical review.
Clinical Psychology Review, 9, 223-242.

Harada, S., Agarwal, D.P., Goedde, H.W., & Ishikawa, B. (1983).

Aldehyde dehydrogenase isozyme variation and alcoholism

in Japan. Pharmacology, Biochemistry & Behavior, ]18(Suppl. 1),



119
151-153.

Hathaway, S.R. & McKinley, J.C. (1983). The Minnesota Multiphasic
Personality Inventory Manual. New York: Psychological

Corporation.

Hawkins, R.D., & Kalant, H. (1972). The metabolism of ethanol and
its metabolic effects. Pharmacological Review, 24, 67-157.

Heath, D.B. (1990-91). Uses and misuses of the concept of
ethnicity in alcohol studies: An essay in deconstruction. The
International Journal of the Addictions, 25(5a & 6a), 607-628.

Heath, A.C., Meyer, J., Eaves, LJ., & Martin, N.G. (1991a). The
inheritance of alcohol consumption patterns in a general
population twin sample: I. Mulidimensioal Scaling of
quantity/frequency data. Journal of Studies on_Alcohol, 52(4),
345-352.

Heath A.C,, Meyer, J., Jardine, R., & Martin, N.G. (1991b). The
inheritance of alcohol consumption patterns in a general
population: II. Determinants of consumption frequency and
quantity consumed. Journal of Studies on Alcohol, 52(5), 425-
433.

Hedlund, J.L., & Vieweg, B.W. (1984). The Michigan Alcoholism
Screening Test (MAST): A comprehensive review. Journal of
Operational Psychiatry, 15, 55-65.

Hegedus, A.M,, Tarter, R.E,, Hill, S.Y., Jacob, T., & Winston, N.E.

(1984). Static ataxia: a possible marker for alcoholism.

Alcoholism: Clinical and Experimental Research, 8, 580-582.



120

Heim, W.G., Appelman, D., & Pyfrom, H.T. (1955). Production of
catalase changes in animals with 3-amino-1,2,4-triazole.
Science, 122, 693.

Helzer, J.E., & Pryzbeck, T.R. (1988). The co-occurence of
alcoholism with other psychiatric disorders in the general
population and its impact on treatment. Journal of Studies
on Alcohol, 49(3), 219-224.

Hesselbock, M. Babor, T.F., Hesselbrock, V., Meyer, RE., &
Workman, K. (1983). "Never believe an alcoholic?” On the
validity of self-report measures of alcohol dependence and
related constructs. International Journal of the
Addictions, 18, 593-609.

Hesselbrock, V.M., Hesselbrock, M.N., & Stabenau, J.R. (1985a).

" Alcoholism in men patients subtyped by family history and
antisocial personality. Journal of Studies on_Alcohol, 46,
59-64.

Hesselbrock, V.M., Stabenau, J.R., & Hesselbrock, M.N. (1985b).

Minimal brain dysfunction and neuropsychological test

performance in offspring of alcoholics. In M. Galanter (Ed.),
Recent developments in alcoholism, Vol 3, (pp.65-82), New
York: Plenum Press.

Hillbom, M.E., Lindros, K.O., & Larsen, A. (1981). The calcium
carbimide-ethanol interaction: lack of relation between

electroencepholographic response and cerebrospinal fluid

acetaldehyde. Toxicology Letters, 9, 113.



121
Hjelle, J.J., & Petterson, D.R. (1981). Decreased in vivo
acetaldehyde oxidation and hepatic aldehyde dehydrogenase
inhibition in C57BL and DBA mice treated with carbon

tetrachloride. Toxicology and Applied Pharmacology, 59, 15-24.

Holmes, R.S. (1985). Genetic varaints of enzymes of alcohol and
aldehyde metabolism. Alcoholism: Clinical and Experimental
Research, 9(6), 535-538.

Holmes, R.S. Mather, P.B., & Duley, D.S. (1985). Gene marker for
alcohol-metabolizing enzymes among recombinant inbred
strains of mice with differential behavioral responses toward
alcohol. Animal Blood Groups and Biochemical Groups, 16,
51-59.

Jacobson, G.R. (1983). Detection, assessment, and diagnosis of
alcoholism: Current techniques. Recent Developments in
Alcoholism, 1, 377-413.

Jones, M.C. (1981). Midlife drinking patterns: Correlates and
antecedents. In D. Eichhom, J. Clausen, N. Haan, M. Honzik,

& P. Mussen (Eds.), Present and past in middle life, (pp.223-
242). New York: Plenum Press.

Jones, B.M., & Jones, M.K. (1976). Women and alcohol: Intoxication,

metabolism and the menstrual cycle. In M. Greenblatt, & M.A.

Schuckit (Eds.), Alcoholism ms_in W ildren,

(pp.103-136). New York: Grune and Stratton.



122

Julkunen, RJ.K., Tannenbaum, L., Baraona, E., & Lieber, C.S. (1985).
First pass metabolism of ethanol: And important determinant
of blood levels after alcohol consumption. Alcohol, 2(3), 437-
441.

Kalant, H., & Le, A.D. (1984). Effects of ethanol on
thermoregulation. Pharamcological Therapeutics, 23, 313-364.

Kakihana, R., Noble, E.P., & Butte, J.C. (1968). Corticosterone
response to ethanol in inbred strains of mice. Nature, 218,
360-361.

Kiianmaa, K., Hoffman, P.L., & Tabokoff, B. (1983). Antagonism of
the behavioral effects of ethanol by naltrexone in BALB/C,
C57BL/6, and DBA/2 mice. Psychopharmacology, 79, 291-294.

Kiianmaa, K., & Virtanen, P. (1978). Ethanol and acetaldehyde
levels in cerebral spinal fluid during ethanol oxidation in the

' rat. Neuroscience Letters, 10, 181-186.

Kitson, T.M. (1989). Reactions of aldehyde dehydrogenase with
disulfiram and related compounds. In K.E. Crow, & R.D. Batt
(Eds.), Human Metabolism of Alcohol, Vol 2 (pp. 117-132).
Florida: CRC Press, Boca Raton.

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. and Amit, Z. (in press). Effects of 3-amino-1,2 4-

triazole on brain catalase in the mediation of ethanol



123
consumption in mice. Alcohol.

Kursaki, M., Saito, T., Kaji, H., Kojima, Y., & Saito, K. (1986).
Increased erythrocyte catalase activity in patients with
hyperthyroidism. Hormone Metabolism Research, 18, 56-59.

La Droitte, P., Lamboeuf, Y., & De Saint Blanquat, G. (1984).
Ethanol sensitivity and membrane lipid composition in three
strains of mouse. rative Bi i hysiol
77(2), 351-356.

Lex, B. (1987). Review of alcohol problems in ethnic minority
groups. Journal of Consulting and Clinical Psychology,
35(3), 293-300.

Lieber, C.S. (1977). Metabolism of alcohol. In C.S. Lieber (ed.),

Metabolic_Aspects of Alcoholism, (pp.1-30). Lancaster: MTP

Press.

Lieber, C.S. (1983). Microsomal ethanol oxidizing system (MEOS):
Interaction with ethanol, drugs and carcinogens. Pharmacology,
Biochemist Behavior, 18 (Suppl. 1), 181-187.

Lieber, C.S., & DeCarli, L.M. (1971). Role of hepatic microsomal

ethanol metabolism. Chemical and Biological Interaction, 3,

292-293,
Linakis, J.G., & Cunningham, C.L. (1979). Effects of concentration

of ethanol injected intraperitoneally on taste aversion, body

temperature, and activity. Psychopharmacology, 64, 61-65.



124
Lindros, K.O. (1978). Acetaldehyde -Its metabolism and role in the
actions of alcohol. In Y. Israel, F.B. Glaser, H. Kalant, R.E.

Popham, W. Schmidt, & R.G. Smant (Eds.), Research Advances in
Alcohol and Drug Problems, Vol 4 (pp. 111-176). New York:

Plenum Press.

Lindros, K.O. (1989). Human Blood Acetaldehyde. In K.E. Crow and R.D.
Batt (Eds.), Human_ Metabolism of Alcohol, Vol 2 (pp. 177-192).
Florida: CRC Press, Boca Raton.

Lindros, K.O., Koivula, T., & Eriksson, C.J.P. (1975). Acetadelhyde
levels during ethanol oxidation: A diet-induced change and its
relation to liver aldehyde dehydrogenase and redox states. Life
Sciences, 17, 1589-1598.

Lipscomb, T.R., Carpenter, J.A., & Nathan, P.E. (1979). Static
ataxia: A predictor for alcoholism? PBritish Journal of
Addictions, 74, 289-294.

Lomax, P., Bajorek, J.G., Bajorek, T.-A., & Chaffe, R.RJ. (1981).
Thermoregulatory mechanisms and ethanol hypothermia.

European Journal of Pharmacology, 71, 483-487.

Lundquist, F. (1971). The metabolism of ethanol. In Y. Israel, & J.

Mardones (Eds.), Biological Basis of Alcoholism (pp.1-52). New

York: John Wiley & Sons.
MacAndrew, C. (1965). The differentiation of male alcoholic

outpatients from nonalcoholic psychiatric outpatients by

means of the MMPI. Quarterly Journal of Studies on

Alcohol, 26, 238-246.



125

Magrunder-Habib, K. Fraker, G.G., & Peterson, C. (1983).
Correspondence of clinicians' judgements with the Michigan
ALcoholism Screening Test in determining alcoholism in
vesterans administration outpatients. Journal of Studies on
Alcohol, 44(5), 872-884.

Mann, R.E., Smart, R.G., & Aglin, L. (1988). Reductions in liver
cirrhosis mortality and morbidity in Canada: Demographic
differences and possible explanations. Alcoholism (NY),
12, 290-297.

McKenna, O., Amold, G., & Holzman E. (1976). Microperoxisome
distribution in the central nervous system of the rat. Brain
Research, 117, 181-194.

Meisch, R.A., & Beardisey, P. (1975). Ethanol as a reinforcer
for rats: Effects of concurrent access to water and
alternate positions of water and ethanol.
Psychopharmacologia, 43, 19-23.

Mello, N.K., & Mendelson, J.H. (1972). Drinking patterns during
work-contingent and non-contingent alcohol acquisition.
Psychosomatic Medicine, 34, 139-264.

Miller, N.S., Gold, M.S., Belkin, B.M., & Klahr, A.L. (1989). Family
history and diagnosis of alcohol dependence in cocaine
dependence. Psychiatry Research, 29, 113-121.

Mischke, H.D., & Venneri, R. (1987). Reliability and vailidity of the
MAST, Moritimer-Filkins Questionnaire and CAGE in DWI

assessment. Journal of Studies on Alcohol, 48(5), 492-501.

Moss, H.B., Yao, J.K., Burns, M., Maddock, J., & Tarter, R.E. (1992).



126

Plamsa GABA-like activity in response to ethanol challenge in

men at high risk for alcoholism. Biological hi , 1, 104-
110.

Mukherji, B., Kashiki, Y., Ohyanagi, H., & Sloviter, H. (1975).
Metabolism of ethanol and acetaldehyde by isolated perfused
rat brain. Journal of Neurochemistry, 24, 841-843.

Myers, W.D.,, Ng, K.T., Marzuki, S., Myers R.D., & Singer, G. (1984).
Alteration of alcohol drinking in the rat by peripherally self-
administered acetaldehyde. Alcohol, 1, 229-236.

Myers, W.D., Ng, K.R., & 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.

Myers, R.D., & Ruwe, W.D. (1982). Is alcohol induced
poikilothermia mediated by S-HT and catecholamine receptors
or by ionic set-point mechanisms in the brain? Pharmacology,
Biochemistry & Behavior, 16, 321-327.

Nagoshi, C.T., & Wilson, J.R. (1987). Influence of family
alcoholism history on alcohol metabolism, sensitivity and
tolerance. Alcoholism: Clinical and Experimental Research,
11, 392-398.

National Institute on Alcohol Abuse and Alcoholism. (1990a).
Apparent Per Capita Alcohol consumption: National, State,
and Regional Trends, 1977-1987, (Surveillance Report

No.13). Alexandria, Virginia.




127
National Institute on Alcohol Abuse and Alcoholism. (1990b).

Secretary of Health and Human Services. Alcohol and
Health. Seventh Special Report to the US. Congress. Alexandria,

Virginia, U.S. Department of Health and Human Services.

Ouo, RK., Lang, AR, Megargee, E.I., & Rosenblatt, A.L. (1988).
Ability of alcoholics to escape detection by the MMPI. Joumal
of Consulting and Clinical Psychology, 56(3), 452-457.

Patole, M.S., Swaroop, A., & Ramasama, T. (1986). Generation of
hydrogen peroxide in brain mitochondria. Journal of
Neurochemistry, 47, 1-8.

Paul, S.M., Axelrod, J.,, & Diliberto, E.J. (1977). Catecholestrogen-
forming enzyes of brain: Demonstration of cytochrome P-450
mono-oxygenase. Endocrinology, 101, 1604-1610.

Peachey, J.E. (1989). Disulfiram-ethanol and related compounds. In
K.E. Crow, & R.D. Batt (Eds.), Human Me lism Icohol, Vol
2 ,(pp. 201-218). Florida: CRC Press, Boca Raton.

Petersson, H., & Kiessling, K-H. (1977). Acectaldehyde occurrence
in CSF during ethanol oxidation in rats and its dependence on
the blood level and on dietary factors. Biochemical
Pharmacology, 26, 237-240.

Pettersson, H., & Tottmar, O. (1982). Aldehyde dehydrogenase in rat
brain. Subcellular distribution and properties. Journal of

Neurochemistry, 38, 477-487.
Polich, .M., Armor, D.J., & Braiker, H.B. (1981). The Course of

Alcoholism: Four Years after Treatment. New York: Wiley.



128

Polich, J., Bumns, T., & Bloom, F.E. (1988). P300 and the risk
for alcoholism: Family history, task difficulty, and gender.
Alcoholism: Clinical and Experimental Research, 12(2),
248-254.

Pollock, V.E., & Earleywine, M. (1992). Meta-analysis of
subjective sensitivity to alcohol in sons of alcoholics.
Alcoholism: Clinical and Experimental Research, 16, 373.

Pollock, V.W., Volavka, J., Goodwin, D.W., Mednick, S.A.,
Gabrielli, W.F., Knoop, J., & Schlusinger, F. (1983). The EEG
after alcohol administration in men at risk for alcoholism.

Archives of General Psychiatry, 40, 857-861.
Porjesz, B., & Begleiter, H. (1983). Brain dysfunction and alcohol.

In B. Kissin, & H. Begleiter (Eds.), The Pathogenesis of

ALcoholism: Biological Factors, (pp.415-483). New York:
Plenum Press.

Porjesz, B., & Begleiter, H. (1991). Neurophysiological Factors in
Individuals at Risk for Alcoholism. In M. Galanter (ed.), Recent
Developments_in Alcoholism, Vol 9, (pp. 53-67). New York:
Plenum Press.

Quintanilla, M.E., Tampier, L., & Mardones, J. (1980). Influence of
3-amino-1,2,4-triazole on paradelhyde and pentobarbitol
induced narcosis in rats. JRCS Medical Science, 8, 35.

Radouco-Thomas, S., Garcin, F., Faure, N.,, & Lemay, A. (1984).

Biological markers in mjor psychosis and alcoholism:

Phenotype and genotype markers. Journal of Psychiatric



129
Research, 18(4), 513-539.
Raskin, N.H., & Sokoloff, L. (1970). Alcohol dehydrogenase
activity in rat brain and liver. Journal of Neurochemistry, 17,
1677-1687.
Reich, T. (1988). Biologic-marker studies in alcoholism. New

England Journal of Medicine, 318, 180-182.
Ritchie, J.M. (1970). The aliphatic alcohols. In L.S. Goodman, & A.

Gilman (Eds.), The Pharamcological Basis of Therapeutics,
(pp-135-150). New York: Macmillan.

Rotzinger, S.E., Smith, B.R., & Amit, Z. (1993). 3-amino-1, 2, 4-
triazole attenuates acquisition of voluntary ethanol
consumption in laboratory rats. Alcoholism, Clinical and

Experimental Research, 17(2), 483.
Rowe, D.C. (1990). Behavior Genetics Models of Alcohol Abuse.

In R.L. Collins, K.E. Leonard, & J.S. Searles (Eds.) Alcohol
and the Family: Research and Clinial Perspectives, (pp. 107-
133). New York: The Guilford Press.

Ryback, R.S., Rawlings, R.R., Negron, G.L., Correa-Coronas, R.,
Cirelli, D., & Chobanian, S. (1986). The effectiveness of
biological markers to diagnose alcoholism. Journal of Drug
Issues, Fall.

Salaspuro, M. (1986). Conventional and coming laboratory markers
of alcoholism and heavy drinking. Alcoholism (NY), 10(6), S5s-
12s.

Schneider, C.W., Evans, S.K., Chenoweth, M.B., & Beman, F.L. (1973).



130
Ethanol preference and behavioral tolerance in mice:
Biochemical and neurophysiological mechanisms. Journal of
Comparative and Physiological Psychology, 82(3), 466-74.

Schneider, C.W., Trzil, P., & D'Andrea, R. (1974). Neural tolerance
in high and low ethanol selecting mouse strains. Pharmacology.
Biochemistry & Behavior, 2, 549-551.

Schuckit, M.A. (1984). Prospective markers for alcoholism. In D.W.
Goodwin, K.T. Van Dusen, & S.A. Mednick (Eds.), Longitudinal
Research in Alcoholism, (pp. 147-168). Kluwer-Nijhoff,

New York.

Schuckit, M.A. (1987). Biological vulnerability to alcoholism.
Journal of Consulting and Clinical Psychology, S5, 30i-

309.

Schuckit, M.A. (1991). A longitudinal study of children of
alcoholics. In M. Galanter (Ed.), Recent Developments in
Alcoholism, Vol 9, (pp. 5-21). New York: Plenum Press.

Schuckit, M.A., Goodwin, D.W., & Winokur, G. (1972). A study of
alcoholism in half-siblings. American Journal of Psychiatry,
128, 1132-1135.

Schuckit, M.A., & Rayes, V. (1979). Ethanol ingestion:

Differences in blood acetaldehyde concentrations in
relatives of alcoholics and controls. Science, 203, 54-55.
Searles, J.S. (1988). The role of genetics in the pathogenesis of

alcoholism. Journal of Abnormal Psychology, 97, 153-167.

Searles, J.S. (1990). The contribution of genetic factors to the




131

development of alcoholism: A critical review. In R.L.
Collins, K.E. Leonard, & J.S. Searles (Eds.), Alcohol and the
Family: Research and Clinial Perspectives, (pp- 3-38). New York:

The Guilford Press.
Selzer, M.L. (1971). The Michigan Alcoholism Screening Test:
The quest for a new diagnostic instrument. American

Journal of Psychiatry, 127, 89-94.

Sinclair, J.D., & Lindros, K.O. (1979). Acetaldehyde accumulation

and voluntary ethanol intake by rats. Alcoholism; Clinical and

Experimental Research, 3, 276.
Sinclair, J.D., & Lindros, K.O. (1981). Suppression of alcohol

drinking with brain aldehyde dehydrogenase inhibtion.
Pharmacology, Biochemistry & Behavior, 14, 377-383.

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

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

Skinner, H.A., & Sheu, W. (1982). Reliability of alcohol use indices.
The lifetime drinking history and the MAST. Journal of Studies
on_Alcohol, 43(11), 1157-1170.

Smith, B.R., Spivak, K.L., & Amit, Z. (1990). Does acetaldehyde
play a role in alcoholism? Behavioral versus biochemical
analysis. In L.T. Kozlowski, H. M. Annis, H. D. Cappell, F.B.

Glaser, M.S. Goodstadt, Y. Israel, H. Kalant, E.M. Sellers, & E. R.



132

Vingilis (Eds.), h van i hol D
Problems, Vol. 10, (pp.1-13). Plenum, New York.

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

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

conditioned taste aversion. Alcoholism: Clinical and

Experimental Research, 11(6), 513-517.
Spivak, K., Aragon, CM.G., & Amit, Z. (1987b). Alterations in brain

aldehyde dehydrogenase activity modify the locomotor effects
produced by ethanol inrats. Alcohol and Drug Dependence, 7,

. 481-491.

Srivastava, S.K., & Ansari, N.H. (1980). The peroxidatic and

catalatic activity of catalase in normal and acatalasemic mice.

Biochemistry Biophysics Acta, 663, 317-322.
Tabachnick, B.G., & Fidell, L.S. (1989). Using Multivariate

Statistics. Harper & Row, Publishers, New York.
Tabakoff, B., Anderson, R.A., & Ritzmann, R.F. (1986). Brain
acetaldehyde after ethanol administration. Biochemical

Pharmacology, 25, 1305-1309.
Tabokoff, B., & Kiianmaa, K. (1982). Does tolerance develop to the

activating, as well as the depressant effects of ethanol?

Pharniacology, Biochemistry & Behavior, 17, 1073-1076.



133

Tabokoff, B., Lee, J.M., DeLeon-Jones, F., & Hoffman, P. (1985).
Ethanol inhibits the activity of the B form of monoamine
oxidase in human platelet brain tissue. Bsychopharmacology,
87, 152-156.

Tabokoff, B., & von Wartburg, J.P. (1975). Separation of aldehyde
reductases and alcohol dehydrogenase from brain by affinity
chromoatography: Metabolism of succinic semialdehyde and
ethanol. Emmm_mmsmmm 63,
957-966.

Takayama, S., & Uyeno, E.T. (1985). Intravenous self-
administration of ethanol and acetaldehyde by rats.

Japanese Joumnal of Psychopharmacology, 5, 329-334.

Tampier, L., Quintanilla, M.E., & Mardones, J. (1980). Methanol,
ethanol and acetaldehyde oxidation rates by homogenates
of different brain regions of UchA and UchB rats. IRCS
Medical Science, 8, 157-158.

Tampier, L., & Mardones, J. (1983). Effects of administration
order of aminotriazole and ethanol on brain catalase
activity and ethanol induced narcosis time in UChA and
UChB rats. IRCS Medical Science, 11, 468.

Tampier, L., & Mardones, J. (1986). Effect of 3-amino-1,2,4-
trizzole pretreatment on ethano! blood levels after
intraperitoneal administration. Alcohol, 3, 181-183.

Tampier, L., & Mardones, J. (1979). Catalase mediated oxidation of

ethanol by rat brain homogenates. IRCS Medical Science, 7, 389.



134

Tampier, L., Qunitanilla, 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.

Tarter, R. E.,, Moss, H., & Laid, S. (1990). Biological markers for
vulnerability to alcoholism. In R.L. Collins, K.E. Leonard, & J.S.
Searles (Eds.), Alcohol and the Family: Research and Clinial
Perspectives., (pp. 79-106). New York: The Guilford Press.

Teng, Y. (1981). Human liver aldehyde dehydrogenase in Chinese
and Asiatic Indians: gene deletion and its possible
implications in alcohol metabolism. Biochemical Genetics,
19(1/2), 107-114.

Thurman, R.G., Glassman, E.B., Handler, J.A., & Forman, D.T. (1989).
The swift increase in ethanol metabolism (SIAM): A
commentary on the regulation of alcoholi metabolism in
mammals. In K.E. Crow, & R.D. Blatt (Eds.), Human Metabolism of
Alcohol, Vol 2, (pp. 17-30). Florida: CRC Press, Inc.

Thurman, R.G., & Handler, J.A. (1989). New perspectives in

- catalase-dependent ethanol metabolism. Drug Metabolis.. .
 Review, 20(2-4), 679-688.
Thurman, R.G., Oshino, N., & Chance, B. (1975). The role of

hydrogen peroxide production and catalse in hepatic ethanol

metabolism. In M.M. Gross (Ed.), Advances in Experimental
Medicine and Biology, Vol 59, (pp.163-183). New York: Plenum

Press.

Vaillant, G.E. (1983). The Natural History of Alcoholism.

Cambridge, M.A.: Harvard University Press.



135
Van Natta, P., Malin, H., Bertolucci, D., & Kaelber, C. (1984-85).
The hidden influence of alcohol on mortality. Epidemiologic
Bulletin No.6. NMMMML{L 9, 42-45.
Volavka, J., Pollock, V., Gabrielli, W.F., & Mednick, S.A. (1985).
The EEG in persons at risk for alcoholism. In M. Galanter
(Ed.), Recent developments in_alcoholism, Vol 3, (pp.21-36).
New York: Plenum Press.
Von Knorring, A.L., Bohman, M., von Knorring, L., & Oreland, L.
(1985). Platelet MAO activity as biological marker in subgroups
of alcoholism. Aﬂa_Emm_gm_s_gmma 72, 51-58.
Von Wartburg, J., & Buehler, R. (1984). Biology of disease:
Alcoholism and acetaldehydism: New biochemical concepts.

Laboratory Investigation, S50, §-15.

Von Wartburg, J.P. (1980). Acetaldehyde. In M.E. Sandler (Ed.),
Psychopharmacology of Alcohol , (pp.137-146). New York:
Raven.

Watala, C., Bryszewska, M., Stefaniak, B., & Nowak, S. (1986).
Peroxide metabolism enzymes in diabetic children:
Relationship to duration and control of diabetes. Cytobios, 47,
101-105.

Wei, Y.F., Heghinian, K., Bell, R.L., & Jakschnik, B.A. (1986).
Contribution of macrophages to immediate hypersensitivity
reaction. Journal of Immunology, 137(6), 1993-2000.

Westcott, J.Y., Weiner, H., Schultz, J., & Myers, R.D. (1980). In vivo

acetaldehyde in the brain of the rat treated with ethanol.



’ 136

Biochemical Pharmacology, 29, 411-417.

Willenbring, M.L., Christensen, K.J., Spring, W.D., & Rasmussen, R.
(1987). Alcoholism screening in the elderly. Journal of the
American Gerjatrics Society, 35(9), 864-869.

Winokur, G., Reich, T., Rimmer, J., & Pius, F.N. (1970). Alcoholism
III: Diagnosis and family psychiatric illness. Archives of

General Psychiatry, 23, 104-111.

Wolff, P. (1972). Ethnic differences in alcohol sensitivity.
Science, 175, 449-450.

Yamazaki, N., Nishiguchi, K., Miyamoto, R., Ogita, Z.I., & Kakanishi,
S. (1983). Activity and electrophoretic profiles of liver

aldehyde dehydrogenases from mice of inbred strains with

different ethanol preference. International Joumal of
Biochemjstry, 15, 179-184.

Yersin, B., Trisconi, Y., Paccaud, F., Gutzwiller, F., & Magenat, P.,
(1989). Accuracy of the Michigan Alcoholsim Screening Test
for screening of alcoholism in patients of a medical
department. A&hms_QLMaI__M_gg_m 149, 2071-2074.

Zucker, RA., & Lisansky-Gomberg, E.S. (1986). Etiology of

alcoholism reconsidered: The case for a bicsocial

process. American Psychologist, 41, 783-793.



137

Appendix A
The Concordia Alcohol Screening Questionnaire (CASQ)
(Questionnaire de Concordia pour mesurer

la consommation d'alcool)
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Date: ____/____/____
day vyear month

Sub ject no. ———— we-

SEX: Male___ Female___

CATE OF BIRTH: ccmee? el e _
day month vear

MARITAL STATUS

single
married/common law
secaratec/divorcead
widowed

HIGHEST LEVEL OF EDUCATION

some public school

ccsmplecag zublic schcol

scme higcn school

comple<ez hignh school

some community college or university
Sompleted community ccllege or uriversity
POsSt graduate or professional degree

]
USUAL GCCUFATICN

unenpioyved
profTessiconal speciftys________ e
se.f-employed

semi-skilled labocurer

business, managerial

student

hRomemaker

ratired

otner specify:s __ _ _ oo ___ -_—

FATRER'S QCCUFATICN

unemployed
prafassional specivy: _ _ _ _ oo ___ -
selfT-enplicyed

semi-s«<illed labourer

Susiness., maragerial

ret.rec

cther specify: o
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Subject mc. ___

MEDICAL HISTORY (CONTINUED)

PLEASE INDICATE IF YOU HAVE TAKEN ANY OF THE FOLLOWING

NCNFRESCRIPTION DRUGS.

IF YES.,

PLEASE ESTIMATE HOW MANY DAYS

HAVE TAKEN THESE DPRUGS DURING THE LAST 30 DAYS.

l. marcotic analgesics
(i.e. hercin,cpium)

€. sedative hycnotics
(i.e. Quaaludes)

3. cannatis
(1.e. marijuana,

. CQCﬂine/crack

. hallucinocgens
(i.e. LSD. mescaline)

é&. inmhalants

hashish)

HCW MANY DAYS DURING
THE LAST 39 DAYS

YQu
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Sub ject no.

RECENT DRINKING HISTORY

PLEASE THINK BACK CAREFULLY AND TRY TO REMEMBER THE APPROXIMATE
DATE OF YOUR LAST DRINK OF BEER, WINE OR LIOUOR? (if you do not
remember the exact date, record the month and year.)

DATE OF YOUR LAST DRINK OF A HOL : o e e

(Flease use calencar provided.) day magnth year

THE REMAINING GUESTIONS ARE ABOUT THE 30 DAY PERIOD BEFQRE YOUR
LAST DRINK.

THIS 3C DAY FPERICD BESINS QN /

cday month vear

DURING THE =0 DAY FERIGCD CN HCW MANY DAYS DID YOU DRINK BEES.

WINE CPR LIGUCR? numbe~ of davs ___ _

[ ]
DUFING THIS 30 DarY PE=IOD. CN HOW MANY DAYS DID YCU DRINK
EEE=" rumper oF davs

12202 (cans or bottles) __ 14602 king cans ___ quarts___

l€=2z light beer ___  draft glass ___ dra¥f: stein___

CURINMNG THAT 30 DAY PERICD. ON HCOW MANY DAYS DID YGU DRINK
WINET - numcer cY Javs

CN A TYPICAL DAY WHEN YCU DRANK WINME. HCW MUC= WINE DIZ YOU
DRIMK?

L0 glass _ hRalf licre litre ccoler ___ other ___
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Sub ject na. ___

RECENT DRINKING HISTORY (CONTINUED)

DURING THAT 30 DAY PERIOD, ON HOW MANY DAYS DID YOU CRINK HAED
LIGUOR. SUCH AS WHISKEY. VOOKA OR GIM? e Number of cavs

CN A TYPICAL DAY WHEEN YOU DRANK HAED LICUCH, HCOW MUC- DID YCU
DRINK?

mixed drinks ___ shots ___ pints (1602) ___ fifths (E602z) ___
Quarts (2222 ___ cther (spezify: ____oz)

¥ yeu indicated mixed drinks above. hew many cunces oY ligquor
are in your typical drink? ez (1 shot = loz: igger/finger

= 1.%22). T

THESZ FREVIOUS GUESTICNS HAVE BESN A20UT THE 30 TeavYS LEADING UP
TC YOUR LAST DRINK. WAS THIES 20 LAY PERICD TYFICAL OF THE YEAaR
LEADING UFP TO YCUR LAST DRINK. (I7¥ 50, slesse szez:i¥y whes er

YySJu Srank mcre or less tham usual.)
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Subject na. ___

FAMILY HISTORY

THE FOLLOWING QUESTIONS REFER TO THE ALCOHOL USE BY MEMBERS OF
YOUR FaMILY. TO THE BPEST OF YOUR RECOLLECTION, ESTIMATE THE
AMOUNT AND TYPE OF ALCOMOL TAKEN BY VARIQUS MEMBERS OF YQUR
FAMILY (use scale below to rate the amount of alcohol consumed).

SCALE DRINKING LEVEL

no drimks a4t all

l drink or less/weesl
2-7 dr inks ./ veek

E=-1ls grinks/veev

1S-21 drinrnks/week

22-28 drinks/wash

29-35 drinks/week

more thanrn 35 drinks./week

NoOUWpruwmeo

SHCUNT TvrFE GF ALCOMGL
(us® rating =cala)

u
m
.

EIOLOCICAL FATHER —_— D e eeeeee—-
BICLOGICAL MQOTHER —_— D e ecaeeea-
BIOLOGICAL
BROTHERS/SISTERS —_— — ] e —eeee—-
(specify sex) ——— — D e eec—eee——
WIFE/RUSBAND — D e ee————
CHILDREN

(specify sex) —_—— _— D e
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Sub ject no.

FAMILY HISTORY (CONTINUED)

HAS AMY MEMBER OF YQUR FAMILY HAD AMY PRIBLEMS ASSOCIATED WITH
ALICHOL USE (i.e. traffic vielatiorn or accident, medical problems
such as liver disesse, lcss of emplovment, family difficulty,
ssvcmolcgical counselling ...etc). FLERSE SPEZISY FAMILY MEMBER
(i.e. matermal grandmother. urcle on father's =ide) AMD FROBLEM.

HAVE &MY MEMEERS OF YQUR FAMILY EVER RECEIVED TREATMENT FOR
ALCCHILISM? IF S0, FLEAREE SPECIFY (i.e. patermnal grandmother).



Date ____/____ o e

jour meois annee

Sujet no. ____

SEXE: M3le___ Femelle___

DATE LE NAISSANCE: cocae? aceect oo
jour mecis annee

ETATUT MARITAL

ca2libataire
marie/conjoint ce fait
sgoarsge/cdiverce

vegt

NIVESU D E3UCATICN

-e—e G=®liques annees d'ezcle primaire

——,— @ Complete l'ezcie® primaire

_———- Cu2lcyies amnnézs C°'@#z3le secconrcaire

——— @ Czmclzte ]l ez2ie sezcncaire

——- Guelcues srrees Cce ccllege cu C'univergiteé
-——— @ Comzlete le cclilege cu l’universice

——— TIuces screrieures cu grace professicrmnel

EMFLC!I HAEITUEL

gsare travail
crofaesicrnel scecifies: __ _ _____________
travailisur incecencant

travailieur marce!l

Ccmmergant. gerant

euciants

famme ac faoyer

d la retraice

autre speciftiez: ___ _____________

EMFLCI DU PESE

sans travail
PrcfTessicnnel specifiez:________________
travailleur inceéesendant

travailleur manuel

csmmersant, geérant

d la rezraite

145



146
Sujet no.___

DOSSIER MEDICAL

FUMEZ~- vQUS? NCN___ our___

Si oui, precise:z le NOMSRE ce Cigarettes que vous fumez par jeur

et le nombre o ANNESS durant leguel vous ave:z fume?
cigarsttes’/ jaur _——— 4MNées

cul? €i ocui, curant

Si ncn. avez vous deéja fume? NON_ _
comtien d’'années avez vcus fume? ccdrnées

AVEZ VCUS DEJA EU:

1. Diatete ___

2. Hypertension ___

3. Fetinitis pigmentssa ———

4. Hyperthyroidisme ___

S. Rllercies ___ scezifiez ________________
FLURRISZ-vOUS INDIGUER Si VOUS AVEZ FEIS LSS MEDICAMENTS
SJUIVANTS. S1 CUl, FRSIZI3EZ LE NCMBREZ CE JSURS Cu VOUS LES AVEZ

FPRIS AU CGOUSS CES 30 DESNIERS SCURS.

DE JCURsS
A/J CTURES LES 20

SSCRS

l. analgesizsuss narzsticues
(i.e. mergninme, caceine)

2. hyzcnetiques seécdatifs
(i.e. seccnal, nembutal) _———

3. stimulaents
(i.e. benztesrine,dexedrine) _——

L. trancuillisants
(i.e. valium,lidrium) —_——-

S. anti-canvulsifs
6. antibuse/temgcosil -

7. antibictiques
(i.e. penicillin) -——

8. anti-hNistaminiques -——-

9. autre spe:ifiozz--------_----- ——



n
c

L P

DOSSIER MEDICAL (SUITE)

PCURRIEZ-YCUS INDIGUER S! AVEZ FRIS LES DRCGUES SUIVANTES.
CUl, SFEIIFIEZ LE MOMBRE DE JCUR OU VCUS LES AVEZ PRISEZ AU
CES 30 DESMNIERS JOUES.

NCMERZ DE JCURS
AU COURE DES 30
DEENIZRS JCURS

l. anaicesizsues narcaticues
(i.e2. neroine.cpium) ———

€. hyzrctisues sédati’s
(i.e. quaalucdes) -

S. cantatis
(i.e. marihuanma, hacrisch) ——

&. Ceccainme/crack -——

S. hellucincgenes
(i.e. LSD, mescaline) : —_———

é. imhalaticnms -
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Sujes nmeo.

CONSCMMATICN D’ALCOOL

RFRZS REFLEXION ATTENTIVE, POURRIEZ VOUS INDICUES LA DATE
AEPROXIMATIVE QU VOUS AvVEZ PRISE VOTRE DESNIER VESRE DE E:&=xE,
DE VIN QU DE SPIRITUEUX. (Si vous ne veous SCuvene: pas cu jour
ex<act specifie: le mois et 1’annee)

DATE CE LA DER’NIESE PRISE D’aLCCOL: SRR Ay S
(S.V.F, Utilisez le Caiendrier) jour mcis anree

LES CUESTIONS SUIVANTES FCRTENT EUR LES =¢ JCURE QUI PESETSIENT
VCTRZ DERNIESRE FRISE D aLceeol.

TE CUI DESUTE CE=7TTsS FERI0DE DE 20 SCuRS: S A S
Jeur mecis anmes

S0 JCURS, FENDANT COMSiSn DE JCURS aVEZ YOUES CCNSSMME
» DU VIM QU CES SFIRITUE IY? nemore ce jcurs ___

CS2 30 JCUSET FENCANT CoM2:zN DE JTURS AVEZ VCUS CoNSCoMME

=~ EIExg" rSmire ce icurs

LCRS D’UNE DE €CZ3 JCURNESS HREITUELLES, LCRSSUE vCusS AVEZ
CCNSCMME DE LA BISSE. COMEIEN EN AVEZ VCUS PR:IS? (Geches un

lusis.re cu ra=asmea S nézp=saire)

122z (bSecuteille ou caneste) _—— léoz ___ kirg cans ___

cuarts _ 1222 biere legere ——— teck
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Scjes no.

CONSECMMATION D’ALCOOL (SUITE)

DURANT CS5 30 JCURS FENDANT COMBIEN DE JOUR AvVEZ vGUE CCNESMME DU
VIN? ____ nomtre de jeurs :

LCRSE D’UNE JSCURNEZ HAEITUELLE, LCRSSUE VCUE AVEZ CONECMME DU
VIin, CCMEIEN EN AVEZT vOuSs FRIS?

verre ce 4oz _ Cemi litre _ litre ___ cscler -——

aultre

DURANT Cz2z z20 JOuFs FenmpanT CCMEISEN CE JOUR avez voue CONECMME

- -
DES SFIFITUELX? ncmorae de jours

-— -

D'UMNE JCUFNEZ HAZSITUELLE, LIRSCLE vCle sves CCMESMME CES
TUEUX CIMME LE GINM, WRISKY. VCCrA, CIMEZIZN EN AVEZD vous

Ecisscns melamgaes -—- Ccse___ cemi litre (le==) —-——

230z ___ Quarts (3Z=:) _—— actre (scezifisz: _——_——C2)
€i! vcous ave: cac-e: la F2Zcnee Ecisscns melarcses. cuelle
Cuantites C2 sziriscecx 24t prsse~ce cans vesTe Dcisssn
hatituelle? cs

LES CUESTICNS eUXCus._Lcs VCUE VENMEZ DE RESSNDRE FCRTALIENT SsUR
VCTRE CChNECMMATICN "ALCCCL AU COUFS DEs 2o JCURE GUI PSECERAlIENT
VOTRE DESNIZsE CONETMMATIOCN, FCURRIZEZ VCUE INDICUES S: CETTE
FEIICDE DE 20 JCURS €=7 FESRESENTATIVE CE VOTRE CCONSSMMATION
S&NNUELLE 'ALCSCL. (21 nmonm, indiaue= alcrs gi veotre coanscmmaticn
84 c3urs c2s 3D jocurs etait plus ou meins grance.)
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Sujet no.

RENSEIGNEMENTS FAMILIAUX

LES GUESTIONS SUIVANTES PORTENT SUR LA CONSOMMATION D ALCOCL DANS
VOTRE FaMILLE. S’IL VvOUuS PLAIT, ESTIMEZ LA QUANTITE ET LE TYPE
D’ALCCCL CONSQOMME PAR LES MEMBRES DE VOTRE FAMILLE. (Utilizez
l’échelle si desscus.)

ECHELLE CUANTITE

Q [e] verre/semaine

1 l cu moins/semaine

2 -7 verres/semaine

3 €-l14 verres/semaine

& 1S-21 verres/semaine

S SZ-22 verres/semaine

] €5-35 verres/semaine

7 Pplus que ZE verres/semaine

=19 ¢-3 QUANTITE TYFE D’ALCCOL
(ctilize: l’eczhelle)
FZ=Z EICLZGICUE ——— | eceaccececaaa
ME=S EICLOGIQUE —— | cacacsece-
1]

EICLCGIQUES
FREFRES/EQEURS ——— - =—eeccccecaas

(spcecifie: saxe) ——— — D e ame————

EPQUX (8g) —_—— e m——-———

ENFANTS
(spcecifiez sexe) ___ ——— cccccaccee
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Sujet no.

RENSEIGNEMENTS FAMILIAUX (SUITE)

AVEZ VQUES DES MEMBRES DE VATARE FAMIILE QUI ONT EU DES PROBLEMES
LIEZ A L’ALCOCL (accicant c¢'automecbilesinfraction da la route,
problemes tels que des maladies hépathigques, perte c’emploi,
protlemes familiaux, comsailler psycholegique ...=2tc). SPECIFIET
LE MEMERE DE VCTRE FAMILLE(].e. grancmére maternelle, oncle du
cote cdu peére) ET LE FEQELEME.

AVYZZ VCUE D

£3 ™
TEFAITMEMTS FCUR L

cazearnel).

RETU DES
(i.e. grandpere
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Appendix B
Example of Calculation for Q-Value
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alculation of O-Value

Q-Values were calculated from data obtained via the CASQ.
Examples of the CASQ, relevant to Q-Value calculations are shown
on pages 40 to 41. The example (pp. 40-41) shows the questions
and responses given by a subject concerning alcohol consumption

over a 30-day period. The responses to these questions were used
to calculate Q-Value as follows:

Q-Value = (FB x QB) +(EW x QW) + (FL x QL) / E.

FB, FW, & FL = Frequencies (days) of beer, wine and spirits
consumption respectively.

OB, OW & QL = Quantities (ounces) x % alcohol content of

beer, wine and spirits respectively.

Thus from the example given:

Q-Value = [15 x 48 (0.05)] + [6 x 16.7 0.12)] +
[4 x 3(043)] /15 =354
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Sub ject ﬂc.anms
RECENT DRINKING HISTORY

FLEASE THINK BACK CAREFULLY AND TAY TQ REMEMBER THE APSROXIMATE
.D&TE OF YOUR LAST DRINK OF EESR, WINE OR LIQUGCE? (if yCu do not
remember the exact cate, re<srg the menth anc year.)

DATE GF YCUR LAST DRINK OF ALCOHOL : ’5_/_ 6§ /_ 90

(Flease use calencar Broviceg.) cay menth vyear

THE REMAINING GUESTIONS ARE AEQUT THE 30 DAY FSSI1GD BESQRE YCUR
LAST DRINK.

THIS 30 DAv PERICC SE3INS On: O/ 07 /_ Qe

Cady mcnAth ye3-
CURING THE 30 DAY PERISD ON HCW MANY DAYS DID vOU &I gZ=s.
WIME CF L IZUCE® rumce- =7 cave | &

122z (carms cr Zoztles) }+- lécz king cans

122z ligne teer ___  crass Glass ___ crat: scain

CUFING THRET 20 Day =g=:rep, CN HCW MANY Z2vS DID YCis DEIAK
cT ca

ChN R TYEICAL DAV WHEN YCU 2F~AMR WIME. ~CW MUC- WINME 212 vYCU

“cz glass ralf lizre | 1:i:-e - 1-E 1g cthe~
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Suk ject no. SAPLE
RECENT DRINKING HISTCRY (CONTINUED)

DURING THAT 30 DAY PERIOCD, ON MHOW MANY DaysS DIC YCU DRINK HeEDR
LIQUCR., SUCH AS WHISKEY, VODKA OR GIN? -7 numcer cf davs

CN A TYFPICAL DAY WKEN YCOU DEANK =ABD LICUCE. MCW MUC™~ DID YOU
DRINK?

mi<e< cdrirks ___  smots ji- pints (léoc2) ___ fiftns (2&02z) ___
Guarts (Z=sz) ___ cther (spezify: ____ez)

i¥ you incicates mixed drinks gomave. Row many cunces o7 licucr
are in your typical grimk? -e=CZ (1 snct = lcz:! ;igger/finger
= 1,.S2z2).

THESE PREVICUS GUESTICNE HAVE EBZ=N ASCUT THE 30 TAYES LSADING LF
TC YZUR LA&ST CRINK, WRAE THIS 30 DAY PEIRICD TYFlCAL OF THE YEAR
LE2ZING UF TI YSUR LAST DRINMY. (I7 83, nlease scezi¥, wnecs-er
YSu Cranmk mcre or less ftharm cecal.)
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Appendix C
Consent Forms for Subjects

in Experiment 1
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I, , age , consent to take part in a research
project entitled "Alcohol metabolizing enzymes and alcohol consumption” to be conducted
at the Center for Studies in Behavioral Neurobiology, Concordia University. The risks,
purposes and procedures have been explained to me and I understand that my
participation will involve the following:

1. The purpose of this study is to determine the role of alcohol metabolizing enzymes in
the regulation of alcohol consumption.

2. 1 will be required to participate in a testing session lasting no longer than three
hours in duration. The time of testing will be made at a time convenient to both myself
and the investigators. For a period of twenty-four hours prior and also subsequent 10
this testing session I will be required pot to consume any alcobolic beverage. In addition,
I will be required to return to attend an additional testing session, which will take place
exactly twenty-four hours after the first testing session. This second testing session
will last no longer than 30 minutes.

3. During this session, 1 will complete a paper and pencil test and be interviewed. In
addition, three blood samples (2-3 drops) and three breath samples will be taken. The
first blood sample and the first breath sample will be taken at the beginning of the
session, while the second set of samples will be collected 30 minutes later and the third
set of samples will be taken one hour and thirty minutes after the collection of the second
sample. The procedure for the breath sample involves blowing expelled air into an
alcohol breathelizer instrument. The procedure for the blood sample will involve a
small pin prick made to the tip of the finger. Little risk is associated with this method,
although, I may experience some slight bruising and inflammation. After the collection
of the first blood and breath sample I will be given either a single sweetened alcoholic
beverage or a sweetened beverage to drink.

4. Twenty-four hours following the first session, I will partake in a second session,
during which I will provide a fourth blood and breath sample and will be interviewed.

5. I will refrain from taking any drug or alcohol (with the exception of nicotine,
caffeine or prescribed medication) for 24 hours prior and subsequent to the first testing
session.

6. I may expect no therapeutic benefit from my participation in this study.

7. Participation is completely voluntary and as such I may withdraw from the study at
any time. Such withdrawal will not adversely influence my future participation in
experiments conducted at the Center for Studies in Behavioral Neurobiology.

8. Any information learned about me in the course of the study or prior to it will be
confidential and will be protected in the same way as hospital records. The results of the
study will be available only to the investigators, who may use the results for scientific
purposes, such as publication in a scientific journal or presentation at a scientific
meeting as long as my child is not identified as a participant in the study.

9. I understand that, upon request, any data collected about myself will be made

available to me and I will receive a full explanation of the findings of the study when they
become available.

Subject’s Signawre Witness



158

Appendix D
Experiment 1
Source Table for ANCOVA with Catalase Activity as the

Dependent Variable using Q-Value as the Covariate
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Source Sum_of DF. Mean E Tail
Squares uare Prob.
Drug (D) 2.18 1 2.18 0.00 .9568
Gender (G) 342.15 1 342.15 0.46 4985
DxG 1028.17 1 1028.17 1.39 .2423
Q-Value 121.46 | 121.46 0.13 .8245
(covariate)
1 Error 48749.23 66 738.62
Time-of-Sampling
(T) 2591.63 3 863.88 3.68 0130
TxD 525.54 3 175.18 0.75 5253
TxG 1067.31 3 355.77 1.52 211
TxDxG 503.47 3 167.82 0.72 .543
2 Error 46440.63 198 234.54
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Appendix E
Experiment 1
Source Table for ANCOVA with BAC as the

Dependent Variable using Q-Value as the Covariate
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Source Sum of 'DF. Mean E Tail
Squares Square Prob.
Drug (D) .02693 1 .02693 113.46 .0001
Gender (G) .00097 1 .00097 4.09 .0473
DxG .00106 1 .00106 445 .0387
Q-Value .00002 1 .00002 .0 .7504
(covariate)
1 Error .01543 66 .00024
Time-of-
Sampling (T).02712 3 .00904 38.12 .0001
TxD .02716 3 .00905 38.18 .0001
TxG .00262 3 .00087 3.68 .013
TxDxG .00261 3 .00087 3.67 0132
2 Error .04695 198 .00024
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Appendix F
The Michigan Alcoholism Screening Test (MAST)

(Questionnaire de Michigan pour diagnostiquer

I'alcoholisme)



MRST

10.

12.

13.
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THIS QUESTIONNARIAE ACLATES 70 DAINKING OCWAVIOUR. MLEASE AEAD CACH

SIATERENT CAAEFUALY ANC INOICRIE TOUA AESPONSE 8T CHECKING T 8Os

BESIOE TWE TES OA Tuf m0.

00 TOU FEEL TOU ARE A NOARA, DAINRER?

Bivws Q2wo =

HAYE TOU EVER ANARENED TME WOANING AFTER SORE
ODAINKING THE NISHT BEFOAL AND FQUND THMAT YOU
COULD NOT AEREMBIA A PRAT OF Int EVENING DEFOAE?

01 ves D2wo -
DOES TOUR SPOUSE (OA PARAENTS) EVEN MORAT DA
COmMPLAIN ABSUT TOUR DAINKING?

- 01 1es Q2 wo 1=}

CAN YOU STOP DASNKING WITMOUT R STRUGSLE AFTEA
OME OR TWQ DRINKS?
Drws Q2w =)

DO YOU EVER FEEL BRD ARBOUT TOUR DAIN“ING?

D1 1es Q2w =

DO FAIENDS OA RELATIVES TWINK YOU AME A NCARAL
DAINKER?
D1 ves B2 we - =)

ARE YCU ALMATY ABLE TO STOP DAINKING MMEN TOU

®ANT T0?
Ot ves Q2 me =)

KAYE YOU EVZA ATIENDED A MEETING OF ALCOMOLICS
AMONTRQOUS (AR) BECRUSE OF YOUR DAINKING?

01 7es D2 wo ol

MAYE TOU SOTTEN INTQ FIGHTS WHEM DAINKING?

g1 ves QD2 wo =]

MRS DAINXInG EVER CREATED PROBLEMS MITH TOU
AND TOUR SPOUSE?
DL s QD2 wo =]

WAS YOUR SPOUSE (OR OTHEM FAMILY REMSEM) EVER
GONE TO ANTONME FOR MELP ABOUT TOUR BAINKING?
g1 1ES D2 =0 =]
KAVE TOU EYEA LGST FASENOS OA
GIRLFAIENDS/BOTFAIENDS BECRUSE OF DAIMKING?
Dr1es Q2w e |

MRVE YOU EVER GCOTYEN INTS TRCUBSLE AT WOAK
BECAUSE OF DAINAING?
pr 7vEs D2 wo 1=l

RARE SUAL TOU WSER ALL THE QUESTIONS.

17

0.

21.

OATL,
TR 83 Pn

MAVE TOU EVER LOST R JO8 BECAUSE OF OAINKING?
Ot ves O2m =)
WAVE TOU EVER MEGLECTED TOUR OBLIGATIONS, TOUR

FANILY, OR TQUA MORK FOR TumO QR RC3L ONTS IN A
A0 BECAUSE OF DAINAING?

Cims D2wo 1=
DO TCU EYER OAINx BEFOAE MOON?

g1 ves Q2w =
MAVE TOU EVER SEEN TOLD TOU MAYE LIVEA TROURLE?
CIAARSSIS?

D1 ves Q2w =)
MAVE TOU EVER MRD DELIAZURM TAEVENS (OTS?,

SEVERE SWAKING, MEARD VUICES OA SEEM TMINGS
TMRT MEAZN'T TMEARE AFTZIR NEAVT DAINKING?

Di s Dawo I=!

WAYE TOU EVER GONE TO ANTONE FOR NELP ABOUT
YOUR DAINKING? (OO0 NOT INCLUBE THIS CONTACY
MITH InE FOUNDATION.)

gL s D2wo =]

wAVE TOU EVEA BEEN IN A MOSPITAL BECAUSE OF
ORINKING? (DO MCT INCLUDE TMIS CONTACT MITH

THE FOUNOARTION.)
01 ves Q2 w0 I=!

MAVE TOU EVER BEEN A PATIENT IN A PATCNIATAIC
MOSPITAL OR On A PSICHNIATAIC wARD OF A GENEAAL
MOSPITAL W~ERE DRINKING MAS PAAT OF TwE PAOSLEm?
(00 MOT INCLUDE THIS CONTACT WITM THE FOUNDATICR

Dres Q2w =

wAvE TOU EVER BEEN SEEN AT A PSTUNIATAIS OA
NENTAL MEALTM CLINIC, OR EOnE 10 A DOTTOA,
SOCIAL WORKEA OA CLERGTRAN FOR NELP NITH AN
EmOTIONAL PAQBLEN In uNICM DAINRING MRO.
PLATED R PART? (MO MOT INCLUCE TMIS CONTACT
MITH THE FOUNDATION.)

01 vs D2w =

MAVE TOU EVEA BEEN ARRESTED, EVEN FOR A FEw
MOURS, BECAUSE OF BGAUNK BEMAVIOUM?

Dives Q2w |-

MAYE TOU EVER BEEN ARRESTED FOR CAUNK DAIVING
OA DAIVING AFIEA DAINRING?

D: ves QD2 w0 153
COCER L
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QUESTIONMNAIRE DE MICHIGAN
(MAST)
Ce questionnaire porte sur votre comportement face A l'alcool.
Veuillez, s'il vous plaft, lire attentivement les questions et répondre
par un vrai (V) ou un faux (F) A toutes les Questicns.

1. Est ce que vous vous considerez comme un buveur typique?

2. Est ce que vous vous 8tes déjA reveillé le matin avec des pertes
de mémoire apres avoir bu la veille? __ ___

3. Est ce que votre époux(se) (ocu vcs parents) s'inquiétent ou se
Plaignent de votre conscmmation dralcocol?______

4. Est ce que vous pouvez toujours arréter de boire aprés un ou deux
verres si vous le desirez?_____

5. Etes-vous parfois inquiet au sujet de veotre consommation
dralccol?

6. Est que vos amis et votre famille vous considérent comme un

cecnsommateur d'aicool normal?

7. Etes-vous toujours capable d'arréter de boire quand wvous
voulez?

8. st ce que vous avez déjAd assisté A une réunion des *Alcooliques
Ancnymes" 4 cause de votre consommation?

9 Vous étes-vous déja battu lorsque vous avez bu?

10. L'alcool a-t-il déjad créer des problémes entre vous et votre
époux (se) ?

11. Est ce que votre épocux(se) (ou un membre de votre famille) ont
déja cherche le secours d'une tierce perscnne a cause de votre
consommation?

12. Avez vous déja perdu des amis ocu petit(e) ami (e} 4 cause de
ltalcool?

13. Avez vous déja eu des problémes au travail 4 cause de
lralcool?

14. Avez vous déja perdu un emploi A cause de la boisson?
15, Avez vous déja negligé vos résponsabilités, votre famille ou votre

travail pour plus de deux jours consécutifs A cause de
ltalcool?



16.

17.

18.

18.

20.

21.

22.

23.

24.

Est ce que vous buvez parfois avant midi?____
Est ce que vous avez déjd eu des problémes de foie?

Aprés avoir bu, avez vous déjA eu du delirium tremens ou de
violents tremblements, entendu des voix imaginaires ou vu des
objets qui n'étaient pas 1az______

Avez vous déjad cherché de 1l'aide de quel@u'un A cause de votre

consommation d'alcool?____

Avez vous déja été dans un hépital A cause de la boisson? ______

Votre consommation d'alcool a telle contribué A un probléme qQui
vous a conduit 3 8tre patient dans un hépital psychiatrique ou

165

dans un département de psychiatrie dans un hépital générale?__

Avez vous déja consulté un psychiatre, un psychologue, un
assistant sccial, un medecin ou un prétre pour des problémes
psychologiques dans lesquels la boisson jouait un r8le?

Avez vous déjd été arrécé par la police, méme pour Quelques
heures, dans un état d'ivresse?

Avez vous déja été arréte par la police pour conduite d'une auto
en état d'éoriété?
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Appendix G
The MacAndrew Scale (MAC)

(Questionnaire de MacAndrew)
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THE MacANDREW SCALE

This inventory consists of numbered statements. Read each
statement and decide whether it is true as applied to you or false as
applied to you.

You are to mark your answers on the answer sheet you have. If a
Statement is TRUE or MOSTLY TRUE as applied to you, blacken between the
lines in the column headed T. If a statement is False or NOT USUALLY
TRUE, as applied to you, blacken between the line in the colum headed
F. If a statement does not apply to you or it is something that you
den't know about, make no mark on the answer sheet.

Remember to give your OWN OPINION of yourself. Do not leave any
blank spaces if you can avoid it.

In marking ycur answers on the number sheet, be sure that the
number of the statement agrees with the number on the answer sheet.
Make ycur marks heavy and black. Erase completely any answer you wish
to change. Remember, try to make scome answer to every statement.

. I like to read newspaper articles on crime.

2. Evil spirits possess me at times.

3. I have a cough most of the time.

4. My soul sometimes leaves my body.

5. As a youngster I was suspended from schcol cne or more times for

cutting up.

€. I am a good mixer.
7. Everything is turning out just like the prophets of the Bible said
it would.

8. I have not lived the right kind of life.

9. I think I would like the kind of work a forest ranger does.
10. I am certainly lacking in self-confidence.
11. I do many things which I regret afterwards (I regret things more

or more often than others seem to).
12. I enjoy a race or a game better when I bet on it.
13. In school I was sometimes sent to the principal for cutting up.

14. My table manners are not quite as good at home as when I am out in
company.



15.
l6.
17.
l8.
19.

20.

21.
22.
23.

24.

25.
26.

27.

28.
29.

30.

32.
33.
34.
3s.
36.
37.
38.

39.
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I know who is responsible for most of my troubles.

The sight of blcod neither frightens me nor makes me sick.
I have never vomited bleced or coughed up blood.

I like to cook.

I used to keep a diary.

I have had periods in which I carried on activities without
knowing later what I had been deing.

I liked school.
I am worried about sex matters.
I frequently notice my hand ghakes when I try to do something.

My parents have often objected to the kind of pecple I went arocund
with.

I have been qQuite independent and free from family rule.
I have few or no pains.

I have had blank spells in which my activities were interrupted
and I did not know what was going on around me.

I sweat very easily even on cocl days.
I have often felt strangers were looking at me critically.

If I were a reporter I would very much like to report sporting
news.

I have never been in trouble with the law.

I seem to make friends about as Quickly as others do.

Many of my dreams are about sex matters.

I cannot keep my mind on one thing.

I have more trouble concentrating than others seem to have.
I do not like to see women smoke.

I deserve severe punishment for my sins.

I played hooky from school quite often as a youngster.

I have at times had to be rough with people who were rude or
annoying.



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
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I was fond of excitement when I was young (or in childhood).
I enjoy gambling for smali stakes.

If I were in trouble with several friends who were equally to
blame, I would rather take the whole blame than to give them awvay.

While in trains, buses, etc., I often talk to strangers.
Christ performed miracles such as changing water into wine.

I pray several times every week.

I readily become cne hundred per cent sold on a good idea.

I have frequently worked under pecple who seem to have things
arranged so that they get credit for geod work but are able to
pass off mistakes onto those under them.

I woculd like to wear expensive clothes.

The one to whom I was most attached and whom I most admired as a
child was a woman (mother, sister, aunt, or other woman) .
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ANSWER SHEET
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QUESTIONNATIRE DE MacANDREW

Le présent inventaire est constitué d'une suite d'énoncés. Il
s'agit de lire chacun de ces énoncées et d'indiquer s'il vous convient
ou s'il ne vous convient pas.

Répondez aux Questions suivantes par vrai (V) ou faux (F).

Rappelez-vous qu'il s'agit d'indiquer l'opinion que vous avez de
vous-méme. Dans toute la mesure du possible, repondez A chacun des
articles.

1. J'aime lire la rubrique des crimes dans les journaux.__

2. Je suis parfois possé&dé par de mauvais esorits.

3. ve tousse la plupart du temps.

4. Il arrive parfois a mon esprit de quitter mon corps.

s. Quand j'étais jeune, je fus renvoyé une fois ou plus pour
indiscipline.

6. Je suis tout & fait sociable.

7. , Tout arrive exactement comme les prochétes de la bible ltavaient
predit.
[ 3

8. Je n'ai pas mené le genre de vie que jraurais dq.

9. Je crois que j'aimerais bien le travail de garde-forestier.

10. Je manque certainement de confiance en moi-méme.

11. Je commets beaucoup dtactions que je regrette ensuite (Je regrette
des choses d'avantage, ou plus souvent, que semblent les
autres) .

12, Je prends davantage Plaisir 3 une course ou 3 un jeu lorsque je

pPeux parier.

13. A 1l'école, il m'est arrivé parfois d'étre envoye chez le principal
Pour un indiscipline.

14. Mes maniéres A& table ne sont pas aussi bonnes 3 la maison Que
lorsque je mange en dehors avec Qquelqu'un.

15. Je sais qui est résponsable de la plupart de mes ennuis.

16. La vue de sang ne m'effraie ni ne me rend malade.




17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
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Je n'ai jamais vomi ni craché de sang.

J'aime faire la cuisine.

J'avais l'habitude de rédiger un journal personnel.

A certains moments, j'ai faits des choses Que, par la suite, .je
n'ai pas eu souvenance d'avoir faites.

J'aimais bien 1l'école.

Les quetions sexuelles me causent de lt'inquietude.

Je remarque souvent que ma main tremble lorsque j'essaie de faire
quelque chose.

Mes parents ont souvent désapprouvé la sorte de personne avec qQui
j'étais ami.

Parfois, je fais un peu de commérace.

J'éprouve peu ou pas de douleurs.

J'ai éprouve des blancs de mémoire au cours desquels mon activité
s'arrétait et je n'avais pas conscience de ce qui se passait
autour de moi.

Je transpire facilement méme quand le temps est frais.

J'ai souvent senti que des étrangers me regardaient d'un oceil
récrobateur.

Si jretais journaliste, j'aimerais beaucoup rédiger les nouvelles
du sporet.

Je n'ai jamais eu de dém&lés avec la justice.

J'ai l'impression de me faire des amis aussi vite que les
autres.

Bon nombre de mes réves sont A contenu sexuel.

Je suis incapable de me concentrer sur un objet.

J'éprouve plus de difficulte A& me concentrer Que semblent en
éprouver les autres.

Je n'aime pas voir les femmes fumer.

Je mérite un chitiment sévére pour mes péchés.

Quand jr'étais enfant, il m'est arrivé trés souvent de faire
ltécole buissoniére.



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

J'ai dd parfois étre brutal avec des gens grossiers ou
importuns.

Quand j'étais jeune (ou dans mon enfance) je raffolais des
plaisirs excitants.

Au jeu, j'aime parier de petites sommes.
Si mes amis et moi avions des ennuis dont nous serions également

responsables, je préférais assumer tout le blime plutdt que de
trahir mes amis.

Je parle souvent 3 des étrangers Quand je voyage en train, en
autobus, etc.

Le Christ a accompli des miracles, par exemple, celui de changer
l'eau en vin.

Je prie plusieurs fois par semaine.

Je m'emballe facilement et complétement pour une bonne idée.
J'ai souvent travaille pour des gens qui, semble-t-il, arrangent
les choses de facon A accraparer tout le credit pour un bon
travail mais qui sont capables d'imputer leurs erreurs A leurs
subalternes.

J'aimerais porter les vétements dispendieux.

La personne 4 qui j'étais le plus attaché, et qui j'admirais le

plus, dans mon enfance, fut une femme. (Mére, soeur, tante ou
autre femme.)
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Appendix H
Consent Form for Subjects
in Experiment 2

(Formule de Consentment pour les volontaires)
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CONSENT FORM

I, , age . consent to
take part in a research project entitled "Alcohol metabolizing enzymes
and alcohol consumption® to be conducted at the Centre for Studies in
Behavioral Neurobiology, Concordia University. fThe risks, purposes and
Procedures have been explained to me and I understand that my -
participation will involve the following:

l. The purpose of the study is to determine the role of alcohol
metabolizing enzymes in the regulation of alcchol consumption.

2. I will be required to pParticipate in a single testing session
lasting no longer than one hour in duraticn. The time of testing will
be made at a time convenient to both myself and the investigators.

3. During this session, I will complete varicus pencil and paper tests
and be interviewed. 1In addirtion, a blocd sample (2-3 drops) will be
taken. The procedure for the blood sample will involve a small pin
prick made to the tip of the finger. Little risk is associated with
this method, although, I may experience scme slight bruising and
inflammation.

4. I will refrain from taking any drug or alcohol (with the exception
of nicotine, caffeine or prescribed medication) for 24 hours prior to
the testing.

5. I may expect no therapeutic benefit from my participation in this
study.

€. Participation is completely voluntary and as such I may withdraw
from the study at any time. Such withdrawal will not adversel
influence my future Farticipation in any experiments conducted at the
Centre for Studies in Behavioral Neurobiology.

7. Any information learned about me in the course of the study or prior
to it will be confidential and will be protected in the same way as
hospital records. The results of the study will be available only to
the investigators, who may use the results for scientific purposes, such
as publication in a scientifijc journal or presentaticn at a scientific
meeting as long as I am not identified as a participant in the study.

8. I understand that, upon request, any data collected about me will be
made available to me and I will receive a full explanation of the
findings of the study when they become available.

Date

Subject's Signature Witness
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FORMULE DE CONSENTMENT

Je, ., agé de anrs,
consens 2 participer & ce projet de recherche qui sera effectué au
Cencre d'Etudes en Biologie Comportementale A l'université Concordia.
Les dangers, les buts et la procedure m'ent été expliqués clairement et
j'admet que ma participation inclus les points suivants: i

1. Le but de cette experience est de determiner la relation entre les
enzymes qui métabolisent l'alcool et la consommation de boissons
alcooliques.

2. Je vais participer A une séance expérimentale qui ne durera pas plus
d'une heure.

3. Pendant la séance, je vais remplir quelques Questionnaires. De
Plus, un échanrillion de sang (2 4 3 gouttes) sera relevé en piquant le
bout de mon doigt avec une écingle. Peu de risques sont associés a
cette procedure mais il est possible que je ressente une légere
contusion ou inflammation.

4. Je vais m'abstenir de prendre des drogues ou de l'alcool (a
l'exeption de la nicotine, 1la caféine cu des medicaments) pendant les 24
heures qui precedent la séance experimentale.

5. Je n'attends & aucun avantage thérapeutique.

6. Ma participation est volontaire et je peux me désister de
l'expérience en tcut temps. Un tel desistement n'aura aucun effet sur
ma participation a4 d'autres experiences qui auront lieu dans ltavenir au
Centre d'Etudes en Biologie Comportmentale.

7. Tous les renseignements me concernant recueillis au cours de
l'expérience resteront confidentiels. De plus, les résultats de cette
etude ne seront disponsibles Qu'aux chercheurs qui pourront les utiliser
4 des fins scientifiques, telles que la publication d'un article ou une
presentation orale, & condition que je ne sois pa jidentifie comme un
participant de cecte é&tude.

8. Je considére que toutes les données recueillis qui me concerne me
seront disponsible sur demande et je pourrai avoir une explication
ccmplete des resultats de 1'etude lorsque le projet sera terminé.

Date

Signature du sujet Témoin
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Appendix 1
Summary of Preliminary Analyses

Predicting Q-Value



Summary of Preliminary Hierarchical Regression
predicting Alcohol Consumption (Q-Value) (N=]89)

Variable r Beta uz F
Step 1

Gender 17 (150 02 4. 89>+
Age 29 254 .06 13.88%+=*
Education -25 -222 .05 10.74%=*
Time of Blood

Collection 11 081 .00 1.44

R2 = 16 ===

Adjusted R2 = .14

Step 2

Allergies -19  -121 .01 3.07

R2 = |7 w==*

Adjusted R2 = .15
R2 Change = .01

*** p< 0.001 ** p< 0.01 * p< 0.05



Variable

1~
F
o

Step 3
Current-Smoking .30 233

Years-Smoked .35 058
R2 = 24 *=%

Adjusted RZ = 2]

R2 Change = .07 **=*

Step 4
Cannabis Use .05 .036

Cocaine/Crack Use .18 .159
Prescription Drug Use -.05 -.070
R2 = 28 ===

Adjusted R2 = 23

R2 Change = .03

.03
.00

.00
.02
.00

7.62%*
0.37

22
4.58*+
1.14

*** p< 0.001 ** p< 0.01 * p< 0.05
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E
:
m

Variable

Step 5
MAC .48 .165 .01 4.10*

MAST .57 .383 .09 28.95%*+=
R2Z = 43 #wx

Adjusted R2 = 39

RZ Change = .15 ===

Step 6
Catalase .47 .383 .14 54 .82+~

R2 = 56%=x
Adjusted R2 = §3
R2 Change = .14 **=

*** p< 0.001 ** p< 0.01 * p< 0.05



