1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

s NIH Public Access
Y,

Author Manuscript

Published in final edited form as:
Psychopharmacology (Berl). 2010 December ; 212(4): 465-473. doi:10.1007/s00213-010-1972-y.

Tolerance to the impairing effects of alcohol on the inhibition and
activation of behavior

Erik W. Ostling and Mark T. Fillmore
Department of Psychology, University of Kentucky, Lexington, KY 40506-0044, USA

Mark T. Fillmore: fillmore@uky.edu

Abstract

Rationale—Moderate doses of alcohol impair response inhibition and slow response activation,
and some recent work has shown that during a single dose, response inhibition recovers from the
impairing effects of alcohol more slowly than response activation. Evidence for a possible lag in
tolerance development to inhibitory versus activational mechanisms suggests that as blood alcohol
declines, drinkers' response inhibition might continue to be impaired despite having an unimpaired
ability to activate responses; however, this effect has not been studied across repeated doses.

Objective—The present study examined how cross-session tolerance to the impairing effects of
alcohol develops differentially between response activation and inhibition.

Methods—Thirty-two healthy adults performed a cued go/no-go task that measured response
activation and inhibition. The study tested the degree to which response activation and inhibition
developed acute and cross-session tolerances to a moderate dose of alcohol (0.65 g/kg) administered
twice on separate days.

Results—Alcohol slowed response activation and decreased response inhibition during both
administrations. Response activation displayed acute tolerance to alcohol impairment during both
administrations and cross-session tolerance from the first to second administration. By contrast,
response inhibition showed no acute or cross-session tolerance.

Conclusion—Biased recovery of response activation over inhibition during a single dose and as
doses are repeated could contribute to some of the impulsive behavior commonly observed under
alcohol.
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Laboratory studies have provided considerable support for the notion that alcohol can promote
impulsive action by impairing basic inhibitory mechanisms that normally serve to suppress
inappropriate behavior. Studies using cued go/no-go and stop-signal tasks find that alcohol
reduces the ability to inhibit pre-potent (i.e., instigated) actions, even at moderate blood alcohol
concentrations (BACs) below 100 mg/100 ml (e.g., de Wit et al. 2000; Marczinski and Fillmore
2003; Mulvihill et al. 1997). Studies also suggest that the disinhibiting effects of alcohol are
most pronounced when the inhibition of a response is in conflict with a strong instigation to
display the response (Conger 1956; Curtin and Fairchild 2003; Fillmore and Vogel-Sprott
2000). Such conflict is present in situations where there are equal reinforcers or punishments
for the expression and inhibition of a behavior. Together, these findings are important because
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they identify a basic inhibitory mechanism that is impaired by alcohol which could contribute
to the display of impulsive, aggressive, and other socially inappropriate behaviors when under
the influence of drug (Fillmore 2003, 2007; Jentsch and Taylor 1999). Moreover, some recent
studies suggest that alcohol-induced impairment of inhibitory control might also contribute to
alcohol abuse by promoting excessive or binge drinking (e.g., Marczinski et al. 2007; Weafer
and Fillmore 2008). As such, it is important to understand factors that might alter the degree
to which inhibitory control is impaired by alcohol. One such factor that has received little
attention is alcohol tolerance.

Alcohol tolerance refers to a diminished response to the drug as a function of repeated
exposures. Tolerance to the behaviorally impairing effects of alcohol has been well
documented for some time (e.g., Goldberg 1943; Newman and Card 1937). Much of the work
has focused on impaired motor coordination and ataxia. Studies of laboratory animals and
humans have shown that performing motor tasks while intoxicated promotes rapid
development of tolerance to the motor-impairing effects of the drug (e.g., Chen 1968; LeBlanc
et al. 1973; Mann and Vogel-Sprott 1981). Such “functional” or “learned” tolerance is often
task-specific and is assumed to result from learning to overcome the impairing effects of alcohol
during intoxicated task practice (Kalant 1987). Alcohol tolerance also has been observed over
the time course of a single dose. Early last century, Mellanby (1919) compared the intensity
of alcohol impairment at a given BAC during ascending versus descending limbs of the blood
alcohol curve (Mellanby 1919). He observed that alcohol-induced ataxia in dogs was less
intense at a given BAC during the descending versus the ascending limb of the curve. This
reduced impairment during the descending limb is commonly referred to as “acute tolerance”.
Since that time, the finding has been replicated using a wide range of behaviors in a variety of
subjects, including humans (e.g., Hurst and Bagley 1972; Haubenreisser and VVogel-Sprott
1987; Post et al. 1998).

Although much is known about tolerance to motor-impairing effects of alcohol, little is known
about tolerance to the impairing effects of alcohol on inhibitory control. A recent study used
the cued go/no-go model to examine acute tolerance to alcohol impairment of response
inhibition and response activation (Fillmore et al. 2005). Subjects received a moderate dose of
alcohol (0.65 g/kg) and performed the cued go/no-go task at the same BAC during the
ascending and descending limb. Alcohol impaired response inhibition and response activation
during the ascending limb as evident by increased failures to inhibit responses to no-go targets
and slower reaction times to go targets. Impaired response activation showed acute tolerance
as response speed increased during the descending limb. By contrast, impaired response
inhibition showed no acute tolerance, as subjects continued to display increased inhibitory
failures on the descending limb.

Taken together, these findings indicate that during a single dose, response activation recovers
from the impairing effects of alcohol more swiftly than response inhibition. Evidence for a lag
in tolerance development to inhibitory versus activational mechanisms suggests that as blood
alcohol declines, drinkers' response inhibition might continue to be impaired, despite having
an unimpaired ability to activate responses (see also Pihl et al. 2003; Schweizer et al. 2004).
Evidence that acute tolerance results in such an “activational bias” of behavior would have
important implications for understanding some of the behaviorally disruptive effects of the
drug. An activational bias after drinking could increase the likelihood of disinhibited or
impulsive behaviors. As such, it is important to understand how inhibitory control is altered
as alcohol tolerance develops.

To date, tolerance to alcohol impairment of inhibitory and activational mechanisms of
behavioral control has only been studied over the time course of a single dose, and no studies
have examined tolerance when the dose is repeated. Furthermore, nothing is known about how

Psychopharmacology (Berl). Author manuscript; available in PMC 2011 December 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ostling and Fillmore

Methods

Participants

Page 3

tolerance might develop in the presence of a heightened motivational conflict. Therefore, this
study used the cued go/no-go model to examine tolerance to alcohol-induced impairment of
activational and inhibitory mechanisms in a motivated conflict situation. Tolerance was
examined over two separate sessions in which subjects received a moderate dose of alcohol
(0.65 g/kg). The cued go/no-go task assessed response inhibition and activation twice during
each administration: once as BAC ascended and again at a comparable BAC on the descending
limb. Participants were tested under motivated conflict in which they were monetarily rewarded
for fast responding to go targets and punished by an equal monetary loss for failures to inhibit
responses to no-go targets. In accord with previous research (Fillmore et al. 2005), it was
hypothesized that response activation would display greater acute tolerance to the impairing
effects of alcohol than response inhibition. With regard to tolerance across dose
administrations, some theories suggest that acute tolerance contributes to tolerance that is
observed as doses are repeated (e.g., Beirness and VVogel-Sprott 1984; Kalant et al. 1971). In
accordance, it was predicted that response activation would also display greater tolerance
across dose administrations compared with response inhibition.

Thirty-two healthy adult volunteers (16 men and 16 women) were recruited through
advertisements in the local community. Volunteers were between the ages of 21 and 36, and
were non-dependent social drinkers. Respondents were required to be in good health and report
occasional alcohol use (e.g., at least one occasion per week and at least three drinks on one
occasion within the past 30 days). Potential volunteers were excluded if they had histories of
serious physical disease, impaired cardiovascular functioning, chronic obstructive pulmonary
disease, seizure, head trauma, CNS tumors, past histories of psychiatric disorder (i.e., Axis I,
DSM 1V), substance abuse disorder, medical contraindications to alcohol, use of prescription
medications, and current pregnancy or were breast-feeding. Additionally, those reporting a
score of 5 or higher on the Short-Michigan Alcoholism Screening Test (S-MAST) (Seltzer et
al. 1975) were excluded from participation. Volunteers were required to have a minimum of
grade 8 education, a demonstrated reading ability, and no uncorrected vision or auditory
problems. The study was approved by the University of Kentucky Medical Institutional Review
Board, and all subjects provided written informed consent. Subjects earned a minimum of $70
(and a maximum of $95) for participating in the study.

Apparatus and materials

Cued go/no-go task—Response activation and inhibition were measured by a cued go/no-
go reaction time task used in other research (e.g., Fillmore et al. 2005; Marczinski and Fillmore
2003). The task was operated using E-Prime software (Schneider et al. 2002). A trial involved
the following sequence of events: a cue (a horizontal or vertical white rectangle) displayed for
one of five stimulus onset asynchronies (SOAs: 100, 200, 300, 400, and 500 ms), a go or no-
go target (green or blue rectangle) that remained visible until the participant made a response
or 1,000 ms had elapsed, and an inter-trial interval of 700 ms.

The orientation of the cue (horizontal or vertical) correctly signaled the target 80% of the time.
Participants were instructed to press the forward slash (/) key on the keyboard as soon as a go
(green) target appeared and to inhibit this response if a no-go (blue) target appeared. Inhibitory
and activational tendencies show rapid development of cue-dependence as cues come to elicit
preparatory processes for the inhibition or execution of behavior (e.g., Miller etal. 1991; Posner
1980). The go cue condition was of particular interest with respect to response inhibition as it
generates response prepotency; however, subjects must overcome this response prepotency in
order to inhibit the response when a no-go target is displayed. Failures to inhibit responses to
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no-go targets are more frequent following go cues compared with no-go cues (Miller et al.
1991). Similarly, the no-go cue condition was of particular interest regarding response
activation because alcohol's slowing effect on reaction time is most evident in this condition.
A test consisted of 250 trials that presented the four possible cue-target combinations.

Response conflict was motivated by monetarily rewarding performance. Participants received
5 cents for each fast response to go targets (255 ms or less) and lost 5 cents for each failure to
inhibit a response to a no-go target (incorrect response). Participants were informed of how
much money was earned immediately upon completion of each test. A test required
approximately 15 min to complete.

Additional measures—A grooved pegboard task (Lafayette Instruments) measured
subjects' motor coordination. Participants picked up pegs one at a time to fill the 25 holes on
the board one row at a time from left to right. Time to complete the trial was measured in
seconds. A test consisted of four trials, and the average completion time was the measure of
motor coordination. Motor coordination is impaired by alcohol at this dose and typically shows
acute tolerance (Beirness and VVogel-Sprott 1984). The pegboard task was included to verify
acute tolerance to motor coordination in the present study.

Subjective intoxication was also measured. Participants rated their subjective intoxication from
alcohol on a 100-mm visual analog scale (VAS) with the left side (0 mm) indicating “not at
all” and the right side (100 mm) indicating “very much”. The personal drinking habits
questionnaire (Vogel-Sprott 1992) provided three measures of a participant's typical drinking
habits: weekly frequency of drinking, number of drinks typically consumed per occasion, and
hourly duration of a typical occasion.

Design overview—Half of the men and women were randomly assigned to an alcohol
condition (ALC) or to a placebo condition (PLA). The initial sober baseline performance level
of both groups was assessed by having subjects perform the tests after receiving a placebo
drink that contained no alcohol. Following baseline, subjects attended two separate dose testing
sessions on different days. During these sessions the ALC group had their performance
measured twice following 0.65 g/kg of alcohol: once as BAC ascended and again as BAC
descended. The PLA group was treated identically but instead received a placebo to control
for any changes in performance due to repeated testing over the sessions. The following
sections describe the procedures in detail.

Intake assessment and familiarization—Participants provided informed consent and
completed medical history, alcohol/drug-use, and demographic questionnaires. Participants
were familiarized with the pegboard and cued go/no-go task. Task familiarization was
sufficient to prevent practice effects during subsequent sessions.

Pre-session checks—Subjects were required to fast and to abstain from caffeine for 4 h
prior to each session. At the beginning of each dose session, volunteers completed a pre-session
questionnaire that collected information about alcohol consumption, recent medication use,
food consumption, and caffeine consumption. Subjects also performed a standard field sobriety
test of motor coordination, and provided a breath sample using a breath analyzer to verify a
zero blood alcohol concentration (BAC) (Alco-Sensor 11, Intoximeters, Inc., St Louis, MO).
A urine sample was then obtained to test for the presence of cocaine/benzoylecgonine,
benzodiazepines, barbiturates, tetrahydrocannabinol (THC), d-amphetamine, and opiates (On
Trak TesTstiks, Roche Diagnostics Corporation, Indianapolis, IN). Females were also tested
for pregnancy via this urine analysis. No smoking was allowed during any session.
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Baseline session—Participants received a placebo consisting of carbonated mix with 3 mi
of alcohol floated on the surface to provide a strong alcoholic scent as the beverage was
consumed. Participants had 6 min to consume the drink. Ten minutes later, subjects performed
the test battery that consisted of the cued go/no-go task, the pegboard task, and subjective
intoxication rating. The battery required approximately 20 min. Baseline performance was
tested after a placebo in order to hold constant the expectancy of alcohol during all test sessions
in the experiment.

Dose administration sessions—During the two dose administration sessions, those in
the ALC group were tested in response to 0.65 g/kg of alcohol, and those in the PLA group
were tested following a placebo. All drinks were consumed in 6 min. For ALC, doses were
calculated based on body weight and administered as absolute alcohol mixed with three parts
carbonated soda. The dose produces an average peak BAC of 80 mg/100 ml at approximately
60 min and begins to decline at about 70 min (Fillmore and Blackburn 2002; Fillmore et al.
2005). Participants performed the test battery while BAC ascended (40 min post-
administration) and while it descended (100 min post-administration). Based on previous
studies, these testing times were expected to occur at comparable BACs on each limb
(approximately 70 mg/100 ml) (Fillmore et al. 2005). Subjects' BACs were measured just prior
to each test battery (40 and 100 min post-administration). After the second test battery, subjects
watched television and relaxed until BACs fell below 20 mg/100 ml, after which, they were
released following a field sobriety test. The two dose sessions were conducted on different
days, with a minimum inter-session interval of 24 h and a maximum interval of 2 weeks. The
PLA group was treated identically, except that they received a placebo instead of alcohol. The
placebo was identical to the placebo used in the baseline session. All participants were paid
and debriefed following the completion of the final session.

Criterion measures of performance and data analyses

Results

Cued go/no-go performance—Response activation was measured by subjects' mean
reaction time (RT) to go targets in the no-go cue condition for each test. Dose effects during
the test sessions were measured as the change from baseline. A subject's baseline RT score
was subtracted from the subject's RT score on each test so that positive change scores indicated
impaired (i.e., slower) response activation on the test. Acute and cross-session tolerances were
examined by a 2-group (ALC versus PLA) x 2-test (ascending versus descending limb) x2-
session (first versus second) mixed-design analysis of variance (ANOVA) of these scores.

Failure of response inhibition was measured as the proportion (p) of no-go targets in the go
cue condition for which a subject failed to inhibit a response (p-failure). Dose effects during
test sessions were measured as change from baseline. An increase in p-failures indicated
impaired response inhibition compared with baseline. Acute and cross-session tolerances were
examined by a 2 (group) x 2 (test) x 2 (session) ANOVA of these scores.

Motor coordination and subjective effects—Dose effects on subjects' motor
coordination and ratings of subjective intoxication were also measured as change from baseline
and analyzed by 2 (group) x 2 (test) x 2 (session) ANOVA:s.

Sample characteristics

The groups did not differ significantly in age or weight (p values>.68). The average age of the
sample was 22.9 years (SD=2.4), and the average weight of the sample was 68.9 kg (SD=11.7).
The groups also did not differ in drinking habits as measured by weekly frequency, number of
drinks typically consumed, and duration of typical drinking episode (p values>.27). The entire
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sample reported an average weekly frequency of 2.8 (SD = 1.9) drinking occasions, with a
typical consumption of 4.7 (SD=2.2) drinks per occasion over an average duration of 3.8 h
(SD= 1.6). The groups also did not differ in the inter-session interval between dose sessions
(p>.41). The average inter-session interval for the sample was 5.4 days (SD=3.6).

There was no detectable BAC in the PLA. BACs of the ALC group were analyzed by a 2-
gender x 2-test (ascending versus descending limb)x2-session (first versus second) ANOVA
that revealed no significant main effects or interactions (p values>.13). The BACs were
comparable between men and women across limbs and across the sessions. During dose session
1, the mean BACs for the ascending and descending limbs were 75 mg/100 ml (SD = 19) and
84 mg/100 ml (SD=18), respectively. During dose session 2, the mean BACs for the ascending
and descending limbs were 81 mg/100 ml (SD=21) and 80 mg/100 ml (SD=16), respectively.

Cued go/no-go performance

Response activation—No significant group difference in baseline RT was obtained (p>.
47). The mean baseline RT of the sample was 301.8 ms (SD=22.8). The 2 (group)x2 (test) x
2 (session) ANOVA of change in RT showed a significant main effect of Group, F(1, 30)=
10.43, p<.01, and a significant groupxtest interaction, F(1, 30)=6.19, p=.02. Figure 1 plots the
mean change in RT for each group during the ascending and descending limbs on each dose
session. The figure shows that the group effect was due to a slowing of RT in the ALC group
compared with little change from baseline displayed in the PLA group. Thus, as expected,
alcohol impaired response activation by slowing RT. Figure 1 also shows that the interaction
was due to reduced impairment over limbs in the ALC group (i.e., acute tolerance) coupled
with little change in RT across these tests in the PLA group. For the ALC group, planned
comparison t tests confirmed significantly less impairment on tests during the descending
versus the ascending limbs (p values<.03) and less impairment during the second versus first
dose administration (p values<.04). By contrast, no significant changes in RT were observed
in the PLA group (p values>.05).

Response inhibition—No significant group difference in baseline p-failures was obtained
(p>.94). The mean p-failure score of the sample during baseline was 0.07 (SD=0.1). The 2
(group) x 2 (test) x 2 (session) ANOVA showed a significant main effect of Group, F(1, 30)
=2.99, p=.05. No other main effects or interactions were observed. Figure 2 plots the mean
change in p-failures for each group during the ascending and descending limbs during each
dose session. The figure shows that the group effect was due to increased inhibitory failures
of the ALC group compared with the PLA group during both sessions.

Motor skill performance and subjective intoxication

No significant group difference in baseline motor skill on the pegboard task was obtained
(p>.58). The mean baseline completion time of the sample was 54.0 s (SD=5.7). A 2 (group)
x 2 (test) x 2 (session) ANOVA of change from baseline showed a significant main effect of
session, F(1, 30)=8.41, p=.01, and a groupxtest interaction, F(1, 30)= 7.27, p=.01. Table 1
presents the change scores. Performance was impaired (i.e., slowed) following alcohol but not
placebo. With respect to acute tolerance, planned comparisons confirmed significantly less
impairment in the ALC group during the descending versus ascending limbs (p<.01). No
significant difference in impairment was observed between dose sessions (p>.51). The PLA
group showed little change in performance on the tests during each session. The table shows
that the main effect of session was due to a slight speeding effect for both groups during the
second versus first dose session.

No significant group difference in baseline perceived intoxication was obtained (p values>.
62). The mean rating of the sample during baseline assessment was 13.2 (SD= 12.5). Change

Psychopharmacology (Berl). Author manuscript; available in PMC 2011 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ostling and Fillmore

Page 7

from baseline on the test sessions is presented in Table 1. A 2 (group)x2 (test)x2 (session)
ANOVA showed a significant main effect of group, F(1, 30)=63.11, p<.01, and a
groupxtestxsession interaction, F(1, 30)=6.86, p=.01. The ALC group reported increased
subjective intoxication that diminished on the descending limb tests (i.e., acute tolerance).
Simple effects comparisons confirmed that subjective intoxication decreased significantly
from ascending to descending limbs in both sessions (p<.01). The ALC group's subjective
intoxication ratings were significantly lower during the second versus first dose session (p<.
01).

Supplemental analyses

Inter-session interval—Although the inter-session interval did not differ between groups,
the possibility that the inter-session interval affected tolerance development across sessions
was considered, and analyses were performed in order to test for this possibility. Measures
were re-analyzed by a mixed-design 2 (group)x 2 (test)x 2 (session) analysis of covariance
(ANCOVASs) with inter-session interval as a covariate. No main effects or interactions
involving inter-session interval were observed. Therefore, inter-session interval had no effect
on the degree of tolerance observed across sessions for any measure.

Gender differences—The effects were also examined for possible gender differences.
Measures were analyzed by 2 (group)x 2 (test)x 2 (session)x 2 (gender) ANOVAs. Men and
women did not differ in their response to alcohol on any measure, as evident by the lack of
significant groupxgender interactions (p values>.18).

Discussion

This study examined the differential development of tolerance to the impairing effects of
alcohol on activational and inhibitory mechanisms of behavioral control. The study showed
that response activation and inhibition were significantly impaired by alcohol during both
sessions. However, impairment of response activation displayed evidence of acute tolerance
as impairment was significantly less during the descending versus ascending limbs in both
dose sessions. Alcohol-induced impairment of response activation also displayed evidence of
cross-session tolerance as impairment was diminished during the second dose session. Alcohol
also impaired response inhibition, and this impairment was evident by increased failures to
inhibit responses following both doses of alcohol. In contrast to response activation, response
inhibition showed no acute or cross-session tolerance to the impairing effects of alcohol.
Indeed, the degree to which alcohol increased inhibitory failures remained fairly similar across
limbs within a session and between the sessions. Finally, the study also demonstrated acute
tolerance to the impairing effect of alcohol on psychomotor function, as measured by the
pegboard task, and cross-session tolerance to perceived intoxication as measured by self-report.

This study is the first to examine the differential development of tolerance to impaired response
activation and response inhibition across repeated alcohol administrations. The evidence was
obtained from a within-subjects design, using a single task that provided concurrent assessment
of activational and inhibitory aspects of behavioral control. The scheduling of tests was based
on considerable prior research on the pharmacokinetic profile of the active dose. The average
BACs during the testing periods on each limb of the blood alcohol curve were nearly identical,
and thus the reduced impairment observed on the descending limb cannot be attributed to limb
differences in BAC. Differences in the recovery of impaired activation and inhibition during
the dose also cannot be attributed to any speed-versus-accuracy trade-off. In a speed—accuracy
trade-off, any alcohol-induced slowing of RT should actually improve response inhibition by
allowing more time to inhibit responses when necessary. Instead, the alcohol-induced slowing
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of response activation in the present research was accompanied by a reduction in the ability to
inhibit responses.

The findings are consistent with those investigating the differential development of acute
tolerance between response activation and response inhibition during a single-dose
administration (e.g., Fillmore et al. 2005). That study found that during a single alcohol
exposure, impaired response activation displayed acute tolerance while response inhibition
remained impaired from ascending to descending limb tests; however, previous demonstrations
of this “activational bias” in recovery during the declining limb did not involve a motivated
conflict situation. The present study employed a motivational conflict situation because it has
been argued to better represent conflicting response tendencies outside the laboratory. Outside
of the laboratory, there are often consequences motivating competing response tendencies.
Despite the addition of motivated conflict, the differences in tolerance development between
activation and inhibition were remarkably similar to those observed without the motivating
consequences (e.g., Fillmore et al. 2005). Moreover, as the current study obtained evidence of
acute tolerance for response activation during two separate dose sessions, it provides a repeated
demonstration of this effect in the same subjects. Taken together, these studies provide support
for the argument that tolerance develops more rapidly to the impairing effects of alcohol for
activational aspects compared with inhibitory aspects of behavioral control, and that this
activational bias in recovery might be a robust effect, evident across a range of environmental
circumstances.

Evidence for an “activational bias” in recovery of behavioral control during the declining limb
might have important implications for understanding some of the impulsive behavior and poor
decision making commonly observed under alcohol. Generally speaking, impulsivity reflects
a biased tendency for action over inaction. Accordingly, the biased recovery of response
activation over inhibition could contribute to the display of impulsive behavior while BAC
falls. Moreover, we obtained evidence of acute tolerance to the impairing effect of alcohol on
motor coordination and cross-session tolerance to the perceived level of intoxication. Taken
together, these results indicate that the disinhibiting effects of alcohol are present even when
the impairing effects of alcohol on other aspects of performance have diminished under the
dose. This has implications for understanding risky behaviors during the descending limb of
intoxication, for example, drinkers might decide to drive after drinking because they feel sober
or detect no impairment of their motor coordination; however, they might be at risk for
impulsive or reckless driving because their inhibitory control has not recovered from the
impairing effects of alcohol. Such problems of self-appraisal also might become exacerbated
upon repeated administrations of alcohol as tolerance develops to the perceived intoxicating
effects of the drug.

The study also provides information on the relationship between acute tolerance during a single
dose and cross-session tolerance as the dose is repeated. Some theories suggest that acute
tolerance contributes to the development of chronic tolerance because they both share some
common underlying adaptive processes (e.g., Kalant et al. 1971). Other investigators have
suggested that tolerance over repeated doses might actually occur as a result of greater acute
tolerance as doses are repeated (e.g., Beirness and VVogel-Sprott 1984). That is, tolerance
develops over repeated doses because acute recovery during the declining limb increases each
time the dose is administered. In the present study, speed of response activation and subjective
intoxication both demonstrated acute tolerance during each dose and tolerance across the two
doses; however, the increased tolerance observed during the second dose was not confined to
the declining limb. Figure 1 shows marked reduction in impairment during the ascending limb
of the second dose compared with either test during the first dose for response activation. In
addition, Table 1 shows that subjective intoxication is lower on the ascending limb of dose
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session 2 versus dose session 1. Thus, the tolerance displayed during the second dose appeared
on both limbs and was not simply due to greater recovery during the declining limb.

It is important to recognize that the evidence of cross-session tolerance in the current study
likely reflects task-specific, functional tolerance, and not some general physiological tolerance
to alcohol that occurs as a function of prolonged heavy consumption. Subjects were exposed
to only two doses of alcohol administered in the laboratory. The average inter-session interval
was brief (i.e., less than 1 week). The subjects were moderate drinkers with no history of alcohol
abuse or heavy consumption. As such, it is unlikely that the tolerance to the impairing effect
of alcohol on response activation observed across the two sessions could reflect some general
physiological adaptation to the drug. Rather, it is likely that this reduced impairment across
sessions was task-specific functional tolerance whereby intoxicated performance of the tasks
allowed subjects to learn to compensate for the disruptive effects of the drug on the specific
behavioral responses required by the tasks.

The study raises some important questions, some of which are due to limitations of the current
study design. The findings of cross-session tolerance were limited to two administrations of
the dose, and so it is not known whether or not impaired inhibitory control might eventually
show tolerance as alcohol administrations continue. Second, the point at which inhibitory
control does recover during the time course of a single dose is not known. Studies that include
more repetitions of the dose coupled with prolonged testing of inhibitory control under each
dose would provide this information. It might also be important to assess impairment in a
double-blind manner in order to better minimize the potential for bias owing to experimenter-
subject interactions. In conclusion, the results highlight the importance of considering
behavioral requirements when testing for the development of tolerance under a dose of alcohol.
By modeling behavioral control as the net effect of countervailing activational and inhibitory
influences, the study suggests that fundamental mechanisms of control might not display
uniform tolerance development.
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Fig.1.

Mean change from baseline reaction time on the cued go/no-go task in response to 65 g/kg of
alcohol (ALC) or placebo (PLA). Capped vertical lines show the standard error of the mean
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Mean change from baseline in inhibitory failures on the cued go/no-go task in response to 0.65

g/kg of alcohol (ALC) or placebo (PLA). Capped vertical lines show the standard error of the
mean
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