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Abstract
Background—Analysis of the distribution of reaction times (RTs) in behavioral tasks can
illustrate differences attributable to changes in attention, even when no change in mean RT is
observed. Detrimental attentional effects of both acute and chronic exposure to alcohol may
therefore be revealed by fitting RT data to an ex-Gaussian probability density function which
identifies the proportion of long-RT responses.

Methods—Adolescent male rhesus macaques completed a 5-choice serial reaction time task
(5CSRT) after acute alcohol consumption (up to 0.0, 1.0 and 1.5 g/kg). Monkeys were next
divided into chronic alcohol (N=5) and control groups (N=5); the experimental group consumed
1.5–3.0 g/kg alcohol for 200 drinking sessions. Unintoxicated performance in the 5CSRT task was
determined systematically across the study period and the effect of acute alcohol was redetermined
after the 180th drinking session. The effect of extended abstinence from chronic alcohol was
determined across 90 days.

Results—Acute alcohol exposure dose-dependently reduced the probability of longer RT
responses without changing the mean or the standard deviation of the RT distribution. The RT
distribution of control monkeys tightened across 10 months whereas that of the chronic alcohol
group was unchanged. Discontinuation from chronic alcohol increased the probability of long RT
responses with a difference from control animals observed after 30 days of discontinuation.

Conclusions—Alcohol consumption selectively affected attention as reflected in the probability
of long RT responses. Acute alcohol consumption focused attention, chronic alcohol consumption
impaired the maturation of attention across the study period and alcohol discontinuation impaired
attention.

1. Introduction
Acute alcohol consumption typically increases response times in humans at relatively high
(Baylor et al. 1989; Cameron et al. 2001; King 1975; Krull et al. 1992; Lubin 1977) and low
doses (Friedman et al. 2011; Schweizer et al. 2006). In such tasks there is often evidence
that these changes in response time may be more attributable to cognitive impairment than
motor impairment (Breitmeier et al. 2007; Hernández et al. 2006; Hernández et al. 2010;
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Hernández et al. 2007). Likewise, functional magnetic resonance imaging experiments with
humans indicate that alcohol doses that increase response times also reduce activity in brain
areas known to regulate attention, error detection and executive function (Anderson et al.
2011; Marinkovic et al. 2012). Inhibitory effects of alcohol on response time are most
commonly observed on the ascending limb of the blood-alcohol concentration (BAC) curve
and acute tolerance is thought to restore response times to pre-exposure levels during the
descending limb of the BAC curve (Schweizer and Vogel-Sprott 2008). Similar to
observations with humans, moderate and large doses of alcohol have been shown to slow
response time in monkeys (Moody et al. 1980)

Despite evidence that alcohol increases response times under many conditions, there is also
evidence that it can produce activating effects in some instances. Acute alcohol has been
shown to decrease response times in humans performing choice reaction time tasks
(McManus et al. 1983; Tiplady et al. 2001), moderate to low doses (0.35–2.8 μmol i.c.v.;
0.5 g/kg i.p.; 0.6–1.0 i.g.) of alcohol have been shown to increase operant response rates
(Arizzi et al. 2003) and to stimulate locomotor behavior in rats (Pohorecky et al. 1989;
Stodulka 1991); similar locomotor effects have been shown in mice (Kamens and Phillips
2008; Larsson A 2002). Taken together, these data do not support the “global-slowing”
effect of alcohol advanced by some (Maylor and Rabbitt 1993). Instead, the existing data
support the conclusion that the behavioral pharmacology of alcohol is complex, task-specific
and that results can vary as methodology changes (Ryan et al. 1996).

While alcohol can produce both stimulant and depressant effects (Lewis and June 1990),
there are only a few examples of alcohol decreasing response times. The shape of the typical
response time distribution may, however, obscure the activating effects of alcohol since
response times are rarely distributed normally and are typically positively skewed
(Heathcote et al. 1991). The unimodal shape of response time distributions are characterized
by a large proportion of short response times, a mean value close to the lower limit of
observed response times and a long right-handed tail that contains a few comparatively long
response times (Lacouture and Cousineau 2008), see Figure 1A. When mean response times
are near the lower limit, any further reduction in those already low values can be difficult to
detect.

Changes in response time performance are also difficult to confirm with common parametric
techniques, largely because the data sets do not conform to the assumptions of those
analyses (Heathcote et al. 1991; Lacouture and Cousineau 2008; Matzke and Wagenmakers
2009). One approach to dealing with data sets that are not distributed normally is to analyze
the logarithmic transform of those data. Unfortunately, this technique also ignores important
details about response time performance, such as the frequency with which extreme
response times are emitted (Heathcote et al. 1991; Van Zandt 2000). As an alternative
analysis, fitting RT data sets to an ex-Gaussian probability density function (PDF) can
produce important insight into the behavioral pharmacology of alcohol. Fitting response
time data to an ex-Gaussian PDF allows normally-distributed (Gaussian) components to be
deconvolved from exponentially-distributed components (Luce 1986). This analysis renders
the mean value of Gaussian component (sigma), the standard deviation of the Gaussian
component (mu) and the mean of the exponential component (tau). By separating response
time distributions into these constituent components, additional information about response
time performance can be determined (Heathcote et al. 1991). In particular, changes in the
probability of unusually long response times, can be detected by changes in tau.(Luce 1986)
These analytical techniques have recently been applied to show that acute exposure to a
moderate dose of alcohol (i.v.) could increase the probability of long response times in adult
monkeys (Jedema et al. 2011). The present study sought to determine effects of acute and
chronic alcohol exposure on the RT performance of adolescent monkeys using a more
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naturalistic oral consumption model (Katner et al. 2004). As we have previously discussed,
alcohol is a commonly used recreational drug (Crean et al. 2011; Katner et al. 2007; Wright
et al. 2012) with high potential to cause acute and lasting cognitive impairment in addition
to other consequences (Crean et al. 2011; Marcondes et al. 2008; Taffe et al. 2010). Animal
models are necessary to determine the specific effects of controlled alcohol exposure and to
distinguish affected from spared cognitive domains. In this work the focus was on
attentional properties indexed by skew in the RT distribution.

2. Material and Methods
2.1 Subjects

These experiments were conducted on adolescent male rhesus macaques (Macaca mulatta,
Primate Products, Inc, Immokalee, FL, USA). At the onset of these studies, the median age
of the monkeys was 48 months (range = 39 to 50 months) and 70% of the monkeys were
born within 60 days of each other. The mean weight was 6.5 kg (range = 5.4 – 7.4 kg).
Previous work in this lab indicates the rate of bodyweight gains begins to increase at around
32 months of age for male rhesus macaques. Likewise, experience in this lab indicates that
male rhesus macaques do not reach stable mature weight of 12–16 kg until about 8–9 years
of age. These observations are consistent with an increase in plasma testosterone observed in
intact male monkeys across the 36–48 month interval (Rose et al. 1978) and observation of
brain growth tapering off at about 40–50 months of age (Knickmeyer 2010). Thus, the age
range of the monkeys used in these experiments is consistent with a start in the immediate
peri-pubertal time point and then stretching into late adolescence, similar to the high school
population of humans.

Monkeys were maintained on a diet of standard nonhuman primate chow (Harlan Teklad
15% Monkey Diet #8714, Harlan Laboratories Inc., Madison, WI USA). Each monkey was
fed approximately 37 grams of chow per kilogram bodyweight. Monkey chow was
supplemented with fresh fruit or vegetables and a multi-vitamin tablet (Kirkland Signature
Sugar-free Children’s Chewable Vitamins, Seattle WA USA) each day. Monkeys were fed
approximately 20% of their daily chow at least 1 hour before the morning testing sessions.
The balance of their daily ration was divided across two subsequent feeding sessions. Water
was available ad libitum. All of the monkeys were single-housed in a common colony room.

2.2 Testing environment
The colony room was maintained between 22O C and 25O C on a 12-hour light cycle (lights
on at 6:00 am). Ethanol consumption and behavioral testing took place in the home cages
between 9:00 am and 3:00 pm. These experiments followed guidelines adopted by the US
National Institutes of Health (Clark et al. 1997) and took place in an AALAC-approved
facility. The experimental protocol was approved by the Institutional Animal Care and Use
Committee of The Scripps Research Institute.

2.3 Apparatus
Monkeys responded to visual stimuli presented on touch-sensitive LCD panels housed in
stainless steel consoles. The testing system was controlled by Monkey CANTAB computer
software (Cambridge Neurological Test Automated Battery, Lafayette Instruments,
Lafayette, IN, USA). The touch-sensitive LCD panels measured approximately 23 cm X 30
cm (~38 cm diagonally) and were positioned directly in front of the home cages. The home
cages featured five strategically placed access ports that allowed the monkeys access to the
touch-sensitive LCD panels and the collection cup into which rewards were dispensed.
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2.4 Preparation of Alcohol Solutions
Alcohol (4% v/v) was added to a 6% (w/v) fruit-flavored solution (e.g, Tang ®, Kool-Aid,
Country Time Lemonade; Kraft Foods, Glenville, IL, USA) to facilitate robust and
consistent patterns of ethanol consumption. It has been demonstrated that adding alcohol to
a fruit-flavored solution produces controlled and behaviorally relevant levels of alcohol
consumption in rhesus macaques (Katner et al. 2004; Katner et al. 2007).

2.5 Chronic Alcohol Consumption
Monkeys in the experimental group (n = 5) were allowed to consume alcohol 5 days each
week for approximately 10 months (200 drinking sessions). A separate group of monkeys
(n=5) were allowed to consume only the fruit-flavored solution during the same period.
Drinking sessions were conducted after daily training/testing sessions. Afternoon feeding
sessions were scheduled at least 1 hour after the completion of the drinking sessions to
facilitate uniform alcohol absorption. Maximum daily alcohol doses were capped at 1.5 g/kg
until the 99th drinking session, when they were increased to 3.0 g/kg over 6 consecutive
sessions. Maximum dose was achieved by varying drink volume while holding
concentration steady. At the end of each drinking session, the dose of ethanol consumed by
each monkey, the rate of ethanol consumption and the mean dose of ethanol consumed by
the group were calculated.

2.6 5-Choice Serial Reaction Time Task (5CSRT)
Each trial began when monkeys emitted an observing response on a centrally-located visual
stimulus (Image 1B). Monkeys were required to maintain the observing response
continuously for between 0.75 and 2.5 seconds. The duration of the observing response
varied pseudo-randomly within each session. If the monkey failed to maintain the observing
response for the required duration, the trial was terminated. The trial was also terminated if
the monkey failed to emit an observing response within 30 seconds.

When the required duration of the observing response elapsed, a single target stimulus
appeared in 1 of 5 possible locations (Image 1B). The target stimulus remained illuminated
for 2 s. Monkeys had up to 10 s to emit a target response before the trial ended. Correct
target responses were reinforced with two 190 mg fruit-flavored nonhuman primate tablets
(Product #5TUR, TestDiet, Richmond, IN USA). Each 5CSRT session consisted of 60 trials.
Only monkeys that had satisfied the performance criterion in the terminal training phase
were included in the alcohol trials.

Effects of acute alcohol on performance in the 5CSRT task were determined in monkeys
(N=8) prior to the initiation of chronic (Experiment 1) and during the course of chronic
alcohol (N=5) or vehicle (N=5) consumption (Experiment 3). Effects of chronic alcohol
consumption on baseline performance in the 5CSRT task were determined in Experiment 3.
The effect of the discontinuation chronic of alcohol consumption on (untreated) performance
in the 5CSRT task was determined in Experiment 4.

In Experiments 1 and 3, all of the monkeys were given up to 30 minutes to drink the fruit-
flavored alcohol solution (0 g/kg, up to 0.5 g/kg and up to 1.5 g/kg). The dose order was
randomized (Latin squares method) and each monkey was presented with each dose. The
5CSRT task began 30 minutes after the end of the drinking session or 30 minutes after
finishing the solution, whichever came first. In Experiment 2, performance in the 5CSRT
task was determined 22 hours after the prior alcohol consumption. Experiment 4 began on
the first day after chronic alcohol consumption was discontinued and examined animals after
30 and 90 days of discontinuation.
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2.7 Statistical Analyses
Individual response time data from each 5CSRT session were fit to ex-Gaussian probability
density functions as described in Lacouture & Cosineau (2008) using MATLAB (ver.
R2012a, MathWorks, Inc., Natick, MA USA). This analysis allowed the Gaussian and
exponential probability density functions to be deconvolved. The resulting measures (i.e.,
mu, sigma, and tau) were analyzed by one-way (Experiment 1) or two-way (Experiments 2,
3 and 4) repeated-measures analysis of variance (SigmaStat, ver. 3.5, Systat Software, Inc,
Richmond, CA USA). Pre-planned comparisons between groups were used initially to
determine effects of protracted withdrawal in the 1–30 day interval after discontinuing
chronic ethanol. Post-hoc analyses were conducted using the Holm-Sidak method with all
possible pairwise comparisons. The criterion for significance was p < 0.05 for all tests

3. Results
3.1 Alcohol Consumption

As reported previously (Wright et al. 2012), mean daily consumption across all drinking
sessions was 1.38 g/kg (+/− 0.02 SEM). When tested during the 7th month of chronic
alcohol consumption, a 1.58 g/kg (+/− 0.32 SEM) mean dose of alcohol produced mean
blood-alcohol levels of 89.70 mg% (+/− 16.60 SEM) for these monkeys. Mean daily
consumption for the entire interval ranged from 0.74 g/kg (+/− 0.04 SEM) to 1.93 g/kg (+/−
0.04 SEM) for the 5 monkeys in the experimental group; means for the intervals in which
the daily limit was 1.5 (Sessions 1–99) and then raised (over 6 sessions) to 3.0 (Sessions
100–200) are depicted in Figure 2. The weekly average intakes are also shown to illustrate
the stability of individual preferences and the inter-individual preference rankings, similar to
what has been previously shown with this model (Katner et al. 2004). The volume of vehicle
presented to each monkey in the control group was yoked to a corresponding member of the
experimental group to control differences in caloric intake. When tested during the 7th

month of chronic vehicle consumption, a 1.41 g/kg (+/− 0.46 SEM) mean dose of alcohol
produced mean blood-alcohol levels of 81.94 mg% (+/− 22.36 SEM) for the monkeys in the
control group.

3.2 Response time distributions
As is commonly the case, virtually all response time distributions were heavily skewed to
the right; skewness values were between 4.59 (95% CI = 4.34–4.84) and 7.38 (95% CI =
7.38–7.62) after acute alcohol consumption.

3.2.1 Experiment 1 - Response time distribution after acute alcohol
consumption—Acute alcohol consumption reduced the probability for unusually long
response times, but did not alter mean response times. A one-way repeated measures
ANOVA confirmed a statistically significant effect of alcohol dose on the mean of the
exponential probability density function (tau), F2,14 = 6.705, p < 0.01 (Figure 3). Subsequent
post-hoc tests (Holm-Sidak method, all pairwise multiple comparisons) confirmed that tau
was reliably lower after consumption of a 1.29 g/kg dose of alcohol than under control
conditions, p < 0.01. tau was also numerically lower after consumption of a 0.96 g/kg dose
of alcohol than under control conditions, though the difference was not reliable. Separate
one-way repeated measures ANOVAs failed to confirm a significant effect of acute alcohol
consumption on either the mean (mu) or the standard deviation (sigma) of the Gaussian
probability density function (Figure 3).

3.2.2 Experiment 2 – The effect of chronic alcohol consumption on baseline
response time distribution—The response time distribution was not altered during the
course of chronic alcohol consumption these experiments. A two-way repeated measures
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ANOVA failed to confirm a significant effect of chronic alcohol consumption group on tau,
mu or sigma (data not shown).

3.2.3 Experiment 3 – The effect of acute alcohol on reaction time distribution
during chronic alcohol consumption—Acute alcohol consumption affected the
probability of unusually long response times differently in each group when assessed after
180 days of the chronic drinking manipulation. A two-way repeated measures ANOVA
confirmed a significant interaction of alcohol dose and day (i.e., Day 1 vs Day 180) on tau
for the control group, F4,16 = 3.797, p = 0.023 (Figure 4). Subsequent post-hoc tests (Holm-
Sidak method, all pairwise multiple comparisons) confirmed that, on the first test day, tau
was reliably lower after consumption of the highest dose of alcohol than after consumption
of the vehicle, p = 0.010. After 180 vehicle consumption sessions, the highest dose of
alcohol reliably elevated tau above what was observed on the first test day, p < 0.05.

A separate two-way repeated measures ANOVAs also confirmed a main effect of day (i.e.,
Day 1 vs Day 180) on sigma in the control group, F1,7 = 22.565, p = 0.007. Subsequent post-
hoc tests (Holm-Sidak method, all pairwise multiple comparisons) confirmed that, after 180
vehicle consumption sessions, sigma was reliably lower under baseline conditions (172.2 +/
− 39.2 SEM vs. 106.9 +/− 21.8 SEM) and after the highest dose of alcohol.(201.2 +/− 17.4
SEM vs. 108.4 +/− 36.0 SEM). There was no evidence that mu changed reliably over the
course of the study

In contrast, a two-way repeated measures ANOVA failed to confirm that alcohol reliably
altered tau in the group of monkeys that chronically consumed alcohol at any point during
these trials (Figure 4). Likewise, separate two-way repeated measures ANOVAs failed to
confirm an effect of either alcohol dose or duration of exposure on mu or sigma (data not
shown).

3.2.4 Experiment 4 – Changes in response time distribution after the
discontinuation chronic of alcohol consumption—The group of monkeys with a
history of chronic alcohol consumption exhibited an increased probability for unusually long
response times during a period of extended abstinence. The initial planned comparison
between groups for days 1 and 30 post-alcohol confirmed a difference at Day 30. The
followup two-way repeated measures ANOVA including the baseline and Days 1–90 of
discontinuation further confirmed a significant main effect of chronic alcohol consumption
on tau when tested during extended abstinence, F1,8 = 7.107, p = 0.029 (Figure 5).
Exploratory post-hoc analysis (Holm-Sidak method, all pairwise multiple comparisons)
provided additional confirmation of the planned comparison, i.e., tau was reliably higher in
the group of monkeys with a history of chronic alcohol consumption than in the control
group after 30 days of abstinence. After 90 days of abstinence, the numerical difference in
tau diminished and was no longer reliably different. Separate analysis failed to confirm a
significant effect of chronic alcohol consumption on mu or sigma when tested during the
period of extended abstinence.

4. Discussion
In these studies, acute alcohol consumption selectively affected tau, the mean of the
exponential component of the PDF (Figure 3), thus showing that in adolescent monkeys
with minimal prior alcohol exposure, acute alcohol dose-dependently reduced the
probability of long response times. This effect could be characterized as an improvement in
response time performance, albeit in the absence of change in mean response times per se
under these conditions. The outcome is consistent with an activating effect of alcohol
leading to an improvement of sustained attention to the task.
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The influence of acute alcohol exposure on tau reported here for Experiment 1 contrasts
with recently published work in which an increase in tau was reported in monkeys (Jedema
et al. 2011), but there are important distinctions between these two studies. There is
evidence from humans that response time increases as the number of choices increase and
that alcohol exacerbates this effect (Maylor et al. 1992). Since the data reported here were
collected using a 5-choice task, while Jedema et al. used a 9-choice task, there may have
been an interaction of task complexity with the effects of acute alcohol which explains the
difference. It was also the case that the route of alcohol administration differed between
these studies. The data presented in here were collected 30 minutes after alcohol
consumption; the data presented in Jedema et al. were collected while alcohol was
administered intravenously. Though there is evidence from adult humans that inhibitory
effects of alcohol are commonly observed on the ascending limb of the blood-alcohol
concentration (BAC) curve (Schweizer and Vogel-Sprott 2008), there is a dearth of
information regarding the effect of ascending blood-alcohol levels on behavior in adolescent
animals. There is also evidence from rats that acute alcohol tolerance develops more rapidly
and robustly in adolescents than in adults (Morales et al. 2011; Varlinskaya and Spear
2006). It is not impossible that the differences between the present study and that of Jedema
et al are attributable to differences in acute tolerance.

Somewhat more likely to explain the differences between these two observations is the fact
that the data reported here were collected from monkeys that were approximately 4 years of
age when the study began whereas the monkeys used in Jedema et al. were between 7 and 8
years of age. This distinction could be relevant given the evidence that adolescent rats
exhibit greater brain activity and less sedation than adult rats after acute exposure to alcohol
(Pian et al. 2008). These results are also consistent with other previously published studies
indicating that adolescent rats are less sensitive than adult rats to the sedating effects of
alcohol (Hollstedt et al. 1980; Little et al. 1996; Moy et al. 1998). Interestingly, the control
group transitioned from a beneficial effect of acute alcohol on tau to a slowing across the
first 9 months of the chronic drinking experiment. Thus, it may be the case that the peri-
adolescent monkeys exhibited brain maturation towards a more adult-like state which was
reflected in the changing effect of acute alcohol.

As a minor caveat, it is the case that laboratory macaques are an outbred species and
therefore individual trajectories in brain maturation cannot be precisely predicted. The
sample size in this study is insufficient to precisely detect individual differences that might
have been relevant since it was designed for group effects. In particular, although every
effort was made to match the groups for the chronic alcohol phase it was done on multiple
variables including spontaneous alcohol preference and performance in several behavioral
tests other than the RT procedure. One thing that can be observed by comparison with other
cohorts run in prior chronic alcohol studies is that the distribution of alcohol preferences in
this study matched prior groups which differed in starting age (Crean et al. 2011; Katner et
al. 2004; Katner et al. 2007). We have also trained animals on various behavioral tasks,
including the RT procedure, at various ages and found more variability across individuals at
a given age than across the range incorporated in this study (Crean et al. 2011; Taffe 2004;
2012; Taffe and Taffe 2011; Weed et al. 1999), although, as predicted, aged animals (over
20 years of age) show differences (Taffe et al. 2003). Thus it may be concluded that the age
range in the present study didn’t account for the individual differences in either alcohol
intake or baseline behavioral performance.

Interestingly, the probability of long response times (tau) after alcohol consumption did not
evolve over the course of the study in the monkeys that consumed alcohol chronically
(Figure 4); although there may have been a subtle tendency for the response to flatten over
the course of the study, these changes were neither large nor statistically significant. The
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effect of alcohol on mu and sigma did not change over the course of the study, further
emphasizing the sensitivity of tau over the traditional measures of response time tasks.

One interpretation of these data is that chronic alcohol consumption impaired the maturation
of the response to alcohol. Specifically, acute alcohol initially produced a dose-dependent
decrease in the probability for long response times in the adolescent monkeys. Over the
successive 9 months, however, the effect of acute alcohol on the probability of long
response times (tau) flattened and then reversed in the control group. Once reversed, the
effect of alcohol on tau looked very similar to what was has been reported in adult monkeys
(Jedema et al. 2011) which may have been due to maturational changes. This change in the
response to alcohol did not occur in the monkeys that consumed alcohol chronically which
would correspondingly be interpreted as interference with brain maturation during the
critical adolescent epoch. In addition there was a trend for tau to decrease after consumption
of the vehicle in the control group over the course of the study. This trend might further
serve to strengthen the interpretation that tau evolved (to a more mature pattern) in the
control monkeys, but not in monkeys that consumed alcohol chronically.

Finally, the monkeys that consumed alcohol chronically exhibited an increased probability
for unusually long response times in the months that followed alcohol discontinuation
(Figure 5). Baseline values of tau, that is values of tau observed 22 hours after alcohol/
vehicle consumption, were stable for both groups across the last 16 weeks of consumption.
In monkeys that consumed alcohol chronically, however, the probability of long response
times began to rise after alcohol consumption was discontinued, i.e., tau was consistently
higher in the experimental group than it was in controls. This difference peaked after 30
days of discontinuation, even though there were no overt behavioral manifestations of a
withdrawal syndrome at this, or any other point, during discontinuation. (This was
predictable given the relatively low daily dose during the chronic study.) These data suggest
that the effect of chronic alcohol consumption on the probability of long response times
persisted for at least 30 days beyond alcohol discontinuation.

Although tau is generally discussed as relevant to sustained attentional processes, some have
suggested that changes in tau are reflective of alterations in decision processes, while
changes in mu and sigma are reflective of alterations in perception and motor function
(Hohle 1965). Indeed, there is evidence of a direct relationship between tau and the
cognitive load of the task (Liu et al. 2012; Roelofs 2012; Spieler et al. 2000; Steinhauser and
Hubner 2009). It is important to note that this view is controversial. There is evidence that
the relationship between the constituent components of the ex-Gaussian PDF and
psychological and physiological processes involved in response time performance is
complex (Luce 1986; Spieler et al. 2000). Others have suggested that there are theoretical
considerations that preclude possibility that the ex-Gaussian PDF corresponds to actual
cognitive processes (Matzke and Wagenmakers 2009). Despite this, it has been noted that
the ex-Gaussian PDF describes response time data quite well, even in the absence of a
cogent theoretical underpinning (Spieler et al. 2000). Given these data, it is appropriate
interpret the results of the ex-Gaussian analysis of response time data conservatively.

In conclusion, these data indicate that acute and chronic alcohol consumption during
adolescence exerts a selective effect on the probability of long response times without
altering response times per se. This identifies a beneficial, activating effect of acute alcohol
drinking on selective attention which changes across development. The data further suggest
that chronic alcohol drinking may interfere with the maturation of systems that are critical
for tightening the RT distribution. Finally, the data show that the discontinuation of chronic
alcohol can lead to an increase in the probability of long response times in the RT
distribution in the absence of any change in mean RT. This suggests a profile of
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inattentiveness that persists up to 30 days after chronic drinking is discontinued. Given the
age at which alcohol consumption commonly begins in the United States, these data
highlight the need to better understand the impact of chronic alcohol consumption on the
developing brain.
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5CSRT 5-Choice Serial Reaction Time

BAC Blood Alcohol Concentration

PDF Probability Density Function

RT Reaction Time
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• Acute alcohol reduced tau, the mean of exponential component of the
distribution.

• In the control group, the effect of alcohol on tau changed as the monkeys
matured.

• Chronic alcohol consumption impaired this maturation in the response to
alcohol.

• Alcohol discontinuation produced an increase in tau that peaked after 30 days.
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Figure 1.
(A) Illustration of response time probability density function (PDF). Response time PDF can
be deconvolved to render estimates of mu (mean of Gaussian component), sigma (standard
error of Gaussian component) and tau (mean of exponentially-distributed component). (B)
Illustration of stimuli used in 5-choice serial reaction time task (5CSRT). Each 5CSRT trial
began with an observing response on a centrally-located stimulus. To be successful, each
observing response had to be maintained until a target stimulus was presented one of 5
possible target locations. Response time was defined as the latency to respond after the
appearance of the target stimulus.
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Figure 2.
Mean daily dose of alcohol (+ SEM) for each monkey in the chronic alcohol group,
separated by the intervals in which the daily limit was 1.5 (Sessions 1–99) and 3.0 (Sessions
100–200) g/kg. The lower panel depicts the mean weekly intake for each individual. Control
monkeys drank flavored, calorie-matched solutions each day across same period.
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Figure 3.
The effect of acute alcohol consumption on response time distribution. Adolescent monkeys
with minimal prior exposure to alcohol (n=8) were provided the opportunity to voluntarily
consume the vehicle or up to 1.0 and 1.5 g/kg in a repeated measures design. Alcohol
selectively and dose-dependently reduced RT skew (tau), but not the mean (Mu) or variance
(Sigma). Post-hoc analysis confirmed that a mean 1.29 g/kg alcohol dose reduced tau as
compared to vehicle conditions, p<0.01 (indicated by **). Error bars represent SEM.
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Figure 4.
The effect of alcohol on tau before and after chronic alcohol consumption. There was a
reliable interaction of dose and day on tau in the control group (n=5). Post-hoc tests
confirmed that a mean alcohol dose near 1.5 g/kg reliably reduced tau from vehicle on day 1
(p<0.05, indicated by *). At day 180, alcohol increased tau above the value observed on day
1 (p<0.05, indicated by #). In monkeys that consumed alcohol chronically (n=5), however,
the effect of alcohol on tau did not change reliably across the study period. Error bars
represent SEM.
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Figure 5.
The effect of chronic alcohol consumption on tau during discontinuation of alcohol
consumption. During discontinuation, tau was reliably higher in monkeys that consumed
alcohol chronically than in the control monkeys. Subsequent post-hoc tests confirmed that
this difference was statistically significant 30 days after the discontinuation alcohol
consumption (p<0.05, indicated by *). Error bars represent SEM.
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