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Temporal Discrimination in Abstinent Chronic Alcoholics

ABSTRACT
Background: Converging evidence from varied experimental paradigms has
demonstrated that the_cerebellum is involved in the timing of learned behavior. Given the
documented neurological changes (Harper & Kril, 1985)secondary to chronic alcoholism,
particularly cerebellar degeneration, the ability of recovered chronic alcoholics to learn a
temporal discrimination was assessed using delay eyeblink classical conditioning.
Methods: Twelve abstinent alcoholic participants and twelve matched control
participants were randomly presented 2 clearly discriminable tone conditioned stimuli
(CSs) that were individually paired with 2 different interstimulus intervals (ISI).
Results: The data revealed a significant alteration in the abstinent alcoholics’ peak
latency measure at the long ISI and an overall impairment in their level of acquisition of
conditioned responses (CRs). No group differences in extinction were observed.
Conclusions: It was speculated that cerebellar cortical atrophy caused by years of alcohol
abuse resulted in the peak latency alteration and that atrophy extending into deep
cerebellar nuclei caused the overall impairment in CR acquisition.
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Temporal Discrimination in Abstinent Chronic Alcoholics

It is well documented by both radiological and postmortem studies that chronic
alcoholism causes specific changes in the brain characterized by brain shrinkage.
Postmortem studies have revealed a reduction in white matter (Harper, 1998; Harper &
Kril, 1985; Harper & Kril, 1990) and cerebral cortex (Harper, 1998; Harper & Kril,
1990), coupled with extensive cerebellar degeneration (Harper, 1982; Harper & Kril,
1990; Torvik, 1985; Torvik, Lindboe, & Rodge, 1982). An extensive review by Harper
(1998) revealed that although brain shrinkage secondary to alcohol can be largely
accounted for by loss of white matter, alcohol-related neuronal loss has been documented
in specific regions of the cerebral cortex (superior frontal association cortex),
hypothalamus (supraoptic and paraventricular nuclei), and cerebellum. These brain
changes likely underlie many of the cognitive and neuropsychological deficits seen in
nonamnesic chronic alcoholics such as impairments in attention, language and memory
(see . In a previous study, we have also uncovered evidence to suggest that alcohol can
impair an individual’s ability to learn even basic associations using eyeblink classical
conditioning (McGlinchey-Berroth et al., 1995).

Extending the findings from postmortem investigations, magnetic resonance
imaging (MRI) studies have demonstrated volume reduction in cerebral gray matter,
(Jernigan et al., 1991), mammillary boy volume (Davila, Shear, Lane, Sullivan, &
Pfefferbaum, 1994; Shear, Sullivan, Lane, & Pfefferbaum, 1996; Sullivan et al., 1999),
and cerebellar regions (Davila et al., 1994; Shear et al., 1996; Sullivan, Deshmukh,
Desmond, Lim, & Pfefferbaum, 2000). Pfefferbaum and colleagues reported both gray
matter and white matter deficits were most severe in prefrontal and frontal regions in

older chronic alcoholics (Pfefferbaum, Sullivan, Mathalon, & Lim, 1997). Sullivan and
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colleagues (Sullivan et al., 2000) suggested that both abstinent and Korsakoff alcoholics
demonstrated significant gray and white matter cerebellar volume deficits (anterior
superior and middle vermian lobules but not inferior lobules). Although the pattern of
cerebellar volume shrinkage is similar in both groups, it was greater in the Korsakoff
patients than in the abstinent alcoholics.

Magnetic resonance spectroscopy has also proved valuable in elucidating the
neuropathological effects of alcohol. Seitz et al. (Seitz et al., 1999) demonstrated
significant shrinkage of the cerebellar vermis in detoxifying alcoholics. Martin and
colleagues (Martin et al., 1995) also reported cerebellar vermian abnormalities (deficits in
choline-containing compounds). These abnormalities ameliorated with subsequent
abstinence indicating partial recovery with increased length of abstinence.

Eyeblink classical conditioning is based on the principles of associative learning,
which is a form of learning that results in a relatively permanent change in behavior as
the result of a temporal conjunction of two events (Lashley, 1916). Initially, a neutral
stimulus (conditioned stimulus or CS, such as a tone) is paired with an aversive stimulus
(unconditioned stimulus or US, such as an airpuff to the eye) that produces an overt
response (conditioned response or CR; an eyeblink). Over the course of pairings, the
previously neutral CS elicits the CR. Pavlov viewed this conditioned response (CR) as a
tool for uncovering the neural mechanisms of associative learning, suggesting that it be
used as a means to uncover the rules that govern an animal’s behavioral adaptation to
environmental contingencies (Pavlov, 1927).

Thompson and his colleagues have extensively studied the neural substrates of

basic associative learning in animals (rabbits) in an effort to identify the essential
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memory trace circuits in the mammalian brain. While the structures they initially
reported to be involved include regions of the brainstem and midbrain, the cerebellum,
hippocampal formation, and certain regions of the cerebral cortex (Thompson, 1986), the
primary focus of research has been the cerebellum and hippocampus. Further evidence
revealed that only the cerebellum is both necessary and sufficient in the learning and
memory of adaptive CR’s in the short delay paradigm.

Lesion studies have also confirmed the cerebellum’s essential role in basic
associative learning. It has been demonstrated that lesions of the lateral cerebellar cortex
and nuclei, the lateral interpositus-medial dentate nuclear region, and the superior
cerebellar peduncle permanently abolish the ipsilesional CR, while they have no effect on
the unconditioned response (UR) (Clark & Hupka, 1974; Lavond, Hembree, &
Thompson, 1985; Lavond, Lincoln, McCormick, & Thompson, 1984; Lavond,
McCormick, Clark, Holmes, & Thompson, 1981; Lincoln, McCormick, & Thompson,
1982).

Several studies with humans have now also documented impaired acquisition
following cerebellar lesions (Daum et al., 1993; Lye, O'Boyle, Ramsden, & Schady,
1988; Solomon, Stowe, & Pendlebury, 1989; Woodruff-Pak, Papka, & Ivry, 1996) and
cerebellar degeneration (Topka, Valls-Sole, Massaquoi, & Hallett, 1993; Woodruff-Pak
et al., 1996). A recent case study (Fortier, Disterhoft, & McGlinchey-Berroth, 2000) has
shown that a patient with extensive cerebellar cortical degeneration, but intact deep
cerebellar nuclei, was completely normal in learning simple associations using eyeblink

classical conditioning but could not learn a simple two-tone discrimination.
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The only study to date to examine eyeblink classical conditioning in alcoholics
with suspected cerebellar atrophy used a delay conditioning paradigm in which a 850 ms
tone conditioned stimulus (CS) was followed after 750 ms by a 100 ms unconditioned
airpuff (McGlinchey-Berroth et al., 1995). The tone and the airpuff terminated
simultaneously. Participants in this study included four alcoholic Korsakoff patients, 10
recovered chronic alcoholics and 10 age matched controls. The data revealed that the
Korsakoff patients were unable to acquire CR’s above a baseline level and that the
recovered alcoholics were severely impaired in acquisition relative to the control
participants. This impairment in acquisition was attributed to cerebellar degeneration due
to chronic alcoholism.

The cerebellum is also important in the timing of learned motor responses. For
example, neuropsychological studies conducted by Ivry and his colleagues have indicated
that the cerebellum is critical for the normal operation of an internal timing mechanism
that could underlie the timing of classically conditioned eyeblink responses. Their
studies have suggested that the cerebellum computes on-line intervals between successive
stimuli that are important for the perception of time, production of response sequences,
and in computing the intervals between stimuli and responses (Ivry & Keele, 1989; Ivry,
Keele, & Diener, 1988). Additionally, Ivry and Diener (Ivry & Diener, 1991), in a series
of three experiments, found that patients with cerebellar lesions were normal in making
position judgments, but were impaired in making judgments about the velocity of moving
stimuli. The patient group studied by Ivry and Diener was mixed including four unilateral
lesions (3 right side; 1 left) and 16 diffuse bilateral lesions (primarily secondary to

atrophy and affecting the hemispheres and posterior vermis).
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Woodruff-Pak and her colleagues have examined the relationship between
eyeblink conditioning and a possible cerebellar timing mechanism. In one study,
Woodruff-Pak, Papka and Ivry (Woodruff-Pak et al., 1996) reported that CRs in normal
participants were correlated negatively with a measure of clock variability in the timed-
interval tapping task (Ivry & Keele, 1989). Further, Woodruff-Pak and Jaeger
(Woodruff-Pak & Jaeger, 1997) found that the variability in this timing task was a
significant predictor of conditioning performance across a wide age range.

Perrett, Ruiz and Mauk (Perrett, Ruiz, & Mauk, 1993) investigated the possible
contribution of the cerebellar cortex in temporal learning using classical eyeblink
conditioning in rabbits. Using the temporal discrimination paradigm developed by Mauk
and Ruiz (Mauk & Ruiz, 1992), the animals were trained using two discriminable tone
CSs that were individually associated with two different interstimulus intervals (ISIs).
Both ISIs were followed by an airpuff US. After the rabbits had learned the temporal
discrimination (i.e., their CRs were appropriately timed as a function of the CSs) they
received aspiration lesions of the cerebellar cortex. Following the lesions, both CSs
elicited similarly timed CRs that peaked at very short latencies.

The above studies suggest that the cerebellar cortex may be the locus of a timing
mechanism that controls various aspects of learned behavior. The current study
examined this possibility directly, using an eyeblink conditioning paradigm similar to that
of Mauk and Ruiz (Mauk & Ruiz, 1992). Several predictions were made with regard to
the performance of chronic alcoholics currently abstinent from alcohol in this temporal
discrimination task. Of primary interest, assuming that cerebellar degeneration does

negatively affect an internal timing mechanism, it was predicted that the peak latency of
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CR’s would be less adaptive (i.e., occur earlier) for abstinent alcoholics than for control
participants. Therefore, it was predicted that the abstinent alcoholics would be impaired
in learning the temporal discrimination. That is, they would not be as precise as control
participants in timing their CR’s in strict relation to the two different ISI’s. Secondarily,
based on our earlier study (McGlinchey-Berroth et al., 1995) it was expected that the
abstinent alcoholics’ percentage of CR attained would be reduced compared to control
participants.

METHODS

Subjects
The subjects in this study were recruited from the Memory Disorders Research

Center in Boston, MA by way of distribution of flyers at local institutions and
advertisements in local newspapers. Each had participated in previous eyeblink
conditioning studies.

Chronic alcoholics currently abstinent from alcohol (ALC) participants. Twelve
abstinent alcoholic individuals were tested, including eleven men and one woman. All of
the abstinent alcoholic participants had abstained from drinking for at least three months
prior to participating in the study. Abstinent alcoholics reported a significant history of
alcohol abuse that ranged in duration from five years to 41 years. The mean length of
abuse was 20.9 years (SE=3.02). As assessed with the Self-Administered Short
Michigan Alcoholism Screening Test (SMAST) (Selzer, Vinokur, & van Rooijen, 1975),
a self-reported measure of alcoholic behavior, abstinent alcoholics reported scores
ranging from 3 to 13 with a mean score of 8.73 (SE=1.18). Seltzer and colleagues

(Selzer et al., 1975) suggest that a score of 0-1 on the SMAST represents a nonalcoholic
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profile, a score of 2 indicates a possible alcoholic profile, and a score of 3 or higher
represents an alcoholic profile.

Demographic and neuropsychological characteristics of the abstinent alcoholic
participants are presented in Table 1. It is clear from these data that all of the participants
had preserved intellectual function, as indicated by their performance on the Verbal
Intelligence Score (M=104, SE=3.72) of the Wechsler Adult Intelligence Scale-Revised
(WAIS-R) (Wechsler, 1991). In addition, all of the participants demonstrated intact
memory and attentional abilities as assessed by the Wechsler Memory Scale-Revised
(WMS-R) (Wechsler, 1987). All participants scored within normal limits on tasks of
attention and acquisition, retention, and retrieval of verbal and nonverbal material as
assessed by the WMS-R Attention (M=102.7, SE=3.35), General Memory (M=109 4.
SE=4.26), and Delayed Memory (M=102.5, SE=3.80) scores.

Normal control (NC) participants. Twelve control participants (6 men, 6
women) were recruited from a pool of volunteers and were screened to be free of any
neurological disease or illness. The control group was matched to the abstinent alcoholic
participants with regard to age (M=58, SE=3.08), education (M=14, SE=0.59) and verbal
intelligence as measured by the WAIS-R (M=106, SD=3.19). T-tests indicated that the
abstinent alcoholic participants and control participants were equivalent on each of these

measures (p’s>0.13).
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Apparatus

The apparatus used was a modified version of that used for eyeblink conditioning
in the rabbit (Akase, Thompson, & Disterhoft, 1994; Thompson, Moyer, Akase, &
Disterhoft, 1994), and one that we have used in previous eyeblink conditioning studies
with humans (Gabrieli et al., 1995; McGlinchey-Berroth, Brawn, & Disterhoft, 1999;
McGlinchey-Berroth, Carrillo, Gabrieli, Brawn, & Disterhoft, 1997; McGlinchey-Berroth
etal., 1995). Eyeblink movements were monitored with an infrared diode/phototransistor
aimed at the right eye. This device monitors and amplifies light reflectance from the
cornea in a 0-5 VDC range, which is then digitized and stored by the computer. In this
system, eyeblink amplitude is an inverse function of the amount of reflected light
contacting the photo transistor aimed at the cornea. The detector was adjusted so that the
baseline or null setting when the eye was open was near 1V and the highest amplitude
possible, when the eye was fully closed, was less than 5V. The detector and the air-puff
delivery nozzle were attached to an adjustable arm that was mounted on a headband worn
by the participants.

Stimuli

There were 2 clearly discriminable CSs. CS1 was an 85dB, 1kHz tone and CS2
was an 85dB, 5kHz tone. The tones were delivered binaurally over earphones and were
presented for a total of either 450 or 850 ms. The US was a 100 ms, corneal air-puff
delivered to the right eye that coterminated with the CS. The magnitude of the air-puff
averaged 3 psi. The assignment of CS1 and CS2 to ISI1 (350 ms) and ISI2 (750 ms) was
counterbalanced across subjects.

Procedure
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Participants were brought into the laboratory individually where the examiner
went over the informed consent form with them. After providing consent, they were
seated in a upright chair and the examiner fitted them with the eyeblink apparatus.
Throughout the session, the experimenter sat in the same room, out of the direct view of
the participant and answered questions as they arose. The experimenter read the
following instructions:

“Please listen carefully to the following instructions. Remain

seated comfortably and look straight ahead, avoiding all eye movements

such as looking around the room. Please do not touch the headband or

earphones at any time during the experiment yet if you feel uncomfortable

or feel you need to adjust anything please let me know and I will stop the

experiment to make any adjustments.

You will hear and feel a series of stimuli during the session. These
stimuli will consist of some tones or beeps and a light puff of air. Please

feel free to blink whenever you want. All you are asked to do is to

concentrate on what is going on and just let your natural reactions take

over.”

Each conditioning session consisted of a total of 90 conditioning trials. For
approximately half of the participants, CS1 was presented followed by the 350 ms ISI
before US onset, and CS2 was presented followed by the 750 ms ISI before US onset.
For the remaining half of the participants, the reverse was true (CS2 was presented
followed by the 350 ms ISI before US onset, and CS1 was presented followed by the 750

ms ISI before US onset). There were 45 trials of each trial type presented in random
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order. There were 30 extinction trials following the conditioning trials. During
extinction, the 2 CSs were presented alone, also in random order. A schematic diagram
of the two types of conditioning trials is presented in Figure 1. Prior to the onset of each
trial, there was a 650 ms baseline recording period. The inter-trial interval during
conditioning and extinction averaged 10 seconds, but varied randomly from 8 to 12
seconds.
Definitions

An eyeblink was only scored as a CR if it was four standard deviations greater
than the mean baseline response amplitude. Eyeblinks with a latency less than 100 ms
following CS onset were recorded as alpha responses and not considered CRs
(Gormezano, 1966). Additionally, the number of nonadaptive CRs were tabulated.
These were responses that met the criteria for a CR but there was a partial opening of the

eyelid prior to the onset of the US.

RESULTS
The primary dependent measures used to determine the extent to which

participants acquired the temporal discrimination were CR onset latency and CR peak
latency. CR onset latency refers to the time at which the CR amplitude first reaches four
standard divisions above baseline. Alternatively, CR peak latency represents the time at
which the given CR is at its highest amplitude. CR peak latency likely captures the level
of adaptiveness of a CR (optimally, a CR will peak just before the onset of the airpuff).
Each of these measures were analyzed using Analysis of Variance with Group (ALC,

NC) as a between subjects factor and ISI (350, 750) as a within subjects factor. The
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overall level of acquisition of CRs was similarly examined with a Group by ISI ANOVA,
as were other measures of performance including CR and UR amplitude. Analyses of
Covariance (ANCOVA) with a Group by ISI were performed to investigate the role of
age and number of spontaneous blinks on dependent measures of learning. Correlational
analyses were performed to investigate the relationship between measures of severity of
alcoholism, age, and dependent variables. Lastly, possible group differences in the
number of spontaneous and nonadaptive eyeblinks were assessed with one-way
ANOVA:s.

Temporal Discrimination Learning

ANOVA on CR onset latency revealed only a main effect of ISI, F(; 2,,=60.70,
p<0.001, suggesting a shift in latency from the 350 ms ISI (M=243.96; SE=7.17) to the
750 ms ISI (M=360.14; SE=14.07). This shift in CR latency was similar in extent for
both groups, as the interaction term was not significant.

An impairment in temporal discrimination learning was evident in the CR peak
latency. For this measure, ANOVA revealed a main effect of Group, F; ,,=14.50,
p=0.001, indicating that the NC participants’ peak latency occurred significantly later
(M=464.94; SE=30.34) than the ALC participants (M=399.82; SE=25.01). In addition,
there was an overall significant shift in peak latency, F(;,,=277.23, p<0.001, from the
350 ms ISI (M=311.26, SE=5.37) to the 750 ms ISI (M=553.49, SE=18.27). This shift,
however, differed in extent between the two groups, as evidenced by a significant
interaction between Group and ISI, F; 2,,=6.38, p=0.05. As depicted in Figure 2, the peak
latency did not differ between the two groups at the 350 ms ISI, F; ,,=1.9 (ALC:

M=297.07, SE=7.73; NC: M=325.45,SE=4.91), but did differ significantly at the 750
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ms ISI F(; =24.51, p<0.001 (ALC: M=502.57, SE=25.24; NC: M=604.43, SE=16.96).
This alteration suggests that the abstinent alcoholics did not learn the temporal
discrimination as well as the control participants.

CR Acquisition

The mean percentage of CRs was calculated for the final 250 ms of the CS-US
interval. This was done to equate the two ISI’s with regard to the opportunity for a CR to
occur. As shown in Figure 3, overall, abstinent alcoholics were significantly impaired in
acquisition, as indicated by a significant main effect of Group for the percentage of CRs
produced, F; 2,=13.53, p=0.001. Control participants produced an average percentage of
41.76 (SE=3.20) CRs, whereas abstinent alcoholics produced only an average percentage
of 23.70 (SE=3.69) CRs. Neither the main effect of ISI nor the interaction between
Group and ISI was significant (p>0.2).

The percentage of trial on which a CR occurs is expected to increase during the
initial phases of learning. To examine the rate of learning or acquisition, linear
regression analyses were performed for each group separately for the first five blocks of
trials. The linear function was significant for both the control participants, F; ;=68.27,
p=0.001, and for the abstinent alcoholics, (F;,3=20.69, p<0.05. The functions were
characterized by an intercept of 30.41 and slope of 3.25 (R?=.99) for the control
participants, and an intercept of 14.5 and a slope of 3.33 (R?>=.87) for the abstinent
alcoholics.

The CR amplitude is measured as peak amplitude and refers to the amount of light
reflected back at the photo transistor during a CR. CR amplitude may vary from eye open

(approximately 1000 mV) to eye closed (approximately 4000 mV). UR amplitude is the
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same measure during the UR period. The CR amplitude measure differed only as a
function of ISI, F(;,,=5.11, p=0.05. At the 350 ms ISI, CR amplitude averaged 2408.68
microvolts (SE=132.23), whereas at the 750 ms ISI it averaged 2638.08 (SE=145,20).
Similarly, UR amplitude differed only as a function of ISI, F »,,=4.87, p=0.05. UR
amplitude averaged 2416.60 microvolts (SE=67.97) at the 350 ms ISI, and 2349.04
(SE=75.29) at the 750 ms ISI. There were no systematic differences observed in the
number of short latency alpha responses. In fact, few were observed for both the
abstinent alcoholics (M=4.08, SE=0.49) and the control participants (M=3.00, SE=0.60).
One-way ANOVA revealed that there was no group difference in the number of
unadaptive CRs. The abstinent alcoholics averaged 6.0 unadaptive CRs, and control
participants averaged 4.8 unadaptive CRs. Additionally, abstinent alcoholics (M=47.08,
SE=5.74) produced significantly more spontaneous eyeblinks, F; ,,=7.28, p=0.05, than
control participants (M=29.08, SE=3.39). Group by ISI ANCOV As revealed that number
of spontaneous blinks was not a significant covariate in percentage CRs, peak latency,
CR amplitude, or UR amplitude. The fact that the spontaneous blink rate was
relatively high in both groups, but more so for the abstinent alcoholics, raises concern
that a number of CRs may have been excluded from the analysis. Recall that according
to our criteria the amplitude of a CR must exceed four standard deviations from the
average baseline amplitude. If a spontaneous blink occurs in the baseline, the threshold
for a CR to exceed the four standard deviation minimum is higher. This possibility has
implications for the observed deficit in CR acquisition in the abstinent alcoholics’, given
that their spontaneous blink rate was greater than the control participants’. It is unclear

precisely what the effect of a spontaneous blink during the baseline period has on the
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onset, peak, and amplitude of a subsequent eyeblink. Thus, while not an ideal solution,
the number of CRs were visually assessed by two blind raters for all participants on a
trial-by-trial basis. Only those eyeblinks for which both raters judged to be a CR were
counted. CRs were included in the count whether or not there was a spontaneous blink
during the baseline period. This resulted in an increase in the percentage of trials on
which a CR occurred considerably for both groups (abstinent alcoholics: M=53.80,
SE=0.052; control participants: M=66.80; SE=0.035). A one-way ANOVA, however,
indicated that the level of acquisition for the abstinent alcoholics remained significantly
less than control participants, F(; ,,=4.35, p=0.05.

Although not significantly, the mean age of the abstinent alcoholics (M=64) was
older than that of the control participants (M=58). To ensure that our results were not
confounded by age, correlation analyses were performed to confirm that within each
group, age did not correlate with any of our target behavioral measures. In the abstinent
alcoholics, Pearson two-tailed correlations ranged from .08 - .49 (p’s > .10). In the
normal participants, correlations ranged from .13 - .40 (p’s >.20). To further address this
issue, age was also entered as a covariate in the analyses. Group by ISI ANCOV As
revealed that age was not a significant covariate in percentage CRs, peak latency, CR
amplitude, or UR amplitude.

Correlational analyses were also performed to investigate the relationship
between measures of severity of alcoholism and dependent variables. Severity of
alcoholism was assessed with the SMAST and the length of alcohol abuse history (self-
report measure, in years). Results of two-tailed Pearson correlations revealed that peak

latency at both intervals was significantly related to SMAST score (350 ms ISI:
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correlation of -.502, 750 ms ISI: -.562, p’s<.05). Percentage of CRs at the longer ISI
interval was also significantly correlated with SMAST score (r =-.579, p<.05). Length of
alcohol history did not correlate significantly with any of the dependent measures.
Extinction

The mean percentage of CR’s during extinction was assessed with a Group by ISI
ANOVA. The percentage of CRs for the abstinent alcoholic participants (M=22.42;
SE=3.41) did not differ significantly from the normal control participants (M=23.06;
SE=4.28) and Group did not interact with ISI, p’s>0.7.

DISCUSSION

The ability of abstinent alcoholics to learn a temporal discrimination in the
context of a delay eyeblink conditioning paradigm was assessed. There were two
primary findings. First, with regard to temporal discrimination learning, abstinent
alcoholics showed a significant alteration in the peak latency measure indicating an
impaired ability to adjust the peak of their CRs to provide maximum protective benefit
from the US. Interestingly, however, CR onset latency did not differ from control
participants, suggesting that it is the timing of the peak but not the onset of the CR that is
altered. Our second primary finding was that abstinent alcoholics were impaired, overall,
in their level of CR acquisition; a finding that is reminiscent of our previous findings
using a single CS-US delay associative learning paradigm (McGlinchey-Berroth et al.,
1995). The rate of acquisition was decreased relative to the control participants.

The finding of impaired temporal discrimination learning with regard to the
precise timing of CRs was predicted based on the neuropathology that typically

accompanies chronic alcoholism. As noted above, such pathology often leads to
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cerebellar cortical atrophy. Numerous neuropsychological studies have documented that
the cerebellar cortex is critical in processes related to the timing of motor and certain
cognitive functions (for a review of cerebellar function see (Schmahmann, 1997). More
specifically, this finding supports the assertion by Perrett, Ruiz, and Mauk (Perrett et al.,
1993) that the cerebellar cortex is responsible for the timing aspects of eyeblink
conditioned responses, whereas the deep cerebellar nuclei are responsible for the learning
and expression of the CR (as evidenced by many animal and human studies (see
(Woodruff-Pak & Steinmetz, 2000a, 2000Db)).

Medial temporal lobe amnesic patients have also been found to show an alteration
of approximately 50 ms in the peak latency measure in a temporal discrimination
paradigm (McGlinchey-Berroth et al., 1999). Taken together, these findings suggest that
the two systems likely work in concert to modulate the expression of the peak of the
conditioned response. Given that damage to the cerebellum produces an alteration that is
twice as large as that seen following damage to the hippocampal system (100 ms
alteration in abstinent alcoholics the current study compared to a 50 ms alteration in the
medial temporal patients in the previous study), it is likely that the cerebellar cortex may
play a more important role in the timing of this motor response. However, given the
evidence that alcohol is known to also affect the hippocampus and the similar impairment
observed in both the abstinent alcoholics and medial temporal lobe patients, it is possible
that hippocampal damage is also contributing to the timing deficit. In fact, the timing
deficit observed in the abstinent alcoholics may reflect the additive effects of damage to
the hippocampus and the cerebellum, resulting in the greater timing deficit observed in

the alcoholic group as compared to the amnesic group.
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It is unclear why this deficit in timing occurred only at the longer ISI interval.
Results from the animal literature suggest that, in general, training with longer ISI
intervals is more difficult. Powell and colleagues have demonstrated that delay
conditioning deficits are observed at longer intervals, but not shorter ISIs, following
lesions to the mediodorsal nucleus of the thalamus (Buchanan, Penney, Tebbutt, &
Powell, 1997). This phenomenon of impaired performance at longer ISIs is referred to as
“nonoptimal learning conditions”, and may be similar to the deficit demonstrated by the
abstinent alcoholics at the longer learning interval.

Interestingly, measures of severity of alcohol abuse were found to correlate
significantly with timing of the CR and with acquisition at the longer interval. These
correlations indicated that the more severe the history of alcoholic behavior is, the greater
impairments will be in regard to basic associative learning and timing of those learned
responses.

The overall impairment in acquisition of CRs in this temporal discrimination task
suggests that the cerebellar atrophy in the alcoholic participants may not have been
limited to the cerebellar cortex and may have extended into the deep cerebellar nuclei
(see above). Interestingly, the magnitude of the impairment observed in the current study
was similar to what we found in a previous study using simple CS-US delay eyeblink
conditioning (McGlinchey-Berroth et al., 1995). Thus, even though acquisition was
greater overall in the current study than in our earlier study (most likely due to the
pseudo-conditioning trials that preceded the acquisition trials in the earlier study), the
magnitude of impairment was similar. Specifically, in the current study, the mean

difference in the percentage of CRs between the abstinent alcoholics and control
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participants was 16, whereas the mean difference in the earlier study was 15. Whether
this level of performance in the alcoholic participants represents their asymptotic level of
performance is unclear based on these two studies but could be addressed in future
studies providing additional training for the alcoholic participants.

Alcoholic participants produced a greater number of spontaneous eyeblinks
(M=48) than did control participants (M=31). This finding was not present in our earlier
data (McGlinchey-Berroth, et al. 1995). While the actual number of trials on which
control participants produced a spontaneous blink in the current study was higher than the
previous study, the percentage of trials with a spontaneous blink did not differ (M=0.34
in the current study and M=0.33). Thus, the difference observed in the current study was
due to a higher rate of spontaneous blinks in the abstinent alcoholics. It is possible that
the high rate of spontaneous blinks reflects a state of increased disinhibition due to
cerebellar cortical degeneration. It is well known that Purkinje cells present in the
cerebellar cortex act to inhibit activity in the deep cerebellar nuceli (Thompson, 1991).
Perhaps such disinhibition also leads to greater numbers of trials on which spontaneous
eyeblink occur in more complex paradigms such as the temporal discrimination paradigm
used in the present study.

In sum, the use of eyeblink classical conditioning has proven to be very useful in
evaluating the cognitive sequelae of chronic alcoholism. Using this approach we have
revealed impairments in the overall learning of a simple associative relationship that
seems to generalize to more complex learning paradigms. In addition, we have found a
not-so-subtle alteration in alcoholics’ ability to express the temporal aspects of an

eyeblink conditioned response in such a way as to maximize its protective benefit.
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Lastly, the current study provides support for the notion of an interacting relationship
between the cerebellar cortex and the hippocampal system with regard to the temporal
expression of CRs. Together with our previous findings, it appears that the cerebellar
cortex may play a more significant role in regulating the topography of the conditioned
response than the hippocampal system, although both clearly are important in this regard.
An important next step in understanding the observed impairments in the performance of
recovered chronic alcoholics in eyeblink classical conditioning is to conduct these studies
in conjunction with structural neural imaging studies. Informed by such imaging studies,
the performance of abstinent alcoholic participants can help to further refine our
understanding of the neural underpinnings of eyeblink conditioning in humans, and
conversely, help to unambiguously interpret the behavioral deficits observed by

understanding what brain regions are dysfunctional in the abstinent alcoholics.
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Table 1
Demographic and Neuropsychological Characteristics for Abstinent Alcoholic and

Normal Control Participants.

Subject Age Education WAIS-R WMS-R SMAST Length of
Verbal IQ  General  Attention Delayed Score Alcohol
Memory Memory Abuse
Abstinent Alcoholics:
1 68 10 91 91 96 89 7 25
2 59 16 128 - - - 3 10
3 70 16 120 114 107 108 13 10
4 63 12 95 97 88 95 11 30
5 71 12 98 119 110 115 11 30
6 54 12 98 - - - 10 26
7 68 14 91 95 106 89 3 20
8 54 12 93 96 92 84 7 5
9 77 15 113 123 118 108 5 14
10 61 13 93 110 90 116 13 41
11 66 13 110 124 115 108 13 25
12 56 16 116 125 105 113 - 15
MEAN 64 (2.11) 134 104 1094 102.7 102.5 8.73 2092
(SE) (0.57) (3.72) (4.26) (3.35) (3.80) (1.18) (3.02)
Normal Control Participants:
1 73 12 93 0 0
2 57 16 115 0 0
3 62 13 114 0 0
4 52 18 115 0 0
5 68 12 107 0 0
6 45 14 94 1 0
7 37 13 97 1 0
8 65 12 117 0 0
9 67 12 100 0 0
10 48 16 97 0 0
11 61 14 97 0 0
12 63 16 126 0 0
MEAN 58 14 106 0.17 0
(SE) (3.08) (0.59) (3.19) (0.11)

Note: The control participants were not tested on the WMS-R. Means and standard
errors (SE) are presented for each group. The WAIS-R and the WMS-R scaled scores
yield a normalized, age-adjusted mean of 100. The WMS-R does not provide scores
below 50. Age, Education, and Length of Alcohol Abuse are expressed in years. WMS-
R data for Recovered Alcoholic Participant #2 and #6 are unobtainable.
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Figure Captions

Figure 1: Time course of the temporal discrimination task. For half of the subjects,
trial type 1 used the CS2 and trial type 2 used the CS1. A random
sequence of trial types 1 and 2 were presented.

Figure 2: Mean peak latency for CRs in the 350 and 750 ISI conditions displaying
the significant alteration in timing in the abstinent alcoholic participants.

Figure 3: The mean percentage of CRs for the final 250 ms of the CS-US interval in
the 350 and 750 ISI conditions displaying the significant deficit in

acquisition in the abstinent alcoholics.
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