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INTRODUCTION

Central noradrenaline plays a key role in brain activation. Clonidine, an antihypertensive 02-
adrenergic receptor agonist, creates a state resembling sleep deprivation and has been shown
to impair sustained attention,'™! reduce alertness'” and slow saccadic eye movements.”®! The
effects of Clonidine on attention have been shown to be blocked by the selective antagonist
Idazoxan™ and similar effects have been observed for subjective alertness™® and eye
movements.®! The effects of these noradrenergic drugs on cardiovascular function, often
considered as an index of arousal, have also been investigated.'® Blood pressure was stable in
the placebo group, increasing after being given Idazoxan and decreasing after ingestion of
Clonidine. The combination of ldazoxan and Clonidine led to different results for diastolic
and systolic blood pressure. Systolic blood pressure was increased in the combined condition,
although to a lesser extent than when Idazoxan was given alone. Diastolic pressure was
constant during the first two post-treatment sessions but declined in the third session to 95%
of baseline. Blood pressure was higher at all sessions for those who received lIdazoxan and

Clonidine compared to those who only received Clonidine.

There has been extensive research on the effects of noise on performance, with my own
research leading to over 50 publications!*®¥! over a fifty-year period. The effects of noise on
performance have been explained by changes in arousal.’®*®® Loud noise initially increases
arousal, which can lead to improvements in certain tasks.*>°"%4€% | onger noise exposure
leads to over-arousal, which can then give rise to fatigue and impaired performance. The
antagonistic effect of noise on low levels of arousal, such as those due to sleep

deprivation, 67

provides strong support for the arousal theory of noise. The studies of noise
and Clonidine can be interpreted in a similar way. Tasks and subjective ratings carried out
soon after the start of the noise showed a significant reduction of the effects of Clonidine by
the noise. Prolonged exposure to noise did not reduce the effects of Clonidine because it no

longer increased arousal.

The present analyses continued to examine the effects of noradrenergic drugs on
performance. The tasks reported here were four-choice reaction time tasks carried out at the
beginning and end of a one-hour noise exposure. It was predicted that Clonidine would lead
to psychomotor slowing and that this effect would be blocked by Idazoxan. It was also
predicted that the initial noise exposure would reduce the effect of Clonidine but that this

effect would not be observed with prolonged exposure to the noise. The tasks also allowed
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the investigation of the effects of noise and noradrenergic drugs on the selectivity of
attention. Prior research has shown that noise biases attention towards the high probability or
dominant feature of the tasks.®*®®! One study used a choice reaction time task where one
target was more probable than others.™® The reaction times to the more probable target were
faster than those to the less probable, and this biased probability effect was greater in noise
than quiet. The effects of the noradrenergic drugs and noise on the biased probability effect

were also examined in the present analyses.

METHODS

Participants

Seventy-six males aged 18-35 years consented to participate. All the volunteers had their
medical history checked, were given a physical examination, and had haematology and
biochemistry tests. Exclusion criteria were taking medication, drinking more than 21 units of
alcohol per week, and having clinically relevant current or past illnesses (e.g., hypertension
or psychiatric disorders). Participants were told not to drink alcohol on the night before the
test study. The research was approved by the medical ethics committee and conformed to the

standards of the Declaration of Helsinki.

Design

A randomised, double-blind, between-participants group design was used, with volunteers
being divided into two groups who performed the post-treatment test in either quiet or 80dB
white noise played through headphones. These two groups were randomised into four drug
conditions: placebo, 200ug Clonidine; 40mg ldazoxan, or the combination of 200ug
Clonidine and 40mg ldazoxan. All the drugs were administered orally and given as two
opaque capsules. There were, therefore, eight groups with 9-10 volunteers per group. The
drug doses were selected based on effects observed in previous studies. All participants were
familiarised with the task battery in a separate practice session prior to the test day. On the
test day, the baseline session (conducted in quiet) started at 09.30, and the drugs were
administered at 10.30. Post-drug sessions started at 11.00, 13.00 and 15.00. A light lunch was
given at 12.30. The test battery lasted for approximately one hour, and one four-choice

reaction time task was carried out near the start of the session and the other near the end.

Four choice reaction time tasks
Two four-choice reaction time tasks were used. The first, carried out near the start of each test

session, involved pressing the appropriate key on a response box when one of the letters A, B,
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C or D was presented in the centre of the computer screen. Three of the letters were presented
50 times, and the other 100 times. The second task was identical, except that the stimuli were
presented in the four corners of the screen. Reaction times were measured to the nearest msec

using a timer card in the computer.

Analysis strategy

Analyses of covariance (ANCOVASs) were used to analyse the data. The mean reaction time
scores in the post-drug sessions were used as the dependent variables, and separate analyses
were conducted for the central and different location tasks. Noise and drug conditions were
the between-subject factors. The baseline score for each task was used as the covariate, and
the within-subject factor was testing sessions.

RESULTS

Four-choice reaction time task central presentation of letters

The results from this task are shown in Table 1. There was a significant effect of drug
conditions (F 3, 49 = 7.46 p <0.005). Reaction times were slowest in the Clonidine condition
and fastest in the ldazoxan condition. The combination of Idazoxan and Clonidine reduced
the slowing seen in the Clonidine condition. There was also a significant drug x noise
interaction (F 3,49 = 3.03 p < 0.05). In the quiet condition, Clonidine was associated with the

slowest reaction time, an effect that was greatly reduced by noise.

Table 1: Effects of drug and noise on mean reaction time in msec (scores are the
adjusted means from the ANCOVA).

Placebo Idazo?qn * Idazoxan Clonidine
Clonidine
Quiet 567 554 529 732
Noise 542 602 524 583
Overall 554 578 526 657

Four-choice reaction time task stimuli presented in the corners of the screen

There was a significant effect of drug condition (F 3, 49 = 4.59 p < 0.01). The mean reaction
time in the placebo condition was 538 msec. Reaction times were slowest in the Clonidine
condition (mean = 607 msec) and fastest in the Idazoxan condition (mean = 501 msec). The
combination of ldazoxan and Clonidine removed the slowing seen in the Clonidine condition

(mean =525 msec). The noise x drug interaction was not significant.
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Effect of the biased probability

There was a significant effect of the probability of occurrence of the different stimuli in both
tasks (Central task: F 3, 149 = 15.69 p < 0.0001; Different location: F 3, 149 = 8.81 p <
0.0001). The mean reaction time for the high-probability letter in the central task was 536
msec, and the mean for the lower-probability letters was 585 msec. The size of the biased
probability effect was not modified by the drugs or noise. In the different location tasks, the
mean reaction time for the high-probability letter was 462 msec, and the mean for the lower-
probability letters was 570 msec. Again, the size of the biased probability effect was not

modified by the drugs or noise.

DISCUSSION

The results from the present analyses confirm the findings from a sustained attention task and
subjective alertness ratings.*? These earlier analyses showed that Clonidine led to more
lapses of attention and lower alertness and that these effects were removed by Idazoxan and
by exposure to noise. The present analyses and the earlier analyses of alertness considered the
effects of the drugs and noise at the start and end of the test session. The results from the
central location four-choice task carried out at the start of the session agreed with the results
on lapses of attention and subjective alertness at the start of the session. Initial exposure to
noise increased alertness, and this effect was very clear in the Clonidine condition, which
reduced alertness. In this respect, the present results confirm those from the noise-sleep
deprivation literature, where noise reversed the low alertness seen in sleep-deprived
individuals.[**%!

Longer exposure to noise reduces alertness, and impaired performance is often observed
following prolonged exposure to noise.®®*1 It was predicted, therefore, that, as in the
alertness analyses, longer exposure to noise would not reverse the effect of Clonidine. This
was obtained in the analysis of the different locations four-choice task carried out at the end
of the session. Clonidine still reduced performance at this time, and this slowing of reaction
times was blocked by ldazoxan. Idazoxan alone led to the fastest reaction times, possibly

because it restored function when it was below the optimum.

The four-choice reaction time tasks had some stimuli that were more probable. These were
responded to more quickly, but this biased probability effect was not modified by drug
conditions or noise. This suggests that previous effects of noise on this task reflect strategy

selection when first exposed to noise.™
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The present study had several limitations. First, continuous white noise was used, and the
literature shows that different effects are found with other types of noise. Another limitation
was that only single doses of the drugs were used, and it is possible that a different profile of
results would be observed with larger or smaller doses.

CONCLUSION

In conclusion, previous research has shown Clonidine induces a state similar to sleep
deprivation and impairs sustained attention and subjective alertness. Noise and the selective
antagonist, ldazoxan, block the Clonidine-induced impairment of sustained attention and
alertness at the start of the test session. These effects were found in the present analysis of the
speed of reaction in a four-choice task carried out near the start of the test session. Prolonged
exposure to noise did not have an alerting effect in the Clonidine condition and did not
remove the slowing observed in a four-choice task. Idazoxan increased the speed of reaction
when the person was given Clonidine and towards the end of a fatiguing test session. Neither
drug condition nor noise changed the biased probability effect, which suggests that the
noradrenergic system may not influence selective attention. Further research with different

types of tasks is required to examine selectivity in memory and attention in more detail.
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