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Clonidine, but not Guanfacine, Impairs
Choice Reaction Time Performance in Young
Healthy Volunteers

 

P. Jäkälä, M.D., Ph.D., M. Riekkinen, M.D., Ph.D., J. Sirviö, Ph.D., E. Koivisto, M.Sc., 

 

and P. Riekkinen Jr., M.D., Ph.D.

 

The present study compares the effects of two 

 

a

 

2

 

-
adrenoceptor agonists, clonidine (0.5, 2, and 5 

 

m

 

g/kg, p.o.), 
and guanfacine (7 and 29 

 

m

 

g/kg, p.o.), in young healthy 
volunteers on attentional performance. A placebo-controlled 
double-blind cross-over design (one drug dose/group) was 
employed. Neither of the drugs affected measures of motor 
performance or performance at easy levels in an attentional 
test. However, at the most difficult level in the attentional 
test, the highest dose of clonidine (5 

 

m

 

g/kg), but not 
guanfacine, decreased the number of correct responses and 
increased reaction latency. Clonidine 5 and guanfacine 29 

 

m

 

g/kg equally increased subjective feelings of sedation and 
reduced systolic and diastolic blood pressures. Thus, the 

effects of the drugs on attentional performance could be 
dissociated from their sedative effects. The results 
demonstrate that clonidine, but not guanfacine, disrupts 
performance in an attentional task requiring effortful 
processing, while leaving performance intact in tests 
requiring more automatic processing. The lower 

 

a

 

2A

 

- vs. 

 

a

 

2C

 

-adrenoceptor selectivity ratio of clonidine and the 
affinity for 

 

a

 

1

 

-adrenoceptors of clonidine may be responsible 
for the different action of these drugs on attention. 
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Noradrenaline-containing neurons of the locus coer-
uleus (LC), arising from the brainstem, form one of the
ascending modulatory systems innervating the fore-
brain (Foote and Morrison 1987). Electrophysiological
studies have demonstrated that the LC noradrenergic

system plays an important role in arousal, vigilance,
and responses to novel, salient stimuli (Foote and Mor-
rison 1987; Harley 1987; McCormick 1989; Aston-Jones
et al. 1990; Berridge and Foote 1991; Riekkinen P Jr et al.
1993). The firing rate of LC noradrenergic neurons is
regulated by 

 

a

 

2

 

-adrenergic autoreceptors (Aghajanian
et al. 1977; Aghajanian and VanderMaelen 1982; Arn-
sten 1998). Activation of these receptors causes autoin-
hibition of noradrenergic neurons, whereas blockade of
these receptors increases the firing rate of LC neurons
and the release and turnover of noradrenaline in brain
(Cederbaum and Aghajanian 1976; Langer 1987). How-
ever, a major portion of 

 

a

 

2

 

-adrenoceptors is localized on
non-noradrenergic cells that receive a noradrenergic in-
put, i.e., post-synaptic to LC noradrenergic neurons
(U’Prichard et al. 1979; Aoki et al. 1994; Scheinin et al.
1994).
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Using a single test of sustained attention and vigi-
lance, i.e., the five-choice serial reaction time task, it has
been possible to probe the neurochemical basis of atten-
tion in rats (see Robbins and Everitt 1994). In this task,
lesion of the ascending LC projections in the dorsal no-
radrenergic bundle (DNAB) reduces accuracy if the vi-
sual targets are presented unpredictably or the rats are
distracted by bursts of white noise (Carli et al. 1983;
Cole and Robbins 1987; Cole and Robbins 1992), sug-
gesting that DNAB lesion selectively impairs effortful
or controlled information processing occurring in a
novel situation or in a situation placing an additional
load on attention processing resources, while leaving
automatic processing and well trained performance,
largely unchanged (Cole and Robbins 1992). In the
same task, an 

 

a

 

2

 

-adrenoceptor agonist, dexmedetomi-
dine, increases errors of omission and decreases behav-
ioral activity (Sirviö et al. 1994), whereas an 

 

a

 

2

 

-adreno-
ceptor antagonist, atipamezole, increases the number of
premature responses indicating facilitation of behav-
ioral activation (Jäkälä et al. 1992; Sirviö et al. 1993), and
improves choice accuracy under reduced stimulus in-
tensity conditions (Sirviö et al. 1993).

There is evidence for a role for the 

 

a

 

2

 

-system in the
modulation of attentional functions in humans: 1) In a
sustained attention task, such as a rapid visual informa-
tion processing task, clonidine impairs performance
(Coull et al. 1995a, 1995b); 2) clonidine broadens the focus
of attention (Clark et al. 1989; Coull et al. 1995a, 1995b),
whereas an 

 

a

 

2

 

-adrenoceptor antagonist, idazoxan, nar-
rows the focus of attention (Smith et al. 1992); 3) another

 

a

 

2

 

-adrenoceptor antagonist, atipamezole, improves fo-
cused attention and impairs behavioral and electro-
physiological measures of divided attention (Mervaala
et al. 1993); and 4) clonidine impairs performance in a
focused attention task, and this can be reversed by ida-
zoxan (Smith and Nutt 1996).

Importantly, three subtypes of 

 

a

 

2

 

-adrenoceptors
(

 

a

 

2A

 

, 

 

a

 

2B

 

 and 

 

a

 

2C

 

) have now been cloned in humans (Ko-
bilka et al. 1987; Regan et al. 1988; Lomasney et al.
1990). The three subtypes have a distinct distribution in
the brain areas involved in separate functional systems
(Scheinin et al. 1994), suggesting that modulation of
these subtypes by subtype selective ligands might pos-
sess qualitatively different actions (MacDonald et al.
1997). For example, the hypotensive and sedative ac-
tions of dexmedetomidine were abolished in 

 

a

 

2A

 

-
adrenoceptor functional knock out mice (MacMillan et al.
1996) that correlates with the presence of a high density
of 

 

a

 

2A

 

-adrenoceptors in the nucleus tractus solitarius
and LC (Scheinin et al. 1994). In the monkey prefrontal
cortex, the 

 

a

 

2A

 

 subtype has the densest distribution of
all the three subtypes (Aoki et al. 1994), and the ability
of non-subtype selective 

 

a

 

2

 

-adrenoceptor agonists to
improve prefrontal cortical functions, i.e., spatial work-
ing memory performance, without adverse events in

monkeys corresponded to their relative selectivity for
the 

 

a

 

2A

 

 site (i.e., guanfacine 

 

.

 

 UK-14304 

 

.

 

 clonidine 

 

.

 

BHT920) (see Arnsten et al. 1996). Importantly, the ben-
eficial effect of dexmedetomidine, an 

 

a

 

2

 

-adrenoceptor
agonist, on spatial working memory function is not di-
minished by 

 

a

 

2C

 

-adrenoceptor knock out in mice
(Tanila et al. in press). Furthermore, overexpression of

 

a

 

2C

 

-adrenoceptors retarded the accuracy of the mutant
mice in a water maze spatial memory test and adminis-
tration of an 

 

a

 

2

 

-adrenoceptor antagonist, atipamezole,
fully reversed the deficit induced by overexpression of

 

a

 

2C

 

-adrenoceptors in mice (Björklund et al. 1998).
Dexmedetomidine impaired water maze spatial mem-
ory only in wild type mice, but not in 

 

a

 

2C

 

-adrenoceptor
knock out mice (Björklund et al. 1998, 1999). These re-
sults indicate that stimulation of 

 

a

 

2A

 

-adrenoceptors me-
diates the effects on working memory function (Tanila
et al. in press) and that activation of 

 

a

 

2C

 

-adrenoceptors
may even diminish the beneficial actions of 

 

a

 

2

 

-adreno-
ceptor agonists on cognitive functioning (Björklund et
al. 1998). Furthermore, in humans administration of
guanfacine more effectively stimulated spatial working
memory than clonidine treatment (Jäkälä et al. 1999)
that may be related to higher 

 

a

 

2A

 

/

 

a

 

2C

 

 affinity ratio of
guanfacine. Indeed, 

 

a

 

2C

 

 adrenoceptors are also found in
the LC (Lee et al. 1998) and clonidine may more effec-
tively modulate activity of these receptors than guanfa-
cine. Therefore, it is possible that clonidine may more
effectively than guanfacine inhibit LC firing and impair
function of the ascending noradrenergic fibers in the
modulation of attention. We designed the present study
to compare whether clonidine disrupts attention more
effectively than guanfacine in young healthy subjects.

 

METHODS

Subjects

 

Five separate groups of normal (as indicated by WAIS-
R Vocabulary subtest and verbal fluency tests)
(Borkowski et al. 1967; Wechsler 1992) healthy young
volunteers (aged 23–35 years, 

 

n

 

 

 

5

 

 43; 28 males and 15
females) took part in the drug study. None of the volun-
teers were receiving concurrent medication, nor had a
history of psychiatric, neurologic or cardiovascular ill-
nesses or other medical conditions that could interfere
with central nervous system functions or interpretation
of the results. The studies were approved by the local
ethics committee and national drug regulatory author-
ity, and all subjects provided written informed consent.
All subjects were covered by insurance.

 

Pharmacological Manipulations

 

Five different experimental groups were formed.
Groups 1 (

 

n

 

 

 

5

 

 6; 5 males and 1 female), 2 (

 

n

 

 

 

5

 

 8; 7 males
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and 1 female), and 3 (

 

n

 

 

 

5

 

 8; 7 males and 1 female) re-
ceived 0.5, 2.0, and 5.0 

 

m

 

g/kg, respectively, of clonidine
hydrochloride (Catapressan®, Boehringer Ingelheim),
p.o. in tablet form, or appropriate oral placebo, 90 min
before starting the test session. Groups 4 (

 

n

 

 

 

5

 

 9; 4 males
and 5 females) and 5 (

 

n

 

 

 

5

 

 12; 5 males and 7 females) re-
ceived 7 and 29 

 

m

 

g/kg, respectively, of guanfacine hy-
drochloride (Estulic®, Sandoz Oy), p.o. in tablet form,
or appropriate oral placebo, 90 min before starting the
test session.

 

Procedure and Experimental Design

 

Subjects from each group attended on two occasions (at
least seven days between sessions), and received the
relevant pharmacological manipulation on one occa-
sion, and an appropriate placebo on the other in a coun-
terbalanced order for each group (placebo-controlled
double-blind cross over design) (Hills and Armitage
1979). Both the subject and the investigator were
blinded to the composition of the tablets. Experimental
sessions were started at the same time of each testing
day for each individual subject. The attentional tasks
were given as a part of our larger-scale project investi-
gating the effects of 

 

a

 

2

 

-adrenergic drugs on executive,
attentional and working memory functions. The entire
test session lasted 60–90 min for all the subjects, and the
testing began 90 min post-ingestion of tablets for all the
subjects.

 

Neuropsychological Tests

 

These tasks are part of the CANTAB (Paul Fray Co.) at-
tention battery (Downes et al. 1989) and were run on an
IBM PS/2 Model 30 486 personal computer, with a high
resolution Taxan 770

 

1

 

 colour monitor fitted with an In-
tasolve touch-sensitive screen.

 

Motor Screening Test

 

In this test, a series of crosses was shown in different lo-
cations on the screen. After a demonstration of the cor-
rect way to point, the subjects had to point to crosses as
they appeared on the screen as quickly and accurately
as possible. The test has two purposes. First, it acted as
a training procedure to ensure that the subjects can
point accurately, and second, measures of speed and ac-
curacy were taken which provided an index of the sub-
jects’ motor performance. The mean of ten trials for
both the latency in milliseconds to point accurately to a
cross after it appeared, and accuracy (“error”), i.e., the
distance in millimeters between the first point touched
by the subject and the actual cross, were recorded (Ta-
ble 1).

 

Simple and Choice Reaction Time Test

 

There were five ascending levels of difficulty in this
test, the first four of which acted as training exercises to
prepare the subjects for the final level. In the first stage,
subjects simply had to touch the screen when a yellow
dot appeared in the centre, neither being too early nor
too late. The choice reaction was introduced at the sec-
ond stage, with the dot now appearing in one of five lo-
cations. Subjects were introduced to the use of a touch
pad at the third level. They were required to release
their hand from a touch pad as quickly as possible after
a dot appeared in a single location on a screen. The re-
quirement to release the pad was then combined with
the requirement to touch the screen at the fourth level.
Subjects were required to hold down the touch pad un-
til a single dot appeared in the centre of the screen and
then to touch the position of the dot as quickly as possi-
ble (Simple Reaction Time Test). They were then con-
sidered to be adequately trained for the fifth and final
level, a Choice Reaction Time Test. They were required
to hold down the touch pad until the dot appeared at
one of five locations on the screen, and then point to the
position on the screen where the dot was presented as
quickly as possible. Stimulus display time was 250 msec
for all the stages, and the response was considered cor-
rect if the subject touched the dot when it was dis-
played on the screen or the correct position of the dot
within 5000 msec after the dot had disappeared from
the screen (limited hold). Inter trial interval was 1000
msec for all the stages. At the first three stages, subjects
were required to reach a criterion of 5/6 correct within
18 trials to go on to the next stage. At the fourth stage,
subjects continued until a criterion of 5/6 was reached
or 18 trials had been completed. All the subjects in this
study reached a criterion of 5/6 in the first four stages.
Then, at the fifth stage, the subjects were required to
reach a criterion of 7/8 correct within a maximum of 40
trials. Both accuracy (the number of correct responses
and the number of total moves at each stage) and speed
of response were recorded. For stages 4 (Simple Reac-
tion Time Test) and 5 (Choice Reaction Time Test), the
speed of response was divided into reaction latency (la-

 

Table 1.

 

Effects of Clonidine and Guanfacine on the Test of 
Speed of Motor Performance (Motor Screening Test)

 

Placebo Drug

 

C 0.5 792 

 

6

 

 225 778 

 

6

 

 201
C 2 799 

 

6

 

 201 821 

 

6

 

 179
C 5 772 

 

6

 

 205 778 

 

6

 

 221
G 7 821 

 

6

 

 270 942 

 

6

 

 312
G 29 802 

 

6

 

 184 770 

 

6

 

 164

 

The means of ten trials 

 

6

 

 S.D. for the latency to point in milliseconds
are shown. C, clonidine; G, guanfacine.

Doses are expressed as 

 

m

 

g/kg. Neither of the drugs affected latency or
accuracy of responding in this test.
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tency to release the touch pad) and movement latency
(from release of touch pad to touch of the screen).

 

Visual Analogue Scale

 

After completion of the test session, the subjects were
asked to rate themselves for subjective feelings of “se-
dation/tiredness” by asking them to place a mark on a
100 mm line numbered from 1 to 10, with 1 represent-
ing “not at all” and 10 representing “very much.”

 

Monitoring of Blood Pressure

Blood pressure of the subjects was measured before
they received the study drugs or matching placebo tab-
lets, 90 min afterwards (i.e., just before beginning of the
test session), and after completion of the test session
which lasted for 60–90 min.

Statistical Analysis

The repeated measures cross-over design may carry
with it the problem of practice effects, which may con-
found the validity of the statistical interactions. To re-
veal possible practice effects in these tasks, we had be-
forehand tested a separate group of normal young
healthy control subjects (n 5 12) without any drug
treatment with the same test battery on two occasions
with no less than one week between sessions. No signif-
icant effects on the parameters analyzed in the present
study were found (data not shown). The number of to-
tal responses, the number of correct responses and the
reaction latency at the stage 5 (Choice Reaction Time
Test) was used as the primary performance measures,
as our preliminary studies revealed stages 1–4 to be too
easy to detect subtle accuracy defects. However, we ob-
served that clonidine in this study impaired accuracy at
the stage 5. Therefore, the accuracy of performance at
stages 1–4 was analyzed to evaluate whether the effects
of clonidine on accuracy at stage 5 were due to inferior
performance at easier task levels. Repeated measures
ANOVA was used to analyze treatment group 1–5, rep-
etition (i.e., values measured after placebo and drug),
order of treatment and sex effects and their interactions
with performance. Paired samples T-test was used in
within group comparison of the present data. Values
with p , .05 were considered significant.

RESULTS

Motor Screening Test

Neither clonidine (0.5, 2.0, and 5.0 mg/kg) nor guanfa-
cine (7 and 29 mg/kg) at any of the doses tested affected
latency to point accurately to a cross (Table 1) or the ac-
curacy (data not shown), i.e., the distance between the

first point touched by the subject and the actual cross
(group effect: F(4, 29) 5 1.7, p 5 .17).

Simple and Choice Reaction Time Test

In stages 1–4 of this test, no drug treatment effects by
clonidine or guanfacine on the number of correct re-
sponses, number of total moves or reaction latency
were found (data not shown; group effect: F(4, 29) 5
0.3, p . .1, for all). However, in the Choice Reaction
Time Test (stage 5), clonidine at the highest dose used
(5.0 mg/kg) significantly decreased the number of cor-
rect responses (group by repetition interaction: F(4, 29) 5
3.32, p , .05; placebo vs. clonidine 5 mg/kg: T 5 25.92,
df 5 7, p , .05), and increased the reaction latency
(group by repetition interaction: F(4, 29) 5 2.7, p , .05;
placebo vs. clonidine 5 mg/kg: T 5 24.30, df 5 7, p ,
.05). Lower doses of clonidine (0.5 and 2.0 mg/kg) or
guanfacine (7 and 29 mg/kg) had no effect on the num-
ber of correct responses or reaction latencies in this
stage (placebo vs. drugs: p . .05 for all). The number of
total moves in Choice Reaction Time Test (stage 5) was
not affected by any of the doses of clonidine or guanfa-
cine (group effect: F(4, 29) , 0.5, p . .5 for all). The
combined movement latency from stages 4 (Simple Re-
action Time Test) and 5 (Choice Reaction Time Test)
was not affected by the treatments (group effect: F(4,
29) 5 0.12, p 5 .13) (data not shown). There were no sig-
nificant sex or order effects or interactions between sex,
order and drug group (data not shown).

Visual Analogue Scale

Clonidine and guanfacine at the highest doses used (5
and 29 mg/kg, respectively) increased the subjective
feelings of sedation vs. placebo (group by repetition in-
teraction: F(4, 29) 5 3.2, p , .5, T 5 24.02, df 5 7, T 5
23.14, df 5 11, respectively, p , .05 for both), whereas
lower doses of the drugs had no effect (p . .1 for all)
(Table 2). Comparisons of high dose clonidine and

Table 2. Effects of Clonidine and Guanfacine on Subjective 
Ratings for Sedation on Visual Analogue Scale

Placebo Drug

C 0.5 3.3 6 1.1 3.0 6 1.7
C 2 3.2 6 1.4 3.3 6 1.3
C 5 3.1 6 1.5 5.0 6 1.3a

G 7 3.0 6 1.3 3.3 6 1.4
G 29 3.2 6 1.4 4.5 6 1.3a

Note. Values (range 0–10; 1 representing not at all tired/sedated, and
10 representing extremely tired/sedated) represent ratings after comple-
tion of the test session (about 180 min after taking the study drug or
matching placebo).

C, clonidine; G, guanfacine. Doses are expressed as mg/kg. Results are
expressed as means 6 S.D.

a Two-tailed p , .05.
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guanfacine groups revealed no differences in the values
of subjective feelings of sedation measured after pla-
cebo or drug (clonidine 5 mg/kg vs. guanfacine 29 mg/
kg) treatments, or in the increase in subjective feelings
of sedation induced by clonidine 5 mg/kg and guanfa-
cine 29 mg/kg (i.e., clonidine 5 mg/kg - placebo vs.
guanfacine 29 mg/kg - placebo; p . .1 for all). There
were no significant sex or order effects or interactions
between sex, order and drug group (data not shown).

Blood Pressure

Both systolic and diastolic blood pressures were re-
duced (group by repetition interaction: F(4, 29) . 3.7, p ,
.05; for systolic and diastolic blood pressures) by cloni-
dine 5 mg/kg (T 5 25.66, df 5 7, p , for systolic values,
T 5 23.25, df 5 7, p , .01 for diastolic values) and guan-
facine 29 mg/kg (T 5 3.39, df 5 11, p , .01 for systolic
values, and T 5 2.57, df 5 11, p , .05 for diastolic val-
ues), whereas lower doses of the drugs had no effect on
blood pressures (p . .1 for all) (Table 3). There were no
significant sex or order effects or interactions between
sex, order and drug group (data not shown).

DISCUSSION

The Choice Reaction Time Test is analogous to the rat
5-choice serial reaction time task, which is considered to
assess sustained attention and vigilance (Sahakian and
Owen 1992). In the present study in young healthy vol-
unteers, a non-subtype selective a2-adrenoceptor ago-
nist, clonidine 5.0 mg/kg, impaired performance in the
Choice Reaction Time Test. Performance at easier levels
of the test was unaffected by clonidine. Furthermore,
simple motor performance was not impaired by cloni-
dine. Thus, the deficits in the accuracy of responding in
the Choice Reaction Time Test were not secondary to
slowing or inaccuracy of motor performance.

In the Choice Reaction Time Test, clonidine 5 mg/kg
both increased reaction latency and reduced the num-
ber of correct responses. It is likely that the slowed reac-

tion latencies after clonidine 5 mg/kg were not simply
due to sedation, as an equally sedating dose of guanfa-
cine (29 mg/kg) as evaluated by self-ratings in visual
analogue scale, had n o effect on reaction latencies or
the number of correct responses. More likely, when
treated with clonidine 5 mg/kg, the study subjects may
have tried to adopt a speed/accuracy trade-off strategy,
i.e., by responding more slowly (“taking more time to
think”) they may have tried to maintain the tendency to
respond deliberately at a lower level to reduce the pos-
sibility of responding inaccurately or too soon and so
maintain a high level of response accuracy. The speed/
accuracy trade-off strategy interpretation is supported
by previous animal data: when the performance re-
quirements of the rat 5-choice serial reaction time task
are made more difficult, e.g., when the visual stimuli
are made temporally unpredictable or the intertrial in-
tervals are made longer than usual, the slower respond-
ing helps normal rats to maintain performance accuracy
(Carli et al. 1983; Cole and Robbins 1987; Cole and Rob-
bins 1992).

Importantly, the effects of clonidine and guanfacine
on attentional performance vs. sedation and hypoten-
sion could be dissociated from each other. Both of the
drugs, at the highest doses used (clonidine 5 mg/kg and
guanfacine 29 mg/kg), induced equal hypotension and
subjective feelings of sedation. Recently, it was shown
that the hypotensive and sedative response to a2-
adrenoceptor agonists was lost in mutant mice lacking
functional a2A-adrenoceptors, demonstrating that a2A-
adrenoceptors play a major role in these responses (La-
khlani et al. 1997). Thus, both clonidine and guanfacine
at the doses that decreased blood pressure and in-
creased sedation may have equally effectively stimu-
lated a2A-adrenoceptors. However, only clonidine 5
mg/kg induced deficits in attentional (% correct) perfor-
mance and slowed responding. It is relevant to note
that guanfacine has a higher a2A/a2C affinity ratio that
may explain the different action on attention induced
by guanfacine and clonidine treatments (Jansson et al.
1994). Indeed, clonidine may have modulated more
strongly LC function (Quintin et al. 1986; Engberg and

Table 3. The Effects of Clonidine and Guanfacine on Blood Pressure

Placebo Drug

0 min 1 90 min 1 180 min 0 min 1 90 min 1 180 min

C 0.5 128/79 126/78 128/78 126/78 125/78 127/79
C 2 126/78 126/78 126/78 126/78 123/78 122/75
C 5 127/78 125/77 128/79 127/78 120/74a 114/70a

G 7 125/78 124/78 125/78 124/79 126/78 128/80
G 29 127/77 129/78 126/78 129/77 122/78a 117/75a

Note. 190 min, 90 min after taking the study drug or matching placebo, i.e., just before starting the test session; 1180 min, 180 min after taking the
study drug or matching placebo, i.e. after completion of the test session; C, clonidine; G, guanfacine.

Doses are expressed as mg/kg and blood pressure values (means of systolic/diastolic pressures) as mmHg.
aTwo-tailed , p , .05.
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Eriksson 1991) via a2C adrenoceptors and disrupted ac-
curacy of attention and slowed responding. It is possi-
ble that clonidine stimulates striatal a2C adrenoceptors
and slows responding by decreasing striatal dopamine
metabolism (Sallinen et al. 1997). Indeed, reaction and
movement latencies correlated with the disease severity
in Parkinson’s disease patients only at the most ardu-
ous level of the Choice Reaction Time Test (Riekkinen et
al. 1998). Furthermore, reaction and movement laten-
cies were prolonged by withdrawal of dopamine ago-
nist and 1-dopa medication in all Parkinson’s disease
patients (Riekkinen et al. 1998). However, it is unlikely
that the reduction of percentage of correct responses
in the present study is due to a deficit in dopamine me-
tabolism produced by clonidine treatment, since the
percentage of correct responses were not reduced in
Parkinson’s disease patients by withdrawal of dopam-
inergic drugs. Another possibility is that clonidine may
reduce the percentage of correct responses more effec-
tively than guanfacine by suppressing thalamic func-
tion via a2B adrenoceptors and (Coull et al. 1997).

The doses of clonidine that have impaired atten-
tional performance in healthy volunteers in previous
studies have generally been lower than that required in
the present task. Previously, in a measure of sustained
attention, the rapid visual information processing test,
clonidine at 1.5 and 2.5 mg/kg impaired performance
(Coull et al. 1995a), and at 2.5 mg/kg it broadened the
focus of attention (Clark et al. 1989; Coull et al. 1995b).
200 mg of clonidine (about 2.9 mg/kg) was sufficient to
impair performance in a focused attention two-choice
reaction time task (Smith and Nutt 1996), and to impair
effortful information processing capacity (Frith et al.
1985). Even the most difficult level of the present
Choice Reaction Time Test may be relatively easy for
young healthy volunteers to perform. This could ex-
plain the failure to observe deficits in attentional perfor-
mance by lower doses of clonidine in the present task.

Previous studies have investigated the effects of no-
radrenaline lesions and administration of a2-adreno-
ceptor agonists on performance in an analogous rodent
task (Carli et al. 1983; Sirviö et al. 1994). These studies
suggest that in rats, action of a2-adrenoceptor agonists
does not seem to be mediated via depressed activity of
dorsal noradrenergic bundle. A noradrenaline lesion in
rats did not affect performance under baseline condi-
tions, but reduced accuracy of responding under very
challenging or distracting conditions (Carli et al. 1983).
Administration of an a2-adrenoceptor agonist, dexme-
detomidine, at baseline condition had no effect on at-
tentional accuracy, motor function or motivation in rats
(Sirviö et al. 1994). However, dexmedetomidine in-
creased omissions and decreased responding during
the intertrial interval, indicative of decreased vigilance
(Sirviö et al. 1994). Therefore, in rats a distinction could
be made between discriminative accuracy, which was

selectively impaired by the noradrenaline lesion, and
arousal that was diminished by treatment with an
a2-adrenoceptor agonist. In the present study, clonidine
did not increase omissions, but retarded reaction laten-
cies and the percentage of correct responses. Therefore,
in rats, an a2-adrenoceptor agonist only decreases vigi-
lance (Sirviö et al. 1994), but in humans it can impair
vigilance (i.e., increased subjective feelings of sedation)
and also decrease attentional accuracy. The different
profile of performance changes induced by a2-adreno-
ceptor agonists in rats and humans also makes it diffi-
cult to extrapolate to humans the conclusion of Sirviö et
al. (1994) in rats that the action of a2-adrenoceptor ago-
nists on Choice Reaction Time Test performance is not
mediated via depressed activity of the ascending dorsal
noradrenergic bundle nerves.

In conclusion, we observed that clonidine more ef-
fectively than guanfacine at doses that were equally hy-
potensive and sedative impaired attention. This result
suggests that the inferior efficacy of clonidine compared
with guanfacine to stimulate ‘frontal’ functions in humans
may be due to attention defects (Jäkälä et al. 1999). Fur-
thermore, the lower a2A/a2C affinity ratio of clonidine
(Jansson et al. 1994; Uhlen and Wikberg 1991) may ex-
plain the different action of these two compounds.
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