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What is already known about this subject
• It is known that the dopamine receptor agonist

pramipexole, used for the treatment of Parkinson’s
disease, often causes nausea that can be treated in
patients by the co-administration of an antiemetic, for
example domperidone.

• In experimental studies of pramipexole it may be
necessary to administer domperidone alongside
pramipexole to alleviate nausea, and as such it is
necessary to know how the co-administration of
domperidone may alter the observed effects of
pramipexole.

What this study adds
• Results from our study indicate that the co-administration of

pramipexole and domperidone may reduce the likelihood of
observing an effect that is present when pramipexole is
administered alone.

• Although domperidone is mainly a peripherally acting drug, it
appears that a high enough concentration of the drug crosses
the blood–brain barrier to partially antagonize some of the
autonomic actions of pramipexole.

• Therefore, this report provides a cautionary note to the use of
domperidone alongside pramipexole where the results of
interest are those from pramipexole alone.
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Aims
To investigate the effects of the D2-receptor agonist pramipexole with and without the
co-administration of the peripherally acting D2-receptor antagonist domperidone on
measures of alertness, autonomic and endocrine function.

Methods
Sixteen male volunteers participated in four weekly sessions of pramipexole 0.5 mg,
domperidone 40 mg, their combination, and placebo administered according to a
balanced, double-blind design. Alertness (visual analogue scales (VAS), critical flicker
fusion frequency, pupillographic sleepiness test), autonomic (pupil diameter, light and
darkness reflexes, blood pressure, heart rate, salivation, temperature) and endocrine
(prolactin, thyroid-stimulating hormone (TSH), growth hormone (GH)) functions were
assessed. Data were analyzed with anova with multiple comparisons.

Results
The pre-post treatment changes in VAS alertness were reduced by pramipexole with
and without domperidone (mean difference from placebo (95% confidence interval),
mm): pramipexole -15.75 (-23.38, -8.13), combination -11.84 (-20.77, -2.91).
Treatment condition significantly affected pupil diameter measured in different ways
(resting pupil diameter (F3,45 = 8.39, P < 0.001), initial diameter of the light reflex
response (F3,42 = 3.78, P < 0.05), and light (F3,45 = 5.21, P < 0.005) and dark
(F3,45 = 3.36, P < 0.05) diameters of the darkness reflex response). Pramipexole
without domperidone consistently increased pupil diameter on all measures
(P < 0.05), whereas with domperidone only the increase in resting and dark diameters
reached significance. Pramipexole reduced light reflex amplitude and increased
latency, whereas the combination affected latency only. Concentrations of prolactin
and TSH were increased by domperidone. Pramipexole reduced prolactin and
increased GH concentrations.

Conclusions
The attenuation of the central pupillary effects of pramipexole by domperidone
indicates that domperidone had access to some central D2-receptors.
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Introduction
Pramipexole, a nonergot dopamine D2/D3 receptor
agonist, is prescribed for the treatment of the motor
deficits associated with Parkinson’s disease (PD), which
include muscular rigidity, bradykinesia, tremor, postural
instability, and hypokinesia [1–4]. However, the toler-
ability of pramipexole is reduced by a side-effect profile
that includes sedation [5–10], dizziness [8–12], and
nausea [8–11,13, 14]. Nausea is a common side-effect of
dopamine receptor agonists in general (for example,
apomorphine [15], piribedil and bromocriptine [16], and
ropinirole [17]), and the co-administration of an anti-
emetic is often necessary to alleviate this symptom.

Domperidone is a frequently utilized antiemetic that
acts as an antagonist at D2-dopamine receptors [18–20]
and has been widely co-administered with a variety of
dopamine receptor agonists (for example, apomorphine
[21], bromocriptine [22], lisuride [23], pergolide [24],
piribedil [25], and pramipexole [26]). The antiemetic
action of domperidone results from the blockade of
dopamine receptors in the chemoreceptor trigger zone,
which is believed to lie outside the blood–brain barrier
[18–20]. It is believed that domperidone acts almost
exclusively in the periphery due to its inability to cross
the blood–brain barrier [18–20].

In two previous experiments using single oral doses of
pramipexole 0.5 mg in healthy volunteers we observed
changes in central nervous system activity that included
reduced alertness, increased pupil diameter, and reduced
amplitude of the light reflex response following prami-
pexole administration [9, 10]. In both of these experi-
ments nausea was reported as a side-effect. In the future,
it may be necessary to make use of an antiemetic such as
domperidone to alleviate this nausea in experimental
research, as already practised in drug treatment regimes
for patients with PD. Before routinely coadminister-
ing domperidone with pramipexole, however, it is
important to verify the exclusively peripheral action of
domperidone.

Therefore, the aim of this paper was to compare
the effects of pramipexole administered with and with-
out domperidone and domperidone administered alone
on measures of alertness, autonomic (pupillary activity,
cardiovascular functions, core temperature, and sa-
livary output), and endocrine (blood concentrations of
prolactin, thyroid stimulating hormone, and growth
hormone) functions. The peripheral activity of domperi-
done suggests that on measures of central nervous system
activity (alertness and some autonomic functions) the
effect of pramipexole administration will be the same
regardless of the presence or absence of domperi-
done co-administration. In contrast, domperidone may

be expected to alter the effects of pramipexole on mea-
sures that reflect an interaction with D2-dopamine recep-
tors outside the blood–brain barrier (hormone
concentrations).

Methods
Subjects
Sixteen healthy male volunteers aged 18–27 years
(mean � SEM 20.75 � 0.6 years), 167–189 cm (mean
� SEM 180.3 � 1.9 cm) in height and weighing 52.4–
86.8 kg (mean � SEM 70.0 � 2.3 kg) participated in
the study. Subjects were all medication free for at least
3 months prior to the start of the study and completed
a brief medical history and physical examination be-
fore inclusion in the study. Of the 16 volunteers, 14
were nonsmokers and two were occasional smokers
(less than five cigarettes a day). All volunteers were
requested to avoid drinking alcohol, coffee and other
caffeine-containing beverages for at least 24 h be-
fore each experimental session and to avoid taking any
medication for the duration of the study. Women were
excluded from the study due to the slower renal
clearance of pramipexole in this population [27]. The
study protocol was approved by the University of Not-
tingham Medical School Ethics Committee, and all
volunteers gave their written consent after reading a
detailed information sheet.

Drugs
Matching capsules of pramipexole 0.5 mg, domperidone
20 mg, pramipexole 0.5 mg and domperidone 20 mg,
and placebo were prepared for double-blind, oral admin-
istration. The time required to attain peak plasma con-
centration (tmax) following pramipexole administration is
approximately 2 h [27], whilst the tmax following domp-
eridone administration is approximately 1 h [28]. There-
fore, a double-dummy procedure was used to ensure the
assessment of drug effects at peak plasma concentra-
tions: pramipexole was administered 2 h and domperi-
done 1 h prior to testing for drug effects. An additional
dosage of domperidone was administered 2 h prior to
testing in order to provide protection against nausea
while the blood concentration of pramipexole was still
rising. Thus the total dosage of domperidone adminis-
tered was 40 mg split into two. Volunteers were required
to ingest two capsules; the contents of the two capsules
in the four experimental sessions are summarized in
Table 1. The doses were chosen on the basis of the
current literature available (pramipexole: Wright et al.
[27], domperidone: Huang et al. [28]). Furthermore,
single doses of pramipexole 0.5 mg have been used in
two recent studies in our laboratory [9, 10].
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Design
Subjects participated in four sessions at weekly inter-
vals, returning to the laboratory at the same time each
week. Subjects were allocated to drug conditions
according to a double-blind, balanced, cross-over
design. The time course of the sessions was designed
with regard to the pharmacokinetic profile of the two
active drugs (see above).

Tests and apparatus
All tests used were conducted as in Samuels et al.
[9, 10].

Measures of alertness A computerized battery of 16
visual analogue scales (VAS, mm [29]), the critical
flicker fusion frequency test (CFFF, Hz [30]), and the
pupillographic sleepiness test (PST, total power of pupil
diameter fluctuations, pupillary unrest index mm min-1

[31]) were used for the assessment of alertness level.

Pupillary functions A binocular infra-red video pupil-
lometer (Procyon Ltd, London, UK) was used to obtain
resting pupil diameter measurements (static pupillom-
etry) in darkness and at three luminance levels (6, 91 and
360 cd m-2). A binocular infra-red television pupillom-
eter (TVC 1015b Applied Science Laboratories,
Waltham, Mass., USA) was used to record pupillary
reflexes (dynamic pupillometry): light reflex responses
were evoked by four light flashes of incremental lumi-
nance levels (5.2, 41, 320 and 2050 cd m-2) and darkness
reflex responses by switching off an illuminated screen
of 1370 cd m-2 luminance.

Non-pupillary autonomic functions Blood pressure and
heart rate, measured in both standing and supine
positions, temperature, and salivation were recorded
conventionally.

Endocrine functions A 10 ml blood sample was taken
and analyzed for concentrations of the hormones prolac-
tin and TSH by enzyme immunoassay and for GH by che-
miluminescence immunoassay in the Clinical Chemistry
Laboratory of Queen’s Medical Centre, Nottingham.

Procedure
The pre- and post-treatment testing sessions consisted of
standing and supine heart rate and blood pressure, tem-
perature, salivation, CFFF, VAS, resting pupil diameter,
light and darkness reflex responses, and PST measure-
ment. After a 15 min acclimatization period of resting in
the laboratory, subjects completed the pretreatment tests
over a 45 min period. Two hours after ingestion of the
first capsule the post-treatment tests were conducted
over 45 min. A blood sample was collected following the
post-treatment testing session.

Data analysis and statistics
Self-rated values of ‘alertness’, ‘calmness’ and ‘content-
edness’ were derived from the VAS scores after weight-
ing on these factors [29]. Pre-treatment/post-treatment
differences for these ratings and for the CFFF and PST
(power of pupillary fluctuations, pupillary unrest index
[PUI]) values were calculated for further analysis. An
increase in self-rated values of ‘alertness’ on the VAS
and an increase in CFFF indicate an increase in alert-
ness, whilst increases in PST values indicate a reduction
in alertness (see Samuels et al. [9, 10]).

Pre-treatment/post-treatment differences were ana-
lyzed for all the autonomic measures (pupillary and non-
pupillary) with the exception of the light dependent
measures of resting pupil diameter and light reflex
response. Pre-treatment/post-treatment differences were
not calculated for these pupillary functions since mea-
surements were taken at different luminance levels, and
calculating the difference would have eliminated the
effect of luminance on the measures studied. All pupil
data were averaged across the left and right eyes. For the
light reflex response the parameters studied were: initial
diameter (diameter of the pupil before the light stimulus
was presented, mm), latency (time from the onset of the
light stimulus to the onset of the pupil response, s), and
amplitude (change in pupil diameter from maximum to
minimum diameter in response to presentation of the
light stimulus, mm). For the darkness reflex, the param-
eters studied were: ‘light diameter’ (diameter of the
pupil whilst the screen was illuminated, mm), ‘dark
diameter’ (maximum diameter of the pupil when all
illumination is removed, mm), latency (time from the
offset of the light to the onset of the pupil response, s),
amplitude (change in pupil diameter from minimum to

Table 1
Summary of treatments administered in experimental
sessions

Capsule I Capsule II

(i) Placebo Placebo
(ii) Pramipexole 0.5 mg Placebo
(iii) Pramipexole 0.5 mg and

domperidone 20 mg
Domperidone 20 mg

(iv) Domperidone 20 mg Domperidone 20 mg

Comparison of pramipexole and domperidone
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maximum diameter as a response to the removal of the
background luminance, mm), and initial velocity (calcu-
lated on the basis of the time required to obtain 25% of
the maximum response following the onset of the
response, mm s-1)

Prolactin, TSH, and GH effects were analyzed using
post-treatment plasma concentration values.

All data were analyzed using repeated measures
anova. The data were initially checked for skew, and
subjected to a transformation where indicated. Pre-
treatment values were analyzed using one- or two-way
anova (treatment, or luminance ¥ treatment) to find
any session effects within the results. No significant
pretreatment session effects were found, and so
pretreatment/post-treatment differences were taken as
the dependent variable where appropriate (see above).
One-way anova with drug condition (four levels) as
the within-subjects factor was used to compare the
effects of drug condition on all measures except pupil
diameter and light reflex responses, where two-way
anova with drug condition (four levels) and luminance
(four levels) as the within-subjects factors was used.
Where there was a significant interaction, one-way
anova were conducted for each luminance level sepa-
rately. Where the interaction term was not significant,
one-way anova were conducted on values averaged
across luminance level. All significant main effects
were further analyzed using Dunnett’s corrected t-test
(d.f. = 45, k = 4): active treatment conditions were
compared with placebo (criterion of significance
P < 0.05). In addition, where the overall anova was
significant, Fisher’s least significant difference (LSD)
test was used to compare the combination administra-
tion of pramipexole and domperidone to the individual

administration of the drugs ( d.f. = 45; criterion of
significance P < 0.05).

Results
Alertness
The VAS, CFFF, and PST data are shown in Table 2. A
significant effect of treatment condition was observed on
the VAS measure of alertness (F3,45 = 7.35, P < 0.001),
where pramipexole and the combination of pramipexole
and domperidone reduced alertness compared with
placebo. The mean (95% confidence interval (CI)) dif-
ferences from the placebo condition were: pramipexole
-15.75 (-23.38, -8.13) mm, combination -11.84
(-20.77, -2.91) mm. A significant effect of treatment
condition on contentedness was also found (F3,45 = 6.24,
P = 0.001), where pramipexole and the combination of
pramipexole and domperidone reduced contentedness
compared with placebo. Fisher’s LSD showed that the
combination of pramipexole and domperidone was not
significantly different from pramipexole administered
alone on either alertness or contentedness. There was no
effect of treatment condition on calmness (square root
transformation; F3,45 = 2.17, NS). Pramipexole and the
combination of pramipexole and domperidone also
appeared to reduce measures of CFFF and increase PUI
and power measures of the PST, indicating reduced
alertness level (see Table 2), but these effects failed
to reach significance (CFFF: F3,45 = 1.18, NS; PUI:
F3,45 = 2.45, P = 0.08; power: F3,45 = 1.83, NS).

Pupillary functions
Resting pupil diameter at different luminance levels is
shown in Figure 1. Pre-treatment data show a significant

Table 2
Pretreatment/post-treatment differences in alertness (mean (95% confidence intervals))

Placebo Pramipexole Domperidone Combination

VAS
Alertness (mm) -1.84 (-5.86, 2.19) -17.59 (-24.45, -10.73)* -1.73 (-10.26, 6.80) -13.67 (-22.08, -5.27)*
Calmness (mm) -1.97 (-10.66, 6.71) -0.16 (-5.71, 5.40) -2.90 (-10.87, 5.08) -2.94 (-9.97, 4.09)
Contentedness (mm) 0.07 (-2.74, 2.87) -8.04 (-12.96, -3.12)* -1.70 (-7.41, 4.01) -7.71 (-13.40, -2.01)*

CFFF (Hz) -0.39 (-1.11, 0.33) -0.84 (-1.61, -0.08) -0.25 (-1.13, 0.62) -1.08 (-2.02, -0.15)
PST

PUI (mm min-2) 1.61 (-0.47, 3.69) 3.05 (0.49, 5.62) 1.17 (-0.21, 2.54) 4.25 (1.08, 7.41)
Power (arbitrary units) 663 (173, 1154) 947 (256, 1637) 499 (92, 905) 1284 (383, 2186)
Pupil diameter (mm) -0.20 (-0.48, 0.08) -0.25 (-0.72, 0.22) -0.33 (-0.61, -0.06) -0.50 (-0.91, -0.08)

*significant effect compared with placebo (P < 0.05).
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effect of luminance (F3,45 = 446.0, P < 0.001), but no
effect of session (F3,45 = 0.19, NS) and no significant
interaction (F9,135 = 1.24, NS). Post-treatment data (log10

transformation) show a significant effect of treatment
condition (F3,45 = 8.39, P < 0.001) and luminance level
(F3,45 = 325.23, P < 0.001), and a significant interaction
(F9,135 = 2.34, P < 0.05). One-way anova conducted at
each luminance level show significant effects of treat-

ment condition at 6 cd m-2 (F3,45 = 7.79, P < 0.001),
91 cd m-2 (F3,45 = 5.90, P < 0.005), and 360 cd m-2

(F3,45 = 7.10, P = 0.001), but no significant effect in the
dark (F3,45 = 2.19, NS). Multiple comparisons indicate
that the significant effect of treatment condition is due to
an increase in pupil diameter following pramipexole
administration at 6 cd m-2, and both pramipexole and the
combination of pramipexole and domperidone adminis-
tration at 91 cd m-2, and 360 cd m-2. The mean (95% CI)
differences from the placebo condition were: 6 cd m-2

pramipexole -0.62 (0.12, -1.35) mm; 91 cd m-2 prami-
pexole -0.56 (0.15, -1.27) mm, combination -0.43
(0.22, -1.07) mm; 360 cd m-2 pramipexole -0.32 (0.16,
-0.80) mm, combination -0.23 (0.26, -0.72) mm. In
addition, at 6 cd m-2, Fisher’s LSD found that the com-
bination condition significantly increased pupil diameter
in comparison with domperidone administered alone,
but that this pupil dilatation was significantly less than
the increase in pupil diameter following pramipexole
administered alone. At 91 cd m-2 and 360 cd m-2, the
combination condition was not significantly different
from the pramipexole condition.

Light reflex measures are shown in Figure 2. The data
from one volunteer were excluded due to corruption of
the data due to technical difficulties. For pretreatment
measures of initial diameter, averaged across the eight
measurements (i.e. two measurements at each luminance
level), there was no effect of session (F3,42 = 0.19, NS).
Post-treatment data show a significant effect of treat-
ment condition (F3,42 = 3.78, P < 0.05), where pramipex-
ole increased pupil diameter compared with placebo.
The combination condition also increased pupil diam-
eter, but this effect failed to reach statistical significance.
For pretreatment measures of amplitude, there was
a significant effect of luminance (F3,42 = 234.63,
P < 0.001) but not of session (F3,42 = 2.05, NS) and there
was no interaction (F9,126 = 1.00, NS). Post-treatment
data (square root transformation) show a significant
effect of treatment condition (F3,42 = 7.85, P < 0.001)
and luminance level (F3,42 = 62.82, P < 0.001), but no
interaction (F9,126 = 0.80, NS). Analysis of light reflex
amplitude averaged across luminance levels revealed a
significant effect of treatment condition (F3,42 = 7.85,
P < 0.001), where pramipexole reduced light reflex
amplitude. Fisher’s LSD showed that the combination
condition significantly reduced light reflex amplitude
compared to domperidone alone, but was significantly
less effective at reducing light reflex amplitude com-
pared with pramipexole alone. For pretreatment mea-
sures of latency, there was a significant effect of
luminance (F3,42 = 106.84, P < 0.001) but not of session
(F3,42 = 0.39, NS) and there was no interaction
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(F9,126 = 0.78, NS). Post-treatment data (reciprocal trans-
formation) showed a significant effect of treatment
condition (F3,42 = 9.54, P < 0.001) and luminance level
(F3,42 = 90.48, P < 0.001), but no interaction (F9,126 =
0.42, NS). Analysis of latency averaged across lumi-
nance levels revealed a significant effect of treatment
condition (F3,42 = 8.05, P < 0.001), where pramipexole
and the combination of pramipexole and domperidone
increased the latency of the light reflex response. Fish-
er’s LSD showed a trend for the increase in latency
following pramipexole to be greater than the increase in
latency following the combination condition.

Darkness reflex measures are shown in Figure 3. A
significant effect of treatment condition is shown on
‘light diameter’ (F3,45 = 5.21, P < 0.005) and ‘dark diam-
eter’ (square root transformation; F3,45 = 3.36, P < 0.05).
Multiple comparisons show that pramipexole increased
‘light diameter’ and tended to increase ‘dark diameter’,
whilst the combination of pramipexole and domperidone
increased only ‘dark diameter’. Fisher’s LSD showed a
trend for the pramipexole-induced increase in ‘light
diameter’ to be greater than the increase following the
combination condition. There were no significant effects
of treatment condition on latency (log10 transformation;
F3,45 = 0.32, NS), amplitude (square root transformation;
F3,45 = 1.65, NS), or initial velocity (log10 transforma-
tion; F3,45 = 0.44, NS).

Non-pupillary autonomic functions
The data for nonpupillary autonomic functions are
shown in Table 3. There was a significant effect of treat-
ment condition on systolic blood pressure in the supine
position (F3,45 = 2.85, P < 0.05), where domperidone
tended to reduce blood pressure, and in the standing
position (F3,45 = 4.19, P < 0.05), where pramipexole
tended to reduce blood pressure. There was also a sig-
nificant effect of treatment condition on orthostatic
change (F3,45 = 3.05, P < 0.05), where domperidone
increased the change in systolic blood pressure between
the supine and standing positions. Fisher’s LSD showed
a significant difference between the effects of the com-
bination treatment and pramipexole on systolic blood
pressure in the supine and standing positions. There was
a significant effect of treatment condition on diastolic
blood pressure in the standing position (F3,45 = 4.74,
P < 0.01), where pramipexole tended to reduce blood
pressure, but there was no effect of treatment condition
in the supine position (F3,45 = 1.48, NS) and no effect of
treatment condition on orthostatic change (F3,45 = 2.33,
NS). Fisher’s LSD showed a significant difference
between the effects of the combination treatment and
pramipexole alone on diastolic blood pressure. Heart
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rate in the standing position showed an effect of treat-
ment condition (F3,45 = 3.16, P < 0.05), where multiple
comparisons showed a trend for domperidone to reduce
heart rate. There was no effect of treatment condition on
heart rate in the supine position (F3,45 = 0.95, NS), but
there was a significant effect of treatment condition on
orthostatic change in heart rate (F3,45 = 3.24, P < 0.05),
where domperidone reduced the change in heart rate
between the lying and standing positions. There was no
effect of treatment condition on salivation (F3,45 = 1.29,
NS) or temperature (F3,45 = 1.35, NS).

Endocrine functions
Plasma concentrations of prolactin, TSH, and GH are
shown in Figure 4. Data from three subjects were
excluded from the analysis due to missing samples. A
significant effect of treatment is shown on prolactin
concentrations (log10 transformation; F3,36 = 209.8,
P < 0.001), where domperidone and the combination of
pramipexole and domperidone increased prolactin
secretion and pramipexole reduced prolactin secretion.
Fisher’s LSD showed that the combination treatment
had a significantly different effect on prolactin concen-
trations to pramipexole but not to domperidone. A
significant effect of treatment is shown on TSH concen-
trations (log10 transformation; F3,36 = 11.02, P < 0.001),
where domperidone and the combination of pramipexole
and domperidone increased TSH secretion. Fisher’s
LSD showed that the combination treatment had a sig-
nificantly different effect on TSH concentrations to
pramipexole but not to domperidone. A significant effect
of treatment was also shown on GH concentrations
(square root transformation; F3,36 = 17.55, P < 0.001),
where pramipexole and the combination of pramipexole
and domperidone increased GH concentrations. Fisher’s
LSD showed that the effect of the combination treatment
was not significantly different from the effect of prami-
pexole on GH concentration.

Discussion
In agreement with previous reports from our laboratory
[9, 10], a single dose of pramipexole 0.5 mg produced
sedation in a group of 16 healthy male volunteers as
evidenced by a significant reduction in subjectively rated
alertness on the VAS (see Table 2). Pramipexole also
reduced the subjective rating of contentedness: this is
consistent with reports that an increase in sedation is
usually perceived as an unpleasant experience [32], and
in the case of pramipexole the nausea associated with the
drug is likely to have enhanced the unpleasantness of the
drug experience. It has been proposed that pramipexole
has a biphasic dose–response curve in relation to the

Ta
bl

e
3

Pr
e-

tre
at

m
en

t/
po

st
-tr

ea
tm

en
t

di
ffe

re
nc

es
in

au
to

no
m

ic
fu

nc
tio

ns
(m

ea
n

(9
5%

co
nf

id
en

ce
in

te
rv

al
))

Pl
ac

eb
o

Pr
am

ip
ex

ol
e

D
om

pe
rid

on
e

C
om

bi
na

tio
n

H
ea

rt
ra

te
(b

ea
ts

m
in

-1
)

Su
pi

ne
-1

2.
00

(-
16

.2
2,

-7
.7

8)
-1

2.
31

(-
17

.1
4,

-7
.4

8)
-1

0.
69

(-
15

.3
3,

-6
.0

5)
-8

.8
8

(-
13

.6
6,

-4
.0

9)
St

an
di

ng
-8

.8
1

(-
16

.2
7,

-1
.3

5)
-7

.1
9

(-
13

.3
1,

-1
.0

6)
-1

6.
69

(-
22

.4
7,

-1
0.

91
)T

-5
.8

8
(-

14
.5

7,
2.

82
)

O
rth

os
ta

tic
ch

an
ge

3.
19

(-
3.

74
,1

0.
11

)
5.

13
(0

.7
7,

9.
48

)
-6

(-
11

.0
9,

-0
.9

1)
*

3
(-

3.
55

,9
.5

5)
Sy

st
ol

ic
B

P
(m

m
H

g)
Su

pi
ne

-1
.8

8
(-

8.
94

,5
.1

9)
-7

.8
8

(-
13

.3
8,

-2
.3

7)
-9

.8
8

(-
15

.8
5,

-3
.9

0)
T

0.
31

(-
5.

80
,6

.4
3)

St
an

di
ng

-0
.1

9
(-

8.
32

,7
.9

4)
-9

.1
3

(-
16

.9
3,

-1
.3

2)
T

4.
25

(-
1.

61
,1

0.
11

)
4.

94
(-

0.
75

,1
0.

63
)

O
rth

os
ta

tic
ch

an
ge

1.
69

(-
7.

70
,1

1.
08

)
-1

.2
5

(-
8.

54
,6

.0
4)

14
.1

3
(5

.1
1,

23
.1

4)
*

4.
63

(-
1.

49
,1

0.
74

)
D

ia
st

ol
ic

B
P

(m
m

H
g)

Su
pi

ne
1.

75
(-

0.
85

,4
.3

5)
-0

.8
8

(-
4.

20
,2

.4
5)

1.
69

(-
1.

33
,4

.7
0)

2.
88

(-
0.

06
,5

.8
1)

St
an

di
ng

2.
25

(-
1.

30
,5

.8
0)

-2
.9

4
(-

9.
01

,3
.1

3)
T

4.
25

(0
.5

6,
7.

94
)

6.
94

(3
.3

1,
10

.5
7)

O
rth

os
ta

tic
ch

an
ge

0.
5

(-
2.

56
,3

.5
6)

-2
.0

6
(-

7.
74

,3
.6

2)
2.

56
(-

1.
54

,6
.6

7)
4.

06
(1

.9
3,

6.
20

)
Sa

liv
at

io
n

(g
)

-0
.0

5
(-

0.
46

,0
.3

7)
0.

20
(-

0.
23

,0
.6

4)
-0

.0
1

(-
0.

18
,0

.1
5)

0.
34

(0
.0

7,
0.

60
)

Te
m

pe
ra

tu
re

(°
C

)
0.

04
(-

0.
10

,0
.1

7)
-0

.1
5

(-
0.

33
,0

.0
3)

-0
.0

7
(-

0.
25

,0
.1

1)
0.

03
(-

0.
17

,0
.2

3)

*s
ig

ni
fic

an
t

ef
fe

ct
co

m
pa

re
d

w
ith

pl
ac

eb
o

(P
<

0.
05

)
T

tre
nd

fo
r

si
gn

ifi
ca

nc
e

co
m

pa
re

d
w

ith
pl

ac
eb

o.

E. Samuels et al.

598 64:5 Br J Clin Pharmacol



modulation of alertness level [33, 34]: low doses are
sedative while high doses are alerting. This effect is
attributed to an action of pramipexole at presynaptic
dopamine receptors at low doses and postsynaptic
dopamine receptors at high doses. Inhibitory presynaptic
D2 dopamine receptors have been identified on the cell
bodies of neurones in the ventral tegmental area (VTA)
of the midbrain [35], which sends a tonic excitatory
projection to the noradrenergic locus coeruleus (LC) in
the pons, a major wakefulness-promoting nucleus [36,
37]. The activation of the presynaptic dopamine re-
ceptors in the VTA by pramipexole may ‘switch off’
this mesocoerulear pathway, leading to a reduction in
LC activity and consequently in alertness level [9, 10,
33, 38].

Administration of domperidone 40 mg had no effect
on alertness level (see Table 2). The dosage adminis-
tered was within the range commonly used (50 mg:
Quinn et al. [22]; 40 mg: Lesser & Bateman [39];
10–40 mg: Huang et al. [28]; 60 mg Jansen et al. [24])
and this lack of effect on alertness is consistent with the
peripheral mode of action proposed for the drug [18–20]
(see Introduction). In addition, the pramipexole-induced
sedation was not antagonized by the concomitant admin-
istration of domperidone. On measures of alertness
therefore the co-administration of domperidone with
pramipexole did not appear to alter the sedative effects
observed following the administration of pramipexole
alone.

Pupil diameter was increased by pramipexole on a
number of measures of pupillary function (resting pupil
diameter at different levels of luminance, initial diam-

eter of the light reflex response, ‘light diameter’ and
‘dark diameter’ of the darkness reflex response; see Fig-
ures 1, 2 and 3). Mydriasis following the administration
of pramipexole has been found previously [9] and is in
contrast to the usual observation of miosis following the
administration of a sedative drug (see pp 786–788 in
Loewenfeld [40]). We have suggested that the adminis-
tration of pramipexole may attenuate the influence of a
tonic excitatory dopaminergic output from the VTA to
the Edinger-Westphal nucleus (EWN), a parasympa-
thetic nucleus involved in pupil constriction, resulting
in mydriasis [9, 10]. The presence of this putative
meso-pupillomotor pathway is supported by evidence
of a projection from the VTA to the periaqueductal
grey matter (PAG) [41], and evidence of cells with-
in the ventral PAG expressing D2 receptor mRNA [42],
where the occulomotor complex (incorporating the
EWN) is situated. Furthermore, alterations in the light
reflex response following pramipexole administration
(increased latency and reduced amplitude) reflect a para-
sympatholytic action of the drug that is consistent with
removal of the effect of an excitatory input to the EWN.

Although domperidone on its own had no effect on
any of the measures of pupillary function (resting pupil
diameter, light reflex and darkness reflex responses; see
Figures 1, 2 and 3), when co-administered with prami-
pexole it attenuated some of the pupillary effects of
pramipexole. Thus the mydriatic effect of pramipexole
at 6 cd m-2 and the pramipexole-induced increase in the
‘light diameter’ of the darkness reflex response were
reduced by domperidone, together with a reduction in
the effects of pramipexole on light reflex amplitude and
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latency. These observations suggest that domperidone
can gain access to some central dopamine receptors,
since the pupillary effects of pramipexole are likely to be
centrally mediated. It should be noted, however, that a
contribution to the pupillary effect of pramipexole by a
peripheral mechanism cannot be entirely discounted
since dopamine and/or dopaminergic mechanisms have
been identified in ciliary ganglia [43] and the retina [44].

Pramipexole had relatively minor effects on measures
of nonpupillary autonomic functions (see Table 3). Both
systolic and diastolic BP tended to be reduced in the
standing position following drug administration, consis-
tent with reports of a reduction in BP in response to
dopamine receptor agonists [45–48]. Indeed, it has been
reported that dopamine receptor agonists may cause
orthostatic hypotension and subjective dizziness [8–12,
14, 46]. This propensity of these drugs is consistent with
a reduction in sympathetic activity which may be caused
by central [47, 49, 50] and/or peripheral [51–53] mecha-
nisms. Although the location of the central dopamine
receptors mediating the sympatholytic effect of dopam-
ine receptor agonists has not been established, it is
likely that the VTA is involved since there is evidence
that activation of the VTA results in an increase
in BP in experimental animals [54]. Therefore, the
hypotensive, sedative, and mydriatic effects of prami-
pexole may all be related to the ‘switching off’ of VTA
activity via stimulation of inhibitory D2 autoreceptors on
VTA neurones. Heart rate and core temperature were not
affected by pramipexole in the present study, although
small increases in heart rate [9] and decreases in core
temperature [10] have been reported previously. In
agreement with previous reports, pramipexole did not
alter the rate of salivation [9, 10]. Domperidone had only
minor effects on cardiovascular function (see Table 3),
in agreement with previous reports [55, 56]. Domperi-
done, like pramipexole, was without any effect on core
temperature and salivation.

In addition to alertness and autonomic measures,
plasma concentrations of prolactin, TSH, and GH were
analyzed, since the secretion of these hormones is modu-
lated by the hypothalamic dopaminergic system. The
secretion of prolactin and TSH is inhibited by the
tuberoinfundibular dopaminergic neurones which exert
an inhibitory influence on the secretion of these hor-
mones via the activation of D2 dopamine receptors situ-
ated on the lactotropes and thyrotropes of the pituitary
gland [57]. It is generally accepted that these postsyn-
aptic inhibitory D2 dopamine receptors lie outside of the
blood–brain barrier [57] and thus they were expected to
be sensitive to both pramipexole and domperidone.
Indeed, we have found that pramipexole and domperi-

done had opposite effects on the secretion of these
hormones, pramipexole reducing and domperidone
increasing prolactin concentrations and domperidone
increasing TSH concentrations. The inhibitory effect of
pramipexole on prolactin secretion has been reported
before by ourselves [9, 10] and others [58], and although
the TSH concentration was not affected by pramipexole
in the present study, there are some reports describing an
inhibitory effect of pramipexole [9, 58]. The opposite
effects of pramipexole and domperidone are consistent
with enhancement of the inhibitory effect of dopamine
on prolactin and TSH secretion by pramipexole and
attenuation of this inhibition by domperidone. The
pattern observed by comparing a D2 dopamine receptor
agonist and antagonist on the concentration of these
hormones is identical to that observed by us in a previ-
ous study in which pramipexole and amisulpride were
compared [10].

The secretion of GH is also modulated by the hypo-
thalamic dopaminergic system. However, this modula-
tion is indirect via somatostatin, which exerts an
inhibitory influence on the secretion of GH. As the D2

dopamine receptors involved are not situated on the
somatotropes of the pituitary gland but are on the soma-
tostatin secreting neurones within the hypothalamus,
they may lie inside rather than outside of the blood–
brain barrier. Indeed, pramipexole had a profound facili-
tatory influence on the secretion of GH, presumably by
disinhibiting the somatotropes from the influence of
somatostatinergic neurones, whilst domperidone was
without any effect. The predominant effect of pramipex-
ole was also highlighted by the increased GH concen-
tration recorded after the combination treatment. This is
in contrast with the effect of the combination treatment
on prolactin and TSH secretion where the effect of dom-
peridone superseded any effect of pramipexole.

Overall, the results of this study demonstrate reliable
sedative effects of pramipexole that are maintained in
the presence of domperidone. However, some of the
effects of pramipexole on the pupil (pupil diameter, light
and darkness reflexes) and nonpupillary autonomic
functions (BP, HR) were reduced or eliminated when
domperidone was co-administered. This indicates that a
small concentration of domperidone may enter the
central nervous system when it is co-administered with a
dopamine receptor agonist to prevent nausea. Our results
have practical implications for experimental studies of
dopamine receptor agonists when domperidone may be
used to counteract nausea caused by the dopamine
receptor agonist assuming that the effect of domperi-
done will be restricted to the periphery (for example
Navan et al. [26] and Roesch-Ely et al. [59]). However,
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it is not possible to make a direct comparison with the
clinical situation where both dopamine receptor agonists
and domperidone are administered chronically using
dosage regimens different from that employed in the
present study.

ERS is an Institute of Neuroscience, University of
Nottingham, Scholar.
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