
Journal of Psychopharmacology
2014, Vol. 28(7) 655 –664

© The Author(s) 2013
Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/0269881113516201
jop.sagepub.com

Introduction
 Space motion sickness (SMS) is a condition that affects up to 
70% of astronauts during the first two to three days of their space 
mission, which is the time needed for the vestibular system to 
adapt to the new microgravitational environment (Heer and 
Paloski, 2006). It is clear that the occurrence of debilitating SMS 
symptoms, such as malaise, vomiting and lethargy, during emer-
gency egress or other hazardous situations, could endanger the 
crew and jeopardise the continuation of the mission. To prevent or 
alleviate the symptoms accompanying SMS, promethazine is 
most often administered (Dornhoffer et al., 2004; Putcha et al., 
1999). Literature on the effectiveness of the drug is somewhat 
contradictory and it is known to cause extreme sedation and 
drowsiness, which could interfere with the cognitive performance 
of the astronauts when performing specific tasks that require full 
attention (Dornhoffer et al., 2004; Jennings, 1998; Paule et al., 
2004). To counteract these effects, promethazine has been given 
in combination with psychostimulants such as amphetamine 
(Jennings, 1998; Putcha et al., 1999). Also scopolamine, whether 
or not combined with amphetamine, has been reported as an anti-
SMS drug administered to astronauts (Homick, 1979; Paule et al., 
2004; Putcha et al., 1999; Souvestre et al., 2008).

Other medication classified as anti-motion sickness drugs and 
with less important side effects, might also be appropriate as 
pharmacological countermeasures for SMS. Nowadays, most of 
the drugs administered for the prevention or alleviation of ter-
restrial motion sickness are H1 antihistaminergics. These drugs 

have depressant actions on the central nervous system and have 
proven to be effective but they are also known to cause sedation, 
which is a major drawback against the use of these kinds of medi-
cations by astronauts during their flights (Carruthers et al., 1978). 
Therefore, a project called ‘SPIN-D’ commissioned by the 
European Space Agency (ESA AO2004-093) was set up in order 
to investigate the effects of different anti-motion sickness drugs 
on both the vestibular system and cognitive performance. After 
an exhaustive review of the literature, the following candidate 
drugs were selected for investigation: baclofen (10 mg) 
(gamma-aminobutyric acid (GABA)B agonist); meclizine  
(25 mg) (antihistaminergic) (10 mg); promethazine (25 mg) 
(antihistaminergic, anticholinergic and antidopaminergic) plus 
dextro-amphetamine (10 mg); and dimenhydrinate (40 mg) 
(antihistaminergic, anticholinergic-antimuscarinergic) given in 

Evaluation of the effects of anti-motion 
sickness drugs on subjective sleepiness and 
cognitive performance of healthy males

AP Weerts1, N Pattyn2,3, PH Van de Heyning1 and FL Wuyts1

Abstract
This study aimed to investigate the clinical and cognitive side effects of baclofen (10 mg), meclizine (25 mg), dimenhydrinate (40 mg) plus cinnarizine 
(25 mg) and promethazine (25 mg) plus d-amphetamine (10 mg). The study had a double-blind, placebo controlled, repeated measures design and 
was conducted on healthy male volunteers. The psychomotor vigilance test, the Sternberg working memory task, the implicit memory test and the 
automated Operation Span (Ospan) task were performed. The Stanford, the Karolinska and the Epworth Sleepiness scale determined the degree of 
sleepiness. The Profile of Mood States (POMS) evaluated mood states and adverse effects were reported on a 22-item questionnaire. Letter recalls 
and time for solving mathematical problems, recorded during the Ospan task, were impaired by baclofen and dimenhydrinate-cinnarizine respectively, 
suggesting an influence of these drugs on the working memory. Significant side effects for baclofen were: sleepiness, tiredness, blurred vision, 
concentration problems and dizziness whereas for dimenhydrinate-cinnarizine only sleepiness and blurred vision were reported. Meclizine decreased 
the accuracy on the Sternberg working memory task and thus seemed to affect short-term memory. A reported side effect was increased sleepiness. 
Promethazine plus d-amphetamine did not affect any of the tested cognitive functions. However, many side effects such as sleepiness, dry mouth, 
dizziness, vertigo, confusion, insomnia and tremors were reported. The results show that meclizine and dimenhydrinate combined with cinnarizine were 
the two drugs with the most acceptable combination of side effects.

Keywords
Short-term memory, working memory, psychomotor performance, implicit memory, pharmacological effects

1 Antwerp University Research Center for Equilibrium and Aerospace, 
University of Antwerp, Antwerp, Belgium

2Research Unit VIPER, Royal Military Academy, Brussels, Belgium
3 Research Unit Biological Psychology, Vrije Universiteit Brussel, 
Brussels, Belgium 

Corresponding author:
FL Wuyts, Antwerp University Research Center for Equilibrium and 
Aerospace (AUREA), University of Antwerp, Groenenborgerlaan 171, 
B-2020, Belgium. 
Email: Floris.Wuyts@uantwerpen.be

516201 JOP0010.1177/0269881113516201Journal of PsychopharmacologyWeerts et al.
research-article2013

Original Paper



656 Journal of Psychopharmacology 28(7)

combination with cinnarizine (25 mg) (antihistaminergic, anti-
muscarinergic and a selective blocker of calcium channels). 
Considering the major importance of operationality, the present 
paper will focus on the evaluation of side effects of the aforemen-
tioned drugs and their influence on cognitive functioning.

The medications, except for baclofen and d-amphetamine, 
tested in the presented study all have antihistaminergic properties, 
which are known to cause sedation and vestibular suppression. 
Several studies have shown that histamine blockers affect psycho-
motor performance, such as hand-eye coordination or tracking 
tasks (Kotzan et al., 1986; Large et al., 1971; Molson et al., 1966; 
Wood et al., 1984), but also reaction time (RT) (Cowings et al., 
2000; Shamsi et al., 2001), spatial orientation (Cowings et al., 
2000; Shamsi et al., 2001), digit symbol substitution (Manning 
et al., 1992) and critical flicker fusion threshold (Hindmarch 
et al., 2002; Hindmarch et al., 1999; Shamsi et al., 2001). 
Recently, the hypothesis that histamine might also be involved in 
learning and memory process has gained more interest and has 
generated a growing body of research. However, literature seems 
rather inconsistent regarding the effects of antihistaminergics on 
memory function. Some studies reported negative effects on 
memory (Hindmarch and Shamsi, 2001; Sands et al., 1997) while 
others did not observe any effect (Acons et al., 2006; Bower et al., 
2003; Curran et al., 1998; Hindmarch and Shamsi, 2001). It is 
well known that many antihistaminergic drugs also have antimus-
carinic or anticholinergic properties and that the cholinergic sys-
tem is involved in cognitive processes. Van Ruitenbeek and 
colleagues (2008) hypothesised that the observed effects of anith-
istaminergic drugs on memory might actually be caused by the 
additional anticholinergic property rather than the inhibition of 
histamine receptors (Van Ruitenbeek et al., 2008).

Promethazine has been shown to cause important sedation 
and impairs psychomotor and cognitive performance (Hindmarch 
et al., 1999; Paul et al., 2005). To counteract for these deleterious 
effects, the drug is often combined with d-amphetamine or 
ephedrine. A study by Paul et al. showed (Paul et al., 2005) that 
addition of a psychostimulant such as d-amphetamine indeed 
mitigates the debilitating effects of promethazine.

Amphetamine is known to enhance the release of monoamines 
such as dopamine, noradrenaline and serotonin. It is generally 
acknowledged that administration of amphetamines at low dose 
causes an enhancement of cognitive function. Studies have dem-
onstrated an improved performance in vigilance tasks after a dos-
age of d-amphetamine ranging from 5–15 mg (Comer et al., 1996; 
Kelly et al., 1991; Koelega, 1993). Furthermore, enhanced atten-
tion on the digit symbol substitution test and the digit span test has 
been observed after intake of 10 and 20 mg of d-amphetamine (De 
Wit et al., 2002). Hence, these data suggest that d-amphetamine 
causes an improvement on attention, psychomotor function and 
working memory. However, other studies have reported discrep-
ant results, ranging from no cognitive effects (Foltin and Evans, 
1993; Pickworth et al., 1997) to impairments of these cognitive 
measures (Hurst, 1962; Hurst et al., 1967; Kennedy et al., 1990; 
Solomon et al., 1981; Weiner et al., 1988). Such inconsistencies 
can be explained by methodological differences, inter-individual 
variations of baseline cognitive capacity and history of drug abuse 
(Mattay et al., 2000; Silber et al., 2006).

Regarding the effects of meclizine, the study performed by 
Paul and colleagues (2005) reported similar effects on psychomo-
tor performance compared to promethazine. On the other hand, 

Paule and colleagues (Paule et al., 2004) showed that meclizine 
had very little effects on visual working memory. Dimenhydrinate 
was shown to increase sleepiness and impair psychomotor reac-
tion, but did not affect short-term memory (Paul et al., 2005). 
Interestingly, another study (Gordon et al., 2001) reported also 
decreased attention and working memory function next to 
impaired psychomotor function. The dose of dimenhydrinate was 
however twice as much compared to the first one described (50 
mg vs 100 mg), which can explain the differences. Cinnarizine 
has been shown to affect psychomotor tasks, processing of infor-
mation and alertness after a dose of 30 mg (Parrott, 1987). Another 
study showed that a dose of 10 mg did not reveal any significant 
effects of the drug on performance, yet a trend towards impair-
ment was observed (Savolainen et al., 1992).

Animal studies examining the effects of GABAB agonists, 
including baclofen, on hippocampal-dependent spatial learning 
and memory and passive and active avoidance reported impaired 
memory and spatial learning (Helm et al., 2005; Nakagawa and 
Takashima, 1997; Staubli et al., 1999). Results show that the pre-
frontal cortex is involved in working memory process (Romanides 
et al., 1999) and that it receives glutaminergic afferents from the 
thalamus (Moghaddam and Sesack, 1996). Romanides and col-
leagues (1999) studied the effects of baclofen microinjections in 
the thalamus of rats and observed a dose-dependent impairment of 
working memory during a spatial delayed alternation task. 
Furthermore, during a study performed by Pitsikas and colleagues 
(2003) on the effects of baclofen on the working memory of rats, 
a dose-dependent impairment of the recognition memory was 
observed. In addition, recent studies have argued that baclofen is 
involved in the modulation of dopamine release (Lomazzi et al., 
2008). The dopaminergic system originates in the ventral tegmen-
tal area and it has been suggested that this system plays a role in 
the process of efficient reinforcement learning. A study performed 
by Terrier and co-workers (2011) revealed a positive reinforce-
ment after administration of a single dose of 20 mg of baclofen to 
healthy subjects performing an instrumental learning task involv-
ing monetary reward, which suggests that a low dose of baclofen 
indeed enhances the release of dopamine (Terrier et al., 2011).

These previous findings show that the drugs, depending on 
their pharmacological properties, affect cognitive functioning; 
some to a greater extent than others. These effects might impact 
the operationality of astronauts during spaceflight, which may 
lead to hazardous situations. Working memory and psychomotor 
function should be preserved, since these are essential compo-
nents of the capacities presumably required when astronauts 
might have to make important decisions in a very short period of 
time and have to undertake the necessary actions. Therefore, in 
the present study, the clinical and cognitive effects of each drug 
were investigated. Working memory, vigilance, implicit memory 
and short-term memory were evaluated by four computer-driven 
cognitive tests, whereas five different questionnaires were 
administered to quantify side effects. The vigilance and RT of the 
subjects were evaluated by means of the psychomotor vigilance 
test (PVT), which is a test of simple RT (Dinges and Powell, 
1985). The second test, the Sternberg working memory task, is a 
tool allowing the study of short-term memory (Sternberg, 1969). 
The third test evaluated implicit memory, which is a type of 
memory that uses previous experiences to facilitate the perfor-
mance of a task that does not require conscious recollection of 
these previous experiences (Graf and Schacter, 1985). Finally, by 
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means of the automated operation span (Ospan) task, working 
memory functioning was evaluated (Conway and Engle, 1996). 
Working memory is considered as a central system of interacting 
components that stores new information and delivers this new 
information for further processing (e.g. reasoning, comprehen-
sion) (Becker and Morris, 1999). Honig (1978) on the one hand 
and Baddeley and Hitch (1974) on the other hand, have both 
described two different models to explain this working memory 
concept. The models differ significantly but both state that infor-
mation is kept ‘online’ for a short period and that rehearsal is 
crucial for maintaining information.

By means of three different questionnaires, the degree of 
experienced sleepiness during the use of medication and over a 
period of one month was determined. Two other questionnaires 
evaluated the overall mood state of the subjects and the side 
effects experienced during drug intake.

Methods and material

Study design

The study had a double-blind, placebo-controlled and repeated-
measures design, since the subjects took the placebos as well as 
the active products. To avoid confounding circadian influences, 
the cognitive tests were always executed on the same hour of the 
day. Before the actual testing days started, a practice session was 
scheduled so that the subject would be familiarised with the dif-
ferent tasks. To achieve a steady state serum level of the drugs, 
subjects were required to take the medication three days before 
the testing day, for a total of three times a day. Drug intake was 
continued during the test days. The same scheme had to be fol-
lowed for placebo (called placebo 2, see below). The intake pro-
tocol was different for baclofen, since a sudden increase in 
dosage of the drug could induce severe side effects. Therefore, 
the dosage of baclofen was gradually increased to a total of three 
intakes a day over a period of eight days prior to the testing day. 
On days 1 to 4, the participants took a single dose (10 mg) of 
baclofen at 07:30, then, on days 5 to 7, they took two doses of 
baclofen, one at 07:30 and a second at 23:30. Finally, the dosage 
was increased to three intakes on day 8 with an extra intake at 
15:30. To ensure the double-blinded nature of the study, a sepa-
rate placebo (placebo 1) had to be taken according to the same 
schedule as baclofen. Since the intake protocol of baclofen and 
placebo 1 differed from the other drugs, its effects were tested in 
a separate block. The study started with the ‘baclofen versus pla-
cebo 1 block’, which was conducted on 24 subjects following a 
random design. At the end of this first block, a total of five sub-
jects dropped out of the study. After the addition of one new sub-
ject, the evaluations of the other drugs and placebo 2 were 
randomly sequenced during a second testing block.

Test results of baclofen were thus compared with those of pla-
cebo 1 and the results of the other drugs (meclizine, dimenhydri-
nate plus cinnarizine and promethazine plus d-amphetamine) 
were compared with placebo 2. During the test days, a total of 
three blood samples were taken to determine the serum levels of 
the drugs. A wash out period of at least four weeks was scheduled 
between each drug or placebo.

Participants were not allowed to drink beverages containing caf-
feine, alcohol or quinine, to smoke (all subjects were non-smokers) 
or take any other medication (in case of need, this was discussed 
with the medical doctor supervising the study and duly reported).

Participants

For the testing of baclofen and its placebo 1, 24 healthy, male 
subjects (mean age and age range: 27.7 (19.5–47.08 years)) were 
enrolled in the study. After completion of that first block, a total of 
five subjects dropped out of the study. After inclusion of one new 
participant, the second block (meclizine, dimenhydrinate-cinnar-
izine, promethazine-d-amphetamine and placebo 2) was contin-
ued with 20 healthy male subjects (mean age: 28.5 (20.2–47.5 
years)). Before enrolment, the participants were subjected to a 
medical screening in order to determine their eligibility to the 
study. None of them had a history of vestibular deficits. As the 
study was performed in the University Hospital of Antwerp, the 
majority of participants consisted of students and hospital work-
ers. The study was commissioned by the European Space Agency 
(ESA) and the institutional review board of the University 
Hospital of Antwerp (reference number B30020072398). The 
subjects gave their written informed consent before the start of the 
study.

Drugs

All of the described drugs, except for baclofen and d-ampheta-
mine, are predominantly prescribed for the prevention or treat-
ment of motion sickness.

Baclofen is an analogue of GABA, an inhibitory neurotrans-
mitter, and has agonistic actions at the GABAB receptors. It is 
mainly used as a muscle relaxant in the treatment of spastic dis-
orders (Davidoff, 1985) but also known for its effect on the ves-
tibulo-ocular reflex, for which it was chosen in the study (Dai 
et al., 2006). The most common side effect experienced during 
the intake of baclofen is drowsiness, and other common side 
effects are dizziness and weakness. Adverse reactions such as 
fatigue, headache, confusion, insomnia, change in urinary fre-
quency and nausea are less common.

Meclizine is a H1 antihistamine of the piperazine class with 
anticholinergic properties. Reported side effects are blurred 
vision, drowsiness and dry mouth.

Dimenhydrinate is an ethanolamine and has antihistaminergic 
and anticholinergic properties. Most frequent adverse reactions 
that could occur during intake of dimenhydrinate are drowsiness, 
dry mouth and constipation. Less common side effects are blurred 
vision, confusion and difficulty to urinate.

Cinnarizine is an antihistamine with anticholinergic proper-
ties and it also causes a depression of the peripheral vestibular 
system by inhibiting calcium transfer from the endolymph to the 
hair cells of the ampulla situated in the semicircular canals. Side 
effects that have been reported are: drowsiness, headache, dry 
mouth, sweating and gut problems (diarrhoea, constipation, 
vomiting, etc).

Promethazine, a phenothiazine derivate, has antidopaminer-
gic, antihistaminergic and anticholinergic actions and is known 
to cause severe sedative effects. Other possible adverse reac-
tions are dizziness, dry mouth, nausea, tiredness and difficulty to 
urinate.

Dextro-amphetamine is a sympathomimetic amine of the 
amphetamine group and is predominantly prescribed for the 
treatment of narcolepsy and attention deficit hyperactivity dis-
order (ADHD). Most important side effects are restlessness, 
insomnia, dry mouth, dizziness, constipation, headache and 
diarrhoea.
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Cognitive tests

The effects of the drugs on the cognitive function were studied by 
a total of four computer-driven tasks that had to be executed by 
the subjects. Each test began with written instructions and the 
sequence of tests was similar in all conditions.

PVT. The PVT assesses vigilance (Dinges and Powell, 1985). 
The subjects are required to click on the left mouse button as 
soon as a stimulus (flashbulb) appears on the screen. The stimuli 
are shown randomly with different inter-stimulus intervals (2000, 
4000, 6000, 8000 and 10000 ms) and the maximal RT (how fast 
the subject reacted to the stimulus) is set at 500 ms. Each RT 
exceeding 500 ms is registered as a lapse and a warning message 
is shown. The total duration of the test is 10 min. The mean RT 
(ms) for all the correct responses is calculated and the number of 
lapses (how many times the subject reacted later than 500 ms) is 
computed.

The Sternberg working memory task. This second test is a clas-
sic matching-to-sample paradigm to assess short-term memory 
function (Sternberg, 1969). Participants are instructed to memo-
rise an array of numbers, varying from one to six. Subsequently, a 
single number is presented and the subject has to confirm whether 
this stimulus appeared in the previously presented array. Mean RT 
(ms) and accuracy (number of correct answers) are recorded.

Implicit memory. The third test (Jacoby, 1983) consists of two 
parts: during the first part, words are offered and have to be read 
out loud. The presented words are based on an available lexicon 
(Baayen et al., 1995), and were matched for length and fre-
quency. The second part consists of words, some of them pre-
sented in the previous series, shown for a very short period on the 
screen. The subject has to reproduce on the computer the word he 
thinks he has recognised. The accuracy (number of correct repro-
duced words) is calculated.

Ospan. The Ospan task (Conway and Engle, 1996) starts with a 
practice session that is divided into three sections and is then fol-
lowed by the actual experimental block. During the first practice 
section, letters are shown and the subjects have to recall the let-
ters in the order they remember seeing them. The second practice 
section is meant to train the subject on the mathematical opera-
tions to be performed during the test. First, a calculation appears 
on the screen (e.g. (7×3)–3 = ?). The subjects have to click the 
mouse once they know the answer and a possible solution (e.g. 
18) is then presented. The participants then have to indicate 
whether this solution is ‘true’ or ‘false’. The program calculates 
how long it takes for every participant to solve each of the math-
ematical problems in the practice session. The average time 
+2.5×standard deviation (SD) is then used in the experimental 
block as a time limit for the mathematical calculations to detect 
whether subjects are rehearsing the orders of the presented letters 
while solving the mathematical operations and thus being slower 
on mathematical processing. During the third practice section, 
both letter recall and mathematical operations have to be per-
formed together: first a mathematical operation has to be solved 
and then a letter that has to be recalled is shown. The experimen-
tal block starts automatically after the last practice exercise and 
consists of three sets of each set size (total amount of letters that 
had to be recalled ranging from 3–7). Thus a total of 75 letters 

and 75 mathematical operations are presented. Also, during the 
letter recall, the percentage of the mathematical accuracy (num-
ber of correctly solved mathematical operations) is shown in the 
upper right corner of the screen. The subjects are asked to keep 
this accuracy at or above 85%. Five scores are calculated at the 
end of the task: Ospan score (sum of letters in all the correct 
recalled letters sets), Ospan total (sum of the letters recalled in 
the correct position regardless of whether the entire set was cor-
rect), Ospan accuracy error (number of wrongly answered math-
ematical operations), Ospan speed error (number of answers 
beyond the allowed time) and Ospan mathematical error (sum of 
Ospan accuracy error and Ospan speed error).

Questionnaires

At the beginning of each testing session, the subjects completed 
several questionnaires. The first one, the Profile of Mood States 
(POMS), assesses six mood-scales: tension, depression, anger, vig-
our, fatigue and confusion (McNair et al., 1971). The subjects have 
to rate between 0 (‘not at all’) and 4 (‘extremely’) to what extent 
they can identify to any of the 53 different adjectives presented. A 
high vigour score reflects a good mood and a low score vice versa. 
The total mood disturbance (TMD) score is calculated by adding 
the five negative subscales and subtracting the vigour subscale.

By means of the Karolinska sleepiness scale (Âkerstedt and 
Gillberg, 1990) and the Stanford sleepiness scale (Hoddes et al., 
1972) the subjects rate the degree of sleepiness they have expe-
rienced during the intake of the medication, by marking one of 
the eight different states of sleepiness. The lowest score of one 
reflects an alert, awake state and the highest (nine for the 
Karolinska and eight for the Stanford, respectively) a very 
sleepy or sleepy state. On the Epworth sleepiness scale (Johns, 
1991), the subject indicates to what extent he would have fallen 
asleep during different daily activities (i.e. reading, watching 
TV, driving, etc.) in the past month. Thus, this questionnaire 
does not determine the drug-induced sleepiness, but the overall 
state of the subject’s sleepiness. A high score reflects a high sus-
ceptibility to fall asleep. If the Karolinska or the Stanford scale 
shows a significant increase in sleepiness after intake of a spe-
cific drug, the Epworth sleepiness scale should then be consulted 
to determine whether the subject indicated already feeling more 
tired the past month even before the intake of the drugs. Further, 
a questionnaire for the evaluation of experienced side effects 
was given. The questionnaire consists of 22 different symptoms 
and participants indicate by means of a number between 0–3 
(0=no symptoms, 1=little, 2=quite, 3=severe symptoms) to what 
degree these symptoms occurred during the intake of the test 
medications. 

Statistics

Cognitive tests. The differences of baclofen and placebo 1 and 
the other medications with placebo 2 for the outcome variables of 
the different cognitive tests were calculated. The Kolmogorov-
Smirnoff test showed that the calculated differences were nor-
mally distributed. The comparison of the cognitive data of 
baclofen with placebo 1 was analysed by means of a parametric 
paired t-test. The other medications were statistically compared 
with placebo 2 with a two-way analysis of variance (ANOVA) 
test followed by a Dunnett t-test for multiple comparisons. A 
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significance level of 0.05 was chosen. All statistical analyses 
were performed with IBM SPSS version 20.

Questionnaires. For comparison of baclofen with placebo 1, 
statistical analysis of the data from the questionnaires was per-
formed by means of a non-parametric Wilcoxon signed-rank 
test.

For the comparison of the other drugs with placebo 2, a non-par-
ametric Friedman test was first executed. When significant results 
were obtained, a Wilcoxon signed-rank test was performed.

A significance level of 0.05 was chosen.

Results
Two subjects complained of experiencing important side effects 
such as heart palpitations, weakness, anxiety and double, blurred 
sight during the intake of promethazine and d-amphetamine. 
Therefore, the medical doctor of the study decided to stop the 
intake of the medications for these subjects. Thus, for promethaz-
ine combined with d-amphetamine, data from a total of 18 sub-
jects was analysed.

Cognitive tests

The significant results are summarised in the following para-
graph, whereas an overview of all results can be found in 
Supplementary Material, Appendix A.

Significant decreases of the Ospan score (t(23)= −2.33, 
p=0.029, d=0.37) and the Ospan total score (t(23)= −2.18, 
p=0.040, d=0.34) were observed when baclofen was compared 
with its placebo 1 (Table 1). For dimenhydrinate combined with 
cinnarizine, analysis revealed a significant increase of the speed 
error during the Ospan task when compared with placebo 2 
(F(3,55)=2.14, p=0.040, ηp2=0.11) (Table 1).

Baclofen significantly impaired the RT of the PVT (PVT-RT) 
(t(23)=2.53, p=0.019, d=0.33) when compared to placebo 1 
(Table 2). Statistical analysis of the results of the Sternberg work-
ing memory task revealed a significant decreasing effect of 
meclizine on the accuracy when compared to placebo 2 
(F(3,55)=2.73, p=0.019, ηp2=0.13) (Table 3).

There were no significant effects of the drugs on the accuracy 
of the implicit memory test after comparison with placebo.

Questionnaires

Results showed that there were no significant effects on the 
scores of the POMS, the Karolinska sleepiness scale, the Stanford 
sleepiness scale and the Epworth sleepiness scale.

For the evaluation of side effects during the intake of baclofen, 
the score of each item was compared with that of placebo 2. The 
following items were given significantly higher scores: ‘sleepy’, 
‘tired’, ‘difficulty to concentrate’, ‘blurry vision’ and ‘dizzy’. 
The percentage of ratings that were given to each item for pla-
cebo 2 as well as baclofen are listed in Table 4 together with the 
corresponding p-values. 

Table 1. Descriptive statistics of the operation span (Ospan) task.

n Mean SE SD 95% CI
lower

95% CI
upper

p-value

Score Placebo 1 24 48.29 2.91 14.27 42.27 54.32 0.029
Baclofen 24 43.04 2.83 13.85 37.19 48.89  

Total score Placebo 1 24 64.71 1.53 7.49 61.55 67.87  
Baclofen 24 62.08 1.67 8.16 58.64 65.53 0.040

Speed error Placebo 2 20 0.90 0.22 0.97 0.45 1.35  
Cinn + dimenh 20 1.80 0.26 1.15 1.26 2.34 0.040

CI: confidence interval: SD: standard deviation; SE: standard error of the mean.

Table 2. Descriptive statistics for the psychomotor vigilance test (PVT)- reaction time (RT).

n Mean SE SD 95% CI
lower

95% CI
upper

p-value

Placebo 1 24 284 4.52 22.17 274.18 292.90  
Baclofen 24 291 4.18 20.50 281.92 299.24 0.019

CI: confidence interval: SD: standard deviation; SE: standard error of the mean.

Table 3. Descriptive statistics for the Sternberg accuracy.

n Mean SE SD 95% CI
lower

95% CI
upper

p-value

Placebo 2 20 0.97 0.006 0.028 0.96 0.98  
Meclizine 20 0.95 0.012 0.053 0.92 0.97 0.019

CI: confidence interval: SD: standard deviation; SE: standard error of the mean.
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The Friedman test showed that there were no significant 
effects of any of the tested drugs on the scores of the POMS, the 
Karolinska sleepiness scale, the Stanford sleepiness scale and the 
Epworth sleepiness scale. A significant result was obtained for 
the side-effects questionnaire.

Percentages of scores for items that differed significantly for the 
other drugs are listed in Table 5 together with the corresponding 
p-value.

An overview of the adverse effects caused by the different 
drugs is provided in Table 6.

Relation between cognitive results and side 
effects

We investigated whether the observed cognitive impairments 
were mediated by the side effects experienced during the intake 
of the drugs. By means of a univariate analysis of variance 
(UNIANOVA) where a specific side effect was indicated as a 
covariate, it was determined whether the side effect did indeed 
have a significant effect on the tested parameter (e.g. side effect 
sleepiness on PVT-RT). In practice, for the results of baclofen on 
the RT of the PVT, Ospan score and total score, the scores of the 
side-effects ‘sleepy’, ‘tired’, ‘blurry vision’ and ‘difficulty to 
concentrate’ were entered separately as a covariate in the statisti-
cal analysis. For the result of meclizine on the Sternberg working 
memory task, the score of the side-effect ‘sleepy’, given during 
the intake of meclizine, was entered as a covariate. Finally, for 
the results of dimenhydrinate combined with cinnarizine on the 
speed error of the Ospan task, side-effects ‘sleepy’ and ‘blurry 
vision’ were entered as covariates.

Statistical analysis revealed no significant effects of any of 
the specific side effects of the drugs on the impaired cognitive 
parameters (data not shown).

Discussion
Pharmaceutical countermeasures for astronauts suffering from 
SMS have been mainly restricted to the administration of pro-
methazine or scopolamine, possibly combined with ampheta-
mines (Dornhoffer et al., 2004; Putcha et al., 1999; Souvestre 
et al., 2008). Both drugs are known for their side effects such as 

drowsiness that could affect the astronauts’ physical and cogni-
tive performance. Other anti-motion sickness drugs with less 
debilitating side effects might also be appropriate for the treat-
ment of SMS. In the present study the effects of baclofen, 
meclizine, dimenhydrinate combined with cinnarizine, and pro-
methazine combined with d-amphetamine on cognitive perfor-
mance were evaluated, targeting vigilant attention, short-term 
memory, working memory and implicit memory. Through ques-
tionnaires we evaluated to what extent the participants suffered 
from sleepiness or other side effects and their mood states. This 
study is the first investigation that aims to provide a standardised 
comparison between different therapeutic molecules, which 
would allow for an informed choice with regard to side effects in 
an operational context.

Results show that baclofen affected working memory, which 
manifested as a decrease of correctly recalled letters during the 
Ospan test. Working memory, in its most simple form, can be 
considered as a central integrative system that makes a subject 
able to perform processing tasks (such as mathematical opera-
tions) and storage activities simultaneously (Becker and Morris, 
1999; Towse et al., 2000). Two very distinct models of working 
memory function have been developed, both of them with very 
different concepts and different possible areas of processing in 
the brain (Baddeley and Hitch, 1974; Honig, 1978). The exact 
functioning and specific neural location of the working memory 
system is still subject of debate, but, as discussed in the introduc-
tion, it has been suggested that the prefrontal cortex (PFC) is 
involved in the working memory process and that dopamine and 
glutamate might be physiological modulators (Ghoneim et al., 
1985; Krystal et al., 1994; Romanides et al., 1999). Furthermore, 
for the interpretation of the PVT results, where an increase of the 
RT was observed during the intake of baclofen, an eventual 
change in the amount of lapses, i.e. total reactions later than 500 
ms, should be taken into account to determine whether a speed–
accuracy trade-off did occur (Schouten and Bekker, 1967). One 
might suggest that since the RT increased, subjects would have 
made fewer mistakes and the total amount of lapses would have 
decreased. Since the amount of lapses did not significantly differ 
between baclofen and placebo, there was no speed–accuracy 
trade-off. The observed increase of the mean RT (from 283 to 290 
ms) is restricted, suggesting that the influence of baclofen on the 
psychomotor RT is rather limited. However, such effects did not 

Table 4. Percentage of ratings of each score for the significant items for baclofen.

Items Score 0 1 2 3 p-value

none little quite severely

Sleepy Placebo 1 46 46 4 4  
 Baclofen 37 18 37 8 0.011
Tired Placebo 1 42 54 4  
 Baclofen 37 37 22 4 0.007
Difficulty to concentrate Placebo 1 75 25  
 Baclofen 58 30 4 8 0.038
Blurry vision Placebo 1 100  
 Baclofen 79 21 0.025
Dizzy Placebo 1 100  
 Baclofen 79 17 4 0.034



Weerts et al. 661

manifest during the intake of the other pharmacological agents, 
showing that the other agents did not affect psychomotor func-
tion. Hence, it can be concluded that these PVT results reflect a 
subtle slowing of psychomotor reaction due to the intake of 
baclofen.

During the intake of baclofen, symptoms ‘sleepy’, ‘tired’, 
‘dizzy’, ‘difficulty to concentrate’ and ‘blurry vision’ were given 
higher scores on the 22-item side effects questionnaire. The ques-
tion raises whether the observed psychomotor and working mem-
ory impairment are a consequence of the side effects ‘sleepy’, 
‘blurry vision’ and ‘tired’. Analysis with the side effects as covar-
iates showed that none of them significantly influenced cognitive 

performance. Thus, it seems likely that the cognitive impair-
ments are not a consequence of the sleepiness or other side effects 
caused by baclofen.

The combination dimenhydrinate-cinnarizine significantly 
increased the speed error measured during the Ospan task, mean-
ing that subjects more often exceeded the time allowed to calcu-
late the mathematical operations. There were no further effects of 
the combination on the other cognitive functions tested. However, 
Gordon et al. (2001) evaluated the effects of a 100 mg dose of 
dimenhydrinate and a 50 mg dose of cinnarizine, administered 
separately, on psychomotor speed, attention, vigilance and work-
ing memory and observed that dimenhydrinate significantly 

Table 5. Percentage of ratings of each score for the significant items for meclizine, dimenhydrinate - cinnarizine and promethazine - 
d-amphetamine.

Items Score 0 1 2 3 p-value

none little quite severely

Sleepy Placebo 2 55 35 10  
 Meclizine 35 40 20 5 0.039
 Cinn + dimen 35 45 20 0.033
 Prom + d-amph 35 35 20 10 0.041
Dry mouth Placebo 2 75 20 5  
 Prom + d-amph 20 25 35 20 0.001
Dizzy Placebo 2 95 5  
 Prom + d-amph 60 30 5 5 0.007
Vertiginous Placebo 2 90 10  
 Prom + d-amph 65 25 5 5 0.033
Confused Placebo 2 95  5  
 Prom + d-amph 60 25 5 10 0.008
Insomnia Placebo 2 90 10  
 Prom + d-amph 55 30 10 5 0.020
Blurry vision Placebo 2 100  
 Cinn + dimen 80 20 0.024
Tremors Placebo 2 100  
 Prom + d-amph 65 25 10 0.014

Cinn: cinnarizine; d-amph: d-amphetamine; dimen: dimenhydrinate; prom: promethazine.

Table 6. Overview of side-effects caused by the tested drugs.

Product Baclofen Meclizine Dimenhydrinate+
cinnarizine

Promethazine+d-amphetamine

Side-effect  
Sleepy ↑ ↑↑ ↑ ↑↑↑
Tired ↑ – – –
Dry mouth – – – ↑↑
Dizzy ↑ – – ↑↑
Vertigo – – – ↑
Confusion – – – ↑↑
Insomnia – – – ↑
Blurry vision ↑ – ↑ –
Tremors – – – ↑
Concentration problems ↑ – – –

‘–’ indicates no significant drug-effect on the score of the side-effect; ‘↑’ indicates a significant increase of the score; ‘↑↑’ indicates a more important increase of the 
score; ‘↑↑↑’ indicates an important increase of the score.
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decreased the psychomotor speed, attention and working mem-
ory but found no effects of cinnarizine on cognition. Also Paul 
et al. (2005) observed, one hour after intake of 50 mg of dimen-
hydrinate, a transient decrease of psychomotor speed. Both 
authors claimed that the increased sleepiness reported during the 
intake of the drug caused the decrease of psychomotor function. 
Also in the current study, subjects indicated that they were sleep-
ier when taking the drugs, however no effects were found on the 
psychomotor speed. It should be noted that the dosage of dimen-
hydrinate used in this study was lower than those administered in 
the two aforementioned studies (40 mg vs 100 mg and 50 mg 
respectively). Furthermore, the other studies evaluated the effects 
of cinnarizine and dimenhydrinate separately, while in the pre-
sent study both products were combined. Apart from increased 
sleepiness, 20% of participants reported on the 22-item side 
effects questionnaire suffering from mild blurry vision. Taking 
all the effects of the combination dimenhydrinate-cinnarizine 
together, it seems that the function of working memory was 
affected in such a way that subjects had difficulties in performing 
mathematical operations while simultaneously memorising let-
ters. The analysis with the side effects as covariates suggests that 
the working memory impairment is not caused by the sleepy state 
of the participants but by the action of the combination dimenhy-
drinate and cinnarizine.

Meclizine caused a very small decrease, however still signifi-
cant, in accuracy, i.e. amount of correct answers, measured dur-
ing the Sternberg working memory test. It thus seems that this 
antihistaminic drug has some influence on short-term memory. 
There was no significant increase in the RT of the test, showing 
that the decrease in accuracy cannot be attributed to an accelera-
tion in the answering of the subjects. One might thus suggest that 
meclizine affects short-term memory. Participants indicated suf-
fering from more sleepiness while taking meclizine, 5% even 
indicated as having suffered from a severe degree of sleepiness. 
Covariate analysis showed that the impairment of short-term 
memory was not due to the increased sleepiness. A previous 
study (Paule et al., 2004) did not reveal any effects of meclizine 
(25 mg) on working memory function, as was also the case in this 
study. However, in contrast, the study conducted by Paul and co-
workers (2005) reported significant impairment of psychomotor 
speed and short-term memory after a 25 mg dose of meclizine. 
Again, as was identical with results from dimenhydrinate, no 
effects were observed on the psychomotor speed in the present 
study. Since dosage is identical in our study and that of Paul et al, 
the differences are likely to be a consequence of different proto-
cols used for evaluation of psychomotor function. The study of 
Paul and colleagues used a serial reaction time (SRT) test, where 
subjects have to indicate which of the four letters (A, B, C or D) 
corresponds to the letter previously presented on the screen. It is 
believed that the SRT is a tool to evaluate psychomotor function-
ing, but a publication by Robertson (2007) claims that the SRT 
should not be considered as a simple RT task, but that it is also a 
measure of implicit learning skills.

The combination of promethazine and d-amphetamine did not 
affect any of the cognitive functions measured during the study. 
In the study by Paule et al. (2004), promethazine affected the 
working memory functioning, but only after exposure of the par-
ticipants to a SMS simulating rotation, meaning this provocative 
stimulation might have caused the cognitive impairment. Paul 
and colleagues (2005) evaluated the effects of promethazine 

administered as a single drug, but also in combination with 
d-amphetamine. A significant impairment of psychomotor speed 
was observed during intake of promethazine, but interestingly all 
of these effects disappeared after addition of d-amphetamine. 
Studies have demonstrated that low dose administration of 
d-amphetamine improves attention, psychomotor function and 
working memory (Comer et al., 1996; De Wit et al., 2002; Kelly 
et al., 1991; Koelega, 1993). It seems likely that these enhancing 
effects mitigate the detrimental effects that promethazine has on 
cognition. Results from this study tend to confirm this hypothesis 
as no significant effects of the combination on any of the tested 
cognitive functions were observed. In contrast, substantially 
more side effects were reported during the intake of the drugs. 
Analysis of the 22-item side effects questionnaire showed that 
65% of the subjects suffered from more sleepiness, with 10% 
indicating a severe degree of sleepiness. 80% of the subjects 
complained about a dry mouth (25% little, 35% quite and 20% 
severe) and one subject indicated feeling quite dizzy during the 
intake of the drug. 35% of participants suffered from some kind 
of vertigo (25% little, 5% quite and 5% severe). 25% had experi-
enced mild confusion, 5% reported being pretty confused and 
10% were severely confused. Insomnia was experienced by 45% 
of the subjects. Tremors occurred in a total of 35% of subjects. It 
is undeniable that most of these adverse effects are due to the 
intake of d-amphetamine. However, the sleepiness, caused by 
promethazine was clearly not counteracted by d-amphetamine 
since more than half of the participants still indicated feeling 
sleepy.

As has been demonstrated in previous paragraphs, it is often 
difficult to compare outcomes of different pharmacological stud-
ies on cognition. One of the major problems that arises is the use 
of variable doses of the specific drugs throughout different stud-
ies: especially studies performed with doses that are under the 
limit of therapeutic relevance may report biased results and 
incorrect conclusions are therefore drawn. In order to be able to 
compare in the future results of different studies in a consistent 
and reliable manner, the use of an efficient therapeutic dose 
would seem more appropriate.

It should be mentioned that the evaluation of the effects of a 
positive control with known sedative effects was not included in 
the current study protocol. This might limit the interpretation of 
the significant effects of the tested drugs on the sleepiness ques-
tionnaires and cognitive performance. However, findings of the 
study do demonstrate that the tested medications have different 
effects on the Ospan task, Sternberg working memory task and 
PVT respectively, which validates the sensitivity of the perfor-
mance tests used.

The effects of scopolamine on cognition were not evaluated in 
the current study. Orally-administered scopolamine is known to 
have a low bioavailability due to a first pass effect, which is why 
a high dosage is often required to achieve therapeutic concentra-
tions in blood. Administration of a higher dose implies more risks 
for side effects, which should be avoided. Although patches have 
been reported to be efficient, therapeutic plasma levels are 
achieved very slowly (6–8 hours after application of the patch), 
which does not make it a useful route of administration to use for 
fast relief of SMS symptoms.

However, scopolamine is considered to be one of the most 
potent anti-motion sickness drugs, therefore we are currently 
evaluating the effects of scopolamine administered as a nasal 
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spray. This route of administration had several advantages. The 
drug is immediately absorbed in blood plasma and there is no 
first pass effect, making it a useful drug for fast relief of SMS 
symptoms with use of a small dose.

Overall, our results show that all of the tested medications 
caused sleepiness to some degree with the most severe cases 
reported during the intake of promethazine and d-amphetamine, 
despite the presence of d-amphetamine. However, these increases 
in sleepiness did not reflect themselves in the Stanford or the 
Karolinska sleepiness scale, which gives the impression that the 
sleepiness experienced was not significantly debilitating.

Conclusions
Notwithstanding that there were no effects on cognitive func-
tions, the combination promethazine-d-amphetamine is not 
favourable for use by astronauts, as the reported side effects are 
too important and debilitating. The same goes for baclofen, 
which appears to affect working memory and psychomotor speed 
and has quite a number of side effects. The effects on cognitive 
performance of the two remaining drugs, meclizine and dimen-
hydrinate plus cinnarizine, seem rather restricted and small on 
short-term memory and working memory function respectively 
and reported side effects were limited. Therefore, it can be con-
cluded that meclizine and dimenhydrinate combined with cin-
narizine might be appropriate choices to be administered in an 
operational context. However, it should be emphasised that as the 
present study strictly focused on the evaluation of cognitive 
effects, no statements can be made regarding the SMS relieving 
potentials of the tested drugs. In order to determine the efficacy 
of the drugs against SMS, studies should be conducted during 
ground-based simulations of SMS or ideally during spaceflights.
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