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BACKGROUND AND PURPOSE
The histaminergic neurotransmitter system is currently under investigation as a target for drug treatment of cognitive deficits
in clinical disorders. The therapeutic potential of new drugs may initially be screened using a model of histaminergic
dysfunction, for example, as associated with the use of centrally active antihistamines. Of the selective second generation
antihistamines, cetirizine has been found to have central nervous system effects. The aim of the present study was to
determine whether cetirizine can be used as a tool to model cognitive deficits associated with histaminergic hypofunction.

EXPERIMENTAL APPROACH
The study was conducted according to a three-way, double-blind, cross-over design. Treatments were single oral doses of
cetirizine 10 and 20 mg and placebo. Effects on cognition were assessed using tests of word learning, memory scanning,
vigilance, divided attention, tracking and visual information processing speed.

KEY RESULTS
Cetirizine 10 mg impaired tracking performance and both doses impaired memory scanning speed. None of the other
measures indicated impaired performance.

CONCLUSION AND IMPLICATIONS
Cetirizine affects information processing speed, but these effects were not sufficient to serve as a model for cognitive deficits
in clinical disorders.

Introduction
The histaminergic neurotransmitter system has
recently been discovered as a possible target for the
pharmacological treatment of cognitive deficits in
clinical disorders. Over the past years evidence has
accumulated that histamine may play an important
role in such disorders. However, the findings
are still controversial. For example, decreased
H1-receptor binding and histamine content have
been found in brains of patients with Alzheimer’s
disease as compared with age- matched controls
456 British Journal of Pharmacology (2010) 161 456–466

(Panula et al., 1998; Higuchi et al., 2000). Conversely, an increased histamine content has also
been found in the brains (Cacabelos et al., 1989)
and blood serum (Cacabelos et al., 1992) of Alzheimer’s patients. Evidence for histamine as a cognition promoting substance has mainly come from
animal studies. These studies have shown that
H3-antagonists improve performance in models of
many cognitive deficits and clinical disorders, like
Alzheimer’s disease, attention deficit hyperactivity
disorder and schizophrenia (for review see: Esbenshade et al., 2006).
© 2010 The Authors
British Journal of Pharmacology © 2010 The British Pharmacological Society
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If histamine hypofunction is involved in cognitive deficits seen in clinical disorders, an artificial
histaminergic hypofunction may reveal what cognitive functions are vulnerable in these disorders.
Most studies performed in animals show that a
decrease in histamine neurotransmission results in
impaired performance. However, some studies have
shown stimulating effects of decreased histamine
neurotransmission, induced by the administration
of H1-antagonists (Theunissen et al., 2006c). Yet,
such effects have never been confirmed and underlying mechanisms have been investigated, but not
found (Theunissen et al., 2006a). Alternatively,
decreased histamine neurotransmission may be
achieved using H3-agonists or H2-antagonists.
However, these substances are not easily accessible
for use in healthy humans. Histamine H1-receptor
antagonists are easily accessible and decrease histaminergic activity and may therefore be used as a tool
to model histamine hypofunction and the resulting
cognitive impairments.
Recent studies have attempted to investigate the
specific effects of H1-receptor blockade in humans
(Turner et al., 2006; van Ruitenbeek et al., 2008).
Although, some of the first generation antihistamines used in these studies, like dexchlorpheniramine, are relatively selective (van Ruitenbeek
et al., 2008; Wiech and Martin, 1982), second generation antihistamines are even more selective for
H1-receptors. The concentration of cetirizine producing 50% inhibition of radioligand binding (IC50)
at H1-receptors is 0.65 mmol·L-1, whereas the IC50 at
calcium channels, a1, D2, 5-HT2 and M1 receptors is
more than 10 mmol·L-1 (Campoli-Richards et al.,
1990). Although common held opinion is that
second generation antihistamines cross the bloodbrain barrier to a much lesser extent, which would
make them less suitable as a tool drug, one possible
exception is cetirizine. Tashiro et al. (2002; 2004)
found that after a double therapeutic dose of 20 mg,
cetirizine occupied 20% to 50% of the H1-receptors
in the brain. In comparison, 2 mg dexchlorpheniramine occupies 77% of the H1-receptors and has
been shown to induce clear behavioural effects and
sedation (van Ruitenbeek et al., 2008). The 50%
receptor occupancy in the central nervous system by
cetirizine may be sufficient to induce behavioural
effects. Taken together, after dexchlorpheniramine,
cetirizine is the second in line as a candidate tool
drug to induce histamine hypofunction.
Studies investigating the behavioural effects of
cetirizine show conflicting results. On the one hand,
there are several studies showing effects of cetirizine
on performance and measures of alertness (Gengo
and Gabos, 1987; Ramaekers et al., 1992; Patat et al.,
1995; Sannita et al., 1996; Nicholson and Turner,
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1998; Vermeeren et al., 2002; Gupta et al., 2004;
Vacchiano et al., 2008). On the other hand, there are
also studies that did not find behavioural effects of
cetirizine (Seidel et al., 1987; Gengo et al., 1990;
Volkerts et al., 1992; Shamsi et al., 2001; Theunissen
et al., 2004). Many of the studies that failed to find
effects of cetirizine used the recommended therapeutic dose of 10 mg, which should be insufficient
to induce reliable behavioural effects. Twice this
dose was found to increase subjective drowsiness
(Gengo and Gabos, 1987) and objective drowsiness,
as measured by theta and lower alpha frequency
band power in the electroencephalography (Sannita
et al., 1996). Only a few authors found no effects of
cetirizine 20 mg on behavioural performance
(Gengo and Gabos, 1987; Gengo et al. 1987; 1990),
which is double the therapeutic dose. As the receptor occupancy may only reach 50%, the effects may
be mild enough to identify the most sensitive cognitive functions. In order to identify these functions, both cetirizine 10 mg and 20 mg are included
in the present study and it is expected that cetirizine’s effect on cognitive performance will increase
with increasing dose.
Another reason why the effects of cetirizine have
been inconsistent relates to the time of peak impairment. Peak blood-plasma concentrations (Tmax) of
cetirizine have been shown to be at approximately
1 h after oral dosing (Campoli-Richards et al., 1990)
and the elimination half-life (t1/2b) is approximately
7 to 11 h (Simons and Simons, 1991). There is some
evidence that the behavioural effects occur later
than Tmax. Volkerts et al. (1992) and Theunissen et al.
(2004) failed to find effects of cetirizine 10 mg on
driving performance at 1 h after dosing, i.e. at Tmax,
whereas, Ramaekers et al. (1992) and Vermeeren
et al. (2002) found impaired driving performance of
the same dose between 3 and 4 h after its administration. In line with this, a study in guinea-pigs
found that there is a delay in the Tmax of levocetirizine in the brain as compared with blood plasma
(Gupta et al., 2007). Therefore, in the present study
behavioural effects were assessed at both 1 h (i.e.
around Tmax) and 3 h after treatment.
To detect cognitive deficits, tasks were used that
have been shown to be sensitive to central H1 blockade and that cover a range of important cognitive
functions. The critical flicker/fusion frequency is a
sensitive measure used to detect sedation caused by
centrally active antihistamines (Hou et al., 2007).
The visual vigilance test (Nuechterlein et al., 1983;
O’Hanlon and Vermeeren, 1988) was added to the
battery of tasks as a measure of vigilance, which is
known to be affected by sedating agents (Kay, 2000).
The critical tracking task and divided attention task
are sensitive measures used to detect slowing in
British Journal of Pharmacology (2010) 161 456–466 457
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sensorimotor performance and impaired attention
(van Ruitenbeek et al., 2008). Explicit short-term
and long-term memory was assessed using a word
learning task (Rey, 1964). Finally, a memory scanning task was used, in which speed of memory
search can be separated from perceptual and motor
processes (Sternberg, 1969).
The present study showed that the effects of cetirizine are present but small and therefore indicate
that memory scanning speed, divided attention and
psychomotor performance are sensitive to histaminergic dysfunction.

use caffeinated beverages or alcohol on treatment
days or take any medication during or between
treatments, except oral contraceptives, aspirin and
acetaminophen.
All subjects received written information and
were given the opportunity to ask questions. They
signed a written informed consent prior to enrolment. The study was approved by the Ethics Committee of Maastricht University and University
Hospital Maastricht and was carried out in accordance with the World Medical Association Declaration of Helsinki and its amendments (World
Medical Association, 1964).

Methods

Study design and treatments

Subjects
The number of subjects for the present within subjects designed experiment was based on the effects
of a low dose of the antihistamine dexchlorpheniramine (2 mg) on the critical tracking task, which
was shown to be sensitive to sedative effects in a
previous study (van Ruitenbeek et al., 2008). Power
calculation using the G*Power (V3.1.2) computer
program (Faul et al., 2007) showed 12 subjects are
sufficient to observe a significant difference with a
power of 0.80. However, in the present study less
sensitive tasks were included. Therefore, eighteen (9
female) healthy volunteers were recruited for this
study and were paid to participate. One female
subject withdrew from the study for reasons unrelated to treatments. The mean⫾ SD age of the 17
remaining subjects was 23 ⫾ 2.6 years. Subject’s
health was screened using a medical history questionnaire and a physical examination. Exclusion criteria were hypertension, body mass index outside
the limits of 18 and 28 kg·m-2, history of alcohol
and drug abuse, history of psychiatric disorders,
presence of cardiovascular, respiratory, renal,
hepatic, metabolic or endocrine disorders, history of
glaucoma, overt allergy, history of allergic reactions
to antihistamine drug or any sensory or motor
impairment. Subjects were not allowed to smoke,

The study was conducted according to a 3 ¥ 2,
double blind, cross over design. The two factors
were Treatment (3 levels) and Time of testing (2
levels). Treatments were single oral doses of cetirizine 10 mg, cetirizine 20 mg and placebo. Subjects
were tested twice on each testday, at 1 and 3 h after
drug administration. All test days were separated by
a washout period of 1 week. The order of treatments
was counterbalanced using six independent 3 ¥ 3
Latin squares.

Procedure
Subjects were trained on two separate occasions to
perform the tasks until their performance reached
plateau levels. On treatment days subjects were
instructed to arrive at the test facility well rested.
Drug administration occurred at 9:00 h, at least 3 h
after the subjects had consumed a meal. Test sessions started 1 h (T1) and 3 h (T3) after drug administration. The duration of the session was 1 h and
consisted of a 15-word learning task, a critical
flicker/fusion frequency test, a visual vigilance task,
a critical tracking task, a divided attention task and
a memory scanning task presented in the order
mentioned. Critical flicker/fusion frequency was
measured both at the beginning and end of each test
session. Ten minutes before the first test session
subjects consumed a light meal (see Figure 1).

Figure 1
The procedure during a test day with time displayed on the horizontal axis. Oral doses of cetirizine 10 mg, 20 mg or placebo was administered
at 9:00 am, which was followed by testbatteries at 10:00 (T1) and 12:00 (T3). Test sessions consisted of 15-word learning task, a critical
flicker/fusion frequency test, a visual vigilance task, a critical tracking task, a divided attention task and a memory scanning task and a critical
flicker/fusion frequency test again.
458 British Journal of Pharmacology (2010) 161 456–466
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Behavioural assessments
The 15-word learning task. The 15-word learning
task (Rey, 1964; Riedel et al., 1995) assesses shortand long-term verbal memory. Fifteen Dutch monosyllabic meaningful nouns and adjectives are presented for 1000 ms at a rate of 1 per 2 s and subjects
are required to read them aloud. When the presentation ends, subjects are required to verbally recall as
many words as possible (immediate recall). This procedure is repeated five times, with the same words
presented in the same sequence. After a 20 min
delay subjects are requested again to recall as many
words as possible (delayed recall). Dependent variables were the sum of the number of words correctly
recalled on the five immediate recall trials and the
number of correctly recalled words after the 20 min
delay.

Memory scanning task
Sternberg’s memory scanning task (Sternberg,
1969), adjusted by Riedel et al. (1995) measures the
time it takes to scan items held in memory as part of
working memory integrity, separating it from other
processes required to respond. When subjects judge
whether a test symbol is contained in a short memorized sequence of symbols, their mean reaction time
increases linearly with the length of the sequence.
The linearity and slope of the function imply the
existence of an internal serial comparison process
whose average rate is between 20 and 30 items per
second. In this test the subjects are presented with a
set of one, two or four consonants, which they are
asked to memorize. Hereafter a series of 90 consonants is presented on a computer screen of which 45
are targets and 45 are non-targets. The subject’s task
is to indicate as fast as possible whether or not the
letter presented was one from the memory set by
pressing one of two buttons. The task consists of
three blocks of 90 stimuli with memory sets of one,
two and four digits. The average reaction time for
correct responses (detections and rejections) was
recorded and used to calculate individual linear
regression lines of reaction time on memory set size.
The slope of this line is a measure of speed of scanning short-term memory, whereas the intercept is a
measure of psychomotor speed. Both slope (ms per
letter) and intercept (ms) are outcome measures.
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drugs. Subjects discriminate the flicker from fusion
of a flickering of four light emitting diodes, held at
0.75 m from the subject’s eye, using the Leeds Psychomotor Tester. The threshold (Hz) was determined by averaging three ascending and three
descending frequency trials (Hindmarch, 1980). A
lower threshold indicates slower visual information
processing speed.

Visual vigilance task
The visual vigilance task (Nuechterlein et al., 1983),
adjusted by O’Hanlon and Vermeeren (1988), consists of rapidly presenting visual stimuli for 8 min
and was used to assess sustained visual discrimination. The stimuli were presented for 34 ms at a rate
of 1 per second and consisted of digits (0, 2, 3, 5, 6,
8 and 9) of which the ‘0’ was considered the target
and was presented at a 25% target rate. To visually
degrade the stimuli a glass diffusion screen was positioned between the subject and the display. Upon
appearance of the target subjects were instructed to
press a response button as fast as possible. The reaction times of the false and correct detections were
measured. From these measures the perceptual sensitivity index d′ and the response criterion b were
calculated to determine the effects on stimulus and
response-related processes respectively.

Critical tracking task
The critical tracking task measures the ability to
control an unstable triangle, which is displayed on a
horizontal axis on a computer screen, using a joystick (Jex et al., 1966). An error signal causes the
triangle to become increasingly unstable and therefore tends to diverge from the centre of the axis. The
subject has to make compensatory movements to
null the error in order to keep the triangle in the
middle of the screen. As the correction frequency of
the cursor deviations increases as a stochastic function of time, the subject is required to make compensatory movements with an increasingly higher
frequency to the limit of his or her ability, whereupon control is lost. This frequency decreases under
the influence of sedating drugs. The dependent
measure is the average frequency at which control is
lost of five trials, after removing the lowest and
highest score. This is called the ‘critical frequency’
or ‘lambdac’ (rad·s-1).

Critical flicker/fusion frequency

Divided attention task

The critical flicker/fusion frequency test measures
the frequency threshold, which separates the perception of light flickering from fusion and light
constancy. The threshold is fundamentally determined by the speed of information processing of the
visual system, which can be influenced by sedative

The divided attention task (Moskowitz, 1973)
assesses the ability to perform two tasks simultaneously and evaluates cognitive processing
resources. The primary task is similar to the critical
tracking task described above, with the exception
that the level of difficulty is held constant at 50% of
British Journal of Pharmacology (2010) 161 456–466 459
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that, which is just controllable, by the subject.
Tracking error is measured by the absolute distance
(in mm) between the cursor’s position and the
centre. The secondary task involves the monitoring
of 24 digits (0–9) that are arranged around the display’s periphery. The digits change asynchronously
every 5 s. Subjects were required to respond as
rapidly as possible by lifting the foot from a pedal
anytime the digit ‘2’ appears. The average reaction
time (in ms) to targets is recorded as the response
measure in this task. Average reaction times and
tracking error of each measure were transformed to
z-scores using data from all subjects, test days and
test sessions. Second, the standardized scores of the
subtasks were summed to yield an overall performance score for each subject, test day and test
session. Overall scores were used for further analysis.

Statistical analysis
All variables were screened for normality of the distribution. There were no signs of non-normal distributions. All dependent variables were analysed
according to a 3 ¥ 2 factorial model with Treatment
(cetirizine 10 mg, cetirizine 20 mg, placebo) and
Time of testing (T1, T3) as factors using analysis of
variance for repeated measures. The critical flicker/
fusion frequency data were analysed according to a
3 ¥ 2 ¥ 2 factorial model with Treatment (3 levels),
Time of testing (2 levels) and Time in session (2
levels: begin, end) as factors. Regardless of the
outcome of the overall F-tests, three planned
univariate comparisons were carried out between
the treatments and placebo for T1 and T3 separately,
which is a legitimate procedure as the comparisons
are suggested by the theoretical basis of the experiment (Winer, 1971). When there was a significant
interaction between Treatment and Time of testing,
the data were analysed further per level of Time of
testing. All data were analysed using SPSS 15.0 for
the Windows operating system.

Memory scanning task
The slope of the regression line of reaction time on
memory load differed between treatments, but did
not reach significance (F(2,15) = 3.1, P = n.s.). Nevertheless, drug-placebo comparison indicated that
both 10 and 20 mg cetirizine increased the slope
significantly, indicating a slowing of memory scanning speed (F(1,16) = 5.2, P = 0.037 and F(1,16) =
4.8, P = 0.044 respectively; Figure 2). There were no
overall differences in slopes between T1 and T3.
There were no significant effects on intercepts of the
regression lines.

Critical flicker/fusion frequency
The critical flicker/fusion frequency was significantly lower at the end of every test session as compared with the beginning, indicated by the
significant effects of Time in session (F(1,16) = 14.1,
P = 0.002). Visual information processing speed was
slower at the end of every test session. The differences between the treatments and times of testing
were not significant.

Visual vigilance task
The percentage of hits, reaction time, perceptual
sensitivity and response criterion in the vigilance
test did not differ between the treatments and times
of testing.

Critical tracking task
Tracking performance was significantly different
between treatments (F(2,15) = 4.2, P = 0.03). Drugplacebo comparisons showed that 10 mg cetirizine
impaired tracking performance (F(1,16) = 7.1,
P = 0.017). There were no differences between T1
and T3.

Divided attention task
The overall performance scores, tracking errors and
reaction times in the divided attention task did not
differ between treatments or times of testing.

Results
A summary of mean (⫾SEM) performance scores in
tasks assessing verbal memory, critical flicker-fusion
frequency, vigilance, critical tracking and divided
attention is presented in Table 1.

The 15-word learning task
Analysis of immediate and delayed recall scores
showed no significant differences between the treatments or times of testing. Delayed recall scores were
lower at T3 as compared with T1, but the difference
was not significant (F(1,16) = 3.2, P = n.s.).
460 British Journal of Pharmacology (2010) 161 456–466

Discussion and conclusions
The aim of the present study was to investigate if
cetirizine at doses of 10 or 20 mg would be a suitable
tool to induce histamine hypofunction and the
associated cognitive impairments. Histamine is
known to be involved in attention, psychomotor
functioning and possibly memory. It was therefore
hypothesized that cetirizine would affect performance measures of these functions. In the present
study cetirizine only tended to affect psychomotor
performance, as measured by the critical tracking
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Figure 2
The slope of the regression line of reaction time on memory load in Sternberg’s memory scanning task increased significantly after administration
of cetirizine 10 mg and after cetirizine 20 mg.

task, and it affected memory scanning speed. In
contrast, cetirizine did not affect word learning,
vigilance and divided attention.
Memory function as measured with the
memory scanning task was impaired in this study,
but not as measured with the word learning task.
Its impairing effects on speed of memory scanning
are in accordance with results from a study by
Ramaekers et al. (1992), who found an increased
variation in memory scanning speed after administration of cetirizine 10 mg. In a previous study,
van Ruitenbeek et al. (2008) also found a mean
increase in memory scanning speed after the
administration of dexchlorpheniramine 4 mg, but
the difference failed to reach significance. The lack
of effects of cetirizine on word learning and recall
is also in line with results from previous studies
that failing to find significant effects of first generation antihistamines on performance in similar
word learning tests (Turner et al., 2006; van Ruitenbeek et al., 2008; 2010). The differential effects of
antihistamines on performance in memory scanning and word learning tasks may be due to differences in the degree to which they involve
speeded information processing. In the memory
scanning task performance is solely dependent on
speed of information processing at the millisecond
level. In contrast, performance in the word learning task depends primarily on the subject’s ability
to organize and store information in working
memory under time pressure on a larger scale (i.e.
15 words presented at a rate of one word per 2 s).
Second, the memory loads in the memory scanning task did not exceed memory span capacity of
seven independent items, whereas 15 words were
presented in the word learning task. Any impairment on working memory storage capacity would
462 British Journal of Pharmacology (2010) 161 456–466

be detected by the word learning task. Taken
together, it is likely that antihistamines primarily
affect the speed of information processing, but not
the integrity of information processing in working
memory.
The role of histamine in memory functioning
remains unclear. On the one hand, recent studies
have shown that H1-recepter knockout animals and
H2-receptor knockout animals performed worse on
maze tasks and object recognition as compared with
wild-type mice (Dai et al., 2007; Zlomuzica et al.,
2009), which suggests a memory promoting role for
histamine. On the other hand, Knoche et al. (2003)
have shown decreased hippocampal functioning
after histamine administration to freely moving rats
and an increased functioning after the administration of H1-antagonists. Furthermore, Liu et al. (2007)
have shown that learning and memory improved in
histidine decarboxylase knockout mice, which
decreases histamine synthesis. In humans stimulating effects of some H1-antagonists have been suggested, but a mechanism has never been found
(Theunissen et al., 2006a).
In the present study, it was assumed that histamine neurotransmission in the central nervous
system is mediated by the histamine H1, H2 and H3
receptors and that blockade of H1 and/or H2 receptors leads to decreased histamine transmission. It
may be that the H1-receptor is not involved in
memory formation, but that the H2-receptor plays
an exclusive role in memory processes. Histamine
H2-receptors are present in the hippocampus and
have been shown to regulate the excitability of hippocampal cells (for review see Brown et al., 2001). In
addition, Flood et al. (1998) have shown that infusion of a H2-agonist and H2-antagonist into the
septum of mice led to improved and impaired
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memory performance respectively. However, centrally active H2 drugs are not available to be used in
humans. Their availability would make studying the
role of the H2-receptor in human memory possible.
In the present study slower information processing speed was observed, which may also explain the
impaired tracking performance. The critical tracking
task is a complex, sensitive and frequently used
measure of drug-induced psychomotor impairment
(van Ruitenbeek et al., 2008). Performance on the
critical tracking task involves continuous interaction between perceptual and motor processes, but
also central executive processes like anticipation
and inhibition of responses, in case the anticipated
response is not required to be executed. A delay in
any process, including such central processes, can
result in impaired tracking performance. Indeed,
this study showed that tracking performance was
impaired 1 h after cetirizine 10 mg administration.
In accordance with this result, Nicholson and
Turner (1998) and Patat et al. (1995) found impaired
tracking performance after the administration of
cetirizine. In contrast, Ramaekers et al. (1992), Theunissen et al. (2004, 2006b) and Shamsi et al. (2001)
found no impairments. This may indicate that the
effects of cetirizine are small and are therefore not
always detected. Ramaekers et al. (1992) suggested
that some subjects are very sensitive to effects of
cetirizine, while others are not. Inspection of the
individual data in our study did not support this
hypothesis. Almost all subjects performed worse
after cetirizine administration as compared with
placebo and standard errors of measurement were of
comparable size, which does not support large differences in individual sensitivity to the effects of
cetirizine.
Perceptual processing and motor-related information processing did not seem to be affected by
cetirizine. In contrast to the effects on the slope of
the regression line, the intercept in the Sternberg’s
memory scanning task remained unaffected. The
intercept is a measure of all perceptual and motorrelated processes involved in this task. A lack of
effect of cetirizine on perceptual processing is supported by the non-significant effects on the perceptual sensitivity index (d prime) in the vigilance test
and on the critical flicker/fusion frequency, which is
primarily a measure of perceptual processing speed.
In contrast, results from a previous study suggested
that sensory processes were affected by an oral dose
of dexchlorpheniramine 4 mg (van Ruitenbeek
et al., 2009). As the H1-receptor occupancy by cetirizine is not as high (Tashiro et al., 2009) as that by
dexchlorpheniramine (Yanai et al., 1995), it is possible that sensory processes are not the most sensitive measure of antihistamine effects. From the
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present results it was concluded that cetirizine
affected information processing speed, rather than
perceptual or motor processes.
From the literature (Ramaekers et al., 1992; Vermeeren et al., 2002), it was suggested that the
effects of cetirizine may not coincide with the Tmax
of approximately 1 h after drug administration and
that the behavioural effects are delayed. This study
therefore assessed the effects both at 1 and 3 h
after oral administration of cetirizine. Results did
not show differential effects of cetirizine at T1 and
T3. Only reaction time in the divided attention
test tended to be slower at T3 as compared with T1
after cetirizine, whereas subjects administered the
placebo tended to respond faster at T3 as compared with T1. However, the interaction was only
marginally significant. No other measure showed
such an interaction. Therefore, our data do not
suggest that behavioural effects of cetirizine lag
behind Tmax.
Overall, this study showed only marginal effects
of cetirizine, which suggested that H1-receptor occupancy in the brain was not sufficient to produce
clear, measurable effects on performance that may
serve as a model for cognitive dysfunction associated with histaminergic hypofunction. Yanai et al.
(1999) reported that H1-receptor occupancy in the
brain is significantly correlated with reported measures of sleepiness. Non-sedating antihistamines
were associated with receptor occupancies of
approximately 30%, while sedating antihistamines
were associated with occupancy of 70% or higher.
Tashiro et al. (2002; 2004) studied receptor occupancy and sedation associated with use of cetirizine.
In an initial study they showed that cetirizine 20 mg
occupied approximately 20 to 50% of the central
H1-receptors and slowed reaction times (Tashiro
et al., 2002). In a later study, however, they found
that cetirizine 20 mg only tended to induce sedation, which was in line with the relatively low
H1-receptor occupancy of approximately 26% found
in that study (Tashiro et al., 2004). In addition to the
marginal sedative effects, it may be concluded that
cetirizine 20 mg in our study occupied only a moderate percentage of the central H1-receptors and
therefore, induced only marginal effects on cognitive measures.
In summary, cetirizine after single oral doses of
10 mg and 20 mg was found to impair speed of
memory scanning and critical tracking, which may
be due to common effects on speed of central processes. The effects did not differ between the doses
of 10 mg and 20 mg. Furthermore, there was no
evidence that cetirizine’s effects were delayed as
compared with Tmax. From our findings, memory
scanning appears to be the most sensitive to the
British Journal of Pharmacology (2010) 161 456–466 463
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effects of cetirizine. However, on a larger scale
the effects of cetirizine 10 and 20 mg are not sufficient for it to be used as a model for histamine
hypofunction.

Gengo FM, Gabos C, Mechtler L (1990). Quantitative
effects of cetirizine and diphenhydramine on mental
performance measured using an automobile driving
simulator. Ann Allergy 64: 520–526.
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