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Aims It has been widely recognized that classical antihistamines induce sedation as
an adverse effect, while second-generation antihistamines have few if any sedative
effects. In order to evaluate the sedative properties of ebastine, a second-generation
antihistamine, its effect on cognitive performance in healthy subjects was compared
with placebo and (+)-chlorpheniramine.

Methods Twelve healthy male subjects were instructed to perform six types of
attention-demanding cognitive tasks, and objective measurements of reaction times
and accuracy was made before and after drug administration. Their sleepiness
levels were also monitored. Test drugs were ebastine 10 mg, placebo and two doses
of (4)-chlorpheniramine 2 mg and 6 mg, as positive controls. Plasma drug
concentrations at the end of the study were analysed.

Results After treatments with (4)-chlorpheniramine, the reaction times of the tasks
were significantly prolonged (e.g. ratios of after/before dosing: placebo (0.998 +0.113)
vs (+)-chlorpheniramine 2 mg (1.10340.083; P<0.05) or (+4)-chlorpheniramine
6 mg (1.1704+0.139; P<0.001) in a 7 ms visual discrimination time task) and the
accuracy was significantly decreased (e.g. ratios: placebo (1.038+0.158) vs (+)-
chlorpheniramine 2 mg (0.79240.202; P<0.01) or (+4)-chlorpheniramine 6 mg
(0.83740.222; P<0.05) in a 7 ms task). On the other hand, performance was
not affected by ebastine or placebo treatment (e.g. ebastine 10 mg (reaction time ratio;
1.014 £0.067 and accuracy ratio; 0.990 +0.146) in a 7 ms task). Subjective sleepiness
was also not affected by ebastine but (4)-chlorpheniramine significantly increased
sedation. With respect to the relationship between plasma drug concentrations and task
performance, the latter deteriorated with an increase in plasma (4)-chlorpheniramine
concentration (e.g. r=0.439 (P=0.007) ina 5 msand r = 0.352 (P=0.039) ina 7 ms
task), but it did not correlate with the plasma concentration of carebastine, an active
metabolite of ebastine.

Conclusions Ebastine 10 mg did not cause any cognitive impairment or subjective
sleepiness. On the other hand, (4)-chlorpheniramine impaired cognitive function and
induced sleepiness even at 2 mg, the recommended dose in over-the-counter
medication. In addition, impaired CNS performance was significantly correlated with
plasma (+)-chlorpheniramine concentration.
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Introduction

Antihistamines have been widely used for many years
in the treatment of peripheral allergic diseases such as
urticaria and rhinitis [1]. However, sedation is a serious
problem. The sedative properties of classical anti-
histamines have been reported to cause accidents while
driving and working, and to contribute to a decline in
productivity and learning efficiency [2-5]. These effects
are due to penetration through the blood-brain-barrier
and occupation of brain histamine Hj-receptors [6].
Using positron emission tomography, we have demon-
strated that impaired cognitive performance induced by
(4)-chlorpheniramine was parallel to its occupation of
human brain Hj-receptors |7, 8].

The consequent development of second-generation
antihistamines resulted in drugs that cause much less
sedation and anticholinergic effects. However, each drug
should be thoroughly evaluated for its potential sedative
properties.

Ebastine, a second-generation antihistamine [9], is
efficacious in seasonal/perennial allergic rhinitis [10-14],
and chronic idiopathic urticaria [15, 16]. It is well absorbed
from the digestive tract and extensively metabolized
on first-pass to the antihistaminergic active metabolite
carebastine [17-20]. Phase III studies conducted in our
country revealed that the incidence of sleepiness caused
by ebastine was lower than that of ketotifen [14, 21]. In
addition, several studies reported the low potential of
ebastine for sedation [22]. However, few studies focusing
on the relationship between cognitive performance and
plasma concentration have been reported.

In this study, we investigated the eftect of ebastine on
cognitive performance in healthy subjects and compared
it with those of placebo and (4)-chlorpheniramine using
attention-demanding cognitive tasks. We also studied the
relationship between task performance and plasma drug
concentration.

Methods

The study was approved by the Committee on Clinical
Investigation, Tohoku University School of Medicine (the
appropriate ethics committee) and was performed in
accordance with the policy of the Declaration of Helsinki.

Subjects

Twelve healthy male Japanese volunteers, aged between
21 and 24 years old (average 22.5+1.0 years), were
enrolled in this study. All subjects had no visual and
cognitive impairment and had no history of alcohol- or
other drug-dependency, or drug allergy. They were
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requested not to take medication containing anti-
histamines a week before the study, and were asked to
abstain from any drugs and alcohol the night before
the study and from tobacco, alcohol, cafteine, grapefruit,
grapefruit-containing beverages and any other drugs
during the test. Written informed consent was obtained
from all subjects.

Subjects were instructed to train for all tasks to
achieve their own plateau level of task performance
prior to testing. They also underwent clinical examination
and laboratory tests for haematology (haemoglobin,
red blood cell count, haematocrit, leucocyte count,
differential leucocyte count ratios and platelet count) as
well as biochemical tests (alkaline phosphatase, y-glutamyl
transpeptidase, aspartate aminotransferase, alanine amino-
transferase, lactic acid dehydrogenase, blood urea nitrogen,
creatinine, total protein and albumin).

Drug administration

Drugs used in the study were ebastine (10 mg) (E), (4)-
chlorpheniramine (2 mg (C2) and 6 mg (Repetabs) (C6))
and a placebo tablet (P). Drugs were taken orally with
approximately 150 ml of water.

Subjective sleepiness and alertness

Subjective sleepiness and alertness were evaluated with
the Stanford Sleepiness Scale [23], composed of a 7 level
self-report measure. Subjects were instructed to select the
statement best reflecting their current level of sleepiness
and alertness.

Attention-demanding cognitive tasks

(1) Visual discrimination time task (VDT) [8]

To maintain a highly attention-demanding condition,
visual stimuli were shown with near-visual threshold
presentation time. Subjects viewed a single visual stimulus
displayed on an AV tachistoscope (IS702, Iwatsu, Japan),
subtending a 2° x 2° visual angle. The task was to dis-
tinguish target stimuli from nontarget stimuli and to push
a button promptly with the right index finger when the
target stimulus was presented. The latter were selected
from 10 kinds of digits and nontarget stimuli were selected
from 46 kinds of Japanese phonograms called ‘hiragana’.
Target stimuli were presented with a probability of
20% of the total stimuli. The presenting times of visual
stimuli were fixed at 3, 5, 7, and 20 ms length during each
session. In total, one-hundred and twenty single digits
or letters were serially presented during each 3 min
session. Task performance was evaluated by measuring
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two kinds of parameter, namely reaction time and
accuracy. These tasks clearly revealed in our previous
study that cognition was impaired by intravenous injection
of (+)-chlorpheniramine 2 mg [8].

(2) Choice reaction time task (CRT) and simple reaction time
task (SR'T)

To maintain a highly attention-demanding condition, the
time between one stimulus and the next was random.
Subjects viewed a single visual stimulus displayed on an
AV tachistoscope. The CRT involved choosing a left or
right stimulus against the centre of the display, and to push
a button promptly with the left or right index finger when
the corresponding-side stimulus was presented. The SRT
required the subject to push a button promptly with the
right index finger when the stimulus was presented. The
stimulus was a closed circle symbol, which was randomly
presented on the left or right against the centre of the
display in the CRT and only on the left against the
centre of the display in the SRT. A total of 30 stimuli
were serially presented during about 3 min of a session.
The reaction time and accuracy (CRT only) were also
used as task performance parameters.

Study design

A single-blind, study with
12 healthy subjects was performed. Tasks were given
each day before and after drug treatment in order to
correct possible interday differences in performance. Tasks
after each treatment were performed at the time when
the plasma drug concentration was expected to be at its
maximum value.

randomized, crossover

Each drug was randomly given to subjects on different
days with intervals of at least 6 days. Prior to the pre-dose
or post-dose evaluations, task exercises consisting of CRT,
SRT, 5ms and 7 ms VDTs were given to the subjects
for 15—20 min at around 10.00 h or 16.00 h for adaptation
purposes. At the end of these task exercises, the pre- and
post-dose tests were performed immediately. Ebastine
and (+)-chlorpheniramine were given to subjects 5 h
and 2 h before the postdose test, respectively, since it
was reported that the times to reach their respective peak
plasma concentration were approximately 5 and 2 h after
dosing [18, 24]. In order to maintain close attention
during the tasks, subjects took a 2 min rest after each
one. Before the first task and after each task, levels
of subjective sleepiness and alertness were evaluated.
Blood was taken from subjects at the end of all tasks
(approximately 6 h after the ebastine administration
and 3 h after the (+)-chlorpheniramine administration)
for analysis of plasma ebastine, carebastine and (+)-
chlorpheniramine.
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Apnalysis of plasma drug concentration

Plasma concentrations of ebastine and carebastine were
measured by high performance liquid chromatography
(h.p.l.c.) as described previously [25]. Plasma con-
centration of (4)-chlorpheniramine was measured by
liquid chromatography-mass spectrometry (LC-MS)
[26]. Briefly, plasma was pretreated with a solid-phase
or liquid-liquid extraction and the extract was applied to
a h.p.l.c. system with ultraviolet detection at 254 nm or
a LC-MS system using an electrospray ionization probe in
the positive ion mode, in which the ion mass of (4)-
chlorpheniramine was detected as 275 (m/z). Coefficients
of wvariation were in the ranges of 0.6-11.0% for
ebastine, 1.1-12.2% for carebastine, and 3.9-13.5% for
(4+)-chlorpheniramine, respectively. The lower limits
of quantification were 3 ngml~ ' for ebastine and
carebastine using 1 ml of plasma, and 0.5 ng ml™'
for (+)-chlorpheniramine using 0.5 ml of plasma,
respectively.

Data analysis

Results are expressed as means +s.d. anova followed by
Dunnett’s test was conducted for multiple comparison
of the task performance among the drug groups. The
relationship between the plasma drug concentration and
the task performance was evaluated using Pearson’s
correlation. A probability less than 0.05 was considered
to be statistically significant.

Results
Subjective sleepiness and alertness

Time courses of the subjective evaluation of sleepiness
and alertness are shown in Figure 1. During the pre-dose
test, the results were virtually the same among all drug
groups. In the post-dose test period, levels of sleepiness
and alertness in the ebastine group as well as the placebo
group were not different from those during the pre-
dose test. However, feelings of sleepiness in the two
(4)-chlorpheniramine groups significantly increased com-
pared with the placebo groups (P vs C2 or C6: P<0.05).

Plasma concentration of drugs

Mean and individual plasma concentrations of care-
bastine and (+4)-chlorpheniramine are plotted against
their respective doses in Figure 2. Unchanged ebastine
was not detected in any plasma samples 6 h after treat-
ment with ebastine, and the mean (+s.d.) plasma
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Figure 1 Subjective sleepiness and alertness before and after dosing

(@ placebo; O ebastine 10 mg; A (+)-chlorpheniramine 2 mg;

V' (4)-chlorpheniramine 6 mg. T1-6 represent the periods when tasks were performed, T1: CRT, T2: SRT, and T3-6: VDTs
(4 types randomly assigned). Each task took about 3 min with a 2 min resting interval.
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Figure 2 Plasma concentrations of carebastine and (+)-chlorpheniramine 6 h and 3 h after drug administration, respectively. Ebastine,
the unchanged compound, was not detected in any plasma samples. The concentrations were plotted as a function of each dose; mean

(—) and individual (Q) data.

concentration of carebastine was 73423 ng ml~' (range
44-120 ng ml™"). Three hours after oral (+)-chlorphenir-
amine at doses of 2 and 6 mg, mean (+s.d.) plasma con-
centrations were 5.0+ 1.1 ng ml~ ' (3.4-7.4 ng ml ") and
7.943.2 ng ml~" (2.0-14.3 ng ml "), respectively.
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Attention-demanding cognitive tasks

(1) Primary task performance
Before drug administration, mean (+s.d.) values of
reaction times after 3, 5, 7 and 20 ms tasks were
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530476 ms, 440458 ms, 400 +46 ms and 380 + 45 ms,
respectively, and mean (+s.d.) values of accuracy were
0.4240.25,0.88+0.17, 0.95+0.08 and 0.99 +0.02. The
mean (+s.d.) reaction times from the CRT and SRT
were 280429 ms and 240432 ms, respectively, and the
accuracy from the CRT was 0.99 +0.02 (Figure 3). These
data indicate that the longer the stimulus-presenting
time, the shorter the reaction time, and that the accuracy
tended to increase to a plateau level.

(2) Visual discrimination time tasks (VDTs)
Figure 4a shows the ratios of reaction time and accuracy
in the post-dose test phase to those in the pre-dose test
phase. All task performances of the ebastine group were
similar to those of the placebo group. However, the reac-
tion time ratios in the two (4)-chlorpheniramine groups
were significantly higher than those in the placebo group
for a 3 ms (C2: P<0.05, 95% confidence interval for
difference (CI): —0.309, —0.017), a 5 ms (C6: P<0.05,
95% CI: —0.223, —0.004), a 7 ms (C2: P<0.05, 95% CI:
—0.208, —0.001 and C6: P<0.001, 95% CI: —0.276,
—0.069) and a 20 ms visual stimulus (C2: P<0.05, 95%
CI: —0.197, —0.005 and C6: P<0.05, 95% CI: —0.209,
—0.017). The accuracy ratios in the (4)-chlorphenir-
amine groups were also significantly lower than the
placebo group for a 5 ms (C6: P<0.05, 95% CI: 0.001,
0.809) and a 7 ms visual stimulus (C2: P<0.01, 95% CI:
0.063, 0.429 and C6: P<0.05, 95% CI: 0.018, 0.384).
The relationships between the plasma concentration
of carebastine or (+)-chlorpheniramine and task perfor-
mance of individuals are illustrated in Figure 5a. The ratios
of reaction time or accuracy of all four kinds of the
VDTs were not significantly correlated with the plasma
concentration of carebastine. However, the ratios of
reaction time had a significant positive correlation in all
tasks with the plasma concentration of (+)-chlorphenir-

5 ms: r=0.439 (P=0.007), 7 ms: r=0.352 (P=0.036),
20 ms: r=0.346 (P=0.039)). The accuracy ratios also had
a significant negative correlation for the 3 ms (r= —0.434,
P=0.012) and a 5 ms (r=—0.331,
P=0.049).

visual stimulus

(3) CRT and SRT

The ratios of reaction time or accuracy in the CRT and
SRT are shown in Figure 4b. The results obtained were
similar to those from the VDT studies, in that the ratios of
reaction time or accuracy in the ebastine group were not
significantly different from those in the placebo group.
On the other hand, in the (4)-chlorpheniramine groups,
the ratios of reaction time were higher than those in the
placebo group for the CRT (C6: P<0.01, 95% CI:
—0.206, —0.006), and the accuracy ratio for the CRT
was less than that of the placebo group.

The relationships between the plasma concentration
and ratios of reaction time or accuracy are shown in
Figure 5b, but no significant correlations were found.
On the other hand, the CRT and SRT tended to be
performed less well with increasing the plasma con-
centration of (+)-chlorpheniramine when evaluated with
reaction time.

Discussion

We investigated the eftects of ebastine on human cognitive
function in comparison with placebo and (4)-chlorphe-
niramine. Ebastine was found not to affect task perfor-
mance and subjective sleepiness. These results agree with
data obtained in phase III studies [14, 21], in which the
incidence of sleepiness, as one of self-reported adverse
effects, by ebastine was only 5-6% out of a total of
212 patients with allergic diseases, although that of keto-

amine (3 ms visual stimulus: r=0.510 (P=0.004), tifen (the reference drug) was 23—-28% from 206 patients.
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In addition, ebastine did not affect subjective drowsiness,
cognitive performance and vigilance tests at normal doses
[27, 28]. Furthermore, subjects showed no significant
impairment in car driving performance during a 5 day
repeated treatment [29]. These together with our present
findings clearly indicate that ebastine causes little sedation.

In contrast, we found that (+)-chlorpheniramine at
doses of 2 and 6 mg caused impairments of task
performance and subjective sleepiness. Similar eftects to
these have been previously reviewed [30, 31], and the
drug has been shown to impair visuomotor coordination
performance [32], car driving performance [33], and
slowed P3 latency [34], as well as increased subjective

© 2002 Blackwell Science Ltd Br J Clin Pharmacol, 53, 296-304

sedation [35], at dose higher than 4 mg. In our pre-
vious study, 2 mg of intravenous (4)-chlorpheniramine
was shown to impair task performance at a human brain
H-receptor occupancy of approximately 60% [8].

In the present study, we also examined the relationship
between task performance and plasma drug concentra-
tions. The latter showed considerable interindividual
fluctuations for both ebastine and (+)-chlorpheniramine.
Task performance deteriorated with an increase in
plasma (+)-chlorpheniramine concentration, but was
not related to carebastine concentration. These results
suggest that impaired cognitive performance and sleepi-
ness were caused by (+)-chlorpheniramine exposure, and
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of post-dose to those of pre-dose.

penetration of the agent into the CNS as shown by our
PET studies [7, 8]. In contrast, the data suggest a lack of
penetration of carebastine into the brain despite its
presence in the systemic circulation.

In conclusion, ebastine at a dose of 10 mg did not
cause detectable sedation nor CNS impairment while
(+)-chlorpheniramine even at the low dose of 2 mg,
available over the counter, did show sedative effects. In
addition, the level of cognitive performance deteriorated
along as the plasma concentration of (+)-chlorphenir-
amine increased, but such a relationship did not exist for
carebastine. This study also revealed that VDT was more
sensitive and useful for detecting drug-induced cognitive
impairment than either the SRT or the CRT.
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