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Summary. The effects of single oral doses of 10 and 20 mg 
ebastine were compared with placebo and 2 mg clemas- 
tine in a double-blind cross-over study in 16 healthy male 
volunteers. 

Clemastine produced the known pattern of changes, 
namely impairment of psychomotor performance, drow- 
siness, and a selective effect on cognitive processes. Ear- 
lier encoding in a perceptual stage was slowed whereas 
abstract classification processes were not affected. Elec- 
trophysiological measures of vigilance showed a general 
decrease in vigilance especially 2.5 and 4.5 h after dosing. 

In contrast at no time was any effect of ebastine differ- 
ent from that of the placebo. 

Ebastine 10 and 20 mg differed positively from clemas- 
tine in its effect on pursuit tracking, subjective rating of 
drowsiness and general discomfort. Ebastine 10 mg also 
differed positively from clemastine in the E E G  features of 
vigilance. 

It is concluded that 10 and 20 mg ebastine were free 
from sedative adverse effects. 
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Ha-receptor antagonists can both stimulate and depress the 
CNS. Central depression is the usual accompaniment of 
therapeutic doses of the older H1 antagonists. Diminished 
alertness, slowed reaction times and somnolence are com- 
mon manifestations [Douglas 1985]. Although this may be 
a desirable adjunct in the treatment of some patients, it may 
interfere with day time activities and increases the risk of 
errors, lack of concentration and accidents. 

Antihistamines have recently been developed without 
the side effect of sedation [Cheng and Woodward 1982, Van 
Wauwe et al. 1981]. It is important, therefore, to test all 
newly developed Ha-antihistamines for CNS side effects. 

Ebastine is a new selective Hi-receptor  antagonist of 
proven antihistamine efficacy in doses of 10 and 30 mg per 
day [Farnells 1987, E. Merck, Darmstadt, data on file]. 

Clinical pharmacology studies in healthy volunteers 
have shown that the antihistamine efficacy of ebastine 
lasts for up to 24 h, so a once daily treatment regimen can 
be recommended [Vincent 1988]. 

Several experimental studies in healthy volunteers 
have shown that ebastine is well tolerated in doses up to 
9-fold (90 mg as a single dose) of that showing optimum 
antihistamine activity (skin weal test after intradermal 
antihistamine injection) [Carrenc4 et al. 1985, 1986, 1987, 
E. Merck, Darmstadt, data on file]. 

In clinical trials in some 1400 patients ebastine has 
shown good efficacy and tolerability in patients with sea- 
sonal allergic rhinitis, perennial allergic rhinitis and 
chronic urticaria. The clinical studies lend support to the 
proposed dosing schedule of 10 mg ebastine oncy daily 
[Bakke 1987, de Molina Gorina 1987, E. Merck, Darm- 
stadt, data on file]. 

The present study was designed to detect possible CNS 
effects in healthy volunteers after single doses of 10 and 
20 mg ebastine in comparison to placebo and 2 mg cle- 
mastine. The objective was to cover the most relevant as- 
pects of behaviour: vigilance as measured by quantitative 
pharmaco-EEG, cognitive performance, visual motor co- 
ordination, and subjective estimates of sedation. Clemas- 
tine was included as a positive control because it has been 
reported to affect visual-motor coordination, reaction 
time and to cause subjective tiredness [Peck et al. 1975, 
Clarke and Nicholson 1978, Sepp~ila et al. 1981]. 

Subjects and methods 

The subjects were 16 healthy male volunteers, aged 21 to 43 y (mean 
32 y) and weighing 63 to 97 kg (mean 78 kg). They had been selected 
on the basis of a stable, normal c~-EEG, and were assessed as having 
good health and cardiovascular stability in a screening examination 
before the start of the study. No other medication was allowed for 
2 weeks prior to the study or during it. Subjects had to refrain from 
smoking during the laboratory periods and to refrain from taking 
alcohol on the laboratory days, on the preceding evening, and for the 
subsequent 3 days. The study was carried out in accordance with the 
revised Declaration of Helsinki. All subjects were fully informed 
about the purpose of the study and the possible effects of the admin- 
istered drugs. They gave their written consent to participation. The 
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study was approved by an independent Ethical Committee. All sub- 
jects were trained to perform the tests before entering the trial. Be- 
fore and after the study each subject underwent a thorough medical 
and laboratory examination. 

Medication 

Single oral doses were administered of 10 mg ebastine, given as 
2 capsules of 5 rag, 20 mg ebastine, as 2 capsules of 10 mg, 2 mg cle- 
mastine as 2 capsules of i mg, and placebo as 2 capsules, all of iden- 
tical appearance. All treatments were administered under supervi- 
sion with 200 ml water. Subjects received a light breakfast 1,5 h after 
medication and a standard lunch after 3.5 h. 

Design and experirnental procedures 

The study was conducted as a double blind, placebo controlled, 
Latin square design. The wash-out period between treatments was 
one week. Measurement periods were immediately before and 2.5, 
4.5 and 6.5 h after medication. Each test period lasted 55 min. All 
procedures were standardized and were the same on each day and in 
each measurement period. Four subjects were examined on each day 
of the study. Drug administration and test sessions were staggered at 
20 rain intervals because equipment was available for only one sub- 
ject at a time. Subjects were given two questionnaires to complete at 
home 12 h after medication, and a sleep questionnaire to be filled in 
on the morning before and after the laboratory day. 

Assessmen ts 

EEG. Indicator of vigilance. Disappearance of the occipital {x- 
rhythm and its replacement by low voltage, mixed frequency E E G  in 
c~-carriers has been generally accepted as an indicator of reduced 
vigilance [e. g. Matejcek 1982]. The change is quantifiable by power 
spectral density analysis. The delta F power was used as a unidimen- 
sional vigilance indicative variable in the E E G  (in accordance with 
Herrmann et al. 1986). 

EEG. Recording and Quantification. The E E G  was recorded under 
vigilance-controlled conditions. The subject sat with eyes closed in a 
reclined chair and was instructed to count along with tones of 50 ms 
duration, which were given at average random intervals of 4 s. Sub- 
jects were asked to respond to every 20th tone by pressing a button 
as fast as possible. 

The E E G  was recorded from the lead P3-O1 using Ag-AgC1 elec- 
trodes placed according to the international 10/20 system. 

To control artifact, eye movements (EOG) were recorded using 
a piezoelectrode (Siemens Elema 230) attached to the right eyelid. 
And, as a further control, the Lead 1 ECG was also recorded. The 
EEG, E O G  and ECG were printed out on a Schwarzer E E G  printer 
(type E 12000) and recorded for further processing on an analogue 
tape recorder (Bell and Howell 4020). The E E G  was amplified to 
50 gV- 7 mm i; time constant 0.3 s; upper frequency limit 70 Hz. 
The amplifier sensitivity for the E O G  was 500 p,V. cm-~; time con- 
stant 0.1 s; upper frequency limit 30 Hz. Amplifier sensitivity for the 
ECG lead was i mV.cm-1; time constant 1.5 s; upper frequency 
limit 70 Hz. The second and third minutes of artifact-free E E G  were 
submitted to spectral density analysis. As variables related to vigi- 
lance the absolute and relative power of the following frequency 
bands were extracted: 

Delta v (1.5-6.0 Hz) 
Theta F (6.0-8.5 Hz) 
Alpha1 v (8.5-10.5 Hz) 
Alpha [ (10.5-12.5 Hz) 

The frequency band limits are based on the factor analysis studies of 
Herrmann et al. (1980). The main target variable was the relative 
delta F power. 

Matching paradigm. Modified from Posner (1967), a task with two 
levels of information processing was used. It consisted of simulta- 
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neous visual presentation of pairs of digits. The digits remained pre- 
sent until subjects responded by pressing a response key (mouse). 
The subjects were instructed to classify pairs of stimuli either as 
"same", by pressing a response-key labelled "same", or as "differ- 
ent" by pressing a key labelled "different". The Level i instruction 
was to classify each pair of stimuli as "same" if they were physically 
identical. The Level 2 instruction was to classify pairs of digits as 
"same" if they were both even, or if they were both odd (i. e. belong- 
ing to the same category). If pairs of digits consisted of one odd and 
one even digit they were neither physically nor categorically the 
same and so had to be classified as "different". The sequence of pairs 
was randomized. Each session consisted of 24 pairs of identical even 
numbers, 24 pairs of identical odd numbers, 24 pairs of non-identical 
even numbers and 24 pairs of non-identical odd numbers. They were 
mixed at random with 96 pairs of odd/even numbers. At  the begin- 
ning of every session 32 stimuli were given for warming up and the 
results were discarded. The subjects were instructed to classify each 
pair as rapidly as possible, trying to keep errors to a minimum. After 
each stimulus they were provided with feedback (information on the 
correct response). 500 msec before each stimulus a fixation cross was 
demonstrated for 500 ms. The interval between the feedback and the 
fixation point for the next stimulus was 1.5 s. One block consisted of 
96 stimuli. In each session two blocks were administered, with a 
pause of 15 s between each. For each session of 192 stimuli the num- 
ber of correct responses, reaction time and standard deviation of cor- 
rect responses were calculated. These variables are reported for the 
two levels of information processing: stimulus recognition (matches 
based on physical identity) and stimulus classification (matches 
based on common rule). The test program was developed in ERTS 
(Experimental Run Time System, Beringer, 1988). 

The principal aim was to differentiate between distinct stages of 
information processing and to test whether the drugs would affect 
stages in a differential way. 

Pursuit roto~ This test is part of the Motor Performance Series of 
Schoppe (1974). 

An illuminated square (1.5 cm x 1.0 cm) was rotated clockwise at 
15 cpm on a diamond shaped trace. Subjects had to adapt the speed 
and rhythm of arm movement to the rotating light in order to keep it 
covered with a photoelectric scanner. Each deviation from the rotat- 
ing light was counted as a mistake, and the time off the target (dura- 
tion of mistakes in s) was accumulated over the 64 s of the task. 

Pursuit tracking. The pursuit tracking task was developed by Be- 
ringer (1988) using the tracking function of ERTS (Experimental 
Run Time System). 

In the center of the monochrome monitor of a personal computer 
a window of 4 cm depth across the totalwidth of the screen was shown. 
A wiggly line moved from bottom to top and, dep ending on the ampli- 
tude of the curve, continuously reached the upper frame of th window 
at different points. The subject controlled a marker (in the form of a 
downward pointing arrow) with the mouse of the computer. The mar- 
ker could be moved horizontally along the upper frame of the window. 
The subject had the task of superimposing the marker on the endpoint 
of the curve and to followit as closely as possible. The adaptation peri- 
od was 20 s; the score was the root mean squared (RMS) error, i. e. the 
mean deviation from the track over a 30 s trial period. A lower score 
indicates more accurate tracking. 

Subjective ratings. The adjective checklist [Janke and Debus 1978] 
was employed to measure activation, disactivation, drowsiness 
(tiredness) and confusion. 

The list of somatic symptoms [Lehmann 1973, revised by Hopes 
and G/Jrtelmeyer 1986, E. Merck, Darmstadt, data on file] was used 
as a self-reporting scale for adverse somatic effects. 

The sleep questionnaire [G6rtelmeyer 1986] was filled out on the 
mornings before and after medication days. It was used to compare 
subjective assessment of exhaustion in the evening and the quality of 
sleep and vigilance in the morning following each treatment. 

Health examination. A screening and a final examination were per- 
formed to document the state of health of the subjects and the safety 
of the drug. 
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Fig.1. EEG: Changes in relative deltaV-power (1.5 Hz - 60 Hz) at 
2.5 h, 4.5 h, 6.5 h after 2 mg clemastine ( • ),  20 mg ebastine ( [ ]  ) 
,10 mg ebastine ( [ ]  ) and placebo ( [ ]  ). (N = 16) 
* = comparison clemastine to placebo P < 0.05 
+ = comparison elemastine to ebastine 10 mg P _< 0.05 

The health status of each subject was assessed by a medical 
check-up, clinico-physiological examinations (blood pressure, heart 
rate, ECG, lung function test) and laboratory data (clinical chem- 
istry, haematology, urinalysis). 
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Neither stage of information processing was impaired 
after 10 mg and 20 mg ebastine. In fact, as after placebo, 
the reaction time decreased on repeated testing. 

Clemastine affected the recognition process and not. 
the classification process. In the session 4.5 h after medi- 
cation clemastine slowed recognition speed even below 
the baseline level. 
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Fig.2. Matching Paradigm: Changes in mean (SEM) RT for recogni- 
tion of physically identical matches at 2.5 h, 4.5 h, 6.5 h after 2 m 
clemastine ( • ), 20 mg ebastine ( ~ ) ,  10 mg ebastine ( [ ] )  and 
placebo ( [ ~ ) .  (N= 16) 
* = comparison clemastine to placebo P < 0.05 

Statistical analysis 

Results were expressed as differences from baseline on each test day. 
Because of missing data the Latin square structure was not used in 
the analysis. Pairwise comparisons at each time point after treatment 
were performed by paired t-tests. The level of significance was 
c~ = 5%, two-tailed (descriptive). 

Results 

EEG 

The increase in relative delta v power (Fig. 1) was most 
pronounced after clemastine, with a maximum at 4.5 h. 
The mean differences after 10 and 20 mg ebastine at all 
measurement points were close to those of placebo. At 
2.5 h and 4.5 h after dosing the increase in delta F was signi- 
ficantly larger after clemastine than after placebo and 
10 mg ebastine. A corresponding decrease in the relative 
power of the alpha1 frequency band was seen. 

Matching paradigm 

Mean changes from predrug for the two components of in- 
formation processing "recognition" and "classification" 
are given in Figs. 2 and 3. 
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Fig. 3. Matching Paradigm: Changes in mean (SEM) RT for classifi- 
cation of categorially identical matches at 2.5 h~ 4.5 h, 6.5 h after 
2 mg clemastine ( • ), 20 mg ebastine ( [ ]  ), 10 mg ebastine ( [ ] )  
and placebo ( [ ] ) .  (N = 16) 
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Fig.4. Pursuit Rotor: Changes in mean (SEM) duration of tracking 
mistakes cumulated over 64 sec tracking time, 2.5 h, 4.5 h, 6.5 h after 
2 mg clemastine ( m ) ,  20 mg ebastine ( [ ]  ), 10 mg ebastine ( [ ]  ) 
and placebo ([-~). (N= 16). 
* = comparison clemastine to ebastine 20 rag; P < 0.05 
+ = comparison clemastine to ebastine 10 mg; P < 0.05 

N o  signif icant  d rug  effect  was seen  on r eac t ion  accu- 
racy  in e i ther  r eac t i on  task.  A speed-accu racy  t r ade -o f f  
was no t  found.  

Pursuit rotor and pursuit tracking 

In b o t h  tests p s y c h o m o t o r  p e r f o r m a n c e  was i m p a i r e d  by  
c lemast ine ,  peak ing  at  4.5 h, and  with  a t e n d e n c y  to nor-  
mal ise  at  6.5 h. E b a s t i n e  10 and 20 mg was no d i f fe ren t  
f rom p l acebo  bu t  d i f fe red  f rom c lemas t ine  at  2.5 and  4.5 h. 
V i s ua l -mo to r  c o o r d i n a t i o n  in these  tasks  was s ignif icant ly  
b e t t e r  af ter  ebas t ine  than  af ter  c lemast ine .  A s  resul ts  of  
bo th  tasks  were  in good  ag reemen t ,  only  those  of  the  pur -  
suit r o to r  t ask  are  shown (Fig. 4). 

Adjective check-list 

Of the  four  ac t iva t ion  scales used,  the  scale "d rows iness"  
( t i redness)  was the  mos t  sensit ive.  Drows iness  scores  as 
m e a n  changes  f rom the  p r e d r u g  s ta te  are  given in Table  1. 
The  scores  were  mos t  i nc r ea sed  af ter  2 mg  c lemas t ine  and 
were  b e l o w  base l ine  only  af ter  20 mg ebas t ine ;  the  dif- 
fe rence  was significant.  Twelve  h af ter  med ica t ion ,  when  
the list was f i l led out  at  home ,  the  h ighes t  drowsiness  
scores were  found  af ter  c lemas t ine  and  p lacebo ,  and  the  
lowest  af ter  10 and  20 mg ebas t ine .  

List of somatic symptoms 

G e n e r a l  d i scomfor t  (Table  2) af ter  10 and  20 mg ebas t ine  
was no t  s ignif icant ly  d i f fe ren t  f rom p lacebo .  
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C lemas t ine  caused  an increase  in d i scomfor t  score  as 
ear ly  as 2.5 h, which d i f fe red  f rom p lacebo  and  10 and  
20 mg ebast ine .  A t  4.5 and 6.5 h the  score  was still differ-  
en t  f rom tha t  of  p l acebo  and  20 mg ebas t ine .  

Sleep questionnaire 

The  s leep  ques t ionna i r e  was c o m p l e t e d  for  the  nights  be -  
fore  and  af ter  t r ea tmen t .  S leep  qual i ty  was r a t e d  bes t  af ter  
c lemas t ine  and  wors t  af ter  p lacebo .  T h e  feel ing of  be ing  
s t ressed in the  evening  was mos t  p r o n o u n c e d  af ter  cle- 
mas t ine  and  leas t  af ter  10 mg ebast ine .  The  feel ing of  
be ing  r e f r e shed  af te r  s leep  was inc reased  af ter  all med ica -  
t ions,  wi th  the  h ighes t  va lue  af ter  20 mg ebas t ine .  

Table 1. Changes in subjective ratings: adjective check list 
Scale: Drowsiness 

Measurements Medication Differences from 
(post application) baseline 

(h) ~ SEM 

Clemastine 2 mg 0.69 0.3 
2.5 * ~ Ebastine 20 mg - 0.44 0.4 

Ebastine 10 mg 0.13 0.3 
I Placebo 0.06 0.3 

4.5 , ~ Clemastine 2 mg 1.38 0.4 
Ebastine 20 mg - 0.06 0.3 
Ebastine 10 mg 0.56 0.3 
Placebo 0.31 0.4 

Clemastine 2 mg 1.00 0.5 
6.5 * ~ Ebastine 20 mg - 0.31 0.3 

• ~ -  Ebastine 10 mg 0.63 0.4 
Placebo - 0.25 0.4 

Clemastine 2 mg 1.13 0.6 
12 * ~ Ebastine 20 mg 0.13 0.4 

- -  Ebastine 10 mg - 0.13 0.3 
Placebo 0.75 0.6 

Table 2. Changes in subjective ratings: list of somatic symptoms 
Scale: General discomfort 

Measurements Medication Differences from 
(post application) baseline 

(h) ~ SEN 

2.5 ,7~-  ~-~ V- Clemastine 2 mg 4.75 1.4 

! Ebastine 20 mg - 0.44 0.7 
Ebastine 10 mg 1.75 0.8 
Placebo - 0.94 1.3 

4.5 , ~ ~ Clemastine 2 nag 5.88 1.8 
Ebastine 20 mg 0.44 1.1 ! Ebastine 10 mg 1.94 1.5 

- -  Placebo 0.44 1.4 

6.5 , 7 , , -~  Clemastine 2 mg 4.38 1.9 

| Ebastine 20 mg 0.13 0.8 
Ebastine 10 mg 1.06 1.2 
Placebo - 1.19 1.8 

12 Clemastine 2 mg 3.33 1.9 
Ebastine 20 mg 0.13 1.1 
Ebastine 10 mg - 0.40 1.3 
Placebo - 1.25 1.4 
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Documentation of  state of health 

The results of the final examination revealed no unusual 
findings and corresponded to the results of the screening 
examination. Cardiovascular examination (blood pres- 
sure, heart  rate, E C G )  and lung function as well as labo- 
ratory values did not reveal any notable change in the 
before/after  comparison. 

Discussion 

An acute oral dose of 10 mg or 20 mg ebastine had no sta- 
tistically significant central activity in this controlled 
study. Neither dose led to results that differed significantly 
f rom each other or from placebo in any of the measures 
employed. Subjects even seemed to per form bet ter  after 
20 mg than after placebo or 10 mg ebastine. 

Clemastine, on the other hand, caused a decline in vigi- 
lance, as measured by a significant increase in relative del- 
ta F power, complemented  by a decrease in a l -power  in the 
EEG.  It impaired visual-motor coordination in two track- 
ing tasks and increased subjective drowsiness. Clemastine 
did not impair comprehension processes in a cognitive 
performance test. However,  there was a tendency for cle- 
mastine to slow down stimulus processing in an earlier en- 
coding stage. A similarly selective action on the percep- 
tual processing stage has been repor ted for barbiturates 
[Frowein 1981]. 

The time course profiles of all variables were in good 
agreement,  showing the maximum effect of clemastine in 
the period 4.5 to 5.5 h after medication. The increase of 
subjective side effects after clemastine was significant but 
small. This is in agreement  with Clarke and Nicholson 
(1978), who found little evidence of impaired subjective 
assessment of well-being after 1 mg clemastine. In agree- 
ment  with findings of Seppfilfi et al. (1981), drowsiness was 
still reported 12 h after t reatment  by subjects filling out 
the adjective check-list at home. 

In contrast, ebastine 10 and 20 mg caused no significant 
increase in adverse effects. 

Clarke and Nicholson (1978) reported a significant ef- 
fect of 1 mg clemastine in a visual-motor coordination 
task, with a max imum after 5 h p. a. Here ,  2 mg clemastine 
had a clear effect on visual-motor coordination, but 10 and 
20 mg ebastine did not cause any decrement  in perfor- 
mance. 

It is concluded that ebastine in clinical doses belongs to 
the class of non-sedative antihistamines, because no evi- 
dence of sedation was found in the E E G  nor in behaviour 
or subjective measures. 

In further trials per formance  after multiple administra- 
tion will be investigated. 

As the study was double-blind, placebo controlled and 
used a positive standard (clemastine) in a multidimen- 
sional approach to measure  changes, it is anticipated that 
neither 10 nor 20 mg ebastine will cause problems for safe 
driving or handling complicated machinery. It  may also be 
assumed that both  doses will be well tolerated and will 
have no influence on sleep quality or vigilance on the fol- 
lowing morning. 
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