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Abstract

The present study was conducted to assess and compare the cognitive and psychomotor effects of
fexofenadine, a newer second generation antihistamine with cetirizine, diphenhydramine and placebo
in 10 healthy adult volunteers in a double blind, randomized cross over study. Following single dose of
each drug, the volunteers were subjected to perform a series of tests of cognitive and psychomotor
performance at 1, 3 and 6 hours post dose. The test battery consisted of both subjective and objective
tests which were further grouped into instrumental and non-instrumental. Instrumental tests included
— Simple reaction time (SRT), Multiple Choice ReactionTime Task (MCRT) and Critical Flicker
Fusion frequency threshold (CFFT). The tests used in the non instrumental group were- Stanford
Sleepiness Scale (SSS), Digit Cancellation Task (DCT), Digit Symbol Substitution Task (DSST) and
mental arithmetic tests. Fexofenadine at doses of 120 mg was not significantly different from placebo
in any of the tests used. However, as expected for a verum, all the measures were significantly
disrupted by diphenhydramine 25 mg upto 6 hours post dose. Cetirizine 10 mg has produced significant
subjective somnolence at 3 & 6 hours post dose but without any impairment of objective tests. These
results allow the conclusion that fexofenadine at its recommended therapeutic dose of 120 mg is free
from impairment effects on aspects of psychomotor function and hence can be used safely. Cetirizine

is mildly sedating though it did not impair any of the objective psychometric tests.
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Introduction

Antihistamines are widely used for allergic
disorders. First generation H, receptor antagonists, though
effective, have the disadvantage of causing CNS depressant
effects such as drowsiness and impairment of cognitive
and psychomotor skills (1). Second generation H, receptor
antagonists, being more lipophobic are nonsedating and do
not impair the psychomotor performance (2). However, all
non sedating antihistamines are not similar and do cause
sedation or psychomotor impairment to some extent. Use
of second generation antihistamines such as terfenadine and
astemizole has been associated with serious drug interactions
alongwith macrolide antibiotics and anti-fungal agents. This
has been shown to result in QT interval prolongation on
ECG and rare incidence of life threatening ventricular
arrhythmias has been reported (3). Another second-

generation antihistamine cetirizine is reported to produce
drowsiness (4). Fexofenadine, a newer second-generation
antihistamine an active metabolite of terfenadine and is a
selective H, receptor antagonist. It offers nearly all the
advantages of an ideal antihistamine including high clinical
efficacy, lack of CNS and anticholinergic side effects, once
a day administration and lack of propensity to cause QT
interval prolongation or increased risk of ventricular
arrhythmias (5). Itis claimed to be non-sedatingand having
no psychomotor impairing effect (6-8).

The aim of the present study was to assess the effect of
fexofenadine on psychomotor performance and to
compare with cetirizine, another very commonly used
second generation antihistamine in our setup.
Diphenhydramine was taken as the positive control.
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Material and Methods

Ten normal healthy adult volunteers aged 21 to 39 years
(27.4+2.39) fulfilling the relevant inclusion criteria were
entered into the study. Associated disease or concomitant
medications were ruled out. The use of alcohol or any
beverage containing stimulants was forbidden from 18 hours
on the evening proceeding the day of experiment. Smoking
was prohibited on test days.The study was a randomized,
double blind, cross over placebo and verum- controlled study
in which subjects acted as their own controls. It was
conducted in PG Deptt. of Pharmacology and Therapeutics,
GMC, Jammu. The drugs under investigation were
fexofenadin HCL (120 mg) from Hoechst Marion Roussel,
diphenhydramine (25 mg) from Parke Davis (India) Ltd.,
cetirizine (10 mg) from Cipla Ltd. and placebo (Glucose
D). All the study medications were supplied in identical
capsules and each single oral dose was taken at 0930 hours
with a wash over period of one week between each study
session. The protocol was approved by the institutional
ethics committee following informed consent and medical
history, all the subjects underwent a medical examination
(including haematology, urine/stool analysis, biochemistry
and ophthalmic check-up for colour blindness). Subjects
included in study were familiarized with the study procedures
and were subjected to two pre study practice sessions not
more than one week apart to remove any influence of learning
effects on the study (9). On each of the test days, pre drug
baseline recordings were made on each of the psychometric
tests at 0900 hrs after which drugs were administered at
0930 hrs. and further testing was carried out at 1,3 and 6
hours post dose. Assessments of sedation using subjective
rating scales were made at each time point prior to the
performance of the psychometric test battery. Instrumental
tests like simple reaction time task-SRT (10), multiple choice
reaction time-MCRT (9), critical flicker fusion frequency
threshold-CFFT (12) and Non-instrumental tests like
stanford sleepiness scale-SSS (12,13) as a subjective test
as well as digit cancellation test-DCT (14), digit symbol
substitution test-DSST (15) and mental arithmetic tests (15),
as objective tests were used in the present study.
Statistical Analysis

The change in performance relative to the basal value
at different time intervals has been analysed by paired ‘t’
test for each drug. P<0.05 was considered significant. All
the three study drugs were compared along with the placebo
using the analysis of variance.
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Results

The results are shown in (Table 1). For SRT, analysis of
the results showed no significant change in post drug
scores at any of the trial periods with fexofenadine
whereas the effect of diphenhydramine was statistically
significant at 1 hour (P<0.001), 3 hrs. (P<0.01) and 6
hrs. (P< 0.05). Cetirizine also did not produce any
significant change in SRT scores. The results of MCRT
showed that a significant treatment effect was evident
with diphenhydramine causing an overall increase in the
error index. Diphenhydramine caused an increase in
mean error index at 1 hour (P<0.05), reached to maximum
at 3 hours (P<0.01) and the index started declining at 6
hours post dose, but still significant statistically (P<0.01).
Fexofenadine and cetirizine did not produce any
significant change in the mean error index and the effect
of both these drugs was found to be statistically similar
when compared with the placebo.

Analysis of the results for CFFT showed that
diphenhydramine had significant greater reduction than
all other treatments at 1 hr, 3 hrs and 6 hrs with peak
effect at 3 hrs. The significant effects of diphenhydramine
used as internal control validated the sensitivity of CFFT
as a measure of CNS impairment. There was no
noticeable difference between the post dose Critical
Flicker Fusion scores following fexofenadine, cetirizine
and those found with placebo. Diphenhydramine
produced highly significant results with peak effect at
3hrs on SSS. The effect with cetirizine on the scale though
insignificant, started at 1 hour, became statistically significant
at 3 hours and persisted upto 6 hours. Fexofenadine and
placebo did not produce any significant effect on SSS at
any of the trial periods as followed upto 6 hours.

Fexofenadine, cetirizine and placebo did not produce
any significant change in the number of digits correctly
substituted whereas with diphenhydramine the results
were statistically significant on performing DSST. No
significant change was observed in number of digits
cancelled in DCT after giving fexofenadine, cetirizine
and placebo as studied upto 6 hours. On the contrary,
with diphenhydramine there was a significant decrease
in the number of digits cancelled with maximum effect at
3 hrs.(P<0.001).No change was observed either in the
number of sums attempted or number of errors made in
arithmetic tasks after administration of fexofenadine,
cetirizine and placebo as investigated upto six hours.
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Table.1 Effects of fexofenadine,Cetirizine, Diphenhydramine &Placebo on different psychomatric tests & their comparison.
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S.No Test Drugs(S) Baseline value Post drug (Mean + SEM)
(Mean (xSEM) +1hr +3hrs +6hrs
1. SRT(Millisec) FEX 504.4£17.57 504.4+16.94 504.4+16.25 504.4+£16.71
CET 501.9+27.11 503.9+27.31 | 501.9+27.21 9| 504.9+26.25 bl
DPH 503.8+£18.93 589.2+20.55** 608.3+25.32* 589.10+27.54**
PLA 503.2+19.67 504.2+18.88 504.2+19.12 504.2+18.73
2. +MCRT FEX 137.2+7.20 137.4+7.22 137.1+7.15 137.1+7.19
(Error Index) CET 136..2+6.89 138.00+6.50 1| 136.6+6.78 | 136.5+6.84 1
DPH 135.2+6.83 177.6+17.32** 206.7+18.98** 178.00+£16.75
PLA 135.2+7.21 137.2+6.56 134.9+7.28 135.4+7.18
3. CFFT FEX 38.02+0.49 38.02+0.49 38.02+0.49 37.99+0.48
(Hertz) CET 38.74+0.56 38.74+0.56 | 38.75+0.55 | 38.7£0.56 1
DPH 37.95+0.43 36.70+0.50* 35.890.51* 36.77+0.44*
PLA 38.67+0.45 38.65+0.43 38.66+0.45 38.70+0.47
4, DSST FEX 84.5+4.87 84.3+4.87 84.3+4.85 84.20+4.86
CET 81.8+3.71 82.2+3.64 | 82.2+3.87 | 82.1+3.70 bl
DPH 81.6+3.83 68.6+2.75** 66.6+2.33*** 68.40+2.73***
PLA 79.3+3.60 79.3+3.48 79.0+3.58 79.3+3.55
5. DCT (C/Min) FEX 47.5+0.41 47.5+0.47 47.5+0.45 47.60+0.42
CET 47.8+0.97 47.4%0.07 | 47.3£0.94 | 47.5+0.99 1
DPH 47.8+0.86 42.7+0.64*** 40.8+0.46*** 42.70+£0.76***
PLA 47.9+0.92 47.6+0.94 47.9+0.83 47.9+0.92
6. ADD(A/W) FEX 156 + 1.14 158 +1.19 16.00 + 1.20 15.80 + 1.15
0.7 020 0.50 +0.15 0.70 +0.20 0.60 =+ 0.20
CET 153 + 1.02 155+099 | 155+ 099 1| 154+0.98 1
0.6 +0.20 04 +0.15 06 = 0.25 04 +0.20
DPH 15.6 + 0.91 12.00 + 0.62** 11.1 + 0.49 12.2 + 0.59***
0.7 +0.20 13 +0.28 107 +0.42 14 +0.32
PLA 15.7 £ 0.97 15.7 + 1.03 15.6 + 1.06 15.8 + 0.94
0.7 +0.20 04 +0.15 0.7 +0.20 0.94 + 0.20
7. SUBT (A/W) FEX 175+ 1.35 17.7 + 1.33 17.6 £ 1.29 17.60 + 1.40
09 +0.22 06 =021 08 027 09 +0.20
CET 175 + 1.44 175+145 | 175+145 T 17.5+1.46 T
09 =022 07 =021 0.8 +0.18 0.6 =020
DPH 175 £17.31 12.4 + 1.07*** 11.9 + 0.88*** 12.6 + 1.06***
0.99 + 0.22 1.8 +0.23 2.1 £ 0.26%** 1.9 £0.29
PLA 17.5 + 1.38 17.7 + 1.40 17.7 + 1.53 17.6 £ 1.32
09 =026 09 =026 09 =038 09 =026
8. SSS FEX 1.1+0.09 1.3+0.14 1.4+0.15 1.30+0.14
CET 1.00£0.00 1.20£0.12 1.6£0.15** | 1.5+0.15* 1
DPH 1.00£0.00 1.4+0.12* 2.2+0.18*** 2.20+0.27**
PLA 1.00£0.00 1.2+0.12 1.2+0.12 1.4+0.20

FEX: Fexofenadine, CET: Cetirizine, DPH: Diphenhydramine, PLA: PlaceboC/Min :

Digits cancelled/Minute, A/W: Attempted/Wrong Sums.

Paired t-tests * = p <0.05** = p <0.01*** = p<0.001 in comparison to basal value.J Computed F ratio >2.86 was considered significant.

Diphenhydramine led to statistically significant decrease
in the number of sums attempted. As far as number of
errors is concerned, the effect was significant at 3 and 6
hrs. in case of addition sums while in case of subtraction

sums, there was significant increase in the number of errors
made at all the times of trial period.

When all the three study drugs were compared with
the placebo, using the analysis of variance, the computed
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F-ratio was found to be more than the table F-ratio (2.86).
This indicates that the results are statistically significant
and significance is because of higher mean values of
diphenhydramine (Table 1).

Discussion

Conventional H, receptor antagonists ,first generation
antihistamines and some of the second generation
antihistamines are not free from limitations. This led to
the discovery of fexofenadine, a metabolite of
terfenadine, with similar clinical efficacy , nonsedating
properties and it is not associated with serious arrhythmias
(16,17).

In the present study old as well as newer
antihistamines were employed.Overall, the scores
obtained on the psychometric test battery following
diphenhydramine were impaired significantly upto 6 hours
post dose. This shows the sensitivity of the current set of
tests to untoward CNS activity. In contrast fexofenadine
at doses 120 mg. was not significantly different from the
placebo in its effects on psychomotor performance.

For measuring subjective symptoms of sleepiness, SSS
was employed in the present study. Diphenhydramine as
expected produced somnolence on SSS to a great extent.
In our study, fexofenadine has been found to be non-
sedating because it did not affect SSS at any time. This
finding is in conformity with the earlier results (18,19).
The sedative effect of cetirizine has been widely studied
but the reports have been conflicting. While studying the
effect of cetirizine 10 mg in the present study, it was
observed that it produced a significant degree of
somnolence. These findings are consistent and similar
to those reported by other researchers (19). In fact, US
FDA has classified cetirizine into sedating antihistaminics
(20). However, other workers have not reported
somnolence more than the placebo with cetirizine (21,22).
The difference in the sedating potential of cetirizine may
be due to inter individual variation (22).

There has been a lack of correlation between
subjective & objective effects of H, receptor antagonists.
Objective impairment has been found in asymptomatic
subjects (23) and conversely in other studies, although
subjects have complained of somnolence, no objective
impairment has been found (24). This phenomenon has
been observed with cetirizine in the present study as well
where cetirizine has produced significant subjective
somnolence without any impairment of objective tests.
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One of the most popular measures of sensorimotor
performance is reaction time to a critical stimulus. In the
present study, fexofenadine did not produce any
significant effect on reaction time of both types and these
findings are in similarity with earlier report (7). Cetirizine
produced no significant change in simple and multiple-
choice reaction time and these results are consistent with
the earlier literature (21). The CFFT is very sensitive
test of the changes in the capacity of an individual to
process information and one of the basic tests used in
the psychometric testing because the task of information
processing is essential to all daily activities. In this test
fexofenadine did not significantly impair performance in
our study. It shows that this drug can be given for a longer
period of time without affecting the daily activity of the
individual. Hindmarch (1998) found similar results in his
study on fexofenadine (25) Cetirizine also did not impair
CFFT in the present study as reported by other workers
as well (26). However, diphenhydramine produced
significant change in this test at different time intervals
as expected.

The DSST, asimple pencil and paper test is reported to
measure integration speed and accuracy of visual and fine
motor skills. In the present study neither fexofenadine nor
cetirizine significantly altered the number of digits correctly
substituted from that of the pre drug values. Similar findings
have also been reported by Barbara and co-workers with
fexofenadine 120, 180 or 240 mg. OD (27). However,
diphenhydramine significantly impaired this test. Gengo
et.al also found that diphenhydramine acutely causes
more compromise in cognition than either placebo,
cetirizine or terfenadine (28). However, Gengo et.al.
found significant difference in performance on D.S.S.T
scores at 6 and 8 hours after 20 mg dose of cetirizine (21).

Fexofenadine and cetirizine have not shown any
impairing effect on remaining objective tests used in the
present study i.e. DCT and arithmetic task. The scan of
literature has not revealed any report regarding the effects
of these drugs on these tests and hence our findings could
not be compared. This study again shows that fexofenadine
and cetirizine do not interfere with the concentration and
fine motor skills which may be beneficial in driving, class
room activities and for the pilots. However,
diphenhydramine in the study greatly impaired performance
by affecting DCT and arithmetic tasks as reported in the
literature.Fexofenadine, like its precursor terfenadine, does
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not penetrate the blood brain barrier to a clinically
important extent and selectively binds to peripheral H,
receptors (5,6).
Conclusion
It is quite evident from the present study that

fexofenadine is totally nonsedating and free of disruptive
effects on psychomotor performance. Fexofenadine is a
promising drug, and is also effective for the treatment of
allergy specially in those involved in skilled activity.
Acknowledgement

We acknowledge the help rendered by Dr. P Sharma

during the present work .

References

1.

10.

11.

12.

Hindmarch I, Shamsi Z. Antihistamines: Models to assess
sedative properties, assessment of sedation, safety and
other side effects. Clin Exp Allergy 1999; 29 (3): 133- 42.

Simon FER . The therapeutic index of newer H, receptor
antagonists. Clin Exp Allergy 1994; 24 (8): 707-23.

Mauri JM, Paakkari H. Variations among non-sedating
antihistamines: are there real differences? Eur J Clin
Pharmacol 1999; 55: 85-93.

Adelsberg BR. Sedation and Performance Issues in the
Treatment of Allergic conditions. Arch Intern Med 1997;
157: 494-500.

Markham A, Wagstaff AJ. Fexofenadine. Drugs 1998; 55
(2): 269-74.
Galant SP. Fexofenadine: a viewpoint. Drugs 1998; 55 (2): 275.

Vermeeren A, O’Hanlon JF. Fexofenadine’s effects, alone
and with alcohol, on actual driving and psychomotor
performance. J Allergy Clin Immunol 1998; 101: 306-11.

Kamei H. Noda Y, Ishikawa K et.al. Comparative study
of acute effects of single doses of fexofenadine,
olopatadine, d-chlorpheniramine and placebo on
psychomotor function in healthy volunteers. Human
Psychopharmacol 2003; 18 (8): 611-18.

Shamsi Z, Kimber S, Hindmarch 1. An investigation into the
effects of cetirizine on cognitive function and psychomotor
performance in healthy volunteers. Eur J Clin Pharmacol
2001; 56: 865-71.

Shaligram SV, Worliker P, Farida AL, Karbhari A.
Psychomotor and antihistaminic effects of four antihistaminic
agents in human volunteers. Ind Pract 1983; 36: 415-24.
Hindmarch I, Johnson S, Meadows R, Kirkpatrick T, Shamsi
Z. The acute and sub-chronic effects of levocetirizine,
cetirizine, loratidine, promethazine and placebo on cognitive
function, psychomotor performance and weal and flare.
Curr Med Research Opinions 2001; 17 (4): 241-55.

Roth T, Roehrs T, Koshorek G, Sicklesteel J, Zorick F.
Sedative effects of Antihistamines. J Allergy Clin Immunol
1987; 80: 94-98.

K SCIENCE

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

Hoddes E, Zarcone V, Smythe H, Phillips R, Dement WC.
Quantification of sleepiness; A new approach.
Psychophysiol 1973; 10 (4): 431-36.

Theofilopolos N, Szababi E, Bradshaw CM. Comparision
of effects of ranitidine, cimetidine and thioridazine on
psychomotor functions in healthy volunteers. Br J Clin
Pharmacol 1984; 18: 135-44.

Stone BM. Pencil and Paper tests; sensitive to psychotropic
drugs. Br J Clin Pharmacol. 1984; 18: 15S-20S.

Gary RR .Pharmacological management of allergic rhinitis.
J Allergy Clin Immunol 1998; 101: S367-S69.

Brown NJ, Roberts I1, Jackson L. Histamine, Bradykinin,
and their antagonists. In: Hardman JG et.al (eds.),
Goodman and Gilman’s The Pharmacological Basis of
Therapeutics (10" Ed.), New York, McGraw Hill Book
Inc. 2001: 645-67.

Tinkelman D, Falliers C, Bronsky E et.al . Efficacy and
safety of Fexofenadine HCL in fall seasonal allergic rhinitis
(abstract). J Allergy Clin Immunol 1996; 97 (Pt.3): 435.

Tashiro M,Sakurada Y, lwabuchi K et al. Central effects of
fexofenadine and cetrizine: Measurement of psychomotor
performance, subjective sleapiness and brain histamine H
receptor occupancy using HC-doxepin-positrom emissior
tromography. J Clin Pharmacol 2004; 44: 890-900.

Niphadkar, PV. Antihistamine: A benefit- risk- cost
perspective. Ind J Clin Pract 1998; 9 (4): 25-8.

Gengo FM, Gabos C, Mechler L. Quantitative effects of
cetirizine and diphenhydramine on mental performance
measured using an automobile driving simulator.
Ann Allergy 1990; 64: 520-26.

Simons FER, Fraser TG, Reggin JD, Simons KJ. Individual
differences in central nervous system response to
antihistamines (H1 receptor antagonists). Ann Allergy,
Asthma Immunol 1995; 75: 507-14.

Simons FER. H1-receptor antagonists. Comparative
tolerability and safety. Drug Safety 1994; 10: 350-80.

Goetz DW, Jacobson JM, Apaliski SJ. Objective
antihistamine side effects are mitigated by evening dose of
hydroxyzine. Annl Allergy 1991; 67: 448-54.

Gengo FM, Manning C. A review of the effects of
antihistamines on mental processes related to
automobile driving . J Allergy Clin Immunol 1990;
186: 1034-39.

Stone BM. Studies into the possible central effects of the
H1-antihistamine: Fexofenadine. Int Arch Allergy Immunol
1999; 118 (2-4): 338

Gengo F, Kinkel P. Acute and subchronic effects of cetirizine,
terfenadine, diphenhydramine and placebo on cognition in
the elderly. J Allergy Clin Immunol 1996; 97 (1): 435.

Rice VJ and Snyder HL. The effects of benadryl and
hismanal on psychomotor performance and
perceived performance. Aviat Space Environ Med
1993; 64: 726-34.

Vol. 6 No.4 , October-December 2004

205



