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Aims

 

To assess the antihistaminic activity of levocetirizine and fexofenadine 2 h and 24 h
after drug administration using facial thermography and to compare the results with
those using well-established parameters of antihistaminic activity in the nose and skin.

 

Methods

 

This was a randomized, double-blind, three-treatment, three-period, single-dose,
cross-over study in healthy males taking levocetirizine 5 mg, fexofenadine 120 mg or
placebo. The primary endpoint was nasal skin temperature after nasal histamine
challenge recorded for 20 min at 2 and 24 h after drug intake. The secondary
endpoints were nasal symptoms and a histamine skin prick test.

 

Results

 

Thirty subjects were randomized. At 2 h after drug intake the inhibition of the nasal
temperature increase from baseline was not significantly different between levoceti-
rizine and fexofenadine. At 24 h it was significantly more pronounced after levoceti-
rizine than fexofenadine (difference: least-squares mean: 

 

−

 

0.13 

 

°

 

C; 

 

P

 

 

 

≤

 

 0.024, 95%
CI 

 

−

 

0.24, 

 

−

 

0.02). Both drugs significantly reduced (

 

P 

 

≤

 

 0.001) the mean temperature
increase from baseline compared with placebo at 2 and 24 h (least-squares mean
increase and (95% CI): levocetirizine, 

 

−

 

0.28 

 

°

 

C (

 

−

 

0.42, 

 

−

 

0.14) and 

 

−

 

0.32 

 

°

 

C (

 

−

 

0.43,

 

−

 

0.21); fexofenadine 

 

−

 

0.35 

 

°

 

C (

 

−

 

0.49, 

 

−

 

0.21) and 

 

−

 

0.19 

 

°

 

C (

 

−

 

0.30, 

 

−

 

0.08), respec-
tively). Results of nasal symptom score and wheal and flare were consistent with the
thermography results.

 

Conclusions

 

Facial thermography is an objective, non-invasive and sensitive method to study
antihistaminic activity at the nose level. Levocetirizine and fexofenadine demonstrate
the same activity at 2 h after drug intake, but levocetirizine has a more sustained
activity at 24 h.

 

Introduction

 

Histamine is one of the most important mediators in
allergy, and antihistamines are the mainstay of anti-
allergic treatment [1–3]. H

 

1

 

-antihistamines, which are
historically known as H

 

1

 

-receptor antagonists, have
recently been reclassified as inverse agonists [3]. To

define and compare the activity of different antihista-
mines controlled challenge models are of great impor-
tance. Although these studies cannot replace field
studies to prove efficacy in the general allergic popula-
tion, they are very powerful in demonstrating proof of
principle and evaluating specific pharmacodynamic
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properties of antihistamines. Wheal and flare models
using allergen or histamine skin challenge have been
intensively studied to demonstrate and compare antihis-
taminic effects at the skin level [4–7]. At the nose level
antihistaminic effects have been compared using nasal
provocation with histamine or allergen and by measur-
ing nasal flow (rhinomanometry), nasal secretion and
nasal symptoms [8–10].

As nasal allergen and histamine challenge is associ-
ated with temperature changes of the nose, infrared ther-
mography has been successfully applied. Seppey et al.
demonstrated a dose-dependent increase in nasal skin
temperature after intranasal administration of histamine
in healthy subjects and grass pollen in patients with
grass pollen allergy [11]. This method has the advantage
that it is objective, non-invasive and very sensitive.
However, this technique has not been applied to com-
pare antihistaminic activities of different antihistamines
at the nose level.

The aim of this study was to use facial thermography
to compare the antihistaminic activity of the two anti-
histamines levocetirizine and fexofenadine. Both sub-
stances are second-generation antihistamines that bind
with a high affinity and selectivity to H

 

1

 

-receptors [3,
12, 13]. Both drugs show few side-effects and have
similar pharmacodynamic properties. However, there is
limited information about their onset of action and dura-
tion of action [3]. Therefore, nasal skin temperature was
recorded in healthy subjects after nasal histamine chal-
lenge at an early (2 h) and late time point (24 h) after
drug intake. To relate these results to established anti-
histaminic parameters at the nose and skin level, nasal
symptoms and wheal and flare reactions after a histamine
skin prick test were recorded at the same time points.

 

Methods

 

Subjects

 

Thirty healthy adult male subjects (aged 18–55 years)
were enrolled in the study. Included were persons with
a positive skin prick test to histamine (wheal
diameter 

 

≥

 

 6 mm with histamine dihydrochloride
100 mg ml

 

−

 

1

 

 in NaCl 0.9% and 

 

≤

 

 3 mm with saline con-
trol), without documented or suspected history of aller-
gic disease or asthma, nasal structural abnormalities, or
current acute rhinitis. The use of intranasal or systemic
decongestants and antihistamines within 3 days before
study initiation, desloratadine or loratadine (within
10 days), oral corticosteroids (within 1 month), astemi-
zole (within 6 weeks), or drugs potentially affecting
vasomotor functions, was not allowed. The study was
approved by the ethics committee of the Hanover Med-
ical School. It was conducted in accordance with Good

Clinical Practice and the relevant national laws. Each
subject gave written informed consent before participa-
tion in the study.

 

Study design

 

This was a randomized, double-blind, placebo-con-
trolled, three-treatment, three-period, cross-over study.
The drugs were blinded using over-encapsulation. On
the first day subjects received a light breakfast and 1 h
later either a single oral dose of levocetirizine (LCTZ)
5 mg, fexofenadine (FEX) 120 mg or placebo (PLC).
These are the doses for the treatment of allergic rhinitis
recommended by the FDA. The subjects were allowed
to acclimatize for 30 min in the infrared recording room
before a nasal histamine provocation (NHP) was per-
formed at 2 h after the drug intake. Facial thermography
recording was started 2 min before provocation and con-
tinued until 20 min after the provocation. On the second
day no drug was administered but the rest of the proce-
dure was identical to the first day. Histamine provocation
was performed 24 h after drug intake. Skin prick tests
were performed before drug intake on the first day and
at the end of each infrared (IR) recording. Nasal symp-
toms were scored at drug intake, before each provocation
and at the end of each recording. The same procedure
was repeated for each treatment period. The workflow
of the study procedures is summarized in Figure 1.

 

Nasal provocation and facial thermography

 

Nasal provocations were performed according to stan-
dard procedures [14]. The histamine solution was
preheated to 30 

 

°

 

C before use. Histamine 70 

 

µ

 

g was
sprayed into each nostril using a hand-held metered dose
pump spray that delivered 140 

 

±

 

 10 

 

µ

 

l. One actuation
(histamine dihydrochloride 0.5 mg ml

 

−

 

1

 

 in NaCl 0.9%)
was administered into each nostril.

Temperature and relative humidity were continuously
monitored and maintained constant at 22 

 

±

 

 0.4 

 

°

 

C and
50 

 

±

 

 6%, respectively, in the room used for IR record-
ings. External IR radiation was averted by using ade-
quate curtains and shutters. Only cold light sources
(fluorescent tubes) were used. During IR recordings,
both the subject and the camera were kept away from
draft and external IR sources.

Facial thermography was carried out with a calibrated
IR camera (ThermaCAM

 

®

 

 SC500 from FLIR System-
s

 

TM

 

) equipped with 12

 

°

 

 close-up optics. Resolution, sen-
sitivity and accuracy of the camera were 320 

 

×

 

 240
pixels, 0.07 

 

°

 

C and 

 

±

 

2 

 

°

 

C, respectively. During IR
recordings, subjects sat with their head positioned on an
ophthalmic pedestal. The distance between the subject’s
face and the camera was 1.20 m. Infrared images of the
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subject’s face were taken at a sampling rate of 0.5 Hz.
They were directly recorded onto CD-R media. Average
temperature of the nasal region (circle centred on sub-
ject’s nose, tangent to the upper border of the inferior
lip and the lateral canthus of both eyes) was subsequently
computed for every IR image using ThermaCAMTM
Researcher 2001 software from FLIR Systems

 

TM

 

.
Figure 2 shows photographs of the nasal region before
and after nasal histamine provocation.

Baseline was defined as the mean temperature
recorded during the 2 min preceding NHP. Histamine
provocation and removal and repositioning of the head
on the ophthalmic pedestal lasted no more than 1 min.
The primary efficacy variable of this study was the mean
change from baseline of the ‘average temperature of the
nasal region’ (referred to in this publication only as the
‘temperature’) recorded in the 20-min interval following
NHP. The secondary variables were nasal symptom
score and histamine skin prick test as described below.

 

Nasal symptom score

 

The subjects rated the severity of sneezing, rhinorrhea,
nasal pruritus, and nasal congestion on a 4-point scale
ranging from 0 (absence of symptoms) to 3 (severe
symptoms), at drug intake, before provocation and at the
end of each recording (Figure 1). Total nasal symptom
score (T4SS) was calculated by adding these four symp-
tom scores.

 

Histamine skin prick test

 

Prick tests were performed on the inner forearm. A drop
of histamine solution (histamine 100 mg ml

 

−

 

1

 

) was
placed on the skin. A sterile lancet was used to vertically
prick the skin through the drop. After 2 s, the lancet was
removed. The drop was dried using swab gauze 1 min
later. After 10 min, the contours of the wheal and flare
area were outlined on the skin using a fine marker pen
and traced onto transparent acetate sheets. The area
(mm

 

2

 

) was computed using calibrated templates. The
prick test was performed before drug intake and at the
end of each thermography recording (Figure 1).

 

Statistics

 

Statistical analyses were carried out using an analysis of
variance model for cross-over design [15, 16]. Period,
sequence and study medication were considered as fixed
effects, and subject nested within sequence was consid-
ered as a random effect in this model. The differences
in the least-squares (LS) mean of the thermography
parameters and 95% confidence intervals (95% CI) were
calculated for all pairwise comparisons (levocetirizine–
fexofenadine, levocetirizine–placebo and fexofenadine–
placebo). The primary comparison was between levoce-
tirizine and fexofenadine. The comparison with placebo
was used as a control.

When the cross-over design of the study was taken
into account, a sample size of 27 subjects was sufficient

 

Figure 1 

 

Study procedure of each treatment period. IR, 

infrared; NHP, nasal histamine provocation; 

T4SS, nasal symptom score; SPT, skin prick test
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Figure 2 

 

Nasal region before and after nasal histamine provocation. Differences in 

nasal skin temperature were measured with infrared thermography. The 

temperature is colour coded. A change from black to yellow indicates an 

 

increase in temperature

before provocation after provocation 
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to detect a change in mean nasal skin temperature of
0.3 

 

°

 

C with a power of 90% and a type I error of 0.05.
We assumed an intrasubject standard deviation (SD) of
0.32 

 

°

 

C (SD determined in a previous clinical trial under
similar conditions).

 

Results

 

Demographics

 

Thirty healthy male subjects aged 29.8 

 

±

 

 6.8 years
(mean 

 

±

 

 SD) were randomized. The mean weight,
height and body mass index were 78.1 

 

±

 

 9.5 kg,
179.8 

 

±

 

 7.3 cm and 24.1 

 

±

 

 1.9 kg m

 

−

 

2

 

, respectively. One
subject discontinued the study because of acute rhinitis.

 

Reduction of nasal skin temperature after drug intake

 

Figure 3 shows the change in nasal temperature from
baseline over a 20-min period after nasal histamine
provocation at 2 h (A) and 24 h (B) after levocetirizine,
fexofenadine or placebo treatment. The mean tempera-
ture increase was reduced at 2 h and 24 h after drug
treatment compared with treatment with placebo.

Least-squares mean temperature changes from base-
line, which were recorded over 20 min after provocation,
and differences between the drugs are shown in Table 1.
Two hours after levocetirizine or fexofenadine intake,
the mean temperature increase from baseline was sig-
nificantly reduced compared with placebo (Table 1, 

 

−

 

0.28 

 

°

 

C and 

 

−

 

0.35 

 

°

 

C, respectively, 

 

P

 

 

 

<

 

 0.001). There
was no significant difference between the two drugs at
this time point. Twenty-four hours after drug treatment
the mean temperature increase was also significantly
reduced  compared  with  placebo  (levocetirizine

 

−

 

0.32 

 

°

 

C and fexofenadine 

 

−

 

0.19 

 

°

 

C, 

 

P

 

 

 

≤

 

 0.001); at this
time point, inhibition of the nasal temperature increase
after levocetirizine was significantly more pronounced
than after fexofenadine (difference 

 

−

 

0.13 

 

°

 

C; 

 

P

 

 

 

=

 

 0.024).

 

Reduced nasal symptom score after drug intake

 

Mean T4SS showed no relevant differences before drug
intake or before nasal histamine provocation between the
various treatment periods. Two and 24 h after drug intake,
following histamine challenge T4SS was significantly
lower after levocetirizine and fexofenadine than after
placebo (LS means (95% CI) (P value vs. placebo): LCTZ
2 h, 0.67 (0.20, 1.13) (P < 0.001); LCTZ 24 h, 0.72 (0.25,
1.18) (P < 0.001); FEX 2 h, 0.73 (0.27, 1.20) (P < 0.001);
FEX 24 h, 1.27 (0.81, 1.73) (P = 0.024); PLC 2 h, 2.11
(1.64, 2.58); PLC 24 h, 1.88 (1.42, 2.35)). There was no
significant difference between the two drugs at 2 h after
dose. However, at 24 h after levocetirizine, subjects had
significantly reduced T4SS compared with subjects who
received fexofenadine (P = 0.043).

Inhibition of wheal and flare after drug intake
Wheal and flare were significantly inhibited after hista-
mine provocation at 2 h and 24 h after drug treatment
compared with placebo (Figure 4, P < 0.01). There was
no significant difference between the levocetirizine and
fexofenadine at 2 h after drug intake (Tables 2 and 3).
However, at 24 h after dose, inhibition of wheal and flare
was significantly higher after levocetirizine than after
fexofenadine (LS means wheal 49.8% and flare 32.9%,
P < 0.001).

Discussion
Facial thermography was used to evaluate the antihista-
minic activity of levocetirizine and fexofenadine at the
nasal skin level in healthy male subjects. The recom-
mended dose for the treatment of allergic rhinitis was
selected for each drug. This seemed most appropriate as

Figure 3 
Mean temperature change (°C) after nasal histamine provocation at 2 h 

(A) and 24 h (B) after drug intake (n = 30)
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the purpose of the trial was to verify the suitability of
the method to investigate the effects of antihistaminic
drugs. When nasal histamine provocation was per-
formed 2 h after drug intake, both levocetirizine and
fexofenadine inhibited the nasal temperature increase to
the same extent. This difference compared with placebo
was statistically significant. Additionally, histamine-
induced nasal symptoms were significantly reduced by
both drugs compared with placebo. A similar effect was
seen in skin: levocetirizine and fexofenadine signifi-
cantly inhibited histamine-induced wheal and flare reac-
tion at 2 h after drug intake compared with placebo. Our
results indicate that both antihistamines have a similar
antihistaminic activity at the skin and nose level at an
early time point after drug intake.

When nasal and skin histamine provocation was per-

formed at 24 h after drug intake, both drugs still showed
significant antihistaminic activity compared with pla-
cebo. Nasal temperature increase, nasal symptoms and
wheal and flare reaction were reduced by both drugs.
However, at 24 h after drug intake a significant differ-
ence between the two drugs was observed. Levocetiriz-
ine reduced the nasal temperature increase and the nasal
symptoms to a greater extent than fexofenadine. This
was confirmed by the skin prick test. Thus, the antihis-
taminic activity of levocetirizine was longer lasting than
the activity of fexofenadine at the nose and the skin level.

These data have been confirmed by others using his-
tamine and allergen provocation studies. Grant et al.
observed a similar decrease in the wheal and flare sur-
face area 2 h after a single dose of either levocetirizine
or fexofenadine in healthy subjects challenged with his-

Table 1
Mean temperature increase (°C) from baseline after nasal histamine provocation

Time point
after dose LCTZa FEXa PLCa LCTZ-FEXb LCTZ-PLCb FEX-PLCb

2 h 0.50 0.43 0.78 0.07 −0.28 −0.35
(0.38, 0.61) (0.32, 0.55) (0.66, 0.90) (−0.07, 0.21)

(P = 0.327)
(−0.42, −0.14)
(P < 0.001)

(−0.49, −0.21)
(P < 0.001)

24 h 0.32 0.44 0.63 −0.13 −0.32 −0.19
(0.22, 0.41) (0.35, 0.54) (0.54, 0.73) (−0.24, −0.02)

(P = 0.024)
(−0.43, −0.21)
(P < 0.001)

(−0.30, −0.08)
(P = 0.001)

aValues given are LS mean (95% CI). bValues given are change in LS mean (95% CI). CI, confidence interval; LCTZ, levocetirizine;
FEX, fexofenadine; PLC, placebo.

Table 2
Wheal inhibition (%) after drug intakea

Time point
after dose LCTZb FEXb PLCb LCTZ-FEXc LCTZ-PLCc FEX-PLCc

2 h 65.8 64.7 17.9 1.14 48.0 46.8
(54.6, 77.1) (53.5, 75.9) (6.5, 29.3) (−14.2, 16.5)

(P = 0.882)
(32.5, 63.4)
(P < 0.001)

(31.3, 62.3)
(P < 0.001)

24 h 72.8 23.0 2.4 49.8 70.4 20.6
(62.0, 83.6) (12.2, 33.8) (−8.6, 13.4) (34.8, 64.9)

(P < 0.001)
(55.3, 85.6)
(P < 0.001)

(5.4, 35.8)
(P = 0.009)

aWheal inhibition is defined as the reduction of wheal area measured before and after drug intake expressed in (%). bValues
given are LS mean (95% CI). cValues given are change in LS mean (95% CI). CI, confidence interval; LCTZ, levocetirizine; FEX,
fexofenadine; PLC, placebo.
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Figure 4 
Inhibition in wheal (A + B) and flare (C + D) 

after nasal histamine provocation at 2 h and 

24 h after drug intake (mean ± 95% CI)
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Table 3
Flare inhibition (%) after drug intakea

Time-point
after dose LCTZb FEXb PLCb LCTZ-FEXc LCTZ-PLCc FEX-PLCc

2 h 57.2 54.8 5.0 2.4 52.3 49.9
(43.2, 71.3) (40.8, 68.9) (−9.3, 19.3) (−15.6, 20.5)

(P = 0.790)
(34.0, 70.5)
(P < 0.001)

(31.6, 68.1)
(P < 0.001)

24 h 83.1 50.2 12.5 32.9 70.7 37.8
(72.7, 93.5) (39.8, 60.6) (1.85, 3.0) (18.2, 47.6)

(P < 0.001)
(55.9, 85.5)
(P < 0.001)

(23.0, 52.6)
(P < 0.001)

aFlare inhibition is defined as the reduction of wheal area measured before and after drug intake expressed in (%). bValues
given are LS mean (95% CI). cValues given are change in LS mean (95% CI). CI, confidence interval; LCTZ, levocetirizine; FEX,
fexofenadine; PLC, placebo.
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tamine [17]. However, at 24 h they saw a more potent
inhibition with levocetirizine than fexofenadine.

The time required to reach peak plasma concentration
(tmax) is shorter for levocetirizine (0.8 ± 0.5 h) than for
fexofenadine (1–3 h). The terminal elimination half-life
(t1/2) is 7 ± 1.5 h and 14.4 h for levocetirizine and fex-
ofenadine, respectively [18]. These parameters alone
cannot explain the difference in activity of both drugs
24 h after administration. Concentrations of the drugs at
the active site (histamine H1-receptor), as well as their
affinity for these receptors, also have to be considered.
Receptor occupancy at 4 h (24 h) is 95% (12%) and 90%
(57%) for fexofenadine and levocetirizine, respectively
[19]. The results found in our study are consistent with
these values: a similar activity of fexofenadine and levo-
cetirizine 2 h after intake and a higher activity of levo-
cetirizine compared with fexofenadine at 24 h.

Facial thermography is a new non-invasive and sen-
sitive tool. It adds information to established methodol-
ogies in challenge models, such as wheal and flare at the
skin level and allergen provocation with rhinomanome-
try and nasal symptom score at the nose level. In con-
trast to these methods, thermography facilitates
continuous data collection. Thus, thermography has the
potential, in future studies, to detect onset of action very
precisely. Prerequisites for this method are a room with
stable climatic conditions, exclusion of external heat
sources and immobilization of the patient’s head. Facial
thermography can be performed on one patient at a time.

We conclude that facial thermography is an effective,
non-invasive and sensitive method to study the activity
of antihistamines at the nose level. Although both levo-
cetirizine and fexofenadine are successful H1-receptor
inverse agonists, our results indicate that at the end of
the recommended dosing interval for both drugs, levo-
cetirizine has a more sustained activity.

We would like to thank W. Koch and H. Windt (ITEM,
Fraunhofer Institute) for their technical support. This
study was supported by UCB Pharma, Braine L’Alleud,
Belgium.
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