
Abstract. Objective: A previous study showed the inhibito-
ry effects of loratadine on histamine-induced wheal, flare
and itch in human skin to be very variable between individu-
als.  It was hypothesised that this variability may have been
due to differences in the rates of metabolism of loratadine to
its active form, desloratadine.  This double blind, crossover
study examined the effects of desloratadine in 12 healthy vol-
unteers. Levocetirizine was used as a comparator. 
Methods:Desloratadine (5 mg), levocetirizine (5 mg) or
placebo was taken orally 4 h before an intradermal injection
of histamine (20 ml, 100 mM) or vehicle control into the fore-
arm skin. Flare areas were assessed by scanning laser
Doppler imaging before and at 30 s intervals for a period of
9 min. Wheal areas were measured by planimetry at 10 min.
Itch was scored every 30 s for 5 min using a visual analogue
scale.
Results: Following placebo administration, the mean 
(± SEM) wheal area at 10 min was 79.3 ± 6.9 mm2, mean
flare area for the first 5 min following challenge 26.6 ±
2.7cm2, and itch score for the same period 48.5 ± 7.6%. The
effects of desloratadine were variable between individuals,
mean reductions in the wheal and flare areas being 17% (P =
0.033) and 12% (P = 0.036). Desloratadine did not reduce
itch significantly. Levocetirizine was more consistent in its
effects, mean reductions in wheal, flare and itch being 51%,
67% 78% respectively (all P < 0.001).
Conclusions: A single dose of 5 mg levocetirizine produced
more consistent and greater inhibitory effects on histamine-
induced wheal, flare and itch than did 5 mg desloratadine.
The difference is suggested to reflect the basic pharmaco-
kinetics of the two drugs. 
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Introduction

Recent years have seen a change in H1-antihistamines on the
market throughout Europe. First, following the realisation of
an association between cardiotoxicity and inhibition of the
metabolism of terfenadine to its active metabolite, fexofena-
dine, by the cytochrome P450 enzyme CYP3A4 [1, 2], terfe-
nadine was replaced on the market by fexofenadine. Second,
although possessing minimal cardiotoxicity, loratadine is
also effectively a pro-drug, being metabolised by the liver
microsomal enzymes CYP3A4 and CYP2D6 to its active
form, descarboethoxyloratadine (desloratadine) [3]. Deslo-
ratadine replaced loratadine on the market in 2001. Third,
cetirizine is a racemic mixture of S- and R-enantiomers of
which the R-enantiomer, levocetirizine, carries the majority
of the histamine H1-receptor blocking activity [4]. In late
2001, levocetirizine was marketed in its own right. 

In a recent study [5], we compared the inhibitory effects of
levocetirizine and loratadine against wheal, flare and itch pro-
voked in human skin by the intradermal injection of hista-
mine. Levocetirizine, 5 mg given orally 4 h before provoca-
tion, produced a consistent inhibition of all three responses.
By contrast, loratadine, 10 mg also given orally 4 h before
provocation, was shown to have a weaker effect which varied
markedly between individuals. This finding of a weak and
variable response with loratadine is consistent with the
reports of others [6–8]. While the reason for the inconsistent
efficacy of loratadine is not clear, one possible explanation is
a variability in its hepatic metabolism to desloratadine, a com-
pound which possesses 2.5 to 10 times the antihistaminic
activity of loratadine in animal models [9, 10]. From the work
of Hilbert and colleagues [11], peak plasma levels of lorata-
dine occur 11/2 h after oral dosage while those of deslorata-
dine are stated to occur in under three hours [9]. Thus, while
an interval of 4 h between dosing and testing should have been
sufficient for the absorption of loratadine and its metabolism
to desloratadine, any delay in the hepatic metabolism of the
parent drug in some individuals would result in a slower onset
of action. Because of the design of the study, this would have
been interpreted as a variability of effect.
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To test this hypothesis, we assessed the inhibitory effects
of desloratadine against wheal, flare and itch provoked in
human skin by the intradermal injection of histamine in a
double blind, placebo-controlled crossover study in 12
healthy volunteers. Levocetirizine was used as a comparator. 

Materials and methods

This study, which used an identical protocol to our previous study [5],
was performed as a randomised, double-blind placebo-controlled cross-
over trial on 12 healthy male volunteers aged 19–35 with no history of
allergy. Two weeks washout period was allowed between visits. The
study was approved by the Southampton and South West Local
Research Ethics Committee (study number 080/01) and all volunteers
gave signed informed consent. Matching capsules of desloratadine 
(5 mg), levocetirizine (5 mg), or placebo were taken orally 4 h before
each visit and subjects asked to refrain from eating, drinking caffeine-
containing liquids or taking excessive exercise for 2 h before attending
the laboratory, which was between 11.00 and 13.00 h in order to min-
imise intra-individual variation [5, 12]. Twenty microlitres of histamine
(100 mM, Sigma, Poole, UK) or vehicle control (Ringer’s solution, Fre-
senius Kabi Ltd, Basingstoke, UK), was injected intradermally, using a
27 gauge needle into the volar surface the forearm, one injection per
arm. Changes in skin blood flow were assessed before and at intervals
of 30 s for a period of 9 min after injection using scanning laser Doppler
imaging (Moor Instruments Ltd, Axminster, UK). Flare areas were cal-
culated from the calibrated images using the manufacturer’s software
[13]. The perimeter of the wheal at the end of the blood flux measure-
ments at 10 min was traced onto an acetate sheet and the area calculat-
ed by planimetry. Itch sensation was scored every 30 s for a period of 10
min after histamine injection using a 10 cm visual analogue scale. All
data are expressed as mean ± SEM and statistical analysis was per-
formed using Student’s t test for paired data. A probability value of P <
0.05 was taken as statistically significant.

Results

Intradermal injection of histamine caused a wheal and flare
response in all volunteers, which was accompanied by the
sensation of itch. 

Analysis of the time course of the development of the
flare response (Fig. 1a), measured from the repeat scanning
laser Doppler images, revealed that peak flare areas occurred
2–3 mins after the injection of histamine. Neither deslorata-
dine nor levocetirizine altered this time course. The time
course of the development of itch (Fig. 1b) showed the peak
response to occur at around 1 min. Again, this time course
was not altered by the drugs. For comparison of individual
responses and treatment groups, mean values of flare area
and itch scores between 0 and 5 min were calculated (flare0–5

and itch0–5, respectively). 
Figure 2a shows that the inhibition of the flare0–5

response by desloratadine was variable while that to levocet-
irizine was more consistent. The mean (± SEM) flare0–5 of
21.8 ± 3.0 cm2 measured after desloratadine dosing was sig-
nificantly lower than that of 26.6 ± 3.0 cm2 measured after
placebo (12% reduction, P = 0.036). By comparison, levoce-
tirizine, produced a more consistent and greater inhibitory
effect, the mean flare0–5 being 8.8 ± 2.1 cm2 (67% reduction, 
P < 0.001). The difference between the inhibitory effects of
desloratadine and levocetirizine was highly significant
(P < 0.001). Intradermal injection of the saline vehicle

caused a mean flare0–5 area of 1.3 ± 1.1 cm2 which was not
significantly affected by either desloratadine or levoceti-
rizine.

The areas of the wheal responses, assessed at 10 min,
were also variably reduced by desloratadine (Fig. 2b), the
mean values being 79.3 ± 6.9 mm2 for the placebo group and
66.1 ± 6.8 mm2 following desloratadine (17% reduction, 
P < 0.033). Levocetirizine was again more consistent and
effective (Fig. 2b), the mean wheal area being 39.2 ±
3.5 mm2 (51% reduction, P < 0.001). The difference between
the inhibitory effects of desloratadine and levocetirizine was
statistically significant (P = 0.007).

The effect of desloratadine against itch was again variable
(Fig. 2c), the mean itch0–5 response following desloratadine
administration being 23.8 ± 5.5% compared with 29.1 ±
7.2% for the placebo. The difference between these groups
was not statistically significant (P = 0.447). In contrast, the
mean itch0–5 response following levocetirizine administration
was 6.5 ± 2.4%, a 78% reduction of the placebo value 
(P = 0.003). The difference between the inhibitory effects of
desloratadine and levocetirizine was statistically significant
(P = 0.02).

Discussion

In this single dose study, 5 mg desloratadine showed variable,
but statistically significant, inhibitory effects on histamine-
induced flare and wheal responses, but had no statistically
significant effect on the itch response. In contrast, levoceti-
rizine produced a more consistent and greater inhibitory
effect on all of these parameters.

The variability of inhibitory responses produced by
desloratadine were similar to those observed with loratadine
in our previous study [5]. Thus, our hypothesis that this
inconsistency of effect was due to variability in the rate of

Fig. 1. a) Flare and b) itch responses to the intradermal injection of 
20 ml of 100 mM histamine. The drugs taken orally 4 h before histamine
injection were: placebo (open circles); 5 mg levocetirizine (closed cir-
cles); and, 10 mg loratadine (closed triangles). Flare areas were com-
puted from scanning laser Doppler images obtained every 30 s for a
period of 9 min. Itch was scored on a 10 cm visual analogue scale and
results expressed % total. All data are mean ± SEM of results in twelve
volunteers.
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metabolism of loratadine to desloratadine appears to be
incorrect. When trying to explain the difference in efficacy
between desloratadine and levocetirizine in our study, it is
more likely that other factors, particularly the physical char-
acteristics of the drugs are important. 

Before discussing these, it is important to clarify the con-
ditions of our study. First, it was a single dose study with
observations made at a time close to peak plasma levels, the
tmax values of desloratadine and levocetirizine being 3–4 h
and 0.7–0.8 h respectively [14, 15]. Second, the concentra-
tion of histamine, 100 mM, used to elicit the wheal and flare
response is higher than levels usually found within allergic
responses [16]. Thus, the study acted as an indicator of in
vivo efficacy under conditions where bioavailability, recep-
tor binding affinity, volume of distribution and protein bind-
ing are likely to be the major determining factors. The
bioavailability of the two drugs can be only estimated as the
pharmacokinetic data after intravenous administration are
not available: for desloratadine it is certainly less than 41%
(as this is the % of the radioactive dose recovered in the urine
in 10 days and it is known that the drug is extensively metab-
olized) [14], whereas for levocetirizine it is reported to be
around 85% [15]. The receptor binding affinities (Ki) of the
two drugs are comparable, desloratadine having a Ki of 
0.4 nM while that of levocetirizine is 2 nM [17]. However, the
volumes of distribution are markedly different. The absolute
apparent volume of distribution (Vz/F) of desloratadine fol-
lowing a single 5 mg dose is 2911 litres [14], which, assum-
ing a standard body weight of 70 kg, equates to ~40 l/kg. In
comparison, the apparent volume of distribution of levoceti-
rizine if 0.4 l/kg [18]. Further, the extent of protein binding
of desloratadine is ~85% [14] while that of levocetirizine is
95% [15]. From simple calculations performed from these
data, it may be predicted that, under the conditions of our
study, a 5 mg dose of levocetirizine would be more effective
in blocking the effects of histamine than would be a similar

dose of desloratadine. This is reflected in the results
obtained.

From our study, it is clear that levocetirizine is the more
effective drug when given as a single dose, as would be the
case in the treatment of acute allergic responses. However,
care must be taken in extrapolating our data to the use of the
drugs for prolonged therapy of chronic allergic diseases.
When using multiple doses, other pharmacokinetic factors
must be taken into consideration. The plasma half-life of
desloratadine of 21–24 h [19] is longer than that of levocet-
irizine, around 7 h [15]. Also, the duration of binding of
desloratadine to the H1-receptor (t1/2 > 6 h) [20] is longer than
that of levocetirizine (t1/2 ~2 h) [21]. 

In conclusion, in this single dose study, 5 mg levoceti-
rizine produced more consistent and greater inhibitory
effects on histamine-induced wheal, flare and itch than did 
5 mg desloratadine. The difference is suggested to reflect the
basic pharmacokinetic profiles of the drugs.
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