
J Investig Allergol Clin Immunol 2017; Vol. 27(3): 160-168 © 2017 Esmon Publicidad
doi: 10.18176/jiaci.0117

ORIGINAL ARTICLE

Effects of Rupatadine on Platelet-
Activating Factor–Induced Human Mast 
Cell Degranulation Compared With 
Desloratadine and Levocetirizine  
(The MASPAF Study)
Munoz-Cano R1,2, Ainsua-Enrich E3, Torres-Atencio I4, Martin M3,  
Sánchez-Lopez J1,2, Bartra J1,2, Picado C1,2,5, Mullol J2,5,6*, Valero A1,2,5*
1Unitat d’Al·lèrgia, Servei de Pneumologia i Al·lèrgia Respiratòria, Hospital Clínic and Universitat de Barcelona, 
Barcelona, Catalonia, Spain
2Immunoal·lèrgia Respiratòria Clínica i Experimental, Institut d'Investigacions Biomèdiques August Pi i Sunyer 
(IDIBAPS), Barcelona, Catalonia, Spain
3Biochemistry Unit, School of Medicine, Universitat de Barcelona, Barcelona, Catalonia, Spain
4Pharmacology Department, School of Medicine, Universidad de Panamá, Panamá
5Centro de Investigaciones Biomédicas en Red de Enfermedades Respiratorias (CIBERES), Barcelona, Catalonia, 
Spain
6Unitat de Rinologia i Clínica de l’Olfacte, Servei d’Oto-rino-laringologia, Hospital Clínic and Universitat de 
Barcelona, Barcelona, Catalonia, Spain 
*Both authors had similar senior responsibilities

	 Abstract

Background: Platelet-activating factor (PAF) is a lipid mediator involved in the pathophysiology of several allergic diseases, for example, 
in the amplification of mast cell (MC) activation in anaphylaxis. Rupatadine is an antihistamine with a demonstrated anti-PAF effect, 
although its capacity to inhibit PAF-induced MC degranulation has not been fully evaluated. 
Objectives: To compare the ability of rupatadine to inhibit PAF-induced MC degranulation with that of desloratadine and levocetirizine 
and to confirm the dual anti-H1 and anti-PAF activity of rupatadine. 
Methods: The human MC line LAD2 and primary MCs (human lung tissue MCs [hLMCs]) were used. MC mediator release was evaluated 
using the b-hexosaminidase and histamine release assay. The effects of rupatadine (H1 antagonist + PAF receptor antagonist), desloratadine, 
and levocetirizine (H1 antagonists) on LAD2 and hLMCs were compared. The PAF receptor antagonists WEB2086, BN52021, and CV6209 
were also tested. PAF receptor protein expression was evaluated in both LAD2 and hLMCs. 
Results: CV6209 and rupatadine inhibited PAF-induced MC degranulation in both LAD2 and hLMCs. In LAD2, rupatadine (5 and 10 µM) 
and levocetirizine (5 µM), but not desloratadine, inhibited PAF-induced b-hexosaminidase release. Rupatadine (1-10 µM), levocetirizine 
(1-10 µM), and desloratadine (10 µM) inhibited PAF-induced histamine release. Rupatadine at 10 µM had an inhibitory effect on hLMC 
degranulation, but levocetirizine and desloratadine did not.
Conclusions: This study shows that rupatadine and, to a lesser extent, levocetirizine, but not desloratadine, inhibit PAF-induced degranulation 
in both LAD2 and hLMCs. These findings support the dual antihistamine and anti-PAF effect of rupatadine in allergic disorders.
Key words: CV6209. Desloratadine. LAD2. Levocetirizine. Mast cell. Platelet-activating factor. Rupatadine.
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Introduction

Platelet-activating factor (PAF) is a lipid mediator released 
by many cells, including mast cells and eosinophils [1], which 
are implicated in allergic diseases such as asthma, allergic 
rhinitis, and anaphylaxis [2-4]. There is evidence that PAF 
can activate human lung mast cells (hLMCs), but not skin 
mast cells, through PAF receptor and phospholipase C-γ1 and 
-β2 [5]. These findings provide a plausible mechanism whereby 
PAF mediates an amplification loop for mast cell activation in 
the generation of the allergic response. 

The role of PAF in asthma has been well established, 
and several studies have demonstrated that it is associated 
with bronchoconstriction and bronchial hyperreactivity [6,7]. 
Furthermore, PAF has been considered the most potent 
inducer of vascular permeability among the mediators 
involved in nasal inflammation, with a key role in rhinorrhea 
and nasal congestion [3,8-11]. Finally, PAF levels and, more 
interestingly, PAF acetylhydrolase activity have been related 
to the severity of anaphylaxis [4,12].

PAF receptor expression has been described in human mast 
cells. PAF receptor has also been found in hLMCs, but not in 
skin mast cells [5]. No studies have been performed to date 
on the human mast cell line LAD2. PAF-induced mast cell 
degranulation is partially dependent on extracellular calcium, 
as demonstrated in human peripheral blood-derived mast 
cells [5] and in the human leukemia mast cell line HMC-1 [13].

Despite the significant relevance of PAF in the 
pathophysiology of allergic diseases, studies of PAF 
antagonists to date have failed to show a definitive and positive 
effect on bronchial symptoms [2,14]. Moreover, there are no 
studies with selective PAF antagonists in human rhinitis or 

anaphylaxis. Lack of evidence of the clinical efficacy of PAF 
antagonists probably accounts for their absence in the current 
armamentarium of allergic airway disease and the restriction 
of their use to research. 

Rupatadine is an H1 receptor antagonist indicated for the 
treatment of allergic rhinitis [15] and urticaria  [16]. It has 
the properties of an ideal second-generation antihistamine, 
including antiallergic/antiinflammatory effects such as 
inhibition of cytokine secretion [8,17]. In addition, the 
antagonistic effect of rupatadine on the PAF receptor has 
been demonstrated in in vitro studies and in a wide series 
of in vivo pharmacological studies based on both animals 
and humans [18]. The clinical anti-PAF effect of rupatadine 
was recently demonstrated using an in vivo human nasal 
provocation test with PAF [9,10]. However, the mechanism of 
action of the anti-PAF effect of rupatadine has not been fully 
evaluated in human mast cells [17,19]. 

The objective of the MASPAF study was to investigate 
the ability of rupatadine to inhibit PAF-induced mast cell 
degranulation. To confirm its anti-H1 and anti-PAF dual effect, 
rupatadine was compared with selective anti-PAF antagonists 
and second-generation antihistamines (desloratadine and 
levocetirizine) with unknown PAF antagonist activity.

Material and Methods

Reagents

PAF, desloratadine, WEB2086, and BN52021 were 
purchased from Sigma-Aldrich. CV6209 was purchased 
from Enzo Life Sciences. Rupatadine and levocetirizine were 
provided by Grupo Uriach SA.

	 Resumen

Introducción: El factor de activación plaquetario (PAF) es un mediador lipídico que ha sido involucrado en la fisiopatología de diversas 
enfermedades alérgica, como la amplificación de la activación de los mastocitos (MC) en la anafilaxia. Rupatadina es un antihistamínico 
que ha demostrado también un efecto anti-PAF, pero no ha sido elucidada su capacidad para inhibir la degranulación mastocitaria 
inducida por PAF. 
Objetivo: Evaluar la capacidad de rupatadina para inhibir la degranulación de los MC inducida por PAF en comparación con desloratadina 
y levocetirizina, con el objetivo de confirmar el efecto dual anti-H1 y anti-PAF de rupatadina. 
Métodos: Para este estudio se utilizaron la línea celular de mastocitos humanos LAD2 y mastocitos primarios (mastocitos pulmonares 
(MP)). Los mediadores mastocitarios se midieron utilizando las pruebas de liberación de b-hexosaminidasa e histamina. Los efectos de 
rupatadina (antagonista H1 + antagonista del receptor del PAF), desloratadina y levocetirizina (antagonista H1) se compararon en LAD2 
y MP. También se probaron los antagonistas selectivos del receptor del PAF WEB2086, BN52021, y CV6209. La expresión proteica del 
receptor del PAF fue evaluada tanto en LAD2 como en MP. 
Resultados: La expresión del receptor del PAF fue confirmada en LAD2 y MP. De los inhibidores anti-PAF, CV6209 y rupatadina inhibieron 
la degranulación mastocitaria inducida por PAF, tanto en LAD2 como en MP. En LAD2, rupatadina (5 y 10 µM) y levocetirizina (5 µM), 
pero no desloratadina, inhibieron la liberación de b-hexosaminidasa inducida por PAF. Rupatadina (1 -10 µM), levocetirizina (1-10 µM), y 
desloratadina (10 µM) inhibieron la liberación de histamina inducida por PAF. Rupatadina a 10 µM, pero ni levocetirizina ni desloratadina, 
demostraron efecto inhibitorio alguno sobre la degranulación inducida en MP. 
Conclusiones: Este estudio demuestra que rupatadina, y en menor medida levocetirizina, pero no desloratadina, es capaz de inhibir la 
degranulación inducida por PAF en LAD2 y mastocitos pulmonares. Estos hallazgos apoyan el efecto dual anti-H1 y anti-PAF de rupatadina 
para su uso en las enfermedades alérgicas.
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Study Outcomes

Trypan blue exclusion test of cell viability. The dye 
exclusion test was used to determine the number of viable 
cells after stimulation with PAF and antagonists (levocetirizine, 
rupatadine, desloratadine, CV6209, WEB2086, and BN52021) 
(all concentrations used in the experiments were tested). The 
technique is based on the principle that live cells possess intact 
cell membranes that exclude certain dyes, such as trypan blue, 
whereas dead cells do not [23].

β-hexosaminidase release assay. β-Hexosaminidase was 
quantified in the supernatant by release of 4-p-nitrophenol from 
p-nitrophenyl N-acetyl-beta-D-glucosaminide (1.3 mg/mL) in 
a sodium citrate buffer (pH 4.5). The reaction was stopped 
by addition of sodium carbonate buffer 0.2 M (pH 10.7). 
4-P-nitrophenol release was quantified by absorbance at 
405  nm. The percentage of β-hexosaminidase release was 
calculated as follows: β-hexosaminidase release rate (%) = 
[sample release – spontaneous release/maximum release – 
spontaneous release] × 100.

Calcium mobilization. Calcium mobilization in LAD2 
cells was followed by fluorometric analysis of free calcium 
with Fluo-4-AM fluorescent dye (Molecular Probes, 
Invitrogen). A total of 0.2×106 cells/point were loaded with 
5 mM Fluo-4-AM for 30 minutes at 4ºC in the dark, washed 
twice with Tyrode buffer, and resuspended. Fluorometric 
measurements were made in a Modulus II Microplate 
Multimode Reader (Turner BioSystems), according to the 
manufacturer’s instructions.

Enzyme-linked immunoabsorbent assay (ELISA) for 
histamine. Mast cell degranulation was also monitored by 
measuring the histamine released into the extracellular fluid. 
A commercial ELISA kit (Immunotech, Beckman Coulter 
Co) was used according to the manufacturer’s instructions. 
The net percentage of histamine release was calculated from 
the ratio of each sample, with spontaneous release subtracted 
from total histamine.

PAF receptor expression by Western blot. Total mast cell 
lysates from 1×106 cells for LAD2 and 0.5×106 cells for hLMCs 
were separated using SDS-PAGE (10%) and electrotransferred 
onto polyvinylidene difluoride membranes (Millipore). The 
blot was tested with an antibody against the PAF receptor 
(Vitro). Blotted membranes were visualized using an enhanced 
chemiluminescence kit (Santa Cruz Biotechnology). 

Statistical Analysis

Data are shown as a mean (SD). Groups were compared 
using a nonparametric test (Mann-Whitney with a Holm-
Bonferroni correction). The P value was adjusted depending 
on the number of comparisons (k). Therefore, a P value ≤.05/k 
was considered statistically significant.

Results

Toxicity of PAF and Antagonists 

Only rupatadine and desloratadine 100 μM induced a 
moderate increase in mast cell mortality compared with the 
diluent (DMSO 1%) (data not shown).

Mast Cell Cultures

Mast cell line. The LAD2 human mast cell line, which 
was provided by A Kirshenbaum and DD Metcalfe (National 
Institutes of Health), was grown in StemPro-34 serum-free 
medium (Invitrogen Life Technologies), supplemented with 
StemPro-34 Nutrient and with L-glutamine (2 mM), penicillin 
(100 U/mL), streptomycin (100 mg/mL), and 100 ng/mL 
recombinant stem cell factor (Preprotech) [10]. Cultures were 
stored at 37ºC in 5% CO2 in a humidified incubator. 

Primary human lung mast cells. Healthy lung fragments 
confirmed by histopathology examination and obtained 
during elective surgery were selected. hLMCs were dispersed 
from chopped lung specimens by means of an enzymatic 
procedure and purified using a magnetic bead–based affinity 
selection method with anti-CD117 antibody (MiltenyBiotec) 
as described elsewhere [20]. Mast cell purity, which was 
assessed by metachromatic staining, was greater than 98%. 
Cells were cultured in Dulbecco’s Modified Eagle Medium 
(DMEM) (LifeTechnologies) supplemented with FBS 10%, 
100 ng/mL recombinant stem cell factor, IL-10 (1 ng/mL), and 
IL-6 (0.5 ng/mL) (Preprotech) for up to 5 days.

Study Design

Most of the experiments were performed in LAD2 owing 
to the limited availability of hLMCs. Desloratadine and 
levocetirizine, neither of which has a demonstrated anti-PAF 
effect, have been used to evaluate the differential anti-PAF 
effects of rupatadine. Conversely, CV6209, WEB2086, and 
BN52021 are PAF antagonists with a demonstrated inhibitory 
effect [5,21,22]. 

Mast cell degranulation was evaluated using both 
β-hexosaminidase and histamine assays in LAD2 cells. First, 
time-course and dose-response assays were performed in order 
to determine the optimal dose and incubation time. PAF was 
tested at 1 μM for 15 and 30 minutes and at 10 μM for 5, 15, 
and 30 minutes. Second, mast cells were preincubated with 
antihistamines or anti-PAF for 30 minutes and then triggered 
with PAF 10 μM for 30 minutes (optimal dose and incubation 
time) for the degranulation assays. Rupatadine (1  μM, 
5 μM, and 10 μM), desloratadine (1 μM, 5 μM, and 10 μM), 
levocetirizine (1 μM, 5 μM, and 10 μM), CV6209 (0.2 μM and 
2 μM), WEB2086 (1 μM, 10 μM, and 100 μM), and BN52021 
(1 μM, 10 μM, and 100 μM) were tested. In order to evaluate 
the relationship between PAF-induced mast cell degranulation 
and calcium mobilization, several doses of PAF were tested 
(1 µM, 10 µM, and 50 µM) in LAD-2 calcium assays.

Mast cell degranulation was evaluated in hLMCs using 
histamine assays only. Mast cells were preincubated with 
antihistamines or anti-PAF for 30 minutes and then triggered 
with PAF 10 μM for 30 minutes. Rupatadine, desloratadine, 
and levocetirizine were tested at 10 μM because it was the only 
concentration that inhibited PAF-induced histamine release in 
LAD2. CV6209 was tested at 2 μM and was the only anti-PAF 
antagonist used for these experiments owing to the lack of an 
inhibitory effect of BN52021 and WEB2086 in LAD-2 (data 
not shown). 

PAF receptor expression was evaluated in mast cells from 
both LAD2 and hLMCs. 
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Effect of PAF Antagonists on PAF-Induced Mast Cell 
Degranulation

In LAD2, CV6209 inhibited PAF-induced β-hexosaminidase 
release at 0.2 µM (45%, P<.01) and 2 µM (56%, P<.001) 
(Figure 2A) and histamine release at 2 µM (30%, P<.01) 
(Figure 2B). WEB2086 and BN52021 did not inhibit PAF-
induced release of mast cells in LAD2 or in hLMCs (data 
not shown). 

In hLMCs, CV6209 at 2 µM inhibited PAF-induced 
histamine release (24%, P<.01) (Figure 2C). 

Effect of Rupatadine, Levocetirizine, and Desloratadine 
on PAF-Induced Mast Cell Degranulation

β-hexosaminidase release in LAD2. Only rupatadine 
10 µM (48%) significantly (P<.01) inhibited PAF-induced 
β-hexosaminidase release. No statistical differences were 
found with rupatadine 5 µM (30%), 25 µM (34%), or 100 µM 
(no inhibition) or with levocetirizine from 1 µM to 100 µM 
(Figure 3A and 3B, respectively). Desloratadine did not show 
any inhibitory effect at the concentrations tested (Figure 3C).

PAF Receptor Expression

PAF receptor expression (48-KDa band) was described 
in LAD2 for the first time and corroborated in hLMCs [5] 
(Figure 1A). 

PAF Time-Course and Dose-Response in LAD2 
Activation

PAF induced dose- and time-dependent cell activation in 
LAD2. Although PAF induced significant β-hexosaminidase 
release with both 1 and 10 µM at both 15 and 30 minutes, 
we chose the concentration (10 μM) and time (30 minutes) 
associated with the maximum release of mast cells (33.5%) 
as the experimental positive control (Figure 1B).

PAF-Induced Calcium Mobilization in LAD2

A dose-dependent (10-50 µM) PAF response was observed. 
Differences between 50 µM and 10 µM were not statistically 
significant. Neither PAF 1 µM nor the negative control induced 
calcium influx (Figure 1C).

Figure 1. A, Expression of PAF receptor by Western blot in mast cells from both LAD2 (lane 1) and human lung (n=3) (lanes 2-4). Effect of PAF on mast 
cell degranulation (LAD2). PAF time-course and dose response on (B) b-hexosaminidase release and (C) and calcium mobilization. Results are represented 
as mean (SD) of 3 independent experiments. ***P<.001 and ****P<.0001 compared with controls (no PAF). PAF indicates platelet-activating factor; 
b-hex (%), b-hexosaminidase release rate; RFU, relative fluorescence units.
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Histamine release in LAD2. Rupatadine 5 µM (29%) 
and 10 µM (30%) and levocetirizine 5 µM (25%), 10 µM 
(27%), and 25 µM (25%) significantly inhibited PAF-induced 
histamine release (P<.01) (Figure 4A and 4B). Desloratadine 
did not significantly inhibit histamine release at any of the 
concentrations tested (Figure 4C).

Histamine release in hLMCs. Rupatadine 10 μM (12%) 
significantly (P<.01) inhibited PAF-induced histamine release, 
but this effect was not observed with either desloratadine (2%) 
or levocetirizine (4%) (Figure 5).

Discussion

LAD2 is one of 3 well-established human mast cell lines 
and usually serves as a replacement for mast cells in mature 
tissue [24]. PAF receptor expression has been demonstrated 
in several cell types, including platelets, eosinophils, and 
hLMCs [25-27], but never in LAD2. In our study, we 
demonstrated for the first time the presence of the PAF 
receptor in LAD2. We also confirmed that the PAF receptor 
is present in hLMCs [5].

Figure 2. Effect of the specific anti-PAF receptor antagonist (CV6209) 
on PAF-induced mediator release from mast cells. Inhibitory effect on 
b-hexosaminidase (A) and histamine release from the LAD2 cell line (B), 
and on histamine release from primary lung mast cells (C). Results are 
expressed as mean (SD) of 3 independent experiments. ****P<.0001 and 
***P<.001 compared with controls (no PAF); †††P<.001 and ††P<.01 
compared with PAF. PAF indicates platelet-activating factor; b-hex (%), 
b-hexosaminidase release rate; histamine (%), histamine release rate.

Figure 3. Effect of second-generation antihistamines on PAF-induced 
b-hexosaminidase release in the LAD2 cell line. Rupatadine (A) and 
to lesser extent levocetirizine (B), but not desloratadine (C) inhibit 
b-hexosaminidase release. Results are expressed as mean (SD) of 3 
independent experiments. ***P<.001 and **P<.01 compared with 
controls; ††P<.01 compared to PAF. PAF indicates platelet-activating 
factor; b-hex (%), b-hexosaminidase release rate.
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In the MASPAF study, we demonstrated that rupatadine 
and, to a lesser extent, levocetirizine inhibited PAF-induced 
human mast cell degranulation and suggest that this effect 
could be mediated through the PAF receptor. Desloratadine, 
an antihistamine with no anti-PAF effect, failed to show any 
consistent inhibitory effect. 

In addition to mast cell degranulation, our study also 
confirmed the ability of PAF to mobilize intracellular calcium, 
as previously demonstrated by other authors [5,13]. This 
evidence and the inhibitory effect demonstrated by PAF-
specific antagonists such as CV6209 suggest that the PAF effect 
in our model may be mediated by PAF receptor activation. 

Kajiwara et al [5] recently demonstrated the activation of 
human mast cells through the PAF receptor, reaching 20%-
30% of total histamine release in hLMCs at a concentration 
as low as 1 nM [5]. The concentration used in our study was 
higher (10 µM) than that used in the study by Kajiwara et al, 
probably owing to differences in the cell types used (LAD2 
and hLMCs vs mast cells from peripheral blood–derived 
progenitors) and the high interindividual sensitivity in response 
to PAF stimulation observed in hLMCs. Our findings differ 
from those of Alevizos et al [19], who used LAD2 stimulated 
with PAF. Although histamine release was induced with a 
PAF concentration as low as 0.01 μM, β-hexosaminidase 
release could not be induced at that dose. In our study, PAF 
10 μM induced both histamine and β-hexosaminidase release 
with no impact on cell viability. Moreover, we were unable to 
demonstrate mobilization of calcium with PAF concentrations 
below 10 μM, suggesting that lower concentrations of PAF 
would not activate the PAF receptor in LAD2. 

In our study, CV6209 inhibited PAF-induced histamine 
and β-hexosaminidase release in both LAD2 and hLMCs. 
However, the PAF antagonists BN52021 and WEB2086 had 
no inhibitory effect (data not shown). Although several studies 
have compared rupatadine with WEB2086 and BN52021 and 
demonstrated a greater effect of these PAF antagonists on PAF-
induced mortality in mice or platelet aggregation in rabbits 
and human samples [18], their effect on mast cells has never 
been evaluated. On the other hand, it has been demonstrated 
that CV6209 inhibits PAF-induced histamine release in human 
peripheral blood–derived mast cells, although it has never 
been compared with rupatadine [5]. Our results showed that 
the inhibitory effect of rupatadine was comparable to that of 
CV6209 on LAD2, although the effect of CV6209 on hLMCs 
was greater than that of rupatadine.

In the present study, we demonstrated that rupatadine 
consistently inhibited PAF-induced degranulation, blocking 
histamine and β-hexosaminidase release in both LAD2 and 
hLMCs. 

Figure 4. Effect of second-generation antihistamines on PAF-induced 
histamine release in the LAD2 cell line. Rupatadine (A) and levocetirizine 
(B), and to a lesser extent desloratadine (C), inhibit histamine release. 
The results are expressed as mean (SD) of 3 independent experiments. 
***P<.001 compared with controls.  ††P<.01 and †P<.05 compared 
with PAF. PAF indicates platelet-activating factor; Histamine (%), 
histamine release rate.

Figure 5. Effect of second-generation antihistamines on PAF-induced 
histamine release in primary human lung mast cells. Rupatadine, but 
not levocetirizine or desloratadine, inhibits histamine release. Results 
are expressed as mean (SD) of 3 independent experiments. ***P<.001 
compared with controls. ††P<.01 compared with PAF. PAF indicates 
platelet-activating factor; Histamine (%), histamine release rate.
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In one of the few studies investigating the role of rupatadine 
in mast cells, Alevizos et al [19] compared the effect of 
rupatadine and diphenhydramine on PAF-induced histamine 
and cytokine release in LAD2. The discrepancies in the effect 
of rupatadine observed in our study and that of Alevizos et 
al could be related to differences in the PAF concentrations 
used. We used a significantly higher dose of PAF (10 μM) 
as a degranulation trigger and found that rupatadine was 
capable of inhibiting PAF-induced degranulation in a range 
that runs from 1 μM to 10 μM. Surprisingly, despite using a 
10-fold lower concentration of PAF, Alvezios et al showed that 
only rupatadine at 25 μM had a significant inhibitory effect. 
Furthermore, both H1 receptor antagonists—diphenhydramine 
in the study by Alvezios et al and desloratadine in ours—had 
no inhibitory effect on PAF-induced histamine or cytokine 
production, suggesting a lack of anti-PAF effect. Other 
previous studies performed with rupatadine in human mast 
cells, specifically in cord blood mast cells, have shown that 
rupatadine 25 µM inhibited IgE-mediated release of TNF-a 
and cytokines (IL-6, IL-8, IL-10, and IL-13) [17]. In HMC-1 
and LAD2, rupatadine 10 µM to 50 µM inhibited cytokine 
release induced by substance P, with no impact on cell viability 
at any concentration [17]. 

The present study also showed that desloratadine had 
no inhibitory effect and that levocetirizine inhibited PAF-
induced degranulation of LAD2 at some concentrations but 
not in hLMCs. However, Weller et al [28] demonstrated that 
desloratadine 1 μM was able to inhibit histamine release in 
isolated human skin mast cells. Queralt et al [29] reported 
a similar effect for loratadine and rupatadine in canine mast 
cells and HMC-1 after stimulation with the calcium ionophore 
A23187, Con A, and anti-IgE. However, in our study, 
desloratadine, a metabolite of loratadine, showed no inhibitory 
effect during stimulation with PAF in LAD2 and hLMCs. The 
different mast cell phenotype observed in human skin and 
human lung [30,31], as well as the different trigger used (anti-
IgE, calcium ionophore, Con A, and substance P) [28], could 
account for this discrepancy [32]. Although desloratadine, a 
second-generation antihistamine, has been shown to have some 
antiallergic effects [33] and to be up to 10 times more potent 
than loratadine in antagonizing histamine-induced increases 
in nasal microvascular permeability [34], in the light of our 
findings it lacks an anti-PAF effect.

To our knowledge, no studies have examined levocetirizine 
in mast cells. As a second-generation antihistamine, some 
antiallergic effects have been reported [35], although none 
of them are related to PAF. However, albeit to a lesser extent 
than rupatadine, levocetirizine inhibited PAF-mediated 
LAD2 degranulation (mainly histamine release at several 
concentrations), a finding that also suggests potential anti-PAF 
activity in LAD2 but not in primary hLMCs. 

Of note, the concentration of antihistamine necessary to 
decrease mast cell activation in vitro in our study may be higher 
than that necessary in vivo. Single cell models are partially 
representative of what is happening in a whole organism (a 
human being), and the role of metabolic pathways present in 
the in vivo model is neglected in in vitro (cell-based) studies. 
Furthermore, the cell culture environment does not exactly 
reproduce in vivo conditions. Therefore, our study must be 
considered an in vitro model for investigation of the effect of 

the drug on mast cell activation/mediator release, although the 
concentrations used are not useful as a reference for doses in 
treatment (an in vivo dose search is always mandatory).

Finally, the strongest inhibitory effect of rupatadine in PAF-
induced mast cell degranulation from both LAD2 and hLMCs 
clearly correlates with its clinical effect in allergic rhinitis [10], 
where rupatadine, but not levocetirizine, showed an inhibitory 
effect (reduced total nasal symptoms score).

In conclusion, we demonstrated that rupatadine and—
albeit to a lesser extent—levocetirizine have anti-PAF activity 
in human mast cells. The dual antihistamine and anti-PAF 
activity of rupatadine may provide the drug with greater anti-
inflammatory/antiallergic activity, as reported elsewhere [10]. 
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