
Abstract. The influence of a histamine H1 receptor
antagonist, epinastine hydrochloride (EP), on eosinophil
functions was examined in vitro and in vivo. The first set of
experiments was undertaken to examine whether EP could
suppress eosinophilia and IgE hyperproduction induced by
Mesocestoides cortii infection in BALB/c mice. The number
of peripheral blood eosinophils and levels of IgE were
examined 21 days after infection. Oral administration of EP
at a daily dose of 0.3 mg/kg, which is the recommended
human therapeutic dose, for 21 days was not able to suppress
either peripheral blood eosinophilia or IgE hyperproduction,
which was observed in mice infected with M. cortii. The
second part of the experiment was designed to examine the
influence of EP on eosinophil activation induced by stem cell
factor (SCF) stimulation in vitro. Eosinophils were obtained
from M. cortii-infected mice and stimulated with SCF in the
presence of different concentrations of EP for 24 h. The
addition of EP into cell cultures suppressed eosinophil
activation induced by SCF stimulation as assessed by
measuring the contents of acronym for Regulated upon
Activation, Normal T cell Expressed and presumably Secreted
(RANTES), macrophage inflammatory protein-1beta (MIP-
1‚) and leukotriene C4 (LTC4) levels in culture supernatants.
The minimum concentration of EP which caused significant
suppression of factor productions was 25 ng/ml, which is
similar to the concentration in plasma after oral
administration of the therapeutic dose in humans. These
results may suggest that EP exerts inhibitory effects on
eosinophil activation and results in favorable modification of
the clinical status of allergic patients.

Airway mucosal eosinophilia is a prominent feature of
allergic airway diseases, such as asthma and rhinitis (1).
Eosinophils are believed to play an essential role as final
effector cells in the development and maintenance of allergic
diseases through the secretion of cationic proteins, lipid
mediators, cytokines, and chemokines that can directly cause
tissue damage and lead to the exacerbation of inflammatory
responses (2). This was confirmed by ultrastructural studies
which showed extensive degranulation of eosinophils in
airway tissues during active diseases (3, 4). Accordingly, the
immunohistochemical analysis revealed high levels of
extracellular deposition of granule proteins in the diseased
tissues (5). These reports may suggest that the manipulation
of eosinophil functions, such as activation and mediator
release, will be a therapeutic target in the treatment and
prevention of allergic diseases.

Antiallergic agents, such as sodium cromoglycate,
fexofenadine and tranilast, have been used in the treatment
of allergic disorders for many years, and successful results
have been reported (6, 7). These agents are thought to act,
at least in part, by stabilizing the cell membrane of effector
cells (especially mast cells) and by preventing the release of
chemical mediators (7). However, the influence of antiallergic
agents on eosinophil functions is poorly understood. 

Infection with parasites, especially larval worms, is well-
known to induce IgE hyperproduction and peripheral
blood eosinophilia in mammalian hosts, including humans
and rodents (7, 8). Because these immune responses are
quite similar to those in allergic diseases (7, 8), the
parasite/host system may be considered to provide a
suitable model to examine the therapeutic mechanisms of
antiallergic agents on allergic diseases, especially IgE
hyperproduction and eosinophilia. Mesocestoides cortii is a
common parasite in dogs and humans in North and
Central America. The larval worm of this parasite, the
tetrathyridial larva, has been observed in the peritoneal
cavity of wild rodents. Tetrathyridial larva infection in
rodents is known to produce peripheral blood eosinophilia
and IgE hyperproduction (7). 
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In the present study, therefore, we have used the M. cortii-
infected mouse system to examine the influence of
epinastine hydrochloride (EP), the most notable histamine
H1 receptor antagonist in Japan (so-called antihistamine), on
peripheral blood eosinophilia in vivo. We also examined the
influence of EP on the activation of eosinophils from mice
infected with M. cortii by an in vitro cell culture technique.

Materials and Methods

Mice. Specific pathogen free male BALB/c mice were purchased from
Charles River Japan Inc. (Atsugi, Japan). They were maintained in
our animal facilities under a controlled environment (25±3ÆC,
55±5% humidity and a 12 h light/dark cycle). All animal
experimental procedures were approved by the Animal Care and Use
Committee of Showa University and were carried out in accordance
with the guidelines of the Physiological Society of Japan (9).

Agent. EP was kindly donated from Nihon-Boehringer Ingelheim
Co. Ltd. (Tokyo, Japan) as a preservative-free pure powder. This
was dissolved in normal saline at a concentration of 100 Ìg/ml. The
mice were given various doses of the agent once a day for 3 weeks
via a stomach tube at a daily dose of either 100, 150, 200, 300, or
400 Ìg/kg in a volume not exceeding 0.25 ml.

Parasitological technique. M. cortii, kindly donated by Dr. A. Niwa
(School of Medicine, Kinki University, Osaka, Japan), was
maintained in mice by intraperitoneal injection of 0.1 ml packed
tetrathyridia according to the method described elsewhere (7).

Assay for IgE. Blood was obtained from the retroorbital plexus of
mice in a volume of 100 Ìl on days 0, 4, 7, 14 and 21 relative to the
infection. After clotting, the serum was obtained and the total IgE
levels were assayed using mouse IgE ELISA test kits (Yamasa Co.
Ltd., Chiba, Japan). The ELISA was carried out in duplicate
according to the manufacturer's recommendations.

Counting for peripheral blood leukocytes and eosinophils. Total
leukocytes in peripheral blood obtained from retroorbital plexus
were counted with Turk's staining solution and haemocytometers.
The number of eosinophils in peripheral blood was also examined
according to the method described previously (10). Briefly, 5 Ìl of
the blood taken from retroorbital plexus was mixed with 20 Ìl of
Hinkelman's solution (Muto Pure Chemicals Co. Ltd., Tokyo,
Japan). Eosinophils were counted using haemocytometers. 

Preparation of eosinophils. Mice were killed by ether anesthesia 21
days after the injection with 0.1 ml packed tetrathyridia. Peritoneal
exudate cells were obtained by washing the mouse peritoneal cavity
with 10 ml sterile phosphate-buffered saline (PBS). The cells were
washed 3 times with RPMI-1640 medium (SIGMA Co., Ltd., St
Louise, MO, USA) supplemented with 10% inactivated fetal calf
serum (RPMI-FCS; Nihon Bio-Supply Center, Tokyo, Japan), and
incubated in plastic tissue culture plates to remove plastic adherent
cells in a humidified atmosphere with 5% CO2 at 37ÆC. After two
hours, non-adherent cells (eosinophils) were collected and
suspended in RPMI-FCS at a concentration of 5x105 cells/ml.
Eosinophils (1.0 ml) were then treated with different doses (10, 20,
25 and 50 ng/ml) of EP for one hour and stimulated with 200.0 ng/ml

stem cell factor (R & D Corp., Minneapolis, MN, USA) for 24 h in
a final volume of 2.0 ml. The culture supernatants were collected
after pelleting cells by centrifugation at 3000 rpm for 15 min at 25ÆC
and stored at –40ÆC until used. The purity of eosinophils was >95%
as judged after examination of cells after Giemsa stain. 

Assay for eosinophil-derived factors. Levels of eosinophil-derived
factors, leukotriene C4 (LTC4), acronym for Regulated upon
Activation, Normal T cell Expressed and presumably Secreted
(RANTES) and macrophage inflammatory protein-1beta (MIP-1‚),
in culture supernatants were examined using commercially available
ELISA test kits (R&D Corp.). The ELISA was carried out duplicate
according to the manufacturer's recommendation.

Statistical analysis. Data were analyzed with analysis of variance
(ANOVA) followed by Fisher's PLSD test. P<0.05 was considered
significant.

Results

Influence of M. cortii infection on eosinophilia and IgE
production. The first set of experiments was undertaken to
examine whether M. cortii infection could cause the changes
in both the number of eosinophils and IgE levels in
peripheral blood. As shown in Figure 1a, the infection of
mice with M. cortii caused a gradual increase in the number
of total leukocytes, which was peaked on day 21. The
number of eosinophils in peripheral blood was also increased
by M. cortii infection (Figure 1b). We then examined the
influence of M. cortii infection on IgE production. The data
in Figure 2 clearly showed that the amount of IgE in
peripheral blood was increased by M. cortii infection and
those from day 14 of infection onward were more than 30-
fold that observed in non-infected control.

Effect of EP on eosinophila and IgE production induced by M.
cortii infection. The second set of experiments was carried
out to examine the influence of EP on eosinophilia and IgE
production. As shown in Figure 3a, EP did not suppress the
increase in the number of eosinophils induced by M. cortii
infection: the number of eosinophils in mice treated with 400
Ìg/kg of EP, which is three times the recommended
therapeutic dose for allergic diseases, was nearly identical to
that observed in non-treated control. We then examined the
influence of EP on IgE production caused by M. cortii
infection. The data in Figure 3b clearly showed the absence
of suppressive effects of EP on IgE hyperproduction as in
the case of peripheral blood eosinophilia.

Influence of EP on eosinophil activation in vitro. The third set
of experiments was designed to examine whether EP could
suppress eosinophil activation in response to immunological
stimuli. As shown in Figure 4, the stimulation of eosinophils
with SCF at more than 2.5 ng/ml caused significant increase in
both RANTES and MIP-1‚ levels in culture supernatants as
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compared with non-stimulated control. On the other hand,
stimulation of eosinophils with SCF caused a dose-dependent
increase in LTC4 levels in culture supernatants: as the
concentration of SCF used for stimulation was increased, the
levels of LTC4 increased, and peaked when the cells were
stimulated with SCF at more than 100 ng/ml (Figure 4). We
then examined the time course of factor production by
eosinophils in response to SCF stimulation. Eosinophils were
stimulated with 100 ng/ml SCF and RANTES, LTC4 and MIP-
1‚ levels were examined 4, 6, 12 and 24 h after stimulation. As
shown in Figure 5, the levels of both RANTES and MIP-1‚
gradually increased and peaked 24 h after SCF stimulation.
However, culture supernatants collected 4 h after stimulation
contained much higher levels of LTC4, and these levels were
similar (not significant) to those in 24 h culture supernatants
(Figure 5). We finally examined the influence of EP on factor
production from eosinophils after SCF stimulation.
Eosinophils were pre-treated with various doses of EP for 1 h
and then stimulated with 100 ng/ml SCF. After 24 h, culture
supernatants were collected and RANTES, LTC4 and MIP-1‚
levels were examined. EP could dose-dependently inhibit the
ability of eosinophils to produce RANTES, LTC4 and MIP-1‚,
which was enhanced by SCF stimulation (Figure 6). The
minimum concentration of EP which caused significant
suppression of factor production was 25.0 ng/ml (Figure 6). 
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Figure 1. Influence of Mesocestoides cortii infection on the number of both peripheral blood leukocytes and eosinophils in mice. BALB/c mice were
injected intraperitoneally with various numbers of M. cortii larvae on day 0. (a) The number of leukocytes and (b) eosinophils were examined 4, 7, 14
and 21 days after infection. Open square: non-infected; filled square: infected with 100 larvae; open circle: infected with 500 larvae. *Significant (p<0.05)
as compared to 100 infection. 

Figure 2. Influence of Mesocestoides cortii infection on IgE hyper-
production in mice. BALB/c mice were injected intraperitoneally with
various numbers of M. cortii larvae on day 0. IgE levels in peripheral
blood were examined 4, 7, 14, and 21 days after infection. Open square:
non-infected; filled square: infected with 100 larvae; open circle: infected
with 500 larvae. *Significant (p<0.05) as compared to 100 infection. 



Discussion

EP is a well known second-generation antihistamine and is
frequently used in the treatment and management of a wide
variety of allergic disorders, including allergic rhinitis,
urticaria and atopic dermatitis. Although its effect was mainly
described from the perspective of a histamine receptor
antagonist that affects mast cells (11), the precise therapeutic
mechanisms on allergic diseases are not fully understood.

The most striking feature of the histopathology of allergic
diseases is the intense infiltration of eosinophils,
macrophages and lymphocytes (1). Of these, the eosinophil
appears to be a key cell that has been associated with
histological changes at the site of allergic immune responses
and disease severity (1-5), suggesting that eosinophils may
be important targets for the treatment and the management
of allergic diseases. The experiments presented here
characterized firstly the effects of EP on allergic immune
responses, especially eosinophilia and IgE hyperproduction,
during normal in vivo immune responses. The model used
is that of eosinophilia and IgE hyperproduction during M.

cortii infection. We examined the influence of EP on
eosinophilia and IgE hyperproduction. The data obtained
clearly show that EP cannot suppress these two immune
responses induced by M. cortii infection, even when 300 to
400 Ìg/kg EP, almost equal to human therapeutic dose, was
administered into experimental mice for three weeks. 

Eosinophils can secrete a number of lipid mediators and
basic proteins, which have been implicated in airway
reactivity, vascular leak syndromes, destruction and
sloughing of epithelium, and other inflammatory changes
that underlie allergic diseases, including asthma and
pollinosis (12, 13). Eosinophils also have the capacity to
produce certain cytokines and chemokines such as
granulocyte-colony stimulating factor, IL-5, RANTES and
eotaxin, which exert an autocrine effect on eosinophil
survival, differentiation and accumulation (12, 14). SCF is a
primary cytokine involved in hematopoiesis, mast cell
differentiation, and mast cell activation. It has also been
shown to play a significant role in eosinophil-associated
inflammatory responses (15). Therefore, the second part of
the experiment examined the influence of EP on eosinophil
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Figure 3. Influence of epinastine hydrochloride on peripheral blood eosinophilia and IgE hyperproduction induced by Mesocestoides cortii infection in mice.
BALB/c mice were injected intraperitoneally with 500 M. cortii larvae. The mice were treated orally with epinastine hydrochloride at a daily dose of 100
to 400 Ìg/kg, which was started on the day of infection. After 3 weeks, (a) the number of peripheral blood eosinophils and (b) IgE levels were examined. 



activation in vitro. As assessed by examining the levels of
RANTES, LTC4 and MIP-1‚, EP could suppress the
production of these factors by eosinophils stimulated by
SCF. A significant suppression of production was first
observed at 25.0 ng/ml, which is equivalent to a therapeutic
blood level (16). LTC4 is a member of closely structurally
related lipid molecules, Cysteinyl leukotrienes (CysLTs) was
originally described as a slow-reacting substance of
anaphylaxis (17). LTC4 is synthetized from arachidonic acid
by several types of cells (e.g. mast cells, eosinophils and
macrophages, etc.) in response to many triggers, including
receptor activation, antigen-antibody interaction, and
physical stimuli such as cold (18). Any stimulation that
increases intracellular calcium levels affects the production

of LTC4 (18). CysLTs have been shown to play a role in
leucopoiesis, cellular migration from bone marrow to the
circulation and adhesion of inflammatory cells to the
vascular endothelium (17). It has also been reported that
CysLTs enhance eosinophil migration and activation, and
increase eosinophil survival time in vitro and in vivo (19).
Taken together, the present results may suggest that EP
exerts its attenuating effect on the clinical status of allergic
diseases through the suppression of LTC4 production by
eosinophils. 

Allergic inflammatory responses are characterized by
structural abnormalities, including thickening of basement
membrane and structural fibrosis associated with intense
infiltration of eosinophils and macrophages (20, 21). Tissue
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Figure 4. Dose response profile of stem cell factor on eosinophil activation in vitro. Eosinophils (5x105 cells/ml) obtained from mice infected with
Mesocestoides cortii (500 larvae/mouse) were stimulated with stem cell factor for 24 h. Factor levels in culture supernatants were examined by ELISA. 



eosinophilia is due to a combination of specific and
coordinated cellular processes appearing at different stages
of eosinophil extravasation including adhesion, chemotaxis,
and activation (1). Although IL-5 is responsible for eosinophil
migration, in vitro and in vivo studies demonstrated specificity
of chemokines, RANTES and eotaxin, for attraction and
activation of eosinophils, and imply their participation in the
specific recruitment of eosinophils to the site of allergic
inflammation (22, 23). MIP-1‚ is a member of the CC
subfamily of chemokines, which induce the migration and
recruitment of monocytes and T cells to the sites of
inflammation (24). MIP-1‚ has also been reported to

enhance macrophage effector functions by inducing the
production of nitric oxide, which is the most important final
effector molecule in inflammatory diseases (25). Judging
from these reports, the present results showing the
suppressive activity of EP at therapeutic blood levels on
RANTES and MIP-1‚ production provide possible
mechanisms that could explain the favorable effects of EP on
allergic diseases. 

Although the present results clearly indicate one
therapeutic mode of action of EP on eosinophil-mediated
allergic immune responses, the precise mechanisms by which
EP could suppress eosinophil activation by SCF stimulation
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Figure 5. Time course of eosinophil activation induced by stem cell factor stimulation in vitro. Eosinophils (5x105 cells/ml) obtained from mice infected
with Mesocestoides cortii (500 larvae/mouse) were stimulated with stem cell factor at a concentration of 200 ng/ml. The culture supernatants were
obtained after stimulation, and factor levels were assayed by ELISA.



are not fully understood. SCF exerts its biological effect
through a specific interaction with the cell surface receptor
c-kit, which is a member of the receptor tyrosine kinase
family (15). The SCF and c-kit complex has been reported
to enhance the ability of inflammatory cells, such as mast
cells and eosinophils, to produce a wide variety of
chemokines (e.g. TARC and RANTES, etc.) through Ca2+-
dependent mechanisms (26). It has also been reported that
the synthesis of CysLTs including LTC4 requires an increase
in intracellular calcium content (18). Several studies have
demonstrated that H1-receptor antagonists can prevent not
only Ca2+ influx but also Ca2+ release from the intracellular
Ca2+ store, which is responsible for the inhibition of both

mediator release and signal transduction pathways that are
related to mediator production (27-29). From the present
results, it may be inferred that EP maintains a stable Ca2+

concentration in the cytosol and results in the inhibition of
production (or release) of the mediators examined.

In conclusion, the present results suggest that some of the
therapeutic effects of EP on allergic diseases depend on its
ability to inhibit eosinophil activation. 

Acknowledgements

This study was supported, in part, by Nihon-Boehringer Ingelheim
Co. Ltd. (Tokyo, Japan)

Mochizuki et al: Epinastine Hydrochloride Suppression of Eosinophil

19

Figure 6. Influence of epinastine hydrochloride (EP) on eosinophil activation induced by stem cell factor stimulation in vitro. Eosinophils (5x105 cells/ml)
obtained from mice infected with Mesocestoide cortii (500 larvae/mouse) were stimulated with 200 ng/ml of stem cell factor (SCF) in the presence of
different concentrations of EP for 24 h. Factor levels in culture supernatants were examined by ELISA. 
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