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ABSTRACT: Epinastine is an antihistamine drug with binding affinities at 5-hydro-
xytryptamine (5-HT) receptors. The current study was performed to investigate whe-
ther epinastine could modulate the cholinergic contraction in guinea pig and human
airways in vitro.

Isolated guinea pig and human airway preparations were suspended in organ baths
containing modified Krebs-Henseleit solution. Electrical field stimulation was applied
to elicit cholinergic contractions.

Epinastine produced a concentration-dependent inhibition of the cholinergic con-
traction in guinea pig airways and pretreatment with methysergide (5-HT1/2/7 anta-
gonist) significantly attenuated these inhibitory effects of epinastine. Pretreatment
with tropisetron (5-HT3/4 antagonist), ketanserin (5-HT2 antagonist), SDZ216-525 (5-
HT1A antagonist) or phentolamine (a-adrenergic antagonist) had no effect. Epinastine
did not displace the concentration-response curve to acetylcholine.

These results suggest that epinastine inhibits the cholinergic contraction in guinea
pig airways through stimulation of prejunctional 5-hydroxytryptamine receptors, loc-
ated to postganglionic cholinergic nerves. Inhibitory effects of epinastine on the choli-
nergic contraction in human airways in vitro were also demonstrated, which suggests
that a similar mechanism might be present in human airways. The pharmacological
profile of epinastine, which shows binding affinity at the 5-hydroxytryptamine7 rec-
eptor but not at the 5-hydroxytryptamine1 receptor subtypes corroborates the hypo-
thesis that the inhibitory prejunctional 5-hydroxytryptamine receptor on cholinergic
nerves is of the 5-hydroxytryptamine7 subtype.
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Cholinergic nerves are the dominant neural broncho-
constrictor pathways in both animal and human airways.
Many different prejunctional receptors modulate the choli-
nergic neurotransmission at the level of the postganglionic
nerve terminals, among them several receptors for inflam-
matory mediators [1]. In the present study, the authors
have investigated the effects of epinastine (WAL 801CL,
Alesion1, CAS 108929-04-0), a tetracyclic guanidine,
on the cholinergic contraction in vitro.

Epinastine was originally developed as an antihistamine
drug without sedative side effects on the central nervous
system, intended for the treatment of allergic disorders such
as asthma [2]. It binds the histamine (H)1 receptor with a
high affinity and selectivity and its antihistamine prop-
erties have been demonstrated in several studies [3]. Oral
administration of epinastine, for instance, prevented the
bronchoconstriction to inhalation and intravenous admin-
istration of histamine in guinea pigs [3±5]. Bronchospas-
molytic effects of epinastine after histamine inhalation
have also been demonstrated in humans [2]. Pharmaco-
logical studies have further identified epinastine as a 5-
hydroxytryptamine (HT)2 antagonist, probably due to its

structural resemblance to other guanidines that have been
shown to be peripherally acting 5-HT2 antagonists [6].

Other properties of this drug are less well characterized.
Epinastine shows some binding affinity at the a2-adren-
ergic receptor [3]. Bronchoconstriction induced by plate-
let activating factor (PAF) in guinea pigs was attenuated
by pretreatment with epinastine [4]. Intravenous admin-
istration of epinastine in anaesthetized guinea pigs pro-
tected against bradykinin-induced bronchoconstriction
[4]. However, there was no effect of epinastine on the
bronchoconstriction induced by endothelin-1, prostaglan-
din D2, leukotriene D4, substance P and neurokinin A in
guinea pigs [5]. The underlying mechanism of the inhibi-
tory effects of epinastine on allergen-, PAF- and brady-
kinin-induced hyperresponsiveness has not been further
elucidated. Epinastine also protected rats from bronch-
oconstriction induced by N6-2-(4-aminophenyl)ethylade-
nosine (APNEA), possibly through a neurally mediated
mechanism [7].

It has also been demonstrated that the nonadrenergic,
noncholinergic (NANC) contraction, mediated by the re-
lease of neuropeptides from sensory nerves, in guinea pig
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airways was significantly inhibited by epinastine [8],
through stimulation of a prejunctional 5-HT receptor. The
5-HT receptor subtype that mediates the effects of epin-
astine was originally described as a 5-HT1-like receptor
subtype [9] similar to the orphan 5-HT receptors that
mediate smooth muscle relaxation in a variety of tissues.
The pharmacological profile of this receptor, however,
now fits the operational profile of a 5-HT7 receptor [10].

The aim of the present study was to investigate whether
epinastine could modulate the cholinergic contraction eli-
cited by electrical field stimulation (EFS) in both guinea
pig and human airways in vitro.

Methodology

Tissue preparation

Dunkin-Hartley guinea pigs of either sex (300±600 g)
were killed by cervical dislocation. The trachea was remov-
moved, cut in segments containing four to five cartilaginous
rings and placed in carbogenated modified Krebs-Hens-
eleit (KH) solution of the following composition (in milli-
moles per litre): NaCl, 118; MgSO4, 1.2; KCl, 5.9; CaCl2,
2.5; NaH2PO4, 1.2; NaHCO3, 25.5; and glucose, 5.05 (pH
7.4). Macroscopically normal human bronchial tissue was
obtained from thoracotomy specimens of patients (2
females, 12 males; age mean�SEM 67�8 yrs) undergoing
surgery for bronchial carcinoma. Guinea pig airway strips
or human bronchial ring segments were prepared as des-
cribed previously [8, 9, 11], and were mounted vertically
between two platinum wire electrodes in 10 mL organ
baths containing modified KH solution, which was main-
tained at 378C and continuously bubbled with 5% CO2 in
O2. The preparations contracted against a load of 1 g for
guinea pig tissue and 2 g for human tissue. While being
washed with fresh KH solution every 20 min, tissues were
allowed to equilibrate under tension for at least 60 min
before beginning experimental protocols, during which
time a stable baseline tension was achieved. All experi-
ments were performed in the presence of indomethacin
(10 mM) to prevent modulation of neural responses by
endogenously synthesized prostaglandins [12].

Experimental protocol

Isometric contractile responses, induced either by EFS
or by adding acetylcholine (ACh), were measured by using
a Grass FT 03 force-displacement transducer (STAG in-
struments Ltd., Chalgrove, Oxon, UK). The traces were
visualized on a computer screen after digitalization of the
signal (Codas; Dataq Instrument Inc., Akron, OH, USA)
and recorded on a personal computer.

Electrical field stimulation. EFS was produced by a Har-
vard student stimulator (Harvard Apparatus Ltd., Eden-
bridge, Kent, UK). Biphasic square-wave pulses of a
supramaximal voltage of 50 V at source and a pulse dur-
ation of 0.5 ms were delivered for 15 s every 4 min at
frequencies ranging 0.5±32 Hz in guinea pig airways
and 1±32 Hz in human airways. In both guinea pig and
human preparations EFS caused a rapid and transient
contraction that was abolished by pretreatment of the
tissues with atropine, confirming that the contractile res-

ponses were due to the release of ACh. Hexamethonium
(10 mM), a ganglion blocker, had no effect on the cholin-
ergic contraction elicited by EFS, which confirms that the
contractile responses were mediated by the release of ACh
from postganglionic cholinergic nerves. The responses to
EFS were completely blocked by the fast Na+-channel
blocker tetrodotoxin (1 mM) confirming their neuronal ori-
gin. Tissues that exhibited a potent NANC contraction in
addition to the cholinergic contraction were discarded.

After the equilibration period a frequency-response
curve (FRC) (0.5±32 Hz or 1±32 Hz) was performed and
then discarded. After washing the tissues a control FRC
was performed. If the contractile responses were not con-
sistent (>10% variation) tissues were discarded. Eight tis-
sues were simultaneously tested with at least one time
control tissue per experiment. The responses to EFS in
vehicle-treated tissues remained stable throughout the per-
iod of the experiment.

In a first set of experiments in guinea pig airways,
epinastine (1±100 mM) was added to the organ baths, with
only one concentration of drug added per tissue. After an
incubation period of 15 min, a third FRC (0.5±32 Hz) was
obtained.

In a second set of experiments in guinea pig airways, the
effects of 5-HT antagonists (methysergide (1 mM, 5-HT1A/

1B/1D/2/7 selective). SDZ 216-525 (10 mM, 5-HT1A selec-
tive) [13], ketanserin (10 mM, 5-HT2 selective), and tro-
pisetron (1 mM, 5-HT3/4 selective) were studied on the
cholinergic contraction as well as on the effects of epi-
nastine (3±100 mM) on the cholinergic contraction elicit-
ed by EFS (0.5±32 Hz).

In a third set of experiments the authors investigated the
effects of phentolamine (10 mM; an a-adrenergic antago-
nist) on the cholinergic contraction and on the effects of
epinastine (30±100 mM) on the cholinergic contraction in
guinea pig airways in vitro.

In another set of experiments, guinea pig airway strips
were incubated with capsaicin (10 mM) 1 h before the start
of the experiment, which was washed out 30 min later, to
deplete the sensory nerves of endogenous tachykinins [14].
Subsequently, the effects of epinastine (30±100 mM) on
the cholinergic contraction were investigated. The same
protocol was used as above. Control tissues were treated
with capsaicin only. A second addition of capsaicin (10
mM) did not produce any contraction, which confirms the
depletion of neuropeptides.

In human airways the effects of epinastine (30±100 mM)
on the cholinergic contraction elicited by EFS (1±32 Hz)
were investigated, both in the presence and in the absence
of methysergide (30 mM).

Cumulative concentration-response curve to acetylchol-
ine. To determine whether the effects of epinastine on
the cholinergic contraction were due to activation of pre-
or postjunctional receptors, the effects of a 15 min incu-
bation period with epinastine (100 mM), were studied on
the cumulative-concentration response relationship to exo-
genously applied ACh in guinea pig and human airways
in vitro. A cumulative concentration-response curve to
ACh was performed by adding incremental concentra-
tions, spaced at half log10 intervals (10 nM±30 mM), to
the organ baths. The results were expressed as a per-
centage of the maximum contraction to ACh (10 mM),
which was determined at the beginning of the experiment.
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Measurement of binding to the human 5-hydroxytrypta-
mine receptor

Although epinastine has been shown to bind the rat 5-
HT7 receptor [7], there was no data available on the
affinity of epinastine for the human 5-HT7 receptor. The
5-HT7 receptor can exist in at least four alternative splice
variants. The 5-HT7(a) and 5-HT7(b) variants seem to be
widely distributed, but the 5-HT7(c) receptor variant is
believed only to occur in rats and the 5- HT7(d) receptor
variant is believed only to occur in humans [15].

Therefore the affinity of epinastine for the human
receptor was also tested in vitro. Scintillation proximity
assay was used to assess inhibition by different epinastine
concentrations of the binding of 0.75 nM 5-carboxami-
do[3H]tryptamine (TRK 1038; Amersham Pharmacia Bio-
tech, Roosendaal, the Netherlands) to a recombinant
human 5-HT7 receptor expressed in HEK-293 cells (RB-
H57 (Genbank accession No. L21196); Receptor Biology,
Baltimore, MD, USA). The membrane was bound to wheat
germ agglutinin-coated polyvinyltoluene staphylococcal
protein A (SPA) beads, and ligand binding was measured
after 2 h using as assay buffer 50 mM tris-hydroxymethyl-
amino methane (Tris), 10 mM MgCl, 0.5 mM ethylene-
diamine tetraacetic acid (EDTA) and 1% ascorbic acid, pH
7.4. Nonspecific binding was assessed in the presence of
10 mM unlabelled 5-carboxamidotryptamine. The 50%
inhibitory concentration for displacement of radiolabelled
ligand was estimated by extrapolation, and Ki values cal-
culated after correction for the radioligand occupancy shift
using the program Easy-Fit (Boehringer, Germany) [16].

Drugs

The drugs used in these experiments were obtained
from the following sources: epinastine (a kind gift from
Boehringer Ingelheim KG, Ingelheim am Rhein, Ger-
many); ketanserin, capsaicin, hexamethonium, tetrodo-
toxin (Biomol, Sanver Tech, Boechout, Belgium); SDZ
216-525, methysergide, tropisetron (ICS205-930) (a kind
gift from Sandoz-Novartis Pharma, Basel, Switzerland);
ACh,indomethacin(SigmaChemicalCo.,Eupen,Belgium).
Tropisetron and SDZ 216-525 were dissolved in dimethyl-
sulphoxide, capsaicin was dissolved in ethanol. All other
drugs were dissolved in distilled water. Control tissues
were treated with an equivalent amount of the appropriate
solvent. Fresh drug solutions were made up daily. Drug
additions did not exceed 1% (volume/volume) of the organ
bath volume. All concentrations refer to the final organ
bath concentration.

Analysis of results

Results are expressed as mean�SEM. All contractile
responses were measured as the difference between peak
tension that developed and resting tension. The effects of a
single concentration of epinastine with or without anta-
gonist were expressed as a percentage inhibition, compar-
ing the contractile responses at each stimulation frequency
after pretreatment with the contraction at the same fre-
quency in the control response. In most experiments using
EFS, where each tissue acted as its own control, results
before and after a single concentration drug addition were

compared by a Students two-tailed t-test for paired data.
Significance between tissues treated with different con-
centrations of epinastine at different frequencies of stimu-
lation, with or without antagonists was assessed using
analysis of variance (ANOVA). When significance was
reached, the difference between the results at each con-
centration or at each frequency of stimulation was assessed
by appropriate post hoc tests corrected for multiple com-
parisons (Newman-Keuls multiple comparisons test).

In experiments involving the effect of epinastine on
frequency-response curves, results were also compared
using a two-way analysis of variance, in order to test for
significant interaction. The two variables were the fre-
quency of stimulation and the concentration of epinastine
or the absence or presence of an antagonist.

The same tests were used to assess the effects of
epinastine versus control on the cumulative concentration-
response curve to exogenous ACh. Probability values of
<0.05 were considered significant.

Results

Electrical field stimulation

Effects of epinastine on the cholinergic contraction in
guinea pig airways in vitro. EFS in guinea pig airways
resulted in a cholinergic contraction. When the mean re-
sults are expressed as a percentage of the maximal con-
traction at 32 Hz, it is evident that the amplitude of the
cholinergic contraction increases with increasing frequen-
cies of stimulation. A typical trace is shown in figure 1,
which also demonstrates the inhibitory effects of epi-
nastine (30 mM) on the cholinergic responses, after an
incubation period of 15 min. Preliminary experiments
involving a time course of the inhibitory effects of epi-
nastine demonstrated no further inhibition of the choliner-
gic contraction with longer incubation time. Epinastine
(30 mM) inhibited the cholinergic contraction at all fre-
quencies of stimulation.

Epinastine (1±100 mM) produced a concentration-dep-
endent inhibition of the cholinergic contraction in guinea
pig airways with a maximum inhibition of 97�2% at 32 Hz
(n$5, p<0.001 compared to control) (table 1, fig. 2). The
frequency of stimulation did not significantly affect the
inhibitory effect of epinastine on the cholinergic con-
traction (two-way ANOVA)

Effects of 5-hydroxytryptamine antagonists on the epina-
stine-induced inhibition of the cholinergic contraction in
guinea pig airways in vitro. Addition of methysergide (1
mM, a 5-HT1/2/7 antagonist) had no effect on the EFS-
induced cholinergic contraction on its own (fig. 3). How-
ever, methysergide (1 mM) significantly attenuated the
epinastine induced (30 mM) inhibition of the choliner-
gic contraction especially at the lower stimulation freq-
uencies (0.5±8 Hz, n$5, p<0.01 compared to epinastine
alone) (fig. 3). Analysis of results by means of two-
way ANOVA confirmed that there was no significant
interaction between the effect of methysergide and the
frequency of stimulation.

SDZ 216-525 (10 mM, a 5-HT1A antagonist) did not
affect the cholinergic contraction produced by EFS (data
not shown). Moreover, this antagonist failed to prevent the

1070 L.J. DUPONT ET AL.



inhibition of the cholinergic contraction by epinastine (30
mM) (n$5) (fig. 3).

Ketanserin (10 mM, a 5-HT2 antagonist), and tropisetron
(1 mM; a 5-HT3/4 antagonist), had themselves no effect on
the cholinergic contraction. They also had no effect on the
inhibitory effects of epinastine (30±100 mM) on the cho-
linergic contraction (n=5, data not shown).

Effects of phentolamine on the epinastine-induced inhi-
bition of the cholinergic contraction in guinea pig air-
ways in vitro. Addition of phentolamine (10 mM), a
competitive a-adrenergic antagonist had no effect on the
EFS-induced cholinergic contraction on its own nor on
the epinastine-induced (30 mM) inhibition of the choli-
nergic contraction (n=5, data not shown).

Effects of capsaicin pretreatment on the epinastine-induc-
ed inhibition of the cholinergic contraction in guinea pig
airways in vitro. Pretreatment of the tissues with capsai-
cin (10 mM), which depletes the sensory nerves of endo-
genous tachykinins, did not modulate the inhibitory
effects of epinastine (30±100 mM) on the EFS-induced
cholinergic contraction in guinea pig airways in vitro
(n=5, data not shown).

Effects of terfenadine on the cholinergic contraction in
guinea pig airways. Terfenadine (10±100 mM), another
H1 receptor antagonist, failed to produce a significant
inhibition of the cholinergic contraction in guinea pig
airways in vitro (n=5, data not shown).

Effects of epinastine on the cholinergic contraction in
human airways in vitro. EFS in human airways resulted
in a cholinergic contraction which increased in ampli-
tude with increasing frequencies of stimulation (table 2).
Epinastine (30±100 mM) inhibited the cholinergic con-
traction with a maximum inhibition of 36�5% at 32 Hz
(n$5, p<0.01 compared to control). The frequency of

stimulation did not significantly affect the inhibitory
effect of epinastine on the cholinergic contraction (two-
way ANOVA). Pretreatment with methysergide (30 mM)
had no effect on the cholinergic contraction but sig-
nificantly attenuated the inhibitory effects of epinastine
(100 mM) on the cholinergic contraction in human air-
ways only at lower stimulation frequencies (1±4 Hz)
(n$5, p<0.05 compared to control) (fig. 4). Analysis of
results by means of two-way ANOVA confirmed that
there was no significant interaction between the effect of
methysergide and the frequency of stimulation.

Concentration-response curve to acetylcholine

Effects of epinastine on the concentration-response curve
to acetylcholine in guinea pig airways in vitro. Acetyl-
choline produced a concentration-dependent contraction
in guinea pig tracheal strips with a maximal contraction
of 1.9�0.3 g tension at a concentration of 10 mM ACh.
Pretreatment with epinastine (100 mM) did not signifi-
cantly alter the contractile responses to incremental con-
centrations of acetylcholine (10 nM±30 mM) in guinea
pig airways in vitro (n=5) (fig. 5a)

Effects of epinastine on the concentration-response curve
to acetylcholine in human airways in vitro . ACh produc-
ed a concentration-dependent contraction in human bron-
chial rings with a maximal contraction of 2.2�0.3 g
tension at a concentration of 10 mM ACh. Pretreatment
with epinastine (100 mM) had no significant effect on
the contractile responses to incremental concentrations of
ACh (10 nM±30 mM) in human airways in vitro (n=5)
(fig. 5b).

Measurement of binding to the human 5-hydroxytrypta-
mine7 receptor. The Ki (affinity constant) for epinastine
hydrochloride racemate was 6.9�2.7 nM (mean�SD,

32 Hz16 Hz8 Hz4 Hz2 Hz1 Hz0.5 Hz

epinastine
      30 µM
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Fig. 1. ± Trace showing the inhibitory effects of epinastine (30 mM) on the cholinergic contraction, elicited by electrical field stimulation (EFS) (50 V at
source, 0.5 ms, 0.5±32 Hz for 15 s every 4 min) in guinea pig airway strips in vitro. Epinastine produced a potent inhibition of the cholinergic contraction.
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n=3). In the same system the Kd (dissociation constant) of
the 5-HT7 agonist 5-carboxamidotryptamine was 0.6 nM,
and the Ki of the 5-HT7 antagonist lisuride hydrogen
maleate was 0.4 nM.

Discussion

The aim of the present study was to investigate the
effects of epinastine on the EFS-induced cholinergic con-
traction in vitro in both guinea pig and human airways.
Epinastine produced a concentration-dependent inhibition
of the cholinergic contraction in guinea pig airways and in
human airways. Epinastine did not affect the response to
exogenously applied ACh in guinea pig and human
airways in vitro, which exludes a postjunctional mechan-
ism of action and suggests that epinastine interacts with
presynaptic (prejunctional) receptors on cholinergic post-
ganglionic nerves to inhibit the release of ACh induced by
EFS.

Epinastine is a drug with H1 receptor blocking effects
[3],which has been put forward as a potentially valuable
tool in the treatment of allergic disorders. Administration
of epinastine protected against the bronchoconstriction
induced by 5-HT [4]. Recently, the authors have shown
that epinastine inhibited the release of neuropeptides in
guinea pig airways in vitro through stimulation of a
prejunctional 5-HT receptor [8]. There is also in vivo evi-
dence for a prejunctional effect of epinastine on elec-
trically stimulated (cholinergic) bronchoconstriction [17]
which supports the present findings of an inhibitory effect
on EFS-induced contraction in vitro.

Several agonists inhibit the cholinergic contraction in
vitro and in vivo by a mechanism that involves prejunc-
tional receptors on postganglionic cholinergic nerve end-
ings. Inhibitory receptors which have been characterized in
guinea pig and human airways include muscarinic M2

Table 1. ± The effect of epinastine (Epi) (1±100 mM) on the electrical field stimulation (EFS)-induced contractile responses
at different frequencies of stimulation in guinea pig airways in vitro

Frequency of stimulation

0.5 Hz 1 Hz 2 Hz 4 Hz 8 Hz 16 Hz 32 Hz

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

Epi
100 mm

36.2
(6.1)

7.6
(4.7)+

55.1
(8.1)

8.5
(4.7)+

59.4
(6.7)

7.0
(3.8)+

67.7
(5.1)

6.0
(3.0)+

70.2
(5.7)

4.4
(2.6)+

80.1
(3.3)

2.6
(2.1)+

100 2.1
(1.7)+

Epi
30 mm

50.0
(4.3)

38.7
(3.5)+

64.5
(5.1)

46.2
(4.1)+

67.0
(5.9)

46.7
(4.2)+

72.5
(6.4)

46.4
(2.7)+

71.1
(6.5)

42.5
(2.9)+

78.4
(4.6)

42.7
(4.4)+

100 47.1
(3.5)+

Epi
10 mm

46.6
(2.4)

43.2
(4.6)

67.3
(2.2)

56.5
(3.3)*

73.0
(3.0)

58.2
(4.7)*

78.6
(3.2)

61.4
(5.1)**

78.7
(3.9)

66.1
(4.0)

81.8
(4.1)

66.3
(3.7)*

100 74.7
(4.3)*

Epi
1 mm

47.4
(3.9)

47.5
(4.2)

68.5
(4.6)

61.6
(3.7)

64.1
(5.6)

56.2
(6.2)

76.0
(4.5)

64.4
(5.3)

78.9
(4.3)

62.0
(3.7)

78.6
(4.4)

66.1
(3.9)

100 88.4
(2.3)

Control 45.6
(5.2)

45.4
(4.3)

56.6
(4.5)

57.1
(6.7)

59.2
(5.8)

63.4
(4.1)

63.2
(2.4)

68.4
(3.8)

67.7
(2.8)

66.9
(3.2)

77.5
(4.5)

80.4
(2.7)

100 95.7
(2.8)

Both baseline frequency response curve (Pre) as well as frequency response curve after incubation with epinastine (Post) are express-
ed as a percentage of the maximal cholinergic contraction to EFS at 32 Hz with SEM in parentheses. Significance of inhibition. *:
p<0.05; **: p<0.01; +: p<0.001, compared to control.
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Fig. 2. ± The effects of epinastine (1±100 mM) on the cholinergic
contraction, elicited by electrical field stimulation (EFS) (50 V at source,
0.5 ms, 0.5±32 Hz for 15 s every 4 min) in guinea pig airway in vitro.
Epinastine produced a concentration-dependent inhibition of the cho-
inergic contraction. Curves are shown for epinastine 100 mM (*), epi-
nastine 30 mM (J), epinastine 10 mM (m), epinastine 1 mM (.) versus
control (s). Points represent mean�SEM of at least n=5 observations.
Significance of inhibition: *: p<0.05; **: p<0.01; ***: p<0.001,
compared to control.
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Fig. 3. ± Inhibitory effects of epinastine 100 mM (*) and 30 mM (J) on
the cholinergic contraction, elicited by electrical field stimulation (EFS)
(50 V at source, 0.5 ms, 0.5±32 Hz for 15 s every 4 min) in guinea pig
airway strips in vitro, and attenuation by methysergide 1 mM of the
inhibitory effect of epinastine 100 mM (s) and 30 mM (h). Methy-
sergide 1 mM by itself (.) had no effect on the cholinergic contraction
in guinea pig airways in vitro. Pretreatment with SDZ 216-525 1 mM (,)
did not modulate the inhibition of the cholinergic contraction by epina-
stine 30 mM. Points represent mean�SEM of at least n=5 observations.
Significance of inhibition: *: p<0.05; **: p<0.01, compared to epina-
stine 100 mM or epinastine 30 mM.

1072 L.J. DUPONT ET AL.



receptors, adrenergic a2 and b2 receptors, opioid receptors,
H3 receptors and receptors for vasoactive intestinal peptide
(VIP), neuropeptide Yand prostaglandin (PG)E2 [1]. In the
present study, the authors have also tried to further
elucidate the prejunctional receptor responsible for the
inhibitory effects of epinastine on the cholinergic contrac-
tion, by using selective antagonists.

Terfenadine, an H1 receptor antagonist, did not produce
any inhibition of the cholinergic contraction in guinea pig
airways, which virtually excludes the possibility of pre-
junctional H1 receptor involvement as a mechanism of
action in the inhibition of the cholinergic contraction.

Epinastine has some binding affinity at a-adrenergic
receptors and adrenergic agonists modulate the cholinergic
contraction in guinea pig airways [1]. Phentolamine, an
a-adrenergic receptor antagonist failed, however, to pre-
vent the inhibition produced by epinastine, which also
excludes a-adrenergic agonistic activity as the possible
mechanism of action of epinastine in inhibiting the cho-
linergic contractile responses.

It has been well established that 5-HT agonists modu-
late the cholinergic contraction in isolated airways in vitro
[18±21]. Epinastine has an affinity at several 5-HT re-
ceptors [3, 7], and has been shown to act both as a 5-HT

antagonist [4] as well as a 5-HT agonist [8]. This sug-
gests that an effect through stimulation of 5-HT recep-
tors could feature as an explanation for its effects on the
cholinergic contraction. The inhibitory effects of epina-
stine in the current experiments could not be blocked
by ketanserin, a 5-HT2 antagonist, nor by tropisetron, a
5-HT3,4 antagonist, nor by SDZ 216-525, a 5-HT1A anta-
gonist. Methysergide, an antagonist at 5-HT1/2/7 recep-
tors, however, at a concentration that had no effect on the
cholinergic contraction on its own, significantly attenu-
ated the inhibitory effects of epinastine on the EFS-in-
duced cholinergic contraction of guinea pig tracheal strips
and human bronchial rings. These results suggest the
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Fig. 5. ± Effects of epinastine 100 mM on the cumulative concentration-
response curve to exogenously applied acetylcholine (ACh) (10 mM).
Curves are shown for ACh in the absence (s) and in the presence (*) of
epinastine 100 mM. Points represent mean�SEM of at least n=5 obser-
vations.

Table 2. ± The effect of epinastine (Epi) (30±100 mM) on the electrical field stimulation (EFS)-induced contractile res-
ponses at different frequencies of stimulation in human airways in vitro

Frequency of stimulation

1 Hz 2 Hz 4 Hz 8 Hz 16 Hz 32 Hz

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

Epi
100 mM 18.4�4.1 16.2�3.8 31.7�5.1 25.7�4.7* 54.3�7.1 39.2�4.3+ 71.5�5.4 50.0�3.2+ 89.1�2.8 63.1�3.5 100 63.8�4.31

Epi
30 mM 17.3�3.0 15.5�4.3 26.8�4.2 24.1�3.7 46.8�4.9 42.3�4.1 76.6�7.1 68.4�3.8* 86.6�2.8 80.8�3.3 100 87.6�5.1*

Control 16.5�2.9 17.7�3.5 29.6�4.8 31.8�5.0 43.8�6.9 48.9�6.5 67.4�4.0 71.1�5.5 86.9�2.7 90.1�3.7 100 101.0�2.8

Both baseline frequency response curve (Pre) as well as frequency response curve after incubation with epinastine (Post) are expressed
as a percentage of the maximal cholinergic contraction to EFS at 32 Hz�SEM. Significance of inhibition. *: p<0.05; +: p<0.01; 1:p<0.001,
compared to control.
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Fig. 4. ± Inhibitory effects of epinastine 100 mM (*) on the cholinergic
contraction, elicited by electrical field stimulation (EFS) (50 V at source,
0.5 ms, 1-32 Hz for 15 s every 4 min) in human airway strips in vitro,
and attenuation of this inhibition by methysergide 30 mM (s). Methy-
sergide 30 mM by itself (n) had no effect on the cholinergic contraction
in human airways in vitro. Points represent mean�SEM of at least n=5
observations. Significance of inhibition: *: p<0.05; **: p<0.01, com-
pared to epinastine (30 mM).
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involvement of a 5-HT7 receptor in the inhibition of the
cholinergic contraction by epinastine and are consis-
tent with previous observations regarding the inhibitory
effect of 8-hydroxy-2-(di-n-propyl-amino)tetralin (8-OH-
DPAT), another 5-HT7 agonist, on the cholinergic con-
traction in guinea pig and human airways in vitro [11].
Receptor binding studies have clearly shown the ability of
epinastine to bind 5-HT7 receptors and the absence of
binding affinities at 5-MT1 receptors in rats [7].

In the present study the authors have confirmed the
affinity of epinastine for human 5-HT7 receptors. The
pharmacological profile of a 5-HT7 receptor also fits the
profile of the prejunctional 5-HT1-like receptor on sensory
nerve endings. Activation of this receptor has accounted
for the ability of epinastine to inhibit the NANC contrac-
tion in guinea pig airways in vitro [8]. Furthermore, it has
recently been demonstrated that 8-OH-DPAT and, to a
lesser extent 5-carboxamidotryptamine are able to inhibit
the cholinergic contraction in guinea pig and human
airways. As methysergide was able to prevent these inhi-
bitory effects of 8-OH-DPAT on the cholinergic contrac-
tile responses while SDZ 216-525 had no effect, it was
suspected that an inhibitory 5-HT receptor was present,
located on postganglionic cholinergic nerves [11]. Due to
the lack of selective agonists and antagonists, the exact 5-
HT receptor subtype could not be identified, but activa-
tion of a 5-HT7 subtype receptor was hypothesized to
account for the effects of 8-OH-DPAT [11]. The findings
on the effects of epinastine on the cholinergic contraction,
however, corroborate the hypothesis of the presence of an
inhibitory 5-HT7 receptor on cholinergic nerve endings.
The effect of methysergide on the inhibitory effect of
epinastine was more pronouced at the lower frequencies
of stimulation. The effect of epinastine at higher frequen-
cies of stimulation could not be completely prevented,
which might suggest that epinastine also inhibits the
cholinergic contraction by an additional mechanism of
action.

It could also be argued that epinastine might modu-
late the cholinergic contraction in guinea pig airways in
vitro by inhibitory effects on the release of neuropeptides.
Sensory neuropeptides released from C-fibres may facil-
itate cholinergic neurotransmission [22] and epinastine has
been found to inhibit the NANC contraction, mediated by
the release of neuropeptides from C-fibres, in guinea pig
airways in vitro [8]. This is unlikely to be the explanation,
however, since epinastine also inhibited the cholinergic
contraction in guinea pig tracheal segments pretreated
with capsaicin, which depletes the sensory nerves of en-
dogenous tachykinins. It also seems unlikely that epina-
stine was able to modulate the cholinergic contraction by
stimulating the inhibitory NANC (iNANC) relaxation.
VIP and NO, both implicated as neurotransmitters of the
iNANC relaxation, have been demonstrated to be able to
modulate the cholinergic neurotransmission in guinea pig
tracheal strips and human tracheal strips [23, 24]. This
seems very unlikely as it has previously been shown that
8-OH-DPAT did not modulate the iNANC relaxation in
guinea pig airways [11].

Preliminary clinical studies with epinastine suggest a
significant improvement in asthma symptom control [25].
As the efficacy of selective histamine H1 antagonists in
the treatment of asthma has not been established [26], it
seems logical to assume that other mechanisms of action

account for the prophylactic effects of epinastine. The
authors have shown in this study that epinastine is able to
inhibit the cholinergic contraction by stimulation of a
prejunctional 5-hydroxytryptamine receptor, probably a
5-hydroxytryptamine7 subtype receptor, although rela-
tively high concentrations of epinastine were required to
obtain a statistically significant effect. Furthermore, the
discriminative binding affinities of epinastine, which binds
the rat and human 5-hydroxytryptamine7 receptors but not
the 5-hydroxytryptamine1 subtype receptors [7] in con-
trast to other known 5-hydroxytryptamine7 agonists such
as 8-hydroxy-2-(di-n-propyl-amino)tetralin and 5-carbox-
amidotryptamine, also suggest that epinastine could be a
valuable pharmacological tool in identifying 5-hydroxy-
tryptamine7-mediated effects.
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