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Abstract

This study evaluated the bronchodilating activity of the b2-agonist carmoterol and the muscarinic M3-antagonist tiotropium, given

intratracheally alone or in combination in anaesthetized artificially ventilated normal and actively sensitized guinea-pigs. Carmoterol

(0.3–100 pmol) and tiotropium (10–1000 pmol) were superfused (0.01ml/min) for 5min before challenges with acetylcholine (20 mg/kg
i.v.), histamine (10 mg/kg i.v.) or ovalbumin (5mg/kg i.v.).

Both compounds given alone were markedly active against all the challenges. Tiotropium resulted more effective towards cholinergic

challenge and carmoterol was very potent against histamine and ovalbumin-induced reaction, being effective already at 1 pmol. In the

presence of tiotropium, the bronchodilating activity of carmoterol was significantly augmented. The ED50 value of carmoterol on the

acetylcholine challenge was reduced by about 10 and 28 times (0.1 and 0.3 pmol of tiotropium), that on the histamine one by 4.5 and 13

times (1 and 3 pmol of tiotropium) and that on the ovalbumin-induced one by 8 and 25 times (10 and 30 pmol of tiotropium).

A positive interaction was also evident when other parameters were evaluated. The histamine-induced release of thromboxane B2 was

markedly reduced (56%, Po0:001) by combining completely ineffective doses of the two drugs (0.3 and 3 pmol for carmoterol and

tiotropium, respectively). In ovalbumin-challenged animals the time to death, amounting in control animals to 7.270.9min, was dose-

dependently prolonged up to achieve complete protection from death with combination of 1 and 30 pmol of carmoterol and tiotropium,

respectively.

The favorable interaction between carmoterol and tiotropium can represent a good option in the control of bronchopulmonary

diseases marked by an increase of airway resistances.

r 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The combination of more than one class of inhaled
bronchodilators in a single metered dose inhaler has been
employing for many years to halt the decline in lung
e front matter r 2006 Elsevier Ltd. All rights reserved.
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function in obstructive airways diseases. The combined
formulation of short-acting anticholinergic agents such as
ipratropium with short-acting b-agonists such as fenoterol
has been widely used since the 1970s with many advantages
including patient compliance.
Tiotropium bromide (thereafter tiotropium) is a new

once-a-day anticholinergic drug, recently introduced for
the treatment of chronic obstructive pulmonary disease
(COPD). It has unique kinetic selectivity for M1 and M3

muscarinic receptors, as it dissociates slowly from M1 and

www.elsevier.com/locate/ypupt
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M3 receptors but rapidly from M2 receptors, producing
long-term blockade of cholinergic neural bronchoconstric-
tion in airway smooth muscle [1,2].

There is increasing evidence that long-acting b2-adrener-
gic receptor agonists, such as salmeterol or formoterol,
may represent the most effective option for combined
treatment with tiotropium [3] in patients with stable COPD
and asthma, but the once-daily administration of these
combinations is inadvisable due to the different pharma-
cokinetic profile of the drugs. Actually, formoterol and
salmeterol are given on a twice daily regimen, while
tiotropium is required once daily.

Carmoterol (8-hydroxy-5-[(1R)-1-hydroxy-2-[N-[(1R)-2-(p-
methoxyphenyl)-1-methylethyl]amino]ethyl] carbostiryl hy-
drochloride, previously named TA-2005 and CHF 4226.01)
is a new long-acting b2-agonist under clinical development for
the once-daily treatment of asthma and COPD. It is very
potent and, as indicated by competition and binding
experiments, it can form a very stable ternary complex with
the b2-receptor [4,5]. In animal models of asthma, carmoterol
was significantly more potent and long-lasting than formo-
terol in preventing decline in lung function [6,7]. Thus,
carmoterol seems to possess pharmacodynamic features
suitable for once daily contemporaneous administration with
new long acting antimuscarinic agents in patients suffering
from diseases characterized by an increased lung resistance.

Cell signaling through muscarinic M3 receptors in airway
smooth muscle cells is well detailed at a molecular level, and is
distinct to those of b2-adrenoceptor agonists [8,9]. Thus, there
is potential for the two drugs to combine additively.

The aim of the present paper was to characterize the
functional impact of adding carmoterol to tiotropium in
animal models of airway obstruction. In particular, we
investigated the potential for the two drugs to exert
additive or supra-additive interactions against broncho-
constriction induced by different challenges, i.e. acetylcho-
line and histamine in normal guinea-pigs and ovalbumin in
actively sensitized animals.

2. Methods

2.1. Animals

Male Dunkin Hartley guinea-pigs (Charles River Italia,
Calco, Lecco, Italy), weighing 360–380 g were used. The
animals were housed in a conditioned environment
(2271 1C, 5575% relative humidity, 12-h light and 12-h
darkness cycle) and were given free access to food and tap
water. The investigation conformed with the Guide for the

Care and Use of Laboratory Animals published by the US
National Institutes of Health (NIH Publication No. 85-23,
revised 1996).

2.2. Whole animal preparation

Guinea-pigs were anaesthetized with ethylurethane
(1.2–1.5 g/kg i.p.) and prepared for simultaneous recording
of intratracheal pressure (ITP) and systemic blood pressure
(BP), according with the method currently in use in our
laboratory [10]. Briefly, trachea was cannulated for
mechanical ventilation performed by a pump operating
on a partially closed circuit (10ml/kg, stroke volume;
70 cycles/min). To avoid spontaneous breathing, the
animals were treated with pancuronium bromide injected
via the jugular vein at a dose of 2mg/kg. BP was monitored
via the left carotid artery. All changes in ITP and BP were
measured by pressure transducers (HP-270 and HP-1280,
Hewlett Packard, Waltham, MA, USA) and the signals
were displayed on a Hewlett Packard multiple channel pen
recorder (HP-7754A). The ITP values were expressed as
percentage of the maximal overflow, which was defined at
the start of each experiment by briefly clamping the
tracheal cannula [11].
A group of animals was actively sensitized to ovalbumin

according to the procedure described by Piper and Vane
[12]. In particular, the sensitization has been performed by
ovalbumin-injection (100mg/kg i.p.+100mg/kg s.c.), and
21 days later the animals were anaesthetized and prepared
for ITP and BP recording as reported above.
2.3. Thromboxane B2 (TXB2) release in the blood

In order to measure the level of circulating TXB2, the
stable metabolite of thromboxane A2 (TXA2), aliquots of
blood (0.5ml) were collected from the carotid artery at the
peak of bronchoconstriction induced by histamine in
normal guinea-pigs or by ovalbumin in actively sensitized
animals. The amount of TXB2 in plasma was measured by
a specific commercially available enzyme-immunoassay
and expressed as ng/ml. The enzyme-immunoassay had
the following characteristics: minimal detectable concen-
tration 3.6 pg/ml, cross reactivity 60% with 2,3-dinor-
TXB2 and o1% with other known prostaglandins and
prostaglandin metabolites.
2.4. Experimental protocol

Bronchoconstriction was induced in normal guinea-pigs
by intravenous administration of graded doses of acetyl-
choline (10, 20 and 40 mg/kg) and histamine (5, 10 and
20 mg/kg) or in actively sensitized animals by ovalbumin
(5mg/kg). Tiotropium and carmoterol were given at
different concentrations (n ¼ 629 per dose) by superfusion
onto the tracheal mucosa [13,14] for 5min before
challenge. At all the doses used, tiotropium and carmoterol
did not modify baseline respiratory and cardiovascular
measurements prior to bronchoconstriction. Control ani-
mals were superfused intratracheally with saline. Briefly,
guinea-pigs were inclined of 451 position (head up), and a
thin catheter (PE-10) was introduced through the mouth
into the tracheal lumen about 0.5–1 cm below the larynx.
The catheter was connected to a microdialysis pump (SP-
101i; 2Biological Instruments, Besozzo, Varese, Italy) for
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5min-mucosal superfusion at a constant flow rate of 10 ml/
min (total volume, 50 ml).

2.5. Drugs

The following drugs were used: ethylurethane, acetylcho-
line chloride, histamine dihydrochloride and ovalbumin
(grade V) from Sigma-Aldrich S.r.l., Milan, Italy; pancur-
onium bromide (Pavulons) from Organon Teknika,
Rome, Italy; kit for TXB2 determination from Amersham
Pharmacia Biotech Italia, Cologno Monzese, Milan, Italy;
carmoterol and tiotropium bromide from Chiesi Farm-
aceutici S.p.A., Parma, Italy.

2.6. Data analysis

Data were analyzed using commercially available software
(GraphPad Prisms, version 3.03, GraphPad Software Inc.,
San Diego, CA, USA). All results are expressed as
mean7SEM. Two-way ANOVA with repeated measures,
Student’s t-test or one-way ANOVA followed by Dunnett’s
post hoc test were used for statistical analysis as appropriate.
A value of Po0:05 was taken as statistically significant.

3. Results

3.1. Acetylcholine-induced bronchoconstriction

The intravenous administration of graded doses of
acetylcholine (10, 20 and 40 mg/kg) to artificially ventilated
Table 1

Effects of tiotropium and carmoterol on changes in intratracheal pressure (ITP

acetylcholine (20mg/kg i.v.) and histamine (10mg/kg i.v.) in normal anaesthe

anaesthetized guinea-pigs

Treatment (pmol) Acetylcholine Histamine

ITP ITP

Saline 56.574.5 51.974.0

Tiotropium 0.1 53.673.8 —

0.3 50.274.3 —

1 40.772.7* 50.476.1

3 28.771.9*** 45.275.9

10 16.472.3*** 40.072.7*

30 1.770.3*** 29.673.1**

100 — 18.772.5***

300 — —

1000 — —

Carmoterol 0.1 — 49.874.7

0.3 55.475.2 41.673.9

1 51.974.2 33.274.5**

3 46.375.7 24.971.9***

10 32.172.5** 15.672.3***

30 18.072.1*** 7.871.1***

100 5.171.0*** —

*Po0:05, **Po0:01, ***Po0:001 versus saline.
anaesthetized guinea-pigs brought about a prompt
and reversible bronchoconstriction. This effect was
dose-dependent and paralleled by a transient fall
in BP (data not shown). At the dose of 20 mg/kg i.v., the
increase in ITP values was 56.574.5% of maximal
overflow and this dose was selected for the following
experiments.
Intratracheal superfusion of tiotropium (from 0.1 to

30 pmol) and carmoterol (from 0.3 to 100 pmol) caused a
dose-dependent inhibition of the acetylcholine-induced
bronchoconstriction (Table 1). Tiotropium resulted 5.2-
fold more potent than carmoterol (ED50 ¼ 3.2 and
16.7 pmol, respectively; Po0:001) (Table 2).
In order to investigate the pharmacodynamic interaction

of tiotropium and carmoterol in the control of the
acetylcholine-induced bronchoconstriction, concen-
trations of carmoterol (0.3, 1 and 3 pmol) and tiotropium
(0.1 or 0.3 pmol) that were ineffective on their own were
combined. Combined treatment provided a positive inter-
action in reducing the effect of acetylcholine. As shown in
Fig. 1, when 0.1 pmol of tiotropium was combined with
3 pmol of carmoterol the acetylcholine response was
reduced by 63% (Po0:001), while the same dose of the
b2-agonist given alone reduced it by 18% only. When a
higher dose of tiotropium (0.3 pmol) was used, the
interaction was even more marked (Fig. 1). The ED50

value of carmoterol (16.7 pmol) was shifted to values 10-
fold (Po0:001) and 28-fold (Po0:001) lower in the
presence of 0.1 and 0.3 pmol of tiotropium, respectively
(Table 3).
, % max. overflow) and thromboxane B2 release (TXB2, ng/ml) induced by

tized guinea-pigs or by ovalbumin (5mg/kg i.v.) in ovalbumin-sensitized

Ovalbumin

TXB2 ITP TXB2

5.6570.32 100 21.372.5

— — —

— — —

5.7870.61 — —

5.4270.59 — —

4.9970.55 93.275.1 20.770.8

4.6170.44 85.877.0 19.471.6

4.0170.30** 63.279.7* 16.972.9

— 51.174.3*** 14.171.7*

— 35.076.1*** 12.371.1**

5.4870.46 — —

4.8170.51 90.879.7 19.572.0

4.0670.60* 78.274.9* 17.272.5

3.4570.31*** 65.175.7** 14.470.9*

2.7770.38*** 51.975.6*** 11.871.4**

2.0970.25*** 33.174.3*** 7.771.1***

— — —
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3.2. Histamine-induced bronchoconstriction

The intravenous administration of histamine (5, 10 and
20 mg/kg) to anaesthetized guinea-pigs caused a prompt
and reversible increase in ITP paralleled by an increment of
circulating TXB2. These effects were dose-dependent and
accompanied by a transient fall in BP (data not shown).
The dose of 10 mg/kg i.v. was selected for the following
experiments aimed to investigate the protecting activity of
tiotropium and carmoterol given by intratracheal super-
fusion alone or in combination.

Both tiotropium (from 1 to 100 pmol) and carmoterol
(from 0.1 to 30 pmol) antagonized in a dose-dependent
manner the bronchoconstriction elicited by histamine
(Table 1). In this context, carmoterol (ED50 ¼ 2.7 pmol)
was 16.7-fold (Po0:001) more effective than tiotropium
bromide (ED50 ¼ 45.2 pmol) (Table 2). The histamine-
induced increase in plasma levels of TXB2 was significantly
Table 2

Protecting activity of carmoterol and tiotropium against changes in

intratracheal pressure (ITP) and plasma thromboxane B2 (TXB2) release

induced by acetylcholine (20mg/kg i.v.) and histamine (10 mg/kg i.v.) in

normal anaesthetized guinea-pigs or by ovalbumin (5mg/kg i.v.) in

ovalbumin-sensitized anaesthetized guinea-pigs

Challenge Carmoterol ED50

(conf. lim. 95%)

(pmol)

Tiotropium ED50

(conf. lim.95%)

(pmol)

Acetylcholine ITP 16.7 (14.4–20.2) 3.2 (2.7–3.6)

Histamine ITP 2.7 (2.0–3.6) 45.2 (38.9–52.1)

TXB2 8.8 (8.1–9.5) 4100

Ovalbumin ITP 9.5 (7.2–11.6) 321 (287–362)

TXB2 11.8 (9.2–14.3) 41000
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Fig. 1. Protecting activity of tiotropium in combination with graded concent

induced by acetylcholine in anaesthetized guinea-pigs. Drugs were superfused o

the mean7SEM of 6–8 different animals per each dose of carmoterol. White c

bronchoconstriction in the absence of carmoterol (control). **Po0:01 and **
reduced by carmoterol (ED50 ¼ 8.8 pmol), whereas tiotro-
pium was almost ineffective (Tables 1 and 2).
In order to study the pharmacological interaction of

tiotropium bromide and carmoterol in preventing the
effects of histamine, different groups of guinea-pigs were
superfused onto the tracheal lumen with ineffective or
poorly effective doses of the b2-agonist (0.3, 1 and 3 pmol)
in the presence of ineffective doses of tiotropium (1 and
3 pmol). These results clearly indicate that combined
treatment produces a positive interaction in antagonizing
the effects of histamine on airway smooth muscle (Fig. 2)
and on TXB2 plasma levels. As shown in Table 4, the
efficacy of carmoterol in antagonizing the changes caused
by histamine (bronchoconstriction and plasma TXB2-
release) was markedly increased (from 4.5- to 14.5-fold
depending on the parameter) in the presence of 1 and
3 pmol of tiotropium.
3.3. Allergen-induced bronchoconstriction

When actively ovalbumin-sensitized guinea-pigs were
challenged intravenously with ovalbumin (5mg/kg), a
marked increase of both ITP and circulating TXB2
m (0.1 pmol)

e (20 µg/kg i.v.)

**

erol (pmol)
1

***

Tiotropium (0.3 pmol)

0.3 3

***

***

**

3 3 1

rations of carmoterol against the changes in intratracheal pressure (ITP)

nto the tracheal lumen for 5min before acetylcholine. Columns represent

olumns indicate the effect of saline or tiotropium on acetylcholine-induced

*Po0:001 versus the corresponding control.

Table 3

ED50 values of carmoterol alone and in combination with tiotropium

against changes in intratracheal pressure (ITP) induced by acetylcholine

(20mg/kg i.v.) in normal anaesthetized guinea-pigs

Treatment ITP (% maximal overflow) ED50

(conf. lim. 95%) (pmol)

Carmoterol 16.7 (14.4–20.2)

Tiotropium 0.1 pmol+carmoterol 1.6 (1.1–2.0)***

Tiotropium 0.3 pmol+carmoterol 0.6 (0.4–0.8)***

***Po0:001 versus carmoterol alone.
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Fig. 2. Protecting activity of tiotropium in combination with graded concentrations of carmoterol against the changes in intratracheal pressure (ITP)

induced by histamine in anaesthetized guinea-pigs. Drugs were superfused onto the tracheal lumen for 5min before histamine. Columns represent the

mean7SEM of 6–8 different animals per each dose of carmoterol. White columns indicate the effect of saline or tiotropium on histamine-induced

bronchoconstriction in the absence of carmoterol (control). **Po0:01 and ***Po0:001 versus the corresponding control.

Table 4

ED50 values of carmoterol alone and in combination with tiotropium

bromide (tiotropium) against changes in intratracheal pressure (ITP) and

thromboxane B2 (TXB2) release induced by histamine (10mg/kg i.v.) in

normal anaesthetized guinea-pigs

Treatment ITP (% maximal

overflow) ED50 (conf.

lim. 95%) (pmol)

TXB2 (ng/ml) ED50

(conf. lim. 95%)

(pmol)

Carmoterol 2.7 (2.0–3.6) 8.7 (8.1–9.5)

Tiotropium

1pmol+carmoterol

0.6 (0.4–0.8)** 1.8 (1.4-2.1)**

Tiotropium

3pmol+carmoterol

0.2 (0.1–0.3)*** 0.6 (0.4–0.8)***

**Po0:01, ***Po0:001 versus carmoterol alone.
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occurred. These events were accompanied by irreversible
fall in BP resulted in death within 7.270.9min.

The intratracheal superfusion of tiotropium (from 10 to
1000 pmol) for 5min before ovalbumin challenge, resulted
in a dose-dependent protection against bronchoconstric-
tion (ED50 ¼ 321 pmol) and rise in blood content of TXB2

(ED50X1000 pmol) (Tables 1 and 2). However, only at the
highest doses (300 and 1000 pmol), the protection was
afforded at 60min and the experiment was not continued
for longer.

In this set of experiments carmoterol was more potent
than tiotropium in controlling the immunological reaction
of guinea-pigs. In fact, the ED50 values of the b2-agonist
were 9.5 and 11.8 pmol against bronchoconstriction and
rise in blood TXB2, respectively (Table 2). Moreover,
carmoterol significantly increased survival time and from
3pmol upwards it fully protected animals from death
(survival time exceeding 60min).
As shown in Fig. 3, when tiotropium (10 and 30 pmol)
was combined with carmoterol a significantly greater
inhibition of the ovalbumin-induced bronchoconstriction
was observed. The ED50 values of carmoterol were
accordingly diminished (from 7- to 31.7-fold, Po0:001)
(Table 5). When combined, 30 pmol of tiotropium plus
1 pmol of carmoterol were sufficient to fully protect
animals from death (Fig. 4).

4. Discussion

The use of bronchodilators improve the airway limita-
tion by producing airway smooth muscle relaxation.
Anticholinergic agents and b2-agonists achieve this effect
through well identified mechanisms [8,9]. Anticholinergic
bronchodilators, like tiotropium, produce relaxation of
airway smooth muscle through antagonism of acetylcho-
line at the muscarinic M3-receptor, whereas b2-agonists
stimulate the b2-receptor, leading to an increase in cyclic
adenosine monophosphate. Cell signaling through which
they work in airway smooth muscle cells are distinct, thus
there is potential for the two drugs to have at least an
additive effect when used together.
Tashkin and Cooper [15] have recently suggested to add

salmeterol or formoterol to tiotropium in patients suffering
of severe COPD. Actually, some recent clinical studies
demonstrated a positive functional impact of adding
salmeterol or formoterol to tiotropium in patients with
stable COPD [16–18]. On the other hand, the assumption
that activation of parasympathetic (cholinergic) nerve
pathway is an important mechanism for producing airway
obstruction, justify the use of anticholinergic compounds in
asthma treatment [19]. Furthermore, although it is widely
held view that anticholinergic agents are less effective that
b2-agonists in the symptomatic treatment of chronic
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Fig. 3. Protecting activity of tiotropium in combination with graded concentrations of carmoterol against the changes in intratracheal pressure (ITP)

induced by ovalbumin in anaesthetized actively sensitized guinea-pigs. Drugs were superfused onto the tracheal lumen for 5min before ovalbumin.

Columns represent the mean7SEM of 7–9 different animals per each dose of carmoterol. White columns indicate the effect of saline or tiotropium on

ovalbumin-induced bronchoconstriction in the absence of carmoterol (control). *Po0:05, **Po0:01 and ***Po0:001 versus the corresponding control.

Table 5

ED50 values of carmoterol alone and in combination with tiotropium

against changes in intratracheal pressure (ITP) and circulating thrombox-

ane B2 (TXB2) induced by ovalbumin (5mg/kg i.v.) in ovalbumin-

sensitized anaesthetized guinea-pigs

Treatment ITP (% maximal

overflow) ED50 (conf.

lim. 95%) (pmol)

TXB2 (ng/ml of

blood) ED50 (conf.

lim. 95%) (pmol)

Carmoterol 9.5 (7.2–11.6) 11.8 (9.2–14.3)

Tiotropium

10 pmol+carmoterol

1.1 (0.7–1.6)*** 1.7 (1.3–2.1)***

Tiotropium

30 pmol+carmoterol

0.3 (0.2–0.5)*** 0.5 (0.3–0.7)***

***Po0:001 versus carmoterol alone.
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asthma [20], the use of these compounds in combination
with b2-agonists in particular subgroups of patients [20,21],
has been considered [22].

In line with these findings, the results of the present study
provide, in an experimental setting, a clear evidence of a
positive interaction between tiotropium and the new long-
acting b2-agonizt carmoterol in controlling the broncho-
constriction elicited in guinea-pigs by different challenges,
anaphylactic reaction included. In the presence of doses of
tiotropium ineffective per se, the ED50 values of carmoterol
were significantly reduced by 5 to over 30 times, depending
on the challenge. Interestingly, even parameters not
directly linked to airway smooth muscle relaxation as
TXA2 release and survival time were significantly modified
by the combination. TXA2 is regarded as a powerful
constrictor of the respiratory smooth muscle of guinea-pig
lungs, and carmoterol/tiotropium combination may have
interfered with the generation of this autacoid. Formation
of TXA2 caused by slow-reactive substance of anaphylaxis
(SRS-A) in perfused guinea-pig lungs is reduced by
isoproterenol, and pre-treatment of these tissues with b1
or b2-adrenergic receptor antagonists (practolol or ICI-
118,551) partially restore the capacity of SRS-A to increase
TXA2 generation [23]. Cholinergic receptors are not
involved in the biosynthesis of TXA2 in guinea-pig lungs,
however it has been demonstrated that the target cells in
human lungs possess cholinergic receptors [24]. Though the
experimental scheme adopted in this study is not designed
to demonstrate synergism, the finding that a clear
potentiation was evident also when ineffective doses of
the two compounds were combined, is suggestive of a
positive interaction which appears to be more than
additive. The present data may bear some physiopatholo-
gical importance since parasympathetic nerves provide the
dominant bronchoconstrictor neural control of human
airway smooth muscle. Cholinergic neural tone is the major
reversible component in COPD [25] and, through the
circadian variation of vagal tone, also contributes to
nocturnal asthma [26].
We cannot establish on the basis of the present results if

the favorable data obtained are merely due to a particularly
advantageous way in which carmoterol and tiotropium
simultaneously bring about stimulation of the bronchodi-
lating b2-adrenergic system and inhibition of the bronch-
oconstrictive cholinergic system. However, as the effects on
other parameters were markedly increased as well, we
could hypothesize that other mechanisms concur. It is well
known that both classes of drug exert other effects, which
include inhibition of airway smooth muscle cell prolifera-
tion and inflammatory mediator release, as well as
stimulation of mucociliary transport, regulation of mucous
secretion, cytoprotection of the respiratory mucosa,
attenuation of neutrophils recruitment and activation,
and chemotactic mediator release in alveolar macrophages
[27,28]. Interestingly, it has been documented that b2-
adrenoceptor also mediates inhibition of cholinergic
neurotransmission in isolated bovine trachea, through a
mechanism involving activation of KCa channels rather
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than adenylyl cyclase [29]. A deeper investigation of the
non-bronchodilator effects of carmoterol and tiotropium
could reveal some specific features that can help in
understanding this kind of interaction.

Another aspect worthy to be investigated is to verify in
the same experimental conditions if the positive interaction
is specific for carmoterol and tiotropium combination or is
common to other similar combinations, i.e. formoterol or
salmeterol and tiotropium, and carmoterol and another
long-acting muscarinic M3-antagonist. This could be
important as the clinical studies with formoterol and
salmeterol in combination with tiotropium seem to
demonstrate only additive effects [16–18].

The great effectiveness of carmoterol and tiotropium
combination against all the challenges could be of
relevance even in asthma, though added to corticosteroids.
There is an extensive documentation concerning the
importance of the inhibition of muscarinic receptor
activation in relieving asthmatic episodes [30,31]. Asthma
has an allergic basis in a wide number of patients and a
variety of chemical mediators are released during hyper-
sensitivity reaction [32]. Among these mediators, histamine
released from mast cells has a primary role. Through its H4

receptor subtype, it has been shown to possess all the
properties of a classical leukocyte chemoattractant (i.e.
agonist-induced actin polymerization, mobilization of
intracellular calcium, alteration in cell shape and up
regulation of adhesion molecule expression), thus provid-
ing inflammatory cells recruitment in the lungs which in
turn leads to the late phase reaction [33].

In conclusion, the present results obtained in anaesthe-
tized guinea-pigs strongly suggest that carmoterol and
tiotropium combination represents a new therapeutic
option for patients affected by increase in airway resis-
tance.
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