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1 Pretreatment of anaesthetized guinea-pigs with either CHF 4226.01 (8-hydroxy-5-[(1R)-1-hydroxy-
2-[N-[(1R)-2-(p-methoxyphenyl)-1-methylethyl]amino]ethyl] carbostyril hydrochloride), formoterol or
budesonide reduced acetaldehyde (AcCHO)-evoked responses in the lungs with a rank order of
potency CHF 4226.01 (ED50 values, from 1.88 to 3.31 pmol)4 formoterol (ED50 values, from 3.03 to
5.51 pmol) b budesonide (ED50 values, from 335 to 458 nmol). The duration of action of CHF
4226.01 in antagonizing the airway obstruction elicited by AcCHO was also substantially longer than
formoterol (area under the curve) at 10 pmol, 763758 and 480734, respectively; Po0.01).
2 Continuous infusion of a subthreshold dose of AcCHO enhanced the intratracheal pressure (ITP)
increases caused by subsequent challenges with substance P (from 9.770.8 to 27.571.6 cm H2O as a
peak, Po0.001). Pretreatment with either CHF 4226.01 or formoterol prevented the sensitizing effect
of AcCHO on substance P responses (ED50 values, 2.85 and 6.11 pmol, respectively; Po0.01).
3 The ED50 value of budesonide (396 nmol) in preventing AcCHO-evoked ITP increase was reduced
when this glucocorticoid was combined with 0.1 pmol CHF 4226.01 (ED50 76 nmol; Po0.001). CHF
4226.01/budesonide was two-fold more effective (Po0.01) than the formoterol/budesonide combina-
tion.

4 These results suggest that CHF 4226.01/budesonide, by optimizing each other’s beneficial
potential in the control of pulmonary changes caused by AcCHO in the guinea-pigs, may represent a
new fixed combination in asthma.
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Introduction

Acetaldehyde (AcCHO), a rapidly generated metabolite of

ethanol via alcohol dehydrogenase, has been thought to be a

main factor in alcohol-induced asthma (Geppert & Boushey,

1978; Gong et al., 1981) and the mechanism involved in this

event has been the subject of intensive investigation: (1) blood

AcCHO and histamine concentrations increase during alcohol-

induced bronchoconstriction; (2) AcCHO induces histamine

release from human airway mast cells to cause bronchocon-

striction (Kawano et al., 2004); (3) AcCHO-induced broncho-

constriction occurs not only in subjects with so called

alcohol-induced asthma, but in virtually all asthmatic indivi-

duals (Myou et al., 1993; 1994; 1995); (4) bronchial respon-

siveness to AcCHO, with a significant fall in the forced

expiratory volume in 1 s, can be determined in man, since the

patients affected by asthma are more responsive than normal

subjects (Robuschi et al., 1992).

On preclinical ground, it has been reported that intravenous

injection of AcCHO to guinea-pigs evokes a dose-dependent

increase in intratracheal pressure (ITP). At least two mechan-

isms have been identified underlying the effect of AcCHO in

guinea-pigs. Firstly, the airway obstruction caused by AcCHO

is likely related to an increase in plasma histamine content,

suggesting that AcCHO may activate subsets of mast cells or

basophils, perhaps including those in the airways and lungs

(Berti et al., 1993). Secondly, AcCHO challenge has been

shown to activate tachykinin-containing airway sensory

nerves, leading to axon reflex-evoked responses in the airways,

including neurogenic plasma extravasation (Berti et al.,

1994a, b). In fact, H1-histamine receptor antagonists, such as

pyrilamine and nimesulide, inhibited AcCHO-induced ITP

increase, whereas endopeptidase inhibitors, like captopril or

thiorphan, potentiated this occurrence. The inflammatory

phenomenon, which is almost completely antagonized by the

neurokinin-1 tachykinin receptor antagonist, CP-96345, is now

considered neurogenic in nature (Berti et al., 1994b; Barnes,
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1998). On this respect, it is also interesting to underline that the

activation of b2-receptor on sensory nerves modulate neuro-
peptide release and attenuate plasma exudation in tracheo-

bronchial tissues (Barnes, 1998). In fact, like b2-adrenergic
agonists, several other compounds such as opioids (Belvisi

et al., 1988), adenosine (Kamikawa & Shimo, 1989), acting on

their prejunctional specific receptors and possibly through a

common inhibitory mechanism, have been described to

regulate tachykinins release from sensory nerves.

All these preclinical findings prompted us to compare the

activity of CHF 4226.01 (previously named TA-2005), a potent

and selective b2-adrenoceptor stimulant characterized by a

long duration of action (Kikkawa et al., 1991; 1998; Voss et al.,

1992; Waldeck, 1996), with that of formoterol in preventing

pulmonary changes evoked in guinea-pigs by AcCHO. In

combined studies, the interaction of CHF 4226.01/budesonide

and formoterol/budesonide in the control AcCHO activity in

the lungs were also compared.

Methods

Animals

About 400 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 (22711C,
5575% relative humidity, 12-h light and 12-h darkness cycle)

and were given free access to food and tap water. The

investigation conforms with the Guide for the Care and Use of

Laboratory Animals published by the U.S. National Institutes

of Health (NIH Publication No. 85-23, revised 1996).

Whole animal preparation

Guinea-pigs were anaesthetized intraperitoneally with ur-

ethane (1.2–1.5 g kg�1) and prepared for simultaneous record-

ing of both ITP and systemic blood pressure (BP), as originally

described by Konzett & Rössler (1940). Briefly, the trachea

was cannulated for mechanical ventilation performed by a

pump operating on a partially closed circuit (10ml kg�1, stroke

volume; 70 cyclesmin�1). To avoid spontaneous breathing, the

animals were treated with pancuronium bromide injected via

the jugular vein at a dose of 2mg kg�1 i.v. No addition of

urethane was necessary, since the depth of anaesthesia was

adequate for all the length of the experiment (B300min). BP
was monitored via the left carotid artery. All changes in ITP

(cmH2O) and BP (mmHg) were measured by two pressure

transducers (models HP-270 and HP-1280 respectively; Hew-

lett Packard, Waltham, MA, U.S.A.) and the signals were

displayed on a Hewlett Packard multiple channel pen recorder

(model HP-7754A).

Pharmacological activity of AcCHO

In this set of experiments, guinea-pigs were prepared for ITP

and BP evaluation as described above. These animals were

challenged intravenously with AcCHO, diluted in normal

saline, administered at the doses of 6.25, 12.5, 25, 50 or

100mgkg�1 (n¼ 6 for each dose). Each animal received only
one dose. Changes in circulating histamine and vascular

permeability caused by AcCHO were also determined.

Histamine assay in the blood

In order to determine the level of circulating histamine in the

anaesthetized guinea-pigs, small aliquots of blood (0.5ml).

were collected from the carotid artery before and after AcCHO

administration, at the peak of airway obstruction. Thereafter,

the blood was processed according to the fluorometric method

described by Shore et al. (1959). Briefly, this method involves

extraction of histamine into n-butanol from alkalinized

perchloric acid blood extract, return of the histamine to an

aqueous solution and condensation with o-phthalaldehyde to

yield a product with strong and stable fluorescence which

is measured in a spectrofluorometer. In our experimental

conditions, the recovery of histamine exceeded 95% and basal

concentrations of the autacoid found in the different experi-

mental sets (see Table 1) were within the range reported by

other authors (Anton & Sayre, 1969).

Vascular permeability determination

The changes in vascular permeability to serum albumin caused

by the i.v. administration of AcCHO were measured in guinea-

pigs prepared for ITP recording (see above) using the Evans

blue technique reported by Saria et al. (1983). Briefly, the

Evans blue dye (30mgkg�1) was injected into the jugular vein

1min before the challenge with AcCHO. The guinea-pigs were

killed 14min after AcCHO administration and a tracheal piece

(30–40mg) was immediately removed about 1 cm above the

carina, dried on filter paper to remove excess fluid, and

weighted. Each tissue sample was placed in 4ml formamide

and incubated for 24 h in a shaking water bath at 601C to

extract Evans blue from the tissue. The amount of Evans blue

in the liquid was determined by measuring the optical density

at 620 nm in a Dynatech MR5000 microplate reader (Dyna-

tech Laboratories Inc., Chantilly, VA, U.S.A.) according to

Lei et al. (1992). Three measurements were performed on each

sample, and the mean value was used for calculations. The

tissue content of the dye was expressed in ngmg�1 wet weight

tissue (ngmg�1 w.t.) and was calculated from a standard curve

of dye concentrations (0.125–5 mg ml�1).

Experimental protocol

The effect of different concentrations of CHF 4226.01. (0.1–

10 pmol), formoterol (0.3–30 pmol), budesonide (31.25–

Table 1 AcCHO induces a dose-dependent increase
in ITP, Evans blue exudation in the lower trachea and
blood histamine in the anaesthetized guinea-pigs

Treatment ITP Evans blue exudation Histamine
(mg kg�1 i.v.) (cm H2O) (ngmg�1 w.t.) (ngml�1 of blood)

Saline 3.970.4 32.672.5 49.475.1
AcCHO 6.25 6.070.8* 47.674.9* 89.779.9**
AcCHO 12.5 9.871.5** 81.778.4*** 124.7716.7***
AcCHO 25 19.372.4*** 149.6718.6*** 177.1719.3***
AcCHO 50 25.973.2*** 224.9717.2*** 292.6723.2***
AcCHO 100 29.272.8*** 329.1728.7*** 428.7736.4***

Data are mean values7s.e.m. of six different animals for each
dose of AcCHO. The ED50 value of AcCHO-induced ITP
increase was 28.2 (conf. lim. 21.9–35.5) mgkg�1 i.v. *Po0.05,
**Po0.01 and ***Po0.001 versus saline.
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500 nmol) and saline (control) was investigated in anaesthe-

tized guinea-pigs (n¼ 5 for each dose) by superfusing these
compounds onto the tracheal mucosa (Erjefält et al., 1985;

Erjefält & Persson, 1989) for 5min before AcCHO (25mgkg�1

i.v.) administration. The perfusing cannula (PE-10) has been

positioned caudally B0.5 cm further the tracheal cannula

(PE-350), which was surgically sutured approximately B1 cm
before the larynx. The guinea-pigs were inclined 451 (head up),

and the exact position of the perfusing cannula was controlled

at the end of some experiments in order to be sure that the

testing compounds have reached distal tracheobronchial

tissues. The catheter was connected to a microdialysis pump

(SP-101i; 2Biological Instruments, Besozzo, Varese, Italy) for

5-min mucosal superfusion at a constant flow rate of

0.01mlmin�1 (total volume, 0.05ml).

Other experiments were also performed in order to compare

the duration of action of CHF 4226.01 (1–10 pmol) and

formoterol (1–30 pmol) against AcCHO-induced bronchocon-

striction (n¼ 7 for each dose). The two b2-agonists were
administered onto the trachea for 5min before AcCHO

(25mgkg�1) injected intravenously in the guinea-pigs at

20min interval for 240min.

In separate experiments, in order to establish a pharmaco-

logical interaction in protecting the animals from AcCHO

(25mgkg�1 i.v.)-induced airway changes, the two b2-agonists
were administered into tracheal lumen in combination with the

corticosteroid for 5min before AcCHO-challenge (n¼ 7 for
each dose). In particular, budesonide (31.25–500 nmol) was

associated with two low and equiactive concentrations of CHF

4226.01 (0.1 and 0.3 pmol) or formoterol (0.3 and 1 pmol).

Substance P (SP)-hyper-responsiveness

In these experiments, and as previously described (Berti et al.,

1993), SP-hyper-reactivity was induced in anesthetized guinea-

pigs by 60-min intravenous infusion of AcCHO (0.5%

solution; flow rate, 0.05ml kg�1min�1). At this concentration,

AcCHO does not modify basal ITP. Single doses of SP

(5 mg kg�1 i.v.) were injected every 20min and the development
of hyper-reactivity to this peptide was followed for 120min.

CHF 4226.01 (1–10 pmol) and formoterol (3–30 pmol) were

given intratracheally for 5min before AcCHO-infusion (n¼ 6
for each dose).

Drugs

Urethane, AcCHO (purity499.5%),. SP, formamide and

Evans blue were obtained from Sigma-Aldrich S.r.l., Milan,

Italy. Pancuronium bromide (Pavulon) was obtained from

Organon Teknika, Rome, Italy. CHF 4226.01, formoterol

fumarate and budesonide were gift from Chiesi Farmaceutici

S.p.A., Parma, Italy.

Statistical analysis

Data were analyzed using commercially available software

(GraphPad Prisms, version 3.03,. GraphPad Software Inc.,

San Diego, CA, U.S.A.). All results in figures and tables are

expressed as mean7s.e.m. (n¼ 5–7 different animals for each
group). 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. P-values less

than 0.05 were considered significant. The area under the curve

(AUC) was estimated according to the trapezoid method

(Purves, 1992) and was assessed using a computerized program

Microcal Origin 3.5 (Microcal Software Inc., Northampton,

MA, U.S.A.).

Results

Effect of CHF 4226.01, formoterol and budesonide on
AcCHO-induced changes in ITP, blood histamine and
plasma extravasation

When AcCHO was injected intravenously (6.25–100mg kg�1)

in artificially ventilated anaesthetized guinea-pigs, an increase

of both ITP and BP was recorded. The range of the doses used

in our experiments represent a complete dose–response curve

and the dose of 100mg/kg�1 i.v. AcCHO was almost the

maximal response obtainable. The airway obstruction, as well

BP elevation, induced by AcCHO was proportional to the dose

administered and distinguished by a rapid onset and decline

(Figure 1). These events were also paralleled by a dose-

dependent increase of blood histamine and Evans blue

extravasation in the tracheal tissue, indicating alteration of

vascular permeability (Table 1). We selected the dose of 25mg/

kg�1 i.v. AcCHO since it was very close to the ED50 value

(28.2mg/kg�1 i.v.) (Table 1). At 25mg/kg�1 i.v. AcCHO, no

tachyphylaxis was observed when this dose was given

repeatedly at 20-min interval up to 240min (data not shown).

On that account, this selected dose was used in order to

evaluate the protecting activity of CHF 4226.01 (0.1–10 pmol),

formoterol (0.3–30 pmol) or budesonide (31.25–500 nmol),

administered via intratracheal superfusion alone or in combi-

nation.

CHF 4226.01, formoterol or budesonide, instilled into the

trachea at various concentrations, prevented, in a dose-related

manner, the changes in ITP, blood histamine levels and Evans

blue extravasation induced by AcCHO and the ED50 values

obtained with the three compounds are reported in Table 2.

CHF 4226.01 resulted more potent than both formoterol and

budesonide in preventing AcCHO-induced ITP increase, being

the dose ratio 1.8 (Po0.01) and 151720 (Po0.001), respec-
tively (Table 2). Furthermore, when the duration of action of

CHF 4226.01 against airway obstruction induced by AcCHO

Figure 1 Representative traces showing the effect of AcCHO on
BP and ITP in three different anaesthetized guinea pigs.
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was compared with that of formoterol, CHF 4226.01 displayed

a longer duration of action at all doses selected (Figure 2). For

example, when the two b2-adrenoceptor agonists are compared
at almost equieffective doses as a peak (10 and 30 pmol), the

effect of CHF 4226.01 against the ITP increase was still fully

present after 240min, whereas the effect of formoterol declined

approximately by 50% (Figure 2).

Combination studies

In this set of experiments, budesonide was given to the animals

at various concentrations (31.25–250 nmol). in combination

with low and equiactive concentrations of CHF 4226.01 (0.1

and 0.3 pmol) or formoterol (0.3 and 1 pmol) in order to assess

the pharmacological interaction between the corticosteroid

and the two b2-adrenergic receptor agonists in antagonizing
the effect induced by AcCHO (25mgkg�1 i.v.). Figure 3, which

depicts the results obtained, clearly indicates that the interac-

tion of budesonide with CHF 4226.01 is more potent than that

obtained with formoterol. In fact, the ED50 value of

budesonide given alone (396 nmol) for antagonizing AcCHO-

induced airway obstruction is reduced 5.3-fold (Po0.001) and
14.3-fold (Po0.001) when the corticosteroid is given in the
presence of 0.1 and 0.3 pmol of CHF 4226.01, respectively.

The ED50 of budesonide was reduced 3.0-fold (Po0.01) and
5.9-fold (Po0.001) when it was associated with 0.3 and 1 pmol

Table 2 ED50 (conf. lim.¼ 95%) and dose ratio (DR) values of CHF 4226.01, formoterol and budesonide against
changes in ITP, Evans blue exudation in the lower trachea and blood histamine release induced by AcCHO (25mgkg�1

i.v.) in the anaesthetized guinea-pigs

Treatment ITP Evans blue exudation Histamine
ED50 DR ED50 DR ED50 DR

CHF 4226.01 2.61 (2.35–3.14) pmol 1 1.88 (1.55–2.43) pmol 1 3.31 (2.56–4.55) pmol 1
Formoterol 4.69 (4.14–5.11) pmol** 1.8 3.03 (2.66–3.48) pmol* 1.6 5.51 (5.12–5.90)* pmol 1.7
Budesonide 396 (351–440) nmol*** 151,720 335 (278–397) nmol*** 178,190 458 (392–504) nmol 138,370

The ED50 values were calculated from the data obtained with five different animals for each dose of CHF 4226.01 (0.1–10pmol),
formoterol (0.3–30pmol) or budesonide (31.2–500 nmol). *Po0.05, **Po0.01 and ***Po0.001 versus CHF 4226.01.
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Figure 2 CHF 4226.01 displays a longer duration of action than formoterol in antagonizing AcCHO (25mgkg�1 i.v.)-induced
airway obstruction in anaesthetized guinea-pigs. b2-Agonists were superfused onto the tracheal lumen 5min before AcCHO
challenge. This was repeated at 20-min interval for 240min. Data are mean values7s.e.m. of seven different animals for each dose of
CHF 4226.01 or formoterol. The right panels show the AUC (in abscissa, % inhibition; in ordinate, 240min) for all concentrations
of each drug used. **Po0.01 and ***Po0.001 versus the corresponding dose of formoterol.
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of formoterol, respectively. In Table 3, all these data are

summarised including the values of blood histamine release

and Evans blue extravasation.

SP-hyper-responsiveness

It is already known that an infusion with AcCHO at

concentrations that are lower than those required for ITP

increase can potentiate the effect of SP on guinea-pigs

respiratory smooth muscles (Berti et al., 1993). As reported

in Figure 4, the bronchoconstrictive effect of SP (5 mg kg�1 i.v.)
increases with time, being 2.8-fold more potent (27.571.6 cm
H2O, Po0.001) compared to control responses (9.770.8 cm
H2O) at the end of 60-min AcCHO infusion. The increased

responsiveness of airway smooth muscles to SP is a phenom-

enon declining slowly with time and 60min after stopping the

infusion with AcCHO, the effect of SP was still significantly

increased (22.372.1 cmH2O, Po0.01).
When CHF 4226.01 (1, 3 or 10 pmol) or formoterol (3, 10 or

30 pmol) was instilled onto the trachea 5min before starting

AcCHO infusion, the effect of SP was decreased according

to the dose of the two b2-selective agonists administered.
The kinetic profile of this inhibitory activity of CHF 4226.01

and formoterol is reported in Figure 4. When the data were

expressed as AUC, it has been possible to calculate the

ED50 for the inhibitory activity of the two compounds. CHF

4226.01 (ED50¼ 2.85 pmol) resulted 2.1-fold more potent

(Po0.01) than formoterol (ED50¼ 6.11 pmol) in curtailing
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Figure 3 Protecting effect of CHF 4226.01 or formoterol in combination with graded concentrations of budesonide against
changes in ITP induced by AcCHO (25mgkg�1 i.v.) in anaesthetized guinea-pigs. CHF 4226.01/budesonide or CHF formoterol/
budesonide fixed combinations were superfused onto the tracheal lumen 5min before AcCHO. Columns represent mean
values7s.e.m. of seven different animals per group. Black columns indicate the activity of the b2-agonists in the absence of
budesonide (control). **Po0.01 and ***Po0.001 versus the corresponding control.

Table 3 ED50 (conf. lim.¼ 95%) and dose ratio (DR) values of budesonide (BUDES; 31.2–500 nmol) alone and in
combination with CHF 4226.01 or formoterol (FORM) against changes in ITP, Evans blue exudation in the lower trachea
and blood histamine release induced by AcCHO (25mgkg�1 i.v.) in the anaesthetized guinea-pigs

Treatment ITP Evans blue exudation Histamine
ED50 in nmol DR ED50 in nmol DR ED50 in nmol DR

BUDES 396 (351–440) 1 335 (278–397) 1 458 (392–504) 1
CHF 4226.01 (0.1 pmol)+BUDES 76 (58–97)*** 0.19 70 (45–93)*** 0.21 105 (82–126)*** 0.23
CHF 4226.01 (0.3 pmol)+BUDES 29 (21–35)*** 0.07 35 (26–48)*** 0.10 50 (39–61)*** 0.11
FORM (0.3 pmol)+BUDES 132 (115–154)** 0.33 101 (82–115)** 0.30 161 (145–173)** 0.35
FORM (1pmol)+BUDES 67 (52–84)*** 0.17 47 (33–62)*** 0.14 82 (64–95)*** 0.18

The ED50 values were calculated from the data obtained with seven different animals per group. **Po0.01 and ***Po0.001 versus
BUDES alone.
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the hyper-responsiveness of SP (Figure 4). Furthermore, both

CHF 4226.01 and formoterol were almost ineffective in

antagonizing the airway obstruction induced by SP (5 mg kg�1

i.v.) in the absence of AcCHO infusion (data not shown).

Discussion

The results obtained in the present study in guinea-pigs clearly

indicate that the tracheal instillation of long-acting b2-selective
agonists CHF 4226.01 and formoterol in combination with

budesonide bring about a synergic interaction in antagonizing

the airway effects of AcCHO, which recognize some of the

pathophysiological features of asthma.

The challenge with AcCHO has been selected for the

peculiarity of its mode of action, since the airway obstruction

caused by this compound is mostly mediated by histamine

release and accompanied by plasma extravasation in tracheal

tissues. The latter event has been shown to involve SP and

other neuropeptides released from sensory nerve endings on

airways (neurogenic inflammation) (Berti et al., 1993; 1994b).

All the effects of AcCHO in guinea-pigs are potently

antagonized by CHF 4226.01 and formoterol when given by

caudal tracheal superfusion. CHF 4226.01 was almost two-

fold as potent as formoterol not only in preventing ITP

increase but also in reducing the release of histamine and

plasma extravasation. Also, the duration of the inhibitory

effect of CHF 4226.01, particularly against AcCHO-induced

airway obstruction, resulted significantly superior to that of

formoterol. In fact, at variance with the latter, the former

compound was still fully active after 240min. These findings

are in good agreement with those reported by Kikkawa et al.

(1994) in histamine-, serotonin- or antigen-induced broncho-

constriction in guinea-pigs and cats. They may be explained by

the ability of CHF 4226.01 to tightly bind to the b2-receptor
with subsequent sustained activation (Voss et al., 1992). The

singular interaction of the compound with the tyrosine 308

residue in the seventh transmembrane region of the b2-receptor
might play a role as well (Kikkawa et al., 1998). The

corticosteroid budesonide was also able to lessen the effect

of AcCHO in the guinea-pigs airways, but as expected, its

efficacy was in the nmol range and notably inferior to that

observed for both CHF 4226.01 and formoterol.

The ability of the two b2-selective agonists to antagonize the
injurious effects of AcCHO in guinea-pigs airways is likely

to follow the pathway of adenylate cyclase-activation with

substantial accumulation of intracellular cAMP (Weston &

Peachell, 1998) and stabilization of various subset of mast

cells to reduce histamine release and to elicit bronchodilata-

tion. The observed inhibition of plasma extravasation in the

tracheobronchial tissues can be also explained by the well-

known ability of b2-agonists to prevent separation of

endothelial cells in postcapillary venules (Erjefält & Persson,

1991; Bolton et al., 1997) and by the activation of prejunctional

b-receptors on sensory nerves with consequent reduction in
sensory neuropeptide release (Barnes, 1998). This last hypoth-

esis is reinforced by the fact that both CHF 4226.01 and

formoterol do not directly affect the SP-induced ITP increase.
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Figure 4 CHF 4226.01 (CHF) and formoterol (FORM) reduce in a dose-dependent manner the airway hyper-responsiveness to SP
(5 mg kg�1 i.v.) induced by 60-min intravenous infusion of AcCHO (0.5% solution; flow rate, 0.05ml kg�1min�1) in anesthetized
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Another interesting result emerging from these studies is the

hyper-responsiveness of guinea-pigs airways to SP induced by

low dosage of AcCHO infusion. This event, which is reversible

on stopping AcCHO administration, has been already

characterized on pharmacological ground, but the mechan-

ism/s involved has not been fully elucidated. The increased

response of airway smooth muscles appears to be specific to

SP, since the infusion with AcCHO does not increment either

acetylcholine or histamine activity (Berti et al., 1993). In this

respect, the results obtained indicate that CHF 4226.01 is

about two-fold as potent as formoterol. The relevance of these

findings is difficult to discuss in a proper framework.

Physiopathological studies are still needed to better define

the role of tachykinins from sensory nerves and their

relationship with proinflammatory cells (neutrophils, eosino-

phils) in the airway. Recently, it has been reported that

AcCHO induces granulocyte macrophage-colony stimulating

factor (GM-CSF) in human bronchi through activation of

nuclear factor-kB (Machida et al., 2003). The ability of

AcCHO to generate GM-CSF could be an alternative

explanation that may be relevant for the present findings.

Study with GM-CSF have already demonstrated that in

addition to being chemoattractant for eosinophils and

neutrophils, this cytokine also potentiates the differentiation

and survival of this proinflammatory cells (Owen et al., 1987).

Formoterol and salmeterol, another long-acting b2-agonist,
have been reported to reduce GM-CSF levels in tumor necrosis

factor-a-stimulated human bronchial epithelial cells (Korn

et al., 2001) and in antigen-activated human blood mono-

nuclear cells (Oddera et al., 1998), respectively. No data are

available about the effects of CHF 4226.01 on GM-CSF

production, but in human macrophage cell line it has been

shown to suppress the lipopolysaccharide-induced release of

tumor necrosis factor-a through a b2-receptor-mediated
mechanism (Izeboud et al., 2000), confirming the findings of

Bissonnette & Befus (1997) with salmeterol and salbutamol.

Even if the anti-inflammatory properties of long-acting b2-
agonists are still a matter of debate, it is well accepted that

these drugs exert additive effects on the anti-inflammatory

activity of glucocorticoids. In this context, there are several

studies demonstrating a positive interaction between these two

classes of drugs (Greening et al., 1994; Chong et al., 1997;

McGavin et al., 2001; Barnes, 2002). Corticosteroids increase

the expression of b2-receptors by increasing gene transcription
and this will protect against the loss of b2-receptors in response
to long-term exposure to b2-agonists. On the other end, b2-
agonists may potentiate the molecular mechanism of corticos-

teroid action with increased nuclear localization of glucocorti-

coid receptors and additive, sometimes synergistic, suppression

of inflammatory mediator release (Chong et al., 1997;

Johnson, 2002; Roth et al., 2002). On this regard, the tracheal

superfusion of CHF 4226.01 in combination with budesonide

gives rise to a synergistic interaction in the control of AcCHO-

induced responses in guinea-pig airway. In fact, considering

the increase in ITP caused by AcCHO, the ED50 value

(396 nmol) obtained with budesonide alone was diminished

5.3-fold (Po0.001) and 14.3-fold (Po0.001) when it was

combined with 0.1 and 0.3 pmol of CHF 4226.01, respectively.

The formoterol/budesonide combination was less effective

than that observed with CHF 4226.01/budesonide in prevent-

ing AcCHO-evoked responses. The more advantageous

pharmacological interaction observed with CHF 4226.01/

budesonide combination is not easy to explain, since the

present experimental conditions deal with only a single

treatment of the drugs in combination. It is likely that the

potency of the b2-agonists in activating selectively the b2-
receptors may have played an important role.

In conclusion, the results obtained with the present

experiments indicate that CHF 4226.01 is more potent and

long-lasting than formoterol in protecting guinea-pig airways

from the AcCHO effects, which are primarily mediated by

histamine release with a contribution of activated sensory

nerve endings. Thus, CHF 4226.01 and budesonide, which

may optimize each other’s beneficial potential in the airway,

may represent a new fixed combination of clinical interest in

the control of asthma in most patients.
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ERJEFÄLT, I.A. & PERSSON, C.G. (1991). Long duration and high
potency of antiexudative effects of formoterol in guinea-pig
tracheobronchial airways. Am. Rev. Respir. Dis., 144, 788–791.
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