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ABSTRACT:  Cough is a common symptom of respiratory diseases associated with
irritation or inflammation of the airways, and symptomatic antitussive drugs are
frequently prescribed to control an abnormal cough reflex.  Our aim was to eval-
uate the effects of moguisteine, a novel, peripheral, nonnarcotic antitussive agent,
on airway inflammation induced in guinea-pigs with a variety of stimuli.

These stimuli included exposure to tobacco smoke for 10 min, to elicit airway
hyperreactivity, eosinophil recruitment in bronchoalveolar lavage (BAL), airway
epithelial damage and plasma exudation; graded platelet-activating factor (PAF)
infusion (600 ng·kg-1 over one h), to induce airway hyperreactivity; 2% ovalbumin
(OA) aerosol challenge in 1% OA-sensitized animals, to induce late-phase (17 and
72 h) airway leucocyte accumulation.  We also assessed the activity of moguisteine
on plasma leakage induced by capsaicin, on bronchoconstriction induced by acetyl-
choline (ACh), histamine (H) and PAF, and on leukotriene mediated allergic bron-
chospasm in OA-sensitized guinea-pig.

Moguisteine (p.o. and i.m.) and dexamethasone (p.o. and i.m.) dose-dependently
reduced tobacco smoke-induced bronchial hyperreactivity.  Moguisteine and dexa-
methasone abolished eosinophil recruitment in BAL, prevented the sloughing of the
epithelium and significantly reduced airway microvascular leakage.  Both agents
were also highly effective in reducing bronchial hyperreactivity elicited by PAF infu-
sion.  In addition, moguisteine was active in inhibiting airway neutrophil and
eosinophil accumulation in BAL observed 17 and 72 h after OA challenge in sen-
sitized guinea-pigs.  In contrast to dexamethasone, moguisteine did not prevent cap-
saicin-induced plasma leakage.  It was also ineffective against bronchoconstriction
as induced by ACh, H, and PAF and failed to inhibit leukotriene-dependent bron-
chospasm.

Our data suggest that moguisteine represents an antitussive compound endowed
with interesting airway anti-inflammatory properties in guinea-pigs in vivo.  Its
mechanism of action remains to be elucidated.
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A variety of factors are responsible for cough: expo-
sure to irritant gases and fumes, tobacco smoke, viral
respiratory infection, chronic bronchitis, asthma and post-
nasal drip syndrome [1].  All these conditions appear to
be associated with a common basic feature, i.e. irritation
and/or inflammation of the airways, which can increase
the responsiveness of laryngeal and tracheobronchial
rapidly adapting irritant receptors, which evoke cough
[2, 3].

It is widely-accepted that the rational direction for
cough therapy should be toward the diagnosis and the
treatment of the underlying disease [1], although sympto-
matic antitussive drugs, such as codeine or dextrometh-
orphan, are frequently prescribed to control an abnormal
cough reflex.  Thus, used in combination with drugs  that
are specific to the causal disease, an antitussive drug

endowed with airway anti-inflammatory properties could
represent an innovative tool for cough therapy.

Moguisteine, ethyl (R,S)-2-(2-methoxyphenoxy) methyl-
β-oxo-3-(1,3-thiazolidine) propanoate, is a novel peri-
pheral nonnarcotic antitussive agent that has proved to be
as active as codeine in several experimental models of
induced cough in guinea-pigs and dogs [4, 5].  It acts
neither through the opiate receptors nor on the cough
centre, and its action is possibly mediated by the inter-
action with rapidly adapting irritant receptors along the
tracheobronchial tree [4].  In controlled clinical trials,
moguisteine has been shown to be safe and to effecti-
vely reduce cough associated with such respiratory dis-
orders as acute upper respiratory tract infection, chronic
bronchitis, pulmonary fibrosis and malignancies [6–
9].



This paper describes the anti-inflammatory activity of
moguisteine in comparison with dexamethasone in a
model of guinea-pig airway inflammation induced by a
variety of stimuli, such as cigarette smoke exposure,
platelet-activating factor (PAF) infusion and allergen
inhalation.  All of the chosen stimuli have been described
as producing inflammatory reactions that are character-
ized by bronchial hyperreactivity, airway leucocyte recruit-
ment and airway microvascular leakage [10–12].

Materials and methods

Animals

Male Dunkin Hartley barrier-bred guinea-pigs (Charles
River, Italy), weighing 350–400 g were maintained in
conditioned quarters (temperature 21±2°C, relative humi-
dity 55±10%, 12 h on/12 h off light cycle) with standard
diet and water ad libitum for at least 1 week before use.

Airway inflammation induced by cigarette smoke inhala-
tion

Bronchial hyperreactivity to acetylcholine.  The guinea-
pigs were anaesthetized with urethane (1.25 g·kg-1 i.p.),
tracheotomized and ventilated via a tracheal cannula con-
nected to a ventilatory pump (Rodent ventilator, mod.
7025, Basile, Italy) at 55 strokes·min-1 with 1 mL of air
per 100 g body weight (BW).  A jugular vein was also
cannulated for drug injection.  In order to suppress spon-
taneous breathing, pancuronium bromide (2 mg·kg-1 i.v.)
was injected.  Bronchoconstriction, expressed as increase
in pulmonary inflation pressure (PIP; mmHg), was mea-
sured with a pressure transducer (Bell and Howell, model
4-3271) connected to the inspiration line of the ventila-
tory circuit.  The signals were recorded on a polygraph
(Beckman type R611).

A slight bronchoconstriction (PIP 3–5 mmHg) was
induced with acetylcholine (ACh) 2.5–5 µg·kg-1 i.v.; after
at least two reproducible responses with a fixed dose of
ACh, the animals inhaled tobacco smoke produced by
high-tar, commercially available cigarettes (Stop, Monopoli
di Stato, Italy); inhalation was through the ventilatory
circuit for 15 s·min-1 for ten min [10].  After 5 min, all
guinea-pigs were challenged with the same dose of ACh,
and hyperresponsiveness was measured as the increase
in bronchoconstriction in comparison with the basal value.

Airway leucocyte recruitment. Cytological studies were
undertaken in separate experiments on bronchoalveolar
lavage (BAL).  These experiments were carried out in
the guinea-pigs 5 min after smoke exposure, as described
above.  BAL was performed by gentle washing of the
lungs with 3×10 mL aliquots of sterile saline at 37°C,
administered with a syringe via the tracheal cannula.  The
total cell number present in the recovered fluid (about
28 mL) was counted with a Coulter counter (ZM-Coulter
Scientific), and the differential cell count was undertaken

on cytocentrifuged (1,200 rpm) preparations (Cytospin
II Shandon) stained with Diff-Quik®.  Standard mor-
phological criteria were used to classify cells into lym-
phocytes, neutrophils, eosinophils, macrophages and
epithelial cells.  At least 300 cells were counted for each
sample by an investigator who was unaware of the treat-
ment group assignments.

Airway microvascular leakage. To assess the effect of
cigarette smoke on airway plasma exudation, Evans blue
dye was injected i.v. (25 mg·kg-1) 15 min prior to expo-
sure to cigarette smoke, as described above.  Thirty min-
utes after dye administration (i.e. 5 min after cigarette
smoke inhalation), the intravascular dye was removed
by perfusion through the aorta with 100 mL of saline
at 37°C; a small incision was made in the right atrium
to allow the outflow of the blood and of the perfusate.
For the extraction of the dye, the trachea (about 1 cm
above the bifurcation) and the main bronchi were then
removed, weighed and incubated in formamide for 24 h
at 50°C.  The concentration of Evans blue was quanti-
fied as light absorbance at 620 nm (spectrophotometer
Uvikon 930, Kontron Instrument) by interpolation on a
standard curve (0.4–8 µg·mL-1 in formamide).  The dye
content was expressed as ng·mg-1 of tissue. The per-
centage inhibition of Evans blue dye extravasation pro-
duced by the compounds was determined as follows:

treated - unexposed
% Inhibition = 100 -                            × 100 

vehicle - unexposed

where "treated" corresponds to tissue Evans blue dye
content in tobacco smoke-exposed and compound-treat-
ed guinea-pigs, "unexposed" corresponds to tissue Evans
blue dye content in non-tobacco smoke-exposed guinea-
pigs, and "vehicle" corresponds to tissue Evans blue dye
content in tobacco smoke-exposed and vehicle-treated
guinea-pigs.

Moguisteine was given, respectively, at 7.5, 15 and 30
mg·kg-1 p.o. and at 0.3, 0.6, 1.25 and 2.5 mg·kg-1 i.m.,
90 and 120 min before cigarette smoke exposure (bronch-
ial hyperreactivity to acetylcholine) and at 30 mg·kg-1

p.o. (airway leucocyte recruitment, and airway microvas-
cular leakage).  Dexamethasone was injected i.m. at 0.3,
0.6, 1.25 and 2.5 mg·kg-1 7 h before cigarette smoke
exposure (bronchial hyperreactivity to acetylcholine) and
at 2.5 mg·kg-1 i.m. (airway leucocyte recruitment, and
airway microvascular leakage).  Six animals were used
per dose level.

Airway microvascular leakage induced by capsaicin

Guinea-pigs were anaesthetized with urethane (1.25
g·kg-1 i.p.) and a small plastic catheter (PE 10) was insert-
ed into the trachea through a slight incision immedia-
tely under the larynx.  The tip of the tube was fixed at
1 cm under the larynx.  The animals were then kept in
the supine position on a table inclined to 40°.  Capsaicin
was intratracheally infused at a constant infusion rate
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(0.2 nM; 0.02 mL·min-1) for 2 min with an infusion
pump (Vial Medical SE 2000, Omeda, Italy), which was
connected to the catheter [13]. Evans blue dye (25
mg·mL-1·kg-1 in saline 1 min before capsaicin infusion)
was injected into the jugular vein for plasma leakage
evaluation.  The intravascular dye was removed, 10 min
after capsaicin infusion, as above.  A 1 cm piece of tra-
chea, just before bifurcation, and the left and right main
bronchi, were excised and weighed.  Evans blue extrac-
tion and determination were performed as above.  

Moguisteine (60 mg·kg-1 p.o.) was given 30, 60 or 90
min before capsaicin, and dexamethasone (7.5 mg·kg-1

p.o.) 7 h before.

Bronchial hyperreactivity to histamine induced by PAF

Guinea-pigs were prepared for the recording of PIP as
described above.  Bronchoconstriction (PIP 2–6 mmHg)
was induced by the injection of 1–5 µg·kg-1 histamine
(H) into the jugular vein.  When at least two reproducible
responses had been obtained, a graded i.v. infusion of
PAF was started (3 ng·min-1 for 10 min, 6 ng·min-1 for
20 min, 15 ng·min-1 for 30 min of the total dose receiv-
ed, i.e. 600 ng·kg-1·h) [11].  Ten minutes after the end
of infusion, the animals were injected with histamine
and hyperreactivity to histamine was measured as the
increase in bronchoconstriction in comparison with the
basal value.

Moguisteine was given at 7.5, 15 and 30 mg·kg-1

intraduodenal (i.d.) 7 min before PAF infusion; this tim-
ing was selected on the basis of preliminary time-course
studies. Dexamethasone was administered at 1.7, 3.5
and 7.5 mg·kg-1 p.o. 7 h before PAF.  Seven to eight
animals were used per dose level.

Bronchoconstriction induced by acetylcholine, histamine
and PAF

Guinea-pigs were prepared for the recording of PIP as
described above.   Bronchoconstriction (PIP 12–25 mmHg)
was induced by i.v. injection of ACh (10–20 µg·kg-1), of
histamine (5–10 µg·kg-1) and of PAF (50 ng·kg-1).  After
at least two constant bronchoconstricting responses (ba-
sal values) to ACh or histamine, moguisteine was given;
and, thereafter, the agonists were reinjected. In PAF
experiments, since this agonist does not give reproduci-
ble bronchoconstricting responses in a single given ani-
mal, the activity was assessed against a control group.

Moguisteine, 5 mg·kg-1 i.v., was given 1 min before
the agonist challenge.  Six animals were used per group.

Late-phase airway leucocyte accumulation in sensitized
guinea-pigs

Guinea-pigs were sensitized by exposure for 3 min to
aerosolized 1% ovalbumin (OA) solution in saline on
Days 0 and 7.  The aerosol was generated by an ultra-
sonic nebulizer (GB-Elbisonic, Italy) with an output of

0.5 mL·min-1 and a particle size of 0.5–6 µm.  Seven days
later, the animals were pretreated with mepyramine mal-
eate (10 mg·kg-1 i.p.) 30 min prior to challenge with an
aerosol of 2% OA in saline for 3 min.  BAL, performed
as described above, was undertaken 17 and 72 h later
[12], and its cytological analysis by cytocentrifuged pre-
paration (see above) allowed evaluation of the airway
leucocyte accumulation that characterizes late airway
reaction. The differential cell counts were performed
blind.

Moguisteine was tested at 75 and 150 mg·kg-1 p.o. 90
min before OA challenge, and dexamethasone at 4, 7.5
and 15 mg·kg-1 p.o. 7 h before OA challenge.  Six ani-
mals were used per dose level.  The percentage inhibi-
tion of leucocyte recruitment produced by the compounds
was determined as follows:

treated - baseline 
% Inhibition = 100 -                        × 100 

vehicle - baseline

where "treated" corresponds to cell number of OA-
challenged and compound-treated guinea-pigs, "baseline"
corresponds to cell number of saline-challenged guinea-
pigs, and "vehicle" corresponds to cell number of OA-
challenged and vehicle-treated guinea-pigs.

Leukotriene-mediated allergic bronchospasm in sensi-
tized guinea-pigs

Guinea-pigs were sensitized as described previously,
and 7 days after the second OA exposure they were pre-
pared for PIP recording (see above).  The animals were
pretreated as follows: 15 min before OA challenge, with
propranolol (1 mg·kg-1 i.v.), to prevent a homeostatic
sympathomimetic bronchodilator mechanism, and indo-
methacin (5 mg·kg-1 i.v.), to highlight the lipoxygenase
pathway; and 10 min before OA challenge, with mepyra-
mine maleate (0.5 mg·kg-1 i.v.), to block H1 receptors [14].
The guinea-pigs were then challenged with an aerosol
of 1% OA in saline for 5 s, delivered by the nebulizer
(Devilbiss Pulmosonic), with an output of 1 mL·min-1 and
a particle size of 0.6–15 µm; the nebulizer was connect-
ed in series with the ventilatory pump.  This challenge
provoked a leukotriene-dependent bronchoconstriction,
which was measured as an increase in PIP [14].

Moguisteine was tested at 150 mg·kg-1 p.o. 90 min
before OA challenge, dexamethasone at 7.5, 15 and 30
mg·kg-1 p.o. 7 h before, the leukotriene antagonist FPL
55712 at 2.5, 5 and 10 mg·kg-1 i.v. 30 s before OA chal-
lenge.  The leukotriene biosynthesis inhibitors BW 755C
and phenidone were tested, respectively, at 10, 20 and
30 mg·kg-1 i.v. 5 min before, and 5, 10 and 20 mg·kg-1

i.v. 1 min before OA challenge.  The treatment times for
FPL 55712, for BW 755C and for phenidone were select-
ed on the basis of preliminary time-course studies.  Six
to 10 animals were used per dose level.

Drugs and chemicals

Urethane, histamine dihydrochloride, acetylcholine chlo-
ride, Evans blue dye, mepyramine maleate, propranolol,
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phenidone and ovalbumin grade III (Sigma Chemicals,
USA) were dissolved in saline; pancuronium bromide
(Pavulon, Organon Teknica); indomethacin (Sigma Che-
micals, USA) was dissolved in 5% NaHCO3 and diluted
with saline; PAF, 1-O-hexadecyl-2-O-acetyl-sn-glycero-
3-phosphorylcholine, (Novobiochem, Switzerland) was
dissolved in ethanol (1 mg·mL-1), stored at -18°C as stock
solution, and dilutions of PAF in saline containing 0.25%
bovine serum albumin (Sigma Chemicals, USA) were pre-
pared immediately prior to use; capsaicin (Fluka Chemie,
Buchs, Switzerland) was dissolved in saline containing
0.5% ethanol; FPL 55712 and BW 755C (synthesized in
Boehringer Mannheim Italia Chemical Department) were
dissolved in saline; dexamethasone (Sicor, Italy) and
moguisteine (Boehringer Mannheim Italia) were dissol-
ved in dimethylsulphoxide (Sigma Chemicals, USA) and
diluted to the required concentrations with saline (for
parenteral administration), or were suspended in 0.5%
methylcellulose (Formenti, Italy) (for oral administra-
tion).

Statistical analysis

Results are expressed as mean±SEM.  The significance
of difference between treatment groups was assessed with
the Dunn test [15]. The dose-effect relationship was eval-
uated with regression analysis, and median effective
(ED50) values were determined with 95% confidence lim-
its (95% CL).

Results

Airway inflammation induced by cigarette smoke inhala-
tion

Bronchial hyperreactivity to acetylcholine. ACh 2.5–5
µg·kg-1 i.v. produced a slight increase in PIP (range 3–5
mmHg).  Cigarette smoke exposure led to a remarkable
increase in the bronchoconstricting response to ACh (PIP
18–32 mmHg), which served as an index of the devel-
opment of hyperreactivity.  Both oral and intramuscular
administration of moguisteine was highly effective in
reducing hyperresponsiveness to ACh, with the follow-
ing ED50 (95% CL) values: 9.6 (7.7–11.6) mg·kg-1 p.o.
and 0.78 (0.57–1.0) mg·kg-1 i.m. (table 1).  Dexametha-
sone elicited a dose-related reduction in hyperrespon-
siveness with an ED50 (95% CL) value of 0.81 (0.58–1.0)
mg·kg-1 i.m. (table 1).

Airway leucocyte recruitment.  Cytological evaluation of
BAL from guinea-pigs exposed to cigarette smoke revealed
a significant increase in the number of total cells, and
particularly in eosinophils and epithelial cells, in com-
parison with the unexposed animals (table 2).  In our
experimental conditions, neutrophils, macrophages and
lymphocytes were not modified, and for this reason they
are not reported in table 2.  Administered, respectively,
90 min and 7 h prior to smoke exposure, both moguis-
teine (30 mg·kg-1 p.o.) and dexamethasone (2.5 mg·kg-1

i.m.) abolished eosinophil recruitment and epithelial shed-
ding (table 2) at doses that markedly or totally inhibit
hyperresponsiveness to ACh.

Airway microvascular leakage.  In addition to hyperre-
sponsiveness to ACh and airway leucocyte infiltration,
cigarette smoke inhalation induced a consistent increase
(2–4 fold) in vascular permeability, as shown by the rise
(vs basal values) in the extravascular content of Evans
blue dye in the trachea and main bronchi (table 3).  Given
at doses that were fully effective in preventing hyper-
responsiveness to ACh, eosinophil recruitment and epi-
thelial shedding, dexamethasone (2.5 mg·kg-1 i.m.) and
moguisteine (30 mg·kg-1 p.o.) significantly inhibited
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Table 1.  –  Effect of moguisteine and dexamethasone
on bronchial hyperresponsiveness to acetylcholine (ACh)
induced by cigarette smoke inhaled for 15 s·min-1 for 10
min in anaesthetized male guinea-pigs

Treatment Dose ∆PIP ED50 (95% CL)
mg·kg-1 mmHg mg·kg-1

Vehicle - 23.2±1.7
Moguisteine p.o. 7.5 13.7±0.4

15 7.6±0.2 9.6 (7.7–11.6)
30 2.7±0.2

Vehicle - 21.0±1.4
Moguisteine i.m. 0.3 14.3±0.4

0.6 8.8±0.1 0.78 (0.57–1.0)
1.25 5.4±0.5
2.5 0.3±0.2

Vehicle - 21.0±1.5
Dexamethasone i.m. 0.3 18.1±0.7

0.6 10.0±0.4 0.81 (0.58–1.0)
1.25 4.9±0.2
2.5 0

Moguisteine was administered either p.o. 90 min before or i.m.
2 h before cigarette smoke exposure.  Dexamethasone was ad-
ministered i.m. 7 h before smoke exposure.  Data are expressed
as increase in pulmonary inflation pressure (PIP) to ACh after
cigarette smoking and represent the mean±SEM of six animals
per group.  ED50: median effective dose; 95% CL: 95% con-
fidence limit.

Table 2.  –  Effect of moguisteine and dexamethasone
on BAL cell accumulation as induced by cigarette smoke
inhaled  for 15 s·min-1 for 10 min in anaesthetized male
guinea-pigs

Total cells Eosinophils Epithelial cells
×106 ×106 ×106

Unexposed 4.1±0.2 0.9±0.2 0.5±0.05
Vehicle+smoke 9.4±0.5* 3.9±0.7* 1.3±0.1*
Moguisteine+smoke 4.4±0.1** 0,7±0.1** 0.5±0.07**
Unexposed 3.9±0.2 0.4±0.04 0.5±0.06
Vehicle+smoke 14.3±0.4* 5.1±0.1* 2.6±0.4*
Dexamethasone+smoke 3.8±0.1** 0.3±0.03** 0.6±0.07**

Moguisteine (30 mg·kg-1 p.o.) and dexamethasone (2.5 mg·kg-1

i.m.) were administered, respectively, 90 min and 7 h before
cigarette smoke exposure.  Data are expressed as cell number
and represent the mean±SEM of six animals per group.  *: p<0.05
compared with unexposed animals; **: p<0.05 compared with
smoke-exposed animals.  BAL: bronchoalveolar lavage.



smoke-induced microvascular leakage (table 3). The for-
mer compound produced a reduction of 84% (trachea)
and of 80% (main bronchi), whilst the latter reduced the
response by 76% in both airway tracts.

Airway microvascular leakage induced by capsaicin

The intratracheal infusion of capsaicin induced a marked
increase (about 250–300%) in microvascular leakage in
the trachea and in the right main bronchus and a lower
but significant increase (50–100%) in the left main bron-
chus [13].  Given at an oral dose of 60 mg·kg-1, moguis-
teine did not prevent capsaicin-induced Evans blue dye
extravasation, irrespective of the pretreatment time.  In
contrast, at 7.5 mg·kg-1 p.o., dexamethasone inhibited
microvascular leakage both in the trachea (67%) and in
the left (55%) and right main bronchus (71%).

Bronchial hyperreactivity to histamine induced by PAF

The remarkable bronchial hyperreactivity to histamine
that PAF infusion induced, was apparent in our study as
the increase in PIP (17–30 mmHg) vs basal values (2–6
mmHg). Moguisteine significantly reduced the devel-
opment of hyperreactivity, with an ED50 (95% CL) of
11.8 (7.0–16.2) mg·kg-1 i.d. (table 4).  Likewise, the ad-
ministration of dexamethasone reduced, in a dose-depen-
dent manner, increased airway reactivity to histamine,
with an ED50 (95% CL) of 3.5 (3.0–4.1) mg·kg-1 p.o.
(table 4).

Bronchoconstriction induced by acetylcholine, histamine
and PAF

Moguisteine (5 mg·kg-1 i.v.) did not affect broncho-
constriction, measured as PIP, whether induced by ACh
(18.2±2.2 mmHg vs the basal value: 16.4±1.8 mmHg),

histamine (13.4±2.0 mmHg vs the basal value: 14.0±1.5
mmHg) or by PAF (21.8±3.1 mmHg vs the control group
value: 20.3±2.7 mmHg).

Late phase airway leucocyte accumulation in sensitized
guinea-pigs

Pretreated with mepyramine to avoid acute H1-depen-
dent anaphylactic shock, and challenged with aerosolized
OA, OA-sensitized guinea-pigs developed a late-phase
reaction that is characterized by an increase both in neu-
trophils (17 h after OA exposure) and in eosinophils
(peak: 72 h after OA) in BAL (table 5).  In agreement
with published results [12], other cell types, such as
macrophages and lymphocytes, did not significantly
change in numbers, and are, therefore, not depicted in
table 5.  With regard to the total cell number, at base-
line the value was 6.1×106, at 17 h it was 13.2×106 and
at 72 h 19.4×106.  Neutrophils increased from 0.06×106

at baseline to 1.9×106 at 17 h, and had decreased at 72
h to 0.5×106, a value that was still significantly higher
than baseline. Eosinophils rose from 0.7×106 at base-
line to 3×106 at 17 h and to 7.2×106 at 72 h. 

At the dose of 75 mg·kg-1 p.o., moguisteine significant-
ly reduced the accumulation of total cells, neutrophils,
and eosinophils by 64, 84 and 72%, respectively at 17
h; and by 64, 90 and 62% at 72 h.  When given at the
dose of 150 mg·kg-1 p.o., moguisteine further reduced
(>90%) the increase in total cell and eosinophil recruit-
ment at both observation times, and neutrophil infiltra-
tion at 17 h (table 5). 

In a separate experiment, the effect of dexamethasone
at 4, 7.5 and 15 mg·kg-1 p.o. was assessed on the accumu-
lation of cells recovered with BAL.  As observed in the
moguisteine experiment, the vehicle group showed a
similar degree of increase in total cells and leucocytes
both at 17 and 72 h after challenge (table 5).  Dexametha-
sone dose-dependently reduced the recruitment both of
neutrophils and eosinophils, as well as the number of
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Table 3.  –  Effect of moguisteine and dexamethasone
on extravasation of Evans blue dye as induced by ciga-
rette smoke inhaled for 15 s·min-1 for 10 min in anaes-
thetized male guinea-pigs

Trachea Inhibition Main Inhibition
bronchi

ng·mg-1 % ng·mg-1 %

Unexposed 31±4 - 33±4 -
Vehicle+smoke 126±12* - 138±19* -
Moguisteine+smoke 54±13** 76 60±4** 76

Unexposed 36±5 - 38±4 -
Vehicle+smoke 101±13* - 91±6** -
Dexamethasone+smoke 46±5** 84 49±9** 80

Moguisteine was administered at 30 mg·kg-1 p.o. 90 min before
cigarette smoke exposure, dexamethasone at 2.5 mg·kg-1 i.m.
7 h before smoke exposure.  Data are expressed as ng Evans
blue dye per mg of tissue and represent the mean±SEM of the
results of six animals per group. *:p<0.05 compared with unex-
posed animals. **: p<0.05 compared with animals treated with
vehicle + smoke.

Table 4. –  Effect of  moguisteine and dexamethasone
on bronchial hyperreactivity to histamine as induced by
PAF infusion (600 ng·kg-1 over 1 h) in anaesthetized male
guinea-pigs

Dose ∆PIP ED50 (95% CL)
mg·kg-1 mmHg mg·kg-1

Vehicle - 21.6±2.8
Moguisteine i.d. 7.5 15.9±2.1

15 6.6±2.6 11.8 (7.0–16.2)
30 3.4±2.0

Vehicle - 18.5±2.1
Dexamethasone p.o. 1.75 16.1±1.3 3.5 (3.0–4.1)

3.5 9.3±1.5
7.5 2.0±0.5

Moguisteine was given by intraduodenal (i.d.) route 7 min
before PAF infusion, and dexamethasone p.o. 7 h before PAF
infusion.  Data are expressed as increase in pulmonary infla-
tion pressure (PIP) to histamine after PAF infusion and repre-
sent the mean±SEM of 7–8 animals per group.  PAF: platelet
activating factor.  For further definitions see legend to table 1.



total cells in BAL, at both time-points investigated.  At
15 mg·kg-1 dexamethasone almost completely abolished
the increase in total cells and eosinophils (table 5).

Leukotriene-mediated allergic bronchospasm in sensi-
tized guinea-pigs

After pretreatment with mepyramine, indomethacin and
propranolol and upon OA aerosol challenge, sensitized
and anaesthetized animals developed a leukotriene-depen-
dent bronchospasm that was both slow in onset, with a
peak at about 15 min after OA exposure, and prolonged,
lasting more than 30 min.  Dexamethasone, FPL 55712,
BW 755C and phenidone dose-dependently reduced
leukotriene-mediated response with respective ED50s
(95% CL) of 12.2 (4.7–19.2), 4.7 (3.6–6.0), 20.9 (17.9–25.4)
and 13.1 (10.3–18.7) mg·kg-1.  Even at 150 mg·kg-1 p.o.,
moguisteine did not inhibit leukotriene-dependent bron-
chospasm (table 6).

Discussion

Moguisteine, a novel, peripheral, nonnarcotic anti-
tussive agent, clearly inhibits certain features of airway
inflammation, as assessed in a variety of animal mod-
els; the drug is also devoid of bronchodilatory proper-
ties.  
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Table 5.  –  Effect of moguisteine and dexamethasone on changes in total cells and leucocyte numbers in BAL fluid
recovered 17 h and 72 h after challenge with aerosolized 2% OA of sensitized male guinea-pigs

Total cells Inhibition Neutrophils Inhibition Eosinophils Inhibition
×106 % ×106 % ×106 %

BAL fluid recovered 17 h after challenge
Baseline 6.1±0.3 0.06±0.01 0.7±0.1
Vehicle 13.2±1.6* 1.9±0.3* 3.0±0.6*
Moguisteine

75 mg·kg-1 p.o. 8.7±1.0** 64 0.3±0.05** 84 1.4±0.3** 72
150 mg·kg-1 p.o. 6.6±0.5** 93 0.2±0.05** 93 0.9±0.1** 91

Baseline 7.4±0.4 0.07±0.01 0.7±0.1
Vehicle 16.8±1.2* 6.1±1.4* 2.5±0.6*
Dexamethasone

4 mg·kg-1 p.o. 12.1±1.5** 50 2.6±1.1** 58 1.8±0.3 39
7.5 mg·kg-1 p.o. 8.3±0.5** 90 0.4±0.1** 94 1.6±0.2 50

15 mg·kg-1 p.o. 6.3±0.5** 100 0.4±0.3** 94 0.9±0.2** 89
BAL fluid recovered 72 h after challenge
Baseline 6.1±0.3 0.06±0.01 0.7±0.1
Vehicle 19.4±1.1* 0.5±0.2* 7.2±0.6*
Moguisteine

75 mg·kg-1 p.o. 10.8±1.7** 64 0.1±0.04** 90 3.2±0.1** 62
150 mg·kg-1 p.o. 7.5±0.7** 90 0.2±0.05** 70 1.3±0.1** 90

Baseline 7.4±0.4 0.07±0.01 0.7±0.1
Vehicle 15.1±1.1* 0.4±0.2* 6.1±0.6*
Dexamethasone

4 mg·kg-1 p.o. 9.0±0.3** 79 0.1±0.07 91 2.6±0.5** 65
7.5 mg·kg-1 p.o. 7.0±0.4** 100 0.1±0.08 91 1.3±0.3** 89

15 mg·kg-1 p.o. 6.2±0.4** 100 0.1±0.08 91 0.8±0.1** 98

Moguisteine was administered p.o. 90 min before OA challenge and dexamethasone p.o. 7 h before OA challenge. Data are
expressed as cell number and represent the mean±SEM of six animals per group.  Baseline: sensitized and saline challenged guinea-
pigs; vehicle: sensitized, OA-challenged and vehicle-pretreated animals.  *: p<0.05 compared with baseline values; **: p<0.05 com-
pared with vehicle.  BAL: bronchoalveolar lavage; OA ovalbumin.  

Table 6.  –  Effect of moguisteine, dexamethasone, FPL
55712, BW 755C and phenidone on leukotriene-mediated
allergic bronchospasm in sensitized and anaesthetized
male guinea-pigs

Dose ∆PIP ED50 (95% CL)
mg·kg-1 mmHg mg·kg-1

Vehicle - 27.9±1.3
Moguisteine p.o. 150 26.7±1.2
Vehicle - 23.6±1.6
Dexamethasone p.o. 7.5 20.5±1.4

15 12.1±1.3 12.2 (4.7–19.2)
30 8.6±0.9

Vehicle - 33.8±1.1
FPL 55712 i.v. 2.5 27.0±1.3

5 14.6±1.2 4.7 (3.6–6.0)
10 6.5±0.8

Vehicle - 27.0±1.2
BW 755C i.v. 10 28.6±1.4

20 14.0±1.0 20.9 (17.9–25.4)
30 6.5±0.5

Vehicle - 26.8±1.2
Phenidone i.v. 5 25.8±1.1

10 16.7±1.6 13.1 (10.3–18.7)
20 8.0±0.4

Moguisteine was given p.o. 90 min before, dexamethasone p.o.
7 h before, FPL 5572 i.v. 30 s before, BW 755C i.v. 5 min
before, and phenidone i.v. 1 min before challenge with aerosol-
ized 1% OA.  Data are expressed as increase in pulmonary
inflation pressure (PIP) compared to baseline and represent the
mean±SEM of 6–10 animals per group.  For definitions see leg-
ends to tables 1 and 5.



Active exposure of guinea-pigs to cigarette smoke in-
duces marked bronchial hyperreactivity (BHR), which is
associated with eosinophil infiltration and with slough-
ing of epithelial cells, along with microvascular leakage
in the airway tissues [16–18].  In our study, moguisteine
dose-dependently inhibited BHR both after oral and i.m.
administration.  Given intramuscularly, the inhibitory po-
tency of moguisteine was comparable to that of dexame-
thasone.  At doses required to abolish BHR, moguisteine
and dexamethasone totally prevented eosinophil infiltra-
tion and epithelial shedding, and significantly reduced
microvascular leakage.  The causal relationship between
leucocyte recruitment and BHR is a matter of debate, as
enhanced airway reactivity and inflammatory cell infil-
tration are not necessarily linked [19].  In previous time-
course studies, we observed that the two events developed
simultaneously and ceased within 4 h [10]: it is there-
fore possible that they occur independently and that a
causal relationship does not exist.  On the other hand, a
direct relationship between plasma exudation and enhan-
ced airway reactivity has been postulated [16].

Due to the relevance of BHR in airway inflammatory
processes, we focused our attention on another model of
BHR, namely that induced by PAF infusion in guinea-
pigs.  PAF is an endogenous mediator with a wide range
of biological actions which, both in animals and in hu-
mans, produces several features of airway inflammation,
such as increase in airway microvascular permeability,
inflammatory cell recruitment and BHR [20].  Moguis-
teine proved highly effective, as did dexamethasone, in
reducing the development of BHR induced by PAF infu-
sion, at the same dosages that are active in preventing
pathological changes in the airways induced by cigaret-
te smoke exposure.  The highest dose, 30 mg·kg-1 p.o.,
completely prevented BHR, as observed for cigarette
smoke exposure (table 4).

Besides the inhibition of cigarette smoke-induced eo-
sinophil recruitment, we assessed moguisteine's effect
on the inflammatory reaction which is associated with a
characteristic clinical response. In atopic subjects, the
inhalation of allergens elicits an immediate airway asth-
matic response (early asthmatic response (EAR)), fol-
lowed by a late asthmatic response (LAR) [21], which
has been shown to be associated with inflammatory reac-
tions characterized by neutrophil and eosinophil airway
infiltration [22].  Using several of the antigen and sensi-
tization procedures leading to the development of LAR,
research now makes use of a variety of animal models
[23]. Our studies were undertaken on OA-sensitized
guinea-pigs that were challenged with aerosolized OA
[12], with the aim of simulating the allergen exposure
that is typical in humans.  We confirm that LAR is cha-
racterized by two delayed responses: a marked influx
of neutrophils and of eosinophils in BAL 17 h after OA-
challenge; a neutrophil decrease towards baseline values
and a further increase in eosinophil 72 h after OA-
challenge.  In this model, at doses 2–5 times higher than
those required for the antitussive effect, moguisteine, like
dexamethasone, significantly reduced the recruitment of
neutrophils and eosinophils assessed in BAL at 17 and
72 h after OA- challenge.  In our experiments, the effect

on inflammatory cell recruitment was assessed only in
BAL, and not through morphometric studies of the air-
ways. However, BAL is a widely-accepted and common-
ly used method for such studies in animals.  Differences
have been observed between leucocyte composition in
BAL and in airway tissue [24, 25].  The kinetics of cell
migration from the tissues to the airway lumen could
account for the observed discrepancy [25]. This dis-
crepancy implies that evaluation of airway leucocyte
recruitment should calibrate timing after challenge to
the method used, be it BAL or histology.  In any case,
both techniques are useful in measuring airway inflam-
mation.

The anti-inflammatory effect displayed by moguisteine
was obtained at doses that fall within the range of those
effective in experimental cough [5], except for its acti-
vity on cell recruitment in sensitized animals which re-
quired higher doses.  Moguisteine's lower potency in this
case is possibly explained by the greater severity of the
given experimental model, such as the immunological
rather than chemical nature of the stimulus used, and the
longer time-lag to leucocyte accumulation that that sti-
mulus implies.  Moguisteine selectively exerts its anti-
inflammatory effect at the airway level, since it is devoid
of activity in carrageenan-induced paw oedema in rats
at up to 300 mg·kg-1 p.o. (data not shown).

The mechanism of action of moguisteine is far from
being understood.  For the time being, we can exclude
the hypothesis of antagonism against PAF receptors, since
the drug did not antagonize the acute bronchoconstric-
tion elicited by this agonist.  In this connection, we also
addressed the question of whether moguisteine interacts
with substance P. Recent studies suggested that sub-
stance P released from sensory nerves in the airways may
be an endogenous substance causing cough [26]. In
guinea-pigs this neuropeptide also causes airway inflam-
mation, which appears as an increase in plasma protein
extravasation [27].  Moguisteine does not inhibit cap-
saicin-induced airway microvascular leakage, which is
provoked by the release of substance P from the peri-
pheral endings of sensory nerves [27].  Moguisteine dose-
dependently reduces cough induced by capsaicin [5],
but this is not a contradictory result as the two responses
are mediated by different mechanisms: cough, by the sen-
sory receptors along the airways [28], plasma leakage
by a direct effect on postcapillary venular endothelial
cells [29].  These findings suggest that the anti-inflam-
matory effect of moguisteine is not mediated by sub-
stance P-antagonistic activity.

It is also unlikely that moguisteine interacts with leu-
kotrienes, since the drug was inactive against leukotriene-
mediated allergic bronchospasm, in contrast with FPL
55712 (an antagonist of the leukotriene receptors) BW
755C and phenidone, all of which inhibit leukotriene
biosynthesis.  Through the use of receptor antagonists or
biosynthesis inhibitors, leukotrienes have been shown to
be involved not only in early bronchoconstriction, but
also in LAR [30].  As moguisteine proved to be active
in LAR, it is plausible to suppose that other mechanisms
play an important role in the development of LAR.  Airway
inflammation is a complex and less than fully understood
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process, and our lack of knowledge particularly regard-
ing: the sequence of events after initiation of the allergic
response; the way in which different mediators interact
with each other and with different cells; the positive and
negative feedback systems [30].  We cannot, therefore,
exclude that moguisteine acts through mechanisms other
than those (the commonest and the easiest to assess) con-
sidered here. It is possible, for example, that moguis-
teine acts on airway inflammatory cell chemotaxis and/or
degranulation.

In conclusion, we show that moguisteine is endowed
with interesting inhibitory effects on the airway inflam-
matory process in guinea-pigs in vivo; in addition to its
antitussive properties, the drug could represent an improved
and innovative approach to cough therapy.
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