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Action of moguisteine on the activity of tracheobronchial rapidly 
adapting receptors in the dog
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Moguisteine is an antitussive agent with a novel chemi-
cal structure [1]. Its pharmacological activity has been test-
ed on experimental animals and in several clinical trials.
In guinea-pigs, moguisteine was found to reduce cough
elicited by citric acid inhalation and electrical stimulation
of the airway mucosa as effectively as codeine and dex-
tromethorphan [2]. Moguisteine, injected into the cereb-
ral ventricles of guinea-pigs, does not inhibit electrically
stimulated cough, which is, instead, effectively blocked
by intraventricular codeine: these findings suggest that the
antitussive action of moguisteine depends on a peripheral
mechanism [3]. Naloxone, a known narcotic antagonist,
reverses the antitussive effects of codeine, but not those of
moguisteine, indicating that the effects of moguisteine do
not involve any interaction with opiate receptors. The anti-
tussive action of moguisteine is also accompanied by clear
anti-inflammatory effects in conditions characterized by
bronchial hyperreactivity, airway leucocyte recruitment and
airway microvascular leakage [4, 5]. These anti-inflam-
matory effects of moguisteine have been found to be as
strong as those of dexamethasone [4, 5]. Several clinical
trials have substantiated the beneficial effects of moguist-
eine on coughs of various nature: upper airway infection,
chronic bronchitis, pulmonary fibrosis and tumours [6–11].

Since cough is a reflex response elicited through the
activation of specialized receptors activated by exogenous
irritants and/or spontaneously occurring pathological con-

ditions, the antitussive action of moguisteine could be
viewed as dependent on an inhibitory effect on rapidly ad-
apting irritant receptors (RARs). Indeed, the aim of this
study was to investigate the possible effect of moguisteine
on the activity of tracheobronchial RARs.

RARs, as first identified by KELLER and LOESER [12]  and
later characterized with single fibre recordings by KNOWLTON

and LARRABEE [13], represent a group of airway stretch
receptors that respond to maintained lung in-flation and
deflation with a rapidly adapting discharge at a highly
irregular pattern of discharge. The rate of adaptation varies
considerably among RARs, with the most rapidly adapt-
ing endings responding only during changes in stretch
with a behaviour similar to Pacinian corpuscles, showing a
clear off-response at the removal of the stim-ulus [14].
RARs are very responsive to intraluminal stim-uli,
mechanical probing of the mucosa, inhalation of inert
dust, inflammatory mediators and oedema of the airway
walls [15]; for this reason they have also been called irri-
tant receptors [16]. The mechanosensitivity (response to
inflation) of RARs is second only to that of slowly adapt-
ing receptors and higher than that of pulmonary and bron-
chial C-fibre endings [17].

RARs of similar nature are located superficially within
the mucosa of both larynx and tracheobronchial tree [18].
RARs located in the large extrapulmonary tracheobron-
chial airways (trachea, main stem bronchi and proximal
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lobar bronchi) have receptor fields distributed along the
whole circumference, at variance with slowly adapting re-
ceptors found only in the membranous posterior wall
within the trachealis muscle. These sensory endings are
characterized by their scant and irregular discharge, some-
times in synchrony with respiratory events, more frequen-
tly with inspiration. Mechanical probing of the receptive
field of these endings elicits an activity that subsides rap-
idly, even when the stimulus is maintained [19–22]. Some
of these endings have no noticeable spontaneous discharge,
but can be activated by various irritant stimuli of mechani-
cal or chemical nature [23]. Other endings have a spontan-
eous activity, often with a respiratory and/or cardiovascular
modulation that presumably derives from their proximity
to structures affected by respiratory and/or cardiovascular
motions.

We chose to work with tracheobronchial RARs because,
at least in the dog, the cough reflex is significantly stron-
ger and has a higher elicitability from the tracheobron-
chial region than from the larynx [24].

Our choice of RARs rather than C-fibres was motivated
by the observation that, in anaesthetized dogs, mechani-
cally and/or chemically induced cough could be consist-
ently blocked by vagal cooling at temperatures of 6–8°C
[21], i.e. at temperatures at which C-fibres are thought to
remain functional.

Materials and methods

Experiments were performed on conditioned (parasite
free) mongrel dogs of either sex in the 13–16 kg (mean±
SEM 14.2±0.5) weight range, purchased from a commercial
supplier. The experimental procedures were approv-ed by
the Institutional Animal Care and Use Committee
(IACUC; protocol number 89-09-283) of the University of
Texas Medical Branch at Galveston. The dogs were housed
in a controlled environment in the Animal Resources Cen-
ter of our Institution which is approved by the American
Association for Accreditation of Laboratory Animal Care.
Prior to each experiment, animals were fasted for 12 h, but
allowed free access to water.

The dogs were sedated with ketamine (10 mg·kg-1, i.m.)
and anaesthetized with a mixture of urethane and α-chlo-
ralose (500 mg·kg-1 and 50 mg·kg-1 i.v., respectively). The
cervical portion of the trachea was exposed and cut longi-
tudinally to insert a large Y-shaped brass cannula. Two
polyethylene catheters were inserted into the left femoral
vein for administration of further doses of anaesthetics or
other drugs, and into the left femoral artery for blood pre-
ssure recording. A saline-filled catheter was placed in the
mid-portion of the oesophagus to measure oesophageal
(intrathoracic) pressure (Poes). Both vagus nerves were
isolated from the surrounding tissue and carotid arteries,
and cut at the level of the cricoid cartilage. Sectioning the
vagus nerves leads to a virtual deafferentation of the air-
ways and lungs and, thus, eliminates possible reflex res-
ponses that could secondarily modify receptor activity.
The dog was then paralysed with gallamine (5 mg·kg-1)
and passively ventilated with a respirator (Model 607;
Harvard Apparatus, Millis, MA, USA); respiratory para-
meters were set at levels adequate to maintain end-tidal
partial pressure of carbon dioxide (PCO2) within a physio-

logical range (4.9–5.6 kPa (37–42 mmHg)). In order to
keep lung mechanics constant, the dog was hyperinflated
at 1 h intervals by occluding the outlet of the respirator for
2–3 pump strokes. Adequate levels of anaesthesia and
paralysis were maintained by periodic intravenous injec-
tion of the anaesthetic mixture (6.3 mg·kg-1 α-chloralose
and 63.0 mg·kg-1 urethane) and gallamine (2.0 mg·kg-1) at
intervals of about 1 h. The maintenance of steady levels of
arterial blood pressure and cardiac frequency were consi-
dered indicative of the adequacy of anaesthesia.

The peripheral cut end of the right vagus nerve was
placed on a round tray with a 3 cm diameter filled with
paraffin oil, and desheathed under a dissecting microscope
with the aid of iridectomy scissors and watchmaker's for-
ceps. Single unit action potentials were recorded from thin
filaments dissected out of the whole nerve. RARs were
identified by their scant and irregular discharge in baseline
condition, and by their rapid adaptation in response to
a maintained lung inflation. The signal was amplified,
displayed on an oscilloscope, and recorded on a thermal
array recorder (Gould TA5000; Gould Instrument Sys-
tems Inc., Valley View, OH, USA) together with arterial
blood pressure and Poes. These parameters were also dis-
played and recorded on-line on a computer (Dell Dimen-
sion×PS P90; DELL, Austin, TX, USA) at a sampling
speed of 4,000 Hz and stored for off-line analysis of the
data (WINDAQ/EX; DATAQ Instruments Inc., Akron, OH,
USA).

Experimental protocol and data analysis

Action potentials recorded from RARs either showed a
respiratory modulated burst of activity, more frequently in
synchrony with the respirator inflation, or were inactive at
baseline conditions. The latter type of receptor was acti-
vated by inflating the cuff of a Foley catheter introduced
into the proximal tracheobronchial airway (lower trachea,
main stem bronchus); the inflation was maintained for 1.0–
1.3 s. A tracheal or nontracheal (bronchial) location of the
receptors with or without a respiratory modulation was
determined by direct probing of the trachea [19].

The number of action potentials, either spontaneously
occurring or elicited as described, were counted for five to
seven respiratory cycles or three cuff inflation-deflation
cycles in control condition, and at 2, 5, 10, 15, 20, 30 and
45 min following bolus injections of moguisteine (200
µg·kg-1) in 0.4% dimethylsulphoxide (DMSO) and DMSO
alone (vehicle). When two sets of trials of the same chal-
lenge were performed, the data were averaged.

The statistical significance of the changes due to mogu-
isteine in DMSO or DMSO alone was evaluated by aver-
aging the results obtained at 2, 5, 10, 15 and 20 min for
each receptor, and comparing these means to the control
values. The Wilcoxon signed rank test was used. Changes
were considered significant if at a p-value of less than
0.05. The choice of this time interval for the evaluation of
the effect of moguisteine was based on the time course of
its effects; in fact, after the 20 min interval there was a
clear tendency for a return toward control values (see
below). Moreover, in this time frame all values were avail-
able for each receptor and 12 out of 14 endings were af-
fected maximally. Results are presented as mean±SEM.
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Drugs and anaesthetics 

The following drugs and anaesthetics were used: Keta-
set (ketamine HCl); Fort Dodge Laboratories, Inc., Fort
Dodge, IA, USA; alpha-chloralose (Sigma Chemical Co.,

St Louis, MO, USA); urethane (ethyl carbamate; Sigma
Chemical Co.); gallamine triethiodide (Sigma Chemical
Co.); and moguisteine (ethyl(R,S)-2-(2-methoxyphenoxy)
methyl-β-oxo-3-(1,3 thiazolidine) propanoate; kindly sup-
plied by Boehringer Mannheim, Italy). Moguisteine was
prepared as a 1 mg·mL-1 solution in 0.4% DMSO (Sigma
Chemical Co.). As we wanted to administer 200 µg·kg-1

moguisteine, we injected 0.2 mL·kg-1 of this solution.  The
DMSO vehicle was administered as 0.2 mL·kg-1 of a 0.4%
solution.

Results

Fourteen RARs were studied and the location and base-
line type of activity of these receptors are presented in
table 1.

Moguisteine decreased the activity of 11 of the 14 end-
ings (figs. 1 and 2, table 2). The maximum decrease in ac-
tivity of the 14 receptors occurred at 10–20 min after the
intravenous injection of moguisteine (table 2 and fig. 3).
Thirty minutes after moguisteine administration, the over-
all activity of the RARs showed a tendency to return
toward control values (table 2 and fig. 3).

The effect of the challenges on the activity of the 14 re-
ceptors was measured, for each ending, as the average of
the activity at 2, 5, 10, 20 min following moguisteine or

Table 1.  –  Characteristics of the rapidly adapting irritant
receptors studied

Dog 
No. 

Receptor 
     No.

Baseline 
activity

Location

315
315
316
316
317
318
318
318
319
319
319
333
333
333

1a
1b
1
3
1
1
2
3
1a
1b
2
1
2
3

Respiratory modulation
Respiratory modulation
Silent
Silent
Silent
Silent
Respiratory modulation
Respiratory modulation
Respiratory modulation
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Silent
Silent
Respiratory modulation
Respiratory modulation
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Fig. 1.  –  Effect of moguisteine on the activity of a nonrespiratory-mod-
ulated tracheal rapidly adapting irritant receptors (RARs). a) Before
moguisteine; b) 20 min after moguisteine. The activity of the RAR was
elicited by inflating and deflating the cuff of a Foley catheter at the
receptor field. Note that the respirator was switched off throughout the
three inflation-deflation cycles (indicated by the bars). Pa: arterial blood
pressure; AP: action potential; RAMTA: receptor activity moving time
average; au: arbitrary units; Poes: oesophageal pressure.
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Fig. 2.  –  Effect of moguisteine on the spontaneous activity of a respira-
tory modulated bronchial RAR (larger spikes). The smaller spikes are
from an unidentified receptor. a) Before moguisteine; b) 20 min after
moguisteine. For definitions see legend to figure 1.
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DMSO injection. After moguisteine, the average number
of action potentials decreased from 24.94±6.17 to 18.70±
4.20 (p<0.05). The challenge with DMSO vehicle did
not introduce any statistically significant change (control
24.11±5.99, after DMSO 21.43±4.53).

Lack of any significant change in oesophageal pressure
swings indicate an essentially stable maintenance of the
lung mechanics baseline values; this rules out the possibil-
ity of changes in RAR activity attributable to alterations in
respiratory mechanics (table 3).

The maintenance of stable values of blood pressure and
cardiac frequency during the experimental trials (vehicle

and moguisteine) is also indicative of a stable physiologi-
cal condition (table 3).

Discussion

For these experiments, we chose an intravenous admin-
istration rather than an oral route, to minimize possible
differences in the kinetics of gastro-intestinal absorption
of moguisteine among dogs. Furthermore, an intravenous
administration of the challenges allows the use of shorter
time intervals for the evaluation of receptor activity, keep-
ing the duration of the experiment within a shorter time

Table 2.  –  Time course of the effects of moguisteine and dimethylsulphoxide (DMSO)

Action potentials  n

Dog No. Receptor No. Control 2 min 5 min 10 min 15 min 20 min 30 min 45 min
Moguisteine
315
315
316
316
317
318
318
318
319
319
333
333
333
DMSO
315
315
316
316
317
318
318
318
319
319
319
333
333
333

1a
1b
1
3
1
1
2
3
1a
1b
2
1
2
3

1a
1b
1
3
1
1
2
3
1a
1b
2
1
2
3

13.60
16.25
15.33
81.00
9.62

60.34
2.80
4.60
6.14

38.84
21.33
27.00
42.33
10.00

11.20
4.00

27.00
65.67
11.47
65.00
2.00
6.10
4.67

49.67
29.00
14.70
38.30
8.80

12.20
12.80
17.00
49.33
7.82

53.00
3.00
5.02
6.36

31.50
13.67
19.50
38.00
10.40

12.40
11.80
24.00
61.00
10.99
50.33
1.70
5.67
6.86

42.33
37.00
14.30
40.30
9.80

11.60
10.80
23.67
72.00
5.17
4.50
2.20
5.24
7.59

29.67
24.67
13.00
38.00
10.60

13.60
9.40

23.67
68.67
10.33
48.33
1.90
6.25
5.33

39.00
36.67
12.00
43.70
9.60

17.60
3.80

19.00
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8.12
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6.09
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1.70
5.70
5.33

23.67
48.67
14.20
48.70
10.80

12.00
8.40

17.33
53.00
7.47

40.84
2.30
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Fig. 3.  –  a) Time course of the effects of moguisteine (●) and dimethylsulphoxide (DMSO; ❍ ) (mean±S E M ) on the 14 receptors studied. b) A box
graph representing the activity of the receptors in the control conditions (         ) and during the 2–20 min intervals following the administration of the
challenges (      ). The horizontal lines of each box represent, from bottom to top, 25th, 50th (median) and 75% percentiles; error bars define the 10th
and 90th percentiles; filled circles represent the lowest and highest values.   
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frame to the benefit of receptor viability. It is, in fact, often
difficult to record from the same receptors for periods in
excess of 2 h.

The maximum effects of moguisteine on RAR activity
occurred at 10–20 min following injection (table 2 and fig.
3). At longer time intervals a tendency to return toward
control values became apparent. The average activity of
the 14 RARs at intervals from 2–20 min after moguisteine
injection decreased to 75% of the control value, a signifi-
cant change (p<0.05). The challenge with DMSO did not
introduce any statistically significant change.

RARs of the tracheobronchial tree and larynx showed
similar responses to mechanical and some of the chemical
irritants and are, therefore, identified under the common
denomination of "irritant" receptors [16]. However, within
this category of endings we find a wide range of distinc-
tive characteristics, be this in terms of their responsiveness
to aqueous solutions of varying osmolarity and compo-
sition [25, 26] or to particular responses to substances
produced within the body (autacoids) or administered ex-
perimentally [21, 27, 28]. Since RARs can be activated by
known tussigenic stimuli and have a predominant location
in areas from which cough can be preferentially induced,
a cause-effect relationship between their activation and
the subsequent cough response is generally assumed [29].
If this is accepted, it should also follow that agents capa-
ble of diminishing the activity of these endings should be
effective in controlling the cough reflex. Considerations of
this nature have been validated in the case of furosemide
which attenuates cough [30] as well as laryngeal RAR
activation induced, in the dog, by low chloride solutions
[31]. Similar results were found for Aδ fibres, possibly
corresponding to RARs, in an in vitro preparation of gui-
nea-pig trachea [32].

Moguisteine failed to reduce the activation of three of
the 14 receptor studied. This could be explained in light of
the heterogeneous nature of these endings; several obser-
vations support this contention. One case in point is the
response to distilled water or isosmolar low chloride solu-
tions of laryngeal and tracheal RARs of the dog. At least
in the dog, the vast majority of laryngeal RARs are stimu-
lated by water due to their responsiveness to low chloride
solutions; in fact, they are also activated by isosmotic
solutions lacking chloride ions [26]. On the contrary, only
a minority of extrathoracic tracheal RARs of the dog are
stimulated by water; some behave as low chloride so-
lution-responsive endings, while others are stimulated
by water only (osmo-responsive receptors) [25]. Further-
more, the results of an investigation carried out in dogs on

the antitussive properties of furosemide are indicative of
a heterogeneous nature of laryngeal RARs; in fact, while
the majority of endings reduced their response to isosmo-
tic solution of dextrose after furosemide administration,
the rest did not [31]. The response to isosmotic glucose of
Aδ fibres in an in vitro preparation of guinea-pig trachea,
was also markedly decreased (to 34% of control) in the
presence of furosemide, which had, however, no effect on
the response to distilled water, hyperosmotic solutions and
capsaicin [32]. RICCIO et al. [33] found that afferent Aδ
fibres originating in the nodose ganglion, possibly identi-
fiable with RARs, were not stimulated by capsaicin, but
75% of Aδ fibres originating in the jugular ganglion could
be activated by this compound. Their results suggest that
the stimulation of guinea-pig airway afferent fibres by cap-
saicin is a function of their ganglionic origin rather than
fibre characteristics. Analogous conclusions have been
brought forward in a study on the responsiveness of RARs
to capsaicin in cats. In fact, MOHAMMED et al. [28] report-ed
that some, but not all RARs challenged by inhaled   capsa-
icin were stimulated, and suggested that "there are sub-
populations of capsaicin-sensitive and -insensitive re-
ceptors".

In view of all the above results, which indicate a clear
heterogeneity within the category of irritant receptors,
there is no reason to expect a uniform responsiveness of
RARs to moguisteine. Notwithstanding the fact that not
all receptors were inhibited by moguisteine, our results
provide additional supportive evidence for an antitussive
action of this compound at the level of RAR endings.
Considering the results of clinical trials and experimental
data on animals of various species exposed to tussigenic
stimuli, a convincing case can indeed be made in support
of an antitussive action of moguisteine at the receptor
level. The time course of its inhibitory effect on RAR
activity, with a rapid onset and a relatively long-lasting
action, should contribute to its therapeutic value. The find-
ings of an inhibitory effect of moguisteine on inflamma-
tory processes [4, 5], particularly at the airway levels,
support the involvement of RARs in the mechanism of
action of this antitussive compound. In fact, some of the
components of inflammation, such as pulmonary conges-
tion, microvascular leakage, mucus secretion, hyperreac-
tivity to cigarette smoke, acetylcholine and histamine, are
known to stimulate RARs located in large extrapulmonary
bronchi and, thus, to elicit cough [34]. Thus, moguisteine
seems to have a dual mechanism of action on RARs: a
direct one, as suggested by the present study, as well as an

Table 3.  –  Average values of respiratory (n=7) and cardiovascular (n=14) parameters

Control 2 min 5 min 10 min 15 min 20 min 30 min 45 min
Oesophageal pressure kPa
Moguisteine
DMSO

1.02±0.06
0.98±0.05

1.06±0.06
1.05±0.05

1.06±0.06
1.06±0.05

1.06±0.06
1.02±0.06

1.08±0.07
1.04±0.05

1.01±0.05
1.08±0.06

0.98±0.05
1.10±0.06

0.99±0.05
1.02±0.09

Mean blood pressure kPa
Moguisteine
DMSO 

17.52±0.64
16.95±0.37

17.73±0.57
16.75±0.48

17.52±0.53
17.41±0.48

17.14±0.52
17.22±0.60

17.20±0.56
17.10±0.74

17.42±0.45
17.05±0.40

17.54±0.39
17.28±0.45

17.05±0.42
17.93±0.75

Cardiac frequency beats·min-1

Moguisteine
DMSO

168.42±10.29
165.53±12.03

172.37±10.70
164.77±11.58

170.21±11.68
163.86±11.55

168.01±11.20
170.25±12.31

168.83±10.88
165.67±12.88

174.06±10.84
160.50±12.79

166.03±11.49
159.92±13.46

166.61±11.63
186.84±17.40

Oesophageal pressure is reported only for receptors with respiratory modulation. DMSO: dimethylsulphoxide.
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indirect one mediated through its anti-inflammatory prop-
erties.

In summary, the results of the present investigation de-
monstrate that moguisteine, administered intravenously,
has an inhibitory action on the activation of the majority
of rapidly adapting irritant receptors studied, and support
the hypothesis that this antitussive compound acts at the
level of the rapidly adapting irritant receptors.
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