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BACKGROUND: Cough is produced by the same neuronal pool implicated in respiratory
rhythm generation, and antitussive drugs acting at the central level, such as opioids, may
depress ventilation. Levodropropizine is classified as a nonopioid peripherally acting anti-
tussive drug that acts at the level of airway sensory nerves. However, the lack of a central
action by levodropropizine remains to be fully established. We set out to compare the effects
of levodropropizine and the opioid antitussive agent dihydrocodeine on the respiratory re-
sponses to a conventional CO2 rebreathing test in patients with chronic cough of any origin.

METHODS: Twenty-four outpatients (aged 39-70 years) with chronic cough were studied. On
separate runs, each patient was randomly administered 60 mg levodropropizine, 15 mg
dihydrocodeine, or a matching placebo. Subsequently, patients breathed a mixture of
93% oxygen and 7% CO2 for 5 min. Fractional end-tidal CO2 (FETCO2) and inspiratory
minute ventilation ( _VI) were continuously monitored. Changes in breathing pattern variables
were also assessed.

RESULTS: At variance with dihydrocodeine, levodropropizine and placebo did not affect
respiratory responses to hypercapnia (P < .01). The ventilatory increases by hypercapnia
were mainly accounted for by a rise in the volume components of the breathing pattern.

CONCLUSIONS: The results are consistent with a peripheral action by levodropropizine; the
assessment of ventilatory responses to CO2 may represent a useful tool to investigate the
central respiratory effects of antitussive agents.

TRIAL REGISTRY: European Union Clinical Trials Register (EudraCT No.: 2013-004735-68);
URL: https://www.clinicaltrialsregister.eu/ CHEST 2017; -(-):---
98
99
KEY WORDS: breathing pattern; chronic cough; CO2 rebreathing; dihydrocodeine;
levodropropizine
ctional end-tidal carbon dioxide; P0.1 =
easured 0.1 s after mouth occlusion;
piratory cycle; _VI = inspiratory minute

partment of Experimental and Clinical
rini, and Fontana), University of Flor-
nit (Dr Zanasi), University of Bologna,
ologna; and Medical Department (Drs
PA, Milan, Italy.

FUNDING/SUPPORT: The authors have reported to CHEST that no
funding was received for this study Q4.
CORRESPONDENCE TO: Giovanni Fontana, MD, Department of
Experimental and Clinical Medicine, University of Florence, Largo
Brambilla 3, 50134 Florence, Italy Q5; e-mail: giovanni.fontana@unifi.it
Copyright � 2017 Published by Elsevier Inc under license from the
American College of Chest Physicians.
DOI: http://dx.doi.org/10.1016/j.chest.2017.02.001

t.org 1

0 DTD � CHEST941_proof � 24 February 2017 � 3:00 pm � EO: CHEST-16-2334

100
101
102
103
104
105
106
107
108
109
110

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://www.clinicaltrialsregister.eu/
mailto:giovanni.fontana@unifi.it
http://dx.doi.org/10.1016/j.chest.2017.02.001
http://journal.publications.chestnet.org
Original text:
Inserted Text
Please verify that the short title associated with your article (Levodropropizine and Carbon Dioxide Rebreathing) is acceptable. Short titles cannot exceed 50 characters and may be used in place of the full title in some electronic displays. Nonstandard abbreviations are permitted in short titles.


Original text:
Inserted Text
Please confirm that given names and surnames have been identified correctly.


Original text:
Inserted Text
given name


Original text:
Inserted Text
surname


Original text:
Inserted Text
given name


Original text:
Inserted Text
surname


Original text:
Inserted Text
given name


Original text:
Inserted Text
surname


Original text:
Inserted Text
given name


Original text:
Inserted Text
surname


Original text:
Inserted Text
given name


Original text:
Inserted Text
surname


Original text:
Inserted Text
given name


Original text:
Inserted Text
surname


Original text:
Inserted Text
Please verify the spellings of all authors (first, middle name or initial, last). Please verify with your coauthors that the name is shown as they prefer. This is how the name will be supplied to PubMed and other indexing services.


Original text:
Inserted Text
Please approve or amend keywords.


Original text:
Inserted Text
Please verify with your coauthors that all affiliations are correct.


Original text:
Inserted Text
Please approve or amend the funding/support statement as necessary and confirm that the appropriate grant numbers are present and correct as set.


Original text:
Inserted Text
Please verify your correspondence info is correct, including e-mail address.




Q7

111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
There is growing interest in the development of drugs
that are effective in controlling cough.1 However, we feel
that attention should be paid not only to efficacy but also
to the safety of such drugs, particularly when they are
being administered to patients with respiratory
disorders. The cough motor pattern originates from the
neuronal pool that also generates the eupnoeic
respiratory rhythm,2,3 and most of the widely used
antitussive drugs act centrally. Thus, it should be
questioned whether their pharmacologic effect is devoid
of the potential risk of ventilatory disturbances, since
they may also depress the physiological responses to
stimuli that activate breathing. Of note, the centrally
acting antitussive agent codeine has been reported to
depress the central response to hypercapnia more
markedly in male subjects than in female subjects4;
however, this more pronounced depressant effect by
codeine in female subjects turned out to actually reflect
differences in smoking habits rather than sex.4

Years ago, Read5 developed a simple, inexpensive,
effective, reproducible, and safe method for clinically
assessing changes in the sensitivity of the mechanisms
generating the central respiratory output. The
methodology has been used in many clinical trials, and we
trusted that the use of it would offer the unique possibility
of reliably assessing if and to what extent a drug interacts
with respiratory rhythmogenesis in humans. Previous
animal studies have demonstrated no change in baseline
respiratory activity following codeine in pentobarbitone-
anesthetized cats.6 In contrast, Adcock et al7 demonstrated
a significant depression of ventilation by high-dose IV
codeine in anesthetized guinea pigs. It should be noted,
2 Original Research
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however, that only a few studies have considered the use of
the central CO2 response as a measure of neural response
to a respiratory drug in humans.8

Levodropropizine is an oral antitussive agent9 prescribed
worldwide. A meta-analysis suggested that
levodropropizine provides better antitussive effects than
do placebo and centrally acting antitussive agents in
children and adults.10 Levodropropizine may act
through inhibition of C fibers11 modulating the release
of protussive neuropeptides.9 Accordingly, clinical trials
have demonstrated that levodropropizine causes less
somnolence than do central antitussive agents,12 with
well-established depressant action on respiratory
activity. Although published evidence confirms the
peripheral action of levodropropizine,9 its effects at the
neuronal level have been poorly investigated. A previous
study in patients with COPD suggested that
levodropropizine does not inhibit the respiratory
response to hypercapnia,9 but CO2 sensitivity in these
patients may be blunted as a result of the disease.13

Therefore, by using the rebreathing method devised by
Reid,5 we set out to compare the effects of
levodropropizine and dihydrocodeine, an opioid
antitussive agent, on respiratory center output in
patients with chronic cough and no evidence of airway
obstruction. We also assessed short-term changes in
breathing patterns, minute ventilation ( _VI), and
respiratory drive during CO2 rebreathing

5 prior to and
after administration of the recommended doses of these
agents. No attempt was made at further examining the
well-established antitussive action of both active agents.
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Methods
Patients

Twenty-four nonsmoking outpatients (16 women aged 39-70 years)
(Table 1) with chronic cough (cough duration ranging from
8-100 months) of any origin referred to the Florence Cough Clinic
from September 2014 to May 2015 were enrolled in the study. They
had normal airway caliber (mean � SD FEV1/FVC, 0.78 � 0.04) and
reported no recent (< 4 weeks) airway infections. All patients
reported at least one symptom suggestive of a gastroesophageal
disturbance (n ¼ 19) or an upper airway cough syndrome (n ¼ 8),
or both (n ¼ 15). However, none of them showed any improvement
following treatment of these most common causes of chronic
cough.14 Thus, in agreement with the current understanding of the
chronic cough paradigm, all patients examined fit the criteria for
classification into the so-called cough hypersensitivity syndrome.15

All patients were free of any chronic treatment for their cough at the
time of the study.

This study was performed in accordance with the Declaration of
Helsinki and was approved by the Ethics Committee of the Azienda
Ospedaliero Universitaria Careggi, Florence, Italy (approval: AOUC-
001-2013; EudraCT 2013-004735-68). All adult participants provided
written informed consent to participate in this study.

Protocol and Recording Procedures

This study was performed in a single-blind crossover fashion (Fig 1).
Under control conditions (ie, in no-drug trials), the ventilatory
responses to a standard CO2 rebreathing test5 were assessed in each
patient. Subsequently, on each of three separate (48-72 h) occasions,
after clinical assessment, patients were randomly administered a single
oral dose of levodropropizine (60 mg [20 drops]), dihydrocodeine
(30 mg [90 drops]), or placebo (20 drops of a multivitamin
compound). The order of administration of the three agents was
obtained by using an online software program (www.randomization.
com), which creates random permutations of treatments for studies in
which subjects are to receive all the treatments in random order. Two
hours later, patients breathed a mixture of 93% oxygen and 7% CO2

for 4 min.5 The inspired air mixture was warmed and humidified and
flowed through a 6 L reservoir bag past the inspiratory port of a two-
way nonrebreathing balloon shutter occlusion valve (Hans Rudolph
[ -#- CHE ST - 2 0 1 7 ]

bruary 2017 � 3:00 pm � EO: CHEST-16-2334

http://www.randomization.com
http://www.randomization.com
Original text:
Inserted Text
Brand name for levodropropizine has been deleted per journal style.




8

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275

276
277
278
279
280
281
282
283
284
285
286
287
No. 4). During 5 min of relaxed air breathing and during CO2

rebreathing, we measured, on a breath-by-breath basis, the tidal
volume (VT), the inspiratory time, the VT/inspiratory time (an index of
respiratory drive), and the duration of the respiratory cycle (TT).2 The
_VI and respiratory frequency (respiratory frequency, 60/TT) were
subsequently calculated; the fractional end-tidal CO2 (FETCO2) was also
monitored (Normocap CD 102; Datex).2 In a subgroup of eight
randomly selected patients, the value of mouth inspiratory pressure
measured 0.1 s after mouth occlusion (P0.1), which is another index of
respiratory drive,8 was also recorded. In each set of four to eight
breaths, the inspiratory line was silently and randomly closed during
expiration by inflating the balloon. The mouth pressure during the
following occluded inspiration was measured at a side port on the
occlusion valve connected to a pressure transducer with a
TABLE 1 ] Patient Anthropometric, Functional, and Clinical

Patient No. Sex Age, y

1 M 50

2 M 62

3 F 51

4 F 43

5 F 50

6 F 68

7 F 43

8 M 65

9 F 56

10 M 63

11 M 40

12 F 55

13 M 65

14 M 31

15 F 61

16 F 60

17 F 65

18 F 68

19 F 50

20 F 70

21 M 50

22 F 45

23 F 63

24 F 39

Mean 54.71

SD 10.76

NA ¼ not available.

journal.publications.chestnet.org
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noncompliant catheter. Reported values of P0.1 were the mean of at
least six measurements of occlusion pressure, the lowest and the
highest values being discarded.
Data Analysis

Based Qon previous investigations,16 the study, with a sample of
24 patients, was to have a > 80% statistical power of detecting a
10% between-treatment difference in CO2 sensitivity, with a
significance level of .05. The primary outcome of the study was the
CO2 sensitivity calculated as the slope of the _VI/FETCO2. Comparisons
of breathing pattern variables, P0.1 values, and slopes were
performed by repeated-measure analysis of variance followed by
Dunn tests. P < .05 was taken as significant.
288
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Results
All patients completed the study; no adverse effect were
reported by patients, except some discomfort caused by
the hyperpnea that occurred during rebreathing.
Individual mean values of baseline breathing pattern
variables observed on each study day were similar and
were not influenced by placebo or active agents
(Table 2). Rebreathing consistently induced a marked
increase (P < .01) in baseline _VI, irrespective of the
previously administered agent; these increases were
proportional (r ¼ 0.98 � 0.01) to FETCO2 (Fig 2, Table 2)
and were always within the normal range.17 Analysis of
Characteristics

BMI FEV1/FVC Cough Duration, mo

24.07 0.79 72

28.36 0.73 96

20.81 0.75 24

21.59 0.77 24

25.40 0.79 24

31.25 0.88 18

23.59 0.73 60

24.91 0.79 60

25.39 0.77 12

27.26 0.72 36

22.38 0.79 8

30.64 0.77 10

26.10 0.86 8

23.50 NA 9

25.18 0.73 12

27.12 0.77 84

28.09 0.73 72

25.71 0.79 7

25.10 0.81 100

24.91 0.74 96

25.12 NA 12

22.53 0.80 24

26.44 0.80 18

27.55 0.81 36

25.54 0.78 38.42

2.57 0.04 32.28
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Figure 1 – CONSORTQ15 flow diagram outlines the design and conduct of
the study.
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the breathing pattern (Table 2) revealed that the
ventilatory increases were mainly accounted for by a rise
in VT and by less marked increases in respiratory
frequency (Fig 2, Table 2). CO2 sensitivity after
levodropropizine and placebo administration was
similar and higher (P < .05), respectively, than after
dihydrocodeine administration (Fig 2). In eight patients,
P0.1 consistently increased significantly during
rebreathing; however, compared with placebo and
levodropropizine, these increases were less prominent
(P < .05) following dihydrocodeine administration
(Table 2).
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Discussion
The results demonstrate that levodropropizine does not
affect the ventilatory response to CO2 in patients with
chronic cough, supporting the lack of any significant
central neuronal respiratory action. Conversely, with a
standard and safe dose of dihydrocodeine, we have
established a difference in ventilatory response to CO2.
Since the vast majority (about 70%) of patients in our
study were women, we believe it is inappropriate to
attempt at evaluating any sex-related difference in the
CO2 ventilatory responses.

It has long been known that IV morphine administration
profoundly depresses eupneic breathing,18 and the
4 Original Research [ -#- CHE ST - 2 0 1 7 ]
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Figure 2 – A-C, Original recordings of tidal volume (VT) and fractional end-tidal CO2 (FETCO2) observed during 4-min CO2 rebreathing tests performed
after administration of (A) levodropropizine, (B) dihydrocodeine, and (C) placebo in one representative patient. D, Relationship between FETCO2 values
and the corresponding inspiratory minute ventilation ( _VI) values observed after levodropropizine (diamonds), dihydrocodeine (circles), and placebo
(triangles) administration. Data are mean � SD. E, Box and whiskers plots showing median (minimum/maximum) values of CO2 sensitivity observed
after placebo, levodropropizine, and dihydrocodeine administration. *P < .05. PETCO2 ¼ partial pressure of end tidal CO2.
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neurophysiological mechanisms that subserve this
inhibitory response have been reevaluated in more recent
years. Indeed, animal studies have shown how sensory
inputs to the brainstem reconfigure the pontomedullary
respiratory central pattern generator so that normal
respiration is converted to that of a cough motor
pattern.19-22 Ionotropic glutamate receptors located in the
caudal aspect of the nucleus tractus solitarii, especially
those within the commissural subnucleus of the nucleus
tractus solitarii, have been implicated in the mediation of
the cough reflex evoked by the mechanical stimulation
of the tracheobronchial tree in the rabbit.23 Conversely, in
the guinea pig, Canning andMori24 provided evidence for
a more distributed termination of the cough receptor
endings innervating the extrathoracic trachea within the
nucleus tractus solitarii. Species differences may account,
at least to some extent, for the different results between
laboratories. Whatever the specific sites of termination of
cough receptors within the nucleus tractus solitarii, it
journal.publications.chestnet.org
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seems likely that various aspects of this region play an
important role in the integration of peripheral inputs
regulating the cough reflex, and therefore they could be
the site of action of antitussive drugs.25,26

Notably, Bolser et al25 demonstrated that intravertebral
artery administration of opioids reduced, in a dose-
dependentmanner, the number of coughing episodes and
rectus abdominis burst amplitude during coughing
induced by mechanical stimulation of cat trachea. In light
of these studies, it seems well established that the
respiratory medullary areas are also involved in cough
mediation and that depression of respiratory neuronsmay
occur following administration of cough suppressants.

The present findings further demonstrate the robustness
and sensitivity of the CO2 rebreathing method5 and
reliably demonstrate that levodropropizine does not
have a central depressant action in subjects with chronic
cough, normal CO2 sensitivity, and no evidence of
5
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airway obstruction. In addition, the result is in keeping
with previous observations8 obtained in patients with
COPD showing no significant change in CO2 sensitivity
after therapeutic doses of levodropropizine. In this
study,8 however, no comparisons were done with central
antitussive drugs nor were attempts made at detecting
changes in the pattern of breathing, possibly pointing at
more subtle effects on respiratory control by
levodropropizine. In this study, we demonstrated that, at
variance with dihydrocodeine, which affects both the
frequency and the volume components of the breathing
pattern, levodropropizine does not influence breathing
pattern or _VI compared with control conditions.

The antitussive action of levodropropizine is not fully
characterized, but it seems independent of
bronchodilation or muscarinic receptor antagonism,27

since at doses that inhibit induced coughing, it does not
block methacholine-induced bronchoconstriction in
asthma.27 Previous animal studies suggest that its
6 Original Research
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antitussive action may depend on blockade of a large
proportion of pulmonary C fibers.11 Most importantly,
however, the results confirm the lack of any detectable
action by levodropropizine, but not dihydrocodeine, at
the level of the human respiratory network.

This was a single-blind study, that is, patients were
unaware of the administered agents. However, blinding
becomes less important for reducing observer bias, as
the outcomes are assessed objectively, thus leaving little
opportunity for bias.28

In conclusion, levodropropizine does not affect the
ventilatory response to CO2 in subjects with chronic
cough and normal CO2 sensitivity; this suggests the lack
of any depressant central action. We propose that the
clinical study of respiratory control during CO2

rebreathing should routinely be used when one needs to
investigate the central respiratory effects of drugs,
especially antitussive agents.
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
Acknowledgments
Author contributions: G. A. F. is the
guarantor of the paper. G. A. F., F. L., F. S.,
L. L., and C. M. conceived and designed the
study and analyzed and interpreted the data.
G. A. F. and F. L. drafted the manuscript,
which was critically revised by all authors.
A. Z. contributed to the collection, analysis,
and interpretation of data. All authors had
access to the complete study data and had a
say in the manuscript preparation, approval
of the final version, and the decision to
submit for publication.

Financial/nonfinancial disclosures: The
authors have reported to CHEST the
following: F. L. reports, in the past
36 months, personal fees for speaking outside
the present work from the following
pharmaceutical companies: AstraZeneca,
Chiesi, Cipla, Boehringer Ingelheim, and
Teva. G. A. F. reports, in the past 36 months,
personal fees for speaking outside the present
work from the following pharmaceutical
companies: Edmond Pharma, Mundipharma,
Menarini, and Dompè. F. B. and L. L. are
employees of Dompè SpA Medical
Department. Dompé SpA is the company
that manufactures and commercializes
levodropropizine. None declared (C. M.,
A. Z.).
653
654
655
656
657
658
659
660
References
1. Morice AH, McGarvey L. Clinical cough

II: therapeutic treatments and
management of chronic cough. Handb
Exp Pharmacol. 2009;187:277-295.

2. Lavorini F, Fontana GA, Pantaleo T, et al.
Fog-induced cough with impaired
respiratory sensation in congenital central
hypoventilation syndrome. Am J Respir
Crit Care Med. 2007;176(8):825-832.

3. Widdicombe J, Tatar M, Fontana GA,
et al. Workshop: Tuning the ‘cough
center’. Pul Pharmacol Ther. 2011;24(3):
344-352.

4. Pleuvry BJ, Maddison SE. A sex difference
in the effects of oral codeine and
promethazine on the ventilator response
to carbon dioxide in human volunteers. Br
J Clin Pharmacol. 1980;9(2):159-164.

5. Read DJC. A clinical method for assessing
the ventilatory response to carbon
dioxide. Australas Ann Med. 1967;16(1):
20-32.

6. May AJ, Widdicombe JG. Depression of
the cough reflex by pentobarbitone and
some opium derivates. Br J Pharmacol.
1954;9(3):335-340.

7. Adcock JJ, Schneider C, Smith TW.
Effects of codeine, morphine, and a novel
opioid pentapeptide BW443C on cough,
nociception and ventilation in the
unanaesthetized guinea-pig. Br J
Pharmacol. 1988;93(1):93-100.

8. Bruschi C, Crotti P, Dacosto E, Fanfulla F,
Daffonchio L, Novellini R.
Levodropropizine does not affect P0.1 and
breathing pattern in healthy volunteers
and patients with chronic respiratory
impairment. Pulm Pharmacol Ther.
2003;16(4):231-236.

9. Lavezzo A, Melillo G, Clavenna G,
Omini C. Peripheral site of action of
levodropropizine in experimental-induced
cough: role of sensory neuropeptides.
Pulm Pharmacol. 1992;5(2):143-147.

10. Zanasi A, Lanata L, Fontana G, Saibene F,
Dicpinigaitis P, De Blasio F.
Levodropropizine for treating cough in
adult and children: a meta-analysis of
bruary 2017 � 3:00 pm
published studies. Multidiscip Respir Med.
2015;10(1):19.

11. Shams H, Daffonchio L, Scheid P. Effects
of levodropropizine on vagal afferent
C-fibres in the cat. Br J Pharmacol.
1996;117(5):853-858.

12. Luporini G, Barni S, Marchi E,
Daffonchio L. Efficacy and safety of
levodropropizine and dihydrocodeine on
nonproductive cough in primary and
metastatic lung cancer. Eur Respir J.
1998;12(1):97-101.

13. Maranetra N, Pain MCF. Ventilatory drive
and ventilatory response during
rebreathing. Thorax. 1974;29(5):578-581.

14. Morice AH, Fontana GA, Sovijarvi AR,
et al; ERS Task Force. The diagnosis and
management of chronic cough. Eur Respir
J. 2004;24(3):481-492.

15. Morice AH. The cough hypersensitivity
syndrome: a novel paradigm for
understanding cough. Lung.
2010;188(suppl 1):S87-S90.

16. Chua TP, Harrington D, Ponikowski P,
Webb-Peploe K, Poole-Wilson PA,
Coats AJS. Effects of dihydrocodeine on
chemosensitivity and exercise tolerance in
patients with chronic heart failure. J Am
Coll Cardiol. 1997;29(1):147-152.

17. Hirshman CA, McCullough RE, Weil JV.
Normal values for hypoxic and
hypercapnic ventilator drives in man.
J Appl Physiol. 1975;38(6):1095-1098.

18. Breckenridge CG, Hoff HE. Influence of
morphine on respiratory patterns.
J Neurophysiol. 1952;15(1):57-74.

19. Srinivasan M, Bongianni F, Fontana GA,
Pantaleo T. Respiratory responses to
electrical and chemical stimulation of the
[ -#- CHE ST - 2 0 1 7 ]

� EO: CHEST-16-2334

Original text:
Inserted Text
Please confirm that the author contributions' statements are correct.


Original text:
Inserted Text
Please verify and update the conflict of interest information as needed for all authors. In cases where there is no conflict of interest for all authors, say none declared. If several have conflicts, say none declared with initials for those without and include conflicts for those with.




661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715

716
717
718
719
720
721
722
723
724
725
726
727
area postrema in the rabbit. J Physiol.
1993;463:409-420.

20. Baekey DM, Morris KF, Nuding SC,
Segers LS, Lindsey BG, Shannon R.
Medullary raphe neuron activity is
altered during fictive cough in the
decerebrate cat. J Appl Physiol.
2003;94(1):93-100.

21. Mazzone SB, Mori N, Canning BJ.
Synergistic interactions between airway
afferent nerve subtypes regulating the
cough reflex in guinea-pigs. J Physiol
(Lond). 2005;569(Pt 2):559-573.

22. Ohi Y, Yamazaki H, Takeda R, Haji A.
Phrenic and iliohypogastric nerve
discharges during tussigenic stimulation
journal.publications.chestnet.org

FLA 5.4.0 DTD � CHEST
in paralyzed and decerebrate guinea pigs
and rats. Brain Res. 2004;1021(1):119-127.

23. Mutolo D, Bongianni F, Fontana GA,
Pantaleo T. The role of excitatory amino
acids and substance P in the mediation of
the cough reflex within the nucleus tractus
solitarii of the rabbit. Brain Res Bull.
2007;74(4):284-293.

24. Canning BJ, Mori N. An essential
component to brainstem cough gating
identified in anesthetized guinea pigs.
FASEB J. 2010;24(10):3916-3926.

25. Bolser DC, Hey JA, Chapman RW.
Influence of central antitussive drugs on
the cough motor pattern. J Appl Physiol.
1999;86(3):1017-1024.
941_proof � 24 February 2017 � 3:00 pm �
26. Bolser DC, Poliacek I, Jakus J,
Fuller DD, Davenport PW. Neurogenesis
of cough, other airway defensive
behaviors and breathing: a holarchical
system? Respir Physiol Neurobiol.
2006;152(3):255-265.

27. Bossi R, Banfi P, Filipazzi V, Castelli C,
Braga PC. Levodropropizine (LD) activity
in allergic asthmatic patients, challenged
with ultrasonically nebulized distilled
water, metacholine and allergen-induced
bronchospasm. Clin Trials Metaanal.
1994;29(1):9-20.

28. Schulz KF, Grimes DA. Blinding in
randomised trials: hiding who got what.
Lancet. 2002;359(9307):696-700.
728
7

EO: CHEST-16-2334

729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770

http://journal.publications.chestnet.org

	CHEST941_annotate.pdf
	A Randomized Clinical Trial Comparing the Effects of Antitussive Agents on Respiratory Center Output in Patients With Chron ...
	Methods
	Patients
	Protocol and Recording Procedures
	Data Analysis

	Results
	Discussion
	Acknowledgments
	References



	Check Box: Off


