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AIMS
The examination of cough reflex sensitivity through inhalational
challenge can be utilized to demonstrate pharmacological end points.
Here we compare the effect of butamirate, dextromethorphan and
placebo on capsaicin-induced cough in healthy volunteers.

METHODS
In this randomized, placebo-controlled, six way crossover study the
effect of dextromethrophan 30 mg, four doses of butamirate and
placebo was evaluated on incremental capsaicin challenges performed
at baseline and 2, 4, 6, 8, 12 and 24 h following dosing. The primary
end point was the area under the curve (AUC(0,12h)) of log10 C5 from
pre-dose to 12 h after dosing. Plasma butamirate metabolites were
analyzed to evaluate pharmacokinetic and pharmacodynamic
relationships.

RESULTS
Thirty-four subjects (13 males, median age 25 years) completed the
study. Cough sensitivity decreased from baseline in all arms of the
study. Dextromethorphan was superior to placebo (P = 0.01) but
butamirate failed to show significant activity with maximum
attenuation at the 45 mg dose. There was no apparent relationship
between pharmacokinetic and pharmacodynamic parameters for
butamirate.

CONCLUSIONS
We have demonstrated for the first time that dextromethorphan
attenuates capsaicin challenge confirming its broad activity on the
cough reflex. The lack of efficacy of butamirate could be due to
formulation issues at higher doses.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Both dextromethorphan and butamirate

preparations are widely used over the
counter cough medications and are known
to attenuate citric acid induced cough,
though the evidence for clinical efficacy is
less compelling.

WHAT THIS STUDY ADDS
• This study demonstrates for the first time

that dextromethorphan significantly
attenuates capsaicin cough sensitivity.

• Butamirate did not significantly attenuate
capsaicin induced cough, though this may
be due to formulation issues.
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Introduction

Cough is the most common symptom for which medical
attention is sought, both in primary and secondary care
and is the presenting symptom in more than half of all
new referrals seen in UK general practice [1]. This costly
morbidity is a consequence of viral upper respiratory
tract infections. Chronic cough, arbitrarily defined as a
cough lasting greater than 8 weeks [2], also has high
population prevalence. In our epidemiological study,
chronic coughing, severe enough to interfere with
normal activities of daily living, was reported by 7% of
the general population [3]. Cough, therefore, has a
considerable impact on the healthcare economy. The
amount spent on over the counter (OTC) treatments for
cough annually is over £400 million in the UK. Although
cough is such an important problem, therapeutic options
are limited.

Dextromethorphan, the dextroisomer of 3-methoxy-
N-methyl-morphinan, is a centrally acting non-narcotic
antitussive. Dextromethorphan is used as an antitussive
ingredient in a variety of oral cough medicines and is in
common use in OTC preparations. We have previously
demonstrated the alteration of cough reflex sensitivity by
dextromethorphan both in healthy subjects [4] and in a
chronic cough model using citric acid challenge [5].
Although the evidence for attenuation of the cough
reflex is robust, the evidence for clinical efficacy, as with
all other OTC licensed antitussive medications, is less
compelling.

Butamirate (Sinecod®, Novartis Consumer Health,
Inc.) preparations are widely used OTC antitussives.
Butamirate is thought to have a central mechanism
which is neither chemically nor pharmacologically related
to that of the opioid alkaloids [6]. Butamirate also
possesses non-specific anticholinergic and broncho-
spasmolytic effects. The efficacy of butamirate has been
demonstrated in a number of clinical studies [7–9],
including a double-blind, randomized, parallel group trial
with codeine and placebo [10]. The effects of butamirate
on cough reflex sensitivity, as demonstrated by capsaicin
inhalational cough challenge has, however, not been pre-
viously studied.

Here we have evaluated the antitussive effects of
butamirate and dextromethorphan compared with
placebo in capsaicin-induced cough in healthy volunteers.
The primary objective of the study was to assess the area
under the curve (AUC) log10 C5. The concentration of
capsaicin eliciting 5 or more coughs within 15 s of the chal-
lenge is C5; and 2 or more is C2. Secondary objectives
included comparing the individual concentration–time
profiles of the metabolites of butamirate and their
pharmacodynamic relationships. AUC log10 C2 was also
compared.

Methods

Study design
Healthy adult volunteers were prospectively recruited into
this study. This was a single centre, randomized, placebo-
controlled, investigator blind, six way crossover clinical
study. Subjects were screened within 7 days before
randomization. All subjects had normal spirometry as a
prerequisite for inclusion and no history of acid reflux,
post-nasal drip or respiratory infection within the preced-
ing 3 weeks prior to enrolment.

Subjects were challenged with incremental concentra-
tions of capsaicin solution at screening (serial doubling
concentrations, range 0.98–500 μM). During screening,
subjects were excluded from participating in the study if
they required a capsaicin concentration higher than
500 μM to induce 5 or more coughs (i.e. C5 > 500 μM) or if
they had an exaggerated response to low starting doses of
capsaicin. Blood for CYP2D6 genotyping was taken.

On the subsequent six visits, a treatment was adminis-
tered and cough challenges were performed over the sub-
sequent 24 h period. Visits were over 2 days and separated
by a minimum of 7 days. On the first day of each of the six
treatment visits, prior to dosing, subjects were required to
exhibit at least 5 coughs within one doubling concentra-
tion of capsaicin measured at screening.

Method of assigning subjects to
treatment groups
Each subject was uniquely identified in the study by a
screening number after informed consent. Computer gen-
erated block randomized treatment sequences were
created for subjects and supplied by the sponsor of the
study to the centre. The study drug was administered
through a syringe labelled with the randomization
number and the study visit number. To ensure blinding the
syringe was prepared by an independent researcher and
fully taped over with non-translucent tape to completely
hide the contents of the syringe.

Study medication

Butamirate citrate 1.5 mg ml−1 oral syrup 22.5 mg (15 ml)
Butamirate citrate 1.5 mg ml−1 45 mg (30 ml)
Butamirate citrate 1.5 mg ml−1 67.5 mg (45 ml)
Butamirate citrate 1.5 mg ml−1 90 mg (60 ml)
Dextromethorphan 1.5 mg ml−1 (Benylin® dry coughs non-
drowsy syrup) 30 mg (20 ml).
Matched placebo for butamirate syrup 30 ml.

Capsaicin cough challenge
The capsaicin solution was delivered as per the European
Respiratory Society (ERS) recommended methodology
[11] via a nebulizer controlled by a dosimeter that was
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modified by the inclusion of an inspiratory flow regulator
valve. Subjects inhaled the solution using single, vital
capacity breaths. Study personnel counted the number of
coughs for 15 s after each challenge. The concentration of
capsaicin inhaled resulting in C2 and C5 was reported.

Pharmacokinetic assessments
During the last two visits, 4.5 ml blood samples were
taken at the following time points to determine the
plasma concentration of the metabolites of butami-
rate (2-phenylbutyric acid (2-PBA) and dietylamino-
ethoxyethanol) [12]: pre-dose and 2, 4, 6, 8, 12 and 24 h
post-dose. The following parameters were determined
from plasma concentration–time profiles for 2-
phenybutyric acid and diethylaminoethoxyethanol:

• the maximum plasma concentration (Cmax)
• the time to Cmax (tmax)
• 50% of the Cmax (Cmax 50%)
• the time to Cmax 50% (tmax 50% start to stop; tmax 50% start

is when this is achieved on the ascending limb and stop is
when this is achieved on the descending limb of the
concentration–time curve)

• lag time: time interval from baseline to the first measured
plasma concentration,

• AUC(0,24h).

Pharmacodynamic assessments
Cough challenges were performed at the following time
points during each visit: pre-dose, 2, 4, 6, 8, 12 and 24 h
post-dose.

The following parameters were described for the
capsaicin log10 C5 time profile (Figure 1):

• the maximum effect expressed by the maximum
capsaicin concentration (Emax),

• the time to maximum effect (t Emax).

Pharmacogenetics
Subjects were classified as extensive or poor metabolizers
according to their CYP2D6 genotype [13]. Extensive
metabolizers were defined by the presence of one or more
functional (*1, *2, *10, or *17) CYP2D6 alleles, whereas
poor metabolizers lacked two or more functional CYP2D6
alleles.

Primary efficacy end point
The primary end point was the area under the curve (AUC)
of log10 C5 resulting from capsaicin challenge from pre-
dose at day 1 to 12 h after dosing (AUC(0,12 h)).

Secondary efficacy end points
AUC(0,6 h), AUC(0.8 h), AUC(0,12 h) and AUC(0,24 h) of
log10 C2 and AUC(0,6 h), AUC(0,8 h) and AUC(0,24 h)
of log10 C5 for the different doses of butamirate,
dextromethorphan and placebo were compared. Correla-
tions between the PK and PD assessments were analyzed.

Determination of sample size
To detect a 20% difference between treatments in the
change from baseline in log10 C5 with the assumed stand-
ard deviation equal to 0.22, and the difference in means
equal to 0.2, 30 subjects should provide approximately
90% power at α = 5%. The estimated treatment effect size
is 0.9 and the mean log10 C5 value was 1.2.

Statistical analysis
The intent-to-treat (ITT) population consisted of all
randomized subjects who completed at least two treat-
ment periods. The per protocol (PP) population consisted
of all randomized subjects who completed all treatment
periods. Based on CYP2D6 genotyping the groups were
divided into poor and non-poor metabolizers (NPM).

The AUC(0,6 h), AUC(0,8 h), AUC(0,12 h) and
AUC(0,24 h) of log10 C2 and C5 were log-transformed and
analyzed using an analysis of covariance (ANCOVA) model
extracting sources of variation due to treatment, sequence
and period as fixed effects, and subject nested within
sequence as a random effect. The baseline value of the
corresponding log10 C5/C2 was entered into the model
as a covariate. Sequence was tested using subject nested
within sequence as the error term. Supplementary sensi-
tivity analyses were conducted by inclusion of a one
period carry over effect. Geometric least squares mean
ratios and the associated two-sided 95% confidence inter-
vals were derived from the ANCOVA by exponentiation from
the log scale back to the original scale. Spearman’s rank
correlation coefficient was used.

The study was approved by the South East Wales
Local Research Ethics Committee. (EudraCT number of the
study is 2009-009797-28). All subjects signed an informed

Effect (log10 C5)

Lag time

Emax

Emax50%

tEmax50% start tEmax50% stop =
duration of effect

Time (t)
tEmax

Figure 1
Figure 1 demonstrates how the pharmacodynamic parameters were
determined. Log10 C5 is on the y axis and time on the x axis
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consent form for inclusion in the study. The study was
supported by unrestricted grant aid from Novartis.

Results

One hundred and seven subjects were screened for
recruitment into the study and 59 were randomized and
received at least one dose of the study medication.
Twenty-four subjects were withdrawn for the study, and
this was due to their inability to achieve reproducible

capsaicin challenge (C5). Data from 34 subjects who com-
pleted all arms of the study were analyzed, as discussed
below. The median age in this group was 25 years (range
19–57, 13 males). Figure 2 demonstrates progression
through the study.

Primary efficacy end points
All arms of the study including placebo were associated
with a decrease in cough sensitivity as reflected by an
increase in C5. Temporal profiles of log10 C5 over 24 h for
placebo, butamirate and dextromethorphan are shown in

Assessed for eligibility: 107

Excluded (n=48)

Study medication allocation in a six-way cross-over design. 59
subjects randomized to receive the first study medication and

completing period 1 of the study

Number of subjects completing period 2: 48

Number of subjects completing period 3: 39

Number of subjects completing period 4: 37

Number of subjects completing period 5: 35

Number of subjects completing period 6: 35

Withdrawn from study (n=24)

Did not meet criteria for capsaicin challenge
duplication 20.
Withdrew consent 2.  Adverse effect 1. Pregnancy 1.

Completed study (n=35)

Poor metabolizers (n=3)

Analyzed (n=34)
1 excluded from analysis due to major
protocol violation (received wrong
medication)

Figure 2
Consort diagram demonstrating progress through this randomized, placebo controlled, six way crossover clinical study. The six study medications were
butamirate citrate 1.5 mg ml−1 oral syrup 22.5 mg (15 ml), butamirate citrate 1.5 mg ml−1 45 mg (30 ml), butamirate citrate 1.5 mg ml−1 67.5 mg (45 ml),
butamirate citrate 1.5 mg ml−1 90 mg (60 ml), dextromethorphan 1.5 mg ml−1 (Benylin® dry coughs non-drowsy syrup) 30 mg (20 ml) and matched placebo
for butamirate syrup 30 ml. The sequence of administration of medications was determined by computer generated block randomization. Period 1
comprises those subjects who received the first randomized medication. Period 2 comprises those subjects who received the first and second medications
and accordingly for the other periods of the study. Period 6 comprises those who received all the six study medications
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Figure 3. Comparisons of AUC of log10 C5 are shown in
Table 1. Dextromethorphan was superior to placebo
(P = 0.01) and whilst butamirate failed to reach signifi-
cance, the maximal effect was observed with the 45 mg
dose.

Secondary efficacy end points
Dextromethorphan was significantly better than placebo
for both of the later AUC analyses (0–8 h and 0–24 h,
P < 0.05). Dextromethorphan was not better than placebo
for any of the C2 end points. Butamirate effects com-
pared with placebo failed to reach significance in any
of the secondary analyses. However all comparisons
between butamirate and dextromethorphan demon-
strated non-inferiority with the exception of the 22.5 mg
dose.

Pharmacokinetics and pharmacodynamics
The pharmacokinetic parameters of butamirate metabo-
lites are summarized in Table 2. Plasma 2-phenylbutyric
acid reached a mean maximum concentration (Cmax),
of 932.4 ng ml−1 following administration of 22.5 mg
butamirate. There was a trend towards the mean Cmax

increasing with each dose level of butamirate, reaching
a mean maximum concentration of 3357.4 ng ml−1

following administration of 90 mg butamirate. Plasma
diethylaminoethoxyethanol reached a mean Cmax of
33.8 ng ml−1 following administration of 22.5 mg buta-
mirate. There was a trend towards the mean Cmax to
increase with each dose level of butamirate, reaching a
mean maximum concentration of 115.5 ng ml−1 following
administration of 90 mg butamirate. Cmax was not tested
for dose proportionality.

Median tmax was 2 h and median tmax 50% start was 1 h
for both metabolites. More variation was observed
for median tmax 50% stop, ranging from 18.2 to 19.3 h for
2-phenylbutyric acid, and from 4.8 to 5.3 h for
diethylaminoethoxyethanol.

Similar pharmacokinetic profiles were observed for the
ITT, NPM ITT and PP populations.

A further observation from review of the mean
and individual concentrations/concentration over time
curves for 2-phenylbutyric acid was that pre-dose
2-phenylbutyric acid concentrations were not zero in 24
subjects. This suggests that 2-phenylbutyric has a long
half-life and that the time interval between dosing (7 days),
did not allow for complete elimination of 2-phenylbutyric
acid prior to these 24 subjects receiving the next assigned
dose. Although there were measurable 2-phenylbutyric
acid concentrations detected pre-dose on phase 5
(1.44 ng ml−1 to 54.19 ng ml−1) and 6 (11.45 ng ml−1 to
107.85 ng ml−1), the concentrations were not considered
significant, when the values were calculated as a percent-
age of the previous phase Cmax, ranging from 0.5% to 6.8%
pre-dose on phase 6. No calculations could be made for
phase 5 as no PK samples were collected during phase 4.
All pre-dose diethylaminoethoxyethanol concentrations
were below the limits of quantification.

Pharmacodynamic results
The pharmacodynamic parameters are summarized in
Table 3. As observed for log10 C5 and log10 C2 AUCs only a
modest increase in Emax was observed as the dose of
butamirate increased, with mean log10 C2 Emax ranging
from 1.4 (22.5 mg butamirate) to 1.5 (90 mg butamirate)
and mean log10 C5 Emax ranging from 2.0 (22.5 mg
butamirate) to 2.1 (90 mg butamirate). The 30 mg
dextromethorphan dose resulted in a mean log10 C2 Emax of
1.6 and mean log10 C5 Emax of 2.1. Median tEmax for log10 C2
occurred at 4 h for all doses of butamirate and the same
was observed for median log10 C5 tEmax. Median tEmax for
dextromethorphan occurred at 6 h for log10 C2 and 4 h for
log10 C5. Again, largely similar pharmacodynamic profiles
were observed for the ITT, NPM ITT and PP populations,
indicating no major differences between non-poor
metabolizers and the general population. As expected, the
mean Emax of the log10 C5 was higher than the mean Emax of
the log10 C2.

Pharmacokinetic/pharmacodynamics analyses
No apparent relationship between PK and PD parameters
for butamirate was observed at any time points. All of the
correlation coefficients calculated were less than 0.5. The
largest Spearman rank correlation coefficient determined
was 0.417 for AUC(0,24 h) at the 45 mg butamirate dose
level. Aside from this value, the majority of correlation
coefficients were less than 0.3. Similar profiles were also
observed in the NPM ITT population.
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Figure 3
Temporal profile of log10 C5 over a period of 24 h (PP population) for
dextromethorphan, the different doses of butamirate and placebo is
demonstrated. Dextromethorphan was superior to placebo (P = 0.01).
The effect of butamirate failed to reach significance, the maximal effect
being observed with the 45 mg dose. 1 11 , butamirate 22.5 mg;

2 22 , butamirate 45 mg; 3 33 , butamirate 67.5 mg; 4 44 ,
butamirate 90 mg; , dextromethorphan 30; , placebo
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Adverse effect profile
All the study preparations were well tolerated with head-
ache, nausea and somnolence being the only clinically sig-
nificant adverse effects observed.

Discussion

The primary objective of this study was to assess the
effects of butamirate and dextromethorphan vs. placebo
on capsaicin induced cough. Dextromethorphan was used
as the positive control as it is a widely used OTC antitussive
previously known to attenuate citric acid induced cough in
both healthy volunteers and in a chronic cough model. In
this study we have demonstrated for the first time that
dextromethorphan also attenuates capsaicin induced
cough in normal subjects, and confirms its efficacy as a
broad inhibitor of cough reflex sensitivity. This novel posi-

tive finding also indicates a robust methodology and study
design. Butamirate, however, despite supporting evidence
from previous challenge and clinical studies, failed to dem-
onstrate significant attenuation of capsaicin induced
cough. The 45 mg butamirate arm approached significant
antitussive activity but the higher dose failed to attenuate
cough, possibly because of formulation issues.

Objective measurement of cough reflex sensitivity
through inhalational challenge has become a recognized
methodology for the evaluation of pharmacological
agents [14]. Commonly used tussive agents include dis-
tilled water, organic acids and capsaicin. Water appears to
cause cough through a fall in chloride ion concentration
and is limited by marked tachyphylaxis making compara-
tive assessments difficult [15]. All complex acids appear to
act in a similar pH dependent fashion which is unlike that
seen with capsaicin [16]. Irritant receptors are thought to
be an important transducer of external noxious protussive

Table 1
Comparison of area under the curve (AUC(0,12h) of log10 C5

Geometric least square mean AUC(0,12 h) of log10 C5

Treatment
Dextromethorphan 30 mg Butamirate 22.5 mg Butamirate 45.0 mg Butamirate 67.5 mg Butamirate 90.0 mg
21.45 19.83 21.23 21.27 21.23

Placebo 20.18# 20.67#4 20.29#3 20.79#2 20.79#1

Treatment/placebo 1.06 0.96 1.05 1.02 1.02

Two-sided 95% CI 1.02, 1.11 0.90, 1.02 0.99, 1.10 0.98, 1.07 0.98, 1.06
P value 0.011 0.171 0.095 0.322 0.265

#, #1, #2, #3, #4 Geometric least square mean from placebo vs. dextromethorphan 30 mg, butamirate 90 mg, 67.5 mg, 45 mg and 22.5 mg, respectively.

Table 2
Pharmacokinetic parameters of butamirate metabolites [mean (SD)]

Parameter Parameter (unit) Butamirate 22.5 mg Butamirate 45 mg Butamirate 67.5 mg Butamirate 90 mg

2-phenylbutyric acid AUC(0,6 h) (ng ml−1 h) 4 254.788 (687.644) 7 902.818 (977.506) 12 076.519 (2 952.573) 15 533.348 (2 814.094)

AUC(0,8 h) (ng ml−1 h) 5 707.259 (941.028) 10 574.393 (1 323.107) 16 135.676 (4 085.951) 20 906.618 (3 840.892)

AUC(0,12 h) (ng ml−1 h) 8 404.285 (1 365.966) 15 043.960 (1 950.305) 23 308.599 (6 188.301) 30 379.565 (5 652.379)

AUC(0,24 h) (ng ml−1 h) 14 728.949 (2 750.537) 24 864.770 (4 952.858) 39 843.405 (11 752.493) 52 592.188 (10 956.364)

Cmax (ng ml−1) 932.421 (140.529) 1 680.594 (214.396) 2 624.067 (599.553) 3 357.437 (603.403)

Cmax50% (ng ml−1) 466.210 (70.265) 840.297 (107.198) 1 312.034 (299.777) 1 678.718 (301.702)

tmax (h) 3.091 (3.015) 2.222 (0.667) 2.800 (1.033) 2.500 (0.905)

tmax 50% start (h) 1.017 (0.070) 0.995 (0.029) 1.028 (0.064) 1.056 (0.107)

tmax 50% stop (h) 18.405 (2.961) 18.008 (5.114) 17.519 (3.800) 19.026 (1.835)

tlag (h) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000)
Diethylamino-ethoxyethanol AUC(0, 6 h) (ng ml−1 h) 121.101 (15.778 213.341 (34.056) 317.346 (70.624) 441.520 (94.501)

AUC(0,8 h) (ng ml−1 h) 139.608 (19.158) 246.844 (37.340) 371.184 (90.986) 519.220 (119.807)
AUC(0,12 h) (ng ml−1 h) 160.425 (22.953) 281.296 (39.305) 426.187 (110.953) 602.628 (150.267)
AUC(0,24 h) (ng ml−1 h) 186.553 (34.925) 323.276 (49.230) 481.488 (127.413) 703.313 (224.991)
Cmax (ng ml−1) 33.815 (4.772) 58.773 (12.420) 81.845 (17.122) 115.534 (21.162)
Cmax50% (ng ml−1) 16.907 (2.386) 29.387 (6.210) 40.923 (8.561) 57.767 (10.581)
tmax (h) 2.000 (0.000) 2.000 (0.000) 2.200 (0.632) 2.167 (0.577)
tmax 50% start (h) 1.000 (0.000) 1.000 (0.000) 1.001 (0.003) 1.010 (0.035)
tmax 50% stop (h) 4.852 (0.795) 4.928 (0.560) 5.385 (0.941) 5.321 (0.850)
tlag (h) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000)
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stimuli. The archetypal nococeptor, the TRPV1 capsaicin
receptor, has long been known to demonstrate drug
responsive change in cough reflux sensitivity [17].
Capsaicin induces cough in a safe, dose-dependent and
highly reproducible manner. As compared with citric acid,
capsaicin induced cough is subject to a lesser degree of
tachyphylaxis [15]. Although both C2 and C5 are reproduc-
ible and valid indices, C5 is more robust and hence we
opted for this parameter as the primary end point [18]. Of
relevance in this study of OTC antitussive medications
used in the cough cold market, only capsaicin induced
cough reflex sensitivity has been shown to be enhanced
during an acute respiratory tract infection [19, 20]. Hence it
is appropriate to investigate the effect of interventions on
capsaicin induced cough.

Attenuation of citric acid induced cough has been
demonstrated in healthy volunteers with dextromethor-
phan. Although this observation is both robust and repro-
ducible the efficacy of dextromethorphan in clinical
studies is less impressive. A meta-analysis of three placebo
controlled studies was needed to demonstrate a modest
reduction of cough with dextromethorphan [21]. Here
we have demonstrated for the first time significant attenu-
ation in capsaicin induced cough with 30 mg dextrome-
thorphan. Capon et al. failed to demonstrate significant
cough suppression [22]. However a study containing 12
subjects is unlikely to have sufficient power to demon-
strate a negative effect with any degree of certainty. In our
previous study in healthy volunteers using citric acid
we have demonstrated a significant reduction in cough
reflex sensitivity with 60 mg but not with 30 mg
dextromethorphan. The results of this study therefore
suggest that capsaicin induced cough may be at least as
sensitive for opiod challenge. More comparative studies
are needed to evaluate this in detail.

Butamirate has also been shown to attenuate citric
acid induced cough in healthy volunteers by Bickerman in

1971 and Michel in 1982 [10]. Bickerman compared the
effect of 15 and 30 mg butamirate, 15 mg codeine and
placebo on citric acid induced cough over 4 h in a crosso-
ver study in 10 trained healthy volunteers. Reduction
in cough sensitivity was demonstrated with 15 mg
butamirate for 1 h and for 3 h with 30 mg butamirate and
15 mg codeine, all as capsules. Michel demonstrated a
reduction in citric acid cough sensitivity with 90 mg of
butamirate as syrup compared with a placebo of similar
volume (60 ml) in a crossover study of six healthy volun-
teers. Statistically significant superiority over placebo was
demonstrated over a period of 3 h, though efficacy was
measurable at 4 h as well. There are important differences
between the designs of these two cough challenge
studies and this study. In the first study solid dosage
forms were used and in the second syrup preparations.
Syrup formulations are commonly used for antitussive
medicines and may have both a placebo and a demulcent
effect. It is possible that our findings are influenced by the
potential effect of syrup volume and composition on the
cough reflex.

The higher doses of butamirate which were adminis-
tered in higher volumes of syrup did not lead to a progres-
sive reduction in cough reflex sensitivity. Whilst this may
indicate a lack of drug efficacy, an alternative explanation
is the negative impact of a large gastric load. Indeed, an
increase of gastrointestinal side effects (nausea and dis-
comfort) was observed with the highest volume of syrup.
The viscous nature of the vehicle may have enhanced this
effect. Gastro-oesophageal reflux is a recognized cause of
cough [23] and has been associated with increased cough
reflex sensitivity to capsaicin [24]. Therefore comparisons
made between butamirate doses with different volumes of
syrup and placebo may not have been appropriate in this
study. Syrup volumes may also play a role in decreasing
the efficacy of blinding in a study. Additional information
regarding the effect of syrup volume and composition

Table 3
Pharmacodynamic parameters [mean (SD)]

Type Parameter Butamirate 22.5 mg Butamirate 45 mg Butamirate 67.5 mg Butamirate 90 mg Dextromethorphan 30 mg Placebo

log10 C2 AUC(0,6 h) 6.781 (3.114) 6.927 (3.396) 6.927 (3.414) 7.218 (3.130) 7.286 (3.203) 7.131 (3.462)

AUC(0,8 h) 9.216 (4.155) 9.401 (4.581) 9.382 (4.683) 9.799 (4.204) 9.915 (4.297) 9.653 (4.513)

AUC(0,12 h) 14.184 (6.337) 14.465 (6.963) 14.253 (7.144) 15.000 (6.393) 15.377 (6.564) 14.835 (6.717)

AUC(0,24 h) 28.911 (12.577) 29.484 (13.769) 29.040 (14.280) 30.543 (12.878) 31.068 (13.506) 30.145 (13.537)

Emax 1.416 (0.578) 1.464 (0.596) 1.484 (0.612) 1.542 (0.518) 1.610 (0.561) 1.503 (0.611)

tEmax 4.645 (5.122) 5.290 (5.330) 5.677 (6.431) 6.129 (6.109) 6.129 (5.290) 3.935 (4.966)
log10 C5 AUC(0,6 h) 10.356 (3.240) 10.501 (3.276) 10.842 (3.120) 10.900 (3.595) 10.783 (3.224) 10.705 (3.207)

AUC(0,8 h) 13.869 (4.341) 14.219 (4.406) 14.656 (4.242) 14.714 (4.656) 14.569 (4.305) 14.326 (4.202)
AUC(0,12 h) 20.857 (6.700) 21.654 (6.713) 22.324 (6.428) 22.480 (6.745) 22.100 (6.467) 21.741 (6.216)
AUC(0,24 h) 41.646 (13.507) 43.492 (13.459) 44.979 (12.874) 45.367 (12.922) 44.521 (13.083) 43.988 (12.574)
Emax 1.952 (0.567) 2.020 (0.567) 2.136 (0.602) 2.126 (0.585) 2.088 (0.610) 2.040 (0.569)
tEmax 3.806 (4.854) 4.645 (5.713) 6.452 (7.460) 6.065 (6.703) 5.097 (5.534) 4.000 (4.899)
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on cough reflex sensitivity is required in this important
therapeutic area.

The efficacy of both dextromethorphan and
butamirate has been evaluated in earlier clinical trials and
whilst individual studies may be criticized in terms of
subject selection and lack of controls and blinding this
body of evidence supports clinical use. In this study the
effect of dextromethorphan and butamirate on cough
reflex sensitivity in healthy volunteers was investigated
rather than any antitussive activity in subjects with cough.
We argue that analysis of the data according to the inten-
tion to treat principle is not the most appropriate because
of the high dropout rate observed. The study population
completing all arms of the trial gives the most robust
measure of the effect on the cough reflex sensitivity and
hence this population was used for statistical analysis. In
support of this, most of the drop outs in this study hap-
pened in the first 2 weeks after randomization. Possibly
this was due to an enhanced sensitivity to capsaicin due to
extreme weather experienced during this part of the
study.

An interesting observation of this study was that
capsaicin cough sensitivity did not return to baseline in the
24 h study period and indeed remained at the level
attained in the first 8 h. Baseline sensitivity to capsaicin
had returned at 7 days. This was observed in all the arms of
the study, including placebo. Capsaicin induced cough is
reputed not to undergo significant tachyphylaxis in inter-
mittent challenge such as was used in this study, We have
previously demonstrated the reproducibility of capsaicin
challenge at hourly intervals for a 6 h period [15]. However
we cannot exclude a significant effect of tachyphylaxis
over the 12 h observation period in this study. We believe
our data suggest that a prolonged change in cough reflex
sensitivity is seen and may be sustained for up to 24 h.
Intervention may thus reset cough reflex sensitivity in the
medium term by a non-pharmacological mechanism. This
observation is important both in cough therapeutics as
well as pathophysiology.

Although cough reflex sensitivity is an important and
valid objective end point in pharmacological studies,
extrapolation of such data to support a claim of clinical
effectiveness requires caution. In subjects with chronic
cough, although cough reflex sensitivity is highly repro-
ducible at 8 weeks, the correlation with other objective
and subjective assessments of cough is at best moderate
[25]. In our study demonstrating a reduction in citric acid
cough sensitivity with dextromethorphan no effect on
subjective parameters was seen [5]. Conversely we have
shown that morphine is an effective antitussive in subjects
with chronic cough without attenuating citric acid
induced cough [26]. Thus cough challenge studies on
their own are inadequate in the assessment of clinically
important antitussive activity. Their main utility is in the
assessment of pharmacokinetic and pharmacodynamic
parameters and extrapolation to the clinic requires care.
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