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Abstract——Cough remains a serious unmet clinical
problem, both as a symptom of a range of other
conditions such as asthma, chronic obstructive pulmo-
nary disease, gastroesophageal reflux, and as a problem
in its own right in patients with chronic cough of
unknown origin. This article reviews our current un-
derstanding of the pathogenesis of cough and the
hypertussive state characterizing a number of diseases
as well as reviewing the evidence for the different
classes of antitussive drug currently in clinical use. For
completeness, the review also discusses a number of
major drug classes often clinically used to treat cough
but that are not generally classified as antitussive drugs.

We also reviewed a number of drug classes in various
stages of development as antitussive drugs. Perhaps
surprising for drugs used to treat such a common
symptom, there is a paucity of well-controlled clinical
studies documenting evidence for the use of many of the
drug classes in use today, particularly those available
over the counter. Nonetheless, there has been a con-
siderable increase in our understanding of the cough
reflex over the last decade that has led to a number of
promising new targets for antitussive drugs being
identified and thus giving some hope of new drugs
being available in the not too distant future for the
treatment of this often debilitating symptom.

I. Cough as an Unmet Clinical Problem

Cough is an important protective reflex and a univer-
sal symptom in health, but when persistent, it is the
most common reason why patients seek medical atten-
tion. In epidemiologic studies, up to 40% of the popu-
lation at any one time report cough (Janson et al., 2001).
Upper respiratory tract infection (URTI) or the common
cold is by far the most common cause of cough, but
postinfectious cough, unexplained chronic cough, and
cough due to pulmonary disorders such as asthma,
chronic obstructive pulmonary disease (COPD), idio-
pathic pulmonary fibrosis, and lung cancer are also
common. In children, the etiology of cough differs from
adults; viral URTI, protracted bacterial bronchitis, and
asthma are frequently the cause of cough (de Jongste
and Shields, 2003). However, it is well recognized among
clinicians that cough is refractory to specific therapy in

a significant number of patients (Everett et al., 2007),
even when an underlying cause has been identified
(Birring et al., 2004). Cough is associated with signifi-
cantly impaired health-related quality of life (French
et al., 1998), regardless of whether it is acute or chronic
(Birring et al., 2003a; Yousaf et al., 2011). Sleep dis-
turbance, nausea, chest pains, and lethargy occur
frequently, and patients with chronic cough often
experience social embarrassment, urinary incontinence,
and low mood (Brignall et al., 2008). There is a signifi-
cant economic cost for the individual with cough and
society when it leads to absence from work and lost
productivity.

The clinical need for nonspecific antitussive drugs is
reflected by the large sales of such medications: $3
billion/year in the United States alone and rising in
recent years (Footitt and Johnston, 2009) (Fig. 1). A
large number of people obtain over the counter (OTC)

ABBREVIATIONS: 3-APPi, 3-aminopropylphosphine; ACCP, American College of Chest Physicians; ACE, angiotensin-converting enzyme;
BDP, beclomethasone dipropionate; BHR, bronchial hyper-responsiveness; CNS, central nervous system; COPD, chronic obstructive
pulmonary disease; CVA, cough variant asthma; DSCG, disodium cromoglycate; ECP, eosinophil cationic protein; FDA, Food and Drug
Administration; FP, fluticasone propionate; GERD, gastroesophageal reflux disease; GR, glucocorticoid receptors; GRE, glucocorticoid
receptor elements; ICS, inhaled corticosteroids; IL, interleukin; IPF, idiopathic pulmonary fibrosis; IPF, idiopathic pulmonary fibrosis; LTRA,
leukotriene receptor antagonist; M, muscarinic; MAO, monoamine oxidase; NAEB, nonasthmatic eosinophilic bronchitis; NMDA, N-methyl-p-
aspartate; NOP, nociceptin opioid receptor; nTS, nucleus tractus solitarius; OTC, over the counter; PDE, phosphodiesterase; RSD 931,
carcainium chloride; SCH486757, 8-[bis(2-chlorophenyl) methyl]-3-(2-pyrimidinyl)-8-azabicyclo[3.2.1.]Joctan-3-0l; TRPA,, transient receptor
potential Al; TRPV,, transient receptor potential vanilloid 1; UNDW, ultrasonically nebulized distilled water; URTI, upper respiratory tract

infection; VDM12, N-arachidonyl-(2-methyl-4-hydroxyphenyl).
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antitussive medications for themselves or their chil-
dren. However, the efficacy of most antitussive drugs,
particularly those for URTI, has been challenged
recently; in fact, the American College of Chest
Physicians (ACCP) advises against the use of antitus-
sive drugs in URTI (Bolser, 2006). Dextromethorphan
is the most widely sold antitussive drug and has been
available OTC since 1958 in the United States. It was
approved by the U.S. Food and Drug Adminstration
(FDA) following a review of studies that included few
clinical trials demonstrating modest benefit (Cass
et al., 1954; Ralph, 1954). These studies were limited
by the lack of placebo arms in the trials (Ralph, 1954),
inclusion of hospitalized patients with respiratory
disease (tuberculosis), and use of unvalidated outcome
measures and questionable clinical benefit. A small
placebo-controlled trial since then that addressed
many of these limitations did not support earlier
findings of clinical benefit (Jawad et al., 2000),
although another clinical study (Parvez et al., 1996)
did record a significant effect on cough (see below).
Furthermore, the potential for accidental overdose and
abuse of dextromethorphan has led some investigators
to ask the FDA to review the efficacy and safety of OTC
antitussive medications containing this drug, particu-
larly in children where there are a paucity of studies
(Sharfstein et al., 2007). As will be seen in this review,
it is far from clear from the available evidence whether
dextromethorphan and many other licensed antitus-
sive drugs are effective, and therefore there is a need
for further research to find better antitussive drugs
(Birring, 2009). Nonetheless, there has been significant
progress in our understanding of the pathogenesis of
cough, and this has identified a number of potential
targets for the development of new drug classes
(Barnes, 2007). Cough reflex hypersensitivity is a key
feature of most types of cough (Millgvist et al., 1998;
Prudon et al., 2005; Morice, 2010) and an important
challenge is to develop peripherally acting drugs that

reset the cough reflex sensitivity to physiologic levels
and avoid central nervous system (CNS) side effects
that occur with many existing cough medicines. The
recent development of validated health status tools
and objective cough frequency monitors should also
facilitate the evaluation of antitussive medications
(Birring, 2011a). This article written by experts in the
pharmacology, basic science, and clinical aspects of
cough reviews currently available antitussive drugs
and discusses potential new approaches to developing
antitussives.

II. Basic Physiology of the Cough Reflex

Cough is evoked by activation of vagal afferent nerves
terminating in the larynx, trachea, and bronchi. Multi-
ple vagal afferent nerve subtypes innervate the airways
and lungs (Fig. 2). Differentiation of these subtypes is
achieved through comparisons of their action potential
conduction velocities, sites of termination, the location of
their cell bodies, embryologic origin, neurochemistry,
and their responses to chemical and mechanical stimuli.
From these studies, conclusive evidence implicates
subtypes of bronchopulmonary C-fibers and A-delta
fibers in the initiation of cough (Canning and Chou,
2009). The A-delta fibers are characterized by being
rapidly adapting and are responsive to punctate me-
chanical stimulation and acid environments (Undem
and Carr, 2010). These A-delta fibers may provide
a defensive mechanism for the airways from aspiration
and can be activated to induce cough even in un-
conscious animals. The conduction velocity of A-delta
fibers is approximately three to five times faster than
C-fibers (reviewed in Undem and Carr, 2010). On the
other hand, the C-fibers involved in the cough reflex are
relatively insensitive to mechanical stimuli and lung
stretch but are activated by bradykinin and by agonists
of the ionotropic receptors, transient receptor potential
vanilloid 1 (TRPV,) (capsaicin, resiniferatoxin, protons),
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Fig. 2. Multiple vagal afferent nerve subtypes innervate the airways and lungs.

and transient receptor potential Al (TRPA1) (allyl
isothiocyanate, acrolein, cinnamaldehyde). These chem-
ical stimuli have been shown to evoke coughing in ani-
mals and in humans (Canning et al., 2004; Dicpinigaitis
and Alva, 2005; Birrell et al., 2009; Grace et al., 2012).
Single cell polymerase chain reaction analyses confirm
the expression of TRPV; and TRPA; in the neurons
projecting these bronchopulmonary C-fibers in animal
lungs (Nassenstein et al., 2008; Brozmanova et al.,
2012), and TRPV; has been localized to nerve terminals
in human airways (Groneberg et al., 2004). The A-delta
fibers regulating cough are insensitive to agonists of
either TRPV; or TRPA; but are exquisitely sensitive to
protons and punctate mechanical stimulation (Canning
et al., 2004; Mazzone et al., 2009). The proton-evoked
activation of the A-delta fibers probably depends upon
gating of acid-sensitive ion channels. However, unlike
the C-fibers regulating cough, which terminate through-
out the intrapulmonary and extrapulmonary airways,
terminations of the A-delta fibers regulating cough are
restricted to the extrapulmonary airways (Canning
et al., 2004).

Other vagal afferent nerves are also likely to mod-
ulate the cough reflex, and these pathways may either
facilitate or inhibit coincidentally evoked coughing.

Rapidly adapting receptors, for example, are exquisitely
sensitive to mechanical stimuli, particularly stimuli
that evoke bronchospasm. Although bronchospasm is
typically a poor stimulus for cough, several experimen-
tal and clinical studies suggest that bronchospasm may
enhance cough reflex sensitivity or evoke coughing in
susceptible individuals such as subjects with asthma
(House et al., 2004; Kamei and Takahashi, 2006;
Ohkura et al., 2012). By contrast, a subtype of broncho-
pulmonary C-fibers innervating the intrapulmonary
airways and lungs is acutely inhibitory for cough in
animals (Tatar et al., 1988, 1994; Canning and Chou,
2009).

Cough is one of several unique reflexes that requires
sustained high-frequency activation of afferent nerves
for its initiation (Canning and Mori, 2011). This creates
an urge to cough in patients that precedes the reflex. The
need for sustained high-frequency sensory nerve activa-
tion in cough has important therapeutic implications.
Drugs that limit vagal afferent nerve action potential
peak frequencies or diminish the efficacy of synaptic
transmission at the primary termination sites of these
afferent nerves may have a profound effect on cough.
Conversely, stimuli that increase the excitability of these
vagal afferent nerves (e.g., airway inflammation) or
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facilitate synaptic transmission centrally (e.g., conver-
gent afferent input from esophageal afferent nerves in
patients with reflux disease) may enhance sensitivity to
tussive stimuli.

Vagal afferent nerves terminate centrally in the
nucleus tractus solitarius (nTS) (see Fig. 2). Afferent
nerves innervating the nasal mucosa and esophagus can
have direct or indirect inputs to the nTS, thus providing
the anatomic basis required for the association of upper
airways diseases and gastroesophageal reflux disease
(GERD) with cough (Canning and Mori, 2010). Physio-
logic and pharmacological analyses reveal a unique and
prominent role for N-methyl-p-aspartate (NMDA)-type
glutamate receptors at the central synapses of the vagal
afferent nerves regulating cough (Mutolo et al., 2007,
2010; Canning, 2009; Canning and Mori, 2011), an
observation that may explain the antitussive effects of
dextromethorphan in patients (see section III.B) and
suggest that novel NMDA antagonists may provide
useful antitussive drugs (Fig. 2).

ITII. Drugs in Current Use for the Treatment
of Cough

A. H;-Receptor Antagonists

H;-Antihistamines, or histamine H;-receptor antago-
nists, can also in many instances act as inverse agonists
that combine with and stabilize the inactive form of
the H;j-receptor, shifting the equilibrium toward the
inactive state (Monczor et al., 2013). In addition, some
H;-antihistamines can also inhibit muscarinic, a-adrenergic
and serotonin receptors, as well as some ion channels.
Traditionally, Hi-antihistamines have been classified
into six chemical types: ethanolamines, ethylenediamines,
alkylamines, piperazines, piperidines, and phenothia-
zines. However, more recently, classification according
to function of the first-generation H;-antihistamines,
which are lipophilic, CNS-penetrating, and thus, se-
dating agents, compared with second-generation
H;-antihistamines that are lipophobic, penetrate the
CNS poorly, and thus, are relatively nonsedating, are
more commonly used (Simons, 2004).

Numerous animal studies have demonstrated the
ability of H;-antihistamines to be antitussive. In guinea
pigs, both allergen and capsaicin-induced cough were
inhibited by the first-generation agent chlorpheniramine,
the second-generation H;-receptor antagonist loratadine,
and by the muscarinic receptor antagonist ipratropium
bromide, suggesting that the cough induced in this model
was modulated by histamine Hj-receptors, as well as
cholinergic mechanisms (Bolser et al., 1995b). Of note,
a subsequent series of experiments in conscious guinea
pigs evaluating oral administration of an example of one
of each of the six chemical classes (see above), concluded
that the antitussive actions of H;-receptor antagonists are
not directly related to histamine H;-receptor blockade,
because several Hj-receptor antagonists did not inhibit
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capsaicin-induced cough. Furthermore, the antitussive
actions of the older H;j-receptor antagonists were in-
dependent of their sedative effects and effects on minute
ventilation (McLeod et al.,, 1998). Other studies have
documented the antitussive effect of oxatomide in un-
anesthetized guinea pigs challenged with citric acid
(Braga et al., 1993), the ability of epinastine to potentiate
the antitussive effect of dihydrocodeine against capsaicin-
induced cough in mice (Kamei et al., 1999), and the ability
of azelastine to suppress capsaicin-induced cough in
conscious guinea pigs through a mechanism perhaps
partly due to inhibition of substance P release from
sensory nerves (Ito et al., 2002).

A more recent study employing human HEK cells
expressing TRPV; demonstrated the inhibition of
TRPV, receptor activation by the first-generation
H;-antihistamine dexbrompheniramine, thus suggest-
ing another potential mechanism for the antitussive
effect of H-receptor antagonists (Sadofsky et al.,
2008). This finding is of particular interest given the
recent suggestion of the potential importance of TRPV,
receptors in human cough (Morice and Geppetti, 2004b;
Lee et al., 2011).

Studies of induced cough in healthy human volun-
teers have yielded mixed results. Diphenhydramine
administered as an oral, 25-mg dose was shown to
inhibit citric acid-induced cough in a placebo-controlled,
crossover study (Packman et al., 1991), whereas a 120-mg
oral dose of terfenadine did not inhibit capsaicin-induced
cough (Studham and Fuller, 1992). The second-generation
agent fexofenadine (180-mg oral dose) was unable to
inhibit capsaicin-induced cough in healthy volunteers
or in subjects with acute viral upper respiratory tract
infection (URTI) (Dicpinigaitis and Gayle, 2003a). How-
ever, another small study demonstrated the ability of
the second-generation agent loratadine to inhibit ultra-
sonically nebulized distilled water (UNDW)-induced
cough in nonasthmatic patients with chronic cough
(Tanaka et al., 1996).

In terms of clinical management of cough in adults,
the guidelines of the ACCP recommend the combination
of a first-generation H;-antihistamine and a deconges-
tant as the treatment of choice for chronic cough due to
upper airway cough syndrome (formerly known as post-
nasal drip syndrome) and acute cough due to the common
cold (Irwin et al., 2006). This recommendation is based
largely on a vast body of clinical experience and expert
opinion, in the absence of adequately powered, pro-
spective, randomized, controlled clinical trials (Bjornsdottir
et al., 2007). However, in support of this recommenda-
tion, a prospective evaluation of 45 adult patients
presenting with chronic cough, treatment with a first-
generation Hi-antihistamine/decongestant combination
as the first step of a therapeutic algorithm, demon-
strated an improvement in cough in 39 patients, and
this was the only therapy required by 16 patients
(Pratter et al., 1993).
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A number of small studies further support the
antitussive efficacy of certain H;j-antihistamines in
a variety of types of pathologic cough. In a double-blind
crossover study, diphenhydramine, administered in four
25-mg or 50-mg doses every 4 hours, induced a statisti-
cally and clinically significant reduction in cough
frequency compared with placebo. Of note, although
the most frequently reported side effect was drowsiness,
especially with the 50-mg dose, there was little or no
apparent correlation between the antitussive effect and
the incidence of sedation (Lilienfield et al., 1976). In
another randomized, double-blind study of patients with
cough associated with allergic rhinoconjunctivitis, treat-
ment with 10 mg daily doses of loratadine for 4 weeks
resulted in significantly improved subjective ratings of
cough frequency and cough intensity compared with
placebo (Ciprandi et al., 1995). In a randomized trial of
volunteers with experimental rhinovirus-induced colds,
brompheniramine administered twice daily in a 12-mg
oral dose for up to 4 days resulted in a significant
decrease in cough counts after 1 day of therapy compared
with a control group not receiving treatment (Gwaltney
and Druce, 1997). Another small, prospective, random-
ized, open-design study demonstrated the combination of
oxatomide and dextromethorphan to be more effective
than dextromethorphan alone against chronic, postin-
fectious cough, as measured by subjective cough diaries
(Fujimori et al., 1998). In an unblinded study of 22
asthmatic patients with chronic cough, a 4-week course
of azelastine improved subjective cough scores as well as
the cough threshold to inhaled capsaicin (Shioya et al.,
1998). In a placebo-controlled study of subjects with
atopic cough (eosinophilic bronchitis), a 4-week course of
epinastine improved subjective cough scores and di-
minished cough reflex sensitivity to inhaled capsaicin,
without altering bronchial responsiveness to methacho-
line (Shioya et al., 2004).

Studies of the antitussive effect of H;j-receptor
antagonists in the pediatric population are limited.
One small, randomized, double-blind placebo-controlled
study of children with cough due to pollen allergy
demonstrated that 1 month of treatment with cetirizine
significantly reduced subjective measures of cough
intensity and cough frequency (Ciprandi et al., 1997).
However, three studies evaluating nocturnal cough in
children with URTI did not demonstrate a beneficial
effect of diphenhydramine compared with placebo (Paul
et al., 2004a; Yoder et al., 2006) or honey (Shadkam
et al., 2010). A recent Cochrane Database Systematic
Review concluded that, based on available data, H1-receptor
antagonists cannot be recommended for the treatment
of acute or chronic cough in children (Chang et al.,
2008).

The fairly common usage of Hy-antihistamines for the
treatment of cough in adults, albeit based on decades of
clinical experience, overall is not supported by ade-
quately performed clinical trials clearly demonstrating
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their effectiveness. Furthermore, the mechanism by
which certain Hj-receptor antagonists affect cough
(mainly first-generation drugs) remains unclear. One
explanation for the widely recognized observation that
first-generation H;-antihistamines, but not the second-
generation, nonsedating agents, are effective antitus-
sives, is that the former penetrate the CNS and also
have anticholinergic activity. However, the rank order
potency of these agents as muscarinic receptor antag-
onists does not support this hypothesis (Bolser, 2008)
nor does a sedative effect offer an adequate explanation
based on animal studies demonstrating a lack of
correlation between the antitussive and sedating effects
of Hi-antihistamines (McLeod et al., 1998). Overall
though, the evidence for certain older H;j-receptor
antagonists having an antitussive effect seems to be
unrelated to Hj-receptor antagonism. Thus, studies
examining the mechanism by which certain H;-antihist-
amines exert an antitussive effect, as well as proper
trials demonstrating clinical effectiveness, are still
needed.

B. Dextromethorphan

Dextromethorphan hydrobromide (dextromethor-
phan) (Fig. 3) was first reported in 1953 as a treatment
of cough without the undesirable side effects of codeine,
i.e., drowsiness, nausea, dependency, and constipation
(Cass et al., 1954), and has since become the active
ingredient in many OTC medicines.

Dextromethorphan HBr [(+)-3-methoxy-17-methylmorphinan
hydrobromide monohydrate] is the dextro-isomer
(D-isomer) of levorphanol methylether, and it is thought
to bind to high- and low-affinity sites in the brain that
are distinct from opioid and other neurotransmitter
binding sites (Grattan et al., 1995). A steric hindrance
mechanism may exist where the (O) methylated (+)
form of racemorphan (dextromethorphan) prevents
binding to the analgesic/addictive receptors in the
medulla to abate narcotic side effects (Delgado and
Remers, 1998).

The pharmacology of dextromethorphan is not
completely understood. It has been shown to bind to a
series of receptors, including the N-methyl-D-aspartate
(NMDA) glutamate receptors (Netzer et al., 1993, Chou
et al., 1999), o-1 receptors (Chou et al., 1999), nicotinic

Fig. 3. Chemical structure of anhydrous dextromethorphan hydrobromide.
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receptors (Glick et al., 2001), and serotonergic recep-
tors (Meoni et al., 1997). This complex activity is
believed to suppress cough by altering the threshold for
cough initiation primarily via its effects as an NMDA
antagonist at the level of antagonizing glutamate
receptors in the nTS in the CNS (Ramsay et al., 2008).

Dextromethorphan is well absorbed from the gastro-
intestinal tract, with maximum dextromethorphan
plasma concentrations occurring ~1-4 hours after oral
administration in extensive metabolizers and 4-8
hours after oral administration in poor metabolizers.
Dextromethorphan has a plasma elimination half-life
of ~1-4 hours in extensive metabolizers and 17—42
hours in poor metabolizer subjects (Martindale, 2009).
The plasma elimination half-life of the main metabolite
dextromethorphan is approximately 1 to 3 hours in
extensive metabolizers and 5 to 13 hours in poor
metabolizers (Silvasti et al., 1987; Schadel et al., 1995;
Capon et al., 1996).

Cytochrome P450 metabolizes dextromethorphan to
dextrorphan by O-demethylation and to a lesser extent
to 3-methoxymorphinan by N-demethylation (Fig. 4).
3-Methoxymorphinan (via N-demethylation) is further
metabolized to 3-hydroxymorphinan (Jacqz-Aigrain
et al., 1993; Manap et al., 1999). Dextromethorphan
has been further shown to be metabolized by the
CYP2D6-mediated O-demethylation pathway by use of
immunoinhibition and a known inhibitor of this path-
way, quinidine.

Dextromethorphan

CY2PD6

dextorphan

3-methoxymorphinan
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Long-term oral dosing of 120 mg daily, in divided
doses, resulted in peak plasma dextromethorphan
concentrations of 0.5-5.9 ng/ml (mean 2.4 ng/ml) in
extensive metabolizers and 182-231 ng/ml (mean 207
ng/ml) in poor metabolizers (DeZeeuw and Johnkman,
1988). The main metabolite, dextorphan, is the only
metabolite known to have an antitussive action and has
been shown in animal studies to possess antitussive
activity approximately three quarters of that of dextro-
methorphan at a dose of 2.0 mg/kg (Benson et al., 1953).
Dextrorphan has been suggested to be responsible for
the main pharmacological effect at therapeutic doses.

Studies demonstrating inhibition of the CYP2D6
enzyme pathway by quinidine have indicated that at
expected therapeutic doses of 30 to 120 mg/day, dextro-
methorphan is unlikely to undergo significant interac-
tions; however, differences in metabolic rates may become
clinically important with high doses of specific concomi-
tant medication for prolonged periods or in cases of abuse.

Six publications report the efficacy of dextromethor-
phan (30 mg) on cough induced by inhalation of aerosols
of citric acid by healthy adult subjects. In all studies
except one, oral administration of dextromethorphan
was associated with a significant reduction in cough
challenge when compared with placebo. Empey et al.
(1979) studied 18 healthy volunteers to compare the
antitussive effect of codeine (20 mg), dextromethorphan
(30 mg), and noscapine (30 mg). Only codeine 20 mg
had antitussive activity. This negative study was the

CY2PD6

3-hydroxymorphinan

Fig. 4. Metabolism of dextromethorphan.
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smallest and it is likely to have insufficient power to
produce a reliable negative result.

Of the positive studies, Packman and Ciccone (1983)
reported a double-blind, three-period crossover study in
30 healthy volunteers of 30 mg of dextromethorphan
and 7.5 mg of doxylamine with dextromethorphan and
a placebo. Both treatments were significantly superior
to placebo in reduction of overall cough frequency (P <
0.0001) for up to 8 hours posttreatment. Similarly,
Karttunen et al. (1987) reported the antitussive effects
of dextromethorphan (30 mg) plus salbutamol (2 mg),
dextromethorphan (30 mg) alone, or placebo. Significant
increases in cough threshold were shown after dextro-
methorphan and the dextromethorphan-salbutamol
combination.

Grattan et al. (1995) investigated the effects of
inhaled dextromethorphan with a single oral dose of
dextromethorphan (30 mg) in 20 healthy subjects.
Although oral dextromethorphan delivered significant
(P < 0.002) reductions in induced cough frequency, it is
noteworthy that the inhaled dextromethorphan (1, 3,
and 30 mg) did not demonstrate an antitussive effect.
Thus, a peripheral activity of dextromethorphan seems
unlikely.

Hull et al. (2002) investigated a series of doses of
dextromethorphan in a novel "pregastric" formulation
designed to promote transepithelial absorption in the
oral cavity and esophagus and thus provide a more
rapid onset of activity. Dextromethorphan (50 mg p.o.),
22 mg of dextromethorphan free base (equivalent to
30 mg of dextromethorphan HBr) delivered pregastrically,
codeine (60 mg p.o.), dextromethorphan (50 mg) plus
codeine (60 mg p.o.), or placebo were compared. All
doses of dextromethorphan delivered significant reduc-
tions in induced cough frequency from baseline, and
when dosed pregastrically dextromethorphan reduced
cough frequency compared with placebo at 15 minutes
postadministration.

Finally, Ramsay et al. (2008) reported a placebo-
controlled randomized, double-blind crossover study in
subjects with smoking-related cough.

A single dose of dextromethorphan was administered
pregastrically as 22 mg free base and was associated
with a significant (P < 0.05) increase in the C2 at 1 and
2 hours postadministration. Overall these studies
clearly demonstrate that dextromethorphan effectively
diminished cough reflex sensitivity as revealed by citric
acid challenge in humans. The question is whether this
activity translates into clinical efficacy in pathologic
cough.

The effect of dextromethorphan (30 mg) in adults
suffering from acute cough has been reported in three
clinical studies and one meta-analysis. Tukiainen et al.
(1986) studied dextromethorphan (30 mg), dextrome-
thorphan (30 mg), and salbutamol (2 mg) or placebo in
108 patients with cough associated with acute re-
spiratory tract infection. Reported cough severity was
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reduced significantly in all groups, with dextromethor-
phan having no greater effect than placebo. Similarly,
a study of 42 patients using objective methods to record
count cough frequency failed to show significant effects
(except in cough pressure levels) (Jawad et al., 2000). By
contrast, Parvez et al. (1996) measured the effect of
dextromethorphan on the objectively assessed cough
frequency in a much larger study of 451 patients. Cough
counts were significantly reduced compared with pla-
cebo (P < 0.05). Given the well-described placebo effects
in cough due to acute URTI, only adequately powered
studies involving hundreds of patients are likely to have
sufficient power to demonstrate the relativity modest
effects of dextromethorphan (30 mg). In support of this
a meta-analysis of six randomized, double-blind placebo-
controlled studies with dextromethorphan (30 mg) in
URTI (Pavesi et al., 2001) demonstrated a significant
peak effect on average reduction in cough frequency of
12-15% over 3 hours postdosing.

In other forms of cough, placebo-controlled studies
are unfortunately rare, and without a placebo compar-
ator, therapeutic efficacy is impossible to judge. Thus,
Catena and Daffonchio (1997) compared levodropropi-
zine syrup (60 mg three times a day for 5 days) with
dextromethorphan syrup (15 mg three times a day for
5 days) in 209 adult patients. Both levodropropizine and
dextromethorphan reduced cough intensity, and Equi-
nozzi and Robuschi (2006) compared dextromethor-
phan and pholcodeine in patients with acute, frequent,
nonproductive cough. Again unsurprisingly there was
an equal reduction in the metrics of cough observed.

In five studies in patients with chronic cough, only
two were placebo controlled. Dextromethorphan (15- or
20-mg doses) was shown to be of comparable efficacy to
“therapeutic” doses of levodropropizine (Catena and
Daffonchio, 1997), dihydrocodeine, noscapine (Matthys
et al., 1983), or codeine (Matthys et al., 1983).

In early studies, Ralph (1954) compared three dif-
ferent doses of dextromethorphan for its ability to
suppress chronic cough attributable to a range of con-
ditions, tuberculosis, acute and chronic bronchitis,
bronchiectasis, asthma, lung abscess, and bronchogenic
carcinoma in 144 patients. A 15-mg dose of dextro-
methorphan was observed to be significantly better than
4 mg by patient report, although yet again this was not
a placebo-controlled study.

Cass et al. (1954) reported cough suppressant activity
of dextromethorphan compared with codeine in 69 pa-
tients with persistent cough. Dextromethorphan (6 mg)
was significantly more effective than placebo, but sig-
nificantly less effective than 12 mg of dextromethorphan.
Knowing what we now know of the pharmacodynamics
of dextromethorphan, such efficacy seems unlikely.

A number of small studies have been used to compare
dextromethorphan with other putative antitussives.
These are reported here for the sake of completeness,
but methodological considerations make interpretation
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difficult. Matthys et al. (1983) studied chronic, stable
cough due to pulmonary tuberculosis, bronchial carci-
noma, or obstructive lung disease. Dextromethorphan
(20 mg), 20 mg of codeine phosphate, or placebo was
compared, and cough was measured by means of
a pressure transducer attached over the trachea. Both
drugs were significantly more effective than placebo
(P < 0.0001). Ruhle et al. (1984) objectively compared
glaucine, with dextromethorphan (30 mg) and placebo.
In twenty-four patients affected by chronic cough, cough
count frequency after dextromethorphan and glaucine
was lower than after placebo, although only glaucine
caused a significant reduction in cough frequency. A
further study by Matthys et al. (1983) evaluated the
antitussive effect of several drugs [noscapine (30 mg),
dextromethorphan (20 mg), dihydrocodeine (30 mg), or
codeine (20, 30, and 60 mg) administered twice daily] in
patients with chronic stable cough due to bronchial
carcinoma, pulmonary tuberculosis, or COPD. Patients
received active antitussive drugs or placebo in a double-
blind, randomized crossover design. Cough frequency
and intensity were recorded for 8 hours. Noscapine,
dextromethorphan, dihydrocodeine, and codeine (60 mg)
all significantly reduced the cough frequency compared
with placebo and produced a greater reduction of cough
intensity than placebo, codeine (20 mg), or codeine
(30 mg). Del Donno et al. (1994) compared moguisteine
(8 doses of 200 mg, over 2 days) to dextromethorphan
(3 doses of 30 mg, over 2 days) and found both drugs to
be equally effective. In a final “comparison” study by
Aylward et al. (1984), of eight patients with cough
associated with "simple bronchitis," cough counts were
statistically significantly different (P < 0.05) from
placebo for both codeine (30 mg)- and dextromethorphan
(60 mg)-treated patients.

Dextromethorphan is widely used in a number of
pediatric antitussive preparations. However, data on
the efficacy of dextromethorphan in pediatric popula-
tions are limited, and in each case the study sample
size is judged to be too small to have detected efficacy
differences compared with placebo (Pavesi et al., 2001).
Four published studies (Korppi et al., 1991; Paul et al.,
2004a,b; Yoder et al., 2006) examined the antitussive
effect of dextromethorphan on acute cough in children
with acute URTI, although none showed any signifi-
cant antitussive effects.

Some additional data have been generated in work
designed primarily to assess the value of treating chil-
dren with honey for nocturnal cough wherein dextro-
methorphan was employed as a positive control (Paul
et al., 2007, Shadkam et al., 2010). Paul et al. (2007)
compared honey and dextromethorphan to no treatment
in 35 patients per treatment arm and were unable to
show a statistically significant effect of dextromethor-
phan or honey on subjective reports of cough severity or
sleep quality. From the work of Shadkam et al. (2010) in a
three-arm study of 138 patients receiving dextromethorphan,
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diphenhydramine, honey, or a control arm with "sup-
portive treatment" (saline drops, water vapor, and
acetaminophen), both dextromethorphan and diphen-
hydramine demonstrated an improvement in subjective
parameters of cough compared with "supportive treat-
ment," but these did not reach statistical significance.

Taken together these studies cannot be used to
support the use of dextromethorphan in pediatric cough
therapy. Clinical trials with objective assessments and
of sufficient power to detect the 12-17% antitussive
effect indicated by large adult trials are needed to
establish whether dextromethorphan is a useful anti-
tussive in children (Mabasa and Gerber, 2005).

In conclusion, although dextromethorphan has been
repeatedly shown to diminish cough sensitivity to
tussive challenge, it has been more difficult to dem-
onstrate clinically significant effects, particularly in
acute URTI where many trials have failed to meet
modern standards of design. Adequately powered
studies with both objective and subjective measures
of efficacy are required, particularly in acute cough in
children.

C. Opiates: Codeine and Morphine

Codeine is a naturally occurring alkaloid found in
extracts of the poppy, particularly Papaver bractreatum.
Chemically codeine is morphine methylated in the
3 position (Fig. 5), and when used in preparations for
the treatment of cough, it is usually synthesized from
the parent molecule. Codeine itselfis regarded as a weak
opioid, and its major therapeutic action is through
catabolism in the liver by cytochrome P450 2D6 to
morphine. CYP3A4 also contributes to codeine’s metab-
olism to the active norcodeine. Codeine and its metab-
olites are then conjugated by UGT 2B7 to the 3 and 6
glucuronides that are thought to convey most of the
central antitussive activity. Codeine is therefore best
regarded as a prodrug and, because of this complicated
metabolic pathway, liable to the well-described genetic
variability and interactions with other drugs metabo-
lized by the cytochrome system. Of particular relevance
is the interaction with another widely used antitussive,
dextromethorphan (see section III.B ), which competes
for metabolism by cytochromes, particularly 2D6, lead-
ing to an alteration in the pharmacokinetic and
pharmacodynamic profile of both agents.

\\“\.

HO

Fig. 5. Chemical structure of codeine.
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The use of opium and its ethanolic extract laudanum
in the suppression of cough has an ancient history
(Mudge, 1778), and although such preparations are not
used medicinally today, confusion still exists as to the
relative contribution of the various exogenous or
endogenous alkaloids to antitussive activity of opiates.
Intravertebral artery injection of codeine inhibits brain
stem electrically induced cough in the anesthetized cat,
suggesting that codeine itself is active as an antitus-
sive (Chou and Wang, 1975).

In a study by Adcock et al. (1988) in conscious guinea
pigs, subcutaneous codeine was shown to be one-
seventh as potent as morphine. The antagonism of the
antitussive, but not the antinociceptive effects of these
opiates by the quaternary antagonist N-methylnalor-
phine, was taken as indicating a possible peripheral
activity (Adcock et al.,, 1988). Further evidence of
a peripheral site of action of codeine was obtained by
Callaway et al. (1991), again against citric acid-induced
cough in guinea pigs. Aerosolized codeine at a dose of
72 ug/kg achieved a greater than 60% antitussive activity,
whereas a dose of 3 mg/kg was required to achieve
a similar effect via the intraperitoneal route. In the
same study the aerosolized mu receptor agonist H-Tyr-
D-Arg-Phe-Lys-NH, caused significant cough inhibi-
tion, pointing to a possible mechanism of action.
Inhaled codeine (30 mg/ml) was again shown to be an
effective antitussive in the same animal model by
Karlsson et al. (1990). The quaternary opioid antago-
nist levallorphan methyl iodide completely inhibited
this peripheral antitussive effect, suggesting classic
opioid activity at this site. However, in the cat, the
central antitussive activity of codeine appears resis-
tant to both naloxone and specific mu and kappa
antagonists (Chau et al., 1983). This and the relative
lack of stereoselectivity for the L-isomer, as opposed to
the pD-isomer of codeine (Chau and Harris, 1980), have
led to the hypothesis that codeine’s main antitussive
activity may be mediated through nonclassic opioid
receptors.

However, codeine has not been demonstrated to
suppress cough in all animal models. In guinea pigs,
both cough induced by mechanical stimulation of the
lower airways and sulfur dioxide-induced bronchitis are
not inhibited by codeine (Takahama et al., 1997,
Takahama and Shirasaki, 2007). Although inhibition of
citric acid-induced cough by inhaled codeine has been
demonstrated in the guinea pig by several authors, cough
induced by capsaicin does not appear to be affected
(Xiang et al.,, 1998). Conversely, codeine has been
demonstrated to inhibit ozone-induced hypertussive
responses in rabbits (Adcock et al., 2003). These conflict-
ing results indicate the highly species and model
dependency of codeine’s antitussive activity and question
the use of this drug as a “gold standard” antitussive.

Although still one of the most widely used and
prescribed antitussives, codeine has repeatedly been
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found to be poorly effective in clinical studies, leading
some authors to question this widespread practice,
particularly in children (Herbert and Brewster, 2000;
Bolser and Davenport, 2007; Goldman, 2010; Chang
et al., 2012; Paul, 2012). In cough evoked by capsaicin,
codeine (30 and 60 mg p.o.) had no effect on the
sensation of urge to cough or on cough number
(Davenport et al., 2007), and there is no additional
effect apparent when capsaicin cough is voluntarily
suppressed (Hutchings and Eccles, 1994). As in animal
studies, inhaled codeine (50 mg) also failed to inhibit
capsaicin-induced cough in normal volunteers (Fuller
et al., 1988). In contrast, Dicpinigaitis et al. (1997)
observed significantly greater suppression of capsaicin-
induced cough 2 hours after ingestion of 30 mg of codeine
compared with placebo. In citric acid-induced cough,
20 mg of codeine was associated with significantly greater
cough suppression than placebo (Empey et al., 1979)

In two exemplary studies investigating cough due to
URTIs, Eccles et al. (1992) found that codeine at an
initial dose of 30 mg, followed by 4 days of dosing at
30 mg four times a day, had no effect greater than placebo
syrup, either on objective initial cough recording or on
subsequent self-reported cough. In the second study by
the same group, oral codeine (50 mg) was compared
with placebo syrup in 82 subjects in a parallel group
design using three measures of cough assessment
(Freestone et al., 1996). Again, no effect greater than
that of placebo was observed. In 21 coughing patients
with COPD, Smith et al. (2006) measured both citric
acid cough threshold and objectively counted ambula-
tory cough over 10 hours during the day and overnight.
Codeine (60 mg) had no significant effect over placebo
on either measure (Smith et al., 2006).

In support of codeine as an antitussive in humans,
a small study in patients with chronic cough (Aylward
et al., 1984) reported oral dosing with 60 mg of syrup
to be more effective than placebo, with log plasma
concentrations of codeine being related to cough
suppression.

In conclusion, well-performed controlled studies in
humans do not support codeine as an effective antitus-
sive in man, and its frequent use as the “gold standard”
comparator in equivalence studies of novel antitussives
has led to much confusion. However, inhaled codeine
has been repeatedly demonstrated to have efficacy in
animal models, and it may be instructive to note that
the original account of the effects of opioids on “catarrhous
cough” over 200 years ago were via the first recorded
inhaler device (Mudge, 1778). Such observations may
suggest it may be more appropriate to use codeine
locally in the airways to improve the therapeutic win-
dow of this drug.

Morphine has had a long history of use as an anti-
tussive, particularly in the palliative care setting
(Molassiotis et al., 2010). However the recognition that
the major therapeutic effect of codeine was via its
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catabolism to morphine led to the investigation of the
utility of morphine itself in the treatment of chronic
cough. In a placebo-controlled, double-blind crossover
study in 27 patients with chronic intractable cough,
5 mg of morphine sulfate twice daily for 1 month
produced a significant reduction of greater than one-
third in median diary record card recorded cough
(Morice et al., 2007). Examination of the individual
responses indicated a division into patients with an
excellent response and those without benefit. Despite
this clear clinical response, there was no effect on
cough challenge with citric acid. In an open label
extension to the study, dose escalation to 10 mg twice
daily was permitted, and an additional six patients
reported improvement. Constipation was the only ad-
verse event of note.

The uptake of morphine as routine therapy in
chronic cough has been hampered by its status as
a controlled drug in some jurisdictions. Clinical
experience suggests that, unlike pain, the ceiling of
therapeutic response is reached at a daily dose of 20 mg
and, given the rapid (within hours) effect, assessment
of drug efficacy in individuals should be permissible.
However, none of the opiate drugs should be viewed as
the “gold standard” antitussive agent as a comparator
in clinical studies given the marked individual varia-
tion in response, but because of its more reliable bio-
availability, morphine is the preferred opioid of choice
in the clinic.

D. Local Anesthetics

Local anesthetics have been reported to have antitus-
sive effects and, given the involvement of sensory nerves
in the cough reflex, it is perhaps not surprising that local
anesthetics can inhibit both experimentally induced
cough as well as cough in a variety of clinical circum-
stances. This antitussive activity is presumably due to
the ability of local anesthetics to block NaV* channels in
sensory nerves (Undem and Carr, 2010). There is most
information concerning the use of lignocaine/lidocaine
(Fig. 6). For example, inhaled lignocaine (20 mg) has
been shown to be able to suppress cough induced by
inhaled capsaicin in nonsmoking volunteers (Hansson
et al., 1994). Although local anesthetics are often used in
combination with adrenaline to prolong their activity,
Hansson and colleagues found no evidence that mixing
adrenaline with lignocaine had any effect on either the
antitussive effect of lignocaine or the plasma levels of
this local anesthetic following inhalation. Intravenous
lidocaine has also been used to suppress the coughing
associated with tracheal intubation (Yukioka et al.,
1985). Topical lidocaine has been widely used to sup-
press the coughing associated with bronchoscopy, and
a number of studies have supported this use via random-
ized double-blind placebo-controlled studies (Gove et al.,
1985; Berger et al., 1989; Jakobsen et al., 1993). A good
example of this is the study by Antoniades and Worsnop
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Fig. 6. Chemical structure of lidocaine or lignocaine.

(2009), who demonstrated significantly lower cough
rates after administration of 2% lidocaine versus normal
saline when applied through a flexible bronchoscope.
These authors also found that use of lidocaine permitted
less use of sedatives such as midazolam or fentanyl
compared with placebo treatment (Antoniades and
Worsnop, 2009). However, other investigators found
a higher incidence of postoperative cough after the use
of aerosolized lidocaine (Herlevsen et al., 1992; Soltani
and Aghadavoudi, 2002) and after the use of lidocaine
jelly (Selveraj and Dhanpal, 2002). However, a more
recent study reported a reduction in postoperative
coughing after the application of lidocaine jelly applied
over the tracheal tube during elective surgery under
general orotracheal anesthesia, albeit less than that
produced by betamethasone gel (Sumathi et al., 2008).
Nebulized lidocaine has also been shown to be of use in
the treatment of a 52-year-old man with intractable
cough (Trochtenberg, 1994), in four patients with chronic
intractable cough (Howard et al., 1977), and in the
treatment of cough near the end of life (Lingerfelt et al.,
2007); mepivicaine aerosols have also been reported to
be of value in the treatment of refractory cough (Almansa-
Pastor, 1996). Nebulized lidocaine has also been reported
to be of value in the treatment of cough in patients with
COPD (Chong et al., 2005). Interestingly, oral mexilitine
has been shown to reduce the cough response to tartaric
acid and capsaicin (Fujimura et al., 2000).

It has been suggested that different types of local
anesthetics differentially affect different airway
reflexes, even when administered at doses producing
the same degree of oropharyngeal anesthesia (Choudry
et al., 1990). Thus, lignocaine and dyclonine both caused
oral anesthesia, but only lignocaine inhibited cough
induced by inhaled capsaicin in nonsmoking volunteers,
and neither drug inhibited capsaicin-induced broncho-
spasm. This is of interest because another compound
reported to be an analog of a local anesthetic, RSD 931,
has experimentally been shown to inhibit capsaicin-
induced cough but not bronchoconstriction in the rabbit
(Adcock et al., 2003). This drug has been suggested from
electrophysiological experiments to be a selective in-
hibitor of A-delta fibers in the lungs, rather than cause
the inhibition of all sensory nerves fibers seen after
nebulization of lidocaine. Such results suggest that the
reflexes leading to bronchoconstriction are distinct from
those that induce cough, raising the possibility of drugs
such as RSD 931 to provide selective inhibition of
airway reflexes, particularly A-delta fibers, and thus
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may be effective antitussive drugs without the side
effects of local anesthetics. Such work also implies that
choosing a drug that has local anesthetic activity as an
antitussive cannot be based on local anesthetic potency
at other anatomic sites (Choudry et al., 1990).

Benzonatate is a long-chain polyglycol derivative
(Fig. 7) chemically related to the ester-linked class of
local anesthetic drugs such as procaine and tetracaine.
The rationale for developing benzonatate as a treat-
ment of cough was based on a number of clinical and
experimental observations at the time; firstly, local
anesthetic agents were known to provide desirable
antitussive effects when used in the preparation of the
upper and lower airways prior to bronchoscopy (as
described above). Secondly, it was well recognized that
the pulmonary distention produced by inspiration
stimulates vagal fibers that project and excite the
expiratory center (Hering Breuer reflex) and Kroepfli
(1950) showed that the intensity of an experimentally
induced cough in cats was proportional to the depth of
the preceding inspiration.

Consequently, Bucher and Jacot (1951) demonstrated
that coughing could be attenuated if bronchodilatation
was prevented during inhalation. Later, Bucher (1956)
provided direct evidence for inhibition of pulmonary
stretch receptors by benzonatate. As benzonatate is
known to be an effective nerve conduction blocker
(Thoren and Oberg, 1981), the presumed mechanism
for its antitussive effect is the peripheral anesthesia
and inhibition of afferent vagal fibers from pulmonary
stretch receptors located in the bronchial tree. Evidence
of the antitussive effect of benzonatate in humans was
first reported in 1957. Healthy, noncoughing volunteers
underwent citric acid cough challenge to determine their
baseline cough response and then again on two further
occasions (3 days apart) after pretreatment with either
open label benzonatate (100 mg) or codeine (32 mg).
Benzonatate was reported to be 2.5 times more effective
as an antitussive than codeine (Shane et al., 1957). The
following year Gregoire and colleagues (1958) demon-
strated the efficacy of benzonatate (10 mg iwv.) in
reducing cough induced by aerosolized acetylcholine.
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Fig. 7. Chemical structure of benzonatate.
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The same group conducted the first placebo-controlled
clinical trial of benzonatate in patients with chronic
cough. In 28 patients with treated pulmonary tubercu-
losis complaining of chronic cough that was resistant to
other therapy, after a 1-week treatment with oral
benzonatate (100 mg four times a day), there were
lower cough scores compared with placebo-treated
patients (Gregoire et al., 1958). Despite the limitations
of the trial design in these clinical studies, benzonatate
was marketed as Tessalon Pearls and approved by the
U.S. FDA in 1958. It is quite remarkable that since then
only one further study has been undertaken with
benzonatate. In a double-blind, randomized placebo-
controlled study, the effect of benzonatate has been
investigated on capsaicin-induced cough in nonsmoking
patients with acute upper respiratory infection. Benzo-
natate had no antitussive effect when used alone but was
effective in combination with guafenasin (Dicpinigaitis
et al., 2009). Benzonatate has since been adopted by
oncologists for the treatment of refractory (opiate re-
sistant) cough in palliative care settings (Doona and
Walsh, 1998), and a recent consensus panel on the
management of cough in cancer has recommended its
use in this clinical setting (Molassiotis et al., 2010).
Benzonatate is administered orally and absorbed sys-
temically with an onset of action of 15-20 minutes and
with a 3- to 8-hour duration of action (Sweetman,
2008). The recommended dose for adults and children
over 10 years of age is 100 to 200 mg every 8 hours as
required, with a maximum daily dose of 600 mg. Its
side effect profile is relatively benign, although recent
concerns have been raised as to the safety of benzona-
tate with case reports of seizures (Winter et al., 2010)
and cardiac arrest (Cohen et al., 2011). Benzonatate
remains a prescription drug for the relief of cough in
patients over the age of 10 years, but the FDA recently
issued a drug safety communication about this drug.

E. Caramiphen

Caramiphen edisylate (Fig. 8) was originally de-
veloped as a muscle relaxant due to its anticholinergic
activity. Evidence suggests that caramiphen exerts its
antitussive effect centrally (Domino et al.,, 1985),
although others have suggested it should be classified
as a peripherally acting drug (Bolser et al., 1995a).
Domenjoz (1952) found it equivalent to codeine in
suppressing cough evoked by mechanical stimulation
of rat trachea. Subsequent animal experiments con-
firmed this antitussive effect when caramiphen was
administered intravenously (Toner and Macko, 1952;
Chakravarty et al., 1956), although caramiphen was
largely ineffective when administered orally (Stefko
et al., 1961). However, in humans it does suppress
cough when taken orally, although not consistently. A
number of clinical trials have been conducted at doses
typically between 10 and 20 mg daily and provided
variable evidence for efficacy (Eddy et al., 1969). Only two
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of these were double-blind controlled trials; Abelmann
and colleagues (1954) undertook a study in 20 patients
with "chronic irritating cough" comparing 10 mg p.o. of
caramiphen three times a day with 16.2 mg p.o. of codeine
three times a day. They concluded that caramiphen
was antitussive, but less effective than codeine. Glick
(1963) reported similar efficacy to codeine in 12 pa-
tients with cough due to acute UTRIs. Bickerman and
Itkin (1960) concluded that caramiphen was a less
effective antitussive than codeine. Despite the lack of
consistent evidence of efficacy, caramiphen was mar-
keted by SmithKline Beecham as Tuss-Ornade, al-
though in 2000, the FDA removed this drug from the
United States market, citing a lack of substantial evi-
dence that caramiphen edisylate is effective.

F. Carbetapentane (Also Known as Pentoxyverine)

Carbetapentane [2-[2-(diethylamino)ethoxy]ethyl
1-phenylcyclopentanecarboxylate] (Fig. 9) is a cough
suppressant used to treat cough caused by the common
cold, flu, bronchitis, or sinusitis. It is administered
orally, often in combination with guaifenesin and
Hj-receptor antagonists. The exact antitussive mecha-
nism is not known, although carbetapentane is thought
to act mainly in the CNS where it has actions at sigma
receptors (Hudkins and DeHaven-Hudkins 1991;
Brown et al., 2004), kappa, and mu-opioid receptors
(Kobayashi et al., 1996), which may be relevant, and
additionally antimuscarinic and local anesthetic prop-
erties (at least in the skin) (Hung et al., 2012).
Antitussive activity has been shown in anesthetized
cats when cough was evoked by electrical stimulation
of the trachea (Talbott et al., 1975) and against cough
evoked by inhaled citric acid in conscious guinea pigs
(Brown et al., 2004).

In humans, maximum plasma concentrations are
achieved 1.2 hours after oral dosing with carbetapen-
tane and the half-life is 2.3 hours (Wen et al., 2010).
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Fig. 9. Chemical structure of carbetapentane.
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However, there is very little published clinical data to
suggest clinical efficacy with carbetapentane leading
the FDA (2007) to conclude that this drug should not be
made available as an OTC treatment of cough in the
USA (2007).

G. Chlophedianol

Chlophedianol [1-phenyl-1-(o-chlorophenyl)-3-di-
methylamino-propranol-1 hydrochloride] (Fig. 10) was
first shown to have antitussive effects against experi-
mentally induced cough in a variety of species (Gosswald,
1958; Boyd and Boyd, 1960; Chen et al., 1960). It
was first introduced as an antitussive medicine in
Germany in the 1950s (Boyd and Boyd, 1960) and has
been available as an OTC oral medication (often in
syrup form) and is frequently combined with H;-receptor
antagonists and decongestants for treatment of URTIs.
In addition to antitussive activity, clophedianol has
also been reported to have local anesthetic and
antihistamine activity. Chlophedianol is also thought
to be a centrally acting cough suppressant, although
the mechanism of action is not known. There is little
information available on the pharmacokinetics of
chlophedianol, and very few clinical studies have been
published; one clinical study reported that chlophedianol
had similar efficacy to isoaminilie citrate at suppressing
experimentally induced cough in healthy subjects
and in reducing cough counts in a double-blind
randomized controlled trial in patients suffering from
a variety of chest diseases (Diwan et al., 1982).

H. Levodropropizine

There have been a number of studies demonstrating
the antitussive activities of levodropropizine in both
adults and children. Levodropropizine is a nonopioid
(Fig. 11), peripherally acting antitussive indicated for
short-term symptomatic treatment of cough in adults
and children older than 2 years. The mechanism of
action of levodropropizine is not fully characterized, but
it does not act as an antitussive secondary to broncho-
dilation or muscarinic receptor antagonism (Bossi et al.,
1994), because at doses that reduce coughing induced by
UNDW or allergen, it does not inhibit methacholine-
induced bronchoconstriction in subjects with asthma
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Fig. 10. Chemical structure of chlophedianol.
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Fig. 11. Chemical structure of levodropropizine.

(Bossi et al., 1994). One of the few studies to investigate
the mechanism of action of levodropropizine has sug-
gested that this drug can influence the firing of sensory
C-fibers, at least in experimental animals (Lavezzo et al,
1992; Shams et al., 1996).

Peak plasma levels were obtained between 40 and 60
minutes after administration of levodropropizine, in-
dicating a rapid absorption from the gastrointestinal
tract in normal adults (Zaratin et al., 1988). Additionally,
the pharmacokinetics of levodropropizine were demon-
strated to be linear over a dose range of 30—90 mg (Borsa
et al., 1990), and levodropropizine dosing does not need to
be adjusted in elderly patients (Lo Toro et al., 1990) or in
children (Cordaro et al., 1990).

A number of studies have been performed with
levododropropizine in subjects where cough was induced
by mechanical or chemical stimulation. Bariffi et al.
(1992) induced cough by inhalation of nebulized distilled
water before and after 7 days of treatment with 60 mg of
levodropropizine three times daily or placebo in a double-
blind study in 10 people with allergic asthma or
chronic bronchitis. After 7 days of treatment, cough
was significantly reduced in the levodropropizine
group but was not reduced in the placebo group. In
a trial with crossover design, levodropropizine (30, 60,
or 90 mg) was evaluated against citric acid-induced
cough in 11 healthy volunteers. The frequency of cough
was reduced significantly 2 hours after administration
of 30 mg of levodropropizine and 1 hour after ad-
ministration of either 60 or 90 mg of levodropropizine.
In the same study, cough severity was tested in six
patients with bronchitis before and after administra-
tion of 60 mg of levodropropizine. The cough severity was
reduced overall after treatment with levodropropizine.
An additional 22 patients with chronic bronchitis were
administered 60 mg of levodropropizine three times
daily for 1 week, and treatment with levodropropizine
had no adverse effect on respiratory function or on
airway clearance mechanisms, although drowsiness
was observed in one patient after administration of
90 mg of levodropropizine (Bossi et al., 1988). In another
double-blind trial involving eight healthy volunteers,
levodropropizine again demonstrated a significant
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inhibition of citric acid induced cough at 1, 2, and 6
hours after administration (Fumagalli et al., 1992).

In another double-blind study, a single dose of 120 mg
of levodropropizine or placebo was administered to 40
patients 1 hour before undergoing fiber optic broncho-
scopy (Franco et al., 1992). Cough severity was signifi-
cantly reduced in the levodropropizine group and also
significantly fewer additional doses of local anesthetic
were required. This study confirmed the results of an
earlier trial involving 8 levodropropizine-treated patients
and 8 placebo-treated patients. In this double-blind trial,
60 mg of levodropropizine was administered twice prior
to fiber optic bronchoscopy, i.e., one dose the night before
and one dose 40 minutes before the examination
(Guarino et al., 1991). Mistretta et al. (1992) evaluated
the efficacy of levodropropizine against capsaicin-induced
cough. In a double-blind crossover study with 60 mg of
levodropropizine three times a day and placebo, 12
patients with allergic rhinitis were treated for 8 days,
with a wash-out period of at least 1 week. The capsaicin
challenge test was performed before the treatment and
on the last day of each treatment period. In the 10
evaluated patients, the total number of coughs induced
by capsaicin was significantly reduced after levodropro-
pizine treatment compared with baseline and placebo.
Additionally, the threshold concentration of capsaicin
required to induce 2 coughs and 5 coughs were signif-
icantly increased by levodropropizine but not with placebo.
Schonffeldt et al. (2005) also used capsaicin-induced
cough in a double-blind crossover study consisted of
3 days of treatment with 60 mg of levodropropizine
three times a day and placebo and a wash-out period of
3 days. Twenty healthy subjects were included in the
trial, but 2 subjects were excluded because of illness
not related to the study. Cough threshold significantly
increased after levodropropizine treatment but not
with placebo. Allegra and Bossi (1988) performed 6
double-blind clinical trials with 60 mg of levodropropizine
three times a day against placebo and two active
controls. The subjects in the study were hospitalized
patients with cough of various causes. The duration of
the trial was 3 days. In the two trials against placebo,
a total of 40 patients were treated with levodropropizine,
and 40 were treated with placebo. In these trials,
levodropropizine was significantly more effective than
placebo. In two studies, a total of 28 patients were
treated with levodropropizine and 29 with morclofone.
The effect of levodropropizine was statistically signif-
icant, whereas morclofone did not show a significant
improvement. The last two trials were against cloperastine
and demonstrated a similar significant efficacy for both
drugs. In these trials, 22 patients were treated with
levodropropizine and 23 with cloperastine.

In most of the clinical studies with levodropropizine,
there is no placebo control and they often lack val-
idated objective end points. Thus, in a clinical trial by
Catena and Daffonchio (1997), 60 mg of levodropropizine
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three times a day was compared with 15 mg of dex-
tromethorphan three times a day for 5 days. In this
double-blind study, 110 patients were treated with
levodropropizine and 99 patients were treated with
dextromethorphan. Statistically significant improve-
ments were already seen after the second day of treat-
ment with levodropropizine independent of the initial
cough severity. The improvement associated with
dextromethorphan treatment was significant only after
3 days. Night awakenings due to cough were signifi-
cantly reduced for both drugs (92% for levodropropizine
and 72% for dextromethorphan), but levodropropizine
showed a significantly better improvement than
dextromethorphan.

The effect of levodropropizine on cough associated
with lung cancer was studied by Luporini et al. (1998).
In a comparative double-blind trial, 75 mg of levodro-
propizine three times a day and 10 mg of dihydrocodeine
three times a day were administered for 7 days in 66
and 69 patients, respectively. Both drugs produced
a similar and significant decrease in cough score and
night awakenings, but somnolence was reported in
significantly more patients treated with dihydrocodeine
(15 patients; 22%) than with levodropropizine (5 pa-
tients; 8%). In an open study investigating 25 patients
with lung cancer, the efficacy of levodropropizine was
judged according to both physician and patient satisfac-
tion (Marchioni et al., 1990). After an average of 9 days
of treatment (6-13 days) with 60 mg of levodropropizine
three times a day, physicians rated the drug as sufficient
in 12% of the cases, good in 48%, and optimal in 40%. The
patients rated the efficacy as sufficient in 16%, good in
32%, and optimal in 48% of the cases, and the drug was
well tolerated.

Efficacy and tolerability of levodropropizine and
clobutinol (both 60 mg three times a day) were also
compared in elderly patients of over 60 years, with
a mean age of 71.4 years (Pontiroli and Daffonchio,
1997), in a double-blind study involving 95 patients
treated with levodropropizine and 96 patients with
clobutinol. An improvement in cough severity and
frequency was already seen on the first day of treatment
of both drugs, and cough was further reduced after
3 days of treatment. Occurrence of dyspnea was also
investigated before and during the study, and improve-
ment of dyspnea was significant for both drugs.

In 25 tuberculosis patients, 60 mg of levodropropi-
zine three times a day was administered for an average
of 7.5 days. The treatment was effective after 1 day,
and a good or optimal result was seen at the end of the
treatment of 96% of the cases (Di Pisa et al., 1989). In
double-blind controlled study (Tao et al., 2005), 26
adults received levodropropizine three times a day
orally, and 24 adults received dextromethorphan three
times a day orally over 5 days. The overall efficacy was
70% for levodropropizine and 62% for dextromethor-
phan. In severe cough, the efficacy rate was significantly
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higher for levodropropizine (93%) than for dextro-
methorphan (70%) (P < 0.05).

Clinically, the efficacy and tolerability of levodropro-
pizine is also similar in elderly patients and children
compared with adults (Romandini and Rugarli, 1989;
Pontiroli and Daffonchio, 1997). Fiocchi et al. (1989)
studied 70 children with a mean age of 4.6 years
(2 months—14 years) with acute URTI. Levodropropizine
(2 mg/kg per day), subdivided into three dose admin-
istrations for 5 days or more, was reported as showing
a clinical improvement in 69 of 70 patients, with
three mild and transient adverse events related to
levodropropizine were recorded.

In a larger clinical trial involving 180 patients
between 0.5 and 12 years of age, with a mean age of
5.9 years treated for 1 week, efficacy was reported good
or very good in 94% of patients. During treatment,
eight (4.4%) adverse events occurred that were probably
or definitely related to levodropropizine (Tamburrano
and Romandini, 1989). In a double-blind, comparative
clinical trial in children aged 2-14 years with a non-
productive cough due to various causes, 128 patients
were treated with levodropropizine, and 122 patients
were treated with dropropizine. Coughing frequency
was significantly reduced on the first day for both
drugs, as were the number of night awakenings due to
cough. Improvement continued for the 2 days after
treatment. Adverse events were reported in 11 patients
treated with levodropropizine and in 16 patients
treated with dropropizine (Banderali et al., 1995).

In one study, injected levodropropizine (Kim at al.,
2002) was compared with dextromethorphan in 77
pediatric patients with acute or chronic bronchitis for
3 days. An improvement was already seen on the first
day, and on days 2 and 3, levodropropizine was sig-
nificantly more effective than dextromethorphan. The
general tolerability was good.

De Blasio et al. (2012) performed an observational
study on pediatricians’ routine clinical practice, in-
cluding all children who presented to the offices of four
family care pediatricians with acute cough (i.e., onset
=3 weeks) associated with URTI. Of the 433 patients
investigated having a mean age of 6.1 years, 80 received
no treatment of cough, 101 children received levodro-
propizine, and 60 patients were treated with a centrally
acting antitussive (51 with cloperastine and 9 with
codeine). Cough resolution was significantly higher with
levodropropizine than with centrally acting antitussives
(47% versus 28%, respectively, P = 0.0012).

IV. Other Drugs Having an Effect on Cough

There are many other drug classes that have been
shown to have a clinical benefit in reducing cough, often
because they affect an underlying disease mechanism
that leads to cough as a symptom (e.g., glucocorticoste-
roids and antibiotics) and thus probably are not strictly
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speaking antitussive drugs; nonetheless, we included
them in this review for completeness because they are
often clinically used for this indication.

A. Menthol and TRPMS8 Agonists

Menthol is a monoterpine (Fig. 12) produced by the
secretory gland of the peppermint plant Mentha x
piperita, particularly Mentha avrensis from which most
naturally occurring peppermint oil is extracted. The
most common and most biologically active isomer is
l-menthol, which is assumed to be the active antitus-
sive component.

The pharmacological action of menthol was origi-
nally demonstrated by the specific binding to lung cell
membranes (Wright et al., 1998). Subsequently, the
molecular mechanism of menthol’s activity was
revealed in a landmark paper from the David Julius
laboratory (McKemy et al., 2002). They showed that
menthol activates a member of the TRP family of
nociceptors, which they named TRPMS8. The menthol
receptor is primarily located on afferent sensory
neurons, and activation of this receptor gives rise to
the cooling sensation experienced when inhaling
menthol by allowing influx and intracellular release
of calcium with subsequent depolarization. Menthol
may also have a more central activity enhancing
neurotransmission through a presynaptic augmenta-
tion of glutamate release (Tsuzuki et al., 2004).
Another TRPM8-mediated menthol response is anti-
nociception, which is suggested to be via blockade of
neuronal voltage-gated sodium channels Na,1.8 and
Na,1.9 (Gaudioso et al., 2012), although it is not yet
known whether this action contributes to its antitus-
sive activities. At higher concentrations menthol also
has several other actions including activation of L-type
calcium channels (Wright et al., 1997) and nicotinic
acetylcholine receptors (Hans et al., 2012), but to what
extent these pharmacological actions contribute to the
antitussive activities of menthol remains unknown.

Menthol has an ancient history and has become
a stock ingredient of many OTC preparations from
dental care to food flavorings. The antitussive activity
of menthol was commercialized by the development of
a topical rub by Lumsford Richardson in 1890 (Al
Aboud, 2010). The “vaporub” continues to be a multi-
million dollar product and has been joined by numer-
ous syrups, lozenges, and inhalers.
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Fig. 12. Chemical structure of menthol.
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Animal studies have shown a greater than 50%
reduction in citric acid-induced cough in conscious
guinea pigs by inhalation of menthol vapor (Laude
et al., 1994). In mice, irritancy induced by a wide range
of protussive substances was inhibited by menthol, an
effect that was antagonized by the TRPMS8 antagonist
AMTB (Willis et al., 2011). Recent evidence indicates
that the antitussive activity of menthol may reside in
the activation of nasal, as opposed to pulmonary
sensory afferents (Plevkova et al., 2013), inferring that
menthol inhibits cough by a central “gating” mecha-
nism rather than any local antitussive activity.

Clinical evidence of menthol’s activity from con-
trolled clinical studies is sparse. In a small and poorly
controlled study, menthol vapor produced a short-
lasting decrease in capsaicin-induced cough in normal
subjects (Wise et al.,, 2012). Furthermore, cough
induced by inhalation of citric acid was reduced in
adults by inhalation of menthol vapor compared with
air or pine oil control (Morice et al., 1994). In children,
evoked cough was reduced compared with baseline
challenge but failed to reach significance compared
with placebo (Kenia et al., 2008). For such a widely
used product, it is perhaps surprising that there are no
published clinical studies on the effect of menthol or of
the many products containing it in patients with either
acute or chronic cough.

B. Erdosteine

Erdosteine is a homocysteine analog (Fig. 13) that is
marketed in a number of countries as an expectorant
and antioxidant in the treatment of bronchitis and
COPD. Erdosteine has a wide range of interesting
pharmacological properties of relevance to the treat-
ment of respiratory diseases, including demonstrating
some anti-inflammatory actions, antioxidant activity,
and effects on the mucociliary escalator and properties
of mucous. These have been reviewed elsewhere (Dal
Negro, 2008). A recent meta-analysis demonstrated
clear evidence from a number of controlled clinical
trials of the effectiveness of erdosteine in the treatment
of patients with COPD and bronchitis (Cazzola et al.,
2010). The majority of the actions of erdosteine appear
to be secondary to a metabolite called metabolite 1
(reviewed in Dal Negro, 2008). There is also some
evidence that erdosteine can also have antitussive
activity. Thus, in the guinea pig, erdosteine has been
shown to inhibit citric acid-induced cough, although in

Fig. 13. Chemical structure of erdosteine.
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the same study, these authors showed other effects in
the airways, and therefore, it is not clear whether there
is a direct antitussive effect of this drug or whether the
antitussive effects are secondary to anti-inflammatory
activity or effects of this drug on mucous (Hosoe et al.,
1999). There is very limited, often anecdotal evidence
for an antitussive effect of erdosteine clinically (Dal
Negro, 2008), and there is a clear need to undertake
well-controlled clinical trials to establish whether
erdosteine does indeed possess clinically relevant anti-
tussive activity.

C. Antibiotics

Antibiotics are used widely for the treatment of acute
cough despite recommendations against their usage by
international guidelines (Braman, 2006a). There are
large cultural differences in the use of antibiotics, with
the United Kingdom and the United States being
among the highest users (Deschepper et al., 2008).
Acute cough comprises a number of clinical conditions
that include URTI or the common cold, acute bronchitis,
and whooping cough. The distinction between them is
often not possible with clinical assessment alone.
However, viral infection is by far the most common
cause of cough, for which antibiotics are not recom-
mended. Antibiotics should, however, be used for severe
bacterial infections of the respiratory tract and for
treating the early phase of whooping cough but these
conditions are often difficult to differentiate from viral
illness; hence, clinical judgment in individual cases is
required. There are a good number of placebo-controlled
trials of antibiotics in the treatment of acute cough,
most commonly investigating erythromycin (Fig. 14A),
amoxicillin (Fig. 14B), or doxycycline (Fig. 14C) (Braman,
2006b). The focus of most clinical trials has been to
assess resolution of the acute illness and general well-
being. Cough outcomes are often not reported or are
limited, and therefore, it is difficult to interpret their
clinical importance. Cough reflex sensitivity has
seldom been studied in placebo-controlled trials of
antibiotics. In acute cough, cough reflex sensitivity is
increased, although it is not clear whether the reduc-
tion that follows resolution of the illness is accelerated
with antibiotics.

The impact of antibiotics on cough has largely been
studied in patients with acute bronchitis. A recent meta-
analysis reporting four studies that met the inclusion
criteria and reported cough outcomes (3 acute bronchitis
studies, 1 URTI, 1 doxycycline, 1 myrtol, and 2 erythro-
mycin) concluded a modest benefit in favor of anti-
biotics (Smucny et al., 2004). At follow up, patients
given antibiotics were less likely to have a cough
(relative risk 0.64; number needed to treat for an
additional beneficial outcome 6) and have a nocturnal
cough (relative risk 0.67; number needed to treat for an
additional beneficial outcome 7) (Smucny et al., 2004).
However, the use of antibiotics was associated with
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Fig. 14. (A) Chemical structure of erythromycin. (B) Chemical structure
of amoxicillin. (C) Chemical structure of doxycycline.

side effects. The clinical benefit of antibiotics for cough
is likely to be small for most patients, and one study
suggested that patients aged greater than 55 years
who coughed frequently at presentation benefited most
from antibiotics (Verheij et al., 1994). Further studies
are needed to confirm this and identify other clinical
parameters that may help identify a subgroup of
patients who benefit most. There are a few studies
that have investigated delayed inhibition of antibiotics
compared with immediate use of antibiotics for the
treatment of acute cough and reported cough outcome
measures, with cough not being worse in those who
received delayed antibiotics (Arroll et al., 2002). Post-
infectious (subacute) cough is another common clinical
scenario in which antibiotics are often prescribed.
However, there is a paucity of evidence to guide
clinicians, and the ACCP does not recommend anti-
biotics in this group of patients (Braman, 2006b).

In chronic cough, two different paradigms have been
applied to support the use of antibiotics. In children,
the chronic colonization of the lower respiratory tract
has led to the concept of “persistent bacterial bronchi-
tis” (Fitch et al., 2000; Marchant et al., 2006). Chang,
in a reanalysis of two studies of “wet” chronic cough in
children, concluded that antibiotic usage may be of
benefit (Marchant et al., 2005). In adults, the macrolide
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antibiotics are widely used to treat a number of
respiratory conditions, including COPD (Albert et al.,
2011), cystic fibrosis (Wolter et al., 2002), and bronchi-
ectasis, with the major effect being on exacerbation
rate. The suggestion has been made that this diverse
activity resides in the antireflux (and hence antitus-
sive) effects of macrolides through their motilin-like
activity (Crooks et al., 2011). Unfortunately, a study by
Yousaf et al. (2010) in patients with refractive chronic
cough showed no effect of erythromycin on cough reflex
sensitivity, despite a significant reduction in airway
inflammation, although this trial was underpowered.

D. Glucocorticosteroids

The demonstration of airway inflammation in some
patients with cough has provided important insights
into a number of common causes of cough and some
understanding of the peripheral mechanisms responsi-
ble for cough reflex sensitization (McGarvey et al.,
2009). For example, the measurement of specific cellular
and mediator profiles within the airway provides
clinical value in distinguishing asthmatic from non-
asthmatic cough and a means of identifying patients
likely to respond to corticosteroid therapy (Pizzichini
et al., 1999; Hahn et al., 2007; Prieto et al., 2009).

Corticosteroids have formed the mainstay of anti-
inflammatory therapy in respiratory disease for almost
50 years. Corticosteroids exert their anti-inflammatory
effect via diffusing across the cell membrane where
they bind to and activate glucocorticoid receptors (GR)
in the cytoplasm before moving across the nuclear
membrane and binding with DNA sequences called
glucocorticoid receptor elements (GRE). The resulting
GR-GRE complex then regulates transcription to
induce anti-inflammatory proteins [e.g., lipocortin-1,
secretory leukocyte inhibitory protein, interleukin (IL)-
10, IL-12] and repression of inflammatory proteins
(e.g., IL-4, IL-5, IL-6, IL-13, and tumor necrosis factor
a). Alternatively the GR-GRE complex may regulate
other glucocorticoid responsive genes with the help of
transcription factors such as nuclear factor-«B (Rhen
and Cidlowski, 2005). Corticosteroids reduce the
number and activity of inflammatory cells (eosinophils,
mast cells, T-lymphocytes) in the airway most likely by
inhibiting their recruitment and their survival in the
airway. Anti-inflammatory effects are seen quite
rapidly, with reduction in eosinophils within a few
hours (Gibson et al., 2001; Ketchell et al., 2002),
although other changes such as bronchial hyper-
responsiveness (BHR) may take some months to
improve (Juniper et al., 1990). Topically acting cortico-
steroids have been formulated so that they can be
delivered by inhalation to the airway, so minimizing
the systemic side effects commonly seen after oral or
parenteral administration, exemplified by beclometha-
sone dipropionate (Fig. 15). All corticosteroids have
similar efficacy, but different pharmacodynamic and
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Fig. 15. Chemical structure of beclamethasone dipropionate.

pharmacokinetic profiles can account for differences in
the therapeutic ratio seen among different members of
this drug class. These include glucocorticoid receptor
binding affinity, particle size, lung residence time,
protein binding, and lipophilicity, all of which can
influence lung and systemic bioavailability and ulti-
mately efficacy and safety. Fluticasone propionate
(FP), for example, has higher receptor binding affinity
compared with budesonide or beclomethasone dipropi-
onate (BDP) and also has a much greater volume of
distribution.

Given that corticosteroid treatment is so widely used
in the treatment of airway disease and corticosteroid
responsive cough syndromes, it is surprising that
stronger evidence in the form of large randomized
controlled trials is still not available. Current practice
has evolved mainly from anecdotal experience, consen-
sus opinion [Morice et al., 2004, 2006; Irwin et al.,
2006; Kohno et al., 2006; Gibson et al., 2010; Kardos
et al.,, 2010; Asthma Workgroup, Chinese Society,
Respiratory, Diseases (CSRD), Chinese Medical Asso-
ciation, 2011], and the extensive body of evidence
showing the efficacy of corticosteroids in controlling
symptoms (including cough) in more typical "classic"
asthma. However, given the broad range in source and
quality of evidence, there is no consistent recommen-
dation on dose or duration of corticosteroid therapy for
the treatment of cough.

Asthma accounts for cough in up to a third of patients
referred for evaluation and who have an airway in-
flammatory profile characterized by eosinophilia, TH2
cytokines (Gibson et al., 1998), and airway remodeling
(Niimi et al., 2005). However, distinct asthma pheno-
types are now recognized, with asthma being a syn-
drome rather than a distinct disease entity, with cough
sometimes being the sole respiratory symptom, and
although spirometry is normal, BHR is present. This is
referred to as cough variant asthma (CVA), and im-
provement in cough with bronchodilators and/or cortico-
steroids confirms the diagnosis of CVA (Corrao et al.,
1979). Long-term follow up suggests that in some cases
that CVA may be a precursor for a more typical asthma
pattern of disease (Cheriyan et al., 1994), although
inhaled corticosteroids (ICS) may help to prevent this.
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The earliest studies of corticosteroid therapy for
asthmatic cough comprised small prospective open
label studies (Doan et al., 1992) or retrospective
descriptions of empirical trials (Corrao et al., 1979).
Daan and colleagues described the value of a trial of
oral prednisone to diagnose CVA in a highly selected
group of patients with cough. Nine of 10 patients
responded, and control was maintained with inhaled
therapy. This approach appears to be associated with
good long-term control of symptoms (Corrao et al.,
1979). A small number of randomized controlled trials
have demonstrated the efficacy of ICS for asthmatic
cough. In a small placebo-controlled study, treatment
with high dose BDP (500 wug three times a day)
administered for 1 month was associated with signif-
icant improvement of cough symptoms, cough reflex
sensitivity, and BHR (Di Franco et al., 2001). Inhaled
BDP was also effective in a placebo-controlled study of
patients with cough, 60% of whom had an asthmatic
cough (Irwin et al., 1997). The value of ICS therapy
may go beyond symptom control, because evidence
suggests that such treatment may prevent progression
to "classic" asthma (Matsumoto et al., 2006).

The identification of a subgroup of patients mani-
festing as asthma with airway eosinophila and a corti-
costeroid responsive cough, but without evidence of
airway motor dysfunction (specifically BHR), has led to
the recognition of a new diagnostic etiology, nonasth-
matic eosinophilic bronchitis (NAEB). Various reports
suggest this may account for between 10 and 15% of
cases of chronic cough (Brightling et al., 1999, 2000a).
Trials of ICS therapy in NAEB are generally associated
with improvement of symptoms and a reduction in
airway eosinophils (Gibson et al., 1995; Brightling
et al., 2000b). Oral corticosteroids are rarely required.
Another cough syndrome, virtually identical to NAEB
but presenting in atopic patients, has been described in
the Japanese population (Fujimura et al., 2003).

Although most evidence for efficacy has been in
asthmatic and NAEB patients, ICS appear effective
in nonasthmatic patients presenting with cough. In
a randomized, placebo-controlled 2-week trial of in-
haled FP (500 wg twice a day) in patients with normal
spirometry and cough for more than 1 year, significant
improvement in cough symptoms and in the levels of air-
way inflammatory mediators was observed (Chaudhuri
et al., 2004). However, a randomized, placebo-controlled
crossover study of lower dose ICS (200 ug of BDP twice
daily) given for a shorter period of time (2 weeks) did
not appear to be effective (Evald et al.,, 1989). In
contrast, a 4-week, placebo-controlled trial of another
high-dose inhaled ICS (500 ug of FP twice a day) in
primary care patients presenting with cough lasting
more than 2 weeks appeared effective, but only in the
subgroup of nonsmokers (Ponsioen et al., 2005). Given
the inclusion of patients with recent onset cough in this
study, a proportion is likely to have had post-viral

Dicpinigaitis et al.

cough. As respiratory viruses responsible for the
common cold induce inflammation in both the upper
and lower airways (Fraenkel et al., 1995; Trigg et al.,
1996), the anti-inflammatory effects of ICS in reducing
post-viral cough have also been studied. Gillissen et al.
(2007) reported significantly faster and greater decline
in cough frequency with extra-fine HFA-BDP com-
pared with placebo in patients with cough lasting more
than 3 days but less than 2 weeks. However,
Pornsuriyasak et al. (2005) found no effect of inhaled
budesonide (400 ug twice a day) given for 4 weeks in
patients with cough lasting more than 3 weeks after
a URTIL

When cough persists in a child for more than a few
weeks after an URTI concerns are often raised as to
whether there is underlying chest disease. There is
little evidence that ICS are effective in the treatment of
post-viral cough in children. Two randomized, placebo-
controlled trials have been conducted. In one study,
low-dose ICS (400 ug of BDP daily for 2 weeks) was
ineffective compared with placebo (Chang et al., 1998).
In a high-dose ICS study (2 mg of FP daily for 3 days
followed by 1 mg daily for 11 days), there was
a significant improvement in nocturnal cough with
the ICS, although improvement was also seen in the
placebo arm (Davies et al., 1999). The Cochrane
Database of Systematic Review concluded that any
clinical impact with very high dose ICS is unlikely to be
beneficial (Tomerak et al., 2005).

Although cough is a common symptom in COPD, the
focus of treatment has been on preventing progressive
lung function decline, reducing exacerbation frequency
and improving quality of life. Prior to current recom-
mendations that ICS should not be used in isolation for
the treatment of COPD, a large number of trials of ICS
therapy were undertaken, although very few reported
on any therapeutic impact on cough. Auffarth et al.
(1991) reported no significant improvement in cough or
cough reflex sensitivity after treatment with budeso-
nide 1600 pg daily for 12 weeks compared with
placebo, although a trial of inhaled FP (500 ug two
times a day) for 6 months was reported as effective
(Paggiaro et al., 1998).

Cough is a distressing symptom also suffered by
patients with idiopathic pulmonary fibrosis (IPF) (Key
et al., 2010) and an independent risk factor for disease
progression (Ryerson et al., 2011). A small open label
trial of oral prednisolone was associated with a re-
duction in the cough sensitivity to capsaicin and
improvement in cough scores (Hope-Gill et al., 2003).
Larger placebo-controlled trials to assess the efficacy of
corticosteroid treatment of cough in this clinical setting
are required.

E. Bs-Agonists
Studies in both experimental animals and humans
demonstrated the occurrence of cough suppression
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after administration of Bs-agonists best exemplified by
salbutamol (albuterol) (Fig. 16), but whether the
antitussive effect of these drugs is due exclusively to
their bronchodilator action or other mechanisms
remains controversial (Freund-Michel et al., 2010;
Ohkura et al., 2010). In guinea pigs, a variety of
Bs-agonists administered by various routes have been
shown to inhibit cough induced by citric acid (Forsberg
et al., 1992; Horiuchi et al., 1995), capsaicin (Nishitsuji
et al., 2004), capsaicin and citric acid (Lewis et al.,
2007; Freund-Michel et al.,, 2010), methacholine
(Ohkura et al., 2009), and both allergic and capsaicin-
induced cough (Bolser et al., 1995b). In one study,
however, prior perfusion of the extrathoracic trachea
with isoproterenol did not inhibit citric acid-induced
cough in anesthetized animals (Canning et al., 2006).

Studies of artificially induced cough in healthy
human volunteers have yielded discordant results in
terms of the antitussive effect of Bs-agonists. Multiple
studies have demonstrated the ability of these agents to
inhibit cough, including the action of fenoterol against
UNDW-induced cough (Lowry et al., 1987, 1988a),
albuterol against citric acid-induced cough (Karttunen
et al., 1987), and procaterol against substance P-induced
cough in volunteers with acute URTIs (Katsumata
et al., 1989). However, inhaled procaterol has been
shown to have no effect on cough reflex sensitivity to
inhaled capsaicin in normal volunteers or in subjects
with asthma or chronic bronchitis, despite inducing
significant bronchodilation (Fujimura et al.,, 1992,
1993). Furthermore, albuterol has been shown not to
inhibit cough induced by capsaicin (Nichol et al., 1990;
Smith et al., 1991) or citric acid (Pounsford et al., 1985)
in normal volunteers. However, in smoking-related cough,
albuterol afforded significant protection (Mulrennan
et al., 2004).

In terms of pathologic cough, multiple studies have
evaluated the effect of Bs-agonists in patients with
CVA. Clinical experience has shown that most patients
with CVA will experience improvement in cough after
1 week of Bs-agonist therapy, although full resolution
of cough may require up to 8 weeks of treatment,
including an ICS (Irwin et al., 1997). However, the
leukotriene receptor antagonists (LTRAs) have been
shown to be more effective than Bs-agonists and ICS
asthmatic cough in subjects with asthma (Dicpinigaitis
et al., 2002; Tamaoki et al., 2010).

Available evidence does not support the use of
Bo-agonists in acute cough in children and adults without
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Fig. 16. Chemical structure of salbutamol (albuterol).
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asthma or COPD (Smucny et al., 2001; Becker et al.,
2011), nor for chronic, nonasthmatic cough in children
(Chang et al., 1998; Tomerak et al., 2005). Further-
more, a recent review failed to reveal a beneficial effect
of albuterol against whooping cough (pertussis) (Bettiol
et al., 2010).

Although pBs-agonists represent the standard of
bronchodilator care in the treatment of airway ob-
struction associated with asthma or COPD, contro-
versy persists regarding the mechanism(s) by which
these agents alleviate cough. Additional studies are
needed examining whether an antitussive effect of the
Bo-agonists is due solely to their action as bronchodi-
lators or if other mechanisms are relevant. Further
insight into this question may guide future research
into a potential role for these agents in the treatment
of other types of pathologic cough.

F. Muscarinic Receptor Antagonists

The parasympathetic nervous system regulates bron-
chomotor tone and release of mucus into the airways.
These effects are mediated through muscarinic (M)
receptors in the lung. Three types of M receptors (M1,
M2, and M3) are present in the lungs, which are the
targets of currently available muscarinic receptor
antagonists (Flynn et al., 2009). Although a plethora
of basic and clinical information exists regarding the
effect of muscarinic receptor antagonists on airway tone
and pulmonary function, relatively little attention has
been devoted to the evaluation of the effect of these
agents on various forms of pathologic cough.

Multiple animal studies have demonstrated an anti-
tussive effect of muscarinic receptor antagonists. In
awake guinea pigs, ipratropium bromide inhibited both
allergic and capsaicin-induced cough (Bolser et al.,
1995b), and atropine diminished cough reflex sensitivity
to inhaled capsaicin (Jia et al., 1998; Li et al., 2002). In
conscious dogs, atropine strongly inhibited electrically
evoked cough (Tsubouchi et al.,, 2008). On the other
hand, ipratropium bromide was shown to inhibit citric
acid-induced bronchoconstriction, but not cough, in con-
scious guinea pigs (Forsberg et al., 1992), and atropine
did not inhibit citric acid-induced cough in anesthetized
guinea pigs (Canning et al., 2006). However, any anti-
tussive effect of muscarinic receptor antagonists is un-
likely to be a direct airway effect on the cough reflex,
because there are no muscarinic receptors on airway
afferent nerves (Birrell et al., 2014).

The ability of muscarinic receptor antagonists
(exemplified by ipratropium bromide; Fig. 17) to inhibit
experimentally induced cough in humans has been well
documented. Ipratropium bromide was shown to in-
hibit cough induced by UNDW and hypotonic saline
solution in healthy volunteers (Lowry et al., 1987), as
well as in subjects with asthma (Lowry et al., 1988a).
Additionally, ipratropium bromide, but not albuterol,
inhibited citric acid-induced cough in subjects with
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Fig. 17. Chemical structure of ipratropium bromide.

asthma (Pounsford et al., 1985). Oxitropium bromide
was shown to inhibit UNDW-induced cough in healthy
volunteers as well as in subjects with asthma but was
unable to do so in subjects with cough due to URTI
(Lowry et al.,, 1994). Intravenously administered
glycopyrrolate was also shown to diminish cough reflex
sensitivity to inhaled capsaicin in healthy volunteers
(van Wyk et al., 1994). However, four other studies
were unable to demonstrate an effect of a muscarinic
receptor antagonist. An aerosol of atropine diminished
UNDW-induced bronchoconstriction, but not cough, in
subjects with asthma (Sheppard et al., 1983; Fuller
and Collier, 1984). In healthy volunteers, ipratropium
bromide was unable to inhibit cough due to capsaicin
(Smith et al., 1991), as well as cough due to capsaicin,
prostaglandin Fy,, and their combination (Nichol et al.,
1990).

Studies evaluating the clinical effect of muscarinic
receptor antagonists in pathologic cough in adults are
sparse and nonexistent in children (Chang et al., 2004).
In one controlled, double-blind crossover trial evaluat-
ing 14 adult nonsmokers with persistent, postviral
cough, inhaled ipratropium bromide significantly im-
proved subjectively rated cough compared with placebo
(Holmes et al., 1992), whereas oxitropium bromide did
not demonstrate antitussive activity, based on sub-
jective assessment, in a randomized, double-blind placebo-
controlled study of 56 nonasthmatic volunteers with
URTI (Lowry et al., 1994).

In another randomized, double-blind placebo-controlled
study, tiotropium bromide was shown to inhibit cough
reflex sensitivity to inhaled capsaicin in adult non-
smokers with acute viral URTI but had no effect in
healthy subjects (Dicpinigaitis et al., 2008). Inhibition
of cough reflex sensitivity was documented as early as
1 hour after tiotropium bromide administration, and
there was no significant association between changes
in cough reflex sensitivity and bronchodilation. Thus,
the mechanism by which tiotropium bromide inhibited
cough reflex sensitivity in this study remains unclear.
Other potential mechanisms include an effect on
airway mucus glands, inflammatory mediators, in-
flammatory cells, epithelial permeability, vascular
blood flow, and clearance of substances applied to the
airway lumen, all of which could induce an alteration
in cough-receptor sensitivity (Bateman et al., 2009).

Despite a substantial body of evidence from studies
in animals and in experimentally induced cough in
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humans supporting antitussive activity of muscarinic
receptor antagonists, trials aimed at evaluating the
clinical efficacy of these agents in pathologic cough
have not yet been performed. Thus, properly executed
clinical studies of currently available muscarinic re-
ceptor antagonists in various types of acute and
chronic pathologic cough are required.

G. Mucolytics and Expectorants

Drugs that act upon the airway mucociliary appara-
tus, commonly known as expectorants and mucolytics
are widely prescribed for the treatment of productive
cough. Expectorants are thought to increase mucus
volume and mucolytics reduce mucus viscosity, thereby
facilitating clearance of airway secretions by cough and
ciliary transport. The promotion of effective cough is
thought to reduce cough frequency.

Guaifenesin (Fig. 18), formerly known as glyceryl
guaicolate, is the only FDA-approved expectorant for
children and adults. It is also used as a muscle
relaxant in veterinary medicine. Guaifenisin has been
extracted from the bark of the guaiac tree for many
centuries for its expectorant qualities. Guaifenisin is
a white crystalline powder that is soluble in water or
alcohol and administered via the oral route. It has
a short half-life of 1 hour and is excreted in urine.
Modified release preparations given twice daily are
available. The mechanism of action of guaifenisin is not
clear, but it is thought to influence the cholinergic
innervation of airway mucous glands (Rubin, 2007).
Despite its widespread use, there is little evidence that
guaifenesin alters ciliary motility or mucociliary
clearance in vitro or in vivo (Sisson et al., 1995; Yeates
et al., 1977). Furthermore, the clinical evidence for its
expectorant and antitussive efficacy is conflicting.
Kuhn et al. (1982) did not find a significant reduction
in either subjectively reported cough severity or
objective cough frequency in patients with URTIL
However, patients with productive cough did report
a reduction in sputum viscosity, although it is not clear
if they found this to be clinically useful. In contrast,
a larger study by Robinson et al. (1977) that admin-
istered a lower dose of guaifenesin reported a signifi-
cant reduction in subjective cough severity; 75% of
patients had reduced cough severity after therapy
compared with 31% in the placebo group. A more
recent study reported that guaifenesin inhibits cough
reflex sensitivity in patients with URTI (Dicpinigaitis
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Fig. 18. Chemical structure of guaifenesin.
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and Gayle, 2003b). However, a conclusive antitussive
effect of guaifenesin or other expectorants cannot be
established or dismissed based on the available data.
Further studies are needed, ideally in patients with
acute cough with adequate sample sizes and which
include validated endpoints such as health status ques-
tionnaires and objective cough monitoring (Birring,
2011b). The interaction between guaifenesin and anti-
tussive drugs such as dextromethorphan also needs
investigating because this drug combination is widely
sold, despite limited evidence for its efficacy.

The evidence for antitussive activity of mucolytics is
even more limited. Carbocisteine (S-carboxymethyl
L-cysteine) is a derivative of the amino acid L-cysteine
(Fig. 19). It is widely available in Europe and South
America and is largely used in the treatment of
patients with COPD, where it has been shown to
reduce exacerbations (Poole and Black, 2010). Carbo-
cisteine has a half-life of 1.3 hours and is excreted
through urine. The evidence for mucolytic activity of
this drug is conflicting: Goodman and colleagues (1978)
and Thomson and colleagues (1976) found no effect of
carbocisteine on mucus clearance, whereas Edwards
and colleagues (1976) found a reduction in mucus
viscosity. The mechanism of action is thought to be
a resetting of the balance between sialomucins and
fucomucins, increasing the former, an important
component of mucus, and thus restoring viscoelastic
properties (Hooper and Calvert, 2008). Carbocisteine
may have a number of antitussive actions, including an
ability to increase the concentration of chloride in
airway secretions, reduce airway tachykinins, and
reduce cough reflex hypersensitivity (Colombo et al.,
1994; Katayama et al., 2001; Ishiura et al., 2003).
However, overall the clinical evidence for an antitus-
sive action of carbocisteine is limited because most
studies focused on its mucolytic activity in patients
with chronic bronchitis. When cough severity has been
reported as an outcome measure in placebo-controlled
trials, no effect has been demonstrated (Thomson et al.,
1975; Edwards et al., 1976). Similarly for N-acetylcysteine,
another widely used mucolytic drug, most studies
reporting cough severity did not report a significant
effect of this drug (Bolser, 2006).

Bromhexine is a synthetic derivative of vasicine from
the Indian shrub Adhatoda vasica (Acanthacae) first
introduced in 1963. Vasicine has been used in India for
centuries as an expectorant and antitussive. Bromhex-
ine and its metabolite ambroxol are widely used as
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Fig. 19. Chemical structure of carbocisteine.
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secretolytics, inducing hydrolytic depolymerization of
mucoprotein fibers and for their ability to modulate the
activity of mucus-secreting cells (Shimura et al., 1983).
Hamilton et al. (1970) compared bromhexine and
placebo in 22 hospitalized patients with bronchitis
with mucoid sputum. Treatment with bromhexine
resulted in a significant decrease in sputum viscosity
and an increase in sputum volume, as well as a marked
change in the rheological characteristics of the sputum.

Secretolytic treatment with bromhexine led to a re-
duction in expectoration and reduced the severity/
frequency of coughing (Lal and Balla, 1975). Thirty-two
patients suffering from acute-stage COPD were ran-
domized to bromhexine (48 mg/day, n = 16) or to
sobrerol (600 mg three times a day, n = 16) for 10 days
treatment. The alleviation of cough and normalization
of expectoration were significantly more pronounced
with bromhexine (Iaia and Marenco, 1990).

Bromhexine in combination with antibiotic treat-
ment has been shown to have significant effects on
sputum volume and viscosity. Thus, in 392 adult
patients diagnosed clinically with acute bronchitis or
pneumonia of bacterial etiology administered amoxi-
cillin (250 mg) plus bromhexine (8 mg) or amoxicillin
(250 mg) alone, those patients receiving the combined
treatment had a significantly (P < 0.001) greater
reduction of their symptom scores at day 3 for cough
discomfort, cough frequency, ease of expectoration, and
sputum volume (Roa and Dantes, 1995). Similarly,
when ambroxol was given together with an antibiotic,
cough was significantly reduced compared with placebo
(Germouty and Jirou-Najou, 1987).

H. Antacids/Proton Pump Inhibitors and
Gastrointestinal Motility Drugs

That drugs active on the gastrointestinal tract gut
may be useful in the management of cough is, on first
consideration, surprising. This proposition is based on
the hypothesis that the mitigation of aspiration into
the airway is a major and perhaps the primary
physiologic function of the cough reflex. It follows that
disorders of the upper gastrointestinal tract may pre-
cipitate cough either directly or by causing increased
sensitivity of the afferent airway sensory nerves.

The aspiration of food has long been recognized as
a precipitant of coughing, but it was not until 50 years
ago that gastroesophageal disease related to reflux and
aspiration was commonly associated with chronic
cough (Belcher, 1949; Pellegrini et al., 1979). However,
which form of gut disorder is associated with cough and
the underlying mechanisms, particularly the precipi-
tation of airway inflammation and afferent neuronal
hypersensitivity, remain to this day a matter of con-
siderable debate (Morice et al., 2012).

GERD with the classic symptoms of dyspepsia and
heartburn was quickly recognized as a common associ-
ation in some patients with chronic cough. GERD with
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esophagitis due to reflux of acid stomach contents thus
became the first proposed therapeutic target of drugs
acting on the gastrointestinal tract being used to treat
cough. Indeed blockade of acid production by Ha-receptor
antagonists and proton pump inhibitors (PPI) has become
standard therapy recommended in guideline documents
from both sides of the Atlantic (Morice et al., 2004; Irwin
et al., 2006). Initial open label and uncontrolled studies
suggested a high response rate. However, subsequent
randomized placebo-controlled studies indicate little
effect of such treatment compared with placebo, suggest-
ing that despite the epidemiologic evidence, either reflux
was not an important cause of cough or that acid was not,
as Congreve (1881) puts it, “the exciting cause.”

That non-acid reflux and aspiration may cause cough
is suggested by the association of other, non-respiratory
symptoms such as rhinitis and dysphonia. Indeed the
loss of voice and lack of classic peptic symptoms led to
use of the term “silent reflux” (Kennedy, 1962)—hardly
an appropriate epithet for a condition causing cough.
These observations coupled with the realization that
dysmotility of the upper gastrointestinal tract may
precipitate cough (Fouad et al., 1999; Kastelik et al.,
2003) led to the use of promotility agents as anti-
tussives. More recently a wide variety of agents in
addition to those with licensed indications for gastroin-
testinal motility disorders have been advocated for the
treatment of cough, reflecting the paucity of effective
drugs for this common symptom.

A single, double-blind crossover study has compared
the Hs-receptor antagonist 150 mg of ranitidine two
times a day for 2 weeks with placebo on reported cough
scores in 25 patients (Ing et al.,, 1992). Treatment
response was seen in both groups but was significantly
greater in the ranitidine arm. The addition of raniti-
dine at night to proton pump inhibitor therapy has
been advocated on the basis that nocturnal acid
secretion is under vagal control via a histaminergic
mechanism and that the typical morning cough may be
reduced by an increase in gastric pH (Khoury et al.,
1999).

A number of uncontrolled studies reported a high and
occasionally complete success with “aggressive” antacid
therapy with PPIs in patients with chronic cough (Irwin
et al., 1989; Waring et al., 1995). These reports led to the
adoption of twice daily PPIs as standard therapy for
reflux cough in many centers and into local and in-
ternational guidelines. Placebo-controlled studies have,
however, been much less positive, leading a recent
Cochrane review (Chang et al., 2011) to conclude “there
is insufficient evidence to conclude that in adults
treatment with PPI for cough associated with GERD
is beneficial.”

Two of the most widely quoted studies claiming to
have positive outcomes with PPI therapy have serious
flaws in their analysis as discussed below. In a ran-
domized, placebo-controlled, double-blind crossover
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trial, Kiljander et al. (2000) studied the effect of 8
weeks 40 mg of omeprazole once daily in 21 completing
patients with cough and pH-metry proven GERD. Not
suprisingly, there was a highly significant improve-
ment in classic peptic symptoms. Diary record card day
and night-time cough scores, however, were not
significantly improved, except in a subgroup analysis
of the 12 patients who received placebo first.

Ours et al. (1999) randomized 23 patients in a
placebo-controlled parallel group study of omeprazole
(40 mg) twice daily for 12 weeks. Patients were
stratified depending on whether there was GERD
present on baseline pH-metry. The six subjects without
acid reflux had no response, whereas the authors
report a striking improvement in cough in 6 of the 17
pH-positive subjects. However, this observation was
made in the open label termination part of the study.

Two randomized placebo controlled studies have
been published subsequent to the Cochrane analysis.
Both clearly demonstrate no additional effect of PPIs
on cough, reinforcing the negative conclusions to the
efficacy of acid suppression in chronic reflux-related
cough. Faruqi et al. (2011) compared twice daily
esomeprazole (40 mg) in 50 patients in a parallel group
study. Reduction in cough scores was similar in both
treatment and placebo arms, with a trend to greater
effect in those patients with prominent peptic symp-
toms. Shaheen et al. (2011) similarly found no
additional effect over placebo of esomeprazole (40 mg)
twice daily for 12 weeks in patients with isolated
chronic cough without dyspepsia.

A number of studies of upper airways symptom
management by PPIs have included cough as a second-
ary measure. Eherer et al. (2003) studied the effect of
pantoprazole (40 mg) twice daily on reflux-induced
laryngitis and again observed no greater improvement
in symptoms with active treatment over placebo. Vaezi
et al. (2006) in a study of patients with chronic
posterior laryngitis showed a slightly greater effect of
placebo over esomeprazole (40 mg) twice daily for 16
weeks.

Thus, recent studies add to the considerable body of
evidence that antacid therapy should not be considered
in the treatment of reflux cough, except in those
patients with marked peptic symptoms. Indeed given
the evidence for an increased risk of pneumonia in
patients on PPIs there is reason to suppose that their
injudicious use may even be harmful (Laheij et al.,
2004).

With the increasing evidence that esophageal dys-
motility rather than simple GERD underlies the
genesis of gastrointestinal-related cough, promotility
agents such as the peripheral dopamine agonists
metoclopramide and domperidone are increasingly
used. However, there is a dearth of high-quality studies
showing benefit. Poe and Kallay (2003) describe the
addition of metoclopramide (or cisapride) to PPI
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therapy in chronic reflux cough with a doubling of
response rate, whereas Gupta (2007) suggests a dra-
matic response in patients with paroxysmal cough,
although a central mechanism is proposed.

Baclofen and the novel GABA agonist lesogaberan
increase lower esophageal tone and inhibit transient
opening of the lower esophageal sphincter in both
normal subjects (Lidums et al., 2000) and in patients
with acid and nonacid reflux (Vela et al., 2003).
Baclofen has been shown to reduce capsaicin-induced
cough (Dicpinigaitis et al., 1998) by a suggested central
mechanism. In angiotensin-converting enzyme (ACE)
inhibitor-induced cough (Dicpinigaitis, 1996) and in
patients with reflux cough in the general cough clinic
(Menon et al., 2005), open label studies have demon-
strated clinical efficacy. Unfortunately, the high side
effect profile and narrow therapeutic window of
baclofen make it a very difficult agent to use in routine
clinical practice, although the novel GABA agonist
lesogaberan has a much improved safety profile and is
also effective in inhibiting sphincter opening (Shaheen
et al., 2013) and in a randomized controlled develop-
mental study (AZ D9120C00011) days with a cough
were recorded as a secondary end point. The results
were encouraging in that significantly more patients
reported improvement in daytime cough in the last
week of therapy. Any positive result is remarkable
because patients were selected for PPl-resistant
dyspepsia rather than chronic cough. However, in-
formation available in the public domain is currently
scant and is insufficient to estimate the actual effect of
this novel drug in patients with cough.

The macrolide antibiotics, particularly erythromycin
and azithromycin, have long been used as promotility
agents through their activity as agonists of the gut
hormone motilin (Moshiree et al., 2010). In patients
with cough, erythromycin (250 mg once a day) has been
studied in one randomized placebo-controlled trial
(Yousaf et al., 2010). However, only 15 patients were
recruited in each parallel arm, falling short of even the
authors’ own optimistic power calculations based on
a 50% reduction in objective cough counts. Not
surprisingly, there was no effect of therapy. No
cough-specific study of azithromycin has been per-
formed to date, but in a long-term study of COPD
exacerbations by Albert et al. (2011), the greatest effect
compared with placebo in the quality of life score was
seen on symptoms, and it has been suggested that this
effect is due to a reduction in airway reflux (Crooks
et al., 2011).

I. Xanthines

Theophylline is a drug commonly used as a broncho-
dilator that has also been shown to have clearly
demonstrable anti-inflammatory activity in patients
with asthma (Sullivan et al., 1994) or COPD (Ford
et al., 2010). However, theophylline has also been
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shown to exhibit antitussive activity. For example,
theophylline has been reported to inhibit cough
associated with the ingestion of ACE inhibitors by
some patients (Cazzola et al., 1993), and both theoph-
ylline and theobromine can inhibit citric acid-induced
cough in both healthy and allergic guinea pigs (Mokry
et al., 2009). More recently, theobromine (Fig. 20) has
been demonstrated to inhibit sensory nerve activation
and cough in humans (Usmani et al., 2005), and a large
multicenter trial is ongoing evaluating the effects of
theobromine on chronic cough clinically (Clancy et al.,
2013). Theophylline has recently been demonstrated to
inhibit the cough reflex via an effect on BK K* channels
(Dubuis et al., 2014).

J. Cromones

Disodium cromoglycate (DSCG) (Fig. 21) and the
related drug, nedecromil sodium, have long been used
as antiallergic drugs; while the mechanism of action of
these drugs has been widely reported as stabilization of
mast cells (Mackay and Pearce, 1996), since the
original discovery of DSCG, it has been appreciated
that the cromones also affect sensory nerve function
(Dixon et al., 1980a,b). Thus, both DSCG (Dixon et al.,
1980a,b) and nedecromil sodium (Jackson et al., 1992)
have been reported to influence sensory nerve fibers.
Nedecromil sodium has been reported to induce a long-
lasting chloride-dependent depolarization (Jackson
et al., 1992), and this latter property may explain the
ability of DSCG to inhibit cough both experimentally
and clinically. For example, nedecromil has been
reported to inhibit the cough induced by citric acid in
dogs (Jackson et al., 1992), and DSCG has been dem-
onstrated to inhibit the cough associated in some patients
with the ingestion of ACE inhibitors (Hargreaves and
Benson, 1995). In addition, both DSCG and nedecromil
sodium have been shown to inhibit the cough associ-
ated with asthma (Barnes, 1993; Boulet et al., 1994).
The mechanism of action of cromones on sensory nerves
is not completely understood, although in addition to
their action on C1~ channels (Alton and Norris, 1996),
both DSCG and nedecromil sodium were recently sug-
gested to act as agonists at G-coupled receptor 35
(Deng and Fang, 2012), whereas DSCG has also been
suggested to be a tachykinin antagonist (Page, 1994).
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Fig. 20. Chemical structure of theobromine.
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Fig. 21. Chemical structure of disodium cromoglycate.

V. New Approaches to Treating Cough

A. Levocloperastine

Levocloperastine [1-[2-[(4-chlorophenyl)-phenylmeth-
oxylethyl]piperidine] (Fig. 22) is the levorotatory isomer
of DL-cloperastine (Catania and Cuzzocrea, 2011) and is
described as having antitussive effects both centrally on
the bulbar cough center and peripherally on the cough
receptors in the tracheobronchial tree, but limited
mechanistic data have been published. Cloperastine [1-
[2-(p-chloro-a-phenylbenzyloxy)ethyl] piperidine] is also
said to have central antitussive effects along with anti-
histamine and papaverine-like activity (Catania and
Cuzzocrea, 2011).

A single publication describes six open clinical trials
enrolling patients of all ages with cough associated with
various respiratory disorders including bronchitis,
asthma, pneumonia, and COPD (Aliprandi et al., 2004).
Levocloperastine significantly improved cough symp-
toms (reported intensity and frequency of cough) in all
trials with similar efficacy to codeine, levodropropizine,
and DL-cloperastine.

B. Amitriptyline

Amitriptyline (Fig. 23) is the prototypical tricyclic
antidepressant, with a broad range of pharmacological
actions including effects on the adrenergic, serotoner-
gic, muscarinic, and histaminergic systems (Garattini
and Samanin, 1988). Low-dose amitriptyline is also
used in chronic neuropathic pain states such as
migraine, postherpetic neuralgia, and painful diabetic
neuropathy and has recently been suggested to be
useful in the treatment of cough. Although the
antidepressant effects of amitriptyline are clearly
central effects, the site of the antitussive effect and
relevant pharmacological actions contributing to this
effect remain unknown.

Fig. 22. Chemical structure of levocloperastine.
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Fig. 23. Chemical structure of amitriptyline.

Low-dose amitriptyline has been used in the treat-
ment of suspected "postviral vagal neuropathy" (Bastian
et al., 2006), a condition described clinically by ear-nose-
throat specialists as being characterized by a dry cough
for more than 6 months, precipitated by a throat tickle,
dry sensation, laughter, or speaking following the
exclusion of other causes of chronic cough (Lee and
Woo, 2005). Therefore, patients closely resemble those
generally described as having unexplained chronic
cough in respiratory medicine. An initial open-label
uncontrolled series of 12 patients were treated with
amitriptyline (10 mg) and 11 of 12 patients reported
some reduction in cough, with an average rating of 75%
improvement. No adverse effects were reported. In
a subsequent randomized, but unblinded trial, 28
subjects were treated for 10 days with either 10 mg of
amitriptyline or codeine/guaifenesin (20 mg/200 mg)
(Jeyakumar et al., 2006). Significantly more subjects
reported improved cough specific quality of life in the
amitriptyline group and a median 75% improvement in
ratings of cough frequency and severity compared with
0% for codeine/guaifenesin. Clearly, these pilot studies
are of interest, and blinded placebo-controlled clinical
trials are now required.

C. Novel N-Methyl-p-aspartate Receptor Antagonists

In addition to dextromethorphan, the classic NMDA
receptor antagonist extensively used as an antitussive,
recent evidence has suggested that other drugs acting
at this receptor may have therapeutic benefit in
treating cough. NMDA receptors are widely expressed
in the CNS and play important roles in synaptic
transmission and plasticity. In the somatic nervous
system, modulation of NMDA receptor function has
been associated with central sensitization, a key
mechanism in neuropathic pain (Woolf, 2011). It is
noteworthy that a study assessing the effects of low-
dose ketamine, a common tool for assessing central
sensitization (Chizh, 2007), had no effect on cough
reflex sensitivity or objective cough counts in either
patients with unexplained chronic cough or healthy
control subjects (Young et al., 2010). This implies that
not all NMDA receptor antagonists are equivalent in
their antitussive effects, perhaps as a consequence of
the involvement of receptor subtypes.
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Memantine (Fig. 24) is an established treatment of
Alzheimer’s disease that has recently been suggested
as a potential antitussive treatment (Canning 2009).
Similar to dextromethorphan, memantine is a low-
affinity uncompetitive NMDA receptor blocker but has
the additional characteristic of binding preferentially
to open channels (Chen and Lipton 2006), reducing
interference with physiologic nerve transmission,
which may explain its clinical tolerability. In a guinea
pig study (Smith et al., 2012), memantine significantly
inhibited experimentally induced cough. Because
NMDA receptors are present in both central and
peripheral tissues, the site of action of the antitussive
effect of memantine is yet to be determined and
translation of these findings into clinical studies is
awaited.

However, another novel NMDA receptor antagonist,
V3381 (Young et al., 2012), has recently undergone
preliminary testing in patients with unexplained
chronic cough following initial development for the
treatment of neuropathic pain. V3381 is a low-affinity,
noncompetitive use-dependent NMDA antagonist,
which also has competitive, reversible inhibition of
monoamine oxidase type A (MAO,). An open label pilot
study recruited nine patients with chronic cough
treated for 8 weeks. There was a median reduction in
objective cough frequency of 37.2% after 8 weeks
therapy, suggesting some therapeutic benefit. How-
ever, 83% of subjects reported dizziness, and most
patients could not tolerate the maximum dose (J.A.
Smith, personal communication). It is impossible to be
certain to what degree the beneficial and adverse
effects were NMDA or MAO, mediated, but previous
work has suggested that MAO, inhibition modulates
bronchoconstriction but not cough (Choudry et al.,
1993). Therefore, other specific NMDA receptor antag-
onists without MAO-related side effects may have
a role in treating patients with chronic cough.

D. Glaucine

Initial studies evaluating the alkaloid agent glaucine
(Fig. 25) demonstrated a central mechanism for its
antitussive action in rodents (Petkov et al.,, 1979;
Jagielto-Wojtowicz et al., 1994), as well as in non-
anesthetized cats, where the antitussive effect of the
drug was approximately equal to an equivalent dose of
codeine (Nosal’'ova et al., 1989). Also in cats, DL-glaucine
phosphate (DL-832) was demonstrated to exert
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Fig. 24. Chemical structure of memantine.
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Fig. 25. Chemical structure of glaucine.

a central antitussive activity (Kase et al., 1983). A
central mechanism of action in humans is supported by
a study in healthy volunteers in which the highest dose
(60 mg) of (*)-glaucine phosphate, administered as
a syrup, caused respiratory depression associated with
sedation and decreased performance in the digit
symbol substitution test (Redpath and Pleuvry, 1982).

More recent studies support a peripheral, anti-
inflammatory and bronchodilator action of glaucine,
through a mechanism of phosphodiesterase (PDE) 4
inhibition (Pons et al., 2000). Thus, in ovalbumin
sensitized guinea pigs, inhaled glaucine inhibited the
acute bronchoconstriction produced by aerosolized
antigen. Furthermore, pretreatment with inhaled
glaucine markedly reduced BHR to histamine, reduced
eosinophil lung accumulation, increased eosinophil
peroxidase activity in bronchoalveolar lavage fluid 24
hour after exposure of conscious guinea pigs to aerosol
antigen and inhibited microvascular leakage produced
after inhaled antigen (Pons et al., 2000). Furthermore,
in a study using mouse peritoneal macrophages,
glaucine demonstrated Toll-like receptor-mediated
anti-inflammatory activity, including reduction of pro-
inflammatory cytokines and increased the levels of the
anti-inflammatory cytokine IL-10 (Remichkova et al.,
2009). Whether these pharmacological actions of
glaucine contribute to its antitussive activity has not
yet been shown.

Three studies have evaluated the effect of glaucine in
pathologic cough. In a double-blind comparative trial of
glaucine and codeine (both administered as a syrup in
a dosage of 30 mg three times daily for 7 days),
involving 90 patients reporting subjective symptoms
using a 4-point scale, as well as a visual analog scale,
glaucine was deemed more effective and better toler-
ated than codeine, with no patient reporting adverse
effects from glaucine (Gastpar et al., 1984). A second
study evaluated 24 hospitalized patients affected by
chronic cough of various etiologies in a single-dose,
double-blind, crossover study of placebo, glaucine
(30 mg) and dextromethorphan (30 mg). Coughs were
recorded, using a writing cough recorder during an
8-hour overnight period with the patient alone in
a hospital room. Although coughs were decreased after
both dextromethorphan and glaucine, only glaucine
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achieved a statistically significant decrement in cough
relative to placebo, but only if the 1-6 hour measure-
ment interval was considered. Glaucine was better
tolerated than dextromethorphan, with only one
patient reporting a side effect (vomiting) compared
with eight patients reporting adverse effects after
dextromethorphan (Ruhle et al., 1984). A third study
of 38 hospitalized patients with chronic cough com-
pared single, 30-mg oral doses of glaucine and codeine,
and placebo, in a double-blind crossover fashion.
Coughs were recorded by a tape recorder for 8 hour
after study drug administration. Mean cough counts
after placebo, glaucine, and codeine were 269.3, 241.8
and 201.9, respectively. However, patients were unable
to discern any difference between treatment arms
(Dierckx et al., 1981). Finally, one small study of 8
healthy adult volunteers was unable to demonstrate an
effect of a 60 mg of liquid dose of glaucine on cough
reflex sensitivity to inhaled citric acid (Rees and Clark,
1983).

Although preclinical studies support an antitussive
mechanism of action, currently available clinical data
do not support the efficacy of glaucine as a cough
suppressant in humans, although clinical experience
does suggest that the agent is well tolerated at the
doses studied. Adequately powered, properly per-
formed clinical trials with appropriate objective and
subjective end points are still needed to evaluate the
therapeutic potential of glaucine.

E. Moguisteine

Moguisteine [(R,G)-2-(2-methoxyphenoxy)-methyl-3-
ethoxycarbonyl-acetyl-1,3 thiazolidine] (Fig. 26) is
a nonnarcotic antitussive drug that has been shown
to inhibit cough in a variety of species of experimental
animal induced by citric acid, capsaicin and mechan-
ical or electrical stimulation of the trachea (Gallico
et al., 1994). Moguisteine has also been found to be
effective in patients with cough resulting from lung
disease (Aversa et al., 1993; Del Donno et al., 1994;
Fasciolo et al., 1994; Barnabe et al., 1995). Moguisteine
does not inhibit cough when administered directly into
the cerebral ventricles, suggesting a peripheral mech-
anism of action (Gallico et al., 1994). In anesthetized
guinea pigs, a peripheral site of action of moguisteine
was confirmed by the observations showing that this
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Fig. 26. Chemical structure of moguisteine.

Dicpinigaitis et al.

drug was antitussive by suppressing RARs in anes-
thetized guinea-pigs (Morikawa et al., 1997).

F. Phosphodiesterase Inhibitors

A recent study in guinea-pigs has reported that
a range of selective phosphodiesterase (PDE) inhibitors
can inhibit citric acid-induced cough. Thus, a PDE1,
PDE3, and PDE4 inhibitor have all been reported to
inhibit citric acid-induced cough in both healthy and
allergic guinea pigs (Mokry and Nosolova, 2011), and
the selective PDE4 inhibitor cilomilast (Fig. 27) has
been reported to inhibit allergen-induced hypertussive
responses in allergic guinea pigs (Lia et al., 2004).
However, although the selective PDE4 inhibitor roflu-
milast has recently been approved for the treatment of
severe COPD, there are no clinical data thus far
demonstrating the antitussive activities of this drug
class in the clinic. However, the PDE3 inhibitor
cilostazol has been shown to have modest effects on
capsaicin-induced cough in humans (Ishiura et al.,
2005).

G. K* Channel Openers

Several categories of potassium ion channels are
responsible for maintaining the resting membrane
potential in nerves. A role for potassium channel
openers in the modulation of cough responses was first
suggested based upon the hypothesis that the in-
hibitory effect of substances such as opioids and
GABAg agonists on airway nerves may be mediated
by a common mechanism, which involved the opening
of large conductance calcium-activated potassium
channels. In support of this hypothesis, a benzimidazo-
lone compound and calcium-activated potassium chan-
nel opener, NS1619 (Fig. 28), was shown to inhibit
single fiber nerve firing from the guinea pig trachea
and citric acid-evoked cough in conscious guinea pigs
(Fox et al., 1997). More recent publications have
replicated the inhibitory effect of NS1619 on cough in
conscious guinea pigs and described similar effects for
pinacidil and cromakalin, both openers of K*smp (ATP
sensitive) channels (Poggioli et al.,, 1999; Sutovska
et al.,, 2007) and suggested that moguisteine (see
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section V.E) may exert some of its antitussive action
via K" a1p channels (Morita and Kamei, 2000). Despite
this preclinical evidence, clinical studies evaluating K*
channel openers as antitussives are absent from the
current literature.

H. ClI” Pump Inhibitors

Cough in animals and humans can be induced by
inhalation of aerosols with low chloride ion (Cl™)
concentration that reduce the Cl~ content of airway
surface lining fluid (Higenbottam, 1984; Lowry et al.,
1988b). In multiple species of animals, such experi-
mentally induced cough has been blocked by prior
administration of inhaled diuretics. In guinea pigs,
both the loop diuretic furosemide (Fig. 29) and the
thiazide diuretic hydrochlorothiazide inhibited citric
acid-induced cough (Karlsson et al., 1992) as did
furosemide and the CL™~ inhibitors DIDS and niflumic
acid in a more recent study (Mazzone and McGovern,
2006). In anesthetized dogs spontaneously breathing
through a tracheostomy, furosemide diminished the
activity of laryngeal irritant receptors stimulated by
administration of isotonic dextrose aerosol (Sant’Ambrogio
et al., 1993). In nonanesthetized cats, inhaled furose-
mide diminished the enhanced cough reflex sensitivity
induced by pretreatment with the ACE-inhibitor
enalapril (Franova, 2001). Mechanisms proposed to
explain the antitussive effect of inhaled furosemide
include inhibition of irritant receptor stimulation and
regulation of airway afferent neuronal activity, perhaps
by modulation of the activity of the furosemide-sensitive
Na*-K*"-2Cl-cotransporter (Mazzone and McGovern,
2006).

In human volunteers, inhaled furosemide has also
been demonstrated to inhibit cough induced by
aerosols of low chloride content solutions but not
induced by capsaicin, thus suggesting that furosemide
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Fig. 29. Chemical structure of furosemide.
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may act by inhibiting the cough reflex indirectly,
perhaps by changing local chloride ion concentrations
in the vicinity of airway epithelial cough receptors
(Ventresca et al., 1990, 1992; Karlsson et al., 1992).
Furosemide was also shown to inhibit PGF5,-induced
cough (Ventresca et al., 1992). In a randomized, double-
blind study of healthy volunteers challenged with low
chloride ion-concentration aerosols, the carbonic-
anhydrase inhibitor acetazolamide demonstrated
a significantly better antitussive effect than furose-
mide, suggesting that inhibition of carbonic anhydrase
activity may be involved in modulating the effects of
low chloride ion concentrations within the airway
microenvironment (Foresi et al., 1996).

In a randomized, double-blind, placebo-controlled
study of children with asthma, both inhaled furose-
mide as well as amiloride, a diuretic having no effect on
the Na*-K*-2Cl-cotransporter, demonstrated a signifi-
cant protective effect against acetic acid-induced cough
(Mochizuki et al.,, 1995a). Inhaled furosemide also
inhibited bronchoconstriction induced by UNDW in
children with asthma (Mochizuki et al., 1995b). In
a study of adults with mild asthma, however, inhaled
furosemide did not inhibit cough due to an aerosol of
a Cl-deficient solution, although it was protective in
nonasthmatic volunteers (Stone et al., 1993).

Despite a significant body of evidence supporting the
antitussive effect of inhaled diuretics in humans,
clinical trials evaluating the potential value of these
agents in pathologic cough are lacking. Of interest
would be well-designed studies assessing the clinical
value of currently available inhaled diuretics in
various types of pathologic cough.

I. Ouabain-Sensitive Na*-K* ATPase Inhibitors

Cough is unique among visceral reflexes in that it
is threshold-dependent and requires sustained high-
frequency sensory nerve activation for initiation (Bolser
et al., 2006; Shannon et al., 2004; Canning and Mori,
2011). Therapeutically, a drug that prevents the re-
petitive sensory nerve action potential patterning
associated with cough initiation should have a profound
effect on the cough reflex. Recent studies have revealed
that vagal afferents regulating the cough reflex
uniquely express isozymes of Na™-K* ATPase in their
peripheral terminals (Mazzone et al., 2009). These
isozymes use as subunits of the sodium pump, found
primarily in neurons (Blanco and Mercer, 1998; Dobretsov
et al., 1999; Dobretsov et al., 2003). The a3 subunits
have a high affinity for ATP but a comparatively low
affinity for Na*, perfectly suited to active cells requiring
rapid re-establishment of membrane potential and Na™
gradients (Geering, 2008; Jewell and Lingrel, 1991;
Crambert et al., 2000). Sodium pumps are critical to all
cells, especially excitable cells that require Na* gradi-
ents to initiate excitation. Given the need for sustained,
high-frequency action potential patterning, the vagal
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afferents that regulate cough are especially dependent
upon the re-establishment of Na* gradients during
continued activation. Electrophysiological analysis con-
firmed that inhibition of Na*-K* ATPase selectively
inhibits high-frequency action potential patterning in
airway sensory neurons. In subsequent studies, it was
found that acid-evoked coughing in guinea pigs could be
prevented following Na*-K* ATPase inhibition with
ouabain (Fig. 30), an endogenous cardiotonic steroid
hormone, and digoxin, used clinically to treat heart
disease. These steroid inhibitors of the sodium pump
were effective at inhibiting cough when administered
topically to the airway mucosa. When given intrave-
nously, ouabain markedly inhibited citric acid-evoked
coughing in guinea pigs at doses that are without effect
on blood pressure, heart rate, or respiratory rate (Mazzone
et al., 2009).

Clinical studies provide circumstantial support for
the hypothesis that sodium pump inhibition will be
effective in treating cough. Ouabain, which markedly
inhibited coughing in guinea pigs (Mazzone et al.,
2009), was used with apparently great success in
a more than 100-year-old study of whooping cough
(Gemmell, 1890). The Japanese make a cough remedy
from extracts of Ophiopogon japonicus, rich in glyco-
sides chemically similar to ouabain and digoxin (Wang
et al., 2011a). In more recent clinical literature, ami-
triptyline has been found to be an effective treatment
in chronic, intractable cough (Chung, 2009). Among the
many pharmacological properties of amitryptyline, the
inhibition of Na™-K* ATPase is of interest (Carfagna
and Muhoberac, 1993). The tricyclic H;-receptor antag-
onists promethazine and chlorpromazine also inhibit
the sodium pump and are used clinically as cough
medicines (Wirth, 1958; Hewlett et al., 1983; Carfagna
and Muhoberac, 1993; McLeod et al., 1998; Horvat
et al.,, 2006). Multiple studies and a meta-analysis
reveal that Zn®*, which also inhibits sodium pump
function (Ribeiro et al., 2002), is especially effective at
relieving the cough associated with respiratory tract
infections (Mossad et al., 1996; Singh and Das, 2011).

Proton pump inhibitors, typified by omeprazole, can
also inhibit Na*™-K* ATPase and are somewhat selec-
tive for the neuronal isoforms of the sodium pump
(Keeling et al., 1985; Iwata et al., 1988). As discussed
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above, the results of studies evaluating the antitussive
effects of PPIs have been disappointing (Chang et al.,
2006, 2011; Faruqi et al., 2011; Shaheen et al., 2011).
There have, however, also been several remarkable
results with PPIs in patients with cough (Benini et al.,
2000; Oribe et al., 2005; Ebihara et al., 2007). Thus, it
is noteworthy that PPIs are pro-drugs that require acid
activation for inhibition of not only proton pumps but
also sodium pumps. The mechanism of inhibition of
both of these enzymes requires covalent interactions
between the electrophilic sulfonamides formed upon
PPI interactions with acid and the -electrophilic
cysteines on the proton and sodium pumps. Thus, it
seems reasonable to assert that PPIs such as omepra-
zole will provide no cough relief unless they are acid
activated within the airways, thereby facilitating their
electrophilic interactions with neuronal sodium pumps.
Interestingly, acid activation can occur at weakly acidic
pH values such as those present in inflamed airways.

J. Leukotriene Receptor Antagonists

Asthma and NAEB are among the most common
causes of chronic cough in adults, accounting for ~25%
and 10% of cases, respectively (Dicpinigaitis, 2006;
Brightling, 2010). Along with the standard therapeutic
regimen of inhaled bronchodilators and ICS, the orally
administered leukotriene receptor antagonists (LTRASs)
(Fig. 31) have attained common usage in the treatment
of asthma. Although there is some evidence that LTRAs
can have modest anti-inflammatory effects and that
their ability to improve subjective and objective pa-
rameters in asthmatic patients is well established, the
mechanism by which these agents may function as
antitussives remains poorly understood. A reasonable
assumption is that the LTRAs inhibit cough in
asthmatics through their inhibition of eosinophilic
airway inflammation (Takemura et al., 2012). How-
ever, a recent study in severe asthmatics demonstrat-
ing that anti-IL-5 therapy had significant beneficial
effect on the frequency of severe exacerbations without
an effect on cough calls into question a causal relation-
ship between eosinophilic inflammation and cough in
patients with asthma (Haldar et al., 2009). An alter-
native mechanism proposed is that LTRAs may inhibit

Fig. 31. Chemical structure of montelukast.
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cough by modulating leukotriene-induced activation of
airway mast cells (Kawai et al., 2008).

Two animal studies have demonstrated the antitus-
sive effect of the LTRA montelukast. In awake guinea
pigs with allergen-induced rhinitis, montelukast inhib-
ited citric acid-induced cough (Brozmanova et al., 2005),
and in a guinea pig model of CVA montelukast sup-
pressed cough induced by inhaled antigen (Nishitsuji
et al., 2008).

Multiple studies have demonstrated the antitussive
effects of orally administered LTRAs in adults with
CVA, a form of asthma in which cough is the sole or
predominant symptom. In a randomized, double-blind,
placebo-controlled, crossover study of eight subjects
with CVA, a 14-day course of zafirlukast significantly
improved subjective cough scores and diminished cough
reflex sensitivity to inhaled capsaicin (Dicpinigaitis
et al., 2002). Of note, zafirlukast significantly improved
cough in five subjects whose cough had been refractory
to long-term therapy with ICS. In a randomized, con-
trolled, parallel-group, multicenter trial of 49 patients
with newly diagnosed CVA, the LTRA pranlukast im-
proved cough symptom scores to a greater degree than
did the long-acting inhaled Bs-agonist salmeterol.
Furthermore, unlike with salmeterol, a 4-week course
of therapy with pranlukast significantly decreased eo-
sinophil counts and eosinophil cationic protein (ECP)
contents in peripheral blood and induced sputum
(Tamaoki et al., 2010). Three studies have demon-
strated the antitussive effect of montelukast (10 mg
daily). In a small, randomized, double-blind, placebo-
controlled trial, a 4-week course of montelukast signif-
icantly improved subjectively rated cough frequency,
with beneficial effects noted by the second week of
therapy (Spector and Tan, 2004). In a prospective,
observational study of 23 adult nonsmokers with CVA,
a 4-week course of montelukast significantly improved
subjective cough scores, and diminished cough reflex
sensitivity to capsaicin, as well as sputum eosinophil
counts, whereas not affecting pulmonary function,
airway responsiveness to methacholine, or sputum
mediator levels (Takemura et al., 2012). Another study
of adults with CVA demonstrated the efficacy of a 2-
week course of montelukast against subjectively rated
cough, but the agent was ineffective against cough in
atopic subjects (Kita et al., 2010).

In terms of pediatric cough, one large multinational
study of asthmatic children aged 2 to 5 years demon-
strated a significant improvement in the cough symp-
tom score (P = 0.003) after a 12-week treatment period
with montelukast (n = 461; 4-mg chewable tablet)
versus placebo (Knorr et al., 2001). In an observational
study of 22 children with chronic cough, 68% experi-
enced resolution of cough by the third week of treat-
ment. Those children responding to therapy had higher
baseline blood levels of ECP and IgE and higher abso-
lute eosinophil blood counts compared with nonresponders
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(Kopriva et al., 2004). One randomized, double-blind,
placebo-controlled crossover study evaluated the effect
of an 8-week course of treatment with montelukast in
23 children (ages 6-18) with cystic fibrosis. Montelu-
kast significantly decreased cough and wheezing scale
scores (P < 0.001), as well as serum and sputum levels
of ECP and IL-8, without affecting pulmonary physi-
ology. Montelukast therapy also resulted in decreased
sputum levels of myeloperoxidase and increased serum
and sputum levels of IL-10 (Stelmach et al., 2005).
Given the significant body of evidence documenting
the antitussive efficacy of the LTRAs in cough due to
asthma, further work should be done to evaluate the
potential efficacy of these agents in non-asthmatic
cough. Other clinically important questions that re-
main unanswered are the mechanism(s) through which
LTRAs achieve their antitussive effect, and whether
monotherapy with LTRAs for asthmatic cough is
sufficient to prevent the sequelae of chronic airway
inflammation. However, a recent study has reported
that leukotrienes may not play an important role in
other forms of cough as a randomized, placebo-
controlled trial of montelukast had no effect in adult
patients with postinfectious cough (Wang et al, 2014).

K. Interferon-a

Interferons are naturally occurring proteins pro-
duced by eukaryotic cells in response to viral infection
and other stimuli. They are cytokines that have
antiviral, antiproliferative, and immunoregulatory
properties. There are three major classes of interfer-
ons: «, B, and y. Interferon-as are prescribed for
chronic viral diseases such as hepatitis B and C,
malignancies such as leukemia, and autoimmune
disorders such as inflammatory bowel disease. In-
terferon-a may be derived from leukocytes or lympho-
blasts or produced by recombinant DNA technology.
The alpha gene can produce protein variants such as
interferon-a2. The attachment of interferon to large
inert macrogel molecules, termed pegylation, substan-
tially reduces the rate of absorption and excretion of
interferon and increases the plasma concentration.
Interferon-a is most commonly administered subcuta-
neously. The elimination half-life is 2-7 hours. Cough
has been reported as a side effect of interferon therapy
(Kartal et al., 2007), whereas interstitial pneumonitis
and a sarcoid-like granulomatous reaction in the lung
have been associated with interferon-a treatment
(Kartal et al., 2007). Interferon is often administered
in combination with another antiviral drug ribavirin
for patients with hepatitis C. Cough and cough reflex
hypersensitivity is thought to associate with ribavirin
rather than interferon-o (Dicpinigaitis and Weiner, 2011).

The ability of interferons to inhibit viral replication
led to its evaluation in patients with URTI. Biologic
activity of low-dose interferon-a by oromucosal admin-
istration has been reported in several species including
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humans, despite rapid inactivation by digestive en-
zymes (Cummins et al., 2005). Early studies of in-
tranasal interferon-a2 reported a modest relief of
symptoms (Hayden and Gwaltney, 1984). This led to
studies of combined interferon-a2, H;-receptor antag-
onists, and nonsteroidal, anti-inflammatory drugs. One
study suggested an additive antitussive effect of
interferon-a when combined with H;-receptor antago-
nists (Gwaltney et al., 2002).

A recent uncontrolled study reported an improve-
ment in cough-specific health status with low-dose oral
interferon-a in patients with IPF (Lutherer et al.,
2011), although this needs confirming in a controlled
clinical trial. Further studies should evaluate the
antitussive activities of this and other interferons for
their ability to inhibit cough, because airway cells
expressing interferon-y have been reported to be
reduced in patients with idiopathic chronic cough
(Birring et al., 2003b).

L. Tropan Derivatives with High Affinity for the
Nociceptin Opioid Receptor (Nociceptin)

The nociceptin opioid receptor (NOP) is a recently
identified receptor that shares significant homology
with classic opioid receptors but is not activated by
opioids but by the endogenous peptide nociceptin (orphanin
FQ). Nociceptin was found to attenuate capsaicin- and
citric acid-induced coughing in guinea pigs (McLeod
et al., 2001; Lee et al., 2006) and mechanically induced
cough in cats (Bolser et al., 2001).

SCH486757 [8-[bis(2-chlorophenyl) methyl]-3-(2-
pyrimidinyl)-8-azabicyclo[3.2.1.]octan-3-0l] (Fig. 32),
was identified as an orally absorbed highly selective
NOP receptor agonist with no major safety issues.
SCH486757 inhibited capsaicin-evoked cough in guinea
pigs with similar efficacy to codeine and hydrocodone
and mechanically induced cough in cats (McLeod et al.,
2010). After these positive results in preclinical animal
models, two phase II clinical trials were performed in
patients with postviral and chronic cough (J.A. Smith,
personal communication). A double-blind, randomized,
controlled parallel group study (~30 subjects per arm)
compared SCH486757 to 30 mg of codeine two times
a day and placebo in patients suffering from cough,
persisting 2 weeks after a viral upper respiratory tract
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infection, i.e., postviral cough. Cough scores improved to
a similar degree with codeine and SCH486757 but were
not statistically significantly different from placebo.
Objective cough frequency measured using the Lifeshirt
(Vivometrica, Ventura, CA) also showed no significant
improvement over placebo for either drug (Woodcock
et al., 2010). Unfortunately, the maximum clinical dose
for SCH486757 is limited by its tendency to produce
somnolence, which was seen in 7 of 