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Ambroxol - Resurgence of an old molecule as an anti-
inflammatory agent in chronic obstructive airway diseases
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Editorial

Ambroxol hydrochloride (C13H18Br2N2O) is an active 
N-desmethyl metabolite of bromhexine hydrochloride. 
Deletion of a methyl group and introduction of a hydroxyl 
group in a para-trans position of cyclohexyl ring have 
enriched ambroxol to acquire several new but important 
pharmacological properties, namely, surfactant stimulatory, 
anti-imflammatory, anti-oxidant, and local anesthetic 
effects in addition to the muco-kinetic and muco-ciliary 
effects of the parent compound. It is available in several 
formulations. After intravenous administration, the drug 
is accumulated mainly in the lungs and the elimination 
half life is about 10 hours. After oral administration, the 
drug is rapidly absorbed, bioavailability is 79% and plasma 
protein binding is 90%. Elimination is through a two-phase 
oxidative biotransformation to dibromoanthranilic acid and 
glucronides through cytochrome P450 3A4.[1] Recognition of 
the surfactant stimulatory and anti-inflammatory properties 
of the drug has led to resurgence of interest in the molecule 
in the management of difficult to treat obstructive airway 
disorders, where lack of surfactant and mucus stasis are 
bound in reciprocal causal relationship and perpetuate the 
inflammatory process.[2,3] Decreased steroid responsiveness 
has also been reported in these patients.

EXPERIMENTAL DATA

Existing overwhelming data shows that ambroxol has 
surfactant stimulatory and anti-inflammatory properties. 
Intra-tracheal insufflation of ambroxol led to increase 
in bronchial secretions in animal studies. The extent of 
the effect was dose-dependent[4] and due to increase in 
secretion of surfactant[5] and mucous glycoprotein.[6] As a 
result the secretions become thin and less viscid. Further, in 
isolated lung preparations of animals, ambroxol stimulated 
ciliary activity and/or increased the beat frequency.[7] The 
drug was found to increase the volume of type II cells, 
thus enhancing the incorporation of labeled precursors 
like palmatic acid into alveolar phosphatidyl-choline 
and storage of lamellar bodies, thus indicating that it up 
regulates the production of surfactant.[8] This is also evident 
from the fact that pregnant animals given ambroxol during 
24-26 weeks of gestation led to improved lung functions 
in prematurely delivered fetuses.[9] Further, treatment of 
animals suffering from induced acute respiratory distress 
syndrome with ambroxol resulted in increased survival of 
the animals as compared to the controls.[10] The drug up 
regulates surfactant production by increasing the uptake 

of 14C-chooline and 32P-phosphate.[11]

Experiments on neutrophils, macrophases and mast cells 
have shown that Ambroxol has antioxidant and anti-
inflammatory properties as well. Pulmonary surfactant and 
inflammatory mediators share phosphatidylcholine as their 
substrate. By increasing production of surfactant, ambroxol 
reduces the production of leukotrienes, interleukin I and 
Tumor Necrosis Factor (TNF), the inflammatory mediators 
that cause inflammation and broncho-reactions.[12] 
In animals exposed to tobacco smoke and other toxic 
inhalants, ambroxol acted as free radical scavenger and 
was capable of protecting these animals from the oxidative 
stress injury.[13,14] Further, it decreased the lipopolysacharide 
(LPS) induced synthesis of cytokines, oxygen radicals and 
nitric oxide in alveolar macrophages.[15,16] Ambroxol also 
inhibited release of histamine and synthesis of leukotrienes 
from human mast cells and monocytes, the cells responsible 
for mediating the acute phase of immediate hypersensitivity 
reactions in lung, intestine and skin. Thus it reduced 
immediate bronchoconstriction by reducing smooth muscle 
contraction, vasodilatation and vascular permeability.[17] 

In acute lung injury models also, the compound decreased 
LPS induced lung hemorrhage, edema, exudation, 
infiltration with neutrophills and release of cytokines.[18] 
Ambroxol was capable of suppressing influenza virus 
replication in airway fluid. Thus it improved survival rates 
in treated animals.[19] Ambroxol, possibly on account of 
increased clearance of mucus in small airways,[20] increases 
the penetration index for drugs in the inflamed airways.

Toxicity studies with the compound has been done in wide 
range of animals and has been found to be low.[20] Overdose 
toxicity included dyspnoea, ataxia and convulsions but 
subacute and chronic toxicity were distinctly uncommon 
and reversible in nature. It was neither embroytoxic 
or teratogenic, nor it affected fertility and postnatal 
development in rat and rabbits.[21] It was also devoid of 
any mutagenic or tumerogenic effect.[22] 

CLINICAL DATA

Inhaled LABA and corticosteroids form the backbone 
of therapy in severs obstructive airway diseases but its 
efficacy is sometimes limited by steroid resistance and 
the poor penetration of the drugs down the airways. 
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Methylxanthines have long been recognized for their use 
in the treatment of obstructive airway diseases, largely due 
to the ability of these drugs to elicit broncho-dilatation and 
the newly found role of unlocking steroid resistance but 
frequent adverse effects have limited its role. 

Ambroxol has been available in market since 1973. Since 
then, the drug has been administered to thousands of 
patients. The reported adverse reactions are low and 
include skin rashes, nausea, vomiting, abdominal pain 
and dyspepsia. Anaphylactic reactions and allergic 
reactions are rare. Thus the drug is considered as safe 
for human consumption. It has mucoactive, secretolytic, 
secretomotoric, anti-imflammatory and anti-oxidant 
actions. Thus it may be of immense value in the 
management of difficult-to-treat obstructive airway 
disorders, namely, COPD and asthma in smokers. Indeed, 
in several clinical studies in COPD patients, ambroxol has 
been shown to reduce acute exacerbations, work off days 
and/or hospital admissions, more particularly in those 
with severe disease,[23-25] but the drug had no effect on 
lung functions. 

Nonetheless, the reduction in acute exacerbations is also 
of paramount importance as it reduces cost of treatment 
in these patients.[26] Guidelines on management of COPD 
also highlight this.[27] Further, in AMETHIST study,[25] 

where patients were treated for 6 months, it was possible 
to discontinue oral corticosteroids. Guyatt et al.[28] reported 
that the drug has no effect on health related quality of life. 
However, this study had limitations in terms of sample 
size and duration. 

Most clinical trials with ambroxol in COPD and 
asthma patients have been done in combination with 
methylxanthines. The combination salt, acebrophylline, 
is obtained by targeted salification of ambroxol base and 
theophylline 7 acetic acid in a stoichiometric ratio so 
that after absorption, high plasma levels of ambroxol are 
obtained along with low levels of the xanthine derivative. 
Pozzi[29] has reviewed the anti-inflammatory effects of 
the compound and has summarized that given orally, 
acebrophylline reduces the hyper-responsive inflammatory 
responses in these conditions, more particularly, the 
broncho-spastic episodes. 

Larger and well conducted controlled trials are the need of 
the hour to fully assess the clinical role of ambroxol alone 
or as acebrophylline in the management of the difficult-
to-treat obstructive airway disorders like severe COPD 
and severe asthma in smokers, when unlocking steroid 
responsiveness emerges as an important issue.
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