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Review Article

Montelukast: much more than an antiasthma drug

Ghada M. Suddek*

INTRODUCTION

Leukotrienes (LTs), derivatives of arachidonic acid are 
synthesized in response to cell activation from membrane 
phospholipids. Cysteinyl leukotrienes (CysLTs), namely 
LTC4, LTD4, and LTE4, are potent proinflammatory 
lipid mediators produced from arachidonic acid through 
5-lipoxygenase (5-LOX) pathway.1

They are mainly secreted by eosinophils, mast cells, monocytes, 
and macrophages, and play a crucial role in infl ammation, 
bronchoconstriction, and airway remodeling of asthmatics.2-5

It has been reported that bioactive metabolites of LTs have 
a pivotal role in oxidative stress.6 Montelukast (MK), the 
selective LTD4 receptor antagonist, is used mainly to reduce 
eosinophilic infl ammation in asthmatic patients.7,8 It is also 
effective in management of allergic rhinitis, chronic obstructive 
pulmonary disease and idiopathic pulmonary fi brosis.5

Moreover, MK was reported to have signifi cant antioxidant 
properties in various experimental models of infl ammation 
rather than that in the airways of asthmatic patients.

Accordingly, in the current mini review, MK was chosen as 
a candidate to review its effects in different experimental 
models of infl ammation and oxidative stress.

MONTELUKAST AND GIT

CysLTs play a part in inflammatory reactions such as 
infl ammatory bowel diseases. Results of Marusova et al.9 
demonstrated that MK prevented the stomach mucosa in 
rats from acute erosive gastritis model induced by aspirin. 
Serner et al.10 found that MK has a gastroprotective effect 
against alendronate, a local irritant that causes infl ammation 
through neutrophil infi ltration and oxidative damage in 
gastric mucosa. It also possesses an anti-infl ammatory effect 
on burn-induced gastrointestinal damage and protects against 
oxidative injury by a neutrophil-dependent mechanism.11 
In a similar way, MK exhibited a gastroprotective effect 
on indomethacin-induced ulceration which may be 
attributed to its ameliorating effect on oxidative damage 
and myeloperoxidase (MPO) activity.12,13 It also has some 
potential to ameliorate mild experimental colitis induced by 
dextran in rats.14 In water avoidance stress (WAS)-induced 
degeneration of rat gastric, ileal and colonic mucosa model, 
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MK supplementation attenuated infl ammatory effects of 
WAS induction in GIT mucosa.15 Muthuraman and Sood16 
attributed the antiulcerogenic effect of MK in pyloric 
ligation and water immersion stress-induced peptic ulcer to 
its antisecretory, antioxidative along with its antiapoptotic 
properties. In a trial to investigate the effects of MK on 
experimental rat colon anastomosis, the investigators found 
that MK causes impairment of wound healing without 
altering the anastomosis bursting pressure and reverses the 
oxidative damage of the colon anastomoses in rats.17

MONTELUKAST AND LIVER

In different models of liver oxidative injury, MK proved 
to protect against this injury. Sener et al. demonstrated that 
MK protects against burn-induced damage in remote organs 
of which liver is an important one through a neutrophil-
dependent mechanism.18 In another model, MK was found 
to possess an anti-infl ammatory effect on sepsis-induced 
(through cecal ligation and puncture) hepatic and intestinal 
damage in rats.19 In the studies of Daglar et al. and Ozkan 
et al.,20,21 the anti-infl ammatory and the inhibitory effect of 
MK on lipid peroxidation could account for its preventive 
effect on the liver and intestinal injury in hepatic ischemia/
reperfusion (I/R) injury, which may occur in transplantation 
processes. MK was found to exhibit partial hepatoprotective 
effects on carbon tetrachloride-treated rats with less 
severe cellular lesions.1 It also has an ameliorating effect 
on necroinflammatory liver injury and fibrogenesis in 
cholestasis rats.22 MK reduced portal pressure in rat liver 
cirrhosis induced in rats either by bile duct ligation or 
thioacetamide application23 and therefore, MK may be of 
therapeutic benefi t in patients with portal hypertension. 
Furthermore, MK treatment after methotrexate application 
could reduce methotrexate-induced experimental liver 
damage possibly through reduction of malondialdehyde 
(MDA) and MPO levels as an antioxidant.24

MONTELUKAST AND BRAIN

In the study of Yu et al.,25 they found that MK has a dose- and 
time-dependent neuroprotective effect on permanent focal 
cerebral ischemia in mice induced by middle cerebral 
artery occlusion. In addition, it protected mice and rats 
against chronic brain injury after focal cerebral ischemia, as 
judged by attenuated behavioral dysfunction, brain infarct 
volume, brain atrophy and neuron loss26 supporting the 
therapeutic potential of CysLT(1) receptor antagonists. On 
the other hand, Hu et al. have reported that MK has not an 
effect on viability and ischemic-like injury in the primarily 
cultured rat cortical neurons induced by oxygen-glucose 
deprivation followed by reperfusion.27 Biber et al. found 
that MK decreases blood-brain barrier permeability, but does 
not prevent edema formation in a rat model of traumatic 
brain injury-induced oxidative stress of the brain.28 In 
2010, Kalonia et al.29 emphasized that MK has a protective 
effect against intrastriatal quinolinic acid/malonic acid-

induced Huntington’s like symptoms in rats confi rming the 
therapeutic potential of LT receptor antagonists in different 
neurodegenerative disorders. MK strongly elevated neural 
stem and progenitor proliferation, while maintaining their 
differentiation fate and potential and thus the inhibition of 
the 5-LOX pathway might be potent candidates for future 
therapies employing neurogenesis to promote structural 
and functional improvement in neurodegeneration, 
neuropsychiatric disease and ageing.30 In a rat model of 
cognitive dysfunction induced by intrahippocampally 
injection of kainic acid, MK potentiated the protective 
effect of rofecoxib (cyclooxygenase [COX-2] inhibitor)
emphasizing the positive modulation of cysteinyl LT receptor 
inhibition on COX and LOX pathways in the control of 
the neuroinfl ammation.31 MK alleviated central nervous 
system infl ammatory cell infi ltration and pathogenesis of 
experimental autoimmune encephalomyelitis indicating that 
it could be used to treat multiple sclerosis.32

MONTELUKAST AND KIDNEY

MK was reported to have a protective effect in different 
models of renal injury in experimental animals. In a 
model of renal I/R injury in rats, MK reversed I/R-induced 
oxidant responses, improved microscopic damage and renal 
function by inhibiting neutrophil infi ltration, balancing 
oxidant-antioxidant status, and regulating the generation 
of infl ammatory mediators.33 The same protective effect 
of MK was observed in pyelonephritic rats in a model of 
Escherichia coli-induced oxidative injury and scarring in 
renal tissue suggesting a future role for LT CysLT1 receptor 
antagonists in the treatment of pyelonephritis.34 Kidney 
and lung are the most protected tissues by MK in a rat 
model of cecal ligation and puncture-induced sepsis.35 This 
could be due to the ability of MK to reduce infl ammatory 
cytokines, such as TNF-α and IL-6, and ameliorate the 
negative alteration in the tissue levels of SOD, GSH, MPO, 
and LPO under these conditions. It was reported that MK 
ameliorated kidney function in chronic cyclosporine,36 an 
acute cisplatin,37 and acute amikacin-treated rats.38 It was 
also able to prevent rhabdomyolysis-induced acute renal 
failure in rats.39

MONTELUKAST AND URINARY BLADDER

MK reduces urinary bladder dysfunction in different sets of 
models. In a model of I/R of rat urinary bladder, MK almost 
completely reversed the low contractile responses of rat 
urinary bladder to carbachol and prevented oxidative tissue 
damage following I/R.40 Furthermore, it alleviated protamine 
sulfate-induced changes in rat urinary bladder through its 
anti-infl ammatory effects.41 In the study of Suddek, MK 
ameliorated urinary bladder sensitivity in cisplatin-induced 
renal dysfunction in rats by reducing the responses of isolated 
bladder rings to acetylcholine.37
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MONTELUKAST AND LUNG

Increased activation of alveolar macrophage, neutrophil 
and mast cell has been proven in cigarette smoking-related 
lung disorders (CSLD). MK may protect against active or 
passive smoking-induced lung injury and related disorders 
suggesting that some part of the pathogenesis of CSLD may 
be related to an enhanced LTs synthesis.42 MK protects lung 
tissue from toxicity signs of paraquat in rats by balancing 
oxidant/antioxidant status, inhibiting neutrophil infi ltration, 
and by regulating the generation of infl ammatory mediators 
as evidenced by reversal of the elevated levels of serum TNF-
alpha, and LDH induced by paraquat.43 This study greatly 
recommends the usage of MK in management of paraquat 
toxicity. In a rat model of bleomycin-induced lung fi brosis, 
MK was effective in inhibiting further progression of lung 
fi brosis through inhibition of α- smooth muscle actin positive 
myofi broblasts.44 MK may ameliorate lung injury in shocked 
rats by interfering with infl ammatory (TNF-α and IL-6) and 
oxidative pathways, implicating the role of leukotrienes 
(LTB4, LTC4) in the pathogenesis of hemorrhagic shock-
induced lung infl ammation.45 Furthermore, MK abrogates 
lipopolysaccharide-induced markers of liver injury and 
suppresses the release of infl ammatory (TNF-alpha, IL-1β, 
MPO) and oxidative stress markers through its antioxidant 
properties and enhancement enzymatic antioxidant activities.46

MONTELUKAST AND HEART

MK is cardioprotective during myocardial injury in rats50 
by halting the LTs-induced infl ammatory response and 
upregulating the eNOS expression as well as downregulating 
the iNOS expression. This may represent an approach to the 
treatment of myocardial ischemia with LT antagonists.47

MISCELLANEOUS

MK in arthritis

MK has an anti-infl ammatory effect in sodium monourate-
induced gouty arthritis in mice48 and in collagen-induced 
arthritis in mice.49

MK in pancreatitis

MK reduced cerulean-induced pancreatic injury in rats 
suggesting that CysLTs may be involved in the pathogenesis 
of acute pancreatitis and that the CysLT receptor antagonist, 
MK, might be of therapeutic value for proinfl ammatory 
cytokines tumor necrosis factor α and interleukin 1β levels as 
well as Na, K-adenosine triphosphatase and MPO activities.

MK in seizures

MK markedly and dose dependently suppressed the 
development of kindled seizures as well as pilocarpine 

induced spontaneous recurrent seizures. Therefore, LTsD(4) 
may be implicated in the pathogenesis of seizures.51

Clinical application

Many published clinical trials, reviews, and case reports 
have demonstrated benefi cial effects of LTRAs on other 
diseases commonly associated with asthma (rhinitis, 
chronic obstructive pulmonary disease, interstitial lung 
disease, exercise induced asthma, chronic urticaria, 
allergic fungal disease, nasal polyposis, paranasal sinus 
disease, and atopic dermatitis) as well as other diseases 
not connected to asthma (migraine, respiratory syncytial 
virus post bronchiolitis, systemic mastocytosis, cystic 
fi brosis, pancreatitis, vulvovaginal candidiasis, cancer, 
atherosclerosis, eosinophils cystitis, otitis media, capsular 
contracture, and eosinophilic gastrointestinal disorders).52

This short review delineates the future roles that MK may 
have in the management of many diseases rather than 
asthma such as infl ammatory bowel diseases, pulmonary 
hypertension, multiple sclerosis, pyelonephritis, myocardial 
ischemia, gouty arthritis, acute pancreatitis, and epilepsy.
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