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Introduction
Inflammation and oxidative stress (OS) are central to the 
pathobiology of a broad spectrum of ocular disorders, 
ranging from common surface diseases (e.g., allergic 
conjunctivitis and dry eye disease) to posterior segment 
conditions (e.g., diabetic retinopathy [DR], age-related 
macular degeneration, and glaucoma). 1-3 Although major 
advances in ophthalmic therapy have improved symptom 
control and disease management, current treatments 
frequently remain directed toward downstream mediators 
or late clinical manifestations rather than the upstream 
pathways that sustain chronic inflammation and tissue 
injury. 4 Accordingly, there is continued interest in 
identifying therapeutically relevant signaling cascades 
that may be amenable to drug repurposing, particularly 
in conditions where persistent inflammation, vascular 
dysfunction, and neurodegeneration converge. 5

Among lipid-derived inflammatory mediators, 
leukotrienes occupy a biologically important position in 

both innate and adaptive immune responses. 6 Generated 
from arachidonic acid through the 5-lipoxygenase (5-
LOX) pathway, cysteinyl leukotrienes (e.g., LTC4, LTD4, 
and LTE4) signal predominantly through the cysteinyl 
leukotriene receptor 1 (CysLT1) in order to promote 
vascular permeability, leukocyte recruitment, cytokine 
amplification, and sustained inflammatory activity. 7 
This pathway is well established in asthma and allergic 
disease, but experimental studies further suggest that 
leukotriene signaling may contribute to ocular surface 
inflammation, retinal vascular dysfunction, and neuronal 
injury. 8,9 Importantly, however, the strength of evidence 
substantially varies across disease states, and mechanistic 
plausibility should not be conflated with proven clinical 
efficacy.

Montelukast is a selective oral CysLT1 receptor antagonist 
that is widely used in asthma and allergic rhinitis. 10 Beyond 
its approved respiratory indications, preclinical studies 
have shown that montelukast may exert anti-inflammatory, 
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Abstract
Leukotrienes have traditionally been viewed as key mediators of allergic inflammation, but 
growing evidence indicates their involvement in immune responses, oxidative stress (OS), 
vascular dysfunction, and neuroinflammation, highlighting their therapeutic potential. Among 
available agents, montelukast, a selective cysteinyl leukotriene receptor 1 (CysLT₁) antagonist, 
represents a promising candidate for drug repurposing in ophthalmology.
Therefore, this review summarizes current knowledge of leukotriene biology in ocular tissues 
and critically evaluates the experimental and clinical evidence supporting montelukast 
across diverse ophthalmic diseases. According to preclinical studies, montelukast suppresses 
inflammatory signaling, reduces OS, attenuates leukocyte recruitment and microglial activation, 
and preserves vascular barrier integrity and retinal neuronal homeostasis. Moreover, clinical 
observations are most convincing in allergic conjunctivitis, while encouraging experimental data 
have been reported for dry eye disease, diabetic retinopathy, retinal ischemic injury, glaucoma, 
and uveitis. Contrarily, evidence for age-related macular degeneration remains preliminary 
and largely mechanistic. Despite these encouraging findings, clinical translation into remains 
limited by uncertain ocular pharmacokinetics following systemic administration, the absence 
of formulations optimized for posterior-segment delivery, and insufficient validated biomarkers 
and a lack of adequately powered randomized clinical trials.
Overall, current evidence supports leukotriene signaling as a convergent inflammatory pathway 
across multiple ocular diseases, identifying montelukast as an important proof-of-concept for 
leukotriene-directed therapy. Future advances in ocular drug delivery, biomarker-guided patient 
selection, and well-designed clinical studies will determine whether the modulation of this 
pathway can evolve into a disease-modifying therapeutic strategy in ophthalmology.
Keywords: Montelukast, Leukotrienes, CysLT₁ receptor, Ocular Inflammation, Drug Repurposing, 
Ophthalmology
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antioxidant, anti-apoptotic, and possibly neuroprotective 
effects through the modulation of pathways such as 
nunclear factor-kappa β (NF-kB) signaling and cytokine 
production. 11 These findings have made montelukast 
an attractive candidate for drug repurposing in chronic 
inflammatory disorders. However, such interest must be 
cautiously interpreted in ophthalmology: while the biologic 
rationale is compelling, the clinical evidence supporting 
benefit remains strongest in allergic eye disease and 
substantially weaker, or largely absent, in most posterior 
segment disorders. 12

Leukotriene-related components have been identified 
in ocular tissues, including the conjunctiva, cornea, ciliary 
body, retinal pigment epithelium (RPE), retinal neurons, 
and optic nerve. 13 Experimental work further indicates 
that leukotriene signaling may be upregulated in several 
ocular conditions characterized by inflammation or tissue 
stress. 14 Nonetheless, the presence of a signaling pathway 
in diseased tissue does not, by itself, establish therapeutic 
relevance. In diseases such as allergic conjunctivitis and 
vernal keratoconjunctivitis, clinical studies provide at least 
limited support for leukotriene receptor antagonism as 
an adjunctive approach. 15 By contrast, available data are 
predominantly preclinical or observational in disorders 
such as DR, glaucoma, dry eye disease, age-related macular 
degeneration, and retinal ischemic injury. Moreover, no 
robust body of human evidence currently supports routine 
clinical use.

Safety is another important consideration. Montelukast 
has drawn increased attention because of regulatory 
warnings regarding rare but clinically meaningful 

neuropsychiatric adverse events. 16 This issue is especially 
relevant when considering off-label use for chronic non-
life-threatening ocular disease, where the threshold for 
acceptable risk is lower than in severe systemic illness. 
Therefore, any discussion of montelukast in ophthalmology 
requires a balanced appraisal of potential benefit, biological 
plausibility, translational limitations, and safety concerns.

In this review, the pharmacology of montelukast and the 
role of leukotriene signaling in ocular physiology and disease 
are critically examined, with emphasis on the distinction 
between mechanistic rationale and clinically validated 
efficacy. The current evidence across ocular surface 
disorders, retinal vascular disease, neurodegenerative 
eye disease, and inflammatory conditions of the eye is 
summarized, highlighting the major gaps that must be 
addressed before leukotriene receptor antagonism can be 
considered a truly evidence-based ophthalmic strategy.

Mechanisms of Action
Montelukast exerts its primary pharmacological effect 
through selective antagonism of the cysteinyl leukotriene 
type 1 (CysLT₁) receptor, a G protein-coupled receptor 
that mediates many of the pro-inflammatory actions of 
cysteinyl leukotrienes. Activation of this receptor amplifies 
inflammatory signaling by increasing vascular permeability, 
promoting eosinophil and leukocyte recruitment, 
stimulating mucus secretion, and enhancing cytokine 
production. 17 Although these responses are traditionally 
associated with allergic airway disease, the same signaling 
network is increasingly recognized as contributing to 
chronic inflammation in several ocular disorders. 8

Figure 1. Leukotriene Signaling in Ocular Pathophysiology and the Therapeutic Rationale for CysLT₁ Receptor Antagoism
Note. CysLT1: Cysteinyl leukotriene receptor 1; P ⁠LC/PKC: Phospholipase C/protein kinase C; MAPK: Mitogen-activated protein kinase; NF-κB: Nunclear factor-
kappa β. Leukotrienes generated through the 5-lipoxygenase pathway activate BLT and CysLT receptors on immune, vascular, and retinal cells, thus triggering 
inflammatory signaling cascades (PLC/PKC, MAPK, and NF-κB) that promote cytokine production, oxidative stress, endothelial dysfunction, vascular leakage, 
and leukocyte recruitment. Moreover, sustained activation contributes to blood-ocular barrier disruption, mitochondrial dysfunction, microglial activation, 
retinal neurodegeneration, and pathological angiogenesis, culminating in vision loss across multiple ocular diseases. Montelukast, a selective CysLT₁ receptor 
antagonist, is proposed to interrupt these interconnected pathogenic mechanisms by reducing inflammation, oxidative stress, vascular permeability, and 
neuroinflammation, thereby providing a mechanistic framework for leukotriene-targeted therapy in both anterior and posterior segment disorders
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By competitively occupying the ligand-binding pocket of 
the CysLT₁ receptor, montelukast prevents the interaction 
of endogenous leukotrienes with their principal signaling 
receptor, thereby interrupting one of the major downstream 
pathways activated by the 5-LOX cascade. 18 This results in 
the attenuation of intracellular signaling pathways involved 
in inflammatory gene transcription, including NF-κB and 
mitogen-activated protein kinase signaling, ultimately 
reducing the production of cytokines, chemokines, and 
other inflammatory mediators that sustain tissue injury. 
19,20 Importantly, this mechanism suppresses leukotriene 
signaling without interfering with upstream eicosanoid 
biosynthesis, distinguishing montelukast from 5-LOX 
inhibitors and contributing to its favorable safety profile. 21

Over the past decade, however, it has become increasingly 
evident that the biological activity of montelukast cannot 
be attributed solely by CysLT₁ receptor blockade. 
Experimental studies performed across diverse models 
of inflammatory and neurodegenerative diseases have 
consistently demonstrated broader immunomodulatory 
effects that appear to extend beyond classical receptor 
antagonism. 22 Although the precise molecular basis of 
these effects remains under investigation, accumulating 
evidence indicates that montelukast influences multiple 
interconnected inflammatory pathways that collectively 
regulate cellular survival, OS, and tissue remodeling. 23

One of the most consistently reported effects is the 
suppression of NF-κB activation, a central transcriptional 
regulator of inflammatory responses. Inhibition of 
this pathway is accompanied by reduced expression of 
major pro-inflammatory mediators, including tumor 
necrosis factor-alpha (TNF-α), interleukin (IL)-1β, IL-6, 
and monocyte chemoattractant protein-1, resulting in 
diminished recruitment and activation of inflammatory 
cells. 24 These anti-inflammatory effects have been 
confirmed across several experimental systems, suggesting 
that montelukast modulates the broader inflammatory 
microenvironment rather than targeting a single cytokine 
pathway. 25,26

OS represents another important target of montelukast. 
Excessive production of reactive oxygen species 
(ROS) contributes to mitochondrial dysfunction, lipid 
peroxidation, DNA damage, and activation of cell death 
pathways in many chronic ocular diseases. 27 According to 
experimental evidence, montelukast attenuates oxidative 
injury by reducing ROS generation while enhancing 
endogenous antioxidant defenses, partly through the 
activation of the nuclear factor erythroid 2-related factor 
2/heme oxygenase-1 signaling pathway. 28 Although these 
findings predominantly originate from preclinical studies, 
they provide a biologically plausible explanation for the 
protective effects observed in models of retinal ischemia, 
DR, and optic nerve injury.

Beyond regulating inflammation and OS, montelukast 
also appears to influence cell survival pathways. Several 
studies have demonstrated reduced activation of 
executioner caspases and preservation of mitochondrial 
integrity following montelukast treatment, implying 

an anti-apoptotic effect under inflammatory or OS 
conditions.29 These observations are particularly relevant 
to retinal neurons and retinal ganglion cells, whose 
progressive loss underlies irreversible visual impairment 
in disorders such as glaucoma and retinal ischemia. 30

Emerging evidence further suggests that montelukast 
modulates innate immune cell function. Experimental 
studies have documented shifts in macrophage and 
microglial activation toward less pro-inflammatory 
phenotypes, accompanied by reduced secretion of cytotoxic 
mediators and improved resolution of tissue inflammation. 
31 Given the increasingly recognized contribution of 
microglial activation to retinal neurodegeneration, this 
mechanism may represent an additional pathway through 
which montelukast exerts neuroprotective effects. 30 
Nevertheless, the translational significance of these findings 
remains to be established through well-designed clinical 
studies.

Overall, current evidence indicates that montelukast 
should no longer be viewed solely as a leukotriene 
receptor antagonist used for allergic diseases but rather 
as a pleiotropic immunomodulatory agent capable of 
simultaneously targeting multiple biological processes (e.g., 
inflammation, OS, vascular dysfunction, and apoptosis) 
that are shared across numerous ocular disorders. 8 
This broad pharmacological profile provides a strong 
mechanistic basis for evaluating montelukast as a drug-
repurposing candidate in ophthalmology. Nonetheless, 
confirmation of these experimental observations in human 
ocular disease remains a priority for future translational 
research (Figure 1).

Pharmacokinetics
An understanding of the pharmacokinetic profile of 
montelukast is essential when considering its potential 
repurposing for ocular diseases. Unlike conventional 
ophthalmic medications, which rely on topical 
administration to achieve local drug exposure, montelukast 
is orally administered and exerts its effects through systemic 
modulation of inflammatory pathways. Consequently, 
the therapeutic relevance of these pharmacokinetic 
characteristics extends beyond systemic exposure to 
include tissue accessibility, metabolic stability, and the 
potential to modulate inflammatory processes within 
immune-privileged ocular tissues. 32

Montelukast is well absorbed following oral 
administration and exhibits consistent bioavailability that 
supports once-daily dosing. Moreover, extensive plasma 
protein binding and predominant hepatic metabolism 
contribute to relatively stable systemic drug concentrations 
while minimizing large fluctuations during chronic 
treatment. These pharmacokinetic features have facilitated 
its long-term clinical use in asthma and allergic rhinitis, 
where the primary therapeutic objective is the sustained 
suppression of leukotriene signaling rather than rapid peak 
concentrations. A similar pharmacodynamic principle may 
be advantageous in chronic ocular diseases characterized 
by persistent low-grade inflammation. 17
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The drug undergoes extensive hepatic metabolism, 
predominantly through CYP2C8, with smaller 
contributions from CYP3A4 and CYP2C9. 33 Considering 
that elimination occurs primarily through biliary excretion, 
renal dysfunction has a negligible influence on systemic 
drug disposition. Clinically significant pharmacokinetic 
interactions are uncommon in routine practice, although 
caution is still warranted when montelukast is co-
administered potent cytochrome P450 inducers that may 
reduce systemic drug exposure. 34 Overall, its predictable 
pharmacokinetic behavior has contributed to the favorable 
safety profile observed during long-term therapy.

One of the most relevant, and still actively investigated, 
aspects of montelukast pharmacology is its tissue 
distribution. According to experimental research, 
montelukast is capable of limited penetration into the 
central nervous system, particularly under conditions 
associated with the disruption of physiological barrier 
function. 35 Although the extent of blood-brain barrier 
(BBB) penetration in humans remains incompletely 
understood, these findings have raised interest in whether 
the drug may also access posterior segment ocular 
tissues, where inflammation, OS, and neurodegeneration 
play central roles in disease progression. 36 Direct 
pharmacokinetic evidence demonstrating therapeutically 
relevant concentrations in human retinal tissues remain 
limited, representing an important challenge in translating 
promising experimental findings into clinical practice. 37

Importantly, therapeutic efficacy in ocular disease may 
not necessarily depend on achieving intraocular drug 
concentrations. 38 Many inflammatory eye disorders, 
including allergic conjunctivitis, uveitis, DR, and age-related 
macular degeneration, are influenced by systemic immune 
activation and circulating inflammatory mediators. By 
attenuating leukotriene-dependent inflammatory signaling 
at the systemic level, montelukast may indirectly modulate 
the ocular inflammatory milieu without functioning 
as a conventional locally delivered ophthalmic drug. 8,39 
This concept distinguishes montelukast from topical 
corticosteroids or calcineurin inhibitors, supporting its 
potential role as an adjunctive systemic therapy in carefully 
selected patients rather than as a direct replacement for 
established ocular treatments.

Despite these encouraging pharmacological 
characteristics, several significant questions remain 
unresolved. The relationship between plasma exposure 
and ocular tissue concentrations has not been established, 
and the optimal dosage required for ocular indications is 
unknown. Furthermore, no pharmacokinetic studies have 
established a correlation between systemic drug levels with 
retinal or ocular surface biomarkers. 40 Addressing these 
knowledge gaps will be essential for determining whether 
the favorable experimental profile of montelukast can be 
translated into meaningful clinical benefits. Ultimately, 
future investigations combining ocular pharmacokinetics, 
pharmacodynamic biomarkers, and advanced drug-
delivery strategies may help define the therapeutic window 
required for successful ophthalmic application.

Leukotrienes as Important Integrative Mediators 
and Regulators of Chronic Ocular Inflammation 
and Degeneration: From Molecular Amplification to 
Therapeutic Potential
Leukotrienes as Important Regulators of Ocular 
Inflammation
In the eye, inflammation must be tightly controlled to 
protect vision. Even minor disruptions can cloud the 
cornea, break down blood-ocular barriers (BOB), or harm 
retinal neurons that have little capacity to regenerate. 
Therefore, the ocular immune system depends on a delicate 
balance of lipid mediators, cytokines, chemokines, and 
resident cells to resolve inflammation before it becomes 
chronic. 41

Leukotrienes, produced from arachidonic acid via the 
5-LOX pathway under stress, injury, or immune activation, 
extend far beyond their classic role in asthma and allergies. 
Rather than initiating inflammation, they mainly sustain 
and amplify it by bridging innate and adaptive responses. 
Moreover, cysteinyl leukotrienes (LTC₄, LTD₄, and LTE₄) 
bind CysLT receptors, especially CysLT₁, on endothelial 
cells, epithelial cells, fibroblasts, mast cells, eosinophils, 
macrophages, microglia, and various resident ocular cells. 
13 This wide distribution allows them coordinate vascular 
permeability, adhesion molecule expression, leukocyte 
recruitment, and cytokine production (TNF-α, IL-1β, IL-
6, and chemokines) through cross-talk with NF-κB and 
mitogen-activated protein kinase pathways. 42

What makes leukotrienes particularly potent in the 
eye is the convergence of multiple disease triggers on 
this pathway: hyperosmolar stress in dry eye, allergens 
in conjunctivitis, ischemia in DR, mechanical strain in 
glaucoma, and oxidative damage in retinal degeneration 
all activate phospholipase A₂ and boost 5-LOX activity. 
43 This creates a self-reinforcing loop linking persistent 
lipid mediator signaling with cytokine storms, OS, and 
immune cell infiltration across both anterior and posterior 
segments. 30

This process closely intertwines with OS. ROS drive 
leukotriene production, while leukotrienes activate 
inflammatory cells that generate more ROS, thereby 
creating a vicious feed-forward cycle. In the retina, high-
metabolic-demand cells such as photoreceptors, RPE, 
and ganglion cells are especially vulnerable, leading to 
mitochondrial damage, senescence, matrix remodeling, 
and eventual neuronal loss. 44

Likewise, leukotrienes shape the ocular immune 
microenvironment. They push retinal microglia 
toward a pro-inflammatory state, increasing cytotoxic 
cytokines, ROS, and complement. Similarly, infiltrating 
macrophages remain activated for longer, thus delaying 
repair. Leukotriene signaling acts as an upstream hub, 
since it integrates with prostaglandins, platelet-activating 
factor, complement, inflammasomes, vascular endothelial 
growth factor (VEGF), and other cytokines. Targeting this 
pathway, unlike single-cytokine blockade, can dampen 
multiple redundant inflammatory arms at once. 45

These mechanisms position montelukast, a CysLT₁ 
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antagonist already used for asthma, as a promising 
repurposed agent. By interrupting leukotriene 
amplification, montelukast can potentially reduce vascular 
leakage, oxidative damage, immune recruitment, and 
neurodegeneration. 12,46 Preclinical data from models of 
DR, the aging retina, and other conditions are encouraging, 
although most of the available evidence remains 
experimental. Whether leukotriene modulation can 
significantly alter disease progression in patients remains 
a key open question for future translational research.

Leukotrienes, Oxidative Stress, and Mitochondrial 
Dysfunction
OS represents a central driver across many ocular diseases, 
whether triggered by allergy, hyperglycemia, ischemia, 
mechanical pressure, aging, or environmental factors. 
Ocular tissues, constantly exposed to light and oxygen while 
sustaining intense metabolic activity, exist at a delicate 
balance between normal redox signaling and damaging 
ROS overload. Persistent ROS production actively 
contributes to cellular damage and disease progression 
rather than merely accompanying them. 47

Leukotrienes function at the crossroads of inflammation 
and OS, forming a bidirectional vicious cycle. Moreover, 
oxidative injury activates phospholipase A₂ and the 
5-LOX pathway, thereby increasing cysteinyl leukotriene 
production. In turn, leukotriene signaling recruits and 
activates inflammatory cells that generate additional ROS 
through nicotinamide adenine dinucleotide phosphate 
oxidase and mitochondrial sources. 48 Hence, inflammation 
and oxidative damage become biologically interconnected, 
with leukotrienes helping to sustain this loop. 49

Nowhere is this more critical than in the retina, one 
of the body’s most metabolically demanding tissues. 
Furthermore, photoreceptors, RPE cells, Müller glia, and 
ganglion cells rely on healthy mitochondria to maintain 
a continuous adenosine triphosphate (ATP) supply. 
Excessive ROS can damage mitochondrial DNA, disrupt 
the electron transport chain, reduce ATP production, 
open permeability transition pores, and trigger apoptosis. 
Mitochondrial dysfunction, in turn, further increase ROS 
production, thereby accelerating neuronal loss. 50,51

Leukotriene signaling further increases this vulnerability. 
Activation of the CysLT₁ receptor enhances inflammatory 
pathways that place additional stress on mitochondria 
through OS, cytokines, calcium dysregulation, 
fragmentation, and loss of membrane potential. Likewise, 
it promotes lipid peroxidation and weakens antioxidant 
defenses. In general, leukotrienes act upstream, contributing 
to the conditions that ultimately lead to mitochondrial 
dysfunction. 52

Montelukast shows several key protective effects that 
extend beyond simple CysLT₁ blockade. Across various 
experimental models, it lowers intracellular ROS, limits 
lipid peroxidation, preserves mitochondrial structure and 
function, and reduces oxidative DNA damage. 53 It can 
also activate the nuclear factor erythroid 2-related factor 
2/heme oxygenase-1 axis, thereby strengthening cellular 

antioxidant responses while supporting mitochondrial 
quality control by limiting excessive fission, preserving 
membrane integrity, and reducing caspase-mediated 
apoptosis. 54 Overall, these effects may help restore cellular 
bioenergetics before the occurrence of irreversible damage.

This is particularly relevant to ophthalmology because 
mitochondrial dysfunction is a shared mechanism 
across several ocular conditions, including endothelial 
and capillary damage in DR, increased ganglion cell 
vulnerability in glaucoma, RPE and photoreceptor 
loss in age-related macular degeneration (AMD), and 
disruption of epithelial barriers in dry eye. 55-57 Targeting 
an upstream regulator such as leukotriene signaling may 
therefore provide broader benefits than addressing isolated 
downstream effects.

However, several important limitations should be taken 
into consideration. Most available data come from cell 
and animal models, with limited direct evidence from 
human ocular tissues. It remains unclear to what extent the 
antioxidant effects of montelukast result from leukotriene 
blockade versus additional off-target effects. Accordingly, 
addressing these gaps will help determine whether 
modulation of OS represents a primary mechanism 
underlying its therapeutic effects or rather one component 
of a broader immunomodulatory profile. 58

Leukotrienes and Blood-Ocular Barrier Dysfunction
BOB plays an essential role in maintaining the immune-
privileged status of the eye. 59 It consists of the blood-
aqueous barrier in the anterior segment and the blood-
retinal barrier (BRB), formed by tight junctions in retinal 
endothelial cells (inner) and the RPE (outer). 60,61 It is 
noteworthy that these barriers tightly regulate the passage 
of cells, proteins, and mediators in order to preserve the 
precise microenvironment needed for clear vision. 59

Barrier breakdown is a common feature of many ocular 
diseases, regardless of the initial trigger, whether allergy, 
autoimmunity, diabetes, ischemia, aging, or trauma. When 
junctions loosen, plasma proteins leak into the tissue, 
inflammatory cells infiltrate, edema develops, and immune-
privileged sites become exposed to systemic signals, turning 
localized inflammation into a self-sustaining process that 
drives chronic damage instead of repair. 62

Moreover, cysteinyl leukotrienes actively promote this 
dysfunction. Through CysLT₁ receptors on endothelial 
cells, these leukotrienes destabilize junctions, increase 
cytoskeletal contractility, boost permeability, and 
upregulate adhesion molecules and chemokines that 
facilitate leukocyte adhesion and transmigration. In the 
retina, increased 5-LOX pathway activity in DR, ischemia-
reperfusion, and inflammatory models links leukotrienes 
to vascular leakage, leukostasis, and inner BRB breakdown, 
frequently in concert with cytokines and OS. 63

Additionally, leukotrienes intersect with VEGF, a major 
driver of pathological permeability in diabetic macular 
edema and neovascular AMD. 51 They amplify VEGF 
effects by enhancing inflammation, OS, and endothelial 
activation, converging on shared pathways that weaken 
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tight junctions. This interaction suggests potential synergy 
between leukotriene modulation and anti-VEGF therapies, 
especially in cases with ongoing inflammation. 14

Similar mechanisms operate at the ocular surface. 
Leukotriene-driven permeability in the BAB and 
conjunctival vessels promotes protein extravasation, mast 
cell and eosinophil activation, and edema, contributing to 
hyperemia and chemosis in allergic conjunctivitis and other 
surface disorders. 64 Thus, leukotrienes destabilize vascular 
homeostasis across both anterior and posterior segments.

Montelukast counters these effects by blocking CysLT₁, 
reducing permeability, limiting cell recruitment, and 
dampening cytokine networks. Preclinical models 
demonstrate decreased leakage, infiltration, and edema, 
though direct evidence of BRB restoration in human 
disease is still limited. 65,66

It should be noted that barrier failure is not merely a 
passive outcome of inflammation; instead, it actively 
perpetuates disease by allowing continuous crosstalk 
between systemic immunity and the eye. Therefore, 
strategies that protect barrier integrity can interrupt 
multiple downstream cascades, including infiltration, 
edema, oxidative injury, and neurodegeneration, at once. 67

Leukotrienes in Retinal Neurodegeneration
Retinal neurodegeneration is now recognized as a core 
process in many vision-threatening conditions, not just 
classic neurodegenerative diseases such as glaucoma 
and inherited dystrophies. Furthermore, neuronal 
dysfunction and loss occur early in DR, age-related macular 
degeneration, retinal ischemia, and chronic inflammatory 
disorders. 68 This shift redirects our focus from isolated 
vascular or inflammatory processes to the intricate cellular 
networks that determine whether retinal neurons survive.

The retina’s extreme metabolic demands and minimal 
regenerative capacity make it highly vulnerable. 
Photoreceptors and ganglion cells require constant oxygen 
and ATP, leaving them exposed to mitochondrial failure, 
OS, and chronic inflammation. Dying neurons release 
damage-associated molecular patterns that activate glia and 
amplify inflammation, creating self-propagating cycle of 
damage driven by ongoing crosstalk among neurons, glia, 
vessels, and immune mediators. 69

Leukotrienes act as an important upstream regulator in 
this neuroinflammatory network. The 5-LOX pathway and 
CysLT receptors are expressed in ganglion cells, Müller 
glia, RPE, endothelial cells, and microglia. Under stress 
conditions such as ischemia, hyperglycemia, or oxidative 
injury, leukotriene production sharply increases, shifting 
the environment toward inflammation and neuronal loss. 14

Microglial activation is a key mechanism. Normally, 
microglia survey and support the retina. After injury, 
leukotriene signaling promotes their shift to a pro-
inflammatory state, boosting cytokines, ROS, nitric oxide, 
and complement. This sustained activation drives synaptic 
disruption, impairs neuronal signaling, and accelerates 
apoptosis in ganglion cells and other neurons. 70

As previously mentioned, leukotrienes also exacerbate 

neuronal injury by intensifying OS and mitochondrial 
dysfunction. They impair antioxidant defenses, reduce ATP 
production, and trigger apoptotic pathways, devastating for 
neurons with little metabolic reserve. 8,71

Additionally, leukotrienes disrupt neurovascular 
coupling through endothelial activation, permeability 
increases, and leukocyte recruitment, thereby exposing 
neurons to secondary ischemia and inflammation, linking 
vascular and neurodegenerative processes. 72

These insights make montelukast an appealing 
neuroprotective candidate. Beyond CysLT₁ blockade, it 
reduces microglial activation, cytokine release, oxidative 
damage, and apoptosis in the central nervous system 
and retinal models of ischemia-reperfusion, optic nerve 
injury, and diabetic damage. Treated eyes show improved 
neuronal survival, reduced infiltration, and preserved tissue 
architecture. 73 However, the available evidence remains 
largely preclinical, and strong clinical data from human 
studies are still needed.

The broader appeal lies in neuroinflammation’s shared 
role across glaucoma, DR, AMD, vascular occlusions, 
and dystrophies. Modulating leukotrienes could provide 
cross-disease benefits where current therapies frequently 
fall short on direct neuronal protection. 74

Open questions persist: the relative weight of leukotriene 
pathways versus others, optimal timing for intervention, 
and whether systemic montelukast achieves adequate 
retinal levels in humans. Hence, future work integrating 
imaging, biomarkers, pharmacokinetics, and trials will be 
essential.

Leukotrienes and Pathological Angiogenesis
Pathological angiogenesis remains a leading cause of 
irreversible vision loss in conditions such as neovascular 
AMD, proliferative DR, retinal vein occlusion, and 
retinopathy of prematurity. While VEGF is the primary 
therapeutic target, neovascularization arises from a broader 
inflammatory network involving lipid mediators, innate 
immunity, OS, and endothelial dysfunction that disrupts 
the organized retinal and choroidal architecture, causing 
leakage, fibrosis, hemorrhage, and neuronal damage. 75

Leukotrienes function as upstream amplifiers rather 
than direct initiators of new vessel growth. Via the 5-LOX 
pathway, they promote endothelial activation, increase 
vascular permeability, recruit leukocytes, and sustain 
cytokine production (e.g., TNF-α, and IL-1β), creating a 
permissive microenvironment for aberrant angiogenesis. 51

Strong crosstalk exists with VEGF pathways: leukotriene-
induced cytokines boost VEGF expression, while VEGF 
enhances permeability and inflammation. This forms a self-
reinforcing loop where inflammation fuels angiogenesis 
and immature vessels worsen hypoxia and OS, explaining 
persistent disease activity in some patients despite anti-
VEGF therapy. 14

Hypoxia further connects these processes. It stabilizes 
hypoxia-inducible factor 1 alpha to drive VEGF while 
simultaneously activating phospholipase A₂ and 5-LOX 
to increase leukotrienes. 76 It should be noted that the 



Amiraslanzadeh et al

Biomed Res Bull 2025;3(4)232

resulting mix of hypoxia, ROS, and inflammation sustains 
endothelial activation and matrix remodeling. 77

Moreover, leukotrienes act indirectly by recruiting and 
activating macrophages and microglia, which release pro-
angiogenic factors, matrix metalloproteinases, and growth 
factors that support vessel sprouting and remodeling. 78 
Thus, immune regulation and angiogenesis are tightly 
intertwined.

Montelukast offers potential to disrupt this network 
by blocking CysLT₁, reducing cytokines, endothelial 
activation, leukocyte infiltration, and OS. In preclinical 
models of retinal ischemia and diabetic injury, this drug 
decreases leakage and helps preserve retinal structure, 
suggesting indirect benefits on angiogenic remodeling 
through upstream inflammatory control, even if it lacks the 
potent direct anti-angiogenic action of VEGF inhibitors. 79

This positions montelukast as a promising adjunct 
rather than replacement for anti-VEGF therapy. Many 
patients still show incomplete responses, require frequent 
injections, or have ongoing inflammation. Accordingly, 
combining approaches that target both VEGF and chronic 
inflammatory drivers could address these gaps. 80

Nonetheless, evidence is mostly preclinical, with no robust 
clinical trials demonstrating reduced neovascularization 
in humans. In addition, the relative role of leukotrienes 
versus other mediators (prostaglandins, complement, and 
inflammasomes) needs clarification. Future translational 
studies with biomarkers, imaging, and combined endpoints 
will be critical in this regard.

Why Target Leukotrienes in Ophthalmology?
Over the past two decades, ophthalmology has been 
transformed by anti-VEGF agents for neovascular diseases 
and advanced biologics or sustained-release steroids for 
inflammation. Nevertheless, many patients still face 
progressive vision loss, recurrent flares, or incomplete 
responses. These limitations highlight a key reality: 
most ocular diseases arise from complex, interconnected 
networks of inflammation, OS, vascular dysfunction, and 
neurodegeneration rather than a single pathway. 81

This understanding has shifted the field away from the 
traditional “one target, one disease” model toward therapies 
that can modulate multiple pathogenic mechanisms at 
once. 82 Leukotriene signaling is particularly attractive 
in this context because it sits at the crossroads of innate 
immunity, OS, vascular integrity, and neuroinflammation, 
acting as a powerful biological amplifier instead of a simple 
downstream mediator. 83

Although leukotrienes are best known for their role 
in asthma and allergic rhinitis, accumulating evidence 
from immunology and vascular biology shows that they 
orchestrate broader chronic inflammatory processes. 
84 They promote leukocyte recruitment, endothelial 
activation, cytokine production, oxidative injury, and 
tissue remodeling. In the eye, these effects intersect with 
nearly all major drivers of chronic disease, including 
barrier breakdown, mitochondrial dysfunction, microglial 
activation, and pathological angiogenesis. 1

This positions leukotriene antagonism as a 
complementary approach to existing treatments. 
Although anti-VEGF therapies excel at controlling 
neovascularization, they have limited impact on chronic 
inflammation or oxidative damage. Further, corticosteroids 
suppress inflammation broadly but carry risks of cataract, 
glaucoma, and infection with long-term use. In contrast, 
CysLT₁ antagonists such as montelukast target upstream 
amplification while offering a more favorable safety profile 
for potential chronic use. 8,37

A major advantage is the biological overlap across 
seemingly unrelated ocular conditions, such as dry eye, DR, 
glaucoma, AMD, retinal ischemia, and uveitis. 1 Despite 
different triggers, they involve shared processes in which 
leukotrienes play a central role. Thus, modulating this 
pathway could deliver benefits across multiple diseases 
rather than being limited to one indication.

From a practical standpoint, drug repurposing of an 
already-approved, well-tolerated agent such as montelukast 
is highly appealing. It aligns with modern pathway-focused 
pharmacology and could accelerate innovation in a field 
where new drug development is expensive and slow. 8,85

Accordingly, caution is warranted. Most supporting 
data remain preclinical, and the importance of leukotriene 
signaling likely varies across diseases and patients. 
Leukotriene modulation is unlikely to be a universal 
solution but may prove especially valuable in precision 
approaches targeting inflammatory phenotypes that are 
most responsive to this pathway.

Why Montelukast? A Drug Repurposing Perspective
Drug repurposing offers an efficient path to innovation, 
especially in ophthalmology, where high costs and 
regulatory barriers slow traditional development. By 
leveraging approved drugs’ established safety and 
pharmacokinetic profiles, researchers can address 
shared inflammatory and neurodegenerative pathways 
in eye diseases. Montelukast stands out as a compelling 
candidate.86

Moreover, with over two decades of clinical use for 
asthma and allergic rhinitis, this selective CysLT₁ receptor 
antagonist boasts a well-documented safety record 
across age groups, predictable dosing, and known drug 
interactions, advantages that streamline translational 
efforts while reducing early development risks.

Beyond its primary action, montelukast also exhibits 
broad pleiotropic effects. According to evidence, it inhibits 
NF-κB activation, curbs pro-inflammatory cytokines 
and chemokines, mitigates OS, supports mitochondrial 
function, modulates immune cells, and reduces apoptosis. 
These actions closely conform to the multifactorial nature 
of chronic ocular conditions, where inflammation, 
vascular issues, oxidative damage, and neurodegeneration 
interconnect. 8

Unlike therapies targeting single mediators (e.g., anti-
VEGF or corticosteroids), montelukast’s multi-pathway 
influence could provide more comprehensive disease 
modification. It complements existing treatments by 
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operating through distinct mechanisms, potentially 
improving outcomes in retinal disorders with persistent 
inflammation or ocular surface conditions where long-term 
steroid use poses risks.

This interest mirrors advances in systems biology, 
revealing leukotriene signaling’s wider roles in 
neuroinflammation, fibrosis, and tissue remodeling, 
extending far beyond airways.

Nonetheless, challenges remain. Optimal intraocular 
exposure from systemic dosing needs clarification, along 
with suitable biomarkers and dosing for eye indications. The 
boxed warning of the U.S. Food and Drug Administration 
on rare neuropsychiatric events requires careful patient 
selection and risk-benefit assessment for long-term off-
label use. 87

These gaps highlight priorities for future work, 
pharmacokinetic studies, stratified trials, and iterative 
translation, rather than barriers. Montelukast’s profile 
positions it well for network pharmacology in precision 
ophthalmology, where agents modulating interconnected 
pathways hold growing promise. In addition, its value lies 
in matching modern disease understanding with a versatile, 
accessible agent. 88

Pharmacological Advantages and Current Limitations
Successful drug repurposing hinges on more than strong 
biology; it demands practical feasibility, including safety, 
delivery, cost, and real-world applicability. Montelukast 
offers clear strengths here, tempered by notable gaps that 
define the path forward. 58

Its greatest advantage is its two decades of global clinical 
use. This real-world experience across different age groups 
has yielded a well-characterized pharmacokinetic profile, 
straightforward once-daily oral dosing, minimal monitoring 
requirements, and well-mapped drug interactions, all of 
which sharply lower barriers to use compared with novel 
agents. 89

For chronic ocular conditions, the oral route provides 
systemic modulation of inflammation that may complement 
local therapies, potentially improving adherence compared 
with frequent eye drops or intravitreal injections. As a 
low-cost generic, it also reduce the economic burden 
in resource-variable settings where repeated biologic 
treatments or procedures strain healthcare systems. 90

Montelukast’s pleiotropic actions, spanning cytokine 
networks, OS, endothelial function, and cell survival, suit 
the interconnected pathology of retinal and ocular surface 
diseases better than single-target drugs. 8 This multi-
pronged profile supports broader disease modification 
without replacing current standards of care. 

Nonetheless, limitations are significant. Ocular 
pharmacokinetics following standard oral doses remain 
poorly defined; it remains unclear whether therapeutic 
concentrations reliably reach the retina or posterior 
segment in humans. 91 Existing formulations target 
systemic rather than ocular delivery, leaving opportunities 
for innovation in topical, sustained-release, or targeted 
systems, although these approaches remain in the early 

stages of development. 92

Clinical evidence lags behind mechanistic data. Most 
of the available evidence comes from preclinical models, 
with few robust human trials available to guide dosing, 
duration, patient selection, or meaningful endpoints. 
Safety also warrants vigilance. Although montelukast is 
generally well-tolerated, neuropsychiatric risks have led 
to regulatory warnings, necessitating careful monitoring 
during off-label, long-term ophthalmic use, especially in 
vulnerable patients. 93

Therapeutic Opportunities Across Ocular Diseases
Leukotriene signaling acts as an upstream driver of 
chronic inflammation, OS, endothelial dysfunction, 
neuroinflammation, and pathological angiogenesis, 
processes that are central to many ocular conditions. 94 
These mechanisms position montelukast as a versatile 
adjunct rather than a disease-specific cure, with its greatest 
potential in conditions where these pathways overlap and 
reinforce one another.

This reflects a shift from narrow, downstream therapies, 
including antihistamines for allergy, lubricants for 
dry eye, corticosteroids for uveitis, or anti-VEGF for 
neovascularization, toward network-level modulation 
that targets inflammatory pathways and may complements 
existing treatment options in complex chronic disorders. 95

Allergic conjunctivitis and vernal keratoconjunctivitis 
offer the most direct potential applications. By blocking 
CysLT₁-mediated eosinophil recruitment, mast cell 
activation, and vascular permeability, montelukast could 
benefit patients who continue to experience persistent 
symptoms despite standard care.

In dry eye disease, montelukast may interrupt the vicious 
cycle of epithelial injury, hyperosmolarity, oxidative 
damage, and innate immune activation, potentially 
improving tear stability and barrier function beyond 
providing symptomatic relief.

Posterior segment opportunities are particularly 
promising. In DR, it could address leukostasis, BRB 
breakdown, microglial activation, and OS, key drivers 
beyond pure microvascular damage. Studies in models show 
reduced inflammation and superior retinal preservation. 96

For AMD, especially non-neovascular forms, the effects 
of montelukast on chronic para-inflammation, oxidative 
injury, and RPE dysfunction may complement anti-VEGF 
therapy by supporting long-term retinal homeostasis. 84,97,98

In glaucoma, where neuroinflammation, mitochondrial 
dysfunction, and microglial activation contribute to 
ganglion cell loss, montelukast may offer potential 
neuroprotective effects alongside intraocular pressure-
lowering therapies. Similar logic applies to retinal ischemia 
and optic nerve injury, where it may help limit secondary 
inflammatory cascades and apoptosis. 99,100

Combination Therapy and Precision Ophthalmology
Modern ophthalmic care is increasingly moving beyond 
single-agent “magic bullets” toward rational combination 
approaches that address interconnected disease networks 
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involving inflammation, OS, vascular issues, and 
neurodegeneration while embracing precision medicine. 101

Montelukast fits well within this framework. Its 
leukotriene antagonism, coupled with its effects on OS, 
endothelial function, and innate immunity, complements 
rather than overlaps with established therapies such as anti-
VEGF agents or corticosteroids. 96,97

In neovascular retinal diseases, adding montelukast 
may help address persistent inflammation and microglial 
activation that can limit anti-VEGF responses in some 
patients, potentially improving fluid resolution and long-
term control. When used with corticosteroids, it provides 
a steroid-sparing option, reducing risks of cataract, 
glaucoma, or infection in chronic surface disease and 
uveitis. 3,97

Moreover, future regimens might pair montelukast 
with antioxidants, mitochondrial protectors, complement 
inhibitors, or neuroprotective agents, guided by emerging 
delivery technologies such as sustained-release implants 
or nanoparticles in order to achieve targeted ocular 
concentrations while limiting systemic exposure. 102

Precision ophthalmology further elevates its potential. 
Clinically similar conditions frequently differ molecularly; 
patients with prominent leukotriene-driven inflammation, 
eosinophilic activity, or microglial activation are more 
likely to benefit than those dominated by other pathways. 
Biomarker development, measuring cysteinyl leukotrienes 
in tears/aqueous, cytokine profiles, or imaging signs of 
inflammation, combined with artificial intelligence-driven 
multimodal analysis, could enable tailored selection. 103

Challenges to Clinical Translation
Strong biology alone rarely guarantees clinical success, 
as many promising agents falter in translation. For 
montelukast in ophthalmology, several practical hurdles 
must be overcome before it can progress from experimental 
interest to routine clinical use. 58,104

Ocular pharmacokinetics remains a major knowledge gap. 
Although plasma levels are predictable, the distribution of 
montelukast into retinal, choroidal, vitreous, and aqueous 
tissues following oral dosing is poorly characterized, 
making it unclear whether approved respiratory doses 
achieve meaningful target engagement in ocular tissues. 105

Drug delivery poses another barrier. The eye’s tight 
barriers limit drug penetration, while conventional oral 
formulations were not designed for ocular use. Exploring 
nanoparticles, liposomes, implants, hydrogels, or sustained-
release systems could enhance local efficacy while reducing 
systemic exposure. 102

Validated biomarkers remain lacking. Tools to measure 
leukotriene pathway activity, microglial activation, or OS 
in ocular fluids or tissues are required for patient selection 
and monitoring, both of which are essential for precision 
approaches. 106

Patient heterogeneity further complicates this issue. 
Diseases such as DR, AMD, glaucoma, and dry eye 
encompass diverse molecular endotypes; thus, montelukast 
will likely benefit specific inflammatory subtypes rather 

than producing uniform effects across all patients. 107

Clinical trials must evolve beyond preclinical histological 
findings or changes in cytokine to include vision-related 
outcomes (visual acuity, optical coherence tomography 
metrics, and visual fields), quality-of-life measures, 
and integrated biomarkers. The optimal positioning of 
montelukast, whether as adjunct, steroid-sparing agent, 
or maintenance therapy, also requires further definition. 108

Regulatory and safety considerations include existing 
neuropsychiatric warnings, necessitating vigilant long-
term monitoring, especially in older populations. Although 
repurposing may accelerate the approval process, robust 
evidence of efficacy and ocular safety data remain 
essential.87

Diabetic Retinopathy
DR is now understood as a neurovascular disorder in 
which low-grade chronic inflammation accelerates 
vascular damage and neuronal loss. Preclinical studies 
in streptozotocin-induced diabetes and related ischemia 
models have confirmed that montelukast reduces 
leukostasis, limits vascular permeability, dampens OS, 
and protects retinal ganglion cells from apoptosis. These 
benefits appear to be linked to the modulation of microglial 
activation and preservation of the BRB. 3,96

Clinical evidence is still sparse, with no large randomized 
controlled trials currently available. Some observational 
data hint at lower odds of DR among patients taking 
montelukast, although confounding factors limit the 
interpretation of these findings. The drug may hold value 
as an adjunct to anti-VEGF therapy, particularly in patients 
with prominent inflammatory components. Accordingly, 
future work should prioritize ocular pharmacokinetics 
and inflammation biomarkers to identify responsive 
subgroups.109

Glaucoma
Beyond elevated intraocular pressure, glaucoma 
involves progressive retinal ganglion cell loss driven by 
neuroinflammation, OS, and mitochondrial dysfunction. 
Experimental models of retinal ischemia-reperfusion and 
optic nerve crush have demonstrated that montelukast 
attenuates microglial activation, reduces oxidative damage, 
and improves ganglion cell survival, with these effects 
appearing to be partly independent of pressure lowering. 
110,111

Human data remain essentially nonexistent, with no 
dedicated clinical trials conducted to date. Montelukast 
could be explored as a targeted neuroprotective add-on 
for patients who continue to progress despite adequate 
pressure control. Therefore, biomarker-driven studies 
incorporating structural and functional imaging will be 
essential to evaluate this concept.

Dry Eye Disease
Dry eye disease is a self-perpetuating inflammatory disorder 
of the ocular surface. In animal models of desiccating stress, 
montelukast has been shown to decrease inflammatory cell 
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infiltration, suppress pro-inflammatory cytokines, and help 
maintain corneal epithelial integrity and goblet cell density. 
Likewise, its antioxidant effects appear to play a supportive 
role. 112

Clinical studies remain limited and heterogeneous. 
The drug may offer benefit in inflammatory-dominant 
subtypes, especially those with eosinophilic features. 
Topical formulations (e.g., eye drops or nanoparticle 
carriers) could enhance local efficacy while minimizing 
systemic exposure.

Allergic Conjunctivitis
Allergic conjunctivit is ,  particularly vernal 
keratoconjunctivitis, provides the strongest clinical 
evidence for the use of montelukast. Several trials have 
reported improvements in itching, redness, tearing, and 
overall symptom scores, especially when this drug is used 
with antihistamines. The agent effectively targets the late-
phase allergic response. 113 

However, montelukast is not considered a first-line 
therapy and is most useful in moderate-to-severe cases 
or when allergic rhinitis is also present. The development 
of topical ocular preparations could further expand its 
therapeutic utility.

Retinal Ischemia and Optic Nerve Injury
Models of retinal ischemia-reperfusion and optic nerve 
crush provide some of the most consistent preclinical 
support. Montelukast reduces microglial activation, 
stabilizes the BRB, limits oxidative injury, and enhances 
neuronal survival. These multifaceted effects create 
a plausible therapeutic window for secondary injury 
prevention after acute ischemic events. 111

No clinical trials have been conducted so far. Given the 
acute nature of these conditions, combination approaches 
incorporating reperfusion strategies and advanced 
intraocular delivery systems warrant further exploration.

Age-Related Macular Degeneration
In AMD, chronic para-inflammation and OS contribute to 
RPE and photoreceptor degeneration. Limited preclinical 
work suggests montelukast can reduce microglial activation, 
preserve mitochondrial function, and modestly influence 
inflammatory angiogenic pathways. 97

This remains an exploratory area. Although montelukast 
might eventually serve as an adjunct in neovascular AMD 
or in dry AMD, robust pharmacokinetic and biomarker 
data are required before clinical testing.

Uveitis
Experimental models of endotoxin-induced and 
autoimmune uveitis demonstrate that montelukast 
decreases leukocyte infiltration, cytokine levels, and 
oxidative damage while supporting BOB integrity. 
Similarly, its potential as a steroid-sparing agent is 
particularly appealing. 114,115

Clinical evidence is limited. This drug could be 
considered for chronic non-infectious uveitis as part of 

a multimodal regimen aimed at reducing corticosteroid 
dependence. Patient stratification based on inflammatory 
endotypes will be critical in future studies.

Conclusion
The expanding understanding of leukotriene biology has 
fundamentally reshaped our perception of inflammatory 
mechanisms in ocular disease. Once regarded primarily 
as mediators of allergic airway inflammation, cysteinyl 
leukotrienes are now recognized as multifunctional 
regulators that integrate innate and adaptive immunity, 
OS, endothelial dysfunction, mitochondrial impairment, 
and neurodegeneration. 116 These interconnected processes 
are shared across a remarkably broad spectrum of ocular 
disorders, including allergic conjunctivitis, dry eye disease, 
uveitis, DR, age-related macular degeneration, glaucoma, 
and retinal ischemic injury. 8,83 Consequently, leukotriene 
signaling should no longer be viewed as a disease-specific 
pathway but rather as a common inflammatory network 
linking anterior and posterior segment pathology.

Within this framework, montelukast represents the 
most clinically accessible pharmacological tool for 
interrogating the therapeutic potential of leukotriene 
inhibition in ophthalmology. Beyond its established role 
as a selective CysLT₁ receptor antagonist, accumulating 
evidence demonstrates that this drug exerts pleiotropic 
biological effects extending to the suppression of NF-κB-
mediated inflammation, attenuation of OS, preservation of 
mitochondrial function, stabilization of vascular barriers, 
modulation of microglial activation, and inhibition of 
apoptosis. 96 These complementary mechanisms closely 
parallel the pathological processes underlying retinal 
neurodegeneration and chronic ocular inflammation, 
providing a compelling biological rationale for repurposing 
the drug in age-related macular degeneration. 68

The strength of current evidence, however, varies 
substantially across disease entities. Allergic conjunctivitis 
possesses the most mature clinical evidence base, whereas 
DR, glaucoma, and retinal ischemia display the strongest 
convergence of mechanistic plausibility and reproducible 
preclinical efficacy. 8,117 By contrast, evidence supporting 
the use of montelukast in age-related macular degeneration 
and uveitis remains largely exploratory, emphasizing the 
need for further mechanistic and translational investigation. 
Importantly, this heterogeneity should be viewed as a 
reflection of different stages of therapeutic development 
across the ophthalmic disease spectrum, rather than being 
interpreted as inconsistency.

Despite the growing body of experimental evidence, 
translation into clinical ophthalmology has remained 
limited. This gap appears to reflect pharmacological and 
technological challenges instead of a lack of biological 
relevance. High plasma protein binding, uncertain 
intraocular pharmacokinetics following systemic 
administration, and the lack of optimized ophthalmic 
formulations may restrict effective drug exposure n 
posterior segment tissues. 105 Thus, a central conclusion 
emerging from this review is that the principal barrier to 
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clinical implementation is not target validation but rather 
efficient ocular drug delivery. Hence, future advances in 
sustained-release systems, biodegradable nanoparticles, 
liposomal carriers, hydrogel platforms, microneedle 
technologies, and suprachoroidal or intravitreal delivery 
may substantially enhance retinal bioavailability while 
minimizing systemic exposure. 59

Equally important is the transition from empirical 
treatment toward precision ophthalmology. Increasing 
recognition of the biological heterogeneity underlying 
ocular diseases suggests that leukotriene-directed 
therapies are unlikely to benefit all patients equally. 103 
Accordingly, integration of tear and aqueous humor 
lipidomics, inflammatory biomarker profiling, single-
cell transcriptomics, spatial transcriptomics, multimodal 
retinal imaging, and artificial intelligence-assisted 
phenotyping may enable the identification of patients with 
leukotriene-driven inflammatory signatures who are most 
likely to respond to targeted intervention. 97 Moreover, 
such biomarker-guided approaches have the potential to 
transform montelukast from a broadly administered anti-
inflammatory agent into a precision therapeutic tailored 
to specific molecular disease endotypes. 116

The future of leukotriene-targeted therapy will almost 
certainly extend beyond montelukast itself. Advances 
in medicinal chemistry and drug discovery are rapidly 
expanding the therapeutic landscape to include selective 
CysLT₂ receptor antagonists, dual leukotriene receptor 
inhibitors, 5-LOX and lipoxygenase-activating protein 
inhibitors, RNA-based therapeutics, gene-editing 
technologies, and next-generation targeted delivery 
systems. 118 These emerging strategies may overcome many 
of the pharmacokinetic and pharmacodynamic limitations 
associated with current therapies while providing more 
comprehensive modulation of leukotriene signaling within 
ocular tissues. 119

In general, the available evidence supports a conceptual 
shift in ophthalmic pharmacology. Rather than 
representing a niche pathway confined to allergic disease, 
leukotriene signaling appears to function as a central 
regulator linking inflammation, OS, vascular dysfunction, 
and neurodegeneration across multiple ocular disorders. 
Likewise, montelukast provides a valuable proof-of-
concept for the therapeutic modulation of this pathway, 
although its greatest contribution may ultimately lie in 
establishing the biological validity of leukotriene-directed 
intervention instead of serving as the definitive therapeutic 
agent. Future progress will depend on rigorous mechanistic 
studies, optimized ocular drug-delivery platforms, 
biomarker-guided patient selection, and well-designed 
randomized clinical trials capable of translating compelling 
experimental findings into clinically meaningful outcomes. 
If these challenges are successfully addressed, targeting 
leukotriene signaling may emerge as a novel disease-
modifying strategy that complements existing therapies 
and broadens the therapeutic armamentarium for both 
anterior and posterior segment diseases.

Artificial Intelligence Use Disclosure
During the preparation of this work, QuillBot was employed to 
correct grammar errors and improve the clarity and coherence of the 
language. Moreover, ChatGPT was used to draw a better visualization 
of the graphical abstract. The authors carefully examined and 
revised the content after utilizing this tool or service. Finally, they 
wholeheartedly accept responsibility for the publication’s content.

Authors’ Contribution
Conceptualization: Safieh Amiraslanzadeh, Mojtaba Ziaee
Data Curation: Safieh Amiraslanzadeh, Hamid Mahmoudpour
Investigation: Safieh Amiraslanzadeh, Hamid Mahmoudpour
Supervision: Mojtaba Ziaee
Validation: Mojtaba Ziaee
Writing–Original Draft: Safieh Amiraslanzadeh
Writing–Review & Editing: Hamid Mahmoudpour, Mojtaba Ziaee

Competing Interests
The authors declared that the research was conducted without any 
commercial or financial relationships that could be perceived as a 
potential conflict of interests.

Ethical Approval
Not Applicable.

Funding
No funding.

References
1.	 Liu XR, Li M, Hao QQ, Yu YJ, Liao C, Yu R, et al. Unraveling 

cysteinyl leukotrienes and their receptors in inflammation 
through the brain-gut-lung axis. Virulence 2025;16(1):2502555. 
doi:10.1080/21505594.2025.2502555

2.	 Jadeja RN, Martin PM. Oxidative stress and inflammation in 
retinal degeneration. Antioxidants (Basel) 2021;10(5):790. 
doi:10.3390/antiox10050790

3.	 Simó R, Hernández C. Neurodegeneration in the diabetic eye: 
new insights and therapeutic perspectives. Trends Endocrinol 
Metab 2014;25(1):23-33. doi:10.1016/j.tem.2013.09.005

4.	 Chhunchha B, Kubo E, Lehri D, Singh DP. NLRP3 
inflammasome and inflammatory response in aging disorders: 
the entanglement of redox modulation in different outcomes. 
Cells 2025;14(13):994. doi:10.3390/cells14130994

5.	 Cantrell MS, Soto-Avellaneda A, Wall JD, Ajeti AD, Morrison 
BE, Warner LR, et al. Repurposing drugs to treat heart and brain 
illness. Pharmaceuticals (Basel) 2021;14(6):573. doi:10.3390/
ph14060573

6.	 Bennett M, Gilroy DW. Lipid Mediators in Inflammation. 
Microbiol Spectr 2016;4(6). doi:10.1128/microbiolspec.
MCHD-0035-2016

7.	 Lee M, Boyce JA, Barrett NA. Cysteinyl leukotrienes in 
allergic inflammation. Annu Rev Pathol 2025;20(1):115-41. 
doi:10.1146/annurev-pathmechdis-111523-023509

8.	 Seetharaman AT, Owens CE, Gangaraju R. Cysteinyl leukotriene 
receptor antagonism by montelukast to treat visual deficits. 
J Ocul Pharmacol Ther 2024;40(10):617-28. doi:10.1089/
jop.2024.0111

9.	 Farajdokht F, Vosoughi A, Ziaee M, Araj-Khodaei M, Mahmoudi 
J, Sadigh-Eteghad S. The role of hippocampal GABA(A) 
receptors on anxiolytic effects of Echium amoenum extract in 
a mice model of restraint stress. Mol Biol Rep 2020;47(9):6487-
96. doi:10.1007/s11033-020-05699-7

10.	 Nayak A, Langdon RB. Montelukast in the treatment of allergic 
rhinitis: an evidence-based review. Drugs 2007;67(6):887-901. 
doi:10.2165/00003495-200767060-00005

11.	 Datusalia AK, Singh G, Yadav N, Gaun S, Manik M, Singh RK. 

https://doi.org/10.1080/21505594.2025.2502555
https://doi.org/10.3390/antiox10050790
https://doi.org/10.1016/j.tem.2013.09.005
https://doi.org/10.3390/cells14130994
https://doi.org/10.3390/ph14060573
https://doi.org/10.3390/ph14060573
https://doi.org/10.1128/microbiolspec.MCHD-0035-2016
https://doi.org/10.1128/microbiolspec.MCHD-0035-2016
https://doi.org/10.1146/annurev-pathmechdis-111523-023509
https://doi.org/10.1089/jop.2024.0111
https://doi.org/10.1089/jop.2024.0111
https://doi.org/10.1007/s11033-020-05699-7
https://doi.org/10.2165/00003495-200767060-00005


Montelukast and leukotriene signaling in ophthalmology

Biomed Res Bull 2025;3(4) 237

Targeted delivery of montelukast for the treatment of Alzheimer’s 
disease. CNS Neurol Disord Drug Targets 2022;21(10):913-25. 
doi:10.2174/1871527320666210902163756

12.	 Gane J, Buckley R. Leukotriene receptor antagonists in 
allergic eye disease: a systematic review and meta-analysis. 
J Allergy Clin Immunol Pract 2013;1(1):65-74. doi:10.1016/j.
jaip.2012.07.001

13.	 Brunner SM, Schrödl F, Preishuber-Pflügl J, Runge C, Koller 
A, Lenzhofer M, et al. Distribution of the cysteinyl leukotriene 
system components in the human, rat and mouse eye. Exp Eye 
Res 2023;232:109517. doi:10.1016/j.exer.2023.109517

14.	 Eskandarpour M, Nunn MA, Weston-Davies W, Calder VL. 
Immune-mediated retinal vasculitis in posterior uveitis and 
experimental models: the leukotriene (LT)B4-VEGF axis. Cells 
2021;10(2):396. doi:10.3390/cells10020396

15.	 Riccioni G, Bucciarelli T, Mancini B, Di Ilio C, D’Orazio 
N. Antileukotriene drugs: clinical application, effectiveness 
and safety. Curr Med Chem 2007;14(18):1966-77. 
doi:10.2174/092986707781368522

16.	 Sobczak M, Pawliczak R. Montelukast: risk of mental disorders 
vs. efficacy-a meta-analysis. Front Pharmacol 2025;16:1659852. 
doi:10.3389/fphar.2025.1659852

17.	 Goel K, Singh D, Goyal R, Bansal S, Singh S, Sharma 
N, et al. New insights on pharmacological potential of 
montelukast: a comprehensive review. Inflammopharmacology 
2025;33(8):4205-35. doi:10.1007/s10787-025-01850-7

18.	 Dey R, Dey S, Samadder A, Saxena AK, Nandi S. Natural 
inhibitors against potential targets of cyclooxygenase, 
lipoxygenase and leukotrienes. Comb Chem High Throughput 
Screen 2022;25(14):2341-57. doi:10.2174/13862073256662
10917111847

19.	 Yokomizo T. Leukotriene B4 receptors: novel roles in 
immunological regulations. Adv Enzyme Regul 2011;51(1):59-
64. doi:10.1016/j.advenzreg.2010.08.002

20.	 Serezani CH, Lewis C, Jancar S, Peters-Golden M. Leukotriene 
B4 amplifies NF-κB activation in mouse macrophages by 
reducing SOCS1 inhibition of MyD88 expression. J Clin Invest 
2011;121(2):671-82. doi:10.1172/jci43302

21.	 Drazen J. Clinical pharmacology of leukotriene receptor 
antagonists and 5-lipoxygenase inhibitors. Am J Respir Crit 
Care Med 1998;157(6 Pt 1): S233-7. 

22.	 Wang Y, Yang Y, Zhang S, Li C, Zhang L. Modulation of 
neuroinflammation by cysteinyl leukotriene 1 and 2 receptors: 
implications for cerebral ischemia and neurodegenerative 
diseases. Neurobiol Aging 2020;87:1-10. doi:10.1016/j.
neurobiolaging.2019.12.013

23.	 Tintinger GR, Feldman C, Theron AJ, Anderson R. Montelukast: 
more than a cysteinyl leukotriene receptor antagonist? 
ScientificWorldJournal 2010;10:2403-13. doi:10.1100/
tsw.2010.229

24.	 Roberti A, Chaffey LE, Greaves DR. NF-κB signaling and 
inflammation-drug repurposing to treat inflammatory disorders? 
Biology (Basel) 2022;11(3):372. doi:10.3390/biology11030372

25.	 Dong H, Liu F, Ma F, Xu L, Pang L, Li X, et al. Montelukast 
inhibits inflammatory response in rheumatoid arthritis fibroblast-
like synoviocytes. Int Immunopharmacol 2018;61:215-21. 
doi:10.1016/j.intimp.2018.04.042

26.	 Banani A, Maleki-Dizaji N, Garjani A, Soraya H, Mostafalou 
S, Ziaee M. Clavulanic acid exhibits anti-inflammatory effects 
on carrageenan-induced paw edema model of inflammation 
in rats. Ann Biol Res 2012;3(7):3312-20.

27.	 Toma C, Ferdeghini D, Ola Pour MM, Venkatesan S, De Cillà S, 
Grossini E. Oxidative stress in diabetic retinopathy: pathogenic 
mechanisms, biomarkers and clinical implications. Antioxidants 
(Basel) 2026;15(4):425. doi:10.3390/antiox15040425

28.	 Wu X, Chen Y, Chen S, Lin Y. Blockade of cysteinyl leukotriene 

receptor 1 alleviates asthma by inhibiting bronchial epithelial 
cell apoptosis and activating the Nrf2 signaling pathway. Exp 
Ther Med 2025;29(2):30. doi:10.3892/etm.2024.12780

29.	 Gharibi M, Oroojan AA, Behmanesh MA, Amirgholami N, 
Etedali H, Alboghobeish S. Ellagic acid and montelukast 
mitigate arsenic trioxide-induced hepatotoxicity via modulation 
of oxidative stress, inflammatory pathways, and mitochondrial 
apoptosis. Naunyn Schmiedebergs Arch Pharmacol 2026. 
doi:10.1007/s00210-026-05536-x

30.	 Trost A, Motloch K, Koller A, Bruckner D, Runge C, Schroedl F, 
et al. Inhibition of the cysteinyl leukotriene pathways increases 
survival of RGCs and reduces microglial activation in ocular 
hypertension. Exp Eye Res 2021;213:108806. doi:10.1016/j.
exer.2021.108806

31.	 Theron AJ, Steel HC, Tintinger GR, Gravett CM, Anderson R, 
Feldman C. Cysteinyl leukotriene receptor-1 antagonists as 
modulators of innate immune cell function. J Immunol Res 
2014;2014:608930. doi:10.1155/2014/608930

32.	 Barbosa JS, Almeida Paz FA, Braga SS. Montelukast medicines 
of today and tomorrow: from molecular pharmaceutics to 
technological formulations. Drug Deliv 2016;23(9):3257-65. 
doi:10.3109/10717544.2016.1170247

33.	 Karonen T, Neuvonen PJ, Backman JT. CYP2C8 but not 
CYP3A4 is important in the pharmacokinetics of montelukast. 
Br J Clin Pharmacol 2012;73(2):257-67. doi:10.1111/j.1365-
2125.2011.04086.x

34.	 Walsky RL, Obach RS, Gaman EA, Gleeson JP, Proctor 
WR. Selective inhibition of human cytochrome P4502C8 
by montelukast. Drug Metab Dispos 2005;33(3):413-8. 
doi:10.1124/dmd.104.002766

35.	 Alotaiq N, Dermawan D. Computational investigation of 
montelukast and its structural derivatives for binding affinity 
to dopaminergic and serotonergic receptors: insights from a 
comprehensive molecular simulation. Pharmaceuticals (Basel) 
2025;18(4):559. doi:10.3390/ph18040559

36.	 Tesfaye BA, Hailu HG, Zewdie KA, Ayza MA, Berhe DF. 
Montelukast: the new therapeutic option for the treatment of 
epilepsy. J Exp Pharmacol 2021;13:23-31. doi:10.2147/jep.
S277720

37.	 Awad AM, Seetharaman AT, Hossain MS, Elshaer SL, 
Abdelaziz RR, Nader MA, et al. Cysteine leukotriene receptor 
antagonist-montelukast effects on diabetic retinal microvascular 
endothelial cells curtail autophagy. Invest Ophthalmol Vis Sci 
2024;65(13):15. doi:10.1167/iovs.65.13.15

38.	 Awwad S, Mohamed Ahmed AHA, Sharma G, Heng JS, Khaw 
PT, Brocchini S, et al. Principles of pharmacology in the eye. 
Br J Pharmacol 2017;174(23):4205-23. doi:10.1111/bph.14024

39.	 Capra V, Thompson MD, Sala A, Cole DE, Folco G, Rovati GE. 
Cysteinyl-leukotrienes and their receptors in asthma and other 
inflammatory diseases: critical update and emerging trends. 
Med Res Rev 2007;27(4):469-527. doi:10.1002/med.20071

40.	 Jo MH, Park MS, Seo JH, Shim WS, Yim SV, Lee KT. 
Pharmacokinetic analysis of montelukast in healthy Korean 
volunteers by high performance liquid chromatography-tandem 
mass spectrometry. J Pharm Investig 2011;41(5):289-94. 
doi:10.4333/KPS.2011.41.5.289

41.	 Chen Y, Wang S, Alemi H, Dohlman T, Dana R. Immune 
regulation of the ocular surface. Exp Eye Res 2022;218:109007. 
doi:10.1016/j.exer.2022.109007

42.	 Mansour RM, Ahmed MAE, El-Sahar AE, El Sayed NS. 
Montelukast attenuates rotenone-induced microglial activation/
p38 MAPK expression in rats: possible role of its antioxidant, 
anti-inflammatory and antiapoptotic effects. Toxicol Appl 
Pharmacol 2018;358:76-85. doi:10.1016/j.taap.2018.09.012

43.	 Gubitosi-Klug RA, Talahalli R, Du Y, Nadler JL, Kern TS. 
5-Lipoxygenase, but not 12/15-lipoxygenase, contributes to 

https://doi.org/10.2174/1871527320666210902163756
https://doi.org/10.1016/j.jaip.2012.07.001
https://doi.org/10.1016/j.jaip.2012.07.001
https://doi.org/10.1016/j.exer.2023.109517
https://doi.org/10.3390/cells10020396
https://doi.org/10.2174/092986707781368522
https://doi.org/10.3389/fphar.2025.1659852
https://doi.org/10.1007/s10787-025-01850-7
https://doi.org/10.2174/1386207325666210917111847
https://doi.org/10.2174/1386207325666210917111847
https://doi.org/10.1016/j.advenzreg.2010.08.002
https://doi.org/10.1172/jci43302
https://doi.org/10.1016/j.neurobiolaging.2019.12.013
https://doi.org/10.1016/j.neurobiolaging.2019.12.013
https://doi.org/10.1100/tsw.2010.229
https://doi.org/10.1100/tsw.2010.229
https://doi.org/10.3390/biology11030372
https://doi.org/10.1016/j.intimp.2018.04.042
https://doi.org/10.3390/antiox15040425
https://doi.org/10.3892/etm.2024.12780
https://doi.org/10.1007/s00210-026-05536-x
https://doi.org/10.1016/j.exer.2021.108806
https://doi.org/10.1016/j.exer.2021.108806
https://doi.org/10.1155/2014/608930
https://doi.org/10.3109/10717544.2016.1170247
https://doi.org/10.1111/j.1365-2125.2011.04086.x
https://doi.org/10.1111/j.1365-2125.2011.04086.x
https://doi.org/10.1124/dmd.104.002766
https://doi.org/10.3390/ph18040559
https://doi.org/10.2147/jep.S277720
https://doi.org/10.2147/jep.S277720
https://doi.org/10.1167/iovs.65.13.15
https://doi.org/10.1111/bph.14024
https://doi.org/10.1002/med.20071
https://doi.org/10.4333/KPS.2011.41.5.289
https://doi.org/10.1016/j.exer.2022.109007
https://doi.org/10.1016/j.taap.2018.09.012


Amiraslanzadeh et al

Biomed Res Bull 2025;3(4)238

degeneration of retinal capillaries in a mouse model of diabetic 
retinopathy. Diabetes 2008;57(5):1387-93. doi:10.2337/db07-
1217

44.	 Jampilek J, Dolezal M, Opletalova V, Hartl J. 
5-Lipoxygenase, leukotrienes biosynthesis and potential 
antileukotrienic agents. Curr Med Chem 2006;13(2):117-29. 
doi:10.2174/092986706775197935

45.	 Zhao R, Ying M, Gu S, Yin W, Li Y, Yuan H, et al. Cysteinyl 
leukotriene receptor 2 is involved in inflammation and 
neuronal damage by mediating microglia M1/M2 polarization 
through NF-κB pathway. Neuroscience 2019;422:99-118. 
doi:10.1016/j.neuroscience.2019.10.048

46.	 Reynolds AL, Fernandez JG, Osman J, Ventosa P, Fernandez 
Y, Sjölander A, et al. Investigation of the role of cysteinyl 
leukotrienes in ocular developmental angiogenesis. Investig 
Ophthalmol Vis Sci 2016;57(12):5026.

47.	 Shu DY, Chaudhary S, Cho KS, Lennikov A, Miller WP, 
Thorn DC, et al. Role of oxidative stress in ocular diseases: 
a balancing act. Metabolites 2023;13(2):187. doi:10.3390/
metabo13020187

48.	 Cho KJ, Seo JM, Kim JH. Bioactive lipoxygenase metabolites 
stimulation of NADPH oxidases and reactive oxygen species. 
Mol Cells 2011;32(1):1-5. doi:10.1007/s10059-011-1021-7

49.	 Wisastra R, Dekker FJ. Inflammation, cancer and oxidative 
lipoxygenase activity are intimately linked. Cancers (Basel) 
2014;6(3):1500-21. doi:10.3390/cancers6031500

50.	 Lee JJ, Chang-Chien GP, Lin S, Hsiao YT, Ke MC, Chen A, et al. 
5-Lipoxygenase inhibition protects retinal pigment epithelium 
from sodium iodate-induced ferroptosis and prevents retinal 
degeneration. Oxid Med Cell Longev 2022;2022:1792894. 
doi:10.1155/2022/1792894

51.	 Wang MH, Hsiao G, Al-Shabrawey M. Eicosanoids and 
oxidative stress in diabetic retinopathy. Antioxidants (Basel) 
2020;9(6):520. doi:10.3390/antiox9060520

52.	 Bellomo F, De Rasmo D. Cystinosis and cellular energy failure: 
mitochondria at the crossroads. Int J Mol Sci 2026;27(2):630. 
doi:10.3390/ijms27020630

53.	 Wang H, Cheng Y, Liu Y, Shi J, Cheng Z. Montelukast promotes 
mitochondrial biogenesis via CREB/PGC-1α in human 
bronchial epithelial cells. Artif Cells Nanomed Biotechnol 
2019;47(1):4234-9. doi:10.1080/21691401.2019.1687502

54.	 Yuan J, Wang Z. Bioactive flavonoids from Scutellaria 
baicalensis in non-small cell lung cancer: mechanistic insights 
and emerging translational perspectives. Drug Des Devel Ther 
2026;20:591381. doi:10.2147/dddt.S591381

55.	 Zhang Y, Li JM, Lu R, Liu Z, Chen X, de Paiva CS, et al. 
Imbalanced IL-37/TNF-α/CTSS signaling disrupts corneal 
epithelial barrier in a dry eye model in vitro. Ocul Surf 
2022;26:234-43. doi:10.1016/j.jtos.2022.10.001

56.	 De Paiva CS, Corrales RM, Villarreal AL, Farley W, Li DQ, Stern 
ME, et al. Apical corneal barrier disruption in experimental 
murine dry eye is abrogated by methylprednisolone and 
doxycycline. Invest Ophthalmol Vis Sci 2006;47(7):2847-56. 
doi:10.1167/iovs.05-1281

57.	 Maceroni E, Cimini A, Quintiliani M, d’Angelo M, Castelli V. 
Retinal gatekeepers: molecular mechanism and therapeutic role 
of cysteine and selenocysteine. Biomolecules 2025;15(8):1203. 
doi:10.3390/biom15081203

58.	 Marques CF, Marques MM, Justino GC. Leukotrienes vs. 
Montelukast-activity, metabolism, and toxicity hints for 
repurposing. Pharmaceuticals (Basel) 2022;15(9):1039. 
doi:10.3390/ph15091039

59.	 Chen Y, Yang M, Zou Y, Zhang J, Ohno-Matsui K, Kamoi K. 
Blood-ocular barrier dysfunction in uveitis: a bidirectional 
model linking pathogenesis, clinical monitoring, and 
therapeutic opportunities. Med Sci (Basel) 2026;14(2):290. 

doi:10.3390/medsci14020290
60.	 Matthaei M, Fassin A, Mestanoglu M, Howaldt A, 

Schrittenlocher SA, Schlereth S, et al. Blood-aqueous barrier 
disruption in penetrating and posterior lamellar keratoplasty: 
implications for clinical outcome. Klin Monbl Augenheilkd 
2023;240(5):677-82. doi:10.1055/a-2076-7829

61.	 Hang Z, Li Y, Ren W, Du H. The blood-retinal barrier in ocular 
pathologies: an updated narrative review. Int Ophthalmol 
2025;46(1):10. doi:10.1007/s10792-025-03870-2

62.	 Singh N, Diebold Y, Sahu SK, Leonardi A. Epithelial barrier 
dysfunction in ocular allergy. Allergy 2022;77(5):1360-72. 
doi:10.1111/all.15174

63.	 Singh RK, Gupta S, Dastidar S, Ray A. Cysteinyl leukotrienes 
and their receptors: molecular and functional characteristics. 
Pharmacology 2010;85(6):336-49. doi:10.1159/000312669

64.	 Elieh Ali Komi D, Rambasek T, Bielory L. Clinical implications 
of mast cell involvement in allergic conjunctivitis. Allergy 
2018;73(3):528-39. doi:10.1111/all.13334

65.	 Dahlén SE, Björk J, Hedqvist P, Arfors KE, Hammarström S, 
Lindgren JA, et al. Leukotrienes promote plasma leakage and 
leukocyte adhesion in postcapillary venules: in vivo effects with 
relevance to the acute inflammatory response. Proc Natl Acad 
Sci U S A 1981;78(6):3887-91. doi:10.1073/pnas.78.6.3887

66.	 Bora K, Kushwah N, Maurya M, Pavlovich MC, Wang Z, Chen 
J. Assessment of inner blood-retinal barrier: animal models and 
methods. Cells 2023;12(20):2443. doi:10.3390/cells12202443

67.	 Fan Q, Li Z. Breach and restoration of retinal immune 
privilege: barrier failure, innate dysregulation, and adaptive 
autoimmunity. Front Immunol 2025;16:1703382. doi:10.3389/
fimmu.2025.1703382

68.	 Marchesi N, Fahmideh F, Boschi F, Pascale A, Barbieri A. 
Ocular neurodegenerative diseases: interconnection between 
retina and cortical areas. Cells 2021;10(9):2394. doi:10.3390/
cells10092394

69.	 Catalani E, Brunetti K, Del Quondam S, Cervia D. Targeting 
mitochondrial dysfunction and oxidative stress to prevent the 
neurodegeneration of retinal ganglion cells. Antioxidants (Basel) 
2023;12(11):2011. doi:10.3390/antiox12112011

70.	 Müller L, Di Benedetto S. Neuroimmune crosstalk in 
chronic neuroinflammation: microglial interactions and 
immune modulation. Front Cell Neurosci 2025;19:1575022. 
doi:10.3389/fncel.2025.1575022

71.	 Kaštelan S, Kozina L, Tomić Z, Bakija I, Matejić T, Vidović 
D. Dry eye disease and psychiatric disorders: neuroimmune 
mechanisms and therapeutic perspectives. Int J Mol Sci 
2025;26(21):10699. doi:10.3390/ijms262110699

72.	 Sheng L, Zheng X, Ding Z, Liu J, Song W. Neurovascular coupling 
dysfunction in encephalopathy: pathophysiological advances 
and clinical implications. Front Neurol 2025;16:1522485. 
doi:10.3389/fneur.2025.1522485

73.	 Gelosa P, Colazzo F, Tremoli E, Sironi L, Castiglioni L. 
Cysteinyl leukotrienes as potential pharmacological targets for 
cerebral diseases. Mediators Inflamm 2017;2017:3454212. 
doi:10.1155/2017/3454212

74.	 Arrigo A, Bandello F. Molecular features of classic 
retinal drugs, retinal therapeutic targets and emerging 
treatments. Pharmaceutics 2021;13(7):1102. doi:10.3390/
pharmaceutics13071102

75.	 Rajappa M, Saxena P, Kaur J. Ocular angiogenesis: mechanisms 
and recent advances in therapy. Adv Clin Chem 2010;50:103-
21. 

76.	 Lazzara F, Trotta MC, Platania CB, D’Amico M, Petrillo F, 
Galdiero M, et al. Stabilization of HIF-1α in human retinal 
endothelial cells modulates expression of miRNAs and 
proangiogenic growth factors. Front Pharmacol 2020;11:1063. 
doi:10.3389/fphar.2020.01063

https://doi.org/10.2337/db07-1217
https://doi.org/10.2337/db07-1217
https://doi.org/10.2174/092986706775197935
https://doi.org/10.1016/j.neuroscience.2019.10.048
https://doi.org/10.3390/metabo13020187
https://doi.org/10.3390/metabo13020187
https://doi.org/10.1007/s10059-011-1021-7
https://doi.org/10.3390/cancers6031500
https://doi.org/10.1155/2022/1792894
https://doi.org/10.3390/antiox9060520
https://doi.org/10.3390/ijms27020630
https://doi.org/10.1080/21691401.2019.1687502
https://doi.org/10.2147/dddt.S591381
https://doi.org/10.1016/j.jtos.2022.10.001
https://doi.org/10.1167/iovs.05-1281
https://doi.org/10.3390/biom15081203
https://doi.org/10.3390/ph15091039
https://doi.org/10.3390/medsci14020290
https://doi.org/10.1055/a-2076-7829
https://doi.org/10.1007/s10792-025-03870-2
https://doi.org/10.1111/all.15174
https://doi.org/10.1159/000312669
https://doi.org/10.1111/all.13334
https://doi.org/10.1073/pnas.78.6.3887
https://doi.org/10.3390/cells12202443
https://doi.org/10.3389/fimmu.2025.1703382
https://doi.org/10.3389/fimmu.2025.1703382
https://doi.org/10.3390/cells10092394
https://doi.org/10.3390/cells10092394
https://doi.org/10.3390/antiox12112011
https://doi.org/10.3389/fncel.2025.1575022
https://doi.org/10.3390/ijms262110699
https://doi.org/10.3389/fneur.2025.1522485
https://doi.org/10.1155/2017/3454212
https://doi.org/10.3390/pharmaceutics13071102
https://doi.org/10.3390/pharmaceutics13071102
https://doi.org/10.3389/fphar.2020.01063


Montelukast and leukotriene signaling in ophthalmology

Biomed Res Bull 2025;3(4) 239

77.	 Magar AG, Morya VK, Kwak MK, Oh JU, Noh KC. A molecular 
perspective on HIF-1α and angiogenic stimulator networks 
and their role in solid tumors: an update. Int J Mol Sci 
2024;25(6):3313. doi:10.3390/ijms25063313

78.	 Yao Y, Li J, Zhou Y, Wang S, Zhang Z, Jiang Q, et al. 
Macrophage/microglia polarization for the treatment of diabetic 
retinopathy. Front Endocrinol (Lausanne) 2023;14:1276225. 
doi:10.3389/fendo.2023.1276225

79.	 Wolosowicz M, Prokopiuk S, Kaminski TW. Matrix 
metalloproteinase-9 (MMP-9) as a therapeutic target: insights into 
molecular pathways and clinical applications. Pharmaceutics 
2025;17(11):1425. doi:10.3390/pharmaceutics17111425

80.	 Sanaka S, Yu M. Therapeutic outcomes of anti-VEGF agents 
versus corticosteroids in diabetic macular edema: a comparative 
review. Int J Mol Sci 2026;27(3):1142. doi:10.3390/
ijms27031142

81.	 Koksaldi S, Karti O, Saatci AO. Anti-vascular endothelial 
growth factor therapies in ophthalmology. Med Hypothesis 
Discov Innov Ophthalmol 2025;14(3):107-35. doi:10.51329/
mehdiophthal1526

82.	 Alcaro S, Bolognesi ML, García-Sosa AT, Rapposelli S. Multi-
target-directed ligands (MTDL) as challenging research tools 
in drug discovery: from design to pharmacological evaluation. 
Front Chem 2019;7:71. doi:10.3389/fchem.2019.00071

83.	 Sharma V, Sharma P, Singh TG. Leukotriene signaling in 
neurodegeneration: implications for treatment strategies. 
Inflammopharmacology 2024;32(6):3571-84. doi:10.1007/
s10787-024-01557-1

84.	 Sasaki F, Yokomizo T. The leukotriene receptors as therapeutic 
targets of inflammatory diseases. Int Immunol 2019;31(9):607-
15. doi:10.1093/intimm/dxz044

85.	 Szymańska K, Sałasińska K, Młynarczyk A, Miszczak J, 
Dmoch W, Maciejewicz P. The gut-eye axis and microbiome 
in ophthalmic diseases: a narrative review. J Clin Med 
2026;15(10):3563. doi:10.3390/jcm15103563

86.	 Leinonen H, Zhang J, Occelli LM, Seemab U, Choi EH, 
LF LPM, et al. A combination treatment based on drug 
repurposing demonstrates mutation-agnostic efficacy in pre-
clinical retinopathy models. Nat Commun 2024;15(1):5943. 
doi:10.1038/s41467-024-50033-5

87.	 Clarridge K, Chin S, Eworuke E, Seymour S. A boxed warning 
for montelukast: the FDA perspective. J Allergy Clin Immunol 
Pract 2021;9(7):2638-41. doi:10.1016/j.jaip.2021.02.057

88.	 Lazzara F, Conti F, Giuffrida E, Eandi CM, Drago F, Platania CB, 
et al. Integrating network pharmacology: The next-generation 
approach in ocular drug discovery. Curr Opin Pharmacol 
2024;74:102425. doi:10.1016/j.coph.2023.102425

89.	 Melo S, Guedes J, Mendes S. Theory of cumulative disadvantage/
advantage. In: Gu D, Dupre ME, eds. Encyclopedia of 
Gerontology and Population Aging. Cham: Springer 
International Publishing; 2021. p. 5129-36. doi:10.1007/978-
3-030-22009-9_751

90.	 Moir J, Aggarwal S, Skondra D. Repurposing medications for 
treatment of age-related macular degeneration: Insights from 
novel approaches to data mining. Exp Biol Med (Maywood) 
2023;248(9):798-810. doi:10.1177/15353702231181188

91.	 Durairaj C. Ocular pharmacokinetics. Handb Exp Pharmacol 
2017;242:31-55. doi:10.1007/164_2016_32

92.	 Gabai A, Zeppieri M, Finocchio L, Salati C. Innovative strategies 
for drug delivery to the ocular posterior segment. Pharmaceutics 
2023;15(7):1862. doi:10.3390/pharmaceutics15071862

93.	 Benard B, Bastien V, Vinet B, Yang R, Krajinovic M, Ducharme 
FM. Neuropsychiatric adverse drug reactions in children 
initiated on montelukast in real-life practice. Eur Respir J 
2017;50(2):1700148. doi:10.1183/13993003.00148-2017

94.	 Huber T, Horioka-Duplix M, Chen Y, Saca VR, Ceraudo E, 

Chen Y, et al. The role of signaling pathways mediated by the 
GPCRs CysLTR1/2 in melanocyte proliferation and senescence. 
Sci Signal 2024;17(854): eadp3967. doi:10.1126/scisignal.
adp3967

95.	 Xu H, Wang X, Du B. Mechanism of montelukast on autophagy 
and apoptosis of airway epithelial cells through STAT3-RORγt-
IL-17/IL-23 signaling pathway. Mater Express 2024;14(1):91-6. 
doi:10.1166/mex.2024.2596

96.	 Bapputty R, Talahalli R, Zarini S, Samuels I, Murphy R, Gubitosi-
Klug R. Montelukast prevents early diabetic retinopathy in mice. 
Diabetes 2019;68(10):2004-15. doi:10.2337/db19-0026

97.	 Ambati J, Fowler BJ. Mechanisms of age-related macular 
degeneration. Neuron 2012;75(1):26-39. doi:10.1016/j.
neuron.2012.06.018

98.	 Xu H, Chen M, Forrester JV. Para-inflammation in the aging 
retina. Prog Retin Eye Res 2009;28(5):348-68. doi:10.1016/j.
preteyeres.2009.06.001

99.	 Rutigliani C, Tribble JR, Hagström A, Lardner E, Jóhannesson 
G, Stålhammar G, et al. Widespread retina and optic nerve 
neuroinflammation in enucleated eyes from glaucoma patients. 
Acta Neuropathol Commun 2022;10(1):118. doi:10.1186/
s40478-022-01427-3

100.	Wei X, Cho KS, Thee EF, Jager MJ, Chen DF. Neuroinflammation 
and microglia in glaucoma: time for a paradigm shift. J Neurosci 
Res 2019;97(1):70-6. doi:10.1002/jnr.24256

101.	Jin K, Zhang C. Personalized medicine in ophthalmic diseases: 
challenges and opportunities. J Pers Med 2023;13(6):893. 
doi:10.3390/jpm13060893

102.	Gaudana R, Jwala J, Boddu SH, Mitra AK. Recent perspectives 
in ocular drug delivery. Pharm Res 2009;26(5):1197-216. 
doi:10.1007/s11095-008-9694-0

103.	Schmidt-Erfurth U, Sadeghipour A, Gerendas BS, Waldstein 
SM, Bogunović H. Artificial intelligence in retina. Prog Retin 
Eye Res 2018;67:1-29. doi:10.1016/j.preteyeres.2018.07.004

104.	Ioannidis JP. Why most clinical research is not useful. PLoS Med 
2016;13(6): e1002049. doi:10.1371/journal.pmed.1002049

105.	Del Amo EM, Rimpelä AK, Heikkinen E, Kari OK, Ramsay 
E, Lajunen T, et al. Pharmacokinetic aspects of retinal drug 
delivery. Prog Retin Eye Res 2017;57:134-85. doi:10.1016/j.
preteyeres.2016.12.001

106.	Micera A, Balzamino BO, Di Zazzo A, Dinice L, Bonini S, 
Coassin M. Biomarkers of neurodegeneration and precision 
therapy in retinal disease. Front Pharmacol 2020;11:601647. 
doi:10.3389/fphar.2020.601647

107.	Zhu Z, Wang Y, Qi Z, Hu W, Zhang X, Wagner SK, et al. 
Oculomics: current concepts and evidence. Prog Retin Eye 
Res 2025;106:101350. doi:10.1016/j.preteyeres.2025.101350

108.	Csaky K, Ferris F 3rd, Chew EY, Nair P, Cheetham JK, Duncan 
JL. Report from the NEI/FDA endpoints workshop on age-
related macular degeneration and inherited retinal diseases. 
Invest Ophthalmol Vis Sci 2017;58(9):3456-63. doi:10.1167/
iovs.17-22339

109.	Garner MA, Strickland RG, Girkin CA, Gross AK. Mechanisms 
of retinal ganglion cell injury following acute increases 
in intraocular pressure. Front Ophthalmol (Lausanne) 
2022;2:1007103. doi:10.3389/fopht.2022.1007103

110.	Casson RJ, Chidlow G, Wood JP, Crowston JG, Goldberg I. 
Definition of glaucoma: clinical and experimental concepts. 
Clin Exp Ophthalmol 2012;40(4):341-9. doi:10.1111/j.1442-
9071.2012.02773.x

111.	Osborne NN, Casson RJ, Wood JP, Chidlow G, Graham 
M, Melena J. Retinal ischemia: mechanisms of damage 
and potential therapeutic strategies. Prog Retin Eye Res 
2004;23(1):91-147. doi:10.1016/j.preteyeres.2003.12.001

112.	Nye M, Rudner S, Bielory L. Emerging therapies in allergic 
conjunctivitis and dry eye syndrome. Expert Opin Pharmacother 

https://doi.org/10.3390/ijms25063313
https://doi.org/10.3389/fendo.2023.1276225
https://doi.org/10.3390/pharmaceutics17111425
https://doi.org/10.3390/ijms27031142
https://doi.org/10.3390/ijms27031142
https://doi.org/10.51329/mehdiophthal1526
https://doi.org/10.51329/mehdiophthal1526
https://doi.org/10.3389/fchem.2019.00071
https://doi.org/10.1007/s10787-024-01557-1
https://doi.org/10.1007/s10787-024-01557-1
https://doi.org/10.1093/intimm/dxz044
https://doi.org/10.3390/jcm15103563
https://doi.org/10.1038/s41467-024-50033-5
https://doi.org/10.1016/j.jaip.2021.02.057
https://doi.org/10.1016/j.coph.2023.102425
https://doi.org/10.1007/978-3-030-22009-9_751
https://doi.org/10.1007/978-3-030-22009-9_751
https://doi.org/10.1177/15353702231181188
https://doi.org/10.1007/164_2016_32
https://doi.org/10.3390/pharmaceutics15071862
https://doi.org/10.1183/13993003.00148-2017
https://doi.org/10.1126/scisignal.adp3967
https://doi.org/10.1126/scisignal.adp3967
https://doi.org/10.1166/mex.2024.2596
https://doi.org/10.2337/db19-0026
https://doi.org/10.1016/j.neuron.2012.06.018
https://doi.org/10.1016/j.neuron.2012.06.018
https://doi.org/10.1016/j.preteyeres.2009.06.001
https://doi.org/10.1016/j.preteyeres.2009.06.001
https://doi.org/10.1186/s40478-022-01427-3
https://doi.org/10.1186/s40478-022-01427-3
https://doi.org/10.1002/jnr.24256
https://doi.org/10.3390/jpm13060893
https://doi.org/10.1007/s11095-008-9694-0
https://doi.org/10.1016/j.preteyeres.2018.07.004
https://doi.org/10.1371/journal.pmed.1002049
https://doi.org/10.1016/j.preteyeres.2016.12.001
https://doi.org/10.1016/j.preteyeres.2016.12.001
https://doi.org/10.3389/fphar.2020.601647
https://doi.org/10.1016/j.preteyeres.2025.101350
https://doi.org/10.1167/iovs.17-22339
https://doi.org/10.1167/iovs.17-22339
https://doi.org/10.3389/fopht.2022.1007103
https://doi.org/10.1111/j.1442-9071.2012.02773.x
https://doi.org/10.1111/j.1442-9071.2012.02773.x
https://doi.org/10.1016/j.preteyeres.2003.12.001


Amiraslanzadeh et al

Biomed Res Bull 2025;3(4)240

2013;14(11):1449-65. doi:10.1517/14656566.2013.802773
113.	Leonardi A. Vernal keratoconjunctivitis: pathogenesis and 

treatment. Prog Retin Eye Res 2002;21(3):319-39. doi:10.1016/
s1350-9462(02)00006-x

114.	Tuo J, Tuaillon N, Shen D, Chan CC. Endotoxin-induced uveitis 
in cyclooxygenase-2-deficient mice. Invest Ophthalmol Vis Sci 
2004;45(7):2306-13. doi:10.1167/iovs.03-0756

115.	Jabs DA, Rosenbaum JT, Foster CS, Holland GN, Jaffe GJ, Louie 
JS, et al. Guidelines for the use of immunosuppressive drugs in 
patients with ocular inflammatory disorders: recommendations 
of an expert panel. Am J Ophthalmol 2000;130(4):492-513. 
doi:10.1016/s0002-9394(00)00659-0

116.	Peters-Golden M, Gleason MM, Togias A. Cysteinyl 
leukotrienes: multi-functional mediators in allergic rhinitis. 

Clin Exp Allergy 2006;36(6):689-703. doi:10.1111/j.1365-
2222.2006.02498.x

117.	Tariq F. Allergic conjunctivitis: review of current types, 
treatments, and trends. Life (Basel) 2024;14(6):650. doi:10.3390/
life14060650

118.	Peters-Golden M, Canetti C, Mancuso P, Coffey MJ. 
Leukotrienes: underappreciated mediators of innate immune 
responses. J Immunol 2005;174(2):589-94. doi:10.4049/
jimmunol.174.2.589

119.	Kulkarni JA, Witzigmann D, Thomson SB, Chen S, Leavitt 
BR, Cullis PR, et al. The current landscape of nucleic 
acid therapeutics. Nat Nanotechnol 2021;16(6):630-43. 
doi:10.1038/s41565-021-00898-0

https://doi.org/10.1517/14656566.2013.802773
https://doi.org/10.1016/s1350-9462(02)00006-x
https://doi.org/10.1016/s1350-9462(02)00006-x
https://doi.org/10.1167/iovs.03-0756
https://doi.org/10.1016/s0002-9394(00)00659-0
https://doi.org/10.1111/j.1365-2222.2006.02498.x
https://doi.org/10.1111/j.1365-2222.2006.02498.x
https://doi.org/10.3390/life14060650
https://doi.org/10.3390/life14060650
https://doi.org/10.4049/jimmunol.174.2.589
https://doi.org/10.4049/jimmunol.174.2.589
https://doi.org/10.1038/s41565-021-00898-0

