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Abstract. The term “Allergy” actually includes a variety of different diseases (rhinitis, conjunctivitis, asthma, urticaria, and 
dermatitis) with a common pathological basis linked to the release of chemical mediators such as histamine, platelet-activating 
factor, arachidonic acid metabolites, and chemotactic factors secreted by mastocytes, basophils, and eosinophils. The key-role of 
leukotrienes (LTs) as mediators in allergic and inflammatory response justifies possible therapeutic use of leukotriene antago-
nists in other allergic diseases beyond asthma. LTs modifiers reduce asthma symptoms, short-acting beta2-antagonist (SABA) 
use, and asthma exacerbations, and improve all indexes of pulmonary function, as measured by the increases in forced expiratory 
flow at one second (FEV1), peak expiratory flow (PEF), quality of life, and indices of bronchial inflammation (blood eosino-
phils, inflammatory cells in the bronchial mucosa, exhaled nitric oxide, substance P, neurokinin A, eosinophil cationic protein, 
and serum myeloperoxidase). Anti-LTs have also been successfully used by some authors to control allergic diseases such as 
rhinitis, atopic dermatitis, chronic urticaria and allergic conjuncitivitis. Moreover, recently, new reports have been published 
concerning other conditions (migraine prophylaxis, sleep disorders, inflammatory bowel disease, and nasal polyposis) that 
broaden the future range of clinical applications. Topical ocular montelukast can be a potential therapeutic drug with a new route 
of administration that can be used for treatment of allergic conjunctivitis.  
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1. Introduction 

The term “Allergy” includes a variety of different 
illnesses (rhinitis, conjunctivitis, asthma, urticaria, 
and dermatitis) with a common pathological basis [1], 
linked to the release of chemical mediators such as 
histamine, platelet-activating factor, metabolites of 
arachidonic acid, and chemotactic factors from mas-
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tocytes, basophils, and eosinophils. The key role of 
leukotrienes (LTs) as mediators in allergic and in-
flammatory response justifies the new pharmacologic 
category of Cysteinil LT antagonists as possible 
therapeutic use in other allergic diseases beyond 
asthma. 

Since 1938, known as slow-reacting substances of 
anaphylaxis [2], even if LTs are known as products of 
the arachidonic acid metabolism pathway by the ac-
tion of 5-lipoxygenase only in the last seventies. LTs 
are generated by a number of cells including mast 
cells, eosinophils, basophils, and neutrophils, sited in  
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Table 1.  
Uses of Anti-leukotrienes drugs for other diseases beyond asthma as described in literature 

Pathologies in which TRAs  
Have been successfully used 

References of the literature 

Sinonasal polyposis – Kieff DA, Busaba NY. EfficacyofMontelukast in thetreatmentof nasal polyposis. Ann Otol Rhinol Laryngol 
2005; 114(12): 941-5.  
– Mostafa BE, Abdel Hay H, Mohammed HE, Yamani M. Role of leukotriene inhibitors in the postoperative 
management of nasal polyposis. ORL J Otorhinolaryngol Relat Spec. 2005; 67(3): 148-53. 

Sleep breathing disorders – Kheirandish L, Goldbart AD, Gozal D. Intranasal steroids and oral leukotriene modifier therapy in residu-
alsleep-disordered breathing after tonsillectomy and adenoidectomy inchildren. Pediatrics 2006; 117(1): 
e61-6. 
– Goldbart AD, Goldman JL, Veling MC, Gozal D. Leukotriene modifier therapy for mild sleep-disordered 
breathing inchildren. Am J Respir Crit Care Med 2005 Aug 1; 172(3): 364-70. Epub 2005 May 5. 

Migraines – Sheftell F, Rapoport A, Weeks R, Walker B, Gammerman I, Baskin S. Montelukast in the prophylaxis of 
migraine: a potential role forleukotriene modifiers. Headache 2000; 40(2): 158-63. 

Esophagitis – Attwood SE, Lewis CJ, Bronder CS, Morris CD, Armstrong GR, Whittam J. Eosinophilicoesophagitis: a 
novel treatment using Montelukast. Gut . 2003; 52(2): 181-5. 

Eosinophilic gastroenteritis – Daikh BE, Ryan CK, Schwartz RH. Montelukast reduces peripheral blood eosinophilia but not tissueeo-
sinophilia or symptoms in a patient with eosinophilic gastroenteritis andesophageal stricture. Ann Allergy 
Asthma Immunol 2003; 90(1): 23-7. 

Inflammatory bowel disease – Vanderhoof JA, Young RJ, Hanner TL, Kettlehut B. Montelukast: use in pediatric patients with eosinophilic 
gastro intestinal disease. J Pediatr Gastroenterol Nutr 2003; 36(2): 293-4. 
– Friesen CA, Kearns GL, Andre L, Neustrom M, Roberts CC, Abdel-Rahman SM. Clinical efficacy and 
pharmacokinetics of montelukast in dyspepticchildren with duodenal eosinophilia. J Pediatr Gastroenterol 
Nutr 2004; 38(3): 343-51. 

 
 

the airways of patients with asthma and in the skin of  
patients with chronic urticaria (CU). They mediate 
chemotaxis, vascular permeability, edema, eosino-
phils migration, airway constriction, and smooth 
muscle contraction [3].  

As they present a long time efficacy, these mole-
cules   are   defined   as   “slow   reacting   substances”. 
Among LTs, LTB4, LTC4, and LTD4 have particu-
larly potent effects. LTB4 is aleukocyteschemoat-
tractant and is involved in the migration of granulo-
cytes into tissues [4,5]. LTC4 evokes a wheal and flare 
reaction when intradermally injected. LTC4, LTD4, 
and LTE4 are chemical mediators of the inflammation 
involved in the pathogenesis of asthma, the overall 
biological effects of which are bronchial constriction 
and an increase in both mucus secretion and vascular 
permeability [6–14].  

Recent studies performed on adult patients suggest 
that anti-LTs can play an important role not only in the 
acute phase but also in controlling the chronic de-
velopment of bronchial asthma. Moreover, anti-LTs 
have successfully been used by some authors to con-
trol allergic diseases such as rhinitis, atopic dermatitis, 
chronic urticaria and allergic conjunctivitis. In addi-
tion, new reports have been published concerning the 
use of anti-LTs in other conditions (migraine prophy-

laxis, sleep disorders, inflammatory bowel disease, 
and nasal polyposis) prospecting a wider range of 
clinical applications (Table 1).  

2. Recent applications of antileukotrienes drugs 
beyond asthma 

2.1. Paranasal sinus disease 

LTs are inflammatory mediators that have an im-
portant role in paranasal sinus disease (PSD) and the 
formation of nasal polyps (NP) [15]. Cys-LTs are 
overproduced in asthmatic subjects with chronic hy-
perplastic rhinosinusitis (CHR) and NP [16]. In view 
of the fact that these agents lead to symptoms in 
asthmatics patients, the use of LTRAs, particularly 
montelukast and zafirlukast, seems appropriate [17, 
18]. In addition, it has been suggested that many as-
pirin-intolerant asthma patients have NP and that 
treatment with the LTRAs results in improvement and 
resolution of the NP [19–21]. The LTRAs might be 
good alternatives to the long-term administration of 
oral steroids, in view of their systemic anti-inflam- 
matory effects and acceptable safety profiles [22– 
25].  
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2.2. Migraine 

 Migraine (M) is a paroxysmal disorder character-
ized by recurrent attacks of headache, without asso-
ciated visual and gastrointestinal disturbances. M can 
be classified in two main groups: Common and clas-
sic. There is evidence that confirms the important 
roles of AA, prostaglandins, and LTs in the patho-
genesis of M, based on measurements of this substances 
in biological fluids during and after the attack [26,27]. 
Non-steroidal anti-inflammatory agents (NSAIDs) 
have been widely used for treating Migraine [28]. The 
pathogenesis of M is not well understood and there is 
need for prophylactic medications. Inhibition of mast 
cells release of anti-LT and other vasoactive mole-
cules may be such an approach [29,30]. 

2.3. Chronic urticaria 

 Although an autoimmune/autoreactive basis proba-
bly underlies most cases of chronic urticaria auto- 
antibodies to the high affinity IgE receptor [31,32] can 
be detected in about 35% of patients with chronic 
urticaria, whereas in about 5–10% of patients anti-IgE 
auto-antibodies can be found. In these cases it is dif-
ficult to define the efficacy of LTRAs as therapy of 
these forms.  

However several studies seem to demonstrate that 
combined therapy with montelukast and zafirlukast 
produced significantly greater improvement than 
placebo or cetirizine mono-therapy [33–36].  

2.4. Atopic dermatitis 

Atopic dermatitis (AD) is a chronic, relapsing, ec-
zematous disorder of the skin that occurs in patients of 
all ages, but is more common in children. AD is as-
sociated with other atopic diseases such as allergic 
rhino-conjunctivitis and bronchial asthma [37]. 
Nearly 80% of children with AD eventually develop 
allergic rhinitis or asthma. AD is classified as mixed 
(i.e., cases associated with respiratory allergies) or 
pure, with intrinsic and extrinsic variants [38]. In the 
extrinsic type, interleukin-4 (IL-4) is secreted by 
T-cells isolated from spontaneous lesions and 
skin-derived T lymphocytes express more IL-13 [39]. 
There is evidence for enhanced LTs production in the 
pathogenesis of AD [40]. It has been suggested that 
LTRAs may be more successful for the treatment of 
the extrinsic subgroup of AD and to be a safe and 

effective alternative to steroid-sparing therapy in the 
management of patients with AD [41-43]. The same 
was true in pediatric patients treated with chewable 
montelukast day (5 mg/day for 24 wk) [44]. 

2.5. Bronchiolitis 

 Many published studies have documented in-
creased LTE4 levels in patients with infectious dis-
eases due to respiratory syncytial virus (RSV), such as 
bronchitis, pneumonia, and bronchiolitis, suggesting 
that LTs may be involved. Cys-LTs, in fact, are re-
leased during RSV infection and may contribute to the 
inflammatory state [45]. In a36 mo, double-blind trial, 
130 infants (median age: 9 months) who were hospi-
talized with acute RSV bronchiolitis were randomized 
into 2 parallel comparison groups of 5 mg montelukast 
chewable tablets or matching placebo given for 28 
days starting within 7 days after the onset of symp-
toms. Infants in the montelukast group were free of 
symptoms on 22% of the days and nights, which was 
significantly lower than the placebo group, and there 
were significant reductions in day-time coughing and 
clinical exacerbations compared to the placebo [46– 
49]. 

3. Allergic conjunctivitis and the possible role of 
nasal allergy 

The incidence of ‘allergic conjunctivitis’ and its 
particular forms vary [50–54]; seasonal allergic con-
junctivitis (SAC) occurs most frequently, followed by 
atopic kerato-conjunctivitis (AKC), vernal kerato- 
conjunctivitis (VKC) and perennial allergic conjunc-
tivitis (PAC), whereas giant papillary conjunctivitis 
(GPC) may be seen only sporadically. SAC and PAC 
appear in relatively milder form, whereas AKC and 
VKC occur in a more severe bilateral form, where the 
conjunctivae and cornea may also be affected [50,54] 
the coexistence of allergic rhinitis and conjunctivitis 
has repeatedly been reported in the literature [50–56]. 

An allergic reaction initially occurring in the nasal 
mucosa may affect the conjunctiva in different ways 
upon involving diverse mechanisms: (i) this reaction 
leads to release of mediators, cytokines and other 
factors, which can then penetrate to the conjunctiva 
through the naso-lacrimal duct [51–58]; (ii) the re-
leased factors can also be transported to the conjunc-
tiva by the local haematologic ways (a. maxillaris- pars 
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pterygopalatina, v. facialis, plexus pterygoideus) [51– 
60]; (iii) allergic reactions in the nasal mucosa can 
stimulate the local neurogenic network and released 
neuropeptides may reach conjunctiva along and/or 
through the appropriate nerves (n. trigemini, n. naso-
ciliaris, pterygopalatine ganglion) [61–63]; and (iv) 
this reaction and released factors can stimulate the 
local nasal mucosal lymphatic system, ‘nose-associ- 
ated lymphatic tissue’ (NALT), which is able to 
communicate with the lymphatic tissue of the lacrimal 
system, ‘tear  ductassociated  lymphatic  tissue’  (TALT), 
‘lacrimal drainage-associated lymphoid tissue’ 
(LDALT), ‘eye associated lymphatic tissue’ (EALT) 
and that of the conjunctiva, called ‘conjunctiva-as- 
sociated lymphatic tissue’ (CALT) [57–59,63–66]. In 
this way not only transmission of certain signals but 
also cellular traffic of various cell types, for example, 
T lymphocytes (Th1 and Th2) and B cells (plasma 
cells), can also be realized [50,56,59,60,67–73]. An 
additional mechanism that could also play a role in the 
cellular traffic among the particular organ-associated 
lymphatic tissues is the ‘defective homing’ of the B 
lymphocytes [59,74] Nasal provocation tests (NPTs) 
combined with registration of the conjunctival pa-
rameters are able not only to show the causal role of a 
certain allergen in the nasal mucosa and subsequently 
in the conjunctiva, but also to record quantitatively 
responses in their dynamic and time-related course. 
Although the NPTs are a laborious, time-consuming 
technique and require special apparatus and facilities, 
they generate important clinical data that cannot be 
gathered by other tests. By combining of the recorded 
parameters, NPTs are also able to confirm a causal 
role of one organ in a response of another organ, in 
this case the causal relationship of nasal mucosa and 
nasal allergy in the reactions of the conjunctiva. Sig-
nificant correlation of the first and repeated NPTs 
confirms reliable reproducibility of this technique. 
NPTs can also discriminate between the participation 
of the allergy and the non-specific hyperactivity in the 
patient’s complaints. Similar motivation is applicable 
for the conjunctival provocation tests (CPTs) with 
allergens showing an allergic reaction directly in the 
conjunctiva and its causal participation in the con-
junctival complaints [75]. Our results emphasize some 
important clinical implications. As nasal allergy can 
induce a secondary conjunctival response (CR), al-
lergic rhinitis may not always be seen only as a co-
existing disorder to allergic conjunctivitis, but in some 
patients as a causal trigger for the allergic conjuncti-

vitis. This fact would implicate existence of two forms 
of allergic conjunctivitis, a ‘primary or classical form’ 
in which the initial allergic reaction and the subse-
quent steps (clinical symptoms) take place exclusively 
in the conjunctiva, whereas the ‘secondary form’ may 
be induced by an allergic reaction occurring initially 
in the nasal mucosa and only the consequences (clin-
ical symptoms) are displayed by the conjunctiva [59, 
69].  

4. The ocular allergic response and the role of LTs 
in allergic conjunctivitis 

Particulate matter-pollutants, pollen, dust, mold, 
mite, animal dander, and other proteins, as well as dirt 
and sand, is meant to be blocked from reaching the eye 
by eyebrows, eyelashes, or eyelids. The particles that 
evade these barriers alight on the ocular surface and 
are buffered by the tear film, the most important bar-
rier the eye has against foreign substances. Whatever 
is not washed away by the tear film eventually reaches 
the ocular surface. The ocular allergic response is 
caused by exposure of the conjunctiva, the mucus 
membrane that covers the posterior aspect of the eye, 
to an antigen. Immunologic recognition of intruders 
awakens the body’s defends, leading to antigen 
recognition and sensitization, antibody activation, and 
a full-blown over-reactive immunologic response.  

Dry eye and allergic conjunctivitis are chronic in-
flammatory diseases of the cornea and conjunctiva 
(ocular surface). Dry eye affects 5 million individuals 
in the United States alone and is more prevalent in 
women than men [76]. Allergy including seasonal 
allergic conjunctivitis, vernal keratoconjunctivitis, giant 
papillary conjunctivitis (also known as contact lens- 
induced papillary conjunctivitis), and atopic kerato- 
conjunctivitis affects 20% of the population [56]. 
Hallmarks of these diseases are symptoms of ocular 
pain and discomfort, and signs of ocular surface in-
flammation that generate inflammatory cytokines and 
matrix metalloproteinases. These inflammatory me-
diators lead to death of the surface cells of the corneal 
and conjunctival epithelia [77]. 

The pathophysiological basis of conjunctivitis and 
other type I hypersensitivity disorders, such as, rhini-
tis, asthma and dermatitis, relies on the release of 
chemical mediators from inflammatory cells [78]. 
Histamine plays a pivotal role in ocular hypersensi-
tivity reactions of both immunological and non-im- 
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munological origin, by exerting its effects on blood 
vessels, nociceptive nerves, fibroblasts, epithelial and 
goblet cells, mainly via histaminergic receptor acti-
vation in the ocular surface [79,80]. Histamine, being 
the main early activating molecule of the inflamma-
tory cascade leads to the release of late phase reaction 
mediators, such as nitric oxide (NO) [81,82]. Addi-
tionally, the de novo synthesized pro-inflammatory 
cysteinyl leukotrienes (cysLTs) seem to be equally 
important, their release in tears from patients with 
various forms of conjunctival inflammation having 
been documented [83]. Thus, histamine, cys-LTs and 
NO are involved in the inflammatory processes asso-
ciated with type I hypersensitivity reactions, which 
have two well-defined periods.  

The pathophysiology of allergic conjunctivitis is 
not a simple process. New findings suggest that a wide 
range of cytokines, chemokines, proteases and growth 
factors are involved by complex interactions [84]. In 
allergic conjunctivitis, there is increased tear levels of 
several chemical mediators such as histamine, tryp-
tase, leukotrienes (LTs) and prostaglandins [56]. In 
addition, tear levels of LTB4 and LTC4 were found to 
be significantly higher in patients with vernal kera-
toconjunctivitis than in controls [83]. 

Dartt DA et al. [85] showed that cysteinyl leuko-
trienes LTC4, LTD4, and LTE4 produced in the 
conjunctiva during ocular allergy, dry eye disease, or 
other inflammatory diseases of the ocular surface 
stimulate goblet cell mucous secretion that can con-
tribute to the excess mucous seen in these diseases. 
The chronic inflammation in these ocular surface 
diseases damages the cornea and conjunctiva, causing 
chronic pain from exposed nerve endings. They 
demonstrated that cysteinyl leukotriene stimulated 
goblet cell secretion was completely blocked by RvD1 
and RvE1. Thus, resolution of inflammation by the 
production of proresolution mediators, namely, RvD1 
and RvE1, can terminate excess goblet cell mucous 
secretion allowing the ocular surface to repair. These 
results also support the hypothesis that resolution of 
inflammation is an active process. 

5. The use of leukotriene antagonists drugs in the 
treatment of allergic conjunctivitis 

Allergic conjunctivitis is a collection of hypersen-
sitivity disorders that affect the lid, conjunctiva and 
cornea. It is characterized by immunoglobulin E (IgE) 

mediated and/or T-lymphocyte-mediated immune 
hypersensitivity reactions [86]. These reactions are 
initiated by binding of an allergen with specific IgE on 
the surface of mast cells. The resultant mast cell 
degranulation leads to early phase and late phase 
responses. The early phase response develops imme-
diately after exposure to the allergen with clinical 
symptoms and signs such as itching, chemosis and 
congestion. This is followed by the late phase re-
sponse after 8–24 hours which is characterized by 
conjunctival cellular infiltrations particularly eosin-
ophilia and neutophilia [87]. The pathophysiology of 
allergic conjunctivitis is not a simple process. New 
findings suggest that a wide range of cytokines, 
chemokines, proteases and growth factors are in-
volved by complex interactions [84]. In allergic con-
junctivitis, there is increased tear levels of several 
chemical mediators such as histamine, tryptase, leu-
kotrienes (LTs) and prostaglandins [56]. In addition, 
tear levels of LTB4 and LTC4 were found to be sig-
nificantly higher in patients with vernal keratocon-
junctivitis than in controls [83]. In fact, leukotrienes 
play a role in the development of seasonal allergic 
conjunctivitis as well as the more severe forms as 
vernal keratoconjunctivitis and atopic keratoconjunc-
tivitis [84]. 

Treatment of allergic conjunctivitis includes sev-
eral drug groups such as antihistamines, mast cell 
stabilizers, non-steroidal anti-inflammatory drugs and 
corticosteroids in resistant cases [50]. However, the 
increased worldwide prevalence of ocular allergy has 
stimulated expansion of management strategies to-
wards physiologic and immunologic drug targets [8]. 
One of these targets is the leukotrienes [88]. The 
pro-inflammatory effects of leukotrienes have been 
well described in asthma and rhinitis. Leukotriene 
receptor antagonists have emerged as important 
therapeutic options that show clinical efficacy in 
treatment of bronchial asthma. 

The ocular allergic response results from exposure 
of the conjunctiva to an environmental allergen and 
binding with specific IgE on the conjunctival mast 
cells. The resultant mast cell degranulation plays a key 
role in the pathogenesis of both the early and late 
phase responses of ocular allergy [84]. Compound 
48/80 is a non-immunogenic mast cell degranulating 
agent that produces manifestations of external allergic 
inflammation when applied topically to the ocular 
surface [89]. The degranulation produced by the 
compound is less extensive but morphologically sim-
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ilar to that seen in vernal and giant papillary conjunc-
tivitis. Therefore, it can serve as a useful tool for 
testing ocular anti-inflammatory agents [90]. Studies 
with compound 48/80 applied topically to rabbit eyes, 
producing allergic inflammatory manifestations that 
were evident on clinical examination of the eye as 
well as on hystopathological examination of conjunc-
tival specimens, have been described in literature to 
show the efficacy of anti-leukotrienes drugs efficacy 
in the treatment of allergic conjunctivitis. El-Hossary 
and collauges [91] demonstrated that pretreatment of 
allergic conjunctivitis model rabbits with 0.1% mon-
telukast eye drops exhibited improvement of ocular 
inflammatory manifestations both clinically and by 
histopathological examination. The improvement was 
more evident after 24 hours of compound applica-
tion.In agreement with the results of this study, it was 
before described that oral montelukast for 15 days 
produced significant and persistent reduction of ocular 
signs and symptoms in asthmatic patients with vernal 
keratoconjunctivitis [92]. In addition, oral monte-
lukast combined with oral cetirizine were effective in 
decreasing orbital congestion and inflammation in 
patients with thyroid eye disease [93]. Moreover, oral 
zafirlukast, another leukotriene receptor antagonist 
similar to montelukast, could significantly attenuate 
the development of conjunctival edema and inhibit the 
increase in the number of eosinophils in rats with 
experimental allergic conjunctivitis [94]. 

Regarding topical ocular application of these drugs, 
topical application of a leukotriene receptor antagonist 
in combination with a cyclooxygenase inhibitor could 
significantly improve inflammatory manifestations in 
rabbit eyes burned with sodium hydroxide [95]. In 
addition, Papathanassiou et al. [96] reported that top-
ical application of zafirlukast to rat eyes, challenged 
with compound 48/80, produced significant inhibition 
of the late phase nitric oxide production of the con-
junctival hypersensitivity response. The authors con-
cluded that leukotriene receptor antagonists might 
contribute to the management of ocular inflammatory 
response. Outside the eye, inhaled montelukast could 
significantly inhibit the bronchoconstriction induced 
by LTC4 and LTD4 with no injury to the lung tissue in 
an animal model of asthma [97] and this demonstrates 
the therapeutic effectiveness and safety of locally 
applied montelukast. 

Although leukotrienes play a role in development 
of allergic conjunctivitis, they are not the only medi-
ators involved in this disease. Histamine, tryptase and 

prostaglandins are also involved in the immediate 
allergic response [56]. In addition, mast cell degran-
ulation induces activation of vascular endothelial cells 
and thus the expression of several chemokines and 
adhesion molecules that finally lead to the ocular 
allergic late phase reaction [84]. Moreover, conjunc-
tival and corneal epithelial cells and fibroblasts may 
contribute to mounting the allergic inflammation by 
expressing and producing cytokines, chemokines, 
adhesion molecules and growth factors that maintain 
local inflammation and lead to tissue remodelling [98]. 
Montelukast was reported to significantly attenuate 
LT-induced degranulation of bone marrow derived 
mast cells [99]. The drug was also found to inhibit the 
expression of vascular endothelial growth factor and 
its receptors in lung tissue of experimentally induced 
asthma in rats [100]. Vascular endothelial growth 
factor is over expressed in vernal keratoconjunctivitis 
and may involve tissue growth and remodelling that 
occur in severe cases of this disease [101]. 

In El-Houssary’s study [91], pre-treatment of al-
lergic conjunctivitis model rabbits with 1% predni-
solone produced more improvement of the allergic 
response than montelukast detected by significant 
decrease in the clinical score sat all time intervals of 
examination and by marked improvement of the his-
topathological picture as the conjunctiva appeared 
fairly normal after 24 hours of compound application. 
Topical corticosteroids are very effective in the 
treatment of allergic conjunctivitis for their immune- 
suppressive way of action [102]. Therefore, it was 
expected that topical prednisolone was more effective 
than topical montelukast in the above mentioned 
study. 

Despite the number of pharmacological agents 
currently used to prevent the clinical manifestations of 
ocular hypersensitivity, there are still continuing ef-
forts aiming at the development of more efficacious 
topical medications to control the most severe epi-
sodes of the disease [103]. Currently, anti-LT thera-
pies are approved only for patients with asthma [104], 
though recent reports support the clinical efficacy of 
cysLT receptor antagonists in patients with rhinitis [105, 
106]. 

In conclusions, allergic conditions are common in 
all pediatric age groups, and significantly affect the 
health and overall quality of life of children and their 
families [107]. Also in their less severe forms, they 
often cause considerable disruptions to daily life for 
pediatric patients, including sleep disturbances; limi-
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tation of activities; disrupted reading, computer work, 
or outside play; and impaired psychosocial function-
ing.  

Early and accurate detection of ocular allergy syn-
dromes in children presents a challenge in the primary 
care setting, as young children are often unwilling 
participants in ocular examinations. Involvement of 
pediatric ophthalmologists with specialized training 
and equipment may be necessary to avoid preventable 
vision loss in more severe cases. It is the responsibility 
of all involved to optimize the treatment of these 
children suffering from allergic disease. 

Topical ocular montelukast can be a potential 
therapeutic drug with a new route of administration 
that can be used for treatment of allergic conjunctivi-
tis.  

References 

    [1]   Rigoli L, Briuglia S, Caimmi S, Ferrau V, Gallizzi R, 
Leonardi S et al. Gene-environment interactions in child-
hood asthma. Int J Immunopathol Pharmacol 2011; 24 (4): 
41-7. 

    [2]   Feldberg W, Kellaway CH. Liberation of histamine and 
formation of lysocythin like substances by cobra venom. J 
Physiol 1938; 94(2): 187-226. 

    [3]   Samuelsson B, Dahlén SE, Lindgren JA, Rouzer CA, Serhan 
CN. Leukotrienes and lipoxins: Structures biosynthesis, and 
biological effects. Science 1987; 237(4819): 1171-6. 

    [4]   Wenzel SE, Szefler SJ, Leung DY, Sloan SI, Rex MD, 
Martin RJ. Bronchoscopic evaluation of severe asthma. 
Persistent inflammation associated with high dose gluco-
corticoids. Am J Respir Crit Care Med 1997; 156(3 Pt 1): 
737-43 

    [5]   Lewis RA, Austen KF, Soberman RJ. Leukotrienes and 
other products of the 5-lipoxygenase pathway. Biochemistry 
and relation to pathobiology in human diseases. N Engl J 
Med 1990; 323(10): 645-55. 

    [6]   Del Giudice MM, Pedullà M, Brunese FP, Capristo AF, 
Capristo C, Tosca MA et al. Neutrophilic cells in sputum of 
allergic asthmatic children. Eur J Inflamm 2010; 8: 151-6. 

    [7]   Wenzel S, Larsen GL, Johnson K, Voelkel NF, Westcott JY. 
Elevated levels of leukotriene C4 in bronchoalveolar lavage 
fluid from atopic asthmatics after endobronchial allergen 
challenge. Am Rev Respir Dis 1990; 142(1): 112-9.  

    [8]   Del Giudice MM, Marseglia GL, Leonardi S, Tosca MA, 
Marseglia A, Perrone L et al. Fractional exhaled nitric oxide 
measurements in rhinitis and asthma in children. Int J Im-
munopathol Pharmacol 2011; 24 (4): 29-32. 

    [9]   Riccioni G, Santilli  F,  D’Orazio  N,  Sensi  S,  Spoltore  R,  De  
Benedictis M et al. The role of antileukotrienes in the 
treatment of asthma. Int J Immunopathol Pharmacol 2002; 
15: 171-82. 

  [10]   Lakomski PG, Chitre M. Evaluation of the utilization pat-
terns of leukotriene modifiers in a large managed care health 
plan. J Manag Care Pharm 2004; 10(2): 115-21. 

  [11]   Spector SL and Antileukotriene Working Group. Safety of 
antileukotriene agents in asthma management. Ann Allergy 
Asthma Immunol 2001; 86: 18-23. 

  [12]   Jones TR, Labelle M, Belley M, Champion E, Charette L, 
Evans J et al. Pharmacology of montelukast sodium (Sin-
gulair), a potent and selective leukotriene D4 receptor an-
tagonist. Can J Physiol Pharmacol 1995; 73(2): 191-5. 

  [13]   Keam SJ, Lyseng-Williamson KA, Goa KL. Pranlukast: a 
review of its use in the management of asthma. Drugs 2003; 
63(10): 991-1019. 

  [14]   McGill KA, Busse WW. Zileuton. Lancet 1996; 348(9026): 
519-24. 

  [15]   Marseglia GL, Caimmi S, Marseglia A, Pagella F, Ciprandi 
G, La Rosa M et al. Occult Sinusitis may be a key feature for 
non-controlled Asthma in Children. J Biol Regul Homeost 
Agents 2012; 26: 125-32. 

  [16]   Higashi N, Taniguchi M, Mita H, Kawagishi Y, Ishii T, 
Higashi A et al. Clinical features of asthmatic patients with 
increased urinary leukotriene E4 excretion (hyperleukotri-
enuria): involvement of chronic hyperplastic rhinosisusitis 
with nasal polyposis. J Allergy Clin Immunol 2004; 113(2): 
277-83. 

  [17]   Parnes SM. The role of leukotrienes inhibitors in patients 
with paranasal sinus syndrome. Curr Opin Otolaryngol Neck 
Surg 2003; 11(3): 184-91. 

  [18]   Steinke JW, Bradley D, Arango P, Crouse CD, Frierson H, 
Kountakis SE et al. Cysteinil Leukotriene expression in 
chronic hyperplastic sinusitis-nasal polyposis: importance to 
eosinophilia and asthma. J Allergy Clin Immunol 2003; 
111(2): 342-9. 

  [19]   Borish L. The role of leukotrienes in upper and lower airway 
inflammation and the implications for treatment. Ann Al-
lergy Asthma Immunol 2002; 88 (4 Suppl 1): 16-22. 

  [20]   Arango P, Kountakis SE. Presence of cysteinylleukotrienes 
in asthmatic patients with chronic sinusitis. Laryngoscope 
2002; 112: 1190-2. 

  [21]   Parnes SM, Chuma AV. Acute effects of antileukotrienes on 
sinonasal polyposis and sinusitis. Ear Nose Throat J 2000; 
79(1): 18-20, 24-25. 

  [21]   Parnes SM. Targeting cysteinylleukotrienes in the treatment 
of rhinitis, sinusitis, and paranasal polyps. Am J Respir Med 
2002; 1(6): 403-8. 

  [22]   Scadding GK. Recent advances in the treatment of rhinitis 
and rhinosinusitis. Int J Pediatr Otorhinolaryngol 2003; 67: 
201-4. 

  [23]   Steinke JW, Crouse CD, Bradley D, Hise K, Lynch L, 
Kountakis SE et al. Characterization of interleukin- 4- 
stimulated nasal polyp fibroblasts. Am J Respir Cell Mol 
Biol 2004; 30(2): 212-9. 

  [24]   Haberal I, Corey JP. The role of leukotrienes in nasal allergy. 
Otolaryngol Head Neck Surg 2003; 129(3): 274-9. 

  [25]   Taylor F, Hutchinson S, Graff-Radford S, Harris L. Diag-
nosis and management of migraine in family practice. J Fam 
Pract 2004; Jan; Suppl: S3-24. 

  [26]   Vapaatalo H. Tolfenamic acid and migraine-aspects on 
prostaglandins and leukotrienes. Pharmacol Toxicol 1994; 
75 Suppl 2: 76-80.  

  [27]   Sheftell F, Rapoport A, Weeks R, Walker B, Gammerman I, 
Baskin S. Montelukast in the prophylaxis of migraine: a 
potential role for leukotriene modifiers. Headache 2000; 
40(2): 158-63. 

  [28]   Theoharides TC, Cochrane D. Critical role of mast cells in 
inflammatory process and the effect of acute stress. J Neu-
roimmunol 2004; 146(1-2): 1-12. 

  [29]   Dowson AJ, Cady RK, Tepper SJ, Smith TR, Shapero G. 
Pharmacologic management of migraine. Ann Intern Med 
2004; 140(6): W26. 

  [30]   Consensus conference. Management of chronic urticaria. 
Arch Pediatr 2003; 10(12): 1121-9. 

AU
TH

O
R 

CO
PY

http://www.scopus.com/record/display.url?eid=2-s2.0-80053480927&origin=resultslist
http://www.scopus.com/record/display.url?eid=2-s2.0-80053480927&origin=resultslist
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Voelkel%20NF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Westcott%20JY%22%5BAuthor%5D


76 G. Vitaliti et al. / LTRAs as treatment of atopic diseases beyond asthma   

  [31]   Greaves MW. Chronic idiopathic urticaria. Curr Opin Al-
lergy Clin Immunol 2003; 3: 363-8. 

  [32]   Muller BA. Urticaria and angioedema: a practical approach. 
Am Fam Physician 2004; 69: 1123-8. 

  [33]   La Rosa M , Leonardi S, Marchese G, Corrias A, Barberio G, 
Oggiano N et al. Double-blind multi-center study on the 
effectiveness and tolerability of cetirizine compared to ox-
atomide in chronic idiopathic urticaria of preschool children. 
Ann Allergy Asthma Immunol 2001; 87 (1): 48-53. 

  [34]   Erbagci Z. The leukotriene receptor antagonist montelukast 
in the treatment of chronic idiopathic urticaria: a single- 
blind, placebo-controlled, crossover clinical study. J Allergy 
Clin Immunol 2002; 110(3): 484-8. 

  [35]   Pacor ML, Di Lorenzo G, Corrocher R. Efficacy of leuko-
triene receptor antagonist in chronic urticaria. A double- 
blind, placebo-controlled comparison of treatment with 
montelukast and cetirizine in patients with chronic urticaria 
with intolerance to food additive and/or acetylsalicylic acid. 
Clin Exp Allerg 2001; 31: 1607-14. 

  [36]   Bagenstose SE, Levin L, Bernstein JA. The addition of 
zafirlukast to cetirizine improves the treatment of chronic 
urticaria in patients with positive autologous serum skin test 
results. J Allergy Clin Immunol 2004; 113(1): 134-40. 

  [37]   Leonardi S, Giudice MM, La Rosa M, Bellanti JA. Atopic 
disease, immune system and environment: which linkage? 
Allergy Asthma Proc 2007: 28(4): 410-7. 

  [38]   Salpietro C, Rigoli L, Giudice MM, Cuppari C, Di Bella C, 
Salpietro AM et al. TLR2 and TLR4 gene polymorphisms 
and atopic dermatitis in Italian children: a multi center study. 
Int J Immunopathol Pharmacol 2011; 24 (4): 33-40. 

  [39]   Leonardi S, Rotolo N, Vitaliti G, Spicuzza L, La Rosa M. 
IgE values and T lymphocyte subsets in children with atopic 
eczema/dermatitis syndrome (AEDS). Allergy Asthma Proc 
2007; 28 (5): 529-34. 

  [40]   Stone KD. Atopic disease in childhood. Curr Opin Pediatr 
2003; 15(5): 495-511. 

  [41]   Rackal JM, Vender RB. The treatment of atopic dermatitis 
and other dermatoses with leukotriene antagonists. Skin 
Therapy Lett 2004; 9(2): 1-5. 

  [42]   Pei AY, Chan HH, Leung TF. Montelukast in the treatment 
of children with moderate-to-severe atopic dermatitis: a pilot 
study. Pediatr Allergy Immunol 2001; 12(3): 154-8. 

  [43]   Yanase DJ, David-Bajar K. The leukotriene antagonist 
montelukast as a therapeutic agent for atopic dermatitis. J 
Am Acad Dermatol 2001; 44(1): 89-93. 

  [44]   Concha del Rio LE, Arroyave CM. A leukotriene antagonist 
(montelukast) in the treatment of atopic dermatitis in pedi-
atric patients. Rev Alerg Mex 2003; 50(5): 187-91. 

  [45]   Leonardi S, Vitaliti G, Marseglia GL, Caimmi D, Lionetti E, 
Miraglia del Giudice M, Salpietro C, Spicuzza L, Ciprandi 
G, La Rosa M. Function of the Airway Epithelium in 
Asthma. J Biol Regul Homeost Agents 2012; 26 (1): 41-8. 

  [46]   Bisgaard H. Study group on montelukast and respiratory 
syncytial virus. A randomized trial of montelukast in res-
piratory syncytial virus post-bronchiolitis. Am J Respir Crit 
Care Med 2003; 167(3): 379-83. 

  [47]   Bisgaard H. Montelukast in RSV-bronchiolitis. Am J Respir 
Crit Care Med 2004; 169(4): 542-3. 

  [48]   Szefler SJ, Simoes EA. Montelukast for respiratory syncytial 
virus bronchiolitis: significant effect or provocative find-
ings? Am J Respir Crit Care Med 2003; 167(3): 290-1. 

  [49]   Khoshoo V, Ross G, Edell D. Effect of interventions during 
acute respiratory syncytial virus bronchiolitis on subsequent 
long term respiratory morbidity. Pediatr Infect Dis J 2002; 
21(5): 468-72. 

  [50]   Bielory L, Friedlaender MH. Allergic conjunctivitis. Im-

munol Allergy Clin North Am 2008; 28: 43-58. 
  [51]   Bielory L. Allergic and immunologic disorders of the eye; 

Part II: ocular allergy. J Allergy Clin Immunol 2000; 106(6): 
1019-32. 

  [52]   Bielory L. Ocular allergy overview. Immunol Allergy Clin 
North Am 2008; 28(1): 1-23. 

  [53]   Uchio E, Kimura R, Migita H, Kozawa M, Kadonosono K. 
Demographic aspects of allergic ocular diseases and evalu-
ation of new criteria for clinical assessment of ocular allergy. 
Graefes Arch Clin Exp Ophthalmol 2008; 246(2): 291-6. 

  [54]   Ziskin A. Allergic conjunctivitis. Curr Allergy Clin Immu-
nol 2006; 19: 56-9. 

  [55]   Leonardi A. In-vivo diagnostic measurements of ocular 
inflammation. Curr Opin Allergy Clin Immunol 2005; 5(5): 
464-72. 

  [56]   Ono SJ, Abelson MB. Allergic conjunctivitis: update on 
pathophysiology and prospects for future treatment. J Al-
lergy Clin Immunol 2005; 115(1): 118-22. 

  [57]   Paulsen F. The human nasolacrimal ducts. Adv Anat Em-
bryol Cell Biol 2003; 170: III-XI, 1-106. 

  [58]   Sirigu P, Maxia C, Puxeddu R, Zucca I, Piras F, Perra MT. 
The presence of a local immune system in the upper blind 
and lower part of the human nasolacrimal dust. Arch Histol 
Cytol 2000; 63(5): 431-9. 

  [59]   Pelikan Z. The late nasal response. Thesis 1996. The Free 
University of Amsterdam, Amsterdam. 

  [60]   Dua HS, Gomes JA, Donoso LA, Laibson PR. The ocular 
surface as part of the mucosal immune system: conjunctival 
mucosa-specific lymphocytes in ocular surface pathology. 
Eye (Lond). 1995; 9(Pt 3): 261-7.  

  [61]   Zoukhri D. Effect of inflammation on lacrimal gland func-
tion. Exp Eye Res 2006; 82(5): 885-98. 

  [62]   Motterle L, Diebold Y, De Salamanca AE. Altered expres-
sion of neurotransmitter receptors and neuromediators in 
vernal keratocinjunctivitis. Arch Ophthalmol 2006; 124(4): 
462-8. 

  [63]   Calonge M, De Salamanca AE, Siemasko KF. Variation in 
the expression of inflammatory markersandneuroreceptors 
in human conjunctivalepithelialcells. Ocul Surf 2005; 3 (4 
Suppl.): 145-8. 

  [64]   Knop N, Knop E. Conjunctiva-associated lymphoid tissue in 
the human eye. Invest Ophthalmol Vis Sci 2000; 41(6): 
1270-9. 

  [65]   Knop E, Knop N. Lacrimal drainage-associated lymphoid 
tissue (LDALT): a part of the human mucosal immune sys-
tem. Invest Ophthalmol Vis Sci 2001; 42(3): 566-74.  

  [66]   Paulsen FP, Paulsen JL, Thale AB, Schaudig U, Tillmann 
BN. Organized mucosa-associated lymphoid tissue human 
nasolacrimal ducts. Adv Exp Med Biol 2002; 506(Pt b): 
873–6. 

  [67]   Helintö M, Renkonen R, Tervo T. Direct in vivo monitoring 
of acute allergic reactions in human conjunctiva. J Immunol 
2004; 172(5): 3235-42. 

  [68]   Bacon AS, Ahluwalia P, Irani AM. Tear and conjunctival 
changes during the allergen-induced earlyand late- phase 
responses. J Allergy ClinI mmunol 2000; 106(5): 948-54. 

  [69]   Pelikan Z. The causal role of the nasal allergy in some 
patients with allergic conjunctivitis. Allergy 2002; 57 (Suppl 
73): 230. 

  [70]   Calder VL, Jolly G, Hingorani M. Cytokine production and 
mRNA expression by conjunctival T-cell lines in chronic 
allergic eye disease. Clin Exp Allergy 1999; 29(9): 1214-22. 

  [71]   Magone MT, Whitcup SM, Fukushima A, Chan CC, Silver 
PB, Rizzo LV. The role of IL-12 in the induction of late- 
phase cellular infiltration in a murine model of allergic 
conjunctivitis. J Allergy Clin Immunol 2000; 105(2 pt 1): 

AU
TH

O
R 

CO
PY



 G. Vitaliti et al. / LTRAs as treatment of atopic diseases beyond asthma 77 

299-308. 
  [72]   Baudouin Ch, Liang H, Bremond-Gignac D. CCR4 and 

CCR5 expression in conjunctival specimens as differential 
markers of TH1/TH2 in ocular surface disorders. J Allergy 
Clin Immunol 2005; 116: 614-19. 

  [73]   Stern ME, Siemasko KF, Niederkorn JY. The Th1/Th2 
paradigm in ocular allergy. Curr Opin Allergy Clin Immunol 
2005; 5(5): 446-50. 

  [74]   Mikulowska-Mennis A, Xu B, Berberian JM, Michie SA. 
Lymphocyte migration to inflamed lacrimal glands is medi-
ated by vascular cell adhesion molecule-1/a4b1 integrin, 
peripheral node addressin/L-selectin, and lymphocyte func-
tion-associated antigen-1 adhesion pathways. Am J Pathol 
2001; 159(2): 671-81. 

  [75]   Anderson DF. Theconjunctival late-phase reaction and 
allergen provocation in the eye. Clin Exp Allergy 1996; 
26(10): 1105-7. 

  [76]   Smith J, Albeitz J, Begley C, Caffery B, Nichols K, 
Schaumburg DA et al. The epidemiology of dry eye disease: 
report of the Epidemiology. Subcommittee of the Interna-
tional Dry Eye WorkShop (2007). Ocul Surf 2007; 5(2): 
93-107. 

  [77]   Lemp M, Baudoiin C, Baum J, Dogru M, Foulks G, Ki-
noshita S et al. The definition and classification of dry eye 
disease: report of the Definition and Classification Sub-
committee of the International Dry Eye WorkShop (2007). 
Ocul Surf 2007; 5(2): 75-92. 

  [78]   Holgate ST. Science, medicine, and the future. Allergic 
disorders BMJ 2000; 320(7229): 231-4. 

  [79]   Abelson MB, Schaefer K. Conjunctivitis of allergic origin: 
Immunologic mechanisms and current approaches to ther-
apy. Surv Ophthalmol 1993; 38: 115-32. 

  [80]   Leonardi A. Role of histamine in allergic conjunctivitis. 
Acta Ophthalmol Scand 2000; 230: 18-21. 

  [81]   Meijer F, Van Delft JL, Garrelds IM, Van Haeringen NJ, 
Kijlstra A. Nitric oxide plays a role as a mediator of con-
junctivaledema in experimental allergic conjunctivitis. Exp 
Eye Res 1996; 62(4): 359-65. 

  [82]   Ko SM, Kim MK, Kim JC. The role of nitric oxide in ex-
perimental allergic conjunctivitis. Cornea 2000; 19(1): 84- 
91. 

  [83]   Akman A, Irkec M, Orhan M. Effects of lodoxamide, diso-
dium cromoglycate and fluorometholone on tear leukotriene 
levels in vernal keratoconjunctivitis. Eye (Lond). 1998; 12 
(Pt 2): 291-5.  

  [84]   Leonardi A, Motterle L, Bortolotti M. Allergy and the eye. 
Clin. Exp. Immunol 2008; 153(Suppl 1): 17-21. 

  [85]   Dartt DA, Hodges RR, Li D, Shatos MA, Lashkari K, Serhan 
CN. Conjunctival goblet cell secretion stimulated by leuko-
trienes is reduced by resolvins D1and E1 to promoteresolu-
tion of Inflammation. J Immunol 2011; 186(7): 4455-66. 

  [86]   Chigbu de GI. The pathophysiology of ocular allergy: a 
review. Cont. Lens Anterior Eye 2009; 32(1): 3-15.  

  [87]   Miyazaki D, Tominaga T, Yakura K, Cuo C, Komatsu K, 
Inoue Y et al. Conjunctival mast cell as a mediator of eo-
sinophilic response in ocular allergy. Mol Vis 2008; 14: 
1525-32. 

  [88]   Schultz BL. Pharmacology of ocular allergy. Curr Opin 
Allergy Clin Immunol 2006; 6(5): 383-9. 

  [89]   Allansmith MR, Baird RS, Ross RS, Barney NP, Bloch KJ. 
Ocular anaphylaxis induced in the rat by topical ap- Placa-
tion of compound 48/80. Acta Ophthalmol Suppl. 1989; 
192: 145-53. 

  [90]   Udell IJ, Kenyon KR, Hannien LA, Abelson MB. Time 
course of human conjunctival mast cell degranulation in 
response to compund 48/80. Acta Ophthalmol Suppl 1989; 

192: 154-61. 
  [91]   El-Hossary GG, El-Hamid Rizk KA, El-Shazly AHM, 

Anafy LK. Montelukast as a new topical ocular therapeutic 
agent for treatment of allergic conjunctivitis: an experi-
mental comparative study. Aust J Basic Appl Sci 2010; 1(4): 
71-78. 

  [92]   Lambiase A, Bonini S, Rasi G, Coassin M, Bruscolini A. 
Montelukast a leukotriene receptor antagonist, in vernal 
keratoconjunctivitis associated with asthma. Arch Oph-
thalmol 2003; 121(5): 615-20. 

  [93]   Lauer SA, Silkiss RZ, McCormick SA. Oral montelukast 
and cetirizine for thyroid eye disease. Ophthal Plast Reconstr 
Surg 2008; 24(4): 257-61. 

  [94]   Minami K, Fujii Y, Kamei C. Participation of chemical 
mediators in the development of experimental allergic con-
junctivitis in rats. Int Immunopharmacol 2004; 4(12): 
1531-5. 

  [95]   Struck HG, Giessler S, Giessler C. Effect of non-steroidal 
anti-inflammatory drugs on inflammatory reaction. An an-
imal experimental study. Ophthalmologe 1995; 92(6): 849- 
53. 

  [96]   Papathanassiou M, Giannoulaki V, Tiligada E. Leukotriene 
antagonists attenuate late phase nitric oxide production 
during the hypersensitivity response in the conjunctiva. In-
flamm Res 2004; 53(8): 373-6. 

  [97]   Muraki M, Imbe S, Sato R, Ikeda Y, Yamagata S, Iwanaga T 
et al. Inhaled montelukast inhibits cystinyl-leukotriene in-
duced bronchoconstriction in ovalbumin-sensitized guin-
ea-pigs: the potential as a new asthma medication. Int Im-
munopharmacol 2009; 9(11): 1337-41. 

  [98]   Leonardi A, Fregona IA, Plebani M, Secchi AG, Calder VL. 
Th1- and Th2-type cytokines in chronic ocular allergy. 
Graefes Arch Clin Exp Ophthalmol 2006; 244(10): 1240–5. 

  [99]  Kaneko I, Suzuki K, Matsuo H, Kumagai H, Owada Y, 
Noguchi N et al. Cysteinil Leukotrienes enhance the 
degranulation of bone marrow-derived mast cells through 
the autocrinemechanism. Tohoku J Exp Med 2009; 217(3): 
185-91. 

[100]   Yang HS, Wang L, Yang W, Guan JT, Ma JY, Su Y. Effects 
of leukotriene receptor antagonists on vascular endo- Thelial 
growth factor and its receptors in a sensitized rat model. 
Zhonghua Jie He He Hu Xi Za Zhi 2009; 32(3): 177-81. 

[101]   Asano-Kato N, Fukugawa K, Okada N. TGF-beta1, IL-1 
beta, and Th2 cytokines stimulate vascular endothelial 
growth Factor production from conjunctival fibroblasts. Exp 
Eye Res 2005; 80(4): 555-60. 

[102]   Reiss J, Abelson MB, George M, Wedner HJ. Allergic 
conjunctivitis. In Ocular infection and immunity. Eds., Pe-
pose, J.S., G.N. Holland and K.R. Wilhelmus. Mosby-Year 
Book Inc 1996; pp: 345-358.  

[103]   Yanni JM, Sharif NA, Gamache DA, Miller ST, Weimer 
LK, Spellman JM. A current appreciation of sites for phar-
macological intervention in allergic conjunctivitis: effects of 
new topical ocular drugs. Acta Ophthalmol Scand 
Suppl 1999; (228): 33-7.  

[104]   Leff AR. Regulation of leukotrienes in the management of 
asthma: biology and clinical therapy. Annu Rev Med 2001; 
52: 1-14. 

[105]   Wilson AM, Orr LC, Sims EJ, Lipworth BJ. Effects of 
monotherapywith intra-nasal corticosteroid or combined 
oral histamine and leukotriene receptor antagonists in sea-
sonal allergic rhinitis. Clin Exp Allergy 2001; 31(1): 61-8. 

[106]   Vitaliti G, Leonardi S, Giudice MM, Salpietro A, Artusio L, 
Caimmi D et al. Mucosal immunity and sublingual immu-
notherapy in respiratory disorders. J Biol Regul Homeost 
Agents 2012; 26: 85-94.  

AU
TH

O
R 

CO
PY

http://www.ncbi.nlm.nih.gov/pubmed?term=yang%20Effects%20of%20leukotriene%20receptor%20antagonists%20on%20vascular%20endo-%20Thelial%20growth%20factor%20and%20its%20receptors%20in%20a%20sensitized%20rat%20model.%20#%23


78 G. Vitaliti et al. / LTRAs as treatment of atopic diseases beyond asthma   

[107]   Miraglia del Giudice M, Marseglia A, Leonardi S, La Rosa 
M, Salpietro C, Arrigo T et al. Allergicrhinitis and quality of 

life in children. Int J Immunopathol Pharmacol 2011; 24(4 
Suppl): 25-8.  

 

AU
TH

O
R 

CO
PY


