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Aim: To compare the efficacy of prednisolone, montelukast, and omalizumab in reducing allergic symptoms and inflammation at tissue
level in an experimental allergic rhinitis model.

Materials and methods: Forty Sprague Dawley rats were randomized into 5 groups as naive (NS/NC), sensitized/challenged (S/C)
by subcutaneous ovalbumin antigen injection, and montelukast-, prednisolone-, and omalizumab-treated groups. A nasal allergen
challenge was performed every day from day 20 to day 26. The number of sneezes and nasal/eye rubbing movements, IL-4 and CysLT
levels in serum, nasal and bronchoalveolar lavage fluids determined by ELISA, and histopathological findings of nasal mucosa, sinus,
and lung tissues were compared.

Results: All of the treatments significantly controlled the allergic symptoms of sneezing and nasal/eye rubbing (P < 0.05). IL-4 and
CysLT levels on days 20 and 26 were significantly higher in the S/C group compared to the NS/NC group (P < 0.05). Montelukast
significantly decreased serum and nasal IL-4 and CysLT levels (P < 0.05), prednisolone decreased nasal lavage IL-4 and CysLT levels (P
< 0.05), and omalizumab lowered nasal lavage CysLT levels (P < 0.05).

Conclusion: Prednisolone, montelukast, and omalizumab were found to be effective in controlling the allergic symptoms of allergic
rhinitis and upper/lower airway inflammation in an experimental allergic rhinitis model.

Key words: Experimental allergic rhinitis, airway inflammation, prednisolone, montelukast, omalizumab, immunoglobulin E, cysteinyl
leukotriene, interleukin-4

1. Introduction

Allergic rhinitis (AR), the most common form of
noninfectious rhinitis, is a symptomatic disorder
of the nose induced after allergen exposure by an
immunoglobulin E (IgE)-mediated inflammation of the
membranes lining the nose (1,2). Antigen-presenting cells
located in the nasal mucosa present allergens to naive
T lymphocytes and initiate a complex series of events,
leading to the differentiation of effector T lymphocytes
and the production of T helper 2 (Th2) cytokines and
antigen-specific IgE. The crosslinking of allergens to
specific IgEs, bound to the surfaces of mast cells (MC)
and basophils accumulated in the airway mucosa, induces

cell activation and generation of inflammatory mediators
including histamine, cysteinyl leukotrienes (CysLT),
prostaglandins, platelet-activating factors, and cytokines,
which initiate the allergic response (1,3). The response
depends on the structure of the target organ; typically, in
the nose the response includes itching, sneezing, anterior
or posterior rhinorrhea, and blockage; in the lungs, the
response includes bronchoconstriction and wheeze due to
smooth muscle contraction. The vast majority of patients
with asthma have AR and 10%-40% of patients with AR
have asthma, suggesting the concept of “one airway, one
disease”, although there are differences between AR and
asthma (4,5).
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The increased prevalence of AR, its impact on quality
of life, its economic costs, and its association with
asthma underlie the need for new treatment options for
this disease. In addition to well-known treatments, new
pharmacological modalities such as montelukast (a CysLT
receptor antagonist) and omalizumab (a recombinant
humanized monoclonal anti-IgE antibody of mouse origin)
have become increasingly important in the treatment of
AR and asthma (6-12). Clinically, montelukast improves
daytime nasal symptoms and nasal peak inspiratory
flow in patients with seasonal AR (6,7). Omalizumab
binds to the Ce3 domain of the free IgE molecule and
downregulates the number of FceRI on effector cells in
peripheral blood and target organs. It is indicated as an
add-on therapy to improve asthma control in subjects with
severe and persistent allergic asthma who have a positive
skin test or in vitro reactivity to a perennial aeroallergen
(8,9). Omalizumab treatment decreases serum IgE levels
and the number of IgE+ cells and eosinophils in the airway
mucosa and the sputum (10,11), and it reduces the allergic
response to adenosine 5’-monophosphate (12).

Animal models of AR and asthma are useful in
evaluating the efficacy of new antiinflammatory agents in
controlling the allergic response. Previously, montelukast
has been shown to decrease nasal symptoms and the
number of eosinophils in nasal mucosa and lung tissue,
inhibit the production and release of inflammatory
cytokines, and reverse structural changes in the lungs (13-
17). However, there are no studies showing the efficacy of
omalizumab in an experimental allergy model.

Corticosteroids are the most effective antiinflammatory
agents. They decrease the production of inflammatory cells
by bone marrow, the activation and migration of these
cells into the tissue, arachidonic acid production by mast
cells, microvascular permeability, alveolar macrophages,
and the production of prostaglandin and CysLT (18).
In this study, we aimed to evaluate the inflammatory
changes in the nose, sinuses, and lungs in an experimental
allergic rhinitis model and compared the efficacy of
montelukast and omalizumab with prednisolone, a potent
corticosteroid, on clinical symptoms and inflammation at
tissue level.

2. Materials and methods

The study was approved by the experimental animal ethics
committee of Selcuk University’s Experimental Medicine
Research and Application Center (date 18.02.2008;
number 2008/17).

2.1. Animals

Forty Sprague Dawley rats, 6 to 8 weeks old, were
randomized into 5 groups as naive [no sensitization, no
allergen challenge (NS/NC)]; sensitized, challenged [no
treatment (S/C)]; sensitized, challenged, montelukast
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sodium-treated (MT) (Singulair, Merck, USA); sensitized,
challenged, prednisolone-treated (PT) (Prednol-L
Flacon, Mustafa Nevzat Ilag San., Turkey); and sensitized,
challenged, omalizumab-treated (OT) (Xolair, Novartis,
Switzerland) groups.

2.2 Sensitization procedures

Except for the NS/NC group, all rats were sensitized on
the first day by subcutaneous (SC) injection of 1 mL of
physiological saline containing 2 mg of ovalbumin antigen
(OVA grade V, Sigma Labs, USA) mixed with 100 mg of
AL(OH), on the back. The rats in the naive group were
given 1 mL of saline SC injection. The NS/NC group
provided a baseline to assess the effects of challenges. Local
challenges were performed every day from day 20 to day
26 by dripping OVA in physiological saline (4 mg mL™, 20
pL) into bilateral nasal cavities using a micropipette. The
NS/NC rats received saline.

2.3. Treatment procedures

Montelukast sodium at 10 mg/kg was given orally from day
20 to day 26, 1 h before the local challenge. Prednisolone
at 5 mg/kg was given intramuscular from day 20 to day 26,
1.5 h before the local challenge. One dose of subcutaneous
omalizumab (0.5 mg) was given on day 20, 8 h before the
local challenge. NS/NC and S/C rats were given saline
orally.

2.4. Evaluation of nasal symptoms

The animals were placed into an observation cage (1 animal
per cage) for about 10 min for acclimatization before the
experiment. Ten minutes after the local challenge, the
number of sneezes and nasal/eye rubbing movements were
counted for 30 min according to the method described by
Narita et al. (19).

2.5. Blood, nasal lavage, and bronchoalveolar lavage
samples

Blood specimens were obtained from the tail vein on day 0
from the control group and on days 20 and 27 from the rats
in all groups. On day 20, nasal lavage was performed by
administering 0.2 mL of saline into the nasal cavities using
a 22-G intracatheter. During these procedures, xylazine
(10 mg/kg, intraperitoneal) and ketamine (50 mg/kg,
intraperitoneal) were used for anesthesia. On day 20, 2 rats
in the NS/NC and S/C groups and 1 rat in the MT group
were lost. Bronchoalveolar lavage (BAL) was performed
after the rats were sacrificed with cervical dislocation. The
tracheas were dissected from the upper airway and 22-G
catheters were placed in proximal tracheas and stabilized.
BALs with 3 x 10 mL of saline containing 1 mM EDTA
were performed and the samples were centrifuged at
400 x g and 4 °C for 5 min and the cells and supernatant
were separated. All samples were stored at -80 °C until
biochemical analysis was performed.
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2.6. Biochemical examination

A rat IgE ELISA kit (Immunology Consultants Laboratory,
USA), rat IL-4 ELISA kit (BenderMed, USA), and cysteinyl
leukotriene EIA kit (Cayman Chemical Company, USA)
were used in the study. IgE and CysLT concentrations are
given as ng/mL. IL-4 concentrations are given as pg/mL.

2.7. Pathological examination
One set of nasal mucosa, sinus, and lung tissue was
processed with 4% formaldehyde and embedded in
paraffin for histopathological and immunohistochemical
observation. The tissues were stained with hematoxylin
and eosin (H&E) and the inflammation in the epithelium
and subepithelium in the nasal and sinus mucosa
was evaluated. The inflammation was scored as: 0, no
inflammation; 1+, mild inflammation; 2+, moderate
inflammation; and 3+, severe inflammation. In lung
tissue, the inflammation around the bronchi, bronchioles,
interstitium, and pulmonary venules was evaluated. The
ratios of inflammatory cells in BAL were also calculated.
Immunohistochemical staining was performed
using the streptavidin-biotin peroxidase method. CD4
(clone 1F6, 1:50 dilution, Santa Cruz Biotechnology,
USA), MC tryptase (MCT, clone 10D11, 1:150 dilution,
NovoCastra, UK), and MC chymase (MCC, clone CCl,
1:100 dilution, NovoCastra) antibodies were used for
immunohistochemistry and the number of MCs per 100
cells was calculated.

2.8. Statistical analysis

Parameters were compared using the Kruskal-Wallis
test, and in the case of any statistical differences, the
values were compared between the 2 groups using the
Mann-Whitney U test. The values taken on days 20 and
27 were compared using the Wilcoxon signed-rank test.
The inflammation scores measured in histopathological
sections and inflammatory cell numbers were compared
using chi-square and Kruskal-Wallis tests and P < 0.05
was considered as statistically significant.

3. Results

3.1. Clinical findings

Both sneezing and nasal/eye rubbing movements were
significantly higher in the S/C group compared to the
naive and treated groups (P < 0.05) (Table 1).

3.2. Biochemical results

In the S/C group, median IgE levels in serum and nasal
lavage obtained on days 20 and 27 and in BAL samples
increased significantly compared to the NS/NC group
(Table 2, Mann-Whitney U test; P < 0.05). In treatment
groups, median IgE levels in serum and nasal lavage
specimens were higher than in the NS/NC group (P <
0.05); however, there were no significant differences in
BAL IgE levels among the treatment groups and the NS/
NC group (P > 0.05). Serum IL-4 levels on days 20 and
27 were significantly higher in the S/C group compared to
the naive group (Table 2, P < 0.05). Montelukast treatment
significantly lowered serum IL-4 levels on day 27 (P =
0.04), whereas the decrease was not remarkable in the PT
and OT groups (P > 0.05). Montelukast and prednisolone
treatment lowered nasal lavage IL-4 levels (P = 0.02 and
0.017, respectively), whereas omalizumab treatment did
not (P >0.05). BAL IL-4 levels were highest in the S/C
and OT groups and lowest in the MT and PT groups (P
< 0.05). Median serum CysLT levels on days 20 and 27
were significantly higher in the S/C group than the NS/
NC group (Table 2, P < 0.05). On day 27, montelukast,
prednisolone, and omalizumab lowered serum, nasal
lavage, and BAL CysLT levels compared to the S/C group
(P <0.05).

3.3. Pathological results

3.3.1. Nasal specimens

The nasal specimens of the S/C group showed an intense

inflammation with plasma cells, lymphocytes, and
eosinophils in the epithelium and subepithelium (Figure

Table 1. The number of sneezes and nasal/eye rubbing movements in the sensitized animals with and without treatment during nasal
ovalbumin challenges between days 20 and 26, as compared to the NS/NC (naive) group, as monitored 30 min after the challenge.

Groups n Sneezes (30 min) Nasal/eye rubbings (30 min)
NS/NC 6 1.58 + 1.06 (1.25) 7.66 + 2.8 (7.74)

S/C 6 17.2 + 5.7 (15) 43.6 +5.16 (44.3)
Montelukast 7 8.86 +4.2(7.5) 16.8 + 6.6 (16)

Steroid 8 10.88 £7.2(9.2) 18.6 + 4.8 (16.8)
Omalizumab 8 8 +7.3(5.75) 13.6 £ 7.8 (12.5)

P-value 0.002* <0.001*

*: Kruskal-Wallis test. Significant difference among 5 groups.
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Table 2. IgE, IL-4, and cysteinyl LT levels in serum, nasal lavage, and BAL.

Serum, day 0 Serum, day 20 Serum, day 27  Nasal lavage, day 20 Nasal lavage, day 27 BAL
IgE levels ng/mL (median)
NS/NC 113.9 116.2 119.4 114.5 124.4 60.1
S/C 218.3% 248.9* 213.7* 232.3* 106*
Montelukast 225.5* 211% 211* 207.5* 53.2
Prednisolone 224.2% 211.7% 212.6* 206.7* 53.3
Omalizumab 217.0* 209.7* 212.10* 205.3* 56.8
IL-4 levels pg/mL (median)
NS/NC 5.48 5.66 5.92 2.44 2.47 4.25
S/IC 6.13* 6.69 2.37 3.06 8.05*
Montelukast 6.34% 5.78** 2.79 2.30%% 2.44
Prednisolone 6.90% 6.23 2.93 247 2.72
Omalizumab 8.43* 7.04 2.82 2.86 7.52%
Cysteinyl LT (ng/mL) (median)
NS/NC 2.13 2.5 3.15 2.13 2.43 2.28
S/IC 4.36* 8.55* 2.92 3.25 3.69*
Montelukast 4.78* 1.82%* 25 1.24%* 2.99
Prednisolone 3.58* 2.09 2.39 1.85 2.78
Omalizumab 4.25* 2.32 3.24 2.11%* 2.73

*: Mann-Whitney U test. Significantly higher than in the NS/NC group.
**: Wilcoxon signed-rank test. Significantly different before and after the treatment.

1b). The median inflammatory scores in the epithelium
and submucosa were 3 and 2, respectively, in the S/C group
(Figure 1b); 0 in the NS/NC group (Figure 1a); 0 and 0.50
in the PT group (Figure 1c); 1.5 and 2 in the OT group
(Figure 1d); and 1 and 1 in the MT group (Figure le) (P <
0.001 for the epithelium and P = 0.001 for the submucosa,
respectively).

The numbers of both MCC and MCT (number per 100
cells) in the nasal mucosa were higher in the S/C group
compared to the NS/NC and treatment groups (P <0.001)
(Table 3). The numbers of MCT were higher in the PT
group compared to the MT and OT groups, whereas the
numbers of MCC did not differ among the drug groups.

3.3.2. Sinus specimens

In all groups, there was moderate-to-severe inflammation
in the epithelium and submucosa of sinus specimens (P >
0.05). The numbers of both MCC and MCT (number per
100 cells) in the sinus mucosa were higher in the S/C group
compared to the NS/NC and treatment groups (P < 0.001),
with no differences among the 3 medications (Table 3).
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3.3.3. Lung specimens

In the S/C group, a follicular bronchitis characterized
by numerous lymphoid follicles in the bronchial walls
and a moderate-to-intense inflammation composed
of eosinophils, lymphocytes, neutrophils, and plasma
cells were observed (Figure 2b). In the bronchioles and
pulmonary venules, there was a moderate-to-intense
infiltration of eosinophils, lymphocytes, neutrophils, and
plasma cells, whereas the interstitium was normal. In the
PT group, there were few eosinophils and lymphocytes
in the bronchial walls (Figure 2c), whereas in the NS/
NG, OT, and MT groups, a mild follicular bronchitis and
eosinophil and lymphocytic infiltration were observed in
the bronchial walls (Figures 2a, 2d, and 2e). Bronchioles,
pulmonary venules, and the interstitium were normal.

3.3.4. Bronchoalveolar lavage specimens

The median percentage of eosinophils in BAL specimens
was 35% in the S/C group, 0% in the NS/NC group, 15%
in the PT group, 20% in the OT group, and 10% in the MT
group, which was statistically significant (P < 0.001).
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Figure 1. Nasal mucosa: A) NS/NC group. Only a few plasma cells and lymphocytes are seen (H&E, 200x). B) S/C group. Intense
inflammation, including plasma cells, eosinophils, and lymphocytes in the epithelium (3+) and subepithelium (2+) (H&E, 200x). C)
Prednisolone group. Mild inflammation (1+) with a few plasma cells, lymphocytes, and eosinophils in the epithelium and subepithelium
(H&E, 200x). D) Omalizumab group. Mild inflammation (1+) including eosinophils, neutrophils, plasma cells, and lymphocytes in
the epithelium; moderate inflammation (2+) in the plasma cells, lymphocytes, and eosinophils in the subepithelium (H&E, 200x). E)
Montelukast group. Mild inflammation (1+) including a few plasma cells and lymphocytes in the epithelium and subepithelium (H&E,

200x%).

4. Discussion

In the present study, 1 dose of OVA SC injection and
repeated intranasal booster sensitization for 7 days resulted
in a successful allergy model with clinical symptoms of
sneezing and eye/nasal rubbing in Sprague Dawley rats. We
also measured the levels of IgE, IL-4, and CysLT in serum,
nasal lavage, and BAL after sensitization/challenge and
compared the efficacy of montelukast and omalizumab with
prednisolone against allergic symptoms and biochemical
parameters. IL-4 is one of the most important cytokines,
taking a role in allergic inflammation via B cell activation,
IgE switch, specific IgE production, and the activation of
other inflammatory cells. CysLTs, which are arachidonic
acid-derived lipid mediators, have been linked to several
processes in AR and asthma (20,21): 1) dilation of blood

vessels and increased vascular permeability, leading
to nasal congestion; 2) increased mucus production
and secretion, leading to rhinorrhea; 3) recruitment of
inflammatory cells from the bloodstream into tissue, thus
perpetuating the inflammatory response; 4) constriction
of smooth muscles, leading to bronchoconstriction; and
5) collagen formation. Previously, CysLTs were recovered
in the nasal washings of patients with allergic rhinitis
following nasal challenges with specific allergens, and
their concentrations were shown to be directly related
to the dose of the allergen (22). Intranasal instillation of
LTD4 was shown to induce nasal blockage (an increase
of specific airway resistance) by dilatation of nasal blood
vessels in S/C guinea pigs, which was largely blocked with
pranlukast, a CysLT antagonist and naphazoline (23).

443



BOZKURT et al. / Turk ] Med Sci

Figure 2. Lungs: bronchial wall (upper left, H&E, 100x), bronchioles (upper right, H&E, 100x), pulmonary venules (lower left, H&E,
200x), and interstitium (lower right, H&E, 200x). A) NS/NC group. Mild follicular bronchitis characterized by a few lymphoid follicles
and a few eosinophils and lymphocytes in the bronchial wall. Bronchioles, pulmonary venules, and interstitium were normal. B) S/C
group. Numerous lymphoid follicles with moderate infiltration of eosinophils, lymphocytes, neutrophils, and plasma cells around
the bronchi, bronchioles, and pulmonary veins. The interstitium was normal. C) Prednisolone group. Mild inflammation with a few
eosinophils and lymphocytes in the bronchial wall. Bronchioles, pulmonary venules, and interstitium were normal. D) Omalizumab
group. Mild follicular bronchitis characterized by a few lymphoid follicles and a few eosinophils and lymphocytes in the bronchial wall.
Bronchioles, pulmonary venules, and interstitium were normal. E) Montelukast group. Mild follicular bronchitis characterized by a few
lymphoid follicles and a few eosinophils and lymphocytes in the bronchial wall. Bronchioles, pulmonary venules, and interstitium were
normal.
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Table 3. The comparison of mast cell numbers located in the mucosa of nasal and sinus specimens of S/C animals with and without

treatment with the NS/NC (naive) group.

Median number of mast cells (min-max) NS/NC S/C Prednisolone Montelukast Omalizumab
Nasal mucosa

MCT 0 (0-1) 5 (3-5)* 2 (2 0 (0) 0 (0-3)
MCC 0(0) 2 (1-5)* 0 (0) 0 (0) 0 (0-2)
Sinus mucosa

MCT 0 (0) 3 (3-5)% 0(0) 0(0) 0 (0-5)
MCC 0(0) 1(1-2)* 0(0-1) 0(0) 0(0-2)

MCT: Mast cell tryptase positive cells. MCC: Mast cell chymase positive cells.
*: Mann-Whitney U test. Significantly higher in the S/C group than the NS/NC and treatment groups.
**: Mann-Whitney U test. Significantly higher in the prednisolone group than the montelukast and omalizumab groups.

Inhaled LTD4 was also shown to elicit airway eosinophil
influx in guinea pigs, which persisted as long as 4 weeks
after a single exposure; pranlukast significantly inhibited
both the bronchoconstriction and the eosinophilia (24).
Therefore, CysLT antagonists are good options for the
treatment of AR and asthma. In the study by Wu et al. (13),
high doses of montelukast reduced serum IgE levels and
BAL IL-4 and IL-5 levels in OVA-sensitized BALB/c mice
challenged with the inhalation of OVA. In the study by
Henderson et al. (21), montelukast inhibited the presence
of Charcot-Leyden-like crystals in airway macrophages
and the increased IL-4 and IL-13 mRNA expression in lung
tissue and protein in BAL fluid seen in OVA-treated mice.
In this study, IgE, IL-4, and CysLT increased significantly
in sensitized groups. Montelukast and prednisolone
decreased IL-4 levels remarkably, whereas omalizumab
had no effect. CysLTs levels decreased after treatment with
montelukast, omalizumab, and prednisolone; the most
remarkable efficacy was with montelukast treatment.
Previous clinical and experimental studies evaluated
the efficacy of antiinflammatory medications in controlling
the nasal allergic symptoms and mucosa inflammation
at the tissue level (16,23,25-27). Roa et al. (16) showed
that montelukast decreased nasal symptoms in a dose-
dependent manner and significantly lowered the number of
eosinophils in both bone marrow and nasal tissue in mice.
In the study by Shimizu et al. (25), intranasal instillation
of OVA induced hypertrophic and metaplastic changes in
the goblet cells of the nasal epithelium, accompanied by an
increase in intraepithelial mucosubstance and eosinophilic
infiltration. Dexamethasone and a CysLT antagonist
decreased mucous secretion, whereas HI antagonist,
dexamethasone, and antirat antiserum decreased
eosinophil infiltration (25). Patients with perennial
AR who received long-term nasal corticosteroid spray

experienced significantly less sneezing and nasal itching
compared to the controls and had a significantly lower
number of Langerhans cells; CD3+, CD4+, and CD8+
cells; and MC and eosinophils in the nasal mucosa (26).
Jacobson et al. (27) showed that fluticasone reduced nasal
symptoms significantly and inhibited seasonal infiltration
of the nasal epithelium and subepithelium by MCs and
eosinophils in patients with AR. In our study, prednisolone,
montelukast, and omalizumab reduced allergic symptoms
significantly and inhibited the infiltration of the nasal
epithelium by MCs, lymphocytes, and eosinophils. The
ranking of median inflammatory scores in the epithelium
and submucosa in the nasal specimens from highest to
lowest was the S/C group, the OT group, the MT group,
the PT group, and the NS/NC group. MC infiltration of
sinus mucosa epithelium also decreased after 3 treatments.

Although AR and asthma are 2 different clinical entities,
these 2 conditions seem to be manifestations of 1 syndrome,
the chronic allergic respiratory syndrome, in 2 parts of
the respiratory tract (4,5). In most of the nonasthmatic
AR patients, inflammatory changes were also detected in
lower airways (28). In a previous study by McCusker et
al. (29), although the allergen particles were detected in
mouse nares, the eosinophilic infiltration was remarkable
both in the upper and lower airways. In our study, we
observed a follicular bronchitis and a moderate-to-intense
inflammation composed of eosinophils, lymphocytes,
neutrophils, and plasma cells in bronchi, bronchioles, and
pulmonary venules, consistent with the hypothesis that the
upper and lower airways are closely linked.

In asthma, chronic allergen-induced airway
inflammation and IgE-mediated mast cell activation
contribute to tissue eosinophilia and airway remodeling,
characterized by goblet hyperplasia, mucus plugging of
airways, subepithelial fibrosis, deposition of extracellular
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matrix proteins, airway smooth muscle hypertrophy,
and loss of pulmonary function (30). In experimental
asthma models, montelukast was shown to decrease
lung inflammation by inhibiting eosinophil trafficking/
degranulation, Th2 cytokine release, and structural
changes in the lungs (13-15,17,21). In the study by Wu
et al. (13), high dose montelukast reduced IL-4, IL-5,
and IL-13 mRNA expression in lungs in OVA-sensitized
BALB/c mice challenged with inhalation of OVA. In the
study by Henderson et al. (14), BALB/c mice, sensitized by
intraperitoneal OVA, received intranasal OVA periodically
from days 14 to 73 and montelukast or dexamethasone
or placebo from days 73 to 163. Montelukast and
dexamethasone both decreased eosinophil infiltration
and goblet cell metaplasia. Only montelukast reversed
the established increase in airway smooth muscle mass
and subepithelial collagen deposition and reduced
CysLT1 receptor expression. In the study by Muz et al.
(15), montelukast treatment decreased eosinophilic
infiltration, goblet cell hyperplasia, mucous occlusion,
and fibrosis in lung specimens. Harrison et al. (17)
showed that montelukast treatment decreased contraction
in small bronchi after challenge with LTD4 and OVA.
Montelukast also inhibited plasma protein extravasation
and eosinophilic infiltration in the airway epithelium,
airway walls, and alveolar connections. Administration
of montelukast during the intranasal OVA challenge
period was shown to reduce the airway eosinophil
infiltration, Th2 cytokine release, mucus plugging, smooth
muscle hyperplasia, and subepithelial fibrosis in mice
(21). In another study, pretreatment with pranlukast
significantly inhibited both the bronchoconstriction
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