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Anti-inflammatory effects of high-dose montelukast in an animal model of acute

asthma
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Summary

Background Asthmatic inflammation is mediated by a network of cytokines, chemokines and
adhesion molecules. Corticosteroids are the only effective agents available to control asthmatic
inflammation. We investigated the effect of high-dose montelukast (MK), a selective cysteinyl
leukotriene receptor 1 antagonist, on mediators of airway inflammation.

Objective The aim of this study was to determine the effect of a 3-day course of high-dose MK on
mediators of airway inflammation induced by a single allergen challenge in sensitized mice.
Methods Ovalbumin (OVA)-sensitized BALB/c mice were treated with 25 mg/kg of MK or saline
intravenously for 3 days. On the third day, a single inhalation challenge with OVA was given.
Cellular infiltration was assessed in the bronchoalveolar lavage (BAL) and in the lung. Expression
of IL-4, IL-5, IL-13 and eotaxin in the BAL, and the lung was determined. Serum IL-5 and total IgE
was measured. IL-5 and eotaxin mRNA expression in the lung was determined. Finally, eotaxin and
VACM-1 expression in the lung was assessed by immunohistochemistry.

Results MK reduced the number of eosinophils in the BAL by > 90%. There was also significant
reduction in IL-5 in the BAL, lung and the serum, and IL-5 mRNA expression in the lung. IL-4 level
in the lung and BAL, and IL-13 level in the lung also significantly decreased. Serum IgE level and
lung VCAM-1 expression was also significantly lower in treated animals, but eotaxin protein and
mRNA expression in the lung remained unchanged.

Conclusion MK exerts its anti-inflammatory effect through the suppression of T helper type-2
(Th2) cytokines. The use of high-dose MK as an anti-inflammatory agent in acute asthma should be

further explored.
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Introduction

Airway inflammation is thought to play a major role in the
pathogenesis of asthma. The pathophysiology of asthma is
highly complex and involves a network of cytokines and ef-
fector cells [1, 2]. Initial sensitization to aeroallergens in suscep-
tible individuals leads to a T helper type-2 (Th2) response [3]
and the production of allergen-specific IgE [4,5]. Further
exposure to allergens leads to mast cell degranulation and
T cell activation with the release of histamine and leukotrienes
(LTs), which are potent constrictors of bronchial smooth
muscles, and proinflammatory cytokines such as IL-4, IL-5
and IL-13 [6]. This leads to the upregulation of bone marrow
eosinopoiesis [7] and the expression of chemokines and adhe-
sion molecules on the airway epithelium [8], which result in the
influx of eosinophils into the airway mucosa and submucosa.
Activated eosinophils can induce airway hyper-responsiveness
(AHR) and epithelial damage through the release of cationic
proteins, lipid mediators, cytokines and chemokines [9]. The
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specific roles of IgE, IL-4, IL-5 and IL-13 in the induction of
AHR and epithelial damage are complex and interdependent
(reviewed in [10]).

Cysteinyl-leukotrienes (cysLTs) are products of the 5-lipox-
ygenase (5-LO) pathway of arachidonic acid metabolism. They
play an important role in both the early and the late asthmatic
response, being 100-1000 times more potent than histamine in
causing bronchospasm [11]. Furthermore, they have been
shown to enhance mucus production [12], increase microvascu-
lar leakage [13] and recruit eosinophils [14] to the airways.
Ovalbumin (OVA)-sensitized 5-LO knockout mice have attenu-
ated methacholine responsiveness, airway eosinophilia and IgE
response after OVA challenge when compared to wild-type
controls [15]. Clinically, CysLT1 antagonists have been shown
to improve asthma symptoms [16, 17] and reduce inflammatory
cell infiltration in the bronchial mucosa [18]. The CysLT1 recep-
tor antagonist, MK-571, has been shown to inhibit airway
eosinophilia, hyper-responsiveness and microvascular leakage
in mice after allergen challenge [19]. Recent evidence also sug-
gests that montelukast (MK-0476), a CysLT1 receptor antag-
onist, can significantly reduce airway remodeling in a mouse
model of chronic asthma [20]. Pre-treatment of a rat model of
asthma with IL-2 increases airway responsiveness to LTD4 and
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allergen challenge, which is inhibited by MK [21]. This evidence
suggests that leukotrienes play a major role in bronchial hyper-
responsiveness, airway eosinophilia and airway remodeling. In
this study, we employed an OVA mouse model of asthma to
determine the acute effects of MK on cytokine, chemokine and
adhesion molecule expression. We found high-dose MK given
intravenously for 3days to be highly effective in inhibiting
eosinophil infiltration into the airway by suppressing IL-4,
IL-5, IL-13, eotaxin and vascular cell adhesion molecule-
1 (VCAM-1) expression. Furthermore, MK very effectively in-
hibited the rise in serum IgE in sensitized animals after allergen
challenge. The use of high-dose MK as an anti-inflammatory
agent in the treatment of acute asthma should therefore be
further evaluated.

Materials and methods

Reagents and antibodies

Montelukast was provided by Merck & Co., Inc. (Rahway, NJ,
USA). The lyophilized powder was reconstituted with sterile
water just before injection each day. Ovalbumin was purchased
from Sigma (St Louis, MO, USA). Imject alum was purchased
from Pierce (Rockford, IL, USA). Centricon YM-3 filter units
were purchased from Millipore (Bedford, MA, USA). OptEIA
mouse [L-4 and IL-5 ELISA kits and mouse IgE enzyme-linked
immunosorbent assay (ELISA) kit were purchased from Phar-
mingen (San Diego, CA, USA). Qantikine mouse IL-13 and
eotaxin ELISA kits were purchased from R&D Systems (Min-
neapolis, MN, USA). Polyclonal goat IgG antibodies against
VCAM-1 and eotaxin were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). Biotin-SP-conjugated
mouse anti-goat IgG and peroxidase-conjugated streptavidin
were purchased from Jackson ImmunoResearch (West Grove,
PA, USA). Micro RNA Isolation Kit was purchased from
Stratagene (La Jolla, CA, USA). DC protein assay was pur-
chased from Bio-Rad Laboratories (Hercules, CA, USA). Ther-
moScrip RT-PCR System was purchased from Gibco-BRL
(Gaithersburg, MD, USA). AmpliTaq Gold DNA polymerase
was purchased from Perkin-Elmer (Boston, MA, USA).

Experimental design

The experimental protocol has been approved by the University
of Hong Kong Committee on the use of live animals in teaching
and research.

Six- to 8-week-old BALB/c mice were separated into three
treatment groups. The SAL (saline) and MK (montelukast)
groups were immunized by intraperitoneal (i.p.) injections of
50 pg of OVA (Sigma) and 100 pL of alum (Pierce) on days 0, 7
and 14. On day 21, the mice were placed in a 10 x 18 x 25cm
polypropylene chamber and challenged once with a nebulized
solution of OVA (10 mg/mL) for 30 min. In the negative control
group, OVA with alum was injected on days 0 and 7, SAL was
injected on day 14, and the animals challenged with nebulized
SAL on day 21.

To determine the dose-response, 10,25 or 62.5mg/kg of
MK or SAL were injected into the caudal tail vein daily from
day 19-23 and the animals killed 72h after OVA challenge.

Bronchoalveolar lavage (BAL) fluid differential cell counts
and lung histology were performed on these animals.

For the rest of the study, animals were given 25mg/kg of
montelukast (MK group) or saline (SAL group) intravenously
(i.v.) from days 19 to 21. Twenty-four hours after OVA chal-
lenge, the mice were killed by i.p. injection of 0.2 mL sodium
pentobarbital (60 mg/kg). The lungs were lavaged through the
trachea with 1.2 mL of SAL. A differential count of at least 200
cells was performed. Lungs from the animals used for BAL were
not used for other parts of the experiment.

Before removing the lungs, mice were anaesthetized, exsan-
guinated and the right ventricle perfused with cold SAL. Then,
S-um-thick paraffin sections were stained with haematoxylin
and eosin (H&E) or Congo Red to assess the degree of inflam-
mation. Microwave-modified paraffin sections were incubated
in 20% normal mouse serum in phosphate-buffered saline
(PBS), and then incubated in polyclonal antibodies specific for
mouse VCAM-1 or eotaxin at a dilution of 1:200 or 1:100.
This was followed by incubation in Biotin-SP-conjugated mouse
anti-goat IgG (1:500) and then peroxidase-conjugated strepta-
vidin (1:500) for 45 min each. 3, 3-Diaminobenzidine tetrahy-
drochloride (DAB) was used as a peroxidase substrate and the
slides were counterstained with methyl green. For negative con-
trol, the primary antibodies were replaced with goat IgG.
VCAM-1 immunoreactivity was determined by counting the
number of blood vessels stained positive per 1 mm? of tissue
under 100 x magnification by two blinded independent obser-
vers. A total of five fields were counted per section. Ten sections
from each of four MK-treated and four SAL-treated animals
were examined.

To determine cytokine protein expression, whole lungs were
snap-frozen in liquid nitrogen and homogenized. The levels of
cytokines in lung extracts were expressed as pg/mg of total
protein content. IL-4, IL-5, IL-13 and eotaxin in the lung ex-
tract, BAL and serum, and serum IgE were measured by com-
mercial ELISA kits. Lung extract and BAL samples were
concentrated two- to threefold with centricon YM-3 filter
units (Millipore).

To determine mRNA expression, total RNA was isolated
from frozen lungs. Semi-quantification of eotaxin and IL-5
mRNA was performed by multiplex RT-PCR using B-actin
and TATA-binding protein (TBP) as internal controls. The
number of cycles, annealing temperature and primer concen-
trations was adjusted to fall on the exponential phase of the
amplification reaction for each product. The reactions were
performed in a Perkin-Elmer 9700 thermocycler.

PCR products were electrophoresed on 2% agarose gel and
stained with ethidium bromide. Band intensities of eotaxin and
IL-5 reaction products were detected by Gel Doc 1000 image
analysis system (Bio-Rad), and then normalized to their re-
spective internal control.

To determine the pharmacokinetics of MK in mice, 6-week-
old BALB/c mice were injected through the tail vein with MK at
a dose of 25mg/kg every 24h for three doses. After the last
injection, blood was taken at time 0,5 and 30 min, 1,4,8 and
24 h. There were three animals per time point. Plasma MK level
was determined by liquid chromatography with fluorescence
detection at Merck Frosst Laboratories in Quebec, Canada, as
previously described [22].
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Statistical analysis

Data are expressed as mean + SE. Statistical significance
(P <0.05) was determined by Student’s two-tailed ¢-test for
independent means using Microsoft Excel program.

Results

Effects of MK on inflammatory cell infiltration induced by
OVA challenge

BAL cytospin preparations stained with Wright-Geimsa were
assessed. In the negative control group, the BAL total leukocyte
count was 31 + 13.15 x 10¥mL, consisting almost entirely of
alveolar macrophages.

Twenty-four hours after acrosolized OVA administration to
SAL-treated mice (n = 6), total BAL leukocyte count increased
to 78.46 + 12.0 x 10¥mL. Neutrophils and eosinophils repre-
sented 56.12% and 8.42% of all leukocytes, respectively. Then,
25mg/kg of MK (n=10) significantly reduced the number of
total leukocytes, neutrophils and eosinophils compared with
SAL treatment (Fig. 1a). There was no significant difference
in the number of macrophages and lymphocytes.

Seventy-two hours after aerosolized OVA administration to
the SAL-treated mice (n=6), total BAL leukocyte count was
37.93 + 11.35 x 10*/mL. The number of neutrophils markedly
decreased, and the number of eosinophils increased when com-
pared to SAL-treated mice at 24 h after aerosolized OVA ad-
ministration. In the group treated with 10 mg/kg of MK (n=6),
there was no statistically significant difference in the number of
BAL total leukocytes, neutrophils, eosinophils and lympho-
cytes when compared to SAL-treated animals, though the
mean number of eosinophils has decreased by 45.2%. In the
groups treated with 25mg/kg (n=5) and 65.2 mg/kg (n=75) of
MK, the number of total leukocytes, neutrophils, eosinophils,
macrophage and lymphocytes in BAL decreased significantly.
Eosinophil counts decreased by 91.8% and 97.1%, respectively,
when compared to SAL-treated animals (Fig. 1b).

The histology of mouse lungs was assessed by H&E and
Congo red staining (Fig. 2). It was observed that 25 mg/kg of
MK administered for 3 or 5days markedly reduced inflamma-
tory cell infiltration around airways and blood vessels at 24 or
72 h after aerosolized OVA challenge.

Effect of MK on cytokines and serum total IgE levels

BAL, serum and lung tissue were obtained from SAL- and
MK-treated animals 24 h after aerosolized OVA challenge.
OVA challenge resulted in significantly increased total lung
and BAL IL-4 and IL-5, and BAL eotaxin levels. There was
no significant difference in total lung IL-13 levels due to a
spuriously high reading in one of the control animals. After
treatment with 25 mg/kg of MK, total lung IL-4, IL-5 and IL-13
protein expression significantly decreased when compared with
SAL-treatment (Figs 3a—c). The BAL IL-4, IL-5 and eotaxin
levels also significantly decreased in the MK-treated group
when compared with the SAL-treated group (Figa 4a—c). Like-
wise, serum IL-5 and total IgE levels increased after OVA
challenge, and both were significantly suppressed after MK
treatment when compared with SAL treatment (Figs 5a and
b). The reduction in total lung eotaxin protein expression did
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Fig. 1. Montelukast treatment reduced the number of inflammatory cells
in the BAL fluid after OVA challenge. (a) OVA-sensitized BALB/c mice
were given three daily treatments of saline (n =6) or montelukast (25 mg/
kg; n=10) by tail vein injection. They were exposed to aerosolized OVA
on day 3 of treatment and BAL fluid was obtained 24 h after challenge.
(b) OVA-sensitized BALB/c mice were given five daily treatments of
saline (n =6) or montelukast at 10 mg/kg (n = 6), 25 mg/kg (n=>5) or

62.5 mg/kg (n=>5) by tail vein injection. They were exposed to aerosolized
OVA on day 3 of treatment and BAL fluid was obtained 72 h after
challenge. *P = 0.05, 1P = 0.01, 1P = 0.001 versus saline.

not reach statistical significance (Fig. 3d). BAL IL-13 and
serum IL-13 and IL-4 levels were undetectable.

Effect of MK on IL-5 and eotaxin mRNA expression

mRNA was extracted from the lungs 24 h after aerosolized
OVA challenge. IL-5 and eotaxin mRNA expression was quan-
tified by a semiquantitative multiplex RT-PCR assay. Results
are expressed as the ratio of intensity of the product to that of
the internal control. IL-5 mRNA expression in the OVA-chal-
lenged, SAL-treated group (1.31 + 0.30, n = 8) was significantly
greater than that of the negative control group (0.2 + 0.03,
n=73; P <0.001). Treatment with 25 mg/kg of MK significantly
reduced IL-5 mRNA expression to 0.75+0.05 (n=8, P
<0.05). Eotaxin mRNA expression in the OVA-challenged,
SAL-treated group (1.63 + 0.14, n=_8) was also significantly
greater than in the negative control group (0.49 + 0.13, n=23).
However, there was no significant difference between the SAL-
treated and MK-treated groups (1.67 + 0.21, n=28).

Effect of MK on VCAM-1 and eotaxin expression in lung
tissue

As VCAM-1 is the most important adhesion molecule in
regulating eosinophil migration from peripheral blood to
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extravascular and alveolar spaces in the lung, we examined
VCAM-1 expression in the lungs of animals treated with
25mg/kg of MK or SAL 24h after the last OVA challenge.
VCAM-1 immunoreactivity on the airway vascular endothe-
lium and the number of positive-staining vessels in MK-treated
mice were markedly reduced compared with SAL-treated mice
(Fig. 6). The mean number of positive-staining vessels per
5mm? in the SAL-treated group was 33.94 + 0.55 and that of
the MK-treated group was 23.0 + 1.53 (P < 0.03). In the nega-
tive control group, VCAM-1 staining was absent or faint (not
shown).

Eotaxin immunoreactivity was mainly expressed on the
airway epithelium and alveolar macrophages (not shown). No
difference in staining was observed between the MK- and SAL-
treated animals.

Pharmacokinetics of MK

As there are no published pharmokinetics data on MK in mice,
we measured plasma MK levels after the third dose. The data
are presented in Fig. 7. At time 0, MK was undetectable, and
Smin after injection, the level rose to 58 244 + 16691 ng/mL.
The level fell rapidly with a half-life of 21 min, reaching a mean
level of 499ng/mL at 24h after injection. The area under the
curve (AUCy_»4) was 52634 ng/h/mL.

Fig. 2. Dramatic reduction in eosinophils and
other inflammatory cells around blood vessels
and airways in montelukast-treated mice
(25 mg/kg) compared with saline-treated mice
at 24 h and 72 h after aerosolized OVA
challenge. (a) Saline-treated mice 24 h after
OVA challenge. H&E x 100 magnification.
(b) Montelukast-treated mice 24 h after OVA
challenge. H&E x 100 magnification.
(c) Saline-treated mice 72 h after OVA
challenge. H&E x 100 magnification.
(d) Montelukast-treated mice 72 h after OVA
challenge. H&E x 100 magnification.
(e) Saline-treated mice 24 h after OVA
challenge. Congo red x 400 magnification.
LY (f) Montelukast-treated mice 24 h after OVA

- challenge. Congo red x 400 magnification.

Discussion

In this study, we demonstrated that the CysLT1 receptor antag-
onist MK reduced eosinophil recruitment into the airway by
>90% after allergen challenge in sensitized mice. This is a
significant finding as eosinophils play an important role in
promoting the late asthmatic response. Eosinophil recruitment
into the asthmatic airway following allergen exposure requires
the co-ordinated expression of a complex set of cytokines,
chemokines and adhesion molecules. IL-5 produced by Th2
cells is a key regulator in eosinophil development, migration
and activation [23-25]. Allergen-challenge induces the expres-
sion of IL-5Ra expression on CD34™ bone marrow cells, which
differentiate into mature eosinophils in the presence of IL-5
[26]. Thaku and colleagues showed that a single dose of MK
given before allergen challenge reduced the number of IL-5
mRNA™ cells in the BAL fluid and lung tissue of Brown
Norway rats [27]. In our model, MK given for 3 days prior to
allergen inhalation challenge inhibited IL-5 mRNA expression
in the lung and reduced IL-5 in total lung extract, BAL and
serum. This was associated with a dramatic reduction in the
number of neutrophils, eosinophils and lymphocytes in the
BAL, whereas in the Thaku study, only a reduction in mono-
nuclear cells was found. This difference can be explained by the
lower dose that was used in that study and the shorter interval
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between allergen challenge and sample collection. Henderson
and colleagues also showed that MK reduced lung IL-5 mRNA
expression and BAL eosinophils in a chronic asthma model [20],
but this was achieved using a low-dose continuous infusion over
76 days, and the steady-state blood level was not shown.

While IL-5 is important in mobilizing eosinophils from the
bone marrow, tissue injection of IL-5 did not induce significant
eosinophil accumulation [28], indicating that other chemotactic
factors are required for tissue infiltration. Moreover, in a clin-
ical trial, monoclonal antibody against IL-5 caused a dramatic
reduction in peripheral blood and BAL eosinophils without any
significant effect on the late asthmatic response or AHR [29],
suggesting that other factors are also important. Eotaxin is a
CC chemokine with potent and specific chemotactic activity for
eosinophils [30], and its expression is increased in BAL and
airways of asthmatics [31]. Eotaxin mRNA is constitutively
expressed in the lungs of non-allergic animals, and expression
can be localized to alveolar epithelial cells, macrophages, T cells
and eosinophils after allergen challenge in sensitized animals.
Elimination of either IL-5 or eotaxin greatly attenuates pul-
monary eosinophilia after allergen challenge, without effecting
AHR. However, elimination of both IL-5 and eotaxin abolishes
AHR [10]. Our results did not show any significant difference in
lung eotaxin protein and mRNA expression between SAL- and
MK-treated animals. This is consistent with the result reported
by Henderson and colleagues [20]. However, we did find a
significant reduction in BAL eotaxin level in MK-treated
animals. This is probably an indirect effect due to the reduction
in lymphocytes and eosinophils in the airway of these animals,
whereas airway epithelial cells, the main source of eotaxin in the
lung parenchyma, were unaffected by treatment,

Other factors expressed by Th2 cells are also important in
promoting airway inflammation. Th2 cells produce IL-4 and
IL-13, and both of these cytokines activate STAT-6 through the
IL-4Ra chain. Stat6-deficient mice have defective development

MK 25 mg/kg

Lung eotaxin (pg/mL of total protein)

Unchallenged Saline MK 25mg/kg  Unchallenged

of Th2 cells [32] and are protected from allergen-induced AHR
and mucus production [33]. Moreover, neutralization of 1L-13
can completely abolish allergen-induced AHR without
affecting eosinophilia or serum IgE [34,35]. In this study, we
found a significant reduction in BAL IL-4, and total lung I1L-4
and IL-13 expression in MK-treated animals. This result is
consistent with the findings in Henderson’s study using continu-
ous MK infusion [20], although surprisingly, no reduction in
AHR was found in that study. However, Blain and Sirois did
find a reduction in bronchial hyperrresponsiveness after high
dose MK-571 treatment in mice [19].

OVA-sensitized animals showed an increase in total serum
IgE after OVA challenge. This is analogous to the rise in pollen-
specific IgE in hayfever sufferers during pollen season. MK
inhibited this rise in serum total IgE, probably as a result of
the reduction in IL-4. The role of IgE in asthma is still not
entirely clear. Early studies showed that neutralization of IgE
inhibited the recruitment of eosinophils into the airway and the
production of IL-4 and IL-5 after allergen challenge [36]. Pas-
sive transfer of anti-OVA IgE resulted in airway eosinophilia
and AHR after OVA challenge [37]. However, IgE-deficient
mice sensitized to Aspergillus fumigatus were able to develop
airway eosinophilia and AHR after allergen challenge [38]. IL-4
and IL-13 also promote adhesion of eosinophils and basophils
to vascular endothelium through selective upregulation of the
adhesion molecule VCAM-1 [39,40], whose expression is in-
creased on bronchial biopsies from asthmatic patients [41].
Selective blockade of IL-4 reduces VCAM-1 expression after
allergen challenge [42]. Treatment with a monoclonal antibody
against very late activation antigen-4 (VLA-4), the counterre-
ceptor for VCAM-1, significantly inhibited airway eosinophilia
and the late asthmatic response after allergen challenge in
guinea pigs [43]. In our study, MK significantly suppressed
VCAM-1 expression in the lung after allergen challenge. This
effect is most likely mediated through the inhibition of IL-4 and
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364 A. Y. Wuetal.

) P<0.05
140 A T

120 4 P<0.05
100 A
80 A
60 1

BAL IL-4 (pg/mL)

40 -

20 - -
0 : : ——— .
Saline MK 25 mg/Kg Unchallenged

P<0.001
(b) 200 4 [ peooot |

180 1 —
160 1
140 1
120 1
100 1
80
60
40
o |
0

MK 25 mg/Kg Unchallenged

BAL IL-5 (pg/mL)

Saline

P<0.05

20 1 | P<0.05 |
18 4 1

16
14
12 1
10
8-
6-

4.
: I
0

Saline MK 25 mg/Kg Unchallenged

G

BAL eotaxin (pg/mL)

Fig. 4. Montelukast reduced IL-4, IL-5 and eotaxin in BAL fluid 24 h after
aerosolized OVA challenge. OVA-sensitized animals were given three
daily treatments of montelukast (25 mg/kg; n =9) or saline (n=9) by tail
vein injection. They were exposed to aerosolized OVA on day 3 of
treatment. Negative control animals (n = 5) received saline treatment and
aerosolized saline challenge. The animals were killed 24 h after
challenge and the levels of (a) IL-4, (b) IL-5 and (c) eotaxin in the BAL fluid
were measured by ELISA.
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Fig. 5. Montelukast reduced serum IL-5 and total IgE levels 24 h after
aerosolized OVA challenge. OVA-sensitized animals were given three
daily treatments of montelukast (25 mg/kg; n=28) or saline (n =8) by tail
vein injection. They were exposed to aerosolized OVA on day 3 of
treatment. Negative control animals (n = 6) received saline treatment
and aerosolized saline challenge. Blood was obtained 24 h after OVA
challenge and serum (a) IL-5 and (b) IgE levels were measured by
ELISA.

Fig. 6. Montelukast reduced VCAM-1
expression on pulmonary vascular
endothelium 24 h after aerosolized OVA
challenge. The number of VCAM-1-positive
vessels is reduced in montelukast

(25 mg/kg)-treated mice (c and d) compared
with saline-treated mice (a and b) 24 h after
aerosolized OVA challenge. Lung sections
were photographed at x 100 (a and c¢) and
X 400 (b and d) magnification.
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IL-13, and is partly responsible for the dramatic reduction in

pulmonary eosinophilia seen after MK treatment.

We did not measure airway resistance in our study, but
CysLT1 receptor antagonists have already been shown to in-
hibit the late asthmatic response in humans [44] and rodents
[19,27]. The dose of MK we chose for our experiments was
based on its dose-response on BAL eosinophil count. This
dose (25 mg/kg) is considerably higher than the recommended
oral dose currently used in patients (0.2 mg/kg). In Blain and
Sirois’s study [19], maximum inhibition of airway eosinophilia
was achieved with 100 mg/kg of MK-517. Our pharmacoki-
netics data showed that plasma clearance of MK is considerably
more rapid in mice. After a 10-mg tablet of MK, the AUC in
men with a mean weight of 76.5kg was 2441 ng/h/mL [45],
whereas we achieved an AUC of 52 634 ng/h/mL in our mouse
model. Based on a published formula, an AUC of 52 634 ng/h/
mL can be achieved at a dose of 1.62 mg/kg i.v. in humans [45].
The recommended dose of MK for patients was chosen based
on its effect against the early asthmatic response. Because MK
blocks the direct effect of CysLTs on bronchial smooth muscles
during the early asthmatic response, the dose required to
achieve an anti-inflammatory effect might be quite different.
During preliminary pharmacokinetic studies in human subjects,
single doses of up to 800 mg of MK have been given without
adverse effects [46]. Based on our findings, high-dose MK might
be effective as anti-inflammatory treatment for acute asthma
exacerbation. The use of this drug as an adjunct to or a replace-
ment for systemic corticosteroids under this clinical situation

should therefore be further explored.
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