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Abstract

Chronic airway inflammation is a key feature of bronchial asthma. Leukotrienes are potent inflammatory mediators that play a role in the
pathophysiology of asthma, and their levels are elevated in the airways in response to allergen challenge. We examined the anti-inflammatory
effect of thymoquinone (TQ), the active principle in the volatile oil of Nigella sativa seeds, on leukotriene (LT) biosynthesis in a mouse model of
allergic asthma. Mice sensitized and challenged with ovalbumin (OVA) antigen had an increased amounts of leukotriene B4 and C4, Th2
cytokines, and eosinophils in bronchoalveolar lavage (BAL) fluid. In addition, there was also a marked increase in lung tissue eosinophilia and
goblet cell numbers. Administration of TQ before OVA challenge inhibited 5-lipoxygenase, the main enzyme in leukotriene biosynthesis,
expression by lung cells and significantly reduced the levels of LTB4 and LTC4. This was accompanied by a marked decrease in Th2 cytokines
and BAL fluid and lung tissue eosinophilia, all of which are characteristics of airway inflammation. These results demonstrate the anti-
inflammatory effect of TQ in experimental asthma.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Studies on the mediators of allergic lung inflammation have
identified a number of effector cells, such as T cells, mast cells
and eosinophils, and inflammatory mediators, such as cytokines,
chemokines and leukotrienes that contribute to the development
and maintenance of airway inflammation. Immune deviation
from the T helper (Th)1 to the Th2 response underlies the
allergen-mediated Th2-driven inflammation in the airway
mucosa with a predominant Th2 cytokine pattern in lung T
cells. When activated by allergen, inflammatory cells, including
Th2 cells, in the airways produce Th2 type cytokines such as IL-
4, IL-5, IL-13, and IL-10 [1–4]. Several previous studies have
emphasized the role of these cytokines as well as leukotrienes in
the pathogenesis of allergic inflammation and asthma [2,5–8].
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Leukotrienes (LT)s are lipid mediators involved in inflam-
mation and asthma (reviewed in [9]), [10]. These eicosanoid
products are synthesized via 5-lipoxygenase (5-LO) metabolism
of arachidonic acid, generated from membrane phospholipids
by cytosolic phospholipases (reviewed in [9]). There are two
known classes of LTs: leukotriene B4 (LTB4) and cysteinyle LT
(CysLTs), which includes LTC4, LTD4 and LTE4 (reviewed in
[9]) [10]. LTA4 is the first metabolite in the arachidonic acid
peroxidation pathway. It is converted either into LTB4 or LTC4.
The latter is sequentially converted into LTD4 and LTE4. LTC4
and LTD4 produced in the lung are metabolized extracellularly
to LTE4, the most stable form of CysLTs [11]. LTB4 and
CysLTs are synthesized by mucosal mast cells and basophils
during the early phase response to antigen and by eosinophils
and alveolar macrophages during the late phase. LTB4 is also
produced by polymorphonuclear leukocytes and airway epithe-
lial cells [11,12].

Elevated levels of LTs have been observed in BAL fluid
during early (acute) and late (chronic) asthmatic response to
allergen [13,14], as well as in the sputum of patients with severe
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asthma [15]. In humans, increased levels of CysLTs have been
reported in BAL fluid and in sputum of patients with asthma
[13,16], and this correlated with an increase in eosinophil
numbers. LTB4 is a potent chemoattractant of eosinophils,
macrophages, neutrophils, and T cells, through binding to its
receptor (BLT1) on these cells [17–20] and is involved in
inflammation and immune response to infection [10,20,21].
CysLTs induce bronchoconstriction [22], mucus secretion [23],
and chemotaxis [24], which contribute to the recruitment of
inflammatory cells in bronchial asthma by significantly increasing
the number of eosinophils in the airway mucosa [25,26].

The seed extract of Nigella sativa has been used for many
years as a natural remedy for the treatment of a number of
illnesses and conditions due to its pharmacological properties as
an immunostimulant, anti-tumor, anti-inflammatory, and respi-
ratory stimulant agent [27–32]. The volatile oil extracted from
the seeds and its main active principle, thymoquinone (TQ) has
been shown to exert anti-inflammatory effects in a number of
diseases including bronchial asthma [27,29,33–35]. In vitro
studies using cultured leukocytes have demonstrated that TQ
inhibits perioxidation of arachidonic acid and leukotriene syn-
thesis and that this may be due to targeting the 5-lipoxygenase
activity, the key enzyme in leukotriene biosynthesis. The in vivo
effects of TQ on leukotriene production and its relation to the
inflammatory response remains to be elucidated.

Using a mouse model of allergen-induced airway inflam-
mation, we examined the effect of TQ on leukotriene bio-
synthesis and lung inflammation. We report that TQ attenuates
lung inflammation by downregulating 5-LO expression and
LTB4 and LTC4 production by lung cells. The inhibitory effect
of TQ on leukotriene generation was accompanied by a
significant decrease in airway inflammation, as shown by the
decrease in Th2 cytokines and lung eosinophilia, demonstrating
the anti-inflammatory effect of TQ in the lung.

2. Materials and methods

2.1. Experimental protocol

Males and females BALB/c mice 8 to 10 weeks of age were kept on 12 h
light/dark cycle with free access to an OVA-free diet. Lung inflammation was
induced by intraperitonial (i.p.) sensitization and airway challenge through nasal
inhalation with OVA allergen. Mice (3 males and 3 females/group) were
sensitized on days 0 and 14 by i.p. injection of 20 μg of OVA (Grade V; Sigma-
Aldrich, St. Louis, MO) in 2 mg Al(OH)3 adjuvant (Pierce Biotechnology,
Rockford, IL) in a volume of 0.1 ml saline. Two weeks after the second
sensitization, mice were airway challenged three times (days 28–30) via nasal
inhalation with 1% OVA/saline aerosol for 20 min, using De Vilbiss nebulizer
(Sunrise Medical, Carlsbad, CA). This protocol has previously been shown to
induce airway eosinophilic inflammation, Th2 cytokines, mucus production and
airway hyperreactivity [36,37]. For TQ treatment, mice were (i.p.) injected once
daily for the 5 days preceding the first OVA challenge, with 3 mg/kg TQ (Sigma-
Aldrich) in 10% DMSO or an equal volume of DMSO alone. All mice were
analysed 24 h after the last OVA challenge. The animal groups are described as
follow: Naïve, mice sensitized and challenged with saline and injected with
DMSO alone; S/Ch, mice sensitized and challenged with OVA and injected with
DMSO alone; and S/Ch-TQ, mice sensitized and challenged with OVA but
received 5 injection of TQ in DMSO before the first OVA challenge. TQ (2-
Isopropyl-5-methyl-1,4-benzoquinone; molecular formula C10H12O2) was 99%
pure, as indicated by the manufacturer. Each experiment was repeated at least
three times, and representative data are shown.
2.2. Bronchoalveolar lavage (BAL) fluid

Mice were anesthetized and lungs were lavaged by instillation and
withdrawal of 1 ml PBS through a tracheal cannula and BAL fluid (BALF)
was collected. Total BAL cell count was determined with crystal violet stained
cells using a hemocytometer. For differential cell count, cytocentrifuged
preparations were fixed and stained with Diff-Quick (Dade Behring, Dudingen,
Switzerland) and differentiated morphologically by counting 300 cells/slide.

2.3. Western blot

To isolate lung cells, lungs were sliced and incubated in 5 ml of PBS
containing 1.6 mg/ml collagenase (CLS4; Invitrogen, Carlsbad, CA), anti-
biotics, and 10% FBS at 37 °C for 1 h. The digested tissue was disrupted into a
single cell suspension by passing through a 20-gauge needle and filtered through
a 45-μm nylon mesh. The resulting cell suspension (whole lung cells) was
pelleted by centrifugation at 1500 rpm for 5 min at 4 °C.

Whole lung cells (2×106) were washed with PBS and lysed in a cold buffer
containing 50 mM HEPES (pH 7.9), 150 mM NaCl, 1% Triton X-100, 1 mM
MgCl2, 1 mM EDTA, 1 mM PMSF, 10% glycerol, 10 μg/ml aprotonin, and
1 mM leupeptin. Lysates were centrifuged for 5 min at 10,000 rpm and 4 °C to
remove cell debris, and the total protein concentration in the supernatants was
determined by Bradford assay (Bio-Rad). Samples containing 50 μg protein/lane
were resolved on 12% Tris–glycine denaturing SDS-PAGE, and transferred onto
a nitrocellulose membranes (Amersham, Piscataway, NJ) at 100 V for 1 h in a
buffer containing 25 mM Tris–HCl (pH 8.0), 192 mM glycine, and 20%
methanol. Membranes were blocked in 20 ml of TBS (Tris-Buffered Saline) plus
0.1% Tween 20 (TBST) and 5% nonfat dry milk for 1 h at room temperature.
After three washes in TBST (5 min each), membranes were incubated overnight
at 4 °C with purified mouse anti-5-lipoxygenase Ab (BD PharMingen, San
Diego, CA). Blots were washed three times in TBST and incubated for 1 h at
room temperature with the horseradish peroxidase-conjugated secondary
antibody (Amersham). The blots were then washed three times in TBST and
incubated for 1–2 min with 5 ml of ECL reagent (Amersham) at room
temperature. The bound proteins were visualized by exposure to Kodak X-AR
film (Eastman Kodak, NY). Membranes were subsequently stripped in a buffer
containing 62 mM Tris–HCl (pH 6.8), 20% SDS, and 100 mM β-
mercaptoethanol and re-probed for GAPDH.

2.4. Measurement of 5-LO enzyme activity

Measurement of 5-LO activity was performed as described previously [38],
with slight modification. Lung cells isolated from Naive, S/Ch, and S/Ch-TQ
groups were immediately washed in PBS. Cells were resuspended in 5 mM
potassium phosphate buffer (pH 7.4) containing 0.1 mM EDTA and sonicated for
30 s. The resulting homogenate was cleared by centrifugation at 15,000 rpm for
20min at 4 °C. The supernatant was removed and filtered through 0.45μ filter, and
the protein concentration in the supernatant was determined by Bradford assay.

For assaying 5-LO activity, the enzymatic reaction mixture contained
300 μM CaCl2, 100 mM phosphate buffer (pH 7.4), 50 μM DTT, 200 μM ATP,
100 μM arachidonic acid (as a substrate), and 1 μg protein (supernatant). The
reaction was carried out at 37 °C for 2 min. The formed arachidonic acid
metabolite, 5-HETE, was measured spectrophotometrically at 236 nm, and the
extinction co-efficient of 25 mM−1 cm−1 was used to calculate the specific
activity of the enzyme (total conversion of arachidonic acid into 5-HETE. The
activity was expressed as μmoles of 5-HETE formed/min/mg protein. The 5-LO
activity was expressed as fold increase relative to the enzyme activity in the
supernatant derived from Naive mice, which was given the value 1.

2.5. Cytokine and leukotriene measurement

Levels of IL-4, IL-5, IL-13, and IL-10 in BAL fluid were measured using
enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, Minneapolis,
MN) according to the manufacturer's protocol, and compared with known
standards. Briefly, microtiter plates were coated overnight at 4 C with the first
antibody, washed and then blocked at room temperature for 1 h. Samples and a
series of diluted standards were incubated overnight at 4 °C. After washing, the



Fig. 1. Leukotriene levels in BAL fluid. BAL fluid was collected 24 h after the
last OVA challenge, and levels of LTB4 (A) and LTC4 (B) were measured by
EIA. Data (mean±S.E.M.) shown represent three independent experiments.
Naive, sensitized and challenged with saline, and injected with DMSO alone; S/
Ch, sensitized and challenged with OVA and injected with DMSO alone; and S/
Ch-TQ sensitized and challenged with OVA but administered with TQ in DMSO
before the first OVA challenge. *Statistical significance compared to S/Ch
group; n=6; Pb0.05.
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biotin-conjugated detection antibodies and avidin-HRP were added and left at
room temperature for 1 h. After washing the plates, the substrate was added for the
appropriate periods of time. The reactions were then stopped and read at 450 nm.
The detection limits were 7.8 pg/ml for IL-4 and IL-13, 15.5 pg/ml for IL-5, and
4 pg/ml for IL-10. LTB4 and LTC4 levels in BAL fluid were measured using EIA
kits according to the manufacturer's protocol (Cayman, Ann Arbor, MI). Limits of
detection of LTB4 and LTC4 were 6 pg/ml and 10 pg/ml, respectively.

2.6. Histopathology

Lung tissue obtained 24 h after the last OVA challenge was fixed in 10%
neutral formalin, and paraffin sections (0.6 μm) were stained with Hematoxylin
and Eosin (H&E), to detect eosinophilic infiltration and Periodic-Acid Schiff
(PAS), to detect mucus-secreting goblet cells.

2.7. Statistical analysis

Data (means±S.E.M.) were analysed by one way analysis of variance
followed by two-tailed Student's t test, to determine the statistical difference
between pairs of groups. P values b 0.05 were considered significant.
Fig. 2. TQ inhibits 5-LO expression by lung cells. Whole lung cells were isolated af
12% SDS-PAGE. The 5-LO protein was probed with anti-5-LO antibody and visualiz
repeated two times. Naive, sensitized and challenged with saline and injected with DM
TQ sensitized and challenged with OVA but administered with TQ in DMSO befor
3. Results

3.1. Effect of TQ on leukotriene production

Leukotrienes play an important role in the development and
maintenance of allergic inflammation by upregulating adhesion
molecules and stimulating chemotaxis, thereby promoting the
recruitment and activation of inflammatory cells, predominantly
eosinophils, in the airways. We measured the levels of two
proinflammatory leukotrienes, LTB4 and LTC4, in the BAL
fluid using EIA. OVA sensitization and challenge significantly
increased the production of LTB4 and LTC4 in the lung by
about 4- and 7-fold, respectively (Fig. 1). TQ administration
decreased the production of the two leukotrienes in the lung (S/
Ch-TQ group), with more potent effect on LTB4. DMSO alone
(Naive and S/Ch mice) did not affect LTs production.

3.2. TQ downregulates 5-lipoxygenase expression in the lung
of OVA-sensitized and challenged mice

Arachidonic acid metabolism and leukotriene biosynthesis is
catalyzed by 5-LO activity, the key enzyme in LTs biosynthesis.
To determine whether the inhibitory effect of TQ on LTB4 and
LTC4 production in the airways of sensitized and challenged
mice was due to an effect on 5-LO expression. Protein expression
of 5-LO by whole lung cells was analysed by western blotting.
The protein expression was induced after OVA sensitization and
challenge and TQ (in DMSO, but not DMSO alone) adminis-
tration normalized the increased level of 5-LO expression to a
level close to that seen in naïve mice (Fig. 2) (compare S/Ch with
S/Ch-TQ). These results indicate that TQ target 5-lipoxygenase
protein expression and eicosanoid generation.

3.3. Effect of TQ on 5-LO activity

5-LO catalyzes the conversion of arachidonic acid into
5-hydroeicosatetraenoic acid (5-HETE), which is further
metabolized into leukotrienes. The data presented in Figs. 1
and 2 showed that TQ inhibited 5-LO protein expression
and LT production by lung cells from OVA-sensitized and
challenged mice (S/Ch-TQ). To investigate whether this in-
hibitory effect of TQ was accompanied by a parallel decrease in
the 5-LO enzymatic activity, we measured the level of 5-HETE
formation from arachidonic acid as an exogenous substrate.
Fig. 3 shows that lung cells from OVA-sensitized and
challenged mice have about 3-fold increase in 5-LO activity,
whereas cells from mice treated with TQ before OVA sen-
ter the last allergen challenge and used in western blot. Cell lysate was run onto
ed with ECL. Data from three mice per group are shown, and the experiment was
SO; S/Ch, sensitized and challenged with OVA and injected with DMSO; S/Ch-

e the first OVA challenge.



Fig. 3. 5-LO enzyme activity. Cell extract containing 5-LO was incubated with
arachidonic acid as an exogenous substrate, and the formation of the 5-HETE
metabolite was measure at 236 nm. The amount of 5-HETE formed by extract
derived from Naive mice was assigned 1, and the amounts from the treated
groups were compared to this baseline. Data are mean±S.E.M. of values from
three independent experiments.
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sitization and challenge have a significantly decreased enzyme
activity. These data indicate that the downregulation of 5-LO
protein expression by TQ is accompanied with a parallel de-
crease in the enzyme activity.

3.4. Effect of TQ on BAL fluid cytokines

LTs promote Th2 cytokine production, and because TQ
showed an inhibitory effect on the LTB4 and LTC4 production,
Fig. 4. Th2 cytokine levels in BAL fluid. Levels of IL-4 (A), IL-5 (B), IL-13 (C), and
mice per group, and represent three different experiments. Naive, sensitized and challe
OVA and injected with DMSO; S/Ch-TQ, sensitized and challenged with OVA bu
significance compared to S/Ch group; Pb0.05.
we determined the effect of TQ on IL-4, IL-5, IL-13, and IL-10
protein levels in BAL fluid in response to OVA antigen. OVA-
sensitized and challenged mice (S/Ch group) produced
significant amounts of these cytokines compared to naïve
mice (Fig. 4). Intraperitoneal administration of TQ before OVA
challenge normalized the elevated cytokine levels (S/Ch-TQ),
with greater effect on IL-5 and IL-13 than on IL-4, while
administration of DMSO alone had no effect on the cytokine
response (S/Ch group). In addition, IL-10 was significantly
induced by OVA sensitization and challenge (S/Ch) and TQ
treatment resulted in a marked increase in its level (S/Ch-TQ
group) (Fig. 4D).

3.5. TQ inhibits inflammatory cell recruitment and mucus
production in allergic lung

Data presented in Figs. 1 and 2 showed that TQ
downregulated leukotriene biosynthesis by inhibiting 5-LO
expression in the lung. LTs promote inflammatory cell
recruitment to, as well as mucus production in, the airways
in response to allergen. To assess BAL cell inflammation, BAL
fluid was collected 24 h after the last allergen challenge and
total and differential cell numbers were determined. Mice
sensitized and challenged had a significant increase in the total
and eosinophil cell numbers (Fig. 5). Treatment with TQ
showed a potent effect in decreasing the number of eosinophils
in the airways.
IL-10 (D) were measured by ELISA. Data are expressed as mean±S.E.M. of 6
nged with saline and injected with DMSO; S/Ch, sensitized and challenged with
t administered with TQ in DMSO before the first OVA challenge. *Statistical



Fig. 5. Inflammatory cells in BAL fluid. Total and differential cell count in BAL
fluid were determined 24 h after the last airway challenge. Data shown are the
mean±S.E.M. of 6 mice per group, and represent three experiments. Mac,
macrophage; Neu, neutrophil; Lymp, lymphocyte; Eos, eosinophil. *Statistical
significance compared to S/Ch group; Pb0.05.
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Histological examination of lung tissues collected 24 h
after OVA challenge showed a massive infiltration of the peri-
bronchial tissues with inflammatory cells, mainly eosinophils
(Fig. 6B). In addition, there was a marked increase in the number
of mucus-secreting goblet cells in the airway mucosa. (E) TQ
was effective in blocking lung tissue eosinophilia and goblet cell
hyperplasia (C and F). In addition, treatment with DMSO alone
did not affect lung inflammation (compare Naive and S/Ch with
S/Ch-TQ). These results demonstrates the anti-inflammatory
effect of TQ on allergen-driven lung inflammation.
Fig. 6. TQ abrogates lung inflammation. Lung tissue were collected from Naive group
challenge. Tissue sections were stained with H&E, to detect lung tissue eosinophilia (A
TQ before OVA challenge (S/Ch-TQ group) inhibited lung tissue eosinophilia (C) a
4. Discussion

Chronic airway inflammation is characterized by increased
mucus secretion and infiltration and subsequent activation of
inflammatory cells, typically eosinophils, in the allergic
airways [39,40]. In vitro and in vivo studies have suggested
that LTs, produced by activated eosinophils, macrophages and
mast cells [40,41], play an important role in the pathogenesis
of allergic airway inflammation and asthma through inducing
Th2 cytokine production by activated T cells, mucus secretion
by goblet cells, bronchoconstriction, and airway remodeling
[41–43].

In this study, we found that TQ inhibited airway inflamma-
tion induced by OVA sensitization and challenge in BALB/c
mice. This was shown by downregulation of 5-LO expression
by lung cells and inhibition of LTB4 and LTC4 and Th2
cytokine production in the airways, as wells as a significant
decrease in eosinophil and goblet cell numbers in the lung tissue
of sensitized and challenged mice.

Levels of LTB4 and LTC4 are increased in BAL fluid of
allergic mice and human asthmatic subjects after allergen
challenge [7,13]. Our data showed that levels of LTB4 and
LTC4 in BAL fluid and 5-LO protein expression and enzyme
activity by lung cells were significantly increased by OVA
sensitization and challenge. TQ was effective in down-
regulating 5-LO expression and LTB4 and LTC4 production.
LTB4 is a potent inducer of effector Th2 cell recruitment into
(A, D), S/Ch group (B, E), and S/Ch-TQ group (C, F) 24 h after the last allergen
–C), and with PAS, to examine goblet cell hyperplasia (D–F). Administration of
nd goblet cell hyperplasia (F).
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allergic lung [10,44]. It is also a potent agonist for
eosinophils, which express high levels of LTB4 receptor
[18]. Th2 cells along with eosinophils produce the Th2
cytokines, IL-4, IL-5, and IL-13. These cytokines play an
important role in the development and maintenance of the
allergic inflammatory response [45]. IL-5 plays a central role
in the recruitment, activation and survival of eosinophils in
the allergic lung [46], while IL-4 and IL-13 induce IgE
isotype switching in B lymphocytes [47,48] and mucus
production by goblet cells [49,50], as well as upregulate the
expression of adhesion molecules required for inflammatory
cell recruitment [51,52]. Our results showed that IL-4, IL-5,
and IL-13 protein levels in BAL fluid were significantly
reduced in allergic mice after TQ administration. In addition,
previous studies have shown that LTB4 and LTC4 augment
Th2 cytokine secretion by activated T cells [53–55], and that
leukotriene receptor antagonists significantly reduce IL-4, IL-
5, and IL-13 expression in allergic lung [56,57]. In the current
study, the inhibitory effect of TQ on LTs biosynthesis was
accompanied by a significant decrease in Th2 cytokines,
suggesting that the inhibition of Th2 cytokine production may
be due to inhibition of leukotriene biosynthesis by TQ.

Previous studies identified eosinophils as the major
effector cells underlying allergic airway inflammation
[58,59]. LTB4 and LTC4 promote chemotaxis and chemokin-
esis of eosinophils in mice and human [60,61], thus
contributing to airway inflammation. In addition, agents
that block LT production or their receptors also inhibit
eosinophil recruitment into the allergic lung. We found that
the numbers of eosinophils were increased in BAL fluid and
lung tissue of sensitized and challenged mice. TQ blocked
eosinophil infiltration into the lung, as well as mucus-
secreting goblet cells. Thus, it seems that the attenuation in
airway eosinophilia and Th2 cytokine production by TQ was
due to its inhibitory effect on 5-LO protein expression and
LT production. TQ has also been shown to inhibit in vitro
production of LTs by human leukocytes [62]. There is no
information about the exact mechanism(s) by which TQ
inhibits LTs and Th2 cytokines. From our data, TQ seems to
mediate these effects, at least in part, by downregulating 5-
LO expression. In addition, cytosolic phospholipase (cPLA2)
catalyses the conversion of membrane phospholipids to
arachidonic acid, which is subsequently metabolized into
LTs by 5-LO [11]. Western blot analysis of cPLA2 expression
in lung cells (data not shown) showed that cPLA2 protein
levels remained constant with or without TQ administration
to OVA-sensitized and challenged mice, suggesting that TQ
has no effects on the LT biosynthesis cascade upstream of 5-
LO. In addition, in our ongoing experiment using cultured
mast cell line, TQ inhibited the activation and nuclear
translocation of NF-κB that was induced by LPS stimulation
(data not shown).

While Th2 cells, with the characteristic IL-4, IL-5, and IL-13
cytokine profile, are directly involved in the initiation and
maintenance of allergic diseases, recent studies of allergic
airway inflammation in mouse models have identified different
types of T cells with different cytokine profiles and immuno-
regulatory function (reviewed in [63,64]). One of the T
regulatory (T reg) cell types is the antigen-specific T reg cells,
also known as IL-10-producing T cells [63]. As a pleiotropic
cytokine produced by Th1 and Th2 cells, eosinophils, and
macrophages [65,66], IL-10 has been described as a potent anti-
inflammatory Th2 cytokine and more recently as an immuno-
modulatory cytokine of allergic asthma [64]. Its level is
increased in asthmatics [67]. IL-10 inhibits allergen-induced
airway inflammation by blocking Th2 cytokines and airway
eosinophilia and inducing the switch from IgE to IgG4 antibody
response [68–71]. Our results showed that IL-10 level was
induced by OVA sensitization and challenge, and that TQ
significantly elevated its level in BAL fluid, which was
associated with attenuated airway inflammation. This indicates
that TQ may stimulate the expansion of the Th cell clones
toward the protective T reg cell type during the allergic
response. Therefore, the increase in IL-10 production by TQ can
be another possible mechanism that mediates the anti-
inflammatory effect of TQ in the airways.

In conclusion, our study demonstrates that the anti-inflam-
matory effect of TQ allergic lung is mediated, at least in part, by
inhibition of 5-LO expression and LT synthesis, which was
accompanied by a decrease in Th2 cytokines and inflammatory
cells in the airways, as well as an induction of IL-10. Inhibition
of leukotriene biosynthesis by blocking 5-LO expression can be
an important mechanism in ameliorating inflammatory re-
sponses. Several other plant extracts have been shown to have
an inhibitory effect on 5-LO activity (reviewed in [72]).
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