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Thymoquinone exhibits anti-inflammatory,

antioxidant,

Immunomodulatory effects on allergic airway inflammation

and

Timokinon allerjik solunum yolu inflamasyonu iizerine anti-inflamatuar, antioksidan

ve immiinomodiilator etkiler gosterir

Ali Parlar !, Seyfullah Oktay Arslan 2

Abstract

Aim: Asthma is an allergic disease causing mucus secretion, release various pro-inflammatory mediators such as
tumor necrosis factor- o (TNF-o) and interleukins. The aim of this study was to evaluate the effect of
thymoquinone (TQ) on allergic airway inflammation in rats.

Methods: Allergic airway inflammation induced by ovalbumin (OVA) challenge in sensitized-rats and effect of
TQ were studied. Inflammatory cells, interleukin (IL)-6 and TNF-a in bronchoalveolar lavage (BAL) fluid, and
lipid peroxidation (LPO) in lung tissue were measured. Microvascular leakage was detected by Evans blue dye
leakage in airway tissues.

Results: Tidal volume was significantly lower in OVA group (1.4+ 0.07 ml) than control group (1.9+£0.04 ml) (p
= 0.002), while breathing frequency was significantly higher in OVA group (135.3£12.9 min-1) than control
group (p=0.017). In terms of tidal volume, statistical significance between TQ30 and OVA groups was found
(1.8+0.07 ml) (p=0.008), while in terms of breathing frequency, no significance was found between both of
them (126.7+7.3). Total white blood cell count was significantly higher in OVA group (1,376.8+136.4 x103/ml)
than control group (545.0+£106.7 x103/ml) (p<0.001). Statistical significance was found in TQ10 (824.7+4.5
x103/ml) group when compared OVA group (p=0.036), while statistical significance was not found in TQ1
group (1,282.2+137.7 x103/ml). When compared OVA group (60.3+4.9 pg/ml) with control group in terms of
the TNF-a level, statistical significance was found (36.7+ 4.7 pg/ml) (p=0.011). The Evans blue dye level was
significantly higher in OVA group (31.8+3.6 ng/mg of tissue) than control (12.5+1.1 ng/mg of tissue) group
(p<0.001), and TQ10 group (16.3+6.7 ng/mg of tissue) (p=0.002), and TQ30 (13.5+1.0 ng/mg of tissue) group
(p<0.001).

Conclusion: These findings reveal that TQ could be beneficial in asthma pathophysiology due to its
immunomodulatory, anti-inflammatory, and antioxidant effects.
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Amag: Astim, mukus sekresyonuna neden olan, TNF-o, IL'ler gibi gesitli proinflamatuar mediatérleri salgilayan
alerjik bir hastaliktir. Timokinon’un (TQ) siganlarda alerjik solunum yolu inflamasyonu iizerindeki etkisini
degerlendirmektir.

Yontemler: Duyarlilagtirilmis siganlarda ovalbumin (OVA) ile indiiklen alerjik solunum yolu enflamasyonu ve
TQ etkisi ¢aligildi. Bronkoalveoler lavaj (BAL) sivisinda enflamatuar hiicre sayilari, interlokin (IL)-6 ve timor
nekroz faktor alfa (TNF-a) diizeyleri ve akciger dokusunda lipit peroksidasyonu (LPO) seviyeleri olgiildii.
Mikrovaskiiler sizinti, solunum yolu dokusunda Evans mavisi ile tespit edildi.

Bulgular: Bu ¢alismada, OVA grubunda tidal hacim (1,4+0,07 ml), kontrol grubuna gére 6nemli dlgiide diisiik
bulunmustur (1,9£0,04 ml) (p = 0,002). OVA grubunda (135,3£12,9 dk-1) solunum siklig1 kontrol grubuna
(p=0,017) gore anlamli bulunmustur. Tidal hacim agisindan TQ30 (1,8+0,07 ml) grubu ile OVA grubu
karsilastirldiginda istatistiksel anlamlilik bulunurken (p=0,008), solunum frekansi agisindan gruplar arasinda
istatistiksel anlamlilik bulunamamistir (126,7+7,3 dk-1). OVA grubunda (1.376,8+136,4 x103/ml) toplam beyaz
kiire sayisi, kontrol grubuna gore anlamliyd: (545,0+106,7 x103/ml) (p<0,001). TQ10 (824,7+4,5 x103/ml)
grubu ile OVA grubu arasinda istatistiksel anlamlilik bulunurken (p=0,036), TQ1 (1.282,2+137,7 x103/ml) ile
OVA grubu arasinda istatistiksel anlamlilik yoktu. TNF-a yoniinden OVA grubu (60,3+4,9 pg/ml) ile kontrol
grubu (36,7+4,7 pg/ml) karsilastirildiginda, aralarinda istatistiksel anlamlilik bulundu (p=0,011). OVA grubunda
Evans mavi diizeyi (31,8+3,6 ng/mg doku), kontrol (12,5+1,1 ng/mg doku) (p<0,001), TQ10 (16,3+6,7 ng/mg
doku) (p=0,002) ve TQ30 (13,5+1,0 ng/mg doku) (p<0,001) gruplarina gore dnemli derecede yiiksekti.

Sonug: Bu bulgular, timokinonun immiinomodiilatdr, antienflamatuar ve antioksidan etkileri nedeniyle astim
patofizyolojisinde yararl olabilecegini ortaya koymaktadir.

Anahtar kelimeler: alerjik solunum yolu enflamasyonu, TNF-a, mikrovaskiiler sizinti, ovalbumin, timokinon.
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Thymoquinone and allergic airway inflammation .

Introduction

Allergic airway inflammation, asthma, is still a common
problem in clinic, for especially children health. Inflammatory
cells, mast cells, macrophages, eosinophils, lymphocytes,
basophiles, neutrophils, and platelets, are recruited to allergic
airway tissues. These are capable of synthesizing and releasing
pro-inflammatory mediators, mainly interleukin (IL) and tumor
necrosis factor alpha (TNF-a) that produce many effects in the
airways, including bronchospasm, plasma extravasations, mucus
secretion, neural effects, and activation of inflammatory cells [1].
Studies from the past decade have confirmed that eosinophilic
infiltration causes mild asthma, but infiltration of neutrophils and
increased interleukins occur in severe asthma [2, 3].

Thymoquinone (TQ, C10H1202) is the main bioactive
component of the volatile oil of the black seed (Nigella sativa,
Ranunculaceae family). Nigella sativa is known for its medical
use as an antispasmodic, anti-inflammatory and anti-oxidant
especially against gastrointestinal disorders, respiratory ailments,
and antineoplastic medicines [4—6]. There is evidence of relaxant
effects of volatile oil from this plant on isolated tracheal muscles
of guinea pigs [4]. EI-Tahir et al. [6] reported that the volatile oil
from Nigella sativa protected guinea pigs against histamine-
induced bronchospasm. Recent research papers have shown that
the potential immunomodulatory and immunotherapeutic
potential of TQ is linked to its antioxidant, antihistaminic and
anti-inflammatory properties [7, 8]. TQ improves both
oxygenation and compliance in human gastric acid induced acute
lung injury, in rat, by bronchodilation and preventing heavy
inflammatory response [9]. Houghton et al. [10] reported that TQ
have an anti-inflammatory action through inhibition of
eicosanoid generation and membrane LPO. TQ attenuates acetic
acid induced colitis as evidenced by its ability to inhibit the
release of the mediators, platelet activating factor (PAF) and
histamine, also the prevention of glutathione (GSH) depletion
and LPO points to antioxidant property [7], and attenuates
ethanol induced gastric damage via inhibition of LPO and
reversed GSH depletion in rats [11]. Moreover, newer paper
indicates that intraperitoneal injection of TQ before the
ovalbumin (OVA) challenge attenuated airway inflammation as
demonstrated by the significant decrease in levels of leukotriene
(LT)-B4 and LTC4, Th2 cytokines, lung eosinophilia, and goblet
cell hyperplasia, all of which are characteristics of airway
inflammation. This attenuation of airway inflammation was
concomitant to the inhibition of cyclooxygenase (COX)-2
protein expression and prostaglandin (PG)-D2 production [12].
TQ also showed a significant effect in inhibiting IL-4, IL-5 and
IL-13 in the bronchoalveolar lavage (BAL) fluid, it did show a
slight effect on in vitro production of 1L-4 by cultured lung cells
stimulated with OVA antigen [13].

OVA sensitization and aerosol challenge elicits
inflammatory cell infiltration, reactive oxygen species
production, antioxidant enzymes, LPO, cytokines release into
BAL fluid or lung tissue, microvascular plasma leakage in
airway tissues, and respiratory abnormalities, in rats or other
experimental animals [1, 14-19]. Therefore, in the present study
we used an animal model of allergic airway inflammation, as
asthma like reaction, to elucidate the mechanisms of possible
therapeutic effect of TQ.

Material and methods

Chemicals
In this study, the following drugs and chemicals were
used: Ovalbumin (grade V), thiobarbituric acid (TBA),

trichloroacetic acid (TCA) thymoquinone and formamide
(Sigma, St. Lous, M.O., USA); Evans blue dye (Fluka Chemie
GmbH, Buchs, Switzerland); thiopental sodium (Pentothal
sodium, Abbott Lab. Ltd. Sti, Turkiye); aluminum hydroxide.
Ovalbumin was dissolved in 0.9% sodium chloride. TQ was
dissolved in 10% ethanol in 0.9% saline.

Animals and Treatments

After ethics committee approved for the animals (DU-
HADYEK) 2011/006), male Wistar rats weighing 180-200 g
were obtained from the Experimental Animal Unite of Duzce
University and housed at 22+1 °C under 12:12 h light-dark cycle.
Animals were allowed free access to standard laboratory chow
and water. All procedures complied with the standards for the
care and use of animals as stated in Guide for the Care and Use
of Laboratory Animals.

Groups were subdivided as series A for inflammatory
cells infiltration, cytokines, LPO, lung function tests and series B
for microvascular leakage detection (n=7, for each subgroup).

1. Unsensitized control group (Control): Rats were
injected with only saline (1 ml, ip.) and treated with an aerosol of
saline.

2. Sensitized and challenged group (OVA): Rats were
sensitized and challenged with OVA. Vehicle group as subgroup
was TQ's vehicle (10% ethanol in 0.9% saline)

3. TQ administrated group (TQ): Sensitized rats were
treated with TQ, three times as 30 min, one and two days before
the OVA provocation. The three doses of TQ, as 1, 10, and 30
mg/kg, were treated for the studies of inflammatory cell counts,
the analysis of lipid peroxidation (LPO), and IL-6 and TNF-a
levels. Median effective inhibition dose of TQ (10 mg/kg,
intraperitoneal) on inflammatory cells infiltration to BAL fluid
was chosen for the other studies, microvascular leakages.

Sensitization and antigen challenge and evaluation of
respiratory activity

Rats were sensitized and challenged with ovalbumin
antigen [20]. Rats were sensitized on days 0, 14, and 21 with
ovalbumin (at 100 pg administered with aluminum hydroxide
adjuvant at 100 mg, by intraperitoneal). Aluminum hydroxide is
used as an adjuvant with ovalbumin to boost the immune
response to produce more antibodies and longer-lasting
immunity [21]. The sensitized rats were used for microvascular
leakage studies or OVA challenge studies on days 28-30.
Assessment of pulmonary function test by a noninvasive method
was used to determine the severity of lung failure. Therefore, at
days 28-30 to challenge with OVA and to record the respiratory
abnormality, the animals, one by one, were placed in whole body
respiratory chamber [22]. After stabilization of the breath pattern
(within 30 sec), rats were challenged with an aerosol of
ovalbumin (1% in distillated water) with an ultrasonic nebulizer
device for 20 minute. The rats were withdrawn from OVA
antigen exposure at the first sign of respiratory abnormality. The
changes in the respiratory activity of the animals were recorded
for 5 min after the aerosol administration, with whole body
plethysmograph (Emka, Paris, France). Before experiments,
animals were handled and familiarized with the apparatus to
reduce stress (Figure 1).

BAL fluid collection and cell counting and analysis

To evaluate airway inflammation, all inflammatory cells
in the BAL fluid were counted and classified. Hence, BAL was
performed in deep sodiun thiopental (70 mg/kg, ip.) anesthetized
rats. For this purpose, a total volume of 30 ml (3 times, 10 ml) of
PBS was injected into the lungs by the tracheal route. The BAL
fluid was collected and centrifuged (170 g, 10 min); the cellular
pellet was re-suspended in 1 ml PBS. Aliquots of cells
suspensions (90 pl) were stained with 10 pl of 0.2% crystal
violet to quantify total cells. Differential cell counting
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(neutrophils, eosinophils, and mononuclear cells) were carried
out using standard morphological criteria after cytospin
processing and staining with Rosenfeld’s dye.

IL-6 and TNF-a assay in BAL fluid

IL-6 and TNF-a levels in BAL fluids were measured by
ELISA method according to the manufacturer’s kits using
guideline for users (Abcam, ab100772, ab100785, respectively).
The lower limits of detection of IL-6 and TNF-a were measured
as 8 pg/ml and 4 pg/ml, respectively.

Lipid peroxidation determination in lung tissue

After performing BAL fluid, lung lobes were excised,
thawed and homogenized in isotonic saline with a polytron. The
products of LPO, as MDA concentrations, according to the
method of Ohkawa et al. [23]. Briefly the tissue samples were
homogenized in an ice bath, ice-cold TCA by adding 10 ml of
10% TCA per g of tissue, with an ultrasonic tissue homogenizer.
After two consecutive centrifugations at 3,000 g for 15 min, 500
ul supernatant was mixed with equal volume of 0.67% TBA and
heated to 100°C for 15 min. The absorbance of the samples was
then measured by using spectrophotometry at 535 nm. Each
assay was performed in duplicate.

Microvascular leakage

Microvascular leakage was measured as described by
previous study [24]. Briefly, sensitized rats were anaesthetized
with Na thiopental (50 mg/kg) and given Evans blue dye (25
mg/kg as 25 mg/ml in saline, intravenously). Two minute later,
they were given ovalbumin (2 mg/kg, intravenous) or saline.
Cervical jugular vein was used for intravenous injections.
Animals were killed by Na thiopental overdose (100 mg/kg,
intraperitoneal), 15 minutes after allergen administration.

The chest was opened and an incision made in the left
ventricle, then a cannula was inserted through the left ventricle
and into the ascending aorta and, approximately 150 ml of sterile
saline (0.9 %) was perfused at a pressure of 100 mmHg. The
heart and lungs were removed en bloc. The pulmonary airways
were each placed in 2 ml of formamide for 18 h at 40 °C to
facilitate the extraction of Evans blue dye. The absorbencies of
the resulting extracts were determined against standard
concentrations of Evans blue at a 620 nm wavelength. The
measurements were duplicated. The results are expressed as
concentration of Evans blue dye (ng/mg of wet tissue).

The experimental protocol for the effect of TQ was put
on ovalbumin-induced microvascular leakage in the airways and
plasma leakage was assessed as described above. Sensitized rats
were received TQ (10 mg/kg, intraperitoneal) 20 min before
ovalbumin injected. The animals were killed 15 min after
ovalbumin and the tissues were removed for Evans blue dye
extraction.

Asthma was induced by intraperitoneal administration
of 100 ug OVA/100 mg aluminum hydroxide (Al(OH)3)
suspended in 1 ml saline for 0, 14 and 21th days then inhalation
of 1% OVA with all body nebulizer at day 28th.

Table 1: Comparison of parameters measurements between the groups.
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Figure 1: Schematic diagram of experimental design.

Statistical evaluation

Results are presented as means S.E.M. Statistical
comparisons means were carried using one-way ANOVA
followed by the Bonferroni’s multiple comparison test, using
Graph Pad Prism, version 3.0. A value of P<0.05 was considered
as significant.

Results

Effect of TQ on respiratory abnormality caused by
ovalbumin challenge in sensitized rats

As seen in Table 1, there was a significant decrease
(p=0.002) in the tidal volume, whereas there was a significant
increase (p=0.017) in the frequency of breathing of OVA group
as compared to the control group. Treatment with TQ (10, and 30
mg/kg) significantly increased (p=0.046, p=0.008) in Tidal
volume, whereas the frequency of breathing was not affected
significantly by TQ in treatment group as compared to OVA rats
(Figure 2).

f (breaths min™)

Figure 2: Effect of TQ on OVA-induced asthma in lung functions of
rats.Data are expressed as mean + S.E.M. (n= 7) and one-way ANOVA
followed by Bonferroni’s multiple range test. *p< 0.05 as compared to
control group, #p < 0.05 as compared to OVA group.

Effects of TQ on inflammatory cell infiltration in
BAL fluid caused by ovalbumin challenge in sensitized rats

As shown in Figure 3, total inflammatory cells were
significantly elevated in the OVA group compared with control
group, clearly eosinophils and neutrophils. TQ treatment resulted
in significantly reduced numbers of total inflammatory cells in
the BALF from rat with OVA-induced allergic asthma,
especially eosinophils and neutrophils.

(n=7) Control OVA Vehicle TQ1 TQ10 TQ30 P1 P2 P3 P4

TV (ml) 1.9+0.04 1.4+0.07* 1.4+0.06 1.38+0.1 1.73£0.06°  1.80£0.07°  0.002 1 0.047  0.008
f (breaths min™) 95.3+5.9 135.3£12.9* 135.3£8.9 134.50+4.0 132.33£0.06  126.67+3.3  0.017 1 1 1

Total WBC in BALF (x10%ml) 545.0+106.7 1,376.8£136.4% 1373.2+10.0 1,282.17£137.7 824.67+4.5° 621.33+5.5% <0.001 1 0.036  0.001
Lymphocyte (x10%/ml) 14624253  410.2+38.8* 395.7+5.5 380.17+49.9  213.33£5.5%  166.17£2.2°  0.002 1 0.036  0.004
Eosinophil (x10%ml) 95.1£19.8  287.3%21.3** 282.5+4.4 242.17£20.8  140.06+1.1% 121.83+8.9% <0.001 1 0.001 <0.001
Monocyte (x10%/ml) 57.0£13.8 125.0+12.0% 131.1£2.2 118.01+9.6 69.33+5.6"  67.02£0.02°  0.002 1 0.019 0.013
Neutrophil (x10%ml) 214.5+40.0  749.2479.4%* 765.8+4.4 593.83+81.3  382.67x1.1° 346.33+8.9% <0.001 1 0.006  0.002
IL-6 in BALF (pg/mL) 23.7+1.8 26.8+1.5 26.8+1.9 21.67+1.8 20.67+2.3 20.67+2.3 0.657 1 0.205 0.091
TNF-a in BALF (pg/mL) 36.7+4.7 60.3+4.9% 63.745.7 59.02+4.9 40.33£2.5%  39.83+32*  0.011 1 0.050 0.040
MDA in lung tissue (nmol/g) 8.3+1.1 15.9+1.2* 15.3+8.8 14.67<1.7 9.67+6.7* 9.32+5.5" 0.003 1 0.026 0.016
Evans blue dye (ng/mg of tissue) 12.5£1.1 31.8+3.6%* 31.1+7.8 24.9842.9 16.33+6.7" 13.50+1.0°  0.001 0.992 0.002 0.001
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Effects of TQ on IL-6 and TNF-a levels in BAL fluid
caused by ovalbumin challenge in sensitized rats

As demonstrated in Figure 4, 1L-6 level in BAL fluid
was not significantly changed both in OVA and TQ groups as
compared to control group (a). However, TNF-a level in BAL
fluid was significantly elevated in the OVA group as compared
to the control group (p=0.011), while TNF-a level in BAL fluid
was lower in the TQ group than those in the OVA group
(p=0.040) (b).

Effect of TQ on MDA level in lung tissue caused by
ovalbumin challenge in sensitized rats

Malondialdehyde (MDA) level was increased in lung
tissue of the OVA group as compared to the control group
(p=0.003). As shown in Figure 5, TQ treatment decreased MDA
level when compared to OVA group (p=0.016).

Effect of TQ on ovalbumin induced microvascular
protein leakage in sensitized rats

The 30 mg/kg dose of TQ significantly increased
microvascular leakage in airway tissue (p<0.001). TQ (10 mg/kg,
intraperitoneal) given 20 min prior to OVA challenge decreased
the high microvascular leakage response in airway tissues
(p=0.002) (Figure 6)

Total WBC in BALF (x10%mi)

Lymphocyte (x10%mi)

Monocyte (x10%mi)
H

Eosinophil (x10%mi)
3

Neutrophil (x10%mi)
T

'

& v » &
& LA <

Figure 3: Effect of TQ on OVA-induced asthma in count of total WBC
(a), lymphocyte (b), eosinophil (c), monocyte (d), and neutrophil () in
BALF. Data are expressed as mean = S.E.M. (n= 7) and one-way
ANOVA followed by Bonferroni’s multiple range test. *p< 0.001 as
compared to control group, #p < 0.05 as compared to OVA group.
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Figure 4: Effect of TQ on OVA-induced asthma in IL-6 (a) and TNF-a
level (b) in BALF of rats. Data are expressed as mean + S.E.M. (n=7)
and one-way ANOVA followed by Bonferroni’s multiple range test.
*p< 0.05 as compared to control group, #p < 0.05 as compared to OVA

group.
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Figure 5: Effect of TQ on OVA-induced asthma in MDA content in
BALF of rats. Data are expressed as mean + S.E.M. (n=7) and one-way
ANOVA followed by Bonferroni’s multiple range test. *p< 0.05 as
compared to control group, #p < 0.05 as compared to OVA group.
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Figure 6: Effect of TQ on OVA-induced asthma in microvascular
leakage in lung of rats. Data are expressed as mean = S.E.M. (n=7) and
one-way ANOVA followed by Bonferroni’s multiple range test. *p<
0.05 as compared to control group, #p < 0.05 as compared to OVA
group.

Discussion

The efficacy of anti-asthmatic drugs depends on the
asthma pathophysiology: cell recruitment, edema, mediators
release, interleukins release, oxidative stress, bronchospasm and
respiratory abnormality. The anti-asthmatic effects seen for TQ
might be produced due to several different mechanisms.

In this study, we investigated the effect of TQ on the
allergic airway inflammation provoked by ovalbumin challenge
in the pulmonary tissue of actively sensitized rats. Our results
demonstrated that TQ administration effectively inhibit the
respiratory abnormality, microvascular leakage, leukocyte influx,
including eosinophils, LPO, and pro-inflammatory cytokine
release such as TNF-o, in allergic airway inflammation.

Papers have showed that inflammatory insult to the
lungs resulted in an alteration in respiration. Thus, determination
of respiratory function test is used for diagnosis of the nature and
degree of lung sensitivity. The results of the present research are
in accordance with the findings of the previous study where
OVA-induced rats showed altered lung functions [25]. However,
administration of TQ (10-30 mg/kg) showed significant
restoration of these effected parameters.

Intensity of inflammatory immune responses is
controlled by recruitment of inflammatory cells into
inflammatory area. Inflammatory cells, as leukocytes, especially
eosinophils release inflammatory mediators give a major
contribution to the pathogenesis of allergic airway inflammation.
Inflammatory cells elevated in BAL fluid are also source of
leukotrienes that are formed by the breakdown of a membrane
constituent, arachidonic acid, via the 5-lipoxygenase enzyme
pathway. Leukotrienes may a play an important role in attracting
neutrophils and eosinophils into airways, and produce
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bronchoconstriction, mucus secretion, microvascular leakage,
airway edema, and neuronal interactions [14, 17, 26-28].
Therefore, the reduction of leukocyte infiltration may be a
mechanism for the beneficial effect of TQ. The results of this
study showed that pretreatment of sensitized animals with TQ
suppressed the eosinophilic and neutrophilic inflammation.

This is the report to comprehensively demonstrate that
TQ inhibits microvascular protein leakage induced by OVA. The
enhanced microvascular leakage associated edema in the airway
wall and lumen that were observed in our animal model of
allergic airway inflammation may play a role in its pathogenesis
by contributing to narrowing of airways, and respiratory
abnormality. The leakage of plasma proteins from the
microvasculature into airway tissue is an important consequence
of asthmatic airway inflammation. The leakage of plasma
proteins was evaluated by measuring the tissue accumulation of
Evans blue dye, which binds to proteins. The present
experimental model was undertaken on ovalbumin-sensitized rats
that were evoked with intravenously administration of
ovalbumin. Our results show that ovalbumin can cause
microvascular leakage into the airway tissue. The increase in
airway microvascular leakage induced by ovalbumin could be
inhibited by pretreatment with TQ (10, and 30 mg/kg). The
inhibitory mechanism of plasma leakage and eosinophil
enrichment seems to be closely associated with inhibition of
histamine release from mast cells. Previous studies show that
microvascular airway leakage is increased in sensitized rats,
mice, and guinea pigs by ovalbumin [17, 25, 29-32], and
capsaicin [33, 34].

The increased airway microvascular leakage induced by
intravenous application of ovalbumin to ovalbumin-sensitized
rats could be a result of several factors. Ovalbumin antigen may
elicit the release of inflammatory mediators from inflammatory
and structural cells in airways [16, 20]. These mediators can lead
to the typical pathophysiological changes of asthma, including
microvascular plasma leakage. Many mediators are released in
asthma, and it is clear that these mediators interact with each
other in some way. Mediators may act synergistically to enhance
each other’s effects, or one mediator may modify the release or
action of another mediator [22]. The effect of TQ on airway
microvascular leakage in sensitized rats might be explained by
its inhibitory action on histamine [35, 36]. So it seems that it is
logical to focus on the further studies to understand the
interaction of opioid and histamine on microvascular leakage in
airway of sensitized animals. As another mechanism, neurogenic
inflammation may be stimulated by ovalbumin antigen [34, 37].
This effect may be relevant by release of tachykinins from
sensory nerves. Among the tachykinins, substance P is the most
potent to cause leakage. It can induce microvascular leakage in
guinea pig airways when it is administered alone [38, 39]. It is
known that cytokines as TNF-a can alter the sensitivity of the
sensory nerves for neurogenic stimulants [40]. TQ can reduce the
inflammation mediated by sensory nerves in the airways; this
effect may be associated with the direct or indirect inhibition of
tachykinin and neuropeptide release. This hypothesis should be
supported by more detail further studies demonstrated that TQ
inhibits neurogenic inflammation in sensitized animals.

There is increasing evidence that oxidative stress and
reactive oxygen species are involved in allergic airway
inflammation. Inflammatory cells activated in allergic airway
inflammation produce reactive oxygen species. ROS may
damage airway wall, resulting in increased bronchoconstriction,
plasma leakage, mucus secretion, and induce LPO, resulting in
the formation of additional mediators. Superoxide and hydrogen
peroxide may interact in the presence of free iron to form the
highly reactive hydroxyl radicals. Oxidative stress describes an
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imbalance between ROS and antioxidant. In this study the MDA,
LPO products of oxidation were studied in lung tissue. We
observed an increase in LPO in lung tissue of allergic airway
inflammation model of rats. Therefore, it is possible that
beneficial effect of TQ may be related to its anti-peroxide
properties. Previous studies have shown the same effect in other
disease models [10, 24].

Based on our present results, we conclude that TQ
effectively inhibits TNF-a that it is considered important
mediators of inflammation and is considered to be a main of
inflammatory cytokine production [12]. Pro-inflammatory
cytokines are involved in allergic airway inflammatory. In the
present study IL-6 and TNF-a levels in BAL fluid were
determined after OVA challenge in sensitized rats. TNF-a
potently stimulates airway epithelial cells to produce other
cytokines, and increases the expression of intracellular adhesion
molecules that are the adhesion of inflammatory cells, such as
neutrophils and eosinophils at the airway surface. Previous
studies shown that TNF- a is present in the BAL fluid from
asthmatic patients [41], and also released in the BAL fluid from
allergen challenged animals [42]. TNF-a target different cells
such as endothelial cells, macrophages and neutrophils. TNF-a
leads to the increased production of macrophages and stimulates
their  differentiation and activation. TNF-o augment
inflammatory cascades by triggering macrophages to release
other pro-inflammatory cytokines such as IL-6, reactive
oxygen/nitrogen species and lipid mediators, which are important
in ovalbumin-induced asthma like reaction. The current results
showed that TQ can modulate the marked increase in TNF-a
levels during ovalbumin sensitization and provocation, which
may explain, at least in part, its beneficial effect during allergic
reaction of lung tissues. However, it was not observed IL-6
levels in BAL fluids of ovalbumin sensitized and provoked rats.

For all that, limitation of this study is that asthma like
reaction was examined in rats and the results cannot be fully
extrapolated or adapted to clinical pathophysiological conditions.
Thus the present data need to support by the results of various
clinical circumstances of asthma.

Taken together, these findings suggest a potential
therapeutic effect of TQ against allergic airway inflammation
that would be translated to clinical setting in humans for
management of allergic diseases, particularly asthma-like disease
manner. In conclusion, we demonstrate that administration of TQ
attenuates allergen-evoked eosinophilic inflammation in the rat.
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