Arch Toxicol (2010) 84:109-117
DOI 10.1007/300204-009-0427-x

ORGAN TOXICITY AND MECHANISMS

Involvement of sensory nerves and TRPV1 receptors in the rat
airway inflammatory response to two environment pollutants:
diesel exhaust particles (DEP) and 1,2-naphthoquinone (1,2-NQ)
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Abstract The environmental chemical 1,2-naphthoqui-
none (1,2-NQ) is implicated in the exacerbation of airways
diseases induced by exposure to diesel exhaust particles
(DEP), which involves a neurogenic-mediated mechanism.
Plasma extravasation in trachea, main bronchus and lung
was measured as the local '*I-bovine albumin accumula-
tion. RT-PCR quantification of TRPVI and tachykinin
(NK,; and NK,) receptor gene expression were investigated
in main bronchus. Intratracheal injection of DEP (1 and
5 mg/kg) or 1,2-NQ (35 and 100 nmol/kg) caused oedema
in trachea and bronchus. 1,2-NQ markedly increased the
DEP-induced responses in the rat airways in an additive
rather than synergistic manner. This effect that was signifi-
cantly reduced by L-732,138, an NK, receptor antagonist,
and in a lesser extent by SR48968, an NK, antagonist. Neo-
natal capsaicin treatment also markedly reduced DEP and
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1,2-NQ-induced oedema. Exposure to pollutants increased
the TRPV1, NK, and NK, receptors gene expression in
bronchus, an effect was partially suppressed by capsaicin
treatment. In conclusion, our results are consistent with the
hypothesis that DEP-induced airways oedema is highly
influenced by increased ambient levels of 1,2-NQ and takes
place by neurogenic mechanisms involving up-regulation
of TRPV1 and tachykinin receptors.
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Introduction

The respiratory system is responsible for gaseous exchange
between the circulatory system and the outside world. Due
to its position and functional role, the physical and chemi-
cal qualities of the inspired air can sometimes trigger acute
and chronic inflammatory conditions in the airway wall that
can lead to systemic effects (Nemmar et al. 2004; Kim et al.
2005; Franco et al. 2006; for review, see Widdicombe and
Lee 2001). Moreover, epidemiological reports suggest that
the healthy effects (e.g. cardiovascular disorders and airway
diseases) of air pollution are primarily seen in susceptible
patients, including those with compromised immune sys-
tem (Wichmann et al. 2000) and diabetes (Goldberg et al.
2006). In fact, the increasing concentration of air pollution,
such as ambient particulate matter (PM), is directly corre-
lated with the high incidence of mortality and morbidity
that are associated with respiratory (Frampton et al. 2004;
Naess et al. 2007) and cardiovascular diseases (Peters et al.
2001; Pope et al. 2004; Jalaludin et al. 2004). Interestingly,
in big cities such as Sdo Paulo, the levels of air pollution
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are associated with the incidence of neonatal deaths (Pere-
ira et al. 2004).

The engine emission diesel exhaust particles (DEP) rep-
resent one of the main constituents of ambient particulate
matter (PM, 5) in most urban areas worldwide and, there-
fore, has been linked to respiratory and cardiovascular dis-
eases (Harrod etal. 2003; Nemmar etal. 2007). By
comparison, the highly reactive chemical quinones found in
nature (e.g. plants, fungi) or in the environmental airborne
pollutants including DEP (Cho et al. 2004; Xia et al. 2004),
are well known to produce, via a complex mechanism, a
variety of hazardous effects in humans, including changes
in enzyme reactions, acute cytotoxicity, immunotoxicity
and carcinogenesis (see reviews Monks and Jones 2002).
More recently, a range of experimental approaches in vivo
and in vitro has revealed some interesting toxicological
findings mediated by the contaminant environmental qui-
nones. For instance, a marked change in the leukocyte
behaviour has been reported in rats treated with hydroqui-
none; this in turn accounted to exacerbate inflammatory
responses in the animals (Macedo et al. 2006). Another in
vitro study demonstrated that the redox-active 1,2-naphtho-
quinone (1,2-NQ) blocked acetylcholine-induced aorta
endothelium-dependent vasorelaxation by inhibiting the
endothelial nitric oxide synthase (eNOS) activity (Sun et al.
2006).

Human and animal airways, such as rodents, are
densely innervated by a network of autonomic and sen-
sory afferent nerves, which upon stimulation by a variety
of endogenous inflammatory mediators and by exogenous
chemical and/or biological agents initiate defensive
responses including cough, mucus secretion, bronchocon-
striction and vasodilatation (Lundberg etal. 1984;
Coleridge and Coleridge 1984; Richardson and Webber
1987; Spina and Page 2002). The changes observed in the
microvasculature [e.g. vasodilation (flare) and oedema
due to plasma extravasation from postcapillary venules]
in response to release of neuropeptides from stimulated
sensory nerves are classically defined as neurogenic
inflammation (for review, see Brain 1997). Interestingly,
the presence of vanilloid receptor subtype 1 (TRPV1) in
the respiratory system is likely to be implicated in cough
and bronchoconstriction (Groneberg et al. 2004; Trevisani
et al. 2005; Jia and Lee 2007).

In spite of toxicological evidences supporting the haz-
ardous impact of quinones on cells and systems, little is
known of the precise inflammatory interactions between
components of DEP and sensory nerves. In this study, we
have investigated the interaction between the acute expo-
sure of the specific DEP organic chemical component 1,2-
NQ and pure DEP. We have examined the inflammatory
responses mediated by instillation of DEP alone and in
combination to 1,2-NQ in the airway of healthy rats and the
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possible involvement of mechanisms involving sensory
nerves.

Materials and methods
Chemicals

The ['®I]-bovine serum albumin (specific activity =
0.037 MBq/ng) was provided by the Instituto de Pesquisas
Nucleares (IPEN, Sdo Paulo, SP, Brazil). The tachykinin
NK, receptor antagonist SR48968 was kindly donated by
Sanofi-Aventis (Chilly-Mazarin, France). Capsaicin and the
NK, receptor antagonist L-732,138 were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). Lidocaine gel
(2%) was obtained from Cristalia Produtos Quimicos Ltda.
(Itapira, Sao Paulo, SP, Brazil) and the anaesthetics xyla-
zine and ketamine were purchased from Konig (Avellan-
eda, Argentina), respectively. The specific primers for both
the tachykinins NK; and NK, receptors and TRPV1 recep-
tor were obtained from Invitrogen (Sao Paulo, Brazil).

Preparation of pollutants samples

DEP was kindly donated by the National Institute for Envi-
ronmental Studies, Japan. The chemical 1,2-NQ was
obtained from Tokyo Kasei Industries (Tokyo, Japan) and
was purified by a preparative thin-layer chromatography
with a solvent of chloroform/methanol (9:2, v/v). The
details of sample conditions for DEP are described else-
where (Cho et al. 2004). Prior to animal treatment, a stock
solution of DEP (5 mg/ml) was immediately dissolved in
PBS containing DMSO 0.01%, whereas a stock solution of
1,2-NQ (3 pmol/ml) was made in PBS containing 0.01%
DMSO and 0.05% Tween 80.

Animals and general procedures for pollutants exposure

Experiments were carried out on both male and female
Wistar rats aged between 7 and 8 weeks (250-300 g)
obtained from the Animal House at the Institute of Biomed-
ical Sciences (University of Sdo Paulo, Brazil). Protocols
included in this study were in agreement with the guide-
lines of the Animal Care Committee of the ICB-USP (Bra-
zil). They were housed five to a cage under specific
environmental conditions (12 h/12 h light/darkness cycle)
and were fed laboratory diet and filtered water ad libitum.
Healthy rats were anaesthetised via intraperitoneal (i.p.)
injection with the mixture of ketamine (80 mg/kg) and
xylazine (20 mg/kg) and randomly assigned to receive pol-
lutant or its vehicle. Either DEP (1 and 5 mg/kg) or 1,2-NQ
(35 and 100 nmol/kg) was prepared in different concentra-
tions and a single injection of each compound or both (DEP
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I mg/kg plus 1,2-NQ 35 nmol/kg) or its corresponding
vehicle (100 pl/rat; DMSO:Tween 80:PBS; 0.01:0.05:99.84%;
v/v) was given intra-tracheal (i.tr) and the animals tested
15 min or 3 h later. Three separate groups of rats were
treated with the tachykinin NK, L-732,138 (5 mg/kg, i.p.;
30 min; Bang etal. 2004) and NK, receptor antagonists
SR48968 (1.6 umol/kg, i.v.; 5 min; Trevisani et al. 2005) or
with capsaicin as neonates (Jancso et al. 1977; Costa et al.
1997) prior to pollutant-treatment.

Ability of pollutants to elicit acute hyper-permeability
in the rat airways

Anaesthetised rats were used and plasma extravasation was
determined by the extravascular accumulation of labelled
125]-bovine serum albumin ('>’I-BSA; 0.0925 MBg/rat)
previously injected via the tail vein, as described elsewhere
(Costa et al. 1997). Varying doses of DEP (1 and 5 mg/kg),
and 1,2-NQ (35 and 100 nmol/kg) or DEP plus 1,2-NQ
(1 mg/kg + 35 nmol/kg), capsaicin (160 nmol/kg; Ricciar-
dolo et al., 1994) or corresponding vehicles were injected
by i.tr. route in the anaesthetised animals. After 15 min, a
blood sample (1 ml) was taken by cardiac puncture and
centrifuged (10,000 g, 5 min). The animals were killed by
anaesthetic overdose followed by cervical dislocation. The
chest was carefully opened and a cannula was inserted into
the right ventricle, and slowly washed twice with 20 ml of
heparinized (10 Ul/ml) phosphate-buffered saline (PBS;
0.1 mol/l, pH 7.4). The blood and perfusion fluid were
expelled through an incision made in the left ventricle. The
trachea, left lobe of lung and main bronchus were rapidly
excised and placed in a Petri dish, where the fat and con-
nective sheaths were removed using fine forceps and scis-
sors. The tissue samples were weighed and analysed using
a counter (Cobra II, Packard BioScience, Dreieich, Ger-
many) together with 100 pl of plasma. The volume of
plasma extravasation was calculated by comparing the
amount of the accumulation of intravenously injected (i.v.)
of '"»I-human serum albumin ('*’I-BSA) present in the
tissue with the amount present in the known volume of
blood plasma. The blood samples were centrifuged at
8,000xg for 10 min to obtain a plasma sample. Results
were expressed as volume of plasma extravasation (ul) per
g of wet tissue compared to total counts in 1 ml of plasma.

RNA extraction and quantification of TRPV1
and tachykinin NK; and NK, receptors gene
expression by RT-PCR

Animals were treated by i.tr. route with the test agents or
corresponding vehicles for 3 h as described above. The
main bronchus was immediately removed from the animal
weighed and the total RNA was extracted using Brazol

reagent (LGC Biotechnology, Sdo Paulo, Brazil). RT was
conducted in a total volume of 50 pl containing 2 pg of
total RNA using 10 U of Superscript II reverse transcriptase
according to the manufacturer’s protocol (Invitrogen; Sdo
Paulo, Brazil). Tachykinins NK; and NK, and the vanilloid
(TRPV1) receptor primers for PCR amplification of a 380,
491 and 498-bp fragments were obtained from Invitrogen
(Sao Paulo, Brazil), accordingly (Xin et al. 2005; Franco-
Penteado et al. 2006; Ni et al. 2006). The forward (sense)
primers for NK;, NK, and TRPV1 were as follows: CATC
AACCCAGATCTCTACC, CATCACTGTGGACGAGG
GGG and TCATGGGTGAGACCGTCAACAAG and the
reverse (antisense) primers were GCTGGAGCTTTCTGTC
TAGGA, TGTCTTCCTCAGTTGGTGTC, and TGGCTT
AAGGGATCCCGTATAAT. PCR was performed in a
total volume of 25 pl, using 2.5 pul of cDNA template,
2.5 pl of 10x PCR buffer, 1.5 mM MgCl,, 0.2 mM dNTPs,
2 units of Taq DNA polymerase, oligonucleotide primer
pair [5 pM] and internal control primer: glyceraldehyde-3-
phosphate dehydrogenase-GAPDH [3 uM] (Invitrogen,
Sdo Paulo, Brazil). After amplification for 40 cycles (45 seg
at 94°C, 45 seg at 56°C and 1 min at 72°C, respectively),
PCR products were electrophoresed in 2% agarose gels and
viewed by ethidium bromide staining. Band fluorescence
images were acquired and digitalized using a Chemilmager
5500 system (Alpha Innotech Corporation, San Leandro,
CA, USA). For each sample, the rations between the densi-
tometry value for each specific gene and the corresponding
GAPDH were expressed relative to those for f-actin in the
same sample.

Western blot analysis for 3-nitrotyrosine (3-NT)-containing
proteins

A sample of 50 pg of total proteins contained in the main
bronchus homogenate was electrophoresed on SDS-poly-
acrylamide gels (SDS-PAGE; 10% polyacrylamide) and
further transferred to a nitrocellulose membrane (Laemmli
1970). After blocking non-specific sites with casein (0.2%),
blots were sequentially overlaid overnight (12 h, at 4°C)
with 500 ng/ml of the primary mouse monoclonal anti-NT
(Upstate; New York, USA). An alkaline phosphatase-
labelled rabbit anti-mouse antibody was employed as sec-
ondary antibody, and the immunoreactive bands were
detected using a chemiluminescent assay kit (Lumi-Phos;
Pierce; Rockford, IL, USA). The Bands intensities were
estimated by densitometric analysis.

Capsaicin desensitization
All experiments were carried in accordance with the guide-

lines for animal care at the Institute of Biomedical Sciences
(University of Sdo Paulo, Brazil). The rostral part of the
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back of neonate rats (second day of life; 7-8 g) was
cleaned, and approximately 50 mg of lidocaine gel (2%)
was applied to the skin. After 10 min, rats received a single
subcutaneous (s.c.) injection of capsaicin to deplete sensory
neuropeptides (Jancso et al. 1977; Costa et al. 1997) or its
corresponding volume of vehicle (100 pl/mouse; 10% etha-
nol and 10% Tween 80, in 0.9% w/v NaCl solution). Both
male and female rats were used 60-70 days later.

Statistical analysis

Data are presented as mean = SEM unless otherwise stated.
Differences among data groups were assessed by ANOVA
followed by Bonferroni’s modified ¢ test or when requested
by unpaired Student’s t tests as indicated. A P value of less
than 0.05 was considered to indicate significance.

Results

Effect of simultaneous injection of DEP and 1,2-NQ on
microvascular permeability in the rat airways

Intratracheal injection of DEP (1 and 5 mg/kg, n=4-8)
induced an increase in microvascular permeability (plasma
extravasation) as measured by '’I-BSA in the isolated tra-
chea and main bronchus, but with a lack of effect in the
lung after 15 min (Fig. 1a). At 1 mg/kg, DEP was unable to
evoke a significant plasma extravasation, whereas at 5 mg/
kg, this substance caused a marked response in these struc-
tures as compared to vehicle-treated animals (Fig. 1a).
Likewise, the i.tr. injection of the reactive compound 1,2-
NQ, at 35 and 100 nmol/kg (n = 5-8), produced a signifi-
cant and dose-dependent plasma extravasation in the tra-
chea and main bronchus, but not in the lung (Fig. 1b).

Figure 2a and b shows that the non-significant plasma
extravasation evoked by DEP (1 mg/kg) in the rat trachea
and main bronchus was greatly increased by co-injection
with 35 nmol/kg of 1,2-NQ (110 + 18% and 350 £ 10.2%
for trachea and bronchus, respectively, n =9) in compari-
son to DEP alone.

Effect of the tachykinin NK, and NK, receptor antagonists
and capsaicin depletion on the pollutant-induced plasma
extravasation

The pretreatment of rats with the NK, receptor antagonist
L-732,138 (5 mg/kg, i.p.) acted in a potent manner to
inhibit the plasma protein extravasation evoked by the mix-
ture of DEP and 1,2-NQ in the trachea and main bronchus
(Fig. 3, n=4). Similarly, the NK, receptor antagonist
SR48968 (1.6 umol/kg, i.v.) significantly inhibited the
responses evoked by these pollutants in the trachea and
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Fig. 1 The effect of intratracheal (i.tr.) injection of DEP (1 and 5 mg/
kg, (a) and 1,2-NQ (35 and 100 nmol/kg, (b) in the rat trachea, main
bronchus and lung. Either pollutants or its vehicle were itr. injected and
plasma extravasation was measured by the extravascular accumulation
of i.v. injected '’I-BSA in the rat airways. The results are expressed as
microlitres of plasma extravasated/g of wet tissue. The columns repre-
sent the mean &= SEM of seven to nine rats. * P < 0.05; *** P < 0.001
compared to vehicle-treated group

main bronchus (n =4, Fig.3). The inhibitory response
evoked by SR48968 in the rat trachea and main bronchus
was smaller.

In order to investigate the direct involvement of C-fibres
in DEP and 1,2-NQ-induced plasma extravasation in the rat
trachea and main bronchus, experiments were conducted in
rats treated with capsaicin as neonates. The ability of these
pollutants to elicit plasma protein extravasation in the air-
ways of capsaicin-treated rats was markedly reduced
(P<0.05, P<0.01) when compared with healthy rats
treated only with the pollutants (n = 10; Fig. 4). The i.tr.
injection of the pollutants vehicle in healthy or capsaicin-
treated animals did not evoke a significant plasma extrava-
sation in the trachea and main bronchus (Fig. 4; n = 4).

To ascertain if the neonatal capsaicin treatment was
effective, either healthy or capsaicin-treated rats were sub-
mitted to i.tr. injection of capsaicin (160 nmol/kg, n = 4) as
previously described (Ricciardolo etal. 1994). Rats
depleted of neuropeptides by neonatal treatment with cap-
saicin exhibited a marked reduction of plasma extravasa-
tion in the airways in response to i.tr. injection of capsaicin
(79 £ 7.6 and 75 +£ 26 pl/g for trachea and main bronchus,
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Fig. 2 Combination of DEP and 1,2-NQ on rat airway. Low doses of
DEP (1 mg/kg) and 1,2-NQ (35 nmol/kg) resulted in additive effect of
the increased vascular permeability (plasma extravasation) on the rat
trachea (a) and main bronchus (b). The results are expressed as micro-
litres of plasma extravasated/g of wet tissue. The columns represent the
mean £+ SEM of five to eight rats. * P < 0.05; *** P < 0.001 compared
to vehicle group and # P < 0.05; #* P < 0.01 compared to DEP or 1,2-
NQ alone

respectively; n =4) when compared with values in healthy
rats (165 & 10.5 and 197.4 & 11 pl/g for trachea and main
bronchus, respectively; n = 4). The i.tr. injection of capsai-
cin vehicle in rats depleted of neuropeptides did not evoke a
significant change in the increase of microvascular perme-
ability in the trachea and main bronchus as compared to
healthy animals that received the same treatment intratrach-
eally (not shown; n =4).

Pollutants-induced up-regulation of TRPV1
and the tachykinin NK, and NK, receptors
expression in rat main bronchus

Following 3 h of treatment with DEP (1 mg/kg) or 1,2-NQ
(35 nmolkg), the main bronchus cells of healthy rats did not
exhibit a significant change in the gene expression of NK,,
NK, and TRPVI receptors as compared to healthy rats
treated with the pollutant—vehicle (Fig. 5a, ¢). However, the
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Fig. 3 Effect of the tachykinin NK receptor antagonist L-732,138 and
the NK, receptor antagonist SR48968 on the changes in vascular per-
meability caused by DEP and 1,2-NQ on rat airway. The open columns
represent the responses to pollutants in control rats, whereas the closed
and striped columns show the response to pollutants in the presence of
L-732,138 (5 mg/kg, 30 min, i.p.) and SR48968 (1.6 pmol/kg, 5 min,
i.v.), respectively, in the trachea and main bronchus. The results are ex-
pressed as microlitres of plasma extravasated/g of wet tissue and are
the mean + SEM of three to four rats. * P <0.05; ** P <0.01 com-
pared to control group
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Fig. 4 Effect of the neonatal treatment with capsaicin on the changes
in vascular permeability caused by DEP and 1,2-NQ. The open col-
umns represent the responses to pollutants or their vehicle in healthy
rats and the closed columns show the response to pollutants or their
vehicle in capsaicin-treated rats. The results are expressed as microli-
tres of plasma extravasated/g of wet tissue and are the mean = SEM of
four to ten rats. * P < 0.05; *** P < 0.001 compared to healthy rats

RT-PCR analysis in the main bronchus of healthy rats
showed a marked induction of mRNA expression for these
receptors by the mixture of DEP and 1,2-NQ (Fig. 5a, ¢). In
capsaicin-treated rats exposed to DEP and 1,2-NQ, there
was a significant inhibition in the mRNA expression levels
of NK,, NK, and TRPV1 receptors in the main bronchus as
compared to healthy rats exposed to DEP and 1,2-NQ
(Fig. 5a, ¢).
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Fig. 5 mRNA expression for TRPVR1 and NK, and NK, receptors in
the main bronchus of rats after 3 h exposure to i.tr. injection of DEP
and 1,2-NQ alone or co-injected. a The RT-PCR amplification of
mRNA for TRPVR1 and b, ¢ the mRNA for NK,; and NK, receptors,
respectively. d GAPDH that was used as the internal standard. The
mRNA levels were estimated by densitometry of the bands. The open
columns represent the responses to pollutants vehicle in healthy rats
and both light and dark grey columns show the response to DEP or 1,2-
NQ alone in healthy rats. The closed and striped columns illustrates the
responses to the pollutants mixture (DEP and 1,2-NQ) in healthy and
capsaicin-treated rats, respectively. The results are expressed as
mean = SEM of three to five rats. * P <0.05 compared to control
group that received the pollutants vehicle and * P < 0.05 compared to
healthy rats exposed to DEP and 1,2-NQ
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Discussion

Epidemiological studies have associated different levels of
ambient pollutants with and adverse birth outcomes. How-
ever, the interaction between two environmental pollutants
such as DEP and 1,2-NQ and pulmonary inflammation is
poorly studied. We have used inflammatory parameters
such as increased vascular permeability (plasma extravasa-
tion), an oxidative stress marker and assessment of gene
expression for neurogenic modulators (e.g. tachykinins and
TRPV1, the capsaicin receptor, a sensory neuronal TRP
(transient receptor potential) ion channel, in airway chemo-
sensation and inflammation, to test the hypothesis that the
adverse pro-inflammatory effects of exposure to DEP can
be exacerbated by organic chemical compounds such as
1,2-NQ via direct actions on capsaicin-sensitive sensory
fibres. We have used the i.tr. instillation of substances as
bolus amounts since this method of delivery has been
shown to be a convenient and valid mode of administration
of precise doses of foreign compounds, including PM, into
the airways of mice and rats, as well as it allows the admin-
istration of precise doses into the airways of animals within
a short period of time (Wallenborn et al. 2007; see review
Driscoll et al. 2000). Here, using a low dose of DEP (1 mg/
kg), which did not produce a significant plasma protein
extravasation in the rat airways, we could observe that the
co-administration of 1,2-NQ produced a clear increase in
DEP-induced response in the rat trachea and main bron-
chus, but not in the lung. Responses to DEP and 1,2-NQ
were additive rather than synergistic, i.e. the responses did
not occlude each other. Taken together, these data suggest
that 1,2-NQ might represent a crucial component by which
DEP perpetuates and amplify the deleterious response
capable to evoke clinical inflammatory signs.

Evidence shows that the sensory fibres and non-neuronal
cells such as human nasal mucosa and bronchial epithelial
cells contain TRPVI1 receptors (Reilly etal. 2005; Seki
et al. 2006). Moreover, the trachea and main bronchus are
densely innervated by sensory nerves immunoreactive to
substance P (Lundberg et al. 1984; Baluk et al. 1992) and
the vasodilator CGRP (for review, see Dakhama et al.
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2004). Herein, the involvement of TRPV1 and the tachyki-
nin receptors gene expression in the mediation of DEP and
1,2-NQ-induced plasma extravasation was investigated as
previous data indicated a possible involvement of TRPV1
receptors in 1,2-NQ-induced tracheal contraction in vitro
(Kikuno et al. 2006) and substance P in DEP-induced pul-
monary inflammation in rats in vivo (Wong et al. 2003).
We found that the exposure of rats for more than 3 h to
DEP and 1,2-NQ produced TRPV1 and both NK, and NK,
receptors over-expression in the cells of rat main bronchus.
This effect was not observed with a single dose of DEP,
whilst the treatment with 1,2-NQ alone produced a signifi-
cant increase in the tachykinin NK, receptor gene expres-
sion, but failed to affect the gene expression of TRPV1 and
NK, receptors. This confirms our data that DEP-induced
adverse effects on the airways (e.g. additive plasma protein
extravasation) are greatly mediated by the organic contami-
nant 1,2-NQ, thus suggesting also that the additive oedema
in response to simultaneous i.tr. injection of DEP and 1,2-
NQ depend on up-regulation of TRPV1 and tachykinin
receptors.

A variety of stimuli, such as LPS, cytokines and pollu-
tants generates reactive oxygen species in the airway cells
such as epithelial cells and macrophages (Imrich et al.
2007; Auger et al. 2006; Dagher et al. 2007), and this in
turn leads to a worsening of airway inflammatory diseases,
including asthma and bronchitis. Interestingly, the occur-
rence of 3-NT-containing proteins, a post-translational
modification that may occur under oxidative stress condi-
tions (mediated in some cases by nitric oxide and/or super-
oxide anion overproduction) has been shown in RAW
264.7 cell line treated with DEP (Xiao et al. 2005) as well
as in the lung cells of rats exposed to fine PM (Laskin et al.
2003). However, we found no evidence of increased nitra-
tion of protein tyrosine residues in the main bronchus cells
of rats treated acutely with DEP and 1,2-NQ, but it is neces-
sary to examine the involvement of other oxidative stress
markers to explain the oxidative reaction in the rat main
bronchus.

In order to facilitate the better understanding of the
adverse healthy effects of DEP with its contaminant 1,2-
NQ, we investigated the possible underlying mechanisms
involved in the rat airways. On the basis that if the final
mechanism involved in DEP and 1,2-NQ-induced oedema
in the rat airways is modulated by up regulation of TRPV1
and tachykinins (NK; and NK,) receptors it would be
expected that responses to these pollutants, like responses
to capsaicin, would be modulated by a direct neurogenic-
mediated component and, therefore, could be blocked by
pretreatment of rats with capsaicin; a well-known tool used
to deplete stock of neuropeptides (Jancso et al. 1977). We
show clearly that the plasma extravasation evoked by these
pollutants in the rat airways was significantly reduced, but

not abolished, by this treatment. Thus, even though they
partially act on the same population of capsaicin-sensitive
fibres it is unlikely that this is the unique underlying mech-
anism.

The data obtained from the capsaicin-treated rats pre-
dict that DEP and 1,2-NQ-induced plasma extravasation
in rat airways should be mediated by the endogenous
release of the pro-inflammatory neuropeptide substance P.
This peptide is most usually found in the peripheral sen-
sory C-fibers and its main receptor (NK,) is widely dis-
tributed in the cells body, mainly on endothelial cells of
post-capillaries venules, where increasing vascular per-
meability (oedema) and leukocyte transmigration take
place (Rawlingson et al. 2004). We found this to be the
case, as the tachykinin NK, receptor antagonist markedly
reduced the plasma extravasation evoked by DEP and
1,2-NQ in the rat trachea and main bronchus. To a lesser
extent, although significantly, the plasma extravasation in
response to these pollutants was also inhibited by the NK,
receptor antagonist, thus indicating that in addition to the
NK, receptor (and its endogenous agonist substance P),
the NK, receptor (and its endogenous agonist neurokinin
A; NKA) plays a role in the inflammatory response
evoked by DEP and 1,2-NQ. To our knowledge to date,
this is the first time that the concomitant involvement of
the NK, receptor has been shown in the increased vascu-
lar permeability of the airways induced by acute exposure
to DEP and 1,2-NQ. Nevertheless, this receptor has been
involved in the deleterious effect of cigarette smoke
(Tagawa et al. 2005) and ozone in the airways of guinea
pigs (Fu et al. 2002). The current findings are supported
by the RT-PCR results which showed that capsaicin treat-
ment reduced the gene over-expression of both NK; and
NK, receptors in the rat main bronchus in response to
DEP and 1,2-NQ.

In conclusion, our results are consistent with the
hypothesis that airway inflammation in response to acute
exposure of DEP is highly influenced by increased ambi-
ent levels of 1,2-NQ, and that takes place by up regulation
of TRPV1 and tachykinins (NK; and NK,) receptors.
These findings further contribute to growing evidences
that implicates the up regulation of neurogenic compo-
nents as one of the critical neurotoxicological mecha-
nisms responsible for the increased adverse effects of PM
in respiratory diseases.
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