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Objective: Inflammatory conditions such as asthma have been associated with increasing exposure to ambient air pollutants 

including diesel exhaust particle (DEP) and chemical compounds (1,2-Naphthoquinone [1,2-NQ]). The aim of this study was to 

examine the relationship between neurogenic inflammation and exposure to DEP plus 1,2-NQ in the capsaicin-pretreated rat 

airway. Method: Wistar rats (250-280 g) were used and received anesthesia with ketamine and xylazine. After 3 h rats were 

sacrificed and had their bronchi removed. The levels of TNF-alpha (TNFR1 and TNFR2 receptors), iNOS and NF-kappa B mRNA 

were determined using real-time RT-PCR. Results: Intra-tracheal (i.tr.) injection of DEP (1 mg/kg) plus 1,2-NQ (35 nmol/kg) 

caused increased gene expression of TNF-alpha (and its receptors TNFR1 and TNFR2), iNOS, but not NF-kappa B (n=3-5) in 

capsaicin-pretreated rat airways. Conclusion: This study demonstrated that C-fiber inactivation by capsaicin exacerbates acute 

inflammatory response to DEP plus 1,2-NQ exposure in bronchopulmonary tissues, as indicated by increased proinflammatory 

cytokines (eg TNF-alpha [thus triggering massive neutrophil airways infiltration]) and expression of iNOS, suggesting a protective 

role for C-fibers in rat airways.
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INTRODUCTION 

Particulate matter (PM) emitted by diesel exhaust 
(DEP) comprise a mixture of gases, vapors, organic com-
pounds and fine particles released from vehicle engine-
ering. Considered one of the main villains in triggering 
inflammatory and allergic reactions, since their fine particles 
(PM <2.5 µm penetrate more easily through the airways, 
possibly causing pulmonary complications (1). Biochemical 
evidence demonstrate that toxic chemical molecules such 
as quinones (1,2-NQ) are incorporated into the surface of 
the PED, making them more toxic (2). Considered a physical 
barrier and metabolically active, the lung epithelium con-
tributes to the maintenance of homeostasis in the airways. 
According to Davies et al.,(3) inflammation and airway remo-
deling appear to relate to the susceptibility of the bronchial 
epithelium of patients to inhaled environmental agents. 
Airways contain abundant innervation of sensory afferent 
fibers(4); stimulation of these fibers by chemical mediators is 
modulated by specific receptors, among them the vanilloid 
receptor-1 (TRPV1), known to be activated by capsaicin, a 
pungent ingredient extracted from red peppers of the genus 
Capsicum(5). Administration of capsaicin to newborn rats 
(2-10 days old) at a dose of 50 mg/kg, promotes maximum 
degeneration of unmyelinated sensory afferent fibers with 
consequent neurochemical, histochemical and functional 
impairment (6). Connections exist between pollutants and 
vascular disorders (e.g. inflammation) via mechanisms 
modulated by oxidative stress and NO (1), cytokines such as 
TNF-α which has biological effects mediated by interaction 
with its cell surface receptors: TNFR-I and TNFR-II (7); activa-
tion of transcription factor NF- κ B in epithelial cells of the 
respiratory tract (8), but little is known about the association 
between environmental pollutants and the involvement 
of neuro-inflammatory components (e.g. neuropeptides). 

2. OBJECTIVE 

To study the relationship of inflammation promoted 
by environmental pollutants: PED and 1,2-NQ with neuro-
genic mechanisms in the main bronchus of the rat. 

2 METHODS 

2.1 Animals 
The project was developed according to the rules 

governed by the Animal Ethics Committee of the Institute 
of Biomedical Sciences, Universidade de São Paulo. Wistar 
rats of both sexes (250 - 350g) and, in certain protocols, 
newborn Wistar rats (2-10 days old) treated with capsaicin 
at 50 mg/kg, were used. The animals received intraperito-
neal (ip) anesthesia with a mixture of ketamine (80 mg/kg) 

and xylazine (16 mg/kg). After induction of anesthesia, they 
received intratracheal (i.tr.) injection of test agents and were 
sacrificed after 3 hours. 

2.2 Quantification of gene expression (TNF- α , TNFR1, 
TNFR2, NF- κ B, NOSi) by real time 

The animals were treated with pollutants and three 
hours later the main bronchi were analyzed for gene ex-
pression of TNF- α and its receptors: R1 and R2, as well as 
NF- α B and iNOS by PCR assay. Total RNA extraction was 
performed by the Trizol method. Real-time PCR is based 
on the presence of fluorophore, present in the PCR buffer, 
which releases fluorescence proportional to the number 
of DNA copies. 

2.3 Statistical analysis
They were subjected to one-way analysis of variance 

(ANOVA) followed by modified Bonferroni’s test. Differences 
between means were evaluated with the help of a statistical 
program (Prism 4.0 software). P values <0.05 were consi-
dered significant. 

3. RESULTS 

3.1 Quantification of gene expression of TNF-α , TNFR1, 
TNFR2, NF- κ B and iNOS by real time PCR in the main 
bronchus of rats exposed to pollutants 

The gene expression of cytokine TNF- α and its recep-
tors TNFR1 and TNFR2 was increased in bronchus from rats 
treated with 1,2-NQ alone compared with its vehicle (Figure 
1A-C). In the bronchus of rats treated with DEP, expression of 
the TNFR1 receptor, but not TNF- α and the TNFR2 receptor, 
was affected (P <0.05) when compared with animals that 
received vehicle (Figure 1A-C). In the group of animals that 
received the mixture of pollutants (DEP + 1,2-NQ), a signi-
ficant increase was observed only in the expression of the 
TNFR1 receptor (P <0.001) compared with the vehicle group. 

In the group of animals pretreated with capsaicin 
that received the mixture of pollutants a significant increase 
in gene expressions of TNF- α (P <0.01) and its receptors 
TNFR1 (P <0.05) and TNFR2 (P < 0.001) was observed when 
compared with the group of animals that received only the 
mixture of pollutants (Figure 1A-C). 

No significant changes were observed in gene expres-
sion of NF-kB in the different groups (Figure 2). 

The mixture of pollutants caused no significant 
change in the expression of iNOS, except with PED alone (P 
<0.05) compared to the vehicle group. However, in animals 
treated with capsaicin, the administration of the pollutant 
mixture caused a marked increase in the expression of iNOS 
compared to animals exposed to the same pollutants which 
had not been treated with capsaicin (P <0.01, Figure 3). 
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4. DISCUSSION 

Considered one of the major components of the PM 
environment in urban areas, DEP have been implicated in 
triggering inflammatory diseases of the airways (9). In addi-
tion, reactive chemical compounds such as quinones and 
their reduction products (e.g. hydroquinone, semiquinones), 
found in nature or in PM suspended in air (2), are of particular 
toxicological interest, because they produce, via complex 
mechanisms, a variety of harmful effects on the health of the 
population. Among these effects are: the ability to generate 
oxygen-reactive species, promoting covalent bonds with 
tissue macromolecules (10) that lead to cytotoxicity and cell 
death (2) and also interfere with enzymatic reactions, causing 
immunotoxicity and carcinogenesis (11). 

Figure 2. Gene expression analysis of transcription factor NF-kB in the main 
bronchus of rats. Data are expressed as mean ± SEM for n = 3-5 animals.

Figure 1 A, B, C. Gene expression analysis of TNF- α(panel 1A) and its receptors 
TNFR1 (panel 1B), TNFR2 (panel 1B), TNFR2 (panel 1C) in the main bronchus 
of rats. Data are expressed as mean ± SEM for n = 3-5 animals. * P <0.05, ** 
P <0.01 and *** P <0.001 versus vehicle . # P <0.05, # # P <0.01 and # # # P 
<0.001 versus the group treated with the mixture of pollutants that received 
capsaicin when neonates.

Figure 3. Gene expression analysis of iNOS in the main bronchus of rats treated 
i.tr. with pollutants and their vehicles (after 3 h). Data are expressed as mean ± 
SEM for n = 3-5 animals. * P <0.05 versus vehicle. # # P <0.01 versus the group 
treated with the mixture of pollutants that received capsaicin when neonates.
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The inflammation process of the airways is associated 
with increased production of proinflammatory cytokines 
by epithelial cells (12), macrophages (13), mast cells (14) and 
eosinophils (15). Cytokines also have an important role in 
cell activation, proliferation, cell differentiation, adhesion, 
migration and synthesis of acute phase proteins. In addi-
tion, clinical and experimental studies suggest cytokines 
are a target in chronic obstructive pulmonary diseases (16). 
Among cytokines involved in inflammatory reactions of the 
airways, TNF- α has a leading role, because in addition to 
recruiting leukocytes into the airways, it increases the adhe-
sion of neutrophils and monocytes to the cellular matrix, 
stimulates fibroblast proliferation and production of other 
inflammatory cytokines (17). 

It is interesting to note that the proinflammatory 
cytokine TNF- α has stimulant action on nuclear factors, 
including factor NF-kB (18). Despite high levels of this cytoki-
ne in bronchial homogenates of rats exposed to pollutants, 
real-time PCR analysis did not detect significant increase in 
the concentration of the protein NF-kB in the bronchi of 
the animals, indicating that at the time point investigated, 
the concentration of TNF-α formed did not interfere in the 
generation of factor NF-kB. 

Besides cytokines, the involvement of reactive spe-
cies (NO) in the inflammatory response has been amply 
demonstrated in the literature. This product was also found 
in atmospheric pollution and cigarette smoke (19). In general, 
the cytotoxicity of NO is related to the molecule’s action 
with other compounds released during inflammation, and 
this study’s PCR assay showed significant increase in gene 
expression of iNOS in the main bronchus of rats treated i.tr. 
with DEP and with the mixture of pollutants, pre-treated 
with capsaicin but not in animals treated with 1,2-NQ or a 
mixture thereof, which did not receive capsaicin. 

Airways are densely innervated by sensory nerve 
fibers (20) which, by appropriate stimuli, both endogenous 
(e.g. chemical mediators of inflammation) or exogenous (e.g. 
capsaicin, microorganisms), culminate in the release of neu-
ropeptides, capable of initiate responses/defense mecha-
nisms such as cough, local vasodilation, bronchoconstriction 
and mucus secretion. These can be classically defined as 
neurogenic inflammation. The inflammatory results obtai-
ned in rats treated with capsaicin (neuropeptide-depleted) 
were potentiated when compared with healthy animals. 
Although intriguing, this finding corroborates other litera-
ture data, which suggest that the degeneration of sensory 
fibers (type C), by capsaicin, exacerbated the inflammatory 
response in several experimental models. 

Among the studies, Medeiros et al.,(21) showed that 
neonatal treatment of rats with capsaicin increased neutro-
philia evoked by OVA in bronchoalveolar lavage and pleural 

cavity. This same treatment promoted hyperreactivity in 
rat airways(22). In the animals, treatment with capsaicin 
contributed to a greater increase in bronchial reactivity in 
response to cigarette smoke (23). 

The pooled data obtained in this study together 
with those described in the literature, indicate that the 
neuropeptides biosynthesis impairment, especially tachyki-
nins, is a very relevant aspect for the positive regulation of 
neutropoiesis. It is likely that the increased inflammatory 
response induced by DEP and 1,2-NQ in the bronchi of ani-
mals treated with capsaicin is partly due to the increase in 
pro-inflammatory cytokines genesis. The significant increase 
in gene expressions of TNF- α and its receptors (TNFR1 and 
TNFR2) in reaction to the pollutants in the bronchus of rats 
pretreated with capsaicin compared to healthy animals 
reinforces this hypothesis. 

Additionally, two other hypotheses can be discussed 
to better explain the increased influx of neutrophils in reac-
tion to pollutants in neuropeptides-depleted animals: the 
first, based on evidences by Franco et al., (24) which suggest 
that the permanent loss of C fibers and the consequent su-
ppression of neuropeptides production by treating neonate 
rats with capsaicin leads to increased expression/regulation 
of mast cell lung residents. Thus, we can postulate that 
if mast cells are present in greater quantities in the lung 
parenchyma of rats treated with capsaicin, that the rats, 
when stimulated by the mixture of pollutants, will result in 
increased cytokine production and consequently in greater 
leukocytes influx, therefore the local neutrophil influx indu-
ced by pollutants in the bronchi of neuropeptides-depleted 
rats occurred as a result of increased gene regulation of 
some cytokines by mast cells. 

In conclusion, the results presented in this study 
allow us to suggest that the increase in the production and/
or release of endogenous inflammatory mediators such as 
cytokines, greatly modulates the inflammatory response 
induced by environmental pollutants DEP and 1,2-NQ. 
Their autopharmaclogical process is intensified in animals 
deprived of sensory nerve fibers. This is due partly to the 
fact that in these animals, the absence of neuropeptides 
(possibly tachykinins) resulted in increased macrophage 
functional activity, coupled with the production of proin-
flammatory cytokines by these cells and possibly by mast 
cell lung residents. These evidences contribute to a growing 
argument that the loss of tachykinergic afferent signals le-
ads to worsening of the inflammation induced by irritants, 
including the pollutants DEO and 1,2-NQ. 
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