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ABSTRACT

This study was undertaken to clarify the mechanisms by which
C-fiber degeneration at neonatal stages exacerbates the in-
flammatory responses of rat airways. Rats were treated with
capsaicin at neonatal stages and immunized with ovalbumin
(OVA) at adult ages. Challenge of capsaicin-pretreated rats with
OVA promoted a higher influx of neutrophils in bronchoalveolar
lavage (BAL) fluid compared with the vehicle group. No signif-
icant differences were found for the other cell types. The in-
creased adhesion of N-formyl-methionyl-leucyl-phenylalanine
(fMLP; 0.1 uM)- and phorbol myristate acetate (PMA; 1 uM)-
treated neutrophils to fibronectin-coated wells did not differ
among vehicle- and capsaicin-pretreated rats. Additionally,
fMLP (10 uM), platelet-activating factor (0.1 wM), and sub-
stance P (50 uM) induced a significant neutrophil chemotaxis,
but no differences were found among vehicle and capsaicin
groups. Increased levels of tumor necrosis factor (TNF)-q, in-

terleukin (IL)-6, IL-10, and leukotriene B, in BAL fluid as well as
higher expression of cytokine-induced neutrophil chemoattrac-
tant (CINC)-3 in lung homogenates were detected in the cap-
saicin group compared with vehicle group. In the capsaicin
group, chronic treatment with compound 48/80 restored the
TNF-a levels to control values and prevented the neutrophil
influx in BAL fluid. The enhanced production of TNF-«, super-
oxide anion, and nitrite by isolated alveolar macrophages in
response to lipopolysaccharide (3 ng/ml), PMA (10 nM), and/or
zymosan (100 particles/cell) did not differ between vehicle- and
capsaicin-pretreated rats. In conclusion, chronic neuropeptide
depletion promoted by neonatal capsaicin treatment up-regu-
lates airways mast cells, which upon activation by antigen at
adult ages, release large amounts of cytokines such as TNF-«
and CINC-3 that accounts for the massive airways neutrophil
infiltration.

The airways are densely innervated by efferent and affer-
ent autonomic nerves, which regulate many aspects of air-
way functions. The parasympathetic nervous system is the
dominant neural efferent pathway in the control of airway
smooth muscle, but afferent inhibitory and excitatory nonad-
renergic noncholinergic (NANC) nerves also play important
roles in the lung functions. The inhibitory NANC system is
the only bronchodilator pathway in the airways, whereas the
excitatory NANC system mediates the bronchoconstrictor
responses via the release of neuropeptides (substance P and
neurokinin A) from a subpopulation of nonmyeliated sensory
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C fibers (Barnes et al., 1996). Studies performed with capsa-
icin indicate that this substance is the best known pharma-
cological agent that releases neuropeptides from sensory C
fibers since it interferes with the synthesis and intraneuro-
nal transport of the peptides (Jancso et al., 1977). Therefore,
capsaicin, given to adult or neonate animals, has largely been
used to identify capsaicin-sensitive neuronal pathways and
to explore their contributions to evaluate sensory neuron
mechanisms. Experimental studies have shown that acute
treatment of adult animals with capsaicin to deplete the
neuropeptide stores generally lead to anti-inflammatory ef-
fects characterized by reduction of microvascular permeabil-
ity, bronchoconstriction, and/or leukocyte influx in rats,
guinea pigs, mouse, and rabbit upon exposition to different
inflammatory conditions (Cambridge and Brain, 1993; Buck-
ley and Nijkamp, 1994; Herd et al., 1995; Tibério et al., 1997,

ABBREVIATIONS: NANC, nonadrenergic noncholinergic; LPS, lipopolysaccharide; OVA, ovalbumin; BAL, bronchoalveolar lavage; PBS, phos-
phate-buffered saline; MEM, Eagle’s minimum essential medium; MPO, myeloperoxidase; fMLP, N-formyl-methionyl-leucyl-phenilalanine; PMA,
phorbol myristate acetate; iINOS, inducible nitric oxide synthase; CINC, cytokine-induced neutrophil chemoattractant; COX, cyclooxygenase;
PCR, polymerase chain reaction; LTB,, leukotriene B,; TNF-«, tumor necrosis factor-e; IL, interleukin; O, superoxide anion; PAF, platelet-

activating factor; AM, alveolar macrophage; CPS, capsaicin.
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Ferreira et al., 2000; MacLean et al., 2000). On the other
hand, when administered at neonatal stages of the rat, cap-
saicin produces extensive and irreversible lesions of sensory
fibers resulting in a permanent loss by degeneration of 50 to
90% of all unmyelinated afferent fibers (Jancsé et al., 1977).
Using this model of neonatal capsaicin treatment, a marked
enhancement of the airways hyperresponsiveness and/or in-
flammatory responses to Mycoplasma pulmonis infection
(Bowden et al., 1996), ozone (Sterner-Kock et al., 1996), lipo-
polysaccharide (LPS), and SO, gas (Long et al., 1996, 1997)
have been reported. More recently, the neonatal capsaicin
treatment has also been shown to exacerbate both the neu-
trophil recruitment into the airways and tracheal reactivity
of ovalbumin-sensitized adult rats by mechanisms indepen-
dent of IgE responses (Medeiros et al., 2001, 2003), suggest-
ing a protective role for C-fibers in attenuating cell infiltra-
tion into tissues. Likewise, in certain organs such as the rat
and human stomach, capsaicin-sensitive sensory fibers, via
the release of calcitonin gene-related peptide, tachykinins,
and NO, have been shown to play a pivotal role in maintain-
ing the gastric mucosal integrity against injurious interven-
tions (Wallace et al., 1992; Szolcsanyi and Bartho, 2001). The
present study was designed to further clarify the mecha-
nisms involved in the protective role exerted by C-fibers in
the rat lungs. To achieve this, rats were treated with capsa-
icin at neonatal stages and immunized with ovalbumin
(OVA) at adult ages. The production of inflammatory medi-
ators in bronchoalveolar lavage (BAL) fluid and mRNA ex-
pression in lung tissue, as well as in vitro neutrophilic func-
tions (adhesion and chemotaxis), were investigated in the
OVA-challenged rats.

Materials and Methods

Neonatal Capsaicin Treatment. The experimental protocols
were approved by the Ethical Principles in Animal Research adopted
by the Brazilian College for Animal Experimentation. Both male and
female Wistar rats were treated on the 2nd day of life with capsaicin
(30 mg/kg s.c.) or the vehicle [10% ethanol and 10% Tween 80 in 0.9%
(w/v) NaCl solution], as previously described (Jancsé et al., 1977).
The animals were then used at adult ages (8—10 weeks after capsa-
icin pretreatment). The levels of substance P in bronchoalveolar
lavage fluid of the capsaicin-pretreated rats were reduced by 75% at
adult ages (9.3 = 1.2 and 2.3 * 0.5 pg/ml for control and capsaicin
groups, respectively), indicating that neonatal treatment of rats with
capsaicin was efficient to promote the neuropeptide depletion.

Sensitization Procedure and Antigen Challenge. Adult rats
(180-250 g) were sensitized with OVA chicken egg (grade III). Sen-
sitization was performed by subcutaneous injection of OVA (0.15 ml)
solution containing 200 ug of OVA and 8 mg of Al (OH); prepared in
saline. Nonsensitized rats received only Al (OH,). Fourteen days
later, both sensitized and nonsensitized rats were anesthetized with
pentobarbital sodium (60 mg/kg i.p.), and the trachea was exposed
through a midline ventral incision of approximately 0.5 cm length in
the neck. With the aid of a 26.5-gauge needle, 0.4 ml of 0.25%
solution of OVA was injected into airways. Our experimental proto-
cols resulted in four groups: vehicle pretreated, nonsensitized; cap-
saicin pretreated, nonsensitized; vehicle pretreated, OVA sensitized;
and capsaicin pretreated, OVA sensitized. In a separate group of
OVA-sensitized rats (vehicle- and capsaicin-pretreated), compound
48/80 was chronically administered intraperitoneally to animals
twice a day for 4 days. The dose employed was 0.6 mg/kg for the first
six injections and 1.2 mg/kg for the last two injections (Di Rosa et al.,
1971).
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Leukocyte Counts in BAL Fluid. BAL was performed 6 h after
OVA challenge. Briefly, the animal trachea was exposed and cannu-
lated with a polyethylene tube (1-mm diameter) connected to a
syringe. The lungs were washed by flushing with PBS solution con-
taining heparin (20 Ul/ml). The fluid recovered was centrifuged
(1000g for 10 min at 20°C). The cell supernatant was discarded, and
the cell pellet was resuspended in 2 ml of PBS buffer. Total cell
counts were done with an automated cell counter (CELL-DYN 1700),
whereas differential counts were carried out on a minimum of 200
cells using cytospin preparation stained with May-Griinwald. The
cells were classified as neutrophils, eosinophils, and mononuclear
cells based on normal morphological criteria.

Isolation of Peripheral Blood Neutrophils. Neutrophils were
separated from peripheral blood collected in 3.13% (w/v) sodium
citrate (10:1) and obtained by Dextran sedimentation followed by
Ficoll gradient (1.077 g/liter). After separation of monocytes and
granulocytes by centrifugation at 400g for 30 min, the granulocyte
layer was washed once in Eagle’s minimum essential medium
(MEM; pH 7.2) before performing a hypotonic lysis to lyse contami-
nating red cells. Cells were washed once again in MEM before
resuspending, finally, in MEM/0.1% ovalbumin. Total cell number
was calculated (cells were diluted 1:20 and counted in an improved
Neubauer hemocytometer), and cells were cytospinned onto slides
and a cell differentiation count performed. The final cell suspension
contained 95% of neutrophils. Cell viability (>95%) was assessed by
Trypan blue dye exclusion test.

In Vitro Neutrophil Chemotaxis. Cell migration assays were
performed using a 96-well chemotaxis chamber (ChemoTx; Neuro
Probe, Gaithersburg, MD). Twenty-five microliters of cell suspension
in MEM/ovalbumin (8 X 10° cells/ml) were added to the upper
compartment of the chamber and separated from the lower chamber
containing 29 ul of chemotactic agents by a polycarbonate filter
(5-um pore). The chambers were incubated at 37°C in a 5% CO,
atmosphere for 120 min. The wells of the upper compartment were
emptied by aspiration and then disassembled. To detach adherent
neutrophils from the filter, the microtiter plate with attached filter
was centrifuged at 1200 rpm for 5 min at room temperature. Plates
were then stored frozen overnight before measuring the myeloper-
oxidase (MPO) content. Plates were defrosted on ice before extract-
ing with 0.5% (w/v) hexadecyltrimethyl ammonium bromide in 50
mM potassium phosphate buffer, pH 6.0. Twenty microliters of each
well sample was mixed with 200 ul of o-dianisidine solution (0.167
mg/ml o-dianisidine dihydrochloride, 0.0005% hydrogen peroxide in
50 mM phosphate buffer, pH 6.0) immediately prior to reading the
absorbance at 460 nm over 5 min in a microplate (Multiscan MS;
Labsystems, Helsinki, Finland). Migrated neutrophils were calcu-
lated by comparing absorbance changes of unknown samples with
those of the standard curve, which was performed measuring the
MPO values of different neutrophil number (2.0 X 10° to 20 X 10°
cells/ml).

Neutrophil Adhesion Assays. Ninety-six-well plates were pre-
pared by coating individual wells with 60 ul of fibronectin (20 ug/ml)
overnight at 4°C. Wells were then washed twice with PBS before
blocking noncoated sites with 0.1% (w/v) bovine serum albumin for
60 min at 37°C. Wells were washed twice again with PBS before
allowing plates to dry. Neutrophils (50 ul of 0.5 X 10° cells/ml in
MEM/ovalbumin) were seeded onto the coated wells alone or with
fMLP (10~ 7 M) or PMA (10~ M), and cells were allowed to adhere for
30 min at 37°C, 5% CO,. Neutrophils were treated with fMLP and
PMA alone or with antibodies against Mac-1 (ICRF 44, 1:12) or
VLA-4 (HP21, 20 pg/ml) and a nonspecific control monoclonal anti-
body (IgG, 10 pg/ml). Following incubation, nonadhered cells were
washed twice with PBS. Fifty microliters of MEM was added to each
well, and varying concentrations of the original neutrophil cell sus-
pension were added to empty wells to form a standard curve. Plates
were then stored frozen overnight before measuring the MPO con-
tent of adherent cells and calculating percentage neutrophil adhe-
sion. The MPO activity was evaluated as described above. Adherence



442 Franco-Penteado et al.
was calculated by comparing absorbance changes of unknowns to
those of the standard curve.

Analysis of CINC-1, CINC-2, CINC-3, COX-2, and iNOS Gene
Expression by Reverse Transcriptase-Polymerase Chain Re-
action (PCR). Total RNA from whole lung was extracted by the
Trizol reagent method, according to the manufacturer’s protocol (In-
vitrogen, Carlsbad, CA). cDNA was synthesized from 15 ug of total
RNA using Superscript II (Invitrogen), and the obtained material
was stored at —20°C until use. PCR reactions were performed in a
final volume of 50 ul, containing 5 ul of cDNA solution, 5 ul of 10X
PCR buffer, 1.5 mM MgCl,, 0.2 mM dNTPs, 2 units of TagDNA
polymerase (Invitrogen), and variable concentrations of each oligo-
nucleotide primer pair [CINC-1, 1 uM; CINC-2, 2 uM; CINC-3, 3 uM;
COX-2 and iNOS, 5 uM; glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) internal control, 3 uM]. The nucleotide sequences of the
used primers are shown in Table 1.

Amplification cycle for CINCs was done with denaturation for 5
min at 94°C followed by 23 cycles of amplification consisting of a
denaturation step 95°C for 1 min, a primer-annealing step at 56°C
for 2 min, and an extension step at 72°C for 3 min. After the last
amplification cycle, samples were incubated at 72°C for 7 min for
extension. Thirty-three cycles were performed for the amplification
of the COX-2 (1 min of denaturation at 94°C, 2 min of annealing at
56°C, and 1 min of extension at 72°C), and 30 cycles were performed
for the iNOS (1 min of denaturation at 94°C, 45 sec of annealing at
65°C, and 1.5 min of extension at 72°C). Lungs samples obtained
from rats 6 h after an LPS injection (0.3 mg/kg i.v.) were run in
parallel and served as positive controls for COX-2 and iNOS expres-
sion. PCR products were separated on 1.8% agarose gels containing
ethidium bromide. Band fluorescence images were acquired and
digitalized using a Chemilmager 5500 system (Alpha Innotech Cor-
poration, San Leandro, CA), and the band intensities were deter-
mined by densitometry using the equipment software. For each
sample, the ratios between the densitometry value for each specific
gene and that corresponding GAPDH were calculated and statisti-
cally analyzed for comparison among the experimental groups.

Measurement of LTB,, TNF-q, IL-6, IL-10, and Substance P
Levels in BAL Fluid. Rat TNF-«, LTB,, IL-6, IL-10, and substance
P levels were measured in BAL supernatants using commercially
available enzyme-linked immunosorbent assays according to the
manufacturer’s instructions for rat TNF-a (BD Biosciences Phar-
Mingen, San Diego, CA) and rat LTB,, IL-6, IL-10, and substance P
(R&D Systems, Minneapolis, MN).

Measurement of Nitrite and TNF-«a Production by Alveolar
Macrophages in Vitro. Bronchoalveolar lavage fluid obtained from
capsaicin- and vehicle-pretreated rats were centrifuged (10 min,
470g), and cells recovered from pellets were pooled. The cell pellets
were resuspended in culture medium (RPMI 1640) supplemented
with bovine serum albumin (0.1%) and transferred to 35-mm-diam-
eter tissue culture wells (1 ml/well, six wells). They were allowed to
adhere for 2 h at 37°C in a humidified atmosphere containing 5%
CO,. Nonadherent alveolar macrophages were discarded, and the

TABLE 1
Nucleotide sequences of the used primers

Primer

iNOS (651 bp)

Sequence (5" — 3')

ACA ACA GGA ACC TAC CAG CTC A
GAT GTT GTA GCG CTG TGT GTC A
AGA CAG ATC ATA AGC GAG GAC C
CAC TTG CAT TGA TGG TGG CTG T

COX-2 (1158 bp)

CINC-1 (298 bp) TGGAGAAAGAAGATAGATTGC
TTCTTCCCGCTCAACACCTTC

CINC-2 (309 bp) CACTGAAGAGTTACGATGTCA
TGAGGCTCCATAAATGAAAGA

CINC-3 (300 bp) CCTGGAAAGGAAGAACATGGG
ACCTCCCAACTACATAAGTAA

GAPDH (400 bp) GGT GCT GAG TAT GTC GTG GA

TTC AGC TCT GGG ATG ACC TT

remaining cells corresponded to >95%. Cells were incubated for 6 h
in the presence of LPS (3 png/ml) or OVA (10 pg/ml), then the super-
natant from each well was collected and stored at —70°C. The con-
centrations of both TNF-a and nitrite were assayed using Griess
reagent and enzyme-linked immunosorbent assay (see above), re-
spectively. For the nitrite production, absorbance was measured at
540 nm, and amount of nitrite produced was determined using so-
dium nitrite as a standard.

Measurement of Superoxide Anion (0O;) Production by Al-
veolar Macrophages in Vitro. Alveolar macrophages from capsa-
icin- and vehicle-pretreated rats were isolated as described above.
Cells were resuspended with Hank’s balanced salt solution supple-
mented with 10 mM HEPES (pH 7.4), and the isolated cells were
counted. Cell suspensions were diluted to a concentration of 2 X 10°
cells/ml. The production of O; by alveolar macrophages was mea-
sured based on the superoxide dismutase-inhibitable spectrophoto-
metric detection of reduced cytochrome c. The production of Oj was
studied after 2 h of incubation with zymosan (100 particles/cell),
PMA (10 nM), and OVA (10 pg/ml) in comparison with nonstimu-
lated cells. Spectrophotometric measurements at 550 nm were per-
formed to determine the degree of reduction of ferri-cytochrome c.

Materials. Antibodies were purchased from Serotec (Raleigh, NC)
(HP2/1, ICRF 44, and isotype control monoclonal antibodies), Rock-
land (Gilbertsville, PA). All other products were obtained from Sig-
ma-Aldrich (St. Louis, MO).

Statistical Analysis. Data are presented as the means = S.E. M.
and were analyzed by analysis of variance for multiple comparisons
followed by Bonferroni test or Student’s unpaired ¢ test where ap-
propriate. In both cases, the level of significance was set at P < 0.05.

Results

Number of Leukocytes in BAL Fluid. The number of
total and differential leukocyte in BAL fluid was evaluated in
vehicle- and capsaicin-pretreated rats at 6 h after OVA chal-
lenge. The number of total leukocytes and neutrophils in the
capsaicin group was significantly higher (P < 0.05) than the
vehicle group, particularly in the OVA-sensitized rats (Table
2). The mononuclear cell counts did not differ significantly
among groups (Table 2).

Neutrophil Adhesion Induced by fMLP and PMA in
Fibronectin-Coated Plates: Effect of VLA-4- and Mac-
1-Blocking Monoclonal Antibodies. Isolated neutrophils
obtained from vehicle- or capsaicin-pretreated rats were in-
cubated (15 min, 37°C, 5% CO,) with fMLP (107 M) or PMA
(107 M) to evaluate the stimulated adhesion. Under these
conditions, fMLP (10~ 7 M) significantly increased the neu-
trophil adhesion to fibronectin-coated plates independently if
cells were isolated from vehicle or capsaicin group (Fig. 1). A
similar result was observed using PMA (10~ M) to stimulate

TABLE 2

Number of total leukocytes (TLs), neutrophils (NE), and mononuclear
cells (MN) in BAL fluid from rats neonatally treated with capsaicin
(CPS) or vehicle

At adult age, nonsensitized and sensitized rats were intratracheally injected with
ovalbumin and BAL was evaluated 6 h post-OVA injection. Results are mean val-
ues = S.E.M. from five to nine animals.

BAL Fluid (x10%BAL)

Nonsensitized OVA-sensitized
Vehicle CPS Vehicle CPS
TL 14 +04 2.3 *+0.3 2.6 + 0.4* 6.1 = 1.3%**
NE 04 +0.1 0.8 +0.2 1.1 +0.3*% 3.9 & 1.4%%*
MN 1.0 £ 0.3 1.5+0.3 1.5 +0.3 21=*03

* P < 0.05 compared with respective nonsensitized rats.
#* P < 0.05 compared with OVA-sensitized vehicle group.
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Fig. 1. Increased adhesion of stimulated neutrophils to
fibronectin-coated plates. Peripheral neutrophils ob-
tained from either vehicle- or capsaicin-pretreated rats
were incubated with fMLP (1 X 10~7 M) or PMA (1 X
107% M) for 30 min (37°C, 5% CO,), in the absence or
presence of anti-VLA-4 or anti-Mac-1 monoclonal anti-

# bodies (mAb). A nonspecific monoclonal antibody (IgG)

was used as negative control. Results are expressed as
percent adhered cell values + S.E.M. of three indepen-
dent experiments with three replicates in each. *, P <
0.05 compared with basal adhesion (B). #, P < 0.05
compared with stimulated cells in absence of mAb.

B +VLA; +Mac-1 IgG

mAb mAb mAb

+VLA; +Mac-1 IgG
mAb

fMLP

adhesion (Fig. 1). In addition, the increased adhesion to fi-
bronectin seen when neutrophils were incubated with fMLP
was abolished upon coincubation with either anti-VLA-4 or
anti-Mac monoclonal antibodies, irrespective if cells were
obtained from vehicle or capsaicin groups. Similarly, the
anti-VLA-4 or anti-Mac monoclonal antibodies prevented the
increased adhesion of PMA-treated neutrophils in fibronec-
tin-coated plates, as observed in both vehicle and capsaicin
groups (Fig. 1). The nonspecific monoclonal antibody had no
significant effect on the neutrophil adhesion in any of the
conditions used.

In Vitro Neutrophil Chemotaxis. In preliminary experi-
ments, a concentration-response curve for fMLP (0.1 to 10 uM),
PAF (0.01 to 10 uM), and substance P (10 to 50 wM) on neutro-
phil chemotaxis was made, and a single concentration of each
agent that yielded submaximal responses was then routinely
used. Our results showed that fMLP (10 uM)-, PAF (0.1 uM)-,
and SP (50 uM)-induced neutrophil chemotaxis did not signifi-
cantly differ between vehicle and capsaicin groups, as observed
in both nonsensitized and OVA-sensitized rats (Table 3).

COX-2, iNOS, CINC-1, CINC-2, and CINC-3 mRNA
Expression in the Lung Tissues. The expressions of
COX-2,iNOS, CINC-1, CINC-2, and CINC-3 were studied in
the lung tissues obtained from vehicle (nonsensitized and
OVA-sensitized)- and capsaicin (nonsensitized and OVA-
sensitized)-pretreated rats. The expression of COX-2 and
iNOS expression was not significantly increased in any con-
dition used (data not shown). Using LPS (6 h) as a positive

TABLE 3

In vitro chemotaxis of neutrophils in response to fMLP (10 uM), PAF
(0.1 uM), and substance P (50 uM)

Peripheral neutrophils were isolated from vehicle- or CPS-pretreated rats. Neutro-
phils from vehicle or capsaicin-pretreated rats were incubated with each chemotactic
agent for 2 h (37°C, 5% CO,). Results are expressed as mean of total cell number
values = S.E.M. of three independent experiments of three replicates in each.

Neutrophils (X 10%/ml)

Nonsensitized OVA sensitized
Vehicle CPS Vehicle CPS
MEM 4.2 +0.3 3.3*+02 2803 25=*03
fMLP 13.1 + 2.7* 13.9 = 1.0* 9.9 +1.2*% 11.6 + 1.6*
PAF 18.6 = 1.8* 175 +43*% 11.3*+1.9* 123 +4.1*
Substance P 17.5 + 1.2* 1890 = 1.1% ND ND

ND, not determined.
* P < 0.05 compared with untreated cells (MEM).

PMA

control, a marked increase in both COX-2 and iNOS expres-
sion was detected (data not shown). The expression of
CINC-1 in lung tissues of OVA-sensitized animals did not
significantly differ among vehicle and capsaicin groups,
whereas the CINC-2 expression was decreased (P < 0.05) in
capsaicin-pretreated rats (Fig. 2). On the other hand, CINC-3
mRNA expression in the lung tissue of OVA-sensitized rats
was significantly increased in the capsaicin group compared
with the vehicle group (Fig. 2).

Measurement of LTB,, TNF-q, IL-6, and IL-10 in BAL
Fluid. The levels of LTB,, TNF-«, IL-6, and IL.-10 were mea-
sured in the BAL fluid from vehicle and capsaicin groups (non-
sensitized and OVA-sensitized rats) at 6 h after OVA challenge.
In both groups, increased levels of TNF-a were detected in
OVA-sensitized rats, but the increase in the capsaicin group
was 168% higher (P < 0.01) compared with vehicle group (Fig.
3). In vehicle-pretreated rats, the concentrations of LTB,, IL-6,
and IL-10 did not significantly differ among nonsensitized and
OVA-sensitized animals. However, in the capsaicin-pretreated
rats, significantly higher concentrations of LTB,, IL-6, and
IL-10 were detected in OVA-sensitized rats in comparison with
the respective nonsensitized animals or the OVA-sensitized
rats belonging to vehicle group (Fig. 3).

Rats Treated Chronically with Compound 48/80:
Number of Leukocyte Counts and TNF-«a Levels in BAL
Fluid. In OVA-sensitized rats, compound 48/80 was given
chronically to both vehicle and capsaicin groups, and neutro-
phil counts and TNF-« levels were evaluated in BAL fluid at
6 h after OVA challenge. In the capsaicin group, treatment
with compound 48/80 reversed the increased counts of neu-
trophils, without significantly affecting the cell counts in the
vehicle group (Fig. 4). Moreover, the increased levels of
TNF-a seen in BAL fluid of the capsaicin group were mark-
edly reduced by pretreatment with compound 48/80, whereas
in the vehicle group, a moderate (but nonsignificant) reduc-
tion was observed (Fig. 4).

Measurement of TNF-«, Nitrite, and O; in Stimu-
lated Alveolar Macrophages (AMs). Alveolar macro-
phages obtained from vehicle- and capsaicin-pretreated
rats were isolated and stimulated in vitro, and levels of
TNF-q, nitrite, and O; were evaluated in the AM superna-
tants. The TNF-«a production in response to LPS (3 ug/ml)
was markedly increased in vehicle and capsaicin groups, but
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Fig. 2. Representative
reverse transcriptase-
PCR amplification of
mRNA for CINC-1, CINC-2,
and CINC-3 obtained from
lung homogenates from ve-
hicle (open bars)- and capsa-
icin (solid bars)-pretreated
rats. GAPDH was used as
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vehicle; lane 2 (CPS), non-
sensitized, capsaicin; Lane
3 (C), OVA sensitized, ve-
hicle; and lane 4 (CPS),
OVA sensitized, capsa-
icin. *, P < 0.05 compared
with sensitized rats of ve-
hicle group. #, P < 0.05
compared with nonsensi-
tized rats. C, vehicle-
treated rats; CPS, capsa-
icin-treated rats; NS,
nonsensitized; S, OVA
sensitized.

GAPDH
CINC -2

S— S— e ww GAPDH

. T civc -3

CPS C CPS

NS S

no significant differences among both of these groups could
be detected (Table 4). The production of Oj;in PMA (10 nM)-
and zymosan (100 particles/cell)-stimulated AM was mark-
edly increased in both vehicle and capsaicin groups, but no
differences among them could be observed (Table 4). In ad-
dition, the elevated levels of nitrite in AM stimulated with
LPS (3 pg/ml) did not significantly differ between vehicle and
capsaicin groups (Table 4).

Discussion

In our present study, the OVA challenge in immunized rats
treated with capsaicin as neonates promoted a higher neu-
trophil migration at 6 h in comparison with vehicle-pre-
treated animals, and that was accompanied by larger release
of TNF-a, IL-6, IL-10, and LTB, in BAL fluid, as well as by
higher CINC-3 expression in the lung tissues. This suggests

NS S

that in normal conditions, capsaicin-sensitive sensory C-fi-
bers act to attenuate allergic neutrophil infiltration; conse-
quently, permanent loss of C-fibers by capsaicin neonatal
treatment represents a state that primes the lung tissue,
which in turn evokes large neutrophil recruitment upon an-
tigen challenge.

There is evidence that priming of neutrophils can result in
exaggerated neutrophil functions and inflammatory media-
tor release, leading to abnormal homing and activation of
inflammatory cells in remote tissues (Wagner and Roth,
2000). Priming of neutrophils is, therefore, one of the pivotal
processes that regulate their functional responses. To explore
the possibility that capsaicin neonatal treatment primed pe-
ripheral neutrophils that could explain their massive lung
accumulation after antigen challenge, we first evaluated the
ability of neutrophils to adhere in fibronectin-coated plates
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Fig. 3. Levels of TNF-a (A), LTB, (B), IL-6 (C), and IL-10 (D) after OVA challenge in BAL fluid of vehicle- and capsaicin-pretreated rats. At adult ages,
nonsensitized (NS) and sensitized (S) rats were intratracheally injected with OVA, and BAL fluid was collected 6 h post-OVA challenge. Results are
mean values = S.E.M. from six animals. *, P < 0.05 compared with nonsensitized rats. #, P < 0.05 compared with sensitized rats of vehicle group.

upon stimulation with fMLP and PMA. The B, integrins
(Mac-1 and LFA-1) are accepted to be the major integrin
mediators of neutrophil adhesion to endothelial cells during
migration, but a B,-independent mechanism via the integrin
VLA-4 has also been shown to influence the infiltration of
neutrophils into lungs (Burns et al., 2001). Chemotactically
stimulated human neutrophils express VLA-4 when allowed
to transmigrate across endothelial layers or when treated
with fMLP, PAF, or IL-8 (Kubes et al., 1995). In fibronectin-
coated plates, both Mac-1 and VLA-4 have been shown to
mediate the adhesion of human neutrophils (Conran et al.,
2003), thus mimicking the in vivo studies. In our study,
stimulation of peripheral neutrophils with fMLP or PMA
increased the cell adhesion to fibronectin-coated plates, but
no differences in neutrophil adhesion between the vehicle
and capsaicin groups could be detected. Furthermore, the
anti-VLA-4 or anti-Mac monoclonal antibodies prevented the
increased adhesion of stimulated neutrophils irrespective if
neutrophils were obtained from vehicle- or capsaicin-pre-
treated rats, strongly suggesting that modifications in cell
adhesion capacity and/or adhesion molecule expression do
not explain the higher in vivo accumulation of lung neutro-
phils in the capsaicin group. Next, we examined the capacity
of neutrophils to migrate in vitro in response to the chemoat-
tractants fMLP, PAF, and substance P. These agents directly
or indirectly influence neutrophil migration across endothe-
lium and pore filters via G protein activation (Volpi et al.,
1985; Carolan and Casale, 1993). However, the enhanced
chemotaxis responses to these chemoattractants did not dif-
fer among vehicle or capsaicin groups. Taken together, data

with cell chemotaxis and adhesion are clear to suggest that
peripheral neutrophils of capsaicin-pretreated rats are not
found primed while in the circulating blood.

The IL-8 family of chemokines plays a major role in neu-
trophil infiltration into inflamed tissues. In the rat, CINCs
have been considered the functional homologs of IL-8 and
comprise the isomers CINC-1, CINC-2«, CINC-28, and
CINC-3 (Watanabe et al., 1991). These cytokines are potent
chemotactic factors for rat neutrophils both in vitro and in
vivo and can be induced by LPS, IL-1, and TNF-a (Watanabe
et al., 1991). Furthermore, CINCs have similar ability to
induce chemotaxis and to activate rat neutrophils, suggest-
ing that their contribution to neutrophil infiltration depends
on the amount of each present in a certain inflammatory site
(Nakagawa et al., 1998). Thus, our data that only CINC-3
mRNA expression is increased in lung tissue from capsaicin-
pretreated rats upon antigen exposure indicate a pivotal role
for this cytokine in the airways neutrophil infiltration of the
capsaicin neonatal model. Likewise, increased mRNA rat
expression for CINC-3 has been detected in the lung injury
induced by IgG immune complex (Shanley et al., 1997). The
reduction of CINC-2 expression in the lung homogenates of
capsaicin-pretreated rats is unclear, and additional studies
are required to elucidate this aspect. Of interest, CINC-3 is
able to inhibit neutrophil chemotaxis and calcium mobiliza-
tion induced by CINC-1 and CINC-2 (Shibata et al., 2000).
Whether elevation of CINC-3 levels down-regulate expres-
sion of the other homologues remains to be elucidated.

The exposure of capsaicin-pretreated rats to OVA signifi-
cantly increased the levels of TNF-q, IL-6, and IL-10 in BAL
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TABLE 4

TNF-q, O,, and nitrite production in supernatant of alveolar
macrophages obtained from vehicle- and capsaicin (CPS)-pretreated
rats and stimulated in vitro with PMA (10 nM), zymosan (100
particles/cells), and/or LPS (3 pug/ml, 6 h)

Results are mean values + S.E.M. from six animals.

Vehicle CPS

TNF-« (ng/ml)

Basal 3.4 +0.32 3.1+06

LPS 4.4 + 0.24% 4.5 + 0.3*
0, (nmol/10° cells)

Basal 0.5*0.2 04 *+02

PMA 7.0 £ 1.1% 7.5 + 0.7

Zymosan 2.1 +0.3*% 3.0 = 0.4*
Nitrite (uM)

Basal 6.6 1.0 7.0 +1.8

LPS 21.5 = 1.6* 19.6 + 0.6*

* P < 0.05 compared with basal levels.

fluid compared with vehicle-pretreated rats. Although the
role of IL-6 in the lung pathophysiology is still controversial
since it may present pro- and anti-inflammatory effects, the
functions of IL-10 offering clinical protection and reduction of
lung pathology is well established (Morrison et al., 2000).
Interleukin-10 reduces the levels and expression of TNF-«a by
mononuclear cells and mast cells (Weber et al., 1995). In our
study, in BAL fluid of vehicle-treated rats (OVA challenged),
a moderate increase in TNF-a with no significant changes in
the levels of IL-6 and IL-10 was detected. However, OVA
challenge in capsaicin-pretreated rats caused marked eleva-
tions of TNF-a and IL-6 in BAL fluid accompanied by con-
comitant elevations in the IL-10 levels, thus suggesting that

lung injury by OVA challenge in capsaicin-pretreated rats
undergoes down-regulation by this cytokine. Furthermore, in
immune inflammation in mice, TNF-a induces in vivo peri-
toneal neutrophil migration via mechanisms involving re-
lease of LTB, (Canetti et al.,, 2001), a finding that may
explain the moderate (but significant) increase in LTB, levels
in BAL fluid of capsaicin-pretreated rats.

Alveolar macrophages are richly present in alveoli, distal
airspaces, and conducting airways, and produce both Thl
(TNF-a) and Th2 (IL-6 and IL-10) cytokines, along with nitric
oxide and lipoxygenase products (Hamid et al., 2003). There-
fore, the enhanced production of cytokines and lipid media-
tors in lungs of capsaicin-pretreated rats points to this cell
type as a potential source involved in the generation and
release of these inflammatory mediators. However, in our
study, the enhanced production of TNFe, nitrite, and O in
stimulated alveolar macrophages did not differ among vehi-
cle and capsaicin groups, suggesting that the higher neutro-
phil influx of capsaicin-pretreated rats cannot be explained
by an up-regulation of alveolar macrophages. The failure of
capsaicin-pretreated rats to increase the expressions of iNOS
and COX-2 in the lung tissues exposed to antigen challenge
reinforces this suggestion since macrophages are recognized
as major cells in producing NO and arachidonic acid metab-
olites in lung disease states (Hamid et al., 2003).

C-fibers are found beneath and within the epithelium,
around blood vessels, and within the bronchial smooth mus-
cle layer. Mast cells are also located close to blood vessels,
nerves, epithelia, and bronchial smooth muscle. Functional
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and morphological relationship exists between mast cells and
capsaicin-sensitive sensory nerves in the airways mucosa
(Alving et al., 1991). The sensitized mast cells store cytokines
such as TNF-a within its granules and release them upon
antigenic presentation, making it a pivotal cell in the allergic
asthmatic response to allergens. Furthermore, TNF-a pro-
duced by mast cells exerts critical roles in neutrophil influx
under different pathological conditions such as the delayed-
type hypersensitivity reactions (Biedermann et al., 2000) and
bacterial infections (Tessier et al., 1998). Activated mast cells
also produce LTB, and a variety of other cytokines, including
IL-6, IL-10, and CINC-3 (Weber et al., 1995; Shanley et al.,
1997). Thus, connective tissue and/or mucosal mast cells in
the lung can be considered as target cells in connection with
C-fibers implicated in the enhanced neutrophil recruitment
into the airways of capsaicin-pretreated rats. To investigate
this possibility, control and capsaicin-pretreated rats were
treated chronically with the mast cell activator compound
48/80, and both neutrophil counts and TNF-« levels in BAL
fluid were examined in the OVA-challenged rats. Chronic
treatment of rats with compound 48/80 is a classical model
used to deplete the histamine/5-HT stores in connective tis-
sue mast cells (Di Rosa et al., 1971) leading to a virtual
disappearance of connective tissue mast cells in airway tis-
sues (Tam et al., 1988; Damazo et al., 2001). Additionally,
both mucosal and connective tissue mast cells are able to
release TNF-« in response to OVA challenge (Trezena et al.,
2003) and compound 48/80 (Gibbs et al., 2001). We found it
reasonable to speculate that pulmonary mast cells undergo a
large reduction of TNF-a levels in conditions of chronic treat-
ment with this compound. Our results showed that chronic
treatment with compound 48/80 restored the TNF-« levels to
control values and prevented the neutrophil infiltration in
BAL fluid seen in capsaicin-pretreated rats. Taken together,
these data are indicative that C-fiber degeneration at neona-
tal stages causes an up-regulation of airways mast cells and
enhancement of TNF-«a production, which upon OVA chal-
lenge, lead to degranulation and large release of inflamma-
tory mediators. Interestingly, neonatal treatment with
capsaicin in rats (Ahlstedt et al., 1986) and lambs (Ramirez-
Romero et al., 2000) has been shown to increase mast cell
population around blood vessels, pleura, and the entire re-
spiratory tract. Additional studies are required to establish
the mechanisms by which C-fibers act to attenuate allergic
neutrophil infiltration in the airways. Substance P activates
pertussis toxin-sensitive GTP-binding proteins in mast cells,
causing the release of TNF-a via mitogen-activated protein
kinase pathways (Azzolina et al., 2003). Hence, the substance
P-induced TNF-«a release would be exacerbated in conditions
of permanent loss of C-fibers where airways mast cells are
found up-regulated. Another possibility to explain our find-
ings deals with a potential deficiency of somatostatin in the
airways of capsaicin-pretreated rats. Somatostatin, released
from activated sensory nerve terminals, reduces mast cell
activity and decreases protease secretion (Saavedra and Ver-
gara, 2003). Consequently, the negative feedback normally
exerted by somatostatin in mast cells would be lost in condi-
tions of C-fiber degeneration, making such cells more suscep-
tible to allergen exposure.

In conclusion, our findings show that capsaicin treatment
at neonatal stages of the rat and hence chronic neuropeptide
depletion primes pulmonary mast cells that, upon activation
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by antigen at adult ages, produce large amounts of cytokines
such as TNF-a and CINC-3, thus triggering the massive
neutrophil airways infiltration.

References

Ahlstedt S, Alving K, Hesselmar B, and Olaisson E (1986) Enhancement of the
bronchial reactivity in immunized rats by neonatal treatment with capsaicin. Int
Arch Allergy Appl Immun 80:262-266.

Alving K, Sundstrom C, Matran R, Panula P, Hokfelt T, and Lundberg JM (1991)
Association between histamine-containing mast cells and sensory nerves in the
skin and airways of control and capsaicin-treated pigs. Cell Tissue Res 264:529—
538.

Azzolina A, Bongiovanni A, and Lampiasi N (2003) Substance P induces TNF-alpha
and IL-6 production through NF kappa B in peritoneal mast cells. Biochim Bio-
phys Acta 1643:75—83.

Barnes PJ, Chung KF, and Page CP (1996) Neuroeffector mechanisms: the interface
between inflammation and neuronal responses. J Allergy Clin Immunol 98:S73—
81.

Biedermann T, Kneilling M, Mailhammer R, Maier K, Sander CA, Kollias G, Kunkel
SL, Hultner L, and Rocken M (2000) Mast cells control neutrophil recruitment
during T cell-mediated delayed-type hypersensitivity reactions through tumor
necrosis factor and macrophage inflammatory protein 2. J Exp Med 192:1441—
1452.

Bowden JJ, Baluk P, Lefevre PM, Schoeb TR, Lindsey JR, and MacDonald DM
(1996) Sensory denervation by neonatal capsaicin treatment exacerbates Myco-
plasma pulmonis infection in rat airways. Am J Physiol 270:L.393-1403.

Buckley TL and Nijkamp FP (1994) Airways hyperreactivity and cellular accumu-
lation in a delayed-type hypersensitivity reaction in the mouse: modulation by
capsaicin-sensitive nerves. Am J Respir Crit Care Med 149:400—-407.

Burns JA, Issekutz TB, Yagita H, and Issekutz AC (2001) The alpha 4 beta 1 (very
late antigen (VLA)-4, CD49d/CD29 and alpha 5 beta 1 (VLA-5, CD49¢/CD29)
integrins mediate beta 2 (CD11/CD18) integrin-independent neutrophil recruit-
ment to endotoxin-induced lung inflammation. J Immunol 166:4644—4649.

Cambridge H and Brain SD (1993) The effect of intra-articular capsaicin on passive
synovial anaphylaxis and blood flow in the rat knee joint. Brain Res 618:238-245.

Canetti C, Silva JS, Ferreira SH, and Cunha FQ (2001) Tumour necrosis factor-a and
leukotriene B, mediate the neutrophil migration in immune inflammation. Br J
Pharmacol 134:1619-1628.

Carolan EJ and Casale TB (1993) Effects of neuropeptides on neutrophil migration
through noncellular and endothelial barriers. J Allergy Clin Immunol 92:589-598.

Conran N, Gambero A, Ferreira HH, Antunes E, and De Nucci G (2003) Nitric oxide
has a role in regulating VLA-4-integrin expression on the human neutrophil cell
surface. Biochem Pharmacol 66:43-50.

Damazo AS, Tavares de Lima W, Perretti M, and Oliani SM (2001) Pharmacological
modulation of allergic inflammation in the rat airways and association with mast
cell heterogeneity. Eur J Pharmacol 426:123-130.

Di Rosa M, Giroud JP, and Willoughby DA (1971) Studies on the mediators of the
acute inflammatory response induced in rats in different sites by carrageenan and
turpentine. J Pathol 104:15-29.

Ferreira PK, Campos MM, and Calixto JB (2000) The role of sensorial neuropeptides
in the edematogenic responses mediated by B; agonist des-Arg®-BK in rats pre-
treated with LPS. Regul Pept 89:29-35.

Gibbs BF, Wierecky J, Welker P, Henz BM, Wolff HH, and Grabbe J (2001) Human
skin mast cells rapidly release preformed and newly generated TNF-« and IL-8
following stimulation with anti-IgE and other secretagogues. Exp Dermatol 10:
312-320.

Hamid Q, Tuli¢’ MK, Liu MC, and Mogbel R (2003) Inflammatory cells in asthma:
mechanisms and implications for therapy. J Allergy Clin Immunol 111:S5-S12.
Herd CMM, Gozzard N, and Page CP (1995) Capsaicin pre-treatment prevents the
development of antigen-induced airway hyperresponsiveness in neonatally immu-

nized rabbits. Eur J Pharmacol 282:111-119.

Jancso N, Kiraly E, and Jancsé-Gabor A (1977) Pharmacologically induced selective
degeneration of chemosensitive primary sensory neurons. Nature (Lond) 270:741—
747.

Kubes P, Niu XF, Smith CW, Kehrli ME, Reinhardt PH, and Woodman RC (1995) A
novel B;-adhesion pathway on neutrophils: a mechanism evoked by duhydrocy-
tochalasin B or endothelial transmigration. FASEB o 9:1103-1111.

Long NC, Frevert CW, and Shore SA (1996) Role of C-fibres in the inflammatory
response to intratracheal lipopolysaccharide (LPS). Am J Physiol 271:L-425—-431.

Long NC, Martin JG, Pantano R, and Shore SA (1997) Airway hyperresponsiveness
in a rat model of chronic bronchitis: role of C fibers. Am J Respir Crit Care Med
155:1222-1229.

MacLean PG, Ahluwalia A, and Perretti M (2000) Association between kinin B;
receptor expression and leukocyte trafficking across mouse mesenteric postcapil-
lary venules. J Exp Med 192:367-380.

Medeiros MV, De Luca IMS, Bricola AAO, Zanesco A, De Nucci G, and Antunes E
(2003) Enhanced airways responsiveness in rats depleted of sensory neuropeptides
by neonatal capsaicin treatment. Neurosci Lett 341:103-106.

Medeiros MV, Macedo-Soares MF, De Luca IMS, Hyslop S, De Nucci G, and Antunes
E (2001) Contribution of C-fibres to leucocyte recruitment in bronchoalveolar
lavage fluid and pleural cavity in rat. Eur J Pharmacol 421:133-140.

Morrison DF, Foss DL, and Murtaugh MP (2000) Interleukin-10 gene therapy-
mediated amelioration of bacterial pneumonia. Infect Immun 68:4752—4758.

Nakagawa H, Ando Y, Takano K, and Sunada Y (1998) Differential production of
chemokines and their role in neutrophil infiltration in rat allergic inflammation.
Int Arch Allergy Immunol 115:137-143.

Ramirez-Romero R, Gallup JM, Sonea IM, and Ackermann MR (2000) Dihydrocap-
saicin treatment depletes peptidergic nerve fibers of substance P and alters mast
cell density in the respiratory tract of neonatal sheep. Regul Peptides 91:97-106.



448 Franco-Penteado et al.

Saavedra Y and Vergara P (2003) Somatostatin inhibits intestinal mucosal mast cell
degranulation in normal conditions and during mast cell hyperplasia. Regul Pep-
tides 111:67-75.

Shanley TP, Schmal H, Warner RL, Schmid E, Friedl HP, and Ward PA (1997)
Requirement for C-X-C chemokines (macrophage inflammatory protein-2 and
cytokine-induced neutrophil chemoattractant) in IgG immune complex-induced
lung injury. J Immunol 158:3439-3448.

Shibata F, Konishi K, and Nakagawa H (2000) Identification of a common receptor
for three types of rat cytokine-induced neutrophil chemoattractants (CINCS).
Cytokine 12:1368-1373.

Sterner-Kock A, Vesely KR, Stovall MY, Schelegle ES, Green JF, and Hyde DM
(1996) Neonatal capsaicin treatment increases the severity of ozone-induced lung
injury. Am J Respir Care Med 153:436—443.

Szolesanyi J and Bartho L (2001) Capsaicin-sensitive afferents and their role in
gastroprotection: an update. J Physiol 95:181-188.

Tam EK, Calonico LD, Nadel JA, and McDonald DM (1988) Globule leukocytes and
mast cells in the rat trachea: their number, distribution and response to compound
48/80 and dexamethasone. Anat Embryol 178:107-118.

Tessier PA, Naccache PH, Diener KR, Gladue RP, Neote KA, Clark-Lewis I, and
McColl SR (1998) Induction of acute inflammation in vivo by staphylococcal supe-
rantigens: II. Critical role for chemokines, ICAM-1 and TNF-a. J Immunol 161:
1204-1211.

Tibério IFLC, Turco GMG, Leick-Maldonado EA, Sakae RS, Paiva PSO, Warth
MPTN, Lapa e Silva JR, Saldiva PHN, and Martins MA (1997) Effects of neuro-

kinin depletion on airway inflammation induced by chronic antigen exposure.
Am J Respir Crit Care Med 155:1739-17417.

Trezena AG, da Silva ZL, Oliveira-Filho RM, Damazo AS, Straus AH, Takahashi
HK, Oliani SM, and de Lima WT (2003) Differential regulation of the release of
tumor necrosis factor-alpha and of eicosanoids by mast cells in rat airways after
antigen challenge. Mediat Inflamm 12:237-246.

Volpi M, Naccache PH, Molski TFP, Shefcyk J, Huang CK, March ML, Munoz J,
Becker E, and Sha’afi RI (1985) Pertussis toxin inhibits fMet-Leu-Phe but not
phorbol ester-stimulated changes in rabbit neutrophils: role of G proteins in
excitation-response coupling. Proc Natl Acad Sci USA 82:2708-2712.

Wagner JG and Roth RA (2000) Neutrophil migration mechanisms, with an empha-
sis on the pulmonary vasculature. Pharmacol Rev 52:349-374.

Wallace JL, McKnight W, and Befus AD (1992) Capsaicin-induced hyperemia in the
stomach: possible contribution of mast cells. Am J Physiol 263:G209-G214.

Watanabe K, Koizumi F, Kurashige Y, Tsurufuji S, and Nakagawa H (1991) Rat
CINC, a member of the interleukin-8 family, is a neutrophil-specific chemoattrac-
tant in vivo. Exp Mol Pathol 55:30-37.

Weber S, Kruger-Krasagakes S, Grabbe J, Zuberbier T, and Czarnetzki BM (1995)
Mast cells. Int J Dermatol 34:1-10.

Address correspondence to: Dr. Edson Antunes, Department of Pharma-
cology, Faculty of Medical Sciences, State University of Campinas, P.O. Box 6111,
CEP 13084-971, Campinas, SP, Brazil. E-mail: edson.antunes@uol.com.br




