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rticularly high in the lung, and there is evidence that these peptides are involved
in asthma. Asthma is a chronic inflammatory disease associated with lymphocyte infiltration. In the present
study, we used a murine model of asthma to investigate the role of endothelins in lymphocyte and eosinophil
infiltration into the airway hyperreactivity and mucus secretion. Sensitized C57Bl/6 mice were treated with
endothelin ETA receptor antagonist (BQ123) or endothelin ETB receptor antagonist (BQ788) 30 min before an
antigen aerosol challenge. After 24 h, dose response curves to methacholine were performed in isolated
lungs, FACS analysis of lymphocytes and eosinophil counts were performed in bronchoalveolar lavage fluid
and mucus index was determined by histopathology. In sensitized and antigen-challenged mice there is a
marked increase in the T CD4

+, T CD8
+, B220+, Tγδ+ and NK1.1+ lymphocyte subsets. Treatment with BQ123

further increased these cell populations. The number of eosinophils, airway hyperreactivity and mucus were
all reduced by BQ123 treatment. The BQ 788 had no significant effect on the parameters analyzed. Treatment
with BQ123 reduced the endothelin concentration in lung homogenates, suggesting that endothelins exert a
positive feedback on their synthesis. We show here that in murine asthma the ETA receptor antagonist up-
regulates lymphocyte infiltration and reduces eosinophils, hyperreactivity and mucus.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction
Endothelins are a family of peptides (i.e., ET-1, ET-2, and ET-3)with a
variety of biological activities in both vascular and non-vascular tissues,
including hemodynamic, cardiac, renal and pulmonary effects [1]. In
mammals, endothelins act by binding to two receptor subtypes: the ETA
and ETB receptors [2]. The ETA receptor has a higher affinity for ET-1 and
ET-2 than for ET-3, whereas the ETB receptor has similar affinity for the
three endothelin ligands [3]. Endothelin receptors are widespread
throughout the respiratory tract in animals and humans. Goldie et al.
found that ETA receptors preferentially localize in bronchial and
pulmonary vasculature whereas the ETB receptor is abundant in
parenchyma [4]. However, the localization of the receptor subtypes
may vary depending on the animal species. Levels of endothelins are
particularly high in the lungs. Cellular origin of endothelins in the lungs
includes airway epithelial cells and some inflammatory cells such as
mast cells and macrophages, in addition to vascular endothelial cells
[reviewed in [5]].

Allergic asthma is a chronic inflammatory disease associated with
themigration of TCD4

+ lymphocytes to the lungs, particularly thoseof the
Th2 profile. Allergen-specific T cells are recruited into the airway by
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mediators produced during the allergic inflammation and are respon-
sible for the main features of asthma: airway eosinophilia, bronchial
hyperreactivity and mucus hypersecretion. The lymphocyte infiltration
in asthma consistently occurs in epithelial sites of the respiratory
mucosa where the Tγδ and NKT cells are present in small numbers but
exert important immunoregulatory functions. The Tγδ cells appear to
play a major role in the protection of respiratory mucosa — they
eliminate damaged epithelial cells and contribute to the resolution of
lung inflammation by restoring the number of lungmacrophages [6]. In
experimental asthma the number of pulmonary Tγδ cells increase after
prolonged airway stimulationwith antigen [7]. In asthmatic patients the
number of Tγδ lymphocytes also significantly increases following in vivo
allergenprovocation [8]. Studies usingmicedeficient inTγδ cells suggest
that these cells down-regulate lung allergic inflammation [9,10]. The
NKT are cells of the innate immunity that play an important role in the
stimulation of adaptive immunity. Upon activation they produce Th2
cytokineswithinminutes of stimulation. An increase in number of these
cells was reported to occur in asthmatic patients, and there is evidence
that they are involved in the development of airway hyperresponsive-
ness, either directly or by increasing the Th2 response to allergens [11].
Although substantial progress has been made in the elucidation of
the role of the NKT and Tγδ lymphocytes in immunological homeo-
stasis in the lung, understanding of their role in allergic asthma is still
fragmentary [12].

We have previously shown in amurinemodel of lung inflammation
a clear increase in the number of Tγδ+ and NK1.1+ (the mouse
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equivalent of NKT cells) as well as T CD4
+, T CD8

+, and B220+, in the
bronchoalveolar lavage fluid of immunized mice (C57Bl/c and BALB/c)
following antigen challenge [13]. In the present study, using the same
model we investigated the effect of receptor antagonists of the
endothelins on the number of these lymphocyte subsets in the
bronchoalveolar lavage fluid. The effect of endothelin antagonists on
airway eosinophilia, hyperreactivity and mucus secretion was also
investigated.

2. Materials and methods

2.1. Animals

Male C57Bl/6miceweighing 20–25 g, 6–8weeks old, fromour own
animal facilities were housed in a room with a 12 h light–dark cycle
with water and food ad libido. Animal care and research protocols
were in accordance with the principles and guidelines adopted by the
Brazilian College of Animal Experimentation (COBEA) and approved
by the Ethical Committee for Animal Research of the Institute of
Biomedical Sciences of the University of São Paulo. The animals were
sacrificed by injection of ketamine/xylasine (50 μl of a 100 mg/ml
solution, i.p.)

2.2. Immunization protocol

Micewere sensitized ondays 0 and7 byan intraperitoneal injection
of a mixture containing 50 μg of ovalbumin and 1 mg of Al(OH)3 in
saline (a total volume of 0.2 ml). At 14 and 21 days after the first
immunization the animals were challenged by exposure to an aerosol
of ovalbumin (grade III, Sigma) generated by an ultrasonic nebulizer
(ICEL US-800, SP, Brazil) delivering particles of 0.5–10 μm diameter at
approximately 0.75 cc/min for 20min. The concentration of ovalbumin
in the nebulizer was 2.5% w/v. The control group consisted of animals
immunized as described and challenged with saline solution.

Groups of animals were treated 30 min before each challenge with
intraperitoneal injection of effective doses (1 mg/kg) of the ETA
receptor antagonist (BQ 123) or with the ETB receptor antagonist (BQ
788). The control group consisted of animals treated with the drug
vehicle (0.5% DMSO in saline).

2.3. Bronchoalveolar lavage

The animals were killed by injection of ketamine/xylazine (50 μl of
a 100 mg/ml solution, i.p.) 24 h after exposure to the second aerosol
challenge. A tracheal cannula was inserted via a midcervical incision,
and the airways were lavaged twice with 1 ml of phosphate buffered
saline (PBS, pH 7.4 at 4 ° C).

2.4. Determination of total cells, eosinophils and lymphocytes in the
bronchoalveolar lavage fluid

The bronchoalveolar lavage fluid was centrifuged at 170 ×g for
10min at 4 °C, the supernatantwas removed, and the cell pelletwas re-
suspended in 0.5 ml of PBS. One volume of a solution containing 0.5%
crystal violet dissolved in 30% acetic acidwas added to nine volumes of
the cell suspension. The total number of cells was determined by
counting in a hematocytometer. Following cytocentrifugation of the
bronchoalveolar lavage fluid, cells were stained with hematoxylin-
eosin (Hema 3) for determination of eosinophils number. The total
number of lymphocyteswas determined by flowcytometry analysis, in
which lymphocytes were defined on the basis of size and granulation.

2.5. Flow cytometric analyses of lymphocytes

Phenotypic analysis of lymphocyte subpopulations was assessed
by three-color FACS, using a Facscalibur Cytometer equipped with
Cell Quest software (Becton & Dickinson, San Jose, CA, USA), using
gates defined by forward and side light scatter properties. Bronch-
oalveolar lavage cells were incubated with Fluorescein Isothiocyanate
(FITC), R-Phycoerythrin (PE) or Cy-chrome-labeled monoclonal anti-
bodies anti-CD4 (clone H129.19), anti-CD8 (clone 53–6.7), anti-CD45R/
B220 (clone RA3-6B2), anti-Tγδ (clone GL3) or anti-NK-1.1 (clone
PK136) and adjusted to 1×105 cells/ml in PBS supplemented with 5%
fetal bovine serum and sodium azide (0.1%). Flow cytometry data are
expressed as percentages of lymphocytes bearing specific markers,
having gated on the general lymphocyte population using forward and
right angle scatter.

2.6. Evaluation of airway reactivity

We used a method previously described [14] that measures whole
airway responsiveness to agonists. Mice were immunized and sub-
mitted to two antigen aerosol exposures as described above. Twenty-
four hours after the second antigen challenge, mice received an injec-
tion of ketamine/xylazine (50 μl of a 100 mg/ml solution, i.p.), the
peritoneal cavity was cut open and animals were exsanguinated by
sectioning of the abdominal aorta. The thoracic cavity was then
opened; the pulmonary artery was cannulated and perfused with
10 ml of Krebs solution at 10 ml/min. A cannula was then inserted in
the trachea; the lungswere removed carefully and perfused (5ml/min)
through the trachea with Krebs (37 °C, 95% O2 and 5% CO2) solution.
A small incision was made in the lower end of each lobe to permit
the outflow of the perfusate. The perfusion pressure was recorded in a
Beckman R511A using Gould P23DB pressure transducers. Increases
over basal levels of perfusion pressure following bolus injection of
methacholine were taken as a measure of constriction of the airways.
Increase in perfusion pressure (cmH2O) as a function of the dose (μg)
of methacholine was determined for the entire recording period. The
areas under the curve were calculated, and the results were expressed
as mean area under the curve (mm2).

2.7. Histological analysis of mucus

Lungs were dissected after the recovery of bronchoalveolar lavage,
perfused via the right ventricle with 10 ml PBS to remove residual
blood, immersed in 10% phosphate buffered formalin for 24 h and then
kept in 70% ethanol until embedding in paraffin. Tissues were sliced
(5 μm sections) and stained with hematoxylin/eosin for light micro-
scopy examination or with periodic acid-Schiff (PAS)/hematoxylin for
evaluation of mucus producing cells. The intensity of mucus produc-
tion was evaluated in each preparation and scores from 0 to 3 were
attributed: 0 when none of the bronchi showed any sign of mucus; 1, 2
or 3 when 25%, 50% or more than 50% of the bronchi epithelium was
covered by mucus, respectively. Values shown for each lung represent
the sum of 10 bronchi scored randomly at×250 magnification.

2.8. Determination of immunoreactive endothelin

Lungs were homogenized with a Polytron homogenizer (20 s) in
2 ml of phosphate buffer pH 7.2, and the samples were centrifuged
(3000 ×g, 15 min). The concentration of endothelin in lung tissue was
measured by specific ELISA — (Endothelin-1 EIA kit, Cayman Chem.,
USA) after extraction. The antiserum had 100% cross-reactivity with
endothelin-1, endothelin-2 and endothelin-3, and 0.1% cross-reactiv-
ity with human big-endothelin-1. The extraction of endothelins was
performed using SepPak C18 cartridges as follows: The SepPak
columns were equilibrated with 1 ml methanol and 1 ml water. To
each ml of the sample 0.25 ml HCl (2 M) was added and the acidified
samples were then applied to the cartridges. After washing with 10 ml
aqueous trifluoroacetic acid (TFA; 0.1%,v/v), the endothelin was eluted
with 3 ml methanol:water:TFA (90:10:0.1). After that the samples
were evaporated under nitrogen and re-suspended in EIA buffer.
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2.9. Drug treatments

The antagonists used in this study were injected intraperitoneally
30 min before the rats were killed and lungs removed. BQ 123 (ETA
receptor antagonist) was dissolved in PBS with 20% DMSO to obtain a
10 mg/ml stock solution and used at 1 mg/kg. BQ 788 (ETB receptor
antagonist) was dissolved in PBS with 5% DMSO to obtain a solution of
1 mg/ml and used at 1 mg/kg. DMSO has to be used because these
antagonists are insoluble in aqueous solution at this concentration
according to Brochu et al. [15]. The concentration of the antagonists
was chosen from previous studies [16–19].

2.10. Drugs and reagents

Physiological salt solutions were prepared with salts of analytical
grade in double-distilled water. BQ 788 (N-cis-2,6-dimethylpiperidi-
nocarbonyl-L-γ-methyl-Leu-D-1-methoxycarbonyl-Trp-D-Nle) a selec-
tive ETB receptor antagonist and BQ 123 (Cyclo(D-Asp-Pro-D-Val-Leu-
D-Trp, Na) a selective ETA receptor antagonist, were purchased from
American Peptide (Sunnyvale, CA, USA); Endothelin-1 EIA kit
from Cayman Chemical (Ann Arbor, MI, USA); Trifluoroacetic acid
from Burdick & Jackson (Muskegon, MI, USA); Sep-Pak Cartridges from
Waters Corporation (Milford, MA, USA), ovalbumin grade III, metha-
choline and fetal bovine serum (Sigma Chemical Co., St. Louis,
MO, USA); monoclonal antibodies to lymphocyte markers (BD
Pharmingen, San Diego, CA, USA); Hema 3 (Biochemical Sciences
Inc., Swedesboro, NJ, USA) and aluminum hydroxide gel “Rehydragel”
(Reheis Inc., Berkley Heights, NJ, USA).

2.11. Statistical analysis

Data are expressed as the mean±S.E.M. Statistical analysis of the
data was carried out by analysis of variance (ANOVA), and sequential
analysis of differences among means was done by Tukey's contrast
analysis. Statistics for the mucus scores were performed by non-
parametrical ANOVA with Kruskal Wallis post test. A p-value lower
than 0.05 was considered significant.

3. Results

3.1. Endothelin A receptor antagonist increases lymphocytes and reduces
eosinophils infiltration into airways

Mice immunizedwith ovalbuminwere submitted to two ovalbumin
aerosol challenges and bronchoalveolar lavage was performed 24 h
after the second aerosol challenge. Immunized and saline challenged
mice were used as control. Groups of immunized mice received intra-
peritoneal injections of selected effective doses of endothelin receptor
antagonist BQ 123 (ETA receptor antagonist) or BQ 788 (ETB receptor
antagonist) 1 mg/kg, 30 min before each challenge.

To evaluate the lymphocyte subpopulations, the cells from
bronchoalveolar lavage were incubated with monoclonal antibodies
to the cell markers NK 1.1+, Tγδ+, CD4

+, CD8
+, B220+ as described in

Materials andmethods and submitted toflowcytometry analysis. Fig.1
shows that whereas these cell populations are either undetectable or
found in very low numbers in the control group (immunized animals
given saline aerosol), significant increases in all cell populations were
observed in the immunized and challenged mice. Treatment with ETA
receptor antagonist further increased the number of CD4

+, CD8
+, B220+,

Tγδ+ and NK1.1+ lymphocytes. Treatment with the ETB receptor
antagonist had no effect on lymphocytes infiltration.

When we analyzed the number of lymphocytes gated on the
general lymphocyte population we found that they significantly
increased in sensitized and challenged lungs (23.6±1.9 versus 0.4±
0.2×104 cells/ml in the control group). Treatment with the ETA
receptor antagonist did not significantly affect the number of
lymphocytes (30.0±2.1×104 cells/ml); however, it markedly increased
the relative number of lymphocytes, which accounted for 41.3% of total
cells in the bronchoalveolar lavage fluid, when compared to the non-
treated group, where lymphocytes accounted for 11.3% of the total
cells. The ETB receptor antagonist did not significantly affect the
number nor the percentage of lymphocytes (Table 1). Eosinophil cell
counts were performed in preparations stained with hematoxylin/
eosin. The number of these cells in the bronchoalveolar lavage fluid
significantly increased in the immunized and antigen-challenged
group. Treatment with the ETA receptor antagonist significantly
reduced (65% inhibition) the number of eosinophils in the bronch-
oalveolar lavage fluid whereas treatment with the ETB receptor
antagonist had no significant effect (Table 1).

3.2. Endothelin A receptor antagonist reduces airway hyperreactivity and
mucus secretion

Groups of immunized mice were submitted to two aerosol
ovalbumin challenges, and 24 h later the lungs were removed and
the airway perfusion pressure in response to bolus injections of
increasing doses of methacholine (0.1 to 100 μg) was measured as
described in Materials and methods. Fig. 2 shows that the reactivity of
the airways to methacholine was significantly higher in the antigen-
challenged group compared to the control group (around 30% higher
comparing areas under the curves). This airway hyperreactivity was
significantly reduced by treatment of the mice with the ETA receptor
antagonist (79%) whereas treatment with the ETB receptor antagonist
had no effect on the airway hyperreactivity.

The intensity of mucus production was evaluated in the bronchi
(n=10) and scored from 0 to 3 as described in Materials and methods.
In the control group none of the bronchi contained mucus (score 0), in
contrast to the immunized and antigen-challenged group, where the
scores averaged 2.5. Mucus plugs were not observed in any group. Pre-
treatment with the ETA receptor antagonist significantly inhibited
mucus production. The ETB receptor antagonist had no significant
effect, although it showed a tendency to reducemucus secretion (Fig. 3,
panel A). This is illustrated in panel B, which shows photomicrographs
of lung tissue preparations stained with PAS; (B1) shows bronchus
from mice of the experimental group showing that most of the
bronchus epithelium is covered by mucus; (B2) shows bronchus from
mice of the experimental group pre-treated with the endothelin A
receptor antagonist showing a marked reduction in the mucus-
covered area; (B3) shows bronchus from mice of the experimental
group pre-treated with the ETB receptor antagonist where the mucus
area is similar to the non-treated group.

3.3. Endothelin A receptor antagonist down regulates endothelin
synthesis

The concentration of endothelins was measured in whole lung
homogenates from sensitized mice 24 h after antigen challenge and
was not significantly different from the concentration found in the
control group (sensitized which received saline aerosol). These values
were not significantly different from the basal levels of endothelins
measured in non-manipulatedmice (42.9±4.7 pg endothelin/g tissue).
Treatment with the ETA receptor antagonist significantly reduced
endothelin levels (52%). Treatment with the ETB receptor antagonist
had no effect (Fig. 4).

4. Discussion

Our results show a clear increase in the number of CD4
+, CD8

+, B220+,
Tγδ+ andNK1.1+ cells in the bronchoalveolar lavagefluid of immunized
C57Bl/6 mice following antigen challenge, confirming a previous
report in this mouse strain [13]. Treatment of the sensitized mice with
the ETA receptor antagonist, before the antigen challenge, significantly



Fig. 1. Effect of endothelin receptor antagonists on the bronchoalveolar lavage lymphocyte subpopulations. C57Bl/6 were immunized with an i.p. injection of ovalbumin/alumen, one
booster injection 7 days later, and two ovalbumin aerosol challenges (2.5%, 20 min) on days 14 and 21 post immunization. Selective endothelin A (BQ 123) or B (BQ 788) receptor
antagonists (1 mg/kg, i.p.), were given 30 min before each aerosol challenge. Bronchoalveolar lavage was performed 24 h after the second challenge. The cells were incubated with
fluorochrome-labeled monoclonal antibodies to CD4, CD8, B220, Tγδ, NK1.1 and submitted to FACS analysis. Results are the mean±S.E.M of groups of 5–7 animals. ⁎Pb0.05 in
comparison with control group and #Pb0.05 in comparison with experimental group.
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increased the percentage of CD4
+, CD8

+, B220+, Tγδ+ and NK1.1+ cells in
the bronchoalveolar lavage fluid, suggesting that endogenous
endothelins down-regulate lymphocyte migration into the lung
following allergic stimulation. This is the first demonstration that
endothelin antagonist modifies lymphocyte infiltration in experimen-
tal asthma. In allergic pleurisy, which is a different situation, treatment
with BQ123 reduced CD4

+ and CD8
+ cell numbers [20].
Table 1
Effect of endothelin receptor antagonists on the bronchoalveolar lavage cell infiltration

Cell×104/ml Control Experimental

Total cells 32±3.1 208.5±12.5*
Eosinophils 0.9±0.8 (2.8%) 124.4±12.6* (59.
Lymphocytes 0.4±0.2 (1.2%) 23.6±1.9* (11.3%

Results represent the mean±S.E.M. of groups of 6–8 animals. *Pb0.001 in comparison wit
number of cells was determined by counting in a hematocytometer. Eosinophils cell coun
number of lymphocytes was determined by flow cytometry analysis, lymphocytes being de
The antagonist of ETA receptor markedly reduced the lung
eosinophilia, corroborating previous reports [21–23].

Airway hyperreactivity is a characteristic feature of asthma.
Enhanced response of bronchi to methacholine is found in several
asthma models. In our model, we also found increased airway
reactivity to methacholine after OVA challenge of OVA-sensitized
mice. The hyperreactivity was abolished in mice treated with the ETA
Exp.+BQ 123 Exp.+BQ 788

72.7±5.2# 202.6±19.6*
7%) 7.1±2.1# (9.8%) 99.6±7 * (49.2%)
) 30±2.1* (41.3%) 25.1±2.7* (12.4%)

h the control group; #Pb0.001 comparing treated with non-treated groups. The total
ts were performed after cytocentrifugation and staining with hematoxylin-eosin. The
fined on the basis of size and granulation.



Fig. 4. Concentration of endothelin in lung homogenates. C57Bl/6 were immunized with
an i.p. injection of ovalbumin/alumen, one booster injection 7 days later, and two
ovalbumin aerosol challenges (2.5%, 20 min) on days 14 and 21 post immunization.
Selective endothelin A (BQ 123) or B (BQ 788) receptor antagonists (1 mg/kg, i.p.), were
given 30 min before each aerosol challenge. Lungs were removed 24 h after the second
antigen challenge and the concentration of endothelins in lung homogenates was mea-
sured by ELISA. Results are expressed as pg endothelin/g lung±S.E.M of groups of 5–8
animals. ##Pb0.01 in comparison with the experimental group.

Fig. 2. Effect of endothelin receptor antagonists on airway reactivity to methacholine.
C57Bl/6were immunizedwith an i.p. injection of ovalbumin/alumen, onebooster injection
7 days later, and two ovalbumin aerosol challenges (2.5%, 20 min) on days 14 and 21 post
immunization. Selective endothelinA (BQ123)orB (BQ788) receptorantagonists (1mg/kg,
i.p.), were given 30min before each aerosol challenge. Twenty-four hours after the second
challenge, the lungswere removed and perfused via the trachea, and increases inperfusion
pressure during bolus injection of methacholinewere recorded (2A). Results are expressed
as mean area under the curve±S.E.M of groups of 6 animals. *Pb0.05 in comparison with
the control group and #Pb0.05 in comparison with the experimental group.
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receptor antagonist, BQ123. This is in agreement with Henry et al. [21]
who showed that another ETA receptor antagonist, SB217242, inhibited
the development of hyperreactivity in mice sensitized to house dust
mite allergen and challenged with the allergen.

We showed here that the ETA receptor antagonist reduced the
airway hyperreactivity while it increased the Tγδ+ cell infiltration. This
is consistent with previous findings from studies using Tγδ-deficient
mice that suggested that the bronchial hyperreactivity is down-
regulated by the Tγδ+ cells [9,10]. The obstruction of airway caused by
mucus hypersecretion is another important feature of asthma. In our
study the ETA receptor antagonist significantly reduced the mucus
Fig. 3. Effect of endothelin receptor antagonists on mucus production. Panel A; C57Bl/6 wer
later, and two ovalbumin aerosol challenges (2.5%, 20 min) on days 14 and 21 post immun
antagonists (1 mg/kg, i.p.), were given 30 min before each aerosol challenge. Twenty-four ho
and stainedwith PAS/hematoxylin for evaluation ofmucus as described inMaterials andmeth
experimental group. Panel B: Photomicrographs of lungs stained with PAS/hematoxylin; (B
epithelium is covered by mucus; (B2) bronchus from the mice of the experimental group p
mucus is reduced; (B3) bronchus from mice of the experimental group pre-treated with the
group.
index. Involvement of endothelins in mucus hypersecretion was
shown for the first time in this study.

An interesting finding of this study was that the ETA receptor
antagonist reduced the lung levels of endothelins in immunized and
antigen-challenged mice. This is in accordance with a previous
publication [16] in which we found that the non-selective antagonist
of endothelin receptors (Bosentan), significantly reduced (56%) the
lung concentration of endothelins. In both studies ETs were measured
in homogenates of lung tissue of C57Bl/6. This indicates that there is a
basal production of endothelins in the lung and that there is a turnover
e immunized with an i.p. injection of ovalbumin/alumen, one booster injection 7 days
ization (experimental group). Selective endothelin A (BQ 123) or B (BQ 788) receptor
urs after the second challenge, the lungs were removed, embedded in parathion, sliced
ods. The results are expressed asmedian of the scores. # Pb0.05 in comparisonwith the
1) bronchus from mice of the experimental group showing that most of the bronchus
re-treated with the endothelin A receptor antagonist showing that the area covered by
endothelin B receptor antagonist with mucus-covered area similar to the non-treated
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of endothelin synthesis and degradation, where endothelins exert
a positive feedback on their synthesis. However, this effect seems to
be strain-dependent since in the previous study this feedback was
not observed in BALB/c mice [16]. Surprisingly, the concentration of
endothelins inwhole lung homogenates did not increase after antigen
challenge of sensitized mice, compared to control mice (sensitized
and not challenged) or to naive mice. The levels of endothelins in the
lung tissue are particularly high compared to other tissues [5]. It is
possible that the amount released by antigen challenge is too small to
be detected. Also, endothelins were measured in whole lung homo-
genates, and release of endothelins seems to be restricted to bronchial
epithelium and macrophages, at least in the Sephadex model of lung
eosinophilic inflammation [24]. Another possibility is that the pro-
duction would occur at earlier time points. Finsnes et al. [25] found in
the Sephadex model of lung eosinophilic inflammation that the peak
levels of ET1 mRNA expression were 30 min after provocation.

In a previous study we observed that the percentage of the CD4
+,

B220+ and Tγδ+ cells in sensitized and challenged mice was much
higher in BALB/c than in C57Bl/6 [14]. Interestingly, we have recently
shown that the BALB/c lungs present much lower levels of endothelin
than C57Bl/6 under physiological conditions [15]. Thus, a low level of
endothelins in BALB/c seems to be associated with high infiltration of
lymphocytes. Moreover, blocking the ETA receptor in C57Bl/6 mouse,
increased lymphocytes infiltration into the airway. Taken together
these results suggest that endogenous endothelin in the lung down
regulates lymphocyte infiltration in experimental asthma.

In summary, the ETA receptor antagonist was effective to reduce
eosinophil infiltration, airway hyperreactivity and mucus hypersecre-
tion in experimental asthma but it increased lymphocyte infiltration
into the airway. It is important to further study the effect of ETA
treatment on later stages of lung allergic inflammation. We can only
speculate that the increased infiltration of the Tγδ+ and NK1.1 cells
promoted by the ETA receptor antagonist would protect the
respiratory mucosa and favor the resolution of lung inflammation.
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