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1 Since both histamine and 5-hydroxytryptamine (5-HT) can be released by murine mast cells, we
investigated the possible role of these autacoids on airway hyperresponsiveness (AHR), eosinophil
infiltration and serum-IgE levels in a murine model of allergic asthma.

2 Ovalbumin-sensitized mice were exposed to either ovalbumin (2 mg ml~') or saline aerosols on 8
consecutive days. Starting one day before the challenge, animals were injected i.p. twice a day with a
5-HT-type 1 (5-HT,) or type 2 (5-HT,) receptor antagonist (methiotepine, 1.25 or 2.0 mg kg~' and
ketanserin, 12 mg kg~!, respectively) or a histamine-type 1 (H,) or type 2 (H,) receptor antagonist
(mepyramine, 12 or 20 mg kg~' and cimetidine, 10 or 25 mg kg~ ', respectively). Furthermore, animals
were injected with a combination of cimetidine and ketanserin or with an a-adrenoceptor antagonist
(phentolamine, 5 mg kg~ ").

3 In vehicle-treated ovalbumin-challenged animals airway responsiveness to intravenous injections of
methacholine in vivo was significantly (9 fold increase, P<0.01) increased when compared to vehicle-
treated saline-challenged animals. Furthermore, ovalbumin challenge of vehicle-treated animals induced
a significant increase in both eosinophil numbers in bronchoalveolar lavage (BAL) fluid (0+0, vehicle/
saline and 15.04+5.9 x 10* cells vehicle/ovalbumin, P <0.05) and ovalbumin-specific IgE levels in serum
(157469 and 6174171 units ml™', respectively, P<0.05) compared to saline-challenged mice. Virtually
no eosinophils could be detected in saline-challenged animals after all different treatments.

4 Treatment with ketanserin or cimetidine resulted in a partial but significant decrease of the
ovalbumin-induced AHR compared to ovalbumin-challenged controls (P <0.05) and reduced eosinophil
infiltration after ovalbumin challenge by 60% and 58%, respectively. The combination of cimetidine and
ketanserin almost completely abolished AHR whereas eosinophilia was decreased by 49%. No effects of
these antagonists were observed on IL-16 levels in BAL fluid or on serum antigen-specific IgE levels.
Treatment with either the H,-receptor, the 5-HT,-receptor or the o-adrenoceptor antagonist, did not
decrease the observed ovalbumin-induced airway responsiveness or eosinophilia in vehicle-treated
animals. Higher doses of either methiotepine (2.0 mg kg~') or mepyramine (20 mg kg=") did decrease
ovalbumin-induced eosinophil infiltration (by 67%, P<0.05 and 73%, respectively), whereas no effects
of these antagonists were observed on ovalbumin-specific IgE levels in serum.

5 From these data it can be concluded that both histamine and 5-HT play a role in antigen-induced

AHR and eosinophilia in the mouse.

Keywords: Histamine; 5-hydroxytryptamine; hyperresponsiveness; eosinophils; asthma; IgE

Introduction

Upon antigen challenge IgE-mediated mast cell degranulation
occurs, which leads to an immediate bronchoconstrictive
reaction in patients with allergic asthma (Gomez et al.,
1986). Besides an immediate bronchoconstriction, allergic
asthma in man is characterized by antigen-specific IgE in
serum, airway hyperresponsiveness and inflammation of lung
tissue (Djukanovic et al., 1990; Cockroft & O’Byrne, 1993).
Furthermore, Th, cells are thought to play an important
regulatory role in this disease (Corrigan & Kay, 1992; see Van
Oosterhout & Nijkamp, 1993). We have developed a mouse
model to investigate several asthma related phenomena.
Increased antigen-specific IgE levels in serum are present and
non-specific airway hyperresponsiveness and eosinophil in-
filtration in bronchoalveolar lavage (BAL) fluid have been
demonstrated (Hessel et al., 1995; 1997; De Bie et al., 1996). It
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has also been shown that mast cell degranulation upon antigen
challenge occurs accompanied by an immediate bronchocon-
striction and an increase in mucosal exudation (Hessel et al.,
1995). Besides a role in early asthmatic reactions, mast cells
have also been implicated in the development of airway
hyperresponsiveness. Using mast cell deficient mice, Nagai et
al. (1996) demonstrated that mast cells play an important role
in the onset of airway hyperresponsivness. Furthermore, mast
cell activation enhances antigen-induced airway hyperrespon-
siveness to methacholine in mice (Martin ez al., 1993). Besides
a role in airway hyperresponsiveness, mast cells are also
believed to play a central role in allergic inflammation via
release of cytokines, including interleukin-4 (IL-4) and IL-5
(Plaut et al., 1989). In contrast, in mast cell deficient mice, mast
cells were shown not to be important for the induction of
chronic airway inflammation (Brusselle ez al., 1994; Nagai et
al., 1996).
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Murine mast cells are known to release both histamine and
S-hydroxytryptamine (5-HT) upon stimulation in vivo (Amei-
sen et al., 1989; Dvorak et al., 1994). Both histamine and 5-HT
have been shown to induce IL-16 production by CD8" T cells
(Laberge et al., 1995; 1996). IL-16, previously known as LCF
(Center et al., 1995), is a potent chemoattractant for human
eosinophils (Rand et al., 1991) and CD4 " T cells (Center et al.,
1995), which are thought to play a central role in the
pathogenesis of asthma (Corrigan & Kay, 1992). Interestingly,
we have recently shown that, upon antigen-challenge, the
presence of IL-16 in BAL fluid derived from ovalbumin-
sensitized and challenged animals can be detected (Hessel et
al., 1998), which is in agreement with the presence of IL-16 in
human asthmatics (Laberge et al, 1997). In addition,
treatment with neutralizing antibodies to IL-16 has an
inhibitory effect on airway hyperresponsiveness in our animal
model (Hessel et al., 1998). Other pro-inflammatory actions by
histamine and 5-HT include an increase in vascular perme-
ability, mucus production and various T-cell related effects
(White, 1990; Ptak et al., 1991a; b; Young et al., 1993; Young
& Matthews, 1995).

Since both histamine and 5-HT can be released by murine
mast cells upon antigen challenge (Ameisen et al., 1989;
Dvorak et al., 1994), we wanted to investigate the role of
histamine and 5-HT in asthma-related features. We therefore
measured the presence of IL-16 in BAL fluid, in vivo airway
responsiveness to methacholine, inflammatory cell infiltration
into the airways and serum levels of antigen-specific IgE after
treatment with selective 5-HT or histamine receptor antago-
nists in a murine model of allergic asthma.

Methods

Sensitization and challenge

Specified pathogen free male BALB/c mice (age 6—8 weeks)
were obtained from the breeding colony of the Central Animal
Laboratory (GDL), Utrecht, The Netherlands. The mice were
housed in macrolon cages and provided with food and water
ad libitum. Active sensitization was performed by 7 intraper-
itoneal injections of 10 ug ovalbumin (grade V) in 0.5 ml
pyrogen-free saline on alternate days. This sensitization
procedure has been shown to induce high titres of total
immunoglobulin E antibodies in the serum, of which 80% was
ovalbumin-specific (Hessel et al., 1995). Four weeks after the
last injection, the mice were exposed either to 8 ovalbumin
(2 mg ml~! in saline) or to 8 saline aerosols for 5 min, on
consecutive days (1 aerosol per day). The aerosols were
generated with a jet nebulizer (Pari IS-2, Pari-Werk GmbH,
Starnberg, Germany) connected to a plexiglas exposure
chamber with a volume of 51 in which a maximum of 6
animals were placed. One day before the challenge started and
during the entire challenge period, the mice were injected
intraperitoneally twice a day with selective 5-HT-type 1 (5-
HT,) or type 2 (5-HT,) receptor antagonists (methiotepine,
1.25 mg kg="' or 2.0 mg kg~'; ketanserin, 12 mg kg~") or
selective histamine-type 1 (H,) or type 2 (H,) receptor
antagonists (mepyramine, 12 mg kg~' or 20 mg kg~ '; cimeti-
dine, 10 mg kg=' or 20 mg kg~ "). Doses used were adapted
from other studies in which mice were treated with these
receptor antagonists (Oishi ez al., 1993; Garssen et al., 1993;
Shaoheng & Walls, 1997) or according to the manufacturer’s
advice. Furthermore, animals were injected with a combina-
tion of cimetidine (10 mg kg~"') and ketanserin (12 mg kg~ ")
or with an o-adrenoceptor antagonist (phentolamine,

5 mg kg~") since ketanserin also has effects on these receptors
(Cazzola et al., 1990). Control mice were injected with 0.25 ml
sterile saline.

Airway responsiveness in vivo

Airway responsiveness was measured in vivo 24 h after the last
aerosol exposure using a modified plethysmograph as described
by Corry et al. (1996). In short: mice were anaesthetized by
intraperitoneal injection of urethane (2 g kg~"), and placed on
a heated blanket (30°C). Then, the trachea was cannulated and
a small polyethylene catheter was placed in the jugular vein for
intravenous administrations. Spontaneous breathing of the
animals was suppressed by intravenous injection of tubocur-
arine chloride (3.3 mg kg~'). When the breathing stopped, the
tracheal cannula was attached to a ventilator (C.F. Palmer,
London, U.K.). The inflation volume of the ventilator was
0.8 ml of which the mouse inhales approximately 0.15 ml per
breath with a rate of 200 breaths min—'. Under these
conditions, mice maintain physiological arterial blood gas
parameters (data not shown). Changes in resistance were
measured by use of a plethysmograph, coupled to a pressure
transducer (M45, Validyne Engineering Corp., Northridge,
CA, US.A)). By use of a pulmonary mechanics analyzer
(Model 6, Buxco Corp., Sharon, CT, U.S.A.), lung resistance
(R.) was measured by quantitating AP,[AV~' (AP,=change in
tracheal pressure, AV=change in flow) at points of equal
volume (70% tidal volume). Changes in tracheal pressure were
measured using a pressure transducer connected to the tracheal
ventilation cannula, changes in flow were measured by use of a
pressure transducer connected to the plethysmograph (pressure
changes were calibrated to changes in volume over the
physiologic range studied). At time intervals of at least 4 min
and after the response had returned to baseline level, doses of
methacholin ranging from 40 ug kg~' to 640 ug kg=' were
administered via the jugular catheter. Concentrations of
methacholine were prepared in saline and kept on ice for the
duration of the experiment. For each dose of methacholine the
increase in airway resistance was measured at its peak and
expressed in cmH,0 ml™' s~'. At least 6 mice were evaluated
per experimental group.

Bronchoalveolar lavage

Bronchoalveolar lavage (BAL) was performed in the same
animals that were used for airway hyperresponsiveness
measurements. In pilot experiments it was found that
combining these techniques had no effect on the total number
of cells derived from the lavage nor on the appearance of the
different cell types. Mice were lavaged 5 times through the
tracheal cannula with 1 ml aliquots of pyrogen free saline at
37°C. The first aliquot was supplemented with the protease
inhibitor aprotinine (2 ug ml~') and after centrifugation the
supernatant of this first ml was stored at —80°C for cytokine
measurements. The BAL cells were washed with cold
phosphate-buffered saline (PBS) (400 g, 4°C, 5 min) and the
pellet was resuspended in 200 ul cold PBS. The total number of
BAL cells was counted by use of a Biirker-Tiirk chamber. For
differential BAL cell counts cytospin preparations were made
and stained with Diff-Quick (Merz & Dade A.G., Diidingen,
Switzerland). After coding, all cytospin preparations were
evaluated by one observer using oil immersion microscopy.
Cells were identified and differentiated into mononuclear cells,
neutrophils and eosinophils by standard morphology. At least
200 cells per cytospin preparation were counted and the
absolute number of each cell type was calculated.
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Determination of ovalbumin-specific immunoglobulin E
serum levels

Ovalbumin-specific IgE was measured in serum derived from
blood isolated from mice after airway responsiveness measure-
ments were completed. Ninety-six well microplates (Nunc A/S.,
Roskilde, Denmark) were coated with 2 ug ml~' chimeric
fusion protein of the human high affinity immunoglobulin E
receptor and human immunoglobulin G (FceR1-1gG) diluted
in PBS. After 12—24 h incubation at 4°C the plates were
washed 5 times with PBS supplemented with 0.05% Tween-20
(PBT). Thereafter, the plates were blocked with ELISA buffer
(2 mMm EDTA, 1369 mMm NaCl, 50 mm Tris, 0.5% BSA,
0.05% Tween-20, pH 7.2) and left to incubate at room
temperature for 1 h on an orbital shaker. Serum samples
derived from ovalbumin-challenged animals were diluted 1: 10,
samples from saline-challenged animals 1:5 in ELISA buffer.
Then, diluted serum samples were added to the plates and left
to incubate on an orbital shaker at room temperature for 2 h.
Ovalbumin-IgE reference standard dilution series were treated
the same as the serum samples. The standard was obtained by
intraperitoneal immunization of mice with ovalbumin, and
arbitrarily assigned a value of 1,000 units ml~' ovalbumin-
specific immunoglobulin E (Holt ez al., 1981). After washing,
10 pg ml~! of ovalbumin in ELISA buffer was added to each
well and after incubation at room temperature for 1 h washing
procedures were repeated. Horse-radish peroxidase-conjugated
goat anti-ovalbumin antibody was diluted in ELISA buffer
and added to each well. Incubation was continued for 1 h
followed by washing procedures. The last step was a 15—
30 min incubation at room temperature with 10 mmM OPD
substrate solution after which the reaction was stopped by
adding H,SO, (4 M). OD was read at 4492 nm using a Titertek
Multiskan (Flow Labs., Irvine, U.K.).

IL-16 migration assay

Since IL-16 levels in BAL are too low for detection in a specific
ELISA (detection limit 40 pg ml~!) a modified Boyden
chemotaxis chamber was used for IL-16 measurements
(Cruikshank & Center, 1982). In short; human lymphocytes
were isolated from heparin-treated venous blood samples of
healthy normal volunteers by density centrifugation on Ficoll-
Paque (Pharmacia Fine Chemicals, Piscataway, NJ, U.S.A.).
The cell layer containing peripheral blood mononuclear cells
was recovered and washed 3 times in Medium 199
supplemented with 25 mM HEPES buffer, 100 units ml—'
penicillin, and 100 ug ml~' streptomycin. The cells were
incubated on a nylon wool column at 37°C and 5% CO, for
45 min. The cell population eluted from the column contained
>97% T-lymphocytes as determined by fluorescent staining
with anti-CD3 monoclonal antibody (Becton-Dickinson,
Mountain View, CA, U.S.A.). Thirty microlitres of BAL fluid
derived from ovalbumin or saline-challenged mice was placed
in the lower well and the lymphocytes (1 x 107 cells in 50 ul
Medium 199 enriched with 0.4% bovine serum albumin) were
loaded into the upper well of the Boyden chamber. For
blocking experiments, rabbit-anti-human IL-16 polyclonal
antibody was added also to the lower well. In previous
experiments it was shown that 5 uyg ml~! «IL-16 antibody
neutralizes 0.1 nM of recombinant human IL-16 protein. «IL-
16 mABs were only added if the migration was enhanced
compared to medium induced migration. The upper and lower
well were separated by a nitrocellulose filter with a pore size of
8 um. The chamber was incubated for 3 h and afterwards the
filter was fixed and stained with haematoxylin. Migration was

quantified by counting the number of cells that migrated
beyond a depth of 50 um utilizing an Optomax automated
image analyzer (Burlington, MA, U.S.A.). All migration data
are expressed as % values of cell migration in Medium 199
enriched with 0.4% bovine serum albumin, which was
normalized to 100%. All BAL samples were tested in triplicate.

Drugs and chemicals

Ovalbumin (chicken egg albumin crude grade V), o-
phenylenediamine, 3-amino-1,2,4-triazole and mepyramine
were purchased from Sigma Chemical Company (St. Louis,
MO, U.S.A.), recombinant human FceR1-IgG, horse-radish
peroxidase-conjugated goat anti-ovalbumin antibody and
ovalbumin-IgE reference standard were generously provided
by Dr P.M. Jardieu, Genentech Inc. (South San Francisco,
CA, U.S.A)). Urethane and methacholine (acetyl-f-methylcho-
line) were purchased from Janssen Chimica (Beerse, Belgium),
tubocurarine chloride from Nogepha (The Netherlands),
Tween-20 from Merck (Darmstadt, Germany) and phentola-
mine from Ciba Geigy (Basel, Switzerland). Cimetidine was
purchased from SmithKline Beecham (Irvine, U.K.) and
ketanserin and methiotepine from ICN (Costa Mesa, CA,
U.S.A).

Statistical analyses

Whole concentration-response curves, total BAL cell number
and the numbers of the various BAL cell types were tested with
an analysis of variance (ANOVA). For cell types with a very
low number in control animals (i.e. neutrophils and
eosinophils) a Poisson distribution was assumed. Comparisons
between 2 groups were made by a Student’s ¢ test (unpaired,
two-tailed). Data are expressed as arithmetic average +s.e.-
mean and a difference was considered to be significant when
P<0.05. Statistical analyses were carried out using SPSS/PC™,
version 4.0.1 (SPSS Inc., Chicago, IL, U.S.A.) or GLIM,
version 4.0 (NaG Inc., Oxford, U.K.).

Results

Airway resistance in vitro

Intravenous methacholine (480 ug kg~') produced a 5 fold
increase in airway responsiveness after ovalbumin challenge in
vehicle-treated animals (P <0.05, Student’s ¢ test), whereas a 9
fold increase was observed both at 560 ug kg=! and at
640 pg kg~—' methacholine, compared to vehicle-treated sal-
ine-challenged mice (P<0.01) (Figure 1). Cimetidine-treated
(10 mg kg~"') ovalbumin-challenged animals showed a partial
but significant decrease in airway hyperresponsiveness
compared to vehicle-treated ovalbumin-challenged mice
(Figure 1). At the highest dose of methacholine (640 ug kg=")
the observed decrease was 49% (P<0.05). However, airway
hyperresponsiveness was still present (P<0.05) compared to
cimetidine-treated saline-challenged animals. The dose of
cimetidine used in this study inhibited histamine-induced
decrease in blood pressure (data not shown). Ketanserin-
treated animals (12 mg kg=') also showed a partial but
significant decrease in airway responsiveness compared to
vehicle-treated ovalbumin-challenged mice (Figure 1). At the
highest dose of methacholine (640 ug kg~") the decrease was
36% (P<0.05). However, this decrease was still significantly
enhanced compared to ketanserin-treated saline-challenged
animals (P <0.05) (Figure 1). Higher doses of ketanserin could
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Figure 1 Airway responsiveness to intravenous administration of
methacholine in ovalbumin-sensitized mice at 24 h after the last
challenge with saline (hatched columns) or ovalbumin (solid columns)
and treated with vehicle (a), cimetidine (10 mg kg™~ ") (b), ketanserin
(12 mg kg™") (c) or a combination of cimetidine (10 mg kg~"') and
ketanserin (12 mg kg~") (d). Results are expressed as arithmetic

- -
@ o N
o (=] (=3

T T T

resistance cmH,0 ml"' sec™
B =]
o o
T T

n
o
T

A i 7.
Veh Mep Veh Meth Phent

Figure 2 Increase in airway resistance at 640 ug kg~ ' of methacho-

line in ovalbumin-sensitized and saline (hatched columns) or
ovalbumin (solid columns) challenged animals at 24 h after the last
challenge. Animals were intraperitoneally injected with either vehicle
(Veh), methiotepine (1.25 mg kg~') (Meth) or phentolamine
(5 mg kg~ ") (Phent) or in a different experiment with vehicle (Veh)
or mepyramine (12 mg kg™") (Mep) during the challenge period.
Results are expressed as arithmetic average+s.e.mean (n=6 per
group). Significantly different from saline-challenged animals:
*P<0.05, **P<0.01, Student’s ¢ test.

not be used to inhibit AHR further since it was observed that
ketanserin has sedative actions in mice. No airway hyperre-
sponsiveness could be observed in animals treated with a
combination of ketanserin (12 mg kg='") and cimetidine
(10 mg kg=") compared to their saline-challenged controls.
This combination caused a decrease in airway responsiveness
of 69% which was significantly different from vehicle-treated
ovalbumin-challenged animals (P <0.05) (Figure 1).

Complete dose-response curves were also made in animals
treated with either a selective H;-receptor antagonist (mepyr-
amine, 12 mg kg='), a 5-HT)-receptor antagonist (methiote-
pine, 125mgkg™") or an a-adrenoceptor antagonist
phentolamine (5 mg kg~!) (results not shown). At the highest
dose of methacholine (640 ug kg=') a significant airway
hyperresponsiveness to methacholine was observed in vehi-
cle-treated mice after ovalbumin challenge (P<0.05) com-
pared to saline-challenged animals (Figure 2). Treatment with
either the H,-receptor, the 5-HT,-receptor or the o-adreno-
ceptor antagonist, did not decrease the observed ovalbumin-
induced airway hyperresponsiveness (Figure 2).

Eosinophil infiltration

Cells in bronchoalveolar lavage fluid of animals collected at
24 h after the last challenge were differentiated by light
microscopy. No differences in infiltration of mononuclear cells
or neutrophils between all different antagonist treatments
could be detected after either ovalbumin or saline challenge
(Tables 1 and 2). Virtually no eosinophils could be detected in
BAL fluid derived from saline-challenged animals treated with
vehicle, ketanserin, cimetidine or the combination of
antagonists (Tables 1 and 2). After ovalbumin challenge of
vehicle-treated animals a significant migration of eosinophils
into the BAL fluid was observed (15.0+5.9x10* cells;
P<0.05, ANOVA). Treatment with either -cimetidine

average ts.e.mean (n=6 per group). Significantly different from
saline-challenged animals: *P<0.05, **P<0.01, Student’s ¢ test.
#Significantly different from vehicle-treated ovalbumin-challenged
animals (P<0.05, Student’s 7 test).
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(10 mg kg=") or ketanserin (12 mg kg~") diminished the
infiltration of eosinophils with 60% (6.2+3.9 x 10* cells) and
58% (6.6+2.7x10* cells), respectively, compared to the
number of eosinophils present in BAL fluid of vehicle-treated
ovalbumin-challenged animals. The combination of cimetidine
and ketanserin inhibited the eosinophil infiltration with 49%
(8.0+5.0 x 10* cells) (Table 1). The higher dose of cimetidine
(25 mg kg™") did not further diminish eosinophil infiltration
(data not shown).

No differences were observed in eosinophil infiltration
between vehicle-treated ovalbumin-challenged animals and
methiotepine-, phentolamine-, or mepyramine-treated ovalbu-
min-challenged animals (Table 2). However, higher doses of
either  methiotepine (2.0 mgkg™') or mepyramine
(20 mg kg~") did decrease eosinophil infiltration with 67%
(1.74£1.3x10° cells; P=0.09, ANOVA) and 73%
(1.441.0x10° cells; P<0.05, ANOVA) when compared to
eosinophil numbers in BAL fluid derived from vehicle-treated
ovalbumin-challenged animals (5.3+1.4 x 10° cells).

Table 1 Number of leukocytes in bronchoalveolar lavage
fluid

Mono-
nuclear
cells Eosinophils Neutrophils

Treatment Challenge — (x 10%) (x 10% (x 10%
Vehicle Sal 30+£04 0.0£0.0 0.1+0.1
Ova 3.3+40.7 154+5.9* 0.0+0.0
Cimetidine Sal 29404 00400 0.140.1
Ova 29+0.5 6.24+39*% 0.0+0.0
Ketanserin Sal 2.6+03 0.0+0.0 0.0+0.0
Ova 2.6+04 6.6+2.7* 0.14+0.0
Cimetidine + Sal 2.540.2 0.1+0.1 0.1+0.0
ketanserin Ova 2.440.5 8.0+5.0% 0.1+0.1

Total number of various cell types in BAL fluid recovered at
24 h after the last ovalbumin (Ova) or saline (Sal) challenge
in ovalbumin-sensitized mice treated with vehicle, cimetidine
(10 mg kg~ "), ketanserin (12 mg kg~") or a combination of
ketanserin (12 mg kg™') and cimetidine (10 mg kg™ ").
Results are expressed as arithmetic average+s.e.mean
(n=6 per group). *Significantly different from saline-
challenged animals (P <0.05, ANOVA).

Table 2 Number of leukocytes in bronchoalveolar lavage
fluid

Mono-
nuclear
cells Eosinophils Neutrophils

Treatment Challenge  (x 10%) (x10% (x10%
Vehicle Sal 24403 0.0+00 03403
Ova 31404  69+1.5%* 0.0+0.0
Methiotepine Sal 2.74+0.2 0.0+0.0 0.0+0.0
Ova 2.540.1 6.0+2.0* 0.240.2
Phentolamine Sal 25+04 0.0+0.0 0.24+0.2
Ova 24402 6.7+24* 0340.2
Vehicle Sal 23+40.1  00+00 0.2+40.1
Ova 2.1+0.3  6.6+2.7* 0.0+0.0
Mepyramine Sal 20+04 0.04+0.0 0.0+0.0
Ova 2.1+0.3  694+22* 0.04+0.0

Total number of various cell types in BAL fluid recovered at
24 h after the last ovalbumin (Ova) or saline (Sal) challenge
in ovalbumin-sensitized mice treated with vehicle, methiote-
pine (1.25mg kg™') or phentolamine (5 mgkg™'). In a
different experiment, animals were treated with vehicle or
mepyramine (12 mg kg™!). Results are expressed as arith-
metic average+s.e.mean (n=6 per group). *Significantly
different from saline-challenged animals (P <0.05, ANOVA).

Ovalbumin-specific IgE production

Serum levels of ovalbumin-specific immunoglobulin-E were
determined in animals treated with vehicle, cimetidine
(10 mg kg™ "), ketanserin (12 mg kg™—') or with a combination
of ketanserin (12 mg kg~") and cimetidine (10 mg kg='). A
significant increase in the level of ovalbumin-specific IgE was
found after ovalbumin challenge of vehicle-treated animals
(P<0.05, Student’s t test) (Table 3). No significant differences
were observed between the ovalbumin-induced increase in
serum ovalbumin-IgE levels in the groups of mice treated with
different antagonists. Furthermore, no significant differences
were observed between the ovalbumin-induced increase in
ovalbumin-specific IgE levels in serum obtained from animals
treated with the higher doses of either mepyramine or
methiotepine (data not shown).

IL-16 levels in BAL

Migration of human lymphocytes induced by BAL fluid
collected from vehicle-treated saline-challenged animals was
significantly less (87+3%) than migration induced by
medium (100%; P<0.05, modified Student’s ¢ test), indicat-
ing that inhibitory factors are present in these BAL fluid
samples. BAL fluid samples from ovalbumin-challenged
vehicle-treated animals induced a significant increase
(219+21%; P<0.05; Student’s ¢ test) in lymphocyte
migration compared to both medium controls and BAL fluid
from saline-challenged vehicle-treated animals. Of this
migration 80+21% appeared to be due to IL-16, as
determined by neutralizing polyclonal antibodies. BAL fluid
derived from ovalbumin-challenged animals treated with
either cimetidine, ketanserin or the combination of these two
antagonists did not induce a significantly different lympho-
cyte migration when compared to BAL fluid derived from
vehicle-treated ovalbumin-challenged animals (Table 4).
Furthermore, no significant differences were observed in the
IL-16 dependent part of this migration. Finally, no
differences were observed between the lymphocyte migration,
and the IL-16 attributable part of this migration, induced by
BAL fluid samples obtained from saline-challenged animals
of all different treatments (Table 4).

Discussion

Both the selective 5-HT, receptor antagonist ketanserin and
the H, receptor antagonist cimetidine were capable of partially

Table 3 Serum ovalbumin-specific IgE levels

Treatment Saline Ovalbumin
Vehicle 157469 6194+171*
Cimetidine 235484 960+ 182*
Ketanserin 377+118 8014223

Combination 4024122 11414220*

Ovalbumin-specific immunoglobulin E (IgE) levels (arbitrary
units ml~") measured by ELISA in serum after saline or
ovalbumin challenge in ovalbumin-sensitized mice after
treatment with vehicle, cimetidine (10 mg kg~ "), ketanserin
(12 mg kg™') or a combination of cimetidine (10 mg kg™ ')
and ketanserin (12 mg kg™"). Results are expressed as
arithmetic average+s.e.mean (n is at least 10 per group).
*Significantly different from immunoglobulin E level in
serum from saline-challenged animals (P <0.05, Student’s ¢
test).



862 J.J. De Bie et al

Histamine and 5-HT in a mouse model of asthma

Table 4 Migration of lymphocytes induced by BAL fluid
samples

Total IL16-dependent

Treatment migration  part of migration
Vehicle/Sal 87+3% 0+0%
Vehicle/Ova 219+21% 80+21%
Cimetidine/Sal 153 +41% 36+30%
Cimetidine/Ova 176 +42% 79+35%
Ketanserin/Sal 108 +16% 13+12%
Ketanserin/Ova 198+ 51% 534+27%
Combination/Sal 112+15% 74+6%
Combination/Ova  214+46% 99+27%

Migration of lymphocytes induced by BAL fluid samples
derived from saline (Sal) or ovalbumin (Ova)-challenged
animals treated with either vehicle, cimetidine (10 mg kg™ 1),
ketanserin g12 mg kg™") or a combination of cimetidine
(10 mg kg~") and ketanserin (12 mg kg™"). Furthermore,
the IL-16-dependent part of the induced migration is
depicted. Results are expressed as arithmetic average+s.e.-
mean (n is at least 5 per group). *Significantly different from
migration induced by BAL fluid derived from saline-
challenged vehicle-treated animals (P <0.05, Student’s ¢ test).

decreasing airway hyperresponsivenes and eosinophil infiltra-
tion, whereas a combination of ketanserin and cimetidine
completely inhibited airway hyperresponsiveness without
further decreasing eosinophil numbers in BAL fluid. No effects
of either antagonist alone or the combination of antagonists
on ovalbumin-specific IgE serum levels or on IL-16 levels in
BAL fluid could be detected.

Previously we have developed a murine model of allergic
asthma that shows several characteristics which are also
observed in human allergic asthma. Non-specific airway
hyperresponsiveness, eosinophil infiltration and an increase in
antigen-specific serum IgE levels are commonly observed in
human allergic asthma and can also be detected in this mouse
model (Hessel et al., 1995; 1997, De Bie et al., 1996).
Furthermore, upon antigen challenge, an early bronchocon-
strictive reaction together with an increase in mucosal
exudation can be measured, which is believed to be caused
by mast cell degranulation after IgE cross-linking (Hessel et
al., 1995). In man, mast cell degranulation has also been
observed after antigen challenge (Gomez et al., 1986). This
mast cell degranulation is believed to play a pivotal role in the
early asthmatic reaction and is implicated in the onset of the
inflammation via, for example, tumour necrosis factor-o
(TNF-«), IL-4 and IL-5 release (Plaut et al., 1989; Bissonette,
1996). Murine mast cells have been shown to be capable of
releasing both histamine and 5-HT (Ameisen et al., 1989;
Dvorak et al., 1994), but little is known about the role of these
autacoids in phenomena such as inflammation, IgE production
and airway hyperresponsiveness. Therefore, we treated mice
with several different selective histamine or 5-HT receptor
antagonists to determine the role of histamine or 5-HT on
these parameters.

Upon stimulation of H, and 5-HT, receptors, IL-16 is
released by CD8" T cells (Laberge ef al., 1995; 1996). 1L-16
has been shown to be a very potent chemoattractant for
human eosinophils (Rand e al., 1991) and CD4" T cells
(Center et al., 1995), which are believed to contribute to airway
hyperresponsiveness and inflammation (Corrigan & Kay,
1992; see Van Oosterhout & Nijkamp, 1993). In agreement
herewith, the development of ovalbumin-induced airway
hyperresponsiveness was partially impaired by treatment with
monoclonal antibodies to IL-16 (Hessel et al., 1998). However,
eosinophilia was not affected. Therefore, a possible explana-

tion for the observed effects of cimetidine and ketanserin on
airway hyperresponsiveness could be that the release of 1L-16
is blocked by the antagonists used in this study. However, in
the present study IL-16 levels in BAL fluid after ovalbumin
challenge were not decreased by treatment with either
antagonist alone or the combination. Thus, it is not very
likely that the observed effects on airway hyperresponsiveness
were caused by a decrease in IL-16 release. Besides CD8™ T
cells, epithelial cells are a well known source of IL-16 in
asthmatics (Laberge et al., 1997). Furthermore, IL-16 can also
be produced by mitogen and antigen-stimulated mononuclear
cells (Center et al., 1996), and it is therefore possible that IL-16
levels in BAL were not decreased by H, and 5-HT,
antagonists.

As was previously stated, mast cells can secrete both
histamine and 5-HT (Ameisen et al., 1989; Dvorak ef al., 1994)
and mast cells degranulate upon antigen challenge in our
model (Hessel et al., 1995). Furthermore, it is well known that
mast cells are important in the onset of airway hyperrespon-
siveness (Martin et al., 1993; Nagai et al., 1994). Together with
the observed effects of both cimetidine and ketanserin on
airway hyperresponsiveness, it is very tempting to speculate
that mast cells are involved in development of airway
hyperresponsiveness via release of both histamine and 5-HT
upon antigen challenge. Our observation that treatment with
ketanserin can decrease airway hyperresponsiveness to
methacholine is in agreement with observations made by
Cazzola et al. (1990), who demonstrated that 5-HT, receptor
blocking can cause a small but significant modification of
airway hyperresponsiveness in human asthmatic patients.
Besides being a 5-HT, receptor antagonist, ketanserin also
has antagonistic activity on «-adrenoceptors (Rang et al.,
1995). However, the observed inhibition of airway hyperre-
sponsiveness in our experiments after treatment with ketanser-
in was 5-HT, receptor-specific, since no effects were observed
when either a 5-HT, receptor antagonist or an «-adrenoceptor
antagonist was used. Treatment with cimetidine resulted in a
partial inhibition of both airway hyperresponsiveness and
eosinophil infiltration. However, cimetidine is also capable of
binding to H; receptors, although the affinity for H,; receptors
is less than the affinity for H, receptors (Rang et al., 1995).
Furthermore, H, receptor antagonists prevent release of
histamine and therefore it is difficult to analyse in vivo results
of treatment with such antagonists (Rocklin & Beer, 1983).
The observation that H; as well as 5-HT, receptor antagonists
could reduce eosinophil infiltration at higher doses could be
due to nonselective effects associated with these high doses, e.g.
on other histamine or 5-HT receptors. However, these data do
not exclude the involvement of H, and 5-HT, receptors in
eosinophil infiltration upon antigen challenge.

An explanation for the observed effects on eosinophil
infiltration and airway hyperresponsiveness could be that both
histamine and 5-HT have several pro-inflammatory effects.
Therefore, inhibition of the action of these autacoids could
lead to a decrease in inflammation and airway hyperrespon-
siveness. Histamine, for example, has been shown to augment
activation of cytotoxic T lymphocytes in vivo and production
of IL-2 in vitro (Droge et al., 1986). Furthermore, histamine
has been shown to inhibit interferon y (IFNy) production in a
H, receptor restricted manner (Dohlsten et al., 1987). IFNy is
well known for its capabilities to down-regulate Th,-mediated
responses such as eosinophil infiltration and airway hyperre-
sponsiveness (see Van Oosterhout & Nijkamp, 1993). In
contrast, histamine also has immunosuppressive capacities
such as inhibition of antigen- and mitogen-induced T cell
responses and production of cytokines including IL-2, IL-1
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and TNFa (Bissonette, 1996). Besides lymphocyte-mediated
effects histamine appears to be chemotactic for eosinophils
when studied in vivo and in vitro, which is thought to be
mediated via both H,; and H, receptors (Rocklin & Beer, 1983).
This would imply that the effects observed by either the H, or
H, receptor antagonist are due to nonselective inhibition of
histamine receptors, which is in agreement with, for example,
the observation that mepyramine only has an effect on
eosinophil infiltration when administered in high doses.

5-HT is involved in T cell activation (Young et al., 1993),
local recruitment and activation of CD4™ T helper cells (Ptak
et al., 1991a, b) and B cell proliferation (Young & Matthews,
1995). Therefore, it could be speculated that cimetidine and
ketanserin exert their activity via inhibition of lymphocyte
functions. Little is known about the role of either histamine or
5-HT in antibody production by B cells. However, since
antigen-specific IgE levels in serum were not affected by the
different treatments it is not very likely that B cell functioning
is impaired by one of the antagonists alone or by the
combination of cimetidine and ketanserin.

Another characteristic that could have contributed to the
effects caused by cimetidine and ketanserin, as well as the
higher doses of mepyramine and methiotepine, is that both
histamine and 5-HT are able to increase vascular permeability
(White, 1990; Fujii et al., 1994). 5-HT has been clearly
demonstrated to increase vascular permeability via 5-HT,
receptor stimulation (Fujii ef al., 1994), whereas histamine has
been found mainly to induce vascular leakage upon H,
receptor stimulation. This seems to be in contrast with our
observations that an H, receptor antagonist caused a decrease
in airway hyperresponsiveness, whereas an H,; receptor
antagonist (12 mg kg~') did not cause any effect. However,
H, receptor antagonists alone are less able to prevent the
increase in vasopermeability than combinations of H; and H,
receptor antagonists in preventing the increase in vasoperme-
ability (Rocklin & Beer, 1983). Combined with the observa-
tions that cimetidine can bind to both H, and H, receptors
(Rang et al., 1995) and that H, receptor antagonists prevent
histamine release (Rocklin & Beer, 1983), it could therefore be
speculated that cimitidine as well as ketanserin prevented the
antigen-induced increase in vasopermeability after ovalbumin
challenge (Hessel er al., 1995). An increase in vascular
permeability could not only lead to oedema of the airway
wall which contributes to increased airway hyperresponsive-
ness (Rang et al., 1995), but also to leakage of plasma proteins
into the airways, which leads to an increase of the viscosity of
mucus (Djukanovic et al., 1990). This increase in viscosity
retards the mucociliary clearance of mucus which constitutes
an integral part of the inflammatory response (Djukanovic et
al., 1990). Moreover, histamine is believed to play a direct
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