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Abstract

The in vivo bronchoconstrictor effect of tachykinins in Fisher 344 rats is accompanied by release into the airways of 5-hydroxytryp-
tamine (5-HT). 5-HT is possibly derived from mast cells. In the present study the presumed mast cell—tachykinin interaction was studied
in isolated trachea from Fisher 344 rats. Contractions induced by neurokinin A were largely reduced by the 5-HT antagonist
methysergide, partially reduced by atropine, but not affected by hexamethonium or tetrodotoxin. Methysergide aso inhibited the
contractions induced by substance P, the tachykinin NK ; receptor agonist Ac[Arg®, Sar®, Met(O,) ! ]substance P-(6—11) and the mast cell
depleting compound 48,/80. Methysergide had no effect on contractions induced by carbachol or electrical field stimulation. Atropine
significantly reduced contractions to 5-HT and completely inhibited contractions induced by electrical field stimulation. Histamine had no
contractile effect. In vivo pretreatment with compound 48 /80 significantly reduced the in vitro contractions to neurokinin A. Contractions
to capsaicin were inhibited by methysergide and the tachykinin NK; receptor antagonist (+)-RP67580 ((3aR,7aR)-(7,7-diphenyl-2-(1-
imino-2-(2-methoxyphenylethyl)-perhydrai soinotol-4-one))). Substance P and neurokinin A caused 5-HT release in the organ bath, in a
concentration- and time-dependent way. Atropine did not affect 5-HT release. Morphometric analysis showed that substance P and
neurokinin A, but not carbachol, caused a significant increase in the number of degranulating mast cells in the muscular / submuscular
region. In conclusion, tachykinins contract Fisher 344 rat trachea by releasing 5-HT from mast cells, an effect mediated by a tachykinin
NK ; receptor. © 1997 Elsevier Science B.V.
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1. Introduction

The tachykinins substance P and neurokinin A are
present within airway sensory nerves and have been impli-
cated as neurotransmitters of noncholinergic bronchocon-
striction and neurogenic inflammation (Lundberg and Saria,
1987; Barnes et a., 1991ab; Solway and Leff, 1991).
Substance P and neurokinin A cause bronchoconstriction
in normal persons and patients with asthma, asthmatics
being hyperresponsive. The bronchoconstrictor effect of
substance P and neurokinin A in asthmatics is prevented
by pretreatment with sodium cromoglycate or nedocromil
sodium. These studies indicate that exogenously adminis-
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tered substance P and neurokinin A are indirect bron-
choconstrictors of human airways, an effect which can
occur through the stimulation of inflammatory cells (e.g.,
mast cells) and/or nerves (Joos et al., 1989).

The mechanism of arway contraction induced by
tachykinins has been mainly studied in animals. In guinea
pigs tachykinins contract airway smooth muscle directly
(Lundberg and Saria, 1982), whereas in rabbits cholinergic
mechanisms largely contribute to arway narrowing
(Tanaka and Grunstein, 1984). We previoudly reported that
inbred rat strains may differ in the mechanisms and recep-
torsinvolved in the bronchial response towards tachykinins.
For instance the in vivo bronchoconstrictor effect of
tachykinins in BDE rats was found to be a direct effect on
airway smooth muscle by stimulation of tachykinin NK,
receptors. In the more sensitive Fisher 344 rat strain,
however, in vivo studies suggested that the bronchocon-
strictor effect of tachykinins is indirect and mediated by
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5-HT and stimulation of tachykinin NK ; receptors (Joos et
al., 1988, 1994a). 5-HT is the principle contractile mast
cell mediator in the rat (Church, 1975). The aim of the
present study was to investigate in detail a possible contri-
bution of mast cells in tachykinin-induced airway contrac-
tion by using isolated Fisher 344 rat trachea.

2. Materials and methods
2.1. Animals

Inbred, specific pathogen free Fisher 344 rats were
purchased from Harlan CPB (Zeist, The Netherlands).
They were male, aged between 3 and 4 months and
weighed 250-300 g. After arrival at the Department, the
animals were maintained in a conventional anima house
for at least one week before they were tested.

2.2. Measurement of tracheal contraction

The rats were killed by an intraperitoneal injection of an
overdose of pentobarbital (Nembutal®, 350 mg,/kg body
weight). The animals were exsanguinated and the trachea
and lungs were quickly removed. From the distal part of
the trachea 2 cylindrical segments, each containing 3 to 4
cartilaginous rings, were prepared. Each cylindrical seg-
ment was placed in a 2 ml organ bath. The two segments
displayed a similar contractile response to carbachol and
serotonin (Joos et al., 1994b). The bathing medium was
Krebs solution (composition in mM: NaCl, 118; KCl, 4.6;
CaCl,, 2.5; MgSQ,, 1.15; NaHCO;, 24.9; KH,PO,, 1.15
and glucose, 5.5), which was maintained at 37°C and
bubbled with carbogen (5% CO, in oxygen). The tracheal
segments were allowed to stabilize for 90 to 120 min with
exchange of the bathing solution every 15 min. The opti-
mal resting tension was 0.75 g as previously determined
(Joos et al., 1994b). Contractions were measured isometri-
caly with Grass FTO3 transducers and recorded on a
Graphtec Linearcorder type WR3701. After the stabiliza-
tion period, carbachol 3.3 107> M was added to the
organ bath. This procedure was repeated once or twice at
an interval of 30 min, until contractions were stable (less
than 10% variation).

2.3. Contractions induced by carbachol, 5-HT, neurokinin
A, substance P and the tachykinin NK; receptor agonist
Ac[Arg®, Sar®, Met(0,)]substance P-(6-11)

Concentration—response curves to carbachol, 5-HT and
histamine were made in a cumulative way (10~8 to 10~
M in steps of 0.5 log units). Increasing concentrations of
neurokinin A, substance P or the tachykinin NK, receptor
agonist AdArg®, Sar®, Met(O,)™ Jsubstance P-(6—11) were
added to the organ bath in a non-cumulative way (10~8 to
107° M in steps of 0.5 log units). The contact time for

each concentration was at least 5 min. Between administra-
tions, an interval of at least 30 min was alowed with
changing of the bathing medium every 10 min. The influ-
ence of methysergide (107 M), atropine (10™° M), hex-
amethonium (5.0 X 10~4 M) and tetrodotoxin (3.0 x 10~ ©
M) were studied by incubating the antagonists for 20 min
before administering the contractile agonists or applying
electrical field stimulation. All antagonists were used in
sufficiently high concentrations as determined in previous
studies (Farmer et al., 1975; Munoz et al., 1989).

2.4. Contractions induced by compound 48 /80 and cap-
saicin

To evaluate the in vitro contractile effect of compound
48 /80 and capsaicin, only one concentration of each agent
was administered per preparation. In preliminary experi-
ments capsaicin was shown to give a maximal contraction
at 107° M, while contractions to compound 48 /80 were
found to be maximal at 0.125 mg,/ml.

The influence of the tachykinin NK receptor antago-
nist RP67580 (10~ M) and the tachykinin NK , receptor
antagonist SR48968 (10~ M) on the contractions by 10~°
M capsaicin and 0.125 mg ml~* compound 48,80 was
tested by incubating the antagonists for 20 min before
administering the contractile agents. The concentrations of
RP67580 and SR48968 were determined in a previous
study (Joos et al., 1994b).

2.5. In vivo pretreatment with compound 48 /80 and
capsaicin

To deplete histamine and serotonin from mast cells, rats
were pretreated with compound 48 /80. Compound 48 /80
was given intraperitoneally in increasing doses: day 1, 1
mg/kg; day 2 and 3, 2 mg/kg; day 4, 5 and 8, 3 mg/kg;
day 10, 4 mg/kg; day 11 and 15, 5 mg/kg (Joos and
Pauwels, 1993). Control animals received saline intraperi-
tonedlly. In vitro tracheal contraction to neurokinin A was
evaluated on day 16.

To deplete the sensory neuropeptides of adult rats,
capsaicin 50 mg/kg was administered subcutaneously 24
h before in vitro testing (Holzer, 1991). Control animals
received the solvent for capsaicin. To prevent acute respi-
ratory distress all animals were pretreated with atropine
(0.05 mg/kg i.p.) and terbutaline (0.1 mg/kg s.c.) 30 min
before injection of compound 48 /80 or capsaicin. Control
animals received the same pretreatment.

2.6. Transmural nerve stimulation

The tracheal rings were placed between two platinum
electrodes. Electrical field current was delivered by a
Grass 44 stimulator. Parameters used were: supramaximal
voltage, pulse duration 0.5 ms, frequency 1 to 50 Hz. 30 s
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trains at increasing frequency were applied at 5 min inter-
vals.

2.7. In vitro release of 5-HT

At different time points during the contraction induced
by neurokinin A or substance P, 100 .l was taken from
the organ bath to measure 5-HT. 5-HT was measured using
an enzymo-immunoassay which is based on the competi-
tion of acylated 5-HT and the acylated enzyme-conjugate
5-HT-acetylcholinesterase for an antibody against acyl-5-
HT (Immunotech, Marseille, France). The senditivity of
this assay is 0.5 nM.

In a first protocol the effect of substance P, 10°° M,
and neurokinin A, 107% M, was compared by sampling
100 pl from the organ bath at the moment of maximal
contraction. In control experiments carbachol was used as
a contractile agonist. Then the concentration—response re-
lationship was studied for neurokinin A (1078, 10~ and
107% M). The time course was studied by taking 100 | of
the bathing fluid before and 1, 3 and 10 min after the
administration of neurokinin A (1078 M). Finaly the
effect of pretreatment with atropine (10~ M), given 10
minutes before neurokinin A (10~% M) was studied.

2.8. Processing of tissue for light microscopy and mor-
phometry

Two rings of the trachea were processed for light
microscopy following either carbachol treatment (3.3 X
10~7 M) or stimulation with substance P or neurokinin A
(for both 107° M, i.e., the maximal effective concentra-
tion). The segments were removed from the organ bath and
placed immediately in fixative (4% paraformaldehyde, pH
7.2 in 0.1 M phosphate buffer at room temperature) and
left overnight. The tissue was then thoroughly rinsed be-
fore being dehydrated and embedded in Technovit 8100
(Kulzer, Germany). Sections were cut through the tissue
block at 3-5 wm intervals, each section being 0.5 um
thick. They were then stained with 0.125% toluidine blue
in 1% borax (pH 9.3) for 20 s at 60°C for demonstration of
metachromatic cells.

For morphometry, the sections were viewed in a Zeiss
Axiophot microscope linked to the Alcatel Impact software
system for analysis. The area evaluated included the mus-
cular region between the ends of the cartilaginous rings.
All morphometry was performed in a blinded fashion by
one of the investigators (G.B.). Two regions, the epithelial
and subepithelial (designated subepithelial) and the muscu-
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Fig. 1. Example of individual tracings depicting the effect of carbachol (3.3 X 107> M), neurokinin A (NKA, 1078 M), 5-HT (10~° M), compound
48,80 (0.125 mg,/ml) and capsaicin (1078 M) on Fisher 344 rat trachea. K indicates replacing of the bathing medium with fresh Krebs solution.
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lar /submuscular (designated submuscular) were delineated
and both the total number of cells (normal and degranulat-
ing) and the relevant number per wm? tissue were calcu-
lated. Cells were deemed to be degranulating when the
granular density had altered, the cells were swollen and a
shift in the metachromasia was apparent.

2.9. Chemicals and drugs

Neurokinin A and the specific tachykinin NK ; receptor
agonist AdArg®, Sar®, Met(O,)* Jsubstance P-(6—11) were
obtained from Peninsula (St. Helens, UK). Substance P
was obtained from UCB (Brussels, Belgium). The
tachykinin NK, receptor antagonist, (4 )-RP67580
((3aR,7aR)-(7,7-di phenyl-2-(1-imino-2-(2-methoxyphenyl-
ethyl)-perhydraisoinotol-4-one))), was given by Rhone-
Poulenc Rorer (Vitry-sur-Seine, France). The tachykinin
NK , receptor antagonist, SR48968 ((S)-N-methyl-N[4-(4-
acetylamine-4-pheny! pi peridino)-2-(3,4-dichl orophenyl)-
butylbenzamide), was a gift from Sanofi Recherche (Mont-
pellier, France). Pentobarbital was obtained from Ceva
(Brussels, Belgium).

Atropine, capsaicin, carbachol, compound 48,80, his-
tamine, 5-hydroxytryptamine and tetrodotoxin were ob-
tained from Sigma (Sigma-Aldrich, Belgium). Methy-
sergide was obtained from Sandoz-Wander (Brussels, Bel-
gium), hexamethonium from Janssen Chimica (Beerse,
Belgium) and terbutaline from Astra Pharmaceuticals
(Brussels, Belgium).

Most drugs and chemicals were dissolved in Krebs
medium; (+)-RP67580 was dissolved in 10% dimethyl-
sulfoxide and SR48968 in 20% of 0.1 M HCI before
further dilution in Krebs. A stock solution of 1072 M
capsaicin was prepared in a 50/50 solution of ethanol
70% and Tween 80 and was further diluted with Krebs to
10~* M. Stock solutions of the peptides, 102 M, were
kept at —20°C. The control solutions consisted of the
solvent in the appropriate concentrations. The dilutions of
the peptides were freshly made each day and kept on ice
during the experiments.

2.10. Data analysis

The contractile responses were measured as g isometric
tension per mg of tissue wet weight (g/mg) and expressed
as percentages of the maximal contraction induced by
carbachol. To determine wet weight, the tracheal rings
were blotted on filter paper at the end of the experiments
and then weighed.

The EC, was determined by linear interpolation from a
log concentration—response curve, as the concentration
required to produce 50% of the maximal contraction in-
duced by the agonist. The results are reported as the
mean + S.E.M. Concentration—response curves for con-
tractile agents in the absence and the presence of antago-
nists were compared by two-way anaysis of variance
(ANOVA). When significance was reached, a two-tailed

t-test was used to assess the statistical significance of the
results at each concentration of the contractile agent. Dif-
ferences were regarded as significant when P < 0.05.
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Fig. 2. Non-cumulative concentration—response curves for the contractile
effect of neurokinin A. Each point represents the mean+ SEM. (a) In the
presence of methysergide (1077 M) versus control (n=9) (ANOVA:
P < 0.005). (b) In the presence of atropine (108 M) versus control
(n=9) (ANOVA P <0.005). (c) In the presence of atropine (10~®
M)+ methysergide (10~7 M) versus control (n=4) (ANOVA P <
0.005). Two-tailed t-test: “P <0.05; * “P < 0.01; “* “P < 0.005.
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3. Results

3.1. Contractions induced by neurokinin A, substance P,
Ac[Arg®, Sar®, Met(O,)*] substance P-(6-11), carbachal,
histamine, 5-HT and electrical field stimulation; effect of
pretreatment with methysergide, atropine, hexamethonium
and tetrodotoxin

Representative examples of the contractions induced by
carbachol, 5-HT and neurokinin A are shown in Fig. 1. In
control rings neurokinin A, 108 to 107° M, caused a
concentration-dependent contraction, with an ECg, around
1077 M and a maximal contraction up to 30% of the
maximal contraction to carbachol. The 5-HT antagonist
methysergide, 10~ M, largely reduced the contractile
effect of neurokinin A (Fig. 2a). Methysergide also largely
depressed the concentration—response curve to substance P
and the specific tachykinin NK ; receptor agonist AJArg®,
Sar®, Met(O,)™ Jsubstance P-(6—11). For substance P, the
maximal effect declined from 12.1 4+ 2.8% of the maximal
contraction to carbachol (n=6) to 1.4 + 0.3% (n=16) in
the presence of methysergide (P < 0.005). For AdArg®,
Sar®, Met(O,)" Jsubstance P-(6-11) the maximal effect
declined from 15.9 + 1.9% (n=4) to 1.4 + 0.2% (n=4)
of the maximal contraction to carbachol (P < 0.005). At-
ropine, 10~ ° M, partially reduced the maximal contractile
effect of neurokinin A (Fig. 2b). The combination of
methysergide, 10~ M, and atropine, 10~° M, abolished
the effect of neurokinin A (Fig. 2c). Hexamethonium,
50X 10°* M (n=8), and tetrodotoxin, 3.0 X 10°¢ M
(n=4), did not affect the concentration—response curve
for neurokinin A.

The cumulative administration of both carbachol and
5-HT (108 to 10~ * M) caused a concentration-dependent
contraction. Histamine, in concentrations up to 1073 M
had no effect (n = 4). Methysergide, 10”7 M, completely

— 40r

2 ® control

Q O atropine }

£ .

o 30 /{ {

: {

IS

5

o 20+ ***%/
-+

6

o %***
_E 10 /

x %* % %

g * % §

S R o 55 .

-8 -7 -6 -5 -4
5-HT (M)
Fig. 3. Cumulative concentration—response curves for 5-HT (n=10):

control response versus response after pretreatment with atropine (10~ °
M) (ANOVA: P < 0.005). Two-tailed t-test: * “P < 0.01; ** “P < 0.005.
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Fig. 4. (a) Contractile effect of compound 48 /80 (0.125 mg,/ml) admin-
istered directly into the organ bath and the effect of pretreatment with
methysergide (10~7 M) (mean+ SEM) (n= 6 for control and for methy-
sergide) (¥ * * P < 0.005). (b) Effect of in vitro pretreatment with com-
pound 48/80 on the non-cumulative concentration—response curve to
neurokinin A (mean+ SEM) (n=4 for control and compound 48/80)
(control versus pretreatment ANOVA: P < 0.005). (c) Effect of in vivo
pretreatment with compound 48,/80 on the in vitro non-cumulative
concentration—response curve to neurokinin A (mean+ SEM) (n= 8 for
control and compound 48,/80) (control versus pretreatment ANOVA:
P < 0.005). Two-tailed t-test: “P < 0.05; * “P < 0.01; * " P < 0.005.
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the in vitro concentration-response curve for neurokinin A (control versus
capsaicin ANOVA P < 0.05). Two-tailed t-test: ** * P < 0.005.
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inhibited the contractile effect of 5-HT (n = 4), but had no
effect on the concentration—response curve for carbachol
(n=6). Atropine, 10~ M, completely inhibited the con-
tractile effect of carbachol (n=4). It also significantly
reduced the contractions to 5-HT (Fig. 3).

Electrical field stimulation (1-50 Hz) caused fre-
guency-dependent contractions, a maximum being ob-
tained at 30 Hz (46.6 + 5.7% of the maximal contraction
to carbachol, n = 8). These contractions were abolished by
atropine, 100 M (n=7), as well as by tetrodotoxin,
3.0x10°% M (n=8). Methysergide, 10~" M, had no
effect on these contractions (n=4). No evidence for an
atropine-resistant contraction was found.

3.2. Tracheal contractions caused by compound 48 /80
and capsaicin

In vitro administration of single concentrations of cap-
saicin caused a contraction of the Fisher 344 rat trachea
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Fig. 6. (a) Correlation of the contraction (expressed as % of the maximal contraction to carbachol) and the 5-HT release induced by neurokinin A (10~©
M) and substance P (10-% M) (r = 0.81; P = 0.0038). (b) Time—response curve for neurokinin A (10~8 M)-induced 5-HT release (n = 4). Carbachol,
3.3x 1077 M served as control (n= 4). (c) Concentration—response curve for contraction (c1) and for 5-HT release (c2) induced by neurokinin A. Each
bar represents the mean of 8 animals. Two-tailed t-test: * * * P < 0.005 (versus value in the presence of carbachol).



G.F. Joos et al. / European Journal of Pharmacology 338 (1997) 259-268 265

which was dependent on the concentration of capsaicin.
Maximal contractions, up to 15% of the maximal contrac-
tion to carbachol, were observed at 10™° M. The tachykinin
NK ; receptor antagonist RP67580 (10~ " M) abolished the
contraction to 10°® M capsaicin (control: 15.2 + 2.5%
versus RP67580: 0.6 + 0.6% of the maximal contraction to
carbachol; n=7; P < 0.005). The tachykinin NK , recep-
tor antagonist SR48968 (107 M) had no effect on the
contraction induced by capsaicin, 10~ M (control: 15.2 +
2.1% versus SR48968: 12.9 + 2.8% of the maximal con-
traction to carbachol; n= 7; NS). Methysergide (10~" M)
nearly abolished the contraction induced by capsaicin,
1075 M (0.8 + 0.2% of the maximal contraction to carba-
chol; n=8; P < 0.005 versus control). Compound 48 /80,
0.125 mg/ml, administered directly into the organ bath
caused a contraction which was largely inhibited by pre-
treatment with methysergide, 10’ M (Fig. 4a). These
contractions were not affected by pretreatment with the
tachykinin NK , receptor antagonist RP67580 (10~ M)
(control: 12.4 4+ 3.1% versus RP67580: 16.7 + 2.7% of the
maximal contraction of carbachol; n=8; NS).

3.3. In vivo and in vitro pretreatment with compound
48 /80 and capsaicin

The administration of compound 48 /80, 0.125 mg,/ml,
into the organ bath, completely prevented the contractile
response to neurokinin A administered 30 min later (Fig.
4b).

After in vivo pretreatment with compound 48 /80 (i.p.)
the in vitro contractile response to neurokinin A was
significantly, but not completely inhibited (maximal effect
of neurokinin A: 8.5 4+ 0.9% after compound 48 /80 versus
17.6 + 1.0% of the maximal contraction to carbachol in
control animals; n=8; P < 0.005) (Fig. 4¢). In vivo pre-
treatment with capsaicin, 50 mg/kg s.c., partialy reduced
the contractile effect of 3 x 107 and 10~ M neurokinin
A (Fig. 5) while it inhibited the in vitro contractile effect
of capsaicin (capsaicin 10~° M in control rats 10.3 + 2.2%
Versus in rats pretreated with capsaicin 2.7 + 1.6% of the
maximal contraction to carbachol; n=10 preparations
from 5 rats in each group, P < 0.05).

3.4. Release of 5-HT in the organ bath

The contractions induced by substance P (10~° M) and
neurokinin A (10~ M) were associated with a significant
release of 5-HT in the organ bath (Fig. 6a r=0.81;
P = 0.0038). The 5-HT release induced by neurokinin A
(105 M) was time-dependent, a maximal effect occurring
from 1 min after application of neurokinin A (Fig. 6b).
With carbachol no significant increases in 5-HT levels
were obtained. The 5-HT release was dependent on the
concentration of neurokinin A as was the contraction (Fig.
60).

Atropine (107° M) reduced the contractile effect of

neurokinin A (10~ M) (control: 29.3 + 2.3% versus at-
ropine: 16.5 4+ 1.2% of the maximal contraction to carba-
chol, P <0.01, n=9); however, it had no effect on the
5-HT release induced by neurokinin A (control: 15.3 + 5.2
nM 5-HT versus atropine. 13.9+ 4.1 nM 5-HT, NS).
Compound 48/80, 0.125 mg/ml, induced a significant
5-HT release (9.3+ 1.4 nM; n=8) in contrast to carba-
chol,2x 10" M (1.6 + 0.5 nM; n= 8).

3.5. Microscopy and morphometry

Following Technovit 8100 embedding and toluidine
blue staining of the sections, degranulating mast cells were
clearly seen. A range of structural changes were visible
from a swollen apparently intact cell with the granules
very distinct and already showing a color change to com-
pletely degranulated cells surrounded by a halo of pink
granules.

Tracheal tissue which had been exposed to carbachol
showed a very high percentage of degranulating mast cells
in the sub-epithelia region (77% of the total) (30.4 + 9.7
degranulating versus 9.8 + 3.0 normal mast cells per um?).
The submuscular zone had just over 50% degranulating
mast cells (36.6 + 4.1 degranulating versus 34.3 + 5.7 nor-
mal mast cells per wm?). Initially the high percentage of
degranulating mast cells in carbachol treated tissue was
puzzling. However, comparison with untreated material
showed us that a relatively high percentage of these re-
sulted from the mechanical contraction of the tissue during
or after removal. In view of the high percentage of degran-
ulating mast cells in the subepithelial layer before treat-
ment with neurokinin A or substance P, only the submus-
cular region was evaluated. Here the percentage degranula
tion steadily increased to 74.8% for 10°® M substance P
(from 15.0 + 6.9 to 47.1 + 9.8 degranulating mast cells per
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Fig. 7. Morphometric analysis. Percentage degranulated mast cells per
pwm? in the submuscular area of tissues stimulated with carbachol (3.3
107 M) (control), substance P (108 M) (SP) or neurokinin A (108
M) (NKA) (n= 6 preparations for each group). Two-tailed t-test: “P <
0.05.
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wm?) and to 90% for 10~® M neurokinin A (from 8.2 + 2.7
to 72.0 + 3.1 degranulating mast cells per um? for neu-
rokinin A) (Fig. 7).

4, Discussion

The manifest inhibitory influence of the 5-HT antago-
nist methysergide on the contractile effect of neurokinin A,
substance P and AdArg®, Sar®, Met(O,)* Jsubstance P-
(6-11) indicate that 5-HT is involved in the contraction
induced by these tachykinins. These in vitro findings ex-
tend our earlier in vivo observations made in this rat strain
(Joos et al., 1994a). We have chosen to focus in this study
our attention on neurokinin A: we previously showed that
in the Fisher 344 rat trachea contractions induced by
neurokinin A and substance P were similar, both agonists
being equipotent and exerting their effect by interaction
with a tachykinin NK; receptor (Joos et al., 1994b).

In the present study we demonstrate that the 5-HT
involved has a direct effect on airway smooth muscle and
an additional indirect action, i.e., activation of postgan-
glionic cholinergic nerves. Indeed, atropine reduced the
contractile effect of 5-HT as well as neurokinin A. The
release of acetylcholine from cholinergic nerves, induced
by 5-HT, does not involve propagation of action potentials
as the neurokinin-induced contractions were not influenced
by the sodium channel blocker tetrodotoxin. In contrast,
the latter neurotoxin abolished the cholinergic contraction
induced by electrical stimulation. A sequential link where
acetylcholine leads to release of 5-HT can be excluded as
methysergide did not influence the contractions to carba
chal.

Capsaicin, which releases tachykinins from sensory
nerves (Holzer, 1991), caused a sizeable contraction of the
Fisher 344 airway preparation. The inhibitory effect of the
tachykinin NK , receptor antagonist RP67580 suggests that
endogenous tachykinins mediate the contractile response to
capsaicin by interaction with tachykinin NK, receptors
corroborating previous in vivo findings with exogenous
tachykinins (Joos et a., 1994b). As for neurokinin A and
substance P the contraction induced by capsaicin was
inhibited by methysergide, indicating 5-HT as the respon-
sible contractile mediator. In vivo pretreatment with cap-
saicin completely abolished the in vitro contraction to
capsaicin and partialy inhibited the in vitro contraction to
neurokinin A 24 hours later. It is highly likely that this
treatment released tachykinins stimulating the airway mast
cells in our preparation. Partial depletion of mast cells
would then offer an explanation for the reduced in vitro
contractile response to neurokinin A.

5-HT is the contractile mast cell mediator in rats. 5-HT
contracted the Fisher 344 rat trachea, while histamine had
no contractile effect on the Fisher 344 rat trachea, which is
similar to findings obtained in the Wistar rat (Church,
1975). The mast cell depleting agent compound 48,80

caused contractions of the Fisher 344 rat trachea which
were mediated by 5-HT. Compound 48,80 has long been
used as a mast cell depleting agent (Lagunoff et al., 1983).
In some experimental systems, compound 48 /80 has also
been found to activate capsaicin-sensitive sensory nerves.
For example, in rat urinary bladder compound 48,80
caused a Ca?"-dependent release of calcitonin gene-related
peptide. The contractions induced by 48,/80 in that prepa
ration were not affected by pretreatment with methysergide
(Eglezos et al., 1992). The contractions induced by com-
pound 48/80 in guinea pig bronchi were partialy inhib-
ited by a histamine receptor antagonist and partially by in
vitro capsaicin desensitization, suggesting an effect of
compound 48/80 not only on mast cells but aso on
sensory nerves (Mapp et al., 1993). Finaly, an inhibitor of
neutral endopeptidase, phosphoramidon, potentiated com-
pound 48/80 induced contraction of the guinea-pig tra-
chea (Tudoric et a., 1994). However, in our study the in
vitro contractile effect of compound 48,/80 was com-
pletely inhibited by the 5-HT antagonist methysergide and
not affected by pretreatment with a tachykinin receptor
antagonist, suggesting that compound 48/80 does not
activate sensory nerves in the Fisher 344 rat trachea. We
are not aware of any effect of compound 48/80 on other
5-HT containing cells such as platel ets and endocrine cells.
In vitro and in vivo pretreatment with compound 48 /80
reduced the in vitro contractile effect of neurokinin A,
suggesting that neurokinin A stimulates mast cells in the
isolated Fisher 344 rat trachea.

It is well known that isolated mast cells of the rat from
peritoneum, pleura, skin and the gastrointestinal tract re-
spond to tachykinins (for review see Marshall and Waser-
man, 1995). The stimulation of the airway mast cells by
tachykinins in the isolated Fisher 344 rat trachea is further
corroborated by 2 observations. First, the contractions of
the Fisher 344 rat tracheal preparation induced by neu-
rokinin A, substance P and compound 48 /80 were associ-
ated with release of 5-HT in the organ bath. The release of
5-HT was concentration-dependent and followed a time
course very similar to the previously reported substance
P-induced mast cell degranulation (Fewtrell et al., 1982).
The neurokinin A-induced 5-HT release was not influ-
enced by atropine illustrating that the cholinergic compo-
nent of the contraction by neurokinin A can be completely
ascribed to the 5-HT-mediated activation of cholinergic
nerves. The concentrations of 5-HT measured in the organ
bath (up to 20 nM; Fig. 6a) are definitely lower than the
concentrations of 5-HT required upon exogenous adminis-
tration to obtain tracheal contraction (a clear effect being
observed from 300 nM onwards, Fig. 3). However, in the
organ bath only the overflow of 5-HT is measured and the
concentrations of 5-HT are probably much higher in the
tissue, in the immediate vicinity of the mast cells. Second,
the contractions of the Fisher 344 rat trachea by substance
P and neurokinin A were associated with a significant
degranulation of the mast cells located in the
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muscular /submuscular region. Moreover, our control data
compare well with those obtained in another study on rat
trachea (Kiernan, 1990). Finaly, the 5-HT antagonist
methysergide did not inhibit tracheal contractions induced
by carbachol, indicating that the epithelial mast cell de-
granulation is functionally not relevant.

The present study illustrates that mast cells in rat air-
ways can be degranulated both by exogenously applied
tachykinins and by endogenously released tachykinins.
Recently other data have been presented that support the
importance of the interaction between sensory neuropep-
tides and mast cells in the airways. A combination of
electrical field stimulation and substance P (10~7 M)
induced an enhanced recovery of chymotryptic activity,
histamine and rat mast cell protease | and Il in the isolated
perfused trachea obtained from Sprague—Dawley rats (Tam
et al., 1994). Hua et al. (1996) subsequently showed that
this effect of substance P in the isolated perfused rat
trachea was mimicked by neurokinin A (107% M) and
capsaicin (10~° M) and was blocked by a tachykinin NK ,
receptor antagonist. In isolated tracheally perfused guinea
pig lungs, substance P and capsaicin caused histamine
release which added up to 25% of the total histamine
release following allergen challenge and which was depen-
dent on the stimulation of both tachykinin NK, and NK,
receptors. These effects were associated with an increase
in the number of degranulating mast cells. However, in
this model histamine release did not contribute to the
contractile effects of substance P (Lilly et al., 1995). The
recent demonstration that substance P can release his
tamine from bronchoalveolar mast cells suggests that in
human airways tachykinin—mast cell interaction can occur
(Heaney et al., 1995).

In conclusion, both the exogenously applied and en-
dogenoudly released tachykinins contract Fisher 344 rat
trachea by an indirect mechanism. This indirect mecha
nism involves the activation of a tachykinin NK ; receptor
and the release of 5-HT, which then contracts airway
smooth muscle directly and indirectly, by stimulation of
postganglionic cholinergic nerves. The experiments with
compound 48 /80 and the morphometric analysis point to
mast cells as the source of 5-HT. Our study thus demon-
strates that tachykinins can constrict airways by interaction
with mast cells.
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