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Abstract

Substance P causes histamine release from rat peritoneal mast cells probably through direct activation of a specific G protein at
micromolar concentrations. We found that peritoneal mast cells of a substrain of Wistar rats (Std:Wistar) responds to nanomolar
concentrations of substance P by releasing histamine in a concentration-dependent manner. In addition, potent histamine release from
peritoneal mast cells of the substrain rats was also induced by neurokinin A in a concentration-dependent fashion. Histamine release
induced by low concentrations of substance P was significantly blocked by a tachykinin NK, receptor antagonist, CP-96345
[(25,39)-cis-2-(diphenyl methyl)-N-[(2-methoxyphenyl)-methyl]- 1-azabicycl o[ 2.2.2]octan-3-amine dihydrochloride], whereas that induced
by concentrations as high as 10 .M appeared resistant to the antagonist. The concentration-histamine release curve for neurokinin A was
parallel-shifted to the right by the drug. A tachykinin NK , receptor antagonist, SR-48968 [(S)-N-methyl-N[4-(4-acetylamino-4-pheny!
piperadino)-2-(3,4-dichlorophenybutyl Joenzamide], did not influence release stimulated by substance P and neurokinin A. On the other
hand, peritoneal mast cells of Sprague-Dawley and other Wistar rats did not respond to neurokinin A. At over 1 wM but not at
nanomolar concentrations, substance P caused modest histamine release from peritoneal mast cells of these rats. The results suggest that
neurokinin A and nanomolar, but not micromolar concentrations of substance P stimulate tachykinin NK ; receptors on the peritoneal mast
cells of Std:Wistar rat to release histamine. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction activation of pertussis toxin-sensitive G proteins in the

Foreman et al. (1983) reported that intradermal injec- Inner §urface of t.h'e plasma membrane but nc')t.through
: . . : activation of specific receptors such as tachykinin NK,,
tion of the neuropeptide, substance P, into human skin NK., or NK. receptors (Moudi et a. 1990). This is
results in wheal and flare reaction which is reduced by 2 s TeCep N )

prior treatment with a histamine H, receptor antagonist. In ts)uet(;:tuasnece(llg :r'g: Cﬁinrz(ejnttroat;?isva(g'ﬁ:g;q%:rusr??gﬁr)lss;
addition, micromolar concentrations of substance P also €

. . . . and Erdos, 1973; Kitada et al., 1980; Erjavec et al., 1981;
induce histamine release from skin mast cells but not from Fewtrell et al., 1982), (2) tachykinin NK . recentor antago-
other organ mast cells of humans (Lowman et al., 1988). ot V ’ y 1 Fecep -

Large quantities of neuropeptides, including substance P, nists with peptide structures also act as potent secreta

) . . gogues (Mazurek et al., 1981; Fewtrell et al., 1982; Devil-
ae Iocateq in the sensory nerve en.dl ngs. Therefore, it has lier et al., 1985, 1989) and (3) pretreatment with pertussis
been considered that substance P-induced release of his . L . )

. . X L : toxin potently inhibits histamine release (Moudi et a.,
tamine is an important event in neurogenic inflammation. 1989). Furthermore, the N-terminal domain (arginine and
Rat peritoneal mast cells have been widely used to ' i 9

investigate the mechanisms of substance P-induced his- lysine in pqst|on 1 and 3, respectively) of sub;tancg P
. seems to stimulate the mast cells to release histamine
tamine release from mast cells. Substance P causes degran-

. . . . (Mazurek et al., 1981; Fewtrell et al., 1982; Devillier et al.,
ulation of rat peritoneal mast cells possibly through direct 1985, 1989), and the C-terminal domain apparently acts

merely as a hydrophobic moiety for the release (Repke et
* Corresponding author. Tel.: +81-75-595-4667; fax: -+ 81-75-595- a., 1987) athough this domain is essentia for tachykinin
4764 NK ; receptor activation (Dion et a., 1987; Regoli et a.,
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1988). Neurokinin A, which has no arginine in the N-
terminal domain, produces no histamine release from rat
peritoneal mast cells (Devillier et al., 1985; Arock et al.,
1989).

On the other hand, among severa rat strains, Sprague—
Dawley (Johnson and Erdods, 1973; Devillier et al., 1985,
1989; Repke et al., 1987; Arock et al., 1989) or Wistar
(Mousli et al., 1989) have been extensively used to investi-
gate the mechanisms of substance P-induced degranule-
tion. Our laboratory uses Wistar rats bred by Japan SLC
(Std:Wistar) to study anaphylactic histamine release (Nabe
et al., 1992; Kohno et al., 1993; Kohno et al., 1994;
Yamamura et al., 1994a). We found that low concentra-
tions (nanomolar range) of not only substance P but also
neurokinin A induce histamine release from peritoneal
mast cells obtained from Std:Wistar rats. In the present
study, we determined whether or not high sensitivity to
these neuropeptides is a general phenomenon among Wis-
tar strain rats. In addition, mechanisms of the release by
nanomolar concentrations of substance P and neurokinin A
were investigated using specific tachykinin NK ,, CP-96345
(Snider et a., 1991), and NK ,, SR-48968 (Emonds-Alt et
al., 1992), receptor antagonists.

2. Materials and methods
2.1. Animals

Eight-week-old, male Wistar rats from several sources,
and Sprague—Dawley rats were obtained as follows.
Std:Wistar and Std:Wistar /ST (Japan SLC, Hamamatsu,
Japan); Siz:Wistar (Shimizu Laboratory Supplies, Kyoto,
Japan); lar:Wistar Imamichi (Imamichi Institute for
Animal Reproduction, Ibaraki, Japan); SeaWistar (Seac
Yoshitomi, Fukuoka, Japan) and Slc:Sprague-Dawley
(Japan SLC, Hamamatsu, Japan). The animals were housed
in an air-conditioned room at a temperature of 23 + 1°C
and 60 + 10% humidity with lights on from 8:00 AM to
8:00 PM for at least one week after purchase. They were
fed a standard laboratory diet and given water ad libitum.

This animal study was approved by the Experimental
Animal Research Committee at Kyoto Pharmaceutical Uni-
versity.

2.2. Reagents

Reagents and their sources were as follows: substance P
(Arg-Pro-Lys-Pro-GIn-GIn-Phe-Phe-Gly-Leu-Met-NH ,)
and neurokinin A (His-Lys-Thr-Asp-Ser-Phe-Val-Gly-Leu-
Met-NH,) (Peptide Institute, Osaka, Japan), acetyl-[Arg®,
Sar®, Met(O,)" Jsubstance P-(6-11), bovine serum albu-
min (Cohn fraction V) and compound 48,/80 (Sigma, St.
Louis, MO, USA), CP-96345 (tachykinin NK, receptor
antagonist, (2S,3S)-cis-2-(diphenylmethyl)-N-[(2-metho-
xyphenyl)-methyl]-1-azabicyclo[2.2.2]octan-3-amine dihy-

drochloride, supplied by Pfizer Inc., Groton, CT, USA),
SR-48968 (tachykinin NK, receptor antagonist, (S)-N-
methyl-N[4-(4-acetylamino-4-phenyl  piperadino)-2-(3,4-
dichlorophenyl)butyl]lbenzamide, supplied by Sanofi-Re-
cherche, Montpellier, France), gelatin (Merck, Darmstadit,
Germany) and heparin (Novo-Nordisk, Gentofte, Den-
mark).

2.3. Harvest and purification of peritoneal mast cells

Peritoneal mast cells were harvested and purified as
described (Kohno et al., 1994). Following anaesthesia by
inhalation of diethyl ether, rats were killed by stunning and
exsanguinated through an incision in the carotid artery.
They were then injected i.p. with 100 ml /kg of Ca?*-free
mast cell medium (composition: NaCl 150 mM, KCI 3.7
mM, Na,HPO, 3.0 mM, KH,PO, 3.5 mM and glucose
6.0 mM) containing 0.1% bovine serum abumin, 0.1%
gelatin and 10 U/ml heparin. After gentle abdomina
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Fig. 1. Substance P- and neurokinin A-induced histamine release from
peritoneal mast cells of Std:Wistar (@), Std:Wistar/ST (a) and
Slc:Sprague-Dawley (0O) rats bred by Japan SLC. Mast cells were
incubated at 37°C for 10 min with substance P (upper panel) or neu-
rokinin A (lower panel) at the concentrations indicated. Each point
represents the mean+ S.E.M. of four experiments. No error bar represents
that the error bar is smaller than the symbol used. Histamine contents of
peritoneal mast cells of Std:Wistar, Std:Wistar /ST and Slc:Sprague—
Dawley rats were 147.5+ 7.8, 90.8+ 12.1 and 160.5+ 18.5 ng/10* mast
cells, respectively. Spontaneous histamine release values (% content)
from peritoneal mast cells of these rats were 1.5+0.2, 2.1+0.1 and
2.0+ 0.2%, respectively.
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Fig. 2. Substance P- and neurokinin A-induced histamine release from
peritoneal mast cells of Wistar rats from several breeders. @, Std:Wistar;
A SizWistar, O, SeaWistar; v, lar:Wistar Imamichi. Mast cells were
incubated at 37°C for 10 min with substance P (upper panel) or neu-
rokinin A (lower panel) at the concentrations indicated. Each point
represents the mean+ S.E.M. of four experiments. No error bar represents
that the error bar is smaller than the symbol used. Histamine contents of
peritoneal mast cells of Std:Wistar, Sizz-Wistar, SeaWistar and lar:Wistar
Imamichi rats were 191.6+13.3, 165.7420.5, 127.94+21.9 and 151.9+
21.5 ng/10* mast cells, respectively. Spontaneous histamine release
values (% content) from peritoneal mast cells of these rats were 1.2+ 0.2,
11+0.1, 24+0.5 and 1.7 + 0.2%, respectively.

massage, the peritoneal fluid, including mast cells, was
collected. The fluid was gently centrifuged (50 X g, 7 min,
4°C, 3 times) to obtain partially purified mast cells. These
were further purified according to Sullivan et al. (1975)
by centrifugation through a 31.5% bovine serum abumin
layer. Mast cells were suspended in Ca2"-free mast cell
medium containing 0.1% bovine serum albumin and 0.1%
gelatin at a density of 10* mast cells/ml. Mast cells were
over 95% pure.

2.4. Substance P- or neurokinin A-induced histamine
release

Aliquots of the mast cell suspension were distributed
into individual tubes (2 ml /tube) and incubated at 37°C
for 10 min following the addition of CaCl, at a find
concentration of 0.9 mM. Mast cells were incubated with
various or fixed concentrations of substance P, neurokinin

A, acetyl-{Arg®,Sar®, Met(O,)"]substance P-(6-11) or
compound 48 /80 for 10 min to assess histamine release.
To determine the effects of CP-96345 or SR-48968 on
release, various concentrations of the antagonists were
added to the suspension 1 min before the agonist. The
reaction was stopped by cooling in ice-water followed by
centrifugation at 1700 X g for 10 min at 4°C. The super-
natant was stored at —20°C until the histamine assay.

2.5. Assay of histamine

Histamine in the supernatant was assayed fluorometri-
caly by high performance liquid chromatography over a
cation exchange column (TSK gel SP-2SW, 4.6 @ X 50
mm, Toso, Tokyo, Japan) as described (Yamamura et al.,
1994b). Histamine release is expressed as the percentage
of histamine in the supernatant compared with that of cells
lysed with 3% perchloric acid. Substance P-, neurokinin
A-, acetyl-{Arg®,Sar®, Met(O,)" Jsubstance P-(6-11)- and
compound 48 /80-induced histamine release was calcu-
lated by subtracting spontaneous rel ease.

2.6. Satistical analysis

Stetistical analyses were performed by the one-way
analysis of variance (ANOVA). If significance was de-
tected, individual group differences were evaluated by
Bonferroni’s multiple test. A probability value (P) below
0.05 was considered statistically significant.
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Fig. 3. Compound 48 /80-induced histamine release from peritoneal mast
cells of Wistar rats from several breeders. @, Std:Wistar; a, SizWistar;
O, SeaWistar; v, lar:Wistar Imamichi. Mast cells were incubated at
37°C for 10 min with compound 48,80 at the concentrations indicated.
Each point represents the mean+ S.E.M. of three experiments. No error
bar represents that the error bar is smaler than the symbol used.
Histamine contents of peritoneal mast cells of Std:Wistar, Siz:Wistar,
SeaWistar and lar:Wistar Imamichi rats were 187.7+18.7, 172.94 27.1,
133.5+30.0 and 163.3+25.7 ng/10* mast cells, respectively. Sponta-
neous histamine release values (% content) from peritoneal mast cells of
these ratswere 1.3+ 0.3, 1.1+ 0.2, 1.9+ 0.3 and 1.6+ 0.2%, respectively.
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3. Results

3.1. Ability of peritoneal mast cells of Sd:Wistar,
Sd:Wistar / ST and Sc: Sprague—Dawley rats to release
histamine in response to substance P and neurokinin A

Fig. 1 showswhether peritoneal mast cells of Std:Wistar,
Std:Wistar /ST and Slc:Sprague—Dawley rats bred by
Japan SLC can release histamine in response to substance
P and neurokinin A over a wide range of concentrations.
Both mast cells of Std:Wistar /ST and Slc:Sprague—Daw-
ley rats released modest amounts of histamine in response
to substance P at concentrations of 1 and 3 wM, but not to
neurokinin A even a 3 pM. Strikingly different from
these, Std:Wistar rat mast cells significantly responded not
only to substance P but aso to neurokinin A: The cells
released histamine concentration-dependently from 0.001
or 0.003—-3 wM neuropeptides, reaching approximately
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Fig. 4. Effect of CP-96345 and SR-48968 on substance P- and neurokinin
A-induced histamine release from peritoneal mast cells of Std:Wistar rats.
Mast cells were incubated with CP-96345 or SR-48968 at the concentra-
tions indicated for 1 min followed by substance P (3 nM, upper panel) or
neurokinin A (10 nM, lower panel) a 37°C for 10 min. Each column
represents the mean+ S.EE.M. of three experiments. Histamine content
was 196.3+ 14.3 ng/10* mast cells. Spontaneous, and substance P- and
neurokinin A-induced histamine release values (% content) were 1.4+ 0.4,
and 41.14+0.8 and 16.7+1.9%, respectively. * and ***: Statisticaly
significant difference from the control at P < 0.05 and 0.001, respec-
tively.
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Fig. 5. Concentration—response curves for substance P- and neurokinin
A-induced histamine release in the absence (@) or presence of CP-96345
(a, 001 pM; O, 01 uM; v, 1 uM) from peritoneal mast cells of
Std:Wistar rats. Mast cells were incubated with CP-96345 for 1 min
followed by various concentrations of substance P (upper panel) or
neurokinin A (lower panel) at 37°C for 10 min. Each point represents the
mean+ S.E.M. of four experiments. No error bar represents that the error
bar is smaller than the symbol used. Histamine content was 189.3+9.3
ng,/10* mast cells. Spontaneous histamine release value (% content) was
1.6+0.2%. *, ** and ***: Statisticaly significant difference from
control at P < 0.05, 0.01 and 0.001, respectively.

80% histamine release at 3 wM. Substance P was 3-10
times more potent than neurokinin A on a molar basis.

3.2. Ability of peritoneal mast cells of Wistar rats bred at
several sources to release histamine in response to sub-
stance P, neurokinin A and compound 48 / 80

Whether or not peritoneal mast cells from Wistar rats
purchased from various breeders (Siz;\Wistar, Sea:Wistar
and lar:Wistar Imamichi) can release histamine by sub-
stance P and neurokinin A was compared with the activity
of Std:Wistar rats. The results are presented in Fig. 2.
Unlike Std:Wistar rats, mast cells from all other rats had
mild or no responses to respective substance P and neu-
rokinin A in terms of histamine release.

On the other hand, Wistar rats from al sources released
histamine when the cells were stimulated by compound
48/80. The concentration-histamine release curves were
similar, although the responsiveness of Std:Wistar rat mast
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cells tended to be lower than those of other rat cells (Fig.
3.

3.3. Effects of CP-96345 and SR-48968 on substance P-,
neurokinin A- and compound 48 / 80-induced histamine
release from peritoneal mast cells of Sd:Wistar rats

Fig. 4 shows the effects of CP-96345 and SR-48968 on
substance P (3 nM)- and neurokinin A (10 nM)-induced
histamine releases from peritoneal mast cells of Std:Wistar
rats. CP-96345 at a concentration range of 0.01-1 pM
concentration-dependently inhibited not only substance P-
but also neurokinin A-induced histamine release with sig-
nificance. At 1 uM, the drug amost completely antago-
nised these responses. However, both types of stimulated
release were not affected by SR-48968 except that neu-
rokinin A-induced release was modestly suppressed by
1 pM SR-48968.

Concentration—response curves of substance P- and
neurokinin A-induced histamine release in the absence or
presence of 0.01-1 wM CP-96345 are presented in Fig. 5.
The concentration—response curve for substance P without
the antagonist appeared to be biphasic, consisting of re-
sponses to low (to 0.3 wM) and high (3 and 10 uM)
concentrations of the agonist. Increasing concentrations of
CP-96345 seemed to shift the curve of low substance P
concentrations rightward in paralel, but not that for high
concentrations of substance P. In contrast, the concentra-
tion-histamine release response curve for neurokinin A
was parallel-rightward-shifted by CP-96345.

CP-96345 did not inhibit compound 48/80-induced
histamine release from the cells (data not shown).
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Fig. 6. C-terminal fragment of substance P, acetyl-[Arg® Sar®,
Met(0,)* Jsubstance P-(6-11)-, substance P- and neurokinin A-induced
histamine release from peritoneal mast cells of Std:Wistar rats. Mast cells
were incubated at 37°C for 10 min with acetyl-[Arg® Sar®,
Met(0,)* Jsubstance P-(6-11) (m), substance P (O) or neurokinin A
(a) at the concentrations indicated. Each point represents the mean+
S.E.M. of three experiments. No error bar represents that the error bar is
smaller than the symbol used. Histamine content was 174.3+ 7.4 ng /10*
mast cells. Spontaneous histamine release value (% content) was 2.3+
0.3%.

3.4. Ability of peritoneal mast cells of Sd:Wistar rats to
release histamine in response to acetyl-[Arg® Sar®,
Met(O,)"] substance P-(6—-11)

Whether or not acetyl-{Arg®,Sar®, Met(O,)™ Jsubstance
P-(6—11) induces histamine release from peritoneal mast
cells of Std:Wistar rats was evaluated in comparison with
the activities of substance P and neurokinin A (Fig. 6).
Similar to the effects of substance P and neurokinin A,
acetyl-[Arg®,Sar®, Met(O,)" ]substance P-(6-11) aso
caused significant histamine release in a concentration-de-
pendent manner. The activity of the substance P fragment
was equipotent to that of neurokinin A.

4, Discussion

Substance P but not neurokinin A presumably causes
degranulation of rat peritoneal mast cells at micromolar
concentrations through direct activation of pertussis toxin-
sensitive G proteins bound to the inner face of the plasma
membrane, but not through the activation of specific recep-
tors (Mousli et a., 1990). In accordance with that report,
peritoneal mast cells of Sprague—Dawley and all Wistar
rats tested except Std:Wistar rats responded to substance P
but not neurokinin A by releasing histamine at micromolar
concentrations. Quite interestingly, peritoneal mast cells
from the Wistar substrain, Std:Wistar, potently released
histamine in response to substance P at nanomolar concen-
trations. In addition, this Wistar substrain also released
levels of histamine in response to neurokinin A. We cannot
conclude that the peritonea mast cells of Std:Wistar rats
release high levels of histamine in response to secreta-
gogues in general, because the degree of compound
48 /80-induced histamine release in the present study was
similar to that in the cells of Wistar rats inbred by other
sources. The histamine release caused by the low concen-
trations of substance P and neurokinin A was inhibited by
the tachykinin NK ; receptor antagonist, CP-96345, but not
the tachykinin NK, receptor antagonist, SR-48968. The
ability of substance P and neurokinin A to cause histamine
release in the present study was in accord with the affinity
of these agonists for the tachykinin NK ; receptor (Regoli
et al., 1988). In addition, CP-96345 potently inhibited
histamine release induced by substance P at low concentra-
tions and neurokinin A as described above. Therefore,
histamine release stimulated by these neuropeptides is
mediated by tachykinin NK; receptors. This is the first
report to demonstrate a mechanism of tachykinin NK,
receptor-mediated histamine release from rat peritoneal
mast cells.

Similar to the mechanism of compound 48 /80-induced
histamine release from rat peritoneal mast cells (Nakamura
and Ui, 1985; Saito et al., 1987), micromolar concentra-
tions of substance P may directly stimulate G proteins in
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the rat peritoneal mast cells to release histamine (Moudli et
al., 1989). This activation is caused by the N-terminal
domain (arginine and lysine) of the neuropeptide (Mazurek
et al., 1981; Fewtrell et al., 1982; Devillier et al., 1985,
1989). In the present concentration—response study of
substance P-induced histamine release from peritoneal mast
cells of Std:Wistar rats, the response did not reach a
plateau even at 30 wM. Furthermore, the release observed
at 3and 10 wM substance P was not inhibited by CP-96345,
although histamine release induced by high concentrations
of neurokinin A (the N-terminal domain of which lacks
arginine but the C-terminal of which is identical with that
of substance P) were significantly suppressed by the
tachykinin NK; receptor antagonist in a concentration-de-
pendent manner. These observations suggest that the
mechanisms of histamine release caused by low and high
concentrations of substance P are quite different. Low
(0.001-1 M) concentrations of substance P may stimu-
late tachykinin NK , receptor by activity of the C-terminal
domain and high (3 and 10 wM) concentrations may
directly activate G proteins through the activity of the
N-termina. In addition, the proposed mechanism of his-
tamine release induced by interaction between the C-termi-
nal of substance P and tachykinin NK; receptor was
indicated by the fact that the C-terminal fragment of
substance P, acetyl-[Arg®,Sar®, Met(0,)* ]substance P-(6—
11), also caused histamine release at nanomolar concentra
tions.

Schild analyses of the concentration—response curves of
substance P and neurokinin A in the absence or presence
of CP-96345 showed that the inhibitory patterns of the
antagonist were both competitive when estimated at 30%
histamine release, with p A, (slope) of respective 7.65 +
0.11 (0.99 + 0.05) and 8.18 + 0.12 (1.05 + 0.02). It was
reported that p A, (dope) of CP-96345 in substance P-in-
duced contraction of isolated guinea-pig main bronchi was
8.06 (0.82), whereas the compound was ineffective against
[B-AlIneurokinin A-(4-10), a selective tachykinin NK,
receptor agonist (Martin et a., 1992). Therefore, the char-
acter of the tachykinin NK, receptor existing on the
peritoneal mast cells appears to be not largely different
from that on guinea-pig main bronchia smooth muscle
cells. In addition, it is strongly suggested that not only
substance P but also neurokinin A stimulates the tachykinin
NK; receptor on the peritoneal mast cells.

The reason for the different responsiveness to the neu-
ropeptides between Std:Wistar rats and Wistar rats from
other sources is unclear. The Wistar strain was established
at the Wistar Institute of Biology and Anatomy in the
U.S.A. around 1900. Thereafter, the strain spread all over
the world and many substrains have been established.
Furthermore, genetic variability within Wistar strains has
been reported (Yamada et a., 1979). In relation to the
expression of tachykinin NK; receptors, Mantyh (1991)
demonstrated that substance P-binding sites are highly
upregulated in surgical samples of the colon from patients

with inflammatory bowel disease. In addition, when sensi-
tised mice are challenged by intratracheal administration
with antigen, tachykinin NK, receptor mRNA levels sig-
nificantly increase in lymphocytes and macrophages from
bronchoalveolar lavage fluid (Kaltreider et al., 1997).
Therefore, Std:Wistar rats are useful for investigating dis-
eases mediated by tachykinin NK; receptor activation.

On the other hand, Pauwels et a. (1995) reported that
Fisher 344 rats have higher airway responsiveness to neu-
rokinin A than BDE rats and that neurokinin A-induced
bronchoconstriction in vivo is partly mediated by mast cell
activation. Therefore, we aso evaluated substance P- and
neurokinin A-induced histamine release from peritoneal
mast cells of Fisher 344 rats (F344/N Slc, Japan SLO).
Both neuropeptides caused histamine release from the cells
but to a level that was less than 10% of that observed in
Std:Wistar rats (data not shown).

In conclusion, peritoneal mast cells of Std:Wistar rats
release high levels of histamine in response to substance P
and neurokinin A and this mechanism is completely or
partly mediated via tachykinin NK ; receptor stimulation.

Acknowledgements

The authors gratefully acknowledge Dr. S. B. Kadin of
Pfizer and Dr. X. Emonds-Alt of Sanofi-Recherche for
providing us with CP-96345 and SR-48968, respectively.

References

Arock, M., Devillier, P., Luffau, G., Guillosson, J.J., Renoux, M., 1989.
Histamine-releasing activity of endogenous peptides on mast cells
derived from different sites and species. Int. Arch. Allergy Appl.
Immunoal. 89, 229-235.

Devillier, P., Renoux, M., Giroud, J.P., Regoli, D., 1985. Peptides and
histamine release from rat peritoneal mast cells. Eur. J. Pharmacol.
117, 89-96.

Devillier, P., Drapeau, G., Renoux, M., Regoli, D., 1989. Role of
N-terminal arginine in the histamine-releasing activity of substance P,
bradykinin and related peptides. Eur. J. Pharmacol. 168, 53—60.

Dion, S., D'Orléans-Juste, P., Drapeau, G., Rhaeb, N.E., Rouissi, N.,
Tousignant, C., Regoli, D., 1987. Characterization of neurokinin
receptors in various isolated organs by the use of selective agonists.
Life Sci. 41, 2269-2278.

Emonds-Alt, X., Vilain, P., Goulaouic, P., Proietto, V., Van Broeck, D.,
Adveiner, C., Naling, E., Ndliat, G., Le Fur, G., Breliere, J.C., 1992.
A potent and selective non-peptide antagonist of the neurokinin A
(NK ,) receptor. Life Sci. 50, PL101-PL106.

Erjavec, F., Lembeck, F., Florjanc-Irman, T., Skofitsch, G., Donnerer, J.,
Saria, A., Holzer, P., 1981. Release of histamine by substance P.
Naunyn-Schmiedeberg’s Arch. Pharmacol. 317, 67—-70.

Fewtrell, C.M.S., Foreman, J.C., Jordan, C.C., Oehme, P., Renner, H.,
Stewart, JM., 1982. The effects of substance P on histamine and
5-hydroxytryptamine release in the rat. J. Physiol. 330, 393—411.

Foreman, J.C., Jordan, C.C., Oehme, P., Renner, H., 1983. Structure-ac-
tivity relationships for some substance P-related peptides that cause
wheal and flare reactions in human skin. J. Physiol. 335, 449-465.

Johnson, A.R., Erdds, E.G., 1973. Release from histamine from mast



K. Ogawa et al. / European Journal of Pharmacology 374 (1999) 285-291 291

cells by vasoactive peptides. Proc. Soc. Exp. Biol. Med. 142, 1252—
1256.

Kaltreider, H.B., Ichikawa, S., Byrd, P.K., Ingram, D.A., Kishiyama,
JL., Sreedharan, S.P., Warnock, M.L., Beck, JM., Goetzl, E.J., 1997.
Upregulation of neuropeptides and neuropeptide receptors in murine
model of immune inflammation in lung parenchyma. Am. J. Respir.
Cell Mol. Bial. 16, 133-144.

Kitada, C., Ashida, Y., Maki, Y., Fujino, M., Hirai, Y., Yasuhara, T.,
Nakajima, T., Takeyama, M., Koyama, K., Yajima, H., 1980. Synthe-
sis of granuliberin-R and various fragment peptides and their his-
tamine-releasing activities. Chem. Pharm. Bull. 28, 887—892.

Kohno, S, Ogawa, K., Nabe, T., Yamamura, H., Ohata, K., 1993.
Dimaprit, a histamine H,-agonist, inhibits anaphylactic histamine
release from mast cells and the decreased release is restored by
thioperamide (H ;-antagonist), but not by cimetidine (H ,-antagonist).
Jpn. J. Pharmacol. 62, 75-79.

Kohno, S., Nakao, S., Ogawa, K., Yamamura, H., Nabe, T., Ohata, K.,
1994. Possible participation of histamine H ;-receptors in the regula-
tion of anaphylactic histamine release from isolated rat peritoneal
mast cells. Jpn. J. Pharmacol. 66, 173—-180.

Lowman, M.A., Benyon, R.C., Church, M.K., 1988. Characterization of
neuropeptide-induced histamine release from human dispersed skin
mast cells. Br. J. Pharmacol. 95, 121-130.

Mantyh, P.W., 1991. Substance P and the inflammatory and immune
response. Annu. NY Acad. Sci. 632, 263—-271.

Martin, C.A.E., Ndine, E., Emonds-Alt, X., Advenier, C., 1992. Influ-
ence of (+)-CP-96,345 and SR 48968 on electrical field stimulation
of the isolated guinea-pig main bronchus. Eur. J. Pharmacol. 224,
137-143.

Mazurek, N., Pecht, I., Teichberg, V.l., Blumberg, S., 1981. The role of
N-terminal tetrapeptide in the histamine releasing action of substance
P. Neuropharmacol. 20, 1025-1027.

Mousli, M., Bronner, C., Bueb, J.-L., Tschirhart, E., Gies, J-P., Landry,
Y., 1989. Activation of rat peritoneal mast cells by substance P and
mastoparan. J. Pharmacol. Exp. Ther. 250, 329-335.

Mousli, M., Bueb, J-L., Bronner, C., Rouot, B., Landry, Y., 1990. G
protein activation: a receptor-independent mode of action for cationic
amphilic neuropeptides and venom peptides. Trends Pharmacol. Sci.
11, 358-362.

Nabe, T., Hashii, H., Matsubara, S., Yasui, K., Yamamura, H., Horiba,

M., Watanabe-Kohno, S., Ohata, K., 1992. A tiaramide derivative,
5-chloro-3-(4-hydroxy-piperadinocarbonyl methyl) benzothiazoline-2-
one (HPR-611), a potent inhibitor of anaphylactic chemical mediator
release. A distinctive feature from disodium cromoglycate. J. Phramo-
cobio-Dyn. 15, 673-679.

Nakamura, T., Ui, M., 1985. Simultaneous inhibitions of inositol phos-
pholipid breakdown, arachidonic acid release, and histamine secretion
in mast cells by idet-activating protein. J. Biol. Chem. 260, 3584—
3593.

Pauwels, R.A., Germonpre, P.R., Kips, J.C., Joos, G.F., 1995. Genetic
control of indirect airway responsivenessin the rat. Clin. Exp. Allergy
25, 55-60.

Regoli, D., Drapeau, G., Dion, S., Couture, R., 1988. New selective
agonists for neurokinin receptors: pharmacological tools for receptor
characterization. Trends Pharmacol. Sci. 9, 290—-295.

Repke, H., Piotrowski, W., Bienert, M., Foreman, J.C., 1987. Histamine
release induced by Arg-Pro-Lys-Pro(CH,),,CH 4 from rat peritoneal
mast cells. J. Pharmacol. Exp. Ther. 243, 317-321.

Saito, H., Okgima, F., Molski, T.F.P., Sha Afi, R.l., Ui, M., Ishizeka, T.,
1987. Effects of ADP-ribosylation on the GTP-binding protein by
pertussis toxin on immunoglobulin E-dependent and -independent
histamine release from mast cells and basophils. J. Immunol. 138,
3927-3934.

Snider, M.R., Constantine, JW., Lowe, JA. lll, Longo, K.P., Lebdl,
W.S., Woody, H.A., Drozda, S.E., Desai, M.C., Vinick, F.J., Spencer,
R.W., Hess, H., 1991. A potent nonpeptide antagonist of the sub-
stance P (NK ;) receptor. Science (Washington, D.C.) 251, 435-437.

Sullivan, T.J., Parker, K.L., Stenson, W., Parker, C.W., 1975. Modulation
of cyclic AMP in purified rat mast cells: |. Responses to pharmaco-
logic, metabolic, and physical stimuli. J. Immunol. 114, 1473-1479.

Yamada, J., Nikaido, H., Matsumoto, S., 1979. Genetic variability within
and between outbred Wistar strains of rats. Exp. Anim. 28, 259—265.

Yamamura, H., Masuda, T., Ohkawa, E., Tanaka, Y., Kondo, S., Nabe,
T., Kohno, S, Horiba, M., Ohata, K., 1994a. Two-phase increment of
Cca?* uptake, intracellular C&2* concentration, and histamine release
following antigen stimulation in mouse bone marrow-derived mast
cells (BMMC). Jpn. J. Pharmacol. 66, 377—386.

Yamamura, H., Nabe, T., Kohno, S., Ohata, K., 1994b. Endothelin-1
induces release of histamine and leukotriene C, from mouse bone
marrow-derived mast cells. Eur. J. Pharmacol. 257, 235-242.



