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Abstract

Bombesin receptors are mainly divided into two subtypes: BB, receptor (neuromedin B-preferring receptor) and BB, receptor [gastrin-
releasing peptide (GRP)-preferring receptor]. Previously, we reported that intracerebroventricularly (i.c.v.) administered bombesin elevates
plasma noradrenaline and adrenaline by production of brain arachidonic acid in rats. Arachidonic acid is released mainly by phospholipase
Aj (PLA;)-dependent pathway or phospholipase C (PLC)/diacylglycerol lipase-dependent pathway. In the present study, bombesin and GRP
elevated plasma catecholamines in a dose-dependent manner (1 and 5 nmol/animal, i.c.v.), while neuromedin B (1, 5 and 10 nmol/animal,
i.c.v.) had no effect in urethane-anesthetized rats (bombesin=GRP > neuromedin B). The bombesin (1 nmol/animal, i.c.v.)-induced response
was dose-dependently attenuated by [D-Phe®, des-Met'*]-bombesin (6—14) ethylamide (bombesin BB, receptor antagonist) (15.3 and 30.6
nmol/animal, i.c.v.) and also by U-73122 (PLC inhibitor) (10 and 100 nmol/animal, i.c.v.) and RHC-80267 (diacylglycerol lipase inhibitor)
(1.3 and 2.6 umol/animal, i.c.v.). However, D-Nal-cyclo[Cys-Tyr-D-Trp-Orn-Val-Cys]-Nal-NH, (bombesin BB, receptor antagonist) (30 and
100 nmol/animal, i.c.v.), mepacrine (PLA, inhibitor) (1.1 and 2.2 pmol/animal, i.c.v.) and U-73343 (inactive analog of U-73122) (100 nmol/
animal, i.c.v.) had no effect. These results suggest the involvement of brain PLC/diacylglycerol lipase in the brain bombesin BB, receptor-
mediated activation of sympatho-adrenomedullary outflow in rats.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Bombesin is a 14-amino-acid peptide isolated from frog
skin. The mammalian counterparts are neuromedin B and
gastrin-releasing peptide (GRP), as well as the biologically
active GRP fragment neuromedin C. Receptors for the first
two ligands to be cloned are bombesin BB, receptor
(neuromedin B-preferring receptor) and bombesin BB,
receptor (GRP-preferring receptor) (Wada et al.,, 1991;
Spindel et al., 1990; Benya et al., 1995). A third mammalian
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bombesin-like receptor subtype, bombesin BB; receptor,
was cloned, although no endogenous ligand has been
identified to date (Fathi et al., 1993).

Bombesin-like peptides have been shown to be dis-
tributed in the central nervous system (Moody et al., 1981;
Steel et al., 1992) and to have a wide range of functions
including learning and memory (Shumyatsky et al., 2002),
hypothermia (Tsushima et al., 2003), anorexia (Ohki-
Hamazaki et al., 1997) and corticotropin-releasing hor-
mone secretion (Garrido et al., 1999). Although bombesin
receptors are widely distributed in the central nervous
system, the precise subtype(s) involved in these functions
are ill defined. Recently, using knockout strategies, it has
been shown that mice lacking either the bombesin BB; or
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BB, receptor do not display any gross phenotypic changes
from the wild type (Hampton et al., 1998; Ohki-Hamazaki
et al., 1999).

Previously, we reported that the centrally administered
indomethacin, an inhibitor of cyclooxygenase, effectively
attenuated centrally administered bombesin- and arachi-
donic acid-induced elevation of plasma noradrenaline and
adrenaline in rats (Okuma et al., 1996; Yokotani et al.,
2000). These results suggest that centrally administered
bombesin evokes the release of arachidonic acid in the
brain, thereby activating central sympatho-adrenomedullary
outflow in rats. Arachidonic acid has been shown to be
released mainly by two different pathways: (1) phospholi-
pase A, (PLA,) hydrolyzes the sn-2 ester bond of
membrane phospholipids, thereby releasing arachidonic
acid (Irvine, 1982; Axelrod, 1990); (2) diacylglycerol lipase
hydrolyzes diacylglycerol to yield arachidonic acid (Bell et
al., 1979; Irvine, 1982; Axelrod, 1990; Balsinde et al., 1991;
Hou et al., 1996). Diacylglycerol is formed in different
ways. While agonist-induced activation of phosphoinosi-
tide-specific phospholipase C (PLC) may produce rapid,
transient increases in diacylglycerol along with inositol
1,4,5-trisphosphate, more sustained elevation of diacylgly-
cerol is believed to result largely from phosphatidylcholine
breakdown by PLC and phospholipase D (PLD) (Sbrissa et
al., 1998). The latter leads to generation of diacylglycerol by

Bombesin or

GRP or Vehicle (i.c.v.)

phosphatidate phosphohydrolase (Hammond et al., 1995;
Exton, 1997).

The present study was designed to characterize the
mechanisms involved in the bombesin-induced activation of
the central sympatho-adrenomedullary outflow in regard to
the bombesin receptor subtype using anesthetized rats.

2. Materials and methods
2.1. Experimental procedures

Male Wistar rats weighing about 350 g were maintained
in an air-conditioned room at 22—24 °C under a constant
day—night thythm for more than 2 weeks and given food
(laboratory chow, CE-2; Clea Japan, Hamamatsu, Japan)
and water ad libitum. Under urethane anesthesia (1.2 g/kg,
i.p.), the femoral vein was cannulated for infusion of saline
(1.2 ml/h), and the femoral artery was cannulated for
collecting blood samples, as shown in our previous papers
(Yokotani et al., 1995; Shimizu et al., 2004). After the
animal was placed in a stereotaxic apparatus, the skull was
drilled for intracerebroventricular administration of test
substances using stainless-steel cannula (0.3 mm outer
diameter). The stereotaxic coordinates of the tip of cannula
were as follows (in mm): AP —0.8, L 1.5, V 4.0 (AP,
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Fig. 1. Effects of bombesin, gastrin-releasing peptide (GRP), and neuromedin B on plasma levels of noradrenaline and adrenaline. A Noradrenaline and A
Adrenaline: increments of noradrenaline and adrenaline above the basal. Arrow indicates the intracerebroventricular (i.c.v.) administration of vehicle (saline 10
pl/animal), bombesin (1 and 5 nmol/animal), GRP (1 and 5 nmol/animal), or neuromedin B (1, 5 and 10 nmol/animal). (A) O, vehicle (n=4); A, bombesin (1
nmol/animal) (n=5); @, bombesin (5 nmol/animal) (n=4). (B) O, vehicle (cited from A); A, GRP (1 nmol/animal) (»=9); ®, GRP (5 nmol/animal) (n =6). (C)
O, vehicle (cited from A); A, neuromedin B (1 nmol/animal) (n=6); @, neuromedin B (5 nmol/animal) (n=5); B, neuromedin B (10 nmol/animal) (»=4). Each
point represents the mean+S.E.M. *Significantly different ( 2 <0.05) from vehicle-treated group. The actual values for noradrenaline and adrenaline at 0 min

were 335.4+30.8 and 337.1+50.0 pg/ml (n=43), respectively.
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anterior from the bregma; L, lateral from the midline; V,
below the surface of the brain), according to the rat brain
atlas of Paxinos and Watson (1986).

Three hours were allowed to elapse before the
application of peptides [bombesin, neuromedin B and
gastrin-releasing peptide (GRP)] or blocking reagents. In
the case of using blocking reagents, bombesin was i.c.v.
administered 15 min after application of [D-Phe®, des-
Met'*]-bombesin (6—14) ethylamide (BEA) and D-Nal-
cyclo[Cys-Tyr-D-Trp-Orn-Val-Cys]-Nal-NH, (BIM-23127),
30 min after application of 1-[6-[[(17p)-3-methoxyestra-
1,3,5(10)-trien-17-yl]JaminoJhexyl]-1H-pyrrole-2,5-dione
(U-73122), 1-[6-[[(17p)-3-methoxyestra-1,3,5(10)-trien-17-
yl]lamino]hexyl]-2,5-pyrrolidine-dione (U-73343) and 1,6-
bis(cyclohexyloximinocarbonylamino)hexane (RHC-
80267), and 180 min after application of mepacrine due
to their slightly elevating effects on the basal plasma levels
of catecholamines. Bombesin, neuromedin B and GRP
dissolved in sterile saline were slowly injected into the
right lateral ventricle in a volume of 10 pl/animal using a
25-ul Hamilton syringe. BEA, BIM-23127 and mepacrine
dissolved in sterile saline were intracerebroventricularly
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(i.c.v.) administered in a volume of 5 pl/animal, while U-
73122, U-73343 and RHC-80267 dissolved in 2.5 pl of
100% N,N-dimethylformamide (DMF)/animal were i.c.v.
administered using a 10-ul Hamilton syringe.

All experiments were conducted in compliance with the
guiding principles for the care and use of laboratory animals
approved by the Kochi University.

2.2. Measurement of plasma catecholamines

Blood samples (400 pul) were collected through an arterial
catheter and were preserved on ice during experiments.
Plasma was prepared immediately after the final sampling.
Catecholamines in the plasma were extracted by the method
of Anton and Sayre (1962) with a slight modification and
were assayed electrochemically with high-performance
liquid chromatography (HPLC) (Shimizu et al., 2004).
Briefly, after centrifugation, the plasma (100 pl) was
transferred to a centrifuge tube containing 30 mg of
activated alumina, 2 ml of double deionized water, 1 ml
of 1.5 M Tris Buffer (pH 8.6) containing 0.1 M disodium
EDTA and 1 ng of 3,4-dihydroxybenzylamine as an internal
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Fig. 2. Effects of D-Nal-cyclo[Cys-Tyr-D-Trp-Orn-Val-Cys]-Nal-NH, (BIM-23127) and [D-Phe®, des-Met'*]-bombesin (6—14) ethylamide (BEA) on the
bombesin-induced elevation of plasma noradrenaline and adrenaline. BIM-23127 (a bombesin BB, receptor antagonist) (30 and 100 nmol/animal), BEA (a
bombesin BB, receptor antagonist) (15.3 and 30.6 nmol/animal) or vehicle-1 (5 pl saline/animal) was i.c.v. administered 15 min before the administration of
bombesin (I nmol/animal, i.c.v.) or vehicle-2 (10 ul saline/animal, i.c.v.). (A) @, vehicle-1 plus bombesin (n=6); ¥, BIM-23127 (30 nmol/animal) plus
bombesin (n=5); B, BIM-23127 (100 nmol/animal) plus bombesin (n=4); O, BIM-23127 (100 nmol/animal) plus vehicle-2 (n=4). (B) @, vehicle-1 plus
bombesin (cited from A); ¥, BEA (15.3 nmol/animal) plus bombesin (z =4); B, BEA (30.6 nmol/animal) plus bombesin (»=7); O, BEA (30.6 nmol/animal)
plus vehicle-2 (n=4). *Significantly different (£ <0.05) from vehicle-1 plus bombesin. Other conditions were the same as those of Fig. 1. The actual values for
noradrenaline and adrenaline at 0 min were 401.0+72.6 and 330.6+57.4 pg/ml in the group pretreated with vehicle-1 (n=6); 468.9+96.1 and 277.5+85.0 pg/
ml in the group pretreated with BIM-23127 (30 nmol/animal) (n=5); 408.2+73.3 and 430.3+95.2 pg/ml in the group pretreated with BIM-23127 (100 nmol/
animal) (n=8); 393.0£97.7 and 454.2+179.7 pg/ml in the group pretreated with BEA (15.3 nmol/animal) (n=4); 444.5+41.4 and 469.0+85.2 pg/ml in the

group pretreated with BEA (30.6 nmol/animal) (n=11), respectively.
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standard. The tube was shaken for 10 min and the alumina
was washed three times with 4 ml of ice-cold double-
deionized water. Then, catecholamines adsorbed onto the
alumina were eluted with 300 pl of 4% acetic acid
containing 0.1 mM disodium EDTA. A pump (EP-300:
Eicom, Kyoto, Japan), a sample injector (Model-231XL;
Gilson, Villiers-le-Bel, France) and an electrochemical
detector (ECD-300: Eicom) equipped with a graphite
electrode were used with HPLC. Analytical conditions were
as follows: detector, +450 mV potential against a Ag/AgCl
reference electrode; column, Eicompack CA-50DS,
2.1 x150 mm (Eicom); mobile phase, 0.1 M NaH,PO,—
Na,HPO, buffer (pH 6.0) containing 50 mg/l EDTA
dihydrate, 0.75 g/l sodium I-octanesulfonate and 15%
methanol at a flow of 0.18 ml/min; injection volume, 40
pl. The amount of catecholamines in each sample was
calculated using the peak height ratio relative to that of 3,4-
dihydroxybenzylamine. By this assay, coefficients of
variation for intra- and inter-assay were 3.0% and 3.7%,
respectively, and 0.5 pg of noradrenaline and adrenaline
were accurately determined.

2.3. Treatment of data and statistics

All values are expressed as the means+S.E.M. The data
were analyzed by repeated-measures analysis of variance
(ANOVA), followed by post hoc analysis with the Bonfer-
roni method for comparing a control to all other means. P
values less than 0.05 were taken to indicate statistical
significance.

2.4. Compounds

The following drugs were used: synthetic bombesin,
gastrin-releasing peptide (GRP), neuromedin B (Peptide
Institude, Osaka, Japan); [D-Phe6, des-Met14]-bombesin (6—
14) ethylamide (BEA), D-Nal-cyclo[Cys-Tyr-D-Trp-Orn-
Val-Cys]-Nal-NH, (BIM-23127) (Bachem AG, Bubendorf,
Switzerland); mepacrine (quinacrine) dihydrochloride
(Research Biochemicals, Natik, MA, USA); RHC-80267,
U-73122, U-73343 (Biomol Research Lab., Plymouth
Meeting, PA, USA). All other reagents were the highest
grade available (Nacalai Tesque, Kyoto, Japan).

3. Results

3.1. Effects of bombesin, gastrin-releasing peptide and
neuromedin B on plasma catecholamines

Intracerebroventricularly (i.c.v.) administered vehicle (10
ul saline/animal) and blood sampling for 6 times over 120
min had no effect on the basal plasma levels of either
noradrenaline and adrenaline (Fig. 1).

Bombesin (1 and 5 nmol/animal, i.c.v.) dose-dependently
elevated plasma levels of noradrenaline and adrenaline (Fig.

1A). These responses reached a maximum 30 min after
administration of bombesin and then declined toward their
basal levels, while a higher dose of this peptide (5 nmol/
animal) persistently increased plasma noradrenaline levels
throughout the experiments.

Gastrin-releasing peptide (GRP) (1 and 5 nmol/animal,
i.c.v.) also elevated plasma levels of catecholamines in a
dose-dependent manner (Fig. 1B). These responses reached
a maximum 30 min after administration of GRP and then
declined toward their basal levels. On the other hand,
neuromedin B (1, 5 and 10 nmol/animal, i.c.v.) had no effect
on the plasma levels of both catecholamines (Fig. 1C).

3.2. Effects of D-Nal-cyclo[Cys-Tyr-D-Trp-Orn-Val-Cys]-
Nal-NH, (BIM-23127) (bombesin BB, receptor antagonist)
and [D-Phe’, des-Met'*]-bombesin (6—14) ethylamide (BEA)
(bombesin BB, receptor antagonist) on the bombesin-induced
elevation of plasma catecholamines

Treatments with vehicle-1 (5 ul saline/animal, i.c.v.) and
vehicle-2 (10 ul saline/animal, i.c.v.) had no effect on the
basal plasma levels of catecholamines (data not shown).
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Fig. 3. Effect of mepacrine on the bombesin-induced elevation of plasma
noradrenaline and adrenaline. Mepacrine [1.1 and 2.2 pmol (500 and 1000
pg)/animal] or vehicle-1 (5 pl saline/animal) was i.c.v. administered 180
min before the administration of bombesin (1 nmol/animal, i.c.v.) or
vehicle-2 (10 pl saline/animal, i.c.v.). @, vehicle-1 plus bombesin (7 =>5);
V¥, mepacrine (1.1 pmol/animal) plus bombesin (7 =5); B, mepacrine (2.2
pmol/animal) plus bombesin (n=4); O, mepacrine (2.2 pmol/animal) plus
vehicle-2 (n=4). Other conditions were the same as those of Figs. 1 and 2.
The actual values for noradrenaline and adrenaline at 0 min were
382.2£86.7 and 437.3£197.1 pg/ml in the group pretreated with vehicle-
1 (n=5); 271.5+39.1 and 400.8+108.1 pg/ml in the group pretreated with
mepacrine (1.1 pmol/animal) (n=5); 421.0£59.0 and 436.2+87.0 pg/ml in
the group pretreated with mepacrine (2.2 pmol/animal) (n =8), respectively.
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Pretreatment with D-Nal-cyclo[Cys-Tyr-D-Trp-Orn-Val-
Cys]-Nal-NH, (BIM-23127) (a selective antagonist of
bombesin BB, receptor) [30 and 100 nmol (35.4 and 118
pg)/animal, i.c.v.] and [D-Phe®, des-Met'*]-bombesin(6—14)
ethylamide (BEA) (a selective antagonist of bombesin BB,
receptor) [15.3 and 30.6 nmol (15 and 30 pg)/animal, i.c.v.]
also had no effect on the basal plasma levels of catechol-
amines (Fig. 2A and B).

The bombesin (1 nmol/animal, i.c.v.)-induced elevation
of plasma noradrenaline and adrenaline was not influenced
by D-Nal-cyclo[Cys-Tyr-D-Trp-Orn-Val-Cys]-Nal-NH,
(BIM-23127) [30 and 100 nmol (35.4 and 118 pg)/animal,
i.c.v.], while [D-Phe®, des-Met'*]-bombesin(6—14) ethyl-
amide (BEA) attenuated the bombesin-induced elevation of
both catecholamines in a dose-dependent manner [15.3 and
30.6 nmol (15 and 30 pg)/animal, i.c.v.] (Fig. 2A and B).

3.3. Effect of mepacrine (an inhibitor of PLA,) on the
bombesin-induced elevation of plasma catecholamines

Treatments with vehicle-1 (5 ul saline/animal, i.c.v.) and
vehicle-2 (10 ul saline/animal, i.c.v.) had no effect on the
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basal plasma levels of catecholamines (data not shown).
Pretreatment with mepacrine [1.1 and 2.2 pmol (500 and
1000 pg)/animal, i.c.v.] also had no effect on the basal
plasma levels of catecholamines (Fig. 3).

The bombesin (1 nmol/animal, i.c.v.)-induced elevation
of plasma catecholamines was not influenced by mepa-
crine [1.1 and 2.2 pmol (500 and 1000 pg)/animal, i.c.v.]

(Fig. 3).

3.4. Effects of U-73122 (an inhibitor of PLC), U-73343 (an
inactive analog of U-73122) and RHC-80267 (an inhibitor
of diacylglycerol lipase) on the bombesin-induced elevation
of plasma catecholamines

Treatment with vehicle-1 (2.5 pl of 100% DMF/animal,
i.c.v.) and vehicle-2 (10 pl saline/animal, i.c.v.) had no effect
on the basal plasma levels of noradrenaline and adrenaline
(data not shown). Pretreatment with U-73122 [10 and 100
nmol (4.6 and 46 pug)/animal, i.c.v.], U-73343 [100 nmol (46
pg)/animal, i.c.v.] and RHC-80267 [1.3 and 2.6 umol (500
and 1000 pg)/animal, i.c.v.] had no effect on the basal
plasma levels of catecholamines (Fig. 4A and B).
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Fig. 4. Effects of U-73122, U-73343 and RHC-80267 on the bombesin-induced elevation of plasma noradrenaline and adrenaline. U-73122 (10 and 100 nmol/
animal, i.c.v.), U-73343 (100 nmol/animal, i.c.v.), RHC-80267 (1.3 and 2.6 umol/animal, i.c.v.) or vehicle-1 (2.5 pl of 100% DMF/animal, i.c.v.) was
administered 30 min before the administration of bombesin (1 nmol/animal, i.c.v.) or vehicle-2 (10 ul saline/animal, i.c.v.). (A) @, vehicle-1 plus bombesin
(n=5); ¥, U-73122 (10 nmol/animal) plus bombesin (n=5); W, U-73122 (100 nmol/animal) plus bombesin (n=6); A, U-73343 (100 nmol/animal) plus
bombesin (n=4); O, U-73122 (100 nmol/animal) plus vehicle-2 (n=4). (B) @, vehicle-1 plus bombesin (cited from (A)); ¥, RHC-80267 (1.3 pmol/animal)
plus bombesin (n=4); B, RHC-80267 (2.6 pumol/animal) plus bombesin (n=5); O, RHC-80267 (2.6 umol/animal) plus vehicle-2 (n=4). *Significantly
different ( P <0.05) from vehicle-1 plus bombesin. Other conditions were the same as those in Figs. 1 —3. The actual values for noradrenaline and adrenaline at
0 min were 270.2£35.1 and 320.7£106.8 pg/ml in the vehicle-1 (DMF)-pretreated group (n=5); 402.7+£82.3 and 394.0+183.0 pg/ml in the group treated with
U-73122 (10 nmol/animal) (n=5); 309.6+£26.2 and 284.5+66.6 pg/ml in the group treated with U-73122 (100 nmol/animal) (n»=10); 345.5+121.3 and
251.0£18.7 pg/ml in the group treated with U-73343 (100 nmol/animal) (n =4); 363.6+17.5 and 356.5+134.8 pg/ml in the group treated with RHC-80267 (1.3
pmol/animal) (n=4); 362+70.0 and 445.6+£119.4 pg/ml in the group treated with RHC-80267 (2.6 umol/animal) (n=9), respectively.
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The bombesin (1 nmol/animal, i.c.v.)-induced elevation
of both catecholamines was attenuated by U-73122 in a
dose-dependent manner [10 and 100 nmol (4.6 and 46 pg)/
animal, i.c.v.], while U-73343 [100 nmol (46 ng)/animal,
i.c.v.] had no effect on the bombesin-induced elevation of
both catecholamines (Fig. 4A). Furthermore, the bombesin-
induced elevation of both catecholamines was also attenu-
ated by RHC-80267 in a dose-dependent manner [1.3 and
2.6 pmol (500 and 1000 pg)/animal, i.c.v.] (Fig. 4B).

4. Discussion

Bombesin receptors were originally defined in terms of
the rank order of potencies of bombesin, neuromedin B and
gastrin-releasing peptide (GRP): neuromedin B>bomb-
esin>GRP at bombesin BB; receptor; GRP>bombesin>
neuromedin B at bombesin BB, receptor. In the present
experiment, we compared the potencies of these peptides on
plasma catecholamine levels. Centrally administered bomb-
esin and GRP effectively elevated plasma catecholamines,
while neuromedin B had little effect (bombesin=
GRP > neuromedin B), suggesting the involvement of brain
bombesin BB, receptor (GRP-preferring receptor) in the
bombesin-induced elevation of plasma catecholamines in
rats.

D-Nal-cyclo[Cys-Tyr-D-Trp-Orn-Val-Cys]-Nal-NH,
(BIM-23127) and [D-Phe®, des-Met'*]-bombesin (6—14)
ethylamide (BEA) has been shown to be a selective
antagonist of bombesin BB, and BB, receptors, respectively
(Orbuch et al, 1993; Jensen and Coy, 1991). D-Nal-
cyclo[Cys-Tyr-D-Trp-Orn-Val-Cys]-Nal-NH, (BIM-23127)
has been reported to block the neuromedin B-induced
contraction of cat circular esophagus (Milusheva et al.,
1998) and suppression of food intake produced by neuro-
medin B (Ladenheim et al., 1994). [D-Phe®, des-Met'*]-
bombesin (6—14) ethylamide (BEA) has been shown to
block the GRP-produced depolarization of rat hippocampal
interneurons (Lee et al., 1999) and the GRP-induced phase-
shifts in rat and hamster circadian pacemaker (McArthur et
al., 2000). In the present experiment, the bombesin-induced
elevation of plasma catecholamines was not influenced by
D-Nal-cyclo[Cys-Tyr-D-Trp-Orn-Val-Cys]-Nal-NH, (BIM-
23127), while [D-Phe®, des-Met'*]-bombesin (6—14) ethyl-
amide (BEA) effectively reduced the bombesin-induced
elevation of plasma catecholamines. These results further
suggest the involvement of brain BB, receptor in the
bombesin-induced elevation of plasma catecholamines in
rats.

Bombesin has been shown to cause a rapid release of
arachidonic acid and prostaglandin E, from mouse fibro-
blasts via bombesin BB, receptors (Millar and Rozengurt,
1990). GRP also potently stimulates the release of prosta-
glandin E, from rat intestinal epithelial cells (Guo et al.,
2001). Previously, we suggested the involvement of active
metabolites of brain arachidonic acid in the bombesin-

induced elevation of plasma catecholamines in rats (Okuma
et al., 1996; Yokotani et al., 2000). Arachidonic acid has
originally been shown to be released by PLA,-dependent
mechanism. Hence, we attempted to clarify the involvement
of brain PLA, in the bombesin-induced elevation of plasma
catecholamines using mepacrine.

Mepacrine has been shown to inhibit the release of
arachidonic acid induced by N-methyl-D-aspartate at con-
centrations that inhibit PLA, activity in primary cultures of
cerebellar granule cells (Lazarewicz et al., 1990). Mepacrine
also blocks melittin (a PLA; activator)-stimulated prostaglan-
din E, release from renal cortex slices (Churchill et al., 1990).
We also reported that central pretreatment with mepacrine
(500 pg/animal) abolished the centrally administered melittin-
induced elevation of plasma catecholamines in rats (Yokotani
et al., 2000). In the present experiment, however, central
pretreatment with mepacrine (500 and 1000 pg/animal) was
ineffective on the bombesin-induced elevation of plasma
catecholamines. The result suggests the involvement of the
other phospholipase than PLA, in the bombesin-induced
elevation of plasma catecholamines in rats.

Bombesin has been shown to activate PLC in acinar
pancreatic cells (Pandol and Schoeffield, 1986; Matozaki et
al., 1991; Pigeon et al., 1996), in addition to the activation
of PLD in mouse fibroblasts (Briscoe et al., 1994). PLC
mediates the production of diacylglycerol, which is hydro-
lyzed by diacylglycerol lipase to yield arachidonic acid. In
the next experiment, therefore, we examined the effects of
U-73122, U-73343 and RHC-80267 in the bombesin-
induced elevation of plasma catecholamines. U-73122 has
been shown to be a selective inhibitor of PLC in human
platelets and polymorphonuclear neutrophils (Bleasdale et
al., 1990; Smith et al., 1990) and to block bombesin/GRP-
induced Ca®" spiking and depolarization of rat hippocampal
neurons (Nishino et al., 1998; Lee et al., 1999). U-73343
acts as a weak inhibitor of PLC, thereby used as a negative
control (Bleasdale et al., 1990; Smith et al., 1990). RHC-
80267 selectively inhibits diacylglycerol lipase activity in
human adrenal glomerulosa cells and rat thyroid lobes
(Levasseur et al., 1984; Natarajan et al., 1988). In the
present experiment, U-73122 and RHC-80267, but not U-
73343, effectively reduced the bombesin-induced elevation
of plasma catecholamines, respectively. These results
suggest the involvement of PLC- and diacylglycerol
lipase-dependent pathways in the bombesin-induced eleva-
tion of plasma catecholamines in rats. Recently, we also
reported the involvement of the brain PLC- and diacylgly-
cerol lipase-dependent pathway in the centrally adminis-
tered corticotropin-releasing factor- and arginine-
vasopressin-induced elevation of plasma catecholamines in
rats (Okada et al., 2003; Shimizu et al., 2004).

Recently, it has been suggested that central bombesin
receptors, especially bombesin BB, receptor, may be
involved in the regulation of stress responses. Blockage of
bombesin BB, receptor in the hippocampus or amygdala,
which are involved in mediating stress responses, signifi-
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cantly reduces emotionally motivated behavior in rats
(Roesler et al., 2003, 2004). Moreover, GRP increases the
release of corticotropin-releasing factor-like peptides from
isolated hypothalamus (Garrido et al., 1999). These findings
suggest the involvement of the brain bombesin BB, receptor
in stress-induced activation of the central sympatho-adre-
nomedullary outflow.

In summary, we demonstrated here that the brain
bombesin BB, receptor mediates the activation of central
sympatho-adrenomedullary outflow by brain PLC- and
diacylglycerol lipase-dependent mechanisms in rats.
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