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a b s t r a c t

Ghrelin is an endogenous ligand of the type 1a growth hormone secretagogue receptor (GHSR1a) that
regulates energy balance. Ghrelin and obestatin, derived from the post-translational processing of pre-
proghrelin, are involved in a diverse range of biological activities, yet their effect on the immune system
is not fully understood. In the present study, we investigated the roles of ghrelin and obestatin on mast
eywords:
hrelin
bestatin
ast cells

asic secretagogues

cell degranulation and found that both ghrelin and obestatin induce the release of histamine from rat
peritoneal mast cells. This induced histamine release was inhibited by the pertussis toxin, an inhibitor
of G�i protein, and extracellular Ca2+. Rat peritoneal mast cells and rat basophilic leukemia (RBL-2H3)
cells did not express the ghrelin receptor GHSR1a, suggesting that histamine release induced by ghrelin
occurs via a receptor-independent mechanism. We report here that ghrelin and obestatin, belonging to
the family of basic secretagogues, stimulate mast cells independent of a receptor, and this may play a
crucial role at the site of allergy or inflammation.
istamine

. Introduction

Ghrelin and obestatin are bioactive peptides that originate from
he post-translational processing of the 117-amino acid precursor,
reproghrelin [20,42]. Ghrelin, a 28-amino acid acylated peptide,

s secreted predominantly from X/A-like enteroendocrine cells of
he stomach and has been identified as the endogenous ligand
f the type 1a growth hormone secretagogue receptor (GHSR1a)
20]. GHSR1a is widely expressed in the brain and peripheral tis-
ues [12,16] and in various forms of cancers [7]. Ghrelin exerts
iverse biological actions through GHSR1a, including effects on
rowth hormone secretion, cell proliferation, increase of appetite,
nd inflammation [6,30,36,39]. Ghrelin plays an important role
n immune cell function as a negative regulator of inflammatory
ytokine expression [6,39].
Please cite this article in press as: Hirayama T, et al. Ghrelin and obe
basic secretagogues. Peptides (2010), doi:10.1016/j.peptides.2010.07.

Obestatin has been reported to have opposite actions to ghrelin
n energy balance, food intake and intestinal motility, which can
ccur via GPR39 [22,41,42], a receptor specific for obestatin. GPR39
elongs to the ghrelin family that includes the ghrelin receptor,
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neurotensin receptor, and motilin receptor [35]. However, in the
situation of inflammation, recent reports show that ghrelin and
obestatin have similar biological actions despite having opposite
actions in energy balance [17,24].

Mast cells play an important role in inflammatory and allergic
reactions through the release of inflammatory mediators stored in
granules such as histamine, serotonin, and proteases, or de novo
synthesized molecules such as prostaglandins, leukotrienes, and
cytokines [9,15,33,37]. Mast cell activation has two main signaling
pathways: immunoglobulin E (IgE)-dependent and -independent
[9,33]. The IgE-dependent pathway occurs in response to antigens
and is mediated at the cell surface by cross-linking IgE to the high
affinity IgE receptor Fc�RI [15,33]. One of the IgE-independent path-
ways is mast cell activation evoked by basic secretagogues [9]. Basic
secretagogues activate the pertussis toxin (PTX)-sensitive G pro-
teins, G�i2 and G�i3, and stimulate phospholipase C� through their
�� subunits. This leads to mast cell exocytosis and the synthe-
sis and release of arachidonic acid metabolites [9,10]. Most basic
secretagogues are either endogenous or exogenous peptides, and
are characterized by a net positive charge. Ghrelin and obestatin
statin promote the allergic action in rat peritoneal mast cells as
010

have an overall positive charge. This suggests that they might be
involved in mast cell activation in inflammatory conditions where
they exhibit similar actions, which is contrary to their opposite bio-
logical activities in the regulation of energy balance, food intake and
intestinal motility.

dx.doi.org/10.1016/j.peptides.2010.07.010
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In this study, we investigated the effects of ghrelin and obestatin
n histamine release from rat peritoneal mast cells. We also deter-
ined the effect of PTX and extracellular Ca2+ on ghrelin- and

bestatin-induced mast cell degranulation.

. Materials and methods

.1. Animals and reagents

Male Wistar rats (300–400 g) were purchased from Japan SLC
Shizuoka, Japan). Animals were maintained in a room regulated
or temperature (22–24 ◦C), humidity (55 ± 5%) and light (12-h
ight–dark cycle; lights on at 7:00), with food and water available
d libitum for at least 3 days before the experiments. All procedures
ere performed with the approval of the Animal Experimenta-

ion Committee, Graduate School of Medicine, Nagoya University,
n accordance with the Guidelines for Animal Experimentation of
agoya University.

Rat ghrelin and obestatin were purchased from the Peptide
nstitute (Osaka, Japan). All other chemicals were obtained com-

ercially and were used at analytical grade without the need for
urther purification.

.2. Cell culture

Rat basophilic leukemia (RBL-2H3) cells were purchased from
merican Type Culture Collection. RBL-2H3 cells were maintained

n MEM supplemented with 10% fetal calf serum, 100 U/ml peni-
illin and 100 �g/ml streptomycin.

.3. Crude peritoneal mast cell preparation

Under anesthesia, the rat peritoneal cavity was washed with
0 ml HEPES Tyrode’s solution containing 140 mM NaCl, 2.7 mM
Cl, 0.42 mM NaH2PO4, 1.2 mM NaHCO3, and 0.56 mM glucose.
fter gentle massage of the abdomen for a few minutes, peritoneal
xudate cells (PEC) containing mast cells were obtained. The col-
ected PEC were washed twice with HEPES Tyrode’s solution by
entrifugation (800 × g, 4 ◦C, 10 min). The pellets were then resus-
ended in ice-cold HEPES Tyrode’s solution at a concentration of
× 105 cells/ml. Viability of PEC (greater than 95%) was confirmed
y trypan blue exclusion and the proportion of mast cells in PEC
approximately 10%) by toluidine blue staining.

.4. Purification of mast cells from PEC

Mast cells were purified from PEC as described previously [26].
riefly, mast cells were purified to >95% by Percoll (GE Healthcare
ioscience, Buckinghamshire, UK) density gradient centrifugation
t 800 × g for 10 min at 4 ◦C. Purified mast cells (3 × 106 cells) were
ashed three times in HEPES Tyrode’s solution following Percoll

reatment.

.5. Cell activation

To determine the dose-dependent effect of ghrelin and obestatin
n histamine release, PECs were incubated for 15 min with differ-
nt concentrations of each peptide solution (10−8 to 10−5 M). After
ncubation, all test tubes were immediately placed in an ice-cold

ater bath and then centrifuged at 4000 × g for 3 min at 4 ◦C to col-
Please cite this article in press as: Hirayama T, et al. Ghrelin and obe
basic secretagogues. Peptides (2010), doi:10.1016/j.peptides.2010.07.

ect the supernatant. The effects of extracellular Ca2+ on histamine
elease induced by ghrelin or obestatin were examined at different
oncentrations of Ca2+ (0.5–2 mM). To assess the effect of PTX, an
nhibitor of Gi protein, on histamine release, 100 ng/ml of PTX was
dded 2 h before incubation with ghrelin or obestatin.
 PRESS
s xxx (2010) xxx–xxx

2.6. RT-PCR

RT-PCR was performed as described previously with a few
modifications [32]. Briefly, total RNA was isolated using TRIZOL
reagent and reverse-transcribed to cDNA using random hexamers
and SuperScript II, according to the manufacturer’s instructions.
cDNA was amplified with Taq polymerase using 28 cycles for �-
actin and 35 cycles for GHSR1a under the following conditions:
denaturation at 94 ◦C for 30 s, annealing at 55 ◦C (�-actin) or 62 ◦C
(GHSR1a) for 30 s, and extension at 72 ◦C for 60 s.

The sequence of each primer was as follows: �-actin (465 bp):
sense 5′-TTC TAC AAT GAG CTG CGT GTG GC-3′; antisense 5′-CTC
ATA GCT CTT CTC CAG GGA GGA-3′, GHSR1a (897 bp): sense 5′-CAC
CAC CAC CAA CTT CTA CCT GTC CA-3′; antisense 5′-TGG CGG AGA
GAT GGG ATG TGC TGT CA-3′.

The PCR products were electrophoresis on a 1.5% agarose gel
and visualized with ethidium bromide staining under an ultraviolet
transilluminator.

2.7. Western blotting

RBL-2H3 cells and PEC were collected and resuspended in lysis
buffer containing 20 mM HEPES (pH 7.5), 150 mM NaCl, 1 mM
EDTA-2Na, and 1% Triton X-100. Total protein was determined by
the bicinchoninic acid (BCA) technique. Then, 50 �g of protein was
subjected to 10% SDS-PAGE and transferred to a polyvinylidene
difluoride membrane (Millipore, Billerica, MA, USA). The mem-
brane was incubated with 4% skim milk for 1 h at room temperature
followed by primary antibodies overnight at 4 ◦C. The membrane
was subsequently incubated with the secondary antibody, either
horseradish peroxidase-conjugated anti-rabbit IgG or anti-mouse
IgG, for 1 h at room temperature. The specific protein bands on
the membrane were visualized using the Enhanced Chemilumi-
nescence kit (GE Healthcare Bioscience, Buckinghamshire, UK)
according to the manufacturer’s instructions.

2.8. Histamine release assay

Histamine content in the supernatants was determined using
high-performance liquid chromatography (HPLC), as previously
described [27]. HPLC was performed on a Shimadzu LC-10A
system equipped with a fluorescence detector (RF10A XL, Shi-
madzu; Em: 450 nm, Ex: 330 nm) and an LC-10A liquid pump
under the following conditions: column, Cosmosil Packed Column
(150 mm × 4.6 mm); mobile phase, 50% methanol in 0.02 M acetate
buffer (pH 4.0); flow rate, 0.8 ml/min; oven temperature, 40 ◦C. To
quantify the total histamine content, cells were treated with 1%
Triton X-100, and the extract was analyzed for histamine release.
Histamine release was expressed as a percentage of the total his-
tamine content in cells, and the spontaneous release was subtracted
from the stimulated cell release.

2.9. Statistical analysis

Data are expressed as mean ± SD of the net percent of total his-
tamine release. Statistical analysis was performed using StatView
(Abacus Concept, Berkeley, CA, USA).

3. Results

3.1. Ghrelin and obestatin induce histamine release from PEC
statin promote the allergic action in rat peritoneal mast cells as
010

Examination of the effects of ghrelin and obestatin on histamine
release revealed that histamine is released from PEC in a dose-
dependent manner (Fig. 1). At the highest concentration of ghrelin
and obestatin tested (10−5 M), histamine increased by 36.0 ± 2.0%

dx.doi.org/10.1016/j.peptides.2010.07.010
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ig. 1. Dose-dependent effects of ghrelin and obestatin on histamine release from r
oncentrations of ghrelin (A) or obestatin (B) (10−8 to 10−5 M) for 15 min, and relea
xpressed as the mean ± SD of percentages of total histamine. Results shown are re

nd 25.6 ± 3.3%, respectively. In all experiments, cell viability was
imilar to that of the control, indicating that peptide-induced his-
amine release was not due to cytotoxicity (data not shown).

.2. Histamine release induced by ghrelin and obestatin is
ediated by G protein

To determine the pathways involved in ghrelin- and obestatin-
nduced histamine release from mast cells, PEC were pretreated

ith PTX, an inhibitor of G�i protein, prior to activation with
hrelin or obestatin. As shown in Fig. 2A and B, PTX pretreat-
ent reduced both ghrelin- and obestatin-induced histamine

elease from 37.9 ± 4.1% and 32.6 ± 1.2% to 3.1 ± 0.5% and 1.2 ± 0.2%,
espectively. These results show that histamine release induced by
hrelin or obestatin was mediated by G�i protein in peritoneal mast
ells.

.3. Effects of extracellular Ca2+ on histamine release induced by
hrelin and obestatin in PEC

Gi protein-dependent mast cell activation induced by cationic
eptides, such as substance P and mastoparan, has been shown
o be inhibited by extracellular Ca2+ [9]. As ghrelin- and
bestatin-induced histamine release from PEC also occurred via
Gi-dependent pathway, we determined the effect of extracellu-

ar Ca2+ on inhibition. The presence of extracellular Ca2+ inhibited
Please cite this article in press as: Hirayama T, et al. Ghrelin and obe
basic secretagogues. Peptides (2010), doi:10.1016/j.peptides.2010.07.

hrelin- and obestatin-induced histamine release from PEC in a
ose-dependent manner (Fig. 3A and B). These results suggest that
hrelin and obestatin might share the Ca2+-sensitive pathway in
he regulation of histamine release from mast cells that occurs with
ubstance P and mastoparan [9].

ig. 2. Effects of PTX on histamine release induced by ghrelin and obestatin from rat per
ECs were stimulated with ghrelin (10−5 M) or obestatin (10−5 M) for 15 min, and release
alues are expressed as the mean ± SD of percentages of total histamine. Results are repr

he data for the control.
itoneal mast cells. After 10-min preincubation, PECs were stimulated with various
histamine was determined. Substance P was used as a positive control. Values are
tative of three independent experiments.

3.4. Expression of GHSR1a in mast cells

To characterize receptor expression in mast cells, we tested
for the presence of the ghrelin receptor GHSR1a on the mRNA
and protein levels by RT-PCR and western blotting, respectively.
We examined two types of mast cells: connective tissue for rat
peritoneal mast cells and mucosal cells for RBL-2H3 cells. Neither
types of mast cells expressed GHSR1a mRNA or protein (Fig. 4).
These results suggest that ghrelin-induced histamine release in
rat peritoneal mast cells is not likely to be mediated via receptor-
dependent mechanisms.

3.5. Effect of ghrelin on obestatin-induced histamine release from
rat peritoneal mast cells

Ghrelin and obestatin have been reported to exert opposite bio-
logical actions in food intake and growth hormone secretion [43].
We investigated the effect of ghrelin on histamine release induced
by obestatin from PEC. As shown in Fig. 5, we found that ghrelin
had an additive effect on mast cell degranulation when induced by
obestatin.

4. Discussion

Although ghrelin and obestatin are derived from the same gene,
they have different effects on the regulation of energy balance [42].
statin promote the allergic action in rat peritoneal mast cells as
010

In order to determine whether ghrelin and obestatin also have
different effects on the regulation of immune function, we investi-
gated the role of these two peptides on mast cell degranulation.

In the present study, we show for the first time that both
ghrelin and obestatin dose-dependently increase histamine release

itoneal mast cells. PECs were exposed to PTX (100 ng/ml) for 2 h. After incubation,
of histamine was determined. Substance P (10−5 M) was used as a positive control.
esentative of three independent experiments. *p < 0.05, significantly different from

dx.doi.org/10.1016/j.peptides.2010.07.010
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Fig. 3. Effects of extracellular Ca2+ on histamine release induced by ghrelin and obestat
extracellular Ca2+ (0, 0.5, 1.0, or 2.0 mM) for 10 min. After incubation, PECs were stimulat
was determined. Substance P (10−5 M) was used as a positive control. Values are expresse
three independent experiments. **p < 0.05, significantly different from data for 0 mM of e
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ig. 4. Expression of GHSR1a in peritoneal mast cells and RBL-2H3 cells. The expres-
ion of GHSR1a mRNA (A) and protein (B) was determined by RT-PCR and western
lotting, respectively. Rat brain was used as a positive control.

rom rat peritoneal mast cells, which can be inhibited by extra-
ellular Ca2+ and PTX, an inhibitor of G�i protein. To establish
hether ghrelin activated mast cells through a receptor-dependent

r -independent pathway, we examined the expression of the ghre-
in receptor, GHSR1a. We found almost no expression of GHSR1a
n the rat mast cells. Furthermore, the potency of ghrelin and
bestatin on mast cell activation was similar to that of the basic
ecretagogues, including mastoparan [29], nociceptin [18], histatin

[40], and platelet factor 4 fragment [34]. Thus, it is conceiv-
Please cite this article in press as: Hirayama T, et al. Ghrelin and obe
basic secretagogues. Peptides (2010), doi:10.1016/j.peptides.2010.07.

ble that ghrelin and obestatin also belong to the family of basic
ecretagogues.

Ghrelin and obestatin have opposite actions in energy balance,
ood intake, and body weight [22,41,42]. However, there are some

ig. 5. Effect of ghrelin on obestatin-induced histamine release from rat peri-
oneal mast cells. After 10 min preincubation, PECs were stimulated with obestatin
10−5 M) and various concentrations of ghrelin (0, 10−6, 5 × 10−6, and 10−5 M) for
5 min, and release of histamine was determined. Values are expressed as the
ean ± SD of percentages of total histamine. Results are representative of three

ndependent experiments.
in from rat peritoneal mast cells. PECs were exposed to various concentrations of
ed with ghrelin (10−5 M) or obestatin (10−5 M) for 15 min, and release of histamine
d as the mean ± SD of percentages of total histamine. Results are representative of

xtracellular Ca2+.

controversies regarding these actions, suggesting that the intricate
balance of ghrelin and obestatin is important for the regulation
of energy homeostasis [5,31]. In this study, we showed that both
ghrelin and obestatin induced the release of histamine in mast
cells. Ghrelin is known to have anti-inflammatory actions, includ-
ing the inhibition of TNF-�-induced IL-8 production and inhibition
of NF-�B signaling in human endothelial cells [25]. The poten-
tial activity of ghrelin as an anti-inflammatory mediator has also
been demonstrated in vivo with several animal models including
inflammatory bowel disease [13], arthritis [4,14], sepsis, and endo-
toxemia [4,38]. Obestatin is known to antagonize the physiological
actions of ghrelin. For example, obestatin reverses ghrelin-induced
serotonin release in rat hypothalamus [2]. Furthermore, it is also
reported that serum levels of ghrelin are decreased and obestatin
increased in rheumatoid arthritis [19]. However, a recent study
showed that ghrelin and obestatin exhibit similar actions. Ghrelin
and obestatin increased ICAM-1 expression as well as the bind-
ing of oxidized LDL to thioglycollate-elicited mouse peritoneal
macrophages [17]. These peptides also exerted protective effects on
cardiac dysfunctions and on intestinal ischemia-reperfusion injury
[1,3,11,24]. These observations support our results that both ghre-
lin and obestatin promote the degranulation of mast cells in allergic
inflammation.

Since both ghrelin and obestatin are thought to activate mast
cells as basic secretagogues, it might be difficult for them to stim-
ulate the release of histamine from mast cells under physiological
conditions: ghrelin at 130 pM and obestatin at 7 pM [28]. However,
it has been reported that low concentrations of the basic secret-
agogues (i.e., substance P or compound 48/80) can promote mast
cell degranulation in the presence of IgE-dependent stimulation
[21,23]. Therefore, low concentrations of basic secretagogues might
have some effects on mast cells and exaggerate allergic symptoms
in allergic inflammation. Since ghrelin is known to impair activa-
tion and differentiation of Th1 cells [6] as well as IL-17 secretion
in T cells [8], it might also be involved in regulating the balance of
Th1/Th2 in favor of Th2 immunity, and its local elevation might
play a role at the sites of allergic inflammation and/or immune
responses.

Some of the basic secretagogues like neurotensin have been
reported to promote mast cell secretion via the endogenous specific
receptor pathway [9]. In order to investigate the effect of GHSR1a
statin promote the allergic action in rat peritoneal mast cells as
010

on mast cell activation by ghrelin, we examined the expression of
GHSR1a in rat mast cells. This result that no GHSR1a expression was
found in rat mast cells further suggests that ghrelin might induce
mast cell degranulation via the specific receptor-independent path-
way.

dx.doi.org/10.1016/j.peptides.2010.07.010
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In conclusion, ghrelin and obestatin-induced histamine release
rom rat peritoneal mast cells via a receptor-independent, G�i- and
xtracellular Ca2+-dependent pathway. These results suggest that
hrelin and obestatin activate mast cells as basic secretagogues and
lay an important role in allergic reactions.

eferences

[1] Alloatti G AE, Bassino E, Penna C, Perrelli MG, Ghé C, Muccioli G. Obestatin
affords cardioprotection to the ischemic/reperfused isolated rat heart and
inhibits apoptosis in cultures of similarly stressed cardiomyocytes. Am J Physiol
Heart Circ Physiol 2010;299:H470–81.

[2] Brunetti LDNC, Recinella L, Orlando G, Ferrante C, Chiavaroli A, Leone S, et
al. Obestatin inhibits dopamine release in rat hypothalamus. Eur J Pharmacol
2010;641:142–7.

[3] Chang L, Ren YS, Liu XH, Li WG, Yang JH, Geng B, et al. Protective effects of
ghrelin on ischemia/reperfusion injury in the isolated rat heart. J Cardiovasc
Pharmacol 2004;43:165–70.

[4] Chorny A, Anderson P, Gonzalez-Rey E, Delgado M. Ghrelin protects against
experimental sepsis by inhibiting high-mobility group box 1 release and by
killing bacteria. J Immunol 2008;180:8369–77.

[5] Depoortere I, Thijs T, Moechars D, De Smet B, Donck LV, Peeters TL. Effect of
peripheral obestatin on food intake and gastric emptying in ghrelin-knockout
mice. Br J Pharmacol 2008;153:1550–7.

[6] Dixit VD, Schaffer EM, Pyle RS, Collins GD, Sakthivel SK, Palaniappan R, et
al. Ghrelin inhibits leptin- and activation-induced proinflammatory cytokine
expression by human monocytes and T cells. J Clin Invest 2004;114:57–66.

[7] Dixit VD, Weeraratna AT, Yang HW, Bertak D, Cooper-Jenkins A, Riggins GJ, et
al. Ghrelin and the growth hormone secretagogue receptor constitute a novel
autocrine pathway in astrocytoma motility. J Biol Chem 2006;281:16681–90.

[8] Dixit VD, Yang HW, Cooper-Jenkins A, Giri BB, Patel K, Taub DD. Reduction of T
cell-derived ghrelin enhances proinflammatory cytokine expression: implica-
tions for age-associated increases in inflammation. Blood 2009;113:5202–5.

[9] Ferry X, Brehin S, Kamel R, Landry Y. G protein-dependent activation of mast
cell by peptides and basic secretagogues. Peptides 2002;23:1507–15.

10] Ferry X, Eichwald V, Daeffler L, Landry Y. Activation of beta gamma sub-
units of G(i2) and G(i3) proteins by basic secretagogues induces exocytosis
through phospholipase C beta and arachidonate release through phospholipase
C gamma in mast cells. J Immunol 2001;167:4805–13.

11] Frascarelli S, Ghelardoni S, Ronca-Testoni S, Zucchi R. Effect of ghrelin and syn-
thetic growth hormone secretagogues in normal and ischemic rat heart. Basic
Res Cardiol 2003;98:401–5.

12] Gnanapavan S, Kola B, Bustin SA, Morris DG, McGee P, Fairclough P, et al. The
tissue distribution of the mRNA of ghrelin and subtypes of its receptor, GHS-R,
in humans. J Clin Endocrinol Metab 2002;87:2988–91.

13] Gonzalez-Rey E, Chorny A, Delgado M. Therapeutic action of ghrelin in a mouse
model of colitis. Gastroenterology 2006;130:1707–20.

14] Granado M, Priego T, Martin AI, Villanua MA, Lopez-Calderon A. Anti-
inflammatory effect of the ghrelin agonist growth hormone-releasing
peptide-2 (GHRP-2) in arthritic rats. Am J Physiology Endocrinol Metab
2005;288:E486–92.

15] Grimbaldeston MA, Metz M, Yu M, Tsai M, Galli SJ. Effector and potential
immunoregulatory roles of mast cells in IgE-associated acquired immune
responses. Curr Opin Immunol 2005;18:751–60.

16] Hattori N, Saito T, Yagyu T, Jiang BH, Kitagawa K, Inagaki C. GH, GH receptor,
GH secretagogue receptor, and ghrelin expression in human T cells, B cells, and
neutrophils. J Clin Endocrinol Metab 2001;86:4284–91.

17] Kellokoski E, Kunnari A, Jokela M, Makela S, Kesaniemi YA, Horkko S. Ghrelin
and obestatin modulate early atherogenic processes on cells: enhancement of
monocyte adhesion and oxidized low-density lipoprotein binding. Metabolism
2009;58:1572–80.
Please cite this article in press as: Hirayama T, et al. Ghrelin and obe
basic secretagogues. Peptides (2010), doi:10.1016/j.peptides.2010.07.

18] Kimura T, Kitaichi K, Hiramatsu K, Yoshida M, Ito Y, Kume H, et al. Intra-
dermal application of nociceptin increases vascular permeability in rats: the
possible involvement of histamine release from mast cells. Eur J Pharmacol
2000;407:327–32.

19] Koca SS, Ozgen M, Aydin S, Dag S, Evren B, Isik A. Ghrelin and obestatin levels
in rheumatoid arthritis. Inflammation 2008;31:329–35.

[

[

 PRESS
s xxx (2010) xxx–xxx 5

20] Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K. Ghre-
lin is a growth-hormone-releasing acylated peptide from stomach. Nature
1999;402:656–60.

21] Kulka M, Sheen CH, Tancowny BP, Grammer LC, Schleimer RP. Neuropeptides
activate human mast cell degranulation and chemokine production. Immunol-
ogy 2008;123:398–410.

22] Lagaud GJ, Young A, Acena A, Morton MF, Barrett TD, Shankley NP. Obestatin
reduces food intake and suppresses body weight gain in rodents. Biochem
Biophys Res Commun 2007;357:264–9.

23] Lau AHY, Chow SSM, Ng YS. Immunologically induced histamine release from
rat peritoneal mast cells is enhanced by low levels of substance P. Eur J Phar-
macol 2001;414:295–303.

24] Sen LS, Karakoyun B, Akkiprik M, Yuksel M, Parmaksiz I, Ercan F, et al. Obestatin
and ghrelin attenuate intestinal ischemia-reperfusion injury via both central
and peripheral mechanisms. Gastroenterology 2008;134. A-58.

25] Li WG, Gavrila D, Liu XB, Wang LX, Gunnlaugsson S, Stoll LL, et al. Ghrelin
inhibits proinflammatory responses and nuclear factor-kappa B activation in
human endothelial cells. Circulation 2004;109:2221–6.

26] Matsushima M, Kitaichi K, Tatsumi Y, Hasegawa T, Takagi K. The expression of
mRNA for calcitonin receptor-like receptor/receptor-activity modifying pro-
teins in rat peritoneal mast cells. Eur J Pharmacol 2003;464:111–4.

27] Matsushima M, Takagi K, Ogawa M, Hirose E, Ota Y, Abe F, et al. Heme
oxygenase-1 mediates the anti-allergic actions of quercetin in rodent mast
cells. Inflamm Res 2009;58:705–15.

28] Mondal MS, Toshinai K, Ueno H, Koshinaka K, Nakazato M. Characterization of
obestatin in rat and human stomach and plasma, and its lack of acute effect on
feeding behavior in rodents. J Endocrinol 2008;198:339–46.

29] Mousli M, Bronner C, Bueb JL, Tschirhart E, Gies JP, Landry Y. Activation of rat
peritoneal mast cells by substance P and mastoparan. J Pharmacol Exp Ther
1989;250:329–35.

30] Nakazato M, Murakami N, Date Y, Kojima M, Matsuo H, Kangawa K, et al. A role
for ghrelin in the central regulation of feeding. Nature 2001;409:194–8.

31] Nogueiras R, Pfluger P, Tovar S, Arnold M, Mitchell S, Morris A, et al. Effects
of obestatin on energy balance and growth hormone secretion in rodents.
Endocrinology 2007;148:21–6.

32] Okamoto M, Hasegawa Y, Hara T, Hashimoto N, Imaizumi K, Shimokata K,
et al. T-helper type 1/T-helper type 2 balance in malignant pleural effusions
compared to tuberculous pleural effusions. Chest 2005;128:4030–5.

33] Siraganian RP. Mast cell signal transduction from the high-affinity IgE receptor.
Curr Opin Immunol 2003;15:639–46.

34] Suzuki R, Kimura T, Kitaichi K, Tatsumi Y, Matsushima M, Zhao YL, et al. Platelet
factor 4 fragment induces histamine release from rat peritoneal mast cells.
Peptides 2002;23:1713–7.

35] Tan CP, McKee KK, Liu QY, Palyha OC, Feighner SD, Hreniuk DL, et al. Cloning
and characterization of a human and murine T-cell orphan G-protein-coupled
receptor similar to the growth hormone secretagogue and neurotensin recep-
tors. Genomics 1998;52:223–9.

36] Tschop M, Smiley DL, Heiman ML. Ghrelin induces adiposity in rodents. Nature
2000;407:908–13.

37] Wedemeyer J, Galli SJ. Mast cells and basophils in acquired immunity. Br Med
Bull 2000;56:936–55.

38] Wu RQ, Dong WF, Cui XX, Zhou M, Simms HH, Ravikumar TS, et al. Ghrelin
down-regulates proinflammatory cytokines in sepsis through activation of the
vagus nerve. Ann Surg 2007;245:480–6.

39] Xia Q, Pang W, Pan H, Zheng Y, Kang JS, Zhu SG. Effects of ghrelin on the
proliferation and secretion of splenic T lymphocytes in mice. Regul Pept
2004;122:173–8.

40] Yoshida M, Kimura T, Kitaichi K, Suzuki R, Baba K, Matsushima M, et al. Induc-
tion of histamine release from rat peritoneal mast cells by histatins. Biol Pharm
Bull 2001;24:1267–70.

41] Zhang JV, Jahr H, Luo CW, Klein C, Van Kolen K, Donck LV, et al. Obestatin induc-
tion of early-response gene expression in gastrointestinal and adipose tissues
and the mediatory role of G protein-coupled receptor, GPR39. Mol Endocrinol
2008;22:1464–75.
statin promote the allergic action in rat peritoneal mast cells as
010

42] Zhang JV, Ren PG, Avsian-Kretchmer O, Luo CW, Rauch R, Klein C, et al.
Obestatin, a peptide encoded by the ghrelin gene, opposes ghrelin’s effects
on food intake. Science 2005;310:996–9.

43] Zizzari P, Longchamps R, Epelbaum J, Bluet-Pajot MT. Obestatin partially affects
ghrelin stimulation of food intake and growth hormone secretion in rodents.
Endocrinology 2007;148:1648–53.

dx.doi.org/10.1016/j.peptides.2010.07.010

	Ghrelin and obestatin promote the allergic action in rat peritoneal mast cells as basic secretagogues
	Introduction
	Materials and methods
	Animals and reagents
	Cell culture
	Crude peritoneal mast cell preparation
	Purification of mast cells from PEC
	Cell activation
	RT-PCR
	Western blotting
	Histamine release assay
	Statistical analysis

	Results
	Ghrelin and obestatin induce histamine release from PEC
	Histamine release induced by ghrelin and obestatin is mediated by G protein
	Effects of extracellular Ca2+ on histamine release induced by ghrelin and obestatin in PEC
	Expression of GHSR1a in mast cells
	Effect of ghrelin on obestatin-induced histamine release from rat peritoneal mast cells

	Discussion
	References


