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Abstract

Ghrelin, a novel growth hormone-releasing peptide, was
originally isolated from rat and human stomach. Ghrelin
has been known to increase the secretion of growth
hormone (GH), food intake, and body weight gain when
administered peripherally or centrally. Ghrelin is also
known to stimulate the gastric motility and the secretion
of gastric acid. In the previous studies, the action of
ghrelin on acid secretion was shown to be as strong
as that of histamine and gastrin in /in-vivo experiment.
In the studies, the mechanism for the action of ghrelin
was also investigated. It was shown that vagotomy
completely inhibited the action of ghrelin on the
secretion of gastric acid suggesting that vagal nerve is
involved in the mechanism for the action of ghrelin on
acid secretion. As famotidine did not inhibit ghrelin-in-
duced acid secretion in the study by Masuda et a/, they
concluded that histamine was not involved in the action
of ghrelin on acid secretion. However, we have shown
that famotidine completely inhibited ghrelin-induced
acid secretion and histidine decarboxylase (HDC) mRNA
was increased in gastric mucosa by ghrelin injection
which is inhibited by vagotomy Our results indicate that
histamine is involved in the action of ghrelin on acid
secretion. Furthermore synergistic action of gastrin and
ghrelin on gastric acid secretion was shown. Although
gastrin has important roles in postprandial secretion of
gastric acid, ghrelin may be related to acid secretion
during fasting period or at night. However, further
studies are needed to elucidate the physiological role of
ghrelin in acid secretion.
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GHRELIN AND THE REGULATION OF
GASTRIC ACID SECRETION

Ghrelin, a novel growth-hormone-releasing peptide,
was originally isolated from rat and human stomachs'
and was demonstrated to localize in the endocrine cells
of the stomach and hypothalamus[l’z]. Ghrelin has been
known as a multifunctional hormone. Ghrelin increases
secretion of growth hormone (GH), food intake, and
body weight gain when administered peripherally or cen-

(391" Ghrelin has also positive cardiovascular effects.

trally
In humans, infusion of ghrelin decreases systemic vas-
cular resistance and increases cardiac output in patients
with heart failure. On the functions of stomach, ghrelin
was also known to stimulate gastric motility and the se-
cretion of gastric acid when administered peripherally
or centrallym’“]. As ghrelin has such multiple actions on
many organs, physiological roles of ghrelin /» vivo might
be important even if many of them are not elucidated.
The mechanism for the action of ghrelin on feeding,
growth hormone secretion and the secretion of gastric
acid was studied and demonstrated that the vagal nerve
was involved in the action of ghrelin“”"m. When ghrelin
was administered peripherally, ghrelin induced c-fos ex-
pression in the neurons of the arcuate nucleus of rats!'?.
However, ghrelin did not induce c-fos expression in the
neuron in both capsaicin-treated rats and vagotomized
rats!'?. The effects of ghrelin on feeding were also abol-
ished with capsaisin treatment and vagotomy'”. These
results suggest that gastric vagal afferent is the major
pathway conveying ghrelin’s signals for starvation and
GH secretion to the brain. On the action of ghrelin on
the secretion of gastric acid, vagal nerve was indicated to
be involved in the action of ghrehnm]. Masuda and co-
workers indicated that the action of ghrelin on the secre-
tion of gastric acid was abolished by the pretreatment
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with atropine or bilateral cervical Vagotomy[m]. Date and
co-workers demonstrated that intracerebroventricular
(ICV) administration of ghrelin induced the increase
in the secretion of gastric acid and vagotomy and the
pretreatment with atropine abolished the action of ghre-
lin"", They also demonstrated that ICV administration
of ghrelin induced c-fos expression in the neurons of
the nucleus of the solitary tract (NTS) and the dorsal
motor nucleus of the vagus nerve (DMX)[“]. Taken
together, these results suggest that vagal nerve plays im-
portant roles in the action of ghrelin on the secretion of
gastric acid.

GHRELIN AND HISTAMINE RELEASE

As dictated above, ghrelin stimulates the secretion of
gastric acid"”"". The mechanism for the action of ghrelin
on acid secretion was also demonstrated that the vagal
nerve was involved in the action of ghre]jn[m’“]. However,
the details of the mechanism after the activation of vagal
nerve by ghrelin administration remains to be elucidated.

In the mechanism for acid secretion, vagal nerve
has been known to play an important role, especially
in the regulation by central nervous system!” and in
the stimulation by the distenstion of stomach!™. Vagal
nerve has stimulatory and inhibitory actions on acid
secretion™” and it contains and releases several neu-
rotransmitters such as acetylcholine!'”, gastrin-releaseing
peptide (GRP)" substance P"”. Calcitonin gene-related
peptide!” and pituitary adenylate cyclase activating pep-
tide (PACAP)™. Among these, GRP has a stimulatory
action on gastrin release from G cells”. Gastrin released
by GRP stimulation is the most important physiologi-
cal secretagogue and it has a primary role in postpran-
dial acid secretion”™. Gastrin stimulates acid secretion
via enterochromaffin-like cells (ECL cell)®. Another
transmitter, PACA, was also found to increase histamine
release from ECL cell”. PACAP-immunoreactive nerve
fibers are abundant in the gastric mucosa of both rat
and humans™ and gastric ECL cells possesses PACAP
receptors(PAC1)*?. Gastrin is now known as major
stimulant of histamine release from gastric ECL cells”".
Histamine released from ECL cells acts on parietal cells
through H, receptor[zs]. It was indicated that the activa-
tion of vagal nerve induced an increase in histamine
release from gastric mucosa’. Accordingly it is plausible
that histamine release may be involved in the increased
acid secretion induced by administration of ghrelin.

In a previous report, Masuda ez al"”" demonstrated that
vagal nerve is involved in the action of ghrelin on acid
secretion. However, they concluded that histamine was
not involved in the action of ghrelin on acid secretion, as
famotidine did not inhibited ghrelin-induced acid secte-
tion"”. Tthe mechanism that was demonstrated by Masuda
seemed to requite further investigation, because the vagal
stimulation™ ] as well as transmitter PACAP, is known to
increase release of histamine from ECL cells™. Therefore,
if ghrelin administration stimulates the vagal nerve, an in-
crease in histamine release would consequently occur.

Previously we attempted to clarify whether histamine
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Figure 1 Effects of rat ghrelin (A) and gastrin-17 (B) on acid output in
gastric lumen-perfused rats. A: Time course of acid output by IV administration
of ghrelin (0.04, 0.8, 4, 20 pg/kg) in gastric lumen perfused rats; B: Time course
of acid output by IV administration of gastrin (0.8, 8, 13.2 and 20 pg/kg) in
gastric lumen perfused rats. Saline was administered in control rats. Each value
represents the mean + SE of acid output at 15 min intervals. n = 4, 5, 6, 7.
Reprinted with permission®™.

is involved in the action of ghrelin®”. In our study, ghrelin
(0.8-20 pg/kg) dose-dependently increased gastric acid se-
cretion and the action of ghrelin (20 ug/kg, 6 X 10" mol/
kg) on acid secretion was almost as efficient as that of
gastrin (20 pg/kg, 9.2 X 107 mol/kg) (Figure 1) ™. The
study demonstrated that vagotomy abolished the increase
in acid secretion by ghrelin administration (Figure 2)"”
and also that famotidine completely inhibited the stimula-
tory action of ghrelin . Furthermore, administration of
ghrelin significantly increased HDC mRNA concentration
of gastric mucosa (Figure 3) ™. Vagotomy also abolished
the increase in HDC mRNA by ghrelin administration
(Figure 4) ™. Furthermore, in the study, isolated vascular-
ly-perfused stomachs that lacked vagal innervation were
prepared in order to examine the effect of ghrelin on
histamine release. Although the infusion of gastrin (2.1
ug/10 min) increased histamine release, ghrelin (5 pg/10
min) did not induce histamine release from isolated rat
stomachs. Taken together, the results demonstrate the
mechanism of action of ghrelin involves the vagal nerve
as well as increases in release and synthesis of histamine,
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Figure 2 Effect of famotidine on ghrelin-stimulated acid output in gastric
lumen-perfused rats. Time course of acid output by the IV administration of
famotidine (0.33 mg/kg) and ghrelin (20 pg/kg) in gastric lumen-perfused rats.
Famotidine was administered intravenously 15 min before ghrelin injection.

Each value represents the mean + SE of acid output at 15 min intervals. n = 4.

Reprinted with permission®.

consequently induces the stimulation of parietal cells.

The reason that Masuda ¢/ @/ did not observe the
inhibitory effect of famotidine on the action of ghrelin
is unclear. However, there is a difference between the
administration methods in the study by Matsuda ¢# 2/ and
those used in our study. We administered ghrelin intrave-
nously, while Matsuda ¢f @/ administered ghrelin subcuta-
neously. The difference in the results may thus be due to
the difference in the administration methods.

GHRELIN AND GASTRIN IN THE
MECHANISM FOR THE REGULATION
OF GASTRIC ACID SECRETION

Gastrin is known to be released into the circulation in
response to food™, and to play an important roles in in-
creasing postprandial acid secretion™, and to exert activ-
ity on ECL cells”. Tt was shown that vagotomy did not
affect the maximal response of acid secretion to gastrin
administration thus indicating that the action of gastrin
was not primarily dependent on vagal nerve™. On the
other hand, ghrelin is released during fasting period,
and food intake suppresses its release”™. As vagotomy
completely abolished ghrelin-induced acid secretion and
HDC mRNA production, ghrelin is thought to induce
histamine release »zz vagal nerve activation, consequently
resulting in increased acid sectretion by parietal cells. Ac-
cordingly the mechanism for the secretion of ghrelin ap-
pears to differ from that of gastrin.

Recently, however, synergistic action of ghrelin and
ghrelin on gastric acid secretion was reported from two
groups[34’35]. Fukumoto ¢ 2/ have shown that IV adminis-
tration of gastrin induced transient increases of ghrelin
levels within 10 minutes and that simultaneous adminis-
tration of both gastrin and ghrelin resulted in a synergistic
increase of gastric acid secretion in rat””. They supposed
that gastrin may directly stimulate ghrelin release and both
hormones may increase gastric acid secretion synergisti-
cally™. We also presented the data that shows synergistic
effects of gastrin and ghrelin on gastric acid secretion and
histamine production by gastric mucosa which involves

www.wjgnet.com
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Figure 3 Effect of ghrelin on the concentration of HDC mRNA in rat gatsric
mucosa. Ghrelin (20 pg/kg) was administered intravenously. The concentration of
HDC mRNA was measured by real time RT-PCR using LightCycler. Control: The
concentration of HDC mRNA in gastric mucosa of rats with saline administration.
1 h; the concentration of HDC mRNA in gastric mucosa of rats with ghrelin
administration, the stomachs were excised 1 h after the administration. 2 h; the
concentration of HDC mRNA in gastric mucosa of rats with ghrelin administration,
the stomachs were excised 2 h after the administration. Each value represents
the mean + SE of HDC mRNA demonstrated as % of control. n = 28, 20, 20. °P <
0.01. Reprinted with permission™.
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Figure 4 Effect of vagotomy on the concentration of HDC mRNA in rat
gastric mucosa stimulated by ghrelin administration. Subdiaphragmatic
vagotomy was performed in rats 3 h or 7 d before the experiments. Ghrelin
(20 pg/kg) was administered IV. The concentration of HDC mRNA was
measured by real time RT-PCR using Light Cycler. Control: The concentration
of HDC mRNA in gastric mucosa of rats with saline administration. Ghrelin:
The concentration of HDC mRNA in gastric mucosa of rats with ghrelin
administration, the stomachs were excised 2 h after the administration. 3 h
after vagotomy, the experiments were performed 3 h after vagotomy. 1 wk after
vagotomy, the experiments were performed 7 d after vagotomy. Each value
represents the mean + SE of HDC mRNA demonstrated as % of control. n =8
or 15. NS: Not significant. Reprinted with permission®”.

the vagal nerve™. Circulating ghrelin decreases soon after
the initiation of feeding, gastrin oppositely increase with
food intake. Generally simultaneous increases of gastrin
and ghrelin do not occur. Therefore physiological role of
this synergistic action of these hormones remain to be
clarified. We are supposing this synergistic action may oc-
curs in subjects with Hp infection that induces hypergas-
trinemia in fasting when ghrelin level rises.

CENTRAL REGULATION OF GASTRIC
ACID SECRETION BY GHRELIN

The peripheral vagal nerve and the nuclei of central
nerves are thought to be involved in the mechanism of
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action of ghrelin[()’u]. Ghrelin administered IV induced
Fos expression only in the neurons of the arcuate nu-
cleus of the hypothalamus in rats'"”. On the other hand,
ICV injection induced Fos expression in the neurons
of NTS and DMX of the medulla oblongata and other
nuclei such as several hypothalamic nuclei, the dentate
gyrus, the hippocampus, and the cerebral cortex™'".
The hypothalamus is known to be the center for hunger
and satiety[%]. In particular, the arcuate nucleus of the
hypothalamus is activated by ghrelin administration and
this region is known to have important role in control-
ling food intake relating to the action of leptin[37]. Date
et al' indicated that IV injection of ghrelin induces Fos
expression in neuropeptide Y (NPY)-producing and
growth hormone-releasing hormone (GHRH)-producing
neurons in the arcuate neucleus. It is known that injec-
tion of NPY into cerebral ventricles or directly into the
hypothalamus of rats potently stimulates food intake".
Therefore, the activation of NPY neuron in the arcu-
ate nucleus of the hypothalamus by ghrelin is thought
to relate to the stimulatory effect of ghrelin on food
intake. However, it is still unclear whether activation of
the arcuate nucleus induces increase in the secretion of
gastric acid. It has been shown that ghrelin receptors are
synthesized in vagal afferent neurons and transported
to the afferent terminals'”. Date e o™ suggested that
the gastric vagal afferent nerve, which is capsaicin sensi-
tive, is the major pathway conveying ghrelin signals for
starvation and growth hormone secretion to the brain.
It is possible that the same pathway mediates the mecha-
nism for the action on the secretion of gastric acid
when ghrelin is administered [V. On the other hand, as
described above, DMX, NTS and several nuclei of the
brain are apparently activated by ICV administration of
1 "As DMX has been demonstrated to relate to
the secretion of gastric acid, the activation of DMX may

ghrelin

be related to the central nervous system mechanism for
the action of ghrelin on acid secretion. Furthermore, va-
gotomy also abolished the stimulatory effect of ICV ad-
ministration of ghrelin on acid secretion, thus the vagal
efferent may also be involved in the action of cerebral
ghrelin[ll]

The neuronal pathway mediating the peripheral
ghrelin appears to be different from that mediating
central ghrelin. Although the vagal afferent nerve was
demonstrated to be involved in the action of peripheral
ghrelin[m’m, the role of vagal efferent nerve remained to
be elucidated. However, as the action of cerebral ghrelin
is thought to involve vagal nerve, possibly vagal effer-
ent nerve, and the results of our previous study dem-
onstrated that the actions of ghrelin on acid secretion
and HDC mRNA production require the vagal nerve to
be intact, it is possible that vagal efferent nerve is also
involved in the action of peripheral ghrelin. A likely hy-
pothesis based on the results of our study is that periph-
eral ghrelin stimulation of gastric acid secretion initiates
the activation of central regulatory system that induces
the activation of vagal nerve, resulting in possibly release
of neurotransmitters and ECL cells stimulation.

Recently, as to the action of ghrelin, involvement

of NO synthesis has been indicated™”. Bilgin ez al re-
ported that ghrelin stimulates the secretion of gastric
acid through NO as a mediator, because acid secretion
induced by ghrelin administration was inhibited by ap-
plying L-NAME in rats. Previously the gastroprotective
effect of ghrelin was reported and this can be attenuated
by pretreatment of L-NAME suggesting involvement
of NO pathways in the effect of ghrelin®”. As NO in-
creases mucosal blood flow, the effect of ghrelin on the
secretion of gastric acid may partially dependent of an
increase of mucosal blood flow.

THE PHYSIOLOGICAL ROLE OF
GHRELIN IN THE REGULATION OF
ACID SECRETION

The physiological role of ghrelin in the regulation of
acid secretion still remains unclear. Comparing the secre-
tion of ghrelin with that of gastrin, the secretion of gas-
trin is induced by food intake™, while the secretion of
ghrelin is increased during fasting periodm]. As described
above, there are many differences between gastrin and
ghrelin in the actions, their roles may be different. Gas-
trin is known to play important roles in the postprandial
secretion of gastric acid, while ghrelin may be related to
acid secretion during fasting period or at night. To elu-
cidate the physiological role of ghrelin in acid secretion,
further studies are required.

REFERENCES

1 Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H,
Kangawa K. Ghrelin is a growth-hormone-releasing acylated
peptide from stomach. Nature 1999; 402: 656-660

2 Date Y, Kojima M, Hosoda H, Sawaguchi A, Mondal
MS, Suganuma T, Matsukura S, Kangawa K, Nakazato
M. Ghrelin, a novel growth hormone-releasing acylated
peptide, is synthesized in a distinct endocrine cell type in the
gastrointestinal tracts of rats and humans. Endocrinology 2000;
141: 4255-4261

3 Tschop M, Smiley DL, Heiman ML. Ghrelin induces
adiposity in rodents. Nature 2000; 407: 908-913

4 Wren AM, Small CJ, Ward HL, Murphy KG, Dakin CL,
Taheri S, Kennedy AR, Roberts GH, Morgan DG, Ghatei
MA, Bloom SR. The novel hypothalamic peptide ghrelin
stimulates food intake and growth hormone secretion.
Endocrinology 2000; 141: 4325-4328

5 Kamegai J, Tamura H, Shimizu T, Ishii S, Sugihara H,
Wakabayashi I. Central effect of ghrelin, an endogenous
growth hormone secretagogue, on hypothalamic peptide
gene expression. Endocrinology 2000; 141: 4797-4800

6 Nakazato M, Murakami N, Date Y, Kojima M, Matsuo H,
Kangawa K, Matsukura S. A role for ghrelin in the central
regulation of feeding. Nature 2001; 409: 194-198

7 Asakawa A, Inui A, Kaga T, Yuzuriha H, Nagata T, Ueno
N, Makino S, Fujimiya M, Niijima A, Fujino MA, Kasuga M.
Ghrelin is an appetite-stimulatory signal from stomach with
structural resemblance to motilin. Gastroenterology 2001; 120:
337-345

8 Shintani M, Ogawa Y, Ebihara K, Aizawa-Abe M,
Miyanaga F, Takaya K, Hayashi T, Inoue G, Hosoda K,
Kojima M, Kangawa K, Nakao K. Ghrelin, an endogenous
growth hormone secretagogue, is a novel orexigenic peptide
that antagonizes leptin action through the activation of
hypothalamic neuropeptide Y/Y1 receptor pathway.

www.wjgnet.com



6338

ISSN 1007-9327 CN 14-1219/R  World J Gastroenterol

November 7, 2008 Volume 14  Number 41

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Diabetes 2001; 50: 227-232

Wren AM, Seal L], Cohen MA, Brynes AE, Frost GS,
Murphy KG, Dhillo WS, Ghatei MA, Bloom SR. Ghrelin
enhances appetite and increases food intake in humans. |
Clin Endocrinol Metab 2001; 86: 5992

Masuda Y, Tanaka T, Inomata N, Ohnuma N, Tanaka S, Itoh
Z, Hosoda H, Kojima M, Kangawa K. Ghrelin stimulates
gastric acid secretion and motility in rats. Biochem Biophys
Res Commun 2000; 276: 905-908

Date Y, Nakazato M, Murakami N, Kojima M, Kangawa K,
Matsukura S. Ghrelin acts in the central nervous system to
stimulate gastric acid secretion. Biochem Biophys Res Commun
2001; 280: 904-907

Date Y, Murakami N, Toshinai K, Matsukura S, Niijima
A, Matsuo H, Kangawa K, Nakazato M. The role of the
gastric afferent vagal nerve in ghrelin-induced feeding and
growth hormone secretion in rats. Gastroenterology 2002; 123:
1120-1128

Tache Y, Goto Y, Hamel D, Pekary A, Novin D. Mechanisms
underlying intracisternal TRH-induced stimulation of
gastric acid secretion in rats. Regul Pept 1985; 13: 21-30
Grossman MI. Secretion of acid and pepsin in response to
distention of vagally innervated fundic gland area in dogs.
Gastroenterology 1962; 42: 718-721

Antia F, Rosiere CE, Robertson C, Grossman MI. Effect of
vagotomy on gastric secretion and emptying time in dogs.
Am ] Physiol 1951; 166: 470-479

Debas HT, Konturek SJ, Walsh JH, Grossman MI. Proof
of a pyloro-oxyntic reflex for stimulation of acid secretion.
Gastroenterology 1974; 66: 526-532

Ternaux JP, Falempin M, Palouzier B, Chamoin MC,
Portalier P. Presence of cholinergic neurons in the vagal
afferent system: biochemical and immunohistochemical
approaches. | Auton Nerv Syst 1989; 28: 233-242

Dockray GJ, Vaillant C, Walsh JH. The neuronal origin of
bombesin-like immunoreactivity in the rat gastrointestinal
tract. Neuroscience 1979; 4: 1561-1568

Sternini C. Vagal afferent innervation of the enteric
nervous system. In: Ritter S, Ritter RC, Barnes CD. editors.
Neuroanatomy and physiology of abdominal vagal
afferents. Boca Raton, FL: CRC Press, 1992: 135-156

Tornoe K, Hannibal J, Georg B, Schmidt PT, Hilsted L,
Fahrenkrug J, Holst J]. PACAP 1-38 as neurotransmitter in
the porcine antrum. Regul Pept 2001; 101: 109-121

Sugano K, Park J, Soll AH, Yamada T. Stimulation of gastrin
release by bombesin and canine gastrin-releasing peptides.
Studies with isolated canine G cells in primary culture. |
Clin Invest 1987; 79: 935-942

Richardson CT, Walsh JH, Hicks MI, Fordtran JS. Studies
on the mechanisms of food-stimulated gastric acid secretion
in normal human subjects. | Clin Invest 1976; 58: 623-631
Chen D, Monstein HJ, Nylander AG, Zhao CM,
Sundler F, Hakanson R. Acute responses of rat stomach
enterochromaffinlike cells to gastrin: secretory activation
and adaptation. Gastroenterology 1994; 107: 18-27
Lindstrom E, Bjorkqvist M, Boketoft A, Chen D, Zhao
CM, Kimura K, Hakanson R. Neurohormonal regulation
of histamine and pancreastatin secretion from isolated rat

www.wjgnet.com

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

stomach ECL cells. Regul Pept 1997; 71: 73-86

Kivipelto L, Absood A, Arimura A, Sundler F, Hakanson
R, Panula P. The distribution of pituitary adenylate cyclase-
activating polypeptide-like immunoreactivity is distinct
from helodermin- and helospectin-like immunoreactivities
in the rat brain. | Chem Neuroanat 1992; 5: 85-94

Zeng N, Kang T, Lyu RM, Wong H, Wen Y, Walsh JH, Sachs
G, Pisegna JR. The pituitary adenylate cyclase activating
polypeptide type 1 receptor (PACI-R) is expressed on
gastric ECL cells: evidence by immunocytochemistry and
RT-PCR. Ann N'Y Acad Sci 1998; 865: 147-156

Prinz C, Zanner R, Gratzl M. Physiology of gastric entero-
chromaffin-like cells. Annu Rev Physiol 2003; 65: 371-382
Chew CS, Hersey SJ, Sachs G, Berglindh T. Histamine
responsiveness of isolated gastric glands. Am | Physiol 1980;
238: G312-G320

Uvnas B. The part played by the pyloric region in the
cephalic phase of gastric secretion. Acta Physiol Scan 1942; 4
(Suppl 13): 1-7

Yakabi K, Ro S, Onouhi T, Tanaka T, Ohno S, Miura S,
Johno Y, Takayama K. Histamine mediates the stimulatory
action of ghrelin on acid secretion in rat stomach. Dig Dis
Sci 2006; 51: 1313-1321

Feldman M, Walsh JH, Wong HC, Richardson CT. Role of
gastrin heptadecapeptide in the acid secretory response to
amino acids in man. | Clin Invest 1978; 61: 308-313

Emas S, Grossman MI. Effect of truncal vagotomy on acid
and pepsin responses to histamine and gastrin in dogs. Am |
Physiol 1967; 212: 1007-1012

Cummings DE, Purnell JQ, Frayo RS, Schmidova K, Wisse
BE, Weigle DS. A preprandial rise in plasma ghrelin levels
suggests a role in meal initiation in humans. Diabetes 2001;
50: 1714-1719

Ro S, Tanaka T, Ochiai M, Yakabi K. The interaction
between gastrin and ghrelin on acid secfretion in rat
stomsch. Gastroentwrology 2004; 26: A147

Fukumoto K, Nakahara K, Katayama T, Miyazatao M,
Kangawa K, Murakami N. Synergistic action of gastrin and
ghrelin on gastric acid secretion in rats. Biochem Biophys Res
Commun 2008; 374: 60-63

Bray GA, Fisler ], York DA: Neuroendocrine control of the
development of obesity: understanding gained from studies
of experimental animal models. Front Neuroendocrinol 1990;
11:128-181

Satoh N, Ogawa Y, Katsuura G, Hayase M, Tsuji T,
Imagawa K, Yoshimasa Y, Nishi S, Hosoda K, Nakao K. The
arcuate nucleus as a primary site of satiety effect of leptin in
rats. Neurosci Lett 1997; 224: 149-152

Stanley BG, Kyrkouli SE, Lampert S, Leibowitz SF.
Neuropeptide Y chronically injected into the hypothalamus:
a powerful neurochemical inducer of hyperphagia and
obesity. Peptides 1986; 7: 1189-1192

Wyrwicka W, Garcia R. Effect of electrical stimulation of the
dorsal nucleus of the vagus nerve on gastric acid secretion
in cats. Exp Neurol 1979; 65: 315-325

Bilgin HM, Tumer C, Diken H, Kelle M, Sermet A. Role of
ghrelin in the regulation of gastric acid secretion involving
nitrergic mechanisms in rats. Physiol Res 2008; 57: 563-568

S- Editor Xiao LL E- Editor Ma WH



