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CHAPTER 169

Novel mechanism of feeding regulation by
ghrelin

Masamitsu Nakazato

Third Department of Medicine, Miyazaki Medical College, Miyazaki 869-1692, japan
fe-mail: nakazato@post. miyazaki-med.ac.jp] '

Introdhiction

he molecular mechanisms to regulate energy balance are coming to light by the recent robust

I progresses in the molecular biology and neuroscience. Ghrelin is a novel anabolic peptide that

we discovered from the stomach in humans and rats two years ago’?. We describe the molecular
mechanism of ghrelin in the regulation of feeding.

Discovery of ghrelin

Growth hormone (GH) secretion from the pituitary has been known to be stimulated by two different
pathways: one is the GHRH (growth hormone releasing hormone )/cAMP pathway and the other is the
GHS (growth hormone secretagogues)/IP3-calcium pathway. In 1996, the GHS receptor, a G-protein
coupled transmembrance receptor and now called the ghrelin receptor, was cloned, but its natural
ligand had been unknown until we purified its endogenous ligand peptide, ghrelin. We isolated ghrelin
from the human and rat stomach by monitoring an increase in intracellular calcium level in CHO cells
that had been designed to express the ghrelin receptor’. Ghrelin consists of 28 amino acids in which
the Ser-3 is post-translationally modified by the addition of middle-chain fatty acid, octanoy! acid. This
acyl modification is indispensable for ghrelin’s biological activity. At present, ghrelin is found in the
fish, amphibians, birds, and many mammals. In naming the peptide, we associated it with a growth
hormone release by naming it a variation of the Proto-Indo-European root, ‘ghre’.

Hypothalamic ghrelin

Ghrelin-producing neurons are located in the lateral part of the arcuate nucleus and their nerve fibres
are widely distributed in the hypothalamic regions of primary importance in the regulation of feed-
ing"®. Intracerebroventricular (ICV} administration of ghrelin above a minimally active dose of 10 pmol
to free-feeding rats during the light phase increased food intake in a dose-dependent manner?, Ghrelin-
27 that is an alternative splicing product and devoid of a glutamine at position 14, has a same
orexigenic potency as ghrelin 28. Ghrelin did not produce unusual behaviour. When we compared
doses less than 500 pmol, ghrelin was more potent than neuropeptide Y (NPY) the most powerful
orexigenic peptide identified so far. Ghrelin also increased food intake in feeding conditions, such as
dark-phase feeding and starvation-induced feeding. A chronic ICV infusion of ghrelin, as few as 250
pmol/day, for 12 days using an osmotic minipump increased food intake and body weight gain over the

infusion period. The ghrelin infusion did not affect general activity. At the end of experiment, the
* plasma concentrations of glucose, insulin, triglycerides, and total cholesterol in the ghrelin-infused
group did not differ from those in the control group.
To determine whether an endogenous tone of ghrelin signalling is present in the hypothalamus, we
investigated the effect of an antibody against ghrelin on feeding behaviour?, Compared with the
preimmune serum IgG, anti-ghrelin IgG remarkably suppressed starvation-induced feeding in a dose-
dependent manner. Anti-ghrelin IgG also suppressed dark-phase food intake by 36 per cent in free-feed-
ing rats. These findings indicate that ghrelin is a powerful, endogenous orexigenic peptide. '
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Growth hormone is known to stimulate feeding. To investigate whether ghrelin’s orexigenic activity
depends on the GH system, we studied the effect of ICV-injected ghrelin in spontaneous growth
hormone deficient rats*. Ghrelin also stimulated food intake in them. Ghrelin stimulates feeding by the
GH-independent mechanism.

Feeding is finely and redundantly regulated by the complicated interaction of many orexigenic and
anorectic signals produced in the brain and peripheral tissues. We studied the downstream signalling
* of the ghrelin system®. Ghrelin axon terminals directly contact NPY-containing neurons in double
jmmunohistochemistry. Ghrelin axons make direct synaptic contacts with NPY neurons in electron
microscopic immunohistochemistry. To establish the activation of NPY neurons by ghrelin, c-fos
expression which is a marker of neuronal activation was mapped following an ICV administration of
ghrelin. Ghrelin administration induced Fos in 39 per cent of NPY neurons in the arcuate nucleus by
double immunohistochemistry. The hypothalamic NPY mRNA level in quantitative in situ hybridiza-
tion increased following ghrelin administration. Ghrelin anatomically lies upstream NPY. To investi-
gate the functional relationship between ghrelin and NPY, the consequence of blocking NPY in
ghrelin-induced feeding was observed. ICV administration of anti-NPY IgG 4 h before ghrelin admini-
stration abolished ghrelin-induced feeding. An NPY receptor antagonist also aholished ghrelin-induced
feeding. NPY neurons are shown to express the ghrelin receptor. These findings indicate that ghrelin
lies upstream NPY at both anatomical and functional levels to stimulate food intake.

AgRP (agouti related protein) is another orexigenic peptide produced in the arcuate nucleus. AgRP and
NPY co-localize in neurons; however, they exert their activities via different pathways. NPY inhibits
an anorectic peptide, corticotropin-releasing hormone (CRH), and AgRP competes with another anorec-
tic peptide, o-melanocyte-stimulating hormone (0-MSH). We studied the functional relationship be-
tween ghrelin and AgRP in feeding regulation®. Ghrelin-induced feeding was suppressed upon
treatment with o-MSH, and blocking of AgRP, with anti-AgRP IgG. These findings indicate that
inhibition of endogenous NPY and AgRP can modulate ghrelin-induced feeding. Ghrelin is thought to
interact anatomically and functionally with the pathways of these two orexigenic peptides produced in
the arcuate nucleus.

The ghrelin receptor is also expressed in the lateral hypothalamus that has been known to be a feeding
centre and was recently found to produce two orexigenic neuropeptides, orexin and melanin-concen-
trating hormone (MCH). Ghrelin may interact with these peptides. Ghrelin fibres are appositioned to
orexin neurons. Orexin-producing neurons and their dendritic processes often receive synapses from
ghrelin axon terminals®, Jov administration of ghrelin induced Fos expression in 23 per cent of orexin-
producing neurons. The electrical activity of orexin neurons was activated by ghrelin administration.
Orexin is a down stream signal of ghrelin. We further studied the functional relationship between
ghrelin and orexin. Pretreatment with anti-orexin IgG reduced ghrelin-induced food intake to one half
of the level seen in rats given control IgG + ghrelin. Ghrelin-induced food intake in orexin knockout
mice was significantly reduced in comparison with wild-type littermates. Ghrelin-induced feeding is
therefore concluded to be mediated in part by the orexin pathway®. Ghrelin injection did not induce
Fos in any MCH neurons. Pretreatment with anti-MCH IgG did not affect ghrelin-induced feeding,
indicating no interaction between ghrelin and MCH*. :

In summary, central ghrelin is verified to act on NPY/AgRP neurons and orexin neurons to stimulate
feeding. These neurons are also found to have the leptin receptor. There is a competitive interaction
between ghrelin and leptin in these neurons in feeding regulation. Ghrelin nerve fibres project to the
median eminence to stimulate GH secretion from the pituitary®,

Gastric ghrelin
Ghrelin cells are abundant in the oxyntic gland of the stomach in humans and rats in in situ hybridi-
zation®, In immunoelectron microscopy, ghrelin staining is localized on round, compact, electron-dense
granules. Until now, three types of endocrine cells: histamine and uroguanylin-producing enterochro-
maffin-like cells, somatostatin-producing D cells, and serotonin-producing enterochromaffin cells have
been identified. Ghrelin cells are a new member of endocrine cells in the gastric body. They make up
about 20 per cent of the endocrine cell population in the gastric body of both rats and humans. Ghrelin
cells are positioned close to the capillary, and immunoreactive ghrelin is circulating in human plasma
at as much as 150 fmol/m]. Ghrelin mRNA expression in the gastric fundus increased after fast, and
returned to the control level after refeeding’. Ghrelin plasma concentration in the gastric vein increased
after fast. The ghrelin mRNA level in the stomach also increased after administration of leptin and
insulin. Biosynthesis and secretion of ghrelin is up-regulated under conditions of negative energy
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balamT:e, which appear to be consistent with ghrelin’s anabolic role in the regulation of energy homeg.
stasis’.

Intravenous administration of ghrelin increased dose-dependently food intake in free-feeding rats, In
contrast, intravenous administration of anti-ghrelin IgG reduced feeding in fasted rats. Many anorectic
peptides are produced in the gut; however, ghrelin is the first orexigenic peptide present in the
periphery®. The ghrelin’s appetite-stimulating effect was also shown in humans by a double-bling
cross-over study®. Intravenous infusion of ghrelin significantly increased energy intake from a freq.
choice buffet lunch compared with saline infusion. : '

To investigate a possible involvement of ghrelin in the pathogenesis of human cbesity, we measureq
plasma ghrelin concentration in lean and obese non-diabetic individuals'®. Obese subjects have lowey
plasma ghrelin concentration than lean subjects. The fasting plasma ghrelin concentration was nega-
tively correlated with body mass index. Ghrelin is downregulated in human obesity, which may
represent a physiological adaptation to the positive energy balance. On the other hand, ghrelin is
upregulated in anorectic patients, which also is a physiological adaptation to the negative energy
balance. Plasma ghrelin concentration of normol subjects decreased after 75 g oral glucose and 10 g
intravenous glucose loads™. Also in diabetic patients, plasma ghrelin decreased after meal. Plasmga
ghrelin decreased after insulin injection. Hyperinsulinaemia in glucose load and insulin administration
may reduce ghrelin secretion.

The circulating plasma ghrelin level showed a diurnal pattern with preprandial increases and post-
prandial decreases during the daytime and a maximum peak at 2 am.. Ghrelin may be a potent
starvation signal and the stomach may apprise the brain of hunger information through the ghrelin
system. .

Vagus-mediated signalling by ghrelin
How does the stomach-derived ghrelin exert its stimulative action on feeding? We expected two
possibilities; one is via the vagus nerve, and the other is via the bloodstream. Some meal-related
metabolites, monoamines and peptides as well as mechanical and chemical stimuli transmit their
satiety signals to the hindbrain via the vagus nerve. The vagus nerve is a cranial nerve that contains
both efferent and afferent fibres. It conveys information to and from viscera as well as to and from the
brain, Afferent information from the alimentary tract is conveyed to the nucleus of the solitary tract,
NTS. Efferent fibres originate from the dorsal motor nuclues, DMN. These two nuclei are located close
in the medulla. Approximately 90 per cent of vagus nerve fibres are afferent and composed of unmyeli-
nated, thin, capsaicin-sensitive fibres. There are some afferent endings within the gastrointestinal
mucosa and submucosa that are more optimally positioned to monitor bioactive substances released
from enteroendocrine cells. Vagal afferent neurons are present within the nodose ganglion located near
the jugular foramen. These neurons produce a variety of receptor proteins, and transport them to the
vagal afferent terminals in the gastrointestinal tract, for example the receptor protein for cholecystok-
inin (CCK), an anorectic gut peptide. ' :
Ghrelin’s orexigenic activity may depend upon the vagus nerve. Furthermore, it has not been known
whether the vagus nerve is involved in the regulation of GH secretion. In order to investigate these
possibilities, we examined the effect of ghrelin on feeding using rats with vagotomy or perivagal
application of a specific afferent neurotoxin, capsaicin. IV ghrelin (1.5 nmol) stimulated food intake in
sham-operated rats®. IV ghrelin administered to rats with vagotomy did not induce feeding. And in rats
with capsaicin application, ghrelin did not induce feeding. In contrast, feeding induced by ICV ghrelin
is not affected by neither vagotomy nor capsaicin treatment®. Central ghrelin directly acts on the
neuronal circuits in the hypothalamus to increase food intake, and this mechanism is distint from that
of gastric ghrelin.
We next studied whether the GH-releasing activity of peripheral ghrelin is also mediated by vagal
sensory function. The GH response to ghrelin was profoundly attenuated by both capsaicin treatment
and gastric branch vagotomy, but the GH response to GHRH was not affected by these two procedures.
The GH-releasing activity of ghrelin is mostly mediated by the vagal afferent nerve, and in part by direct
entry into the pituitary via the blood circulation,
Ghrelin IV administered to sham-operated rats induced Fos expression in the arcuate nucleus. In
double immunchistochemistry, ghrelin induced Fos expression in 43 per cent of NPY neurons and 15
per cent of GHRH neurons. Neither in capsaicin-treated nor in vagotomized rats, ghrelin did not induce
Fos in any neurons of the arcuate nucleus. Stomach-derived ghrelin stimulates NPY and GHRH neurons
via the vagal afferent®. In order to investigate whether or not the ghrelin receptor is actnally synthesized
in the vagal afferent neurons, we examined the expression of the ghrelin receptor mRNA?®, A ghrelin
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mRNA was found by RT-PCR. Rat nodose ganglion has about 6,000 neuronal cell bodies. In situ
pybridization showed that the ghrelin receptor mRNA signals were found in 40 per cent of neurons in
{he nodose ganglion,

we examined the effect of vagal ligation on the accumulation of binding sites detected using ?°I-ghrelin
jn order to study the transport of the ghrelin receptor in the vagus nerve. Binding sites of 25I-ghrelin
accumulated in the segments proximal to the ligature. Taken together, stomach-derived ghrelin binds
to its receptors synthesized in the vagal afferent neurons then is transporied to the vagal afferent
terminals. We conclude that ghrelin’s starvation signals transmit to the brain through the vagal affer-
ent’. To study the influence of ghrelin on vagal afferent, we recorded gastric vagal afferent activity using
the electrophysiological method. IV administered ghrelin significantly decreased gastric vagal afferent
activity. Des-acyl ghrelin, which lacks the n-octanoylation essential for ghrelin’s binding activity to the
receptor, did not affect the afferent activity. In contrast, CCK increased vagal afferent activity. The
gastric vagal afferent is the major pathway conveying ghrelin’s signal for starvation and CCK’s signal
for satiation,

The ghrelin receptor is expressed in various tissues, and ghrelin has multifaceted roles in systemic
organs. For example, ghrelin-immunoreactive cells were colocalized exclusively with glucagon in
a-cells of pancreatic islets in both humans anbd rats*. The ghrelin receptor is present in pancreatic.
islets. Ghrelin increased the cytosolic free Ca** concentration in B-cells and stimulated insulin secre-
tion when it was added to isolated rat pancreatic islets. These findings indicate that ghrelin may
regulate islet function in an endocrine and/or paracrine fashion™'. The next few years will bring answers
to questions on the clinical potential for ghrelin, a novel anabolic peptide.
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PEHRERTWS, VY ViE, #—77 Y GPCRICHTAAHE®EYF VK
ELTERESNLEBERRTF FTbo ',

1970 £ 5 & F ¥t 4 FR7F FEHEAEO R IZT GH SR T3 b
DBEFERENTWIY), ZOF 4 FRTF FOBEL I GH e
HEERT—HORTF FEB L UHERTF FEOLEWAER SN, GHS
(growth hormone secretagogue: R4 V& VS MEEERT) & i :'}’waf.: 6-9 )'o
GHS BERPHLHMON TS GHIRE AT (GHRH) L3R4 225K
(GHSR 4HTRBRTE7 LY VEEHREZIOSOTHH I EHHEHELTVB)IC
e dh. GHRHEBEI Y FRAo s P v =242 1) v 2 AMP THHDIZ
tL, GHSR TRBANY T ATHB, GHS E HWAREBR I u—= VvV OFHE:
WED, 1996FICe N, Iy b, TYOBRETEE TERKICBITS GHSRD
FREL—KBESALPICRo 0, CORRICLY, 2RI CHEENR
MR SN TOIAERY 7Y FOBERY, HBEAELNYF v —2HLICER
NCHio TITbhiz,

1999 4, EVHERGH LYy —0ORE, ENHIEGHSR 2BREHL
MRz H, 7y FEFEBORRICLY, BHMBPHIC GHSR ZHT 5
ANV L LAEESEERB L BEELARTFFIZ287 3 BRE
LY LRDZFHRARTFFT, FFEEC LY VA33709, Fv b T LY VA
33148 THolzo BREVW LIZ3FHOLY Y RECHIEIE, REFEFHS
BORETGRE, 72 % VB (FTFERUDICE o TZ AT MEER T (®5-1),
INT IR L B8, GF U s R ETI Y AT VB (RERTFHEL)
RNNVIF VR REETFRS) 2 EREES 12D EoBH LA TES
$, FRIAERRGH LS TO R EBEERTF FOREREETCH o1, &
RBIOBEO F7h VBRI L BBMEZTThB 7V Y5 FHbTrikEs
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1 28
GSSFLSPEHQRVQQRKESKKPPAKLQPR

1 28
GSSFLSPEHQRVQQRKESKKPPAKLQPR

Q
0=C-(CHz)s-CHs

Bs-1 ErTLYLO—RIBE

LNy ORFF FIZ 87 I/ BERENOLY, 3BEHOL) L OKEE L RERFRSELS
% BRI (RILKEL AW A VRV BAEE LEbO)DF 7 ¥ VBN T AF NS LT, BHE
TV yPRBEREN S,

G: 7Yy r Sy Fi7xz V7o, L:u4iy PoFu)y E: Xy 3 VB H:
LRAFTY ,Q:FNVEIV RITAXZ Y Vinxyy K:ydw
BREL TS, 7 VY Vidin vivo, in vitro TRIICEERIVE Vi % R
L7zo HEED “grow WA Y F . 3—0 v/ 3EET “ghre” THBHI Ehb,
7V v (ghrelin) E B E N7z, T OLETIIZIX, GH 2T 5 (release) &
NIERLEFNT VD, ATFAIFDEVILY, MNOT VY I Y
BRIMLZZVY) Y 2T &SR ENLEN 2, 20 GH SiMEHPEATTESE
Bz, 7V BEAETHDE, TYMEENRTWERW (BB FIMERT
WRWY Z L) »5F (desacyl-ghrelin) 171%, GH W BNV, FLYy ¥
XA, WAHE, BEREZ(OBAFETRAEINTEY, Wb 3FHO L
JrE 2R VvE o VRBRECREBSAIMEATHhS B8 RESWTIEY
V) Y 2T HBELH5FETHY, I-EHEL2EHE B TIIRE @IzEY s
TRELB)C V) VY EEEIBERFET A,

3. LYV OSTE 2k

BEESY ROFLY VI, JHEVERFICEDBIBLSL, B, B 8
RTER, I, BRARETOELAENS, ETEIBLWEDOH 5 BEIHIZE L,
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F5-2 Sy bOBERICEITBTLY U EEHMBOFE

() in situ hybridization i & b, HEGHLEEBTRMIC/ V) Y EEMREBDS, b) B
V) VEROBREERR. 7V ORBIEERD, EFRENSE  TALVWEY 120 nm OFRPICEF
T 20 ) W07 L) VERBRONK, 711 Y OREENEFREE LCBD D, @ #KT
BEREMc BT VY yza—a Yy,
BEREEZELTORVHASERAMMERTSHS O, 71 ) v EERIRS W
BNZEEh, BREBT/VI T2 EETS AMRBRICENL TR I &P
5 Alike #f (F 723X $152) L IFEN TV HIBZ D LD THBHI LA, JL
BRI REBRICE VHBELL (@5-2)"°, Z oM 1960 £
POFESPHON TV, FHONEWIFRHTH o7z, L) Vid, EE
120 nm TR~ 1 ZOBFHEOBE HBERICFRSNTWa, 7
V) R, BRHORNGHMRD 20 ~25%% 5D, LAY I VEEET
% enterochromaffinlike (ECLYHIfZICRWT2FBIZZ VNS TH 5,
Fv MEFHOBTIZISHE»S /L) YELAMBATHEAL, BAEREAIC
FOEMEML, BEHNICEBELLY, 2OBBLACETLTWT,
FUVY) VRIZFERERICIIEESD D, HOIE) PRHBI L. SV VE
H a2 —u Y IZRERTHOBREAMIICHEEL (R5-2), ZOMERRMEIEIE
FHEERPHETHROMOBICE S, 71 v SAGIBATITRE TS,
KRR, 8 EBEEPHRBEICER LTS, '
EbDTLY) URERIZ 30262 BT Y 366 7 I/ BALRATH
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BRESET, €ER6FTREN L V%D, 3007V U HPEBRENTHS,
7L Y RERE, BUEERTEEAEEORTF FTHLEFY Y OER
BRI 40% DT I/ BAREEZE T 5. 7V Y EAKIZERILE =2E
Gqﬁyﬂﬁu%%L,*x*UN—ﬁwﬁﬁm&4/vb—wsuy@@E
EENLT, DEEPLO Ca™” B ZRET S, 2O CE BEIILVY YO
MEAEREERTHE, BOT V) Y ETEEOZ LY V254, GHIC
LVEORHTE XTI T2, GHBETERRES v bTRZVI Y EFDOF
FHEOBRETRRIETCHEI SN, GH BETF/XRIEB dwarf 7 v F CIEBICH
ELTWD, 7V YZFERETFOBEE, FREBEVEVEZZ buy Y
KX DERALEN, FraarFas Fizk higlans 20,

4, VY voBEIGEER

VY TiE, Ty PRI RCHRB LUK T 5L, BATELAE
BMERERT 22, 71L) VRS ABATEEL, BEHICRERLVE
> % /R$B L TV 3 spontaneous dwarf rat ThEHNBZ LD, RERILE
YENLIAEHTR Y, € b TLZ LY Y OBATEEAIRESA TV S,
REOT V-7, EEERZEIANZ VY VELRABRAHEELHRS L, 1
BEDEOMBEL HTCRIEERS Lad»o213) #5357 02t —N—2F
BEiTol ) SRS o0&, € ML) Y% 5 pmolke/ 5 CHER S
L, 2 BRI 370kcal DEDOHIALENL T, EHIK2HHBICE2y 72
R TENBEOFXF A V—, 4R, 7V—UH3¥, Faal—}p, &
FroRbBEEZ FHERL, o7V ) &5 EdELA, HHER
L7ziay—id, 7V 5L sart—"—ZBOSETHmML, ¥
AR AR R G RED 1,130kcal 225 7 L ) IR 5B TIE 1.440keal ~IBEN
Lo RBEFIRNIES RO 7 L) ¥ SR, £H8ED 24 ~ 26 BOEINT,
EBRBEHEHTH o 72

BRTHICFEL, BREECHEAT LI 2—aXTF FY NPY® ),
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agouti BE % Iy H (agoutirelated protein, AgRP)¥?, # 1 ¥ 3 (orexin)®’ |
AT = VBEFRIVE Y (melaninconcentrating hormone, MCH)®’, ¥ %4 F
RTFF, HF= (galanin) % &id, WERTRSIC L o TRERERH %R
TH, KRG TIIHREZREZVWY, VL) Y OBARED RS RE
50iah, BRACEENESTLEDLN, S THONTVEHTI LY
YAME—DEMELEEES L L TEAREEIERLTWE,

BRI, PREAMCEESNZERTUEDE LMW EOEE L HEE
RIZXY, BRICRE I Tw5, HRTHICE, BARMCEET2EEL
FREPFEL, L OERIHE SN, =R VF-REPFHH IR TV,
BPRTHEROBRBEERSLHHERBOBE S, BRUZIIEEIHIC, &
KT HAEE L EAUZITEAREIBET 2 2 PRI TWS, BERTH
SIRZIL, BIAS CEA SNEATH L BERDE DT RVES/THS
V7538 px -  eBBATH Y, BETEREH %R T NPY & AgRP
PHET %, WRTF FFA—D=2 -0 (NPY/AgRP=a—1>) Tl
ENB), VSFURREEELTL TS VAL IEEORHBE ST TV,
NPY/AgRP =2 —0 VT 7 LY Y EREBREAL T E*, YLy v ok
BEFEGIZL Y, SREAMEBIZH 5 NPY/AgRP =2~ D 39% %% Fos %
YNV B (REEROESELRY 5 V2 BT, BEERNE T fos OBREY)®)
RRHL, NPY mRNABEHEMLA 2, $510, NPY & AgRP ORHWE
P IgG ZREANCRHRET A &, L) YOBEERFHEIE SR 2 b,
71 YU NPY/AgRP =2 — U Y 3 ERILLT, WARTF FOBEEESBE
fREL, BEERLEHTILEEZOND, REREICLY, LY oa—
O Y OMBERHED, EHENPY/AgRP —a—u v iZRHEHLTWAE I EbREN
TWwb, V7FVHPNPY & AgRP OMIFIRFTH A L2 b, L vz
DLVTF AR LTWE 2, 8512, BBROICKRS SR T7LVY) ¥
b NPY/AgRP —a—a Y #EEET 2205, RIES VY X OBEAIREE
RASWRTF FE2MNTEIENTFEEIND,

BIREONAEIZIE, BEAFIEHTATurEF AT /7 anvs v
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(POMC)*’ & cocaine-amphetamine-regulated transcript (CART)Y’ 0¥ %
BT 5 POMC/CART =2 —u Yy REET 5 %), POMC Bilkkd 7o
ey Yy T EBHEERY, 259  MREARIVE Y (o-MSH) AEL SN
o o-MSHU 25/ 2 V5 v (MC)-4 ZHEAEEHRAL, BRNHER
LEACTEERERT Y, AgRP BHEBEDO MCAZB/E7 ¥ T2 b
THH, o-MSH EERHICER L TERENETEI T,

FLFLUE, BETESCER - RELVNVOREGIZHEEL ThERTFF
THHBON FLEL L CRAVEVVALBYDY, MEIE—RET
Lha—-Fah, 46%07 3/ BEREETHD, F1LFARBTIVE
BRELVERD, HFFRZ2PFHOIANT 4 F SOEEZEORTF FT,
FVFTVUBRBT7IVEREIVLRIEHRTF FTH2. WwIhd CE
W7 2 FbashTws, BFEMEL B LTERERBICLY, 7L ¥
DMERRO— IR T AT S AL F Y Va0 YLV FFR%
BERLTWAZEFHLP L2z, S5 LY Y ORERESIZLY
FULFroa—ur023%iZFos OREBERDIz. AL FI 7 ALt
VEVYBIIHT 2 1gG ($5025g) T ERIZHIIR ST HE, SL 1T v ORE
P% 5 (200 prmol) 2 & % 2 B OIEAEE TR T L7 (RHRIgG 378 + 034
gRHALF T g6 233 £ 020g), FThA LRV UBEFRIBYYATIE,
B oA HRTT VY Y OBEAERS (200 pmol) IZ & 5 2 RHOFEHES
BB Aol (MEB<TYR022 £ 002 et LEFYURIBT YR 015 £ 003
o TNHLDI ERL, FL YOMBERMEICEAVF I oo —a IlERE
BET 2R, FV) COBEAEERO-BIIFTVF I VREAH LTy
BEEZONDE, TLFY 22—V NPY #EEEED S OEHRAH D
BET AL, BEZEOAMLATWE Y, Y1) VI NPY/AgRP =a—
Oy TLIENS, FULFY AOERFEIZINPY/AgRP =2 — 1 >
ENLTCORRTEES S, THEMNPY gCRYIZH/H7 vy T2
FMORGEERIZXY, BEWTH S, NPY &AL IV, LY VOTHR
TH A ICEBERASICHERLTYwS, BI6-3RHEF TICHBELTWEL LY
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‘% B ~

]

)

B5-3 JL U OPE{EH
TV rza-—o IS5 HREEMICHEEL, $20 y mOPE=-2—-T X ThHh5, F1110 nm &
V) UERENEE LTS, SEEEESIRENEIICSH 5 NPY/AgRP = 2 — O ¥ RHK T ER5H
WEIZHLAVF Iy Za—UIANEERSL, chooma—ariEEbl TEELECEET
%o NPY/AgRP a0t F ¥y roa—ariL7F vy £8546%2R88L, chboa—n
YETTZVY) LS RBRMICER L Twa. V) UREREREREE~ RS L, T#
ERE, GO GH 2 RET S,

Y DM E A L RROEEEHZ R L TV,
(1) L) >0z x—-RKERASHICET5%EH

BEERY72BEBTT VY »% 250 pmol/ B, 12 HES v MREAICH
595&, BREOEMEEALEEEMZRD. 7V VY OERETRS
BT, BAER T AN F— BB L% Do 7o 88, KR L 722,
COAERIMBEHEEOERICI 20T, REHEGICIE{LE2ED%
ol LIV YETERGTIIERE RQOBMAEROLN, 71
Y HIEMERE OB A L ARTREFE OMFEICERT S Z LASRBR E N P, RQ
Eid, HBFBIC L o THE SN -BEEIIN T ZBRILKZEDEREDEE
T, REBEREERBE L TW5, 73— ADBREEIC X 5 RQ X 1.00, JEE X071,
¥ 7 Bi3081 THY, RQOEMIIBEOBRBREOBDZERL TV A,

5y MEEBKIC1H3ES 3 nmol 07 LY v EETEET S L, BT
HRERE ML CABAERRSRICESTHBCE R T,
HERPOMOPEMIZT VI Ve ETHRE T4 L, FRIEFSHSREED 307 H
EHAR28B BT o7z WU 2RBBLTERE ATV TIZRLIEX—F<
TANDT V) EGTYH, BETE L EERMERSR O,
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BCE 3N 3 w5
H 3 B 4
& & 3 ,
B 2 i
i & 2
ﬁ 1 @ i * *
o 0 I S S o 0
2 b0-0 EEREE  RERE b B7% I 47Y
L i BRI A= 4%y p=k {3~
oo 015 015 0155 | 0 15 5 5

(a) (b)

E5-4 REMEERS v MIBUTIBRARE TV - OEREEER

{a) EEREYWKS v bCOZ L) (15 nmol 77125 nmol, BH 5 4)BRARSHO 2 BEME
fHE. * :p<00001(a¥ FE—NEDKE), b} 7Y ALY HETy FTOZ LY ¥ (L5 nmol
F/2iE Snmol, B 5 A)BRARSHO 2BEEEE, % ' p<0001(z¥ Fo— L)

BROWMEICLY, EhLFWENDE T LY ¥ OPEAOIERBEIRE &
N7, REMEE, HLEISOELOBRERBYET, MBOHEE
AR AR TS 5o LEOWE - {L2ERIFMWA - TP T
K88t bW SN DWEO—IIE, FAEWER OB % A L CERIR A~
REET D, COREMEGEREOMEAR, ERRILENE 25 0hbRE
MEHICHET 5o REMBLEH L BREOTHOBRMESP S 2 5. BEET X
SEREALAE D40 90% I BEBS D 2 W RAAEHE (RERIE) T, 2 7H A Y VIR
SHRFD, REMRZIWLES v b B X URERER LSRG FRIOE
Wi ah T4V RS L9y bTIR, LY VI A EEREER IR
kot (B5-4) 4. —F, BEMICEE LAY LY ViR
R THA Y VMBSO LD, BATNERELRLL (5-5).5 v
FANDT LY Y OBRARSE, ARTHEOZ2—aRFFFY Za—Dr
% GHRH =2 —0 Y ZEHAL L7228, REMEERS v b~0OF7 L) V&S5
T, ThoDOMBMBEZERLL2ro7Y)\ LY VEARITEEME
Rz a—n vy TEESH, RUBHERRBEEND, T2V YO
RS-, XEREHROCBEOERFE L IHT 2, B0/ B SRS
7L ik, RERERRICEET 5 SEMICERER L CREBER LB O
BEREE2HHTAZI122 D, BRERIVEVPMRPERICET 21EHR 2K
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5 5
4 w 4
% 3 g 3
g :
iy {u} 2
0 - '
e A2 O REMRERIH
e
(pmol) 0 200 O 200 ‘0 200 0 200

{a) (b)

CE5-5 WEGSERS v MoBUIMERRET LY L ORAREER
(a) REFMBYMT v 1 TOT VY V(200 pmol, BT L) MHERIRGH0 2WHEERE, * :p

< 00001 (L) VISR EOLE), (b) HT7HFA T EET Y PTOZ 1LY ¥ (200 pmol, B
7 &) PRERTRS 8O 2BHATER, * 1 p < 00001 (FL ) HESHEOLE)

. Rk
(BREGHAMER

BRSO, BEBRE

F5-6 BHSAWINETLY U DRETERICE T HIFARE
7V Y RERERMVERRICEET 5 T BREBNZAFCHA L, AR GHAWINTS
BRIGEBPRBIIEE SN D, TROOBHBL, ¥ FTREPXTRETHO NPY/AgRP =2
O & GHRH = 2— B Y ifZE S N5, MF &M LT EETERICAY GH 2 TUT2EBL 55,
LY RO, FENEEOEEAN L RSB FERTEICRET 2.

NMEELTWS (®5-6),
EBMBTEESASIVYA FFZ Y (CCK)IZ, BEO ) I, BEAS W

REREDEBE EHICEAIHNTSF FELTOBEEL TWwb, CCK i,

WEMEE CEA SNBEMEROBE R T THXShb CCK RBRICES



148 #58 BRSFFFUVYVEEITEH
LT, LY vERBIFOBREE S GEL, ERIEHICESTHIBHRY
E5ET5 9,

(2) @R

ZEEBEOL PSS LY VBER, CERRATAV-HE T 148 £ 28
fmol/ml C, FEEFBRILEN-EWEEDOH L7V V5 FRETZMETESN
WPAE R VA BIETIZ 54 £ 14 fmol/ T 5, 7L ) YOEE TGN
M7AVY) CORPEPET LD, JEHBRESHOLA 7 IVEE T migh T
AEETHY), WRIBEOMmMBESTBERZOREE, Seppak 12 & A M E 3
RETEOBERPZNVERT 5, 204, EEEILY L OBREREL,
POMBERICKER CRB VAR VY Y REFEOWET, 1312
HT&5,

M7 V) B, EE#RE (BMI :body mass index, HE + RE - E) &
FHEERL, BiE R, SEEARFEETEREV ST, hEtaR
AIRIE, EEOCAEPHIPATEREOMCWERS, 71V YREREE
@R L7z b MIET VY VREOBAEEIL, FAERIICEELRL, HBERE
CAET L2 %%, FRi28ps SEICTEMERL, ThiZm#E GHBEDE
BEE—FHL T,

LRIy T LY CORWIIERIC L YHBEh, BESLT FUBEN
THH S T BOTVY VEER, BESA YA I RER L TICR
BVIEVER 2o ERANVEY LS 0BSICEI v EmLE 0,
ZDES RBATRRETE, FULER 2R 7 LY ¥ ORENRAI
ThHI-DHDEEZONS, BEEL FF U REBETIALGZEBREEBHLEETSE
FIVETIE, BB 7 L) VEAIRENIETLTW . BOZ1LY
VB ED LD hREE, PSSV AR—I—BHANRF Y ANERBLT,
BECTWEFM L 2R ELTFEHLATRVE, YR PRFFIC
5 SFUDHII S ND Z EASRERTW S ),



