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levels. Insulin, CCK, peptide YY and glucagone-like peptide
1(GLP-1), for example, rise rapidly after food ingestion and circu-
lating ghrelin begins to fall simultaneously.*>’" Ghrelin and CCK
exert opposite effects on feeding behaviour through the vagal
afferent, thereby regulating food intake on a short-term basis as
a meal initiator and terminator, respectively. Abnormalities in the
release of or sensitivity to ghrelin and/or CCK may be involved in
alterations of food intake.?

An especially large amount of attention was paid to the rela-
tionship between ghrelin and insulin. Although acute administra-
tion of ghrelin reduced insulin secretion and caused
hyperglycaemia,’? plasma ghrelin concentrations were not affected
by glucose or insulin in healthy subjects.”>~7® However, the pres-
ence of at least circulating basal insulin concentrations is essential
for prandial ghrelin suppression, as demonstrated in type 1 diabetic
subjects. In absence of any insulin treatment, these diabetics did
not manifest a postprandial ghrelin response to a standard break-
fast meal. However, low basal dose of insulin, which maintains
euglycemia during the hours before the meal, was sufficient to
reduce circulating ghrelin.”” Moreover, a recent work showed
a relevant association between insulin-mediated glucose metabo-
lism and the regulation of ghrelin secretion after food intake in
children with different levels of overweight. It is possible that the
maintenance of an adequate level of insulin sensitivity and glucose
oxidation may affect appetite regulation by favouring a more effi-
cient postprandial ghrelin reduction.”® However, some authors
showed that in type 2 diabetic subjects, hyperinsulinemia and
insulin resistance were significantly associated with decreased
plasma levels of acyl ghrelin.”*5°

2.1.7. Acyl ghrelin and the long-term regulation of food intake
Ghrelin is considered as an “adiposity signal”. Fluctuations of
plasma ghrelin concentrations may reflect physiological adaptation
to long-term alterations in the energy balance.3® Ghrelin levels
correlate inversely with adiposity at baseline.”®¥'82 Moreover,
circulating ghrelin levels increase in response to weight loss
resulting from multiple causes.”*$3-8 The increase in ghrelin
concentration during starvation may promote eating and its fall in
obesity may be a secondary response to over—eelting.87 Patients
with Prader-Willi syndrome, who have profound obesity and
voracious and uncontrollable appetite, have remarkably high level
of ghrelin when compared with other obese individuals.“® Patients
with anorexia nervosa exhibit high plasma ghrelin concentrations
compared with age- and sex-matched controls and weight gain
decreases their elevated ghrelin concentrations.®>%® Morbidly
obese patients, who underwent Roux-en-Y gastric bypass operation
(RYGB), experienced durably decreases in body weight by ~36%.
RYGB is currently the most successful treatment for obesity.®®
Recent data suggest that neural and hormonal mechanisms may
contribute to the decrease of appetite and greater efficacy of the
bypass procedure compared with diet-induced weight loss.° It
would expect the massive decrease of BMI achieved with RYGB to
trigger an elevation of ghrelin levels; however, these patients had
greatly reduced ghrelin concentrations and ghrelin pre-meal
peaks.8691 The absence of the compensatory increase in ghrelin
concentrations that usually occurs with diet-induced weight loss
may contribute to maintain durably weight loss.? Some authors
explain the paradoxical suppression of ghrelin levels with an
“override inhibition”. The uninterrupted diversion of food from
contact with the distal stomach and the duodenum initially
produces stimulatory signals to release gastric ghrelin and later
paradoxically suppresses its release. Other authors suggest a neural
based explanation. Since the effect of RYGB to reduce plasma
ghrelin has been observed within a very short time after surgery, it
is tempting to speculate that this effect is related to treatment of

the vagal nerve in the procedure.*>°* The influence of vagal nerve
on ghrelin regulation has been described above in this review.
However, other studies have shown no change in ghrelin levels H4.95
and one group has reported a rise in ghrelin levels after RYGB.%%

2.1.8. The relationship between acyl ghrelin and leptin in the long-
term regulation of food intake

Circulating ghrelin levels appears to track body weight. It would
be of great interest to discern the means through which the ghrelin
regulatory system detects changes in weight. It has recently shown
that hypocaloric diet-induced weight loss induces a coordinated
increase in circulating ghrelin levels and decrease in plasma leptin
levels.®% Because ghrelin is a potent orexigenic peptide and leptin is
a satiety signal at the level of the CNS,?® this coordinated change in
hormone levels should elicit a strong compensatory increase in
appetite that contributes to the poor long-term maintenance of
weight loss achieved by caloric restriction.”’

Plasma ghrelin concentrations show a diurnal variation, in
phase with leptin, with highest levels in the morning and lower at
night.*® Various studies showed that reciprocal rhytmicities in 2
peripheral hormones are the major afferent signals for the timely
activation of the NPY system in the arcuate nucleus of the hypo-
thalamus.?®-1%! It has been found that leptin inhibits both the
secretion of gastric ghrelin and the stimulation of feeding by
ghrelin.'%? It has been suggested that this dual leptin restraint is the
major regulatory arm of the feedback communication between the
periphery and the hypothalamus for weight homeostasis,?*0¢103
and the disruption in the rhythmic communication at any locus in
the leptin-ghrelin-NPY feedback loop impels loss of hypothalamic
control, leading to abnormal weight gain and obesity.104

The relationship between ghrelin and leptin has to be consid-
ered, in order to understand why the most popular diets are based
on varying macronutrient distribution. In humans, low fat, high
carbohydrate diet produced loss of body weight without
a compensatory increase in plasma leptin and ghrelin concentra-
tions.%” Conversely, high-protein diet induces sustained reductions
in appetite, ad libitum caloric intake and body weight despite
compensatory changes in diurnal plasma leptin and ghrelin
concentrations. In this work, increased protein intake enhances the
satiating effect of circulating leptin in the CNS. The anorexic effect
of dietary protein, which may be due in part to increased CNS leptin
sensitivity, is apparently stronger than any orexigenic effect of
increased ghrelin concentrations accompanying weight loss with
high-protein diet.'%

However, a recent study has suggested that the leptin and the
ghrelin systems play energy homeostasis function independently of
each other in healthy humans. In these subjects, the circulating
ghrelin concentrations were regulated by changes in adiposity
independently by leptin levels.!%

2.2. Des-acyl ghrelin

To date, little is known about the physiological role of des-acyl
ghrelin. Some authors suggested that des-acyl ghrelin might have
an anorexigenic activity that is contrary to the orexigenic activity of -
acylated ghrelin.'®”'%¢ Conversely, a recent study showed that both
ghrelin and des-acyl ghrelin function as orexigenic peptides in the
hypothalamus.!®

Since the acylation of ghrelin is required for the activation of the
type 1 growth hormone secretagogue-receptor, it was assumed
that des-acyl ghrelin was void of endocrine properties.* The des-
acyl ghrelin showed no effect on the elevation of intracellular Ca®*
concentrations in cells that express the GHS-R or on the increasing
of plasma GH concentrations in rats."’® Later, a paper reported that
des-acyl ghrelin is able to antagonize the metabolic but not the
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neuroendocrine response elicited by acylated ghrelin in humans.!"!

Serum GH levels correlated closely with plasma acylated, rather
than des-acylated ghrelin.''? Transgenic mice overexpressing des-
acyl ghrelin exhibited thin phenotype although their plasma GH.
levels showed no differences with non-transgenic littermates. This
thin phenotype may be due, at least in part, to a decrease in food
intake.'® In another experiment, transgenic mice showed decrease
body weight and nose-to-anus length associated with normal
nutritional conditions. It has been suggested that des-acyl
ghrelin may modulate the GH-insulin growth factor-I axis in the
pituitary and in the hypothalamus of transgenic mice, resulting in
the small phenotype.!’3

Moreover, recent studies indicate that ghrelin and des-acyl
ghrelin exhibit similar GHS-R-independent biological activities,
including a cytoprotective effect on cultured cardiomyocytes and
endothelial cells,'™ the inhibition of cell proliferation in human
breast and prostate cancer lines,'">'% the reduction of glycerol
released from rat epididymal adipocytes.''” Des-acyl ghrelin
promotes adipogenesis directly in vivo in bone marrow fat in rats.!®
Overall, these findings suggest des-acyl ghrelin plays its actions by
a different receptor than GHS-R1a, as yet unknown.

2.2.1. Des-acyl ghrelin as an anorexigenic peptide

Several studies showed that des-acyl ghrelin induces a state of
negative energy balance. It reduces body weight by decreasing the
food intake and delaying the gastric emptying in mice. These effects
are mediated in the hypothalamus. The peripheral administration
of des-acyl ghrelin increases the neuron c-Fos expression in the
arcuate nucleus and in the paraventricular nucleus of the hypo-
thalamus. The anorexigenic cocaine and amphetamine regulated
transcript (CART) and the urocortin 19 as well as the corticotropin-
releasing factor type 2 receptor, but not type 1, are involved in this
action."'® Peripheral des-acyl ghrelin may directly activate the brain
receptor by crossing the blood-brain barrier 24 but not by the
activation of vagal afferent pathways.!® According to these results,
the intracisternal administration of des-acyl ghrelin decreased food
intake and inhibited gastric emptying without altering small
intestine transit in food-deprived rats.!%

2.2.2. Des-acyl ghrelin as an orexigenic peptide

Interestingly, a recent work shows that des-acyl ghrelin stimu-
lates feeding via a mechanism independent of GHS-R. In rats, the
intracerebroventicular administration of des-acyl ghrelin increased
feeding and locomotor activity by stimulating orexin neurons in the
lateral area of the hypothalamus. Orexin-A and -B are involved in
the hypothalamic regulation of feeding, energy homeostasis and
arousal. It has been found that des-acyl ghrelin does not compete
with ghrelin for binding to the GHS-R in orexin neurons. Thus, there
are three possible subtypes of orexin neurons: those that express
the GHS-R as a receptor for ghrelin, those expressing an as-yet
unknown receptor or target protein of des-acyl ghrelin and neurons
possessing both proteins.'®® Further studies examining the physio-
logical and neuroanatomical interactions between des-acyl ghrelin
and its targets will help to highlight the roles of ghrelin-related
peptides in the regulation of feeding and energy homeostasis.

2.2.3. Ghrelin system and glucose and lipid metabolism

The ghrelin system, using both the acylated and des-acylated
molecules, is actively involved in the acute- and the long-term
control of glucose metabolism and insulin concentrations.'"! It has
been demonstrated that glucose-output by primary hepatocytes is
time- and dose-dependently stimulated by acyl ghrelin and
inhibited by des-acyl ghrelin. Furthermore, it has been reported
that des-acyl ghrelin is able to antagonize acyl ghrelin induced
glucose-output., These actions might be mediated by a different

receptor than GHS-R1a, which is not expressed in the hepatocytes.
Apparently, the two forms of peptides must be considered as
separate hormones able to modify each other’s actions on glucose
handling, at least in the liver.!’®

In humans, the acute administration of acyl ghrelin induced
a rapid rise of glucose and insulin levels. In healthy humans,
physiological increments in plasma ghrelin concentrations do not
change glucose flux and circulating concentrations of glucose,
insulin, C-peptide and glucagons.'?® The acute administration of
des-acyl ghrelin has no effect on insulin secretion in humans.
However, des-acyl ghrelin prevented the acyl ghrelin-induced rise
of insulin and glucose when co-administered. The combination of
acylated and des-acylated ghrelins significantly improved insulin
sensitivity.'?! This finding might lead to new therapeutic approach
for many disorders in which insulin sensitivity is disturbed.

Ghrelin as well as des-acyl ghrelin promotes bone marrow
adipogenesis in vivo by a direct peripheral action, in rats. This action
is mediated via a receptor other than GHS-R1a. The ratio of ghrelin
and des-acyl ghrelin production could help to regulate the
balance between adipogenesis and lipolysis in response to
nutritional status.'>"7

2.3. Obestatin

Obestatin, a 23 amino acid peptide recently isolated from the rat
stomach, is encoded by the same gene of ghrelin. Similarly to
ghrelin, which requires post-translational process by acylation, the
biological activity of obestatin requires the amidation at its
conserved glycine residue at the carboxyl terminus.® Obestatin is
expressed in cells of gastric mucosa and myenetric ganglion cells
and this peptide is biologically active on central neurons.'??

First reports have showed that obestatin plays opposite actions
to ghrelin on food intake,>'?* body weight and gastric emptying.’
Obestatin injection suppressed food intake and decreased body
weight gain in rats. These activities are induced whether obestatin
is administered intraperitoneally or intracerebroventricularly.
Serum leptin concentraticns were not affected after treatment with
either obestatin or ghrelin, suggesting minimal modulation of body
fat content. Furthermore, treatment with obestatin led to a sus-
tained suppression of gastric emptying activity. The contractile
activity of jejunal muscle were decreased and antagonized by the
stimulatory effects of ghrelin. The observed inhibition of jejunal
contraction may trigger an afferent vagal signal to induce a central
satiety response.’

Zhang et al’ reported that obestatin activates the orphan G
protein-coupled receptor GPR39, which is a member of a family
including the receptors for ghrelin and motilin. Real-time reverse-
transcription polymerase chain reaction analyses indicate that
GPR39 is expressed in jejunum, duodenum, stomach and other
peripheral tissues. It is also expressed in the amygdala,'** the
hippocampus and the auditory cortex.'”®> Low levels of GPR39
mRNA were found in several other brain regions. Surprisingly, there
is no expression of GPR39 mRNA in the hypothalamus, expected to
be the site of the anorexigenic action of obestatin.’? It has been
hypothesized that obestatin may simply suppress appetite by
triggering nausea or visceral illness.!?® Unlike ghrelin, neither
intravenous nor intracerebroventricular administration of obe-
statin affects the secretion of GH, PRL, TSH and ACTH, despite the
presence of GHRP39 in the pituitary of rats.!?”

Recent works do not support a role of the obestatin/GPR39
system in the regulation of energy balance. Several in vivo and in
vitro studies failed to confirm that obestatin reduces food intake
and inhibits gastrointestinal motility."?3-132 In mice, obestatin did
not show any effect on food intake, body weight, body composition,
energy expenditure, locomotor activity, respiratory quotient or
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hypothalamic neuropeptides involved in energy balance regulation.
In agreement with the first reports, it has been found no effect on
GH secretion in vivo."*° In rodents, the peripheral administration of
obestatin did not affect gastric emptying nor inhibited the proki-
netic effects of ghrelin. Moreover, the intestinal contractility was
not affected.®! Zizzani et al.®3 confirmed that exogenous obestatin
per se did not modify food intake in fasted and fed mice. However,
they found that obestatin inhibited the orexigenic effects as well as
the stimulation of GH levels by ghrelin administration. It remains to
be clarified whether obestatin modulates endogenous ghrelin
actions.!3® Taken together these results suggest that peripheral
obestatin is not a satiety signal that play a role in the regulation of
gastric emptying and do not support the concept that it is a physi-
ological opponent of ghrelin.

Interestingly, the intracerebroventricular administration of
obestatin inhibited water drinking in rats. This effect preceded and
was more pronounced than any on food intake and it did not appear
to be the result of altered locomotor/behavioural activity. It has been
suggested that obestatin not acts in the pituitary to regulate GH
secretion but may act in the brain to alter thirst mechanisms. From
this point of view, the effects of obestatin on food intake may be
secondary to an action of the peptide to inhibit water drink in rats.**

Convergent reports affirm that obestatin is not the cognate
ligand for GPR39 receptor.'?8135130 [t has been found that obestatin
does not bind GPR39. It has been observed no effects of obestatin
on GPR39-transfected cells in various functional assays (cyclic
adenosine monophosphate production, calcium mobilization and
GPR39 internalization). Similarly observations have been reported
by other researches.'?%!3¢ No specific binding of obestatin could be
detected in two different types of GPR39-expressing cells using
three radioiodinated forms of obestatin.!?8

GPR39 appears to be involved in gut motor functions,'** since in
GPR39 knockout mice gastric emptying is accelerated. However,
food intake, body weight and adiposity were similar between
GPR39 (+/+) and GPR39 (—/—). Obestatin injection did not affect
food intake in both phenotypes. It has suggested that the role of
GPR39 should be conducted independently of the function of
obestatin.’® Taken together, existing reports curtail the initial
promise that obestatin is a new regulator of appetite and
digestive motility.

Despite the sequence homologies between rodent and human
obestatin is 87% and 93% for GPR39, the effects of obestatin have yet
to be determined in humans.'*® Some studies were performed in
subjects suffering from Prader-Willi Syndrome with contradictory
results. Park et al.’®® reported that plasma obestatin levels are not
elevated and are not regulated by insulin in children both suffering
from Prader-Willi Syndrome and from obesity. On the contrary,
Butler and Bittel’*® found higher levels of obestatin in infants
affected by Prader-Willi syndrome compared to controls.

Obestatin, like ghrelin, is secreted in a pulsatile manner,
although their levels were not strictly correlated.’>® Obestatin
appears to have an extremely fast influx rate to the brain. Absence
of the blood-brain barrier permeation by obestatin was in contrast
to the saturable transport of human ghrelin reported previously.
Obestatin lacked specific bindings and endocytosis, and the small
amount internalized showed rapid intracellular degradation. The
differential interactions of obestatin and ghrelin with the blood-
brain barrier illustrate their distinctive interactions with the
CNS.0 Further studies are necessary to highlight the physiological
role of obestatin and GPR39 in both animals and humans.
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3. Conclusion

The identification of obestatin, a novel peptide hormone derived
from the same gene as ghrelin, has recently added further

complexity to ghrelin physiology. Three peptide hormones (acyl
ghrelin, des-acyl ghrelin and obestatin) derive from the same
precursor act through distinct receptors and exert opposing
physiological actions. This finding highlights the importance of
post-translational regulatory mechanisms. Despite the rapid
progress, many questions remain unanswered, including the
regulation of acyl ghrelin, des-acyl ghrelin and obestatin secretion,
the downstream pathways that mediate their effects, and their
precise physiologic endocrine and paracrine roles. Further investi-
gations are required to highlight the intricate balance of energy
homeostasis and body weight control and to provide a successful
treatment of eating disorders, obesity and cachexia.
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3. Y4ZBEE

Y1, Y2 BE O Y5 ZEG~OEMEX NPY X
YO PYY & b ARETH 5745, PPICHT 35
TR, —77, YA REFIEINPY P PYY & DD
PP ~DOEREIE L, PPORERLEZISNT
V3, b FTR Y4 BEKRZERT, TR B
&, B RIS, FEISOEEL, W BhE
ERERB R, Zh o OFRMEMEEIZT TR,
SRTHE EUMEEICOTL T2, Y4 AR
DEEER & L CEWEED) o e E SRR
RABREI N T BY,

4. Y5Z&EE

Y5 ZEFERIZhOZEFICHART 100 7 2
JBIZERE W, INREIRAL—TBEWD
THBHH, CERMIYL, Y2 BLU Y4 ZABICH
T, V5 REGBEEFOBRER Y1 XEGF L
B U DNA BHID#R L7 v FhrofTbil, HF
BLTWwW3 EEZ SN T3, Y5 ZAE 3 it
BRI D LT W3R, Y1, Y2 &/ KL bid
A, 2 AT Y5 BEGABMIICIE V1R
BEEZEFEEHL TV I LW Y1 2E
FRFETMIEIC T Y5 ZEFRRRBEL Tkl L
D3%s). Y1 & Y5 REBIGKIMKE, 8%, HEK
T, RHkiE, s & NPY 0B b 2 fERERE &
—HLToHL T3, WNHEGEENES ARC &
Y1, Y2 8 X0 Y5 ZEEAKTEMENEFEL, PVN
I ZDENIC Y4 ZBEROEET 5.

Y5 ZAEIZ Y1 ZAE L RRICESTHEER I
BRELTWw3 EEILNTWS, £/ Y5 ZHMK
F YL, Y2, YA RAEHRERELD, NPYBiATH 2
NPY2-36 DIMEANHE S L H NPY 5 L HE0
BEEERZLD, TOZ LI, NPYICX3 Y5
ZHREOBETEERIZ YL Y2 BX U Y4 Z5HE
EIXHOBRBTEEL TR I EERBLTCY
3. Y5 ZBBREEENLT 57 T =R F DAz,
NPY >PYY=NPY2-36=PYY3-36 >NPY13-36 T
H5Y.
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1 MEFHERLOE U AEERHEE '

RATHRLF VX —FMORR TS 3. SRKARC), BHEHKEPVN), SHETHENNZ
(ventromedial nucleus : VMN), # Ml (dorsomedial nucleus : DMH), #HUEF(LHA) % & A58 - =
FUF—REI L b2 Tw3, BIE > TE SICIMER, Rk, 1EI0E Y (ventral tegmental
area: VIA) 2 L OMBIR L BEETH 5 EMBBEMEN T BY, Z04hTE (T ARC KHFET 2
2ODMBREBBARANCEETHD, UEOIREAITERFHDS 5 NPY L AgRP # &y NPY'
AgRP =a—uy, {37 a4 A4 X7 / 2 F >~ (proopiomelanocortin : POMC) & 3 A A ¥ - P
7 x % 3 v FHERSE Y (cocaine and amphetamine-regulated transcript : CART) % &3 POMC/CART
Za—0»TH5B. NPY, AgRP & bIMENESIC X D HMAIERHZRTI EMERINT WS,
POMC B &R EHO S 5 a-MSH OREBYWHE TH Y, POMC/CART =2 —1 v DGk & h
BRI &, T AL E—HENLET S, NPY/AgRP = 2—n > & POMC/CART = o —n v 7
WIS L TB D, KEORBREZEMLIZS VIV Y ARY », LTFY, TLY B E)DA
NEZFTZRNT — - BEOEFHICPLIN R gEl 2 BT :

& NPYSEhE BRRE

WK TED Y1, Y2, Y5 ZRENB L ICEAH
HiEBIEL, BFEERVBELR A=A LTT
ZINF—FEIChhboTVRBE EEISNTVS
(B1). ZhsDZEEHIHAN CRmIC B
LTWBIERREINTED, Y1 ZEEOREEN
BIRMEGIC & D SRBESBOELD A THRERN
% &7, Y2 REBORRZIEECIZEAET
Lk B REDBERL R E LT, ZELF—
HEICIZIBZEAEEE L, Y5 BAKROIERA
BA PN EENTARIC kb RERINOREI
mc g, cxzL ¥ —REomflzb~257. £

7= Y1 &5\ 0% Y5 ZEBRZIEELT 2 & NPY I

L BDEATUENRA LN, Y1 ZEEP Y5 ZE
ey 27 LT, EENEIC X 3 HER
DTk CGBERIEDEETGES 2 IEmdiA o
5, —HT, VAV FTHBNPY %/ v 27T F
Lice 7 ATHEETEHCHREICELIEALNE
W, Ihs ORERIE, B - REAMEMEICHE
ENTWBEIEERLTNS,

Y5 REW /v 770 by AR GIRET
i%, ARC IZ#1} % POMC/CART BHETF D REZ
b & RGN & OB S TR b, BER
By R ERBFEE & L T POMC/CART #EET
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DRENBEETH B EEZ6NBY, F/, V1%
BARZ W L 2REENL BEAGK T vy T2 A M
& 503 YL ZEERE ) vy 777 LERE)
TYSBERT VI T A 285738, Y15
PR D &% JEWT L 7o REEIC HLAT X D R HIIERS
ERDSHR S NB ZENFEEINTHBY, Zol
i, Y18 XU Y5 ZEEIEAFEICE O THE
W HEERE2ETAZEZ2RELTED, Y557
FAED Y1 ZEKOMITAY 7 F VBRI HES
BT TR H B C L bHEEINT WS, £,
i~y RN L Y2 ZAET T =X + (PYY3-
36) & Y5 ZBEME Ty IR+ BARKES L~

I3, BEEREICHR, kL hKREREKERD
BESN MR, oI ki3 Y2 ZEET
W& Y5 ZEMENBEL - L F R CHIERER
ZETBZIERRLTOVEY,

Y4 BARBIC OO THESDPRERE L 0FH
WRBEIN TS, MWD Y4 ZEED mRNA L
AU, BELS L 7F v EaREL-EERHRE
QB IBEBICHEZEZ GEICENT A, VL7F Y
REMARICET LESICLIYEMT S Z & h
5, MEED Y4 BREIIL 7F Ik 3 EVRIR
KHEELTw20pb Lt n?,

EBEERVETORBERNELBRTIN,
FOEHE LT, O2<DEEBESECHONDR
HOEHREDHTRETHZC &, OEBRSICE
DEENMEFICK O TRSRTHR L, BHBIFEND.
DDV TRHILER, BRTHHEEERDE LB
) - MR ETREREDDE LS RIEEDHAD
R, BEARAEREINTNS CEHEESND.
NPY 25 L U VSR T NS DRI B BESEIC
DNTHH D> TVNBEREM DS D BT D IEEEIAICIE
ESTHST, TED CARET O TLRERINSS.
| QIO TS S EDS IS AR

B SNDTELNEEND.

ERHECLTNBEZZIOND. LHoT, S%IF |
RAMERADRBOBEES VI AMEBRR |
(randomized controlled trial : RCTID K SHEIE T
AUNILDBVEREER L, SELTNTAEED |
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fﬁﬁﬁﬁétmﬁﬁ

oz R EmERIC b 2 EEEER,
PR B AR IRYE (anorexia nervosa @ AN) & #ifE
1 58 9% (bulimia nervosa : BN) IC i S 11 5.
AN ZHIPREI(AN-R) & &% » &\ /HEH Y (AN
BP)ic# 3 41, BN dHEHA (BN-P) & JEHEHT
(BN-NP) KB E N B, S5 5Bl
b i 72 X 72 WA RERY (eating disorder not oth-
erwise specified : EDNOS) b % {, £EARER
EZDNEOE C X EDNOS KM 3 #2650 T
w3 (M4 Fxe 1, ),

Z DR EEOBATE R v 7 — 27 0fln
L&D, BRENCEETEHORENWERLZINSC
EVEEINT WS, 72k 21F, BEMREETIIE
W o DS 7, ThbLEBBRETI X
BL7FUBIMETRE 507 LY UainEN
mEICEY, NPY/AgRP —a—uyOiEL LU
POMC/CART = 2 —u v OIIE DR, BAAE
PEENE, L L AN o5&, BT
RETHBICH 2006 TERTHIZT L 2
ENTw3, ZoOEHELT, AN BETIIES
TOEY 7 VDM RIS IR L TR R &
MEZ 6D, Tixbb AN BETIX NPY 7 L
) v EOBATHESR T F FORER BN
HonBLOD, ZOEMERZEECHUERIC N
THARVIEMREINTV S, ZHIXEBATE
o T VISEENH SR 7S F(CRF, CCK 2 &)D
BUmilic ko T A S T B ATRENEDS S 519,
ZhCd AN BE TR VY YO EEIT R
FILTVYYTHAEI L ERMbY, HER
ICEAMIMRSEL L 2D, SBRECS22D
S5PEATEHSITEI NG L wIHIRESHEEZ N
3.

NPY ¢ EAEEOREEZEETR L 2#®E R
Z LA, AN BEolld NPY B L UINEK
(CSF)¥ NPY L RADEMETH 5 & L B8 X
nTws, Larl, BEEEERFICASGNS NPY
BEMAYREORETH DD, HEVIIERTH
ZOMICOVTIE, fEwmiEH vy, ez
AN 28320 CSF &1 NPY L VIR BREDOWE
LEBIEET R ERESNTREIY, Zo
FEERD S ZHARREEZ 0 b DAY NPY EfE ERA





