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Abslracl

Introduclion

ACKGROUND: The prevalence of obesigy i1z
mcreasing o hoth developed and  developing
conntrics along with associated diseases such as
tvpe 2 diabetes and coronary heart dizcase. The recent
diseovery of a number of put hormones that plav a rele
in appernte regulation and are releazed or suppressed in
response to a meal may offer new targets for the treatments

of obesity,

CONTENT: In addition to the obvious rele of the gur in
the digestion and absorption of mtrients. the intestine and
aszsociated visceral cozans, inelnding the pancreas, liver,
and visceral adipose depots, have important sensing and
signaling roles in the regulation of encrpy homeostasis.
Sipnals reflecting cnergy starcs. recent outritional statc.
and other parametors are infegrated in the contral nervons
system. partienlarly in the hypothalamus. to coordinate
onerpy-intake and expendifure.

SUNMMARY: Onr understanding of the rele of the gur in
cnergy halance and insights into gut—derived signals will
stimlate previously nnexplored therapentics for obesity
and other disorders of energy balance.

REYWORDS: Obeziry, Enerzy Balance. Cur Tlormones,
Satiation, Satiety

Obezity haz reached epidonuc proportions throng hout the
world and poses significant health and cconomuic burdens
to both developed and develaping societies. Glohally. the
World [lcaith Orpanization cstimates that a ballion adule:
have a body mass index greater than 25 kafmd and 300
million arc obese with BMI over 30 kg/m”. Obesitr 1z a
state of excess adiposity with sizaificant consequences due
to pertirbation of a complex system of energy regnlation.

The newrohormonal of appectite.  body
composition, and zlncose homeostasis 15 mediated by

contral

hormones secreted from adipose fizsue, endocrine plands.
and cntcroendocnine cells, wwhich coaverpe at the: vasns
nerve, bramstem and hvpothalamus o modulate complex
interactions of newrctransmitters and central appetite-
ropulating peptides. These hormonal sipnals are dphtby
ropulated to matntain body weightadiposity within a
narrow, iodividually defined range that may be further
mpacted by vanables such as inpested calores, meal
composition. and lifestvle (1),

Encray balance i1z a homeostatic sysrem. Although
wallvnctons of dds system con vause obesily (2], (he
relutively mecentl mwwrease m e madence of obeesity is
uol thowghi (o be the resoll of specilic delecls, bul of a
repulalory sysiem umable wo cope wilh the curment conlexl
ol clesap, lagh-enerpy feodstulls, mechameed transport
sned mon-raneal labour, Conpnapdesrng elanents of dos
resulalory svslemm gl provide (he best opporiumly [or
us b eonnbal obesily {3},
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The gastrowntestinal tract is the body s largestendocrine
organ and mcleascs more than M different regulatory
peptide hommones that influence 2 mmber of phvaological
processcs and act an tissucs inclhiding cxocnne glands,
smooth muscle and the penpheral nervous system. Most
of theze hormones are sensitive to put mutnent content, and
shortterm feelings of hunger and zaticty are belicved to be
micdiated. m part, by coordinarcd changes in circulating
gut hormone lewels (4).

Current pharmacologic agenes leensed to treat obesity
result in a very modest weight loss in clinieal trials. Their
long-term safcty and efficacy are unelear, and none arc
approved for treatment penods longer than 2 vears. More
cfficacious dmgs are therefore recuired to bartle the obhesity
opidemic (3).

The gut hormones are attractive tarpets for obesity
therapy. becanse unlike indiscrirnate chemical agents.
thew tarzet only the relevant appetite control svstoms in
the brain. In crder o maintain pormanent woight loss,
paticuts may require life-long meamment and side-effocts
mav be less likely to oconr diring prolonged treatnecnt
with gut hormones, which are endopenonzly prodoced
daily in normal individuals. comparcd with mon-spocific
nenFGtranzmitter mimetics or antagonists. Turthermors,
mappropnate gut homaone release or signalling may ieself
eomtribmtz oo the pathophrsialogy of ohesity. If this 13 the
case, en correstmyg 3 by e adominsiraion of exceencus
ol benuones er ther antagonists would be appropriale
(.

Elucidating
m gppelile rzulagon will allow ws W understand Bow

e physiological  areuity  mevolved

ndividual zul honuouss work tu comsserl e conmel food
inlude. By [urthenng cur knowledee 1122 hoped 1t wall open
up wovel herapeute avenues for e ireatiment of chesily
(6.

Salialion & Saliely Signals

Despite substantial Ductvations m daly Lood  imlake,
srarenls nnanntann a rernarkably stable body weighl, becapss
ewverall calone mzesiion and expendiiure are exqguesilely
wpalchend over long peniods af o, ozl (e process of
enerey homeostasts. Tle bran receives homeeonal, newral |
s mslabolic sznals pertanung (o bodyv-encrgy stalus
uned, 1 response o dhese mpots, coondimales adaplive
alterations of energy intake and expendinme. To regulate
fand consemprion, the brain must modulate appetite. and
the core of appetite regilation lies in the gut-hramn axis

(83,
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“hatiation’ refers to processes that promote meal
termination, therchy limiting mweal size (9100, “Satiety™
refers to postprandial cvents that affcer the interval to
the next meal. therchby repulanng meal frequency, which
is also mfluenced by learned habits (11} Satiation resnlts
from & coordinated zcrics of neural and humoral signals
that emanate from the put in response to mechanical and
chemical propertics of ingested food. Although the relevant
signals are commonly dubbed “saticty zignals,” this term
15 vsually a muznomce, because most of them promore
termination of cngeing meals and do not delay subscouent
meal nitiaton or affeet intake if delivered betwecn mcals
{1X).

A primary fanction of the gur iz to achieve efficient
nutricnt digestion and abzorption; many satiation signals
optimize these processes by inflnencing  gastrointostinal
{0T) matility and sceretion. Their additicnal capacity to
Limut meal s1ze enhances this control by restnoting the rate
at which nutrients reach the sut {133, Meals are trpically
stopped long before pastric capacity 1= eeached, and when
food is diluted with noncaloric balking agents, the volume
ingested increascs to maintain constant caloric intake
{14}. Thercfore. animals can consume nnch larger mcals
(homs theew tvpacally do. A oagor fusction of sagation 15 @
prevent overconsunpdion duong mdividual meals, (heeby
Fom  ascoinplede
digesiion gz well oy excesave dusivrbances m cculaimg
levels of glucess wnd clher wirents (15},

Salialon sigmals anse o woulbple zles m e G

averiing  delslsnoss  conseguences

sysiem, mwludmy the slomach, proxunal soall mieslmes:,
distal spoall intestine, colon, and  paocress, Tneesied
food evokes satgation by lwo promsry ellects vu (he GI
racl — gasine distention snd releass of peplides o
epferoendocnne cells, The Jmdboaom 1v e popopal
veniral sile recsvine mpul o shor-acting  salistion
signals, which are tnmsnnted both iorally Althougls the
perceplion of [wlluess clealy mvolves logher forebron
cenlers, conscions awareness ol O leedback s1pnals 15 nod
requirsd for salaiion. Even amimnals whose lnndbran 1
surgtcally discomescted rom the [orsboain exlalal salisizon
and respowd to G sabaton peptides (16,17 Therelore,
gul-hindbron commpumesiion 13 sulliaent [or saluslion,
altbovwgh oy pormadly mideracts wilh lugher cognifive
venlers e rezulals [eeding.

Patliways relaving shorl-acing safialion signals om
Lheer gt e thie Bondbraon also mmlersel ol several levels wiil
long-agting sdiposity bormmones involved tn Dody-weishi
reeubation, such as leplm and snselin, Thovogh moliafacelsd
wechanisins, adiposity homones lunclonas pan-seltens o
wdulate the sensitivaly of vazal aod bopad b responses 1o
Gl osattabon siguals, Adipoesity bernmones (hereby regolate
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short-term food mtake to achicve longterm encrey balance
(1819,

Crastric satiation signals. Cral and gastric sooli
happen concurrcntly during cating, and up to 405 of a
mcal emptics nfo the intestne before meal termunation
{20, Therefore. pregastric. pastric. and intestinal satiation
signals commence almost simultanconzly. and they function
I usen, angmenting cach other’s satiabing effocts (210,
Gastric satiation sagnals anze primanly from mechanical
diztention. whereas those from the inteznne dorive largely
frem the chemical effeets of food (22}, Althongh the
stomach can sense nuirients (for cxample. 1o repnlatc
gastrin release) (23), this doez not scom o contribute
o satiation. The stomach wrall iz endowed with discrete
noural sensors of tonsion (24}, streteh (250, and volume
(213, Ontput from these mechanorecoptars is retaved to the
brain by vagal and spinal sensory merves (21, 267 using -a
complex array of newrotransmitters and nenromodniators.
inclnding glatamate, acctvicheline, ninie oxide, caleitonin-
gone-related poptide, substance P galanin. and eocaine-
andamplctamine-related transeript (213,
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Intestinal Satiation. The penerally accepted assertion
that “gastnc satiation 35 volumetne. intestinal satiafion
1= marigve” (22} rcflects the imporance of matrients
in mediating imtestinal sadation, with a himited role for
distention. Intestinal natrient infusions redoce food intake
i many spocies, mchiding hmanz {21) — an offcet that
commences within seconds of nutnent infusion. indicating
that at Icast some of tho associated satiation signals cranats
from the gut, rather than from postabsorptive sources (270
Theze, and other, findinzs demonstrate that the ntestines
play a dominant role in zatanon. Many intestinal satiation
signals mhibit gastric emptying. and this probably helps
limit ingestion by cnhancing pastric mechanorecepfor
stimnlation. ITowever, sham foeding experiments show
that a delay of gasmic cmptving is not required for
intestinal signals to clicet sattation. Mediators of intestinal
satiation include a cadve of gut pepiides that are scoretcd
from enteroendocrine cells 1 response o ingested food.
Tn conjuncrion with gasmc distention. satiation peptides
crnce the perception of Gl fullness, promoting meal

lemmmnaleon (210,
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Fat — specific satiation peptides: coicrostatin and
apolipoprotein ATV, Scane GI peptides are specifically
stimulated b fat ingestion and subsequently regulate mtake
andfor metabolism of bipids. Enterostatin is a pentapeptide
clcaved from procolipase, which is scercted from the
CROCONS PARCTCAS I response to ingested fats o facilitate
their digestion. Procolipase 15 also produced in the gut and
sevoral bran arcas portinent to cnergy homeostasiz (287,
Both penpheral and conotral cnterostabn admanistraton
decreases dictary fat intake o ammals. and coterostatn-
recoptor antagomistz de the opposite (299, The mechanizms
underlyving these cffects scom complex but mvolve the
Fl-ATPase [i subunit as the putative cnterostatin receptor
(303, with downstream mediators ineluding miclanocomtins
and the S-hodrexytryptamine (scrotonm) receptor 1B (3E).
Unformenately, cnterostatin adommstsation to mans has
thus far shown no offcets on food mtake, appetite, cocrpy
capenditure. or body weight (325

Apelipoprotein A-TV (APO ATV) iz a glyvcoprotoin
secrcted from the mtestine in response to faf absorption
and chylomsecron formation (32}, It 1= used to package
digested lipids for transit through lymphatics to bleod.
It 1= alzo produced m the hvpothalamuc arcuate muclous.
Exogenous adnmumstration of APO ATV decreasos meal
size, food mtake. and weoight gain in mats, whereas APO
MV —specific anbbodics da the oppesite (241, APO AIV 1=
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hypothezized o represent a link betecon short- and long-
term regulation of hpid—related enersvy balance (33

Pancreatic satiation peptides: FP and amvln. FP
15 produced in specialized islet cclls under vagal control,
and itz scerction 15 stinmlated postprandially in proportion
te calorie load (34). Achong prumanly on peripheral and
central YAR and Y3E. it mfluences bibary and exocrine
pancreatic function, gasine acid scoretion., and GI motlity.
Whether PP has an important mole in energy homceostasis
is controversial, i part because penpheral administration
focding, admimstration
mecrcases . Reominiscont of PYY. thiz dizpanty muzht
result from differential access toY recoptors — circulating
PP decrcasing food mtake throuwgh YAR m the AP and
central PP ancreasing it through YA5R decper in the bram.
Fenpheral PP mjections reduce food intake and weight
gain in wild-type and genceacally obese obiob mice (345,
aned admoni stration o hugans decreases appetite and food
mtake, mdependently of gastrc empiying (371,

Adnivlin, apepiidecosecretedwithmsulinpostprandially
Ly pancreatic 1 cells, nhibats gasinc emptving, gasinc
acid, el glucazon secretion, [t can alse decrease meal size
and food miake after penpheral or central adonnistration
35 390,

decreases whercas  central

Interactions ol l.ong-Term Adiposity Signals & Short-Term Satiation Signals

There 15 na doubt that food intake in huwmans s influenced
v emcticnal factors, socal cnes, and learned behavior,
These infliences overlay hishly conserved syatems wirton
the brain that sense and infegrate signals reflecting overall
enerey stores, recent emergy infaks, and presence of
specific classes of mtriznts, The hvpothalamus, especially
the arcuate maclens, is relatively accessible to circulanng
factors and alse receives wnpufs from ofher areas of
the bran, Here, sienals are recerved that relate to fotal
enerey stares in fat and fo mmmedhate changes m enerey
availabaticy, including mutrients within the eut. These two
catcgones of sipnals are not cxelusive, bocanse signals
relating to long term encrgy stores. inchiding insulin and
fcptin. can modulatz responses to short-term msteitional
mpuats. The hypothalamus mtegrates these penpheral and
central signals and cxerts homeostatie control over food
mtake, levels of phvaical activity, basal cnecrgvy expencinics,
and endocrine systems, including those that determanc
reproductive compotencs (41,

36

Although there are many penpheral sipnals that can
contmbots to feeding behavior and body weisht regulation,
it 1s moportant to recognize that short-tern and loug-tenm
food mtake and encrgy balance are regulated threugh
distinct, but mteracting, mechanizms. In this context, soome
sipnals (e.p., nuiments and pastromtestinal [GI] bonmones)
act promnarily as determmnants: of satety to lome the size of
mdividual meals. These short-term sianals have a markedls
different funchion than the long-term regulators of sneray
homeostasis that are activated 1o proporiion to both body
adipose stores and to the amount of encepy consmmed over
a more prolonped penod of e,

Insulin and leptin are teeo such lons-term signals. These
hormone: regulate food mtake and energy expenditure
te enswe that encrey homeostasis 1= maintanesd apd that
body weight and adiposity remmain relafively constant. In
contrazt, shom-tenmn sipnals are not primary detenmimants of
body adiposity smee they can be overndden by long-tenm
regnfatory signals. Nonetheless, the short-term and lona-
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torm mechanisims nood fo function in concert o wmkcprate
cncrpy take and cnerpy expeonditurs to ensure that cocrpy
balance 15 mamntaimed (400,

Insulin, produced by pancreatic fi-cells. is wvital for
resulating the storape of absorbed numnentz and also acts
as an adiposity signal to the brain for the repufation of
cnergy balance (A1), Mechamisms exist for ansporting
insulin across the blood-brain barmier and insulin receptors
arc cxpresscd 1w appetife-controlling arcazs of the bram.
Sdmunistration of m=nhn to the bram not cnly reduces
appatite 1o rodents and subhuman primates but also
potentiates saticty factors such as chelocysteknn (CCK)

Lepon 15 an adipocyte-derived factor, or adipolane,
that 15 the dominant lonp-torm zignal informung the brain
of adipose cnergy reserves (423 Similar to mnsulin, leptin
iz transported acrozs the blood-bramn barner. where it binds
to spocific rocoptors on appetitc-modulabing neurons, most
notably but not exclhusively in the arcuate maclons (137, The
long form of the lephn receptor activates Janu: kinase—
sipnal ransducer and activator of transcnption (JAKSTAT)
soveral other sipnal  transduction
pathwrays, Exogenous leptin reverses obesity caused by its

sippaling  among
absence mm muee and humans (44, 45); however, absolute
leptin deficiecncy 13 an unommmen cause of uman obesity.
Instead, leptin resistance rosults from defocts i transport
across the blood-brain bamicr or impaired intraccllular
sigmaling. Suppressor of cylokie signaling 3 (SOC53) 15
o mbracellular protein that acts (o lmdl lepiin aznaline
ansd 15 o npportand mediator of leplin resistance,

Becanse 50053 aleo lmdts  imsulin signaling, s
expression provide: a poteufially mmportant point of
mteraciion between msulin and leptn  pathways Gt
iy be nnportad m the pathogenesiz of e membohc
sypdromme (45}, Protein tvrosine phospliatase 1b 15 anothes
factor noplicatsd threugh both g and loss-of fonction
experinents as o key regulator of msulm aod leplin
signaling {471,

Lome-aeting sdiposity hormoones that recokate Doy
welghl, sech as Teplin and msolin, oest ultimately infloence
eating beliavior at individual meals. Accordmely, leptin and
wisulin agcting m e bramn, especially e hypotbalamins,
enhance central senpstivity o mpot from shood-actng
peripheral  satiation signals, such as CCK (185,19,
Emergig evidence suzgesis thal anafogais synerzism
berween Ione- and shorl acting sipials occurs in the gul,
For exanple, leptin and msubin recepions are expressed on
L cells, and activation of these receptors augmnents (GLIM
secrelon (48). Conversely, and sammlarly o what occues 1
thie hypothalanes, L cells dizplay diet-induced leptin and
mwsulin reststance, with dummished GLI'L pelease, These
fimdmes susgest thal lomg amd shorl-scling ancrechc
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sipgnals cooperate ar the level of sut-peptide scorchion.

Similar inferachions oocur at the lewvel of vagal
sensitivity to gt poptides. A functonal signaling iscform
of the leptin receptor is cocxprezsed with CCE LR by vagal-
affcrent nopve tormunals o the stomach and duodenum
(A9, CCK activation of culbared vagal zensory neurons
from these regions 15 enhanced by lepan (50), and the two
peptides function swmerpistically to nercase discharse
of vagal-affcrent fibers (317, just as they potentate the
aporecic acbwns of each other {18.1%) Some aothcrs
specibate that these findimes estalblish o weurasmatermical
subsirate for complementary mileractions Detween zasine
feptin and mtestinal CCK in short tenn satiation. It 1s
probably e dlal the gasioe lephn secreted from cluef
cells e the stomach hanen during weals ravels o e
duodenum and stomdates CCUK o releaze (32) It 15 nol
clear, however, whether gastnc leptn secreted from I
cells o e areplation reaches duodenal vazal [lbers
before passing doeowgh e hver smd being diluted 1 e
seneral circulanon, where leptin levels fluctvate anly very
mamimnally with meals, Therefore, the enhancement of
CCK mduced discdenal vapal afferent sionaling by leptin
mgli reflect a long-acting adiposity hormone (adipocyte
leptu} increasing peripheral neural sensitivity to a short
acting 1 samation factor (5),

Jugt as the hypothalaznos omd indbrain iofe geate mopot
fronu calalolic wud anabolic peopheral signals reflecting
eerey  status, the vagus nerve seerns e perfern an
analogous assnmlative role n the gut, Gl vagzal aflersnl
fibers display extensive colocalization of secepiors for sut
peptides that are anorexigentc, such as CCK and leptiu, as
well as orexigenic, sich as ghrelin, melann - concentrating
bormone (MOH), aud oresins (331, A least soms of
these recepiors are regulated adaptively by alteraticns m
muiritional state, and fhey mtersct with one ancther in o
coondmated. logical mannmer. For exinple, receptors for
ehireln aed CCK are coexpressed on vagzal-allerent usurons
(333, and these (oo hoands exen mtapomstic effects on
vagal alferent discharges (54). Sundlarly, catabolic gt
pepitides tend to suppress secretion of anabolic gut peptides
andd vice wersa, whersas zhrelin mcreazes expression
of oremigenie canmabimead 1 oaml MOH 1 receptors on
vitgal alferests (53], These dhservanons sugeest it Gl
pepiides act e x coordinated mianmer, belving ther diffuse
anatormmical distriburion, Moreower, alterations in mrtritional
statz influence gut-hrain satiation signaling by recalibraring
vagal sensitivity to GT signals (8).

In addition to leptin. a mumber of other factors scorcted
b adipocytes ar that regnlate adipocyte metabolizm have
been implicated 1n the regnlanon of encrpy balance. Tor
cxample. acyladon stimularing protcin (ASP). which
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i5 produced by adipocyres as a result of inferaction of
complement factar C3, factor B, and adipsin, has a role
in increasing the efficiency of triacylelveercl  synthesis
(35,36), Mice that Tack the ahality to synthesize ASE have
delaves] postprandial lipdd clearance (537). However, ASE
deficiency alsa has a major impact on energy halance and
insulin action, Despite mereased enerpy intake, CAASP
knockout mice have sigmificantly reduced adipose fHssne
depats compared with wild tvpe animals fed eithar chow
ot bigh fat dier, indicating that these anmals have efevated
enaroy expenditure (55H).

Enhancement of adipocyte hpolysis can have a simlar
effect on energy halance. 17as 15 indicated by the finding
that nuge with a koockent of the gene for penlipin and
henece an elevated activity of bormone zensitive lipase are
hvperphagic and lean with smalfer adipocyies and that the
absence of perilipan reverses ohesity evenin lepfin recepton
deficient dh/dl mice (3960}, Another adipocyte protein
that is of considerable interest with regard fo the regalation
of energy balance and msuhm action 15 adipomectin (6] 623,
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which 12 also known as g ACRPH), a cleavage product of
adipocyte complement relafed protemn Mb (G3), and as
adipat) (647, Cirenlating adiponectin levels are reduced in
obese Tuumans (62) and rhesus monkeys (63). In humans,
adiponsctin levels are negatively correlated with fasting
iwsnlin - concentrations and positively  comelated  with
sl sensgiviny (G,

Shoat termy signals are primarily fom the Gl tract
(2.g, CUK amdl Gl stretch recepiors) and are involved
in promating  sensations of satiery that lead to meal
termination, | hiese shoat term signals by themszelves are not
sipfficient ro regulate energy halance and body adiposity,
The lomg ferm signals dosulin and leptin are prodnced
ond circolate o proportion 0 recent evnergy intake amd
hodw adiposity. Logether, the short and Iong temm signalz
inferact to regnlate energy balance m that insulin amd
leptin appear to detenmineg rhe sensitiviey of the heain to the
satiety prodincing effects of the shart repm signals from the
L1l teact {404},

Gut Hormones

Mumnerous cireulatng peptides and steroads produced 1o
the body mflusnce appetite thooueh their actons on the
hyvpothalamnns, the Dram stem aud the aurononne nervons
systemn, These hosmones come oo three major sates — fat
cells, the gastromtestinal tract and the endocone paucreas
(673 Today more than 30 peptide honnons genes ase kuown
0 e expressed lecuzhowt e dizesiave each, wiach makes
the gur the larpest endocrine organ in the body {68,

GITRELIN

Cirelin 35 a poptide hormone releazed into circnlation from
the stomach that was first discovered az an endogenous
higand for the srowth-hormone-secretagogue receptor
(GITS-R). Ghrelin iz compozed of 28 amano acids and 12
uniquely modified by the addition of an octanoyl group
to the serine resichie at position three. This acvlation 15
necessary for ghrelin to bind to the GITS-R and to cross the
blood—hram barreer (6597,

Ghrelin iz the only known factor to incrcase appotite
thromgh the ciremlacion. The pattern of ghrelin release
smggests that i governs feelings of lmnger. Circnlating
ghrelin levels are increascd by fasnong., and fall after a
mezal. Central or peripheral administration of acylatod
ghrelin to rats acutely stimmiares food intake and growth
hormuone release. and chronie administranion canses weight
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gam, Introvenons mdvsion or subcutanecus ageciion of
glirelin (o huopans wmereases both feehings of lwnger amd
food infake, Ohrelin 15 often referred 9 as the hongzer
bormone’. It lias Deen reported that penpheral ehrelin
sdumistration reduces fat use (700 and tiat chrome ceniral
glirelin infiksion mcreasss the expression of enzvines T
protsde fal storaze m adipose tssoe {711, The metalxolic
efTects of phrahnmight nor, therelore  be entirely dependa
oan impcreased food intake,

Comtrary 1o sabaticn peptides, sloelin mcreases (31
bty and decrsases msulin secretion, Also m contrast
o satistion peptides, crrculatms tevels suree shomly hefore
meals andd are suppressed Dy oimgested nuioeots (with
cirbobvdrates being nore effective than proteins, which
are more silective than hipads), Posiprandial seppression
does wot reguire Juminal ouinent exposure o either the
stommach o1 the ducdenum, where 80% 5% of gheelin
producion cecurs, bt resulls . mestead  [rom newrally
tramsrmiied (nounvazall miesiing] siznals, aogmented by
wisulin (72}, Glrelin 15 noplicated m meal e hogger and
ueal miliation Beciuse of 11s marked pre-meal surges (725
Moreover. ghrelin enhances food intake by increasiag the
mmber of meals initiated, wichont altering their size, and it
elicits numerons appetitive feeding behaviors. Preprandial
ghrelin secrotion seems 1o be a cephalic response, posaibly
stimmiated by the sympathetic nervons system (74). Pre-
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mcal phrelin surges can be cotrained o resularly scheduled
mcals. and they might paticipate in the anticipatory
processcs that enable amimals to prepare for food ntake
and mutricnt dizposition (T30,

In addition ro being produced in the stomach, gheelin
may also be produced within the brain. A new et of
shrelin-positive neurons within the hyvpothalaoms, lving
between the dorsal. ventral, paraventricnlar and arcnatc
nuclal were idenofied by immnnohistochonastiy (76 The
functional relevance of brain-decived ghrelin remains o
be determuned. Ioweser. there iz now cvidence that the
central actions of ghrelin are of phvsiological relevance in
the control of adipocyte mctabelism (775

Thus, cenrral ghrefin appears to partition mitricnts
toward far storape by favouring an incrcase in g hicose and
tmghyeeride uptake. imcreasing lipogencsis and :ahabiting
lipid oxidation in white adipocytes. Thiz fits in well with
the phenotvpe of ghrelin-deficicnt nuce described earlicr,
where nnder conditions of abundant dietarsy fat, the impaired
adipocyte metabalism becomes functionally rebevant and
lzads to a decreazed snsceptibility to dict-induced obesity,
Turther, this may also suggest an alfemative role for the
will-known pre-meal surge in ghrelin, Racther than being a
signal of meal iitianon, this change 1n circulating ahrelin
may trigger processcs in the central peevons svstom that
prepare the body to recoive and appropriately process in-
ponny wulrients (67,

Bevoul ils proposed role m shor-lern Fesding control,
ghrelin also [ulhils ssablished colena for a honoope
coniributing 1o lowglern Body-weiali reaolabon (723,
Firsl, circulating levels respond ma compensatory manmes
(o badirectonal boedy-weizld clanges achisved by diverse
means, meresse wilh weiphl loss and vice versa, Second,
shrelin mwfleepces weoropnsl acavily hroual Ws recepdtor
1 several areas of e bron govenuoug long-lenn euerey
boneostasis, molwding  the byvpolbalaous  (specilically
arcuwale NIYCAGRD weurcns), casdal braionsteon, and
wiesolinbie reward cenlers, The glisha receptor 15 also
expressed by vazal-allerent nerves, which are mlabited
by plrehn (oppesiie (o sabalion Dweclors) (343, alibooeh
the nnpertames of tee for eleeho-simnolated  [seding
1z ceniroverstal, Third, chromse ghrelin adummsiralion
wcrsases body werglt throuzh mueerous anabolic eflects
o food mtake, snerey expenditore, wod el stlizabon,
Fiallv, phammacolozic elreln blocksds 1o adull aonnals
decreases food mitake and body wenshl, wnd noes lacking
shrelin sigualing resast diet-meduced chesily (77 781

Chropie central glrelin mfousion resulted 1 increases
i ke plucose utilizaiion mide of whale and brown adipose
tzswe wilhootallec tng skeletalmuscle. owlote adipocyies,
mBNA expression of vaoous [l slomage—promnoime

Gut Hormones and Enegry Balance (Meiliana A, et al.)
Indones Biomed ]. 2009; 1(3): 33-56

enzymessuchaz poprotein lipasze, acetvl-Codcarboxylasze
a, fatty acad syathasc. and stcarovl-CaA desatirase—1 was
markedly ncreazsed, while that of the rate-limiting step
in fat exidadon. carnitine palmitoyl transforase—lo, was
decreased. In brown adipocytes. cenmral ghrelin infusion
resulted in lowered expression of the thermogenesis-related
metochondrial nneoupling protzins 1 and 3. These gheelin
gffects wore dose dependent. occurred indopendently from
shrelin-induced hyperphagia. and scomed to be mediated
by the svinpathetc pervous sysiem, Addmomaslly, the
expression of svane [l slerage eneyines was dereased
i glreho-delicient aoce, which led us 0 conclude (il
central ghyelin 15 of plivsiological relevance in the coutmel
ol cell metfabolizn 1 whipose tssue (770,

Envviropmnental factors may modulale shrelng s wctivaly
ard lve o role oo obesitv. Furtlermore, constilulive
aviivation of (he growil hennone secretagogue receplur,
podymnorplasms e the gene for s receplor,  and
dvsrepulaiion of pusiprandial gleshn suppression anay
contrbule Lo the obess plienctype (80).

COBESTATIN

Becentlv, 11 was demonstrated that prepeogimelin also
epcodes wnothier ssmeled peplide, fenued obestain dus
to s mepoded amwmexizenic and BWoreduomg eflects
(a1, Obestatn 15 2 23-ammo acwd peplids hal bas Deen
reporied o peguire amdation (0 be biologically active.
It wars also reporied o be (e endoeenous Deand of the
G oprotem-soupled receplor, GPR-39, which belouss (o
the GH secretapozue seceplor fauly (31), Tlos previous
vrphian reveplor 15 bocaliced in mwliple regions of the
bram as well as o penpheral Gssves (82). Obestatin has
ben reporied w bave aclons opposie 10 gloeln, soclh as
decreasang food 1nluke, BW, and delaving sasine sngdying
(al), and W oanlagoanze e actous of glrelm wien both
pegides are coadmomsiered . However, obestatn did mol
aller GH secretion. Muore sumpriamely, obestatin did ol
odily leptin serum levels, ad virculatng oleslatm levels
were nol mwreased aller fasting (810, Moreover, 11 bas
besen suzpgesied thal obestaim resdily crosses the biood-
brain beorier Dol 15 rapadly desraded (330, Uil now, all
avarlable dala bave suggesied (hal obestatin isa new and
rebevanl plover o enerpy bulanes rezulalivn, wloch could
vpen up e possibality of targetmye the GRI-3% receptor
for e developrient of antobssity drogs (34,

CHOLECYSTORTINTN

CCK is the archerypal intestinal satiation peptide. first
described as such three decades ago (120 It is produced
b [ eells in the duodenal and jemnal nmcosa. as well as
in the hrain and enteric nervous systam. Intestinal COK iz
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secreted in response to Inminal mtrients, especially lipids
amd proteins. The OCK prepropaptide is processed hy
endaprotealytic cleavage into at lease six peprides, ranging
fram & o B3 amino acids in Tength (833, The anltiple
hinactive forms pertinent to fesding share a cominon
carhomy-terminal acrapeptids with an O-milfated trosine.
The major cirenlating moieries are CCKE CORZZOOK RS,
and CUKSHE, afthough recent evidence sugpests that CCRSE
might he the onlv relevant endocring form in some species
(Ha). CCK peprides interact with o receptons exprassed
in the gut and heain, COK receptor 1 (CCKIR, formerty
krowm as CCK-AL for “alimenrary™) predominares in the
(il swarem, whereas COK2R (formerdy known az OCK-H,
for “hrain™) predominares in the brain, Throngh endocrine
andinr naural mechanizms, COK regnlates many Gl
functions, inchuding satiation,

As iz mentioned ahove, CCK-indiced satiation coald
result in part fram inhibition of gastric emipiving, therehy
angmenting gastric mechanorecepior stimmlation. Some
vagal-afferent fibers respond synergistically to gastric
distention and CCK (87). and subthreshald doses of OCK
reduce food intake in mankeva if comlined with gastric
saling preloads (R8). Similarty, gastric disrention anzments
the anoractic affects of CCKE in hmans (893, Theze and
other chaervations indicate that (UK canses santiation
thionigh  mechanizms additional o enhancing  gastric
distention signals.

Thee obesity 1= faurly nuld, however, and 1s not present
m CCEIR-deficient muce (90) this 15 consistent with
the proposed function of CCK as a short-acting zabation
sipnal. CCK IR antapomnisiz also increase meal size and
food mtake in experimental amimals (%1,92). apd they
morease hunger, meal size, and calonc mtake mn humans
(%3, Despate the mole of CCK o ternmunating mdividual
micals. its importance 1o long-term bodv-weipht regulation
and = potential as an anticbesity tarpet are gquestonable.
Chrome CCE adonmistration o anuimals, wath op to 20
peripheral mjection: per day, reduce: meal size, but ths
iz offset by increased meal frequency, leaving body weizht
unaffected (94). CCK administration decreases food intake
acutzly mn bumans b shorfcmng meals (953, bot anorechic
effects dizsipate after only 24 hours of confinvous mfusion.
Mot surpmsingly. mals of CCELR agomsts as antobesity
therapeutics have been vnsuccessful o date. The most
mnportant role for OCK m body-weisht repulation mipght
ke its synergistic wmteraction with long-term adipostty
sipnals. such as leptin (18,190,

The demonstration that supramaxumal CCESS did not
mduce pancreatitis tn rats was the most recont example
of a marked biclopical difference between CCKSE and
shorter forms of CCELD Other vmique roles for CCESS
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coimpared with shorter forms (CCKR or OCK33) have
previonsly heen demonstrated in the modulation of central
catecholaminergic  mechanisms  and  penmoendocrine
functions (96}, the pattern of zallbladder nmacle contraction
(A7 58, and in infestinal afferent nerve discharpe (290
Mora vecently, it was shown that CCESE inhihited food
intake much more strongly than CCKA by protondly
incteasing the inrermeal interval (100). These new and
previonsty reparted distinctsve qualitative differences in
biological actions between CCESE and shorter forms of
CCE midicate that future mvestigations of CCK bological
functions should nclude vse of the major endogenous fonn
of the peptide, CCESS (101),

Adthough most work implies that CCKLE mediates the
control of food mtake. a role for CCE2R m the mlubitony
acbon of CCK on focd miake canuot be totally excluded
tov date. Indeed, CCE2R is expreszed in the vagus nerve-
bramn stem complex. Therefors. it 1= concetvable that it
contnbutes o the relay of the satiety effect of penpheral
CCE woward the hvpothalams (102 1033 Moreover, the
CCE2R 15 the predominant CCE receptor form found
the central nervous system, particularly in hyvpothalammc
arcas controlling body encrpy balance, and therefore, 15 an
wdeally positoned candidate for the mediation of the action
of CCK (104 105 106).

CCE2 receptor nacfivation mm mgce  alters the
rezulaiion of body weight and food mtake and [eads to
obesity with msulin and leptin resistance that are knovwn to
predizpose to diabetic state.

An mmportant 1sswe of study by Clere et al showed
that penetic varants of CCK2 receptor could contmbuts
to obesity susceptibility and pathogenesis of this complex
disease. Their data give also strong sspport toacontribution
of CCK2 meoptors o the antiobesity effect of CCK.
Therefore, they are important fo take mnbo account when
desizning synthetic anficbesity saticting drugs activating
the CCK system. Indeed, thew rasse the hypothesiz that
activation of both CCK and CCK? receptors, tather than
specific targeting of CCKL receptor may be necessary to
achicve a full satiety effect (10T},

PEFTIDEYY

The PP-fold peptide family mncludes nevropeptade Y (NPT ),
pephide YY (FY T, and pancreatic polypeptide (PP All are
produced as 3o—amino aced, brosme-containing peptides
and are recopginzed by a family of receptors. NPY, produced
i the arcuaie oucleus, 1= the most potent short fenm
stimulies for appetite, PYY 15 produced in etderoendoctins
cells in the demm and colon and iz zecreted after 3 meal,
achimg as an Uileal brake™ to delay gastric emptyving (4).
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Polvpeptide Y ¥ (PY Y 3 iz co-secroted with GLP- 1 from
L cells in the distal ilewm. Presious investigation sugpested
that PYY acts through Y2 receptors to mnhibit NPY AsRP
ncurans and stinmlate POME nowrons inthe arcuate muclens:
however, a recent stdy demonstrates inhibition of both
POMC and NPY neurons in the bypothalamns, calling inta
cuestion the conventional nnderstanding of hypothalamec
inkcgration of owt sipoaling {108). Like GLP-1, PYY is
degraded by DFP-1. but the cleaved praduct, PY Y 3-34.
alse expresses biclogic activiey. PYY levels appear to be
decreased following meals in cbhezity, and fasting levels
are negatively correlared with BMI. Theze findings have
not boen consistent across smidics. however, perhaps duoc
to difference in assays for intact comparcd with total
PYY (109110}, Conversely. PYY levels are incrcaszed in
cachectic states and in preterm infants (1110, Tellewing
Roux-en-Y gastric bypass. inercazed levels of postprandial
PYY are thought to mediate contmned weight loss and
anorexia after sureery { 112). Intravenons infuzion of PYY
reduces calorie intake i both lean and obese humans
(L3014, Anorexigenic effects have been reproducible in
hrmian studics, but vanable in animal models, PYY s mole
in 2 hncose homeostasis is stll noclear, thongh preliminary
reponts mwdicate that PYY 1-36 acts o inhibit glucose-
stinmlated insnlin scoretson. whereas PYY 2-36 improves
inznlin sensievite (1 LS Prognancy iz one clinical simation
when werzhi =wmn 15 expected, Dul extremse pans of weizhi
pose mereased lealih nsks o both meetber sod mfant,
Intersstinuly, PYY levels weere decreassd al baselme aned
aller meal mgestion o wwrbudly presnonl women whe
wamed apmbcanily mwore weighl (=15 Lkefweek) durine
e secowml] rinester of prepmssy conmpared witls ety -
welghl pregmant coulrols (116),

Fusting and posiprandial spdozenous plasima PYY
levels were aitemmeated in obese hunens and rodents, The
PY Y320 mlusion study showed ua the degres of plasina
Y'Y reduclion m vbese suljects wene Bhely associaled
wilh devreased sabety and relatively mcreased [ood milake,
Thuss, obese subjects have o PYY deficiency tlag wounld
reduce satiely and could ts reiulores teir obesiiy (1057,

These Mndings lend svne support lor the associalion
Depween Y'Y and obesty thal could lead v possible new
therapeuie: optiops e obesily. PYY exerls inorsxipemc
ellecls; 1 13 posable (el sorpical weigli-loss procedurss
work synersistically with PYY (o proomcls weizhi loss,
Furher mvestzalion 1y meedsd o clorily whether PYY
actually causes reduced calone tulake or wheslher the male
of [eod debivery o lhe ileo-colonic sepmenl milusuces
PYY levels, thos alleclne satmicomn (117,

Peptide Y'Y plavs a mole m the miepnative resulaion of
medabolism, The swergmne hedome ellecls of peplide TY

Gut Hormones and Enegry Balance (Meiliana A, et al.)
Indones Biomed ]. 2009; 1(3): 33-56

together with the weight-reducing offects observed in obese
rodents suggest thar tarpetung the peptide Y'Y svstem may
offcr a therapentic strategy for obesity (113, 119, 120,

GLUCACGON — LIKE PEPTIDE - 1
peptide-1  (GEP-1) ks cleaved from
pragiucagon by prohormone convertase-1 and is relzased

Glucagon-like

from the L oclls of the intestine inresponse to carbohydrates,
lipads. and menrohormonal stimmlation from the: praxoimal
small intestine. GLP-1 posscases two biologically active
fommns: GLP-17-37 and GLP-17-36; tlee labler 15 the 1nagox
[omo iu bvanens (1210, The helf-hie 1 melabively shor,
lastmyg ouly 2 apin, due o rapid degradation by dipepridy]
pepldase 4 (DPP4) (122), GLP-1 effects ou saliation
maclude appelile suppression, e reased eierey sxpendilune,
and decreased susine and miesinal moabiy via an “ilead
brake” {35} GLP-1 15 also an mwretn, with eflects on
pustprandial glucose bomeostasts, Inereting are bonoomess
Unal epdmece msulin release m response W oral coppared
willh iatravenows. slucoss (123, Conmbotions w slucess
bemeostasis ocour hoowel postpramdial mhibaticn of adpla
cells, sl imereased expression of sulfouvlucea eceplors
asd mwwardly reciilving K+ chanmels on bela cells. Iesolin
wepe (rasenplion e wBEMNA stabibity are promected, and
beta-cell weogenesas oorurs [om dectal precursor cells
wlnle beta-cell apoptosis 15 mlobated (124) Patiends sl
T2DM liave lower baseline levels ol GLI- 1 ond desnoustrale
blumted secretion of GLP-1 90-13) mwou postprandially
(1253 GLP-1 receplor kuockoul mouss mxdels awd GLI-
IR ataponist {exendmm®-39) adunmsiralion resull in
vnparred slucose wieraee and decressed msulm secrelion
mrrespase o a slueose load (120,127 Arsndorntesd coess -
over sludy showe] exerase induced rreases 10 GLP-1 and
panreabe polypepiide and climcal auorexia thal perasted
alter exercise, medicaling Gl exercise-medialed effects ou
welghi loss may e mediated by gol-hommoomwe rezulalion
m addition o calome expenditure (128), Fastme GLP-1
levels are decreased 1 obesily, bul merease alier weishil
reduociion (129). Choically, plumpecotenpy  vializing
GLE-1related glucobianeasiativ ellscts bas oflered novel
therupaes Loz Bype 2 dimbetes melhilos and obesaty, GLI-1
avadogues mehede mpsclable exewdin-4 amd & nuonber of
orally adinistersd DI mmbibators, Parents (reated watls
exendin demoustrate noproved eglucose homsostasis, as
well s decrease m body weazhi {1247,

The GT.P-1 {7-36) amide has a dual funcoion. First, it
hinds to the known GLP-TR an the fi-cell and atimnlates
insnlin release. Tncreased insulin levels result in wellknown
effects, aof  WEFAs,
suppression of Ra and decreases in plucagon levels. GTLP-
(7-36) amide iz then cleaved by DPP-4. rendering GT.P-1

mietabolic incleding  rednetion
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(28] amude. This peptide then binds to a sccond recopror
(GLP-1mE) and imitiates a senes of events thar result in
further reductions in Ra, independent of plasma glhicose
fovels and the actions of manlin, In the postabzorptioe
state glucose omdation is reduced and META exidadon
i5 activated, even in lean subjects. Bocause the cffccts of
GLP-1m were indeed more pronounced in the obese state
we can spoculate that GLP-1m 1= acting in some manncr
to suppress famy acikd oxidation and thereby inhabicing
production of glueose by the liver. theough effects on the
slhcose—famy acid oxidation eyele (1300,

An analogy for different actions of GLP-1 and GLP-
lm with respect o action and affinity to receptar subtype
i5 the well described physialozical functions of poptide
YW -263(PYY (1-30)) and the sccond biologically active
form of PYY, PYY(3-36), which iz formed by the removal
of amimo-terminal dipoptide Tyr-Pro by DPP-4 {131, PYY
(3-28) has different bological action than wnract PPY
(1-36). mediated by different receptors {132,

Ixendin {T=x3-1 15 an agonist of the phicagon-like
peptide (GLP-1 receptor {GLP-1R) that has ancrexigenic
and fat-reducing propertics. Tx-4 reduces the levels of
ghrelin by up to 745 in fasted rats. Thesc offects arc dosc
dependent and long lasting {up to 8 h}. and they can be
detected after both central and penpheral administranon
of Tx-4. Suppression of ghrelin was neither mimicked by
GLIP-107-303)-NH2 nor blocked by the GLI- 1R aolagomsl
Ex-{5-29% Morewver, 10 was mdependenl of the levels of
Ieptn and nsulin. The decreass i zhoelin levels wduced
by Ex-4 may explbon e redoced food miake m Gisled
ks, jusifving the wmore polenl aporsxipemc sifects of
Ex-4 when conpared with GLP-1. As well a2 the poleniial
ety of Ex-4 m bvpe 2 diabeies (133),

GLP-1 15 emereing as & regulatory factor wilh &
broad mamze of aclivus related to subsinale awl enerey
wopebiabelismer, Wilth the recenl developimesid of mesdicalions
based on GLIP-IR sirmaling ot diabeles reatmenl, (hese
new fndines supeesl e proudse of funller application of
(his svstem for the freatiment of vihier conditions such as
chestly and cardioviasculas disease (1349,

GLUCOSE - DEPENDENT INSULINGTROPIC
FOLYPEPTIDE

Clucosedependent msohvoiropme polvpeptids (GIF) 15 o
42 wmner-acid peplide eleased [rom K cells mthe upper
smzall Znlestine m responss (o nuloenls, espedally Lo, GIP
ellecls are wedialed by ilie GIP receplor GIPR, wloch 1=
# O-protein-coupled receplor of the slucagon superfamly
and wadely expressed 1o many Ussues (pancreas, stouach,
sapall mlestne, adipose, adrenal corlex, lope, pimlacy,
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heart, testes | vasenlar codothelnom, bone and bramm}, While
GIP does not appear to play a major role 1n satiacion, 1t 1= a
key plaver in glucose homeostasis. OTF acts as an incretin,
bk its action 15 decrcased in T2 and levels are incrcased
in abesity. GIP receptor knockout mice are protected from
high-fat dict-induced obesity. In ob'sh mice. OTP receptor
antagonists improve nsolin zcnsiovicy and corrcet islet-
cell hvpertropher (124,135,

GIP has not been reported to have an acute influence
an food ntake. However. GIP-receptor-knockout mice are
resisland o obesily when fed o logh-Gat disl. The reazon for
thas respstanee 13 vpelear and thers bas besn speculalzon
it 18 spa gl reflect o direct effect on adipocvies tather tam
il cendral appetile-rezulating circuits (1306,137)

Becend studhes suppsont thee lvpotiesis that, maddation
L i0s principal role ay an ineretin, GIPAGIPE signaiing may
represenl an nuporiant eliologc factor m ke palbogeness
ol obesily, Dvemmuiobon composed of legh-fal and lesh
elucose appears o lead fo enboneed svitleesis and secrsiion
il GIP [ron the saoell ntestns, wioch would lead ol
valy (o inereassd msulin secretion, bul alse @ incrsases m
adipocyle nuiment vplakes by bolb insulin and GIP, resolting
1 ehesiy, Evendually, msulin resistance would ocour amd
subseguently lead 0 hypernsulinemnas amd subsegueenlly
e the development of T2DM, a vicious ovele thal would
eoniinge unil broken, A dweroueh understzmding of the
patbrways mexulated by GIF will ewable us to break (s
victeus cyvile and polenbally enable the developnend of
wrethads for preventing and lreating obesily (128),

OXYNTOMODULINM

Oxentornodulim COXM) 15 4 proelocagon-derved honuons
ol 37 sy seads released o enteroendocrne L eells
response Lo nuinenis, especially faly, A delimiave receplor
for axcntormoduling bias el vel been sdentilied; owever,
evidence sugzests ol cayolomodulin acls al the GLI-1
repepdor, L1 koockooul mmce apd GLI-1 peceplor
amlaponists cause dinpmshed response 0 oxvoloedulin
wlmdndstratien (3, 139) When administersd o obess
subgects, hnan cayolomodulin suppresses appeslite aml
eperzy mibake mponedialely aller admimstraiion aasd up e
12 b Lader £ 1407, Tn obese subgescty, aduorstralion of Luusn
vavilomodulin contnbules (o mwreased energy expendibure
wrpsasured by coanbansd besard rate and wevernent momionne
1 licgns envirvunesnls (141}

Study of Wiyime ef al supgests that sners v expendiiure
and energy intake may he conpled in hmmans - and
demonserares @ possihle mechanism of weight-loss duning
oxyntamodnlin administration (141

Recent smudies have shown that chronic: peripharal
alministrateon of oxvnromaodilin to rats reduces hoth
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food miake and weight sam. Studies 1 human subjects
have demonstrated that acute adnumstration reduces food
mtake by 9% When prven preprandially by subcutancons
injoction three tmes a day, oxvntomodolin resolts 1o a
reducton mn food mtake and mean weight loss of 2.8 ks
cver 4 weeks, Oayntomedulin thus reprosents a potential
thcrapy for obesity (142).

Althongh the therapeunc potential of oxyvnromodulin
requires further investization. this data supperts the role of
cxyntomodulin a: a potcntial anti-obezsity therapy (1410

BOMBESIN / BOMBESIN — RELATED FEFTIDE

GRP, a pepode produced by endocrnine ocllzs o the pastric
mncosa, 15 the mammalian bomolosuc of a peptide
(bombesan) Grst 1solated from glands 1o the skin of
amplubians (142} Mammaban bombesin-related poptides,
gsasimn-releasing peptide and powromedm B actions arc
micdiated by two recoptors (BB l-receptor, BB 2-recoptorn),
which are closely related to the erphan receptor BRS-2
(BB 3-rceoptor) (148). GEP not only repulates scorchion
of gastrin, but 1tz penpheral adounisiration (and that of
bombesin) infabits food mtake in animals {144). and =
mtravenous mfusion reduces appetite and food mtake In
humans (1453, Becanse GEP/bombesin also potently delavs
gastmc cmpbang (148), the cxtent to which thesc offccts
cn O motiity contribuie to the reduction of food take
1z uncertain, However, intracercbroventricular mjection of
bombesin at 4 dose that lias we periplieral efects decreases
thve size of meals m fres feedimg baboous, suggestig thit
P related peptides have a roke in the ceniral regulation
of food intaks (147,

ENTEROSTATIN

Enferostaim 2 a pentapepivde cleaved from procolipass
released by fhe exocnone pancreas. Peripheral aud central
admnmistration reduce food intake 0 cols axd alter food
preference away froan fatty foodstuffs, bol i loneans,
recent inelabolic studies Diave Lailsd (o show anedect of oral
epterostalin cu Tood take. appelile, snerzy expendiiure,
or body wenght (323,

APDLIPOPROTELN ALY

Fhas 15 o glyveopmotein syotliesized mamly m e snall
mifesting, and s release 15 stunulaied by fal mtake, 1OV
amed intravenous mdustons of chylous Tvioph condainmg
apelipoprotem ALV {ape A& IV m oedents have been
slcewn (o reduee food mitake (149 1307, I uay have a rels
m fonterm enerey Dalance sz both msuhn aud leptm alter
thee expression of apo A1V {151},
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OLEOYIL ETHANOL AMIDE

Oleovlethanolamide (OEA) 12 a naturally  occurmng
lipid meediator that mhibits food intake and body weight
pain and therefore has been a molocule of recent intenze
seicntific interest in the scarch for therapeutic strategics for
the treatment of human obesity (152 _153).

OEA 1z syathesized in bramm, adipocytes, and the small
mtestine and s structurally sinular to the endogepons
cannabinold anandanude (arachidonoylcthanolanude), but
it docs not bind o or achivate cannabinoid receptors. Bather,
phammacological and meolecular biclopical experiments
have demonstrated that OFEA induces saticty {(154) and
reduces body wcizht pain in miece and rats (153) throush
activation of the nuclear receptor poroxizome proliferator-
activatcd recoptor (PPAR)-o (152). Thes Ligand-activated
transcription factor is abundantly cxprezsed 1o liver and
mtestine and 13 known to play a pivetal role 1o the repulation
of lipid homeestasis (155.158). Intestinal OEA has been
shown to nse after a meal, suggesting that there 15 a famdy
rapid fecdback sipnal from the out to the brain, promoting
inhibition of further feeding aftera meal is consmmed. This
OEA-mediated cvent 1= belicved to invalve the activation
of mteztimal PPAR-0 and sigmaline via vagal senzory
fibers to the brain skem (157). OEA also haz been reported
e abier zeram izlveende levels, suggzesting a posalle
parficipation of OEA i the control of enerey expendsturs
] see sl ation, However, the effect of OEA on the small
mnilestial funetion 15 nel well descnbed (153),

The fact i OEAreduces food intake amd body weighi
while it mcreases enterceyvie fatty acad vptake suggests thal
QEA mediated snterocvie fattv acid uptake inay be Joees o
decreased [ood mtake and body weight. The mcreases of
the fatry acid uprake by OEA would enlance the wiilizanon
of nuinent: w the small wfestme. These resulls suzrest
that OEA may contribute to the perpherm] repulation of
feeding amd that FAT/CDAG plavs an inportad tols m
OEA mediated faiy acid vpiake. Yangz et al fndings
support evidence that FATVCINEG may play an important
role in OEA amediated reduction ¢f food nfake and body
werght eonteel {138),

[MSULIN

lusulin action 15 perphenally adiposenic bl centrally,
sl exerls appetile suppressave effects, Insulin receptors
are Tound i moltples pacts of (e brain and are paricolarly
concentrated i the hypothalamus, loppocamnpus
vorter (155 lnsubin erosses the Blood bram bacmst ad,
Iike leptim, acts via phosphatidyvhmostol -3 knvase pathwavs
(1601610, Diect admnnstration of msulin mto the bran
suppresses eabmy and mlubals hepatic sluconsosensss
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in redents (E8.162). In female mice only, the selecthve
deletion of central nervons system msnlm receptors resulis
in byperphagia. obesity and penpheral insuln resistance
(163}

PANCREATIC POLYPEFTIDE

Pancreatic polypeptide 15 a member of the PP {old peptide
fanuly that is sypthesized and releazed from the endocnine
pancreas. Pancreabic  polvpeptide  shows  prefercntial
binding to the ¥4 and Y5 receptors. Similarly to PY T3
36,1t 15 released after a meal and redoces appetite. SAcouts
peripheral admimistration to mice and humans reduces
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faod intake (33.37), aml chronde admimstration reduces
by weight in obioh abese mice (38). No nasea or
gastrointestinal distress was reparted i the intravenons
sy investigating feeding effects in hnmanz, The
anarectic effects of pancreatic polypepride might oconr
[Ty as a resnde of delayed gastric empiying (371640 The
food intake and fat mass of transgenic mice overexpressing
pancreane polypepride are tednced, but such mice also
show rednced gastric emprying (35). However, at present
the physialagical role of pancreatic palypeptids in energy
hameostazis s naknown.
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AMYT.IN

Armylin. which i3 alao kaown as isler anvwloid polypepride.
15 a 3 7-residne menther of the caleitonin peptide famiby that
is releazed topether with insalin from pancreatic f-cells in
response to food ingestion. Although its main function is
tivrnizht to he in ghieose homecstasis, given peripherally at
supraphysiological levels amylin can rednce fond intake.
Adminisrration of the amvlin agonist pramlintide rednces
hacy weight in type 1 and 2 dizbetics by between 0.5 and
1 4 kg for up ta 1 wear (136.165).

[L.EPTIN

Leptin ix released from adipocytes in diveet proportion to
total fat mass (168 and is actively transpaorted into the
central mervous svstem. There leptin emerts anorexipenic
effects  and increases sympathetic tone and  enerpy
expendinire (167). Smidies of hoth peripheral and central
administration of leptin demonstrate redoction of the
rolume of food ingested at meals bt nat the number of
mzals consnmed (163). Ta dare, six alrernatively spliced
isoforms of the leptin veceptor (OB-Ra-f) have heen
described. (Oh-Rb iz the principal signal tramsdieer and
iz highly expressed in hypothalamic and immmne cells.
It acts wia JAK-STAT pathwavs (169, Teprin is hath
a “long-term’ signal of energy stores and a short-term
mincdnlator of meal termination. It directty depolarizes
istimulates} arcnate anorexigenic POMC newrons. rednees
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GARAerpic inhibition of POMC. and stimnlates cocaine
and amphetanunz-related transcript in the lateral arcuate
nnclens. Concomitantly. leptin hyperpolarizes (inhibits)
nrexigenic NPY/AgRP nenrons. Steroidagenic factar-1 {5T-
I-eemtaining nenrons in the ventral medial hypothalanms
are necessary for leprin induction of ancrexipenic tone
(170,

Leptin‘s influence an food intale and its role in
synaptic remodeling are mTOR dependent {171). AMP-
activated protein kinase (AMPE), like mTOR. is repulated
b the racio of infracelinlar AMP to ATP. Itz concentrations
increase during enerpy deficit and are inhibited by leptin
and varions nurrients; AMPE exerts negative feadhack
on mTOR function (1713 Dhwing fasting, declining leptin
concentrations mediate declines of tharmoid and reproductiva
hormones. svmpathetic tone, and thermogenesia; appatita
rises and increased energy reserves hecome availahle for
imimine detense. Concentrations of circulating leptm and
leplm-seerstion rales are properiiouale woadgpesiy, bul
fosting and feeding aller seruim leplin concentrations over
a penod of hours mdependent. of body fal (LG0).

Physiologic concentrations of leptin have been shown
Lo stuoulate expression of CRF m lwanean hepaioeyies. As
CRP 15 associaled with mersased adiposity and leptn, ns
mitanmpatory cvickine may contnbule sapmhcanly o
“lephin pesistance’ moobese mdividuals (172).

Mutritional Influences

Mrevicus work on cholecvstokinin sugpested ihat iere 15 a
gulairient sensor lial signals to appetite centres i e braan
o reduce appetile after meals. Recent work has adentified
ibe pnorexizenic sl homoones Y'Y, exvnoimaodohin ad
pancreatic pelvpeptide, and the orexigemc pepiide glueln,
winch are all potential targeis in weight loss mamageinent,
Short dern studies mfusing these peptides have shown
theerr efficacy 1 altering appetite ad Locd imtaks (173),

Understanling how food, notments and eating habs
mfleence the pattern of sut homoons releass, and whether
s e furn 35 associated with changes m appetite and
food inrake inay Lelp to uanprove the efficacy of diefary
mtervenfions for weipht Ioss (173,

Carbobydrate rich ueals suppress ghrelin, wioch
retirns (0 Dasal concemtrations in e late postpramdial
peniod (1741, A sunple carbohydrate meal cansed a loreer
reduction (417%) m gleebn compared with a ¢omplex
carbobivdeate mweal (337}, supporting glucose as e most

ot Gul [lormone Release

potent ghrelin suppressant { 1750 Alzo, a high-carbohydrate
meal was more effective in suppressing ghrelin ovver a 3-h
penod than a high-fat meal (1763 Waighe loss achieved with
a high-carbohydrate, low-far dict prevented the increase in
chrelin that wsnally cecurs after energy rostriction {177,
The mechanisms behind these effects are nnknowmn.

Lipids or hugh-far dicts are less effective than ehicose
in suppressing ghrelin (1783, bur nevertheless canse a
significant late-phase postprandial reduction {174.178).
In long-term feeding smdics. it s diffienlt o scparate
the effect of far infake per se from that of weight gain on
chrelin levels.

Cral glicosze produces a greater GLP-1 and insulin
response than ficrose; fimetose administration one hour
after glucose elucidates no additional GILP-1 releaze. The
increased GLP-1 release after glucose does not translate to
a difference in appetite or food mtalke (1799,
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MUTEA-rich meats stimulate greater GI1LP-1 release than
ATAs: MUTFA= were assaciated with lawer triacylplycernl
and  higher high-densite  lipoproteins
than 5FAs. This snggests a relationship between fatty
acid compositicn, incretin responses. and triacvlzlycernnl
metabolisnm. Oral far feeding of MUTA: produeced a
greater GILP-1 release and higher non-esterifizd fatty acid
concentrations than either PUTTAs or STA= (15,

Studies  administering Tipase  inhibitors  with - oral
(181182} or infraduadenal (1483) fat show a rednction. or
abolishment of GI.P-1 releaze. Oral administration was

CONCENITANIONnS

associated with faster gastric emprying and higher phcose
and insmlin concentrations.

Several smdies on  monogastic  mammals  have
deinonstrated that the postpramdial release of PYY is
depandent on the caloric density and meal compesition
(184} Tt has long been accepted that PYY increases
prstprandially with increasing energy intaloe, reaching a
platean within 1-2 h {185). Water does not stinmilate PYY
release compared with liguid meals of carbohydrate, fat
or protain (184}, snpgesting that gastric distension does
mot infinence the plasma fevel of PY'Y and that nmtrient
intalce is eszential fo release PYY. Fat was the most potent
stimmiug of plasma PYY in animals {186) and man {185).

Plasma cholecystokinin mses promprly after 3 mized
meal andeanremainslevated forseveralbonrs postprandi ally
(187}, Frolehbob =t al (1853 [ound thit a meal poee o Gt
caused a ligher cholecvstokinm release than a [ai-fres or
mixed meal, I 25 Ioee [alty acids mather thon (mzlyvoenides
per se thal are bebeved Lo mprer cholecvelokinm secretion,
becanse hpase inlabition prevents the wseal cholecystokimn
response aller fat mpestion (139,190 191}, Inlerestinaly,
cholecvsiokmon release appears 1o be sensiiive fo e Daily
weid cham lensth.

Iu conrast o [ar apd protein, carbohydrate doss wot
greatly mfvence choleevstoknnm secretion. Glucose caused
a smoeall and transient elevainon of plasma cholecystokimn
mn Jaomoams (187}, whersas starch had no sigmficant effect
(1923,

Sivdy of Feile-Bissel el al demonsirades that, i
bealthy adulis, 1) proximal small mtestmal sxposurs o
nuinents, m tas casze long-cham melycendes, 1= sullicient
o soppress ghrelin secretton; 23 [l digestion 15 requined
for the suppression of shrelm and stimolation of PYY and
PP secretion; and 3) tee effects of small miesiinal [ on
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ghrelin and PYY secretion aconr prograssively. indicative
of modnlation by mechanizams that depend an the mtrient
Ioad and length of intesrine expased o marrient (193).

The presence of fat in the small intestine slows pastric
emptying. stinmlates the release of many gastrointestinal
hormanes, and snppresses appetite and energy intale as
a resnlt of the digestion of fats into free fatty acids; the
effects of free fany acids arc. in furn. dependent on their
chain length. Given theze effects of fat. it is paradoxical
that high dietary far intakes have been linkzd to increased
energy intake and body weight and are considered to play
w s1pmficanl role m the pathorenesis of obesily, However,
wrenasing evidencs mwdlicates thal a cloomc inereass m
distery [al 15 associated with an attenuation of the feedback
sirmals ansing from e sall mtestne iduced by fat, with
g consegquent mlafive acceleration of gasine smpivins,
wdulaton of pastroistestoal bormons secrston,  amd
allenuation of the suppression of enerey nlake (1547,

Dbesity can, m the broadsst sepse, be considersd
o b the result of an eperry alake that exoeeds snerey
expendilure, Sigmals am=imne from the gastromnbesimal
tract play a lundamesntal robe 1o the meaulabon of appetile
and  enerzv iplake, apd evidence indicales that the
pastroindesiinal and bommonal wechamsims invelved 1o the
suppression of appelile and cnerpy milake are compromised
1w obesity (195 190). Hepee, obwssiiy may, ab least moparl,
reflect a decreased sensitivity 1o the pasirontestonal elects
of ouments, pasticularly m the e of sxeessive calone
wiake. Studies i apimals and, o @ moch mwore hmied
extent m homems, dicate that consvmption of a boph-
fal diel Loz e capacily 0 modulals e sasiroinlestinal
responses Lo mgested fal and, (hereby, leads Lo mnpaunnents
m appeibe regulaion thal Brvor the development of obesity.
A numnber of Geclors potentially mvolbved 1o the repulation
of energy mitake, meluding gasiome emptyvine (197 1983,
wiesimal wansil (197 1991, pastropyloroduodenal motlily
(2007, and the secreton andfor acticn of gastmoantestmal
peptides, ncloding shrelin, CCE. GLP-1, and FYY
(200 202 203 204 are altered by a lngh-Gat died. Tt 15 Likely
ihat the stapals ansime from e distal sl wissime, as
evidenced by the impamment of PYY secretion, and the
eilicacy of Foux-en-Y gastoc bypass, play an moportand
rale m the regulabon of appetits and energy mitake and
are of palbiopemc relevince to the development of obesity
(1547,
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Taste Receptors in Gastrointestinal Tract

Chemaosensing  of potentially  beneficial o harmful
substances m the lumen by the gastoimtestinagl mucosa
iopgers vanous  gastvomiesimal  [upctions  ascleding
seeredion, wolhly amd regulaiion of Dlood How hat ae
essentiil [or disesiion wd absorpiion of woimenls, bl el
are also mimportant [or e inatiabon of proleciive msponses,
mcleding vonmting awd food aversive behaviour, through
e activalion of homponal amd peuromnal patlveays (2050,
The vellulor wmd pevral patbewavs hal mesdiale (he
broloeical responses (o lommead molecules are stll poerly
vnderztood, Becent evidence suppurts a role for members
of the Gprotem-coupled meceplor (GINCR) soperfanmly
ds seusers ol Lol contents wlieh, upon shomulation,
mniiate [metional responses rough e activaion of
G profein sipmaiing cascades, The backgrovnd for tos
Ivpotlesis restdes i (he wentification of e molecula
Iransduciion mee i sims operating in the wouth . Nolrents

and ponnuiments are mbally détected m the moutll by
aeracine with differsnl wansducion slements, wclodins
o chemnels, Lpaind-pated channels, imwsperiers  and
GPCERs that are expressed m the apieal mwembranes of
specialized epithelial cells, kuown as laste receplor cells.
These cells, lovalized 1 taste buds of the oral epathelium,
framsmmal taste miommanon to the bran sy clanees m
peural actvity throwgh alferent gustatory fbeps (200).
Tlas detection process mazhl mfuence mpesive behavior
b stomolatime secrstuons thal facilitale digesion and
absorpiion or by mdoeime o bebavvior thal protects fos
potentially  bannlul substances. The sensors delecting
swesl and balber sensations and anume acads bave now been
adenbfied aud charactenzed as tnrslaled GPCER onhes—
the TIE and T2E taste receptors fapmlies (2007 206 30400,
The TIE f[amuly compnses three distmel mesmbers (Gl
betercdimenze to seuse sweetness CTIR2 awd T1E3) and

Tastants
[bitter and sweel agonista)

T1Rs, T2Rs

e o

GI peptides
° ruhm s

Food
intaka

/l

zall bladdar
pancroas

oeCrotory
processes

Gl motility

Fig 3. Mostulated meachantsm imilang sweet (TR and bi'l:larg ! R} tasta recaptors on enteroendocing calls

{Adapted with parmassaon from

ni =t al}
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amino acids {T1Rl and TIRY), whercas the T2R famuly
tncludes mumerous diverpent GPCERs that act as broadly
tomed bitter sensars {207 2103, Taste rccoptors mteract
with specific Ga subunits, including a-gustducin. a taste-
spootfic sipnaling protoin with a promuncnt role o bitter
taste (211217},

Other tansducers assoctated with taste signaling
tclude phospholipase Ch2 and transient roceptor potential
channel type 3. a calcmm-achvated cation channel (2100,
Soveral of those protoins, chiding a-pustducin, are also
iovalved n swect-taste transduction (206 2103,

Some of the keymoleculez mmplicated o taste
sipnaling are expreszed in the gastroantestinal mocosa and
enterocndocnine coll lnes. providing strong support to
the hypothesis that transduction mechanizms identified n
the oral cpithelnom also oporate n the put, Muoluple T2R
tranzcripts have boen detected 1 the mucoza of the mouss
and rat gastrointestinal tract and buman celon, socme of
which have known hgands, like mT2E L 38 and hT2R 38, the
phenvlthiocarbamde receptor, and mT2E 108 and hT2RAT,
the denatominm benzoate receptor (212.214.215). The sweet
taste receptors. TIR2 and T1R2. have alse been desenbed
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in rodent and buman ntestine (216217 218). In addition,
transcripts for a-sustducin have boco reported oo rat and
mouse pastrointestinal mucosa (215 216 217 218 219 2200,
Immunorcactvity for a-sustducin or a-transducin 2 has
been localized to the mucosa of mouwse stomach and
ducdemun (2157, and a-gustducin cells have boen observed
w1 the rat infcstinal mucosa and pancreatic duct (2212223,
and inhunan gastic and mtestinal mocosa (2120 Finally,
co-cxpression of a-pustducin wih TIR2 and TIE2 has
been described i the mouse doodenumn. further supporting
the role of thiz G protein in taste sensatdon {218),

The recopnition that several GPCE s and G proteins that
respond to bittor and swect compounds and amino acids are
cxpresscd by pastrointestnal epithelial cells has provided
strong support for the concept that the sastrointestinal
muecosa lmng 15 cquepped with a chemoescnsory machinery
that rezembles the onc operating 1 the hnpual cpethelimm.
GPCEs= arc covisaged to function as sensors. which couple
to G proteins upon ackvation by disbinct lwminal contents,
i thrapzh second messenzers and 1ou chanmels fead (o
inttacellnlar Caly iucreasze, the key @agual that trggers
iransimitier release (Frg, 3) (205]),

Gut Hormones: The Future of Obesity Therapy

Cibsesity 15 amuliafectorial disorder that has reached eprdemmc
proporiions ad represents a major public healih burden:
Phoruaceuiical mierveniion 1s one mesthod o atlenpd 1o
combal mereasing incllence of the disesse. However;
relotively  few  ambobezity medicabions  are  avallable
miernabomally with ooly four approved: {10 phentemmmns,
sn anerectic calechelonine stimulant; (1) ssbulramine, a
serolemn and reradrenaline reoptoke minbitor; (1) orlstal,
a lipaze mbabiter; and (1v) moovabant, a recently approved
CB-1 meceptor apfaromist, Three apenmtls targel ceolral
bypoethaliame systemns (e, phemtermmme, sibulramine amnd
runonaband) and the (ord largels pon-systemmc paucreatic
and zasine hpases (1 orhetal) (2230,

Clhmical effect: of these droups confer modest
unprovernents, and side effscls negatuvely unpact long-
lemn treatment course. Tlus paper suzacsts single targed
phammacolopical mbervenfions are possibly bampered by
Lhye mymad of allernale orexigenic peplidic siguals thal dove
byperpliagia, bence a multiple farzel model orcombimaion
treatinenl approack 15 proposed to olfer areater therapenis:
potential in modnlaring appetite and managing weight.

Appente and satiety arte mediated by complex
naireendeciine

rmgnalling  pathways anvelving  aver
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30 homnoowss, nesropeptidss, eneyoes, olier clenuceal
messengers aud their recepiors. Research elforts conlinue
L expand vnderstanding of the role of stanalling molecule:
betwresn centzal bvpolhalioome neclel and  penpheral
enteroendocrime cxlls; and discovenss of novel networks
and messeners provide new broloreal mephis oo liow to
wampulate appetile—satiety pathwaes,

Anb-cbesily agents are challenged by huootalions of
ellicacy and semious s1de effects that have previously halted
drug development awd market avadabslity, Corment druzs
lewd o modest sweeiahi loss. and our lack of vnderstinding
why anti-obesity drugs are not oplnmized m vive provokes
selenifle enguiry to delermmne e factors thal conmbuote
o or cavse this phenomenon, whether they are nolopgical,
sowzal, or environmeatal 1o origin,

Anb-cbesily  drup  meechamsms - lareeling  ceniral
bypothalame  neuwroransmilier svstems: and penpheral
meetabolic peplides are concervably countered or attenuatsd
by the nmerans arexigenie paptidic signalling cascades
and activities aof sympathetic neural  pathways  that
drive hvperphagia. In this seenario, attemprs to alter the
howdv’s native central or peripheral oraxigenc siznalling
Mochemistry 15 hypothesized to result in compensatory
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orexipenac pathways relabive to the noods for omerpy.
Henee. anti-obesity dmigs mav lead to a nomunal drog effect
bocanse altcrmate crexizenic zsipnalling mechanisms and!
or adapove eosponses m the brain—sut axis connnne along
normalized or up-regulated pathways, which overnde
attempt= to pharmacologically mflucnce the appetiive
control centres. This effect can be pamally explained bs
CCE-PYY activation, which reduces food mtake cwven
when melanocortin activitics are dismpeed (113 224 2257,
suggestng other mechamizms or systems arc operating
simultancously dunng atfempts to modulate one discrete
pathway (albcit anorexipenic in this casc). Conzequential
cffects of contrally or peripherally acting obesitv agents
thus result in snboptimal elinical improvements. which are
cvident 10 chnacal frials (226 227

Reocont  developments '1n wnraveling  the intricateo
physiclopgy of appefite and cuersy  expenditure - have
opened up the possibilies of new pharmacological
trcatments. Factors that control meal mmtiation. frequency
and tcrmunation infiucnce overall encrpy intaks. An
unportant group of these factors are gut hormones released
frem the pastromtestinal tract in responsc to changes in
the mutnticnal statc. These hormones mfluence contral
mechanisms mvolved in the reputation of energy balance.
through a range of bloodborne and neural pathorays (1395

The gut hormones arc attractive tarpets for obesity
therapy, Decavss unlike mdisumnate cheamcal azenls,
ey tarzel ondy (le relevanl appelife comfrol sysiems in
the Dram. In order to maintain pernanent weight loss,
patents may require hfe-long ireatment amd side effects
miay be less likely o occor dumng prolouged teatinest
with eutl hormeones, wloeh are endogenously produged
dicly m wormal mdividuals, compared with non specific
peuroltansniier minetcs o antagendsts. Puribenooore,
mappropmiale zul honnans release or signalling may tsell
contribute 1o the patbophvacleey of obesity, H lus 15 the
case, then comectug it by the adunmstration of exogenous
sl homnones of their smtagonsts would be appropriate
(6],

Thie combination of a redusticn m [ood mitake and
enhanced msulin release makes GLIP1 an atractive
farget for the treatnent of tvpe 2 diabetes and obesity,
Thee therapeuiic potential of GLP-1 13 honfed by 11s rapad
breakdown m the circilation, The GLI* 1 receptor azonist
enendin-dexenatide ix resistant 1o ensvinahc cleavage,
and has recently been approved for the tratmenl of fype 2
dhabetes, The long actinge GLI* 1 demvaiive lraglutide 15,
Beowever, also showine promase by onproving . glycaenmg
control and reducing bodyeesizld in cliweal imals (63,

Gut Hormones and Enegry Balance (Meiliana A, et al.)
Indones Biomed ]. 2009; 1(3): 33-56

Crryntomodulin 1= not as potent an meretin as GLP-1,
and therefore may be a better target for the treatment
of obesity in non-diabetic individuals. It has recemtly
beon shown that the suboutancous admunistrabion of
cxyotomodulin three tfimes a day for 4 woeeks led to a
fourfold increase m weight loss compared with control
(T

The predenunant circulating form, PYY3-36, 1=
alzo a candidate for an antiobesity agent, FY Y336 dose-
dependently reduccs food intake in rodents and homans
(113, hportantly, obese humass are nol mesistant o e
anoresizeme effects of PYY3 36 (114), Nastech recently
apnouucsd further phase | chmigal mials of a PYY3 36
masal spmy. Results fbom previous phase | trals have
shown o sigmficant and sustained caloric reduction aller
I'YY3 36 aduamstration

Theere 15 cumently preat nterest 1 the possibility of
wsig glrelin antazonzsts as anfi-obesity agents, (ther gut
bosmnone systzins exist tar iight be clinncally exploited (o
tackle obesily, Cholecystokimn wis the fivst g hormone
shown o mhibal feeding after excpgencus admmn stration
mn rodents {2287, 1t psefoluess as a therapeotic agent 15,
however, inmted by a short half Life, and s ineffectivensss
m reducing food miske when siven more than 30 mim
before & meal (6),

Thee zur zatety response to mutoent mgestoun 1s
meediated by the covndinisted response ofmultipls homnones,
Thas raases the posabibiny that the adoamstration of waore
thimey omee gl hornene may resull in an inereased anorectic
responss, A recent exciting advasce was the demonsization
that the co-adwamstration of 'YY3-36 ad the GLIM]
receptor azemst, exenchn-4, (o mace resulied m a grealer
reduction m fow] mfake than either peptide alone at the
sane dose (229, Furthenmore, the co-admbmsiration of
sulbnmamanal doses of PYY 326 and GLI 1730 addimavely
inhabated food intake in bealthy boman volosteers (2307,
The co-adumupstration of lower deses of et omooues way
resull 1 & redeciion i the side-effect profile, making it an
attractive siratezy for the treatinent of obesity {G),

Slratepies (0 oplunize sxistmg drog therapy sy
wvalve comboanon drog and theerapy approaches, but
chmcal toals are peeds] 0 detemmioe the salety and
efficacy of pew combmanons, with lone fenn ani
ohesily reatmenl poals moinind, Movel drugs with novel
miechurdsmns may provide new scluticos o the proldem of
ohesity. but lenathy dme development processes will be
challenzing and 1t may be several vears until new dmgs arc
approved by national medicines agencees (2123).
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Conclusions

Aonew wnderstandig of the rele of the gut m obesity and
coergy balance has recently developed. The bist of peplds
homuones cmanating from the zastromtestinal system and
mfuencing enerey balance confinees to orow, and 1t secms
Iikely that addibomal put hormoenes will be identified (4).
Bv furthenng cur knowledge 1t 1z hoped 1t will open up
novel therapeutic avenues for the treatment of obesity (6],
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