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Abstract

Orexin-A and -B are hypothalamic peptides isolated recently from the hypothalamus,
and have been shown to stimulate food intake. Orexin neurons in the lateral hypotha-
lamic area (LHA) were shown to receive terminal appositions from neuropeptide Y
(NPY)fibers. Orexin neurons are regulated by plasma glucose, leptin and ghrelin lev-
els. These observations suggest that orexin neurons sense the animal s nutritional
state.

Orexin neurons project widely in the brain, and the physiological role of orexins
is likely to be complex. Recent studies suggest that stress activates the orexin-
containing neurons in the hypothalamus, releases orexin in the central nervous system
and activates corticotropin-releasing hormone (CRH) pathways in the activation of
hypothalamo-pituitary-adrenal (HPA) axis. In addition, orexins have been reported to
have roles in regulating the sleep-wake cycle. In a canine model, narcolepsy is caused
by orexin receptor-2 mutations. Preproorexin knockout mice have narcolepcy. Human
narcolepcy is generally not due to gene mutations, but orexin neurotransmission is im-
paired. Orexin-A in cerebrospinal fluid is undetectable in almost all patients with nar-
colepsy. This review summarizes roles of orexin in the regulatory mechanism of feed-
ing, stress and sleep.
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V¥ (orexin) BRI LF L LI
I, =77 v ZEEONREY &> FE LTH
EENLMERTF FTHY, FLFTABX
UB»oRBRTFFT77IY—Thb. +L F
VUVRBHKRTEHONIEFOMBTEESIN, HEIC
L) FOEESRESIN, Ty P ORMBRIEST
LLEBARBIMMT AL L), BARHGRTFTH
HIENHLIPIZENTWE Y, BiEET (ob)
DEWTH DLV TF VIR TEA SR, UK
TEICERLTERE AV —HELZ RIS
A A LF YV EORBELERFHONE o
T&72Y. D%k, BHAMERCHREN WO R
HF & LTOEHb BIES N, FICA MLVARIBIZ
M5 LTwhZEEHEENS., E512, FLFY
VIIHEIR - BEEY A 2 VBV T BEELZEIAH
S TWVBIENbhroTE, T, BREED—
DTHRERDOAHTH 72NV LT =12 L F
MEERDEE L TWA I EAEH S N,

FRTIIA LI L OEHRABER L ZO/HK
MERIZOWVTRAEDHIRZ RS,

1) FLFVy - FLFTUZHHE

FLF T URIREARELIDALFI L ALAE
LX Y UBAWEAENS, AL FT Y AIR3ST
IBRENOLRY, TFNIC2DDTANT 4
FiEAEEAELTWS (K1) . —H, AL F¥
Y BII2EREN L R HERRONNTF FTH
5. MEDOHEMIZ46% T CRBMAS L BT
Wb, FLFYVADOT I EBEESIZE b, Y
V, 9y b, vUATHBTHLBD, FLFI ¥
Bldb b5 v b, v RATETFRLS. £ L ¥
YO mRNA RS v MREICBWTEETHKTH
HHEETHAE & 20 FBEBICEBELTH
D, ZOMBHEMEIBRTH CIREK, SR
2%, SOOI, RBiEE, KEEER, #
K, @I RO ERR, BoEER EIZA
B L TW5BY,

FLUF Y 2K (OXR) IZIZ0X 1R & OX
2RPHALH. LBICCEABEREZENRT, 0X
1 RIZALFT 7 AT 28MENF L F
YBIIHTHZEMEL VS0ERER, OX2R
BALF T ALBIEIHTAHMELFLETH
b, MZHEMIET I /BRL NV T64%DMEHE%E
boTwh, OX1-R& OX2-RIEE% - 7204
ZLTHH, OX1-RmRNA IFHETE O AR

MICBEETHH, OX2-RIIEHEHKICEL, &5
R R 7 A B R
2) FL¥F L UEER

F L ¥ O mRNA & THML, +L X%
YA FEBEREANKRS T S LERIZHEMN
THZELY, BEILEURTF FTHEI L
HLMIENRTwSE, FLF T BOZFOEH
I AICH LR, Frbtkei b v, S
DFVF TV vEAma—u IBRED 2 —1
R7FKFY (NPY) =a—u v i2#E L, NPY
Sa—urhrbANEZITSL (M2) ¥, AL F
vy OBERIMER I NPY %51k (NPY-Y1)
FERETANIC X 0 I ICHH S, NPY
BRAZNMLTCVWB I EFHEINTVAEY, £/,
7 v MINPY 2 MENHKE T 5 &, HIKTHE
A%, MR 7 & C IR O TG B)YE % R 3 Fos
BB 5, ZOMBO—EHLIFLFI v
BFE=a—arsThY, NPY OEEIMEHO
—EIEA L F L MR E AT A I EAEEHE R
TWAY, ZOXHIZNPYHEREFLF IV
MRRIIMEICYF T RAEREL, BETENICH
HLTwa, FLFyroa—uariZEBRL I
¥ % pro-opiomelanocortin (POMC) = 2. — 1 ¥ &
bYFTRAEREL TS,

NEEFIZED LN LF Y v EFZa—ary
DELFVTF Uy ZBERERA LTS, FH LA
MIBFICHETE ST B A T =V EERIVE Y (melanin-
concentrating hormone; MCH) &F=z2—1 >
bLTF U ZBRERTEN, FLF v r=a—
Oy EiERELR-TWS, Lopez b2 L 7F 8
Fy MIKRTEHICBIA2MEDFEEICLEF L X
¥~ mRNA & OX 1-RmRNA O#hn% #i# L,
OX 2-RmRNA 3B L b o2 BRTHB Y,
FTLEYUOMERILIF VICL BHIEEZITTC
Wb Ek#EZ b5, Moriguchi 524 > A ¥
BEIEIC L D Fos BADPAMUEEOF L 3 U #
BRICHFEINL I LRFEHL, 7 F oIS
Za—uaryo—FIEF L FLroa—a s Thb
LBRRTWE, TOLIITHLF T UHRERITL
TFURMBEEIC L > THIH ST 5B, T,
wit, BoRRASh - BETEEALFE> 7L
)L, LTF Y ERRNIERT A, 2o
L) ¥ OBR T 55 R O HiE R AE A3/ B o 7
V¥V vEghoa—uy|ZEBERELTBY, ¥
L) OBETEFEHO—EIZF L+ Y U HikR
ERALTVBEEZONLY, MARICIE, M
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human/bovine/rat/mouse EPLPDCCRQKTCSCR YEILLIHGAIGNHAAGILT|L- NH2
orexin-A

human orexin-B ' SIGPPGLQGRLQRLLQA|SIGNHAAGILTM- NH?2

rat/mouse orexin-B P[GPPGLQGRLQRLLQA|NIGNHAAGILTM-NH?2

Fig.1 Amino acid sequences of mammalian orexins. Structures of mature orexin-A and -B peptides.
The topology of the two intrachain disulfide bonds in orexin-A is indicated above the se-
quence. Boxes indicate amino acid identities.

——————
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Periphery ry *~.__stomach __-

brain stem

hypothalamus

Fig.2 Schematic summary of the central pathways involved in regulating feeding, stress and sleep-
wake cycle. ARC: arcuate nucleus, LHA: lateral hypothalamic area, PVN: paraventricular nu-
cleus, WAT. white adipose tissue, CRH: corticotropin-releasing hormone, NPY: neuropeptide Y.
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EDSTHY, BRITEOREZEHETHXTF FT
bBH7VY) VRENERT L. Ih o ORMEER
2R, ALF T UomRIEEtInSE L BEbR
5.
ZhTREHOTHICA L FT ViZE0REH
BLTwWADEA M. FLF T ryOEBARENE
MIZERMTH Y. Yamanaka S5i3%i3F L& ¥
YOBRURETIIEBmIIEREINZVERELT
w5, 2L, FVLFIUoRIETY ATIX, BE
BB L CTEAEEID 2 VIZ S hb o TR
FRELTLAB?, ThoDZ e FLFIy U
BE - RFAMCEETHL I LPHEEEINL.
3) ALFTUERAFLZR

AP VARBRERZT TR, PEEERY
DR L Vo 2R BORIEIZIRL b o Tw
5. 2F DA ML R, RRARRICIEEL B
25z, SRTEH—TEABFRZREL, &~
RN Z BT L. RIE, BABHERTFF
PHEAEDA VAR EERSEDo TS Z LR
HOPZHDDOOHEM, FLIXFI U HED—D
THHIEFHFEINTVWS, Ida b®id+ L *
VURMRENICIRET S L, EEVWTE), £OK
HVATEYEB X NRRITEISHEML, Zh o DTE
ZavFaro s BEEEVEY (CRH) 7 v
% = A b (o-helical CRH) DO#j#x5 Tl X
N, WHEAFLARESA DL AL DBKRTE
S EF O mRNA DS HE M L 72 & R R T w5,
Sakamoto 5¥&, T v FOWEA L ZAB LY
EHAPLVATEHLF Y VEAZ 2 — OV 25EN
ENBZLZBEL, WEANCAHLFI VA
2535 L. BRTHEEZ/IIREE L R
Pethr O A fES A CRH EAE = 2 — O Y DI
BEEHENmsSEsI 2L, CRHEZALZ
FLF VDA P UVARIBNDOBESEZHL,ITL
TWwb. Zhu 5™, HBARHTIIALF L =
2—O V2 Fos BAVHFE SN DD, FHEMH
FIB Tl Fos ®BADRBIIROONT, L F
¥ UHRRIZBWT R b L ARIB ORI R O
FHIEKGET5LBRTwA. 9 MZBWT,
FARBUTIBREEZ M S ¢ 255, FHBRMRIET
BEERZRT LI LT TICHEINTEY, &+
LY VRERDHLED A I L AFEDOBAIZ
Bl CwatfEEINTVAS.
4) FLFT UV EEE - EIR

FLF Y OMRERIGAE R R - TB
D, BALGAEBERSS S, &, EEERZ
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L&, FLFVOEETHOREIZEEIER
DFFRELERBBNEEZONS, F/2, £ L F
VURBICEDFANIL T —DRKRET 70,
FLF v VRIEEORER - EEFEICES LT
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Fravrry—ix [BEVRKE] LHFETHh, £
¥Rz BT A EREED —DIZGHIhTY
5. Lin 62, BEF#EN (K¥Yarnrno
—= V7)) WXV BEREFVILTI—D AL X Hh
LENEEZEFEREL, 250X 2R ERTT
HAHZELEHHAL S5ICF LIV VEETR
HY T 2BV T A X OBEIEEE 7V E R,
B OEEIHENRE W5 T L F v —) i
L, FaAL T —ITRB R L AREIRO M3
BWRENEINT 2 Z EPHE IR TWEY,
BHOMIENTWAFLIL T —BEOER
FiZ1AANT3I~16AEHE SN, F70%0510/%
RICEIFRL, EEIIDLE-THEL. FralL 7y
— O 3 7 fEHR 2 13 OB 1 D R KR I OE B MR
JIFENE A HRIREL ) FE (O I SRR ()%, P B R 55 W
bih. BEOBEDOIRT & BARIEDSHEND S
niuEF v al 7o —oWEEI BV, K TIE
FotERREEORBRSL, #HMaETay 7
DU TH BDS, TNOARATLHIEITE 0.
ARSI I EMAE (multiple sleep latency test:
MSLT) #%ETH 5. MSLT & i3, B 28
[ PR C 5 [ AR I & A 2 3 2 BEIR AR ) 7
S IREETHS. ZORET, FHERERH
55T CAIRFKEL 28452 ML LHEHT 20 %
FNALT Y —BMOEMHETHLDTH .
FLIL TV DRI B ER S L
TWAIEPAMSHNTEY, HLA ® DQB 1 *0602
DQ1D¥ 724 7) BUHERIEL. HORE
KETHHIRMATRRINTE . $72, &,
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