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ACSF
AMPAR
CAl
cAMP
DG
fEPSP
GABA
GIRK
GPCR
HFS
LFS
LTP
LTD
NMDA
NMDAR
OXR
OXIR
OX2R

A #<( Abbreviation )

artificial cerebral spinal fluid
alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor
cornu ammonis 1

cyclic adenosine monophosphate

dentate gyrus

field excitatory post-synaptic potential
gamma-aminobutyric acid

G-protein coupled inwardly rectifying potassium channel
G-protein coupled receptor

high frequency stimulation

low frequency stimulation

long term potentiation

long term depression

N-methyl-D-aspartate

N-methyl-D-aspartateireceptor

oreixn receptor Y

orexin 1 recepor

NI

orexin 2 receptor

PKA cAMP-dependent protein Kinase

PKC

PLC

PTX

PPF

PPR

PTP

REM

SB 334867
TBS

VTA

protein kinase C

phospholipase C

pertusis toxin

pair pulse facilitation

pair pulse ratio

post tetanic potentiation

rapid eye movement
N-(2-Methyl-6-benzoxazolyl)-N""-1,5-naphthyridin-4- yl urea
theta brust stimulation

ventral tegmental area
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Abstract

Orexins are a novel family of two hypothalamic peptides, consisting of orexin A
and orexin B, which were also named hypocretin 1 and hypocretin 2, respectively. They
were identified to be the endogenous agonists of an orphan GPCR in 1998, which was,
therefore, named orexin receptor and consists of OX1 and OX2 receptors. OX1
receptors display higher affinity for orexin A than orexin B, while OX2 receptors have
similar affinity for both orexin A and orexin B. Orexin-containing neurons are mostly
localized in the lateral hypothalamus and send projections widely through the brain,
including the hippocampus. Orexin A had been reported to affect learning and memory
tasks and hippocampal synaptic plasticity in \_/i_VO, mostly in the rat, as well as affected
synaptic plasticity of hippocampal sslices (;f rats and mice in vitro. However,

controversial results were reported. We,, therefore, invesﬁgated the effects of orexins on

-
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the synaptic plasticity, long-term potenti%i_ciﬁ (LEP) .and depotentiation, at Schaffer
Collateral-CA1 synapses of mouse h:i[.)pocamp'al _:slices. Field excitatory postsynaptic
potentials (fEPSPs) were evoked by stimulatiﬁg the Schaffer collateral pathway and
recorded in the stratum radiatum of the CA1 region of hippocampal slices. LTP was
induced by high frequency stimulation (HFS) which consisted of 3 trains of theta burst
stimulation (TBS), separated by 15s. Each TBS consisted of 4 pulses at 100 Hz,
separated by 200 ms. Depotentiation was induced by low frequency stimulation (LFS,

1Hz, 15 min) 40 min after HFS.

Orexin A (30-300 nM) had no effect on the baseline fEPSPs after 10 min treatment.
Orexin A treated 10 min before and during HFS, decreased HFS-induced LTP
dose-dependently. The magnitude of LTP (% of the baseline fEPSPs) 40 min after HFS
was reduced by pretreatment with orexin A 100 nM and 300 nM. The magnitude of PTP

(% of the baseline fEPSPs) 40 min after HFS was mild dose-dependently reduced by
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pretreatment with orexin A 30 nM, 100 nM and 300 nM. Depotentiation induced by
LFS (expressed by the % restoration of the magnitude of LTP) 40 min after LFS was

not different with orexin A.

[Ala', D-Leu'’]-orexin B (3~1000nM) also had no effect on the baseline fEPSPs
after 10 min treatment. [Ala'’, D-Leu'’]-orexin B treated 10 min before and during HFS,
decreased HFS-induced LTP dose-dependently. The magnitude of LTP (% of the
baseline fEPSPs) 40 min after HFS was reduced by pretreatment with [Ala'',
D-Leu'’J-orexin B 30 nM, 300 nM and 1000 nM. The magnitude of PTP (% of the
baseline fEPSPs) 40 min after HFS had no different by pretreatment with [Ala'',
D-Leu'’]-orexin B. Depotentiation induced by LFS (expressed by the % restoration of
the magnitude of LTP) 40 min after LFS was ﬁot different with [Ala"', D-Leu'*]-orexin

B.

SB 334867 (3 uM), a selective OXI ;épeptor antagonist, partially antagonized the
effect of orexin A. The magnitude of :LTP (% of the baseline fEPSPs) in slices treated
with orexin A+ SB-334867 was higher in.slic.es with 100 nM orexin A, which was
significantly lower than the control slices. The magnitude of PTP (% of the baseline
fEPSPs) in slices treated with 100 nM orexin A had no significantly difference in slices
with orexin A+ SB-334867, which was not significantly different with the control slices.

SB-334867 alone had no effect on basal transmission, PTP, LTP and depotentiation.

SB 334867 (3 uM) slightly antagonized the effect of [Ala'', D-Leu'*]-orexin B.
The magnitude of LTP (% of the baseline fEPSPs) in slices treated with 300 nM [Ala",
D-Leu'’]-orexin B + SB 334867 was higher in slices with [Ala", D-Leu'"]-orexin B,
which was significantly lower than the control slices. The magnitude of PTP (% of the

baseline fEPSPs) in slices treated with 300 nM [Ala"', D-Leu'"]-orexin B had no
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statistically significant difference in slices with [Ala'', D-Leu'J-orexin B + SB 334867,
which was not significantly different with the control slices. SB 334867 alone had no

effect on basal transmission, PTP, LTP and depotentiation.

Compound 29 (30 uM), a selective OX2 receptor antagonist, partially antagonized
the effect of 100 nM orexin A. The magnitude of LTP (% of the baseline fEPSPs) in
slices treated with 100 nM orexin A + Compound 29 was higher in slices with 100 nM
orexin A, which was significantly lower than the control slices. The magnitude of PTP
(% of the baseline fEPSPs) in slices treated with 100 nM orexin A was no different in
slices with orexin A + Compound 29, which was no significantly difference with the
control slices. Compound 29 alone had no effect on basal transmission, PTP, LTP and

depotentiation.

Compound 29 (30 uM) slightly anmggglzed the effect of [Ala", D-Leu"’]-orexin
B. The magnitude of LTP (%-of the bagéhne fEPSPS) in slices treated with [Ala',
D-Leu'’J-orexin B + Compound 29 (1:33:l:7.1%,.n?5) was higher in slices with 300 nM
[Ala'!, D-Leu'"]-orexin B (120.8+7.2%; n¥5), §vhich was significantly lower than the
control slices (141.9+3.5%, n=16). The magnitude of PTP (% of the baseline fEPSPs) in
slices treated with 300 nM [Ala'', D-Leu'’]-orexin B (146.8+8.7%, n=5) was not
significantly different in slices with [Ala'', D-Leu'J-orexin B + Compound 29
(186.5£28%, n=5), which had no significantly difference with the control slices
(181.5+10.4 %, n=16). Compound 29 alone had no effect on basal transmission, PTP,

LTP and depotentiation.

Paired-pulse facilitation (PPF) of fEPSPs, a presynaptic phenomenon resulting
from Ca®" accumulation in the presynaptic terminals in response to stimulation by a pair

pulses with short interval is induced by paired-pulse (50 ms interval) stimulation. The
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PPR during LTP decreased, as compared to basal PPF ratio (PPR), suggesting that
increased presynaptic transmission plays a role in the LTP evoked by TBS in CAl
region of mouse hippocampal slices although this LTP is mostly mediated by NMDA
receptors. Orexin A (100 nM) did not affect basal PPR but slightly reversed the PPR

decreased during LTP.

It is concluded that orexin A and [Ala'', D-Leu'"J-orexin B decreased LTP but not
affect depotentiation in CA1 region of mouse hippocampal slices. The impairment of
LTP is mediated by both OX1 and OX2 receptors. The efficacy mediated by OX1
receptors is higher than that by OX2 receptors. It is suggested that presynaptic
inhibition plays a little role in orexin-induced impairment; instead, postsynaptic NMDA
receptor inhibition might contribute to_this .i.'mpa.lirment through PLC/PKC pathway

activated by OX1 and OX2 receptor activation.
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29 + SHOX2R{92 4| FROXIR[9250( (Hirose et al., 2003) = A" ] it s sf

F{‘fﬁfd‘a’orexins FY R RLAZFIOXIR ﬁ90X2R o[58 -

4. OreXinsElfﬁE'ﬁE’["E“E'Jﬁ?ﬁ‘jﬂ
ﬂlif"ﬁ%ﬁm [HOXR FYG protein % T [f| » OXIR ﬂﬁ%@plemﬂlGS ]
OX2R [[|Gg11 > Gio FIIGs o FiF 1 FIRAUG S 1 > orexins SPFSHAEAF o[ BE" FIR]
TSR] %ﬁ?ﬁﬁlj% LD R4 A (l)f@"{l,%E”iﬁJ RETSREE (Z)Tﬁﬂﬁfﬂﬁﬁﬁ?
FEAIGIRK 3] @(3)?5]’?7 ) }E"[fﬁﬁlﬁfﬁim ﬂﬁg( non-selective cation channel,
NSCC )4) iF’, [*Na"/Ca®" exchanger(Kﬁmen and Akerman 2005) - H|Chinese
hamster ovary (CHO) cellfiyhuman eniqryq‘i;;; k-llglny 293('HEK 293) cell=f Mgk Afl
OXR E[@EEE} It drEg(invitro) [t éﬁiﬁiorexin AI‘ ??D(.)rexin B féiﬁ’iﬁ%@OXlR Tﬁi@"{l
AP EEE R 0 [fjorexin B HOXIR ltF'J’FJ JuForexin A% > orexin A '] ¥
orexin B ,ZQ;HOXZR Serapap e S RE T EIGJFJ:’)JﬁII'I‘J(Sakurai et al., 1998a) -
Kukkonen| | » Akerman ( 2001)@1‘?% PN 5 JEFlorexin A TETUIREV A | ERE
<" hLiE orexin- receptor- operated Ca”" influx || ¥ store- operated Ca”" influx I'F??‘f
(Kukkonen and Akerman, 2001) o #[[¥| f Eﬂj%$[OXlRﬂ[OX2R[ | K GIRKG] 3 i
HEK-2937f"aff » 58 -Florexin A’ HETS g | &%ﬁﬂﬁﬁﬂﬁjﬂGIRK@fﬁ o [l & Y[
e SEIPTXIORI - EEIIOTE I » PP - GIRKELE ] Giaf9Gry -
ﬁljﬁﬂﬁ]ﬂﬁI\J[EE'JEJ[ﬂﬁﬁﬂIGqEI’?ZI%;/? AUPLCE % Hrd |38 (Hoang et al., 2003)  nucleus
tractus solitarius » [= + GIRKGf] 3 9} Elfiéﬂ'ﬁf?'ﬁiﬁﬁﬁ*ﬁ@f—‘ﬂorexin AEIfJ,%i?EIiﬁ (=
PLC/PKCEIfJiﬂﬁjUEH%'}(Yang et al., 2003) - F|#FVEL - ?—’f%?ﬁ?jy['“‘ﬁlffﬁ@"éﬁi%? ’
Voltage-dependent calcium channel (VDCC) ﬁi NI WIF*F?#'&H}QL_W £
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orexins FEfI Wik PEAEES"S ﬂﬁF— Fq_ pJF JFIPI‘V DCC(Kukkonen and Akerman, 2005) - [
9t > Uramura<3 ™28 7 ventral tegmental area fiVdopaminergic ffi#=7 > 387 Florexin A
YR PSS ES T PR R L iliphosphatidyl choline- specific PLC- PKC- L/ N- type
SRS PAAYE L ER - T SESLE | SETIINMDA R /1 ?ﬂﬁﬁfJfﬁ%}(Borgland et al.,
2006; Uramura et al., 2001) o - 2 EiEaf ardr gepl 1> 7 %@*Qﬁ%ﬁ@féﬁﬁ ’
1H “orexin A AZ[IIOXIR IHE*/cortlsol FIVARNZE G Fﬁl[ﬂnfl +“adenylate cyclase FY
FLPKA ?Hﬁfﬂﬁﬂjp [T T PR [ PIPERJOXITR f[" I\EI }°Gs ! (Spinazzi et
al., 2006) ©
= > orexins™ Fﬁl?&%é‘fNMDAﬁ’?ﬁ%ﬁ ElfJ”ijﬁ(;’ﬁ » k- ventral tegmental areafi’ '] ffli
NMDA iz 7 i & = _FF[ (Borgland et al., 2006) © {EI7+hippocampus CA 11 - 55 ]
AR B B A e BNMDARE R Al
TuquQ%%OnM orexin A 30 min {;W 100 9M 5 min JF“ Vi P NMDA & 5 2D
20~30%}H 54(Aou et al., 2003 Selbach. et al 2004) s (]~ E‘f 5.3 T hippocampus

—
CATGHIHi[IINMDAR 7 2 T[Jorexln A 15{4/% “ﬂJﬁbﬁ&@rﬁi - filRfE g -

S\ 1
5. Hypocreting Orexins J\JBOXR. By fﬁj
RS54 TR #8 3£ ( in situ hybridization )(Bingham et al., 2001; Date et al.,
2000; Hervieu et al., 2001; Peyron et al., 1998; van den Pol, 1999)~ i/l R 1
( immunohistochemistry )(Cutler et al., 1999; de Lecea and Sutcliffe, 1999; Kilduff and
Peyron, 2000; Sakurai et al., 1998a; van den Pol, 1999) H*lorexins #IOXR 7:CNS
155 Gk 388 > EFlorexins [V EF| ITTEPOXR VmRNA 5 7 1HT i’ rjﬁ%[bf‘gﬂ 135

“H(Fig.2,3) °



6. Orexins pu% %IﬁJH:ELJT% RIE e

Florexins BLSLTI | » 7 SFA N 58 Florexins A TR/FIIN ~ FrA 51T
RS - ’?’E N ‘:’c“ﬁf g‘ S - Eiﬁ%éﬁlﬁ'ﬁiﬁfﬁﬁﬁjﬂ*l  PPNRE - Y
i
6.1 ?%E&/EEEE&(SIeep-wake)ﬁ?ﬁjUB%EEVG;E(narcolepsy)

?%E%/Egﬁ%ﬁ%ﬁjﬂbﬁzET:f”Hlfﬂﬁi'ﬁ%ﬂH|’orexms Y ] RLYT el £ 4 é PR
okl B [ orexin A F[ M I B (electroencephalogram, ECG)
B Tl ] > S L o o Ser TR B (wakefulness) » grS I HT B (onset
time) = T Bb * B > B PSRRI ORI rapid eye movement, REM ) 2k
SUEYISUI( non-REM )(Beuckmann and Yanagisawa, 2002; Mieda and Yanagisawa,
2002) - {Horexin B 4112 # B % ym%mmm1%%|wmmmmpu%[f
RIS FTJ AN ElJfﬂlocus coetiilets F¥noradrenergic f#7%7% (Hagan
etal., 1999) » ventral tegmental area i quparhmerglc @%w (Nakamura et al., 2000) >
dorsal raphe [iUserotonergicffis (léfowi! et a1 2002; Liu et al., 2002) > FITMN  fiy
hmumnnmgu:$$kgﬂ(Yanmnﬂﬁ1¢pgl 2002yo$1f-£f 17T RS histamine T
#o U RIGE HE= orexin AfES “F‘: Hy B~ i8] > pyrilamine - E'IJ‘Q&E
U B D RO 3 (Yamanaka et al., 2002) o ¥\ F{[HH, $§ 5 #THCR
PR B TR BRI T 2 Hlorexin A LRI LTIV Sy (Huang et
al., 2001) - Wi%ﬁq@%orexinfﬁl EE TR J&‘sﬁfu A o gy J—f “%histaminergic fxE V
TMNF B E | A~ i 77,4[/ 11 FE 1< preproorexin L NI (knockout)fu# L, - rf’j
G TR REIOX2R PUBLIN %rﬁ-ﬁs@gyﬁf f=E(Chemelli et al.,
1999; Lin et al., 1999) » [H|fij#5Horexins it 7 = VE [Jlﬁ@iﬁkﬁfuﬂ@ﬂgjgﬁlpn IGIRE:
BN * T # P cerebrospinal fluid, CSF )fl lorexins 5% » 5L 7 4 B ~ 19
CSF ==l Pt » AR =y » puCSE [ 2 HIER % DL Yorexins - [N
orexins [IUYEY i EERE VR 2 RIS ~ (Dalal et al., 2001; Nishino et al.,

2000) -



6.2 #E-45Ey (feeding behavior)

SakuraiZ 55 H ( 1998a)(fi ™ | By & e 1k 4 Florexin neurons = fol i v Mgl = o H
fl ILHA;‘HI[*E;E 1821 & 2175 Hi( feeding behavior) (Anand et al. 1951)ff ¥ {4y il =
Bhiss > Y[ :Arc (arcuate nucleus), VMN (ventomedial nucleus), DMH (dorsomedial
hypothalamic nucleus), PVN (paraventricular hypothalamic nucleus )J[[==f- & [35f
( energy hemostasis) & JF—%J(Elmquist etal., 1999)- }[ orexins ﬁ[}%{j A ELAYTE 1'[ Ed
% ﬁi{ﬁ% RLERIPIRE AZBCIEl > orexin A YS! [Frorexin B B © K
PIOPIRE 248 TR O IHRALE R E S | R I (hypoglycemia) - HIL ) 1
orexin AYmRNA [ {#i % 57 |1 (up-regulation) » =[N § %% hypothalamic- pitutary-
adrenal axis Eler%ﬁﬁ(Kunii et al., 1999; Sakurai et al., 1998a) - 7+ F“' e ZElin vitro poy
f& F353 > hypothalamic orexin neuronsFﬁl g’f@UﬁE}(ﬁ AP pUY ST F’IJE&@*;’?I F}g
I A e i gwﬁ%%ﬁﬁ%Fﬂ S
(hyperpolarization) | Wi [’ F [5E Iigﬁ[ﬁ%fﬂfl ﬁb‘E [ pYEH 54(Yamanaka et al. 2003) FE!

Mo pN s Ju g EERPRE N R "'A j r[fy]’P(depolanzatlon)ﬁlf@'J[lE g [kaI*J[‘PFIq*rJrF
Ji 1975 ) (Burdakov et al., 2005° Ya'manaka etal,, 2003) - ¢ fEF #H5 IEE
TR Vorexin A 5 B S TFRL ﬁ [ IEE(Lou etal., 2006) - iyF, {4 [R5 I8 DER
AV EEEy - SR P AT > orexin AfiA | [Pl puig5t(Bronsky et al.,
2007) = v~ e R VPR U Eorelxn AYR R BE{T(Adam et al., 2002;
Baranowska et al., 2005) » [lF1Y 7 7 Forexin ABLE FE APV “ &5 (M) =
(e r*ﬁ&’fﬁ ‘Ff’E'[ Jorexin AT ZRL | pY [?t 7/ (Heinonen et al., 2005) = CSF /1
prepro-orexin Y& 4 > FT;:’E’ TR FIBD S P A, A AP BRIV B A
(Yamanaka et al., 2003) s F75ff > orexins [y it Ey?g&z@fi? o ﬁ}l’éﬁiﬁﬁ T
ST F-'lﬁxjﬁ’?ﬁ e

lﬁ[@mﬁﬁﬁﬁﬁjﬁ MR PPVAT AR AR RS UJF * P Eforexins +%
BRI+ [T D SPHERVEN ORI - 6 AL REPS RS I (021

[ Ei?ﬁgﬁiﬁﬁ[l(body mass index, BMI)fiUZH §4(Chabas et al., 2007; Lammers et al.,

7



1996; Schuld et al., 2000) > [l BRIV T OXRFLPNBIER - A 0D 22 gl (117 F,
% I]3l'F (late-onset obesity) [9Z §¢(Hara et al., 2001; Hara et al., 2005) - I'] -7E 584
=~ orexin B[R f],}ilqﬁéﬁf 9% “rj“ﬁﬁ‘[ | 5L o pJ“éjéjU“J £ ﬁIFJ[pHJ%EF

(Honda et al., 1986; Schuld et al., 2000) °

6.3 Ex]J(stress)
ﬁ'ﬁfjp A1 > =1 Hlorexin neuronsﬁ[ﬂ’dtu%hﬂ A2 ( immobilized )|
iﬁ[ *(Sakamoto et al., 2004) o}Horexms =7 EI*J?V/J N [Ejﬁ"ﬁ‘[gp (LR Fﬁljﬁlfgj"?ﬁzf[ I?J‘FJ:@’F
[iil[#( corticosterone )FVIE ¥ (Hagan et al., 1999) fl SRLAEH Ifﬂjiﬁ(ﬁﬁj\ = FE‘%“E’V LLLEF?‘
MRk AT Adrenocorticotropic hormone ; ACTH )(Engelmann et al., 2004) » [F=7f
AdiA Ef[ =1 orexin i’ Fji‘ifg‘?’gﬁ’l J(stress) JF%EWJIFIU & %TiJﬁ:(Dun et al., 2000; Ida et al.,

2000) -

~ 7
[
.r-l--.".|_

6.4 Y35j( pain) '| f :

i orexin A I 47 Haﬁiﬂvﬁﬁw R B o
( carrageenan-induced thermal hyperalges1a)7v;§;*57r’§(hot plate test) JH[JEE™ F“’P]R
T giHlorexin A PSS FERITES R > SRR RS E sl o 2
i FIOXIR i ffforexin A (IHf#H! < Hi FHELE Horexin A K |57 SB
334867 > [ S LIPS BEETI] - FORVIASS S >SB 334867 - IR AT > e
IRE R SRR [ {Forexin AT o S 5O T & ORISR - f R
FIIFTRO AUOXIR - LAV ™ 9478 acute pain) 8% >
{7 ZISB 33486TfIUR » [NIfEg i SRR o 2 P forexin A OB
fir(Bingham et al., 2001) » FE/Sf50 F  HUBRE"SB 334867 @ ¥ pL B ELER
PTG & o PUPHEP R R [ G2 F 1) 4 ¥ fYorexins 2% 5 '] b HE5!
orexin A %@fﬁ]@ TR Y Ll—v‘ﬁ*]}k’srﬁﬂ » i F’J‘:J\ Z2Z0XIR J%%,J ° %" naloxone

&

T Eftorexin Af JLH‘P“ FEp o Bl R [ER GRS, TJ(Cheng etal., 2005) °
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6.5 FI= fHR%£5€ (autonomic nervous system)

T2 R A JJ%JF'@WE’H > 5% Florexins ?_igﬁﬁf‘\l'ﬂﬁfﬁiﬁﬁ RRETI e B
< (heart rate) T IHEYITES > I'Eilﬁ'i?&:*‘dﬁmg’?%?ﬁﬁuﬁﬁﬁ  ag W‘C"??EH\
(Shirasaka et al., 1999) - [ﬂ f”J B2 7 orexinfiy [ BT "E{ﬁﬁ [~ HEp
| Ei(Kayaba et al., 2003; Zhang et al., 2006) _Frpsd 1] \Jﬁ[{q, }‘?Jtorexmb"ﬁ 1 INIR(s
A (sympathetic tone) I & 14 o [P 7 orexinfiy ] LR (S F:E} AU AES o
SIHFRLFE > orexins HERAET U1 i 175 £ o (1) [l [F orexins 4 BT RN Sk
(Lubkin and Stricker-Krongrad, 1998) - W“J L RN }%ﬁﬁﬂj‘ F”ng T

(aware) ° iﬁ’) J(active) I }HE‘?]%—;QEﬁ 5’?%’@»@11@;%&%&!»@?‘4 "o

6.6 |57 7455 (endocrine system) :

T[T P rTsfuszﬂll ; 'rﬁ}:}#[ 7 Yoorexins €7 TUIE LA A K
(luteinizing hormoin)fivyEL (Pu et al. 199&) i b?’%’?ﬁ% [l corticosterone)f 1 i
"5 2k (prolacting B % = sk ( grovs}tr hdhnone)(Hagan etal., 1999) - [i 17t | Y
BEP IV 0 - R gﬁiﬁ ) Elﬂ Pﬁ;&r;,g_ﬁvﬁ Eptl VJI?E'EJH it (Lopez et al.,
1999) - FIFERPA L L—Wwﬁ‘f%ﬁg@ﬂlt » OX1IR fYmRNA # & F-OX2R
AUMRNA FR I - (L% 5 R pheochromocytomas) % » {155 OX2R

FYmRNA A EIFOXIR pUmRNA A&l *(Mazzocchi et al., 2001) -

6.7 ] (31 75k (digestive system)

IS orexin 7 » @ (REEFPIF [RfV53I% > — LUREOPORT R AR e
(vagotomy) iy &= F{{[ L W= B £ (atropine) » Pl fl itorexin o[/
Kot B AL VR orexin o [T [RITISTRYARS - PIF BT orexin (1ATE
F VRO 7 A 3 380 (P53 V4(Takahashi et al., 1999) = pIHF4 SR » 71
F 3l jorexing - SRRV T o 2 orexins (REH MO RS 011
RS (33 E(Kirchgessner and Liu, 1999) ¢
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6.8 &g K (motor activity)
Orexin A #[I orexin B ?Bﬁﬁ (R g Iiif {F77]4( spontaneous physical activity)
PP 0 AR IR o S i i R [ W:s'» orexin Tﬁf@-ﬁp
g Jif f17 Ei(locomotor activity) ~ BFFE Bk T [ EEFE (Hagan et al., 1999; Kotz,
2006) » P9} B FEZFE | freezing behavior ~ = 5 ﬁé’%‘(groommg)I 73/]]”Pg}ﬁﬂﬁ [EIEr
J[I(Hagan et al., 1999; Ida et al., 2000; Jones et al., 2001) jg',ﬁ[ }%}Iﬁj’ orexins fXEI=

LC - %’7 Rl [r[ (5 %[E'H@I?E'ﬂ YA ]9= 4 (Kiyashchenko et al., 2001)

6.9 #Ef Lk (reward system)%ﬁ‘}%%ﬁjﬂ(addiction)

T [Pl B A Y RS ﬁ?ﬂ FIt > orexins - #LFEFLE| A ) Erfol iU £ <1 o (-
hypothalamus ¥¢fiJorexin neurons &£l Elfﬂlf[ﬂﬁ@%ﬁ%wgﬁfj ventral tegmental area’
tIorexin(Fadel and Deutch, 2002; Peyron et aly 1998) ﬁlﬁﬁfll T+ ventral tegmental

area _Hpdopaminergic i@mﬂw (Korotkov.a et al 2003 Nakamura et al., 2000) > J[17
e
Y 6.8 FNA s ~-orexin ﬁ g TJ?JE‘JWE#JI? E(locomotor activity) ~ % % g

W TIIEE (Hagan et al., 19995 Koltz, 2006)[5%@'?%\[ o (¥, & dopamin %/?E}‘F",Tﬁ
7] » haloperidol » [’ I'] F| }Wﬂ]ﬁjﬂ ﬁﬂﬁg‘,?ﬁ'i}éﬁorexins ﬂ?iﬁ’?&iflgﬂ RN T
(hyperlocomotion) '] * J|[#y 1= £l (stereotypy) (Nakamura et al., 2000) o J[I{\; {F‘, ~

cocaine {z[&morphlne J[ERY RS R 1f' “orexin fi' ' E{[5Y R HL {z[&}%ﬁ = B
JFQZ"J[@Fi(Boutrel et al., 2005; Harris et al., 2005) ° {fﬁ ‘OXIR }?ﬁ@JSB 334867 »
ﬁ'ﬁfﬁl’?‘}yﬁ%%%ﬁ% (% {7 4 [%orexin A F’ FJ“TE'EWH[ “ventral tegmental area % +
Ry IR~ £i(Borgland et al., 2006; Narita et al., 2006) ; [F=9f » Borgland 57587 (Borgland
et al., 2006);%~ +F|" [F %jﬁ'%ﬂﬁj = JHE ﬁ ~orexin A ﬁéﬂiﬁf'lOXlR ?ﬁ [~
PLC/PKC » 7+ Elventral tegmental area f’dopamine neuron 5 [5ENMDAR Hrfix
i Elfj?_,:’f;hf’/][ s Rl T P élp (=" AMPARFF iR /7 EJF‘* o %ﬁﬁ?}ventral

tegmental area iﬁ[’[ﬁ*@ﬁi@i » orexins F{‘F’J‘Z@Fif“‘[ﬁl@ﬁéﬁéﬁﬁ’ﬁﬂl’?}f”ﬁ%fﬁ‘:g'] °
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6.10 %E??(Iearning)??"ﬁ(memory)

CEfPE ELECER - Telegdy S5 F1ALFM] orexin A 3= T NELIES
(i.c.v.) » F|H [BLEh T @ (passive avoidance test) ° :ﬁﬂ&mﬂ 2 orexin A ' ') (RS
Fl(learning) 5 E9[# [ *(consolidation) - ¥ 560 pmol orexin A fi'l'| 5 5 - iy
280 pmol orexin A A[|5' %] FiE i IEsA! [ pags=fl ’lﬂlﬁ‘rg SRR p‘ﬂ“ﬁﬂlﬁi—f%%’”ﬁ%
R A JP EFERA %ﬁu@ﬂ R W #£i:dopamin 2 receptor ~
-adrenoreceptor ~ [ - adrenoreceptor ~ muscarinic cholinergic receptor ~ GABAx receptor =
Ht| %% (Telegdy and Adamik, 2002b) = Jager "5 [fil#3#]" | orexin A 1= * CD-1
FIISMAP | ELPIRS 5 - 3217 = A1 RLE2 it » 3875 orexin A(3 nmol) i* fi5
CD-1 = E@ﬂ'wéﬂﬁiﬂi@f‘%“{ﬁﬁ@ [l = > 05879 4 [+ 5]~ SMAP ’JE%EUWEI*JKE%W?:LW

u,,E[FIJ?»‘];E' JE ?cl‘[fg:,\@ 4$I%F[J 126ffE ] SMAP | g{:ﬁ J?‘LEI*J%_ ESEF;I[‘E‘IB} (= o’]H.J
IR J‘if [tRE(Morris water maze task) FIT > fa"‘ Aou = a2 [E!J‘T 2%~ 1~10 nmol
orexin A |§UJ&E§* S BLEJI?F% o,Ak’bqr'l = %’3?{ [Fil Ry (1] J‘if | B
SRR > T CAL A1 DG G i I O'XIR ﬁ'“ TEfIF T SB-334867(6 mg/0.5
mi) &+ 5 2Lk R R ; “”l[‘”'ﬁr CAl 9 OXIR 6 [l vl (54 B
(acquisition) ~ [ifil { (consohdatlon)ﬂli—ﬁé?V(retneval)r:ti [Eifvp=s - [ DG F‘ I F’j
Ry STV A (=5 = g fﬂg;gw%ﬂeaﬂ?ﬁﬁﬁﬁl B CALEII VAT
FIRGIRE 7 » DG AEE PR EEIH VRG] 7 9 oresin A
7 T IFIFRE 1 BB EIRIFY S o (Akbar et al., 2008; Akbari et al., 2006;
Akbari et al., 2007) - Wayner 75 #4**E{ DG 54#4%% orexin A (900 pmol) » #[J"'
in vivo IV gt Pt SRR o B LTP # RUbitipuzi g - 51 I G
W OXIR Fj - HEifiH] - SB-334867(10mghke) Hk = £ » P -4gins
OXIR Hrfi /i 195 Tis(Wayner et al., 2004) ©

FIIF] in vitro a9t felgafFEe S RIUORRT 1 Aou EEFHHPE orexin A(1~30 nM)Sf
EL CAL T I8 = W57 2520 53 (longterm  potentiation, LTP)AUEYZE » 53l orexin
AGBOnM)EF LTP & Jﬁﬂﬁjuglfr[f% T T R R fﬂﬁ”iﬁ%ﬂlﬁlm;ﬂ&[m Do =g
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FIIP [{5&&%=H AMPAR }?W%’ =" orexin A E?Jj NMDA %ﬁ]mﬁfﬁ@fh’ ’ éﬁfﬂﬂm [
[y [?FJI/ [ﬂlF‘fﬁ% £ LTP pu}iﬂﬁjﬂftgl F> NMDA ?ﬁﬁﬁ@[@ (X7 % (Aou et al., 2003) - {f!
Selbach g%’?ﬁn.ﬁ:J' orexin A (100nM)¥* 2 | Sk‘ﬂ CA3-CA1 &% Ay | Bl
hippocampus fj* I F[ (11 2L e B e | Bt > [y 2 s “F{
WF@H’{ orexin A . pljiﬁ] o _r‘j:}{% CA3-CA1 HE=T8r5; » 1; Fi‘EﬁF;F%JS;TJ%Jﬁ}:’ﬁWEJ
o i orexin B (100nM) | (r5FERE: « 471 2SR TR L K REIET T
SETHERLE S CA3 W ABRAORE O BER L 1 5 [ A gt o i LG
okl orexin A [Hliﬁ [~ FF.BfBEFhi@ﬂ glutamatergic > noradrenergic ° cholinergic !
gabaergic APWFTERE e [l RFHCERH1 - LS5 - AMPA SEURIF! GABAA s
| {1 [0 NMDA Fif - 5225 orexin A(100 M) NMDA Fifi £ £]
ﬁ]ﬂﬁ'l@‘[‘ﬁﬂé/(Selbach et al., 2004) - ;LF% nm:LP%JE‘H Aou = ??{éﬁ%'ﬂlﬁ'[ﬂ (Aou et al.,
2003) - '

SRy FS MR LHA EJ/’{‘EH%:TA ﬁ,J.. ;'ﬁl orexin TQ“«H %] hippocampus f[1 > '
hippocampus | orexin [I42 ?E‘ “J‘F ﬁ&xﬁiﬁ Ef‘if.{?ﬂﬁ" R iRE LHA ﬁﬁﬁﬂﬂ
DG = #7257 54(LTP)(Wayner' et alI '1997a, Wayner et al., 1997b)- [ﬂlf—'ﬂ#ﬁlﬁru orexins

ﬂ]ﬁfﬂ hippocampus = Hjlg $'%J(LTP)FI SRy o ERHRRRAHIN o F Y
7 ot E I IJEILJEFH P%iajfﬁq' HESRAELA 1] &Y hippocampus ’F—“[ i 32 orexin
EJA—;"?E(Cluderay et al., 2002; Marcus et al., 2001; Selbach et al., 2004; Trivedi et al.,
1998) » [ A p[IR] - IRy il 5] £ F‘ |73 iyl el po [ - Tiiggﬁt'ﬁ%ﬂﬁ
FT ORX mRNA FYfL i 17T > ﬁﬂaﬁ‘%l CA1 1 CA2 Bhigifll ] OXIR = » OX2R ZE
ﬁfJ‘EﬁJ Pe =9t T CA3 F[IELI] OX2R £ - i) DG E‘[Jiﬁ‘ﬁfﬁtmfﬂ ] OXR1
it %(Cluderay et al., 2002; Marcus et al., 2001; Trivedi et al., 1998) - {F/7+ C57/BL6 ’|
EL hippocampus » :"rﬁjr%ﬂ CA1l ~ CA3 ﬁ‘} DG F» ﬁﬂﬁ‘f) [ﬁjﬁﬂj}?fgﬁ | OXIR A OX2R
i mRNA 152 1ET9A ] (Selbach et al., 2004) o [N 4 #ERFEZH| CSTBL/6T 7]
EL > #° hippocampus CA1 % = a9t ”th?é‘? el &g W‘a orxcin A FI[Ala",
D-Leu'’]-orexin B ARSI RS i TR AYRYE > (1M OXIR V3 %Jli}?
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pif] SB 334867 i OX2R V3 ¥ {HHHisf] compound 29 » = orxcin A f¥[Ala’,
D-Leu'’]-orexin B [ﬁjﬁﬁjﬁﬂﬁﬁf\ J %[/jg‘JFIJ FE- HENE T ] BN ELH]PY orexin %7"?%',; 73
M B JLRERR R [ 1 - OXIR AT OX2R AL ¥ 2222 2 i 7

F[fj E"J B o
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BRRTTR =
LR
FER( P PO Ry F % | E(C5TBL/6) mice) » J#HHT 8~12 7 - | ESF
B I EREP 1 T IR B BRI B R 5 AR 120012k
B BB AP gl F DETE- ERIANT -

238 ,N[ﬂ[(hippocampus)iﬁjﬁ%}’il‘gﬁf’lkﬁ @ﬁﬁj

Rl SR o @WL"’?’F:[ TR 2 e 5(5% COz and 95% Oy)fti:
‘ﬁ[JE'J M ﬁﬁﬁﬁ?\ﬂr&(dissection artificial cerebral spinal fluid , ACSF),5% 7 3= 5y P+
(in mM): NaCl 87, KC1 2.5, MgCl, 7, CaCl, 0.5, Na,HPO,4 1.2, NaHCO; 25, sucrose 75
(PH 7.4) « 0 o S P R 0
(cerebellum) ~ ﬁfﬁﬂmedula) Y PE{_-?j*(Olfactory bulb)%‘?ﬁf]ﬁ%f (prefrontal cortex)* st~ J[i= »
FDF B E A5 0.5%0.4%0.4 em’ N ‘ﬁdﬁ l'(hlppocampus)p J’quEﬁfFuL FIH 1z
TRUR L R p[zﬁi “'JH|T;¢&»7[@¢ F‘ 'k (DTK-1000, DOSAKA, Kyoto,
Japan) > I'] Coronal dissection #zts =7J L["EJ@ f5400  pm A [p!(Hippocampus)
’j"ﬁ‘l-“” IH S TINIE R, [plqg—“” JH b J}%ﬁi M ﬁfﬁﬁqﬁ@?\ﬂ@(artiﬁcial cerebral spinal fluid,
ACSF) f[1+ #3155~ | - % ) ACSF 55534 : (in mM) NaCl 117, KCI

4.5, MgCl, 1.2, CaCl, 2.5, Na,HPO4 1.2, NaHCOs3 25, Glucose 11 (pH 7.4) -

14



3. ﬁfﬁ :Ejsﬁs?;l
31 F MFERIHY S

Tt ’Tﬁr& I i hippocampus CA1 15k 385 {f1 ' [/ 9t selé#(extracellular recording)fiv )

= le%ﬁiﬁ’f?@%%&%i (field excitatory post-synaptic potential » fEPSP) o 7+ Hf

FEFH p*ﬁ;_%%'%& <k (Panasonic MED-64 system)(q%ﬁ‘— ) o ?I%ﬁfﬁir&'lfﬁj?‘[ 64
32 S S PRI 05 R O ) S 54 o 2T
BTFEHES L+ 5D % Y g fﬁl@?ﬂ%ﬁ?%?V?HE\J%%Z%‘I‘?Z@%M%@
(fEPSP) » [* VR IE M2 FE7E -| fiy fEPSP o At AU SR |2 H”F,ﬁj*ﬁﬁ'
(Conductor 3. 1)Elg ™ [* EAgEVE ST M- 64 (6 ' [T FY l%ﬁ’aﬂ J%#EJE& 8x8 il »
64 [,[E{?&ﬂﬁj ARSI mm’® > UIE{L@P[%'[?"E 50 x50 pm? ;;I[%S’zv@
150 pum > 7+ 50Hz & ”;iﬁ? ]':Eh\—}tr <50k§2 FAI %ifiﬁ%r%[%ﬁﬁj 9y R
A AW 4k PEI 3%3&( 1 mi01% polyefhylene imine ig\ri 25 mM, Borate
buffer ) %) 12 ][ - #79 l:’c‘%@ﬁlﬁ“ﬁ%ﬁ}?[]ﬂ J%W‘[ip IPSEE T I R
b R A A R = b 3] JLP A '. :. :

(M T EEY ﬁ%’vlm”ﬁ .’_._lr‘f Zhakh iﬁil/j fi~— 'J‘Eﬁ o R RIS
A e ﬁfgﬁflli g }Ifj’ hippocarﬁpué ﬁ'Fi'f” IR FLE| el R ﬁ@ﬁ%?ﬂ?ﬁ%ﬂﬁ
%S (OLYMPUS MIC- D)}H hippocampus [ i b Tﬂgi?@ o PGHE P Y
PR 1.2 ] hippocampus 4 i (% - A I IRELI £ )4 Ui
eI [E! T E i FES 4R (SU-MEDG640, Panasonic)fVHiF i (Connector) - I&IHFI:}TF[
iU fid(Conductor 3. 1)k [ BR 2 L0 SISRAE) $F HBIALERT 0] 95% 02/ 5% CO;
F .V ACSF Fagniif. - Tgc'é#ﬁ.' [ PR ES 0.5~0.6 ml » YR A
0.8~1 ml/min » V% ]ﬁ\ﬁ TG 27 C) o PR *ﬁ}?ﬁ ok pH 7.4  PNELIFE AR ]
BT 8L i T A A A I:c[%%muw % £ R
R i i A e AR LR G LI B e R
&% o { hippocampus &4 = Sfeht ‘FF[HEE}E“' t: Schaffer-collateral [fj[[3 CA1 [V apicak
dendric zone, stratum radiatum /&% o FLREIRE R [ RLAiE 0.03Hz ~ 0.1 ms » FLRERE
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I R ) B 2 8 TEPSP 1 19 40%-50%¢ fEPSP 104 £124 K31V fEPSP

F”%WF[J?J} S A A "‘HTFWE'

1 LI

g
‘él
EE

() (=

3.1.1 = B8 a(L ong-Term Potentiation » LTP)
= TR PR L [IFJ i mljli%((HIgh Freqﬁ'ency Stimulation, HFS)# [& » i/[lf J
EHRERTERT > 0.03H20 ifns W '

4 S34HAY fEPSP JF:‘@FD [t asel

F ﬂ’fmu%ﬁ ’E ﬂfﬁrm[ﬁﬁ(ﬁ\l] [i[:-.igr
Wi > =% theta i&bmumﬁ:{ﬁh_;

i fEPSP 20 STEEI] IV s

S 1[1%_{ JiER s clsr@m[]@ﬂ'ﬁﬁm
n"(TBS)' = ﬁ’ﬁlﬂﬁ{l 15 #J~ theta

;J 100HZ i’if W(train)i=' Y > 5 ([ train

_p-_{ o

14 TS 10 ms PURiss 'E*r(q&aﬁ"“a ;I}IF,S &HE‘EE‘/ 0.05Hz A RLRE{lgt ik 54 78

B¢ 40 53 5 o IR S IE(LTP) T35 SN (TBS iy e SLR e ik i

1LY fEPSP Ef dpffifist v fEPSP 2V RS = ) 20 5380 & - LTP 917

F B ESAAIG T ET > RL HFS (% 40 5385 ~ T i fEPSP A A g -
A RAH n [EELH LA BRL > 2 BT BV 12

— {5 g =i 155 gl

AT s TTTTTIT T e ITTTTITTT

-

[JJJ_, IIII III]

40 ms 200 ms

(=
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3.1.2 3. 5 FE(Depotentiation)

i+ TBS YA s3&fx o A Jrg;ﬁ%l%ipl;ﬁ’ 1Hz fY (&A% (Low frequency
Stimulation, LFS)15 75 & |58 o 7 LFS I iz » F|fliny F'JL—F” 0.33Hz ELF@[’HUHE
S NEPEE 40 556K LFS HRUA [N TBS & & LTP [i' ] ¥k LFS 9978 53 3§45 #5s o
ﬁjﬂé}i}ﬁfﬁfé@u LFS i 40 73 #5704 i fEPSP & 7% LTP [ fEPSP R[S A i
i F|IJ LTP fOBT~F% 15 100% - = 5T -

3.1.3 §F}EI 4 e 1g7F5E Post-Tetanic Potentiation (PTP)

B4 o WIS (High-Frequency Stimulation, HFS) i[5 53 4[°| » 2 i) i
AL SRR OSL AR (0.03H2) B % BRI AR~ L FEPSP izl it
LI TFE(Post-Tetanic Potentiation > PTP)IHfL[ﬂtnd:a%,jFlﬁ HIFFREGHE
=" (Korogod et al., 2005)  PTP = TP fiU>% E-J_fc » PTP ?I (i HES eI o
ST > B T AFS m?,maaa:w o R T > R
I #’HT&B%JF'JE{%%EE%ZW Ay ?ﬂiﬁwﬁ“ o HLEL PTP 742 RLBI%2 HFS
P53 847 |9 fEPSP E=54 PTP Hiligyy 1}%@@

3.1.4 Paired-pluse facilitation (PPF) !' ) |

AR T E SR il R ’rﬁfr’ﬁwffv VRYE o R RVHIP - AR TR
P 5 e s Fﬁﬂﬁiﬁﬁ? 1% 50 ms(Aou et al., 2003; Lauri et al.,
2007) < A 5Y= W[jIETH D fEPSP A5y (W R SR o - P

#5117 £ Paired pluse ratio (PPR) © — ﬂg*ﬂ}ﬂ m EJEH]:F %F 75 IRL T TS - P8 10
Sy > PRI 40 STER) ) (SHIIGE 40 STEHE > 2R TH PPR -
4, %Fﬁﬁ*?’}ﬂ

BRI |UB ) T orexin A - [Ala'',D-Leu'®] orexin-B + SB-334867 f@gp

Tocris ( Bristol, UK ) - Compound 29 ]|/ 8= [ ! BEF 3 b [~ 55 & Pripike

wl’l

' (Chemical biology research branch, National insitute on Drug Abuse)f*J Dr. Kenner C.
Rice | ’%L[ELTFE Zﬁ‘lf[! 1" SB-334867 1#05" DMSO 79t » # @?%Fﬂ! fﬂi]ﬁl” s
7}3?\?%@ AWHIA IR R 1000 {19 stock solution » &7 30 ml - 7 AT
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20°C 0 Hr %“Eﬁjf:ﬁ(/ stock solution 30 ul 1 * 30ml [V ACSF |77 £ dr E"’I’?ﬁ %
B .
5. BRI

 ACSF }‘:ﬁ SN P LRSI [ 9 [ Y fEPSP slope % steady state i
ElY J[l%‘F 'H 73 Y fEPSP A S £ baseline fEPSP slope » £ B[l [= 100% -
F:’I ['ﬁ,"i[l%i”iaﬂéff basal synaptic transmission fY&F » RLEE Bk # steady state & 10
53 & [Py fEPSP slope = J[18E[Y baseline fEPSP slope Fiildsagtid i, o =8 ['Ff[ LTP ==
depotentiation A fl. 5 | i< EWHWIIQEWH%A pu-{ 53 &4 fEPSP ’4}‘ » T
J[1BERY baseline fEPSP slope Fﬂﬁo ]Ff[ PTP [l[[kL e f &N HFS i 155 & [= baseline
fEPSP slop #f!F1% fEPSP slope ©

Time course q&’ﬁé?wiéﬁgﬁl_f'l%ﬁ‘wjﬁgﬁg fEPSP slope 1 #5— “ > JA[JpHip4f

FEPSP A1 45 » gLy (= ,&F'JF | 7 FJ'J[I & staﬁdard'error bar #4. » MAEEE N fifl >

f
;rF[p Jiﬁ’F;'[ IR 154C“Fbii ]E[l £l paffed. Stu,dentt test ﬁ"[ﬂj ’TF | BB > 11y
.g."
unpaired Student t-test [[[5<7 [ TR &JF“”%{JFSJW P fill /| % 0.05 i B R
B P 0,00 I[JJFLHI x4 léff*ﬁﬂuw :
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R
A dr RV PPy B % orexins Rl 7‘, IFA[[ 3} /] B hippocampus Schaffer
collateral/commissural-CA1 [H] 2 8 V < #5575 4 (LTP)) bﬁ SR e
44(depotentiaion); “Fﬁi/ 37 e ’TF J\L_Fd%fﬂ 0.03 Hz ﬂ@[ﬁ%{?@éﬁ f* fEPSP % »
T3 orexin A(30, 100, 300nM)FS [Ala'', D-Leu'*]-orexin B (3, 10, 30, 100, 300, 1000
nM)¥* /|- & hippocampus ’Tﬁ’,w U510 55 F Y ACSE %’\F\,_ ﬁ FFRE(TBS)
% > TIREFIEER 0.03Hz » @14 fEPSP #h{" ﬂp*[ﬁl 40 53PS LTP A4 > F| %’f
S ILES) - I iEnt 0.03Hz » 8% fEPSP A& (™ 40 5j & jéf'i IFLI
depotentiation A" o Fpl iy Z o S5y W T CAL Budslh Vs A
ii*A "Z[| orexins FUEYZEY o =9t - A HfEFF[H| OXIR ;[/E%ilﬁr}ﬁﬁ@'] SB
334867 Fy OX2R 13 #‘I@%MJ Compound 29 57 [J[%* orexin A I [Ala',
D-Leu'"J-orexin B — [H3gfi] 7]‘% pill ELEIL_ Hf feni orexins it hippocampus CA1
Bk IS {25 [P /7 1 OXRO Lo . ;';-
Il m
|| = ||
| 1
OrexinA % Fi&fi Jﬂ]ﬁ‘ﬂwﬁﬁ@ﬁﬁ‘%‘(LTp)ﬁ S
o A {L_F—,tl%lo S5 e > i orexin A (30, 100,300 nM) 10 55 & > JEZRFL
bz g VL™ R A7 [ (orexin A 30, 100, 300 nM baseline 55 [f[[4%: 101.9+0.9 %,
n=5; 99+0.7 %, n=15; 100.3£0.3 %, n=4>drug application i% 77 [f|]#5: 101.3+2.7 %, n=5;
102.5£1.7 %, n=15; 101.8£1.6 %, n=4 )(Fig. 4A) * & I o s g g 45
(PTP) > ?J@%ﬁafﬂ[ﬁ?% orexin A JEH FHF[ G PTP & j’ﬁ&é})ﬂ VS > HE BEE SR
71> £/ (control: 181.5£10.4 %, n=16; orexin A 30, 100, 300 nM 77 [{[|£5: 170.3+5.9%,
n=5; 161.1+7 %, n=15; 155.348.5 %, n=4)(Fig. 5, Fig. 6A) - F&@H % il (TBS)
% 40 7358 > Y1355 orexin A JEH, ﬁ'fﬂ*ﬁlfJﬁﬂﬁjU%ﬁEJiﬁﬁ(LTP) > 7 100 nM #1300
M %?U?JE{’L%E@KHW}WTE\' (control: 141.9+3.5%, n=16; orexin A 30, 100, 300 nM 53

HIEG: 138.8+2.5%, n=5; 124.4+4.5%, n=15, p<0.01; 114.6+9.5%, n=4, p<0.01) (Fig 5,

Fig 6B) ° 7t = 3757 44 (depotentiaiton) - > F‘, Ao [H] T AR EE FREE L ! (control:
19



-64.8+7 %, n=16; orexin A 30, 100, 300 nM 7} [{[[#5: -37.3+46.1%, n=5; -90+31.6%,

n=15; -9+31.6 %, n=4) (Fig. 5, Fig. 6C) *

Orexin A 2K B 1A (IR PR 52 BT IAY (U

7S PTP FIJHZE"?ZEE'%Jﬁ'ﬁF ?ﬁjﬂ%ﬁ?ﬂﬁ?? JETEJ(Delaney and Tank, 1994) o [HF=Z§
MR1E~ HJYF(]"] paired pluse faciliation IV 54 < 5 Fr2¢ M #HIRS S PU R TV
(“AdH > 2 1'] paired pluse ratio (PPR)J¢#= 1V » 3’ EEfJ SRIE- WENEI T PTP

E-gaE U?‘Hﬁkﬂ% T o 75 {17+ orexin A (100 nM #1300 nM) J&iff - 3 10 55 5
% ﬁ A= 40 530 | R (I < 40 55 885) H[Jqf “ paired pluse stimulation >
FFETE PPR o i BLRE(I#154(0.03 Hz) ™ J#)f orexin A 100 F¥ 300 nM - Jj##ii%
o PHERERYE basal stimulation "~ i9PPR ri orexin A 300 nM J# A4 » 7 LTP E;T
fYPPR 1]~ JF—basehne EﬂjﬁlJPPR[%['EE RfEE 7 Hak Ef A 3 (1.49+0.04 vs.
1.57+0.07, n=4 )(Tab. 2) - ¥, it PPR xi...LTP E"ﬂ basehne Eﬁﬂ%’"[ BRI TR SIS
FU‘TF;'[{ A o LTP pul=fifi % 0,938 E—Fﬁﬂ HHF*FFWU?#T} +[ EL hippocampus CA1 [ i85
SIEP LTP [RF | RS Rl [‘ﬁ“urﬁf}ﬂ%%ﬁvgfg AV e © o RPAIER(TBS) & 40 5]
& > orexin A 100 nM #I 300 nM ’F“, f’ ’Qﬁlﬁﬁﬂﬁ’ﬁ;‘/ PPR U™ [ A (control:
0.93+0.02, n=8; orexin A 100 nM: 0.98+0.03, n=5; orexin A 300 nM: 0.94+0.02, n=4)
Tk (AT (LFS) & 40 554 > orexin A 100nM #1300 nM - i §iE %~ HQHEPLTHJ’” PPR
VDA (control: 0.94+0.02, n=8; orexin A 100 nM: 1.01+0.04, n=5; orexin A 300
nM: 0.99+0.05, n=4) - ]Elﬁﬂ#‘@[ S ARG PR PR > P25 orexin A JE

G 1A R (Tab.2) -

OrexinR ffifi| 5L R ) DB AT e IS Ry

BUST R LR 25T AR orexin A @R IPIETAEH §H(LTP)IOR
A o 1T I orexin A RLREH [P (S5 TR LTP o P25 153 i OXIR
IR LN SB 334867 F1 OX2R V2§ %44 Compound 29 #1514 15
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orexin A Frig s IUFIHILEL A # pREHRIVER o 25 03 I PR Ry 10
YR W (PSR R B (A T ASHTII(PTP) R G4 (LTP)A I

ﬁ%'%(depotentmon)ﬁ** EY Y

OX1R ;] SB 334867 SRk Y 0 BA K BB I 20 B 28

T FLHFR(0.03 Hz) ™ 3 3 uM SB 334867 - 3 EfiiE - M E S
{%gmgﬁ},m@p Y14 > fEPSP slpoe i3 i £ ’J[[%Frﬁu 103.5£2.1 % (n=8) (Fig.
7A/\ , Fig. 7B) ° 'iﬁ Fge i podgi i T E(PTP) - > SB 334867 3 uM - &
F §YZ (control: 181.5+10.4 %, n=16; 3 uM SB 334867: 162.9+9.2 %, n=8) )(Fig. 7) °
o IR (TBS) & 40 5348 - 3 uM SB 334867 Y3 72525 44(LTP) (control:
141.9£3.5%, n=16; 3 uM SB 334867: 1353282%, n=8) ) (Fig. 7A, A Fig.
TBESN) o 7 [RAH(LFS)i& 40 156k > 3 IMLSB 334867 34t FIRYE S AR G
(depotentiaion) v’ ]ﬁﬁ (control: -64. 8i7 ,A n*16 3 uM SB 334867 : -50.2+36.9 %,

.w-"_"-

n=8) (Fig. 7A, /\ Fig. 7By v || M
|

OX1R }?‘,MJ SB 334867 orexin.A ,{F‘LE&,‘J/ ﬂ]ﬁ’ﬂ;%ﬁ}:]iﬁﬁfﬁ%}? Jﬁf}ﬁﬁ?ﬁ%ﬁfﬁ'fﬁ\'
T ﬂ Eﬁ JiYH. orexin A 100 nM #1 3uM SB 334867 { 77 & ﬁlmﬂﬁ.}ﬁlﬂ

Ra-f puAag [~ > fEPSP slpoe "8 & L IISE Y 98.7+2.9%(n=6) (Fig. 7A'V¥, Fig.
TB@A) - Orexin A Sl s fé;féﬁ?f,%(PTP)E@ﬂ@f%ﬁﬂﬁjﬂ (Rl iﬁ@*ﬂ
T;'T—J?U SB 334867 KX~ gl 5 [EI A EARFE_FpYUE £l (control: 181.5+10.4 %, n=16;
orexin A 100 nM: 161.1£6.5 %, n=15; orexin A 100nM + 3uM SB 334867:
170.6+11.9%, n=7 ) (Fig. 7A'V, Fig. 7B&&A) - JR{fi| » = orexin A 100 nM ﬁﬂﬁ?ﬂ LTP
PR AL PR [ﬁjﬁﬁ‘]@% orexin A 100 nM A1 3uM SB 334867 [’ I'] 4 Z[JiiZ f%’(flfJ}‘Fﬁﬁu}kgf
f (control: 141.943.5%, n=16; orexin A 100 nM: 124.4+4.5%, n=15; orexin A 100nM +
3uM SB 334867: 133.86+6.6%, n=7) (Fig. 7A'V, Fig. 7TB@&&A) > ({14 FRFTHF o 7+
(AN (LES) i 40 5744 » orexin A 100 nM 1 3uM SB 334867 1 E@%ﬁfﬁq%mﬂﬁm&
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3. 5% 7 44 (depotentiaion) [IVF IR (control: -64.8+0.07 %, n=16; orexin A
100nM: -90+31.6 %, n=15; orexin A 100nM + 3uM SB 334867: -86.6+£22.4%, n=06)

(Fig. 7A'¥, Fig. 7B@&&A) -

OX2R }‘Fﬁ}‘;wﬁj Compound 29 & &, Tﬂ]ﬁjﬂﬁlﬁf@ﬁﬁﬁ [E LR 53
1 L #1(0.03 Hz) ™ j#if Compound 29 30 pM 538 > 525 30 uM
Compound 29 & JE{E@HWE@%ELF@EEJ&J@@EUEJ% » [H SR Rz B fEPSP
slpoe 13k i< L I[BER Y 96.743.8 % (n=4 )(Fig. 8A /\, Fig. SBESN ) - T‘j;ﬁgjiﬁmﬂ
WE pu g s TS E(PTP) - > 30 pM Compound 29 % 20 B, 3Y/ 2 (control:
181.5£10.4 %, n=16; 30 uM Compound 29: 190.7+6.1 %, n=4) (Fig. 8A /\, Fig.
SBESN ) . 7 ﬁ,ﬁﬂﬁmﬂﬁ(TBS) % 40177 5 30 M Compound 29 32 # | 17901~ HH]
2t -H 53 (LTP) 35 (control; 141:9i3.5%, n=16; Compound 29 30 uM: 139.1+12.9 %,
n=4) (Fig. 8A /\, Fig. S8 52 )‘j:@ﬂ?ﬁ{}i@z(LFS) % 40 53 4 A SR R
[V 30 pM Compound 29 J<2 E#% ﬁ?@%@@%ﬁﬁi%ll(depotentiaion) 7 % (control:
-64.8+0.02 %, n=16; 30 uM C'o'mpioﬁnd RO I'-7§.3.i21.1 %, n=4) (Fig. 8A /\, Fig.

SRS ) .

OX2R }?ﬁ}’;@*‘] Compound 29 %} orexin A i—’FiE‘},'_‘/ ﬂ]ﬁjﬂ%ﬁﬁﬁﬁﬁl%ﬂﬁfé ijgﬁi{ﬁﬁ}ﬁ‘uﬁfj
¥

fﬁJEﬁ‘]@z\’?ﬁ 100 nM orexin A 130 uM Compound 29 - 5j & » ﬁl@%@ﬁﬂ
R v gy o SR DR 30 uM Compound 29 4137 » fEPSP slope /2
KLY 96.843.9%( n=7 ) (Fig. SAW, Fig. SBE&&R) » {114 S #32 £1 - i)
VIGEHN §E@l (& IESE(PTP) Y 100 nM orexin A 7130 uM Compound 29 - 1 &1, Y/
ZEEIHAE (control: 181.5£10.4 %, n=16; orexin A 100 nM: 161.8+7 %, n=15; orexin A
100nM + Compound 29 30 uM: 162.6+£10.6%, n=7 ) (Fig. AV, Fig. §B &&A) - EI,EE
orexin A 100 nM %} LTP HfJ}i]]ﬁi[FE@ ':‘Lﬂﬁf ; [ﬁjﬁ?{%ﬁﬁ orexin A 100 nM #{1 30 uM
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Compound 29 fi'I'] H ?”3@?%@@%%}&%\[ (control: 141.94£3.5%, n=16; orexin A 100 nM:
124.4+4.5%, n=15; orexin A 100nM + 30 uM Compound 29: 131.7+6.4%, n=7 ) (Fig.
SAV, Fig. 8B&&A) » {FIGkF} F i”‘Jﬁ Bl o :j[c‘iﬂfmﬂiﬁ((LFS)w 40 5588 K7 ﬁ

[H[Ji%’zﬂﬁ‘]@iﬁﬁl@ orexin A 100 nM #1 30 uM Compound 29 7 FY2% 3 5725 54
(depotentiaion) [ % ZFl iU Fd A (control: -64.840.02%, n=16; orexin A 100nM:
-90+31.6%, n=15; orexin A 100nM + 30 uM Compound 29: -90.8+£12.4%, n=8) (Fig.

8A'V, Fig. 8B &2A) -

[Ala", D-Leu®®]-orexin B £ | EGFOTHI e AR 5

TF ﬂ@ﬁﬂi@fiﬁ§f<(o.03Hz)%§tgr—%l§z€H Sy 53 A 3, 10, 30, 100, 300, 1000
nM [Ala'!, D-Leu'’]-orexin B - 53%# 5% > ﬁlmﬂﬁéﬁlfﬁi* AL E R PR T
baseline /> [Ala', D-Leuls]-drexin B 3,700;° 30, 100, 300, 1000 nM 573 ]| £%:
101.8+4.2%, n=7; 105.1+£6.1%, n:'sl'-»'--\'3.07"“-3;4 8%, .n=4' 101.3£2.8%, n=7; 300
nM:104.6+5.5 %, n=5; 103.6+6 %, n=4 }(Eg A;B gy 9)-e it SN B i et
TE(PTP)f1 > & BEH AR E = 1E'J(control. 181.5:t1_9.4 %, n=16; [Ala'', D-Leu'’]-orexin
B 3, 10, 30, 100, 300, 1000 nM. 53 Huﬁ@:{ 148.7+5.3%, n=7; 146.3£9.7%, n=5;
159.7+13.4 %, n=4; 167.8+8.3 %, n=7; 146.8+8.7 %, n=5; 161.4+14.9 %, n=4) (Fig. 9,
Fig 10A) « F[RERB SIS (TBS) 5 40 53 - SIPIFTAEH QLTP)IORE - 2
35l [Ala', D-Leu'’]-orexin B 30, 300 71 1000 nM [i'I'] | RSSOl A% (LTP)
iSEIE RN N ﬂjﬁ‘[] R 1 2 =2[Ala'!, D-Leu'”]-orexin B /% [iU_F#] k35T > %
T 7 30 nM ﬁ‘} 300 nM ﬁﬂﬁjﬂblﬁﬁﬁﬂl > U lﬂ‘[ﬁiﬁﬁiﬂi%ﬁ{EIfJﬁﬂﬁjﬂff%J(control:
141.9£3.5%, n=16; [Ala'', D-Leu"’J-orexin B 3, 10, 30, 100, 300, 1000 nM 53 jj||%%:
130.3+7.9%, n=7; 130.4+6%, n=5; 123.3+3.8%, n=4, p<0.05; 131.2+2.9%, n=7;
120.8+7.2%, n=5, p<0.05; 123.4+4.6%, n=4, p<0.05) (Fig. 9, Fig 10B) * ¢ 7 1§25 41
(depotentiaiton) - » &A[HZE Jqﬁ’ﬁ“f FEEE UsE B15% 5 o (control: -64.8+7%, n=16;
[Ala'", D-Leu"J-orexin B 3, 10, 30, 100, 300, 1000 nM 53 [j[l%: -60+£29.6%, n=7;

23



-40.2+16.1%, n=5; -48.8+30.9%, n=4; -36.2+14.4%, n=7; -104.9+44.8%, n=5;

-88.9+50.5 %, n=4) (Fig. 9, Fig 10C) -

OX1R %MJSB 334867 £{Ala™, D-Leu™]-orexin B VIR SR 4 8
FREHE R P 4
[ﬂ Eﬁ(@ﬁ [Ala"', D-Leu"’J-orexin B 300 nM #{1 3uM SB 334867 -{ 73 &# % FLARE
ok g} fEAELTE BT, ORG > FEPSP slope 18 i B B Y 99+4.7% (n=T) (Fig. 11A'V,
Fig. 11B &) - ﬁ B lJﬁFqﬁl % e 35 (PTP) # S2 PH B v 7k [ (control:
181.5+10.4%, n=16; [Ala', D-Leu'’]-orexin B 300 nM:146.848.7%, n=5; [Ala'"’,
D-Leu'”J-orexin B 300 nM + 3uM SB 334867: 156.5+10.3%, n=7 ) (Fig. 1A'V, Fig.
11B&&A) - JRfi| » Z*[Ala'!, D-Leu/]-orexin. B'300.nM Jiff| LTP fi VA g o E
i [Ala", D-Leu'"]-orexin'B 3004M #! 3 uM SB 334867 i I'] H =i mu}ﬁﬁuﬁ
fl(control: 141.9+3.5%, n=16; [Ala“ D.Leu ] orexin B 300 nM:120.8+7.2%, n=5;
[Ala'', D-Leu"’]-orexin B 300-nM + 3pM SB 334867::130.2+9.5%, n=7) (Fig. 11AV,
Fig. 11B&&A) [[1 4 F 54l o7 ;:;‘Eﬂfﬁmumwg) %40 534 [Ala", D-Leu'*]-orexin
B 300 nM A 3uM SB 334867 ?7;~7\%‘1/2'5‘,3?:iﬁ%ﬁfﬁ%}(depotentiaion) ARV
(control: -64.842.9%, n=16; [Ala'', D-Leu'"J-orexin B 300 nM: -104.9+44.8%, n=>5;
[Ala'!, D-Leu'"]-orexin B 300 nM + SB 334867 3 uM: -49.9+23.1%, n=7) (Fig. 11AV,

Fig. 11B&SA) -

OX2R }‘FE}TWFJ Compound 29 £H{Ala™, D-Leu™]-orexin B iﬁﬁ‘}j/ ﬂ]ﬁjﬂ;‘%ﬁ’-ﬂiﬁﬁfﬁ%}
LN E’Eﬁﬁﬁgﬁﬁ?ﬁ?ﬁmﬁt“l !

[Ala'", D-Leu'"]-orexin B 300 nM #{1 30 uM Compound 29 [ﬁjﬁﬁ?@%-{ s Bl
ek ) [ SE S F BT 95 B > fEPSP slope 18k i KL V[IEEF Y 99£4.7%(n=5) (Fig.
12AV, Fig. 12B &2A)- ﬁ e iEAT L IETISTE(PTP) 12 E | PHEHRYAR [~ (control:
181.5+10.4%, n=16; [Ala'", D-Leu'J-orexin B 300 nM:146.8+8.7%, n=5; [Ala'!,
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D-Leu'’J-orexin B 300 nM + 30 uM Compound 29: 186.5+28%, n=5 ) (Fig. 12A'V, Fig.
12B&&A) - =*[Ala'', D-Leu"]-orexin B 300 nM FII LTP [ioAdg Bt » T [Ala",
D-Leu'’J-orexin B 300 nM {130 uM Compound 29 [N S f%'(flfJ}‘Fﬁﬁu%FF)J (control:
141.943.5%, n=16; [Ala"', D-Leu'"]-orexin B 300 nM:120.8+7.2%, n=5; [Ala'",
D-Leu'’J-orexin 300 nM + 30 pM Compound 29: 132.9+7.2%, n=5) (Fig. 12A 'V, Fig.
12B @A) > ({4 ARG vz B B [SHI(LES) & 40 ST 0 [Ala',
D-Leu"J-orexin B 300 nM #1 30 uM Compound 29 TR A K g
(depotentiaion) IRV, (control: -64.842.9%, n=16; [Ala', D-Leu'"]-orexin B 300
nM: -104.9+44 8%, n=5; [Ala“, D—Leuls]—orexin B 300 nM + 30 uM Compound 29:

-97.8+33.8%, n=5) (Fig. 12A W, Fig. 2B &&A)
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i

A EER > FP i vitro Ja gt Felsp T j%lﬁéj‘ orexins ¥}| E hippocampal
Schaffer collateral-CA1 [t i) {HiEELl ] BJEE’%H}EJ‘[‘_H:LV Ry2 o B REE N B (1) orexin A
OFT BT GHLTP) « (2) [Ala", D-Leu®] orexin-B # @ Iiil= Hlerashl 4
(LTP) - (3) Orexin A F{[Ala"', D-Leu'’] orexin-B ’:’l’?i{ﬁ’?‘}f ElfJTfﬂﬁ‘j[ﬁE@ ﬁﬂgr&?‘[ﬂ OXIR
%WJ SB 334867 7 OX2R }ﬁﬁﬁm compound 29 iU @i - (4) [Ala'', D-Leu"]
orexin-B fi J}‘]]TI’U}V?%J SIS [t} orexin A fi'iZ# b 3. | J?ﬂﬁ"ﬂ“ﬁfl i(efficiency) ° (5)Z ‘]*UJEL
orexin A ﬁ‘} [Ala'', D-Leu'"] orexin-B ﬁﬂj\ 1 5Y2% depotentiaion [VAHH o

ﬂ FRVEEEES. > 7 LHA 17 55 orexin fURIRER F"fﬂfj’f[iﬂ | orexin
lﬁfxﬁij?/“ * hippocampus(Chen et al., 1999; '-Mor_iguchi et al., 1999; Nambu et al.,
1999b) » [fiy | 1 pREETH- f’,L £ Tuﬂ“‘\?{iﬁ‘}ﬂﬂ:fi%ﬁ@ hippocampus ?‘ ' 387 orexin

1ﬁg'(Cluderay et al., 2002; Marcus et gj'., 20@1 Selbach et al., 2004; Trivedi et al.,

1998) - (EFYTFHIE < Y IFFW e 4 b B - R
#7 ORX mRNA F5 L[ 177 ﬁﬂgﬁ‘r—ﬁ CATH] _CA2 BhEL ] OXIR 3 » OX2R 2
ﬁfJ‘EIfJ P =9t T CA3 FIIELI] OX2R™EE™ > || DG E‘[Jiﬁ‘ﬁfﬁﬁﬂfﬂ ] OXR1
it %(Cluderay et al., 2002; Marcus et al., 2001; Trivedi et al., 1998) - {f/7+ C57/BL6 ’|
EL hippocampus » :"rﬁjr%ﬂ CA1l ~ CA3 ﬁ‘} DG F» ﬁﬂﬁ‘f) [ﬁjﬁﬂj}?fgﬁ | OXIR A OX2R
FY mRNA FIgF 1EVEUA G (Selbach et al., 2004) o [K[F= orexins 1 ~ELA17] B
hippocampus CA1 SRS 2 B i* B[ pURYEF ' o= OXR EEAEAREIER VETRTEE
T [ﬂ | —]7} E‘f%‘*&#ﬁ —FIJ¢ HrE&FIIF]]" ] orexins 7 | E hippocampus CA1 gl
RO » SRS G LTRYE 5 O -
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1. Orexins Sl gtk i) {8 By 2

I AR > T2 € S orexin A(30~100 nM) FI[Ala'!, D-Leu"]
orexin-B(3~1000 nM) " ') # | Eifuler s CAT W IS hL w2 i [t (Fig. 4) [y /i
7 orexins S MY UYL PO IELT > orexin A (30nM)™ T 5
HEE A CAT st L W2k [ (Aou et al,, 2003) - (H7e | BRIV 14
orexin A(100 nM) 5 5L ' A 1% & CA3 iy 5 #i 8 i glutamatergic
noradrenergic » cholinergic ! gabaergic A& » 3E[fiffli i CA1 FLREA B 8L E  Jgrup
U5k > [F! orexin B E‘UE (Selbach et al., 2004) - FEHHF Baed % BIAYH HERLETIFS T
[FIJL"JE-[ » 3[R ﬂg[ij fil i | Frgs o PER A RYETL R pJEj”F;’H VA AT R
corornal dissection " [N T 5% SUE | 7 ST RL REAK Y R O 1 LRL D M
horizotal dissection F72V i (Selbach et al., 2904) e AN - Rafv#EgE(Selbach et al.,
2004)¢’F’,L[' FJKf CA3-CAL JRif J;g_j% a»r IFJ‘E‘ orexin A T JLREZK B iy
W o BRIP25 R 4 2 %AF’?IEB“ & "% i SAEH (AR 2 TR A 1 g
=1 i3 Ammon’s horn €1 Jﬁfﬁ%*f E' lmﬂ R mﬁﬁ PO [ CA3-CAL
T et T B0 5 v 24 S 2 ) %%ﬁp 7 ﬁ#‘ufﬁf PRI T RIS 3 R A

[Filp > s

2. Orexins FfI=IAEZHGH(LTP)

Tt 4 R3FF ] C5TBL/6j [i4°] Et hippocampus CA1 B4 isi 5L - Y& orexin A
(100 nM) 3L E Il LTP {25 4(Fig.6) » = 14 BRAH AR - Aou 547"
[ hippocampus CAL g el R JVIT 2 HL 44(LTP) » 717 orexin A (30~100 nM)
o TR E IR (Aou et al., 2003) 179 » 25 PRI~ # [9HEH orexin A (100
nM)FSETIER i e OXIR R~ 147 %] SB 334867(3 uM)AI OX2R flj— 4 4]

compound 29 (30 pM)Fr R » WIP&?J’E Jl%ﬂﬁﬂﬁﬁiﬂé\' [ 'H‘i[ﬁ Eﬁﬁ@"ﬂ I OXI1R #I OX2R

J

Ry Oiﬁflﬁ{%?)\lﬂé‘? C57/BL6 ‘| EL hippocampus i+ CAl f[ﬁjﬁﬁ #=t) OXIR F/TOX2R
Y mRNA HISrF TEVEUA (Selbach et al., 2004) 17 -
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[T orexin A FORIIGIF R FEAZH T OX2R © = 4 R IE FI™ [[Ala'
D-Leu'’] orexin-B 1% E S5 LTP Avfl2% - 2y {355l [Ala', D-Leu' ]orexmB%T;’j
“EJﬁﬂﬂr‘iﬁﬂf@ﬁa&fﬁ%‘J(LTP)EWW# » 2T E] OX2R g R il - 4 1 1

JHORL: S1F | L R IEOAY[Al, D-Leu™] orexin-B(OX1R:0X2R=1:400) 7
IR g - wﬁ&fﬂﬂf 1= OXIR }ﬁﬁw 1 SB 334867 FAfi% fE R - %T” e
PUPTRLE B4 ERRL > R AR ELRTR ORI > [IIEERIEE SB 334867 EL
(EH]ffAL", D-Leu] orexin-B [ » 5|7+ fif fy UIE (300nM) - * 7 iR 0
[Ala", D-Leu'"] orexin-B [ﬁjﬁﬁ%bﬁ OXIR % f,ﬁfrﬁ:;:r‘ﬁ[ 5 FIEHE orexin A F{I[Ala'!,
D-Leu™] orexin-B SR I8 5L 44 (LTP) gy ¥ FORIIIZR 42 i > =5 PI3E R AL,
D-Leu'’] orexin-B O E P F L (Fig. 7B) o P i@ 100 nM [Ala'!,
D-Leu™] orexin-B A B[t » BEHRFAE KL AR Rt = B (1797 (Ao
5o [P HORLETES [Ala' D-Leu”]"orexin-B FI:” *f?ﬁ{?nﬁkui\”sr%ﬁ% » T BLI L
St EE RIS o # orexin A f Jmﬁyﬂ%’ %‘WE%@@ IS ROk
AR ASUECE T e R T "& T“i#ﬁ i &:exms F hlppocampus CAl B[’ ') #HﬁE[J
~ TR S4(LTP)fY 4Ry » & ﬁ*— fnﬂ‘u%ﬁl (F[fﬁij T OXIR AT OX2R > ([} OX2R

il /7 OIS E L > i) OXTR Hiefe f EJ#ﬂﬁfﬂ%E@ﬂ*

PP R RER 1 S ETES 5 orexin A(140~560 pmol) M7 CD-1 7|
B SMAP | B4l orexin A (1.5~3 nmol) ' ' JR{ =1 BE AR E R L R 1Y
B > SRj0| (Jaeger et al., 2002; Telegdy and Adamik, 2002b) ° {EIF|[¥[=® hipocampus
TF RS PO TIPS JRER 1 BRI 445 orexin A (1 nmol) - 1l
SRS A lﬁtll (=197 B (Aou et al., 2003) « AUYEC S RAVAE L BRI
FATGSR AL~ T FIPRLIFBRAY 0 MG orexins T AT RALRIFVRIRF T
Hi F' - RLELE RSB GRj0] > 7' hippocampus £ = fiY - /“FEIJFHI*%:H%& =

PRI R P59 > 254 WiER T hippocampus CAL FrlB I EIIEH G4l )
F[fj o
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Sl > Akbari S5 H VTR A1 - A JEJJ— [#f% OXIR £l SB 334867
7% hippocampus CA1 A3 i -F1 22 kLWL SUTRERES 2k 4R ) F 1 orexin
A P RERY e o YRR AN HURAGS OXIR i SB
334867 #1 OX2R }Fﬁﬁuﬁﬂj Compound 29 > {EIZ§ 32 ¢ SR E ) (= (7 HRE AR
G o g T E IR RS IR 1% orexin A f9[RH] « ARUBEL AV
zEl;vFILI > fol it hippocmapus Bk 85 [FRTIE TS = I35 e TS IR %‘EEIEI
& [T (Bongsebandhu-phubhakdi and Manabe, 2007) = [RI=> Ffy[*| % 1%
orexin A £ff* LTP 1 depotentiation [0 % KLU (=515 » i fiEfif i i
PR

9t > orexins -k hippocampus [[1 DG 21 {458 HRfa ol

”M

’FPIZPF[K | p[ orexins ﬁ’r@,fxmﬁ}p i [i‘:: %ﬁ,?ﬂg,;r[?.pffgﬁzl‘: o Epf—f%UE' 5% = SD
AEFHTin vivo fuiadt F“‘i% Sl il DG “ﬁqﬂ orexin A (900 pmol)f’'I'[1¥:E
LTP ' &F{ OXIR - ﬂgrm*w | SB |334&6,7($0 mg/ke, ip)k = =i - pi T A B
IR % DG RFE o o (8] 0X2k| _J ;ﬁ:ﬂ Hi(Wayner et al., 2004) « i

DG {3~ SB 334867(188nmol)|»xwlw J\;ilg %(Akban etal., 2007) - AR
1 orexin A (TS o 1 - EE R E5H orexin A T JIFTRE LTP
RLTE B DG AGETH SO o F 1 - AT VRS BEIR DG [l
J<t | OXIR #1 OX2R (Cluderay et al., 2002; Marcus et al., 2001; Trivedi et al., 1998) ©

' RLYHHE> orexin A FF{ ’F}[JFIJ,I‘J?*!E SB 334867 A =~ El E‘ﬁ 2t DG 15 ([ 5

g

i OX2R fiLi% ¢ | BEEHTE LTP AR [0 o S5 [ 1 4 #rERTE | Af CAL T i
AL > 7] B CAL [l st | OXIR A1 OX2R - [y = 5 (PR L g Ry (5 fia T

(LI LTP 075 o =4 Y01 orexins | Bk CAL TrHREEHTIIFH - e
= AELDG [l1 > orexin A FEgRSOSRIH - RLAZH T [ilFORSIEATE RS o

29



3. Orexins Sy MRS 2 B A 1p Jﬁ‘;ﬁrﬂ

T IR RLAEZ B (0 PPR 0% orexin A Y » %7 orexin A T4/
FURETIAFIH(0.03 Hz) ™ 2 B A O o omE b o IR oMl gt
[} PPR * baseline PPR £3(% » EF? ‘] ELCAL 2K TBS [ A [€p9 LTP »
H’F /“B%JFIﬁEIHH[ﬁ? PP JUWF £ £ ¢'[(Bayazitov et al., 2007) og*'ﬂ}iﬁfﬂ“r*“
N “F' - orexin A AT ]| » ﬁ I % orexin A garmuw;az PPR F={ififR (XA -
IF=9f > orexin A %f PTP Y2 orexin A L4 [ F+] > PTP rF’“ | E S RS
(Fig. 6) » [ B FL P[0 2] (Delaney and Tank, 1994) » ff!
;F% EEIEG=S mﬁ‘ [Ala'!, D-Leu'"] orexin-B R > T E R 5 I’Fﬁﬁfiﬁﬁx[ﬁﬁ? orexin A
PRI o = e I R A R PR R B A I I - D
SRR AR S L R RV - orexin A SR i i 1
o AR R ﬂé(Aou et'dl, 2003).-

P orexin 77 hippocampus CAinHﬁfq‘p“ Ak 1 AL orexin A
& 738175 NMDA £ F”,LE | g J@’%}}(Aquj;ll 2003 Selbach et al., 2004) - £| ¥ - #
E&F| 17]]] Theta burst stimulation _f_ﬁ‘raj | Wﬁqu%ffl%(mp){ T NMDA S5
/TR |58 %= (Arai et al., 1994; Cap.occ.hi et al., 1992) - =5 ({7 5553 TBS-LTP fi' '] &~
APV(50 1 M) ﬁnﬁfu(data not show) » A 3% > Z5FHEN orexins Hrg Ay AU
TBS-LTP 34 - fi* RLA NI NMDA S5 /7 U i i -

Orexins ﬂi/m’ﬁ Vil (X NMDA R o I P iEss - (125 I’F'ﬁ’%ﬂfa orexins
[ AR OXIR 77 RE B I IRES p RS e pssss fogh o FIn (=
Y PLC/PKC 3# % (Larsson et al., 2005) WHI , ﬁ;ﬂ%@ FY orexin A i I' |31 orexin
receptor [ifi#17 {* PLC/PKC 3% > 1~ RIS AT 977 (~(Lund et al.
2000« pI= 1> i NMDA iﬁ;ﬁ*@%éﬁfm i - ST ™ calmodulin
B NMDA iﬁ]iﬁﬁfiﬁﬂkﬁif(Rosenmund et al., 1995; Wang et al., 2008) o [fi] 7 kL
FRE bR RS ”JﬁCa2+/calmoduhn(Ca2+/CaM) dependent phosphatase 2B
(caleineurin)iff ¢ il NMDA 331 147 {“(Lieberman and Mody, 1994; Rycroft and
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Gibb, 2004)- 2 & =141 PKC $ i Ca™/CaM At NMDA i 15 (= (Luetal,
2000) - ([ orexins ¥ ') NMDA Fif - if V[ PLC/PKC ¥ Ca®'/CaM 3% % » I [
" NMDA S (4 » [ LTP P 38 = o [ s oW Raais
]EIEJ o
Pit— IFHJ UEJ#@EU E[Hi]:l'-« 7, orexin f[ SFEHIRYET NMDA y’ﬁﬁ‘ ?1 {1 5

At ERT o R ST R G (LTP)PVARE (Kopp et al., 2006) = i<k » =5
HIEIE P S BRI | orexin 1% Q?J%ﬁ% _=F| fuzfl G4 (Pedrazzoli et al., 2004)
[ e b= (B IBEER - 2 EA se gy S B R h 59 (LTP) F B ™ Uit
Zfs & LTP ™AV GEELE 17> NR2A/NR2B F=fid > J[] NR2A 7@ % FrEg(Kopp
et al., 2006; Philpot et al., 2003)  Fl14* orexin “J"EJF&’%;E’;T?@ “[INMDA ‘ﬁﬁ'p S|

(Borgland et al., 2006) » {LI']*! orexin EEL ﬂ? %EW@ NR2A/NR2B E=fj] » [fij[& [

B S ﬁ%'%{LTP)pJME‘/’[’TE fﬂjgh w T
b I,-*—“-\ L x__

I
| -"J_\"..-.- |-""

|;-~,;,"~!i.
|| r"; Ii

/2,
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AU M TR dr RS 0 % o] L hippocampus CA1 B s » 5825 orexin A #1[Ala",
D-Leu'’]-orexin B i TR RIOR T - (LG LTP ORI - i T Ry
depotentiation * ¥ LTP (Ol #6! » {'f= [T OXIR ATOX2R » ff OXIR fi
fi= (e (I FOESE o £y AR OSIIP f j CUE R S okl A

Fp liﬁ [* OXIR #1 OX2R K E ™~ iﬁi’;i%ﬁ’?iﬁ’?‘) °
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Hypocretin 1: LGVDAQPLPDCCRQKTCSCRLYELLHGAGNHAAGILTL-amide

Orexin A: QPLPDCCRQKTCSCRLYELLHGAGNHAAGILTL-amide
Hypocretin 2 : RPGPPGLQGRLQRLLQANGNHAAGILTMG-amide
Orexin B: RPGPPGLQGRLQRLLQANGNHAAGILTM-amide
Secretin : HSDGTFTSELSRLODSARLQRLLQGLV *HSDGTFTSE

Fig. 1 Amino acid segences of hypocretin- 1( rat and mice), orexin A, hypocretin- 2,
orexin B and secretin.

=y
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Cerebral cortex

N\ A ‘\\
" Superior Y ¢ \
-~ nreror
% Hippocampus 7" colliculis o0
~\ T | colliculus
\ A ,
Midbrain
Cerebellum
Olfactory
bulb

' - ﬂet‘-—s
Optic chiasm Aiyfpaﬁ‘a ik

Medulla oblongata
Pons

Pitustary

Fig. 2 Schematic drawing of sagittal section through therat brain to summarize
the organization of orexin neuronal.system. Dotsindicate therelative

location of orexin-immunor eactive neurons, and arrows show some of the more

prominent terminal fields. (Ad_qpted fromT. NaFnbu et al., 1999, Brain Research)
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Prepro-orexin

Ligands

Receptors

G protein

Distribution in Brain

—
o \
Mﬁw
Orexin-A _
fT———— *
OX1R — e
Hi{1]f il
Gq iy .
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i TMN
VTA o
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Figure 3. Orexin A and orexin B arée derlved from acommon precursor peptide,
prepro-orexin. The actions of orexmsfh\e médlated via two G protein-coupled

receptors named orexin-1 (OX1R)
selectivefor orexin A, whereasOX2

' ?(OXZR) receptors. OX1R is
IS 3\ ectlvereceptor for both orexin A

and orexin B. OX1R is coupled: excl élvely toll eGq subclass of heterotrimeric G
proteins, whereas OX2R coupl%to G,;o and/0r Gq (Matsuki and Sakurai, 2008)

35



(A)

(16) (5) (15) (4)
m
%100 = T i
7]
[1°]
el
k)
‘62
g 50 -
o
/)]
o
w
o
W
0
0 30 100 300
Orexin A (nM)
(B)
(1) (7) (8) (4 (M) (5 @)
o T L
S 100 ™ L
Q
7]
[1°]
el
k)
‘62
g 50 -
o
/)]
o
w
o
W
0

0 3 10 30 100 300 1000

1

[Ala', D-Leu%-orexin B (nm)

Fig. 4 Effects of orexins at various concentrations on the fEPSP slopes of Schaffer
collateral-CA1 synapses in mouse hippocampal dlices. Effects of orexins A (A) or
[Ala™, D-Leu™]-orexin B (B) 10 min after application and was expressed as % of
aver aged baseline fEPSPs, which were taken 10 min before drug application. Data
arethemean = SEM. Slice numbers are denoted in the parentheses.
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Control

Orxin A 300 nM

0.1 mV

10 ms

Orexin A

Control (16)

Orexin A 30 nM (5)
Orexin A 100 nM (15)
Orexin A 300 nM (4)
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Fig. 5 Effects of orexin A on synaptic plasticity of hippocampal CA1l synapses.
After fEPSPs evoked at 0.03 Hz (basal stimulation) reached stead state, theta bur st
stimulation (TBS) (arrow), 3 theta burst trains as described in methods, was given
toinduced LTP. After TBS, the stimulation frequency was switched back to 0.03Hz
and fEPSPs were recorded for 40 min, followed by low frequency stimulation (LFS)
(thin horizontal line), 1Hz, 15 min for inducing depotentiation. Orexin A (30,
100,300 nM) were applied (thick horizontal bar) 10 min before TBS. The tracesin
the upper panel are the average of 4 fEPSPs recorded at the times denoted: a,
control baseline fEPSP; b, the baseline fEPSP 10 min after orexin A treatment; c:
the fEPSP 40 min after TBS; d: the fEPSPs 40 min after LFS.
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Control Orexin A 100 nM Orexin A 100 nM+ SB334867 | SB 334867

Orexin A vs. SB 334867
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Fig. 7A Effect of SB 334867, an OX 1 receptor antagonist, on orexin A-induced
alteration of synaptic plasticity. Filed EPSP slopes at the baseline, after treatment
with normal ACSF (open circles), 100 nM orexn A (filled circles) or 3 M SB
334867 alone (filled triangles) and 100 nM orexin A plus 3 M SB 334867 (filled
inverse triangles), after TBS and LFS were shown. Scale bar: vertical 0.1mV,
horizontal 10ms
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Fig. 8A  Effects of Compound 29, an OX 2 receptor antagonist, on orexin
A-induced alteration of synaptic plasticity. Filed EPSP slopes at the baseline, after
treatment with normal ACSF (open circles), 100 nM orexn A (filled circles) or 30
u#M Compound 29 alone (filled triangles) and 100 nM orexin A plus 30 M
Compound 29 (filled inverse triangles), after HFS and L FS were shown. Scale bar:
vertical 0.1mV, horizontal 10ms
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Fig. 9A Effects of [Ala", D-Leu™]- orexin B (3,10, 300nM) on synaptic plasticity of
hippocampal CA1 synapses. The stimulation and analysis are the same as Fig. 5.
Scale bar: vertical 0.1mV, horizontal 10ms
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Fig. 9B Effects of [Ala™, D-Leu™]- orexin B (100, 300, 1000 nM) on synaptic
plasticity of hippocampal CA1 synapses. The stimulation and analysis are the same
asFig. 5. Scale bar: vertical 0.1mV, horizontal 1ms
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78-80 min) by [Ala", D-Leu™]-orexin B. (C) depotentiation (time 113-115 min)
shows no significant difference. *P<0.05
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Fig. 11A Effect of SB 334867, an OX 1 receptor antagonist, on [Ala",
D-Leu™]-orexin B -induced alteration of synaptic plasticity. Filed EPSP slopes at
the baseline, after treatment with normal ACSF (open circles), 300 nM [Ala™,
D-Leu™]-orexin B (filled circles) or 3 M SB 334867 alone (filled triangles) and
300 nM [Ala", D-Leu™]-orexin B plus 3 yM SB 334867 (filled inverse triangles),
after TBSand LFSwere shown. Scale bar: vertical 0.1mV, horizontal 1ms
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Fig. 12A  Effects of Compound 29, an OX 2 receptor antagonist, on [Ala",
D-Leu™]-orexin B -induced alteration of synaptic plasticity. Filed EPSP slopes at
the baseline, after treatment with normal ACSF (open circles), 300 nM [Ala™,
D-Leu™]-orexin B(filled circles) or 30 M Compound 29 alone (filled triangles)
and 300 nM [Ala™, D-Leu™]-orexin B plus 30 M Compound 29 (filled inverse
triangles), after HFS and L FS were shown. Scale bar: vertical 0.1 mV, horizontal 1
ms
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Table 1. putative subtype-selective ligands of orexin receptors

OXIR OX2R

Agonist Orexin A Orexin B
[Ala®"] orexin B
[Pro''] orexin B
[Ala"', D-Leu'’] orexin B

Antagonist SB 334867 Compound 29 (N-Acyl 6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline)

(Cheng et al., 2005)
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Table. 2 Paired pluseratio (PPR) before and after orexin A application at basal stimulation state, LTP and depotentiation states

) Baseline Drug application LTP Depotentiation
Orexin A (nM)
PPR PPR PPR change PPR PPR change PPR PPR change
0 1.62+0.04 (8)  1.60+0.04 0.98+0.02 1.51+0.03 0.93+0.02 1.53+0.05 0.94+0.02
100 1.66+0.1 (5)  1.66+0.03 1.01+0.05 1.62+0.07 0.98+0.03 1.67+0.09 1.01+0.04
300 1.57£0.01 (4)  1.55+0.02 0.98+0.01 1.49+0.04 0.94+0.02 1.57+0.07 0.99+0.05
Control Orexin A 300 nM

Paired pluseratio of the fEPSPs evoked by paired pluses (50 msinterval) were calculated at the times denoted.

PPR change was obtained from PPR of each group divided by baseline PPR.

Therewereno statistically significant among each groups.

Trace: a, control baseline fEPSP; b, the baseline fEPSP 10 min after orexin A treatment; c: the fEPSP 40 min after TBS; d: the fEPSPs 40
min after LFS.
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Table 3. Effect of orexinson learning and memory

Effect Animal Route Orexins O)é]l;{;éjR Reference
In vivo . . . Orexin A (Telegdy and Adamik,
} Passive avoidance test rat i.c.v. (0.14~0.56 nmol) - 20022)
CD-1 mice
} Active and passive (4 mo) L.c.v. Orexin A
avoidance test SMAP mice (1.5~3 nmol) i (Jaeger et al., 2002)
(4 & 12 mo)
{ Morris water maze rat 1.C.V. Qrexin A (1~10 nmol) - (Aou et al., 2003)
1 Morris water maze x o . (Akbari et al., 2008;
} Passive avoidance test rat Int.ra-CAl RGeS orexins OXIR Akbari et al., 2007)
} Morris water maze ' TRy . (Akbari et al., 2008;
} Passive avoidance test rat Intra-DG: - EzéElr;ldogenous prexins OXIR Akbari et al., 2006)
. _ L] MOorexin A (0.3~0.9 nmol)
1 invivo LTP rat Intrg—DCi}] = SB334867.(10 me/ke) OXIR (Wayner et al., 2004)
In vitro | LTP rat CAL." Orexin A (1~30 nM) - (Aou et al., 2003)
Orexin A induces LTP, no . : ; A
effect of orexin B, on basal C57].3L/6J CAl Orex%n A (100 nM) OXI1R (Selbach et al., 2004)
mice Orexin B (100 nM)

transmission

* Endogenous orexins wer e revealed by application of SB 334867 (4.7~18.8 nmol)
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