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1. 1. BufiiE

BUfLAE (Sepsis) 12, HH 5 IKHIEFMAED S R S D TEIMEE] 2%
i & L TR MRIENEL S, ZlEsHs e ~S R L, JEIZELIHKE L TR
STV, 19 9 2RO TR EERE L LT NERSYEIZ KL 5 B MERIEK
JMEGERE] L EF SNz (Sepsis-1) L, S HIT, e E 2L 5 b 0 & EAERUMN
ME, JEBRARZE D bOEFBUIIENEY 3 v 7 L EEEN S, SR LB
LT 2, 2Dk, 200 3AIZKET 4L (Sepsis-2) 3. 2 0 1 64F(21%, X
D ERIRICHI U7z TERGYEIZ X » THEE ARSI S Z SR8 &
EEICEX ABEVZERICET I N (Sepsis-3) +°, F/elasbid & LT,
SMEEBR AN A, IR E [ R W CH D MM NEEEE, i - PR RS O E
T o DNERFR A4 - SRR ES B EfRRE, TWEBREE . SMEATRES | BkiEE
R0V Y ik bR A O BUIUE B IIE 23 26T B s T FRIS, BMEER AT, M
A~ DOERFR UG 2T S8, tholgdsfa®E 2 RS2 2 Lo BullEMEY 2
v 73R bEERRELRH I TND S

JRAE ORI E, R CHEM 2 7 0 0 T ADRRIIEICEEL, 209558 00
AL D E W HEIRH 5 8, FEE LETIE, /NNLOFERIBETIFRE & 72

STW5 % LaL, BUEZSS L bR ER EEZTORBETCIER AAIC



BWTHEMKM 3 0 57 APUIIEIZREE L TWD EHERI S 71, BoERIT2 0~
4 0% Th 2D, FEETIE, BUEDBE DL < PEFIEREZZIT TV DI HH
DOTIEFICENBIEETH Y | LPIREEICARE L BE O ERIETHIK &
7o T A O mAEIL, R AY72 " medical emergency” Td 5,

HUMAE DI REA I IIEF M TH D, Lo L, IEFEOREFOMESRIT, Y
JEIC X o CREMERIENEL SN D A B =X LR H MEIEIME 2 Olids %
EL TV AB=Z AL EZHSNCLTWSD U, #:2, Toll-like receptor  (TLR)
4 UCRHEMAEN 2B L. BRGENENT 57 1 & 2R OMIFIT K& it
el ole, mU R MRV a y ZITENPS IKHWON D MULEMES 2 >
JETNTHDIN, VI LEBEEOZ R THLIVARRNI YT A
R (LPS) (X TLRAIZ L » TRk S, @RI IEMRE 2 BT 5 Z L3 50>
IZ72oTV5 2 Z LT, 2D DA D =X AOMIIEIAEZ 5T 58 LA
WH—7y FOAREEEZ R L, < OEFREPRESNTND

HE DRI EIL, FUAEOFRERLEYIED =1 b v — /L7 EREYE IR
DIBFESCHIR & A A 2 W TR BR R 2S5 3 210, PR 2T+ 5 AT
PR AE B2 E Al & LTEETIRIRPTON DM, ML LTCIBR 7 1 b= —
(X7 B8 X502, HREEARICE SV T, REMERIEICHT 2 REFNT T n

— TR TR ML M A BRSS9 2 IR AR T 7 o — 5 SEREREFICET 5



APEMIEAHERE (SR 72 ERE SN TOB R, READIERF Sh

TV, SEIMIEDT 7 F I L AWBESE DL, FTLWVIEEXY —4~ > |k

ERFBT DT TIERLS, MRS =7y MIREG - TinREIE 2 HEE L Tl

VENRH D 2,



1. 2. WPHEARRIC K D RIERG HIE s
UTAE R ARRE R AT K D RIESUGHIEEERE 2B 573272 o TW D, RIESUGH
MRS ORERE & L Cld, MR (BUR TE0- FEE-RIESR) & ARMRGRD
HHAITWD Y, BUR TES- T IK-JIE ORI K DI Tl RAERICEIE B
RIEDFREFFOMRE 2V F a2 ROSWMEES LD, BEMEERIC X 2 HlE
SEHETIL D 223, RIS EARER DM EME TH L7 F =l Uit a
T=aFoTreFral) UREREN L Tx s n Ty — DI EEEH LIENE
EIHIT A ENMONTND B, 51T, REMRER G AR 2R LTk
ERIBEWE CH D /AT LU URMIRICEBWT B27 KLt U g
KEALTTHRRICERL, THRASOTEFLa ) Uik EREET S Z L

CEo T u 7y —VOELEEIEIT 2 5,

Z v N ORLEE 7 V& F T OTEMEALEAL 2 BRER L 72 BFZE D FE R Tl

BUR THB- FHRA-BIE R EMBENSWICED LM EE CTH D EHH
(Periventricular nucleus : PVN) . FIAZ&ARRER GREMFRE) DO TH 5 K
£% (Nucleus of solitary tract : NTS) & ek ErR#%EHEI % (Dorsal motor nucleus of
vagus nerve : DMNX) | A2 i 51 BTk 12 5 3 L T 2 ZE 56 Wy 4RI g S B
(Rostral ventrolateral medulla : RVLM) OGNS R LTS 2, Zhbo

MREDTEMEALIT, EHPERIEIHT 5 PARRR OPIEIRIE £ E 2 b D, FER



WEMREZ AT 2 & UEET VT v FOEFRDEET D L, £72.RVLM

7 CL 4 5 M5 LI CTE AL X8 5 & L BB M L » T3 X - B g K REIC

5L THAE R A AT 2, 20X 5, PR L RILAE 72 T 7 < e

MBI T 12 — 7y b & LTORREER S D,



1. 3. FvxT v

AR 2RO A—T 7 G EAMEMZ AR (OXIR 3 LT OX2R)
XTI RE LTRRASNZ 2REEOEIEESTTF R (FLrFrr A
BLOAVLFT U B) THY, LEOFEEE (L7t bxir) pbARKS
b B, =7 7 RN D WNRMEO A BTG MY E % BE 9 5 1513 ”Reverse
pharmacology G¥3EEL) " L IEIN DD, A L ¥ X T OFIETRE I =H)
D TOEFIEETF FTH D, &L F T U I3HEIKR FHEAME (Lateral
hypothalamus : LH) (ZBRE L CIAET D4 (F L% o 40ik) CREA S, K
BARGICL > TEARBRZINSES Z L0h, Y], BRITEZ K3 2 fkk
RTFRELTHERBENES, 20%, /v 7T 7 b= T ZAOWRERLROWFED
5, ALFVURORBEPIERTEREEE L a L7 —DRRKRTH D Z LAY
STRY | A LF AR DR RESIEICER PN EE 72 25, AL F v
PRI RIS LT D28 BUR FHEN TIRERATEIOHIEIC B 5 Sk
B7p EITEIC S L. R AN CIEBEIR B OB 5 2 LT RLT Y
NEEEA R O AAEE Td H FHBIEL (Locus coeruleus : LC), v b= AEE)4:
PR DR IAEE Ch DREMEZ. b A X I UAEE MR O haEE C b 2 5 B FLEEZ
(Tuberomammillary nucleus : TMN) , & =2 U AFEIEMREDELEEL TdH 255

ey s iy Al Ly AN et 3 £l DA GAPAIAN



F LT UDOEES LT, HEIRTEER X OEEITEIORIENG4L TH DN, B

B 73 & ORSHPEERE 27 OB 72 EOREIEEE B 2 I b b o TR Y | BEIRTEE

fEE BREFEOLL ST ) ORAEHFEERA~DRKICHA RS TH D

ZORTEH, Foxld, AL F NI LSRN E BHEMRROFIEIZER L

oo ALF U EMENEG T D L AR TR T EMA-FIE R & AARRE R ANE

MALT 2 Z MBI TS 2, 2, 4 L %212 X B FHRME JE S il

DAREMEZ TRIR S HE D,

FLX L hE X =y e LTRAIREE 2 72856, AL v v BIRITFHR e

PRICIER L. &SIl E MR MBI P 4 @i T & e 7z 20 MR 215512

I EFRARERITIE SE D T2 DR A BINDITFERLETH 5, Bl 21X, Mk

B Z i 9~ 51X - BALEMORETH 5, ITFEED FEA L U /K

FEHUE PSS S, BEIREASEE L CHRIRISH SN TS 3, LinL, A rFy

VERBREEREIC O W TIIBERE 2D TV D3, REBKCHICIEE ST

WRW, T2 TEHA BIRRERG & LT D IUIE Tk, e MHERIEIC X - Tk

B DS REN R E A Z T TRV, XTFF R THHA LT ThH MERAET Y

B TE 500 Lvgne PR L,



2. BEY

ABFZED BHEglE, BULEMES 5 v 7106 5 4 L I L 218 R4 K
FET5ZETHD, BT, BEMERIEICHE S Mk MBM OMREREE X 54 L&
DA~ OBATIEZRF L, LV ERNEZO K E WRNEL TORFEHNE
EIRGET D, WUMEME Y 2 v 7 OFT L LT, BSEED LPS EHICL A=

YRhRUVay v RAEAND,
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3. Hik
EBREWY
C57BL/6) Z B/ Ny 7 7T v K& LT 2 2DEE T (OXIRT0X2R" ¥ &
OBAERIDOREHESG~ U A) O 8~10 Ml ORE~ v R % HE/E 2 I FEREFIZHN D 4
Tz, FE~ v 2 IEB] 7 — 2 TV, R OWFARD 720G T (Specific-
pathogen free : SPF) . JEIPAIREE 23+1 “C., 12 K] : 12 FEI OB A 7 ¥ 2 — /LT

BHE L,

SIS

YRRV BT A4 F(LPS: KIGEH KR Y RAR Y Y774 K 055:B5, Sigma)
I AEB AR (K IS L Img/ml IZFFFE L=, B A L% AOXA,
ANTF RWGEET) 1E, AFEHUKICEME L, BRI LICREITRE L, U
FRsfE iR AP ROk (PBS) 13V U ERfRE A PR AR (0.00mol/l, pH7.2-7.4,
) 7. U R (PB) 13V L ERAEE A AR (1/15mol/l, pH 7.4, Fidt )
INOAER LT, NIRAVLTTE R (PFA, 747 4) 13, PBS (T L.
4% (wiw) (ZFA% L7-, Clozapine N-oxide (CNO. Sigma) % AFEEHKIZIEMRE
L. 5 mg/ml IZFA%E L7z, Z @ CNO &k A 4 EBRH OWIKIZIINT 5 2 & 1IT X

> THRE LT,

11



< YRR B LPSHHETL FEF o va v 7 EFL
TR R va vy 7 EFEET D570, ZT10.5 (KEHABH4A 1.5 FEfH

AN (2 LPS (10 mg/kg) ZREMEN (IP) S L7,

FH

FLX ORI G ONREZFTDT-DIZ, A Rhh=a2—F 2 EAINZEIZ
B0 AT 72, RIRR X O E 10 0 EICE=4—F 2572012, TLVA R
n—7 (TA11TA-F10, Data Science International) % fZ FIZHIDIAATS, ~ DA

TR 1B REEE ST,

TRV a vy 7 ITBITAAETFRER

TURMRT UV E v IR ADEFRITHT HRMEE LA L F D
FRERNRAERRD 12012, RIBILEAR T (Alzet, Durect) Z FEE T TR FIZH D
AATE, R ZITIE, 200 Wl OB R AKICEEME L= 1mg @ OXA (E7-1%, %f
BRE LT 200 ul OABEEK) NHELNLUHDEAINTEY, R 7 OHDIA
T & [FIRFIC 8 pl/FERE] 03d B CTHe 5% BRAG LT,

RHFEG LIA VxR OIRFEIREHRDTZDIC, T s T LR~ A

12



rsuA 72— a K7 (IPRECIO, Primetech) % JkIFE T TR FIZHLDIA A
72, W ZITiE, 100wl OAEBEEAKICEM Lz 1mg @ OXA (F721%, xtia L
LT 100 ul OABREIEAK) BEASITEY . LPS {FEH O 30 437412 8 ul/iFfE o
WETEREZHG LI, ZORC TN AT Y2 —F 2L TUA T L AT
HlE S, FHEA7 Y2 — WX IPRECIO EEEY 7 h v =7 verll T7a 7/ 7 A
L7, #H, OXA (1 mg ® OXA % 100 ul OEFAHKICEAEM) F7-1% 100 pl
OAFLRHE K % IPRECIO IZHiFE L7,

PG LIe A L% o U DRIREZFT AN D720, 3 LPS V1R D 30 43Rl
fE RT3 ul OAEBLRIEKIZEME L7 0.06 mg ® OXA (F721%, xtEE LT3l
DEBRIEK) 250 THA RI=a—7 %2 L THKEN (ICV) &5 L.
e LT 200 pl OAEBREKEZTIRBIER 7 %K FICHOIAL, 8 u/FFH
DOME TG EZRME LTz, S 512, LPS 4 & [RIFEIZ, 0.02mg/ul @ OXA % 0.5
W/ 33 C 24 W] ICV & 52 Bihh LT,

R (AL X 2G5 Lcvy U A LFRRRE) OFREZF~DL7-DI2, LPS i
T ERRFIZ 24 FEf 30 CoO b — RNy R T 2 ZNR L7,

ETOAFRERIZIBNT, LPS IEHE O 7 B, K2 E=2— L7, EaF
HEE & U CAEFE, BIRMEEE & LT LPS 40 24 KRt TOMRIRZ FHM L

foo BBNE T BB E LIS £ 0 Pk Uiz, AR & (RIRO BRI, B4 7ok

13



JEAE COMBBMEER (X il : 1R85 (ST 2 E0BER (Y fil - J&E) 2 7n
v T B EEEER R (Receiver operating characteristic curve : ROC Hh##)

&> THELZ, ROC HiftiZdh# FifE (Area under the curve : AUC) 12X -
TR L, 72 v A 7R RE LTz, o 731 X, BLF ORi$E TR
B L7, FPARAAEIT0.05, M /3130.8, 2 H H O REEDAELF413 02, 7 H A
DIRIFRED THAEAFHIT 0.6~09 & Lz, T XTOFER~ T RT, BRI LIC

F—=EY T UTER LT,

1 9% b BE P 2 i D 1t

FRIREZ =X — L7205, LPS FI3ABRBEKEEN Lz~ 7 ZIZ[*5]OXA
% 10° cpm TIP £ 5- L7z, [*PIOXA #5-0 2 R A B 1L, At
LAV E - B A —THRIE LT, RIS, % 4%PFA A CT—BEEE®. 1mm
DFRGI T2 A A= 77 L— T (Bas-SR 2040, Fuji Film) (2 5 H[E%E X fF

7. D% BAS-2500 (Fuji Film) TEifg L7,

YA NI UNTEIA Y, BTa—NT Iy, aFarRTo r OflE
TN PR gy 2T S LIRSS L R D Y 7

TURMF T a I TRIIBT LA NA VEEAIZT AT LT

14



DNREFRRDT-DIC, KIBEZE=F— L5, LPS {EFHO 4 Btk 7213
22 WEZ I BRER T C i ds L O A $REL L 7=, ~/%U £ 721X EDTA-2Na & &
te 27G £ (Terumo) ZHWTAELENSIMEZEE L, 3,000 rpm T 15 57 [Hix
OABEL T2, BB A MSEE 2 13iiE & LTV, B Lk sE gt o
Bk &, -80°C THRIE L 7=,

JHRARED & DK N2 i,

2 FR R L RO 5 5 B oAl H#REHE (Tris-HCl:20 mM, NaCl :0.15 M, 0.05%
Tween-20, 15 7 —PRHEHK D 7 7)) FCHRIEL, 8L, &EBHI 4 C
T 10 4y iz 04y BE (1,0009) L, BEiEZBRE L7z, 2 [ H o4 (20,000 9.
4 CTA0mM) Dk, RiFaZ "8ty 7re LTHW, &2Tod
VNI OWNWT, XU R EEEY BCA X7 ET vt A%y b (Thermo
Scientific) TE® L7,

Vo P AATEGT A DBYIE,

YA NIANTrEDA T, AV F T Ly 7 A% > b (Millipore) % FWCHIE
L7z, MEF 7 g, 7y B A RREHR T L 2 IR U7z, g o 7 hliik
1%, 250ug DF I B EMER Lz, 25ul OEHS X OERER &, % 7 = LT
2~8 CT—M., HikZ2 G~ /2727 L L bl v Fa—F LT, &

.~ A 7B RAT7 2T ORME FOBELE, ©FF ALHERO N 7 TNz L > T

15



ML, ANLT v TEY -7 gaxl) N COfEEHR, VAR—F—®ty 7
JV % Luminex 200 reader (Millipore) T#llE L7z,
T A= T I E AT X e DHRE,

MiEH7Ta—A7 I vrBlOmigEarFaxs o ORIET SRLIZAEL =,

EREE~ 07 7 —VICBIT B FA I A mRNA LV ORIE

~ A~ a7 =%, 15 ml OF 47 Y a— |k (2.4 g/100 ml, BD
Biosciences) % IP &t LC. 5 HIZ PBS CTHEMEM S L CEREL L 72, IR
RIZBITH~ I m 77—V OMEIL 5% L Thote, v/ nv 77—y (3R
S 24720 5x108 7 = V) EAHARRTE T L — MO —BifHE S ¥ 2%, OXA (100
9107M) DIFAE R £ 72I3IEFE T, 37 CT6 FEH. LPS (50ng/ml) #&H3 5
10%FBS/IDMEM H1CA > F 2X— |k L7z, WIZEER EEEZY TV 7L,
RNeasy (Qiagen) % T4 RNA Z¥g5HI L7, Interluekine-6 (IL-6). IL-17,
Interferon-y (IFN-y). Tumor Necrosis Factor-a (TNF-a) OFBLL~ L% LLF D
74 ~—%HAWTQPCRIZL» CTHIEL :

IL-6 13 5-CACAGAGGATACCACTCCCAACA-3 't
5-TCCACGATTTCCCAGAGAACA-3',

IL-17 I% 5-GAAGGCCCTCAGACTACCTCAA3 't

16



S-TCATGTGGTGGTCCAGCTTTC-3',

IFN-y (% 5-CGCCTATCTTCGGGATGAATC3 ' &
5'-CCAACCGATACTCCATGAAAATG-3',
TNF-o /X 5-GGCCTCCCTCTCATCAGTTC-3 '~

5-GACAAGGTACAACCCATCGGC-3'Th 5,

TRV a vy ZBITAHAF LR O—BERE

KRG LA VX O —WEORRZTH L7202, LPS £ 3
REH D 13.5 K12, 100 pl OAEFERIEKPIZEM L7 0.1 mg (30 nmol) @
OXA (FE721%. ®HRE LT 100 pl OAEFREEK) %2 IP A= 2F%5 Lz, o
WG Lic A L%y o O—mMEDREZFT D 72DIZ, LPS 114570 13.5 Kl
(2 6 ul OAEFEHE/KIZEM LT 0.00mg (3nmol) @ OXA (F7zi, *HE LT
6ul DAFIRIEIK) #5MTICV &5 Lz, KRB IO HAEIE, Fr%s

e bA% 6 BpETANE L7z,

Wabsid ik R e
LPS & 72 13 AEBRR I KIS o 13.5 Kf# 212, 100 pl DA BREHEKIC AR L7 0.1

mg (30 nmol) @ OXA (FE7-i%, ¥R E LT 100 ul ODAFREIEAK) % IPA—7

17



2 b Uiz, OXA FoIi3AREEKE GO 15 Rk, < hre 2 —F
N U (50mg/kg IP) THEEEL . £3° PBS CTHEF L. < D 4%PFA CHEE
E LTz, MEBEZENORY H L, 4%PFA T LIZ—BEEE%R., LT 5 E T
30% 3 =1 Bk (PB ICIAfE) (232 L 7=, Optimal Cutting Temperature Compound (O.C.T.
Compound, Sakura Finetek) HUZHMZ BfE S B2, 7 74 A A% v & (Leica)
ZHWTHN A 40 pm OJE S TEfGANZYI D L7z, X ToOlAIE. viFih
Fos L& (1:10,000, RRID : AB_2314421) T—MpA > Fa2X—F (4 C) L7z,

—IRPURD A 2 _X— MM ZIRPUERE L TEFF Akt ¥ 19G Hifk (1:
200, RRID : AB_2313606) T 15 Kfflijf v FaX— KL, 7TV -EFTF 4
H& (ABC ik, Vector Labs) (Z 30 7pMliR L7z, $efE SO HEA R O H T,
=V E H 0 &Nz 7227 2 /Ry (DAB, Vector Labs) % fvC Fos
BEPEREAR O & W R TRERR L7, S DIC, MPRSHIIE O fRR b nO R s & R E 3
% 72T, Fos O Yethtk  kEFAZIL Y 5t SHT $ifk (1:5,000, RRID : AB_572262)

‘/C‘\

%‘ﬁ:

fHiFLEAEZ (TMN) (X7 ¥ %1 HDC $ifk (1:1,000, RRID : AB_1002154)
T PR TERSMEIEF (LH) 137 54 L% o > A Bk (1:50, RRID : AB_653610)
T.ArFax—F (4°C) L, ~RHUEDA ¥ 2 _— Me, ZRPUEE L
TH AT AP (Biv = 1gG Bk (1:200;RRID : AB_2336123), LV ¥

IgG ik (1:200, RRID : AB_2313606)) T 15Kl > F=X— KL, ABC

18



PR 30 ofliR LTz, el RO ORIE, = > 7 v Z 1272\ DAB %
D THIRRA L PR RS A 73 R OO Rl B A i VB 8 TRl L 72, eI, B0
HATA KR, EREE, Bk, AL, R (Fos FEMERRRm)
& E AL, LSM700 B ERE (Zeiss) THeg LT-BEEAZHWT, 3 AD
BIRE L > TEMR Uz, MBI L O BRI 4 & sk o 91 F

TH A M E ARG e TR oo B ARG O FIE 2 B L7z,

P4 DREADD £

DREADD /Z L & HREREREE & 12 | = 2 FBIPERE DI D B 5 A PEFHI e AlE

6 Hlin D ePet-Cre ~ 7 A% A Y 7)L7 TR L., EMEEFHE (Kopf) (Z[H
E LT, RIRIE. 7 ¢ — R8Ny ZHIEINE S > R &2 W CHERE LTo, IERERERAL
BIRA~FEHSED72012, 1 ul @ AAVS-hSyn-DIO-hM4Di-mCherry % 2 4 FffiZ
0.05 W/ DETHZ AEMERA N~V var iz, EMNE
X, (A7t : -5.5 mm, HAMAl : -0.0 mm, HE : -6.1 mm) BI O (Fitk : -6.8
mm, HAMH: 0.0mm, HE : -6.0mm) THo7z,

8 Wi/ ol~ A7 a2l ary L UANL TR MERY H
L. IMOFERA T A A (200 um) 2K LT v 7T 4 7 %#R (KCl 2.5 mM,

NaH:PO41.25 mM, MgCl,5mM, CaCl;0.5mM, NaHCO3;26 mM, 7 /L.=2— 2 11

19



mM, 27 Ba—2Z 210 mM, pH 7.4) FTIERRK LT, AT A A%, S| CTHERFL
TRt N TN HE#R (aCSF; NaCl 125 mM, KCI 2.5 mM, NaH2PO4 1.25 mM,
MgCl, 1 mM, CaCl;2mM, NaHCO326 mM, 27 /L 2— A 11mM, pH7.4) # T 30
A ¥ 2= b LTtk T v NN A SRIR THERF L 72231k aCSF T
i @mli5y) SERBOFREK LTI, Sy FEMIL, By MR (K-Z7va g
¥ 125 mM, KCI 10 mM, MgATP 4 mM. Hepes 10 mM. Na-GTP 0.3 mM,
Phosphocreatine-Na; 8 mM, EGTA0.5mM, pH7.2) Tz Lz, Ny F I 77
FLEkITIX. Multiclamp 700B (Molecular Devices) % HV 7=, Digidatal322A - > %
— 7 = — A (Molecular Devices) % H\W T 7 %7 2%k L, Clampex 10.2
(Molecular Devices) # W T 7P aH&G LIz, 7% 20 kHz Ta—
AT 4BV 7L, 40 kHz TTF Y2 kLT, A—eAiigkidh vy b
7 77— RTITVY, Clampfit9.0 (Molecular Devices) % fWTTF — % Z 04T
L 7=, #ifil1: DREADD ZEBR D 7= 12, hM4ADI % 3881 L 7= 4% fid 2 mCherry @
AL > TRE L, BRFEKZ RS ieo 2@~ L7z, aCSF T 5 4y
MDOR—AF A %&Eek L, i\ T aCSF TH# L 7= 100 uM @ CNO % 2 45
REFi 5L, D% aCSF TV 4+ v a7 7 hLTz,
DREADD /= & HRERERREE T 17 | = AFBIERRE DN L S F pF

Sg v ZICEITS T L F DB

20



6~8 Hlin>~ 7 A (ePet-Cre 35 X ONFIEEF A=) OIEREHERAZIZ, AAVS-hSyn-
DIO-hM4Di-mCherry &~ A 7 oA > =7 3 a3 > L=, FZB# . mCherry 55 L O
SHT Dl b 212 K > T, IERERERIZIZ 31T 5 hMADI FEHL D JR{E Z ik
Lz, VANVADwA a2y ard 2 ik, MEEZRLET 5729
ZT LA N P a—T %< 7 AOK FICHOIAL, 1 HEFEE S, LPS I
F > 135 K% 12, CNO (45 mglkg) F7oIi34ABEEKE IPESH L7Z, CNO
HES o 1.5 FEf#£IZ, 100 pl OB EHEI/KIZEM L2 0.1 mg (30 nmol) @ OXA

ZIPAR—T ARG L, I, ALy o 514% 6 RpEElE L7z,

wat DT

AT OMEFHIL PRISM Ver.6.0 (RRID : SCR_002798) Zfiifl L7, HE1ERIT
Kaplan-Meier fift T2 L, A1 Fah#R O g% Mantel Cox log-rank &€ 217> 7=,
AT OEITEEHEHEFRZE (meants.e.m) T L7z, 2 O I3, unpaired student
t REEIT-72, 2 DL EOREOEIL, 1-way ANOVA Tk, il x D)
% Bonferroni #iE CTHEL L7z, KERAIT — 2 OH#IX, 2-way ANOVA THr#r
%, il = DO¥¥)% Bonferroni #iE THMZ L7z,  ZE1E, p<0.05 DLAEAETH D

ERI LT,

21



4. KR
RKEBRE LA LIV R RV v a v IV RADABERZRETD
F LR UL, B MEMBEM A L2, UL, B<R&Z LI

I ED LPS VEH (70~90% D~ 7 AHFET-, 10mg/kg IP) @ 30 4rEilc, A4 b
X A (OXA, 1 mg/~ 7 A24 F¥f]) DT (SC) &EHZBAWGLIZFR., =
YREXT UV a vy s AOELFRNPEINIZSE LT (Figure 1A), A L%
2V RARRIE (OXIRT0X2RT) = 7 2 Tld, Z D EIT A S e /- 7= (Figure
1B), & 51T, LPS M 30 4312 OXA (2mg/~ 7 A[24 B§[#) & SC & 5-%
BRAA L7-AERCTH . AR LOVAEFRE A A RICUE L. (Figure 1C), BBk
RNZ &SI, AU F T TIRMID 24 B LG SN2 D o 1o hy . ARz

RIFECA R L Tz,
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FLRV IR RV a vy IR URDOY A MUA VEEZIHIT D
LPS (X, BE BRI A bl A VFEALFER L, RIESUSE S SITHIET S
R Z2ZT, =V FMFv v a v~ ZAORMIMF O 32 FIEOYA b A
YUV ERE LTz, LPSIZIZEAEDH A R IA DL~V EHEII S E T3,
OXA (1 mg/~ 7 A/[24 FfH]) @ SC #5-OFfER., LPS & D 4 FefE ki KO8 22
REZ 2, 28D A N A OB AfH B2 L Cu7z (Figure 3) , RIRFIC .
LPS {E5 D 4 Byl 46 L O 22 RFfEI#2 (T, LPS 12 o TR S AU R 2o
LCW= (Figured), =2 R FF o g v 7 oIk T, BFlcE b~ 2
07y =Vl KoTHEEINDY A M A (BFIZIE, Tumor Necrosis Factor-a
(TNF-a) . Macrophage Inflammatory Protein-la. (MIP-1la % 7213 CCL3), MIP-1B
(CCL4)) DL ULNEEICHD LT, BT, ~o7n7r7r—YBIWY
FFV NI THEASND LV ZLS DOV A M A D LB FEIC
B LTz, £d 95 5 Interferon-y (IFN-y) 35 K OV Interluekin-17 (IL-17) 73

BrizZE LA LTz, LPS Oftb 0 (A B /K Z TN LifdE~ o AT

i

I

I, BREEEG L7z OXA TR A O A A v LoV E 2 o7
(Figure 3) , XA R DRIEIRAEZ FH D 720D, LPS IS L7~ 7 A DKIC
BWTHU 2 fEOYA FIA L L-ULZHIE L, LPS I\ TIiTe

WEDY A N HA L L-YULZBHIN ST, RIS L7~ OXA 1% LPS {E5t o 4
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RFf 36 L O 22 IR OMINDFFED YA M A KRl 7 a7 ) 7THRD
rEHA Y (FlZIE, MIP-10/1B) OEIINZ A Z (2 LTz (Figure 5),

TURRFV IV a v IICE W22 A A PEAIL, EIT LPS ITX
STEMbSh v v 7 7 —DITRERT 2 23, Fx OfERNH, FLFv
N, PR REZN LT, $3~on 77—V ~OE#EERICE > T, v/
77—V OIEHACZET L T D AR R SN D, BE O ATREMEZ AR D
Tedll, WAMELIZA LIV UZRRRB~ U ANGER~ 707 7 —U%
FHELL . OXA (1nM 3B L TN100nM) DIFFE FETZITIEFIE F T, LPSIZL - T
~rn 7y —=UERIEHR LT, OXA OIF(E T CHARB L OA L o U R
(KRB~ AHED~ 27 17 7 — O IL-17, IFN-y, IL-6, TNF-a mRNA L ~L
1% LPS WRAINZIZHEAN L7228, OXA (1nM F X V100 nM) DOFFE FTH LPS IZ
X252 50 mRNA OEEINCREE 5 X eihoTz, fERELT, v/ v 77—
DIKT DA LR DEEER O RS2 2> 7= (Figure 6)

WIZ, AL F AT KD PRARRR Z A LT IRIER R O KRRk co=>
=/ HX—L LT, IT7Ta— A7 IrBLOarFarxrTarsNEN L TWDHA]
REMENEZ 2 BN D Y, LPS 1S Liz~ 7 AORMIMH O ) VB x 7 U %, i
W~ ALl LT, AEICHEAD LTV (Figure2A), OXA X, LPS S L

-~ UZ2BWTZEX 7 U U2 EINEE, LPS (XD /v x7 ) VoK T
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ZERAy B HNH LTz (Figure 1D),  LPS {EH L7z~ v ADKRMMmMF O =2 v
FaxTFu Nt E~U AL KE L CHEICHEML T\ (Figure2B), OXA
1%, LPS HEH Lic~w U RCBIT D aLF axT o O#INE & HIZHE L TV
7= (Figure1E), ZNHDOFERMNL, T R X v a v 7 <7 ATBWTOE
WG Lo A L3 v S Koo THHRMERIE RO Tl RS 2MB) U 72 TREME S 5 2

Sy AW
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FKIEEE LA L% v VX EEPRARRICIERT 5

KAYEEG Lo A U o I ERIRRE Tl i BT - i L7 2, LasL,
fE~TALEBEL T, TV R vay s ~vTATEHIP HE5ELE
[Z1OXA Ofd~DHL Y AR DA EITHA L T 7= (Figure 7TA, B) . Z OfERIZ,
KRG LIeA L o o DNEFPERIE FCTIMRNICBITT 2 2 £ 2R LT,
WIZ, xR OPREEGIC L2 EFROBEN R LT, KHE (03
mg/~ 7 A[24 B§[E]) @ OXA ZFHK (ICV) #&E5 LR, = FhFo g
v 7= ADAELERNGE L (Figure 7C), — . Z OKHAED OXA ORRY
(SC) # G- T, EFFOUEFT R 572 7= (Figure 7C) , BLERZEWZ 12,
TITHhER, AVLF VIR 24 B LR G SN e o Ty, A HERE
BFITEL B BRHE L T, & 5HIC, LPS EFRZAIHICB T 54 L& v v oK
B L DMRIEDRZ T, OXA (0.1 mg/~ 7 A4 ) O ICV # 5 X
57T, LPS {EH D 4 KRB ORMIMF O MIP-1a O L~ LD % A B ]
L. MIP-1B, TNF-a @ L)L ORI A 4 S 27~ L7z (Figure 7D), [FJHF
(2. ICV 5 5- L 72 OXA 1L LPS 12 K » THFE S M AR AR & e L Tz (Figure
8), TN DHDREIRIT, AL F T U NHPMRGRICEZEM T2 Z &Ik » T, =

YRRV UV a v I RDEFRPUE LI LR LTS,

26



FLEVIZ R IRV UV a v I RAOEFETERTHR T TH HEKER
FOLABERET D

B ¥ B L0 b Bickn T, ARREIEBUIEIC T 2 RIED EEE D E
BREIRE L R > TWN D, ZZ T, 2 R v U ia v 7w T ADEFR LK
OFBEZFRT-, AL X2 E Lo~ U AOKRRIL, Ak a &b L
< ADEIRE Y & <RI T T (Figure 9A) , S BT, AF LT~ U7 AU,
FEL Lic~v 7 ALl LT, LPS HEH O 24 KZ OBENPA EICEm» - 72

(Figure 9B) , Z1EH EERE (ROC) HiMR L V|, (AR 285 CHOA v b4 7fET

E

el DIREE L FEREN S 2 Sz 7= (Figure9C), ZiuiE, LPS iEH 0 24 By
DIFENRTZ L KXo va v/ ROEGFTHRTRIRFICRD 2 EE2RL
TWo, LU, RROHMERF R = R b F v a v 7 OEFEREOME— DRI
ThHLZLHUTLHERLRNY, ERRIC, A LF L2k E LU X LR
izt — FNy RETIEODZELET TR, =m0 REFT gy 7T A0O%EF
KIXkE L2 -7 (Figure 10),

DM EHERE (1 20, DRECRIE) OFMiiE, = RhFs v a v/ OE
JEEOFIiE LTHETH S, 22T .2 REFT g vy 7w AR LT,
R—T ApH LTz OXA ORI LT OVLEEICk 220 R 2 ~7=, OXA %

ICV #5- L7z~ U ZADKIEL SO HEIE, ARl KEZ ICV 5 Lz~ T X
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EH LT, 3EMAREICE 7= Tz (Figure9D, E), BpAMl~ o A Tl
OXA (0.1 mg/~vA) @ IP HFHIZL > TABEAEEKD IP #5IZHTHRIR
(Figure 9F, G) I X OVMr%L (Figure9H, 1) 2A—@MEIC EH L7, A%
VEZRERKIB~Y U ATIIZ OO ERIIR LA o T, ThiE, ALy
NZE D ZOREDOERIRS O ER R P A LR O U B ERKE LT
WD EER LTS, e LT, fREAREAM~ T 2 TIE, OXA D IP K5

I &> TR K OVMaEIC B % 5. % 727> 7= (Figure 11A-D).,
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T RbRV Va7 AOFRMERIZET 54 L& v ORRENL
TV RERT T a v T AOHFRMRERIZEIT 54 L2 v DA MKERE
BRDEERIEALZ A ST D72 A RUEDROY 7 —Y v — A —
ELTHLF N LD MO AR BRI R % Y Tle, fEMEZ T, IERE
B KO IR OBEBU R 2 (AFET D, SERERERREZ (T, /EH T > M2V TA L%
vimvAIuA Vel vard A I Lo TRIED ERTOEME LT
WMESNTWD ¥, EHBREOKRBRBREL X O KR (Raphe
Pallidus/Raphe Magnus : RPa/RMg) (238 T OXA (Z L » Ciktfbk L=t r h=
NEEN AR IR DOEIE A BT Fos HLik & 5T SHT Jiik A f\ iz ZE YL @I Ko TR
L7z (Figure12A), = R hX v o va v 7 OBFAR < 7 2T, AR KE
H Ll LT, OXA #5140 RPa/RMg (281F 5 Fos [ttt o b = o fEdEhM:f#
OB G DA BEICHIL T\ (Figure12B), Z @ Fos ¥BFEE L, = N %
Yrva v DA LFRVUZKERE~ T X (Figure 12B) 7ol E B AR <
7 A (Figure 12C) TIXR &7eho 70, MR O AR EZ SR L O
fEAIES  (Dorsal part of Dorsal raphe/Ventrolateral part of Dorsal Raphe : DRD/DRVL)
I, IR BRI K o TR T 2IREE LT THHE VI WENSH S B, = R
e ovay 7 OBER~ 7 2 TiE, OXA #5125 5T DRD/DRVL (28T

Hw b= B Fos IEMEDAEICEEI L T/ (Figure 13A-C),
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XA RIZ I T D T2 A L & & ARG 2 RATIIZ I~ 7223 OXA &5
2 &> T Fos {EMEA BT U 7o fth oo i 3 7L HH 72 7> > 7= (Figure 13D-H),

I

Ho|
><\

RAPRE R GRAEMRL) O Tdh 20 (Nucleus of solitary tract : NTS)
&Ik AR EENEZ  (Dorsal motor nucleus of vagus nerve : DMNX) . A2 @ A%
HRTRAE L B8 LT 2 EREW)MIAE #MilEF (Rostral ventrolateral medulla: RVLM)
OFFFREHIIIL LPS MR B ITTEMALT 2 2, Fiz, 24T a ba B UiiiRLE
N X D EBEE (Locus coeruleus : LC) DOIEMEALAS, KAY U > RBRIC KT 5 ik
MBIRREZ RS Z EBRRE SN TND ®, T OMFEMIER, LRl
[ZHRNE L C, LPS HESHRICTIEMEAL T2 2 & 2 MEs8 L7- (Figure 14), —=> K k%
Vrva vy I AIBWC, AL F U U ORMEGIZL T AL F U URE

AP E v b = AFEMPEOARIEFIET R 2NEMAL LTz Lfsam DT 7,
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EFERERZIL, =V FhX o va vl vy R T 54 L3 Ui LD EIR
EABRIZBWNTEETH D

M FHIRRBRORBRENPD, TR v a vy /v RCBNTA L XY
v ORIE EFD R OREAEALGEAN & U R 2 R L2, = R Ry
Yva vyl UADE LFR X DR ERZRICE W TSR = b
= AR OTEMEN EE ) 8 ) DAL 2010, FEHBERFHTFIELE H
WCHERERERR I 1 b = U AEENEARRR OTE B 2 FF A0S E L7 (Figure 5D)
MRRFF R Ry T e — 2 — Ol N T.mCherry & 54 L7z hM4Di
% Cre {KIFMNCHBLT D/ % 7 7 / kw14 L2 (AAV8-hSyn-DIO-hM4Di-
mCherry) %, v k= AFEMMEMREEELAYIC Cre 238819 % ePet-Cre N7 X
Vrmy e ADERRIME I~ A A Y= v a v Lz, HiSHT Bk
ERWEREMRREFICE > T, e = U EBMEMRICES T S hM4DI-
mCherrey D ¥ 5% FE4fi L7~ (Figure5E), hMA4Di-mCherry [5Ef#E D 89% 23 &
7 b= EEIMERR T hH o7, I HIC, BREEFHSINICE > Ter h=14E
AR R BL L 72 hM4ADI OREA #ER8 L7=, CNO (100 uM) 1%, JEHERERR
B2 F1F % mCherry Bpbe o B 858 K Z 80> &7 (Figure5F, G), Z Z T,
TRV U a v v RICBWT, CNO I &L - Tzt a b=

TEENPEARRE OTEE) 2 i L 72FplS . A L3 U S KD ME LA 0 S h
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HE D I EFRTZ, AAV8-hSyn-DIO-hM4Di-mCherry 2~A 7 a A 2~/ ¥
2> L7ePet-Cre N7 AT x=v 7 ~DR|TEWT, CNO (4.5mg/kg) i LPS
HEH#% O OXA IZ X DR EA-2 46 52l L7z (Figure5H, 1), —5 T, AAVS-
hSyn-DIO-hM4Di-mCherry 2~ A 7 A ¥ = 7 3 a » LIZFRIEE AR~ 7 2|2
FUNT,CNOIE LPS {E % D OXA I L 2RI EAIZE % 5. % 727> 7= (Figure

5H. 1),

32



5. BE

5. 1. #EFHELAI LIV UZREEEHEK

Forlx, BUE DI RE A ZESOTRMEG LA Lx v v 2MNA~T Y
WY —F25Z Lk Lz, BRI IS W TIMNICESEE 2 & 555 2 &
IFHEMICHEEL SR D720, TORIKERIIRE WV, L L, BEEMAICE
G U256 RIEEG TIIRRP2VMRIRE TURIRZ R LIZZE NG, AL
U ODIIEIERNIHEN TIER SR 20 0N EETH L EEZ BN D, Frx D
WFIEHERE T, R G TIRNICBAT T 280 F B4 L & U U B IREEEE O
PR ZHELED TB Y | AL ¥ v 2RI RMBRIEEISE YNT-185 23 R L ¥, <
7 ASORME G K o> TRESREB L O 2 b7 —RER S R 2 R
T EWE L, AR%RIES T EA LIV USREEBSEOBRB N EDIX, X
DRI A L F 2 ROIEMZ I EIC o br— LT 52 ENTE DL

IR B LILZRu,
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5. 2. MMEET NVELOBIMESES 7 v 7 €TV

Fexlx, BUEEY 2 v 7 ETVE LT R vay v AEH
Wi, = R bRy vy 7 T, EREGYEZ 5 & 25D TIHRWD,
77 NPEMEARE OREE DR T D LPS N R ¥ & LT,
TLRAIC K o TRRMEIND Z LN MY H— L 72 o TREMERIEN AR S, BUE
YD a v 7 REBICKE S 2, T4 CTiE. BN OMIE 2 IEPEIOR G S5 Z &tk
> TR MRIENEL I D 520 (cecal ligation and puncture : CLP) 23
MIEET VDA —NT AL A= RELTHNLILTWD, LPS 1255
TR ay ZIEEPD KIS TERBULEE Y 2 v 7 ET L
ThY ., BHMRIETT L ELTH LIZLIZAV O, EEMERIEIC X 5 BN
myayZETNE LTCUIMETCAMRET AN THDLEEZTND, LnL,

RIS ZE 2 1256, X0 ERRICITVEYYE D> D OBUMLE T 7 /L T ORRFED
T CTHLHH LIV, F7o, BRBS CIX, Ml T T3k, vA A
RLEHMEORUIAE S LIXUIRXRIEE 220 | BUETIZ D A LV AMERLEEMEO R
SEETVHIET 5, MEME, A VA, BEFEEOBIMAEIL, 28 HERIEZ E
BT DA = AL EET LA N=ALIENENE LD, LrL, T
F 2 AR DIERIET, TR R ZNT 5 Z LIk - T, Hi & 72 DR IRE

PIIIKAFE TN, BRI MERIELZ SRS IREO B ISR L Ty 7' e



—FFLIENTELAREDNDHD EEZ TN D,

—J7 T, B OMUIIE T 7V THMEN R S IIGIRIES EER O BE TO
R CITZ & T KRBT D > TV D BLIR G | B ORUNLE £ 7 /v
&t b OBUIE TITHEN R D LW OHEH b H 2 ¥, MKRICHEZE 21258,
OBV TORMED LETH L0 LRV, E MIIVEHMOERHEATO

BGREZ, HFEICADITHLEEZALND,
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5. 3. fER#FF

AFIENZBNT, AL XN K DR R Z N LI UIENEY 3 v 712

X DIRFNRIZONT, 2 OEREF IO S LTV 2720, L

L. KFROFRERNL, XU OFRGIZE ST, 1) arFarxTa s R

MI %, 2) BT 2—=nT IR 5, 3) VA b IA > O¥EINZIHIT %

4) BEAEALEA O 1S & L TERRER I & v b = ARE AR DS E LT 5

e RMLT,

INTFART RN T a—/LT I bR, S RO HIENZ 38 1 D R

Wk CcoHOZ 7272 —ThHY YV, aLFarxTarhra—1L7 I o

(Z & o THRRIEN RS A FRUCEED R OBARTE 2000 L, EERFEE

aNTFad R T a— LT O T, BUEOEESE LTl LIE

Ao, SaZAERH L B, LirL, ZORWEAIZRE L, LLAEK

ERBZEL LIELIED D, EET Y P TOITa— AT I OREFEEIZL

HEFROWEDRIT, AL AT L DUERNE L0550 40, iRz &

Dt & #hEE D D O RFT O 3D, EEA Z £ 0 ZRAIC LT, BITER 2 fe/ MR

(Z LT mREMEDRE . B D,

ML F6 1T 2 IERHRERREZ DO BE| 278 LRSI 34 £ TRV, T

PRFFEOFRERICL Y | EIEBRFRFECICRIRFERTIEZ O TRIE O iRk
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AR OTESEY A HIEH 92 Z E DN ATRRIC 7 5 T D, £ LT, ZOEE, FFEDHHKX

PEARREHINE & RIEIE R & DR Z R LR WS OGS Tngd, —

OUE, IR O EE AR AHREEE T H D IR O B —3 X UARE R & fE

3252 Ltk o T, RIERERDTEMEILT L LW O HMETHD . bH—>

1. RVLM O C1 ##k 215 L4 2 Z &l k- T, BEMmIC X - TiHEF L 7= B

DHIENT K L THIIERN R 2" L WO METH 2 2, EA T, BIMIEE O

2 Y AEEMEMIRR A TEMAL T D 2 &2 K o T, BIIEE T L OB MERIE I 3t

L THIRIEMRZ R T LV O METH D %, RERICL T, Fox b, FEBEEFH

Fikz MO TERRERAZ v b = ARB R OTE B 2 il L 72Bfi, AL

VUK DRI ERRPIERT D Z L AR LTz, Lo L, BUIEIC IS 1T 2 S HE

REBREZ DAE & B HR 31213, TR T o b = AREMER R OTEME RIS &

D BHMESIEREAF RO REFIRDBENH D, Fio, EEBIRTFHFIES

B FHTFIELUICEH . LR 2R~~~ A 7 a7 g

YD LR o T, AL F T KD IERRERRAEL ~ D LR R RN R AR

FTIENTE LB LR, STV R, ERERERREZIE, IR LA R 2 F6 1R

F L% AR D TR BITERAL DTG VAL 2 PR U 7o B L S U7 R RO vk

WO 1OTHY, SEABL LIEFREEDROPIRIERN R 2 FEEE 2N THE

PEAL L 7o ARSI 2 RR T 2 L EDR H Db LIRS BIT, MRt 20 FE R

37



K0 EMAL U7 SV T AT S & ) Se o pis e 2 iR % 2

-
—

ENRFREL I T D, ZOHINERAWS Z L2 X - T, BuLEIZ B W TEMEAL
INHMER Y PU—T ZREL, TOMKELR Yy NT—ZZBIFHA LI

OVERZBH LN T DI ENTE D008 Lvgwy,
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6. W5

AWFZEIL, KBS LA L URBINGESEY 3 v 7 EFTF LD 1 HDTH D

TRV a v IR RAOEFRELETHIE AR LT, BEA LY

T DRBINRZ G D IIIMANASERER G T o ME R H D720 RIFKGIZ X

FITRE W, BUMSEIT, RIZBIERD R

il

> TRFEDRDPGF LT Z & DIRKE

WRIRTH Y, BRRICHA SN D,

LU, FERBERFIC DWW TR RIETDICHDL T > TE S, sl OFhiE

PR FEEZ O TRAZED TWD, £io, RRICHZ5 27256 ol

JEET L TOMGHOMOBME TORGENLETH Y | BESERB TOMRGEL

R TN D,
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A Prophylactic effect of SC-infused orexin
in wild-type mice with endotoxinshock
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B Prophylactic effectof SC-infused orexin
in OXRKO mice with endotoxin shock
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c Post-hoc therapeutic effect of SC-Infused orexin
in wild-type mice with endotoxinshock
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Figure 1. Effects of peripherally administered orexin-A (OXA) on survival in mice
with endotoxin shock.

(A) Kaplan-Meier survival curves of wild-type mice subcutaneously (SC) administered
with saline or orexin-A (OXA; 1 mg/mouse/24 h) 30 min before lipopolysaccharide
(LPS; 10 mg/kg) injection (each group n=10). (B) Kaplan-Meier survival curves of
OX1R”;:0X2R”" (OXRKO) mice SC-administered with saline or OXA (1 mg/mouse/24
h) 30 min before LPS injection (each group n=7). (C) Kaplan-Meier survival curves of
wild-type mice SC-administered with saline or OXA (2 mg/mouse/24 h) 30 min after
LPS injection (each group n=10). (D, E) Effect of OXA treatment on the levels of
catecholamines (D) in the serum and corticosterone (E) in the plasma from LPS-injected
mice, compared to saline treatment (each group n=3-5, *p<0.05). Data are presented as
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mean=s.e.m. Statistical significance assessed by Mantel Cox log-rank test (A-C) and
unpaired t-test (D, E). Data are replicated in at least three independent experiments. n.s.,
not significant
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Figure 2. Serum catecholamines (A) and plasma corticosterone (B) levels at 22 h
after LPS injection.

Norepinephrine level in the serum decreased and corticosterone level in the plasma
increased at 22 h after LPS injection (22H-LPS), compared to saline injection (22H-Sal)
(each group n=3-5, *P<0.05, **P<0.01).
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A. Cytokines
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Figure 3. Effects of peripherally administered OXA on cytokine production in mice
with endotoxin shock.

Effects of OXA treatment on the levels of 32 cytokines in serum at 4 h and 22 h after
injection of LPS (LPS-OXA) or saline (Sal-OXA), compared to saline treatment (LPS-
Sal, Sal-Sal) (each group n=8, *p<0.05, **p<0.01, ***p<0.001). OXA (1 mg/mouse/24
h) started to be SC-administered at 30 min before LPS injection. Statistical significance
assessed by 2-way ANOVA coupled to Bonferroni’s test. Data are replicated in at least
three independent experiments.
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SC-infusion
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Figure 4. Effects of SC-infused OXA on body temperature at 4 h or at 22 h after

LPS injection.

The changes of body temperature at 4 h or 22 h after LPS injection by SC
administration of OXA (1 mg/mouse/24 h, LPS-OXA), compared to saline
administration (LPS-Sal) (each group n=8, ***P<0.001, **P<0.01).
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A. Cytokines
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Figure 5. Effects of SC-infused OXA on cytokine production in brain at 4 h or at 22
h after LPS injection.

LPS increased most cytokines in all samples assayed. SC administration of OXA

(1 mg/mouse/24 h, LPS-OXA) for 4 h or 22 h decreased several cytokine levels in the
brain from LPS-injected mice, compared to saline SC administration (LPS-Sal) (each
group n=8, *P<0.05, **P<0.01, ***P<0.001).
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Figure 6. Effects of OXA on expressions of IL-6 (A), TNF-a (B), IL-17 (C), and
IFN-y (D) mRNA in cultured peritoneal macrophages from wild-type and OXRKO

mice.
Hypoxanthine phosphoribosyl transferase-1 (HPRT) was used as internal control (each

group n=6).
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Figure 7. Direct action of OXA on the CNS in mice with endotoxin shock.

(A) [**1]J0XA-autoradiography of 1-mm coronal brain sections from control (saline)
and endotoxin shock (LPS) mice. The brains were removed without perfusion at 2 h
after intraperitoneal (IP) administration of [*?°*IJOXA, and were fixed in 4% PFA
overnight. The sections were exposed to imaging plates for 5 days, and then scanned by
BAS-2500 (Fuji Film). (B) The levels of radioactivity in the whole brain from LPS- or
saline-injected mice at 2 h after IP administration of [*?*IJOXA (each group n=4,
***p<0.001). (C) Kaplan-Meier survival curves of wild-type mice
intracerebroventricularly (ICV, upper; saline: n=8, OXA: n=7) or subcutaneously (SC,
lower; each group n=7) administered with saline or OXA (0.3 mg/mouse/24 h) before
LPS injection. (D) Effects of ICV-administered OXA on the levels of MIP-1a, MIP-1p,
TNF-o and IL-6 in serum at 4 h after LPS injection (LPS-OXA), compared to saline
treatment (LPS-Sal) (each group n=8, *p<0.05). OXA administration (0.1 mg/mouse/4
h) started 30 min before LPS injection. Data are presented as mean *=s.e.m. Statistical
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significance assessed by unpaired t-test (B), Mantel Cox log-rank test (C), and 2-way
ANOVA coupled to Bonferroni’s test (D). Data are replicated in at least three
independent experiments.
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Figure 8. Effects of ICV-infused OXA on body temperature at 4 h after LPS

injection.
The changes of body temperature at 4 h after LPS injection by ICV administration of
OXA (0.3 mg/mouse/24 h, LPS-OXA), compared to saline administration (LPS-Sal)

(each group n=8, **P<0.01).
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Figure 9. Effects of OXA on body temperature and heart rate in mice with
endotoxin shock.

(A) The changes in body temperature of LPS-injected mice treated with OXA (1
mg/mouse/24 h) or saline (each group n=10). (B) The correlation between the survival
and body temperature in mice with endotoxin shock (Survivor n=12, Non-survivor n=8,
***p<0.001). (C) Receiver operating characteristic (ROC) curve between survival and
body temperature in mice with endotoxin shock. AUC: area under the curve. (D, E)
Transient effects of bolus ICV-injected OXA (Wild-type_OXA) or saline (Wild-
type_Sal) on body temperature (D) and heart rate (E) in LPS-injected wild-type mice
(each group n=4, *P<0.05). (F, H) Transient effects of bolus IP-injected OXA on body
temperature (F) and heart rate (H) in mice with endotoxin shock. (G, I) IP injection of
OXA (Wild-type_OXA) but not saline (Wild-type_Sal) increased body temperature (G)
and heart rate (1) transiently in LPS-injected wild-type mice, but not in LPS-injected
OXRKO mice (OXRKO_OXA) (each group n=4, **P<0.01, ***P<0.001). Statistical
significance assessed by unpaired t-test (B), 2-way ANOVA (D, E), and 1-way ANOVA
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coupled to Bonferroni’s test (G, 1). Data are replicated in at least three independent
experiments.
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Figure 10. Effects of whole-body warming with a heat pad on body temperature
(upper) and survival rate (lower) in mice with endotoxin shock.

Warming elevated body temperature at 24 h after LPS injection, but did not improve
survival of mice with endotoxin shock, compared to room temperature exposure (each
group n=4, *P<0.05).
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Figure 11. Transient effects of IP-injected OXA on body temperature and heart
rate in healthy wild-type mice injected with saline (A, B, C, D) or in OX1R™
(OX1RKO) and OX2R” (OX2RKO) mice with endotoxin shock (E, F, G, H).

IP injection of OXA had no effects on body temperature and heart rate in healthy wild-
type mice. In OX2RKO mice, transient effects of OXA on body temperature and heart
rate in endotoxin shock were canceled. In OX1RKO mice, the transient effect of OXA
on body temperature in endotoxin shock was significantly potentiated. (each group n=4,
*P<0.05, **P<0.01, ***P<0.001).
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Figure 12. Thermogenic effect of OXA in mice with endotoxin shock through
medullary raphe serotonergic neurons.

(A) IP-administered OXA (LPS-OXA, right) but not saline (LPS-Sal, left) activated
serotonergic neurons in raphe pallidus nucleus and raphe magnus nucleus (RPa/RMg) in
LPS-injected wild-type mice by immunohistochemistry using anti-c-fos and anti-5HT
antibodies. Black arrows indicate double positive cells and white arrows indicate SHT-
single positive cells. (B, C) IP-administration of OXA significantly activated serotonergic
neurons in RPa/RMg of LPS-injected wild-type mice, compared to saline administration
(each group n=4, *P<0.05) (B). There was no significant difference in activities of
serotonergic neurons in RPa/RMg between saline and OXA administration in healthy
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wild-type mice (B) or in OXRKO mice with endotoxin shock (C). Statistical significance
assessed by unpaired t-test. Scale bar: 100 um. (D) Scheme illustrating chemogenetic
experiments (See also main text). (E) Immunostaining in medullary raphe with antibody
to SHT (green; left), fluorescence of mCherry (red; middle). (F) A typical patch-clamped
mCherry-positive neuron in medullary raphe of ePet-Cre mice. White broken lines show
the pipette. (G) Typical change in the spontaneous firing rate of mCherry-positive neuron
after CNO (100 uM) application. (H, 1) CNO (4.5 mg/kg body weight) (ePet-Cre CNO)
but not saline (ePet-Cre Sal) attenuated the increase of body temperature under endotoxin
shock by OXA in ePet-Cre mice injected with virus, but not in wild-type littermate mice
(Wild-type CNO) injected with virus (each group n=5-7, **P<0.01, ***P<0.001).
Statistical significance assessed by 1-way ANOVA coupled to Bonferroni’s test. Data are
replicated in at least three independent experiments.
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Figure 13. Systematic survey of orexin’s targets in the CNS of mice with endotoxin
shock.

(A) Typical photographs of double staining for c-fos and 5HT in DRD/DRVL from
LPS-injected mice treated with saline (LPS-Sal, left) or OXA (LPS-OXA, right). (B, C)
The percentage of c-fos positive serotonergic neurons in DRD/DRVL from LPS-injected
mice treated with saline or OXA, form saline-injected normal mice treated with saline
or OXA (B) and from LPS-injected OXRKO mice treated with saline or OXA (C). (D,
E) The percentage of c-fos positive serotonergic neurons in DRV/DRI (D) and in MnR
(E) from LPS-injected mice treated with saline or OXA and from normal mice treated
with saline or OXA. (F) The percentage of c-fos positive orexin neurons in LH from
LPS-injected mice treated with saline or OXA and from normal mice treated with saline
or OXA. (G, H) The percentage of c-fos positive noradrenergic neurons in LC (G) and
histaminergic neurons in TMN (H) from LPS-injected mice treated with saline or OXA
and from normal mice treated with saline or OXA. (B-H each group n=4, **P<0.01).
DRD: dorsal raphe nucleus, dorsal part; DRVL: dorsal raphe nucleus, ventrolateral part,
DRV: dorsal raphe nucleus, ventral part, DRI: dorsal raphe nucleus, interfascicular part,
LH: lateral hypothalamus, LC: locus coeruleus, TMN: tuberomammillary nucleus.
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Figure 14. Activation of neurons in the LC, RVLM, NTS and DMNX at 3 h after
LPS injection in wild-type (A) or OXRKO (B) mice.

Typical photographs of Fos staining in LC (left), RVLM (middle), NTS and DMNX
(right) from wild-type mice or OXRKO mice injected with saline or LPS. LC: locus
coeruleus. RVLM: rostral ventrolateral medulla. NTS: nucleus tractus solitaries.
DMNX: dorsal motor nucleus of the vagus.
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