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D, LN IRHRIT HRITXZ OFRREARNEA DI AR DB L
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TZ7 VT MBI HEBLL TS Nae MK Na' R ER-%
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AN =KD OWTHEER LT, (LR TEE AW
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2. HERAE
2.1 Y9R

FEBRIZIX Cck-ires-Cre (Cck-Cre) MV, Sic32al-ires-Cre
(Vgat-Cre) PDZAE L7, ~7 AL H HIZ/KLEH (Rodent
Diet CA-1, CLEA Japan) Z#8H{TE, #1Z 23~25°CTH]
H1(8:00~19:59) LMF 1 (20:00~7:59) DEREE FIZFBW\T
fABEL,
2.2 GEtEBEa

<D ADE 20%R N~V CHERTEEL, 2 H BT
THEEAEM LT, &IZ, B 7 Fh—2(VT-10008S, Leica)
ZERL, 50 pm JEOUI R Z2ER LTz, m 8 ifigz v T
HIRTTuyX 7 LE=0Db, 4°C T2 B, 1 kiilkzH
WA LT, D, 4°CT 1 HIE, 2 WPtz VT
Yeta L7, 1 IRPLAREL T, Z T GFP $ifAk (1:1000,
04404-84, nacalai tesque), 7 ¥F 5T RFP ik (1:1000,
600-401-379, Rockland) , ¥¥$T Fos Hif& (1:1000, sc-
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T, BNHEROE LA RS AR EE LT,
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< AN T DI T EADT=D T T JREFEET A VA
(AAV;Eus A~ D)) ZEHLT (>1.0 x 10" Genomic Copies
(GO)/ml), EAFHIE(R 7-L LT DIO-GCaMP6f (Addgene,
#111393 ) ™, DIO-ChR2-EYFP (Addgene, #20298), DIO-
ChrimsonR-TdTomato (Addgene, # 128589) 9% #&fi{L 7=, ¥
VAN B —OFEIE, AR/ INMRE AR
WL CIE -,
2. 4 ERBMFMH

~U A% 3 FERIRA FREE (EEAT R 0.75 mg/kg, X
27 5 4 mglkg, IEAMET MVT 7 /) —)L 5 mg/kg) 128
TIRREREL 722, BMENLEEREICE LTz, T4 A
51X, ~A(7n VYR (Ultra Micro Pump 111,
World Precision Instruments) & T AF¥ET)—%H U
THANHDU ML VBNST (2 100 nl/min O FE T 2 4yl #
H.LT=, in vivo 1IN T BAA—=T 7 DIBRIZIBN T
GRIN L' ZDFF ADT=b T AL — &2 —% VTR AR
ORI A BREL T2, SFROMREZD D 15 0.3 mm
DB FTLU R ZAL, WRAEANCEELE,
F TN 2R T 4T A WD EBRIZB T, 7 7AN
—E AT DD DI AR ==—7 (Plastic One) ZFH A
L, MEROMBEEEDD EJ7 0.2 mm OALEIZBWOCHR

HEARTEE L, fithDO~TAX, AT MU FHT
H(HREET F A — )1 0.75 mg/kg) Zx 5 LT=DH 37°C
THRIEL, EEL T16 3 EM L EoRIE IR AR 7,
2.5 invivo hILY DO LA A= 5

/NI Y BEEE (Inscopix) & GRIN L X35 Ul 7 6
RIEHEZ IR THIDICT D720, R—RAT7 L —h %
GRIN Lo XD EFIZHFH AN CEELZ, w7 A
/N BRI A HE L, 10 LA EIESL TG,
AA=T TR LT, A A=V TIZBNT, T — A
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r— BB, R 3 A BOFHEIFE AR TSR
BREAT ST, vV AZH R ZAIRRBIZ T D728, TR
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DM, K&F MY LK Z £5 (CLEA Diet No. 010, CLEA
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iR Xoiz, #%AKH5 vBNST (25 L CTDH CCK =
2= PSRRI T OMEEA A L TODIENR
IREHT, TRAMIZI T CCK == — o | L B8 PR
o>~ —7%—"Td% Forkhead box prote in P2 (FoxP2) [
PECTIHoT2Z &0, MO GABA fF#iE=2—a %
TEHEAL T HZ LI Lo TR B EEMHIL T b2 3:7:»%
AbNT, £Z T GABA fFEE=2—m /2 Cre N
T\% Vgat-Cre 7 A0 vBNST 1251 T GABA ﬁf@rr
:;~my%7f7°b¢}l*?4&x®$?£%ﬂ%b\TJ\%E’\J

IR L2 LA, R ZIREEIZR T DB K DEER
EPMEAIIR T L, :@ﬁﬁiﬁ@%&ﬁ&g@ﬁ? %, %
b7 vBNST (ZHHfEL TVvD CCK =a—nmi i b
L7zRELRIFRE CThoTz,

RO FELFERIC, vBNST @O GABA {E#itE—==—

2 GCaMP6f Z%BiSt, GRIN LY X% L CRIE
KRIBEURFIZI1T D GABA {EEE = 2 — o OTEE) 28122
L7z, TOFER, %MD CCK =a—u[mERIC, Atk
DOFER%3<IZ vBNST D%< D GABA {EEitt==—
UINEMALENDZ LN ot —H T, XI— A NE
FROTRFITIE, 2O LTaiE B IR I a0 o7,

B2, vBNST @ GABA {EEE= o —a OfEEh T
BIMD CCK =a— X TREIHIES L TODODH
LWV RIZDOW TR L 72, BARIIZIE, Veat-Cre v A
& CCK-Cre vV AZHNTHHHET- Vgat-Cre;CCK-Cre +
U A% AW T MO CCK =2 — AR TR A L R -
¥ F/LER 72 ChrimsonR ZHSH, vBNST @ GABA
EBEPE =2 — a2 GCaMP6of ZFEBIX 7=, %MD
GABA {E#h{E==2—r % vBNST I[ZHHL TEL T,
VBNST (Z1% CCK MR TFEL TN 0D, =
DOFEIZES>THMD CCK ==—nr> Lt vBNST O
GABA {E#hE==o—n ORRE RN+ 52 L
D3RS, vVBNST O GABA {EEh == — L OIEE) 28]
ZL7e5, AN CCK ==2—ua OIEMEb A R
KD RNPRIZ L - TFHELT=EZ A, vBNST O — D
GABA {EEME= o — 2 AZB W ORI E FIFRL 72158
LS, £72, 20 GABA fEEiE=a—or 0
FHZX G, HRZIREIZB T2 E8EKOEEIFD
IEENEBELT-L2A, BREAKOEBIREFML/ZIGMEL)
BEINT, = THI— AN EERD - IZIE, Z0
GABA {EEME=o—ar OEMOIEE) EH T RS
o7, 2, RIS E Le -T2 GABA fEEE==
— b BEKOBERUCRBIL GBI RO oT,
INBORFZERERIL, %MD CCK ==—r 7% vBNST
® GABA {E#hit=a—nr ZiEMbd5281ck-5 T,

SERAIIHIL TWAZEERL TS,

4. EE

MM 53y B 72 2 L2 Rk T 57D I2IE, Kids
BINDFRA~DY T F VG E @ﬁfﬂzfﬁ)z TThD,
FNIEFEICENLERMEREH DL E SR E I Lok
FETHDW), Fiz, MITIRHIRAE D 22 LAY LR
T OMEREAA 2 TUNDO), 2D 2 DDRRKID, Bl
SERATENIE SN TWDEB 2 DD,

HOWWS BRI > TSN Na v 7 F U,
AR L > TR S D LB 2 HID 19, 4 [RIDAF

FEITBWT, #ZHD CCK ::L~m‘/o>~ﬁfso>7“w~

S, FHUKOEIER I —\IEIEML T 52 8% AL
u‘:(Flg. 4), £, TO T iL7ed vBNST O —FD
GABA fE#htE==—ua b FHPOEEE 2R LT,
VvBNST (Z1% SFO O =o—ul BNEN#eREFE TS
ST FNEARZEL TODNO, D7 F /L% vBNST D



GABA {E@hfE=o—m 2@ cifL CnbEE x
535 (Fig. 4) , Y0 IS AR UT-ARICIRRED e T B[R
0, =2 — NSO HCOREATH ST 50 7 T /W IE S
LT D, DT, HHROE S BBURTRIC LA
SRR O L2 D, A BIRODOL, (KR
Na 23N IE IR, WsoREZFHE 507
DERT HZET, HABEBATENIND TR 1k
T HLHEES LD,

SFO 12T Nay Fr R/VEFEBLL TWD 7Y 7,
iR Na B2 EHZ2-mUC, ook 45
(Fig. 4)© 10, —J5C, KWL CRIEL/-#MND CCK =
22— TSRS SOR LT, R EED Z LR34 T
HENG, AR Z — R 8R4 L TR,
AR DAL = A LLITEE 3 705, SFO D Nay B2
TARENEIE, ACIREEZRE R > Nat23BEI BRI K R
IZBNWTC, ZNUL EOBIASEFEZH-TNDHEE R
oD, —H T, %MD CCK ==— 3 A g7
TRICIRAEIZ 3T, (RIRCIRIES AL 72282 FHIL T,
R B E S ZEIZ ST DEE 2 HND, T
FO5ETIE, TOUTRERAIZ L2 T Tl 3 2 8%
a7 4—R 74U —RfHEMNEA TWD, 74—R 74T —
R, Z e EE TOHLDOHIE (7 —R 3o 7))
WL C, IEREPEIZIR R T TN AN ESHE B OO [ CE L
TW%, Na"DIEFHEZMERF 572012, EMITT74+—K7

g +HEHY H
m :'".?.'.:EJ.* |

T — R &7 4 — RSy V275 TR G R T
MWD L& T, R ERFI R L H 2 T)D
EFEZBILD,

PRI D Na'ife B4 BN 2246 N CHERF 52813,
MEFIEICB W THERETHD, T, Fx ik, OVLTIZ
BT Nay BHEZ U 7 MR AMAT Na o 5258 m
L, 7rhr Otttz U TR E I VoD AT RL
ASICla 34 HE M =2 — 021G L T5281
Fo T, MR OTEME LA @ L Tt 523558
BHIEEALINI LT, 2, KRR REZ ML 7= Ang 11
RED EFIZESTH, MEr Lol E ER-NFHESILD
TEDRFNHILTNBIS D = DI, R Na A L i+
IXFE R BERICH DT, B EEE YT 52
SITMERENCB W THLEETHS,

Fex TN ETIS, SFO IZBWT, HARCREZHE TS
Za—nl (=) ROKGHCREFHE T H=a
—a K= 2 —m ) ZRETHEEDIZ, ZNE O
FRIE B A il - 2 AR 2 B 52 2L 7= (Fig. 2) ©, A
Z2 T, $BAND CCK ==2—nm2 DO H7sh vBNST (3EHE
L CWAEMD, BRI EL T, RIEIRREENZEL
THANS, ZOBEE —RMEICIx 2EEZ AL DD
LERBNI LT (Fig. 4) . —#HOMFFEIZIY, TiFHE 518
BATENZ N HIE 572012, DO BIRD A=K I
ERAADE THOWDIEEHLNITE,

Fig. 4 R EMG] DA =K A

SFO (2B W T/ VTR (B ) 23 Nax T v L2 U TR NatiREE o ER ARG, GABA BBt =2 —m (k) oiE Ak
THZLIZL o Tl =2 —uy (JRE) OIEFENE I T2, — 5T, %MD CCK =a—u (B 76) [T BIMOT 7 V5%
L, vVBNST 128 T GABA {EEiE=o—or (fkf) 25 (LT LIci - U =a—ar DOV 7 T LV ESZ R L TN =a—ay
(R ) DIFEZEIHIL CWDHEE 2 BND,

ORI L TAD B ADDD, EFSRMAIC L
TRAETDANTRECEDDHLDNTRE, SHIRHHE
DLEETDHD,

5. SHEROFEE

%D CCK =a—rm %, RRHSROY 7P Va2
LTWhEEZLNDD, FHMITAATHL, BMO
CCK =a— IR ENDEBEATINADLDN, D



R ZREBIZBWTHE A T 2280, MlceésT
M) ORPL T2 D ZENFBINTND, ZDT=0, HHirE
BATENCIE, PRI AL 2 E BT BN B Dt
BEEDBI G235 2 510 CHY, vVBNSTHZI W 7= 4k k%
D—>THHA2, AHFFRIZIBWTCIRIE L% MO CCK
Za—ar OIENEEITENC L 52 5 [ RetEL S
ZONDDFEANIA THD,

IAEOBIFE T, HHROAK D BCREHIHIL T D
FRRGMIIEAY sCVOs &3 Tokk 2 R IZIZ BV TIALS
M, ZNOOEREMEAT D ED DL TNDEE 229 UL
NG, ZNENDAN=AXLNEDIHBREEZ A T5
DO, FFEDOFM: FIZBWUIHFAL THEEEL TWDD
D, EVSTZZEIIRHATHY, 5%, e e g
Thb,

MARMFENE TR LEL TERBT O, ARREETIE
P T — 2 DFERITZELIZEZ TVD,
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Summary

In terrestrial animals including humans, sodium ions (Na*) in body fluids play an important role in maintaining
the life. To keep a physiological Na* concentration in body fluids, the brain senses changes of Na* concentration,
osmolality, and circulating honnones in body fluids, and translates these information into neural activity to control
various physiological functions. =~ When the Na" concentration in body fluids begins to deviate from the
physiological levels, the brain attempts to return the Na* concentration to the normal range by controlling salt
appetite, thirst, blood pressure, and urination. If the Na* concentration remains abnormal level for a long time,
various systemic disorders such as hyponatremia and hypernatremia can occur.

We previously identified two populations of neurons that induce salt appetite (salt neurons) and thirst (water
neurons) in the subfornical organ (SFO), one of the sensory circumventricular organs (sCVOs) that lacks a blood-
brain barrier in the brain.  We also identified inhibitory systems in the SFO for salt neurons and water neurons in
response to body fluid conditions. Moreover, our recent findings suggest the existence of a distinct inhibitory
mechanism for salt appetite and thirst.

In the present study, we revealed CCK neurons in the hindbrain that control salt appetite. =~ We monitored
activities of CCK neurons during salt intake (0.3 M NaCl) using in vivo calcium imaging. These neurons were
activated immediately after salt intake, before the changes in the body fluid level. = We found that a subset of CCK
neurons projects to the ventral part of the bed nucleus of the stria tenninalis (VBNST), which is downstream of salt
neurons in the SFO. Furthermore, optogenetic activation of this population of CCK neurons suppressed salt
appetite.  Finally, combined analyses of calcium imaging and optogenetics suggested that CCK neurons in the
hindbrain activate GABAergic neurons in the vBNST to inhibit salt intake behaviour.

These results indicate that the subpopulation of CCK neurons in the hindbrain have a function to prevent
excessive salt intake prior to the changes in body fluid level by transiently suppressing salt intake behavior. In
the animals, the body fluid salt balance is thus maintained by combinational control mechanisms based on
prediction of changes in body fluid condition (feed-forward control) and actual body fluid condition (feed-back

control).



