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RIGFIITE OFER B

SR

1. XL®IC

EHE, BRKkitY, €23, BRBRERFAZKEYEHE L TEhORERTS I &,
FEAETRTCOBYREIC & > TEREHERT HCODFELEHOD EOTHS, T LU
LIEBMOEGEBR T 5EANTWE TS, B LORESP—EBMBIZR/I-hTWET L
B, EEGEEOBEZEHRETHI 2L - ELEETH S,

B rAETECEREMIL, EFCLERF NI DLARE L L THEY» B TWHDT, K
M COBRKETHY LBk E, LbhbEbLF FUTARZSREICHE->TLES,
ZDED7R L &, BADOF FUTLRZERML, ARP LT P T LAEEARKED
L TENEBBANCER T 517800, BWOERFIZLE > TEbDOTEELE®R YD, B,
F—A S UTICBTS5ETIE (Denton, 1984), MEFIZHROT U T LAHPKEBETS &,
BEOTYFRLAVHTNL—IZBWT, T FUTABRMSMIERE I N A0 % B 2FOT IV
FRFBV/EWITRIVEVORBERER TS E L4, 83T PV T LOERRTHLAREY
BRLENTLLOC%5E0D, CORBIEFIVRMOBREOBE LERD, EBY
KF P ARZEHCHD CTRIEZRR L TOOEBO S bLICZOBRPBEE ADT, B
BOHADOHE L > 7o L D HERDPES TLE ULEBEEHE THS (Stellar et al.,
1954),

TDEDIT, BRIKKRZ Uiz FU T ARBBRIICER L, £FCHELT FU T LALEHE
L&S5T 58480k, &AL (salt hunger) B 2\ 3 AESR (salt appetite) & FRiTH, 19364F
IZRichteriC & » TS THRE SN TLK, SEITRFTE» DML TONTEL, &K1
COBRBIAEBHTERZCOFIRIBL DT, KEOEBOBEEEZHOLIZ, BERPHK
SOITIIMTE R & LR U BSOS TRIORRBE AR T 57000 L ODFNILET IV
LT, ERICHEATHbI TEXR (Schulkin, 1992), Chicw L, ZETIE, & zidEm
F & ORIE D & RIEEROMBICR VMUK LR 7N — T35 5, ZOBRYTEH¥E
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B7EPEd R & LTWAMRBRIT LA ERYO, £IT, ARWTIR, R UDICREE
BATBOREEEECHEN L, TV V/HEEHEE, WRERORES, hilfMEEHsIc oW TOm
FOBR BB 5,

2. EHRENTEHORR

HEBRETIE, BICND 5 WIZFERRCRIEK L BHER AR L, 2T o/EKEY
B Lah®FARL LI E->T, BYOREICHT BB - SEXFHET 52 LA TES,
Sy MIAEKICH LT, BUFEROEET - gEElRE7 3 (Richter, 1939), +74&bb, &
BEARERAKED SE L BRLBELS, FMEOBELICE LW, IEMIZAE T ERHERES
h, INLoEEOAREKIFGY, ThiVESVRETEITRMBRICEDLADT, BEED
AEKZS Y Mk - TREENTH S LHKTE 5,

v FOFmERICHBFICRONS L DT (Steiner, 1974), HEEFEEFOLLELIEEL LT,
RO - NRZFHEST A ERTES, 2T, BOBREYE 2 RICIITRERS, FUE
W B 27 bk XTI AREESENS, Ch &S, Grill & Norgren (1978a)1%, S v 1T
b OFRLEEEFLE LB E#H2BET 52 LIC XD, RRBICH T 58 O%k -
BSGAHBCES L LTW5, 2% 0, HTHWICL-» THFE LOEBRICR LT zhs
WAL S &3 DHEBULED, B TEWREIBRICHT LTI the &M e & AHE
IEERB LN, COREILET A MY, REHEZEL YOTBHHRCBIEHI N TS5,
AEERICE L CAEELMEAE SN 5 (Berridge & Schulkin, 1989),

HBRICF FITADPER L TCWARBICS y FOOBEAKEEEOREKFEATS L, £
LU THEREAE L, BRISEZIFEA & Lk, THRERRSIC, 7 MUY ARZEICIE
HWIEEREREKFERCERL, JOLERERBITIFTIEIAEREN TV, SO Enb,
F R U AT R SRE R KB &> TIRRTHBH, F F U7 LARSEHCIER
CEBEOAEKBPRIZBRLUON TSI Ehbh b, Lad, R FU Y LAREOHEEIC X
HAREKITH T A2 HHRAOERT, ERICH L TERENICENS LD T, MoOHRPE
BTz IR BB AT T 5 T LIk, SO, F U AN, —BRINEAY
1253 B AERCHIR RS s S OEE EHEREE L [FRE, B TR EB BTV Tn 5,

TEIFER L G, RIENMIPEERLEKRE EOFEOT L ELDTRELULTWA I EHR
BWINhTW5b, & zid, FFrUTALRZSy MCREKEZEME LANN—MLEIHETAC
LHTES (Quartermain & Wolf, 1967), F F U7 ARZAEE THHIE L/ —# LEK S
%D E VD, o, EFEROKEICOLEOOREKRFENTEL L, FMITARZ
EPERNE Y, E-RMOBESE T Y, 5 v MEEREE £ 5 (Schulkin et al., 1985),
COESIC, BERROBMI ZEBROETEEICE > THRRZBILLTES,

HARDOF RO ARZICE S REHRRIZEBNZRS L AT LR TELR, RIEER
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THRGIIERNERICE > TOERT S, T MYV ARZR—ERRT 5 &, 20HICRA LS
MUY ARZAEFZIF IR, IEH LD 3% S OREAERT 5 L5107 5 (Falk, 1966),
Tz, FRUDTARZAEDP HEIE LIS, SIXCEEFMICIIAKEDT MU TLEZ X

LAEE LWL, BEERABNT HEELAMON TS (Sakai et al., 1989),

BIBERUNZ —VICITEORKIIE LT, KELBYWEELDS, SHIC, ERITHFAT
Avubhnss5y MBWTE 2, FHIC k> TRIEFROBHICHESR SN S (Grill & Ber-
nstein, 1988), RBREOBEIIT, BY» OREABETEA0T, EAHMI CBEN R
EERBELEEL WL S THLH, TNThHA XTI P T ARERICT FU YA
Blik %<3 (Fitzsimons & Moore-Gillon, 1980), t FOBEICIE, EBRESLBOHERE L
D, WEEAT LERBRRICLSRBRZHOREIHE SN TS (McCance, 1936),
FRICEBE, REZFHCIGAEHSED VRIS L, BBHONRIIITIEAERLONL -
7ok va, Blo#E Tt (Beauchamp et al., 1990), J MU ARZEICIZAESS T VE
FELCRL, ERIBIOFELIERLLNS 05,

v FOBEICE, BEtg s LTERNICTON TERL LS &S U ARZRE
DELLIERFENTDS, LA, b MBI AAEERIIVWALES TR T 3£ B0
EWrEb DT, BHFEORMELBRIRNETHH D, REBEIWEYER TS5 2 TE
ELRMEOU DR, TOXI L REEIFICHETLIERYBOLNMICTHI L TH 5,

3. REEIUCERI AFNVEY

EREINFALE

Richteridt Mk 2 EELREEROEMZEN LTS (Wilkins & Richter, 1940),
BEVERFODPATHEVLSEORIEEZANSLDT, ARIHEFIRLY S 2 THRBZBE
L7, BZHARERZPERTHECLTLE -7, RERIOFKE, BIBOZELVWERHS
Rodpotz, $7abb, PEBEENCEIBRGRORBICD Y, RAREABLSHZWINET T
U AEBER R ORI TV RE - 720OT, KEDTF MU T LBEMCERESh, £D
RE L L TKEDORELZER LD TH %,

BBEEOHRKEP CRIEREINVF I FOT LV FATOV VLD RILVEVRFWIN,
BREORMEIEA L TF P AOBFRRARAE L, AEREOHFICEEREZRELLT
W5, TAFVANFARATRVSEIBILHWSN, TV FATOV EEROEBEIER %R
DR, BEEINF I FIEHRZ TV FAFOVOH 1 [3018E R\, TEFYaAVFaR
THRATT IV FATEV/ICENTEZMTAF LT We®, BRIOICESCHAINTYS, 7
FTEYANFAXFTaAVEBHYILOEEE LIHE I, RIEERRBKA I 558 (Richter,
1941), ChiFT4FvyanFaRFaVBBRICEALTH MU LAZIRI S0 TH
53¢ —H, TAFVINFARATOVEEREICRETSH L, REERAEMT S (Rice &
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Richter, 1943), $EOF A+ alFaATB V/EBBIERA LT FU Y LB RET
BT, BICER L TREBRISORRICEE L ThaseELALN TV, LOHEH
ELTC BMCRBEREINVF 2L FOZERTRHOMEMRBOFELFED LN TEY (Coiri-
ni et al., 1983),4:8WH T, BB INF a4 FOLFWAREIC L 5 RIBAMERE L 500,
BB WTERE VT a4 FEERPEBRTH1208 LIZIEFARTHS 2 & (Thompson
& Epstein, 1991) 7 BB oh5b, LaL, BEFEIVFa( FICL5RIEHNMIIEOh
BELRHETORRD N BDOT (Denton, 1984), FDFRBDOIHE & 7x 5 IilHEIC & 4R
BELHALLDLEEBDNS,

e EENRIED LR
e e s N s R OB N
G et T
L=y | & MBI LR
B Y v AmE

TN Fx-’i‘n‘/l

(E!%‘TRE )

mg&gﬂa¢»%y|
(FEETD

Bl L=o—-7FATo -TLEXRTOLROHE

ToX¥ATLLT

MBARSL T P U T ADBTRET S &, BEIO Vo VEAGWINSE, Vovid, HFETER
SNMBEHEER L CBTUFLTF VY / =7 VIEA LT, 7vFr s vy vIielEs,
X OIMMA AT AR, COMIFET AERBEROER X TRERDOT V¥ET T vy
VIZED ST vFLFT VY VITBEBERBEPODOT IV FATO VB ZRET S L & B,
MO ME ERERE S0, R1ICVo Yy =T VFL T VY Y =T FATFOVROBELRR
L7 ‘

7 VEFTF VYV TGN OREICEE R RE AR/ 4 HRVEVT, ZOREICEIDK
KEFRET S, T/, TPUTLARREFERL, FHOT M T ARKHETAERALI LD, 7
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VEFFTVY VI ELEERIIKRETSHE, v b (Findlay & Epstein, 1980) v vy
(Weisinger et al., 1987) THREBIRAEINT S, /2, Ty FOMRICEET vFF5 /v
VIEEGET DL, IRHEAO S HIOKGER E KEORBERAREISDT, 2kt s
v FOBE, COTVEVIHPRICIER L THRBROEFEMERICES LTno E2 N T
% (Buggy & Fisher, 1974), COEZZFTHMA L LT, BBHBRICLVEEOREY
BHT 5 LDk IeBIC T VFL F Uy v T RS RS 5 &, RIBERED I HIC
#hd % (Fitzsimons & Fuller, 1985), KX1Z, BIBHBMIC L5 T UL, 7VvFEsr
Ty N EET 2R YA PREICIER S5 L1H%& T 5 (Sakai et al., 1990) &\ &
PEEINTWS, LI, TvFET vy VI #dREicksEd s e, RIE®ROTERKE
ETTARRPERMT L0, BRECHTI28ESTHPE TS LM CES (Zhang et
al., 1984), COEDI, TVFELT VYV TIRMBEBAMREDORE R D /DI KT ERE £
L, ZHICHEE L TAEERLEE L TR OFEZREFT 2 LD CEAL TV 5,

ToFAT L EERENF O/ ROERER

F U LARZECE, MPOBERBEINF A FLNVAT VFFF VY VIV E
L, FLOLBREPCRI T MU ILEFRELT, L oRIEHREEAB T X OICHAE
BEEZTCWAEHEINSE, TN T, T0220FRIVEVIIREYCRORBRIICE L THEW
KEDEDBBRICHADESL Do BREINF AL FETVFLTTF VY VIR ELLLE
HHICRET 5 &, AEERILT N ENEIOBEAIC A TR MY 5 (Sakai et al.,
1990), ChicH L, BREINF IS FreeHtis, 7/Fr sy v T ehiREicis 4
A&, FELHERESGENEONS (Fluharty & Epstein, 1983), 7= & 213, BmE5TIIAE
BRAE LR VCEETEOBHE N F I/ FeeBlicEL, AUKBETEDT VLT
FUY VL eFRECEET 5 L, RIEERAERICEMT 5, Lich-T, MAKE, <o
2D0FRIVEVOHEFRRENTOEBL S5 LB Xh 5, /2L, JOMFEEAIRE
INTWADIE, v b (Fluharty & Epstein, 1983) %\ | (Massi & Epstein, 1990) 7% &¥iZ
BILTTHD, by (Weisinger et al., 1986) 7 & Tii ZOBEIZ R Shiz\w,

DEHEF M) I LRRAILES

CEET PV LAFIRBIVE VL, HEBENREHRIN/CTIVEY T, DRSS BRI
FET A LBMON TS, ZOTIVE VMRS T RV Y LBRORIC L=V =TV
FETFVYV/=TIVFRTRVRICER LT, K2t MUY LB RET B = 2 F>, F
FUYARZT v PR FORENICLERET U Y AFIRTIVEVEEATS E, TVUF
FF vy v I OFRERSIC & - THER L-AREBERAEL T5, Lal, KMECHERLL
BIEABRICTHEL 2 VDOT, TORIVEVRFROT VFL TV U NEHRICEBE 2T TR
EERZIEH L T30 LB s (Antunes-Rodrigues et al., 1986),
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TEH-BITR

TYRENS LT —DIEORATED, BEEGEL/D LT, ATVARARTS k,_ﬁ
WIEREAHEM$ % (Denton et al., 1984), THhuid, A FL A LD TEAELGEIEERER
BRILVEVRHE RN, ThBRROCTREIBEERNIVEYOGERE LR TH S D & #E
Shb, £/, BIBRKEMNESVEVRBRBATRE LAEBAICL, BERRBPELS
(Weisinger etal., 1978), DLk SIZ, AFUVARB[ &G Liz-> THEUATF MU LB,
TEA-BIERORE LBRT 5,

BEEROME

RIEEIUT AR MTE) & R, M TR VPR S, 212, A RIEEREA
iy, 2EOBREEZRSERIBEL, RELALRF MU TLEREHD LD, BEERED
i+ 5 (Richter & Barelare, 1938), T & EEIBIIIEXRL, 7 FAFO VLIV 5EL
7% (Quirk et al., 1983), AFEHARLIAHC D, S OEWICE VT, A RE—RBICET RICH
NTHL OREAERT 57 (Flynn et al., 1993), ZNICIIMERE TR A FLVEVHAES
LTW53DEBbN5, X AOFERICEEFILEVEZAET S, NAREKIE, Bk
T YOS OO AERIORKE UTREL, K, BENICIEARATH> THEEOT
Byhn e K50 A R, REEISY — VAR, ERG A ATHAS LEREND
{7t% (Krecek et al., 1975), L7:75- T, M TR AEHUSZ — 0%, BH-HEE D
ORI E LT 5 EHEETE S, A ADOAEBIUIREINCIIEAS 355, ORI
ks b EWERLME S5 (Danielsen & Buggy, 1980), Rz b/cbI LA IBEY 2V
BN HOEFIEICEE L THA B Ly,

BIEERZFRT SRR BTUE
COED, RIEERCEE . DOFRLVEVSERLTED, TOFRBXLEMTHS, ©
CTROMBIZBARIC, BEFROFBRCAVONATHERIAEZ T LOTE L,

1) BBk

BB aR&T 5 s, FTELZT FUVLEETRNVEVTHAEREINVF I/ FAHFWIN
T mBHDT, BEICET 5T P ADOFERRPAESN, F MU ARRICL 5,
2) FrUYLFE

R PO ARZRE S 2 HBEASAE S, F U LAFIRFIO 7 oY 3 FaiEs
LIRAICT U7 LSl g < & 2 8RR TES S 5,
3) BEHaILF A PSS

FLLTERTAFVavFarFav/gsiBubhb,
4) TUFEFTF v/ IES
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HMENBGE PR THH L EN T b,

KBTI, ThOoDHEERBAMNICHOHOE THAGDLEY THVWA Z EBE VA, WTFho
B, REMICIET U Y ARERILVEVABHOTIVE VRS HEFEICIER L TRIERR
DBRIATHLEZOND,

4. EHEBIICHST 3%EOME

BRE SRR & R HE
BIBRRIZE > TFH FPYTADBRZ LTy Mid, EELZBYICHNTIESMCEBEDOEN
BIFKEFATERT S 20, RBICHTIRIELPHEAL TS EEZLNATVS
(Richter, 1939), & F UV ARZFHCIIREZBRLUED & THC, REICHT AEEEOE
EBEL TS EBbhb, RIEHERETE, nEAZELTHSEROI U Y ABER
B3 %5DT (Denton, 1984), THHAREEIUCHE L COAREESE S, L L, HEEK
BrlkEsn/icTy NI FU Y ARZRICEERBRR ARSI 0 2, AFIICERTS0OT
(Wong & Kraintz, 1977), EEROMENZD L OPRBIEMOER L ITEZ2 6N\, LU
LRZKE, WRZBEHEZDDIDIF O DOEABPELBDEPIIERZ LD > TR,
BREZ R 2 HAREMRD 55, HRITH LA T 5 R MRITEROZEBCEE R E +E
LT\w5%, Spector et al. (1990) IZEBPRE AR L, HALELRE L2y MCPED
BRI DBEDIE LT, 61, AIPERALALY v 72 HIL, Ky av /72l 5
FOUFFIRI, TOESITLT, REROBERELXMET 5 &, SEMEINEYH TIT
BREOBHBRBEIEEEN L0 L 2L LR Lcoic L, BEOMMIIE( b -7, %
fo, EHRFRETET S ERWGEE O Lo 1013, REOBEICEIIR L -7,
IO, WRMEYNS v FERRICAEXZRICEREREKE OBEAEA L ToMERD
BHFEPEEL T, EEBVWCRONS XD BRERIES? LENRENOERPR LR -
7z (Grill et al., 1992), RIBHERRET, WHBERT R P 2175 &, SERWHRONEBHOR
EERBIEFEYW L O 44755 -7 (Nitabach et al., 1989b), THODERIZ, WThid
BEOWRITIFCERMEEZN L THFRICEONSL L ERBTHLDTH 5,
BRMENBEORTEZ DXL T5 L, ZOEEBTF U ARZECIED L
SICEDDBDIEL D e HVHREICLS &, BIBHRICLD T YUY ARZIREEIC L TER®
PRARER OBELSEE #58 L T, \RELEMILRD b d - 7- (Pfaffmann & Bare, 1950),
W, RIRASRREETHRARICT MUY ABBERRICIE, RIBICTAREUHELFED, W
ELM B EEZLGNTWADT, COBRIFELETLLDOTH -7, ZDH, Con-
trerast> (Contreras, 1977 ; Contreras et al., 1984) 12k ¥, BIEMEOBTEAEICTELE <
& T 5 E—RED 5 WVITREROKREEE D, F MU 7 ARZPEIBHGRBICEEEHYICH
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NTESTHIEPHALPICIN, Lrd, KERAEORVIAERICR D LB L HRHEL

ICERMICAE L, MORBICEERSE T OB CRINERLZAE Uk o7, SOT EnD,
F U LARZRICE, ABICHTAREHSEL LT BFE TRIEET5 LR REOR
BELENTALDITRS EOFBHBED LD,

AROWEZRICITT FU Y AL A VARMIEE LT+ 2oL & @l L CHilgRicEs s h
ZEEIHONTHAD, 73054 FREAETHE, T rUTAAL A VPAEEZBETE RS
EBHDT, TORETIEHAEKTHBML TS, BRMELEITEL M5 (Heck et al.,
1984), LML, 7354 FAEIERNKRZZIEZ AREOIERICIIEE Ly, MUY
LRZ5y MZT7TIBSA FEMBSTS b, RIEEBIRITKA T 52 (Bernstein & Hennessy,
1987), SELICHEBROME#EE I} 51T Tty (Formaker & Hill, 1988), BkMifgD T F
UIAF TR, 7IBTA FICEZEZR/LWF » RV SEEL, BERMEOPICIE
7 IR FOREBRZIT LML EEN T 5715 TH %S (Formaker & Hill, 1988),

TRIBBR DBRE B

e, TR, REMEICL > TERZONDREBHRIT, PRATIET, EHIE
BORATTEICEIE T % (Norgren, 1984), T v Fx & T, MEE) OBHBEHEROE L
L TRERBICHREFRMEZ S b, OO TRMERAREERRICED L S hREE R
LTWBpEB LN T 5721, Norgren®D 7 )U—T7iZ T 6O OBFBERR L, —2—
OVEBAFEANTCWS, EELTNOORRO—FHIZEBM LIcDT, ZOMFBREWEITHENT
% (Shimura et al., 1992),

(ﬂﬂ) 14 T T T —T T
[ @ WEAEE ;M) TARS

12 -O-@AFH 5 U TLKS
b A TIERER 7MY U AKR
N AFW F R ULER

Pl 53 58 % >

RN By

155 305} 604y 1204y 24 %

B12 BEKRCRETHEZHRBERZFARUBBOMR (Shimura et al., 1992)
HEER( 3 % EIEKDRIRIBRE BEE RIE KRN 5 OBFFEZ R
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Sy FOWMHEBKIITIRICE MU BELY LTRYD, BHCIIWRA SAGHERICT TR
BREICE ST AR AHHDT, ThOEEDTTIE, LArdRTHOWRKEEEZIT; 2%
RENCHIET 5 EIREFCE LY, ZITEY, v FOFAZAEKTHE L TFNICK S
A a2—BVIEEPEONLEEYRE L Tk E, WHEEZOEAICE SN TEAZTNTHh,
BIRIC 2 7 BT L 3 » FTIC O TiT o 7o, IREBN Y OBRRRREZ 4 BEIBRENIC L VNS
E, BRERDELD, ZTOMOREICH T HRBRZWMAE L EESINTWAT EBHLLICK
57z, INHLOBMIC, FIRAIOZ7OEI FEREL, SHRT MY ARZREEZTANK
BN U ARRRBIC B &, 3 EEKOEREXFHES &, H2ITRLIcLDIC, HED
e W BEMIC R TH O MICERENRA T 5 Elbhr o7z, L L, BESHORIEE
W&, 7MUY ARZOEVRICHNTEEICE S, NHEHESHWIRERZHAE L <
ETLTORICa22b5d, HOEALLIAEHRRERTIEBBELLICR -7,

—77, EABEKO%RERETNA 2 HENAEICERICHE LB 41 (Flynn et al.,
1991), 4 RFVEREFTEA U THIRREA/2 1 % BIRAICHE8E L /85510 $ (Scalera et al., 1992),
RFEOZEM S P Y ARZAEZZ T CBWREESMC R OIS & 5> BREAIEKERY
RIEN, DT e, HBEMWEZR Y HBTAHEM TII <, MREAEBICIERE LRGSR
AR R BE R L ThB T EERT,

T/, OCHEmEH IR L LAKRRINE T A FICBW T, MRECHAMeESHES
v MIEAT P U LRBICEKE LcRIEICH 3 28 BERUAX —V~OEL BRI IR0

(Flynn et al., 1991),

UK & S BB TR0 L7z & S I AEABRIC K & BN R R R DS, EHL0H
7 HHEAT YUY ARZICE ARENBORINCBEELHELBE L TWA LW 5, 8517,
BIEAMERIUL, REXFHEHL D & LB TE Th AR EHRESBORIIC DFEAH
B3 B A5 LT\ 5 (Spector et al., 1992), ’

F P ARZRICIREOMEMEE /N5 &, ERMEICAONIOLRFARIC, &
IS X USET HRENA MIOEBE SRS 5 (Jacobsetal., 1988), LaL, —
FHTERA FMBROR KN Z—/ZHEBEL, F P TARZRKZIASOMBENAE
KIZHFBRLIEE R T, Lah->T, COEOZ 2 —1 /B F FU DT ARZEOERSE &
ZOERH A5 CEHESOBFICERLFEE R R L TW A EHEEIN TV S,

ZDEDIT, THEBOREFHEKIT, REKRORBBEIC L > TEANLZTMNTHS, Th
DO TALINE & EAIIN & OB % T L/ bW BB B30 Th, BRERET X Mg
B L LTk, SREOHEIKE L TIEFEY & 1 3IZFRERD 5 W3EERISSE L
HDT, HERPZHRBIEOER - HEOREZ O VAT THARETH L EHEINTY
% (Grill & Norgren, 1978b), L2 L, BiMZ v &2 P U Y ARZREEC LT RBERCERE
EREKFEAL TS, EFEBEWTRLNABEILE BN (Grilletal., 1986), DT
D, TOEBOBIRRZT CTRIEE AREHRIIRRLE T, fINCEEEEITET S
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EITRRENS,

AIRNDTEE R

Sy FOBE, WEEHBIIEAWER T OGN, — 2Rl THEKWEE &
B TRMBEIZZE % (Norgren, 1984), LA L, IR EEF 268 LT3 (Flynn et al., 1991),
KB E AR LT (Wolf et al., 1970), RIEHRKIZIZ LA EREBLZT VDT, 20O
BRIE T P ABMRICIIDEVEEE L e EL LN A,

I LT, BRI AR, SRMETOR, SRERE, TR THMAMUE L &I
BHL, OLIFERT S L0110, RGP LEATEIET S L, ERLRERROBEELELS
Z &5 (Galaverna et al., 1993), BRIOKRERHBESPRBERRORBRBAICIEETHS L%
ZHNTH5B, T, BRERSRERED OIS EHERK, TRKICE S FITHORMEERK
BB BHDOT (Schwaber et al., 1982), FiMOEEP TAMBHOBE ZHE L T 505D
B 5,

5. EHAKKROMIRERR

INE TR L2, glRgcRiTRME T P Y AR 2O 2 BEOTRIVEY,
Fiabb, TVETF VY VIHACRERE VT 24 FRMIERLTRBTAEELZD
N5, ZZITREUDIZ, ThOHOBRIVEVHEAO EDOHMIER T 500 20T\ 5,

T XA T OUERERMIL

BROT VEF TV IRBEIMERABRE, HRTH, Rtk &ERESIHE
oA LTS5 (McKinley et al., 1986), —, 7 VFAF VY VERIZ 2 —O VOB,
WS TEE, SR TE, TS, SRERE, HERNE, RbENAES LUP0R, F65
EEREAMARS, MARERARIC S35 (Lindetal., 1985), 7 VA7 vy v T muikEar
BB LEVWOT, MICEEFRTAE Lch, MEICE LTS D> & SATREEORWE
i Thb, HE, HEIMEELLWET L&, PRECES LV VR T vFEFF vy
TOF U AFRDREZHEL, BT s A CREAER Lk (De Luca et al., 1991),
UL, TOWBET FY T LARZICEAREFRCERE VS04 FICLBEEHRICE
FEAEEE L\, T, TVUFEFF VY VT HEER 3 HEFTEETICEAT S &, BEK
REFRTHOICHL, ALK T VvFLF VY VIOXBERICBELNRS FREICEALTD,
BKIZFERT D5, AREERITE U\ (Fitts & Masson, 1990), 28 3 IMEERTEEIL A OV
EREA BRI HOIEED L WIE A 5O TR Y, AR PEICRERT 54 < ORI & 571
A& (Saper et al., 1983), L7z ->T, 7VFAFTF VY VI L THEIT A5 MV
v AHERE M E LKA, ERERHM EER L TWDHDKEAD,
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BREINFI1 FOEMEM

B3 MEABELS AT VA T vy VITICRE LTSRS T B U D A FE ORI H 3 5
BENLIZE T H L, BREIIVF 34 FICKBEERRICITHOMITALSEES L TWBHDTH
55, a¥m6, ERLEDT, B I3MEMEROBWERT v¥4 7 vy Vv IFEREORE
HERIITE S 50, BRE LT 2 FHEREORIBERRICIIFE LW rbThHb, ATH
4 FRVEVTHAEEEINF M P, MEMEFNIEE ST, ndhhrOEERANA
DAL T ERTES, T/, RIERELF a4 FEERLEVWOT, BB THMINIE
REINFaA{ FHEEMOMICE X »TEZ Ik b, BEEINF [ FOZXBEHER
O & LT, B, Rk, AAEZRIE - GRTH, 2FERKEREDPMON TSR

(Birmingham etal., 1984), D55, BERT LAEEILVFaf FEOBEMERE L,
OB EHE L THF MY T LSKITIIEENS v (Murphy & Brown, 1970),

DD, RMEOEETEERRBVGEINSLZ LBBRESINTWSH (Nachman &
Ashe, 1974), 4, WHERERRICRRD LABHBEICLD, BREaLFa( FEETEREL
ToBEHRAER LADEFE L2V TS5 EBPHLPICE-» 72 (Nitabach et al., 1989a;
Schulkin et al., 1989), 4 K7 VE% BHEOWARTICEA LT, I OIMOMAaM % ERY
CHE LSS S, BREONVF I FILIARERRITIMEET SR, 7vFErsvyvI
ICHRFE Lo BtERRIIEE X N7 T (Zhang et al., 1993), PIAIERIZE % < A3 A BB
BaVF ol FZEEPRERRORBBUCEE L HE L E U QSRS A E O,

RGEARIEIIERE D)V F a4 FRTTRERL, MOATFT4 FRVEVOERTMTL
H D (McEwen et al., 1979), COIBMICITRE, PIBRRE R S OFRLBE T 5,
DI, BWRWE, BRTH, HERLLEABEBLTCNEDOT, ExOBEREMEGTHDICE
L7=#fzTH % (De Olmos et al., 1985), BRI L1, RHbEPIME, PEAITRATE,
SREFT, WIS AF (4 FHERMOMRMEFTENCBIFR LT » (Lehman et al., 1980),
Lk, ShoOETWTh S EFEILVF 34 FébiEE T 5 (Birmingham et al., 1984),
L7c#h-T, TNHOTMPREERUIZ —ORZEICBER L TWAAEEAESV, B, B
PeiEM A EHET % &, A ROREEIAEY §% (Nitabach et al., 1989a),

ToFATLOL REBREINF I FROMATOREER

ZOEDIE, MRCEAESKROBRICBALT, 7VvFrF vy Vv IHMERT %L, &
RE VT a4 FAMERTABEO 2 DORBPEES NS, W L2 & D12, 200K % FARFIC
BIGET 5 &, BIEACRIIIMEMIC TR <, BERMICHEMT 50T, MAOEIHICHERDE
EIHTEBAFET B LHEES NS,

RAEROBLT VRS T VY VR EEBREONF O FROWEERPE L HEA L LT
BLEIRINTOAEBEOU LD TH S, OB, TVFLTF VY VERFETHED
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(McKinley et al., 1986), 7 vF4 5 v v IIEEMEM-CMMEL S M % L (Lind et al.,
1985), BB I F a4 FEBFMELHMH TS (Birmingham et al., 1984), 7z, TR
5 OREABRE OLE RS TH D (Norgren, 1984), RERFROAIHICHEELTWD

(De Olmosetal., 1985), L7c2i-> T, 200HIEVRBHEENER S 3 DIIIRFOHTH
HENWRB,

B e SN/ BREEROBEIL, COFMERELZM T HLDTHS (Galaverna et
al., 1993), ¥7%bb, REHLEREETS L, VI VERARS L TER LT VL
FUYVIHORESMSBIEES NS, ¥/, TAFVaLFaRTFOV/REICLAERED
WF A FHEREOREMNMDL, COWIOBWETHESND, 61T, FHrUTLFECK
LZREBENGEEIhS, LrL, RREHOEEEEL TS, 7VvFt s vy vEGICES
FARKFIEFECHERIND, Chid, 5 IMBHETOPEICLY, BRKLAEERIPESL
HOEEHOCHPICHRPRLD, 2%, RMETLEROBEIS F U Y LARBHROALZ
ELl buE®RT D, COXDIT, RHkEPLEITT U AHECARKFESICERT 5%
OB EHMEEKT AT LICED, T Y TVARERVEVRATEB~SRERIZTOIEKE
@z e L ThhEEZLIENRTES,

B AR BRICEIFR T D ERRL

FTTIRN/ LD, BWEERICT MUY ARZIREICE VR, IRIBORZAE XD
2EBDORZMBOFH BEBEORELERT S EHPMON TS (Falk, 1966), T/,
DESBERZMBEBOBIC, FRLAET FUYAEFERLTHFFICERSE T, BPEILESR
P EOREAERY S (Sakai et al., 1989), CO LI LBBROERICIE, F FUTARZML
BIZ & 0 RIBIER A LTV 5 BB LRI B ENWELS A U TV ARTEEE S D
Bo ATHA FHRIVEVIIMOBENALEFELLTVWOT (McEwenetal., 1979), A7
OA FHRVENCEZEOEVCRHERAZ-CROBEZIE Lo L LT, ZORRERICOWTE
BRI BIEE > C0AS, BEOEIA-HLIBRIBONTELT, COHTISHBOE
BHIrRARETH 5.

HIREROIH!

DFEES MU AFIRFVE VT, AEERCMRIME OB X D OEOBRHB OS5 WE
BrOGWMENETIVEVT, TVvFLFF VY VI EERMOEREZRL, F MU D LY
R L, RIEEWMAHFIT S, CoRVEVL, BRIICAEEL, KERBERYE, SRMNE -
BIRTHS, ARSI & ARTECTERROREICEE S 3 4 S RES ¥ 5

(Jacobowitz et al., 1985), ERICCDOFINEVEEATSE, T FUTARZIC L AEE
HKIWA 54 (Fitts et al., 1985a), BEFEE L FI( FHFREORBHRICIEELL
v\ (Schulkin, 1992), L7z - C, OBE#F FU T LFRBVE VL, FRTHT V/FETF
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YVIITERL, AREERCHFHICERL T seE 2605,

YT AR/ APl EO R FF 2 RBHRTFELOEREICBR L T Y, ZFFves

v FOMERCEETH L, BRICIFZELZVWS, KFERPLAERRATHINS

(Massietal., 1988), #FF = VIIREARES, RRAE, FAFKERCHHBLTEY, B
BARICHEALICBRHICT P Y ARZH A VRV VTHER LI-RENSBLYEEIRSDT

(Massietal., 1990), BFE VF a4 FHERETII RS, TVEL TV v VBREORERK
ROMFNEIRL T B &2 5,

Y UEEIME AR I ST ENC IRERTER 548 (Fitzsimons & Fuller, 1985), &i&
BRUCIIMECIERT 5, 7EFNVIV VDT IZANTHSH AW T—IV %5 3MEICHE
ATBE, FRMITLARZ Sy FOREEBROGEA 3% (Fitts et al., 1985b), @R FEICH
ALt 2T HREEIEHAEC 55, CALOAB TEABPEESh, BERICIIEEN T
W Eh S, REBEIRAOFEEIERN CH S & # 2 b % (Chiaraviglio & Taleisnik, 1969),

BHEE LIRS RT3 EARBBEEI NS L &b, REERAEMSE, FEEYEL
NTLDEWAEKKREESH T (Contreras & Stetson, 1981), L7z - T, BE, BEF
P REEROSMPMENCRIRT 5 L E L ON S, REBECURKRASTII AR, KEmm
BOFINRE 2 HEE %2 5D T (Rogersetal., 1984), RIEEROMENTIZ NS OFEL
LOROLBABEE L TWALDLBRINS,

6. xLD

REFRITERELFEHI Y &L LTRATATHTH S, WREMBEIC L > THPFRAELNE
RIBEHINES, BEAHEERALEONEN, ChoOMEAHETH &, BRIEKRBEBIC
BEINADT, MBI AERRICEELFELBEL TCVWEEWL5, LeL, TR
Fbdss & BB & O 2 EHT L/ RIEM Tld, RESRBHERTSH0OT, TAKGOMERL
R TR IOTHERBER LT, INMCEETHRIBENH A LHESINS, Sy MDD
BT, REBRIIGEEHERS 5 2 DOBRHBICH PN E0, BROHRKENERS. &K
BAOERSHBIIRERRCIHZ VEE Lk, —F, BllORKE, 5R&KE SHKTH
7 ENOBRHBIIEBFRORBEICZDOTEETH S, &<, TNHLOWAIIKREBFHRL
FTIRRL, RRRCHBREERLZTTED, 22008 e T 52DICRBOME X DT
Wb,

HBADF FU T LBERZ WL DPDTIVEV/IC L » THRICHAS SN THW52, F MU T LR
BENVEVOTVELT T VY /T EBBEINVF A FIehTh 2 CBCER L TRES
REBRTH, 7VvFLFT VYV IEEICE IREFETIC, BREILF I/ FIECRK
BRAEICIER T %5, B OBRIEIE S OFALH) O OBHEZ T 5 RIS, %REROAR
REBE LT, BEKRORBICHRENLERELR-LTWA LHRIINS, K33, B
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RCHESINHREHRICEE T 5 REIR 2L L TR LD TH 5,

AEERTHORBEEL, AR THEBL-L2I1C, BLCEBWERIRE LogERRYE
BREFNELTHESMEDDN, L2 ZOMBEROBEANZHEASPEEINS XDk
> TC&EN, LPL, ZOBIPE INTVWHHRADOE T, BEEBRICE S IDOTHD, EE
W3 A I OBRMILS ¥ D kS ICEE LTS OTBEELART O, RLVEVREDLSIT
R EHEEERT S0P VS EICOWTIRIIF EA ED D - Tinyh, T, ED XD
ISR B D C OFTENCEES T A DB OWTOHIR AR ON T B, &8, FILWIhos»
LAREHRRORERICEE T AHEREOBNAE LB LT L, BK - BESCETER SMhoB)
BoO e L & OBELUESHEE L I OICHEHE LTI BRERD 5,

AP A A HERREM M OB % 5213 72,



REBEENTEORBKE 191

..... G%@g:w:f:/r D (7‘%?1?‘/*/‘/@
v v
- Bk 5 3 MR HTRESR
................. v
...................... » <
Jil Bk k%
4+ N
i
o
I
I
R stk 4
| A
i
i I
:__; )57 i g
|
a
I
l
P R A

H3 AFEHKRORBGHEER



192

X '

Antunes—-Rodrigues, J., McCann, S.M. & Samson, W.K. (1986) Central administration of atrial natriuretic
factor inhibits saline preference in the rat. Endocrinology, 118: 1726-1728.

Beauchamp, G.K., Bertino, M., Burke, D. & Engelman, K. (1990) Experimental sodium depletion and salt
taste in normal human volunteers. Am. J. Clin. Nutr., 51: 881-889.

Bernstein, I.LL. & Hennessy, C.J. (1987) Amiloride-sensitive sodium channels and expression of sodium
appetite in rats. Am. J. Physiol, 253: R371-R374.

Berridge, K.C. & Schulkin, J. (1989) Palatability shift of a salt-associated incentive during sodium deple-
tion. Q. J. Psychol., 41B: 121-138.

Birmingham, M.K., Sar, M. & Stumpf, W.E. (1984) Localization of aldosterone and corticosterone in the
central nervous system, assessed by quantitative autoradiography. Neurochem. Res., 9 : 333-350.

Buggy, J. & Fisher, A.E. (1974) Evidence for a dual central role for angiotensin in water and sodium in-
take. Nature, 250: 733-735.

Chiaraviglio, E. & Taleisnik, S. (1969) Water and salt intake induced by hypothalamic implants of
cholinergic and adrenergic agents. Am. J. Physiol., 216: 1418-1422.

Coirini, H., Marusic, E.T., De Nicola, A.F., Rainbow, T.C. & McEwen, B.S. (1983) Identification of
mineralocorticoid binding sites in rat brain by competition studies and density gradient centrifugation.
Neuroendocrinology, 37: 354-360.

Contreras, R.J. (1977) Changes in gustatory nerve discharges with sodium deficiency: a single unit analy-
sis. Brain Res., 121: 373-378.

Contreras, R.J. & Stetson, P.W. (1981) Changes in salt intake after lesions of the area postrema and the
nucleus of the solitary tract in rats. Brain Res., 211: 355-366.

Contreras, R.J., Kosten, T. & Frank, M.E. (1984) Activity in salt taste fibers: peripheral mechanism for
mediating changes in salt intake. Chem. Senses, 8: 275-288.

Danielsen, J. & Buggy, J. (1980) Depression of ad lib and angiotensin-induced sodium intake at oestrus.
Brain Res. Bull., 5: 501-504.

De Luca, L.A.Jr., Galaverna, O., Schulkin, J., Yao, S.-Zh. & Epstein, A.N. (1991) The anteroventral wall
of the third ventricle and the angiotensinergic component of need-induced sodium intake in the rat.
Brain Res. Bull., 28: 73-87.

De Olmos, J., Alheid, G.F. & Beltramino, C.A. (1985) Amygdala. In: G.Pavinos (ed.), The Rat Nervous
System, Academic Press, New York, pp.223-334.

Denton, D.A. (1984) The hunger for salt: An anthropological, physiological and medical analysis. Splin-
ger~Verlag, New York.

Denton, D.A., Coghlan, J.P., Fei, D.T., McKinley, M., Nelson, J., Scoggins, B., Tarjan, E., Tregear, G.W.,
Tresham, J.J. & Weisinger, R. (1984) Stress, ACTH, salt intake and high blood pressure. Clin. Exp.
Hypertension, A 6 : 403—415.

Falk, J.L. (1966) Serial sodium depletion and NaCl solution intake. Physiol. Behav., 1: 75-77.

Findlay, A.L.R. & Epstein, A.N. (1980) Increased sodium intake is somehow induced in rats by in-

travenous angiotensin II. Horm. Behav., 14: 86-92.



RIEERTEORTRE 193

Fitts, D.A. & Masson, D.B. (1990) Preoptic angiotensin and salt appetite. Behav. Neurosci., 104: 643-650.

Fitts, D.A., Thunhorst, R.L. & Simpson, J.B. (1985a) Modulation of salt appetite by lateral ventricular infu-
sions of angiotensin 1 and carbachol during sodium depletion. Brain Res., 346: 273-280.

Fitts, D.A., Thunhorst, R.L. & Simpson, J.B. (1985b) Diuresis and reduction of salt appetite by lateral ven-
tricular infusions of atriopeptin II. Brain Res., 348: 118-124.

Fitzsimons, J.T. & Fuller, L.M. (1985) Effects of angiotensin or carbachol on sodium intake and excretion
in adrenalectomized or deoxycorticosterone—treated rats. J. Physiol., 359: 447-458.

Fitzsimons, J.T. & Moore-Gillon, M.J. (1980) Drinking and antidiuresis in response to reductions in
venous return in the dog: neural and endocrine mechanisms. J. Physiol., 308: 403—416.

Fluharty, S.J. & Epstein, A.N. (1983) Sodium appetite elicited by intracerebroventricular infusion of an-
giotensin II in the rat: 1. Synergistic interaction with systemic mineralocorticoids. Behav. Neurosci., 97:
746-758.

Flg}nn, F.W., Grill, H.J., Schulkin, J. & Norgren, R. (1991) Central gustatory lesions: II. Effects on sodi-
um appetite, taste aversion learning, and feeding behaviors. Behav. Neurosci., 105: 944-954.

Flynn, F.W., Schulkin, J. & Havens, M. (1993) Sex differences in salt preference and taste reactivity in
rats. Brain Res. Bull., 32: 91-95.

Formaker, B.K. & Hill, D.L. (1988) An analysis of residual NaCl taste response after amiloride. Am. J.
Physiol., 255: R1002-R1007.

Galaverna, O.G., Seeley, R.]J., Berridge, K.C., Grill, H.]., Epstein, A.N. & Schulkin, J. (1993) Lesions of
the central nucleus of the amygdala. I. Effects on taste reactivity, taste aversion learning and sodium ap-
petite. Behav. Brain Res., 59: 11-17.

Grill, H.J. & Bernstein, I.L. (1988) Strain differences in taste reactivity to NaCl. Am. J. Physiol., 255: R
424-R430.

Grill, H.J. & Norgren, R. (1978a) The taste reactivity test. I. Mimetic responses to gustatory stimuli in neu-
rologically normal rats. Brain Res., 143: 263-279.

Grill, H.J. & Norgren, R. (1978b) The taste reactivity test. II. Mimetic responses to gustatory stimuli in
chronic thalamic and chronic decerebrate rats. Brain Res., 143: 281-297.

Grill, H.J., Schulkin, J. & Flynn, F.W. (1986) Sodium homeostasis in chronic decerebrate rats. Behavg
Neurosci., 100: 536-543.

Grill, H.J., Schwartz, G.J. & Travers, J.B. (1992) The contribution of gustatory nerve input to oral motor
behavior and intake-based preference. 1. Effects of chorda tympani or glossopharyngeal nerve section in
the rat. Brain Res., 573: 95-104.

Heck, G.L., Mierson, S. & DeSimone, J.A. (1984) Salt taste transduction occurs through an amiloride-sen-
sitive sodium transport pathway. Science, 223: 403-405.

Jacobowitz, D.M., Skofitsch, G., Keiser, H.R., Eskay, R.L. & Zamir, N. (1985) Evidence for the existence
of atrial natriuretic factor-containing neurons in the rat brain. Neuroendocrinology, 40: 92-94.

Jacobs, K.M., Mark, G.P. & Scott, T.R. (1988) Taste responses in the nucleus tractus solitarius of
sodium—deprived rats. J. Physiol., 406: 393~410.

Krecek, J., Panek, M., Salatova, J. & Zicha, J. (1975) The pineal gland and the effect of neonatal adminis-

tration of androgen upon the development of spontaneous salt and water intake in female rats. Neuroen-



194

docrinology, 18: 137-143.
Lehman, M.N., Winans, S.S. & Powers, J.B. (1980) Medial nucleus of the amygdala mediates chemosen-
sory control of male hamster sexual behavior. Science, 210: 557-560.
Lind, R.'W., Swanson, L.W. & Ganten, D. (1985) Organization of angioteinsin Il immunoreactive cells
and fibers in the rat central nervous system. Neuroendocrinology, 40: 2 —24.
Massi, M. & Epstein, A.N. (1990) Angiotensin/aldosterone synergy governs the salt appetite of the
pigeon. Appetite, 14: 181-192.
Massi, M., Gentili, L., Perfumi, M., de Caro, G. & Schulkin, J. (1990) Inhibition of salt appetite in the rat
following injection of tachykinins into the medial amygdala. Brain Res., 513: 1-7.
Massi, M., Perfumi, M., de Caro, G. & Epstein, A.N. (1988) Inhibitory effect of kassinin on salt intake in-
duced by different natriorexigenic treatments in the rat. Brain Res., 440: 232-242.
McCance, R.A. (1936) Medical problems in mineral metabolism: Il. Experimental human salt deficiency.
Lancet, 230: 823-830.
McEwen, B.S., Davis, P.G., Parsons, B. & Pfaff, D.W. (1979) The brain as a target for steroid hormone ac-
tion. Ann. Rev. Neurosci., 2: 65-112.
McKinley, M.J., Allen, A., Denton, D.A., Clevers, J., Mendelsohn, F.A.O. & Tarjan, E. (1986) Localiza-
tion of angiotensin II receptors in rabbit and sheep brain by in vitro autoradiography. A ppetite, 7 :280.
Murphy, H.M. & Brown, T.S. (1970) Effects of hippocampal lesions on simple and preferential consum-
matory behavior in the rat. J. Comp. Physiol. Psychol., 72: 404-415.
Nachman, M. & Ashe, J.H. (1974) Effects of basolateral amygdala lesions on neophobia, learned taste
aversions, and sodium appetite in rats. J. Comp. Physiol. Psychol., 87: 622-643.
Nitabach, M.N., Schulkin, J. & Epstein, A.N. (1989a) The medial amygdala is part of a mineralocor-
ticoid-sensitive circuit controlling NaCl intake in the rat. Behav. Brain Res., 35: 127-134.
Nitabach, M., Schwartz, G., Spector, A. & Grill, H. (1989b) The anterior tongue receptive field specifies so-
dium taste in the rat. Chem. Senses, 14: 734-735 .
Norgren, R. (1984) Central neural mechanisms of taste. In: I. Darian-Smith (ed.), Handbook of Physiolo-
gy, The Nervous System, Sensory Processes, I, Am. Physiol. Soc., Bethesda, pp. 1087-1128.
Pfaffmann, C. & Bare, J.K. (1950) Gustatory nerve discharges in normal and adrenalectomized rats. J.
Comp. Physiol. Psychol., 43: 320-324.
Quartermain, D. & Wolf, G. (1967) Drive properties of mineralocorticoid—induced sodium appetite. Phys-
iol. Behav., 2: 261-263.
Quirk, S.J., Gannell, J.E. & Funder, J.W. (1983) Aldosterone-binding sites in pregnant and lactating rat
mammary glands. Endocrinology, 113: 1812-1817.
Rice, K.K. & Richter, C.P. (1943) Increased sodium chloride and water intake of normal rats treated with
desoxycorticosterone acetate. Endocrinology, 33: 106-115.
Richter, C.P. (1936) Increased salt appetite in adrenalectomized rats. Am. J. Physiol., 115: 155-161.
Richter, C.P. (1939) Salt taste thresholds of normal and adrenalectomized rats. Endocrinology, 24: 367-371.
Richter, C.P. (1941) Sodium chloride and dextrose appetite of untreated and treated adrenalectomized
rats. Endocrinology, 29: 115-125.
Richter, C.P. & Barelare, B.Jr. (1938) - Nutritional requirements of pregnant and lactating rats studied by



RIEEITEIORBIEE 195

the self-selection method. Endocrinology, 23: 15-24.

Rogers, R.C., Kahrilas, P.J. & Hermann, G.E. (1984) Projection of the hepatic branch of the splanchnic
nerve to the brainstem of the rat. J. Auton. Nerv. Syst., 11: 223-225.

Sakai, R.R., Chow, S.Y. & Epstein, A.N. (1990) Peripheral angiotensin II is not the cause of sodium ap-
petite in the rat. Appetite, 15: 161-170.

Sakai, R.R., Frankmann, S.P., Fine, W.B. & Epstein, A.N. (1989) Prior episodes of sodium depletion in-
crease the need-free sodium intake of the rat. Behav. Neurosci., 103: 186-192.

Saper, C.B., Reis, D.J. & Joh, T. (1983) Medullary catecholamine inputs to the anteroventral third ven-
tricular cardiovascular regulatory region in the rat. Neurosci. Lett., 42: 285-291.

Scalera, G., Grigson, P.S., Shimura, T., Reilly, S. & Norgren, R. (1992) Excitotoxic parabrachial nucleus
lesions disrupt conditioned taste aversion, conditioned odor aversion, and sodium appetite in rats. Soc.
Neurosci. Abstr., 18: 1039.

Schulkin, J. (1992) Sodium hunger: the search for a salty taste. Cambridge University Press, Cambridge.

Schulkin, J., Arnell, P. & Stellar, E. (1985) Running to the taste of salt in mineralocorticoid-treated rats.
Horm. Behav., 19: 413-425.

Schulkin, J., Marini, J. & Epstein, A.N. (1989) A role for the medial region of the amygdala in mineralocor-
ticoid—induced salt hunger. Behav. Neurosci., 103: 178-185.

Schwaber, J.S., Kapp, B.S., Higgins, G.A. & Rapp, P.R. (1982) Amygdaloid and basal forebrain direct
connections with the nucleus of the solitary tract and the dorsal motor nucleus. J. Neurosci., 2: 1424—
1438.

Shimura, T., Grigson, P.S. & Norgren, R. (1992) Gustatory function after lesions of the rostral nucleus of
the solitary tract in rats. Soc. Neurosci. Abstr., 18: 1040.

Spector, A.C., Norgren, R. & Grill, H.]. (1992) Parabrachial gustatory lesions impair taste aversion learn-
ing in rats. Behav. Neurosci., 106: 147-161.

Spector, A.C., Schwartz, G.J. & Grill, H.J. (1990) Chemospecific deficits in taste detection after selective
gustatory deafferntation in rats. Am. J. Physiol., 258: R820-R8&26.

Steiner, J.E. (1974) Innate, discriminative human facial expressions to taste and smell stimulation. Ann.
NY Acad. Sci., 237: 229-233.

Stellar, E., Hyman, R. & Samet, S. (1954) Gastric factors controlling water—and salt-solution—drinking. J.
Comp. Physiol. Psychol., 47: 220-226.

Thompson, C.I. & Epstein, A.N. (1991) Salt appetite in rat pups: ontogeny of angiotensin H-aldosterone
synergy. Am. J. Physiol., 260: R421-R429.

Weisinger, R.S., Denton, D.A., Di Nicolantonio, R., McKinley, M.]J., Muller, A.F. & Tarjan, E. (1987)
Role of angiotensin in sodium appetite of sodium—deplete sheep. Am. J. Physiol., 253: R482-R488.
Weisinger, R.S., Denton, D.A., McKinley, M.J. & Nelson, J.F. (1978) ACTH induced sodium appetite in

the rat. Pharmacol. Biochem. Behav., 8: 339-342.

Weisinger, R.S., Denton, D.A., McKinley, M.J., Muller, A.F. & Tarjan, E. (1986) Angiotensin and Na ap-

petite of sheep. Am. J. Physiol., 251: R690-R699.

Wilkins, L. & Richter, C.P. (1940) A great craving for salt by a child with cortico~adrenal insufficiency.
JAMA, 114: 866-868.



196

Wolf, G., Dicara, L.V. & Braun, J.J. (1970) Sodium appetite in rats after neocortical ablation. Physiol. Be-
hav., 5:1265-1269.

Wong, R. & Kraintz, L. (1977) Desalivation and saline ingestion in rats. Behav. Biol., 19: 130-134.

Zhang, D.-M., Epstein, A.N. & Schulkin, J. (1993) Medial region of the amygdala: Involvement in
adrenal-steroid—induced salt appetite. Brain Res., 600: 20-26.

Zhang. D.-M., Stellar, E. & Epstein, A.N. (1984) Together intracranial angiotensin and systemic miner-
alocorticoid produce avidity for salt in the rat. Physiol. Behav., 32: 677-681.



RIEENTE O RIS 197

Central mechanisms of salt intake
Tsuyoshi SHIMURA

Maintenance of sodium balance is crucial to mammals. When animals are deficient in body so-
dium, they ingest excessive amounts of salty solution and consume considerable quantities of
concentrated salty solutions that are normally avoided at such high concentrations. The
phenomenon is referred to as salt hunger or salt appetite. This compensatory behavior is
thought to result from a centrally induced change in taste responsiveness.

The facial, glossopharyngeal and vagal nerves transmit taste information to the anterior
region of the solitary nucleus (NTS). From the NTS there is a projection to the medial
parabrachial nucleus (PBN). Lesions of either the taste areas of the NTS or PBN severely dis-
rupt salt intake following sodium depletion. These two brainstem taste relays, therefore, are es-
sential for salt appetite. But, while the lower brainstem is involved in salt appetite, the fore-
brain is also critical for the behavior. The dorsal pathway from the PBN to thalamic and neocor-
tical sites is not essential for the expression of salt appetite. On the other hand, the ventral path-
way from the PBN to the lateral hypothalamus, the central nucleus of the amygdala and the
bed nucleus of the stria terminalis is important for salt appetite. Since these projection sites
also receive visceral information from the lower brainstem, they are suited to integrate taste
and visceral signals.

Two major natriorexigenic hormones are involved in salt intake: mineralocorticoids and an-
giotensin II. These two hormones seem to act on separate neuroanatomical systems in the
brain. The anteroventral third ventricle region is important to the angiotensinergic contribu-
tion in salt appetite. The medial amygdala is a prime target of mineralocorticoids for salt ap-
petite. The central nucleus of the amygdala is rich in angiotensin receptors and mineralocorti-
coid receptors. Also, it is the major terminal of the taste—visceral pathway from the lower brain-
stem. Therefore, this region seems to be essential for the natriorexigenic hormones to elicit
their behavioral effects.

However, there are real species differences in the physiological and neurological substrates
for eliciting the behavior. Further studies are needed to understand neurohormonal mecha-

nisms for salt intake.



