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Furosemide D% 5 [k DRPADKDIERE(ZER/KEIBERI T, 12-13 ml THo
Zo E/2. FRUDALDKRPADHEREIL 1.3 - 1.4 meq TIh(L. %Hiﬁ%ﬂ?h&@#’*‘ﬂ'
FUDLAEDIS% LI EICHEBT S,

Furosemide 52k VY. S v D 0.3 MNaCl BLUkDEREIZENF N, F
FUDARZELTWVENS Y bOR L4465, 2.6 Z(C#EMLE, REDF Y
DARZIREICHED 59, HaCSF #&ikL/=5 v FTIL 1aCSF Z2&8iE LS v

MICEERFEIC 0.3 M NaCl OERENED Uiz, HEEIFEKEE 8 KEICHETS03M
NaCl DiEE(L, HaCSF B#Tld. 1aCSF D 32% &Y. FhUDLRZ%E
EILTWEWS Yy FOEBREEFELRENRO SNEM o/, KOBREITIL,
HaCSF @ik @3 H o nizho 7=, £/=. HaCSF #&iikL7/=5 v b TIEF KV
DAFIRMEZY . RPADF MU D ABKEIIKEN D/, 1aCSF ZEWiKRLIES Y
T, {BEREALA 8 BEEI1% Tld. furosemide ¥ 512k 2F MU D LABEDIZIF100
% ZE{E L7/, HaCSF &R v FTIZEBLEDED 20 % DEIEL MRS EMho
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1.  HREDN

FiklE. 2EERAMREFERHRMSBIAL T, EDHEABLUVENFRIZNTH
%, FROBEFHRICENTIE. EICHRNABRDOEERRBA A THE2FHID
LD NTTHONSD, Salt appetite (3. TAAEDAERE THEAD T MU DLEN
B U, FhUDAEBREEINEE S, Saltapptite DRERIT. EICEREMIC
BWT. 2<OFPEICEVLTREZT N TS,

SiF. 43 MCSERBETCESARNEEATREDR TEEISE. R
F+ kY AEMNHD L=ICsalt appetite BRIT B EEBASMICLEY), OR
B2 Tl4. salt appetite DRIRIZAEORETFICLVERNDF YD ALAENRD LT
BICHBEHLOTTICIIRIST. FRICREENET UZRE<OREERELLE
CEEZ o7, £/2. Sy MIBWTHEBMKE. salt apptite (3T ICIIRRET.
miEDF YU I ABESBAFIOLNVICEEBELERZICEZS I EMREENTL
2819 I FOERERESR & Usalt appetite (D;REARRKEDRIRDENIT. RBERIE
CLBHEINRTHBEEZOND, DBERADT YD AENED L THREMR
K&ICIZ, REERBHSESL SN, REERAHA Salt apptete ST S D TILE
WhEWSRERZEL T,

F I TAMETIE. 2BEFHDITENMED D EFEIFR TH Ssalt appetite [ZX9
BEBEBAOMCTHIEEBMELT, FIRFIZANTFH MU DAZIBRSHL
Sy FPOMEBICEEEOATIEREZH KL, MEREZRI S HLEEREERHZE
Mz. FbUYARZSEDsalt appetite E1TENEDZBEHETTH 20:85EDHE
ERE L. £2. FRUDARZEBOBRICETHKDIESOREBICHT HRE
FEREDOREICDVTHIRETL. k5 - BRNS A ERDIZ,

2. Ak
21. EERFVELUVEETEMN

SLER(C(2. Wistar RiffS v b (Japan SLC, Inc., Shizuoka, Japan) . #4&250 -
300 g% AVE, S bE23 BRERBIT - TRABL. kBLUP03MNaCl D/ X
IOMBEEEB %, GAKERNICAT Y VABAA RhZa—5 % BENIC
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B AL, Fife. RBIo—JTRIB24+2°C DEET. 8. k. BLURIEK
HEECERSEEE L. Tk SH<ES5 AROEENEEBE. 185
FUDEIk., BEEN. FHEEENEVC LERELTSRET -,

22. Jobka-i

EEAL AL, 13:00 IZ 1 [ H Dfurosemide (Lasix; Hoechst JAPAN) &5 (5
mgiat,ip.) 170, 2EEOREE1500 [SiTo/k. HAF YD ABEERE
#2003y ba—JLE LT, furosemide DO YU ICEED 0.9 % NaCl %57 5%
KEHITo/= (I bO—ILEEn=5) . 2EEDKRS 2EEELVSERE (
laCSF B;n=6) DE/(3. ZiRM (HaCSF 8, n=6) DAL RZHRADAN
Za—-S5ENLT36 uhr OERETU PR T (KDS210; HITCF; Woodland, CA
) ZRAVTHEENICEELE, ATBROMEKIZ. SREATEERTIILUTO®EY
T3 (Na, 150 mM; K, 3.0 mM; Ca, 2.0 mM; Mg, 1.6 mM; HCO,, 25 mM; CI, 135
mM; PO,, 0.5mM) . BERMATEERIZ. FREAIRICNaCI ZINZ. RO
Na BE#500mM &725 X DFRE L.

ANIBERO®KREIE 1 BRE%LY Sy MIkE 03MNaCl 5% T, BHHICER.
BREd/, REBEFIT. HE2E5 X a0/, 1B 8 BRIk L 1U0.3 M NaCl
DEWE, BLUREZAELE,

23. AlE

kB LV0.3M NaCl DIEEE(IZ. KU aA—% (ZHTEEH. MINITURE
DRINKOMETER Model LA-1) ZBHWVWTHEL. 59B80REEDEHEZI Ea—
& — TR YUAHIONBEBDEEEETDEDOARICAWEE. RIIRHBIr—2DTFIC
Fa—TEEHLT. 7503314 % (Gilson FC-80 K, Middleton, WI) %
WT. 1TEBRBEEICE4DEBEICHERL. REBLUVKRFOFMIILEAYDA
DOBEICAE,

FRPDF U DABLUAYU D ALADREIIRLINEST (Corning M480, Medfield,
MA) ZBHWTAIE L7,

24. FT—H5H1

kBELV0.3MNaCl DIEREDI &L UKD BEIRMEE KR, o, HBkHER
ELREDEDNSKINT VREZHELEZ, FRUDAEBRESLURPFUD
LHEHE(E. S4BIUBROT MU UARE (B300mM) BLUKRFF YD ALER
EL0.3MNaClEENE. RREDENSKD. FRUDANT U RIEF MU DALER
ELHHEDEDNSKROI,
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EFHEOHBOBEEZOREIIDEAHET. BEThHo-12813E5(C
Fisher protected least significance difference test ZF BV THRE L7/=, H= 2.
p<0.05 [ZE%E L 7=,

3. HBR

Furosemide D5 IC L BFRANDKDIBREIZHKBIEER T, 1aCSF, v
HaCSF B TZNEN129£ 11 ml . 11.9:1.4ml Thotm. E/=. FFUDAD
PREEADHE#EL 1aCSF. HaCSF B TENEN. 1.39+0.15meq. 1.29 £0.10
meq TKDPLHE L FRICHFR TENSEMo/=, F/=. I FO—-IEOHKE
HBRIOKEELUF FU D LAQHEBIZ. 0.7+0.1ml. 0.04+0.01 meq T
furosemide 2125 U/ L LERBEICEVMEEZ R L=,

Figure 1 IC&E#DkB L U0.3 M NaCl DRIFEEMEDREZBEZRT, 2> bO—
LTI, BEFEIAE 8 BEITORELT0.3 M NaCl DIEEE(E, &43.1+1.0ml
1.2£1.0ml THo7/=DIZxt L. 1aCSF B TlE. kB LU 0.3 M NaCl DIERE (L.
&482x1.6ml. 4.7+09ml THo/=, Furosemide 51k Y. 1aCSF BTlE
> bA—Jb (Saline + isotonic aCSF) ICEEAN T, kKDIBEEN 2.6 {Z. 0.3 M NaCl
DEIEN 3.9 B8N L 7=, HaCSF BT 2IEMEIAEL 8 BRID/kE L TU03 M
NaCl DERE(L. F485x12ml. 1.5+0.7ml Thor=. SEMEDaCSF % Af
ZLHEMICEHZT 2EICEY. 0.3 MNaCl DEEINENERMDaCSF 2Kk L7
RICLENBELRETER U/, FIETHE TS L. HaCSF B TI38 BRI TOIER
B(IaCSFEDHI 32 BIZET L. 3> bO—IEDESBHONENS1=, —T5.
IKRDOEEZEI L TIZ. HaCSF E#/51aCSF B ICHEAN TEUKBIIAERICS 2Dk E —
EICROERAR SNz, 8 BREOKERSIIHBEBICESLE(LIIED SN
T o7=,

BHRARZ 0 & L-RBHRKSEDE, RERESLUVEROGRENT(LE
Figure 2 IT7R9, I bO—ILTIE. KkONS U X FIEREETI SR ET(LLIED >
7z (+15x1.4ml) , EEBAMA 8 BEREIRICH 1T B#KBIEIL. 1aCSF B TIL
129222 ml, HaCSF 8T 10.0 £2.1 ml TlaCSF B 755 0.3 M NaCl {EEv =
NENR. BIMERZRLEDSEEREZRZEOONEN >, LML, HaCSF B
BITDERDKSTDEMIT, HEBIAESEBE TIZ 7.4 1.3 ml T, 1aCSF B (11.9
x21ml) [CLERTHBICENEER LS,

Figure 3 (JIBHBRIBRZ 0 & LZRET MU D ABRE. RPF MU AHEHME.
BIUEKRDFT MY D LEDELERL TS, {BIEIE 8 BRIRICHEITEF MY
D ABERE(S HaCSF B TId. 1aCSF B ICLENTHEICEIMEEZRL. 3> bO—
WELERTHEGREMDHoNEN o=, £/=. READF MU ADHERS (T
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HaCSF B TId 1aCSF B ICLERTHEICHEMLUZ, FORE. FHOF Y YLS
DML HaCSF B# TIL 0.28 £ 0.23 meq &7xY . 1aCSF &M 1.31 +0.3 meq Ikt
RTHEEICEM o=,

Figure 4 (3, /KB KLTVF MU D ADEBEBIIEFIDIBLE(CT 2B 8 i
BICHBITEKRNELVF M DADRIED/N -t F—C&FLTINS, {EEELE
% 8 BFEICHIT DK DEEEIL, 1aCSF BN A HS HaCSF BICIERTHIMERZ
KU, BEAZREOHONEN >/ (P=0.09), B8 BREENF U™
LDEERE(T. 1aCSF BT, FHETIZIZ 100 % T. HaCSF B 19.4 + 15.8 %
[CHRNTHEICSWEERERLE,

4. =EEB
41. Furosemide % 52 & % salt appetite DF:IR

FRERTH /zFurosemide D570 Fa—JLICL U 1.3 meqDF U A
MERPICHEE Nz, Thid. BE 2709 DS v OB ERNF FYU S AED
#9916 %ICHHHT S, ZOTOFI—ILICEY Sy hD 8ERED 0.3 M NaCl BRI S
[F¥4EEML. KSERBLFEITEMULE. #oT. HeDWARBRTH-A
RAREBZELEESTOMI—ILIEF YD ARZMDsalt appetite & & U
NBREDRVICLDOBZEZFERTIDICRYERTOMI—ITHBEEZZOND,
2RI, FIFFREICHEE SN TW S 2%, EIREBETIOMmMEDSEEITIZIF—
FBICRENTWD EHTEETNS,

42. FbhUDARZM salt appetite (2319 5 B & LEiR S B ER S DS E

laCSF 8 & HaCSF B¢ Tl3. EBIMBAERDF U I ADIBLENZELINZHE
D57, 0.3 MNaCl DIEEEIL. 1aCSF ICEWTHEICHFIZ N, 2> ba—JL &
BELBENHBONIELIEo 7 (Fig. 1). > TREE (FMUDL) BEIE. +F
U ARZMHED salt appetite ZiMEI TS5 Z EMBESMICHES 7=,

Blackburn 5" (Z. polyethylene glycol 2R FICiE5 L. M EEE KD (88
SEESY FOMPRICEREDRIEKE/ZEIITZ =L ERETELICEST
salt appetite BSHIFIENDZ EEWEL=. L L. Blackburn 5DEERAETIL.
EIREDBEREERBIRICIRS T 5 2 &Ik o Tsalt appetite #1513 2 M9 K2
DEMBEZHENSHERDNHY . BREBRTIMTATEENNH D, KLDE
BRAFEZAVTOHRBRDOBRDBONLI LL Y. BBEEFHDsalt appetite D)
HICHTBHEIL. BRBEDEREFERICER L/ &I12L3 fluid shift DiEE
LIt A A —ZAb\IEfcM BERZLTWBIENTEENE,

{A1BIR [CAngiotensin Il Z#%5 L T®H salt appetite (FRIBET. BEAIC
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Angiotensinn Il 23%59 % & salt appetite RIFT ST EHDS. BHAD
Angiotensin Il /% salt appetite ICEZBRZEENZRZL TS EEZZIONTIVSEY, £
BX. 7 bUDARZMDsalt appetite DFEIRIT. 5 v FORMENICEHBREBROBE
Bl TdH Heaptopril 21592 Z&ICk->THI= N, —H. S2BEFHICL
%083 L Vvasopressin 43345 Angiotensin Il DAT1 receptor DAEXITH S
Losartan IC&k o THIFIZ N2 L WO HEL V2O, SR EETHICLS ABIc®
Angiotensin | DEESLTWSHNDEEZEZE5ND, LML, FRUDADBRZL, &
BERIEDID > TOWAEREBOEIIRAET., salt appetite BLUOBDE % (T3t
L T Angiotensin | A EDERFITEDHEICEAD > TWSOMIIMEAICTOY H—
ZIRE5EITERBRD O TIIMBIITAETH Y. FZARRAENLEENS,

RBEELERICE S salt appetite DHIHEIDO AW ZXAICBALTIZ. §%DRTEE
ThBH. RiFDoxytocin B LUANP DESHREEINTINGY, £z BHMEAIC
SREEDAIHEEZEATEE. MEDLEFHIEISH5™, Thrunhorst 50758,
SERODEZETEZNSDOANNT FU D LRZMEDsalt appetie [CEE/REEEZ R
LTWBZEERLTWAZENS, MEDERICLZMFZRICEBL THIRE %
MABVENHZDEEZZS5NS,

43. EEEVHDF MY DARZEOKSBLVF M DANS VRICHTBE
&

FHRTIE. TEMHOEFETAET TH S salt appetite BLUOBICIMAZ T, BREIC
£BKG. TRUDALADHERESAE LER/NT > RADERICDVWTHHRET L,

ARERICHTIE, HaCSF B TILIBENGIA 8 FEIEDIERRD T MY D ABDEM
W 1aCSF B ICLERTHEIZEMEZR /=, 1aCSF BT, (ZIZBHAINIELESE
100% EIE L7zD (3t L. HaCSF B TIZFHTEIRFIOF U D LAIBKEDED
25% DEETH > 7z (Fig. 4) ZDEBKRDF MU D ABDEBMAFTREITETLAED
X, FRUDLADEREDEELRVICMATRFADFT Y DADHHREDNDEE
IREMICLD. Sy ML BEERESMODE T FUDLAFIRNIEZS™", /=,
BNZE P Angiotensin | 283 b U D AFIRICBEES L TWB Z EMMENTWS, &
BEDLEFICESMAPD oxytocin DF bU D AFIRICHTZEEHREENTINS
P, > T. HaCSF B TRHPADFT U D ADOBEHENEIMLZDIE. FEEFIE
ICLBHEBIBETHD EEZE5NS,

LUEDERLY. ZEEFIFIL. salt appetite ZHIFIL. BICF U D AFIRZE

FRLULT, FPMYDARZEDOF FUDLNS VADORIEZINHEITE2Z ENBENE
Eor=.
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5. SH®&ORE

RIBERHO T bYU D ARZHDsalt appetite ZHFIT S Z EMBADE TR 7= 15,
REEDETHNF bYUDARZMED salt appetite |2 E DI ICEE%E R IFTO MLk
FICR<S@>TULVEL, Denton 5DZI—TH, BEkF MU ™Y ADIETH salt
appetite Z5|EHET EZEYDTRUED., Sy MTBWTIIERDF U™
LDETFEIITIL salt appetite HEEZ SENERETNTINSY, LHL. Sy kT
BEBEERHNF MY D LARZHD salt appetite 2HEITE-EhS. BEEDF MU
V LIRETY salt appetite DFEIRDmodulator & L TEIN T B ATEEM S TR N e,
S&. FhYDARZMHED salt appetite DRRITRBTDETH U H—EHo>T
WEDMZERFILZVD. LT, REEREGERERHHSMATEDEICBALT
BEEL., AROEBMZHBLTVIDONESKEEICHSMICLTIVEE,
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Cumulative intake, ml
D
1

Figure 1.

Control
( n=5)
H20
0.3 M NaCl
laCSF
(n=6) H20
0.3 M NaCl
H20
0.3 M NaCl

T T T T T T
0 60 120 180 240 300 360 420 480

Time, min

Cumulative intake of water and 0.3 M NaCl
solution following i.p. injection of saline (control) or
furosemide (laCSF and HaCSF). 1aCSF, isotonic
artificial CSF infusion; HaCSF, hypertonic artificial CSF
infusion. Values are mean + SE.
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Figure 2.

Cumulative fluid volume change, mi

16 —a— fluid intake

14 Control ,
(n = 5) —e— uriary output

10 —o=fluid balance

T | L L L L

C 0 60 120 180 240 300 360 420 480
Time, min

Total fluid intake, urinary fluid loss, and change in
total body fluid volume from 0 min of the access

period. C on the time scale indicates the time before i.p.
saline or furosemide injection. Values are mean and S.E.
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Cumulative Na content change, mEq

Figure 3.

—=— Na intake
Control

(n=5) —e— urinary Na output

=o— Na balance

- Frrir T T T T rrrrri
C 0 60 120 180 240 300 360 420 480

Time, min

Sodium intake, urinary sodium loss, and sodium
balance from 0 min of the accsess period. C on the
time scale indicate the time before i.p. saline or furosemide
injection. Values are mean + S.E.
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Recovery of fluid balance, %
(o]
o
1

Recovery of Na balance, %
[&)]
o
I

Figure 4.

laCSF HaCSF

(n=6) (n = 6)

Recovery ratio of fluid volume and Na during
the 8 h access period from furosemide induced
depletion. Values are mean and SE.
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Effect of cerebrospinal fluid hyperosmolality on sodium depletion-
induced salt appetite in rats

Akira Takamata, Taketoshi Morimoto, and Hiroshi Nose*

Department of Physiology, Kyoto Prefectural University of Medicine, Kamigyo-ku,
Kyoto, 602, Japan.

* Present address: Department of Sports Medicine, Shinshu University School of
Medicine, Matsumoto, 390, Japan.

Summary

We examined the effect of cerebrospinal fluid (CSF) hyperosmolality on sodium
depletion-induced salt appetite in rats. Sodium depletion was produced by two
injections of furosemide (5mg/rat; i.p.), 2 h apart. Following the 2nd furosemide
injection rats were infused either isotonic artificial CSF (IaCSF; [Na] = 150 mM) or
hypertonic artificial CSF (HaCSF; [Na] = 500 mM) at a rate of 36 pl / h. One hour
after the onset of infusion, access to water and 0.3 M NaCl solution was provided.
Na content reduced by 1.3 - 1.4 meq, which is corresponding to the Na content of
more than 15 % of total extracellular fluid Na, and water by 12-13 ml before the
access was provided. Furosemide treatment induced salt appetite and thirst, the
intake of 0.3 M NaCl increased about 4 times more and water intake about 2.5 times
more than sodium repleted control rats during 8 h access period, which were
injected with saline instead of furosemide. Intracerebroventricular infusion of
HaCSF significantly attenuate 0.3 M NaCl intake in sodium depleted rats, the 0.3 M
NaCl intake for 8 h in HaCSF infused rats reduced to only 32 % of 1aCSF infused
rats, which was not different from control rats. Water intake was not significantly
influenced by the infusion of HaCSF. The Na excretion into the urine increased in
HaCSF infused rats compared to IaCSF infused rats. The rats infused with IaCSF
recovered almost 100 % of total Na loss induced by the furosemide treatment, while
the recovery ratio of Na during the 8 h access period in HaCSF infused rats was only
20 % of total Na loss. These results indicate that increased CSF osmolality inhibits
salt appetite and also induces natriuresis, which results in a large Na deficit during

the 8 h access period.
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