9845 WMHRZHEORIEMETORKICET 5 EBFENHIZE

BIBATZeE | Bk =Tk Btk RENRR)
SEFe i T TR KRR R EIFERY
W Tk BTl REERERE TR

THEFC. BRRZFIRECRIZTEZEIOVTRIATAD, HHERZF Y FO&
OB OB ETEL2BET S ZLICL o THREREICOVWTE=F—LA LIS,
A BESFEROEELABESHRZEICIEIIL A LT RTOREEDEIIE 2oTwE Z
LREEL:, T EEFo— R0 LD EBMRERDEOHE L. RZEOHER
2~ 3 BEEBEEB L2V ERIBEESH 2O LT, EEEBHFIIHETRGS B
BHCOLWTTCICBRICHEET 22 L0520, L REICRREL T inwEESE
Lo ThEEEFIZRIEIY3HE CRIBICEAET A2 b olz, TN X, RN
DESREEFEN T TRELEEL ST I ETRARV) BICEARZELENT 5
P CARICEEENENEL -2 LEERL TV S, SEORIR, 29 LAZESRZ
AERIC L AEERERTOMAOBEZESZLEYENE LTI,

LBEBOSDRES v MR HAWT, HEEARME, BESE, BEHRZEB L UESRZ
BT AT 7oy FRtBEEL R T, BAELAEERLZL ICERF=—2BHO
BRENE. RHAOF M) v AHRERSEORHNEBFEEL, $o, AFRGERL
Efaie 4 HEB L 04 2 HEICEEKORBICHT 5 RME (REFRE) BECOWTR
ERPAR ‘

ZOERE, EESAETFRESRZAY5LTT CIKELS BRERBIFOMRIE, K%
KWL FOEELEEHIEOEKICL > TRETW S bIF TRV EATRERE NI,
SEOEHRZATREES KT 5 LI RER, AES V7 E, BT T A T L
YV VREDEAICHBESNTVAESRLALL) ZHEELALN, T LIKERR
I LR SR EEESE S L Tw A 00 b Ahk v, 4%, EHEFARLTY
v BEEEHRSTTHRE CREERAES-35H) SRESEEEZTEP, 5
WIZE SR Z O EHEATHR B 2 EORSMRE EHRZICLIENIATVREORE)
I B E LTV ADD, FICOVWTHEAL T BENHS ),

_9 0_






10 12 3

9845 MHRZKOAIEMETORAICHET 5 EBEFHZE

BImRArZEE © B3 =Tk GIbkFERER REFRR)
SERMIEY © e AT DTIRSERER: SRR
PO B (R SR

FENINEMETEDO—2TH Y, RZETHEEFAR, REDEE, FFR, RERE
DIET, EFEEREDRT 2 EDIENIT, BRER LIS K 2o/ D BoRBRICE L 22 ED
REREEIEIA ZEPFMONTN D, EHRZLREICHLTIE, TNFTIEELIC
IAEELZHERRIIHALLDOD, LT LLZOREMBBEIHBEICZ o TV ADITTIE R
Vi,

WHETIE, BHRRZVFEREICRIZTTEEIIOWTRETALO, HHRZTY O
TEOWRBRDBINETRPHBET A LI o THRERFIIOVWTE=F— LT A,
4ARFABEROEEZESHREZEICIZIFIE A LT RTORBBEOZBINIEL ZoTWb Z
YRR, T, ABF SR L) RRBHAERWEORSE. REEOEER
258~ 3EAMEERALZVWEBRNBEIE 2V IO LT, BRERIFIIATHREG 3 8
HCOWTTTICHRBRICHETAZ L0, L2 bZELEICIIRZL TwizWKESE
IZX o TLEEEIFIZRIZY 3SHE TRIBICERT A 2 e bh oz, 2O LI, AR
DHELFEFENT P RELEELZZIIHLE AT TPV LICHSRZELENT 5
P TABICEEENEIEZ A2 LERFKRLTWVWS, 2O ERL, EHRFFAEL T
B eV BREERZT TP REFRLEE -I3HM) PRESEELZITLL. b5
WIZTE R ZOEBRD IR E 2 & OlifesA#t (ESRRZICEI2ENIARATVNTVAD
BE) ICRELIERELTWAIDN, HBHWIETE, REEY A N TOREFEHICE
ETWATREMD B2\, ZOZOA5EOIZEIE, 29 LZHESRZEERIC L2288
TEEEBTFOMROME LIRS LZHNE L TThbh/,

(7]
EERENY)

EREIE LTIE, ZEHICBIA2HEL2A5B0bH ), BAERD 4B OSDR
Moy MRV, EEREFICIE, EHMRZTAR., KENAER, BEHMRMER, X7 7y
FEE (FRRZAREDS v MIERLELFALEOESRINEL L HENTERZH) O
LEERRR 7z, HEARZ A, ERHSAE, HRIMEDHEMEELRE LR, T Eh,
2.2,4.1,33.7 ppmThH o7z, 1 BE5LE BFRERA KA, — VTERTEELT, BHOE
HE., BiKkE. F2EEL7, 2BRORWERICOWTIE, OB = RWTRH T —

-143-



10 12 3

VCENEAE L TT o7, TOBEDOHKIE, BEKDOALEZHRE T,

BRIATR D 2 JRBIREER

154 mM NaClAK & R ZKD 2 AR REER. 001 mM BB —— X BER L BEKD
2 FRBNEERE Bl 4 14T RERBAER S5 O 2 MEOWEROBRFEZFA~L 2 L 1<
L0, EHRRZICLAREREOHBEOBBZ Rz, EHOWREED BIRIBIE L g5
THILICE o THRIFRZRD,

BRI DR ER

EEBRBOREMEILE L, BEMRIDERHHETIILICEI o T2, T2bb,
SY NEBRBEXTAY T — VB IUY LY Y OARE T ICERAER B ¢
WL, COEMEReBEBBIC,IT, TNOWRRBICE D FEEN S HERE LIRS
HTRIC, DA VWA BEEBEAE OW S FNENDATT — 77z b NIZ I
L. RBRIL, BB EEREY = —ABIRE Lz, ERAMERE 4H%, 42
HROBRMEICE LR L7 2BEEHICBNT, 73054 FEEHF M) v AT %
ANVDOFEEEGEADIZOD01I mMT 2054 FIEEOFE~NOETREICE L7305 A
FIHES & UREER DT> 72,

[ e £5]

1. EEREV Y O EIRREITFOIE R E - b v a8k

L1 AE

EEEBRBFOFELEL ZFigure 1 1R L2, BRRZ AL 7 -T2y FNBEDE
EQHURITE A LALNEPoT, oT, Z02BIIAEDENC L 3 HEF£EE
TICHES 52 D TRTH 2, BEHEFHTIE, EHRNEROGEOHUDESEE
Tholz, ERESAEFH TIINRI 2 ERRZERITIRD bz wds, BREHEOHEL F
TTWAHZ LIIHEETHS, bbb, BIEMD SR ZIE (marginal zinc-deficiency) IZT& o
TWarHDEFHENS,

1.2 BAELEEEEZ L ICHERF = — 2 EROBFRIENE

BIKE DR & Figure 2 10, 154 mME IR B OB IRIBI R % Figure 3 D EEIC,
0.0l mMIEEE F = — A BHOBRIBINE* ZOTERICENEFNE L, BAEOHEE T A
HE, EBRERBHELEIL CIEIHEMOBEVIIRD bN 2oz, BHATE. $2bb
2 8HBEURTHSMRZEFHD A THEERZHEAIRD bz, LeL, BADINETO
EEREFMRIC, EREBIERIIEKEDBSE LIZERR2CATREEZRD 4BECOLVDR L

-144-



10 12 3

BEIC A LN, COZENL, BHRZAHES X REHERTHS N-REEITED
WRIZEAEOE X LIZEROLZVERTHA I LD o7,

. RS — AAROBRERE 55, AEEEZ2 OHBECOVBALEZDE
BrHEEsn, AEOBITFROBE LB LTWA ZEdbhol, CRNETOEHD
DRFFE T & DBIZET. 001 mMOERF = — FEWIEE 5 v F TRZOEHRE#E T
XBRETHD L ARALTE ) ERERET 20 Th o, WERSUIETT 5 2
FOBETHARTIRICES L, PAYABRT A L) I0k5, EHEF = — A EEOHE
1. PLREILC b TSR ZRERASH T { B EAER REMCZ DIEIFES L4, L) Ak
BROBE L OEVHERIZZ0 b Nz, WFIZLTh, BEROTHRZDEFIV &
e BT BT b EERIFORYE 2 FANFEO LN, SRNICEREFTEIRD LN
D DDOREDRBEIIRE TSI 5T o Y EED Lz, BRESHEFHCTCHW N
N—DEREDL NVOHEHEE TIRBERORZEZRITLANVTH A LD, SEHD
Woelc L oTllo X 1) ERE NI,

1.3 REA~DF F) 7 Ak

1 BY 720 ICHEE R - REICDOWVWT F L7 d D% Figure 4 12, EELZZF M) D
AEICHT 2RPICHE S NIzF ) o5 DEE (%) %Figure 5 ICENZTNIRLZ. Z
DR, REICOWTIIESARZAEHTOA2 §ABUBETARISER LD, Zhid,
HNC R AT REDOBEINE NT VIV EE ETH o7ze RENDT M 7 2HHED EIE (
REF P 7 aE/BEF M) TAE] X100) IZ2WTIE, AFHMEZEL THEOD
EWIZIZE AL NP o7, &I, AEBBOBFIZHMICEATA4HERE L
BRI OBEWIZE L b N RoTz, SO ENL, BHRZICIDBERIIBIT ST HY
v AERNOAER, 5 b7 A0HEERS (1) T LHER) B¥h B DbITIERNwI L
B oir. BEZEHRZECIE., RINEE L IEABIR 20, AEEREFE LA
L% 4 BEERICIZIZ )W) BRIIE{HES N2 o7, Thbb, BFAHO
AEENEOHAICIE, REBLIUEBKEOHEARLBERL TV VI LD o7,

2 THRES v N OBRFMED REAEEDORES

FAEREE (EREY IS EREL biE) | REOEENS LA LED4HE, Z
LCEEREMRZEICHS 4 20 BIC, ZFHEOT v PORBEKFEZIZERF = — 2K
DRIBU T B BFAMEISEE FTH 72 (Figure 6) o T OME R, REAORBUCH T
A, AHB CIIABEHOBVIZALONZPo720, 4 2 HETIIHESBRZALIKE
SAED 2BTHEBELD bEBICSEWEL koTW b I Libholz, ElF =—F &
BUCR T B b 1 HIZFRTHY . 4 2 H BCESRZARCHERIETIRD bRz,
S, BRI o7 BRI SEBOEBRERELE LTho o (AED WA Ol %

-145-



10 12 3

Figure 7 \Z/RL72) o .
BT LA L4 HETIE, BEKORBIT T3 RMEREITE Bl T
Wihol, THIE, WREEOK 1 0 HE & W) BAEREL ZZNTUREDEZ LI 4,
REZAEOLEIZL )P LB EEZFITTWATRBELZEZ b2, 2L AR
DZEVEICIIESRRZAETHABTR 4 BETEIEEININH TRV EFHL I E NI,
BHEXF-—RBRTHORAEOZLFEZ. ZBEVA MBI AERZFRIIEEL2TEHRZ
BdhrVITRBIICODIZ2EEHROFESHRZEFICBVWTIHIET LTWwA DY, GHETiZize
A EBENTED LNV E Db ol
ELIC, HERENDT7IOSA FABIZI2AEGEDREDRE, ThbbEEREE
D7ITTA4 FEZHET M) T AF ¥ RVOFEEENDHBIZOWT AL A, ¥D
BAICBWTOEMOECIRED bW Edol, NI EiE, BEEREHRIBIIBVNT
73054 FERZHF M) A F Y RNVOFELEGEREERELEDLL W L 2RIE L
TWh,

3.3

Doz trb, KESETZITHESRZEL S 2T CICHN S BHERITOEKIL,
REAY S FORELABIEDOERICL o TRE TWADLITTIZZ VI LATRBEN
77 SEDHESRZETEIEEZLELRTHEVIIRIITZ, BEY VNFHE, AT A,
ZLTCNVDUVRZDHHEICALDNABRLE L L) RHBHFLALN, T LIFKEZERZ
ICFE L7 PR LB SRR TS LTV 2 08 b B v, A, EHAR
LTS L) EFERZT CHIE REFRLE I 721368) 2R EEEETIT 5
. HDHVITHSRZDERISIFIHLE 2 EORFAH (FEHRZICE A2ERNI AT IVE
FEORE) KB LIERELTVEOD, FIZOWTHAL T LEFH A9,

(ZZ3H]
1. McDonnell, S.D. and Henkin, R.L: J. Nutr., 104, 1108-1114, 1974
2. Jakinovich, W.Jr. and Osbom, D.W.: Am. J Physiol., 241, R233-239, 1981
3. Tordoff, M.G., et al.: Am. J. Physiol., 264, R492-499, 1993
4. Okiyama, A., et al.: Am. J. Physiol., 270, R1189-1196, 1996
5. %BEMT. BA=TR, S B, HIBER . AAKE GFAEE 3, 608-611, 199

-146-



400 _
/@/@
B 300| ~
2
)
[-%]
= 2001 P=
) .
= :A/ofo——w-o—o—f—o,
100
0 1 1 L 3

0 7 14 21 28 35 42

Experimental Period (day)

Figure 1 Body weight changes in experimental groups;.
Zn-Def (@, n=5), Low-Zn (A, n=5), Zn-Suf ([], n=5) and
Pair-fed (O, n=5). Values are means = SE.
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Figure 2 Changes in daily water intake.
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Figure4 Changes in daily urine volume.
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Figure 5 Changes in sodium excretion rate.
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Figure 7 Chorda tympani nerve responses to various concentrations of NaCl -

solution. Values are means + SE. Differences among Zn-Def (@, n=12),

Low-Zn (A, n=9), Zn-Suf ((J, n=11) and Pair-fed (O, n=10) groups were analyzed
by one-way ANOVA with Tukey's multiple comparison test. Values with different

letters show significant difference. a, b=p <0.05 at 50mM,

a, c=p< 0.005 at 100, 150, and 200mM.
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Physiological study on the increased sodium chloride preference observed
soon after the zinc-deficient diet feeding to SD rats.

Michio Komai, Tomoko Goto, and Yuji Furukawa

Division of Life Science, Graduate School of Agricultural Science, Tohoku University

It has been generally known that zinc-deficiency causes taste abnormality, but its
* effect on salt preference has not yet thoroughly been clarified espedially at an earlier
stage of zinc deficiency. Until now we have found out that the feeding of zinc-deficient
diet causes an abrupt increase of sodium chloride preference even after 3 to 4 days of
the diet feeding. Therefore, the present study was undertaken to clarify the mechanism
of the increased salt preference observed in the zinc-deficient rats at an earlier stage of
the zinc-deficency.

Male, 4 weeks-old SD rats were used for the present study. The zinc-deficient (2.2
ppm Zn in the diet), low-zinc (4.1 ppm), zinc-sufficient (33.7 ppm) diets were fed with
free access, and the pair-fed control group was set against the zinc-deficient group with
zinc-sufficient diet. Five rats of each group were reared together in a big wire-meshed
stain-less cage, and the 2 kinds of preference tests with 2-bottle system ([1] 154 mM NaCl
soln and water, and [2] 0.01 mM Quinine-HCI soln and water) were undertaken from
the initial stage to the severe stage of the zinc-deficiency. The taste nerve sensitivity
was recorded at 0, 4th, and 42nd day of the feeding period. The consumption of
drinking water and urinary salt excretion were measured daily throughout the
experiment. ’

It was clearly confirmed that the increase of salt preference in the rats fed
zinc-deficient or low-zinc diets was abruptly observed after 4 days of the feeding. At an
earlier stage of the feeding period, there was no increase of urine volume, water
consumption, and deterioration of taste nerve sensitivity to sodium chloride and
quinine-HC] that were seen in the severe zinc-deficiency. The present result incdicates
that dietary signal of zinc-deficiency itself may reflect salt preference probably through
central nervous system or through mineral status in the organs such as bone or liver,

though further studies are necessary to prove it.
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