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Table 1.

ACTH-labelling indices in pituitary tissues

Control group

Magnesium deficiency group

No. of animals examined

ACTH-labelling index (%)

Control group 6 44+23
Magnesium deficiency group 6 169+1.2*
Values are means = S.D. *: v.s. control group at p < 0.05
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Fig. 1. Oxygen consumption and Carbon dioxide exhalation levels at 2 and 4 weeks
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Fig. 2. Respiratory Quotient levels at 2 and 4 weeks

Serum Mg concentration
* v.s. control p<0.01
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Fig. 3. Concentrations of serum magnesium, albumin, total protein and albumin/globulin levels



Fig. 5. Ultrastructural morphology of the myocardial cell of Fig. 6. Ultrastructural morphology of the myocardial cell of
a magnesium deficiency group, Z-bands of myocardial cell a magnesium deficiency group, swelling and vacuolation of

are disorganized, lysed and disarranged mitochondria with disorientated and glycogen granules
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Summary

Epidemiologically, it has been suggested that dietary magnesium deficiency is associated with the risk of
heart diseases. In our previous histopathological study, magnesium deficient rats were observed significant
changes of muscular cells in hearts, indicating the great similarity with pathological lesions which are often found
in the early stage of ischemic heart diseases. At the first year in this project study, we observed negative effects
of the dietary magnesium deficiency on living organisms, especially vacuolation of mitochondria, enlargement,
rupture of myofibrils, myolysis, and accumulation of muscular particulate glycogens in cardiomycites. In
addition, indirect calorimetric measurements by continuous registration of oxygen consumption and carbon
dioxide exhalation to estimate metabolic function were examined. Those indicators in magnesium deficient
group were always tended to be higher than those in control group. These findings suggested that magnesium
deficiency is causing stress which may induce secretion of adrenomedullary hormones, catecholeamine, especially
adrenaline. Hence, at the second year, we focused on the effects of magnesium deficiency on adrenal gland and
found diffuse enlargement in adrenocortical cells. Serum ACTH, cortisol, noradrenaline, dopamine
concentrations in magnesium deficient rats were tended to be higher than in control group. These results
suggested magnesium deficiency itself is stress to individuals. The improvement of serum ACTH, cortisol, and
dopamine concentration during a period of recovery by administering oral Mg were also observed, indicating this
stress induced by Mg deficiency.

The effect of Mg deficiency on the anterior pituitary was investigated immunohistologically and
ultrastructually in this year. Experimental animals were divided into 2 groups of each six animals, Mg deficient
group and Control group. Experimental diets were followed composition of AIN-93G. Control diets contained
MgO and Mg deficient diet contained mineral mix except MgO. Rats were fed for 4 weeks, then sacrificed.
Blood samples were examined biochemical measurements, and also pituitary and adrenal were provided for
histopathlogical examination. Serum Mg considered as an indicator of body Mg status in Mg deficient group was
significantly lower than it in Control group, indicating rats Mg deficient group were apparently Mg deficient.
The weight of pituitary in Mg deficient group was tended to be higher compared to Control group. Labelled
Ratio of ACTH positive cells in the anterior pituitary in Mg deficient group was significantly higher than it in
Control group. In addition, development and dilated rough surfaced endoplasmic reticulum, vacuolation and
enlargement of mitochondria, and adenocorticotropic hormone immature secretory granules in Mg deficient rats
were observed, while the anterior pituitary in Control group was ultrastructually normal. These results showed
that the severe changes in pituitary were occurred in Mg deficiency, suggesting changes in hypothalamus also.

The further researches are necessary to solve this point.
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B E S]] ARNOKTTRITHANERL TRAF AL A% HERFL TR, DIZE AT 2ILEMEA DD
TR BE 52 D2 LI HCEZOND, Fox 1TEBICLDERE BT, 75>@ﬁk SR E TR OZ A
FIVRACE 2 B8 B e % TR RIS 528 % HIE L THFgEA D 72, T 70bb  BERIRIC L0 AL AN T
FORBEFN AT ERG-Z DB ONT, | BUERPIET L~ 2% VT, Mn, Zn, Se 728 OVZEMEIT
??%Aafy%Eﬂaﬂﬁ%E@T WZEDE g~ D EIA B DRRRFEALZ RN E L TR ZEI T -T2, £2, IRV ThH~ T
EAN ﬁ)?A:?oJ:UTUﬁA@ﬁuﬁTL&%%& FFERA A= T 2@ LT, ZHUCE> T R Thad Tv 7
AT LEETIDBOER T DAERNS A FI7 AD BRI R FILT-,
[32B&] STZ ¥ 1 BUBEIRIFET L~T AZERL . ZIOIC IR GREE IERBEAER L, (23050 8%  ~
NF =Y —EIC o T, B LT, JIER, S Ge #kfmﬁﬂﬁg%ﬁﬁ Uz y BRAASRZ R E AR — I Z KD FA R~ D
IBUASR (% dose/g) R HLT-, —J7 . D FRFA A—0 271%, BMg, PK BLO ¥Na # IEFBL N Mg RZ <7 A
G- L, 5y T RIRFA A— 0 7 5 (GRED Z T, YT A A DA A= TN ER AT o T,
[FE LB L] HERE T VFEBRICE W T, /L F L —H—1250, "Be, *Sc, ®*V, *Mn, *Co. “Zn, "Se. *Rb. *sr,
8y, 8z, ®Tc, "'Rh, '®Ru O 14 EREO [RIFHEB FTREThH -7, M ~DOBUAR TIE, #5446, 12 B 5T
B PRI D BN TR BN T TR D BUARN KE LA L TVVD, FHIZ Mn, Co, Zn, Se DMHEBETHE TEOM A
REWD, AT OF HAZ LD M BUAREA~DF A B?JLT 3 BRI RO o7, BT 3 #EEHIC Mn, Co,
Zn, Rb YISO IERITNZEAETIA TN T, FERIFIZE AR OB KD KEV DI Mn, Co, Se, Zn72L
DM ETTHRE THY ATHRV G _otéé@m%{m%\ ZNBICRITIRITHV RS DA BAE R RENZ LRI
5, —77. GREI Z W EFH BLO Mg RZ vV RAIZBITHEEREFERIREAA— 0 T EROFER, 5L
MO —HP—IZEENDEHICE G O y % BUGFLE = — AT ML TR D2 R h Lz, 2D
YROZ RN —EREFHL T, TR E O —H—Z35I L CER AR FTEETh o7, 20 Mg b —H—(2k5
UT IWHEA DA A= T IR ORI THD, Mg 13, Mg KZBIOEFHO~TAT, L L0 O B AT
DR R TR F DN, ZOERIE Mg K2 DIEINEAE Tho7o, K IiE, PK O R ORE R, WiFho~r
A CMBGIT B LA T I I » TR 2 7R T I MF DI, Na ld Mg K2~ A0, D& AT T SRS A b,
FFREREDAR T2 Na £ AZ B L QWD ATREM 2 /RIB LT,
[FE&D] STZ FHFMERIFOIIEIZLY | IEF DR TR OBOARITIAMEM L RS T2, TRV ERGI28D,
P 54 3, 6 h CHERMNELRDBGH Mn, Zn DFERS Se DBHERR LI AL, THHOERITICRNNER T
HMg R ENZNOMETCR L BRI LR REZ ZHND, — 7, Mg KZDFIEIL, Mg =0 K DL s ~o
HEREZ R, DRBORIEL OB IVRIBS N, ZHHOERIT Mg K ZIREEDIFRENZ NS M TR O N HhE R
CHAERAZEILEEREEZOND, S BV DOFET-D Mg OZXEENEDT VZ A NI THO T/ A=
THBELU GBI 228 TE T, SRITZOM RO R R REMTET DELEBIT, SDICV T RV T LR ZIREDET
VIR SN B W TH AR T IEDZ AT I7 ATV 0852 DR B A it L T,
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1. AREDOERLEW

WA, AR OSES ERMETTHEN, AMIEE, 1E
HVEDOHERF B L OB R B ER L& D %< O A FFEHE
FHUCE S L CODZENHLNI T2 P,

T RTI, FINTT A B R, TR E R

IRHDOTHRIL, bivb D EmiEEIL &) THRHR
BIRE AL CD, — 05, Z<DOFMIRZ ., 9 O EHRHY
RERTTZV =T AN THHEEZDN TSN, &Hl
MEITTRNE G LI27 ) =TV AN FEAIC L DM E
ARSI, ERHERIC L DREED YR ERI D, (203

T ARG L, 2ot R RREEHNC I & ias ~D B
IAB OB ZREL CTRataiTo72 2, £, ik
19 FREEB LT 20 FEELIE, ISR THHYT KT L,
VDLV SRR OB WAyFNDY;/¢ s AR SN A /4
ke THWTERL, ~7 XU AR ZEMIZEITD
(2SR DAHREAR 2y T [RIRfA A= 7 0D 12
FoTHIELZ, ZORR, A THOD TR T LD
HARNZAFITADYT NAHADAA—D LTI .
OIS DRI HIA A=V 7 h R T & Y,

DI NRTUAILIF TN R E BT DI LN A RETHD 2. AEAE
DA EENLFE A O ETTREOERICBIT DS 2.1 R34 IYrEETILFL——FROFAS

AT I AR PR RE &t R TR SR L Tl T A 700,

RN O ITEHR T BEAEH L TRAA RS A% AR
LTEY, ZHNTER T DR BENOMOD LRI
Bh 525, B2 TSI ARH R E 2BV T, 2y
B INER TR DX AT IV A2 D R %ot
KRR RFTT 228 % B L TR A D 72,

W BEI L2 O — L U TR RIFIC LV AT D RN A
TERORBEFIT NG NG DHBEFOLNIC
THZEERA T, BARBIZITRE RIS ET VB &L TA
RT R (STZ) 355 1 BBEIRIGET L ~T A% AE
L, BYCEEFIEATY > 7 A 7 ka2 XD Mn, Zn, Se
R OV BT FEE G T~ /L F R — 3 2l

P EARSDO FIEE VT, BYLEAFZEFTY > 7 A
b AZEY 135 MeV/EEFITHIRL7Z N B — 2% Ag
54— 1 (0.125 x 15 x 15 mm, L 99.99%) 12 24 B
ML, 3 BREIOWmEG ALFEDEEICIY Ag ZFRELT
~ VTR —H =257 Y, (LS EHT. £7° Ag BE
(1: 1) IERRICSERITIRIR U=, IR0 &3 oz
HZELIZEY AgCl DILEAE AL S HTAT 4 NVE—%
WCHRBERBL ., Ag ZFRELEZ, ZOEKET—2)—T
PSR —ZZ IR HLE L | AR BRI RE L C
Licb O~V F R —H—E RS LT, 2O~ /VFh
L= =R O~TA 1 RS-0 OF G5 0.1 ml PIZE
AT HHFREONRE £ LR, EHLERN —H—

K1 AT —P—IFEO~TA 1 ILHID OB GBI E A D R

Half Life -Energy* Intensity* . Chemical
Tracer (day) Y (keV%y (%) Activity (kBQ) form**
Be 53.1 477.6 10.5 234 £ 027 Be®*
*g5c 83.8 1120.6 100 022 + 0.03 sc**
Y 16.0 983.5 100 0.60 + 0.03 VO™ VO,*
*Mn 3123 834.9 100 1.39 £ 0.04 Mn?
%Co 77.3 12383 67.6 0.93 + 0.03 Co*"
%7n 2443 1115.6 50.6 1.98 + 0.06 zn*
*ge 119.8 264.7 58.9 0.84 £ 0.04 Se0,”
®Rb 86.2 552.6 16 1528 + 0.31 Rb*
&gy 64.8 514 96 2137 + 0.15 sr**
% 106.7 1836.1 99.2 234 + 0.04 y3*
Bzr 83.4 392.9 100 1.71 + 0.03 Zro*
#mTe 61.0 204 63.2 0.39 + 0.03 TcO*
RhK 3.3 (year) 127.2 73 0.20 + 0.02 Rh*"
%2y 39.3 497 91 033 £ 0.02 Ru* Ru*

* The energy and intensity used for y-ray spectrometry is shown.
**Amano et al. Ann Clin Lab Sci 26 (1996) 531-541; Yanagiya et al. J Pharmacol Exp Ther
292 (2000) 1080-1086.
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LA T O T, ®Mg(E, = 401, 1,373 keV, {5l
= 21.0 F§fi 950 kBq) . “K (E,= 617, 373 keV, }-J5il] =
223 W5l 2 MBq) . 3850 *Na(E, = 1,297 keV, - =
14.95 W] 100 kBq) T 5,
2.2 STZHE 1 BERKBETILIIRADESR

1EH 6 Jflin ICR vV A ([, KH 31 + 1 g, HA SLC)
2L, STZ (FR3Eflisk) 2 100 mg/kg AREEL TG LT
TERIL 72, STZ 1T~V AICE G- BRI 1 ml DY TSy
77 CWRREL ., RS 2 Sy ARNICIEIENIEST %, STZ
Feht% 2 AZ LT EARIEL (UES k7o —
R Z AT A—%— a, ARKRAY) , MHFED LF718E 5N
RWGATE STZ D557 o7, kROl {E 400
mg/dl LA LT TS LI~ T AD B 5 BERIFE T L
AL U TERIZHLT,
2. 3 1 MERBRETILEIMD K BIEER

STZ ##3% 1| BUELRIRE T L~7 2 40 T (10 i) %
B, 20 VT &2 () BEEIT30 (+) BEE L, F21E
10 WG ICR <7 A 20 VLAt S L7z, 12030 (+) B
20 PEIZHFLC 100 {5 A BRIZDS0IEIR (Vv kB A o 2 BFF
ZEM LV AES) 0.3 ml & 4 AR OG- LZ, ZD 1 H
%, T R —H—¥Ei % 1 VEH720 0.1 ml R EFARTE S
L. BBES VE9D 3, 6, 12, 24 FERIEICARHSIL CILig, O

i R R, TR, NG, R A ORBRIR) 2 HI L7z,

FBHIIEC IR &L EH T TAT v 7 4B A
L. @l Ge B HERZ W y BRAASZ AR
—IZ RO B~ DEGAZE (% dose/g) & H H LT,
2.4 Mg RZEMWMDIERLE GREI #885 FREFA A—
DUTRKBIER

I IE R 3 W kE ICR ~ A (H A SLC) 2 iz,
IEFREELUTIE AIN93G Aff L, KRk Z A HEREL
o —H Mg RZ~T AL, EIEIZHESTAINI3G D Mg
WA SERITHBR W B 2 LR L 72, IEF B &
O Mg RZ~TAC/NT N—H— IR % 2 5 IR
L. B FRIRET o~ A A= v TRt a7 o7,
GREI #EEOMEA K 8 (TR d, vV A TRy My %
EE LB e B SREICEEL, BT REy
v 7’ &7 L —NE DO BB 30 mm T, R 7 X — LR R
T 12 Rl BT 2 REhEREHE L,

12 Rt 1% . ~ D AEFRERIL | Al A L, L
STHEIIE : Ge A4 125 (ORTEC, SEIKO EG&G) %

TR RERIEZAT o7,

3. AREREER
3.1 1 BBERBRETILEMICET IARBREER

AREBRTREL 722 L F P —F—12 XD, "Be, *Sc,
48\7\ 54Mn\ 56C0\ 65211\ 7586\ 83Rb\ 8581‘\ SSY\ 8821\ 95mTC\
"YIRh, '"Ru O 14 RO FFHER AIRECTH -7, B 1
~T A\ ZENEIVIIR, O BE | TR, SRk, IRt &
A (CRBEED) 2B 2~V TF b —H—BUARD LA
Y,

MHSOBEARTIL, $eh-1% 6, 12 REFORE U THEIR
i DR RSB THE LR OBUAENREJHD LT
W5, BFIZ Mn., Co. Zn, Se DA EITHE TEOHENA]
INKREWV AT D E G2 LD M P BGASE~D IR
LCIEA BRI RS -Tz,

DA ~OBGADZEALS I LFRIFETHY | BT~ /LT R
U—t—$ 5.4% 6, 12 IFFORE R CIE R BECWEIRIFRED
MDOZENRKE, Mn, Zn, Rb 28 3 BEEHICE W EBUAR S
RLTCOWDDORRHEIN THD, LTl 6 REEORERT
W 5 DORBENIEZE CTHD, OFED, Mn, Co. Zn, Se.
Rb, RulZHBIF DNV EEREDOBLGAR DN Td D, Mn,
Co. Zn. Se DWBITCHE THITIZONE B D BB K E N
ZEIT ATV RN ITT R S BEAL TnHZE
ERLTNWDHEEZEZ LIS, BB IZHBITDBOARDZE D
RIS, 3 BEEHIT Zn OBUARMSIAZE I ZE
DOPFHEAN THD, I8 THEG-1% 6 REHORE AT Mn,
Co. Zn, Rb, Tc (2B W TIZNVEEIZLDBEARO BN
BROLNTZ, DAhETRRD Se & Ru I 5.0 88
RGN T,

BN h DOBUARIL 3 FERE DI S5 24 BRI E TR %
WAL THEY, JRP~OHEZ KL T\ EE 2 B
%, Be, Mn, Co, Se, Y Tl 3 ReHDORERTITAV I H-IC
FOBOARBHIML TS, Mn TIEIEFEBELD S EVE
AP EBINT, THEA~DOEBUAZTIX Be, Se. V @ 3 7t
FIZHOWT, &G54 3 FFR OB TR W BUARN A b
LONEHERTHD, LU RNSZOBBERIFEETIE 6
BB E Tz, IEEEETIT 12 BB ETIZZEDOREBS DHE
ML TNDLZEND, JFOfEEE I L — 74558
ZRLIzb DL Bbind, Mn, Co, Zn, Rb IZIZ30EEHI
LDBGADBENME S 6 FER]ORE S ET RO,
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AR CIL 3 BEEHIZ M, Co, Zn, Rb LIS DILHEITIFE
AMEBDAEN e oT-, EIROAIEEREFRRIC, £ 5-5
6 BEETINS TRV G LD BOAR OB N
R R oz, FRC 3 REORE S CIEEF FELOBER
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HHEFH~DEGATIL Rb OEGARE K Z ML, & IeRE
IAZEM 3 WD 24 FERCONT THEVEEL TR
DOIFFEA) THD, F72, Mn, Zn, Rb Tl 24 Iz DO HY
IAEDBERIFITA () FEA Fh MV MEZ R L TRY, il
Dligis L 1T DM Z R L TN D,

ZORRIZ BEIRIIC LD B OB b KEWN
D% Mn, Co, Se, Zn 72EDYVIEMEITLHE THY, 12030
B G X DZEE OB D, ZNSIEHRITITITAY A D
MAMERANKENZ LD RBEND,

3.2 Mg RZEMHTDEHRSFRBAA—DUY
MROEREER

AREBRTRIEL Iz~ /LT R —H—1280, *Mg (E, =
401, 1,373 keV, - = 21.0 Bt 950 kBq) . “K (E, =
617, 373 keV, ] = 22.3 ¢ 2 MBq) . 350 *Na
(E,= 1,297 keV, I8 =14.95 IKF[#] 100 kBq) DHIE A
"R/ o T, TNHDO< A F R ——F EFHBIN
Mg RZ~7ACH 5L, GREI Z MV C, EHk% R R
AA=V T FlpEAT T2 (K 8) . 2O~ A% ARIRMERT
ST ERREBE BT, R 72— VIRRER T C 12 FREH
DOIRtBEITHT,

GREI Z W= IEHE BL O Mg K2~ A BT 585
BRERIREA A= 7 BB O R, &5 L-2hEhok
L—H—IZEENEREICE A D ¢ #E, BEFLc=x
X — ATV E TR D2 8P LT (K]
9~11), ZD y MOZFNAX—IEREZF|IHL T, ThEh
DR —H—ZFAI L CEBAER DT — X A THT L
MWA[RETH -T2, Mg 1L~/ F e —H— o E En o8
WO HTHAERIESNTNODAD 7 RI FL—H—THb,
ZD Mg h—H—ZEDVT NHA LA A= 7 3R
WIDORATHD, Mg 1X, Mg KZBIOIEFH D~ AT,
DiEFs L O D D ERA AT OEFEZ R T B D55
N (X 9), ZOHEREIT Mg KZ DIFHNEEE TH-T-,

KL, PK OBEBAROFE R, WIho~o 2 DT
EIEMEAT ISR - TS A R T EE A GO (K 10),
Na (X Mg KZ~ T AH Dligd A T A8 7 b,
FFHSREDIR TS Na S£FRZERL QWD THEEZ R L
723 11), —F ., EF~T AT, ST ~0EFE D 81
E MG X bl % 53U L AAZZ8 I €27 @R VAN AN
Lofa], =)L F h—H—12i% YCa BLO ¥V BNEFENT
N DS BEBRE A3 47 T7e< . GREL #RAZIZ AR AIRET
HoT7,

—J7. GREI %D Ge 18K LM %
DOH o~ FHHOREREZR 12 (2R d, ZORERIT, Mg
RZ~=TATEBNT, FRIZBE RS 3 T DR
FTNOTHEL LM, A ORELE PMg O i EsR
B DFEN DI, OIS DRI 72 5 1A
A=V TFEBETIFR VT NEA LA A= T D
HEMENZORE RN L O/ o T, 5% REEAF
A7 AN FR ORI E DL EEEL RIB STz,

— 77, GREI #14C 500 keV FELLF O y #af 4
ZE, BRIy BRO% T HELEG OB LT —F 7
77 MBBEFICENDZERALN T, 2, BEFED
GREI (285 500 keV LA T OBFES OB IS 1T D
RISHABINT IR o7, Fio, AR W ELAZ AN 7 8RR
X Ge Y-ERRR IR AR HIE BALERED L
(2&D, y HAH AR AL O s ) E R O BRI R h
L. 5 BB B E DR HIERVERE C ISR A T o 7o R L
BEIZ 1 mm FREOSRIENESN CNDZ L Z R G T
BEONTZ, T,y BRONT xR TIEOFRIEITAIL
FERT — 2 LTS R BLEERE THA0 3 AR DI
FEDIH LA FEBARETHDHIEVHIAL 72, GREI THAL
FEFRIAIRE v BRA A= 0 7 WNATRECHDHZ EITEIRE N
TV, RN TRRLERMELZ R — P — LB
T\ RRBI SN BB 2155 Z LITR I L2 e, 224
TR THO CAER T T R I AT LA EHSYF R
AA=V T OIS FRES T LS FN KD,

4. 5EDRE

STZ FHFBERIFTOFIEICLY , EH VA M THED
BUARITRME MR 2 BN, R0 EIZID,
B 54 3. 6 h TEMEPE<RDBLD Mn, Zn OIFER
X Se OEEMRLITALNTZ, ZNHOERITITADA
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EHTH Mg IRE NSV EL A&
FEREE 2 DD, RNIZBIT DIFERERDFEL K&
P2 DIV AT DOREE M X DITIT R DD
WEEEZ BID, 4 BIORE CIIINERREE Lo 7
NDI=h Ti BX—7 ML EF M~ /LT R —H—
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EINTERD ST TG DET-D Mg D% #E) %
BT HZENTEA o7, SRITZO REMETHE
BT, EBICT TRV LR ZIREDET VB2 LT
BWCTHAEKRITLREOX A F IV AR D352 5%
BB QO T ETHD,

—J7. Mg RZDIIEIL, Mg = K DD HITEE~DHE
FEMEZTRL ., Na DA A=V U ZITIEH LR ERFER D2
ZEnbholo, ZRHLOERT Mg RZAKEBOIRRENZ
NHMFETEHRONHHBFEC LM AAEA 2R I Lok R
EBZoND, KNICBITHFEEREOREL RENEE XL
AU AT DR A EMEICHR X DI AR D s b B L
EZHND, SRIOKETIE Ti 6% —7 vy ML DB Hm
~/LF R —H—(Na, Mg, K, Ca D[FIRFEBI% FHEIZ
T5) FBETAHIENTETZD IRV D ET=D
Mg DZBNZ T LHA LR THID TA A= T gk
L CB 22 L3 CEz, SRILZOWFFERRD R AR

EETDELEBIT, SBICYT RV T LRZIREDET IV
R E BN TH AR ITCFE DX AT IV AT Sy
INCR Y2 Ly ERIONPN T 5 & SOBRIEE S VA I i
HHEL QST ETH S,

# O

AW HEEET DI Y720 R 7 RF KPP T
HBARMNE - LOREMRT RAAAREFERM R
discussion LT 7RIBIZOLIVEHZHL BT 720, F72, E
T VBN OFRE 57 SNZBAL T, R R R
FIFOT RO ZEIR D TH 4 Cholz, 208
EBAEVUTEHPL L0, —JF AFERICH W
RI ORGET N 253 B B8O TN A TBOE A F L2
WEFE P R SR FE 2 o 2 — DD Z R It
T HEEHIT, B ERRICE T HEA LA AT AR F A
oy T A A= 7RI o 2 — 3 L O 1L KK
SRR SRR A ZE R OFE RO T L R
F5,

KERDD AR | WFFED VR — a2
Vb e WA L ARRZERE FH O B BT L L0 B
L BT A%OMHAOETETOITREBLIBHVHAL L
F5,

-17 -



O diabetes+bittern

O diabetes

O control

OO MO NLW WO
] a4 4 o

(6/9s0py) a1ed ayeldn

SO ®MmWONLD DO

o™ N — o

(6/0s0py) o1ed axeldn

€0T-ny
TOT-Ud

§ WS6-0L

88-47

1 88-A

G8-1S
€8-0qd
G/-3S
G9-uz
9G-0)
7G-UN
8¥-A
9¥-9S
L-919

€0T-ny
TOT-Ud
wG6-91
88-17
88-A
G8-1§
€8-0qd
G/-8S
G9-uz
9G-00
G-UN
8v-A
9v-3§
L-9d

Tracer

Tracer

Mg O~ /L F R —H—HuA=R

X 1.

@ diabetes+bittern

O diabetes

O control

(67asopy) a1ed aye1rdn

(679s0py) a1ed ayeidn

€0T-ny
T0T-yUd
WG6-91
88-17
88-A
G8-1S
€8-0d
G/-9S
G9-uz
9G-09Q
7G-Ul
8¥7-A
9¥-3S
L-99

Tracer

Tracer

sH2
#

DO~ F R ——EUA

X 2.

-18 -



O diabetes+bittern

O diabetes

O control

ﬁ*ﬁﬂﬁﬂﬁ-ﬁﬁﬁ Wﬂﬂ'ﬁﬂﬁ

|

%

Fhﬂvh_ﬁﬁjrhﬁ

10
8
6
4
2

[T , [

rmﬂﬂrmmﬂﬂ

|

|

s

12h

10 1
8
6
4

2

o Ll

(B/as0py) a1ed axeidn

L
o
—

[ee]

©

(B/asopy) a1ed axeidn

€0T-ny
T0T-Uy
weG6-9L
88-17
88-A
G8-1§
€8-0y
EPAEN
G9-uz
9G-09
yG-UnN
8¥-A
91-9S
L-34g

€0T-ny
TOT-Ud
wGg6-91
88-17
88-A
G8-1S
€8-9d
G.-3S
G9-uz
9G-00
7G-UN
8v-A
9¥-3§
L-34d

Tracer

Tracer

X 3. BHEHO~LF R ——EGASR

@ diabetes+bittern

O diabetes

O control

12h

€0T-ny
T0T-Ud
wg6-91L
88-17
88-A
G8-1§
€8-0y
G/-8S
G9-uz
9G-090
7G-UN
8¥-A
91-3§
L-99

€0T-ny
TOT-Uyd
weG6-31
88-17
88-A
G8-1S
€8-qd
EPAEN
G9-uz
9G-00
yG-UnN
8¥-A
9¥-93§

L-99

o
N

O
—

(679s0py) ares aye1rdn

[9V]
—

o
N

© N o < o
—

(679s0py) a1es aye1rdn

Tracer

Tracer

sH2
#

BFhgh o< /LT ho—H—HGA

X 4.

-19 -



@ diabetes+bittern

O diabetes

O control

12h

(6/9s0py) a1ed axeidn

(6/9s0py) a1ed axerdn

€0T-ny
TOT-yd
wGg6-21
88-17
88-A
G8-1S
€8-qd
G/.-3S
G§9-uz
9G-00
yG-UnN
8¥-A
9¥-3S
L-94d

€0T-ny
TOT-Ud
we6-91

1 8g-17

88-A
G8-15
€8-qd
G/-3S
§9-uz
9G-00
¥G-Un
8¥-A
9¥-9S
L-99

Tracer

Tracer

5. FFlgt o~ F R —H—BuASR

@ diabetes+bittern

O diabetes

O control

=
I
N

25 r

I
o
N

= 1mmm
i
|
|
=
: ]
% e
—
]

(B/asopy) a1ed ayeidn

| I I
n o Yo} o
- —

I I I
Yo} o Lo o
— —

(670s0p%) a1ed axeldn

€0T-nd
T0T-yd
we66-21
88-17
88-A
G8-1S
€8-0d
SPAEN
G9-uz
9G-00
¥S-UN
8v-A
9v-3S
L-99

€0T-nd
T0T-Ud
weg6-91
88-17
88-A
G8-1S
€8-0d
G/-8S
§9-uz
9G-090
7S-UN
8v-A
91-93§
L-99

Tracer

Tracer

sH2
#

NS T D~ L F L —H—FGA

X 6.

-20 -



Uptake rate (%dose/qg)

Uptake rate (%dose/qg)

Ocontrol Odiabetes @O diabetes+bittern

3r 3r
25| 3] s

25 | 12h{ 25t

b T T LR EON R R @D 5 GG 6 T I LR EN R @D w5 g g
v
mo>:o:w.o‘—>.=—03ﬁr.' mo>:o:w_oh>.=—®F.'H
i = O N » x ¢ N 5 £ S o = O N ®» ax ¢ N L, © S
ox o ox o
- —
Tracer Tracer

B 7. B O~ F R ——BUAR

B GREI & DiRiRRE

Detector head

)I —

AERM YT EER Ge RIS

1 1
= 5 =1 O — =
E, =E+E, cosB=l+m.c [Ey £ - E.]

‘RIERCaAV TR EREL. BB TABRINEFIA
“YERIRILX—E =E, +E, > %EZHI
‘EL,E, BEUHEERRDAE
= aAVT U HELOEEFEEHEI- T H#EH
EFED
BHOBZENCRRDEHT
‘GelR i FRICKDENI=TRILF—5REE

X 8. By FRIFEA A— 0 7 4 GREI D5 L P

-21 -



y [em]

y [cm]

y [cm]

X 11. GREI 215 **Na 4341 2D PR Rk s

-02-



Uptake rate (%dose/g)

Uptake rate (%dose/g)

Ca-47

5
4
3
2 .
1 A B Mg defficient
0 .
® Normal
X & S & IS N &
RSN & NN @\»"(' N <&
Tissue
100
80
60
40
20 m Mg defficient
O |
M Normal
5 ST S S R I S
& & & NN @\\,"g & &
Tissue

12. K FEITTRONEESIAR D LLES

Na-24
_ 50
= 40
3 30
Rl
R 20
£ 10 - ® Mg defficient
% 0- = Normal
g‘ Q)k;b\(\ \2\??‘\' {_\&\6\ \)4?} \,\)Q%Q\)‘—)be Q\?/é\ ,\‘25:"@?
Tissue
Mg-28
_ 50
> 40
3 30
el
] 20
% 10 - B Mg defficient
% 0- ® Normal
§. Q,,;S\Q \bzé‘*;\&\e‘\ 0495 \,\\9"0@&(}?’ %Q\ze"‘ &0‘;@5
Tissue
K-43
_ 30
V]
g 2
3 15
€ 10 -
£ 5 m Mg defficient
% 0- = Normal
g’ %"}’\Q Q@%\&Q&\é \'96\ \,“"\\% @\{9& Q\Q'é\ /\z‘v’&%
Tissue

X #

1. B 5Lfm, EmocEofil, 4 —2%k (2006).

2. BGE 8L, FINE—R, 7 VANT =277,
—2ft (2005).

3. Haba, H., Kaji, D., Kanayama, Y., Igarashi, K., Enomoto,
S., Development of a gas-jet-coupled multitarget system
for multitracer production, Radiochim. Acta, 93, 539-542,
(2005).

4. Enomoto, S., Development of Multitracer Technology
and Application Studies on Biotrace Element Research,
Biomed. Res. Trace Elem., 16, 233-240, (2005).

5. Kanayama, Y., Igarashi, K., Haba, H., Enomoto, S.,

Metabolic interaction of nigari and various trace
elements on streptozotocin treatment mice as a model for

insulin dependent diabetes mellitus by using the

6.

7.

-23 -

multitracer technology, in preparation.

Motomura, S., Kanayama, Y., Haba, H., Watanabe, Y.,
Enomoto, S., Multiple molecular simultaneous imaging
in a live mouse using semiconductor Compton camera, J.
Anal. At. Spectrom., 23, 1089-1092 (2008).

Motomura, S., Enomoto, S., Haba, H., Igarashi, K., Gono,
Y., Yano,

multitracer in biological samples using strip germanium

Y., Gamma-ray Compton imaging of
telescope, IEEE Transaction on Nuclear Science, 54,
710-717, (2007).

. Kanayama, Y., Igarashi, K., Hiromura, R., Motomura, S.,
Haba, H., Enomoto, S., Metabolic interaction of Mg, K,
Na, Ca and V on Mg deficient mice by using the
multitracer technology and the multiple molecular

imaging technology, in preparation.



No. 06D2 - 08D2

Metabolic Interaction of Nigari and Various Trace Elements on Mice by Using
the Multitracer Technology and the Gamma-Ray Emission Imaging System
(GREI) as a New Modality of Multiple Molecular Imaging

Shuichi Enomoto

Graduate School of Medicine, Dentistry & Pharmaceutical, Okayama University

Summary

Recently, biotrace elements (elements that are essential to our bodies in minute amounts) have caught our
attention, as health has become an important issue to many peoples’ lives. The metabolism and dispersion of
many biotrace elements may be analyzed using the multitracer technology. The multitracer technology allows
simultaneous tracing of various radioactive isotopes (RI). By administrating a multitracer solution containing
various RI into a living organism, the activity of these RI can be detected using a high purity Ge detector or
Gamma-ray Emission Imaging (GREI). In the first experiment, the multitracer technology was applied to insulin
dependent diabetes mellitus (IDDM) model mouse. To one group of this IDDM model mouse, nigari (bittern)
was fed each day from one week before the administration of the multitracer solution to investigate whether nigari
has a beneficial effect in lowering body weight and blood glucose levels in IDDM model mouse. The uptake rate
of various trace elements on the IDDM model mice are slightly decreased those on the normal group mice.
Multitracer administration results showed that nigari had effects to accumulation of Mn, Zn in liver and Se in
kidney on 3 and 6 hours after administration in IDDM model mouse. These results suggested that accumulations
of these elements are closely related to homeostasis and biotrace elements interaction change by occurring high
Mg treatments as a nigari administration. In the second experiment, the multitracer technology and the molecular
imaging technology were applied to Mg deficient model mouse.

In these studies, we have demonstrated the multiple molecular imaging as include in bittern elements by use
of semiconductor Compton cameras. The Compton camera used in this work comprises two double-sided
orthogonal-strip germanium detectors, and their excellent energy resolution enables discrimination of the nuclides
and accurate determination of the scattering angle especially for sub-MeV to MeV-range gamma rays. Three
radioactive tracers of *Mg, **V, **Na, “/Ca and **V were injected to living mice and were simultaneously measured
in the live-mice metabolic dynamics. The world’s first real-time metabolic images of the three tracers were
successfully obtained, which showed the different behavior in the living organism. We were able to obtain quite

encouraging results for multiple molecular imaging by use of semiconductor Compton cameras.
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Bipk&E S 06D3-08D3

<~ T X LDDRZ BLOKE N DD AEARA~D BB 5
DNA ~A 77 LA fifhT

BiCOTEAY, R R, A —B1%, M R, Roo B

VRO RER PSR E AR R R ER, 2 OUR PR R R 2 SE R

B E v 3xvAMe) ITHIINEEA A THY | MR DRSSO OISR 7L TR 5L T D,
AWFFETIL, Mg RZIZ8D Ca/Mg b2 BN SB TR AE TO A RKERE I C B HhE 4 72 B In R BLD LB %2 . DNA ~ A7
17 LA % O TREFERIITANT 35221280 . 2O RBFTAHIBE O 2 IRME AR T 5L L0, TEERAREEAIILO LT
BHAEREER YO —hicHE 5T 2B TEmBL,

VR 18 ARFE Tl #BREM &L TR HENE Wistar 527 v R UV Mg RZRC 28 HB DO BEBIE A To7-, XHRE
L CIER Mg #5584 5¢07 | R EDORV Mg X Z B GREOB R EICA bR Tl RIGEI A1 T o 72, MEELVIKEOHI
S724 3 EROIFIED S RNA it ~ A 707 LA FRNTIHE LT, BefECADALe T — 4% FEIT GeneSpring (2T
MEHENT 21T 57225, Mg KZ 7Y hDOIFI CIEZ L DB TR BN EAL T HI LRSI, FTFHZE D 2 5L
FOREBERECETRTEE I 734 Tr—T 8 Mg RZ BEGIZEo THEANRESETHBIE TH < Mg KZ
DM 1A R BUC R EBL CWAZ LIV RIBE N, Mg R ZICEVI B L& R U8 s 12T, BEPEAGHE
NEE R, 2o 08/ TR, B IR R, AR ARG, g N2 Wik, Mg e L MR
FAEIR 72 8 OFk % 7o BERBIC B BT 26 O E £ TIRY, FHIRBEHRORBNT OV TUE, AR IB IOV FRITEIE
DEALEFE O T HND LI BIR T OB, LT T — 2 TR D LN HIRARNWE{LRE Mg RZIZE
DRBFRRH OB PRT 5 L CERERMADEOI, EK 19 45 Tl Mg KZIRABIC Mg 23 E &5 A7
LHIEFREZRE L, Mg KZPHOBIERRIZIIT DB n TR BLO B EfRIT LT LA, Mg RZBEGIZE->THE
IREACZ R BAR T D) 80% S IEH B G-RF OB T I B EA~DEIRZRL, TDIHKI 80% DA TN IEH %
G L[AFR ISR BLREA IR LT, ZOZE0, BEEVE Mg BOEEN EWBIR T OR BT T HT LD RS,
Rk 20 AR TIX, Mg RZIZEDKERE OB T HBLE L ARG LT L2A IFIRIC IR 358 ZDOZbITEMThH
ST, BIERI L OVE I BB R DI BB S BIEZ S 47,

1. IZEMN Tl Mg @ 70% WEH O ELTHAEL, BRGEHCHE

<72 5 (M) I, AU A (K) ISRV Tl
WN&EBAATHY, ARND 300 FELLEORESEED
TEMHALIAFE L TR S-LCD, AKX ATP 25 ADP 1248
WENDIBIETELDTRLE =L THEMEHERFL T
WA, ATP BELNADP 1T E AL CWDIVEAA L DR
DEIZEV AICES D, 2D BEEHROEBFET
Mg AR SNDT6 , Mg I3k 7> TCA [Al#
DELDAT T TUHEREDERS>TWS, £-, #ifust

I E A 2L T\ D, EBHIZ, Na, K-ATPase #4717
~ 7 30 AOMEFEERIZ OV THEERHRSN A,
DI Mg DB EZEMITHALNTHDIZHLEDL
P FORBFEHERE OV TIRFE AL BHES T
RODRBURTHD, —T7 BENLEIT D010 L
(Ca) B:& Mg B D LLITFRIZIGER R B DS AR L BILR SR
W, BB R CaMg @< nic24L, Bk O%
HBOERIFETE RN EH-45EL7- Karppanen DA Y LA
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¥, Mg @ Ca lZxt 3 AP A B ER 2 R BlSH 57
D DOH NG B EPBERIILTNODLD, Zih
& EThs,

FZTAMIZE T, Mg KZIZED Ca/Mg Heatgins+
TIRRE CO AR B DR # 70385 T R BLO A )

% DNA ~A 707 LA % TR 522 10,

Z DR EAE O 2B EITR T HLLbIC, TEERE
RBZIICDETHAETEEEWR TR O—cE 5358
BITHEMLT-, YRk 184EEDBIRIC LY, Mg Rz T
S MTZ AV, DNA ~A 2707 LAEMT 24T\, e # %
BN RIF T ARG LTz, Wk 19 LTl Mg RZ
WHEIZ Mg i IERESAHT2IEFHREEZ#EEL. Mg XZ
DHOEIBFRIZ BT HBAR TR B DA LA T 52
EEHBIEL, AR 20 AT, Mg RZ IR 8% %
FHEHERINDE M (RIRE) 12361 D8R FHBLD
IEENZOUVWT, DNA ~ A7 7 LAt T-72,

2. AR AE

ERR 18 AR, HEREN L LT 4 S Wistar SR HET
I VY, AIN-93G FRBHHEL LD ER(L Mg ZBRV - Mg R
ZEEEGL, 28 AMOFBEBELITo7, xHRELT
1EH Mg 52T, BR ROV Mg XK Z 851
DOEREIZEDETHIRAGEEIT o7, MBIV IRED
Rio7=% 3 RO S RNA ZfhH#% ., KR,
¢cDNA. cRNA Z& L. 7o—7%% 31,099 @ GeneChip
Rat Genome Array 230 2.0 (ZNAT VX A E—Tar Stz
%M. Stain, Scan 17\, Genechip Operating Software
(GCOS) % FVNTHURAT (S0 7 T v DREAL) LAt
K DVERLFS LT Pearson DFHBIERENE KD | 7T AL —fif
WratT-72 (Fig. 1), K 19 2R Rk e e s A
VN, AIN-93G B RV IR Mg ZBRV V- Mg RiZ £
L, 35 HIMOEBIEATT 57 (MDss ), xR
L CIER Mg % 5-(Css) B, SHI1228 HEIDO Mg K Z &
Feb-1%. 7 HEO Mg IEF B G277 (R) #EbH %
(F 77, FEATIE 19 4R L RIBRICAT o7, YRR 19 4ERES [RIER
WS 7y MV, Mg RZC 6 IR E#IE% . KR
BaAi . RNA filitH %, FIERIC DNA ~A27a 7 LA gt
[ By

FEH OB BEAMREIXES L 31,042 Vr—7
OB WCERE 3 o7 AoHh 2 o7 bl b

THRILL TN A I 13,729 T a—T7 ZrE | i
BAEMN 2 LETHD 1,144 Tu—TEH 0T,
GeneSpring GX7.3 (Agilent Technologies) ZH\\ T, + 7
FVE RIS Hat% | Student-t test 21T\ ), False Discovery
Rate (FDR) 0.05 Az A B L LTz, Sk 19 4R ClIEE
WFE COLEACE FDIZD D Css BEL MDys BEFBS IO R B
MOFEZAREICIE 28 HEBXION 35 AfD Mg KZ
BRLGICIVILETHERE(E R v—T7 2 -
7o —ILELE BN AEZEDHHT B—TITON
TIEB RIS T Tukey DS E LR EETT T2,
PTHROREIZBNTEH FDR<0.05 2 HEE LT, Mg K2
BIDIEFE EA~OREB A HIZ LG SIS D821t
T B R ORERED FEEIZIE GOstat & VT, 24
BT 28 HRBLON35 HiMlo Mg RZ B# 512k
VILETA B LA R U B S REIC S £N DS RE
DBEBETFEIHIL . ZOEE RUTZBIR T OEL<EE
NAHEEED R E % Fisher D IEMEMERIREIZIVITV, P <
0.05 xHELLT,

3. RBREFLVEE

WAL 18 AEFE T, HMAIIZ GCOS THRLNZT —%
Z BT GeneSpring | CHERHIFIT 21T 072 L2 A Mg RZ
Z ORI TIEZ L DBAR TR BN EL T DI EDIRS
AUTze FIAEHEAD 2 (50L LR Ble i bA R~ 78R
T 734 Tu—TL Mg RZBEHIZE > TRENKE
SEALT DB TH < Mg KZDFFIROBE T HBUC
RESEEL QODLIEIVRIBSN-, Mg KZBFEEIZE
DFRBIEACZ R LT IR AR T IZI3ER & 7o REIZBE 5951
DPZFENTEY, FIORERNAFN WL, A
FOVEALFERFEIE DAL LK O T BN D LS 7B s 1
DOFBIEAL, F AT — XTI ZDZ LD KA
WEAbZRE Mg RZ B GIZLDHRBRH ~D R
ZPRE 95 L CEER A5 (Table 1),

o9, BRI BV T Mg K2 & #5250 UDP
TV a—ADPEAIZEIR T 5 UGP2 (UDP-glucose
pyrophosphorylase 2) . Z I/ bEASHLZ UDP 7 /L —
AV a— ANZEIA T 7V a— 7 A G RO AL
F# GYS2(Glycogen Synthase 2) [FFBUK T 2L, 7 U=
— A RIS N D T EAVRIBE T2, L)L, Mg
RZTYNIBNTL, ZVa—7 A g% i)
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Fig. 1. Scatter Plotting (A), and Pearson’s Correlation Coefficient Analysis and Cluster Analysis (B). A greater or lesser

extent of gene expression differences were observed between the control (C) group and the Mg deficient (MD) group.

Table 1. Significant Classification of Up- and Down-Regulated Genes by Dietary Magnesium-Deficiency

Metabolism Up Down Total Functions Up Down Total
Proteins 28 23 51 Transcription 16 27 43
Carbohydrates 5 10 15 Immune Response 18%* 9 27
Lipids 19** 18 37 Nerve system 10 11 21
Amino Acids 3 6 9 Circadian Rhythm 1 5 6
Vitamins 3 2 5 Transport 25 31 56
Cofactors 2 7 9 Cell Proliferation 11 8 19
DNA 3 3 6 Cell Death 13 5 18
Nucleotide 3 2 5 Cell Cycle 12 5 17
Active Oxygens 2 3 5 Cell Growth 5 4 9
Xenobiotic detoxication 1 4 5 Cell Division 6* 2 8
Cell Homeostasis 4 3 7

*p < 0.05, **p < 0.01 in Fisher’ s exact test

{ELTEMEAL 3% Ppplr3c (Protein phosphatase 1, regulatory  (ZHERFSHL CWNDZENHELR ST, IFlgF 7 Va—47
(inhibitor) subunit 3C) DFEH EFH-L, Z7Va—rr G BICSHOWTEIFE & 51O Mg K2 I X2 bid il
PR OIEHIX ERTH2EREBEZLNTZ, ZOZEnb, ENTWD D, IEH ARG OMTIIRSh TR,
Mg RZ B G\CIN 7 Va—r o SR OEAITRT  SROBMFETNLETHD, £, ZVa—r Ltk
TOM, ZOEMIRESIL, ZVa—F U ESRITIER 12 UDP 7 v a—2hbpEESis 7 Va7 U o4
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ARBIOE[IT Mg RZBE G ICEITIHIEND
ZEWTRBESNT, Ty M ZVaYI TV DA RIC
Lo TALDT TV BEING L-T A2 NVE VR E AT HIE
WTED, ZDOZENH, Mg KZABFEGIZEDT7VaY)
TV AR OIHNC I T A2 e A A R O Hi 23
FIEFEZIESNHZENHELESNTZ, Mg RZ T DI
BWTIE, UDP /' /va—AF Ry —EB42 &7 A2
VE L TRAR G AU BAFR T DR DTG AR T o7 Az
VEREO TSRS SR TERY P A LSRRI
TT AV E RS OIS KO T 7 2= e
FEEME T THZENRINTNDIEND, BT3B
A AL PR BRI S — B L TV DT LRSI
720 WIT Mg RZ B LDBIR T ORI DR
BAEOIRI LOMRE O TUEN | 2, g o=
ANF—JREL TORMITTTHEL TWDTEAVRIBS LT,
o, ZORBMENS ML 7 )V a— AR ZITR 52
EIMHERR SN, TFIRIC BV TiE, Mg RZ B 528D
BEBTEICBIR T DR ART ) — Ve LE VR VR R YT
—EBOEMIE LRI 2ZEnmES TS Y, — T,
PR TIEAT YT —BEEDN Mg KRZ EH5IZI0K
TTazendtsn g 2, ZNHOBRIEEDZEAL
Db, Mg RZ BHEGAZ K0P A S TTHE USRS TS
NDZENPHELRSND, ZOIINC, s TR LR
TEMED AN OHERS N OB E R OE BN TR D 73,
Mg KZ Ty NCIRIL 7 Lo — AP E T A LA
NESNTRY 9 B ORIACHERIFEEEbS
FHZETEV M N a— AR R IEEICHERFL T D
EHEESIND, HEE AR W TIE, Bkt & 5 FESS
fREIET OB RS2 LIV Ty MIB W T &S

DEADRE AR DZE0 D, AEBREFSMG TBLIO
INBDRMEZ R U ZATOZ L0, 5%, AKX
ThHEBZD,

JEEAHIZIB W TIE, Mg RZ BF GRS
%% Fasn (fatty acid synthase) DFBL EH.| 7=~ b
— AV A K D G6pdx (glucose-6-phosphate dehydro
genase X-linked) 334 TF Pgd mapped OF L EFIZLV)F
il & RIS O HIR Cdo D NADPH O PEAE I TTHEL T
WAHZENHEERS I, SRR A A U EHE DT L3R
Iz,
mitochondrial) DFEHL_EFH-HiE, FHEARECV U IRE D

Gpam ( glycerol-3-phosphate  acyltransferase,

AEBAMEET HZEHREBSIL, Mg RZ 7Y MIHBNT
IR S R PMEEL WD EE 2 BILD, Mg K2
BEGIZL> TR RUTZ BB G U BfR T 28 s
FTIL, BRGFEI K 7 TS SREBP-1 (sterol regulatory
@ & & 1 Srebfl ( sterol
regulatory element binding transcription factor 1) 237 £i
TV /=, SREBP-1 (FNFE A G RIS E B3 58 Is T
DRBDHIRHT Fﬁi’ﬁﬁ"] ZRAES DR RN h—
AU TRIEIE OFER O BAR TR BIABREL . EEAES
Al S SRR TV D, Mg RZ 7y MIHBW T

element-binding protein-1 )

SREBP-1 |Z&- TR FHHI SN DIEREIE DO 5 ., 5
Bh B& & % 1§ 32 Fasn ., fif HE SR O 3 B #  Gek

(glucokinase (hexokinase 4, maturity onset diabetes of the
young 2)) ., XU h—RUFREIEK OEEFE Gopdx (glucose
-6-phosphate dehydrogenase X-linked ) & Pgd mapped
LT
Gpam (glycerol-3-phosphate acyltransferase, mitochondrial)
DEODTARFAS Srebfl [FIFRIZFEIL EFAZRL T,
Mg KZ7vMZEBWTIL, SREBP-1 EZDENE G T-&
D BRI R E ST BNTEES | AFEHTIZI W THID TH
Bnkaotz, A% SREBP-1 28 Mg K27y MIBW TR
FTEAEMEIAL T ZEIZED | FiTalc <oA%
ZENTELEE ZBIND,

— 77, NelilE B ALIZBEMR 2B s 72 Mg RZ £
BeHAZEORBUR T2 RL TODIENS, HEEE /X
RSN AZ e meInTz, EAEEE B B(kick>T
PEAESIDT EF /L CoA 1 TCA YAV M A TR /LF
—PRELTRIHESNDT LN D, Mg RZ B GIZLHMEN
W B IR LML, NENIIR H kD =112 — PEAE I
FlIEEZ T LHEREND, TENIARHEI IV TURBS -
NENG B A= 5 B D AR E 36 L OMIG G88 53 g D I RN KO IT
i 3 LU R DRI R RIS LN T L7 e — L
(TAG) BTN 2L fegisng, Ml O TAG &
WZOWTIE, BINEIT LN DR E DB | iz,
MAET TAG REIE, EAZRTEVDIZLD®EDRHD
) Mg RZBEGROMIES TAG BEIL, URZL /3

VERT RE L SIE TR IRZ R TEYN—E
(LPL) V&M DZALZ2 EIZ Lo THEEBINDZEND, 2
SO BB LG Z1TO LN S B L ETHD, b

A C W T, B SR+ Tdh% PPAR

( phosphogluconate dehydrogenase ( mapped ) ) .
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(peroxisome proliferative activated receptor) o i&{x 1
Ppara DR BIZE{LD Mg RZ B G- T MIBNTHALIL
7. PPARa [ZNENG R iR . RENGBEERE72 & B E AT
BRI 25 T DAL T | RIEIESCRIEINE . TR
= A, i3 b7 E 22 T- DHERE D BAR T D s
FHREIAEIT->TND, Mg RZ 7MW TIE, PPARa
ICEVER G SNAERBEE T OIS | 855 1
Ppara . A5 i 2 B & 1k (2 B9 £% 9~ % (Cptla carnitine
palmitoyltransferase 1A) & Cpt2, L AT 12— Lk |2
%95 Abcgs, 2L AT a—/ /L EALI I ONAHERE ARk
(ZBEI6RTD CypT7al. 73 /v CoA MUK fREESE Mtel &
Ctel, &L CHIBRE HASC X L 7 G T2 RV BRI B
£%9% Cendl L9 2HDEE 143 Ppara [RIFRICHBUK T
ZRLT, Mg RZ 7Y MZEBWTIE, PPARaDFER S /3
8 T 5 LPL X A6-desaturase DIEVEL F RSN T
W5 19 Mg K27 MTHITD PPARG &Z DIERE ST
EOBIfRIZ, SREBP-1 FIFRICA £ TITHE S =3
< RIEHTIZB WV THID TR S L2, PPARa 1TV ViR
{EIZEDEMIC ZVEE SR LREAHI IS CD, Mg
1, EERNICRBWTE B R EBEE OAIN - L
THEBET LMD, Mg RZEH G125 PPARa DU
FEAERR N E R I TS UKV BRI 3 E
WIATOIVR N ERHERS AL TN, AT O R
HiX Mg R Z 7> MZE1T 5 PPAR 15 1 (Ppara) DIEHL
K FIZEY PPARo DR G REIHEREDIK T35 &S
NDHZENRIBINTZ, PPARaIIZEZEFZBRGPZIICD
k& 28R D EFRE AT > CNDIEND, Mg KZ
B H KD PPARa DB ZfEMNT 52 L1%, SREBP-1
DOGELFREIZ, Mg RZIZE-STHIEBIESNDEEX 72
BALEMRI T HDRER TR DEBZ 2D,

Mg Mab AT a— LAGROBEEER ThoHeNaX
SAF NI VAL (HMG) -CoA 12 TtlERE DORAEARITH
BAZF AFOVER T ENb I TNAZEND D Mg
RZIZED HMG-CoA i LR DBInFHBUT L A-T5
ZENHERSITZDS, RIHTIZ IV TED X738 B 22 b
ITABNI2oTe, L, Mg RZEBESIZIVEER
BAbE R LIzar A7 a— VA SRR BI85 71T
FTRCHEH FAAERL, al AFa— VAR EET
DHTENIRES T, Mg R Z B4 LD HMG-CoA iE T
FERIE PRI DWW TIIRIEABD e B b s S TR

W, ARFTICB W TaL 27 o — LA S RIC R 58
FOBEBFRBUL EHEZRLTNDTEND, AR
Té% HMG-CoA 3% el IAMMT A TH RO I 1 Cil
B OB NS SRS TWDATREMED & D, £z,
ZOBERITBNEBNRSHLEINTNDLIEND, YT
VAR DERIRE RS B I AN LE N H DO E L
g, Fleal 27— RENZB W TIE, 2 AT r
— NV EEAL B EEE S T SRR O AL B SR
Cyp7al (cytochrome P450, family 7, subfamily a, poly
peptide 1) DFBUL T2 Zoab A7o— VEALI IO
REHERAE A BT INHI SNV TL CTWAZEN RIS LT,
Mg KZFyMIBITHAL AT m— L AL RR ORI
W TIEHMG-CoA 32 Tl & Mg LD BE72 B BHEHS
TR, aL AT — LB ONWTOREITS F
TIZHEE, CypTal 3ATIROD PPAR0 OIEHEIL T THD
LTS IVTWDA RIENES A A R SEIR 7
(TNF) -o [ZE5 THEREA RIS IV TWDZ LT S
TWb, Mg RZ 7y T isEH TNF-a O _EHABHRIES
NTNBHZENS 2 TNF-a EEADEHEIZLY CypTal i
BFORBUR TG SRS, AL 2T a—/L 53
T AL E 2 LD, IV AT — REBHT BV TOR
I caL A7 n— VAESROREB L= A7 e —
VEALOIFHNC LI B LI P AT e — L &
N HEHER S LD, T 2L 2T m— LS H &I
DONWTIE, Mg RZEBFGIZIVEEME T bL2nE
OHENRHY, FemFEFBIOME R 27—
REIZOWTS EF AR, 2Ll | —H LR
FRDMFHA TN S BRI Mg K Z DL
NI E DB DR » FERGA I LU DO FREE D2
LB E LRI EITOZED, S RITVETHD,

G ERHNZONWT, Mg RZBHRGIZIDZ R
278 O TR B 4a 58 i (B4R 9% Hspbl (heat shock
protein 1), =L CHIFRMH R (2% 9% Eefla2 (eukaryotic
translation elongation factor 1 alpha 2) & Eef2k (eukaryotic
elongation factor-2 kinase) DIEELIFAK T3 5T LHHFIFR
BB IC BN TH R AR BITIHIS TODHIEN
RSN, BT O X R AR IOV TR,
MCI RV DT IVT I ~DOBDIAHRDIE T AR ESH
TW5, 7= Mg K27 O g B LT FiE% H
W7z in vitro EBRIZEW TR, 2T BE~o (MC)ary
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YOBABLDIE T ARNA DT 3 ALOINH], SHITA
FENT CHBUR T RSNTAH R R (eEF)-1 & eEF-2 O
TEPER T A SN CUD, Mg K27y hO gDl
HLTZUARY — AOREE R RE (Z I T A BN,
Mg KZ 7y OHg O L7 EIETZOVRY —b%
R LTZEZA REL TR T VT ~0 [MCI Y
Y ORIAF AR FLIZEHESIV TS, eEF 1T RiFH
IZEENDEND, FFIRICIBUVTY eEF IEEDK F235]
JEIENTVBEHERSI N TV, IS zisn T
BoT, KEATIZEB W THIH T Mg K27y MO gz
(7% eEF OZEALBMRIREI -, AT ORERADIL, Mg
RZBEEEIZLD eFF #i5TORBUK FIZ L IR
eEF IEMEIXIR T 22 L fiEgisnge,

Mg RZZ7yMZBWTIL, MIEF 7T I PRE IR
TIaZENHEINTND D, Mg KZ 7y o g7
VT IPRE D FIZ oW T, BHEREIK Fick DR
TNT YR EOE A RELTCERTF NS 19, Fie
Nassir 5 7 1%, EF 7L T IR TRIZBONTH T L
TV DBIETFRBUCEAERHONIRNZ LD, TAT
2 BAL DRAER MAE T — L DD N E Th D&
HEZZL T D, ARHTICEB W CHIMEF 7 L7 IR
IHETLTWAIZH 0 0h T T T7IVBEFIIAE
IR BB A RS T2 oTz, LinL, Mg KZ #5210
FHERBEPS T S L7 R 7V 7 U ARG RIS
A, MG R T VT DRI T I A LRSS,
Mg KZ 7 DR THCI I DT LTI~
OBABME T T HZENBLT VT I DA R
ENTWAZLIIHERITED,

BRI GRBE N2 X F AR E D Z L 7 R
(BIXB R T OB LILHEL TWDIENRIBS
T2 ZOZEMBE LRI E 5RO TTHEN R F 255 (N) Bk
MEOHMNZS I EEIL, N RNRERIXK T84
BENDH, Mg RZBFEGIZIVEE ERARLIZZ R
BB T DB B I~ AN O 7 a7 T —
RN AN— BN ST RIESUSIZ R T 27 07 7 —
EBRALNT, Mg RZ Ty MIBWTEIRIER ST
EZSNDZETLHILINTEY,, FAEIT BN T
Mg RZ BHEGIZ Lo TRBE LA TR T RIEISE %
SN BIR T DB I AT, RIERHZITAD
ERHMTERC DL FRIEMEY AR A TNF-a 1%

ARIZIWTH R E RAARET eV b s 2 e
B, Mg RZEEDZ L/ 7B 53 RO TUHEIT RIE RS 2B
HLUTHEEISNDLL DO LRSS,

TR BWT, Mg KZABFEIZEN T R
fBIRAEL | BV BT T 52 LaVRgE Tz, 7V
D RAVIZEY NADPH D3 EASNDZEN D, Mg KRZ
BEHIZED7 Vv BALORED, IEMER A A B O
EIZR G L TWHIENnHERZIND, — 7, B DR
IZEo THEAINDOE LE U ERIE, 7T /L CoA ITEHS
I TCA A7 M AN =R —JREL TSNS, &
DZEND Mg RZBEHIZX0RIBkO= R —
FEAITIHIEND EB 2 HD, Mg RZ B 51285 Cth
(cystathionase (cystathionine gamma-lyase) ) D% | 5-
WZED AT A AEGBIIMEET A LD S T, Fe,
Cth [T AT URVAT AL INLOENE VRO FEAITS
B LTEY, VAT URVATA VRO =R X —FE
EITMRESNDZERHERIEND, ZOTENL, Mg RZ
BEGIZEOATAARGNE, VAT A A A RO
EELE U EEA~D BALOEEIC X0 RIEE A L, &
AT AL DT —JREL ORI 52525
N5, T, TIUBARHICB O TUE Mg RZAREHIZE
LTV RVAF U BIONV AT A BALOTTHEIZ LY
Bt 7 DS TTHES AL, ZAUDRF N PR B oo —[K
272> TNDZEBHELRSND, Mg RZ T MIBW TR
B RTEHEB RO B L OZ L RGBT
IR (TN, VAT, VAT AY) BALOTLHER | & i
&N ENOZ L R BEIHR T 528D RES L, 2
DIERRNZ R BEOR T HBMEEE &K T 37220
BRI Z S EEI T —REUTHERIS 2, BL XD,
Mg RZ 7y NIRITHBIR T RO LB FIH
BRI LEL B, —EOMRFHIBEIL T Mg 1357
HiK - OEECHBI G952 EAVREIL, Mg KZIZXD
FlER ST BERI D LR - AL R B RO ZEIZ O
T AT REZR W OO RSz,

R 19 EEWT“ X, £9°. 28 HIEE 35 HED Mg K2
BEGICLOEEDO K Z T T, EFRBER GBIV
Mg ﬁzéﬁ&’@ BWTURSNDNE CORBIS I IR
Az 28 AE 35 OB MM OENNZED 2T AL
T, ZDZENS Mg RZ BEEGIZE>THEEZESND
g COBIE T-HBLOZ{bIX, 28 HER 35 HiEHEW -
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72RO Mg RZ BEGHRCIE, HH—EDIRREICRT-
IWCWHZENHELR S LT, BRI D Mg RZ B G-I D
ARNEEND IZE—EOREBIZRIZTNDZEIZD
WL, 2B R IRBE D AL I RIT AT S T A
ESLHERITED Y,

28 A Mg K ZBEHIZED 25 LL EICH B E L
R BInFEL T 734 Fu—7 3, 35 HElO Mg Rz
BRI 2580 FIcH ERZE A R UL T
637 7m—7 HMlHEI, O OBfRAE T2 A 28 H
fd L1035 HIFD Mg RZ B 50 Il T B2 %6
B R UG T 357 Fu—T s F N EnotEE S
B W THBZDOH T8 T DK 50% L7e-7= (Fig.
2), 2096 2 FLL EOF ERE AR T EE B
TIE. #9700 F721% 600 DT 1—T'& | HDHREDEILF
BEE XU — D — D OBR T Z L QDI END,
BRI 5 28 A L3S Ao ik llx
IR T OEBIOZEDOFMENR R, R EOH EIZD
WCORERM B2 o7 D EbiD,

35 HIED Mg KZBH5IZIVREBENABIEbLZ
R T AR AL T2 2A, Mg RZBEHIZESTE

BAZ T CQOHEIE T OMREIC, 28 HME 35 HMOS
BHIMOBENILDEITALNRNEI THoT-, £ 28
Hf DA, 28 HIEFL N 35 HE I, 35 HREIO A Mg
RZBEHIZES> THEREE R T BT ZHEED
FLTAE R, TN EUCHEHEREE L SBB F R EENT
BY, Bla T OBERRICRBIIADN 20T, L, 28
HRIFBLON 35 HEFGE, F7213 35 Hif oA Mg RZ &
B B Ko TR B L2 R U8 s IR AR R
T BBIEFNEL<EEN T, 28 A EZIE 35 A
D Mg RZ B GICXORBINA BEICE{LLIZEBE T,
MEEARHN BRI D8 s 113 2<, SHIZ 35 Bl Mg
RZERGIZES>TOHRFEREIL R T BT
IR WTHIREAARHICBR T 285 F RN ZEnb,
35 AfEO Mg KZ B GV RBAE &2 R U7 E 51
DEIN | FEERH D BEO RSB THDHEHE
B3,

DNA ~A7a7 LA % W= RS TR BT I
&0 Mg RZoORIERRICEIT DB A b x
BELI-E2A, 28 HIED Mg RZBEEHZIEERE 7
HRE# G LTy MZBW ORSNAE G R BRI

— ——
Control /58 days\ /35 days 357 probes
C Control diet I One way ANOVA
pair—feeding FDR<0.05
Mg-deficiency
| v
M D Mg-deficient diet 352 probes
ad-libitum
Recovery (Feomeme Tukey's test
R Mg—deficient diet Control (POSt Hoc TeSt)
ad-libitum v
347 probes

Significantly different
between C, vs. MD,,

357 probes

Up

155 probes}

Down 202 probes

Fig. 2. Changed Gene Expressions by Mg-deficiency for 28 or 35 days

-31 -



35 H D Mg K Z 8% 5506 1R A% 50 REEIEEL,
L TCWDIEDR/REN, Mg KZT7vMNZ Mg il IE&EA
FTHIEH AEH G LAIES T2 L0 E B
FZEAEL, B RGO BEE RIS S ENIRE
i, £Z2C28 HMD Mg RZ B#Ht%, IEFR%Z T H
[SESAB AR T T SIANEETE=Y SNV g WS L ram )
HEHEIZOWT, 28 AL 35 HMO Mg KZA&H#5
(IO ISBCH BRI R LA R T 357 T n—T %k
(T 2AT o7, 28 AHO Mg Rz & 514%. 7 AHO
ERRBRGETo7y  OFBIC BT, Mg RZ R
BEIZ > THERZELZ R T BT DR 80% 3 EHR
B GREOBIR T RBESNRLIE, DFVIEFERE
RFDOFEHLA~DEIFERL, TDIBH 80% DEAsT-H31E
ARG R R E IR BIEZ RIE L (Fig. 3), 202
EMG, BEEME Mg BOEBNI LR B T ORBUTZE(L
T HIEN RSN, AL FRIATIZI N TH, Mg K
ZNOOEIFIRRICEIT HIRT VR OZELIZ DN T
G2 S g, £2, ZRETMg RZHo[ElE
WFRIZI T D2 B RKBRBO LI OV THRET
Z{ToTWD, Mg KZTVMIBWTHIEIINHIRT IV
A 2 BIOTZAEESRBIREOIK T Mg 28 1
BEEATIHEFROLEGICEVULESNDZENH LN

250

MD;; vs.R
200

725 TCUND, ZOZEND Mg KZMHOEIEEFED AL
LR DRATIC Lo OURSNDUERN R, BB 1%
OB I TSR IESN DI ENHELRZ ST,

Mg K Z BE0DIEH BRI HL% | IEF 2 5RO
FBLEAORYFEZRUIZBE FORICIE, EFER s
R ECRIERBLEDFEIEL TORNWE D0, IEFHE
B G- LRIFREE DL RICR BN L LTB IR TH b,
F72 Mg RZ BN IEF B~FE AL S BA (LA RS
IR TBR T HALNT-Z LG, B Mg 28 H)

IZHEBIR T OB, BB TICEoTRARDZEN
RIS,

Mg R Z BIPBIEF & ~FE % | A2 B A~ 8
BBV TR B A1 To72 (Fig. 4), TOFER. Mg
RZBBHIZE> TR EFEZRUEEBLE T CEER
ORI HE | B E RS oI B AR FIZI %
PEISEIZBIR T OB T Z<E Eh, B Mg &
ZAITRT T DFBUELDSEBIEL Chl RIS DB 5T

IZHAIE IS BB T DB IR TN EDRIBS LT,
Fo Mg RZBEHIZE > TRI EHEZRL, EE A~
DEIEI A% 1E 5 B G- ROBR TR B &~ iz
RUTCBR 7 CIER & G- LR DL B2 21
L7c BB I THI 5 2 B T 2B T3 %<& Fi.

Cy;vs. R

Probe Number

150

100

50

50

100

150

200

250

No change
24 probe

Z%

Down
123 probe

D,

//

149 probe

7%

——No change

51 probe

CsoR

21 probe
97 probe

5 probe

C35<R Down

3 probe

114 probe

G R
32 probe

Fig. 3. Pattern of Gene Expression and Changed Probe numbers in the Recovery Group
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Fig. 4. Classified Gene Expression by Biological Functions in the Recovery (R) Group.

* Significant Changes form Fisher exact test (p < 0.05).

BEEE Mg BEOZALICK T DINEDBHI CTHHLDIZIE
AR ZUZ BRI DR TN EDRENT, FTo,
Mg R Z FINBIEF R ~FE A% | 1IEH ARG RF O3
BlEA~DEYFE R UGBS TR 80% IIHEREIZBIfR72
SERENZER ARG REFEBREICEEL TWLIERN
RSz, L XY BERE Mg EOEBNIT L, T
T IR B RN BE LB R FRBUI AT 5
ZEMHBDETR T,

Rk 20 FEFETIX, Mg RZ 7O KBEE 21T Hik
IR FIRBIEEBZRETLIZ0N IR o ® L7z
AR T DR T2 fEBEEAL NS0Tz, 1.5 5L E
THEHFHICAH BERFBBEE 2 R LB E 1, 77,
3.7 15D L5 %R LT- Ca sensing receptor (CaSR) i fs
T Casr TH-Tz, Mg id CaSR DT T =&V bbb
P Mg KZTITHIBEN Ca JRENHEINT 22 EbHHI
THY, Mg RZITED Casr LD EFIZLD, N Ca
RERINZBEEL WD AR HD P 2, Tnfrsf6

(Tumor necrosis factor receptor super family member 6) |3

1.8 D3I FFHA/RUT=, Mg K Z Tl TNF-o8 E5F-L,
BRI A TLET 2T ERMBEINTND, TNF DZEET 7
U —"Th% Tnfrsto DFEBL EFI1T, Mg KRZIZEDEWIL
D — K EHELE S D, £7-2. BMP (Bone morpho
logical protein) (35 HAIAD /3 L& B A A IR T 5
BT AVIX<ETHDLN, Mg RZIZLY, BMP-2
inducible kinase DiE{5 7 Tdh5 Bmp2k & BMP-3 family
Di&f5+Th% Gdf10 (Growth differenciation factor 10)
FEBUIH 1.5 53D 1 IZAK F L7z, LA L, Bmper-predicted
(BMP-binding endothelial regulator-predicted) Z&5ii% 4.3
I AL T\, Fio, 2o VB BbEESR (PKC)
Family OB THD pkeb(B) ITH 2 53D 1 1K T,
Cox-VIC-1 FHLITHK 2 f#I2 EF-| Calcium/Calmodulin
dependent protein kinase DiE{n 1 TédhDH Camk2b i 1.5
5 EF Camk2d 1 1.6 530 1 1K FL TV 2, Z D,
BB A I E ¥ RANKL, OPG. TGF. IL. IGF
family 72 & OB T-FEH AN IZRO DN >T,
PLEXD Mg RZIZEDKRIRE OB B, IR
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Summary

Magnesium (Mg) is involved in a variety of biochemical processes in the body. A number of studies have
reported the effects of Mg deficiency on carbohydrate, lipid, protein, vitamin and mineral metabolism. However,
comprehensive information remains unavailable on the relationship between Mg deficiency and nutrient
metabolism studied under well-controlled and reproducible experimental conditions.

We performed transcriptome analysis to comprehensively understand the effects of dietary-Mg deficiency in
rat liver and femur.

In the 1st study, weanling male Wistar rats were dichotomized and fed a control diet or a Mg-deficient diet
(MD) group for 4 weeks. During the feeding period, rats in both groups were pair fed to ensure that they
consumed equal amounts of their respective diets. DNA microarray analysis demonstrated significant
between-group differences with regard to various items. The MD diet led to the up- or down-regulation of 734
genes. All these data suggest that dietary Mg deficiency induces (1) a decrease in protein utilization; (2) changes
in the overall hepatic gene expression, especially the expression of the genes involved in carbohydrate, lipid, and
amino acid metabolism; and changes in even the transcription levels of these genes. In the 2nd study, gene
expression showing the recovery by 7 day-feeding of a control (C) diet from Mg deficiency, that appeared by 28
day-feeding of a Mg deficient diet, was discussed. It is indicated that the hepatic gene expression pattern tends to
return to the original state in association with enhancing the dietary Mg amount up to the normal level. The 80%
of those gave a reverse direction of expression change when the MD diet was replaced with the C diet. In the 3rd
study, femoral gene expressions related with bone formation and bone resorption were slightly changed by Mg

deficiency.
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CERE DI IRINZE ST, MSG G D EAMERBBES I, GBI G A BT

Y
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26T,
)TV L DR TN IS T H Ak

I ATBaEATIVAZLS T, AEN~DT]

Hrite,

< HUR T EBIE PRI (VMH) 12

HERETRIN 1 (2 /7 HH)
[ IR b iy

BT, WHTHVRITHEE 30 4

DEAL
HRRETRIA T (/7)) O b2 LV FERI %
T3t 45 S3TRICIR VTR

SR —7E LT, 15 5571, 30 4

FITHREL LR L CL 2 FEDIZSOFIHEE TR —/330 (DA) L-L D EF A RITIREZ R LTz, F7o, RPHARLES:

k% (BLA) IZ
BIEEA R T,
Loz ENS, AR~

IO VR KD B HERE L OAR N ERIE, IdPN O VMH 35X OVBLA 12

BOTHRRROMEA ARSI, HIPEER 45 531212\ T 2 FEOIZRFHET DA L~L D ERBA

BIFDHR—X

IUHRD AT =X 25 U CHEIL TWBL O EHEERIN D,

1. ARDERLBEH

[ZAIE, B TSR W CRIER IR DRI T, &
s AR E T R MR I O PN KL~ 7 7T A ]
LEINTWD, Hifb~r Ry 2T EL, fLDIRT
B EICETIIBE, IRXTVOBIREL THLEH
THHIEND, ITEH, R4 R THHIN TWAD, Ll

TS ATHOIIMBFEARBE ORI S BN T TR A
DOWTIEARATH A,
WDPBNZNY | R0~ 7 Z T WD, EUITRIERCOE

BRAST DRE IS 2 B E\WIRRERIN @73 D, Lol 2

FUCBET 2R 2R E R I 0 I S TETE LT,
FINIRY |0~ T 2T DO BRI FROELT
PE (M) LIRS ~ DB OV T, AFR
LENREHASN TORVONBLR TH D, ZZTANZE
T, ZODOFHIFIIDWTHRF L, 772bb, —oiF
(1) NZA | RK T~ 7 R AR F 72130 R
TR DRI METEEICHOWT, ZoDik, (2)
BIOEIEC KT T IR K~ 7 1T LD
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A WRIITENE PARIC BT A AR E RN T (£
TR DY D E DR LT,

2. iRAE
2.1 RAWAZENIHY JEBIERT RO L

NZA | EL TR, 7RV =/ —LOREREREL T,
WD AT AT 30 | & AR ZRFEITHN |2 A,
ZbiE, A THNCHRBIS N R 7 L D TIZA |
THY, FIHLIIMTHTE A DR D AF T HRIROED L&
X505, A, MENE S S 2 —KR G
FEATINLIEAT SN2 0 2 FEFHO NZA | LTIGERIE (Fr
) D~ 72T DA, O R TEE FIV T
BRAAT STz, DD NN T R72 > TR, A7
> AR ARG N Z AN I IR R A A 9372 B AR TE
WCIE IS T AT LIV DTN E NS TR N B D,
Z 0 2 FEEED HEYEZ 80 | OFAEHIADRAITLL T D
0 THD (HAFHEEEEE Vol. 38, No.3, pp.281-285(2005)
EHIRENZW),

F 1. A4 LTI ORRE (2/100g)

NaCl MgCl, CaCl, KCl1

2.29 19.58 6.76 2.66

7% 2. WEKFRFICDN0DOFAK (g/100g)

NaCl MgCl, CaCl, KCl

5.34 12.74 222 8.06

2. 2 BRMBIEEICRIFTICHAVELEITRIDLIE
DEE (VR EHIER (whole nerve) [G&IT&
BT

2. 2. 1 EBRIFWSLUTREBICEDREFE

FERENIZIT SD % (Sprague-Dawley) 7k (SD/Slc;

AART AT L — R tt) O pMEZ ~ Ml AL | T

S [ R ek (F-2 5 A B ) LT K CRIE L C= HIEE

Bt S 7= ICEBRICHEL 7=, 20 SD HRTvhT, ~vh

NJLEH— /L (Sodium pentobarbital (50 mg/kg B.W.) &

urethan (150 mg/kg B.W.) ZGEPNFL G-L | JBRER 12 Fif7

EiTol, T [E =2 —LEHEEL TR AL

7ot BRIE 7 L — N CIRIEEHEREL . 7y b A

[CL TR &~y R LA — CREE LT, SR~DT

72 Al lateral approach (ZL0TTo70, BARMIIZIZ, BUE

SETHEAURAL, B\ Sanr Y a—/L T REL

7o EWC FHEE DTN T2ETHRAUIF - FREL, T

PE O, BEfEEL ST EifErr Y a—Th)

Wi BB LTz, ICERGAARET DL, —HOMFREHR

FED DI, SRR DO BB rTREL 7254912, 3 K

D =SARR T SR G - BRE LT, SRR D725~

SHZEH % B)Er% | Perfluoro-compound FC-43 (B # (b

RS TR AT LT, SRR R A O

RO DEEL , MR JEL O EL R (sheath) 24 L72, £ D%,

SRR A QA BRI RS PN O —E O,

WIZHH— 7 O AaEMmA S 7=, WA A &2 5

ZAHZ LI LRI D BLEE | Z K> THEL oA /LA

f % | HEIESHC K VEIES Y, T OMESEE T as K

DGR TREER LT, IEE O KR ESITE I

EOE —7@I LU, 4COM KRR DI 5% FEUE

ELTRLT,

2. 2. 2 FIEER
AREBRTHOCEIRIZLL T D) T, 2 TORIE

VIRV A A K TR,

+ 200 mM NaCl V&R GRFIRFICIE, FHEFOEKIZE -T2
GATIRT DO THIREIL 100 mM &£725)

« ARTEARZEFEITAN ) (55, 25 1%, 50 1%, 250 fi%, 500
EATH)

o« TR A A 2 HIEIRAE 230 | (5 3%, 25 1%, 50 %, 250
%, 500 15 77HR)

- MK (4°0)

« MSG &% (2mM, 10mM, 40 mM, 100 mM, 200 mM) :
TNEI T MDA (= Mono-sodium  glutamate,
MSG)

« 34 mM Bk~ 1oy AR (MgCl, #&IREEE 1.7
mM EL Tl )

© 0.12 mM FREE~ 7 %20 LEEHR (MgS0,, & IR EEIE
0.06 mM LU CfE )

+ 1.0 mM AL v T SRR (CaCly, #&UREEIE 0.5
mM EL Tl )

+ 0.6 mM ALV LR (KCL, #HEEIE 0.3 mM &L
TiE)
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200 mM 7V EIUEF RIT LYETR (= MSG (RFIRFIE
FHFOEHRIZ LT 2 fEAIRSNHD T, 100 mM &72
%))

OO RIS B H L,

< RO FEZ, LLTOIIICL T To7,

(BRI R 7 a b —)L, e IR (43))

11 2 11| (&) BrfidT
kK kK R
il v 7

% %

1 2

2. 3 [TAYIZKAFRORIGHHREF (E/TIVEE)
DElL
INETORFHIE ST, E~D NI | O 5%
IZ&oT NaCl SR OWEIHEIME T 52 EMVRST,
<12, MgCly, MgS0,, KCl TR L= A s ffiong
RPN TR 722806 (K 1), ZhHD R DR

BAFOIR TIZB G LTV DEZZBND, EBRIZ, 2

o0 3 FFEO R ORI PR TEOR — 33
BREMETLTODAZENBIEINTZ (K 2), 26Dk

D AT RNEAR S TR O BRI F (£ /73
VHE) OWREBALEVT VA A DRCBIER T UL, 1203

DEBEBEZTEHEEZ  ROBRFEIToT2,
2. 3.1 AWEHFRIZHVEBR

FEREWZIE, SD SRHET~ hOIKREDS 250~330 ¢ DB
D% A=, SRR IR E R R F2 (WG ) 2 5-%.
Bz 3 AEL ., BN Z 8 AMERREL, £
7=, FEERREEL T, KE RIS EHE7= Control #EE 2 DT
IR RIS ST SRS, 3 3 BEZ R T,
2. 3.2 [ZAYFIEAE

FHE 1 ml OEFFEZHNTOREOKS LATAITRD
IR 0.5 ml &, RO G-LWH HIETIERLS, H<ETTY
FOFIZH FEE, FRODSELEVHZ LI EL Tl Z
1ToTe, Fo. 7y NIRRT CTHORT I FEL L TR
L, ER-BARITEZIT, £ T, Zy MM 1%

% NaCl preference _ I/ EESHS \\

2 00 Dy |- TEAY) OBRSERTHE |

: . Nacl ||, MgCL. NaCl. MgSO,. KCl '

g 40 ¢ - MgS0, ||; BREESY FOFICESHSHE. :

g 30 ¢ e KO || WH. (EEBORESEAE

£ 20 t | RISHY ZIOERRLIREIS |

g 10 | BE) !

z 0 —_— |- BREEENOSmIEE, )
1 2 3 4 5 6. 1 | 885y FARSHIC A BERTIC !

Experimental period (day) \ R !
~ ’/
NaClEHETE OEBHOBE

g 60 v *** r B R (M)

2 50 ' ‘ ' MgCl, 0.133

~

aé 40 NaCl 0.091

30

§20 MgSO, | 0.066

[]

o

1o KCl 0.029

2 0 ' Mean£+S.D. n=8

b

FNzhAY | FIRIZKZBIEETFOERTIE.
MgCl, MgSO, &N L) LEPKCINIE 7 HBE 5,

MMyl BShn ]

&1 T
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Concentration (ng/g tissue)

fRERT &B

Control
MgCl,
NaCl
MgSO,
KCl1

NE K

DA 5-HT

Mean + S.D.

n=5

*,p<0.05 **; p<0.01 N.D.=Not Detectable

2. BURTEICHBITAE TI L

R E DRI ~D BRI R L TLHETHIS
N5, 7y RSN ALERT, T72H5 19:30~20:00
DN, BRI H A R S 7=,
2.3.3 hZal— avEDFM

FHANZ Ty OIS TN =2 —a s Fift

ERIL TR, T DT NIERI Y — I TEHEL .

BRI AR ZEREK TR 1 I b7, SHICHET

% 2 BHEIDDLZAEKT, Fy M ABENRIE 52, fIE

ICRLTENSE TR W, 20%, v A7uZ ATV A

GibTi R W TIMNE /7L~ L ERE LT,

2.3. 4 BIEEBEL

OWK T E#RSMAIEF (Lateral hypothalamic area: LH)
Bregma L0757 1.80 mm, i~ 2.1 mm, R IVEES
6.80 mm

@ LK T &8 I8 Nl £% ( Ventromedial hypothalamic
nucleus: VMH)
Bregma J0% 7 2.56 mm, fi~ 0.4 mm, HEIVHES
8.70 mm

@RI SMAIEZ (Basolateral amygdala: BLA)
Bregma L0177 2.80 mm, #{~ 4.9 mm, H&KIDEHES
6.80 mm

@ REPEA L% (Central amygdala: CeA)

Bregam JV1£ 7 2.12 mm, B~ 4.0 mm, {FRIDEES
6.50 mm
2.3.5 YMUAFAT IV RIZKDHHT
LU OIRIE | AT Sfh . BRI > Tt atT-
72, (K3)

[ ]
PR AERREV T AT 2 HTEC-500
~AraL Y VR T ESP-64
Pl N E /& EAS-20
T A RIL A EPC-500

X AIAF ATV AL — b=k

TSU-20C
ESE) K-70
(547 Zdt]
GINTL AT L HTEC-500
Gy BT 2 EICOM CAX
(2.0 mm,i,d x 200 mm)
Sy HTIRE (07 DR ) 35°C
BEH 0.1 mol/L ammonium acetate buffer(pH

6.0)-methanol(7 : 3, v/v), containing 50
mg/L EDTA - 2Na and 0.05 mol/L

sodium sulfate
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TAREEE
EPC-500

249 ORS T

|

F—=rMPxH4

i i | s Y e

EAS-20
88 —
83

Q0000

—_—
£ DHEH N A
SHOATL 0 HTEC-500

S EEHSL : EIGOMPAK CAX
(2.0 mm,i.dx 200 mm)

=

v =: 7»4‘»‘)5&

—

SHRE : 35°C
BB : EDTA-2Na, BREEF M) LZE SR
O EB7 =Y LRBER—H*
R2/—IL (13 v/v)

BEIEE : 250 uL/min
BHEH : +450 mV vs Ag/AgCl

{EREM®W WE-3G (937710
R H 2% Time Constant 3.0 Sec

H=a—LD

————————————— —
N e e e e e e e e e o Em e oEm =

\ F—LNEIEE : EPC-500
\

BRHAMELEFENINO AT L
HTEC-500

Bt EX

B AHEMH| O 5 1

Experimental period (day)

1 7

3. AIaF ATV AEICLDE I TIVONT

% B it
R A

250 pL/min
+450 mV vs Ag/AgCl
ER &M WE-3G (777 74H)
Ak GC-25
FiHi%s Time Constant 3.0 sec
EPC-500

(V> 7V 77— 4 points/sec)

T — AR AL E

3. MRBERBSUER

3. 1 KRHBRIEBICRIEFETICHAYFEEIITRIDLIE
D E (TYrFRAFR (whole nerve) IGE(Z&
BIRET)

3. 1.1 BIEERE~DFE

FP, ARHEIRISE DI IEIRAIN GRFN) D52

WZOWCHHANTRERER 4 (TR LTz, EERIZHEARZRFRIT

DO D 5B % | T BACA A AT IRIN O FL 28

[ZDWNWTEEDTZ, ZOFER, Tl 2 DY TUEAKZIEIT

MOEFINL TH RIS IXZEAE B D LR T208,
AT AN DTRIM L - TUE 50 5785 1,000
EHRRETORPRICNC I > TREISE NG EIZIKT
L7zo WA T2 R HUZ SO ERIR O IR FNE E i 2h R 73
REWZEDFEHEH Tho T,

DA ARIREE DI DN IE RS DRI D 5B AT~ Tk
RaR 5 ICEEDTZ, TORE R,

MgSO,IAHE TITIRFNC o TREISE N2 B A
T2y o773, MgCl, ¥8% .. CaCl, T8 . KCI #iR DIRFN
2o TE, ARICEBHINE MK F L7, CaCl, & MgCl,
XD R H DD, NSOGB E AT
ZRHAZ N0 DIES THIH AR b7z (4 4) FTREMEDN R
BEiD,

3.1. 2 JIWAIUEEF NI L(MSG) IEE~NDEE

WIT, DEWRIE T D MSG 1A (FIEEE 100 mM) D
SN KE T DITHVIRFN OB A FE L (K 6), 2D
FER, RIEOEALITEST, ELLDIZBNEROEE
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Response (/4 °C water)
O P N W M~ O

Response (/4 °C water)
O P N W b~ O

BKERICHYUNNaCIEEICEZSEE

Jaaaal

RN \@, A N

\Q é‘b’ +‘\ +

O k&S I<HY
B Mix (NaCl+I1Zh%Y)

Response (/4 °C water)
O P N W -b [$21N))

AT ZBIZAYDNaCIE EIZEZ 58

~

Cold (4°C)  test
stimuli

water

OA4 > 3RBIThY
B Mix (NaCl+ =A%)

Response (/4 °C water)
O L N W Moo

* **
Mean +S.D. n=4 p<0.05 p< 0.01

4. NaCl &% (100 mM) ~DFBFEIZ30 (10~1,000 £275R) I LD Z D ZE

OMgCl,

- OMgSO
S : MgSO,; 4
] MgCL#FEM @ Mmix (NaCI+MgCI2) § 5. 9SO, B Mix (NaCl+MgSO,)
A ' | oar I
i Al |
. i B2r |
[ i d d §1 _ !
i &0 L
50mM  17mM  5mM SIC\’I mCI\I/l OQGQDM i/lm'své
NaCl MgCl, MgCl, a 9504 gL
OcCacCl, OKCl
CaClL#M  mMix (NaCl+CaCl,) % KCl%n O Mix (NaCI+KCI)
- §5 — I
n | °(_)4 o l |* | *
| 3T !
i | §2 = |
i | g1r |
I &) 0 1
50mM  0.5mM SmM 50 mM 03mM  5mM
NacCl CaCl, CaCl, NacCl KClI KClI

Mean+S.D. n=5 *p<0.05
B0 5. EJEEEIZAN R EIIC XD NaCl(0 mM) DR D 2L,
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b RV IAF OB L KREZT TUXN -7 (72720
HEKFRFCDNODBEEITIE 50~100 FEA7BRECMphiz
JSE ISR EL IR DA DN, HE TR o70),
LU, 1,200 {5 BRUSHE— L CTHWZ - 5 OIZA0 ik 5y
DIRFIZE-STH, MSG JRE~DEfffEHIT#l S
ST T (T —HFARFKR) | BIZHDIRFNCEDOMSGE
BEANDREREEIIDNBO LTRSS,

WA ATHOIRINZ LD MSG B T 58BN /LD
IR T27280 IR DT AT EIZ MSG &I
FAE T RBEFI -, TOFER, ETOIZBEYICE
WL IO MSG A EH L= (7, ®8), SHI2,
il 2 DY ED MgClL IR OIRFINC Lo T RIS E D
—REFROBEED, HEICKREL o712 (K7 BB, —
75 . MgSO, IR DIRFINC L~ TIE MSG B IS D —
WEFARDOEZ T EEDLIR -7 (K 7 TEY) . [k
DEBE CaCl, Wik E KCl IWIE TITo7 485 (1 8) |
CaCl, IMRIEFI O A TR IS B E DO ED EH- LTz
(8 B MEFHICAH B TIdan o7, 7238, KCl &
WRIRFIDOGA I, ZOEZIT R E Db (1 8
TES,

- BKERIINYLAMSGIEEIZEZ HE

ZDIDAERNG, EITEIREDIE L~ R T Lk
TALI LTI KIZED MSG IGE ORI HE R IEF
FOONDTEN RSN, UL NS IRED EHIZIEEL
27T ARAA B E-T 528 TNV O —Af
DA A DA A LosRMERZRFOL D L HE
L3,

3.2 IZTAYICKAMERTEICETHRIERATRETF
(B/TIVHE)DEL

PR N /MRS (LH) ERENRIEZ (VMH) (28175 /v
=737V (NE), F—/33(DA) ., Erbh=> (5-HT) ®
FERAR 9 DI 11 IZEED Tz, WTHORERIZEB N T
. FIEL 15 43R5 0 43120 CTHR/E /T T
LEL, Z U TEIERRIIRE 15 %0 0R 30 73tk E
THE =L TEDORMRHL~ VT EH L, ZO%ITIKT
THZENFERS NI,

LH (28T 5%E /T IO BUHIZIBWTIR, Kl
BE, MEKFRFIZINORE, A4 BT HOEED 3 BERRIICE
WCHERZETRRO L7 (K 9, X 10, K 11),
LH (3PN RS B W CEER AL LS TS
(Yamamoto T; 2005) , fMPNEREN-RIL. VTA (REHIHE 255

B EKRRIZHAY
B Mix (MSG+IZAY)

Response (/4 ~C water)
O L N WM OOl

Response (/4 °C water)
O RPN WS~ ool o

B A>T HIAY
B Mix (MSG+I248Y)

MSG: monosodium glutamate Mean £ S.D.

n=4

6. MSG 9% (100 mM) ~DFEIZHN (10~1,000 E7R) N L A58 0 ZE4L,
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: O MgCl
ll MgClL,7n ) A Mix (ﬁASG+ MgCl,)

~
1

—+

—

5 tt =
T 6 = 6r
S st =5t
"o 4+ BMgCl, oU at p <0.05
< Mix (MSG+MgCl,) <
g 3 s 3
S 2r < 2}
g 1t g1lr
“ o X . . .
e 20 50 100 200 400 0 1 2 3
\Q& MgCl, concentration (mM) log MgCl,concentration (mM)
—— MgSO, & hn —r
5/ 9504 57 BMgSO,
= " S6 A Mix(MSG+MgSO,)
OL) 5r &) 5r
Sa| 4T
53 - EMgSO, g3 ,AJ*"‘“
52 BEMix (MSG+MgS0O,) S 2
7] o
o1 B 1F J/-“‘
“o “o - : -
e 20 50 100 200 400 0 1 2 3
@Q S MgSQO,concentration (mM log MgSO, concentration (mM
&

Mean+S.D. n=6 'p<0.05'""p<0.01, p<0.05 "p<0.01v.s. 100 MM MSG

X 7. EEEIZVESEINCE D MSG A (100 mM) JSZ& D284k,

B CaCl,
g B Mix (MsG+Cacl,) CaClL#
- =T B CaCl,
§ 6 26f A Mix (MSG+CacCl,)
X =cl
o, 55
< 4 LA :|p:0.0780
3 3 =3t
S 2r Z2t
o o
g1y 1t
“o €, . .
20 50 100 200 400 0 1 5

. 3
@“i@e CaCl,concentration (mM) log CaCl, concetration (mM)

. @ KCl KCIZn
T B Mix (MSG+KCI) =T7r @mKCI
Se6r ot £ 6f A Mix (MSG+KCI)
Tt al — g
O5F M _Lr- O 5t
° *
4 T °< 47
3 3r — ;’ 3F
= B -t - ] (72}
8_ 2r = g 2t /ﬁ/ﬁ/kb‘ﬁ
§ 1r 21}
f«5}
0 x 0 L ! ;
& 20 50 100 200 400 0 1 2 3
\@ $G KCI concentration (mM) log KCI concetration (mM)

Mean+S.D.n=6 "p<0.05 ""p<0.01"p<0.05 "p<0.01v.s. 100 MM MSG

X 8. EEEIZAVARS TN IS MSG IR (100 mM) & D224k,
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Norepinephline
(PecentofBaseline Level)

Norepinephrine
(PercentofBaseline Level)

Serotonine
(Percentof Baseline Level)

Serotonine
(PercentofBaseline Level)

300 r
250
200 r
150 r
100 r

50 r

250

200

150 r

100 |

50 1

200 1

150 -

100

50

250 r

200 r

150 1

100 1

50 r

X 11. Euh=r 5-HT

-15 0 15 30 45 60
Time (min)
Mean+S.D. n=4
VMH
-15 0 15 30 45 60
Time (min)
Mean+S.D. n=5~6
9. /Lt k7Y NE
&k
LH KRR
4%
-15 0 15 30 45 60
Time (min)
Mean+S.D. n=4
VMH
-15 0 15 30 45 60
Time (min)
Mean+S.D. n=5~6

250 -o-
= LH K
% 200 | KR
® A A%
o £
_Eg 150
©
S 100 |
88
& 50 |
o
[0
Z o0
-15 0 15 30 45 60
Time (min)
Mean+S.D. n=4
300
= VMH
3 250
.}
o £ 200
£%3
E $ 150
oM *
85 100 o *
=
3 50
5]
g_./ 0 L L 1
-15 0 15 30 45 60
Time (min)

Mean+S.D. n=5~6 *;p<0.05**;p<0.01

K 10. R—33 DA

(ventral tegmental area) ) X° LH %L sl & L7 fEI) O R —
NI SR DR I A R A AL #% (nuleus accumbens) (2
ST F VIS ATIL TNDENETH D (Shimura T; 2002) , 45
[BlOFEFDS, LH OR—/330 b~ 3 BE TN A
SN DT, ZOZEND, NI JRIZ KD FHK~D
BB DIL, NI R Z I LI AT =X 8% LT
WRNWZENE 2 HID,

VMH (23T, ARHIBEREE Ll LT Vg KZR R i -
AT HRED DRI BT DA L-ULod |
FOSRIR 15 531% . 30 23tk 45 iR SR EITIREZ RL
72 (X 10) , ZOZTHEEK 30 /3% BV TRDEEE TH
o7, VMH [ FARE L THDNDIED, TRLF—
REITIB VTR RO FRERFZ MR T2 S5
DM7RERAL & LTl N TS (Wang C. et al. ; 2007), F7-,
VMH & DA EDRSEMEICHUWTIE, VMH O k-
THIEEZSNHEETUED, DA ==2—rrOEME(kIC
FoTHIERIEND (Najma; 1988) 2450, [AERIC VMH
OWIEIZE > TEETTELZT v NI, R— 202
H RN R ORI S HI S, H RV IR O B 231
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A9 % (Xenakis S.; 1982) 72 EDMELHY, F DRI
IRV DEE 2D, £, ZZTHEHEIRS 2V, Rk
IRESECAMANEZ (BLA) 128 TH DA LU W ClRIER
IRAEDHERS I, T 7205 R 45 75312123 TKH
PRREE LIS LTS HIEE T DA UL EICIK
%R U7z, RO (CeA) 123 T, NE A
FTHZEIFTTERD 721, DA R° 5-HT L~ULd, 3 BERIC
BWTHEREN AL oT2,

AEIOFERTIX, FURTEH O VMH ERHkEF O
BLA @ DA L~UUZEWT, NIZA0 | HIKIZ L D580
Bl iz, BUR T E Rk L ORI X, 2125
B 2% (stria terminalis) 35 32 O IE 0 R BK AR AR PR T 348 %
(ventral amygdalo-hypothalamic tract) D _R#EIZE > T
HWAE A TH> TS, 2055 VMH <° BLA 233 5-L Q%
DITFT RGBT HREE THY | kAR D B SMHE
OMUEEZ B e) MORLZD, AL BUR O
PRIEZ 23 DGR I Cdh D, O FD, BLA & VMH (%
TR FER & RBER DBAZ I\ C, Z DML DI ED
LDV I BRITEL 2D B2 R L, HEZREALEL
THEREL TUD, SHIT, BUR ML RPAR D EE 2705054
IZEDE XL ST BFEOARREIF B O ALK
DATEVFBUCHE R B E A 52 TNHDHESITND,

F72, VMH & BLA EDRBJENEIZ-DOUNTIL, VMH DR

HFIC I THEEZESNDERTTED, BLA MRS LT
WARFIZITEZ 5T, BLA BNEEDOEAICORELIS
(Ganaraja B; 2000) 72 O#EHHY, VMH & BLA 73
RSCKE T DARBEITENC IV T, BEEERICE\ T
ZEMIIMIIZ D,
INHDOZENS, TN 2R ST 2Ll Es T,
VMH % BLA (25175 DA L~LAME L, EICZED#
BN Ty ORI OVELF R TS EDHIEITH]
DoTeDTIFIRONEHEES LD, DFED, Ty FAEN~
DI JFBL DR Lo TR ERFRPME T LIZD
X, 230 BRI LA O VMH 35X BLA 1281
% DA R D AT =X DA U TR I A b ST
bOEHEEREIND,

4. SHRORE
M0 1%, Mg DFFAIC LD IR BRI ZE/ 2 8D
THIZAEN THAZEDRBIER STV, 48], 23

PLEOBEBIREZERT 5 R HHL VI R BED
AL OFERZEMT HEMbHLbDEE B, BULL
KEBNTAD BROFRHEBEA~DOFIHb G/ A, 514,
BEFRIMFEE T Cldded | FEERA72E e RSB A
26 IUE, BAEEEZ BT DB L TOAME
INFLIRDIETHAD, ZHUTB SIS D — & DORFFEN
WETHD,

E
1) ARSI FE TR E i~ 7 R T WO
B (F o Mk FRAPEE I (whole nerve) a2 L5 HET)

AT U DIRFNC LD, At (MR IR) D ettt
BRI E A B BlEEE T,

S (/i Sy NN Y (Y 2y N X A DAy BN (3
FEIZIRAISE D2 IR B O MRS Z 25 ] S
niz,

AIHAVFIMZ LD BHSEOMFIER X, 70T AR A
A (CH) B EL QA ZEDVRIB ST,

- BT EE DIZ D AR LT MSG IEED F5HAE
FAPBIEES I, GBI G 2 DR BRI Aoy TR 72
STV,

AR TIMZ LD IEE D EFIE, HERME DS R
T EAF L LIV DI OTGARAT AZH KT HTE
NEZ LN,

) AR LD IR TEUZ I 1T H R T A

(BT Ok

= ATE ATV RZEST, APERNA~O N0 HIK
(X DB RN T (B 7IUHH) DAL A LR
AR LT,

AR T ERIE R (VMH) (28BN CL 230 fili% 4
303 RAE —2LL T, 154014, 30 7014, 45 0ikIZR 0V
CKFEREL FLR L C, 2 BRI RIERE TR — 33
(DA) LD ERBEEIREE R LTz, Fo, Rk
RFEESMAEZ (BLA) (2B Th RO E A 23RS 4L,
Hi[PE% 45 53BN T 2 DT FIIJEHE T DA L)
NO EFAPEEITREZRL T,

L EDOZENS, OEN~OW N2 | LD R
HELFOIR T YERIL, IO VMH 38X BLA (28175
R— SR DA =X 25 AL THEL TWDED
LHEERENA,

HIA T
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Effect of “Bittern” and Magnesium Salts on Sodium Chloride Taste Perception

Michio Komai, Hideaki Suzuki, Emi Ohkado, Tomoko Goto, and Hitoshi Shirakawa

Graduate School of Agricultural Science, Tohoku University

Summary

1) Effect of bittern on the taste nerve responses to NaCl and MSG (mono-sodium chloride):

Effect of “bittern”, “Nigari” in Japanese, on salt or umami taste perception through the chorda tympani nerve
was studied in SD rats. Two kinds of standard artificial bittern, i.e., ion-exchange type and sea-water
concentrated type were used throughout the study. After the addition of various concentration of ion-exchange
type of bittern solution, the taste nerve response to sodium chloride was decreased significantly. The taste nerve
response data showed that this was possibly due to its MgCl,, CaCl,, and KCl components or chloride ion
contribution. As for the addition of bittern solution to the MSG solution, the MSG response was increased by the
addition, and this was probably due to its sodium- and chloride ions components, though further experiment is
necessary.

2) Effect of single oral application of bittern solution on the monoamines secretion in the hypothalamus:

The real time analysis by microdialysis-HPLC system was performed to clarify the contribution of
monoamines secretion on the decrease of sodium chloride preference after oral application of both types of bittern
application. After the analyses, dopamine secretion in the ventro-medial hypothalamus (VMH) region was
clearly decreased by an oral application of both type of bittern when compared with the control group (water
application). This was significantly observed after 15, 30, and 45 minutes of the application. These data
suggest that the decrease of sodium chloride preference seen soon after the oral application of both type of bittern
solutions could be attributable to the decrease of dopamine secretion especially in the ventro-medial hypothalamus

region.
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BhRk&E S 06D5 - 08D5

HARND~ T H7 I 1)V 2T DE RO R R4 HHHE

a5, PR R, Tk BT

VERECE RFEE S, P EWMORN TR T, S REL T RFFBE

B E (W E] AR 1970 0% 0D hAd T RRE SERNE I LD E NHEE S SR A2 S A K AD~ 7 X%
S A IV ME RO MU SRR AR e BB DWW TRGE T A2 & & BHINET 5,

(W98 )5 1E] AAEREIE 1976 ~81 4F 5 i oD [E NAEWTHY £ 5570 A (1980 4EFH A, 80F LMEHR) A%t 51T H A = PN Hitkel (1
Ro~7 2o 5(Mg) . v A (Ca) BEEAJIE LT, F2EEREO R FHAIIBERO@EY T, MBI A
F1EOH— H OB AEY) (B F) ZEEL, 71 & FLskB SOV B O 2 1T o 7, 0 oG sk = Rk
ANFB e C—HIX 20~40 £ B CHMIL 7=, FAEITFICATICEML , FEHEBOBILEOT- O —HHX THEFEOMA
BIToTz, FABEURILIURTIR B AR B SRRy £ TR LI, Mg & Ca 13RI LA T F 5 4k (ICP
15) TRIEL, fEEEZ R DT, 80F 04T 24 #RIENFIL 52 HIX TTbiL, XF=FHEDOMERE X BN 401 4| ok 694
4 BFEAI T B M 189 4 | 4ot 151 4 TH D,

[(WF7EAER] 1. Mg SBEEEDSEHE - (1)1, FinfEhI B HEL /1 : 20, 30, 40, 50, 60 mEf A OE R EIL B D 307 +
161, 308 + 90, 324 + 105, 308 + 105, 269 + 105 mg/day, ZPEAS 244 + 71, 260 + 79, 272 + 87,274 + 91, 249 + 71
mo/day CEHME + HEHER) Tihd, BIEORBEIT I UAARERE L B OAS, Il IS HEOZ O 221306 /IMEf &
"5, Bkt 60 AU CEIEDK FEAH 5, (2) HXBFEREL -~V Bk 31 #iX Zofk 39 HiXK D F-¥)
B 301, 263 mg/day T, BIED IR Ef/IMEN 418, 226 mg/day (23 L £ciEDZ 103 407, 173 mglday TV, Hh
X DOZEB AR Z,

2. Ca fEREDHEEE « (1) M, FElEHHEREL -~V « Mg SEEOMEmZRL, [HARZEEL Mg Zvb RkEW, Bk
BARD Mg #BEUE T 700 + 321, 612 + 273 mg/day Tho, (2) HiIXBIHEREL ~L  HIXFI| Ca fEEED B D ik
fEIX 1,078 & 875 mg/day C, W AUHEE X, F7-, fe/ M £ B 510 & 406 mg/day Thd,

3. AFRLEFBEOLEE) : mZHiH4 15 #1X To Mg, Ca BEEILE kbt —EOH BT EEZ RN, B
B OFEFHESEIEI LA ZED 301 & 245 (25 L E 2578 285 & 229 mg/day Tdh b,

4. 1990, 2000 4E{t> Mg, Ca fEHUEL ~ULED Ll : 1990 AR D —RFHASC 2000 41D Ml {F R OB iU
Lo UIZ L COMETIESH A DR ER B E L /2> TS,

1. EEH

ATy =7 MIFFEIE, 1970 AR B ER-L TD
PRRESEHNEIC IR EREICESEZ, BARADYT RV
UL AT DA IR A AR - JEBTAD I RRETL . R
M COEREL B S5 I Z SOV THREET A2 8% HIIZ,
(1) BARNDOHIRER D~ 27 I T MEEUE:
O HIIHRE BT | RETRTHREWT A7 SR RE &2 D FEHT . (2) 1990

EPDRFPAEZPLELIEFVETITo WD RATESR
BO~7 XL AT MEREASDORBEE | Z DN
TOERRELMT, 3) HE RO RFENLOMEITLHEE
BEIZB 92 B s E RS LG A D/ N T~ 7 %
LTIV AOBREDOEREEHLICTHIE,
(4) BRANBLOT T HIRERO~ 7 R A Ly
U L E GO RBEINED T —H XA ET LR
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AL 5 12,

2. EAHE

AAEFE T 1976~81 4F 32 oD [H N HEWTH A ST A+
(1980 4EARFA, 80F LMEHR) A5t 51T H AR [E N MLl 1=
D=7 F7 5 (Mg) ., SV 1 (Ca) EEEZHIE LT,
G FRITED & H AR Y om0 T, EABNH
W HEONL—HOBREREY (BRF) ZHATIH
B« A L7e B F RSO BMEBEFNEDOBALE~D
FRERAARIEL , BT 25 E T To7e, BRFREORA
DIEULIRIZ, RN R A SRR N LR FRNI R I
DT EL, BE-GELT., BERIC— S EEERES
X —Z OB IRE L, ZO—E& 5T IS L,
Oy HT R LOEAG B U TR R LT, FRES I Sk
FEIC R SV s Repl N 3B 2o kP 1 —HUX. 20~
40 ZHRECERLUZ, AT EICATICEML, FEIE
BOBIEOT- O X TEEREORELI T2, KHE
TN R B L O B ik - S& WETHR A AR
SAEYERL Dy R a O, RO RFHRY 7N CHRHLE Y,
Mg & Ca [T =R ALERIZ I FO 3 e 53 A (ICP %)
THIEL, BEURE RO ), T HIX, B R4
BEIT R LIRS 24 FRE IR 52 HIX CH i, FRAIT
FIZ 11 Ab 3 H OREHITATV, 5% 50 HIX OFH A2
AZAL LT, FIHIX D5 E 15 HX TiE6~8 H & .0
IR —FEEI TV, 2D E B AL LTz, MRk
DEREIEE A BIEE LT, AT OB 1T F M 423 4|
i 694 4 BAREFRAIL BN 206 44, &k 102 4 Th
B,

R 2 1TFLOMEDOAFHFHEOIREEN OF o, £
B AR D =R F — B EE LT A X E B RS
FOEIEDO— B ORFELTIIABRELZ B LHIC
RLIZHDTHD,

TAITE EEEERL . SN & BV TET )
THEELIZHDTHY, (> THLDEE, FEltR B L
O AR S XK C L RE T AER DD, — 7. B
HFEOFIEIZOWTULEIZFE T TReE, MEE .,
FFEOFIEIZL DT~ DB ERET TS,

BEBRE ORE RS I Z I 2D FIEL T8, [80F
A DR E T, FlmfERIc L, Bt 528 T
1980 AR TO HAAND Mg, Ca fEEEFEIC OV TRE

% 1. 1980 AR A (BOF FHAY) HiX . Wi, #hBrE
DO

Z2FHE BEFERE
No hX#Z BEH £-A B & #AB B %
1 BCEA Jti#BE 1980Feb. 41 19 1980 Jul. 11 8
2 D BHFHE 1980 Feb. 0 14
3 BifE  BHE 1976Nov 22 0 1976 Apr. 17 3
4 FEE EH 1981 Jan 0 19 1981 Sep. 0 19
5 #®R B 1980 Dec. 0 39
6 M B 1977 Dec. 12 0
7 mAE BHE O 1979Mar. 12 5
8 & B 1977 Dec. 10 0 1979 Aug. 9 0
9 IFE B 1977 Dec. 7 8 1979 Aug. 6 8
10 #8 B 1979 Mar. 9 13
11 Hil =i 1977 Dec. 9 1 1979 Aug. 9 1
12 Bl B 1977 Dec. 9 2
13 KT =¥ 1977 Dec. 9 1 1979 Aug. 9 1
14 K B 1977 Dec. 0 19
15 K#F =¥ 1980 Dec. 0 21 1980 Jun. 0 21
16 BXE B 1981 Dec. 0 20
17588 =4 1981 Feb. 21 18
18 HOK B 1980 Dec. 3 17
19 FE B 1980 Dec. 8 15
20 #tH = 1977 Dec. 3 21
21 BEAE =i 1977 Dec. 13 0
22 =il =i 1976 Mar. 22 0 1975 0ct. 27 0
23 HHE =i 1981 Feb. 0 40
28 ESH ES 1979 Mar. 17 5
25 PR BE 1979 Now. 0 28
26 RIHE  BEE 1981 Jan. 0 20
27 KH  BEE 1980 Jan 0 22
28 RNl EEE 1981 Mar. 0 24
29 AR B 1979 Jan. 5 18
30 EW  Fih 1979 Dec. 5 16
31 &R ANl 1979 Jan. 0 19
32 WME Il 1980 Nov. 9 9
33 ®AK RE 1980 Jan 1 19
34 #E  EBH 1979Feb. 20 0 1979 Aug. 19 O
35 mERIl AT 1979 Nov. 40 0
36 HEAX Il 1979Nov. 11 16
37 FEFR KBk 0 0 1975 0ct. 20 0
38  EJI B1R 1980 Feb. 0 20
39 Ed WA 1979 Dec. 17 4
40 fEMr (U0 1979 Dec. 20 1 1979.Jul. 20 0
41 &k &Il 1981 Feb. 0 20
42 EE  FN 1978Mar. 18 5
43 =M BH 1981 Feb. 7 17
44 ¥l EIE 1981 Jan. 2 20
45 EEIF 2@ 1979 Jan. 0 26
46 FHE  RIF 1976 May. 0 0 1976 May 21 0
47 1R EIRE 1981 Feb. 1 19
48 WLt EIRES 1980 Jan. 5 27
49 HEWE EIRE 1981 Feb. 4 20 1980 Aug. 7 18
50 XHB  h#8 1981 Feb. 10 11 1980 Aug. 12 7
51 Bl P 1981 Feb. 9 9 1981Jul. 9 9
52 HiE JBEE 1981 Feb. 12 7 1981 Aug. 10 7

TEHLEALND, R 3 (TAFRAERKTON:-tFlin)E
BNZE D% R FENEOMETHD, 72k, 707U
BVEDS 440 LMDy 14 DB 72 #iX 51D Mg, Ca
BEEEE DR TR RNBRI LT,
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# 3. 1980 EREFFMA I T DI - i Bl D 228 - R SR HE OB
& - REENE
[ FEGR) THrLF—kea/B) AIZKE(E/B) BEE@H) IREAEER)
FgpE N M SD M SD M SD M SD M SD
B
20-29 30 256« 27 2890« 979 911« 314 3013+ 917 991« 317
30-39 72 345+ 3.1 2557+ 666 869« 252 3088+ 689 986+ 337
40-49 131 451+ 30 2538+ 660 896 248 3117+ 698 958+ 332
50-59 143 538+ 29 2475+ 636 868« 249 3051+ 669 924 308
60-69 43 633+ 26 2067+ 519 794 = 314 2688+ 591 717+ 240
70— 4 758+ 51 1300+ 295 515+ 171 1682+ 446 517 = 76
SERS 423 470+ 109 2486+ 695 869+ 263 3025+ 712 925+ 324
it
20-29 37 271 = 20 1923 = 483 705 + 23 2441 = 513 651 = 223
30-39 142 352+ 29 2034 + 445 758 + 21 2532+ 499 621 = 207
40-49 266 450 = 2.7 2080 = 491 761 + 23 2602 = 566 660 = 224
50-59 208 53.7 + 26 2011 = 509 750 =+ 23 2572+ 581 610+ 222
60-69 41 63.1 = 27 1900 + 434 704+ 25 2381 + 534 567 + 183
£4FHR 694 457 = 93 2032 + 485 751 + 23 2557 + 554 631 = 219

# 4. 1980 FE FIHA D 2FHiE G A X 5B L D3 - R FHEIEOME

FEMR  WREN FRGR) IHRILF —(kcal/H) F=AIE<E (g/8) BEEE (¢/H) CITAE (g¢/8)
XF 2% XF 2% X2F 2% X% 2% X% BF
WX B ZXFEEF M SD M SD M SD M SO M SD M SD M SD M SD M SO M SD
it
fCA dedsE 41 11 499 + 103 56.8+ 9.1 2263 + 555 2343 + 842 85+ 28 67+ 20 3003+ 572 2843 + 776 777 + 221 885 + 401
B ®#@E 20 17 510+ 9.9 500+ 11.1 2109 =+ 610 2362 + 413 75+ 28 75+ 19 2881 + 838 2686 + 402 895 + 306 1057 + 217
HhE =B 10 9 434+ 11.0 426 = 10.7 2368 = 536 2293 + 493 75+ 18 77+ 15 2472 + 482 2672 + 553 885+ 375 798 = 235
A B 7 6 421 + 123 427 + 136 2786 = 670 2182 + 429 89+ 21 72+ 25 3081+ 777 2666 + 604 977 + 307 804 + 242
=YI=3 9 9 497+ 90 513+ 88 2114+ 784 2106 = 419 92+ 32 83+ 26 2600+ 1050 2795 + 893 789 + 294 822 + 253
K = 9 9 400+ 123 413+ 123 2606 =+ 599 2739 + 454 87+ 21 91+ 23 3190+ 920 3308 = 324 1075 + 396 1136 + 279
BB B 22 27 436+ 103 421 + 103 2833 + 619 2610+ 576 100+ 34 107 = 30 3377 = 544 3256 = 839 997 = 211 1056 = 205
2B BH 20 19 468+ 75 480+ 6.5 2450 = 547 2590 = 457 87+ 20 82+ 17 2999 + 480 3174 + 624 888 + 308 1075 + 234
fEr 0 20 20 524+ 6.3 549+ 6.7 2199 + 913 2603 = 530 76 = 30 91+ 19 2920 + 1064 3558 = 580 993 + 398 1031 = 255
EB Jf 10 12 373+ 94 408 = 120 2073 = 672 2253 - 806 67 - 25 81+ 30 2502 - 514 2857 = 894 729 » 251 761 = 211
Bl e 9 9 448+ 79 451+ 74 2313 + 483 2032 + 435 94+ 22 79+ 26 2519+ 276 2289 + 514 623 + 114 603 = 148
RIE 4§ 12 10 443 + 131 446 = 141 2460 = 660 2260 = 536 79+ 23 76+ 13 3056 + 663 2984 + 580 850 + 260 762 + 201
£k BAEX 189 158 468 =+ 105 471 = 11.0 2385 + 636 2423 = 571 85+ 27 85+ 25 2971 = 681 3013 = 731 881 = 294 943 = 279
pogid
9CH deisE 19 8 465+ 82 478 + 9.9 2274 . 498 2058 » 638 88 + 23 80 = 46 2629 - 498 2340 - 651 629 = 211 689 = 226
EE EW 19 19 452+ 73 444+ 77 2118 = 450 2053 = 450 92+ 26 81+ 17 2941 = 693 2802 = 507 606 = 187 618 = 157
Al B 8 8 348+ 35 359+ 38 1920+ 344 2075 + 344 65+ 22 72+ 18 2626 = 545 2746 + 932 621 + 164 640 = 275
KEW =4 21 21 502+ 50 502+ 50 1839+ 471 1789 + 471 67+ 18 72+ 14 2316 = 444 2357 += 279 566 + 248 589 + 255
T/E ERE 20 18 506 + 59 484 + 50 1651 + 398 1782 + 507 56 + 15 55+ 16 2341 + 410 2395 + 631 592 + 172 688 + 233
=B H8E M 7 473+ 111 456 = 101 1887 = 419 2054 = 419 65+ 20 64+ 25 2213+ 472 2307 += 508 556 + 156 488 = 174
Bh iR 9 9 473+ 69 474+ 7.1 1581 = 371 1422 + 371 52+ 18 51+ 13 1812+ 323 1743 = 287 448 + 122 410+ 73
RiE A4 7 7 394+ 162 433+ 188 1797 = 412 1631 = 412 62+ 26 51 =+ 7 2428 + 320 2333 = 311 517 + 142 460 = 191
£k BAEX 114 97 466 + 88 463 =+ 88 1912 = 481 1859 = 464 71 =+ 25 67 =+ 23 2456 =+ 567 2420 + 585 578 + 192 592 + 223
1980 B FHHAEITLTMAE L FITFHL TVDHA, 3. FIEHER
AARANDOEFELZ GO EFENFIIIETEEOFAENER 3.1 1980 FRODBAERNMIBERDTT R L,

ShTEY, TORR

HHITTZ,

ot

D —EFROHIX TE IO FHH

WL T LA 2 OPERELD 5 4 DL EOHIXIZ
DWTEFEBOBRANEAT T2 EOXBRRF DR -

BT

BEDEERR 4 DBV THD,

HhILLH LIEERED

(=] -’-‘E,
:|_,s .

(1) M- £EHmfE RO Mg, Ca FEEHED /347 (B 1~ 4)

1976 ~81 AED ALHUFIE SRR V-5 16 BB

JFFBL 53

HiE X o> Ml BBl N 2B e D— H 4720 D Mg, Ca fBHE:
DI3AEITR T, 703 ARl E I ORI IPERE 28 50
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Fig. 1. Distribution of dietary magnesium intake for male

by age group in the 80F survey in Japan
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Fig. 3. Distribution of dietary Ca intake for male by age
group in the 1980 survey in Japan

A%z % 30, 40, 50 ik fRDAELT,

et Mg FEHUE T 3 4R )E &b 1 21F 250 mg/day Aijf
(B — V&Rl ER A R L, I 3G @ e
TR AT D, FHYEIXA B & 250~300
mg/day DFTIZE — 27 & FFo Tz IER A%~ N s %
H720 50 5ARAE T 30 e RAMEAEIRNT 40 mA AN S
L Y (- A g 0O

CafBIUED /3% Mg [FIERIZHB 2RI 3 & 4 1R L
77

Bielt, 30 iAROEBHEEDS 40, 50 I H L CTIRAE
BNCE—27RH0 ., B U0 REIT D720
NS TH S, Ca FEEED /A% Mg (ZHl L TR
PRZRL ., B S FilnE LS miEflc RO EZ 5 <7 —
NP NAAYN
() FEpfE R D~ 7 R I TNy MERE (R 5),
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Fig. 2. Distribution of dietary magnesium intake for female
by age group in the 80F survey in Japan
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Fig. 4. Distribution of dietary Ca intake for female by age
group in the 1980 survey in Japan

R B D AR 73— TR L7203, B4, g
I LD AU DB B OO FRE X T4l A HE (R 72 D Rl A
PHIVHASLNTRENS, Mg, Ca EbIEARMZE B K&
LBIFDKABBY 20 w5 60 mfto> 5 BERM DSy
BEITA R CTIEZR 3, Mg FERCEITINEN eV S % 40,
50 ik AR Cheh RELRYD | F e TCOBEE D i KAEAS 324
mg. 274 mg T, ZOHIINMEREILIME T T 2EAIH D,
Ca fEHuED Mg SEEIOMENZ L EEBAFRDOIL, i
ROFEREITH bt 50 T, 742 mg & 643 mg TH
2o

Mg & Ca DIEEUEOBIf%R% CalMg LE TRAEH 4, 4R
R COZEBY)I/NEL EOMITAFEEBELIL , ER
DB T RE VDL 2.3 A L2 >TWD,

Mg, CafEHfE% = 3/ —fEH# 1,000 keal 249 Tk
U4 T 5 OARNTRLE, [Fl— 0T ¥—i
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B0 Mg, Ca BT S LI K&/ fHiEE 7R
T, Fo, BHOBIEIVS OB EED @ ME R &
725 TCND, i8I R DZER) TIE 20, 30 A RO )=
DOFEED 40 AL EE Xt/ &<, —7F | 60 mft
OEIEL 50 EfCEIFFRL -~ &0 | HMixt s TRs
NDEELIZ LA B EDIK T IXAbe<725,
3.2 2EMRINDIT R VL AL LERED
ERE:

1976~81 FAZFOIYFE N OIHFHRIZW =D HIX | 5
PEAS 32 MUK, &MEAY 39 HIX T Mg & Ca fEHUE,
Ca/Mg tt 38 L OV /L% —1,000 keal 3720 Mg, Ca 1
RO FEELAEAE R 2EI T ] 6-a. b DBV THD, 72
. KB DEAEI LT e L PRI 34 LA E& LT,
BEREEL DS HI XA Z D R &L E A2 DD 1T HUE (T R DA T
TAT TOW I BIMEOFIEEF LD,
(1) Mg EHEL ~L

HIX B — B IEREIFHX [ CREREHNHD,
PED R RERIE B34 (F3%) D 418 mg., fe/MERED

3 (BEIE) 0 226 mg, M3 RIEEIED B HEL[R
U F30 (B %) #1X 0 400 mg e/ MEREITE & (i#R)
D 173 mg THD, BLLbi 2 [EDENEIe>TUNVD,

Mg, Ca fEHURELHIERMOZEERRENZ LIEATRL
TV, MK OB EUERICH KEREE RO LN,
F 1% 200~275 mg., i 150~250 mg OB EUEZ T~
FHIX 20508 P50 % oD | b X B ORI E I
73302 mg. ZVE7S 263 mg Thbr5, HUXKHID F 4[> Mg
BEHEEI T EABRGRAROHND (K 5)
(2) CafEELEL ~ ULt

FVED R/ MERCEITE L (F L) 0 444 mg, KR
B2 (B3 © 1,078 mg. Aot/ MERED AR
CHTIEY) LB () Hi X 0D 435 mg Tl RAEHL & 3 B
ERICH A (B3 #X T 875 mg TH D, MK FIDFEEL
FEOPEEIT A MDY 690 mg, DS 597 mg L7ed, HiX
B> F A OB B & i O IEAR B RR A Er > T A (]
6).

5. 1980 4E{C A EHITE RO MBI O~ 2 33 1, H/L L MERU
—BERE I#JLF —1000kcal & 1=V EIRE
i3 TRV L(mg) AL L(mg)  Ca/Mg(lbE) <45 R L(mg) SIS L(mg)
FipE N M SD M SD M SD M SD M SD
Bt
20-29 30 307 = 161 669 = 253 232 =+ 0.69 105+ 28 241 92
30-39 69 308 = 92 647 x 329 217 = 094 124 =+ 39 261 = 126
40-49 126 324 + 105 724 + 309 231 + 0.89 131 £+ 44 289 + 116
50-59 136 308 = 105 742 + 339 242 + 0.79 128 + 48 304 = 123
60-69 43 276 = 99 607+ 303 218 = 0.70 137 = 48 295+ 124
70- 4 154 + 66 328+ 167 219 = 099 115+ 37 255+ 137
£EE 423 306 = 109 689+ 322 229 + 084 127+ 44 284+ 120
-3
20-29 37 244 + 71 576 = 314 233 + 1.08 130 £ 32 302 + 136
30-39 142 260 = 79 583+ 269 226 =+ 0.87 129 + 34 289+ 128
40-49 266 272 + 87 612+ 264 228 + 0.76 132 + 34 299 = 125
50-59 208 274 + 91 643 = 282 239 + 0.88 138 £ 39 323+ 129
60-69 40 247 = 70 585+ 250 241 + 0.84 135 + 46 313 = 123
£EH 694 267 =+ 85 612+ 273 232 + 084 133+ 36 305+ 128
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Fig. 5. Correlation of dietary Mg intake by region between
male and female
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Fig. 6. Correlation of dietary Ca intake by region between
male and female

3.3 HBEFROIITRIVAL AL OLERENDS
BEED:

KA ZFLEZOmPHA I 15 MK OFRAERKE THY.,
AZEARIIATEO A AL EHEL TV,

(1) FfiinfE B> Mg, Ca FEHUEL ~ /L OZHIZ ) :

D Ca fEIED S8 L b A FI0H BRI
LizbDER->TRY, BIFTOLZED Ca ERED Y
fil 601 mg I ZEZD 479 mg LV A EIKETHS (p <
0.05), =%/L%—1,000 kecal 240> Ca fEHEIZ SV T
K250 321 mg (2% L E 281 262 mg L[RIBR D 28 B A3 4%
&b, Mg fEEEIC OV T EEINNC R E O LB LR
HoENRN(ERT),

(2) H1X B Mg, Ca fEHEL /L O FRHZEE) :

A B RITHIRE R 5 BILL ECoOMXBIHERUEE R
8T LTz, Flinhl | DO FEHIA T CRIZES - &MED CatE
RO HEFENLABITHL TH BNV (p<0.05) 2&
ONEELTIL, 8 HIX 1 6 HX DOIERHEINMEIEL 72> C
W5,

Mg FEREIZ DWW T ZFFHMOMET —EE T, 4
RELUCH B ZE AT IBI S VeV, oD HIXK R
Mg E B O —ZHif oA 0.871 THETH
% (p <0.01), £z, B —Z=Hifo Mg EEEOFE R
£2%013.0.385 THE TIZ2\, &PED Ca/Mg tid 8 Hi[X
H 7 X CABMENE FELVH KEL BIETOLFED
2.45 LEZ=D 2.03 OFEIXAE THH(p<0.01),

7. 1980 AL B A HIHA HI XA RO - AER R~ 7 R A TS AR

[28 BB 77‘*77A (mg/rEl) 77://1/“/'7A (rqg/El) ) Ca/Mg (L:t) vf/ﬁv‘/rjA (mng/1000kcal/ F1) 7J/V‘/7A (mg/1000keal/ F)
EliE A7 2= LS HZE A7 2= A7 " A7 e
%) AFHF M SD M SD M SD M SD M SO M SD M SO M SO M SO M SD
Bk

2029 12 11 249 . 97 238 53 564 277 590 - 167 2.30 - 0.64 2.55- 0.85 104. 24 117+ 36 239 100 285: 79
30-39 32 27 297+ 97 303 121 523 - 189 565 291 1.85: 0.60 1.92- 0.66 124. 45 124 48 216+ 76 230 98
40-49 61 49 328+ 118 296+ 79 716 - 313 627 - 243 2.29 - 0.92 2.17- 0.76 137. 52 118+ 34 297+ 117 248 . 88
50-59 64 48 292+ 97 291+ 83 715+ 327 695+ 363 2.49 - 0.85 2.40 - 1.07 129 . H1 125+ 44 309 - 123 296 - 145
60-69 20 23 287+ 111 255+ 111 594 + 323 578 + 3b3 2.03 - 0.72 2.28 - 0.93 143 - H9 115+ 37 286 - 136 260+ 148
24EEy 189 158 301 « 107 286 = 93 660 - 307 628 «+ 305 2.26 + 0.84 2.24 - 0.89 131 . 51 121 + 40 282+ 118 264 + 120
ik

30-39 25 25 240+ 64 237+ 97 555+ 297 437+ 240 2.24 - 0.83 1.92 - 1.07 121 - 31 116+ 30 277 - 146 214 - 96
40-49 47 35 256+ 76 252+ 82 611 281 512 233 2.40- 0.78 2.03 - 0.72 134. 38 137 35 324. 172 279 . 127
50-59 34 30 239. 77 234. 73 605 261 491 - 168 2.58 -+ 1.00 2.18 -+ 0.70 137. 42 135. 51 342 . 144 281 . 101
6069 6 5 248+ 94 250+ 41 519 214 432 135 2.11 - 0.31 1.78 - 0.67 144. 41 154 30 301 - 85 280 139
AER 114 97 246+ 74 242 . 81 601+ 286 479+ 211 2.45- 0.94 2.03 - 0.81 132 . 38 132 . 40 321+ 156 262+ 113
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8. 1980 A HE

e AR

FAHIXERO< T 2D A Ly MERUE:

TAHE s ~77*>ﬁb&mya> ;th7A(myﬁ) CMMg&DA vﬁXVWAmymm&wn>ﬁwyvAmywm@wa)
A7 H2ZE A7 Hz A7 "z A7 Hz A7 HZE
X B sz ux M SD M SD M SD M S M SO M SO M SO M SO M Sb M SD
B

HCM deps 41 11 312 = 105 226 = 75 703 = 349 455 = 230 2.31 = 0.87 2.00 = 0.54 145 = 64 99 + 19 314 = 133 199 = 70
B FKm 20 17 265 = 103 257 = 63 502 = 285 470 =+ 165 1.88 = 0.74 1.85 = 0.58 124 = 25 109 = 23 234 -~ 105 200 = 65
HeAE EHE 10 9 287 - 85 284 -+ 72 610 = 192 489 - 144 2.41 - 1.37 1.74 = 0.37 121 = 25 126 + 30 274 = 121 221 - 74
e =ik 7 6 295 = 98 255 = 52 779 = 314 413 - 162 2.69 = 0.81 1.63 = 0.64 104 = 15 119 = 21 276 = 81 200 = 101
HOD EW 9 9 240 « 83 262 = 74 621 + 223 521 = 365 2.61 = 0.48 1.85 « 0.85 118 = 32 125 = 29 308 = 103 250 = 184
Kfg =3 9 9 302 « 97 312 = 58 594 « 211 595 = 156 1.97 = 0.39 1.91 « 0.31 119 = 36 117 = 30 234 = 81 218 = 45
= OEY 22 27 398 < 114 317 = 78 805 + 263 768 = 274 2.09 = 0.61 2.50 = 0.90 147 = 52 125 = 29 297 = 113 300 = 96
HH A 2019 335« 75 284 = 63 746 = 310 669 = 222 2.20 - 0.67 2.44 ~ 0.87 144 = 51 111 = 23 314 = 128 265 = 94
s (o 20 20 253 « 91 276 = 107 709 + 372 779 + 457 2.70 - 0.76 2.81 = 1.24 107 = 24 105 = 29 294 - 124 299 - 165
i e 10 12 229 « 115 287 = 130 552 + 338 698 = 389 2.57 - 1.12 2.45 + 0.68 114 + 59 133 = 53 264 « 111 312 « 125
=l o 9 9 265+ 71 249 - 81 553 + 109 691 -+ 282 2.16 - 0.45 2.79 + 0.80 117 = 37 124 - 32 245 + 62 343 + 131
A ppEE 12 10 320 - 112 388 « 156 510 + 252 563 « 240 1.76 + 1.07 1.63 + 0.84 145 = 84 183 + 91 226 - 138 271 + 151
IR BA 19 s 301 « 107 286 + 93 660 + 307 628 + 305 2.26 - 0.84 2.24 ~ 0.89 131 = 51 121 = 40 282 « 118 264 + 120

g

B dewEs 19 8 282 + 68 264 « 115 684 + 270 389 -+ 196 2.44 - 0.96 1.49 - 0.30 129 - 40 124 + 27 305 « 121 183 + 47
g mh 19 19 304 - 65 272 « 85 716 + 229 583 + 183 2.37 = 0.65 2.35 « 1.16 146 + 26 135 + 41 344 -~ 110 298 + 122
W =y 8 8 257 -« 71 263 = 82 622 « 343 429 + 219 2.40 - 0.92 1.62 « 0.56 134 = 31 131 = 31 330 = 190 204 - 65
KAG ek 21 21 222 « 60 254 -+ 72 519 « 217 557 = 235 2.35 = 0.84 2.18 « 0.51 123 = 30 144 - 45 291 « 126 312 ~ 126
wE s 20 18 242 + 63 222 + 67 665 - 342 417 -+ 213 2.69 - 0.94 1.82 + 0.61 153 =+ 49 127 + 36 419 = 233 229 =+ 94
TR PR 11 7 189 « 50 212 - 51 454 + 150 423 - 213 2.41 - 0.44 1.90 + 0.57 101 = 18 104 - 20 244 - 64 205 + 90
il o 9 9 173 « 50 168 = 62 435 + 196 450 ~ 162 2.53 = 0.99 2.82 « 0.92 113 =+ 34 119 - 44 273 « 106 325 « 124
b ppfR 7 7 250 - 88 253 + 87 540 + 472 373 -+ 134 2.32 - 2.13 1.48 + 0.32 141 - 47 156 + 54 288 - 193 228 -+ 79
R BA 11497 246 - 74 242 - 81 601 = 286 479 - 211 2.45 = 0.94 2.03 - 0.81 132 - 38 132 + 40 321 = 156 262 = 113
4. BREFELD AWFZETIEL, Mg, Ca I EDOHE TN F M 415 44

BRI S AR MR R D ST AT AL L 2
SNDINTZ2 S ToDITIR AW EAED FE LD ED
1960 EARDWEL B THY | ik - AR AEFLI2N LA
RFR B CIA RIS A SN DD TR
LS D, AR H DI 1970 FERE ML HAN
DEELEPOWETCEBLIOREB Y TFENDRE
TLHRICWTEDZEILHE O R FLOBEE L MIRIZL DK
NIRRT DA - i Je & bk . MR - IR AR 722 28
BNV THERIBIZR 21T CD, keI [ S )
ECIESNT- B FRIEEZFIH 52 LTl LB BIUE
RARYAY N | i L W G i T I N MY AR B S W N
X BT TOBIERIT/2 D03, 1976~8L4ED HARAD
Mg, Ca Bl G —REEEFMA, 80F Fid) OBt
HEBRLEREBOERBIOAT Y 2/ MIFZED 1
2 RO, LT, 1990 ER0E Rk EEAE
FiAr 112 (90F FHA) <> 2000 EfR D HAAD Mg, Ca &
UL~V LI | 2 ORFEIEB 2 DN T 528
ZHBIEL TS,

ER N 688 44 D EFHRIC W TR AR IR
TELTZb D% ot iR EL | %éi‘é’\ﬁ‘é/%ﬁ?f(lcp 1)
(R L THEREL , JIE SIS LD AT T T,
BEHROEHIC YD, A Mg, Ca fEHEICH O THIAAMZ
AR K THY M, E#E%UTEH&%%JEU‘MZ%'J
BEREOEHRIIR THL, EEFEEL COBBET

THEEBIFFTERD AL TG, BRI Mg, Cad—H
EHEIT T 1 306 & 267 mg., 689 & 612 mg THY,
ZAEDOBREIT B LY 10% 1ZE K THD,

[Fl—xz /L% —240 (1,000 kecal) TH7ZIEHETIZE
PR LMD T M A 7D, Flins D BILR T
g RN 20 mRR0 70 AROBIEAV DI LB HY
N E O BRI AR Tl VWA EEE B L O 60 Mtk
LU COBREDOWA BBV, Bl 40 #%fR, 50 w
R TCOEWMEN KK ERL>TWS, HIXKBIOBE &I

RER/NDINTIE Mg, CA &b —fFHEE OFENRHD
23, BN 13~14 MK CORE72 B85 RC, 2FH
L CREE e B R 2213720, L, #IX B0 5 &
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SRR /R EABBR DD L, Fo, Mg I
H|ZOUT 80F FilE L 90F FHA D[Rl — 19 HiX ] TH T
IR IEFABIBAERICH D2 L (B 7) & B2 L X fa A UL LS

T LEEREEROH LIRS ND, T,

Mg BN 400 mg S KO EHLERES O —HIX 3
THHAEBTITAS O B s il chH b, F7-, Ca 8
IEO RIS ch bz s —o
DREEEE ZBND,

80F FHAAEARUILE N ORI ARE NI E DRI &
T2 DTRG0 AT I BN h 72, 90
FEFRE DR TIIW I E B2 AR~ D 58
bARHN Ao, EIGEREE - BB O 2 E W —KIT4E 4
HEATL, BT BB REOHIRMEN 2> T
B = b0 2% Mg, Ca S4B B oh 8L T
Do

80F FRA Dt DD 10 4F1% 0D 1991~97 4E D
TH R EEAFHA (0F FH4E) 217\, IXT /LR
BEO—FIZOWTHEEICHA L, 1990 D HARAD
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Fig. 7. Correlation of dietary Mg intake between 80F
survey and 90F survey in Japan

Mg. CafE L ~LIZONTE KL TND WD KRS
TiksHT 90F FHHED Mg, Ca FEIEICHOVWTHE AR B
BROHIRBNEERR L 7=, & 9 & K 10 (TBIE XM
DI THHN, WA TOEEE i §253< 80F & 90F
DINZZ DRfAEE ~TRLTZ, 90F FRALIX 80F FHA D
R — N R CRHE L 72 SRR L 72 IO BEIC A
FHENHIRERORT L TAT I LD O T TEY 10
UL R %O A CHEEBT LI LI ER THD,
P T, B RMAITE — kA LR —HXEL, R
NEEZ MM T 20 25 25 AR O T /)
ZRDIEMEL T,

90F DAAEDLERRAN 80F LVEGR S\ DILHET IR /1
DIRRE T, AR O I RFRB LU LD
RLORE~T T SR H DY RDZEN KD, F i E
B> Mg, Ca BEEDONEIZAE AN E M LI
LI AN Z %, Lol @din)E oo 60 mkfR Tl 1990 4
73 1980 AR &0 B BRI e > T DA L FTRE
72 30, 40, 50 i DOFAFEHIE I 1990 AT RUEME T
LTW5, #X B OB R EOZE BT HIXIZ L > T—HIC
80F M3 <72 > TUEWRW S {AEL T Mg %% 20 mg, Ca
2310 mg X FLTW5, HIX B> Mg IR R A C
AR EFABERILR (K 7) 2R UT= Z & T KA Z D ke
REBUEM OHLZ EAHERTX, 1990 R TD Mg #
IEDIK T IXI b DB 2 5,

1980 FERNDAFARDHEITIT ED Mg FEIE DR T 270
W92 E K DO—273 Mg DHHEIR CHOMDIE R D
BEEDPEE P LET 28R S~ O RN LD
D EPE RSO TSRO H OB KN E 25
%, 80F & 90F CRIZINA T EROBE RIS
I THDH, REARSCEN LB LR EERESR

% 9. 1980 4EfL 1990 A EFEERB R D~ 7 27 I, TV NERE: (&M, 425)

— R

PR FlnGR) 7RV A(mg) WATTA(mg  Ca/Mg(LR) e/ H)

Flin)E 80F 90F 8OF 90F  80F  90F 80F 90F 80F 90F 80F 90F
s

20-29 37 0 271 - 244 - 576 - 2.33 - 2441 -
30-39 142 54 35.2 359 260 215 583 533 2.26 2.46 2532 2242
40-49 266 177 45.0 44,5 272 245 612 592 2.28 2.40 2602 2402
50-59 208 224 53.7 54.1 274 250 643 605 2.39 2.55 2572 2445
60-69 41 95 63.1 63.5 247 263 585 669 2.41 2.60 2381 2408
70-79 0 18 - 2.7 - 225 - 570 - 2.714 - 2258
s ] 694 570 45.7 51.5 267 246 612 602 2.32 2.50 2557 2398

1 : 80F, 90F IX19804FFHA: & 1990 A& 27~ 77, 90FIZBE#HR (SCik11-13),
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# 10. 1980 AL 1990 FEANICRBIT A EE MR B~ 7 2T b, LT MMEREL ~L (it &Z)

—BHiERE
HERE B FH (R RTARI D L(mg) AL L(mg) Ca/Mg (L) BEE(@

No X g2 80F 90F 80F  90F 80F 90F 80F 90F 80F 90F  80F 90F
1 #A  dkiEE 19 34 465 573 282 285 684 593 244 208 2629 2290
2 LD EHE 14 30 366 483 235 263 458 609 195 219 2117 2662
3 mrE EH 20 20 410 529 194 189 477 552 247 300 2154 2354
4 EZ2H &S 5 28 544 4117 232 275 510 650 2.19 244 2340 2284
5 XKH HEE 22 25 479 448 407 278 770 700 1.87 258 2786 2255
6 FI BE 24 24 498 524 264 244 694 579 263 226 2413 2262
7 Bl EB 18 22 489 517 250 248 435 552 1.80 2.16 2287 2466
8 EW EuWw 16 25 392 497 227 233 442 526 1.89 215 2663 2465
9 &R &N 19 24 339 443 279 250 535 707 192 279 2468 2266
10 ®E & 9 31 374 458 224 214 406 496 178 227 2488 2380
11 %) EiR 20 28 496 4717 300 229 666 537 221 239 3059 2451
12 =@ 3H 17 17 444 531 265 255 649 666 240 268 2699 2517
13 2B EE 26 16 479 607 275 248 730 546 2.60 215 2467 2568
14 R ERE 19 28 452 599 276 283 600 760 224 272 2665 2635
15 Wt ERS 27 28 472 584 244 313 606 888 243 285 2627 2541
16 &EX ERS 20 23 506 445 242 199 665 486 269 232 2341 2161
17 X8 548 11 11 473 499 189 148 454 375 241 262 2213 2198
18 Bl R 9 22 473 571 173 111 435 567 253 521 1812 2124
19 FIE 8 7 23 394 502 250 256 540 585 232 224 2428 2347
R M 16.9 242 450 514 253 238 566 599 225 258 2456 2380
SD 63 56 55 53 50 49 116 113 030 0.69 280 158

FHROBENREDIHEDEOLEEEZEBETHY,
Mg BIREIIRE R EL 2 HZ LIRS g T
Do

HARANDS T R0, A7 MEREIZOWT, 2
NETOSHEREL, KF AR LM R Cofkpin
IRREEIDICHEGEL . 2SO TRIDHED RO THD
DN, EDLOIRBMEDRFE D EIFE DN TNDHD
IMRFES D Z ERLEThD 51,
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Study on Dietary Intakes of Magnesium and Calcium by the Food Duplicate
Method for Japanese

Takao Watanabe *, Haruo Nakatsuka 2, Yoko Kudo ®

! Miyagi University of Education, > School of Nursing, Miyagi University
% Faculty of Home Economics, Ootsuma Women’s University

Summary

In the third year of the study on dietary intakes of magnesium (Mg) and calcium (Ca) for adult Japanese, the
intakes at nationwide in 1980’s were investigated in comparison of those in 1990’s. The measurement of Mg and
Ca of the individual food duplicate samples by ICP-AES as already mentioned were carried out 401 of males and
694 of females in 49 regions in winter, and 189 of males and 151 of females in summer. (1) Mg intake by sex
and age: Mg intake by the age group of 20, 30, 40, 50 and 60 yrs. were respectively, 307 + 161, 308 £ 90, 324 +
105, 308 + 105 and 269 + 105 (M £ SD, mg/day) for males, and 244 + 71, 260 + 79, 272 + 87, 274 + 91 and 249 +
71 for females. Mg intake for males was apparently more than it for females over all age groups, although its
difference became less with aging. The decrease of Mg intake by aging appeared in 60 yrs and over for both of
sexes. (2) Mg intake by region: Mg intake on average for males in 31 regions was 301 mg/day (a max. of 418
and a minimum of 226) and it for females in 39 regions was 263 mg/day (a max. of 407 and a minimum of 173).
There were the large regional variations of Mg intake in both of sexes. (3) Ca intake by sex and age: The
situation of Ca intake by sex and age was similar to the Mg. The individual difference of Ca intake was more
than it of Mg. The average intake of Ca in total was 700 + 321 in males and 612 + 273 mg/day in females. (4)
Ca intake by region: The max. Ca intake by region was 1,078 for males and 875 mg/day for females, in both of a
dairy farming site, and the minimum was 510 and 406 mg/day in males and females respectively. (5) Seasonal
fluctuation of Mg and Ca intake in 15 regions was not significant. (6) Secular change of Mg and Ca intake
between 1980’s ,1990’s and 2000’s: The Mg intake in 1980’s is more about 15 - 20 mg/day than that in 1990’s and
2000’s, but not on the Ca intake. It is worthy of the significant positive correlation of the Mg intake for females
in 15 regions between 1980°’s and 1990’s (p < 0.05).
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