Z—VERIEEES v MBI BRI R YT LD
DB % — R 2
—31P NMR %1 & 2Hiaf—

KHEREZL FRE R, HP A, SHhEKER?

TEJNERRHE—AR (REREBRE Y 2 —

FL®IC

< 7%y s Mg) RAEKOHMBNICES
AT BB A TV THD, %< OBEERTEEAL
OFEME L L TEI\WT W5, ATPREM OB
I Mg #F L —F L7 ATP 3B & 7%
5728, BIXIVF—ALEWDOEBRBRSET
RIS Mg BB ATHS. £hdx, Mg
O ME BB L0, Mg, AIWD
BEREFREN 2 N L CA R B OB SHRERIC
T o TWAD, Altura V1%, v k
Mg kRZEZHESTHEMERERL, C
DOIMEEFFMA Mg AT 5 LIk
0, I AR IS LA T S IR
Wy s (Ca) A4 VEBEEAEZMGICER
WEEICEBERELTWAE. T, EBEB
S O ERIR Y75 B I PR BB AR 2 RFIT DAY
Mg &R ERIME Mg BEAEA 5 2 &2~
BHELLEED, TNODRBIZEKIT S Mg
BEOEREDSBER SN TVER, —EDRH
BELN TN,

X — )RR (Dahl salt sensitive ; DS)
Sy ME, BERICIVMED LR L & BT
EHIZOIEREAEL 572010, RERZHEIM
FERLBEBRETIVELTEREINTWAS,

Bolt, Boxld, BERICEVMEEFEZkRL -
DS v MW TmERIGESPEEI T
5C L, Mg@EREAPMERICHZdES R
BELBICMELASIFE T2 LaHEL
720, LaL, Mg#5OLIERICH 4 % %0%
BLOOLH TRV F—REERBIC S 3 250 R
DWTORFFZINTWirWw. 22T, 4
|, FxiZMgEHEDOEKXLIZBT A0 T
FVF—RHBREITT T 52 REH 52T 5
72IZ, DS T v FEHER CIIC 5\ TL A
BN T V¥ —ZEB) I XU MR T XV
F—RFIIK T AMgOEMELS LUEHD
R, SHICEZDOBEOMIIN Mg BBy % 1 P-BZH%
S3LME  (nuclear magnetic resonance ; NMR)

BV THRE L.

MR - HE

1. N&EY

5 b HENE DS (Dahl/Iwai) 5w + 58 L%,
0.3% RIS HACAG KL HOK S ¥ 78 (€
B, 8% AEEAHICKRE KT KK/
T (BN, 8% REEHMIC 15.4g/l Mg
BT A5 F g Mg % & T 8OBHK % 8K
SE7HE (B - Mg @& 58 O 3FCH

*—7)— K 31P NMR spectroscopy, Dahl rat, perfused heart, energy metabolism, magnesium
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W, 4T 4 BMEE L.
2. M, LER, ATk Caflik LU
Mg {E#IEER

9B DS 5 v b+ 18 LT tail cuff ¥z &L 0
BHERAME S, BICHE, LDEEYEIEL .
FRFIC, M4 4 /b CafE¥s & UF Mg il % &
KRB A A BEMmE (NOVA 8, NOVA Biomedi-
cal) &MWTHEIEL 2.

3. LAEAN L F— BB RE R

IBEEDS T v F20EANY FULE X —
T & 5 JERER RIS, D% L Langen-
dorff Y5 CREEVEW (100 cm H20) L 7=, #EWR
W’ & L C1.2mM Mg % & ¢ Krebs-Henseleit
W (37° C,pH 7.4) %\, 95%0:-5%
CO:DEEHNATHERL . ALENICR—
VVITAT—TIVEBAL, BREBEE (H
AHE SEN-3301) B5XUT7 4V L—4% (BA
HE SS-302]) #HAVT3004 /4 THENR—
VT RIS Fi, EOLERICT Ty 7R
NV—vmBAL, EFS VAT 2a—Y— (H
AJTE TP-200T) IZ ko> CEENEZHEEL
7o. 7z, mEFO—MCHEHOMAY 4.8 mM
Mg # S CEIRBICTID# 2 5 2 212X D Mg
DRaMRE 1T - 728 (B - Mg 2R 55)
LIERLL 7.

O T R)VF —RHEIREL S'P-NMR & (B
A B F 81 GX-270-FT-NMR spectrometer) #*
AWTEHEIL /2. BRSEHE 6.3teslad b &
T VBB RIL 109.25 MHz TH D, RF
POVANEE 10 A4 7afh & L. LAAT
FOVF — BB« B BEICHE L 72 RF /8
WA% FVH—F5 &THN— 7 FEfIES
ICEDBEIEL . AEBRTIX, 3004/5D
N=yV V7RO s & T1LLEAM (0.28) W
D 8 FEHHIMICOWT, FAMHL2 D RF /S
)V AR R UK 425 I VR T 480 @ DfEH
BE (B45MH) #f\v, 8D AXRY P
ERALDIC27T25 B L., SAHETEHEL

72 NMR A7 R Uiz oW TR v~ (Pi),
JVT7FVvIVEE (PCr) B LU BATP O%
V—7OmEBEEFEIL T, &V VBILEw DL
RN EB Z B L. 7tds, KEBRTHW:
ERKIZIZ1.2mM & KH:PO: A& E N TE
D, MNP -7 OLEANCHREN PiY—2
ELTHEINS. filAPIY—27i1313 LA
EEMLZVWDT, ChxgdlcekoPi
Y—rmEERRDY. T/, MENpH I
PCricxt¢ SN Pi ¥ — 7 DLy 7 + H
HRDT.
4. R MR ER

9HEEDS T v F 20 EL LRH L 72 Lg%
Langendorff ¥ C 15 4 D@ # #1156 5
RiFE 1M (global ischemia) 1L, #D# 154
MEERZTT - /o, B - Mg 2R ik
R 5 4B 1.2mM Mg % & & ERE D &
4.8 mM Mg % SCEERRICYI V2, FER
RHZFEU 1.2 mM Mg & Emmic s & L.

R M FEERER TIZ, RE/UVAED IR LK
& 0.5% & L CLAEICEBIfRIC 600 BOE
SHREZTV, 54T LI NMR AX7 kv
FEBIL TLATP OV — 7 EE A, F 728k
D L5 IR Pi & PCr Dby 7 F DE®
HOFHIIEN pH AR 7. X561, EZENE
B HEIET S 4, 04, BRItk 15 59k X UHE
s 15 2 OB CHRIE L /2.
5. LFMRERN A Ak Mg ([Mg?+ 1) B

[Mg2+ Ji B X NMR 2AX 7 + )LD o-ATP
L B-ATP OXEREHOE (6x) »HLEHL
729,
Tizhbb,

[Mg2*]i=Ka (&-1-1)

_ [ATP]free _ §X_51

b= =
[ATP]total 02— 01

o1, 02 i¥ £ N % Mg-ATP 3 & U ATP Bl

20004F-6 A 5 HZHE 200047 A 6 HILET

AIRIFERSE T078-8510 MBJITIRAER 2451 TH 1I-1 fRJIIERERESE—MR KERFZ
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(Mg free) 1235135 ATP O ofir & B rDE0E
B DZETHS. X HIREEES Ka 1T
FEAD pH IZ & » THHIEME (F) &L /20,

1+106-5-»H
T 1t 1065-72

6. HATFHILE

BT FHE £ EERETELL. FEER
BRSO B A t BIED 5 W TS E LT
(Bonferroni/Dunn) % A\, f&RE3R 5% ik
REBEHD L.

& R

1 mfE, LEE, A+ vbCafik kU
A 41k Mg (&

HREIEE - Mg BHERSHCEER, =&
FRCHL, BECRBADBERICEE TH - /-
(Table 1). I#EMMEIBERICIVEERIC
ERL, Mg@HHEE5TL D LA E=HEITIHE
L7z (Table 1). %/, LEEBIUCLEENR
ARELIIEERICLDERICHENL, Mg gk
BERINOEFRBICET IE 7 (Table 1).

IR A Ak Ca EITEIERE, =ERE, &iE -
Mg W EHOL R CEEE LR DL >
7. M A A Mg Bl A A - Mg 184 #
SR CEERS IUBEHICH L EBICEMET
-7z (Table 1).

2. DA RVEF—FE B X [Mg2+]i &
EE)

Fig. LIZR £ 512, X—=y V7 RAi% 0.2
BICREL, IEREAE 0FE LCLARR 8
MHICBWTE LN/ NMR ZAX7 ML LD &
Y VBILEYOLRMAES B /.
Pressure-rate product TFET+ OMfEHEL, KE
FRICH L SRR, &iE - Mg BUE5Hs LU
iR Mg 28BS (TN h 147104,
10.3+0.2,10.1+0.2, 10.1£0.3 mmHg X min~!
x10%) CTHBEICE FL T\, Fig. 2 1IC&E
O NMR ZAX7 b v 645 5 n iz Pi, PCr, g-
ATP O.LRHINEBH ZR L7z, X TOREIC
BWT, DIHEICHE > T PN XU PCr,
B-ATP DA BAEL, ZOHBMAZI E> T
BMEICEE L 72, DIBERICRES &V VL&
DOEALMEEFICH U SEF TAI% <, & -
Mg @ 5HB LU REE - Mg aWE58T

Table 1. Effect of Long-term Treatment with Magnesium on Body Weight, Systolic Blood Pressure, Ventricular

Weight and Levels of Blood Ca2* and Mg?+

Low salt group

High salt group High salt - chronic Mg group

Body weight (g) 303+6
Systolic blood pressure (mmHg) 109+4
Whole heart weight (mg) 87210
LV weight (mg) 699+10
RV weight (mg) 173+2
Whole heart weight 3

Body weight x 10 2.89+0.08

LV weight 3

ABOdy Weight % 10 2.31+£0.06
blood Ca?* level (mM) 1.35+0.03
blood Mg?+ level (mM) 0.41+0.03

285+9 268 & 8**#
188 £ 5** 152 + 5
1163 £ 13** 963 + 15+
982 £ 12** 801 £ 134
181 +£2* 162 + 3*#
4.10+0.22** 3.60+0.13%*#
3.46+£0.19*%* 2.99 40,11+
1.32+0.01 1.28+0.02
0.50£0.01 0.73+0.05*#

Values are means+S.E. of 6 hearts in each group. LV: left ventricle, RV: right ventricle

* p<0.05, ** p<0.01, compared with low salt group
# p<0.05, # p<0.01, compared with high salt group
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150

Delay time
(ms)

100 0 I I
LVP (mmHg) 10

Fig. 1. Representative NMR spectra observed at eight positions during one cardiac cycle in rat
fed a low salt diet. The left ventricular pressure (LVP) was also shown. The peaks of Pi, PCr and

ATP were clearly seen in every spectrum.

2N HOBITBESL N TH - 7. MarW pH
FERTOBEICEBW LA X 2E 83k
, ZFHCLERRELRO L, -7 (Fig.
2).

wic, U VEBLEYO LR BT AR
EHBERDOS Z EICL D OBHT RVF—R
HEREA R L7-. Fig. 3IoRT ko1, (K
HCIIPIZTEIAN 105+2.7%, PCr ZE» 7.9
+0.9%, fATPEEN 8.6+0.7% TH - 72D
XL, BEMTIIPIZERH145+42%,
PCr Z#)78 10.5+2.7% L KM %, B-ATP
KED 144+4.8% L ARICHKL T, —
¥, BiE - Mg @& S CIIEERICHL
Pi &&h2 9.3+3.8%, PCr ZFE) 28 9.5+2.4% &
BAoEm %Y, FFATPEEN7.3+1.6% & HE
A RRDI. BT, G - Mg an#s
BHTIBEERICLL, PiZ#H»H13.0+1.3%,
PCr A&7 85+0.7% & A @M %, B-ATP

ZES 8.0+0.9% L AE LB HRDI.

[Mg?* Ji fEiZ N TOFET BV TLREARE
BT O BN o7z (Table 2). X510,
[Mg2+ i i3 R COMMIC B W TEERE, &
BRER LU RE - Mg BlRERO 3 FFRICE
FFRDT, HE - Mg 3UEREFICE W THO
3FICH LY 6% BERICEMETH - /= (Table
2).

3. BINFERR T V¥ —F&h ks LU Mgt i
EEE)

OAFERIEMATS HORET, BEMT
EEHICHLARICKT, B - Mg @iy
HCTEERICHLEBERETZR O (Table
3). F/, BINETS 5 OREMET1.2mM Mg %
ELERK LD 4.8 mM Mg & ERKICY]
D¥z ot - Mg 2GR TR 0 5
DR R TLEFEESMO IFICHLARBICK
TLTW/ (Table 3). OMftHEEIZTXTOR
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(%) Low-salt group High-salt group High-salt High-salt
120 chronic Mg group  acute Mg group
Moy )M ' M
Pi mox})*iix . ..&Aéﬁiig . .
90 PN YN SN N SOUNY SN RSN [ SO S S S TN S S S B U S ST S A A S S S S S S
110-
- 100 cwn e ) :w nw»
r
90 | ﬁxﬁ%%rf i i
80 —//————— = e e e
110
q a [ g3 L q ]
are 1O \\‘**rﬂ %xi{%¥H
90 [ [ | |
g P R S
7.2
pH 7.1 n’i\./i\k.*.,u tiie P53 JeiiLdery srieting,
70 —4—————— b L S —
0 100 200 O 100 200 0 100 200 O 100 200

Delay time (ms)

Fig. 2. Changes in the relative concentrations of phosphate compounds and pH during a cardiac
cycle. In all group, the level of Pi increased, but the levels of PCr and ATP decreased at the peak
of systole, and then returned to the initial levels at the end of diastole. Cyclical change in the level

of pH was not observed.

ICBWTHRIMEESL YT &80, BIMFEE
W 15 OB AT 4B TELRL, T2
IG5 45 DR BRI 3 AEIERS 4 FEH T
EHBOIL Mo 7z (Table 3).

Fig. 4 |2 i M FEWRFFO NMR A7 kLD
RFEGZR L7, BIMICE D ATP IZBEE R
Yh, PCridZEW LB %, —75, PildEMH
eI R L, FEERIC X D 2h O AT
ICEE L7z, LA O pH 23X TOR TR
WCEDIETL, BERICKDEELZ (Table
4). BIMIZ X% pHETOREIL, SERF T
WEICHLABICKTHY, HERKO pH O
EE & HEICEDP -7z (Table 4). Hif - Mg
B SHsLUERE - MgaERs5H T
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EERICIEL, BMRFO pH DK T A HEEICE
BT, BERKOpHOEE L BIFTH - /-
(Table 4).

ATP 39N TOBEICT W THRIMIC X VD
L, HEmICEVEEL (Fig. 5). {KEH
B\, ATP 3R I 15 4 O RE & C g I A1
BDT77.2£07%ETETL, BERIS 5D
WA CRIMETED 874+03% F CHEL /-
(Fig. 5). BERICIS\WT, ATP 3k 15 4
DO} B CREIMATHED 63.1+0.3% & EERIZ
LAERBICETL, HER 15 70ORRICKT 5
EIE S 77.6£04% SEERICHLBREICE
hoic (Fig. 5). —77, @ik - Mg @& 55
T, R 15 5 ORE SO ATP AR T i3 8 ML §l
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(%) Pi
201

10}

PCr B-ATP

-10

-20¢t

Fig. 3. Maximum changes in the relative concentrations of phosphat
compounds during a cardiac cycle. The symbols of [, 74, B and

represent low salt group, high salt group, high salt - chronic Mg group
and high salt - acute Mg group, respectively. *p<0.05 : compared with
low salt group,. ¥p<0.05 : compared with high salt group. The magni-
tude of fluctuation of ATP level during a cardiac cycle significantly in-
creased in high salt group than in low salt group. Both chronic Mg treat-
ment and acute Mg treatment significantly decreased this magnitude

compared with high salt group.

Table 2. Change of [Mg2?*]; Level during a Cardiac Cycle at Ventricular Pacing

Low salt group

High salt group

High salt -
chronic Mg group

High salt -
acute Mg group

[(Mg2*] ; (mM)

phase 1 0.482+0.002 0.478+0.004 0.482+0.002 0.790 £ 0.006**##88
2 0.480+0.003 0.478+0.002 0.484+0.002 0.786 £ 0.004 **##s8
3 0.484£0.002 0.480+0.003 0.486+0.002 0.786 £ 0.007**##88
4 0.484+0.002 0.478+£0.002 0.484+0.002 0.786 1 0.004 **#488
5 0.480+0.003 0.478+0.002 0.486+0.002 0.782£0.005%*##88
6 0.484+0.002 0.478+0.003 0.484+0.002 0.782 +0.008**#48§
7 0.486+0.002 0.482+0.004 0.486+0.002 0.786 = 0.004 **#458
8 0.486+0.002 0.480+0.003 0.484+0.002 0.790 £ 0.006**4#88

Values are means = S.E. of 5 hearts in each group. Phase 1 was obtained at an end-diastolic point and the following

phases were delayed every 25 ms.

** p<0.01, compared with low salt group

# p<0.01, compared with high salt group

8 p<0.01, compared high salt - chronic Mg group

B 70.7+0.6% & BEFFICHLAREICEE
T, B 15 5O A CORIE & B IMETED
85.8+03% & EEMICH L EEBICRIFTh-

7= (Fig.5). 7z, &t - Mg 2H&EFICE
WTh, RI155DORED ATP OETILE
MEHMED 75.6+0.5% & HEFHICE L ARICE
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Table 3. Changes of Pressure-rate Product during Preischemia, Ishemia and Reperfusion

Low salt group  High salt group chrcl;gi%:hl\i?gltg;' oup actll_gegtl\l/[i:gr.oup
pressure-rate product (mmHg X min~1x 103)
preischemia 5 min 19.5+0.6 21.6+0.4* 19.0+0.2¢ 21.8+0.3*
ischemia Omin  19.5+0.3 21.4+0.4* 18.9+0.4# 12.7 £ 0.388%*##
15 min 008 0£08 008 008
reperfusion 15min  11.3+0.1% 11.9+0.6% 10.8+0.3% 10.9+0.188

Values are means+ S.E. of 5 hearts in each group.

8 p<0.01, compared with preischemia in each group
* p<0.05, ** p<0.01, compared with low salt group
# p<0.05, # p<0.01, compared with high salt group

PCr
ATP

7N\
B

Pi
| )
' Reperfusion
h 1
)
’~“‘ Ischemia
I f
' h Preischemia

T L e L A B E I B B R

T
10 0 -10 -20 -30

Fig. 4. Representative NMR spectra observed during preischemia, ischmia and reperfusion in
rat fed a low salt diet. The peaks of Pi, PCr and ATP were clearly seen in every spectrum.

FEC, THVEIR 15 23 ORE s T O EE b He I A E DOFETERIMICE D EFL, BERIC L DECe»
D85+04% L HEHICLLERICRFT IIRE B MATEICEE L 72 (Fig. 6). (KIEH
»-7- (Fig. 5). IZHEWT [Mg?t JifEiX 15 5 Mg mic X 0

M RERRFOMIEN [Mg2+ i fEiZ 4T 047 +0.01mM XV 1.11 £ 0.02mM & # 2.4
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Table 4. Change of Intracellular pH during Preischemia, Ischemia and Reperfusion

Low salt group

High salt group

High salt -

chronic Mg group

High salt -

acute Mg group

intracellular pH

preischemia

ischemia

reperfusion

10 min
5 min
0 min
5 min

10 min

15 min
5 min

10 min

15 min

7.19+0.02
7.17+0.02
7.18+0.02
6.96£0.02%8
6.80£0.0288
6.61+0.02%
6.96+0.02%
7.05+0.018
7.05+0.01%

7.15x0.02
7.15+0.02
7.14+0.02
6.89£0.01%
6.63£0.018**
6.46+0.028**
6.72£0.028**
6.9140.048*
6.99+0.02%*

7.16x0.02
7.14+0.02
7.14x0.02
6.96 £0.03%
6.730.0388#
6.56 £0.01%#
6.90+£0.04%#
7.00£0.02%8
7.02+0.02%

7.16+0.02
7.13+0.01
7.14=0.01
6.98+0.018%
6.84+0.0155#
6.71+£0.0285#
6.96 £0.0288#
7.03£0.018#
7.05+£0.0185¢

Values are means=* S.E. of 5 hearts in each group.
§ p<0.05, % p<0.01, compared with preischemia 10 min in each group
* p<0.05, ** p<0.01, compared with low salt group
* p<0.05, #* p<0.01, compared with high salt group

ATP

50
-10

-5

S 10

15 5

10

TS(min)

ischemia

reperfusion

Fig. 5. Changes in the relative concentration of myocardial ATP during preischemia, ischemia
and reperfusion. The symbols of @, I, A and € represent low salt group, high salt group, high
salt - chronic Mg group and high salt - acute Mg group, respectively. *p <0.05, **p<0.01 : com-
pared with low salt group, *#p <0.01, ¥p<0.05 : compared with high salt group. In all group ATP
level decreased during ischemia and then returned during reperfusion. The magnitude of its
reduction was significantly bigger in high salt group than in low salt group, and both chronic Mg
treatment and acute Mg treatment significantly improved it.
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(mM)
1.4

1.2

[M92+] i
0.6

0.4

0.2

*k

O L
-10 -5 0 )

10 15 5 10 15(min)

ischemia

reperfusion

Fig. 6. Changes in the level of [Mg2* J; during preischemia, ischemia and reperfusion. The sym-
bols of @, M, A and € represent low salt group, high salt group, high salt - chronic Mg group
and high salt - acute Mg group, respectively. **p<0.01:compared with low salt group,
#p <0.01, #p<0.05 : compared with high salt group, In all group, [Mg2* J; level increased during
ischemia and then returned to the preischemia level during reperfusion. The magnitude of its in-
crease was significantly bigger in high salt group than in low salt group, and both chronic Mg
treatment and acute Mg treatment significantly improved it.

EAEBEICHENL, HERICIDED L, FER
15 OB A T1320.49 £ 0.01mM Th > 7=
(Fig. 6). BiEEICH VT, [Mg?* )i fEid M
770 4 OFf 5T 0.47£0.01 mM & (E35HE & 2%
Fieh oo, BMMIC K DZFWRICES L &I
15 3O 1.33+0.03 mM &S {EERICH L
BRICEMETH D, BERRFICKT 5ED LiE
ehlrfEmERL: (Fig. 6). —7F, & -
Mg HHE G T3, BIM155 O & T
[Mg?+JifEiZ 1.19+0.01 mM »EERL VS
EARLAH, BEFICHLEEICE/E TS
7z (Fig. 6). X6IC, & - Mg SM&5HT
b, RIS 787D Mg #5112 X 0 B IFT0 &
O AE T [Mg2*]ifEiid 0.79£0.01 mM & o>
SFICHLARICEAL, BIc X5 [Mg2*l
EOER AL, I 15 5Ok E T 1.02+
0.01mM ¢ EEHICELARBICEMETH - /2
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(Fig. 6).

Z ES

BIIIEETIVS v MIZB\W T Mg
NV LTRY, ZOEAD B EMEDRRE
WRIC—HBEE L T\W5 EE 2N TWAD,
L2L, Mg ORMEGESEEDR*FRIET 5
HEPICOWTITHER T AREV DR8I h
TWw5. Altura 5WF, Wistar 5 v 12 Mg
RZEH 12852725, fid Mg DK
ZITIG U CIMED EF & MEIRE RO/ IMED
BB EHEL TW5S. Evans 51203, &I
[FEBAFIES v I (spontaneously hyperten-
siverat; SHR) TfiH D CaE & MgE#* [
FrcZ b s € T 12 BREEEL, BEimET
BE5 CaE L ADHBEZRTHAEES Mg & &1



Mg #5DOLHH T RVF —RBBEDR

B L e o/ b#EL TW5. —7, Touyz
5130 SHR IZ k17 % 17 @ D Mg fli# 73 ik
MERA Mg?+ BED R & Ca2r BEDOEK T %
Vv, MED ERZMEHT A Ee@mEL T
%. EbiC, Mathew LWZE/ 71X U VEH
FMBMES v MIZBWT, Mg OR#iEE»
fis L & G OIER OB A B BICHIH L= &
HEL TN 5.

4E, H43DS Ty MCEESHEA L Mg
BHEE 21T\, Mg OMER X COLIEXRICSY
AR L /2. TORE, DSF v FIC
BWOSEARITIMES &, LEEHENS
¥, Mg @53+ Mg?t fEo LR %t -
TEBARICL S N bOBLEFREICHH L
72. Mg kX AMEE T OBF & LT, Mg
FORERE DO BAREEME Ca F % XV IEIL, #
fid [ Ca-ATPase ¥ & U # /) g f£ I Ca-AT-
Pase Z{H ML L CHifaA Car BEZET S
FIMEFEH OB E T IS &, Mgh
MEVFENME BG4 5 M SOGME o S &
BTEDZEREZLNS. —T, Mgitks
DIEXEMOBR & LT, Mg B LEHMiEn
Ca?* R DI & FEEE R OTE AL & W &
BT EICEABEBESR L, MEETICL D LIE
NDOEAFOO BT I 5H T LI & BREE
R EDEZONS.

JEXOCTRENZZEMDAL LT, BWEE
LBELTOHREELH LD T, ERLICE
WL TRV F —REHE 2 b OB b EE
T % . Fossel 517, Kusuoka 518 ¥ Ik Of
Toyo-oka 59{%, 31P NMR % H\W T LT *
WE—RBBLREPICEE) T 52 L s L
TW5. Fx HERIC, 3P NMR % Vv TR—
YV RIBEBIC L > TRE 7OV AR DR LK
MiaEHIET5C LiIcX D, LELERNSSEIRAE
TOTFIF—RHBRELEHICRETESC
EERHELTWEY., —F, LHR [Mg2t]
BIZO>WTHE>rOBMERZINTNVES
23020 B BIEEIC X - THRESINTY
HIEICEND B 5. T v FIZ\WTHP NMR,

F NMR % W7o cid, [Mg?+JifEild 0.5
~14mM TH5 EINTNWBHEDI,

P NMR # W7o ARERICEWT, DSH
ERFC DS EREHICH L OMEREIBERICET
LT\, ATP OLEARRAZEBIRILE
BICREL IRVF—FEITERL Tz,
Hiz, Mg OBk LUAREET, SEFIC
BT 5 ATP OLEARRK T FOVF —EE)iE
OEAXZRRICSEES . —7, [Mg2*]ifE
IMEERB JUOEERLH 048 mM TH D,
TRERNC 208 < D EHINZEE) S RO 0 - .
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Magnesium Improves Myocardial Energy Metabolism : Assessment in Dahl
Salt Sensitive Rats by 3!P Nuclear Magnetic Resonance Spectroscopy

Nobuyuki AkrTAl, Takashi HANEDA!, Kunio TANAKAZ,
Kenjiro KIKucHI!

LFirst Department of Internal Medicine, 2Central Laboratory for Research and Education,
Asahikawa Medical College
2-1-1-1 Midorigaoka-Higashi, Asahikawa, Hokkaido 078-8510

The effect of magnesium (Mg) on myocardial energy metabolism during both the cardiac cycle and
myocardial ischemia was studied in rats using 3'P nuclear magnetic resonance (3P NMR) spec-
troscopy. The rats were fed a low salt (0.3% NaCl) diet or high salt (8% NaCl) diet with or without
Mg in the drinking water (aspartic acid Mg, 15.4 g/1) for 4 weeks. Systolic blood pressure (SBP),
heart weight, and the level of blood ionized Mg (Mg?+) were measured. The hearts were perfused
with a Krebs-Hensleit buffer by the Langendorff method. The levels of myocardial adenosine
triphosphate (ATP), creatine phosphate (PCr) and intracellular Mg2* were then measured using 3P
NMR. The high salt diet significantly elevated SBP and increased the heart weight. The long term
oral Mg treatment significantly prevented these changes, while showing an increase in the blood
Mg?* level. In each group, the levels of ATP and PCr decreased at the peak of systole and then
returned to the initial levels at the end of diastole. The magnitude of fluctuation of the ATP level dur-
ing the cardiac cycle was significantly higher in the high salt diet group than in the low salt diet group.
Both long term oral Mg treatment and acute Mg treatment with perfusate containing a high concen-
tration of Mg significantly reduced the magnitude of fluctuation of the ATP level in the high salt diet
group. In each group, the levels of intracellular Mg?+ did not change during the cardiac cycle. In all
groups, the ATP level significantly decreased during ischemia and then returned to its previous level
during reperfusion. At the same time the intracellular Mg?* level significantly increased and then
returned to the initial level during reperfusion. These changes during ischemia were significantly
larger in the high salt diet group than in the low salt diet group. Both long term Mg treatment and
acute Mg treatment significantly improved these changes during ischemia in high salt diet group.
These results suggest that Mg administration improves the myocardial energy metabolism in Dahl
salt sensitive rats.

356





