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Effects of Dietary Magnesium Deficiency in the Rat: with Special
Reference to Ultrastructural Examination

Takako lkeda®, Shuichi Kimura*, Takayoshi Imazawa,
Akiyoshi Nishikawa and Michihito Takahashi

Epidemiologically, it has been suggested that dietary magnesium/calcium imbalance is associated with
the risk of heart diseases. In the present study, the effects of magnesium deficiency and/or calcium over
intake were investigated in rats. Male Sprague-Dawley rats were divided into 4 groups, and respectively
fed basal diet (AIN-76) alone (Group 1), calcium-doubled AIN-76 diet (Group 2) , magnesium-deficient AIN
-76 diet {Group 3) and magnesium-deficient / calcium-doubled AIN-76 diet (Group 4) for 19 days. A
biochemical assay using inductively coupled plasma showed that the magnesium concentrations of the
femoral bone and serum were significantly (p<<0. 001)lower in Groups 3 and 4 than in Group 1. The lipid
peroxides of the heart in Group 4 and of the liver in Groups 3 and 4 were increased as compared to the
Group 1 values although there was no statistical significance. Ultrastructurally, degenerative changes of
organellas including mitochondria were observed in myocardial, liver and renal tubule cells of Groups 2-
4, Severe degeneration such as disorganization, lysis and disarrangement of myofibrils was most evident
in myocardial cells of Group 4. Our results thus suggest that dietary magnesium deficiency gives rise
to retrogressive changes in some organs including the heart, and concurrent calcium overintake
synergistically enhances the myocardial injury due to magnesium deficiency.

Keywords : magnesium, calcium, heart, ultrastructure, rat
(Received May 30, 1997)

%

MERICETFEBRRESHEETBLHAIA TN THLYY
AL (Mg?) OEEKEER G, RIE70kg DR ATH
834~1,200mmol (#20~28g) " T, N HL60~65% i
T, 27% AT, 6~ 7 %idfboisit, 1%t
WHICTFIEST 2. Mg B1GIEE AHEE, & v /57 HD
Eeheis:, (RIRFAS, RO, HAOIE, FLVEY
DR EITHEE LTV A,

Mg MR 2 BT 2 L TH MY 74 (Nav), 7
My s (Cat), AT A (K) HEOFEMALEIEE
THbIEMNERINTEBY, 24T Na*-K*-dependent
ATPase & % \» it Ca**-dependent ATPase (X Mg & #5& L7
ATP 23 %3 ET 570, ZOMENEST 5 HEEH
Kl EOEBRRREIC Mg XU HTH BY. Mg RZI1ZR B L

(]

* TR

# To whom correspondence should be addressed: Takako Ikeda; 1-18-1
Kamiyoga, Setagaya-ku, Tokyo158, Japan; Tel:03-3700-1141ext. 427;
Fax: 03-3700-2348; E- mail: taikeda@nihs. go. jp

BEEDERRE AT IS E 2 < 2 Y, HIKALIZE v Nat, Ca*”
AHIREICTEA L, HRPIZE v KT, Mg I MR d i
LiZU® 5. Na*25HlllaIc#m3 5 &, Na*-Ca®*exchange
pump 2 &, Ca®iZ & SICHIIPNICEZ 2%, 2k )%
BGPIMEROMBICEI 2 &, MiSEENTEEE L T8 HELT
BT D - MEIIM 2 DITREHEBOBER E 2 59,

19784E, Karppanen 5 3 i 5 ? Mg %° Ca {EE AL &
TEERESRBOMBERE L. ZO/RER, 7AUY, &
Fv¥, 747 FDL)IZCa/Mg LOE AT 2 E
2 TV 5 ENT B EB OB CENE , £
PP TVLAR, FVIT7, 2—TATET TR
MR RIC X ARV Z &G STy
B, ZOZEND CaBIERIEZ T Mg ENEZ L E
AHZ W, B ERETFHTA—HTHY, FICHE
BB OTFRICT 5 Mg B OEES 2 mA A Tw
559,

B RS Mg RZIREEICHAS &, O, ST, e, &
fEAND Mg DD AR DMBDOREIFIZILRTE L 25 T EHF
HFESHTVBY, 2 THE, HRERBOERTH
Mgl CaDNT Y ARHEBL, v b2 HWTAEMIZE



WHG {273y ARZORFERFNIE — OB RENRE — 113

5 Mg RZE CaBEIOMATEDOEEZEBL, LITH
B RE S (AR L 72,

FE KU

1. EREMESTICHBERMG

FEREIY & LT 5 B# O Sprague-Dawley 2T v + (H
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Table 1. Composition of experimental diets (%)

Group 1 Group 2 Group 3 Group 4
a -Corn starch 55.50 54.46 55.50 54.46
Milk casein 25.00 25.00 25.00 25.00
Corn oil 5.00 5.00 5.00 5.00
Cellulose powder 5.00 5.00 5.00 5.00
Sucrose 5.00 5.00 5.00 5.00
Mineral mixture 1) 3.50 3.50 — —
Mineral mixture 2 — - 3.50 3.50
Vitamin mixture 3 1.00 1.00 1.00 1.00
CaCOs3 — 1.04 — 1.04
Total 100 100 100 100
1) AIN-76 Mineral mixture

2) AIN-76 Mineral mixture except Mg deficiency

3) AIN-76 Vitamin mixture
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Table 2. Absolute organ weights and organ/body weight ratios

Group Body weight Heart Liver Kidney(R) Kidney(L)

1 352.5+8.93 1.2610.16(0.36)  10.2310.62(2.90) - 1.261+0.07(0.36)  1.23::0.08(0.35)
2 348.219.43 1.261+0.15(0.36)  9.870.62(2.84) 1.19£0.09(0.34)  1.18+0.05(0.34)

3 292.6+12.8***  1.09+0.10(0.38)  9.01+0.44**(3.08) 1.41£0.19(0.48)  1.39%0.24(0.47%)

4 276.5112.3***  1.09+0.12(0.40)  8.58+0.28***(3.11*) 1.28%0.04(0.46)  1.28 0.06(0.46***)

Values represent mean + S.D. in absolute organ weights.
Values in parentheses represent percentage of organ/body weight ratio.
* o> x2+:Singnificantly different from the control (group 1) values at *p<0.05,**p<0.01 and***p<0.001, respectively.

Table 3. Concentrations of Mg, Ca and P

Group  Bone(%)  Heart (u g/g) Kidney (x g/g) Liver (« g/g) Muscle (# g/g) Serum (u g/g)

1 0.30%0.04 200+ 25.6 171252 182+25.2 2721+143 13.1+2.07
Mg 2 0.30+0.04 205+11.6 151£17.9 209+ 13.6* 272£10.5 12.2£1.05
3 0.16 £ 0.05*** 207% 7.51 1441327 2241+26.9* 241+19.8*% 5.27 £ 0.92%**
4 0.14£0.04*** 171+ 32.5 154+22.1 219+22.7* 2491+ 13.8* 6.72 1 1.04%**
1 14.31+1.99 80.2+£19.7 1221 48.2 32.81+9.57 54.81+4.68 107 £26.5
Ca 2 15.8+1.56 77.3£13.9 104+79.1 38.0+5.26 56.6+5.92 159+ 73.6
3 14.91+3.07 98.1+43.9 7741 419%  44.2+8.93 71.3£9.71*+*  1391+£33.2
4 16.3+1.77 97.2+16.7 1327:£910*  68.91L19.1%* 77.7+20.1* 172+ 63.0*
1 7.741+£1.07 2079+ 344 2194+ 460 2539+ 323 2235+ 120 96.81+11.0
P 2 8.51+1.07 2111+ 191 1801+ 327 2988+ 266* 2284+ 51.1 101.0+16.0
3 7.80+1.59 21891972 22211880 34311£451** 2056+ 169 88.71+8.00
4 8.321+0.90 1606+ 479 27891098  31751+477* 2166 £ 138 87.6L£9.64

Data represent mean values + S.D.
* % *¢*: Significantly different from the control (group 1) values at *p<0.05, **p<0.01 and ***p<0.001, respectively.

LA %R L7z (Table2 ). $BEFELE, Group 3,4 CiXFE Table 4. Thiobarbituric acid reaction substance (n/mol/g)
BEHEILLEATYMEZMLET, Groupl 2 THEl- TR L7
(Fig. 2) Group Heart Liver

1051+ 84.6 38.3+9.53
1091562 38.61+23.7
105+28.7 101.0+60.7
173+61.0 66.8+30.6

3. KHREE (Table2)
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B LT, ABELRENERL. Data represent mean values + S.D.
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Fig.5. Cardiac arteriolar endothelial cells showing vacuoles
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Fig. 4. Electron micrograph of normal mitochondria of cardiac myo-
cytes, and myofibril in the heart x17,000
Bar=1m (group1)

Fig.6. Swollen mitochondria with disorientated and disintegrated cris-
tae in a myocardial cell X17,000
Bar= 1 ym(group2)
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Fig.7. Z—bands of a myocardial cell are disorganized, lysed and disar- Fig.8. Slightly altered and disintegrated mitochondrial cristae, and ac-~

ranged X 17,000 cumlation of glycogen granules in a myocardial cell X17, 000
Bar= 1 ym(group 4 ) Bar=1m (group4)
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Fig.9. Electron micrograph showing normal mitochondria, endoplas- Fig.10. Hepatocyte showing increase of vesicular endoplasmic reticu-

mic reticulum and peroxisome in a hepatocyte X10, 200 lum and myelin—like materials in the cytoplasm X 20,400
Bar=1m (groupl) Bar=0.5um (group4)

g,

-

Fig.12. Marked increase of lysosomes in proximal renal tubule epithelial

Fig.11. Electron micrograph showing a normal glomerulus and renal
X 5,100 cells X5, 100

Bar= 2 m (group3)

tubule epithelial cells
Bar= 2 m (group1)
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