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Effect of dietary magnesium deficiency in the rat
— Histological and ultrastructural examination —
Takako Ikedal) Takayoshi Imazawa!" 2} Shuichi Kimura"

U Showa Women's University, 2 National Institute of Health Sciences

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 (Group4) for 19 days.
Obtained results thus suggested that dietary magnesium deficiency gives rise to retrogressive changes in
some organs such as heart, and concurvrent calcium overintake synergistically enhances the myocardial

injury due to magnesium deficiency.
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1. EEREMWZ O OFHE &M
EERFIY & L C 5 8% D Sprague-Dawley T v b (HAEF v =2 - Jx—41) % 3 HEOBIML
HBEOK, ZECIILTO4EICE Lz, B 27 ¥ L ZABER - — DA L, EHNOBRESRGITR
JE24+ 1°C, BAES5E5 %, 12WFR (7 B ~198F) FRHY, 120FRISERBIDSEMT CHFE Lz, BOBKIZ
B KR BV, #oBlks X ORRHIE BB E L7,
2. FEERfE
FEERIC V2R OME L AIN-76 D 3 3 T VHRICHE L, Table1 1R L7z, Group LidxtlREE & L
T Mg BLUCadtAIN-76 LB D, Group2ld Mg%E, Ca 2f5&E (1.04% W/W) OFf, Group
3 Mg RZ (MHRFLT), Cas80%, Group4 3 Mg RZ (MHRHLT), Ca 2f5® (1.04%
W/W) D& L7,
FURERNEA ) T Y OVEER L VIEA L, ¥ U2 BRI H A v, WREIRENE, TR —
ViRV, €Y 3 VRAI AIN-76 DHELICHE 5 720 BILEAF M 12 & DREDS Group 1 DK 25
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3. EBRNE
EERMIBEIZIOBM & L, EBHIRS, —RRKEOBELEHERL, AESJUEMEIIAB I
WE L7,

BYIEERERTE & ) —BRiGR S, BH - 7 OUVRET CHEE KBRS RME, B - HRL,
las RN E R AELFEORE B L OBRUE IR L

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' 3.50 3.50 - —

Mineral mixture? - - 3.50 3.50
Vitamin mixture® 1.00 1.00 1.00 1.00
CaCO3 - 1.04 — 1.04
Total 100 100 100 100

D AIN-76 Mineral mixture
2 AIN-76 Mineral mixture except Mg deficiency
® AIN-76 Vitamin mixture
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Group 3, 41X Group 12l LC, 13H H LU, WEOEBERAREMINOMGIAA SN, EERE TR
¥ TV 7z (Fig. 1), Group 3, 4 DHRHMAARE Group 1 IZH LT, BELRBA ZRL7Z, (Table2),
{BELR 3, Group3, 4 CRFAFEEZ,CHAFHMZ#E U C, Groupl % TREI- CHER LA (Fig. 2),

2. % EE (Table2)

Group 3, 4 DRMMAE L FHEEIL Group 1 I LT, AELRBA LR LA, KEH TIZ Group 3,

4 OFEFAFTREECI LT, AREAREMERL.
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Fig. 2 Food consumption curves
Table 2. Absolute organ weights and organ/body weight ratios
Group  Body weight Heart Liver Kidney (R) Kidney (L)
1 352.5+£8.93 1.26+£0.16(0.36) 10.23+0.62(2.90) 1.264+0.07(0.36) 1.2310.08(0.35)
2 348.249.43 1.26+0.15(0.36) 9.87%0.62(2.84) 1.1940.09(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) 1.4140.19(0.48) 1.3940.24(0.47™)

4 276.5412.3%** 1.09:+0.12(0.40)

8.58+0.28%**(3.11%) 1.28+0.04(0.46) 1.284+0.06(0.46***)

Values represent mean £ S.D. in absolute organ weights.
Values in parentheses represent percentage of organ/body weight ratio.

* Kk KR Gionificantly different from the control (group 1) values at *p<0.05, **p<0.01 and ***p<C0.001,

respectively.
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Table 3. Concentrations of Mg, Ca and P
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Group Bone (%) Heart (ug/g)  Kidney (pg/g) Liver (ug/g)  Muscle (#g/g) Serum (pg/g)

1 0.30%0.04 200+25.6 171425.2 182425.2 272+14.3 13.1£2.07
. 2 0.3040.04 205+11.6 151417.9 209+13.6* 272+10.5 12.241.05

3 0.16£0.05*** 207+7.51 144432.7 224426.9* 2414£19.8%  5.2740.92%**

4 0.14£0.04™** 171432.5 154+22.1 219+22.7* 249+13.8%  6.72+£1.04%**

1 14.3+1.99 80.2419.7 122+48.2 32.84+9.57 54.8+4.68 107426.5
Ca 2 15.841.56 77.3+13.9 104£79.1 38.0+5.26 56.6£5.92 159+73.6

3 14.9+3.07 98.1+43.9 774+419* 44.2+8.93 71.34+9.71%** 139+33.2

4 16.34£1.77 97.2416.7 13274910* 68.9£19.1** 77.74+20.1%* 172+63.0™*

1 7.74%1.07 2079+ 344 2194 +460 25394323 22354120 96.8411.0
. 2 8.51+1.07 21114191 1801 4327 29884266 * 2284+51.1  101.0%16.0

3 7.80+1.59 21894:97.2 2221880 34314£451%* 20564169 88.748.00

4 8.3240.90 16064479 27891098 3175 +477* 21664138 87.6+9.64

Data represent mean values & S.D.
* EE EEX  Significantly different from the control (group 1) values at *p<0.05, **p<0.01 and ***p<0.001,

respectively.

Table 4. Thiobarbituric acid reaction substance

(nmol/g)
Group Heart Liver
1 105184.6 38.3+9.53
2 109+56.2 38.6+23.7
3 105+28.7 101.0%+60.7
4 1734+61.0 66.8+30.6

Data represent mean values = S.D.
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a) Mg, CaB LU P DEEERIZBITHIBE% Table3 1278 L7720 Mg iBE X Group 3, 4 DKIEE &
MiFIcB T Group 1 DEDL/2THY, ﬁ%ﬂ:‘iﬁi’}‘ LTwi, CailtfE L Group3, 4 DEIBB L
KEEFHIZB VT Group LI LT, AEICHEML T,

b) TBARSH % Table4 {278 L7z, M FEWNHEEIIRO LN L o725, Groupd D.LESL L T
Group 3, 4 OIFIECH Group 112 LT, BVMAIIE R L7z

4. BYBREFENRE

Group 1 DL EAMAIIEIHMICIZIFEFHEL R L, BREZERT 50 (Fig. 3) LMo 3
har R 7B & OHERMEC IR RO bW h o 7o Group2, 35 XUM4 0L AR
FE AR A EMAB RSP g2 L 72 2R A AR b7z (Fig. 4)o Group 2 DLFMIEDI b FY 7
W, XML, 2 ) XAV EFIOFLIE X UHRIENTEED b7z (Fig. 5)o $F12 Group 4 LG
HaDZEDTR <, FIRMHEOWTER, Bfts L ORI OENEIBIE s v/ (Fig. 6),
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Fig.3 Electron micrograph of normal cardiac Fig.4 Cardiac arteriolar endothelial cells showing
myocytes and an arteriole in the heart X 2,300 vacuoles X 3,450

Fig.5 Swollen mitochondria with disorientated and Fig.6 Z-bands of a myocardial cell are disorganized,
disintegrated cristae in a myocardial cell X11,500 lysed and disarranged X11,500

Sy FEHWT, BHHZL S Mg REDERIIKIFTHEIIONT, CaDRELEEER ERSE
Rz, FIEMIEEENICHRE L7,

5D Mg 1S Group 1 12 HE L°C Group 3, 4 THEISHA LTz, SN Mg KZBETH B Group
3, 4 CHE—IFMETHHHITHD % Mg DEMA o722 &, b LI Group3, 49WLEE LT
WA Mg ZEILEHRENT, BFOMg N LD EBbhb,

TBARS {5 13 Pl C Group 1 12} LC Group 3, 4 BEWMAMEZR L2 &0 0, Mg LA ML
AN LT & A0 FBIER %4 L CHIRIBNICE VT BT REEDE L 5 b,

FBMIGEERIIZ, Group 1 2 BRT E DB b LB N/NEIIR O N R AR I 2 22l A A BIE S vz,
T UE Mg K Z R Ca BRI O 720 AN OB EEFEI BN, KL BREESHRENICERL T
MAATIALY U, TRESEMIc ezt LCHM b D EBbNs, 23 Fa v M) 7OEWDH
oD, Group2 BL U Groupd D& CaBETHAH T EHD, Ca DBFHEIUII b FY TOK
HEBE, OWTIHAENOEEIRT OER & 2 2 WEEMELH 5, & 512 Group 4 DFHFRMHE DR E
L ORRABE S N72h, D ORLIGREMENRE IS B VORI MREOMIIZ L (A LN
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BIETHBY, Lo Ladsh, oAb OREALHIE /NI O PIFEHAR (< b 5 B O LM L6
ETHDH0, HELSXVTORBEEIHN) LHORE, ILABMEMHRETH SO, 4 HDE
B TEIETE RV WFRIZLTY, MgRZIZBITA CaDildE GEE O 245 Eimik
DRBED D VBRI EDOFER & % 5 R RET 5,

F 4 EOBHORECTHL M SN/ L HIZ, Ca BEASHMCHIBANOESHETOERIZR ST
B DB, BEX Y, AHEOEEIIAETDO Mg ORZALEE & UHEMSEOBITESEEEE, 2h
A5 Ca OBFIBIUC L D BTR S N D TREH L RIZT %, '
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