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Mineral Unbalance Induced by Calcium Deficiency

—Response of Calcium Readministration—

Mieko KIMURA, Atsuko IWABUCHI, Kenji SEKINE, Yoshinori ITOKAWA
Department of Hygiene, Faculty of Medicine, Kyoto University

Male Wistar rats were separated into three groups (A, B and C). Group A was
fed a calcium sufficient diet for 9 weeks, group B was fed a calcium deficient diet for
9 weeks and group C was fed a calcium deficient diet for 4 weeks and then calcium
sufficient diet for 5 weeks. The significant changes in minerals were as follows: In
blood, calcium and copper levels decreased, and magnesium and sodium levels in-
creased in group B. Magnesium and iron levels increased in group C. In brain, calcium
level decreased, and phosphorus and potassium levels increased in group B. Calcium
level was decreased and potassium and phosphorus levels increased in group C. In
heart, calcium, phosphorus, copper, potassium and zinc levels decreased, and sodium
level was increased in group B. Phosphorus level decreased in group C. In liver, mag-
nesium, iron, zinc and sodium levels increased, and copper and potassium levels de-
creased in group B. Iron level was increased in group C. In spleen, sodium and mag-

nesium levels increased, copper and potassium levels decreased in group B. Zinc level
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decreased in group C. In kidney, calcium, copper, potassium and zinc levels decreased
and iron level increased in group B. Calcium and copper levels increased in group C.
In bone, calcium, copper, potassiu'm,l fhagnesium, zinc and sodium levels decreased.
In group C almost all élerhents recovered excépt calcium and réopper. It is concluded
that calcium deficiency causes various mineral changes and readministration of calcium

do not recover these changes completely.
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Table 1. Composition of diet

di Calcium deficient
normal diet diet (g/100g)

Casein : 15.00 15. 00
Sucrose o - 38.30 38.30
Starch 30.00 30. 00
Olive oil 10.00 ©10.00
Cellulose 2.00 2. 00
Salt mixture * 0 4.00
Salt mixture 4.00 0
(Ca free)
Vitamin mixture 0.50 0.50
Choline chloride 0.20 0.20
*Salt mixture
NaCl 0.43 ¢ /100 g diet
K,HPO, 0.31 g /100 g diet
K4CcH;0,.H,0 0.95 ¢ /100 ¢ diet
CaHPO, . 21,0 1.42 g /100 ¢ diet
CaCO, 0.65 ¢ /100 g diet
MgCO, 0.16 g /100 ¢ diet
FeCgHg 0, . 3H,0 64 mg/100 g diet
Mn SO, 5  mg/100¢ diet
CuS0Oy4. 5H,0 0.7 mg/100 ¢ diet
K,Al,(S0,),. 24H,0 0.36 m9/100 ¢ diet
CoCl,. 6H,0 0.36 mg/100 ¢ diet
KI 0.18 mg/100 ¢ diet
ZnCO, 0.18 mg/100 ¢ diet
NaF 3.5 #9/100¢ diet
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Table 2 Changes of Na contents

control Calcium ﬁiltcii)uxina;f:f ’331”5
deficiency cium deficiency,

Brain 2.102 £0.179 2.073 +0.110 2.228 £ 0.176
Heart 3.628 = 0.100 4.256 £ 0.37§ 3.655 £ 0.105
Liver 1.153 £ 0.078 1.519 = 0.395 1.252 £ 0.125
Spleen 3.538 = 0.622 7.297 = 0,75?3 3.531 £1.172
Kidney | 2.745 % 0.284 3.052 = 0.115 2.814 £0.302
Bone 5.249 = 0.063 4.732 = 0.363 5.580 % 0.488
Blood 2.554 = 0.084 2.940 = 0.456 2.545 & 0.093#

*

mean- * S.E. (mg/g). # (mg/ml)
significant difference as compared with control group (p <0.05)

Table 3. Changes of K contents

Brain | 2.616+0.315  3.182+0.172  3.366 % 0.355
Heart | 3.559+0.168  3.108+0.012  3.414 + 0.190
Liver | 2.745+0.358  1.914+0.293  2.471 % 0.294
Spleen | 3.491+0.203 2707 %0416  3.228 £ 0.665
Kidney| 2.441+0.176 1482 %0270  2.269 % 0.190
Bone | 2.497+0147  2195+0.131 2659 + 0.309
Blood | 6.121+0526  6.134+0.262  6.730 +0.363
mean £ S.E. (mg/g). # (mg/ml)

*

significant difference as compared with control group (p <0.05)

Table 4. Changes of Ca contents

Calcium readminis-

control gefciency a2l G-
Brain 52.37 = 5.40 23.73 = 3‘7’% 30.37 £ 6.4§
Heart 35.46 = 3.14 19.63 £ 1.36 32.93 = 4.46
Liver 26.27 = 2.59 25.51 = 0.86 23.68 = 2.91
Spleen 40.30 = 2.58 41.95 * 3.95 42.94 £ 2.62
Kidney 59.14 = 4.88 39.08 £ 8.4% 79.03 £ 21.36
Bone 548.63 * 41.93 229.00 = 13.6?) 36.4;84 + 68. 0"5
Blood 36.55 £ 3.56 22.52 £ 2.5,6 46.90 = 14.20#
mean £ S.E. (ug/g). # (ug/ml)

# significant difference as compared with control group {p <0.05)


Administrator
長方形


[(MERERME F25% 1985]

Table s. Changes‘ of Mg contents

o Calcium . Calcium' readminis-
control deficiency . tration after Cal-
S : cium deficiency
Brain | 1964+ 107 2127+ 42.8 2065+ 13.3
Heart | 2213+ 11.8 231.3+ 87 2207+ 11.7
Liver 2186+ 10.4 267.2 + 35.0 2047+ 9.7
Spleen | 210.5+ 37.9 344.7 + 1223 200.0 £ 25.1
Kidney| 214.6+ 353 205.8+ 20.4 2224+ 25.0
Bone | 24122+ 193.6  1858.5+ 2324  2199.8 + 154.4
Blood 50.2+ 3.2 818+ 6.6 780+ 6.0,

mean * S.E. (ug/g). # (ug/mi)

*

significant difference as compared with control group (p < 0.05)

Table 6. Changes of P contents

Brain | 280.7+ 5.1 338.6 + 42.1 310.0 + 17.5
Heart | 3745+ 12.7 351.2+ 15.2 3383+ 13.4
Liver 2235+ 21.9 206.8+ 8.8 227.3+ 20.2
Spleen | 591.1% 54.0 551.8+ 54.7 542.5+ 65.6
Kidney | 300.9+ 258 282.4% 26.7 206.1 + 28.3
Bone | 2075.5+125.2  2406.1 2548  2386.6 + 126.0
Blood | 1521+ 6.9 1499+ 6.0 155.2 = 26.35

mean * S.E. (ug/g). # (ug/ml)
* significant difference as compared with control group ( p < 0.05)

Table 7. Changes of Fe contents

o, g
cium deficiency
Brain | 17.1+ 1.9 187 + 2.2 19.9+ 2.4
Heart | 79.0+ 7.5 67.5 + 10.0 848+ 8.6
Liver | 221.8+16.5 281.5 + 38.3 262.3 + 33.5
Spleen | 508.4 + 85.2 502.1 + 23.6 635.9 + 72.2
Kidney | 652 + 7.3 88.0 + 13.5 703+ 4.9
-Bone 55.9 + 4.7 53.4 + 3.9 58.2+ 6.6
‘Blood | 476.3 + 48.0 4571 + 446 567.9 + 5104

mean + S.E. (ug/g). # (ug/ml)
+ significant difference as compared with control group { p<0.05)
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Table 8. Changes of Zu cor.xtentsv‘

Calcium Calcium readminis-

control deficiency  on e o
Brain | 13.30+ 1.01  13.00 +0.49  12.81 +0.21
Heart | 2570+ 2.61  19.69 +1.45  25.49 % 9.98.
Liver | 25.80+ 1.18  35.08 +2.43  28.34+3.23
Spleen | 26.18+ 215  24.01+0.29  22.35 + 1.88
Kidney| 24.60 = 2.24  18.36 =220  23.95+ 0.64
Bone | 79.93+10.42  57.67£2.70  92.30 % 9.00
Blood | 6.20%+ 0.59 5.74 + 0.23 6.72 % 0.58y

mean = S.E. (ug/g). # (ug/ml)

* significant

difference as compared with control group ( p <0.05)

Table 9. Changes of Cu contents

G, SR

] cium deficiency
Brain | 3.153 £0.547  3.615+ 1.440  3.011 % 0.455
Heart | 4.208 +0.154  3.474 = 0.440  4.001+ 0.239
Liver | 3.977 £0.343 2441 £0.770  4.414 + 0.401
Spleen | 1.873 £0.167  0.312+0.092  2.061 + 0.210
Kidney | 4.541 + 0.667  2.398 + 0.304  5.714 % 0.702
Bome | 1.763 +0.063  0.781 +0.040  1.664 + 5.826
Blood | 1111+0.180  0.228+0.238 1166 =0.167

mean = S.E. (ug/g). # (ug/ml)
* significant difference as compared with control group ( p <0.05)

Ca kiﬁﬂ*’ﬂfm OIEF SEHZ ) Y i 2 7o O DA P ERE R YIEFEH LIV EC £ T BIE
AR LTz, Kic, FFBEAL5L, CaXRZBTI, K& CuBEENKETZ, Na, Zn, Fe,
Mg BEEIMEZR LA, Lrl, CaXRZTh-THFED CaBICIBLIRBO LA, -
Joo Ca RZEEDOEFESFEIC G & LBETIE Fe DEMBEMEEL T fhoEBE IR+
TEEBICHEWEREREL, CaRZF v b TRIOX I IZHFED CuBICEiZAR <, Mg
BAIMN AR L2, Mg RZ T v b CRFETS Mg B2 Bz <%, —Eo L&
BLLY LT MBIEET IO TRV EZLLN, Ca b MgnHAEMGEEMHT 5 L
CHEHLZHERLEZOND, BIRTHE CaRZHT v FTCu & K DELVWHDKRY Na &
Mg BEOBEMMAKE N -722% Ca BIRIELVBBD ORIz, Ca RZH»HLIEFFE
TAEETE Zn DEREQETHEAEZKRVT, MOEMEIXE S EROMELERY, B Ca
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RZI & BT T 2 2 DFNDHBMEE L 5V E Th 5L B2 6 h 5, BETHE Ca
BIHET, Cu, K, ZnROWDL, Fe OOHTER -2, CakEF v h TREBERS
EﬁﬁK%NTﬁka{%ﬁl7%D@%%Eﬁtﬁﬁ#ékﬁﬁﬁgw%%gim%aﬁ
CKELARD, LbL, ZOXIRKERAT LV ZOENLFAEEFTEEDO L DIV 2 5 L T
FECEET 57, Ca b Culd—RL CEHBL ) bBML 2o/, X BT MR
DEBH AT 2D FREPEBOT, BETRERNI & RBKENEZATH S, ik
2, ZCOMBEOKERITIET L b 5B PEREIC >N THDE, CakZHTHESTR
PO OBBMREE A A A2 S Y ABBICLVELLBEL TR0, BHo Ca BOET
DEbNB, oM, Mg, Na, Zn, K, CubBb Lk, 200hH-T, PO LR
EBDI. —F, BILBOTS Ca & CuBBbBRBS &R L, EXFBICEV B THO
b, SRR, |

PRIZRLIEEDIE, CaRZIEE->T, ZThETHbR T W Ca/ Mg KD AF v 2D F
NIZT TR MOEDEBBEEATERYED ) REBEDT v 5 L 200 Sh, O
WTE, OB DEENOYEDT v R5 2k b bF L RBLATHY, 4% —h
LOfE4 DEEICOSWTHMARMEMNZ RThERLRNTHS ),

]

Ca KZERECHIE Lz (9i) 7 v MBI CukZ ( 4580 ) % Ca & HAR L 7
CTEHE (5M) Lz y MZ2WT 5 v MEKAD Ca, Mg, Na, K, P, Fe, Zn, Cu
DEBNCOWTHRHMEM 2, UTFoRELEL,

1) CaRZ3 v b Tikfufky Ca, Cuﬁ{E_F, Mg, Na?> kH, Ca ﬁﬁﬁ7/}\’ﬂng

L Fe 0 LRNED LRIz,
2) BT CaRBICARBE CadiEF, PLKOERAHBA, Ca DEABICE->TH
Ca &<, PLKWEEMETH -7z,
3) LTI CaRZILD Ca, P, Cu, K, Zn D{EF ENa D ERAH BN, Can
BHAMIZELY, PERVWTTRTERICEELZ.
4) Tk CaRZic X Y Mg, Fe, Zn, Na »EfEIC, Cu & KAMEMEIZARY, Cad
BAMICLY, Fe ORMELBRVCTERCELE.
5) MMBE CaRZIck Y Na, MgOELWER L Cu kKD [EFAED R, Ca OEA
W, Zn DEFHRD b, |
6) BTIXCa, Cu, K, ZnAY&fEL Y, Fe PENER LR, Cam BAMICE T
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Ca & CunfErEfEL o7z,
7) BT CaRZICE Y Ca, Cu, K, Mg, Zn, Naklg&A LD bONEHELZFRL, Ca
bﬁﬁﬁﬂa’:l STIEYEMEERLED, Ca & CudiidesKEZRL I,
PLED X 512 CaRZIZ L 0 Ca Mg DB TH NS < DAEKABE LT 35 > 2 & b
bt EnHbn Lo, ZLT, Ca DEARICE > TEEEZTT LORL WA, B
BT DEHAD T 37 v RIZEEGERT,

X (3

1. Itokawa, Y., L.F.TSENG, M. FUIIWARA (1974) J. Nutr. Sci. Vitaminol. 20: 249

2. KIMURA, M., Y.ITOKAWA (1977) J. Neurochem. 28: 389

3. REEET, 4)IZER, #FocH (1978) B4 1 521279

4, ITOKAWA, Y., S.SASAGAWA, M. FuiiwarA (1973) J. Nutr. Sci. Vitaminol. 19: 15
5. IToKAwA, Y., M. FUIWARA (1973) J. Nutr. 103: 438

6. ARAEREF, ANFER(1975) £ I 491445

7. ITOKAWA, Y., C. TANAKA, M. FUIIWARA (1974) J. Appl. Phisiol. 37: 835

8. ARMEREF, ANFERA(1975) E¥ T 491265

9. AFERET, FHERE, RNFEA(1983) v/ v 217

10. EWHF, HATE @HeF, ANEET, KNZFER(1985) v 7/ xvvh 4 45

11, O, SEfE MNES, BE B 8K {£(1984) v 7% s 3:35
120 FEEE-M F - LUDER(1984. ) v 7/ kv 7 L3113 '

— 98—


Administrator
長方形


