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An Experimental Study on Chronic Cadmium Intoxication —Changes of Mineral Con-
centrations in the Bone of Rats by Cadmium Administration and Vitamin D Deficiency.
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dicine, Kanazawa University.
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{, BRZENLS>IAFLEBEICE A, TOEMBE
Bahz2, EficbrERNCED TS DOEE
kB RE VR, KBTI, B0 Cd, Ca, P

Y& biZ, Zn, Cu, Fe, Mg B2 D\ T ¥ DERFHIHE
BEEELL.

Fio,Cd hE X 2 BEIMEIE S BRSO
RBiZkoT, LVbIBOREHRERPCL>TE
BBIEHEROND, 72T, REMRURMED
2XHFIDT v b EAVTEREZTL, FWECDOWT
bRREEINA T,

wRE L HE

1. ERBMRUERSRME

Wistar RS v b M IEEAVOTRD 2 DDEE%
Tz,

HERA (68 IED T v I (EHIERE 135 g) 2EARF D
CdmMmoEE, V.DHEMOBECLVRLZRT A
-1, A-2, A-3, A-4 D 4B FEHE L, CdIdE
b Cd (FEMIBERRRER) 2w, ARz Cd L
T 100 ppm DWE L2 5 X 5 ML, BHERC

DIROHESE L7, V.D & LTI V.D, (FbHiEs)
2REMWICEN L THY, EREAR 100g%E05L U
OENCEML 7, AEEMIZEI54 £ 6 A 14 B~55
£12A 24 B0 557 AfETH 5,

HERB (26 EDF v b (FHMEE 337 g) EFEMRIC,
#2277 B-1, B-2, B-3D 3EICAHWEAE L. Cd
I FPEROERESCMATETRE 2T/, 2%,
#ALCd 2 EE L - AEAE /K Cd £ LT 300 ppm
DEEL 23 X5 ICERL, O 0.5ml 2 HHE
Tz A BERA% 243825 36 DM WE b
DIEST L7z, V.D IEEA LFU b 0 % REBECHED
L7, BRI SSE 1 H 22 H~56 F£11 8 17
Ho 666 BfETH 5.
HEAFEIRSETASZL LY, SARBERR
B LS BELTERLE, &8, 8H07 vy IR
Bl x L CERGBERE 2T 7.

2 . BRI PHIE

EERATIE, BRED L 2K E, KMILsE:
3375 (132 H#& 8 V8, 191 BH#: 8 7%, 557 A% 17[E)
LEPIET D 26 EDEF 59 FEIZDWT, FEREDIE

Table 1. Experimental conditions for each group (Exp. A)

Number of rats .
GrowpNo. | V.D | cd — — N o s RO P ron
A-1 +* - 15 5 10 14.5
2 +*? +t 20 11 20 14.2
- - 15 1 13 13.5
4 - +° 18 0 16 10.5

a: Vitamin D was added to the control diet at the rate of 5 [U/100 g of the diet.
b: Cadmium was added in the form of cadmium chloride to the control diet in a concentration

of 100 ppm.

Table 2. Experimental conditions for each group (Exp. B)

Number of rats
Group No. V.D Cd Number of (riats
Initial Final examine
B-1 4a _ 0 :
2 + +* 0 10
3 - - 1 2

a: Vitmin D; refer to Table 1.

b: In addition to oral administration of Cd (Cd, 10mg/100 g of diet), a 0.5 ml of cadmium chloride
solution (Cd, 300 yg/ml) was injected subcutaneously 14 times during the experimental period.
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Table 3. Composition of control diet

Percentage Composition

contents (g/100 g of diet)
Rice powder 60

Defatted soybean 30

Bean oil 5a

Mineral mixture 3b

Vitamin mixture 1¢

Lactose or CdClz 1

Observed mineral concentration
(mg/100 g of diet)

Cd 0.008
Fe 5.59
Zn 4.76
Cu 1.18
Ca 89
Mg 43

P 275

a: Vitamin A was added to bean oil at the rate
of 200 IU/5 g.

b: Salt mixture : NaCl 10.552 g, Na,COs 22.038 g,
K2CO3 48.494 g, MgCO3 14.298 g, ZnCOs 0.527
g, FeS04-7TH20 1.702 g, CuSO45H.0 0.269 g,
MnSO4-H:0 2.113 g, KI 0.005 g.

c¢: Vitamin mixture: V.B;-HCI 59 mg, Nicotinic
acid 294 mg, Ca-panthotenate 234mg, V.Bs 29
mg, Inositol 1176 mg, V. C 588 mg, Choline ch-
loride 15000 mg, Biotin 1 mg, Folic acid 2 mg,
V.B12 0.2 mg, V. B; 60 mg, Lactose 82556.8mg.

REEEZHD L CEERAER, SHREE T-20CT
HRSRTFL 72,

EEB T, FBRICELEED IEARE, &L
L 16IE & 666 H#kmIES w7 LIEDE 17 iz D
TRIROLEBE 2T 7.

BILEEE, B, AERBTERKLL L, Kt

WoELE S &0, Ca#(SrCLEEM), Zn & (HEE

m, Mg # (La &R, Fe (20 % %) 27 v
— LFETFBREE (H3T 180-80 2R Zeemann HJE T
WX kD, CdEL Cug®REn ) Y74
ANNI VBT VB A=A FNAYTFNT N>
Tk, 7V —Lv AFEFREE (FXER &
DEIE LTz, £72, Pi#id Allen 22 & D HIEL 72,
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CAd¥Rimo A-2, A-4 BR3IEERMD A-1, A-3Bfictt

Body weight ( g )
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Fig.1. Growth curve of each group in Exp. A. A-
1 group=vitamin D-positive (VD*) & cadmium-
negative (Cd-);A-2 group=VD*, Cd*; A-3
group=VD~, Cd~; A-4 group=VD-, Cd*. When
the number of existent rats is less than five, the
curve is omitted.

NTET & D FERIGEE B, WH L b 10 :8E»
SEERMMNIEE Y, A-2 BIXEERENERTH, A-
4 BB 2w, A-3 BEY 10 EE S & BARE
Db L, TOBA-IBEOERTLALTY S, Kz
AL Tlevd B-2, B-3 #i3 B-1 BICLL_FEF
R, Cd Mo B-2 B TIREERY 2R 1,
BWHET T v MU 108E» SEINL, A4BT
I 4IEFETELT, BLZLOE2ED 608 TRt
THTL, A-38H ERIIMF I 9ILETL T, K&
RTESATR IEERET 27T Thor, A-1, A-2 5
1345 6 ILDFET-TH o7z, —75, B BEIE B-2 BEDS 20 38
T2 8VEFETC L 7o, 666 HBOK TS E Tzl
EEEL TTRTET L, EHOBEEDOFINEIL,
CEBBMIZREZ 34, A48 (0.57g) » Mo
(0.73~0.81 @) ICHENEBEEEZRLL DD, A
-1, A-2, A-3 B, BOSHEMCEEZGRD sk
oz,
2. KBRBEPEARBEOHY
1) CAEgE (M2)
A-2 BRI I RIMEM 2888, V. DERIIOD A-
2 BRI A4 BECHERBEEERT. Lal, 8
TEAEOEGFZEL RS, B23IE 500 B5@E -
BTREERZRT.
2) CalBEE (W3)
V. DM A-1, A-2 BT, FEEHMO A-3,
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Fig. 2. Effect of cadmium administration and vitamin D deficiency on the concentration of cadmium
in the femur. (Exp. A) ® =A-2 group (VD*, Cd*); © =A-4 group (VD-, Cd*). (Exp. B) X =B-2
group (VD*, Cd*).|—1: In B-2 group, besides oral administration of Cd, 150 g of Cd was injected
subcutaneously 14 times during the period.
Ca (mg/gw) Ca (mg/gw)
2001 (Exp. A ) 2007 (Exp. B )
i
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Fig.3. Effect of cadmium administration and vitamin D deficiency on the concentration of calcium
in the femur. (Exp. A) A=A-1 group (VD*,Cd"); ® =A-2 group (VD*,Cd*); A=A-3 group (VD"
Cd); o=A-4 group (VD-, Cd*). (Exp. B) ®m =B-1 group (VD*, Cd~); X =B-2 group (VD*, Cd*);

o =B-3 group (VD-, Cd-). |—: refer to Fig. 2.
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Fig. 4. Effect of cadmium administration and vitamin D deficiency on the concentration of zinc in

the femur. Symbols: refer to Fig. 3.
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Fig.5. Effect of cadmium administration and vitamin D deficiency on the concentration of
magnesium in the femur . Symbols: refer to Fig. 3.
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Fig.6. Effect of cadmium administration and vitamin D deficiency on the concentration of copper
in the femur, Symbols : refer to Fig. 3.
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Fig.7. Effect of cadmium administration and vitamin D deficiency on the concentration of iron in

the femur. Symbols: refer to Fig. 3.
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Fig. 8. Effect of cadmium administration and vitamin D deficiency on the concentration of

phosphorus in the femur. Symbols: refer to Fig. 3.
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Fig.9. Relationship between Cd and Ca concentra- Fig.10 Relationship between Cd and Zn concent-

tions in the femurs of rats in different conditions.

rations in the femurs of rats in different coditions.
Symbols: refer to Fig.2.

Symbols: refer to Fig.2.
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Fig.11. Relationship between Cd and Mg concent-
rations in the femurs of rats in different condi-
tions. Symbols: refer to Fig. 2.

Fig.12. Relationship between Cd and Cu concent-
rations in the femurs of rats in different condi-
tions. Symbols: refer to Fig. 2.




384 B

FEZER R, BESYD®ME L FAKRORBETH -
7. CAEEIMIC X 2 FEEEO—FE L L T Cd HMmzig
L RHETIZ X 2 ARHEREORIBEZ 5N b
2%, SEDORME T CAEF - V.D RZFHCHERED
B S i {E T 2R 7=, V. D FIEO T Cd #in
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Fig.13. Relationship between Cd and Fe concentrations

in the femurs of rats in different conditions.
Symbols: refer to Fig. 2.

Ca (mg/gw)
200
. A
(Exp ) A
A
o
H
150 .
"
&
A
a4,
AA
100 484
)
A
=
QQE o]
50~ e‘p
>
&
1 . 1 |
0 30 60 90
' P (mg/gw)

D OEEREINE AL »IEEERLE. 204
B L T Takashima &3 fARHERE R E—12 L -
SEETERBEE T, Cd BB EEEMM i 2
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bhiz, —H, V.DRIBE» > D Ca RIUEE, B,
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BRCERE L& 7T, 5y 3 V. DERKEE
L, Ca/PHIZ L > TEEMOFEELRELERFsN
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FERINEER A, HEEMOL £ 2 L —&L
T CalEOETHEREZRL, —5, CdHEMEEEtho
BN CaBEDHML T3 R ERZRL
fz. Cd #5410 Ca R EEREOERBERGSNDL 2
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Tz SEOREEFEETIE, V. DRZCE?
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Fig.14. Relationship between Ca and P concentrations in the femurs of rats in different conditions.

Symbols : refer to Fig. 3.
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Fig.15. Relationship between Cd and Zn concent-

rations in the femurs of rats in different condi-
tions. Symbols : refer to Fig. 3.
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Fig. 16. Relationship between Ca and Mg concent-
rations in the femurs of rats in different condi-
tions. Symbols: refer to Fig. 3.

Table 4. Correlation coefficient among elements in the femur

Group No. Nugg):rrn;)nfegats C)? C)z(i C>? C>§ C>(<i C>? C)? C>? C;
Ca P Zn Mg Cu Fe P Zn Mg

A-1 10 1.00° 0.90° —0.64°
2 20 —0.10 —0.21 —0.04 —0.45* 0.66° 0.23 | 0.99° 0.84c 0.47*

3 13 0.98¢ 0.91¢ 0.62°

4 16 —0.60* —0.58* —0.46 —0.46 0.27 0.18 0.99¢ 0.91¢ 0.85°
B-1 5 0.99¢ 0.73  0.83
2 10 —0.94° —0.94° —0.71* —0.91° 0.02—0.01 | 0.99° 0.77° 0.99°

a:p<0.05, b:p<0.01, c:p<0.001

BEPCAFNMc L 22 E VB CalBEDET I
HLTHELS bobh, WARIZ L - THRESR T
BRTHoL, P> T, KAERBBTII CAB/EICL D
BH Ca, PEECETIZEBECTH 228, V. DRE
REMBMb2 ik T, ZOBEIEH L
ZenEzeond, PEER CalBE Lt LBk
2R L, Ca/P LLOBBEOFHIE IR, KRS v b
TCAHM-V. D RZRED, BT v b DFT Cd 5
MEARELEBICEEERLAZLOD, YO
2.04~2.15 DEHDETH -7, BHD Ca & P i,

NAFTF ST 8F 4 b DS (Capn(PO,)ee
(OH),) #BRLCEET 2 ZpMoNTED, =
NoBERICE>TY, 20 Ca/P Lok, 21 £ I1TIFR
FOMERLC L3R SN,

BRCEDAZ NI Cd ORERIFEBRERS L
5—7, BRIRNEBEER 2R TRBIHL >N
e E) Cd EREL, %5 L7 CARITIGU f- 88
MERTIRE IZHD L A SN 550018 Cd D HH%
512 & 2 B90 Cd BHAME 2 BIFNIC A2HRERD
7z\y, Bonner 537 v FE#HWT 75 ppm D Cd ®
EUHE2RES L T8 HEE,S 48 HE THEL, KR
B0 Cd BESERHNICERMEINETRT I L 28
o, FE+ 7 R 1mg/kg © Cd 2 EA K TRE
LT 25 BMIBEL, W  BTEREIC CdWE
L, faficET 3 20~30 HEICE 2 &t/ g8
Cd nERL, MEFHIMEESBEE 23 Z L 28
BLTw2, SHEOBRETE CA ISR 2RI I 83
EAZRHH, EEZLELAEVLDTH o7,
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$72, V.DSMEBEIIEIRMBEC LA TED CARER
EEEzTL, VDOBE~NOCIERBRER D12
Worker 5 D& L — T 5HBERTH o 7.

WE, CA B 51 & ) ERSBRPCE NI LES
BRECEEHFHDEL L Z LA ER T, £04E
HEEIZOVLTIE, $72E<HshTRYL, EEL
TCAPTFEERWR CTHAF L BIZBVLT, Zn &P
Cu HOBEMETEDRJEMN L2, FFIAI L
DIFEETYLHY, BEB»SDZNS I AT LOH
ML D EFOEEHEFCEELREERL TV
ZEhob, ., BEEECIZ2FELEHENS Y,
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An Experimental Study on Chronic Cadmium Intoxication-Changes of Mineral Concentrations
in the Femurs of Rats by Cadmium Administration and Vitamin D Deficiency Koichi Oyama,
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Abstract

The effect of cadmium administration and vitamin D deficiency on minerals in the bone was
studied by using female growing Wistar rats with an average body weight of 135g. The animals
were divided into 4 groups according to the combination of the presence or absence of cadmium
or vitamin D, added to the diet (Cd, 10mg/100g of diet; vitamin D,, 5 IU/100g of diet), and
raised for 557 days at the longest. The contents of Cd, Ca, Mg, Zn, Cu and Fe in the femurs of
the rats, which were killed at certain times or died during the experimental period, were examin-
ed by atomic absorption spectrophtometry; P was estimated according to the Allen’s method.
Furthermore, a similar study was performed by using mature rats with an average body weight of
337g; the experiment was continued for 666 days. For the mature rats that were treated by oral
administration of Cd, 150ug of Cd was injected subcutaneously 14 times during the first half of
the experimental period. The results were as follows. In the cadmium-treated and vitamin D-
sufficient growing rats, concentrations of Zn and Fe in the femurs decreased evidently and
those of Ca, P and Mg also decreased significantly against the control rats on the 557th day. On
the other hand, in the vitamin D-deficient control rats, concentrations of Ca, P and Mg in the
femurs decreased distinctly, but that of Zn did not show constant results. In the cadmium-
treated and vitamin D-deficient rats, Ca, P, Mg and Zn in the femurs markedly decreased at an
- early stage of the experiment, but no significant difference of the concentration of Cu was
observed among the 4 groups. The concentration of Cd in the femurs seemed to increase but
considerably varied among the rats used, while the concentrations of Cd in the vitamin D-
sufficient rats were higher than those in the vitamin D-deficient rats. It was disclosed that
concentrations of those minerals changed less markedly in the femurs of mature rats than in
those of growing rats. In the cadmium-treated and vitamin D-sufficient mature rats, however,
concentrations of Ca, P and Mg in the femurs decreased significantly at the latter half of the
experimental period and a negative correlation was observed between the contents of Cd and of
Ca, P, Mg and Zn. Also, a positive correlation was observed between the contents of Ca and of P,
Mg and Zn in the femurs of rats in all the groups, except that of Mg in the control rats. The
results indicate that the change of the concentration of each mineral in the bone shows a specific

change owing to cadmium administration and is accelerated by vitamin D deficiency.



