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ABSTRACT

This study was performed to investigate effect of dietary protein and calcium levels on cad-
mium intoxication in rats. Adult Sprague-Dawley male rats(245+21g) were blocked into 18
groups of 7 animals according to body weight. Nine experimenta) diets different with protein(40
%, 15%, 7%) and calcium(1.3%, 0.6%. 0.1%) levels were prepared. Nine groups of animals
were fed cach diet with 50ppm cadmium in drinking water, and the other 9 groups without
cadmivm for 30days.

Results were summarized as follows :

1) Body weight gain, FER.(Food Efficiency Ratio) and weights of liver, kidney and femur
were higher in high protein groups among cadmium exposed groups.

2) Cadmium contents in liver and intestine were higher in rats fed high protein diet or
low calcium diet among cadmium exposed groups. Fecal cadmium excrction was highest in
high protein-high calcium diet group among cadmium exposed animals. Metallothionein
contents in liver, kidney and intestine were higher in animals exposed to cadmium and fed
high protein diets.

3) Gel filtration chromatography of cytosolic solution showed that the higher dietary protein
and calcium levels were, the more cadmium was found in metallothionein fractions.

4) No gross histopathological change was seen in liver, kidney and intestine of cadmium
exposed rats. However a significant increase of smooth endoplasmic reticulum, which was
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alleveated by high protein-high calcium diet was observed.
Results obtained indicated that not only high protein diet but also high calcium diet showed
preventive effect on cadmium intoxication by increasing the induction of metallothionein syn-

thesis and decreasing the cadmium absorption.

KEY WORDS : cadmium - metallothionein * histopathology.

A 2

B4 Bre g A g e 873
g7 olgte EAE obZIAAIR Aot AZ 9-d
DA BAS T SRR B, B,
ko] 2 G=0) FEEA i ¢kAA EA7E
M2E BAZ Y Aok

Cadmiume 24152 d3 $AHE B 371,
2oge F8 997 shir!, H2E 9
(add rain)7} 2.9 %E cadmiume] F-8-Ad(availabi-
lity) & F7HAR 2 2 cadmium LHEAE A
ERRE BRI

Cadmiume & R Fhe €4
Ashst A =2 o] FEHE AFANFLEN 54
AE VeErdY 849 48 At Yehts
Z4+o 2 hyperglycemia, dyslipidemia, hypopro-
teinemia, A3 5] o, 29 P W
FAAogH vehliz S4°9 2= nephropathy,
hepatopathy, anemia, cardiovascular disease, osteo-
pathy, gonadal lesion®e] B uEw v} wahA
cadmium& A 2] ©]|8E(morbidity) Z Alg-&
(mortality) & F7HAA FH-E HhA7E 29
z Fgad.
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Cadmiume} 2¢%A EAE #7259, AXE
RNRE, 71ENETol g8 o= Ax AT
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o] Q1AEe] A AW FTFH At TS
nH F54e 2R} wjAds dsNTE AR
sl o) 53 @R caldume] §ekol
& Aoz JEht gl 3o & Ay
ol Wg EF cadmium #jHo] FejHez F
7retd A5 o] A o)A cadmium FFo] B
ek o mY, Ao] calcum S0 % Agolt
Z} z-o)A cadmium FFo) ¥R cadmium
WAdEe FTH. RevisT = AEN(55%) 4
ofel] cystein(0.04%) 2 H7IBIE S A$ LA H(67.
5%)4olE 9 AY v&g AAES B9 cad-
mium 5o GWAF 53] cyseino] FALFS
b o

8 cadmium F5 H A metallo-
thioneind] @& J77F =2 9]t} Metallothio-
neing 22k} 10,000~14,000 daltonH £ 2 337
cysteino] EE-§ metalloproeine 278 {5 Fg5
o)) ol5f ARAA Fx FAFEC FFEE A
Aoz AL f3ATE Aoz deAs
o2 281} cadmium S5 2 4089 ¥ 3]
& metallothionein €% #HEo] 1§ B = o3
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oebd B AFAAE 498 9T 2% cad-
mium F5 % FHEZ] EFHAHY Aoz Rud
Gl Z ) cldumS 48 o)z @il BT
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o) 2y & 24 7+a} Ao A metallothionein-
cadmium profile®} metllothionein ##-& S35
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mium# metallothionein g W 3lto] w2 %39
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1. gEE=Ee s
B Aol 245g% Sprague-Dawley® 57 #3H

1261}2} 2 5| @&} randomized-block designd]]
o)t TulEld 180 o] Table 13 Z&

LY yeom 5007 Agstelch

APEEL § na¥ B3 stainless steel

Table 1. Classificaton of experimental groups

Diets Cd level Protein level Ca level
(drinking water) (dier) (diet)
Groups?)
ppm % %
NHH 0 40 1.3
NHM 0 40 0.6
NHL 0 40 0.1
NMH 0 15 1.3
NMM 0 15 0.6
NML 0 15 0.1
NLH 0 7 1.3
NLM 0 7 0.6
NLL 0 7 0.1
CHH 50 40 1.3
CHM 50 40 0.6
CHL 50 40 0.1
CMH 50 15 1.3
CMM 50 15 0.6
CML 50 15 0.1
CLH 50 7 1.3
CIM 50 7 0.6
CLL 50 7 0.1
1) NHH : No Cd+high protein(40%) +high calcdum(1.3%)
NHM : No Cd+high protein +middie caldum(0.6%)
NHL : No Cd-high protein +low calcium(0.1%)
NMH : No Cd+middle protein(15%) +high calcium
NMM ! No Cd+middle protein +middle calcium
NML No Cd+middle protein +low calcium
NLH No Cd+low protein(7 %) +high calcium
NLM No Cd+low protein +middle caldum
NLL No Cd+low protein +low alcium
CHH : Cd(50ppm) -+high protein  +high calcum
CHM : Cd +high protein  +middle calcdum
CHL :@ Cd +high protein  +low calcium
CMH : Cd +middle protein +high caldum
CMM : Cd +middle protein +middle caldum
CML Cd +middle protein +Jow calcium
CLH Cd +low protem  +high cldum
CLM Cd +low protein  +middle caldum
CLL Cd +low protein  +low calcium
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2 Ao A8 4ol TAHE & Table 29t
4—:“4 dP 4ol eelE gULEE AR
AHEEH o,
L 44 (com o, MYADE
Abgalgen], B A F9]0 2= casein(Australian
Cooperative Dairy Co)2- o] &35 3, T-7|2 7 ]
BURE A%EE ol 8T

Cadmium& go]l2ZF 0] cadmium chloride

(CdClp)E 4s]AlA 50ppm $£EOZE SFEFHY

—l—t 7] 1_

(corn starch, F4F32H) 2} glucose &
A FHeze=

AL
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AFZ71RE Be 71T Hol4ABO R pro]
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3474 Bt
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BH8E &F3] 95k
232422 cadmium FES
A, 800ppme] cadmium & ImlE 32 & ¥
tube feeding e o, ZFTA A=
T Lol 2T RTE wbe feedmg st =t

44
T

e o

cadmium ]

Hye 2 gFsld e, cadmium B FFS ol We nlRm 20l Eek AT, We Re Ay
£3R4E ESE FESYC WE HEANT, bt A AHGN SmiZ
R BE ¥ AFE Asted 7,000 pmel A 1087
e AR A AL PF 2RI
1) Aol M3, HE U Aol 8ol 5T gole 49712 B2 A 12A%E EY
Table 2. Composition of experimental diets
Ingredient HH HM HL MH MM ML LH LM LL
%
Protein 40 40 40 15 15 15 7
Calcium 1.3 0.6 0.1 1.3 0.6 0.1 1.3 0.6 0.1
g/kg diet
Comn Starch 84.7 102.2 114.6 330.3 547.8 360.3 409.0 426.4 438.9
Glucose 350.0 550.0 350.0 550.0 350.0 350.0 350.0 350.0 350.0
Corn oil 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Choline chloride 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Casein 400.0 400.0 400.0 150.0 150.0 150.0 70.0 70.0 70.0
Vitamin premix?) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Mineral mix?) 15432 154582 15438 15432 15432 15482 15432 15432 15.432
KHyPO, 4.136 4.136 413 12.554 12.584 12534 15.223 15.223 15.223
KoCOy 6.610 6.610 6.61 2.546 2.346 2.346 0.981 0.981 0.981
CaCO;, 32,144 14.662 2.17 32.346 14.863 2376 32.410 14.928 2.440
CaHPO, - 2H,0 1.1 1.1 1.1 1.4 1.4 1.4 1.4 1.4 14

1) Vitamin premix(/Kg diet) . Retinyl palmitate 4,0001U ; Cholecaldferol 400 1U ; a-tocopherol acetate 5.0
mg ; Menadione 0.5mg ; Thiamine HCI 5.0mg ; Riboflavin 5.0mg ; Pyridoxine HCI 5.0mg ; Niadn 25.0mg ;
calcium pantothenate 20.0mg ; Cyanocobalamin 0.030pg : Folic acdd 0.5mg ; Biodn 0.2mg } Ascorbic acid

50.0mg ; Glucose monohydrate to make 5,000mg

2) Mineral mix(mg/kg diet) : NaCl 12,480.0 ; MgSO, 2.440.0 ; FeCgH;0; + 6H;0 312.0 ; MnSO; - HyO 151,

0, CUSO4 78.0 5 ZnCl 20.0; (NH4)MO7024 .

4H,O 1.25 K1 0.25
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Aol @¥ld, Cax} Cd F5

ethyl etherZ w3 n G52 JAWAA AFFA
o, A}H AF heparin® = A& d A FFol 2o}
38 2@3doh

Y AF FA APTES AR 20, A7
273% gz FAE 23 F A2 metallo-
thionein®] &A% 3l —80T Y deep freezerd]]
Badtges, Yo AE 105+ 51 2] drying ovend]
A 2hgl & dessicatorel] B#E3 G} &, 7 APFTF
eutE] e AAAN A Fdu ZH A2 96
2719 ZAE £33 FA 43 ¥95 1lmmPY
2712 Fe} 47 18 Y DY =T WE
L2 HooA tHSH AEE Hojlle] ¥
AE F4F F 105+ 5T drying ovenol| 4] =&
% dessicatorel] B @83t

3) Mslsty 24

A} o) cadmium FFL A5 IRFL
Z gk Kjeldahl flaskel] Yo SAEIHA7) & =
Fr2 E435l9 g7 214.488nmdl A Inductively
Coupled Plasma-Atomic Emission Spectromety
(ICP; Labtan International PTY, LTD. Scanning
Monochromator Model 750)2 27 &}¢ cH¥,

4, A%, 2%, HEF, W9 cadmium FFL
ANE9 dAHL Hsld, 550C2) muflle furnaced]
A 24AEt AARHAA FENo R 5 F
IN HCl2 #Asta] 3% 214.4380mol A ICPE
2R3,

3t A7, 272] metallothionein 832 Scheuha-
mmere] HEFY!OI9o] wle} Fu)§ RBC hemoly-
sateE o] 83t cadmium/hemoglobin affinity assay
w1518 0 2 =R F el

T A, 42732 memllothionein-cadmium  pro-
fleg Thed} 2o WHoE THYY 3 4 =
2 2] pooled sample 5gofl E£Y3F volumeg) 1mM
Tris-HCI buffer, pH 7.42 do] 739 4R
g)ste] L& cytosolE 1mM Tris-HCl buffer, pH
8.69 2 equilibrationA] 7] 90X 1.6cm] Sephadex G-
75 gel filtration column(L.K.B.)o] F¢8l1 1mM
Tris-HCl buffer, pH 8.6 22 &&A}7)% A 254nm
A FHEE A 108 HFerm v 7

fraction?] CdsEE AASE =X 3le] metallothio-
nein-cadmium profileg 7o,

78] FdWA @32 microkjeldahl§o 2 &3
st

4) MXH0|IEN aE

AF FA AL 2.5% glutaraldehyde-1% para-
formaldehyde &% ¢} (phosphate buffer, pH
7.3)0) 197k A0AF F, 4% sucrose(0.1M phos-
phate buffer)2 o] 1% osmium teroxide(phos-
phate buffer, pH 7.3)ellA] 2417t Z¢t FuAsln
}Al 4% sucrose(0.1M phosphate buffer) 2 23]
FAEE T} FAHE 23L& ethyl alcohol series(60
%~100%) 2 aceton(100% 23))2] ©43AL
A% L epon 812 X0 E 52 40T ovend] A
197 I 60T ovenoll A 297+ SFAFHTE
Ao @ F2-2 ulramicrotome(Sorvall MT-
5000022 1pm F72] AHE MESA 05% to-
luidine blue® G t}-2 FEAnF A Z
23L& 9 93, #98 252 b4 50nm
FAe zutdHeg e b uranyl acetares}
lead citrate®@ o] Msle] =17 2@ v 7 (Hita-
chi H-600)¢.2 ##&stn Alzlddstgrt

4. SH M|

B A7 BE d4¥dne AYTEY FTA 9
EFEQAE AMEGE, & AEFT FTH ] H)
= B4HE A (analysis of variance)- 8 & ¢=0.05
%) A Scheffee) T3 H) & (multiple comparison)
2 33t =g 2 A¥AA(A [ Cadmium $-5F,
Tl FF ClCaldum $F)¢] 9% o
52 435 A8 (AB ! Cadmium X T & AC : Cad-
mium X Caldum, BC: ¢h¥ & X Caldum, ABC :
Cadmium X @& X Caldum)o] 9o]3 <gike
0=0.05 FF 329 RiEHoE {4

7‘3%!-&95[]:1(20)21)‘

[==]

| o

Aol Ak AF Z71e, Ho] A-g(Table 3)&
cadmium FFTolA BF wgrom, E£31 4o]
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Table 3. Food intake, body weight gain and food efficiency ratio

Food intake Body weight gain
Group FER.
(g/day) (g/30days)
1] 2) 3)

NHH 21.61+ 0.68N5 113.85+ 8.58¢ 0.17£0.01¢
NHM 20.68+ 0.49 112.28+ 5.26¢ 0.18:+ 0.00¢
NHL 20.14+ 0.42 97.66+ 10,350 0.15% 0.01<
NMH 20.32:+ 0.65 94.85% §.75%% 0.18% 0.02¢
NMM 18.89+ 048 71.57+ 13.630cde 0.12+ 0.02<
NML 20.82+ 0.4] 108.14% 7.80d 0.17+0.014
NLH 19.74% 0.38 53.28+ 7 80abede 0.09+ 0.012bcd
NLM 18.424 1.06 4488+ 17.532bcde 0.08:£ 0.0g2bcd
NLL 19.86+ 0.58 48.424 §.703bede 0.08% 0.013b<d
CHH 19.54% 1.62 42,42+ §.73%cd 0.07 £ 0.012bed
CHM 19.75+ 1.25 50.00+ §.]9abcde 0.08% 0.012bcd
CHL 16.16% 1.01 14.85+ 9.86% .05+ 0.022bc
CMH 20.84+0.77 69.28+ 3.44bcde 0.11% 0.00¢
CMM 19.49+ 0.62 53.00% 10.4]13bcde 0.08 0,012bcd
CML 16.25+ 0.93 —4.14% 9.71° —0.01% 0.02%
CLH 18.67% 0.68 25.14% 5,982be 0.04% 0.012%
CLM 18.81+£0.92 19.50+ 6.97 0.03% 0.012bc
CLL 16.93+1.18 —11.85+ 9.1%2 —0.02+ 0.012

Significant ACAC ABCAC AB,CAC

factor?
1) Meant S.E.

2) Not significant at 0=0.05 by Scheffé test

3) Values with different alphabet within the column were significantly different at ¢=0.05 by

Scheffé rest

4) Statistical significance of dietary factors was calculated based on 3-way ANOVA.

HETE calcum &0 98] Gedtol caldum

Fgo) v oA Hlad ¥ A%S HAo
et A -27]'33:54 Ho] F&L caldum FHE8
oliz} w@uld fFo] osiME FIFLo} cad-

miume FF3HA Aed e Acaldum] o]

350 754 f9402 Wi vedt 59
cadmiume ZF3HA AcaloumE T T
(CML, CLL)SIME &8 F38 Hgon, Ao

A [ Cadmium effect was significant at @=0.05

B Dietary protein eflect was significant at a=0.05

C ' Dietary caldum effect was significant at @=0.05

AB  Effea of cadmiumXprotein was significant ar ¢=0.05
AC : Fffect of cadmiumXcalcium was significant ar a=0.05
BC : Effect of proteinXcaldum was significant ar a=0.05
ABC : Effect of cadmium X proteinX was significant at ¢=0.05

calcium fEo] wolx Ty So] o A
(CHL)J= £ %47} tehia @steh
79 BAE cadmiumd} @) %, chlzy

calcume] A& A8, 281 A 7ER] dEagle
Az o 9d8e ol cadmiumeS FE3F
21‘*"“‘7LE(CLH, CLM, CLL)o|A 53] gk}
e FAE A 28899 45489 o

Ao} cadmiume FFE ADH —Acaldume
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o] @A, Cad} Cd 3=

Table 4. Organ weights ()
Femur
Group Liver Kidney Dry weight o
1) 2) 3)
NHH 9.86% 0.392cd 1.484 0.06NS 0.62%0.01> 0.35+ 0.01N5
NHM 11.66+ 0.774 1.43£0.06 0.61% 0.02% 0.35%+0.01
NHL 11.21+ 0.42« 1.47%0.06 0.52+ 0.00% 0.28+ 0.00
NMH §.89+ 0.282bd 1.27+0.10 0.63% 002" 0.35+0.01
NMM 8.36% (.30 1.19+0.10 0.55% 0,022 0.80+ 0.01
NML 10.31 % 0.59b¢d 1.39+0.12 0.55%+ 0.012 0.29+ 0.00
NLH 8.99+ 0.373bed 1.13+ 0.08 0.57% 0.00% 0.32%0.00
NLM 7.574 0.54% 1.15+0.12 0.53% 0,023 0.20+ 0.01
NLL 7.54+ 0.223 1.13+ 0.13 0.51% 0.0120 0.27£0.00
CHH 8.57+ 0.522¢d 1.26+0.08 0.60=+ 0.02% 0.33+0.01
CHM 8.88% 0.5 1.3510.11 0.56+ 0.022 0.29+ 0.01
CHL 8.92+ 0.582bcd 1.26% 0.11 0.50% 0.012 0.24% 0.00
CMH 8.17% 0.523bcd 1.29+0.15 0.60% 0.012> 0.34 0.00
CMM 8.23% 0,253 1.20+ 0.06 0.55% 0.01% 0.30+ 0.00
CML 7.84% 0,297cd 1.15£0.10 0.48+ 0.012 0.25% 0,00
CLH 6.82% 0.18* 1.09% 0.10 0.56+ 0.002 031 0.00
CLM 6.89% .47 1.15%0.11 0.53% 0.023 0.29% 0.01
CLL 6.54% 0.442 1.03% 0.07 0.49% 0,012 0.23+ 0.01
Significant A,BBC.ABC ABC ABC ABC
factor®
1) Meant S.E.

2) Values with different alphabet within the column were significantly different at 0=0.05 by

Scheffe test

3) Not significant at a=0.05 by Scheffé test

4) Stadistical significance of dietary [aciors was calculated based on 3-way ANOVA(See Table 3).

(CLL)ol| A 7F% @greonu AGFE7 SAFA
foldolt} dAF Ak vehtA] sttt dE
29 FAe A 7HA 4dAdAre] GFo] BT #
9] 2 o]o| A cadmium FFTE0] WFF T H3
of w1, Ho] @A caldum FE] WotdFE
vorth EE FEE 2o AT 2o dF
el F2)F e Aol vrERA] 43 vH(Table 4).

Table 58} 2o} B el9) cadmium &3S cadmium
FETE Aol &l 27 FFHd AelE 1}
ERfA) ekgront caldum FFo] W& A4 F;ot
A= AR et Cadmium FFOT 18
7t 289 cadmium &% 27t 74l 71 #
o, 7k9] cadmium FHL @A calcumo]
o)Ft g3 W o] 59 AT AL AT FoHAU

4g-g Lo} cadmium FFTE F GHA FFo|
225 %E 183 caldum FEL 2=
mium #F#Fo] =A e} 1P —AcaldumT
(CHL)A 713 52 27%E Bt %9 cad-
mium FE cadmiuvm FFT F calcdum FF0]
Yo 2 5o %S vgon, =g dud
FFo] @& FEAA It 249 cadmium
e caldum FFo o3 | &ko] HALA F g o
el cadmivm FEFTE F caldum FE0] B
242 cadmium o] Eghown, 53] Agd.
A caldumT (CLL) I A 7} =4tk HEZ 9 cad-
mium e cadmium FETF calcum FF0|
YR 5o A%E veiioy 3, A% &%
=

o) @z H3# cadmum FFAF-N AT
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Table b. Cadmium contents in blood, liver, kidney, intestinc and femur
Whole blood Liver Kidncy Intesdne Femur
Group :
(pg/100ml) (ng/e) (vg/g) (ng/g) (ng/g)
D 2) )]
NHH 0.46% 0.06NS 1.05% 0,484 2.08% 1.21NS 0.73+ 0.372 0.66L 0.042
NHM 0.51£0.06 0.70+ 0.274c 0.55+0.30 0.841 0.582 0.6%% 0.03%®
NHL 0.52% 0.04 1.73% 1.09¢cd 0.40%£0.12 0.31% 0.24% 0.46+ 0.07%
NMH 035+ 0.06 0.77+ 0.142¢ 0.59+0.85 0.24%0.112 0.83% 0.10%°
NMM 0.51%0.07 0.75+£ 0.20%c¢ 0.76+0.45 0.20% 0.137 0.69% 0.05%
NML 0.50% 0.07 0.61% 0.092 0.29%+0.21 0.56% 0.307 0.51%0.05°
NLH 0.41£0.05 2,08+ 1.20%xde 1.55+t 1.45 0.61%0.352 0.70% 0.032
NLM 0.46% 0.08 0.63t 0.06%" 0.26: 0.20 0.34+0.182 0.68+ 0.05%
NLL 0.45%+0.04 0.67+ 0.08¢ 1.61%2.95 0.67+0.19 0.81£0.11%
CHH 2.00% 0.50 42.35% 4.61fF 6.50% 1.35 7.81% 1.98% 0.83% 0.04%b
CHM 1.72+0.23 42.00% 4.47% 6.12+1.20 6.69% 1.65% 0.71% 0.06%
CHL 5.96% 1.01 59.44+ 11.04% 9.45+ 2.62 12.05% 1,89 1.20+0.19°
CMH 2.15£0.46 32,90+ §.032hcdelp 4,01+ 0.49 5.28% ] 92 0.90% 0,087
CMM 1.95+ 0.30 34.13% % 5gbdelr 5.18+1.19 581+ 1.57% 0.84% 0.05%
CML 361+ 1.26 48.32+ 3§.54% 7.68%1.50 10.94+ 2.132% 0.841 0.05%
CLH 1.71+0.19 17,44+ 5.Q7abedel 10.05+ 5.19 4034+ 1,722 0.88% 0.092°
CLM 4.10+0.74 26,261 5.72bcdcl 8.42+ 296 5754 1.973b 0.81+0.122>
CLL 2.90+ 0.81 85.28+ 5.62d# 9.87%2.03 13.77+ 4407 0.95% 0.05%
Sigrificant
A A.B,C.AB,ABC A ACAC AAC
factor?
1) Meant S.E.

2) Not significant at @=0.05 by Scheffé test

8) Values with different alphabet within the column were significandy different at a=0.05 by

Schellé test

4) Statstcal significance of dietary factors was calculated based on 3-way ANOVA(Sce Table 3).

Zpol 7t 74 A vrelutth.
Cadmiumul] o] 3t o] 9919 IgFL = H
o} el A oL A3 Jelden(Table 6), cad-
mium Fg7F Bl AT calcum £FE0] FLLE
£ %% cadmium W8] FsHA Eo}A
ek — NealdumT (CHH) ol A 713 E 9o
kA cadmium B {&2 7HE @it =8 5%
19 cadmium vjj 4 &8 gl Aojr} calmumoﬂ g}
ARG Agke Jehx] arerd)
Metallothionein 8 (Table 7)& 7, A&, 4
o Al 25 cadmium e FF3 FE5oA] g-elHo s
$e 432 YuYes, B9 g9l 45 9
HAE §9HQ Qe @

o} cadmium FF T+ =
Bud 3ol e TUSS g

metallothionein

cad-
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Table 6. Urinary and fecal excaetdon of cadmium and cadmium retention ratio

Urine Feces Cadmiumn retention ratio
Group (ug/day) (ug/day) (%)
1) 2) 3)
NHH 1.93% 0.20N3 6.02+ 2.70° —
NHM 1.82+ 0.42 2.02+ 0.612 -
NHL 1.32+ 0.14 368+t 1528 -
NMH 1.55+ 0.21 1.57+ 0.50% -
NMM 1.77£ 0.28 4.12+ 1.772 -
NML 1.78 040 347+ 0.922 —
NLH 231 0.80 1.37+ 0412 -
NLM 1.55+ 0.67 437+ 2522 -
NLL 1.08+ 0.34 1.67t 0.57% -
CHH 69.58+ 25.14 490.76+ 68.80%¢ 29.95
CHM 59.58+ 20.62 $99.70% 52.50bcd 42.59
CHL 25.70+ 2.03 478.90+ 82.20% 37.55
CMH 65.38% 23.50 48524+ 77 384 31.17
CMM 61.271+17.86 25025+ 61.722be 61.06
CML 36.44% 9.78 181.60% 67.13%¢ 72.74
CLH 47.90X 17.06 262.07+ 16.36%0¢ 61.25
CLM 60.75+ 20.35 167.34+ $8.963¢ 71.48
CLL 67.55+ 27.14 105.01% 54.012 78.68
Significant
A A,B,C,AB,AC,BC,ABC
factor?
1) Mean+ S.E.

2) Not significant at a=0.05 by Scheffé test

8) Values with different alphabet within the column were significandy different at 0=0.05 by Scheffé

test

4) Statstical significance of dietary factors was calculated based on 3-way ANOVA(See Table 3).

@) — Ycalcum o] E FF3 Z$-(CHH)+=
H| @A RERE 747} Q)

@9l gram 7be] 2994 FBe cadmium}
2 A8 2U8d 98 GIeA] gtk 2y
A 7he] AN &aFe. cadmiumz} @ e
HEFgo| 98 9BE o} cadmium FIY
AR 75 (CL) ol A B A3 3.9t (Table 8).

"l
-

a

fi

Cadmium< o} & 717 7]%0] & 4HAA g2
g FREoR viA §53 A2 AL
B cadmium®] thAFS} initial target®& F4l5] ¥
#HAA g3 Yt FA metallothioneino] g £-2]

£= BAgFo] FAA cysteind FE3}M, aromatic
amino acid#} histidine2 §]= single chain proteino]
AEHA o Fosttes Awst LeAATD.
YeH o2 ATFAH cadmime 48] )
2 2o ¢]ZAL mucosal cellZ FE] Hjo 2o
cadmium Z52%¢] lumen® 2 ¥ E mucosal cell
28 o|g ] wja] A F7] gz HF
a3, o] A mucosal cellod]= ko] cad-
miume] FAF W, o] cadmiume F=Z351A g2
Hel 2 wapping Al7]= Aol A& A e] metallo-
thionein?] Qo). B g A7} 442 cad-
mium FFEL o] caldum FFEIFH Ao FAE
UEl Y=t o] BreddermanS-¥ WashkoS-¢] ¥
gl PR Ao E o] 5L Hcalcium o] &
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Table 7. Metallothionein contents in liver, kidney and intestine

T

Liver Kidney Intestine
Group
(ug/g) (ug/e) (ng/e)
1) 2)
NHH 48.80% 3.39* 27.04+ 3412 83.38+ 7.28%bcd
NHM 59,74+ 9.113 31.81+ 6.00 70.64% 10.457
NHL 46.90+ 7.702 88.02+ 6.68% 73,75 8.51%
NMH 55111 4.982 53371 10,21%c 81.01% 4,10
NMM 41,54 6.06° 57.79+ 9.70%«d 74.07% 1.55%¢
NML 44.97+ 7.027 94.71+ 9.]83bede 80.18+ 3 7p2bed
NLH 58.11% 4.46* 106.54+ 15 05bede 84.97+ 9.80%d
NLM 46.96+ 9.482 8233+ 19.19abede 81.06% 17.10%cd
NLL 59.67% 4142 85.65+ 10.863bcde 81.41+ 10.95%cd
CHH 218.371+10.31% 217.30% 10.68¢ 267.91+ 28.79¢
CHM 199.10:+ 13.80%kc 221.32+ 15854 212.62+ 47.80bode
CHL 258.93+ 25.20° 279.34+ 26.97F 268.3%+ 24 48°
CMH 169.80% 54.78bcde 198,854 52 1godet 196.64 % 24, 34abale
CMM 17855+ 12.48bde 208,27+ 12.89¢ 155.83% 15.09%cde
CML 124,85+ 10,293 208.15+ §7.98def 154.95+ 9 25ubcde
CLH 82.51+ 10.10% 145.88+ 9.01abcdel 182.26+ 20.722bcde
CLM 112,18+ 14.64%c 192.95% 31.50bedet 114,80 14, 5g2bcd
CLL 167.04% 5.97bcde 233.88+ 35.61¢ 161.75% 7.08bcd
Significant
ABAB AABR AB.C.AB
factor??
1) Meant S.E.

2) Values with different alphabet within the column were significanty different ar ©=0.05 by Scheff¢

test

8) Statistical significance of dietary factors was calculated based on 8-way ANOVA(See Table 3).

¢)8] CaBP2] &Alo] 27182 2H cadmiums] &
T2t Ukt T diskg. 3

£l metallo- 34 1
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Ao Azbo] metallothionein &%k 22 7
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By 2ol &

thionein ¥z ¢z 432 B olJz} caldum
i oM E Fo 1 FEFS Do} cadmiumS
FEY T - TcaldumTP(CHH)A M 713 &
gte=tl, ole Hcldumalolz ¢18] cadmiumo]
mucosal cell2 o] o]3 53 o]o) hE FH=7]AH
© 2 metallothionein®] §Ao] Z784 =&
58 ndWaolE FFI e menllothioncin®)
0% Wo] FAFE 3&2 AAE 4 3t Re-
visSVE ol AL 23] TFIHN metalo-
thionein®] gdo] =753 cadmiumo] C4d-MTE]
FHE ZANAA HEP o2 A cadmiume] £
ol ¢tztg 4 Slthal &g

B A7 2 48ed 19 H cadmiom )

Ax A%e BRen 53 o Taldum?
(CHH)T A 7hg maked), old 3 7ide
2 s Be 2SS 44T F A% 24,
gt ole}l Icaldum Ao] Fgo] o 4o
gHgo) Z7hE oA AU A W] woldlg)
2, 275, THWAolof gs) mucosal cello] A me-
tallothionein 4o &7}l walA] theke] cad-
miume] metallothionein? Z3E o] non-toxicFr
Aef 2 mucosal cello)] #2TH7} mucosal cells]
A ?;;:1.;;1] Hoz HH@%;}_H)QS)%)Q?-QQ)_ A A, Lca-
ldum 2olofl 2]8] cadmiume] E571 A5} g hs0,

Sugawara’s-?-& 27o]) 4 metallothionein®) ¥
712 ko) Al&ejAdel 22] mucosal cellZ o]
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Fig. 1. Gel filtraton chromatography of the soluble liver
protein.
(—) Absorbance scale at 254nm - (—--) cad-
mium conc pg/ml. A : rats fed the no Cd, 15%
protein and 0.6% Ca diet (NMM) B rats
fed the 50ppm Cd, 40% protein and 1.8% Ca
diet (CHH) G : rats fed the 50ppm Cd, 15%
protein and 0.6% Ca diet (CMM).
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Fig. 2. Gel filiration chromatography of the soluble kid-
ney proteimn.
(—) Absorbance scalc at 254nm ; (—-) cad-
mium conc ug/ml. A rxats fed the 50ppm Cd,
40% prowin and 1.3% Ca diet (CHH) B
> rats fed the 50ppm Cd, 15% protein and 0.6
% Ca diet (CMM).
cadmium ©}g7 FAZL B YHo 29 cad-
mium 29 FAA7IA gtk shic BhebA
gastrointestinal tractol) A E5H cadmium& o
o) albumins} 2& DEAGALN} 2%E vhe
F2 tez ojPHTPHN. 2 HPIAE cad-
mium FEFTEY Y cadmium el F2]F <
Aol7h vehtA| gigtot} 4le] cldum F&o]
284S o 52 TS Rol, adnium F5A
Acalcum dFo] B3] Belge vehy FATh
e g o8 cadmium-E MT-Cd9] non-toxicdh
ez AeE 7 95t metallothioneing &4 3

-
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Fig. 3. Gel filuation chromatography of soluble proteins of intestinal mucosa,
(—) Absorbance scale at 254nm : (

o

Table 8. Total protein content of liver

UL

(=3

30
Fraction No.

=2}
(=]

[
) o
Cadmium content pg/ml

<
o

o,

—

<
—
o=

B{CMM)
Absorbance scale at 254nm
on

=]

>3]
o

i
e
. [51]
Cadmium content pgfml

—
<

(=]

----) cadmium conc pg/ml A rats fed the 50ppm Cd, 40%
protein and 1.3% Ca diet (CHH) B : rats fed the 50ppm Cd, 15% protein and 0.6% Ca diet (CMM).

Group " mglg liver mg/towl liver
1) 2)
NHH 358.00% 6.21N* 3763.40% 12.35N5
NHM 558.40% 14.78 3971.65+ 199.36
NHL 354.00% 24.73 400410+ 133.53
NMH 548.00x 11.52 3165.07= 174.95
NMM 367.00+ 5.00 3068.661 131.44
NML 350.00+£ 17.16 %906.56+ 339.77
NLH 360.00* 15.46 3125.40+ 153.76
NLM 361.35+ 7.05 2603.64% 508.01
NLL 367.001 10.37 266982+ 198.73
CHH 541.00% 25.68 9858.81% 162.86
CHM 526.00% 24.79 2898.52+ 259.31
CHL 52400+ 24.89 3216.10+ 502.85
CMH 356.00L£ 14.23 3048.401+ 390.05
CMM %24 00X 16.16 2829.84+ 189.61
CML 379.00x 20.28 3087.881 184.25
CLH 389.00% 19.55 2665.851+ 192.34
CLM 365.00+ 27.87 2367.20% 220.57
CLL $54.00L 16.20 2293.43+ 152.29
Significant
gcl.ror” AB
1) Meant S.E.

2) Not significant at @=0.05 by Scheffe 1est

3) Statistical significance of dietary factors was calculated based on 3-way ANOVA(See Table 3).
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i
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e W

CONHH) B
Fig. 4. Electron micrograph of liver cells.
A rats fed 50ppm Cd, 7% protein and 0.1% Ca dict(CLL). The loss of rer and an increase of

ser are marked(12,000%). B : rats fed 50ppm Cd, 40% protein and 1.3% Ca diet(CHH) showing
detachment of ribosomes from rough endoplasmic reticulurm (arrowhead) and increase of smooth endop-
lasmic retculam(ser) (12.000%). C : rats fed no Cd, 40% protein and 1.8% Ca diet{NHH). Nudeus
(Nu), mitochondria(m), stacks of rough endoplasmic reticulum (rer), lipid droplets(L), smooth endop-
lasmic reticulum (arrowheads), and glycogen particles(asterisks) are indicated(7,0003X).
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C(NHH)

Fig. 5. Electron micrograph of kidney proximal mubule.
A : rats fed 50ppm Cd, 7% protein and 0.1% Ca diet(CLL) showing swollen cell with pale cytoplasm (as-
terisk) (8,000X). B | rats fed 50ppm Cd, 40% protein and 1.8% Ca diet(CHH). The smooth endoplas-
mic retculalarrowhead) are well developed(24,000X). C : ras fed no Cd, 40% protein and 1.3%
Ca diet(NHH). Well developed microvilli and densely packed mitochondria are noticed(8,000%).
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Fig. 6. Electron micrograph of duodenal columnar cells.
A rats fed 50ppm Cd, 7% protein and 0.1% Ca diet(CLL) showing stacks of rough enodoplasmic
reticulumn diminished remarkably all over the cytoplasm(16,000X). B rats fed 50ppm Cd, 15% protein
and 1.5% Ca diet{(CMH) showing slight decrease of rough endoplasmic reticulumn in the cytoplasm(8,000
X). C:rats fed no Cd, 40% protein and 0.6% Ca diet NHM). The most of cell organelles in the
supranuclear cytoplasm are well preserved(6,000X).
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