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(Abstract)

This study was performed to investigate the effect of dietary protein and calcium
levels on cadmium detoxication in rats. Seventy male Sprague-Dawley rats weighing
208 £+ 19 g were blocked into 10 groups of 7 animals according to body weight.
Five groups were fed 15% protein-0.6% calcium diet with 100ppm cadmium in
drinking water for first 15days and the other Sgroups fed same diet without cadmium
in drinking water for same period and served as controls. After this 15-day
intoxication period, each one of cadmium intoxication and control groups were
sacrificed. Remaining 8 groups of 4 intoxicati~rn and 4 control groups were fed each
of 4 kinds of detoxifying diets different with protein(40%, 15%) and calcium(1.3%,
0.6%) levels without cadmium in drinking water for following 15 days of detoxifying
period.

Results were summarized as follows:

1) Food intake, body weight gain, F.E.R. and weights of liver, kidney and femur
were increased by detoxifying diets and high protein diet was most effective in
weight gains of liver and kidney.

2) When cadmium and metallothionein contents of initial intoxication group and
those of all detoxication groups were compared, cadmium and metallothionein
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contents in the liver were not changed, but those in kidney increased, and those

in intestine decreased markedly.

3) Only dietary protein level affected cadmium and metallothionein distribution
among organs, and cadmium contents of whole blood, liver, kidney and femur were
lower in high protein diet, but metallothionein contents in liver and kidney were

higher in high protein diet.

4) Gel filtration chromatogram showed that most of cadmium in the cytosol was
bound to metallothionein fractions in high protein-high calcium group.

Results obtained indicated that high protein diet was effective in cadmium
detoxication by increasing the induction of metallothionein synthesis. But high
calcium diet did not play a role in cadmium detoxication.
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Cd intoxication period Cd detoxication period
(1st-15th day) (16th-30th day)
X IC
Cd Protein Ca
- » X C-HH
0 ppm 40% 13% -
Cd Protein Ca Cd Protein Ca
- | > X C-HM
100 ppm 15% 0.6% 0 ppm 40% 0.6%
Cd Protein Ca
- > X C-MH
0 ppm 15% 1.3%
Cd Protein Ca
- > X C-MM
0 ppm 15% 0.6%
X IN
Ccd Protein Ca
- + X N-HH
0 ppm 40% 1.3%
Cd Protein Ca Cd Protein Ca
- | - =X N-HM
0 ppm 15% 0.6% 0 ppm 40% 0.6% ’
Cd Protein Ca
- —» X N-MH
0 ppm 15% 1.3%
Cd Proten Ca
- > X N-MM
0 ppm 13% 0.6%

—~X I Sacrifying point
— Initial groups were fed following diets for first 15 days of Cd intoxication perind.
IN : No d + Middle protein(15%) + Middle calcium(0.6%)
IC 0 Cd{100ppm) + Middle protein + Middle calcium
—Detoxication groups were fed 100ppm Cd, 15% protein and 0.6% calcum dier for first 15 days or Cd
intoxication perind, then fed following diets for last 15 days of detoxication period. Control groups were
fed no Cd, 15% protein and 0.6% celcium diet for first 15 days of Cd intoxication period, then fed following
diet for last 15 days of detoxication period.

C-HH, N-HH @ No Cd + High Protein (40%) + High calcium(1.3%)

C-HM, N-HM : No Cd -+ High Protein 4+ Middle calcium{0.6%)
C-MH, N-MEH D No Cd + Middle Protein (15%) + High calaum
C-MM, N-MM @ No Cd + Middle Protein + Middle calcium

Fig 1. Design and classification of experimental groups

—102—



o] @A} G

Fgo] HF9 Cd 5 vixe Y

Table 1. Composition of experimental diets

Ingredient HH HM MH MM

Protein %
] 40 40 15 15
Calcium
ST UU U DTS, RSOOSR 06 W 06 .
(T » 2/ kg diet

Corn Starch 84.7 1022 330.3 U778
Glucose 350.0 350.0 350.0 350.0
Corn oil 100.0 100.0 100.0 100.0
Choline chloride 20 20 20 20
Casein 400.0 400.0 150.0 1500
Vitamin premix” 50 5.0 5.0 50
Mineral mix® 15432 15432 15432 15.432
KH,PO, 4136 4.136 12534 12,534
K,CO4 6.610 6.610 2.346 2.346
CaCO;, 32.144 14.662 32.346 14.863
CaHPO, - 2H,0 1.1 11 14 14

1) V: ramin premix( /Kg diet) :

Retinyl palmitate 4,000 1U :

Cholecalciferol 400 IU ; a -tocopherol

acetate 5,0mg ; Menadione 0.5mg . Thiamine HCl 50mg : Riboflavin 5.0mg : Pyridoxine HCl 5.0mg :

Niacin 25.0mg : Calcium pantothenate 20.0mg !

Cyanocobalamin 0.030ug . Folic acid 0.5mg : Biotin

0.2mg : Ascorbic acid 50.0mg : Glucose monohydrate 1o make 5.000mg

2) Mineral mix(mg / kg diet) :
151.0 : CuSO, 78.0 : ZnCt 200 :
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$08 FAsHU 200xgNH 245 YR
&ta] cytosol g Ath 0.02% sodium azided &
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90X 1.6cm&} Sephadex G-75 gel filtration column(L..
K.B.)oll cvtosol®) ARE F3l FYslil 1mM
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Table 1. Comparison of biochemical values between no cadmium group(iN) and cadmium group(IC)

Biochemucal values IN 1C
b 2)
Food intake (g / day) 16,69+ 0.99
Body weight gain {g) ?Z'mi “8“) ) 071+ 540
FE.K izt a8 0014+ 0.02
0.114+ 001 *
Organ weight(g) : Liver 3014+ 049 * 685+ 0.58
Kidney L1174 006 > 1.01+ 0.07
Femur (dry) 0444 001 NS 043+ 0.01
(ash) 0234 000 NS 0.21+ 0.00
(d content : blood (/lg/ 100mi) 2404+ 017 0* 6.60+ 0.60
liver ( g/ g) D324 176t 2028+ 3.26
kidney ( #g/g) 381+ 084 ¢ 32654 3.20
intstine (. #g/ ¢) 132+ 039 * 13.194 7.92
femur { 148/ g) Lil+ 004 N» 1.894 0.26
Cd excretion( 4g / day) © unne 0644 007 * 257+ 043
feces 152+ 036 * 8163.82482.73
MT content{ #g/ g) : liver 87.00+ 661 * 207.32+14.54
kidney 1691+ 228 * 2960+ 245
intestine 7230£11.16 * 164.60£13.28

1) Mean + S. E.

2) *: Values between IC and IN were significantly different at @ =005 by t-test

NS @ Not significant at @ =0.05 by t-test
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Table 2. Food intake, body weight gain and F.E.R.

Food intake Body weight gain FER.
Group Intoxication Detoxication lnloxi'cztion Detoxication lmoxj_calion Dcmxi.cation
period period period period period period
(g / 15days) (g / 15days) (g /15days) | (g/15days) | (g/15days) | (g/ 15days)
D 2) 3)

C—HH ]239.234+14.24 a | 331.06£19.63NS |4.42:£1032 a [67.28+£5.31 <d |0.02+0.04 a2 | 0201002 b

C—HM |?248331+18.74 ab | 31543417.22 8,00+ 802 2 {58.2844.49 bed0.03£0.03 ab | 0.18+0.01 ab

C—MH |254.68+12.34 ab | 347.33+11.49 8.85+ 6.57 ab}62.854:1.92 bed] 0.0710.02 abc | 0.1840.00 ab

C—MM | 261.84+19.54 ab | 339.32£20.16 671k 7.58 a 67.71+£7.07 d g 9~Q?=_E_0;0_2_=‘__q_Q-EQ:_EP-_OiE__
UNCHAT|38103E24107 ¢ 3173041466 [5885E 7.62 ¢ [40.85£2.96 ab |0.1710.02 be | 013£001 ab

N—HM | 36008+ 9.09 be | 327.61+ 9.60 65.144 6.44 ¢ [43.8543.80 abc|0.18£0.01 be | 0.13+0.01 ab

N—MH |[32969+12.66 ¢ |325.04+13.48 60.71+ 7.06 ¢ |32.71+281 a |0.18+0.02 ¢ | 0.10£0.01 a

N—MM | 360.364+11.15 be | 361.26+16.33 64.00+ 4.52 ¢ 43.28+£3.42 ab {0.1740.01 bc | 0.124+0.00 ab
Sigrificant A B A N A A

fictor”

1) MeantS.E.

2) Values with different alphabet within the column were significanty different at @ =0.05 by Scheffe test.

3) Not significant at @ =005 by Scheffe test,

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

A I Cadmium effect was significant at «=0.05.

B : Dietary protein cffect was sivnificant at @ ={,05.

C  : Dietary calcium effect was~ ~pmticant at @ =0.05,

AB : Effect of cadmiuvm Xprotein was significant at e« =0.05.
AC . Fffect of cadmium Xcalcium was significant at @ =0.05.
BC : Effect of protein X calcium was significant at @ ==0.05.

ABC: Effect of cadmium X protein X calaum was significant at @ ==0.05.

Table 3. Organ weights

— (g)
Group Liver Kidney - Femur
’ Drv weight Ash
1C (li.;SiO.SB 1.01+0,07 0.4340.01 0.21£0.00
! 2) 3)
C—~HH 4.151£0.38 ab 1.2940.05 NS 0.52+£0.02 NS 0.2940.01 NS
C—HM 9.06£0.42 ab 1.26 0,03 0.51+0.02 0.294:0.01
C—MH 8274043 a 1.1540.03 0.49+0.01 0.27+0.01
F”(_‘ﬁ—_x\_l}l" 1 §.ﬁl§)_:t_(_).iifl-3_ L L11%005 0.501:0.01 0.28+0.00
NCHH 98A£044 ab 324006 [ 0561001 0281001 ]
N—HM 10.82+032 b 1.4840.05 0.5710.02 0.324:0.01
N —MH 8.5940.35 ab 1.200.06 0.5810.02 0.32+0.01
N — MM 9624045 ab 1.30£0.06 0.57+0.01 0.32+£001
Stgniticant
;'acx( o A, B, AC AB A A

1) Meun + SE.

2) Values with different alphabet within the column were significantly different at a =005 by Scheffe test,

3} Not significant at a

(.05 by Scheff¢ test,

4) Sutistical significance of dictary factors was calculated based on 3-way ANOVA, (See Table 2)
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Table 4. Cadmium contents in serum, liver, kidney, intestine and femur

Group Whole Blood Liver Kidney Intestine Femur
( #g/100ml) (rg/g) (rg/g) (rg/g) (#g/g)
1)
IC 6.604+0,60 20.28+3.26 3265+ 32 4349179 1.891+0.26
2){3) 4)
C—HH |2.3840.14ab | ** [15.63+1.34b | NS (46.94+10.21b| NS |11.04 +:4.40NS| ** | 1.394£0.06 |NS
C—HM [301£059b | ** |16.611247b | NS 3926+ 4.34b|NS| 896+321 | ** | 1.86£036 |NS
C—MH (331+1.04b | ** |19.26£2.72b | NS 4198+ 2.00bj ** | 8.72+297 | ** | 2121027 NS
C—MM |2611085b | ** |19.70£1.70b | NS [5267+ 2.78b[ ** | 7.07+£068 | ** | 2051053 |NS
NTHH 2474016 ab | 2294083 a | 8214347 4 | 1264016 | LO7£004
N—HM |2.34140.18 ab 1.46+£0.26 a 6.75+£321 a 1.804047 1.05+0.12
N—MH {1944012 a 2861045 2 9.871+4.28 a 3.01£0.95 1.12+0.06
N-—MM 12154013 ab 3294149 a 480+1.44 a 2.38+0.31 1.22£0.06
S'f;'gcsf“ A, B B, AB A A, ABC A, B, AB, AC

1) Mean £ S.E.
2) Values with different alphabet within the colum
3) e M

Each values of detoxication groups(C-HH,

=0.05 by t-test,

IC values at a

n were significantly different at @=005 by Scheffe test.

C-HM, C-MH, C-MM) were significantly different from

NS : Each values of detoxication groups were not significantly different from IC values at @ ==0.05 by

t-test,

4) Not significant at a =005 by Scheffe test,

5) Statistical significance of dietary factors was calculated based on 3-way ANOVA. (See Table 2)
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Table 5. Urinary and fecal excretion of cadmium

Gre Urine Feces
rou
P ( pg/ day) ( #g/ day)
1)
IC
2574043 816.82+82.73
2) 3) 4)
C--HH 1.32+0.14NS | ** 4.544098ab | **
C—HM | 1764046 NS 7.30+2.61c »

C—MH 1.2340.34 i
(—\m 1.30+0.14 *

N-HH | 095%016

124£2.54ab | **
4.39+£0.71ab | **

2.61£0.30ab
N—HM 1.60+0.11 1.33+0.28a
N—MH | 1.76+0.06 1.4940.34ab
N—=MM | 161008 1.40£0.132
Significant
;fnct'nrsy ;

1) Mean £+ S.E.

2) Not significant at a =0.05 by Scheffe test,

3) ** ! Each values of detoxication groups{C-HH,

C-HM, C-MH, C-MM) were significantly
different from 1(. values at @ =0.05 by t-test.
NS ! Each values of detoxication groups were not
significantly different from 1C values at
a=005 by t-test,

4) Values with different alphabet within the column
wete significantly different at @ =0.05 by Scheffe
test,

5) Statistical significance of dietary factors was

calculated based on 3-way ANOVA. (See Table 2)

SFE & AL Ho 1dv- TcadmivmT(C-
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ol fojH oz 74l cadmiuvm ¥ FFt Y
=% #5& veiRled, 2t dyagld o5 3%
S Hgto FoHl Aot AR F HYL Fopy
F ek

Tk A1, 2789 gl g Hal gl fitmtion dwomangrphy
g 3j&tar, gold Zt fraction®] cadmium S P
3 A A aldum $50] F¥E4E cadmium
3} metallothionein®] A& o] 718} Fig. 2
= A& AL et - DalciumT(C-HH) AN A &
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S0} 21O e - S F(C- MM cadmiom
o Thg RRAFHMW)DHAZ AYSoINSE
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Table 6. Metatiothionein contents in liver, kidney and intestine

Group Liver Kidney Intestine
(rg/g) (#g/g) (pg/g)
ic D
207.32+£14.54 2960+2.45 164.60+13.28
2) 3) 4)
C—HH 199.28+£30.62b NS 38.88+1.54b - 64.60£10.07NS hid
C—HM 219.28+17.75b NS 43.36 £1.66b b 103.14+ 9.46 *
C-—-MH 193.80£18.85b NS 39.33+£2.34b bl 83.54£48.80 i
C—-MM 184.18+22.24b NS 46.97 £0.74b b 9445+ 7.63 >
T 58144858 | 8474138 | 7993+ 644 i
N--HM 54.40+3.84a 16.68+1.70a 69.54% 4.67
N-—-MH 80.01+9.14a 15.46+1.19 7788t 829
N-—MM 7041 £7.13a 1706 +1.12a 86.68+15.37
Significant
factor® A, B, AB A, AB A, B, C, AB
1) Mean + S.E.
" 2) Values with different alphabet within the column were significantly different at a =005 by Scheffe
test.

3)

from IC values at @ =005 by f-test.

: Hach values of detoxication groups(C-HH, C-HM, C-MH, C-MM) were significantly different

NS : Fach values of detoxication groups were not significantly different from IC values at @ =0.05 by

t-test,

Not significant at @ =005 by Scheffe test.

A Kidney(C-HH)

B

Stansucal significance of dictary factors was calculated hased on 3-wav ANOVA, (See Table 2)

: Kidney (C-MM)

10 1.0 10
E E £
g w8
= 2
z S5 2
S 5t <+ 05 g g 54
© S v
= c 5
£ 3 2
.‘5 £ g
3 = A
< =
0 0 i
0 30 Fraction No. 60 0 0

Fraction No,

Fig 2. Gel fiitration chromatography of the soluble kidney proteins.

(—) Absorbance scale at 254nm ; {--) cadmium concentration /lg/ml, A from rats fedvl()()ppm Cd for

intosication period and 27 protein and 1.3% calcum diet for detoxication period(C-HH) B I from rats
P! 7o P P

fed 100ppm Cd for intoxication period and 15% protein and 0.6% calctum diet for detoxication
PP p P

petiod(C-MM),
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Fig 3. Gel filtration chromatography of the soluble proteins of liver and intestine.

(—) Absorbance scale at 254nm : (--) cadmium concentration pg /ml. A :liver from rats fed 100ppm

Cd for intoxication period and 40% protein and 1.3% calcium diet for detoxication period(C-HH)
pe P pe

B : intestine from rats fed 100ppm Cd for intoxication period and 40% protein and 1.3% calcium diet for

detoxication period (C-HH)
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