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= Abstract=

This study was performed to investigate effect of dietary cadmium(Cd) and protein levels
on growth, body protein metabolism and Cd toxicity in growing rats.

Forty eight male rats of Sprague-Dawley weighing 113+ 2g were blocked into 6 groups accori-
dng to body weight. Dietary protein were given at the levels of 7, 15 and 40% of diet and
Cd(200ppm) were either added or not.

The results obtained were summerized as follow ;

1) Food intake, weight gain, FER, PER, liver and kidney weight, weight and length of bones,
hematocrit, and hemoglobin content in Cd-added groups were lower than those in Cd-free
groups.

2) Serum total protein showed no significant difference with Cd addition, but it was signficantly
lower in low protein diet groups. Liver protein in Cd-added groups was lower than Cd-free
groups, and was tend to be increased with increasing dietary protein level.

3) Daily urinary and fecal nitrogen excretions in Cd-added groups were lower than Cd-free
groups, and were increased with increasing dietary protein level.

4) Cadmium contents in blood, liver, kidney, and femur were tend to be decreased with
increasing dietary protein level. Especially, Cd content in kidney of Cd-added groups was
significantly decreased with increasing dietary protein level.

5) Daily urinary and fecal Cd excretions were tend to be increased with increasing dietary
protein level, and Cd-added-high protein diet group showed the highest Cd excretion among
the Cd-added groups. Cd absorption ratio and Cd retention ratio were tend to be decreased
with increasing dietary protein level.
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Table 2. Compositions of experimental diets.

FENAE FHF 0.10LE tube feedingAl ATH.
2. 485 EY o]
£ Ao AL Aojg F4 ARL Tahle 29

Table 1. Classification of experimental animals

Experimental  Dietary protien CdCl, addition
groups” level( % )? level(%)?
LO 7 0
LCd 7 0.02
SO 15 0
SCd 15 0.02
HO 40 0
HCd 40 0.02

1) LO : Low protein diet group.
LCd : Cd added low protein diet group.
SO : Standard protein diet group.
SCd : Cd added standard protein diet group.
HO . High protein diet group.
HCd : Cd added high protein diet group.
2) Percentage(W/W) of total diet.

(per kg diet)

‘?:;eiri‘e";f: LO LCd SO scd HO HCd
Comn starch(g) 790 789.8 710 709.8 460 459.8
Casein(g) 70 70 150 150 400 400
Corn oil(g) 100 100 100 100 100 100
Cadmium chloride(g) — 0.2 - 0.2 — 02
Salt mixture”(g) 40 40 40 40 40 40
Vitamin A.D. mixture? (ml) 1 1 1 1 1 1
Vitamin E.K. mixture® (ml) 2 2 2 2 2 2
Water soluble vitamins® * * * * * *
Vitamin Bi2®(ml) 1 1 1 1 1 1

1) Composition of slat mixture(/kg diet) : Calcium Phosphate, dibasic 20g, Sodium Chloride 2.96g, Potasstum
Citrate Monohydrate 8.8g, Potassium Sulfate 2.08g, Magnesium Oxide 0.96g, Manganouse Carbonate 0.14g,
Ferric Citrate 6H,0 0.24g, Zinc Carbonate 0.064g, Cupric Carbonate 0.012g, Potassium lodate 0.0004g,
Sodium Selenite 0.0004g, Chromium Potassium Sulfate 0.0002g, Sucrose to make 40.0g.

2) Vitamin A.D. mixture(/m corn oil) : Vitamin A 0.1mg, Vitmain D 0.01mg.

3) Vitamin EK. mixtuge : a-tocopherol acetate 0.05g , Menadion 2mg, Corn oil 2mé

4) Water soluble vitamin mixture(/kg diet) : Choline Chloride 2,000mg, Thiamin Hydrochloride 10mg, Ribofla-
vin 20mg, Nicotinic acid 120mg, Pyridoxine 10mg, Calcium pantothenate 100mg, Biotin 0.5mg, Folic acid
4mg, Inositol 500mg, Para-Amino Benzoic acid 100mg.

5) Vitamin By, solution : Vitamin By, 1mg/100m¢ distilled water.
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Table 3. Food intake, weight gain, FER and PER, liver and kidney weights of experimental rats

Food intake = Weight gain Liver weight Kidney weight

Exp grows  (o/day)  (g/30days) TR PER @ (®
LO 1242+ 063V 3224+ 356 009+ 001° 125+018* 468+ 035 105+ 0.07°
LCd 6.87+ 0.54° —1325» 521° —008+003° -—119+038 339+ 029 0.81+ 0.05°
SO 12.87+ 1.23 100.37+ 19.04* 024+ 004> 161+026° 652+ 049 147+ 0.09°
SCd 8.10+ 0.58° 1572+ 482° 006+ 002 042+ 010° 408+ 020 0.96+ 0.05°
HO 14.65+ 0.65* 148.28+ 11.53" 034+ 001" 0844004 7641016 197+ 0.05°
HCd 957+ 048" 2660+ 831° 0.09+002° 023+ 006° 531+ 041° 1.28+ 0.06°

fS;cgtn(;g::ant AB ABAB AB AB AB AB

1) Mean+ SE

2) Values with same alphabet within the column are not signficantly different at a=0.05 level by Scheffé
test.

3) A Effect of dietary protein is significant at a=0.05 level by F test.
B ® Effect of Cd administration is significant at a=0.05 level by F test.
AB ! Effect of interaction between dietary protein and Cd is signficant at a=0.05 level bv F test.

Table 4. Bone length and weight, ash and calcium contents in fumer of experimental rats

Exp. groups Bone length(cm) Bone weight(g) Ash content  Ca content
femur tibia femur tibia (mg/g femur) (mg/g femur)
LO 298+ 0.04V%2 3384 0,04 050+ 0.03° 0.39+ 0.01° 3109+ 19.1° 165.2+ 37.9%S
LCd 2.70+ 0.07 323+ 007 0.37+ 0.02° 0.37+ 0.02 243.7+ 114 975+ 27
SO 317+ 0.08 357+ 0.06" 0.62+ 0.04* 0.61+ 0.03 288.1+ 11.1® 261.1+50.7
SCd 274+ 007 3.30+ 0.06° 040+ 003" 0.38+ 0.03° 2340+ 175 101.9+ 136
HO 3.32+ 0.06* 3.73+ 0.06" 0.68+ 0.02 0.61+ 0.02 3131+ 65 168.6+ 36.6
HCd 2.98+ 0.02° 050+ 0.06° 0.45+ 0.02° 042+ 0.03° 2608+ 6.9° 147.7+ 40.2
fS;ft’(‘)’gf"’“t AB AB AB AB B B

1) Mean+ SE

2) Values with same alphabet within the column are not signficantly different at a=0.05 level by Scheffé
test.

3) A Effect of dietary protein is significant at a=0.05 level by F test.
B . Effect of Cd administration is significant at a=0.05 level by F test.
4) N.S: Not significant at a=0.05 level by Scheffé test.

WAFEEo] ZL2PoER AFTAE ] e 73 Aol 27 (Table 3)& CAEFA ZAH
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Table 5. Hematocrit value and hemoglobin content
of experimental rats

Exp. groups Hematocrit( %) Hemoglobin(g/100m¢)

LO 4108+ 4.19"%2 994+ 1.83%S%
LCd 27.89+ 4.01* 915+ 0.78
SO 4341+ 161° © 1190+ 0.56
SCd 31.92+ 2.24%* 9.86+ 0.44
HO 40.70+ 1.76® 10.70+ 0.76
HCd 2718+ 2.31° 826+ 0.92
signficant
factor® B B
1) Mean+SE

2) Values with same alphabet within the colum are
not signficantly different at a=0.05 level by Scheffé
test.
3) B : Effect of Cd administration is signficant at ¢ =
0.05 level by F test.
4) Not signficant at a=0.05 levle by Scheffé test.
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Table 6. Total protein contents in serum and liver, urinary and fecal nitrogen excretions, and nitrogen

absorption ratio of experimental rats

Exp. groups serum(mg/100mé) Liver
(mg/g wet liver) (mg/total liver)
LO 7.68+ 02612 194.60+ 15.60°° 73352+ 88.13°
LCd 6.78+ 0.15° 160.11+ 11.17° 39787+ 7177
SO 891+ 021° 226.61+ 18.90° 1276.56+ 178.39"
SCd 8.08+ 0.26 205.64+ 10.78° 641.00+ 7119
HO 9.20+ 0.21° 261.83+ 18.60° 1728.87+ 118.85°
HCd 822+ 0.25* 235.75+ 11.86° 964.85+ 88.95°
s‘é‘;ﬁ:;?‘ AB A AB
Exp. groups Urinary N(mg/day) Fecal N(mg/day) N absorption ratio( %)
LO 3395+ 705V 20.28+ 2.67 84.70+ 2.45°
LCd 30.80+ 6.95° 1568+ 0.63° 80.30+ 1.72°
SO 361.20+ 22.96° 3558+ 2.58® 89.05+ 0.52°
SCd 60.90+ 18.72° 26.15+ 1.83* 87.10+ 1.17°
HO 499.25+ 37.35° 4963+ 129 95.05+ 0.29*
HCd 338.30+ 30.60° 39.98+ 10.74* 9348+ 1.42°
signficant AB A AB
1) Mean+ SE

2) Values with same alphabet within the colum are not signficantly different at @=0.05 level by Scheffé

test.

3) A Effect of dietary protein is significant at a=0.05 level by F test.
B . Effect of Cd administration is signficant at a=0.05 level by F test.
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Table 7. Cd contents in blood, liver, kidney and bone of experimental rats

Exp. groups Blood Liver Kidney Femur
(ug/100me) (pg/g wet liver) (pg/g wet kidney)  (ug/g wet fumur)
LO 9.00+ 0.00V% 295+ 1.21° 3.63+ 0.66° 043+ 0.17°
LCd 185.00+ 5.00° 32.50+ 6.40" 39.67+ 329" 14.77+ 5.13*
SO 7.75+ 0.48° 2.02+ 0.50° 345+ 042 043+ 0.19°
SCd 170.67+ 1.67* 26.72+ 7.18° 27.39+ 2.65° 4.18+ 2.04*
HO 8.00+ 0.85° 1.68+ 0.36 1.80+ 0.45¢ 0.69+ 0.40°
HCd 158.33+ 4.37* 2593+ 5.22* 3042+ 2.87° 3.99+ 0.79*
senfiait ABAB ABAB ABAB B
1) Mean+SE

2) Values with same alphabet within the colum are not signficantly different at ¢=0.05 level by Scheffé

test.

3) A Effect of dietary protein is significant at a=0.05 level by F test.
B : Effect of Cd administration is signficant at a=0.05 level by F test.
AB : Effect of interaction between dietary protein and Cd is signficant at 0 =0.05 level by F test.

Table 8. Urinary and fecal Cd excretions, and Cd absorption ratio and, Cd retention ratio

Absorption ratio( %)

Retentio ratio( %)

Exp. groups  Urinary Cd(pg/day)  Fecal Cd(pg/day)
LO 0.88+ 0.14"%* 25.00+ 500 - -
LCd 8.75+ 2.39" 26250+ 1547° 73.8+ 155* 729+ 15.7*
SO 0.50+ 0.14° 1750+ 4.79° - -
SCd 750+ 144 715.00+ 25.50° 425+ 179 41.8+ 179
HO 1384 024" 2750+ 1180° - | -
HCd 15.00+ 7.26 1000.00+ 127.21* 195+ 592 175+ 5.8

signficant” B B .
factor
1) Mean+ SE

2) Values with same alphabet within the colum are not signficantly different at a=0.05 level by Scheffé

test.

3) B : Effect of Cd administration is signficant at a=0.05 level by F test.
* Means could not be statistically compared due to lack of data from Cd non-added groups.

MTE 2ol A%e2 Cdg oI5 AA Cal
294717 gEolrm n@g o) T3
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