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Effect of Dietary Cysteine Level on Cadmium and Lead Toxicity in Rats
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ABSTRACT

This study has been investigated the potential of increased dietary cysteine to alter the effects
of cadmium and lead on tissue and bone metal concentrations, excretion and tissue met-
allothionein (MT) concentrations. Fifty-four male rats of Sprague- Dawley strain weighing -
149+17g were divided into 9 groups according to body weight. Nine experimental diets with
different cadmium (Oppm, 400ppm), lead (Oppm, 710ppm) and cysteine (0.06%, 0.45%, 0.90%)
levels were given to rats for 30 days. ; Food intake, weight gain, F.E.R, and weights of liver,
kidney and femur were decreased in cadmium supplied groups than in cadmium free groups.
Urinary and fecal cadmium excretions were increased and MT synthesis was induced in liver,
kidney and small intestine in cadmium supplied groups. In lead supplied groups, weight gain
and F.E.R were decreased. With cysteine supplementation in cadmium supplied groups, weight
gain, F.E.R, and weights of liver, kidney and femur were increased. Cadmium excretion in feces
and MT concentrations in liver and kidney were also increased with cysteine supplementation.
In lead supplied groups, there was no significant increase in food intake, weight gain and F.ER
with cysteine supplementation. Lead excretion in feces was increased in cysteine supplemented
groups. In conclusion, effect of cadmium administration was more toxic than lead admini-
stration. Cysteine alleviated cadmium and lead toxicity by increasing metallothionein concent-
ration and fecal excretions of heavy metals. Especially, effect of cysteine supplementation wﬁs
more effective in cadmium groups than in lead groups. Effect of cysteine supplementation was
not different with level of cysteine supplementation in both cadmium and lead groups. (Korean
J Nutrition 29(6) . 597~607, 1996)
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Table 1. Classification of experimental groups

Diet groups” Cadmium Lead level Cysteine

level(ppm) (ppm) level®(%)
NCys6 0 0 0.06
NCys45 0 0 0.45
NCys90 0 0 0.90
CdCys6 400 0 0.06
CdCys45 400 0 0.45
CdCys90 400 0 0.90
PbCys6 0 710 0.06
PbCys45 0 710 0.45
PbCys90 0 710 0.90

1) NCys6 : none Cd+none Pb+cysteine(0.06%)
NCys45 : none Cd+none Pb+cysteine (0.45%)
NCys90 : none Cd+none Pb+cysteine(0.90%)
CdCys6 : Cd 400ppm+none Pb+cysteine(0.06%)
CdCys45 : Cd 400ppm-+none Pb+cysteine(0.45%)
CdCys90 : Cd 400ppm-+none Pb+cysteine(0.90%)
PbCysb : none Cd+Pb 710ppm+cysteine(0.06%)
PbCys45 : none Cd+Pb 710ppm-+cysteine(0.45%)
PbCys90 : none Cd+Pb 710ppm-+cysteine(0.90%)

2) Cysteine level in diet=added cysteine level+cysteine
level in casein
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Table 2. Compasition of experimental diets(per Kg diet)

Ingredient NCys6é  NCysd5 NCys90 CdCys6 CdCysd45 CdCys90 PbCysé  PbCysa5 PhCys90
corn starch(g) 703.14  699.24 69474 70274 698.84 69394 70243 69853 693.32
casein(g) 150 150 150 150 150 150 150 150 150
L-cysteine(g) - 39 8.4 - 39 8.4 - 39 8.4
corn oil(g) 100 - 100 100 100 100 100 100 100 100
CdCly(g) - - - 0.4 04 04 - - -
Pb(CH,COO),(g) - - - - - -~ 0.71 0.71 0.71
salt mixture”(g) 40 40 40 40 40 40 40 40 40
Vit A,D mixture”(ml) 1 1 1 1 1 1 1 1 1
Vit E,K mixture®(ml) 2 2 2 2 2 2 2 2 2
water soluble 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86
vitamin*(mg) »
Vit B, (ml) 1 1 1 1 1 1 1 1 1
Total suffur 45 84 129 45 84 129 45 84 129

amino acid(g)

Total cysteine(g) 0.6 45 9.0 0.6 45 9.0 0.6 45 9.0

1) Sait mixture(g / Kgdiet) :

8 ; Potassium sulfate 2.08 ; Magnesium oxide 0.96 ; Managanous carbonate 0.14 ;

Calcium phosphate dibasic 21.5 ; Sodium chloride 2.96 : Potassium citrate monohydrate 8.

Ferric citrate 6H,0 0.24 ; Zinc

carbonate 0.064 ; Cupric carbonate 0.012 ; Potassium carbonate 0.0004 : Sodium selenite 0.0004 ; Chromium po-
tassium sulfate 0.0002 : Sucrose, finely powdered to make 40g

2) Vitamin A, D mixture(mg/m! com oil) : Vitamin A 0.1

3) Vitamin E,K mixture(mg/ ml corn oil) :

. Vitamin D 0.01
a-Tocopherol acetate 25 ; Menadione 1

4) Water soluble mixture(mg /Kg diet) : Choline chloride 2000 ; Thiamine hydro- chloride 10 ; Riboflavin 20 ; Nicotinic

acid 120 ; Pyridoxine 10 ; Calcium pantothenate 100 ; Biotin 0.05 : Folic acid 4 ;

acid 100

5) Vitamin By,(mg/mli distilled water) : Vitamin B,, 0.01
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Table 3. Food intake, body weight gain, and food efficiency

Groups Food intake(g/day) Body weight gain{g/30days) F.ER.
NCysé "4.53+2.22%2 107.16422.85® 0.25-£0.05™
NCys45 15.18+0.95% 150.65+21.84% 0.33£0.04°
NCys90 17.5241.74° 161.23+58.37° 0.31+0.10°
CdCys6 12.00+2.18° 13.20422.70° 0.04+0.07°
CdCys45 11.96+0.94° 88.55+34.42™ 0.24+0.09
CdCys90 13.44+2.14™ 107.51464.24% 0.25+0.11%
PbCys6 14.63+2.64 75.61440.14% 0.17+0.08°
PbCys45 13.89+1.95™ 95.41+36.16™ 0.24+0.09™
PbCys96 13.20+1.33% 68.951-42.85> 0.18+0.12"
Significant fator” A A, B A B

1) Mean=*S.E.

2) Values with different alphabet within the column are significantly different at ¢=0.05 by Duncan’s multiple range test
3) Statistical significance of dietary factors was calculated by F-test based on 2-way ANOVA

A : Effect of Cd and Pb(heavy metals) administration was significant at 2=0.05

B : Effect of cysteine level was significant at ¢=0.05

AB : Effect of heavy metal x Cysteine was significant at ¢=0.05
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Groups Liver(g) Kidney(g) Intestine(g) Testis(g) Femur(g)
NCys6 V7.36+0.40"? 1.68--0.08° 4.23+1.26" 2.94+0.15% 0.37 +0.04™
NCys45 9.114+1.01™ 2.07+0.15% 3.96+0.73° 3.10+0.25° 0.43+0.23"
NCys90 9.54+1.51° 2.21+0.37% 5.04+0.93* 2.974-0.34° 0.45+0.11°
CdCys6 5.3340.73" 1.24+0.16° 4.53+1.19° 2.37+0.61° 0.30+0.02°
CdCys45 7.68+1.59%¢ 1.67+0.25° 6.31+1.90° 2.91+0.27% 0.33+0.04>
CdCys90 7.91+2.25% 1.81+0.45% 4.27+0.78° 2.94+0.30™ 0.39+0.08™
PbCys6 6.85+1.49% 2.0440.27%% 3.7440.34° 2.77+0.24* 0.35+0.06™
PbCys45 8.04+1.92 2.33+0.33° 431+051° 3.00+0.28" 0.40+0.05*
PbCys90 7.57+1.22% 2.21+0.28* 3.91+0.89° 2.51+0.79® 0.39+0.06°
Significant fator” A, B B A, AB A A, B
1) Mean+S.E.

2) Values with different alphabet within the column are significantly different at ¢=0.05 by Duncan's multiple range test
3) Statistical significance of dietary factors was calculated by F-test based on 2-way ANOVA(See Table 3)

Table 5. Cd concentration of blood, liver, kidney, small intestine, testis and femur

G ’ Blood Liver Kidney Small intestine Testis Femur
roups
{ug/100m)) (ig/g wh) rg/g wh {bg/g wh) {g/g wh) {ug/g_wt)
NCys6 "3.0440.45%  03240.12° 2.15£0.00°  0.85+0.00" 0.05+0.00 0.42+0.05°
NCys45 2.84+0.00° 0.41-+0.22° 260+0.17° 0.89+0.10° 0.0540.00° 0.9840.24°
NCys90 2.844+0.00° 0.48+0.14° 2.34£018"  0.85+0.00° 0.05+0.01° 0.44+0.11°
CdCys6 25.17£6.56" 36514767  21.07+447° 4.1440.91° 0.52+0.17° 2.64+0.64°
CdCys45 19.16+0.88°  35.04+4.54°  2503+539° 2524097 0.56+0.14° 5.37+0.50°
CdCys90 24224185 325147.67° 26.8143.66°  3.54+0.58" 0.6540.28" 4.16+1.70"
Significant A B A A, B, AB A A, B, AB
factor
1) Mean + S.E.

2) Values with different alphabet within the column are significantly different @=0.05 by Duncan's multiple range test
3) Statistical significance of dietary factors was calculated by F-test based on 2-way ANOVA

A : Cd effect was significant at =0.05
B : Cysteine effect was significant at ¢=0.05
AB : Effect of Cd x cysteine was significant at a=0.05
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Table 6. Cd excretions in urine and feces, and Cd retention ratio

Groups Urine(ug/day) Feces(ug/day) Cd retention ratio(%)
NCys6 0.79-+0.40" 3.07+  1.38 -
NCys45 1.08+0.46" 228+ 067 -
NCys90 1.40+0.62° 214+ 0.77° N
CdCysb 10.25+3.20° 504.20+179.23° 74.28+8.94°
CdCys45 12.86+3.57° 959.44+129.01° 51.39+6.49"
CdCys90 13.09+4.00° 990.61+172.87° 49.82+8.55"
Sinificant factor” A A, B, AB B
1) Mean + S.E.

2) Values with different alphabet within the column are significantly different @=0.05 by Duncan's multiple range test
3) Statistical significance of dietary factors was calculated by F-test based on 2-way ANOVA(See Table 5)

Table 7. Pb concentrations of blood, liver, kidney, small intestine, testis, and femur

Groups Blood Liver Kidney Small intestine Testis Femur
(ng/100ml) (pg/g Wi (pg/g wi) (pg/g wi _(pg/g wi) pg/g wi

NCys6 %6.39+3.56  2.9240.93 0.19+ 0.00°  2.18+0.00°  0.06%0.00° 0.35+ 0.03
NCys45 7.65+3.78°  2.50+0.00° 141+ 1.72°  2.1840.00°  0.06+0.00° 0.31+ 0.01°
NCys90 7.65+3.78°  2.50+0.00° 1414+ 1.72°  3234047°  0.06+0.01° 031+ 0.09°
PbCys6 32.82+4.17° 417+156° 2135+ 5.13°  7.60+2.07°  1.34+057°  308.89+58.38°
PbCys45 2653+2.18° 8.54+3.18 2374+ 292°  7.29+4130° 0.99+071°  292.97497.50°
Significant A, B, AB A B, AB A A, B, AB B

factor”
1) Mean = S.E.

2) Values with different alphabet within the column are significantly different ¢=0.05 by Duncan's multiple range test
3) Statistical significance of dietary factors was calculated by F-test based on 2-way ANOVA

A : Effect of Pb administration was significant at ¢=0.05

B : Effect of cysteine was significant at «=0.05
AB : Effect of Pb X cysteine was significant at =0.05
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Table 8. Pb excretions in urine and feces, and Pb retention ratio

Groups Urine(ug/day) Feces(ug/day) Pb retention ratio(%)

NCys6 0.48+0.26™ 571+ 291° -

NCys45 0.95+0.26° 7.82+ 1.99° -

NCys90 1.54+0.64° 712+ 291° .-

PbCysé 343+1.66" 35158+ 81.12° 90.01+2.30°
PbCys45 5.33+0.85° 416454124 .67° 88.124+3.45°
PhCys90 6.3013.82° 525.88+116.43" 85.00+3.11°
Sinificant factor” A A, B, AB

1) Mean + S.E.

2) Values with different alphabet within the column are significantly different =0.05 by Duncan's multiple range test
3) Statistical significance of dietary factors was calculated by F-test based on 2-way ANOVA(See Table 7)

Table 9. Metallothionein concentrations of liver, kidney, and small intestine

Groups Liver MT(pg/g wt) Kidney MT{(ug/g wt) Small intestine MT(pg/g wt)
NCys6 29.15+10.127 11.89+ 7.10° 2.03+0.38°
NCys45 35.04+ 7.59° 26.19+ 547° 3.0940.36%
NCys90 41.58+ 7.18° 31.50+10.74° 3.78+0.57%
CdCys6 115.75+11.95° 77.56+ 3.95° 6.99+0.79™
CdCys45 325.72+65.70° 102.46+ 7.69° 13.3443.27°
CdCys90 278.46+53.31° 93.68+ 6.01° 10.25+1.56™
PbCys6 34.68+ 6.42° 26.39+ 9.31° 4.21+0.60%
PbCys45 5768+ 3.65% 39.85+ 6.67° 6.19+0.49%
PbCys90 4867+ 7.40° 32.81+ 5.28° 5.15+0.48%°
Significant factor” A, B A A B

1) Mean + S.E.

2) Values with different alphabet within the column are significantly different =0.05 by Duncan's multiple range test
3) Statistical significance of dietary factors was calculated by F-test based on 2-way ANOVA(See Table 3)
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Table 10. Urinary protein excretion, creatinine clearance and hematocrit value

Groups Urinary protein(mg/day) Creatinine clearance(ml/min) Hematocrit value
NCys6 .45 +0.69°? 1.0440.68" 41.18+2.25
NCys45 3.24+1.15° 2204113 39.57+3.28°
NCys90 2.90+1.34% 1.7340.43" 38.64+2.07"
CdCys6 0.89+0.47° 0.59+0.25° 33.55+2.46®
CdCys45 1.7240.93% 1.3040.82° 26.2247.06°
CdCys90 3.1541.69° 1.31+£0.53° 32.41+451°
PbCys6 1.65+1.65" 0.84+0.41° 33.07+2.73%
PbCys45 1.2040.42° 0.72+0.30° 38.61+1.73°
PbCys90 1.8540.80"* 0.91+0.35° 36.1847.83°
Significant factor” A B A, B A

1) Mean + S.E.

2) Values with different alphabet within the column are significantly different ¢=0.05 by Duncan's multiple range test
3) Statistical significance of dietary factors was calculated by F-test based on 2-way ANOVA(See Table 3)
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