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Effect of Chlorella on Metallothionein Synthesis and Binding Capacity
of Cadmium in Cadmium Poisoned Rat Liver and Kidney
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The rate of metallothionein synthesis on cadmium-poisoned rats reflects the level of toxicity, and also it reduces the
toxicity which is caused by the uptake of cadmium. Chlorella supplementation in the diets of the cadmium-poisoned
rats decreased the concentration of cadmium in blood and urine compared with the control group. Although the liver
and kidneys of rats are major target organs of cadmium and coherence of metallothionein and cadmium, no previous
study has determined the correlation between the rate of metallothionein synthesis in the liver and kidneys of rats and
dietary supplementation of chlorella with cadmium uptake. This study analyzed total metallothionein level on the tissue
of the liver and kidneys, the concentration of cadmium bound to the metallothionein, and the total concentration of
cadmium on the tissue of the liver and kidneys after dietary supplementation with 1%, 5%, and 10% dried chlorella and
40 ppm of cadmium to 46 male SD rats (mean weight: 150120 g) for 4 weeks. According to the data analysis of the
total rate of metallothionein synthesis in the liver and kidneys, the group of SD rats on the supplementation with 1%
chlorella and 40 ppm of cadmium showed a rate of 93.218.9 ng/g, a significant decrease of 58.8% compared to that of
the control group of SD rats on the supplementation with cadmium only, which showed a rate of 227.3+£32.5 ng/g
(P=0.0001). In contrast, no significant difference was observed through the changing of chlorella concentrations between
5% and 10% chlorella supplementation with cadmium. The group supplemented with 1% or greater chlorella levels
represented a greater decrease in the total cadmium concentration of the kidney and liver tissues, the amount of total
metallothionein synthesis, the amount of metallothionein with binding to cadmium, and the concentration of free
cadmium without binding to metallothionein. Consequently, the supplementation of 1% and 5% chlorella was effective
in reducing the synthesis of metallothionein for cadmium uptake, but increased the rate of binding of cadmium to
metallothionein. '
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Table 1. Experimerital design for supplementation of Chlorella
and Cadmium to basic diet

Group Number 1 er i b diet
Control 6 - -
Cadmium 10 40 -
1%ch+cd” 10 40
5% Ch+Cd 10 40 5
10% Ch+Cd 10 40 10

Y Chiorella + Cadmium
All groups were fed on 4 weeks with basic diet
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Table 2. Cadmijum levels in MT in liver

Table 3. Cadmium levels in MT in kidney

unit: ng/g - unit: ng/g
Group Mean £ S.D. Mean rank Group Mean £ S.D. Mean rank
Control 6.815.9 35 Control 17.7£11.1 35
Cadmium 929.7+80.4 34.3 Cadmium 1000.3180.0 34.5
1% Ch+Cd? 667.7£105.3 17.9 1% Ch+ Cd" 628.3199.0 19.0
5% Ch+Cd 668.5£128.6 18.4 5% Ch+Cd 564911074 15.9
10% Ch+ Cd 663.1t161.2 19.5 10% Ch+ Cd 640.4194.4 20.6

one-way ANOVA: F(4,33) = 60.290, P=0.0001
Kruskal-Walis Test: y* = 26.789, df=4, P=0.0001
Y Chiorella + Cadmium: a given dose of chlorella+ 40 ppm Cd
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Table 4. Levels of T-MT and Cd-MT in liver

unit: ng/g
T-MT Cd-MT"
Group

Mean £ S.D. Mean *+ S.D.

Control 15+1.0 1.0£0.8
Cadmium 22734325 132.8%11.5
1% Ch + Cd 93.5+8.9 9224224
5% Ch+ Cd 99.0:26.5 95.5+18.4
10% Ch+Cd 126.0+43 4 94.8+23.0

T-MT : one-way ANOVA: F(4 33) = 54.541, P=0.0001
Kruskal-Wallis Test: > = 29.225, df =4, P=0.0001

Cd-MT: one-way ANOVA: F(4 38) = 48.994, P=0.0001
Kruskal-Wallis Test: xz =29.799, df =4, P=0.0001

*: The amount Cd-bound MT was calculated as (MT-Cd)—+7

Y Chlorella + Cadmium: a given dose of chlorella + 40 ppm Cd

Table 5. Levels of T-MT and Cd-MT in kidney

unit: ng/g
T-MT Cd-MT"
Group
Mean = S.D. Mean *+ S.D.
Control 0308 25+1.6
Cadmium 260.2+23.7 4929+114
1% Ch + Cd" 133.6122.4 89.8+14.1
5% Ch+ Cd 117.9+23 .8 80.7+15.3
10% Ch+ Cd 177.4+44.8 91.5+13.5

T-MT : one-way ANOVA: F(4 33) =77.973, P=0.0001
Kruskal-Wallis Test: xz =30.516, df=4, P=0.0001

Cd-MT: one-way ANOVA: F(y 33) = 107.751, P=0.0001
Kruskal-Wallis Test: Xz =29.799, df =4, P=0.0001

*: The amount Cd-bound MT was calculated as (MT-Cd)—+7

D Chiorella + Cadmium: a given dose of chlorella + 40 ppm Cd
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Fig. 1. Comparison of the Cd-MT/T-MT values in kidney and
liver. Cd: Cadmium, Ch + Cd: Chiorella + Cadmium.
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