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The Physiological Significance of Metallothionein in Oxidative Stress
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Metallothionein (MT), a ubiquitous family of low-molecular weight metal-binding proteins, comprises 30% cys-
teine residues. Although all of the thiol residues in MT are bound to metals, it still remains active to reactive oxygen spe-
cies. Each cysteine residue in MT is more effective at protecting DNA from hydroxyl radical attack than the glutathione
cysteine in vitro. Prooxidative agents such as paraquat and carbon tetrachloride induce MT synthesis mediated by some
responsive elements. MT demonstrates strong antioxidant properties, yet the physiological relevance of its antioxidant
action is not clear. An injection of ferric nitrilotriacetate (Fe-NTA), which produces reactive oxygen species, caused
transcriptional induction of MT synthesis in the liver and kidney. Pretreatment of mice with Zn attenuated nephrotoxici-
ty induced by Fe-NTA. After a Fe-NTA injection, a loss of Cd-binding properties of preinduced MT was observed only
in kidneys of Zn-pretreated mice but not in liver. MT-enriched hepatocytes are resistant to Fe-NTA toxicity, oxidative
DNA, and cell damage during conditions of glutathione depletion. In glutathione-depleted cells, but not in non-treated
cells, Cd-binding properties of cellular MT decreased with increasing concentration of Fe-NTA. Moreover, Cd released
from MT after an injection of Fe-NTA induced new MT protein again. Thus MT may act as a secondary antioxidant in
cellular protection system against oxidative stress.
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Induction of Hepatic and Renal MT Synthesis after an Injection of FeCl; and Fe-NTA

A: Hepatic and renal MT concentrations after an injection of Fe compounds. Mice received s.c. a single dose of Fe compounds (7.5 mg Fe/kg) as FeCl; or Fe—

NTA. After 24 h, the liver and kidneys were obtained and hepatic and renal MT concentrations were determined by the modified Cd-hem method. B: Hepatic and
renal MT mRNA levels 4 h after injection of Fe compounds at a dose of 7.5 mg Fe/kg. Total RNA was extracted and analyzed by Northern blot hybridization using

[a-32P]dCTP-labeled probes of mouse MT-I and18 S rRNA. Data points represent mean+S.D. of 4—10 mice. *

*p<0.01: significantly different from control mice.
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Protective Effect of Zn—-MTs and Cd-MTs on DNA Strand Scission by Fe3*-NTA/H,0,

25 um of MTs were incubated with [32P]-labeled DNA fragments in the presence of Fe3*-NTA/H,0, at varying concentrations and then the remaining frag-
ments were separated by 8% polyacrylamide 8 m urea gel electrophoresis in Tris-borate-EDTA buffer (pH 8.5) . After gels were dried, the remaining fragments were
quantified by densitometric scanning of autoradiographs. The percentage of DNA strand scission was calculated from the loss in density. Each point represents the
mean and S.D. of three experiments. *Significantly different from the none group at p<<0.05. **Significantly different from the none group at p<<0.01.
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Fig. 3. Cytotoxicity of Fe-NTA during Depletion of GSH in Primary Hepatocytes from Control and Cd-treated Rats
A: The concentration of MT in cultured cells prepared from control and Cd-treated rats (1 mg/kg/day, 1—15 days). Cell survival (B) and LDH activity in

medium 6 h after the treatment with Fe-NTA (0—125 um) and BSO (500 um) . Data points represent mean=+S.D. (n=4). *p<{0.05, **p

ent from control cells.
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Fig. 4. Effect of Pretreatment with Zn and Bi on Nephrotox-
icity Induced by Fe-NTA

ZnSO, (20 mg Zn/kg/day), Bi(NO;); (50 umole/kg/day), saline were
treated s.c. for 2 days. Fe-NTA was injected to these pretreated mice at a
dose of 7.5 mg/kg. At 4 h after the Fe-NTA injection, blood was obtained
and the concentration of blood urea nitrogen (BUN) was determined. Bind-
ing Cd to renal MT was determined by Cd-hem binding assay. Data points
represent mean+S.D. of 4—6 mice. *p<{0.05, **p< 0.01: significantly
different from Fe-NTA 0 mg/kg mice in each pretreatment group.
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MT under Oxidative Stress Induced by Fe-NTA
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