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Abstract : Arsenic (As) and cadmium (Cd) are toxic metals found in humans. Recently, As
trioxide has been used as a mitochondria—targeting drug in relapsed or drug-resistant acute pro-
myelocytic leukemia (APL). In the present study, we examined the intracellular action of these
metals using rat kidney tubular cells. The cells were cultured with DMEM + 5 % FBS, contain-
ing As;0;(1-2.5 £ M)or CdCl,(1-10 £ M). Tolerant cells, called As2.5-R and Cd10-R, were thus
obtained only for the cells which survived a toxic concentration of each metal. Both of these tol-
erant cells grew at a similar rate as that of control cells. As and Cd induced cell toxicity was ac-
companied by both fragmented DNA and a decreased mitochondria membrane poten-
tial. Intracellular metallothionein was strongly expressed after the addition of Cd, but not af-
ter the addition of As. Intracellular lipid peroxidation product was found to be accumulated in
both of the cultures. Intracellular glutathione (GSH) increased in line with increases in the As
and Cd concentrations. In As2.5-R and Cd10-R, GSH increased more than twice the level seen in
the normal cells for both metals. When the metal tolerant cultures were exposed to different
metals, the protective property of metal toxicity was still maintained. However, when DL—
buthionine—(S, R)—sulfoximine(BSO)was added to the cultures that were tolerant for each metal,
apoptosis was restored. We therefore conclude that As and Cd induced apoptosis is mediated by
GSH-reactive intracellular oxidization.
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Cytotoxic effects of As and Cd
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Figure 1. A : Growth activity of NRK52E cells cultures with As and Cd and 2.5uM As
—tolerant cells and 10 M Cd-tolerant cells.(Data are mean of triplicated

results.)

B : Appearance of the normal NRK52E cells (a), 2.5 £« M As-tolerant cells
() and 10 #M Cd-tolerant cells (c).
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Figure 2. Induction of apoptosis by As and Cd in normal NRK52E cells and

metal-tolerant cells. (Data are mean of triplicated results.)
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Figure 3. Immunohistochemical expression of metallothionein. Met-
allothionein expression in normal NRK52E cells exposed to

2.5 uM As (a), and 10 «M Cd (c), and 2.5 M As-tolerant
cells (b) and 10 ©M Cd-tolerant cells (d).
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GSH levels in cells exposed to As and Cd

As BXT Cd #fm, 6, 12, 48I¢HIEZDHINEA 7L &
F4 2 (GSH) BEIZ>OWTHELE A, MllEA
GSH %13 As 3 KU Cd IRIN48Wefa %, 1R Mg & b
BUT, AESRERFEOHMER L. £ 0XH)H
ME7 R b= ZHER (Fig. 2) EEPIL Tk (Fig.
4A). —7, BN GSH LI IR Ml &
B UT, Cd i3 2 5, As i s 0w T
AT L T (Fig. 4B).
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Intracellular oxidation in cells exposed to As and Cd
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Effect of GSH inhibition on apoptosis in normal cells and

metal—tolerant cells
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Figure 4. Intracellular glutathione (GSH) concentrations in NRK52E cells incubated
with As and Cd (A), and in metal-tolerant cells (B). Date are mean®=SD
(n=3). *P<0.05, *P<0.01, compared with normal cells, by Student’s rtest.
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Figure 5. Immunohistochemical expression of a lipid peroxidation prod-

uct (0xPOC).
Intracellular peroxidation in normal NRK52E cells (a), and
cells exposed to 10 M Cd (b) and 2.5 uM As (c).
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Figure 6. Effect GSH inhibition on apoptosis by DL~buthionine-(S, R)

—sulfoximine (BSO) in NRK52E cells incubated with Cd and
As(A), and in metal-tolerant cells(B) (Data are mean of trip-
licated results.)
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Table 1. Variation of GSH/Apoptosis in normal NRK52E cells, and cells exposed to 1, 10 © M

Cdand 1, 2.5 M As.

Concentration (uM) Control Cd 1 Cd 10 As 1 As 2.5
GSH (uM/cell) 35.5 51.1 151.1 130 245.3
Apoptosis (%) 2.2 2.1 13.1 4.5 17.1
GSH/Apoptosis 16.13 24.33 11.53 28.89 14.35
vs, Control ! 1 1

(Data are mean of triplicated results.)
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