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Induction of apoptosis of PC12D cells was analyzed in relation

to prooxidant nature of aluminum ion.
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Aluminum ion effectively enhanced the formation of thiobarbituric acid-reactive substances as a
marker of lipid peroxidation of microsomes from rat liver under the acidic conditions. Aluminum ion
also inhibited the autooxidation of ferrous ion, resulting in stabilization of reduced iron the initiating
species for lipid peroxidation.

Addition of aluminum-maltol complex to PC12D cells induced a time-dependent and concentration-
dependent growth inhibition and cell death. Aluminum-maltol induced apoptosis of differentiated
PC12D cells, which was demonstrated by using terminal deoxylnucleotydyltransferase-mediated 2 -
deoxyuridine-5’-triphosphate nick end labelling (TUNEL) technique to detect DNA strand breaks in
situ. Increase in intracellular reactive oxygen species by aluminum-maltol administration was also
assessed by the increased fluorescence of the oxidant-sensitive dye 2’, 7'-dichlorofluorescein diacetate.
Aluminum ion incorporated to PC12D cells as a maltol complex causes apoptotic cell death by enhanc-

ing the generation of reactive oxygen species as a prooxidant.
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Fig.1 Effect of aluminum ion on the iron-induced lipid peroxidation of rat liver microsomes.

Lipid peroxidation was induced by 10 uM FeCls, 0.5 mM ascorbic acid, 0.2 mg microsomal fraction and 60
mM Mops-KOH buffer (pH 6.8) in the presence of aluminum, zinc or cadmium ions in the reaction mix-
ture of 1 ml. The mixture was incubated at 37 C for 20 min, and the reaction was stopped by addition of
100% trichloroacetic acid. Lipid peroxides were determined as the thiobarbituric acid-reactive sub-

stances” . M, aluminum:2, zinc; [J, cadmium.
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Fig.2 Effect of metal cations on the autooxidation of ferrous ion.
Tron autooxidation was followed by determining the ferrous ion concentration with the bathophenanthro-
line disulfonate® . The samples of 1 ml contained 10 mM Tris-HCI buffer (pH 7.1), 005 mM FeSOy, and
0.1 mM metals as chloride salts. All incubations were carried out at 37°C. The reaction was started by
addition of FeSO4. Aliquots of 0.2 ml were mixed with 0.1 ml of 1 mM bathophenanthroline disulfonate at
appropriate intervals, and the absorbance at 540 nm was measured.

O, No addition; @, AlCl3 added; (], ZnClz added; &, CdCls added.


saito
長方形


[(MEFRERME F175 2000]

Cells (x107)

Days

Fig. 3 Effect of aluminum on the growth of PC12D cells.

PC12D cells were grown in DMEM medium supplemented with 5% fetal bovine
and 10% horse serum in the absence and presence of different concentrations of
aluminum chloride,aluminum-maltol complex and maltol. A. Aluminum-maltol
complex added. B, No addition; O, 10 uM; &, 30 uM: %, 50 uM; <, 60 uM: @,
80 uM; 4, 100 uM aluminum maltol. B. Aluminum chloride or maltol added. &, 20
uM AlCls; O, 60 uM AlCl3; €, 80 uM AlCl3. &, 60 uM maltol; X, 120 4M maltol;
4, 180 uM maltol.

&

Fig.4 TUNEL staining of differentiated PC12D cells.
Cells were seeded at a concentration of 1 x 10° cells/ml, and NGF of 50 ng/ml
was supplemented to the medium. Aluminum-maltol complex of 100 uM was

added to the medium, and cultured for 4 days. Magnification % 200.
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Fig.5 Generation of reactive oxygen species in PC12D cells 3 days after aluminum-maltol treatment.
The fluorescence intensity was monitored at 3 days incubation with 75 4uM aluminum-maltol as
described in Materials and Methods. Values were obtained from three separate experiments. Data
are expressed as the mean +/— SD, and significant difference is calculated between the aluminum

maltol group and the control.
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