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Summary

1. Pyridine compounds with 2-carboxylic group produced reactive oxygen species in the presence of transition
metals, iron and copper. Aconitase, the most sensitive enzyme to oxidative stress was inactivated markedly by dipi-
colinic acid (pyridine 2, 6-dicarboxylic acid) and less potently by picolinic acid (pyridine 2-carboxylic acid) in the
presence of ferrous sulfate. The inactivation was dependent on KCN, an inhibitor of Cu/Zn-SOD, suggesting that
pyridine carboxylate/iron complexes can generate superoxide radical as a principal product. Introduction of car-
boxylic groups to 3, 4 or 5 in the pyridine ring decreased the inactivating effect. 2. Aconitase was also inactivated
by copper/ascorbate complex, particularly in the presence of pyridine 2, 4-dicarboxylic acid (lutidinic acid). The inac-
tivation was dependent on sodium azide, an inhibitor of catalase, suggesting that Cu/ascorbate produces hydrogen
peroxide. 3. Dipicolinic acid and lutidinic acid at lower concentrations enhanced the Cu/ascorbate-dependent forma-
tion of 8-hydroxy-2’-deoxyguanosine in DNA, indicating generation of hydroxyl radical. Prooxidant action of pyridine

carboxylic acids may explain the bactericidal or apoptotic action of these compounds reported previously.
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Scheme 1 Structure of pyridine carboxylic acids.
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Fig. 1 Effect of pyridine 2-carboxylate derivatives on the activity of aconitase in baker’s yeast. Yeast cells were
permeabilized according to the method reported previously 8 Permeabilized yeast cells (10 mg/mL) were
mixed with 50 uM FeSO4, 0.2 mM pyridine 2-carboxylate compounds and 0.5 mM NaNj3 in the absence and
presence of 1 mM KCN in 40 mM Tris-HCI (pH 7.1). After incubation at 37 C for 10 min, cells were collect-
ed by centrifugation at 800 X g for 5 min and suspended in 50 mM Tris-HCl (pH 7.1) containing 0.5 M
sorbitol at the concentration of 200 mg/mL. Aconitase activity was determined by the coupling with
NADP-isocitrate dehydrogenase, and the reaction mixture contained 5 mM citrate, 0.25 mM NADP, 4 mM
MgClz, 10 mU/ml of NADP-isocitrate dehydrogenase and 1 mg/mL of yeast. The increase in the
absorbance at 340 nm was recorded. A. Effect of picolinic acid and FeSO4 on the activity of aconitase in
the absence and presence of KCN. a, p < 0.01 vs none; b, NS vs none; ¢, p < 0.001 vs KCN only; d, NS vs
picolinic acid plus KCN. B. Effect of pyridine 2-carboxylates on the activity of aconitase in the presence of
FeSO4 and KCN. Pyridine 2-carboxylate compounds added were picolinic acid, quinolinic acid, lutidinic
acid, isocinchomeronic acid and dipicolinic acid. a, p < 0.001 vs none; b, p < 0.05 vs picolinic acid; ¢, NS vs
quinolinic acid; d, p < 0.05 vs lutidinic acid; e, p < 0.01 vs picolinic acid.
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Fig. 2 Effect of pyridine 2-carboxylates on the autooxidation of F e’ FeSO4 of 0.1 mM was incubated with
additives in 100 mM Tris-HCI (pH 7.0) at 37C. Aliquot of 0.2 mL was mixed with 0.1 mL of 1 mM
bathophenanthroline disulfonate at the indicated time and the absorbance at 540 nm was recorded by
microplate reader. €, no addition ; l, 0.2 mM picolinic acid (2); &, 0.2 mM quinolinic acid (2, 3);
@. 0.2 mM lutidinic acid (2, 4); [, 0.2 mM isocinchomeronic acid (2, 5); O, 0.2 mM dipicolinic acid (2, 6).
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Fig. 3 Effect of pyridine dicarboxylates and Cu/ascorbate on the activity of aconitase in baker’s yeast.
Permeabilized yeast cells (10 mg/mL) were mixed with 0.5 mM pyridine compounds, 5 pM CuSOy,
1 mM ascorbate and 0.1 mM NaNj3 in 40 mM Tris-HCI (pH 7.1). Cells were collected after incubation for
3 min at 37C. a, p < 0.001 vs Cu/NaN3; b, p < 0.001 vs Cu/NaNs/ascorbate; ¢, NS vs Cu/NaNs/ascorbate.
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Fig. 4 Effect of pyridine dicarboxylates on the copper-dependent formation of 8-OHdG. Calf thymus DNA
was treated with 0.1 mM ascorbate, 0.1 mM CuCls and various concentrations of pyridine compounds
for 1h and 8-OHdG was determined by HPLC-ECD method as described previously9>. Each data are
expressed as mean * SD with three independent determinations. Asterisks indicate significant differ-
ences between the control without additives and the pyridine dicarboxylate-added groups (p < 0.01).
@, dipicolinic acid (2, 6); &, lutidinic acid (2, 4); B, cinchomeronic acid (3, 4).
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