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Antioxidant Action of Dipicolinic Acid

Keiko MurAKAMI, Masae ITo, Tetsuro UEDA, Ryo MORIKAWA and Masataka YOSHINO

Department of Biochemistry, Aichi Medical University, Nagakute, Aichi 480-1195, Japan

Antioxidant action of pyridine compounds was analyzed in relation to the metal coordination. Iron-
mediated lipid peroxidation, determined as the formation of thiobarbituric acid-reactive substances,
was inhibited by dipicolinic acid (pyridine 2,6-dicarboxylic acid), but not by other pyridine dicarboxy-
lates including quinolinic acid, lutidinic acid, cinchomeronic acid, isocinchomeronic acid. Dipicolinic acid
further protected some enzymes against copper-mediated oxidative inactivation. Copper-catalyzed for-
mation of hydroxyl radical causing oxidative inactivation of AMP deaminase was inhibited by dipicolin-
ic acid under the in situ conditions of yeast cells. Dipicolinic acid further attenuated the inhibition by
copper ion of glutathione reductase. However, other pyridine dicarboxylates did not show any protec-
tive effect. Dipicolinic acid enhanced the autooxidation of Fe* ion, whereas other pyridine carboxy-
lates rather inhibited the autooxidation of ferrous ion. Ascorbate-catalyzed production of Cu* ion, a
potent prooxidant, from Cu®' ion was completely inhibited by dipicolinic acid.

Antioxidant effect of dipicolinic acid can be explained by enhancement of the oxidation of ferrous
ion, and by the inhibition of the formation of cuprous ion as a prooxidant: this may be due to the elec-
tron-deficient nature of pyridine ring with dicarboxylic acid at ortho position followed by binding of

iron and copper ions.
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Scheme 1 Structure of Pyridine Compounds
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Fig.1 Effects of pyridine compounds on the iron-induced lipid peroxidation of rat liver microsomes.
Lipid peroxidation was expressed as the production of thiobarbituric acid-reactive substances, which
was induced by 10uM FeCls and 0.5mM ascorbic acid. €, dipicolinic acid; B, quinolinic acid: 4, luti-

dinic acid; @, picolinic acid; &, cinchomeronic acid; O, isocinchomeronic acid.
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Fig. 2 Effects of pyridine compounds on the enzymes. A. In situ effects on yeast AMP deaminase.

Permeabilized yeast cells (10mg/ml) were incubated at 37°C for 10 min with 50mM potassium phos-

phate buffer (pH 7.1) containing 10 M CuSOs 10mM ascorbic acid, 13.5mM hydrogen peroxide,

0.1mM sodium azide, and 0.2mM pyridine compounds or citrate. Yeast cells were collected by centrifu-

gation and used for determining AMP deaminase activity by coupling ammonium production to

NADH oxidation with glutamate dehydrogenase. The reaction mixture of Iml contained 10mM AMP,
1ImM ATP, 4mM MgCly, 10mM 2-oxoglutarate, 0.2mM NADH, 02mg/ml glutamate dehydrogenase,
100mM KCl, 40mM Tris-HCl (pH 7.1), and 0.2mg/ml permeabilized yeast. Change in the absorbance

at 340nm was followed. None, no hydrogen peroxide; Cu, hydrogen peroxide plus copper. Insert. Effect

of increasing concentrations of dipicolinic acid. B. Effects on glutathione reductase from yeast. Reaction

mixture contained 0.2mM NADPH, 05mM oxidized glutathione, 50mM Tris-HCl buffer (pH 7.1), 0.1ug

of purified glutathione reductase, 0.2uM CuSO4 with or without 0.5mM ascorbate and pyridine car-

boxylates. Activity was determined by changes in the absorbance at 340nm.
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Fig. 3 Effects of pyridine compounds on the oxidation/reduction of metal cations. A. Effect on the
autooxidation of ferrous ion. Iron autooxidation was followed by determining the ferrous ion concentra-
tion with the bathophenanthroline disulfonate. The samples of 2ml contained 10mM Tris-HCl buffer (pH
7.1), 0.05mM FeSOy, and pyridine compounds. All incubations were carried out at 37 C. The reaction
was started by addition of FeSO4. Aliquots of 0.2ml were mixed with 0.1ml of ImM bathophenanthroline
disulfonate at appropriate intervals, and the absorbance at 540nm was measured. O, No addition. Other
symbols are identical to Fig. 1. B. Effect of pyridine compounds on the reduction of cu? by ascorbate.
Following components were mixed at room temperature; 10mM Tris-HCl buffer (pH 7.1), 0.05mM
CuSOy, 0.5mM bathocuproin disulfonate and additives. After mixing, ascorbate solution was added. Cu+
formed was determined by reading the absorbance at 492nm. Symbols are similar to A.

C. Effect of pyridine compounds on the oxidation of ascorbate by Cu?'. Reaction mixture of 1ml con-
tained 10mM Tris-buffer, 0.1lmM ascorbate and additives. Ascorbate concentration was determined by
following the absorbance at 263nm. Line 1, None and 54M Cu®* plus 1mM dipicoinic acide; Line 2, 5uM
Cu®"; Line 3, 54M Cu?* plus 1mM quionolinic acid; Line 4, 5uM Cu®* plus ImM picolinic acid.
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