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Generation of reactive oxygen species by pyrimidine and pyrazine
carboxylate derivatives
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Department of Biochemistry, Aichi Medical University School of Medicine, Nagakute, Aichi 480-1195, Japan

Summary
Pyrimidine base is a constituent of nucleotides and pyrazine is a component of food and antibiotics. Biological effects of

these compounds were analyzed in relation to the generation of reactive oxygen species. Pyrazine 2-carboxylate, pyrazine

2,3-dicarboxylate and orotic acid/iron complex inactivated aconitase, the most sensitive enzyme to oxidative stress. The in-

activation was dependent on cyanide, an inhibitor of Cu/Zn SOD, indicating that these compounds can generate superox-

ide anion radical as a principal product. Pyrimidine and pyrazine carboxylate compounds were less effective than pyridine

carboxylates on aconitase. Orotic acid, a pyrimidine carboxylate derivative stimulated the autooxidation of Fe*" suggesting

that this compound promoted the activation of dioxygen molecule by reduced iron. Pyrazine carboxylates did not stimu-

late the autooxidation, suggesting that these compounds produce perferryl ion. Injuries of tissue by pyrazine compounds

can be partially explained by their transition metal complex-mediated generation of reactive oxygen species.
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Fig. 1 Pyridine and diazine carboxylate derivatives used in this report
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Fig. 2 Effect of dipicolinic acid, picolinic acid, pyrazine 2-carboxyl-
ate, pyrazine2,3-dicarboxylate and orotic acid on the activi-
ty of aconitase in baker’s yeast. Yeast cells were permea-
bilized according to the method reported previously®.
Permeabilized yeast cells (10 mg/ml) were mixed with
50 uM FeSOs, 1 mM KCN and each compound in 40 mM
Tris-HCI (pH 7.1). After incubation at 37°C for 10 min, cells
were collected by centrifugation at 800X g for 5 min and
suspended in 50 mM Tris-HCI (pH 7.1) containing 0.5 M
sorbitol at the concentration of 200 mg/ml. Aconitase ac-
tivity was determined by the coupling with NADP-isoci-
trate dehydrogenase, and the reaction mixture contained
5mM citrate, 025 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.
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Fig. 3 Effect of NaNs on the inactivating effect of pyrazine or py-

rimidine carboxylate of aconitase in baker’s yeast. Experi-
mental conditions were similar to those described in Fig. 2.
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Fig. 4 Effect of dipicolinic acid and pyrazine dicarboxylate on
the activity of aconitase in baker’s yeast in the absence
of KCN. Experimental conditions were similar to those
described in Fig.2 except that yeast cells were mixed
with 50 uM FeSO. and each compound without KCN.
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Fig. 5 EEffect of pyrazine carboxyltes on the inactivating effect
of dipicolinic acid on aconitase in baker’s yeast. Experi-
mental conditions were similar to those described in Fig. 2.
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Fig. 6 Effect of pyridine, pyrazine and pyrimidine carboxylates
on the autooxidation of Fe®*. FeSOu of 0.1 mM was incu-
bated in 10 mM Tris-HCI (pH 7.0) at 37°C. Aliquot of
0.2 ml was mixed with 0.1 ml of 1 mM bathophenanthro-
line disulfonate at the indicated time and the absorbance
at 540 nm was recorded by microplate reader. 4, no ad-
dition ; <, 04 mM pyrazinoic acid; O, 04 mM dipyrazi-
noic acid; @, 0.2 mM dipicolinic acid; [], 0.4 mM orotic
acid; W, 0.6 mM KCN added.

1.ROS Generation by dipicolinate or orotate/iron
complex
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Fig. 7 Generation of reactive oxygen species by pyridine or
pyrimidine/iron and pyrazine/iron complex.
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