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Summary

Biological activity of dihydroxybenzoates was analyzed in relation to the generation of reactive oxygen species.

Prooxidant properties of ortho-, para- and meta- dihydroxybenzoate were analyzed. Protocatechuic acid (3,4 dihy-

droxybenzoate)/iron complex inactivated aconitase, the most sensitive enzyme to oxidative stress in the presence of

sodium azide, an inhibitor of catalase, indicating that hydrogen peroxide and/or superoxide may be responsible for

the inactivation of aconitase. Inactivating effect of gentisic acid (2,5 dihydroxybenzoate) and 2, 3-dihydroxybenzoate/

iron complex required cyanide, an inhibitor of Cu/Zn SOD and cytochrome c oxidase, indicating that these compounds

generates superoxide anion radical. Dihydroxybenzoates with 2,4-, 2,6- and 3, 5-hydroxyl groups did not inactivate

aconitase significantly in the presence of azide and cyanide. Stimulating effect of ortho- and para-dihydroxybenzoate

on the autooxidation of Fe?* suggests that these compounds promoted the reduction of dioxygen molecule by ferrous

ion. meta-Dihydroxybenzoates showed little or no stimulation effect on Fe*" autooxidation.

b N0 R BREBHERIIEER], B X OZFOMRHED
ELTHEARNTESHREEEEZRL, TORFEIE/ L RO
FUROY ) FUETH L, FTVFIVERIZT ALY oMt
W THDH L LIS, ENENERENE, WREEE R
T, =%, Ve FuFTRAFRIIL ORI L
B, WL OO GHIT B REKKRY) 7 = ) — I D53
FEMT, WO GBA T X L—MEEAETSY, SHNIEE
2P Fud YRR A 4 VA RO A B VERRAT
O—ok LCiHMmEAKELY 7 2= 5 —E 0L & i
& LTt L2 Of e 2k 2 b L7 (Fig. Do

Gentisic acid
(2,5-)

Protocatechuic acid
(3,:4-)

2,3-Dihydroxy
benzoate
COOH

/@:OH : :OH i :OH
HOOC OH HO COOH OH

Resorcylic acid
2,4- 2,6-
COOH

COCH
T 0
HO OH HO OH

Fig. 1 Structures of dihydroxybenzoic acids
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Fig. 2 Effects of dihydroxybenzoic acids on the activity of
aconitase in baker’s yeast. Permeabilized yeast cells
(10 mg/ml) prepared according to the method reported
previously? were mixed with each dihydroxybenzoic
acid, 50 uM FeSO,, 1 mM NaN, and 1 mM KCN in 40 mM
Tris-HCl (pH 7.1). After incubation at 37°C for 10 min,
cells were collected by centrifugation at 800 X g for
5 min and suspended in 50 mM Tris-HCI (pH 7.1) contain-
ing 0.5M sorbitol at the concentration of 200 mg/ml.
Aconitase activity was determined by the coupling with
NADP-isocitrate dehydrogenase. Reaction mixture con-
tained 5mM citrate, 0.25mM NADP, 4mM MgCl,
10 mU/ml of NADP-isocitrate dehydrogenase and 1 mg/ml
of yeast. The increase in the absorbance at 340 nm was
recorded. Error bars indicate Mean=SD (n = 3 - 15).
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Fig. 3 Effect of ortho- and para- dihydroxybenzoic acids on the
activity of aconitase in baker’s yeast. Experimental condi-
tions were similar to those described in Fig. 2, except
that preincubation mixtures did not contain KCN. 4, pro-
tocatechuic aicd (3, 4-); [, 2, 3-dihydroxybenzoic acid; &,
gentisic acid (2, 5-)
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Fig. 4 Effect of dihydroxybenzoic aicds on the autooxidation of
Fe?". FeSO, of 0.1 mM was incubated in 10 mM Tris-HCl
(pH 7.1) at 37°C. Aliquot of 0.2 ml was mixed with 0.05 ml
of 1 mM bathophenanthroline disulfonate at the indicated
time and the absorbance at 535 nm was recorded by mi-
croplate reader. 4, no addition; H, 3, 4-(0.05 mM); A, 2,
3-(0.1 mM); (. 2, 5-(04 mM); @, 2, 4-(0.4 mM); <, 2, 6-
(04 mm); A, 3, 5-(0.4 mM) dihydroxybenzoid acids added.
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Table 1

Effect of Dihydroxybenzoate on the Autooxidation of
Fe2+ lon
ty2 (Min)

ortho-, para-
3,4~ (Protocatechuic acid) 4.6
2,3- (2-Pyrocatechuic acid) 10
2,5- (Gentisic acid) 22

meta-
2,4- (B-Resorcylic acid) 50
2,6- (y-Resorcylic acid) >50
3,5- (a-Resorcylic acid) o0
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