Trace Nutrients Research 37: 2427 (2020)
F =
I/ 7/ -V BReRAF EERICLEMHRFER CIBEHEY
MOoE B FOH B A F

(—EWA - HIES)
(%Z4F 202042 8 JJ 31 H, =8 2020410 H 7 H)

Aminophenol/Transition Metal Complex-dependent Generation of Reactive Oxygen
Species and its Structural Specificity

Keiko Murakami, Masataka YosHINO
Ichinomiya Kenshin College of Nursing, Ichinomiya, Aichi 491-0063 Japan

Summary

Prooxidant properties of aminophenol compounds including 2-(o-), 4-(p-) and 3-(m-) isomers were analyzed.
Aminophenol compounds/transition metal-dependent production of reactive oxygen species was evidenced by the
inactivation of aconitase, the most sensitive enzyme to oxidative stress in permeabilized yeast cells. Aminophenol
compounds of 2-, and 4-isomers produced reactive oxygen species in the presence of copper (cupric) ion. The inacti-
vation required sodium azide the inhibitor of catalase, suggesting that the superoxide radical produced from the 2-
and 4-aminophenol/transition metal complex is responsible for the inactivation of aconitase. However, 3-aminophenol
compound showed no inactivating effect on the aconitase, and 3-isomer did not produce the reactive oxygen species.
Aminophenols of 2- and 4-isomers showed a potent reducing activity of copper (cupric) ion, and further scavenging
activity of DPPH radical, but 3-aminophenol showed only a little effect. Reducing activity of aminophenols may produce
periferryl ion and causing continuous generation superoxide anion by redox cycling. Acetaminophen showed no pro-
oxidant activity, but 4-aminophenol the constituent of this drug could produce reactive oxygen species in the presence
of transition metals. Side effect of excess acetaminophen may be related to the prooxidant activity of aminophenol/

metal complex.
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Fig.1 Structure of aminophenol compounds
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Fig. 2 Effects of aminophenols and acetaminophen on the activ-
ity of aconitase in baker’s yeast in the presence of Cu/
NaN,. Mixtures containing each aminophenol and acet-
aminophen, 5 uM CuSO, and 1 mM NaN, in 40 mM Tris-
HCl (pH71) were preincubated at 37C for 5min.
Permeabilized yeast cells prepared according to the
method reported previously? were added at the concen-
trations of 10 mg/ml. After incubation at 37°C for 5 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. Data represent mean = SD of three different
determinations.
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Fig. 3 Dose dependent effects of aminophenols on the activity of
aconitase in baker’s yeast in the presence of Cu/NaN,.
Experimental conditions were similar to those described
in Fig.2. NS indicates not siginificant versus no addition
and p <0.05 indicates significant versus no addition. <,
4-aminophenol; [ ], 2-aminophenol; @, 3-aminophenol.
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Fig. 5 Scavenging activity of aminophenols and ascorbate on the
DPPH radical. Aminophenols and ascorbate of various
concentrations were incubated with 0.2 mM DPPH in a
total volume of 1 ml ethanol for 30 min. Change in the
absorbance at 516 nm was recorded. <>, ascorbate; [,
2-aminophenol; &, 4-aminophenol; @, 3-aminophenol add-
ed.
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Fig. 4 Effects of aminophenols and ascorbate on the reduction of

copper ion. Reaction mixture of 0.25 ml contained 10 mM
Tris-HCI (pH 7.0), 0.15 mM CuSO,, various concentrations
of compounds and 0.5 mM neocuproine-HCl. The mixture
was incubated at room temperature, and the absorbance
at 456 nm was recorded. <, ascorbate; [ ], 2-aminophenol;
A 4-aminophenol; @, 3-aminophenol added.
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Fig. 6 Effect of aminophesnols 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. <, no addition; [, 0.2 mM 4-aminophe-
nol; &, 0.2 mM 2-aminophenol added.
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Fig. 7 Generation of superoxide anion radical by 2-aminophenol/
transition metal complex

oy, VYY), ¥V UEKELOFH YL Y
UL BB EAEROBEZRLTE 2 —HEMRL
oL ImVERIG 2 AT A LGOI Fig 7108
LD BRADZALDPHEEND, WP #EILIT LY EIT
REBICR T o BREEAF V EBFL S L TR LT
OFF3 ¥y b~V 7)) A4+ ([Fe-0, < Fe'™-0,])
FEET D, VT2 UNAFVIET Ay —EDRIGE
MHL LT, FHOBIGEELIESREI T, SHIZ
Tz INWAF VIEA=—N—=FF L FEEKT S8, EU
BALEB SR A+ IET I ) 72 /) —VOBRTHIZED
HOBITENET2D, XVT YV F b A—I8—F
F I FOERPH L TIrbh s 2 & L% 5,

T3I) 7= VEEWE, TIOEETEFMLEER
TR b7 I 72 UKL LTEHENTWAYET
HDHD, BFTRLZEIICTE N7 I 7 = v BEBRIEN
EREERREEZ RSBV, —J, TEINT I/ 7208
R 5-ORWER &L LCTHHEPMONTVWEA, T M7
I 72 U PERATRBEINTER L4 T3 ) 7=
J—NVOREPHEEINE, —F, TEINTI /) 720D
B THH3 T FT7I N7/ = (Metacetamol)
WA R A - BRI S hTw w37
372 = VHEREER A L T L EFInT b,

SE

1) Miles AM, Grisham MB (1994) Antioxidant proper-
ties of aminosalicylates. Methods Enzymol. 234: 555-
572

2) Roland CBlantz MD (1996) Acetaminophen: Acute
and chronic effects on renal function. Am J Kidney
Diseases 28: S3-S6

3) Murakami H, Yoshino M (1980)

Permeabilization of yeast cells: Application to study

K, Nagura

on the regulation of AMP deaminase activity n situ.
Anal Biochem 105: 407-413

4) Yoshino M, Murakami K (1998) Interaction of iron
with polyphenolic compounds: Application to antiox-
idant characterization. Anal Biochem 257: 40-44

5) Theorell H, Ehrenberg A (1952) The reaction be-
tween catalase, azide and hydrogen peroxide. Arch
Biochem Biophys 41: 462-474

6) Gardner PR, Fridovich I (1991) Superoxide sensitiv-
ity of the FEscherichia coli aconitase. J Biol Chem
266: 19328-19333

7) Jang S. Imlay JA (2007) Micromolar intracellular hy-
drogen peroxide disrupts metabolism by damaging
iron-sulfur enzymes. J Biol Chem 282: 929-37

&) M BT, MG, HUEEZFE (2016) ¥4 o rilk
BN PERR AR D EHHE & PO B FE 3 33 ¢ 31-34

9) Murakami K, Yoshino M (2020) Generation of reac-
tive oxygen species by hydroxypyridone compound/
iron complexes. Redox Report 25; 59-63

10) Murakami K, Haneda M, Yoshino M (2006) Prooxidant
action of xanthurenic acid and quinoline compounds:
role of transition metals in the generation of reactive
oxygen species and enhanced formation of 8-hy-
droxy-2-deoxyguanosine in DNA. Biometals 19: 429-
435



