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Hydroxylation of Deoxyguanosine at the C-8 Position in the Thiosulfate-
Hydrogen Peroxide Reaction System. Evidence of Hydroxyl Radical
Generation in the System
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The thiosulfate-hydrogen peroxide reaction system
generates thiosulfate radical anion and hydroxyl radical.
When 2’-deoxyguanosine (dG) was included in the system, it
was hydroxylated at the C-8 position, and the hydroxylation
was markedly enhanced by addition of a trace amount of iron

ion.

It is known that 8-hydroxydeoxyguanosine (8-0OH-dG)l) is a marker of
DNA damage caused by active oxygen species both in vitro2) and in Vivo.3)
Hydroxylation of guanine base at the C-8 position occurs in hydroxyl
radical-generating systems such as the Udenfriend and the Fenton systems.4)
Cohen and Spencer5) have found that, of the possible reactions between
sodium thiosulfate (NapS303) and hydrogen peroxide (H0,), the one which
predominates is

2 NajyS,03 + 4 Hp0p > NajyS30g + NaySOygq + 4 H0 (1)

Recently, Ozawa and HanakiG) reported formation of thiosulfate radical
anion (S,03% ) in the system. But they did not mention hydroxyl radical
formation. We found that when 2’-deoxyguanosine (dG) was included in the
above systenm, 8-0OH-dG was formed. We also observed a prolonged formation

of hydroxyl radical (HO-) in the system.
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An aqueous solution of 2’-deoxyguanosine (4 mM, 2 ml) containing 100
mM HyOp and 34 mM Na;S,05 was incubated at 37°C for 2 h in the dark (1 M =
1 mol dm-3). In some experiments, iron (Il ) sulfate (FeSO4) was added at
2, 4 or 6 u M. All concentrations were expressed as final concentration in
the reaction vessel. The amount of 8-0H-dG formed in the solution was
measured by using a high-performance liquid chromatograph equipped with an
electrochemical detector, as reported previously.7) A mixture of 100 mM
H;0, and 34 mM NajS»03 was prepared for ESR examination. DMPO (5,5-
dimethyl-1-pyrroline-N-oxide) solution (50 x 1, 1 M conc.) was added to an
aliquot (200 x 1) of the mixture. The time of DMPO addition was varied
from 1 min to 3 h after mixing of Na,S,03 and H,0,. The mixture was trans-
ferred to a flat cell and an ESR spectrum was recorded at room temperature
using a JEOL JES-RE1X spectrometer.

The ESR spectra of radical adducts of the spin trap DMPO are shown in
Fig. 1. The radical (S,03% , Fig. 1-A) was formed in the early stage of
the Na,;S,03-H,0, reaction. The hyperfine couplings were closely resemble
to those of SO3~ 8) (a B=1.60 mT and a N¥=1.45 mT). The radical formed in
the next stage was identified as HO:- based on the good agreement of the
parameters with those reported 9) (Fig. 1-B, a E=1.48 mT and a N=1.48 mT).
These results indicate that the production of S,037T diminishes as the
reaction proceeds. Instead of S,03% , HO:- became the predominant radical
in the solution. The production of HO:- probably started early, because the
absorption of p-nitrosodimethylaniline at 438 nm was decreased by addition
of the freshly prepared Na28203—H202 solution. On the other hand, DMPO
spin adduct of SO3+ formed during photolysis of Na;SO; was detectable by
ESR, whereas HO- was not detectable.s)

iJEE 1 mT

Fig. 1. The ESR spectra of DMPO-trapped radicals produced in the Na2S203-
H,0, system. The spectrum was recorded 2 min after the start of incubation
of 34 mM NayS,03, 100 mM H,O0,, and 200 mM DMPO at room temperature. DMPO
was added 1 min (line A) or 3 h (line B) after mixing of Na,S,03 and HyO0,.
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Spectral data (UV Amax 245, 293 nm, EI-MS TMS deriv. M* m/z 643) of
the product were in agreement with those of authentic 8-0OH-dG.4) Table 1
shows that 8-OH-dG was formed from dG in the Na;S8,03-H,0, system. When
iron (II ) ion was added to the solution, a remarkable increase of 8-OH-dG
formation was observed. However, the FeZ+-Hy0, system (Table 1, E,F,G)
gave only trace amounts of 8-0H-dG. The molar concentration ratio of
Na,;S,03:H,0, was of critical importance for the yield of 8-0H-dG; the op-
timum ratio was found to be from 1:3 to 1:4 when the concentration of Hy 0Oy
was kept constant. This molar ratio is different from that of equation
(1). Addition of catalase, superoxide dismutase, desferroxamine mesylate,
D-mannitol or ethyl alcohol suppressed the formation of 8-OH-dG in a dose-
dependent manner. Superoxide radical anion was not detected by means of
the blue color development test with nitro blue tetrazolium.10) These
results suggest that the hydroxylation of dG was caused by hydroxyl radical
formed in the system. The conversion of dG to 8—OH—dGll) depended on tem-
perature, time and concentrations of dG, Na;S,03 and Hy03. Iron ion, a
common contaminant in commercial chemicals, accelerated 8-0H-dG formation

in the system.

Table 1. Conversion of dG to 8-OH-dG in Naj;S;03-Hy0, systemsa)

Entry Reaction conditions Yield / %

A NayS»03 + Hy0» 0.6
NayS5,03 + Hy0p + 2u M FeSOy 2.1

C NapS203 + Hp0p + 4u M FeSO4 2.5

D NapS203 + H202 + 6u M FeSO4 2.6

E Hp09 + 2u M FeSOy4 0.002

F Hy0> + 4u M FeSOy4 0.004

G H202 + 6u M FeSO4 0.007

H NayS,03 <0.001

a) Each reaction was performed in an aqueous solution containing 4 mM dG.
Concentrations of Na28203 and H202 were 34 mM and 100 mM, respectively.

Thiosulfate radical anion may arise in the Na»S»03-H»0; reaction as

follows.6)
S,032= + Hp0p - S3037 + HO- +OH- (2)

Sulfur trioxide radical anion may arise from sulfite in the similar man-
ner.6,12)  Although sodium sulfite solution (8 mM) converted dG to 8-OH-dG
(yield 0.5% at 37 °C for 24 h, in the dark), the formation of 8-OH-dG was
suppressed (yield 0.03%) when hydrogen peroxide was present in the solu-
tion. These results indicate that the Na,;S0O3-H;0; system provides less HO:
generation. So the Na;S;03-H20» system 1is a wunique system generating
hydroxyl radical. However, equation (2) does not explain the prolonged

formation of hydroxyl radical. It is considered that Na,;S,03 generates a
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chemical species which accelerates the Fenton reaction. When NajyS;03 was
titrated with H203, pPH of the solution drastically changed: neutral—
alkaline— neutral— acidic. The end point expressed as a molar ratio of
Na5;5703:H0) was 1:4.

We propose a reaction mechanism to elucidate our results.
The first stage (from neutral to alkaline):

S,032- + Hy0p, - S503% + HO- + OH- (2)

This reaction involves catalytic effect of iron ion:
Fe2* + Hy0p — Fe3* + HO:- + OH- (2a)
Fe3* + S5032- — Fe2* + S,03~ (2b)
S,032- + HO- - S,03% + OH- (3)

The second stage (from alkaline to acidic):

S,037 + 2H,0, - HO- + OH- + 2S0, + H,0 (4)
2 HO- - H30H (5)
SO, + Hy0p, — 2H* + S042- (6)
The total equation is given by summation of the equations (2,3,4,5,6):
S,032- + 4H,0, — 2H* + 28042- + 3H,0 (7)

Sodium thiosulfate is administered as an antidote to victims of ar-
senic or mercury poisoning. The present results imply that usage of
Na»S>03 for chemotherapy may lead to generation of S203% and HO- radicals
in vivo, because the co-factors, iron ion and Hy05, normally exist in human

organs.
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