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Effect of oxygen on the hydroxylation of adenine by photolytically
generated hydroxyl radical
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Abstract

The adduct formed in ag after the of photolytically generated HO' radical with adenine at the C(8) position, Ade-
8-OH'", is oxidized by ferricyanide or molecular oxygen to give 8-hydroxyadenine (8-OH-Ade). In the former case, Ade-8-OH’ is oxidized
by electron transfer, whereas, in the latter, it undergoes oxygen addition, forming a peroxyl radical, Ade-8-OH-G5. From a comparison of
the yields of 8-OH-Ade in both cases, it is found that only 34%, at most, of the Ade-8-OH-O: radicals eliminate superoxide anion. © 1997

Elsevier Science S.A.
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1. Introduction

A significant fraction of the biological lesions undergone
by living tissues after exposure to ionizing radiation result
from the reaction of the hydroxyl radical HO", produced by
water radiolysis, with DNA [1]. Of the constituents of this
molecule, the purine and pyrimidine bases are particularly
sensitive, since their 7bonds are a preferential target for HO".
As far as the purine bases are concerned. some frequently
observed chemical changes after this reaction are the forma-
tion of 5-formamidopyrimidines and 8-hydroxypurines [2-
4]. Both products have the hydroxyl adduct at C(8) (Ade-
8-OH") as their precursor. The reducing properties of this
adduct have been demonstrated by showing that the formation
of for idopyrimidines. which req the imidazole ring
opening of Ade-8-OH', is strongly inhibited by oxygen [4].
The presence of oxygen has also been reported to lead to an
increase in the yield of 8-hydroxypurines [5,6]. However, at
least in the casc of adenine, the efficiency of molecular oxy-
gen in promoting the oxidation of Ade-8-OH’ to 8-hydroxy-
adenine (8-OH-Ade) is far from complete. Previous studies
have shown that the yields of 8-OH-Ade after vy radiolysis of
aqueous solutions of adenine are increased more by ferricy-
anide, which is a commonly used oxidant for cyclohexadi-
enyl-type radicals [ 7], than by oxygen [6]. In this work, the
HO' radical was generated by UV photolysis of H,0,, and its
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reaction with adenine was followed by observing the for-
mation of 8-OH-Ade. By comparing the yields of this product
using ferricyanide or oxygen as oxidant for Ade-8-OH'. con-
clusions can be drawn concerning the mechanisms involved
in each case, namely the extent of superoxide elimination
from Ade-8-OH-0:. which is required for the formation of
8-OH-Ade.

2. Experimental details
2.1. Chemicals

Adenine (p.a.. Sigma), KH,PO,, Na,HPO, and potassium
ferricyanide (p.a.. Merck) were used without further purifi-
cation. Hydrogen peroxide (30% v/v aqueous solution, p.a.,
Panreac) was titrated with KMnO, in acidic medium and
diluted to 0.1 M before use. 8-Hydroxyadenine was synthe-
sized by the method of Cavalieri and Bendich [8].

2.2. Apperatus

UV photolysis was carried out using a Hanau 150 W high-
pressure Hg lamp and 2.5 ml quartz celis placed 5 cm from
the lamp. Analysis of the irradiated solutions was performed
by a high performance liquid chromatography (HPLC) sys-
tem consisting of a Shimadzu LC-10AS pump, a Reodhyne
model 5125 injector fitted with a 20 pl loop, a reversed phase
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(octadecylsilane) Merck analytical column and a PARC
EG&G model 400 electrochemical detector at +650 mV vs.
the normal hydrogen electrode (NHE). Chromatographic
data were acquired by 2 Merck Hitachi D-2500 integrator.
The eluent was a 10% (v/v) MeOH aqueous solution, buf-
fered at pH 7 with both 1 mM KH,PO, and Na,HPO,.

2.3. Procedure

The sol to be irradiated were prepared i diately
before use and contained 0.5 mM adenine and | mM H101
The pH was adjusted to pH 7 with both 5 mM KH,PO, and
Na,HPO,. When required, oxygen was removed from the
solution by bubbling with argon. After irradiation for periods

in the range 5-20 min, the solutions were immediately ana-
lysed by HPLC.

3. Results and discussion

Electrochemical detection has been successfully employed
for the analysis of 8-hydroxypurines formed by the radioly-
tically or chemically induced hydroxylation of purines
19.10]. This detection method is particularly adequate for
the analysis of 8-OH-Ade, since the retention times of ade-
nine and 8-OH-Ade are similar under the conditions
described above, and adenine is electrochemically inactive at
+650mV.

After UV irradiation. HPLC electrochemical analysis of
the solutions reveals the presence of 8-OH-Ade, even in the
absence of oxygen (Fig. 1). No changes in the composition
of the solutions are observed on irradiation without H,O,, or
with the addition of 0.1 M ethanol, as an HO" scavenger,
before irradiation. These observations rule out the formation
of 8-OH-Ade by photochemical induced by UV
light absorption by adenine. The formation of 8-OH-Ade has
previously been suggested to occur by the oxidation of Ade—
8-OH’ by other adenine radicals or added oxidants [6,11].
However, we observe that the yields of 8-OH-Ade decrease
in the presence of oxygen (Fig. 2). This result strongly sug-
gests that molecular oxygen, in spite of reacting very rapidly
with Ade-8-OH’ [6], is relatively ineffective in promoting
the oxidation of this adduct to 8-OH-Ade. By removing oxy-
gen from the solutions and using ferricyanide anion as an
oxidant for Ade-8-OH’, the concentration of 8-OH-Ade
formed after a 10 min phmolym penod is slgmﬁcan!ly
inci s a limiting pl. withi
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Fig. 1. E} i (for see Section 2) ofa
solution containing initially 0.5 mM adenine and | mM H,0; at pH 7 under
argon after 10 min of UV irradiation. The first broad peak is due to H;O,
and other urrctained solutes: that at 6.93 min is duc to 8-OH-Ade.
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Fig. 2. Formation of 8-OH-Ade by the reaction of 0.5 mM adenine with
HO', generated by the UV photolysis of 1.0 mM H,0,, in aqueous solution
at pH 7 (aerated or deaerated).

ferricyanide concentration ( Fig. 3, for deaerated solution). It
should be noted that the quantum yield of photolysis of H,O,
into HO" radicals is independent of the pH and the presence
of oxygen [ 12]. The ferricyanide anion is a good oxidant for
cyclohexadienyl-type radicals, r g typically by electron
transfer [7]; the rate constant of reaction with Ade-8-OH'is
6% 10°M~' 5" [6]. Therefore the lower yields of 8-OH-
Ade, obtained in the presence of oxygen, must be due to the
fact that this molecule reacts with organic radicals preferen-
tially by addition and not by outer-sphere electron transfer.
In the case of the Ade-8-OH" adduct, the peroxyl radical
obtained after oxygen addition can only lead to the formation
of 8-OH-Ade after elimination of superoxide anion and
deprotonation. The concentration of 8-OH-Ade, formed after
a certain period of photolysis ¢, is given by Eq. (1), which
can be deduced from the foilowing equations by applying the
steady state approximation for HO" and Ade-8-OH" (K,
from | 13}; k, from [6])

&
1/2H,0, + hv - HO

K

HO’ + Ade — Ade — 8 — OH’ + other adducts

(kpm=43X10°M 's™ ")
ki

Ade—~8~OH —8—OH~ Ade

( without added oxidants)
(33
Ade — 8 — OH" — other products

L3

Ade —8—OH +Fe"(CN);~ »8—OH - Ade
+Fe(CN)s " +H* (k,=6X10°M"'s™ ")

1 3~
(8~ OH— Ade] = th—thol (NG ]

ky+ka+ k3 [Fe"(CN)Z ™ | “)

ko is defined as the rate at which the HO' radicals produced
add to the C(8) position of adenine, in concentration/time,
and is numerically equal to k; multiplied by 0.18, which is
the fraction of HO" radicals which add to C(8) in adenine
[6]. In separate experiments, it was found that H,O, pliotol-
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Fig. 3. Effect of the addition of ferricyanide on the formation of 8-OH-Ade
after 10 min of UV photolysis of an aqueous solution containing 05 mM
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in the yield of 8-OH-Ade (Fig. 3, for aerated solu-

adenine and 1.0 mM H,0, atpH 7 (aerated or d d). The
curves represent the numerical fitting to the data ing to
Eq. (1).

ysis, under these conditions, is very slow. Only at closer
distances to the lamp (2.5 cm) was a 5% decrease in H,0,
concentration observed after 20 min. Thus & is approximately
constant during photolysis.

Expression (1) was numerically fitted to the experimental
data and is shown as a curve in Fig. 3 for deacrated solution.
The plateau is numerically equivalent to ¢k, and was found
to be 1.28 +0.02 xM for deaerated solution. By taking the
ratio between the yields of 8-OH-Ade formed via oxidation
by oxygen only (aerated solution, [Fe"(CN)}~]1=0) and
by ferricyanide (plateau, for deaerated solution), the value
found (34%) is a good estimate of the ratio of peroxyl radi-
cals which eliminate superoxide anion with the consequent
formation of 8-OH-Ade (Scheme 1).

The values found by numerical fitting for k, and &, are
7.2%10* s~ " and 6.5X 10 s ™' respectively. Their sum can
be regarded as a global pseudo-first-order constant for the
decay of Ade~8-OH’ into either 8-OH—-Ade or other products.
This value {1.3X 10* s~ ') is clearly smaller than that of a
well-known unimolecular reaction undergone by Ade-8-
OH', i.c. imidazole ring opening, which occurs with a rate
constant of 1.3X10° s~} [13]. The resuits show that the
increase in the yield of 8-OH-Ade caused by ferricyaride is
about ten times higher than expected from its rate constant
for the reaction with Ade-8-OH', compared with the rate

[ for lecular ring opening. This result cannot be
explained unless itis d that the imidazole ring opening
isar ibl ion (Scheme 2), as has been suggested

previously [6].
Another unexpected result is the observation of a similar
effect on addition of ferricyanide to aerated solutions, i.e. an

tion). Under such conditions, Ade-8-OH’ mdicals are cap-
tured much more rapidly by oxygen ([O,] =0.2 mM) ihan
by Fe™(CN);~ (concentration in the range 0-10 uM);
therefore the increase in the yield of 8-OH-Ade must be
explained by the fact that ferricyanide also oxidizes the per-
oxyl radical mentioned above by the following reaction

Ade—8-OH—0;+Fe""(CNj.~ -8
—OH-Ade +Fe™(CN)}~ +0, +H*  (2)

It should be d that the reduction potential for the
couple ferricyanide/ ferrecyanide is +0.336 V [ 14] and that
of Q,/HO; is —0.05 V [15]. It is also noteworthy that, in
this case, the value found for the limiting plateau, 1.28 +£0.02
M, which corresponds lo the m(e of Ade—S—OH' fommuon,
is similar to that obtained in d
that, for [Fe"(CN)2~1=10 pM, all the initially furmed
Ade-8-OH" adducts are quantitatively oxidized to 8-OH-Ade
whether or not they are captured by oxygen.

4. Conclusions

The formation f 8-OH-Ade, from the reaction of HO"
generated by the UV photolysis of hydrogen peroxide with
d is partiaily inhibited by oxygen, in spite of the reduc-
ing properties of the adduct precursor to this product, Ade-
8-OH". This is explained by the fact that the peroxyl radical,
resulting from the addition of oxygen to Ade-8-OH" (Ade-
8-OH-05). eliminates superoxide anion at a rate which
accounts, at most, for 34% of the sum of the rates of ail the
processes by which Ade-8-OH’ decays. Ferricyanide anion
promotes the oxidation of Ade-8-OH' more efficiently than
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oxygen since it reacts by electren transfer. Furthermore, this
inorganic oxidant can oxidize Ade-8-OH-05. Since oxygen
is the most important oxidant under biological conditions,
these results suggest that, after HO" attack at the C(8) position
of adenine, most of the damage is likely to lead to the deg-
radation of the purine skeleton, instead of the formation of
the 8-hydroxy derivative.
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