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In a hedth preventing perspedive, detedion of
in vivo oxidative damage to DNA can be very useful for
screaening and evaluating the effed caused to DNA by
hedth hazadous compounds and oxidising substances in
general, for which voltammetric methods are an
inexpensive and faster detedion procedure.

Eledrochemicd voltammetric in situ detedion of
DNA oxidative damage caused by reduced adriamycin, an
antibiotic of the family of anthracyclines, intercdated into
DNA was possble using a DNA-eledrochemicd
biosensor. The results indicae that adriamycin
intercdated in double helix DNA can undergo oxidation
or reduction and cause oxidative damage to DNA by
reading spedficdly with the guanine moiety in guanine-
rich regions at CpG homologous squences, and thenceto
the formation of mutagenic 8-oxoG residues, the main
product of guanine oxidation.

Adriamycin reduction occurs inside the dsDNA
layer and clealy conditions the ariamycin-dsDNA
interadion asthe radicd formed can interad with DNA in
situ and the products of DNA damage ae retained in the
DNA layer and deteded by eledrochemistry. Since the
experiments were caried out in buffer, the peaks recorded
for the reduction or oxidation d adriamycin can only be
attributed to the readion o adriamycin molecules that are
inside the film of dsDNA on the modified glassy carbon
eledrode.

The in situ generation of the ariamycin
semiquinone radicd at -0.60V permits a detail ed study of
this interadion mechanism. A mechanism is propaosed for
the generation of 8-0xoG when a negative anditioning
potential is applied, via intercdation of adriamycin into
the double helix DNA. In the mechanism baoth adriamycin
eledroadive functiona groups (the oxidisable
hydroquinone group and the reducible quinone function)
are intercadated between the base pairs in the DNA-
adriamycin complex in close interadion with the GC base
pair. The reducible quinone group protrudes dightly into
the major groove, and this enables in situ (in helix)
generation of an adriamycin radicad within the double
helix and involves the simultaneous oxidation of one
neighbouring guanine residue.

In this way eledron transfer from the guanine
moiety to the quinone without hydrogen abstradion is
likely to be the predominant readion leading to the
formation of the guanine radicd cation. Due to the fast
hydrolysis of the radicd caion, the semiquinone
undergoes further reduction to the fully reduced
adriamycin and the formation of 8-oxoG occurs. So the
hydrolysis step is followed by a second eledron transfer
and leads to the ultimate formation of 8-oxoG and
reduced adriamycin. Therefore, a redox readion between
adriamycin and guanine residues inside the double helix
of DNA can be wnsidered, in order to explain the
experimental data.

Contrary to the oxidation of free guanine in
solution, in the biopdymer deprotonation of the guanine
radicd cation is partially prevented by base-stadking
interadions with cytosine, and the hydrolysis readion is
most favourable to occur in double helix DNA. The
transitory generation d the guanine radicd caion close to
the ariamycin semiquinone radicd may result in an
adriamycin-base alduct formation that competes with the
hydrolysis step. Intercdation may cause sufficient
distortion of the dsDNA to expose the radicd caion to
hydrolysis. The Te-stadked base pairs in double helix DNA
might serve & a pathway for charge transport mediating
the redox readion between adriamycin radicds, generated
during reduction, and guanine residues in the double
helix. The trapping by water of the generated radicad
cdion leals to in situ formation of the oxidative DNA
damage product 8-oxoG, and further oxidation of 8-oxoG
could lea to hydrolysis of the glycosidic bond generating
an abasic site. This could disrupt the double helix causing
strand bredk, exposing 8-0xoG residues and ather purines
to the dedrode surfacethat can then be oxidised.

This model for the dedrochemicdly observed in
situ oxidative damage to DNA may be used to explain the
levels of 8-0xoG found when cdls are treded with
adriamycin as well as its well know freeradicd adivity.
This is very relevant becaise the mechanism of
interadion of DNA-adriamycin at charged interfaces
mimics better the in vivo DNA-adriamycin complex
stuation, where it is expected that DNA is in close
contad with charged phospholipid membranes and
proteins, rather than when the interadion isin solution.

The potential use of the DNA film-modified
GCE for the understanding of DNA interadions with
moleaules or ions explores, in a promising way, the use of
voltammetric techniques for in situ generation of readive
intermediates and is a mmplementary tod for the study of
biomolecular interadion medanisms.



