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ESR of Copper and Iron Complexes with
Antitumor and Cytotoxic Properties

by William E. Antholine,* Balaraman Kalyanaraman,* and

David H. Peteringtt

The relatively few iron and copper metal complexes which have been examined in cells and tissues for
their redox properties, radical generation properties, and antitumor activity are discussed for studies
which utilized electron spin resonance spectroscopy (ESR). A common preperty of a number of metal
complexes, which include bleomycin, adriamycin, and thiosemicarbazones described in this review, is that
they are readily reduced by thiol compounds and oxidized by oxygen or reduced species of oxygen to
produce radicals. Structural features of these reactions are identified by ESR spectroscopy in model systems
and often in cells, Furthermore, ESR spectroscopy has been most useful to probe the environment of the
complexes in cells and to measure the rate of reduction of their oxidized forms. As a result of these studies,
it is anticipated that more attention will be given to the exploration of redox-active metal complexes as

drugs.

Introduction

It has long been known that the interaction of radia-
tion with cells and tissues is a complicated process be-
ginning with the cleavage of H;O into ¢”, H-, or OH:
radicals. These radical species then react indiscrimi-
nately with cellular constituents. The cytotoxic reac-
tions are thought to involve radical attack on DNA (1~
3). The extent of radiation damage to tissues can be
modified by modulation of their oxygen and thiol con-
tent.

An analogous hypothesis exists for damage to tissues
and cells caused by radicals which are generated by
photolysis or redox chemistry which often involves a
metal ion instead of high energy radiation. While other
papers in this issue center on the detection of radicals,
this paper focuses on metal ecomplexes which can be
catalysts for generation of the more visible radicals and
radical damage. Moreover, this review is limited to a
description of those metal complexes which can be de-
tected by electron spin resonance spectroscopy (ESR).
ESR only detects metal ions with unpaired electrons in
the inner d and f orbitals. Hence, for one electron redox
reactions, it is frequently the case that the metal com-
plex will be reduced to a diamagnetic state, i.e., Cu (II)
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is reduced to Cu (I), and only the steady-state concen-
tration for the oxidized form of the metal can be detected
by ESR.

There are relatively few metal complexes which have
been examined in cells and tissues for their redox and
radical generating properties. Whatever the reasons for
this, it is not for lack of expectation that a variety of
reactions will cecur. Thus, for example, the area of cel-
lular oxygen chemistry is an important domain of me-
tallobiochemistry. Many of the proteins which interact
with oxygen are metalloproteins, including, hemoglo-
bin, cytochrome oxidase, and cytochrome P-450. There
is also abundant evidence that the generation of adven-
tious reduced species of oxygen is a common and del-
eterious occurrence during oxygen metabolism in an
aerobic organist. While these may be initially formed
as byproducts of oxygen-dependent enzymatic reaction,
further reactions are likely to involve metallo-redox
chemistry as deseribed in equations (1)-(3).

ME o+ Q=M + OF 1
M+ 05 =M + 0, (2)
M + HyO, = M**' + OH- + OH' 3

Reaction (3) is often referred to as the Fenton reaction
in which production of OH- occurs at a faster rate than
for the direct reaction of O, with Hy0,, the Haber-
Weiss reaction:

0z + Hy0; — 0, + OH™ + OH (4






