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cies” (ROS). Helmut Sies also introduced the term 
“oxidative stress” in 1985 to denote “a disturbance in 
the prooxidant-antioxidant balance in favour of the 
former”, thus describing changes in the above-men-
tioned steady-state.9 It has to be stressed, however, 
that terms like “ROS” and “oxidative stress”, as used 
today, create a source of confusion. Molecules col-
lectively regarded as ROS represent either relatively 
inactive compounds, like O2^– and H2O2, or extremely 
reactive ones like ^OHs, singlet oxygen, alcoxyl and 
peroxyl radicals, etc. Consequently, it is not clear 
whether “oxidative stress” refers to a change in H2O2 
equilibrium that can trigger an adaptation response 
or to the generation of ^OHs which leads to severe 
toxicity in cells and tissues.8,10,11 The assumption that 
all ROS fluctuate simultaneously is wrong and often 
results in erroneous conclusions. Physiological varia-
tions in the cellular “redox-equilibrium” are “sensed” 
by the cells, which respond by specific signalling that 
induces adjustments of their metabolism accord-
ing to the existing conditions.12 It is only when the 
level of H2O2 and O2^– surpasses a certain threshold 
that deleterious effects are apparent and become 
dangerous for cell integrity.13-15 As will be discussed 
below, the availability of iron in its redox, active form 
represents the main mediator for the generation of 
reactive radicals from relative non-reactive interme-
diates, like H2O2.

Mechanisms of ROS formation

Stimulated phagocytes represent the major con-
tributor of ROS generation in the human body. These 
cells rapidly increase their oxygen consumption in 
response to appropriate stimuli, a process termed 
“respiratory burst”. The utilized oxygen, however, is 
not coupled to energy production but is instead used 
for monovalent reduction of oxygen to O2^–, catalyzed 
by the enzyme “NADPH oxidase”.16 Superoxide 
anion and oxidants derived from it by complex chain 
reactions are the main contributors in the defense 
against invading foreign microorganisms.17 Although 
this enzymatic generation of O2^– was initially thought 
to be restricted to professional phagocytes, it is ap-
parent today that non-phagocytosing cells are also 
able to produce O2^– in a similar way, albeit at lower 
rates.18 Surprisingly, this property of non-phagocytic 
cells was shown to be required for normal mitogenic 
stimulation.18,19 Subsequent analysis identified that 

Figure 1. Schematic representation of the monovalent reduc-
tion of oxygen to water with the intermediate formation of su-
peroxide anion (O2^–), hydrogen peroxide (H2O2) and hydroxyl 
radicals.(OH).

generation, b) the interactions of reactive oxygen 
radicals with the main cellular components, c) the 
defense and repair mechanisms that counteract the 
formation of irreversibly modified cell components 
and d) the consequences from the accumulation of 
oxidatively modified macromolecules on cell function 
remain incompletely understood and need further 
investigation.

In this paper we will briefly review the biochemical 
basis of ROS formation and the induction of oxida-
tive stress in the cells before focusing our interest on 
the role of iron in the formation and accumulation of 
oxidatively modified macromolecules, which ultimately 
compromise cellular function and lead inevitably to 
senescence and aging.

REACTIVE OXYGEN SPECIES AND OXIDATIVE 
STRESS

Aerobic organisms utilize molecular oxygen as a 
terminal electron acceptor in order to remove the 
electrons that are generated during the process of 
energy producing oxidative catabolism. Direct reduc-
tion of molecular oxygen to water is catalyzed by the 
last enzyme of the respiratory chain, the “cytochrome 
oxidase”, in a 4 electron reduction manner. However, 
a portion of oxygen can be reduced via a univalent 
pathway even under normal conditions, leading to 
intermediate reduction products (Figure 1). In this 
way, reactive intermediates such as superoxide anion 
(O2^–) and hydrogen peroxide (H2O2) are continuously 
formed and removed inside the cells even under 
normal conditions.6,7 This leads to an intracellular 
steady-state concentration of these agents, which 
may vary between different kinds of cells or different 
compartments of the same cell, as the rates of their 
generation and removal may differ considerably.8 
Hydrogen peroxide, superoxide anions, hydroxyl 
radicals and other reactive compounds derived from 
them are collectively called “reactive oxygen spe-




