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Oxidative stress in mitochondria seems to be in-
timately related with the aging process. Oxidatively 
damaged mitochondria as well as other organelles are 
taken up by lysosomes as units by a specific process 
called macrophagocytosis.67 Inside lysosomes, the 
various mitochondrial components are degraded and 
their building blocks are transported out in order to 
be reused. If non-degradable materials are present in 
the ingested mitochondria, this process is hindered, 
thus exacerbating the accumulation of non-functional 
materials inside the lysosomes.

A crucial concept that remains poorly understood 
is the nature of over-oxidized materials as well as the 
molecular mechanisms that underlie their formation. 
There is strong experimental evidence indicating 
that hydrogen peroxide (especially that generated in 
mitochondria) represents the unifying aging mediator 
(for a review, see ref 24). However, H2O2 by itself is a 

ing aging but it seems likely that combinations of 
different factors contribute toward the appearance 
of variable aging phenotypes, even within the same 
species. These considerations raise the question 
about a common determinant among the various 
aging mechanisms.

Primary and secondary modifications of cell com-
ponents during their turnover period represent a com-
mon phenomenon in all variants of the free radical 
theory of aging. Cell degradation machineries are 
unable to hydrolyze over-oxidized materials, such as 
proteins, lipids, carbohydrates and ribonucleotides, 
thus leading to intracellular accumulation of non-func-
tional aggregates. Moreover, these components can 
exert inhibitory effects on major cellular degradation 
systems, like proteasomes and lysosomes,64 thereby 
further contributing to elevated accumulation of 
over-oxidized non-degradable materials.

Figure 2. Proposed schematic representation of the steps that take place during aging. Oxidative stress conditions lead to formation 
of O2^– and H2O2, which can oxidize cellular macromolecules mainly through the mediation of iron. Normally, the oxidized proteins 
are degraded to the constituting amino acids, which are subsequently used for synthesis of new proteins. However, under conditions 
of elevated levels of H2O2 and/or iron or decreased cellular degradation capacity, secondary oxidation of already oxidized proteins 
takes place and leads to formation of over-oxidized products that are not capable of further processing. The consequences of the 
formation of over-oxidation products are dual. First, they inhibit the cellular degradation systems, and secondly they progressively 
accumulate inside the cells, thus compromising the cells’ structures and functions. These effects are especially apparent in terminally 
differentiated non-divided cells. It is proposed that regulated suppression of labile iron levels may decrease the rate of accumulation 
of over-oxidized materials and in this way favourably influence the aging process.




