Role of iron in neurodegenerations
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Progressive atrophy of brain structure is referred to as
neurodegeneration. The mechanisms of this process,
leading to several neurological diseases of older age, are
not well known. Among several causes the oxidative
stress injury is taken into account. It is known that the
oxidative stress may be triggered by an excess of divalent
iron, which can initiate Fenton reaction:

Fe’* + H,0, — Fe*" + OH'+ OH’

The possible role of iron in neurodegeneration was
studied by various techniques: M&sbauer spectroscopy
(MS), electron microscopy, enzyme-linked immuno-
sorbent assay (ELISA), atomic absorption,
ultrasonography and magnetic resonance imaging (MRI).
The measurements were made on human tissues extracted
from liver and from brain structures involved in diseases
of the human brain: substantia nigra (Parkinson disease,
PD), hippocampal cortex (Alzheimer disease, AD) and
globus pallidus (progressive supranuclear palsy, PSP).
M&ssbauer spectroscopy of all these structures has shown
that most of iron is ferritin-like iron [1]. Ferritin is the
main iron-storage compound in human body [2]. Ferritin
is composed of the protein shell and inner cavity filled
with iron. The protein shell is build of 24 ferritin H and L
chains. H and L ferritins play various roles: H ferritin is
mostly related to an absorption of iron into the protein
shell of ferritin, while L ferritin is involved in the safe
storage of iron within the protein shell. The sizes of the
iron cores of ferritin assessed with the use of electron
microscopy were found to be smaller in brain than in
liver — 3.5 nmvs. 6.5 nm [3]. These values correlate well
with the blocking temperatures determined by M&ssbauer
spectroscopy [4]. Brain ferritin has a higher proportion
of H to L chains compared to liver (H/L in hippocampus
— 14, in globus pallidus — 5, in substantia nigra — 4, in
liver — 0.4) [5]. With the use of ELISA a significant
decrease of the concentration of L chains in PD compared
to control was found — 98 ng/mg wet tissue vs. 52 ng/mg
wet tissue [6].

No increase in the concentration of iron in PD vs. control
was detected, however there was an increase of labile
iron, which constitutes only 2%o of brain iron [7]. In AD
an increase in the concentration of ferritin was noticed,
without a significant increase in iron concentration [8]. In
PSP an increase of total iron was observed [9].

Although the post mortem studies add a lot to the
understanding of the mechanisms of neurodegeneration,
the possibility to assess iron in vivo in patients with
neurodegenerative diseases would be of ultimate
importance. The discovery of hyperechogenicity of
parkinsonian SN by TCS was originally interpreted as the
result of a higher concentration of iron in the tissues [10].
It was shown however, that insertion of iron-loaded

ferritin to the animal brain does not produce
hyperechogenicity. On the other hand, insertion of glial
tissue to the same animal brain, gives a hyperechogenic
signal similar to the one found in PD. One may suspect
therefore that the hyperechogenicity is not the result of
higher iron concentrations in the tissues, but of higher
proportions of glial cells, which replace dying nervous
cells [11].

MRI was also used in studies of the possible role of iron
in the pathogenesis of PD. The published studies gave,
however, controversial results. As in some studies the
change of the T2 MRI signal in PD patients was
attributed to an increase of the concentration of iron in
parkinsonian SN [12] and our MS studies did not confirm
such an increase, we tried to assess, how much iron
loaded ferritin and/or non-ferritin iron is needed to cause
the change of the MRI signal. In this study, phantoms
containing a one liter water solution of five metabolites
present in the human brain grey matter tissue were used
[13]. This experiment showed that the change of the T2
signal appears only when the ratio of ferrous/ferritin iron
is bigger than one. As such high concentration of ferrous,
non-ferritin bound iron was excluded by our MS studies
there must be another cause for the change observed by
MRI.

Our findings suggest that the mechanisms leading to
nervous cells death in these three, investigated by us,
diseases may be different, although all may be related to
iron mediated oxidative stress.
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