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Lyophilized samples of human brain tissue from the region of Globus Pallidus were investigated in powder form
by 57Fe Mössbauer spectroscopy and SQUID magnetometry. The obtained hyper�ne parameters including isomer
shift and quadrupole splitting exhibit a ferritin-like behaviour with high-spin Fe(III) sites. Three types of features
were derived from temperature development of magnetic susceptibility: dominating diamagnetism, dominating
paramagnetism, and intermediate states. The magnetic characteristics of the samples do not correlate with age of
the donors.
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1. Introduction

Iron is the most important metal with high concentra-
tion (205 µg/g wet mass [1]) in some regions of the brain.
It catalyzes reactions forming reactive oxygen species and
it is one of the major factors associated with neurodegen-
erative diseases [2]. Since the iron can exist in organism
mainly in two oxidation states (Fe(II) and Fe(III)), it is
important to identify its oxidation states.

57Fe Mössbauer spectroscopy (MS) is a suitable
method that provides information both on structural
arrangement and magnetic states of the resonant 57Fe
nuclei. MS experiments performed upon parts of hu-
man brains showed that most of the iron in the brain
is ferritin-like [3, 4]. In order to better identify spectral
components of biomedical substances, MS with high ve-
locity resolution was recently introduced [5]. This work
characterizes the magnetic behaviour of iron in Globus
Pallidus.

2. Experimental details

The samples were extracted post mortem from 26 to 85
year old donors (men) according to the Helsinki Declara-
tion. Special attention was paid to avoid manipulations
with magnetisable instruments and environment. Fresh,
soft tissues were dried in a vacuum (lyophilized). In total,
21 samples were obtained in a form of a powder.

57Fe MS of 17 samples was carried out at room tem-
perature in transmission geometry by a standard con-
stant acceleration spectrometer equipped with a 57Co/Rh
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source. Isomer shifts are quoted to bcc-Fe. Magnetic
measurements were done by the SQUID magnetometer
(Superconducting Quantum Interference Device; Quan-
tum Design, model MPMS-XL7) upon 12 samples.

3. Results and discussion

A typical MS spectrum is shown in Fig. 1. The two-
line pattern is characteristic for a non-magnetic material
that demonstrates at room temperature only the param-
agnetism due to the presence of ferritin. All 17 spectra
were re�ned by a single doublet similar as in [3, 6].

Fig. 1. Typical Mössbauer spectrum of Globus Pal-
lidus.

The obtained plot of quadrupole splitting versus iso-
mer shift in Fig. 2 shows that majority of the spectral pa-
rameters can be clearly grouped within one region. Nev-
ertheless, values of 3 samples (open squares) are outside
this area.
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Fig. 2. Quadrupole splitting plotted versus isomer
shift of the room temperature MS spectra of brain sam-
ples (see text).

Fig. 3. Magnetic susceptibility χ (a, c, e) and the prod-
uct functions χT (b, d, f) plotted against temperature
for the Class I (a, b), Class III (c, d), and Class II (e,
f) samples.

During SQUID experiments the samples were placed
into a gelatine-made holder. The obtained temperature
dependencies of magnetic susceptibility χ (at 0.1 T) and
product functions χT can be classi�ed into three classes.
Representative examples that are shown in Fig. 3 cor-

respond to the samples which MS parameters are plotted

by solid circles in Fig. 2. All of them fall into the marked
area.
In the Class I (Fig. 3a), χ increases on cooling only

slightly. On further cooling, it rises more rapidly. Ex-
cept of very low temperatures, χT shows a negative slope
(Fig. 3b). This indicates dominating diamagnetism due
to organic tissue with a presence of paramagnetic and/or
ferromagnetic centres in 6 samples. Class III (2 samples)
is characterized by positive χ in the whole temperature
region (Fig. 3c) and χT adopts a positive slope thus prov-
ing a dominating para/ferro-magnetism (Fig. 3d). Class
II (4 samples) is intermediate: χT rises with temperature
(Fig. 3f) as in the Class III but then reverses sign and
behaves as Class I.

4. Conclusions

Mössbauer spectrometry indicates that Fe occupies
high-spin Fe(III) states and exhibits a ferritin-like be-
haviour in the Globus Pallidus. On the other hand,
SQUID magnetometry has revealed di�erent magnetic
states of the investigated samples. Their origin might
be assigned to distribution in size and shape of the Fe
nanoparticles [7] that a�ect also the blocking tempera-
ture [8], as we have recently determined for human and
horse spleen tissues by MS. Presence of bigger paramag-
netic and/or ferromagnetic iron oxide deposits outside
ferritin (or its inorganic core) cannot be excluded, too.
In the present study, no correlation between the magnetic
characteristics of the samples and age of the donors was
established.
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