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Magnetic microstructure of iron contained in selected biological tissues is characterized and mutually com-
pared. We have studied three types of biological samples prepared from human brain, human and horse spleen.
Original samples were lyophilized (dried in a vacuum) thus providing powder forms. As a principal method of
study, 57Fe Mössbauer spectrometry in transmission mode was used. The Mössbauer spectrometry experiments
were performed at room (≈ 300 K) and at liquid helium (4.2 K) temperature. At room temperature Mössbauer
spectra show doublet-like features. Such behaviour indicates possible presence of nanoparticles with fluctuating
magnetic moments that acquire arbitrary positions. On the other hand, low temperature Mössbauer spectrometry
measurements demonstrate significant contribution of sextets that confirmed occurrence of blocked magnetic mo-
ments of iron-containing particles. Different relative contributions of magnetic components in the low temperature
spectra for the three inspected biological tissues suggest differences in the blocking temperatures of the magnetic
nanoparticles present in them.
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1. Introduction

Iron is essential for life since it is required for active
sites of many metalloproteins that play a key role in cru-
cial biological processes such as oxygen transport, storage
and use of oxygen in many oxidation-reduction reactions,
as well as in electron transfer reactions within the cell [1].

Despite the fact that the iron in the body is indis-
pensable, its concentration in biological tissues must be
strictly controlled, because iron deficiency leads to cogni-
tive and behavioural changes in humans and on the other
hand, an increase of iron, and especially of ferrous iron,
may be deleterious for living tissues as it may trigger
production of free radicals [2].

Since the early days of the Mössbauer spectroscopy,
studies of biological and medical materials were of close
interest [2]. The first of these studies by Gonser in
1965 [3] included the Mössbauer spectra of different types
of haemoglobin and continued with investigations of iron
in organs as liver [4], spleen [5, 6] or brain [7, 8] by other
authors. In this work, we compare magnetic behaviour
of iron in selected biological tissues by the Mössbauer
spectrometry.

2. Experimental details

The samples from a human brain, human and horse
spleen were extracted post mortem at the Depart-
ment of Pathological Anatomy, Comenius University in
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Bratislava, in accordance with the Helsinki Declaration.
The samples of human brain were extracted from the re-
gion Globus Pallidus which is a part of Basal Ganglia.
Fresh, soft tissues were dried in a vacuum (lyophilized)
and the resulting samples were obtained in a form of
powder.

Samples were analysed by 57Fe Mössbauer spectrom-
etry (MS), which was carried out using a standard con-
stant acceleration spectrometer with a 57Co source em-
bedded in a rhodium matrix. All experiments were per-
formed in transmission geometry at room temperature
and at the temperature of 4.2 K using liquid helium bath
cryostat. Hyperfine parameters of individual spectral
components were refined by the CONFIT curve-fitting
program [9]. Velocity calibration was performed by a
12.5 µm thick α-Fe foil. Isomer shifts are given with re-
spect to a Mössbauer spectrum of the calibration α-Fe
foil taken at room temperature.

3. Results and discussion
The Mössbauer spectra obtained at room tempera-

ture from all investigated samples exhibit doublet-like
features. They are shown in Fig. 1. At room temper-
ature, all samples were measured in a narrow velocity
range ±4 mm/s to allow better resolution of the spectral
lines. Doublet-like spectra are characteristic for a non-
magnetic material that is paramagnetic at room temper-
ature and/or are caused by superparamagnetic behaviour
of small Fe-containing particles. Presence of the latter in
spleen tissues was confirmed by transmission electron mi-
croscopy [10]. Particles with similar sizes exhibit super-
paramagnetic behaviour as evidenced by magnetic mea-
surements of synthesized magnetoferritin [11].
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Fig. 1. Mössbauer spectra of human brain (a), human
spleen (b), and horse spleen (c) measured at room tem-
perature.

TABLE I

Parameters derived from the Mössbauer spectra of biologi-
cal tissues that were recorded at room temperature includ-
ing relative area A [%], isomer shift IS [mm/s], quadrupole
splitting QS [mm/s] and linewidth Γ [mm/s].

Component A IS QS Γ

Human brain
D1 21 0.38 0.66 0.34
D2 79 0.35 0.57 0.57

Human spleen
D1 28 0.37 0.97 0.41
D2 46 0.34 0.55 0.32
D3 26 0.45 0.53 0.28

Horse spleen
D1 25 0.36 1.06 0.36
D2 44 0.31 0.60 0.31
D3 31 0.45 0.59 0.28

The Mössbauer parameters of room-temperature dou-
blets are listed in Table I. They can be assigned to
hematite (D1) and ferrihydrite (D2) [6]. Doublet D3
can be due to magnetite and/or maghemite [10]. In the
brain sample, D2 probably represents both hematite and
ferrihydrite. No traces of sextets were revealed. It is

noteworthy that X-ray diffractograms performed upon
a sample of human spleen showed featureless broadened
reflections [10] that are characteristic for a XRD amor-
phous material. They also confirm that the structure of
ferritin particles is highly disordered and/or consists of
particles with very small dimensions. Consequently, su-
perparamagnetic behaviour of the latter can be expected.

As far as the relative amount of iron in the investigated
tissues is concerned, we can estimate it from the scales
of y-axes in Fig. 1 as well as from the scatter of experi-
mental data. The lowest Fe content, which is at the limit
of this technique, is seen in the sample of human brain.
Sufficient quantity of Fe is found in the spleen samples.
They also exhibit rather close hyperfine spectral param-
eters which suggest structural similarities between these
two biological tissues. In all samples, structural positions
of Fe in ferrihydrite are very alike as demonstrated by the
respective hyperfine parameters of the D2 doublet.

Changes in the magnetic ordering of the investigated
samples were observed after low-temperature measure-
ments. The Mössbauer spectra contain along with sextets
also one doublet. The resulting Mössbauer spectra of hu-
man brain, human and horse spleens are plotted in Fig. 2.
Their decomposition into individual spectral components
is also shown. Doublet-like components in the spectra ob-
tained at 4.2 K indicate presence of very small particles
with blocking temperature lower than 4.2 K. They also
demonstrate differences among the investigated samples
from the point of view of superparamagnetic behaviour
of this component. While its presence in the horse spleen
sample is negligible it constitutes a significant portion in
the human one and sufficiently well recognized doublet
in the brain sample.

TABLE II

Parameters derived from the Mössbauer spectra of biological
tissues that were recorded at 4.2 K including relative area
A [%], isomer shift IS [mm/s], quadrupole splitting/shift
QS [mm/s], hyperfine magnetic field of the sextet compo-
nents Bhf [T], and linewidth Γ [mm/s].

Component A IS QS Bhf Γ

Human brain
S1 59 0.45 –0.06 50.23 0.59
S2 12 0.46 –0.13 48.16 0.42
S3 17 0.45 –0.14 44.05 0.73
D1 12 0.44 0.60 – 0.34

Human spleen
S1 23 0.47 –0.12 50.88 0.51
S2 18 0.48 –0.12 49.13 0.46
S3 17 0.45 –0.11 46.57 0.75
D1 42 0.41 0.47 – 0.56

Horse spleen
S1 13 0.51 –0.04 51.57 0.39
S2 45 0.49 –0.07 49.74 0.53
S3 26 0.47 –0.09 47.57 0.55
S4 14 0.42 –0.05 44.25 0.81
D1 2 0.45 0.54 – 0.45
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Fig. 2. Mössbauer spectra of human brain (a), human
spleen (b), and horse spleen (c) measured at 4.2 K.

The derived values of the spectral parameters in-
cluding line area (A), isomer shift (IS), quadrupole
shift/splitting (QS), hyperfine magnetic field (Bhf ), and
line width (Γ) are listed in Table II. The corresponding
errors are of ±1.5 %, ±0.02 mm/s, ±0.04 mm/s, ±0.15 T,
and ±0.04 mm/s, correspondingly.

We assign the individual spectral components as fol-
lows [10]: S1 — hematite, S2, S3 — ferrihydrite core and
surface, respectively, S4 — magnetite and/or maghemite.
The latter can be partially included also in S3 of the brain
and human spleen samples. To distinguish between mag-
netite and maghemite only from the current Mössbauer
spectrometry data is not so straightforward because the
obtained hyperfine parameters deviate from those of pure
substances presumably due to size and substitutional ef-
fects as evidenced by relatively large values of linewidths
(Γ >∼ 0.75 mm/s) as seen in S3 and S4 spectral compo-
nents listed in Table II. Unfortunately, XRD turned out
to be of a limited use for their identification, too [10]. D1
probably represents very small ferrihydrite and/or mag-
netite/maghemite particles.

4. Conclusions

Magnetic behaviour of Fe-containing nanoparticles
that are found in biological tissues was studied by the
help of 57Fe Mössbauer spectrometry. While at room

temperature the obtained Mössbauer spectra show ex-
clusively doublet-like character, they are split into sex-
tets after lowering the temperature of measurement to
4.2 K. The spectra pointed out similarities among the
investigated biological tissues as far as identification of
individual structural components is concerned. Tough
having slightly different hyperfine spectral parameters,
basically the same structures, viz. hematite, ferrrihy-
drite, and magnetite and/or maghemite were revealed in
all biological samples of different origin.

In order to characterize the particular structures more
precisely, one has to consider Mössbauer experiments at
low temperature with applied external magnetic field.
Because of extremely low concentration of iron namely in
human brain tissues such experiments are very demand-
ing. In fact, even low temperature Mössbauer spectra
of brain tissue are rather rare in a literature [2, 7]. On
the other hand, namely the Mössbauer spectrometry is
capable of providing evidence on local structural and/or
magnetic arrangement of iron-containing nanoparticles in
biological tissues.
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