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Morphochemical Changes in the Human Striatum in Aging
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Abstract—Age-dependent neurodegenerative diseases, including Parkinson’s disease, are characterized by a
group of pathomorphological signs, such as neuronal death in certain brain structures, gliosis, and iron accu-
mulation. However, literature data confirm that these signs can also be observed in normal (physiological)
aging. The aim of the study is to evaluate qualitative and quantitative morphochemical changes in neurons
and neuroglia in the human striatum in physiological aging, as well as changes in the localization of iron(II)
compounds. It is found that neuronal cell bodies become significantly smaller in size at older ages, as com-
pared with mature years, although the density of their distribution does not differ; the distribution density of
total neuroglia and astrocytes, however, becomes higher at older ages. In addition, accumulations of iron(II)
compounds are diagnosed along the vascular walls and inside the cytoplasm of neurons and glial cells. The
indicators of physiological aging obtained in this research may serve as a basis for comparative studies of neu-
rodegenerative processes in normal and pathological aging and for the pathomorphological diagnosis of age-
associated neurodegenerative diseases, including Parkinson’s disease.
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INTRODUCTION
Aging is associated with significant disorders in the

structure and functions of different brain regions and
is one of the main risk factors for developing neurode-
generative diseases, such as Parkinson’s (PD) and Alz-
heimer’s diseases. Normal (physiological) aging and
PD have some similar functional and neuroanatomi-
cal changes [9]. Development of bradykinesia, shuf-
fling gait, involuntary motor activity, and disorders in
the coordination of movements in both PD and nor-
mal aging are thought to be associated with disorders
of dopaminergic regulation in the nigrostriatal system
[3, 10]. Pathomorphological changes, which are com-
mon during physiological (normal) aging and the
aging associated with various neurodegenerative dis-
eases, such as PD, also include the neurodegeneration
of the nigrostriatal system, the pathological protein
aggregation, and the accumulation of iron and lipofus-
cin [14, 19, 24]. Changes in the amount and morphol-
ogy of glial elements play a significant, although not
completely clear, role in the pathogenesis of both PD
and normal aging [17]. For example, astrocytes not
only fulfill the trophic function and are one of the ele-
ments of the blood-brain barrier, but also actively par-
ticipate in the formation and support of synapse func-
tions [8]. According to different data, they may either
contribute to [12] the damage of neurons or protect [6,
16] them during a neurodegenerative process. Consid-
erable attention has been given in the literature over
the last years to the study of accumulation of iron

compounds in basal nuclei during neurodegenerative
processes. Iron ions participate in many reactions,
and, therefore, disorders in their metabolism lead to
oxidative stress, inflammation, and, as a result, neuro-
degeneration [13, 24]. According to magnetic reso-
nance imaging (MRI) data, the iron content in the stria-
tum increases in both PD [13, 24] and normal aging [11,
22], however, its localization in the human striatum
tissue has not been described so far at the cell level.
Despite the abundance of studies dedicated to patho-
morphological changes in the substantia nigra and the
striatum of PD patients and in Parkinsonism models,
it is still unclear whether these changes are actually
signs of pathological aging. Hence, it is especially
important to study the processes taking place in the
brain during normal aging.

The aim of the study was to evaluate qualitatively
and quantitatively the morphochemical changes in
neurons and neuroglia, as well as to determine the
localization of iron (II) compounds in the human stri-
atum in physiological aging.

MATERIALS AND METHODS

We studied the post mortem brain of 34- to
57-year-old people (three men and two women) and
older persons (two men and three women) who died at
ages of 76 to 89 from diseases not associated with neu-
rological and mental disorders. Autopsy material was
303
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Fig. 1. Morphometric changes in the human striatum with aging. The size of neuron body (а); neuronal density (b); the density
of total glia (c); glia-to-neuron ratio (d) in the old-age group (dark bar), compared to the mature one (white bar); neurons and
glia in a mature person (e) and an old-aged person (f), the arrow indicates clusterization of oligodendrocytes along the blood ves-
sel; a cluster of glial cells around the dead neuron (g) and lipofuscin in the cytoplasm of neurons (h); Nissl staining; *р < 0.05,
Mann–Whitney test.
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taken 5–11 h after death and fixed with 4% formalin
on a phosphate buffer (рН 7.2–7.4).

The autopsic brain specimens of 0.5 cm thickness
containing the caudate nucleus and putamen were cut
into frontal sections of 40 μm thickness, using a Series
1000 microtome (USA). One part of the sections were
placed on slides and stained with either cresyl violet by
the Nissl method or by Kluwer–Barrera Luxol fast
blue. Another part of the sections was placed in a
phosphate buffer (pH 7.2–7.4) and used for perform-
ing histochemical, immunohistochemical, and
immunofluorescent reactions. Iron(II) compounds
AD
were detected on floating sections by the Perls
method; cell nuclei were counterstained with cresyl
violet or carmine. Astrocytes were localized immuno-
histochemically using mouse monoclonal antibodies
against glial fibrillary acidic protein (GFAP, Sigma 1 :
200). 3,3-Diaminobenzidine with cobalt chloride was
used as a chromogen. At least three sections were
taken from each case for morphometry, and ten ran-
domly selected fields of view were studied for each sec-
tion, using a Leica DMLB light microscope with a
digital photocamera and the Leica Qin software to
analyze images. A NikonEclipse Ni–U luminescent
VANCES IN GERONTOLOGY  Vol. 9  No. 3  2019
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Fig. 2. GFAP-positive astrocytes in the striatum in old age. (а) The cell density and (c) the size of the body of GFAP-positive
astrocytes in the striatum in the mature group (white bar) and in the older age group (dark bar), *р < 0.05, Mann–Whitney test;
(b) the distribution of GFAP-positive protoplasmic astrocytes in the striatal tissue: long arrows—astrocytes of the first (resting)
morphotype with poorly stained somata and long thin processes; the arrowheads—astrocytes of the second (activated) morpho-
type with intensively stained large body and short thick processes; the short arrow—astrocyte of a transitional morphotype,
immunohistochemical staining for GFAP; (d) GFAP-positive astrocyte of the resting morphotype (green), not containing lipo-
fuscin in the cytoplasm (the arrowheads), lipofuscin autofluorescence in the neuron bodies (thick arrows); (e) GFAP-positive
astrocyte of the activated morphotype with the hypertrophic soma and the aggregation of lipofuscin granules in the cytoplasm
(the thin arrow), lipofuscin autofluorescence in the neuron bodies (thick arrows); immunofluorescence.
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microscope with a Nikon DS-Qi digital camera was
used to visualize the immunofluorescent reaction.
Neurons, as well as total neuroglia (total number of
astrocytes and oligodendrocytes), were counted and
the area of neuronal bodies was measured on the Nissl
stained sections in the microscope field of view at 40×
magnification. The glia-to-neuron ratio was defined
as the ratio between the total number of gliocytes and
the number of neurons. The density of the GFAP-
positive astroglia and the areas of astrocyte bodies
were measured at 25× and 40× magnifications,
respectively, on the GFAP-stained sections. The sig-
nificance of differences between the compared param-
eters was determined by the nonparametric Mann–
Whitney test.

RESULTS AND DISCUSSION

Neurons having the body area smaller than 200 μm2

were predominant in the striatum of the investigated
ADVANCES IN GERONTOLOGY  Vol. 9  No. 3  2019
age groups (95%), and their sizes were smaller at older
ages, compared with mature ages: 129 ± 0.9 and 140.5 ±

1 μm2, respectively (Fig. 1а). No differences were
detected in the density of neurons in the striatum of
the examined age groups (Fig. 1b), but the density of
neuroglia was almost one third higher at older ages
than at mature ages (Fig. 1c), which was reflected in
the ratio between neuroglia and neurons. The glia-to-
neuron ratio at mature and older ages were, respec-
tively, 2.2 and 2.8 (Fig. 1d). GFAP-positive astrocytes
were predominantly localized near bundles of fibers,
in the internal capsule area, and around large blood
vessels. Fibrous astrocytes were identified inside bun-
dles of fibers, and protoplasmic ones in the gray matter
of the striatum. The staining intensity of the fibrous
astrocytes, especially for older ages, was higher than
that of the protoplasmic ones. The density of proto-
plasmic astrocytes was significantly higher on the por-
tions of the sections not containing bundles of nerve
fibers in the older age group compared to mature age
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Fig. 3. Localizations of iron(II) compounds in the human striatum at mature (а) and older ages (b to g). (а) Rare individual iron
aggregates at a mature age; (b) aggregates of iron(II) compounds along a large blood vessel at an older age; (c) iron(II) in the cyto-
plasm of a neuron together with lipofuscin; (d) in microglia cells; (e) in an activated astrocyte; (f, g) in oligodendrocytes; staining
by the Perls method with counterstaining by the Nissl method (c, d, and e) or carmine red (а, b, and f, and g).
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(Fig. 2а). The arrangement of astrocytes preserved the
domain nature, and their processes almost did not
overlap (Fig. 2b). Three morphotypes of astrocytes
were identified: with a small soma and numerous long
fine processes (Fig. 2b, the long arrow), another large
soma and short thick processes (Fig. 2b, the triangle
arrow), and the transitional type (Fig. 2b, the short
arrow). All types of astrocytes were identified in both
older and mature age groups, but activated astrocytes
with hypertrophic somata were more frequently related to
older age (Fig. 2c). Lipofuscin aggregates were more
frequently observed in older than in mature age groups
in the cytoplasm of neurons (Fig. 1h) and some cells of
astroglia (Fig. 2e). The content of iron(II) compounds
(Figs. 3a and b) detected along the walls of vessels
(Fig. 3b) and sometimes in the cytoplasm of neurons
(Fig. 3c) and glial elements (Figs. 3d, 3e, 3f, and 3g)
was higher at older than mature age (Figs. 3а, 3b).

Morphometric study has shown a significant
decrease in the mean size of neuronal bodies at older,
compared with mature, age, which confirms the cell
atrophy and which characterizes not only basal nuclei with
aging, but also the subcortical brain structures [1, 23].
However, the neuronal density in the human striatum
did not differ between mature and older ages. Analo-
gous results have also been obtained in animals [4].
Whereas some authors reported a decrease in the neu-
ronal density in the human striatum, other research-
ers, on the contrary, noted that this indicator
increased with aging, which was probably associated
with a reduction in the total size of the striatum with
AD
aging [18]. The data on neurodegeneration in the stri-
atum in Parkinsonism are also controversial [5].

The conducted study has shown gliosis in the stria-
tum of old-aged people, which was manifested in the
increased density of both the total glia and GFAP-pos-
itive astrocytes. Astrogliosis, in turn, was manifested
in an increase in the density of GFAP-positive astro-
cytes, a higher intensity of staining observed in their
bodies and processes, and changes in the morphology
of astrocytes. The greater amount of GFAP-positive
astrocytes more associated with older than mature age,
may be due to an increase in the expression of this pro-
tein in cells, making them visible on immunohisto-
chemically stained preparations, rather than an increase
in the number of the cells themselves [20]. We identified
three cell morphotypes among the GFAP- astrocytes.
The first type of identified cells corresponds to resting
astroglia described in the literature, whereas the sec-
ond type corresponds to activated astroglia [15]. Acti-
vation of astroglia is seen in both normal aging [8, 15]
and a variety of neurodegenerative diseases, including
PD [7, 16]. A number of studies have shown that reac-
tive astrocytes can perform the inflammatory, as well
as anti-inflammatory, functions [21]. The absence of
reduction in the neuronal density and the higher levels
of GFAP expression shown by this study correspond to
the suggestion that astrogliosis may be a factor pro-
tecting neurons from death during the development of
a neurodegenerative process [6]. Our data correspond
to the contemporary ideas that a reduction in the vol-
ume of brain structures is rather associated with invo-
VANCES IN GERONTOLOGY  Vol. 9  No. 3  2019
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lutive changes in the neuropil and the shrinkage of
neuron cell bodies than with neuronal death [2, 23].

Lipofuscin has been found in the older age group
not only in neurons, where it occupies a significant
portion of the cytoplasm, but also in astroglial cells.
Overloading with lipofuscin indicates disturbances in
the processes of lipid degradation [19].

CONCLUSIONS

We have histochemically shown the accumulation
of iron in the striatal tissue at older ages, which corre-
sponds to the MRI data [11, 22]. It has been shown for
the first time at the cell level that iron-containing
inclusions are mainly localized along the walls of vessels,
as well as inside the cytoplasm of neurons and glial cells.
The iron accumulation in the striatal tissue contributes
both to normal aging [11, 22] and to neurodegenerative
diseases, including Parkinson’s disease [13, 24].

Thus, the obtained data on morphochemical changes
in the striatum in normal aging provide a basis for the
study of neurodegenerative processes and the confirma-
tion of diagnosis of neurodegenerative diseases associ-
ated with aging, including Parkinson’s disease.
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