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Iron and its relation to glycoconjugates in human globus pallidus
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Abstract: Iron and eosinophilic, argyrophilic spheroid structures of glycoconjugates are observed in the pallido-
nigral system of human and nonhuman primates. In the present study, we map the localization and distribution 
of ferritin and hemosiderin and their relation to neutral and acidic (sulphated and carboxylated) glycoconjugates 
in human globus pallidus. We investigated tissues of human globus pallidus without any motor abnormalities 
and psychiatric symptoms. Acidic (Alcian blue, AB pH 2.5) and neutral glycoconjugates (PAS reaction) showed 
spheroid deposits with the size of 5–15 μm. Staining reaction utilizing AB (pH 1.0) displays sulphated fi bers 
and highly sulphated (AB pH 0.5) glycoconjugates round deposits. AF/AB pH 2.5 for separating sulphated from 
carboxylated glycoconjugates revealed the presence of both sulphated and carboxylated glycoconjugates. Perls’ 
and Turnbull’s positive reaction showed the presence of Fe(III) and Fe(II) (hemosiderin) and Ag-NOR reaction 
showed ferric phosphate (ferritin) deposits. Scanning electron microscope with microanalysis revealed the iron 
in glycoconjugates globular deposits. We suppose the presence of glycoconjugates in the samples is the result 
of elimination and inactivation of iron as inductor of reactive oxygen species. They can be a useful neuropro-
tective agent in CNS degradation (Tab. 2, Fig. 7, Ref. 44). Text in PDF www.elis.sk.
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Iron is the most important metal with a high concentration in 
some regions of the brain. The basal ganglia have the highest iron 
concentrations in the brain, particularly the globus pallidus and 
substantia nigra (1). Basal ganglia iron accumulation is associated 
with neuronal death in Alzheimer disease, Parkinson disease, epi-
lepsy, Huntington disease, dementia with Lewy bodies or multiple 
sclerosis (2–4). Iron catalyzes reactions forming reactive oxygen 
species (ROS) (5). However, its activity depends mosthly on its 
ligand-based environment. Iron in human tissues can be found in 
the form of ferritin and/or hemosiderin (its breakdown product) 
(8, 9). Perls’s blue stain is traditionally used for iron detection. 
Tham and Cousar (10) used Perls’s blue staining and silver stain 
(Ag-NOR) for iron detection in ringed sideroblast. They found that 
Ag-NOR method is a more sensitive marker for the iron deposi-
tion because of it stains lower amount of iron in ferric phosphate 
complex (ferritin). 

Spheroid structures were observed in the pallido-nigral system 
of humans and nonhumans primates (11–13). These structures are 

generally eosinophilic, argyrophilic and iron pigmented. The di-
ameter of these structures ranges from 5 to 50 μm. Willwohl et al 
(14) suggest according to the cellular origin two groups of spher-
oid: the fi rst one are spheroids from degenerative axons and the 
second from microglia. As human beings age, increasing numbers 
of small round amorphous bodies is found. These round shape de-
posits were clearly detected by hematoxilin-eosin, alcian blue at 
low pH, PAS and Hale’s dialysed iron (15, 16). 

These results indicate the glycoconjugates composition of 
some of the spheroid structures. From this point of view, for the 
fi rst time is investigated the localization and distribution of iron 
(ferritin/hemosiderin) and their relation to neutral and acidic (sul-
phated and carboxylated) spheroid glycoconjugate structures in 
human globus pallidus. 

Material and methods

Samples
Postmortem brain tissue sections from globus pallidus exter-

nus were routinely obtained at autopsy to prepare tissue sections 
for the pathology diagnosis in our departments. 

Tissues were taken from 18 individuals without clinical fi nd-
ings of any motor abnormalities, iron metabolism, movements 
involving limbs, face, tongues (Tab. 1). 

Light microscopy
The samples were fi xed in 10 % formaldehyde for 24 hours 

and embedded in paraffi n blocks, cut by microtome to 5 μm thin 
sections and mounted on gelatin-coated slides. Sections were 
stained for general morphological purposes by haematoxylin and 
eosine, Perls’ and Turnbull method, Alcian blue (AB), Periodic 
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acid-Schiff’s (PAS), Alcian blue/aldehyde fuchsin (AF) and Ag-
NOR (Tab. 2). Tissue sections were then covered by cover glass 
and the samples were examined under the light microscope Eclipse 
E50i (Nikon, Japan). 

Scanning electron microscopy (SEM) and energy-dispersive X-
ray analysis (EDX) 

We used 3 % fi xation solution of glutar(di)aldehyde buffered 
by phosphate for scanning electron microscopy. Samples at autopsy 
were dehydrated in graded acetone, subjected to critical point dry-
ing of CO2 (CPD 030, BAL-TEC, BG PRŰFZERT). Specimens 
were mounted on carbon stubs and coated with layer of carbon 
in ion sputtering apparatus (SCD 050, BALZERS, Lichtenstein). 
They were examined using JXA 840 A (JEOL, Japan) with the 
accelerating voltage of 15 kV. Simultaneous EDX analysis was 
performed with the aid of KEVEX 3205-1200 (Kevex, Valencia, 
Ca). The time period of spectrum collection was 2 hours with the 
energy range 0.160 to 8 keV.

Results

Perls’ reaction revealed a population of blue round deposits 
and small blue deposits of irregular shape (Fig. 1). The size of 
Fe(III) round deposits in diameter ranged from 10 μm to 20 μm 
and small irregular deposits were around 5 μm. Turnbull reaction 
for Fe(II) detection revealed very fi ne granular blue deposits lo-
cated sporadically around glial cells (not shown). Space distribu-
tion of Fe(III) and Fe(II) ions corresponds to eosinophilic round, 
lamellar structures.

At the site of Fe(III) accumulation, Ag-NOR black-brown 
round deposits of regular shape were observed (Fig. 2). The size 
of these deposits in diameter ranged from 5 μm to 20 μm. Argyro-
philic inclusions were not present in glial cells. 

Hematoxylin and eosine (HE) stained glial cells were identifi ed 
according to morphological criteria from the literature (19, 20). Size 

and morphology of glial cells agree with those of non-damaged as-
trocytes (large oval nuclei), oligodendrocytes (smaller round nuclei) 
and microglia (elongated nuclei). HE revealed round, lamellar struc-
tures (Fig. 3). The size of these structures was from 15 μm to 40 μm.

Alcian blue staining at pH 2,5 showed blue round structures 
with the darker centers at the site of Fe(III) and Ag-NOR spher-
oids. The size of these structures was from 5 μm to 25 μm (Fig. 
4 left). PAS staining method revealed the same round neutral 
glycoconjugate deposits near Alcian blue ones. Their size was 
in diameter from 5 μm to 25 μm (Fig. 4 right). The incidence of 
PAS positive round deposits was smaller than Alcian blue posi-
tive round deposits.

The staining procedures utilizing AB at pH 1.0 displayed posi-
tive sulphated fi bers (Fig. 5) and a weak positive reaction on the 
fringe of spheroid structures. The reaction for detection of very 
sulphated glycoconjugates (AB pH 0.5) was negative. 

For separating sulphated (purple) from carboxylated glyco-
conjugates (blue), AF/AB pH 2.5 staining was performed (Fig. 
6). From these results, an existence of two biochemically-distinct 
spheroids can be drawn, non-sulphated carboxylated ones and 
non-carboxylated sulphated ones. Some structures were stained 
purple/blue.

In neurons, there are massive deposits of a yellow-brown 
granular pigment (lipofuscin). Processes and axons do not react 
in Perls’ reaction. Moderate demonstration of both pseudoneuro-
nophagia and neuronophagia was seen. In countless neurons, there 
werere basophilic deposits of Nissl substance. Fiberization of white 
mass with the swelling foci was observed. These fi ndings may be 
attributed to the initial state of presenile dementia.

At the site of Alcian blue positive deposits scanning electron 
microscopy (SEM) revealed regular globular deposits of the size 
from 5 μm to 10 μm (Fig. 7 left). Energy-dispersive X ray micro-
analysis of these deposits showed the presence of P, S, Ca, Cl and 
Fe (Fig. 7 right). 

Discussion

Iron deposits were found in places with a high metabolic ac-
tivity around glial cells and are physiologically accumulated de-

Case Age 
at death

Sex Cause 
of death

Postmortem 
interval in hours

1 47 M gastritis 10
2 67 M ovary tumor 7
3 49 M fat embolus 6
4 58 F heart failure 5
5 59 M heart failure 9
6 74 F thrombosis 10
7 78 M colonadenocarcinoma 9
8 72 F disseminated tumor 14
9 26 M hemorrhagic shock 8

10 53 M cirrhosis 7
11 69 F heart failure 10
12 83 F heart failure 8
13 19 M nephritis 6
14 72 F peritonitis 9
15 85 F heart failure 7
16 48 F cirrhosis 10
17 53 F gastritis 6

M – male, F – female

Tab. 1. Summary of the clinical diagnosis of individuals, sex, age and 
postmortem interval before taking samples from the globus pallidus.

Procedure References Interpretation of staining reactions
PAS  (17) Periodate-reactive carbohydrates and/

or glycogen, purple color
AB pH 0.5  (18) Very sulphated acidic glycoconjugates

Blue color
AB pH 1.0  (18) Sulphated acidic glycoconjugates, blue 

color
AB pH 2.5  (18) Acidic glycoconjugates (sulphated and 

carboxylated), blue color
AF/AB pH 2.5  (17) To distinquish sulphated (purple) and car-

boxylated glycoconjugates (blue color)
Perls’ method  (17) Fe(III) ions, blue color
Turnbull reaction  (17) Fe(II) ions, blue color
Ag-NOR  (17) Black-brown color

Tab. 2. Histochemical reactions for the detection of glycoconjugates 
and iron.
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pending on age (21). Our fi ndings of iron depositions near glial 
cells agree with the results of other studies (22–24). Oide et al 
(25) observed many grumose, foamy spheroid structures in glo-
bus pallidus containing ferric iron regardless of the presence of 
diseases or conditions (26, 27) and associated with iron mediated 

oxidative stress. It was suggested that the presence of eosinophilic 
round structures evolve during aging are typical for globus palli-
dus degeneration. However, they were observed in globus pallidus 
without neurodegenerative diseases (11). 

Bronson and Schoene (12) found spheroid-like structures and 
the iron pigment in monkey’s globus pallidus. These structures 
were eosinophilic and argyrophilic and consisted of aggregations 
of dense globules and granules interspersed with membranes. 
They concluded that these structures might clarify pathogenesis 
of spheroid degenerations such as Hallervorden–Spatz disease. It 




■

■

Fig. 1. Human brain, globuspallidus. Astrocytes 
are large oval nuclei (arrows), oligodendrocytes 
smaller round nuclei (arrowheads) and microg-
lia elongated nuclei (asterisk). Blue dyed depos-
its correspond to the presence of Fe(III) ions. 
Scale bar = 30 μm.

Fig. 2. Human brain, globuspallidus. Black 
round deposits correspond to the presence of 
ferric phosphate complexes. Scale bar = 30 μm.

Fig. 3. Human brain, globuspallidus.Eosino-
philic spheroid structures (arrows) in the vi-
cinity of non-damage glial cells. Astrocytes are 
(asterisks), oligodendrocytes (arrowheads) and 
microglia elongated nuclei (squars). HE, light 
microscope. Scale bar = 30 μm.



Fig. 4. Human brain, globuspallidus. Left–blue dyed deposits correspond to the presence of 
acidic glycoconjugates from the same areas as Figs 2 and 3. Alcian blue, pH 2.5, light micros-
copy. Right–purple dyed deposits correspond to the presence of neutral glycoconjugates. PAS 
reaction, light microscopy. Scale bar = 30 μm.

Fig. 5. Human brain, globuspallidus. Blue dyed 
fi bers and a very weak positive reaction on the 
fringe of spheroid structures (arrows) corre-
spond to the presence of sulphated glycocon-
jugates in the vicinity of glial cells. AB pH 1.0. 
Light microscopy. Scale bar = 30 μm.

Fig. 6. Human brain, globuspallidus. Blue dyed 
round deposits (arrowheads) correspond to the 
presence of carboxylated glycoconjugates and 
purple dyed deposits (arrows) correspond to 
the presence of sulphated glycoconjugates in 
the vicinity of glial cells. Some structures were 
purple/blue dyed. AB/AF pH 2.5, light micros-
copy. Scale bar = 30 μm.

Fig. 7. Human brain, globuspallidus. Left–SEM of Alcian blue positive deposit. Right–EDX 
analysis of this deposit reveal the presence of iron. Accelerating voltage of 15 kV, scale bar = 5 μm.
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is a rare disorder characterized by progressive extrapyramidal dys-
function and dementia with the accumulation of iron in the brain, 
mainly in the globus pallidus and substantia nigra. 

Singhrao et al (28, 29) found positive reactions to antiferritin 
antibodies. These results showed oligodendroglial metabolites 
made an important contribution to their composition. Positive 
antibody reactions indicated that spheroid structures apparently 
consisted of materials derived from glial cells (30). This view is 
supported by multielemental composition of spheroid structures 
measured by X ray microanalysis (31, 32). They found Ca, Fe, P, 
S what is in agreement with our results. 

 Sulphated and nonsulphated glycoconjugates on cell sur-
faces and as a part of extracellular matrix (perineuronal nets, PN) 
can be found (33, 34). Glycoconjugates are complex macromol-
ecules containing polysaccharides side chains covalently linked 
to a protein backbone. They interact with Fe(III) cations to form 
water soluble complexes (35, 36) or serve as a template assembly 
of nanocrystals (37, 38). Formation of globular deposits of gly-
coconjugates may refl ect the higher exposition of glial cells to 
ferritin and hemosiderin. Processes of Fe cations binding to the 
negatively charged group of polysaccharides may be the mecha-
nisms for mitigation of cell damages by ROS and may prevent 
injuries of CNS by reactive oxygen species (39, 40). In addition, 
increased cellular iron level enhances the secretion of matrix me-
talloproteinases (MMP-9) and through IL-1β maturation (41) the 
synthesis of heparansulphate proteoglycan (42). 

Aquino et al  (43) evaluated the occurrence and function of 
sulfated and carboxylated polysaccharides in plants. They found 
that carboxylated polysaccharides biosynthesis in environment 
with higher salinity was higher than sulphated ones. They conclu-
ded that negatively charged cell wall polysaccharides might play 
a role in coping with salt stress.

From the results of the present paper, we suggest that spheroid 
structures play a role in the absorption and accumulation of inor-
ganic materials. Glycoconjugates bindind to iron may allow it to 
become coated effi ciently with these molecules capable of preven-
ting attack and a strong immune response. The present study reve-
aled a signifi cant heterogeneity of the glycoconjugates molecules 
(neutral, sulphated and carboxylated). This may refl ect different 
stages of iron/ferritin accumulation. Glycoconjugates molecules 
are believed to have important function on cell surfaces and extra-
cellular matrix as they regulate the uptake of iron ions and various 
digestion products and prevent degradation and damage of CNS. 

Conclusion

We found hemosiderin and ferritin deposition in human brains 
without clinical-pathological fi ndings. As a response to ferritin/
hemosiderin accumulation, glycoconjugates as components of 
extracellular matrix with neuroprotective effects by binding and 
scavenging redox-active iron ions and reduction of the oxidative 
stress in the cellular microenvironment were found. This mecha-
nism can play a crucial role in neuroprotection of CNS against 
damages. The use of glycoconjugates as metal chelating agents 
can be useful in preventing degradation of CNS and may have a 

therapeutic effect by reducing the oxidative burst and the conse-
quent cell damage.
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