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ABSTRACT
Background: Iron is the most abundant element on earth and an essential metal for life. It is used extensively by proteins 
involved in the electron transport chain, the active centers of many enzymes and oxygen transport. It is essential for the 
adequate development and functioning of the brain. The regulation of the iron metabolism is crucial since both the iron 
deficiency and the iron overload can cause a disease. 
Aim of the Work: To detect the effects of iron exposure during the postnatal period on the putamen, the subthalamic nucleus 
and the substantia nigra in adult albino rats. 
Material and Methods: A total number of twenty albino rats were used in the study. They were equally divided into a control 
group and an experimental group. The control group received tap water orally. The experimental group received 15 mg/
kg of ferrous gluconate orally. The regimen started at postnatal day 12 and continued until three months old. The rats were 
anaesthetized and the brains were extracted. The specimens from the fixed brains were dissected and processed for the light 
and the electron microscopic examination. Morphometric measurements were also done.
Results: The light microscopic study of the treated group revealed neurons of putamen had dense darkly stained nuclei and 
vacuolations appeared within the neuropil. Wide spaces between darkly stained neurons of the subthalamic nucleus were 
detected. The neuropil of the substantia nigra pars compacta (SNc) had many vacuoles and most of the neurons had darkly 
stained nuclei.  Immunohistochemistry of the putamen using anti-TH demonstrated a reduction of TH expression in a patchy 
manner.  Immunohistochemistry of SNc showed a weak TH immunoreactivity in the neuropil of the treated group and a 
reduction in the number of TH immunopositive neurons in comparison with the control group. The electron microscopic 
study of the SNc and putamen of the treated group showed degeneration of the mitochondria, vacuolization of the cytoplasm, 
heterochromatic nuclei with irregular outline and marked loss of cell organelles in the cytoplasm. Morphometric studies 
revealed significant reduction in the cell count and surface area of the neurons in SNc and putamen of the treated group in 
comparison with the control group.
Conclusion: Iron overdose during postnatal period produces degeneration of the putamen, subthalamic nucleus and substantia 
nigra in the adult albino rat.
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INTRODUCTION                                                                   

Iron is an important element for normal cellular 
functions, and formation of hemoglobin, which transports 
oxygen. It is a key component of cytochromes and the iron-
sulfur complexes of the oxidative chain and is important for 
producing adenosine triphosphate (ATP). Iron participates 
in a wide spectrum of cellular functions[1]. Additional 
demands for iron in the brain come from myelogenesis 
and myelin maintenance[2]. Oligodendrocytes, the cells 
responsible for myelin production and maintenance in 
the CNS are enriched for iron relative to other cells in the 
brain[3]. Normal exposure to iron occurs through the diet 
and iron supplementation. Iron exposure occurs through 
occupational exposures, mainly from metal fumes or metal 

dust, as would be generated during welding and in iron and 
steel industry[4]. 

Iron enters the brain through the blood-brain barrier 
and the choroid plexus–cerebrospinal fluid barrier[5]. Iron 
storage in the neurons of the SN occurs through binding of 
iron within neuromelanin[6]. Neuromelanin is the oxidation 
product of dopamine and tyrosinase is the enzyme used for 
melanin synthesis in the body[7]. 

The accumulation of iron in the substantia nigra pars 
compacta is the key factor in pathogenisis of PD[8].

Although iron is not present at birth, progressive iron 
deposition occurs in different structures of the brain during 
aging process and the extent of iron deposition with aging 
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is markedly higher in the basal ganglia than in most of the 
other brain structures[9-10]. Increased brain iron levels may 
be a risk factor for age-related neurologic disorders, such 
as Alzheimer’s disease[1].

Iron supplementation in a critical neonatal period 
induced oxidative stress in the adult life in selective brain 
regions as substantia nigra and striatum[11].  

MATERIALS AND METHODS                                          

Chemicals
Ferrous gluconate powder (Fe2+) was purchased 

from CID, Assuit, Egypt. Anti tyrosine hydroxylase was 
purchased from Sigma (St. Louis, MO, USA).Secondary 
antibody (antipolyclonal universal kit) was purchased from 
Sigma (St. Louis, MO, USA).  

Animals
A total number of 20 twelve days old albino rats 

were used in this study. Each rat weight was about 35 
gm. The animals were obtained from the Animal House, 
Assiut University. The experiment was approved by the 
Institutional Ethics Committee of Assiut University.

Experimental design
The rats were settled in well- ventilated stainless 

steel cages. They were separated randomly into control 
and experimental groups (each consisted of 10 rats). The 
experimental group received daily 15 mg/kg of Ferrous 
gluconate (Fe2+) dissolved in distilled water orally through 
a gastric tube from postnatal days 12 till three month. The 
used dose in this work was according to[11,12]. The control 
group was given 0.5 ml distilled water daily via the same 
route and for the same period.

At the time of scarification, the two groups were 
anaesthetized by ether inhalation, subjected to an 
intracardiac perfusion by normal saline 0.9% NaCl then 
sacrificed. Brain specimens were extracted from the two 
groups. 

Light microscopic study:
The brain specimens were fixed in 10% neutral 

buffered formalin, PH 7.4 then processed for paraffin 
blocks. The brain specimens were subjected for the 
Nissl’s stain (Einersons gallocyanine) according to[13]. 
Anti Tyrosine hydroxylase (TH) immunohistochemical 
staining used as a marker for dopamine-producing 
neurons (rabbit anti-TH, 1:10,000; Gene Tex 113016). It 
was diluted in the phosphate buffered saline. For positive 
control staining, paraffin sections of the rat adrenal gland 
were immunostained by the same procedure and indicated 
positive immunoreactivity for TH in the adrenal medulla. 
For negative control staining, sections were processed in 
an identical manner but incubated with PBS instead of 
the primary antibody and these sections failed to show 
immunolabeling for TH[14]. Slides were incubated with 
anti-TH overnight at  the 4 ˚c, then washed several times. 
Secondary antibody was then applied for 2 hours at room 

temperature. The reaction was indicated using diamino-
benzidine, positivity was seen as a brown color.

Electron microscopic study:                                                  
The animals were perfused intracardially by saline then 

by 2.5% gluteraldehyde in the sodium cacodylate buffer at 
pH 1.5 for the preparation of semithin sections. The brains 
were cut into two halves by a sagittal section and kept in 
the same fixative for an average period of 24 hours. The 
coronal section was taken at the level of the mamillary 
body and a sample of the putamen was taken and from 
the midbrain a second sample of the substantia nigra was 
taken. Post fixative was added in 1% Osmium Tetroxide 
for 1 hour. The fixative was washed out in distilled water 3 
times in 10 minutes changes. Dehydration series were done 
as follows: 30% ethanol for 10 minutes, 50% ethanol for 10 
minutes, 70% ethanol for 10 minutes, 90% ethanol for 10 
minutes and 100% ethanol for 10 minutes, respectively[15].

The samples were embedded in fresh resin and left 
overnight at 60oC. Sectioning was done to produce semithin 
slices of specimen. They were cut by an ultramicrotome 
with a diamond knife to produce ultra-thin sections of 60-
90 nm thick. The sections were stained for several minutes 
by double staining technique, with an aqueous or alcoholic 
solution of uranyl acetate followed by aqueous lead 
citrate[15]. The sections were examined and photographed 
by the transmission electron microscope (TEM) (“Jeol” 
E.M.-100 CX11; Japan) at the Electron Microscopic Unit 
of Assiut University.

Morphometric study: 
The semithin sections were studied morphometrically 

for the following parameters in both control and treated 
groups sections using computerized image analyzer system 
software (Leica Q 500 MCO; Leica, Wetzlar, Germany) 
attached to a Leica universal microscope with a camera 
at the Histology Department, Faculty of Medicine, Assiut 
University, Egypt: 

1. Number of the neurons in the putamen and 
substantia nigra. 

2. Surface area of the neuronal perikarya in the 
putamen and the substantia nigra.

Statistical analysis:  
 The above parameters were calculated for 6 animals in 

each group studied. The mean value and standard deviation 
were calculated for each parameter. The SPSS program was 
used and unpaired student’s t-test was applied to compare 
between the two groups[16]. 

RESULTS                                                                                       

• The control group: 

    The putamen 

1- Light microscopic study:
The putamen stained with gallocyanine displayed the 
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normal histological structure.   The neurons had vesicular 
nuclei, and basophilic cytoplasm. The neurons were 
surrounded by perineuronal spaces. The striatal fibers, glial 
cells and neuropil were noticed (Fig. 1).   

2- Immunohistochemical study:   
Immunohistochemistry of the putamen showed many 

positive TH-immunoreactive neurons and a positive 
TH immunoreactivity in the striatal fibers and neuropil          
(Fig. 2). 

3- Electron microscopic study:
Semithin sections of the putamen revealed the neurons 

with rounded or oval nuclei with prominent nucleoli. The 
glial cells are small in the size than the neurons and showed 
dense nuclei (Fig. 1).  

Ultrathin sections of the putamen showed neurons 
with euchromatic nucleus and prominent nucleolus. The 
cytoplasm showed rough endoplasmic reticulum, many 
free polyribosomes and scattered mitochondria (Fig. 3). 
The symmetrical synapses appeared with many vesicles 
and mitochondria (Fig. 4) and blood vessels are seen with 
normal endothelial cells and pericytic microglia (Fig. 5).  

The subthalamic nucleus                                                                                                                                       
Coronal sections of the brain stained with gallocyanine 

showed the biconvex lens shaped subthalamic nucleus 
which consisted of multiple packed dense neurons (Fig. 6). 

The substantia nigra pars compacta  

1- Light microscopic study:
The substantia nigra pars compacta (SNc) was shown 

as a band of closely packed neurons that had variable sizes 
and shapes of neuronal perikarya. Their cytoplasm showed 
moderate to intense basophilia (Fig. 7). 

2- Immunohistochemical study:
Immunohistochemistry of SNc showed many positive 

TH-immunoreactive neurons. TH-immunoreactive 
processes were seen within a dense TH-immunoreactive 
neuropil (Fig. 8). 

3- Electron microscopic study:
Semithin toluidine blue-stained sections showed a 

group of closely packed neuronal perikarya. Their large 
pale nuclei appeared nearly rounded. Their cytoplasm was 
granular basophilic. The glial cells were small in size than 
the neurons (Fig. 7). 

Electron micrographs of the neurons showed a large 
euchromatic nucleus with a prominent nucleolus. The 
cytoplasm contained distinct aggregates of short RER 
cisternae with many free polyribosomes between them 
and scattered mitochondria (Fig. 9). The asymmetrical 
synapses with many synaptic vesicles and mitochondria 
were observed in the SNc (Fig. 10).

• Treated group:

 The putamen

1- Light microscopic study:
Some neurons had dense darkly stained nuclei and 

other neurons showed vesicular nuclei. The neurons were 
surrounded by perineuronal spaces. The blood vessels 
appeared dilated. Some vacuolations appeared within the 
neuropil (Fig. 11). 

2- Immunohistochemical study:                                   
Immunohistochemistry of the putamen using 

anti- TH demonstrated some areas with a positive TH 
immunoreactivity with relative reduction in intensity 
of immunoreativity and other areas with a negative TH 
immunoreaction. Dilated blood vessels were noticed. 
Many vacuolations within the striatal fibers and neuropil 
were seen (Fig. 12).

3- Electron microscopic study:  
Examination of semithin sections of the putamen 

showed neurons having darkly stained rounded nuclei. 
Other neurons had nuclei with condensation of the 
chromatin in the periphery. Other darken shrunken neurons 
were observed. The neuron showed irregular outline and 
vacuolation. Other shrunken neurons with pyknotic nuclei 
were seen. The condensed and shrunken striatal fibers and 
vacuolation were also observed (Fig. 11). Examination 
of an ultrathin section in the putamen showed neurons 
with heterochromatic nuclei. Indentations of the nuclear 
membrane were observed (Fig. 13).  The cytoplasm 
appeared as electron dense. There were vacuolations and a 
marked loss of cell organelles within the cytoplasm. Some 
neurons had irregular nuclei with deep invaginations of 
the nuclear membranes. The cytoplasm showed a dilated 
rough endoplasmic reticulum, damaged mitochondria and 
some polyribosomes (Figs. 13).  At the site of synapses, 
there were an area of loss of presynaptic and postsynaptic 
densities and the synaptic terminal showed minute number 
of the synaptic vesicles. Swollen mitochondria with 
destructed inner cristae were observed and their walls 
were broken at several points (Fig. 14).  The endothelial 
cells of the blood vessels had dark flat nuclei with dense 
clumps of chromatin. The pericytic microglia showed 
big vacuolations, a shadow of lost nucleus, damaged 
mitochondria and rarified cytoplasm (Fig. 15).      

The subthalamic nucleus
The subthalamic nucleus was stained with gallocyanine 

and showed wide spaces between darkly stained neurons 
(Fig. 16). 

The substantia nigra pars compacta

1- Light microscopic study:
The substantia nigra pars compacta had varying sizes 

and shapes of the neuronal perikarya. The neuropil had 
many vacuoles. Most of the neurons appeared to have 
darkly stained nuclei (Fig. 17).
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Fig. 1: A semithin section of the putamen of adult control rat showing 
the neurons having lightly stained rounded and oval nuclei (N) surrounded 
by pale basophilic cytoplasm (arrowhead). The glial cells are smaller and 
darker than the neurons and have dense nuclei (arrow).The striatal fibers 
(F) and neuropil (asterisks) are seen. Inset: A photomicrograph of adult 
control rat putamen showing neurons (arrows) with vesicular nuclei and 
basophilic cytoplasm. The neurons were surrounded by perineuronal spaces 
(arrow head). The striatal fibers (F), glial cells (G) and neuropil (asterisk) 
are noticed. Toluidine blue, ×1000 and Inset: Gallocyanine, × 400   

Fig. 2: A photomicrograph of adult control rat putamen showing a 
positive TH immunoreactivity in the neurons (arrows), striatal fibers (F) 
and neuropil (asterisks).                            TH, counterstained with H, × 400

2- Immunohistochemical study:
Immunohistochemistry of SNc showed weak TH 

immunoreactivity and reduction in the number of TH 
immunopositive neurons and mild immunoreactive 
neuropil (Fig. 18). 

3- Electron microscopic study:            
The semithin section in the substantia nigra pars 

compacta demonstrated apparently increased interstitial 
spaces between neurons and a decreased number of 
neuronal perikarya compared with control. Some neurons 
appeared normal with vesicular nuclei and prominent 
nucleoli. Other neurons had deeply stained nuclei with 
irregular outlines. Some neurons with pyknosis were seen.   

In the ultrathin sections of the substantia nigra pars 
compacta, the neurons had heterochromatic nuclei with 
irregular outlines. The cytoplasm appeared to be rarified. 
Marked loss of cell organelles of the cytoplasm was 
observed (Fig. 19). Some shrunken pyknotic neurons were 
seen. The nucleus showed condensation of the chromatin 
in the periphery with irregular outline and points of 
breakage in the nuclear membrane. The cytoplasm showed 
few damaged mitochondria, dilated rough endoplasmic 
reticulum, vacuoles and few free polyribosomes                   
(Fig. 19). Symmetrical synapses were observed in the SNc 
and showed an area of loss of presynaptic and postsynaptic 
densities with a few synaptic vesicles and destructed 
mitochondria with breakage of their inner cristae (Fig. 20).

Morphometric study

Cell count of putamen 
The mean number of cells using × 400 magnification in 

the putamen per an area of 313.4 μ ² in the control group is 

found to be 51.6 ± 2.2, while it is found to be 31.0 ±2.9 in 
the treated group as shown in (Table 1 and Histogram 1). It 
appears that there is a decrease in the mean number of cells 
in the treated groups. This decrease in the mean number of 
cells is significant (p<0.001).

Surface area of neuron in the putamen 
The surface area of neurons using × 1000 magnification 

in the putamen per an area of 124.2 μ ² in the control group 
is found to be 100.4± 2.5, while it is found to be 64.2±4.9 
in the treated group as shown in (Table 2 and Histogram 
2). It appears that there is a reduction in the surface area in 
the treated groups. This decrease is statistically significant 
(p<0.001).

Substantia nigra pars compacta

Cell count of the substantia nigra pars compacta 
The mean number of cells in SNc per an area of 313.4 μ 

² using × 400 magnification in the control group is found to 
be 62.2 ± 1.3, while it is found to be 29.1±1.4 in the treated 
group as shown in (Table 3 and Histogram 3). It appears 
that there is a reduction in the mean number of cells in the 
treated groups. This decrease in the mean number of cells 
is very highly significant (p<0.001).

Surface area of the neurons in substantia nigra pars 
compacta

The surface area of neuron in SNc per an area of 124.2 
μ ² using × 1000 magnification in the control group is 
found to be 125.0 ± 1.7, while it is found to be 25.1± 3.4 
in the treated group as shown in (Table 4 and Histogram 
4). It appears that there is a reduction in the surface area in 
the treated groups. This decrease is statistically significant 
(p<0.001).
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Fig. 3:  An electron micrograph of an ultrathin section in the putamen of 
adult control rat showing a large neuron with an euchromatic nucleus (N).  
The cytoplasm shows rough endoplasmic reticulum (R), polyribosomes 
(asterisk) and scattered mitochondria (M).                            TEM, ×4800

Fig. 4:  An electron micrograph of an ultrathin section in the putamen 
of adult control rat showing symmetrical synapse (arrow) with many 
vesicles (V) and mitochondria (M).                                    TEM, × 48000

Fig. 5:  An electron micrograph of an ultrathin section in the putamen 
of adult control rat showing a blood vessel (bv) with normal endothelial 
cells (E) and pericytic microglia (G).                                     TEM, ×7200    

Fig.  6: A photomicrograph of the subthalamic nucleus of adult control rat 
showing multiple packed dense neurons (arrows) forming characteristic 
biconvex lens shaped subthalamic nucleus.              Gallocyanine, × 400  

Fig. 7:  A photomicrograph of a semithin section in the substantia nigra pars 
compacta (SNc) of an adult control rat showing a group of closely packed 
neuronal perikarya. Their large pale nuclei (N) appeared nearly rounded. 
Their cytoplasm appears granular basophilic (asterisk). The glial cells are 
smaller and darker than the neurons and have dense nuclei (arrow).  Inset: 
A photomicrograph of adult control rat midbrain showing the substantia 
nigra pars compacta (SNc) showing variable sizes and shapes of neuronal 
perikarya. Their cytoplasm shows moderate (arrowhead) to intense 
(arrow) basophilia. Toluidine blue, ×1000 and Inset: Gallocyanine, × 400

Fig. 8: A photomicrograph of adult control rat substantia nigra pars 
compacta (SNc) showing strong positive TH immunoreactive neurons 
(arrows) and their TH-immunoreactive processes (arrow head) that 
give rise to an intense TH-immunoreactive neuropil (asterisk). TH, 
counterstained with H, × 400     
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Fig. 9:  An electron micrograph of an ultrathin section in the substantia 
nigra pars compacta of adult control rat showing a part of a large neuron 
with an euchromatic nucleus (N), a prominent nucleolus (nu). Aggregates 
of rough endoplasmic reticulum (R), many free polyribosomes (asterisks) 
and scattered mitochondria (M) are seen in the cytoplasm.  TEM, ×7200

Fig.  10:  Transmission micrograph of an ultrathin section in the substantia 
nigra pars compacta of adult control rat showing asymmetrical synapse (arrow) 
with many synaptic vesicles (V) and normal mitochondria (M).TEM, × 48000

Fig.  11: A semithin section of the putamen of adult treated rat showing 
some neurons having rounded nuclei with nucleoli (arrow head).Other 
neurons (curved arrow) have nuclei with peripheral condensation of the 
chromatin. Other deeply stained shrunken neurons (S) are observed. 
The neuron (arrow) shows irregular outline and vacuolation. Condensed 
and shrunken striatal fibers (F) and vacuolations (V) are seen. Inset:  A 
photomicrograph of the putamen of adult treated rat showing multiple 
neurons with darkly stained nuclei (curved arrows) and some neurons with 
vesicular nuclei (arrows). The neurons are surrounded by perineuronal 
spaces (arrow head). The blood vessels (bv) appear dilated. The striatal 
fibers (F) and neuropil (asterisk) are noticed. Some vacuolations appear 
within neuropil (V). Toluidine blue,× 1000 and Inset: Gallocyanine, × 400

Fig. 12: A photomicrograph of adult treated rat putamen showing some 
areas with weak positive TH immunoreactivity (arrow heads) and other 
areas with a negative TH immunoreactivity in the neuopil and neurons 
(arrow). The dilated blood vessel (bv) is noticed. The striatal fibers and 
neuropil show many vacuoles (v).       TH, counterstained with H., × 400

Fig. 13:  An electron micrograph of an ultrathin section in the putamen of adult 
treated rat showing two neurons. One neuron has a heterochromatic nucleus (N) 
and the cytoplasm appears electron dense (white arrow) with vacuolations (arrow 
heads) and a marked loss of cell organelles. Another neuron has an irregular nucleus 
(N) with deep invaginations of the nuclear envelope (arrows). The cytoplasm 
shows dilated rough endoplasmic reticulum (R), dilated Golgi apparatus (G), 
vacuolations (arrowheads), damaged mitochondria (M) and some polyribosomes 
(asterisk).                                                                                                          TEM, ×4800

Fig. 14:  An electron micrograph of an ultrathin section in the putamen of 
adult treated rat showing synapse with an area of loss of presynaptic and 
postsynaptic densities (arrow) and minute number of  the synaptic vesicles 
(V). Swollen mitochondria (M) with destructed inner cristae are observed 
and its wall is broken at several points (arrow heads).            TEM, × 48000                                           
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Fig.  15:  An electron micrograph of an ultrathin section in the putamen 
of adult treated rat showing the blood vessel (bv). The endothelial cell 
(E) has a dark nucleus with coarse clumps of chromatin. The pericytic 
microglia (G) show big vacuolations (asterisks), damaged mitochondria 
(M) and rarified cytoplasm (arrow).                                       TEM, ×7200

Fig. 16: A photomicrograph of the subthalamic nucleus of adult treated 
rat showing wide spaces (asterisks) between darkly stained neurons 
(arrows).                                                                     Gallocyanine, × 400

Fig. 17: A photomicrograph of a semithin section in the substantia nigra 
pars compacta (SNc) of adult treated rat showing apparently increased 
interstitial spaces between neurons and a reduction number of neuronal 
perikarya in comparison with the control. The neurons appeared normal 
(arrow). Inset: A photomicrograph of adult treated rat midbrain in the 
substantia nigra pars compacta (SNc) showing varying sizes and shapes 
of the neuronal perikarya. The neuropil shows many vacuoles (V). Most 
of the neurons (arrows) appear to have darkly stained nuclei. Toluidine 
blue, ×1000  and Inset:  Gallocyanine, × 400

Fig. 18: A photomicrograph of adult treated rat substantia nigra pars 
compacta (SNc) showing weak TH immunoreactivity and decreased in 
number of TH immunopositive neurons (arrow) and mild immunoreactive 
neuropil (asterisks).                               TH, counterstained with H, × 400

Fig. 19:  An electron micrograph of an ultrathin section in the substantia 
nigra pars compacta of adult treated rat showing a shrunken neuron with a 
part of another neuron. The nucleus (N) shows peripheral condensation of 
the chromatin with irregular outline and a  point of breakage in the nuclear 
membrane (arrow head).The cytoplasm shows damaged mitochondria 
(M) , dilated rough endoplasmic reticulum (R), vacuoles (V) and free 
polyribosomes (asterisk).                                                       TEM, ×7200 

Fig. 20:  An electron micrograph of an ultrathin section in the substantia 
nigra pars compacta of adult treated rat showing synapse with an area 
of loss of presynaptic and postsynaptic densities (arrow), a few synaptic 
vesicles (V) and destructed  mitochondria with breakage of its inner 
cristae (M).                                                                            TEM, ×48000
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Table 1: The number of cells in the putamen per an area of 
313.4 μ² in the control and treated groups

Mean N Std. 
Deviation

Std. Error of 
the Mean p-value

Control
Treated

51.6
31.0

20
20

2.2
2.9

0.5
0.6 0.000*

*statistical significant difference (P˂0.001)

Histogram (1): showing the number of cells of putamen per an area of 
313.4 μ² in the control and treated groups

Table 2: The surface area of neurons in the putamen per an area 
of 124.2 μ² in the control and treated groups

Mean N Std. 
Deviation

Std. Error of 
the Mean p-value

Control
Treated

100.4
64.2

20
20

2.5
4.9

0.5
1.1 0.000*

*statistical significant difference (P˂0.001)

Histogram (2): showing the surface area of neurons in the putamen per 
an area of 124.2 μ ² in the control and treated groups

Table 3: The number of cells in SNc per an area of 313.4 μ² in the 
control and treated groups

Mean N Std. 
Deviation

Std. Error of 
the Mean p-value

Control
Treated

62.2
29.1

20
20

1.3
1.4

0.2
0.3 0.000*

*statistical significant difference (P˂0.001)

Histogram (3): showing the number of cells of SNc per an area of 313.4 
μ ² in the control and treated groups

Table 4: The surface area of neurons in the SNc per an area of 
124.2 μ² in the control and treated groups

Mean N Std. 
Deviation

Std. Error of 
the Mean p-value

Control
Treated

125.0
25.1

20
20

1.7
3.4

0.3
0.7 0.000*

*statistical significant difference (P˂0.001)

Histogram (4): showing the surface area of neurons in SNc per an area of 
124.2 μ² in the control and treated groups
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DISCUSSION:                                                                         

It has been reported that iron transport and transferrin 
binding sites which responsible of cerebral iron uptake 
are maximal during the postnatal period since rapid brain 
growth, especially during the second week postnatal in rats 
and mice. So iron needed by the brain during this period is 
retained in the brain without being returned to plasma sites. 
This fact clarifies that the effect of iron dose is augmented 
if demonstrated during postnatal period[11].

The putamen   
The present study revealed that neurons in the control 

group had vesicular nuclei and a basophilic cytoplasm 
due to Nissl’s granules. The neurons were surrounded 
by perineuronal spaces since myelin did not pick up the 
stain; the myelination was formed by oligodentrocytes. 
The putman consists largely of medium- to small-sized 
neurons with spiny dendrites (medium spiny neurons), 
which use gamma-aminobutyric acid (GABA) as their 
neurotransmitter[17].

The putamen in the treated group of this study showed 
neurons that had dense darkly stained nuclei and some 
neurons with vesicular nuclei. The neurons are surrounded 
by perineuronal spaces. The blood vessels appeared 
dilated. Some vacuolations appeared within the neuropil. 
These findings were in the same line with previous study[5]. 

The intake of high iron in the diet was reported to cause 
iron accumulation in the brain and produces significant 
cognitive deficits as impairments in spatial memory, 
aversive memory, and recognition memory in rodents and 
it is a risk factor for Parkinson’s disease[8, 12, 18-20].

Immunohistochemistry of the putamen in the control 
group revealed many positive TH-immunoreactive neurons 
and a positive TH immunoreactivity in the striatal fibers 
and neuropil. This is in accordance with previous study 
that reported that dopamine innervation of the striatum 
is relatively dense and uniform and this related to the 
underlying organization of the nigrostriatal system into 
patch and matrix-directed systems[21]. 

On the other hand, immunohistochemistry of the 
putamen in the treated group using anti- TH demonstrated 
some areas with a positive TH immunoreactivity with 
relative reduction in the intensity of immunoreativity 
and other areas with a negative TH immuno reactivity. 
These changes were in agreement with previous studies 
on the adult mice fed with Fe during the neonatal period 
that showed reduced striatal dopamine content[22, 23]. The 
present results were explained by study that concluded 
that the reduction in striatum dopamine content due to iron 
induced nigral degeneration. The iron catalyzes the amines 
by monoamine oxidase with highly toxic free radicals 
released through the Fenton reaction[11].

The neurons of the putamen of the control group had 
an euchromatic nucleus with a prominent nucleoli. The 
cytoplasm showed Golgi bodies, rough endoplasmic 

reticulum, many free polyribosomes and many 
mitochondria. 

Examination of the symmetrical synapses in the 
control group, many synaptic vesicles and mitochondria 
and blood vessels are seen with normal endothelial cells 
and pericytic microglia. That is in agreement with studies 
on the ultrastructure of the dopaminergic terminals in 
the striaturn[24, 25, 26, 27]. The examined the synapses within 
the striatum and detected that the TH+ terminals and the 
DA+ terminals were rich in vesicles, and some contained 
mitochondria. The vesicles within both the TH+ and the 
DA+ terminals were predominantly small to medium-sized, 
but a small number of large vesicles were also observed[21].

In contrast, there was an apparent loss of the cell 
organelles and a damaged nucleus of neurons in the 
putamen of treated group in this study .This is in agreement 
with other researches[11, 19]. The hydroxyl radical damage 
to DNA and RNA probably led to cellular necrosis might 
explain the present changes. Iron caused a decreased AChE 
activity in the striatum when compared to controls[19]. The 
results suggest that, iron caused cognitive deficits are 
related to impairment of cholinergic neural transmission 
in the brain. These findings might have implications 
for the development of new therapeutic strategies 
aimed at improving cognitive decline observing in the 
neurodegenerative disorders.  

At the site of synaptic contact, in this work an area of loss 
of presynaptic and postsynaptic densities and the synaptic 
terminal showed minute number of the synaptic vesicles. 
Swollen mitochondria with destructed inner cristae were 
observed and its wall was broken at several points. This 
might also be a consequence of iron administration that 
increased superoxide production in submitochondrial 
particles, suggesting mitochondrial dysfunction and 
mitochondria have many death factors that are released 
upon apoptotic stimuli[27].

The subthalamic nucleus  
The present work demonstrated that the subthalamic 

nucleus in the control group consists of closely packed 
dense neurons forming characteristic biconvex shape. 
The neuron of subthalamic nucleus had a variance in the 
diameters of body of the cell and dendritic ramifications[28].

The subthalamic nucleus in treated group showed wide 
spaces between darkly stained neurons.  The changes could 
be attributed to striatal dopamine depletion, the hallmark 
of Parkinson's disease, which associated with an abnormal 
activity of the subthalamic nucleus[29].  This was supported 
by the study that declared that discrete dopamine depletion 
produced by infusing the neurotoxin 6-hydroxydopamine 
(6-OHDA) bilaterally into the dorsal part of the striatum, 
produced defects in the initiation of motor activity which 
were revealed by an increment in the number of delayed 
responses and a lengthening of the reaction times (RTs) of 
the onset of electromyographic activity during initiation 
of a contraction of the muscles which indicated the STN 



482

IRON OVERDOSE AND ADULT RAT BASAL GANGLIA

nucleus lesion[30]. The previous study also supported that 
the concept of a predominant control of the STN on basal 
ganglia output structures[30].

TH immunostaining of the subthalamic nucleus in this 
work had not been performed because the neurotransmitter 
in the subthalamic nucleus is glutamate and anti- TH is 
not specific. The semithin and ultrathin sections of the 
subthalamic nucleus were technically difficult.

The substantia nigra pars compacta  
SNc in the control group of this study appeared as a 

collection of closely packed neurons that had variable sizes 
and shapes of neuronal perikarya. Their cytoplasm showed 
moderate to intense basophilia. These findings were in line 
with the study that declared that the dimensions of SNc 
neurons were on average larger than SN pars reticulate[31]. 
The present results were in accordance with previous study 
that added that the neurons appeared multipolar or bipolar, 
with infrequently branching dendrites[32]. Dendrites 
appeared with finely scattered spines and dendritic 
varicosities. Spines could also be seen on the cell soma.

Immunohistochemistry of SNc in the control group 
showed many positive TH-immunoreactive neurons. 
The present results agreed with the study that described 
dopaminerigic neurons of SNc labeled with tyrosine 
hydroxylase immunoreactivity as densely packed but the 
pars reticulata had relatively sparse cells compared to the 
pars compacta[33]. 

The dense positive TH-immunoreactive neuropil 
was seen in the SNc of the control group. This could be 
explained by the study that reported that the neurons of SNc 
possess dendrites that extend into the pars reticulata that 
gives rise a positive TH immunoreaction in the neuropil[34].   

In the present work, TH immunostaining of SNc 
in the experimental group showed a negative TH 
immunoreactivity and reduction in the number of TH 
immunopositive neurons and TH immunoreactive neuropil 
in comparison with the control group. These findings were 
in agreement, an iron dextran overload led to an increase 
in the iron content in the SN, a decreased dopamine 
release and content, and a reduced the numbers of TH 
immunoreactive neurons[35].  

On the other hand, the mice was injected with an iron 
overdose did not display obvious motoric deficits with the 
age, suggesting that iron accumulation in the SN alone is 
insufficient to promote neurodegeneration[36].  

In this study, the cell bodies of the neurons in the 
SNc in the control group showed a large euchromatic 
nucleus with a prominent nucleolus. The cytoplasm 
contained distinct aggregates of short RER cisternae with 
many free polyribosomes between them and scattered 
mitochondria. The present results were in agreement with 
other studies[32,37]. Asymmetrical synapses with many 
synaptic vesicles and mitochondria were observed by 

electron examination of the SNc in this study. These were 
in accordance the structure of synapse in mammalian brain. 
The active zone is a particular region on the presynaptic 
plasma membrane, where synaptic vesicles are anchored 
and primed for release[38].  

The morphological alterations were observed in both 
the nucleus and the cytoplasm in the treated group. Some 
shrunken pyknotic neurons were seen. The nuclei showed 
condensation of the chromatin in the periphery with irregular 
outline and points of breakage in the nuclear membrane. 
The cytoplasm showed few damaged mitochondria, dilated 
rough endoplasmic retinaulum and vacuoles. The present 
finding, commensurate with the result of previous study that 
reported the intranigral infusion of iron alone to adult rats 
produced dose-dependent neuronal death of SNc[39]. The 
present nuclear changes could be explained by the damage 
to DNA and RNA that was induced by the iron overdose 
due to the oxidative stress[5]. This is also in agreement with 
the study that reported that iron administration caused 
decreased number of dopaminergic neurons of SNc[8].

The degenerative changes of putamen , subthalamic 
nucleus and SNc  in the present study might be attributed 
to Fe complexes that generate reactive oxygen species 
(ROS) such as hydrogen peroxide (H2O2) and nitric oxide 
which has been implicated in neuronal toxicity because 
the oxidation of lipids, proteins, polysaccharides and 
DNA damage (apoptosis)[12, 40, 41, 42 ,  43, 44]. The other cause 
of present degeneration might to be that iron stimulate 
the oxidation of dopamine and facilitate the formation of 
dopamine quinone as well as the neurotoxic 6-OHDA[45]. 

Moreover, the increment concentrations of iron in 
the brain contribute to neurodegenerative processes has 
also been accepted. Neuroferritinopathy is a dominantly 
inherited, late-onset disease of the basal ganglia that 
presents with extrapyramidal features similar to those 
of Huntington’s and Parkinson’s diseases. Patients with 
neuroferritinopathy have abnormal accumulation of iron 
and ferritin in the brain and low ferritin concentrations in 
the blood lead to a mutation in the gene for ferritin light 
polypeptide. Iron can also enhance the aggregation of 
a-synuclein, which is particularly toxic to DA neurons[46].

Nonetheless, the present results suggest that chronic 
iron overdose cause destruction of the striatum and 
substantia nigra. A better understanding of the functional 
consequences of the abnormality in iron regulation in 
aging and neurological diseases may identify new targets 
for treating memory defects that affect aging population 
which will be a major sector in the society. So, further 
studies are required to test if the dietary iron restriction is 
beneficial in Parkinson’s disease or not.
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الملخص العربى

دراسة نسيجية وكيمياء نسيجية مناعية على تاثير جرعة الحديد الزائدة على الانوية
القاعدية للفار الابيض البالغ

محمد نبيل محمود صالح، محمد البدرى محمد، ايمن صلاح الدين عامر، امنية ابراهيم اسماعيل
قسم التشريح الآدمى و علم الاجنة – كلية الطب –جامعة اسيوط

تركيب  فى  بكثرة  يستخدم  لانه  للحياة  اساسي  عنصر  هو  و  الارض  على  المنتشرة  العناصر  اكثر  من  يعتبرالحديد  المقدمة: 
بروتينات سلسلة نقل الالكترونات و المراكزالنشطة لكثير من الانزيمات و نقل الاكسجين . انه عنصراساسي فى التطورالتام 

ووظيفة المخ. ان تنظيم التمثيل الغذّائى للحديد مصيري حيث ان كل من نقصانه او زيادته يؤدى الى ظهور الامراض.

الهدف من البحث: تحديد تاثير تعرض الحديد الزائد اثناء فترة بعد الولادة على البيوتامين والنواة تحت المهاد و الجزء المكتنز 
للمادة السوداء للفار الابيض البالغ.

المواد والطرق المستخدمة: العدد الكلى للفئران المستخدمة فى الدراسة هو عشرون فار ابيض حديث الولادة.  قسمت بالتساوى 
الى مجموعتين ضابطة ومعالجة. المجموعة الضابطة اعطيت ماء مقطر بالفم و المجموعة المعالجة اعطيت بالفم جرعة يومية 
15 جم / كجم من بودرة جلوكونات الحديدية المذابة فى ماء مقطر . هذا النظام يبدا من اليوم الثانى عشر بعد الولادة وحتى عمر 
ثلاثة شهور. تم تخدير الفئران واستخراج المخ و تقطيعه وتحضيره للفحص بالميكروسكوبات الضوئى و الالكترونى . كما تم 

اجراء دراسة مورفومترية.

النتائج: اوضحت الدراسة بالميكروسكوب الضوئى للمجموعة المعالجة بالحديد ان الخلايا العصبية للبيوتامين اصبحت انويتها 
داكنة اللون كما ظهرت بعض الفراغات خلال ارضية الخلية. كما ظهرت فراغات واسعة بين الخلايا العصبية لنواة تحت المهاد 
وفى الجزء المكتنز للمادة السوداء وزيادة اصطباغ الأنوية. وأظهرت دراسة الكيمياء النسيجية المناعية نقص ذات دلالة ايجابية 
في عدد الخلايا العصبية لهيدروكسيلاز التيروزين في البيوتامين و الجزءالمكتنز للمادة السوداء . وأظهر التركيب الدقيق لهذه 
الخلايا تكسرالميتوكوندريا و تدميرالحواجز الداخلية و ظهور فراغات فى السيتوبلازم و اصبحت الانوية غير منتظمة الحدود 
وفقد كثير من عضيات الخلية . عند مكان الاتصال بين الخلايا وجد فقد فى كثافة ما قبل و ما بعد الاتصال واصبح هناك عدد قليل 
من حويصلات الاتصال. وواوضحت الدراسة المورفومترية انخفاض ملحوظ في عدد خلايا البيوتامين و الجزء المكتنز للمادة 
السوداء للمجموعة المعالجة و انخفاض ملحوظ في مساحة السطح فى خلايا البيوتامين والجزء المكتنز للمادة السوداء للمجموعة 

المعالجة.

الخلاصة: تناول جرعة الحديد الزائدة اثناء فترة ما بعد الولادة ادت الى تغيرات تنكسية فى البيوتامين والنواة تحت المهاد و الجزء 
المكتنز للمادة السوداء فى الفار الابيض البالغ .


