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ABSTRACT

Introduction: Arsenic (As) is one of the heavy metals and it is widely present in our environment polluting the food and water
consumed by the human. Chronic exposure to As leads to arsenic toxicity that produces certain undesirable effects on the
human body including substantia nigra (SN) dopaminergic cells neurotoxicity. Selenium (Se) has many protective effects on
the human body against toxic substances that include antidegenerative effects proved on the substantia nigra of the midbrain.
The Aim of the Work: The current study was carried out for evaluation of the possible neuroprotective role of selenium in
arsenic-induced midbrain substantia nigra neurotoxicity in guinea pig model.

Material and Methods: In the current study, sixty adult male guinea pigs were used. The animals were left for 7 days to
acclimate in the new environment then, divided randomly into equal 4 groups with fifteen animals per group. Group A (Control
group); received distilled water orally daily. Group B (Se-treated group); received sodium selenite at a single daily orally dose
of 0.25 mg/kg/day. Group C (As-treated group); received sodium arsenite at a single daily orally dose of 2.5 mg/kg/day. Group
D (As & Se-treated group); received sodium arsenite at a single daily orally dose of 2.5 mg/kg/day followed after 2 hours by
sodium selenite at a single daily orally dose of 0.25 mg/kg/day. The drugs were given daily for successive 8 weeks.

Results: The Arsenic exposure resulted in deformed dopaminergic neurons, many neurons with vacuolated cytoplasm and
congested blood vessels. However, the co-administration of selenium showed normal multiple pyramidal dopaminergic
neurons, no obvious cytoplasmic vacuoles or dilated vessels.

Conclusion: Selenium proved a protective effect on neurodegenerative toxic morphological changes induced by arsenic in
dopaminergic neurons of SN of midbrain in guinea pig model.
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INTRODUCTION The normal dopaminergic neurons' function is to
secrete dopamine in the brain that is required for the
control and maintenance of the normal motor activity.
Neurodegeneration of the dopaminergic cells leads to
decreased level of dopamine in the brain leading to motor
manifestations such as tremors, rigidity, bradykinesia and
psychological disturbances!®!.

The midbrain is the most cranial part of the brain stem
and consists of a large anterior part; the cerebral peduncles
and a smaller posterior part; the tectum. The cerebral
peduncles consist of three parts from anterior backwards;
they are the crura cerebri, substantia nigra (SN) and the
tegmentum!!. Substantia nigra consists of two different
zones; pars reticulata anteriorly and pars compacta Arsenic (As) is one of the naturally occurring metalloids
posteriorly™. with toxic properties on the human health. As is present in

the environment either in a pure form or combined with

The cellular component of pars compacta of SN consists other metals or sulfur. As is found in black, yellow and

mainly of dopaminergic cells that are darkly pigmented gray forms with the gray As is the commonest, the most
due to the presence of melanin granules that accumulate stable and the only form with an industrial importance and
with age as a by-product of catecholamine synthesis. These a metallic picture!®. The gray As loses its stability when
dopaminergic cells secrete dopamine as a neurotransmitter exposed to humidity and forms a black layer of arsenic
that projects to the corpus striatum®. trioxide on the surfacel®.
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The industrial uses of the gray As include mainly the
production of car batteries and agricultural insecticides
and pesticides!®. However, the use of arsenic is generally
diminishing because of its toxic and carcinogenic effects!’.

Several millions of individuals all over the world
suffer from As toxicity® mainly through As-contaminated
drinking water with As concentrations above 10 pg/L that
represents a worldwide health problem!!'”. Chronic As
toxicity leads to numerous diseases affecting different
body systems such as cancers, renal problems, hepatic
affection®!'"! and neurodegenerative diseases!'?.

Chronic exposure to As. causes oxidative stress that
produces cell damage through enhancement of lipid
peroxidation with the production of malondialdehyde
(MDA), carbonylated proteins and reactive oxygen species
(ROS)31. Moreover, As causes reduction of the level of
glutathione (GSH) that is a strong antioxidant having the
ability to protect against different oxidizing compounds
including As!'. As has numerous neurotoxic effects on the
central nervous system including dopaminergic neuronal
destruction affecting the SN of the midbrain through
oxidative stress-mediated destruction of the mitochondria
and neuronal degeneration as a result of decreased energy
production, destruction of the intracellular microtubules
and deposition of the protein aggregate alpha-synucleint'?.

The inevitable As exposure should be accompanied
by administration of essential vitamins, probiotics,
polyphenols or essential antioxidant micronutrient
elements such as selenium (Se) that are needed to reduce
the hazardous effects of As and prevent As toxicity!!!.

Selenium is a vital micronutrient metalloid considered
as an important antioxidant agent!'’ and present in two
forms; organic and inorganic. The organic Se is found
in meat, seafood and cereals!” while the inorganic Se is
found mainly in the groundwater!'®!,

Selenium is required for normal body systems and
functions such as brainl skeletal muscles?”, liver,
kidney™!, immune system?* and normal body growth and
metabolism®*!. For normal body functions and avoidance
of Se deficiency, the healthy adult females need a daily
Se intake not less than 26 pg while the adult males need
a daily Se intake not less than 34 pgt'sl. Selenium has
protective properties against the oxidative stress-induced
cell destruction?*,

AIM OF THE WORK

The current study was carried out for evaluation of
the possible neuroprotective role of selenium in arsenic-
induced midbrain substantia nigra neurotoxicity in guinea
pig model.

MATERIAL AND METHODS

Chemicals

Sodium arsenite: Arsenic extra pure powder 500 gm
with a concentration 98%. LOBA CHEMIE PVT.LTD.

This was purchased from Sigma Aldrich, Cairo, Egypt.

Sodium selenite: Selenium-ACE. Film coated tablets.
Hocher Pharmaceutical Industries, Badr city, Egypt.

Animals

Sixty healthy adult male guinea pigs (Caviaporcellus)
were used for the experiment. The animals were bred in the
animal house (Faculty of Medicine, Ain shams University).
At the beginning of the study, the animals were 850 — 950
grams and of two years of age with no diseases; no motor
disabilities, skin diseases or nutritional problems!'. The
animals were bred according to the ethics of experimental
research center in the Ain Shams University with a
code number in experimental animal research unit is
(RE (191)23).

Food and environment

The guinea pigs were housed in a suitable room with
good ventilation and a temperature maintained at 26 +
2°C and received a standard mixture diet comprised of
0.05 % ascorbic acid, 1 % common salt, 2 % vitamin-
mineral mixture, 5 % soybean, 10 % fish meal, 20 %
ground gram grain, 27 % ground maize grain and wheat
bran (35 %)!4#, The animals were left for one week for
acclimatization, and then divided into 4 equal groups
randomly; each of them consisted of fifteen guinea pigs.

Experimental design

Group A (Control group): Received distilled water by
gastric gavage daily orally for 8 weeks.

Group B (Se-treated group): Received sodium selenite
at a single daily orally dose of 0.25 mg/kg/day for 8
weeks!!%.

Group C (As-treated group): Received sodium arsenite
ata single daily orally dose of 2.5 mg/kg/day for 8 weeks!.

Group D (As and Se-treated group): Received sodium
arsenite at a single daily orally dose of 2.5 mg/kg/day™!
followed after 2 hours by sodium selenite at a single daily
orally dose of 0.25 mg/kg/day!'”. Both sodium selenite
and sodium arsenite were given by gastric gavage after
dissolution in distilled water. They were given daily for
successive 8 weeks!!*#1, At the end of the experiment that
lasted for eight weeks, the animals were sacrificed by
intraperitoneal overdose of phenobarbital then; the head
and brain were dissected.

Biochemical analysis

The biochemical analysis procedures were done at the
biochemistry department, Faculty of Medicine, Al-Azhar
University, Cairo, Egypt .The skulls and brains of five
animals of each group were dissected and the midbrains
were identified by the presence of the characteristic
corpora quadrigemina on the posterior surface!'. The
midbrains were isolated by separating them from the pons,
diencephalon and cerebellum, then washed in cold saline
and used for biochemical analysis. These specimens were
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homogenized by centrifugation at 5000 rpm for 10 min in
a homogenizer containing sodium phosphate buffer then,
used to evaluate the levels of GSH, proteins carbonyls and
MDA that are indicators for oxidative stress-mediated cell
destruction™®. The rest of the specimens were processed
for histological evaluation.

Histological evaluation of midbrain

The midbrains of ten guinea pigs of each group were
processed for histological evaluation; half of the samples
were prepared as paraffin sections for light microscopic
examination while the samples of the other half were
processed for ultrastructural examination by electron
microscopy.

Light microscopy

The midbrains were put immediately in 10% formalin
that hardened the specimens. Then, the specimens were
dehydrated by ascending concentrations of alcohol then,
embedded in paraffin. Finally, the specimens were cut
by the microtome to give 5 pm thick sections that were
mounted on glass slides and subjected to the following
staining techniques:

Haematoxylin and eosin: - For assessment and detection
of the morphological changes of SN¢1,

Immunohistochemical  staining using  tyrosine
hydroxylase (TH) antibody: for detection of the
dopaminergic cells of SN, Tyrosine hydroxylase is a
polyclonal antibody (Thermofisher Scientific Corporation,
USA, and Catalog No.: PA1-18315). Positive control: was
the brain (striatum, substantia nigra) dopaminergic neurons
using tyrosine hydroxylase antibody. Negative control:
Additional specimens of midbrain were processed in the
same way like the positive control but omitting the step of
primary antibody.

Transmission electron microscopy (TEM)

The electron microscopy specimens were processed,
examined and photographed at the electron microscope
unit, Al-Azhar University, Cairo, Egypt. The midbrains
were cut into small parts of about 1 mm? size. These parts
were put in 2% gluteraldehyde for fixation then immersed
for 2 hours in 0.1 mol/l phosphate at pH 7.4. The
specimens then dehydrated by ascending grades of alcohol.
Then, the specimens were incubated in resin mixed with
propylene oxide. Finally, the specimens were put in BEEM
capsules and cut by the ultramicrotome to give ultrathin
sections then, stained by uranyl acetate and lead citrate.
Electron microscopic examination of the sections was
done for ultrastructural evaluation of the SN dopaminergic
neurons.

Morphometric study and Statistical analysis

Morphometric study was done at the Histology
department, Faculty of Medicine, Al-Azhar University,
Cairo, Egypt by Leica “Qwin 500C” image analyzer.
The TH- positive dopaminergic neurons mean count was

measured using interactive measurements menu/p2 in the
SN pars compacta in the four groups.

Statistical Package of Social Sciences (SPSS) with
the assistant software version 7.7 was used for statistical
analysis of the measurements found in the present study.
The means of the measurements obtained were compared
along the four groups through the one way analysis of
variance (ANOVA). P-value <0.05 was statistically
significant!®’),

RESULTS

Biochemical results

Treatment with Se alone caused no significant changes
in MDA, proteins carbonyls and GSH levels when
compared to the control group. As administration resulted in
a significant elevation of MDA and protein carbonyls level
with a significant reduction of GSH level in the As group
when compared to the control. However, co-treatment with
Se resulted in restoration of MDA, proteins carbonyls and
GSH levels towards the normal levels in the combined As
and Se-treated group. In addition the combined As and
Se-treated group showed a significant decreased values of
MDA, proteins carbonyls and a significant elevation of
GSH level as compared to the As group (Tablel, Figure 1).

Histological results
i- Hematoxylin and eosin sections

Pars compacta of the SN of the control group showed
the normal appearance of SN with densely packed
dopaminergic neurons; multiple of them were pyramidal
in shape and few were nonpyramidal. The Se treated group
showed densely packed dopaminergic neurons; multiple of
them were pyramidal in shape and few were nonpyramidal.
The As treated group showed deformed fewer dopaminergic
neurons, vacuolated neuropil and cytoplasm of neurons,
in addition to congested blood vessels. The combined
As and Se group showed apparently normal pyramidal
dopaminergic neurons, no obvious vacuolations and no
obvious dilated vessels (Figures 2,3).

ii-Tyrosine
sections

hydroxylase immunohistochemistry

The control group revealed densely packed dark brown
TH immune-positive neurons. Selenium-treated group
showed densely packed dark brown immune- positive
neurons. The As-treated group showed few positive
dopaminergic neurons. The combined As and Se group
showed multiplicity of the TH positive dopaminergic
neurons (Table 2, Figures 4,5).

iii- Transmission electron microscopy sections

The control and Se group showed normal dopaminergic
neurons having regular nuclei with fine chromatin
and regular non-distended mitochondria. The axons
were surrounded by normal; regular thick continuous
myelin sheaths. However, the As-treated group showed
the dopaminergic neuron constituting of irregular
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heterochromatic nucleus and aggregated condensed the dopaminergic neuron demonstrated normal regular
nuclear chromatin. There were cytoplasmic vacuoles, nucleus , fine chromatin, regular mitochondria and few
mitochondria with destroyed cristac and the axons were thin myelin sheaths (Figure 6).

surrounded by thin myelin sheaths. In the As and Se group,
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Fig. 1: A histogram showing the MDA, proteins carbonyls and GSH mean levels in nmol/mg protein.
* Significant to the control.
# Significant to As group.

Fig. 2: The photomicrograph A (control group) shows the normal appearance of SN with densely packed dopaminergic neurons (arrows). Photomicrograph
B (Se group) shows densely packed dopaminergic neurons (arrows). Photomicrograph C (As group) shows deformed fewer dopaminergic neurons (D),
vacuolated neuropil (V) and congested blood vessels (BV). Photomicrograph D (As and Se group) shows multiple pyramidal dopaminergic neurons (arrows),
no obvious vacuolations and no obvious dilated blood vessels. (H & E; X 200).
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Fig. 3: The photomicrograph A (control group) shows the normal appearance of SN with dopaminergic neurons; multiple of them are pyramidal in shape
(arrows) and few are nonpyramidal (arrowheads). Photomicrograph B (Se group) shows multiple pyramidal (arrows) and few nonpyramidal (arrowheads)
dopaminergic neurons. Photomicrograph C (As group) shows deformed dopaminergic neurons (D), vacuolated cytoplasm of a neuron (V) and congested blood
vessels (BV). Photomicrograph D (As and Se group) shows multiple apparently normal pyramidal dopaminergic neurons (arrows), no obvious vacuolations
and no obvious dilated vessels. (H & E; X 400).

Fig. 4: The photomicrograph A (control group) shows densely packed dark brown TH immune-positive neurons (arrows). Photomicrograph B (Se group)
shows densely packed dark brown immune- positive neurons (arrows). Photomicrograph C (arsenic group) shows few positive dopaminergic neurons (arrows).
Photomicrograph D (As and Se group) shows multiplicity of positive dopaminergic neurons (arrows). (TH immunostaining; X 200).
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Fig. 5: A histogram showing mean count of the TH+ dopaminergic cells/ p2 in the SN pars compacta of the four groups
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Fig. 6: The photomicrographs A and B that represent the control and Se group respectively show normal dopaminergic neurons (D) having regular nuclei (N)
with fine chromatin (C) and regular non-distended mitochondria (M). The axons are surrounded by normal; regular thick continuous myelin sheaths (S). The
photomicrograph C (As group) shows the dopaminergic neuron (D) constituting of irregular heterochromatic nucleus (N) and aggregated condensed nuclear
chromatin (C). There are cytoplasmic vacuoles (V), mitochondria with destroyed cristae (M) and the axons are surrounded by thin myelin sheaths (S). In the
photomicrograph D (As and Se group), the dopaminergic neuron (D) demonstrates normal regular nucleus (N), fine chromatin (C), regular mitochondria (M)
and few thin myelin sheaths (S). (Scale bar 2 mm; X 10000).
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Table 1: MDA, proteins carbonyls and GSH mean levels in nmol/mg protein.

Control Group Se Group As Group As + Se Group P value Significance
MDA 3.5 34 6.3% 3.8% <0.002 Highly significant
Protein carbonyls 3.1 3.1 6.1% 357 <0.002 Highly significant
GSH 15 16.8 4% 137 <0.002 Highly significant

* Significant to the control.

# Significant to As group.

Table 2: Dopaminergic (TH +ve) neurons count/ u?in the SN pars compacta in the four groups showing highly significant decrease in mean
count in As group compared to the other groups.

TH + cells Control Group Se Group As Group As + Se Group Pvalue Significance
The mean number 537 522 183* 519 <0.004 Highly significant
DISCUSSION oxidative stress in the brain tissue by inhibition of lipid

peroxidation, oxidative destructive carbonylation of
proteins and GSH depletion mediated by As!'**®. These
neuroprotective effects of Se were further explained by its
ability to regulate the balance between the oxidants and
antioxidants activities, also Se prevents interleukin-1f that
is a pro-inflammatory cytokine and increases the level of
interleukin-4 that is an anti-inflammatory cytokinet**’.

In the present study, the neuroprotective role of
selenium (Se) in arsenic (As) -induced neurotoxicity of
substantia nigra dopaminergic neurons in guinea pigs was
assessed because the neurotoxic effects of As represent
a global problem affecting children and adultsP®!. In
chronic As exposure, it accumulates in the brain as it
crosses the blood brain barrier. The brain represents one

of the important target organs in cases of chronic As In the present work, the neurodegenerative effects
toxicity producing neurotoxicity and neurological deficits of As on SN were obvious and marked by significantly
including behavioral, cognitive, intellectual, learning and reduced dopaminergic neurons multiplicity with the
memory impairment!®’l. Arsenic toxicity affects the brain appearance of deformed dopaminergic neurons and many
easily because the brain tissue is deficient in glutathione neurons had vacuolated cytoplasm. This was confirmed
(GSH) that is the main antioxidant agent against the ROS by mitochondria exhibiting destroyed cristae indicating
hence; the brain tissue is highly sensitive to the As-induced degeneration. In addition, the nuclei were irregular with
oxidative stressi*2. aggregated condensed chromatin and the axons were

The obtained data in the present study revealed that As surrounded by thin myelin sheaths.

administration led to SN dopaminergic neurodegenerative These results were in line with numerous previous
changes mediated by As-induced oxidative stress. This was studies proved the destructive effects of As on the brain
marked by increase MDA, increase protein carbonyl and through inducing oxidative stress and destroying the
decreased GSH levels in the brain. This was in agreement mitochondria™, Also, it was previously confirmed that,
with previous studies detected that As toxicity produces As-induced neurotoxicity leads to degenerative changes
oxidative stress due to increased lipid peroxidation®’l. In affecting the myelin sheaths around the axons, synaptic
addition, the As-induced reduction of GSH concentration disruption and formation of degenerative vacuolest!.
in the present work might be attributable to As capacity This was mediated by disruption of the dopaminergic
to interfere with GSH metabolism® through alteration and cholinergic signaling pathways and enhancement of
of the activity of GSH reductase and GSH peroxidase chromatin damage and apoptosis*?. These neurotoxic
enzymes that are involved in GSH metabolism™. This effects of As were attributable to the As-induced
was in correlation with numerous past studies reported As- overproduction of ROS that accumulate inside the
mediated depletion in GSH level in guinea pigs!'¥, rats*% mitochondria. Hence, the chronic exposure to As destroys
and human®®7l. the brain cells' mitochondria leading to consecutive brain

cell damage because the normal brain cells' function

In the current study, the co-administration of Se . . . L
Y depend on intact mitochondria due to their high energy

reversed the alterations induced by As. The neuroprotective

effects of Se were indicated biochemically by restoration requirements(*.

of the levels of the oxidative stress markers towards the The neuroprotective properties of Se were indicated
normal levels. MDA level, carbonylated protein level histologically as in the combined As and Se treated
decreased and GSH level increased significantly near group, multiple pyramidal dopaminergic neurons were
the normal levels. This indicates the ability of Se to detected. In addition, no obvious cytoplasmic vacuoles or
attenuate the As-mediated oxidative neurodegenerative dilated blood vessels were observed. These observations
changes. It was proved that, Se prevents the As-mediated were confirmed by immunohistochemical staining where

787



SELENIUM, ARSENIC, MIDBRAIN NEUROTOXICITY

multiplicity of the TH positive dopaminergic neurons
was obvious. In the TEM sections, the dopaminergic
neurons showed normal regular nucleus, fine chromatin,
regular mitochondria and few thin myelin sheaths. The
neuroprotective effects of Se detected in the present study
were in correlation with previous findings detected that;
Se has neuroprotective properties through its antiapoptotic
and antioxidant capacities*/.

In addition, it was reported that Se has neuroprotective
effects against As-mediated motor and locomotor
insufficiencies through inhibition of the arsenic-induced
oxidative stress mediated damage of the dopaminergic
cellst'®). These results were explained by the previously
proved importance of Se for the normal antioxidant status
in the brain tissue because Se is essential for the formation
of selenoproteins that are required for the antioxidant
activity®’. Moreover, it was previously proved that, Se
exhibits anti-inflammatory and antioxidant properties
against As-mediated neurotoxicity through enhancement
of As methylation to decrease the level of As in the blood
and brain tissuel*.

CONCLUSION

Selenium  proved a  protective effect on
neurodegenerative toxic morphological changes induced
by arsenic in dopaminergic neurons of SN of midbrain in
guinea pig model.
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