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ABSTRACT
SR (ol g e BT s OJSJ [EI\YE Multiple sclerosis (MS) is an autoimmune, inflammatory

disease with demyelination and astrogliosis of the central nervous system that affects the brain
and spinal cord. The prevalence of this disease is three times higher in women than in men.
This study was conducted on 42 male and female rats with an
approximate weight of 300-350 g in the Faculty of Veterinary Medicine, Shahid Chamran
University, Ahvaz. The samples were randomly divided into six groups, namely the male
control group, female control group, male sham group (receiving normal saline), female
sham group (receiving normal saline), male MS group, and female MS group. To inject
ethidium bromide in the MS groups using a microinjector, the rats were anesthetized with
ketamine (80 mg/kg) and xylazine (5 mg/kg), and 0.02% ethidium bromide and 20microliter
normal saline were injected using a Hamilton syringe.
The results of this study showed that the inflammation and degeneration of nerve
cells increased in the MS groups, with males exhibiting a higher level of inflammation and
degeneration. The level of myelin basic protein (MBP) expression in the MS group was
reduced compared to other groups, which was almost the same in both genders. The level
of glial fibrillary acidic protein expression was increased in the MS group, compared to the
_ other groups, which was higher in the female gender when comparing the two genders.
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Available Online: 19 Feb 2024 astrogliosis factor, which leads to the destruction of the myelin sheath and astrocytes and
leads to sensory and motor disabilities in people with MS.
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Introduction

ultiple sclerosis (MS) is an autoimmune,

inflammatory, chronic disease with

demyelination and astrogliosis of the central

nervous system (CNS), which affects various
parts of the body, such as the brain, spinal cord, and optic
nerve [1]. Destruction of myelin or demyelination is one of
the main causes of MS. The general structure of myelin in
the peripheral and central nervous systems is similar,
although there are differences in their molecular
composition. Myelin is a repetitive multilayer of tightly
packed lipid bilayers, which are held together by specific
myelin proteins, one of which is myelin basic protein
(MBP). Myelin proteins are among the longest proteins in
the body [2].

Due to MS, the MBP is destroyed and damaged,
potentially leading to a severe effect on the expression of this
protein. MBP has been studied as a neurodegenerative factor
in the pathogenesis of the MS autoimmune disease. MS is
characterized by CNS inflammation, demyelination, and
axonal loss. Even though it is not fully understood whether
MBP directly acts as the main antigen in human MS, it is
evident that there is an association between MS and the
function of MBP in the formation and ongoing maintenance
of myelin. This protein constitutes 30% of the total CNS
myelin protein. MBP is a clear example of a seemingly
simple molecule, but actually biochemically and structurally
complex that is closely related to the normal development of
the nervous system and neurological diseases [3].

Following inflammation in the CNS due to MS disease,
immune attacks begin on the myelin sheath, This leads to
reduced MBP expression, heightened myelin destruction,
slowed nerve conduction, and ultimately the development of
neurological symptoms [4]. Another symptom of MS is the
destruction of astrocytes, which respond to damage and
disease in the CNS through a complex and multifaceted
process called astrogliosis. Dysfunction of astrocytes and
astrogliosis can lead to or contribute to various CNS
disorders [5]. Astrocytes play an important role in scar
formation in the central nervous system. In addition,
astrocytes are potent secretors of various proinflammatory
cytokines and cytotoxic factors.

Glial fibrillary acidic protein (GFAP) is a well-
established biomarker for astrogliosis. Several studies have
described its use for MS and reported its relationship with
the severity of the disease and the level of
neuroinflammation [6, 7]. GFAP, an acidic protein found in
the cytoskeletal protein of certain astrocytes [8], was first
isolated from the white matter plaque of MS patients [9].
GFAP is normally expressed in astrocytes and ventricular
membrane cells and is considered the signature protein of
astrocytes [10]. The activation and proliferation of microglia
and astrocytes observed in demyelinating lesions indicate
that the contribution of the innate immune response of
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resident CNS cells may play an important role in
oligodendrocyte damage and axonal degeneration [11]. Glial
cells and astrocytes, in particular, are highly abnormal early
in MS [12].

Studies in experimental autoimmune encephalomyelitis
have shown that activation of astrocytes, and loss of their
end-feet around small blood vessels represent early events in
lesion development, linked to loss of blood-brain barrier
function, subsequent CNS inflammation, as well as
perivascular edema [13]. Considering the destruction of
myelin and osteocytes in MS, this study aimed to investigate
the level of MBP and GFAP expression in male and female
rats without hormonal intervention.

Methods

This study was conducted on 42 male and female rats
with an approximate weight of 300-350 g and an age range
of 6 to 7 months at the Shahid Chamran Faculty of
Veterinary Medicine in Ahvaz. First, to acclimatize the rats
to the environment, they were kept for one week with a light-
dark cycle of 12 hours without food and water restrictions.
All stages of the test were performed according to the
instructions of the Ethics Committee of Laboratory Animals,
Faculty of Veterinary Medicine, Shahid Chamran University
of Ahvaz (EE/99.3.02.55591/scu.ac.ir: code of ethics).
Afterward, the rats were randomly divided into 6 groups of
seven, consisting of a male control group, female control
group, male sham group (receiving normal saline), female
sham group (receiving normal saline), MS male group, and
MS female group. For stereotaxic surgery and ethidium
bromide injection in MS groups, using a microinjector, mice
were anesthetized with ketamine (80 mg/kg) and xylazine (5
mg/kg). The hair in the skull area was shaved and in the
midline of the head, from the frontal to the occipital side, a
sagittal incision was made to determine the injection point
according to the coordinates of the Paxinus atlas (anterior-
posterior 0.46, medial-external 1, and dorsal-ventral 2.2). In
the final stage, 0.02% ethidium bromide and normal saline
were injected in the amount of 20 ul using a Hamilton
syringe in the designated area in the rats of the injury and
normal saline groups, respectively [14]. After induction of
multiple sclerosis, the tested groups were anesthetized by
intraperitoneal injection of ketamine and xylazine, and after
perfusion (with normal saline solution and 4%
paraformaldehyde), the animal's head was separated and the
brain was removed without damage. Finally, brain samples
were prepared and evaluated for histological studies in the
usual way [15].

Hematoxylin-eosin staining was used to examine tissue
changes in brain components, such as hippocampus and
cerebrum, and the findings were expressed as percentages.
After tissue staining, the changed area as well as the entire
studied area were measured using Image J and Image Tools
software packages [16]. To check the expression level of
GFAP and MBP, the immunohistochemical method of
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paraffin slides was used. To identify, the tissue sections were
initially dehydrated and then treated with the primary
antibodies for GFAP and MBP (Anti-mouse, Abcam
company) at a ratio of 1:500. The samples were left to
incubate overnight at room temperature in a humid
environment set at 4°C. After washing with phosphate-
buffered saline (PBS), the slices were stained with a
secondary antibody conjugated to FITC and Alexa red at a
ratio of 1:200 (Anti-mouse, Abcam company) and were
placed at room temperature for 2 hours. In the next step, the
nuclei were stained again by washing with PBS (in the dark)
using propidium iodide (Sigma). Then again, the samples
underwent the steps of dehydrating, and mounting the slide
was done [17, 18].

Results

The results of this study showed that the inflammation
and degeneration of nerve cells increased in the MS groups,
with males exhibiting particularly heightened levels of both
inflammation and degeneration. The level of MBP
expression in the MS group was decreased in both genders,
compared to other groups. This decrease in expression was
almost the same, and the level of GFAP expression in the
MS group was increased, in comparison to other groups,
which was higher in females than in males.

Conclusion

Multiple sclerosis is an autoimmune disease in which the
central nervous system undergoes inflammation,
demyelination, and astrogliosis [19]. The results of this study
showed that multiple sclerosis can lead to a reduction in
neuron density in the hippocampus and an elevation in the
quantity of degenerated neurons in the cortical part of the
brain. It was also found that the rate of destruction of neurons
was higher in males than in females. Dunn et al showed that
in males, axons or myelin were more vulnerable to
autoimmune attacks, and functional impairment was more
severe. Although MS is more common in women, men are
more vulnerable. The prevalence of MS in women is partly
related to sex hormones; however, the severity of the damage
is greater in men, which is in line with the results of the
present study [20]. Kipp et al. (2009) reported that in MS,
women reach disability milestones at a later age than men,
and the male gender is associated with faster progression and
worse outcomes [21]. Therefore, although MS is more
prevalent in women, cellular-neural destruction and sensory
and motor disabilities are more frequent in men. Several
studies have shown that MS can cause a decrease in MBP
expression [22-25].
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