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ABSTRACT

Objective: The study aimed to assess the possible role of quercetin, pioglitazone, metformin, and dapagliflozin in the enhancement of remyelination
process after ethidium bromide (EB)-induced demyelination.

Methods: The study was conducted on 60 male Wister rats (250-300 g), randomly divided into sham-operated group and five demyelination groups (each of
10 rats) which subjected to intrapontine stereotaxic injection of EB (10 ul of 0.1% EB) to induce demyelination. Then, randomly subdivided into: EB control
group: Rats were treated with normal saline, quercetin-treated group (50 mg/kg/day), pioglitazone-treated group (10 mg/kg/day), metformin-treated
group (500 mg/kg/day), and dapagliflozin-treated group (10 mg/kg/day). Behavioral tests (beam balance, foot fault, rotarod, and inverted screen) were
conducted for all groups as well as biochemical analysis of LINGO-1 and myelin basic protein (MBP) mRNAs and histological examination of pontine tissues.

Results: The EB control group showed deterioration of motor performance on behavioral tests. Degenerative changes were observed in pontine
tissue on histological examination together with upregulation of LINGO-1 protein and downregulation of MBP level. While the treated groups after
EB demyelination showed significant improvement in motor performance and decreased degenerated neurons in histological examination with
upregulation of MBP level and downregulation of LINGO-1 protein level.

Conclusion: Quercetin, metformin, dapagliflozin, and pioglitazone showed neuroprotective effect and enhancement of remyelination process.
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INTRODUCTION

Multiple sclerosis is a debilitating disease of the central nervous
system (CNS), typically presents in the third or fourth decade of life. It
is estimated that more than 2 million people have MS worldwide and
is considered to be one of the most common causes of neurological
disability affecting mainly young adults with a predominant
presentation in young women [1].

The adult CNS has a limited capacity to repair damaged tissue, and this
restriction is related to neurons plus their axons and also mature
oligodendrocytes that are unable to compensate for myelin loss as
they degenerate [2]. This demyelination process usually triggers a
spontaneous myelin repair process, known as remyelination [3].

Research on the treatment of MS is directed at three main
goals: Preventing the development of new demyelinating lesions,
protecting demyelinated axons from degeneration, and promoting
remyelination [4]. Each phase of remyelination is regulated by a
complex pattern of signaling events, the dysregulation of which will
result in remyelination impairment [5].

Induction of demyelination by ethidium bromide (EB) is one of the
most commonly used experimental models for understanding the
cellular changes that occur during MS [6]. The toxic effects of EB
are due to its DNA intercalating properties; it affects all nucleated
cells and destroys astrocytes and oligodendrocytes throughout the
demyelinated area [7].

Quercetin is a flavonoid with antioxidant capacity that is present in a
variety of vegetables and fruits that are consumed in diet [8].

Metformin is dimethylguanylguanidine [9]. It has several properties that
are desired for MS therapy as anti-inflammatory [10] and antioxidant
properties [11].

Pioglitazone is an antidiabetic agent belonging to the thiazolidinedione
group. It is a selective peroxisome proliferator-activated receptor (PPAR)-y
agonist. PPAR-y has high expression levels in brown and white adipose
tissues, brain, colon, differentiated myeloid cells, and the placenta [12].

Dapagliflozin is a selective inhibitor of sodium/glucose cotransporter-2
(SGLT2) approved for the treatment of type 2 diabetes, by interfering
with renal glucose reabsorption to control hyperglycemia independent
of pancreatic -cell function [13].

METHODS

Experimental animals

This study was conducted on 60 adult male Wister rats, weighting
250-300 g. They were housed in stainless steel wire meshed cages
under environmentally controlled conditions. The ambient temperature
was 25+2°C and the light/dark cycle was 12/12 h. The animals had free
access to water and food at the Animal House of the Faculty of Medicine,
Alexandria University.

All experiments were carried out according to the Guide for the Care
and Use of Laboratory Animals and were approved by the Medical
Ethics Committee of Faculty of Medicine, Alexandria University.

Chemicals and drugs
EB (from Medico Pharm Company), quercetin (10 g., Medico Pharm),
pioglitazone (30 m Amoun Pharmaceutical Company S.A.E), metformin
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(500 mg Minapharm), and dapagliflozin (10 mg AstraZeneca) were
used.

Experimental design and procedures
The rats were classified into two groups:
1. Sham group: It included 10 rats that received a single intrapontine
injection of 10 pl of saline (0.9% NaCl).
2. Demyelination group: Itincluded 50 rats that were received a single
injection of 10 pl of 0.1% EB [14] intrapontine. Then, they were
further randomly subdivided into five subgroups 10 rats each.
¢ EB control group: Rats were treated with normal saline orally
daily for 3 weeks.

¢ Quercetin-treated group: Rats were treated with quercetin at a
dose of 50 mg/kg/day [15].

e Metformin-treated group: Rats were treated with metformin at
a dose of 500 mg/kg/day [16].

¢ Dapagliflozin-treated group: Rats were treated with dapagliflozin
at a dose of 10 mg/kg/day [17].

¢ Pioglitazone-treated group: Rats were treated with pioglitazone
ata dose of 10 mg/kg/day [18].

All drugs were dissolved in 1% (w/v) methylcellulose (USP grade,
Sigma-Aldrich) as vehicle and given daily for 3 weeks.

Allrats were sacrificed by decapitation on the 215 day of the experiment.

Stereotaxic surgery

Rats were anesthetized by a mixture of ketamine and xylazine (80-
100 mg ketamine and 10 mg xylazine per kg body weight) injected
intraperitoneally. Then, each animal was fixed in the stereotaxic
frame (Kopf, Germany) with the incisor bar set at -3.3 mm to adjust
head level. Lubricant eye ointment was applied to prevent corneal
drying during the surgery [19]. Demyelination was induced by
intrapontine stereotaxic injection of EB. The following coordinates
were used: 9.16 mm posterior, 9 mm ventral, and 1.4 mm lateral to
the bregma according to the Atlas of Paxinos and Watson [20]. The
skull over the target area was drilled using a handheld drill. With
the use of a 28-gauge Hamilton microsyringe, 10 pl of 0.1% EB was
injected [14]. The needle was kept in place for an additional 10 min
after injection to prevent potential “back-leakage.” Upon needle
removal, the skin together with remainder of the subcutaneous tissue
was sutured with a nylon thread 4.0, and the animals were allowed
to recover [21].

Neurological and behavioral tests

The rats will be submitted to the evaluation of clinical signs on the
7% and 215 days after EB injection in control and demyelination groups,
to prove the occurrence of demyelination, and to detect the effect of
treatment.

All behavioral tests were conducted by researchers blind to group
identity.

Beam balance test

It is used to assess balance and fine motor coordination. Each rat was
placed on an elevated horizontal beam (25 mm in diameter, 59 cm in
length). During the test, thoracic and pelvic limbs of rats were evaluated,
different scores were given as follows: 0 - “normal:” Foot positioned on
top of the beam, no slippage and 1 - “error:” Whole foot slipped below
the lower surface of the beam [22].

Foot fault test

This test consists of placing the rat on an elevated grid floor (40x40 cm)
with grid openings 3 cm? Rats placed their paws on the wireframe
while moving along the grid. The test was recorded when the paw fell
or slipped through the wire, during each weight-bearing step. Every rat
performed a total number of 50 steps and during these, the number of
foot faults was recorded [23].
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Rotarod test

It assesses motor functions, gross coordination, and motor learning.
It consists of a rotating drum that can be accelerated from 4 to
40 revolutions per minute over the course of 5 min. All rats were
trained on the rotarod for 5 trials/day for 3 days. Each rat was placed
individually on the drum and the latency of falling down from the drum
was recorded [24].

Inverted screen test

It is a test of muscle strength using all four limbs. The screen was a
43 cm? of wire mesh consisting of 12 mm squares of 1 mm diameter wire.
Rats were placed in the center of the wire mesh screen, a stopwatch was
started, and the screen was rotated to inverted position over 2 s. The
screen should be held steadily 40-50 cm above a padded surface. The
time when the rat fell off was recorded and scored as follows: Falling
between 1 and 10 s = 1, falling between 11 and 25 s = 2, falling between
26 and 60 s = 3, and falling after 60 s = 4 [25].

Extraction of brain tissue

After completion of behavioral assessment at the 21 day post-surgery,
rats were decapitated under deep thiopental sodium anesthesia. The
brain was isolated and washed with phosphate-buffered saline solution
at pH 7.4, to remove any red blood cells and clots. Pontine tissue
samples were collected and stored in RNA later reagent (Qiagen) at a
temperature of —80°C for the assessment of LINGO-1 and myelin basic
protein (MBP) mRNAs expression levels.

Relative quantification of LINGO-1 and MBP gene expression by
real-time quantitative polymerase chain reaction (RT-qPCR)
Total RNA extraction

Total RNA, including mRNA, was extracted from pontine tissue samples
(30 mg) using RNeasy Mini Kit and following the manufacturer’s
protocol (Qiagen). All steps were performed under strictly sterile
and RNAse-free conditions at room temperature (15-25°C). RNA
was ethanol precipitated, resuspended in RNase-free water and the
assessment of the concentration and purity of the extracted RNA
samples were determined at 260-280 nm using Nanodrop 2000/2000c
spectrophotometer (Thermo Scientific, USA). RNA samples were stored
at -80°C until further processing [26].

Complementary DNA (cDNA) synthesis

Reverse transcription (RT) of purified RNA was performed in 25 pL
reaction volume with 100 ng of total RNA, random hexamer primer, and
RT Superscript Il (Invitrogen, USA).

RT-PCR

The RT-PCR measurement of LINGO-1 and MBP cDNA was performed
using the one-step RT-PCR system (Applied Biosystems, USA).
Amplification of the synthesized cDNAs was performed in duplicates
in a 25 pl reaction volume containing 1X SYBR® Green PCR Master
Mix (Applied Biosystems, USA). The specific primer pair for
LINGO-1 was the sense primer AGAGACATGCGATTGGTGA and the
antisense primer AGAGATGTAGACGAGGTCATT (GenBank accession
number AAH11057). As for MBP, specific primer pair was the sense
primer GGCAAGGACTCACACACAAGAA and the antisense primer
CTTGGGTCCTCTGCGACTTC (GenBank accession number AC 000086).
The amplification consisted of one cycle at 95°C for 30 s followed by
40 cycles of denaturation at 95°C for 5 s, a 60°C (for LINGO-1) or 64°C
(for MBP) annealing step for 10 s, and an extension step at 72°C for
20s[27,28].

For verification of the correct amplification product, the PCR products
were analyzed on 2% agarose gel stained with EB. In addition,
PCR amplification was followed by a melting curve analysis where
the identity of the PCR product was confirmed. A negative control
without cDNA was run with every PCR. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as a normalization gene [29].
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Histological examination

Pontine tissue specimens were placed in osmic stain solution. For H
and E stain, specimens were placed in 10% neutral formalin solution.
Coronal sections of pons (5 pm thick) were cut and stained with osmic
stain and hematoxylin and eosin (H and E) stain, then analyzed using a
light microscope.

Data analysis

Data were fed to the computer and analyzed using IBM SPSS software
package version 20.0. (Armonk, NY: IBM Corp). Analysis of the data was
performed using StepOne™ software v2.3 where the level of expression
of LINGO-1 and MBP was determined by the comparative Ct method and
presented as fold change relative to the housekeeping gene (GAPDH).

The Kolmogorov-Smirnov test was used to verify the normality of
distribution.
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Quantitative data were described using range (minimum and
maximum), mean, standard deviation, and standard error of mean
and median. The significance of the obtained results was judged at
5% level.

The used tests were F-test (ANOVA) for normally distributed
quantitative variables, to compare between more than two groups and
post hoc test (Tukey) for pairwise comparisons.

RESULTS

Effect of different treated drugs on motor performance

EB injection resulted in significant impairment of motor performance
as shown by a significant reduction in mean latency to fall in rotarod
test in the EB control group both in the 7 and 21* days (37.33+£16.69
and 46.87£10.45 compared to 144.7+7.97 and 146.21+6.55 for the

180
4 Sham group
160 - " 4EB control group
T T % Quercetin treated group

% T "y uMetformin treated group
= *4 & Dapagliflozin treated group
3 O Pioglitazone treated group
5 120 -
=
- e
< 100 A
= HH oK R4
3 L
S 80 1 4 I
4 |
] w4
5 ] =
E 60 -l-
o] |
S 40 -
=

20 1

0 Lu_n*.
Atday 7 Atday 21

Fig. 1: Mean latency to fall in the rotarod test in rats of the different studied groups. *: Significant with sham, #: Significant with control,
*: Statistically significant at p<0.05
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Fig. 2: Number of errors in the foot fault test in rats of the different studied groups. *: Significant with sham, #: Significant with ethidium
bromide
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Fig. 4: Score of the beam balance test in rats of the different studied groups

Score of beam balance test

1.0

0.9

0.8

0.7

0.6

0.4

0.3

0.1

0.0

% -4Sham group

% Quercetin treated group
@ Dapagliflozin treated group @ Pioglitazone treated group

4EB control group
uMetformin treated group

.
—

813

TS

Atday 7

Atday 21

. *: Significant with sham, #: Significant with ethidium bromide

—
-

LINGO-1 mRNA relative expression

o *#
12 2.5 1 #
5
10 %20 4
8 % ¥
21.5 4 & ]
> &
6 3 SRS
[3 b 33
<10 ERRRY
4 z QAN
B # Z ERRRREE
P ] ’ = 3 Q022
5 2
2 : cockees 1 205 . IR
I : e || i ;
0 . RRRINTS
Sham group EB Quercetin -~ Metformin  Dapagliflozin Pioglitazone 0.0
controlgroup treated group treated group treated group treated group
E group treated group treated group treated group treated group

Fig. 5: Effect of drug treatment on (a) LINGO-1 mRNA expression, (b) myelin basic protein mRNA expression in pontine tissue.
*: Significant with sham, #: Significant with ethidium bromide

146



Alazrag et al.

Fig. 6: Photomicrographs of the white matter of the pontine
tissue showing: (a) The classical structure with longitudinal
and transverse sections of bundles of densely stained uniform
regular large axon with thick myelin sheathes of variable
diameter in sham control rats. (b) Demyelinated group
revealing weakly stained irregular myelin sheathes with
incompletely myelinated fibers (arrow head). Most of the
nerve fibers show swelling vacuolation with narrowing of the
space in between. Many areas of dissolution demyelinated
nerve fibers (*) and few small-sized regenerating nerve fibers
(arrow) are seen. (c-f) Photomicrographs of drug-treated
groups showing alternating areas of weakly stained dilated
vacuolated nerve fibers (*), fibers with defective myelination
(arrow head) alternating with well myelinated (double
arrow), and small-sized remyelinated nerve fibers (arrow),
(c) quercetin-treated subgroup, ( d) pioglitazone-treated
subgroup, (e) metformin-treated subgroup, (f) dapagliflozin-
treated subgroup osmic stain Mic Mag*400

sham group on same days), whereas, the quercetin-, metformin-,
dapagliflozin-, and pioglitazone-treated groups showed statistically
significant increase in the mean latency to fall compared to those of
the EB control group both in the 7% and 21 days (p<0.001*) (Fig. 1).
It is also evidenced in foot fault test by significant increase in mean
number of errors in the EB control group both in the 7 and 21* days
(14.38+3.74 and 14.57+4.39) compared to the sham group in the same
days (1.56+0.53 and 1.22+0.44), whereas, the quercetin-, metformin-,
dapagliflozin-, and pioglitazone-treated groups showed significant
decrease (p<0.001) in mean number of errors in comparison to
the EB control group in the 7% and 21 days of experiment (Fig. 2).
In inverted screen test, the EB control group showed a significant
reduction in duration that the rats can grasp the screen with mean
values in the 7% and 21° days 10.78+4.89 and 18.50+5.55 compared
to 47.89+8.95 and 46.50+7.78 in the sham group. In contrast, the paw
strength was improved in the quercetin-, metformin-, dapagliflozin-,
and pioglitazone-treated groups by the significant increase in mean
duration that the rats can grasp the screen (p<0.001) when compared
to the EB control group on the 7% and 21 days (Fig. 3). Moreover, the
motor power and fine motor coordination were significantly impaired
in the EB control group in beam balance test by increase in foot slippage
in the 7® and 21t days (0.76+0.15 and 0.56+0.10) in comparison to the
sham group (0.16+0.05 and 0.16+0.07). On the other hand, quercetin-,
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Fig. 7: Photomicrographs of pontine tissue showing: (a) Sham
group rat’s pyramidal neurons with classical perikaryon with
regular triangular outlines and large centrally located vesicular
nuclei (arrow). (b) Ethidium bromide subgroup’s neurons with
swollen perikaryon, ill-defined, or short dendrites (arrow).
Some nuclei are fragmented (*) or pyknotic (double arrow). The
interstitial ground substance is highly vacuolated. (c-f) Different
treated groups showing alternative classical neurons (arrow)
and degenerated ones (*). (c) Quercetin-treated subgroup,
(d) pioglitazone-treated subgroup, (e) metformin-treated
subgroup, (f) dapagliflozin-treated subgroup hematoxylin and
eosin Stain Mic Mag *10,000

metformin-, dapagliflozin-, and pioglitazone-treated groups showed
significant improvement in motor performance (p<0.001) on the
7% and 21 days in comparison to the EB control group (Fig. 4).

Effect of different treated drugs on LINGO-1 and MBP mRNAs
expression in pontine tissue

EB injection resulted in upregulation in LINGO-1 mRNA expression
in pontine tissue of the EB control group to a significant level
when compared to the sham group on the 21 day. In contrast,
quercetin, metformin, dapagliflozin, and pioglitazone treatment
showed significant downregulation in the level of LINGO-1 mRNA
expression when compared to the EB control group on the 21 day
(Fig. 5a). Moreover, the level of expression of MBP was significantly
upregulated in the quercetin-, metformin-, and pioglitazone-treated
groups after the 21 day of experiment when compared to EB control
group (Fig. 5b).

Histological results

Examination of osmic stained pontine white matter of sham rats showed
longitudinal and transverse sections of heavily myelinated nerve fibers.
The myelin appeared with uniform densely stained black color with
regular oval lines and minor spaces in between (Fig. 6a).

Examination of the pontine white matter of the EB control group
revealed wide areas of demyelinated nerve fibers. They appeared pale
stained, swollen, vacuolated with irregular oval lines and reduced
spaces in between. Few small-sized regenerating nerve fibers are
present in between wider areas of dissolution demyelinated nerve
fibers (Fig. 6b).
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Examination of the pontine white matter of different drug-treated
groups revealed different ratios of degenerative and regenerative signs.
Degeneration reflected by weakly stained pale irregular degenerated
nerve fibers, vacuolation, and incomplete myelination which was more
manifested on metformin and pioglitazone, respectively. On the other
hand, regeneration was reflected by increased number of small-sized
regenerating myelinated nerve fibers alternating with bundles of well-
myelinated nerve fibers. This was more manifested in dapagliflozin and
quercetin, respectively (Fig. 6¢-f).

The microscopic examination of H and E stained pontine cortices of
sham rats revealed the classical structure of neuronal architecture. The
perikaryon of pyramidal cells showed typical triangular cell borders
with regular outline and well-organized dendrites. Their nuclei were
large vesicular and centrally located (Fig. 7a).

Examination of cortices of the EB control group revealed widespread
degenerative changes reflected on multiple swollen fusiform perikarya
with ill-defined borders and absence or shortening of most dendrites.
Some of their nuclei appeared fragmented, marginated, or pyknotic.
The neuropil in between was highly vacuolated (Fig. 7b).

Administration of the different tested drugs revealed considerable
protective effect and ameliorated the degenerative effect of MS
to variable degrees with decreased degenerated neurons and
reestablishment of cerebral neuronal architecture which was more
evident in both dapagliflozin and quercetin followed by pioglitazone
and the least with metformin (Fig. 7c-f).

DISCUSSION

Enhancing the regeneration of myelin sheaths in the CNS has been
identified as an important therapeutic target to overcome the
consequences of persistent demyelination.

Like all repair processes, the efficiency of the remyelination process
decreases with age. Thus, failure of remyelination plays a major role in
the progressive neurodegeneration process of MS [30].

Direct injection of EB has offered a simple and reproducible model
for studying the biology of remyelination and the repair process [7].
Furthermore, it was a good choice for the behavioral tests due to
the delayed action, separating the surgical alterations from the
demyelination changes [31].

Inthe presentresearch, EBinjectionresultsinadecreaseinlocomotor
ability of the rats with symptoms including incoordination, muscle
weakness, and paralysis as evidenced by rotarod test, foot fault test,
beam balance test, and inverted screen test. These findings may
be due to demyelination of nerve fibers leading to the impaired
conduction of nerve impulses and were evident by the presence of
wide areas of demyelinated nerve fibers on pontine white matter
of osmic stain sections. Such defects have been correlated to
oligodendrocyte loss and, consequently, to the demyelination caused
by EB [32].

These findings were consisting of Beckmann et al. work, in which
there are an increased number of failures in the beam walking test and
increased number of errors on the foot fault test [14].

Furthermore, EB injection resulted in a significant increase in the level
of expression of LINGO-1 mRNA expression versus the treated groups.
LINGO-1 is selectively expressed in the CNS on both neurons and
oligodendrocyte precursor cells (OPCs) and its expression is regulated
in the normal CNS, but it is upregulated in human or rat models of
neurodegenerative diseases. It has an important role in regulating
neuronal survival, axon regeneration, and the time of oligodendrocyte
and neuron interactions for myelination during development and
disease state [33].
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The pontine MBP mRNA expression in EB demyelinated group was
significantly decreased after 21 days of experiment in comparison to
the treated groups. Our study is in line with Salem et al. found that the
expression of MBP in the hippocampus was significantly decreased in
the EB-treated group when compared to sham-operated animals [34].

MBP is the second most abundant myelin protein after the proteolipid
protein that constitutes the myelin sheath [35]. MBP is expressed in
myelinating cells, both immature and mature oligodendrocytes so its
expression can be regarded as activity or presence of these cells [36].

Quercetin treatment after EB demyelination resulted in considerable
protective effect and ameliorated the degenerative effect of MS to
variable degrees with decreased degenerated neurons. This result is
in line with Beckmann et al,, in which quercetin treatment after EB
injection resulted in similar behavioral results to the control in the
beam walking test and in the foot fault test [35]. Although evidence in
literature on the usefulness of quercetin in demyelinating disorder is
lacking, compelling evidence supports its neuroprotective role.

Priyanga et al. reported a neuroprotective role of quercetin in
Parkinson’s disease by improving the behavioral abnormalities and
restoring the biochemical parameters [37], and this result is in line with
the effect of quercetin in our study.

Quercetin improved both cognition performance and myelination
in perinatal cerebral hypoxia-ischemia-induced brain injury by
promoting the proliferation of OPCs and strengthening survival
of oligodendrocytes [38]. It acts by inhibiting intramembranous
¥-secretase, thus interfering with canonical Notch signaling, which
leads to enhanced remyelination [3]. Furthermore, it selectively inhibits
canonical Wnt signaling and this signaling has been shown to affect
remyelination by nuclear translocation of -catenin. After translocation
in the nucleus, -catenin binds to transcription factor 4, which, in turn,
delays myelin repair, a process termed canonical Wnt signaling [39].

Metformin treatment after EB injection showed considerable protective
effect and ameliorated the degenerative effect of MS to variable degrees
when compared to the EB group. The effect of metformin in our study
is in accordance with the study conducted by Chakraborty and Torgal
demonstrated that metformin might exhibit a beneficial role in the
management of neurodegenerative disorders and its symptoms by its
antioxidant effect [40].

Whether it promotes myelin repair in demyelinating diseases remains
unclear. Metformin mediates its action by activating AMP-activated
protein kinase (AMPK), which plays a central role in regulation of
energy homeostasis in cells. Studies have shown that activators of
AMPK downregulate inflammation in vitro and in vivo in different
animal models [41]. Accumulating evidence suggests that AMPK has a
critical role in protecting the brain under pathologic conditions through
restoration of the CNS energy balance [42]. This protective effect was
documented to AMPK activators due to their immunomodulatory
activities and the restoration of blood-brain barrier integrity in EAE
animals [43]. In addition, AMPK signaling encourages oligodendrocyte
survival and, thus, restores CNS integrity and functions in experimental
autoimmune encephalitis animals treated with metformin [44].

Dapagliflozin revealed considerable protective effect and ameliorated
the degenerative effect of MS. Although studies in neuroprotective
effect of SGLT2 inhibitors are lacking, Paul Millar et al. reported
beneficial effects of dapagliflozin on cognitive function, neurogenesis,
and synaptic density [45].

Moreover, Abdelsameea and Kabil showed that administration of
SGLT2 inhibitors along with cisplatin protects rat from sensory and
motor neuropathy with improvement in motor performance on
rotarod apparatus and prevents neuronal degeneration as well as
enhanced the expression of MBP [46]. Furthermore, Ye et al. reported
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that the anti-inflammatory and anti-fibrosis effects of dapagliflozin are
mediated through the activation of AMPK [47].

Pioglitazone treatment revealed considerable protective effect and
ameliorated the degenerative effect of MS to variable degrees and
reestablishment cerebral neuronal architecture. In line with our results,
Klotz et al. in which orally administered pioglitazone ameliorated the
clinical course and histopathological features in the experimental
autoimmune encephalomyelitis animal model [48].

It is well established that PPAR is transcriptional factors involved in
the regulation of lipid and glucose metabolism, cell differentiation,
and proliferation. This subfamily of nuclear receptors comprises the
members PPAR«, PPARB/S, and PPARy which, after ligand activation,
regulate gene transcription by dimerizing with the retinoid X receptor
and acting in specific DNA sequences [49]. PPARy agonists induce
astrocyte and prominently OPC differentiation genes of neural stem
cells [50]. PPARYy activators further promote OPC maturation toward
myelin-forming oligodendrocytes, increasing MBP expression [51].

The beneficial effects of the studied drugs were explained by their effect
on LIGO-1 and MBP expression, as the LIGO-1 and MBP had important
roles in MS pathogenesis.

CONCLUSION

From the result of this study, it could be concluded that quercetin,
metformin, pioglitazone, and dapagliflozin might have beneficial
role in the treatment of neurodegenerative disorders ameliorated
the degenerative effect of MS to variable degrees with decreased

degenerated neurons and reestablishment cerebral neuronal
architecture.
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