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Abstract:

Background: Parkinson’s disease (PD) is a progressive
neurodegenerative disorder marked by motor impairments such
as bradykinesia, rigidity, tremors, and postural instability.
Oxidative stress, neuroinflammation, and dopaminergic neuronal
loss- are key pathological features. Aim: This study aimed to
evaluate and compare the neuroprotective effects of semaglutide
and safinamide against bromocriptine in a rat model of PD.
Materials and Methods: Parkinsonism was induced in rats
using rotenone. Animals were divided into eight groups: control,
DMSO, bromocriptine (2.5 mg/kg), semaglutide (0.62 mg/kg),
safinamide (10 mg/kg), and their respective combinations.
Biochemical assays were performed to measure malondialdehyde
(MDA), glutathione (GSH), and dopamine levels. Inflammatory
cytokines (TNF-a, IL-6) were analyzed. Behavioral tests
assessed motor function. Histopathological and
immunohistochemical ~ evaluations,  including  caspase-3
expression, were conducted. Results: All treated groups showed
significant improvements in oxidative stress parameters,
dopamine restoration, and inflammatory cytokine reduction.
Behavioral performance improved across all drug-treated groups,
with combined therapies vyielding superior outcomes. The
bromocriptine + safinamide group exhibited the greatest
neuroprotective and functional recovery effects. Conclusion:
Bromocriptine, semaglutide, and safinamide- either alone or in
combination- demonstrated therapeutic efficacy in rotenone-
induced Parkinsonism in rats. Combination therapies-
particularly bromocriptine + safinamide- showed enhanced
neuroprotective benefits, suggesting a promising strategy for PD
management.
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Introduction

It is anticipated that Parkinson's disease
will double in prevalence over the next
three decades, making it the second most
prevalent neurodegenerative disease after
Alzheimer's @,

Parkinson's disease can be diagnosed by
utilizing both motor and non-motor
symptoms. Motor symptoms that
distinguish Parkinson's diseases include
rigidity, postural instability,
bradykinesia/akinesia, and rest tremor
(pill-rolling) @.

Currently, L-DOPA is the most effective
anti-parkinsonian drug obtainable and is
regarded as the "gold standard” in
Parkinson's  disease  therapy = ©.
Bromocriptine, cabergoline and pergolide
are among the dopamine agonists that are
frequently used as monotherapy during the
initial stages of Parkinson's disease to
postpone the motor complications that are
caused by levodopa ®.

For over three decades, bromocriptine has
been extensively employed in clinical
settings to  address  parkinsonism,
hyperprolactinemia, pituitary adenomas,
and galactorrhea ©.

Semaglutide is the sole GLP-1RA that is
presently available in both subcutaneous
and oral formulations. This represents the
most recent authorization of a glucagon-
like Peptide-1 receptor agonist (GLP-1RA)
©)  Additionally, it has demonstrated
neuroprotective properties in both animal
and human studies .

In the human brain, safinamide is a highly
selective, reversible MAO-B inhibitor that
inhibits MAO-B one thousand times more
potently than MAO-A ® . In addition to its
ability to obstruct voltage-dependent Na+
and Ca2+ channels and impede glutamate
release, safinamide also impacts both
g?paminergic and glutaminergic systems
Aim of work:

The objective of the current investigation
is to assess the influence of semaglutide
and safinamide on experimentally induced

parkinsonism in rats in comparison to
bromocriptine

Materials & methods:

Approval code : MD 4-1-2023

This study is a preclinical, experimental
animal study conducted on adult male
albino rats. The experiments were
performed at  the pharmacology
department of the Benha Faculty of
Medicine, Egypt, from July 2023 to July
2024. Ethical approval was obtained from
the institutional animal care and use
committee  (IACUC), with approval
code:MD 4-1-2023. All procedures were
performed in accordance with the
guidelines for the care and use of
laboratory animals.

A. Animals:

At the commencement of the investigation,
forty-eight adult male Sprague—-Dawley
rats, whose weight ranged from 150 to 200
g, were obtained from the Experimental
Animal Breeding Farm, Helwan, Cairo, for
use in the in vivo study. They were
contained in a compartment that was kept
at ambient temperature and was entirely
ventilated in the pharmacology department
of the Benha Faculty of Medicine. There,
they were caged in groups of six for one
week as part of the acclimatization
process. Rats were supplied with water and
a standard diet.

B. Drugs and chemicals:

Rotenone powder lgram (Sigma-Aldrich
Co-USA), saline (EL-Gomhouria Co.,
Egypt), semaglutide (powder) (Novo
Nordisk., Denmark), safinamide (powder)
(EVA  pharmaceutical Co, Egypt),
Bromocriptine (powder) (Amoun
pharmaceutical Co, Egypt), interleukin 6
(IL-6) kits (MyBioSource, USA,Cat#
MBS269892), tumor necrosis factor alpha
(TNF-a)  kits. (Cat# MBS2507393,
MyBioSource, USA), malondialdehyde
(MDA) and reduced glutathione assays are
conducted at Bio-diagnostic in Egypt.
(Bio-diagnostic, Egypt) Dopamine is
detected in brain tissue preparations. Item
number MBS779655 is included in the



category. The research utilized the
following  substances:  anti-Caspase-3
(Dako, CA, USA), dimethyl sulfoxide
(DMSO) (Sigma Chemical Co., USA),
formalin, solution, neutral 10% formaline
(El Gomhoria Pharmaceutical Chemical
Co., ARE), urethane (Ethyl carbamat,
white crystals) (Sigma Chemical Co.,
USA), and hematoxylin and eosin (E.
Merk, Darmastadt, Germany).

Induction of Parkinsonism:

Rotenone (1.5 mg/kg/day; s.c.) is
administered to rodents on a daily basis for
a duration of 28 days to induce
Parkinsonism 9.

The drug therapy started for four
successive weeks after the end of
induction of Parkinsonism %,

Drugs solvent:

Bromocriptine ™2, semaglutide *¥ and
safinamide ®* were dissolved in dimethyl
sulfoxide (DMSO) and were given oral

D. Experimental design:

Group | (control group): This group
received standard chow and tap water with
no medication for 2 months.

Group Il (non-treated parkinsonism
group): Rotenone (1.5 mg/kg/day; s.c.)
was administered once daily to rodents to
induce Parkinsonism for twenty-eight
consecutive days 9.

Group Il (DMSO Parkinsonism
group): This group given 0.5% DMSO
containing water, oral for four successive
weeks after induction of Parkinsonism 2.
Group IV (Bromocriptine treated
parkinsonism group): This group given
bromocriptine, oral in a dose 2.5 mg /kg
/day @,

Group V  (Semaglutide  treated
parkinsonism group): This group given
(slignaglutide, oral in a dose 0.62 mg/kg/day
Group VI (Safinamide  treated
parkinsonism group): This group given
(sgfinamide, oral in a dose 10 mg /kg /day
Group Vil (Bromocriptine +
Semaglutide  treated  parkinsonism
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group): This group given bromocriptine
and semaglutide, oral in the same doses as
above previous groups.

Group  VIII (Bromocriptine  +
Safinamide  treated parkinsonism
group): This group given bromocriptine
and safinamide, oral in same doses as
above previous groups.

The selection of the appropriate dose was
determined by pilot experiments and
previously published studies.

E. Body weight assessment: Body weight
assessed every week for all experimental
groups by digital scale and all values
recorded.

F. Blood  pressure  assessment:
Measurement of blood pressure (BP) on
the animal's tail @®.

G. Behavioral tests: Between 9:00 a.m.
and 3:00 p.m., all behavioral procedures
were administered in a silent room
throughout the duration of the test.

1. Open field test: Assessment of
locomotor behavior 9.

2. Catalepsy test: To assess muscular
rigidity @9,

3. Balance beam test: Fine coordination
and balance can be assessed V.
Microcapillary tubes were employed to
obtain blood samples from the retro-orbital
venous plexus of rodents ®@. Samples of
tumor necrosis factor o (TNF-a) and
interleukin 6 (IL-6) were stored in opaque
containers at -20 C for purposes of
measurement.

After that, rodents were anesthetized with
urethane (ethyl carbamate; 1.4 g/kg, i.p.)
% and sacrificed for sample collection.
The brains were immediately isolated and
immersed in ice-cold saline. The
midbrain homogenate was used to evaluate
the biochemical parameters in nigral
tissues in the midbrain, including
malondialdehyde (MDA), glutathione
(GSH), and dopamine. Brains from each
cohort were collected and preserved in
10% formalin for histopathological and
immunohistochemical  evaluation  of
Caspase-3 ®¥.

H. Biochemical essays:
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I. Measurement of TNF- o and IL-6:
Use of a rodent enzyme-linked
immunosorbent assay (ELISA) to
detect TNF-a and interleukin 6 in rat
serum #529),

Il. Measurement of Dopamine and
oxidative stress markers (GSH and
MDA) in mid brain homogenates:
Dopamine level measurement: ELISA

kits: @), To  determine the
concentrations of GSH and MDA in
the Dbrain, suitable assays were

implemented through calorimetry ©®.

I. Histopathological analysis: A
histopathological assessment of specimens
that have been stained with H&E @9,

J. Immunohistochemistry:
Immunostaining was conducted using the
primary antibodies of rabbit anti-Caspase-
3 and mouse anti-Fas,
Immunohistochemistry was performed on
paraffin sections using the avidin-biotin
peroxidase method. Sections were
incubated with rabbit anti-caspase-3 and
mouse anti-Fas antibodies, then with the
corresponding secondary antibodies, and
the reaction was visualized with

diaminobenzidine. Staining was evaluated
by estimating the percentage of positive
cells and their intensity ©.

Statistical analysis:  The  medical
information included in a report. The
statistical software for the social sciences
(SPSS) wversion 26 was used for data
analysis. The ANOVA test is implemented
to compare the mean of quantitative data
from more than two distinct groups in
statistical analysis.

The P value is statistically significant if it
is less than 0.05, while it is statistically
insignificant if it is greater than 0.05. A P
value of less than 0.01 is regarded as
highly significant in all analyses.

Results:

Brm: Bromocriptine Sema:
Semaglutide Safina:
safinamide

The significance conveyed by letters of
different values [a (the highest value) and
g (the lowest value)] .

1. Assessment of the body weight: Table

1)

Table (1): The effect of semaglutide and safinamide versus bromocriptine on body weight

(gm) in different weeks:

groups G | Gll(non- Gl GIV GV GVI G VII GVIII
(control)  treated) (DMSO) (Brm) (Sema) (Safina)  (Brm+ (Brm+
weeks Sema) Safina)
Istweek 19500 *  199.33% 19850 196.83%  191.83% 19333% 193.83%  191.83%
(start of * + * + + + + +
the study) 7.72 8.59 5.39 4.49 7.14 9.71 5.49 5.56
dthweek 258672  20017°  20033° 21067° 20833° 200.00° 207.33° 207.67°
(end of + + + + + + + +
induction) 6.86 8.01 7.53 10.03 7.71 10.12 8.98 9.37
8thweek 281002  22067° 21850° 18550° 158.67° 21967° 131.83° 18550°€
(end of the + + + + + + + +
study) 2.83 5.75 6.75 4.37 1.97 6.02 2.14 4.37
Our study showed there were no significant variations in body weight

significant difference in body weight

between groups as the following all groups

between all groups at the first week of the
study ,then there were significant decrease
in body weight in all parkinsonism groups
in comparison with control group p value<
0.01 , at the end of the study there were

showed significantly lower body weight
than control group with the lowest result in
bromocriptine +semaglutide treated group
VII.



2. Assessment of blood pressure: Figure (1)
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Figure (1):
bromocriptine on blood pressure(mmHg).

According to blood pressure assessment,
the results of the groups showed
significant variations between groups. All
groups showed significant lower blood
pressure than control group with the
lowest result in bromocriptine
+semaglutide treated group VII.

3. Assessment of behavioral

Figures (2,3.4,5)

tests:

Histogram showing the effect of semaglutide and safinamide versus

As regards behavioral tests, there were
significant  limitations of locomotor
activity in all parkinsonism groups in
comparison with control group also there
were improvement in all treated groups in
comparison with non-treated and DMSO
groups with the best improvement in
bromocriptine +safinamide treated group
VIII.

total distance (cm)

Open field test

Figure (2): Histogram of assessing open field test.
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Figure (3): Histogram showing balance beam test assessing total time to cross the beam with seconds.
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Figure (4): Histogram showing balance beam test assessing number of slips when crossing the
beam.
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Figure (5): Histogram assessing catalepsy test.



4. Measuerement  of the  serum
inflammatory cytokines: Table (2)

The inflammatory cytokines TNF-a and

IL6 exhibited an increase in levels in the

non-treated and DMSO groups, while their
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levels were significantly reduced in all
treated groups p value< 0.01. The
bromocriptine + safinamide treated group
V111 exhibited the most favorable outcome.

Table (2): The effect of semaglutide and safinamide versus bromocriptine on serum
inflammatory cytokines (serum TNF-o and 1L-6):

groups G | (control) G Il (non- G Il GIV(Brm) GV (Sema) GVI G VI GVIII
treated) (DMSO) (Safina) (Brm+ (Brm+
weeks Sema) Safina)
TN/F | 14281 | 589.24 2 505752 36086  43863° 267059 424629  102.75°
(pg m ) + + + + + + + +
14.70 50.80 49.60 36.64 4257 27.95 26.55 19.42
“-'f’ | 4055 179.07 2 18516 133.42°  15208°  97.18¢ 8557 ¢ 58.35 °
(pg m ) + + + + + + + +
3.97 14.21 13.40 10.73 12.10 7.45 7.23 6.05

5. Measurement of Dopamine and oxidative stress markers in mid brain

homogenate: Table (3)

Table (3): The effect of semaglutide and safinamide versus bromocriptine on dopamine and
oxidative stress markers (MDA) and GSH) in mid brain homogenate:

groups G | (control) G Il (non- G Il GIV(Brm) GV (Sema) GVI G Vi GVIII
treated) (DMSO) (Safina) (Brm+ (Brm+
weeks Sema) Safina)
DOpa”}:”e 62.14 2 17.00" 1836 32.26 ¢ 25.39° 43.29° 35.47 ¢ 50.21 "
(ng ) + + + + + + + +
6.12 2.94 2.87 4.12 2.99 517 4.48 5.36
Gs'j 6792 263" 2569 345" 3.90° 4289 500" 5.84°
g?sgug) + + + + + + + +
0.86 0.30 0.32 0.39 0.42 051 0.59 0.71
'\"Bﬁ 12233" 327.15° 342492 27937°  24307° 201229 185109  160.25°
g;sueg) + + + + + + + +
13.82 35.17 3552 28.93 25.89 22.98 2217 17.44

As regards dopamine level in midbrain
homogenates there  was  significant
reduction in dopamine level in non-treated
and DMSO groups while its level was
significantly increased in all treated groups
with the best result in bromocriptine +
safinamide treated group VIII p value<
0.01

In the non-treated and DMSO groups,
MDA levels increased significantly,

whereas they decreased significantly in all
threatened groups, particularly in the
combination groups and other treated
groups p value< 0.01. In addition, the GSH
level was significantly decreased in the
non-treated and DMSO groups, while it
was significantly increased in all treated
groups p value< 0.01. The bromocriptine +
safinamide treated group VIII exhibited the
most significant increase.
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0

shows preserved histoarchitecture with normal neurons (black arrow). (B) Group Il (non-
treated) reveals degenerated neurons (black arrow), pyknotic nuclei (red arrow), and
inflammatory infiltrate (yellow arrow). (C) Group Il (DMSO) shows similar degeneration and
inflammation. (D) Group 1V (Bromocriptine) exhibits partial neuronal recovery (black arrow)
with some degeneration (red arrow). (E) Group V (Semaglutide) shows partial neuronal
restoration (black arrow), some degeneration (red arrow), and inflammatory infiltrate (yellow
arrow). (F) Group VI (Safinamide) reveals notable neuronal improvement (black arrow) with
fewer degenerated cells (red arrow). (G) Group VII (Bromocriptine + Semaglutide) shows
improved neurons (black arrow) and minimal inflammation (yellow arrow). (H) Group VIII
(Bromocriptine + Safinamide) demonstrates neuronal restoration (black arrow) with mild
inflammatory infiltrate (yellow arrow).
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Immunohistochemistry:
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Immunohistochemical staining of midbrain for caspase-3 (magnificationx400):

(A) Group | (control): negative expression. (B) Group Il (non-treated): strong positive
expression.  (C) Group Il (DMSQ): strong positive expression. (D) Group IV
(Bromocriptine): mild positive expression. (E) Group V (Semaglutide): moderate positive
expression. (F) Group VI (Safinamide): mild positive expression. (G) Group VII
(Bromocriptine + Semaglutide): weak positive expression. (H) Group VIII (Bromocriptine +
Safinamide): very weak positive expression (yellow arrow).
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Figure (1): Showing the mean area % of Caspase-3 immunostaining in all groups.

Discussion:

The present results demonstrated a
significant decrease in body weight in the
non-treated, DMSO, and all treated groups
when compared to the control group p
value< 0.01. Among the treated groups,
bromocriptine, semaglutide, and
particularly their combination
(bromocriptine + semaglutide) produced a
pronounced reduction in body weight
relative to the non-treated and DMSO
groups, whereas safinamide alone did not
exert a significant effect. The most marked
decrease in body weight was observed in
the bromocriptine + semaglutide group
(Table 1). These findings confirm that
safinamide does not influence body weight,
which is consistent with earlier reports 3L,
%2 showing that bromocriptine and
semaglutide reduce body weight, while
another  study demonstrated that
safinamide had no significant impact.
Weight loss observed in the parkinsonism
groups can be attributed to disease-related
factors. As reported by Kashihara @9,
Parkinson’s disease is frequently associated
with appetite loss, which may arise from

impaired olfaction and taste,
gastrointestinal dysmotility, and
depression. The anorectic effect of

bromocriptine is linked to reduced

hypothalamic neuropeptide Y (NPY)
MRNA expression through D2 receptor
activation, thereby counteracting the
elevated NPY levels typically observed in
obese models @, In addition, the weight-
reducing mechanism of semaglutide has
been attributed to its ability to suppress
glucagon secretion, delay gastric emptying,
reduce food intake, and decrease fat
gtg)sorption, as documented by HamasSalih
The present findings showed that blood
pressure did not significantly decrease in
the control group, whereas a significant
reduction was observed in the non-treated,
DMSO, and all treated groups. Safinamide
(group VI) did not cause a significant
decrease in blood pressure; however,
bromocriptine, semaglutide, and
particularly their combination induced a
marked reduction compared with the non-
treated and DMSO groups, with the
greatest decrease observed in the
bromocriptine + semaglutide group (Fig.
1).

These results suggest that safinamide has
no hypotensive effect, which is consistent
with previous reports indicating that
hypotension is a common cardiovascular
manifestation of PD ©”. The hypotension
observed in the non-treated and DMSO



groups may be attributed to peripheral
autonomic dysfunction, which develops
early in the disease ©®.

Consistent with our results, earlier studies
demonstrated that bromocriptine and
semaglutide reduced blood pressure ¢ 49,
whereas safinamide had no significant
effect “Y. The hypotensive effect of
bromocriptine has been attributed to
inhibition of sympathetic nerve activity
through D2 receptor activation, leading to
reduced  norepinephrine release 2.
Meanwhile, the blood pressure—lowering
effect of semaglutide has been explained by
its ability to promote natriuresis and
diuresis in both experimental and clinical
studies, an action associated with inhibition
of the Na+/H+ exchanger 3 (NHE3) in the
proximal tubules 344,

Regarding the behavioral tests evaluated at
the end of the four-week treatment period,
all parkinsonian groups exhibited a
significant reduction in locomotor activity
compared with the control rats. Treatment
with  bromocriptine, semaglutide, or
safinamide either as monotherapy or in
combination  resulted in  significant
improvement compared with the non-
treated and DMSO groups p value< 0.01.
with the greatest improvement observed in
the bromocriptine + safinamide group
(Group VHI).

Locomotor activity and mobility were
lowest in the DMSO group (Il) and the
non-treated group (1), as previously
reported “®.

Previous studies “® *” are consistent with
our findings, showing that chronic
administration of rotenone for three weeks
markedly impairs cognitive and motor
function. The present results also revealed a
significant  decrease in  dopamine
concentration p value< 0.01. which is
consistent with the proposed mechanism
underlying neurobehavioral impairment “®.
In agreement with earlier research “ %059,
bromocriptine, semaglutide, and
safinamide- respectively- were each able to
improve motor behavior, supporting the
current findings.

11
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The mechanism underlying this
improvement has been clarified by several
studies. Bromocriptine alleviates
bradykinesia associated with dopaminergic
nigrostriatal degeneration by directly
stimulating striatal dopamine D2 receptors,
thereby  enhancing  locomotion ~ ©?
Similarly, semaglutide was shown to
improve motor behavior by attenuating
dopamine depletion in nigrostriatal neurons
®3) " Moreover, safinamide has been
reported to exert beneficial effects on motor
symptoms ©*, which supports the observed
improvements across all behavioral tests in
the present model.

The present data demonstrated a significant
increase in the levels of the inflammatory
cytokines TNF-a. and IL-6 in the non-
treated and DMSO groups p value< 0.01.
whereas their levels were markedly reduced
in all treated groups (bromocriptine,
semaglutide, and safinamide), either as
monotherapy or in combination. The most
pronounced reduction was observed in the
bromocriptine + safinamide group (VIII).
Both the non-treated and DMSO groups
exhibited the highest levels of TNF-o and
IL-6, consistent with previous findings ©°
that identified rotenone as a key contributor
to the pathogenesis of PD due to its
selective toxicity toward nigrostriatal
dopaminergic neurons. This aligns with
evidence ©® that rotenone induces
neuroinflammatory responses and
microglial activation, leading to the release
of cytotoxic cytokines, including IL-6 and
TNF-a, which contribute to dopaminergic
neuronal degeneration.

In agreement with our results, earlier
studies ©" %% %) confirmed that
bromocriptine, semaglutide, and safinamide
respectively ameliorated serum IL-6 and
TNF-a levels. The anti-inflammatory effect
of bromocriptine has been attributed to its
action on dopamine D2 receptors (Drd2),
which suppress the transcription of pro-
inflammatory cytokines, as demonstrated
by Du et al., . Similarly, GLP-1 receptor
agonists, such as semaglutide, inhibit the
production of pro-inflammatory cytokines,



Benha Medical Journal, vol. XX, issue XX, 2025

adhesion molecules, and chemokines by
attenuating NF-xB signaling, thereb
reducing systemic inflammation ©Y.
Regarding safinamide, its ability to lower
IL-6 and TNF-a is associated with its
modulation of glutamate release, inhibition
of Ca?" channel activity, and blockade of
voltage-dependent Na* channels, ultimately
reducing excitotoxicity and subsequent
inflammatory mediator transcription, as
confirmed by Blair & Dhillon ©2.

Our investigation revealed that daily
administration of rotenone for 28 days
resulted in a significant elevation of MDA
levels and a marked reduction in GSH
levels in the midbrain homogenates of the
non-treated and DMSO groups p value<
0.01. p value< 0.01. In contrast, treatment
with  bromocriptine,  semaglutide, or
safinamide either individually or in
combination significantly decreased MDA
levels and increased GSH levels p value<
0.01. p value< 0.01. with the most
favorable outcomes observed in the
bromocriptine + safinamide combination
group (VHI). Consistent with our findings,
previous studies ©® have confirmed that
rotenone alters oxidative stress markers,
including increased MDA and decreased
GSH.

The underlying mechanism of rotenone
toxicity is primarily related to the inhibition
of mitochondrial complex I, leading to
impaired ATP synthesis ®. Additionally,
rotenone suppresses the activity of
antioxidant enzymes and  promotes
excessive production of reactive oxygen
species (ROS), thereby exacerbating
oxidative damage ©°. In agreement with
the present results, earlier reports ©° 67 59)
demonstrated that bromocriptine,
semaglutide, and safinamide, respectively,
reduced MDA levels and restored GSH
levels.

The antioxidant action of bromocriptine has
been attributed to its ability to scavenge
free radicals and inhibit their formation by
enhancing the expression of nuclear factor
erythroid 2-related factor 2 (Nrf2) ©9.
Semaglutide has been shown to improve

mitochondrial ~ function and  reduce
oxidative stress %, and its administration
was further associated with upregulation of
proteins involved in the Nrf2 signaling
pathway ™ ™. Similarly, safinamide has
been reported to decrease microglial
superoxide  production and enhance
glutathione synthesis, thereby exerting
neuroprotective effects against axonal
degeneration via modulation of ion channel
activity (¥,

In the present study, dopamine levels in the
midbrain  homogenates were markedly
reduced in the non-treated and DMSO
groups, whereas all treatment groups
bromocriptine, semaglutide, and
safinamide- whether administered
individually or in combination- showed a
significant restoration of dopamine levels.
The highest dopamine concentration was
detected in the bromocriptine + safinamide
combination group (VI1I1). Rotenone is well
known to selectively damage the
nigrostriatal dopaminergic system when
administered systemically, as it readily
crosses cell membranes and inhibits
mitochondrial complex 1 ™. In line with
our findings, previous studies (%7677
confirmed that bromocriptine, semaglutide,
and safinamide each enhanced dopamine
levels.

The effect of bromocriptine on dopamine
preservation is attributed to stimulation of
D2 receptors, which activates the MAPK
and PI3K signaling cascades. This, in turn,
upregulates the anti-apoptotic protein Bcl-
2, thereby conferring protection to
dopaminergic neurons "®. Semaglutide has
been reported to mitigate dopaminergic
neuronal loss by reducing microgliosis and
astrogliosis in experimental models, thus
attenuating  chronic  inflammation (',
which is consistent with our findings.
However, in contrast to our results, a
previous report ©¥  observed that
semaglutide produced only a non-
significant increase in dopamine levels
compared with diseased controls.

The neuroprotective effects of safinamide
are largely related to its inhibition of



monoamine oxidase-B (MAO-B), thereby
reducing dopamine catabolism. Elevated
MAO-B activity is associated with
increased production of hydrogen peroxide
(H202), which contributes to neuronal
degeneration and oxidative stress. Thus,
MAO-B  inhibition by  safinamide
represents a promising therapeutic strategy

for  maintaining  dopamine levels,
alleviating symptoms, and provi(di)ng
79

neuroprotection in Parkinson’s disease

Conclusion:

Bromocriptine, semaglutide and safinamide
improved parkinsonism symptoms. The
combinations between drugs showed better
result than single therapy thus could be
used as new lines in treatment in cases of
parkinsonism.
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