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ABSTRACT

Background: Parkinson’s disease (PD) is the second most prevalent neurodegenerative
disease. There are currently more than five million PD patients worldwide. Up to date, no
curing treatment is available. The main characteristics of PD are the degeneration of
dopaminergic neurons in the substantia nigra pars compacta and the lack of dopamine in the
striatum, which result in the clinical features including tremor, bradykinesia, and muscle
stiffness.

Objective: This study aims to evaluate the neuroprotective activity of propolis ethanolic
extract (PEE) in rotenone induced Parkinson models in SH-SY5Y cells and study the
immunological and biochemical effects of (PEE) on the levels of IL-6, MDA, Dopamine and
TAOC and identify the doses that effectively decrease the levels of IL-6 and MDA in SH-
SY5Y cells.

Materials and methods: SH-SY5Y cell lines were seeded in 96 tissue culture plates. All cells
were pretreated with different concentrations of propolis ethanolic extract (PEE) at serial
dilutions ranging from 31.25 to 1000 pg/ml (four replicates were used for PEE) for 2 hours at
37C then challenged with ROT (20 pg/ml), the plate was covered with a self-plastic lid. After
a 48-hour incubation period following the exposure period, the cell lines were taken for
immunoassay by ELISA method using MDA, IL-6, TAOC and dopamin Colorimetric assay.
The results: The result shows the propolis boosted the viability on SHSY5Y cell line due to
its ability to inhibit neurite outgrowth of differentiating SH-SY5Y cells. and the neurotoxic
agent rotenone shows high cytotoxic effect on SHSY5Y cell line. also (PEE) at different
concentrations show a significant decreased (p value<0.05) in MDA and IL-6 levels.
Conclusion: In conclusion, this study indicating that natural compound propolis attenuated
the neurotoxicity induced by rotenone in SH-SYSY Parkinson’s disease cell model due to its
anti-inflammatory and antioxidant properties.
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Introduction

Chronic neurodegenerative disorder. Parkinson’s disease (PD) is the second an age-
related neurodegenerative disorder that affects more than 6.3 million people(1). There are
currently more than five million PD patients worldwide accounting for around 2% of the
world’s population(2) which makes it the second most prevalent neurodegenerative disease
worldwide(3) . Up to date, no curing treatment is available (4) .affecting both the motor and
non-motor systems of the central nervous system. The main characteristics of PD are the
degeneration of dopaminergic neurons in the substantia nigra pars compacta and the lack of
dopamine in the striatum (5), which result in early indicators including tremor, rigidity,
bradykinesia, and difficulties in mobility(6). The SH-SY5Y human neuroblastoma cell line
was one of the most used cell lines in neurosciences, either undifferentiated or differentiated
into neuron-like cells(7). cells are an excellent model system for studying the effects of
toxicity on both proliferating cells and differentiated cells due to its human origin,
catecholaminergic (though not strictly dopaminergic) neuronal properties, and ease of
maintenance(8). The SH-SY5Y is a subline of cells isolated from the bone marrow from a
metastatic neuroblastoma of a 4-year-old female in1970s(9). To obtain the specific features
of the diseased cells, the immortalized cell lines must be first differentiated towards a specific
neuronal type that is affected in the pathophysiology of the disease. For PD, a differentiation
in dopaminergic neuronal phenotype is usually achieved(7). In addition, the cell culture may
be either exposed to one of the several neurotoxins such as ROT that induce cellular PD-
specific changes, or be genetically modified by transfection to over-express the pathological
protein (7). The cell line has a catecholaminergic phenotype, equipped with tyrosine
hydroxylase and dopaminebeta-hydroxylase enzymes, and is able to synthesize both
dopamine and noradrenaline neurotransmitters(10). In addition, SH-SY5Y can be further
differentiated into a more mature dopaminergic phenotype(11). Thus, these characteristics
make this cell line a suitable in vitro model for the study of PD. In vitro models used for PD
must reproduce the two main pathologic changes of the disease: the degeneration of the
dopaminergic neurons and the intraneuronal deposition of alpha-synuclein (8).

2. Materials and Methods

Cells: Human neuroblastoma SH-SY5Y cells were purchased from College of
Medicine, University of Babylon, Irag. The cells were cultured in RPMI media (Gibco/U.K.)
with 10% (v/v) fetal bovine serum (FBS) (Gibco/U.K.) and 80 mg of gentamicin (The Arab
Pharm/Jordan) were added. The cells were then incubated at 37 °C in a saturated humidity
atmosphere containing 95% air and 5% CO.. Cells grew to around 70% confluences before
they were used for experiments. The cell lines were taken for immunoassay by ELISA method
using MDA, IL-6, TAOC and dopamin Colorimetric assay.

127



In vitro:
Study Design
Cytotoxicity Assay of Rotenone in Cell Line

A pilot study was done to choose the appropriate concentration of ROT. In 96 tissue
culture plates, SH-SY5Y cell lines were sown and marked. Four repetitions of each
concentration of rotenone were employed for the Cell, and four repetitions served as the
control group. The rotenone was applied to all cells at serial dilutions ranging from (0.6 to 40
pag/ml) the plate was covered with a self-plastic lid. Following a 24-hour incubation period,
the proliferation of the cell lines was evaluated using an MTT assay to determine
cytotoxicity(12).

Cytotoxicity Assay of Ethanolic Extract of propolis in Cell Line

In 96 tissue culture plates, SH-SY5Ycell lines were sown and marked. Four replicates
of each concentration of ethanolic extract were employed, and four untreated replicates served
as the control group. The extracts were added to cells at serial dilutions ranging from (31.25
to 1000ug/ml), the plate was covered with a self-plastic lid. Following a 24-hour incubation
period, the proliferation of the cell lines was evaluated using an MTT assay to determine the
cytotoxicity(13)

Preparation of Reagents and Solutions
Rotenone Preparation for SH-SY5Y Cells

Preparation of stock solution of rotenone by dissolving 5.6 mg of powder in 0.5 ml of
DMSO to produce a final concentration of 20ug/ml. The mixture is then filtered through a
0.22 pum Millipore filter to remove any contaminants(12).

Proplis Preparation for SH- SY5Y Cells

Dry powder of propolis were collected from local markets (Babylon, Irag) and
identified by a botanist at Al-Qassim green university/college of agriculture. About 30g of
propolis dry powder dissolved in 250ml of ethanol (95%) ,the extract was done using soxhlet
for 4 hours and temperature ranged between 80°C and 85°C.Then a rotary flash evaporator
was used to remove the solvent from the extract, and the resultant extract was stored at 20° C
until use. Preparation of stock solution of ethanolic extracts of propolis was done by
dissolving 150 mg of the dried extract in 10 ml of serum-free RPMI to produce a final
concentration of 1000ug/ml. The mixture was then filtered through a 0.22 um Millipore filter
to remove any contaminant.(14)(15)
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3. Results

In Vitro

Cytotoxicity Assay

Cytotoxicity Assay of Different Concentrations of Rotenone in Cell Line

There was a significant decrease (P-value<0.05) in the viability of the SH-SY5Ycells
in all rotenone concentration except at (5 and 10 pg /ml) when compared with the control
group after an incubated period of 24 hours at 37°C. Figure (3.1)

Effect of propolis extract on cells viability

Propolis extract significantly (P<0.05) reduce cells viability at concentrations of
(500 and 1000 pg/ml) as compared to untreated control group. As illustrated in figure 3.2
Effect of propolis — Rotenone combination on cell viability

Treatment of the cells with rotenone and different concentrations of Propolis caused
significant (P<0.05) decrease only at concentration of 31 pg/ml compared to control group.
On the other hand, it caused a significant (P<0.05) increase in cells viability when the cells
were treated with Propolis extract at all concentrations used as compared to Rot group. As
illustrated in figure (3.3).

Biochemical study
Effect of Propolis on (IL-6), (MDA), (DOP) and (TAOC) Levels

Treatment with Propolis extract caused significant decrease (p-value <0.05) in  (IL-6)
levels at all propolis concentrations used also caused significant decrease (p-value <0.05) in
(MDA) levels at concentration of 500 and 1000 ug/ml as compared to control group while
Treatment with Propolis extract caused significant increase (p-value <0.05) in (DOP) levels
at concentration of 500 and 1000 ug/ml and caused significant increase (p-value <0.05) in
(TAOC) levels at concentration of 62.5 and 125 ug/ml as compared to control group figure
figure(3.4).

Effect of Propolis and Rotenone Combination on (IL-6), (MDA), (DOP) and (TAOC)
Level

Treatment with (Propolis + rot) combination caused significant decrease (p-value
<0.05) in IL-6 levels as compared to positive control at all concentration except for (1000
pg/ml) while there is no significant change as compared to negative control as well as
(Propolis + rot ) combination caused a significant decrease(p-value <0.05) in MDA levels at
conc. Of (250 t01000 pg/ml) as compared to positive or negative controls. Also, this
combination results in a significant increase (p-value <0.05) in DOP levels at conc. Of (31
and 62 ug/ml) as compared to negative control and at all concentration as compared to positive
control.as well as propoli+rotenone combination causes a significant increase (p-value <0.05)
in TAOC levels at concentration of 31 to 250 pug/ml as compared to negative and positive
control. figure (3.5)
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4. Discussion
4.1. In Vitro
4.1.1. Cytotoxicity Assay in SH-SY5Y Cells:

Results show that ROT at a concentration of (20 and 40 pg/ml) caused a significant
decrease in the viability of SH-SY5Y cells, which agrees with the study of (16) . One common
in vitro model for dopaminergic cells is the human catecholaminergic neuroblastoma cell line
SH-SY5Y. Because of their high ROT sensitivity, SH-SY5Y cells were ideal for in vitro
studies of rotenone (ROT) neurotoxicity(17).

The possibility that Propolis Ethanolic Extract might shield SH-SY5Y cells from the
neurotoxicity that ROT induces has not been investigated experimentally. Cell viability was
substantially decreased in the ROT group compared to the control group. The accumulation
of synuclein, disruption of mitochondrial function, and death of neuronal cells are all
consequences of ROT exposure, which also inhibits mitochondrial respiratory chain complex
I (MC-1) and increases ROS production(18)..

SHSYS cells were treated with different concentrations of propolis has shown no
effect on cell viability. Propolis inhibits neurite outgrowth of differentiating SH-SY5Y
neuroblastoma cells but statically there is no significant deference on the cell viability(15).
While at high concentrations of PEE ( 500and 1000ug/ml), cell viability decreases due to
the presence of phenolic compounds (mainly flavanones and dihydroflavonols, as well as a
series of esters of p-coumaric acid, ferulic acid, benzoic acid and fatty acids (palmitic acid,
linoleic acid, oleic acid) that increase the cytotoxic stats(19) also The antiproliferative effects
of quercetin and chyricin have been reported at high concentration , Furthermore, a higher
antiproliferative effect has been shown with high phenolic content (20)(21).

substrate of Abl(22) and can be phosphorylated at Tyr221 by Ab. Abl kinase is involved in
RA-mediated neuroprotective effect against rotenone, Rotenone exposure induced increases
in Abl Y412 and Crkll Y221 phosphorylation, while treatment with RA significantly reduced
Abl and Crkll phosphorylation and increase cell viability in cell under rotenone stress.
Inhibiting Abl by (RA)reversed the decline of dopaminergic neurons and mitochondrial
function in many rat models of Parkinson's disease. Chronic myeloid leukemia was the initial
indication for the development of nilotinib, a powerful Abl inhibitor. In a further
investigation, researchers found that nilotinib prevented rotenon-induced preclinical PD in rat
by protecting dopaminergic neurons (23). Martins et al. (2021) found that the Propolis
chemical reduces a-syn levels and suppresses Abl protein signaling via reducing intracellular
ROS levels. AMPK activation and cell survival may increase with Abl inhibition. AMPK
activation alters cellular metabolism, increases antioxidant capacity, improves mitochondrial
quality control, and induces autophagy in the Parkinson's disease model. Rosmarinic acid
(RA) also decreased ROT-induced ROS and restored mitochondrial membrane potential and
ATP. PEE protected SH-SY5Y cells against ROT by restoring mitochondrial membrane
potential, cellular ATP, and ROS turnover(24)

130



4.1.2. Effect of P Ethanolic Extracts on Biochemical and Immunological Parameters
4.1.2.2. Interleukin -6 (IL-6 Assay in Vitro)

According to the current work results, the rotenone (ROT) group significantly
increased IL-6 compared to the control (healthy) group. ROT drastically decreased SOD,
CAT, and glutathione levels. In addition, ROT raised proinflammatory cytokines (IL-1p, IL-
6, and TNF-a), and inflammatory mediators (COX-2 and iNOS) (27)

In the SH-SY5Y model, we examined the neuroprotective effects of (PEE) when subjected to
ROT stress. Through its antioxidant and ROS-depleting properties, (PEE) significantly
mitigated ROT-induced cell death in SH-SY5Y(28). This might be due to the antioxidant
components in (PEE) have been activated including non-enzymatic antioxidants like Vitamin
C and enzymatic antioxidants like Catalase, which maintain the membranes of live cells(29).

Carvacrol is a monoterpenoid that acts as a potent activator of the TRPV3 (Transient
Receptor Potential Subtype V3) and TRPA1 (Transient Receptor Potential Subtype Al) ionic
canals. These canals are capsaicin receptors that play a key role as a mediator of inflammatory
pain. Carvacrol also inhibits COX-2 and has an analgesic effect (30)

PEE Products, Inc. Neuroinflammation Prevention Strategies PD research shows that
central and local inflammation, typified by CD4 T cell infiltration and CD11lb+
microglia/macrophages activation, contributes to neuronal death. inhibited NF-xB activation
in ROT-intoxicated rats. Low levels of inflammatory markers such as TNF-a, IL-6, were
observe in Chronic stimulation of these cells causes morphological and functional alterations
that reduce ROS generation shows (31). Recent evidence suggests that PEE products like RJ
can activate NRF2, affecting neuroinflammation. In addition to promoting antioxidant
release, NRF2 directly inhibits inflammatory responses by downregulating proinflammatory
cytokines like IL-6 and IL-1p transcription , propolis may also reduce neuroinflammation by
regulating antioxidant genes like HO-1(32) .

Hypoxia-inducible factor 1 (HO-1) protects cells from oxidative damage and
inflammation. Degrading nonprotein-bound free heme, which is cytotoxic and
proinflammatory, reduces inflammation. Carbon monoxide, which has anti-inflammatory and
antiapoptotic properties, ferritin, which chelates free iron, and biliverdin, which is
enzymatically reduced by biliverdin reductase into bilirubin, are formed when HO-1 degrades
heme(33)..

4.1.2.3. Total Antioxidant Capacity Assay in Vitro

The rotenone (ROT) group significantly decreased the total antioxidant capacity
(TAOC) levels as compared to the control (healthy) group, which agrees with the previous
study by (34). , the midbrain, striatum, and spinal cord showed reduced TH and DAT
expression, as well as altered dopamine receptor and brain-derived neurotrophic factor
expression. Rotenone also caused midbrain-specific inflammatory responses with increased
glial marker expression, but not in extra-nigral areas. The nigral and extra-nigral regions
showed widespread mitochondrial function changes, increased oxidative stress signatures,
and disruptions of neuroprotective peptides like PACAP, VIP, and ADNP. This study
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confirms that systemic rotenone poisoning, like PD, generates neurochemical changes at
numerous CNS levels, making this pre-clinical model suitable for studying extra-nigral
abnormalities of PD(35).

According to (12), mitochondrial transmembrane potential changes and mitochondrial
dysfunction were caused by rotenone-induced toxicity and ROS generation in SH-SY5Y cells.
Reduced ATP production was a result of transmembrane potential disruption and
mitochondrial complex-I activity(12)

When contrasted with the ROT group, PEE treatment considerably raises TAOC levels
in PD patients (31 g/ml). Vitamin C, butylated hydroxytoluene, and PEE such as cinnamic,
ferulic, and caffeic acids serve as primary antioxidants or free radical terminators.
Polyphenols in propolis have reducing, hydrogen-donating, and singlet-oxygen-scavenging
properties(36).

Propolis' main antioxidants are galanin and pinocembrin2. Phenolic components in
propolis are thought to donate hydrogen ions to free radicals, preventing lipid, protein, and
nucleic acid oxidation (37).

Propolis extracts directly modulated lipid peroxidation where LDL level decreased
from 1.3 to 0.8 g/L after giving propolis, illustrating the antioxidant contribution of propolis.
orally administered pure antioxidant compounds such as caffeic acid, quercetin, and
kaempferol at the doses corresponding to the in vitro antioxidant capacity of the propolis
extract did not restore the physiological parameters (38).

In addition to working in proton donation, killing free radicals and contributing through
the important elements contained in the , such as cobalt, and its mechanism of action, such
as vitamin C and B12, its phenolic components also work according to a double mechanism
due to its active components, which work in reducing oxidants and increasing antioxidant
capacity As Propolis inhibits the activity of cyclooxygenase (COX) and lipoxygenase,
thereby reducing the production of prostaglandin E2 and the expression of the inducible
isoform of COX-2 (39).

Hamalainen, Nieminen et al explained that Prostaglandin E2 (PGE2) has a central role
in inflammation and both cyclooxygenase-2 (COX-2) and prostaglandin E synthases are
critical enzymes in its synthesis. In inflammation, bacterial products and cytokines enhance
the expression of COX-2 and inducible microsomal prostaglandin E synthase-1 (mPGES-1)
which are functionally coupled to result in increased PGE2 formation in macrophages and
tissue cells (40)

In the present study, we systematically investigated the effects of 26 naturally
occurring flavonoids on PGE2 production and on COX-2 and mPGES-1 expression in
activated macrophages. Twelve flavonoids, i.e., flavone, luteolin-7-glucoside, kaempferol,
isorhamnetin, morin, quercetin, naringenin, taxifolin, pelargonidin, daidzein, genistein, and
genistin effectively inhibited lipopolysaccharide (LPS)-induced PGE2 production. Four
flavonoids (flavone, isorhamnetin, daidzein, and genistein) inhibited significantly LPS-
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induced COX-2 expression, while mPGES-1 expression was downregulated by kaempferol
and isorhamnetin. (41)

4.1.2.3. Dopamine

Administration of rotenone caused reduction in dopamine levels as compared to the
control (healthy), in the striatum. acute administration of rotenone caused an increase in the
GSH / GSSG ratio by 69 %. The motor stage developed after a decrease in the number of cells
in the SNpc by more than 30 %, and was characterized by changes in the dopaminergic
system, leading up to a 71 % reduction in dopamine levels in the striatum (42).

Oxidative stress from dopamine oxidation may trigger selective dopamine neuron loss in PD.
Dopamine homeostasis is crucial to PD pathogenesis. Monoamine oxidase and spontaneous
dopamine oxidation into quinine structure increase reactive oxygen species (ROS). ROS
generate oxidative protein changes, inhibition of key protein activities, and altered protein
breakdown, which may contribute to PD (43). After (PEE) treatment, a significant increase in
dopamine levels is produced in Parkinson's affected at (31 g/ml) in comparison to the ROT
group Consistent with several experimental studies Parkinson's disease models, the inclusion
of propolis components resulted in an increase in dopamine levels in the substantia nigra
(SNC)(44). According to Ali and Kunugi (2020), dopamine, DOPAC, and HVA levels were
elevated in ROT-induced cell after the use of chrysin (44)

Because it did not alter mono amino oxidase activity or brain MPP levels, CAPE's
neuroprotective effect does not reduce MPTP metabolism to MPP+ . The neuroprotective
effects of chrysin and CAPE were observed to enhance dopamine production (45).

Researchers found that rats exposed to neurotoxins had an increase in TH+ neurons and an
improvement in neuronal survival after ingesting RJ, HPO-DAEE, and propolis

flavonoids(44)
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Figure(3.1) Effects of different concentrations of rotenone on the viability of SH -SY5Y cell line
*=significant decrease (p-value <0.05) as compared to the control group.
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Figure (3.3) Effect of Propolis on the viability of SHSY cells in the presence of constant
concentration of Rotenone. *=significant decrease (p-value <0.05) as compared to control group.
Q=significant increase (p-value <0.05) as compared to ROT group.
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Conclusion
In Vitro

1. In SH-SY5Y cells, the P. officinalis ethanolic extract significantly reduces IL-6. This
suggests it may be an important key in slowing Parkinson's disease.

2. PEE demonstrates significant efficacy in reducing MDA levels, a highly toxic chemical
found in SH-SYS5Y cells. This highlights its function as an antioxidant and defense
mechanism, safeguarding tissue against excessive free radicals, which are recognized as a
contributing factor to Parkinson's disease.

3. PEE enhances antioxidant levels in SH-SY5Y cells, thereby safeguarding tissue against
free radicals, which are recognized as a contributing factor to Parkinson's disease.

4. The administration of PEE treatment has been observed to enhance dopamine levels in SH-
SY5Y cells, indicating its significant role in protecting tissue from free radicals, which are
recognized as a contributing factor to Parkinson's disease.
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