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Abstract:

Dopaminergic loss in the midbrain's substantia nigra affects the patient's movements and causes
postural instability in Parkinson's disease (PD). Alpha-synuclein protein accumulation and dementia
symptoms are hallmarks of the condition. Monoamine oxidases A and B (MAO A and B), leucine-
rich repeat kinase 2 (LRRK2), phosphate and tensin homolog (PTEN), PTEN-induced putative kKinase
1 (PINK1), and PARKY (deglycase 1 (DJ-1)) production are also enhanced by the disease. Cyclotide
has been widely cited as a neuroprotective, anti-inflammatory, and antioxidant. As a result, we
investigated how downregulation of the mRNA expression of PD pathological proteins like alpha-
synuclein, MAO A and B, LRRK2, PTEN, PINK1, and PARK7 (deglycase 1 (DJ-1)) by Cyclotide
protected SH-SY5Y neuroblastoma cells from 6-OHDA-induced toxicity. The study found that
Cyclotide treatment decreased the pathology marker protein mRNA expression that had been elevated
by 6-OHDA. This was in comparison to the positive control, amantadine (AMA), which is now
commonly used to treat PD symptoms. Consequently, the study suggests that Cyclotide might be an
effective treatment for the neurotoxicity caused by 6-OHDA in SH-SY5Y neuroblastoma cells.
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Introduction

Due to its worsening of the patient's regular movements and stable postural abilities, Parkinson's disease ranks
second among all known movement disorders. The patients' extensive loss of dopaminergic cells in the
substantia nigra is the exact disease pathology that follows this disease. Because it is thought to be an age-
related disorder, incidences were more common in people over 60, at approximately 15 per one lakh. Gourie-
Devi (2014) [1] estimates that the prevalence in India ranges from 6 to 53 per 100,000 people. Aside from a few
bioactive plant secondary compounds like polyphenols, flavonoids, and coumarins that were used as
medications during the disease's preclinical trial stages for pact PD symptoms, there has been no effective
treatment for the disease since it was first described. "Medhya medications,” a group of home-made
prescriptions in the Ayurvedic medication system, are known for their effects on the sensory system [2]. These
"Medhya medications,” which are mentioned in Ayurvedic texts, are said to improve mental capacities like
learning and memory, increase impact, and prevent temperamental issues [3]. Clitoria ternatea is one such
potential medicinal herb that is used as a crucial component in a brain tonic called medhya rasayan for treating
neurological diseases. Ayurveda is a well-known traditional medicine that has been practised in India since
ancient times. By highlighting the plant's importance as a brain medication, this work supports Indian medicine.
Clitoria ternatea, is distinct among other herbs and has the property of being a good brain drug [4].
Additionally, C. ternatea has been widely used in traditional medicine, particularly as a supplement to enhance
cognitive functions and alleviate symptoms of numerous ailments including fever, inflammation, pain, and
diabetes [5]. Cyclotide, an active compound from Clitoria ternatea has been evaluated for antiparkinson’s
activity in this study. The analysis of cyclotide insilico study was studied earlier [6] which paved the way for the
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present study. Amantadine, an amino adamantane, has improved neuroleptic-induced tardive dyskineias by
improving parkinsonian activity [7] served as a positive control in this study. The oxidative stress-induced
neuronal death is a major factor in the pathogenesis of Parkinson's disease (PD) [8]. According to Gonzalez-
Hernandez et al., [9] the mechanism by which 6-OHDA produces ROS and accumulates in the cytosol results in
neurotoxicity.

In addition, 6-OHDA has been identified as a direct respiratory chain inhibitor of mitochondrial complex 1 [10]
that caused mitochondrial LDH to be released. Monoamine oxidase A and B equilibrium in the mitochondrial
membranes is altered as a result. MAO concentrations in the cytosol rise as a result of this disruption of the
mitochondrial membrane. In addition to MAO metabolism, it is hypothesized that PD is caused by many
excitatory or inhibitory protein dysfunctions that contribute to the cell signalling pathways. Dopamine is
metabolized by intraneuronal monoamine oxidase A (MAO A) and by astrocyte and glial MAO A and MAO B.
It has been discovered that proliferative cytotoxicity and blocking intracellular protein clearance are both caused
by inefficient ubiquitination that results in unpleasant misfolding or expression of alpha-synuclein as well as
degradation by the proteasome and inefficient ubiquitination. PINK1 and PTEN are mitochondrial function-
associated PD-associated genes that accelerate protein damage and neurodegeneration by producing an
excessive amount of reactive oxygen species (ROS). Although the primary heritable cause of Parkinson's
disease (PD) is mutations in the leucine-rich repeat kinase 2 (LRRK?2) protein, the function of this multidomain-
containing protein is unclear. Despite this, there are still reports that show that control people have more non-
mutant LRRK2 proteins. Another PD-related protein, DJ-1 (PARKY), increases its expression levels in neurons
and glial cells [11], as a result of an oxidative trauma, and responsive astrocytes in sporadic PD exhibit
overexpression of DJ-1 [12]. Furthermore, mitochondrial complex | deregulation and inflammatory responses
diminished astrocyte-assisted neuronal protection against oxidative strain in PARKY7 knockout mice [13].
Keeping amantadine as a standard, we monitored Cyclotide's effect on mMRNA expression of PD-attributing
genes, particularly MAO, alpha-synuclein, LRRK2, PARK7, PINK1, and PTEN genes, in SH-SY5Y cells to
determine its role in preventing 6-OHDA-induced toxicity.

Materials and Methods

Cell Culture, Maintenance, and Cytoprotective Assays

In brief, the human neuroblastoma cancer cell line SH-SY5Y was plated in a 96-well plate with HAM's medium
containing 10% FBS at a concentration of 10° cells per well. To make the cells adhere to the surface, they were
incubated at 37 °C for 24 hours in 5% CO; and 95% O,. After that, the medium was removed from the cell
culture plate, washed with PBS, and pre-treated with fresh medium containing AMA and cyclotide in different
concentrations (2, 4, 6, 8, 10, 20, 30, 40, 50 mM, respectively). After 3 h of the expansion of drugs, 250 uM of
6-OHDA (the focus was fixed later a few pretrial of enlistment utilizing 6-OHDA focuses going from 50 to 450
uM, broke up in 0.9% clean saline having 0.02% ascorbic corrosive) was added. The sterile MTT
(trimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; 5 mg/ml; 10 pl) arrangement was enhanced to person
wells, after 48 h of medication treatment [14]. After a further 4 h of incubation at 37 °C, 100ul of DMSO was
added to the cells, and the crystals formed were gently resuspended. Each well's absorbance at 570 nm was
measured with a microplate reader. The percentage of growth inhibition was calculated as Aszo of treated cells
divided by As7o of control cells x 100.

LDH Assay

According to Wolff et al., [15] the LDH leakage assay was carried out using cell-free supernatant collected from
the wells prior to the addition of MTT. This was then well mixed with 2.7 milliliters of potassium phosphate
buffer, 0.1 milliliters of 6 M NADH solution, and 0.1 milliliters of sodium pyruvate solution. A
spectrophotometer was used to measure the decrease in optical density at 340 nm at 25°C. Activity was
calculated as volume of activity (units/mg protein/ml) = (ODgmin — ODsmin) 3ml dilution factor / 6.2 x 0.1 for the
blank that was prepared by substituting enzyme dilution buffer for the sample.

ROS Staining (DCF-DA)

The 96-well plates were seeded with 5 — 10 x 10-3 SH-SY5Y cells per well. The intracellular ROS were counted
by fluorescence with 2',7'- dichlorofluorescein diacetate (DCF-DA), which is deacetylated by viable cells in
2',7'- dichlorofluorescein (DCF) by hydrogen peroxide, making the compound florescent. The cells in the wells
were treated with 6-OHDA (250 M), amantadine (4 mM) + 6-OHDA (DCF fluorescence was imaged in a
fluorescent microscope (Olympus CK x 41, with Optika Pro5 CCD Camera), with a blue filter to view the green
fluorescence, and fluorescence was estimated using flurometry in Qubit 2.0 fluorimeter [16] after the cells were
washed with PBS and treated for one hour at 37 °C, 5% CO2 and incubated for 6 hrs.
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Flow Cytometric Analysis

Each flask contained 2 x 108 SY-SY5Y cells, which were allowed to adhere for 24 hours before being treated
with 6-OHDA (250 M), amantadine (4 mM) + 6-OHDA (250 M), and cyclotide (4 mM) + 6-OHDA (250 M) for
48 hours. Following the removal of the medium, approximately 1 x 108 cells were washed with binding buffer
(10 mM HEPES, 140 mM NacCl, 2.5 mM CaCl,). After that, cells were washed with binding buffer, incubated
with PI for ten minutes, and kept on ice without being exposed to light to conduct flow cytometry, recording
15,000 events per test. According to Wang et al., [17] annexin V and P1 emissions were detected using the FL1-
H and FL2-H channels of a Calibur flow cytometer (Becton Dickinson Immunocytometry System, San Jose,
CA) at 525 and 575 nm emission filters, respectively with a few alterations.

PCR Analysis

TRIzol was utilized to extract total RNA from the treated and control cells in accordance with the
manufacturer's instructions. Using the Prime-Script RT reagent kit (TaKaRa, Tokyo, Japan), total RNA from
each sample was reverse transcribed into cDNA. The SYBR Premix ExTaq (TaKaRa, Tokyo, Japan) and
mRNA-specific primers for the genes listed in Table 1 were used in the gRT-PCR procedure. For each sample,
GAPDH expression was used as a normalization for the relative level of MRNA. The 244t method was used to
study gene expression [18]. Table 1 displays the oligonucleotide product size.

Table 1 The list of primers with their end product length

Gene Primer details End product (bp)

MAO A Forward primer ACTGCTAGGCGGTTTGCTTA 190 bp
Reverse primer CCATTATCCGTTCGCTCACT

MAO B Forward primer GACCGAGTGAAGCTGGAGAG 156 bp
Reverse primer CAGAGGGGGATTGAAGTGAA

Synuclein | Forward primer TGACAAATGTTGGAGGAGCA 177 bp

(SNCA) Reverse primer TGTCAGGATCCACAGGCATA

LRRK2 Forward primer TCAGCTTGTTGTTGGACAGC 174 bp
Reverse primer ACTGCGTGAGGAAGCTCATT

PTEN Forward primer ACCGCCAAATTTAATTGCAG 160 bp
Reverse primer TTCGTCCCTTTCCAGCTTTA

PINK1 Forward primer ACGTTCAGTTACGGGAGTGG 171 bp

Reverse primer GGCTAGTCAGGAGGGAAACC

PARK7 Forward primer GGGTGCAGGCTTGTAAACAT 192 bp
Reverse primer GGACAAATGACCACATCACG

Statistical Analysis

Factual examinations were performed, and every one of the qualities are communicated as mean * standard
deviation (SD) and investigated utilizing one-way investigation of fluctuation (ANOVA) trailed by Tukey's post
hoc test (SPSS 20 variant). A value was considered statistically significant when P < 0.05.

Results

Effect of cyclotide on 6-OHDA-Induced Cytotoxicity in SH-SY5Y Cells

The cytoprotective assay in SH-SY5Y neuroblastoma cells revealed that cyclotide had an IC50 value of 30 mM,
whereas AMA had an ICsp value of 50 mM, indicating that cyclotide had better therapeutic effects at lower
doses than the positive standard (Fig. 1a). Since the inducer (6-OHDA) had an 1Cso value of 250 M, the MTT
assay and the LDH assay used 250 M of inducer in addition to 2, 4, and 6 mM of AMA and cyclotide,
respectively. When compared to control cells, the 4 mM treatment of both AMA and cyclotide resulted in cell
survival of 83.54% and 80.33%, respectively (P < 0.01), while inducer alone-treated cells sustained cell damage
of approximately 48.45% (P < 0.01) (Fig. 1b).
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Fig. 1 Effect of cyclotide on 6-OHDA-induced cytotoxicity in SHSY5Y cells.
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Data represents mean + SD. #P < 0.01; ##P < 0.01; induced cells were compared with control; 6-OHDA +
CYC/AMA (4 mM) were compared with 6-OHDA-induced cells by one-way ANOVA with Tukey’s post hoc
test.

Effect of cyclotide on 6-OHDA-Induced Oxidative Stress in SH-SY5Y Cells

When compared to control cells, the ROS production in 6-OHDA-administered cells was found to be
significantly higher (P < 0.001) (Fig. 2). However, when compared to the 6-OHDA-unaided cells, the cyclotide-
treated cells experienced a significant decrease in ROS production (P < 0.01) As with cyclotide-treated cells,
ROS production was also reduced by the AMA treatment.
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Fig. 2 Effect of cyclotide on 6-OHDA-induced oxidative stress in SH-SY5Y cells.

Control cells. b Inducer alone. ¢c. 6-OHDA + 4 mM AMA. D. 6-OHDA + 4 mM CYC. e. Graph showing
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Data represents mean + SD. #P < 0.01; ##P < 0.01; induced cells were compared with control; 6-OHDA + CYC
(4 mM) were compared with 6-OHDA-induced cells by one-way ANOVA with Tukey’s post hoc test.

Effect of cyclotide on 6-OHDA-Induced Apoptosis in SH-SY5Y Cells
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The results showed that after 48 hours of incubation with 6-OHDA, the proportion of early apoptosis increased
significantly (P < 0.05), and cyclotide had a beneficial effect by decreasing early apoptosis of cells (P < 0.05) as
much as AMA treatment (Fig. 3).

Fig. 3 Effect of cyclotide on 6-OHDA-induced apoptosis in SH-SY5Y cells. a Control cells. b Inducer
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Data represents mean + SD. #P < 0.01; ##P < 0.01; induced cells were compared with control; 6-OHDA + CYC
(4 mM) were compared with 6-OHDA-induced cells by one-way ANOVA with Tukey’s post hoc test

Effect of cyclotide on 6-OHDA-Induced Changes in mRNA Expression of Monoamine Oxidases and
Alpha-Synuclein in SH-SY5Y Cells
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When compared to the control cells, the 6-OHDA-administered cells experienced a significant (P < 0.01)
increase in monoamine oxidase expression after 48 hours of incubation (Fig. 4). After preexposure to 6-OHDA
for three hours, the cells treated with AMA and cyclotide revealed a significant (P < 0.05) decrease in the
expression of MAO A and B genes (Fig. 4a, b) in comparison to that of 6-OHDA-administered cells
administered alone. In a similar manner, cyclotide treatment decreased the upregulated gene expression of alpha
synuclein in induced cells in comparison to control cells (P < 0.05) (Fig. 4c).

Fig. 4 Effect of cyclotide on 6- OHDA-induced changes in mRNA expression of monoamine oxidases and
alpha synuclein in SH-SY5Y cells.
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6-OHDA + CYC (4 mM) were compared with 6-OHDA-induced cells by one-way ANOVA with Tukey’s post
hoc test

Effect of cyclotide on 6-OHDA-Induced Changes in mRNA Expression of PTEN, PINK1, PARK?7, and
LRRK?2 in SH-SY5Y Cells

As depicted in Fig. 5, PTEN overexpression was caused by 6-OHDA toxicity (Fig. 5a), and PINK1 (5b), and
PARKY (5c), as well as LRRK2 (5d) than that of control cells that were not treated (P < 0.05). After 48 hours of
incubation, co-treatment with cyclotide brought the upregulated gene expressions back to normal, demonstrating
its neuroprotective effect.

Fig. 5 Effect of cyclotide on 6-OHDA-induced changes in mMRNA expression of PTEN, PINK1, PARKY,
and LRRK2 in SH-SY5Y cells.

a Relative mRNA expression of PTEN.
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Discussion

Neuroprotective therapy is required in Parkinson's disease to stop the neuronal loss and death of dopamine
neurons in the substantia nigra. For the first time, we demonstrated in this study that cyclotide, a compound
related to tropolone, protected a 6-OHDA-induced cellular PD model. Cell viability decreased when
neuroblastoma SHSY5Y cells were exposed to 6-OHDA in this study. AMA, a hepatitis B virus antagonist, was
used as a positive control since it had been shown to achieve neuroprotective effect in hepatitis B patients, as
those patients develop PD symptoms. The addition of cyclotide significantly increased SH-SY5Y cell viability
in a correct therapeutic dosage of 4 mM. As a result, AMA is now being sold as an anti-PD medication [19].
Due to the fact that the effects of 4 mM of cyclotide in the MTT assay were nearly identical to those of 4 mM of
AMA, cyclotide was considered an effective protective agent. The estimation of LDH levels revealed 6-OHDA.-
induced cellular impairment, and it was established that cyclotide at a dose of 4 mM prevented LDH release.
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Due to the aforementioned observations, we believe that cyclotide merits additional investigation for its
therapeutic potential to shield SH-SY5Y cells from 6-OHDA-induced toxicity.

According to Sayre et al., oxidative stress, also known as the production of an excessive amount of reactive
oxygen species (ROS), is a major contributor to the pathology and progression of neurodegenerative diseases
[20]. The stability between endogenous antioxidant systems and produced ROS is disrupted by these ROS,
which are primarily active in the neuronal tissue as a result of neurotransmitter metabolism and ultimately cause
cell death in a specific region of the brain. 6-OHDA has specific neurotoxic effects on the dopaminergic systems
in the nigrostriatum [21, 22]. In accordance, the ROS release assay revealed a complex oxidative stress that was
reduced by cyclotide treatment in 6-OHDA-exposed cells. However, the antioxidative properties of cyclotide
and the counteraction of superoxide dismutase (SOD) and catalase (CAT) enzymes are primarily to blame for
the reduction in ROS. Numerous studies have already elucidated the ability of cyclotide to provide cells with
antioxidative protection through SOD and CAT when they are subjected to oxidative stress. [23,24,25,26].

In addition, a number of studies have concluded that cyclotide is an effective inhibitor of NRF2 expression in a
number of cell lines. Ouyang et al., for instance According to estimates made by (2017), treatment with
cyclotide decreased cytosolic NRF2 expression in glioma stem cells. It is important to note here that the NRF2
is a transcription factor that controls the expression of genes that are markers of oxidative stress, like HO-1. As a
result, the cell's antioxidative mechanisms may be regulating a decrease in cytosolic NRF2 levels and an
increase in nuclear NRF2 levels. According to Zhao et al., [27] the ROS over-release is thought to be involved
in PD-related apoptosis and to cause significant damage to cell functions. The modification of the cascade of
apoptosis and intracellular ROS regulation may provide novel treatment options for Parkinson's disease (PD)
[27]. As a result, the therapeutic antiapoptotic effect of cyclotide was examined using flow cytometry, which
may significantly lower the percentage of apoptotic cells.

Both MAO A and MAO B are tightly connected to the outer membrane of the mitochondria. They control the
contents of intracellular amine stores, stop the activities of amine neurotransmitters, and shield neurons from
exogenous amines. While MAO B preferentially oxidizes phenylethylamine (PEA), MAO A preferentially
oxidizes serotonin (5-hydroxytryptamine (5-HT)) and norepinephrine (NE). Dopamine (DA) can be oxidized by
either form. Therefore, exposure to 6-OHDA in SH-SY5Y cells may provide cytotoxicity due to the presence of
ROS and MAO isoforms. However, due to their capacity to reduce ROS production, MAO that cause
neurotransmitter degradation could be utilized as a pharmacotherapy [28]. As a result, cyclotide demonstrated
its ability to downregulate MAO A and B expression. This suggests that cyclotide inhibits neurotransmitter
degradation through reduced oxidation of dopamine. This would have decreased MAQO's action, which would
have increased the amount of DA available for dopamine signalling, which would have normalized the
molecular events. MAO downregulation would have resulted from this, in turn. Paquette and others [29]
demonstrated that AMA inhibited dopamine and serotonin uptake in the synaptosomes of MAO A and B in
mouse brain homogenates. As a result, the significance of selecting AMA as a positive drug for reference with
cyclotide was demonstrated in this study.

Misfolding and aggregation of a-synuclein (a-syn), which results in the formation of Lewy bodies, may even be
the cause of brain degeneration. The rigorous mechanisms that underlie a-syn toxicity have not yet been
satisfactorily clarified. Nevertheless, the oxidized a -syn presence is due to dementia-causing sporadic PD [30,
31]. However, cyclotide treatment resulted in a downregulation of the proteins' forming genes in this instance. It
has been demonstrated in previous studies that o -syn is susceptible to post-translational modifications and that
its interaction with other proteins, neurotransmitters, hormones, and metals can limit its tendency to aggregate
[32]. Therefore, more research is required to identify the precise mechanisms.

The PTEN gene plays a crucial role in the inhibition of the PI3K/Akt pathway as well as its subsequent
functions, which include activating Akt/protein kinase B, cell proliferation, and survival. PTEN induced
overexpression in a variety of cell lines when 6-OHDA was administered, and apoptosis reduced cell
proliferation. Another important gene involved in PD pathogenesis is upregulated when PTEN is deleted: the
gene for PTEN-induced kinase 1 (PINK1). As PARKIN and PINK1 are attached together in the intact
mitochondrial membrane, the release of which is found to be responsible for another type of familial PD, PINK1
coded by the PINK1 gene on chromosome 1p36 is downregulated in the absence of PTEN. PTEN inhibited the
PI3K/Akt pathway and upregulated PINK1, suggesting a connection between PTEN and Parkinson's disease
(PD). Recessive PD is also caused by PINK1 mutations.
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Studies show that mitochondrial stability and quality control are dependent on PINKZ1. It also protects neurons
and maintains mitochondrial homeostasis. According to our research, the cotreatment of cyclotide with 6-
OHDA results in a downregulation of PINK1 and PTEN, indicating that ROS production and relative
upregulation of the PINK1 gene are occurring to balance cellular oxidative reactions and mitochondrial
instability. Wolozin et al., [33] used a novel PD genetics model, Caenorhabditis elegans. to demonstrate how
human LRRK2 protects mitochondria from rotenone's toxicity.

According to reports on how LRRK2-PINK1 works in C. elegans, the part of the gene product that makes
neuronal polarity has been identified [34]. By lowering the protein levels at its point of action, LRRK2 has a
strong connection to the pathological annexations of various neurodegenerative disorders. However, the precise
function of LRRK2 in PD pathology remains a mystery. However, LRRK2 expression was high when exposed
to 6-OHDA, and cyclotide downregulated it. Since LRRK2 is identified as a pathology-related protein involved
in PD, we could draw the conclusion that the medication acts as a neuroprotective agent.

Numerous factors suggest a connection between familial PD and the DJ-1 (PARKY) gene. Multiple roles,
including chaperone, protease, mitochondrial regulation, antioxidative stress reaction, and transcriptional
regulation, are attributed to PARK7. By oxidizing its cysteine residue at its 106" position, the gene product
protein PARKT7's activity relates to the state of oxidation. In addition, it was discovered that individuals with
sporadic Parkinson's disease had a higher prevalence of excessive PARK7 oxidation, which covered up PARK7
activity. By self-oxidizing its cysteine residues, PARK7 maintains its ROS quenching action [35, 36]. PARK7
was overexpressed in the 6-OHDA-exposed cells in our study, but cyclotide treatment brought it back to normal.

In light of the foregoing, administration of 6-OHDA will cause mitochondrial complex 1 to be damaged,
resulting in mitochondrial damage and the production of a significant amount of reactive oxygen species (ROS),
a hallmark of neurodegenerative diseases, and cytotoxicity, as demonstrated by the MTT assay. LDH assay
demonstrated that this, in turn, causes LDH release from the mitochondria. ROS production even contributes to
the cell's apoptosis. MAO levels may rise when oxidative damage and complex 1 inhibition release MAO
isoforms from the inner mitochondrial membrane into the cytosol. The precise mechanism by which MAO
levels rise remains hazy. Alpha synuclein proteins accumulated and degraded as a result of this imperfect
cleavage and ubiquitination, which is the root cause of dementia symptoms in Parkinson's patients. However,
other mitochondrial proteins, such as PTEN and PINKZ, are also released into the cytosol. PINK1 and PARKIN
remain attached when the mitochondrial membrane is intact, reducing the amount of free PINK1 released into
the cytosol. Due to mitochondrial damage, 6-OHDA causes PINK1 to separate from PARKIN, resulting in an
increase in cytosolic PINK and PTEN levels, which was reversed by cyclotide treatment. LRRK2 and PARK?7,
on the other hand, shield the cell from oxidative damage. Auto-oxidation enhanced the roles of LRRK2 and
PARK?Y to treat the load of ROS production when 6-OHDA was administered. ROS levels decreased as a result
of cyclotide treatment, which in turn decreased the levels of both protective proteins.

Conclusion

MAO, alpha synuclein, PTEN, PINK1, LRRK2, and PARK?7 genes were upregulated in SH-SY5Y cells as a
result of the neurodegeneration that was caused by the administration of 6-OHDA. Similar to control cells,
downregulation of the MAOQO, alpha synuclein, PTEN, PINK1, LRRK2, and PARK7 genes occurred when
cyclotide was applied to the cells. The neuroprotective effects of cyclotide treatment and positive standard AMA
were also found to share a significant mechanism of action. This suggests that cyclotide may have
neuroprotective effects against 6-OHDA-induced in vitro neurotoxicity. However, additional research to
confirm this is currently underway.
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