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ABSTRACT

This study aimed to evaluate the neuroprotective effects of Xanthohumol (XAN), on
Parkinson’s disease and an in vitro model by focusing on PPAR-y and oxidative stress.

To establish a Parkinson's Disease (PD) model, SH-SY5Y cells were exposed to 200
uM 6-OHDA for 15 minutes. The SH-SY5Y cells were treated with different
concentrations of XAN (50, 100, and 200 ug/mL). At the end of the experiment,
cytotoxicity and Oxidative stress were assessed using the MTT assay, the total
antioxidant capacity (TAC) and total oxidant status (TOS) assays, and the PPAR-y
assay.

These results suggest that specific doses of XAN may have neuroprotective effects
with potential relevance for the treatment of neurodegenerative diseases. The
Parkinson's control group shows a decrease in cell viability of up to 50% in SH-SY5Y
cells compared with the control group. XAN prevented 6-OHDA-induced apoptosis and
increased cell viability in a dose-dependent manner. TAC and TOS analyses showed
that 100 and 200 pg/mL XAN more effectively increased TAC capacity by 60% but
caused a 30% decrease in TOS. In contrast, elevated PPAR-y levels were measured in
correlation with the MTT result.

XAN results indicate that it may be part of the treatment strategy for Parkinson's
disease.

Keywords: 6-OHDA, Neuroblastoma, Parkinson's disease, SH-SY5Y cells,
Xanthohumol.
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Figure 1. Graphical abstract. A: SH-SY5Y cells were seeded into 96-well plates and incubated until reaching 80%
confluence. Then, 200 uM 6-OHDA was applied, followed by a 15-minute incubation. Using this method, an in vitro model
of Parkinson’s disease was established. B: Xanthohumol (XAN) obtained from Humulus lupulus was prepared at
concentrations of 50, 100, and 200 ug/mL and applied to the in vitro Parkinson’s model. The cells were incubated for 24
hours. Subsequently, MTT, TAC, TOS, and PPAR-y ELISA assays were performed. Statistical analysis of the data was

(%}
=) TOSassay _y

- «.ay. PPARy
e ¥ o8 ELISAtest >

o

24 hours incubation

INTRODUCTION

Parkinson’s disease (PD) is one of the most common
neurodegenerative disorders, with a global incidence of 516
per 100,000 individuals [1, 2]. The disease often manifests
autonomic  nervous
dysfunction, cognitive decline, and various neuropsychiatric
problems, typically appearing in individuals in their 60s. PD
results from the progressive loss of dopaminergic neurons
located in the substantia nigra pars compacta (SNpc) [3, 4].
The leading cause of neuronal loss is a deficiency of dopamine

with symptoms such as

[5]. At the molecular level, the accumulation of misfolded a-
synuclein within neurons, forming Lewy bodies, is recognized
as a key pathological hallmark of the disease [6]. These protein
aggregations are known to accelerate neuronal degeneration
by triggering mitochondrial dysfunction, increased oxidative
stress, and neuroinflammatory responses[7]. Consequently,
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progressive dopamine depletion becomes the primary
determinant of the clinical manifestations of Parkinson’s
disease. Therefore, current treatment strategies focus on
targeting the dopaminergic system to restore dopamine levels
[8].

However, dopaminergic therapies currently in use only
provide temporary symptomatic relief and fail to halt the
underlying neurodegenerative mechanisms [9]. Particularly,
levodopa (L-DOPA) and dopamine agonists may lose their
efficacy over time, compete with dietary amino acids for
gastrointestinal absorption, and cause undesirable side effects
such as dyskinesia [10, 11]. Given these limitations, no

system

curative treatment for Parkinson’s disease currently exists. As
a result, recent studies have focused on alternative pathways
such as peroxisome proliferator-activated receptor gamma
(PPAR-y), which exerts neuroprotective effects by targeting
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oxidative stress and neuroinflammation [12].

In recent years, PPAR-y has gained attention as an essential
therapeutic target due to its ability to modulate key
mechanisms neurodegeneration, including
mitochondrial dysfunction, oxidative stress, and chronic
neuroinflammation. Research has shown that PPAR-y agonists
can inhibit the NF-kB pathway, thereby suppressing the
propagation of inflammatory signals and reducing the release
of pro-inflammatory  cytokines, ultimately delaying
dopaminergic neuronal loss[13, 14]. PPAR-y activation may
also enhance cellular resilience by promoting mitochondrial
biogenesis  and  supporting  antioxidant  defense
mechanisms[15]. Based on these findings, PPAR-y may
function as an anti-inflammatory agent, minimizing oxidative
damage [16, 17]. Consequently, natural compounds with the
potential to exert neuroprotective effects via PPAR-y
activation have become a focal point in current research,
particularly among phytochemical-rich medicinal plants. One
such plant of interest is Humulus lupulus [18].

Humulus lupulus L. (commonly known as hops) is a
perennial climbing plant belonging to the Cannabaceae family
[19, 20]. H. lupulus has been widely used in traditional
medicine due to its rich phytochemical content, including
xanthohumol (XAN), isoxanthohumol (I1X), 6-
prenylnaringenin (6-PN), and 8-prenylnaringenin (8-PN) [21].
Xanthohumol exhibits a broad spectrum of pharmacological

involved in

activities, including antioxidants, anti-inflammatory,
chemopreventive, antimicrobial, anticarcinogenic,
antidiabetic, metabolic, neuroprotective, prebiotic, and

detoxifying properties. These effects are mediated by signaling
pathways such as NF-kB (nuclear factor kB) and AMPK
(AMP-activated protein kinase), as well as by receptor
interactions involving the estrogen receptor (ER) and the aryl
hydrocarbon receptor (AhR). This multifaceted bioactivity
makes XAN a highly promising molecule for research [22, 23].
Moreover, XAN has been shown to increase dopamine levels
while reducing oxidative stress and neuroinflammation,
suggesting its potential therapeutic role in Parkinson’s disease
[24].

This study established an in vitro Parkinson’s model by
exposing SH-SYS5Y cells to 200 uM 6-hydroxydopamine (6-
OHDA). After this exposure, the cells were treated with
different concentrations of XAN. The antioxidant and
neuroprotective effects of XAN were assessed using the MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay, TAS (total antioxidant status), TOS (total
oxidant status), and PPAR-y ELISA tests.
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METHODS
Cell Culture

SH-SY5Y cells (ATCC: CRL-2266) were acquired from
the Department of Medical Pharmacology at Bilecik Seyh
Edebali University's Faculty of Medicine (Bilecik, Turkey).
The cells were passaged and seeded into 96-well plates once
they reached 85% confluence [25].
6-OHDA Induced in Vitro Parkinson’s Model:
Xanthohumol Dose Application and Experimental Groups

The cells were cultured in a 5% CO: incubator until
achieving 80% confluence. To establish a PD model in cell
culture, SH-SYS5Y cells were subjected to 200 uM 6-OHDA
(dissolved in saline solution containing 0.2% DMSO)
(MedChemExpress, Cat. No.: HY-B1081A) and incubated for
15 minutes. After removal of the medium containing 6-
OHDA, the SH-SY5Y cells were divided into groups receiving
XAN at concentrations of 50 pg/mL, 100 pg/mL, or 200
pg/mL. The cell groups were defined as follows:

Table 1. Experimental groups.

1- Control

2- 6-OHDA (200 uM)

3-  Xanthohumol 50 pg/mL

4-  Xanthohumol 100 ug/mL

5- Xanthohumol 200 pg/mL

One day later, cell viability was determined by MTT
analysis. Oxidative stress was evaluated using TAC and total
oxidant status TOS analyses. Additionally, PPAR-y levels
were examined.

MTT Assay

The cells were resuspended in fresh DMEM media
supplemented with 10% FBS and 1% antibiotic (penicillin,
streptomycin, and amphotericin B). Xanthohumol was
administered at concentrations of 50 pg/mL, 100 pg/mL, and
200 pg/mL for 24 hours. The optical density of the solutions
was measured at 570 nm using a Multiskan™ GO microplate
spectrophotometer (Thermo Fisher, Porto Salvo, Portugal)
[26].

ELISA Tests
To investigate the effects of the substances on the ROS
mechanism, PPAR-y (BT Lab, LOT: 202408010) levels were

97



measured using an ELISA Kit. Each experimental group was
independently repeated three times. The experiment followed
the kit protocol, and the optical densities of each sample were
measured at 450 nm [26].

Total Antioxidant Capacity (TAC) Assay

The Total Antioxidant Capacity Kit (RL0017, Rel Assay
Diagnostics) was used in the analysis. Following the
manufacturer’s protocol, the reagents were added to the
supernatant. The color change was measured at 660 nm for
TAC, and the resulting values were expressed as mmol Trolox
Equiv./L [26].

Total Oxidant Level (TOS) Assay

The Total Oxidant Status Kit (RL0024, Rel Assay
Diagnostics) was used in the analysis. Following the
manufacturer’s protocol, the reagents were added to the
supernatant. The color change resulting from the reaction was
measured at 530 nm for TOS, and the resulting values were
expressed as mmol H.O: Equiv./L [26].

Statistical Analysis

To compare the groups statistically, a one-way ANOVA
was employed. For statistical analysis, GraphPad Prism 8 was
used for all computations. A difference was deemed
statistically significant in all tests if it was less than 0.05. The
mean and standard deviation (mean £+ SD) of the results were
displayed.

RESULTS

After SH-SY5Y cells reached 80% confluence, an in vitro
Parkinson’s model was established by treating the cells with
200 uM 6-OHDA, followed by treatment with the respective
experimental groups. Subsequently, MTT, TAC, TOS, and
ELISA assays were performed.

MTT Assay Result

The control group was compared with the 6-OHDA group,
and the 6-OHDA group was compared with the XAN (50, 100,
and 200 pg/mL) treatment groups (Figure 2). The cells treated
with XAN were subjected to the MTT assay after 24 hours of
incubation to determine cell viability. The results showed that
the 6-OHDA group exhibited a significant 50% decrease in
viability compared to the control group (p<0.01). Treatment
with 100 pg/mL XAN resulted in approximately a 25%
increase in viability compared with the 6-OHDA group
(p<0.05). At a concentration of 200 pg/mL, XAN increased
cell viability by 40%, showing the highest level of viability
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among all doses and a statistically significant improvement
(p<0.01).

MTT Analysis
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Figure 2. MTT analysis results. 6-OHDA: 6-hydroxydopamine, XAN:
Xanthohumol, ug/mL: microgram per milliliter. 6-OHDA reduced
cell viability by approximately 50% compared to the control group
(p<0.01). XAN treatment provided a dose-dependent improvement;
at 100 ug/mL, viability increased by 25% (p<0.05), while at 200
ug/mL, the highest effect was observed with a 40% increase (p<0.01).
(*p<0.05, **# p<0.01).

PPAR1 Protein Level
20+

Figure 3. results. 6-OHDA: 6-

PPAR-y ELISA analysis
hydroxydopamine, XAN: Xanthohumol, ug/mL: microgram per
milliliter. The study showed that PPAR-y levels were approximately
65% lower in the 6-OHDA group compared to the control group
(p<0.01). XAN treatment increased PPAR-y levels in a dose-

dependent manner; the highest increase was observed at 100 ug/mL
with 55% (p<0.05) and at 200 ug/mL with 60% (p<0.01). (*p<0.05,
**# p<0.01).
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Figure 4. TAC (Total Antioxidant Capacity) and TOS (Total Oxidant
Status) analysis 6-OHDA; 6-hidroksidopamin, Xan;
Xanthohumol, ug/ml; mikrogram/mililitre. TAC decreased by 70% in
the 6-OHDA group compared to the control group (p<0.01), while
TOS increased by 45% (p<<0.01). XAN treatment increased TAC
levels, particularly at the 200 ug/mL dose, an increase of
approximately 60% was achieved, closest to control values (p<0.01).
TOS levels decreased with XAN; a 30% decrease was observed at 100
ug/mL and a 35% decrease at 200 ug/mL (*p<0.05, **p<0.01).
(*p<0.05, **#* p<0.01).

results.

ELISA Test Result
PPAR-y ELISA Result

The control group was compared with the 6-OHDA group,
and the 6-OHDA group was compared with the XAN (50, 100,
and 200 pg/mL) treatment groups (Figure 3). PPAR-y protein
levels were analyzed using ELISA. Compared to the control
group, the 6-OHDA group showed an approximately 65%
decrease in PPAR-y protein levels (p<0.01). In the treatment
groups, XAN at 100 pg/mL increased PPAR-y levels by
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approximately 55% compared with the 6-OHDA group
(p<0.05), whereas the 200 pg/mL dose showed the most
significant increase, with a 60% elevation (p<0.01).

TAC and TOS Assay Result

The control group was compared with the 6-OHDA group,
and the 6-OHDA group was compared with the XAN (50, 100,
and 200 pg/mL) treatment groups (Figure 4). TAC and TOS
analyses were performed using a spectrophotometer at the
wavelengths specified by the respective assay kits. In the TAC
analysis, the 6-OHDA group showed a 70% decrease
compared to the control group (p<0.01), while in the TOS
analysis, a 45% increase was observed (p<0.01). In the TAS
results, the XAN 200 pg/mL treatment group showed
approximately a 60% increase relative to the 6-OHDA group,
with values closest to those of the control group (p<0.01).

In contrast to its antioxidant activity, the TOS level showed
a 30% reduction in the XAN 100 pug/mL group and a 35%
reduction in the XAN 200 pg/mL group compared to the 6-
OHDA group, indicating that oxidative damage was alleviated
(p<0.05, p<0.01).

DISCUSSION

In recent years, the SH-SY5Y cell line has been widely
utilised in in vitro models of Parkinson’s disease [27]. This is
due not only to its human origin but also to its ability to express
genes and signaling pathways that are dysregulated in
Parkinson’s disease pathogenesis, as well as to its ease of
maintenance and capacity for long-term culture under
laboratory conditions [27, 28]. In this model, 6-OHDA is used
as a neurotoxin. Jeerang et al. (2021) also employed this
compound in differentiated SH-SY5Y cells and reported that
it induced neurodegeneration [29].

Currently, Parkinson’s disease is treated with L-DOPA
(levodopa), which aims to compensate for dopamine
deficiency [30]. However, L-DOPA therapy has several
limitations, including reduced efficacy due to competition with
dietary amino acids for gastrointestinal absorption and side
effects that emerge with prolonged use [10, 31]. Therefore, the
need for complementary or supportive therapeutic approaches
in Parkinson’s disease has been increasing [32]. In this context,
research has focused on traditional medicinal plants and their
bioactive compounds with known pharmacological properties,
exploring their potential to protect dopaminergic neurons [33].
Among these, Xanthohumol, the main prenylated chalcone
found in Humulus lupulus, has been shown to exhibit
significant anti-inflammatory properties by inhibiting IxBa
(inhibitor of NF-kB alpha) degradation and subsequent NFxB
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activation in acute liver injury [34]. XAN has been shown to
reduce intracellular oxidative stress, suppress reactive oxygen
species (ROS) production, and enhance the activity of
antioxidant defense enzymes [35]. A study conducted by Alam
et al. (2024) demonstrated that XAN exerted neuroprotective
effects in a mouse model of Parkinson’s disease [24].
Additionally, Zhang et al. (2014) examined XAN using 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical scavenging and
ferric reducing antioxidant power (FRAP) assays, reporting
that XAN exhibited potent antioxidant activity [36]. In our
study, we demonstrated dose-dependent reductions in
oxidative damage induced by the neurotoxin 6-OHDA using
the TAC and TOS assays. The oxidative stress data obtained
in this study support previous reports on the antioxidant
properties of XAN.

In the present study, XAN treatment reduced oxidative
stress and increased cell viability in a dose-dependent manner
following 6-OHDA-induced neurotoxicity. Among the
concentrations tested, 200 uM was the most effective. This
finding is consistent with the literature; however, the
concentration of XAN is a critical factor to consider. Effects
were observed at the lower dose of 50 pg/ml, whereas
significant antioxidant enhancement and improvements in cell
viability were observed at 100 pg/ml and 200 pg/ml. Upon
evaluating total antioxidant capacity (TAC) and total oxidant
status (TOS), the increase in TAC and the decrease in TOS
indicated that XAN enhanced cellular antioxidant defense and
exhibited neuroprotective potential by scavenging ROS [24].

Moreover, Parkinson’s disease is characterized by a
marked increase in inflammation as a result of elevated
oxidative stress [37]. Numerous markers are involved in
inflammatory signaling, including peroxisome proliferator-
activated receptor gamma (PPAR-y), which is known for its
anti-inflammatory role [38]. Martin et al. demonstrated in a
Parkinson’s disease model that treatment with PPAR-y
agonists reduced cellular inflammation and provided
neuroprotection for dopaminergic neurons [39]. Consistent
with these findings, our study revealed that increasing doses of
XAN led to elevated PPAR-y levels and reduced inflammation
[40]. As oxidative damage and associated inflammation
decreased, cellular viability increased in a dose-dependent
manner in the treatment groups.

CONCLUSION

In conclusion, our study demonstrated that XAN exhibits
neuroprotective effects in 6-OHDA-induced SH-SY5Y cells
by reducing oxidative stress and modulating PPAR-y levels.
Based on the current literature, these effects are likely
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mediated through antioxidant and anti-inflammatory
mechanisms. Our findings suggest that XAN may be a
promising therapeutic agent for the treatment of Parkinson’s
disease. However, further studies are needed to elucidate its
precise molecular mechanisms and to confirm these effects in
vivo models.
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