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Abstract

Background It is well acknowledged that neuroinflammation, mitochondrial dysfunction, and oxidative stress (OS) play a
role in the etiology of Parkinson’s disease (PD). Curcumin (CUR) protect neuronal cells by interfering with the production
of reactive oxygen species (ROS) in neuronal cells and suppressing OS. In this study, we investigated the role of the TRPV4
channel under CUR stimulation in the PD model induced by MPP* in SH-SYS5Y cells.

Methods The cells were divided into four groups: control, CUR, MPP* and MPP*+CUR. In addition, incubations were per-
formed with TRPV4 channel agonist GSK1016790A (GSK) and its antagonist Ruthenium red (Rr) to follow the Ca>* current
induced through the TRPV4 channel.

Results MPP" exposure increased mitochondrial and intracellular ROS production and mitochondrial membrane potential
in the cell, while decreasing GSH levels. During CUR and Rr incubation, MPP" exposure and TRPV4 agonist GSK-induced
TRPV4 overstimulation were down-regulated. The effects of MPP" on intracellular damage were changed by CUR treat-
ment, as seen in changes in GSH levels, mROS, iROS, JC/1, apoptosis, and TRPV4 expression value compared to the MPP*
group.

Conclusions The CUR treatment in the in vitro PD model created with MPP" reduced cellular damage by regulating mito-
chondrial dysfunction, OS and TRPV4 channel activation in MPP*-induced neurotoxicity with the antioxidant properties of
CUR.
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Introduction

Neurodegeneration is a physiological process in which neu-
rons lose their structure or functional abilities and finally
die. Neurodegeneration plays a significant role in the etiol-
ogy of neurodegenerative diseases, affecting approximately
15% of the population worldwide [1, 2]. One of the most
important neurodegenerative disorders, Parkinson’s disease
(PD), is typified by tremors, muscular stiffness, poor move-
ment, and issues with balance and coordination. The dis-
ease’s main damaging process is yet unknown [3, 4].
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Numerous studies have demonstrated the critical roles
that neuroinflammation, oxidative stress (OS), accumula-
tion of intracellular ions, and mitochondrial dysfunction
display in the development of neurodegeneration in PD [5,
6]. 1-methyl-4-phenylpyridinium (MPP") is a neurotoxin
that induces PD-associated changes in mitochondrial activ-
ity, such as inhibition of complex-1 and increases in reactive
oxygen species (ROS) and is widely used in in vitro PD mod-
els [7, 8]. A study investigating the neuroprotective effect of
insulin on neurotoxicity in MPP*-induced SH-SYS5Y cells
showed that increasing MPP" concentrations caused a dose-
dependent decrease in cell viability and increased intracel-
lular ROS levels and Ca** accumulations [9]. Song et al.,
in their MPP*/MPTP-induced in vitro and in vivo neuro-
toxicity model study, determined that there was an increase
in MDA and ROS levels and a decrease in GSH levels in
SH-SYSY cells induced by MPP", and they suggested that
MPP-induced neurotoxicity could be prevented if OS was
suppressed [10]. Wang et al. reported that MPP"-induced
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cells had decreased cell viability and increased intracellular
ROS levels, caspase-3 activation, and mitochondrial dys-
function in the SH-SYS5Y cells [8].

Mammalian transient receptor potential (TRP) channels
are protein structures found in the membranes of different
cell types. They can be thought of as “cellular entry points”
for ions, responding to various physical and chemical stim-
uli[11, 12]. TRP vanilloid-4 (TRPV4), a member of the TRP
channel family, is a non-selective cation channel that allows
the influx of Ca>". TRPV4 is present in many excitable and
non-excitable cells, such as the brain, kidney, bladder, and
endothelium [13, 14]. A study examining biochemical, phar-
macological and electrophysiological methods in SH-SY5Y
cells incubated with paclitaxel reported overexpression of
that TRPV4 channel in chemotherapy-induced peripheral
neuropathy and an increase of Ca”* influx toward the cyto-
plasm due to TRPV4 channel activation [15]. Also, it was
shown that Ca** influx from TRPV4 plays an important
role in cell loss through apoptosis, ferroptosis, necroptosis,
pyroptosis and autophagy by mediating endoplasmic reticu-
lum (ER) stress, OS, and inflammation [16, 17].

Curcumin (CUR) is a lipophilic substance with a poly-
phenol structure extracted from the rhizomes of a plant
belonging to the ginger family, known as Indian saffron or
turmeric (Curcuma longa L.) [18]. It has been used in tradi-
tional medicine since ancient times, especially in India and
China. It has been determined in many studies that it has
various properties that provide a great effect on a wide range
of pharmacological developments, including neuroprotec-
tive, antioxidant, anti-inflammatory, antimicrobial and anti-
cancer drugs, with the presence of hydroxyl and methoxy
groups in its molecular structure [19-22]. In addition, CUR
treatment has a high safety profile with minimal toxicity, as
shown in experimental PD model studies. Therefore, a bet-
ter understanding of the mechanisms by which CUR exerts
its neuroprotective properties may further strengthen thera-
peutic approaches [22].

This study investigated the effect of CUR on OS, mito-
chondrial dysfunction, apoptosis and intracellular Ca**
([Ca**],) accumulation by stimulating the TRPV4 channel
in SH-SYS5Y cells treated with MPP™.

Material and method

Cell culture and study groups

SH-SYS5Y cells, a human neuroblastoma cancer cell line,
were obtained from the Sap Institute (Ankara, Tiirkiye). The
cells were grown in DMEM/F12 basal media mixture con-

taining 1% penicillin-streptomycin and 10% fetal bovine
serum (Sigma-Aldrich, USA) in a 5% CO, humidified
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incubator at 37 °C. The cells were seeded in four flasks at a
density of 1x10° cells per flask for use in the plate reader.
The cells were seeded in 35 mm? coverslips (Mattek Corpo-
ration Inc., USA) for confocal microscope (LSMS800, Zeiss)
analyses. The CUR (Cat_C1386) and MPP" (Cat 36913)
were purchased from Sigma-Aldrich ((Sigma Aldrich,
USA).

The SH-SYSY cells were divided into four groups as
follows;

Control (Cont) group: The cells in this group were not
treated with any treatment.

CUR group: The cells in this group were incubated with
CUR 5 uM for 24 h [23].

MPP+ group: The cells in this group were incubated with
MPP* 0.5 mM for 24 h [6].

CUR +MPP+ group: The cells in this group were incubated
with CUR (5 uM) and MPP" (0.5 mM) for 24 h.

Measurement of miROS, JC/1 and iROS levels in the
SH-SY5Y cells

MitoSOX Red (Cat M36008, ThermoFisher) is a super-
oxide indicator, a fluorogenic dye specifically targeted
to mitochondria in living cells. It was used to determine
mitochondria ROS (miROS) formation in mitochondria in
35 mm dishes. MitoSOX (2 uM) was added to the treated
cells and incubated for 30 min at 37 °C in the dark. Three
rounds of ice-cold PBS washing were performed on the
treated cells. Following analysis of the produced samples,
flow cytometry assessed the fluorescence intensity. A 20x
objective lens was used to capture the images [24]. The
argon laser’s stimulation wavelength stayed at 561 nm in
the red MitoSOX recordings. The excitation and emission
wavelengths, on the other hand, stayed at 578 and 598 nm.
DCFH-DA (Cat_ab113851, Abcam) dye was used to detect
intracellular free oxygen radicals (iROS) in the confocal
microscope. DCFH-DA (2 uM) was added to the treated
cells and incubated for 30 min at 37 °C in the dark. Three
rounds of ice-cold PBS washing were performed on the
treated cells. Following analysis of the produced samples,
flow cytometry assessed the fluorescence intensity. A 20x
objective lens was used to capture the images. In green
DCFH-DA recordings, the argon laser excitation wave-
length was kept at 488 nm, while the excitation and emis-
sion wavelengths were kept at 504 and 525 nm, respectively
[25]. JC/1 (Cat_T3168, Thermo Fisher) dye was used to
detect mitochondrial membrane potential in the confocal
microscope. JC/1 (3 uM) was added to the treated cells and
incubated for 30 min at 37 °C in the dark. Three rounds of
ice-cold PBS washing were performed on the treated cells.
Following analysis of the produced samples, flow cytometry
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was used to assess the fluorescence intensity. A 20x objec-
tive lens was used to capture the images. The fluorescence
intensity of JC/1 aggregates was detected at 590 nm after
the cells were excited (488 nm) [26]. The obtained miROS
(red), JC/1 (orange) and iROS (green) changes of the images
in fluorescence intensity were measured as arbitrary units
(a.u.) using the ZEN program.

Measurement of cytosolic GSH levels in the SH-SY5Y
cells

To measure the amount of GSH in SH-SYS5Y cells, a com-
mercial probe called ThiolTracker Violet (Cat T10095,
Thermo Fisher Sci., Turkey) was employed. The excita-
tion and emission wavelengths were maintained at 404
and 526 nm, respectively, to calculate the GSH level. At
405 nm, laser excitation was carried out. The ZEN software
calculated the intensity of GSH fluorescence in each confo-
cal microscope cell. A.u. was used to represent the mean
GSH (green) concentration.

Measurement of intracellular calcium [Ca*];
concentration

Fluo/3-AM is a single-wavelength excitation and emission
dye excited by an argon laser with a wavelength of 488 nm
under a confocal microscope. In this study, which inves-
tigated the effect of CUR on MPP-induced intracellular
calcium increase in SHSY5Y cells via TRPV4, incubation
with Fluo/3-AM (1 uM for 45 min) fluorescent dye (Calbio-
chem, Germany) was used to detect intracellular changes in
[Ca?"]; concentration in SH-SY5Y. In addition, cells were
stimulated with GSK1016790A (GSK) (100 nM), which is a
TRPV4 agonist, and Ruthenium red (Rr) (1 uM), which is a
TRPV4 antagonist, to compare channel activation between
groups during this period [14]. Cells were examined at
515 nm under the confocal microscope. The mean fluores-
cence intensity in an a.u. per cell was used to express Fluo/3
results in 15 mm? of cytosol.

Measurements of cell viability, apoptosis, and
caspase levels

Cell viability was assessed using the MTT (3-[4,5-Dimeth-
ylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) tech-
nique. The method’s main objective is to assess the colour
shift that occurs when tetrazolium (MTT: yellow) is used
to produce formazan (purple) dye by determining the
absorbance of the growing mitochondrial dehydrogenase
enzyme activity of proliferating cells. In 96-well plates,
SH-SYSY cells were pre-incubated at a density of 1x10°
cells/mL. When the incubation period was over, the cells

were removed from the flasks. They underwent centrifuga-
tion. PBS was used to dilute the pellet. Following pipetting,
15 pl of MTT dye (5 mg/ml) was added to each Eppen-
dorf tube along with 950 pul of 1x PBS. After adding MTT
dye, it was placed in a shaking water bath at 37 °C and let
to shake gradually for 90 min. All Eppendorf was shaken
and then centrifuged for five minutes at 500 g. Following
centrifugation, 400 pl of dimethyl sulfoxide (DMSO) was
added to each Eppendorf tube, and the supernatant was dis-
posed away. After resuspending the pellet in DMSO, 250 ul
of the sample was applied to every well. MTT absorbance
changes were measured at 490 and 650 nm using an auto-
mated microplate reader (Infinite PRO 200; Tecan Austria
GmbH, Groedig, Austria). An APOPercentage commercial
kit (Biocolor Ltd., Co Antrim, UK) was used to measure the
apoptosis of SH-SYSY cells. The SH-SYSY cells were pre-
incubated in 96-well plates at a density of 1x 10° cells/mL.
During the experiment, the transmembrane transport cycle
of phosphatidylserine caused the apoptotic cells to acquire a
pink-coloured dye. Before the onset of blebbing, this intake
happened all at once. The automated pale reader (Infinite
PRO200) captured the colour variations at 550 nm. The SH-
SYSY cells were pre-incubated in 96-well plates at a density
of 1x10° cells/mL. After being incubated with apoptotic
cell lysates on black plates, active Casp-3, Casp-8, and
Casp-9 mostly cleaved fluorogenic substrates (Ac-DEVD-
AMC, Ac-IETD-AFC, and Ac-LEHD-AFC) (Bachem AG.,
Bubendorf, Switzerland) to the AMC and AFCs, respec-
tively. The microplate reader (Infinite 200 PRO) was used
to measure the cleavage levels of free AMC and AFCs at the
excitation (360—400 nm) and emission (460—505 nm) wave-
lengths. Fluorescence units per milligram of protein were
computed after the Biuret method measured the cells’ total
protein levels. Experiments were repeated at least 3 times.
Cell viability, apoptosis, Casp-3, Casp-8, and Casp-9 treat-
ment outcomes increased above the control value.

Western blotting

The SH-SYSY cells were subjected to conventional pro-
tocols for Western blotting protein analysis of expression
[27]. The SH-SYS5Y proteins were separated on SDS-PAGE
gels and then put onto PVDF membranes. Using primary
anti-TRPV4 (Cat_A37574, AFG Scientific, and 1: 500), the
membranes were incubated for an entire night at 4 °C before
being displayed using the Gel Imagination System (G: Box,
Syngene, UK). ImageJ software was utilised for the test of
TRPV4 and B-actin signal intensities. The relative density
of the signal activities was used.

@ Springer



255 Page 4 of 10

Molecular Biology Reports (2025) 52:255

Statistical analyses

Data were expressed as the mean+standard deviation.
A one-way analysis of variance (ANOVA) followed by
Tukey’s post-hoc test was conducted using SPSS software
to assess statistical significance among the various groups.
Experiments were repeated at least 3 times. A significance
level of P<0.05 was considered statistically significant.

Fig. 1 The treatment of the CUR
(5uM) attenuated MPP*(0.5
mM)-induced miROS, JC/1 and
DCFH-DA in the SH-SYS5Y cells.
(Mean=SD). The images were
captured in the LSM800 confocal
microscope under an objec-

tive (20x, Bar: 20 pm) (a), and
coloured pictures of the stains

of miROS (red), JC-1 (orange),
DCFH-DA (green), and overlay
were captured. The miROS

(b), JC/1 (¢), and DCFH-DA

(d) mean fluorescence intensity

Cont

CUR

a = miROS

Results

CUR treatment attenuated MPP*-induced miROS,
JC/1 and iROS in the SH-SY5Y cells

Increased ROS in mitochondria is important for redox
balance, while excessive ROS increase can trigger many
damage mechanisms such as cascade activity in the cell,
especially mitochondrial dysfunction [28]. In Fig. 1a, when
miROS levels were examined between the groups, it was
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determined that the highest miROS level in the cells was
after MPP" application (p<0.001). CUR treatment with
MPP* (MPP"+CUR) significantly reduced the miROS level
compared to the MPP" group (p<0.01). There was no statis-
tically significant difference between the control and CUR
groups (p>0.05, Fig. 1b). The JC/1 stain is an important
marker for examining mitochondrial membrane potential
and determining mitochondrial health and activity [29].
When JC/1 levels were examined, it was seen that the JC/1
level of the MPP" group was the highest compared to the
other groups (p<0.001). The JC/1 level of the MPP"+CUR
group was significantly lower compared to the MPP* group
(»<0.01, Fig. 1d). The DCFH-DA has no fluorescence.
However, it can freely penetrate the cell membrane. Once
inside the cell, DCFH-DA is hydrolyzed by intracellular
esterase to produce DCFH. ROS then oxidizes DCFH to
produce fluorescent 2°,7’-dichlorofluorescein (DCF). The
fluorescence intensity of DCF is used to measure the level of
intracellular ROS [30]. When intracellular ROS levels were
examined, it was determined that the iROS level was the
highest in the MPP" group with MPP" application compared
to the other groups (p<0.001). In the CUR+MPP" group,
it was reported that CUR treatment significantly reduced
the increased iROS level caused by MPP" compared to the
MPP" group (p<0.01, Fig. 1c).

MPP*-induced decreased intracellular GSH level was
modulated by CUR treatment

GSH constitutes the main intracellular antioxidant defence
against ROS and OS. Also, the fact that GSH depletion
occurs at early stages during the cell death program during

a GSH

Cont
MPP*

Fluorescence Intensity (a.u.) &

CUR

MPP*+ CUR

Fig. 2 MPP*(0.5 mM) induced decreased intracellular GSH level
was modulated by CUR (5uM) treatment in the SH-SYSY cells.
(Mean+SD). To determine the quantity of GSH, the SH-SY5Y cells
were stained with a 2 uM ThiolTracker Violet probe for 30 min. The

apoptosis indicates that it is a good marker for studies
investigating cell damage mechanisms [31]. When GSH
density was examined between the groups in the study
(Fig. 2a), it was seen that MPP" reduced the GSH level in
SH-SYSY cells to the lowest level compared to the other
groups (p<0.001). It was determined that CUR treatment
and MPP" increased the GSH level compared to the MPP™
group (p<0.01, Fig. 2b).

Effect of CUR treatment on MPP*-induced [Ca®*],
concentration change in SH-SY5Y cells: the role of
TRPV4 channel

Cytosolic calcium is necessary for many physiological pro-
cesses in the cell, such as growth, migration, and cell death.
Disruption of intracellular calcium homeostasis can disrupt
these physiological processes and damage the cell. TRPV4
is a cation channel permeable to the Ca*" [32]. In Fig. 3a,
we investigated how the free [Ca®"]; fluorescence intensity
in SH-SYS5Y cells was affected by TRPV4 antagonist (Rr)
and agonist (GSK). It was determined that without ago-
nist and antagonist stimulation, the [Ca®"]; intensity of the
MPP" group was significantly higher than the other groups
(<0.05, Fig. 3b). The [Ca**]; intensity of the MPP"+CUR
group was significantly lower than the MPP* group. After
GSK stimulation, the [Ca”"]; intensity of the MPP" group
was significantly higher. At the same time, it was signifi-
cantly lower in the groups with Rr incubation (p<0.05,
Fig. 3c). It was determined that the [Ca?"]; intensity of the
MPP*+CUR group was lower than the MPP" group during
the specified stimulations (p<0.05, Fig. 3b and c).

u GSH

ns

*%

*

-

|

MPP*

Cont CUR " MPP*+CUR

image was captured in the LSM800 confocal microscope under an
objective (20x, Bar: 20 pm) (a). The ThiolTracker Violet means a.u.
(non-significant (ns): p>0.05, *p<0.001 vs. MPP*, and ""p<0.001 vs.
MPP*+CUR)
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Fig. 3 Effect of CUR (5uM) treatment on MPP*(0.5 mM)-induced
[Ca?*]; concentration change in SH-SY5Y cells and the role of TRPV4
channel in this mechanism. (Mean+SD). The cells were stained with
Fluo 3/AM (1 pM for 30 min) in dark and room temperature (a).
TRPV4 in the SH-SYS5Y cell was stimulated either by GSK (100 nM),
although Ca®" entry via the inhibition of TRPV4 was inhibited by Rr (1

CUR treatments altered the levels of MPP*-induced
cell viability, apoptosis, and caspases

Apoptosis, defined as programmed cell death, plays an
important role in the processes that sustain the life of liv-
ing organisms. Caspase activation plays a central role in
the execution of apoptosis [33]. When apoptosis and cas-
pase activity were examined among the groups in the study,
it was determined that the apoptosis (Fig. 4a), Casp-3
(Fig. 4c), Casp-8 (Fig. 4d) and Casp-9 (Fig. 4¢) levels of the
MPP" group were significantly higher than the other groups
and the cell viability rate (Fig. 4b) was lower (p<0.05). On
the other hand, with CUR treatment, it was observed that the
apoptosis, Casp-3, Casp-8, and casp-9 levels of the MPP*
group were significantly lower than the MPP" group, and
the cell viability rate was higher (p<0.05). There was no
statistically significant difference between the apoptosis,
Casp-3, Casp-8 and Casp-9 levels of the control and CUR
groups (p>0.05).
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uM). The green images of Fluo 3/AM in cells were recorded at 515 nm
in the LSM800 confocal microscope attached with objective (x40 oil).
The mean fluorescence intensity changes as an a.u. in the four groups
after the MPP" and CUR treatments (b and ¢). (°p < 0.05 vs. control
group, ®p < 0.05 vs. CUR group, °p < 0.05 vs. MPP" group)

The expression levels of TRPV4 channel on MPP*-
induced neurotoxicity in SH-SY5Y cells

The TRPV4 expression level was measured by the West-
ern blot method in all groups (Fig. 5a, Supplementary
Fig. 5). The TRPV4 expression level of the MPP" group
was at the highest level compared to the control, CUR and
MPP"+CUR groups (p<0.05). The TRPV4 expression level
of the MPP*+CUR group was significantly lower compared
to the MPP" group (»<0.05, Fig. 5b).

Discussion

Parkinson’s disease is a common neurodegenerative disease
characterized by motor and non-motor symptoms [3, 4].
One of the most used cell lines in in vitro PD model studies
is the SH-SYSY cell line. Additionally, it was determined
that the MPP" agent, which disrupts the electron transport
chain in the cell and causes cell death by free radical forma-
tion, was used to create a PD model in the SH-SYSY cell
line [5, 6, 8, 9]. This study investigated the effect of CUR
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Fig. 4 MPP* (0.5 mM for 24 h)-induced increased apoptosis and cas-
pase activities in SH-SY5Y cells were decreased by CUR treatment
(5uM for 24 h). (Mean=+SD, n=3). APOpercantage assay kit (a) and
MTT test (b) were used in the plate reader (Infinite) analysis to execute

on OS, mitochondrial dysfunction, apoptosis and [Ca®'];
accumulation through stimulation of the TRPV4 channel in
MPP"-induced neuronal damage in SH-SY5Y cells.
Excessive OS levels in cells are directly proportional
to the increase in ROS, which can damage different bio-
logical targets such as proteins, lipids or DNA, leading to
various pathologies. mirrors may have two roles: on the
one hand, they maintain a proper redox balance. On the
other hand, excessive production of miROS is known to be
involved in cancer, hypertension, atherosclerosis, diabetes,

cell viability and apoptosis in the cells, respectively. The active Casp-3
(¢), Casp-8 (d), and Casp-9 (e) studies were carried out using the cas-
pase fluorogenic substrates. (non-significant (ns): p>0.05, p < 0.05
vs. control group, ®p < 0.05 vs. CUR group, °p < 0.05 vs. MPP" group)

autoimmune disorders, or age-related diseases [33]. MPP*
binds to NADH dehydrogenase in the mitochondrion, stop-
ping the electron transport chain and causing OS [34]. Yan
et al. investigated the protective effect of artemisinin on OS,
which plays an important role in PD pathogenesis. In this
study, it was reported that iROS levels increased and anti-
oxidant (SOD, GSH) levels decreased in SH-SY5Y cells
after MPP" application. In addition, a significant increase
was observed in the JC/1 dye density used for mitochondrial
membrane potential in the MPP™ treatment group compared
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Fig.5 MPP" (0.5 mM -induced increases of TRPV4 expression levels
were decreased by CUR treatment (5uM). (Mean+SD, n=3). A. The
protein band of TRPV4 channel (a). The TRPV4 (b) protein expres-

to the control group. In addition, an increase in the pro-
tein expression level of caspase-3 and cleaved caspase-3
was reported in the MPP" treatment group [35]. Liu et al.
reported that MPP"-induced ROS accumulation, accompa-
nied by a depolarization of mitochondrial membrane poten-
tial and a decreased cell viability in PD model SH-SY5Y
cells. Furthermore, it was stated that tyrosine hydroxylase,
peroxiredoxin-2 and SIRT1 levels decrease, while Bax and
Bcl-2 rates increased [36]. This study observed a significant
increase in miROS, ROS and JC/1 levels in SH-SY5Y cells
after MPP" application. In contrast, a significant decrease
in miROS, ROS and JC/1 levels was reported in the
MPP*+CUR group compared to the MPP" group. Accord-
ingly, in the literature, we observed that CUR treatment may
be an important therapeutic agent for the increased miROS,
ROS and JC/1 levels with MPP" application (Fig. 1).

Wang et al. reported increased production of ROS,
up-regulation of NADPH oxidase-2 expression, down-
regulation of SOD activity, and decreased GSH levels in
MPP-treated neuroblastoma cells [37]. Gong et al. studied
the effect of tectorigenin on MPP*-induced neurotoxicity in
SH-SYSY cells. In their study, treatment with MPP" caused
a significant decrease in cell viability and increased apop-
tosis, as evidenced by the upregulation of apoptotic cells,
caspase-3 activity and cytochrome c expression. In addition,
they reported a significant decrease in the levels of superox-
ide dismutase, catalase and glutathione peroxidase [5]. Song
et al. investigated the effect of baicalein, a bioactive flavone
compound, against MPP"-induced neurotoxicity, and they
observed an increase in MDA and ROS levels and a sig-
nificant decrease in GSH level in MPP"-treated SH-SY5Y
cells [10]. In our study, when GSH density was examined
between the groups, it was noted that MPP" decreased the
GSH level in SH-SYS5Y cells to the lowest level compared
to other groups. It was determined that applying CUR
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sion levels were calculated from the protein bands. B-Actin was used
as load control. ((non-significant (ns): p>0.05, p < 0.05 vs. control
and CUR groups, °p < 0.05 vs. MPP" group)

treatment together with MPP" increase the GSH level com-
pared to the MPP* group (Fig. 2). Thus, we showed that
CUR could modulate the MPP+-caused low level with its
antioxidant properties.

TRPV4 is a non-voltage-gated tetrameric non-selective
cation channel. Studies have emphasised that TRPV4 can
trigger Ca®’ release from internal stores together with
Ca”" influx from outside the cell [32, 38]. Ozsimsek and
Naziroglu emphasized that hypoxia-induced excessive
miROS production and excessive Ca** entry into the cell
via TRPV4 inhibition cause damage in SH-SY5Y neuronal
cells. TRPV4 agonist (GSK) and antagonist (Rr) were used
to understand the role of the TRPV4 channel in the hypoxia-
induced damage mechanism, and it was reported that TRPV4
channel inactivation prevented excessive Ca>" entry into the
cell [39]. In another study, the role of the TRPV4 channel in
MPP*-induced endoplasmic reticulum stress in PC12 cells
was examined, and it was emphasized that TRPV4 expres-
sion increased in MPP-induced neurotoxicity, leading to an
increase the channel activation due to damage [40]. The cur-
rent study demonstrates that excessive OS generation and
overloaded Ca?" influx in SH-SYS5Y cells activated TRPV4.
However, treatment with CUR reduces OS generation and
increases GSK-induced TRPV4 current density, protein
expression, and [Ca®']; concentration in the cells (Fig. 3).

In the nervous system, programmed cell death is degen-
erative and genetically controlled in functional cells. Casp-
3, 8 and 9 are proteases that play essential roles in apoptosis.
Casp-8 initiates the extrinsic apoptosis pathway, activated
by death signals outside the cell. In contrast, caspase-9
initiates the intrinsic pathway, activated by signals such
as intracellular stress and DNA damage. Both paths lead
to the activation of casp-3. Casp-3, as an effector caspase,
cleaves intracellular proteins and ensures apoptosis occurs
[41, 42]. Therefore significant progress in understanding
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the structure and functional role of TRPV4, especially in
neurological diseases, will be an important target for new
therapeutic approaches [16]. Liu et al. reported increased
expression of apoptosis-related proteins such as Bax/Bcl-2,
GSK3B, Casp-3 and p53 nuclear ratio induced by MPP™ in
SH-SYSY cells. In a study examining TRPM2 and TRPV4
activation in SH-SYS5Y neuronal, BV-2 microglial and
HEK293 cells, it was observed that OS/ADPR and GSK in
cells caused an increase in TRPM2/TRPV4 current densities
and an increase in mitochondrial membrane potential, iROS
and miROS, leading to an overload of [Ca**]; flux. In paral-
lel with the increase in [CaZJr]i concentration, Casp-3 and
Casp-9 levels were reported to increase [43]. In this study,
when we examined apoptosis and caspase activity between
the groups, we found that apoptosis, Casp-3, Casp-8, and
Casp-9 levels of the MPP" group were significantly higher
than other groups, and the cell viability rate was inversely
proportional to these. On the other hand, with CUR treat-
ment, the apoptosis, Casp-3, Casp-8, and Casp-9 levels of
the MPP*+CUR group were significantly lower than the
MPP" group, and the cell viability rate was higher (Fig. 4).
Finally, our Western blot data shows a high level of TRPV4
expression in MPP" group compared to the control and
CUR groups. TRPV4 expression levels of the MPP*+CUR
group were significantly lower compared to the MPP™ group

(Fig. 5).

Conclusion

The study results showed that the increased MPP*-medi-
ated adverse effects such as mROS, iROS and antioxidant
decrease in the PD in vitro model were modulated by the
inhibition of TRPV4 and up-regulation of the GSH antioxi-
dant system in cells. Moreover, CUR treatment in SH-SY5Y
cells restored the decreases in MPP"-induced antioxidant,
apoptotic and mitochondrial oxidant effects by suppress-
ing TRPV4 and increasing the glutathione redox system.
Future studies will provide new therapeutic approaches for
PD by preventing oxidative neurodegeneration by inhibiting
TRPV4 in neuronal cells.
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