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ABSTRACT

Objective: Cisplatin (CSP) exhibits strong oxidant and
apoptotic effects in tumors, but it also causes adverse
neurodegenerative effects by stimulating the TRPM2 cati-
on channel. By regulating mitochondrial reactive free
oxygen species (ROS) and excessive Ca®" entry-mediated
apoptosis, propofol (PRPF) exhibits antioxidant and neu-
roprotective properties. However, the action of the
TRPM2 in these productions in human SH-SYS5Y neu-
ronal cells has not yet been determined. In SH-SYSY, I
investigated the protective effects of PRPF by modifying
TRPM2, which affects CSP-induced neuronal mitochon-
drial function and death.

Materials and Methods: I generated five main groups in
the SH-SYSY as control, PRPF (200 uM for 24h), CSP
(25 uM for 24h), CSP + PRPF, and CSP + TRPM2 chan-
nel antagonists (25 uM ACA and 100 uM 2APB).
Results: Through TRPM2 stimulation, the incubation
with CSP increased the amounts of apoptosis, caspase -3,
caspase -9, cell death percentage, ROS, mitochondrial
hyperpolarization, TRPM2 current densities, and intracel-
lular free Ca?*. However, the incubation of PRPF through
the inhibition of TRPM2 decreased the amounts of these
processes.

Conclusions: PRPF treatment via TRPM2 suppression
decreased the levels of mitochondrial oxidative stress and
neuronal death caused by CSP. One effective therapy
option for CSP-induced mitochondrial oxidative neuronal
damage is the PRPF.

Keywords: Cisplatin, neuronal injury, oxidative stress,
propofol, TRPM2 channel
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Amag: Sisplatin (CPS), TRPM2 kanalin1 aktive ederek
tiimor hiicrelerinde oksidan ve apoptotik etki meydana
getirmesine ragmen bu etkilerin sinir hiicrelerindeki yan
etkilerinden dolayr CSP kullanimini sinirlandirmaktadir.
Propofol (PRPF) mitokondriyal reaktif oksijen tiirleri
(ROS) ve asir1 Ca*? girisine bagl apoptozisi diizenleyerek
antioksidan ve noroprotektif etki gostermektedir. Bununla
birlikte, PRPF’un TRPM2 kanalin1 diizenleyerek antioksi-
dan ve anti-apoptotik etki meydana getirebilecegi insan
SH-SYSY sinir hiicrelerinde heniiz arastirilmamistir. Bu
calismanin amact PRPF tedavisinin TRPM2 kanalini dii-
zenleyerek sinir hiicre 6liim ve mitokondriyal ROS iiretimi
tizerindeki etkilerinin SH-SYSY hiicrelerinde arastirilma-
sidir.

Materyal ve Metot: SH-SYSY hiicrelerinde 5 ana grup
olusturulmustur. Bu gruplar: Kontrol, PRPF (200 uM ve
24 saat), CSP (25 uM ve 24 saat), CSP + PRPF ve CSP +
TRPM2 kanal blokérleri (25 uM ACA ve 100 uM 2APB).
Bulgular: CSP inkiibasyonu, TRPM2 kanalin1 uyararak
apoptosis, kaspaz -3, kaspaz -9, hiicre 6liimii yiizdesi,
ROS, mitokondriyal hiperpolarizasyon, TRPM2 akim
yogunluklar1 ve hiicre ici Ca*® miktar: artirdi fakat hiicre
canliligini azaltti. Bununla birlikte, PRPF, ACA ve 2APB
tedavileri sonralar1 bu degerler normal degerlerine dondii-
ler.

Sonug: PRPF tedavisi TRPM2 kanali inhibe ederek CSP
neden oldugu mitokondriyal oksidan ve apoptotik etkileri
azaltti. PRPF tedavisi, CSP neden oldugu mitokondriyal
oksidatif stres ve sinir hiicre harabiyetini 6énlemede potan-
siyel kaynak olarak géziikkmektedir.

Anahtar Kelimeler: Oksidatif stres, propofol, sinir hasari,
sisplatin, TRPM2 kanali
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INTRODUCTION

Numerous physiological and pathological circum-
stances can produce excessive reactive free oxygen
species (ROS)."* Some Ca’" permeable cation chan-
nels were stimulated by the ROS, resulting in neuron
injury. TRP melastatin 2 (TRPM2) is a member of
the transient receptor potential (TRP) class.* While
non-specific antagonists such 2-
aminoethoxydiphenyl borate (2APB) and N-(p-
amylcinnamoyl) anthranilic acid (ACA) decrease
TRPM2 activation, oxidants (such as H,0O,) and
ADP-ribose (ADPR) enhance it.>* Recently, it was
shown that ACA and 2APB modulate apoptosis and
ROS in neuronal cells, including SH-SYS5Y cells, by
inhibiting TRPM2.®” Through the simulation of
caspase -3 and -9, TRPM2 stimulation causes mito-
chondrial oxidative neurotoxicity and apoptosis,
although antioxidant therapy that inhibited it re-
duced the oxidative and apoptotic activities via the
inhibition of TRPM2 in human SH-SY5Y neuronal
cells and mouse dorsal root ganglion (DRG).%’
Cisplatin (CSP) is used to treat solid tumors and
malignancies. However, significant side effects of
CSP, namely oxidative neurotoxicity and apoptosis,
restrict its chemotherapeutic potential and cause a
decline in the use of CSP.*’ Moreover, anticancer
medications cause the generation of ROS, which
reduce the antioxidant activity of CSP without
TRPM2 activation,'® but glioblastoma tumor cells
are killed by CSP-mediated TRPM2 stimulation and
ROS."" According to recent studies, TRPM2-channel
stimulation-induced apoptosis and ROS are highly
correlated with increases in CSP-induced nephrotox-
icity and optic nerve damage.'*"*

Propofol (PRPF) is a commonly utilized intravenous
sedative-hypnotic drug that is used for anesthesia
and sedation.” The antioxidant structure of PRPF
exhibits similarities to the structure of vitamin E due
to the presence of a phenolic hydroxyl group.®'
Studies on mouse hippocampus neurons and SH-
SYSY cell lines have shown that PRPF has anti-
apoptotic and antioxidant properties.*'> By inhibit-
ing the receptor (N-methyl-D-aspartic acid, NMDA)
stimulation-caused Ca®" influx in rodent brain, PRPF
also reduced oxidative stress. '*'® According to find-
ings, PRPF inhibited TRP ankyrin 1 (TRPA1) and
TRP vanilloid 1 (TRPV1)-mediated in rats to pro-
mote cardioprotection.””?' In contrast to previous
results, PRPF enhanced pain sensitivity by activat-
ing the TRPV1 channel in the mouse and human
DRGs.”"?

To my knowledge, no research has been done on
how CSP stimulates TRPM2 in SH-SYS5Y neuronal
cells to cause oxidative neurotoxicity and apoptosis.
Therefore, the purpose of the current investigation
was to assess the impact of PRPF on CSP-induced
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mitochondrial oxidative damage and apoptosis using
SH-SYS5Y.

MATERIALS AND METHODS

Ethics Committee Approval: The study was ap-
proved by the ethics committee and used cells that
were grown using commercially available cell cul-
ture. This study doesn't need to have ethics commit-
tee approval.

Cells: For CSP and PRPF studies, a significant num-
ber of SH-SY5Y cells was used.'*'® According to
the results of a recent study,® SH-SY5Y cells natu-
rally expressed TRPM2. Two reasons led to the use
of SH-SYS5Y (ATCC, VA, USA) in the current in-
vestigation. The SH-SYSY was grown in a cell cul-
ture environment, as described in previous stud-
ies.*'* Ten percent fetal bovine serum, 1% antibiotic
mixture, and 90% DMEM/Ham's F12 equal mixture
made up the medium combination.*?’

Experimental Groups: Five 25 cm’ sterile flasks
containing 1x10° SH-SY5Y cells were utilized for
the five groups: control (CNT), PRPF, CSP, CSP +
PRPF, and CSP + ACA or CSP + 2APB. For twenty
-four hours, the SH-SY5Ys of the CNT were kept in
the incubator. The cells in the PRPF and CSP +
PRPF groups were treated with 200 uM of PRPF,
and they were then incubated for a full day.” For a
whole day, the cells of the CSP received CSP (25
uM).'"* The cells of CSP + ACA and CSP + 2APB
groups were one hour incubated with 25 uM ACA
and 100 uM 2APB after the 25 uM CSP (24h) incu-
bation.*

The SH-SYS5Y were cultured in Mattek Corporation
bottom-glass plates (Ashland, MA, USA) in order to
conduct research using an Axio Observer for laser
confocal microscopy (LSM-800). Plan-Apochromat
40x1.3 oil objective with Z1/7 microscope (Zeiss,
Oberkochen, Germany). In order to prepare for the
plate reader and electrophysiology investigations,
the cells were grown in sterile flasks.

The Determination of Free Intracellular Ca’*
(/Ca*']) Amount: To find out how CSP and PRPF
affected the Ca2+]i amount in the cells, I stained the
SH-SYS5Y by using a fluorescent dye (Fluo JAM,
Cat # F1242, Invitrogen, Istanbul, Tirkiye), and
they were analyzed in the LSM-800 confocal micro-
scope.*® The TRPM2 channel was blocked by 100
uM 2APB, whereas H,O, (1 mM) activated it. The
fluorescence intensity variability was expressed in
arbitrary units (a.u.).

Electrophysiology: Using a HEKA EPC-10 double
amplifier (Lamprecht, Germany) and a room-
temperature patch clamp, conventional electrophysi-
ological measurements (whole-cell) were per-
formed.® The components of the intracellular (patch
pipette) and extracellular (patch chamber) solutions
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were identified by earlier studies.>*” To produce the
Na'-free extracellular solution, 150 mM Ca’' chela-
tor (N-methyl-D-glucamine, NMDG") was added.
The voltage of cells was adjusted to -60 mV. To
lower the intracellular (1 mM ADPR)-generated
TRPM2 currents in cells, the study used an extracel-
lular (25 uM ACA) TRPM2 antagonist. As pA/pF,
the TRPM2 current findings were shown.

Assays for Caspase-3, -9, Apoptosis, and Cell Via-
bility: Using an automated Infinite PRO 200 micro-
plate reader of Tecan GmbH (Groedig, Austria), the
changes in cell viability (MTT) absorbance were
evaluated at 490 and 650 nm. An APOPercentage
commercial kit (Biocolor Ltd., Co Antrim, UK) was
used to assess SH-SYS5Y apoptosis. Changes in
apoptosis in absorbance at 550 nm were detected
using the plate reader (Infinite PRO200). Apoptosis
occurs when Ac-DEVD-AMC, a protease substrate
of caspase-3, is activated. Moreover, Ac-LEHD-
AMC is a fluorogenic substrate of caspase-9. The
substrate cleavages at 380—460 were assessed using
the Infinite PRO 200 plate reader following obtain-
ing the two substrates from Bachem AG (Bubendorf,
Switzerland).

Analysis of Cell Death: In the cell culture condi-
tions, Hoechst 33342 (9 uM) and PI (2 puM) were
incubated in the incubator. The LSM-800 was
equipped with an inverted microscope (Axio Ob-
server.Z1/7, Zeiss) and an objective (Plan-
Apochromat 40x/1.3 Oil DIC-UV) in order to take
images of red Pl-positive (death) SH-SYS5Y and blue
live Hoechst 33342. Black and white bright field
(BF) pictures of the cells were taken by the Axiocam
702 camera.’

Assays for the Production of ROS: For measuring
the quantity of ROS in the LSM-800, the ROS probe
(DCFH-DA) (Cat # D399, Thermo Fisher Sci.) was
used.”* The ROS studies used the 504 nm excitation
and 525 nm emission wavelengths, whereas the
green DCFH-DA records kept the argon laser stimu-
lation wavelength at 488 nm.*

The Assessment of the Hyperpolarization of the
Mitochondrial Membrane (mHP): A cationic car-
bocyanine dye called JC-1 accumulates in mitochon-
dria. When membrane potentials are hyperpolarized
in living cells, the JC-1 probe manifests as an orange
-fluorescent J-aggregate and appears as a green-
fluorescent monomer, as described by the manufac-
turer (Thermo Fischer Scientific).'* The JC-1 fluo-
rescence was also measured with the LSM-800. The
laser stimulation wavelengths (488 nm) of LSM-800
were used in the orange JC-1 records, whereas the
593 nm excitation and 595 emission wavelengths
were used for recording the images.
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Statistical Assays: I presented the results using the
mean and standard deviation (SD). The statistical
significance was assessed using variance, also
known as ANOVA, using the SPSS software (25.0).
To determine the statistical significance, a p-value of
less than p <0.05 was used.

RESULTS

While Figure 1A shows the green pictures of the
fluorescent dye in four groups (CNT, PRPF, CSP,
and CSP + PRPF), Figures 1B and 1C show the
mean fluorescence intensities as a result of H,O,
stimulation and 2APB inhibition, respectively. Com-
pared to the CNT and PRPF, the CSP had greater (p
< 0.05) variations in Fluo 3/AM intensity (Figure
1B). However, the changes were less noticeable in
the CSP + PRPF compared to the CSP alone (p <
0.05). As a result, I observed that by activating
TRPM2, applying PRPF to SH-SY5Y decreased the
CSP-mediated rise of [Ca2+]i amount.

When SH-SYSY was not stimulated by ADPR
(Figure 2A), the TRPM2 current of cells did not
alter. On the other hand, TRPM2 was activated by
ADPR (1 mM) stimulation [Figs. 2B and 2B (I-V)].
The pA/pF values of TRPM2 in the cells were great-
er in the CNT plus ADPR compared to the CNT
(Figure 2F) (p < 0.05). The pA/pF values of TRPM2
in the cells were further (p < 0.05) increased in the
CSP plus ADPR by stimulating ADPR [Figures 2C
and 2C (I-V)]. In comparison to CSP plus ADPR
and CNT plus ADPR, the pA/pF value of TRPM2 in
the cells was considerably (p < 0.05) lower in the
CSP plus ADPR plus ACA and CNT plus ADPR
plus ACA (Figure 2F). TRPM2 currents did not in-
crease after ADPR stimulation by treatment PRPF
(Figure 2D) or CSP plus PRPF (Figure 2E). The pA/
pF values of TRPM2 currents in the cells were con-
siderably (p < 0.05) lower in the PRPF and CSP plus
PRPF groups than in the CSP plus ADPR group.
Cell viability (Figure 3A) decreased (p < 0.05) in the
CSP compared to the CNT and PRPF but increased
(p < 0.05) in the CSP plus PRPF and CSP plus
ACA. Apoptosis (Figure 3B), caspase -3 (Figure
3C), and caspase -9 (Figure 3D) activity were also
elevated in the CSP, although they were decreased in
the CSP plus PRPF and CSP plus ACA groups by
the treatment of PRPF and ACA (p < 0.05).

BF, PI (red), Hoechst 33342 (blue), and their over-
lay and 2.5D merge images were indicated in the
Figure 4A. The PI positive SH-SYSY percentage in
the CSP was greater (p < 0.05) in the PI/Hoechst
pictures than in the CNT and PRPF; however, the
percentages in the CSP plus PRPF and CSP plus
ACA groups were lower (p <0.05) than in the CSP
group alone (Figure 4B).
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Figure 1. The incubation of propofol (200 uM) modulated cisplatin (25 mM ACA)-caused the increase of
[Ca%]i in the SH-SY5Y cells. (Mean + SD); For TRPM2 stimulation, 1 mM H,0, was used, although 100 uM 2APB used for the
TRPM2 inhibition; A: The Fluo 3/AM typical images; B: CNT and CNT + H,0, C. CNT + H,0, and CNT + H,0, +2APB; Arbitrary unit:
a.u; Scale bar: 5 pm. (°p < 0.05 versus (vrs.) CNT and PRPF; b p < 0.05 vrs. CSP; “:p <0.05 vrs. (- HO, group); O:p <0.05 vrs. (+ HO,
group).
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The orange (JC-1), green (DCFH-DA), overlay, and
2.5D (Figure 5A) pictures were saved in the LSM-
800 microscope. The mean values of JC-1 (Figure
5B) and DCFH-DA (Figure 5C) were upregulated
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after CSP incubation (p < 0.05). However, the im-
pact of CSP was reduced (p < 0.05) by PRPF and
2APB by preventing the production of ROS and
mHP in the SH-SY5Y.
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Figure 5. Propofol (200 uM) changed the effects of cisplatin (25 pM) and led to a decrease in ROS and mito-
chondrial membrane hyperpolarization (mHP). (Mean + SD); (A). The JC-1 (B) and DCFH-DA (C) mean values are expressed
as an a.u.; Scala bar = 5 um. (°p <0.05 vrs. CNT and PRPF; °: p <0.05 vrs. CSP).
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DISCUSSION AND CONCLUSION

In the current study. I noticed that the administration
of PRPF to the neuronal cells reduced the CSP-
mediated elevation of oxidative neurotoxicity and
neuronal death through the suppression of TRPM2.
Vitamin E is thought to possess similar properties
and could be the source of the PRPF effect.'' Vita-
min E and other antioxidants were utilized to inhibit
the TRPM2 channel.*** According to the current
findings, the mHP and ROS of the PRPF treatment
group decreased as a result of CSP. It has been
demonstrated that many antioxidants offer a variety
of protective advantages against harm induced by
CSP.*!%!*2% Research on SH-SYSY cell lines and
animal hippocampal neurons has demonstrated that
PRPF possesses anti-apoptotic and ROS inhibitory
characteristics.®"

In the current investigation, I found that PRPF inhib-
ited TRPM2 current density in the cells, which re-
duced [Ca®'];, ROS and apoptosis caused by CSP.
With the exception of the TRPM2 channel in neural
cells, the regulatory function of PRPF has been doc-
umented in NMDA receptors and TRP channels.
According to the current findings, PRPF inhibited
the NMDA receptor in the parenchymal arterioles
and hypoglossal motoneurons of the rat brain, which
also decreased oxidative stress.'™'® It is demonstrat-
ed that PRPF inhibits the rise in [Ca®']; amount
caused by NMDA receptor activation in cultivated
rat hippocampal neurons." The findings of a recent
study showed that PRPF promoted cardioprotection
in rats by inhibiting TRPV1.%° The TRPA1-mediated
nitric oxide generation was decreased in the DRG
cell line by blocking TRPV1.*’ Activating the
TRPV1 channel in the mouse and human DRGs,
PRPF increased pain sensitivity, in contradiction to
carlier findings.”'** As a result, multiple cell-
specific mechanisms, including ROS, apoptosis, and
TRPM2-stimulation, may be at work when PRPF
affects cells.

When CSP is administered, an increase in mitochon-
drial Ca*" uptake in SH-SY5Y, glioblastoma, and
kidney cells causes an increase in the production of
ROS and cell death indicators (PI positive cell per-
centage, apoptosis, caspase -3, and -9) that are
caused by mHP.'"'*!'* TRPM2 stimulator effects of
CSP on SH-SY5Y cells have been documented.'
Consequently, the actions raise mHP, which in turn
causes the ROS and cell death markers to be upregu-
lated.* On the other hand, the suppression of TRPM2
lowers the percentage of PI positive cells, apoptosis,
and ROS formation in neuronal cells, including SH-
SY5Y.** Based on the available data, the elevation
of mHP in SH-SYS5Y was caused by CSP-induced
TRPM2 activation (by excess Ca*" influx). This, in
turn, led to the overexpression of ROS, cell death,
and apoptosis through the rise of caspase -3 and -9,
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but a decrease in cell viability. Treatment with PRPF
and TRPM2 blockers (ACA and 2APB) modulated
the alterations. The current findings show that in
mouse hippocampus HT22 cells, PRPF therapy re-
duced cytokine-induced increases in mitochondrial
dysfunction, nitric oxide, caspases, and mitochondri-
al Ca®" buildup.”” During oxygen glucose depriva-
tion/reperfusion damage, PRPF improved cardiomy-
ocyte cell survival, reduced ROS and mitochondrial
dysfunction levels, and prevented apoptosis, caspase
-3, and caspase -9.2 PRPF attenuates H,0,-induced
ROS and apoptosis (caspase -3 and caspase -9) via
the stimulation of mitochondria dysfunction-
mediated pathways and antioxidants such as gluta-
thione and superoxide dismutase in neonatal rat car-
diomyocytes.” In contrast to the results, the experi-
mental animal studies report that administration of
PRPF causes brain cell death and neurodegeneration
in neonatal rats.*

In conclusion, due to the downregulation of TRPM2
stimulation-induced neuronal damage, SH-SYS5Y
cells were protected from CSP-mediated apoptosis,
cell death, and oxidative mediators by incubating
PRPF through the attenuation of TRPM2. CSP-
induced oxidative damage may be caused by activat-
ing TRPM2-mediated excessive Ca*" influx, apop-
totic, and oxidant mediators, even if PRPF treatment
decreases CSP-induced oxidative neurotoxicity and
apoptosis. Further studies in mouse neurons are re-
quired to completely understand the molecular and
cellular mechanisms behind the identified role of
PRPF in TRPM2 stimulation-mediated oxidative
and apoptotic neurotoxicity.
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