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Abstract

Cisplatin (CSP) is used treatment of several
cancers. However, it has also adverse effect through
excessive reactive oxygen species production and
activation of TRPV1 channel activation in neurons.
Pregabalin (PGAB) has antioxidant and calcium channel
blocker investigated
protective role of PGAB against the adverse effects of
CSP in DBTRG neuronal cells.

actions in neurons. | have
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List of Abbreviations;

AMG, [(E)-3-(4-t-butylphenyl)-N-(2,3-dihydrobenzo[b][1,4] dioxin-
6-yl)acrylamide]; [Ca®"];, cytosolic free Ca*" ; Ca®, calcium ion;
Caps, capsaicin; Capz, capsazepine; CISP, cisplatin; DHR123,
dihydrorhodamine- 123; GPx, glutathione peroxidase; GSH, reduced
glutathione; JC1, 5°,6,6’-tetrachloro-1,1’,3,3’-tetraethylbenzimi
dazolylcarbocyanine iodide; MTT, 3-[4,5-Dimethyl-2-thiazolyl]-2,5-
diphenyl- 2-tetrazolium bromide; PGAB, PGABalin; PI, propidium
iodide; ROS, reactive oxygen species; TRPV1, transient receptor
potential vanilloid 1
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The neuronal cells were divided into four groups as
control group, PGAB group (500 uM for 24 1 hrs), CSP
group (25 pM for 24 hrs), and PGAB+CSP combination
group. CISP-induced decrease of cell viability,
glutathione peroxidase and glutathione level in the cells
were increased in the neurons by PGAB treatment.
However, CSP-induced increase of apoptosis, Ca*
fluorescence intensity, TRPV1 current densities through
the oxidative stress were
decreased in the neurons by PGAB treatment. In
conclusion, CSP-induced increases in mitochondrial
ROS and cell death levels in the neuronal cells were
decreased through the decrease of TRPV1 activation
with the effect of PGAB treatment. CSP-induced drug
resistance in the neurons might be reduced by PGAB
treatment.

increase mitochondrial

Keywords:  Apoptosis;  Cisplatin;
Mitochondria; TRPV1 channel..

Neurotoxicity;
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Introduction
Reactive oxygen species (ROS) occurs during the
physiological functions. ROS
productions have adverse effects to membrane lipids,
proteins and nucleic acids. Excessive ROS productions
are scavenged by enzymatic and non-enzymatic
antioxidants. For example, hydrogen peroxide is
produced in cells by enzymatic action of superoxide
dismutase and then it is converted to water by synergic
actions between glutathione peroxidase (GPx) and
reduced glutathione (GSH) (Schweizer et al., 2004).
Most of chemotherapeutic agents kills tumors through
excessive production of ROS in several cancers, but
they have adverse effects to normal cells (Yakubov et
al., 2014).

The Ca®* controls several

several Excessive

physiological and
pathophysiological functions in neurons (Clapham,
2003). For example, development of a neuron needs
Ca®*, and excessive Ca?* entry induces apoptosis in the
neurons (Naziroglu, 2012). Cytosolic free Ca**([Ca®'];)
concentration is increased in the cytosol through the
receptor potential (TRP)
superfamily. The superfamily contains 6 subgroups in
mammals, and one subgroup of the TRP superfamily is
TRP vanilloid (TRPV) (Clapham, 2003; Ho et al.,
2012). TRPV1 is a member of TRPV subgroup, and the
channel is activated several stimuli including hot chili
component (capsaicin, Caps), although its activity was
inhibited by capsazepine (Capz) and AMG ([(E)-3-(4-t-
butylphenyl)-N-(2,3-dihydrobenzo[b][1,4]
yl)acrylamide]) (Caterina et al., 1997; Gavva et al.,
2005; Naziroglu, 2015).

Cisplatin (CSP) is common chemotherapeutic
agent and it has been using several cancer such as brain
tumors and breast cancer. CSP kills the tumor cells
through activation or inhibition of several molecular
pathways, including excessive production of reactive
oxygen species (ROS) and overload entry of Ca*
(Naziroglu and Braidy 2017; Xie et al., 2018). However,
there is adverse effect CSP in neurons through the
imbalance between CSP and excessive oxidative stress-
induced overload calcium ion (Ca?*) entry, although the
adverse effects of CSP were treated by antioxidants
(Piccolini et al. 2013; Chen et al. 2019; Popovi¢ et al.
2019).

Pregabalin (PGAB) is a voltage gated calcium
channel (VGCC) blocker drug (Tomi¢ et al. 2018). This

activation of transient

dioxin-6-
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drug also has been reported to show neuroprotective
effects through its antioxidant role in rats (Al-Massri et
al. 2018; Aslankoc et al. 2018). PGAB also inhibited the
Ca” entry through inhibition of VGCC and TRPV1
channels in several neurons (Marwaha et al. 2016;
Tomi¢ et al. 2018). Hence, the PGAB may inhibit the
TRPV1 channels in neurons. Accordingly, | presume
that PGAB can potentiate the neurotoxicity effects of
CSP through the inhibition of TRPV1 channel, and the
subjects should be investigated for DBTRG neuronal
cells.

| aimed to investigate the protective effects of
PGAB against CSP-induced the adverse neurotoxicity
and TRPV1 channel activation in the DBTRG cell line.

Materials and methods
Cell culture

In the current study | used DBTRG cell line
because of presence TRPV1 channel in the cells.
(Naziroglu et al., 2019). 90% of Dulbecco’s modified
Eagle’s medium (DMEM, Invitrogen, Istanbul, Turkey)
was used for growing the cells. Remaining 10% of the
medium was fetal bovine serum (FBS, Gibco, Istanbul,
Turkey). The cells were kept in a humidified
atmosphere in 5% CO, at 37°C. Casy Modell TT model
automatic cell counter (Roche, Germany) was used for
counting the cells.

Groups
The DBTRG cells were mainly divided into four groups
as follows;

Control (Ctr) group: The cells were kept in a flask
containing the same cell culture medium and conditions
for 26 hours without Caps, AMG, CSP and PGAB
treatments.

PGAB group: After 2 hours pre-incubation of PGAB
(500 uM) for two hours, the cells were kept in the cell
culture conditions for 24 hours (Marmolino and Manto,
2010).

CSP groups: After keeping two hours in the cell culture
medium, the cells in the group were incubated with CSP
(25 pM) for 24 hours (Sakalli Cetin et al. 2017).
PGAB+CSP group: After incubating PGAB (500 pM)
for two hours, the cells were further incubated with CSP
(25 pM) for 24 hours.
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Figure 1. Effects of PGAB (500 pM) on the cisplatin (CSP)-induced increase of [Ca?']; levels in the DBTRG cells
(mean + SD). The cells in TRPV1 experiments are stimulated by Caps (10 uM for 5-10 min), but they were inhibited by
AMG (10 uM for 5-10 min). Representative images of the effect of PGAB and CSP on the [Ca?']; levels through TRPV1
(Figure 1A) in the confocal microscope analyses. Changes of intensity of the [Ca?']; levels were shown by columns
(Figure 1B). The scale bar = 5 um. Objective: 40x oil. One example of each figure was taken from 6 independent
experiments, with each experiment examining 20 cells for each condition (®p < 0.001 versus control (Ctr). °p < 0.001
versus CSP group).
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Figure 2. Effect of PGAB (500 uM) on the CSP-induced increase of TRPV1 current densities in the DBTRG cells
(mean £ SD and n=3). The cells in TRPV1 experiments are stimulated by Caps (10 pM), but they were inhibited by
Capz (0.1 mM). W.C. is whole cell. A. Ctr: Original recordings from control neuron. B. Caps group (without PGAB
and CSP treatment). C. PGAB group without CSP treatment. D. CSP group without PGAB treatment. E. PGAB+CSP
group. F. Representative images of the effect of PGAB and CSP on the current densities of TRPV1 channel. (*p < 0.001
versus control (Ctr). °p < 0.001 versus Ctr+Caps group. °p < 0.001 versus CSP+Caps group. %p < 0.001 versus
Ctr+Caps+Capz and CSP+Caps+Capz groups).
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The Caps, Capz, AMG, CSP and PGAB were
purchased from Sigma-Aldrich Inc, (Istanbul, Turkey).
Stock solutions of Cap, Capz, AMG and CSP were
dissolved in DMSO (1%). PGAB was dissolved in
sterile serum physiologic solution. Caps activated
TRPV1 channel in the cell, but AMG and Capz blocked
it.

Measurement of cytosolic free calcium ion ([Ca';)
concentration in laser confocal microscope

Incubation of 1 puM [Ca?']; indicator florescent
dye (Fluo-3, Calbiochem, Darmstadt, Germany) was
used in the cells for determining florescence intensity of
the [Ca”*]; concentrations (Ataizi et al. 2019). The Fluo-
3 is a single wavelength excitation and emission dye
that excited in a laser confocal microscopy (LSM 800,
Zeiss, Ankara, Turkey) by a 488 nm argon laser. The
cells were treated with TRPV1 antagonist AMG (10
1M) to inhibit Ca®* entry before stimulation of Caps (10

uM).

Electrophysiology (patch-clamp analyses)

Whole-cell voltage clamp recording at room
temperature was taken in EPC10 patch-clamp set
(HEKA, Lamprecht, Germany) from the DBTRG cells.
We used standard extracellular bath and pipette
solutions as described in previous studies (Y Uksel et al.
2017; Ataizi et al. 2019).

In the experiments, TRPV1 was extracellularly
gated by Caps (10 uM), and the channels were
extracellularly blocked by Capz (100 uM). The
maximal current amplitudes (pA) in a DBTRG were
divided by the cell capacitance (pF), a measure of the
cell surface. Values of current density were expressed as
pA/pF in the patch-clamp experiments.

Imaging of mitochondrial membrane depolarization
(JC-1), mitochondrial and cytosolic ROS generation
in the DBTRG cells by laser confocal microscope
analyses

For the detection of mitochondrial membrane
depolarization in the cells, JC-1 fluorescent dye was
used (JC-1 (incubation with 5 pl JC-1 for 15 minutes at
37 °C in the dark). The samples were analyzed in a laser
confocal microscopy (LSM 800, Zeiss, Ankara, Turkey)
as described in previous studies (Joshi and Bakowska,
2011; Gokge Kutik ve ark., 2019). The results of JC-1

J Cell Neurosci Oxid Stress 2019; 11: 815 - 824
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were expressed as the mean fluorescence intensity in
arbitrary unit /cell.

Mitochondrial ROS generation in the laser
confocal microspore analyses (LSM 800) was assayed
by using MitoTracker Red CM-H2Xros florescent dye
according to manufacturer’s instructions. Cytosolic
ROS production was monitored by two fluorescent
indicator dyes (DHR123 and DCFH-DA). After being
exposed to these treatments, the cells were incubated in
a culture medium containing 100 nM MitoTracker Red
CM-H2Xros for 30 minutes, and 1 uM DCFH-DA or
DHR123 for 20 minutes at 37 °C in dark (Keil et al.,
2011; Gokee Kiitik et al. 2019).

Live (Hoechst)/ death (PI) analyses

For investigating death cells in laser confocal
microscope (LSM 800) equipped with 20x objective, |
used Hoechst 33342 (1 uM) and propidium iodide (PI
and 5 pg/m) staining, respectively (Gokee Kiitik et al.
2019). The both dyes were bought from Cell Signaling
Technology (Istanbul, Turkey). Cell death rate were
expressed as %.

Image acquisition and analysis in the laser confocal
microscope

Bride field and color images were collected with a
LSMB800 Zeiss inverted laser scanning confocal
microscope. Fluorescence emissions of all analyses
except PI/Hoechst in the cells were inspected with 40x
oil objective on the laser confocal microscope and the
analyses in the cells were taken from six independent
experiments, with each experiment examining 25 cells
for each. However, Pl/Hoechst analyses in the cells
inspected with ultrafluar 20x (without oil)
objective. Fluorescence intensity (arbitrary unit) of each
cell as was recorded by using ZEN program and
analyzed using ImageJ/Imaris software.

were

Assay of lipid peroxidation (LPx), reduced
glutathione (GSH) level and glutathione peroxidase
(GPx) activity

The levels of LPx (malondialdehyde, MDA), GSH
and GPx in the DBTRG were
spectrophotometrically (Cary 60 UV-
Vis Spectrophotometer, Agilent, Izmir, Turkey) assayed
at 512 nm and 412 nm by using the methods of Placer et

al. (1966),

cells
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Figure 3. Effect of PGAB (500 uM) and CSP (25 pM) on the mitochondrial membrane depolarization (JC-1) and
cytosolic ROS production (DHR123) levels in the cells (mean + SD). The cells in TRPV1 experiments are stimulated
by Caps (10 uM for 5-10 min), but they were inhibited by AMG (10 uM for 5-10 min). Representative color and 3D
images of the effect of PGAB and CSP on the JC-1 and DHR123 (Figure 1A) in the confocal microscope analyses.
Columns (Figure 1B) showed changes of intensity of the JC-1 and DHR123 levels. The scale bar = 5 pum. Objective: 40x
oil. One example of each figure was taken from 6 independent experiments, with each experiment examining 20-25 cells
for each condition (°p < 0.001 versus control (Ctr) and PGAB groups. °p < 0.001 versus CSP group).
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Figure 4. Effect of PGAB (500 uM) and CSP (25 uM) on the mitochondria (MitoROS) and cytosolic ROS
production (DCFH-DA) levels in the cells (mean + SD). The cells in TRPV1 experiments are stimulated by Caps (10
MM for 5-10 min), but they were inhibited by AMG (10 uM for 5-10 min). Representative images of the effect of
PGAB and CSP on the MitoROS and DCFH-DA (Figure 1A) in the confocal microscope analyses. Columns (Figure
1B) showed changes of intensity of the MitoROS and DCFH-DA levels. The scale bar = 5 pm. Objective: 40x oil. One
example of each figure was taken from 6 independent experiments, with each experiment examining 20 cells for each
condition (%p < 0.001 versus control (Ctr) and PGAB groups. p < 0.001 versus CSP group).
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Sedlak and Lindsay (1968) and Lawrence and Burk
(1976), respectively. LPx and GSH levels in cells were
expressed as pmol/g protein, although GPx activity is
expressed as an international unit (IU) of GSH
oxidized/min/g protein. The total protein in the cells
spectrophotometrically  (Shimadzu UV-1800)
measured using the Lowry’s method.

was

Statistical analyses

The values have been expressed in mean =+
standard deviation (SD). Fisher’s least significant
difference (LSD) test was used in the four groups for
determining statistical significance (SPSS program,
version 18.0, software, SPSS. Chicago, IL, USA). The
presence of statistical significance was detected as p <
0.05 by using a Mann-Whitney U test.

Results
CSP-induced increase of [Ca?']; florescence intensity
was diminished though inhibition of TRPV1 by
PGAB

In the current study, | investigated involvement of
TRPV1 response to CSP treatment. The effects of the
channels on [Ca®]; level were detected by detection of
[Ca?']; levels using the TRPV1 (Caps) channel activator
and blocker (AMG). In the results of the laser confocal
microscope images (Figure 1A) and column (Figures
1B) of [Ca®']; fluorescence intensity levels of [Ca?'];
was increased in CSP group by Caps stimulation
(activation of TRPV1) (p < 0.001). The [Ca™];
fluorescence intensity levels was significantly (p <
0.001) lower in in the PGAB+CSP and AMG+CSP

groups as compared to CSP only.

PGAB treatment diminished CSP-induced increase
of TRPV1 current densities in the DBTRG cells

I observed Caps-induced increase of current
density of TRPV1 channel
experiments in the DBTRG. However, the current
densities were reversibly blocked by Capz and NMDG*
(replacement of Na®). There were no currents in the
absence of the Caps and Capz (Figure 2A). The current
densities in the cells were significantly higher in the
Ctr+Caps group (46.41 pA/pF) compared with the Ctr
group (4.51 pA/pF) (p < 0.001) (Figure 2B); however,
the current density was significantly (p < 0.001) lower

in the patch-clamp

J Cell Neurosci Oxid Stress 2019; 11: 815 - 824
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in the Ctr+Caps+Capz group (24.59 pAJpF) as
compared to the Ctr+Caps group (46.41 pA/pF)
(Figures 2B and 2F). The current densities in the cells
were increased up to in 57.08 pA/pF in the CSP group
(Figure 2D). There was no current and TRPV1
activation in the PGAB (2.72 pA/pF) and PGAB+CSP
(4.97 pAJpF) groups by the Caps stimulation and they
were significantly (p < 0.001) low in the PGAB and
PGAB+CSP groups (Figures 2C, 2E and 2F). The
present results indicated involvement of TRPV1 channel
in the CSP-induced excessive Ca** entry and TRPV1
channel activation in the cells. However, the CSP-
induced TRPV1 currents were decreased in the cells by
the antioxidant PGAB treatment.
PGAB treatment diminished increase of CSP-
induced mitochondrial membrane depolarization
(JC1) and cytosolic ROS (DHR123) production levels
in the neuronal cells

The electron transport system of mitochondria
induces loss of mitochondrial membrane depolarization
in the mitochondria (Joshi and Bakowska, 2011). For
this reason, mitochondrial membrane depolarization is
an important parameter of mitochondrial function and it
was used as an indicator of normal cells. The laser
confocal microscope analyses results of JC-1 and
DHR123 levels are shown in Figure 3A. The JC1 and
DHR123 fluorescence intensity were markedly (p <
0.001) higher in the CSP group than in the control and
PGAB groups through Cap stimulations (activation of
TRPV1) (Figure 3B). However, the JC1 and DHR123
levels were significantly (p < 0.001) decreased in the
PGAB+CSP and AMG+CSP groups (inhibition of
TRPV1) as compared to the CSP group.

PGAB diminished CSP-induced
mitochondrial (MitoROS) and
(DCFH-DA) in the neuronal cells

The laser confocal microscope analyses results of
MitoROS and DCFH-DA levels are shown in Figure 4.
The MitoROS and DCFH-DA fluorescence intensity
were markedly (p < 0.001) higher in the CSP group as
compared to Ctr and PGAB groups through Cap
stimulations (activation of TRPV1). However, the JC1
and DHR123 levels were significantly (p <0.001) lower
in the PGAB+CSP and AMG+CSP groups than in the
CSP group.

increase of
cytosolic ROS
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CSP-induced neuron death was diminished by the
PGAB treatment

Accumulating evidences indicated that increase of
[Ca®*]; levels induces increase cell death levels through
ROS production. After
observing the increase in mitochondria ROS and
TRPV1 activation, we suspected whether cell death was
increased in the DBTRG neurons. The percentage of
dead cells was markedly (p < 0.001) higher in the CSP
group than in the Ctr and PGAB groups (Figure 5A and
B). However, PGAB induced cell protective action
against the cell death and the percentage of dead cells
was markedly (p < 0.001) lower in the PGAB+CSP
group as compared the CSP group (Figure 5A and B).

increase of mitochondrial

CSP-induced LPx was diminished through increase
of GSH and GPx in the neurons by the PGAB
treatment

As oxidative stress played a key role on CSP-
evoked neurotoxicity in the cells, we investigated
whether PGAB pretreatments could improve CSP-
induced LPx, GSH and GPx changes. As indicated in
Figure 6A, B and C, CSP increased LPx levels, but its
pre-treatment decreased the GSH levels and GPx
activity in the cells. In contrast, treatment with PGAB in
the cells improved the attenuated the levels of LPx,
which rehabilitated the GSH and GPx (p < 0.001).

Discussion

In the current study, CSP-induced increase of
apoptosis, cell death and mitochondria oxidative stress
were acted through the TRPV1 activations resulting in
the overload Ca’* entry in the DBTRG neurons.
However, we observed that antioxidant PGAB could
protect the neuronal cells from CSP-caused oxidative
injury through up-regulation of GSH and GPx, but
downregulation of TRPV1 channel activity.

Platinum-induced peripheral neurotoxicity is a
general adverse effect of platinum-based chemotherapy
that may cause dose apoptosis and oxidative stress (Seto
et al., 2019). The platinum-based chemotherapeutic
agents including CSP mostly induce peripheral
neurotoxicity in dorsal root ganglion (DRG) of spinal
cord (Khasabova et al., 2019). Expression level of
TRPV1 channel is high in the DRG neurons. Hence, it is
a main responsible channel in the DRG neurons for
management of CSP-induced peripheral neurotoxicity
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(Naziroglu and Braidy, 2017). Results of recent studied
indicated involvement of TRPV1 channel
production of apoptosis and excessive mitochondria
ROS production in the cancer cell treated with CSP and
paclitaxel (Nur et al., 2017; Sakalli Cetin et al., 2017;
Shim et al., 2019). In the current study, CSP induced
activation of TRPV1 channels resulting in the overload
Ca®* entry in the DBTRG neurons. Hence, the results
confirmed results of TRPV1 channel activation in the
cancer cell treated with CSP and paclitaxel (Nur et al.
2017; Sakalli Cetin et al. 2017; Shim et al. 2019).

In the current study, we observed decrease of
CSP-induced  apoptosis, neuronal  cell death
mitochondrial membrane depolarization and ROS
production through inhibition of TRPV1 in the DBTRG
cells by PGAB treatment. Increase of mitochondria
activation resulting in excessive ROS production is a
side effect of CSP in neurons (Naziroglu and Braidy,
2017). Similarly, it was reported that the CSP-induced
excessive mitochondria activation and ROS production
was inhibited in the peripheral neurons by the
antioxidant properties of PGAB, suggesting inhibition
of excessive Ca®" entry through membrane channel
(TRPV1) (Sasaki et al. 2014; Marwaha et al. 2016).
Decrease of CSP-induced neuropathy and neurotoxicity
in the DRG neurons of rats was recently reported (Seto
et al., 2017; Han et al. 2018) and the reports confirmed
results of current study.

A major antioxidant in mammalian neurons is
GSH. Several intracellular organelles
endoplasmic reticulum, nuclei, and mitochondria
contain high amount of GSH, although it is mostly
synthetized in cytosol of body cells including neurons
(Nam et al., 2018). It is well known that hydrogen
peroxide and lipid hydroperoxide are scavenged in
neurons by synergic actions between GPx and GSH
(Schweizer et al., 2004). GSH homeostasis is important
for the activation of TRPV1 channel and antioxidant
treatments through upregulation of GSH concentrations
in several neurons and cancer cells inhibited
chemotherapeutic  agent-induced TRPV1 activity
(Naziroglu and Braidy 2017; Nur et al., 2017). In
addition, TRPV1 channel was activated in neurons such
as DRG and hippocampus by depletion of GSH,
although it was inhibited in the neurons by cytosolic and
extracellular GSH treatments (Naziroglu et al. 2013;
Ovey and Naziroglu, 2015). In the current study, CSP-

in the

such as
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induced decreases of GSH concentration and GPx
activity were increased in the neurons by the PGAB
treatment, although LPx levels in the neuron decreased
by the PGAB treatment. Similar to the current results, it
was reported that CSP-induced neuropathic pain and
oxidative stress were decreased through up-regulation of
total antioxidant status in rats by the PGAB treatment
(Al-Massri et al., 2018). Paclitaxel-induced increases of
LPx, reduced glutathione (GSH), superoxide anion,
calcium, myeloperoxidase (MPO) levels were decreased
in sciatic nerve of mice by the PGAB treatment (Kaur
and Muthuraman, 2019). Ischemia/reperfusion injury-
induced decreases of GSH and GPx in the spinal cord
neurons of rats were increased by PGAB treatment,
although LPx levels were decreased in the samples by
the treatment (Kazanci et al., 2017).

In conclusion, CSP caused neuronal cell death
through up regulating Ca®* entry and mitochondrial
ROS production through activation of TRPV1 channel,
but dwon regulating GSH and GPx values. However,
PGAB protected the neurons through inhibition of the
TRPV1 channel in the DBTRG cells. Hence, PGAB has
potential neuroprotective actions against CSP induced
neurotoxicity because of its antioxidant and TRPV1
channel blocker actions.
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