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Abstract

Alzheimer’s disease is a common neurodegenerative
disease. Microglia induces oxidative stress in the brain for
engulfing bacteria and viruses. The accumulating data
indicate that oxidative stress and apoptosis are two main
actors for the induction of microglia activation-induced
Alzheimer’s Disease. Oxidative stress is one of many
triggers that activate the transient receptor potential
melastatin 2 (TRPM2) channel. Glutathione (GSH) is a
main cytosolic antioxidant in the mammalian cells. The
GSH depletion via the activation of TRPM2 induces
oxidative stress and apoptosis in neuronal cells. It has not
yet been researched how GSH depletion via activation of
TRPM2 affects oxidative stress and apoptosis in microglial
cells with the Alzheimer's disease model. The BV2 cells
divided into 5 groups as control, buthionine sulphoximine
(BSO and 0.5 mM for 6h), amyloid beta (AB and 1 uM for
72h), AB+BSO, and AB+BSO+GSH (10 mM for 2h). In
the BSO group, the levels of apoptosis, mitochondrial
membrane potential, cytosolic free oxygen reactive species
(cyROS), caspase (Casps) -3, Casps -8, and Casps -9 were
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increased as compared to the control group, although cell
viability level was decreased. The expression levels of
TRPM2, Casps -3, Casps -9, Bax, Bcl-2, and PARP-1 were
also increased in the BSO group. In addition, their levels
were further increased in the Ap and BSO+Ap groups as
compared to the BSO group. However, the changes were
modulated in the BSO+AB+GSH group by the incubation
of GSH. In conclusion, the depletion of GSH increased
apoptosis and cyROS levels via activation of caspases and
TRPM2 in the AB-induced microglia cells. The treatment
of GSH may be a potential target on the apoptosis and
oxidative stress in the AB-induced microglia cells.

Keywords: Alzheimer’s disease,
Disease, TRPM2 Channels, Apoptosis,
Oxidative Stress

Neurodegenerative
Glutathione,

Introduction

Alzheimer’s disease is a common neurodegenerative
disease. In the USA, about 6 million people are suffering
from the Alzheimer’s disease (Pandey et al. 2020). The
ctiology of Alzheimer’s disease has not been fully
discovered. However, accumulating data indicate that
oxidative stress and excessive Ca?* influx are two main
possible actors for the induction of Alzheimer’s Disease
(Ovey and Naziroglu 2021).

Cytosolic reactive oxygen species (cyROS) generally
consist of superoxide anion, H»O,, and single oxygen
(Butterfield 2003). The species produced from the free
oxygen species fight the bacteria and viruses in phagocytic
cells, including microglia (Staerck et al. 2017). Hence, the
invasion of bacteria and viruses in the brain are inhibited
by the phagocytic activity of microglia (Simpson and
Oliver 2020). Thus, cyROS are an essential part of the
arsenal employed by microglia in the brain defense.
Moreover, there is evidence that cyROS has a serious role
in the pathogenesis of many diseases (especially in the
brain system and neurons) and in neurological diseases that
are vulnerable to oxidative stress (Halliwell 2006;
Naziroglu 2007a). The purpose of cyROS is to keep
unsaturated fatty acids in neurons and the brain, making
these organs insensitive to oxidative damage. Increasing
evidence of these physiological conditions suggests that
cyROS regulate neuronal signals in both the central
nervous system and the peripheral nervous system
(Halliwell 2006). However, this peroxidative damage is
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protected by antioxidants in neurological cells (Butterfield
2003; Halliwell 2006; Naziroglu 2007a; Naziroglu 2007b;
Bond and greenfield 2007). The antioxidant defense
mechanism consists of enzymatic and non-enzymatic
systems (Dringen 2005; Naziroglu 2007a). Enzymatic
defense mechanisms include glutathione peroxidase,
although non-enzymatic antioxidant defense system
includes glutathione (GSH). Glutathione peroxidase
enzyme uses GSH as substrate, and it reduces H»O; to
water and can also generate natural hydroperoxides. Low
glutathione peroxidase activity and GSH levels were
reported in the plasma of patients with Alzheimer’s disease
(Jiang et al. 2021).

Excessive proliferation of extracellular amyloid-beta
(1-42) (AB) plaques and neurofibrillary tangles in the
cytosol of hippocampus play an important role in the
cellular pathogenesis of Alzheimer's disease. Previous
scientific studies have determined that AP disrupts the cell
membrane, permeability, and membrane integrity. In
addition, it negatively affects the function of the ion
channels in the membrane (Sciacca el al. 2012; Mucke and
Selkoe 2012). The disruption of the cell membrane
structure causes an excessive flow of calcium ion (Ca?*) to
the cytosol via the activation of transient receptor potential
melastatin 2 (TRPM2) and causes the production of cyROS
in neuron cells, including microglia and hippocampus
(Cinar and Naziroglu 2022). Excessive cytosolic free Ca?*
(cyCa?*) density causes separation of the ionic content of
the intermembrane space in the mitochondria. The
Dysfunction of mitochondria via excessive Ca?* entry into
the cytosol stimulates the generation of endogenous
cyROS, apoptosis, and caspase activities (Singh et al.
2011; Zhang et al. 2015). Considering both cyROS
overproduction and Ca?* over accumulation in neurons, it
has been revealed that it plays an important role in the
pathogenesis of neurodegenerative diseases. Antioxidants
and Ca?* channel blockers can modulate dysfunction and
aid normal cellular function (Wang et al. 2004; Hool 2008).

GSH is a main antioxidant in the cytosol of
mammalian cells. The interaction between TRPM2
activation GSH depletion was recently reported in several
neurons, including microglia (Yildizhan and Naziroglu
2020; Ovey and Naziroglu 2021). In the microglia
activation, the involvement of GSH depletion via the
activation of TRPM2 was well
literature. However, the subject has not been clarified in the
microglia of experimental Alzheimer disease model.

documented in the
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In the current study, | aimed to investigate GSH
depletion-induced apoptosis and oxidative stress via the
activation of TRPM2 channels in the Alzheimer’ disease
model of microglia cells

Materials and Methods
Cell culture

BV2 glia cells (ATCC, Manassas, Virjinya USA)
were grown in Dulbecco's Modified Eagle's Medium
(DMEM) culture containing 10% fetal bovine serum and
1% penicillin/streptomycin solution in an incubator
providing 37 C° and 5% CO; living conditions.

Study groups

Control group:

The microglia cells in the group were kept in the incubator
without treatments of BSO, GSH and A.

Buthionine sulphoximine (BSO) group:

BV2 cells in the group were incubated with 0.5 mM BSO
(Cat No: 83730-53-4 Calbiochem, St. Louis, Missouri,
ABD) for 6 hours (Yildizhan and Naziroglu 2020; Ovey
and Naziroglu 2015)

Ap group:

BV2 cells in the group were incubated with AB 1 uM A
(1-42) (Cat No: RP10017-1. Genscript Inc, Galaxis West
Lobby, Singapore) for 72 hours (Abe and Misawa 2003).
Ap +BSO group:

BV2 cells in the group were incubated with 1 uM AP (1-
42) for 72 hours, then 0.5 mM BSO was added, incubated
for 6 hours (Abe and Misawa 2003; Yildizhan and
Naziroglu 2020; Ovey and Naziroglu 2015)

Ap +BSO+GSH group:

BV2 cells in the group were incubated with the A (1-42)
and BSO combination, and then they were additionally
incubated with 10 mM GSH for 2 h.

Analysis of cell viability

The MTT test is a colorimetric assay used to
determine cell metabolic activity and to demonstrate
mitochondrial activity. MTT is a yellow dye that turns into
purple product formazan by cellular enzymes. BV2 glia
cells were incubated with MTT dye (0.5 mg/ml dose) at
37°C in the dark for 1.30 hours. Then the supernatant was
removed, and DMSO was added to separate the formazan
crystals. MTT testing was performed using the same
absorbance wavelengths (490 and 650 nm) for each well
using a multi-well plate reader (Infinite pro200; Tecan,
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GmbH, Groedig, Austria) (Giizel et al. 2021).

Assays of apoptosis level, caspase-3 caspase- 8, and
caspase- 9 activities

Apoptosis analysis was performed using the
appropriate APOPercentage apoptosis kit (Biocolor Ltd.,
Northern Ireland) with the optimal protocol (Kahya et al.
2017). The protocols of caspase -3 (Casps-3), caspase -8
(Casps-8), and caspase -9 (Casps-9) activities were assayed
according to the substrate application. Casps-3 substrate
(AC-DEVD-AMC), Casps-8 (Ac-IETD-AFC) and Casps-
9 (AC-LEHD-AMC) substrate cleavages were measured
with a multi-well plate reader (Infinite pro200) with an
excitation wavelength of 380 nm and an emission
wavelength at 460 nm (Kahya et al. 2017).

The calculation of mitochondrial membrane potential

Mitochondrial activity is an important precursor in
the early stages of apoptosis. For this aim, BV2 glia cells
are incubated with 1 uM JC-1 for 15 min at 37 °C. JC-1 as
a cationic dye provides potential dependent accumulation
in mitochondria (Uguz et al. 2015). The decrease in red-
green  fluorescence  intensity  demonstrates  the
depolarization of mitochondria (Santo-Domingo and
Demaurex 2010). The green JC-1 signal was measured at
excitation 485 nm and emission at 535 nm, while the JC-1
red signal excitation was measured at 540 nm and emission
at 590nm. Changes in fluorescence intensity were
measured using a multi-well reader (Infinite pro200)
(Yildizhan et al. 2022)

The measurement of cyROS production

cyROS are reactive molecules containing oxygen. If
the excessive increase of cyROS, which is a metabolic
product in the cell, cannot be reduced to the normal level
in the cell, it causes lipid peroxidation and DNA damage,
leading to cell damage. Analysis of cyROS was made with
a multi-well reader (Infinite pro200). Non-fluorescent
DHR 123, which can easily penetrate the cell membrane,
is an uncharged dye. After getting into the cell, DHR 123
becomes a fluorescent dye upon oxidation and transforms
into rhodamine 123 (Rh 123). The fluorescence intensity is
proportional to the production of cyROS. During this
oxidation, the amount of free oxygen radicals in the cell
formed by the oxidation of fats can be calculated. The more
fluorescence disseminated show the presence of free
oxygen radicals (Uguz et al. 2016). The fluorescence
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Fig 1: Induction of AZ (1 uM and 72 hours) and BSO (0.5 mM and 6 hours) in BV2 microglia cells increased the
levels of apoptosis, mitochondrial membrane depolarization (JC-1), ROS, while these levels decreased with GSH
treatment. The red bars represent apoptosis (a), cell viability (b), JC-1 (c), and cyROS (d) in five groups. The
research was done using a microplate reader device. (3p <0.01 vs Cntrl group, °p <0.01 vs BSO group, °p <0.01 vs
ApBgroup, 9p <0.01 vs A+BSO group, ®p <0.01 vs Ap+BSO+GSH group).
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intensity of Rh 123 was analyzed in a multi-well reader
with a wavelength of excitation 488 nm and emission
543 nm (Oz and Celik 2022).

Western blot analyses through TRPM2 activation in
BV2 glia cells

Standard procedures were used in the Western blot
analyses of BV2 microglia cells (Akyuva et al. 2021). In
the analyses, Casps-9 (p35/p10 Polyclonal Antibody),
Casps-3 (pl7-specific Polyclonal Antibody), beta-actin
(polyclonal antibody), Bax (polyclonal antibody), Bcl2
(polyclonal antibody), TRPM2 (Polyclonal Antibody) and
Poly-ADPR polymerase 1 (PARP-1) (polyclonal antibody)
were procured from Proteintech (USA) while secondary
antibodies (Rabbit 1gG, HRP-linked whole anti-Ap, from
donkey) were procured from GE Healthcare (Amersham,
UK). Rabbit anti-p-actin (1:2000) was used as an internal
control for the concentration of proteins loaded. The data
were expressed as relative density over the control level
(Yildizhan et al 2022).

Statistical analyses

All data were given as mean + standard deviation
(SD). The differences between the arithmetic mean values
of the scientific values studied in BV2 microglia cells were
compared statistically using SPSS, a Windows 17.0
licensed package computer program. The presence of
statistical significance in the groups was evaluated with the
ANOVA test. The significance level was accepted as
p<0.05 in all statistical comparisons.

Results
The results of apoptosis, caspases and cell viability in
the plate reader analyses

When the levels of mitochondrial
depolarization, cyROS, Apoptosis, Casps-3, Casps-8 and
Casps-9 were examined in BV2 cells with A and BSO
incubation (Fig 1 a-d and Fig 2 a-c), it was observed that

membrane

the cells in the AB+BSO group increased significantly
compared to the Control, AB and BSO groups. (p<0.05)
MTT level decreased. When the Ap and BSO groups were
compared, it increased in the AB group, and the MTT level
of these two groups decreased significantly compared to
the Control group (p<0.05). Mitochondrial membrane
depolarization, cyROS, Apoptosis, Casps-3, Casps-8 and
Casps-9 levels were found to decrease with the application
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of GSH treatment in the A +BSO+GSH group when
compared to the AB, BSO and AB+BSO groups, while
MTT levels increased.

The results of Western blot analyses

When the TRPM2, PARP-1, Bax, Casps-3, and
Casps-9 expression levels of the groups were examined, it
was observed that there was a significant increase in the
TRPMZ2, PARP-1, Bax, Casps-3, and Casps-9 expressions
of the other groups except for the control group and the
GSH added group. It was observed that the Bcl2 expression
level decreased (Figure 3 b-g) (p<0.05). In addition,
TRPMZ2, PARP-1, Bax, Casps-3, and Casps-9 expressions
were observed to be the highest in the AB+BSO group
compared to the other groups, while the Bcl2 expression
level was observed to be the lowest (p<0.05), in the group
incubated with GSH. On the other hand, it was observed
that the expression level decreased significantly compared
to the other groups except for the control group (p<0.05).
When AP and BSO groups were compared in TRPM2,
PARP-1, BAX, Casps-3, and Casps-9 expression levels, it
was determined that AP increased while BCL2 expression
level decreased (p<0.05).

Discussion

It is widely known that during the increased neuronal
damage linked to Alzheimer's disease, microglia constitute
a persistent source of inflammation and ROS (Zhao et al.
2017). Normally, microglia carry out crucial tasks such as
clearing away cellular waste, providing support for
neurons, and immune defense (Carvalho da Fonseca et al.
2014; Buelow et al. 2008). Consequently, it is harmful
when the normal microglial function is lost as a result of
Alzheimer's disease induction and GSH depletion (Lee et
al. 2012). For completing crucial duties, normal microglia
function must be improved with GSH therapy. We,
therefore, examined the protective effects of GSH therapy
on microglia cell apoptosis, mortality, mitochondrial
cyROS, and values utilizing TRPM2 activation. The
findings of this study demonstrate that the TRPM2 channel
mediates mitochondrial cyROS brought on by GSH
depletion (BSO) and Alzheimer's disease (AB) and the
anti-oxidant GSH reduced the harm Ap and BSO caused to
the microglia cells (Scheltens et al. 2021). TRPM2 (ACA
and 2-APB) inhibitors greatly increased the protective
function of GSH in the microglia cells (Abdul and
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Butterfield 2007; Wang et al. 2020). Collectively, our
results support the pathogenic involvement of TRPM2 in
Alzheimer's disease-related microglia cells and GSH
depletion-induced oxidative toxicity via increased Ca?*
influx to microglia cells. By increasing the formation of
ROS (Figure 4).

Exposure to AB and GSH depletion, either separately
or together, changed the morphological features of
microglial cells. Exposure to Ap and BSO produced ROS
and decreased GSH levels. The activation of NADPH
oxidase by AB results in the production of excessive ROS
(Sun et al. 2019). Furthermore, mounting data indicate that
complex I inhibition by excessive Ca?* influx via activation
of TRPM2 may cause ROS to be produced in large
quantities by activating the mitochondrial permeability
transition pores in neurons (Yazgan and Naziroglu 2017;
Ataizi et al. 2019; An et al. 2019; Ozkaya and Naziroglu
2020). Treatments with A and BSO had a comparable
impact on the microglia cells' suppression of complex |
(Franco et al. 2008; Diaz-Hung et al. 2016). BSO and Ab
therapy inside the mitochondria as well as excessive Ca?*

BSO

RO
Production

Glutathione depletion and Alzheimer’s disease

inflow are both known to increase ROS levels, further
depolarize the mitochondrial membrane (JC-1), and
produce an excessive amount of ROS. Depletion of GSH,
a redox buffer against ROS that protects cells from
apoptosis, is a characteristic of this type of cell death
(Roychowdhury et al. 2002). However, in this work,
treatment with AB and BSO caused alterations in the rates
of JC-1, Casps-3, Casps-9, apoptosis, and cell viability
along with a decrease in the cellular GSH pool and an
increase in ROS generation in microglia cells. The
activation of TRPM2 channels as a cellular defense
mechanism against GSH disturbance by causing variations
in the amounts of thiol group antioxidants, including GSH
for ROS elimination, was probably a contributing factor.
Different AB models' hippocampus, glia, and microglia
have shown a regulatory response resembling GSH
depletion (Murphy et al. 2003; Lee et al. 2010; Akhtar et
al. 2017). Addition to worsening oxidative damage, ROS
also functions as a secondary messenger by opening
TRPM2 channels that are essential for microglia cells to
die and undergo apoptosis (Mortadza et al. 2017; Ghoweri

. H,0,
Ap

Figure 4. Possible pathways of cytosolic glutathione (GSH) depletion and TRPM2 activation on the experimental
Alzheimer’s disease model in the BV2 microglial cells. The development of Alzheimer's disease (AS) and GSH
depletion (BSO) can activate the microglia. By activating the PARP-1 enzyme and ROS cause DNA damage. ADPR-
ribose (ADPR) synthesis in the nucleus. Excessive Ca?* influx is stimulated by TRPM2 activation caused by ADPR and
ROS. By increasing free cytosolic Ca?* (through activation of TRPMZ2) after BSO therapy, ROSs are generated in the
mitochondria; they are decreased by TRPM2 channel blockers (ACA and 2-APB). The primary mechanism by which
BSO causes cell death is stimulated ROS-mediated activation of caspase-3 and caspase-9 via activation of TRPM2.

J Cell Neurosci Oxid Stress 2022; 14: 1063 — 1073.
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et al. 2020). Similar to this, it was observed that GSH
administration decreased increases in JC-1, ROS, Casps-3,
Casps-9, and apoptosis that were brought on by BSO
treatment in the DRG and hippocampi of rats (Ozgul and
Naziroglu 2012; Ovey and Naziroglu 2015).

In conclusion, the current findings showed, for the
first time, that the mechanisms of Ap and BSO-induced
oxidative neurotoxicity may be induced by stimulating
TRPM2 in the microglia cells by generating mitochondrial
ROS and cell death. However, the oxidative and apoptosis-
inducing effects of AB and BSO were lessened by the GSH
treatment, which also supported the microglia cells' thiol
antioxidant redox system. In order to prevent the onset of
Alzheimer's disease, as well as the oxidative neurotoxicity
brought on by GSH depletion and the progression of
Alzheimer's disease, it is, therefore, possible to explore the
control of TRPM2 via GSH treatment in the experimental
microglia cells Alzheimer's disease model.
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