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Abstract

Common and vision-threatening inflammatory
ocular disorders are major issues on a global scale. The
etiology and whole treatment for inflammatory disorders
are yet unknown. Numerous cells except human retinal
pigment epithelial-19 (ARPE-19) have been shown to be
involved in lipopolysaccharide (LPS)-induced free reactive
oxygen species (ROS) and apoptosis through TRPV1
cation channel stimulation. | wanted to investigate how
TRPV1 affected the oxidative cytotoxicity and apoptosis
caused by LPS in ARPE-19.

Two main groups in the ARPE-19 cells were induced
as control and LPS (1 npg/ml for twenty-four hours).
TRPV1 antagonist (100 uM capsazepine (CAPZ) for 1

J Cell Neurosci Oxid Stress 2024; 16(3): 1229 — 1236.

hour) blocked TRPV1 in the channel, whereas TRPV1
agonist (10 uM capsaicin (CAPS) for 1 hour) stimulated
cells of the main groups.

The incubation of CAPS increased the amounts of
apoptosis, caspases (caspase -3, -8, and -9), mitochondrial
dysfunction, and ROS in the control and LPS groups, while
CAPZ incubation diminished these amounts. However,
their amounts were additionally increased in the LPS than
in the control. LPS-induced increases of cell viability were
diminished in the control and LPS groups by the CAPZ.

In summary, CAPZ treatment through TRPV1
inhibition contributes to the oxidative stress and
apoptosis that LPS causes in ARPE-19 cells. TRPV1
inhibition by CAPZ may be a viable treatment option for
oxidative retinal damage induced by LPS.

Keywords: Apoptosis; Inflammation; Retina oxidative
injury; TRPV1 channel.

Introduction

Common inflammatory eye diseases include
retinopathies, macular  degeneration, and uveitis
(Chistyakov et al., 2024; Zhang et al., 2024). The genesis
and progression of retinal diseases and vision loss are
caused by immune suppression and ocular inflammatory
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activation (Murakami et al., 2020). Anti-inflammatory
treatments have recently been utilized to treat intensive eye
inflammation that is resistant to immunomodulator
medications (Srejovic et al., 2024). It is still unclear what
causes inflammatory disorders and how to fully treat them.
In order to cure inflammatory diseases, finding an efficient
treatment is therefore a crucial and urgent topic. Since the
pathophysiology of many inflammatory diseases is
significantly influenced by this layer, human retinal
pigment epithelial-19 (ARPE-19) cells have been
employed in investigations in recent years (Ozkaya et al.,
2021; Daldal and Naziroglu 2022; Tang and Liu 2024).

LPS is a substance found in the outer membrane of
gram-negative bacteria that is produced when the bacterial
cell is disturbed (Caroff and Karibian 2013). One of the
main causes of the development and spread of
inflammatory diseases is LPS-induced
inflammation and free reactive oxygen species (ROS)
(Ozal et al. 2018; Chistyakov et al., 2024; Zhang et al.,
2024). A full-blown inflammation reaction is triggered by
the buildup of free radicals and oxidized lipoproteins in the
retina, which causes chronic oxidative damage and
exacerbates it (Ahmed et al., 2023). Through calcium
channel particularly stimulation of the
melastatin 2 channel (TRPM2) of transient receptor
potential (TRP), LPS also exerts Ca%* influx stimulator
effects on these cells (Hayashi et al., 2012; Saddala et al.,
2020). Even though they were controlled by blocking
TRPM2 and voltage-gated calcium channels (VGCC), the
characteristics ultimately lead to an increase in
mitochondrial dysfunction, which in turn induces an
upregulation of the production of ROS and the induction of
apoptosis (Saddala et al., 2020; Ozkaya et al., 2021; Daldal
and Naziroglu 2022). Thus,
carried by LPS is crucial for the production of ROS in
ARPE-19 (Ozkaya et al., 2021; Daldal and Naziroglu
2022).

Numerous TRP channels have been found in the
retina, and studies have shown how important they are for
pathophysiology of vision and other retinal functioning

ocular

activation,

increased Ca%* influx

(Souza Monteiro de Aratjoet al., 2020; Ozkaya et al.,
2021; Daldal and Naziroglu 2022). A Ca?*-permeable
cation channel of TRP is vanilloid 1 (TRPV1) channel.
Although capsazepine (CAPZ) is an antagonist of TRPV1,
capsaicin (CAPS) is an agonist of TRPV1 (Caterina et al.,
1997). Additionally, nitrogen radicals and oxidative stress
activate TRPV1 (Chuang and Lin 2009; Leonelli et al.,
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2013). Results from studies on the function of TRPV1 in
retinal injury models have been inconsistent, most likely as
a result of the various insult types used. On the other hand,
it has been observed that TRPV1 activation in retinal
explants promotes cell death, whereas its suppression
protects retinal ganglion cells from a hydrostatic pressure
injury (Sappington et al. 2009). TRPV1 activation is
necessary for ROS-induced retinal cell damage (Chuang
and Lin 2009; Leonelli et al., 2013). TRPV1 contributes
significantly to the death of the mouse retina caused by
ischemia/reperfusion through the increases of ROS,
caspase-3, and apoptosis (Souza Monteiro de Aratjoet al.,
2020). On the other hand, its suppression produced a
protective effect against ROS, mitochondrial dysfunction,
and apoptosis in the inflammatory cells caused by LPS
(Giizel and Akpinar 2021). Therefore, CAPZ therapy may
have a protective effect versus LPS-induced ROS and
apoptotic damage in ARPE-19 via inhibiting TRPV1.

I'm not aware of any research on how CAPZ protects
ARPE-19 cells against LPS-induced oxidative stress and
retinal apoptosis by inhibiting TRPV1. In this study, I
aimed to find out how TRPV1 exacerbated LPS-induced
oxidative cell death in ARPE-19 cells, while its
suppression prevents oxidative cell death in cells.

Material and Methods
Cell lines

The research on retinal disease and LPS primarily
employed human ARPE-19 cells (Ozkaya et al., 2021;
Daldal and Naziroglu 2022). The cells were also
expressing the natural TRPV1 channel (Cordeiro et al.,
2010). The current study used ARPE-19 cells for two
reasons. We obtained a gift of the ARPE-19 cell line from
Dr. Suat Erdogan, Trakya University, Edirne, Tiirkiye. The
cells were kept in a sterile cell culture environment (95%
air and 5% CO,). They were also cultivated in a medium
mixture consisting of 45%/45% Ham's F12/DMEM
mixture, 10% fetal bovine serum, and 1% antibiotic
mixture (Daldal and Naziroglu 2022).

Study groups

The retina cells in the 25 cm? flasks with 1x107 cells
were divided into two essential groups as control (CN), and
LPS. TRPV1 antagonist (100 uM CAPZ for 1 hour)
blocked TRPV1 in the channel, whereas TRPV1 agonist
(10 uM CAPS for 1 hour) stimulated cells of the main
groups (Figure 1). The cells of CN group were cultured for
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24 hours without receiving any LPS treatments. For
twenty-four hours, the cells in the LPS groups were
exposed to 1 pg/ml LPS (Cat #1.2880-100MG, LPS from
Escherichia coli 055:B5, Sigma-Aldrich) (Saddala et al.,
2020; Daldal and Naziroglu 2022).

In order to carry out the apoptosis and cell viability

studies, | performed three analyses (n = 3). The results for
the caspases
(experiment/control) changes.

were expressed as fold increase

Evaluations of caspases

| ARPE-19 |

! !

The evaluations for caspases (-3, -
8, and -9) activities in the cells were
carried out using a previously published
methodology ~ with  only  minor
modifications (Ertugrul et al., 2023). In
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dysfunction

Using DCFH-DA (27
dichlorodihydrofluorescein (DCF)
diacetate) (Cat # D399, Thermo Fisher
Sci.), the generation of ROS in the
ARPE-19 was measured. The cells were
treated for 15 to 20 minutes at 37 °C and

Figure 1. Study plan and analyses

in the dark with 1 uM non-fluorescence
DCFH-DA. Oxidation of DCFH-DA in
the cytosol results in the production of

Assays of cell viability and apoptosis

The MTT technique was used to assess the viability
of cells. An Infinite PRO 200 model automated microplate
reader (Tecan Inc., Groedig, Austria) used to measure the
absorbance changes of MTT at 490 and 650 nm (Ertugrul
et al., 2023).

I performed the apoptosis experiment using a
commercial kit called ApoPercentage. It was purchased
from Biocolor Ltd. in Northern Ireland. Using the Infinite
PRO 200, the absorbance change upon intracellular dye
release was quantified (Ertugrul et al., 2023).

J Cell Neurosci Oxid Stress 2024; 16(3): 1229 — 1236.

fluorescent DCF (Vaglienti et al., 2022).
Changes in DCF fluorescence were

measured using the Infinite PRO 200 microplate reader.
JC-1 is a cationic carbocyanine dye that is delivered
to mitochondria. According to the manufacturer
(ThermoFischer Scientific), the JC-1 probe (Cat #: T3168)
is an orange-fluorescent J-aggregate that manifests when
membrane  potentials in  living exhibit
hyperpolarization, indicating mitochondrial dysfunction.
The cells were cultivated for microplate studies in a black
96-well plate. The ARPE-19 was kept at 37 °C for 15 to 20
minutes after the addition of the JC-1 dye (4 uM) in
DMEM/Ham's F12 mix. One BPS wash was then used to

cells
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get rid of the medium. To measure JC-1 florescence
intensity, the ratio, or 578/F485, between the fluorescence
intensity obtained by excitation/emission of 578/599 nm
and the fluorescence intensity  obtained by
excitation/emission of 485/535 nm was calculated. In the
analysis using the automatic microplate reader, the JC-1
data from the orange color were presented as a fold
increase (experiment/control).

Statistical analysis

The data was presented as mean = standard deviation
(SD) for two major groups and six subgroups. Following
completion of the Tukey's post hoc test, a one-way analysis
variance (ANOVA) was used by the SPSS software (22.0).
The p-value was deemed statistically significant if it was
less than 0.05.

Results

Figure 2. ARPE-19 cells of control (A) and LPS (B) groups.
(Objective 20x)

The treatment of CAPZ attenuated LPS-induced cell
viability, apoptosis, and caspase changes

Black/white images of ARPE-19 were shown in the
Figure 2, and there were no morphological changes in the
cells.

J Cell Neurosci Oxid Stress 2024; 16(3): 1229 — 1236.

Cell Viability
(Fold Increase)

Apoptosis
(Fold Increase)

Figure 3. TRPV1 antagonist (CAPZ) therapy reduced the LPS-
induced alterations in cell viability and apoptosis in ARPE-19.
(n=3 and mean + SD). The TRPV1 in the cells was stimulated in
the cells of control (CN) and LPS by CAPS (10 uM for 1 hour),
while CAPZ (100 uM for 1 hour) inhibited it. (A) The MTT was
used in the plate reader to identify the changes in cell viability.
(B) A commercial kit was used to measure the amount of
apoptosis in the cells in the plate reader. (3p < 0.05 vs CN; %p <
0.05 vs CN+CAPS; °p < 0.05 vs CN+CAPS+CAPZ; 9 < 0.05 vs
LPS; ®p < 0.05 vs LPS+CAPS).

LPS decreases retinal cell viability and triggers TRP
alterations such as TRPA1l and TRPM2, which raise
apoptosis and caspase levels. However, by blocking the
channels in the retina cells, TRP channel blocker therapies
reduced the alterations (Souza Monteiro de Araujo et al.,
2020; Ozkaya et al., 2021; Daldal and Naziroglu 2022).
Retinal ganglion cell death brought on by pressure was
lessened by TRPV1 inhibition (Sappington et al., 2015).
CAPS therapy did not alter cell viability to influence cell
survival, and reports of CAPS in retinal cells are
inconsistent (Freitas et al. 2019). CAPZ has not, however,
been shown to enhance cell survival in the ARPE-19 and
reduce caspase and apoptosis levels by inhibiting TRPV1.
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In order to further understand how CAPZ protected ARPE-
19 cells, I looked into how it increased cell viability while
decreasing caspase levels and LPS-induced apoptosis.

The apoptosis levels were higher in the groups of CN
+ CAPS and LPS + CAPS than in the groups of CN and
LPS (p < 0.05) (Figure 3B), but the cell viability levels
were lower in the CN + CAPS and LPS + CAPS groups
than in the CNT and LPS groups (p < 0.05) (Figure 3A). In
contrast, the LPS groups exhibited decreased cell viability
and higher levels of apoptosis than the CN group. In
comparison to the LPS + CAPS group, the LPS + CAPS +
CAPZ group displayed lower levels of apoptosis and cell
viability (p < 0.05). Thus, by suppressing TRPV1, I
discovered that CAPZ treatment enhanced ARPE-19
viability and reduced the LPS-induced rise in apoptosis.

The CN + CAPS and LPS + CAPS groups exhibited
increased levels of caspase -3 (Figure 4A), -8 (Figure 4B),
and -9 (Figure 4C) activity compared to the CNT and LPS
groups (p < 0.05). In contrast, the CN group had low
caspase activities (caspases -3, -8, and -9) than the LPS
groups. In comparison to the LPS + CAPS group, the LPS
+ CAPS + CAPZ exhibited a decrease in caspases -3, -8,
and -9 (p < 0.05). Thus, by suppressing TRPV1 in ARPE-
19 cells, I found that CAPZ treatment reduced the rise in
caspases -3, -8, and -9 induced by LPS.

The treatment of CAPZ attenuated LPS-induced
increased of mitochondrial dysfunction and ROS

Incubation with LPS increased the mean values of
JC-1 (Fig. 5A) and DCFH-DA (Fig. 5B) in the ARPE-19
(p <0.05). CAPZ incubations decreased the impact of LPS
by preventing ROS production and mitochondrial
dysfunction in  the cells  (p < 0.05).
Although CAPZ incubations reduced the upregulations in
ROS production and mitochondrial dysfunction, they were
still linked to the rise in caspases and apoptosis following
LPS incubation. The results of ROS and mitochondrial
dysfunction therefore further illustrated how LPS affects
oxidative stress in ARPE-19 that is induced on by TRPV1
stimulation.

J Cell Neurosci Oxid Stress 2024; 16(3): 1229 — 1236.

Caspase -3
(Fold Increase)

Caspase -8
(Fold Increase)

Caspase -9
(Fold Increase)

Figure 4. CAPZ reduced the LPS-caused upregulations of
caspases. (n=3 and mean + SD). CAPS (10 uM for 1 hour)
increased TRPV1 in the cells of control (CN) and LPS, while
CAPZ (100 pM for 1 hour) inhibited it. Caspase substrates were
used in the plate reader for the assays of caspase -3 (A), caspase
-8 (B), and caspase 9 (C) activities. (3p < 0.05 vs CN; °p < 0.05
vs CN+CAPS; p < 0.05 vs CN+CAPS+CAPZ; dp <0.05vs LPS;
p < 0.05 vs LPS+CAPS).
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Figure 5. CAPZ reduced the LPS-induced increases of
mitochondrial dysfunction and ROS. (n=3 and mean + SD).
CAPS (10 uM for 1 hour) increased TRPV1 in the cells of control
(CN) and LPS, while CAPZ (100 uM for 1 hour) inhibited it.
Mitochondrial dysfunction was assayed in the plate reader by
using JC-1 stain (A), although ROS was assayed by using the
DCFH-DA stain (B). (3p < 0.05 vs CN; Pp < 0.05 vs CN+CAPS;
°p < 0.05 vs CN+CAPS+CAPZ; 9p < 0.05 vs LPS; ¢p < 0.05 vs
LPS+CAPS).

Discussion

Central loss is primarily caused by
inflammatory eye conditions like age-related macular
degeneration, retinopathies, and uveitis (Chistyakov et al.,
2024; Zhang et al., 2024). Worldwide, inflammatory eye
diseases impact a vast number of individuals, and in the
years to come, their prevalence will rise (Zhang et al.,
2024). Retinal oxidative stress caused by inflammation
(LPS) is a primary cause of the development and spread of
inflammatory eye disorders (Ahmed et al., 2023). The
accumulation of ROS caused by excessive Ca?*-influx
stimulates TRPA1, TRPM2, and VGCC in the retina,
causing oxidative damage and apoptosis. This triggers a
full-blown inflammatory response, which exacerbates
oxidative damage and thus feeds the vicious cycle (Souza

vision

J Cell Neurosci Oxid Stress 2024; 16(3): 1229 — 1236.

Monteiro de Aratijo et al., 2020; Hu et al. 2021; Ozkaya et
al., 2021; Daldal and Naziroglu 2022). TRPV1 channels
have not yet been found to play a role in oxidative stress
and apoptosis in ARPE-19. Therefore, | investigated the
impact of inflammatory (LPS) and TRPV1 agonist (CAPS)
stimulations on the ROS and apoptotic values in ARPE-19
cells. It was examined how the protective effect of TRPV1
inhibition (CAPZ) affected the cell values.

In the present research, | explored the protective
effect of TRPV1 channel blocker (CAPZ) on LPS-induced
injury and apoptosis, a classic model
representative of inflammatory human eye diseases. |
demonstrated that CAPZ treatment attenuated the levels of
LPS-induced apoptosis and ROS. Caspase analysis showed
increased apoptosis through the increases of caspase -3, -8,
and -9 in the ARPE-19 of CAPS-treated LPS. Moreover,
CAPZ was proved to be able to mitochondrial dysfunction/
ROS balance by suppressing the oxidative stress.

LPS-induced excessive Ca?* influx through the
stimulation cation channels, including the TRPV1 induces
stimulation of phagocytic cell such as neutrophils and
microglia (Giizel and Akpinar 2021). The excessive Ca?*
influx-induced ROS and apoptosis are main actors for
retina injury and blindness (Meléndez Garcia et al., 2016).
LPS-caused increase of ROS induces retina injury via the
activation several factors, including the TRP channels such
as TRPA1 and TRPM2 activations (Souza Monteiro de
Aragjo et al., 2020; (")zkaya et al., 2021; Daldal and
Naziroglu 2022). In turn, the LPS-induced excessive Ca?*
influxes via the increase of mitochondrial membrane
dysfunction cause excessive ROS generations. Hence, the
ROS generations also play a vital role in LPS-mediated
retinal injury (Wang et al., 2017; Zhang et al., 2021). An
upregulation in ROS accumulation under inflammatory
(LPS) conditions leads to retinal apoptosis via the
activation of the TRP channels such as TRPA1l and
TRPM2 activations (Souza Monteiro de Aratjo et al.,
2020; Ozkaya et al., 2021; Daldal and Naziroglu 2022).
The treatment of nimodipine via the inhibition of VGCC
and CAPZ through the inhibition of TRPV1 modulate the
LPS-induced oxidative human periodontal ligament stem

oxidative

cells, ARPE-19, and experimental animal retina injury and
death (Hu et al., 2021; Yu et al., 2024). CAPS induced
inflammatory oxidative injury in blood cells and neurons
(Giizel and Akpiar 2021; Laorob et al., 2024), although
conflicting information is also present (Bok et al., 2018).
In the current study, the modulator action of CAPZ through
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the modulation of TRPV1 was tested on the CAPS and
LPS-caused oxidative toxicity and apoptosis in the ARPE-
19. | observed that the LPS-caused increase of oxidative
retinal changes through the modulation of TRPV1 was
decreased in the cells.

The inside of ARPE-19 contains the inactive forms
of caspases such as caspase-3, -8, and -9. (Han et al., 2018;
Daldal and Naziroglu 2022). The rise in mitochondrial
dysfunction, however, stimulates inactive caspase
activations. Apoptosis follows the activation of caspases.
The increase in TRPV1 stimulation-mediated excess Ca?*
entry into mitochondria was the primary cause of an
elevation of mitochondrial dysfunction, which has an
immediate impact on the pathways governing the viability
of human monocytes and neurons. (Giizel and Akpmar
2021; Kievit et al., 2022). But through downregulating
TRPV1 stimulation, CAPZ therapy reduced the amounts of
apoptosis and active caspases in the neuronal cell and
human monocyte (Giizel and Akpinar 2021; Kievit et al.,
2022). In the present investigation, | observed that LPS
incubation reduced ARPE-19 viability, but it also
increased apoptosis, caspase -3, -8, and -9. Cytosolic Ca?*
concentration modulation by reduction of mitochondrial
dysfunction reduces apoptosis, caspase-3, caspase-8, and
caspase-9. According to Han et al. (2023), there are
contradictory data in the literature on the protective effect
of CAPS through TRPV1 stimulation on ROS,
mitochondrial dysfunction, and LPS-induced apoptosis in
kidney cells. The effect of CAPZ on ROS, caspases, and
apoptosis appears to be cell-specific.

In  conclusion, by downregulating TRPV1
stimulation-induced retinal damage, CAPZ incubation via
TRPV1 attenuation protected ARPE-19 cells from LPS-
mediated oxidant mediators and apoptotic mediators. Even
though CAPZ therapy reduces LPS-induced ROS-
mediated ARPE-19 damage, it is still possible that
excessive apoptotic and oxidant mediators mediated by
TRPV1 are a contributing factor to LPS-induced oxidative
retinal damage. Due to its restricted funding, the current
study has certain limitations. Initially, 1 was unable to
conduct Ca?* and electrophysiological analyses in the cells
that were being studied. In addition to CAPZ, | was unable
to test the antioxidants that block the TRPV1 channel on
the cell values. Future research will use cell lines and mice
to assess the limitations.

J Cell Neurosci Oxid Stress 2024; 16(3): 1229 — 1236.
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