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Abstract: A protective action of melatonin (MELAT) on docetaxel (DCT)-induced inflammation, apoptosis, and reactive free

oxygen radical (fROS) generation values via blocking of TRPM2 calcium-permeable channel was investigated in different cells

except for laryngo-tracheal epithelial (LT-Epi) cells. Hence, the protective action of MELAT on DCT-induced oxidative toxicity

and inflammation in LT-Epi tissue and cells ofmice were investigated in the current study.MELAT treatment amelioratedDCT-

induced mitochondrial ROS in the LT-Epi cells by reducing the generation of fROS (cytosolic and mitochondrial), lipid

peroxidation, and depolarization of the mitochondrial membrane, while increasing reduced glutathione (GSH), GSH

peroxidase, and total antioxidant status. In addition, DCT-induced increases of cytokine (IL-1β, IL-6, and TNF-α)

generations were also diminished in the LT-Epi tissue by MELAT treatment. Furthermore, MELAT treatment increased

viability and count of the cells followed by decreasing levels of cell death, caspase -3, and -9. The TRPM2 activity was also

reduced by MELAT and TRPM2 channel blocker (ACA) treatments. In conclusion, MELAT modulated the increase of

DCT-induced LT-Epi cell death by inhibiting mitochondrial oxidative stress and TRPM2 channel activity. Hence, DCT-

caused side cell death, oxidant, and inflammatory actions in the LT-Epi were diminished via the treatment of MELAT.

Abbreviations
ACA: N-(p-amylcinnamoyl) anthranilic acid
DCF: 2',7'-dichlorofluorescein
DCFH-DA: 2’,7’-dichlorodihydrofluorescin diacetate
DCT: docetaxel
DMEM: Dulbecco’s Modified Eagle’s Medium
ELISA: enzyme-linked immunosorbent assay
GSH: reduced glutathione
GSH/Px: glutathione peroxidase
H2O2: hydrogen peroxide
IL: interleukin
IL-1β: interleukin 1beta
LPx: lipid peroxidation
LT-EPi: laryngo-tracheal epithelial
MiMP: mitochondrial membrane potential
PI: propidium iodide
fROS: reactive free oxygen species

TAS: total antioxidant status
TNF-α: tumor necrosis factor alpha
TRPM2: transient receptor melastatin 2

Introduction

Docetaxel (DCT) treatment in cancer patients induces long-
term survival as compared to a surgical application
(Ishikawa et al., 2015). Hence, DCT is a chemotherapeutic
agent with an effective spectrum in human for treating
several cancer cells, including cells of head, larynx, and neck
cancers (Chan et al., 2015; Starobova and Vetter, 2017).
Recent reports indicate that DCT has major adverse side
effects, including nephrotoxicity (Mohri et al., 2018), testis
toxicity (Sarıözkan et al., 2017; Baş and Nazıroğlu, 2019a),
brain injury (Ataizi et al., 2019), and neck region cancers of
patients (Haxel et al., 2016). Within possible molecular
pathways in the DCT-induced tissue adverse effect in the
larynx, generations of excessive reactive free oxygen radical
(fROS), inflammation, and apoptosis have been reported
(Yanar et al., 2016). DCT-induced fROS generations are an
unbalanced redox reaction in the brain (Tabaczar et al., 2017;
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Ataizi et al., 2019), testis (Sarıözkan et al., 2017; Baş and
Nazıroğlu, 2019a), and kidney (Baş and Nazıroğlu, 2019b),
resulting decrease in the productions of lipid and DNA
oxidations as lipid peroxidation. However, excessive fROS
production may also lead to oxidative stress in the laryngo-
tracheal epithelial (LT-Epi) cells during the DCT treatment
and it has not been clarified yet.

In addition to the excessive fROS generation, cytokine
generations such as IL-6 and IL-1β are responsible for the
progression of tumors (Niu et al., 2014; Bossi et al., 2016;
Shi et al., 2018; Hoshikawa et al., 2018). As a member of
cytokines, tumor necrosis factor-alpha (TNF-α) is a key
marker in the laryngo-tracheal physiological process and
invasion of head and neck cancers (Bossi et al., 2016;
Hoshikawa et al., 2018). TNF-α generation was increased
during the tumor progression and treatment with
chemotherapeutic agents, including DCT (Bossi et al., 2016;
Hoshikawa et al., 2018). Cell death and cytokine generation
are induced by excessive generation of fROS (Childs et al.,
2014; Ataizi et al., 2019). Hence, inhibition of the DCT-
induced fROS generation by antioxidant markedly decreases
the cytokine generations (Rodriguez-Garcia et al., 2013).
DCT administration caused up-regulation of apoptosis,
TNF-α, and IL-6 levels were diminished in mice by
selenium treatment (Wang et al., 2015; Gökçe and
Nazıroğlu, 2020). These reports highlight the critical action
of antioxidant treatment on DCT-induced TNF-α, IL-1β,
and IL-6 generation in normal cells. Furthermore,
chemotherapeutic agents increase the level of fROS through
the induction of mitochondrial dysfunction (Nazıroğlu and
Braidy, 2017). Accumulating evidence indicates that
treatment with chemotherapeutic agents, including DCT,
induces excessive generation of fROS and apoptosis via the
release of caspase -3 and -9 in several cells except for LT-
Epi cells (Hung et al., 2015; Sakallı Çetin et al., 2017; Lanza-
Jacoby and Cheng, 2018). Hence, the subject should be
investigated in the LT-Epi cells.

Melatonin (MELAT) is briefly synthesized in the pineal
gland of humans and vertebrates from tryptophan.
However, it is also produced in other cells of the body
(Reiter et al., 2013). MELAT modulates several physiological
and biological functions of body cells because it is a
multitasking hormone (Reiter et al., 2013). MELAT acts a
strong antioxidant role against the chemotherapy-induced
fROS generation in different tissues via an increase of
antioxidant enzymes (Ekmekcioglu, 2014; Carrasco et al.,
2015). Results of a recent study reported that MELAT
treatment protected larynx mucosa from environmental
tobacco smoke-induced excessive fROS generation and lipid

peroxidation via the increase of antioxidant enzymes
(Donmez et al., 2016). The protective action of MELAT
against cisplatin-induced tissue injury in the larynx of rats
was also recently reported. Transient receptor potential
(TRP) melastatin 2 (TRPM2) is a cation channel, and it is
also permeable to calcium ion (Ca2+) in the cell membrane.
The main activators of TRPM2 are ADP-ribose (ADPR) and
oxidative stress (Nazıroğlu and Lückhoff, 2008). Protective
roles of MELAT against oxidative injury and apoptosis via
blocking TRPM2 activity in the brain of rodents were
reported (Carrasco et al., 2018; Ataizi et al., 2019). Contrary
to the reports, MELAT also plays pro-oxidant and pro-
apoptotic roles in leukocytes of patients with cancer
(Bejarano et al., 2011). Low MELAT receptor levels were
reported in patients with cancer (Nemeth et al., 2011).
Recently, protective actions of MELAT on chemotherapy-
induced oxidative toxicity and inflammation markers
(TNF-α, IL-1β, and IL-6) were also reported (Nemeth et al.,
2011; Childs et al., 2014; Nopparat et al., 2017).

In the present research, we investigated the modulator
action of MELAT on DCT-caused cell death, mitochondrial
oxidative toxicity, and inflammation in the mice LT-Epi cells.

Materials and Methods

Animals and isolation of laryngo-tracheal epithelium (LT-Epi)
The study was approved by a local ethical committee (Burdur
Mehmet Akif University (BMAU), Burdur, Turkey) (Protocol
Number: 2019-482). Thirty-two C57BL/6j mice (male; 20 g
and 6–8 weeks) were purchased from BMAU. The LT-Epi
tissue and cells were isolated, as described previously (Zhou
et al., 2017). Summarily, the animals were euthanized under
anesthesia, and LT-Epi tissue excised under sterile
conditions and then cultured in a medium containing 45%
Ham’s F-12, 45% DMEM, 10% fetal bovine serum, and 1%
antibiotic combination. The LT-EPi cells were then obtained
from the LT-Epi tissues for analysis.

Experimental groups
The 32 animals were divided into equal four groups as control,
MELAT, DCT, and their combination (DCT+MELAT).
Placebo and MELAT administration to the mice were
intraperitoneally performed for 7 days. A single dose of
DCT was also intraperitoneally given to the animals
(Tab. 1). Animals in the control group received a placebo
(0.9% w/v). Animal in the second (MELAT) group received
MELAT (10 mg/kg/day) for 7 days (total of seven doses)
(Ataizi et al., 2019). Animals in the third (DCT) group

TABLE 1

Details of treatments in the control and experimental groups

Doses Control MELAT DCT DCT+MELAT

Placebo (0.9% w/v) for 7 days + – + –

MELAT (10 mg/kg/day) for 7 days – + – +

DCT (30 mg/kg and single dose) – – + +
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received DCT (30 mg/kg) (Kim et al., 2017; Ataizi et al., 2019).
Animals in the last group (DCT+MELAT) group received a
combination of DCT and MELAT. All injections were
performed between 08.00 and 09.00 a.m.

After dissolving MELAT in DMSO, it was diluted in the
sterile physiological saline (0.9% w/v) as described previously
(Kahya and Nazıroğlu, 2016). At the end of the last MELAT
injection, LT-Epi tissues of all mice were taken under
anesthesia, and cells were obtained from the tissue as
described above. Half of the tissue was stored at −33°C for
the antioxidant, lipid peroxidation (LPx), and cytokine
assays, although remaining samples were used for obtaining
LT-Epi cells for using apoptosis, cell viability, cell death, cell
count, membrane depolarization of mitochondria (MiMP),
fROS, caspase -3 and -9 analyses.

Lipid peroxidation (LPx) measurement in the LT-Epi tissue samples
LPx concentrations in the samples were measured according
to a spectrophotometric method (Botsoglou et al., 1994).
After homogenization of the tissue samples in a tube by an
ultrasonic homogenizer, the supernatant of tissue samples
was mixed with 1 mL of 20% trichloroacetic acid and 0.5%
thiobarbituric acid mixture. After boiling and cooling
procedures of the mixture, the supernatant was obtained by
centrifugation at 1500×g, and then the supernatant was
transferred to a new clean tube. The absorbance pink color
in the supernatant of LT-Epi tissue samples was detected at
532 nm by using a spectrophotometer (Cary 60 UV-Vis).
Different concentrations of MDA were used as standards.
The LPx concentrations were expressed as μmol/g protein.

Determinations of total antioxidant status (TAS), total tissue
protein, reduced glutathione (GSH), and glutathione
peroxidase (GSH/Px)
The four analyses were performed by using the
spectrophotometer (Cary 60 UV-Vis) as described previously
(Kahya and Nazıroğlu, 2016). TAS concentration in the tissue
samples was detected via a commercial kit of Mega Tip Inc.
(Gaziantep, Turkey) (Erel, 2004). Total tissue protein content
in the tissue samples was measured via the method of Lowry,
as described previously (Kahya and Nazıroğlu, 2016).

The GSH concentration in the LT-Epi tissues was
analyzed at 412 nm via enzymatic conjugation of glutathione
to 1-chloro-2,4-dinitrobenzene (Saxena et al., 1992).

GSH/Px activity of the LT-Epi tissue samples was
analyzed at 412 nm (Lawrence and Burk, 1976).

Cell viability and cell count analyses in the LT-Epi cells
Cell viability analyses in the cells were performed in an Infinite
pro200 model microplate reader (Tecan Austria GmbH,
Groedig, Austria) by reduction of tetrazolium salts of the
MTT (Sakallı Çetin et al., 2017; Gökçe and Nazıroğlu,
2020). After calculation of the date as optic density per mg
protein, the %-increase of control (experimental/control)
value was used for expression of MTT values. The MTT
analyses were performed in the eight samples (N = 8).

A Casy Modell TT automatic cell counter (Roche,
Germany) was used for assaying the cell counts of LT-Epi
cells. The mean values of cell numbers were indicated as
×106 cells/mL.

Apoptosis and caspase assays in the LT-Epi cells
Apoptosis measurement was performed according to a
commercial APOPercentage dye of Biocolor Ltd.
(Northern Ireland) (transfer of phosphatidylserine to an
extracellular side of the cell membrane allows the
transport of the dye into the cytosol of the cell) by using
Infinite pro200 microplate reader as described in our
study (Sakallı Çetin et al., 2017). The %-increase of
control was also used for expressing apoptosis values.

The assays of caspase -3 and -9 activities with caspase
medium were based on methods previously reported
(Gilbert et al., 2016; Sakallı Çetin et al., 2017; Gökçe and
Nazıroğlu, 2020). Mainly, the assays were based on
cleavages of caspase -3 (Ac-DEVD-AMC) and -9
(Ac-LEHD-AMC) substrates in the cells. Accumulations
of AMCs were in the Infinite pro200 (Ex; 365 nm;
Em: 460 nm). The mean values were presented as a
%-increase of control.

Analyses of intracellular fROS generation and MiMP level in
the LT-Epi cells
Intracellular fROS and MiMP levels were captured in the
Infinite pro200 by using 2’,7’-dichloro-dihydro fluorescein
diacetate (DCFH-DA) and JC-1 stains, respectively as
described in a previous study (Joshi and Bakowska, 2011).
In brief, the DCFH-DA (5 mM) and JC-1 (10 mM) stains
were added to the cell culture flask. After 30 min, the
medium was removed from the cells by washing twice with
1× PBS. Then, the cells were re-suspended in the 400 mL
1× PBS within the 96-black plates. The analyses were
performed in the plate reader. The mean values of DCFH-
DA and JC-1 were expressed as %-increase of the control.

Cytokine measurements in the LT-Epi tissue
For mouse cytokine measurements in the supernatant of LT-
Epi tissue, the IL-1β, IL-6, and TNF-α levels were assayed
according to the protocol provided with the enzyme-linked
immunosorbent assay kit (R&D Systems, Istanbul, Turkey)
at 450 nm as described in our study (Ataizi et al., 2019).
The mean data of IL-1β, IL-6, and TNF-α levels were
indicated as ng/mg protein.

Determination of live (Hoechst) and death (propidium iodide,
PI) ratio in the LT-Epi cells
Images of live and dead cells in the four groups were captured
in a laser confocal microscope (LSM 800, Zeiss, Ankara,
Turkey) with a 20× objective. After incubation of the LT-
Epi cells with PI (5 μg/mL) and Hoechst 33342 (1 μM)
fluorescent stains for 30 min, the cells were washed and re-
suspended in the 400 mL 1× PBS as described in previous
studies (Li and Jiang, 2018; Gökçe and Nazıroğlu, 2020). PI
(red) and Hoechst (blue) images were captured in the
confocal microscope by using ZEN program. Changes in the
PI/Hoechst ratios were expressed as %.

Bright field (BF) and the cell counts in the LT-Epi cells
The BF imaging and cell count in the cells were determined in
a CCD Zeiss camera with high-performance (Axiocam 702
mono). Details of the analyses were given in our study
(Gökçe and Nazıroğlu, 2020).
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Electrophysiology
Patch-clamp analyses (whole-cell) of the LT-Epi cells were
performed at room temperature by using the EPC10 patch-
clamp set (HEKA, Lamprecht, Germany). Holding potential
in the voltage-clamp analyses was kept as −60 mV. We used
the same patch and chamber buffers in our experiments
(Sakallı Çetin et al., 2017; Ataizi et al., 2019). For chelating
Ca2+, we used Na+ free extracellular buffer NMDG+ (N-
methyl-D-glucamine) instead of Na+ (150 mM and pH =
7.2). The results were expressed as current density as
(current amplitudes/cell capacitance, pA/pF). Well-known
TRPM2 activators and inhibitors are hydrogen peroxide
(H2O2) and N-(p-amylcinnamoyl) anthranilic acid (ACA),
respectively (Hara et al., 2002; Kraft et al., 2006; Nazıroğlu
and Lückhoff, 2008). Hence, extracellular H2O2 (10 mM)
and ACA (25 μM) were used for activation and inhibition
of TRPM2, respectively (Nazıroğlu and Lückhoff, 2008;
Ataizi et al., 2019).

Statistical analysis
For expression of the results, mean ± standard deviation (SD)
was used. A Least Significant Difference (LSD) test and
Mann–Whitney’s analyses of Statistical Package for the
Social Sciences (SPSS) program were used for detecting
significance level and P-values.

Results

MELAT decreased DCT-caused apoptosis levels, but increased
cell viability
In previous studies (Ataizi et al., 2019; Gökçe and Nazıroğlu,
2020), responses of apoptosis to the treatments of
chemotherapeutic drugs in tumor cells were assayed by using
the cell viability test and commercial apoptosis kits. These
tests are now widely accepted as two valid ways to examine
cell proliferation. To evaluate the effects of DCT and MELAT
on LT-Epi cells, we used the MTT assay and commercial kit
for assaying the cell viability and apoptosis, respectively.

As was indicated in Fig. 1a, DCT injection caused an
increase of apoptosis levels, and the levels of apoptosis were
higher in the DCT group compared with the groups of Ctr
and MELAT (P < 0.05). However, the treatment of MELAT
in the DCT+MELAT group diminished the apoptosis level,

and its level was lower in DCT+MELAT group as compared
with the groups of DCT only (P < 0.05). As indicated in
Fig. 1b, DCT injection downregulated the levels of MTT,
although the MELAT treatment upregulated the levels of
MTT in the DCT+MELAT group (P < 0.05). Importantly,
we observed that MELAT injection to the mice decreased
the apoptosis, but it increased the viability of the LT-Epi cells.

MELAT treatment decreased DCT-induced upregulation of
caspase activity, JC-1, fROS, and antioxidant levels in the
LT-Epi cells
During several cellular metabolisms, inactive pro-caspases are
constitutively synthesized in body cells (Reiter et al., 2013). It
was reported that molecular pathways of apoptosis in tumors,
including laryngeal squamous cell carcinoma, contain an
activation of caspases, including caspase -3 and -9
(Chrysovergis et al., 2019).

In the present data, the DCT treatment caused an
increase of caspase -3 (Fig. 2a) and -9 (Fig. 2b) activities,
and their activities were higher in the groups of DCT
compared with the groups of Ctr and MELAT (P < 0.001).
However, the increase of caspase -3 and -9 was reduced in
the DCT+MELAT by the MELAT injection (P < 0.001).

Mitochondria are the main sources of excessive fROS
generation (Carrasco et al., 2015). The generated fROS are
inhibited in the mitochondria by antioxidants, including
GSH and GSH/Px (Nazıroğlu, 2009). Apoptosis, as
programmed cell death, is an electron transport system of
molecular pathways involving pro-caspase actions, leading
to the death of a cell (Chrysovergis et al., 2019). During the
electron transport system of molecular pathways, different
key activations occur in the mitochondria, including the
conventions of the pro-caspase -3 and -9 to active caspase
-3 and -9 and excessive stimulation of fROS generations
(Gökçe and Nazıroğlu, 2020). The electron transport system
of mitochondria also induces loss of MiMP via excessive
Ca2+ transport from the cytosol into mitochondria
(Carrasco et al., 2015). Hence, measurement of MiMP was
used as an important parameter of mitochondrial function
in the normal and tumor cells (Carrasco et al., 2015).

The DCT treatment increased MiMP (Fig. 2c) and
intracellular fROS production (Fig. 2d), and LPx level
(Fig. 3a) (P < 0.001). However, the increase of fROS, MiMP,

FIGURE 1. TheMELAT injection diminished docetaxel (DCT)-induced apoptosis (a) andMTT (b) levels in the LT-Epi mice cells. (mean ± SD
and N = 8; aP ≤ 0.05 compared with groups of untreated (control, Ctr) and MELAT. bP < 0.05 compared with DCT group).
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and LPx, were markedly decreased by the MELAT treatment
(P < 0.001). DCT-induced deficiency of thiol group
antioxidants was reported in experimental animals (Hung et
al., 2015; Sarıözkan et al., 2017; Lanza-Jacoby and Cheng,
2018). In the current study, we investigated the values of
TAS (Fig. 3b) and GSH (Fig. 3c), and GSH/Px (Fig. 3d) in
the tissue samples. DCT caused a decrease in the TAS, GSH,
and GSH/Px values compared with the groups of control
and MELAT (P < 0.001). More interestingly, compared with
the group of DCT, MELAT treatment stimulated the TAS,
GSH levels, and GSH/Px activities in the tissue (P < 0.001).

DCT-induced LT-Epi cell death was reduced by the MELAT
treatment
The laser confocal microscopy technique is one of the best
techniques to image cell death. In the technique, Hoechst
stain with blue color indicates live cells, whereas PI stain with
red color indicates dead cells (Gomes et al., 2018). For
detection of the dead/live cell ratio, the stains were used in
several cells, including LT-Epi (Gökçe and Nazıroğlu, 2020).
In the present study, the ratio of dead/live cells (Figs. 4a, 4c,
and 4d) in the LT-Epi cells of the DCT group was high
compared with the groups of control and MELAT (P <
0.001). However, their ratios were diminished in the DCT
+MELAT group by the MELAT treatment. In the current
study, we imaged BF images of cell count in the four groups

(Figs. 4b and 4e). Structures of the cells in the BF records
were degenerated by the DCT treatment, although they were
recovered by the MELAT treatment. The number of LT-Epi
cells was also lower in the groups of DCT compared with
groups of control and MELAT, whereas its number was high
in the group of DCT+MELAT group (Fig. 4e). In addition to
the caspase and apoptosis results, the results of the ratios of
dead/live cells further supported the protective action of
MELAT on the cell death action of DCT in the LT-Epi cells.

MELAT decreased inflammation response after DCT treatment
As was indicated in Figs. 5a and 5b, DCT resulted in the
upregulation of IL-1β and IL-6 generations in the cells, while
the administration of MELAT was reduced these
inflammatory cytokine generation levels (P < 0.001). In
addition, we measured the levels of TNF- α in the culture
medium, and its level was increased in the group of DCT (P <
0.001) (Fig. 5c). Treatment with MELAT obviously diminished
the generation of TNF-α in the cells (P < 0.05 or P < 0.001).

MELAT modulated DCT-induced TRPM2 current density in
the LT-Epi cells
After the observation of an increase in the concentration of
fROS and LPx in LT-Epi cells of the DCT group, we
suspected increased activity of TRPM2, because it is
activated by fROS generations. Hence, we want to clarify the

FIGURE 2. The effects of melatonin (MELAT) on docetaxel (DCT)-induced activations of caspase-3 (a), caspase -9 (b), the levels of MiMP (c)
and fROS generation (d) in the LT-Epi cells of mice. (Mean ± SD and N = 8; aP < 0.001 and compared with control (Ctr) and MELAT groups.
bP < 0.001 and compared with DCT group).
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action of the TRPM2 on the Ca2+ entry in the cells by using the
molecular electrophysiology analyses (whole-cell and voltage-
clamp patch-clamp records). In the normal (untreated) cells,
the H2O2-mediated TRPM2 activation was blocked by the
TRPM2 blocker (ACA) and NMDG+ (Fig. 6b). However, we
observed the absence of TRPM2 activation in the control
group (in the absence of the H2O2) (Fig. 6a). The pA/pF
levels in the cells were higher in the control+H2O2 (123.80
pA/pF) group as compared with the control (6.35 pA/pF) (P
< 0.001) (Figs. 6b and 6f); however, there was no TRPM2
activation through H2O2 stimulation in the cells of DCT in
the pre-incubation of ACA (Figs. 6b and 6c). DCT-mediated
upregulation of the TRPM2 pA/pF level was decreased in the
cells by the MELAT injection, and its level was lower in the
DCT+MELAT (7.21 pA/pF) (Fig. 6d) and MELAT (Fig. 6e)
groups as compared to the group of DCT (337.57 pA/pF)
(Figs. 6c and 6f) (P < 0.001). The electrophysiology results
confirmed the involvement of TRPM2 on the DCT-mediated
Ca2+ entry in the LT-Epi cells. The DCT-mediated TRPM2
pA/pF levels via downregulation of excessive fROS generation
were diminished in the cells by the MELAT treatment.

Discussion

Accumulating evidence indicated that oxidative stress redox
system is an important actor to promote chemotherapeutic

agent-mediated cytotoxicity, apoptosis, and TRPM2
activation via excessive generations of fROS within the
cancer treatment molecular pathways (Kahya and Nazıroğlu,
2016; Sakallı Çetin et al., 2017; Zhou et al., 2017; Ataizi et
al., 2019). Some tissues such as the brain and neurons have
a high oxygen consumption rate. In addition, some tissues
such as the lung and LT-Epi in the air pathways are mostly
exposed to oxygen consumption. Hence, they are very
sensitive to the adverse effects of fROS (Pariente et al.,
2017). Due to the high oxygen consumption rate, LT-Epi
tissue is sensitive to fROS-induced oxidative stress. Cells of
the body are protected from the excessive generations of
fROS by enzymatic antioxidants such as GSH/Px and
superoxide dismutase and non-enzymatic antioxidants such
as GSH and MELAT (Ekmekcioglu, 2014; Nopparat et al.,
2017). Present literature data have displayed that DCT
diminishes the antioxidant redox systems followed a
significant decrease in the levels of GSH, TAS, and activities
of GSH/Px and elevation in the generations of fROS and
content of LPx (Yanar et al., 2016; Sarıözkan et al., 2017;
Haxel et al., 2016; Ataizi et al., 2019; Baş and Nazıroğlu,
2019a; Baş and Nazıroğlu, 2019b; Gökçe and Nazıroğlu,
2020). H2O2 is converted to water in the cytosol of cells by
the enzymatic effect of GSH/Px and TRPM2 channel
activated by fROS (Hara et al., 2002; Nazıroğlu and
Lückhoff, 2008; Nazıroğlu, 2009). In the current data, we

FIGURE 3.Melatonin (MELAT) decreased docetaxel (DCT)-induced lipid peroxidation (LPx) (a), but increased total antioxidant status (TAS)
(b), reduced glutathione (GSH) level (c), and GSH peroxidase (GSH/Px) activity (d) in the LT-Epi tissue. (Mean ± SD and N = 8).
The LPx, TAS, GSH, and GSH/Px analyses were spectrophotometrically (Cary 60 UV) performed in the tissue homogenate samples. (aP ≤
0.001 compared with the groups of untreated (Ctr) and MELAT. bP < 0.001 compared with the group of DCT).
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found for the first time that injection with MELAT inhibited
the elevations of fROS and LPx through upregulation of
GSH, GSH/Px, and TAS contents and down-regulation of
TRPM2 channel activity in DCT-treated LT-Epi mucosa.
Hence, the strong antioxidant action of MELAT decreased
the DCT-mediated oxidative LT-Epi cytotoxicity.

We found negative synergic action between MELAT and
DCT in the MiMP, apoptosis, caspase -3, and caspase -9
values in the LT-Epi cells, and their values were decreased
by MELAT treatment. There is accumulating evidence that
fROS-related programmed cell death (apoptosis) is one of
the significant pathophysiological pathways of
chemotherapeutic agent-caused normal tissue injury

(Bejarano et al., 2011; Pariente et al., 2017; Tabaczar et al.,
2017). If the chemotherapeutic agents such as cisplatin
accumulate in the matrix of mitochondria, it results in a
massive generation of fROS and dysfunction of
mitochondrial, resulting in mitochondrial Ca2+ permeability
and pro‑apoptotic factor generations (Zhou et al., 2017). It
is well known that activation mitochondrial apoptotic
proteins such as Bcl-2 activate caspases, including caspase-9
(Fig. 7). The modulator role of antioxidants, including
MELAT on cisplatin-induced the caspase -3 and caspase-9
cascades in several tissues were reported (Hung et al., 2015;
Pariente et al., 2017). In the present data, MELAT
significantly reduced the cellular apoptosis confirmed by

FIGURE 4. Melatonin modulated DCT-induced LT-Epi cell death and cell number changes. (Mean ± SD, N = 8. Scale bar: 50 μm).
(a) Representative image showing death (red: propidium iodide, PI) and live (blue: Hoechst 33342) staining of the cells. We also imaged bright
field (BF) (b) and 2.5D (c) in the four groups by using the LSM800 laser confocal microscope. (d) The mean percentage of PI/Hoechst ratio.
(e) Summary of the mean cell count in the four groups. (aP < 0.001 compared with the groups of untreated (Ctr) and MELAT. bP < 0.001 as
compared with the group of DCT).
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commercial apoptosis kits and plate reader caspase-3 and -9
analyses in comparison with the DCT group.

In addition to the involvement of DCT-apoptosis via
excessive fROS generation in normal tissues, fROS has
been shown to act a major role in the releases of
inflammatory cytokines and TRPM2 channel activation
(Ataizi et al., 2019). Several studies demonstrated the anti-
inflammatory effects of MELAT in chemotherapeutic
agents (DCT and cisplatin)-treated animals and humans
(Hung et al., 2015; Ataizi et al., 2019). Hence, we aimed
that MELAT might exert anti-inflammatory and TRPM2
blocker actions on DCT-mediated LT-Epi cell oxidative
injury in mice. The current cytokine and TRPM2 data
showed that treatment with MELAT markedly reduced the
activation levels of TRPM2, TNF-α, IL-1β, and IL-6 levels
compared with the DCT group. Similarly, the increase of
DCT-induced cytokine and TNF-α productions were
promoted in prostate cancer cells by MELAT treatment

(Rodriguez-Garcia et al., 2013). It was more recently
indicated that DCT-mediated TRPM2 channel activity was
decreased in the hippocampus of mice by the MELAT
treatment (Ataizi et al., 2019). Decreases of TNF-α, IL-1β,
and IL-6 levels were reported in the neuroblastoma cells
(SH-SY5Y) exposed to oxidative stress (H2O2) by MELAT
(Nopparat et al., 2017).

In summary, the oxidant, inflammatory, and apoptotic
side actions of DCT in the LT-Epi cells of mice were
inhibited by antioxidant MELAT. The essential mechanism
in the MELAT action is caused by inhibition of
mitochondrial fROS-related pro-apoptotic factors such as
caspase -3, caspase -9, and excessive Ca2+ influx (via
inhibition of TRPM2), but the increase of GSH/Px, GSH,
and TAS values. Hence, MELAT may have a beneficial
effect on the protection of DCT-induced side effects
(apoptosis, inflammation, TRPM2 activation, and oxidative
cytotoxicity) in the tissue.

FIGURE 5. Melatonin (MELAT) reduced docetaxel (DCT)-induced cytokine generations in the mouse LT-Epi tissue homogenate. (Mean ±
SD, N = 8).
The IL-1β (a), IL-6 (b), and TNF-α (c) levels in the tissue homogenate were assayed in ELISA via commercial kits. (aP < 0.001 compared with
the groups of untreated (Ctr) and MELAT. bP < 0.001 compared with the group of DCT).
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FIGURE 6. Melatonin (MELAT) treatment reduced docetaxel (DCT)-mediated upregulation of TRPM2 pA/pF levels in the TL-Epi cells.
(mean ± SD; N = 8).
The TRPM2 pA/pF levels in the cells were gated by H2O2 (10 mM), whereas they were blocked by ACA (25 μM) and NMDG+ (Na+-free
solution). W.C. is the abbreviation for “whole-cell”. All cells (b-e except control group (a) were stimulated by H2O2 (a) Control (Ctr). (b)
Ctr+ H2O2 group: Cells in the group were stimulated with H2O2 (c) DCT group: Cells of the DCT treated mice. (d) DCT+MELAT group:
MELAT was injected into the mice after DCT treatment. Cells in the group were stimulated with H2O2. (e) MELAT group (without DCT
treatment): Cells in the group were stimulated with H2O2. (f) TRPM2 channel current densities. The current unit of densities was
indicated as pA/pF. (aP < 0.001 compared with untreated (Ctr) group. bP < 0.001 compared with Ctr+H2O2 group.

cP < 0.001 compared
with DCT+H2O2 group).
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