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Abstract—The prognosis for glioblastoma multiforme (GBM), the adult brain and spinal cord tumour with
the poorest prognosis, has not improved enough with current therapies. Investigating potential molecular
routes of tumour growth and metastasis and novel therapeutic methods are, therefore, obviously necessary.
Although some natural substances have been shown to increase intracellular Ca2+ concentration and ROS
generation by activating TRPM2 channel and potentiate the anticancer effects of doxorubicin (DOX), and
chrysin (CHR) has been shown to enhance the anticancer effect of DOX, its anticancer effect through
TRPM2-mediated Ca2+ homeostasis and ROS generation in glioblastoma tumour cells (DBTRG) has not
been investigated. This work aimed to clarify the molecular processes behind the synergistic chemotherapeu-
tic action of DOX and CHR in DBTRG cells. For this purpose, we investigated the stimulatory role of CHR
on DOX-induced cell death via TRPM2 channel activation in DBTRG cells. DOX treatment caused cell
cytotoxicity, increased apoptosis (caspase 3 and 9), ROS, lipid peroxidation levels, and decreased cell viability
and antioxidant levels. The combination of CHR and DOX made the treatment even more effective. The
effects in cells were reduced with treatments with 2APB, a TRPM2 antagonist. In conclusion, the increase in
ROS and cell death levels mediated by TRPM2 activation in DOX-induced DBTRG cells was further
enhanced by CHR treatment. The combination of CHR and DOX can be used as a successful agent in the
treatment of glioblastoma tumours.
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INTRODUCTION

With a median survival of around 15 months, glio-
blastoma multiform (GBM) is the brain and spinal
cord tumour with the poorest prognosis in adults [1].
There is an obvious need for new strategic approaches
to the investigation and treatment of this disease
because the dismal prognosis persists despite present
therapeutic techniques. Several research studies have
examined the physiopathological causes of malignan-
cies, and several molecular pathways have been postu-
lated to treat tumours, including GBM, more success-
fully [2–4]. The mechanisms of this stimulation are
still unclear, even though GBM is known to be pro-
duced by overstimulation of glial cells in the central
nervous system [4]. Glial cell carcinogenesis has been
linked to pathological processes such as oxidative
stress, elevated reactive oxygen species (ROS),
inflammation, and endogenous antioxidant
depletion [5]. Numerous physiological activities, such
as cell motility, secretory functions, and apoptosis,
depend on cytosolic free Ca2+ content variations in all
cells [6, 7]. Nevertheless, in all cells, including GBM,

an overabundance of Ca2+ can pathologically
activate calcium signalling pathways, resulting in
mitochondrial depolarisation, increased oxidative
stress and ROS, activation of procaspases and DNA
damage [8, 9]. When some cation channels are stimu-
lated physiologically or pathologically, the concentra-
tion of free Ca2+ in the cytosol rises [10]. Thus, these
channels can be activated or inhibited to interfere with
calcium-dependent pathogenic processes. Under
conditions of severe oxidative stress and inflamma-
tion, stimulating Ca2+ influx through Ca2-permeable
cation channels may represent a promising alternative
therapeutic strategy for GBM tumours.

Effective therapeutic options may be offered by
combining medications that damage DNA and pro-
duce oxidative stress and inflammation, like doxoru-
bicin (DOX), with substances that control the activa-
tion of these channels [11, 12]. It has been discovered
that DOX raises intracellular Ca2+ levels, causes oxi-
dative stress and increases ROS levels [13, 14].
According to some research, DOX-induced elevations
in intracellular Ca2+ trigger the release of procaspases
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and apoptosis [14, 15]. Furthermore, it has been pro-
posed that the sensitivity of DOX to destroy tumour
cells is also influenced by the rise in intracellular
ROS and inflammatory markers [15, 16]. Determin-
ing whether Ca2+-permeable TRPM2 channels medi-
ate the Ca2+-dependent antitumor actions of DOX
is crucial. Mammalian cells include 28 members
of the transient receptor potential (TRP)
superfamily, including TRP melastatin-2 (TRPM2)
cation channels, a subset of Ca2+-permeable cation
channels [8, 9, 17]. TRPM2 channels are activated by
ADP-ribose (ADPR), which is generated in the
nucleus due to DNA damage. Furthermore, oxidative
stress activates TRPM2 channels, while 2-aminoe-
thoxydiphenyl borate (2APB) inhibits them [4, 18].

Researchers are looking at the impact of mixing
some natural substances that have been demonstrated
to have anti-cancer qualities with the current conven-
tional therapies for various malignancies, including
GBM [3, 10, 19]. Research is being conducted to iden-
tify the molecular pathways that mediate the actions of
these natural chemicals, which are believed to help
avoid drug resistance and minimise the adverse effects
of chemotherapy [3, 4]. To improve the effectiveness
and lower the toxicity of DOX, several studies have
been done on the combination of DOX therapy with
natural substances [14, 20]. Flavonoids are considered
a versatile source for discovering and developing anti-
cancer agents. Based on its chemical structure, chrysin
(CHR) is a potential phytochemical that belongs to
the f lavonoid class. While its synthetic equivalents are
also used for medicinal purposes, it is naturally found
in honey, propolis, passion fruit, mushrooms, and
other plant sources. It has been used extensively to
treat various degenerative diseases and has anti-
inflammatory and cytotoxic properties. Its structural
variety in ring A and lack of oxygenation in rings B and
C are responsible for its anti-oxidant and disease-pre-
ventive properties [21]. It has many properties such as
antiallergic, hepatoprotective, neuroprotective, anti-
cancer, antidiabetic, antibacterial, antihypertensive,
vasodilator, anxiolytic, antiviral, antiestrogenic, anti-
aging, anticonvulsant, antioxidant, and anti-inflam-
matory effects. It increases mesenchymal stem cell
proliferation [21–23]. CHR has the potential to be
used in clinical and therapeutic settings to counteract
the physiological and metabolic impacts of ageing. It
possesses cytotoxic and anti-inflammatory
properties and is frequently used to treat several
degenerative disorders [24]. CHR exhibits anti-
inflammatory, antioxidant, and antiallergic properties
[25], along with key biochemical and pharmacological
attributes associated with cancer prevention [26]. It
functions as an inhibitor of cell proliferation and
tumor angiogenesis in vivo [27], and promotes tumor
cell death in vitro [28]. In a study by Zheng et al., CHR
encapsulated in a nanopolymer with DOX enhanced
chemotherapeutic efficacy, which was reported to
induce apoptosis in human hepatocellular carcinoma
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(HepG2) cells [29]. In a study by Zheng et al., CHR
increased the efficacy of DOX by altering cell cycle
distribution and induced apoptosis in MCF-7 breast
cancer cells. Nanostructured lipid carriers increased
the efficacy of CHR in sensitising cancer cells to
DOX, a chemotherapy agent [30]. Certain natural
substances have been demonstrated to activate
TRPM2 channels, which increase intracellular Ca2+

concentration and ROS generation, augmenting
DOX’s anticancer effects [2, 31]. Furthermore,
although CHR has been demonstrated to enhance
DOX’s anticancer action [32, 33], its anticancer
impact through TRPM2-mediated Ca2+ homeostasis
and ROS generation in glioblastoma cells has not been
studied.

This study aimed to determine the anticancer
effects of CHR and DOX treatment in DBTRG cells
and the role of the TRPM2 channel in this mecha-
nism.

MATERIALS AND METHODS

Chemicals

CHR (C80105-25G) and 2APB (Cat; D9754) were
purchased from Sigma Aldrich C. (USA). DOX (Cat;
T1020) was purchased by TargetMol (Target Molecule
Corp., USA). Caspase 3 (REF; DZE201120970),
Caspase 9 (REF; DZE201120969), and ROS (REF;
DZE201129433) ELISA kits were purchased from
Sun. Red Biotech Comp (SRB) Ltd (China). TRPM2
(Cat. no; abx551423) ELISA kits and Poly ADP ribose
polymerase 1 (Cat. no; abx250333) ELISA kits were
purchased from Abbexa Ltd (UK). Total Antioxi-
dant/Oxidant Capacity (TAS-Pro No.: RL0017 and
TOS-Pro No.: RL0024) ELISA kit was purchased
from RelAssay (Türkiye).

Cell Culture

In this study, cells were maintained in Dulbecco’s
Modified Eagle Medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) and 1% antibiotic
solution. Once the cultures reached approximately
80–90% confluency, they were subcultured and allo-
cated into five experimental groups. This procedure
was repeated six times for each group. The cells were
incubated in T25 flasks under standard conditions
(5% CO2, 95% air, at 37°C). A 0.25% trypsin-EDTA
solution was employed during incubation to detach
the adherent cells from the f lask surface.

Experimental Groups

The DBTRG cells were divided into five groups.
The experiments were repeated 6 times for each group
mentioned below.
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Control (CON): DBTRG tumour cells in this
group were not treated with any treatment and were
incubated (48 h).

CHR: DBTRG tumour cells in this group were
kept in cell culture conditions for 24 h without any
treatment and then incubated with CHR (30 μM) for
24 h as described in previous studies [34].

DOX: DBTRG tumour cells in this group were
kept in cell culture conditions for 24 h without any
treatment and then incubated with DOX (1 μM) for
24 h as described in previous studies [35].

CHR + DOX: The DBTRG tumour cells in this
group were kept with CHR (30 μM) in the cell culture
medium for 24 h, and then they were treated with
DOX (1 μM) further for 24h.

2APB + DOX: The DBTRG tumour cells in this
group were kept with CHR (30 μM) in the cell culture
medium for 24h, and then they were treated with
TRPM2 channel antagonist 2APB (100 μM) [4] and
DOX (1 μM) further for 24 h.

Cell Homogenate Preparation Steps
In accordance with the manufacturer’s protocol,

cells from each experimental group were transferred
into individual Eppendorf tubes and subjected to cen-
trifugation at 1000 rpm for 20 min. Following centrif-
ugation, the supernatant was carefully aspirated, and
the resulting cell pellets were resuspended in PBS to
achieve a final concentration of 1 × 106 cells/mL. Cel-
lular lysis was induced through repeated freeze-thaw
cycles. Subsequently, the lysates were centrifuged at
4°C at 3000 rpm for 10 min to separate cytoplasmic
contents. The supernatant obtained was collected
using an automated pipetting system and transferred
into sterile microtubes for subsequent analyses.

Cell Viability Assay in DBTRG Cells
Cell viability was assessed using the Cell Counting

Kit-8 (CCK-8, Abbkine, Cat# KTA1020), a sensitive
and reproducible colourimetric assay. To evaluate the
potential effect of chrysin against doxorubicin
(DOX)-induced cytotoxicity in human glioblastoma
cells, CCK-8 analysis was conducted. Absorbance val-
ues, indicative of viable cell numbers, were measured
at 450 nm using the BioTek ELx808™ microplate
reader, in accordance with the manufacturer’s
instructions. The assay was independently performed
in triplicate for each experimental group, and results
were expressed as a percentage relative to the untreated
control group.

Total Antioxidant/Oxidant Status Levels 
in DBTRG Cells

The supernatant fractions obtained from the sam-
ples were utilized to assess total antioxidant status
(TAS) and total oxidant status (TOS), following the
assay procedures outlined in the respective kit proto-
cols. Initially, each sample was combined with
Reagent 1, and absorbance was recorded using an
ELISA microplate reader (TAS at 660 nm; TOS at
530 nm) after incubation. Subsequently, Reagent 2
was added, and a second absorbance reading was taken
at the same wavelengths. For TAS quantification, a
Trolox-equivalent standard curve (1 mmol/L) pro-
vided by the kit was used. In TOS analysis, hydrogen
peroxide served as the reference standard, with results
expressed as micromolar H2O2 equivalents per litre
(μmol H2O2 eq/L). The oxidative stress index (OSI),
representing the extent of oxidative imbalance, was
computed as the ratio of TOS to TAS expressed as a
percentage. For calculations, the resulting unit of
TAS, mmol Trolox eq/L, was converted to μmol
Trolox eq/L, and the OSI value was calculated
using the following formula: OSI = [TOS(μM
H2O2 eq/L)/TAS(μmol Trolox eq /L)] × 100 [13].

Measurement of Biochemical Parameters 
in DBTRG Cells by ELISA Kits

The concentrations of TRPM2, PARP-1, Caspase,
and ROS in the supernatants of the cells were quanti-
fied using commercially available ELISA kits, follow-
ing the protocols provided by the manufacturers.
Briefly, supernatants and standards were added to 96-
well microplates and incubated at 37°C for 60 min.
After the initial incubation, wells were washed accord-
ing to the kit guidelines, followed by the addition of
chromogenic substrates. Plates were then incubated
again at 37°C for 15 min. Finally, a stop solution was
applied to terminate the reactions, and absorbance
was measured using an ELISA reader (BioTek
EL808™) at appropriate wavelengths [36].

Glutathione, Glutathione Peroxidase, and Lipid 
Peroxidation Levels in DBTRG Cells

Levels of glutathione (GSH), glutathione peroxi-
dase (G-Px), and lipid peroxidation (LipPx) in human
glioblastoma cells were analyzed using a V-730 UV
spectrophotometer (Japan). For lipid peroxidation
assays, cell samples were diluted at a 1 : 9 ratio
(2.25 mL) with thiobarbituric acid (TBARS) reagent.
A blank was prepared using 0.25 mL phosphate buffer
mixed with the same volume ratio of TBARS. Samples
and blanks were incubated in a boiling water bath, sub-
sequently cooled, and centrifuged at 3500 rpm. The
upper pink-colored phase was measured at 532 nm in
a 1 cm pathlength cuvette against the blank.

For GSH quantification, 10% trichloroacetic acid
(TCA) and Tris-II buffer were used. A total of 0.1 mL
of cell homogenate was mixed with 0.4 mL TCA in an
Eppendorf tube and centrifuged. From the resulting
supernatant, 0.4 mL was transferred to a glass tube,
followed by adding 2.0 mL Tris-II buffer and 0.1 mL
MOLECULAR BIOLOGY  Vol. 59  No. 5  2025
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DTNB reagent. The absorbance was recorded at 412
nm.

G-Px activity was determined using Tris-I buffer,
GSH solution, cumene hydroperoxide (CHPO), 10%
TCA, Tris-II buffer, and DTNB [5,5'-dithiobis-(2-
nitrobenzoic acid)]. In this assay, 0.5 mL of cell
homogenate was combined with 0.3 mL Tris-I HCl
and 0.1 mL CHPO, followed by 0.1 mL of GSH. After
a 10 min incubation at room temperature, 1.0 mL TCA
was added, and the mixture was centrifuged. Subse-
quently, 0.1 mL of the supernatant was mixed with
2.0 mL Tris-II buffer and 0.1 mL DTNB, and the
absorbance was measured at 412 nm.

Statistical Analysis
Statistical analyses were conducted using SPSS

software (version 17.0, USA). Results were presented
as mean values and standard deviations (mean ± SD).
Group comparisons were assessed using one-way
analysis of variance (ANOVA), followed by Tukey’s
post-hoc test for multiple comparisons. A p-value of <
0.05 was accepted as the threshold for statistical signif-
icance.

RESULTS
Cell Viability, Oxidant, and Antioxidant Levels

in DBTRG Cells
We examined whether CHR was harmful or pro-

tective against DOX therapy in DBTRG cells. Cell
viability and TAS levels in DBTRG cells decreased
significantly with CHR and DOX treatment. 24 h after
CHR treatment, cell viability and TAS levels
decreased further after 24 h of DOX (CHR + DOX
group) treatment (Fig. 1). A significant decrease in
Cell viability (Fig. 1a) and TAS (Fig. 1c) levels was
observed in the CHR and DOX-treated groups com-
pared to the CON group (p ≤ 0.001). A significant
increase in TOS (Fig. 1b) and OSI (Fig. 1d) levels was
observed in the CHR and DOX-treated groups com-
pared to the CON group (p ≤ 0.001). CHR and DOX
treatment decreased cell viability rate (Fig. 1a) and
TAS (Fig. 1c) levels compared to the CON group (p ≤
0.001) but decreased further after CHR and DOX co-
treatment (CHR + DOX group) compared to the
CON group. In parallel with the results of cell viability
rate and TAS levels, TOS (Fig. 1b) and OSI (Fig. 1d)
levels were increased in the CHR and DOX groups
compared to the CON group (p ≤ 0.001) but increased
further in the CHR+DOX groups with the effect of
CHR treatment. Furthermore, the TRPM2 channel
blocker 2APB was used to show whether TRPM2
channels affect cell viability and oxidant/antioxidant
balance in DBTRG cells. There was a significant
increase in cell viability (Fig. 1a) and TAS (Fig. 1c)
levels and a substantial decrease in TOS (Fig. 1b) and
OSI (Fig. 1d) levels in TRPM2 channel blocker 2APB
(2APB + DOX) treated groups compared to the com-
MOLECULAR BIOLOGY  Vol. 59  No. 5  2025
bined treatment group (CHR + DOX). These results
indicate that 2APB, a TRPM2 channel blocker, affects
cell viability and oxidant/antioxidant balance in
DBTRG tumour cells.

Glutathione, Glutathione Peroxidase, and Lipid 
Peroxidation Levels in DBTRG Cells

Antioxidants scavenge ROS. In many cells, the pri-
mary function of thiol redox system members like
GSH and G-Px is to scavenge ROS [37]. After observ-
ing an increase in ROS levels, we have considered that
decreased GSH concentration and G-Px activity may
induce the activation of the TRPM2 channel in the
DBTRG tumour cells. GSH and G-Px levels in
DBTRG cells decreased significantly with CHR and
DOX treatment. 24 h after CHR treatment, GSH and
G-Px levels further reduced after 24 h of DOX
(CHR+DOX group) treatment (Fig. 2). A significant
decrease in GSH (Fig. 2a), and G-Px (Fig. 2b) levels
was observed in the CHR and DOX-treated groups
compared to the CON group (p ≤ 0.001). A significant
increase in LipPx (Fig. 2c) levels was observed in the
CHR and DOX-treated groups compared to the CON
group (p ≤ 0.001). CHR and DOX treatment
decreased GSH (Fig. 2a) and G-Px (Fig. 2b) levels
compared to the CON group (p ≤ 0.001) but decreased
further after CHR and DOX co-treatment (CHR +
DOX group) compared to the CON group. In parallel
with the results of GSH and G-Px levels, LipPx
(Fig. 2c) levels were increased in the CHR and DOX
group compared to the CON group (p ≤ 0.001) but
increased further in the CHR+DOX groups with the
effect of CHR treatment. Furthermore, TRPM2
channel blocker 2APB was used to show whether
TRPM2 channels affect oxidant/antioxidant balance
in DBTRG cancer cells. There was a significant
increase in GSH (Fig. 2a) and G-Px (Fig. 2b) levels
and a substantial decrease in LipPx (Fig. 2c) levels in
TRPM2 channel blocker 2APB (2APB + DOX)
treated groups compared to the combined treatment
group (CHR + DOX). These results indicate that
2APB, a TRPM2 channel blocker, affects oxi-
dant/antioxidant balance in DBTRG tumour cells.
Our data showed that CHR treatment could further
enhance the effect of DOX-induced cell death. These
reduced-GSH and G-Px results confirmed the gluta-
thione depletion effect through excessive oxidative
stress mediated by TRPM2 channel activation in the
DBTRG tumour cells.

Caspase and ROS Levels in DBTRG Cells

The activation of TRPM2 channels in cells leads to
ROS activation in the mitochondria, resulting in cell
death and apoptosis [19]. In this context, we evaluated
ROS and caspase status in cancer cells. ROS and
caspase levels in DBTRG cells increased significantly
with CHR and DOX treatment. 24 h after CHR treat-
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Fig. 1. Effect of CHR on Cell viability (a), TOS (b), TAS (c), and OSI (d) levels in human glioblastoma tumour cells after DOX-
induced cytotoxicity (mean ± SD) (ap ≤ 0.001 vs. CON group; bp ≤ 0.001 vs. CHR group; c p ≤ 0.001 vs. DOX group; dp ≤ 0.001
vs. CHR + DOX group).
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ment, ROS and caspase levels increased further after
24 h of DOX (CHR+DOX group) treatment (Fig. 3).
A significant increase in ROS (Fig. 3a), Casp-3
(Fig. 3b), and Casp-9 (Fig. 3c) levels was observed in
the CHR and DOX-treated groups compared to the
CON group (p ≤ 0.001). The combination of CHR and
DOX (CHR + DOX group) treatment made the treat-
ment even more effective. This data showed that the
effect of DOX-induced ROS and caspase could be fur-
ther enhanced by CHR treatment in DBTRG cells.
Furthermore, TRPM2 channel blocker 2APB was
used to show whether TRPM2 channels affect caspase
and ROS levels in DBTRG cells. There was a signifi-
cant decrease in ROS (Fig. 3a), Casp-3 (Fig. 3b), and
Casp-9 (Fig. 3c) levels in the TRPM2 channel blocker
2APB (2APB+DOX group) treated groups compared
to the combined treatment group (CHR+DOX).
These results indicate that TRPM2 channels affect
caspase and ROS levels.

TRPM2 Cation Channel and PARP-1 Levels 
in DBTRG Cells

TRPM2 and PARP-1 expression levels were ana-
lyzed, and data are shown in Fig. 4. Expression levels
of the TRPM2 cation (Fig. 4a) channel and PARP-1
(Fig. 4b) in the cells were increased by CHR and DOX
treatment (p ≤ 0.001). The expression level of TRPM2
and PARP-1 was further increased in the CHR+DOX
group (p ≤ 0.001). There was a significant decrease in
TRPM2 (Fig. 4a) and PARP-1 (Fig. 4b) levels in the
TRPM2 channel blocker 2APB (2APB + DOX)
treated groups compared to the combined treatment
group (CHR + DOX). In DBTRG tumour cells, CHR
and DOX initiate a pro-oxidant response that stimu-
lates ROS and LipPx by inhibiting GSH and G-Px.
The DOX and CHR, TRPM2 activation-mediated
excessive Ca2+ influx cause apoptosis and cell death
via the activations of caspase pathways such as Casp-3
and Casp-9 in the DBTRG cell.

DISCUSSION
Drug resistance during therapy, adverse effects in

non-tumour tissues, and the ineffectiveness of che-
motherapeutic medications in treating a variety of
tumours, including GBM, are all growing challenges
[19, 38]. For the first time, we evaluated the effects of
CHR therapy both by itself and in conjunction with
DOX on the TRPM2-channel-mediated signalling
pathway in GBM tumour cells. According to our find-
ings, DOX and CHR worked together to promote
MOLECULAR BIOLOGY  Vol. 59  No. 5  2025
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Fig. 2. Effect of CHR on GSH (a), G-Px (b), and LipPx (c) levels in human glioblastoma tumour cells after DOX-induced cyto-
toxicity (mean ± SD) (ap ≤ 0.001 vs CON group; bp ≤ 0.001 vs CHR group; c p ≤ 0.001 vs DOX group; d p ≤ 0.001 vs CHR + DOX
group).
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excessive Ca2+ influx, which resulted in oxidative
stress, an increase in ROS, and the activation of
TRPM2 by ROS (the Nudix box domain of the
TRPM2 channel is sensitive to ROS). Reduced cyto-
solic GSH and G-Px levels and increased cytosolic
ROS generation resulted from the rise in cytosolic
Ca2+. Furthermore, through the activation of caspase
pathways, including Casp-3 and Casp-9, increased
Ca2+ influx caused glioblastoma tumor cells to
undergo apoptosis and cell death (Fig. 5). As shown in
Fig. 5, we found that CHR and DOX act synergisti-
cally on glioblastoma cells through the molecular
pathways.

The viability of DBTRG cells was observed to be
reduced by DOX and CHR+DOX treatments in this
investigation; the combined treatment group saw a
more cytotoxic impact (Fig. 1a). Increases in ROS,
caspases, and LipPx levels may arise from the activa-
tion of the TRPM2 channel, which raises cytosolic
Ca2+ and causes cell death [39, 40]. Our findings sug-
gested that these channels may drive tumour cell
death. In contrast, DOX and CHR treatments
enhanced ROS (Fig. 3a); they simultaneously elevated
TRPM2 expression levels (Fig. 4a). Furthermore, we
discovered that the combination treatment group
MOLECULAR BIOLOGY  Vol. 59  No. 5  2025
(2APB+DOX group) had higher cell survival than the
CHR+DOX group when 2APB blocked TRPM2
channels (Fig. 1a). These findings supported our the-
ory that DOX and CHR’s deadly effects on DBTRG
cancer cells are mediated via TRPM2. DNA damage
can result from elevated ROS [8, 9]. DNA damage
leads to the release of ADP-ribose via the activation of
PARP-1 and, consequently, to the stimulation of
TRPM2 [41, 42].

Furthermore, the TRPM2 channel’s Nudix box
domain is sensitive to ROS, and elevated ROS causes
the TRPM2 channel to become active [10].
The molecular mechanisms of DOX and CHR’s anti-
tumor actions remain unclear, even though they are
known to generate ROS and damage DNA in tumour
cells [43, 44]. The use of CHR in cancer treatment has
attracted a lot of attention, and most research has
shown that it can stop tumour development by causing
tumour cells to undergo apoptosis via several bio-
chemical pathways [45, 46]. Several studies reported
that one possible molecular mechanism by which
CHR exerts its antitumour activity is by increasing
intracellular Ca2+ [47, 48]. CHR has been shown to
increase ROS and ROS-activated Ca2+ entry with a
pro-oxidant impact, resulting in Ca2+-dependent
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Fig. 3. Effect of CHR on ROS (a), Casp-3 (b), and Casp-9 (c) levels in human glioblastoma tumour cells after DOX-
induced cytotoxicity (mean ± SD) (ap ≤ 0.001 vs. CON group; bp ≤ 0.001 vs. CHR group; cp ≤ 0.001 vs. DOX group; dp ≤ 0.001
vs. CHR + DOX group).
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Fig. 4. Effect of CHR on TRPM2 (a) and PARP-1 (b) levels in human glioblastoma tumour cells after DOX-induced cytotoxicity
(mean ± SD) (ap ≤ 0.001 vs. CON group; bp ≤ 0.001 vs. CHR group; cp ≤ 0.001 vs. DOX group; dp ≤ 0.001 vs. CHR+DOX group).
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lethal effects [48]. Since TRPM2 channels are known
to drive intracellular Ca2+ elevation, which is crucial
for tumor cell death, CHR might increase DOX’s
antitumor efficacy by activating these channels. This
work has shown that whereas TRPM2 inhibition
caused a reduction in the 2APB + DOX group, ROS,
PARP-1, and TRPM2 expressions—all of which had
been elevated by DOX treatment—were further ele-
vated by CHR (Figs. 3a, 3d and 3e). Therefore, in this
study, we showed for the first time that one of the
MOLECULAR BIOLOGY  Vol. 59  No. 5  2025
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Fig. 5. Damage mechanism in human glioblastoma tumor cells due to excessive ROS increase caused by alteration of TRPM2
channel activation by DOX and CHR. CHR and DOX treatments cause DBTRG cells to generate excessive intracellular ROS.
It is shown that ROS and DNA damage (via PARP-1 activation) induce ADP-ribose to stimulate TRPM2. Cytosolic Ca2+

increase via TRPM2 activation further increases, leading to an increase in ΔΨm. In turn, the increase in ΔΨm leads to excessive
cytosolic ROS production, mitochondrial oxidative stress, and a decrease in cytosolic GSH and G-Px levels. Although nonspe-
cific TRPM2 blockers (2APB) limit TRPM2 activation in cells, PARP1 activation (via DNA damage) induced ADP-ribose
(ADPR), intracellular and mitochondrial ROS, leading to TRPM2 induction in cells. Induction of Casp-3 and Casp-9 via mito-
chondrial Ca2+ accumulation in cells, in turn, increases DOX- and CHR-induced ΔΨm and cell death. In addition to this mech-
anism, TRPM2 activation may be a response to the increase in ROS production caused by CHR and DOX, as well as the decrease
in GSH levels and activation of lipid peroxidation, which may further increase oxidative stress and apoptotic effects.
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molecular pathways of the anti-tumour effects of
CHR and DOX might be the ROS-induced
PARP1/ADPR/TRPM2 pathway in DBTRG tumour
cells.

Research has demonstrated that in GBM cell lines,
TRPM2 activation increases caspase activity and
apoptotic levels [4, 10]. Supporting these findings, a
similar study reported that TRPM2 inhibition
decreased the antitumour effect of cisplatin chemo-
therapy, and another study reported that targeting the
TRPM2 channel promoted cell death in T-cell leukae-
mia [39, 49]. Our findings demonstrated that suppres-
sion of TRPM2 with 2APB (in the 2APB + DOX
group) decreased caspases (Casp-3 and Casp-9),
whose expression rose with DOX in DBTRG cancer
cells (Figs. 3b and 3c). Thus, our findings and other
recent research showed that by triggering apoptosis,
TRPM2 activation might inhibit the proliferation of
tumor cells. The CHR + DOX group had a drop in cell
viability and increased apoptosis, while the CHR
combination therapy further elevated the levels of
Casp-3 and Casp-9 (Figs. 1a, 3b, and 3c). According
MOLECULAR BIOLOGY  Vol. 59  No. 5  2025
to recent research, combining chemotherapy with
some antioxidants, like curcumin, eicosapentaenoic
acid, and selenium, has a synergistic impact on cancer
cell lines, including DBTRG, and strengthens anti-
cancer actions by activating TRPM2 [19, 50]. Our
research also showed that by activating the TRPM2
channel more than the DOX therapy, the combination
CHR+DOX treatment enhanced caspase activation.
This implies that during cancer treatment, natural
substances like CHR may be able to inhibit tumour
development and promote cell death by activating the
TRPM2 channel.

The TRPM2 channel is a crucial oxidative stress
sensor in the body involved in several pathological
processes [51]. Moreover, oxidative stress serves as an
activator of TRPM2 channels, whereas their activity
can be suppressed by 2-aminoethoxydiphenyl borate
(2-APB) [4, 18]. Increased cytosolic free Ca2+ con-
centration from TRPM2 stimulation causes excessive
ROS production and a drop in cytosolic GSH and
G-Px [52]. Overproduction of ROS and depletion of
GSH damage DNA and release ADPR, which acti-
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vates TRPM2 and causes excessive entrance of Ca2+

into the cell (Fig. 4). In this work, we examined how
CHR affected DOX-induced oxidative stress and
apoptosis in DBTRG cancer cells, as well as how
TRPM2 and 2APB contributed to these outcomes. We
observed that the decrease in GSH and G-Px levels
and the increase in LipPx levels induced by CHR and
DOX were associated with reduced cell viability
(Figs. 1a, 2a, 2b, and 2c). CHR + DOX combo treat-
ment significantly exacerbated lipid peroxidation
(increased LipPx) and antioxidant depletion. Accord-
ing to recent research, CHR and DOX exhibit pro-
oxidant properties that raise ROS levels and lipid per-
oxidation while lowering antioxidant enzyme activity
[32, 53, 54]. Additionally, we discovered in this work
that the administration of CHR and DOX-induced
the production of ROS and disrupted the oxi-
dant/antioxidant balance in cancer cells (in the treat-
ment groups, TAS reduced while TOS and OSI index
rose). Consequently, our findings demonstrated
that CHR had a pro-oxidant impact that increased
DOX’s anti-tumor effectiveness. It is commonly rec-
ognised that oxidative stress activates TRPM2 chan-
nels [10, 50]. Our results, in line with the literature,
indicated that TRPM2 channels were more strongly
expressed in the treatment groups and that the OSI
index value rose as GSH and G-Px levels decreased.
In contrast to the CHR + DOX group, we demon-
strated that 2APB treatment blocked TRPM2 chan-
nels in the 2APB + DOX group, increasing antioxi-
dant capacity and reducing oxidative parameters.
Therefore, we have shown that the anticancer impact
of CHR and DOX treatments is mediated by oxidative
stress-induced activation of TRPM2 channels. This
effect was more substantial in the combined treatment
group.

CONCLUSIONS
In conclusion, CHR was observed to have antican-

cer effects in DBTRG cancer cells. It was determined
that using CHR and DOX further reduced cell viabil-
ity in DBTRG cells. It was observed that TRPM2
channel activation in DBTRG cells in DOX and CHR
treatments played an essential role in this damage
mechanism. With the extensive studies to be con-
ducted, CHR treatment and TRPM2 channel activa-
tion regulation will offer critical therapeutic
approaches in producing anticancer drugs for GBM
patients.

ABBREVIATIONS AND NOTATION

CHR chrysin
DMEM Dulbecco’s Modified Eagle Medium
DOX doxorubicin
DBTRG human glioblastoma tumour cells
FBS fetal bovine serum
GBM glioblastoma multiforme
GSH glutathione
G-Px glutathione peroxidase
LipPx lipid peroxidation levels
PARP-1 poly ADP ribose polymerase-1
TRPM2 transient receptor potential melastatin 2
TAS total antioxidant status
TOS total oxidant status
2APB 2-aminoethoxydiphenyl borate
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