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Abstract

Background Increased Ca”" entry causes an increase in tumor cell proliferation, apoptosis, cytosolic reactive free oxygen
species (cyROS), and mitochondrial ROS (miROS) in tumor cells. The cyROS and miROS stimulate the cation channels,
including the TRPA1, TRPM2, and TRPV1. Sambucus ebulus L. (SEB) (Dwarf Elder) induced both antioxidant and anti-
cancer effects in the human hepatocarcinoma and human colon carcinoma cancer cell lines. We investigated the etiology of
colorectal cancer and the impact of three channels, as well as the protective effects of SEB on apoptosis, cyROS, and miROS
in the colon of mice with colitis-associated colon cancer (AOM/DSS).

Methods A total 28 mice were equally divided into four groups as control, SEB (100 mg/kg/day for 14 days), AOM/DSS,
and SEB + AOM/DSS. Azoxymethane/dextran sulfate sodium-induced colon cancer associated with colitis was induced
in the AOM/DSS groups within 10 weeks. At the end of the experiments, the colon samples were removed from the mice.
Results The protein bands of caspase —3, TRPA1, TRPM2, and TRPV1 were increased by the treatments of AOM/DSS. The
levels of apoptosis, cyROS, cleaved caspase — 3, and cleaved caspase —9, as well as the depolarization of the mitochondrial
membrane, all increased in the AOM/DSS group. Although they were reduced in the SEB and AOM/DSS + SEB groups by
the treatments of SEB, TRPA1 (AP18), TRPM2 (ACA), and TRPV1 (capsazepine) antagonists, the apoptotic and oxidant
values were further elevated in the AOM/DSS group by the treatments of TRPA1 (cinnamaldehyde), TRPM2 (H,0,), and
TRPV1 (capsaicin) agonists.

Conclusion The activations of TRPA1, TRPM2, and TRPV1 channels induced the increase of apoptotic and oxidant actions
in the colon cancer cells, although their inhibition via SEB treatment decreased the actions. Hence, TRPA1, TRPM2, and
TRPV1 activations could be used as effective agents in the treatment of colon tumors.
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Introduction

Colorectal cancer is the third most common cancer in men
and women worldwide [1]. Despite numerous investiga-
tions and remarkable developments over the past decades,
colorectal cancer still remains one of the leading causes
of death worldwide. According to recent statistics, the
death rate was 13.4 per 100,000 men and women per year
[2]. Chemotherapy, radiation, and surgery are used for the
treatment of colorectal cancer. However, these strategies
don’t just applicable to the management of colon cancer
[3]. In the development of colorectal cancer, the exces-
sive generation of reactive oxygen species (ROS) and the
induction of apoptosis play important roles [1, 3]. How-
ever, the treatments of chemotherapeutic agents induce
the generation of apoptosis and ROS for killing the tumor
cells. Many researchers have discovered that using two or
three treatments, including antioxidants in combination
frequently produces better and more effective effects than
using just one [4, 5]. In the meantime, healthy cells fre-
quently also die after the treatment of chemotherapeutic
agents, and the patient may have adverse effects. There-
fore, the investigations of novel antioxidant and apoptotic
therapies for colorectal cancer control are crucial.

Metabolites with high oxidative capacities, which are
associated with oxidative stress, are implicated in a num-
ber of intracellular signal transductions, including Ca**
signaling [6]. Because ROS are known to damage double-
stranded DNA and induce an excessive amount of ADP-
ribose (ADPR) synthesis, they have been associated with
the emergence of cancer [1, 3, 6]. Cancer cells already
have elevated levels of cyROS as a result of their reli-
ance on aerobic glycolysis for energy production (the War-
burg effect), as well as the fact that oncogenic activation
makes them vulnerable to oxidative stress [7]. In addi-
tion to ROS, it has been demonstrated that increased Ca>*
influx through activated cation channels, particularly those
belonging to the transient receptor potential (TRP) super-
family, is linked to the proliferation of cancer cells [8].
One of the main sources of ROS formation in tumor cells
is an increase in mitochondrial membrane depolarization
(miDEP), which is caused by the loss of mitochondrial
membrane potential in colorectal cancer cells [1, 3, 5].
Inducing mitochondrial ROS (miROS) and apoptosis in
colorectal cells is caused by the accumulation of Ca* into
mitochondria through the activation of cation channels [9,
10]. TRP channels have not yet been fully understood as to
how cyROS and miROS cause apoptosis in the colorectal
cancer tissue and cells.

The TRP superfamily contains 28 members in the mam-
malian cells, and some members of the superfamily such
as TRP ankryn 1 (TRPA1), TRP melastatin 2 (TRPM?2),
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and TRP vanilloid 1 (TRPV1) are activated in normal and
tumor cells by miROS [11-13]. In addition to the miROS,
cinnamaldehyde (CiNN) activates TRPA1, whereas AP18
inhibits it [14, 15]. Hydrogen peroxide (H,0,) and cyto-
solic ADPR both increase TRPM2 stimulation [16, 17].
TRPM?2 is inhibited by N-(p-amylcinnamoyl)anthranilic
acid (ACA) [18]. TRPV1 is activated by capsaicin (CAP)
and inhibited by capsazepine (CPZ) correspondingly [19,
20]. In various cancer cell types as well as normal cell
types, activation of TRPA1, TRPM2, and TRPV1 channels
induced apoptosis levels by increasing cleaved caspase
— 3 (CASP/3) and cleaved caspase —9 (CASP/9) activi-
ties [21-24]. Thus, in cancer treatments for glioblastoma,
breast cancer, and endometrial tumors [22, 24, 25], the
channels are targets of therapeutic agents to reduce tumor
growth and increase tumor death. Additionally, although
there are conflicting findings on the matter [7, 22], anti-
oxidant plant extracts have been shown to enhance the
anticancer effects of TRP channels in the colorectal cancer
cell lines [5, 13].

One of the most prevalent species that grows in the Sam-
bucus ebulus L. (SEB) (dwarf elder) is native to Southern
and Central Europe, Northwest Africa, and Southwest Asia
[26]. Various substances, including ribosome-inactivating
proteins (ebulin), which have been exploited to induce anti-
cancer immunotoxins, are present in SEB [27]. The flower
also had analgesic, hemorrhagic, and anti-rheumatic activi-
ties in experimental animals and humans [26]. In chicken
brain extract, antioxidant activity was induced by the SEB
treatment [28]. However, the treatment of SEB induced toxic
action in the lungs and intestines of mice [29]. Despite vari-
ous claims of antioxidant activity, anticancer action, and
systematic research on SEB’s antitumor effect in the tissues
of mice with colon cancer, the anticancer effect of SEB has
not been clarified in the colon with cancer yet.

The aim of this study was to investigate if the treatment
of SEB could stimulate TRPA1, TRPM2, and TRPV1 chan-
nels-caused oxidative stress, apoptosis, and cell death in the
colon of mice with colorectal cancer. The increase of chan-
nel stimulation in the colon tissue may represent a significant
pathway for stimulating colorectal tumor cell death.

Materials and methods
Preparation of SEB extract

Between the cities of Kars and Ardahan in the East Anatolia
region of Tiirkiye (41° 15 02.0" N 42° 21’ 344" E, 41° 12’
02.5" N 42° 31’ 42.7" E), SEB was collected. It was divided
into smaller pieces and dried for four days at 40 °C in the
shade [28, 30], and then 30 g of the SEB was dissolved
in 250 ml of distillated water. The mixture was boiled for
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150 min, and then the molecules of steam air were collected
in a cooler. Until the treatments, the extract was kept in ster-
ile microtubes at 4 °C in a refrigerator [31].

Animals

In the animal house of the Kafkas University (KAU) Experi-
mental Animal Research Center in Kars, Tiirkiye, a total
of 28 ten-week-old female Balb/c mice weighing 20+2 g
were housed at 20+ 2 °C and 60-70% relative humidity
with a 12-hour light/dark cycle. A standard value of food
(Bayramoglu Feed Inc., Erzurum, Tiirkiye) and water were
also available to the animals during the trial. At every stage
of the investigation, the intended ethical regulations were
upheld (KAU-HADYEK 2022/138), and all animals were
handled in accordance with the standards of the National
Experimental Animal Research Council of KAU.

Study groups

The mice were equally divided into four groups. The first
of which was the control (CNT) group with no treatment
but with normal saline gavage. Mice in the second received
SEB (100 mg/kg/day) via gastric gavage once a day for two
weeks [4, 32]. The azoxymethane (AOM)/dextran sulfate
sodium (DSS) combination was applied for the groups of
third and fourth [33, 34]. Regarding the fourth group, AOM/
DSS-administrated animals received 100 mg/kg/day of SEB
for 14 days.

To establish the cancer model, mice received an intraperi-
toneal injection of AOM (10 mg/kg) dissolved in physiologi-
cal saline [33, 34]. After 7 days, the animals were provided
with drinking water containing 2.5% dextran sulfate sodium
(DSS) for 7 days, followed by drinking water for 14 days,
and exposed to two more 2.5% (w/v) DSS treatment cycles.
The CNT group was given equivalent normal physiologic
saline solution.

Fourteen days after the SEB injection, the mice were
euthanized. A mixture of 10 mg/kg ketamine (10%) and
80 mg/kg xylazine (2%) was administered intraperitoneally
to all animals before their tissues were sampled. After that,
half of the colon tissue samples were removed and stored at
— 80 °C in a freezer for Western blot and oxidant/antioxidant
studies. Using an ultrasonic homogenizer, the remaining tis-
sue samples were homogenized before being employed in
plate reader assays. Before the agonist activations (20 uM
CiNN, 1 mM H,0,, and 10 uM CAP) of the channels in the
plate reader tests, the tissue homogenates of the colon were
incubated with the TRPA1 (10 uM AP18), TRPM2 (25 uM
ACA), and TRPV1 (100 pM CPZ) antagonists for 30 min
[21, 23, 25].

Assays of apoptosis level, CASP/3 and CASP/9
activities

We employed a commercial kit (ApoPercentage, Biocolor
Ltd. Co Antrim, United Kingdom) for the apoptosis analy-
sis, which we bought from (Northern Ireland). In the white
wells of a microplate reader (Infinite 200 PRO, Tecan Life
Sci., Austria GmbH, Groedig, Austria), the ApoPercent-
age absorbance change as released intracellular dye was
detected at 550 nm [35].

With a few minor adjustments, a previously described
approach was used for the CASP/3 and CASP/9 activity
analyses [36, 37]. Cleavages of the substrates (N-acetyl-
Asp-Glu-Val-Asp-7-amido-4-methylcoumarin for CASP/3
and N-Acetyl-Leu-Glu-His-Asp-7-amino-4-Trifluor for
CASP/9) were determined using the microplate reader
(Infinite PRO 200). The excitation and emission nanom-
eters were kept at 380 and 460 nm, respectively.

For the apoptosis, CASP/3, and CASP/9 assays, we
performed a total of 3 trials (n=3). The results of the
apoptosis, CASP/3, and CASP/9 experiments were pre-
sented as percentage (%) changes following determination
of fluorescence units per mg protein.

Cytosolic ROS (cyROS) level detections

A cyROS indicator, the DCFH-DA (ThermoFisher Sci-
entific, Germany) is an uncharged, green-fluorescent dye.
DCFH-DA builds up in the cells and is then changed into
fluorescent form (DCF) [36, 37]. Colon tissue cell homoge-
nate was treated with 1 uM DCFH-DA for 15-20 min.
The fluorescence variations of DCF were examined in
the microplate reader after washing the cells with 1xPBS.
Changes in percentage (%) terms were used to express the
DCEF results.

Measuring the potential of the mitochondrial
membrane (miPOT)

The JC-1 (Abcam, Istanbul, Tiirkiye) is a cell permeable
fluorescent dye of miPOT [38]. As indicated in previous
reports [36, 37], the concentration of miPOT was determined
in the cell homogenate of colon tissue by using the JC-1
dye. The cells were exposed to 2 uM JC-1 for 15-20 min at
37 °C. They were examined in the plate reader after being
washed of the JC-1 (Infinite 200 PRO). Although JC-1 mon-
omers were measured in the cells at 525 nm, the florescence
intensity of JC-1 aggregates was detected at 590 nm after
the cells were excited (488 nm). The JC-1 dye results were
reported as a percentage (%) of the control using the emis-
sion ratios (590/525) as the source.
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Analyses for the levels of lipid peroxidation (LPO),
reduced glutathione (GSH), and glutathione
peroxidase (GSH/Px)

The levels of GSH and GSH/Px in the colon tissue homoge-
nate of mice were spectrophotometrically (UV-1800, Shi-
madzu, Kyoto, Japan) measured at 412 nm [14, 21]. A
wavelength (532 nm) of the spectrophotometer was used to
measure the LPO concentration in the cells. GSH/Px activity
is shown as IU/g protein, whereas GSH and LPO levels are
displayed as uM/g protein. The total protein test in the cells
was performed using Lowry’s reagent and a spectrophotom-
eter at 595 nm (Shimadzu UV-1800).

Immunoblotting in colon samples for TRP channels
and CASP/3

The Western blot analyses were performed in the frozen mouse
colon tissues according to the standard protocols [35]. While
the polyclonal antibodies for CASP/3 (a p17-specific polyclonal
antibody) (Cat #: sc-7272; and 1: 200) was obtained from Santa
Cruz (Istanbul, Tiirkiye), the antibodies for p-actin (Cat #:
mAbcam 8226 and and 1: 500), TRPA1 (Cat #: ab68847 and
1: 200), TRPM2 (Cat #: ab11168 and 1: 500), and TRPV1 (an
anti-VR1 antibody) (Cat #: ab10296 and 1: 200) were purchased
from Abcam (Istanbul, Tiirkiye). They obtained their secondary
antibodies (donkey whole anti-A, rabbit IgG, and HRP-linked)
from GE Healthcare (Amersham, UK). The concentration of
proteins added was internally controlled using rabbit anti-actin
(1:2000). Using ECL Western HRP Substrate, the protein band
intensities of p-actin, TRPA1, TRPM2, TRPV1, and CASP/3
were recorded in the G:Box Gel Imagination System (Syngene,
UK). The data were reported as relative density.

Statistical analyses

The data were presented as mean and standard deviation
(SD) values. The LSD test in the SPSS 22.0 program was
used to determine whether there were any individual statis-
tical differences among the groups (IBM, New York, NY,
USA). A Student’s T test was used to assess the presence
and degree of statistical significances, and a presence level
of p<0.05 was considered to be significant.

Results
The treatment of SEB reduced the AOM/
DSS-induced upregulation of TRP channels

and CASP/3 expressions

The induction of cyROS and apoptosis, as well as the
growth of both normal and malignant cells, depend on the
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Ca?* concentration [1, 4, 7, 11]. Ca®* permeable cation
channels include the TRPA1, TRPM2, and TRPV1 [21].
In both normal and tumor cells, the activity change of
CASP/3 is a key modulator on the induction of apoptosis
and the cell proliferation [14, 21, 24]. According to reports
[13, 24, 25, 39], there has been an increase in the expres-
sion of TRPA1, TRPM2, TRPV1, and CASP/3 in tumor
cell lines, including colorectal malignancies. However,
their levels of expression in colon samples from mice with
colon cancer have not been studied. The first objective of
current study was to look into the levels of protein bands
(Supp. Figure 1).

In Fig. 1a, the representative bands of the channels were
shown. In comparison to the CNT and SEB groups, the
protein band relative density concentrations of TRPA1
(Fig. 1b), TRPM2 (Fig. 1c), TRPV1 (Fig. 1d), and CASP/3
(Fig. le) were considerably (p <0.05) higher in the AOM/
DSS group. The TRP channel and CASP/3 expression con-
centrations, however, were reduced in the SEB + AOM/
DSS group following SEB therapy. The channel and
CASP/3 band expression concentrations were also lower
in the health colon (SEB group) than in the control group.

The injection of SEB reduced the levels
of stimulation-induced apoptosis caused by TRPA1,
TRPM2, and TRPV1

In many cancer cells, with the exception of colon malig-
nancies, the relationship between three channels and apop-
tosis was well studied [14, 24, 25]. In order to further our
understanding of apoptosis (as second aim of the current
study), we investigated the colon cells of mice that had
colorectal cancer.

The levels of apoptosis were higher in the AOM/DSS
group, while they were lower in the AOM/DSS + SEB
group as a result of the SEB therapy (p <0.05). In addition,
the levels of apoptosis were further elevated in the four
groups by the administration of TRPA1 (20 uM CiNN)
(Fig. 2a), TRPM2 (1 mM H,0,) (Fig. 2c), and TRPV1
(10 uM CAP) (Fig. 2e) agonists, even though these levels
were further decreased by the administration of TRPA1
(10 uM AP18) (Fig. 2b), TRPM2 (25 uM ACA) (Fig. 2d),
and TRPV1 (100 uM CPZ) (Fig. 2f) antagonists.

The TRPA1, TRPM2, and TRPV1 stimulation-induced
CASP/3 and CASP/9 activations were decreased

in the colon of mice with colon cancer

by the administration of SEB

The decrease of tumor cell numbers is induced by the stimu-
lation of apoptosis. The increases of caspase activities, such
as the active CASP/3 and CASP/9, are crucial mediators
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Fig.1 The administration of SEB (100 mg/kg/day) modulated
the AOM/DSS-induced increase of TRP channel and caspase —3
(CASP/3) expressions in the colon of the mice with colorectal cancer.
(Mean +SD and n=3). a. The analyses of protein expression levels
were visualized in the G:Box Gel Imagination System by using the
specific antibodies and antigens, and their representive bands were

in the extrinsic and intrinsic apoptosis pathways of tumor
cells [12, 14, 40]. After observing the increase of apoptosis
in the AOM/DSS groups, we suspected the changes of the
CASP/3 and CASP/9 activities in the colon cells after the
AOM/DSS administration and the SEB treatments. As third
aim of the current study, the CASP/3 (Fig. 3) and CASP/9
(Fig. 4) activities were assayed in the plate reader by using
the caspase substrates.

The CASP/3 activities were increased in the AOM/DSS
group, although their activities were decreased the AOM/
DSS + SEB group by the treatment of SEB. In addition, the
CASP/3 activities were further increased in the four groups
by the treatments of TRPA1 (CiNN) (Fig. 3a), TRPM2
(H,0, (Fig. 3c), and TRPV1 (CAP) (Fig. 3e) agonists,
although their activities were further decreased by the treat-
ments of TRPA1 (10 uM AP18) (Fig. 3b), TRPM2 (25 uM
ACA) (Fig. 3d), and TRPV1 (100 uM CPZ) (Fig. 3f) ago-
nists (p <0.05).

We observed similar results on the CASP/9 activities in
the four groups. The CASP/9 activities were increased in the
AOMY/DSS group, although their activities were decreased
in the AOM/DSS + SEB group by the treatment of SEB. In
addition, the CASP/9 activities were further increased in the

indicated in the Fig. la. The p-actin protein bands were employed as
a control for the identical protein loading. The protein band intensi-
ties of TRPA1 (b), TRPM2 (c¢), TRPV1 (d), and CASP/3 (e) were
presented in the colon samples by using the columns. (°p < 0.05 vs.
CNT and SEB groups. ’p < 0.05 vs. AOM/DSS group)

four groups by the treatments of TRPA1 (CiNN) (Fig. 4a),
TRPM2 (H,0,) (Fig. 4c), and TRPV1 (CAP) (Fig. 4e) ago-
nists, although their activities were further decreased by
the treatments of AP18 (Fig. 4b), ACA (Fig. 4d), and CPZ
antagonists (Fig. 4f) (p <0.05).

The treatment of TRP agonists stimulated AOM/
DSS-induced increase of miPOT and cyROS:
modulator role of SEB

Increasing evidence suggests that the excessive TRP channel
activation-induced mitPOT stimulates mitochondria-depend-
ent extrinsic and intrinsic apoptotic pathways in tumor cells
[12, 14, 25]. In the glioblastoma and breast cancer cells,
the activation of TRPA1, TRPM2, and TRPV1 was found
to enhance the levels of mitPOT and cyROS [12, 14, 25].
The matter has not been clarified in colon cancer cells yet.
We chose to assess the levels of miPOT and cyROS in the
colon cancer cells as the fourth aim of the current investiga-
tion after seeing increases in apoptosis and caspase activ-
ity. The plate reader assays were used to measure the levels
of miPOT (Fig. 5) and cyROS (Fig. 6) using the JC-1 and
DCFH-DA dyes, respectively.
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Fig.2 The TRPA1, TRPM2, and TRPV1 stimulation-induced apop-
tosis levels were decreased in the colon of mice with colon cancer
by the administration of SEB (100 mg/kg/day). (Mean+SD and
n=23). The apoptosis analyses were performed in the colon cells by
using the commercial kit (APOpercantage). The apoptosis levels
were increased in the AOM/DSS group, although their levels were
decreased the AOM/DSS+SEB group by the treatment of SEB.
In addition, the apoptosis levels were further increased in the four
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groups by the treatments of TRPA1 (CiNN) (a), TRPM2 (H,0, (c¢),
and TRPVI1 (CAP) (e) agonists, although their levels were further
decreased by the treatment of TRPA1 (AP18) (b), TRPM2 (ACA)
(d), and TRPV1 (CPZ) (f) antagonists. (%p < 0.05 vs. CNT and
SEB groups. °p < 0.05 vs. AOM/DSS group. *p <0.05 vs. (-CiNN),
(-H,0,), and (-CAP) groups. Xp <0.05 vs. CiNN, H,0,, and CAP
groups
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nists, although their activities were further decreased by the treatment
of TRPA1 (AP18) (b), TRPM2 (ACA) (d), and TRPV1 (CPZ) (f)
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Fig.4 The TRPAI, TRPM2, and TRPVI stimulation-induced
cleaved caspase —9 activations were decreased in the colon of mice
with colon cancer by the administration of SEB (100 mg/kg/day).
(Mean +SD and n=3). The cleaved caspase —9 analyses were per-
formed in the plate reader (PRO 200) by using the caspase —9 sub-
strate. The caspase —9 activities were increased in the AOM/DSS
group, although their activities were decreased the AOM/DSS + SEB
group by the treatment of SEB. In addition, the caspase —9 activi-

@ Springer

50

Caspase -9
(% of control)

SEB = + : +
AOM/DSS - = + +

ties were further increased in the four groups by the treatments of
TRPA1 (CiNN) (a), TRPM2 (H,0, (c), and TRPV1 (CAP) (e) ago-
nists, although their activities were further decreased by the treatment
of TRPA1 (CiNN) (b), TRPM2 (H,0,) (d), and TRPV1 (CPZ) (f)
antagonists. (°p < 0.05 vs. CNT and SEB groups. °p < 0.05 vs. AOM/
DSS group. *p<0.05 vs. (-CiNN), (-H,0,), and (-CAP) groups.
Xp <£0.05 vs. CiNN, H,0,, and CAP groups
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Fig.5 The treatment of TRP agonists stimulated AOM/DSS-induced
increase of mitochondrial membrane potential (miPOT) in the colon
cells of mice with colorectal cancer: Modulator role of SEB (100 mg/
kg/day). (Mean +SD and n=3). The miPOT analyses were performed
in the plate reader (PRO 200) by using the JC-1 probe. The miPOT
levels were increased in the AOM/DSS group, although their lev-
els were decreased the AOM/DSS+ SEB group by the treatment of
SEB. In addition, the miPOT levels were further increased in the four

groups by the treatments of TRPA1 (CiNN) (a), TRPM2 (H,0, (c),
and TRPV1 (CAP) (e) agonists, although their levels were further
decreased by the treatment of TRPA1 (CiNN) (b), TRPM2 (H,0,)
(d), and TRPV1 (CPZ) (f) antagonists. (°p < 0.05 vs. CNT and SEB
groups. ®p < 0.05 vs. AOM/DSS group. *p<0.05 vs. (-CiNN), (-
H,0,), and (-CAP) groups. xp<0.05 vs. CiNN, H,0,, and CAP
groups
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Fig.6 The treatment of TRP agonists stimulated AOM/DSS-induced
increase of cytosolic ROS (cyROS) production in the colon cells of
mice with colorectal cancer: Modulator role of SEB (100 mg/kg/day).
(Mean+SD and n=3). The cyROS analyses were performed in the
plate reader (PRO 200) by using the DCFH-DA probe. The cyROS
levels were increased in the AOM/DSS group, although their lev-
els were decreased the AOM/DSS+SEB group by the treatment of
SEB. In addition, the cyROS levels were further increased in the four
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groups by the treatments of TRPA1 (CiNN) (a), TRPM2 (H,0, (c),
and TRPV1 (CAP) (e) agonists, although their levels were further
decreased by the treatment of TRPAI (CiNN) (b), TRPM2 (H,0,)
(d), and TRPV1 (CPZ) (f) antagonists. (°p < 0.05 vs. CNT and SEB
groups. ®p < 0.05 vs. AOM/DSS group. *p<0.05 vs. (-CiNN), (-
H,0,), and (-CAP) groups. xp<0.05 vs. CiNN, H,0,, and CAP
groups
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Although their levels were decreased in the AOM/
DSS + SEB group due to the treatment of SEB, miPOT lev-
els were enhanced in the AOM/DSS group. Although their
levels were further decreased by the treatment of AP18
(Fig. 5b), ACA (Fig. 5d), and CPZ (Fig. 5f) agonists, the
levels of miPOT were further elevated in the four groups by
the treatments of CiNN (Fig. 5a), H,O, (Fig. 5c), and CAP
(Fig. 5e) (p<0.05).

The levels of cyROS (DCFH-DA) in the four groups
showed similar results. The cyROS levels were higher
in the AOM/DSS group, whereas the SEB and AOM/
DSS + SEB groups’ levels were lower due to the SEB treat-
ment (p <0.05). Although their levels were further decreased
by the treatment of AP18 (Fig. 6b), ACA (Fig. 6d), and CPZ
(Fig. 6f) agonists, the levels of cyROS were further elevated
in the four groups by the treatments of CiNN (Fig. 6a), H,0,
(Fig. 6¢), and CAP (Fig. 6e) (p <0.05).

Treatment with SEB decreased the AOM/
DSS-induced rise in LPO by increasing GSH levels
and GSH/Px activity

Increased oxidative stress has been noted in the colon tumor
tissues of both humans and laboratory animals [1, 3]. By
measuring LPO, the impact of oxidative stress on the oxida-
tion of proteins and lipids within body cells was investigated
[6]. The LPO concentration in the CNT, SEB, AOM/DSS,
and AOM/DSS + SEB groups was therefore investigated
(Table 1). When compared to the CNT and SEB groups,
the LPO concentration of AOM/DSS group was higher
(p £0.05). In the AOM/DSS + SEB group compared to
the AOM/DSS group, the concentration of LPO was lower
(» £0.05). The LPO data provided additional support for
SEB’s antioxidant effects in the colon sample.

The antioxidants scavenge the cyROS [6]. Mammalian
cells contain large amounts of the antioxidant GSH in their
cytoplasm. H,O, is changed into water by the catalytic activ-
ity of GSH/Px, a powerful enzyme-based antioxidant [6, 35].

Recently, it was shown that GSH depletion and a reduction
in GSH/Px affected the activations of TRPA1, TRPM2, and
TRPV1 in several cells [35, 41, 42]. We suspected a decrease
in the GSH concentration and GSH/Px activity in the colon
tissue after noticing an increase in the concentration of LPO
in the AOM/DSS group. When compared to the CNT and
SEB groups, the GSH and GSH/Px concentrations in the
AOM/DSS group were considerably (p <0.05) lower. Com-
pared to the AOM/DSS group, the GSH levels and GSH/
Px activity were higher in the AOM/DSS + SEB group
(p<£0.05). It appears that the decrease of GSH and GSH/Px
in the colon of colon cancer-induced animals was the cause
of the AOM/DSS-induced elevation in the levels of LPO.

Discussion

Although there are conflicting results, the antioxidant plant
extracts have significant potential in the adjuvant therapy of
numerous malignancies via the activating TRP channels [4,
39]. The fact that many antioxidant plant extracts have fewer
serious adverse side effects than conventional chemotherapy
drugs, in addition to the substantial experimental evidence
pointing to a direct antitumor impact of the plant extract via
the TRP channel stimulations, significantly supports their
use [13, 14]. The inhibitory effect of the channel activations
on colon cancer cell survivals is associated to miPOT (poten-
tial of the mitochondrial membrane) increase and cyROS
overproduction, and is reversed by SEB treatment, TRPA1,
TRPM?2, and TRPV1 antagonists. Thus, the apoptotic and
oxidative responses in the colon sample were diminished
via the suppressions of TRPA1, TRPM2, and TRPV1 by the
treatments of the SEB and channel antagonists. Therefore,
by upregulating the cyROS and LPO while decreasing the
antioxidants (GSH and GSH/Px) with the use of channel
blockers and SEB, the activation of TRPA1, TRPM2, and
TRPV1 will contribute to colon cancer apoptosis.

Table 1 The effects of treatments of SEB (100 mg/kg/day) on the AOM/DSS-induced changes of lipid peroxidation (LPO), reduced glutathione

(GSH) levels, and glutathione peroxidase (GSH/Px) activity in the colon tissue of mice with colorectal cancer cells

Parameters CNT SEB AOM/DSS AOM/
DSS+SEB

LPO 19.60+1.26 18.50+1.43 24.10+0.29* 20.20+1.26°

(umol/ g protein)

GSH 9.43+0.38 10.00+1.14 6.83+0.69° 8.56+0.46*°

(umol/ g protein)

GSH/Px 21.30+0.22 21.80+0.77 14.80+1.91* 18.40+0.99*

(IU/ g protein)

ap <0.05 vs. CNT and SEB
bp < 0.05 vs. AOM/DSS
(Mean+STD and n=7)
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We first investigated the potential involvement of the SEB
treatment on the channels in the colon cancer by utilizing the
antagonists of TRPA1 (AP18), TRPM2 (ACA), and TRPV1
(CPZ). Three channels play a role in the control of cell divi-
sion and apoptosis [21-24], and they are currently thought to
be attractive cancer therapeutic targets, particularly for colon
cancer. The channel expressions in several cell lines, includ-
ing colon cancer cells were reported [13, 43]. The expression
of the TRPA1, TRPM2, and TRPV1 protein bands in the
colon of mice with colon cancer has been described here
for the first time. More notably, we indicated that, despite
being duplicated by the treatments of AP18, H,0,, and CAP,
the effect of TRPA1, TRPM2, and TRPV1 antagonists on
apoptosis was decreased by these substances. These findings
taken together imply that the activation of TRPA1, TRPM2,
and TRPV1 may play a role in AOM/DSS-induced cell live.

The normal generations of cyROS and miROS are physi-
ological processes such as cell proliferation and differentia-
tion in normal cells. However, high generations of cyROS
and miROS via the excessive Ca>* influx stimulate a series
of mitochondria-associated events leading to apoptosis [7,
11]. The Warburg effect and the vulnerability of cancer cells
to oxidative stress make it interesting to note that cancer
cells already have elevated levels of cyROS as a result of
their reliance on aerobic glycolysis for energy production
[7]. The observation that many chemotherapeutic agents may
be specifically hazardous to tumor cells due to increased
oxidative stress and enhanced cyROS and miROS genera-
tion, which in turn induces the apoptosis of cancer cells,
has further highlighted the connection between cyROS and
cancer [12-14]. In the current study, we have shown that
TRPA1, TRPM?2, and TRPV1 stimulators were able to exert
pro-apoptotic effects selectively increased miPOT, cyROS,
CASP/3, and CASP/9 productions in AOM/DSS cells, thus
suggesting that cyROS overproduction might be impli-
cated in three channel-caused apoptosis. Interestingly, the
effects of the channel activations on miPOT, cyROS, and
apoptosis were abolished in colon cells by the treatments of
TRPA1, TRPM2, and TRPV1 antagonists, and the results
are suggestive of involvements of such channels in the pro-
apoptotic action of mitochondrial Ca?* influx. However,
the apoptosis, miPOT, and cytROS levels were decreased
in the SEB and AOM/DSS + SEB groups by the treatment
of SEB. Hence, the SEB treatment protected the apoptotic
and oxidant actions of the channels in the healthy cells (SEB
group), but also in the AOM/DSS group. It seems that SEB
acted adverse action via the inhibition of three channels on
apoptosis in the AOM/DSS group. Similarly, the apoptotic
and caspase activator roles of TRPA1, TRPM2, and TRPV1
were reported in the colorectal and glioblastoma cancer cell
lines [12, 14]. The treatments of antioxidant plant extracts
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decreased the miPOT, apoptotic and caspase activator roles
of three channels in the cancer cells, including colorectal
cancers [44-46].

The cytROS and mitROS generations are physiological
products necessary for many physiological processes, such
as phagocytic activity and mitochondrial function, but if
their generations are not strictly controlled by the enzymatic
and non-enzymatic antioxidant, they can become harmful
to normal cells [6, 11]. Two components of the antioxidant
redox system, GSH and GSH/Px, have a significant anti-
oxidant role [6, 47]. The main scavenging antioxidants for
the elimination of H,O, and hydroxyl radicals from cells,
including colon cells, are non-enzymatic antioxidant GSH
and enzymatic antioxidant GSH/Px [47, 48]. Recent reports
[35, 41, 42] discuss the effects of GSH and GSH/Px deple-
tions on the activations of TRPA1, TRPM2, and TRPV1
in various cells. The SEB was treated, which resulted in
an increase in the GSH concentration and GSH/Px activity.
This may be explained by an increase of cyROS production
brought on by cancer in the mitochondria, which may have
an impact on the production of H,O, during colon oxidative
stress.

Conclusion

Our data indicated that the activations of TRPA1, TRPM2,
and TRPV1 inhibit the live of mice colon cancer cells mainly
through the stimulations of pro-apoptotic mechanisms such
as CASP/3 and CASP/9. Increases in miPOT and cyROS
are linked to the inhibitory effects of channel activations on
the apoptosis of tumor cells. However, they are mimicked
by the treatments of SEB, TRPA1, TRPM2, and TRPV1
antagonists, thus suggesting that such channels might be,
at least in part, involved in their actions. In view of the
channel stimulator actions, we hypothesize that the channel
stimulators may be promising anti-cancer therapeutic agents,
both for prevention and as a curative medicine. However,
the treatment of SEB decreased the oxidant and apoptotic
actions of the channel blockers via upregulating the LPO
and cyROS but downregulating the GSH concentration and
GSH/Px activity in the normal colon and colon of mice with
colon cancer. It seems that the treatment of SEB protected
the healthy colon from oxidative stress and apoptosis but it
acted adverse action on the cancer in the colon.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11033-022-08200-8.

Acknowledgements The antioxidant and cleaved caspase analy-
ses in the current study were performed in 7th International Brain
Research School, 27 June and 3 July 2022, Isparta, Tiirkiye by Dr.
Miige Mavioglu Kaya. (http://2022.brs.org.tr/). The remaining analyses
were performed by Prof. Dr. M Naziroglu and technicians (Fatih Sahin
and Muhammet Sahin- BSN Health Analyses Ltd., Isparta, Tiirkiye).


https://doi.org/10.1007/s11033-022-08200-8
http://2022.brs.org.tr/

Molecular Biology Reports (2023) 50:2207-2220

2219

Author contributions MMK: Animal experiments, Methodology, For-
mal analysis, Data curation, Resources, Funding acquisition, Project
administration. IK: Animal experiments, Methodology, Formal analy-
sis, Data curation, Resources, Writing — original draft, Writing — review
& editing, Funding acquisition, Project administration. MN: Methodol-
ogy, Formal analysis, Writing — review & editing, Supervision.

Funding The study was supported by Scientific Unit of Kafkas Uni-
versity (BAP), Kars, Tiirkiye (Project No: 2022-FM-14. Project owner:
Assist. Prof. Dr. Miige Mavioglu Kaya). There is no financial disclosure
in the current study.

Data availability The data used to support the findings of present study
are available from the corresponding author upon request.

Declarations

Conflict of interest The authors declare that there are no conflicts of
interest.

Ethical approval The study was approved by Kafkas University (KAU)
Experimental Animal Research Center in Kars, Tiirkiye (Protocol
number: KAU-HADYEK 2022/138), and all animals were handled in
accordance with the standards of the National Experimental Animal
Research Council of KAU.

Informed consent Not applicable.

References

1. Miknevicius P, Zulpaite R, Leber B, Strupas K, Stiegler P, Schem-
mer P (2021) The impact of probiotics on intestinal mucositis dur-
ing chemotherapy for colorectal cancer: a comprehensive review
of animal studies. Int J Mol Sci 22(17):9347. https://doi.org/10.
3390/ijms22179347

2. NIH (2022) National Cancer Institute. Cancer Stat Facts: Colo-
rectal cancer. 2022. https://seer.cancer.gov/statfacts/html/colorect.
html

3. Kuvietkauskas M, Zitkute V, Leber B, Strupas K, Stiegler P,
Schemmer P (2020) The role of melatonin in colorectal can-
cer treatment: a comprehensive review. Ther Adv Med Oncol
12:1758835920931714. https://doi.org/10.1177/1758835920
931714

4. Salehi A, Hosseini SM, Kazemi S (2022) Antioxidant and anti-
carcinogenic potentials of propolis for dimethylhydrazine-induced
colorectal cancer in wistar rats. Biomed Res Int 2022:8497562.
https://doi.org/10.1155/2022/8497562

5. Roma A, Ovadje P, Steckle M, Nicoletti L, Saleem A, Pandey S
(2015) Selective induction of apoptosis by Azadarichta indica
leaf extract by targeting oxidative vulnerabilities in human cancer
cells. J Pharm Pharm Sci 18(4):729-746. https://doi.org/10.18433/
j3vg76

6. Naziroglu M (2007) New molecular mechanisms on the activation
of TRPM2 channels by oxidative stress and ADP-ribose. Neuro-
chem Res 32(11):1990-2001

7. Pelicano H, Carney D, Huang P (2004) ROS stress in cancer cells
and therapeutic implications. Drug Resist Updat 7(2):97-110.
https://doi.org/10.1016/j.drup.2004.01.004

8. Rizopoulos T, Assimakopoulou M (2021) Transient receptor
potential (TRP) channels in human colorectal cancer: evidence
and perspectives. Histol Histopathol 36(5):515-526. https://doi.
org/10.14670/HH-18-308

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Gwak EJ, Kim D, Hwang HY, Kwon HJ (2022) Mitochondrial
ROS produced in human colon carcinoma associated with cell
survival via autophagy. Cancers (Basel) 14(8):1883. https://doi.
org/10.3390/cancers14081883

Sun Y, Yang YM, Hu YY, Ouyang L, Sun ZH, Yin XF, Li N, He
QY, Wang Y (2022) Inhibition of nuclear deacetylase Sirtuin-1
induces mitochondrial acetylation and calcium overload leading
to cell death. Redox Biol 53:102334. https://doi.org/10.1016/].
redox.2022.102334

Naziroglu M (2012) Molecular role of catalase on oxida-
tive stress-induced ca(2+) signaling and TRP cation channel
activation in nervous system. J Recept Signal Transduct Res
32(3):134-141. https://doi.org/10.3109/10799893.2012.672994
Chen Y, LilJ,JinL, Lei K, Liu H, Yang Y (2019) Fibulin-5 con-
tributes to colorectal cancer cell apoptosis via the ROS/MAPK
and akt signal pathways by downregulating transient receptor
potential cation channel subfamily V member 1. J Cell Biochem
120(10):17838-17846. https://doi.org/10.1002/jcb.29051

. Borrelli F, Pagano E, Romano B, Panzera S, Maiello F, Coppola

D, De Petrocellis L, Buono L, Orlando P, 1zzo AA (2014) Colon
carcinogenesis is inhibited by the TRPMS8 antagonist cannab-
igerol, a Cannabis-derived non-psychotropic cannabinoid. Car-
cinogenesis 35(12):2787-2797. https://doi.org/10.1093/carcin/
bgu205

Deveci HA, Akyuva Y, Nur G, Naziroglu M (2019) Alpha lipoic
acid attenuates hypoxia-induced apoptosis, inflammation and
mitochondrial oxidative stress via inhibition of TRPA1 chan-
nel in human glioblastoma cell line. Biomed Pharmacother
111:292-304. https://doi.org/10.1016/j.biopha.2018.12.077
Bandell M, Story GM, Hwang SW, Viswanath V, Eid SR, Petrus
M]J, Earley TJ, Patapoutian A (2004) Noxious cold ion chan-
nel TRPAL is activated by pungent compounds and bradykinin.
Neuron 41(6):849-857. https://doi.org/10.1016/s0896-6273(04)
00150-3

Hara Y, Wakamori M, Ishii M, Maeno E, Nishida M, Yoshida
T et al (2002) LTRPC2 Ca2+-permeable channel activated by
changes in redox status confers susceptibility to cell death. Mol
Cell 9(1):163-173. https://doi.org/10.1016/s1097-2765(01)
00438-5

Naziroglu M (2008) Liickhoff A (2008) A calcium influx path-
way regulated separately by oxidative stress and ADP-Ribose
in TRPM2 channels: single channel events. Neurochem Res
33(7):1256-1262. https://doi.org/10.1007/s11064-007-9577-5
Kraft R, Grimm C, Frenzel H, Harteneck C (2006) Inhibition
of TRPM2 cation channels by N-(p-amylcinnamoyl)anthranilic
acid. Br J Pharmacol 148(3):264-273. https://doi.org/10.1038/
sj.bjp.0706739

Caterina MJ, Rosen TA, Tominaga M, Brake AJ, Julius D (1999)
A capsaicin-receptor homologue with a high threshold for nox-
ious heat. Nature 398(6726):436—441. https://doi.org/10.1038/
18906

Szallasi A, Blumberg PM, Annicelli LL, Krause JE, Cortright
DN (1999) The cloned rat vanilloid receptor VR1 mediates both
R-type binding and C-type calcium response in dorsal root gan-
glion neurons. Mol Pharmacol 56(3):581-587. https://doi.org/10.
1124/mol.56.3.581

Yazgan Y, Naziroglu M (2017) Ovariectomy-Induced mitochon-
drial oxidative stress, apoptosis, and Calcium lon Influx through
TRPA1, TRPM2, and TRPV1 are prevented by 17f-Estradiol,
tamoxifen, and Raloxifene in the Hippocampus and dorsal Root
ganglion of rats. Mol Neurobiol 54(10):7620-7638. https://doi.
org/10.1007/s12035-016-0232-5

Yang MH, Jung SH, Sethi G, Ahn KS (2019) Pleiotropic pharma-
cological actions of capsazepine, a synthetic analogue of capsai-
cin, against various cancers and inflammatory diseases. Molecules
24(5):995. https://doi.org/10.3390/molecules24050995

@ Springer


https://doi.org/10.3390/ijms22179347
https://doi.org/10.3390/ijms22179347
https://seer.cancer.gov/statfacts/html/colorect.html
https://seer.cancer.gov/statfacts/html/colorect.html
https://doi.org/10.1177/1758835920931714
https://doi.org/10.1177/1758835920931714
https://doi.org/10.1155/2022/8497562
https://doi.org/10.18433/j3vg76
https://doi.org/10.18433/j3vg76
https://doi.org/10.1016/j.drup.2004.01.004
https://doi.org/10.14670/HH-18-308
https://doi.org/10.14670/HH-18-308
https://doi.org/10.3390/cancers14081883
https://doi.org/10.3390/cancers14081883
https://doi.org/10.1016/j.redox.2022.102334
https://doi.org/10.1016/j.redox.2022.102334
https://doi.org/10.3109/10799893.2012.672994
https://doi.org/10.1002/jcb.29051
https://doi.org/10.1093/carcin/bgu205
https://doi.org/10.1093/carcin/bgu205
https://doi.org/10.1016/j.biopha.2018.12.077
https://doi.org/10.1016/s0896-6273(04)00150-3
https://doi.org/10.1016/s0896-6273(04)00150-3
https://doi.org/10.1016/s1097-2765(01)00438-5
https://doi.org/10.1016/s1097-2765(01)00438-5
https://doi.org/10.1007/s11064-007-9577-5
https://doi.org/10.1038/sj.bjp.0706739
https://doi.org/10.1038/sj.bjp.0706739
https://doi.org/10.1038/18906
https://doi.org/10.1038/18906
https://doi.org/10.1124/mol.56.3.581
https://doi.org/10.1124/mol.56.3.581
https://doi.org/10.1007/s12035-016-0232-5
https://doi.org/10.1007/s12035-016-0232-5
https://doi.org/10.3390/molecules24050995

2220

Molecular Biology Reports (2023) 50:2207-2220

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ertilav K, Naziroglu M, Ataizi ZS, Yildizhan K (2021) Mela-
tonin and selenium suppress docetaxel-induced TRPV1 activa-
tion, neuropathic pain and oxidative neurotoxicity in mice. Biol
Trace Elem Res 199(4):1469-1487. https://doi.org/10.1007/
s12011-020-02250-4

Fonseca BM, Correia-da-Silva G, Teixeira NA (2018) Cannabi-
noid-induced cell death in endometrial cancer cells: involvement
of TRPV1 receptors in apoptosis. J Physiol Biochem 74(2):261-
272. https://doi.org/10.1007/s13105-018-0611-7

Naziroglu M, Cig B, Blum W, Vizler C, Buhala A, Marton A,
Katona R, J6svay K, Schwaller B, Olah Z, Pecze L (2017) Target-
ing breast cancer cells by MRS1477, a positive allosteric modula-
tor of TRPV1 channels. PLoS ONE 12(6):e0179950. https://doi.
org/10.1371/journal.pone.0179950

Jabbari M, Daneshfard B, Emtiazy M, Khiveh A, Hashempur MH
(2017) Biological Effects and clinical applications of dwarf elder
(Sambucus ebulus L): areview. J Evid Based Complementary Altern
Med 22(4):996-1001. https://doi.org/10.1177/2156587217701322
Jiménez P, Tejero J, Cordoba-Diaz D, Quinto EJ, Garrosa M,
Gayoso MJ, Girbés T (2015) Ebulin from dwarf elder (Sambucus
ebulus L.): a mini-review. Toxins (Basel) 7(3):648-658. https://
doi.org/10.3390/toxins7030648

Fathi H, Ebrahimzadeh MA, Ziar A, Mohammadi H (2015) Oxida-
tive damage induced by retching; antiemetic and neuroprotective
role of Sambucus ebulus L. Cell Biol Toxicol 31(4-5):231-239.
https://doi.org/10.1007/s10565-015-9307-8

Garrosa M, Jiménez P, Tejero J, Cabrero P, Cordoba-Diaz D,
Quinto EJ, Gayoso MJ, Girbés T (2015) Toxicity of the anti-
ribosomal lectin ebulin f in lungs and intestines in elderly mice.
Toxins (Basel) 7(2):367-379. https://doi.org/10.3390/toxins7020
367

Giirbiiz I, Ozcelik B, Giinbatan T, Akkol EK, Sahinoz M, Akaydin
G (2021) Antibacterial, antifungal and enzyme inhibitory effects
of selected plants from Turkey. Pak J Pharm Sci 34(3):1011-1017
Tasinov O, Dincheva I, Badjakov I, Kiselova-Kaneva Y, Galunska
B, Nogueiras R, Ivanova D (2021) Phytochemical composition,
anti-inflammatory and ER stress-reducing potential of Sambucus
ebulus L. fruit extract. Plants (Basel) 10(11):2446. https://doi.org/
10.3390/plants10112446

Abdala S, Dévora S, Martin-Herrera D, Pérez-Paz P (2014) Antin-
ociceptive and anti-inflammatory activity of Sambucus palmen-
sis link, an endemic Canary Island species. J Ethnopharmacol
155(1):626-32. https://doi.org/10.1016/j.jep.2014.06.002

Wang J, Ding K, Wang Y, Yan T, Xu Y, Deng Z, Lin W, Zhang
L, Zhu W, Zhao R, Zhou Y, Liu Z (2022) Wumei Pill ameliorates
AOM/DSS-Induced Colitis-Associated Colon cancer through
inhibition of inflammation and oxidative stress by regulating
S-Adenosylhomocysteine Hydrolase- (AHCY-) mediated hedge-
hog signaling in mice. Oxid Med Cell Longev 2022:4061713.
https://doi.org/10.1155/2022/4061713

Popivanova BK, Kitamura K, Wu Y, Kondo T, Kagaya T, Kaneko
S, Oshima M, Fujii C, Mukaida N (2008) Blocking TNF-alpha in
mice reduces colorectal carcinogenesis associated with chronic
colitis. J Clin Invest 118(2):560-570. https://doi.org/10.1172/
JCI32453

Cinar R (2022) Depletion of glutathione induced apoptosis and
oxidative stress via the activation of TRPM2 channels in the
microglia cells with Alzheimer’ disease model. 14:1063—-1073.
https://doi.org/10.37212/jcnos.1147935

Ertilav K (2019) Levetiracetam modulates hypoxia-induced inflam-
mation and oxidative stress via inhibition of TRPV1 channel in
the DBTRG glioblastoma cell line. J Cell Neurosci Oxid Stress
11(3):885-894. https://doi.org/10.37212/jcnos. 715227

@ Springer

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Akyuva Y (2020) Clostridium botulinum neurotoxin a inhibits
DBTRG glioblastoma cell proliferation and TRPV1 channel
signaling pathways. J Cell Neurosci Oxid Stress 12(1):903-913.
https://doi.org/10.37212/jcnos.809635

Sivandzade F, Bhalerao A, Cucullo L (2019) Analysis of the mito-
chondrial membrane potential using the Cationic JC-1 dye as a
sensitive fluorescent probe. Bio Protoc 9(1):e3128. https://doi.org/
10.21769/BioProtoc.3128

Ibrahim S, Dakik H, Vandier C, Chautard R, Paintaud G, Mazu-
rier F, Lecomte T, Guéguinou M, Raoul W (2019) Expression
profiling of Calcium channels and calcium-activated Potassium
channels in Colorectal Cancer. Cancers (Basel) 11(4):561. https://
doi.org/10.3390/cancers11040561

Ahlam AA, Shaniba VS, Jayasree PR, Manish Kumar PR (2021)
Spondias pinnata (L.f.) Kurz Leaf Extract Derived Zinc Oxide
Nanoparticles induce dual modes of apoptotic-necrotic death in
HCT 116 and K562 cells. Biol Trace Elem Res 199(5):1778-
1801. https://doi.org/10.1007/s12011-020-02303-8

Materazzi S, Fusi C, Benemei S, Pedretti P, Patacchini R, Nilius B,
Prenen J, Creminon C, Geppetti P, Nassini R. TRPA1 and TRPV4
mediate paclitaxel-induced peripheral neuropathy in mice via a
glutathione-sensitive mechanism.Pflugers Arch.2012463(4):561—
9. https://doi.org/10.1007/s00424-011-1071-x

Ovey IS, Naziroglu M (2015) Homocysteine and cytosolic GSH
depletion induce apoptosis and oxidative toxicity through cyto-
solic calcium overload in the hippocampus of aged mice: involve-
ment of TRPM2 and TRPV1 channels. Neuroscience 284:225—
233. https://doi.org/10.1016/j.neuroscience.2014.09.078
Anderson KJ, Cormier RT, Scott PM (2019) Role of ion channels
in gastrointestinal cancer. World J Gastroenterol 25(38):5732—
5772. https://doi.org/10.3748/wjg.v25.i38.5732

Lee DY, Song MY, Kim EH (2021) Role of oxidative stress and
Nrf2/KEAPI signaling in Colorectal Cancer: mechanisms and
therapeutic perspectives with phytochemicals. Antioxid (Basel)
10(5):743. https://doi.org/10.3390/antiox 10050743

Deveci HA, Naziroglu M, Nur G (2018) 5-Fluorouracil-induced
mitochondrial oxidative cytotoxicity and apoptosis are increased
in MCF-7 human breast cancer cells by TRPV1 channel activa-
tion but not Hypericum perforatum treatment. Mol Cell Biochem
439(1-2):189-198. https://doi.org/10.1007/s11010-017-3147-1
De Petrocellis L, Vellani V, Schiano-Moriello A, Marini P, Magh-
erini PC, Orlando P, Di Marzo V (2008) Plant-derived cannabi-
noids modulate the activity of transient receptor potential channels
of ankyrin type-1 and melastatin type-8. J] Pharmacol Exp Ther
325(3):1007-1015. https://doi.org/10.1124/jpet.107.134809
Halliwell B (2006) Oxidative stress and neurodegeneration: where
are we now? J Neurochem 97(6):1634—1658. https://doi.org/10.
1111/5.1471-4159.2006.03907

Cecerska-Hery¢ E, Surowska O, Hery¢ R, Serwin N, Napiontek-
Baliriska S, Dotggowska B (2021) Are antioxidant enzymes essen-
tial markers in the diagnosis and monitoring of cancer patients
- a review. Clin Biochem 93:1-8. https://doi.org/10.1016/j.clinb
iochem.2021.03.008

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1007/s12011-020-02250-4
https://doi.org/10.1007/s12011-020-02250-4
https://doi.org/10.1007/s13105-018-0611-7
https://doi.org/10.1371/journal.pone.0179950
https://doi.org/10.1371/journal.pone.0179950
https://doi.org/10.1177/2156587217701322
https://doi.org/10.3390/toxins7030648
https://doi.org/10.3390/toxins7030648
https://doi.org/10.1007/s10565-015-9307-8
https://doi.org/10.3390/toxins7020367
https://doi.org/10.3390/toxins7020367
https://doi.org/10.3390/plants10112446
https://doi.org/10.3390/plants10112446
https://doi.org/10.1016/j.jep.2014.06.002
https://doi.org/10.1155/2022/4061713
https://doi.org/10.1172/JCI32453
https://doi.org/10.1172/JCI32453
https://doi.org/10.37212/jcnos.1147935
https://doi.org/10.37212/jcnos.715227
https://doi.org/10.37212/jcnos.809635
https://doi.org/10.21769/BioProtoc.3128
https://doi.org/10.21769/BioProtoc.3128
https://doi.org/10.3390/cancers11040561
https://doi.org/10.3390/cancers11040561
https://doi.org/10.1007/s12011-020-02303-8
https://doi.org/10.1007/s00424-011-1071-x
https://doi.org/10.1016/j.neuroscience.2014.09.078
https://doi.org/10.3748/wjg.v25.i38.5732
https://doi.org/10.3390/antiox10050743
https://doi.org/10.1007/s11010-017-3147-1
https://doi.org/10.1124/jpet.107.134809
https://doi.org/10.1111/j.1471-4159.2006.03907
https://doi.org/10.1111/j.1471-4159.2006.03907
https://doi.org/10.1016/j.clinbiochem.2021.03.008
https://doi.org/10.1016/j.clinbiochem.2021.03.008

	Transient receptor potential channel stimulation induced oxidative stress and apoptosis in the colon of mice with colitis-associated colon cancer: modulator role of Sambucus ebulus L.
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Preparation of SEB extract
	Animals
	Study groups
	Assays of apoptosis level, CASP3 and CASP9 activities
	Cytosolic ROS (cyROS) level detections
	Measuring the potential of the mitochondrial membrane (miPOT)
	Analyses for the levels of lipid peroxidation (LPO), reduced glutathione (GSH), and glutathione peroxidase (GSHPx)
	Immunoblotting in colon samples for TRP channels and CASP3
	Statistical analyses

	Results
	The treatment of SEB reduced the AOMDSS-induced upregulation of TRP channels and CASP3 expressions
	The injection of SEB reduced the levels of stimulation-induced apoptosis caused by TRPA1, TRPM2, and TRPV1
	The TRPA1, TRPM2, and TRPV1 stimulation-induced CASP3 and CASP9 activations were decreased in the colon of mice with colon cancer by the administration of SEB
	The treatment of TRP agonists stimulated AOMDSS-induced increase of miPOT and cyROS: modulator role of SEB
	Treatment with SEB decreased the AOMDSS-induced rise in LPO by increasing GSH levels and GSHPx activity

	Discussion
	Conclusion
	Acknowledgements 
	References




