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AIM AND SCOPES 
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online journal that publishes original research articles, 
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drugs or disease. 
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Abstract 
Prevalence of glioblastomas is high within the adult 

brain tumors and the proliferation of the glioblastomas 
was induced by excessive Ca2+ influx. Ca2+ permeable 
TRPV1 channel is gated by capsaicin and reactive oxygen 
species (ROS), although its activity was decreased in 
neurons by AMG and antioxidants. Clostridium 
botulinum neurotoxin A (BotxA) acted antioxidant 
action in several cells and its treatment modulated TRPV1 
in neurons. Hence, treatment of BotxA may modulate 
glioblastoma cell proliferation and death via inhibition of 
TRPV1 in the DBTRG glioblastoma in vitro cell line 
model. 

 
 
 
 
 
 
 

The DBTRG cells were divided into three groups as 
control, BotxA (5 IU for 24 hours) and BotxA+TRPV1 
channel blocker (AMG and 1 µM for 30 min).  

Intracellular Ca2+ response to TRPV1 activation was 
increased in the cells from capsaicin, although it was 
reduced by the BotxA and AMG. BotxA treatment 
decreased cell proliferation, although its treatment 
increased cell death (propidium iodide/Hoechst rate). In 
addition, BotxA decreased mitochondrial membrane 
depolarization levels, cytosolic and mitochondrial ROS 
generation in the cells. Their levels were further 
decreased in the BotxA+AMG group by the AMG 
treatment.  

The antiproliferative and neurotoxic effects of 
BotxA were shown to be exerted via modulation of 
oxidative stress and TRPV1 activation. BotxA could be 
used as an effective agent in the treatment of glioblastoma 
proliferation.  

Keywords: Glioblastoma; Mitochondria; Oxidative 
stress; Proliferation; TRPV1 channel. 

Introduction 
Most aggressive type of adult primary brain tumor is 

glioblastomas (Hanif et al. 2017). Despite significant 
advances in the understanding of the molecular and 
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cellular basis of tumor origin and progression, survival 
rate of glioblastomas is 14-15 months after diagnosis 
(Kanu et al. 2009). The incidence of glioblastomas is 
higher in men as compared to women. There is limited 
information on the etiology of glioblastomas. Most 
common factors in the etiology of glioblastomas are 
environmental factors such as radiation and 
environmental toxins and oxidative stress (Krylova et al. 
2019; Xiao et al. 2019).    

Several physiological and pathophysiological 
functions in normal and cancer cells are arranged by the 
calcium ion (Ca2+) signaling. Tumor cell proliferation, 
including glioblastoma cell proliferation is controlled by 
the cytosolic basal neuronal Ca2+ changes (Amantini et al. 
2007; Nazıroğlu 2007; Deveci et al. 2019). On the other 
hand, during apoptosis and death, brain and glioblastoma 
cells enhance intracellular Ca2+ influx (Kanu et al. 2009; 
Kumar et al 2014) and activate a pathway of factors such 
as reactive oxygen species (ROS) generation and 
inflammation that when produced in excess can lead to 
tumor cell death (Morrone et al. 2016; Ataizi et al. 2019). 
Enhance of ROS generation results in cancer cell 
proliferation via additional activation Ca2+ channels such 
as voltage gated calcium channel (VGCC) and NMDA 
receptors (da Silva et al. 2015). Hence, blockade of the 
Ca2+ channels decreases proliferation of tumor cells via 
inhibition of ROS. A member of Ca2+ channels is the 
transient receptor potential (TRP) superfamily with 28 
members and 6 subgroups in mammalian (Clapham 2003; 
Sakaguchi and Mori 2020). A member of the TRP 
superfamily is TRP vanilloid 1 (TRPV1) calcium 
permeable cation channel and it is activated by low pH, 
noxious high temperature, and the endogenous vanilloid 
or exogenous capsaicin (CPS) (Caterina et al. 1997; 
Clapham 2003; Nazıroğlu 2012; Sakaguchi and Mori 
2020). In addition to the activators, TRPV1 in tumor cells 
such as glioblastoma and neuroblastoma cells is activated 
by excessive ROS generation (Amantini et al. 2007; Stock 
et al. 2012; Nabissi et al. 2016). A correlation between 
TRPV1 channel expression and patients with 
glioblastoma multiforme was also reported (Alptekin et 
al. 2015). Involvement of TRPV1 activation on the tumor 
cell proliferation and ROS production in several cancer 
types was recently reported (Qian et al. 2016; Liu et al. 
2016). In addition, antioxidant treatments via inhibition of 
the TRPV1 in the cancer cells decreased oxidative stress 
(Qian et al. 2016; Liu et al. 2016).  

The Clostridium botulinum neurotoxin has seven 
serotypes (A-G) and it is produced by the bacterium 
Clostridium botulinum. A protease content of Clostridium 
botulinum neurotoxin A (BotxA) blocks the release of 
acetylcholine at the neuromuscular junction. Hence, the 
BotxA is extensively being used as a therapeutic agent 
against pain, epilepsy, ophthalmological and 
neuromuscular disorders (Oh and Chung 2015). In 
addition, accumulating evidence suggests that natural 
toxins, including BotxA via inhibition of VGCC and 
glutamate receptors acted therapeutic action in cancer 
therapy (Yonei et al. 1995; Zhang et al. 1996; Shu et al. 
2008; da Silva et al. 2015). Recent data indicated 
anticancer actions of BotxA against cancer cell 
proliferation in human prostate cancer (Karsenty et al. 
2009), breast cancer (Bandala et al. 2013) and human 
neuroblastoma cells (Rust et al. 2016). However, the 
anticancer action of BotxA via inhibition of TRPV1 has 
not been clarified yet.  

There is no report the modulator action of BotxA 
against the cancer cell proliferation and death via 
modulation of TRPV1 channel in the DBTRG 
glioblastoma cell line. In the present study I have 
investigated whether BotxA exerts neuroprotection 
against in vitro proliferation, Ca2+ influx, oxidative stress. 
Moreover, I have correlated the possible anticancer 
actions of the BotxA with their ability to modulate 
TRPV1 channel.  

 
Materials and methods 
Cell culture  

The DBTRG cell line was bought from Şap Institute 
(Ankara, Turkey). A 90% Dulbecco’s modified Eagle’s 
medium (DMEM, Invitrogen, Istanbul, Turkey) and 10% 
fetal bovine serum (FBS, Gibco, Istanbul, Turkey) 
mixture was used for growing the cells. The cells were 
kept in a humidified atmosphere in 5% CO2 at 37°C (NB-
203QS, N-BIOTEK, Istanbul, Turkey). After counting the 
cell in an automatic cell counter (Casy Modell TT, Roche, 
Germany), they were seeded in T-25 flask (surface 
area 25 cm2 and capacity 50 ml with filter cap) at a 
density of 1x106 cells per flask.  

 
Groups 

The DBTRG cells were mainly divided into three 
groups as follows;  
Control group: The cells were kept in under the same cell 
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culture medium and conditions for 24 hours without a 
TRPV1 channel blocker (AMG) and BotxA treatments.  

BotxA group: The cells in the group were pre-incubated 
with BotxA (5 IU) for 24 hours as described in a 
previous study (Yowler et al. 2002).  

BotxA+AMG group: The cells in the group were pre-
incubated with BotxA (5 IU) for 24 hours and then 
they were further incubated with 1 µM AMG 9810 for 
30 min (Mandadi et al. 2011).  

The CPS was purchased from Sigma-Aldrich Inc. 
(Istanbul, Turkey), although AMG 9810 [(E)-3-(4-t-
butylphenyl)-N-(2,3-dihydrobenzo[b][1,4 dioxin-6-yl) 
acrylamide] was purchased from Tocris Bioscience 
 (Istanbul, Turkey). Stock solutions of CPS and AMG 
were prepared in DMSO (1%) before dilation in 
extracellular buffer with Ca2+ (1.2 mM). BotxA 
(Onabotulinum toxin A, BOTOX, Allergan Inc., Istanbul, 
Turkey) was diluted in 1 ml sterile serum physiologic 
solution. 

 
Assay of cell viability  

After removing medium by centrifugation (1500 g 
for 5 min), the DBTRG cells were diluted in the Casy 
tone solution as described in previous studies (Ataizi et al. 
2019; Ertilav 2019). The cell viability was monitored 
through electrical current exclusion by a cell counter 
(Casy Modell TT, Roche, Germany). The cell viability 
level was expressed as %.  

 
Bride filed and death (PI)/live (Hoechst) analyses in 
the laser scan confocal (LSC) microscope 

As described in a previous study (Özkaya and 
Nazıroğlu 2020), death/live cell in the LSC microscope 
(LSM800, Zeiss, Ankara, Turkey) were determined by 
using Hoechst 33342 and propidium iodide (PI) staining, 
respectively. Briefly, the neuronal cells (1x106) were 
seeded into the glass bottom dishes (Mattek Corporation 
Inc., Ashland, MA, USA) and then they were incubated 
with PI (5 μg/ml) and Hoechst 33342 (1 μM) (Cell 
Signaling Technology) at 37 °C for 30 min. The viable 
and dead cells are distinguished by their fluorescent color 
under the LSC microscope. Images of bride field 
(black/white), blue and red cells were captured under the 
identical capture settings using the LSC microscope. 
ImageJ/Imaris software was used for analysis of cells 
stained with PI and Hoechst. The samples were analyzed 
by the LSC microscopy fitted with a 20× objective. 

Death/live cell rate was expressed as %.  
 

Measurement of intracellular Ca2+ fluorescence 
intensity through TRPV1 potentiation in the DBTRG 
cells by using LSC microscope 

I investigated BotxA-induced TRPV1 potentiation 
in the DBTRG cells by using an LSC microscope 
(LSM800) analyses as described in previous studies 
(Deveci et al. 2019; Ertilav 2019). The cells were seeded 
on 35 mm glass bottom dishes (Mattek Corporation) 
before the analyses. Intracellular changes in the Ca2+ 
fluorescence intensity in the DBTRG cells were 
monitored by using 1 µM fluorescent dye (Fluo-8, 
Calbiochem, Darmstadt, Germany). The Fluo-8 is a single 
wavelength excitation and emission dye that excited by a 
488 nm argon laser from the confocal microscope (LSM 
800). The cells were treated with AMG (1 µM) to inhibit 
Ca2+ entry before stimulation of TRPV1 via CPS (1 µM). 
The neurons were analyzed at 515 nm by the LSC 
microscopy fitted with a 40x oil objective by using ZEN 
program. The results of Fluo-8 were expressed as the 
mean fluorescence intensity as arbitrary units per cell.  

 
Measurement of mitochondrial membrane potential 
(ΔΨm) formation  

5,5′,6,6′-Tetrachloro-1,1′,3,3′-tetraethylbenzimida-
zolylcarbocyanine iodide (JC-1, Molecular Probes, 
Eugene, OR, USA) accumulates in mitochondria 
according to ΔΨm level (Keil et al. 2011). Details of the 
ΔΨm formation analyses were given in previous studies 
(Joshi and Bakowska 2011; Ertilav 2019). Briefly, the 
cells (1x106) were incubated with 5 µM JC-1 at 37 °C for 
30 min. Fluorescence intensity of each cells was 
monitored in the LSC microscope equipped with 40× oil 
objectives. Images were acquired with ZEN program and 
analyzed using Image J/Imaris software. The data are 
presented as arbitrary unit. 

 
Measurement of cytosolic ROS formation in the 
DBTRG cells  

2ʹ,7ʹ-Dichlorofluorescin Diacetate (DCFH-DA) and 
dihydrorhodamine 123 (DHR123) are two oxidation-
sensitive stains. They are two non-fluorescent 
compounds, but they are converted to fluorescent forms in 
the cytosol of cell, when it was taken up into cells (Keil et 
al. 2011). ROS formation was monitored using the LSC 
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microscope (LSM800) described previously (Ataizi et al. 
2019). Briefly, the cells (1x106) were incubated with 10 
µM DCFH-DA and DHR123 for 30 min at 37 °C in dark. 
The fluorescence increase, which is due to the hydrolysis 
of DCFH-DA to DCF, and hydrolysis of DHR123 to 
Rh123 by nonspecific cellular esterase and its subsequent 
oxidation by peroxides, was excited with an Argon laser 
at 488 nm. DHR123 and DCFH-DA were excited with a 
diode laser at 488 nm. Excitation and emission detection 
wavelengths of DHR123 were 507 nm and 529 nm, 
respectively. Excitation and emission detection 
wavelengths of DHR123 were 504 nm and 525 nm, 
respectively. Fluorescence intensity of each cells was 
monitored in the ZEN program of LSC microscope 
equipped with 20× oil objectives. The both data are 
presented as arbitrary unit. 

 
Imaging ROS generation in the mitochondria by using 
LSC microscope analyses 

Mitochondrial ROS (MitoROS) generation in the 
laser confocal microspore analyses (LSM 800) was 
assayed by using MitoTracker Red CM-H2Xros (Life 
Technologies) florescent dye. In the assay, we followed 
manufacturer’s instructions. After applicated to indicated 
treatments, the cells were incubated in extracellular buffer 
with Ca2+ (1.2 mM) containing 100 nM MitoTracker Red 
CM-H2Xros for 30 min for 30 min at 37 °C in dark 
(Özkaya and Nazıroğlu 2020). The cells were washed and 
maintained in 1xPBS before imaging the cells. 
MitoTracker Red CM-H2Xros was excited (Excitation: 
576 nm and Emission: 598 nm) with a diode laser at 561 
nm. ZEN program was used for analyzing the 
fluorescence intensity results of each cell. The results of 
MitoROS were expressed as arbitrary unit.  

 
Statistical analyses 

All data were indicated as means ± standard 
deviation (SD). To assess the differences between 
treatment groups for each treatment, we used the one-way 
ANOVA. I used a post hoc test only when an ANOVA 
gave a statistically significant difference. I performed a 
Kruskal-Wallis in all data. The p ≤ 0.05 value was 
accepted statistically significant. 
 
Results 

I tested effects of BotxA on the proliferation of 
DBTRG cells by using Casy Tone Cell counter. The 

images of bride field (black/white) and mean results of 
cell number are shown in the Figure 1a and b, 
respectively. The cell number was lower in the BotxA 
group than in the Ctr group (p ≤ 0.05).  
 

 

 

 
 
Figure 1. BotxA decreased DBTG cell number. (Mean±SD and 
n=3). a) Representative confocal image showing bride field 
(BF) in the four groups of the DBTRG cells. The scale bar is 50 
μm. The neurons were analyzed in a laser confocal microscope 
fitted with a 10x objective. b) Summary of the mean cell number 
under control and treatment conditions. The cell values of the 
four groups were measured in an automatic cell counter by 
using the Casytone counting solution. (*p ≤ 0.05 vs. Ctr). 
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Figure 2. BotxA increased the DBTRG cell death. (mean ± 
SD).  a. Each panel consists of PI (red) and Hoechst (blue)-
staining, and bride field (black-white) images are showing 
dead and live cells in the control (a) and BotxA (b) groups, 
respectively. The scale bar is 50 μm. c. Summary of the mean 
percentage of PI and Hoechst-positive cells under the 
indicated conditions from 6 independent experiments, with 
each experiment examining 20-25 cells for each condition. 
(*p≤ 0.05 versus control (Ctr) group). 
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BotxA increased death cell rate in the DBTRG cells 
After observing decrease of the glioblastoma cell 

line with the treatment, I suspected decrease of life cell 
rate in the DBTRG cells. Hence, BF and PI (red)/Hoechst 
(blue) cell images of the control and BotxA groups were 
shown in Figure 2a and b, respectively. The death cell 
rate was markedly higher in the BotxA group than in the 
Ctr group (Figure 2c) (p ≤ 0.05).  
 
CPS-induced increase of cytosolic free Ca2+ 
concentration ([Ca2+]c) fluorescence intensity was 
decreased by BotxA and AMG treatments 

The increases of cancer cell proliferation were 
induced by the overload Ca2+ influx via CPS and 
activation of several Ca2+ channels, including activation 
of TRPV1 (Liu et al. 2016; Nabissi et al. 2016; Qian et al. 
2016). In the current study, I investigated involvement of 
BotxA via inhibition of TRPV1 channel response to CPS 
stimulation. The effect of BotxA on [Ca2+]c was measured 
by detection of [Ca2+]c using the TRPV1 channel activator 
(CPS) and blocker (AMG). In the Fluo-8 results of the 
LSC microscope image analyses (Figure 3a) and mean 
column results (Figure 3b), the fluorescence intensity of 
[Ca2+]c was increased in the Ctr group by CPS stimulation 
(activation of TRPV1) (p ≤  0.05) and its concentration 
was higher in the Ctr+CPS group than in the Ctr group. 
However, the CPS-induced increase of [Ca2+]c 
fluorescence intensity was decreased in the 
Ctr+AMG+CPS group by the AMG treatment and its 
concentration were significantly (p ≤ 0.05) lower in the 
Ctr+AMG+CPS group groups as compared to Ctr+CPS 
group. In the BotxA groups, there was no action of CPS 
and AMG on the fluorescence intensity of [Ca2+]c in the 
DBTRG cells.  
 

 

 
 
Figure 3. BotxA treatment reduced [Ca2+]c fluorescence 
intensity via modulation of TRPV1 channel in the DBTRG 
cells. (Mean±SD and n=6). In the both Ctr and BotxA groups, 
all cells were stained with 1 µM Fluo-3 calcium ion dye for 30 
min. Then they were stimulated by CPS (1 µM), although they 
were inhibited by AMG (1 µM). a. The images were taken with 
the LSC microscope fitted with 10x objective from the both 
groups. (*p ≤ 0.05 vs. Ctr group.  **p ≤ 0.05 vs. Ctr+CPS 
group). 
 
BotxA and AMG treatments modulated mitochondrial 
membrane depolarization (JC-1), cytosolic ROS 
(DHR123) generation changes in the DBTRG cells 

The electron transport system of mitochondria 
induces loss of mitochondrial membrane depolarization in 
the mitochondria resulting in excessive ROS generation 
(Joshi and Bakowska 2011). For this reason, 
mitochondrial membrane depolarization is an important 
parameter of mitochondrial function and it was used as an 
indicator of ROS generation in DBTRG neurons. 
Mitochondrial membrane depolarization and cytosolic 
ROS generation was assayed by using JC-1 (Figure 4a 
and b) and DHR123 (Figure 4a and c), respectively. The 
JC-1 level and DHR123 generation in the cells were 
higher in the Ctr group than in the BotxA groups (p ≤ 
0.05). However, the JC-1 level and DHR123 generation 
were further decreased in the BotxA+AMG group as 
compared to BotxA group (p ≤ 0.05).  
 
 
 
 
 

a 
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Figure 4. Effect of BotxA and AMG on the mitochondrial membrane depolarization (JC-1) and cytosolic 
(DHR123) ROS generation levels in the DBTRG cells. Mean ± SD of fluorescence in 15 mm2 of the cells as 
arbitrary unit (a.u.) is presented; n = 20 independent experiments. The DBTRG cells were incubated by 
BotxA (5 IU for 24 hours) and BotxA+TRPV1 channel blocker (AMG and 1 µM for 30 min). The samples 
were analyzed by the LSC microscope fitted with a 20 objective. The scale bar was 5 µm. Representative 
images (a) and column of fluorescence intensities of the JC-1 (b) and DHR123 (c) in the cells are shown in 
the Figure 4. (*p ≤ 0.05 vs. control (Ctr) group. **p ≤ 0.05 vs BotxA group). 
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Figure 5. Effect of BotxA and AMG on the cytosolic (DCFH-DA) and mitochondrial (MitoROS) ROS 
generations in the DBTRG cells. Mean ± SD of fluorescence in 15 mm2 of the cells as arbitrary unit 
(a.u.) is presented; n = 20 independent experiments. The DBTRG cells were incubated by BotxA (100 mM 
for 24 hours) and BotxA+TRPV1 channel blocker (AMG and 1 µM for 10 min). The samples were 
analyzed by the LSC microscope fitted with a 20 objective. The scale bar was 5 µm. Representative 
images (a) and column of fluorescence intensities of the DCFH-DA (b) and MitoROS (c) in the cells are 
shown in the Figure 5. (*p ≤ 0.05 vs. control (Ctr) group. **p ≤ 0.05 vs BotxA group). 
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BotxA and AMG diminished increase of fluorescence 
intensities cytosolic (DCFH-DA) and mitochondrial 
(MitoROS) ROS generation in the DBTRG cells  

In addition to the analyses of mitochondrial 
membrane depolarization (JC-1) in the DBTRG cells, I 
want to further confirm the changes in the mitochondria 
of the DBTRG cells by using LSC microscope analyses. 
Compared with control, BotxA treatment diminished the 
fluorescence intensity of MitoROS (Fig. 5a and b) and 
DCFH-DA (Figs. 5a and c) (p ≤ 0.05). Importantly, I 
found BotxA+AMG further reduced the fluorescence 
intensities of the MitoROS and DCFH-DA in the cells (p 
≤ 0.05). The present cytosolic and mitochondrial ROS 
data further suggested that cytosolic and mitochondrial 
ROS generation, which could be diminished by BotxA 
treatment through inhibition of TRPV1 channel. 
 
Discussion 

There are currently no effective protective agents 
against glioblastoma cell proliferation. Recently, BotxA 
as VGCC blocker and the glutamate receptor inhibitor 
toxin has attracted attention as a potential therapeutic 
anticancer agent based on its potential antioxidant or anti-
proliferative actions (Tsutsuki et al. 2007; Yao et al. 
2016). There are structural and functional interactions 
between BotxA and TRPV1 in the dorsal root ganglion 
(DRG) neurons (Li and Coffield 2016). In the current 
study, I observed that BotxA treatment ameliorated 
glioblastoma cell proliferation, death and ROS generation 
via modulating the intracellular Ca2+ hemostasis in the 
DBTRG cells. Based on our results, I proposed the 
beneficial effects of BotxA against glioblastoma cell 
proliferation via inhibition of TRPV1 channel (Figure 6).  

Several pathophysiological functions such as 
apoptosis and cell proliferation in cancer cells are induced 
by Ca2+ homeostasis (Morrone et al. 2016). TRPV1 
within TRP superfamily members was mostly expressed 
in neurons, such as DRG and hippocampus, because it has 
a main role in the Ca2+ homeostasis of the neurons 
(Clapham 2003). Function and presence of TRPV1 in the 
DBTRG cell line were recently reported (Nazıroğlu et al. 
2019). Cancer cell proliferations in colorectal (Hou et al. 
2019) and breast (So et al. 2020) cancers were induced by 
activation of TRPV1 channels, although the cancer cell 
proliferations were diminished by TRPV1 channel 
blocker. In the current study, I observed the modulator 
role of DBTRG glioblastoma cell proliferation and death 

via activation of TRPV1 channel. Similar to the current 
results, the protective role of TRPV1 inhibition in the 
glioblastoma proliferation was also reported (Amantini et 
al. 2007). C3 toxin is an exoenzyme secreted by the 
bacterium Clostridium botulinum and it was selectively 
block cancer cell proliferation via its antioxidant property 
(Sillar et al. 2019). The positive role of TRPV1 in the 
survival of patients with glioma was also reported 
(Alptekin et al. 2015; Nabissi et al. 2016).  

In addition to the CPS, ROS also induce activation 
of the TRPV1 channel via promoting ROS, although 
TRPV1 inhibition by antioxidant agents induced 
protective actions against cytosolic and mitochondrial 
ROS generation (Sakaguchi and Mori 2020). Consistent 
with the reports, I observed decrease of Ca2+ influx and 
excessive ROS production through the modulation of 
TRPV1 activation in the DBTRG cells by the BotxA 
treatment. Similarly, the protective role of BotxA in the 
acute myeloid leukemia was recently reported (Sillar et al. 
2019). Melanoma cancer cell proliferation and oxidative 
toxicity were reduced by the treatment of C3 Botulinum 
Toxin Substrate 2 (Hu et al. 2019). Pretreatment with 
BTX-A inhibited CAPS-induced increases in expression 
of ROS in a dose-dependent manner in the brainstem and 
lung tissue of rats (Chien et al. 2012). 

 
 
Figure 6. Possible protective pathways of BotxA on the tumor 
cell proliferation and TRPV1 activity in the DBTRG cells. 
Excessive Ca2+ influx via TRPV1 activation induces 
glioblastoma cell proliferation, mitochondria (MitoROS) and 
cytosolic ROS generation. TRPV1 channel is activated in the 
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cells by capsaicin (CPS), although it is inhibited by AMG and 
BotxA. Hence, glioblastoma cell proliferation, MitoROS and 
ROS were modulated via inhibition of TRPV1 by BotxA and 
AMG.    
 

In summary, the present study provides the first 
evidence that BotxA treatment of the DBTRG cells can 
modulate the glioblastoma cancer cell proliferation, death, 
cytosolic and mitochondria ROS generation in the 
DBTRG glioblastoma cells by modulating TRPV1 
activation (Figure 6). These effects resulted from an 
increase in the restoration of mitochondrial function via 
modulation of TRPV1-induced calcium signaling. The 
current findings suggest a new property of BotxA 
treatment via modulation of TRPV1 activation in the 
DBTRG cells. 
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	After removing medium by centrifugation (1500 g for 5 min), the DBTRG cells were diluted in the Casy tone solution as described in previous studies (Ataizi et al. 2019; Ertilav 2019). The cell viability was monitored through electrical current exclusi...

