Ce”ular Phy5|ology Cell Physiol Biochem 2024;58:49-62

DOI: 10.33594/000000682 © 2024 The Author(s)

i i Published online: 31 January 2024 Published by Cell Physiol Bioch
and Biochemistry P o o Sty
Accepted: 9 January 2024 www.cellphysiolbiochem.com

This article is licensed under the Creative Commons Attribution 4.0 International License (CC BY). This means
that any user shall be free to copy and redistribute the material in any medium or format, also for commercial
purposes, provided proper credit is given to the Authors as well as the original publisher.

Original Paper

[6]-Shogaol Induces Apoptosis of Murine
Bladder Cancer Cells

Diana Gabriela Nina Nina® Thaiane Alcarde Robeldo® James Almada da Silvac
Vitéria Shiévila dos Santos Goncalves© Ricardo Carneiro Borra®
Fernanda de Freitas Anibal?

Laboratory of Inflammation and Infectious Diseases, Department of Morphology and Pathology,
Federal University of Sdo Carlos (UFSCar), CEP 13565-905 S&o Carlos-SP, Brazil, *Laboratory of Applied
Immunology, Department of Genetics and Evolution, Federal University of Sdo Carlos (UFSCar), CEP
13565-905 Sao Carlos-SP, Brazil, <Laboratory of Bioactive Natural Products, Department of Pharmacy,
Federal University of Sergipe (UFS), CEP 49400-000, Av. Gov. Marcelo Deda, 330-Séo José, Lagarto-SE,
Brazil.

Key Words
Bladder cancer, « Cytotoxic, « MB49, « Phytotherapic, * Pro-apoptotic, « [6]-Shogaol..

Abstract

Background/Aims: Bladder cancer is considered one of the most aggressive neoplasms due
to its recurrence and progression profile, and even with the improvement in diagnosis and
treatment methods, the mortality rate has not shown a declining trend in recent decades.
From this perspective, the search and development of more effective and safer therapeutic
alternatives are necessary. Phytochemicals are excellent sources of active principles with
therapeutic potential. [6]-Shogaol is a phenolic compound extracted from the ginger rhizomes
that has shown antitumor effects in a wide variety of cancer models. However, there is no record
in the literature of studies reporting these effects in models of bladder cancer. Thus, this study
aimed to investigate the in vitro cytotoxic and pro-apoptotic potential of [6]-Shogaol against
murine bladder cancer urothelial cells (MB49). Methods: The cytotoxic effects of [6]-Shogaol
on cell viability (MTT method), cell morphology (light microscopy), alteration of proliferative
processes (clonogenic assay), oxidative stress pathway (levels of reactive oxygen species) and
theinduction of apoptotic events (flow cytometry and high-resolution epifluorescence imaging)
were evaluated in murine urothelial bladder cancer cell lines (MB49), relative to non-tumor
murine fibroblasts (L929). Results: The results showed that [6]-Shogaol was able to induce
concentration-dependent cytotoxic effects, which compromised cell viability, exhibiting an
inhibitory concentration of 50% of cells (IC50) of 146.8 uM for MB49 tumor cells and 236.0 uM
for L929 non-tumor fibroblasts. In addition to inhibiting and altering the proliferative processes
if colony formation, it presented pro-apoptotic activity identified through a quantitative
analysis and the observation of apoptotic phenotypes, events apparently mediated by the
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induction of nuclear fragmentation. Conclusion: The data presented suggest that [6]-Shogaol
has a higher concentration-dependent cytotoxic and apoptosis-inducing potential in MB49
cells than in L929 fibroblasts. These results may contribute to the development of therapeutic

alternatives for bladder cancer. © 2024 The Author(s). Published by
Cell Physiol Biochem Press GmbH&Co. KG

Introduction

Cancer is one of the main causes of morbidity and mortality worldwide [1, 2]. According
to the latest data presented by the World Health Organization (WHO) on its interactive
platform Global Cancer Observatory (GLOBOCAN) [1, 3], it was estimated for the year 2020
the occurrence of 573, 278 new cases of bladder cancer and approximately 212, 536 new
deaths, cataloging it as the tenth most frequently diagnosed type of cancer in the world
and as the thirteenth deadliest [1, 2, 4]. Bladder cancer is characterized by affecting mostly
adults over the age of 55 years, however, this age group has gradually decreased over the
years, due to the wide variety of factors involved that help the development of this neoplasm,
which include the factors environmental and genetic [5]. Another peculiarity of this disease
is that it preferentially affects men over women (4:1) [5]. However, the prognosis for women
is more unfavorable, due to late detection, in more advanced stages due to a masking of signs
and symptoms [5-7].

Bladder cancer significantly affects the life quality of patients and most therapeutic
options that make up the current treatment regimens significantly compromise health, since
there is a high rate of treatment failure due to low specificity and the side effects caused [8].

Despite progress in both diagnosis and treatment regimens, their availability, cost,
and effectiveness are a limitation. Therefore, the search for new therapeutic alternatives
is extremely important. Natural products are an excellent source of therapeutic bioactive
compounds and have been used to treat a wide variety of diseases. The Ginger (Zingiber
officinale Roscoe), belonging to the Zingiberaceae family, is a spice used worldwide for the
preparation of food and beverages. However, it is also known for different studies that report
its various therapeutic properties, which include antioxidant [9-11], anti-inflammatory [9,
11], antimicrobial [10], neuroprotective [12], antidiabetic [13], anti-nausea [14], antiemetic
[14], antiangiogenic and anticancer [15]. Ginger is abundant in bioactive compounds, such as
gingerols, paradols, shogaols, zingerone, quercetin and others [15]. One of its most promising
compounds found in processed ginger is [6]-Shogaol (6S), which has already demonstrated
its competence as an phytoterapic for several models of cancer in vitro and in vivo, not only
acting directly in the elimination of neoplastic tissues, but also in its sensitization and/or
modulation, making it a good hit for study within phytoterapics [16-19].

Currently, the existence of studies reporting the use of [6]-Shogaol as a treatment for
bladder cancer, and the effects it exerts on cell cultures, cell models or living systems that
simulate bladder cancer is not known in the literature. Thus, the present study aimed to
evaluate the cytotoxic potential in murine bladder cancer cells (MB49).

Materials and Methods

Reagents

[6]-Shogaol was extracted with absolute ethanol, using Soxhlet apparatus, and isolated by classical
chromatographic techniques and HPLC as described in Supplementary Material [20, 21]. It has a purity
greater than 97% which was determined by HPLC-DAD. The compound was isolated and purified as
described previously by Silva et al [21].. The purified compound was dissolved in dimethyl sulfoxide (DMSO)
to a final concentration of 100 mM and stored in -20 °C until further use. The final concentrations of DMSO
(Sigma-Aldrich, USA) in the culture medium did not exceed 1%. We used the following reagents to perform
the different proposed tests: Dulbecco’s Modified Eagle Medium (DMEM, Gibco, Life Technologies, EUA),
fetal bovine serum (FBS, Cultilab), penicillin and streptomycin (Vitrocell Embriolife, Campinas, Brazil), 3-(4,
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5-Dimethylthiazol-2-yl)-2, 5-dipheyltetrazolium bromide (MTT) (Thermo Fisher Scientific), acridine orange
(Sigma-Aldrich, USA), propidium iodide (Sigma-Aldrich, USA), paraformaldehyde (Sigma-Aldrich, USA),
camptothecin (Sigma-Aldrich, USA), 4°,6’-Diamidine -2’-phenylindole dihydrochloride (DAPI) (Thermo
Fisher Scientific), 2’,7"-Dichlorodihydrofluorescein diacetate (H,DCFDA) (Sigma-Aldrich, USA), hydrogen
peroxide (H,0,).

Cell culture

Murine transitional carcinoma cell line (MB49 - NCI Thesaurus Code: C25823), donated by Dr. Yi Lou
(University of lowa), and mouse fibroblast cell line (L929, ATCC # CCL-1 CCL-1) were cultured in Dulbecco’s
Modified Eagle Medium supplemented with 10% fetal bovine serum, and 1% of penicillin and streptomycin
(complete DMEM) in an incubator, at 37°C with a humid atmosphere and 5% CO,.

Cytotoxicity and Cell morphology

The effects of [6]-Shogaol on the cytotoxicity of MB49 and L929 cells were determined by colorimetric
assay using MTT [22]. The cells were seeded in complete medium (1 x 10* cells/well) in 96 well-plate culture
(Corning Incorporated, NY, USA) and incubated for the period of adherence (24 hours). Afterwards the cells
were exposed to serial dilution of [6]-Shogaol (1000 - 3.9 pM) for 24 hours. Four hours of metabolic activity
were measured using the reagent MTT (0.5 mg/mL). The absorbance was measured by spectrophotometry
ata wavelength of 570 nm using the Multiskan FC Microplate Photometer (Thermo Fisher Scientific). Images
of [6]-Shogaol treated cells were taken during the assay using a microscope (Carl Zeiss Primovert) with a
magnitude of 40x and captured with a camera (CANON Powershot A650 IS 12, 1 Megapixels Live Resolution).

Selectivity Index
Selectivity index (SI) was calculated as the radio between the IC of the [6]-Shogaol obtained from
non-tumor cells (L929) and the IC, of the [6]-shogaol obtained for tumor cells (MB49) [23].

Colony formation

MB49 Cells were seeded in 6-well plates culture (Corning Incorporated, NY, USA) at 300 cells/ well
and incubated for the period of adherence at 37°C. The cells were then treated with [6]-Shogaol (0; 15.625;
31.25 and 62.5 puM). After 24 hours of incubation, the culture media was replaced by new fresh media and
cells were incubated for 5 days [24, 25]. Adherent cells were fixed with absolute methanol for 5 minutes and
stained with a solution of crystal violet (0.1% m/v) (Sigma-Aldrich, USA) for 1 minute. The colonies (>50
cells) were counted and measured using Image] Software.

Reactive oxygen species (ROS) production

MB49 and L929 cells (1x10°cells/well) were plated in a black 96 well-plate culture (Corning
Incorporated, NY, USA), and incubated for the period of adherence. The cells were treated with 62.5 and 125
uM of [6]-Shogaol for 2 and 4 hours. After treatment, was added H,DCFDA reagent (100 uM) and incubated
for 30 minutes. The fluorescence was measure using SpectraMax i3x (Multi-Mode Microplate Fluorimeter,
Molecular Devices, CA, EUA) at a wavelength of excitation 485 nm and emission 530 nm. The emitted
fluorescence was expressed at relative fluorescence units and compared to control cells (untreated).
Hydrogen peroxide (100 pM) was used as a positive control of intracellular ROS production [26].

Detection of nuclear condensation and nuclear fragmentation events

MB49 and L929 cells (5x10° cells/well) were seeded in a black 96 well-plate culture (Corning
Incorporated, NY, USA), and maintained at 37°C and 5% Co, for the period of adherence. After incubation,
cells were treated with [6]-Shogaol (15.625; 32.25; 62.5 and 125 pM) for 12 hours. Following the cells
were washed with PBS and fixed with 4% (v/v) paraformaldehyde for 10 minutes and stained with a
solution of DAPI (0.15 pg/mL) for 10 minutes in the dark. Images were captured with automated high-
resolution epifluorescence microscopy ImageXpress Micro (Molecular Devices, CA, EUA) equipment with
a magnification of 400x. Camptothecin (100 uM) was used as a positive control for induction of nuclear
condensation and nuclear fragmentation events [27].
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Detection of apoptosis by fluorescent labeling

MB49 and L929 cells (5x10° cells/well) were seeded in a black 96 well-plate culture (Corning
Incorporated, NY, USA), and maintained at 37°C and 5% Co, for the period of adherence. After incubation,
cells were treated with [6]-Shogaol (62.5 and 125 pM) for 12 hours. Following the cells were washed with PBS
and stained with a solution of acridine orange (1 mg/ mL), and propidium iodide (1 mg/mL) for 15 minutes
in the dark and washed thoroughly. Images were captured with automated high-resolution epifluorescence
microscopy ImageXpress Micro (Molecular Devices, CA, EUA) equipment with a magnification of 400x.
Camptothecin (100 pM) was used as a positive control of apoptosis [28].

Detection of apoptosis by flow cytometry

The pro-apoptotic activity of [6]-Shogaol was analyzed by flow cytometry with the PE-Annexin-V
Apoptosis Detection Kit (BD Bioscience). MB49 and 1929 cells (1x10° cells/ well) were seeded in 24 well
plates culture (Corning Incorporated, NY, USA) and incubated for the period of adherence. The medium was
removed, and the cells incubated with [6]-Shogaol (62.5 and 125 uM) for 12 hours. Cells were harvested
with scraper, washed with cold PBS, and resuspended in binding buffer (200 pL). Cells were incubated with
PE-Annexin-V (1 pL) and 7-aminoactinomycin D (7AAD) (1pL) for 15 minutes at room temperature, in the
dark. Three hundred microliters of binding buffer were added to microtubes and the cells were analyzed
on a BD Accuri C6 flow cytometer (Becton, Dickinson and Company, Franklin Lakes, NJ, USA), selecting a gate
with 10, 000 events [29, 30]. Specific fluorescence was quantified using CSampler software and the analyses
of Dot Plots were performed with FCS Express software.

Statistical analyses

Statistical analysis was performed using GraphPad Prism version 7.0 software. To assess the parametric
distributionofthedata,statisticalvaluesandafrequencydistributioninhistogramswereevaluatedandanalyzed
for the Shapiro Wilk normality test. According to its classification, the parametric data were represented as
the mean # SD, however, non-parametric data were provided as the median and 95% CI. Subsequently, for the
parametric data, One-way ANOVA analysis of variance and Dunnett’s post-test were performed to determine
if the results were statistically different compared to controls, in the case of comparisons between two
groups, the 2-way ANOVA and Sidak post-test were used. For the non-parametric data, the Kruskal Wallis
test and Dunn’s post-test (Dunn’s Multinle Comnarison Test) were used. The significance level adopted for

all tests was 5%, being * P = 0.05; #+p < 0.01; ##xp << 0.001; ##+++p < 0.0001,

Results

Effect of compound [6]-Shogaol on the viability of MB49 and L929 cells

To investigate the effects of [6]-Shogaol on tumor (MB49) and non-tumor (L929) cells,
different concentrations of the compound were used and exposed to cells for 24 hours.
From the MTT assay it was possible to demonstrated that [6]-Shogaol induced cell damage
that compromises the metabolism and cell viability of both cell lines, and that this effect
was not significantly selective against tumor cells (Fig. 1A). This can be verified from the
superposition of the IC, curves for both cell lines, and the IC, concentration values (146.8
uM for MB49 cells and 236.0 uM for L929 cells) used to calculate the selectivity index (1.61)
that there is no marked and significant selectivity (Fig. 1B). These interpretations could also
be deduced from the morphological differences observed in the micrographs of both cell
lines (Fig. 1C), where it is possible to observe the morphological changes in both cell lines,
being a little more prominent in MB49 cells compared to the L929 cells.

Subsequently, the effects of different concentration of [6]-Shogaol were evaluated on
the continuous proliferation capacity of tumor cells, through the colony formation assay,
which allowed us to directly assess the cytotoxic and cytostatic effects of the compound
[31, 32]. The results showed that for concentrations 15.625; 31.25 and 62.5 uM, [6]-Shogaol
presented mechanisms as a cytotoxic and cytostatic agent, as it significantly inhibited the
number and size of colonies of MB49 cells compared to the untreated group (Fig. 2A-C).
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Fig. 1. Cytotoxic effects of [6]-Shogaol on MB49 and L929 cells. (A) Concentration-response curves and
the effects of different concentrations of [6]-Shogaol on the viability of cell lines, treated for 24 hours and
measured by the MTT colorimetric assay. The curve points were expressed as the median * 95% CI of four
independent experiments (n = 4). (B) IC, values from 24 hours of [6]-Shogaol treatment in L929 and MB49
cell lines. (C) Morphological changes and cell detachment (black arrows) caused by exposure to [6]-Shogaol.
Cells were examined at 400x amplification. Scale bar = 20 um.

The cytotoxic effects of [6]-Shogaol induce apoptosis

To elucidate the main mechanisms triggering the cytotoxic effects of [6]-Shogaol, ROS
level in the cell lines were measured after exposure periods of 2 and 4 hours. As shown in
Fig. 2D, no concentrations tested were able to cause a significant increase in intracellular
ROS content in MB49 tumor cells compared to controls groups. However, for L929 cells, there
was increase in the fluorescence emitted by the ROS present inside the cells was observed
when exposed to concentration of 62.5 uM, after 2 hours of treatment (Fig. 2E). From the
comparative analysis of the time 2 and 4 hours of exposure of [6]-Shogaol in MB49 and L929
cells (Figures 2D-E), it can be stated that the compound apparently does not stimulate an
imbalance in the REDOX system, mainly in MB49 cells, although an increase was observed
for the L929 cells with the treatment of 62.5 uM. From these results we can indicate that, for
the bladder cancer cells used in this study, oxidative stress is not a causative mechanism of
the cytotoxic effects of [6]-Shogaol.

One of the main cell death processes related to the cytotoxicity of organic compounds
is apoptosis. Among the alterations associated with the apoptotic processes are the partial
condensation of chromatin around the nuclear membrane (type I apoptotic nuclear
morphology) and the fragmentation of the nucleus into condensed chromatin masses (type
I1 apoptotic nuclear morphology), the latter being one the most representative of this
processes of cell death [27, 33]. The evaluation of induction of changes in nuclear morphology
in MB49 and L929 cells by [6]-Shogaol, with the aid of the fluorescent dye DAPI, showed us
that at concentrations above 62.5 pM, it was possible to notice the presence of fragmented
nuclei and decrease in the number of cells compared to the control groups for both cell lines
(Fig. 2F). These results suggest that damage to the nuclear structure could trigger cell death
processes, preferably by apoptosis.

However, to conform these claims, the structural integrity of both cells was visualized
with the aid of fluorophores and based on their ability to penetrate into the cells, according
to degree of integrity of the membranes [28]. After 12 hours of exposure with [6]-Shogaol, at
concentrations above 62.5 uM, phenotypes associated with cell death events were observed
in both cell lines (Fig. 3A). Cells exposed to concentration of 62.5 uM have nuclear regions
linked to the orange fluorophore of acridine accompanied by faint cytoplasmic regions that
are diffusely stained with the afore mentioned dye, characterizing an early apoptosis event
(Fig. 3A - b and f). Likewise, nuclear fragmentation events at concentration of 125 pM were
visualized by marking nuclear regions with both fluorophores, characterizing the process
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Fig. 2. Effects of [6]-Shogaol on colony formation, ROS quantification and nuclear fragmentation. (A)
Representative image of three independent experiments (n = 3) in the formation of MB49 colonies, formed
after 5 days of exposure to [6]-Shogaol. Bar scale = 5 mm. (B) Graph of the number of colonies normalized
in relation to the control. (C) Colony size graph normalized to control. Data are presented as mean #* SD (n
= 3). Statistical analysis was performed using the One-way ANOVA parametric test and Tukey’s multiple
comparison post-test. *** p < 0.001; **** p < 0.0001. (D, E) Effects of [6]-Shogaol on ROS generation in
MB49 and L929 cells, respectively, treated with the indicated concentrations of compound for 2 and 4 hours,
followed by incubation with H2DCFDA and analyzed by fluorescence. Data were considered parametric and
presented as mean + SD (n = 4). Comparative statistical analysis was performed using the 2-way ANOVA test
and the Sidak post-test. * p < 0.05; **** p < 0.0001. (F) Photomicrographs of the effects of [6]-Shogaol on
the induction of nuclear condensation and nuclear fragmentation events. L929 and MB49 cells were treated
with the indicated concentration of compound for 12 hours and images captured at 400x magnification.
Yellow arrows represent nuclear fragmentation and condensation events. Scale bar = 50 and 20 um.

of late apoptosis (Fig. 3A - c and g). However, cells with prominent structural damage were
also found, from the marking of the propidium iodide fluorophore in the nuclear region,
associated with necrosis events (Fig. 3A c and g).

To quantify the pro-apoptotic capacity of [6]-Shogaol, the flow cytometry assay was
performed with the aid of PE-annexin-V and 7AAD markers, considered the high specificity
of the Annexin-V protein to recognize apoptosis events [30, 34-36]. In Fig. 3B, it is possible
to observe from the distribution of cells in the quadrants that the predominant cytotoxic
effects of [6]-Shogaol is apoptotic cell death for both cell lines. As can be seen, concentrations
of 62.5 uM and 125 pM of [6]-Shogaol are able of cause 35.48% and 60.94% of apoptotic cell
death events in MB49 cells, respectively, and only a 1, 53% and 6% of necrotic cell death
events (Fig. 3C). In the same concentrations, for L929 cells, [6]-Shogaol only incited 19.41%
and 39.76% of apoptotic cell death events, respectively, while it induced only 3.75% and
19.95% of necrotic cell death events, (Fig. 3D). From the results, our suggest that [6]-Shogaol
predominantly induces concentration-dependent apoptotic cell death events.
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Fig. 3. Analysis of the type of cell death caused by [6]-Shogaol exposure in MB49 and L929 cells. (A)
Photomicrographs of apoptosis and necrosis events detected by acridine orange/propidium iodide staining
assay in cells treated with different concentrations of [6]-Shogaol for 12 hours. Images correspond to a
representative replica (n = 5), captured at 400x magnification. (a) control group L929 cell without treatment;
(b) L929 treated with 62.5 uM [6]-Shogaol, showing weak and diffuse fluorescence in the cytoplasm
representing early events of apoptosis; (c) L929 treated with 125 uM [6]-Shogaol, presenting orange color
in the nuclei, phenotypes associated with late apoptosis events; (d) L929 treated with 100 uM camptothecin,
late apoptosis and necrosis events are observed; (e) untreated control of M4B9 cells; (f) MB49 treated with
62.5 uM [6]-Shogaol, showing almost inexistent weak fluorescence in the cytoplasm, phenotype associated
with apoptosis and nuclear fragmentation; (g) MB49 treated with 125 uM [6]-Shogaol, showing reddish
coloration in the nuclei, associated with necrosis events; (h) MB49 treated with 100 uM of camptothecin,
showing apoptotic bodies. Scale bar = 20 pm. (B) Dot blot density diagrams showing the percentages of
apoptosis and necrosis induced by [6]-Shogaol in L929 and MB49 cells. (C, D) Bar diagram representing the
percentages of L929 and MB49 cells at different stages of apoptotic cell death and necrosis. Data represent
mean * SD (n = 3). Data were considered parametric and statistical analysis was performed using the 2-way
ANOVA test and Dunnett’s post-test. *p < 0.05; **p < 0.01; ****p < 0.0001.
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Discussion

Currently, many of the available treatment regimens for the bladder cancer are not
considered effective due to the lack of response to existing anticancer drugs, the generation
of resistance mechanisms by tumor cells and the induction of side effects in non-target
tissues, which makes it difficult to reverse the disease and on the contrary, in many cases
considerably affects their quality of life. Thus, the search for new drugs with longer shelf life,
safety, specificity, and selectivity has become a necessity. Several studies report the potential
of phytochemicals for the prevention and treatment of a wide variety of cancers, among
the beneficial characteristics associated with these products are their low toxicity, their
ability to simultaneously target several cell signaling pathways, which may compromise
the viability of cancer cells, and their alternative ways of promoting cell death, converting
them into fascinating therapeutic options for different types of cancers [37-39], there are
also promising references to the use of combined therapies, employing medicinal herbs,
natural extracts or compounds of natural origin for the purpose of to mitigate the adverse
effects of chemotherapy [38]. According to information presented by the Food and Drug
Administration (FDA) indicate that almost 40% of molecules with approved therapeutic
use are isolated from natural compounds or are inspired by them [38], and according to
Newman et al., the total number of approved anticancer drugs in the period of 1940 to 2019,
about 50% are derived from natural products [38, 40, 41]. The study of phytochemicals as
therapeutic alternatives for bladder cancer is a promising area of investigation, since many of
these compounds are specific and selective for tumor cells, and some of them have reduced
toxicity, facts reported in different studies using cell cultures and living organisms to simulate
the conditions of the neoplasm [42-44]. According to the Committee for Herbal Medicines
(HMPC) of the European Medicine Agency (EMA), dried ginger rhizome powder can be
used for the prevention of nausea and vomiting in motion sickness, side effects associated
with chemotherapy [11]. However, it is usefulness is not only limited to these properties,
due to which there are references of in vitro, in vivo, and pre-clinical studies in which
they report that this spice has anti-cancer, antioxidant, and anti-inflammatory activities,
with the compound [6]-Shogaol being one of the main bioactive principles of dried ginger
rhizome [11, 45]. Further investigation of this compound is extensive since that the ginger
is considered by the FDA as Generally Recognized as Safe (GRAS) in it is Spices and other
natural seasonings section and in the Essential oils, oleoresins, and natural extracts section
according to it is regulation [45]. Previously published studies reported that [6]-Shogaol,
a lipophilic compound isolated from rhizomes of dry ginger (Zingiber officinale), showed
cytotoxic potential and apoptosis-inducing activity for lung [46], prostate [18], colorectal
[47], larynx [48] cervicouterin [49], breast [50] and hematologic cancer cells [51].

However, no study was found in the literature reporting the cytotoxic effect of
[6]-Shogaol on cell lines or in vivo models of bladder cancer. This study is the first to evaluate
these effects in bladder cell cultures, and the results presented are important as they allow
establishing a baseline for a study with this approach, allowing the future evaluation of the
effect of modifying the different variables presented to improve the results obtained. In this
work we demonstrated in an unprecedented way, that [6]-Shogaol can reduce cell viability
of concentration and time-dependent manner, on murine bladder tumor cells MB49 (IC,,
of 146.8 uM), with a selectivity index of 1.61 in relation to non-tumor murine fibroblasts
L929 (IC,, of 236.0 uM) (Fig. 1). Considering that there are no records of previous studies
with which to compare our results, an analysis of the effects identified in our study was
performed in comparison with other studies that reported the effect of the compound in
other cancer models, to assess whether the induced cytotoxic effect, and the mechanisms
are similar or different, being important to emphasize that the variation in IC, values of the
other cited studies and those estimated in our study are different, since that the cells that
represent the different types of cancer mentioned have different functions, characteristics
and locations, therefore their gene expression profile and tumor microenvironment are
completely different, in addition to the fact that targets of [6]-Shogaol and their mechanisms
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of action are different in many cases, facts that may explain the variations in these values.
Our IC,, estimation findings are consistent with previous studies, which reported that
[6]-Shogaol induces lethal cytotoxic effects to tumor cells in different types of cancers, in
a concentration and exposure-time-dependent manner, as described by Annamalai et al.
(2016), which demonstrated that this compound exhibits IC,; of 20 uM for human laryngeal
carcinoma cells (Hep-2) and IC,, of 80 uM for non-tumor gingival fibroblasts (HGF-1) [48].
As reported by Bawadood et al. (2020), [6]-Shogaol showed considerable cytotoxic effects on
triple positive ductal carcinoma cells (T47D) and human breast adenocarcinoma cells (MCF-
7), exhibiting IC, of 0.5 and 23.3 uM, respectively, considerably low values that highlight the
compound’s potency against these breast cancer cell lines [50]. In addition, it was observed
cytotoxic effects of [6]-Shogaol on gastric cancer cells (HCG-27) of concentration-dependent
manner, presenting IC, of 32 uM [52].

In the present study, [6]-Shogaol showed cytostatic and lethal cytotoxic potential at
concentrations below 62.5 pM, since the absence of colonies in the clonogenic assay may
be due to lethal cytotoxic effects, or even to interference in the process of the cell division
(aberrant mitosis is capable of causing cell death) [50]. These findings agree with the
literature, as different studies have reported that [6]-Shogaol induces alterations in cell cycle
flow through different mechanisms [49, 50, 52].

Theelucidation ofthe mechanismsinvolved in the cytotoxic effectsinduced by [6]-Shogaol
is the paramount importance to discover possible targets and metabolic pathways altered by
the compound which compromise the viability of the cells under study. Tumor cells are for the
most part, characterized by having greater amount of intracellular ROS when compared to
normal cells [37, 53, 54], however, they also express increased levels of antioxidant proteins
to detoxify the ROS present in the intracellular medium, an event that suggests the existence
of a fragile balance of levels of ROS, a necessary event that guarantees the survival and
functioning of cancer cells [37]. An event that does not happen in non-tumor cells because
are regulated by different enzymatic and non-enzymatic antioxidant pathways, maintaining
their antioxidant homeostasis and viability [53, 55]. Thus, it is common to associate that an
increase in ROS levels in tumor cells may trigger a REDOX imbalance, which compromises
their viability, since the pre-existing higher ROS content in tumor cells makes them more
sensitive to damage caused by the ROS [53, 54]. Overall, it is reasonable to assume that
oxidative processes may mediate the release of pro-apoptotic factors from mitochondria and
thus take advantage of this oxidative cellular state of cancer cells to direct new therapeutic
strategies to alter the REDOX balance for the apoptotic pathway [37]. However, in this
study, it was not identified that [6]-Shogaol induces an increase in the level of intracellular
ROS and from this information we can suggest that the cytotoxic effects evidenced are not
mediated by this process. These results are in agreement with the dichotomous effect of this
compound described by other authors [37], with the study by Chen et al. (2014), in which
they report the antioxidant properties of [6]-Shogaol, by positively regulating the expression
of nuclear factor erythroid factor 2 (Nrf2) and its translocation to the nucleus, which in turn
regulates the transcription of different genes that participate in the synthesis of Glutathione
(GSH), such as the gene that encodes the Glutamate-Cysteine Ligase Catalytic Subunit (GCLC)
and the gene that encodes the Glutamate-Cysteine Ligase Modifying Subunit (GCLM), events
identified in human colon carcinoma cells HCT-116 [16].

Condensation and nuclear fragmentation are considered typical events of the cell death,
especially in late apoptosis [56], together with morphological changes, cell shrinkage and
the formation of apoptotic bodies in plasmatic membrane [56]. From the events of nuclear
fragmentation evidenced in the results, it is possible suggest that this effect is one of the
mechanisms involved in the cytotoxic activity that [6]-Shogaol presents, typical events of the
apoptotic cell death process, and reported in the literature as apoptotic nuclear morphology
stage I and II to chromatin condensation and nuclear fragmentation events, respectively [27,
33]. DNA breakdown by divalent cation-dependent endonucleases (Ca** and Mg*?) is one of
the distinctive mechanisms of apoptosis [57]. According to the study by Iglesias-Guimaraes
(2013), stage Il apoptotic nuclear morphology is associated with activation of DNA
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fragmentation factor (DFF40 / CAD), a caspase-3 activated endonuclease that hydrolyzes
DNA into oligonucleosomal length fragments (= 180 pb), being the catalytic activity of this
endonuclease necessary for the occurrence of nuclear fragmentation [27]. Our results agree
with other studies, in which they report that [6]-Shogaol is able to induce damage to the
nuclear structure as part of the cytotoxic effects that trigger in the process of apoptotic cell
death in laryngeal cancer cells Hep-2 and human colorectal cancer cells HT29 [47, 48].

The ability of a compound to modulate the viability and mortality of tumor cells is
widely recognized for its therapeutic potential [57], and the induction of apoptotic processes
is considered more beneficial in relation to necrosis, since, being a programmed process
does not incite the surging of inflammatory episodes, which may subsequently favor
carcinogenesis and dissemination of neoplastic tissues [57]. According to results previously
described in other studies [6]-Shogaol has pro-apoptotic potential in several cancer cell lines
[46,47,49, 50], statements that agree with our study, in which it was possible to identify that
[6]-shogaol induces more prominent pro-apoptotic effects in a concentration-dependent
manner in bladder tumor cells (MB49) relative to non-tumor cells (L929). Although there
is no registers in the literature of any study that reveals the effects of [6]-Shogaol in bladder
cancer cell cultures or in vivo assays, these results are in agreement with different studies
[58, 59] that assessed the pro-apoptotic potential of [6]-Shogaol in other cancer models,
such as the study of Liu et al. (2013) in which they described a concentration-dependent
relationship in the induction of apoptosis in Jurkat cells U937 and human leukemia cells HL-
60 [51]. The pro-apoptotic effect of [6]-Shogaol has also been reported in human liposarcoma
cells (SW872), by reducing the expression level and phosphorylation of the STAT3 gene, a
gene that plays a crucial role in proliferation and which is activated constitutively in different
neoplasms, however, when this gene is inhibited, it induces growth suppression and leads to
apoptosis [60]. Our results also agree with the pro-apoptotic potential reported by the study
of Najafi et al., and are considered more promising, since in this study [6]-Shogaol at higher
concentrations (200 pM), after 96 hours of exposure, the compound only incites 10.56% of
apoptotic events in Nalmé cells of Acute Lymphoblastic Leukemia B, in relation to our study
that in a shorter exposure time (12 hours) it was shown that the compound induces 60.94%
of apoptosis events at a concentration of 125 pM in the bladder cancer cells (MB49) [45].

Conclusion

In summary, this study reported that [6]-Shogaol, a lipophilic compound present in the
rhizomes of dry ginger, showed cytotoxic potential in bladder tumor cells MB49, triggered
damage to the nuclear structure of cells that possibly trigger a subsequent apoptotic process,
and it was evidenced that these cytotoxic effects are not mediated by an exacerbated increase
in the content of intracellular ROS (Fig. 4) as reported by several studies [51, 60] [6].-Shogaol
can be used as a promising strategy for bladder cancer therapy, as it induces a controlled
death process in tumor cells, which is characterized by the non-release of cellular content
into the intercellular space, which would trigger lesions to the surrounding tissues that favor
the dissemination of neoplastic tissue. This study offers important information to further
study the metabolic pathways involved in these cytotoxic effects, providing a new study
target, considering that this compound has different molecular mechanisms of cytotoxicity
in tumor and non-tumor cells.
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