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Zingiber officinale is a type of Ginger used for the treatment of reactive oxygen species (ROS) associated
diseases. Reports describe its use in cellular models, such as pancreatic and intestinal cancer cell lines.
However, the biochemical bases of antitumor, anti-inflammatory and antioxidant activities have not
yet been fully elucidated. The aim of this study was to evaluate in H,0,-induced oxidative stress the
effect of ginger extract (GE) on HT1080 cell viability, ROS production, AKT activation, and mitochondrial

ggy words: ) membrane potential (A¥m). ROS production was measured by DHE probe. Results revealed a significant
Inger extract cell viability decrease with increasing GE concentrations. In addition, GE at 200 pg/ml and 400 pg/ml
ROS . . . .
Viability resulted in decreased ROS production compared with controls. Moreover, GE at 200 png/ml concentration
AKT protein produced a significant increase in AWm. In contrast, no difference in AYm was observed compared to

controls with GE at 400 pg/ml. In untreated HT1080 cells basal AKT activation was not observed.
Conversely, treatment with 750 pM H,0, led to Ser473 phosphorylation. Additionally, treatment with
GE at 200 pg/ml decreased AKT activation. Reports in the literature describe GE biological activities; none
the less, novel approaches to investigate intracellular changes resulting from GEs are described in this
study. In conclusion, this study characterized GE induced intracellular changes, leading to changes in
AY¥m and signaling protein levels, such as AKT, and reduced cell viability.
© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Mitochondrial membrane potential

1. Introduction

Oxidative stress is a metabolic status, which increases reactive
oxygen species (ROS) production. Cell injury results in cell viability
compromise through apoptosis or necrosis (Fulda et al., 2010). This
status affects several cell processes, such as mitochondrial mem-
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brane potential (AWm) and protein activation, due to DNA muta-
tions (Rios-Arrabal et al., 2013).

DNA alterations caused by oxidative injury predispose cells to
aging, mutagenesis or carcinogenesis (Valko et al., 2007). Oxidative
stress has been widely associated with DNA instability, and is one
of the main mechanisms involved in cancer (Nourazarian et al.,
2014). In neoplasias, macrophages and other immune cells con-
tribute to chronic inflammation. This in turn promotes ROS pro-
duction, where reduced glutathione, superoxide dismutase, and
catalase comprising the anti-oxidant system are unable to control
oxygen radical generation. This favors initiation, progression, and
tumor invasion in affected tissues (Qian and Pollard, 2010).

It has been shown that signaling pathways responsible for
tumor growth and survival, such as PI3K/AKT pathway are affected
by mutations (Robbins and Hague, 2015). Activation of PI3K/AKT
signaling cascade leads to pro-apoptotic protein expression such
as Bcl-2-associated death promoter (BAD) and caspase 9. Oxidative
stress can either be reduced through increased consumption of
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exogenous antioxidants or decreased ROS production by stabiliza-
tion of mitochondrial energy production (Poljsak, 2011).

As a result of ginger extract (GE) antioxidant activity, recent
studies have shown its effectiveness to treat many types of cancers
(Chen et al., 2012). These include colon, liver, and breast cancer
(Ray et al., 2015; Wee et al,, 2015; Zhou et al., 2016a). Reports in
the literature describe GE main anticancer component effects
including 6- and 10-gingerols, inhibiting cervical cancer (Zhang
etal., 2017a; Zhang et al., 2017b). In addition, ginger has the ability
to induce apoptosis (Zhou et al., 2016b). Moreover, ginger has
antimicrobial (Ewnetu et al., 2014) and anti-inflammatory activi-
ties, evidenced by a decreased biological marker like C-reactive
protein (CRP) (Arablou et al., 2014). In addition, these extracts have
been shown to improve insulin sensitivity and reduce blood sugar
levels (Shidfar et al., 2015), among other health benefits.

Given GE anticancer properties, the purpose of this study aimed
to evaluate in HT-1080 cells under H,0,-induced oxidative stress
the effect of ginger ethanol extract on cell viability, ROS produc-
tion, AKT protein phosphorylation, and mitochondrial membrane
potential (AWm).

2. Materials and methods
2.1. Ginger ethanol extract preparation

Ginger was obtained from a local farmer’s market. 100 g of gin-
ger rhizome was dried at 100 °C for 4 h. To 50 ml of 70% ethanol
10 g of dried powder was added, and mixed gently for one hour.
The obtained solution was left at room temperature (RT) for 24 h,
before it was stirred again and filtered. Ethanol was chosen as a
solvent, since it allows for better extraction of organic compounds
(Machado et al., 2015). Ginger extracts were initially evaluated at
the following concentrations: 100 pg/ml, 200 pg/ml, 400 pg/ml,
800 pg/ml, 1000 pg/ml, 1200 and 1600 pg/ml.

2.2. Cell culture

HT1080 cell line, derived from a solid tumor human of fibrosar-
coma was used in this study. Cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) containing 10% FBS and 1%
antibiotic/antimycotic solution [(penicillin/streptomycin/ampho
tericin B) in a humidified atmosphere at 37 °C and 5% CO,. As a
vehicle control 70% ethanol was used in all experiments. All assays
were performed in triplicates.

2.3. Cell viability by MTT assay

Cell viability was determined by MTT (3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide) assay. 9x10> cells were
cultured in 96-well plates containing 100 ul DMEM supplemented
with 10% FBS. Effect on cell viability was tested for each hydrogen
peroxide concentration. Likewise, for determining GE effect on cell
viability all GE concentrations were evaluated. To this end cells
were treated with different GE concentrations for 4 h. At the end
of the incubation, 20 pl of MTT was added to allow for MTT for-
mazan crystals formation for 4 h at RT. Media was removed and
crystals were solubilized in 100 pul of DMSO. Absorbance was
recorded at 540 nm. Experiments were performed in triplicates.
Data was evaluated as absorbance change with respect to control
(Akimoto et al., 2015).

2.4. Cell viability evaluation by propidium iodide assay

4.8x10° cells were cultured in 48-well plates and treated with
100 pl DMEM supplemented with 10% FBS containing two differ-

ent GE concentrations (200 ug/ml or 400 pug/ml) for 4 h. Media
was removed, and cells were trypsinized. After addition of fresh
culture media, cells were incubated with 0.01 mg/ml propidium
iodide and acquired in a Guava easyCyte Flow cytometer (EMD
Millipore, Billerica MA, USA). Experiments were performed in
triplicates.

2.5. H,05 treatment

9 x 10° cells were cultured in 96-well plates with 100 ul DMEM
supplemented with 10% FBS. As an oxidative stress inducer H,0;
treatment was used for all experiments to evaluate ROS produc-
tion. After 12 h of culture cells were treated with the correspond-
ing H,0, concentration. The following concentrations were
assayed: 10 puM, 50 M, 100 uM, 250 uM, 500 uM, 750 uM and
1,000 uM. For GE effect evaluation 750 uM H,0, was employed
with two different GE concentrations (200 pg/ml or 400 pg/ml)
for 4 h. All experiments were performed in triplicates.

2.6. Evaluation of mitochondrial membrane potential

Mitochondrial membrane potential (A¥Wm) was monitored by
the JC-1 Mitochondrial Membrane Potential Assay Dye (Sigma,
USA). For this assay, 1.2x10* cells were seeded in a 12 well plate
and treated as mentioned above. Cells were trypsinized and
stained with JC-1. Cells were immediately acquired in a Guava
easyCyte flow cytometer. Valinomycin was used as a positive con-
trol for mitochondrial membrane potential depolarization. Data
was evaluated in triplicates as red/green fluorescence ratio (aggre-
gates/monomers) (Akimoto et al., 2015).

2.7. ROS quantification

Superoxide production was detected by Dihydroethydine (DHE)
probe. Briefly, HT1080 cells treated as mentioned above were tryp-
sinized and stained with 1.5 uM DHE for 10 min. Cells were washed
once with PBS and acquired in a Guava easyCite flow cytometer.
Rotenone was used as a positive control for superoxide production.
Results are presented as mean arbitrary units of fluorescence
(Anderica-Romero et al., 2016).

2.8. Morphological assessment

Morphological assessment was carried-out through light micro-
scopy to identify events implicated in cell morphological changes,
such as cell shrinkage, loss of cell filopodia cell, and detachment
(Vijaya Padma et al., 2007).

2.9. Western blotting

Cell extracts were prepared by lysing cells with RIPA buffer
(50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1% NP-40, 0.5% deoxy-
cholate, 0.1% sodium dodecyl sulfate, 2 mM EDTA, protease inhibi-
tor cocktail and phosphatase inhibitor cocktail) on ice for 20 min.
Lysates were centrifuged at 5000 x g for 5 min at 4 °C, and super-
natants were used for subsequent analyses. Approximately 30 ug
of total protein were loaded for each treatment. To assess Akt acti-
vation pAkt Ser473 was used at 1:1,000 dilution (Cell Signaling
Technology). As a loading control mouse, polyclonal GAPDH at 1:
2500 dilution (Cell Signaling Technology) was used.

2.10. Statistical analysis
Data obtained were analyzed by standard deviation (SD) and t-

student with Graph Pad Prism software (Graph Pad Software, San
Diego, CA). T-student test (unpaired variables, two tails) was used
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for comparing two groups of treatments. A probability value <0.05
was considered statistically significant (Ekstrom and Serensen,
2015).

3. - Results
3.1. Effect of hydrogen peroxide concentration on cell viability

To determine the effect of hydrogen peroxide on HT1080 cell
viability and ROS production, treatments with increasing hydrogen
peroxide concentrations ranging from 10 uM to 1 mM were evalu-
ated. H,0, at 750 uM had an effect on ROS production without
affecting cell viability it was elected as a ROS production inducer
for all other experiments (Fig. 1A). For hydrogen peroxide concen-
trations between 10 uM to 1 mM no effect was observed on cell
viability (Fig.1B).

3.2. Effect of ginger extracts at different concentrations on cell viability
and ROS production

The effect of GE on HT1080 cell viability and ROS production
was evaluated with different GE concentrations between 100 pg/
ml to 1600 pg/ml. Ginger extract at 1000 pg/ml presented a signif-
icantly decrease on cell viability with respect to control (Fig. 2 B).
Similar results were observed for 1200 pg/ml and 1600 pg/ml. In
contrast, no alterations on cell viability were evidenced with con-
centrations between 100 pg/ml to 800 pg/ml. For the remaining
experiments ginger extract concentrations of 200 and 400 pg/ml
were chosen because of their increasing ROS production effects
(Fig. 2A).

3.3. Hydrogen peroxide oxidative stress-induced and ginger extract
treatments decrease cell viability and increase ROS production

Incubation of HT1080 cells with 750 pM peroxide for 4 h follow-
ing a treatment with 200 or 400 pg/ml ginger extract, revealed that
treatments with only peroxide significantly increased ROS produc-
tion (Fig. 3A). On the other hand, GE at 400 pg/resulted in
decreased ROS production. Regarding cell viability for GE at
400 png/ml a decreased absorbance value was observed, suggesting
decreased cell viability compared to controls (Fig. 3B). However, GE
at 200 pg/ml ROS production was significantly higher compared
with GE at 400 pg/ml. Significant differences were also observed

A

Mean fluorescense intensity (A.U.)

Peroxide

for cell viability between these two concentrations, where GE at
200 pg/ml had increased cell viability. In co-treatment with hydro-
gen peroxide, cell viability was reduced in comparison to GE
extract only at 200 pg/ml (Fig.3B).

3.4. Cell viability by propidium iodide assay

A highly significant decrease in cell viability was observed com-
pared with controls, when cells were treated with 400 pg/ml GE
(p <0.001**%. In contrast, cells treated with GE at 200 pg/ml had
a cell viability decrease of only 50% (Fig. 4).

3.5. Induced hydrogen peroxide oxidative stress and ginger extract
treatments are involved in AKT phosphorylation

Incubation of HT1080 cells with 750 uM hydrogen peroxide for
4h revealed that AKT phosphorylation significantly increased.
Additionally, cells did not show major changes when treated only
with ginger extract (400 ug/ml). However, cells under induced
hydrogen peroxide stress treated with ginger extract at 200 pg/
ml, showed a marked decrease in AKT activation (Fig. 5).

3.6. Morphological assessment

Morphological changes were observed, such as, cell detach-
ment, cell shrinkage, and loss of cell filopodia. On the other hand,
untreated cells appear elongated, smoothly attached to the tissue
culture plate surface, and some cells were grouped together form-
ing colonies (Fig. 6).

3.7. Effect of ginger extract on mitochondrial membrane potential
(A¥m)

A significant mitochondrial membrane potential hyperpolariza-
tion was observed for GE at 200 pg/ml (p < 0.002). Additionally, co-
treatment of GE at 200 pug/ml with hydrogen peroxide also had sig-
nificant mitochondrial membrane potential hyperpolarization
compared with control. However, GE at 400 pg/ml or GE at this
concentration with hydrogen peroxide treatment did not display
differences compared to controls. Valinomycin treatment was used
as depolarization positive control (Fig. 6B).
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Fig. 1. Reactive oxygen species production. (A) HT1080 cells treated with different hydrogen peroxide concentrations to evaluate ROS production through DHE assay. ROS
production was established as mean fluorescence intensity arbitrary units (A.U)+SD (B) Mean fluorescence intensity of HT1080 cell treated with increasing hydrogen
peroxide concentrations to evaluate ROS production through DHE probe. n = 3. ('p = 0.05).
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Fig. 2. Effect of GE on ROS production and cell viability (A). HT1080 cells treated with increasing GE concentrations to evaluate ROS production through DHE determined as
Mean fluorescence intensity (A.U)  SD. (B) HT1080 cell viability determined by MTT assay of treated cells with increasing extract concentration. n= 3. ('p = 0.05, 'p = 0.01).
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Fig. 3. Co-treatment with hydrogen peroxide and GE. (A) ROS production in cells co-treated with hydrogen peroxide and ginger extract for 4 h. (B) MTT assay for HT1080 cells
co-treated with hydrogen peroxide and ginger extract for 4 h. n=3. ('p=0.05, “p=0.01).

4. Discussion

This study revealed GE ability to reduce HT1080 cell viability.
This effect has also been observed in other cell models (Akimoto
et al., 2015). In colon cancer (HT29 cells), GE and combined with
gelam honey inhibited tumor cells growth by inducing early apop-
tosis. In addition, expression of PI3K/AKT pathway was modulated.
Moreover, inflammation was suppressed via NFkB pathway (Tahir
et al., 2015). In Hep-2 cell GE reduced cell viability; this result was
confirmed by protein and nucleic acid estimation, where increas-
ing GE doses were related to DNA, RNA and protein reduction
(Vijaya Padma et al., 2007). It is important to note, other studies
with primary cultures have demonstrated GE oxidative stress-
free antioxidant capacities (Akimoto et al., 2015).

The mechanism induced by ginger is not fully elucidated yet. On
the one hand, it is believed ROS production is involved in decreas-
ing of antioxidant compounds (reduced glutathione). On the other
hand, it has been related to induce apoptosis through signaling
pathways. Namely GE can induce caspase 3 activation, mTOR inhi-
bition, and p53 protein activation. All of them related to induction
of apoptotic processes (Zhang et al., 2012). It is known that 6-
Shogaol -one of ginger's constituents- is involved in apoptosis
(Pan et al., 2008). Additionally, GE apoptosis capability through
released caspases has not only been demonstrated in eukaryote
cell models, but also in protozoan models (Arbabi et al., 2016), sug-
gesting a conserved process. Since our results demonstrated GE
capacity to reduce ROS, taking this evidence in consideration, GE
or its compounds could represent novel chemoprotective alterna-
tive for pathologies associated with ROS production.
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Fig. 5. Akt phosphorylation at Ser473 in HT1080 cells treated with hydrogen peroxide and ginger extract, normalized to Beta Actin as a loading control. (A) Representative

image of Western blot. (B) Densitometric analysis.

Another mechanism related to cell death is through necrosis. It
has also been characterized by increased ROS production, affecting
lipids in cell membranes and mitochondrial membrane potential
(AWm) describe by Arbabi et al. (2016). However, reports have
described ginger ethanol extract necrosis induction to be rather
insignificant (less than 5%), pointing to apoptosis as the principal
process responsible for cell death (Arbabi et al., 2016).

In regard to Akt protein, its activation was observed under
hydrogen peroxide induction. It is known that hydrogen peroxide
can activate protein kinases such as Erk1/2, c-Jun and Akt, in a
Ca?* and PI3K (Crossthwaite et al., 2002). In this study, it was
observed GE decreased H,0, induced-AKT phosphorylation. It has

been described ginger decreases AKT and ERK gene expression,
which are overexpressed in tumor cells (Tahir et al., 2015). Ginger
extract capacity to inhibit activation has been elucidated in other
cell models, such as human gliobastoma cells (Ramachandran
et al., 2015). Other tumor cells models, have shown the mechanism
associated with apoptosis induction is through modulation of PI3K/
AKT/mTOR genes. These genes produce progression of the autop-
hagic processes mediated by mTOR protein dephosphorylation
(Wee et al., 2015). mTOR is one of the signaling pathways fre-
quently associated with various cancers, and it is a downstream
target of PI3K/Akt (Khan et al., 2013). Mutations of genes, such as
PIK3CA and PTEN of PI3KAkt-mTOR signaling pathway lead to cell
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Fig. 6. (A). HT1080 cell line morphological changes treated with peroxide and ginger extract. (B) Mean fluorescence intensity of HT1080 cell line treated with peroxide and
ginger extract to evaluate mitochondrial membrane potential through flow cytometry with JC-1. ('p = 0.05, “"p = 0.01).

proliferation and survival of colorectal cancer cells (Gulhati et al.,
2009; Wu et al., 2013). Ginger is an inexpensive spice, worldwide
readily available with multiple biological properties, thus it repre-
sents an important subject in cancer biology. Therefore, this study
paves the way to understand ginger extract components effect at
the molecular and cellular level in cancer cell lines. However, it
would be desirable to perform these assays in primary cultures
as well. Therefore, further studies by the Biochemical and Phyto-
chemical groups at the Pontificia Universidad Javeriana will con-
tinue to shed light on these mechanims.

5. Conclusion

In general, data obtained in this study indicates GE or one of its
components, induce intracellular changes, including mitochondrial
membrane potential changes A¥m and signaling protein activa-
tion such as Akt, which could be implicated in early event promo-
tion associated with apoptotic processes.

Responses evidenced in the presence of induced stress, suggest
GE has a role in PI3K/AKT signaling pathway activation. Thus, this
study showed a new approach to characterize intracellular changes
elicited by GE. These mechanisms should be further explored for
novel chemoprotective alternatives in pathologies associated with
excessive ROS production.
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