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ABSTRACT

Ginger has been renowned for its therapeutic powers, such as immuno-modulatory, antioxidant, anti-
inflammation, and anti-carcinogenic qualities. It is well known that anti-cancer therapies are unable to differentiate
between cancer and normal cells, that could lead to subpar therapeutic outcomes and serious side effects. In this
regard, we investigated the anti-cancer features of ginger extract in MCF-7 cell line for breast cancer. In order to
achieve our goal, MTT assay was carried out to study the Cell growth viability with various concentrations of
ethanolic ginger extract (0, 12, 25, 50, 100 and 200 pg/ml) for 24 hours and IC50 was 49.7 pg/ml. Also, flow
cytometry followed by Annexin V-FITC was carried out to study the cell cycle analysis and confirm the apoptosis
induced by ginger extract. According to the IC50, the (0, 25, 50 and 100 pg/ml) concentrations for 24 hours were
chosen. The cell cycle analysis showed that treatment 3 is the best concentration from ginger ethanolic extract to
arrest cell at G2/M stage (37.72%) comparing to control (8.4%). Data obtained from the Annexin V-FITC revealed
that there was significant difference in early and late apoptosis between control and treatment, which increase in
treatments. Finally, at the molecular level, the study of the gene expression demonstrated that with increasing the
ginger dose, the P53 gene expression was significantly up-regulated, and the Bcl-2 gene expression was down-
regulated with significant difference. Our data demonstrated that ginger extract has the ability to promote apoptosis

in MCF-7 cells.
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INTRODUCTION

One of the leading causes of mortality is cancer. In
2022, cancer statistics predicted that there will be 1,918,030
incidence rate and 609,360 cancer-related deaths. The
estimated number of new instances of breast cancer among
them is 287,850 persons (31%) (Siegel et al., 2022).

All cancers are diseases that develop when
abnormalities in a collection of healthy cells within the body
cause uncontrolled growth, resulting ina lump termed a tumor.
Cancer is a complex genetic disease though, environmental,
chemical, physical, metabolic, and genetic factors all have an
impact on how tumors originate and progress (Fresco et al.,
2006)

Cancer is caused by a variety of reasons, but one that
stands out is the disruption of the equilibrium between cell
propagation and cell death, which leads to an increase in cell
replication and the failure of damaged cells to be eliminated
via apoptosis (Hanahan and Weinberg 2011). Apoptosis is an
energetic form of cell self-destruction regulated by a complex
of genes, plays a remarkable role in the pathophysiology of
disorders like cancer, and is an essential operation during
development (Wong, 2011).

Breast cancer is defined by the unchecked proliferation
of abnormal cells in the milk-producing glands of the breast or
in the channels (ducts or passage) that transport milk to the
nipples (ACS, 2014).

For a long time, the standard treatment options for
breast cancer were surgery, chemotherapy, and radiotherapy.
Even though many of these medicines have demonstrated
impressive advantages, the prevalence of illness return caused
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by remaining cancerous cells is still a significant issue.
Additionally, the best anticancer medication is free of the
typical side effects of surgery, chemotherapy, and radiotherapy
and thoroughly destroys all tumor cells while causing the least
amount of damage to normal cells (Xin et al., 2017). As a
substitute medicine for the treatment of numerous diseases
including cancer, there has recently been a rise of interest in the
development of inexpensive, well-tolerated, and natural items
that are not poisonous. For thousands of years, natural goods
were the only source of medications and have significantly
improved human health. In the 1950s, the U.S. National
Cancer Institute recognized the promise of employing natural
compounds as anticancer medicines (NCI) (Bauml et al.,
2015).

Ginger (Zingiber officinale) has a long history of being
used for medicinal and therapeutic purposes. Numerous health
issues, including colds, swelling, high blood ulcers, diabetes,
indigestion, and behavioral issues etc.. have all been treated
with it as it has antiviral and antioxidant activity (Verma and
Bisen 2022). These refer to the presence of compounds like
gingerol, zingerone, shogaols, zingiberene, paradols, etc.,.
Gingerols are the key substances in several bioactivities
among these phytocompounds (Babasheikhali et al., 2019 and
Verma and Bisen 2022).

In order to create new, low-toxic cancer prevention and
treatment drugs, it may be essential to understand how dietary
components affect cell proliferation and survival. Therefore,
the goal of the current investigation was to determine whether
whole ginger extract had any cytotoxic or anti-proliferative
effects on the malignant MCF-7 cell line and to understand the
effect of ginger extract on cancer cells.
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MATERIALS AND METHODS

Ginger Extract:

Using a magnet laboratory shaker, ethanol 96% (10:1;
volume: weight) for 4 hrs, dry powdered from ginger rhizome
was extracted. To obtain the ethanolic ginger extract, the
alcohol was evaporated at 65 degrees Celsius (Sarami et al.,
2020). The extraction was balanced and resolved in
dimethylsulfoxide (DMSQ) (Merck Company, Germany),
which the maximum DMSO dilution in cultured cells did not
surpass 0.1%. For each test, the extract was made fresh each
test.

Cell culture and treatment

Breast cancer (MCF-7) cell line was purchased from
VACSERA and maintained under standard lab conditions.
Cell growth viability assay (MTT assay)

Using MTT assay [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide], the cytotoxic impact of the
ginger extract was investigated (Sigma, St. Louis, MO, USA).
To carry out this test 5 x 103 MCF-7 cells were loaded into 96
well plate, which contains 200 pl of RPMI medium in each
well, after a 24 incubation hours and letting on cells to bind,
the medium was discharged delicately and displaced with
fresh medium containing (our chosen concentrations of ginger
extract (0.0, 12.5, 25, 50, 100 and 200 pg/mL) then 24 hours
incubation at 37°C in an incubator contain 5 percentage CO2.
Equal amount of the solvent (DMSQ) was also added as a
negative control cell. Twenty-four hours later, the medium was
withdrawn then, 180 pl medium and 50 pl MTT solution was
added to each well. Then after, incubate for 3 hrs at 37 °C.
Dissolve blue formazan crystals in 100 pl of DMSO 30 min.
after the plates have been agitated. The plate was then recorded
at absorbance wavelength 570 nm using ELIZA reader
Molecular Devices, Sunnyvake, USA). The experiment was
duplicated three times and results were expressed as means +
SE.

The following calculation was made for cell viability:
percentage of viability = [ optical density of sample / optical
density of control] 100 (ANWER el al., 2020).

Cell Cycle Investigation

DNA flow cytometry analysis was applied to examine
each stage of the cell cycle. After being cultivated in 6-well
plates for 24 hrs, MCF-7 cells were exposed to various
concentrations of ginger extract (0, 25, 50, and 100 mg/mL).
The ginger’s doses were chosen according to the MTT results.
Use of doxorubicin (0.40 mg/mL) as a positive control was
performed. The cell-cycle phase distributions were determined
using the Propidium lodide Flow Cytometry kit (ab139418).
Using the recommendations provided by the manufacturer,
nuclei were extracted, stained with P1, and examined using a
FACScan flow cytometer (Becton Dickinson, San Jose, CA).
To assess the proportions of cells in each cell-cycle phase,
Modfit program (ModFit, Topsham, ME) was used (Kwan et
al., 2016)

Assessment of apoptosis

The Annexin V-FITC Apoptosis Detection Kit (BD
Pharmingen, Franklin Lakes, NJ, USA) was applied to identify
cells going through apoptosis. After a 24-hour treatment
period, cells including both adherent and floating cells were
extracted. Following a cold PBS (pH 7.4) wash, the cells were
labelled by staining and subjected to flow cytometric analysis.
On a FACSCalibur flow cytometer, 1-5 x 105 cells per tube
were instantly counted. Win MDI application version 2.8 was
used to carry out the quantitative analysis (provided by the

Flow Cytometry Core Facility, The Scripps Research Institute,
La Jolla, CA, USA).
Analysis of gene expression

Total RNA was extracted from treated and control
cells in accordance with the manufacturer's instructions using
Qiagen RNeasy mini-Kit. A Beckman Coulter DU- 800
spectrophotometer was used to determine the levels of the
isolated RNAs. The high-capacity cDNA transcription kit was
used to create cDNA from ten ng of total RNA from each
sample. The SYBR Green PCR Master kit (Fermentas,
Thermo Fisher Scientific) was then used to amplify the cDNA
in 48-well plates utilizing a Step One thermocycler - Applied
Biosystems. The program included 10 minutes at 95 °C, then
40 cycles of 15 second at 95 °C, 20 second at 55 °C, and 30
second at 72 °C. Every reaction was repeated 3 times. After
real-time PCR, melting curves were carried out to show the
particular amplification of target individual gene product used.
Amplification efficiencies of the primers used were evaluated
by calibration curve using the comparative 2—AACT method
(Livak and Schmittgen 2001). According to Anwer et al.,
(2020), specific pairs of primer were used to study the
expression of each of the following genes; P53 gene and Bcl-
2, compared to the housekeeping B-actin gene.
Statistical Analysis

Data was analyzed using SPSS software version 16
using analysis of variance (ANOVA) and several comparisons
were made with Tukey’s HSD (Tukey 1949). P value less than
0.05 were considered as significant differences. The data
presented as mean +SE.

RESULTS AND DISCUSSIONS

Investigating the in vitro cytotoxicity of ginger extract:

To evaluate ginger's impact on the proliferation of the
breast cancer cell line (MCF-7), the MCF-7 was treated with
varying treatments of ginger extract (0,12.5, 25, 50, 100, 200
pg/ml) for 24 hrs. 1IC50 were plotted as shown in Figure (1),
which its value is an effective dose needed to suppress the
proliferative response by 50%. The viability of the cell was
estimated. The IC50 estimated to be 49.7 pg/ml. The results of
MTT test demonstrated that the activity of tumor cell is
significantly lower after 24 hrs.

% CELL VIABILITY

CELL VIABILITY

Figure 1. Cytotoxic effects of ginger extract on breast
cancer (MCF-7) cell lines in 24 hours. The cell
viability is expressed by percent.

Cell Cycle Investigation

The cell cycle was studied using flow cytometry when
MCEF-7 cells were subjected with ginger extract doses of 0, 25,
50, and 100 pg/ml for a day.

As shown in Figure 2 (A&B) and Table 1, there were
significant differences in cell death in the different phases. The
percentage of cell growth arrest at phase G2/M was 8.4%,
29.55%, 28.6% and 37.72% for control (C), T1, T2 and T3
respectively. While the percentage of cell death at phase pre
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G1 was 2.31%, 9.57%, 16.19% and 19.43% for control (C),
T1, T2 and T3 respectively. Therefore, the best concentration
for ginger ethanolic extract is Treatment no. 3 (100 pg/ml)
because it showed the highest percentage of growth arrest at
G2/M and pre G1 phases. Increasing means that the cells lose
its division ability. Numerous anti-cancer medications stop the
cell cycle at the GO/G1, S, and G2/M phases before apoptosis
induction (Murray, 2004 and Kwan et al., 2016).

Joo et al., (2016) demonstrated that treatment with 10-
gingerol a constitute of ginger for 24 hrs with different doses
(0.1-10 puM) in breast cancer cells (MDA-MB-231) avoided
the rise in G1 phase (55.3 versus 63.8%), and G2/M stage
(29.8 versus 22.3%) and the reduce in S phase (14.9 versus
13.9%), these remarks recommend that 10-gingerol prohibits
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A

the conversion from GL1 stage of the cell cycle to the S stage,
causing in G1 arrest, which is highly associated with inhibition
of cell multiplication.

Table 1. Arrested cell growth at different phases of cell cycle

during the treatment. According to Tukey's multiple
range comparisons, means indicated by different
letters are significantly different, meanwhile those
indicated by the same letters are not.

treatment/ phase  G0/G1% S% G2/M%  Pre-G1%
C 49.29? 42318 8.42 2318
T1 35.18° 35.27° 29.55P 957°
T2 37.51° 33.89° 28.6° 16.19°
T3 27.99° 34.29" 37.72° 19.43°
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Figure 2. Propidium iodide (PI) staining was applied to assess the DNA content, and fluorescence was measured and
examined. (A) Show flow cytometry for control and treated cells. (B) Chart show phases of cell cycle analysis
after treatment with different ginger concentrations (C: control with 10ul ethanol, T1: Treatment 1 with 10ul
of concentration 25 pg/ml, T2: Treatment 2 with 10l of concentration 50 pg/ml, T3: Treatment 3 with 10pl
of concentration 100 pug/ml) mean +SE of the 3 replicates. p < 0.05. According to Tukey's multiple range
comparisons, means indicated by different letters are significantly different, meanwhile those indicated by the

same letters are not.

Apoptosis Detecting

The mechanism of cell death caused by ginger in
MCEF-7 cells treated with different concentrations of ginger (0,
25, 50 and 100 pg/ml) was confirmed by annexin V-FITC. As
it is obviously shown in the obtained data, the apoptosis
whether in early or late was increased, by increasing the ginger
extract concentration apoptosis. As shown in [Table 2, Figure
3 (a & b)] showed the early apoptosis (Q4) was 1.12, 2.94, 6.33
and 6.79 in control (C), T1, T2 and T3 respectively. Whereas
the late apoptosis level (Q2) 0.82, 1.19, 1.54 and 1.78 in
control (C), T1, T2 and T3 respectively. Moreover, there are
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significant differences in the early apoptosis stage between
control and treatment, which increase in treatments. That
indicates that treatment 3 could be used as an anti-cancer as it
causes apoptosis to the cancerous cells.

Table 2. Apoptosis stages after treatment with different
ginger concentrations

Treatment/stage Q1 Q2 Q3 Q4
C 037 082 9769 112
T1 544 119 9043 294
T2 832 154 8381 6.33
T3 1086 178 8057 6.79
. »
D ¢ .
4
o -

Figure 3. (A) Apoptosis stage analysis at different ginger treatment concentrations (B) Annexin V-FITC of MCF-7 cells
treated with ginger extract. (C) control with 10ul ethanol, T1: Treatment 1 with 10pl of concentration 25
pg/ml, T2: Treatment 2 with 10l of concentration 50 pg/ml, T3: Treatment 3 with 10pl of concentration 100

pg/ml).

significantly different, meanwhile those indicated by the same letters are not.
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There are many factors that contribute to cancer,
however one that stands out is the imbalance between cell
proliferation and cell death being upset. This results in an
increase in cell replication and a failure of damaged cells to be
destroyed through apoptosis. Apoptosis is an active cell death
process. A network of genes controls the regulation of suicide,
which is a crucial process during development and has a big
impact on the pathophysiology of diseases like cancer (Wong,
2011).

The regulation of cell proliferation is greatly
influenced by the cell cycle and apoptosis. Cell cycle
checkpoints safeguard the preservation of genomic integrity
by shielding cells that divide from the potentially lethal effects
of DNA damage. To prevent cells from replicating
chromosomes with irreversible damage, cells may be forced to
exit the cell cycle or die via apoptosis when unrepaired DNA
damage is detected (Kwan et al., 2016). A Study conducted
that ginger has an anti-proliferative effect on MCF-7 cells.
This effect may be due to the activation of apoptosis, cell cycle

P53 gene expression

¢ Quantication

Relativ

A

inhibition and growth suppression. Treating MCF-7 cells with
ginger for 24 hrs resulted in so obvious cell shrinkage and
cellular detachment, also pro-apoptotic effect was shown as
nuclear condensation and DNA fragmentation in MCF-7
(ElIKady et al., 2012).
Evaluation of apoptosis mechanism using real time PCR
To determine the molecular mechanism for ginger
extract on apoptosis in MCF-7 cells, the mRNA expression
levels of P53 and Bcl-2 genes were selected to study; P53 gene
as a pro-apoptotic gene and Bcl-2 as anti-apoptotic gene.
Three doses of ginger extract (0, 25, 50, 100 pg/ml)
were chosen for treatment for 24 hours after analyzing the
MTT assay findings. As shown in Figure (5), Our result
revealed that the expression of the gene P53 was markedly
elevated, while the gene Bcl-2 was down regulated by
increasing the ginger dose. In comparison with control versus
treatment 3 (100 pg/ml), the P53 ratio increased from 1 to

2.239 with significant differences, while the Bcl-2
significantly decrease from 1 to 0.406.
Bcl-2 gene expression
—:: I ”? D
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Figure 5. Relative quantification of P53 (a) and Bcl-2 (b) gene expression.
(C: control with 10pl ethanol, T1: Treatment 1 with concentration 25 pg/ml, T2: Treatment 2 with concentration 50 pg/ml, T3: Treatment 3 concentration
100 pg/ml). According to Tukey's multiple range comparisons, means indicated by different letters are significantly different, meanwhile those indicated

by the same letters are not. P-value < 0.001

According to data revealed from this study, treatment
3 (100 pg/mi) is the best concentration to achieve our target.

Studies showed that apoptosis-related protein
expression is regulated by ginger extract. The MCF-7 cells
were exposed to ethanolic the ginger extract at the specified
doses for 24 hrs. It was found that up-regulation to Bax
occurred while down-regulation to Bcl-2 balancing the
apoptotic event (ElKady et al., 2012). Moreover, Ginger
displays its anticancer capabilities, by terminating cell cycle
and apoptosis in transformed or malignant cells through the
p53 signal pathway (Nigam et al., 2010). Moreover, similar
research found that 6-gingerol could cause cell cycle arrest in
the G1 phase and overcome medication resistance caused on
by p53 gene mutation (Park et al., 2006). Furthermore, Ginger
extract raised the P53 expression in female Swiss albino mice,
according to other in vivo investigations (EI-Ashmawy et al.,
2018). These studies agree with our findings.

As a result, novel treatments with controlled toxicity
are required. Previous research has shown that entire plant
extracts are more efficient than their individual, purified
components (Seeram et al., 2004). Therefore, this
investigation focused on how (MCF-7) breast cancer cell line
responded to crude ginger extracts in terms of cytotoxicity and
apoptosis.

Additionally, a human study found that consuming
two gram of ginger supplement per day for four weeks can

lower the incidence of colon tumors by causing apoptosis and
reducing gene expression of Bax (Citronberg et al., 2013).

CONCLUSION

So, according to this study and based on all the
available information, the ethanolic ginger extract prohibited,
in a dose- and time-dependent manner, the reproduction of the
MCF-7 breast cancer cell line. The ginger anti-proliferative
ability could be referred its induction of apoptosis by raising
the P53 expression and decreasing the expression of the Bcl-2
gene. Therefore, ginger extract might validate to be an optimal
chemo-preventive or natural drug for breast cancer. Further
investigations and analysis should be conducted to provide
more information.
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