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Abstract

Background and Obijective: Esophageal cancer is one of the most prevalent cancers worldwide, and due to the placement of
Iran in the Asian belt of esophageal cancer, the use of modern therapeutic approaches is necessary. Betanin is a natural
compound extracted from the red beetroot of Beta vulgaris species whose antioxidant properties and role in removing free
radicals have been proven. The present study was conducted to determine the cytotoxic effect of red beetroot aqueous extract
on esophageal cancer cell line KYSE30.

Methods: In this descriptive-analytical study, esophageal cancer cell line KYSE30 was cultured and then underwent
treatment with different concentrations of red beetroot aqueous extract (3, 30, 300, 1000, and 3000 pg/mL) in the three time
intervals of 24, 48, and 72 hours. The anticancer effect of treated cells was evaluated by the tetrazolium (MTT) colorimetric
assay and the effect of viability was evaluated by the trypan blue assay.

Results: The viability of esophageal cancer cell line at concentrations of 30, 300, 1000, and 3000 pg/mL of red beetroot
aqueous extract within 24 hours was statistically significantly reduced compared to the control cells (P<0.05). The viability
of esophageal cancer cell line in concentrations of 1000 and 3000 pug/mL of red beetroot aqueous extract within 48 hours
showed a statistically significant reduction compared to the control cells (P<0.05). The viability of esophageal cancer cell
line at concentrations of 3, 30, 300, 1000, and 3000 pg/mL of red beetroot aqueous extract within 72 hours showed a
statistically significant reduction compared to the control cells (P<0.05). The MTT assay results approved the trypan blue
assay results. Also, the trypan blue assay indicated that the concentration of 3000 pg/mL significantly led to reduced viability
of cells within 72 hours (64.14+3.29) compared to 24 hours (77.22+3.34) and 48 hours (66.93+5.57) (P<0.05).

Conclusion: Red beetroot aqueous extract has a cytotoxic effect on esophageal cancer cell line KYSE30.
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Introduction

eath by esophageal cancer is regarded as the sixth and the
D second leading cause in the world and Iran, respectively. The
two principal subtypes of esophageal cancer include
esophageal squamous cell carcinoma (SCC) and adenocarcinoma (AC).
Based on epidemiological studies, regions of the world have been
categorized as “the Asian Belt of Esophageal Cancer.” In the meantime,
Iran, particularly its northeastern regions, is considered among the most
prevalent areas of developing esophageal cancer. Modern medicine
proposes various therapeutic approaches, such as surgery,
chemotherapy, radiotherapy, and hormone therapy, for the treatment of
esophageal cancer, but its high mortality rate has been reported after
applying various therapeutic approaches. Thus, the use of applying
treatments with low complications is required. Therefore, taking
preventive actions against cancer, such as appropriate dietary habits,
has been strongly recommended. In herbal medicine, the identification
and use of compounds extracted from plants seems to be an appropriate
method for research studies in order to achieve cancer treatment. Red
beetroot contains large amounts of red pigments (betacyanins) and
yellow pigments (betaxanthins) and also a remarkable antioxidant
capacity that leads to inhibiting nitrate, oxygen, and chlorine free
radicals. Studies have demonstrated that betanin, as the main compound
of sugar beet, is a therapeutic agent, which not only induces apoptosis,
but also hinders angiogenesis and proliferation of skin, liver, lung, and
esophagus cancer cells. Red beetroot extract, the red food coloring
(E162) of which has been approved by the Food and Drug
Administration (FDA), can prevent the incidence of some malignancies
and be used as a preventive agent to cope with human cancers. Given
that betanin is the main compound of sugar beet, has antioxidant and
antitumor activities, and is a strong inhibitor of cancer cells, the current
research was conducted to determine the cytotoxic effect of red
beetroot aqueous extract on esophageal cancer cell line KYSE30.

Methods

In this descriptive-analytical study, esophageal cancer cell line
KYSE30 purchased from Pasteur Institute in Tehran was cultured in the
Biology Department, Ferdowsi University in Mashhad in 2018. Red
beetroot extract was prepared using a 24-hour shaker and a 0.22 um
filter. In order to culture cancer cell line KYSE30, the RPMI 1640
culture medium containing 10% fetal bovine serum (FBS) (Gibco-
Germany) was used. Cell line KYSE30 was kept in an incubator
equipped with CO2 at a temperature of 37°C, and their growth status
was assessed using an inverted microscope daily. After the cells
reached a density of approximately 70-80%, they were passaged using
trypsin-ethylenediaminetetraacetate (EDTA) (Sigma-Germany) at a
ratio of 1:3. After the cells reached the desired cell density, the
tetrazolium (MTT) colorimetric assay related to the cytotoxicity of the
obtained extract was carried out on cancer cells KYSE30 and the results
were evaluated. Cell viability was evaluated using the trypan blue
staining assay.

Results

According to the MTT assay results, the viability of esophageal
cancer cells under treatment with different concentrations of red
beetroot extract indicated a reduction in all incubation times (24, 48,
and 72 hours) compared to the control group. In a 24-hour time interval,
the concentration of 30 pg/mL of red beetroot extract led to decreased
growth of cancer cells KYSE30 (P<0.01). The concentration of 1000
pg/mL and higher had the highest toxicity on the cells so that it
indicated a statistically significant reduction compared to the control
group (P<0.001). In the 48-hour time interval, the concentration of
3000 pg/mL of red beetroot aqueous extract showed the highest
toxicity on cells compared to the control group (P<0.01). Similarly, in

the 72-hour time interval, cytotoxicity was visible even at a
concentration of 3 pg/mL, indicating a statistically significant reduction
compared to the control group (P<0.001). Furthermore, the cytotoxicity
in the concentrations of 300, 1000, and 3000 pg/mL was also
statistically significantly reduced compared to the control group
(P<0.001). The results obtained from trypan blue staining demonstrated
that the percentage of viable cells in esophageal cancer cells under
treatment with various concentrations of red beetroot aqueous extract
reduced in all three incubation times of 24, 48, and 72 hours at a
concentration above 1000 pg/mL compared to the control group. The
viability of untreated esophageal cancer cells (the control group) was
determined to be 92.79% in the 24-hour time interval. The viability of
esophageal cancer cells after the effect of concentrations of 1000 and
3000 pg/mL of red beetroot aqueous extract for 24 hours showed a
reduction of 79.23% and 77.22%, respectively, which was a statistically
significant reduction compared to the control group (P<0.01). In all
three time intervals of 24, 48, and 72 hours, a concentration higher than
1000 pg/mL of red beetroot aqueous extract showed the highest
toxicity on cell line KYSE30, denoting a statistically significant
difference with untreated cells (the control group) (P<0.05). The
concentration of 3000 pg/mL of red beetroot aqueous extract
significantly culminated in decreased viability of esophageal cancer
cells so that on the third day, the cell viability significantly decreased
compared to the first and second days (P<0.01). A direct relationship
was found between the lethality rate and the increased concentration of
red beetroot aqueous extract over time.

Conclusion

According to the current research results, as the concentration of red
beetroot extract increased, the number of cancer cells KYSE30
decreased so that in all three time intervals of 24, 48, and 72 hours, a
concentration higher than 1000 pg/mL showed a highest impact on the
esophageal cancer cells compared to the control group cells. The
obtained results demonstrate the time-dependent and concentration-
dependent impacts of this substance, denoting the selective cytotoxicity
of red beetroot agueous extract on KYSE30 cells compared to the
control (untreated) cells. The red beetroot extract has a comprehensive
preventive activity and can lessen the growth of cancer cells, inhibit
angiogenesis, and prevent inflammation and apoptosis induction in
cancer lines, such as Raji cells (human lymphoid cancer cells), B16F10
cells (melanoma cancer cells), K562 cells (myeloid leukemia cells),
HT-29 cells (colorectal cancer cell line), and MCF-7 cells (breast
cancer cell line). Moreover, it has been found that treatment of the
MCEF-7 cell line with betanin extracted from red beetroot can culminate
in increasing the cellular level of apoptosis-related proteins (p53, Bad,
FAS, and TRAILR4) and alter the mitochondrial membrane potential.
These changes created in the cell and the launching of internal and
external apoptotic pathways can be attributed to the red beetroot
extract.
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