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endang purwaningsih@yarsi.ac.id Vitamin C (ascorbic acid) is a powerful antioxidant that can reduce the effects

of oxidative stress. One of the diseases caused by oxidative stress is cancer.
The study aimed to assess the cytotoxic effect of vitamin C on MCF7 cancer
cell cultures. This study used an in vitro laboratory experiment using MCF-7
breast cancer cell culture. MTS assay method was used to test the dose
variance of vitamin C (l-ascorbic acid) against MCF-7 cultures. The MTS test
used the CellTiter 96 Aqueous One Solution Cell Proliferation Assay kit. After
that, 24 and 48 hours of culture were observed using test doses, 0 (negative
control, K(-)), 10, 20, 40, 80, 160, 320 g/mL. The results showed the higher
the dose given, the lower the viability of MCF7 cells, both at 24 and 48 hours
of incubation. The lowest viability was obtained at 86.75% at a dose of 320
g/mL during incubation for 24 hours and 7.95% at a dose of 320 g/mL during
incubation for 48 hours. In conclusion, vitamin C has a cytotoxic effect on
MCF-7 cell culture with an IC50 value of 140 g/mL. Further research is
needed to determine the effectiveness of vitamin C on the expression of the
telomerase enzyme in breast cancer cells, especially MCF-7.
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Introduction

Cancer is one of the leading causes of death worldwide (Momenivahed & Salehiniya, 2017;
Momenivahed & Salehiniya, 2019). In 2008, there were 8 million deaths from malignant disease,
and this figure is expected to reach 11 million by 2030 (Benson & Jatoi, 2012). Worldwide, it is
estimated that there will be around 19.3 million new cancer cases and nearly 10 million cancer
deaths in 2020 (Sung et al., 2021). Breast cancer has the highest rank (11.7%), followed by lung
cancer (11.4%), and occupies about 6.9% as the cause of cancer death worldwide (Sung et al,
2021).

Breast cancer is a multifactorial disease and occurs worldwide, but the incidence, mortality,
and survival rates vary widely in different parts of the world. The mortality rate from breast can-
cer is higher in underdeveloped countries than in developed countries. This can be influenced by
various factors such as population structure, lifestyle, genetic, reproductive, and hormonal factors
(Zendehdel et al., 2018; Momenivahed & Salehiniya, 2019).

Cancer is formed through the change of normal cells into cancer cells due to mutations caused
by various factors, including Reactive Oxygen Species (ROS) compounds that are formed in the
body (Phaniendra et al., 2015). Reactive Oxygen Species (ROS) are free radicals that play an
important role in several physiological processes of the body's organs. On the other hand, free
radicals can cause damage to lipids, proteins, and DNA which can lead to increased oxidative
stress. This mechanism occurs in several diseases such as cardiovascular, premature aging, and
cancer (Bartosz & Bartosz, 2014; Phaniendra et al.,, 2015).

Cancer treatment in Indonesia currently uses modern or conventional (medical) methods,
including surgery, hormone treatment such as chemotherapy, and radiotherapy (Fitriatuzakiyah
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etal, 2017). Optimal treatment outcomes for breast cancer depend on timely diagnosis followed
by an organized multidisciplinary treatment approach. However, in many low- and middle-income
countries, effective pathways of care management may be difficult (Mutebi et al., 2020). Until now,
there are still many problems in the treatment of tumors or cancers, including not being sensitive
to antiproliferative signals and being able to avoid the apoptotic program, resulting in frequent
failures and recurrences. Changes in the regulation of the tumor or cancer cell cycle due to genetic
instability can lead to the failure of tumor cells to perform the apoptotic function (Harper et al,,
2010; Putraetal, 2011).

Another alternative to prevent the accumulation of free radicals is needed antioxidants to
inhibit the formation of free radicals in the body. Antioxidants can be produced endogenously or
exogenously. Endogenous antioxidants produced in the body include ubiquinone and glutathione.
While exogenous antioxidants include vitamin C and vitamin E (Rao & Moller, 2011). Based on the
list of essential drugs according to WHO, vitamin C is generally used as one of the most important
dietary supplements and as a drug that is safe for the body's health. This antioxidant supplement
plays an important role in the process of tissue repair, produces neurotransmitters through
enzymatic mechanisms, and modulates the immune system (Gonzales et al., 2014).

Vitamin C and its derivatives have been shown to inhibit the growth of more than seven types
of cancer cells, without inducing cytotoxic effects on normal cells such as fibroblasts. It has been
further demonstrated that the cytotoxic effect of vitamin C on cancer cells is related to its pro-
oxidant properties caused inhibition of cell growth and reduces the replication mechanism and
viability of cancer cells or tumor cells. Vitamin C can act as an anticancer agent because it can cause
cancer cell death through the stabilization of p53 protein (Gonzales et al., 2014). Further studies
reported that combining vitamin C with 5-fluorouracil, sodium d-ascorbate, cyclophosphamide,
paclitaxel, arsenic trioxide, doxorubicin, and radiation could sensitize cancer cells to anticancer
drugs and increase the success rate of chemotherapy or radiotherapy. The clinical evaluation
confirms the positive effect of vitamin C on improving quality of life in 30-95% of cancer patients
during chemotherapy/radiotherapy procedures (Wilson et al., 2014).

Recent research is currently studying the effect of combination treatment of vitamin C with
cisplatin on gastric cancer cells. It will introduce new treatment strategies regarding the efficacy
and side effects of cisplatin. The results showed that vitamin C alone and the combination of
vitamin C with cisplatin could increase the percentage of cells in the sub-G0 phase compared to
cisplatin alone. In addition, treatment of gastric cancer cells with vitamin C alone and in
combination with vitamin C with cisplatin led to an increase in the percentage of apoptotic and
necrotic cancer cells, compared with negative controls and cisplatin alone treatment. The findings
of the current study suggest that co-administration of vitamin C with cisplatin could be developed
as an innovative and effective therapeutic strategy for patients with gastric cancer in the future
(Ghavami & Sardari, 2020).

High doses of vitamin C in breast cancer cells are cytotoxic to MCF7 and MDA-MB231 cells
(Melzer et al,, 2021). In its use, vitamin C can be combined with Somatostatin, a natural peptide
that has a growth inhibitory effect in several breast cancer models (Hanikoglu et al., 2019).

Telomeres are nucleotide replications at the ends of chromosomes that function to maintain
genome stability, regulate replication and cell death. Telomeres regularly shorten or shrink at
each cell replication (Lu et al., 2011; Svenson et al.,, 2008). Most cancer cells will escape this
limitation by activating telomerase which can maintain telomere length (Noureini et al., 2018). On
the other hand, it is known that individuals with shorter telomeres are at a higher risk of
developing various types of cancer (Svenson et al., 2008).

In MCF-7 breast cancer cells, Chelidonium administration can affect telomere length, telomere
stability, and telomerase inhibition which depends on dose and time (Svenson et al., 2008). The
effect of vitamin C administration on telomere length and telomerase activity in MCF-7 breast
cancer cells is not yet known. To support this research, it is necessary to know the cytotoxic effect
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of vitamin C on MCF-7 cells associated with telomerase expression. The study aimed to determine
the cytotoxicity effect of vitamin C on MCF-7 breast cancer cells.

Material and Methods

The materials were cell line MCF-7 (FKUI Integrated Lab), vitamin C (TCI), and materials for
cell culture media such as Fetal Bovine Serum (FBS) 0.5% (Gibco), Rosewell culture media Park
Memorial Institute (RPMI) (Gibco), Dulbecco's Minimum Essential Medium (DMEM) (Gibco),
hydroxyethyl piperazineethanesulfonic acid (HEPES) (Sigma), kit for union MTS (Promega).

MTS test (3-4;5-dimethythiazole-2-yl)-5-(3-carboxymetoxyphenyl)2-(4-sulfophenyl)-2H-
tetrazolium)

The MTS assay was used for cytotoxicity by calculating the viability of MCF-7 cells, performed
according to the Kit CellTiter96AQueous Non-RadioactiveCell ProliferationAssay Technical
Bulletin protocol. The MTS test was carried out by first growing cells using 2 (two) well plates
with 96 wells, only media was given to each well, then a well containing 1 x 104 cells/cells was
added to each well with three replications each. The composition of the well plate is media, media
with cells only, media with serial concentrations of vitamin C 10, 20, 40, 80,160, and 320 g/mL.
The treatment with vitamin C was carried out after the cells were incubated in plates for 24 hours.
The first plate was incubated for 24 hours after administration of vitamin C and the second plate
was incubated for 48 hours after administration of vitamin C.

Statistic analysis
IC50 value and percentage of cell viability calculated using SPSS version 22 with regression
correlation test (p < 0.05)

Results and Discussion
Result

The results of the calculation of the percentage inhibition of growth in the form of the
percentage of viability of MCF-7 cells due to the administration of 6 doses of vitamin C from 10
g/mL, 20 g/mL, 40 g/mL g/mL, 80 g/mL, 160 g/ml, and 320 g/mL. The viability of cultures
incubated for 24 hours and 48 hours is presented in Figure 1.
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Figure 1. Viability of MCF-7 cells at incubation 24 and 48 hours after administration of vitamin C

The smallest percentage of viability in 24-hour culture was 86.75% at a dose of 320 g/mL and
in a 48-hour culture, it was 7.95% at a dose of 320 g/mL. The straight-line regression equation for
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the prediction of IC50 dose of vitamin C processed from incubation 48 hours after vitamin C
treatment (Figure 2) is;

y =93.39 - 0.31X

With an R2 value of 0.89, the IC50 value of vitamin C was 140pg/mL.
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Figure 2. The regression equation for prediction of IC50 dose of vitamin C in MCF-7. cell culture

Discussion

The administration of vitamin C had an inhibitory effect on the growth of MCF-7 cancer cells
which was indicated by a decrease in their viability. At 24 hours incubation, the decrease in
viability varied from the dose used, while at 48 hours incubation there was a tendency to decrease
the viability of MCF-7 cells with increasing doses. The smallest viability occurred at the largest
dose of 320 g/mL (Figure 1). From the two incubation data above, incubation 48 hours after
administration of vitamin C gave a better inhibitory effect on cell proliferation.

From these results, it is known that vitamin C has a cytotoxic effect on MCF-7 breast cancer
cells. Thus, vitamin C has a chance as an anti-breast cancer ingredient. There is a tendency, the
higher the dose of vitamin C, the greater the cytotoxic effect. Likewise, the inhibition of MCF-7 cell
proliferation will be greater with increasing doses of vitamin C.

This is in line with other studies that reported that vitamin C could induce cytotoxic effects on
cancer cells but did not induce cytotoxic effects on normal cells. It was reported that this cytotoxic
effect is related to the pro-oxidant properties of vitamin C, which can activate the transcription
factor NF-kappa B and inhibit cell growth. In addition, by producing hydrogen peroxide and
activating hydroxyl radicals, vitamin C can reduce cell replication mechanisms and cancer cell
viability by inducing DNA strand damage, controlling mitotic activity, and damaging mitochondria
and cell membranes (Lee, 2009; Gonzales et al., 2014).

The administration of vitamin C in either a single dose or a combination dose can increase the
percentage of apoptosis and necrotic cancer cells. In addition, single doses of vitamin C or
combination doses can also cause cancer cells to be sensitive to anticancer drugs and
chemotherapy (Ohno et al.,, 2009; Wilson et al., 2014).
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High doses of vitamin C in combination with conventional cancer drugs on all breast cancer
cell lines, especially MCF-7 have therapeutic advantages against breast cancer cells. High doses of
vitamin C combined with tamoxifen, eribulin mesylate, fulvestrant, and trastuzumab decreased
MCF-7 cell viability compared to chemotherapy or endocrine therapy alone (Lee et al,, 2019). A
similar study using a combination of vitamin C with tamoxifen on MCF-7 cells can increase the
expression of FasL and TNF- (Subramani et al.,, 2014).

Another study that used a combination of vitamin C with somatostatin on MCF-7 and MDA-
MB231 breast cancer cells caused membrane remodeling in MCF-7 cells that could affect signaling
processes. In MCF-7 cells the combination of vitamin C and somatostatin significantly decreased
EGFR (Epidermal Growth Factor Receptors) and MAPK (Mitogen-Activated Protein Kinase) sig-
naling compared to MDA-MB231 cells (Hanikoglu et al., 2019).

Vitamin C increased apoptosis of MDA-MB231 breast cancer cells by inducing the expression
of the TRAIL gene (TNF-related apoptosis-inducing ligand). Furthermore, vitamin C will increase
the activation of Bax and caspase, reduce Bcl-xL and increase the release of cytochrome C. Thus,
vitamin C has potential as a therapeutic agent and cancer prevention (Sant et al., 2018).

In another study on breast cancer cells MDA-MB231 and Bcap37, several concentrations of
vitamin C gave different effects. Low and moderate concentrations of vitamin C increased migra-
tion and invasion of breast cancer cells, but high concentrations of vitamin C inhibited migration
and invasion of breast cancer cells significantly. High doses of vitamin C increase E cadherin and
decrease vimentin which will suppress mesenchymal-epithelial transition (EMT) in breast cancer
cells (Zeng et al,, 2019).

Chelidonine administration inhibited the growth of MCF-7 cells and caused telomere
shortening and inhibited telomerase compared to controls. Telomerase (hTERT/Human
Telomerase Reverse Transcriptase) inhibition is dose and time-dependent. It was concluded that
the administration of chelidonine to breast cancer cells can affect telomere length and telomere
stability (Noureini et al., 2018).

Conclusion

Vitamin C has a cytotoxic effect on MCF-7 cancer cells with an IC50 value of 140 g/mL. Further
research is needed to determine the effectiveness of vitamin C on the expression of the telomerase
enzyme in breast cancer cells, especially MCF-7.
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