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Combination Effect of Tamoxifen and Ascorbic Acid Treatment on Breast Cancer  Cells ( MCF -7) and Cervical Cancer Cells ( HeLa )


Kesan Rawatan Kombinasi Tamoksifen dan Asid Askorbik ke atas Sel Kanser Payudara (MCF-7) dan Sel 
 Kanser Serviks


HASMAH ABDULLAH1*, NORLIDA MAMAT1,2, NOR MUNIRAH ZAKARIA1, NUR IMAN FATIHAH MOHD YUNAN1, 
 MUHAMMAD IRFAN NOOR HISHAM1, HERMIZI HAPIDIN1


ABSTRACT


Breast cancer and cervical cancer are among the leading causes of death among women in the world. Even though 
 chemotherapy is available as cancer treatment, the development of drug resistance in both cancer cells has reduced the 
 efficacy of chemotherapeutic drugs in such treatment. The current study was aimed to evaluate the cell viability of 
 human breast cancer cells, MCF-7, and cervical cancer cells, HeLa upon the combination treatment of ascorbic acid and 
 tamoxifen. The cell viability was measured using the MTT assay, with an incubation period of 72 hours in a humidified 
 CO2 incubator. The concentrations of tamoxifen and ascorbic acid that reduced 50% of the cell population (IC50) were 
 determined from the dose-response curve. The IC50 concentration was used to determine the cell viability in the treated 
 cells. CompuSyn software was used to evaluate the combined effects towards both cells upon treatment and the results 
 were calculated as combination index (CI). The data were analyzed using GraphPad Prism (version 7). Statistical analysis 
 was performed using an independent t-test. The IC50 values of tamoxifen and ascorbic acid on MCF-7 cells were 14.53 
 µg/ml and 15.8 µg/ml respectively, while the IC50 values of tamoxifen and ascorbic acid on HeLa cells were 11.09 µg/ml 
 and 202.3 µg/ml respectively. The combination of tamoxifen and ascorbic acid exerted a greater growth reduction 
 percentage in both cells compared to tamoxifen alone. The results indicated that ascorbic acid synergizes the cytotoxic 
 effect of tamoxifen at lower concentrations towards MCF-7 cells with a CI less than 1. However, the combination of 
 tamoxifen and ascorbic acid exerted an antagonistic effect in HeLa cells, with a CI more than 1.


Keywords: Combination treatment; ascorbic acid; tamoxifen; MCF-7 cells; HeLa cells; cell viability


ABSTRAK


Kanser payudara dan kanser servik adalah antara penyebab kematian dalam kalangan wanita di dunia. Walaupun 
 kemoterapi tersedia sebagai rawatan barah, pembangunan kerintangan ubatan dalam kedua-dua jenis sel kanser 
 tersebut telah mengurangkan keberkesanan rawatan ubatan kemoteraputik kanser. Kajian ini bertujuan untuk menilai 
 viabiliti sel kanser payudara, MCF-7 dan sel kanser servik, HeLa yang dirawat dengan kombinasi asid askorbik dan 
 tamoksifen. Pengukuran viabiliti sel dijalankan dengan asai MTT selepas dieram selama 72 jam di dalam inkubator CO2
 yang lembab. Kepekatan tamoksifen dan asid askorbik yang menurunkan populasi sel sebanyak 50% (IC50) ditentukan 
 daripada lengkuk dos tindak balas. Kepekatan IC50 digunakan untuk menentukan viabiliti sel yang terawat. Perisian 
 CompuSyn digunakan untuk menilai kesan kombinasi terhadap kedua-dua jenis sel kanser terawat melalui pengiraan 
 indeks kombinasi (CI). Data dianalisis menggunakan GraphPadPrism (Versi 7). Analisis statistik dilakukan dengan ujian-t 
 tidak bersandar. Nilai IC50 tamoksifen dan asid askorbik ke atas viabiliti sel kanser MCF-7 adalah masing-masing 14.53 
 µg/ml dan15.8 µg/ml, manakala nilai IC50 tamoksifen dan asid askorbik bagi sel HeLa adalah masing-masing 11.09 µg/


ml dan 202.3 µg/ml. Kombinasi tamoksifen dan asid askorbik menunjukkan peratusan perencatan pertumbuhan sel 
 yang lebih tinggi berbanding tamoksifen bersendirian. Hasil menunjukkan asid askorbik mensinergi kesan sitotoksik 
 tamoksifen pada kepekatan yang lebih rendah terhadap MCF-7 dengan nilai CI kurang daripada 1. Walau bagaimanapun, 
 kombinasi tamoksifen dan asid askorbik menunjukkan kesan antagonis terhadap sel HeLa dengan nilai CI lebih daripada 
 1. 


Kata kunci: Rawatan kombinasi; asid askorbik; tamoksifen; sel MCF-7; sel HeLa; viabiliti sel
 99-109
 DOI : http://dx.doi.org/10.17576/JSKM-2021-1902-12
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(2)
INTRODUCTION


Cancer is one of the dreaded diseases in the world with 
 millions of incidences of affected patients and associated 
 deaths  (Basu  et  al.  2017).  Globally,  breast  cancer  and 
 cervical cancer are the most commonly diagnosed cancer 
 in women and become the leading causes of cancer death 
 in 110 and 36 countries, respectively (Sung et al. 2021). 


The 2020 statistics indicated that 6.9% and 3.4% of new 
 death due to breast cancer and cervical cancer respectively 
 (Sung et al. 2021) 


Many drugs and chemopreventive agents targeting 
 various pathways have been introduced to reduce cancer 
 cell growth (Kaufmann & Gores 2000). Tamoxifen, which 
 is a non-steroidal triphenylethylene derivate, has been used 
 for years in chemotherapy and has successfully treated a 
 variety of cancers (Bogush et al. 2012), including breast 
 cancer (Davies et al. 2011). Although tamoxifen is effective 
 in controlling breast cancer due to its antiestrogenic effects, 
 it was found to have obvious carcinogenic effects on female 
 reproductive organs. Studies discovered that tamoxifen 
 causes  estrogenic  changes  in  the  vaginal  and  cervical 
 squamous  epithelium  and  increases  the  incidence  of 
 cervical and endometrial polyps (Nasu et al. 2008). Also, 
 it was reported to have a negative side effect of increasing 
 the risk of endometrial cancer in postmenopausal women 
 (van Leeuwen et al. 1994), associated particularly with 
 rare tumour types (van Leeuwen et al. 1994; Bernstein et 
 al. 1999) due to poor prognosis (Acharya et al. 2005). To 
 date,  there  are  no  reports  of  studies  or  applications 
 regarding the use of tamoxifen in the chemotherapy of 
 cervical  cancer  (National  Cancer  Institute, USA  2020) 
 mainly due to its characteristic as the selective estrogen 
 receptor modulators (SERMs) associated with endometrial 
 proliferation.


Tamoxifen was first reported to exhibit dose-dependent 
 biphasic action in SFR cells, a subline of human cervical 
 carcinoma, CaSKi. At low concentration (10-9 and 10-llM), 
 it stimulates cell growth whereas, at high concentration 
 (10-6 and 10-7M), it shows inhibitory effects (Hwang et al. 


1992). However, the role of oestrogen in cervical cancer, 
 which is strongly associated with human papillomavirus 
 (HPV) infections, is still poorly understood (Chung et al. 


2010).


Even though chemotherapy is the most effective cancer 
 treatment to date (Fernando & Jones 2015), the development 
 of drug resistance in cancer cells has reduced the efficacy 
 of chemotherapeutic drugs. Regarding this, chemotherapy 
 has  been  continuously  improved  over  the  years  by 
 combining other chemicals or drugs of natural or synthetic 
 sources  with  known  anticancer  drugs  to  increase  the 
 efficacy  of  the  treatment.  In  theory,  combination  drug 


therapy is more effective compared to single-drug therapy. 


However, it usually increases the toxicities (Lee & Nan 
 2012).


Antioxidant compounds have been studied extensively 
 recently to enhance the efficacy of anticancer agents (Bayat 
 Mokhtari et al. 2017). A cancer patient may be prescribed 
 with certain supplements with antioxidant properties to 
 assist  the  regeneration  of  new  normal  cells  after 
 chemotherapy  (Greenlee  et  al.  2009).  One  of  the 
 supplements reported is ascorbic acid (Stephenson et al. 


2013).


Ascorbic acid is a common natural antioxidant and 
 has been long assumed to be essential for free radical 
 clearance (Wang et al. 2017). However, studies have shown 
 that high ascorbic acid concentrations can turn it into a 
 prooxidant which disturbs the normal redox state of cells 
 and cause a toxic effect through the production of reactive 
 oxygen species, resulting in anticancer activity or inhibition 
 of cancer cell growth (Rawal et al. 2013; An et al. 2013). 


Hence became the reason why ascorbic acid has been used 
 in  combination  with  other  anticancer  drugs  in  cancer 
 treatment. Besides, its role in collagen production may also 
 protect  normal  tissues  from  tumour  invasiveness  and 
 metastasis (Mikirova et al. 2013). In addition, ascorbic acid 
 replenishes the depleted of vitamin in cancer patients, 
 which improves the immune system function and enhance 
 the health and well-being of the patients.


Thus, in this study, ascorbic acid was postulated to 
 have a role in modulating the estrogenic effect of tamoxifen 
 in cervical cancer cells. On top of that, the combination of 
 ascorbic acid and tamoxifen was expected to enhance the 
 anticancer activity of the drug towards breast cancer cells. 


Both cells proliferation activity (IC50) and the combination 
 index  (CI)  were  used  as  indicators  in  this  study  for 
 forecasting the pathway of the underlying mechanism of 
 the  combination  treatment,  which  is  crucial  for  future 
 works as tamoxifen alone exhibits multiple adverse effects 
 in chemotherapy of breast cancer and developed cervical 
 neoplasia in certain circumstances (Hwang et al. 1992). In 
 this regard, this study aimed to determine the cell viability 
 and CI of both the breast cancer cells (MCF-7) and cervical 
 cancer  cells  (HeLa)  treated  with  an  anticancer  drug 
 (tamoxifen) and antioxidant compound (ascorbic acid).



METHODOLOGY


CELL CULTURE


Breast  cancer  cells  (MCF-7)  and  cervical  cancer  cells 
 (HeLa) were obtained from the stock culture deposited at 
 the School of Health Sciences, Universiti Sains Malaysia. 


The cell line was grown under a temperature of 37°C in a 



(3)humidified  incubator  with  5  % CO2.  The  mixture  of 
 Dulbecco’s Modified Eagle’s Medium (DMEM), 10 % of 
 Fetal  Bovine  Serum  (FBS)  and  1  %  of  penicillin-
 streptomycin antibiotics was the complete medium used 
 in culturing the cells. Cell culture work was conducted 
 inside a Class II Biosafety Cabinet. The culturing steps 
 were done with aseptic techniques and condition to prevent 
 contamination.


CELL REVIVAL


The cryopreserved cell was thawed in a 37°C water bath 
 for a while until the content inside the cryovial melted 
 down. The content was transferred into a 15 ml Falcon tube 
 and 1 ml of the complete medium was added to the tube 
 before centrifuging the tube at 1500 rpm for 5 minutes at 
 room temperature. While waiting for the centrifugation 
 process, 4 ml of the complete medium was filled into the 
 T25 cell culture flask until the surface of the flask was fully 
 covered. Next, after the centrifugation process was done, 
 the  supernatant  was  removed  and  the  cell  pellet  was 
 suspended with 1 ml of the complete medium to avoid the 
 cell from clumping. The cell suspension was then dispensed 
 into the flask containing the complete medium and the cell 
 morphology  was  observed  under  an  inverted  light 
 microscope. The flask was labelled with the cell type, 
 passage number and date. After that, the flask was placed 
 in a 37°C CO2 incubator.


TREATMENT OF CELLS


MCF-7 cells (4 x 103 cells per well) and HeLa cells (3 x 
 103 cells per well) were seeded in 96 well plates. The cells 
 were  incubated  at  37°C. After  24  hours  and  the  cells 
 reached 80-90 % confluency, the medium was discarded. 


The cells were treated with 100 µL of ascorbic acid and 
 tamoxifen at various concentrations. The treated cells were 
 incubated in a humidified incubator with 5 % CO2 at 37°C 
 for 72 hours. Treatments were carried out in triplicate.


DETERMINATION OF CELL VIABILITY AND 
 IC50 WITH MTT ASSAY


MTT assay was performed in order to determine the IC50
 of tamoxifen and ascorbic acid. First, 5 mg MTT powder 
 was dissolved with 1 ml of phosphate buffer saline (PBS) 
 and the solution was vortex mixed. Then, the mixture was 
 filtered by using a sterile syringe filter into a 15 ml Falcon 
 tube. MTT preparation must be done in a dark condition. 


After that, 10 µl of MTT solution (5 mg/ml in PBS) was 
 added to each well. The 96-well plates were wrapped with 
 aluminium foil and incubated in a humidified incubator 


with  5  %  CO2  at  37°C  for  4  hours. After  4  hours  of 
 incubation,  the  solution  in  the  wells  was  discarded. 


Following that, 100 µl of absolute DMSO was added into 
 the wells to dissolve the blue formazan crystals formed by 
 viable  cells. The  96-well  plates  were  then  wrapped  in 
 aluminium foil and were put on a shaker for 5 minutes. 


Next, the absorbance (OD) of each well was measured using 
 a microplate reader at wavelength 570 nm. The IC50 values 
 of tamoxifen and ascorbic acid were determined from the 
 dose-response curve by plotting a graph of the percentage 
 of cell viability (%) against log10 concentration (µg/ml) 
 using GraphPad Prism 6. The percentage of cell viability 
 (%) was calculated by using the formula:


The obtained IC50 values of tamoxifen and ascorbic 
 acid were used in the combination treatment.


COMBINATION TREATMENT


For combination treatment, the experiment was done with 
 a non-constant combination of tamoxifen and ascorbic acid 
 concentrations. Generally, a non-constant combination is 
 a random ratio combination, for example, drug A can be 
 combined with drug B with five different combination 
 ratios. Another feature of the non-constant combination is 
 that the IC50 value of drug A (D1) can be kept at a fixed 
 concentration while varying the IC50 value of drug B (D2), 
 or vice versa (Chou & Martin 2005). The non-constant 
 ratio combination design used in this study followed the 
 procedure described by Wan Omar et al. (2016) with some 
 modifications, in which serial concentrations of tamoxifen 
 were combined with a fixed concentration of ascorbic acid.


MCF-7  cells  were  treated  with  tamoxifen  at 
 concentrations of 14.53 µg/ml, 7.27 µg/ml, 3.64 µg/ml, 
 1.82 µg/ml and 0.91 µg/ml in combination with ascorbic 
 acid at a fixed IC50 concentration of 15.8 µg/ml. Meanwhile, 
 HeLa  cells  were  treated  with  tamoxifen  at  various 
 concentrations (11.09 µg/ml, 5.55 µg/ml, 2.77 µg/ml, 1.39 
 µg/ml and 0.69 µg/ml) in combination with ascorbic acid 
 at a fixed IC50  concentration of 202.3 µg/ml. The percentage 
 of cell viability (%) was determined by MTT assay.


ANALYSIS OF SYNERGISTIC EFFECTS
 The data of the combination treatment were analyzed using 
 CompuSyn software to determine the synergistic, additive 
 and  antagonistic  effects  of  the  drugs  combination. 


Statistical  analysis  was  performed  and  the  result  was 
 presented as a CI. The CI value is a mathematical and 
 quantitative  representation  of  the  pharmacological 


Percentage of cell viability (%) = Absorbance in a well


Absorbance of negative controlX 100 %



(4)interplay of two drugs where CI>1 represents antagonism 
 effect, CI=1 represents additive effect and CI<1 represent 
 synergism effect (Qiao et al. 2015).


STATISTICAL ANALYSIS


The data were presented as means ± SD. The differences 
 in  the  mean  values  between  tamoxifen  alone  and  the 
 combination of tamoxifen and ascorbic acid were analyzed 
 using GraphPad Prism (Version7) and the independent t-test. 


A p  value  less  than  0.05  was  considered  statistically 
 significant.



RESULTS


The cell viability of the cancer cells treated with tamoxifen 
 and ascorbic acid was determined by MTT assay. Tamoxifen 
 was observed to inhibit the growth of both types of cancer 


cells  at  a  lower  concentration,  whereas  ascorbic  acid 
 inhibited the growth of MCF-7 cells at a lower concentration 
 while a higher concentration was required to inhibit the 
 growth of HeLa cells. Figure 1 represents the dose-response 
 curves of tamoxifen and ascorbic acid in MCF-7 cells, with 
 the percentage of cell viability (%) plotted against log10 
 concentration (µg/ml). Based on Figures 1(A) and 1(B), 
 the IC50 value of tamoxifen on MCF-7 cells was 14.53 µg/


ml whereas the IC50 value of ascorbic acid on MCF-7 cells 
 was 15.8 µg/ml. The results showed that the IC50 values of 
 tamoxifen and ascorbic acid varied less than one-fold.


A non-constant combination treatment of tamoxifen 
 and ascorbic acid on MCF-7 cells was designed to determine 
 the combined effect of tamoxifen and ascorbic acid. The 
 combination treatment was done with serial concentrations 
 of  tamoxifen  combined  with  a  fixed  concentration  of 
 ascorbic acid at 15.8 µg/ml. The results showed that the 
 combination of tamoxifen and ascorbic acid exerted greater 
 MCF-7 cells inhibition at all concentrations compared to 
 tamoxifen alone, as shown in Figure 2.


FIGURE 1. Antiproliferative activity of different concentrations of (A) tamoxifen and (B) ascorbic acid on MCF-7 cells. Each value 
represents the mean ± SD from three separate experiments



(5)FIGURE 2. Antiproliferative effect of tamoxifen alone and tamoxifen in the combination with ascorbic acid (AA) on MCF-7 cells. 


Each value represents mean ± SD from three separate experiments. **: p<0.01, ***: p<0.001, ****: p<0.0001


TABLE 1. CI values for the combined effect of tamoxifen and ascorbic acid on MCF-7 cells


Tamoxifen dose (µg/mL) Ascorbic acid dose (µg/mL) Effect CI


14.53  15.8 0.8355     0.47823


7.27     15.8 0.6610     0.49734


3.64     15.8 0.6717     0.38308


1.82     15.8 0.6532     0.34245


0.91     15.8 0.6924     0.29255


FIGURE 3. Antiproliferative activity of different concentrations of (A) tamoxifen and (B) ascorbic acid on HeLa cells. Each value 
represents the mean ± SD from three separate experiments



(6)All combinations of ascorbic acid (15.80 µg/ml) and 
 tamoxifen (0.91 g/ml to 14.53 µg/ml) exhibited CI values 
 less than 1, which indicated that the combination had a 
 synergistic effect. The lowest CI value was observed in the 
 combination of ascorbic acid and the lowest tamoxifen 
 concentration (Table 1).


In this study, the antiproliferative effect of tamoxifen 
 and ascorbic acid were also tested on HeLa cells. The IC50
 values of tamoxifen and ascorbic acid obtained from the 
 MTT assay were 11.09 µg/ml and 202.3 µg/ml, respectively. 


Tamoxifen, which is a wide spectrum chemotherapeutic 
 drug, showed a higher cytotoxicity effect, with greater 
 antiproliferative activity at a lower concentration (Figure 
 3). On the other hand, ascorbic acid required more than 
 10-fold higher concentration as compared to tamoxifen to 
 inhibit 50 % of the cell population.


Like MCF-7 cells, a similar non-constant combination 
 treatment of tamoxifen and ascorbic acid was designed to 
 determine the combined effect of tamoxifen and ascorbic 
 acid on HeLa cells. The combination treatment was done 
 with serial concentrations of tamoxifen combined with a 
 fixed concentration of ascorbic acid at 202.3 µg/ml. It was 
 observed that the growth inhibition effect of the combination 


of  tamoxifen  and  ascorbic  acid  (for  all  concentration 
 combination) on HeLa cells was greater by 30 % to 70 % 
 when  compared  to  tamoxifen  alone  (Figure  4). All 
 combinations had CI values of more than 1, which indicated 
 an  antagonistic  effect  (Table  2).  In  this  study,  the 
 combination with a lower concentration of tamoxifen and 
 the lowest CI value was chosen for further study.



DISCUSSION


The Selective Estrogen Receptor Modulators (SERMs), tamoxifen
 is the most commonly used drug for the treatment of breast 
 cancer (Negreira et al. 2015). It is a potent antioxidant and 
 a non-steroidal antioestrogen drug. Also, it is considered 
 a prodrug since it is extensively metabolized in the body 
 after  administration,  yielding  several  compounds  with 
 higher pharmacological activity than itself. These main 
 active  metabolites  include  4-hydroxy-tamoxifen  and 
 4-hydroxy-N-desmethyl-tamoxifen,  also  known  as 
 endoxifen (Reid et al. 2014). However, tamoxifen may 
 damage both cancer and normal cells.


FIGURE 4. Antiproliferative effect of tamoxifen alone and tamoxifen in the combination with ascorbic acid (AA) on HeLa cells. 


Each value represents mean ± SD from three separate experiments. *: p<0.05, **: p<0.01, ****: p<0.0001


Table 2. CI values for the combined effect of tamoxifen and ascorbic acid on HeLa cells


Tamoxifen dose (µg/mL) Ascorbic acid dose (µg/mL) Effect CI


11.09      202.3     0.7107     1.12028


5.55      202.3     0.4270     1.41649


2.77      202.3     0.4549     1.25020


1.39      202.3     0.3792     1.31009


0.69       202.3      0.3966      1.24904



(7)Although  tamoxifen  has  its  own  anticarcinogenic 
 potential, it produces some adverse toxic effects when taken 
 for a long time (Muralikrishnan et al. 2010). The failure 
 of tamoxifen in breast cancer treatment is because long 
 term exposure to the drug may induce the emergence of 
 tamoxifen-resistant ERα-positive cell clones, on which 
 oestrogen may induce apoptosis and the emergence of a 
 stem cell-like population of resistant cells (Notas et al. 


2015). Tamoxifen resistance has been attributed to either 
 a variability of tamoxifen metabolic fate by individual 
 patients, concurring by the identification of low, normal 
 and increased tamoxifen metabolites, or to the evolution 
 of  the  disease  phenotype  during  treatment  with  the 
 emergence  of  tamoxifen-resistant  clones  (Notas  et  al. 


2015). Thus, newer approaches that do not rely solely on 
 the traditional cytotoxicity of a single agent are required 
 in order to provide a more targeted, efficient and enhanced 
 form of cancer therapy (Bayat Mokhtari et al. 2017).


One of the key approaches to overcome drug resistance 
 is combination treatment (Kumar et al. 2016). Combination 
 treatment would essentially increase the therapeutic index 
 of cancer therapy and produce a more potent cytotoxic 
 effect  (Lee  et  al.  2019).  Because  cancer  cells  are 
 heterogeneous, combination treatment can be alternated 
 with standard therapy in order to eliminate all cancer cells 
 (Bayat Mokhtari et al. 2017). In order to minimize the side 
 effects of tamoxifen and improve its antioxidant efficacy 
 in cancer treatment, a combination with other antioxidants 
 is necessary (Muralikrishnan et al. 2010).


An antioxidant supplement can be broadly defined as 
 any dietary supplement that exerts antioxidant actions. 


Antioxidant supplements taken during cancer treatment 
 are believed to counteract the oxidative damages to healthy 
 tissues, have a direct anticancer activity or confer general 
 health benefits (Greenlee et al. 2009). One of the most 
 commonly considered antioxidant supplements is ascorbic 
 acid.  The  use  of  ascorbic  acid  in  combination  with 
 cytotoxic  chemotherapy  is  encouraged  because  it 
 potentiates  the  antitumour  activity  (Espey  et  al.  2011; 


Stephenson et al. 2013). Not only that, Harris et al. (2014) 
 reported that ascorbic acid supplementation reduced the 
 total mortality and breast cancer-specific mortality rates 
 among breast cancer patients.


Ascorbic  acid  has  been  occasionally  used  as  a 
 complementary  treatment  of  cancer since  1974,  to  aid 
 patients’ survival and quality of life. Studies in humans, 
 animals and in vitro showed that other antioxidants, such 
 as tocopherols and carotenoids can also inhibit the growth 
 of  neoplastic  cells,  induce  apoptosis,  boost  cell 
 differentiation and inhibit the activity of protein kinase C 
 and  adenylyl  cyclase,  which  considered  as  antitumour 
 effects. Those findings also affirmed that a high-dose of 
 ascorbic acid therapy can benefit patients by improving 


their prognosis and therapeutic efficacy (Gröber 2009). 


Even though ascorbic acid has been widely used in the 
 treatment  and  prevention  of  cancer,  nevertheless,  the 
 clinical findings are still inconclusive. It was observed that 
 at low concentration, ascorbic acid exhibits an antioxidant 
 role,  preventing  oxidation  which  induces  apoptosis. 


However, a high concentration of ascorbic acid increases 
 the production of adenosine triphosphate (generated by 
 mitochondria), inducing apoptosis in tumour cell lines via 
 a pro-oxidant mechanism (González et al. 2010).


Multiple  studies  had  shown  that  ascorbic  acid 
 increases the efficacy of anticancer drugs. For instance, 
 Guerriero et al. (2014) reported that when treating breast 
 cancer cell lines with mitoxantrone and ascorbic acid, 
 ascorbic acid increased the dose-dependent antineoplastic 
 activity of mitoxantrone which influenced the apoptosis, 
 cell  cycle  and  cell  signalling,  hence,  increased  the 
 cytotoxicity effect of mitoxantrone. Also, Catani et al. 


(2002)  reported  that  ascorbic  acid  supplementation 
 upregulated the MLH1 (MutL homologue-1) protein in 
 human keratinocytes. On top of that, the cells supplemented 
 with ascorbic acid showed greater sensitivity to apoptosis 
 induced by cisplatin underlined by the activation of the 
 MLH1/c-Abl/p73 signalling pathway (Catani et al. 2002). 


However, there are still many controversies regarding the 
 role of ascorbic acid in the prevention and treatment of 
 cancer.


In  this  study,  it  was  found  that  tamoxifen  had  a 
 cytotoxic effect on the MCF-7 and HeLa cells at lower IC50
 value. This is because tamoxifen has a high affinity to 
 oestrogen receptors, thus, enhancing its activity towards 
 MCF-7 cells (Kelly et al. 2017).  A large proportion of breast 
 cancer  types  (including MCF-7)  express  oestrogen 
 receptors  and  are  dependent  on  oestrogens  for  their 
 proliferation  and  survival  (Negreira  et  al.  2015). The 
 antiestrogenic effects of tamoxifen are responsible for its 
 anticancer activities via competitive inhibition of oestrogen 
 binding  to  oestrogen  receptors,  resulting  in  cellular 
 apoptosis  (Yaacob  et  al.  2013).  Since  HeLa  cells  are 
 oestrogen receptor-negative, the action of the tamoxifen 
 onto the cell was possibly by inducing the apoptosis and 
 oxidative  stress  via  the  generation  of  reactive  oxygen 
 species (ROS) in the mitochondria, as reported by Rivera-
 Guevara et al. (2010).


In this study, the requirement of a higher concentration 
of ascorbic acid to inhibit the cell growth of HeLa cells 
might be due to insufficient concentration of ascorbic acid 
radicals and hydrogen peroxide to induce tumour cell death 
at lower concentration (Chen et al. 2007). A recent study 
reported that ascorbic acid at doses of 5 mM and 8 mM 
were required for a reduction in proliferation and viability 
of HeLa cell at 24 hours and 48 hours, respectively (Aastha 
Sindhwani et al. 2019). A high dose of ascorbic acid turns 



(8)it into a pro-oxidant therapeutic agent in cancer treatment 
 by generating ascorbate radicals and hydrogen peroxide in 
 extracellular fluid in vivo (Yeom et al. 2009). More recently, 
 Unlu et al. (2016) also reported that a high dose of ascorbic 
 acid can create a cytotoxic effect on cancer cells by means 
 of chemical reactions that produce hydrogen peroxide. The 
 higher IC50 value of ascorbic acid on HeLa cells indicated 
 that  ascorbic  acid  becomes  pro-oxidant  at  a  higher 
 concentration  by  increasing  adenosine  triphosphate 
 production that induces apoptosis of cancer cell line (Mata 
 et al. 2016).


Also, the results showed that the effect of ascorbic 
 acid on HeLa cells was more than 10-fold higher than its 
 effect on MCF 7 cells. It is possible that ascorbic acid 
 mediated direct cytotoxicity effects on cancer cells through 
 hydrogen peroxide (Chen et al. 2007). Besides, according 
 to a study by Sant et al. (2018), ascorbic acid promotes 
 apoptosis  in  breast  cancer  cells  (MDA-MB-231)  by 
 increasing TRAIL expression, but the cell type used in their 
 study was non-estrogenic BRCA. Nevertheless,  further 
 study is required to elucidate the mechanism of cell death 
 in MCF-7 in the presence of ascorbic acid.


Nonetheless, a high concentration of ascorbic acid 
 does not interfere with chemotherapy or irradiation therapy 
 and may even enhance the efficacy in some situations 
 (Mikirova et al. 2013). It was also reported that ascorbic 
 acid  replenishment  would  protect  normal  tissues  from 
 tumour  invasiveness  and  metastasis  due  to  its  role  in 
 collagen production and protection.


The  result  of  the MTT  assay  showed  that  the 
 combination  treatment  of  ascorbic  acid  and  tamoxifen 
 reduced  the  proliferation  of MCF-7  cells  at  average 
 concentration  compared  to  tamoxifen  alone,  which  is 
 consistent with the finding of Lee et al. (2019). High doses 
 of vitamin C (1.25 mM to 20.00 mM) were utilised in the 
 study of Lee et al. (2019), whereas this study utilised a 
 fixed  concentration  of  1.14  mM  (202  µg/ml). A  fixed 
 concentration of ascorbic acid was used in this study to 
 attain the lowest concentration of tamoxifen required for 
 the optimum effect of ascorbic acid in terms of IC50 value. 


The limitation of this ratio combination design is that the 
 optimal dose of ascorbic acid for combination treatment 
 cannot be determined in this study. However, the lowest 
 dose of tamoxifen determined in this study is useful in 
 reducing the toxicities of tamoxifen in actual treatment.


The combination of ascorbic acid and tamoxifen in 
 this  study  showed  antagonize  effect. A  previous  study 
 suggested that the antagonize effect might be due to some 
 anticancer drugs which mechanism involve reactive oxygen 
 species (ROS) to cause the anticancer effect. Conversely, 
 a highly selective anticancer drug does not require ROS
 generation (Heaney et al. 2008) to induce anticancer effect. 


Tamoxifen for example, exhibited antagonize effect via 


increase oxidative stress through mitochondria-dependent 
 and nitric oxide (NO)-dependent pathways associated with 
 increased intramitochondrial Ca2+ concentration (Bernstein 
 et al. 1999). Besides, the antagonistic effect could be due 
 to the fact that tamoxifen exerts its antineoplastic effect by 
 inducing cell death in HeLa cell via the Fas ligand-mediated 
 mitochondrial membrane depolarization. However, a lower 
 concentration of ascorbic acid inhibits such depolarization 
 (Heaney et al. 2008).



CONCLUSION


In conclusion, tamoxifen was proven to be cytotoxic to 
 both types of cancer cells with an IC50 value of 14.53 µg/


ml and 11.09 µg/ml, respectively. Conversely, ascorbic 
 acid could only reduce cell proliferation of HeLa cells at 
 a higher concentration (IC50 = 202.3 µg/ml). Combination 
 treatment of ascorbic acid and tamoxifen exerted substantial 
 growth reduction (15 %) in MCF-7 cells. In MCF-7 cells, 
 the action of ascorbic acid and tamoxifen was synergistic 
 as  all  the CI  values  were  below  1.  In HeLa  cells,  the 
 combination  of  ascorbic  acid  and  tamoxifen  treatment 
 exhibited antagonistic action as the CI were more than 1. 


The  inhibition  of HeLa  cells  in  combination  treatment 
 ranged from 30 % to 70 %. Further studies are required to 
 elucidate the underlying mechanism.
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