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Introduction

Breast cancer is a leading cause of cancer death among 
females worldwide in the world. To fight against breast 
cancer, developing therapeutic strategies is essential. 
Due to irreversible tissue toxicity, the clinical use of 
doxorubicin (DOX) as a broadspectrum anti-breast cancer 
agent has been restricted. A combination of therapeutic 
interventions can provide patients with the opportunity to 
make the most of treatment (Samare-Najaf et al., 2020; 
Wei et al., 2020).

In biological systems, vitamin E is the most critical 
lipophilic antioxidant to form the frontline defense against 
the peroxidation of unsaturated fatty acids (Sylvester, 
2007). Recently, the role of this vitamin has been identified 
in reducing the growth of cancerous cells. It has also been 
proven that vitamin E can act as an antioxidant agent to 
inhibit estrogen receptor-positive breast tumors (Larouche 
et al., 2017). Some studies showed that the serum levels 
of vitamin E below 4.7 µg/ml had a significant correlation 
with breast cancer. Specific types of vitamin E showed 
potential apoptotic activities against a wide range of tumor 
cells. Still, they had no such effects on the functions and 
survivability of normal cells (Dorjgochoo et al., 2009). 
Since the use of DOX in breast cancer treatment is 
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associated with high side effects and the effect of vitamin 
E on the survival of cancer cells has fewer side effects, 
the combination of these interventions was evaluated. 
This strategy may provide new insight into increasing the 
efficacy of DOX due to its association with vitamin E and 
reducing the side effects of DOX.

Materials and Methods

Material
Vitamin E (Vit E), were obtained from Sigma-Aldrich 

(St. Louis, MO, USA). 
Doxorubicin (DOX) was purchased from (Ebeve. 

pharma, Tehran, Iran). The breast cancer cell lines of 
MDA-MB-231 (NC: C578) and the normal cell lines of 
HFF (NC: 452) were purchased in frozen vials from the 
Pasteur Institute of Iran. SKBR3 (NCBI code: C170) 
was kindly obtained from Dr. Valadan (Department of 
Immunology, Molecular and Cell Biology Research 
Center, School of Medicine, Mazandaran University of 
Medical Sciences, Sari, Iran).

Cell Culture
The breast cancer cell lines of SKBR3, MDA-MB-231, 

and the normal cell lines of HFF were cultured in 
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RPMI-1640 with 10% of the fetal Bovin serum (FBS), 
100 U/ml of penicillin, and 100 µg/ml of streptomycin. 
The cell flask was placed in an incubator at 37ºC, 
5%-CO2 pressure, and 95% humidity. Dosage and 
time were evaluated to determine the optimal effects 
of vitamin E. The cells were then treated with 0-µM, 
30-µM, 60-µM, and 120-µM concentrations of vitamin 
E, 2-µM and 4-µM concentrations of doxorubicin, and the 
doxorubicin–vitamin E mixture. They were then analyzed 
after a 24-hour incubation period. The zero concentration 
of medicine was considered the control group, and the 
experiments were triplicated to increase the accuracy of 
comparison and process efficiency.

Cytotoxic Assay of Vitamin E
The MTT assay was conducted to analyze the 

cytotoxicity of synthesized vitamin E on the cell lines of 
interest. The MTT powder is the water-soluble yellow 
tetrazolium salt retrieved by the succinate dehydrogenase 
enzyme of the mitochondria of living cells and then 
converted into the water-insoluble formazan dyes. In 
brief, 15×103 of MDA-MB-231 and SKBR3 cells were 
cultivated in a 96-well plate. The cells were treated with 
the designated interventions in the new environment 
overnight for 24 hours, after which the MTT solution (5 
mg/ml in PBS) was added to the plate wells. The plate was 
then placed in an incubator for 3 hours. The superficial 
solution was then extracted, and 200 µl of dimethyl 
sulfoxide (DMSO) was added to each well to tear the cell 
membrane and let formazans out. The plate was placed 
on a shaker for 20 minutes. Finally, the specimens were 
measured with a microplate reader at a wavelength of 540 
nm and a frequency of 660.

The results of treating SKBR3, MDA-MB-231, and 
HFF cells with the designated concentrations of vitamin 
E, doxorubicin, and a combination of these interventions 
were plotted on diagrams for 24 hours. The IC50 of the 
medicine (i.e., a concentration that inhibits 50% of cell 
growth) was calculated for cancer cell lines in a web-based 
application developed by AAT Bioquest Inc.

Intracellular reaction oxygen species scavenging activity 
The cellular reactive oxygen species (ROS) content 

was measured through a ROS-sensitive fluorescence 
indicator called DCFH-DA (Abcam, US. Cat No.: 
AB113851). Their scavenging activities were evaluated 
through vitamin E, doxorubicin, and a combination of 
these two interventions. For this purpose, 15×103 of 
MDA-MB-231 cells were cultivated in each well of a 
96-well plate. After 24 hours, they were then incubated 
in the presence of 60-µM and 120-µM concentrations of 
vitamin E, 2-µM and 4-µM concentrations of doxorubicin, 
and a combination of these interventions without changing 
the culture environment for 20 hours at 37º C with 5% 
of CO2. After the wells were washed with a buffer, the 
cells were incubated with DCFH-DA (25 µM) for 45 
minutes in a medium free of any red phenol at 37ºC. The 
fluorescent intensity was measured by a microplate reader 
(Bio Tech-USA) at 485/535 wavelengths.

Statistical Analysis
Data analysis was performed in SPSS 21. After the 

normality of variable distribution was checked, ANOVA 
was employed to evaluate the mean of cellular antioxidant 
proliferation. The significance level was considered 
P<0.05, whereas IC50 was calculated for different cell 
lines in a web-based application developed by AAT 
Bioquest Inc.

Results

Results of Analyzing Cytotoxicity of Vitamin E
The measured cytotoxicity was analyzed in 

MDA-MB-231, SKBR3, and HFF cells based on the 
vitamin E treatment with different doses. Generally, 
there were significant differences in cytotoxicity rates 
caused by different treatments of Vitamin E in cancerous 
cells (p=0.000), whereas no significant difference was 
observed in the normal HFF cells (p=0.658) (Figure 1). 
On the other hand, there were significant differences 

Figure 1. Comparing SKBR3, MDA-MA-231, and HFF in Survivability in the Presence of Vitamin E and Doxorubicin 
Over 24 hours. Data are presented as mean ± standard deviation. All data are depicted as a percentage with respect to 
the control.   
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(p=0.000) (Figure 2). The IC50 values of vitamin E on 
SKBR3 and MDA-231 cell lines in 24 hours were 119 
µM and 151 µ, respectively.

Antioxidant Activity of Vitamin E
The intracellular ROS was measured to determine the 

antioxidant effects of vitamin E per se and in combination 
with doxorubicin. The ROS generation decreased in the 
24-hour treatment of MDA-MA-231 cells with vitamin 
E (120 µM), doxorubicin (4 µM), and the combination 
of these interventions (Vit E 120 + DOX 4) (Figure-4). 
The reduction of peroxide ions was identified through the 
evidence for the attraction of ROS-sensitive fluorescence 
indicators called DCFDH. In addition, the cells treated 
with vitamin E (120 µM) had significantly lower 
fluorescence than the untreated cells (p=0.019). Despite 
reducing ROS content in the combination group (Vit E 

between SKBR3, MDA-231, and HFF (p=0.0001) in 
terms of toxicity after treatments with vitamin E (120 
µM), doxorubicin (4 µM), and the combination of these 
interventions (Vit E 120 + DOX 4). These results show 
the considerable cytotoxicity of the combination of 
interventions on cancerous cells with lower toxic effects 
on normal cells. There was no significant difference 
between the cytotoxicity induced with vitamin E (120 µM) 
and doxorubicin (4 µM) in MDA-231 cells (p=0.823). In 
contrast, the combination of these interventions indicated 
significant cytotoxicity compared with doxorubicin per 
se (p=0.0236). According to Figure 2, vitamin E had 
significant effects on the efficiency of doxorubicin in 
the combination of interventions (Vit E 120 + DOX 2, 
p=0.000) (Vit E 120 + DOX 4, p=0.002). In other words, 
the cytotoxicity of Vit E + DOX was significantly higher 
than that of only doxorubicin on MDA-MA-231 cells 

Figure 2. Comparing SKBR3, MDA-MA-231, and HFF in Survivability in the Presence of Doxorubicin and the 
Combination of Vitamin E and Doxorubicin Over 24 Hours. Data are presented as mean ± standard deviation. All data 
are depicted as a percentage with respect to the control. 

Figure 3. Measuring the Antioxidant Activity of Vitamin E in the Presence of Oxidative Stress in MDA-MA-231 
through DFCH-DA Fluorescence.
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120 + DOX 4; Vit E 120 + DOX 2) as opposed to DOX 4 
and DOX 2, the difference was not significant (p=0.998).

Discussion

The effective treatment of breast cancer requires 
maximum therapeutic effectiveness with minimum 
inappropriate effects. A combination of therapeutic 
interventions can provide patients with the opportunity to 
make the most of therapy. This approach can guarantee a 
good quality of life for patients and reduce or stop relapse 
and decrease therapeutic resistance or cytotoxicity effects 
of selective treatments (Fisusi and Akala, 2019). This is 
the first study to analyze the effectiveness of a combination 
of vitamin E and doxorubicin against the proliferation of 
breast cancer cells. In this study, the cell culture model 
was selected to experiment with the laboratory effects 
of different doses of vitamin E with doxorubicin (Vit E 
+ DOX) on the proliferation of MDA-MB-231 SKBR3 
and HFF, and antioxidant effect in a controlled empirical 
environment. Vitamin E is an antioxidant nutrient having 
a wide range of dosages for clinical purposes. Generally, 
5–80-µM vitamin E is used for the mixed clinical 
treatments of different diseases (Wei et al., 2019). In 
this study, the maximum dose was more than this range. 
According to Figure 1, a 120-µM amount of vitamin 
E caused higher cytotoxicity than an 80-µM dose in 
cancerous cells; however, it caused lower cytotoxicity 
effects on normal cell lines which simultaneous 
examination of normal and cancer cells has been one of 
the strengths of the above study . Ongoing proliferation is 
the prominent characteristic of cancerous cells, whereas 
the MTT assay is the most common method of cellular 
proliferation. In this study, the antiproliferative effect 
of doxorubicin increased significantly in combination 
with a 120-µM dose of vitamin E. Yiang et al. reported 
the reduced survivability of renal fibroblast cells (NRK-
49F) as a dosage-dependent reaction caused by vitamin 
E (Yiang et al., 2016). This finding is consistent with 
the results of this study. According to Yiang et al., a 
derivative of vitamin E (α-Tocopherol) increased the 
antiproliferative effects of gefitinib in cells.

Moreover, the results of previous studies (Wei et 
al., 2019) showed that treatment with α-Tocopherol (a 
derivative of vitamin E) with methotrexate had synergistic 
antiproliferative effects and decreased the proliferation of 
MDA-MB-231. Furthermore, combining vitamin E with 
statins had synergistic antiproliferative and proapoptotic 
effects on various cancerous cells, including the intestine 
and breast (Jiang, 2019). Accordingly, vitamin E is an 
effective antiproliferative agent for cancerous cells 
in laboratory conditions. The results of this study are 
consistent with the reported findings. However, Peralta 
and Uchihara showed that α-Tocopherol might decrease 
some chemotherapy medicines such as tamoxifen and 
crizotinib (Peralta et al., 2006; Uchihara et al., 2017). As 
the side product of metabolism, ROS plays a crucial role 
in maintaining hemostasis. In addition to the enzymes 
produced by cells to reduce the ROS-caused loss, a few 
small molecules such as vitamin E can act as cellular 

antioxidants to inhibit tumor growth. Previous studies 
showed that vitamin E had antioxidant functions in 
chemotherapy and reduced the side effects of chemical 
agents (Peh et al., 2016; Yüncü et al., 2015). In this study, 
the antioxidant effect of vitamin E per se was greater 
than that of doxorubicin; however, no synergistic effects 
were observed in the combination of vitamin E and 
doxorubicin. Zal et al., (2018) confirmed the protective 
role of vitamin E in combination with folate. According 
to Zal et al., (2018), endometrial cells receiving oxidative 
stress from the treatment with vitamin E experienced 
longer survivability than untreated cells. In addition, Diao 
confirmed that vitamin E would reduce ROS generation 
in the tumor tissue and MCF7 cells but improve tumor 
growth (Diao et al., 2016). Finally, this study indicated 
that mixed treatment with doxorubicin and vitamin E 
reduced the survivability of breast cancer cells with the 
minimum side effects on normal cells. In addition, high 
doses of vitamin E increased the cytotoxicity effects of 
doxorubicin.
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