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Introduction

Cancer is a disease in which abnormal cells grow out 
of control and form tumors and/or spread to other organs. 
The latter case is called metastasis, a life-threatening 
process that is often fatal. For this reason, cancer is a major 
problem of public health worldwide. The World Health 
Organization estimated that cancer accounted for nearly 
10 million deaths in 2020 [1, 2]. Among the cancers that 
develop in women, breast cancer and cervical cancer are 
the most common type of malignancy in both developed 
and less developed countries [3–5]. Several factors may 
bring about the onset of these cancers. It was found that 
persistent infection of the cervix by human papilloma 
virus accompanied by activation of cell proliferation 
in tumor cells is responsible for 95% of cervical cancer 
cases [6]. Breast cancer, meanwhile, is a complex disease 
based on the molecular subtype of the cancer cells. The 
most prevalent breast cancer is the luminal A subtype 
(HR+/HER-) which leads to increased cell proliferation 
and/or the moving out of cancer cells [7, 8]. Due to the 
prevalence and nature of breast cancer and cervical cancer, 
inhibiting these two types of cancer is an important but 
challenging task.  
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Rice (Oryza sativa L.) is the main food staple in many 
cultures, especially in Asia. During the milling process 
of rice production, rice bran is one of the byproducts but 
it is considered valuable due to the fact that it contain 
a highly bioactive compound. Specifically, rice bran 
is rich in phytochemicals [9, 10]. In particular, several 
types of polyphenolic compounds have been identified, 
especially in red rice bran. These compounds have potent 
pharmaceutical activity such as scavenging property 
and antioxidant activity [11, 12]. Our previous research 
reported that red rice bran extract (RRBE) could suppress 
the proliferation of colon cancer cells. The cellular 
mechanism underlying the proliferative suppression is the 
induction of apoptosis and the cell cycle arrest in those 
cancer cell lines (HT29 and HCT116), indicating that 
RRBE may have an anti-cancer action [13]. The aim of this 
study was to evaluate the efficacy of RRBE in inhibiting 
breast cancer and cervical cancer cells.

Materials and Methods

Preparation of RRBE solution
RRBE was provided by Assist. Prof. Dr. Narongsak 

Munkong (Department of Pathology, University of 
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Phayao, Thailand). The extract was initially dissolved in 
dimethyl sulfoxide (DMSO) to achieve a concentration 
of 10 mg/ml as the stock solution. The stock solution 
was further diluted with culture medium and stored at a 
temperature of 8°C and protected from light.  

Cell culture
HeLa (Cervical) and MCF-7 (Breast) cancer cell lines 

were provided by Dr. Prapaipat Klungsupya (Thailand 
Institute of Science and Technological Research, TISTR). 
These were then cultured in Dulbecco’s Modified Eagle 
Medium (DMEM) containing 10% fetal bovine serum 
(FBS), and streptomycin/penicillin (1x). The cells 
were incubated in an incubator at 37°C with a 5% CO2 
atmosphere. The culture medium was changed every 2-3 
days during the cultivation process.

Cell viability assessment using MTT test  
The HeLa and MCF-7 cells were plated at a density of 

5 x 103 cells per well in a 96-well plate. The cells were then 
incubated in a cell culture incubator and allowed to adhere 
to the surface. The old culture medium was replaced by 
RRBE at concentrations ranging from 100 to 1,000 µg/ml 
and the cells were then incubated for a further 24 and 48 
hours. After the designated incubation period, the culture 
media containing RRBE were aspirated, and then 50 µl 
of a 5 mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide (MTT) solution was added into each 
well of a 96-well plate, which was subsequently placed in 
an incubator with 5% CO2 at 37°C for 3 hours. Following 
this, MTT solution was carefully removed and then 
replaced with 100 µl of DMSO. The plate was checked 
and measured at 550 nm using a microplate reader. The 
percentage of cell viability (% Viability) was calculated 
using the following formula [14]:   

% Viability = [ ODSample/ ODControl ] x 100  
ODSample = OD value of the RRBE group   
ODControl = OD value of the untreated control group  

The cell viability graph was generated from percentage 
viability data, and concentrations of RRBE and the half 
inhibitory concentration (IC50) were calculated from the 
linear regression equation.

Anti-proliferative evaluation
The inhibitory effect of cell proliferation was assessed 

using the MTS assay with the Cell Titer 96 Aqueous One 
Solution Cell Proliferation Assay (Promega, USA). The 
HeLa and MCF-7 cancer cells were cultured at a density 
of 5 x 103 cells/well in a 96-well plate and incubated in 
a cell culture incubator for 24 hours. Subsequently, the 
cells were treated with RRBE at concentrations of 100, 
250, 500, and 1000 µg/ml. The cells were then incubated 
at 37°C with 5% CO2 for 48 hours. After the incubation 
period, 20 µl of the MTS reagent was added to each 
well and these were then incubated for 2-3 hours in the 
cell culture incubator. The absorbance was measured at 
a wavelength of 492 nm using a microplate reader. The 
percentage of relative proliferation was calculated using 
the same method as described previously [15]. 

Anti-cell migration activity using a wound healing assay
The HeLa and MCF-7 cancer cells were plated at a 

concentration of 6 × 105 cells/ml in a 96-well plate and 
then incubated for 24 hours. The old culture medium was 
replaced by DMEM without serum and the cells were then 
incubate in a CO₂ incubator at 37°C for 24 hours. A wound 
was then created by scraping the cell monolayer using 
a sterile 200 µL tip. Any detached cells were removed 
by washing with PBS. The cells were then treated with 
various concentrations of RRBE extract, followed by 
incubation in a CO₂ incubator at 37°C with 5% CO2. The 
wound width was measured and captured at the initial time 
point and again after 24 hours. The percentage of wound 
closure was calculated using the following formula [16]. 

Wound Closure% =(At=0h – At=∆t / At=0h) x100%
At=0h is the area of the wound measured immediately 

after scratching (t=0h)
At=∆t is the area of the wound measured h hours after 

the scratch was performed

Statistical analysis
The experiments were conducted at least three 

times for each test and the results were presented as 
mean ± standard deviation (mean ± SD). Statistical 
analysis was performed using analysis of variance 
(ANOVA) to determine the differences among group 
means. The least significant difference (LSD) method was 
used for multiple comparisons between group means. A 
t-test was used to find the differences between the means 
of two independent groups. A significance level of 0.05 
(p < 0.05) was used for all experiments.

Results

Effect of RRBE on the viability of cervical cancer and 
breast cancer cells

HeLa and MCF-7 cells were treated with RRBE 
at various concentrations and exposure times. It was 
observed that the cell populations were reduced with 
treatments at increasing concentrations of RRBE, and 
the morphology of those cells changed when compared to 
the control group, especially at 48 hours after incubation 
(with no marked difference after 24 hours). Treatment with 
RRBE exhibited increased cell shrinkage and detachment 
from the culture surface, which was found in both cancer 
cell lines, as depicted in Figure 1. In the HeLa cells, 
cell viability of 60.38% to 50.87% was shown in the 
concentration range of 100 to 1000 µg/ml (Figure 2) at 
48 hours of RRBE treatment.

Similarly, the percentage of viability was 94.39% to 
59.42% for MCF-7 at the same concentrations (Figure 3). 
Based on the equation of the straight linear regression 
fitted line, the IC50 values at 48 hours were 818.67 µg/
ml and >1000 µg/ml for HeLa and MCF-7, respectively. 
These results suggests that RRBE has the potential to 
inhibit HeLa and MCF-7 cells.  

Effect of RRBE on proliferative suppression in cervical 
cancer and breast cancer cells

To confirm the inhibitory effects of RRBE on cancer 
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Figure 1. The Effect of RRBE on HeLa and MCF-7 Cells. Morphological change following treating with RRBE at 
concentrations of 100, 250, 500, and 1000 µg/ml for 48 hours.

Figure 2. The Viability of HeLa Cells after RRBE Treatment. Cells were incubated with RRBE at 100 to 1000 µg/ml 
for 24 and 48 hours. **P<0.01

Figure 3. The Viability of MCF-7 Cells after RRBE Treatment. Cells were incubated with RRBE at 100 to 1000 µg/
ml for 24 and 48 hours. * P < 0.05, ** P < 0.01
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Figure 4. The Effect of RRBE on Proliferation of HeLa (A) and MCF-7 (B) cells at concentrations of 100, 250, 500 
and 1000 µg/ml. ** P < 0.01

Figure 5. The Inhibitory Effect on Migration of HeLa Cells with RRBE Treatment. Cells were treated with RRBE at 
concentrations of 100, 250, 500 and 1000 µg/ml. The wound gap was measured at 0, 18 and 24 hours.

cells, we evaluated the effect of RRBE on the proliferative 
suppression of HeLa and MCF-7 cells, with RRBE 
concentrations being chosen for the experiment due to 
their nontoxicity. The results revealed that both cell lines 

exhibited a statistically significant decrease in proliferation 
(p < 0.05) at concentrations of 100, 250, 500, and 1000 µg/
ml after 48 hours of treatments with RRBE. These results 
show that RRBE significantly inhibits the proliferation 
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Figure 6. The Inhibitory Effect on Migration of MCF-7 Cells with RRBE Treatment. Cells were treated with RRBE 
at concentrations of 100, 250, 500 and 1000 µg/ml. The wound gap was measured at 0, 18 and 24 hours. * P < 0.05

of HeLa and MCF-7 cells in a concentration-dependent 
manner. At concentrations of 100, 250, 500, and 1000 µg/
mL, the relative proliferation of HeLa cells was 0.96, 0.85, 
0.68, and 0.66, respectively (Figure 4A). For the MCF-7 
cells at concentrations of 100, 250, 500, and 1000 µg/
mL, the relative proliferation was 0.95, 0.88, 0.78, and 
0.68, respectively (Figure 4B). Collectively, these results 
indicate that RRBE effectively inhibits the proliferation 
of HeLa and MCF-7 cells.

Effects on migration of cervical cancer and breast cancer 
cells

The inhibitory effects of RRBE on the migration of 
HeLa and MCF-7 cells were assessed using the wound 
healing assay. The cells were treated with RRBE at 
concentrations of 100, 250, 500 and 1,000 µg/mL and 
then incubated for 24 hours. For the HeLa cells, the wound 
observed in the control group, which was not treated 
with RRBE, showed a reduction in the distance between 
the edges of the wound (Figure 5). The degree of wound 
closure was 61.08% indicating that the cells continued to 
migrate into the wound. In the groups treated with RRBE 

at concentrations of 100, 250, 500 and 1000 µg/mL, the 
wound closure was 53.72%, 40.78%, 30.71%, and 13.01% 
respectively. These results suggest that RRBE inhibits the 
migration of HeLa cells.

The effect of RRBE on the migration of MCF-7 
cells was evaluated at concentrations of 100, 250, 500 
and 1000 µg/mL. The wound closure rate in the control 
group was 61.59% (Figure 6). In the groups treated with 
RRBE, the wound healing rate showed a decrease as the 
concentration increased, with wound closure of 39.42%, 
39.23%, 28.80%, and 33.92% for RRBE at concentrations 
of 100, 250, 500 and 1000 µg/mL, respectively. These 
results suggest that RRBE reduces the migration of MCF-7 
cells, highlighting its potential as an anti-metastatic agent.

Discussion

This study investigated the effects of red rice bran 
extract (RRBE) on HeLa and MCF-7 cancer cells. It was 
found that RRBE exhibited cytotoxicity against cancer 
cells and inhibited their proliferation, both in HeLa and 
MCF-7 cells. Moreover, RRBE was shown to inhibit 
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mechanism involves the downregulation of S100A4, a 
key protein that promotes cancer cell metastasis, as well 
as the suppression of the PI3K/Akt signaling pathway, 
which plays a crucial role in regulating cell survival and 
motility. These findings highlight the potential of Arctiin 
as an anti-metastatic agent through specific mechanisms 
targeting cancer cell migration. Collectively, it can be 
concluded that the of red rice bran extract appears to be a 
viable candidate for a cancer therapy strategy. However, 
further research is warranted to elucidate the molecular 
mechanisms underlying its effects and to evaluate its 
efficacy and safety through in vivo models.
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