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Abstract. The aim of this study was to compare the antiproliferative effects of baicalein which is a flavonoide 

on MCF-7 and MDA-MB-231 cell line. The experiments were carried out with the evaluation of the parameters. 

Including cell viability, cell index, mitotic index, labelling index and apoptotic index. With the cell viability 

test, IC50 concentrations of baicalein for MCF-7 and MDA-MB-231 cells were determined as 10 µM and 30 

µM, respectively and these concentrations were used in all experiments. The results showed that the IC50 

concentrations decreased the values of cell viability, cell index, mitotic index and labelling index and increased 

the apoptotic index value for both cell types. These decreases and increases are statistically significant (p<0.01). 

In addition, curves of the graphs obtained from the xCelligence Real-Time Cell Analysis System showed that 

baicalein has cytoskeletal effects on MCF-7 cells and cytostatic effects on MDA-MB-231 cells. The results 

obtained from this study suggest that baicalein can be used in patients with luminal A and triple negative breast 

cancer in the clinic by supporting the future studies due to its antiproliferative effects on MCF-7 and MDA-

MB-231 cells. 

Keywords: Baicalein, Luminal A breast cancer, Triple negative breast cancer. 

Baicalein’in Farklı Meme Kanseri Hücre hatlarındaki Kinetik Etkilerinin 

Değerlendirilmesi 

Özet. Bu çalışmada, bir flavonoid olan baicalein’in MCF-7 ve MDA-MB-231 hücre hatları üzerinde meydana 

getireceği antiproliferatif etkilerin karşılaştırılması amaçlanmıştır. Hücre canlılığı, hücre indeksi, mitotik 

indeks, işaretlenme indeksi ve apoptotik indeks gibi hücre kinetiği parametrelerinin değerlendirilmesi ile 

deneyler gerçekleştirilmiştir. 

Yapılan hücre canlılığı testi ile baicalein’in MCF-7 ve MDA-MB-231 hücreleri için IC50 konsantrasyonları 

sırasıyla 10 µM ve 30 µM olarak belirlenmiş ve tüm deneylerde bu konsantrasyonlar kullanılmıştır. Elde edilen 

sonuçlar kullanılan IC50 konsantrasyonların her hücre tipi için de hücre canlılığı, hücre indeksi, mitotik indeks 

ve işaretlenme indeksi değerlerini azaltırken apoptotik indeks değerini yükselttiğini göstermiştir. Bu azalma ve 

artışlar istatistiksel olarak anlamlıdır (p<0.01). Ayrıca xCelligence Gerçek Zamanlı Hücre Analiz Sisteminden 

elde edilen grafiklere ait eğriler, baicalein’in MCF-7 hücrelerinde sitoskeletal etkiler meydana getirirken MDA-

MB-231 hücrelerinde sitostatik etki meydana getirdiğini göstermiştir. Bu çalışmadan elde edilen sonuçlar 

baicalein’in MCF-7 ve MDA-MB-231 hücreleri üzerine antiproliferatif etkilerinden dolayı ileride yapılacak 
çalışmalarla desteklenerek, klinikte luminal A ve üçlü negatif meme kanseri hastaları için de kullanılabileceğini 

düşündürmektedir. 

Anahtar Kelimeler: Baicalein, Luminal A meme kanseri, Üçlü negatif meme kanseri. 
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1. INTRODUCTION 

Recent advances in cancer diagnosis and treatment 

have significantly improved the prognosis of breast 

cancer. However, metastasis is still the main cause 

of cancer death [1]. Breast cancer is the most 

common cancer type in women worldwide and is 

the second leading cause of cancer death. This 

disease is expected to constitute 29% of all new 

cancer diagnoses in the next 10 years [2]. 

Ductal breast cancer cells are the cells that protect 

many ideal features of the breast epithelium. These 

cells are known as ER +, PR + and HER2- and are 

the most common type of breast cancer. It 

represents a group with a chance of success in 

treatment because of the presence of targets such as 

ER and PR. Triple-negative breast cancer is 

negative for estrogen receptors, progesterone 

receptors, and excess HER2 protein. Such 

receptors are targets in the treatment of cancer and 

at the same time the absence of these targets causes 

triple negative breast cancer to be more aggressive 

than other types of breast cancer [3]. 

Polyphenolic compounds, flavonoids, are natural 

products found in many fruits, vegetables and all 

vascular plants [4]. Some flavonoid species include 

anticancer and chemopreventive activities [5-7]. 

Baicalein, a bioactive flavonoid extracted from the 

root of Scutellaria baicalensis or Scutellaria radix, 

has antitumor activity [8-10]. 

In this study, we aimed to evaluate cell 

proliferation by comparing cell kinetics induced by 

baicalein in two different types of breast cancer 

model MCF-7 and MDA-MB-231 cell lines. 

2. MATERIALS AND METHODS  

2.1. Cell Culture 

MCF-7 cells used as luminal A breast cancer model 

and MDA-MB-231 cells used as triple negative 

breast cancer breast cancer were grown in 

Dulbecco's modified Eagle's medium (DMEM, 

high glucose) (Gibco: Thermo Fisher Scientific, 

Inc., Waltham, MA, USA) supplemented with 2 

mM L-glutamine and 10% fetal bovine serum 

(FBS; Gibco: Thermo Fisher Scientific, Inc.) plus 

antibiotics in a humidified atmosphere with 5% 

CO2 in air. The pH of the medium was adjusted to 

7.4 with NaHCO3. 

2.2. Baicalein Concentrations  

The concentrations of baicalein (Tocris, 1761) 

were determined based on previous in vitro and 

clinical studies. 5 µM, 10 µM and 30 µM 

concentrations were prepared for both cell lines. 

These concentrations were prepared by dilution of 

the 1 µM stock solution with DMEM medium. 

2.3. Cell Viability Assay (CVA) 

Cell viability was examined using the MTT 

(Thiazolyl Blue Tetrazolium Bromide, Sigma, 

Missouri, USA) colorimetric assay. MCF-7 and 

MDA-MB-231 cells (2x104 cells per well) on 

logarithmic growth phase were dispensed into 96-

well plate. After 24 hrs. incubation, baicalein 

concentrations were added to each well. At the end 

of the experimental period, the medium in each 

well was removed and 40 μl fresh MTT solution (5 

mg/ml in PBS) were added into each well and cells 

were incubated at 37oC for 4 hrs. After incubation, 

1ml of DMSO (solublizing reagent) was added to 

each well and shaked thoroughly for 1 hr on a 

shaker. Then, the absorbance of the samples was 

measured against a background control as a blank 

using an Elisa reader (μQuant, Bio-Tek 

Instruments Inc Vermont, USA) at 450-690 nm. 

2.4. Cell Index (CI) 

Real-time cell proliferation monitoring MCF-7 and 

MDA-MB-231 cells were seeded at densities of 

10000 and 5000 cells/well, respectively, into an E-

plate 16 (ACEA Biosciences, San Diego, CA) 

containing 100 µL medium per well and monitored 

on the xCELLigence Real-Time Cell Analyzer 

Dual Plate (RTCA DP) instrument (ACEA 

Biosciences). When the cells entered log phase, the 

different baicalein concentrations were added to 

final concentrations of 5 µM, 10 µM and 30 µM. 

The cells were treated with baicalein for  
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24 h and incubated at 37°C in a 5% CO2  

atmosphere. To calculate the half maximal 

inhibitory concentration (IC50) values and 

proliferation of the cells, RTCA software v. 1.2.1 

was used. 

2.5. Mitotic Index (MI) 

After fixation with Carnoy Fixative, MCF-7 and 

MDA-MB-231 were hydrolyzed by Feulgen 

method and stained with Giemsa and MI was 

scored using the following formula: MI = (n/C) 

x100. 

2.6. Labelling Index (LI) 

Thirty minutes before fixation time, 1 μCi/ml 3H-

thymidine was applied on MCF-7 and MDA-MB-

231 cells and the cells were marked. Slides were 

exposed at 4 oC for 3 days and then the cells were 

developed with D-19b. Each slide was stained with 

Giemsa and 3000 cells were counted to determine 

the LI values. 

2.7. Apoptotic Index (AI) 

MCF-7 and MDA-MB-231 cells were collected 

and then fixed with methanol: Phosphate-buffered 

saline (PBS) (1:1) and methanol. The cells were 

fixed and mounted on slides, stained with 0.5 

mg/ml DAPI for 30 min and washed with PBS. 

Nuclear morphology of the cells was visualized 

using an Olympus fluorescence microscope 

(Olympus Corp., Tokyo, Japan). For evaluation of 

the AI, at least 100 cells were counted for the 

control and each of the experimental groups. 

2.8. Statistical Analysis 

All cell proliferation values (CVA, MI, LI, AI) 

were evaluated relative to the controls and to each 

other. For this reason, the values obtained from all 

experimental groups were analyzed using the one-

way ANOVA test. The significance between the 

control and the experimental groups was 

determined by the Dunnett's test and the 

significance between the experimental groups was 

determined by the Student's t-test. P<0.01 was 

considered to indicate a statistically significant 

result. 

3. RESULTS 

3.1. Cell Viability 

The absorbance values of baicalein on MCF-7 cell 

line used as luminal A breast cancer and MDA-

MB-231 cell line used as triple negative breast 

cancer at a concentration of 5 μM, 10 μM and 30 

μM for 24 hours were decreased from  468,19 x 10-

3 to 378,26 x 10-3; 230,927 x 10-3 and 118,351 x 10-

3  respectively 5 µM, 10 µM and 30 µM for MCF-

7 cells (Figure 1) and decreased from 375,17 x 10-

3 to 297,26 x 10-3;  236,89 x 10-3 and 188,144 x 10-

3 respectively 5 µM, 10 µM and 30 µM for MDA-

MB-231 cells (Figure 2). A statistically significant 

decrease in absorbance values was observed as a 

result of baicalein application for both cell lines at 

24 h. (p<0.01). 

 

Figure 1. Absorbance values of MCF-7 cells treated with 5 

µM, 10 µM and 30 µM Baicalein for 24 h (p<0.01). 

 

 

Figure 2. Absorbance values of MDA-MB-231 cells treated 

with 5 µM, 10 µM and 30 µM Baicalein for 24 h (p<0.01). 
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The results indicated that 24 hrs after the 

administration of baicalein concentrations to MCF-

7 cells, viability values were 80,79% for 5 µM, 

49,32% for 10 µM and 25,27 % for 30 µM 

compared to the control group which was 

considered as 100 % (Figure 3).  For MDA-MB-

231 cells, viability values were 79,23 %; 63,14 % 

and 50,14 % for respectively 5 µM, 10 µM and 30 

µM compared to the control group which was 

considered as 100 % (Figure 4). When the viability 

% values were examined, the IC50 value causing 

half of the cells in the culture was determined as 10 

µM for MCF-7 cells and 30 µM for MDA-MB-231 

cells. All other experiments were performed using 

IC50 values of the cells. 

 
Figure 3.  Percent viability values of MCF-7 cells treated with 

5 µM, 10 µM and 30 µM Baicalein for 24 h (p<0.01). 

 

 

Figure 4. Percent viability values of MDA-MB-231 cells 

treated with 5 µM, 10 µM and 30 µM Baicalein for 24 h 

(p<0.01). 

 

When cell viability of MCF-7 cells for 72 hours 

were examined it was seen that absorbance values 

decreased from 468,19 x 10-3 to 230,927 x 10-3 for 

24 h; decreased from 522,367 x 10-3 to 193,378 x 

10-3 for 48 h and decreased from 591,119 x 10-3 to 

112,573 x 10-3 for 72 h (Figure 5). For MDA-MB-

231 cell lines, these values decreased from 375,17 

x 10-3 to 188,44 x 10-3 for 24 h; decreased from 

401,16 x 10-3 to 159,38 x 10-3 for 48 h and 

decreased from 426,38 x 10-3 to 106,33 x 10-3 for 

72 h (Figure 6). 

It has been observed that a reduction in the rate of 

proliferation of both MCF-7 and MDA-MB-231 

cells according to control in time dependent 

manner. This decrease is statistically significant at 

p <0.01 level. 

 
Figure 5. Absorbance values of MCF-7 cells treated with 10 

µM Baicalein for 0-72 h (p<0.01). 

 

 

Figure 6. Absorbance values of MDA-MB-231 cells treated 

with 30 µM Baicalein for 0-72 h (p<0.01). 

 

3.2. Cell Index 

Cell index values obtained from xCELLigence 

RTCA system demonstrated that baicalein had 

significant anti-proliferative effects on both MCF- 

and 7 MDA-MB-231 cell lines. Curves belong to 

graphics have suggested that 10 µM baicalein has 

cytoskeletal effect on MCF-7 cells (Figure 7) while 

30 µM baicalein has cytostatic effect on MDA-

MB-231 cells (Figure 8). 
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Figure 7. Cell index values of MCF-7 cells treated with 10 µM 

Baicalein (Red line: Control, Blue line: 10 µM). 

 

 

Figure 8. Cell index values of MDA-MB-231 cells treated 

with 30 µM Baicalein (Red Line: Control, Yellow line: 30 

µM). 

 

3.3. Mitotic Index 

As a result of 10 µM baicalein application to MCF-

7 cell line, mitotic index values decreased 5,12 to 

2,51 at 24 h; from 6,15 to 2,08 at 48 h and from 

6,18 to 1,19 at 72 h (Figure 9). As a result of 30 µM 

baicalein application to MDA-MB-231 cell line, 

mitotic index values decreased 4,21 to 2,26 at 24 h; 

from 4,96 to 1,89 at 48 h and from 5,18 to 1,27 at 

72 h (Figure 10). The mitotic index values obtained 

as a result of the baicalein application in the IC50 

concentrations to MCF-7 and MDA-MB-231 cells 

for 72 hours showed a statistically significant 

decrease (p<0.01) in time dependent manner. 

 

Figure 9. Mitotic index values of MCF-7 cells treated with 10 

µM Baicalein for 0-72 h (p<0.01). 

 

Figure 10. Mitotic index values of MDA-MB-231 cells treated 

with 30 µM Baicalein for 0-72 h (p<0.01). 

 

3.4. Labelling Index 

The labelling index values obtained as a result of 

the baicalein application in the IC50 concentrations 

to MCF-7 and MDA-MB-231 cells for 72 hours 

showed a statistically significant decrease (p<0.01) 

in time dependent manner. For MCF-7 cell line 

labelling index values decreased 4,59 to 2,97 at 24 

h; from 5,21 to 2,07 at 48 h and from 5,98 to 1,16 

at 72 h (Figure 11). For MDA-MB-231 cell line 

apoptotic index values increased from 4,29 to 2,18 

at 24 h; from 4,58 to 1,57 at 48 h and from 5,11 to 

1,08 at 72 h (Figure 12). 

 
Figure 11. Labelling index values of MCF-7 cells treated with 

10 µM Baicalein for 0-72 h (p<0.01). 

 

Figure 12. Labelling index values of MDA-MB-231 cells 

treated with 30 µM Baicalein for 0-72 h (p<0.01). 
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3.5. Apoptotic Index 

When the effects of baicalein at IC50 concentration 

on apoptotic index values of cells are evaluated, 

apoptotic index values of both MCF-7 and MDA-

MB-231 cells showed a statistically significant 

increase in time dependent manner (p< 0.01). For 

MCF-7 cell line apoptotic index values increased 

from 1,21 to 5,53 at 24 h; from 1,18 to 9,18 at 48 h 

and from 2,59 to 14,29 at 72 h (Figure 13). For 

MDA-MB-231 cell line apoptotic index values 

increased from 1,92 to 4,78 at 24 h; from 2,12 to 

10,19 at 48 h and from 2,37 to 16,21 at 72 h (Figure 

14). 

 
Figure 13. Apoptotic index values of MCF-7 cells treated with 

10 µM Baicalein for 0-72 h (p<0.01). 

 

 

Figure 14. Apoptotic index values of MDA-MB-231 cells 

treated with 30 µM Baicalein for 0-72 h (p<0.01).  

 

4. DISCUSSION 

In this study evaluating the effects of baicalein on 

different types of breast cancer cell kinetics, results 

that support both previous research and new 

findings have been obtained. In a study evaluating 

the effect of baicalein on lung carcinoma cell line 

CH27 growth, different baicalein concentrations 

inhibited cell proliferation in dose and time 

dependent manner. Also cell cycle analysis with 

this cell line showed that S-phase arrest occurred as 

a result of 24-hour baicalein administration [11]. 

In a study of bladder cancer cell line BFTC 905, it 

was shown that baicalein inhibits cell proliferation 

in concentration dependent manner and high 

baicalein concentrations (60-80 µmol/L) 

completely block cell proliferation ability [12]. 

Studies performed with colorectal cancer cell line 

HCT116 showed that the cell proliferation was 

inhibited by the application of baicalein in a dose 

and time dependent manner [13]. 

In the gastric cancer cell line SGC7901, baicalein 

reduced cell proliferation in dose and time 

dependent manner, decreased percentage of G1 

phase cells while increased S phase. Also the 

increase in the number of apoptotic nuclei 

containing condensed chromatin as a result of the 

application of baicalein also showed that baicalein 

induced apoptosis in gastric cancer cell line 

SGC7901 [14]. 

Baicalein has been shown to be an effective 

inhibitor of E2/IGF-1-induced cellular 

proliferation and colony formation in human breast 

carcinoma cells [15]. The ability of baicalein to 

bind to ER has also been confirmed by studies [16, 

17]. In particular, baicalein antagonized estradiol-

dependent estrogen-sensitive element response in a 

dose-dependent manner [18]. 

As a result of the application of different 

concentrations of baicalein to MCF-7 cells, the cell 

viability decreased gradually with increasing 

concentration. In addition, the TUNEL test also 

demonstrates that baicalein has an apoptosis-

enhancing effect on cells [19]. The above 

mentioned studies support our findings. 

In a study that aimed to confirm the inhibitory 

effects of baicalein on MDA-MB-231 human 

breast cancer cells metastasis, MTT test was 

performed to evaluate the effect of baicalein on cell 

proliferation and it was observed that baicalein 

suppressed proliferation of MDA-MB-231 cells by 
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dose and time dependent manner. Also it was also 

determined that baicalein suppressed the migration 

and invasion of cells by the wound healing assay 

[20]. 

As a result, baicalein inhibits cell proliferation at 

different optimum doses in MCF-7 and MDA-MB-

231 cells. The decrease in mitosis and synthesis 

phases suggests that the increase in apoptotic cells 

is due to different cell death mechanisms. The most 

important data supporting this idea is the findings 

obtained from the real-time cell analysis system. 

According to these findings, it is observed that 

MCF-7 cells go to death by cytoskeletal effect 

while MDA-MB-231 die with cytostatic effect. 

These data are supported by advanced studies and 

it is thought that Luminal A and triple negative 

breast cancer patients can benefit from baicalein. 
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