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ABSTRACT: Thymoquinone (TQ) is the major active component of black 

seed essential oil which possess encouraging effects against cancer cells. The 

antitumor activities of TQ were verified in breast carcinoma in-vitro and in-

vivo. Most of the times, the cellular responses to apoptosis, after TQ 

treatment, are evaluate by flow cytometry using annexin V-propidium iodide 

(PI) staining method. Although flow cytometry has become an important tool 

to study characteristics of individual cells but induction of auto fluorescence 

(AF) can decreases the technique sensitivity. In order to investigate the effect 

of TQ on AF induction, we assessed the fluorescence after TQ treatment. We 

present evidences suggesting that the change in AF is depend on cell type 

and TQ concentration. We show here, MDA-MB231 breast cancer cell line 

treated with different concentration of TQ exhibits elevated level of auto 

fluorescence (AF) when analyzed by flow cytometry. Consistent with this 

view, MCF-7 cells did not show any AF upon TQ treatment, in contrast to 

MDA-MB231. Finally, we presents data demonstrating that changes in AF 

can affect the flow cytometry results and confound the findings obtained 

with common dyes using for apoptosis investigation. Conclusively the effect 

of TQ treatment on AF induction should be considered when we want survey 

apoptosis effect on breast cancer cells. 

INTRODUCTION: Thymoquinone (TQ) is one of 

the most used herb in folk medicine in the 

Mediterranean area and West Asia. It have been 

mainly considered for its anticancer activity. TQ’s 

first isolated from a natural product of the Nigella 

sativa Linn. black seed. Nigella sativa is well-

known for its healing potential 
1
. Scientific research 

supports the traditional medicine utilization of the 

TQ as an anti-inflammatory, antimicrobial and 

anticancer agent both in-vitro and in-vivo 
1
. 
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There is powerful evidences proposed that TQ 

induces apoptosis in many cancer cell lines by 
different pathways 2 – 4. Various techniques designed 

to distinguish, quantitate and describe apoptosis, 

but flow cytometry remains the approach of choice 

to investigate the apoptotic cells 
5
. With flow 

cytometry, it is feasible to measure several 

parameters simultaneously and details about 

physical and biological properties of single cells in 

a population are attained 
6, 7

. It is an assigned 

technique for study cell biology 
7
. Flow cytometry 

has the great advantage to analysis cell populations 

at the single-cell level. It connects direct and quick 

analysis to determine numbers, cell size 

distribution, extra biochemical and physiological 

phenotype of individual cells which, revealing the 

heterogeneity present in a population 
8
. 

Furthermore, in combination with appropriate 
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fluorescent dye, flow cytometry affords a powerful 

and sensitive tool to describe physical and 

biochemical features of individual cells 
9
. Annexin 

V-FITC/propidium iodide (PI) flow cytometric 

assay has been thoroughly used for the analysis of 

apoptosis induction effect of TQ, in various 

experimental models. In these studies samples were 

analyzed for green fluorescence (FITC) and for red 

fluorescence (PI) by flow cytometry 
10 – 12

. 

Flow cytometric analysis of mammalian cells is 

usually complicated by high proportions of auto 

flourescence (AF). The AF range of most cell types 

is typically very vast; the emission ranges from 500 

- 700 nm, with a peak emission at 550 nm 
13

. Thus 

the background caused by AF is a typical problem 

with fluorescein-conjugated probes 
14

. These 

possibility discrepancies point to the need for 

careful protocol development and choice of proper 

controls to extract reliable and biologically relevant 

information from flow cytometry assay 
9
. 

Nonetheless, with TQ treatment the potential of this 

technology has not been exerted completely. The 

main problems are AF and the selection of the most 

suitable fluorescent dyes that had been originally 

developed for mammalian cells.  

In the present study, it was attempted to overcome 

some of these problem. It became apparent that TQ 

increase AF under standard conditions in flow 

cytometric analysis. These background signals need 

to be taken into account when cell lines are 

evaluated with fluorescent probes. 

MATERIAL AND METHODS: TQ was purchased 

from Sigma - Aldrich (Germany) and was kept at - 

20 
o
C as 100 mM stock solutions in DMSO. 

Appropriate test concentrations were obtained by 

dilution with cell culture medium immediately 

before use.  

Cell Lines and Culture Conditions: MCF-7 and 

MDA-MB231 human breast cancer cell lines were 

purchased from Pasture Institute of Iran. MCF-7 

and MDA-MB231 breast cancer cells were 

maintained in RPMI 1640 (Sigma-Aldrich; USA) 

supplemented with 10% fetal bovine serum (FBS; 

Canada), 100 U/ml of penicillin and 100 µg/ml of 

streptomycin (Invitrogen, Canada) and 2 mM L-

glutamine (Sigma-Aldrich). Cells were cultured in 

75 cm
2
 culture flasks at 37 

o
C in a humidified 

atmosphere of 5 % CO2. Cells were harvested when 

they reached about 80 - 85 % confluence using a 

0.5 % trypsin - EDTA solution (Sigma-Aldrich) 

diluted in phosphate buffered solution (PBS) 

(Sigma - Aldrich).  

MTT Assay: Cells were seeded in clear 96-well 

plates (Sarstedt, Canada) at a density of 10,000 

cells/well (MCF-7, MDA-MB-231). After 24 

hours, the culture medium was replaced by fresh 

medium containing different concentrations of TQ 

or DMSO (solvent). Concentrations ranged from 10 

μM to 90 μM. In some of the wells, only culture 

medium was added.  

These wells were used as negative controls and 

were referred to as untreated control cells. Cell 

number was evaluated using the MTT cell 

proliferation assay. The absorbance was measured 

at 570 nm on a microplate spectrophotometer 
reader (Benchmark, Bio-Rad, USA). Each compound 

was evaluated in at least 3 independent experiments 

with eight replicates in each experiment.  

Apoptosis Assay: Mode of cell death induced by 

the TQ was evaluated by using Annexin V-FITC/PI 

Apoptosis Detection Kit (BD Biosciences). 

Annexin V-FITC was used as a marker of 

phosphatidyl serine exposure and PI as a marker for 

dead cells. This combination allows differentiation 

among early apoptotic cells (annexinV-positive, PI-

negative), late apoptotic cells (annexin V-positive, 

PI-positive), necrotic cells (annexin V-negative, PI-

positive) and viable cells (annexin V-negative, PI-

negative).  

Cells were seeded and treated with the indicated 

compounds or solvent for the cell apoptosis. After 

48 h of treatment, the untreated and treated cells 

were harvested and washed with cold PBS, and 

aliquots of 5×10
5
 cells were washed with PBS and 

resuspended in 500 μl of binding buffer 1X 

provided with the kit. A volume of 5 μl of annexin 

V-FITC and 5 μl of PI were added to 100 μl of cells 

suspension and cells were incubated at room 

temperature in the dark for 30 min. Approximately 

20,000 cells were analyzed by flow cytometry 

using a flow cytometer (Partec, Milton Keynes, 

UK) with a 488 nm blue laser. The percentage of 

cells in each category was determined. The 

experiments were performed three times separately. 
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RESULTS: 

Inhibition of Cell Growth: TQ was tested for its 

growth inhibition in cells of human MDA-

MB231and MCF-7 breast carcinoma. The IC50 

value after 48h exposure to the test compound was 

measured. In MDA-MB231 cells TQ was 

efficacious at IC50 (48 h) = 30 μM  and 50 μM for 

MCF-7 cells. 

Treatment with TQ Enhanced Auto Fluorescence 

when Measured by Flow Cytometry: MDA-

MB231 treated for 48 h with TQ showed an 

increased fluorescence compared to untreated cells 

measured by flow cytometry. To investigate the AF 

of populations seen after TQ treatment, populations 

gates (Fig. 1A) were set in the FSC-SSC dot plot, 

and the fluorescence intensity distribution for 

population was analyzed (Fig. 1B). With TQ 

treatment a bimodal distribution was observed after 

48 h in MDA-MB231. While no annexin V-FITC/ 

PI was used, treated population with 50 μM 

concentration of TQ showed a higher fluorescence 

of FITC and PI in compare to the untreated control 

group (Fig. 1C). As seen in Fig. 1D, the treated 

population which stained with annexin V-FITC/PI 

showed a fluorescence intensity distribution higher 

than in untreated population. 

 
FIG. 1: FLOWCYTOMETRY ANALYSIS OF MDA-MB231 CELLS (A) The population were defined in FSC and 

SSC of the whole population. (B) Dot plots with of the untreated control. (C) The distribution of auto fluorescence 

intensity of treated groups are plotted in a histogram and The AF of control and treated cells exposed for 48 h to TQ 

(10 μM, 30 μM, 50 μM) is compared. (D) MDA-MB231 cells were treated with TQ for 48 h and were stained with 

annexin V and PI, and analyzed by FACS. The AF of MDA-MB231 increased after 48 h of treatment with TQ, IC50 

values were 30 μM 

 

MCF-7 Cells Fail to Increase AF upon TQ 

Treatment: To investigate the AF of TQ on other 

cell line which, have different biological and 

molecular characteristics, MCF-7 cell line was 

used. MCF-7 cell were examined after treatment 

with TQ and compared to the untreated cells under 

the same conditions. Surprisingly TQ treated MCF-

7 cells show no AF at the same dose or even higher 

dose of which was used in MDA-MB231 cells 

(Fig. 2). Thus, these data further support the 

hypothesis that increased AF depend on the drug 

kinds and cell lines. 

Increasing Concentrations of TQ Associated 

with Elevated Levels of AF in MDA-MB231: To 

further investigate the other factor that has crucial 

role in elevating AF, cultures treated with TQ were  

 

examined at different concentration. The 

concentration dependency of the AF was analyzed 

by exposing MDA-MB231 and MCF-7 to different 

concentrations of TQ for 48 h (Fig. 1c and 2). TQ 

were added to MDA-MB231 and MCF-7 cell lines 

at three different concentrations (IC 50, less than 

and more than IC50) corresponding to 10, 30 and 50 

μM for MDA-MB-231, 30, 50 and 70 μM for MCF-

7 cells. In MDA-MB231 the auto fluorescence levels 

decreased at low concentrations corresponding to 

10 μM and increase at high concentration but the 

AF did not change in various dose schedules in 

the treatment of MCF-7 cell line. Thus, the results 

show that the levels in AF observed are both 

dependent on the concentration treatment drug and 

cell line.  

A C B 

D 
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Induction of Apoptosis by TQ: In order to further 

determine whether apoptosis responses to TQ differ 

in breast cancer cell lines, we measured the 

percentage of early apoptotic cells, late apoptotic 

and necrotic cells in the sub-G population by flow 

cytometry. 

Fig. 3 shows the results of the annexin V-FITC 

binding and PI staining on treated and untreated 

MDA-MB231 and MCF-7, following exposure for 

48 h to TQ at three different doses and the percent 

of cells in the sub-G population is shown.  

The treated cells exhibited the higher percentage 

than the untreated control cells at all doses. As 

shown in Fig. 3, TQ was able to induce apoptosis 

in a dose-dependent manner in MDA-MB231 and 

MCF-7 breast cancer cell lines.  

 
FIG. 2:  FLOWCYTOMETRY ANALYSIS OF MCF-7 CELLS (A and B) The distribution of the fluorescence intensity of each 

cell groups was plotted in a histogram. The overlay of histograms from distinct treated samples is shown. Cell counts are plotted versus 

fluorescence intensity. MCF-7 cells was exposed to TQ (30 μM, 50 μM, 70 μM). The red line represents a no-drug control. Samples 

were taken 48 h after the addition of TQ 

 
FIG. 3: THYMOQUINONE CONCENTRATION EFFECT ON AUTO FLUORESCENCE MDA-MB231 (A) and  MCF-

7 cells (B) (1×105) were incubated with indicated concentrations of TQ for 48 h and analyzed for annexin V-FITC/PI staining to 

determine apoptotic cells. (C) Calculation of real cell death at concentration of 50 μM by subtraction of total AF from total cell 

death 

 

However, apoptosis induction was more 

pronounced in MDA-MB231cancer cells than in 

MCF-7 cell line (at the similar concentration). At 

the first glance, it seems TQ induce apoptosis in 

MDA-MB231 cell line more effectively than MCF-

7 cell line. But, when we consider the effect of auto 

fluorescence and compare it with treated groups 

that stain with annexinV/PI, it seems the results are  

 

not true and highly variable in high concentration 

of TQ treatment (50 μM). Because auto fluore-

scence was much enhanced in high concentration 

of TQ, so to obtain the best results we decided to 

calculate total cell death by summing apoptosis 

with necrosis percent and subtract it from auto 

fluorescence percent as a real cell death (Fig. 3). 

A B 

A 

B 

C 
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DISCUSSION: The results in this study shows that 

MDA-MB231 breast cell line treated with the black 

seed constituent TQ displays higher AF compared 

to untreated cells when measured by flow 

cytometry. Furthermore, the AF depends on the 

dose and cell line. We have found that various 

tumor cells have different sensitivity to TQ. In 

addition, TQ treatment caused AF augmentation 

MDA-MB231 breast cancer cell line after 48 h, 

without changing cell AF in MCF-7 breast cancer 

cell line. Also, dose increment of TQ can result in 

AF augment in MDA-MB231 breast cancer cell 

line. Quantitative estimation of (and amendment 

for) AF is an important prerequisite for the precise 

analysis of fluorescence data. The best method used 

to correct AF is subtracting the mean of the 

unlabeled population, from cells labeled with 

annexin V-FITC/PI.  

TQ was found to apply its biological functions by 

modulating the physiological and biochemical 

procedures included in ROS formation. TQ acts as 

a powerful antioxidant and inhibits the production 

of superoxide radicals or augments the activities of 

the antioxidant enzymes. In tumors, however, TQ 

may induces ROS generation and decreases GSH 

levels in a dose-dependent manner 
15

. Thus TQ has 

a dual role it may act as an antioxidant or a pro-

oxidant. TQ reacts readily with amino or thiol 

groups of amino acids, and undergoes a series of 

oxido-reduction reactions resulting in the formation 

of semiquinone. The semiquinone can undergo 

redox cycling conducting to the oxidative stress 

and production of reactive oxygen species (ROS) 
16

. ROS induced AF in cells has been suggested 

previously 
17

. Although, the mechanisms of the 

formation of the oxidative stress- induced bright 

AF remain still unclear.  

In this study, induction of AF was more 

pronounced in the breast cancer cell lines (MDA-

MB-231), whereas the AF signal was weak in 

MCF-7, suggesting that TQ may act selectively by 

induction of ROS in these breast cancer cells. 

Similar effects of TQ and on apoptosis induction 

have also been reported in breast cancer cell lines. 

MDA-MB231 breast cancer cells showed the 

greatest sensitivity to TQ. In contrast, MCF-7 

breast cancer cells were resistant to concentrations 

of TQ that were cytotoxic for the other breast 

cancer cell lines. There are papers reporting that 

TQ mediates ROS production as a mechanism to 

induce apoptosis and growth inhibition in various 

cancer cells including  breast cancer 
18 – 22

. It was 

also have shown that TQ significantly induced 

ROS production in MCF-7 cells as early as 30 

minutes , and this induction was time-dependent up 

to 3 h after TQ treatment 
11

. This suggests that 

hydroxyl radicals might be present upon TQ 

treatment transiently. 

As our analysis suggest that an increase in 

fluorescence had been observed after treatment 

with TQ and taken as experimental evidence for the 

presence of intracellular hydroxyl radicals. This 

suggests that hydroxyl radicals might be present 

TQ treatment. However, the main factor that 

enhance apoptosis upon TQ treatment may be due 

to AF and TQ was found to apply its biological 

functions by modulating the physiological and 

biochemical procedures included in ROS 

formation. TQ acts as a powerful antioxidant and 

inhibits the production of superoxide radicals, or 

augments the activities of the antioxidant enzymes. 

In tumors, however, TQ induces ROS generation 

and decreases GSH levels in a dose-dependent 

manner 
20

. Thus TQ has a dual role it may act as an 

antioxidant or a pro-oxidant. TQ reacts readily with 

amino or thiol groups of amino acids, and 

undergoes a series of oxido-reduction reactions 

resulting in the formation of semiquinone.  

The semiquinone can undergo redox cycling 

conducting to the oxidative stress and production of 

reactive oxygen species (ROS) 
21

. ROS induced AF 

in cells has been suggested previously 
22

. Although, 

the mechanisms of the formation of the oxidative 

stress- induced bright AF remain still unclear. But 

certainly, AF can interfere with specific fluorescent 

probes in flow cytometric analysis of TQ treatment 

at doses dependent manner.  

CONCLUSION: Our study shows for the first 

time to our knowledge that, TQ could highly 

increase AF of MDA-MB231 but not MCF-7 cell 

line, which cannot be compensate by flow 

cytometry for both cells. Thus, to gain the best real 

results, we should decrease the percent of apoptosis 

from AF or using drug induced cell for unstained 

sample. Further investigation will be needed to 

understand the molecular reason for AF in more 

detail. 
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