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Abstract 

Objective: Seeds of Nigella sativa have been used as spice and food preservative, also these seeds have 

been used to promote health and fight disease especially in the Middle East. The aime of this study is to 

evaluate the effect of partially purified oil fractions extracted from Nigella sativa purified oil fractions 

against breast cancer cell line. Methods: The oil of black seed was extracted with 96% ethanol and 

partially purified by adsorption chromatographically using silica gel column with different solvents 

depending on the polarity of N.sativa compositions. Subsequently the resulted fractions (hexne, 

chloroform, ethyl acetate, acetone, ethanol, methanol and water fractions) were tested as anticancer 

against breast cancer cell line Michigan cancer foundation-7 (MCF-7)  and compare with the human 

hepatic cell lineWRL 68 as a normal cell line. Results: The most effective oil fraction for killing MCF-7 

cell  was hexane with IC5087.52µg/ml, followed ethyl acetate and ethanol fraction the cytotoxicity against 

WRL68 were  significantly (P≤ 0.0001) less than for MCF7 and it was 203.1µg/ml and 218.3µg/ml 

respectively. Whereas the rest fractions including chloroform, acetone, methanol and water fractions had 

slightly anticancer activity. Conclusion: The black seed oil contain effective compounds act as antitumor 

agents and their were had no activity against normal cell, so we can use a chemotherapy drugs after 

perform another detailed research for other activities and study the chamical structure to modify for 

increase their anticancer activity.   
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Introduction 

The use of medicinal plants is very wide 

spread in many parts of the world because it 

is commonly considered that herbal drugs are 

cheaper and safer as compared to synthetic 

drugs and may be used without or minimum 

side effects  [1]. Cancer remains leading 

cause of death worldwide. The International 

Agency for Research on Cancer (IARC) lately 

estimated that 7.6 million deaths worldwide 

were due to cancer with 12.7 million new 

cases per year being reported global [2]. A 

significant proportion of this trouble is borne 

by developing countries; 63% of cancer deaths 

are reported to be from developing countries 

[3, 4]. 

Nigella sativa (N. Sativa) is commonly known 

as black seed, N. sativa is a grassy plant 

belongs to the Ranunculaceae family‚ There 

are many reports concerning the biological 

and pharmacological activity of this plant, 

such as anti- inflammatory, 

immunomodulatory, antidiabetic, 

antibacterial, pain alleviating, antifungal, 

antioxidants, anticancer and anti-

hypertensive effects [5]. The most important 

active compounds are thymoquinone (30 %-

48%), thymohydroquinone, dithymoquinone, 

p-cymene (7 %-15 %), carvacrol , 4-terpineol, 

t-anethol ,sesquiterpene longifolene ,α-pinene 

and thymol etc. Black seeds also contain 

some other compounds in trace amounts. 

Seeds contain two different types of 

alkaloids; i.e. isoquinoline alkaloids e.g. 

nigellicimine and nigellicimine-N-oxide, and 

pyrazol alkaloids or indazole ring bearing 

alkaloids which include nigellidine and 

nigellicine.  

Moreover, N. sativa seeds also contain alpha-

hederin, a water soluble pentacyclic 

triterpene and saponin, a potential 

anticancer agent[6]. Aqueous and alcohol 

extracts of N. sativawere found to be effective 
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in vitroin inactivating MCF-7 breast cancer 

cells [7]. N. sativa, in combination with 

melatonin and retinoic acid reduced the 

carcinogenic effects of DMBA (7,12-di-

methylbenz(a)anthracene) in mammary 

carcinoma of rats. Terpene-terminated 6-

alkyl residues ofTQ were tested in MCF-

7/Topo breast carcinoma by[8]. They found 

the derivatives inducing cell death by 

apoptosis. The aim of this study was to 

investigate the anticancer activity of N. 

sativa oil against breast cancer cell line. 

Materials and Methodes 

Plant Collection  

The Black seeds as raw plant materials were 

purchased from a local market, in Babylon 

Province, Iraq, during February in 2018. The 

N. sativa seeds were imported from the 

Kingdom of Saudi Arabia. The seeds were 

washed with distilled water and dried in 

shade separately at room temperature. Most 

of the moisture has been removed, the plant 

material grounded in a mill to produce fine 

powdered. After that, the sample (1000-1500 

g) was stored in dark glass containers at-

20°C until extraction was performed. 

Extraction of Bioactive Substances  

Optimum extraction parameters will vary 

depending on the type of plant part and 

matrix. The plant sample may require 

different temperatures and solvent extraction 

mixtures. From previous experiments that 

optimize the extraction methods, 96 % 

ethanol (EtOH) was the best solvent to 

extract the active materials from black seeds; 

However the plant seed sample (50 g) was 

extracted twice with the 96% of ethanol  

(1000 ml) at the ratio of raw material to 

solvent 1:20 by soaking for 24 h at 30°C in 

the shaker incubator. The plant extract was 

decanted, filtered under vacuum, 

concentrated and the oil was recovered from 

oil-ethanol mixture by rotary evaporator at 

45°C.The concentrated extract was stored in 

a dark container at −20°C for further 

purification [9]. 

Partially Purification of N. sativa oil 

using Adsorption Chromatography 

The concentrated crude extract of black seeds 

(Nigella sativa) was partially purified using 

adsorption chromatography by silica gel 

column (mesh 60-120) to separate the 

components of the crude extract; the  

separation is accomplished because each 

component of the crude extract has a 

different polarity. More polar compounds will 

flow easily through the silica gel, while non-

polar compounds will flow more slowly 

through the gel Silica gel Itself in non-polar, 

and thus is attracted to other non-polar 

molecules. The attraction of the non-polar 

molecules to the silica gel is what causes the 

non-polar components of a mixture to move 

slowly through the gel. Chemical separation 

relies on the relative speeds at which each 

component travels from the top of the column 

to the bottom when using a silica gel 

chromatography column. The slurry of silica 

gel was prepared by soaking with suitable 

solvent such as EtOH [20].  

Subsequently poured into the column (2.5 × 

25 cm) and washed with EtOH for one an 

hour to obtain better packing. Finally, it 

washed with hexane for one an hour to obtain 

hydrophobic conditions.  Concentrated seed 

extract (5 ml) was loaded into the silica gel 

column and the active components were 

eluted successively with different polarity 

solvents using batch ways. These solvents 

include hexane, chloroform, ethylacetate, 

acetone, 95% EtOH, methanol (MeOH), and 

then distilled water (500-750 ml for each).  

Each fraction drains out of the column and 

have a sharp ending point which was checked 

by absorbance at 275 nm  using a 

spectrophotometer  [20]. The oil was 

recovered from oil-solvent mixture by rotary 

evaporator at45°C and dried with anhydrous 

Na2SO4,as well as the water fraction was 

concentrated by rotary evaporator at 45°C 

and dried with anhydrous Na2SO4. Finally, 

the fractions of each solvent were stored in 

dark container at −20°C. 

Anticancer activity of Nigella Sativa 

Oil-fractions  

Cell Line 

MCF-7 Cell Line 

Michigan cancer foundation-7(MCF-7) cell 

line was derived from the pleural effusion 

from a 69 year old female suffering from a 

breast adenocarcinoma [10].  

WRL 68 Cell Line bb 

The human hepatic cell lineWRL 68 exhibits 

morphology similar to hepatocytes and 

hepatic primary cultures.  
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Cells have been shown to secrete albumin 

and alpha-feto protein and express liver 

specific enzymes such as alanine amino 

transferase [11]. 

The Cytotoxic Activity of Partially 

Purified N. sativa Fractions 

This in vitro method was performed to 

investigate the possible cytotoxic effect of 

partially purified N. sativa fractions on 

cancer cell lines (MCF-7) and normal cell line 

WRL 68. 

Cell Line Maintenance  

When the cells in the vessel formed confluent 

monolayer, the following protocol was 

performed [11]: 

 The growth medium was aspirated and the 

cell sheet washed with PBS. 

 About 2 to 3 mL trypsin/versine solution 

was added to the cell. The vessel was 

turned over to cover the monolayer 

completely with gentle rocking. The vessel 

allowed incubation at37°Cfor 1 to 2min, 

until the cells were detached from the 

vessel. 

 Fresh complete RPMI medium (15-20 mL) 

was added and cells were dispersed from 

the wedding surface into growth medium 

by pipetting. 

 Cells were redistributed at required 

concentration into culture vessels, flasks or 

plates whatever needed and incubated at 

37°Cin 5%CO2 incubator.  

Cell concentration was achieved by counting 

the cells using the hemocytometer and 

applying the formula: 

Cell Count x 

Dilution Factor (Sample Volume) x104 

B. MTT Protocol 

The cytotoxic effect of partially purified 

N.sativa fractions was performed using MTT 

ready to use kit which containing 10 vials of 

MTT solution (1 mL)and 2 bottles of 

Solubilization solution (50 mL).  

Protocol 

 Tumor cells (1x104 –1x106 cells/mL) were 

grown in 96 flat well micro-titer plates, in a 

final volume of 200L complete culture 

medium per each well.  

The microplate was covered by sterilized 

parafilm and shacked gently. 

 The plates were incubated at 37 C, 5 % 

CO2 for 24hrs. 

 After incubation, the medium was removed 

and two fold serial dilutions of the desired 

oil-fraction (12.5, 25, 50, 100, 200, 400 

g/mL) were added to the wells. 

 Triplicates were used per each 

concentration as well as the controls (cells 

treated with serum free medium).Plates 

were incubated at 37C, 5 % CO2 for 

selected exposure time (24 hrs). 

 After exposure, 10 l of the MTT solution 

was added to each well. Plates were further 

incubated at 37C, 5% CO2 for 4 hrs. 

 The media were carefully removed and100 

L of solubilization solution was added per 

each well for 5min. 

 The absorbance was determined by using 

an ELISA reader at a wavelength of 

575nm.The data of optical density was 

subjected to statistical analysis in order to 

calculate the concentration of compounds 

required to cause 50% reduction in cell 

viability for each cell line. 

Results And Discussion 

Nigella sativa L. seeds or Black cumin or 

black seeds are generally applied in 

traditional medicine. Nigella seed oil (NSO) 

composition is identified to be location-

dependent. In the present study, the oil of 

Nigella seed was extracted by solvent.  

Oil extract yield was 40% when 96% ethanol 

was used for extraction and the oil was 

recovered from the oil-ethanol mixture by 

rotary evaporator at 45°C. This result was 

similar to previous studies which reported 

the Nigella-seed oil composed about 27-37% 

of  the seeds depending on the extraction 

methods.  

Whereas the oil quality of the Nigella sativa 

seeds cultivated in the Kingdom of Saudi-

Arabia was similar to that other origin, such 

as the Mediterranean and western countries 

21 The extracted oil was partially purified 

using batch wise adsorption chromatography 

method by silica gel.  
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The results appeared the presence seven 

fractions depending on the polarity of 

solvents (hexane, chloroform, ethyl acetate, 

acetone, ethanol, methanol and water). These 

oil fractions were different in polarity, color 

and density (Fig.1). 

Fig. 1: Partially purified N. sativa oil Fractions A: chloroform fraction; B: Hexane fraction; C: Ethyl acetate fraction; 

E: Ethanol fraction n; E+C+A mixture which different in oil density. All oil fractions  were recovered by rotary 

evaporator  until all solvents elimenated   
 

The Cytotoxic Effect of Partially 

Purified N. Sativa Oil Fractions 

MTT was used to measure the  MCF-7cell 

viability after exposure of the cells to 

different concentrations from each oil fraction 

tested for 24 h at 37oC (Table 1). The results 

showed an inhibition in the cell viability in a 

different rates based on the concentrations 

and the type of the fractions, which showed a 

decreasing effect on the MCF-7 cell viability 

in different rates and cytotoxicity was 

improved by accumulative the N. sativa oil 

concentration.  

The most effective oil fraction for killing 

MCF-7 cell  was hexane with IC5087.52µg/ml, 

when MCF7 cells treated with different 

concentrations (400, 200, 100, 50, 25µg/ml) 

which inhibit growth of cell line in (63%±7.6, 

44%±3.2, 85.4%±3.5, 95.1%±1.1, 95.6%±1.8) 

respectively as shown in Table (1). The 

hexane fraction had more significant (P≤ 

0.0001) cytotoxic activity against cancer cell 

line MCF7 in comparing with normal cell line 

WRL68 with IC50 167.5µg/ml. The cytotoxic 

effect of both ethyl acetate and ethanol  

against cancer cell line was higher than the 

rest oil fractions (chloroform, acetone, 

methanol and water) with IC50 (97.95 µg/ml 

and 109.9 µg/ml) respectively, the viable 

inhibition rate for ethyl acetate was ranged 

from (59.6%±5.9-5.1%±1.1) in concentration 

(400-25 µg/ml). Ethanol fraction inhibited 

MCF7 in the range between (54%±4.3 - 

6.3%±1.3 µg/ml) in concentrations (400-25 

µg/ml). For both ethyl acetate and ethanol 

fraction the cytotoxicity against WRL68 were  

significantly (P≤ 0.0001) less than for MCF7 

and it was 203.1µg/ml and 218.3µg/ml 

respectively.  

The extract of N. sativa oil fractions at all 

concentrations for the other fractions 

(chloroform, acetone, methanol and water) 

had a slightly significant  cytotoxic effect on 

the MCF7 cell line and  less cytotoxic effect 

for WRL68 cell line that there were no 

significance between cancer cell line and 

normal cell line (P≥ 0.05) comparing with 

another fraction as shown in Table (1). The 

chloroform fraction had an inhibition rate 

33.7% in the concentration of 400µg/ml with 

IC50 about 130.1µg/ml while the WRL68 was 

149.6µg/ml  that mean that there was no 

significance between the two cell lines. 
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Table 1: Cytotoxic effect of N. sativa fraction oil against cancer cell line.  

Viability% 

P- 

value 

IC50 12.5 25 50 100 200 400 Concentration(µg/ml

) 

0.000

1 

87.5

2 

95.3±0.

9 

95.6±1.8 95.1±1.

1 

85.4±3.

5 

56.1±3.

2 

37.2±7.

6 

MCF7 Hexane 

167.

5 

94.8±2.

3 

95.2±1 95.3±1.

1 

39.6±2.

1 

84.4±1.

2 

71.9±0.

8 

WRL68 

0.650

0 

130.

1 

96.3±0.

9 

96.9±1.1 95.7±2.

5 

94.6±1.

8 

89.8±4.

7 

66.3±2.

2 

MCF7 Chloroform 

149.

6 

95.7±2.

7 

95.5±4.1 96.2±1.

2 

93.6±3.

1 

87.9±3.

5 

85±0.7 WRL68 

0.000

1 

97.9

5 

95.3±2.

4 

94.9±1.1

. 

80.9±1.

9 

67.6±2.

6 

57.2±3.

2 

40.4±5.

9 

MCF7 Ethyl 

acetate 

203.

1 

95.3±2.

9 

95.3±0.9 95.8±0.

4 

94.2±1.

8 

86.8±1.

5 

69.9±2.

9 

WRL68 

0.511

0 

144.

6 

95.8±3.

2 

97.1±1.3 95.4±0.

8 

92.4±1.

8 

85.7±1.

9 

76.5±3.

3 

MCF7 Acetone 

113.

0 

94.2±2.

9 

96.9±1.1 96.4±1.

2 

92.2±2.

7 

90.2±3.

7 

84.2±1.

9 

WRL68 

0.000

1 

109.

9 

95±2.6 94.7±1.3 90.5±1.

8 

77.6±2.

4 

63.7±2.

1 

46.8±4.

3 

MCF7 Ethanol 

218.

3 

96±2.6 94.9±2.1 96.1±1.

2 

92.1±1.

5 

86±0.8 77.2±3.

6 

WRL68 

0.165 134.

1 

96±2 94.7±3.2 95.3±2.

1 

96.3±1.

4 

79.4±1.

5 

73.9±4.

9 

MCF7 Methanol 

 

164.

8 

96.8±4.

4 

95.5±0.8 95.2±1.

4 

93.6±2.

1 

88.2±2.

6 

83.5±0.

8 

WRL68 

0.099

5 

172.

9 

96.1±1.

1 

95.9±0.8 94.2±0.

8 

93.6±3.

9 

80.6±1.

9 

73.3±4.

4 

MCF7 H2O 

222.

2 

97±2.4 95.2±0.9 95.3±1.

1 

93.6±2.

1 

84.8±1.

2 

71.9±0.

8 

WRL68 

* (P≤ 0.005). MCF7: a breast cancer cell line Michigan Cancer Foundation-7 ; WRL68: a normal cell line of non-tumorigenic fetal 

hepatic cell line 

 

Acetone fraction gave the same result the 

viability of cell after treatment ranged from 

73.9%±4.9 to 94.7%±3.2 with IC50 about 

144.6µg/ml for MCF7 cell line and 113.0 

µg/ml for WRL68 cell line, that gave slightly  

effect on both cell lines and there were no 

significance between them. Finally methanol 

and water fractions showed the same results 

with IC50 about 134.1µg/ml and 172.9µg/ml 

respectively, and there was no significance 

between them. 

The present results indicate that the effect of 

different fractions of black seed oil can vary 

in cytotoxicity due to the difference in their 

chemical contents. These results consist with 

the previous  studies that reported the N. 

sativa oil extracts had variable effect against 

cancer cell lines due to the differences in cell 

line and oil compositions depending on the 

extraction methods [12]. From our results the  

hexane,  ethyl acetate and ethanol-oil 

fractions exhibited a  

 

significant cytotoxic effect against breast 

cancer MCF7 cell line used, while the  

chloroform, acetone, methanol and water 

fractions  showed only limited cytotoxic 

activity, and that may be due to most active 

compounds were more soluble and separated 

in the hexane,  ethyl acetate and ethanol 

solvents.  

Many reports mention that the differential 

cytotoxic effect of these extracts was related 

not only to their chemical composition, but 

also to the nature of the tumor cell lines [13]. 

This activity may be due to the presence of 

two essential components of the fixed oil of N. 

sativa thymoquinone and dithymoquinone 

that have a cytotoxic effect of cancer cell line 

and these results agreed with another study 

that refer to the same action of these two 

components and their effect on cancer cells 

[14]. While the activity of ethyl acetate 

fraction may be due to the presence of 

terpenes  as major components that  may 

explain its high cytotoxic activity [15]. 
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Actually, the anti-cancer potential of N. 

sativa oil fractions has been recently reported 

[16;17;18] The results  of the study agreed 

with previous research that reported the  

hexane, ethyl acetate and ethanol  fractions 

were found to exhibit a strong growth 

inhibitory effect on all malignant cells tested 

[19].Results that gained from this study also 

agreed with Mbarek et al. [21].  

Study that showed that essential oils and the 

ethylacetate fraction of black cumin seeds 

had anticancer activity in a variety of 

different tumor cells (P815, Vero, BSR, and 

ICO1 cell line MCF7). The results showed 

ethyl acetate extracts and essential oils have 

a cytotoxic effect on P815 cells (IC50 (% v/v) 

0.6, 0.75), on Vero cells (IC50 (% v/v) 0.22; 

0.25), on BSR cells (IC50 (% v/v) 0.2; 1.2%). 

This research with N. sativa seed showed 

differences in IC50 values because of the 

differences of the target cell [22]. At the same 

time the data from this study did not agree 

with other researches that showed the 

chloroform fraction of volatile oil of black 

cumin  have  cytotoxic activity against  

breast cancer cell [23]. 

Extracts of N. sativa contain volatile and 

non-volatile oils, amino acids, proteins, 

carbohydrates, alkaloids, nitrogen 

compounds, saponnins, and minerals such as 

sodium, calcium, iron, and potassium; 

generally, more than 100 compounds have 

been isolated from N. sativa and their 

structure illuminated.  

Several studies have recognized the majority 

of the pharmacological activity of N. sativa 

for its quinone content, which includes 

thymoquinone (TQ) and its dimmer 

dithymoquinone, thymohydroquinone (THQ), 

and thymol [24; 25]. The cytotoxic activity 

against breast cancer cells of N. sativa its 

mostly due to thymoquinone compounds of 

volatile oil  that contained, which is 

responsible of anticancer, Thymoquinone 

have a certain role in inhibiting the growth of 

cancer cells and induce apoptosis in cancer 

cells [26; 27]. Thymoquinone (TQ) and its 

dimmer thymohydroquinone (THQ), 

dithymoquinone and thymol, are recognized 

for their specific antitumor special effects in 

varied human cancer cell lines.  

This specificity is because activation of NF-

κB is considerably higher in carcinogenic 

cells than in normal cells, in addition to that 

TQ can inhibit breast cancer by deactivate 

PI3K/AKT signaling pathway and trigger 

PTEN expression [28]. TQ also play its anti-

cancer effect by modifying tumor suppressor 

genes such as P53, P21 and P27. TQ can 

induce cancer cell apoptosis by reducing Bcl-2 

and increasing Bax and increasing the 

release of cytochrome C.  

In human breast cancer, TQ acts pro-

apoptotic effect of deactivating  STAT3 and 

its block genes such as Bcl-2 and VEGF 

(vascular endothelial growth factor, and since 

the mechanism of action of TQ involves NF-

κB, the effect of TQ on cancer cells is greatly 

more reflective than on normal cells [29]. 

Studies comparing the anticancer activity 

and toxicity of several quinone compounds 

found variation in the degree of their 

effectiveness against various cancer cell 

lines[30]. 

Conclusion 

The black seed oil that separated with 

hexane contain most active compound for 

antitumor, then ethyl acetate and ethanol-oil 

fractions respectively. The black seed oil 

contain effective compounds act as antitumor 

agents and their were had no activity against 

normal cell, so we can use a chemotherapy 

drugs after perform another detailed 

research for other activities and study the 

chamical structure to modify for increase 

their anticancer activity.   
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