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ABSTRACT

Breast cancer is one of the main causes of death in women. Cancer treatment with surgery, chemotherapy,
and radiology often cause undesirable side effects. Therefore, alternative cancer treatment by using plants as
traditional medicine was expected to reduce side effects. Nigella sativa is one of the plants used as anticancer
empirically. This study conducted to examine the cytotoxic activity of Nigella sativa seeds and identify its
components on T47D breast cancer cells. Petroleum ether, chloroform, ethyl acetate, and ethanol were used to
extract N. sativa seeds. The extracts were tested their cytotoxic activity on T47D cell line using MTT method. The
active compound was separated using column chromatography. Cytotoxic test on T47D cell line was perform for
extracts of each separation stage. Data were analyzed by probit analysis to obtain IC50 values. Components
identification was performed using GC-MS analysis. The results showed that chloroform extract has cytotoxic activity
better than other extracts with IC50 of 124.206 µg/mL. The third fraction has cytotoxic activity better than other
fractions with IC50 of 68.568 µg/mL. The GC-MS analysis showed that in the third fraction of the chloroform extract
contain linoleat acid, the major compound and tryptamine.
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INTRODUCTION

Breast cancer is the second leading cause of death
from cancer in women in the United States after lung
cancer. In Britain as many as 20% of cases of cancer
were breast cancer, as well as causing the most deaths
in women 35-55 years age group. Until now there is no
accurate statistics data in Indonesia, but the hospital
data indicate that breast cancer ranked first among other
cancers in women [1]. Cancer is a condition in which
cells have lost normal control mechanisms, so cells
growth of abnormal, rapid, and uncontrolled. Breast
cancer (mammary carcinoma) is a neoplastic disease
derived from the parenchyma [2].

Cancer treatment can be done with surgery,
chemotherapy, and radiology. Multiple drug therapy is
cancer drugs cytostatica (methotrexate, doxorubicin,
vinblastine), hormones (estrogen), and antihormone
(tamoxifen). However, they pose cancer treatment side

Table 1. Solvent-free condensed extract maceration
results

Extract Weight (g) Rendemen (%)
Petroleum ether 98.8 19.76

Chloroform
Ethyl acetate
Ethanol

112.7
85.6
76.8

22.54
17.12
15.36

effects of which not only attack cancer cells but also
attack normal cells [3]. As a result of which could arise
in the form of bleeding, bone marrow depression which
facilitates the occurrence of infection. In the gastro
intestinal system can occurred nausea, vomiting,
anorexia and gastrointestinal ulceration [4]. Alternative
cancer treatment is to utilize compounds derived from
plants, which have anti-tumor properties with minor
toxicity and side effects [5].

It has been widely reported that the material of
the plant has potential as a negative regulator of
oncogene and tumor suppressor gene positive
regulator, so that potential as anticancer [6-7]. N. sativa
has empirically proven biological activity and has been
used as anticancer. In vitro studies of water extract of
N. sativa seed has good anticancer activity to inhibit
tumor cell proliferation and viability, at a concentration
of 80 μM and 90 μM in HeLa cells and Vero cells [8].
The ethanol extract of Nigella sativa seed has activity
to inhibit cancer cell and endothelial cell damage in
vitro [9]. Alcohol extract of N. sativa seeds have a
cytotoxic effect against MCF-7 [10]. Ethyl acetate
extract and essential oil of N. sativa seeds potentially
cytotoxic against tumor cells and shown to inhibit the
development of metastasis [11-12]. N. sativa seeds
contain the active substance that is thymoquinone,
dithymoquinon, thymohydroquinone, and thymol in
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which the third active ingredient is contained in the
essential oil. The main active component of N. sativa is
also known has antioxidant activity which can inhibit the
development of several types of cancer [13]. Research
showed the biological effects of N. sativa seeds can
reduce the formation of breast tumors [14].

In Indonesia, N. Sativa seeds was used as jamu.
Therefore, this study conducted to examine the cytotoxic
activity of N. sativa seeds and identify its components on
T47D breast cancer cells, so N. sativa able to use as
herbal medicine or phytopharmaca.

EXPERIMENTAL SECTION

Materials

Plant materials, chemicals, cell line and culture
Seeds of Nigella sativa, Petroleum ether, chloroform,
Cell line T47D, RPMI 1640 medium (GIBCO), Fetal
Bovine Serum (FBS) 10% (Sigma), 3% penicillin-
streptomycin (Sigma), Fungison 1% (Gibco BRL),
sodium bicarbonate, 4 (2-hydroxyethyl)-I-piperazine-
ethane-sulphonic acid (HEPES) (Sigma), dimethyl
sulfoxide (DMSO), aqua-bidest, 70% alcohol, ethyl
acetate, methanol, acetic acid, vanillin-H2SO4, Yellow
MTT, sodium dodecyl sulfate (SDS), and tamoxifen.

Instrumentation

CO2 incubator, liquid nitrogen tank, water bath
(Laboratory Equipment Sydney), laminary air flow
cabinet (NUAIRE), ELISA reader (SLT 240 ATC)
microplate 96 wells (Nalge Nunc International,
Denmark), tissue culture flasks (TCF) 75 cm

2
, inverted

microscope, hemocytometer (Neubauer), centrifuge
(Sigma), pH meter (TOA), light microscope, were used in
cytotoxic test. A set of fractionation equipment were
used to fractioned the extracts. Gas Chromatography-
Mass Spectroscopy (GC-MS)-Agilent 7890A GC System
with MSD Detector 5975 C series were used to
determine the compounds in extract.

Procedure

Preparation of extract combination
Nigella sativa seeds are washed with water, dried

and ground into powder. N. sativa seed powder were
macerated using petroleum ether for 1 x 24 h. Extract
was filtered and then evaporated by the evaporator.
Then the filtrate was continued macerated with
chloroform, ethyl acetate, and ethanol respectively, each
for 3 x 24 h. The extract is filtered and then evaporated.
Each extracts was tested for cytotoxic activities on T47D
cell line.

Cell viability assay: 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) assay

T47D cancer cells were cultured in a 96-well
plates (Nalge Nunc International, Denmark) at a
density of 2 × 10

4
cells per well, incubated 24 h. The

cells were then treated with varying concentrations of
extract and tamoxifen. After 24 h incubation, the cells
were washed and treated with 0.01 mL MTT per well.
Plates were incubated at 37 °C in a 5% CO2

atmosphere for 4 h, and 0.1 mL of the extraction buffer
(10% sodium dodecyl sulfate in 0.01% HCl) was
added. After an overnight incubation at 37 °C, the
absorbance was measured at 595 nm using a ELISA
reader (Bio-Rad) and was compared with the control
cultures without compound. To determine cell viability,
percent viability was calculated as [(absorbance of
drug-treated) sample/(control absorbance)] × 100.

Fractionation
The active extract was partitioned with n-hexane :

chloroform (3:1, 2:1, 1:1) v/v}, chloroform, chloroform :
ethyl acetate {(1:1, 1:2) v/v}, chloroform : ethyl acetate :
methanol {(1:2:2, 1:1:4) v/v}, ethyl acetate : methanol
{(1:2) v/v}, and methanol. The chemical composition of
each fraction was monitored on thin layer
chromatography, each fraction was tested for
cytotoxicity test on T47D cell line.

RESULT AND DISCUSSION

Preparation of the extract was done by
maceration method. Maceration was done using the
appropriate solvent with several times shaking or
stirring at room temperature [15]. Maceration is a
method that suitable for compounds that do not
withstand heating at high temperatures [16]. The aim is
to attract the chemical components based on the
principle of mass transfer of substance into the solvent
component, where the movement began to occur at the
interface layer and then diffuses into the solvent [17].
Petroleum ether is a non polar used to attract non-polar
compounds such as wax, fat and lipids which can
interfere during the separation process [18]. In addition,
petroleum ether was used to eliminate the resins which
can interrupt the extraction. After the filtrate macerated
with petroleum ether, maserat aerated and then
macerated with chloroform for 3 x 24 h. Chloroform is
one of the semi-polar solvent commonly used to attract
terpenoid compounds, polyphenols, fatty acids, fats,
oils, essential oils, phenols and lipids [17].

The study reported that potential as an anticancer
compound from the extract is thymoquinone [9,19].
Thymoquinone was a component of essential oil [5,20-
21].
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Fig 1. Inhibition rate on T47D cell line with petroleum
ether, chloroform, ethyl acetate, and ethanol extracts.
T47D cells were treated with various doses of extracts,
incubated for 24 h at 37 °C in humidified 5% CO2
atmosphere. Cell viability was determined by MTT
assay, absorbance was read at 595 nm. Inhibition rate
(%) was defined as : ((live cell in the control – live cell in
the test group)/live cell in the control) x 100. Standard
curve : y = 0.00001 x + 0.3411 (R

2
= 0.9906). Results

are average of three independent experiments (mean ±
SD)

Fig 2. IC50 of petroleum ether, chloroform, ethyl acetate,
and ethanol extract on T47D cell line. Concentrations
inhibiting 50% of the cell were determined by probit
analysis using SPSS software

Extracts N. sativa had cytotoxic activity on T47D Cell
Line

In our research showed that the increasing
concentration of test material, the greater the percentage
of inhibition (Fig. 1). This showed the increasing toxic
effects of the test material.

Cytotoxic test of chloroform extract using the MTT
method (3-(4.4-Dimethylthiazol-2,5dipheniltetrazolium
bromide) by measuring the absorbance. T47D living cell
will absorb MTT into formazan. This is because the MTT
is only absorbed by dehydrogenase enzymes in
mitochondria into formazan which is the result of
tetrazolium salt metabolism of living cells that have
terminated tetrazolium ring. Absorbance read with ELISA

reader at long wavelength (λ) 559 nm. Therefore, 
absorbance describes the number of cells living.
Absorbance is to be used to calculate the percentage
of living cells as a response [22].

The material has a ability to inhibit T47D cell
growth as shown by the IC50 value Fig. 2 showed that.
This indicates that extracts has cytotoxic activity
against T47D cells. Meyer et al. [24] declares an
extracts said to have anticancer activity if the IC50 value
of less than 1000 µg/mL after 24 h of contact time.

IC50 is concentration that can inhibit cell growth by
50% cell line. The smaller the IC50 of a compound the
more toxic compound it was [23]. Cytotoxic activity of
chloroform extract of Nigella sativa seeds is higher than
petroleum ether extract. Research suggests that
chloroform is one of the semi-polar solvent commonly
used to attract terpenoid compounds, phenols, and
lipids [17]. So it is possible thymoquinone largely
attracted by the solvent chloroform. The results
obtained prove that the IC50 petroleum ether and
chloroform extracts of Nigella sativa seeds have
anticancer activity in vitro. Extract was said to have
anticancer activity when the IC50 value of less than
1000 µg/mL after 24 h contact time [24].

The extracts had cytotoxic activity against T47D
cells. N. sativa contained thymoquinone which is a
component of volatile oil that is responsible as
anticancer [19,21]. Thymoquinone have a role in
inhibiting the growth of cancer cells and induce
apoptosis in cancer cells [19,21]. Thymoquinone also
have activity as an antioxidant. Thymoquinone through
reaction with reductase enzyme conjugate with
glutathione (GSH) plays a role in protecting organs
from oxidative damage agent [21]. Thymoquinone can
improve the immune system by increasing the activity
of interferon-γ, macrophages, and CD4 + T cell and NK 
cell function [9].

Research showed that the essential oils and ethyl
acetate extract from black cumin seeds had anticancer
activity in a variety of different tumour cells (P815,
Vero, BSR, and ICO1 cell line). 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%) [11]. This research with N.
sativa seed showed differences in IC50 values because
of the differences of the target cell. In this study,
extracts of which have the smallest IC50 that is 124.829
µg/mL is the chloroform extract. Therefore, the
chloroform extract is what will continue to fractionated.

Fractionation of Chloroform Extract

Chloroform extract of black cumin was
fractionated by column chromatography to separate the
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Table 2. The mean absorbance and the percentage inhibition of T47D cells after administration of test material
Material Consentration

(µg/mL)
Absorbance Inhibition

(%)
IC50

(µg/mL)
500 0.066 100.000
250 0.580 26.194
125 0.778 4.998
62.5 0.648 4.950

1
st

Fraction
31.25 0.650 4.537

297.025

500 0.035 100.000
250 0.118 100.000
125 0.641 7.373
62.5 0.647 5.362

2
nd

Fraction
31.25 0.658 2.114

153.132

500 0.048 100.000
250 0.012 100.000
125 0.047 100.000
62.5 0.608 17.428

3
rd

Fraction
31.25 0.621 13.509

68.468

500 0.595 21.347
250 0.601 19.594
125 0.641 7.219
62.5 0.654 3.197

4
th

Fraction

31.25 0.665 0.000

> 1000

components of organic compounds in the sample.
Hexane and chloroform was used with various
comparisons and proceed according to different levels of
polarity using the other solvent that was ethyl acetate
and methanol. Elution process performed to form
ribbons of yellow and brownish red in stationary phase.
These tapes are eluted by the eluent until the exit of the
column-eluate into the eluate separated and placed in
tubes. The fractionation carried out until all samples
were eluted by the eluent, eluent last used is a polar
eluent is methanol. When the sample on the separation
column has not happened and the eluate is colorless,
then the fractionation discontinued.

Determination of the fraction containing the same
components conducted by TLC method. Each faction
identified with TLC method to see the pattern of
separation. Fractions that have a pattern of separation
and the same Rf value thought to contain the same
components. Fractions with the stain color and the same
Rf value pooled and evaporated the solvent. Based on
the results of grouping with 3 fractions obtained by TLC,
furthermore these three fractions were then tested for
cytotoxic activity in T47D cells and identified the content
of chemical compounds by GC MS.

Cytotoxic activity Fraction of Chloroform Extract

Cytotoxic activity test performed on fractions of
fractions of chloroform extract of black cumin seeds.
Chloroform fraction test results, shown in Table 2. Data
Table 2 shows that with increasing concentration, the
absorbance is smaller. This shows that the number of
T47D cells with increasing concentrations of living

become less and less. Table 2 also shows that the
fraction 1, 2, and 3 have cytotoxic activity against
breast cancer cells T47D. This is shown by the IC50

value of 297.025, 153.132, 68.468 µg/mL. While the
fraction 4 does not have toxic properties against breast
cancer T47D cells, with IC50 of more than 1000 µg/mL.
In this study, the most active fraction was fraction 3
with IC50 value of 68.468 µg/mL. Fraction 3 was
determined the content of the compounds using GC-
MS method.

Analysis of Active Compounds in fractions using
GC-MS method

Identification of the structure using a mass
spectrometer conducted to determine the compounds
contained in the samples analyzed, this can be seen
from the relative abundance of mass fragments of
molecules (m/e) of the molecular ion (M +). The more
stable a molecular fragment that is formed then the
fragment will be at a relative abundance of large and
have a longer lifespan [25]. Retention time, percentage
and allegations of compounds in fraction 3 can be seen
in Table 3.

Research reported that the extract of N. sativa in
the form of oil, containing 95.5% fatty acids. Fatty acids
were identified as 4 saturated fatty acid (17.0%) and 4
unsaturated fatty acids (82.5%). The main components
of these fats are linoleic acid (55.6%), oleic acid
(23.4%), and palmitic acid (12.5%) [25]. In this study, in
fraction 3 there was linoleic acid, palmitic acid, indole
and imidazole compounds. Another research reported
that nigella seed is a good source for oil and protein.
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Tabel 3. The compounds in fraction 3 based on retention time, percentage, and allegations
Compounds Retention Time

(min)
Amount

(%)
Ion Fragmentation

Peak (m/e)
Type of

Fatty acid
n-Hexadecanoic acid
(palmitic acid) 53.835 1.9

256; 227; 213; 129; 97;
73; 60; 43

Saturated Fatty
Acid

9,12-Octadecadienoic acid
(Z,Z) / cis linoleic acid 62.549 67.59 280; 182; 123; 109; 95;

81; 67; 54; 41; 27
PUFA, omega 6

9,12-Octadecadienoic acid
(Z,Z) / cis linoleic acid 62.805 10.18 280; 182; 123; 109; 95;

81; 67; 54; 41; 27
PUFA, omega 6

(9E,12E)-9,12-
Octadecadienoic Acid 69.527 4.2

280; 182; 123; 109; 95;
81; 67; 54; 41; 27 PUFA, omega 6

7,11-Hexadecadienal 70.157 1.2
236; 109; 95; 81; 55; 41

-
Methyl 9,12-
heptadecadienoate 74.301 4.56

280; 248; 109; 95; 81;
67; 54; 41; 27

Methyl alcenoic
(esters)

(9Z)-9,17-Octadecadienal
74.497 2.3

264; 137; 109; 95; 81;
67; 41 -

2-(1h-Indol-3-Yl)
Ethanamine 74.905 0.5

200; 160; 130; 103; 77;
51 -

1-(4-Chlorophenyl)-3-(1h-
Imidazol-1-Yl)-4,4-
Dimethyl-1-Pentanone 79.508 0.4 290; 139; 95; 75; 28

-

Percentage of oil extraction, as well as physical and
chemical properties of the crude oil, was influenced by
the extraction methods. TLC and GLC analysis indicated
that nigella seed oil contained significant amounts of
sterols. Linoleic (C18:2), oleic (C18:1) and palmitic (C16:0),
as in most of the common edible oils, are the main fatty
acids [26].

The results of animal studies have performed that
the consumption of omega-3 fatty acids can slow the
growth of cancer xenografts, increase the efficacy of
chemotherapy and reduce the side effects of the
chemotherapy or of the cancer [27].

The effect of fish oils and their active omega-3 fatty
acid constituents, docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA), were investigated on
breast cancer growth. The results suggest that inhibition
of breast cancer growth in nude mice by dietary fish oil
and inhibition of breast cancer cell growth in culture by
treatment with DHA and EPA was mediated by activation
of N-SMYase [28].

CONCLUSION

Chloroform extract of black cumin have cytotoxic
activity against T47D cells with IC50 of 124.206 µg/mL.
The 3

rd
fraction was the most active one, with IC50 values

of 68.568 µg/mL. The GC-MS analysis showed that in
the 3

rd
fraction of the chloroform extract contain linoleic

acid, the major compound and tryptamine, an alkaloid.
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