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Abstract

Background: Products of oxidation are known to trigger cancer through damaging cellular components and angiogenesis backs
tumor growth and metastasis. Antioxidant enzymes like superoxide dismutase and catalase fight the stress posed by these products.
Angiogenesis inhibition offers additional benefits toward tumor suppression. Nigella sativa L. is a plant traditionally used in Middle
Eastern countries for its various benefits.
Objectives: In this study, we attempted to examine the anti-tumor, antioxidant and antiangiogenic effects of N. sativa crude oil in
breast tumor-bearing mice.
MaterialsandMethods: In this experimental study, three groups of female BALB/c mice, 5 animals in each, were respectively treated
for a month with 1, 2 and 4 mL/kg/day of N. sativa oil 2 days after subcutaneous tumor transplantation. The fourth group, the control
group, after subcutaneous tumor transplantation received distilled water. Tumor volumes, antioxidant enzymes’ activity, endo-
statin and vascular endothelial growth factor (VEGF) amounts were measured to study N. sativa crude oil’s proposed effects.
Results: In comparison with the control group, mice receiving doses of 2 and 4 mL/kg/day of N. sativa crude oil had significantly
reduced tumor volumes (P < 0.005), less VEGF (P < 0.005), more endostatin (P < 0.05 and P < 0.005, respectively) and increased
superoxide dismutase (SOD) (P < 0.05 and P < 0.005, respectively) and catalase (CAT) activity (P < 0.005).
Conclusions: N. sativa crude oil seems to inhibit breast tumor growth partly through improving the activity of antioxidant en-
zymes’ activity and partly by suppressing angiogenesis. Yet, more studies are required to intensely clarify the other involved mech-
anisms.
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1. Background

Reactive oxygen species, when produced in excessive
amounts, can cause temporary or permanent damages to
cellular macromolecules. These events trigger a variety
of diseases such as cancer. To protect the cell, an antioxi-
dant system including nutrients and enzymes like super-
oxide dismutase (SOD), catalase (CAT) and glutathione per-
oxidase (GPx) is used to neutralize reactive oxygen species
(ROS) and lipid peroxides. It has been reported that cancer
cells differ from normal ones in ROS production and enzy-
matic antioxidant activity. ROS production is much greater
in cancer cells [1]. There is also a noticeable imbalance in
the activity of antioxidant enzymes. It has been shown that
products of oxidation, ROS, act as a promoting force in car-
cinogenesis [2]. Gosselin et al. [3] also suggested tumor
emergence to be an outcome of the accumulation of ROS.

Soon after the tumor forms, angiogenesis is initiated
by cancer cells to guarantee their constant access to nu-

trients and oxygen in addition to waste discarding and
to enable them to metastasize [4]. This process is known
to more keenly begin and progress owing to vascular en-
dothelial growth factor (VEGF), while endostatin is consid-
ered to suppress the process of angiogenesis [5]. Of all
kinds of cancer, that of breast is the commonest invasive
one amongst women. In 2012, the casualties in Iran num-
bered 3,304 people which equaled 14.2% of deaths by can-
cer [6]. Screening mammography can help reduce the ca-
sualties, to some extent, but it can be used after the prob-
lem has already happened [7]. In addition, the existing
therapies and medicines have serious side effects. More-
over, Asian and Mediterranean populations are reported to
experience less incidence of cancer [8]. Thus, nutrition and
medicinal plants are getting more attention to prevent
the problem. Amongst medicinal food is Nigella sativa L.
whose black seeds offer various therapeutic benefits to set-
tle headache, asthma, hypertension, eczema and gastroin-
testinal problems [9]. Its biological activity is mainly cred-
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ited to its main component, thymoquinone (TQ, MW: 164.2,
C10H12O2) [10]. TQ has, reportedly, proved to possess antiox-
idant [11], anti-inflammatory [12] and anticancer activity
[13]. In various experiments on murine models of fibrosar-
coma and squamous cell carcinoma [14] as well as mod-
els of colon cancer [15] and prostate cancer [16], TQ offered
to be promisingly anti-tumor. Also, TQ-induced pathways
leading to apoptosis have been reported in many studies.
Different extracts (ethanolic, methanolic, hexane etc.) ob-
tained from the seeds have also been studied widely, re-
porting interesting results [17]. Therefore, in vivo anti-
cancer and anti-angiogenic effects of N. sativa crude oil on
breast cancer in animal model have yet to be clarified.

2. Objectives

Hence, in this study, we tried to examine the therapeu-
tic role of orally consumed N. sativa crude oil against tu-
mor growth, oxidative damage and angiogenesis in BALB/c
mice suffering from breast tumor.

3. Materials andMethods

In this clinical trial study, mice were maintained in
a 12-hour period of darkness-light in 22°C temperature,
throughout the study. This research was performed in win-
ter and spring of 2012 in the neurovascular physiology re-
search laboratory of Shahid Beheshti University. All the
experiments were done according to the approved proto-
col of the ethics committee of the University of Shahid Be-
heshti (Tehran, Iran).

3.1. N. sativa Crude Oil Preparation

N. sativa seeds were purchased from farms in Semirom,
Isfahan, Iran. After being authenticated at the school of
pharmacy, Shahid Beheshti University of Medicinal Sci-
ences, the seeds were cold-pressed to get the crude oil.
The oil was then stored at 4°C in dark glass bottles. When
needed, some was moved to a tube and used during the
daily treatment of the mice.

3.2. Extraction and Analysis of Volatile Oil

One hundred milliliters of the crude oil was moved
to a Clevenger-type apparatus and extracted with 500 mL
of water for 4.5 hours (until no more essential oil was ob-
tained). The collected essential oil was dried under an-
hydrous sodium sulphate and stored in sealed vials at
4°C until analysis. This volatile oil was analyzed by gas
chromatography (GC) and gas chromatography-mass spec-
trometry (GC-MS) instruments. GC analysis was performed

using a ThermoQuest gas chromatograph with a flame ion-
ization detector (FID). The analysis was carried out on fused
silica capillary DB-5 column (30 m × 0.25 mm i.d.; film
thickness 0.25 µm). The injector and detector tempera-
tures were kept at 250ºC and 300°C, respectively. Nitrogen
was used as carrier gas at a flow rate of 1.1 mL/min; oven
temperature program was 60 - 250°C at the rate of 4°C/min
and finally held isothermally for 10 minutes; split ratio was
1: 50. GC-MS analysis was carried out on a Thermoquest-
Finnigan Trace GC-MS instrument equipped with a DB-5
fused silica capillary column (60 m × 0.25 mm i.d.; film
thickness 0.25 µm) coupled with a TRACE mass (Manch-
ester, UK). Helium was used as the carrier gas at a flow rate
of 1.1 mL/min with split ratio of 1.50. Mass range was from
45 to 456 amu (atomic mass unit) with an ionizing voltage
of 70 eV (electron volte). Oven temperature program was
the same given above for the GC (gas chromatography).
The constituents of the essential oils were identified by
calculation of their retention indices under temperature-
programmed conditions for n-alkanes (C6 - C24) and the
oil on a DB-5 column under the same chromatographic
conditions. Identification of individual compounds was
made by comparison of their mass spectra with those of
the internal reference mass spectra library and confirmed
by comparison of their retention indices with those of re-
ported in the literature [18]. For quantification purpose,
relative area percentages obtained by FID were used with-
out the use of correction factors.

3.3. Extraction and Analysis of Fixed Oil

One milliliter of the crude oil was dissolved in 20 mL
of n-hexane and 2 mL of 2 N (normality) methanolic KOH
was added. The mixture was stirred at 60°C for 30 min-
utes. After cooling, 2 mL 2 N HCl was added and the mix-
ture extracted with three 30 mL portion of EtOAc (ethyl ac-
etate). Combined organic layer was dried over anhydrous
Na2SO4 and concentrated under reduced pressure. This
oil (as the methyl esters of the fatty acids) was analyzed
through GC and GC-MS as mentioned above. Identifica-
tion of the oil components was performed on the basis of
their retention indices relative to the retention times of a
series of n-alkanes, and by comparison of their mass spec-
tra with those of NIST library data of the GC-MS system and
Adams libraries spectra. Percentage of individual compo-
nents was calculated based on GC peak areas without FID
(flame ionization detector) response factor correction.

3.4. Mice

Inbred female BALB/c mice, 7 - 9 weeks old and weigh-
ing 18 - 20 g, were purchased from Pasture Institute of Iran,
Karaj. With free access to food and water during the whole
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experiment, the mice were housed for one week under con-
stant, standard conditions (12: 12 light/dark cycle, 22°C)
within the same facility.

3.5. Tumor Induction

Two days prior to the beginning of the experiment, all
mice were subcutaneously transplanted with spontaneous
murine mammary tumor (SMMT), volumes of less than 0.5
cm3, in the right flanks of mice, according to a previously
tried protocol [19]. SMMT is an invasive carcinoma of ductal
kind spontaneously developing in female BALB/c mice. The
pieces, from a syngeneic donor, were transplanted into the
right flank of the mice.

3.6. Experimental Protocol

The mice were caged into 4 groups (5 mice in each),
randomly, and gavaged for 1 month, 2 days after tumor
transplantation, as follows: The mice in the control group
(CTRL) received distilled water daily following subcuta-
neous tumor transplantation. Mice within the next three
groups (N. sativa 1, N. sativa 2 and N. sativa 4), were respec-
tively gavaged with 1, 2 and 4 mL/kg/day of N. sativa crude
oil.

3.7. Tumor Volume Measurement

When the tumors were palpable, the size of tumors was
recorded using digital caliper twice a week. The tumor vol-
ume was calculated by the (Formula 1) below [19].

(1)V =
1

2
× LW2

V = volume, L = the length, W = the width.

On the last day of the experiment, the mice were sac-
rificed and the tumors were removed and kept frozen in
-80°C for further use. Prior to freezing and over ice-filled
plates, the necrosis was rapidly removed.

3.8. Tumor Sampling and Protein Extraction

We followed the protocol used by earlier. Briefly, in 1
mL of a homogenizing buffer containing EDTA (ethylenedi-
aminetetraacetic acid) (1 mmol/L), sucrose (0.32 mol/L) and
Tris-HCl (10 nmol/L; pH = 7.4), small pieces of tumors were
homogenized using a sonicator (Bandelin Sonopuls; HD
2070). We centrifuged the blend for 30 minutes at 13,600
× g. Next, the supernatant was taken to measure superox-
ide dismutase and catalase activity. We adopted Bradford
method to determine protein concentration [20].

3.9. SOD Activity Measurement

Through a previously practiced protocol, we assessed
the total activity of superoxide dismutase as briefly fol-
lows: 1 mL of our mixhadpyrogallol (0.48 mM), sodium
phosphate buffer (50 mM), enzymatic extract (20 µL) and
EDTA (0.1 mM). At 420 nm, we monitored and recorded the
changes in this mixture’s absorbance at 25°C for 4 minutes
and compared it to a blank buffer having all the mentioned
elements except for the previously-prepared supernatant
[20].

3.10. Catalase Activity Measurement

To measure catalase activity according to the method
formerly mentioned, we prepared a mix (1 mL) having hy-
drogen peroxide (10 mM), sodium phosphate buffer (50
mM; pH = 7.0) and enzymatic extract (20 µL). We moni-
tored and recorded the reduced absorbance of this mix-
ture for 2 minutes at 240 nm at 25°C against a blank, i.e.
with no the tissue homogenate [20].

3.11. Western Blotting

Briefly and regarding the previously practiced method
[21] the samples were homogenized through sonication.
The buffer contained NaCl (150 mM), EDTA (0.03%), Tris-
HCl (50 mM, pH = 7.0), sodium deoxycholate (0.5%), SDS
(Sodium dodecyl sulfate) (0.1%) and one tablet of pro-
tease inhibitor cocktail obtained from Roche. A total
protein of 80 µg obtained from all samples was loaded,
with the protein ladder obtained from Thermo Scientific,
into SDS-PAGE gel of 8% to be separated by size. PVDF
(polyvinylidene difluoride) membranes (Millipore) were
used to blot the proteins. The blots remained, for an
hour, in blocking reagent (GE Health Care, US) at room
temperature before incubation with specific primary anti-
bodies to VEGF (Abcam 3109, 1: 1000), endostatin (Abcam
64569, 1: 500), and β-actin (Cell signaling 4967S, 1:1000)
separately. Horseradish peroxide-conjugated secondary
anti-rabbit antibody against β-actin (1: 1000, Dakocytoma-
tion) and HP-conjugated secondary anti-mouse antibody
(1: 10000, Abcam 6728) against VEGF and endostatin were
used afterwards to incubate the blots in room temperature
for 1 hour. The immune-reactive proteins were detectable
using chemoluminescence agents (Amersham Bioscience)
while being exposed to films. Band images were quan-
tified via ImageJ software and densitometry analysis was
performed after having normalized them with β-actin.

3.12. Statistical Analysis

Data on tumor volume were analyzed using factorial
ANOVA. The enzymatic activity and the western blotting
data were analyzed by one-way ANOVA. The post-hock test
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we used was LSD, SPSS-16 and statistical significance was re-
ported as P < 0.05. Data were presented as mean ± SD.

4. Results

4.1. Volatile Oil

The chemical composition of the volatile oil is listed in
Table 1. In total, 13 constituents comprising about 99.7% of
the total oil were identified. Thymoquinone (39.25%) and
p-Cymene (43.54%) were the most abundant components,
followed by α-thujene (10.16%), 1-terpineol (1.68%) and β-
pinene (1.08%) as the other main compounds.

Table 1. Chemical Composition of the Volatile Constituents of Nigella sativa

No. CompoundName Retention Index Percentage (%)

1 α-thujene 927.84 10.16

2 α-Pinene 934.54 1.00

3 Sabinene 972.68 0.48

4 β-Pinene 977.84 1.08

5 α-Terpinene 1016 0.17

6 p-Cymene 1027.2 43.54

7 Limonene 1029.2 1.01

8 γ-Terpinene 1056 0.47

9 1-Terpineol 1116.4 1.68

10 4-Terpineol 1172.8 0.18

11 Thymoquinone 1250.6 39.25

12 Carvacrol 1295.5 0.34

13 Junipene 1400.4 0.35

4.2. Fixed Oil

Five fatty acids were identified in the extract (Table 2),
which represented about 99.9% of the total fatty acid com-
position. The extract consisted of two saturated fatty acids
(14.69%) and three unsaturated ones (85.23%). Linoleic acid
(63.85%), oleic acid (17.85%), and palmitic acid (11.21%) were
the major components. This fatty acid profile was compa-
rable to those reported on the literature [22].

Tumor volumes: Analysis of the data on tumor volume
showed that, as therapeutic, N. sativa crude oil at doses of
2 and 4 mL/kg/day results in significantly reduced volumes
(147.26± 10.84 mm3 and 130.27±9.2 mm3, respectively; P =
0.001; n = 5) when compared to the control group (274.5±
30.8 mm3). No significant change was observed in N. sativa
1 tumor volumes (Figure 1).

Table 2. Fatty Acid Composition of Nigella sativa’s Fixed Oil

No. CompoundName Retention Index (as
Methyl Ester)

Percentage (%)

1 Palmitic acid 1922 11.21

2 Linoleic acid 2051 63.85

3 Oleic acid 2053 17.85

4 Stearic acid 2059 3.48

5 Eicosadienoic acid 2271 3.53

Figure 1. Effect of Nigella sativa’s Crude Oil on Tumor Volume Against the Control
Group
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The mean ± SD is demonstrated above with n = 5 and P = 0.001. Mice were gavaged
with 1, 2 and 4 mL/kg/day of N. sativa oil for a month 2 days after tumor induction.
Volumes were significantly reduced at 2 and 4 mL/kg/day compared with the control
volumes.

4.3. Enzymatic Activity

Both SOD and CAT activities, at doses of 2 and 4
mL/kg/day of N. sativa crude oil, were significantly higher
than those of the control group with, respectively, P = 0.013
and P = 0.001 for SOD activity (n = 4) as well as P = 0.003
and P = 0.001 for CAT activity (n = 4). Enzymatic antioxi-
dant activity showed no significant change at the dose of 1
mL/kg/day (Figures 2 and 3).

Western blotting: According to western blotting data
analysis (Figures 4 and 5), 2 and 4 mL/kg/day of N. sativa
crude oil significantly decreased VEGF expression (P =
0.001) while the endostatin expression was significantly el-
evated at the mentioned doses (P = 0.006 and P = 0.001, re-
spectively).

5. Discussion

As indicated by our experiment, there was an increase
in SOD activity in the tumor-bearing BALB/c mice treated
with 2 and 4 mL/kg/day of N. sativa crude oil, which was
also accompanied by a significant tumor volume reduc-
tion. We, as well, recorded an increase in CAT activity in
mice treated with 2 and 4 mL/kg/day of N. sativa crude oil
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Figure 2. Effect of N. sativa Crude oil on Superoxide Dismutase (SOD) Activity

0

50

100

150

200

250

300

Control N. sativa1 N. sativa2 N. sativa4

Su
p

er
ox

id
e 

D
is

m
u

ta
se

(u
/m

g 
Pr

ot
ei

n
) p = 0.017

p = 0.001

At the end of the 1-month treatment, all tumors were removed and assayed for SOD
activity. At the doses of 2 and 4 mL/kg/day, there was a higher SOD activity (n = 4; P
= 0.013 and P = 0.001, respectively) compared with the control group. Mean ± SD is
illustrated above.

Figure 3. Effect of N. sativa Crude Oil on Catalase Activity
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We assayed tumors at the end of the experiment to examine catalase (CAT) activity
in comparison with the control group. There was an increase in catalase activity at
doses of 2 and 4 mL/kg/day (n = 4; P = 0.003 and P = 0.001, respectively). The illustra-
tion displays mean ± SD.

as a therapeutic agent. The data showed 2 and 4 mL/kg day
of the crude oil could significantly increase endostatin lev-
els and decrease VEGF amounts. According to our research,
there has been no report on N. sativa crude oil effect on en-
dostatin expression and this study, probably for the first
time, has investigated such effect.

As mentioned earlier, oxidative stress is the result of
what aerobic life greatly depends on oxidation. While aer-
obic cells enjoy this energy-producing reaction, they need
to fight its harmful products at the same time [1]. To do so,
organisms apply compound systems of antioxidants. En-
zymes such as CAT and SOD are antioxidants essentially re-
quired for cells’ self-protection. They are key players in sev-
eral reactions which prevent and treat the harms of oxida-
tive stress [1]. The members of the SOD family dismutate su-

Figure 4. VEGF Amount Alteration by N. sativa Crude Oil
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Mice gavaged with 2 (N. sativa 2) and 4 mL/kg/day (N. sativa 4) of N. sativa crude oil
showed lowered amounts of VEGF [n = 4; P = 0.001]. VEGF andβ-actin bands in tumor
tissues of BALB/c mice, obtained through western blotting, are shown. The graph
shows the quantified data, as mean± SD, through densitometric analysis. Note that
β-actin was used as the normalizing loading control.

peroxide into oxygen and hydrogen peroxide. Thus, they
take the vital step toward defense in oxygen-dependent
cells. Several cancers are reported to be linked with defi-
ciency in SOD. With no obvious oddities observed in mice
lacking cytosolic SOD throughout their infancy and youth,
the lifespan was shortened. A bigger rate of neoplastic
changes was also reported and it seemed that, owing to
oxidative stress resulted from lack of SOD, they suffered
liver carcinoma in later life [23]. SOD has also been re-
ported to be a suppressive agent against the formation and
growth of tumor in prostate and human breast cancers.
In an interesting study, all of the sampled patients with
brain tumor showed significantly reduced SOD [24]. Some
mechanisms of action have been suggested for SOD. One of
these implies that, by producing H2O2, SOD functions as an
apoptosis-triggering agent.

Superoxide anions are produced through a lot of re-
actions including inflammatory responses. A compound
derived from SOD has been shown to scavenge these an-
ions and prevent the development of tumor [25]. Recently,
a substance able to mimic SOD was reported to perform
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Figure 5. Effect of Treatment with N. sativa Crude Oil on Endostatin Amounts
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2 (N. sativa 2) and 4 mL/kg/day (N. sativa 4) of N. sativa crude oil could increase endo-
statin amounts in tumor-bearing BALB/c mice [n = 4; P = 0.006 and P = 0.001 respec-
tively]. β-actin and endostatin bands in tumor tissues, from western blotting, are
presented. The graph illustrates the quantified data through densitometric analy-
sis and mean ± SD is shown. Again, β-actin was used as the normalizing loading
control.

an array of actions in diseases related to oxidative stress
[26]. N. sativa and its active component, TQ, are broadly
reported to have wide antioxidant potential mainly due
to their ability to alter the redox state and to scavenge
free radicals and they seem to be executing these tasks
through the modulation of antioxidant enzymes like SOD
[27]. When it comes to the complete mechanism of CAT,
we are so empty-handed. Yet, its importance in living be-
ings is recognized as it breaks down hydrogen peroxide
to water and oxygen. Reports indicated that CAT activity
in liver was 22% less in cancer patients. Later, reports in-
dicated that patients with malignant disease had reduced
liver CAT activity. Lung inflammation apparently declines
CAT activity and ends in a bigger amount of hydrogen
peroxide within the cell, which benefits DNA damage and
carcinogenesis [28]. Low activity of CAT is suggested to
cause higher amounts of oxygen free radicals, therefore,
is believed to advocate the oxidative stress in breast can-
cer [29]. On the other hand, high CAT activity was linked
to a dropped risk of breast cancer, and a potential relation-
ship between CAT activity and cancer was proposed [30].
As for N. sativa, many studies have shown it increases CAT
activity and other antioxidant enzymes in heart, hyperc-
holesterolemia and tissue culture [31] and this increase po-

tentially benefits protection against cancer [32] and drug-
induced toxicity [33]. To survive, tumor cells can abuse
a normally well-controlled mechanism, angiogenesis, so
that new vessels outgrow from the existing ones toward
the tumor mass [4]. Obviously, suppressing this odd abil-
ity can lead to tumor growth limitation. VEGF is consid-
ered the main factor initiating angiogenesis while endo-
statin has been known as an antiangiogenic factor [3]. In an
experiment, it was shown that N. sativa’s bioactive compo-
nent, TQ, could suppress Akt and Erk signaling pathways
which are believed to be the main angiogenic pathways
activated in endothelial cells [11]. The experiment also re-
ported the endothelial cells as more sensitive to TQ than
cancer cells. In a more recent study on osteosarcoma, TQ
was reported to act as an antitumor and antiangiogenic
factor by affecting nuclear factor-κB (NF-κB) pathway. Sup-
pressing effect of TQ on VEGF expression and the subse-
quent angiogenesis was shown in zebrafish as well. More-
over, ROS seem to trigger VEGF expression and the activa-
tion of VEGF receptor 2 as well as HIF-1 (hypoxia induced
factor-1) induction which consequently stimulates angio-
genesis. Hence, by improving antioxidant activity, N. sativa
indirectly exerts antiangiogenic effects as well [34]. Endo-
statin is reportedly responsible, as the major factor, for in-
hibition of angiogenesis and seems to suppress endothe-
lial cells’ proliferation and migration by affecting a variety
of genes involved in cell cycle, anti-apoptosis and mitosis.
It, the most notably, disrupts VEGF signaling pathways by
preventing VEGF from binding with VEGFR2 (vascular en-
dothelial growth factor-2) and by inhibiting the phospho-
rylation of the receptor, which in turn blocks subsequent
signaling pathways [35]. As stated earlier, to our knowl-
edge, there has been no research done on antiangiogeni-
cor antioxidant effects of N. sativa crude oil, rather than
TQ and our data shows for probably the first time how N.
sativa crude oil affects angiogenesis as well as antioxidant
activity within murine tumor tissue. Based on our find-
ings and other work done on antioxidants and angiogen-
esis of N. sativa, we suggest that, possibly, by improving an-
tioxidant enzymatic activities and suppressing angiogene-
sis, N. sativa crude oil enhances body’s protection systems
against cancer, yet more studies are necessary to further
clarify the mechanisms.
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