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Renal cell carcinoma (RCC) is the most common renal malignancy in adults and exhibits
highly intrinsic and acquired resistance to standard therapeutic strategies. We sought to
determine the anti-cancer activity of hydroalcoholic extract of Nigella sativa seeds (NSE)
and thymoquinone (TQ). Human renal cell carcinoma (ACHN) and fibroblast L929
cell lines were treated with NSE and TQ, and cytotoxicity was measured using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium (MTT) assay. Cell death pattern was
determined by annexin V and propidium iodine (PI)-staining methods. Exposure to NSE,
TQ and cisplatin significantly inhibited the growth of ACHN cells and showed significant
increase of early apoptotic cells. Normal cells were more resistant to NSE and TQ-induced
effects. The present study demonstrates that N. sativa and TQ exert anti-proliferative and
pro-apoptotic effects on ACHN cells in a concentration and time-dependent manner, which
suggests their potential to be used as a new therapeutic strategy for renal cancers.

Keywords: Nigella sativa; thymoquinone; renal cell carcinoma; ACHN; cytotoxicity;
apoptosis

1. Introduction

Adenocarcinoma of the kidney is the most common renal malignancy in adults. It is
estimated that the worldwide incidence of renal cell carcinoma (RCC) is increasing at an
annual rate by approximately 2%. This neoplasm most commonly occurs in adults aged
between 50 and 70 years and accounting for 3% of all human cancers. Most cases of
RCC are highly resistant to both radiation and chemotherapy. Standard therapy for
advanced or metastatic disease continues to be cytokine-based therapy with considerable
side effects. (Curti, 2004; Dutcher, 2013). As the disease is mainly caused by defective
apoptosis, it is thus a good candidate for treatment by pro-apoptotic agents. Therefore,
identification of new agents with better anti-tumour activity especially those that are
capable of switching on new apoptotic pathways remains a high priority in seeking new
therapies for this refractory disease.
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Medicinal plants play a dominant role in pharmaceutical care, especially as anti-
tumour drugs (Cragg & Newman, 2005). It has been documented that 63% of anti-cancer
drugs introduced over the last 25 years are natural products or can be traced back to a
natural product source (Newman & Cragg, 2007).

Nigella sativa Linn. is indigenous to the Mediterranean regions but has been cultivated
in other parts of the world. The plant is known by alternative names, such as black cumin
(English), black caraway seeds (USA) and shonaiz (Persian; Khan, 1999). The seed has
been used as a natural remedy for more than 2000 years to promote health and treat
diseases. Notable pharmacological properties that have been reported are: anti-oxidative
(Burits & Bucar, 2000), immunomodulation (Salem, 2005), anti-inflammatory (Houghton,
Zarka, de las Heras, & Hoult, 1995), anti-histaminic (Kanter, Coskun, & Uysal, 2006),
anti-diabetic (El-Dakhakhny, Mady, Lembert, & Ammon, 2000), anti-hypertensive
(El Tahir, Ashour, & Al-Harbi, 1993) and hepatoprotective activity (Al-Ghamdi, 2003).
Furthermore, black seed preparations have anti-tumour and cancer chemopreventive
potential and may reduce the toxicity of standard anti-neoplastic drugs (Ait Mbarak et al.,
2007; Salomi, Nair, Jayawardhanan, Varghese, & Panikkar, 1992).

Many of the pharmacological activities mentioned above have been attributed to quinone
constituents in the seed, especially thymoquinone (TQ). TQ has been shown to exert anti-
inflammatory, anti-oxidant and anti-neoplastic effects both in vitro and in vivo (Badary, Taha,
Gamal el-Din, & Abdel-Wahab, 2003; Gali-Muhtasib, Roessner, & Schneider-Stock, 2006).
It also decreases chemically induced nephro- and hepatotoxicity (Badary, 1999; Daba &
Abdel-Rahman, 1998). TQ showed significant toxicity against pancreatic, lung, colon, uterine
and leukaemic carcinomas, but it has no significant effects on the growth of non-cancerous
cell lines (Gali-Muhtasib, Roessner et al., 2006; Shoieb, Elgayyar, Dudrick, Bell, &
Tithof, 2003).

In this study, we sought to determine the level of cytotoxicity induced by hydroalco-
holic extract of N. sativa seeds (NSE) and TQ, its constituent, on metastatic human renal
cell carcinoma (ACHN) and normal murine fibroblast L929 cell lines. In addition, the
pro-apoptotic and necrotic effects of NSE and TQ were also investigated.

2. Materials and methods

2.1. Cell lines and reagents

ACHN and L929 cell lines were obtained from Pasteur Institute (Tehran, Iran). The
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium (MTT), TQ, cisplatin and annexin
V-fluorescein isothiocyanate (FITC) staining kits were purchased from Sigma (St Louis,
MO). Other materials mainly included Dulbecco’s Modified Eagles Medium (DMEM)
and foetal calf serum (FCS) was purchased from Gibco (Invitrogen, USA). Other cell
culture chemicals were purchased from Sigma. Nigella sativa seeds were collected from
Gonabad region (northeast of Iran) and authenticated by herbarium of Ferdowsi
University (Mashhad, Iran; voucher specimen No. 293-0303-1).

2.2. Preparation of NSE

The seeds of N. sativa were washed, dried and crushed to a powder with an electric
microniser. The powdered seeds (100 g) were extracted in a Soxhlet extractor with
ethanol (70%). The resulting extract was concentrated under reduced pressure and kept at
�20°C until use (yielded 32%).
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2.3. Cell culture

ACHN and L929 cells were cultured in DMEM supplemented with 10% FCS and 100
units/mL of penicillin/streptomycin. All cells were maintained in a humidified
atmosphere (90%) containing 5% CO2 at 37°C.

2.4. Visualisation of cells

At 24, 48 and 72 h after treatment, cells in the plates were visualised using a Carl Zeiss
inverted microscope under bright light and photographed.

2.5. Cell proliferation assay (MTT assay)

MTT was used to determine the number of viable cells as they were reduced to a violet
formazan (Mosmann, 1983). ACHN and L929 cells (5000/100 µL/well) were seeded out
in 96-well tissue culture plates. On the following day, cells were treated with NSE (0–2000
µg/mL), TQ (0–100 µg/mL) and cisplatin (0–12.5 µg/mL) for 24, 48 and 72 h. These
doses were chosen based on IC50 calculated from earlier experiments (results not shown).
Stock solutions of NSE (20 mg/mL) and TQ (10 mg/mL) were prepared in 1:1 solution of
dimethyl sulphoxide (DMSO) and phosphate-buffered saline (PBS, pH 7.4). Cisplatin (2.5
mg/mL) was also dissolved in PBS. Suitable working concentrations were then made from
the stock using complete medium. Blank and solvent controls were treated identically.
MTT dissolved in PBS (5 mg/mL) was added to a final concentration of 0.05%. After 4 h,
the formazan precipitate was dissolved in DMSO containing 10% glycine buffer (pH =
10.5). The microplates were then gently shaken in the dark for 30 min, and the absorbance
at 570 and 620 nm (background) was measured using a StatFAX303 plate reader.

All experiments were carried out in triplicate; the percentage of viable cells was
calculated as the mean ± SEM with controls set to 100%. Morphological deformations of
the cells were also examined.

2.6. Apoptosis assay

Apoptosis in the ACHN and L929 cell lines was detected using annexin V-FITC
apoptosis detection kit. Untreated and NSE, TQ or cisplatin-treated cells were removed
from the plates using trypsin-ethylenediaminetetraacetic acid (EDTA, 48 h after
treatment). Cells were extensively washed with PBS and adjusted to 1.5 × 106 cells/mL
in calcium buffer and stained with annexin V-FITC and propidium iodine (PI) in
accordance with the manufacture’s instruction. Samples were then analysed by flow
cytometry. A total of 10,000 events per sample were obtained and the data were analysed
using WINMDI software. Viable cells were not stained; apoptotic cells excluded PI and
expressed phosphatidyl serine (PS) stain by green colour, while necrotic cells were
permeable to PI which associates with nuclear DNA and were visible by red fluorescence.
Three independent experiments were performed.

2.7. Statistical analysis

Data were expressed as mean ± SEM. One-way analysis of variance (ANOVA) followed
by Tukey’s post hoc test was used for statistical evaluation. The p-values less than 0.05
were considered to be statistically significant.
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3. Results

3.1. Cell morphology

Control ACHN as well as L929 cells exhibited a spindle-shaped, fibroblast-like appearance
in the culture observed by light microscopy. The flattened cells strongly apposed the
adjacent cells and had grown strictly anchorage dependent in the monolayer (Figure 1A–L).

NSE and TQ treatments caused dose and time-dependent degenerative changes on
L929 and ACHN cells (impaired ability of cells to become confluent, vacuolated
cytoplasm, smaller, floating and rounded cells), where cisplatin only showed dose-
dependent effects. These changes also appeared in higher concentrations of NSE, TQ or
cisplatin on L929 cells when compared to ACHN cells.

3.2. Evaluation of cytotoxicity

L929 and ACHN cell lines were exposed to various concentrations of NSE (0–2000 µg/
mL), TQ (0–100 µg/mL) and cisplatin (0–12.5 µg/mL) for up to 72 h; after which cell
viability was measured by MTT assay. Exposure to NSE, TQ or cisplatin showed a
concentration and time-dependent suppression in cell survival (Figures 2–4). As
compared with the L929 cells, NSE, TQ and cisplatin-mediated toxicities were
significantly higher in the ACHN cells.

At 24, 48 and 72 h of treatment, the IC50 values (concentration of 50% inhibition) for
ACHN cells were 1360 µg/mL, 673 µg/mL and 636 µg/mL NSE as compared with 1500

Figure 1. (A–L) Morphological appearance of L929 and ACHN cells treated with Nigella sativa
extract (NSE), thymoquinone (TQ) or cisplatin. (A) Control L929 cells; (B) L929 cells treated with
1500 µg/mL NSE for 24 h; (C) L929 cells treated with 1000 µg/mL NSE for 72 h; (D) Control
ACHN cells.
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Figure 1. (A–L) Morphological appearance of L929 and ACHN cells treated with Nigella sativa
extract (NSE), thymoquinone (TQ) or cisplatin. (E) ACHN cells treated with 1500 μg/mL NSE for
24 h; (F) ACHN cells treated with 500 μg/mL NSE for 72 h; (G) L929 cells treated with 50 μg/mL
TQ for 24 h; (H) L929 cells treated with 25 μg/mL TQ for 72 h; (I) ACHN cells treated with
10 μg/mL TQ for 24 h; (J) ACHN cells treated with 5 μg/mL TQ for 72 h; (K) L929 cells treated
with 1.5 μg/mL cisplatin for 24 h; (L) ACHN cells treated with 1 μg/mL cisplatin for 24 h.
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µg/mL, 1430 µg/mL and 986 µg/mL for L929 cells, respectively. The greatest difference
in survival between the normal cells and ACHN cells following NSE treatment occurred
at concentration of 1250 µg/mL at all treatment times (Figure 2A–B).

At 24 h, the IC50 values of TQ were 35 µg/mL in L929 and 7.5 µg/mL in ACHN cells.
At 48 h, the IC50 values of TQ were 26 µg/mL and 4.4 µg/mL in L929 and ACHN cells,

Figure 2. (A–B) Anti-proliferative effects of Nigella sativa extract (NSE) on L929 and ACHN
cells. Cells were treated with increasing concentrations of NSE for 24–72 h. The percentage cell
viability (quantitated by MTT assay) was normalised against the negative controls (0 µM) for each
cell type. Mean and SEM of the three independent experiments were shown. p < 0.05, p < 0.001 as
compared with control.
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respectively. After 72 h treatment with TQ, these values were 11.4 µg/mL and 1.5 µg/mL
in L929 and ACHN cells, respectively. Again, the greatest difference in survival between
the normal cells and ACHN cells following TQ treatment was seen at concentration of
5 and 10 µg/mL at 24, 48 and 72 h treatment, respectively (Figure 3A–B).

Figure 3. (A–B) Anti-proliferative effects of thymoquinone (TQ) on L929 and ACHN cells. Cells
were treated with increasing concentrations of TQ for 24–72 h. The percentage cell viability
(quantitated by MTT assay) was normalised against the negative controls (0 µM) for each cell type.
Mean and SEM of the three independent experiments were shown. p < 0.001 as compared with
control.
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The data indicated that the treatment of L929 and ACHN cells with cisplatin at
concentrations about 3 µg/mL and 1.5 µg/mL for 24 and 72 h resulted in significant
inhibition of cell viability as compared with control (p < 0.01 and p < 0.001, respectively;
Figure 4A–B). After 72 h of treatment, the IC50 values of cisplatin were found to be 5.6
µg/mL and 1.4 µg/mL in L929 and ACHN cells, respectively.

Figure 4. (A–B) Anti-proliferative effects of cisplatin on L929 and ACHN cells. Cells were
treated with increasing concentrations of cisplatin for 24–72 h. The percentage cell viability
(quantitated by MTT assay) was normalised against the negative controls (0 µM) for each cell type.
Mean and SEM of the three independent experiments were shown. p < 0.01, p < 0.001 as compared
with control.
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3.3. Assessment of apoptosis

3.3.1. Effect of NSE, TQ and cisplatin on apoptosis induction

To determine the cause of decreased proliferation and viability, the cells were assayed by
annexin V-FITC staining after exposure to NSE, TQ or cisplatin for 48 h for apoptosis
(Figures 5–7).

Treatment of L929 and ACHN cells with NSE at concentrations higher than 500 µg/
mL and 50 µg/mL showed significant increase in annexin V-positive cells as compared
with control, respectively (p < 0.001). After 48 h of treatment with 1250 µg/mL NSE,
about 92% of ACHN cells and 88% of L929 cells were positive for annexin V compared
to 2% and 4% annexin V-positive cells in the vehicle-treated cells (Figure 5). On the other
hand, NSE at concentrations of 50–750 µg/mL induced more apoptosis in ACHN cells as
compared with L929 cells (Figure 5, p < 0.001)

In Figure 6, the effect of various concentrations of TQ on induction of apoptosis in
L929 and ACHN cell lines has been depicted. Percentage of annexin V-positive cells
significantly increased at concentrations higher than 2.5 µg/mL and 1 µg/mL as compared
with control, respectively (p < 0.001). Again, TQ at concentrations of 1–5 µg/mL

Figure 5. Apoptotic effects of Nigella sativa extract (NSE) on L929 and ACHN cells. Cells were
incubated with increasing concentrations of NSE for 48 h. Apoptosis was assayed by annexin V-
FITC staining kit and analysed by flow cytometry. The lower right quadrant (Q4) indicates the
percentage of early apoptotic cells (FITC-stained cells). (A) ACHN control cells; (B) L929 cells
treated with 1500 µg/mL NSE; (C) ACHN cells treated 1250 µg/mL NSE and (D) NSE-induced
apoptosis rate shown by bar graph. The data shown are the means ± SEM from three independent
experiments (***p < 0.001 when compared with control, ###p < 0.001 apoptotic effect on ACHN as
compared with L929 cells).
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promoted more apoptosis in ACHN cells as compared with L929 cells (Figure 6, p
< 0.001).

Cisplatin also significantly induced apoptosis in both L929 (1–12.5 µg/mL,
p < 0.001) and ACHN (0.5–6 µg/mL, p < 0.001) cell lines as compared with control.
Somewhat surprising, the non-malignant L929 cells were mostly affected by cisplatin,
which was apoptosis induction at 2 µg/mL, about two times higher than ACHN cells
(83% vs. 42%; Figure 7).

3.3.2. Effect of NSE, TQ and cisplatin on necrosis induction

Using annexin V-FITC apoptosis detection kit, positive cells for annexin V and PI were
considered to be necrotic. As illustrated in Figures 8–10, after 48 h treatment of L929
and ACHN cells with NSE, TQ or cisplatin, necrosis (in comparison with control)
significantly increased at concentrations above 250 and 100 µg/mL (for NSE, p < 0.001),
2.5 and 1 µg/mL (for TQ, p < 0.001) and 0.5 µg/mL (for cisplatin, p < 0.001). Our data
revealed that, compared with L929 cells, ACHN cells underwent an appreciable amount
of necrosis (about twofold) following 48 h treatment with 1500 µg/mL NSE, 10 µg/mL
TQ or 2 µg/mL cisplatin (p < 0.001, Figures 8–10).

Figure 6. Apoptotic effects of thymoquinone (TQ) on L929 and ACHN cells. Cells were
incubated with increasing concentrations of TQ for 48 h. Apoptosis was assayed by annexin V-
FITC staining kit and analysed by flow cytometry. The lower right quadrant (Q4) indicates the
percentage of early apoptotic cells (FITC-stained cells). (A) ACHN control cells; (B) L929 cells
treated with 10 µg/mL TQ; (C) ACHN cells treated 5 µg/mL TQ and (D) TQ-induced apoptosis rate
shown by bar graph. The data shown are the means ± SEM from three independent experiments
(***p < 0.001 when compared with control, ###p < 0.001 apoptotic effect on ACHN as compared
with L929 cells).
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4. Discussion

There has been an increasing interest in natural plant products as cancer chemopreventive
agents due to their selective cytotoxicity (Cragg & Newman, 2005). Despite the fact that
N. sativa anti-tumour activities have been shown in several models, its mechanism of
action is still unknown (Gali-Muhtasib, El-Najjar, & Schneider-Stock, 2006; Salem,
2005). As mentioned earlier, therapeutic options for RCC are limited and inadequate to
control this disease. Therefore, it is important and timely to investigate the response of
kidney cancer to novel anti-cancer agents. In this study, we were the first to evaluate the
anti-neoplastic effects of hydroalcoholic extract of NSE and TQ, its active constituent, in
metastatic ACHN cells. We showed that NSE and TQ exhibit specific cytotoxicity in the
cancer cells at selective doses. ACHN cells were found to be more sensitive to NSE and
TQ-induced anti-proliferative effect as compared to normal cells (L929). Reduction in
cell viability might be attributed to the induction of apoptosis and/or necrosis by NSE or
TQ in ACHN cells as revealed by higher percentage of annexin V-positive cells upon
treatment. Moreover, we found that NSE and TQ could have more cytotoxic effects by

Figure 7. Apoptotic effects of cisplatin on L929 and ACHN cells. Cells were incubated with
increasing concentrations of cispaltin for 48 h. Apoptosis was assayed by annexin V-FITC staining kit
and analysed by flow cytometry. The lower right quadrant (Q4) indicates the percentage of early
apoptotic cells (FITC-stained cells). (A) ACHN control cells; (B) L929 cells treated with 3 µg/mL
cisplatin; (C) ACHN cells treated 2 µg/mL cisplatin and (D) cisplatin-induced apoptosis rate shown
by bar graph. The data shown are the means ± SEM from three independent experiments
(***p < 0.001 when compared with control, ###p < 0.001 apoptotic effect on ACHN as compared
with L929 cells).
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increasing the incubation time. This information, although conclusive, may not be
generalisable to other RCC cell lines due to the heterogeneous nature of this cancer type.

It is assumed that the anti-tumour effect of N. sativa and TQ may be mediated by one
or more of the following mechanisms: anti-oxidant activity, immunomodulatory action
and cytotoxicity (Gali-Muhtasib, El-Najjar et al., 2006; Gali-Muhtasib, Roessner et al.,
2006; Salem, 2005). The results of present study showed that NSE and TQ inhibited the
viability and proliferation of tumour cells by a mechanism that involves cytotoxicity.
Previous studies also revealed that N. sativa and TQ have widespread cytotoxic activity
against various cancer cell types in vitro (Ait Mbarak et al., 2007; Musa, Dilsiz, Gumushan,
Ulakoglu, & Bitiren, 2004; Shoieb et al., 2003).

In this study, ACHN cell lines exhibited increased sensitivity towards NSE and TQ,
compared with L929 cells. Upon 24 h treatment, NSE at the concentration of 1500 µg/mL
showed strong inhibitory action against ACHN cells which caused only about 40%
reduction in proliferation of L929 cells. It is worthwhile to note that by increasing the
dose or incubation time, NSE looses its selectivity and the cytotoxic effects also appeared
in L929 cells. In the same manner, MTT data showed that TQ at a concentration of 10 µg/
mL significantly suppressed the proliferation of ACHN cells (IC50), while more than 75%

Figure 8. Necrotic effects of Nigella sativa extract (NSE) on L929 and ACHN cells. Cells were
incubated with increasing concentrations of NSE for 48 h. Apoptosis was assayed by annexin V-
FITC staining kit and analysed by flow cytometry. The upper right quadrant (Q2) indicates the
percentage of late apoptotic cells (FITC+PI-stained cells). (A) ACHN control cells; (B) L929 cells
treated with 2000 µg/mL NSE; (C) ACHN cells treated 2000 µg/mL NSE and (D) NSE-induced
necrotic rate shown by bar graph. The data shown are the means ± SEM from three independent
experiments (***p < 0.001 when compared with control, ###p < 0.001 necrotic effect on ACHN as
compared with L929 cells).
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of L929 cells survived after 24 h treatment. Furthermore, TQ, like NSE, at a higher dose
or longer incubation time also effects non-tumour L929 cells. These effects are
comparable with the standard anti-neoplastic drug, cisplatin.

Apoptosis is an active, energy-dependent process marked by cellular shrinking,
condensation and margination of chromatin and the ruffling of the plasma membrane with
eventually breaking up cells in apoptotic bodies, whereas necrosis is a post-mortal
condition and refers to the morphological alterations appearing after cell death (Van
Cruchten & Van den Broeck, 2002). In this study, the predominant form of cell death was
likely apoptosis since evidence of apoptotic cell death was seen initially. However, at
longer times of incubation or at higher concentrations, necrotic cell death was also
observed. Therefore, NSE and TQ caused both forms of cell death, i.e. apoptosis and
necrosis; the incidence of these forms of death was time dependent. Our results are
consistent with the findings of other studies which prove that N. sativa and TQ produce
both apoptotic and necrotic effects in different cancer cell lines (Corder, Benghuzzi,
Tucci, & Cason, 2003; Gali-Muhtasib, Abou Kheir, Kheir, Darwiche, & Crooks, 2004;
Gali-Muhtasib et al., 2004; Shafi et al., 2009;). In the same way of cytotoxicity, NSE and
TQ at low concentrations (50–250 µg/mL and 1 µg/mL, respectively) exhibited potent
pro-apoptotic activities towards ACHN cells compared with L929 cells. Their apoptotic

Figure 9. Necrotic effects of thymoquinone (TQ) on L929 and ACHN cells. Cells were incubated
with increasing concentrations of TQ for 48 h. Apoptosis was assayed by annexin V-FITC staining
kit and analysed by flow cytometry. The upper right quadrant (Q2) indicates the percentage of late
apoptotic cells (FITC+PI-stained cells). (A) ACHN control cells; (B) L929 cells treated with 100
µg/mL TQ; (C) ACHN cells treated 50 µg/mL TQ and (D) TQ-induced necrotic rate shown by bar
graph. The data shown are the means ± SEM from three independent experiments (***p < 0.001
when compared with control, ###p < 0.001 necrotic effect on ACHN as compared with L929 cells).
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effects on ACHN cells were even stronger than cisplatin, a well-known anti-neoplastic
agent. Cisplatin had equipotent apoptotic activity on both ACHN and L929 cells, at all
concentrations tested. Also, our results showed that necrotic cells were dramatically
increased after the treatment of ACHN cells with NSE, TQ and cisplatin for 48 h, dose
dependently.

Interestingly, the results also showed that NSE, and to a lesser extent TQ, at lower
concentrations induced more profound early apoptosis than inhibition of cell prolifera-
tion. MTT assay measures the “cell redox activity” that is largely attributed to
mitochondrial activity. The scientific premise behind MTT reduction-based viability
assay is that activity is proportional to viable cell number. Conversely, annexin–PI assay
measures parameters proportional to the degree of cell death. Early apoptotic cells
exclude PI. Only necrotic and late apoptotic cells were stained with PI. Thus, early
apoptotic cells, although for all practical reasons they are dead (certainly reproductively
dead), may be recognised as live cells. It is well documented that the agents which arrest
the cell cycle progression (e.g. activating cell cycle checkpoints, inhibitors of DNA
polymerase, etc.) induce unbalanced cell growth. In the absence of DNA replication, the
cells grow in size, including the increase in mitochondrial mass and activity. By the MTT

Figure 10. Necrotic effects of cisplatin on L929 and ACHN cells. Cells were incubated with
increasing concentrations of cisplatin for 48 h. Apoptosis was assayed by annexin V-FITC staining
kit and analysed by flow cytometry. The upper-right quadrant (Q2) indicates the percentage of late
apoptotic cells (FITC+PI-stained cells). (A) ACHN control cells; (B) L929 cells treated with 2 µg/
mL cisplatin; (C) ACHN cells treated 3 µg/mL cisplatin and (D) cisplatin-induced necrotic rate
shown by bar graph. The data shown are the means ± SEM from three independent experiments
(***p < 0.001 when compared with control, ###p < 0.001 necrotic effect on ACHN as compared with
L929 cells).
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assay, however, such cells may be detectable as live, whereas in fact they are
reproductively dead. Most historically useful and therapeutically attractive anti-cancer
compounds (e.g. doxorubicin) exhibit anti-proliferative effects for sustained time periods
(up to 48 h or more) before demonstrating cytotoxicity (Jaszczyszyn & Gasirowski, 2008;
Niles, Moravec, & Riss, 2008). Therefore, relative high concentrations of NSE, and to a
lesser extent TQ, may induce cell cycle arrest which results in difference between
viability and early apoptosis data. But if one considers the late apoptosis with MTT data,
a good relation could be postulated. In the same way, Gali-Muhtasib, Abou Kheir et al.
(2004) showed that TQ induced apoptosis in papilloma (SP-1) and spindle (I7) carcinoma
cells by causing G1 arrest and G2/M arrest, respectively.

Extensive researches have been carried out on the potential anti-cancer properties of
N. sativa and its constituents, both in vitro and in vivo. N. sativa topically inhibited two-
stage initiation/promotion7, 12-dimethylbenz (a) anthracene/croton oil-induced skin
carcinogenesis in mice (Salomi, Nair, & Panikkar, 1991). It has been shown that N. sativa
preparations completely suppressed Ehrlich ascites carcinoma (EAC), Dalton’s lym-
phoma ascites and Sarcoma-180 cell proliferation and EAC tumour development as well
as chemically induced hepatic and colon carcinogenesis in mice or rats (Iddamaldeniya,
Wickramasinghe, Thabrew, Ratnatunge, & Thammitiyagodage, 2003; Salim & Fukush-
ima, 2003; Salomi et al., 1992). Recently, Musa et al. showed that the treatment with
ethanol extract of N. sativa resulted in a reduction in EAC cells proliferation and increase
in the life span of EAC-bearing mice (Musa et al., 2004). The anti-tumour effects of N.
sativa have been attributed to the effect of its TQ constituent, since the oral administration
of TQ resulted in significant suppression of forestomach tumour and fibrosarcoma in
mice (Badary, Al-Shabanah, Nagi, Al-Rikabi, & Elmazar, 1999; Badary & Gamal El-Din,
2001). Moreover, black seed preparations have been demonstrated to have significant
anti-neoplastic activity against various tumour cells in vitro. The volatile oil of NSE has
expressed marked cytotoxic effects against a panel of human cancer cell lines (Islam,
Begum, Ahsan, Huque, & Ahsan, 2004). In another study, water extracts (WE) and
ethanol extracts (AE) alone or in combination with H2O2, as an oxidative stressor, were
found to be effective in inactivating MCF-7 breast cancer cells (Farah & Begum, 2003).
The least effective combinations in descending potency were AE+ H2O2, WE + H2O2 and
WE (IC50 values were 377.16 and 940.5 µg/ml, respectively). A dose-dependent
cytotoxic effect of ethyl-acetate fraction of NSEs was observed against different classes
of cancer cell lines, P388, Molt4, WEHI 164, LL/2, Hep G2, SW620 and J82, as
measured by MTT assay. The other fractions (n-hexane, n-butanol and water) did not
show any inhibitory effect (Swamy & Tan, 2000). Mbarek et al. compared the in vitro
cytotoxic effect of the essential oil, the ethyl acetate and butanol extracts of NSEs on a
panel of tumour cell lines. They reported that the differential cytotoxic effect of these
extracts was related not only to their chemical composition but also to the nature of the
tumour cell lines (Ait Mbarak et al., 2007). A recent study investigated the efficacy of
organic extracts of NSE powder for its clonogenic inhibition and induction of apoptosis
in HeLa cancer cell. Methanolic, n-hexane and chloroform extracts effectively killed and
also induced apoptosis in HeLa cells. The IC50 values of methanolic, n-hexane and
chloroform extracts of N. sativa were 2.28 µg/mL, 2.20 µg/mL and 0.41 ng/mL,
respectively (Shafi et al., 2009). Recently, Hassan, Mabrouk, Shehata, and Aboelhussein
(2012) reported that treatment of hepatocellular carcinoma (HepG2) cells with high
concentrations (5000 µg/mL) of alcoholic extract of N. sativa leads to a significant decrease
in the number of viable cells and increase of caspase 3 activity. In agreement with these
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findings, we showed here that the hydroalcoholic extract of N. sativa was cytotoxic (at
relatively high concentrations) and induced apoptosis in ACHN cells. Studies undertaken to
define the mechanisms of anti-tumour properties of N. sativa revealed that, besides of
antioxidant properties, N. sativa extracts inhibited DNA synthesis, angiogenesis and
fibrinolytic potential of malignant cells as well as potentiation of the immune response
(Awad, 2005; Medenica et al., 1997; Swamy & Tan, 2000; Worthen, Ghosheh, & Crooks,
1998). It is widely known that oxidative stress and inflammatory disorders are the major
pathogenetic factors of carcinogenic malignant transformation (Coussens & Werb, 2002).

In addition to the anti-tumour effects of the whole extract of N. sativa, TQ,
dithymoquinone (DTQ) and other active ingredients also showed cytotoxic and
apoptogenic effects in vivo and in vitro (Salim & Fukushima, 2003). Inhibitory effects
of TQ against benzo[a]pyrene-induced forestomach carcinogenesis (Badary et al., 1999)
and 20-methylcholanthrene (MC)-induced fibrosarcoma (Badary & Gamal El-Din, 2001)
were reported in mice. In addition, orally administered TQ potentiated cisplatin anti-
tumour activity and prevented cisplatin-induced nephrotoxicity in mice and rats (Badary
et al., 1997). TQ also improved the anti-cancer properties of doxorubicin in a cell line-
specific manner. The mode of action of both drugs and of their mixture was mainly
apoptotic (Effenberger-Neidnicht & Schobert, 2011). In a recent study, TQ and cisplatin
were able to inhibit cell proliferation, reduce cell viability and induce apoptosis in lung
cancer in vitro and in vivo. TQ at 100 µM and cisplatin at 5 µM inhibited cell
proliferation by nearly 90% and the combination showed synergism. TQ also affected the
extracellular environment, inhibiting invasion and reducing the production of two
cytokines ENA-78 and Gro-alpha, which are involved in neo-angiogenesis. These
various cellular activities were attributed to the down regulation of NF-κB expression
by TQ (Jafri et al., 2010). Shoeib et al. suggested that TQ kills cancer cells by a process
that involves apoptosis and cell cycle arrest at G1. Non-cancerous cells were relatively
resistant to TQ (Shoieb et al., 2003). Hassan et al. also found that TQ remarkably
inhibited the proliferation of HepG2 cells in a dose-dependent manner with an IC50 of
350 µM after 48 h treatment. With this concentration, TQ significantly induced apoptosis
and increased the activity of caspase 3 and 9 enzymes (Hassan, Ahmed, Galeb,
El-Taweeld, & Abu-Bedair, 2008). TQ has been shown to induce apoptosis by p53-
dependent and p53-independent pathways (El-Mahdy, Zhu, Wang, Wani, & Wani, 2005;
Gali-Muhtasib et al., 2004). In p53-null myeloblastic leukaemia HL-60 cells, treatment
with TQ for 24 h showed anti-proliferative effect (IC50 = 23 µM), induction of apoptosis
via activation of caspases 8, 9 and 3 and marked increase in Bax/Bcl2 ratios (El-Mahdy
et al., 2005). Same authors also showed that the lack of p53 augments TQ-induced
apoptosis and caspase activation in human osteosarcoma cells (Roepke et al., 2007).
Potential chemopreventive properties of TQ, particularly at the early stages of skin
tumorigenesis, have been studied in papilloma (SP-1) and spindle (I7) carcinoma cells.
TQ treatment caused a dose- and time-dependent decrease in the viability of SP-1 and
I7 cells, but not control cells, with IC50 values of 55, 45, 30 and 20 µM after 6, 12, 24
and 48 h, respectively. TQ also induced apoptosis in SP-1 cells by causing G1 arrest and
in I7 cells by causing G2/M arrest (Gali-Muhtasib, Abou Kheir et al., 2004).

The role of reactive oxygen species (ROS) on the cytotoxic and apoptogenic
properties of TQ has also been recently investigated. El-Najjar et al. showed that ROS
mediate TQ-induced apoptosis and extracellular signal-regulated kinase (ERK) and c-Jun
N-terminal kinase (JNK) signalling activation in colon cancer cells (El-Najjar et al.,
2010). The growth inhibitory effect of TQ against prostate cancer cell lines (C4-2B and
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PC-3) has been shown primarily due to increased ROS generation and JNK activation.
Exposure (24–48 h) to TQ (25–150 mmol/L) inhibited the growth of both C4-2B and PC-
3 cells, with IC50 values of approximately 50 and 80 mmol/L, respectively (Koka,
Mondal, Schultz, Abdel-Mageed, & Agrawal, 2010). It has been suggested that TQ, like
N. sativa, blocks angiogenesis both in vitro and in vivo and suppresses the activation of
AKT and ERK (Yi et al., 2008).

5. Conclusions

The present study demonstrates that hydroalcoholic extract of NSE and TQ, its active
constituent, exert anti-proliferative and pro-apoptotic effects on ACHN renal cancer cells
in a concentration and time-dependent manner, which suggests that these compounds
have the potential to be used as a new therapeutic strategy for renal cancers.
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