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ABSTRACT 
 
Cervical cancer is the second most common type of gynecological tumors in North America. Most 
chemotherapeutic agents used by oncologists were found to kill cancer cells as well as healthy ones. 
Unfortunately, the side effects may overwhelm its beneficial effect. Seeds of Nigella sativa, often referred to 
as black seeds or black cumin, have been used by traditional medicinal practitioners for centuries to treat 
inflammation, infections, and cancers. In fact, previous studies have shown the herb to have anti-cancer 
effects on colon and prostate cancers. In the present study, volatile oil was prepared from 2 patches of N. 
sativa seeds (Alqassim and Ethiopia). HeLa cell lines (derived from cervical cancer cells) were used. N. 
sativa volatile oil was incubated with the cells at different concentrations (10, 100, 1000) and compared with 
cisplatin. Hela cells were used to assess the cytotoxic effect of N. sativa. Study showed decrease in Hela 
cells survival rate at 100 concentration. A decrease the adhesion protein of Hela cells in a dose dependant 
manner with extract from Alqassim patch was reported. Anti cancer effect was confirmed by morphological 
study where shrinkage and apoptotic changes were observed in cultured cells. In conclusion, N. sativa 
volatile oil has a similar anti cancer effect to cisplatin and could be used as adjuvant therapy. 
 
Keywords: Nigella sativa, Hela cells, cytotoxicity. 
 

*Corresponding author. E-mail: soadshaker@gmail.com. Tel. +966 (2) 6401000 Ext. Fax: + 966 (2) 69. 
 

 
 
INTRODUCTION 
 
Apoptosis is an active physiological process resulting in 
cellular self-destruction of unwanted cells which was 
known to be challenged in cancer cells. Apoptosis is 
characterized by distinct morphologic changes, including 
cell shrinkage, membrane blubbing, chromatin 
condensation, DNA fragmentation and the formation of 
apoptotic bodies (Wyllie, 1997).  

The regulation of apoptosis in normal and malignant 
cells has become an area of intensive study in cancer 
research (Johnstone et al., 2002). Inducing apoptosis is 
thus become the target for therapeutic application and 
development of anti-tumor drugs (Hong et al., 2003). It is 
therefore  essential  to  identify  novel  apoptosis-inducing  

compounds which will act as anti-tumour agents.  
Nigella sativa, (Ranunculaceae family) or as 

traditionally named black seed, is an annual herb that 
grows in countries bordering Mediterranean area, 
Pakistan and India (Marsik et al., 2005; Norwood et al., 
2006; Padhye et al., 2008). 

The seed has been used as a natural remedy for more 
than 2000 years to promote health and treat diseases. 
Medicinal properties of black seeds have even been 
mentioned by the Prophet of Islam, Muhammad (Peace 
be upon him) and its use was recommended for various 
ailments (Bhatti et al., 2009). 

N. sativa seeds were proved to contain more  than 30%  
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fixed oil and 0.40 to 0.45% volatile oil (Ali and Blunden, 
2003). Thymoquinone represents 18.4 to 24% of the 
Nigella sativa volatile oil (Arslan et al., 2005). Recently, 
several clinical studies were conducted in humans 
receiving oral N. sativa extract or black seeds for up to 8 
weeks for evaluating its anti-inflammatory, 
antihypertensive, or antioxidant effects (Dehkordi and 
Kamkhah, 2008; Al-Jenoobi et al., 2010). Most of the 
known biological activities of the seed have been 
attributed to its active ingredient; Thymoquinone (TQ). 
TQ has been shown to be safe on a wide variety of 
normal cells (Gali-Muhtasib et al., 2004). 

There is a growing interest in the therapeutic potential 
of TQ in cancer therapy, with great success in its effect 
as an inhibitor of many types of human cancer cell 
proliferation (Gali-Muhtasib et al., 2008; Effenberger-
Neidnicht and Schobert, 2010; Ravindran et al., 2010; El-
Najjar et al., 2011). 

In the present study Hela cell line was used to re-
evaluate the anti-cancer activity the N. sativa seed 
extract and to investigate the ability of Nigella sativa to 
induce apoptosis. 
 
 
MATERIALS AND METHODS 
 
The project was conducted between 2011 and 2012 in King Fahad 
Medical Research Center (KFMRC) in King Abdulaziz University 
(KAU), Jeddah, Saudi Arabia. 
 
 
Materials 
 
Nigella sativa seeds (Alqassim and Ethopia), cisplatin (Hospital of 
King Abdulaziz University), Dulbecco's Modified Eagle Medium 
(DMEM) was purchased from MP Biomedicals Inc, USA, fetal calf 
serum (FCS) was obtained from Gibco, dimethyl sulfoxide (DMSO) 
and sulforhodamine B (SRB) were obtained from (MP Biomedicals, 
Illkrich, France). 
 
 
Nigella sativa extract 
 
N. sativa seeds volatile oil was prepared in the Lab of 
pharmaceutical preparation College of Pharmacy, KAU, Jeddah. 
The powdered seeds were extracted with MeOH (5 × 1000 ml) by 
using Ultraturrax T25 homogeniser (Janke and Kunkel, IKA 
Labortechnik, Stauten, Germany) at room temperature. The 
combined extracts were evaporated under reduced pressure and, 
lyophilized and protected from light at 4°C until use. Oil was 
dissolved in DMSO immediate before use. 
 
 
Cell lines 
 
Cervical cancer cell (Hela cell); American Type Cultural Collection 
(ATCC) were obtained from cell bank of Virology Unit, King 
Abdulaziz University Hospital, Jeddah. 
 
 
Cell culture 
 
Cell lines were grown in DMEM media supplemented with 10% 

FCS,   penicillin   (100  units/ml)   and  streptomycin  (100 g/ml)  in  
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culture flasks at 37°C in 5% humidified CO2 incubator. Cells were 
fed until confluence. 
 
 
Evaluation of Nigella sativa extract 
 
The cytotoxicity of the N. sativa was tested using the method of 
Skehan et al. (1990). Cells were cultured in 96 plates (104 cells/well) 
for 24 h in a humidified CO2 incubator at 37°C. Different 
concentrations of the N. sativa (Qassim, Ethiopia) (2.5, 7.5, 10, 50 
and 100 µg/ml) were added to the cells and reincubated for 48 h at 
37°C in a humidified 5% CO2 incubator. Cells were fixed with 50 µl 
of cold 50% trichloroacetic acid (TCA) on the top of growth media in 
each well. The cultures were incubated at 4°C for 1 h and then 
washed five times with tap water to remove TCA. TCA-fixed cells 
were stained for 30 min with 0.4% (wt/vol) sulforhodamine B (SRB) 
dissolved in 1% acetic acid. At the end of the staining period, SRB 
was removed and cultures were quickly rinsed four times with 1% 
acetic acid to remove unbound dye. Bound dye was solubilized with 
10 mM unbuffered Tris EDTA (100 µl /well) for 5 min on a gyratory 
shaker. Color intensity was measured immediately in an ELISA 
reader at wave length 490 to 530. 
 
 
Cell viability assay 
 
The numbers of viable cells were counted using a cell viability 
analyzer which provides an automatic and effective ways to perform 
the trypan blue dye exclusion method. Cells suspended in original 
DMEM containing 10% FBS (1×105 cell/ml) were cultivated onto 24-
well plate. After 24 h the original media was replaced by several 
concentrations of Nigella sativa Seeds extracts and Cisplatin 
(universally known anticancer drug) (1:10, 1:100, 1:1000). The 
controls extract contain 0.1% DMSO. 
 
 
Evaluation of cell morphology 
 
Each group of cells were plated onto Petri dishes in DMEM for 24 h, 
then the media changed with tested media (NS oil concentration of 
1:100) and control media, then incubated at 37°C for 24 h. Cells 
were fixed in 4% formaldehyde for 5 min at room temperature after 
double washing with 1X PBS each for 5 min. Then cells were 
stained with Coomassie blue for 5 to 10 min followed by repeated 
washing with tap water (Khorshid et al., 2005). Treated and 
untreated (control) cells were viewed and photographed using an 
inverted phase-contrast microscope connected to digital camera. 
 
 
Data analysis 
 
All statistical tests were carried out using MS Office Excel 2010 
(Microsoft) and Statistica 8.0 software. 

 
 

RESULTS 
 
Cytotoxic effect against human cancer cell line 
 
The SRB assay provided a sensitive method for 
measuring the drug-induced cytotoxicity attached cultures 
in 96-well microtiter plates. In vitro cytotoxicity of the two 
patches of Nigella sativa seeds extracts (Alqassim and 
Ethopia) were evaluated at 2.5, 10 and 50 μg/ml for 48 h 
against Hela cancer cell line (Figure 1). Growth inhibition 
was observed in the cell line treated with the two extracts.  

http://en.wikipedia.org/wiki/Cervical_cancer
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Figure 1. Cytotoxicity of Nigella sativa (Alqassim and Ethiopia) on Hela 
cancer cells in 96-well microtiter plates using the SRB assay. Notice: the 
more effective activity of Alqassim at higher concentration.  

 
 
 

The effect was found to be dose-dependent especially 
with extract from Alqassim patch. The results also 
showed that at high concentration, N. sativa seeds 
extract (from Alqassim) was more effective compared to 
that from Ethiopia. 
 
 
Cell viability 
 
Hela cells viability was decreased with all concentration 
regarding alqassim seeds. The same was observed in 
Ethiopia seeds except at higher concentration where less 
effect was observed. Cells were more sensitive to both 
extracts at the concentration 1:100 of Nigella sativa 
compared to 1:10 and 1:1000 (Figure 2). 
 
 
Cell morphology 
 
Cells in the control group were seen to form continuous 
sheet. They have uniform shape. On the other hand, cells 
treated with N. sativa extract showed morphological 
changes at concentration of 1:100 after 24 h treatment. 
The changes were in the form of loss of adhesion, 
rounding. Signs of apoptosis in the form of cell shrinkage, 
nuclear degeneration and increase staining density were 
observed. The later results were more evident with N. 
sativa (Ethiopia) (Figure 3). 
 
 
DISCUSSION 
 
Apoptosis is an integral process in the pathogenesis of 
cancer (Kfir-Erenfeld et al., 2010). It determines the 
progress of cell proliferation or degeneration (Elmore, 
2007; Gruber et al., 2012). Many factors were known to 
induce apoptotic changes in cancer such as hypoxia 
(Chipurupalli et al., 2019; Cosse et al., 2007) or drug 
induced (Lee et al., 2004; Pfeffer, and  Singh, 2018). 

Medicinal herbs provide new insights into the molecular  

mechanisms underlying the apoptotic process in cancer 
progress (Willenbacher et al., 2019; Powell et al., 2003; 
Kwon et al., 2007; Kaur et al., 2008). N. sativa was 
proved to contain valuable antioxidant constituents that 
using in vitro (El-Beshbishy et al., 2009; Shafi et al., 
2009) or in vivo (Ashraf et al., 2011) studies to be 
protective or curative against cancer development. 

In this paper, the influence of different concentration of 
N. sativa seed (Alqassim and Ethopia) was investigated 
on cellular viability and morphology using two extract 
fractions. SRB assay was found to be sensitive test for 
cell viability in vitro studies (Aslantürk, 2018). 

Alcoholic extract used in this study was found to induce 
regression of Hela cells proliferation most probably via 
apoptotic affect as indicated by cell shrinkage and 
nuclear pyknosis. The effect was found to be dose–
dependant with Alqassim seeds. Similar results were 
reported by Shafi et al. (2009) who found that chloroform 
fraction of Nigella sativa (IC50, 0.41 ng/ml) had a much 
potent effect compared to methanolic or n-hexan 
extracts. In the present study, the concentration of 1: 100 
was the most effective. It contradict with the previous 
results modification of methanolic extract (Alqassim) 
concentration found to have dose – response effect on 
cultured Hela cells.  

Jafri et al. (2010) demonstrated that TQ; an active 
ingredient of N. sativa was able to inhibit lung cancer 
cells proliferation, reduce cell viability and induce 
apoptosis. Norsharina et al. (2011) showed that 
thymoquinone rich fraction (TQRF) extracted from N. 
sativa seeds and TQ were cytotoxic to colorectal HT29, 
promyelocytic leukemia (HL60) and lymphoblastic 
leukemia (CEMSS) cells lines. Also, Al-Naqeeb and 
Ismail (2009) showed that TQRF and TQ exhibit cytotoxic 

effects against HepG2 cells with IC50 at 100 g/ml for 

TQRF and 3 g/ml of TQ. 
The mechanism/s by which N. sativa or its derivatives 

determine tumor cell proliferation were the focus of 
interest of many investigators. Ahuja and Murphy (1996) 
stated  that  TQ  appears  affect tumor  microenvironment  

http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=15595419
http://www.ncbi.nlm.nih.gov/pubmed?term=Powell%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=14599863
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Figure 2. The proliferation differences of Hela cells incubated in different concentration 
of Nigella sativa compared with control Hela cells incubated in ordinary medium.  

 
 
 

 
 

Figure 3. Effect of Nigella sativa extracts on cell morphology of Hela cells 24 hours after incubation 
with 1:100 concentration. Notice that the most apoptotic effect was observed with Nigella sativa 
(Ethiopia). 

 
 
 

and hence growth and proliferation. The same authors 
suggested that thymoquinone reduced the release of 
cytokines which are involved in inflammation and 
angiogenesis. Another mechanism was reported by 
Yazan et al. (2009) that thymoquinone induced apoptosis 
in Hela cells by the upregulation of p53 expression 
dependent pathway. Involvement of oxidative stress was 
reported to induce apoptosis (Zhu et al., 2012). Koka et 
al. (2010) reported that TQ-induced growth inhibition in 
PC-3 and C4-2B prostate cancer cells through generation 
of reactive oxygen species (ROS). 

The interpretation of the effect of concentration of Nigella 
sativa extracts on response of Hela cells was 
questionable. Do low concentration (1:10) was less 
effective in inducing apoptotic pathway? Regarding 
higher concentration (1:1000) could have relative pro-
oxidant effect? No explanation could be given at the 
present except in view of some literature that reported 
that anti oxidant in high dose could less protective activity 
or even pro-oxidant effect (Tian et al., 2007).  

Reviewing available literature showed that a number of 
recent  publications support the current report on the pro- 

http://www.ncbi.nlm.nih.gov/pubmed?term=Zhu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23129185
http://www.ncbi.nlm.nih.gov/pubmed?term=Tian%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17392095


 
 
 
 
oxidant effects of TQ at higher concentrations (Gali-
Muhtasib et al., 2006; Adams and Cory, 2007; Yi et al., 
2008). The shift between pro-oxidant and anti-oxidant 
activity of TQ can be attributed to variations in 
semiquinone (single electron transfer) and hydroquinone 
(two electron transfer) formation in a given cell type 
(Bolton et al., 2000). 
 
 
Conclusion 
 
It could be emphasized that methanolic extract, at 
concentration of 1:100 was the most effective against 
Hela cells especially that of Alqassim patch. Future 
biochemical analysis of both seed types was needed to 
explain such differences. The mechanism of anti-tumor 
effect must also be evaluated using specific genetic. 
Cytokine and antioxidants analysis of cultured tested 
cells. As cancer cervix forms the most challenging female 
neoplasia next to cancer breast. Animal model of cancer 
cervix will provide valuable evaluation of anti-neoplastic 
activity of N. sativa extract prior to its recommended use 
in clinical trials. 
 
 

ACKNOWLEDGEMENT 
 

This work was supported by the Deanship of Scientific 
Research, King Abdulaziz University, Saudi Arabia.  
 
 
REFERENCES 
 
Adams JM, Cory S, 2007. The Bcl-2 apoptotic switch in cancer 

development and therapy. Oncogene 26: 1324-1337. 
Ahuja SK, Murphy PM, 1996. The CXC chemokines growth-regulated 

oncogene (GRO) alpha, GRObeta, GROgamma, neutrophil-activating 
peptide-2, and epithelial cell-derived neutrophil-activating peptide-78 
are potent agonists for the type B, but not the type A, human 
interleukin-8 receptor. J Biol Chem, 271: 20545-20550. 

Al-Jenoobi FI, Al-Thukair AA, Abbas FA, Ansari MJ, Alkharfy KM, Al-
Mohizea AM, Al-Suwayeh SA, Jamil S, 2010. Effect of black seed on 
dextromethorphan O- and N-demethylation in human liver 
microsomes and healthy human subjects. Drug 4: 51-55. 

Al-Naqeeb G, Ismail M, 2009. Regulation of apolipoprotien A-1 and 
apolipoprotien B100 genes by thymoquinone rich fraction and 
thymoquinone in Hepg2 cells. J Food Lipids 16: 245-258. 

Ali BH, Blunden G, 2003. Pharmacological and toxicological properties 
of Nigella sativa. Phytother Res, 17: 299-305. 

Arslan SO, Gelir E, Armutcu F, Coskun O, Gurel A, Sayan H, Celik IL, 
2005. The protective effect of thymoquinone on ethanol-induced 
acute gastric damage in the rat. Nutr Res, 25: 673-680. 

Ashraf SS, Rao MV, Kaneez FS, Qadri S, Al-Marzouqi AH, 
Chandranath IS, Adem A, 2011. Nigella sativa extract as a potent 
antioxidant for petrochemical-induced oxidative stress. J Chromatogr 
Sci 49: 321-326. 

Aslantürk ÖS, 2018. In Vitro Cytotoxicity and Cell Viability Assays: 
Principles, Advantages, and Disadvantages. (Vol. 2, p. 64). InTech. 

Bhatti I, Rehman F, Khan M, Marwa S, 2009. Effect of prophetic 
medicine kalonji (Nigella sativa L.) on lipid profile of human beings: 
An in vivo approach. World Appl Sci J, 6: 1053-1057. 

Bolton JL, Trush MA, Penning TM, Dryhurst G, Monks TJ, 2000. Role 
of quinones in toxicology. Chem Res Toxicol, 13: 135-160. 

Chipurupalli S, Kannan E, Tergaonkar V, D’Andrea R, Robinson N, 
2019.  Hypoxia   induced   ER   stress   response   as   an   adaptive  

Al-sobhi et al.               95 
 
 
 
    mechanism in cancer. Int J Mol Sci, 20(3): 749. 
Cosse JP, Sermeus A, Vannuvel K, Ninane N, Raes M, Michiels C, 

2007. Differential effects of hypoxia on etoposide-induced apoptosis 
according to the cancer cell lines. Mol Cancer, 6: 61. 

Dehkordi FR, Kamkhah AF, 2008. Antihypertensive effect of Nigella 
sativa seed extract in patients with mild hypertension. Fundam Clin 
Pharmacol, 22: 447-452. 

Effenberger-Neidnicht K, Schobert R, 2010. Combinatorial effects of 
thymoquinone on the anti-cancer activity of doxorubicin. Cancer, 67: 
867-874. 

El-Beshbishy HA, Mohamadin AM, Abdel-Naim AB, 2009. In vitro 
evaluation of the antioxidant activities of grape seed (Vitis vinifera) 
extract, blackseed (Nigella sativa) extract and curcumin. J Taibah 
Univ Med Sci, 4: 23-35. 

El-Najjar N, Ketola RA, Nissila T, Mauriala T, Antopolsky M, Janis J, 
Gali-Muhtasib H, Urtti A, Vuorela H, 2011. Impact of protein binding 
on the analytical detectability and anticancer activity of 
thymoquinone. J Chem Biol, 4: 97-107.  

Elmore S, 2007. Apoptosis: a review of programmed cell death. Toxicol 
Pathol, 35: 495-516. 

Gali-Muhtasib H, Diab-Assaf M, Boltze C, Al-Hmaira J, Hartig R, 
Roessner A, Schneider-Stock R, 2004. Thymoquinone extracted from 
black seed triggers apoptotic cell death in human colorectal cancer 
cells via a p53-dependent mechanism. Int J Oncol, 25: 857-866. 

Gali-Muhtasib H, Ocker M, Kuester D, Krueger S, El-Hajj Z, Diestel A, 
Evert M, El-Najjar N, Peters B, Jurjus A, Roessner A, Schneider-
Stock R, 2008. Thymoquinone reduces mouse colon tumor cell 
invasion and inhibits tumor growth in murine colon cancer models. J 
Cell Mol Med, 12: 330-342. 

Gali-Muhtasib H, Roessner A, Schneider-Stock R, 2006. 
Thymoquinone: a promising anti-cancer drug from natural sources. 
Int J Biochem Cell Biol, 38: 1249-1253. 

Gruber HE, Rhyne AL, Hansen KJ, Phillips RC, Hoelscher GL, Ingram 
JA, Norton HJ, Hanley EN, Jr, 2012. Deleterious effects of 
discography radiocontrast solution on human annulus cell in vitro: 
changes in cell viability, proliferation, and apoptosis in exposed cells. 
Spine J, 12: 329-335. 

Hong MY, Chapkin RS, Davidson LA, Turner ND, Morris JS, Carroll RJ, 
Lupton JR, 2003. Fish oil enhances targeted apoptosis during colon 
tumor initiation in part by downregulating Bcl-2. Nutr Cancer, 46: 44-
51. 

Jafri SH, Glass J, Shi R, Zhang S, Prince M, and Kleiner-Hancock H, 
2010. Thymoquinone and cisplatin as a therapeutic combination in 
lung cancer: In vitro and in vivo. J Exp Clin Cancer Res, 29: 87. 

Johnstone RW, Ruefli AA, Lowe SW, 2002. Apoptosis: a link between 
cancer genetics and chemotherapy. Cell, 108: 153-164. 

Kaur M, Mandair R, Agarwal R, Agarwal C, 2008. Grape seed extract 
induces cell cycle arrest and apoptosis in human colon carcinoma 
cells. Nutr Cancer, 60: 2-11. 

Kfir-Erenfeld S, Sionov RV, Spokoini R, Cohen O, Yefenof E, 2010. 
Protein kinase networks regulating glucocorticoid-induced apoptosis 
of hematopoietic cancer cells: fundamental aspects and practical 
considerations. Leuk Lymphoma, 51: 1968-2005. 

Khorshid FA, Mushref SS, Heffny NT, 2005. An ideal selective anti-
cancer agent in vitro: I – Tissue culture study of human lung cancer 
cells A549. JKAU: Med Sci, 12: 3-19. 

Koka PS, Mondal D, Schultz M, Abdel-Mageed AB, Agrawal KC, 2010. 
Studies on molecular mechanisms of growth inhibitory effects of 
thymoquinone against prostate cancer cells: role of reactive oxygen 
species. Exp Biol Med (Maywood) 235: 751-760. 

Kwon KB, Park BH, Ryu DG, 2007. Chemotherapy through 
mitochondrial apoptosis using nutritional supplements and herbs: a 
brief overview. J Bioenerg Biomembr, 39: 31-34. 

Lee JS, Chang JS, Lee JY, Kim JA, 2004. Capsaicin-induced apoptosis 
and reduced release of reactive oxygen species in MBT-2 murine 
bladder tumor cells. Arch Pharm Res, 27: 1147-1153. 

Marsik P, Kokoska L, Landa P, Nepovim A, Soudek P, Vanek T, 2005. 
In vitro inhibitory effects of thymol and quinones of Nigella sativa 
seeds on cyclooxygenase-1- and -2-catalyzed prostaglandin E2 
biosyntheses. Planta Med, 71: 739-742. 

Norsharina I, Maznah I, Aied A, Ghanya A, 2011. Thymoquinone rich 
fraction from Nigella sativa and thymoquinone are cytotoxic towards  



 
 
 
 
    colon and leukemic carcinoma cell lines. J Med Plants Res, 5: 3359-

3366. 
Norwood AA, Tan M, May M, Tucci M, Benghuzzi H, 2006. Comparison 

of potential chemotherapeutic agents, 5-fluoruracil, green tea, and 
thymoquinone on colon cancer cells. Biomed Sci Instrum, 42: 350-
356. 

Padhye S, Banerjee S, Ahmad A, Mohammad R, Sarkar FH, 2008. 
From here to eternity - the secret of Pharaohs: Therapeutic potential 
of black cumin seeds and beyond. Cancer Ther, 6: 495-510. 

Pfeffer C, Singh A, 2018. Apoptosis: a target for anticancer therapy. Int 
J Mol Sci, 19(2): 448. 

Powell CB, Fung P, Jackson J, Dall'Era J, Lewkowicz D, Cohen I, 
Smith-McCune K, 2003. Aqueous extract of herba Scutellaria 
barbatae, a Chinese herb used for ovarian cancer, induces apoptosis 
of ovarian cancer cell lines. Gynecol Oncol, 91: 332-340. 

Ravindran J, Nair HB, Sung B, Prasad S, Tekmal RR, Aggarwal BB, 
2010. Thymoquinone poly (lactide-co-glycolide) nanoparticles exhibit 
enhanced anti-proliferative, anti-inflammatory, and 
chemosensitization potential. Biochem Pharmacol, 79: 1640-1647. 

Shafi G, Munshi A, Hasan TN, Alshatwi AA, Jyothy A, Lei DK, 2009. 
Induction of apoptosis in HeLa cells by chloroform fraction of seed 
extracts of Nigella sativa. Cancer Cell Int, 9: 29. 

Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica D, 
Warren JT, Bokesch H, Kenney S, Boyd MR, 1990. New colorimetric 
cytotoxicity assay for anticancer-drug screening. J Natl Cancer Inst, 
82: 1107-1112. 

Tian B, Sun Z, Xu Z, Hua Y, 2007. Chemiluminescence analysis of the 
prooxidant and antioxidant effects of epigallocatechin-3-gallate. Asia 
Pac J Clin Nutr, 16: 153-157. 

Willenbacher E, Khan SZ, Mujica SCA, Trapani D, Hussain S, Wolf D, 
Willenbacher W, Spizzo G, Seeber A, 2019. Curcumin: New insights 
into an ancient ingredient against cancer. Int J Mol Sci, 20(8):        

Wyllie AH, 1997. Apoptosis and carcinogenesis. Eur J Cell Biol, 73: 
189-197. 

Yazan LS, Ng WK, Al-Naqeeb G, Ismail M, 2009. Cytotoxicity of 
thymoquinone (TQ) from Nigella sativa towards human cervical 
carcinoma cells (HeLa). J Pharm Res, 2: 585-589. 

Yi T, Cho SG, Yi Z, Pang X, Rodriguez M, Wang Y, Sethi G, Aggarwal 
BB, Liu M, 2008. Thymoquinone inhibits tumor angiogenesis and 
tumor growth through suppressing AKT and extracellular signal-
regulated kinase signaling pathways. Mol Cancer Ther, 7: 1789-1796. 

Zhu B, Li X, Zhang Y, Ye C, Wang Y, Cai S, Huang H, Cai Y, Yeh S, 
Huang Z, Chen R, Tao Y,  Wen X, 2012. Cross-talk of alpha 
tocopherol-associated protein and JNK controls the oxidative stress-
induced apoptosis in prostate cancer cells. Int J Cancer, 132(10): 
2270-2282. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Adv Med Plant Res               96 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Citation: Al-sobhi I, Al-Ghabban R, Ali SS,
 
Al-Amri J, 2019. Effect of 

Black seeds (Nigella sativa) volatile oil on the cervical cancer: In 
vitro study, on Hela cell lines. Adv Med Plant Res, 7(4): 91-96.  

 
 
 


