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Abstract: 

 Cervical malignancy is the most common female cancer around 

the world, and it remains a challenge to manage pre-invasive and 

invasive injuries. There is an incredible requirement for agents capable 

of inhibiting cervical cancer. Here, we report that various 

phytochemicals and natural compounds like Lycopene, Rutin, 

Quercetin, Tangeritin, Proanthocyanidins and Beta-carotene which are 

a dietary phyto-compound possess potentially important anticancer 

effects. Caski cell line was separately co-cultured for 24 hr (0-50 

ug/ml) with Lycopene, Rutin, Quercetin, Tangeritin, 

Proanthocyanidins and Beta-carotene. Cell proliferation was measured 

by MTT assays. The transcendent method of cell death in Caski cell 

lines was apoptosis, as showed by caspase-9, - 3 activation by caspase 

activity assay. The results of this study revealed that Lycopene, Rutin, 

Quercetin, Tangeritin, Proanthocyanidins and Beta-carotene were 

potential inhibitors of cervical cancer cell growth. 
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INTRODUCTION:                                                                                                                            

 

Cervical cancer is the fourth most basic malignancy in women 

around the world, and second for women in ages between of 15 

to 44, as is evident from the fact that more than 528,000 new 

cases and more than 266,000 deaths occurred in 2012 only [1-3]. 

This number is predicted to only rise by 2030 [4]. Reports 

indicate that surgery is the standard treatment for cervical 

cancer alongside taxol chemotherapy, which unfortunately, 

regularly brings about serious myelotoxicity and neurotoxicity, 

and that, chemotherapy in cervical cancer is hampered by drug 

resistance [5, 6]. Thus, there is an urgent need for an effective 

treatment of cervical cancer to be developed, thereby leading to 

shifting of research focus on probing various safe and 

economical natural phytochemicals/compounds.  

Modern phytotherapy is occupied with the production of 

cures from materials got from plants and their utilization in 

useful and safe therapy [7]. Polyphenol. Polyphenols are basic 

supplement antioxidants, mostly got from natural products, 

vegetables, coffee, tea, cocoa, beverages and mushrooms 

conventional medicative herbs [8]. Polyphenols are potential 

substances against malignancies and cardiovascular, metabolic 

[9], and neurodegenerative diseases [10] through their 

capacities of antioxidation and antimutation. Therefore, we 

have attempted to carry out comparative preliminary studies 

with phytochemicals like lycopene, rutin, quercetin, tangeritin, 

proanthocyanidins on cervical cancer cell lines. 

Quercetin, is a naturally occurring phenolic compound 

that are generally found in dietary plants and natural foods (for 

example, vegetables and fruits) and have been accounted for to 

have numerous useful effects including anti-oxidative, anti-
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inflammatory, anti-hypertensive, anticancer, neuroprotective, 

antiviral, hepatoprotective, anti-diabetic activities, and have 

been proposed to boost the life expectancy of model life forms 

and reduce cell senescence of normal cells [11, 12].  

Next, rutin (5,7,3',4'- OH,3-rutinose), the glycosidic type 

of quercetin, is a flavonol, having vascular-defensive, 

antitumor, antioxidant, antiviral, antiinflammatory, 

myocardial defensive, and anti-diabetic properties [13]. Rutin 

posses significant activity against breast cancer cells [14], and 

that, its DNA defensive effects against procarcinogens in HTC 

hepatic cells are well documented [15].  

Another phytochemical employed was 

proanthocyanidins, which are a heterogeneous group of flavan-

3-ol or flavan-3,4-diol oligomers found in different fruits and 

vegetables. Oligomeric subset of proanthocyanidins, have been 

reported to have powerful anti-tumorigenic properties [16-19]. 

Reports indicate its beneficial effects in wound healing, and 

that, it possesses antiinflamatory and antibacterial activities 

[17-19]. Proanthocyanidins are getting an increasing 

consideration in prostrate tumor prevention and hormonal 

malignancies prevention [20-22]. Reports indicate 

proanthocyanidins to have pro-apoptotic effects by controlling 

the expression of MAP kinase, PI-3 kinase, and AP-1 proteins 

as well as anti-metastatic effects [23, 24]. 

Next, beta-carotene, found in organic products, fruits, 

vegetables and entire grains, has been reported to be a powerful 

natural cancer prevention agent as well as skin photoprotector 

[25, 26].  

Another phytochemical of interest is lycopene which is a 

carotenoid found in tomatoes, apricots, guavas, pink 

grapefruits, rosehips, or watermelons. Major dietary sources of 

lycopene are tomato items. It possesses antioxidant activities, 

anti-inflammatory properties, inhibits cell proliferation, and 

induces apoptosis, therefore protecting against cancer and 
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giving medical advantages to cancer patients by being 

considered as an anticarcinogenic and chemopreventive agent. 

Intake of lycopene was related with a decreased risk of prostate 

cancer [27]. Reports indicate that the major role of lycopene is 

in the modulation of redox activity, enzyme detoxification, 

inhibition of cell proliferation and apoptosis induction [28]. 

Lycopene are known to increase some defensive enzymes, by 

bringing down the generation of reactive oxygen species and in 

turn, reduce oxidative stress [29]. 

Next, tangeretin (4',5,6,7,8 pentamethoxyflavone) is a 

natural characteristic polymethoxyflavone present in the peel of 

citrus natural products. It is known to possess anticancer 

properties against a variety of carcinomas (30-34).  

To the best of our understanding, the anti-cancerous 

effects of the above mentioned phytochemicals have been 

reported in a variety of cancers but not in cervical cancer cell 

lines. Therefore, in the present study, we have attempted to 

carry out comparative preliminary studies with phytochemicals 

like lycopene, rutin, quercetin, tangeritin, proanthocyanidins on 

cervical cancer cell lines. It is hoped that the preliminary data 

may throw some light for further in-depth studies on such 

phytochemicals, which in turn, may provide a valuable tool in 

using them as adjuncts in the management of cervical cancer. 

 

2. MATERIALS AND METHODS: 

 

2.1. Chemicals and reagents. 

Commercially available Lycopene, Rutin, Quercetin, 

Tangeritin, Proanthocyanidins and Beta-carotene were 

employed in the study. Dimethyl sulfoxide (DMSO), MTT, 

trypan blue and propidium iodide (PI) were of Sigma Chemical 

Co. (St. Louis, MO, USA). Dulbecco’s Modified Eagle’s Medium 

(DMEM), fetal bovine serum (FBS) (v/v), 100 U/ml penicillin 

and 100 U/ml streptomycin were from Gibco Life Technologies 
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(Carlsbad, CA, USA). Caspase colorimetric kit was of R&D 

Systems Inc., Minneapolis, MN, USA. Caspase-3 inhibitor (z-

DEVD-FMK) and Caspase-9 inhibitor (z-LEHD-FMK) was of 

BD PharMingen (San Diego, CA, USA). HeLa cell line was 

obtained from National Centre for Cell Science (NCCS) Pune, 

India. 

 

2.2. Cell culture. 

Human cervical carcinoma cell lines (HeLa) were cultured in 

DMEM medium (supplemented with 10% FBS, 2 mM 

glutamine, 100 IU/ml penicillin, and 100 μg/ml streptomycin) in 

96-well plates at 37°C with 5% CO2 and air humidity of 95%. 

Exponentially, growing cells were used for experiments.  

 

2.3. MTT assay. 

The cytotoxic effect of Lycopene, Rutin, Quercetin, Tangeritin, 

Proanthocyanidins and Beta-carotene on cervical cancer Caski 

cells was determined by MTT assay as described by us earlier 

[35, 36]. Exponentially growing Caski cell lines (5x104 /well) 

were seeded onto 96-well culture plate and allowed to attach 

overnight, followed by treatement with various doses of the 

above said respective phytochemicals (10, 20, 30, 40 and 50 

µg/ml) for 24 h. 10µl MTT (5 mg/ml) was added to each well and 

incubated for another 4 h at 37oC. Dimethyl sulfoxide (DMSO) 

was added to each well and thoroughly mixed to dissolve the 

purple crystals. The absorbance of each well was measured on a 

microplate reader, using a wavelength of 570 nm and a 

reference wavelength of 650 nm and the cell survival was 

expressed as the percentage (%) over the untreated control.  

 

2.4. Caspase Activity Assay. 

5x106 cells (Caski) in 75-T flasks were treated with or without 

Lycopene, Rutin, Quercetin, Tangeritin, Proanthocyanidins and 

Beta-carotene (0-50 ug/ml for each), then incubated for 12 h to 
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detect the activity of caspase-9 and -3 and assessed according to 

manufacturer's instruction of the Caspase colorimetric kit 

(R&D Systems Inc., Minneapolis, MN, USA). Cells were 

collected and lysed in 50 μl lysis buffer containing 2 mM DTT, 

for 10 min. After centrifugation, the supernatant containing 

200 μg protein were hatched with caspase-9 and - 3 substrates 

in reaction buffer. Then all samples were incubated in a 96 well 

flat bottom microplate at 37˚C for 1 h. Levels of discharged pNA 

were measured with ELISA reader (Anthos Labtec Instruments 

GmbH, Salzburg, Austria) at 405 nm wavelength [37]. 

 

2.5. Statistical Analysis. 

 The statistical analysis was performed using one-way analysis 

of variance (ANOVA) followed by Dunnett test, considering 

p<0.05 as significant. 

 

3. RESULTS: 

 

3.1. Cytotoxity versus Phytochemicals in Caski Cervical 

Cancer cell Lines: 

Human Papilloma Virus positive Caski cervical cancer cell lines 

were cultured with and without varying doses of a variety of 

phytochemicals, and that, their cell proliferation or viability 

was assessed by MTT assay. The inhibitory concentration 

(IC50), i.e. the concentration resulting in inhibition of 50% of cell 

viability in comparison to control, was measured with these 

assays. The phytochemicals employed were: Lycopene, Rutin, 

Quercetin, Tangeritin, Proanthocyanidins and Beta-carotene.  

A dose response effect of Lycopene (0-50 ug/ml) in MTT 

assay failed to show any adverse effect till 30 ug/ml, whereas 

doses above 30 ug/ml proved to be cytotoxic (n=3; p<0.001; Fig. 

1A). Next, a dose response effect with Rutin (0-50 ug/ml) in 

MTT assay failed to show any adverse effect till 15 ug/ml, 

whereas doses above 15 ug/ml proved to be cytotoxic (n=3; 
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p<0.001; Fig. 1B). Further, a dose response effect with 

Quercetin (0-50 ug/ml) in MTT assay failed to show any adverse 

effect till 15 ug/ml, whereas doses above 15 ug/ml proved to be 

cytotoxic (n=3; p<0.001; Fig. 1C). Thereafter, dose response 

effect with Tangeritin (0-50 ug/ml) in MTT assay failed to show 

any adverse effect till 40 ug/ml, whereas doses above 40 ug/ml 

proved to be cytotoxic (n=3; p<0.001; Fig. 1D). Next, a dose 

response effect with Proanthocyanidins (0-50 ug/ml) in MTT 

assay failed to show any adverse effect till 20 ug/ml, whereas 

doses above 20 ug/ml proved to be cytotoxic (n=3; p<0.001; Fig. 

1D). Finally, a dose response effect with Beta-carotene (0-50 

ug/ml) in MTT assay failed to show any adverse effect till 25 

ug/ml, whereas doses above 25 ug/ml proved to be cytotoxic 

(n=3; p<0.001; Fig. 1F). Thus, the toxicity effect of 

phytochemicals in Caski cell lines employed in the present 

study were of the order of Quercetin = Rutin > 

Proanthocyanidins > Beta-carotene > Lycopene > Tangeritin. 

 

3.2. Phytochemicals exhilarate the activities of caspase-9 

and -3 in Caski cervical cancer cell lines during 

apoptosis. 

The cell growth inhibition by the above said phytochemicals 

strongly induced caspase-9 and -3 activities in Caski cells. This 

was evident from data of co-culturing for 24 hr separately of 

Caski cells with 50 ug/ml of respective phytochemicals i.e. 

Quercetin, Rutin, Proanthocyanidins, Beta-carotene, Lycopene 

and Tangeritin (Fig. 2). Activation of caspase-9 and -3 in Caski 

cells treated with the above phytochemicals clearly indicated 

the involvement of intrinsic or mitochondrial pathway during 

AITC induced programmed cell death. As evident from the data 

depicted in Fig. 2, the magnitude of activation of caspase 9 and 

caspase 3 was of the Quercetin = Rutin > Proanthocyanidins > 

Beta-carotene > Lycopene > Tangeritin. This is in accordance to 

our toxicity data depicted. 



Mohammad Azhar Imran, Abbas Ali Mahdi, Najmul Islam- Natural Phytochemicals 

Induces Apoptosis in Cervical Cancer Cell Line: A Comparative Preliminary 

Study 

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. VI, Issue 1 / April 2018 

49 

Furthermore, in order to ascertain that whether the activation 

of caspase-9 and -3 is required for the induction of cell death by 

the above said phytochemicals, Caski cells were pretreated with 

cell permeable caspase inhibitors, Z-LEHD-FMK (caspase-9 

inhibitor), Z-DEVD-FMK (caspase-3 inhibitor), followed by 

treatment for 24 hr with 50ug/ml of the above said respective 

phytochemicals. Subsequently caspase activities and cell 

viabilities were measured. Our results showed that pre-

treatment with  Z-LEHD-FMK and Z-DEVD-FMK abolished 

caspase-9 and caspase-3 activities respectively in Caski cells 

induced by the above mentioned phytochemicals, and that, 

respective caspase activities were found to be similar to the 

control value (no significant difference) (Fig. 2).  

 

4. DISCUSSION 

 

A wide spectrum of studies has suggested that a high 

utilization of dietary natural compounds present in vegetables 

and fruits is related with a reduced risk of numerous cancers 

[25-29] as they are thought to be rich sources of 

chemopreventive efficacy compounds having low lethality [30]. 

Different studies have shown phytochemicals to exhibit 

antiproliferative and apoptotic properties against various 

human cancer cells in vitro [30].  

To the best of our understanding, we report for the first 

time a comparative apoptotic effect of phytochemicals like 

lycopene, rutin, quercetin, tangeritin, proanthocyanidins and 

beta-carotene on cervical cancer Caski cell lines. The most 

striking finding of the present study was the disturbance in cell 

viability and induction of apoptosis in cervical cancer Caski cell 

lines at different doses of phytochemicals employed in the study 

as revealed by dose response MTT and Caspase assays. It is 

noteworthy that most of the naturally occurring agents induce 

cell apoptosis through caspase-dependent and -independent 
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pathways [37, 38], and that, effect of biologically active 

phytochemicals in human health is well documented [39]. Our 

results revealed that the phytochemicals employed in the 

present study promoted caspase-3 and -9 activities leading to 

apoptosis.  

Therefore, in summary, the data in the present study 

has generated interest in exploring the complete molecular 

mechanism of induction of apoptosis by such phytochemicals for 

further in-depth studies. This would help to ascertain that 

whether such compounds could be employed as safe and 

economical valuable tools for their usage as adjuncts in the 

management of cervical cancer or not. 
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Figures:     

                                       

 
Concentration of Lycopene  (ug/ml)  

Figure 1A: MTT Cell viability assay of caski cells with Lycopene 
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Concentration of Rutin, (ug/ml) 

Figure 1B: MTT Cell viability assay of caski cells with Rutin 

 

 
Concentration of Quercetin (ug/ml) 

Figure 1C: MTT Cell viability assay of caski cells with Quercitin 

 

 
Concentration of Tangeritin (ug/ml) 

Figure 1D: MTT Cell viability assay of caski cells with Tangeritin 

 

 
Concentration of Proanthocyanidins (ug/ml)  

Figure 1E: MTT Cell viability assay of caski cells with 

Proanthocyanidins 
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Concentration of Beta-carotene (ug/ml) 

Figure 1F: MTT Cell viability assay of caski cells with beta carotene. 

 

 
Figure 2: Activation and Suppression of caspase-3 and -9 in Different 

Phytocompounds treated HeLa cells; HeLa cells were treated with different 

Phytocompounds for 24 h for Caspase activity and then pretreated with 

caspase-3 and -9 inhibitor (Z-DEVD-FMK and Z-LEHD-FMK respectively) for 

Caspase inhibition. Cells were harvested and lysed in lysis buffer. Enzymatic 

activity of caspase-3 and -9 was determined by incubation of 50 µg of total 

protein with substrate DEVD-pNA and LEHD-pNA for 2 h at 37 °C. The 

release of p-NA was monitored spectrophotometrically at 405 nm. Data 

represent mean ± S.E.M. of three independent experiments. p<0.001 was 

considered significant.  

 

 

REFERENCES: 

 

1. Bailey, H.H., Chuang, L.T., DuPont, N.C., Eng, C., 

Foxhall, L.E., Merrill, J.K., Wollins, D.S., Blanke, C.D., 

American society of clinical oncology statement: human 

papillomavirus vaccination for cancer prevention. J. 

Clin. Oncol. (2016), 34, 1803–1812. 



Mohammad Azhar Imran, Abbas Ali Mahdi, Najmul Islam- Natural Phytochemicals 

Induces Apoptosis in Cervical Cancer Cell Line: A Comparative Preliminary 

Study 

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. VI, Issue 1 / April 2018 

53 

2. Small, W., Bacon, M., Bajaj, A., Chuang, L.T., Fisher, 

B.J., Harkenrider, M.M., Jhingran, A., Kitchener, H.C., 

Mileshkin, L.R., Viswanathan, A.N., Gaffney, D.K., 

Cervical cancer: a global health crisis. (2017), Cancer 

123, 2404–2412. 

3. Chabra, S. Cervical cancer preventable , treatable , but 

continues to kill women. Cerv. Cancer, (2016) 1, 1–2. 

4. Cervical Cancer Action. Progress in Cervical Cancer 

Prevention: The CCA Report Card. (2011), pp. 1–28. 

5. Maier-Lenz H, Hauns B, Haering B, Koetting J, Mross 

K, Unger C. et al . Phase I study of paclitaxel 

administered as a 1-hour infusion: toxicity and 

pharmacokinetics. Semin Oncol. (1997) 24(6 Suppl 

19):S19-16-S19-19. 

6. Zanetta G, Fei F and Mangioni C . Chemotherapy with 

paclitaxel, ifosfamide, and cisplatin for the treatment of 

squamous cell cervical cancer: the experience of Monza 

Semin Oncol. (2000) 27 1 Suppl 1 23. PMID 10697040. 

7. Daniel MirosBaw Grochowski, Roman Paduch, Adrian 

Wiater, Adrianna Dudek, MaBgorzata PleszczyNska, 

Monika Tomczykowa, Sebastian Granica, Paulina Polak, 

andMicha Tomczyk. (2016) “In Vitro Antiproliferative 

and Antioxidant Effects of Extracts from Rubus caesius 

Leaves and Their Quality Evaluation” Evidence-Based 

Complementary and Alternative Medicine. Volume 2016, 

Article ID 5698685, 8 pages. 

8. Yu-Chen Cheng, Jer-Ming Sheen, Wen Long Hu and Yu-

Chiang Hung. (2017). Polyphenols and Oxidative Stress 

in Atherosclerosis-Related Ischemic Heart Disease and 

Stroke. Oxidative Medicine and Cellular Longevity; 

Volume 2017, Article ID 8526438, 16 pages. 

9. C. C. Chuang and M. K. McIntosh, (2011), “Potential 

mechanisms by which polyphenol-rich grapes prevent 



Mohammad Azhar Imran, Abbas Ali Mahdi, Najmul Islam- Natural Phytochemicals 

Induces Apoptosis in Cervical Cancer Cell Line: A Comparative Preliminary 

Study 

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. VI, Issue 1 / April 2018 

54 

obesity-mediated inflammation and metabolic diseases,”, 

Annual Review of Nutrition, vol. 31, pp. 155–176. 

10. E. Middleton Jr.C. Kandaswami and T. C. Theoharides, 

(2000), “The effects of plant flavonoids on mammalian 

cells: implications for inflammation, heart disease, and 

cancer,”, Pharmacological Reviews, vol. 52, no. 4, pp. 

673–751. 

11. Dong Kwon Yang and Hyung-Sub Kang, (2018), Anti-

Diabetic Effect of Cotreatment with Quercetin and 

Resveratrol in Streptozotocin-Induced Diabetic Rats., 

Biomol Ther 26(2), 130-138.  

12. Yu Zhang, Shiguo Chen , Chaoyang Wei, Gary O. 

Rankin, Xingqian Ye, Yi Charlie Chen.(2018). 

Flavonoids from Chinese bayberry leaves induced 

apoptosis and G1 cell cycle arrest via Erk pathway in 

ovarian cancer cells. European Journal of Medicinal 

Chemistry 147: 218-226. 

13. Carlos Frederico Lima Gonc¸ alves,1 Mariana Lopes de 

Freitas,1 Rodrigo Soares Fortunato,2 Leandro Miranda-

Alves,3 Denise P. Carvalho,1 and Andrea Claudia 

Freitas Ferreira, (2018), Rutin Scavenges Reactive 

Oxygen Species, Inactivates 5’-Adenosine 

Monophosphate-Activated Protein Kinase, and Increases 

Sodium–Iodide Symporter Expression in Thyroid PCCL3 

Cells; THYROID Volume 28, Number 2. 

14. Ghasemzadeh A, Jaafar HZ, Rahmat A, Devarajan 

T.(2014), Evaluation of Bioactive Compounds, 

Pharmaceutical Quality, and Anticancer Activity of 

Curry Leaf (Murraya koenigii L.). Evid Based 

Complement Alternat Med. 

15. Aliye Aras Perk, Iryna Shatynska-Mytsyk, Yusuf Can 

Gerçek, Kadir Boztaş , Mevzule Yazgan , Sundas Fayyaz 

and Ammad Ahmad Farooqi.(2014), Rutin mediated 



Mohammad Azhar Imran, Abbas Ali Mahdi, Najmul Islam- Natural Phytochemicals 

Induces Apoptosis in Cervical Cancer Cell Line: A Comparative Preliminary 

Study 

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. VI, Issue 1 / April 2018 

55 

targeting of signaling machinery in cancer cells. Perk et 

al. Cancer Cell International , 14:124. 

16. Toden, S., Ravindranathan, P., Cardenas, J., Yuchang, 

M., Goel, A.(2018). 

Oligomeric proanthocyanidins (OPCs) target cancer 

stem-like cells and suppress tumor organoid formation 

in colorectal cancer. Sci Rep. 20;8(1):3335. 

17. Georgiev, V.; Ananga, A.; Tsolova, V. (2014), Recent 

advances and uses of grape flavonoids as nutraceuticals. 

Nutrients, 6 (1), 391−415.  

18. Lodhi, S.; Singhai, A. K. (2013), Wound healing effect of 

flavonoid rich fraction and luteolin isolated from 

Martynia annua Linn. on streptozotocin induced diabetic 

rats. Asian Pac. J. Trop. Med., 6 (4), 253−259.  

19. Nayak, B. S.; Ramdath, D. D.; Marshall, J. R.; Isitor, G. 

N.; Eversley, M.; Xue, S.; Shi, J.( 2010), Wound-healing 

activity of the skin of the common grape (Vitis Vinifera) 

variant, Cabernet Sauvignon. Phytother. Res., 24 (8), 

1151−1157. 

20. Kampa M, Theodoropoulou K, Mavromati F et al (2011), 

Novel oligomeric proanthocyanidin derivatives interact 

with membrane androgen sites and induce regression of 

hormone-independent prostate cancer. J Pharmacol Exp 

Ther 337:24–32 22. 

21. Nandakumar V, Singh T, Katiyar SK. (2008), Multi-

targeted prevention and therapy of cancer by 

proanthocyanidins. Cancer Lett 269:378–387. 

22. Ye X, Krohn RL, Liu W et al (1999), The cytotoxic effects 

of a novel IH636 grape seed proanthocyanidin extract on 

cultured human cancer cells. Mol Cell Biochem 196:99–

108. 

23. Deziel BA, Patel K, Neto C, Gottschall-Pass K, Hurta 

RA. (2010), Proanthocyanidins from the American 

Cranberry (Vaccinium macrocarpon) inhibit matrix 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Toden%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29463813
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ravindranathan%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29463813
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardenas%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29463813
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuchang%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29463813
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuchang%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29463813
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29463813


Mohammad Azhar Imran, Abbas Ali Mahdi, Najmul Islam- Natural Phytochemicals 

Induces Apoptosis in Cervical Cancer Cell Line: A Comparative Preliminary 

Study 

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. VI, Issue 1 / April 2018 

56 

metalloproteinase-2 and matrix metalloproteinase-9 

activity in human prostate cancer cells via alterations in 

multiple cellular signalling pathways. J Cell Biochem 

111:742–754. 

24. Uchino R, Madhyastha R, Madhyastha H et al (2010), 

NFkappaB-dependent regulation of urokinase 

plasminogen activator by proanthocyanidin-rich grape 

seed extract: effect on invasion by prostate cancer cells. 

Blood Coagul Fibrinolysis 21:528–533. 

25. Goralczyk, R. and K. Wertz (2007), Skin photoprotection 

by carotenoids. In Health Benefits of Carotenoids, 

Carotenoids Series, Vol. 5 (Edited by G. Britton, H. 

Pfander and S. Liaanen-Jensen). Birkha¨user, Basel.  

26. Eicker, J., V. Ku¨rten, S. Wild, G. Riss, R. Goralczyk, J. 

Krutmann and M. Berneburg (2003), Betacarotene 

supplementation protects from photoaging-associated 

mitochondrial DNA mutation. Photochem. Photobiol. 

Sci. 2, 655–659. 

27. Olga López-Guarnido, Noelia Urquiza-Salvat, Maria 

Saiz, David Lozano- Paniagua, Lourdes Rodrigo, 

Manrique Pascual-Geler, Jose Antonio Lorente, Maria 

Jesus Alvarez-Cubero & Ana Rivas, (2018), Bioactive 

compounds of the Mediterranean diet and prostate 

cancer. The Aging Male; ISSN: 1368-5538. 

28. Kolberg M, Pedersen S, Bastani NE, et al. (2015), 

Tomato paste alters NF-B and cancer-related mRNA 

expression in prostate cancer cells, xenografts, and 

xenograft microenvironment. Nutr Cancer.; 67:305–315. 

29. Holzapfel N, Holzapfel B, Champ S, et al.( 2013), The 

potential role of lycopene for the prevention and therapy 

of prostate cancer: from molecular mechanisms to 

clinical evidence. Int J Mol Sci.;14:14620–14646. 

30. Zhu, W-B, Xiao, N. and Liu, X-J. (2018), Dietary 

flavonoid tangeretin induces reprogramming of 



Mohammad Azhar Imran, Abbas Ali Mahdi, Najmul Islam- Natural Phytochemicals 

Induces Apoptosis in Cervical Cancer Cell Line: A Comparative Preliminary 

Study 

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. VI, Issue 1 / April 2018 

57 

epithelial to mesenchymal transition in prostate cancer 

cells by targeting the PI3K/Akt/mTOR signaling 

pathway. Oncol. Lett. 15: 433-440. 

31. Arafa el SA, Zhu Q, Barakat BM, Wani G, Zhao Q, 

El-Mahdy MA and Wani AA (2009), Tangeretin 

sensitizes cisplatin-resistant human ovarian cancer cells 

through downregulation of phosphoinositide 

3-kinase/Akt signaling pathway. Cancer Res 69: 

8910-8917.  

32. Dong Y, Cao A, Shi J, Yin P, Wang L, Ji G, Xie J and Wu 

D. (2014), Tangeretin, a citrus polymethoxyflavonoid, 

induces apoptosis of human gastric cancer AGS cells 

through extrinsic and intrinsic signaling pathways. 

Oncol Rep 31: 1788-1794.  

33. Lakshmi A and Subramanian S. (2014), 

Chemotherapeutic effect of tangeretin, a 

polymethoxylated flavone studied in 7, 

12-dimethylbenz(a)anthracene induced mammary 

carcinoma in experimental rats. Biochimie 99: 96-109.  

34. Periyasamy K, Baskaran K, Ilakkia A, Vanitha K, 

Selvaraj S and Sakthisekaran D.(2015), Antitumor 

efficacy of tangeretin by targeting the oxidative stress 

mediated on 7,12-dimethylbenz(a) anthracene-induced 

proliferative breast cancer in Sprague-Dawley rats. 

Cancer Chemother Pharmacol 75: 263-272. 

35. Hasan, N.,  Siddiqui, M. U., Toossi, Z., Khan, S., Iqbal, J. 

and Islam, N. (2007) Allicin-induced suppression of 

Mycobacterium tuberculosis 85B mRNA in human 

monocytes. Biochem. Biophys. Res. Comm., 355(2): 471-

476. 

36. Hasan, N., Yusuf, N., Toossi, Z. and Islam, N. (2007) 

Suppression of Mycobacterium tuberculosis induced 

reactive oxygen species (ROS) and TNF- α mRNA 



Mohammad Azhar Imran, Abbas Ali Mahdi, Najmul Islam- Natural Phytochemicals 

Induces Apoptosis in Cervical Cancer Cell Line: A Comparative Preliminary 

Study 

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. VI, Issue 1 / April 2018 

58 

expression in human monocytes by allicin. FEBS Letters 

580: 2517-2522. 

37.  Hsiao YP, Yu CS, Yu CC, Yang JS, Chiang JH, Lu CC . 

Triggering apoptotic death of human malignant 

melanoma A375. S2 cells by bufalin: Involvement of 

caspase cascade-dependent and independent 

mitochondrial signaling pathways. Evid Based 

Complement. Alternat. Med. (2012) 591241. 

38. Kuo YJ, Yang JS, Lu CC, Chiang SY, Lin JG and Chung 

JG . Ethanol Extract of hedyotis diffusa willd 

upregulates G0/G1 phase arrest and induces apoptosis 

in human leukemia cells by modulating caspase cascade 

signaling and altering associated genes expression was 

assayed by CDNA microarray. Environ. Toxicol. (2015) 

30: 1162–1177. 

39. Rao, A. V. and Ali, A. (2017) Biologically Active 

Phytochemicals in Human Health: Lycopene, Int. J. 

Food Properties, 10(2):279-288. 

 

 

 

  

 

 

 

 

 

 

 

 

 


