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ABSTRACT  
Cancer is a heterogeneous disease characterized by uncontrolled proliferation and impaired cell cycle leading to the growth of abnormal cells 
that invade and metastasize to other parts of the body. Oxidative stress, hypoxia,  genetic mutations and lack of apoptotic function are the main 
internal causes of cancer, whereas the external causes are related to increased exposure to stress, pollution, smoking, radiation and ultraviolet 
rays. Phytochemicals derived from plants, serve as vital resources for novel drugs and are also sources for cancer therapy. The objective of this 
review is to describe the active compounds derived from the natural products/plants, along with their pharmacologic action and molecular 
targets.  
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1. INTRODUCTION 

Cancer is a serious threat and mortality of cancer are high in 
global1,2. In addition to causing serious harm to the patient's 
body, cancer also imposes a huge economic burden on 
patients, and the burden on developing countries is 
growing3. Traditionally, treatment for cancer uses the four 
methods of surgery, radiotherapy, chemotherapy, and 
immunotherapy alone or in combination4. Accompanied by 
the use of chemotherapy drugs, drug resistance caused by 
cancer cells adapting to chemotherapeutic agents is the main 
reason for obstructing the efficacy of chemotherapy drugs5. 
Therefore, the development of adjuvant or alternative drugs 
is necessary. Biologically active phytochemicals present in 
plants and natural products, improve treatment efficiency in 
cancer patients and decrease adverse reactions. These 
phytochemicals having significant antitumor potential6 .In 
the present review, an attempt has been made to collect 
information about the anti-cancer phytochemicals that are 
evaluated at preclinical and clinical levels. 

2. PHYTOCHEMICALS USED IN CURRENT CANCER 
TREATMENT 

Scientific evidences indicate that phytochemicals have 
significant antitumor potential. Approximately, 50% of 

approved anticancer drugs originate from natural 
products7,6. These phytochemicals have been tested for anti-
cancer efficacy at both in vitro and in vivo levels. They 
possess complementary and overlapping mechanisms to 
slow down the carcinogenic process by scavenging free 
radicals8, suppressing survival and proliferation of 
malignant cells9, as well as diminishing invasiveness and 
angiogenesis of tumors10. They exert wide and complex 
range of actions on different molecular targets and signal 
transduction pathways including membrane receptors11, 
kinases12, downstream tumor-activator or -suppressor 
proteins13, transcriptional factors14, microRNAs (miRNAs)15, 
cyclins, and caspases9. 

The four major classes of clinically used plant-derived 
anticancer compounds include vinca alkaloids, taxane 
diterpenoids, camptothecin derivatives, and 
epipodophyllotoxin (Table 1). Apart from these 
phytochemical classes, other plant-derived anticancer 
agents from different classes such as combretastatins, 
homoharringtonine (omacetaxine mepesuccinate, 
cephalotaxine alkaloid), and ingenol mebutate are also used 
(Table 1). 
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Table 1: Phytochemicals used in current cancer treatment 

Phytochemicals Pharmacological action Type of cancer Ref 

Vinca alkaloids 
Vinblastine, Vincristine, 
Vindesine , Vinflunine, 
Vinorelbine 

Inhibit microtubule polymerization 
and assembly, leading to metaphase 
arrest and cell death. 

Non-small-cell lung carcinoma 
(NSCLC), breast, lung, leukemia, 
Hodgkin and non-Hodgkin 
lymphomas, testicular carcinoma, 
Kaposi’s sarcoma, and second-line 
transitional cell carcinoma of the 
urothelium (TCCU) 

16 

Taxanes  

Cabazitaxel, Docetaxel, 
Paclitaxel 

Inhibit microtubule function resulting 
in cell cycle arrest and aberrant 
mitosis. 

NSCLC, head and neck, breast, 
prostate, gastric adenocarcinoma 

17,18 

Podophyllotoxin 
Etoposide, Teniposide 

Inhibits DNA synthesis by forming a 
complex with topoisomerase II and 
DNA. 

Osteosarcoma, NSCLC cervical, 
nasopharyngeal, colon, breast, 
prostate, and testicular cancer 

19 

 

Camptothecin  

 Irinotecan , Topotecan 

Stabilizes topoisomerase I-DNA 
complex thereby preventing religation 
of single strand breaks resulting in 
lethal double-stranded breaks in DNA. 

Ovarian, cervical, colorectal, and 
small cell lung cancer (SCLC) 

20 

Combretastatin A4 Inhibits polymerization of tubulin 
causing disruption of the tumor 
endothelial cells lining the tumor 
vasculature 

Polypoidal choroidal vasculopathy, 
anaplastic thyroid cancers 

21 

Homoharringtonine Binds to large ribosomal subunit, 
which affects chain elongation and 
prevents protein synthesis 

Chronic myeloid leukemia 22 

Ingenol mebutat It induces rapid induction of cell death 
in the treated area and it activates 
inflammatory response, capable of 
eliminating the residual cells 

Actinic keratosis 

 

23 

Homoharringtonine (HHT) HHT binds to the A-site cleft in the 
large ribosomal subunit, which affects 
chain elongation and prevents protein 
synthesis. 

Chronic myeloid leukemia 24 

Combretastatins 
compounds 

Combretastatin A1 , 
Combretastatin A4 , 
Combretastatin A4 
phosphate (CA4P) 

These compounds indirectly act on 
cancer cells by inhibiting tubulin 
polymerization causing disruption of 
the tumor endothelial cells lining the 
tumor vasculature, inducing rapid 
vascular collapse in solid tumors 

Thyroid and ovarian cancer. 21 

Resveratrol (stilbenoid) Delayed the development of 
recurrence by lengthening the prostate 
specific antigen doubling time 
(PSADT) 

Low-grade GI neuroendocrine 
tumors 

25 

Paclitaxel (tricyclic 

diterpenoid) 

Effectiveness on both solid and 
disseminated tumors and a broad 
spectrum of antitumor activity 
predicted by its unique  mechanism of 
action, which targets the very basic 
elements of the cancer phenotype like 
cell proliferation 

breast, ovarian  

and lung cancers 

26  

 

3. PHYTOCHEMICALS USED AS CANCER 
CHEMOPREVENTIVE AND TREATMENT AGENTS 

Various review articles summarized natural phytochemicals 
and their anti-cancer effects, such as Vitamin E from plant 
oil27 boron-rich natural compound28 , hydroxytyrosol from 

virgin olive oil29 , resveratrol from grapes30, phytoestrogens 
most notably from soybean31, or EGCG from green tea 
polyphenols32. Abundant evidence has been collected on 
preclinical efficacy of number of phytochemicals in various 
animal models which is summarized in Table 2 and Fig.1.
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Table 2: Phytochemicals used in cancer therapy 

Phytochemicals  Source Pharmacological action Types of Cancer Ref 

Allicin (organosulfurs) Garlic (Allium sativum) STAT3 signaling pathway Lung adenocarcinoma A549 and 
H1299 cells  

33,34 

Andrographolide 
(diterpenoid) 

Green chireta 
(Andrographis 
paniculata) 

HIF-1a, VEGF, and PI3K 
pathway 

HT-29 cells 35 

Apigenin (flavonoid) Parsley (Petroselinum 
crispum) 

Intrinsic apoptosis 
pathway 

Human chondrosarcoma Sw1353 
cells 

36,9 

Baicalein (flavonoid)  Baikal skullcap  
(Scutellaria 
baicalensis) 

MAPK, ERK, and p38 
signaling pathways 

Human colon cancer HCT116 cells 12,37 

Curcumin 
(phytopolyphenol) 

Turmeric (Curcuma 
longa) 

Modulates cell signaling 
and gene expression 
regulatory pathways 

 Human A375 melanoma cells 38 

Dicumarol Yellow sweet clover 
(Melilotus officinalis) 

Intrinsic apoptosis 
pathway 

DIC as a potential anticancer agent 
when female fertility preservation 
is a concern  

14,39 

Epigallocatechin 
(flavonoids) 

Green tea (Camellia 
sinensis) 

Inhibit cell proliferation 
and apoptosis 

Human breast cancer MDA-MB-231 
cells 

40 

Emodin - 
Resin(anthraquinone 
derivative) 

Root and rhizome 
of Rheum palmatum L. 

PI3K/AKT and MAPK 
signaling pathways 

Human hepatocellular cancer 
SMMC-7721 cells 

41,42 

Genistein 
(isoflavonoid) 

Soya beans (Glycine 
max (legumes) 

WNT/b-catenin and Akt 
signaling pathway 

Human leukemia cell line HL‐60 43 

Gingerol (polyphenol) Rhizomes of 
ginger (Zingiber 
officinale) 

Intrinsic apoptosis 
pathway 

 Inhibition of lung-metastatic, MDA-
MB-231 human breast cancer cell 
proliferation 

44,45 

Glycyrrhizin 
(triterpenes) 

Roots of licorice  
(Glycyrrhiza glabra) 

TxA2 and JAK/STAT 
signaling pathway 

Human lung adenocarcinoma A549 
cells  

46 

Hispidulin (flavone) Roseleaf sage (Salvia 
involucrate) 

Intrinsic apoptosis 
pathway 

Inhibited the Caki-2 (human clear 
cell renal cell carcinoma) tumor 
growth,  Human hepatocellular 
carcinoma Bel7402 cell 

47,48 

Licochalcone A 
(chalcone) 

Roots of Liquorice 
(Glycyrrhiza glabra) 

Cyclins and CDKs Human cervical cancer cell SiHa 10 

Nimbolide (triterpene) Neem (Azadirachta 
indica) 

PI3K/AKT/mTOR and ERK 
signaling 

Pancreatic cancer HPAC cell 49 

Pterostilbene 
(polyphenol) 

Grapes (Vitis vinifera, 
Vitaceae) 

Mitochondrial mediated 
apoptosis; ERK and STAT3 
signaling 

Inhibited EC109 tumor growth 50 

Sulforaphane 
(organosulfur) 

Cabbage (Brassica 
oleracea) 

Cell cycle arrest and 
apoptosis. Targets: caspase 
8, p21, hsp90 

Barrett esophageal 
adenocarcinoma (BEAC) cells 

51 

Thymol 
(monoterpenoids) 

Thyme (Thymus 
vulgaris) and Oregano 
(Origanum vulgare) 

Mitochondrial mediated 
apoptosis 

Oral squamous cell carcinoma 
Cal27‐ and HeLa‐ 

52 

Thymoquinone 
(quinone) 

Black cumin seed oil 
(Nigella sativa) 

STAT3 and associated 
protein 

Human gastric cancer cells, breast 
cancer EMT6/P cell line 

53 

Ursolic acid 
(triterpenoids) 

Snake-needle grass 
(Oldenlandia diffusa) 

Ki-67, CD31, and miR-29a Cervical cancer cell 54 

Withaferin-A 
(phytosterols) 

Ashwagandha 
(Withania somnifera) 

AKT signaling FOX03a-Par-
4 cell death pathway, ERK, 
and p38 pathway 

Human colorectal carcinoma (HCT-
116) cells 

55 
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Fig.1: Chemical structures of some anticancer phytochemicals 

 

4. FLAVONOIDS AS ANTICANCER AGENTS 

Flavonoids are polyphenolic compounds subdivided into 6 
groups: isoflavonoids, flavanones, flavanols, flavonols, 
flavones and anthocyanidins found in a variety of plants. 
Fruits, vegetables, plant-derived beverages such as green 
tea, wine and cocoa-based products are the main dietary 
sources of flavonoids. Flavonoids have been shown to 
possess a wide variety of anticancer effects: they modulate 
reactive oxygen species (ROS)-scavenging enzyme activities, 
participate in arresting the cell cycle, induce apoptosis, 
autophagy, and suppress cancer cell proliferation and 
invasiveness. Flavonoids have dual action regarding ROS 
homeostasis—they act as antioxidants under normal 
conditions and are potent pro-oxidants in cancer cells 
triggering the apoptotic pathways and down regulating pro-
inflammatory signaling pathways56. Flavonoids exert a wide 
variety of anticancer effects: they modulate ROS-scavenging 
enzyme activities, participate in arresting the cell cycle, 
induce apoptosis, autophagy, and suppress cancer cell 
proliferation and invasiveness57, 58. Isoflavone genistein 
promoted breast cancer cell arrest at G2/M phase and 
subsequent ROS dependent apoptosis59. Daidzein promoted 
apoptosis in breast cancer MCF-7 cells due to the ROS 
generation60. Flavanone hesperetin induced apoptosis of gall 
bladder carcinoma61, esophageal cancer5, hepatocellular 
carcinoma and human breast carcinoma MCF-7 cells62 via 
activating the mitochondrial apoptotic pathway by 

increasing the ROS production. Flavanone naringenin 
exerted anti-cancer effects on choriocarcinoma JAR and JEG 
3 cell lines by inducing the generation of ROS and activation 
of signaling pathways63. Cocoa catechins and procyanidins 
have been shown to induce apoptotic morphological 
changes, DNA damage and apoptosis in epithelial ovarian 
cancer cells due to their prooxidant properties64. Cocoa 
polyphenolic extract activated the ERK1/2 pathway, thus 
increasing the activities of glutathione peroxidase and 
reductase in HepG2 cells. Flavonol quercetin exerted potent 
cancer chemopreventive properties. Recent studies showed 
that quercetin reduced the proliferation of hepatocellular 
carcinoma HepG2 cells decreasing the intracellular ROS 
level65. Flavonol kaempferol exerted cytotoxic effects on rat 
hepatocellular carcinoma cells via ROS-mediated 
mitochondrial targeting66. The anticancer activities of 
flavones apigenin and luteolin in ovarian cancer cell lines 
(A2780, OVCAR-3 and SKOV-3) were also related to the 
changes in ROS signaling, as well as to the promotion of 
apoptosis67. Flavone chrysin was reported to augment ROS 
and lipid peroxidation levels, leading to the death of 
choriocarcinoma (JAR and JEG3), bladder cancer and ovarian 
cancer (ES2 and OV90) cells68. Thus, numerous studies show 
beneficial effects of flavonoids as potent antioxidants under 
normal and pro-oxidants under pathological conditions, 
capable of activating apoptosis and suppressing 
proliferation and inflammation. 
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5. CONCLUSION 

Cancer is a highly malignant disease. Based on its current 
status, it is urgent to explore a kind of drug with lower 
toxicity, lower side effects and effective drug for cancer 
treatment or adjuvant therapy. The tumor occurrence and 
development involve multiple links, multiple pathways, and 
multiple targets. The complexity of the interaction between 
the various links may lead to clinical reactions such as 
limited therapeutic effect and large side effects. In this 
review, an attempt has been made to provide information of 
phytochemicals that are used in cancer treatment. This 
information will be extremely useful to identify a series of 
additional plant-derived drugs to treat cancer with 
minimum side effects. 

Acknowledgment: 

We would like to acknowledge Dr. S. Chandra Mohan, 
Shanmuga Centre for Medicinal Plants Research, Thanjavur, 
Tamil Nadu for his comments and data collection for 
preparing this manuscript.  

Relevant conflicts of interest/financial disclosures:  

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest.  

REFERENCES 

1. Bhatt AP, Redinbo MR, Bultman SJ ,The role of the microbiome in 
cancer development and therapy, A cancer journal for 
Clinicians, 2017; 67(4):326-344. 

2. Cronin KA, Lake AJ, Scott S, Sherman RL, Noone AM , Howlader N, 
Henley SJ , Anderson RN, Firth AU, Ma J, Kohler BA, Jemal A , 
Annual Report to the Nation on the Status of Cancer, part I: 
national cancer statistics, Cancer, 2018 ; 124:2785–2800. 

3. Vineis P, Wild CP, Global cancer patterns: causes and prevention, 
Lancet, 2012; 383:549–557 

4. Baskar A, Lee KA, Yeo R, Yeoh KW, Cancer and radiation therapy: 
current advances and future directions, International Journal of 
Medical Sciences, 2012; 9(3):193–199. 

5. Wu H, Xie J, Pan Q, Wang B, Hu D, Hu X ,Anticancer agent shikonin 
is an incompetent inducer of cancer drug resistance, public 
library of science, 2018; 8(1):e52706. 

6. Choudhari AS, Mandave PC, Deshpande M, Ranjekar P and 
Prakash, Phytochemicals in Cancer Treatment: From Preclinical 
Studies to Clinical Practice, Frontiers in Pharmacology, 2020; 
10:1614. 

7. Newman DJ , Cragg GM ,Natural Products as Sources of New Drugs 
from 1981 to 2014, Journal of natural products, 2016; 
79(3):629–661. 

8. Lee WL, Huang JY, Shyur LF. Phytoagents for cancer management: 
regulation of nucleic acid oxidation, ROS, and related 
mechanisms, Oxidative medicine and Cellular Longevity, 2013; 
925804, doi: 10.1155/2013/925804. 

9.Y an X-B, Xie T, Wang SD, Wang Z, Li HY, Ye ZM . Apigenin inhibits 
proliferation of human chondrosarcoma cells via cell cycle 
arrest and mitochondrial apoptosis induced by ROS generation-
an in vitro and in vivo study, International 
Journal of Clinical and Experimental Medicine, 2018; 11:1615–
1631. 

10. Lu L, Zhao Z, Liu L, Gong W, Dong J ,Combination of baicalein and 
docetaxel additively inhibits the growth of non-small cell lung 
cancer in vivo , the Traditional medicine Morden medicine, 
2018; 01:213–218. doi: 10.1142/ S2575900018500131. 

11. Deng QP, Wang MJ, Zeng X, Chen GG, HuangRY ,Effects of 
Glycyrrhizin in a Mouse Model of Lung Adeno carcinoma, 
Cellular Physiology and Biochemistry, 2017; 41(4) :1383–1392. 

12. Dou J, Wang Z, Ma L, Peng B, Mao K, Li, C, et al. ,Baicalein and 
baicalin inhibit colon cancer using two distinct fashions of 
apoptosis and senescence, Oncotarget ,2018; 9(28):20089–
20102. 

13. Adams LS, Phung S, Yee N , Seeram NP, Li L, Chen S ,Blueberry 
phytochemicals inhibit growth and metastatic potential of MDA-
MB-231 breast cancer cells through modulation of the 
phosphatidylinositol 3-kinase pathway, Cancer research ,2008; 
70(9):3594–3605. 

14. Zhang W, Su J, Xu H, Yu S, Liu Y, Zhang Y, et al.,Dicumarol inhibits 
PDK1 and targets multiple malignant behaviors of ovarian 
cancer cells , Public library of science, 2017; 12(6) :e0179672. 

15. Cojocneanu PR, Braicu C, Raduly L, Zanoaga O, Dragos N, 
Monroig P, et al , Phytochemicals modulate carcinogenic 
signaling pathways in breast and hormone-related cancers. 
Onco. Targets Therapy, 2015; 8:2053–2066. 

16. Martino E, Casamassima G, Castiglione S, Cellupica E, Pantalone 
S, Papagni F, et al.,  Vinca alkaloids and analogues as anti-cancer 
agents: Looking back, peering ahead,  Bioorganic & Medicinal 
Chemistry Letters, 2018; 28(18):2816–2826. 

17. Kotsakis A, Matikas A, Koinis F, Kentepozidis N, Varthalitis II, 
Karavassilis V, et al., A multicentre phase II trial of cabazitaxel in 
patients with advanced non-small-cell lung cancer progressing 
after docetaxel-based chemotherapy. British journal of cancer, 
2016; 115(7):784–788. 

18. Oudard S, Fizazi K, Sengelov L, Daugaard G, Saad F, Hansen S, et 
al. (2017). Cabazitaxel versus docetaxel as first-line therapy for 
patients with metastatic castration-resistant prostate cancer: a 
randomized phase III trial-firstana, International journal of 
clinical oncology, 2017; 35(28):3189–3197. 

19. Cao B, Chen H, Gao Y, Niu C, Zhang Y, Li L , CIP-36, a novel 
topoisomerase II-targeting agent, induces the apoptosis of 
multidrug-resistant cancer cells in vitro, International 
Journal of Molecular Medicine, 2015 ; 35(3):771–776. 

20. Hertzberg RP, Caranfa MJ, Hecht SM, On the mechanism of 
topoisomerase I inhibition by camptothecin: evidence for 
binding to an enzyme-DNA complex, Biochemistry, 1989 ; 
28(11) :4629–4638. 

21. Tozer GM, Kanthou C, Parkins CS, Hill SA, The biology of the 
combretastatins as tumour vascular targeting 
agents,International journal of experimental pathology, 2002; 
83:21–38. 

22. Itokawa H, Wang X, Lee KH, Homoharringtone and related 
compounds (Boca Raton: CRC Press), 2005. 

23. Skroza N, Bernardini N, Proietti I, PotenzaC ,Clinical utility of 
ingenol mebutate in the management of actinic keratosis: 
perspectives from clinical practice, Therapeutics and clinical 
risk management, 2018; 14:1879–1885. 

24. Short NJ, Jabbour E, Naqvi K, Patel A, Ning J, Sasaki K, et al., A 
phase II study of omacetaxine mepesuccinate for patients with 
higher-risk myelodysplastic syndrome and chronic 
myelomonocytic leukemia after failure of hypomethylating 
agents, American Journal of Hematology , 2019 ; 94:74–79. 

25. Paller C J, Rudek MA, Zhou XC, Wagner WD, Hudson TS, Anders 
N, et al., A phase I study of muscadine grape skin extract in men 
with biochemically recurrent prostate cancer: safety, 
tolerability, and dose determination, Prostate, 2015 ; 
75(14):1518–1525. 

26. Weaver BA, How Taxol/paclitaxel kills cancer cells. Molecular 
Biology of the Cell, 2014; 25(18):2677–2681. 

27. Colombo ML, An update on vitamin E, tocopherol and 
tocotrienol-perspectives, Molecules, 2010; 15(4):2103–2113. 



Thrisha et al                                                                                                          Journal of Drug Delivery & Therapeutics. 2020; 10(3):293-299 

 

ISSN: 2250-1177                                                                                  [298]                                                                                 CODEN (USA): JDDTAO 

28. Scorei RI, Popa R Jr ,Boron-containing compounds as preventive 
and chemotherapeutic agents for cancer, Anti-Cancer 
Agents in Medicinal Chemistry,2010 ; 10(4) :346–351. 

29. Granados-Principal S, Quiles JL, Ramirez-Tortosa CL, Sanchez-
Rovira P, Ramirez-Tortosa MC ,Hydroxytyrosol: from laboratory 
investigations to future clinical trials, Nutrition Reviews , 2010; 
68(4):191–206. 

30. Marques FZ, Markus MA, Morris BJ (2009). Resveratrol: cellular 
actions of a potent natural chemicalthat confers a diversity of 
health benefits, The International Journal of Biochemistry & Cell 
Biology, 2009; 41(11):2125–2128. 

31. Patisaul HB, Jefferson W The pros and cons of phytoestrogens, 
frontiers neuroendocrinology, 2010; 31(4):400–419. 

32. Kim JW, Amin AR, Shin DM ,Chemoprevention of head and neck 
cancer with green teapolyphenols ,Cancer Prevention Research, 
2010; 3:900–909. 

33. Huang L , Song Y, Lian J, Wang Z (2017). Allicin inhibits the 
invasion of lung adenocarcinoma cells by altering tissue 
inhibitor of metalloproteinase/matrix metalloproteinase 
balance via reducing the activity of phosphoinositide 3-
kinase/AKT signaling, Oncology letters ,2017; 14(1):468–474.  

  34. Chen H, Zhu B, Zhao L, Liu Y, Zhao F, Feng J, et al., Allicin  
Inhibits Proliferation and Invasion in Vitro and in Vivo via SHP-
1-Mediated STAT3 Signaling in Cholangiocarcinoma, Cellular 
Physiology and Biochemistry, 2018 ;47(2): 641–653.  

35. Li J, Zhang C, Jiang H, Cheng J ,Andrographolide inhibits hypoxia-
inducible factor-1 through phosphatidylinositol 3-kinase/AKT 
pathway and suppresses breast cancer growth,  
OncoTargets and Therapy , 2015; 8:427–435, doi: 
10.2147/OTT.S76116. 

36.Chang JH, Cheng CW, Yang YC, ChenWS, Hung WY, Chow JM, et al., 
Downregulating CD26/DPPIV by apigenin modulates the 
interplay between Akt and Snail/Slug signaling to restrain  
metastasis of lung cancer with multiple EGFR  statuses  
The Journal of Experimental  & Clinical Cancer Research, 2018;  
37(1):199.  

37. Tao Y, Zhan S, Wang Y, Zhou G, Liang H, Chen X, et al., (2018). 
Baicalin, the major component of traditional Chinese medicine 
Scutellaria baicalensis induces colon cancer cell apoptosis 
through inhibition of oncomiRNAs, Scientific Reports 2018; 
8:14477, doi: 10.1038/s41598-018-32734-2. 

38. Kunnumakkara AB, Bordoloi D, Harsha C, Banik K, Gupta SC, 
Aggarwal BB , Curcumin mediates anticancer effects by 
modulating multiple cell signaling pathways, Clinical Science ,  
2017; 131(15):1781–1799.  

39. Aras D, Cinar O, Cakar Z, Ozkavukcu S, Can A ,Can dicoumarol be 
used as a gonad-safe anticancer agent: an in vitro and in 
vivo experimental study, Molecular Human Reproduction,  2016; 
22(1):57–67.  

40. Thangapazham RL, Singh AK, Sharma A, Warren J, Gaddipati JP, 
Maheshwari RK , Green tea polyphenols and its constituent 
Epigallocatechin gallate inhibits proliferation of human breast 
cancer cells in vitro and. In vivo, Cancer Letters, 2007; 245:232–
241.  

41. Iwanowycz S, Wang J, Hodge J, Wang Y, Yu F, Fan D , Emodin 
inhibits breast cancer growth by blocking the tumor-promoting 
feedforward loop between cancer cells and 
macrophages, Molecular Cancer Therapeutics, 2016; 
15(8):1931–1942.  

42. Su X, Jiang X, Meng L, Dong X, Shen Y, Xin Y , Anticancer activity 
of sulforaphane: the epigenetic mechanisms and the Nrf2 
signaling pathway, Oxidative Medicine and Cellular 
Longevity ,2018;  2018:5438179.  

43. Hsiao YC, Peng SF, Lai KC, Liao CL, Huang YP, Lin CC, et al.,  
Genistein induces apoptosis in vitro and has antitumor activity 
against human leukemia HL-60 cancer cell xenograft growth in 
vivo, Environmental toxicology, 2019; 34(4):443–456.  

44. Joo JH, Hong SS, Cho YR, Seo DW, 10-Gingerol inhibits 
proliferation and invasion of MDA-MB-231 breast cancer cells 
through suppression of Akt and p38MAPK activity, 
Oncology reports , 2016; 35(2):779–784.  

45. Martin A, Fuzer AM, Becceneri AB, da Silva JA, Tomasin R, 
Denoyer D, et al., [10]-gingerol induces apoptosis and inhibits 
metastatic dissemination of triple negative breast cancer in 
vivo, Oncotarget , 2017; 8(42):72260–72271.  

46. Deng QP, Wang MJ, Zeng X, Chen GG, Huang RY(2017). Effects of 
Glycyrrhizin in a Mouse Model of Lung 
Adenocarcinoma. Cellular Physiology and Biochemistry, 2017; 
41(4):1383–1392.  

47. Gao MQ, Gao H, Han M, Liu KL, Peng JJ, Han YT (2017). Hispidulin 
suppresses tumor growth and metastasis in renal cell carcinoma 
by modulating ceramide-sphingosine 1-phosphate rheostat, 
Journal of Cancer Research, 2017;  7 (7):1501–1514. 

48. Han M, Gao H, Xie J, Yuan YP, Yuan Q, Gao M Q, et al., Hispidulin 
induces ER stress-mediated apoptosis in human hepatocellular 
carcinoma cells in vitro and in vivo by activating AMPK signaling 
pathway, Acta pharmacologica Sinica , 2018;  666–676.  

49. Subramani R, Gonzalez E, Arumugam A, Nandy S, Gonzalez V, 
Medel J, et al.,  Nimbolide inhibits pancreatic cancer growth and 
metastasis through ROS-mediated apoptosis and inhibition of 
epithelial-to-mesenchymal transition, Scientific Reports, 2016 
;6: 19819.  

50. Feng Y, Yang Y, Fan C, Di S, Hu W, Jiang S, et al., Pterostilbene 
Inhibits the Growth of Human Esophageal Cancer Cells by 
Regulating Endoplasmic Reticulum Stress, Cellular 
Physiology and Biochemistry, 2016; 38(3):1226–1244.  

51. Qazi A, Pal J, Maitah M, Fulciniti M, Pelluru D, Nanjappa P, et al.,  
Anticancer activity of a broccoli derivative, sulforaphane, in 
barrett adenocarcinoma: potential use in chemoprevention and 
as adjuvant in chemotherapy , translational oncology, 2010; 
3(6):389–399. 

52. De La Chapa JJ, Singha PK, Lee DR, Gonzales CB , Thymol inhibits 
oral squamous cell carcinoma growth via mitochondria-
mediated apoptosis, Journal of Oraal Pathology and Medicine ,  
2018 ; 47(7):674–682.  

53. Odeh LH, Talib WH, Basheti IA, Synergistic effect of 
thymoquinone and melatonin against breast cancer implanted 
in mice, Journal of Cancer Research and Therapeutics. , 2018; 
(Supplement):S324–S330. 

54. Prasad S, Yadav VR, Sung B, Reuter S, Kannappan R, Deorukhkar 
A, et al., Ursolic acid inhibits growth and metastasis of human 
colorectal cancer in an orthotopic nude mouse model by 
targeting multiple cell signaling pathways: chemosensitization 
with capecitabine,  International journal of Clinical Cancer 
Research , 2012; 18(18):4942–4953. 

55. Kuppusamy P, Nagalingam A, Muniraj N, Saxena NK, Sharma D 
,Concomitant activation of ETS-like transcription factor-1 and 
death Receptor-5 via extracellular signal-regulated kinase in 
withaferin a-mediated inhibition of hepatocarcinogenesis in 
mice. International Journal of Scientific Reports, 2017 ; 7:17943 

56. Kopustinskiene DM, Jakstas V, Savickas A, Bernatoniene J, 
Flavonoids as Anticancer Agents. Nutrients, 2020; 12(2):457. 

57. Perez-Vizcaino F, Fraga CG, Research trends in flavonoids and 
health. Archives of Biochemistry and Biophysics, 2018; 
646:107–112. 

58. Gorlach S, Fichna J, Lewandowska U, Polyphenols as 
mitochondria-targeted anticancer drugs , Cancer Letters , 2015; 
366(2):141–149.  

59. Kaushik S, Shyam H, Agarwal S, Sharma R, Nag TC, Dwivedi AK, 
Balapure AK, Genistein potentiates Centchroman induced 
antineoplasticity in breast cancer via PI3K/Akt deactivation and 
ROS dependent induction of apoptosis, Life Scinces, 2019; 
117073. 



Thrisha et al                                                                                                          Journal of Drug Delivery & Therapeutics. 2020; 10(3):293-299 

 

ISSN: 2250-1177                                                                                  [299]                                                                                 CODEN (USA): JDDTAO 

60. Jin S, Zhang QY, Kang XM, Wang JX, Zhao WH , Daidzein induces 
MCF-7 breast cancer cell apoptosis via the mitochondrial 
pathway. Annals of Oncology, 2010; 21(2):263–268. 

61. Pandey P, Sayyed U, Tiwari RK, Siddiqui MH, Pathak N, Bajpai P , 
Hesperidin Induces ROS-Mediated Apoptosis along with Cell 
Cycle Arrest at G2/M Phase in Human Gall Bladder Carcinoma , 
Nutrition and cancer, 2019; 71(4):676–687. 

62. Palit S, Kar S, Sharma G, Das PK , Hesperetin Induces Apoptosis 
in Breast Carcinoma by Triggering Accumulation of ROS 
andActivation of ASK1/JNK Pathway, The Journal of Cellular 
Physiology , 2015 ; 230(8) :1729–1739. 

63. Park S, Lim W, Bazer FW, Song G ,  Naringenin suppresses 
growth of human placental choriocarcinoma via reactive oxygen 
species-mediated P38 and JNK MAPK pathways. Phytomedicine, 
2018; 50:238–246. 

64. Taparia SS, Khanna A,  Procyanidin-rich extract of natural cocoa 
powder causes ROS-mediated caspase-3 dependent apoptosis 
and reduction of pro-MMP-2 in epithelial ovarian carcinoma cell 
lines. Biomedicine & pharmacotherapy, 2016; 83:130–140.  

65. Jeon JS, Kwon S, Ban K, Kwon Hong Y, Ahn C, Sung JS, Choi I , 
Regulation of the Intracellular ROS Level Is Critical for the 
Antiproliferative E 
ect of Quercetin in the Hepatocellular Carcinoma Cell Line 
HepG2 , Nutrition and cancer , 2019 ; 71(5) :861–869. 

66. Seydi E, Salimi A, Rasekh HR, Mohsenifar Z, Pourahmad, J 
,Selective Cytotoxicity of Luteolin and Kaempferol on Cancerous 
Hepatocytes Obtained from Rat Model of Hepatocellular 
Carcinoma: Involvement of ROS-Mediated Mitochondrial 
Targeting, 2018; 70(4):594–604. 

67. Tavsan Z, Kayali HA , Flavonoids showed anticancer effects on 
the ovarian cancer cells: Involvement of reactive oxygen species, 
apoptosis, cell cycle and invasion , Biomedicine 
& pharmacotherapy, 2019;116: 109004. 

68. Lim W,  Ryu S, Bazer FW, Kim SM, Song G , Chrysin attenuates 
progression of ovarian cancer cells by regulating signaling 
cascades and mitochondrial dysfunction, The Journal of Cellular 
Physiology, 2018; 233(4):3129–3140. 

 

 

 


