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ABSTRACT 
The most serious diseases cancer, is responsible for the death of more than 8.2 million people 

in the world wide in recent years. The uncontrolled growth of abnormal cells in the anywhere in the 
body are known to us cancer. These abnormal cells are referred to as cancer cells, malignant cells 
and tumor cells. There are over 200 types of cancer of them carcinoma, sarcoma, leukemia, 
lymphoma and myeloma, central nervous system cancers are the most common. A lump, abnormal 
bleeding, prolonged cough, unexplained weight loss and a change in bowel movements are the 
possible signs and symptoms of cancer. So in this way cancer, becomes a fearful terms in the world. 
Many conventional therapies such as radiation and chemotherapy are well known but they have 
numerous hazardous effects to the patients. Researchers are now focused to find out more effective 
and less toxic anti-cancer agents. In this respect natural sources are playing an important role in the 
development of novel anti-cancer agents. Till now various natural processes and chemical synthesis 
provide many anti-cancer drugs. Many active phytochemicals and dietary compound have been used 
for the cancer treatment and many are under human clinical trial as they can inhibit and reverse 
carcinogenesis by inducing detoxifying antioxidant enzyme system and inducing cell cycle arrest and 
apoptosis. Epidemiological studies reveals that the high intake of fruits and vegetable reduce the risk 
of cancer. This review will discuss the anticancer activity of natural products which are highly 
promising and demanding for mankind.  
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INTRODUCTION 
Cancers which are the large family of diseases leading cause of mortality to the developing 

and developed country. Annually more than 15 million people are victim of this morbidity due to 

various types of cancer. Recent data accounting for more than 8.2 million deaths in recent years1. Six 

hallmarks of cancer are by the tumor cells due to the following reasons (i) cell growth and division 

absent the proper signals, (ii) continuous growth and division even given contrary signals, (iii) 

avoidance of programmed cell death (iv) Limitless number of cell divisions (v) promoting blood 

vessel construction (vi) invasion of tissue and formation of metastases2,3. Recent data showed that 

22% of the total cancer patients are tobacco users. Another 10% are coming from obesity, poor diets, 

lack of physical activity and excess drinking of alcohol. Environmental pollutants and ionizing 

radiations are also responsible for invasive cancer. Helicobacter pylori, hepatitis B, hepatitis C, 

human papillomavirus infection, Epstein–Barr virus and human immunodeficiency virus (HIV) etc 

virus infections are the culprits of the 15% cancer of the developing countries4,5. Classification of 

cancers are done by the type of cell that the tumor cells resemble. The types of cancer are as follows: 

(i) Carcinoma: Cancers derived from epithelial cells. This group includes many of the most common 

cancers and include nearly all those in the breast, prostate, lung, pancreas and colon. (ii) Sarcoma: 

Cancers arising from connective tissue (i.e. bone, cartilage, fat, nerve), each of which develops from 

cells originating in mesenchymal cells outside the bone marrow. (iii) Lymphoma and leukemia: 

These two classes arise from hematopoietic (blood-forming) cells that leave the marrow and tend to 

mature in the lymph nodes and blood, respectively. (iv) Germ cell tumor: Cancers derived from 

pluripotent cells, most often presenting in the testicle or the ovary (seminoma and dysgerminoma, 

respectively). (v) Blastoma: Cancers derived from immature "precursor" cells or embryonic tissue6,7. 

Cancer prevention is defined as active measures to decrease cancer risk of which 30% could 

be prevented by avoiding risk factors including: tobacco, excess weight/obesity, poor diet, physical 

inactivity, alcohol, sexually transmitted infections and air pollution8,9. Current cancer therapy 

involves surgical removal, radiotherapy, chemotherapy, immunotherapy and so on. Albeit 

chemotherapy has major disadvantage such as drug resistance and severe side effect such as 

endocrine system problem, lungs problem, brain-spinal-nerve problems, digestion   problem etc , still 

chemotherapy is used popularly worldwide to treat the all kind of cancer in every stage of cancer 

progression . And this therapy is very costly. Recently Vaccines specially Human papillomavirus 

vaccine (Gardasil and Cervarix) lowers the risk of developing cervical cancer and hepatitis B vaccine 

prevents infection with hepatitis B virus and thus decreases the risk of liver cancer10-12. To overcome 

the disadvantages of chemotherapy now the researchers are hunting novel anticancer drugs from the 

natural sources.  From the very ancient era, natural products have been used to treat various 
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morbidity with no or less side effect & thus become an important and promising research area for 

drug discovery. Recent data showed that a various classes of natural products possessing anti-cancer 

activity are alkaloids, terpenoids, flavonoids, polysaccharides etc are some of the bioactive natural 

product with potent anticancer activity. A set of 617 approved anticancer drugs constituting active 

domain & a set of 2892 natural products, constituting the inactive domain, were employed to build 

predictive models and to index natural products for their anticancer bioactivity. The anticancer 

activity of most of the natural products can inhibit & reverse carcinogenesis by inducing cell cycle 

arrest, apoptosis & regulating immune function 1, 13-14. 

History of Cancer research 
The inventor of chemotherapy, Paul Ehrlich made a great contribution to the cancer drug 

development in the early 1900s. In 1939 Charles Huggins introduced the hormonal therapy for the 

treatment of prostate cancer in men15. The sulfur mustard gas which was used in the World War-I, 

markedly depleted the bone marrow lymph nodes. Inspired by this observations (mainly by Milton 

Winternitz) US office of Scientific Research and Development found the nitrogen mustard 

compound was effective for the non-Hodgkin’s lymphoma and other lymphoma16,17. Faber and 

coworkers developed antifolate compounds containing aminopterin and amethopterin (now a days 

popularly known to us as methotrexate) and used these compounds in the treatment of child 

leukemia18. In 1951 Hitchings and Elicon invented two drugs namely 6-Thioquanine and 6-

Mercaptopurine in the treatment of acute leukemia19,20. In 1957 Heidelberger et al.,21 synthesized 5 

FU (Fluoropyrimidine-5-fluorouracil) which had a broad spectrum activity against a range of solid 

tumors and this makes it important for the treatment of colorectal cancer and this represents the very 

first example of cancer therapy become the hallmark of the recent cancer drugs22. In the same year 

another group of researchers investigated the two drugs, vincristine and vinblastine as anti-cancer 

agents from the periwinkle plant as they found that some of their extracts caused bone marrow 

suppression in animals23. After that in 1960s radiotherapy and surgery are playing a major role in the 

field of cancer treatment. The application of anticancer drugs with the combination of either 

radiotherapy or surgery or by both gave the new dimension to the cancer treatment. This method is 

applied initially for the breast cancer and field of adjuvant chemotherapy was invented24-26. Min Chiu 

Li used methotrexate in an unusual way for the treatment of rare tumor of the placenta, 

choriocarcinoma effectively27. A great breakthrough occurred in cancer therapy when the Eli Lilly 

company isolated plant alkaloids from Vinca rosea and this alkaloids had the activity in the leukemia 

and Hodgkin’s disease28. Two different group of scientists De vita et al., 1966 and Brunner & Young 

1967 invented the activity of the ibenzmethyzin in Hodgkin’s disease 29,30. 
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In 1964 Skipper proposed the “Cell Kill” hypothesis, which stated that a given dose of drug 

killed constant fraction of tumor cells not a constant number of cells & thus it is necessary to know 

about the no. of cells present at the beginning of each treatment to be succeed31,32. The metal-based 

compounds including arsenic, mercury, gold and platinum showed cell killing activities although 

platinum -containing complexes are the supreme one33. In mid-1974 the idea of combination 

chemotherapy was introduced by Lawrence et.al. They started a series of study on the cure rate of 

metastatic testicular cancer going from 10% to 60% by 1978 by the use of a combination of cis-

platinum, vinblastine, & bleomycin34. Now a days Chemotherapy is extensively used in the treatment 

of all stages of tumor and testicular cancer effectively35-37. 

Classification of anti-cancer drugs 
In classical approach anticancer drugs were classified as chemotherapy, hormonal therapy, 

immunotherapy. Alkylators, anti-biotics, antimetabolites, topoisomerases inhibitors, mitosis 

inhibitors and others are included in the section of chemotherapy. Hormonal therapy includes 

steroids, anti-estrogens, anti-endrogens, LH-RH analogs and anti-aromatase agents. Interferon, 

interleukin 2 and vaccines are the part of the immunotherapy. After that Enrique Espinosa et al in 

200338 proposed a new drug classification based on the targeted tumor cell. The targets are located at 

the DNA, RNA, or the protein level. Some chemotherapeutic agents that are directed towards the 

tumor DNA are as follows:-nitrogen mustards (eg., chlorambucil), Nitrosoureas (eg., BCNU)  

Trizenes (eg., Dacarbazine), Pt-Compouns (Oxaliplatin), DNA related proteins antibiotics (eg., 

Doxorubicin), podophillotoxins (eg., etoposide), topo-I inhibitors (eg., Topotecan), antimetabolites 

(eg., 5-FU, trimetrexate, cladribine) and other ecteinascidin. All these drugs works by breaking the 

DNA either by cross links or free radicals and other mechanisms. Besides this some steroids (eg., 

Dexamethasone) , antihormones (eg., antiestrogen), retinoids (eg., ATRA), interferon-α and gene 

therapy are also reported. They are probably act by the union to specific receptors and transcriptional 

interaction with specific genes38. 

Synthetic anticancer drugs 
The number of more effective synthetic anti-cancer drugs are increases day by day because 

most of the patients are still die due to their advanced solid tumors. Here we discuss some of the 

synthetic anticancer drugs.  

Firstly we will start with Procarbazine HCl which is a ‘nonclassical’ oral alkylating 

antineoplastic agent that belongs to the same family as dacarbazine and hexamethylamine approved 

since 1969 in United States. It is used as a chemotherapy medication for the treatment of Hodgkin’s 
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lymphoma and brain cancers, multiple myeloma,melanoma, lung cancers. It is frequently used 

together with chlormethine, vincristine, and prednisone for Hodgkin's whilst for brain cancers such 

as glioblastoma multiforme it is used with lomustine and vincristine 39.  

The second antineoplastic drug of the family of alkylating agents is cyclophosphamide which 

is also known as cytophosphane. It is used in the chemotherapeutic agents to suppress the immune 

system and for the treatment of the lymphoma, multiple myeloma, leukemia, overian cancer, breast 

cancer, small cell lung cancer, neuroblastoma, sarcoma, as chemotherapy, & as an immune 

suppressor it is used in nephrotic syndrome, etc. mechanistically they work by forming DNA cross 

links between & with in DNA strands at guanine N-7 position lead to the cell apoptosis40. The third 

one anti-cancer agent in the class of alkylating agent is BCNU (bis-chloroethylnitrosourea ) used to 

treat several types of brain cancer including glioma , glioblastoma multiforme , astrocytoma , etc  

multiple myeloma , lymphoma . they leads to cell apoptosis by forming crosslinks in DNA41. The 

fourth anti-cancer agent is Oxaliplatin, a platinum based antineoplastic compound used to treat 

advanced cancer of colon & rectum alomg with folinic acid & 5-FU in a combination known as 

FOLFOX . It forms inter & intra strands cross links in DNA which prevent DNA replication & 

transcription causing cell death42. The fifth one is 6-Mercaptopurine, w is used to treat leukemia and 

autoimmunodiseases and lymphosarcoma and lymphoma. It is generally inhibit the nucleic acid 

synthesis 43. The sixth one is fenretinide , a semi synthetic retinoid  related to Vit-A . It is used to 

treat prostate cancer, controlateral breast cancer T-cell lymphoma (cutaneous, peripheral) malignant 

bone tumors. Fenretinide  activates retinoic acid receptors , as a result it induce cell differentiation & 

apoptosis in some tumor cell types44-46. The seventh one is methotraxate previously known as 

amethopterin, used in the treatment of the breast cancer, leukemia, lung cancer, lymphoma, 

osteosarcoma. Methotraxate acts by the prevention of the incorporation of the purine and pyrimidine 

to the DNA during the S-phase and thereby stopping normal development and division47. 

The side effects of the synthetic anticancer drugs 
All types of synthetic anticancer drugs show adverse effects because of their mode of action 

on growing normal cells such as hair follicle cells and gastrointestinal, surface epithelial cell and 

stem cell. So it is necessary to design more effective and less toxic drugs to minimize the side effects 

of synthetic anticancer drugs. Some of the common side effects of synthetic anticancer drugs are as 

follows: 1. Alopecia (loss of hair)  2. skin rashes, 3. changes in the color and texture, 4.  loss of 

fingernails and toenails 5. nausea, 6. vomiting, 7. diarrhea, 8. Constipation, 9. liver and kidney 

damage, 10. peripheral neuropathy 11. Cardiotoxicity etc.  
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Table-1:- Some of the characteristics of the synthetic anticancer drugs 

NAME OF DRUG Mode Of Action Type Of Cancer Side Effect Reference 

Procarbazine DNA crosslinking / 
alkylation 

Hodgkin’s disease (III & 
IV stages) non-

hodgkin’s lymphomas , 
multiple myeloma , 

primary  brain tumors 
,melanoma ,lung cancer 

Gastrointestinal 
disturbances,  

myelosuppression, 
nervousness, and 

insomnia, Azoospermia 

Aramand  J P et 
al.., 200739 

Cyclophosphamide DNA cross- linking / 
alkylation 

Lymphoma , multiple 
myeloma , leukemia , 

Overian cancer , breast 
cancer , small cell lung 

cancer , neoroblastoma , 
sarcoma 

Cardiotoxicity , nausea 
, vomiting,  bone 

marrow suppression , 
stomach ache , 

hemorrhagic cystitis , 
alopecia ,syndrome of 

inappropriate 
antidiuretic  hormone 

secretion 

Bogatyrenko T. N. 
et al., 201440 

BCNU DNA cross- linking / 
alkylation 

Brain cancer including 
Glioma, glioblastoma 

multiforme and multiple 
myeloma and lymphoma 

myelosuppres-sion, 
hepatic toxicity, and 
pulmonary fibrosis 

Li  Y., et al., 200548 
 

Oxaliplatin Cross linking in 
DNA 

Advanced cancer of 
colon & rectum, 

pancreatic, gastric, 
breast and non small cell 

lung cancer 

peripheral neuropathy, 
myelosuppression, 

nausea, and vomiting 
thrombocytopenia 

Beypinar, I., et al 
201749 

Dilruba , S, 201650. 

Mercaptopurine Nucleic acid 
synthesis inhibitor 

Leukemia , autoimmune  
diseases, 

lymphosarcoma, 
lymphoma 

Bone marrow 
suppression, 

Myelotoxicity, 
Asymptomatic 

leucopenia 

Nielsen, O. H. et 
al., 200151. 

Fenritinide Union to retinoic acid 
receptors 

Prostate cancer, 
controlateral breast 

cancer , T-cell 
lymphoma  , malignant  

bone tumours. 

Rheumatoid arthritis, 
acne, psoriasis, 

skin dryness and night-
blindness 

Espinosa, E., 
200338; Radu, R A., 

et al., 200552. 

Methotrexate Cross linking in 
DNA 

Breast cancer , 
leukemia, lung cancer,  

lymphoma, osteo 
sarcoma 

Pancytopenia , 
renalfailure, 

hypoalbuminemia, 
aplastic anemia, 

osteopenia, damages 
bine growth in 

children, steonecrosis 
of the jaw, 

Sato T . et al. 
201853. 
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Figure-1:- The structures of the discussed synthetic anti-cancer drugs: 

 
 
Search for the novel less toxic targeted anticancer drugs from nature 
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radiotherapy, surgery, cancer threatens the mankind till now. It has been already discussed the 

adverse effects and toxicity of synthetic anticancer drugs. For this still now morbidity and mortality 

due to cancer is a worldwide problem in the developing countries. Researchers are now looking for 

targeted, less toxic anticancer drugs from the nature. In this respect researchers are now used 

pharmacotherapy which can be currently regarded as a very talented future substitute to conventional 

therapy for the treatment of cancer. Phramoctherapy includes the natural substances i.e., biological 

macromolecules, polysaccharide together with protein and polynucleotide. These biomacromolecules 
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have a major role in the growth and development of living organism. Besides this Pharmacotherapy 

also includes some pharmacologically active alkaloids, terpeneoids from plant sources 1,54. 

Classification of anticancer agents from the nature 
From the study of the bioactive anticancer agents from the nature it can categorized into three 

categories 1. Polysaccharides, 2. Alkaloids, 3. Terpenoids.   

Polysaccharides as anticancer agent 
Firstly starting study with the polysaccharides, it is found that marine resources are one of the 

source of the novel compounds having antitumor activities. Jiao, et al., 201155 studied on the brown 

algae which contains biologically active alginic acids, laminarans, and fucoidans. From which 

fucoidans showed anticancer activity. Fucoidans works by the mediated different signal pathway to 

regulating cell apoptosis by the inhibiting tumor metastasis and potentiating the toxic effect of 

chemical drugs56-58. The use of the following anticancer polysaccahrides: (i) Lentinan from Lentinus 

edodes, (ii) D-fraction from Grifola frondosa, (iii) schizophyllan from Schizophyllum commune, (iv) 

polysaccharide-K (PSK) from Trametes versicolor were done in clinical tumor immunotherapy59. 

Peng et al., 201260 reports that Polysaccharides from Laminaria japonica showed significant anti-

tumor activity against A375 and BGC823 cells and low cytotoxicity to vascular smooth muscle cells. 

Maxwell et al., 201661 informed that the complex polysaccharide pectin has inhibitory activity 

towards several cancer cell lines. Fan, Wang and his group in 201262 study the significant inhibitory 

effect of the isolated acidic polysaccharide from Gracilaria lemaneiformis on the growth of 

transplanted H22 hepatoma in vivo. According to Hazama et al., 200963; Bisen, et al., 201064, in the 

treatment of gastric cancer, pancreatic cancer, colorectal cancer and hepatocellular carcinoma, the 

Lentinan injection was used as an adjuvant therapy. It is to be noted that the application of lentinan 

injection can develop the cellular immune function of blood cancer patients1. Lins et al., 200965 

studied on the combination therapy of sulfated polysaccharides from the red seaweed Champia 

feldmannii with 5-FU. This therapy enhance the anti-cancer efficiency of 5-FU and prevent 

leucopenia. Zhang, et al., 201066 showed that Bletilla striata polysaccharide gum poessess broad-

spectrum antitumor activity. The gum is mainly composed with mannose and glucose. This gum has 

significant inhibitory effect on the tumor development. The use of this gum as a carrier of the 

chemotherapy drugs can be done. Cai et al., 201267 isolated an antitumor polysaccharide from the 

root of Sanguisorba officinalis L. This polysaccharide show anticancer activity by rejuvenating the 

immunity of mice that are inhibited by tumor cells. Lee et al., 200668 extracted Polysaccharopeptide 

(PSP) from the Coriolus versicolor, medicinal mushroom. This PSP fraction arrested the Molt4 
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leukemic cells in the S-phase. It leads finally apoptosis. Xie et al., 200669 reported about the 

inhibition of the growth of human breast malignant carcinoma cells MT-1 by the polysaccharides 

from the Ganoderma lucidum. This polysaccharide reduce the expression of Erk, through the Erk 

signaling pathway to inhibit tumor cell proliferation. More work on this polysaccahrides reveals that 

it can inhibit the growth of human breast cancer cells MDA-MB-231 in a dose-dependent manner by 

activating macrophage cell70. Synytsya and his groups in 201071 study the anticancer activity of the 

polysaccharides extracted from sporophyll of Korean brown seaweed Undaria pinnatifida. This 

polysaccharide significantly inhibit the PC-3 human prostate cancer cells, HeLa human cervical 

cancer cells and A549 human lung cancer cells. Wu and his coworkers in 201772 reported the 

anticancer polysaccharide (SpaTA) from Sparganii Rhizoma.  This polysaccharide showed its 

anticancer activity on the ZR-75-1 breast cancer cells by the ERα mediated apoptosis pathway. 

Mechanism of action 
Yue Yu et al., 20181 classified the mechanism of the anti-tumor activities of polysaccharides 

mainly into three categories. 

 Firstly by the inducing the apoptosis of tumor cells or inhibition of the expression of cellular 

oncogenes to kill tumors directly. Pectin, Ganoderma lucidum polysaccharide; MD fraction; Lycium 

barbarum polysaccharides; Sulfated polysaccharide PKG03, Polysaccharopeptide (PSP) 68,69,73,74,75,55. 

Secondly by the improvement the immune function of the host Astragalus polysaccharide, 

Lentinan, D-fraction from Grifola frondosa, PSP; PSK (polysaccharide–protein complex); 

Schizophyllan59,68,76,77. 

Thirdly the Synergistic effect with traditional chemotherapy drugs from the fucoidans, 

Ganoderma lucidum polysaccharide, Astragalus polysaccharides; Polyporus umbellatus 

polysaccharide, Lentinan; polysaccharide-K (PSK) from Trametes versicolor1. 

Clinical trials of the pharmacologically active polysaccharides can progress the physical 

condition of cancer patients and thereby make longer the life of cancer patients1. 

Alkaloids as anticancer agent 
Alkaloids from the natural herbs serve as a rich source for drug discovery. Several alkaloids 

namely berberine, evodiamine, matrine, piperine, sanguinarine, and tetrandrine exhibit 

antiproliferation and antimetastasis effects on various types of cancers both in vitro and in vivo14. 

Camptothecin (CPT) and Vinblastine has been successfully used as a chemotherapeutic agent 78,79.   

Here we will discuss some of the anticancer alkaloids. The first example of anticancer 

alkaloid is Berberine which shows anticancer activity. It is an isoquinoline alkaloid widely spread in 
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natural Chinese herbs including Rhizoma Coptidis80. Berberine interferes the multiple aspects of 

tumorigenesis and tumor progression in both in vitro and in vivo conditions through the proliferation 

of multiple cancer cell lines by inducing cell cycle arrest at the G1 or G2/M phases and by 

apoptosis81,82. According to Manoharan, S., et al., 201283, Berberine also shows potential 

chemopreventive efficacy in hamster buccal pouch carcinogenesis. Singh, T, et al., 201184 reports 

about the inhibitory effect of  Berberine upon the melanoma cancer cell migration by reducing the 

expressions of cyclooxygenase-2, prostaglandin E and prostaglandin E receptors. The second 

anticancer alkaloid is Sanguinarine, a benzophenanthridine alkaloid isolated from the Sanguinaria 

canadensis L. and Chelidonium majus L. Sanguinarine shows anticancer activities on the skin cancer 

prostate cancer, breast cancer 85-87. The third anticancer alkaloid is Matrinein, isolated from Sophora 

flavescens Ait88. It shows anticancer activity on the gastric carcinoma cells, pancreatic cancer cells, 

human osteosarcoma cells in vitro and in vivo89-91.The fourth anticancer alkaloid is Piperine, a 

piperidine alkaloid isolated from Piper nigrum and Piper longum92. Piperine shows its anticancer 

potentials upon the growth of Sarcoma 180 in vivo, breast stem cancer cells, lung cancer cells93-95. 

The fifth one is Evodiamine. a quinolone alkaloid, isolated from the Chinese herb Evodia 

rutaecarpa96. The use of this alkaloids as anticancer agents on the human cervix carcinoma HeLa 

cells, human prostate cancer cell line LNCaP, human leukemic Tlymphocytes97-99. Besides these 

discussed alkaloids other anticancer alkaloids are chelerythrine chelidonine fagaronine lycorine, 

nitidine chloride solanine, sophocarpine, trigonelline also from various natural herbs 100-103. 

Mechanism of action 
Berberine, evodiamine, matrine, piperine, sanguinarine, and tetrandrine fights against cancer 

by modulating multiple signaling pathways, resulting in the inhibition of the initiation of 

carcinogenesis, induction of cell cycle arrest, apoptosis, autophagy, or differentiation, and inhibition 

of metastasis, angiogenesis, and so on. Albeit the mechanism of anticancer activity of these alkaloids 

are not clearly known. More studies are required to understand the mechanistic routes of anticancer 

activities of anticancer alkaloids from the natural herbs. In this context new pharmacological 

techniques, effective combinational therapy, effective drug delivery system, additional clinical 

anticancer trials for these alkaloids need to be performed14. 

Terpenoids as anticancer agent 
Lastly in this section we will discuss about the anti-cancer activities on terpenoids. Naturally 

occurring anticancer terpenoid compounds particularly classified into monoterpenoids, 

sesquiterpenoids, diterpenoids, triterpenoids, and tetraterpenoids. Some of the important anticancer 
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terpenoids are Limonene, Cantharidin, Artemisinin, Tanshinone IIA, Triptolide, Pseudolaric acid B, 

Andrographolide, Oridonin, Celastrol, Cucurbitacin, Alisol B, Pachymic acid, Lycopene etc104.  

Monoterpenoids 
Limonene, a monocyclic monoterpene is found as a major constituents in the several citrus 

oils e.g., lemon, orange, mandarin, lime, and grapefruit. D-limonene possesses broad spectrum 

anticancer activity upon the pancreas, stomach, colon, skin, and liver cancers. D-limonene exerts 

anticancer activity by preventing carcinogen-induced mammary cancer at both the initiation and the 

promotion/progression stages. It also raises the levels of hepatic enzymes. As a result it can detoxify 

the carcinogens and acts as chemopreventive agent as against liver cancer. It is also effectively used 

in the combinational therapy with the 5-FU and docetaxel in the cancer treatment than their single 

treatment via Reactive Oxygen species generation mechanism105,106. Another non-plant derived 

terpenoids Cantharidin is isolated from Chinese blister beetles Mylabris phalerata or Mylabris 

cichori. Cantharidin acts as an anticancer agents against leukemia, colorectal carcinoma, hepatoma, 

bladder carcinoma, and breast cancer107-109. 

Sesquiterpenoid  

Artemisinin an anticancer terpenoids extracted from the Chinese medicinal herb Artemisia 

annua L. Artemisinin and its derivatives shows potential anticancer activities upon the proliferation 

of various types of cancer cells, including leukemia, breast cancer, ovarian cancer, prostate cancer, 

colon cancer, hepatoma, gastric cancer, melanoma, and lung cancer. It also inhibits angiogenesis, 

metastasis, and invasion 110-114.  

Diterpenoids 
Tanshinones, a diterpenoids isolated from Salvia miltiorrhiza Bunge. Tanshinone IIA has 

anticancer activities in various human carcinoma cells, including leukemia, breast cancer, colon 

cancer, and hepatocellular carcinoma. It is also used in the combinational therapy with combined 

doxorubicin and cisplatin115-120. Second diterpenoids Pseudolaric acid B shows anticancer activity 

against lung, colon, breast, brain,and renal cancer121. Third anticancer diterpenoids Oridonin shows 

potential anticancer activity on different types of cancer on various solid tumors, including liver 

cancer, skin carcinoma, osteoma, and colorectal cancers122.  
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Triterpenoid 
Lanostane-type anticancer triterpenoid Pachymic acid, is a derived from Poria cocos. It is 

used in the treatment of the human lung cancer A549 cells, human prostate cancer DU145 cells, and 

colon carcinoma HT29 cells123,124. Other anticancer triterpenoids are Celastrol, Cucurbitacins, Alisol 
104. 

Tetraterpenoid 
According to Tanaka T, and his coworkers (2012)125 reported that the most common 

tetraterpenoids are carotenoids, such as β-carotene, α-carotene, lycopene, lutein, zeaxanthin, β-

cryptoxanthin, fucoxanthin, canthaxanthin and astaxanthin  exhibiting  anti-carcinogenic activity. 

Lycopene is used in the treatment of hormone sensitive prostate cancer126. β-carotene possesses 

anticancer activity against the breast cancer cell lines127. 

Mechanism of action 
Although a large number of terpenoids shows promising anti-cancer activities but due to lack 

of Structure-Activity-Relationships (SAR) the mechanistic routes of the anticancer activities of these 

class of compound is still not clearly understood. Different types of terpenoids act by the different 

pathways. Huang, M., and his coworkers in 2012104 have summarized few of the anticancer 

terpenoids and their mechanism of actions. Such as (i) D-limonene works by the Inhibition of HMG-

CoA reductase and CoA synthesis, etc128. (ii) Cantharidin show its activity by the inhibition of 

serine/threonine PP1 and PP2A, etc129. (iii) Artemisinin and its derivatives play its activity by the 

cleavage of iron- or heme-mediated peroxide bridge, etc111. (iv) Tanshinone IIA acts as a DNA 

minor groove binder, etc118. (v) Triptolide inhibits XPB ATPase and transcription factors, etc130. (vi) 

Oridonin down regulates AP-1 and inhibits NF-κB signaling, etc131. (vii) Andrographolide also 

inhibits of NF-κB, JAK-STAT, PI3K, HSP90 and MMPs, etc132. (viii) Celastrol acts as an 

chempreventive agent by the inhibition of the IKK α,β kinases and proteasomes, etc133. (ix) Alisol 

exerts its activity inhibition of sarcoplasmic/endoplasmic reticulum Ca2+ ATPase, etc134.  (x) 

Pachymic acid inhibits of DNA topoisomerase I and II, MMP9 and NF-κB, etc135. (xi) Lycopene 

scavenges of ROS and inhibits of MMP2 and u-PA, etc (Chen et al., 2012). More studies are needed 

to understand the Structure Activity Relationships (SAR) as well as the mechanistic routes of the 

terpenoids as an anticancer agents. 
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CONCLUSION 

Although developing and developed countries are doing enormous research in the field of 

anticancer drug development, now a days Cancer is still responsible for the mortality in the world 

wide. It is already been discussed about the synthetic anticancer drugs and their side effects. The 

limitations of use of the synthetic anti-cancer agents into the market are due to the production costs 

and the inherent complexity and toxicity. Researchers are now looking for novel targeted anticancer 

Figure-2:- Structures of the some of the Anti-cancer Terpenoids 
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drugs from the nature mainly from the botanical sources as well as animals, marine organisms and 

microorganisms. Recent data shows that nature supplies 49%-60% of currently used anti-cancer 

agents. Nature offers new therapeutic candidates which has a tremendous chemical diversity. It is 

important to note that, 19 natural product-based drugs have been approved in the year between 2005 

and 2010. Out of this 19 natural product based drugs 7 are from natural product (NP), 10 from semi-

synthetic NPs and rest 2 from NP-derived drugs respectively. Mechanism based investigation will 

guide to identify the novel anticancer compounds. In this context molecular mechanism of the 

compound derived from the specific plant will lead to discover the targeted novel anticancer agents. 

In this way researchers get a valuable platform from the nature with the help of plant biotechnology, 

bioprocess design and plant molecular farming to invent the individualized medicines for the cancer 

treatment in near future. 

REFERENCES 

1. Yu Y, Shen M, Song Q, Xie J. “Biological activities and pharmaceutical applications of 

polysaccharide from natural resources: A review”. Carbohydr.Polym. 2018;183:91–101. 

2. Hanahan D, Weinberg R. A. “Hallmarks of Cancer”. Cell. 2000; 100:57-70. 

3. Hanahan D, Weinberg R. A. “Hallmarks of Cancer: The Next Generation”. Cell. 2011; 

144:646-674. 

4. Anand P, Kunnumakara A.B, Sundaram C, Harikumar K.B, Tharakan S.T, Lai O.S, Sung B, 

Aggarwal B.B. “Cancer is a Preventable Disease that Requires Major Lifestyle Changes”. 

Pharm. Res.2008; 25: 2097-2116. 

5. Jayasekara H, MacInnis R. J, Room R, English D. R. “Long-Term Alcohol Consumption and 

Breast, Upper Aero-Digestive Tract and Colorectal Cancer Risk: A Systematic Review and 

Meta-Analysis”.Alcohol Alcohol. 2016; 51: 315-330. 

6. Idikio H.A. “Human Cancer Classification: A Systems Biology- Based Model Integrating 

Morphology, Cancer Stem Cells, Proteomics, and Genomics”. J. Cancer. 2011; 2: 107-115. 

7. Song, Q, Merajver S.D, Li J.Z. “Cancer classification in the genomic era: five contemporary 

problems”. Hum. Genomics.2015; 9: 27-34. 

8. Danaei G, Hoorn S.V, Lopez A. D, Murray C.J.L, Ezzati M, et al. “Causes of cancer in the 

world: comparative risk assessment of nine behavioural and environmental risk factors”. 

Lancet.2005; 366: 1784–1793. 

9. Wu S, Powers S, Zhu W, Hannun Y.A. “Substantial contribution of extrinsic risk factors to 

cancer developments”. Nature. 2016; 529: 43-47. 



Saha Sudipta, IJSRR 2018, 7(3), 1302-1325 
 

IJSRR, 7(3) July – Sep., 2018                                                                                                         Page 1316 
 

10. Rampling R, James A, Papanastassiou V. “The present and future management of malignant 

brain tumours: Surgery, radiotherapy, chemotherapy”. J.Neurol.Neurosurg. Psychiatry.2004; 

75: 24-30. 

11. Madan V, Lear, J.T, Szeimies R.M. “Non-melanoma skin cancer”. Lancet. 2010; 375: 673–

685. 

12. Freedman A. “Follicular lymphoma: 2012 update on diagnosis and management”. Am. J. 

Hematol. 2012; 87: 988-995. 

13. Thoppil R.J, Bishayee A. “Terpenoids as potential chemopreventive and therapeutic agents in 

liver cancer”. World.J.Hepatol. 2011; 3(9): 228-249. 

14. Lu J.J, Bao J.L, Chen X.P, Huang M, Wang Y.T. “Alkaloids Isolated from Natural Herbs as 

the Anticancer Agents”. J.Evid.Based.Complementary.Altern.Med.2012:2012:485042. doi: 

10.1155/2012/485042. 

15. Huggins C, Hodges C.V. “Studies on prostatic cancer. I. The effects of castration, of estrogen 

and of androgen injection on serum phosphatase in metastatic carcinoma of the prostate”. 

Cancer. Res. 1941; 1:293–297. 

16. Gilman A. “Symposium on advances in pharmacology resulting from war research: 

therapeutic applications of chemical warfare agents”. Fed. Proc. 1946; 5: 285–292. 

17. Goodman L.S, Wintrobe M.M, Dameshek W, Goodman M.J, Gilman A, McLennan M.T. 

“Nitrogen mustard therapy:use of methyl-bis (h-chloroethyl) amine hydrochlorideand tris (h-

chloroethyl)amine hydrochloride for Hodgkin’s disease, lymphosarcoma, leukemia, and 

certain allied and miscellaneous disorders”. JAMA 1946; 132: 126–132. 

18. Farber S, Diamond L.K, Mercer R.D, et al. “Temporary remissions in acute leukemia in 

children produced by folic acid antagonist, 4-aminopteroyl-glutamic acid(aminopterin)”. N. 

Engl. J. Med. 1948; 238:787–793. 

19. Hitchings G.H, Elion G.B. “The chemistry and biochemistry of purine analogs”. Ann. N.Y. 

Acad. Sci. 1954; 60:195–199. 

20. Elion G.B, Singer S, Hitchings G.H. “Antagonists of nucleic acid derivatives. VIII. 

Synergism in combinations of biochemically related antimetabolites”. J. Biol. Chem. 1954; 

208:477–488. 

21. Heidelberger C, Chaudhuari N.K, Danenberg P, et al. “Fluorinated pyrimidines. A new class 

of tumor inhibitory compounds”. Nature. 1957; 179: 663–6. 

22. Zubrod C.G, Schepartz S, Leiter J, Endicott J.M, Carrese L.M, Baker C.G. “The 

chemotherapy program of the National Cancer Institute: History, analysis, and plans”. 

Cancer.Chemother. Rep. 1966; 50: 349–540. 



Saha Sudipta, IJSRR 2018, 7(3), 1302-1325 
 

IJSRR, 7(3) July – Sep., 2018                                                                                                         Page 1317 
 

23. Noble R.L, Beer C.T, Cutts J.H. “Role of chance observations in chemotherapy: Vincarosea”. 

Ann. N. Y. Acad. Sci.1958; 76: 882-894. 

24. Brested J.H. “The Edwin Smith surgical papyrus.Translated for The New York Historical 

Society. Chicago (IL)”. University of Chicago Press; 1930. 

25. DeVita V.T. “The evolution of therapeutic research in cancer”. N. Engl. J. Med. 1978; 298: 

907–10. 

26. Papac R.J. “Origins ofsf cancer therapy”. Yale. J .Biol. Med. 2001; 74:391–8. 

27. Li M.C, Hertz R, Bergenstal D.M. “Therapy of choriocarcinoma and related trophoblastic 

tumors with folic acid and purine antagonists”. N. Engl. J. Med. 1958; 259:66–74. 

28. Johnson T.S, Armstrong J.G, Gorman M, Burnett J.P, Jr. “The vinca alkaloids: a new class of 

oncolytic agents”. Cancer. Res. 1963; 23:1390–427. 

29. DeVita V.T, Serpick A, Carbone P.P. “Preliminary clinical studies with ibenzmethyzin”. 

Clin.Pharmacol.Ther. 1966; 7:542–6. 

30. Brunner K.W, Young C.S. “A methyl hydrazine derivative in Hodgkin’s disease and other 

malignant lymphomas”. Ann. Int. Med. 1967; 66:144. 

31. Young R.C, DeVita V.T. “Cell cycle characteristics of human solid tumors in vivo”. Cell. 

Tissue.Kinet. 1970; 3:285–90. 

32. Schabel F.M. “Concepts for systemic treatment of micrometastases”. Cancer. 1975;35:15. 

33. Rosenberg B, Vancamp L, Krigas T.“Inhibition of cell division in Escherichia coli by 

electrolysis products from a platinum electrode”. Nature. 1965; 205: 698–699. 

34. Li M.C, Whitmore W.F, Goldbey R.B, Grabstald H. “Effects of combined drug therapy on 

metastatic cancer of the testis”. J.A.M.A. 1969; 174:1291. 

35. Einhorn L.H, Donohue J. “Cis-diamminedichloroplatinum,vinblastine, and bleomycin 

combination chemotherapy in disseminated testicular cancer”. Ann. Int. Med. 1977; 87:293–

8. 

36. Einhorn L.H, Donohue J.P. “Combination chemotherapy in disseminated testicular cancer: 

the Indiana University experience”. Semin.Oncol. 1979; 6:87–93. 

37. DeVita VT. Le plan Nixon contre le cancer porte´e et limites. In: Bez G, Jasmin C, editors. 

Cancer, sida et socie´te´:pour uneapprocheglobale de la sante´. Paris: ESF; 1993. 

38. Espinosa E, Zamora P, Feliu J, Baron M.G. “Classification of anticancer drugs-a new system 

based on therapeutic targets”. Cancer. Treat. Rev.2003;29:515-523. 

39. Armand J.P, Ribrag V, Harrousseau J.L. “Reappraisal of the use of procarbazine in the 

             treatment of lymphomas and brain tumors”. Ther.Clin.Risk.Manag. 2007; 3(2): 213–             

             224. 



Saha Sudipta, IJSRR 2018, 7(3), 1302-1325 
 

IJSRR, 7(3) July – Sep., 2018                                                                                                         Page 1318 
 

40. Bogatyrenko T.N, Konovalova N.P , Sipyagin A.M, Bogatyrenk V.R, Kuropteva Z.V,                    

Baider L.M, Sashenkov T.E, Fedorova B.S. “Polyfunctional action of biologically active 

compounds in antitumor chemotherapy of cyclophosphamide”. Russ.Chem.Bull., Int.Ed ; 

2014 ; 63: 1187 – 1191. 

41. Murai S. Ichikawa T.  Kurozumi K,  Shimazu Y,  Oka T, Otani Y, Shimizu T, Date I. 

“Quantitative analysis of brain edema in patients with malignant glioma treated with BCNU.” 

J. Clin. Neurosci. 2016; 33:148-153. 

42. Baratelli C, Zichi C, Maio M.D, Brizzi M.P,  Sonetto C, Scagliotti G.V, Tampellini M. 

“A systematic review of the safety profile of the different combinations of fluoropyrimidines 

and oxaliplatin in the treatment of colorectal cancer patients”. Crit.Rev.Oncol.Hematol. 2018; 

122:21-29.   

43. Kevadiya  B.D,  Chettiar  S.S,  Rajkumar  S,  Bajaj  H.C,  Gosai  K.A, Brahmbhatt, H. 

“Evaluation of clay/poly (L-lactide) microcomposites as  anticancer  drug,  6-mercaptopurine  

reservoir  through in  vitro cytotoxicity, oxidative stress markers and in vivo 

pharmacokinetics”. Colloids. Surf. B. Biointerfaces. 2013; 112:400-407.  

44. Ulukaya E, Pirianov G, Kurt M.A, Wood E.J, Mehmet H. Fenretinide induces cytochrome c 

release, caspase 9 activation and apoptosis in the absence of mitochondrial membrane 

depolarization”. Cell. Death. Differ. 2003; 10: 856–859.  

45. Durante S, Orienti I, Teti G, Salvatore V, Focaroli S, Tesei A, Pignatta S, Falconi M. 

“Anti-tumor activity of fenretinide complexed with human serum albumin in lung cancer 

xenograft mouse model”. Oncotarget. 2014;5: 4811-4820.  

46. Yan W, Chen D, Kaufmann K. “Efficient multiplex mutagenesis by RNA-guided Cas9 and 

its use in the characterization of regulatory elements in the AGAMOUS gene”. 2016; 12:23-

31.   

47. Rafique B, Khalid A.M, Akhtar K, Jabbar A. "Interaction of anticancer drug methotrexate 

with DNA analyzed by electrochemical and spectroscopic methods". Biosens. Bioelectron. 

2013; 44:21-26.  

48. Li Y, Duc H.L.H, Tyler B,Williams T, Tupper M,Langer R, Brem H, Cima M.J. “In vivo 

delivery of BCNU from a MEMS device to a tumor model”.  J.Control.Release. 2005; 

106:138-145. 

49. Beypinar I, Sari A,Coker B, Araz M, Uysal M. “Oxaliplatin induced acute immune-mediated 

thrombocytopenia; a case report”. Journal of Oncological Sciences.2017; 3:18-21.  

50. Dilruba S, Kalayda G.V. “Platinum-based drugs: past, present and future”. Cancer. 

Chemother. Pharmacol. 2016; 77:1103-24.  



Saha Sudipta, IJSRR 2018, 7(3), 1302-1325 
 

IJSRR, 7(3) July – Sep., 2018                                                                                                         Page 1319 
 

51. Nielsen O.H, Vainer B, Madsen J.R. “Review article: the treatment of inflammatory bowel 

disease with 6-mercaptopurine or azathioprine”. Aliment.Pharmacol.Ther. 2001; 15: 1699-1708. 

52. Radu R.A, Han Y, Bui T.V, Nusinowitz S, Bok D, Lichter J, Widder K, Travis G.H, Mata N.L. 

“Reductions in serum vitamin A arrest accumulation of toxic retinal fluorophores: a potential 

therapy for treatment of lipofuscin-based retinal diseases”. Investig.Ophthalmol. Vis.Sci. 2005; 

46:4393–4401. 

53. Sato T, Okubo M, Hayashi N, Yumoto M, Fukushima Y, Yoda T.“Osteonecrosis of the jaw with 

pancytopenia in a patient receiving methotrexate for rheumatoid arthritis without antiresorptive 

or antiangiogenic agents: Report of a case”. 2018; doi.org/10.1016/j.ajoms.2018.03.005.  

54. Buyel J.F. “Plants as sources of natural and recombinant anti-cancer agents”. Biotechnol. Adv. 

2018; 36:506-520. 

55. Jiao G. L, Yu G. L, Zhang J. Z,  Ewart H. S. “Chemical structures and bioactivities of sulfated 

polysaccharides from marine algae”. Mar. Drugs. 2011; 9:196–223. 

56. Hyun J. H, Kim S. C, Kang J. I, Kim M. K, Boo H. J,  Kwon J. M. “Apoptosis inducing activity 

of fucoidan in HCT -15 colon carcinoma cells”. Biol. Pharma. Bull. 2009; 32(10):1760–1764. 

57. Jin J.O, Song M.G, Kim Y.N, Park J.I, Kwak J.Y.  “The mechanism of fucoidan-induced 

apoptosis in leukemic cells: Involvement of ERK1/2, JNK, glutathione, and nitric oxide”. Mol. 

Carcinog. 2010; 49(8):771–782. 

58. Kim E. J, Park S. Y, Lee J.Y, Park J. H. Y.  “Fucoidan present in brown algae induces apoptosis 

of human colon cancer cells”. BMC.Gastroenterol. 2010; 10(1):96-106. 

59. Wasser S. P. “Medicinal mushrooms as a source of antitumor and immunomodulating 

polysaccharides”. Appl. Microbiol. Biotechnol. 2002; 60:258–274. 

60. Peng Z.F, Liu, M, Fang Z.X, Wu J.L,  Zhang Q. Q. “Composition and cytotoxicity of a novel 

polysaccharide from brown alga (Laminaria japonica)”. Carbohydr. Polym. 2012; 89:1022–

1026. 

61. Maxwell E.G, Colquhoun I.J, Chau, H.K, Hotchkiss A.T, Waldron K. W, Morris V.J. et al. 

“Modified sugar beet pectin induces apoptosis of colon cancer cells via an interaction with the 

neutral sugar side-chains”. Carbohydr.Polym. 2016; 136:923–929. 

62. Fan Y.L, Wang W.H, Song W, Chen H.S, Teng A.G, Liu A.J. “Partial characterization and anti-

tumor activity of an acidic polysaccharide from Gracilaria lemaneiformis”. Carbohydr. Polym. 

2012; 88:1313–1318. 

63. Hazama S, Watanabe S, Ohashi M, Yagi M, Suzuki M, Matsuda K, et al. “Efficacy of orally 

administered superfine dispersed lentinan (beta-1, 3-glucan) for the treatment of advanced 

colorectal cancer”. Anticancer.Res. 2009; 29:2611–2617. 



Saha Sudipta, IJSRR 2018, 7(3), 1302-1325 
 

IJSRR, 7(3) July – Sep., 2018                                                                                                         Page 1320 
 

64. Bisen P. S, Baghel R. K, Sanodiya B. S, Thakur G. S,  Prasad G. B. K. S. “Lentinus edodes: A 

macrofungus with pharmacological activities”. Curr.Med.Chem. 2010; 17: 2419–2430. 

65. Lins K. O. A. L, Bezerra D. P, Alves A. P. N. N, Alencar N. M. N, Lima M. W, Torres V. M, et 

al. “Antitumor properties of a sulfated polysaccharide from the red seaweed Champia  feldmannii 

(Diaz-Pifferer)”. J.Appl. Toxicol. 2009; 29:20–26. 

66. Zhang H.Y, Hu, M, Xia, P. A, Wang, X.B, Wei, Z.Y, Cui B.A. “Inhibition of four Chinese herbal 

polysaccharides to pseudorabies virus in vitro”. Jiangsu.Nong.Ye.xue.bao. 2010; 26:532–535. 

67. Cai Z.B, Li W, Wang H.T, Yan W.Q, Zhou Y.L, Wang G.J, et al. “Antitumor and 

immunomodulating activities of a polysaccharide from the root of  Sanguisorba officinalis L”. 

Int.J.Biol.Macromol. 2012; 51(4):484–488. 

68. Lee C. L, Yang X. T, Wan J.M.F. “The culture duration affects the immunomodulatory and 

anticancer effect of polysaccharopeptide derived from Coriolus versicolor”. Enzyme. 

Microb.Technol. 2006; 38(1–2):14–21. 

69. Xie, Y.Z, Li, S.Z, Yee, A, La Pierre, D.P, Deng, Z, Lee, D. Y, et al. “Ganoderma lucidum 

inhibits tumour cell proliferation and induces tumour cell death”. Enzyme. Microb.Technol. 

2006; 40(1):177–185. 

70. Zhao L.Y, Dong Y.H, Chen G.T, Hu Q.H. “Extraction, purification, characterization and 

antitumor activity of polysaccharides from Ganoderma lucidum”. Carbohydr. Polym. 

2010;80:783–789. 

71. Synytsya A, Kim W.J, Kim S.M, Pohl R, Synytsya A, Kvasnička F, et al. “Structure and 

antitumour activity of fucoidan isolated from sporophyll of Korean brown seaweed Undaria 

pinnatifida”. Carbohydr.Polym. 2010;81:41–48. 

72. Wu Y.Z, Sun J, Wang Y.B. “Selective estrogen receptor modulator: A novel polysaccharide from 

Sparganii Rhizoma induces apoptosis in breast cancer cells”. Carbohydr.Polym. 2017;163: 199–

207. 

73. Soares R, Meireles M, Rocha A, Pirraco A, Obiol D, Alonso E, et al. “Maitake (D fraction) 

mushroom extract induces apoptosis in breast cancer cells by BAK-1 gene activation”. J. Med. 

Food. 2011; 14:563–572. 

74. Ke M, Zhang X.J, Han Z.H, Yu H.Y, Lin Y, Zhang W.G, et al. “Extraction, purification of 

Lycium barbarum polysaccharides and bioactivity of purified fraction”. Carbohydr.Polym. 

2011;86(1):136–141. 

75. Bae S.Y, Yim J. H, Lee H. K,  Pyo S. “Activation of murine peritoneal macrophages by sulfated 

exopolysaccharide from marine microalgal Gyrodinium impudicum (strain KG03): Involvement 

of the NF-κB and JNK pathway”. Int.Immunopharmacol. 2006; 6:473–484. 



Saha Sudipta, IJSRR 2018, 7(3), 1302-1325 
 

IJSRR, 7(3) July – Sep., 2018                                                                                                         Page 1321 
 

76. Ohwada S, Ogawa T, Makita F, Tanahashi Y, Ohya T, Tomizawa N, et al. “Beneficial effects of 

protein-bound polysaccharide K plus tegafur/uracil in patients with stage II or III colorectal 

cancer: Analysis of immunological parameters”. Oncol.Rep. 2006; 15:861–868. 

77. Zhang Y.F, Kong H.L, Fang Y.P, Nishinari K, Phillips G.O. “Schizophyllan: A review on its 

structure, properties, bioactivities and recent developments”. Bioact.Carbohydr.Dietary. Fibre. 

2013; 1:53–71. 

78. Benyhe S. “Morphine: new aspects in the study of an ancient compound”. Life.Sci. 1994; 

55:969–979. 

79.   Li W, Shao Y, Hu L. et al., “BM6, a new semi-synthetic Vinca alkaloid, exhibits its potent in 

vivo anti-tumor activities via its high binding affinity for tubulin and improved pharmacokinetic 

profiles”. Cancer.Biol.Ther. 2007; 6:787–794. 

80. Chen J, Zhao H,  Wang X,  Lee F. S. C, Yang H, Zheng L, “Analysis of major alkaloids in 

Rhizoma coptidis by capillary electrophoresis-electrospray-time of flight mass  spectrometry with 

different background electrolytes,” Electrophoresis, 2008; 29:2135–2147. 

81. Sun Y, Xun K, Wang Y, Chen X. “A systematic review of the anticancer properties of berberine, 

a natural product from Chinese herbs”. Anticancer.Drugs. 2009; 20:757-769. 

82.  Diogo C.V, Machado N. G, Barbosa I.A,  Serafim T. L, Burgeiro A, Oliveira P.J. “Berberine as 

a promising safe anti-cancer agent—is there a role formitochondria?”. Current.Drug. 

Targets.2011; 12:850-859. 

83. Manoharan S, Sindhu G, Vinothkumar V, et al., “Berberine prevents 7,12-

dimethylbenz[a]anthracene-induced hamster buccal pouch carcinogenesis: a biochemical 

approach”. Eur. J. Cancer. Prev. 2012; 21:182–192. 

84. Singh T, Vaid M, Katiyar N, Sharma S, Katiyar S.K. “Berberine, an isoquinoline alkaloid, 

inhibits melanoma cancer cell migration by reducing the expressions of cyclooxygenase-2, 

prostaglandin E and prostaglandin E receptors”. Carcinogenesis. 2011; 32:86-92. 

85.   Huh J, Lie-in’s A, .Zielonka J,  Andrekopoulos S,  Kalyanaraman B, Sorokin A. 

“Cyclooxygenase 2 rescues LNCaP prostate cells from sanguinarine-induced apoptosis by a 

mechanism involving inhibition of nitric oxide synthase activity”. Cancer.Res. 2006; 66: 3726–

3736. 

86.   Ahsan H, Shaw S.R, D. Eggert D.M. et al., “Protective effect of sanguinarine on ultraviolet B-

mediated damages in SKH-1irless mouse skin: implications for prevention of skin cancer”. 

Photochem.Photobiol. 2007; 83: 986–993. 



Saha Sudipta, IJSRR 2018, 7(3), 1302-1325 
 

IJSRR, 7(3) July – Sep., 2018                                                                                                         Page 1322 
 

87. Kim S, Lee T.J ,  Leem J,  Kyeong S.C, Park J.W, Taeg K. K. “Sanguinarine-induced apoptosis: 

generation of ROS,down-regulation of Bcl-2, c-FLIP, and synergy with TRAIL”. J. Cell. 

Biochem. 2008; 104: 895–907. 

88. Lai J.P, He X.W, Jiang Y, Chen F. “Preparative separation and determination of matrine from 

the Chinese medicinal plant Sophora flavescens Ait by molecularly imprinted solid-phase 

extraction”. Anal.Bioanal.Chem. 2003; 375: 264–269. 

89. Dai Z.J, Gao J, Ji Z.Z, et al., “Matrine induces apoptosis in gastric carcinoma cells via alteration 

of Fas/FasL and activation of caspase-3”. J.Ethnopharmcol. 2009; 123: 91–96. 

90.   Liu T, Song Y, Chen H, Pan S, Sun X . “Matrine inhibits proliferation and induces apoptosis of 

pancreatic cancer cells in vitro and in vivo”. Biol.Pharm.Bull. 2010; 33: 1740–1745. 

91.   Liang C.Z, Zhang J.K, Shi Z, Liu B, Shen C.Q. Tao H.M. “Matrine induces caspase-dependent 

apoptosis in human osteosarcoma cells in vitro and in vivo through the upregulation of Bax and 

Fas/FasL and downregulation of Bcl-2”. Cancer.Chemother.Pharmacol. 2011; 69: 317–331. 

92. Szallasi A, “Piperine: researchers discover new flavor in an ancient spice”. 

Trends.Pharmacol.Sci. 2005; 26: 437–439. 

93. Selvendiran K, Singh J.P.V ,Krishnan K.B, Sakthisekaran D, “Cytoprotective effect of piperine 

against benzo[a]pyrene induced lung cancer with reference to lipid peroxidation and antioxidant 

system in Swiss albino mice”. Fitoterapia. 2003; 74: 109–115. 

94. Bezerra D.P, Castro F.O , Alves A.P.N.N, et al. “In vivo growth-inhibition of Sarcoma 180 by 

piplartine and piperine, two alkaloid amides from piper”. Braz.J.Med.Biol.Res. 2006; 39 :801–

807. 

95. Kakarala M, Brenner D.E , Korkaya H, et al., “Targeting breast stem cells with the cancer 

preventive compounds curcumin and piperine”. Breast.Cancer.Res.Treat. 2010; 122: 777–785. 

96. Ji Y.B. “Active Ingredients of Traditional Chinese Medicine: Pharmacology and Application”. 

People’s Medical Publishing Hourse Cp., LTD, 2011. 

97. Kan S.F, Huang W.J, Lin L.C, Wang P.S. “Inhibitory effects of evodiamine on the growth of 

human prostate cancer cell line LNCaP”. Int. J.Cancer. 2004; 110:641–651. 

98.  Huang Y.C, Guh J.H, Teng C.M, “Induction of mitotic arrest and apoptosis by evodiamine in 

human leukemic Tlymphocytes”.  Life.Sci. 2004; 75 :35–49. 

99. Yang J, Wu L.J, Tashino S.I, Onodera S, Ikejima T, “Reactive oxygen species and nitric oxide 

regulate mitochondriadependent apoptosis and autophagy in evodiamine treated human cervix 

carcinoma HeLa cells”. Free.Radic.Res. 2008; 42:492–504. 



Saha Sudipta, IJSRR 2018, 7(3), 1302-1325 
 

IJSRR, 7(3) July – Sep., 2018                                                                                                         Page 1323 
 

100.  Larsen A. K, Grondard L, Couprie J, Desoize B, Comoe L, Jardillier J.C, Riou J.F. “The 

antileukemic alkaloid fagaronine is an inhibitor of DNA topoisomerases I and II”. 

Biochem.Pharmacol. 1993; 46:1403–1412. 

101.  Ji Y.B, Gao S.Y , Ji C.F, Zou X, “Induction of apoptosis in HepG2 cells by solanine and Bcl-2 

protein”. J.Ethnopharmacol. 2008; 115 :194–202. 

102.  Lamoral-Theys D, Decaestecker C, Mathieu V. Dubois J, Kornienko A, Kiss R,  Evidente A, 

Pottier L. “Lycorine and its derivatives for anticancer drug design”. Mini.Rev.Med.Chem. 2010; 

10:41–50. 

103.  Chen J, Wang J, Lin L, He L, Wu Y, Zhang L, Yi Z, Chen Y, Pang X, Liu M, “Inhibition of 

STAT3 signaling pathway by nitidine chloride suppressed the angiogenesis and growth of 

human gastric cancer”. Mol.Cancer.Ther. 2011; 11:277–287. 

104.  Huang M, Lu J.J, Huang M.Q, Bao J.L, Chen X.P, Wang Y.T. “Terpenoids: natural products for 

cancer therapy”. Expert.Opin.Investig.Drugs. 2012; 21:1801-1818. 

105.  Sun J. “D-Limonene: safety and clinical applications”. Altern.Med.Rev. 2007; 12:259-264. 

106.  Rabi T, Bishayee A. “D-Limonene sensitizes docetaxel-induced cytotoxicity in human prostate 

cancer cells:generation of reactive oxygen species and induction of apoptosis”. J. Carcinog. 

2009; 8:9. 

107.  Chen Y.N, Chen J.C, Yin S.C, et al. “Effector mechanisms of norcantharidin-induced mitotic 

arrest and apoptosis in human hepatoma cells”. Int. J. Cancer. 2002; 100:158-165. 

108.   Huh J.E, Kang K.S, Chae C, et al. “Roles of p38 and JNK mitogen-activated protein kinase 

pathways during cantharidin-induced apoptosis in U937 cells”. Biochem. Pharmacol. 2004; 

67:1811-1818. 

109.  Huan S.K, Lee H.H, Liu D.Z, et al. “Cantharidin-induced cytotoxicity and cyclooxygenase 2 

expression in human bladder carcinoma cell line”. Toxicology. 2006; 223:136-43. 

110.   Efferth T, Sauerbrey A, Olbrich A, et al. “Molecular modes of action of artesunate in tumor 

cell lines”. Mol.Pharmacol. 2003; 64: 382-394. 

111. Hou J, Wang D, Zhang R, et al. “Experimental therapy of hepatoma with artemisinin and its 

derivatives: in vitro and in vivo activity, chemosensitization,and mechanisms of action”. Clin. 

Cancer. Res. 2008; 14:5519-30. 

112. Lu J.J, Meng L.H, Cai Y.J, et al. “Dihydroartemisinin induces apoptosis in HL-60 leukemia 

cells dependent of iron and p38 mitogen-activated protein kinase activation but independent of 

reactive oxygen species”. Cancer.Biol.Ther. 2008; 7: 1017-1023. 

113. Chen H, Sun B, Pan S, et al. “Dihydroartemisinin inhibits growth of pancreatic cancer cells in 

vitro and in vivo”. Anticancer.Drugs. 2009; 20:131-140. 



Saha Sudipta, IJSRR 2018, 7(3), 1302-1325 
 

IJSRR, 7(3) July – Sep., 2018                                                                                                         Page 1324 
 

114.   He Q, Shi J, Shen X.L, et al. “Dihydroartemisinin upregulates death receptor 5 expression and 

cooperates with TRAIL to induce apoptosis in human prostate cancer cells”. Cancer. Biol. Ther. 

2010; 9:819-824. 

115.   Sung H.J, Choi S.M, Yoon Y, et al. “Tanshinone IIA, an ingredient of Salvia miltiorrhiza 

BUNGE, induces apoptosis in human leukemia cell lines through the activation of caspase-3”.  

Exp. Mol. Med.1999; 31:174-8. 

116.  Yuan S.L, Wei Y.Q, Wang X.J, et al. “Growth inhibition and apoptosis induction of tanshinone 

II-A on human hepatocellular carcinoma cells”. World.J.Gastroenterol. 2004; 10:2024-8. 

117.  Wang X, Wei Y, Yuan S, et al. Potential anticancer activity of tanshinone IIA against human 

breast cancer. Int. J. Cancer. 2005; 116:799-807. 

118.  Liu J.J, Lin D.J, Liu P.Q, et al. “Induction of apoptosis and inhibition of cell adhesive and 

invasive effects by tanshinone IIA in acute promyelocytic leukemia cells in vitro”. J. Biomed. 

Sci. 2006; 13:813-23. 

119.   Lee W.Y, Cheung C.C, Liu K.W, et al. “Cytotoxic effects of tanshinones from Salvia 

miltiorrhiza on doxorubicin-resistant human liver cancer cells”. J. Nat. Prod. 2010; 73:854-9. 

120.   Jiao J.W, Wen F. “Tanshinone IIA acts via p38 MAPK to induce apoptosis and the down-

regulation of ERCC1 and lung-resistance protein in cisplatin-resistant ovarian cancer cells”. 

Oncol. Rep. 2011;  25:781-8. 

121.   Pan D.J, Li Z.L, Hu C.Q, et al. “The cytotoxic principles of Pseudolarix kaempferi: pseudolaric 

acid-A and -B and related derivatives”. Planta.Med. 1990; 56:383-5. 

122.  Ikezoe T, Yang Y, Bandobashi K, et al. “Oridonin, a diterpenoid purified from Rabdosia 

rubescens, inhibits the proliferation of cells from lymphoid malignancies in association with 

blockade of the NF-kappa B signal pathways”. Mol. Cancer.Ther. 2005; 4:578-586. 

123.   Gapter L, Wang Z, Glinski J, et al. “Induction of apoptosis in prostate cancer cells by pachymic 

acid from Poria cocos”. Biochem.Biophys.Res.Commun.2005; 332:1153-1161. 

124.  Zhou L, Zhang Y, Gapter LA, et al. “Cytotoxic and anti-oxidant activities of lanostane-type 

triterpenes isolated from Poria cocos”. Chem.Pharm.Bull. (Tokyo).2008; 56:1459-62. 

125.  Tanaka T, Shnimizu M, Moriwaki H. “Cancer chemoprevention by carotenoids”. Molecules. 

2012; 17:3202-3242. 

126.  Vaishampayan U, Hussain M, Banerjee M, et al. “Lycopene and soy isoflavones in the 

treatment of prostate cancer”. Nutr.Cancer. 2007; 59:1-7. 

127.   Kim Y, Seo J.H, Kim H. “beta-Carotene and lutein inhibit hydrogen peroxide-induced 

activation of NF-kappaB and IL-8 expression in gastric epithelial AGS cells”. J. Nutr. 

Sci.Vitaminol. (Tokyo). 2011; 57:216-223. 



Saha Sudipta, IJSRR 2018, 7(3), 1302-1325 
 

IJSRR, 7(3) July – Sep., 2018                                                                                                         Page 1325 
 

128.  Clegg R.J, Middleton B, Bell G.D, et al. “The mechanism of cyclic monoterpene inhibition of 

hepatic 3-hydroxy-3-methylglutaryl coenzyme A reductase in vivo in the rat”. J.Biol. Chem. 

1982; 257:2294-9. 

129.  Honkanen R.E. “Cantharidin, another natural toxin that inhibits the activity of serine/threonine 

protein phosphatases types 1 and 2A”. FEBS.Lett. 1993; 330:283-6. 

130.  Zhou Z.L, Luo Z.G, Yu B, et al. “Increased accumulation of hypoxia-inducible factor-1alpha 

with reduced transcriptional activity mediates the antitumor effect of triptolide”.Mol. Cancer. 

2010;  9:268. 

131.  Cheng Y, Qiu F, Ikejima T. Molecular mechanisms of oridonin-induced apoptosis and 

autophagy in murine fibrosarcoma L929 cells. Autophagy.2009; 5:430-1. 

132.  Lim C.W, Chan T.K, Ng D.S, et al. “Andrographolide and its analogues:versatile bioactive 

molecules for combating inflammation and cancer”. Clin.Exp.Pharmacol.Physiol. 2011; 39:300-

10. 

133.  Pang X, Yi Z, Zhang J, et al. “Celastrol suppresses angiogenesis-mediated tumor growth 

through inhibition of AKT/mammalian target of rapamycin pathway”. Cancer.Res. 2010; 

70:1951-9. 

134.  Law B.Y, Wang M, Ma D.L, et al. “Alisol B, a novel inhibitor of the sarcoplasmic/endoplasmic 

reticulum Ca(2+) ATPase pump, induces autophagy, endoplasmicreticulum stress, and 

apoptosis”. Mol.Cancer.Ther. 2010; 9:718-30. 

135.  Ling H, Zhang Y, Ng K.Y, et al. “Pachymic acid impairs breast cancer cell invasion by  

suppressing nuclear factor-kappaB-dependent matrix metalloproteinase-9 

expression”.Breast.Cancer.Res.Treat. 2011; 126:609-20. 

136.  Chen M.L, Lin Y.H, Yang C.M, et al. “Lycopene inhibits angiogenesis both in vitro and in vivo 

by inhibiting MMP-2/uPA system through VEGFR2-mediated PI3K-Akt and ERK/p38 

signaling pathways”. Mol.Nutr.Food.Res. 2012; 56:889-99. 

 

 

 

 

 

 

 

  


