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    FOREWORD




    


    


    


    


    


  




  

    I feel privileged to write a foreword for this book that addresses the potential of natural product-derived nutraceuticals in the prevention and treatment of cancer and examines the techniques and methods employed for detecting their mechanism of action at the molecular and cellular level. Considering that cancer incidence and associated mortality and morbidity are increasing worldwide, accompanied by spiraling treatment and healthcare costs, strategies for the prevention of the disease are becoming very important. Many approaches have been implemented to reduce the incidence of this dreadful disease, but the use of natural chemopreventive agents remains, in my opinion, a promising and cost-effective strategy. Furthermore, natural product-derived chemopreventive agents are expected to be free of undesirable toxicities. Non-invasive methods for cancer detection, screening, diagnosis, treatment and metastasis are also of paramount importance in cancer chemoprevention. These methods are also addressed in this book titled “Functional Foods for Health Maintenance: Understanding their Role in Cancer Prevention” edited by Dr. Saroj Arora, Dr. Tajinder Kaur, Dr. Rajendra Mehta, Dr. Balbir Singh and Dr. Sandeep Kaur.




    The book covers a broad range of topics contributed by experts in their field. Among them, it includes comprehensive overviews of nutraceuticals, phytochemicals, the application of nano-technology in cancer chemoprevention, and the techniques used for monitoring treatment outcomes. The book presents several studies that comprehensively demonstrate that nutraceuticals have anti-cancer properties. Understanding the mechanism of action of these natural chemopreventive agents is essential for the selection of the most promising combinations for maximum efficacy. Generally, chemopreventive agents modulate or disrupt the molecular mechanisms driving the process of carcinogenesis, including (a) preventing or reducing DNA damage introduced by reactive oxygen species in normal cells, (b) blocking cellular signal pathways involved in cell cycle progression and proliferation in cancer cells, and (c) promoting apoptosis in cancer cells.




    I congratulate the editors for compiling this publication that provides the reader with the most recent advances in cancer chemoprevention and explains the use of nutraceuticals and functional foods in health maintenance. I expect that scientists interested in cancer treatment and prevention within the fields of cancer biology, biochemistry, pharmaceutical sciences and biotechnology will find this book very useful.




    

      Andreas Constantinou


      Department of Biological Sciences


      University of Cyprus
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    PREFACE




    


    


    


    


    


  




  

    Cancer is a complex genetic disease which accounts for more than eight million deaths and roughly fourteen million new cases each year, inspite of the modern advancement in medical therapeutics in the world. Several evidences have shown that the plant-based foods consumption lower the risk and incidence of cancer and other degenerative diseases. Phytochemicals as secondary plant metabolites possesses antioxidant activity by inhibiting DNA damage induced by oxidative stress and thereby play crucial role in cancer chemoprevention. In contrast, the pro-oxidant activity of these phytochemicals/nutraceuticals has been found in the treatment of cancer in which they modulate cellular processes undergoing molecular alterations involve in the development of cancer. Furthermore, in vivo, in vitro and ex-vivo studies and the techniques employed for the diagnosis of cancer have been fully capable to expose phytochemicals having distinct impact on the prevention and treatment of cancer and other diseases.




    The present book “Functional Foods for Health Maintenance: Understanding their Role in Cancer Prevention” summarizes the evidences, methods and techniques focused on identifying specific nutraceuticals capable of interfering and reducing the risk of cancer and other diseases development along with their underlying molecular mechanism. It contributes an up-to-date information and understanding in the context of interaction between nutraceuticals as chemotherapeutic agents and cancer progression which is a crucial contemporary discovery. Chapter one provides an overview of spices, herbs, fruits and vegetables used as medicine and studied as an important source for cancer chemoprevention. Chapter two shows that dietary intake of Allium species reduce the risk of cancer and have significant antitumor activities. Chapter three to ten mainly deals with the chemomodulatory effects of phytochemicals/nutraceuticals along with their varied action mechanisms including inhibition of gene expression, promotion of apoptosis of cancer cells, antiproliferative activity, anti-oxidant and anti-inflammatory effects. Chapter eleven elucidate the pharmacological properties of biomolecules derived from marine algae to provide baseline information for promoting anticancer research. Chapter twelve to sixteen comprehensively deals with the biomarkers, methods and models playing crucial roles in screening, asymptomatic and early stage detection, monitoring of the treatment therapy of cancer. Chapter seventeen highlights the role of nanotechnology in functional foods in order to enhance their bioavailability, absorption and biological activity. Chapter eighteen discusses the biological activity of nutraceuticals for the prevention and therapy of several diseases and its market demand because of increasing consumer knowledge of these compounds.




    We express our gratitude to all the contributors. We would like to thank Prof. (Dr) Andreas Constantinou for writing foreword. Finally, it is a profound pleasure to thank Bentham Science for taking up the publication of this book. We hope that this book will provide recent scientific knowledge on chemotherapeutic potential of natural products and the techniques employed for the detection of cancer and other diseases and will lead to new discussions about the global scope of nutraceuticals.
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      Abstract




      Worldwide, cancer has become the most life-threatening disease. The current remedial treatment of cancer includes chemotherapy, surgery, immunotherapy, stem cell transplant and hormone therapy. Plants produce secondary metabolites in abundance having medicinal properties used for treating various diseases, such as AIDS, diabetes, cancer, inflammation, fever, diarrhoea and bacterial and fungal infections. Naturally derived components are largely considered by scientists and researchers due to their low toxicity and lesser side effects. Functional foods are the food or food components that provide health benefits beyond basic nutrition. Functional foods simply provide nutrients that help to maintain health, thereby reducing the risk of disease. Various vegetables like Asparagus racemosus, Cocos nucifera, Brassica oleracea var. Botrytis, Zingiber officinale, Atrocarpus heterophyllus, etc., pulses, i.e., Cicer arietinum, Phaseolus vulgaris, Vigna radiate, Vigna mungo, etc., and Spices viz., Ferula asafoetida, Piper nigrum, Elettaria cardamomum, Coriandrum sativum, Nigella sativa and Curcuma longa, are explored for their potential role to fight many diseases and anticancer activity. This review aims to highlight the protective and synergistic role of functional foods in cancer prevention.
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      INTRODUCTION




      Cancer is one of the most deadly or life-threatening diseases that critically affects the human population [1]. Cancer is described as a disease in which the formation




      of abnormal cells grows destructively by overlooking the natural process of cell division [2]. There are more than 100 different types of cancers that occur due to some molecular variance in the cell [3]. The known types of cancers in India are blood, stomach, bladder, lungs, breast, liver, prostate, mouth, skin, cervix, rectum and oesophagus cancer. The International Agency for Research on Cancer (IARC) concluded cases of leading types of cancer. In 2030, there will be nearly 26 million fresh cancer patients and 17 million deaths per year [4]. Conventional methods like chemotherapy could cause undesirable and lethal side effects on normal cells while treating infected cells. The use of natural plants is an alternative key to the destructive effects of synthetic agents. Natural products are considered conventionally a rich source of phytochemicals that possess potent bioactivities against chronic diseases like cancer, diabetes and infectious diseases [5]. World Health Organization states that about 80% of people living in rustic areas depend on the herb as a prime healthcare system because of cost factors and easy availability [6].


    




    

      Anticancer Activity Of Plants




      About 187 plant species, 102 genera and 61 families provide active sources of various phytoconstituents having anticancer activity, interrelating to a 41% rise from the past 5 years [7].




      Plants are the most reliable source for various disease treatments. More than 60% are of the natural origin, of which the maximum is picked up from higher plants. The active principles collected from different plants, such as Solanum tuberosum, Prunella vulgaris, Aloe vera, Vinca rosea, Glycine max, Allium sativum, Glycyrrhiza glabra, Cucurbita maxima, Tinospora cordifolia and Zingiber officinale and many more are greatly utilized in various pharmaceutical preparations to upgrade the activity of immune cells of our body that stimulate the growth of cytokines in addition to interferon, colony-stimulating factor, interleukin and tumour necrosis factor [8]. Different herbs, fruits and vegetables are used as medicine and studied as an important source for cancer chemoprevention drug discovery and development [9].


    




    

      Dietary Supplements Or Nutraceuticals




      Nutraceutical is a word made by combining two words, ‘nutrition’ and ‘pharmaceuticals’. Nutraceutical may be defined as food or maybe a part of food that acts significantly to recast and control the normal physiologic behaviour of human beings to maintain their good health [10]. Nutraceuticals are made to prevent various chronic diseases of human beings. They cure or inhibit disorders which are related to oxidative stress, e.g., cardiovascular diseases, allergies, hypo- and hyper- glycaemia, inflammation, alzheimer, cancer, Parkinson’s disease, and eye and immune disorders [11]. Around 2,500 years past, Hippocrates (ancient Greek physician) cited, “Let food be the medicine and medicine be the food”. Presently, nutraceuticals may be called the bridge between “food” and “medicine”. Nutraceuticals may be herbal products, regular nutritive products, withdrawn nutrients, vitamins and processed food products (like soups, juices, cereals and beverages) [10].




      

        Treatment of Cancer




        After heart disease, cancer is the next leading cause of death. Cancer may occur due to many reasons, such as improper diet, junk foods, smoking and drinking. Treatments for cancer have been developed to cure the disease from ancient times. At present, there are many therapies to treat different types of cancer shown in Table 1.




        

          Table 1 Therapies that treat different types of cancer.




          

            

              

                	Name of Therapy



                	Mechanism of Action



                	References

              


            



            

              

                	Surgery



                	Removal of the cancerous part of the body.



                	[12]

              




              

                	Chemotherapy



                	A cancer cell is damaged or killed with the help of drugs.



                	[13]

              




              

                	Hormonal therapy



                	Withdrawal of hormone-secreting gland, e.g., inhibition of adrenal steroid genesis.



                	[14]

              




              

                	Radiation therapy



                	X-rays are used for curing cancer.



                	[15]

              




              

                	Targeted therapy



                	A specific molecule or cell is targeted for invasion.



                	[16]

              




              

                	Photodynamic therapy



                	Photodynamic therapy involves the use of light, oxygen and photosensitizers to cure cancer.



                	[17]

              




              

                	Stem cell transplant



                	The affected cells are replaced by healthy cells.



                	[18]

              


            

          




        


      


    




    

      Health Benefits Vegetables, Spices, And Pulses




      As we know, functional foods contain phytoconstituents used in the treatment of various diseases. As reported in the literature, vegetables, spices and pulses have a great potential for prevention and treatment through their anticancer activity. Some potential vegetables that are a remarkable source to treat various cancer types of cancer are listed in Table 2. Cereals are a good source of peptide-protein and amino acids. Each cereal has its own protein amount. Some peptides are used as nutraceuticals, which exert biological activity and promote health benefits by reducing the risk of various disorders tabulated in Table 3. From the ancient period, spices are also used as folk medicines. Spices may be used as an anticancer, anti-inflammatory, antioxidant and wound healer [19]. Some common spices and their health benefits are tabulated in Table 4.




      

        Table 2 Anticancer cancer activity of vegetables.




        

          

            

              	Common Name



              	Scientific Name and Family



              	Part Used



              	Extract



              	Cell Lines



              	Anti-cancer Activity



              	References

            


          



          

            

              	Arbi, poi, yam



              	
Colocasia esculenta (Araceae)



              	Root



              	Aqueous



              	YYT



              	Breast cancer



              	[30]

            




            

              	Colorectal cancer



              	

            




            

              	Asparagus, Shatavari, Satmooli



              	
Asparagus racemosus (Liliaceae)



              	Root



              	Methanol



              	MCF-7, HT-29, A-498, EAC



              	Breast, Colon, Kidney cancers



              	[41]

            




            

              	Methanol



              	HepG2



              	Liver cancer

            




            

              	Leaves



              	Chloroform, Dimethyl sulfoxide, Aqueous extract



              	UOK-146



              	Kidney cancer

            




            

              	Beet Root



              	
Beta vulgaris (Amaranthaceae)



              	Root



              	Beet root extract/ crude extract



              	PC-3



              	Prostate cancer



              	[46]

            




            

              	MCF-7



              	Breast cancers

            




            

              	Shimla mirch


              (4 different color)



              	
Capsicum annuum


              (Solanaceae)



              	Fruit



              	Methanolic extract



              	HT-29



              	Colon cancer



              	[49]

            




            

              	Aqueous extract



              	PC-3, MCF-7



              	Prostate, Breast cancers

            




            

              	Karela



              	
Momordica charantia (Cucurbitaceae)



              	Fruit


              Seed



              	Ethanolic extract



              	HT-29


              HeLa, MCF-7



              	Colon cancer



              	[54, 55]

            




            

              	Breast, Cervical cancers

            




            

              	Bottle gourd, lauki



              	
Lagenaria siceraria (Cucurbitaceae)



              	Arial part



              	Methanol extract



              	EAC



              	EAC



              	[68]

            




            

              	Petroleum ether, chloroform and methanolic extracts



              	MCF-7, HOP62, DU-145



              	Breast, Lungs, Prostate cancers



              	[69]

            




            

              	Cabbage



              	
Brassica oleracea (Cruciferae)



              	Flower



              	Isolated Sulforaphane



              	Hep-2



              	Human epithelial type 2



              	[134]

            




            

              	Carrots



              	
Daucus carota (Apiaceae)



              	Whole



              	Methanolic extract



              	HT-29



              	Colon cancer



              	[78]

            




            

              	Pentane diethyl ether



              	Caco-2, HT-29, MCF-7, MDA-MB-23, DMBA / TPA, MDA-MB231, SF-268, B16F-10



              	Colon, Breast, Skin cancers



              	[78]

            




            

              	Cauliflower



              	
Brassica oleracea (Brassicaceae)



              	Whole



              	Aqueous extract



              	MCF-7



              	Breast cancer



              	[83]

            




            

              	Chives, onion green



              	
Allium schoenoprasum (Amaryllidaceae)



              	Arial parts



              	Ethanolic extracts



              	4-T1



              	B16 melanoma, Breast cancer



              	[88]

            




            

              	Coconut



              	
Cocos nucifera (Arecaceae)



              	Hust fiber



              	Aqueous extract



              	K-562, Lucena-1



              	Leukaemia



              	[106-108]

            




            

              	Shell/ Endocarp



              	Ethanolic, aqueous extracts



              	HeLa



              	Cervical cancer

            




            

              	Crude extract



              	MCF-7



              	Breast cancer

            




            

              	Drumstick



              	
Moringa oleifera (Moringaceae)



              	Leaves


              Bark


              Seeds



              	Ethanolic extracts



              	MDA-MB-231, HCT-8



              	Breast, Colorectal cancer



              	[135]

            




            

              	Hot aqueous, cold aqueous, ethanolic extracts



              	AML



              	Leukemia



              	[136]

            




            

              	Ethanolic extract



              	HeLa



              	Cervical cancer



              	[137]

            




            

              	Eggplant, bringal



              	
Solanum melongana (Solanaceae)



              	Fruit peel



              	Methanol extract



              	HCT-116, HEP-2, MCF-7, Hela, HEPG-2



              	Liver cancer


              Stomach cancer


              Breast cancer


              Cervical cancer



              	[125]

            




            

              	Fenugreek



              	
Trigonella foenum-graecum


              (Fabaceae)



              	Whole plant



              	Chloroform extract



              	MCF-7



              	Breast cancer



              	[138]

            




            

              	Seeds



              	Crude extract



              	PCa, PC-3, DU-145, MCF-7



              	Prostate, Pancreatic, Breast cancers



              	[139]

            




            

              	Garlic



              	
Allium sativum (Amaryllidaceae)



              	Bulbs



              	Garlic oil



              	AsPC-1, Mia PaCa-2, PANC-



              	Pancreatic cancer



              	[140]

            




            

              	Thiosulfinate-Enriched Allium sativum Extract



              	Caco-2 and HT-29



              	Colon cancer



              	[141]

            




            

              	Ginger



              	
Zingiber officinale (Zingiberaceae)



              	Rhizome



              	Ethanolic extract



              	CL-6, HepG2, Hep2



              	Bile duct, Liver, Cervical cancers



              	[142]

            




            

              	Methanolic, petroleum ether, ethyl acetate extracts



              	MCF-7, MDA-MB231, HCT-116, SW-480, LoVo, HepG-2



              	Breast, Colorectal, Liver cancers



              	[143]

            




            

              	Green chilli



              	
Capsicum annum (Solanaceae)



              	Seeds


              Leaves



              	Acetonitrile extract



              	HepG2



              	Liver cancer



              	[144]

            




            

              	Acetone extract



              	HeLa



              	Cervical cancer



              	[145]

            




            

              	Jack fruit, kathal



              	
Atrocarpus heterophyllus (Moraceae)



              	Fruit



              	Methanolic crude extract



              	MCF-7, MDA-MB-231



              	Breast cancer



              	[146]

            




            

              	Seed



              	Methanolic extract



              	A549, Hela, MCF-7



              	Skin, Cervical, Breast cancer



              	[147]

            




            

              	



              	MCF-7, H-1299



              	Breast, Lung cancers



              	[148]

            




            

              	Kalonji



              	
Nigella sativa (Ranuculaceae)



              	Seed



              	Methanolic, aqueous extracts



              	MC-38, L-428



              	Colon cancer, Hodgkin’s lymphoma



              	[149]

            




            

              	Methanolic extract



              	HL-60, U- 937



              	Leukaemia



              	[150]

            




            

              	Lady finger



              	
Abelmoschus esculentus (Malvaceae)



              	Fruit



              	Ethyl acetate extract



              	HePG2



              	Liver cancer



              	[151]

            




            

              	Luffa, Turai



              	
Luffa cylindrica (Cucurbitaceae)



              	Seed, Leaves



              	Aqua-alcoholic extract



              	CD44+/24-



              	Breast cancer



              	[152]

            




            

              	Aqua-alcoholic extract



              	HT-29 and HCT-15



              	Colon cancer



              	[153]

            




            

              	Mint, podina



              	
Menthe arvensis (Lamiaceae)



              	Leaves



              	Ethanolic extract



              	HepG-2



              	Liver cancer



              	[154]

            




            

              	Aqueous extract



              	A-549, COLO-205, HCT-116, MCF-7, NCI-H322, PC-3, THP-1 and U-87MG



              	Breast, Colon, Glioblastoma, Lung, Leukemia and Prostate



              	[155]

            




            

              	Mushroom



              	
Agaricus bisporus (Agaricaceae)



              	Bulb



              	Ethyl acetate extract, methanol, n-hexane and n-butanolextracts



              	Calu-6


              SNU-601



              	Pulmonary cancer


              Gastric cancer



              	[156]

            




            

              	Crude



              	MCF-7



              	Breast cancer



              	[157]

            




            

              	Aqueous extract



              	A-549, HT-29



              	Lung, Colon cancers



              	[158]

            




            

              	Olive



              	
Olea europaea (Oleaceae)



              	Fruit, Seed



              	Aqueous, ethanolic, methanolic extracts



              	MiaPaCa-2



              	Pancreas cancer



              	[159]

            




            

              	Olive oil



              	MCF-7, HCT-116



              	Breast, Colorectal cancer



              	[160]

            




            

              	Onion



              	
Allium cepa (Amaryllidaceae)



              	Fruit


              Leaves



              	Petroleum ether, ethanolic extracts



              	MDA-MB-231



              	Breast cancer



              	[161]

            




            

              	Aqueous extract



              	Swiss control



              	Colorectal cancer



              	[162]

            




            

              	Pea, garden pea



              	
Pisum sativum (Fabaceae)



              	Seed, Leaves, Buds



              	Seed extract



              	HT-29, HepG2, LS-174, MDA-MB-453, MCF-7, A-594, K-562, Hep-2, HCT-116



              	Liver, Breast, Lungs, Blood, Larynx, Colon cancers



              	[163]

            




            

              	Pointed gourd, parwal



              	
Trichosanthes dioica (Cucurbitaceae)



              	Root



              	Hydroalcoholic extract



              	EAC



              	Ehrlich Ascites Carcinoma



              	[164]

            




            

              	Potato



              	
Solanum tuberosum (Solanaceae)



              	Stem



              	Phenolic extracts



              	LNCaP, PC-3, MCF-7



              	Colon, Prostate, Breast cancers



              	[165]

            




            

              	anthocyanin-rich extracts



              	Caco-2, SW48 and MCF7, MDA-MB-231



              	Colon Cancer


              Breast cancer



              	[166]

            




            

              	Pumpkin



              	
Cucurbita maxima (Cucurbitaceae)



              	Arial parts



              	Methanol extract



              	EAC



              	Ehrlich Ascites Carcinoma



              	[167]

            


          

        




      




      

        Table 3 Anticancer cancer activity of cereal.




        

          

            

              	Common Name



              	Scientific Name and Family



              	Part Used



              	Extract



              	Cell Lines



              	Anti-cancer Activity



              	References

            


          



          

            

              	Chickpea, chhole



              	
Cicer arietinum (Fabaceae)



              	Seeds



              	Methanolic extract



              	MCF-7, MDA-MB-231PC-3,


              LNCaP



              	Breast cancer


              Prostate cancer



              	[168]

            




            

              	Kidney beans



              	
Phaseolus vulgaris (Fabaceae)



              	Seed coat



              	Methanolic extract



              	L1210 MBL2



              	Leukemia


              lymphoma



              	[169]

            




            

              	Rice



              	
Oryza sativa


              (Poaceae)



              	Rice bran



              	Rice bran extract



              	SW-480, HT-29



              	Leukaemia, Colorectal, Cervical, Stomach, Breast, Lung, Liver cancers



              	[170]

            




            

              	Soyabean



              	
Glycine max (Fabaceae)



              	Seeds



              	Peptide fractions



              	MAT- LyLu, DU-145, PC3, Hela, HCT-116 MCF-7



              	Prostate, Breast cancers



              	[171]

            




            

              	Wheat



              	
Trictium aestivum (Gramineae)



              	Grass



              	Wheatgrass juice, Aqueous extract



              	MCF-7


              Caco-2, SW48



              	Liver, Colon, Stomach, GIT, Breast cancers



              	[172]

            




            

              	Mung dal



              	
Vigna radiate (Fabaceae)



              	Seeds



              	Seeds: aqueous extract



              	SNU-601,



              	GIT, Pulmonary cancers



              	[173]

            


          

        




      




      

        Table 4 Anticancer cancer activity of spices.




        

          

            

              	Common Name



              	Scientific Name and Family



              	Part Used



              	Extract



              	Cell Lines



              	Anti-cancer Activity



              	References

            


          



          

            

              	Ajwain



              	
Trachyspermum ammi (Umbelliferae)



              	Seeds



              	Ethanolic extract



              	MCF-7



              	Breast cancer



              	[26]

            




            

              	Asafoetida, hing



              	
Ferula asafoetida (Umbelliferae)



              	Rhizome



              	Hexane and chloroform extracts



              	HepG2, A549, HT-29,



              	Liver, Lungs, Colon



              	[34-36]

            




            

              	Root



              	Hexane and chloroform extracts



              	MCF7, MDBK



              	Breast, Kidney cancers



              	[37]

            




            

              	Black pepper



              	
Piper nigrum (Piperaceae)



              	Seeds



              	Ethanolic extract



              	HCT-15



              	Colorectal cancer



              	[63]

            




            

              	Cinnamon



              	
Cinnamomum zeylanicum (Lauraceae)



              	Bark



              	Bark methanolic extract



              	HepG2



              	Liver cancer



              	[92-94]

            




            

              	Fresh and dry bark



              	Acetone and methanolic extract



              	PC-3



              	Head and neck, Prostate cancers

            




            

              	Clove



              	
Suzygium aromaticum (Myrtaceae)



              	Fruit



              	Aqueous extract


              Ethanol extract



              	MCF-7, MDA-MB-231



              	Breast cancer



              	[100, 101]

            




            

              	



              	Clove oil extract



              	Hela, DU-145, TE-13



              	Cervical, Prostate, Esophageal cancers

            




            

              	Cumin



              	
Cuminum cyminum (Apiaceae)



              	Seeds



              	Seed oil



              	Hela



              	Cervical cancers



              	[122]

            




            

              	Fennel



              	
Foeniculum vulgare (Umbelliferae /Apiaceae)



              	Seed



              	Methanolic extract



              	MCF-7, HCT-116, HePG-2



              	Breast, Colon, Liver cancers



              	[133]

            




            

              	Tamarind, Imli



              	
Tamarindus indica (Leguminosae/ Fabaceae)



              	Seed kernel



              	Ethyl acetate, Water, Chloroform extract



              	A-549, KB, MCF-7, DLA, EAC



              	Skin, Breast cancers



              	[174]

            




            

              	Coriander



              	
Coriandrum sativum (Umbelliferae)



              	Root


              Leaves


              Stem



              	Hexane, Ethyl acetate, Dichloromethane, Methanol, Water extract



              	MCF-7


              HT-29



              	Breast cancer


              Colon cancer



              	[114, 115]

            


          

        




      




      

        Ajwain (Trachyspermum ammi, Umbelliferae)




        Ajwain is widely grown in India, but mainly it is cultivated in Gujarat and Rajasthan. Pharmacological activities of ajwain are antitussive, broncho-dilator, antinociceptive [20], antifungal [21], nematicidal [22], diuretic, abortifacient, antilithiasis [23], antioxidant, antimicrobial [24], anthelmintic and antifilarial [25]. Phenolic compounds of seeds of T. ammi possess anticancer and cytotoxic activity [26].


      




      

        Arbi (Colocasia esculenta, Araceae)




        Arbi possesses antidiabetic [27], antimicrobial and anti-inflammatory activities [28]. Arbi is also used as a nervine tonic [29]. The water-soluble extract of C. esculenta is found to be effective against breast cancer (MCF-7 cell lines) and colorectal cancer (YYT cell lines) [30].


      




      

        Asafoetida (Ferula asafoetida, Umbelliferae)




        F. asafoetida acts as an antispasmodic and antihypertensive [31], antipyretic, anthelmintic, antinociceptive and anti-inflammatory [32, 33]. F. asafoetida showed cytotoxic activity towards HepG2 (liver carcinoma cells), A549 (lung carcinoma cells), HT-29 (colon cancer cells), MCF7 (breast cancer cells) and MDBK (kidney cancer cells) [34-37].


      




      

        Asparagus (Asparagus racemosus, Liliaceae)




        It contains terpenoids (taxol), shatavarin I-IV [38], saponins [39] and 9, 10-dihydrophenanthrene (kaempferol, racemosol) [40]. These phytoconstituents are found to be active against breast and kidney cancers, renal carcinoma cell lines, MCF-7 for breast cancer, HT-29 for colorectal adenocarcinoma, EAC cell lines and HepG2 cell line (liver cancer) [41].


      




      

        Beetroot (Beta vulgaris, Amaranthaceae)




        The root of B. vulgaris contains betanin and betacyanin [42]. B. vulgaris possess antiproliferative, antioxidant [43], the neuroprotective effect [44], and antifungal and antidiabetic activities [45]. The crude or beetroot extract showed effective cytotoxic activity against skin cancer, liver cancer (HC) and breast cancer (MCF-7) cell lines [46].


      




      

        Shimla Mirch (Capsicumannuum, Solanaceae)




        It is a good source of β-carotene and vitamin C [47]. It shows antioxidant, anti-inflammatory and antibacterial activities [48]. Shimla mirch exhibits anticarcinogenic activity against human colon cancer cells (HT-29), human prostate cancer cell line (PC-3) and breast cancer cell line (MCF-7) [49].


      




      

        Karela (Momordica charantia, Cucurbitaceae)




        It is recognized that the phenolic content present in fruits and seeds of M. charantia exhibits various pharmacological actions to treat a variety of diseases like diabetes [50], hypolipidemia [51], antiviral [52], antibacterial and also act as immunomodulatory [53]. It shows anticancer activity against colon cancer (HCT-116 and HT-29 cells) [54], cervical (HeLa cells) and breast (MCF-7 cells) [55].


      




      

        Black Pepper (Piper nigrum, Piperaceae)




        It contains piperine (1-peperoyl piperidine) [56], which possesses various pharmacological activities, like antimicrobial [57], antihypertensive [58], antiasthmatic [59], antioxidant, antidiabetic [60], anti-inflammatory, antiarthritic [61] and also immunostimulator [62]. Piperine is reported to have anticancer activity against lung cancer (DU-145), breast cancer (MCF-7) and prostate cancer (PC-3) [63].


      




      

        Lauki (Lagenaria siceraria, Cucurbitaceae)




        L. siceraria is reported to have anti-inflammatory [64], antidepressant [65], antioxidant, antimicrobial [66] and antidiabetic [67] activities. Cytotoxic activity of aerial parts of L. siceraria has been found to be active on the EAC model of mice [68], MCF-7 (breast cancer cells), DU-145 (prostate cancer cell line) and HOP62 (lungs cancer cells) [69].


      




      

        Cardamom (Elettaria cardamomum, Zingiberaceae)




        E. cardamomum contains alkaloids, tannins, phytosterols, phenolic compounds, saponins, terpenoids, flavonoids, fixed oils, fatty acids, carbohydrates and proteins. Cardamom exhibits antihypertensive and antioxidant [70], gastroprotective [71], antispasmodic, analgesic, and anti-inflammatory [72] and antibacterial properties [73]. Ethanol extract of seeds of E. cardamomumalso possesses anticarcinogenic properties [74].


      




      

        Carrots (Daucus carota, Apiaceae)




        Carrot juice extract contains phenylpropanoids. It exhibits antioxidant [75], anti-inflammatory and anti-ulcer activities [76]. D. carota is reported to possess cytotoxic activity against HaCaT, A549 cell lines for skin cancer, and HepG2 cell lines for liver cancer [77]. Methanol extract showed meaningful anticancer activity against HL-60 cell lines for liver cancer [78].


      




      

        Cauliflower (Brassica oleracea, Brassicaceae)




        It is a rich source of protein, vitamin K, vitamin B6, thiamine, potassium, magnesium, manganese, riboflavin and phosphorus. It is beneficial in type 2 diabetes [79] and possesses antioxidant [80], antibacterial [81], and antifungal [82] activities. The biosynthesised silver nanoparticles obtained from the aqueous extract of B. oleracea are active against cervical and prostate cancer [83].


      




      

        Green Onion (Allium schoenoprasum, Amaryllidaceae)




        Chives contain many active constituents such as propanal diethyl acetal, dimethyl trisulfide, borneol, α-copaene, β-selinene, β-ionone, palmitic acid, ethyl palmitate, methyl linoleate [84]. The pharmacological properties of A. schoenoprasum are anti-inflammatory [85], nephrolithiasis [86] and protection against Alzheimer’s




        disease [87]. Anticancer activity of ethanol extract of Chives is reported in B16 melanoma and breast cancer (4T1 cell lines) [88].


      




      

        Cinnamon (Cinnamomum zeylanicum, Lauraceae)




        C. zeylanicum possesses antioxidant [89], antidiabetic [90], antifungal and antibacterial [91] activities. Antitumor activity of methanol extract of C. zeylanicum was found in the Hep-G2 cell line (hepatic cancer cell line) [92]. Cytotoxic activity of C. zeylanicum oil is active against head and neck carcinoma [93] and prostate cancer (PC-3) [94].


      




      

        Clove (Suzygium aromaticum, Myrtaceae)




        Clove contains phytoconstituents like essential oils (eugenol, eugenyl acetate, thymol, caryophyllene oxide, eugenyl, vitamin E acetate) in a high amount [95]. Cloves have analgesic, anti-inflammatory [96], antioxidant [97], antibacterial [98] and antifungal [99] properties. Essential oil and ethanol extract from the clove are active against breast cancer (MDA-MB-231 and MCF-7 cell lines) [100], esophageal cancer (TE-13 cell line), cervical cancer (HeLa cell line) and prostate cancer (DU-145 cell lines) [101].


      




      

        Coconut (Cocosnucifera, Arecaceae)




        C. nucifera possesses antioxidant, antimicrobial [102], antinociceptive, antipyretic [103], anti-inflammatory, anti-fungal [104] and anthelmenthic [105] activities. In-vitro anticancer studies of husk fibre of C. nucifera found to be active against neoplastic cell lines [106]. Shell of C. nucifera shows anticancer activity against HeLa cell lines for cervical cancer [107]. Extract from coconut milk kefir is active against MCF-7 cell lines for breast cancer [108].


      




      

        Coriander (Coriandrum sativum, Umbelliferae)




        C. sativum is known to exhibit several pharmacological effects such as antioxidant, anti-diabetic [109], antianxiety [110], anthelmentic [111], anticonvulsant [112], antifungal and antibacterial [113]. The ethyl acetate extract of root is active against breast cancer cells (MCF-7) [114]. Ethanol extract is found to be active against HT-29 Cell lines for colon cancer [115].


      




      

        Cumin (Cuminum cyminum, Apiaceae)




        C. cyminum contains anthraquinone, alkaloids, flavanoids, coumarin, glycosides, protein, saponins and resin. C. cyminum exhibits antidiabetic, antidyslipidemic [116], antioxidant [117], anti-inflammatory [118], antibacterial [119], anxiolytic, muscle relaxant, locomotor [120] and contraceptive [121] effects. Cumin seeds are reported to lower the risk of fore-stomach cancer and uterine cervix tumours [122].


      




      

        Eggplant (Solanum melongana, Solanaceae)




        S. melongana fruit is a rich source of alkaloids. It is observed that anthocyanin (delphinidin, delphinidin3-diglucoside, nasunin) and anthocyanase [123] are responsible for antioxidant properties [124]. Methanol extract from the peel of the fruit, S. melongana, is found to be active in human gastric adenocarcinoma [125].


      




      

        Fennel (Foeniculum vulgare, Umbelliferae /Apiaceae)




        It possesses antioxidant [126], antibacterial [127], anti-inflammatory [128], antidiabetic [129], hepatic-protective [130], diuretic [131] and estrogenic [132] activities. Niacin and riboflavin are the two vitamins present in F. vulgare. Anticancer activity of methanol extract of seed is found to be active against breast cancer (MCF-7), colorectal cancer (HCT-116) and liver cancer (HePG-2) [133].


      


    




    

      CONCLUSION




      Cancer is a disease that is causing a large number of deaths at present. It may be caused due to the deficiency of vitamin B-12, or there are many reasons that are responsible for the occurrence of cancer, such as smoking, consumption of alcohol, intake of unhealthy food, junk food and fast food in excess amounts. It can be prevented to some extent by regular intake of vegetables, fruits and other dietary supplements. As vegetables are a rich source of vitamins, proteins, fats, fibre, antioxidants and phytochemicals (alkaloids, steroids, polyphenols, flavonoids, saponins, glycosides, tannins), hence, they help us and help our children to grow and become strong. Functional foods also prevent different types of harmful ailments (e.g., heart disease, lung disease, liver disease, diabetes, arthritis, etc.) in the body. Different functional food like vegetables, spices and pulses have anticancer activity, if they are taken in an adequate amount on a daily basis, that may be helpful to cure and treat various types of cancer.
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      Abstract




      Cancer - the name evokes fear and anxiety. Researchers are working tirelessly to bring hope to countless patients by developing prevention and treatment strategies. One approach is dietary modulation - which is documented to reduce the risk of cancer and increase the benefit of anti-cancer therapy. Allium species are a part of the daily diet in most parts of the world. Important members of this genus - chives, garlic, onions, and shallots add flavour and nutrition to food. These are prized for their organosulphur compounds and flavonoid content which are responsible for their diverse pharmacological activities. Traditional and scientific literature shows that dietary intake of Allium species prevents and aids the treatment of different cancers. In this review, based on an extensive search of available databases, the role of Allium species as nutraceuticals for cancer management was examined to ascertain the truth in the popular claims. Preclinical and clinical investigations show that consumption of the Allium members as a part of the diet and also the functional components (e.g., allicin, diallyl disulphide, diallyl trisulphide, ajoene, S-allyl cysteine, S-allyl mercaptocysteine, tuberoside M, onionin A, fisetin, quercetin, etc.) reduce risk of cancer and have significant antitumor activities. These act by varied mechanisms, including inhibition of gene expression, promotion of apoptosis of cancer cells, antiproliferative activity, and anti-oxidant and anti-inflammatory effects. It is emphasised that standardization of Allium products, their efficacy, dosage, safety profiles and interactions should be ascertained to corroborate their use. This article highlights the importance of Allium species for their prophylactic, therapeutic and immune-boosting ability in cancer management.
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      INTRODUCTION




      The United Nations has put together 'Sustainable Development Goals' for a healthier and happier planet [1, 2]. A major goal amongst these is to ensure good health and well-being for all. Well-being begins with a healthy lifestyle. A healthy lifestyle includes:





      

        	Physical aspects like regular exercise, adequate sleep and diet.




        	Mental and emotional positivity and resilience.




        	Positive and active social contributions.


      




      When a healthy lifestyle is not maintained, it leads to diseases [3]. Non-communicable Diseases (NCDs), such as diabetes, hypertension, obesity, cardiovascular disorders, osteoporosis and cancers, are the leading cause of death in the world [4]. Fig. (1) summarizes the main causes [5] leading to NCDs and the outcomes of possible modification of lifestyle.
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Fig. (1))


      Impact of different factors and their modification in NCDs. NCDs, especially cancers, are a leading cause of death and also result in immense suffering and economic burden on the patient and the caregivers.

    




    

      Cancer Prevalence




      Cancer is a multistage process that is characterised by uncontrolled or abnormal growth of cells which may occur in any tissue. Cancerous cells have the ability to even invade and spread other normal cells and organs [6]. In men, the more cancer-prone organs are the prostrate, colon and rectum, lung and bronchus, skin and urinary bladder, while in women, breast, uterine corpus, lungs, rectum and colon cancer are more frequent. For children, blood and lymph node cancer constitutes the major clinical cases of cancer [6, 7].




      Despite the availability of improved treatments over the past few years, which increased the survival rates of patients [8], cancer is the leading cause of mortality after cardiovascular disorders and is also the reason for 1 in 6 deaths worldwide [9]. Furthermore, each year, the toll of cancer cases and deaths is increasing due to ageing and population growth [10]. It is estimated that cancer cases will double by the end of 2020, and WHO predicted about a 70% increase in the new number of cancer cases by the next 20 years [8]. In low and middle-income countries, about 70% of deaths are due to cancer.




      There are numerous risk factors that can trigger abnormal growth of cells, and this includes exposure to noxious chemicals (smoking and alcohol), genetic mutations (changes in cell functions), environmental chemicals (pollution), microorganisms (virus, bacteria) and radiations. Once triggered, it alters the functions of vital genes and disturbs the normal cell cycle leading to abnormal proliferation of cells [6]. Therefore, early diagnosis and treatment are considered essential to reduce mortality among cancer patients.




      

        Management of Cancer




        The management of any disorder entails prevention and treatment, along with maintaining the best possible patient quality of life. Cancer researchers are working tirelessly to bring hope to countless patients by developing treatment and prevention strategies.




        Management of cancer includes the complete spectrum of care that comprises of:




        Prevention, Screening, Diagnosis, Treatment, Palliative care, End of life care.





        

          	Prevention involves a healthy lifestyle (diet and exercise) and routine testing and screening of high-risk groups.




          	Diagnosis is the decisive step that helps to determine the occurrence and stage of cancer. Diagnosis involves laboratory tests, imaging scans and pathological examination of tumour samples obtained by performing a biopsy or aspiration. This is critical since the treatment modality depends on this.


        





        

          	Treatment options are decided by the oncologists as well as the patient and care givers depending on:


        




        • Type and stage of cancer




        • Age and condition of the patient




        • Standard guidelines for treatment




        • Available resources




        There are a number of treatment options that include both conventional as well as non-conventional strategies [11-13]; (Fig. 2).
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Fig. (2))


        Treatment options for cancer.



        Conventional treatment strategies, including chemotherapy, radiotherapy or their combination, lack the precision to kill only neoplastic cells and are associated with drug-induced toxicity in non-cancerous cells and a variety of side effects that result in deterioration of the patient’s life quality and sometimes lead to discontinuation of the treatment [14]. The common adverse effects of pharmacotherapy include hepatotoxicity, emesis, neurotoxicity, diarrhoea, myelosuppression, nausea and anorexia [15]. Therefore, effective and safe alternative management strategies are essential. The 'non-conventional' measures are generally prophylactic; they reduce the risk of occurrence of cancers, build immunity and fight cancer cells. Furthermore, alternative therapies are often used to cope with anxiety, stress, fatigue, insomnia and pain associated with the disease and treatment regimens in cancer patients. These modalities are also continued post-treatment to boost the immune system and prevent a recurrence. A game changer in cancer management is lifestyle improvement by including regular exercise, dietary modification and incorporation of nutraceuticals in the diet [16-18]. One-third of cancer cases can be prevented by simply modifying life style and dietary intake, for example, including antioxidant-rich dietary components in meals and eliminating alcohol and tobacco use [8].




        The objective of this review is to highlight the anti-cancer capacity of some members of the genus Allium that are a part of our regular diet. An extensive literature survey was carried out by searching databases like Google Scholar, PubMed, Science Direct, Scopus and books in order to draw information on the role of Allium species, the associated compounds and anticancer mechanisms that may assist further research in designing a better therapeutic intervention for the prevention and treatment of diverse forms of cancer. An attempt is also made to emphasize the steps required to bridge the gaps in the introduction of Allium extracts and phytoconstituents as anti-cancer nutraceuticals that will bring relief to countless patients from their immeasurable suffering.


      


    




    

      Lifestyle Modification And Cancer Management




      A healthy life style helps to prevent cancer, helps to cope with the strong anticancer treatment regimen and facilitates post-treatment recovery and immune building.




      There are various lifestyle-related risk factors that lead to cancer. Once we understand the modifiable 'way of life' risk factors that cause cancer, we can prevent and manage these disorders. Alterations in lifestyle, including physical exercise and healthy dietary habits, influence the occurrence, progression and recurrence of many cancers. There is convincing evidence regarding the impact of regular exercise in reducing the risk of cancers, especially colon cancer, and reports also show that lack of exercise may lead to obesity which increases the risk of oesophagus, breast, colorectal, endometrial and renal cancers [19]. It is a paradox, but exercise during treatment helps to overcome fatigue, listlessness and insomnia and improves body functioning. Post-treatment exercise is vital for weight management, building stamina, and increasing bone and muscle strength [20].




      Though diet alone is not responsible, it is associated with the occurrence of certain cancers [21]. There are reports that support this, however, the evidence is far from compelling [22]. For example, a high-fat diet leading to obesity is associated with breast, uterine, kidney, oesophageal, gall bladder and pancreatic cancers [22, 23] and pro-inflammatory diets increase the risk and mortality of colorectal, upper digestive tract, tobacco-related, and hormone-sensitive cancers [24]. Alcohol consumption leads to cancers of the oral cavity, pharynx, larynx, oesophagus, and liver [22]. Different types of diets are recommended in different parts of the world for the prevention of cancers and the recurrence of cancer; for example, a high level of adherence to the Mediterranean diet (consisting of olive oil, fish, fruits, vegetables, whole grains, legumes, nuts and seeds) is reported to reduce oxidative stress, inflammation, cell proliferation and has a chemoprotective effect; thus it prevents occurrence as well as recurrence of cancers [17]. Reports indicate that 30-40% of cancers can be prevented by dietary modification [25]. Clear-cut dietary rules are not possible, but recommendations include the intake of 'prudent' diet that includes vegetables, fruits, whole grain, and fish but go slow on the intake of red meat, animal fat, and refined sugar along with a restriction on calories that are consumed while maintaining consumption of proteins, essential fatty acids and micronutrients [16, 26-28].




      Various components of our diet, such as carotenoids, flavonoids, polyphenols, limonoids, organosulphur compounds, oligosaccharides, polysaccharides, PUFAs, stilbenes, lignans, phytoestrogens, etc. are known to be 'cancer risk modifiers' - i.e., they help prevent initiation as well as the progression of different cancers [29-31]. In recent times, these products/components, with distinct pharmacological activities, derived from food and used in pharmaceutical form (i.e., as capsules, pills, liquids), have become very popular. These are known as Nutraceuticals. The major functions of nutraceuticals include:





      

        	Health improvement and promotion




        	Reduction of risk of chronic ailments




        	Immune building




        	Prevention of functional deficiencies




        	Prevention or slowing progression of degenerative disorders




        	Protection from oxidative stress




        	Chemoprevention


      




      Hence, these are used to aid in the management of obesity, cardiovascular disorders, diabetes, immune-compromised conditions, osteoporosis, chronic inflammation and cancers [32-35].




      Nutraceuticals play an important role in cancer management [36-40] (Fig. 3) by:





      

        	Prevention: By protecting from various risk factors. These have chemopreventive activity.




        	Support during cancer treatment: Nutraceuticals have chemotherapeutic effects. They have protective effects against toxicity associated with chemotherapy and radiotherapy.




        	Enhancing post-treatment health: Enhance immunity, help recover the strength of the body and protect from cachexia.


      




      Allium species are a part of the daily diet in most parts of the world and are valued for their culinary and therapeutic significance. Many species have proven efficacy against different types of cancer. Members of this genus are a reservoir of phytoconstituents that can, thus, be developed as anti-cancer pharmaceuticals and nutraceuticals.
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Fig. (3))


      Anticancer activities of nutraceuticals.

    




    

      Anti-cancer Promise of Allium Species




      Allium is one of the largest monocot genera which has beautiful perennial flowering, bulb-bearing herbaceous plants. It comprises about 850 species - both cultivated and wild [41], including the following frequently used species:





      

        	
A. ascalonicum L. (shallot)




        	
A. ampeloprasum L. (leek)




        	
A. cepa L. (onion)




        	
A. chinense L. (scallion)




        	
A. sativum L. (garlic)




        	
A. schoenoprasum L. (chives)


      




      Earlier, Allium genus belonged to the Alliaceae family, but according to the APG III (Angiosperm Phylogeny Group) classification, it is now placed in the Amaryllidaceae family and Allioideae subfamily [42].




      Allium species have been used for centuries for their exceptional flavour as vegetables and spices, besides being valued as ornamentals, as ethno medicine for the prevention of various diseases, and for their diverse pharmacological activities. Members of this genus are known for their sulphur compounds enriched volatile oil [43-45], which impart a unique taste to different species [46]. Apart from sulphur compounds, the plants of Allium genus contain many other important chemical constituents like anthocyanins, flavonoids, phenols, tannins and carotenoids [47-51]. Besides culinary uses, these species are employed traditionally for their preventive and curative effects on a variety of ailments such as cold and flu, diabetes, headache, atherosclerosis, asthma, and cardiac, ophthalmic, and inflammatory disorders. The members of this genus are valued for their diverse actions [41, 52-55] (Fig. 4).
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Fig. (4))


      Why are Allium species special?



      In this chapter, we will review the anti-cancer promise of some members of this genus that are an integral and common part of our diet. A number of Allium species have shown anticancer potential [56]. Of these, onion, garlic, leeks, chives and shallots have been noted for reducing the occurrence of cancers along with their prominent cytotoxic and antiproliferative effects against cancer cells. Considering the emerging evidences on the anti-cancer properties of these species, this chapter is aimed to provide comprehensive information available on the anti-cancer effects of these selected plants. Further, an attempt has been made to point out their bioactive compounds and mechanism of action.




      

        Allium ampeloprasum L.




        A. ampeloprasum var. Porrum (A. porrum), known as leeks, is cultivated in tropical areas of the world [57]. Like onions and garlic, leeks are amongst the most widely produced vegetables in the world. These are added to soups, salads and stews and have a mild onion-like flavour. These are also valued for their medicinal properties [56]. Unlike onion and garlic, the plant part of leeks used is a bundle of tightly folded leaf sheaths [58]. Commercially available leeks are called the smaller ‘summer leeks’ and the larger, strongly flavoured ‘overwintering leeks' depending on the season of collection. A number of popular cultivars [59] of leeks include:





        

          	Elephant garlic (A. ampeloprasum var. holmense - this grows into bulb-like garlic but has a milder flavour).




          	Kurrat or Egyptian leek (A. ampeloprasum var. kurrat – resembles leeks but is smaller in size).




          	Persian leek (This is found in Iran).


        




        Like other Allium species, fresh leeks are a rich source of flavonoids, polysaccharides and glucosinolates in addition to the potent organosulfur compounds that impart the typical flavour [60]. The medicinal property of Allium ampeloprasum is mainly due to the presence of many sulphur-containing bio-active constituents dimethyl disulphide, methyl propenyl disulphide, propyl propenyl disulfide, dimethyl trisulfide, methyl propyl trisulfide, methyl propenyl trisulfide, S-methyl cysteine sulfoxide, S-propyl cysteine sulfoxide, S-propenyl cysteine sulfoxide, N-(γ-glutamyl)-S-(E-1-propenyl) cysteine [58, 61, 62].




        Pectic polysaccharides from leek showed immunostimulating activity [62], and flavonoids with human platelet anti-aggregation activity are also reported [63]. Dibenzofurans, porric acids isolated from the bulbs exhibited antifungal activity [64]. A new steroidal saponin isolated from the bulbs showed anti-inflammatory and antiulcerogenic properties [65]. Plant extracts have also shown effects against hypercholesterolemia [66], diabetes mellitus [67]. Compared with the onion and garlic, the leek aqueous extract had more significant antioxidant properties. This is probably due to the higher phenolic content in the extract. Fresh leeks had a better antioxidant effect when compared to dried leeks [68-70].




        Anticancer potential of leeks: Traditional uses and epidemiological studies suggest that consumption of leeks reduces the risk of prostate, colorectal, stomach and breast cancer [71]. This is attributed to the high content of organosulfur and phenolic compounds [69]. An in vitro study showed that the A. porrum-derived saponins had cytotoxicity against various cancer cell lines [72]. Another study demonstrated the anticancer effect of leeks on osteosarcoma cells, U2OS mediated by depressing U2OS cell viability, proliferation and affected their morphology. It had anti-proliferation, and prevented metastasis of the cancer cells [73].


      




      

        Allium ascalonicum L.




        A. ascalonicum (Shallots) is a prominent spice of Allium genus found in Eastern Mediterranean. It is considered a variety of onion that bears garlic clove-shaped small-sized bulbs [74]. The bulbs are reckoned source of minerals, vitamins and proteins and are used in raw and cooked form.




        Shallots extracts have antibacterial [75-77], antifungal [78, 79], anti-angiogenic [80], antioxidant and anti-Helicobacter pylori [81] effects. Ongoing chemical investigations revealed the presence of important bioactive compounds such as ascalin [82], polyphenols (tannic acid, gallic acid, apigenin, eriodictyol, kaempferol, quercetin, isoquercetin, isorhamnetin and their glycosides [74]), saponins (sapogenine, ajoene, ascalonicoside A1/A2 and ascalonicoside B [74], lectin [83], sulfur compounds (DADs, and SAC), selenium [84] and essential oil [85].




        Shallots have shown anticancer potential in a number of in vitro and in vivo investigations. The aqueous bulb extract (0-2000 µg/ml) was able to reduce the proliferation, in a time and dose-dependent mode, of Jurkat (human acute T-cell leukemia), K562 (human erythroleukemia) and Wehi164 (mouse fibrosarcoma cells) cell lines [86]. The extract showed no change in the growth of normal human umbilical vein endothelial cells up to 72 h, suggesting its specific effects against proliferating cells only [86]. Similar specific anti-cancer effects of shallots were reported in cervical carcinoma and liver cancer [77, 87]. A comparative study showed the strong tumour growth inhibitory effects of alcoholic extract than aqueous extract in a rat model of DMVA-induced breast cancer [88]. Isoliquiritigenin isolated from Shallots blocked the cell cycle of human cervix HeLa adenocarcinoma cells by inducing apoptosisvia initiating p53 phosphorylation and causing G2/M phase arrest by reducing the levels of cdc2 and 25C and cyclin A and B, cyclin A [89].


      




      

        Allium cepa L




        Allium cepa L. is a spice plant known as onion globally and has been cultivated since 5000 BC. China, India and the USA are the major producers of onions. It attains a height of up to 50 inches and produces bulbs, white flowers and flat green leaves [59]. Traditionally, it is used in hair loss conditions, lowering cholesterol levels, expectorant, skin disorders, headaches, diabetes, stimulant, bronchitis and other respiratory disorders, cough, cardiovascular disorders, hypertension, treating surgical scars, snake bite, facilitating bowl movement and aids digestion [90-97].




        All Allium vegetables have almost similar nutrient content, but onions constitute a major portion of the diet among all Allium vegetables worldwide. Onions are rich in fibres, proteins, carbohydrates and other micronutrients like iron, potassium and vitamin C. It contains a wide range of bioactive components such as sulphur compounds, flavonoids, phenols and anthocyanins [98-101]. The majority of health benefits of onions are attributed to the sulphur-containing compounds and flavonoids. Sulphur-containing compounds comprise up to 0.5% of the dry weight of onions [102]. These compounds are generally derived from S-alk(en)yl-L-cysteine sulfoxides (ASCOs) [103] and isoalliin is a predominant sulphur compound present in onion, while propiin and methiin constitute a significant portion of ASCOs [101, 104, 105]. Upon disruption to onion bulbs, allinase enzyme is released by cells which degrade the ASCOs into volatile sulfenic acid intermediates that are highly reactive and form lachrymatory factor, bis-sulfines and sulphides (diallyl disulphide, diallyl sulphide and diallyl trisulfide)via condensation reactions [60, 103, 104]. These compounds give onion a unique and characteristic flavour.




        Among flavonoids, flavonols especially quercetin and its glycosides viz. quercetin 4'-glucoside and quercetin 3,4'-diglucoside comprise more than 80% of its total flavonoid content [106]. Besides, onion contains ferulic acid, gallic acid and selenium, which have been found to be associated with its antioxidant and cytotoxic effects.




        Studies have shown that regular onion consumption helps reduce cardiovascular and neurodegenerative disorders and cataracts [99]. The various pharmacological activities of onions are described in Fig. (5) [99, 107, 108]. This valuable nutritious plant has recently gained much attention from researchers for its anti-mutagenic, antioxidant, immunomodulatory and cytotoxic effects [99, 109].
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Fig. (5))


        Bioactive compounds and pharmacological activities of onions.

      


    




    

      Onion and its anti-cancer effects: in-vitro and in-vivo evidences




      Scientific studies have provided convincing evidences that onion extracts and fractions have antiproliferative effects against different types of cancerous cells [56, 107, 110, 111]. Onions are even effective in reducing the recurrence rate of cancer by inhibiting different initiating and promoting phases of cancer [56]. Its consumption as a vegetable exhibits protective effects and reduces the risk of cervical, colorectal and gastric cancer [96, 112, 113]. Onion and its bioactive components exhibit cytotoxic, antioxidant and apoptosis effects and thus can modulate the biological behaviour of tumour cells (Fig. 6). Overall, the mechanistic studies showed that the onion interacts with different signalling molecules, viz. NF-κB, ERK1/2, p38, p53, JNK, bcl-2/bax family, and caspases induce apoptosis in cancer cells [114].




      There are different cultivars of onion which differ in colour and taste due to variations in their phytochemical content [115]. Among them, four onion varieties viz. Nasik, Green, White and South Indian onion were reported to have both protective and curative effects at 50 and 100 mg/kg in B16F10 Melanoma cells, where they inhibited the melanoma cells proliferation [116].
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Fig. (6))


      Mechanisms associated with anti-cancer effects of onion.



      White, red and yellow onion extracts exhibited the antimutagenic effects which were ascribed to the phenols and flavonoids present in the extracts [117]. Compounds isolated from green onion showed preventive effects by modulating phase-2 detoxifying liver enzymes (quinone reductase induction) in murine hepatoma (Hepa 1c1c7) cells [118].




      The ethylacetate extract of onion was effective in initiating apoptosis by inhibiting fatty acid synthase in human breast cancer cells and adipocytes, revealing its beneficial potential against obesity-related malignancy [82]. Onion extract reduced tumour cell proliferation in animals with colorectal cancer [119]. In the Ames test, onion extract exerted anti-mutagenic effects against N-nitrosamines [120]. The various studies that have indicated the anti-cancer properties and supporting mechanism of onion are described in Table 1.




      

        Table 1 In-vivo studies demonstrating the anti-cancer activity of onions.




        

          

            

              	Type of Component



              	Dose



              	Cell Line



              	Inference



              	References

            


          



          

            

              	Onion oil



              	1 and 10 mg for 3times/week for total 49 weeks



              	7, 12-dimethylbenz[a]-anthrac-induced papilloma followed by tumour promotion with phorbol myristate acetate



              	Showed a reduction in the number of papillomae



              	[140]

            




            

              	Onion oil



              	1 mg/animal



              	7, 12-dimethylbenz[a]-anthrac-induced papilloma in Sencar mice



              	Inhibited DNA synthesis and thus, reduced the tumour initiation process



              	[141]

            




            

              	2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyranone



              	0.5-1.5 mg/ml



              	SW620 and HCT116 colon cancer cells



              	Induce NFkB-mediated cellular apoptosis by suppressing Bcl-2 and inducing Bax expression



              	[142]

            




            

              	5-hydroxy-3-methyl-4-propylsulfanyl-5H-furan-2-one; 5-(hydroxymethyl) furfural; acetovanillone; Methyl-4-hydroxyl cinnamate; ferulic acid methyl ester



              	IC50 115-1060 µM



              	Murine hepatoma (Hepa 1c1c7) cells.



              	Inhibit the growth of cells by inducing quinone reductase



              	[118]

            




            

              	Polyphenol rich extract



              	0-60 µg/ml



              	THP-1, K562 cells - Human leukemia cells



              	Induce cell death by triggering intrinsic and extrinsic pathways and caspase-dependent pathways such as up-regulation of caspase 3 and 9 expression, TNF-related apoptosis, down-regulation of survivin and cellular inhibitor of apoptosis 1 protein



              	[124]

            




            

              	Extract



              	100-300 mg/kg



              	Hyperlipidemia-induced colorectal cancer in mice



              	Inhibited cellular proliferation by reducing apolipoprotein A and total cholesterol levels



              	[119]

            




            

              	Alliospiroside A



              	0-50 μg/ml



              	P3U1 myeloma cancer cell line



              	Induce cellular apoptosis and reduce cell viability



              	[143]

            




            

              	Lacto- and natural fermented onions



              	6.25-500 μg/ml



              	MCF7 and peripheral blood mononuclear cells



              	Lacto-fermented had higher cytotoxic effects



              	[144]

            




            

              	Quercetin 4'-glucoside



              	25-200 μM



              	HepG2, HT-29 and PC-3 cancer cell lines



              	Reduced cell proliferation



              	[145]
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