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1. Introduction
affron is one of the most expensive spices in the world, derived from the dry stigmata of Crocus sativus L., a member of the Iridaceae (Iris) family (Peter, 2000). Saffron is hand-harvested during the flowering season. This process is very time consuming which involves picking the stigmata by hand and then carefully drying the stigmata to produce a quality product (Peter, 2000). One stigma of saffron weighs about 2 mg and each flower has three stigmata. In order to obtain 1 kg of spice, 150,000 flowers must be carefully picked (Peter, 2000). Saffron (Crocus sativus L.) is mostly cultivated in Spain, Iran, India, Greece, Authors ? ? ? ?: President, Pars Bioscience, Leawood, Kansas, United States. e-mails: rafie@parsbioscience.com, soheila@parsbioscience.com, Mohsen @parsbioscience.com mina @parsbioscience.com China and some other European and Asian countries (Peter, 2000). The quality and chemical composition of saffron are affected by the region in which saffron is grown (Peter, 2000), the drying process, the conditions of packaging, storage of saffron, and the analytical extraction methods which have been used (Caballero-Ortega et al., 2007).
The nutritional supplement value of Saffron (Crocus sativus L.) which was provided by Pars Bioscience LLC in powder form, to Covance, Madison. WI laboratory was analyzed and shown to include the following contents: NL-Proximate (moisture, ash, protein, fat, total carbohydrates, calories, and calories from fat), results of these analyses are detailed (Table 1). Vitamins (vitamin A, C, and folic acid), and minerals (calcium, copper, iron, magnesium, manganese, phosphorus, potassium, sodium, and zinc), are detailed in (Table 2). The results of analysis of saffron fatty acid profile are detailed in (Table 3). Also to identify the major components of Saffron, the analysis of the saffron was conducted by grinding and extracting saffron, and analyzing the extract using HPLC/UV-MS analysis by Pars Bioscience which is shown in (Figure 1).
To date, the following components have been identified in saffron: safranal which is the principal substance responsible for the aroma of saffron, dimethylcrocetin, crocetin esters (cis-crocetin, and trans crocetin), picrocrocin is the substance responsible for bitter taste of saffron (Peter, 2000), crocin which are the major components responsible for the color of saffron, trans-crocin-2, trans-crocin-2', trans-crocin-3, trans crocin-4, cis-crocin-1, cis-crocin-2, cis-crocin-3, ciscrocin-4, cis-crocin-5, anthocyanin, carotene, and lycopene (Peter, 2000  The main uses of saffron are in cooking, food coloring, in perfume and Cosmetics (Peter, 2000;Abdullaev, 2002). Saffron has also traditionally been regarded as a highly valued medicinal plant to treat wide variety of ailments such as depression, respiratory problems, colds, asthma, and heart diseases. (Abdullaev and Espinosa-Aguirre, 2004). More recently, as the current culture has been changing, more researches have been done analyzing the effects of traditional herbs and spices as treatment for the severe diseases (Abdullaev, 2002).
Several studies have been performed on the use of saffron or it's constituents in the treatment of a variety of cancers including colorectal cancer cells (HCT-116, SW-480, and HT-29) , non-small cell lung cancer (NSCLC) cells (Aung et al., 2007)        The commonly known Saffron contains more than 150 volatile and aroma-yielding compounds. It also has many nonvolatile active components (Surh et al., 2005), many of which are carotenoids, including zeaxanthin, lycopene, and various ?-and ?-carotenes. However, saffron's golden yellow-orange color is primarily the result of ?-crocin. This crocin is transcrocetin di-(?-D-gentiobiosyl) ester; it bears the systematic (IUPAC) name 8, 8-diapo-8, 8-carotenoic acid. This means that the crocin underlying saffron's aroma is a digentiobiose ester of the carotenoid crocetin (Schmidt et al., 2007). Crocins themselves are a series of hydrophilic carotenoids that are either monoglycosyl or diglycosyl polyene esters of crocetin (Escribano et al., 1996). Crocetin is a conjugated polyene dicarboxylic acid that is hydrophobic, and thus oil-soluble. When crocetin is esterifies with two water-soluble gentiobioses, which are sugars, a product results that is it water-soluble. The resultant ?-crocin is a carotenoid pigment that may comprise more than 10% of dry saffron's mass. The two esterifies gentiobioses make ?crocin ideal for coloring water-based and non-fatty foods such as rice dishes (Schmidt et al., 2007).







Figure 1. 
[image: , breast cancer cells (MCF-7 and MDA-MB-231) (Chryssanthi et al., 2007) , lung adenocarcinoma cells (A549), lung fibroblasts cells (WI-38), VA-13 cells (WI-38 cells transformed in vitro by SV40 tumor virus) (Abdullaev and Espinosa-Aguirre, 2004; Abdullaev and Frenkel, 1992; Surh et al., 2005) , lung cancer-bearing mice (Magesh et al., 2006), skin carcinogenesis in mice (Salomi et al.,1991; Konoshima et al.,1998), leukemia cells (HL-60), osteosarcoma, fibrosarcoma (Aung et al., 2007; Kanakis et al, 2007 ), ovarian carcinoma (Aung et al, 2007; Abdullaev, Espinosa-Aguirre, 2004), and cervical epithelioid carcinoma cells (HeLa) (Abdullaev and Espinosa-Aguirre, 2004; Surh et al., 2005; Escribano et al.,1996). Saffron significantly inhibited the growth of colorectal cancer cells while not affecting normal cells(Aung et al., 2007). Saffron showed a dose-dependent inhibitory response on breast cancer cells(Chryssanthi et al., 2007). Crocetin inhibited the three malignant human cell lines (HeLa, A549, and VA13)(Surh et al., 2005). Overall, saffron inhibits tumor growth in vivo and in vitro and could be used for the treatment of cancer, either alone or in combination with other treatments(Hosseinzadeh and Sadeghnia, 2007;Schmidt et al., 2007).]
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Figure 6. Table 1 :
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Figure 7. Table 2 :
2		Results
		(per 100 g serving
	Analysis	size)
	Moisture	7.7 g
	Ash	4.6 g
	Protein	15.6 g
	Fat	5.5 g
	Total Carbohydrates	69.6 g
	Calories	363 Cal
	Calories from Fat	22.1 Cal
	Vitamins	D D D D ) B
	Vitamin A Vitamin C Folic Acid Minerals Calcium Copper Iron Magnesium Manganese Phosphorus Potassium ( < 100 IU < 1.0 mg 800 mcg -124 mg 0.908 mg 23.7 mg 154 mg 2.44 mg 404 mg




Figure 8. Table 3 :
3		Results (per 100 g
	Analysis	serving size)
	8:0 Caprylic	< 0.003 g
	10:0 Capric	< 0.003 g
	12:0 Lauric	0.011 g
	14:0 Myristic	0.012 g
	14:1 Myristoleic	< 0.003 g
	15:0 Pentadecanoic	0.003 g
	15:1 Pentadecenoic	< 0.003 g
	16:0 Palmitic	0.425 g
	16:1 Palmitoleic	0.008 g
	17:0 Heptadecanoic	0.006 g
	17:1 Heptadecenoic	< 0.003 g
	18:0 Stearic	0.030 g
	18:1 Oleic	0.314 g
	18:2 Linoleic	1.20 g
	18:3 Gamma	< 0.003 g
	Linolenic	
	18:3 Linolenic	0.394 g
	20:0 Arachidic	< 0.003 g
	20:1 Eicosenoic	0.012 g
	20:2 Eicosadienoic	0.036 g
	20:3 Eicosatrienoic	< 0.003 g
	20:4 Arachidonic	< 0.003 g
	22:0 Behenic	0.008 g
	Saturated Fat	0.471 g
	Monounsaturated Fat	0.321 g
	Polyunsaturated Fat	1.56 g
	Sum of Fatty Acids	2.46 g


Note: Chemistry and Chemical Composition Structure of picrocrocin (Surh et al., 2005) : ?-D-glucopyranose derivative
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The bitter glucoside picrocrocin is responsible for saffron's flavor. Picrocrocin (chemical formula: C16H26O7; systematic name: 4-(?-D-glucopyranosyloxy)-2, 6, 6-trimethylcyclohex-1-ene-1-carboxaldehyde) is a union of an aldehyde sub-element known as safranal (systematic name: 2, 6, 6-trimethylcyclohexa-1, 3-diene-1-carboxaldehyde) and a carbohydrate. It has insecticidal and pesticide properties, and may comprise up to 4% of dry saffron. Picrocrocin is a truncated version of the carotenoid zeaxanthin that is produced via oxidative cleavage, and is the glycoside of the terrene aldehyde safranal. The reddish-colored zeaxanthin is, incidentally, one of the carotenoids naturally present within the retina of the human eye (Schmidt et al., 2007).
When saffron is dried after its harvest, the heat, combined with enzymatic action, splits picrocrocin to yield D-glucose and a free safranal molecule (Surh et al., 2005). Safranal, a volatile oil, gives saffron much of its distinctive aroma (Escribano et al., 1996;Schmidt et al., 2007). Safranal is less bitter than picrocrocin and may comprise up to 70% of dry saffron's volatile fraction in some samples (Escribano et al.,1996). A second element underlying saffron's aroma is 2-hydroxy-4, 4, 6-trimethyl-2, 5-cyclohexadien-1-one, the scent of which has been described as "saffron, dried hay like". Chemists found this to be the most powerful contributor to saffron's fragrance despite its being present in a lesser quantity than safranal (Escribano et al., 1996). Dry saffron is highly sensitive to fluctuating pH levels, and rapidly breaks down chemically in the presence of light and oxidizing agents. It must therefore be stored away in air-tight containers in order to minimize contact with atmospheric oxygen. Saffron is somewhat more resistant to heat.
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Saffron is a very valuable spice with many traditional medicinal usages. The high amount of carotenoids in saffron including crocin, crocetin and dimethylcrocetin are responsible for some biological functions of saffron. Most of the studies on the effect of saffron, indicates the significant inhibitory effects of the Crocus sativus components on the synthesis of nucleic acids in different human cancer cell lines (Afshari et al., 2005).
As the studies have shown, diets rich in antioxidants will lower the risk of several chronic diseases and protect the body against the development and growth of tumor cells. Therefore, Saffron and it's constituents with their antioxidant properties can act as a protecting agent for the prevention of some serious diseases like cancer (Premkumar et al., 2006).
Crocus sativus L. extract (CSE) used in several studies were prepared from stigmas of Crocus sativus. Crocus sativus L. contains several pharmacologically active constituents. Saffron has antioxidant properties; these have been showed in humans, where saffron (50 mg, twice a day) decreases the lipoprotein oxidation susceptibility (Verma and Bordia, 1998). Also crude methanol extract of saffron and its compound crocin have been exhibited high antioxidant and scavenging properties (Assimopoulou et al., 2005).
The oral administration of the saffron ethanolic extract (200 mg/kg body wt) increased the life span of Swiss albino mice intraperitoneally transplanted with sarcoma-180 (S-180) cells, Ehrlich ascites carcinoma (EAC) or Dalton's lymphoma ascites (DLA) tumors (Nair et al., 1991), and it has an inhibitory effect on chemical carcinogenesis in mice using two stage assay system (Salomi et al., 1991).
Crocetin protects body against free radicals and the studies have shown its role as an antitumor agent (Magesh et al., 2006).
The effect of crocetin on two different types of animal tumors, Skin papillomas and Rous sarcoma have been studied and shown that crocetin decreased the number of tumor cells and delayed the onset of the tumors as well (Grainer et al.,1976). A recent study showed that crocetin (20 mg/kg) reverted the level of lipid peroxidation induced by Benzo (a) pyrene B (a) b, also increased the activities of the enzymic antioxidants and glutathione metabolizing enzymes. Showing that crocetin is a scavenger of free radicals and a potent antitumor agent (Magesh et al., 2006).
Crocin inhibits the growth of HeLa cells and suggested apoptosis induction and showed important inhibitory effects on skin-tumor initiation and promotion induced by 7, 12-dimethylbenz[a] anthracene (DMBA) and 12-0-tetradecanoylphorbol-13-acetate (TPA), respectively (Escribano et al., 1996).
Many studies during the last decade, demonstrated the inhibitory effect of saffron and its components in vitro, on several cancer types like carcinoma, leukemia, prostate, pancreatic, and several other tumor cells (Jafarova et al., 2006).
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There are no reports of negative side effects as far we know associated with Saffron despite of their usages for many centuries. The toxicity of saffron has been studied by many researchers and the levels of toxicity found to be very low. The studies showed that the concentration of 0 to 5gr/kg was non-toxic to mice (Chryssanthi et al., 2007). Also hematological and biochemical studies on the toxicity of saffron extract indicates that there are no severe toxicological sign found in kidney, liver or bladder within the normal range of use (Nair et al., 1991).
IV.
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The objective of this paper has been the recent advance in the exploration of saffron as phytotherapy and to illustrate its potential as a therapeutic agent. Saffron may represent natural, safe and effective treatments for many diseases and their symptoms. In recent decades, with the increase of pharmacological knowledge about the beneficial effects of saffron especially three major component that we analysis and identify in Figure 1, these herbal medicines with antibacterial, anti-oxidant, anti-inflammatory, free radical scavenging and anti-tumor activities, have found to be very effective in the development of novel natural drugs to prevent, control and treat many minor health problems as well as more serious and complicated diseases such as diabetes, Alzheimer's and cancer. It must be kept in mind that clinicians should remain cautious until more definite studies demonstrate the safety, quality and efficacy of saffron and saffron component. For these reasons, extensive pharmacological and chemical experiments, together with human metabolism should be focus of our next studies and further potential of saffron to be employed in new therapeutic drugs and provide a basis for future research on the application of medicinal plants.

 Up: Home Previous: 6. Toxicity of Saffron Next: Appendix A §

Appendix A §
 Up: Home Next: Appendix B §
Appendix A §

Appendix A.1 §

			
 Up: Home Next: Appendix B §

Appendix B §
 Up: Home Previous: Appendix A §
Appendix B §


					
	
		Rapid Determination of Crocetin Esters and Picrocrocin from Saffron Spice (Crocus sativus L.) Using UV-Visible Spectrophotometry for Quality Control
		
			A M Sanchez
		, 
		
			M Carmona
		, 
		
			A Zalacain
		, 
		
			J M Carot
		, 
		
			J M Jabaloyes
		, 
		
			G L Alonso
		. 
	
	
		J. Agric. Food Chem 
		2008. 56 p. . 
	

	
	
		Radical Scavenging Activity of Crocus Sativus L. Extract and Its Bioactive Constituents
		
			A N Assimopoulou
		, 
		
			Z Sinakos
		, 
		
			V P Papageorgiou
		. 
	
	
		Phototherapy Research 
		2005. 19  (11)  p. . 
	

	
	
		DNA Interaction with Saffron's Secondary Metabolites Safranal, Crocetin, and Dimethylcrocetin
		
			C D Kanakis
		, 
		
			P A Tarantilis
		, 
		
			H Tajmir-Riahi
		, 
		
			M G Polissiou
		. 
	
	
		DNA and Cell Biol 
		2007. 26  (1)  p. . 
	

	
	
		Interaction of tRNA with Safranal, Crocetin, and Dimethylcrocetin
		
			C D Kanakis
		, 
		
			P A Tarantilis
		, 
		
			H Tajmir-Riahi
		, 
		
			M G Polissiou
		. 
	
	
		Journal of Bimolecular Structure & Dynamics 
		2007. 24  (6)  p. . 
	

	
	
		Cordopatis P. Inhibition of Breast Cancer Cell Proliferation by Style Constituents of Different Crocus Species
		
			D G Chryssanthi
		, 
		
			F N Lamari
		, 
		
			G Iatrou
		, 
		
			A Pylara
		, 
		
			N K Karamanos
		. 
	
	
		Anticancer Research 
		2007. 27 p. . 
	

	
	
		Evaluation In Vitro of Chemopreventive Potential of Saffron
		
			F A Jafarova
		, 
		
			H Caballero-Ortega
		, 
		
			L Riveron-Negrete
		, 
		
			R Pereda-Miranda
		, 
		
			R Rivera-Luna
		, 
		
			J M Hernandez
		. 
	
	
		Revista de Investigation Clinical 
		2002. 54 p. . 
	

	
	
		The Effect of Saffron on Intracellular DNA, RNA and Protein Synthesis in Malignant and Non-malignant Human Cells
		
			F I Abdullaev
		, 
		
			G D Frenkel
		. 
	
	
		BioFactors 
		1992. 4  (1)  p. . 
	

	
	
		Cancer Chemopreventive and Tumoricidal Properties of Saffron (Crocus sativus L.)
		
			F I Abdullaev
		. 
	
	
		Exp. Biol. Med 
		2002. 227  (1)  p. . 
	

	
	
		Biomedical Properties of Saffron and its Potential Use in Cancer Therapy and Chemoprevention Trials
		
			F I Abdullaev
		, 
		
			J J Espinosa-Aguirre
		. 
	
	
		Cancer Detection and Prevention 
		2004. 28 p. . 
	

	
	
		HPLC Quantification of Major Active Components from 11 Different Saffron (Crocus sativus L.) Sources. Food Chemistry
		
			H Caballero-Ortega
		, 
		
			R Pereda-Miranda
		, 
		
			F I Abdullaev
		. 
		2007. 100 p. . 
	

	
	
		Crocin from Crocus sativus Processes Significant Antiproliferation Effects on Human Colorectal Cancer Cells
		
			H H Aung
		, 
		
			C Z Wang
		, 
		
			M Ni
		, 
		
			A Fishbein
		, 
		
			S R Mehendale
		, 
		
			J T Xie
		. 
	
	
		Exp. Oncol 
		2007. 29  (3)  p. . 
	

	
	
		Effect of Safranal, A Constituent of Crocus sativus (Saffron), on Methyl Methanesulfonate (MMS)-Induced DNA Damage in Mouse Organs: An Alkaline Single-Cell Gel Electrophoresis
		
			H Hosseinzadeh
		, 
		
			H R Sadeghnia
		. 
	
	
		Comet) Assay. DNA and Cell Biology 
		2007. 26  (12)  p. . 
	

	
	
		Crocin, Safranal and Picrocrocin from Saffron (Crocus sativus L.) Inhibit the Growth of Human Cancer Cells in Vitro
		
			J Escribano
		, 
		
			G Alonso
		, 
		
			M Coca-Prados
		, 
		
			J Fernandez
		. 
	
	
		Cancer Letter 
		1996. 100 p. . 
	

	
	
		The Effect of Crocetin on Skin Papillomas and Rous Sarcoma
		
			J L Grainer
		, 
		
			D A Wallis
		, 
		
			J R Jones
		. 
	
	
		Oncology 
		1976. 33 p. . 
	

	
	
		Protective Effect of Saffron (Crocus sativus L.) Aqueous Extract against Genetic Damage Induced by Anti-tumor Agents in Mice
		
			K Premkumar
		, 
		
			C Thirunavukkarasu
		, 
		
			S K Abraham
		, 
		
			S T Santhiya
		, 
		
			A Ramesh
		. 
	
	
		Human & Experimental Toxicology Journal 
		2006. 25 p. . 
	

	
	
		Saffron. Handbook of Herbs and Spices
		
			K V Peter
		. 
		2000. Boca Raton: CRC Press. p. . 
	

	
	
		The Effect of Carotenoids
		
			M Afshari
		, 
		
			S Z Bathaie
		, 
		
			M Taghikhani
		, 
		
			A A Moosavi-Movahedi
		. 
		2005. 
	

	
	
		Inhibitory Effects of Nigella sativa and Saffron (Crocus sativus) on Chemical Carcinogenesis in Mice
		
			M J Salomi
		, 
		
			S C Nair
		, 
		
			K R Panikkar
		. 
	
	
		Nutrition and Cancer 
		1991. 16  (1)  p. . 
	

	
	
		Saffron in Phytotherapy: Pharmacology and Clinical Uses
		
			M Schmidt
		, 
		
			G Betti
		, 
		
			A Hensel
		. 
	
	
		Wien Med Wochenschr 
		2007. 157 p. . 
	

	
	
		Simultaneous Quantification of Five Major Biologically Active Ingredients of Saffron by High-performance Liquid Chromatography
		
			N Li
		, 
		
			G Lin
		, 
		
			Y Kwan
		, 
		
			Min
		. 
	
	
		J. Chrom. A 
		1999. 849 p. . 
	

	
	
		Separation of Picrocrocin, Cis-trans-crocins and Safranal of Saffron Using High-performance Liquid Chromatography with Photodiode-array Detection
		
			P A Tarantilis
		, 
		
			M Polissiou
		, 
		
			M Manfait
		. 
	
	
		J. Chrom. A 
		1994. 664 p. . 
	

	
	
		Antitumour Activity of Saffron (Crocus sativus)
		
			S C Nair
		, 
		
			B Pannikar
		, 
		
			K R Panikkar
		. 
	
	
		Cancer Letter 
		1991. 57 p. . 
	

	
	
		Antioxidant Property of Saffron in Man
		
			S K Verma
		, 
		
			A Bordia
		. 
	
	
		Indian Journal of Medical Sciences 
		1998. 52  (5)  p. . 
	

	
	
		Crocin and Crocetin Derivatives Inhibit Skin Tumour Promotion in Mice
		
			T Konoshima
		, 
		
			M Takasaki
		, 
		
			H Tokuda
		, 
		
			S Morimoto
		, 
		
			H Tanaka
		, 
		
			E Kawata
		. 
	
	
		Phytotherapy Research 
		1998. 12 p. . 
	

	
	
		Antitumour Activity of Crocetin in Accordance to Tumor Incidence, Antioxidant Status, Drug Metabolizing Enzymes and Histopathological Studies
		
			V Magesh
		, 
		
			J P Singh
		, 
		
			K Selvendiran
		, 
		
			G Ekambaram
		, 
		
			D Sakthisekaran
		. 
	
	
		Molecular and Cellular Biochemistry 
		2006. 287 p. . 
	

	
	
		Chemopreventive Effects of Selected Spice Ingredients. Phytopharmaceuticals in Cancer Chemoprevention
		
			Y Surh
		, 
		
			H Na
		, 
		
			H J Lee
		. 
		2005. p. . 
	



			
 Up: Home Previous: Appendix A §

Information about this book

			Title statement

				Chemistry, Pharmacology and Medicinal Property of Saffron as A Viable Agent in the Treatment of Prostate, Pancreatic or Other Types of Cancer
			
			Publication

					Publisher
	Global Journals Organisation

					Availability
	
This is an open access work licensed under a Creative Commons Attribution 4.0 International license. Please email us for details and permissions.


				Place of publication
	Cambridge, United States
	Date
	15 January 2013


			Source

				
					
					
					 7948EC694957422FCFACD3D94090E93E. 
				Rafie Hamidpour, Soheila Hamidpour, Mohsen Hamidpour. Global Journal of Medical ResearchGJMR  2249-4618.  0975-5888.  10.34257/GJMR. Cambridge, United States: Global Journals Organisation. 13  (6)  11 19. 

			
		
			
				
					By Softinator Dynamics Pvt. Ltd.
					
				
			

		
OPS/toc.html
Contents

		2. Esterification reaction between crocetin and gentiobiose. Components of ?-crocin:

		3. II.

		4. Discussion

		5. III.

		6. Toxicity of Saffron

		7. Conclusion

		Appendix A ยง

		Appendix B ยง

		[About this book]



Guide

		[Title page]

		[The book]

		[About this book]





OPS/media/resource1.png





OPS/media/resource3.png





OPS/media/resource2.png





OPS/media/resource5.png





OPS/media/resource4.png





