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    PREFACE




    


    


    


    


    


  




  

    Herbs and spices have been used by humans since centuries. Apart from their culinary, recreational, and aromatic values, many of them have been used for medicinal purposes. Spice trades have played an important role in the spread of religions, political influences and colonization. Culinary herbs and spices are integral part of various traditional systems of medicine and cultural practices, including ancient Egyptian, Chinese, Ayurveda, and Greeco-Arab systems. Many of them are used in indigenous medicines and home remedies.




    Ethnobotanic uses of spices, including anti-inflammatory, anti-diabetic, promoters of cardiovascular health, anti-aging, pain relieving, and aphrodisiac are very well known. More recently, a lot of scientific work has been conducted to validate the ethnobotanic uses of spices, as well as to identify their new uses. Mechanism of actions of many secondary metabolites, obtained from spices and culinary herbs, have also been deciphered in the recent scientific literature. With the growing interest in natural products, spices have received major scientific and commercial interest. Their dietary origin and safety profile make them especially attractive for therapeutic and nutraceutical development. Global interest in spices in health and economy are thus driving huge scientific R&D all over the world.




    The book series entitled, “Science of Spices and Culinary Herbs - Latest Laboratory, Pre-Clinical, and Clinical Studies” is an attempt to provide the much needed comprehensive literature reviews and critical analysis of extensive research work currently being conducted on common spices, and herbs. Carefully chosen articles in the first volume of the book series are focused on two globally common spices, saffron and turmeric, and their key constituents. Eight scholarly written articles by leading experts, encompass key research and development studies on these two spices, including ethnobotanic uses, and pre-clinical and clinical studies.




    Emami et al., have contributed a comprehensive review on ethnobotanic and scientific studies on saffron (Crocus sativus L.) and its constituents. The chapter written by Boskabady et al., focuses on the effect of saffron on respiratory diseases, along with phytochemistry and clinical evidence.




    Turmeric has long been used for anti-inflammatory effects in various traditional systems of medicine. Krishnapura Srinivasan has written an excellent review of nutraceutical and therapeutic properties of turmeric (Curcuma longa L.). On the same theme, Singh et al., have focused on the recent work on anti-bacterial and anti-cancer properties of turmeric and its most important constituent, curcumin, one of the most studied natural products. Karunaratne et al., have contributed a chapter on various strategies for enhancement of bioavailability and bioactivity of curcumin in pre-clinical and clinical trials. The review by Wissam Zam is focused on the effect of curcumin on the diversity of gut microbiota, and related diseases. Farzaei et al., have written a comprehensive review on the clinical studies on turmeric and its key constituent curcumin in anti-inflammatory diseases. Last but not least, Goyal et al., have provided an excellent overview of pre-clinical and clinical studies on turmeric and curcumin, with reference to a broad range of diseases.




    The above-cited reviews cover over 960 references for scientific studies on these two key spices. This illustrates the overwhelming scientific and general interest in the field and firmly establishes the need for a book series which provides state-of-the-art reviews to the readers.




    We are most grateful to all contributors for their excellent reviews and critical analysis of the recent literature, and for timely submissions of their chapters. We would like to express our gratitude to the excellent coordination of Ms. Fariya Zulfiqar (Manager Publications), Mr. Mahmood Alam (Director Publications), and the entire production team of Bentham Science Publishers for the timely completion and release of the first volume of this important book series. We sincerely hope that this new book series on the most important dietary and medicinal natural products will contribute to a better understanding of the subject and contribute towards further research and development in this field.
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      Abstract




      Saffron, as one of the most expensive spices in the world, is obtained from the stigma of Crocus sativus. Crocus sativus L. belongs to the Iridaceae family, and has been widely used as an herbal medicine, spice, food coloring, and a flavoring agent since ancient times. Saffron is one of the most famous plants cultivated in Iran, and this country now accounts for approximately 90% of the world production of saffron. Saffron has a long history in Islamic Traditional Medicine (ITM). It has been used for the treatment of several diseases such as urogenital, ocular, and respiratory disorders. Moreover, it has oxytocic, anti-depressant, aphrodisiac, cardioprotective, anti-carcinogenic, and anti-inflammatory properties. There are several studies on pharmacological activities of saffron in vitro, in vivo, and clinical trials which not only confirm the application of saffron in traditional medicine, but also introduce some new medicinal aspects. In this chapter, we aim to present a comprehensive review on traditional and ethnomedicinal uses of saffron in different systems of traditional medicine, especially ITM. Then, we will discuss pharmacological activities reported for saffron in modern medicine as in vitro, in vivo, and clinical trial studies. Finally, we will compare the properties reported for saffron in traditional medicine with the activities in modern medicine to reveal the potential of this valuable herb for treatment of various diseases.
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      BOTANY, TAXONOMY, AND DISTRIBUTION




      Crocus sativus L., belonging to the Iridaceae family, is a perennial stemless herb, commonly known as saffron. The dried stigmas constitute the saffron of commerce. As cultivation of C. sativus requires intensive labor and time, and the




      stigmas constitute a small part of the plant, it is the most expensive spice in the world (Fig. 1). The genus Crocus comprising approximately 200 small and corm bearing species, originated from the Old World. The majority of these taxa occur within the Mediterranean floristic region, extending eastwards into the Irano-Turanian region [1-4]. Plants belonging to this genus are perennial and cormous. The corm is usually symmetrical, covered with several tunics of variable texture, and color. The leaves are all basal, flat or canaliculated on the upper surface. Flowers are one to several, with peduncle and ovary subterranean. Perianth is regular; tube long and narrow, glabrous or with a ring of hairs; segments are usually subequal. Anthers usually extrorse; style is 3-lobed to multifold. Capsule is cylindrical or ellipsoid. Seeds are numerous, usually globose or ellipsoid, brownish or reddish, with a strophiole [5].




      
[image: ]


Fig. (1))


      A: Crocus sativus in a field in Khorasan Razavi Province, Mashhad, Iran. B: An indigenous girl is collecting saffron flowers in the field. Photographer: Ali Saifuddin.



      Crocus taxa are naturally grown in a wide range of habitats, including meadows, scrub, and woodland. Turkey harbors the largest diversity of Crocus (more than 70 taxa), but species are found all the way from Western Europe and northwestern Africa in the west to Western China in the east [2, 3, 6]. Crocus sativus is the only species of this genus which is not known from the wild flora. All allies of the Crocus genus are diploid except for C. sativus L., which is genetically a sterile triploid plant, and is only vegetatively propagated by its corms [7]. This genus is mainly renowned for C. sativus that is commercially cultivated for the production of the spice saffron. However, other species belonging to the genus are also widely used for their medicinal properties and nutritional, and ornamental purposes.




      The cultivation of this expensive traditional spice is distributed from the Mediterranean region to Europe as well as to Asia. Iran has been the world's principal producer and exporter of saffron since time immemorial (85% of the worldwide saffron production). Crocus sativus blossoms only during autumn, and is dormant during summer. Saffron is valued for its golden-coloring, flavoring, and aromatizing. The most preferable conditions for saffron planting are warm subtropical climate and well-drained sandy soils. Harvesting and drying processes are considered the strongest factors that affect saffron taste and flavor [8].


    




    

      CHEMISTRY




      Although about 150 volatile and non-volatile compounds have been reported from C. sativus stigmas, fewer than 50 constituents have been identified so far [8]. Terpenes, terpene alcohols and their esters are the main constituents present in saffron volatile oil among which safranal is the major component. Crocins, crocetin, picrocrocin, and flavonoids like quercetin and kaempferol mainly constitute the non-volatile compounds [9]. While the characteristic color of saffron is due to the presence of crocins which are glucosyl esters of crocetin, the bitter taste of the spice is because of picrocrocin, a glycoside form of safranal [10, 11]. Table 1 shows the phytochemicals isolated from different parts of saffron .


    




    

      ETHNOBOTANICAL AND ETHNOMEDICINAL KNOWLEDGE




      Crocus sativus is the most popular species of the genus Crocus, which is well known for its remarkable traditional uses. Its dried stigma, known as “saffron”, has a rich history of use in ancient Persia, Greece, India, Egypt, and Rome as a drug, dye, perfume ingredient, and condiment [31]. Nowadays, the most popular usage of saffron continues to be as a food additive for culinary purposes. Saffron is well-recognized in different world traditional systems of medicine, and many reports are found highlighting its ethnomedicinal applications. In Islamic Traditional medicine (ITM), it is widely prescribed as a nerve tonic, emmena-




      

        Table 1 Chemical constituents reported from saffron.




        

          

            

              	No.



              	Compound Name



              	Plant Part



              	Structure



              	Effects/Mechanism



              	Ref.

            




            

              	Volatile constituents

            




            

              	1



              	Crocusatin I



              	Stigma



              	[image: ]



              	Tyrosinase inhibitory activity



              	[12]

            




            

              	2



              	Crocusatin F



              	Stigma



              	[image: ]



              	Tyrosinase inhibitory activity



              	[12]

            




            

              	3



              	Crocusatin G



              	Stigma



              	[image: ]



              	Tyrosinase inhibitory activity



              	[12]

            




            

              	4



              	Crocusatin H



              	Stigma



              	[image: ]



              	Tyrosinase inhibitory activity



              	[12]

            




            

              	5



              	2,2-Dimethyl cyclohexane carboxaldehyde



              	Stigma



              	[image: ]



              	_



              	[10]

            




            

              	6



              	Crocusatin D



              	Pollen



              	[image: ]



              	Tyrosinase inhibitory activity



              	[10, 13]

            




            

              	7



              	Lanierone



              	Stigma



              	[image: ]



              	_



              	[10]

            




            

              	8



              	Crocusatin B



              	Pollen



              	[image: ]



              	Tyrosinase inhibitory activity



              	[12, 13]

            




            

              	9



              	Crocusatin A



              	Pollen



              	[image: ]



              	Tyrosinase inhibitory activity



              	[12, 13]

            




            

              	10



              	4-Hydroxy-3,5,5-trimethyl-2-


              cyclohexen-1-oneO-β-D-glucopyranoside



              	Stigma



              	[image: ]



              	_



              	[14]

            




            

              	11



              	4-Hydroxy-2,6,6-trimethyl-3-


              oxo-1,4-cyclohexadiene-


              1-carboxaldehyde



              	Stigma



              	[image: ]



              	_



              	[15]

            




            

              	12



              	7-Megastigmen-9-one



              	Leaf oil and stigma



              	[image: ]



              	_



              	[10]

            




            

              	13



              	7-Acetyl-4-methyl-1-azulenecarbox


              carboxylic acid



              	



              	[image: ]



              	_



              	[16]

            




            

              	14



              	Safranala




              	Stigma



              	[image: ]



              	-



              	[17-19]

            




            

              	15



              	3,3,4,5-Tetramethyl cyclohexanone



              	Stigma



              	[image: ]



              	-



              	[10]

            




            

              	16



              	2,4,6-Trimethyl


              benzaldehyde



              	Stigma



              	[image: ]



              	_



              	[20]

            




            

              	17



              	2,6,6-Trimethyl-1,


              4-cyclohexadiene-1-carboxaldehyde



              	Stigma



              	[image: ]



              	_



              	[21]

            




            

              	18



              	Dihydro-4-oxoisophorone



              	Stigma



              	[image: ]



              	_



              	[15]

            




            

              	19



              	
β-Cyclocitral



              	Stigma



              	[image: ]



              	



              	[13]

            




            

              	20



              	3,5,5-Trimethyl-2-cyclohexen-1-one



              	Stigma



              	[image: ]



              	_



              	[13]

            




            

              	21



              	3,5,5-Trimethyl-3-cyclohexen-1-one



              	Stigma



              	[image: ]



              	_



              	[13]

            




            

              	22



              	3,5,5-Trimethyl-4-methylene-


              2-cyclohexen-1-one



              	Stigma



              	[image: ]



              	_



              	[10]

            




            

              	Non-volatile constituents

            




            

              	23



              	Crocin 1b




              	Stigma



              	[image: ]



              	Learning and memory improvement


              Ischemia/reperfusion injury


              Anticancer


              Alzheimer’s disease


              Morphine withdrawal


              Cerebral ischemia


              Antidepressant and anxiolytic effects


              Anti-atherosclerosis


              Hyperlipidemia and hypertension


              Sexual dysfunction


              Hepatoprotective


              Renal dysfunction


              Antioxidant


              Macular degeneration


              Antinociceptive and anti-inflammatory


              Genoprotective



              	[22, 23]

            




            

              	24



              	Crocin 2b




              	Stigma



              	[image: ]

            




            

              	25



              	Crocin 3b




              	Stigma



              	[image: ]

            




            

              	26



              	Crocin 4b




              	Stigma



              	[image: ]

            




            

              	27



              	Crocetin



              	Stigma



              	[image: ]



              	Anti-tumor



              	[22, 24]

            




            

              	Cardioprotective



              	[22, 25]

            




            

              	Renal dysfunction



              	[22, 26]

            




            

              	Improve quality of sleeping


              Polycystic ovary syndrome



              	[27]

            




            

              	28



              	Mangicrocin



              	Stigma



              	[image: ]



              	



              	[28]

            




            

              	29



              	3-O-[6-O-Acetyl-β-D-glucopyranosyl-(1→2)-β-D-glucopyranoside



              	Petals



              	[image: ]



              	



              	[29]

            




            

              	30



              	Picrocrocinb




              	Stigma



              	[image: ]



              	



              	[30]

            


          

        




        

          aSafranal, the main volatile constitute of saffron stigma, is derived from picrocrocin and is responsible for saffron odor.


          bCrocins and picrocrocins are the main non-volatile components of the saffron stigma.

        




      




      gogue, and aphrodisiac, which is also used to treat dysmenorrheal, gastric ulcer, and premature ejaculation [32]. In Indian traditional medicine, the stigma of C. sativus, commonly known as “Kesar”, has been prescribed as a nerve sedative, appetizer, stimulant, and aphrodisiac. It is also used as a general tonic to increase immunity [33]. In traditional Chinese medicine (TCM), saffron is used for the treatments of nervous system disorders, relieving asthma, pertussis and inflammations [31]. In Iraq, the stigma and the style of C. sativus, commonly known as Zeferan, have been recognized as sedative, metabolism stimulant, and used to cure migraine [34]. In Spain, the stigma of C. sativus, popularly known as Azafrán, has been used to calm toothache [35]. The decoction of saffron in Italy, popularly known as Zafferano, has been prescribed as a digestive and sedative agent, and its infusion has been also used as a mouth rinse [36].


    




    

      SAFFRON IN ISLAMIC TRADITIONAL MEDICINE (ITM) VERSUS MODERN MEDICINE




      Crocus sativus, called as “zaʿfarān” in both Arabic and Persian languages [33], has a long history of use as a spice, food coloring, flavoring agent, and herbal medicine. In ITM, saffron has a wide variety of applications. For instance, it has been prescribed to treat gastrointestinal, cardiovascular, ocular, and respiratory disorders. In the following paragraphs, the medicinal applications of saffron in ITM are discussed, and modern pharmacological evidences are presented if any. Table 2 shows the major textbooks used as references in this chapter for investigating the applications of saffron in ITM.




      

        Temperament




        In all of the studied textbooks, the temperament of saffron is considered as warm and dry. Most of the studied texts (Table 2) introduce saffron as an astringent (qabeḍ), resolvent (moḥallel), and concoctive (monḍej) drug. It is believed that these three general effects, together with bitter nature of saffron, are responsible for most of its medicinal properties.




        

          Table 2 Information regarding major ITM books describing medicinal effects of saffron.




          

            

              

                	Author



                	Living Period



                	Book



                	Language

              


            



            

              

                	Ahwazi Arjâni, AA.



                	930–994 C.E



                	Kamel al-Sinâh aṭ-Ṭibbiyah



                	Arabic

              




              

                	Akhawayni Bukhari, RA.



                	10th century



                	Hidâyat-al-Mutâllimin fi aṭ-Ṭibbe



                	Persian

              




              

                	Antaki, DO.



                	1535–1599 C.E.



                	Taḏkirat Oli al-Albâb wa al-Jâme le al-Ajb al-Ujâb



                	Arabic

              




              

                	Ansâri, AH.



                	?–1403 C.E.



                	Ekhtiyârât Badiʿi



                	Persian

              




              

                	Aqili Khorasani, MH.



                	18th century



                	Makhzan al-Adwiah



                	Persian

              




              

                	Biruni, MA.



                	973–1048 C.E.



                	Aṣ-Ṣaydanah



                	Arabic

              




              

                	Ghasani, AM.



                	1547–1611 C.E.



                	Ḥadiqat al-Azhâr fi Mâḥiyyat al-ushb wa al-uqqâr



                	Arabic

              




              

                	Herawi, AR.



                	10th century



                	Al-Abniyah an Ḥaqâyeq al-Adwiah



                	Persian

              




              

                	Husseini Tonekaboni, MM.



                	17th century



                	Toḥfah al- Moʿmenin



                	Persian

              




              

                	Ibn Al-Baytâr, AA.



                	1193–1248 C.E.



                	Al-Jâmee le Mofradâ t al-Adwiah wa al-Aghḏiah



                	Arabic

              




              

                	Ibn Nafis Qarshi



                	1210-1288 C.E.



                	Ash −Shamel fi aṭ-Ṭibbe



                	Arabic

              




              

                	Ibn Sina, HA.



                	980–1037 C.E.



                	Al-Qânun fi aṭ-Ṭibbe



                	Arabic

              




              

                	Jorjâni, SI.



                	1042–1136 C.E.



                	Ḏakhireh Khârazmshâhi



                	Persian

              




              

                	Jorjâni, SI.



                	1042–1136 C.E.



                	Al-Aghrâḍ aṭ-Ṭibbiah wa al-Mabâhethi al-Alâiiah



                	Persian

              




              

                	Razi, MZ.



                	865–925 C.E.



                	Al-Hâwi fi aṭ-Ṭibbe



                	Arabic

              




              

                	Tabari, MA.
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                	Arabic

              


            

          




        


      




      

        Gastro-Intestinal Activity




        As mentioned in the previous paragraphs, saffron is a warm spice and has tonic and astringent properties. Regarding gastrointestinal problems, saffron is able to suppress appetite, and acts as a gastric tonic. Avicenna has expressed in his medical book, the Canon of Medicine, that saffron is an appetite decreasing agent acting via reducing the gastric acidity [37]. Saffron has also beneficial and protective activities for the spleen, and hence could improve digestion, as Razi believed: “Saffron is a digestive drug with astringent properties and a cleansing agent for the stomach” [38]. Again, because of its warming and astringent properties, saffron can improve the tonicity of internal organs like stomach, and thus resolve every obstruction. Moreover, a liniment of saffron with Euphorbia resinifera has been believed to relieve gout pains [39-42].




        Pharmacological studies and clinical trials support the protective effects of saffron and its constituents on gastrointestinal system. In an animal model, saffron and its active components including crocin and safranal have shown inhibitory activity against indomethacin-induced gastric ulcers in diabetic, and non-diabetic rats [43]. Administration of saffron extract (25, 100 or 250 mg/kg, p.o.), crocin (2.5, 5 or 10 mg/kg, p.o.), and safranal (0.25, 2, 5 ml/kg, p.o.) 30 min before administration of indomethacin (40 mg/kg, p.o. in non-diabetic rats, and 15 mg/kg, p.o. in diabetic rats) have had significant (P 0.01) effects against gastric lesions. They could also decrease lipid peroxidation which was elevated in indomethacin treated groups and increase glutathione level which was decreased due to indomethacin. Al-mofleh et al. have also investigated the anti-secretory and anti-ulcer activities of saffron, and obtained similar results [44]. They evaluated an aqueous suspension of saffron against gastric ulcers induced by pylorus ligation (Shay rats), indomethacin, and various necrotizing agents including 80% ethanol, 0.2 M NaOH (sodium hydroxide), and 25% NaCl in rats. The suspension exhibited a decrease in basal gastric secretion, and ulcer index in Shay rats and indomethacin treated groups at doses 250, and 500 mg/kg. Moreover, gastric wall mucus was elevated. In a similar study, N-095, a nutrient drug containing 90 mg of saffron daily dose has shown anti-ulcer activities against stress ulcers, and histamine-induced ulcers [45].




        There are several studies reporting anti-proliferative, anti-cancer, and anti-tumor activities of saffron, related compounds and preparations on various cancerous gastrointestinal cell lines, and tumors. In this regard, the research team of García-Olmo et al. seems to be the first group investigating these activities [46]. In this study, crocin, which is a glycosylated carotenoid from saffron, was administered as weekly injection (400 mg/kg body weight s.c.) in both male, and female rats suffering from colon cancer. Interestingly, long-term treatment with crocin could enhance survival selectively just in female rats with colon cancer without major toxic effects. Further studies have been established to investigate the anti-proliferative effects of crocin on different cancerous colon cell lines including HCT-116, SW-480, and HT-29 [47]. Although crocin could inhibit the proliferation of all three cell lines significantly (P 0.01), the most significant activity was observed for HCT-116 cells to 45.5% at 1.0 mg/mL and to 6.8% at 3.0 mg/ml. Not only colon and stomach, but saffron has also exerted anti-cancer effects on other gastrointestinal organs like ileum [48], and pancreas [49].




        Different molecular mechanisms have been proposed for the anti-cancer effects of saffron, and its constituents such as crocin. Increasing gene and protein expression of p53 having a starting role in the prevention of tumor development is one of these mechanisms [50, 51]. It is also reported that crocin is able to trigger apoptosis through increasing the Bax/Bcl-2 ratio and caspase activation in human gastric adenocarcinoma cells [52]. The increased sub-G1 population, activated caspases, and an increase in the Bax/Bcl-2 ratio after crocin treatment in these cells have provided an insight into the molecular mechanisms underlying crocin-induced apoptosis.


      




      

        Hepatoprotective Activity




        Saffron is a powerful liver tonic and hepatic deobstruent [39-42]. In Avicenna’s point of view: “Saffron is a strengthening agent and tonic for the liver since it is a warm spice, and has tonic and astringent properties” [37]; As it had been mentioned by the physicians before Avicenna like Tabari, he implied the hepatoprotective effects of saffron: “Saffron has warm, moderate, and dry temperament and is a resolving agent with bitter taste. Thus, it is able to treat obstructions in the liver” [53].




        Saffron and its constituents, particularly crocin, are shown to have protective effects in different models of liver toxicities. In these studies, saffron, crocin, and safranal could ameliorate the toxin-induced changes in hepatic enzymes including alkaline phosphatase, and bilirubin as a marker of hepatocyte injury, albumin as a liver synthetic function, glutathione, glutathione peroxidase, superoxide dismutase and catalase as indicators of anti-oxidation in liver tissue. As an instance, co-administration of crocin at doses 12.5, 25, and 50 mg/kg with nicotine in male mice could decrease the adverse and toxic effects of nicotine in the liver tissue [54]. Crocin could significantly boost liver weight and decrease the mean diameter of hepatocyte, central hepatic vein, and liver enzymes such as alkaline phosphatase (ALP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), and nitric oxide levels (P 0.05). In another study, the protective role of crocin has been evaluated against morphine-induced toxicity in mouse liver [55]. Similar to the latter study, interaperitoneal administration of various doses of crocin (12.5, 25, and 50 mg/kg) once daily to male mice for 20 consecutive days resulted in a significant boost in liver weight, and a decrease in the mean diameter of hepatocyte, central hepatic vein, liver enzymes, and nitric oxide levels (P0.05). Saffron has also shown protective effects against liver injury in streptozotocin-induced diabetic rats [56]. Administration of saffron extract (40 mg/kg body weight/day, intraperitoneally (i.p.)) for a period of 8 weeks exhibited significant beneficial effects on the enzymes aminotransferases, ALT and AST, and histopathological changes.




        Moreover, saffron extracts and the main components were shown to have beneficial effects against fatty liver. Recently, the effects of saffron extract and crocin supplementation have been investigated on fatty liver tissue of high-fat diet-induced obese rats [57]. Compared to the control group, saffron extract and crocin could alleviate dose-dependent levels of liver enzymes and histopathological changes in diet-induced obese rats at concentrations of 40, and 80 mg/kg body weight/day for 8 weeks. One of the common mechanisms, underlying the hepatoprotective effects of saffron, and related compounds might be its antioxidant activities against different aforementioned oxidative stress [58].


      




      

        Cardiovascular Activity




        In ITM, saffron has been used as a cardiotonic and hypotensive agent [37, 40-42, 59]. It can provide blood flow and nutrition to the heart. It can prevent coagulation and in large amounts can destroy blood clots [60]. Razi claimed that: “Saffron is a heart enlivening agent and can strengthen internal weak organs” [38].




        Several in vitro and in vivo studies and clinical trials have sought to understand the potential mechanisms behind this property of saffron. Antioxidant, anti-inflammatory, and anti-apoptotic activities as well as hypotensive, anti-platelet, and hypolipidemic properties have been proposed as possible mechanisms of action [61-64]. In different animal models, administration of saffron and its constituents, including crocin and crocetin, has been reported to decrease elevated levels of triglycerides, total cholesterol, LDL (low density lipoprotein), and VLDL (very low density lipoprotein) [65-68]. Inhibition of cardiac calcium channels resulting in decreased heart rate and contractility, and hence reduction in heart workload is another possible mechanism for cardioprotective activity of saffron [69, 70].


      




      

        Respiratory Disorders




        Saffron has been prescribed as a lung tonic since it improves respiratory function, asthmatic problems, and aids breathing [38-42, 59]. Avicenna said: “The smell of saffron, particularly its oil, facilitates breathing and strengthens the respiratory organs” [37]. In addition, saffron helps those suffering from pleuritic pain and false pleurisy to fall asleep.




        One of the most studied respiratory related properties of saffron, and its main constituents in the literature is its anti-asthmatic activity. In an in vivo study, adult male Swiss Albino mice with induced allergic airway asthma were treated with crocin (25 mg/kg) orally daily. After taking crocin for 16 days, positive changes were observed in treated groups in comparison to the controls. Crocin treatment could significantly alleviate the allergic asthma-associated alterations in inflammatory and oxidative stress biomarkers, enhance antioxidant defenses, reduce the incidence of oxidative stress, and restore pro-inflammatory cytokines to normal levels as well as an improvement in histopathological factors in crocin-treated mice [71]. Accordingly, it could be assumed that antioxidant and anti-inflammatory pathways are the possible mechanisms by which saffron might provide beneficial effects for the treatment of asthma. This finding not only for crocin, but also for crude saffron extract and other chemical constituents like safranal, is supported by other studies. Bukhari et al. have investigated the antioxidant potential of C. sativus and its main constituents, safranal, and crocin, in bronchial epithelial cells, and the anti-inflammatory potential of only safranal in a murine model of asthma [72]. The results have shown that the treatment with saffron, and its constituents safranal and crocin, could decrease NO and iNOS levels, proxynitrite ion generation, and prevent cytochrome c release in the bronchial epithelial cells. In the murine model of asthma, the anti-inflammatory activity of safranal was characterized by an increase in airway hyper-responsiveness, airway cellular infiltration, and epithelial cell injury. In addition, an inhibitory activity on apoptosis in both models has been observed. Interestingly, although saffron and its constituents are reported to inhibit apoptosis in normal lung cells, there are several studies reporting the anti-proliferative activity of saffron, crocin, crocetin, and safranal via apoptosis pathway in different lung cancerous cell lines [73, 74]. For instance, an ethanol extract of saffron has exhibited pro-apoptotic properties in vitro and in vivo. Crocin I and II could decrease the proliferation of lung cancer cell lines, A549 and H446 in a dose- and time-dependent manner, and oral administration of the saffron extract at doses 100 mg/kg/d for 28 days to mice could reduce the xenograft tumor size [75]. Most of the studies in this regard have implied that the anti-tumor effects of saffron and its components might be through caspase-mediated cell apoptosis [75, 76].


      




      

        Ocular Disorders




        Saffron has been used traditionally to treat a range of ophthalmic disorders such as cataract and conjunctivitis, and to improve vision [38-42, 59]. Avicenna prescribed a collyrium form (a medicated eyewash) of saffron to improve vision, treat blue discoloration of the eyes (eye bruise), excessive watering and cyanosis of the eye caused by various diseases like blepharitis, glandular conjunctivitis, and eye ulcers [37]. He also believed that saffron could strengthen eye-sight and bid matters affecting the eyes and be used in day blindness (hemeralopia) [37].




        The findings from modern scientific researches confirm the proposed traditional benefits. Several in vivo studies and clinical trials have implicated the efficacy of saffron, and its constituents in the treatment of a wide spectrum of ocular problems such as diabetic maculopathy, age-related macular degeneration, uveitis, glaucoma, retinal ischemic damage, and retinal degeneration. In a double-masked, placebo controlled, phase 2 randomized clinical trial, 60 patients (101 eyes) with refractory diabetic maculopathy received either crocin (5 mg or 15 mg tablets) or placebo (1 tablet per day) for 3 months [77]. The group receiving 15 mg crocin per day showed a significant decrease in HbA1c and central macular thickness (CMT), and a significant improvement in best-corrected visual acuity (BCVA), compared to the placebo group. Although, administration of 5 mg crocin per day could clinically improve HbA1c (hemoglobin A1c), FBS (fast blood sugar), CMT, and BCVA, the difference was not significant compared to the placebo group.




        As mentioned, the efficacy and safety of saffron have also been assessed for the treatment of age-related macular degeneration [77]. In a randomized, double-blinded, placebo-controlled crossover trial, 100 adults of mean age over 50 years old with mild/moderate AMD and vision 20/70 Snellen equivalent in at least one eye, were administered orally either saffron (20 mg/day), a combination therapy with saffron and age-related eye diseases study (AREDS) supplements or placebo for 3 months, followed by crossover for 3 months [78]. After saffron treatment, mean BCVA was improved (p = 0.001) and mean-pooled mfERG (multifocal ERG) latency was reduced (p = 0.04) in participants with AMD, including those using AREDS supplements in comparison to the control group. These findings are supported by further studies. In 2012, in a longitudinal, interventional open-label study, twenty-nine early AMD patients (age range: 55–85 years) with a baseline visual acuity 0.3 were treated with saffron supplementation (20 mg/day) for 14 (±2) months [79]. After three months of supplementation, mean mfERG sensitivity improved by 0.3 log units compared to baseline values (P 0.01), and mean visual acuity improved by two Snellen lines compared to baseline values (0.75 to 0.9, P 0.01).




        An Iranian research team has evaluated a possible therapeutic effect of saffron extract that might benefit glaucoma patients through improvement in ocular blood flow. In this prospective, comparative, randomized interventional pilot study, thirty-four eyes of 34 clinically stable primary open-angle glaucoma patients receiving treatment with timolol and dorzolamide eye drops were enrolled [80]. Patients were treated with either aqueous saffron extract (30 mg/day) or placebo orally for one month. There was a one-month washout period between saffron extract and placebo treatments. Saffron extract significantly decreased intraocular pressure (10.9 ± 3.3 mmHg in the saffron group as compared to 13.5 ± 2.3 mmHg in the control group (p = 0.013)). No side effects related to saffron were found.




        One of the molecular mechanisms proposed for ocular protective activity of saffron is through inhibition of caspases. Yamauchi et al. have investigated the efficacy of crocetin on retinal degeneration. Crocetin could prevent retinal degeneration induced by oxidative and endoplasmic reticulum stresses via inhibition of caspase activity [81]. Crocetin, at a concentration of 3 μM, showed inhibitory effect of 50–60% against tunicamycin and H2O2-induced cell death, and inhibited an increase in caspase-3 and -9 activity. In addition, crocetin could prevent ischemia-induced retinal damage through inhibitory activity against oxidative stress [82]. Crocetin, at a dose of 20 mg/kg (p.o.), has shown beneficial effects on retinal damage according to histological, electrophysiological, and anti-apoptotic analyses. Crocetin exerted its protective mechanism via mediating the expression of 8-hydroxy-2-deoxyguanosine, phosphorylations of mitogen-activated protein kinases including extracellular signal-regulated protein kinases (ERK), c-Jun N-terminal kinases (JNK) and p38], the redox-sensitive transcription factors nuclear factor-kappa B (NF-κB) and c-Jun.


      




      

        Anti-Depressant Activity




        One of the most well-known effects of saffron is its exhilarant and anti-depressant activity, which lead to the sense of happiness and laughter. When used in liquors, saffron accentuates alcohol intoxication and drunkenness. Pouring the decoction on the head has hypnotic effects, and treats insomnia [37-40, 42, 59]. Jorjani believed: “Saffron is able to enliven the essence of the spirit and induce happiness” [83].




        Modern scientific evidence has also well supported the beneficial impact of saffron stigma, and its petal extracts as well as its active constituents like crocin in the treatment of mild to moderate depression. The positive effects of saffron in the improvement of depression symptoms have been well confirmed by clinical data as well as animal studies. The beneficial activity of saffron and its constituent has been evaluated in different depressive conditions, such as patients with post-menopausal depression [84], alcohol withdrawal [85], postpartum depression [86, 87], and depression in subjects with metabolic syndrome [88]. A meta-analysis of randomized controlled trials evaluating the efficacy and safety of saffron for treating mild to moderate major depressive disorders in adults has shown that it is potentially comparable to synthetic drugs like fluoxetine [89] and imipramine [90] without serious adverse events.




        A double-blind, randomized, and placebo-controlled clinical trial of alcoholic extract of saffron (30 mg/day) was conducted in fifty-four outpatients suffering from mild to moderate comorbid depression-anxiety [91]. In the saffron treated group, mild to moderate comorbid depression-anxiety, anxiety, and sleep disturbance were relieved significantly (P 0.05). Administration of 30 ml of saffron per day for 8 weeks in recovered consumers of methamphetamine living with HIV/AIDS has been reported to be effective in reducing depression among this group (P 0.05) [92]. In a double-blind, randomized, placebo-controlled trial, sixty women with post-menopausal hot flashes underwent saffron therapy [84]. Either saffron (30 mg/day, 15 mg twice per day) or placebo for 6 weeks were given to the patients randomly. The hot flash-related daily interference scale (HFRDIS), and Hamilton depression rating scale (HDRS) were used for assessment. Significant effect for time × treatment interaction on the HFRDIS score [F (3, 162) = 10.41, p = 0.0001], and HDRS score [F (3, 162) = 5.48, p = 0.001] were observed in the saffron-treated group. The results of this study have also implied the safety and efficacy of saffron in improving hot flashes, and treating depressive symptoms in post-menopausal healthy women. In a double-blind, randomized, placebo-controlled trial, sixty new mothers suffering from mild to moderate postpartum depression having a maximum score of 29 on the Beck depression inventory-second edition (BDI-II) were selected to randomly receive saffron (15 mg/Bid) or placebo [87]. After saffron treatment, the mean BDI-II scores decreased significantly in comparison to placebo group. In the final assessment, while almost all patients receiving saffron (96%) were recovered, only 43% remission was observed in the placebo group. The complete response rates were significantly lower (6%) for the placebo group compared with the saffron group (66%).




        The molecular mechanism of anti-depressant effect of saffron has been investigated in many in vitro and in vivo models. For instance, in an animal study (rat hippocampus), Ghasemi et al. has shown that saffron exerts its beneficial anti-depressant effects by increasing the levels of brain-derived neurotrophic factor (BDNF), VGF neuropeptide, cyclic-AMP response element binding protein (CREB), and phospho-CREB (P-CREB) [93]. In this study, 40, 80, and 160 mg/kg aqueous extract of saffron was injected daily (i.p.) for 21 days to rats. Recently, this research team has evaluated the role of CREB, BDNF, and VGF neuropeptide in long term anti-depressant activity of crocin in the rat cerebellum [94]. For this purpose, crocin was administered interaperitoneally at doses of 12.5, 25, and 50 mg/kg/day for 21 days to rats. Interestingly, no significant increase in mRNA and protein levels of VGF, CREB, and BDNF was observed in the rat cerebellum. A slight increase in the protein level of P-CREB may be indicative of a partially mediated mechanism through CREB pathway.


      




      

        Anti-Inflammatory, Analgesic and Anti-Nociceptive Activities




        Saffron has been mentioned to have anti-inflammatory effects, and decreases redness and swellings. It is useful in hot swellings of the ear (acute ear infection). An eardrop of this plant with bitter almond oil relieves ear swellings and ear pains. The leaves are beneficial for healing fresh wounds as topical powder, and used for stopping bleeding and hematorrhea [38-42, 59]. Avicenna: “Saffron is a dissolvent of swellings. It is also painted on erysipelas (an acute streptococcal infection characterized by deep-red inflammation of the skin and mucous membranes)” [37].




        The anti-inflammatory and analgesic effects of saffron have been well discussed in a book chapter by Hosseinzadeh et al. [95]. In this chapter, the effects of saffron and its constituents in acute, inflammatory, and neuropathic pain animal models have been discussed. The anti-nociceptive activities of saffron have also been studied by the same research team [96]. In addition, the anti-inflammatory activity of saffron, and its main constituents including crocin and crocetin has been investigated in different inflammatory conditions such as ischaemia/reperfusion-induced acute renal injuries [97, 98], low-dose streptozotocin induced type 2 diabetes [99], and inflammation in brain microglial cells [100].


      




      

        Aphrodisiac Property




        A much mentioned property of saffron in ITM is its aphrodisiac effect, hence used as a libido increasing agent, and to cure impotency [38-42, 59].




        There are several experimental, animal, and clinical evidences indicating the efficacy of saffron and its bioactive pigment, crocin in improving sexual behaviors. Increase of libido, enhancement of erectile function, and amelioration of semen quality are among the most important positive effects of saffron in this regard [101, 102].




        In two separate randomized double-blind placebo-controlled trials, the effect of saffron for the treatment of fluoxetine-induced sexual dysfunction in both men and women have been studied [103, 104]. In the first study, thirty-six married male patients with major depressive disorder, whose depressive symptoms had been stabilized on fluoxetine, and had subjective complaints of sexual impairment, received saffron (15 mg twice per day) or placebo for 4 weeks. After 4 weeks, a significant improvement in intercourse satisfaction domains (P = 0.001) and erectile function (P  0.001), and total scores (P  0.001) were observed in saffron treated group. In orgasmic function (P = 0.095), overall satisfaction (P = 0.334), and sexual desire (P = 0.517) domains scores, the effect of saffron did not differ significantly from that of placebo. At the end of the study, nine patients in the saffron treated group and one patient in the placebo group recovered their normal erectile function (score  25 on erectile function domain) (P value of Fisher's exact test = 0.005). Taken together, the results implied the safety and efficacy of saffron for the treatment of fluoxetine-related erectile dysfunction. In the latter trial, thirty-eight women with major depression stabilized on fluoxetine and feeling of sexual dysfunction underwent saffron therapy. The patients were randomly received saffron (30 mg/daily) or placebo for 4 weeks. At the end of the study, the saffron treated patients had experienced significantly more improvement in total female sexual function index (FSFI), arousal, lubrication, and pain domains of FSFI, but not in desire, satisfaction, and orgasm domains.


      




      

        Protective Effects on Urogenital System Disorders




        In ITM, saffron is also believed to have therapeutic effects on urogenital problems. It is used as a diuretic, and as a mixture with honey, it can treat kidney stones. Regarding genital diseases, saffron is beneficial for intrauterine adhesion, obstruction, and malignant ulcers of the uterus, especially when used with wax or with the yolk of an egg, and with double quantity of olive oil. Moreover, ITM physicians believed that its poultice could relieve vaginal and anal pains [38-42, 59].




        Pharmacological studies have confirmed the protective effects of saffron and its active constituents on urogenital organs. Administration of crocin at doses of 10, and 20 mg/kg per day for eight weeks attenuated testicular toxicity in male Sprague dawley rats [105] by preserving the glutathione redox cycle, hormonal mediators associated with sperm production and quality, and decreasing testicular apoptosis through the reduction of caspase 3 activity.




        An aqueous extract of saffron is reported to have diuretic activity in rats [106]. The animals were administered either oral doses of 60, 120, and 240 mg/kg body weight aqueous saffron extract or hydrochlorothiazide (10 mg/kg body weight, i.p.) as positive control, and normal saline solution as placebo. Total urine volume, urine electrolytes concentration such as sodium and potassium, creatinine, and urea concentration were measured as parameters for diuretic activity. Animals receiving 120, and 240 mg/kg aqueous extracts of saffron have shown higher urine output and a significant dose-dependent increase in the excretion of electrolytes in comparison with the control group.


      




      

        Oxytocic Activities




        In ITM, oxytocic property is one of the most important effects of saffron. Hence, the plant has been prescribed traditionally to facilitate difficult labors after oral administration or even local use. Razi wrote in his medical notes: “oral administration of 6 to 7 grams of saffron can induce the labor. I, myself have prescribed it for many times and the results are always successful” [38]. Antaki prescribed 3.5 g saffron with rose water and sugar orally for facilitating delivery. A vaginal suppository prepared by 3.5 g of saffron is believed to accelerate labor and delivery of the placenta. In addition, saffron has contraceptive effects [39].




        In a placebo-controlled randomized trial, the efficacy of saffron on the readiness of the uterine cervix in term pregnancy has been evaluated [107]. Fifty women with a gestational age of 39 to 41 weeks, no indication of cesarean section, a Bishop’s score of less than 4, who had planned to have vaginal delivery, were administered either 250 mg saffron or placebo for 24 hours. The Bishop’s score was used to assess the readiness of the cervix. After 20-24 hours, the Bishop’s score was significantly higher in the saffron treated group (P = 0.029).


      


    




    

      SAFFRON MECHANISM OF ACTION




      It is necessary to mention that most of the beneficial properties of saffron could be attributed to its antioxidant, anti-inflammatory and pro-apoptotic activities [108]. The antioxidant and anti-inflammatory effects of saffron and its active ingredients have been reported in several in vitro, in vivo and clinical trials [64]. Inflammation, oxidative stress and cell apoptosis play essential roles in different health problems. Among the components of saffron stigma, carotenoids are mainly responsible for its antioxidant and anti-inflammatory activities. These compounds exert their antioxidant activities via scavenging the free radicals and maybe due to their ability to donate single hydrogen atom to these radicals. In addition, studies have shown that saffron especially crocetin and crocin could decrease plasma malondialdehyde (MDA) levels as an index of oxidation. The anti-inflammatory effects of saffron are mainly due to its significant inhibitory effects against cyclooxoygenase 1 and 2 enzymes and prostaglandin E2 production. Down-regulating the pro-inflammatory cytokines such as TNF-α, attenuating endoplasmic reticulum stress signaling, blocking the production of transcription factors including NF-κB and suppressing inflammatory genes expression via raising histone deacetylase activity are among the most important causes reported for saffron and its constituents. Saffron, as an antioxidant, is also able to inhibit apoptosis signaling pathways and suppression of cell death. For instance, crocin could inhibit the down-regulation of Bcl-2 gene expression and the up-regulation of Bax mRNA expression indicating a reduction in apoptosis. Other mechanisms involved includes increasing cells viability via up-regulating the glutathione reductase (GR) and c-glutamylcysteinyl synthase (c-GCS) activities and inducing glutathione (GSH) synthesis.


    




    

      TOXICITY AND ADVERSE EFFECTS




      Some of the most evident side effects of saffron reported almost in all ITM textbooks are headache, nausea, loss of appetite, and skin yellowing [38-42, 59]. However, in some of the books, long-term consumption of saffron is associated with distraction, confusion, CNS symptoms, and lung impairment [38-42, 59]. Avicenna believed: “Administration of more than 13.5 g (three mithqāl) saffron is lethal due to induction of extreme happiness and shock” [37].




      No serious side effects have been reported by administrating therapeutic doses and normal everyday use of saffron. Traditional claims about the toxicity of saffron are supported by several in vitro, in vivo, and clinical trials [109]. Different LD50 values have been reported for saffron, crocin, crocetin, and safranal in different models of toxicity [110]. Studies show that saffron at 5 g and above can induce toxic effects, and a dose of 20 g can be fatal. It is worth mentioning that the use of saffron for the induction of abortion in high doses (10 g) may have life-threatening side effects [60]. Some cases of allergic reactions, including contact dermatitis, have been reported especially in saffron industry workers [111]. Administration of large quantities of saffron, particularly in pregnant women, for abortion may lead to lethal poisoning. The amount of drug required for abortion is about 10 grams, and its lethal dose is about 12 to 20 grams.




      Vomiting, uterine bleeding, colic, bloody diarrhea, blood splashing, severe purpura, nose bleeding, bleeding from the eyes and eyelids, dizziness, skin and mucous membrane yellowing (due to apocarinotynodermia), and central paralysis are the symptoms of poisoning with saffron.


    




    

      PHARMACOKINETIC OF SAFFRON CONSTITUENTS




      The pharmacokinetic studies show that after oral administration, crocins as the major carotenoids in saffron, are converted to trans-crocetin which is absorbed by passive transcellular diffusion over the intestinal barrier within a short time and a large portion of crocins are eliminated via faeces. As crocetin interact with albumin weakly, thus it is free to distribute in different tissues including central nervous system via penetrating blood-brain barrier (BBB). Conversely, after intravenous injection, the level of crocetin in plasma is low suggesting gastrointestinal tract as the main domain conversion of crocin to crocetin [112, 113]. In this regard, Karkoula et al. has determined trans-crocin 4 and crocetin levels in plasma after i.p. administration (50 mg/kg). By using this administration rout, the gastric hydrolysis of trans-crocin 4 was bypassed and its bioavailability was increased. Interestingly, trans-crocin 4 was able to cross BBB regardless of its hydrophilicity [114].


    




    

      ADULTERATION




      As saffron is the most expensive spice, it is frequently adulterated with cheaper substitutes, particularly safflower and marigold flowers. Saffron in powdered form is always adulterated, hence it is better to prepare un-powdered form. Saffron can be partially adulterated as a mixture with other spices or totally adulterated with similar substituents.




      Styles of Crocus; stamens and strips of the corolla of Crocus; ligulate carollas of marigold florets, Calendula officinalis, which are often colored with methyl orange; ligulate florets of safflower, Carthmus tinctorious. Linn; artificial by colored slender stems, and roots of some monocotyledons, such as Carex and stigmas of Zea mays Linn., are among the most reported adulterants of saffron [109, 115].


    




    

      CONTRAINDICATIONS




      Contraindicated in pregnancy [116].


    




    

      CONCLUDING REMARKS




      The stigmas of Crocus sativus is known as saffron, which is used worldwide as a spice, food coloring and flavoring agent, and medicinal plant. The spice has a long history of medicinal and non-medicinal uses in Iran. Our survey through Iranian Traditional Medicine textbooks shows that saffron has been prescribed frequently as a single drug or in combination with other plants by Iranian physicians. It is inferred from both traditional, and modern data that saffron could be used for the treatment of a wide range of health problems including cardiovascular, urogenital, psychiatric, sexual, ocular, respiratory, and gastrointestinal disorders. Nevertheless, more studies, particularly clinical trials, are needed to unravel the efficacy of this valuable spice. Saffron is cultivated in different countries including, the Mediterranean region. Iran is the largest producer of saffron in the world. The plant is cultivated in different regions of the country. However, the best quality saffron is from Khorasan Province. As saffron is the most expensive spice in the world, it is frequently adulterated. Therefore, necessary precautions should be taken in providing the best saffron whereas the powdered spice is not recommended for use.
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