


 
Exploring the Medicinal Benefits of Saffron: A Comprehensive Review

Abstract 
Saffron (Crocus sativus L.) an Iridaceae family member, is a herbaceous, perennial, sterile geophyte propagated by mother corms. Saffron (Crocus sativus L.) is the most expensive spice in the world, valued for its color, aromatic and medicinal properties. Even though indoor farming of saffron - the world's most expensive spice - is still in its early stages, farmers are hopeful that the process will increase crop production because it is cost-effective. Both the quality as well as the quantity can be maintained in indoor saffron farming because a farmer does not require land and there is zero impact of climate on the farming activity. Aside from its culinary value, saffron is used in traditional medicine for its medicinal properties such as an aphrodisiac, antispasmodic, stomach ailments, and lumbar pain. Saffron stigma is primarily composed of carotenoids (crocins and crocetins) and monoterpenes (picrocrocin and safranal), which contribute to its major pharmacological effects. According to reports and findings, saffron plays an important role in treating various digestive system disorders through chemo-preventive inhibition of cell proliferation induction of apoptosis, antioxidant effects and radical scavenging, genoprotective property, lipid peroxidation prevention, and anti-inflammatory processes. Saffron has potential therapeutic properties against liver cancer, hepatotoxicity, fatty liver, hyperlipidemia, stomach cancer, peptic ulcer, colon cancer, ulcerative colitis, diabetes, and neuropathic pain, according to the findings of the aforementioned mechanisms. We address the value of saffron as complementary medicine in this review, which also gathers the most recent research on the subject.
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Introduction
“Saffron (Crocus sativus L.), a member of the Iridaceae family, is a herbaceous, perennial, sterile geophyte that is propagated via mother corms. Saffron spice is extracted from dried stigmas of the Crocus sativus L. plant and is valued for its colour, fragrance, and aroma” (Carmona et al., 2006). It is the most costly spice in the world, earning it the moniker "the red gold" (Poggi, 2009). “Saffron comes from the Arabic word Zafran, which meaning yellow” (Winterhalter and Straubinger, 2000). “In India this high-value fragrant spice is known as Kum Kumin in Sanskrit, Kesar in Hindi, and Koung in Kashmiri. Because of its extraordinarily high commercial worth and little volume, saffron is also known as the "golden crop," and as a result, this massive economic activity in Indian agriculture is known as "Golden Zest." Saffron's historical distribution ranged from the Caucasus and the Irano-Turanian region around the time of Alexander of Macedonia in the 4th century BC to the Mediterranean region under the Roman Empire. Between the eighth and ninth century, Arabs were responsible for introducing saffron cultivation to the Iberian Peninsula. Saffron is now grown all the way from the Western Mediterranean (Spain) to India (Kashmir)” (Kumar, 2008). “A chemical examination of the stigmas of Crocus Sativus revealed the presence of over 150 volatile and non-volatile chemicals. However, fewer than 50 components have been found thus far”. (Winterhalter and Straubinger, 2000). (a) Crocin, a carotenoid pigment responsible for the spice's yellow-orange colour; (b) Picrocrocin, responsible for the saffron flavour and bitter taste; and (c) Safranal, a volatile molecule responsible for the saffron aroma and smell. Additional significant phytochemicals present in saffron include lycopene, zeaxanthin, kaempferol, taxifolin, naringenin, and vitamins, particularly thymine. According to (Samaghandian and Borji,2014). These substances are responsible for the color, aroma, taste, and odor of saffron, respectively. “It is commonly known that various plant-derived active ingredients, or phytochemicals, interfere at the molecular level with various cellular functions; comparable interferences are also noted with the phytochemicals present in saffron”. (Cenci-Goga et al.,2018) “Historically, saffron has been used as a natural medicine. According to reports, saffron has anti-inflammatory, anticonvulsant, anti-anxiety, antihypersensitive, antitumor, analgesic, antigenotoxic, neuroprotective, antidepressive, and nerve-sedative properties” (Fig. 2). (Bathaie et al., 2010). Additionally, saffron is said to have effects on diabetes and cardiovascular disease. As a result, saffron displays a wide range of pharmacological effects. Saffron is becoming more and more well-liked as an alternative medicine option because of its supposed ability to effectively prevent and treat disease.
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                         Fig 01: The three most important biologically active chemicals are:



 

         
      
                                    Fig 2. Important Pharmacological effects of saffron


Medicinal Properties of Saffron
Effects of Saffron on insulin resistance (Anti-Diabetic properties)
[bookmark: _GoBack]Diabetes is one of the most common diseases in the world, characterized by elevated blood sugar levels. Diabetes rarely travels alone and is always accompanied by numerous complications that may arise to be potentially fatal (Zareba et al., 2005). According to Liu et al., (2005), crocetin of saffron was discovered to have anti-diabetic activity in fructose-fed rats. It also reduced insulin insensitivity caused by free fatty acids and dysregulated the expression of adiponectin, TNF-alpha, and leptin on mRNA in primary cultured rat adipocytes. These findings raise the possibility of using crocetin treatment as a preventive measure against insulin resistance and related disorders. Under both hyperglycemic and normoglycemic conditions, saffron-treated L6 myoblast cells demonstrated a large, dose-dependent increase in glucose absorption. Furthermore, rats' fasting glucose levels can be lowered by consuming saffron in addition to strength training (Dehgan et al., 2016). “It has been demonstrated that saffron and its components cause hypoglycemia and induce antidiabetic effects by (1) controlling the expression of leptin, adiponectin, and tumor necrosis factor (TNF)-α in white adipose tissue”. (Xi et al., 2007).(2) “stimulating glucose uptake and insulin sensitivity in skeletal muscle cells via insulin-dependent [Phosphatidylinositol 3-kinase/AKT and mTOR] and insulin-independent [AMP-activated protein kinase (AMPK)/acetyl-CoA carboxylase (ACC) and mitogen-activated protein kinases (MAPKs)] pathways”. (Kang et al., 2012).(3) “boosting the expression of glucose transporter 4 (GLUT4) and AMPK and promoting insulin release”. (Dehgan et al., 2016).(4)boosting the pancreas's amount of immunoreactive –cells (Mohajeri et al.,2009).(5) PTP1B (protein tyrosine phosphatase 1B), a negative regulator of insulin signaling, is inhibited.

Saffron and Anti-oxidant properties
Saffron's antioxidant benefits are attributed to the presence of crocin, a rare carotenoid. The crocin bleaching assay was created to take use of crocin, a key component in saffron's antioxidant properties. (Akhondzadeh et al., 2008). Antioxidants neutralize free radicals and prevent their harmful effects. These "free radical scavengers" can be found in a variety of foods, such as fruits and vegetables. (Makhlouf et al., 2011). found that saffron has a higher polyphenol content (16 mg gallic acid/l) than white grape juice (6.285 mg gallic acid/l). Saffron extract from C. sativus flower contains high amounts of polyphenols, which can reduce free radical activity and protect organs (liver, kidneys, lung, and heart) from oxidative damage in a dose-dependent manner. Research has indicated that long-term saffron treatment has decreased glutathione, catalase (CAT), and superoxide dismutase (SOD) levels. (Dehgan et al ., 2016). Additionally, crocin-treated rats have been shown to have lower levels of malondialdehyde content in their ischemic cortex (Vakili et al., 2013). Saffron is known to scavenge cellular reactive oxygen species (ROS) (Samarghandian et al., 2014b). Saffron extracts have been shown to reverse monoamine oxidase activity and lipid peroxidation level when coadministered with aluminum (Linardaki et al., 2013).
Saffron and heart disease protection
Oxidative stress-induced cell and tissue damage is widely linked to human pathophysiology, especially cardiovascular diseases (CVDs). (Ruskovska et al., 2020). By regulating receptor-coupled control of ion channels and transporters, kinases, and other intracellular signaling pathways in cardiomyocytes through reversible redox alteration of proteins, oxidation-reduction reactions play a critical role in physiological signal transduction. But from the early stages of the disease process onward, there is an imbalanced shift, with oxidation-reduction outweighing cellular defense mechanisms, as in the case of the early pathological process of atherosclerosis. (Santolini et al., 2019). When there is an irregular glucose metabolism or hyperglycemia, glucose either oxidizes on its own or enters cells' mitochondria via the polyol route. Excess oxygen free radicals are produced as a result of this activity, which damages endothelium since they are more potent than the cells' defense mechanism. This happens in most cardiovascular diseases, whether it is the myocardium from the onset of heart failure or the arterial wall causing atherosclerosis and vascular dysfunction.(Legchenko et al., 2018). CVDs pose a significant worldwide burden, but the discipline has lagged behind cancer in developing and translating effective novel medications into clinical practice. (Bubb et al.,2020). Emerging clinical medicines targeting all levels of oxidation-reduction reactions could prevent the progression and clinical implications of CVDs, given their important role in dysregulation. Crocin, a prevalent ingredient in natural remedies, may influence CVDs through oxidation-reduction processes. 
Saffron and Neuropharmacological effects
Saffron and its active components, including crocin, crocetin, and safranal, are believed to exert neuropharmacological effects on the peripheral and central nervous systems.(Nassiri-Asl and Hosseinzadeh, 2015). Saffron extracts have been shown in clinical trials to improve neurodegenerative illnesses and reduce opioid withdrawal syndrome (Nassiri-Asl., 2015). Furthermore, saffron is said to protect neurons from certain toxic assaults. Crocin effectively reduced acrylamide-induced neurotoxicity by reducing oxidative stress and improving behavioral and histopathological parameters (Mehri et al., 2015).
Saffron and immunosuppressant effects
Saffron can improve the immune system. According to Kianbakht and Ghazavi (2011b), saffron treatment leads to higher IgG levels and lower IgM levels. Saffron can control immunological response by blocking histamine (H1) and muscarine receptors (Bani et al., 2011).

Saffron and Respiratory disorders
Saffron extracts have been shown to significantly improve respiratory function. Saffron's bioactive component relaxes smooth muscles of the trachea. (Bayrami et al., 2012). found that relaxing smooth muscles causes bronchodilation, which alleviates asthma symptoms.

Saffron for satiety enhancer and weight loss promoter
The ethanolic extract of saffron stigma was reported to considerably reduce body weight in rats (Poma et al., 2012).Reduced appetite has been reported as a clinical consequence and side effect of saffron medication (Poma et al., 2012). In a human trial published in 2010, saffron, known as Satiereal, was investigated as a satiety enhancer and weight loss promoter. This study looked into the mood-improving effects of saffron, which would result in reduced hunger and snacking. Women (n = 60, overweight) were given 1 capsule of Satiereal (176.5 mg/day) or an inactive placebo twice daily, with no dietary restrictions. After two months, those who consumed saffron extract reported less snacking and lost more weight than the control group.(Gout et al.,2010). The authors proposed that combining a balanced diet with saffron supplementation as a Satiereal may assist participants participating in a weight loss program in meeting their goal (Gout et al., 2010).
Saffron and Anti-depressant properties 
Depression is one of the most frequent mental health issues, with a lifetime frequency of approximately 17%. According to Mazidi et al.(2016), it is projected to be the second leading cause of illness burden globally by 2020. The The stigmas and corms of C. sativus L. exhibit antidepressant effects in an aqueous ethanol extract. Wang et al. (2010). analyzed sativus corms and classified them based on their polarity. A reversed-phase HPLC analysis was used to identify crocins 1 and 2 in the aqueous stigma extract. The The data suggests that crocin 1 may be responsible for the antidepressant benefits of aqueous stigma extracts, supporting their usage in traditional medicine. A study by Moshiri et al. (2006) found that 30 mg of saffron improved depression scores compared to a placebo. Akhondzadeh et al. (2004) found that 30 mg/day of saffron stigma ethanolic extract was as effective as the antidepressant medication imipramine in treating mild-to-moderate depression.

Saffron and its effect on learning memory
The Dementia is a mental condition that causes loss of cognitive abilities, including memory problems. Alzheimer's disease (AD) is the leading cause of dementia. This neurodegenerative disorder causes cell loss in specific parts of the brain and spinal cord. Stress can impair memory and cognitive function, increasing the risk of schizophrenia and Alzheimer's disease. Research has demonstrated that by preventing amyloid protein aggregation and plaque formation, crocin and safranal have a preventive impact against Alzheimer's disease (Howes and Perry, 2011). Safranal is therefore helpful in preventing dementia. Crocetin has been shown to be effective against Parkinson's disease, according to Ahmad et al. (2005). In a rat model, they found that saffron reduced the amount of dopamine used, which enhanced the health of the neurons. Purushothuman et al. (2013) reported a similar finding in an induced Parkinson mouse model, indicating that saffron shields dopaminergic cells in the substantia nigra pars compacta.

 Saffron and Anti-cancer properties
 One of the most dreaded illnesses in the world, cancer is becoming more common in both developed and developing nations. Although there are more and more treatment options available to cancer patients, their effectiveness is temporary and not life-extending. Therefore, for many years, there has been a continuous search for better and safer medications to address these shortcomings. This search has led to the discovery that various phytochemicals have anti-cancer effects. Chemoprevention, which makes use of easily accessible natural compounds derived from fruits, vegetables, herbs, and spices, is one of the most significant methods of cancer prevention in the modern world. Several positive qualities, such as radical scavenging, anti-mutagenic, and immuno-modulating actions, have been proven by pharmacological investigations, making Crocus sativus L. one of the spices that has attracted attention. The more potent saffron constituents include safranal, crocetin, and crocin. Saffron's principal ingredients, including crocin, crocetin, and safranal, have been shown to have considerable anticancer effect against several malignancies, including prostate cancer (CaP), leukemia, and lung cancer. (Samargandhian and Shabestari, 2013, Samarghandian and Borji, 2014; Samarghandhian et al., 2014a; Makhlouf et al., 2016). Saffron extract and its carotenoids have cancer-preventive properties. In vitro, saffron stimulated non-specific proliferation of T lymphocytes in the presence of the T cell mitogen phytohaemagglutinin. Crocetin has been shown to reduce lipid peroxidation, glutathione metabolizing enzymes, and histopathological changes in lung cancer, indicating its potential as a treatment option. (Inoue et al., 2005). Crocetin was reported to have a minor inhibitory effect on the formation of skin tumors in nude mice produced by 9, 10-dimethyl-1,2-benzanthracene, 7-12-dimethylbenz[α] anthracin, and croton oil (Nair et al., 1995). Crocins have been shown to protect rats from hepatocarcinogenic chemicals such aflatoxin B1 and dimethylnitrosamine, reducing chronic liver damage. Crocetin effectively inhibits skin tumor promotion caused by 12-Otetradecanoylphorbol-13-acetate in mice (Magesh, 2006). Saffron's antitumor activity was linked to higher levels of b-carotene and vitamin A in experimental animals' serum.
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                                        Fig.3: Saffron and Anti-cancer mechanism


Other Applications
Saffron may increase libido, lubrication, and pain relief for patients with sexual dysfunction. (Modabberina et al., 2012).Other applications include, saffron and its effects on neurophatic pains, peptic ulcers, energy booster, Anti-microbial effect, effects on Anxiety, post-menstrual syndrome in women’s etc.

Conclusion
Saffron has been used as a spice and herb for millennia and is now widely used in pharmaceuticals and medicine. Saffron includes bioactive phytochemical components that can help with metabolic disorders, neurological issues, and cancer. This review focuses on the precise chemical ingredients and their pharmacological characteristics as evaluated using the plant. Saffron's effectiveness in medical sectors and alternative medicine has piqued the interest of academics, who believe it might potentially replace pharmaceutical treatments. Recent scientific results and anecdotal data suggest that saffron and/or its components could be a valuable medicinal agent in modern medicine.
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