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    The 11th volume of Frontiers in Natural Product Chemistry maintains the tradition of publishing updated knowledge on the subject. Leading scientists contributed 05 extensive book chapters in this volume including advanced methods of isolation, syntheses, computational studies and SARs. Each chapter bears a uniqueness that will definitely attract readers’ and postgraduate students’ attention.




    For instance, in Chapter 01, Kumar et al. discussed the medicinal importance of Turmeric (Curcuma Longa)- a blessed plant and its phytochemicals that have diverse medicinal properties.




    While Öneri and Çolak reviewed some novel natural compounds for hepatocellular carcinoma treatment. The authors have discussed the effect of these natural compounds on the genetic hallmarks of various signaling pathways and important cellular metabolism molecules of hepatocellular carcinoma.




    Shivakumar et al. in Chapter 03, explained the prevention of overexploited herbs for balancing a sustainable ecosystem. It has been emphasized that in the Ayurvedic system of medicine, there is an in-depth biochemical classification of herbs, based on which substitutes can be deduced. Moreover, ancient texts also describe alternate herbs for some key ingredients.




    Microbial control is an ever-increasing economic burden that is disturbing human beings and as well as animals. Radhakrishnan and Benny, in Chapter 04, discussed the over-smartness of bacteria by forming some biofilms as safety walls for their existence. Therefore, the multi-drug resistance of bacterial biofilm has constantly challenged the existing anti-bacterial drugs. This chapter deals with a few methods by which biofilm inhibition can be achieved by making use of various synthetic and natural compounds.




    The updated review on quercetin chemistry, its structural modifications, SARs and therapeutic applications by Banday et al. can be found in Chapter 05. Quercetin is a naturally occurring flavone with tremendous medicinal potential and it has a wider scope in medicines as evidenced from this chapter.




    It is hoped that this volume will be thought-provoking and trigger further research in the quest for new and novel natural therapies. I am indebted for the great efforts of the entire editorial team, especially Mr. Mahmood Alam (Director Publications) and Ms. Asma Ahmed (Editorial Manager Publications) at Bentham Science Publishers.
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      Abstract




      It is believed that natural products exhibiting medicinal benefits do not cause systemic side effects or they cause acceptable side effects. Due to the increase in research output and increased awareness about the importance of natural products, nowadays, a large fraction of the population is now shifting their orientation towards the use of natural products in daily use. Turmeric (Curcuma longa) is one such blessing for all of us. It is one of the most important and abundant spices used in Asian food. It is cultivated around the world and originated in India, Indonesia, and Southeast Asia. Turmeric powder has a bitter, sharp taste and is yellow. It is used to provide color and flavor to various food products such as; butter, mustard, cheese, etc. Turmeric belongs to the Zingiberaceae family. It is one of the most commonly used medicinal herbs in India and China and is used for the treatment of jaundice and liver problems. Turmeric is known to have a wide range of pharmacological properties such as anti-microbial, anti-protozoal, anti-malarial, anti-venom, anti-proliferative, anti-aging, anti-inflammatory, anti-tumor, etc. It is identified that the yellow color of the turmeric is due to the presence of Curcumin which is the most important and potent bioactive compound of turmeric. Curcumin is a curcuminoid that is extracted from the rhizomes of Curcuma Longa. Curcumin possesses remarkable medicinal properties and can also be used in cosmetic products. Curcumin has powerful anti-inflammatory and antioxidant properties. It helps to treat various diseases, some of them are; hay fever, depression, Alzheimer’s, treat cholesterol, itching, and osteoarthritis. It is involved in maintaining the functioning of the brain and reduces the risk of brain and heart diseases. Investigators are focusing to find out the therapeutic role of curcumin in asthma, diabetes, cancer, indigestion, and many other disorders. In this chapter, we will discuss the natural compounds present in turmeric and their medicinal importance.
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      INTRODUCTION




      Natural products are the type of compounds that are produced by living organisms (microbes, animals, plants, etc.). These compounds comprise all chemical compounds or substances found in nature and are called natural products if they are produced by a living organism [1]. Natural products may be classified according to their chemical property, biological function, biosynthetic pathway, or source. The estimated number of known natural products around the world is about 326,000 [2]. Natural products may be extracted from the cells, tissues, and secretions of microorganisms, plants, and animals. A crude (unfractionated) extract from any one of these sources will contain a range of structurally diverse and often novel chemical compounds [3].




      The natural product can be categorized as a compound that is produced by living organisms and includes the types of biotic materials (e.g. wood, silk), bio-based materials (e.g. bioplastics, cornstarch), bodily fluids (e.g. milk, plant exudates), and other natural materials (e.g. soil, coal) [4]. According to Albrecht Kossel's original proposal, natural products are divided into two classes; primary and secondary metabolites [5]. Primary metabolites have an important internal function in the survival of the organism that produces them. The secondary metabolites in contrast have an external function that significantly affects other organisms. Second metabolites are not essential for survival but increase biological competition in their environment. Because of their ability to alter biochemical pathways and signal transduction, some secondary metabolites have beneficial therapeutic properties. The most common classes of secondary metabolites include alkaloids, phenylpropanoids, polyketides, and terpenoids [6]. Although traditional medicines and other biological materials are considered an excellent source of novel compounds, the extraction, and isolation of these compounds can be slow and expensive. Because natural products are usually secondary metabolites with complex chemical properties, their total/semisynthesis is not always commercially viable. In these cases, attempts may be made to design simpler analogs with the same power and safety as the one that combines the essence/structure of the natural product [7]. There is a list of uses of natural compounds in various industries such as medicines, pharmaceuticals, cosmetics, food preservation, food safety, etc. Shen et al. (2021) reported the antifungal activity of Loquat leaves extract against citrus postharvest pathogens and provided a complete overview of the activity of anti-Penicillium digitatum activity. The antifungal activity of this extract against P. digitatum was said to be caused by abnormal cell membranes and disruption of energy metabolism [8]. Jiménez-Gómez et al. (2021) explored another potential method to increase crop production: the replacement of chemical fertilizers with biofertilizers (including plant-root-associated beneficial bacteria). They describe their work, which assesses the use of B. halotolerans SCCPVE07 and R. laguerreae PEPV40 strains as efficient biofertilizers for escarole crops. Natural products have been used since ancient times to enhance food attributes [9]. Plants are added to foodstuff for their aromatic features, but also for preserving and coloring purposes. On the other hand, plants have also been playing an important role in fighting health issues, mostly due to their richness in secondary metabolites. Natural products have been used in the cosmetic industry to avoid side effects with traditional preparations for herbal beauty such as Emblica officinalis (Amla), Acacica concinna (Shikakai), and Callicarpa macrophylla (Priyangu) have been used strongly in skincare and hair care. Moreover, Indian women are still using natural products such as Pterocarpus santalinus L. and Curcuma longa (skincare), Lawsonia inermis L. (hair color), and natural oils such as coconut, olive, shea butter, jojoba, and essential oils in perfumes for their bodies [10].




      Natural products may be extracted from the cells, tissues, and secretions of microorganisms, plants, and animals. Crude (unfractionated) extract from any one of these sources will contain a range of structurally diverse and often novel chemical compounds. Chemical diversity in nature is based on biological diversity, so researchers travel around the world to obtain samples to analyze and evaluate in drug discovery or bioassays. This effort to search for natural products is known as bioprospecting [11]. Examples of biological sources along with their natural products are described below Table 1.




      

        Table 1 Medicinal uses of different natural products and their sources.




        

          

            

              	Source



              	Strain



              	Natural Compound



              	Medicinal Use



              	Ref.

            


          



          

            

              	Bacterium



              	Streptomyces griseus



              	Streptomycin



              	Antibiotic agent



              	[12]

            




            

              	-



              	Paenibacillus polymyxa



              	Polymyxins



              	Antibiotic agent



              	[13]

            




            

              	-



              	Amycolatopsis rifamycinica



              	Rifamycins



              	Used to cure tuberculosis and leprosy



              	[14]

            




            

              	-



              	Clostridium botulinum



              	Botulinum toxin



              	Used cosmetically to help reduce facial wrinkles



              	[15]

            




            

              	-



              	Streptomyces verticillus



              	Bleomycin



              	Used for the treatment of several cancers including Hodgkin’s lymphoma, head and neck cancer, and testicular cancer



              	[16]

            




            

              	Archaea



              	Pyrococcus furiosus



              	Lactase enzyme



              	breakdown lactose, a disaccharide sugar found in milk



              	[17]

            




            

              	Fungi



              	Penicillium chrysogenum



              	Penicillins



              	Antibacterial drug



              	[18]

            




            

              	-



              	Cephalosporium acremonium



              	Cephalosporins



              	Antibacterial drug



              	[19]

            




            

              	-



              	Penicillium griseofulvum



              	Griseofulvin



              	Antifungal drug



              	[20]

            




            

              	-



              	Aspergillus terreus



              	Lovastatin



              	Lower cholesterol



              	[21]

            




            

              	-



              	Claviceps spp.



              	Ergometrine



              	Acts as vasoconstrictor



              	[22]

            




            

              	-



              	Tolypocladium inflatum



              	Cyclosporine



              	Used to suppress immune response during organ transplant



              	[23]

            




            

              	Plants



              	Taxus brevifolia



              	Paclitaxel



              	Anticancer agent



              	[24]

            




            

              	-



              	Catharanthus roseus



              	Vinblastine



              	Anticancer agent



              	[25]

            




            

              	-



              	Artemisia annua



              	Artemisinin



              	Antimalarial agent



              	[26]

            




            

              	-



              	Papaver somniferum



              	Morphine



              	Opioid analgesic drug



              	[27]

            




            

              	-



              	Galanthus spp.



              	Galantamine



              	Used in Alzheimer's disease drugs



              	[28]

            




            

              	-



              	Zingiber officinale



              	Gingerols, shogaols, and paradols



              	Treat diarrhea, colic infections, nausea, arthritis



              	[29]

            




            

              	-



              	Curcuma longa



              	Curcuminoids, sesquiterpenoids, and turmerones



              	Indigestion, ulcerative colitis, osteoarthritis, atherosclerosis in some animals



              	[30]

            




            

              	-



              	Mentha arvensis



              	4-Hydroxy benzoic, caffeic, p -coumaric, chlorogenic, and rosmarinic acids



              	Treat stomach ache and other digestive disorders, chest pain, teeth whitening, diuretic



              	[31]

            




            

              	-



              	Agaricus bisporus



              	Lectins, beta-glucans, ergosterol, ergothioneine



              	Cholesterol regulation, some species possess antifungal, antibacterial, antiviral, or antimicrobial properties as a defense mechanism



              	[32]

            




            

              	-



              	Azadirachta indica



              	6-desacetylnimbinene, nimbandiol, nimbolide, ascorbic acid, n-hexacosanol



              	Treat various skin disorders (i.e. leprosy, skin ulcers, chickenpox, acne), pest repellant



              	[33]

            




            

              	-



              	Ocimum sanctum



              	Oleanolic acid, Ursolic acid, Rosmarinic acid, Eugenol, Carvacrol, Linalool, and β-caryophyllene



              	Used to clear the bronchial tube, treatment for fever and the common cold, coughs, sore throat, respiratory disorder, kidney stones, heart disorder, diarrhea, stress



              	[34]

            




            

              	Animals



              	Leiurus quinquestriatus



              	Chlorotoxin



              	Anticancer agent



              	[35]

            




            

              	-



              	Bothrops jararaca



              	Teprotide



              	Antihypertensive agent



              	[36]

            




            

              	-



              	Conus magus



              	ω-conotoxin



              	Used to relieve severe and chronic pain



              	[37]

            




            

              	-



              	Ecteinascidia turbinata



              	ecteinascidin 743



              	Used to treat cancer



              	[38]

            


          

        




      




      The discipline of pharmacognosy, which is the study of natural products with biological activity, provides the tools to identify select, and process natural products destined for different uses. Usually, a natural extract has some form of biological activity that can be detected and attributed to a single compound or a set of related compounds produced by the organism. These active compounds can be used in the medical field directly as they are, or they may be synthetically modified to enhance biological properties or reduce side effects [39].




      The World Health Organization conducted a study between 1999 and 2009, and a list of over 21 000 plants was prepared that are used for medicinal purposes all over the world [40]. This effort was made for the proper identification of safe plants, as it is estimated that plant-based traditional medicines are used by 60% of the world’s population [41]. In addition to efforts to establish formal, DNA-based identification of such plants for wider use [42], collections of medicinal plant species, associated with their therapeutic activities and physicochemical properties are being established around the world. This is particularly the case in Asia and Africa, where traditional medicines remain an important part of everyday life for cultural, traditional, and economic reasons [43]. The Indian Traditional System of Medicine is one of the oldest systems of medical practice in the world and has played an essential role in providing healthcare services to human civilization, right from its inception. India has the exclusive distinction of its own recognized traditional medicine; Ayurveda, Yoga, Unani, Siddha, and Homoeopathy (AYUSH) [44]. These systems are based on definite medical philosophies and represent a way of achieving a healthy lifestyle with conventional and established ideas on the prevention of diseases and the promotion of health. The basic treatment approach of all these systems is holistic and the pharmacological modalities are based on natural products of plants and herbs [45]. In India, around 25,000 effective plant-based formulations are used in traditional and folk medicine. It is estimated that more than 7800 manufacturing units are involved in the production of natural health products and traditional plant-based formulations in India, which requires more than 2000 tons of medicinal plant raw material annually [46]. More than 1500 herbals are sold as dietary supplements or ethnic traditional medicines [47]. Some of them are Triphala Churna, Cinnamon, Brahmi, Cumin, Turmeric, Licorice root, Gotu Kola, Giloy, Cardamom, Manjistha, Aloe vera, Neem, Lavender, Chamomile, Rosemary Guduchi, Ginger, and Hibiscus, etc.


    




    

      TURMERIC (CURCUMA LONGA)




      Turmeric is commonly used in Chinese and Indian (Ayurvedic) medicine system; possess curcumin. It is also called Curcuma. It is a perennial plant that grows 3 to 5 feet high in the tropical regions of Southern Asia. The rhizome, the root of Curcuma is used in medicinal and food preparations. Curcumin is the main active component of this herb and exhibits antioxidant properties. Turmeric is especially useful for the treatment of skin disorders, such as acne, when administered orally. It can also be used to treat liver and stomach disorders, skin discoloration, constipation, and haemorrhoids [48, 49]. Significant improvement in morning stiffness, walking time and joint swelling has been observed as anti-arthritic effects after regular Curcuma consumption by Rheumatoid arthritis patients [50].




      

        General Study: Habitat, Classification & Uses




        Turmeric is a spice, and is used in folk medicine since ancient times, has received interest from both the medical/and scientific community, and it is considered the potent source of the polyphenolic compound known as curcumin. Turmeric is a rhizomatous herbaceous perennial plant (Curcuma longa) of the ginger family i.e. Zingiberaceae [51]. It is native to tropical South Asia. The medicinal properties of turmeric have been known for thousands of years; however, the ability to determine the exact mechanism(s) of action and to determine the bioactive components have only recently been investigated [52].




        About 133 species of turmeric (Curcuma) have been identified worldwide. It is commonly found in Cambodia, China, India, Nepal, Indonesia, Madagascar, Malaysia, Philippines and Viet Nam [52]. Most of them have common local names and are used for various drug formulations. Turmeric needs temperature between 20 °C and 30 °C to grow and significant annual rainfall to thrive [50]. The individual plant attains 1 m height and has long oblong leaves. Plants are harvested annually for their rhizomes and bred from some of these rhizomes the following season. The rhizome, from turmeric, is tuberous, with rough and segmented skin. Rhizomes mature under foliage at ground level. They are golden brown with a dull orange interior. The main rhizome is pointed or tapered at the distal end and 2.5–7.0 cm long and approximately 2.5 cm in diameter, with small branched tubers. Turmeric rhizome, when dried, can be ground into a yellow powder, with a bitter, slightly acrid but sweet taste [52].




        Curcuma is being recognized and used across the world in different ways for a large number of health benefits (Fig. 1). There are many notable examples of consumption of turmeric in the world such as; in India, turmeric has been used in curries, and in spices as an important ingredient of cooked food products; in China, in Malaysia, it is used as antiseptic material; it is used as a colorant; in Thailand, it is used in the preparation of cosmetics; in Japan, it is used in the preparation of tea; in Korea, it is mixed in drinks; in Pakistan, it is used as an anti-inflammatory agent; and in the United States, it is used in mustard sauce, cheese, butter, and chips, as a preservative and a coloring agent, in addition to capsules and powder forms.




        
[image: ]


Fig. (1))


        Schematic illustration of Curcumin biological activities.



        Curcuma longa possesses different medicinal properties such as antioxidant, anti-inflammatory [53], antimutagenic, antimicrobial [54, 55], and anticancer properties [56, 57], and due to these properties, it has been traditionally used as a medical herb in many Asian countries. A composition comprising ethanol, curcumin and a dissolved whole tumeric powder for the preparation of an alcoholic curcumin and turmeric liquid pharmaceutical composition for treating proliferative and other clinical disorders in a human patient enhanced bioavailability vis-a-vis a comparable dosage of curcumin in dry powder form [58].


      




      

        Medicinal Uses of Turmeric




        

          



          Neuroprotective Effects




          The pathogenesis of neurodegenerative diseases includes toxic biochemical reactions including inflammation, change of mitochondrial activity and ubiquitin/proteasome system, glutamatergic toxicity, activation of pathways for apoptosis, an increase of iron and nitric oxide, and the effect on the homeostasis of antioxidants/oxidation [59]. It is suggested that major neurodegenerative diseases for example Alzheimer’s, and Parkinson's; are the result of multiple factor involvement along with the combination of genetic and environmental factors. Research groups have worked on the use of rhizomes of C. longa for the treatment of neurogenerative diseases. The mechanism of neuroprotective properties against experimental cerebral ischemia by Curcuma oil that is isolated from the rhizomes of C. longa is well elaborated [60]. It is well known that calcium ions are a common component of signal transduction pathways. It has been observed that turmeric oil inhibits the increases in intracellular calcium ion concentrations and reduces high levels of nitric oxide (NO) produced by nitric oxide synthase (NOS) isoforms responsible for neuroinflammation [60]. Turmeric oil has also been found to reduce ROS production and inhibit elevated levels of the Bax protein, an early sign of cell death. Thus, turmeric oil exhibits major action in the semi-pubic region of the infarct, which is protected by the regulation of apoptosis. Sahoo et al. (2008) studied the role of curcumin (CUR) in oxidative stress parameters, antioxidant defense enzymes, and oxidative levels (GSSG) and reduced glutathione (GSH) in the testis of mice with l-thyroxine (T4)-induced hyperthyroidism in rats [61]. CUR was primarily effective in protecting the testes from T4-induced oxidative stress by restoring antioxidant enzymes [61]. Therefore, this suggests that C. longa extract can be used as a potential therapeutic agent for neurodegenerative diseases [61, 62]. Hyperhomo cysteinemia is one of the pathological causes of neurodegenerative diseases, and Ataie et al. (2010) studied the effect of turmeric as a prophylactic agent to prevent oxidative stress in homocysteinemia [59]. Chronic administration of turmeric significantly improved memory recognition ability in older male mice on novel object recognition and passive avoidance tasks through positive interaction of the neuronal nitric oxide synthase (nNOS)/nitric oxide (NO) pathway [63]. Wang et al. (2017) also described the role of C. longa extract in the treatment of Parkinson's disease [64].


        




        

          Anticancer Activity




          Extensive preclinical studies evaluating the anticancer effects of curcumin can be found in the literature, with increasing interest in the relevant mechanisms of action. Curcuminoids are assumed as excellent antioxidant polyphenols with radiomodulatory properties, radioprotective for noncancerous cells, and radiosensitizing the cancer cells [65]. Semsri et al. (2011) reported that turmeric in its pure form affects Wilms tumor protein 1 (WT1) promoter binding, WT1 mRNA reduction, and protein levels in K562 cells, which is due to the antiproliferative effect of turmeric [66]. Jiang et al. (2012) studied and identified the anticancer nature of curcuminoids of C. longa in HeLa cells [67]. Anticancer activity of the rhizomes of turmeric was evaluated in vitro using tissue culture methods and in vivo in mice using Dalton's lymphoma cells grown as ascites form. Turmeric extract inhibited cell growth in Chinese Hamster Ovary (CHO) cells at a concentration of 0.4 mg/ml and was cytotoxic to lymphocytes and Dalton's lymphoma cells at the same concentration. The active constituent was found to be ‘curcumin’ which showed cytotoxicity to lymphocytes and Dalton's lymphoma cells at a concentration of 4 μg/ml [68]. Turmeric treatment also attenuated TNFα-mediated lipolysis by downregulating extracellular signal kinase 1/2 (ERK1/2) phosphorylation and reversing the downregulation of perilipin protein in TNFα-stimulated adipocytes. The anti-lipolytic effect may be cell-based, reducing plasma-free fatty acids and improving insulin sensitivity [69]. Crude extract in combination with cisplatin augmented the decrease in the viability of cancer cells compared with single compound treatment in A549 lung cancer cells. The total extract of Curcuma longa could be regarded as being more effective against lung cancer cells in vitro than its separated compounds [70]. The combination of turmeric and paridis rhizome saponins also demonstrated good anticancer properties. This combination product significantly inhibited the tumor growth rate by inhibiting the levels of metabolites such as amino acids, lipids, and carbohydrates in the tumor tissue [71].


        




        

          Antioxidant Activity




          A list of in vitro and in vitro tests shows the antioxidant activity of curcuminoids. Jayaprakash et al. (2006) studied the antioxidant capacity of curcuminoids in an in vitro model system using various methods such as phosphomolybdenum and linoic acid peroxidation methods [72]. The antioxidant mechanism of turmeric was demonstrated through density functional theory, along with five other mechanisms: H atom transfer from neutral curcumin (HAT), H atom transfer from deprotonated curcumin (HAT-D), radical adduct formation (RAF), single electron transfer (SET), and sequential electron transfer with proton loss (SPLET). The chemical interaction between curcumin and DPPH actually proceeds only by the SPLET mechanism, while the chemical reaction with -OCH3 and other alkoxy radicals are regulated by the HAT mechanism. The role of the GAT mechanism in the overall reaction with curcumin and -OCH3 was found to be more than 95% irrespective of the solvent and the polarity of the reacting curcumin isomer. The antioxidant activity of curcumin has been experimentally confirmed and phenolic groups in turmeric are found involved in this activity [73]. Curcuminoids may be used to improve oxidative damage in patients with beta-thalassemia/Hb disease. Naik et al. (2011) demonstrated the protective effect of turmeric against experimentally induced clinical conditions such as inflammation, cardiotoxicity, and hepatotoxicity in animal models by analyzing the level of serum marker enzymes and antioxidants in target tissues [74]. Curcumin may be a useful adjunct to medication, along with standard medications for diseases caused by oxidative stress. Turmeric treatment also suppresses the formation of edema and cotton granulomas caused by carrageenan and albumin. Turmeric also tends to inhibit iron-catalyzed lipid peroxidation in liver homogenates, the removal of spontaneously formed nitric oxide from nitroprusside, and heat-induced hemolysis of rat red blood cells. The anti-inflammatory, hepatoprotective and cardioprotective effects of curcuminoids may be related to their antioxidant activity both in vitro and in vivo [75].


        




        

          Cardioprotective Effects




          Curcuminoids have been shown to have therapeutic effects on diabetes-associated cardiovascular complications, myocardial infarction, and cardiac hypertrophy. Cardioprotective effects are associated with interactions with cytokine receptors, ECM receptors, and local spikes [76]. Curcumin is also useful in the treatment of idiopathic pulmonary arterial hypertension [77]. Turmeric extract works through a variety of therapeutic mechanisms, depending on the type of cardiovascular disease. As with aortic aneurysms, this helps reduce the diameter of the aorta, increasing its structural integrity. In atherosclerosis, curcuminoids help reduce cholesterol accumulation, white blood cell adhesion, and migration, along with a decrease in foam cells and oxidized LDL levels. Curcumin normalizes calcium levels in heart enlargement and heart failure. These conditions also reduce cardiomyocyte growth, apoptosis, and cardiac fibrosis. Turmeric extract has been shown to normalize lipid disorders in cardiovascular complications with a reduction in cardiac fibrosis and an increase in vasodilatory function. In myocardial infarction, curcumin increases the fractional shortening of the left ventricle with a decrease in the level of myocardial cell death, perivascular fibrosis, and cardiac remodeling. Turmeric extract has also been found to help with stroke. In stroke, it reduces apoptosis and increases endothelial and mitochondrial function [78]. While all extracts of turmeric have proven useful as a treatment for cardiovascular disease, of all extracts, curcumin has been extensively studied for its mechanism of action.


        




        

          Anti-inflammatory Activity




          Inflammation is the root cause of a list of diseases therefore preventing inflammation in any diseased condition is the first step toward the cure of that disease.




          Ca2+/calmodulin-dependent protein kinase II, extracellular signal-regulated kinase ½-NF-E2- related factor-2 cascade as a novel anti-inflammatory pathway mediating bisdemethoxycurcumin (BDMC) signaling to heme oxygenase-1 expression in macrophages. The biological relevance of the signaling pathway to the anti-inflammatory nature of BDMC was studied by in vitro inflammation model caused by blocking the Ca2+ release from IP3 channels or inhibition of calmodulin-dependent protein kinase II or extracellular signal-regulated kinase ½. Kim et al., (2010) studied the anti-inflammatory BDMC signaling pathway leading to the expression of heme oxygenase-1 and it was mediated via a rapid increase in the level of intracellular (Ca2+), which subsequently influenced the activity of calmodulin/calmodulin-dependent protein kinase II, extracellular signal-regulated kinase ½, and NF-E2- related factor-2 [79].




          Cooney et al. (2016) reported the ability of curcuminoid to reduce colon infection inside the Mdr1a−/− mouse model of human inflammatory bowel disease. This study was conducted using transcriptomics and proteomics methods. Colon mRNA transcript tiers were analyzed by microarrays, and colon protein expression was analyzed through 2D gel electrophoresis. Including this, liquid chromatography-mass spectrometry (LC-MS) based protein identification and the colonic histological damage rating were also additionally determined [80]. The anti-inflammatory properties of curcuminoids have been demonstrated by multiple molecular pathways along with increased xenobiotic metabolism, reduced immune reaction, reduced neutrophil migration, and barrier remodeling [80-82].


        




        

          Therapeutic Agent for Sexually Transmitted Infections/Diseases (STD)




          Sexually transmitted infections and unplanned pregnancies present a high risk to the reproductive fitness of females. Thus there is an urgent need for female-controlled vaginal products for sickness prevention and contraception. Patel et al. (2015) reported the development of advanced poloxamer-based thermosensitive contraceptive vaginal in situ hydrogels of curcuminoids. Biodegradable hydrogels impregnated with Poloxamers and HPMC K4M may be used to develop dosage for women-friendly, non-hormonal, long-performing, and biocompatible intravaginal contraceptives [83]. During the development of hydrogel, dosage optimization was performed by the use of a three-factor, three-level of Box-Behnken Design (BBD). The optimized composition was found to have Poloxamer 188 (3.83%), Poloxamer 407 (19.96%), and HPMC K4M (0.91%). Moreover, the dosage form may use a spermicide inside a condom. Turmeric extracts represented many beneficial effects like the management of polycystic ovary syndrome (PCOS) situations, ovulation, and improved fertility. Curcuminoids restored the hormone and lipid profile, antioxidant and glycemic level in addition to ovarian morphology in Letrozole-induced PCOS animals. Curcuminoids may be a promising drug for treating scientific and pathological abnormalities in PCOS situations [84]. Turmeric also showed an improvement in the male reproductive system. Akinyemi et al. (2015) investigated the preventive outcomes of turmeric rhizomes on some biomarkers of male reproductive features in l-NAME-induced hypertensive rats. Dietary supplementation with turmeric rhizome was related to the recovery of systolic blood pressure, level of testosterone, sperm motility, and development of antioxidant status within the epididymis and testes of l-NAME-triggered hypertensive rats [85].


        




        

          Hepatoprotective Effect




          Turmeric extracts are significantly studied for their hepatoprotective outcomes. Choudhury et al. (2016) reported that curcumin injection (8.98 μM) decreased the NADH oxidase level, increased the Glutathione reductase (GR), Glutathione S -transferase (GST) levels, and succinate dehydrogenase activity in Swiss albino rats with CCl4-induced hepatotoxicity [86]. For similar hepatotoxicity, curcumin (200 mg/kg) in Sprague-Dawley rats improved the level of hepatic glutathione level and reduced the lipid peroxidase level and activities of aspartate aminotransferase (AST), and alanine transaminase (ALT) [87]. So, curcumin may be a promising agent to prevent oxidative stress-related liver disease, by using decreasing ALT, AST, and alkaline phosphatase degrees, increasing GST, GR, Glutathione Peroxidase (GPx), Superoxide Dismutase (SOD), and catalase (CAT), and reducing nitric oxide (NO) in addition to inhibiting reactive oxygen species (ROS) production [88]. Furthermore, Badria et al. (2015) reported curcumin-associated increased antioxidant levels (CAT, SOD, glutathione, and ascorbic acid) in the liver of chronic iron-overloaded male rats [88]. Curcumin also showed hepatoprotective properties for hepatoxicity caused by streptozotocin and paracetamol in mice [89]. Afrin et al. (2015) found that curcumin reduced the level of mitogen-activated protein kinases (MAPK), IL-1ß, TNFa, and apoptosis signal-regulating kinase 1 (ASK1) in liver tissues in Sprague Dawley rats with streptozotocin-induced diabetes [90]. In the study conducted on non-alcoholic steatohepatitis triggered by a high-fat diet, and low-dose streptozotocin, Afrin et al. (2017) demonstrated that curcumin treatment decreased lipogenesis, oxidatively stressed, infection, attenuated fibrosis, and HMGB1-NF-kB signaling [91]. In the case of paracetamol-triggered hepatotoxicity, curcumin managed mitochondrial disorder by removing free radicals, increasing the expression of antioxidant enzymes, and controlling transient receptor potential melastatin 2 (TRPM2) channels, and NF-kB [92, 93]. Including this, curcumin was also found effective in liver fibrosis and cirrhosis [94, 95].


        




        

          Other Medicinal Uses




          Curcuminoids and oil showed a zone of inhibition against all tested strains of bacteria i.e. Bacillus subtilis, Bacillus macerans, Bacillus licheniformis and Azotobacter. Among all the bacterial strains, B. subtilis was the most sensitive to turmeric extracts of curcuminoids and oil. The MIC value for different strains and varieties ranged from 3.0 to 20.6 mm in diameter [96]. Also, curcumin showed significant antibacterial activity with MIC values between 5 and 50 μg/mL against 65 clinical isolates of Helicobacter pylori. An in vivo study of H. pylori-infected C57BL/6 mice administered with curcumin, exhibited immense therapeutic potential and pronounced eradication effect against H. pylori infection associated with restoration of gastric damage [97]. Curcuma longa possesses powerful antifungal activity also. The study of addition of turmeric powder in plant tissue culture showed that turmeric at 0.8 and 1.0 g/L had appreciable inhibitory activity against fungal contaminations [98]. The crude methanol extract of C. longa has an inhibitory effect against some clinical isolates of dermatophytes. It was demonstrated that 18-month-old and freshly distilled oil isolated from the rhizome of C. longa showed the most potent antifungal effect against 29 clinical isolates of dermatophytes with MIC values of 7.2 and 7.8 mg/mL, respectively [99]. The strong antifungal activity of C. longa rhizome and its low side effects were the main reasons to investigate its probable synergistic effect with existing fungicides. Curcumin has been defined as the most active component in C. longa and has considerable gastroprotective and antiulcerogenic effect. The antiulcer activity of curcumin was displayed by attenuating the different ulcerative effectors including gastric acid hypersecretion, total peroxides, myeloperoxiase activity, IL-6, and apoptotic incidence, along with its inhibitory activity for pepsin [100]. Surprisingly, curcumin showed immense therapeutic potential against H. pylori infection, as it was highly effective in the eradication of H. pylori from infected mice as well as in the restoration of H. pylori-induced gastric damage. Curcumin does this by preventing the growth of H. pylori cagA + strain to control H. pylori-mediated ulcer, suggesting its antiulcer potential [97]. The powdered rhizome of CA exhibited wound-healing activity in rabbits. Studies also showed significant wound healing activity in excision wound models, conducted to assess the wound healing activity of topical application of CA rhizome extracts and its cream formulations [101].


        


      


    




    

      CURCUMINOIDS




      Curcuminoids (polyphenols) are the main components of turmeric. C. longa consists of a list of curcuminoids, among all the most active ones is curcumin. These curcuminoids contribute aromatic and coloring properties to turmeric. Curcumin, a yellow polyphenolic pigment that has been used for centuries for culinary and food coloring purposes, along with as an ingredient for various medicinal preparations, is widely used in Ayurveda and Chinese medicine [82].




      Curcuminoid content in turmeric is also influenced by the origin, and soil conditions where it is cultivated. The approximate amount of curcuminoids varies between 2%-9%. The main curcuminoids of turmeric are of three following types (Fig. 2).
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Fig. (2))


      Chemical structure of curcumin [82]. 
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      Out of these curcuminoids, curcumin is the major component, and including this cyclic curcumin is also a type of curcuminoid but it is a minor component [49].


    




    

      CURCUMIN




      Curcumin is the most prevalent of these curcuminoids. Curcumin (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione), also called diferuloyl methane. It is one of the main polyphenols found in the rhizome of Curcuma longa (turmeric) and others Curcuma spp [102].




      Due to its medicinal activities, curcumin has received the attention of researchers. Curcumin was first isolated in 1815, but not in its purest form [103]. The purified crystalline form was reported in 1870 by Dauble [104]. After the discovery of the purified form, extensive research was done to determine the structure and molecules present in curcumin. Polish scientists in 1910 proposed the structure of curcumin for the first time [105]. Basically, curcumin is a diferuloylmethane with a generalized chemical formula C12H20O6. It is purified in crystalline form having yellow-orange color. It has a molecular weight of 368.39 g/mol and a melting temperature of 183oC. Its chemical properties include keto-enol tautomerism. However, the predominant keto form exists in neutral and acidic solutions, while the predominant enol form exists in solid-state and alkaline solutions and it is also considered a stable enol form [106]. Based on chemical modifications curcumin is of three types known as curcumin I, II, and III. Chemically, they are referred to as 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione, demethoxycurcumin, 1-(4-hydroxy-3-methoxyphenyl)-7-(4-hydroxyphenyl)-1,6-heptadiene-3,5-dione, bisdemethoxycurcumin, 1,7-bis(4-hydroxyphenyl)-1,6-heptadiene-3,5-dione for curcumin I, II and III respectively [107].




      Curcumin incorporates a seven carbon-linker and three major functional groups: an α,β-unsaturated β-diketone moiety and an aromatic O-methoxy-phenolic group [108]. The aromatic ring systems, which are phenols, are connected by two α,β-unsaturated carbonyl groups [105]. It is a diketone tautomer, existing in enolic form in organic solvents and in keto form in water [109]. The diketones form stable enols and are readily deprotonated to form enolates; the α,β-unsaturated carbonyl group is a good Michael acceptor and undergoes nucleophilic addition [108]. Because of its hydrophobic nature, curcumin is poorly soluble in water. However, it is easily soluble in organic solvents [108]. Curcumin is used as a complexometric indicator for boron. It reacts with boric acid to form a red-colored compound, rosocyanine [109].




      This polyphenolic compound is worldwide known as the ‘wonder drug of life’ [110]. Turmeric is being used as a therapeutic agent since ancient times. Its crude form i.e., whole turmeric, is the source of all types of curcuminoids. Still, its use in medicinal clinics is rare due to its low bioavailability. On the other hand, curcumin seems to offer a promising potential for therapeutic development in its pure form, with stable metabolism and low toxicity [111]. Therefore, the isolation of curcumin from the rhizome is of great advantage. Research has been reported in recent years on the isolation of curcumin. Its pure form is extensively used as a therapeutic agent for the treatment of various diseases and hence, health promotion.




      

        Isolation and Analysis of Curcumin




        Solvent extraction followed by chromatography is one of the most commonly used methods for curcumin isolation [51]. As curcumin is insoluble in water therefore different research groups have used a combination of different organic solvents (polar and non-polar) for its isolation (Fig. 3). Out of the organic solvents, ethanol is preferred and including these chlorinated solvents are considered efficient. Soxhlet, ultrasonic, and microwave extraction methods are the general methods used for extraction (Fig. 3). Including this, pulse ultrasonic and microwave-assisted extraction methods are also being conducted. A high temperature of about 60-80oC is also considered for improved extraction. Bagchi (2012) used a mixture of ethanol and acetone as a solvent to isolate curcumin from turmeric powder [112]. Anderson et al. (2000) have used dichloromethane as an organic solvent for curcumin extraction from ground turmeric. They magnetically stirred the whole turmeric in dichloromethane and heated it for one hour. Followed by the suction filter of the mixture and finally, the filtrate was concentrated in a vacuum filter attached to the hot water bath, maintained at 50°C. The resulting deep orangish-yellow oil residue was titrated with hexane and the resulting solid material was collected. Thin layer chromatography (TLC) based analysis (3% methanol and 97% dichloromethane) showed the presence of all three types of curcumin [113]. Kang’s method for curcumin extraction is also extensively used for its isolation, on the basis of ethanolic extract preparation [114]. The method given by Pothitirat et al. (2006) had also been extensively used for the isolation of curcumin [115]. Chromatography and electrophoresis methods are commonly used for further purification and analysis of curcumin. These methods are column chromatography, high-performance liquid chromatography (HPLC) using a C-18 column, Liquid chromatography-coupled mass spectrometry, High-performance-thin layer chromatography, and Microemulsion electrokinetic chromatography, Capillary electrophoresis, and Ultraperformance liquid chromatography (UPLC) coupled with tandem mass spectrometry.
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Fig. (3))


        Schematic representation of the scheme for isolation and analysis of curcuminoids from C. longa.

      




      

        Health Benefits of Curcumin




        Curcumin is mainly used in dairy products, beverages, cereals, mustard, food concentrates, pickles, sausages, confectionery, meat, and bakery products [116, 117]. As an additive, it is stable during thermal treatment and it is inert to react with other ingredients [118]. Curcumin and its derivatives are well studied for their biological effect on health promotion and disease prevention [119].




        Curcumin helps in the management of oxidative and inflammatory conditions, metabolic syndrome, arthritis, anxiety, and hyperlipidemia. The hydrophobic nature of curcumin after oral administration triggers a poor absorption rate by the gastrointestinal (GI) tract. Including this, rapid metabolism, and rapid elimination also lead to poor bioavailability. Thus consuming curcumin may not contribute to the associated health benefits. Several components can improve the bioavailability of curcumin. For example, piperine (a major active component of black pepper) combined with curcumin, has increased the bioavailability by 2000%.




        Curcumin is considered a chain-breaking antioxidant, and because of its lipophilic nature, it acts as a peroxyl radicals scavenger [120]. Its chemical structure is said to be responsible for the antioxidant properties due to the bonds like carbon-carbon double bonds, B-diketo group, and phenyl rings with hydroxyl, and methoxy groups [120-122]. Techniques like laser flash photolysis and pulse radiolysis have been used to elucidate the mechanism of action of curcumin’s antioxidant activity [123, 124].
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