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    Steroids represent a fundamental class of biomolecules with diverse roles and functions. In the human body, steroids act as structural constituents of the cell membrane, signaling molecules controlling metabolism, hormones inducing sexual functions, regulators of electrolyte balance of body fluids, immunomodulatos etc. Steroids also have key roles in nervous system and many disorders including malignancies like prostate cancer, breast cancer etc. Besides the immense potential of regulating key biological processes, steroids also have tremendous medicinal potential. Typically steroids are considered as potent immunomodulators as they work by decreasing inflammation and suppressing the immune system. However, the latest research has shown that these molecules hold promise against numerous disorders including cardiovascular conditions, cancer, inflammation, autoimmune disorders etc. Besides, there are several reported investigations where a non-steroidal pharmacophore has been attached to a steroidal framework in order that the latter may provide lipid solubility, receptor selectivity or membrane binding properties.




    The proposed book titled "Steroids and their Medicinal Potential" contains chapters covering the classification, distribution, biosynthesis, chemical synthesis and semi-synthesis of different steroids. The medicinal potential of each class has been exhaustively discussed in different chapters. The latest advances and developments in steroid based drug discovery have been discussed thoroughly and care has been taken to make it a useful resource for the readers. Few chapters have been dedicated to anabolic steroids and their abuse. There is, till date, no such book available that provides a comprehensive coverage of all aspects of steroid chemistry, biochemistry, medicinal potential, drug discovery and advances in target binding interactions of steroid based drugs. The present volume is the first volume of the book series and its contents are of introductory nature wherein the introduction and biological significance of Steroids has been discussed in an elaborative manner. Topics like introduction to steroids, classification, biosynthesis, semi-synthesis and total synthesis in addition to sources of steroids, characterization and breakthroughs in steroid research have also been included and discussed thoroughly from academic and research perspective. We hope the present book shall be an indispensable learning resource for students, teachers and researchers, both in academia and industry.
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      Abstract




      Terpenes belong to the largest class of secondary metabolites consisting of five carbon isoprene units which are assembled through innumerable patterns generating diverse structural motifs. Terpenes are linear or cyclic hydrocarbons, whereas terpenoids are oxygen-containing terpene analogues found in all living organisms. Steroids are a subclass of terpenoids that are biosynthesized from terpene precursors. Terpenes, terpenoids and steroids are all derived from five-carbon isoprene units assembled and arranged in different ways generating thousands of structurally varied molecules. Terpenes and terpenoids are widely explored as biomaterials and biofuels while steroids are used as drugs to increase protein synthesis in animals besides their anti-inflammatory, anticancer and other properties. In this chapter, we discuss the properties, functions and biosynthesis of terpenes and terpenoids in general and steroids in particular to better understand their functions and prospective applications.
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      Introduction




      The terpenes are a structurally diverse and widely distributed family of natural products containing well over 40,000 defined compounds identified from all kingdoms of life. The majority of terpenes have been isolated from plants where they serve a broad range of roles in primary metabolism (including several plant hormones and the most abundant plant terpenoid, phytol, which forms the side chain of the photosynthetic pigment chlorophyll) and in ecological interactions (as chemical defenses against herbivores and pathogens, pollinator attractants, allelopathic agents, etc). Terpenes have been known for hundreds of years as




      components of essential oils and are widely used in flavors, fragrances and medicinal formulations [1]. They are a varied class of hydrocarbons with structural diversity but a simple unifying feature which represent the isoprene rule. Terpenes are extensively found in almost all organisms, mostly in higher plants. In crude and pure form, these are widely used in perfumes and cosmetics [2]. Besides having tremendous medicinal value, terpenes are used as precursors in the synthesis of vitamins, insecticides and steroids [2]. They are also widely used as solvents and diluting agents in paints and varnishes [1]. Acyclic to pentacyclic derivatives of terpenes with alcohols, ether, ester, aldehyde or ketone groups and/or oxidized methyl group at various positions are called terpenoids. Terpenoids are also a biologically active class of compounds. Terpenes and terpenoids are volatile, odoriferous, complex natural classes of secondary metabolites generated usually by aromatic plants having intense smell and flavor. They represent traditional pharmacopeia besides being used by the plants to attract insects for pollination and to deter predator animals. The consumer demand for better food quality, cosmetics and other pharmaceutical products free of artificial and synthetic additives and preservatives in addition to maintaining long shelf-life has diverted the present research towards the exploration of terpenes and terpenoids for numerous food, cosmetic and medicinal applications. Steroids are biologically active organic molecules functioning as important constituents of cell membranes and represent the main signaling molecules. These are found widely distributed in plants, animals and fungi. Steroids, terpenoids and terpenes are used in almost all living organisms including humans as growth regulators for communication and signaling. All these three classes of compounds are active at low concentrations in the natural form, inexpensive and do not change the smell or taste of products in a bitter/harmful way. They do not change the composition of food products owing to their antimicrobial activity and thus inhibit the spoilage caused by pathogenic microorganisms. These are nontoxic at low to moderate concentrations. The structural and functional diversity of terpenes, terpenoids and steroids in nature pertains to their diverse biological activities which render them as interesting molecules for traditional and modern drug exploration. These compounds have been improving the quality of life since ancient times. These natural compounds are remarkably explored for their potential medicinal values, health benefits, flavoring properties, fragrances in food, pharmaceutical and cosmetic industries.


    




    

      Terpenes




      Terpenes, also called as isoprenoids, is a miscellaneous class of naturally occurring organic compounds widely distributed in plants and animals. Terpenes are composed of isoprene units (C5H8) and are classified on the basis of the number and organization of these units. Monoterpenes are the smallest terpenes containing ten carbon atoms (C10H16). Examples include α-pinene (pine trees) and limonene (citrus plants). Monoterpenes are the most fragrant class of terpenes and are usually purified by fractional distillation. Sesquiterpenes contain 15 carbon atoms (C15H24) and are more stable than monoterpenes. Sesquiterpenes are naturally found in plants, fungi, insects, etc. where these molecules play important roles as plant growth hormones and in signaling mechanism in response to environmental stress. Diterpenes (C20H32) e.g. phytol, capestol, kahweol, etc. regulate germination, control flowering in plants and contain antitumour, cytotoxic and anti-inflammatory therapeutic effects. Sesterpenes contain 25 carbon atoms (C25H40) and occur naturally in fungi, insects, sponges, lichens and waxes of plants. Triterpenes (C30H48) are precursors of steroids and sterols, e.g. saponins. Triterpenes have wound-healing properties and act as diuretics. Tetraterpenes (carotenoids) have the molecular formula (C40H56), e.g. β-carotene. They are found in fungi, bacteria, plants, and animals usually as fat-soluble pigments.




      

        Properties of Terpenes




        The fragrance of flowers, taste of fruits and vegetables, and pigmentation in plants are due to terpenes [3]. Terpenes are used in defense mechanisms by certain plants as a scent or imparting bitter taste to the foliage so as to defend against grazing animals [3]. Terpenes are reported to have thermoprotective and signaling functions in plants [4]. Many living organisms like microorganisms, animals and plants use terpenes to protect themselves from abiotic and biotic stresses [5]. Terpenes are also used to ward off pathogens, predators and competitors and to communicate about food, mates or enemies [3]. Terpenes depict potential medicinal values and are reported to exhibit anti-cancer, anti-microbial, anti-fungal, anti-viral, anti-hyperglycemic, analgesic, anti-inflammatory and anti-parasitic properties [6]. Terpenes are also widely used in ointments and various cosmetic creams to enhance skin penetration [5]. The main sources of terpenes are plants like tea, thyme, cannabis, citrus fruits, etc. Most common terpenes, their source and their main properties are listed in the below (Table 1).




        

          Table 1 Common terpenes, their source and main properties [3-6].




          

            

              

                	S. No



                	Terpene



                	Source



                	Properties



                	Main Uses



                	References

              


            



            

              

                	1.



                	Limonene



                	Essential oil of all Citrus species. Pine trees. Most abundant terpene in cannabis.



                	Monocyclic monoterpene; colorless liquid hydrocarbon; volatile but stable monoterpene; flammable; and extremely sensitive to light. Major component of aromatic scents and resins in coniferous trees. Limonene has two optically active forms, d-limonene with an orange scent and l-limonene having a pine like scent. Low solubility in water. Resistant to hydrolysis but shows rapid gas phase reactions with photochemically produced ozone, hydroxyl and nitrate radicals.



                	Used as natural solvent in industry for degreasing metals;, cleaning of electronics;, as a good substitute of more harmful chlorinated hydrocarbons and chlorofluorocarbons in printing and painting industry; as flavor and fragrance additive in food and cosmetic industry, as gallstone solubilizer in humans.



                	[7-11]

              




              

                	2.



                	Myrcene



                	Wild thyme, cannabis, hops, Houttuynia, lemon grass, mango, myrcia, verbena, cardamom.



                	Acyclic monoterpene; easily available; Light yellow liquid; Pleasant odor; unstable polymerization and oxidation in air; highly active diene; used as a precursor in synthesis of flavor and fragrance chemicals like menthol, citral, citronellol, geraniol, nerol, etc.; Non-mutagenic.



                	Used as painkiller; Eases symptoms of chronic pain and inflammation; suppresses excessive cell proliferation and helps in reducing the size of tumors; enhances the effectiveness of other terpenes; Sedative; analgesic; used in the treatment of diabetes; dysentery and hypertension; used for the synthesis of polymers, pharmaceuticals, insect repellents, flavours, fragrances, vitamins and biodegradable surfactants.



                	[12-17]

              




              

                	3.



                	Humulene



                	Hops, Cannabis, Sage, Ginseng.



                	Sesquiterpene; pleasant aroma; sensitive to oxidation; oxidation of C=C leads to formation of epoxides which play a role in flavor of bear; highly volatile.



                	Used to treatrheumatism,arthritis and other muscular and skeleton disorders; used as energy booster, reduces fatigue, reduces menopause symptoms; provides defense to plants against fruit fly mating; depicts good anti-inflammatory; analgesic activity and helps in wound healing.



                	[18-20]

              




              

                	4.



                	Pinene



                	Pine needles, rosemary, basil, dill, cedar, eucalyptus, parsley, lime and lemon.



                	Bicyclic, colorless, water-insoluble, essential intermediate in chilled dairy products, menthol, linalool, geraniol,


                citronellal, citral, citronellol, etc. Extensively used in bakery products. Heptane C skeletons widely used in rearrangement, ring opening reactions and in the production of a large number of derivatives.



                	Widely used to add flavor and fragrances in food, cosmetic and detergent industry; Have fungicidal; bactericidal; antiviral; antimicrobial activity; Used in renal and hepatic drugs; synthesis of polymers and aroma compounds; shows inhibitory effects on breast cancer cells and leukemia.



                	[21-29]

              




              

                	5.



                	p-Cymene



                	Eucalyptus, cumin, cypress, star anise, thymus, and cinnamon.



                	Water insoluble colorless liquid, aromatic terpene, volatile, neutral, parent compound for synthesis of thymol, carvacrol, isopropylbenzyl alcohol. Increases the activity of antioxidant enzymes, reduces oxidative stress. Also has ability to reduce the formation of oxygen and nitrogen reactive species.



                	Antioxidant, anti-inflammatory, anti-nociceptive, anxiolytic, anti-cancer and anti-microbial activity; prevents cough and eliminates phlegm; potential neuroprotective agent and vasorelaxant; inhibits tumor proliferation, cancer cell cytotoxicity and anti-adhesion activity; widely used in fungicides and pesticides.



                	[30-35]

              




              

                	6.



                	Caryophyllene



                	Clove oil, cannabis, rosemary, black pepper, cloves, Basil, lavender.



                	Lower water solubility, high affinity to cell membrane. Approved food flavor, dietary cannabinoid. Potentiates classical drug efficiency by augmenting the drug concentration inside cells. A ligand of cannabinoid receptor.



                	Significant anticancer activity; increases wound healing and decreases inflammation; possess significant anticancer activities; affects growth and proliferation of cancer cells; decreases pain and infection; enhances wound healing; psychoactive constituent of cannabis.



                	[36-39]

              




              

                	7.



                	Phellandrene



                	Eucalyptus, water fennel, Canada balsam oil, thymus, cupressus.



                	Cyclic monoterpene, insoluble in water, pleasant aroma, forms hazardous explosive peroxides in contact with air at elevated temperatures.



                	Used to treat a variety of wounds and ulcers due to their antibacterial properties; used as antidepressant and diuretic; anti-inflammatory; antinociceptive; and also used in treatment of toothache, rheumatism and menstrual disorders.



                	[40-45]

              




              

                	8.



                	Beta-carotene



                	Plants, fungi, photosynthetic bacteria, cyanobacteria, mosses, ferns, algae.



                	Natural yellow orange pigments of polyene type. Naturally occurring provitamin A, λmax is 450nm, lipid radical scavenger and singlet oxygen quencher. Chemical quenchers undergoing irreversible oxygenation. High temperature promotes isomerization of double bonds which brightens its colour; lipophilic, so accumulates in cell membrane;cleavage of β-carotene provides two retinol molecules.



                	UV protective effect; plays protective role in cardiovascular diseases, several types of cancers, neurological disorders, photosensitive and eye related disorders; Highly bioactive; affects embryonic development and growth; valuable food additive, used in non-alcoholic beverages, edible fats, cheese, pastry and ice creams; bioactive ingredient of creams, protects skin lesions against oxidation and exposure to UV radiation.



                	[46-52]

              




              

                	9.



                	Zingiberene



                	Ginger rhizomes



                	Monocyclic sesquiterpene;cyclohexadiene;minor chemical irritant; stimulates the production of saliva which makes swallowing easy.



                	Used for digestive


                problems,


                joint pain,


                air sickness,


                cold, cough, and asthmatic bronchitis; used in perfume and cosmetic industry; Also depicts antifertility, antiviral, anticancer, anti-inflammatory and antiulcer activity; It also lowers blood pressure, cholesterol and blood sugar level.



                	[53-55]

              




              

                	10.



                	Terpinolene



                	Cardamom and marjoram oils, cannabis.



                	Colorless liquids; cyclic monoterpene; prepared by acid catalyzed rearrangement of α-pinene; Menthane is prepared by hydrogenation of terpinolene.



                	Sedative; used in treatment of artherogenesis and coronary artery diseases; prevents LDL oxidation.



                	[56, 57]

              




              

                	11.



                	Elemene



                	Rhizoma zedoaria, Zingiberaceae.



                	Sesquiterpene, floral aroma, pheromones of some insects;pPoor water solubility; poor stability and low bioavailability.



                	Anti-proliferative; decreases motor disability; reduces optic nerve inflammation; Noncytotoxic broad spectrum anti-tumor drug; anti-proliferative; arrests cell cycle; induces cell apoptosis; reverses multiple drug resistance and enhances immune system.



                	[58, 59]

              




              

                	12.



                	Germacrene



                	Sugar apple, artemisia, chicory, asteraceae.



                	Volatile, sesquiterpene; emitted by flowers to attract pollinators; and defense against pathogens and herbivores.



                	Anti-migraine, antifungal and anti-bacterial properties; used as biofuels and also shows antiphologistic and spasmolytic activity.



                	[60, 61]

              


            

          




        


      




      

        Functions of Terpenes




        Terpenes form an important class of secondary metabolites. They have a fragrant aroma and are widely used as flavoring agents in the food industry and as perfumes or additives in the cosmetic industry. Terpenes have huge availability, diversity and applications and thus represent a leading class of secondary metabolites of plants used in industrial and medicinal applications. Terpenes have a broader application domain in the pharmaceutical and medicinal industry due to lesser side effects and their remarkable ability of being benign to healthy tissues. These molecules thus attract high level of research interest to exploit their capabilities. Terpenes depict psychoactive properties and are also used to fight infections [62]. Terpenes are also used as anti-dementia drugs and its tea-tree oil are widely used to treat cutaneous infections. Terpenes of citrus fruits and lemongrass are used against pediculus insects. Unlike other allopathic drugs, they do not show neurotoxicity [63]. Terpenes are also widely used as insect repellents [64]. They depict a good anti-plasmodial activity as they do not exhibit drug resistance [65]. Myrcene also depicts good anti-plasmodial and anti-trypanosomal activity [66]. Limonene is a reliable anti-malarial drug [67]. Caryophyllene is an active insect repellent and is reported to have potential to both prevent and cure malaria [68]. Monoterpenes have remarkable antiviral activity [69] and these molecules give positive results against HSV1, dengue virus, Junin virus, and SARS-CoV [70]. Data presented in various studies depict that there are a few monoterpenes like carvone, limonene, pinene, caryophyllene, ocimene, etc. that are responsible for the anti-viral properties of essential oils [71].




        Terpenes have gained wide attention for their anticancer activity. A combination of monoterpenes, diterpenes and sesquiterpenes is reported to be effective in colon, brain, prostate and bone cancer [72]. Limonene exhibits strong anticancer activity [73] and shows potential to kill lung cancer cells in vitro [74]. A number of other terpenes are also widely studied for their chemoprotective and chemotherapeutic activity [75]. Terpenes are also recommended for treating diabetes .Unlike the classic drugs, there are no adverse side effects like bloating, weight gain, low blood sugar, and vomiting, associated with them [76]. Terpenes are also reported to reduce the plasma glucose concentration and increase its utilization in the body [77]. Terpenes in turmeric are reported to exhibit high anti-diabetic activity. They also lower the plasma glucose concentration and levels of glycosylated hemoglobin in addition to reduce the complications caused by diabetes [78].




        Terpenes are most pertinent psychoactive compounds which is effective in the treatment of depression. Owing to the serious side effects of currently available synthetic drugs which have shown inadvertent interactions with the body and affected the treatment negatively, terpenes are widely explored for designing antidepressant drugs [79]. A large number of prescribed folklore antidepressant drugs are extracted from herbs and terpenes constitute a major fraction of the extracts of medicinal plants [80]. Pinene is found to be very active in combating depression [81]. Sesquiterpenes like β-caryophyllene were found to play an important role in regulating depression related disorders in mice [82]. Terpenes act by inhibiting the neuronal uptake of mood regulators such as serotonin, dopamine and norepinephrine [83]. Besides reducing the symptoms of depression, they are also reported to reduce stress and anxiety levels in humans [84]. The antimicrobial properties of terpenes have been explored since ancient times in traditional medicine against food borne pathogens like E Coli., Bacillus cereus,etc. [85]. Plants/trees also secrete resins containing large amounts of terpenes in response to physical injury to protect further damage from insects [85]. The main functions of various types of terpenes are listed below.





        

          	
Monoterpenes: Monoterpenes consist of two isoprene units and are naturally present in the essential oils of plants. Monoterpenes have a strong aroma and usually their mixture is used as fragrance in perfumes and other cosmetics. Most of the monoterpenes have antibacterial activities and anti-tumor activity [86]. Monoterpenes are also used as repellents in various insecticides and pesticides [87]. These are secreted by plants to attract pollinators [87], thus playing an important role in the flowering process of the plants. The trees of evergreen forests synthesize monoterpenes in large amounts to survive under hot, dry and saline conditions as these molecules are found to increase the thermotolerance of plants [87].




          	
Sesquiterpenes: These consist of three isoprene units and their rich source is latex which contains an abundant amount of sesquiterpenes. These have potential antimicrobial and insecticidal properties. Drimenin is used as an antidepressant [88], chrysenthemulide displays anti-inflammatory activity [89] and acetylinsulicolide inhibits the growth of renal carcinoma cell lines [90]. Sesquiterpenes are also widely used to treat malaria, bacterial infections and migraines [91]. Plant growth hormones are very rich in sesquiterpenes which play an important role in signaling mechanisms like the opening and closing of stomata, ion channels and water exchange across cell membranes. Sunflowers, marigolds and daisies contain a large number of sesquiterpenes which are used for microbial and UV protection [91]. Sesquiterpenes also stimulate the release of insulin in the human pancreas [91].




          	
Diterpenes: These consist of four isoprene units and are reported to exhibit anti-inflammatory, anti-microbial and anti-cancer activities. Genkwanin exhibits anti-hepatitis properties [92]; cephinoids shows antitumor and anti-inflammatory activities [93], drechmerin shows anti-microbial activity [94], nicacenin exhibits anti-cancer activity [95], whereas eupheliotriol shows potential cytotoxicity against breast cancer cells [96]. Some diterpenes like grayanotoxin, forskolin, eleganolone are reported to have appreciable cardiovascular activity [97]. The anti-cancer drug, taxol contains a good amount of diterpene [98]. Diterpenes are also reported to show good results in arthritis as these reduce inflammation and increase immune responses [99]. Diterpenes in coffee are good for the liver as they decrease the activity of liver enzymes in response to inflammation and offer protection against liver cancer [72].




          	
Sesterpenes: These contain five isoprene units and are biologically active. Sesterpenes depict anticancer, anti-inflammatory, antimicrobial and antifungal properties. Cybastacines show antibiotic activity [100], and scalarane inhibits tumor liver cell line in-vitro and exhibits good anticancer activity [101].




          	
Triterpenes: These consist of six isoprene units. Triterpenes are bioactive and depict many biological properties e.g., polyporenic acid inhibits the growth of human liver cancer cells and colon cancer cells [102]. Pardinol exhibits strong cytotoxicity against leukemia cell lines [103]. Xuedanencins display cytotoxicity against Hela human cancer cell line [104] and cyclocariols inhibit the growth of human colon tumor cell lines [105]. Further triterpenes also depict wound healing properties and increase circulation [106]. Triterpenes are reported to show potential anticancer, antioxidant, antiviral, and anti-atherosclerotic activities [107]. Triterpenes also hold promise in diabetes treatment. Saponins have emulsion-like properties and are reported to be good for the human digestive system. They also have diuretic and detoxification properties and are also good for wound healing [107].




          	
Tetraterpenes: In mammals, tetraterpenes play an important role as precursors in producing vitamin A and other important terpenoids for vision [72]. Tetraterpenes also increase thermotolerance, regulate the permeability of membranes and also play an important role in photosynthesis [108].


        


      




      

        Biosynthesis




        The biosynthesis of terpenes is effectuated by the enzyme terpene synthase through which isoprene units are joined to formulate a linear polyene with branching methyl groups constituting the hydrocarbon template. From this template, a swarm assembly of terpenes can be easily synthesized which are of commercial importance in the medicinal, pharmaceutical, cosmetic and food industries. The productionof a large variety of economically viable metabolites from a simple and single procedure has huge evolutionary advantages and scope in current research. Terpenes are present in almost all living organisms and have huge functional diversity as the evolution favors the creation and retention of diversity at low cost.




        Isopentenyl pyrophosphate (IPP) and 3,3-dimethylallyl pyrophosphate (DMAPP) are universal precursors for the synthesis of terpenes, terpenoids and steroids. Two biosynthetic routes have evolved for terpene synthesis viz. the mevalonate pathway (MVA pathway) found in most eukaryotes, cytosol and mitochondria of all plants and fungi, and in all mammals; mevalonate independent pathway (MEP pathway) occurs in plant chloroplasts, algae, cyanobacteria, etc.


      


    




    

      TERPENOIDS




      Terpenes are simple hydrocarbons, while terpenoids are a modified class of terpenes with different functional groups and oxidized methyl groups attached to the core at diverse positions. Sometimes, the terms viz. terpenes, isoprenoids and terpenoids are used synonymously. Terpenoids represent a substantial and heterogeneous class of chemicals produced/present in almost all forms of living organisms. The applications and functionalities of these compounds are diverse as they are widely used for growth and development. However, the majority of terpenoids have specialized chemical functions essential for survival and protection in the biotic and abiotic environment. Terpenoids are largely explored in food, pharmaceutical, chemical and biofuel industries and are used as flavors, fragrances, medicines, insecticides, etc. Terpenoids play an important role in the metabolism of almost all living organisms [109]. Due to evolutionary stress, terpenoids attain structural diversity which leads to their broad functionalization and potential biological activities. Terpenoids are extensively explored in medicines; many possess valuable medicinal properties and are continuously screened for therapeutic applications [110]. Due to their high degree of chemical functionalization and metabolic specialization, they are produced in smaller quantities. Therefore, this is an interesting research area for many groups aiming at the increased production of these molecules using advanced technologies of chemistry/biochemistry to sustain their demand. Terpenoids act as phytoalexins in direct defense and as signals in the indirect defense against natural enemies. They also play an important role in plant-insect and plant-plant interactions. Elucidation of properties, functions and biosynthetic pathway of terpenoids will help in better understanding and regulation of cellular mechanisms which can lead to sustainable growth and development.




      

        Properties of Terpenoids




        Terpenoids act as messengers. They are defensive volatile substances which are used against natural enemies and chemicals for pollination and reproduction in a variety of animals and plants. Terpenoid quinones, present in the mitochondrial membrane and plasma membrane, are involved in electron transport within the cell [111, 112]. Retinoids play an important role in the formation of embryonic structures in both invertebrates and vertebrates [113]. Retinol and retinoic acid acts as a storage/release system of vitamin A and protects the mammalian embryos from its deficiency [114]. Terpenoids act as redox mediators for initiating and/or inhibiting gene expression. Cell systems and organisms cannot easily overcome the effect of terpenoids. Monoterpenoids are toxic to a number of insect and species. The diversity in the structure of terpenoids inhibits the development of resistance in insects. The insects have to alter their own cell physiology in order to deal with terpenoids, which is not possible.




        Among all terpenoids, geraniol is the most potent apoptosis-inducing terpenoid in shoot primordial [115]. Farnesol and geraniol induce apoptosis in human leukemia cell lines [116]. Perillyl alcohol decreases the level of antigenic renin-angiotensin-system (RAS) in human myeloid and lymphoid leukemia cell lines [117]. Farnesol inhibits phosphatidylcholine synthesis and hence the growth of cancer cells. The oral intake of farnesol and geraniol inhibits pancreatic cancer growth [118]. Geranylgeraniol, perillic acid, perillyl alcohol, gossypol, retinoids, farnesol and geraniol are some of the terpenoids reported for remarkable anticancer activity. Sesquiterpenoids and diterpenoids depict higher specificity and more toxicity toward cancer cell lines. Hydroxychiloscyphone exhibits selective bioactivity and cytotoxicity to human lung cancer cells [119]. Neoclerodane diterpenoids depict both anti-inflammatory and anti-tumor effects on mammalian tissues [111]. Sesquiterpene lactones and triterpene glucoside also possess cytotoxicity to human tumor cell lines [111]. Ursolic acid is also a potential inhibitor of melanoma cell lines [120]. Terpenoids help in the recovery of cancer patients by either inactivating growth factors or triggering pro-apoptotic proteins [111]. They also act by triggering stimulation of the auto-defensive system or by interference with carcinogenic factors [111].




        Terpenoids regulate nitrification rates by inhibiting the oxidation of ammonia in forest soils [121]. Terpenoids like linalool and methyl chavicol are used in the processing of fresh vegetables, fruits and related products. Besides having remarkable antimicrobial activity, terpenoids help to keep the products fresh and healthy, increasing the shelf-life and decreasing the rate of spoilage [122]. Terpenoids also exhibit toxicity against yeasts and molds. They are widely used for salad dressings, preservatives and in food packaging. Besides being toxic to microbes, thymol, carvacrol andlinalool are used in cuisines and dishes which have good nutritional value throughout the globe.




        Terpenoids have a wide allopathic function and their key role is to enhance the survival of the organism by either reducing the biotic/abiotic stress or by improving the defense mechanism. Terpenoids exhibit toxic effects on almost all living organisms at higher concentrations and greater exposures. For mammalian cells, the toxic effects are remarkably low and comparatively occur at very high concentrations. Sesquiterpene lactones inhibit enzyme systems whereas linalyl oleate, a cocarcinogen that inhibits DNA repair at higher concentrations [123]. In insects, terpenoids inhibit cholinesterase/acetylcholinesterase present in the neuromuscular junction or bind to enzymes to form an enzyme-substrate complex, results inthe inhibition of product formation [111]. Farnesene and geraniol at higher concentrations disrupt and increase the fluidity of the cell membrane [124]. There is a response to toxic terpenoids in a number of herbivorous animals by the activity of chemoreceptors. At a concentration lower than the threshold, the animals stop eating and avoid intoxication.


      




      

        Functions




        Terpenoids are a primitive class of natural compounds having diverse applications. They have a pleasant smell, spicy taste and strong pharmacological activities. Moreover, they play an important role as hormones, photosynthetic pigments, and electron carriers. They also take part in communication and defense mechanisms [125]. Terpenoids are widely studied for the prevention and treatment of cancer and are extensively explored in chemotherapy. The other common therapeutic uses of terpenoids include antimicrobial, antifungal, antiviral, anti-inflammatory, and antioxidant . The main functions of terpenoids are briefly discussed in the following points:




        1. Anticancer activity: Terpenoids are extensively explored in chemotherapy due to their promising results. Carvone depicts potential antitumor activities. Paclitaxel is widely utilized in the treatment of breast and ovarian cancer [126]. Farnesol and geraniol are found effective against pancreatic cancer [127]. Uroterpenol and sobrerol were used successfully against mammary carcinomas [128]. Retinoids inhibit the growth of skin, prostate, and bladder cancer cells [129]. Carotenoids have been reported to be effective in the prevention of carcinogenesis and in the treatment of colon and prostate cancer [130, 131]. Gossypol, another terpenoid, is widely used to inhibit the growth of cancer cells [132].




        2. Antibacterial activity: Cineole, linalool and terpineol kill the bacteria isolated from the oral cavity and respiratory tract [133]. Menthol shows good antibacterial activity against S. aureus and E. Coli [134]. Ferruginol and cinnamon are also used against bacterial infections [135, 136]. Drimanes are reported to be quite effective against bacterial and fungal infections [137]. Citronellol, geraniol and nerol have been successfully used against tuberculosis [138].




        3. Antiviral activity: Neotripterifodin inhibits HIV replication in human lymphocyte cells [139]. Glycyrrhizin inhibits RNA viruses like the measles virus, poliovirus at higher concentrations and inhibits DNA viruses like the herpes virus at lower concentrations [140]. Betulinic acid is effective against HIV in lymphocytes [141], while avarol inhibits HIV reverse transcriptase [142]. Isoborneol inhibits the replication and glycosylation of viral proteins of the anti-herpes simplex virus [143] while solenolide inhibits rhinovirus and herpes virus [144].




        4. Anti-inflammatory activity: Cineole shows anti-inflammatory results in bronchitis, sinusitis and asthma [145]. Pseudopterosins are reported to depict anti-inflammatory activity and to show promising wound-healing ability [146]. Lupane, oleane, and ursane also have anti-inflammatory profiles [147]. R-aramine is well recognized anti-inflammatory terpenoid used in clinics [148]. Menthol and betulinic acid possess more anti-inflammatory activity comparable to dexamethasone [149]. Manoalide shows potential anti-inflammatory and analgesic activities [150].




        5. Anti-oxidant activity: Most of the terpenoids are essential primary or synergistic anti-oxidants. Carotenoids are used as radical quenchers in a number of economically important chemical reactions [151]. Terpenoids are widely used in bleaching, free radical scavenging, and superoxide anion scavenging [152]. Terpenoids like prillyl alcohol, lutein, lycopene, and terpinene are good in quenching singlet oxygen, hydrogen transfer, and electron transfer [153]. Phenolic diterpenes from rosemary donate hydrogen to lipid radicals to slow lipid peroxidation [154]. Terpinene and citral are quite effective antioxidants in the DPPH assay [155]. Terpenoids enhance the oxidative stability of edible lipids, packed foods, and beverages [156, 157].




        6. Terpenoids in foods: Natural food additives like terpenoids are not only healthy and safe than synthetic food additives but also have positive consumer feedback. Terpenoids inhibit food-borne diseases due to their good anti-microbial activity, thus increasing the shelf-life of food. Terpenoids improve the flavor; taste of food and their anti-microbial activities render them good natural food additives and bioactive components in the packaging material [158]. Linalool, thymol, carvone, carvacrol, and citral are accepted by the European Commission as flavoring agents in food products. These are also recognized by FDA as GRAS ingredients [159]. Menthol has a minty odor, carvone has a spicy bread-like odor, citral has a fresh lemon peel odor and cineole exhibits a camphoraceous cool odor. These properties make the aforementioned molecules suitable for wide applications in packaged food, beverages, ice creams, etc [157, 159]. Menthol is one of the best flavoring terpenoids used in chewing gums, toothpaste, ice-creams and beverages [159].




        7. Terpenoids in cosmetics: Terpenoids are the most important class of natural chemicals used in the cosmetic and perfumery industries. These are widely used in make-up materials, creams, powders, manicure/pedicure compositions, shampoos, conditioners, hair oils, toothpaste, mouth washes, antiperspirants, deodorants, sunscreens, perfumes, body washes, soaps, lipsticks, etc [160]. Menthol, squalene, camphor, thymol, eucalyptol, retinol, citral. are widely used in beauty and hair care products [160].


      




      

        Biosynthesis




        More than 40,000 terpenoids are found in nature. The evolutionary accomplishment and structural diversity of terpenoids are associated with the simplicity to create a variety of molecules by easy procedures. The adequate results of terpenoids in medicine, food and cosmetic industry, and in the mechanisms of pest control and abiotic stress protection have increased the current domain of research to facilitate the engineering and biosynthesis of high quality terpenoid products. The precursors used for terpenoid biosynthesis are isopentenyl pyrophosphate and dimethylallyl pyrophosphate. There are two independent pathways: the mevalonic acid (MVA) pathway and the methylerythritol phosphate (MEP) pathway for the synthesis of these two precursors. MVA pathway is utilized for the synthesis of polyprenols, phytosterols, sesquiterpenoids, etc, while MEP pathway is used for the synthesis of monoterpenoids, diterpenoids, carotenoids, etc. Schemes 1 & 2 show the MEP and MVA pathways respectively, whereas Scheme 3 represents the biosynthesis of terpenoids from the precursors synthesized by either MVA or MEP pathways.


      


    




    

      STEROIDS




      Steroids are a class of organic compounds that are comprised of four rings arranged in a particular configuration and are formed through specific arrangement of terpenes units. They are naturally synthesized by plants, animals and micro-organisms. Steroids having high biological activity are constantly explored in chemistry/biochemistry research and in pharmaceutical industry. Owing to their remarkable biological activities, steroids are in high demand for use in medicine. This necessitates the synthesis of a broad range of steroids in R&D centers/chemistry/biochemistry/biotechnological labs. Steroids are effective in the prevention and treatment of a wide range of diseases ranging from ordinary infections to dreadful cancers [161]. Perhydro-1,2-cyclopentanophenanthrene (A) forms the basic structure of all the steroids (Fig. 1). It consists of 17 carbon atoms which are arranged in a fused ring system of four rings amongst which, three rings (A, B, C) are six-membered and one ring (D) is five-membered. It contains angular methyl groups at C-10 and C-13 and a side chain at C-17 [162]. Steroids of different biological activities can be obtained by making various variations which include: varying the side chain at C-17, making stereochemical changes at the junction of rings, introducing different functional groups [163] to fused rings, varying degrees of unsaturation, etc.
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Fig. (1))


      Perhydro-1, 2-cyclopentanophenanthrene (A).



      Gonane (B) consists of only four fused rings without any side chain at C-17 and is simplest of all steroids (Fig. 2);i testosterone (C) (Fig. 3) has a hydroxyl group at C-17, cholesterol (D) (Fig. 4) has a side chain at C-17 and unsaturation at C-5; progesterone (E) (Fig. 5) has a unsaturation at C-4 and C-5 and also an oxo substituent at C-3 and C-20; and cholic acid (F) (Fig. 6) has a carboxylic group in C-17 side chain and hydroxyl groups at C-3, C-7, C-12.
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Fig. (2))


      Gonane (B).
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Fig. (3))


      Testosterone (C).



      
[image: ]


Fig. (4))


      Cholesterol (D).
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Fig. (5))


      Progesterone (E).
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Fig. (6))


      Cholic acid (F).



      Natural steroids have been classified into various categories, out of which, three categories are defined below





      

        	
Non hormonal mammalian steroids, e.g., cholesterol (the most common steroid found in vertebrates and in almost all types of tissues), sterols, bile acids and alcohols.




        	
Vitamin D is a group of secosteroids. Vitamin D2 and D3 are most common secosteroids of this group.




        	Steroid hormones which are produced by endocrine glands and include sex hormones like androgens, estrogens, and corticosteroids (glucocorticoids and mineralocorticoids).


      




      Apart from these, some other natural steroids include plant steroid, steroid alkaloids, sapogeninsand saponins, cardiac steroids, marine sterols, etc [164].




      

        Properties




        Steroids resemble lipids in having hydrophobic properties but have different structures. Due to hydrophobicity, they are insoluble in aqueous media [165] and soluble in organic solvents. They are an important constituent of cell membranes and play an important role in the cellular function, metabolism and maintenance. Steroids were initially used to treat Adison’s disease, but nowadays steroids serve immense applications in pharmacy due to their anti-inflammatory and immune modulating properties. Steroids regulate metabolism, sodium, water, and blood pressure. Poor regulation of steroids can lead to problems like minor acne to diabetes and even to heart diseases and death. Some properties of various steroids are listed in the below (Table 2).




        

          Table 2 Various steroids and their properties.




          

            

              

                	S. No.



                	Steroid



                	Properties



                	References

              


            



            

              

                	1.



                	Cholesterol



                	Unsaturated alcohol, Molecular weight = 386.7g/ mol; odorless; granular or crystalline; white or pale yellow; melting point 148.5°C; insoluble in water but soluble in oils, fats, benzene and hot alcohol; important constituent of cell membranes except in bacterial cell; on interaction with some lipids, it organizes cell membrane; increased concentration of LDL cholesterol leads to cardiac diseases.



                	[166-170]

              




              

                	2.



                	Sex hormones



                	
Testosterone: an anabolic steroid with 17β hydroxyl, 3-oxo and a double bond at C-4 position; Molecular weight = 288.4g/mol; odorless; cream or white colored crystals; m.p. 151°C; insoluble in water but soluble in organic solvents and in vegetable oils; responsible for growth and development of male sex organs and secondary sexual characteristics; in combination with estrogens, it helps to manage vasomotor symptoms in females arising due to menopause; irreversibly gets converted to dihydrotestosterone by 5α- reductase in tissues and to estradiol by aromatase in liver and adipose tissue; helps in retention of phosphorus; potassium, sodium, nitrogen;increases protein anabolism.


                Progesterone: Molecular weight = 314.5g/mol; odorless, white crystalline powder found in most of human tissue, blood and urine; melting point 121°C; soluble in alcohol, acetone, conc. sulphuric acid, slightly soluble in vegetable oils; exists in two crystalline forms α and β with both forms having equal physiological activity; stable in air but sensitive to light; gets converted into deoxycorticosterone by 21-hydroxylase; involved in female menstrual cycle and pregnancy; via diffusion, crosses the cell membranes and activates various co-regulators to act on rRNA for production of proteins; promotes release of insulin after intake of carbohydrates.


                Estrogen: Molecular weight = 272.4g/mol; odorless white crystalline powder found in uterine, breast, bone, ovarian and many other tissues; m.p 173°C; highly soluble in acetone, ethanol and dioxane and other organic solvents, sparingly soluble in vegetable oils; has two isomeric forms (α,β) where α form is inactive and β is highly active; stable in air; estradiol gets reversibly converted to estrone and both can be converted into estriol which is major urinary metabolite; shows an important role in the cardiovascular system, reproductive system and CNS in women; reduces LDL (bad cholesterol) and increases HDL (good cholesterol); have weak anabolic effect and cause retention in sodium which results in edema.



                	[166, 167, 171-174]

              




              

                	3.



                	Bile Acids



                	Constitute major portion of bile in higher vertebrates; found in millimolar concentrations in bile and intestinal fluids of all vertebrates; non planar steroid nucleus due to cis fusion of ring a and ring b; stable and possess very few reactive groups; biosynthesized in liver from cholesterol; various bile acids are obtained by varying the ring system or by lengthening or shortening the side chain, examples include cholic acid, ursodeoxycholic acid, chenodeoxycholic acid (major bile acid of human bile); have α-hydroxy group either at C3, C7, C12 or at both C7 and C12 positions; amphiphilic nature due to both hydrophilic part and hydrophobic part; hydroxyl groups and carboxylic side chain provide hydrophilic character while as methyl groups give hydrophobic character; because of amphiphilic character, they form micelles in aqueous solution; hydroxyl functional group can be dehydrogenated to yield oxo bile acids and salts; play important role in digestion and fat absorption; form basis for design of novel antibiotics, chiral templates, new soft material, new surfactants; depicts role in combinatorial chemistry, drug targeting and supramolecular chemistry.



                	[175-180]

              




              

                	4.



                	Vitamin D



                	Fat soluble secosteroid containing no bond between C-9 and C-10 of ring B forms the conjugated system which shows strong UV absorption with maximum at 264 nm; comprises mainly of two forms ergocalciferol (Vit.D2) and cholecalciferol (Vit.D3), Vit D2 is obtained from irradiation of provitamin ergosterol and Vit.D3 is obtained from irradiation of provitamin 7-dehydrocholesterol in skin; Vit.D2 is mostly found in plants, fungi and invertebrates while D3 is mainly found in vertebrates; M.W of D2=396.63 g/mol and M.W of D3=384.2 g/mol; both are white or yellowish, odorless, tasteless powdered substances; insoluble in water, moderately soluble in fats, oil and highly soluble in acetone and ether; sensitive to light, oxygen and iodine; heating can convert them to 5,6-trans form and other inactive forms; melting point of D2 = 115 -118°C, D3 = 84-85°C; help to regulate homeostasis of human body; structurally D2 and D3 differ only in C-17 side chain where D2 is having additional double bond between C-22 and C-23 and a methyl group at C-24; ring a can rapidly flip between two conformations as it is free to rotate due to breakage of ring b; main function is to maintain calcium and phosphorus balance in body by promoting their intestinal absorption.



                	[181-183]

              




              

                	5.



                	Plant Steroids



                	Plant steroids are a diverse class of secondary metabolites; show important physiological and pharmacological properties; phytosterols are important component of plant cell membrane that control membrane permeability and fluidity; show hypocholesterolemic and in vitro anticancer activities; differ from cholesterol in having alkyl substituent at C-24; with anolides have C-22 and C-26 oxidised to form γ lactone; e.g. phytoecdysteroids are very similar to insect steroids (ecdysteroids) in structure, easily detected by UV because of α,β-unsaturated ketone chromophore; contain C-27, C-28 and C-29 steroidal skeleton possessing 7-en-6-one moiety along with cis fusion of a/b rings and hydroxyl group at C-14; brassinosteroids are plant hormones playing important role in overall plant development, and are classified as C-27, C-28, C-29 brassinosteroids based on number of carbon atoms in side chain; steroid alkaloids are polar compounds, act against insects and pathogens and have same or modified steroid skeleton with nitrogen atom incorporated either in any ring or attached to side chain or as substituent on ring system.



                	[164, 184, 185]

              


            

          




        


      




      

        Functions




        Steroids, commonly called ‘keys of life’ play a fundamental role in membrane formation, hormone metabolism and cell signal transduction. Hydrophobicity, rigidity and mesogenic behavior help them to form supramolecular complexes and thus can play role in molecular recognition, molecular transportation and molecular catalysis. Steroids transport molecules, biomolecules, anions/cations across cell membrane and are involved in the generation of membrane potential. Steroids are also involved in biomolecular recognition and sensing of specific and biologically important molecules like nucleic acid, peptides, and tumor biomarkers, which play a fundamental role in biochemical mechanisms. Steroids also help in maintaining reproductive functions and are widely used in drug therapy. Some vital functions of steroids are:





        

          	Steroids possess anti-inflammatory properties and are used to treat various medical issues like skin allergies, asthma, arthritis, etc. Cortisol is injected to control inflammation resulting from arthritis and to regulate swellings due to injuries [186].




          	Neo steroids (steroids that contain t-Bu group) possess anti-tumor, hepato-protective, and neuro protective properties. Steroid (G) (Fig. 7) and steroid (H) (Fig. 8) depict antitumor and hepato-protective activities. Steroid (G) also shows antifungal and antiviral activity and steroid (H) also acts as an ovulation inhibitor [187].




          	Cholesterol plays an important role in the structure and functioning of biological membranes. It acts as an intermediate in the synthesis of other biologically active steroids like bile acids, corticosteroids and sex hormones.




          	Plant steroids play a vital role in pharmacological activities. Withanolides (Fig. 9), a group of plant steroids exhibit anti-metastatic property [184], anti-tumor and antimicrobial activity [188]. Phytosterols lower the cholesterol levels in humans by increasing cholesterol absorption. They also depict remarkable anticancer activity [189]. Phytoecdysteroids act as anabolic antioxidants and show hypoglycemic hepato-protective activities [184].




          	Progestogens are used to promote or prevent pregnancy. They are either modified progesterones or contain 17α-ethynylcarbinol grouping at C-17 position. Norlutin (I) (Fig. 10) is highly active pregestational agent and most effective ovulation inhibiting agent [190].




          	Vitamin D is vital in human body. 1, 25-dihydroxyvitamin D3 regulates calcium and phosphate metabolism and plays important role in cell differentiation and proliferation [191, 192].




          	Androgens help to maintain the male sex organs and secondary sexual characteristics. They also act as tissue building agents. Athletes use androgens to increase their performance [193].




          	Glucocorticoid, a corticosteroid, helps to mobilize fat and protein to supply energy. It is widely used in treating various inflammatory diseases [194]. Mineralocorticoids retain sodium and prevent retention of excess potassium, thereby regulating water-electrolyte balance [195].




          	Bile acids help in increasing the adaptive response to cholestasis. They act as signaling molecules with paracrine and endocrine functions [196]. They also play a vital role in intestinal calcium absorption [197].
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Fig. (7))


        Steroid G.
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Fig. (8))


        Steroid H.



        
[image: ]


Fig. (9))


        Winthanolide D.
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Fig. (10))


        Norlutin (I).

      




      

        Biosynthesis




        Biosynthesis of steroids occurs in a number of reactions and all these steps are carried out by the enzymes (Schemes 1-4). Cholesterol is the basic steroid for synthesis of all other steroids. Biosynthesis of steroids begins with the molecule of Acetyl-CoA and proceeds via the formation of squalene and lanosterol as intermediates [198]. Three molecules of acetyl-CoA condense with each other in various steps to give mevalonic acid. Mevalonic acid then undergoes series of steps including phosphorylation, decarboxylation, dehydration followed by addition of isopentenyl pyrophosphate units to give farnesyl pyrophosphate which reacts with another molecule of farnesyl pyrophosphate to give squalene. The reaction is catalyzed by squalene synthetase. Squalene undergoes epoxidation and a serial rearrangement to give lanosterol [199]. Biosynthesis in plants differs from animals in the formation of cycloartenol [185] instead of lanosterol. Lanosterol/cycloartenol yields cholesterol through a sequence of enzymatic reactions. The rest of the steroids like bile acids, vitamin D, hormones and plant steroids are synthesized from cholesterol. Cholesterol interacts with the receptors of cell membranes, then enters into vesicles and gets fused with lysosomes. Enzyme lysosome hydrolase releases cholesterol from the cells which is transported to mitochondria. Cholesterol is then converted into pregnenolone via oxidative cleavage [200] in mitochondria. Various steroids are then synthesized from pregnenolone which is then converted into 17α-hydroxypregnenolone via one metabolic steroid pathway, DHEA and androstenediol in adrenal glands via other metabolic pathways forms 17α-hydroxyprogesterone and androstenedione in corpus luteum granulose cells [201]. Scheme 4 depicts the biosynthesis of steroids.


      




      

        Biosynthetic Pathways
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Scheme 1)


        MEP Pathway for the biosynthesis of terpenes.
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Scheme 2)


        MVA Pathway for the biosynthesis of terpenes.
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Scheme 3)


        Biosynthesis of terpenoids.
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Scheme 4)


        Biosynthesis of steroids.

      


    




    

      CONCLUSION AND FUTURE PERSPECTIVES




      For sustainable development, the current domain of research has shifted the focus towards renewable sources and biological feedstock due to many reasons such as, shortage of resources, population growth, increase in pollution, and harmful side effects. These side effects are associated with many chemical products that are in use for diverse applications. Terpenes are pure unsaturated hydrocarbons that are non-toxic with renewable origins. They represent a promising class of raw materials that can be directly used as starting material in olefin chemistry. Unlike carbohydrates and fats, terpenes do not require the costly and time-consuming processes to remove the functional groups for optimization in research and development. The increasing demand of terpenes, terpenoids and steroids has resulted in new extraction and production methods. The challenge in the current research is to make their synthesis natural, cost-effective, clean. Biotechnological approaches and methods involving biotransformation should be more rigorously explored. Future developments should involve the discovery, exploration, metabolic and gene engineering of more terpenes, terpenoids and steroids. The extensive study and engineering of sources of terpenes, terpenoids and steroids to enhance their production, health benefits and nutritional value is pivotal.




      In the field of medicine, drugs based on natural products have seen the resurgence. Terpenes, terpenoids and steroids are widely exploited for pharmaceutical properties and therapeutic potential. Diversity in structure and functionalities provide an excellent pool of molecules for therapeutic use. These molecules have depicted good results in the treatment of a number of diseases. However, more insight into molecular mechanisms is needed to achieve the desired level of success in pharmaceutical industry. The increasing demand for safer and natural food additives, preservatives, flavors, salad dressing, etc, has tremendously increased research and efforts of industries to use molecules for a better nutritional value and extended shelf-life. Terpenes are found to have an important role in dietetics, nutraceuticals, aromatherapy, and cosmeceuticals. These terpenes also show their therapeutic role in mood elevation and behavioral activation.
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