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    Limited data is available worldwide in the area of mushroom research. There is a strong need to explore the various nutraceuticals in mushrooms. Lifestyle diseases like obesity, diabetes, and atherosclerosis are very common nowadays. Researchers worldwide are working on the edible components of daily diets that can improve the chances to overcome the rate of lifestyle diseases in common people. Polysaccharide like b-glucans, is the very important nutraceuticals in this respect that have been explored recently for their therapeutic potential. Various nutraceuticals having potent medicinal properties have been discussed in this book. In this book, the editor included the chapters in a sequence-wise manner. Initially, the medicinal properties of different edible and non-edible mushrooms have been mentioned. Diabetes is the next area that is explored in this book. The treatment of both type I and type II diabetes by mushrooms and their nutraceuticals has been included in this book. The authors of this book show their hard efforts to accumulate all the information related to the therapeutic potential of mushrooms. Cancer is the next centre of attraction and one of the major portions of this book written by several authors. Anticancer properties are very well fully discussed in a couple of chapters. Figures and tables are well positioned in this book. Antimicrobial properties also have been well written in a single chapter of this book. The last portion of this book emphasizes the bioremediation aspects of various mushrooms. Overall, this book offers a complete package that includes the therapeutic and bioremediation properties of various mushrooms. All these chapters are very vital for the readers and are written in a very comprehensive manner to maintain the interest of the readers. References are recent and well-arranged in a comprehensive manner. The editor has done a fantastic job of editing this book by pinpointing and revising the major areas of this book.
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    Mushrooms have been an important source of nutraceuticals from the beginning, containing various nutraceuticals, like β-glucans, lectins, unsaturated fatty acids, phenolic compounds, tocopherols, ascorbic acid, and carotenoids. These nutraceuticals offer significant therapeutic potential for the treatment of a number of lifestyle diseases like obesity, diabetes, heart disease, stroke, etc. In addition, the mushroom also can be utilized as an important agent of bioremediation. Mushroom exhibits strong high metal absorption capacity and can be utilized to improve the fertility of aquatic and land ecosystem.




    This book comprises a new efficient treatment strategy for the treatment of various lifestyles and other most common diseases with the help of mushrooms and their nutraceuticals. This book also shows the efficient bioremediation strategy exhibited by most common mushrooms. The starting chapters of this book exhibit the nutritional and medicinal values of various edible and non-edible mushrooms. In addition, the therapeutic activity of various bioactive components of mushrooms also has been explored in these starting chapters. Antidiabetic properties of different mushrooms are also explored in the starting chapters of this book. For both type I and type II, the therapeutic potential of mushrooms have been included in this chapter. In the middle of the chapters, the anticancer properties of various edible and non-edible mushrooms have been thoroughly discussed in this book. Various nutraceuticals present in different edible and non-edible mushrooms offer considerable anticancer properties, which are discussed in these middle chapters. A good number of figures and tables has been included regarding the anticancer properties of different mushroom and their nutraceuticals. In the last section of this book, some in silico approaches by utilizing mushrooms to treat various diseases have been included. Some of the last chapters also exhibited the application of fungal xylanase enzymes. One chapter in the last section also shows the antimicrobial properties of various mushrooms. A major portion of the last chapters explores the bioremediation properties of various mushrooms.




    Overall, we can say that this book offers a combo pack of the treatment of lifestyle diseases along with an agent for bioremediation that shows a strong capacity to improve the fertility of aquatic and land ecosystems. This book attracts researchers worldwide working on the therapeutic potential of mushrooms and their nutraceuticals. In addition, students are also interested in this book to see the therapeutic activity of mushrooms. Thus, this book will be a complete package for researchers, scientists, and students working in the field of mushroom research.
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      Abstract




      Humans have ingested both wild and farmed mushrooms for their nutritional and therapeutic properties. Mushrooms are a good source of protein, carbohydrates, and dietary fiber compared to energy and fat. They are rich in vitamins like riboflavin, niacin, and folates, as well as minerals and trace elements like potassium and copper. Due to their distinct flavor, they have been eaten as food for ages. Aside from being a nutrient-dense diet, certain mushrooms are also considered a rich source of physiologically active chemicals with potential therapeutic value in Chinese medicine. Phenolic chemicals, sterols, and triterpenes are examples of bioactive secondary metabolites that occur in mushrooms. Mushrooms are essential in traditional medicine for their healing powers and characteristics, as well as their long history as a food source. It has been shown to have positive benefits on health and the treatment of certain ailments. Mushrooms have a variety of nutraceutical qualities, including the prevention or treatment of Parkinson's disease, Alzheimer's disease, hypertension, and stroke risk. Due to their antitumoral properties, they are also used to lower the likelihood of cancer invasion and metastasis. Mushrooms are antimicrobial, antioxidant, immune system boosters, and cholesterol-lowering agents, and essential bioactive compounds. Mushrooms and mushroom derivatives may have health benefits if included in our daily diet.
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      Introduction




      As the world's population grows, so does interest in the production and subsequent use of mushrooms as a food source. Since 1990, the mushroom industry has gotten a lot of attention, which has resulted in a significant increase in production. In recent years, mushrooms have emerged as one of the most important sources of functional foods and medications [1]. The popularity of edible mushrooms has grown as a result of their taste, flavor, and nutritional value [2, 3]. Mushrooms are superior to animal proteins and other animal products, as evidenced by several previous research [4]. However, distinguishing edible and medicinal mushrooms is difficult since many popular edible species have thera-




      peutic characteristics, and numerous medicinal mushrooms are also edible [1]. Agaricus bisporus is the most widely farmed fungus, followed by Lentinus edodes, Pleurotus spp., and Flammulina velutipes. Mushroom output is steadily increasing, with China being the world's largest producer [5, 6]. Wild mushrooms, on the other hand, are gaining popularity due to their nutritional, sensory, and, most importantly, pharmacological properties [7].




      Mushrooms are the fruiting structures of specialized fungi that can break down organic matter and recycle nutrients again in the soil. These fungi can turn lignocellulosic waste into lucrative protein-rich biomass that contains all of the needed elements. The use of mushroom fungi to convert leftovers reduces pollutants in the atmosphere while also acting as fertilizer, animal fodder, soil conditioner, and bioremediation [8]. Photosynthesis and agro-industries produce almost 200 billion tonnes of organic matter every year [9]. Firstly, mushroom cultivation began in the caves of France. In 600 AD, the Chinese attempted it again. In 1978, it produced only 60,000 tonnes. Following that, artificial mushroom cultivation began in China and Japan. Over the last 55 years, innovative and simple cultivation technologies have been created, resulting in a large increase in mushroom production from 0.30 million tonnes in 1961 to 18.58 million tonnes in 2016 [10].




      China's oyster mushroom (Pleurotus ostreatus) is the world's third most extensively grown fungus [11]. In India, it is widely used by women's self-help groups on a small to medium level. It is presently quite popular in practically all of India's states, which have diverse climatic circumstances. The Chinese mushroom (Volvariella volvacea) is another tropical mushroom that has taken over Odisha and may be found in every corner of the state. It is the world's sixth most popular mushroom [12]. In India, the button mushroom has a significant market share maximum and makes up roughly 80% of the overall mushroom population manufacture. Tropical mushrooms, such as Pleurotus spp., Volvariella volvacea, and Calocybe indica, showed 20% of total production and are grown virtually all year in different parts of the country. The Indian subcontinent is recognized for its diverse agro-climatic regions and ecosystems that support various mushroom species [13].




      Mushrooms may be a new source of antimicrobial chemicals, primarily secondary metabolites as well as primary metabolites. The best-researched species, Lentinus edodes, appears to exhibit antibacterial activity against bacterial strains [14]. They have a high nutritional value because they are high in protein, contain a high quantity of vital amino acids and fiber and are low in fat but high in critical fatty acids (Fig. 1).
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Fig. (1))


      Nutritional and medicinal properties of mushrooms (Adapted from- www.mushroom-appreciation. com).

    




    

      Nutritional composition of mushroom




      Carbohydrates make up the majority of mushroom fruiting bodies, for 50% to 65% of their dry weight (Table 1). Free sugars account for around 11% of total sugars. Coprinus atramentarius contains 24 percent carbohydrate by dry weight [15]. Mannitol, commonly known as mushroom sugar, accounts for approximately 80% of free sugars, making it the most prominent. A fresh mushroom contains 0.9 percent mannitol, 0.28 percent reducing sugar, 0.59 percent glycogen, and 0.91 percent hemicellulose [16].




      Protein is a significant component of mushroom dry matter. Mushroom protein concentration is affected by substratum composition, pileus size, harvest period, and mushroom species [17]. Mushroom protein level has also been noted to fluctuate from flush to flush. On a dry weight basis, the protein content in the mycelium of A. bisporus is 32%-42%. Mushrooms have a higher protein content than most other vegetables and wild plants. Literature survey illustrated the 14.71 to 17.37 percent protein found in the fruiting bodies of Lactarius deliciosus and Lactarius sanguiffus where as 5.20 to 18.87 percent protein in the fruiting bodies of L. deliciosus and L. sanguiffus, correspondingly [18] (Table 2).




      

        Table 1 Nutritional composition of fresh mushrooms.




        

          

            

              	S. No.



              	Components



              	Weight (%)

            


          



          

            

              	1.



              	Water



              	87.5

            




            

              	2.



              	Carbohydrates



              	8.5

            




            

              	3.



              	Proteins



              	4.6

            




            

              	4.



              	Crude fibres



              	0.9

            




            

              	5.



              	Fat



              	0.11

            




            

              	6.



              	Ash



              	1.3

            




            

              	7.



              	Lipids



              	0.21

            




            

              	8.



              	Minerals



              	0.79

            


          

        




      




      

        Table 2 Approximate composition of some edible mushrooms.




        

          

            

              	S. No.



              	Species



              	Carbohydrate (%)



              	Fat (%)



              	Moisture (%)



              	Ash (%)



              	Protein (%)

            


          



          

            

              	1.



              	Boletus reticulatus



              	37.17



              	2.89



              	8.01



              	15.29



              	36.67

            




            

              	2.



              	Pleurotus ostreatus



              	62.27



              	3.21



              	10.31



              	7.25



              	16.96

            




            

              	3.



              	Tricholoma myomyces



              	53.83



              	3.29



              	9.03



              	15.46



              	18.40

            




            

              	4.



              	Lactarius salmonicolor



              	67.18



              	1.00



              	8.48



              	5.64



              	17.70

            




            

              	5.



              	Russula anthracina



              	51.93



              	9.46



              	7.24



              	7.71



              	23.66

            




            

              	6.



              	Amanita ceciliae



              	42.81



              	5.91



              	9.34



              	10.75



              	31.20

            




            

              	7.



              	Polyporous squamosus



              	65.24



              	3.98



              	10.32



              	7.14



              	13.32

            




            

              	8.



              	Lactarious deliciosus



              	51.54



              	7.38



              	7.93



              	6.58



              	26.57

            


          

        




      




      Compared to carbohydrates and proteins, the fat content of mushrooms is low. Unsaturated fatty acids make up the majority of the fats found in mushroom-fruiting bodies. Suillus granulatus has a fat content of 2.04%, while Suillus luteus has a fat content of 3.66 percent, and A. campestris has a fat content of 2.32 percent. Linolenic acid, an important fatty acid, is abundant in mushrooms. Mushrooms are an excellent source of lipids and minerals. Unsaturated fatty acids make up the majority of the fat fraction in mushrooms [19].




      Mushrooms, in particular, are a good source of vitamins. Wild mushrooms have substantially higher levels of vitamin D2 than dark-produced A. bisporus. In mushrooms, minor vitamin B and C levels are also present, but they are deficient in vitamins A, D, and E [20]. Mushrooms are known for having high levels of mineral elements that are necessary for human health [21]. Heavy metals have the propensity to accumulate in mushrooms [22]. The mineral content of a mushroom is determined by the kind, stage, and diameter of the mushroom's fruiting body. It also depends on the sort of substratum used to cultivate mushrooms. Wild edible mushrooms have a higher mineral content than produced ones.


    




    

      Medicinal attributes of mushrooms




      The United Nations' third essential Sustainable Development Goal is good health and well-being. The foremost diseases, such as malignancies, diabetes, cardiovascular, stroke, and high blood pressure, which are influenced by changes in lifestyles and nutritional consumption, are now freely and publicly discussed. As a result, there is a pressing need to improve our information and expertise to provide an effective worldwide response [23].




      Although mushrooms' medical potential has been recognized for millennia, their therapeutic effects are largely unknown and undiscovered. Mushrooms enrich or complement human food, and their particular chemical compositions also benefit some groups of people suffering from physiological illnesses or ailments. Surgery, radiotherapy, and chemotherapy are the most common treatments for cancer, sometimes known as the “captain of death” Mushrooms provide a novel therapeutic option in the form of immunotherapy. Mushrooms offer a great deal of medical benefits [24]. Mushrooms' biologically active chemicals have medical effects on their consumers.




      Currently, more than 20 therapeutic mushrooms are being grown and sold. Ganoderma lucidum, Hericium erinaceous, Cordyceps sinensis, Lentinula edodus, and Schizophyllum commune are the most valuable mushrooms. Lentinula, Hericium, Grifola, Flammulina, Pleurotus, and Tremella are edible mushrooms with medicinal characteristics [25]. Ganoderma lucidum, also called a king of mushrooms, and Coriolus Versicolor, are two other mushrooms that are only renowned for their therapeutic capabilities. Due to their harsh texture and bitter taste, they are not edible [26].




      Mushrooms offer a great deal of medical benefits. Their biologically active chemicals have medical effects on their consumers. Polysaccharides, tri-terpenoids, Lentinan, Polysaccharide Krestin (PSK), Peptides, and Entadenine Butyric Acid are among the bioactive chemicals. Proteoglycan and -d glucan containing heterosaccharide chains of xylose, mannose, and galactose are the bioactive fractions of polysaccharides [10].




      Antitumor activity is the most important therapeutic action of mushrooms and their metabolites. Mushrooms do not have a direct tumor-killing impact. They essentially act as biological response modifiers (BRM). Immunopotentiation and immunological modulation are how BRM works (NK Cell). Once mushroom bioactive is used with actinotherapy and chemotherapy in cancer patients, the negative effects of those treatments are reduced. Another significant function of therapeutic mushrooms is their anti-oxidant properties [27, 28].




      The discovery of chemical components derived from the mushroom is beneficial for the worldwide pharmaceutical sector. Cordyceps spp. illustrates how Cordyceps spp. has become popular among global experts, and researchers are now interested in the entire “Cordyceps universe” [29]. The “turkey tail” mushroom Trametes Versicolor treats intestinal, lung, and breast malignancies. Schizophyllum commune (split-gill polypore mushroom) and Lentinus edodes (shiitake mushroom) are used to treat stomach cancer and cervical cancer [30].


    




    

      Conclusion and future prospects




      As a result of their potent medical characteristics, including anticancer, antioxidant, anti-diabetic, antibacterial, and anti-obesity action, mushrooms are becoming increasingly popular. This fungus has recently been shown to contain tyrosinase and ergothioneine, making it more valuable for nutritional and therapeutic uses. However, researchers still have room to investigate the mushroom's cosmeceutical qualities. Furthermore, additional data is needed to assess and establish the actual mechanisms underlying the therapy of specific diseases, as well as to develop innovative medications in this area.
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      Abstract




      Malignancies have been among the diseases which claim most of the lives around the globe. They also impact the socioeconomic level as well as emotional detriments among the near and dear ones. Various strategies and interventions have been devised to combat these life-threatening conditions. The ill effects associated with synthetic drugs comprising most of the anticancer drugs enforce looking for an alternative source for molecules with therapeutic potential. Mushrooms are one of the most prominent sources of bioactive molecules with diverse medicinal properties. Various mushrooms have shown their ability to inhibit the proliferation of neoplastic cells both in in vitro and in vivo investigations. Mushrooms and their active constituents can affect the various Hallmarks of Cancer. Mushrooms are not only able to inhibit the proliferation of cancer cells, but they also prevent the onset of carcinogenesis. The anti-angiogenic property of various mushrooms is indicated in several research investigations. The immunomodulatory potential and ability to avert metastasis also aid in the anticancer potential of this wonderful food item. Due to the high nutritive values of edible mushrooms, they have been suggested as nutraceuticals and contribute to nutritional management in diseases including cancer. The active constituents are also proven to have chemosensitizing ability. Preventive management of cancer and reverting chemoresistance have been sought as promising achievements in the clinical management of malignant conditions. Moreover, the nutritional values of mushrooms, along with their therapeutic potential at various fronts against cancer, make them a strong candidate for clinical application. This also warrants the careful




      exploration of mushrooms, their nutritive potential, and bioactive constituents against malignant disorders in laboratory and clinical settings.
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      Introduction




      The majority of therapeutic interventions against malignant disorders attempt to impact the rapid cell division of transformed cells. The chemotherapeutic agents used in the treatment of cancer are mostly compounds synthesized or derivatized from natural compounds. Shortcomings of most of the agents used in cancer treatment include the dampening of the immunity of the host. The chemicals striking the high rate of cell division also affect the rapidly dividing cells of the immune system. Moreover, there are many other undesired consequences associated with the use of chemical anticancer drugs of synthetic nature. These undesired effects include proneness to infection, anatomical damage, physiological disorders, and discomfort to the patients [1, 2]. Therefore, natural products having medicinal properties have been explored by mankind for ages to prevent and cure human health disorders. These natural compounds mostly impose no or minimal unwanted consequences or harm to human health. Nevertheless, traditional lifestyle practices promote a connection with nature for food, medicine, and other supplements, including materials for shelter and safety. These traditional medicinal practices integrate food and medicine, and prescribe and restrict the food items or ingredients based on their nature [3, 4]. The nature of these food items is a product of their biochemical composition. Among many food items having the dual benefits of nutrient richness and medicinal properties, the mushroom is the prime [4-6]. Mushrooms are the nutritious fruiting body of fungi of a specific group and have been reported in human consumption for ages during human development in various parts of the world [4, 7, 8].




      The mushroom itself is preventive for many human disorders by fulfilling the essential nutrient requirement, maintaining physiological and immunological homeostasis, and supplementing vitamins and minerals [4, 8-11]. Moreover, the medicinal benefits associated with mushrooms not only include healing potential in many human anomalies but can also boost immunity tidy and tough to counter the contract or onset of disease conditions [9, 11, 12]. Many forms of mushrooms belong to a variety of genera and species and may have distinctive bioactive compounds. This diversity in their bioactive compounds allows them to provide several advantages to humankind [5, 6, 13, 14]. The mushrooms with medicinal and rich nutritional values include Agaricus bisporus, Grifola frondosa, Coriolus versicolor, Osmoporus odoratus, Pleurotu spp., Hypsizygus marmoreus, Amauroderma, Lentinula spp, Trametes versicolor, Cordyceps, Phellinus, Polyozellus, and Antrodiac innamomea which are relatively common for their utilization as compared to many other mushroom forms [4]. The advantages of mushrooms for humans are not limited to their nutritional values and medicinal benefits; they also aid in environmental management and the production of value-added substances [4-6, 13-16].




      The benefits of mushrooms for human health also encompass activity against malignant disorders [4, 17-23]. The anticancer properties of mushrooms are well known and depicted in many traditional medicinal practices. Ganoderma, Pleurotus, Hericium cirrhatum, Inonotus obliquus, Fomitopsis pinicola, Agaricus, Phellinus, Sparassis crispa, Grifola frondosa, Cordyceps, Coriolus, and Hericium erinaceus, etc. are few among common mushrooms being exploited for their antineoplastic abilities [4, 17-23]. The consumption of mushrooms has been reported to prevent the occurrence of malignant disorders of a variety of origins [18, 24, 25]. The direct action of mushrooms and their bioactive against critical molecules involved in the initiation and progression of neoplasm pave the path for therapeutic benefits [4, 17-23]. The ‘Hallmarks of cancer’, including neovascularization and metastasis, is also resisted by mushroom and their bioactive components [4, 23, 26-34]. Mushrooms, such as Ganoderma, Pleurotus, etc., and many secondary metabolites of peptide and polysaccharide nature derived from mushrooms can prevent the molecular players from triggering angiogenic events [31, 35, 36]. Reports also indicate that mushrooms can diminish the potential of endothelial cells to form vessels [23, 27, 37]. Nevertheless, the anti-metastatic potential of mushroom consumption and their bioactive compounds have been recorded [33, 38, 39]. Various mushrooms, including Agaricus blazei, Cordyceps sinensis, Pleurotus, Ganoderma lucidum, Grifola frondosa, Poria cocos, and Lentinula edodes, have shown their anti-metastatic potential against a variety of cancer cells, including those of breast, prostate, pancreatic, skin, colon, and lung origin. The antimetastatic potentials of mushrooms are not only confirmed in in vitro settings, but they have been proven in experimental models and cohort studies [4, 9, 40].




      One of the major reasons for exploring natural products to identify the effective therapeutic agent is the onset of chemoresistance against chemicals classically used in clinical settings [1, 2, 4, 41-43]. Malignant cells often reprogram their cell physiology to prevent the anticancer effect of drugs [2, 41-43]. However, it is very uncommon for cancer cells to show resistance against natural metabolites derived from various living forms. Mushrooms, through their bioactive metabolites, not only directly cause cytotoxicity against cancer cells but also elicit the sensitivity of cancer cells against standard anticancer drugs [44-47].




      Through their bioactive compounds, the mushroom can prevent the occurrence of neoplastic disorders [4, 18, 24]. The enriched presence of nutrients and essential components, such as amino acids, polysaccharides, fibers, minerals, and vitamins, make mushrooms very promising candidates for nutritional management in weak patients, either suffering from infectious or malignant disorders [7, 48, 49]. The generous presence of trace elements and antioxidants beneficial for human health aids in the advantages of mushrooms along with their nutritive values. Although the information supporting uses of mushrooms in food, medicine, environmental management, and production of value-added products has been substantially accumulated in recent years with experimental data support, its optimal utilization is yet to be achieved. Despite being a key component prescribed in many traditional medicinal practices to cure human ailments, it is believed that this wonderful group of fungi can provide several unknown advantages in the preventive and clinical management of malignant disorders.


    




    

      



      Mushrooms as a promising source of therapeutic agents




      Mushroom is characterized as one of the most robustly consumed functional food. From the classical era to modern days, mushrooms have been widely valued as a conventional medicinal remedy in respect of human benefits. Although the lack of enough clinical data and research evidence is a major obstacle to establishing mushrooms as a therapeutic candidate for clinically correlated diseases, recent years have witnessed an expansion in research interest and investigations to explore its medicinal benefits. Therefore, more expanding evidence-based research is recommended to correlate their significance in health and biomedical sciences. In the current scenario, the major attribute of mushrooms is their medicinal properties, which have been elaborated worldwide. In the recent few decades, the key medicinal properties of mushrooms have been broadly identified and distributed as their antioxidant, anti-microbial, anti-diabetic, anticancer antiallergic, neuroprotective, and immune modulator [29, 50, 51].




      Medicinal mushroom products of Osmoporus odoratus in petroleum ether, acetone, chloroform, and water extract are known for their antimicrobial action against pathogenic strains, such as Streptococcus pyogenes, Staphylococcus aureus, Bacillus subtilis, Escherichia coli, and Pseudomonas aeruginosa. The water extract of Osmoporus odoratus showed antibacterial activity against pathogenic microorganisms, and it is comparable with that of standard antibiotics ampicillin rather than chloramphenicol [52]. Medicinal mushroom, such as Grifola frondosa, is enriched with vanadium and are known for their hypoglycemic activity [53]. Likewise, an in vivo study with the bioactive compound of Agaricus bisporus showed a significant decline in blood glucose levels in diabetic rats showing their antidiabetic potential [54]. An individual with cardiovascular disease has more susceptible to heart attack/stroke. The cardioprotective role of medicinal mushrooms has been recently reported [55]. Bioactive ingredients of mushrooms like Grifola frondosa (Maitake), Pleurotus eryngii (Eringi), and Hypsizygus marmoreus (Bunashimeji) can be used as protective agents in atherosclerosis. In the atherosclerosis-susceptible C57BL/6J mouse model, these bioactive compounds decrease total cholesterol concentration and are expected to show similar effects in the human body. Furthermore, the consumption of 30% dried mushroom by atherosclerotic mice resulted in reduced total cholesterol levels in atherosclerosis-susceptible mice in comparison to control mice [55]. Some bioactive mushroom, such as A lectin from A. bisporus and a protein from A. polytricha is dedicated to enhancing immune fitness [5, 40]. Pleurotus species contains efficacious compounds such as 1,6-branched 1,3-β- glucans, which can promote NK cells, macrophages, and T cells activation as well as their cytokine production [9]. The liver is a factory of metabolic processes where the detoxification process takes place to mitigate the side effect of drugs. Ganoderma lucidum shows hepatoprotective activity against Bacillus Calmette-Guerin (BCG) vaccine-induced liver cancer injury in mice [56]. Previous studies suggested that mushrooms such as Agaricus, Amauroderma, Coprinus, Ganoderma, Grifola, Lentinula, Phellinus, Pleurotus, and Polyozellus genera may aid some advantages to support immune health and inflammatory responses. Natural metabolites, such as β-glucans, β-proteoglycans, lectins, triterpenes, ergosterol, glutamine, and arginine, are major bioactive components of mushrooms [8, 57]. Mushrooms also exhibit a key role in the management of neurological complications. Deficiencies of amino acids can attract various neuropsychological distorts [58, 59]. Mushrooms are enriched with protein content and essential amino acids. The consumption can replenish the nutrient pool which are needed for the precursors of neurotransmitters and regulators of physical as well as mental health [4]. Moreover, the components of mushrooms can elevate the pool of regenerative biomolecules supporting nerve growth. Phenol analogous compounds (hericenons C, D, E, F, G, H) are one such compounds from H. Erinaceus that induce the synthesis of nerve growth factors and have an ameliorative effect in Alzheimer's disease [48].




      Biologically active components of mushrooms with medicinal properties have been distinguished and approved as promising anticancer agent and are extensively used as a clinically safe remedy in combination with chemotherapeutic interventions [60]. Recently, an in vitro clinical investigation with Antrodiac innamomea showed strong inhibitory action against breast cancer cell line MCF7. It also plays a vital role in radio/chemotherapy sensitization of cancer stem cells by altering mRNA expression [61, 62]. Studies revealed that complex polysaccharides extracted from mushrooms had been identified as a better and more effective antitumor solution. This complex sugar derived from mushrooms can potentially induce apoptosis in cancer cells leading to tumor suppression through elevated immune function and efficacy of cancer therapy such as chemotherapy [63-66]. β-glucans are active metabolites of mushrooms well known for their biological activity, specifically related to the immune system. Hence, activating and reinforcing the host immune system seems to be the best strategy for inhibiting the growth of cancer cells [67]. The crude extract of Pleurotus pulmonaris promotes liver cancer cell death by inhibiting PI3K/AKT signaling pathway. The further findings suggested that extracted proteoglycans from Ganoderma lucidum have a protective effect against liver injury [12]. Recently, Zheng and co-workers' findings demonstrated that hepatic cancer cell line H22 was susceptible to the triple-helical β-glucan (THG), isolated from Lentinus edodes, indicating their antitumor potential [14]. Due to their high nutrient value and chemical constituents, mushrooms have been strongly recommended as a functional food and warrant more evidence-based studies to explore their diverse application against various abnormal health conditions.


    




    

      



      Anticancer potential of Mushrooms




      Mushroom comprises many bioactive compounds showing many health benefits without exerting any adverse effects. Moreover, mushrooms have several therapeutic potencies that can be exploited against all types of cancer. There are more than 100 different species of mushrooms, such as Ganoderma lucidum (reishi), Trametes versicolor or Coriolus versicolor (turkey tail), Lentinus edodes (shiitake), and Grifola frondosa (maitake), etc. that are proven to bear the ability of antineoplastic activity against the diverse forms of malignancies. The anticancer potential of mushroom is illustrated in Fig. (1).




      

        Mushrooms in the Prevention of Malignancies




        Mushrooms have different types of bioactive compounds, utilized in the prevention of malignancies due to their high nutritional and medicinal values. A number of clinical trials have been conducted to cure cancer via extracts of the edible mushroom. Many of the bioactive components, such as polysaccharides, proteins, lentinan, hispolon, krestin, lectin, cordycepin, calcaelin, laccase, illudin S, psilocybin, Hericium polysaccharide A and B (HPA and HPB), ganoderic acid, schizophyllan, etc. are found in the mushroom which actively participated in the cancer cure [40].
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Fig. (1))


        The anticancer potential of mushroom.



        In the cancer prevention strategy, the polysaccharides critically work. Among these polysaccharides, β-glucan is one of the main bioactive compounds of mushrooms for their medicinal value. β-glucan is a polymer of glucose, mainly originating from the cell wall of the fungus, bacteria, etc., so it has been shown to have antineoplastic activity by stimulating innate and adaptive immunity [18, 40]. Moreover, these can be used for targeted therapy as drug carrier molecules [18, 40].




        Lentinan is an isolated active polysaccharide biomolecule derived from the Lentinula edodes mushroom. Lentinan showed its anti-malignancy effect by its immunostimulatory action via modulating different signaling pathways. Lentinan exerts its anti-proliferative activity by activating immunocytes. Many of the signaling pathways, such as TLR4/Dectin1-MAPK and Syk-PKC-NFκB, work in cancer proliferation, and have been modulated by lentinan. In parts of the world, including Japan and China, lentinan was approved as adjuvant drug therapy for malignancy prevention. It is reported that lentinan is clinically used as a therapeutic medicine to treat about 9474 cases of malignancy, including lung cancer (3469 cases), gastric cancer (3039 cases), colorectal cancer (1646 cases), ovarian cancer (183 cases), cervical cancer (130 cases), non-Hodgkin lymphoma (70 cases), pancreatic cancer (15 cases), cardiac cancer (15 cases), nasopharyngeal cancer (14 cases), duodenal cancer (1 case) and 110 cancer cases [68].




        Hispolon is one of the major bioactive compounds of the medicinal mushroom Phellinus linteus. Its polyphenolic nature makes it a potential candidate to attenuate the growth and proliferation of malignancy. Many of the investigations reported that its treatment strongly inhibited the cell growth of different origins of cancer, including MCF-7, MDA-MB-231 (breast carcinoma) [69], NPC-39, HeLa, SiHa (cervical cancer) [30], HONE-1, NPC-BM, NPC-039 (nasopharyngeal cancer) [70], A549, H661 (lung cancer) [71], U87MG (glioblastoma) [72], DU145, LNCaP, PC3 (prostate cancer) (49318940), MV4-11, SK-Hep1 (hepatocellular carcinoma) [73], HL-60, U937, THP-1 (leukemia) [74], SGC-7901, MKN-45, MGC-803 (gastric cancer) [75], T24, J82 (bladder cancer) [76], Hep3B, TCMK-1 (renal cancer) [25] and KB (human epidermoid) [77] cancer cells. Hispolon works against the cell survival of cancer by triggering the cascade of apoptosis, arresting the cell cycle progression, and preventing the metastasis by modulating different cancer progressive signaling events and their regulators, including PI3K/Akt, MAPK, and NF-κB [78].
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