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Fungi are extremely diverse in terms of morphology, ecology, metabolism, and phylogeny. Approximately, 130 medicinal activities like antitumor, immunomodulation, antioxidant, radical scavenging, cardioprotective and antiviral actions are assumed to be produced by the various varieties of medicinal mushrooms. The polysaccharides, present in mushrooms like β-glucans, micronutrients, antioxidants like glycoproteins, triterpenoids, flavonoids, and ergosterols can help establish natural resistance against infections and toxins.. Clinical trials have been performed on mushrooms like Agaricus blazei Murrill Kyowa for their anticancer effect, A. blazei Murrill for its antihypertensive and cardioprotective effects, and some other mushrooms had also been evaluated for their neurological effects. The human evaluation dose studies had been also performed and the toxicity dose was evaluated from the literature for number of mushrooms. All the mushrooms were found to be safe at a dose of 2000 mg/kg but some with mild side effects. The safety and therapeutic effectiveness of the fungal mushrooms had shifted the interest of biotechnologists toward fungal nanobiotechnology as the drug delivery system due to the vast advantages of nanotechnology systems. In complement to the vital nutritional significance of medicinal mushrooms, numerous species have been identified as sources of bioactive chemicals. Moreover, there are unanswered queries regarding its safety, efficacy, critical issues that affect the future mushroom medicine development, that could jeopardize its usage in the twenty-first century.
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1 INTRODUCTION
Fungi are extremely diverse in expression of morphology, ecology, metabolism, and phylogeny (Raja et al., 2017). Fungi produce a diversity of bioactive compounds, making them ideal for natural goods. About 130 therapeutic functions are believed to be formed by medicinal mushrooms and fungi, including antitumor (Deshmukh et al., 2018; Uzma et al., 2018) immunomodulating (Lull et al., 2005; Kanazawa et al., 2013)antioxidant (Sugiharto et al., 2016; Hameed et al., 2017), cardiovascular, anti parasitic, antiviral, antifungal, antibacterial, radical scavenging, hepato protective, detoxification, anti diabetic (Murugan et al., 2017), anti hypercholesterolemia as well as protection against tumor development and inflammation are exhibited by fungi. Polysaccharides, alkaloids, proteins, fats, minerals, carotenoids, glycosides, terpenoids, folates, tocopherols, flavonoids, phenolics, volatile oils, ascorbic acid, lectins, enzymes, and organic acids, are bioactive molecules synthesized by different fungal organisms.
A healthy, well-balanced diet is essential for illness prevention, especially when it comes to oxidative stress. Mushrooms have been utilized in oriental medication for centuries to prevent and treat a variety of diseases. Mushroom extracts are increasingly available as dietary supplements, especially to increase immune function and anticancer activities (Yuan et al., 2020; Kück et al., 2014). The mushrooms, or macro-fungi, are non-photosynthetic, eukaryotic, aerobic organisms that produce distinctive fruiting bodies. The mushrooms are divided into two groups based on their taxonomic classification: Basidiomycetes and Ascomycetes. More than 14,000 mushroom species have been identified, divided into 30 genera, and are now thought to be potential medicinal or preventative agents for humans, of which 2000 are edible. 270 species of edible mushrooms (Kumar et al., 2021) (Neuronal Health–Can Culinary and Medicinal Mushrooms Help)
In ancient times, the Mycophagy i.e., the mushrooms are being eaten. Edible species of mushrooms were found in Chile near the archeological sites, 13,000 years old back (Khatua et al., 2017). The edible mushrooms are being consumed for their gastronomic and nutritional, as well as gastronomic effects. Many fungal species are edible mushrooms, which are either picked wild or produced. The fleshy and eatable fruit bodies of several species of macrofungi (fungi with fruiting structures large enough to be seen with the naked eye) are edible mushrooms. They can grow above ground (epigeous) or, below ground (hypogeous) both of which can be harvested by hand. Markets frequently stock easily farmed and common wild mushrooms, while those that are more difficult to come by can be picked on a smaller scale by individual collectors. Many wild mushrooms are eaten throughout the world. Agaricus arvensis, Amanita caesarea, Handkea utriformis, Cortinarius variicolor, Agaricus silvaticus, Ustilago maydis, Marasmius oreades, Leccinum versipelle, Suillus luteus, etc. are some of the examples of edible mushrooms.
Mushrooms are prized in China for both their medicinal benefits and culinary. Medicinal mushrooms (MM) are used to prevent/heal or treat the no. diseases and also they maintain a healthy diet, MM as well as Fungus, are responsible for around 130 therapeutic activities. MM is rich in protein percentage content (20–30% dry matter) and is able to fulfill the need of all the amino acids. The mushrooms have no cholesterol and are low in total fat with a high amount of unsaturated fatty acids. They’ve been employed not only as a source of delectable meals and flavorings but also as a source of therapeutic ingredients. After the deep research on mushrooms, the therapeutic effects of the mushrooms were well understood. (Ganeshpurkar et al., 2010; Rahman et al., 2016). Medicinal mushrooms offer a variety of health benefits. They’ve long been used to improve health in civilizations all around the world, and new scientific research is beginning to keep these claims preserved (Mustafa et al., 2022). Numerous verities of mushrooms have been included in the data base of traditional medicines but, among them, the mushrooms which are highly beneficial includes: Agaricus brasiliensis, Ganoderma lucidum, Trametes versicolor, Lentinus edodes, Flammulina velutipes, Agaricus bisporus, Tricholoma matsutake, Auricularia auricula, Pleurotus ostreatus, Grifola frondosa, Cordyceps sinensis, Coprinus comatus. (Abdel-Azeem et al., 2019). Secondary metabolites, particularly low molecular weight chemicals like lactones, alkaloids, terpenoids, antibiotics with various chemical groups, and metal chelating agents, are other substances of therapeutic importance from the mushroom. These useful mushrooms have grown in popularity in the west over the last few years, are more widely available, and provide numerous benefits for our fast-paced modern lives. Mushrooms include adaptogens that help the body adapt to both internal and external stimuli, restoring equilibrium and regulating a variety of biological processes. The agriculture of mushrooms started long years back and now about twenty species are being cultivated. More the 60 countries are growing the mushrooms. Now, days, a small percentage of fungi is being cultivated and sold in the market as very few species are being consumed by humans. However, it is difficult to cultivate some of the species while for others, the satisfactory procedures for the cultivation has to be developed yet.
2 MUSHROOMS IN ANCIENT REMEDIES
Ancient Romans and Greeks, most particularly the aristocracy, used to add mushrooms in their cookery. Even the Roman emperors used to hire the food tasters to ensure that the mushrooms are safer to eat. Farming of Mushrooms has the long history and currently, about twenty species are being commercially grown. They are cultivated in over 60 countries across the world. Only a small portion of the diverse fungus used by humans is currently grown and marketed commercially. In the past, Europeans were not the only ones who ate mushrooms. Since the Neolithic period, mushrooms have been utilized for medicinal purposes. The fungus Piptoporus betulinus, which has antibacterial properties and acts as a natural parasite killer (Kemami Wanguna et al., 2004; Pleszczyska et al., 2016), was discovered in the medicine box of the world’s oldest human mummy, which dates back 4,000 years. Mushrooms are pictured in Egyptian hieroglyphics as the immortality plant, known as the “sons of the gods,” which was brought to Earth on lightning bolts and was only consumed by aristocracy and pharaohs. Sacred mushrooms known as “the meal of the gods” were also eaten by the Aztecs during religious rites.
Special mushrooms, particularly the Reishi fungi, were prized as a tonic herb in ancient China and were restricted to the general people. Buddhist monks traveling from monastery to monastery disseminated knowledge about the healing properties of fungi, which they and Taoist priests employed in rituals. The Buddha is said to have died after eating a toxic fungus! This psychedelic is now available in a contemporary form. Before the battle, the Vikings are thought to have used LSD (lysergic acid diethylamide), which contains psychedelic mushrooms, which would have resulted in the vicious fighting state for which they are known. Europeans may have used magic mushrooms to improve religious rites as long as 6,000 years ago. According to a cave painting in Spain that may depict hallucinogenic fungi, this is the case. Authors such as Pliny, Seneca, and Dioscorides–author of De Materia Medica—argued both for and against mushrooms as medicine in ancient Greece and Rome. The hallucinogenic potion Kykeon, an ergot-barley-and-mint drink, was consumed by Socrates, Plato, and other ancient Greek elites during the Eleusis festival, which celebrated birth, regeneration, and the return of spring.
3 THERAPEUTIC EFFICACY OF DIFFERENT MUSHROOMS
Our best line of defense against illness is a healthy immune system, which is also the key to a preventative healthcare approach to general long-term wellness. These mushrooms are regarded to be powerful immune-boosting superfoods (Valverde et al., 2015). Polysaccharides, like as β-glucans, micronutrients, antioxidants like glycoproteins, triterpenoids, flavonoids, and ergosterols can help establish natural resistance against infections and toxins. They were widely used as nutritional supplements, including mushrooms at various stages of development. Mushrooms’ functional qualities are determined by their bioactive compounds. To combat chronic diseases linked to oxidative stress, bioactive compounds found in mushrooms can be removed and purified for usage as nutraceuticals or in functional meals (Valverde et al., 2015). There are a variety of edible mushrooms that have therapeutic efficacy.
3.1 Agaricus subrufescens is known as “almond mushroom” because of the almond flavor. This is farmed in the United States and has been mistakenly identified as Agaricus blazei. It produces a variety of bioactive substances that have the ability to treat a variety of ailments, and it has been utilized as a medicinal food for cancer, diabetes, hyperlipidemia, hepatitis, arteriosclerosis, and prevention. Tumor growth inhibition, antibacterial and antiviral activity and immunostimulatory and antiallergy actions are only a few of its therapeutic qualities. Polysaccharides such as riboglucans, β-glucans, glucomannans make up a majority of the bioactive chemicals extracted from this mushroom. Ergosterol, a lipid component, has been discovered to have anticancer activity (Firenzuoli et al., 2008; Wisitrassameewong et al., 2012; Takaku et al., 2001).
3.2 The “Cinder Conk” or the “Chaga Fungus” are produced in cold climates on the birch trees all throughout the world and are being utilized mostly by Russian herbalists as a treatment to restore vitality and maintain health (Kang et al., 2015). The mushroom includes a variety of antioxidants, including superoxide dismutase, melanin, and triterpenes like lupeol, inotodiol, and betulin, in addition to polyphenols, sterols, and polysaccharides. Betulinic acid, which is found in large proportions in birch bark, is one of its primary components. The crusty charcoal-like coating of Inonotus obliquus is also a natural source of melanin. (Balandaykin and Zmitrovich, 2015).
3.3 Maitake, commonly known as “signorina,” or “hen of the woods” is a natural recurrent fungus that develops in the same spot year after year, generally near oak trees. In recent years, it has also been grown to be marketed fresh, dried, or prepared as a supplement. DFraction, a unique protein-bound beta-glucan, is one of its primary polysaccharides (Ulbricht et al., 2009). One of the key components attributed to maitake’s potent immune-modulating properties is this micronutrient. Maitake is often cooked as a fresh type and used as a “gourmet mushroom” by chefs around the world, delivering a flavorful taste in soups, sauces, and a variety of cuisines.
3.4 Cordyceps sinensis supports adrenal function. It is also known as nourishment for the lungs and kidneys. It possesses the aphrodisiac properties for both women’s and men’s sexual organs (Shashidhar et al., 2013). β-glucans and CO-1 are found in Cordyceps, as well as a chemical termed “cordycepin,” which is specific to this mushroom type. It is known as a “Chi”-building plant with capabilities that are supposed to “activate life forces,” and its medicinal benefits are often compared to ginseng. C. sinensis is commonly used as an athletic support tonic for recovering physical stamina and enhancing performance. (Ulbricht et al., 2009).
3.5 Trametes versicolor (Coriolus) is a well-known mushroom species which is found in a number of temperate climates around the world. Because it forms vast shelf-like clusters on rotting trees and logs, it is simple to recognize. Because of its shape, lines, and colors, which are reminiscent of wild turkey tail feathers, it is known as “turkey tail.” This is amongst the most studied medicinal mushrooms. Two polysaccharides, kresin (PSK) and polysaccharide peptide are the main beta-glucan-rich constituents of Coriolus or turkey tail (PSP). “The cloud mushroom” is another name for it. The best and most medicinally effective approach to use this fungus is as a prepared liquid or powdered extract.
3.6 Agaricus blazei is a Brazilian mushroom species that is likewise known as “cogumelo do sol” (Sun mushroom) and Agaricus brasiliensis. It is a different sort of mushroom that may be eaten fresh and has a sweet almond-like flavor. To unleash its helpful healing components, it should be treated with hot water or an alcoholic solution.
Agaricus contains a significant number of beta-glucans, which aid in immune function modulation. It is linked to the white button Agaricus bisporus mushroom, which is commonly known as cremini or portobella (Blumfield et al., 2020). According to the research, the white mushrooms which are available on the market are devoid of many medicinal characteristics. In Europe and North America, in a variety of varieties, Agaricus bisporus dominates the edible mushroom market. It is a Basidiomycetes fungus that thrives in European and North American meadows. As it ages in time, this mushroom matures from a small white smooth mushroom to a giant light brown mushroom. It is also called the “button mushroom” (FUNGI USED AS FOOD History of Mushroom Use, 2020).
3.7 Ganoderma lingzhi (Reishi) has been documented in Asian culture’s earliest pharmacopeia writings stretching back thousands of years. Because of its relaxing effect on the nerves and kidney system, it is regarded as a powerful “Shen” tonic. It is said to “open the spirit” in Traditional Chinese Medicine, and Taoists have employed it to achieve Enlightenment or “spiritual immortality.” Ganoderma lucidum is another variety of mushrooms which aids neuron renewal and treats insomnia, that’s why it is considered to be a great supplement for a good sleep. The mycelium of the reishi mushroom contains peptides, nucleotides, sterols, polysaccharides, Triterpenoids, steroids, and numerous trace elements. (Cunha Zied & Pardo-Giménez, 2017; Abdel-Azeem et al., 2019).
3.8 Lentinula edodes (Shiitake) Because of their rich flavor and meaty texture, shiitake mushrooms are one of the most popular edible “gourmet” mushrooms. However, many people are unaware that shiitake mushrooms are also extremely medicinal, carrying a number of therapeutic compounds. It is made composed of beta-glucans and other polysaccharides like lentinan, emitanin, and KS-2, and it is been intensively researched for its potential pharmacological characteristics. (He et al., 2017). It is also widely used as a nutritional supplement or a hot water extract, which is normally prepared from the whole mushroom, mycelium biomass, or separated bioactive components, including lentinan extracts, for increased therapeutic potency(Ganeshpurkar et al., 2010).
3.9 Lion’s name is well known for the nervous system and brain (Kang et al., 2015; He et al., 2017). It got its popularity as a most commonly used therapeutic variant as it acts like a nootropic and neurotrophic superfood. In research, it has been proven to be very effective since 1990 in the stimulation of the growth of nerve growth factors and it secretes the proteins which play an important part in the conservation, regeneration, and survival of the neurons. Two distinct chemicals namely hericenones and erinacines are present in this which makes it suitable to be used as a “nootropic” dietary supplement to boost cognitive processes. Other studies also support its use in the treatment of dementia and illnesses like Parkinson’s and Alzheimer’s disease. (He et al., 2017).
4 IMMUNOREGULATORY COMPOUNDS AND INDUSTRIAL PRODUCTS OF MEDICINAL MUSHROOMS
They are the different varieties of mushrooms with different taxonomy. Some of these mushrooms are being cultivated for a variety of foods also, but due to their immunomodulatory effects, these mushrooms are increasingly becoming part of nutraceuticals. The important immunomodulatory compounds found in medicinal mushrooms are terpenes, flavonoids, terpenoids, lectins, polysaccharides particularly D-glucans and fungal immunomodulatory proteins, etc. (Enshasy and Hatti-Kaul, 2013).
4.1 Polysaccharides
In the last decades, polysaccharides which include both polysaccharopeptides and polysaccharide proteins which can be with or without the side chains are among the utmost studied medicinal mushrooms for their immunomodulatory actions. Lentinan, derived from shiitake (Lentinus edodes), and schizophyllan, derived from the Schizophyllum commune, are the most well-known polysaccharides which are obtained from Schizophyllum commune posses immunomodulatory as well as anti-cancer properties. Both schizophyllan and lectinan include 1,3-D-glucans with 1,6 branches (Sindhu et al., 2021; Rahman et al., 2022a). Among these, Lantinan was found to possess the immunomodulation properties against stomach cancer while schizophyllan was found to posses the anticancer properties against head and neck cancer. (Hosseini et al., 2016; Zhao et al., 2020). In 1986, both of these drugs were licensed to be used in Japan for their chemotherapeutic purpose. Other polysaccharide compounds that possess a similar base structure with different branches, also possess immunomodulatory properties. Heteroglucans are polysaccharideconjugate complexes with immunomodulatory properties. (Zhao et al., 2020). Other compounds that have been shown to possess immunomodulatory action are Agaricus brazei and Macrocybe gigantea. A polysaccharide-protein complex (PSPC) screened from a T. giganteum was found to help in the improvement and repairment of the macrophage phagocytic function in tumor-bearing mice. (Zhao et al., 2020; Moradali et al., 2007). AbM from the A. brazei also comprises polysaccharide-protein chain complexes with diverse chemical bond linkages, including a 6glucan, 1,6- and 1,4-glucan, glucomannan, and 1,3-glucan. AbM is found to possess anticancer and immunomodulatory properties. (Ooi 2001, n. d.). Table 1 presents few mushrooms derived polysaccharides and their protein complexes for immunomodulatory actions.
TABLE 1 | Various medicinal mushrooms derived Polysaccharides and polysaccharide-protein complexes which are immunomodulatory.
[image: Table 1]4.2 Protein–Conjugate Complexes and Mushroom Proteins
In terms of immunomodulatory chemicals, medicinal proteins produced by mushroom and their conjugate-protein complexes are popular. These protein-based substances which have an immunomodulatory effect in medicinal mushrooms can be classified in the same way that polysaccharide-based compounds can. These substances are classified into two groups-lectins and fungal immunomodulatory proteins (FIPs) (Money, 2016). FIPs vary from lectins in that they lack conjugate, whereas lectins have particular carbohydrates attached to polypeptides. Table 2 shows a few of the lectins present in medicinal mushrooms that are known to have immunomodulatory properties. These lectins are demonstrated to stimulate nitrite synthesis, upregulate the expression of TNF-α and activate lymphocytes, and interleukins, and promote the initiation of macrophage-activating factors, among other things.
TABLE 2 | The immunoregulatory effects of lectins found in medicinal mushrooms.
[image: Table 2]The medicinal mushroom species in therapeutic lectins are many (Zhao et al., 2020). Table 3 represents the immunoregulatory effects of FIPs found in medicinal mushrooms.
TABLE 3 | The immunoregulatory effects of FIPs found in medicinal mushrooms.
[image: Table 3]Additionally, to immunomodulation, many FIPs have been demonstrated to exhibit anticancer properties in pharmacological studies, such as inhibiting proliferation and cell growth, inducing autophagy and apoptosis, and reducing tumor cell invasion and migration. Currently, tissue cultures are used in the majority of these studies. To establish their safety and efficacy in humans, more research utilizing animal model studies and clinical trials are required. If validated, these FIPs could be more synthesized efficiently and marketed for clinical administration thanks to genetic engineering (Smith and Sullivan, 2002).
4.3 Terpenoids and Terpenes
Terpenes and terpenoids can be found in abundance in mushrooms. They are a diverse set of organic compounds that share a common center of isoprene five-carbon atom units with its chemical formula (C5H6) n in the primary building block (Figure 1). The triterpenoids from G. lingzhi and G. lucidum are probably the most well-known of this category of chemicals. These triterpenoids can aid to prevent nephrotoxicity and inflammation caused by drugs. In G. lingzhi and G. lucidum a variety of terpene derivatives, including ganoderal, ganodermic, ganoderic acids, lucidone, ganodermanondiol, ganodermanontriol are shown in Figure 1. All of these drugs have anticancer, immunomodulatory, and/or anti-infective properties (Jeong et al., 2008). Their mode of action, as well as the structure-activity connections, are yet unknown (Wang et al., 2013;K. Ma et al., 2014). Their diverse actions, on the other hand, propose that they have a lot of potential for clinical treatment and research uses (Sohretoglu and Huang, 2018).
[image: Figure 1]FIGURE 1 | Various triterpenoids derivatives (A) Ganoderic acid A300 (B) Ganoderic acid E300 (C) Ganoderic acid gamma 300 (D) Ganodermanontriol 300.
5 THE CYTOSTATIC FUNCTION OF A MEDICINAL MUSHROOM
Mushrooms, both edible and medicinal, can produce a wide range of physiologically active chemicals, making them a distinct class of nutraceuticals that are frequently used as dietary supplements. Although mushrooms, their extracts, and separated metabolites are not medications, they are a sort of significant nutritional supplements, such as nutraceuticals or functional food, and could be employed as naturally available cytostatics as well. Recent epidemiological research from Asia has shown that mushroom consumption reduces the risk of cancer. Ganoderma species which are well known for their capacity to produce different variety of compounds with intriguing biological effects. G. applanatum (Jeong et al., 2008) and (Osińska-Jaroszuk et al., 2014)fruiting bodies are frequently employed in traditional Chinese medicinal treatments (Lee et al., 2011). They are known for their anticancer, immunostimulatory, and antiviral properties. Biologically active compounds derived from G. applanatum, according to available studies, can be utilized to cure cancer and have a therapeutic effect against HIV (Awadasseid et al., 2017). The biological functions of selected mushroom extracts are given in Table 4.
TABLE 4 | Biological activities of various mushroom extracts and mechanism of action.
[image: Table 4]6 EDIBLE MUSHROOMS IN NEURO NUTRACEUTICALS AND CARDIOPROTECTIVE EFFECT
Medicinal mushrooms are of higher-class fungi with various nutraceutical properties such as low-fat content, high fiber content, and a trans isomer of unsaturated fatty acids, biologically active compounds like polysaccharides, alkaloids, steroids, polyphenols, polysaccharideglucans, terpenoids, and alkaloids, steroids, polyphenols, and terpenoids (Badalyan et al., 2019). In vitro tests, animal model study, and even human study trials have shown that mushroom extract, as well as fresh edible mushrooms, have a huge range of therapeutic applications in human health benefits, including anti-diabetic qualities, cardioprotective, and antiobesity, (Khatun et al., 2012). Many mushrooms have been identified which correspond to the amelioration of CVD aetiological components, and its main active metabolites have been thoroughly investigated (Ely and Berne, 1992). Due to its fiber content, microelement content, protein, and mushrooms, notably L. edodes, G. frondosa, and P. ostreatus, are mostly ideal for low-fat calorie diets to avoid CVD to maintain a healthy lifestyle. Many bioactive compounds which are extracted from Boletus aestivalis, G. frondosa, L. edodes, G. lucidum, Clitocybe nuda, H. marmoreus, and Pleurotus species helps to maintain the levels of low, total cholesterol, high-density homocysteine, and lipoproteins to prevent the development of arterial oxidative stress, hypertension, and cardiovascular disease (Khatun et al., 2012).
Cardiovascular disorders (CVDs), which include heart attacks and stroke, hamper the circulatory system, and heart disease is the leading cause of death globally. Elevated artery pressure, high blood glucose, and high cholesterol are the key risk factors for cardiovascular disorder (CVD) (Badalyan et al., 2019). Different medicinal mushrooms have hypocholesterolemic and hypoglycemic qualities, allowing them to be used as a natural, healthy meal to prevent disease and promote cardiovascular health. Many medicinal mushrooms, such as Cordyceps sinensis and Ganoderma lucidum, contain adenosine, which has long been known for its cardioprotective properties. It binds to certain receptors that are linked to G-proteins, as well as to different effector systems. Endogenous and exogenous adenosines are both implicated in myocardial ischemia protection, which protects the heart from the harmful consequences of insufficient blood flow and oxygen supply, according to recent research. Due to fibrin aggregation in the circulation, thrombosis can potentially induce CVD (Previtali et al., 2011). The pathway depicting the role of medicinal mushrooms in cardiovascular diseases in presented in Figure 2.
[image: Figure 2]FIGURE 2 | Pathway depicting the role of medicinal mushrooms in prevention of cardiovascular diseases.
Proteolytic (fibrinolytic, thrombolytic, caseinolytic, and other) enzymes (Lu and Chen, 2012) are active producers in mushrooms from many taxonomic and ecological groupings (Choi et al., 2013). F. velutipes was the first to identify proteases having fibrinolytic activity. Few Basidiomycetous mushrooms were then tested for thrombolytic and fibrinolytic properties. Fibrinolytic proteases is detected in mycelia and the fruiting bodies of medicinal mushrooms such as Armillariella mellea, Auricularia polytricha, and coprini species in several systematic studies. Hypertension, or high blood pressure, produces a lot of stress and harms heart function. Mushrooms are good dietary supplements to reduce hypertension since they have low sodium content and high potassium content (182–395 mg/100 g). Various studies have revealed that mushrooms including Lentinula edodes, Pleurotus narbonensis, (Inacio et al., 2015), Ganoderma lucidum and Grifola frondosa have antihypertensive properties (Ely and Berne, 1992). Table 5 represents the various bioactive compounds having anti hypertensive properties obtained from fungal mushrooms. Antioxidant consumption is an effective method for preventing the emergence of certain CVD problems. Mushroom polysaccharides and phenolic compounds have potent antioxidative effects. They significantly neutralize the radicals by increasing the activities of oxidative enzymes including catalase, glutathione peroxidase, and superoxide dismutase, as well as stabilizing malondialdehyde and glutathione levels. Antioxidant mushrooms include Ganoderma lucidum, (Kumaran et al., 2011), T. mummiformis Coriolus versicolor G. Lentinula edodes tsugae, and, Termitomyces heimii.
TABLE 5 | Antihypertensive mechanism and bio components from the edible mushrooms.
[image: Table 5]Atherosclerosis is a chronic illness characterized by the secretion of lipids and fibrous materials in big blood arteries, it is the main risk factor for cardiovascular disease. Various edible mushrooms, as well as the mode of action responsible for the antiatherosclerotic activity, is been extensively explored in this regard (Badalyan et al., 2019). Some of the promising anti-inflammatory mushrooms are Grifola frondosa, Pleurotus forida and Hypsizygus marmoreus.
7 RECENT PROCESS AND CLINICAL APPLICATIONS
Unsaturated fatty acids, phenolic compounds, triterpenes, glycoproteins, and peptides are among the bioactive elements found in mushrooms, which are the fruiting bodies of macrofungi. The more abundant β-glucan polysaccharide seen in fungal cell walls is β-1, 3– glucan, which accounts for 65–95% of total β-glucan content. Β-glucans have a wide range of structural properties, which could affect how the body reacts to them, both in terms of protection against fungal infections and in terms of therapeutic immune activation. CR3 is likewise bound by β-glucans. CR3 may be the major β -glucan receptor on neutrophils and natural killer cells (NK) (Goodridge et al., 2009), it governs fungal death and phagocytosis in a complement-dependent way. Β-Glucans can also be fermented with the help of gut bacteria, which could result in favorable changes in the microbiome of the host (Goodridge et al., 2009) and (Choi et al., 2013). Numerous mushrooms have been demonstrated to be potent immune stimulators and may have an impact on a range of immunological targets (Guggenheim et al., 2014). These and many other medicinal mushrooms may have substantial therapeutic promise to persons with acute or chronic viral infections due to their immune-supporting qualities (Shahzad et al., 2020). A proprietary supplement containing a combination of curative mushrooms (including T. Versicolor, G. lucidum, Cordyceps militaris, Agaricus blazei, Cordyceps Sinensis, Grifola frondosa14rondose, and Lentinula edodes, with definite amounts of each not provided due to the proprietary nature of the formulation) was found to notably increases CD4+ T lymphocyte counts in adults with HIV who were not taking antiretroviral medication (Shahzad et al., 2020). Several fascinating research on the benefits of curative mushrooms in cancer patients has been conducted. Many of the benefits reported in oncology can be due to mechanisms such as modification of cellular and humoral immunity, meanwhile, others can be attributed to an unbroken antitumor effect (Lucius, 2020). Patients with breast, prostate, colorectal, hepatic, and lung malignancies, among others, have participated in mushroom clinical trials (Lucius, 2020). The immunomodulatory effective nature formed on immune cells may be determined by the manner of extraction of medicinal mushrooms, resulting in the varied solubility of inhibitory mediators and stimulatory (Hetland et al., 2021).
7.1 The Significance of Fungus in Drug Discovery and Development
With respect to Alexander Fleming’s serendipitous Penicillin discovery from Penicillium notatum, antibiotics from microbes became widely studied in academia and industry. This marked the start of the antibiotic golden age, which lasted more than 60 years (Panda et al., 2022). Traditional phenotypic screening, on the other hand, has been superseded by more rational and intelligent ways of exploring bioactive chemicals from fungus and microbes. Fungi have been majorly responsible for developing various bioactive substances with their wide properties, including Cyclosporine, Caspofungin, Lovastatin, and Fingolimod, among others. Natural goods, inspired or mimicked, have their origins in fungi and account for around 40% of the 1453 New Chemical Entities (NCEs) accepted by the USFDA. As a result, fungal compounds account for a critical role in the pharmaceutical industry’s drug discovery and development. Mushrooms’ diversity, ease of cultivation, and growing popularity make them one of nature’s best gifts for finding new natural goods, including medications (Plácido et al., 2022).
Nevertheless, only selected mushrooms and their simplified molecules have been studied clinically, despite the fact that they have already shown triggering or hindrance factors of particular cancer-related reactions, such as activation or inhibition of NF-κB, inhibition of proteins, mainly aromatases, tyrosine kinases, sulfatases, matrix metalloproteinases, DNA polymerase, cyclooxygenases, and DNA topoisomerases.
Future clinical trials should focus on evaluating the effectiveness of a big number of lowmolecular-weight drugs in appropriate dosages, either alone or in conjunction with existing anti-cancer treatments. Currently, evidence of mushrooms as anticancer usage is partial, and the scientific and analytical procedural quality of a few clinical research may be better (Panda et al., 2022). Although multiple articles have proven in vitro activity, the available information in many investigations only allows for preliminary judgments. Interestingly, various in vitro investigations related to mechanisms of action have specifically proven effects of immunomodulatory such as lymphocyte proliferation and changes in immunoglobulins and cytokines, among other things.
Although progress has been made in mouse tumor models, clinical trials are still limited. The reliability and validity of those investigations are harmed by an inconsistency in the preparation of procedures, bulky patient sample numbers, modes of administration, and longlasting follow-up studies Cavalu et al., 2018). More research is required to support the function of mushrooms in cancer prevention and management, in addition to their inclusion in a healthy diet. As more people utilize mushrooms as a comedication, there is an immediate cause to investigate the safety and efficacy of MM in welldesigned RCTs. MM has the potential to improve and analyze QOL both during and after traditional cancer treatment. (Cavalu et al., 2020).
To better understand cancer biology, a variety of early screening and detection strategies have been used, as well as a variety of tools and techniques to separate bioactive molecules from natural resources (Cui et al., 2020). The most demotivating aspects for pharma companies to explore natural product-based therapy include the difficult drug development process and validation status, as well as more failure rates in the translational phase. Several issues, such as medication delivery, toxicity, and pharmacokinetics profile, cause almost over 90% of drug research scholars to fail in the clinical translation stage (Rahman et al., 2022b). To persuade a pharmaceutical company to begin clinical development trials, significant experimental proof in the preclinical stage is required, bioactive molecules could be isolated through bioassay-guided purification, technique S. et al., 2022). To better understand cancer biology, a variety of early screening and detection strategies have been used, as well as a variety of tools and techniques to separate bioactive molecules from natural resources have been introduced. (Markham et al., 2020); and (Loud and Murphy, 2017).
8 MUSHROOM PHARMACOLOGICAL ACTIVITIES: MEDICAL EVIDENCE FROM CLINICAL TRIALS
Few fungal metabolites or extracts have been demonstrated that are useful for in vitro tests or preclinical investigation, due to their potential remedial significance it been tested in-vivo in human patients in clinical trials.
8.1 Medicinal Mushrooms in Cancer Clinical Studies

• A random (RCT) clinical study of 100 patients who had trouble from many gynecological cancers (ovarian, cervical, and endometrial) and undergoing chemotherapy employed an extract of Agaricus blazei Kyowa, which is observed to have antimutagenic and anticancer characteristics (Ahn et al., 2004). The treated group had higher NK cell activity, but no variance in monocyte activity, and the lymphokine-activated killer was identified. Additionally, administration of the fungal extraction reduced chemotherapy-allied adverse effects such as loss of emotional imbalance, appetite, baldness, overall weakness, and a significant enhancement in mood-concerned parameters (anxiety, mental stability, and depression).
• Ohno et al. (Ohno et al., 2011) undertook the phase I clinical experiment to regulate the safety and efficacy of an A. blazei Murrill therapy for cancer-related patients. For 6 months, seventy-eight cancer patients (30/24/24) were administered Senseiro (1800 mg/pack) in one, two, or three packs. According to the National Cancer Institute (NCT), Common Terminology Criteria for Adverse Events version 3.0, adverse events were fixed by objective/subjective symptoms and laboratory data (NCI-CTCAE v3.0). The medicinal mushroom was shown to be harmless in virtually all of the patients. Only nine incidences of adverse effects, mostly digestive such as diarrhea and nausea, were observed. One patient, who was allergic to a drug-lymphocyte product, had liver impairment. None of these side effects appeared to be dose-dependent. There was no immune result implemented.
• Torkelson et al. (Torkelson et al., 2012) used powdered C. versicolor mycelium in a phase I two-center dose-escalation clinical analysis to determine the extremely tolerable dosage when given regularly in divided dosages for 6 weeks to women who had breast cancer who had completed standardized chemotherapy and radiotherapy. Nine people were divided into three groups and given 3, 6, or 9 g of medicinal mushroom powder (500 mg of lyophilized mycelial capsule/powder). Each of these three dosages was neatly authorized. Out of which 9 antagonistic events were described, 7 of them were mild, and 1 of which was moderate, and one was severe (anxiety, which was most likely unrelated to the treatment). Enhanced lymphocyte numbers at a 6 and 9 g/day, enhanced NK cell functional activity at the 6 g/day, and a dosage-associated rise in CD19+ B cells and CD8+ T cells, but not CD16 + 56 + NK cells or CD4+ T cells, were all beneficial impacts on the immune system. Although this trial demonstrated the safety and efficacy of C. Versicolor at a regular daily dosage of 9 g, it didn’t assess the safety and acceptability of higher doses, i.e. the extreme dose tolerated (MDT), and the sampling extent was limited.
8.2 Clinical Studies on Medicinal Mushrooms and Diabetes, Hyperglycemia, Hyperlipidemia, and Cardiovascular Disorders

• In a random, double-blinded, placebo-controlled experiment including 72 people who has type 2 diabetes who were medicated with prescribed gliclazide and metformin for more than 6 months, the efficacy of A. blazei Murrill in diabetes control was proven (Hsu et al., 2007). The Agaricus blazei mushroom (ABM) extraction was given at a dosage of 1500 mg/d for 12 weeks, and the homeostasis model valuation for insulin resistance (HOMA-IR) were used to examine results. The treatment of the ABM extract was related to a noteworthy reduction in the insulin resistance, which was most likely owing to a rise in the plasma adiponectin concentration, which improved in the ABM group but dropped in the placebo group.
• Kathun et al. (Dicks and Ellinger, 2020)studied the ability of Pleurotus ostreatus to lower cholesterol blood glucose, and the triglycerides in diabetic individuals, as well as possible renal and hepatic damage. Clinical research was directed with 89 participants who consumed 50 g of boiled cooked mushrooms three times regularly for the 24 days, alternate 7 days of cooked mushroom diet with no mushrooms for 7 days, and evaluated several limits at the beginning and end of each 7 days. Patients experienced substantial reductions in systolic and diastolic blood pressure, total cholesterol (TC), triglycerides (TGs), and plasma glucose, but no significant changes in weight or HDL. FPG, DBP, and PG 2 h after breakfast (2 hPG), TGs, and TC, all increased significantly when mushrooms were not consumed, although SBP, HDL, and weight remained the same. The above-mentioned modifications recurred when mushroom consumption was resumed. As a result, this fungus can provide significant benefits to diabetic acquired patients without jeopardizing their liver or kidney function.
8.3 Medicinal Mushrooms Used in Neuron Health (Clinical Studies)

• G. lucidum is commonly used in Asian regions for the treatment of diabetes, cancer, and neurasthenia, among other ailments. Tang et al. (Tang et al., 2005) conducted a randomized, double-blinded, placebo-controlled clinical trials having Ganopoly® and found that the mushroom has notably positive effects on the latter. For 8 weeks, neurasthenic patients (132) were randomly assigned to obtain either a placebo or 1800 mg 3 times daily. Patients using G. lucidum had a higher sensation of well-being at the end of treatment, as judged by a Visual Analogue Scale (VAS), as well as a consistent reduction in the Clinical Global Impression (CGI) severity scale.
• Nagano et al. (Nagano et al., 2010)evaluated the resultsof H. erinaceus (HE) on depression, sleep quality, menopause, and unexplained diseases in a random, doubleblinded, placebo-controlled experiment because of its effect on the (autonomic) nervous system and brain function. The Kupperman Menopausal Index (KMI), the Center for Epidemiologic Studies Depression Scale (CES-D), the Pittsburgh Sleep Quality Index (PSQI), and the Indefinite Complaints Index were used to conduct the assessments (ICI). For 1 month, thirty women were randomly allotted to eat either four placebo cookies or four HE cookies (0.5 g of powdered carpophore each cookie). The ICI and CES-D scores in the treatment group were notably lower than before the HE intake; in comparison to the placebo group, the ICI words “insensitive” and “palpitation” were remarkably lower, while the phrases “concentration,” “irritating,” and “anxious” tends to be lower. When the authors discovered that the H. erinaceus helps with anxiety, panic, and depression, they led to believe that the mushroom’s mode of action remained different from the NGF-enhancing activity.
8.4 Toxicological Profile of various Medicinal Mushrooms
Mushrooms, being the source of secondary metabolites, also have the long history for being used as culinary and medicinal agents. They have been valued for their dietary and medicinal prospective. They have been reported to have cardiovascular, anticancer, anti allergic nti asthmatic and many more pharmacological action. However, the knowledge of their toxicity data and human evaluation dose data is not sufficient (Kuroiwa et al., 2005), (Vander et al., 2011), (Venturella et al., 2021).
❖ Ganoderma Lingzhi: Numerous toxicological studies were performed on Reishi mushrooms by a number of researchers. It had been concluded that the 90 days studies on the polysaccharide fraction of the mushrooms provide NOALs (No observed Adverse levels) at a dose of 1200 mg/kg and 2000 mg/kg. Also, this non toxicity was also supported by the literature review on the same.
❖ Agaricus Subrufescens and Agaricus Blazei: According to the study performed on A. Subrufescens and A. Blazei,, no toxicity was observed at the dose of 2000 mg/kg in either species. However, decrease in locomotor activity was observed in some rats who were receiving the dose of 2000 mg/k of A. Subrufescens. (Moukha et al., 2011).
9 FUNGAL NANOBIOTECHNOLOGY

• In recent years, there has been a boost in the acceptability of nanotechnology in biomedicine, which has resulted in the rapid growth of fungal nanobiotechnology in biomedical sciences. Nanomedicine research has evolved gradually and dramatically, from diagnosis to treatment and medication delivery. Fungal nanobiotechnology has found uses in biologically labeled fluorescent, gene, and drug delivery factors, as well as pathogen detection, tissue engineering, tumor destruction by heating (hyperthermia), MRI contrast enhancement, and phagokinetic studies. With discrete nanoparticles commonly used in nano biomedicine, magnetic nanoparticles are useful for targeted drug delivery and hyperthermia. The availability of various journals and articles on the use of fungal nanoparticles in biomedicine has aided progress significantly over time. Because biosynthesized nanoparticles are such a new subject, researchers are already looking at their potential uses in areas including drug delivery, cancer therapy, gene treatment and DNA analysis, antimicrobial, biological sensors, separation science, and MRI. (Mishra et al., 2011).used the supernatant, live-cell filtrate, and biomass to explore the manufacture of AuNP in the fungus Penicillium brevicompactum, whereas the effects of Ag-NP on cancer cell lines in another study. Silver nanoparticles with diameters ranging from 5 to 40 nm were naturally produced using the fungus Trichoderma viride (Kumar et al., 2007).
• The capacity of nanoparticles to increase the antibacterial action of a variety of antibiotics against Gram-negative and Gram-positive bacteria has also been investigated. Antibacterial activities of kanamycin, ampicillin, erythromycin, and chloramphenicol were enhanced when combined with Ag-NP in contradiction of pathogenic species, with ampicillin having the greatest effect. Combining antibiotics with Ag-NP increased antibacterial action, according to this result. (Duhan et al., 2017). found that extracellularly produced silver nanoparticles of Fusarium oxysporum had an antagonistic impact against Staphylococcus aureus, suggesting that this technology could be used in the textile sector in addition to biological applications. Moreover, various researchers have reported on nanotechnology and its influence on pharmaceutical development, as well as metallic nanoparticles and their wide variety of potentials in pharmaceutical applications such as antiparasite, bactericidal, anti-cancer, fungicidal, and so on. (Chopra et al., 2022). published a systematic assessment of the efficacy of these nanoparticles (NPs) against lung cancer using in vitro models (2019). The ability to biosynthesize nanoparticles (NPs) from Penicillium species has been regarded as a possible technique for controlling malaria vectors as well as a malaria treatment (Barabadi et al., 2019). (Khatua et al., 2020) used Pongamia pinnata leaf extract as a unique strategy in nanoparticle synthesis to investigate the fungicidal capabilities of emerging gold nanoparticles. The findings revealed a considerable inhibitory capability against plant pathogens, suggesting that it could be used as a plant pathogen antifungal agent. Metallic nanoparticles mediated by mushroom fruiting bodies have been identified with various biomedical uses (Adebayo et al., 2021).
10 PERSPECTIVES, TRENDS, RESEARCH GAPS, AND THE UNRESOLVED PROBLEM

• Moreover, mushroom science has advanced significantly in the previous 30 years, embracing both TCM and Chinese herbal medicines, as well as their commercial adaptations. Meanwhile, there are unanswered queries regarding its safety, efficacy, and critical issues that affect the future mushroom medicine development, that could jeopardize its usage in the twenty-first century. We have compiled a list of the most pressing issues confronting MM science’s future progress. (IntJMedMushr.V12.I1.10, 2022).
The development of mushroom carbohydrate polymers such as DSs or functional meals has recently gained attention. When it comes to developing DS and MM goods, there are several things to consider, including their regulation, safety, standardization, efficacy, and mode of action.
• Conversely, medicinal mushrooms/fungi are still being standardized over the world, and there is a lack of understanding of their bioactive effects. For the development and testing of fungus products, there are no internationally recognized standards and methods. Product quality can only be ensured by adhering to proper standards and regulations. Commercially available medicine fungus (mainly mushrooms), preparations of mushrooms will be drastically diverse and vary enormously in composition and affectivity if the quality of medicinal fungus goods is not consistent. It’s uncertain if pharmacological effects are caused by a single substance or by a synergistic action of several ingredients. There is not sufficient statistical data to note which components of fungus eg-fruiting bodies, mycelia powder or its extracts are as effective as hot water, alcoholic, or hydro-alcoholic extracts. The role of lowmolecular-weight compounds for fungus extracts is still unclear.
• The study of cooking medicinal mushrooms/fungus in pure culture requires extra attention. Cultural research is required for scientific activity to be stable and consistent. Although the teleomorph stage is the most important requirement for identifying cultures, fungi do not always form fruiting bodies in pure culture. In mycological literature, vegetative mycelia of fungus in pure culture received much less attention. Many fungal species cannot be reliably noticed without the analysis of vegetative mycelia. (IntJMedMushr.V12.I1.10, n. d.).
• The utilization of high-molecular-weight molecules has impeded the growth of true immunomodulating and anticancer medicines from MM, polysaccharides (e.g., Lentinan, Schizophyllan, and Krestin). All medicinal fungi (medicinal mushroom) medicines are made up of polysaccharides with molecular weights ranging from 100,000 to 0.5 million Da.
Because these substances are not produced, they can only be extracted from fruit bodies, cultured broth, or cultured mycelium. Such a strategy necessitates high market prices. Medicinal mushrooms produced low-weight molecular compounds, such as low-molecularweight, secondary metabolites that target processes including angiogenesis, metastasis, apoptosis, cell cycle regulation, and signal transduction cascades, which should be the focus of science today. (Zaidman et al., 2005).
• The success of -glucans and another type of mushroom carbohydrate polymer use depends on an ongoing study into the structural-activity relation of mushrooms carbohydrate polymers, especially in terms of receptor-mediated and molecular conformation processes (Chen and Seviour, 2007). Water solubility, molecule size and molecular weight, structure, and molecular processes of -glucan action are all clarified to account for the fact that not all glucans in an MM have medisave. The function of molecular weights in the medicinal activity of glucans is unknown. There are still problems with the affectivity of highmolecular-weight glucans versus low-molecular-weight glucans. The most effective scleroglucan provisions are those with a high molecular weight. (Bashir & Choi, 2017). Only low-molecular-weight Lentinan, for example, has a stronger anticancer action. (Kim et al., 2022) (Mantovani et al., 2008).The varied reactivity of -glucans in each distinct must be taken into account.
For the properties of -glucans, still, it is not known which primary elements influence -glucan solubility and pharmacological activity: The molecular weight, side-chain length, number of side chains on the main chain, ratios of (1,4), (1,6), and (1,3)-linkages, and acid ionization must all be taken into account. (Wasser, 2002; Cavalu et al., 2002), Insoluble -glucans appear to be less effective immunostimulants than soluble glucans. The details for this are a little hazy. The precise mechanism of orally administered glucan intestinal absorption (passage of glucans in the gap junction in the intestinal epithelial membrane; nonspecific intestinal absorption; absorption in the intestinal M cells; absorption after binding with Toll-like receptor proteins on the intestinal lumen; and dendritic cell probing) remains unknown. (Cavalu et al., 2002; Miller et al., 2007), After intake, it’s likely that insoluble -glucans are reduced into smaller bioactive oligomers. (Lehmann, 2022). Plant -glucans, (Tiwari and Cummins, 2009; Tada et al., 2008),yeast -glucans (Vetvicka and Vetvickova, 2009; Liu et al., 2009), and -glucans from MMs must all be distinguished. (M. Zhang et al., 2007; Chen & Seviour, 2007). What are the structural, solubility, and biological activity differences? Cereal -glucan, for example, is primarily made up of 1,3 and 1,4-linkages, rather than 1,6linkages. Plant -glucans are also linear rather than branching. Plant-glucan molecular weights are often lower than MM-glucan molecular weights. In the case of plant -glucans, biological activity has not been well investigated. Various MM glucans are water-insoluble, whereas yeast-glucans are partially water-soluble.
11 CONCLUSION
In complement to its vital nutritional significance, numerous mushroom species of medicinal value have been identified as sources of bioactive chemicals. Incorporating entire mushrooms into one’s diet could be beneficial as a nutritional supplement. Many research has proved that the mushrooms encompass components that has exceptional possessions for preventing or treating various ailments. The mushrooms with medicinal values contain a number of primary and secondary bioactive metabolites owing to which, the mushrooms posses various therapeutic activities such as anticancer, antiviral and anti-hypertensive actions. the same was envisaged from the clinical data as well. Also, the acute toxicity studies were performed on various mushrooms and it was evaluated that the most of the therapeutically active mushrooms are safe at a dose of 2000 mg/kg with mild side effects.
Only a few mushrooms’ pharmaceutical properties have been scrutinized in recent decades, so there is still a lot to learn. Furthermore, high-quality, double-blind, randomized, long-term, placebo-controlled human clinical investigations with big sample numbers and adequate power are required, as well as current statistical and bioinformatics tools. More research is necessary to determine which mushroom extracts are most beneficial in treating various cancers.
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