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Abstract 

Mushrooms are widely used in Asian medicine, both as dietary supplements and as nutraceutical foods. Some principal 

fungi have recently become popular in Europe for their nutritional and health benefits, and a large number of bioactive 

compounds have been isolated in several taxa showing antioxidant, anti-inflammatory, antiviral, antitumor activities 

and other biological properties with great therapeutic application. Separate research has been done separately for the 

different species. The aim of the present review was to give an overview of the present knowledge regarding bioactive 

compounds in ten of the most common species, their options in therapeutic use and, for the first time, their possible 

toxicity or adverse effects. Boletus edulis, Ganoderma lucidum, Grifola frondosa, Hericium erinaceus, Hypsizygus 

marmoreus, Lentinula edodes, Morchella esculenta, Pleurotus ostreatus, Poria cocos and Trametes versicol have great 

potential as functional foods and as a source of drugs for pharmaceutical science and medicine. Some adverse effects, 

however, were found to occur in individual daily consumption and during clinical trials. More research is needed to 

make a good rational use of these medicinal compounds.  
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1. Introduction

Mushrooms, a large group of the higher Fungi, are widely distributed throughout the biosphere. The number of 

mushroom species on the Earth is estimated to be 140,000 and only 10% are known. Even among the known species 

the proportion of well investigated mushrooms is very low [1]. In recent years, mushroom production has increased at 

a faster rate than almost any other agricultural product, in part due to their medical characteristics. They have 

outstanding nutritional value so they are considered as functional food, which means that they are beneficial to the body 

not only in terms of nutrition, but also for improved health [2-4]. Medicinal mushrooms and their extracts have a large 

number of bioactive compounds, called secondary metabolites. Such include polysaccharides, beta-glucans, triterpens, 

sterols, glycoproteins and immunomodulating compounds, among others, which have great therapeutic applications in 

human health as they possess many properties [2]. Tumor diseases are one of the main causes of death worldwide. The 

experience from Asian and Eastern European countries shows that mushrooms can play an important role, for example, 

in prevention and treatment of cancer [1]. Thus, micotherapy is one of the most promising integrative approaches in 

cancer therapy [5]. Currently, several medicinal extracts have widespread use in Japan, Korea and China, as potential 

adjuvants to radiation treatments and chemotherapy [6-10]. In cancer therapy, a variety of adverse effects are 

associated with the treatments used in conventional medicine, so that cancer patients are likely to request 

complementary and alternative medicine.  
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Natural antioxidants can be effective to help the human body in reducing oxidative damage by the reactive oxygen 

species, ROS molecules, derived from the metabolism of oxygen [11]. Moreover, in recent years, the antioxidant, anti-

inflammatory and antiviral properties, among others, of numerous plants, lichens and mushrooms have been widely 

reported [2, 12]. Due to this fact, proper and more abundant investigations are necessary to lead us to use these species 

as alternative medicines in the future. In order to make use of the biological compounds, their identification and the 

study of their mechanisms of actions are necessary prior application. However, some fungi may be suspected to cause 

adverse effects. The present study intends to review the functionality of the main biological compounds and their 

registered possible toxicity or adverse effects according to some principal mushrooms which are well known as food or 

because of their medicinal properties. The following ten species were selected for study due to their most predominant 

medical properties: Boletus edulis, Ganoderma lucidum, Grifola frondosa, Hericium erinaceus, Hypsizygus marmoreus, 

Lentinula edodes, Morchella esculenta, Pleurotus ostreatus, Poria cocos and Trametes versicolor. 

2. Material and methods 

The present review will focus on the identification of the mushrooms bioactive compounds, therapeutic use, clinical 

trials and their possible toxicity or adverse effects. Eligible studies, published between 1974 and 2020, were identified 

by conducting searches of electronic database. The following search terms were used: medicinal mushroom, bioactive 

compounds, case report, trials, mycotherapy, toxicity, adverse effect, B. edulis, G. lucidum, G. frondosa, H. erinaceus, H. 

marmoreus, L. edodes, M. esculenta, P. ostreatus, P.cocos and T. versicolor. Some examples of methodology are described 

in this section. 

In order to identify and quantify their content in the mycelia or fruiting bodies of the mushrooms, different techniques 

have been used. For example, the ergothioneine content in Lentinula edodes, Pleurotus ostreatus, and Grifola frondosa 

was analysed by high-performance liquid chromatography (HPLC) and liquid chromatography-mass spectroscopy (LC-

MS) [13]. Boledulins A-C, isolated from the cultures of the basidiomycete Boletus edulis, were established by means of 

spectroscopic methods [14]. Lectin was isolated from B. edulis by affinity chromatography on a chitin column [15]. In 

particular, Ren et al. [16, 17] described the extraction, isolation, purification, structural analysis and determination of 

the molecular weight of lentinan from L. edodes, while a crystallographic assay was used to identify the beta-glucans 

from G. frondosa and G. lucidum [5]. The technique to isolate the bioactive compounds of hericenones and erinacines, 

founded in H. erinaceus, was the extraction with ethanol, acetone or water, followed by fractionation and purification 

by several chromatographies [15].  

 A more complex process was the extraction of the heteropolysaccharide FMP-1 from the fruiting bodies of Morchella 

esculenta. Its polysaccharide was separated and purified by column and gel permeation chromatographies and finally 

analysed by gas chromatography [18]. Recently, the UHPLC-QTOF-MS/MS method has been used for the simultaneous 

determination of eight triterpene compounds from Poria cocos extract in rat plasma [19]. The identification of a 

biological active fraction in the filtrate of a medicinal mushroom, like Trametes versicolor, following the partial chemical 

characterization of the polysaccharide therein contained (henceforth referred as tramesan) was described by Scarpari 

et al. [20], as an example of extraction of a bioactive compound. The mycelia were separated from the culture filtrates 

by subsequent filtrations and the mycelia-purified culture filtrate was lyophilized and utilized for subsequent analyses. 

Suspensions of the lyophilized T. versicolor culture filtrate (for example 1g in 30 mL of H2O) were filtered to separate 

the insoluble from the soluble part. The remaining solution was cooled and precipitated with cold etanol, followed by 

centrifugation and dissolution in phosphate buffer. Finally, the polysaccharide fractions were separated by low-

pressure size exclusion chromatography and their molecular mass was evaluated by high performance size exclusion 

chromatography (HP-SEC) [20]. 

After reviewing the literature search for clinical trials, this manuscript provides solid evidence that some of the bioactive 

compounds, found in seven of the ten species, are in clinical use, primarily in Asian countries. Different methods have 

been used to conduct the trials: randomised or non-randomised, double-blind, placebo-controlled, observational, open-

label, multicentre studies, among others, some of which are mentioned in the following section. We finally tried to 

address the possible existence of some adverse effects. 

3. Results and discussion 

The awareness of mushrooms as an important source of biologically active substances, with medicinal potentials, has 

only recently emerged where, however, only few associated adverse effects and/or toxicities were found. Table 1 shows: 

i) The different bioactive compounds that have been isolated from the selected fungi species, which demonstrated 
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effective properties to improve health; and ii) A relation to the toxicity effects. Main properties of the different active 

compounds hereby explained were: the antioxidant, anti-inflammatory, antiviral and antitumor activities.  

Table 1 Bioactive compounds, some effective properties to improve health and possible adverse effects related to the 

species B. edulis, G. lucidum, G. frondosa, H. erinaceus, H. marmoreus, L. edodes, M. esculenta, P. ostreatus, P.cocos and T. 

versicolor.  

          Species Bioactive Compounds Therapeutic 

use/bioactivities  

Adverse effects 

 

 

Boletus edulis 

Boledulins  

Ergothioneine 

Indole constituents 

Lectins  

Lovastatin 

 

Antioxidant 

Antitumoral 

 

 Food allergy 

 

 

 

 

 

Ganoderma lucidum 

Adenosine 

Beta-D-Glucan 

Ergosterol 

Ergosterol peroxide 

Ganopoly 

Ganoderic acids 

Ganodermanondiol 

Ganoderol 

Heterogalactan-protein 

complex 

Lucidimins A-D 

Lucidimine E 

MD-fraction 

Protein of LZ-8 

Triterpenoids 

 

Angiotensin converting 

enzyme-inhibitory 

Antiacetylcholinesterase 

Anti-aging 

Anticancer 

Antidiabetic or hypoglycemic 

Anti-HIV 

Anti-inflammatory 

Antiallergic 

Antimicrobial 

Antioxidant 

Antitumor 

Colesterol synthesis inhibitor 

Hypotensive  

Immunomodulator 

Improves T-lymphocites 

response to cytokines 

Inhibitory platelet aggregation 

Regulates body testosterone 

Stimulates macrophages 

activity 

 

 

 

 

Hepatitis 

 

 

 

 

 

 

Grifola frondosa 

Cyanhydric acid 

D fraction 

Ergosterol 

Ergothioneine  

Grifolan 

Heteropolysaccharide 

Lectins 

Linoleic acid  

Oleic acid 

Anticancer 

Antidiabetic type 2 

Anti-α-glucosidase activity 

Antihyperglicemic  

Antihyperlipidemic 

Antihypertensive 

Anti-inflammatory 

Antitumor 

Antiviral 

Immunomodulator 

Acute encephalopathy 

 

Occupational 

hypersensitivity 

pneumonitis  

 

Respiratory irritation 

caused by grifolan 

aerosols 
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Hericium erinaceus 

DLPE* 

Ergothioneine 

Erinacine A 

Erinacine B 

Hericenones 

Lectins 

Monochlorobenzenes 

compounds  

4-pyranones 

Statins 

 

Activity against ER stress-

dependent   

Antidepressant 

Anti-HIV 

Anti-H. pylori activity 

Antimicrobial 

Antitumorgenic 

Hemagglutinating activity 

Hypoglycemic effects 

Hypolipidemic effects 

Indigestion, gastric ulcer 

Neurasthenic, synthesis of 

nerve growth factor  

Neurohealth properties  

 

 

 

Hypsizygus marmoreus 

Ergothioneine 

Hypsin 

Hypsiziprenol A9 

Lovastatin 

MSPS* 

Sterols 

 

Anti – epstein-barr 

Anti-inflammatory 

Antiproliferative 

Antitubercular 

 

 

 

 

 

 

 

 

 

Lentinula edodes 

Adenine derivates 

Agaritine 

Ergothioneine 

Eritadenine 

Formaldehyde 

Galactose 

Glucose 

Lectins 

Lentinamyicin 

Lentinan 

Mannose  

Polyisoprenoid alcohols 

RNA from spores 

Statins 

Antibacterial 

Antifungal 

Antihypercholesterolemic 

Anti-inflammatory 

Antilipidemic Antioxidant 

Antioxidant enzyme activity 

Antitumor 

Antiviral (influenza infections) 

Arterosclerosis  

Headache 

Hepatocirrhosis 

Immunopotentiator 

Vertigo 

 

Allergy 

Eosinophilia 

Flagellate dermatitis 

Gout 

Low blood pressure 

 

3.1. Antioxidant activity 

The highly reactive oxygen species (ROS) molecules can cause extensive damage to cells and tissues, with various degenerative disorders, such as cardiovascular disease, aging, and neurodegenerative diseases, like Alzheimer’s disease, 
mutations and cancer [11]. Considering the different species, Boletus edulis, one of the most popular mushroom species 

due to its exceptional flavour and high nutritional value, was found to have high antioxidant properties 

[21].  Antioxidants of B. edulis were polyphenols, flavonoids, β-carotene and lycopene, as well as vitamin C [21, 22]. Most 

antioxidants are sensitive to heat treatment, so when B. edulis was prepared for consumption it showed a lower 

antioxidant activity than when fresh. However, antioxidant compounds could be taken as medicine, for example, as 

ergothioneine, and B. edulis and some Pleurotus sp. proved to have high amounts [23]. 

Ganoderma lucidum peptide (GLP) has been reported as the major antioxidant component of G. lucidum and this 

property makes it a candidate for anti-aging [24]. Terpenes are together with the polysaccharides, like ganopoly, the 
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bioactive compounds that make reishi (G. lucidum) one of the most antioxidant natural substances that exist. The 

antioxidative and free radical scavenging effects of the polysaccharides and triterpenoids from G. lucidum were shown 

in different oxidative injury models [25].  

The popular mushroom Lentinula edodes, also known as shiitake, is highly consumed as health food in China, Japan, and 

other Asian countries. Among its bioactive components, the polysaccharide lentinan is the most extensively investigated 

due to its abundant nutraceutical and pharmaceutical potentials [16, 17]. Currently, lentinan has attracted considerable 

attention due to its antioxidant activities [26, 27]. Similarly, the enzymatic residue polysaccharide (ERPS) of the species 

has antioxidant, anti-inflammatory and protective activities against lipopolysaccharide (LPS)-induced sepsis, 

demonstrating that it can be applied as natural and functional food for the prevention and alleviation of sepsis-induced 

multiple organ damage [17]. 

The beta-glucan isolated from Pleurotus ostreatus, known as pleuran, proved to have an effect on the antioxidant status 

of the organism in rats [28]. A diet containing either 10% pleuran or 10% cellulose was compared with a cellulose-free 

diet. The antioxidant effect of orally administered pleuran was documented by significantly lower levels of the primary 

products of lipoperoxidation and conjugated dienes in the colon, liver, and erythrocytes [28]. Particularly significant 

was the reduction of conjugated dienes in the colon following this compound administration.  In this way, pleuran added 

to the diet has reduced lipoperoxidation and increased the activity of antioxidant enzymes. Another attractive 

natural antioxidant is the FMP-1 found in Morchella esculenta, which has been prepared from methanolic extracts of the 

mycelia, showing a high antioxidant activity (85.4% at 25 mg/ml) [29]. Oxidative stress is considered to involve cell 

death in severe pulmonary diseases like in the idiopathic pulmonary fibrosis (IPF). In this way, the findings in Li et al. 

[29] suggested that the FMP-1 attenuated the cellular oxidative stress through the PI3K/AKT pathway and therefore it 

could be explored as a natural potential antioxidant to lower oxidative stress relevant to the progression of IPF. 

3.2. Anti-inflammatory activity 

Inflammation is a natural response of the immune system to damaging factors, e.g. physical, chemical and pathogenic. 

Deficiencies of antioxidants, vitamins, and microelements, as well as physiological processes, such as aging, can affect the body’s ability to resolve inflammation [30]. Some mushrooms are rich in anti-inflammatory components, such as 

polysaccharides, phenolic and indolic compounds, mycosteroids, fatty acids, carotenoids, vitamins and biometals. 

Consulted literature for this review indicated that some of the fungi species selected to study exhibited favorable 

therapeutic and health-promoting benefits, particularly in relation to diseases associated with inflammation. 

Ganoderma lucidum, as tea, dietary supplement, and medicine, is widely used in Asian countries [31, 32]. In order to 

discover its anti-inflammatory constituents and to provide some references for its usage, their fruiting bodies have been 

studied leading to the isolation of six new triterpenoids [32] and five new aromatic compounds, designed as lucidumins 

A-D and lucidimine E [31]. The bioactive evaluation showed significant anti-inflammatory activities against LPS-

induced nitric oxide (NO) production in RAW264.7 macrophages, a murine macrophage cell line. This medicinal 

mushroom has a large number and variety of terpenes among which are the ganoderic acids, lucidenic acid and 

ganoderol (Table 1). In conclusion, terpenes from G. lucidum inhibit the release of pro-inflammatory substances [31]. 

Another anti-inflammatory mushroom is Grifola frondosa, which was proved to contain three compounds: ergosterol, 

ergostra-4,6,8,22-tetraen-3-ona and 1-oleo-2-linoleil-3-palmitoilglicerol. These compounds showed the 

cyclooxygenase (COX) enzyme inhibitory activity which was reported for the first time in Zhang et al. [33]. COX is an 

enzyme which is responsible for formation of prostanoids, including thromboxane and prostaglandins such as 

prostacyclin, from arachidonic acid. It is widely used to determine the anti-inflammatory effects of potential therapeutic 

products. The COX isozymes involved in prostaglandin synthesis are COX-1 and COX-2. It is reported that selective COX-

2 inhibitors are mainly responsible for anti-inflammatory activities. 

The synergistical action of inflammation response with oxidative stress has also been reported to be a response to the 

pathogenesis LPS-induced lung damage. A study showed that mycelia selenium polysaccharides (MSPS) from 

Hypsizygus marmoreus might be a potencially effective candidate medicine for the treatment of lung pathogenesis and 

its complications [34]. 

There are fewer recent studies on Lentinula edodes [16, 17], Morchella esculenta [35] and Poria Cocos [36], showing the 

three species anti-inflammatory capacities. 
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3.3. Antiviral properties 

New viruses emerge all the time and presently we have a limited number of vaccines and only a few antivirals to combat 

viral diseases. These diseases cannot be treated by common antibiotics so specific drugs are urgently needed. Some 

compounds isolated from mushrooms with antiviral effects have been described. In the present review, several 

triterpenes from Ganoderma lucidum: ganoderiol F, ganodermanontriol and ganoderic acid, as well as adenosine and 

other polysaccharides were found to be active as anti-HIV-1 (human immunodeficiency virus type 1) agents [37, 38].  

 The D-fraction from Grifola frondosa was tested in a long-term trial on patients with HIV. A total of 85% of responders 

reported an increased sense of well-being with regard to various symptoms and secondary diseases caused by HIV [39]. 

Furthermore, a novel heteropolysaccharide, namely GFP1 from G. frondosa was extracted and the study demonstrated 

that it has antiviral activity which could be valuable as a potentially new anti-enterovirus 71 (EV71) therapeutic 

compound [40].  

Seven sterols and three hypsiziprenols were isolated from the non-saponifiable lipid (NSL) fraction of the extract of 

Hypsizygus marmoreus [1]. Among them, ergosterol exhibited a moderate inhibitory effect against Epstein-Barr virus 

early antigen (EBV-EA) activation, induced by a tumor promoter, called 12-O-tetradecanoylphorbol-13-acetate (TPA) 

in Raji cells. That still might be of importance as a chemopreventive compound from the species, providing its most 

predominant lipid constituent, which demonstrated to inhibit the promotion of skin papilomas caused by TPA. The 

hypsin from H. marmoreus, a novel thermostable ribosome-inactivating protein, also proved antifungal and 

antiproliferative activities [41]. 

A novel lentinan (LNT-1) was recently extracted from Lentinula edodes mycelia with antiviral mechanisms mainly 

involved in the direct inactivation and inhibition of the viral replication [17]. The results indicated that the inhibitory 

effects of LNT-I on infectious hematopoietic necrosis virus (IHNV) infection were possibly attributed to the regulation 

of the innate immune responses and specific immunity [17]. The extract named LEM from the culture medium of L. 

edodes mycelia was also reported to have a role in the inhibition of the infectivity and cytopathic effect of the HIV-1 due 

to the immunoactive fractions obtained from the extract [42]. Considering the antiviral effect of lentinan, Sarkar et al. 

[43] showed that the compound had immune-stimulatory impacts by blocking the release of herpes-simplex virus type-

1 from tissue culture cells. Similarly, the protein-bound polysaccharides PSK (Polysaccharide-K, commercial Krestin) 

and PSP (polysaccharopeptide) from Trametes versicolor were found to have an in vitro antiviral effect on HIV and the 

cytomegalovirus [44]. 

3.4. Antitumor activity 

A novel lectin named BEL (Boletus edulis lectin) was isolated from the fruiting bodies of B. edulis, which selectively 

inhibits the proliferation of several malignant cell lines and binds the neoplastic cell-specific T-antigen disaccharide, 

Galβ1-3GalNAc [15]. Similarly, recent findings indicated that some isolated polysaccharides from Ganoderma sp. 

increase anti-tumour immune responses by motivating the activity of natural killer cells and cytotoxic T-lymphocytes 

[45,46]. The agent polysaccharide from G. lucidum, ganopoly, for example, has reported an antitumor activity with a 

broad spectrum of immuno-modulating activities, and therefore may represent a novel promising immunotherapeutic 

agent in cancer treatment [47]. Further studies about the compounds are needed to explore the optimum dosing, 

efficacy and safety, alone or in combination, with radiotherapy and chemotherapy [6,7]. The triterpenoid 

ganodermanondiol, isolated from the species, was also shown to effectively regulate melanogenesis in B16F10 

melanoma cells [48].  

Recently, Liu et al. [18] investigated the chemical structure and the anti-proliferating and antitumor activities of 

the polysaccharide MEP extracted from Morchella esculenta. Apoptosis tests proved that MEP could inhibit the 

proliferation and growth of human colon cancer HT-29 cells in a time- and dose-dependent manner within 48 h. 

Similarly, in recent years, cytostatic activities against tumor cells were shown in vitro for other mushroom components 

of Pleurotus ostreatus, with interesting antimutagenic effects found after investigation on methanolic extracts of the 

species [1], on Grifola frondosa and on Poria cocos and its constituents [49]. In the latter, especially the triterpenoids, such as pachymic acid, and polysaccharides, such as β-glucan, have been found to exhibit a broad spectrum of antitumor 

activities both in vitro and in vivo, demonstrating the potential use of these species, as a functional food and natural 

source of novel leading compounds for herbal medicine management. In terms of the molecular mechanism, these 

isolated compounds exert cytotoxicity against human lung cancer cells by inducing apoptosis accompanied by, for 

example, mitochondrial perturbation. These findings provide experimental evidence and a molecular explanation for 

the anticancer properties, especially against lung cancer, and support the previous notion that P. cocos species could 

successfully be applied for cancer treatment [50, 51]. 
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3.5.  Immunomodulators and adjuvant tumor therapy The so called ‘immunomodulators’ (biological response modifier, immunopotentiators and immunostimulants) are 

probably one of the most important botanic medicinal drugs used in Asian countries today [1]. Due to the toxicity and 

side effects of the chemotherapeutic drugs, more and more cancer patients have turned to herbal medicine for 

complementary treatment. The MD-fraction from G. frondosa, the lentinan agent from L. edodes and PSK and PSP from 

T. versicolor are in clinical use for adjuvant tumor therapy (immunotherapy), in addition to the major cancer therapies 

like chemotherapy, radiotherapy and surgical operation [1,52] and in HIV patients [53]. Thus, the MD-fraction is known 

to reduce tumor cell viability and was found to be the most potent compound, enhancing the immune system, via oral 

administration or injection, leading to the highest reduction of the rate of cancer proliferation. A combination of 

immunotherapy with MD-fraction and chemotherapy suggested that the bioactive compound might decrease the size 

of lung, liver, and breast tumors [54]. Secondly, the administration of lentinan, in addition to chemotherapy, led to the 

prolongation of survival time, restoration of immunological parameters and improvement of life quality in individuals 

with stomach cancer, colon cancer, and other carcinomas, in comparison to patients who had chemotherapy alone [1]. 

Clinical studies to this respect have been done especially in Asian countries [8-10]. Considering the bioactive 

compounds from T. versicolor, the efficacy of the adjuvant immunotherapy with PSK has also been demonstrated in 

human clinical trials. For example, resected colorectal cancer patients were treated orally with PSK and the increased 

disease-free survival curve of the PSK group, over the control group, was statistically significant [55]. Another controlled 

clinical trial of PSP was conducted in 485 cancer patients where the administration of PSP had raised one year the 

survival rate of patients [56]. 

The species Pleurotus ostreatus has been used as an immunomodulator in the treatment of ulcerative colitis. When 

pleuran was locally administered, with or without concomitant parenteral pretreatment, the colonic damage was 

effectively reduced [57]. The results on the protective effect of orally applied pleuran in the prevention or dietetic 

therapy of inflammatory colon diseases are promising. Pleuran has also been proved to be effective in the treatment of 

the recurrent respiratory tract infections (RRTIs), which are a very important problem in pediatric praxis. The active 

treatment with pleuran resulted in a significant reduction of peripheral blood eosinophilia and stabilized the levels of 

total IgE in serum. Thus, pleuran showed a potential anti-allergic effect. This recently-known effect could expand the 

application of this natural immunomodulator also as a complementary adjuvant therapy in allergic patients [58]. 

3.6.  Other biological activities  

Apart from the main beneficial effects more frequently described by the authors, the species have shown other diverse 

medicinal properties, as we hereby indicate for each species.  

3.6.1. Ganoderma lucidum  

Scientific evidence recently revealed that G. lucidum modulates the composition of gastrointestinal microbiota in 

different disorders, such as obesity and hypercholesterolemia [5]. The species also has potential for neurological disease treatment, which has proven promising for the progression of Alzheimer’s diseases [46]. In addition, 

ganodermanondiol, isolated from G. lucidum, exerts an inhibitory effect on tyrosinase as well as other isolated 

compounds which have antiacetylcholinesterase, antimicrobial, antidiabetic and anti-angiogenic effects [46]. 

3.6.2. Grifola frondosa 

Regular consumption of G. frondosa is believed to improve spleen, stomach, and nerve functions and to cure skin 

diseases. Results demonstrated that organic extracts and polysaccharides of G. frondosa fruiting bodies possessed a different magnitude of potency in inhibiting α-amylase and α-glucosidase activities [59]. The polysaccharide GFP also 

relieved insulin resistance of HepG2 cells by the Akt-GSK-3 pathway, thus showing an antidiabetic type 2 activity. 

Western-blotting results showed that the HepG2 cell model treated with GFP activated the insulin receptor protein (IRS) 

in the cell membrane and increased phosphorylated-AktSer473 expression, which had an inhibition of glycogen 

synthase kinase (GSK-3). The downregulation of GSK-3 stimulated synthesis of intracellular glycogen. More recent 

results supported that the GFP increased the metabolism of glucose and stimulated synthesis of intracellular glycogen 

through the Akt/GSK-3 pathway [60]. Furthermore, this polysaccharide which is a beta-glucan, stimulates the 

hematopoietic progenitor cell differentiation, the granulocyte colony-stimulating factor production, and the recovery of 

peripheral blood leukocytes after bone marrow injury. A phase II trial examined the effects of maitake on innate immune 

function in myelodysplastic syndromes (MDS) which are characterized by ineffective erythropoiesis with dysplastic 

bone marrow leading to peripheral cytopenia, risk of infection, and progression to acute myelogenous leukemia. Thus, 

the results showed that maitake beta-glucan consumption improves neutrophil and monocyte function in patients with 
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low-risk myelodysplastic syndromes [61]. In addition, the species presents an antibacterial, antihypertensive, 

antihyperglycemic and antihyperlipidemic activity, as described in Su et al. [59]. 

3.6.3. Hericium erinaceus  

Hericium erinaceus, an ideal culinary-medicinal mushroom, has become a well-established candidate in promoting 

positive brain and nerve health-related activities, by inducing the nerve growth factor by its erinacines. Preclinical 

studies have shown that there can be improvements in Parkinson's, Alzheimer's disease and depression illness, even in 

ischemic stroke, if H.erinaceus mycelia, enriched with erinacines, are included in daily meals [62, 63]. Different clinical 

trials were carried out with good results. To this respect, a 30-day short-term administration of erinacine A and S was performed to explore the effect of each erinacine type on Alzheimer’s disease pathology, including amyloid production 

and degradation, plaque formation, plaque growth, glial activation and neurogenesis deterioration. Results concluded 

the beneficial effects of both erinacine A and S in cerebrum of APPswe/PS1dE9 mice [64]. A double-blinded clinical 

study showed that the oral administration of H. erinaceus fruiting body was effective in improving mild cognitive 

impairment in 50- to 80-year-old Japanese patients [63]. Another clinical trial conducted to investigate the effects on 

dementia found that after 6 months of taking the mushroom, 6 out of 7 patients showed improvement in their perceptual 

capacities [62]. Endoplasmic-reticulum stress triggers apoptosis on neural cells, being a major cause of degenerative 

diseases such as Alzheimer´s disease. Three new compounds, 3-hydroxyhericenone F, hericenone I, and hericenone J 

were isolated from H. erinaceus and showed to act as protective against this stress. The principles have been required 

not only to cure or prevent the diseases but also to investigate the complex system of apoptosis [65]. Considering other 

nerve-related affections, hericenones showed an antidepressant effect, which may be attributed to the restoration of 

hippocampal monoamine neurotransmitters, inhibition of plasma pro-inflammatory cytokines and the modulation of 

PI3K/Akt/GSK-3β pathway with a consequent increase of brain-derived neurotrophic factor (BDNF) expression. 

Glycogen synthase kinase-3β (GSK-3β) is an enzyme that phosphorylates glycogen synthase, which in turn inhibits 

glycogen biosynthesis. Moreover, GSK-3β is now believed to play an important role in the pathophysiology of 

depression. Literature data indicate that phosphatidylinositol 3-kinase (PI3K) and serine/threonine protein kinase AKT 

seem to activate immune cells by modulation of the key inflammatory cytokines. In addition, the PI3K/Akt pathway has 

been reported to play the role as an upstream mechanism of GSK-3β activity regulation, in which Akt might directly 

phosphorylate GSK-3β, resulting in GSK-3β inactivation. Irregularities in the PI3K/Akt/GSK-3β pathway are linked in 

patients with psychiatric illnesses. Therefore, regulation of AKT and GSK-3β may form an important signaling center for 

depressive therapy. In Chiu et al. [66], H. erinaceus was demonstrated to be able to increase phosphorylation of Akt and 

GSK-3β. The results so far presented reveal that the antidepressant-like effect of H. erinaceus involves the activated 

pathway of PI3K/Akt and the inhibition of GSK-3β that converge to increase BDNF. Neuroplasticity turns out to be the 

therapeutic target of antidepressant agents. Thus, BDNF is a member of the neurotrophic factor known to participate in 

the life of neurons during development and to modulate hippocampal-dependent learning and memory. Accumulating 

evidence supports that BDNF is indispensable for exerting antidepressant effects because it can modulate synaptic 

efficacy by changing transmitter release and sensitivity. There is also evidence that the lack of BDNF is linked to the 

pathophysiology of mood disorders. All of these pathways are key mechanisms in depression treatment, indicating that 

H. erinaceus may represent a potent alternative therapy for depression, ameliorating altered behaviour and 

neurochemical parameters through several signal transductions, and that these signals may be synchronized with each 

other [66]. 

Furthermore, regarding the digestive system, the crude ethanol extracts from H. erinaceus were inhibitory to 

Helicobacter pylori. The study revealed that compounds 1 y 2, from petroleum ether extracts of the species (PE1s and 

PE2s), contributed to the anti-H.pylori activity. Finally, Hericium erinaceus has been documented to display a wider 

range of beneficial properties including antimicrobial, antihyperglycemic, hypolipidemic and hemagglutinating activity 

[66]. 

3.6.4. Hypsizygus marmoreus 

Concerning the lipid constituents of H. marmoreus, the sterols might be of importance as treatment for antituberculosis 

and for cancer chemoprevention, whereas the hypsiziprenols proved to be less effective [67]. Considering its 

antiproliferative activities, research with fractions of H. marmoreus examined the HepG2 cells in vitro. The results 

suggested that hypsiziprenol A9 can inhibit the growth of HepG2 cells through inducing G1 phase cell cycle arrest due 

to the inhibition of some routes of phosphorylation [68]. 

3.6.5. Lentinula edodes 

Apart from lentinan, another secondary metabolite was isolated from L. edodes and designated as eritadenine. The agent 

was responsible for the plasma colesterol-reducing effect in both humans and animals [69]. Enman et al. [70], in the 
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search for a production method for eritadenine, investigated shiitake mycelia. The mycelia were cultivated both in shake 

flasks and in bioreactors, to investigate the effects of pH, stirring rate, and reactor type on the production and 

distribution of eritadenine. Applying a stirring rate during bioreactor cultivation resulted in the highest eritadenine 

concentrations. This study demonstrated, for the first time, the extra- and intracellular distribution of eritadenine 

produced by shiitake mycelial culture and the influence of reactor conditions on the mycelial morphology and 

eritadenine concentrations [70]. Extracts from L. edodes have more recently revealed, aditionally, antibacterial and 

antifungal activities [26]. 

3.6.6. Morchella esculenta 

Apart from the antioxidant, anti-inflammatory and antitumor activities presented above for this fungi, Nitha et al. [71] 

indicated that the aqueous-ethanolic extract of M. esculenta mycelium possessed a significant hepatoprotective activity 

and Cai et al. [72] described its antioxidant properties. The conclusions were supported by biochemical determinations, 

histopathological and in vitro and in vivo observations.  

3.6.7. Pleurotus ostreatus 

A pronounced hypocholesteremic effect of the oyster mushroom P. ostreatus, combined with the inhibition of lipid 

peroxidation, was shown in rats and rabbits. An oyster mushroom diet (10% dried powder from fruiting bodies) 

significantly reduced the incidence and size of atherosclerotic plaques in rabbits [73]. Furthermore, lovastatin, the lead 

compound for the statines (HMGCoA reductase inhibitors), was detected in this species and was proved to be jointly 

responsible for the observed effects [1].  

The regular application of the polysaccharide beta-glucan as a based cream showed to be able to decrease the duration 

and intensity of atopic dermatitis flares, as well as to attenuate the pruritus intensity within a few days of its application.  

Therefore, it seems to possess anti-infective properties. Additionally, a regular topical administration of the cream 

demonstrated an increase in skin firmness and stratum corneum hydration, improving skin barrier functions [74]. 

3.6.8. Poria cocos 

The species P. cocos is known to have beneficial effects in different treatments like insomnia, water retention and 

diarrhea. In addition, two sterols, ergosterol peroxide (EP) and 9, 11-dehydroergosterol peroxide were effective in the 

inhibition of osteoporosis in the elderly [50, 51]. Qian et al. [19] indicated that the poricoic acid B, poricoic acid A, 

pachymic acid, dehydrotrametenolic acid, dehydrotumulosic acid, polyporenic acid C and dehydropacymic acid were 

some of the major bioactive compounds of P. cocos contributing to an important diuretic effect. Finally, P. cocos also 

plays a hepatoprotective role against acetaminophen [N-acetyl-p-aminophenol (APAP)], also termed paracetamol, on 

lesioned liver cells in vivo and in vitro [75].  

3.6.9. Trametes versicolor 

The cytotoxic activity of PSP and PSK extracts from T. versicolor has been reported in myeloid and lymphoid leukemia 

cell lines [76]. Additionally, the bioactive compound PSP was shown to be successful acting as a prebiotic to modulate 

human intestinal microbiome composition [77]. 

3.7. Adverse effects and/or toxicity and clinical trials 

Some tests have been used for the study of adverse effects and/or toxicity when bioactive compounds, dried, or cooked 

mushrooms were administered as herbal medicines. In the consulted literature, skin, serological and stool tests have 

been applied. A range of commercial aeroallergens and food extracts are commonly used to perform skin prick-to-prick 

tests, scratch tests, atopy and mold screening tests [78]. Some synthetic antioxidants, like beta-glucans (1020 stretching 

vibration of C–O), may cause adverse toxic effects under certain conditions [79]. However, cytotoxic effects of 

polysaccharide extracts of higher fungi on primary cells have not been reported up-to-date [79, 80]. Thus, the systematic 

study on the clinical and physiological significance of beta-glucans is scarce [81]. 

In the present review, we found six species, out of the ten studied, that have reported toxicity or adverse effects after 

administration. One of the objectives of this revision was to compile the cases that have been published.  

3.7.1. Boletus edulis 

An ingestive allergy of Boletus edulis was in this way diagnosed using the dried mushroom [82]. Allergen-specific IgE 

antibodies for B. edulis and total IgE in serum were measured with a fluor enzyme immunoassay. The solid-phase 

allergens were coupled to disks and tested by radio allergo sorbent test (RAST). Thus, the IgG antibody precipitant 
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against various mushroom components was demonstrated by immunoelectrophoresis [82]. Two cases after 

inhalation/ingestion of the mushroom and two cases of anaphylactic reaction after its consumption were identified 

during a 20-year period at the University Hospital in Zürich [82]. The clinical manifestation in the cases differed from 

oral allergy syndrome, presenting oropharyngeal itching, tingling, and swelling of the lips, to asthma and anaphylactic 

episodes, with severe diarrhea, generalized urticaria, asthma attacks with dizziness, hypotension and tachycardia, 

leading to hospitalization. Further data indicate that B. edulis can cause an IgE-mediated food allergy due to a digestion-

stabil protein [83]. Adverse reactions after its ingestion were believed to be due to a deficiency trehalase. Another case 

of occupational allergy was reported in Roncarolo et al. [84] with similar effects. Indole constituents were isolated from 

B. edulis and some of these constituents were found to be tissue hormones and neuro-transmitters which, together with 

high intakes of tryptophan, can damage the nervous system [85]. 

3.7.2. Ganoderma lucidum 

A hepatotoxic effect related to G. lucidum mushroom powder (known as lingzhi) was shown in two patients in two 

different episodes [86]. The authors described fatal fulminant hepatitis associated with such a preparation. Firstly, 

patients used to take boiled lingzhi, in combination with other therapeutic agents, and experienced no toxic/adverse 

effects, however, after switching to lingzhi ingested as a powder form, for a period of 1-2 months, the hepatotoxic 

episodes occurred. Thus, the toxic role of lingzhi powder would further need a close monitoring, especially in treatments 

under the combination with other drugs [86]. 

Differentiation of parasites from artifacts depended on characterization of the size, shape, structure, and reactivity with 

common strains. The stool examination in a pseudoparasitosis report in Thailand demonstrated indeed the ingestion of 

many spores of Ganoderma lucidum in a patient with a history of consumption of powdered extract as a dietary 

supplement in pharmaceutical medicine [87]. 

3.7.3. Grifola frondosa 

Based on epidemiological studies, fungi have been suggested to be responsible for many of the irritative symptoms by 

inhalation. The total IgE serum levels were determined with an enzyme-linked immunosorbent assay (ELISA). Further western blot analyses of the patients and the control’s serum to Grifola frondosa spore antigen showed positive bands 

[88]. The single inhalation of beta-glucan (grifolan) from G. frondosa aerosol was proved to provoke a sensory irritation 

response in mice [88]. There are several recent reports on hypersensitivity pneumonitis (HP) warning about mushroom 

farms which may carry a significant risk. Thus, occupational HP, caused by G. frondosa spores, has been described, 

particularly the treatment, using a HFA-BDP extra-fine aerosol, resulted successful [89]. One case of acute 

encephalopathy, diagnosed at hospital, was apparently due to G. frondosa. Fourteen days after the ingestion, the patient 

developed cramps, lost consciousness and fell into a coma. The authors suggested that hydrogen cyanide from the 

mushroom could have been the causative fatal agent [90]. 

3.7.4. Lentinula edodes  

The ingestion of the L. edodes mushroom was shown to produce eosinophilia and gastrointestinal symptoms. In clinical 

trials, the subjects were monitored for the development of symptoms, and complete blood counts and serum samples 

were obtained, biweekly or weekly. Additionally, the serum major basic protein (MBP) levels were determined by an 

immunoradiometric assay [91]. 

A cholesterol-lowering study with L. edodes (shiitake powder) showed that 17 out of 49 participants withdrew the trial 

because of rash or abdominal discomfort, and two had marked eosinophilia. One of these latter participants was 

subsequently challenged for 14 days with shiitake powder and again had eosinophilia. Daily ingestion of shiitake 

mushroom powder in five of 10 healthy persons provoked blood eosinophilia, increased eosinophil granule proteins in 

serum and stool, and increased gastrointestinal symptoms. Seventeen days after the last shiitake ingestion, eosinophil-

related parameters were decreasing to or at normal levels [91].  

Other immunological reactions associated with the shiitake mushroom have been described. These reactions have 

included contact dermatitis, generalized pruritus, and HP. However, the response is likely immune-mediated because it 

is associated with cytokines that enhance eosinophil viability and elevations in antishiitake IgG [91]. In addition, 

Lentinula edodes has dissolved compounds of purines, where sensible patients with gout, for example, should avoid or 

severely limit the intake of this species. Dissolution rates of polysaccharide and purine compounds from L. edodes 

increased linearly when increasing the duration of cooking or when adding acetic acid, or NaHCO3, in the soaking or 

cooking solutions [92]. 
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Several intoxications have been reported after consumption of L. edodes, apparently in almost all cases after 

consumption of insufficiently processed mushrooms. The toxicant is supposed to be the thermolabile polysaccharide 

lentinan (one of its major bioactive compounds). Shiitake- flagellate dermatitis, also known as flagellate erythema or 

toxicoderma, was correlated with the ingestion of underprocessed shiitake. A linear, erythematous eruption appears 

resembling scratch or whiplash marks. There are several cases described to this respect [93-95], as well as to dermatosis 

in a Caucasian person [96], and dermatitis caused by shiitake [97]. Another type of hypersensitivity effect to shiitake 

was described by Goikoetxea et al. [98] in a patient that showed oesophageal symptoms after ingestion. The allergenicity 

was confirmed by skin prick, basophile activation and histamine release tests.  

3.7.5. Morchella esculenta 

Morels should only be eaten after parboiling and removal of the boiling water and/or after a correct dehydration 

process [99]. Intoxications with gastrointestinal symptoms have been reported occasionally, as well as the cerebellar 

syndrome, the latter if consumed in large amounts [100,101]. In addition, a mild hemolytic syndrome was rarely 

manifested by a darker colour of the urine, and in more severe cases, with symptoms like vomiting, diarrhea, 

hemoglobinuria, anemia, low back pain and kidney failure [99,102,103].  However, in relation to the bioactive 

compound extracts from Morchella sp., it seems that FMP-1 has no significant toxic effect on the cells under study [104]. 

3.7.6. Pleurotus ostreatus 

There are some indications referring that the oyster mushroom may give adverse effects [105-107]. Berne et al. [107] 

isolated and characterized a thermolabile protein, ostreolysin. It is a cytolysin which lyses bovine, sheep and human 

erythrocytes in vitro and probably also has similar effects in vivo, as indicated by increased serum potassium [108]. 

After parenteral application of ostreolysin to rats, an endothelial injury with edema in the heart and lungs, as well as 

myocardial hemorrhages, could be demonstrated [106]. In 2004, Tomita et al. [109] isolated and characterized a two 

component, pore-forming cytolysin, pleurotolysin, which consists of two, non-associated components, pleurolysin A 

(molecular weight 17 kDa) and pleurolysin B (molecular weight 52 kDa). Cooperatively, these two components caused 

leakage of potassium ions from human erythrocytes and swelling, leading to hemolysis [109,110]. Considering its 

bioactive compounds, no adverse effects were found in synthetic ergothioneine [111]. Studies in animals and humans 

have found no toxicity or adverse effects associated with the administration of ergothioneine, even at very high doses 

[112].  

4. Conclusion 

The present study is an updated review on the potential of ten of the most known mushrooms used as a source of drugs 

for herbal medicine due to their wide variety of bioactive components. The majority of the references here consulted 

were therefore from studies carried out in China or Japan, whereas in Europe and America the awareness of mushrooms, 

as an important source of biologically active substances, has recently emerged. The present review pointed out, for the 

first time, adverse effects in individual daily consumption and during clinical trials. Beta-glucans had caused toxic effects 

under certain conditions and their cytotoxic effect on primary cells still would need further research. B. edulis caused 

an IgE-mediated food allergy due to a digestion-stabil protein; G. lucidum mushroom powder showed a slight 

hepatotoxic effect; hypersensitivity pneumonitis was caused by G. frondosa spores in some patients, as well as L. edodes 

powder had caused rash, eosinophilia and abdominal discomfort. In contrast, no toxic or adverse effects were found in 

synthetic ergothioneine from Pleurotus or in FMP-1 from Morchella. Further research will help identifying the 

mechanism of action of some active ingredients on newly discovered effects. Further toxicity studies performing in vitro 

and in vivo models should reach more conclusions to hold the promise of providing new natural substances for the 

pharmaceutical medicine.  
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