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Preface

The use of medicinal mushrooms is one of the most exciting areas of natural health, offering significant therapeutic benefit, supported by a long history of traditional use and increasing scientific evidence. However, many questions remain to be addressed if it is to fulfil its potential1.

In particular the lack of standardisation of mushroom products and lack of comparative clinical research remain significant obstacles to more widespread use.

Given the fact that research has to be paid for, it is perhaps inevitable that most is designed to show the widest range of activity, and therefore sales opportunities, for individual mushroom products, rather than provide the information that clinicians need to decide:


	Which is the best mushroom or combination of mushrooms for my patient?

	What is the best form to give it in - extract or whole mushroom - mycelia or fruiting body?

	What dosage is therapeutically effective?



This book sets out to address these questions and it is my hope that it will assist practitioners and patients alike by providing at least partial answers.

The variable quality of much of the available information, together with the lack of standardisation among mushroom products and the extensive overlap of functionality between different mushrooms, means that there will inevitably be room for differences of opinion regarding the answers to the above questions.

As well as suggesting answers, I have therefore given an overview of the research so that readers can evaluate it for themselves and draw their own conclusions.

In putting the book together I have tried at all times to maximise its usability. A Quick Reference section is included at the beginning with brief summaries of individual mushrooms’ main therapeutic application(s) and active constituents, and of the mushroom(s) commonly used for specific conditions, with suggested dosage formats.

In addition to the quick reference section, the book is divided into four parts:


	Introduction to medicinal mushrooms and mushroom products

	Individual monographs on the therapeutic potential of the major medicinal mushrooms

	Discussion of the use of medicinal mushrooms in cancer treatment

	Survey of the clinical application of medicinal mushrooms for other clinical conditions



There is also an appendix on the energetics of mushrooms in traditional Chinese medicine (TCM) for those practitioners trained in this approach.

Additional Comments on the Second Edition

Although it is only four years since the first edition was published, those four years have seen considerable advances in our understanding of medicinal mushrooms and their therapeutic value making a second edition timely.

As well as updating the information contained in the book in the light of recent research and expanding areas where feedback has indicated that a more detailed treatment was required I have included discussion of the use of mushrooms in several new conditions. I have also added two additional mushrooms and expanded the sections on others to more fully reflect their clinical use.
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A Note on Mushroom Names

Mushroom nomenclature is a complex area with alternative names in use for some medicinal mushrooms and others open to possible future review1. Although some mushrooms are more commonly referred to by alternative names (ie. Reishi for Ganoderma lucidum), I have decided for the sake of consistency to use the Latin name of each species.

Where alternative Latin names are in use for a given mushroom I have opted for the name used in the International Journal of Medicinal Mushrooms, except in the case of Agaricus subrufescens where this name is now considered correct in preference to the earlier names Agaricus brasiliensis and Agaricus blazei, and have noted alternative names where appropriate.

Martin Powell, Eastbourne

September 2014


Disclaimer

This book is intended for use by qualified healthcare practitioners. The information it contains is presented for educational use only and is not meant to be used, nor should it be used, to diagnose or treat any medical condition. Anyone who is experiencing any symptoms, has been diagnosed with or suspects they may have a medical condition should contact a medical doctor or other appropriately qualified health professional. The reader should not assume that because an adverse reaction or interaction is not mentioned in this book the use of any given medicinal mushroom is always safe. If you suspect you could be experiencing an adverse reaction from a mushroom or a combination of mushroom(s) and drugs, you should immediately consult an appropriately qualified health professional. Likewise, you should always inform your healthcare provider of any supplements you may be taking. Both the author and publisher accept neither liability nor responsibility to any person with respect to loss, injury or damage caused, or alleged to be caused, directly or indirectly by the information contained in this book.


Quick Reference – Mushrooms

As well as indicating the key areas of clinical use for each mushroom I have suggested preferable dosage form(s) as consideration of this area is important for maximising clinical efficacy. Further discussion of dosage forms can be found in Understanding Mushroom Products (pages 29-31).
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	Agaricus subrufescens

Cancer, hepatitis –Polysaccharide extract (cancer), mycelial biomass or extract / mycelial biomass combination
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	Antrodia camphorata

Liver disorders
Fruiting-body or mycelium
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	Armillaria mellea

Neurological disorders
Mycelium
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	Auricularia auricula/Auricularia polytricha

Cardiovascular health
Polysaccharide extract












	[image: Images]

	Coprinus comatus

Cancer
Polysaccharide extract
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	Cordyceps species

Lung/Liver/Kidney support, infertility/sexual function, diabetes, energy – Mycelial biomass
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	Flammulina velutipes

Cancer prevention, allergies, viral infections
Fruiting body
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	Ganoderma lucidum

Cancer, allergies, insomnia
Aqueous extract/ethanolic extract
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	Grifola frondosa

Cancer, PCOS – Polysaccharide extract or polysaccharide extract/fruiting body combination
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	Hericium erinaceus

Dementia, Alzheimer’s disease, MRSA, anxiety
Fruiting body or mycelial biomass
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	Inonotus obliquus

Cancer, viral infections, psoriasis
Aqueous extract/ethanolic extract
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	Lentinula edodes

Cancer, cholesterol control – Polysaccharide extract (cancer) or fruiting body (cholesterol control)
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	Phellinus linteus

Cancer, autoimmune disorders
Polysaccharide extract
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	Pleurotus ostreatus

Cholesterol control
Fruiting body or mycelial biomass
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	Polyporus umbellatus / Grifola umbellata

Cancer, hepatitis, fluid retention – Polysaccharide extract (cancer/hepatitis) or sclerotium (fluid retention)
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	Poria cocos

Fluid retention
Sclerotium
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	Sparassis crispa

Skin repair, cancer, stroke prevention
Fruiting body
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	Trametes versicolor/Coriolus versicolor

Cancer, CFS/ME, HIV – Polysaccharide extract (cancer), mycelial biomass or extract/mycelial biomass combination
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	Tremella fuciformis

Cardiovascular/neurological support, radiation exposure
Polysaccharide extract








Quick Reference – Conditions

This is not an exhaustive list of every mushroom that can be used for every condition, or of every dosage form that may be beneficial, but rather of which mushrooms and which dosage forms are most relevant for each condition. A fuller discussion of each condition is included in the last section, or in some cases under the mushroom entry itself.

[image: Images] - For several conditions the beneficial effect of medicinal mushrooms is largely due to the ability of mushroom polysaccharides (beta-glucans/proteoglycans etc.) to modulate and increase the cytotoxic efficacy of our immune response. In these cases the fact that one mushroom or one dosage form shows efficacy does not mean that other mushrooms would not be at least as effective, or that dosage forms with higher concentrations of polysaccharides would not be more effective.

Without clear evidence for superior activity of a single mushroom it can be beneficial, given the increased immunological activity of multi-mushroom formulae, to use combinations of polysaccharide extracts from several mushrooms (see combination products, page 28).

Allergic Rhinitis (Hayfever)

• Ganoderma lucidum - extract (triterpene-rich) - 1-3g/day

Alzheimer’s Disease

• Hericium erinaceus - fruiting body or mycelial biomass - 3-5g/day

• Ganoderma lucidum - extract - 1-3g/day

Anti-ageing

• Ganoderma lucidum - spores - 1-3g/day

• Ophiocordyceps sinensis - mycelial biomass - 1-3g/day

• Sparassis crispa - fruiting body - 1-3g/day

• Tremella fuciformis - polysaccharide extract - 1-3g/day

Asthma

• Ophiocordyceps sinensis - mycelial biomass - 3g/day

• Ganoderma lucidum - extract (triterpene-rich) - 1-3g/day

Benign Prostatic Hyperplasia (BPH)

• Ganoderma lucidum - extract (triterpene-rich) - 1-3g/day

• Coprinus comatus - extract - 2-3g/day

Cancer

All medicinal mushrooms show anti-cancer properties with large scale clinical trials of Trametes versicolor and Lentinula edodes, and on a smaller scale, Grifola frondosa, Ganoderma lucidum and Agaricus subrufescens. All clinical trials have used polysaccharide extracts. There is some evidence that combinations of mushrooms may have higher activity.

• Polysaccharide extracts - 3-6g/day

• Ganoderma lucidum - triterpene-rich extract - 2-5g/day or spore oil - 0.5-1.0g/day

•Inonotus obliquus - aqueous/ethanolic extract - 2-5g/day

•Cordyceps militaris - extract (cordycepin-rich) - 2-5g/day

Candidiasis

• Lentinula edodes - mycelial biomass - 2-3g/day

• Trametes versicolor - mycelial biomass - 2-3g/day

Cardiovascular Health

• Auricularia auricula/polytricha - polysaccharide extract - 1-3g/day

• Ganoderma lucidum - extract - 1-3g/day

• Tremella fuciformis - polysaccharide extract - 1-3g/day

Chronic Fatigue Syndrome (CFS - ME)

• Polysaccharide extracts - 1-3g/day

• Trametes versicolor - mycelial biomass - 2-3g/day

Dementia

• Hericium erinaceus - fruiting body or mycelial biomass - 3-5g/day

Depression

• Hericium erinaceus - fruiting body or mycelial biomass - 3-5g/day

Diabetes

• Ophiocordyceps sinensis - mycelial biomass - 3-5g/day

Epilepsy

• Armillaria mellea - mycelium - 3-5g/day

• Ganoderma lucidum - shell-broken spore powder - 3-5g/day

Erectile Dysfunction

• Ophiocordyceps sinensis - mycelial biomass - 3g/day

Exercise-induced Immune Suppression

• Polysaccharide extracts - 1-3g/day

Fluid Retention

• Polyporus umbellatus - sclerotium - 6-15g/day

Gastric Ulcer

• Hericium erinaceus fruiting body - 25g/day or mycelial biomass
- 5-10g/day

Hepatitis

• Polysaccharide extracts - 1.5-3g/day

• Ophiocordyceps sinensis - mycelial biomass - 3g/day

Herpes

• Polysaccharide extracts - 1-3g/day

HIV

• Polysaccharide extracts - 1-3g/day

• Trametes versicolor - mycelial biomass - 2-5g/day

HPV

• Polysaccharide extracts - 1-3g/day

• Trametes versicolor - mycelial biomass - 3g/day

Hypercholesterolaemia

• Pleurotus ostreatus - fruiting body - 15-20g/day

• Lentinula edodes - fruiting body or mycelial biomass - 9-15g/day

Hypertension

• Ganoderma lucidum - triterpene- rich extract - 2-3g/day

Infertility

• Cordyceps militaris - fruiting body - 3g/day

• Ophiocordyceps sinensis - mycelial biomass - 3g/day

Inflammatory Bowel Disease

• Polysaccharide extracts - 2-6g/day

Influenza

• Polysaccharide extracts - 1-3g/day

Insomnia/Anxiety

• Ganoderma lucidum - triterpene- rich extracts - 1-3g/day

Kidney Damage

• Ophiocordyceps sinensis - mycelial biomass - 3g/day


Liver Damage

• Ophiocordyceps sinensis - mycelial biomass - 3g/day

• Antrodia camphorata - fruiting body 1g/day or mycelium 1-3g/day

Meniere’s Syndrome

• Armillaria mellea - mycelium - 3-5g/day

MRSA

• Hericium erinaceus - fruiting body - 25g/day or mycelial biomass
- 5-10g/day

Multiple Sclerosis

• Hericium erinaceus - fruiting body or mycelial biomass - 3-5g/day

Nerve Damage

• Hericium erinaceus - fruiting body or mycelial biomass - 3-5g/day

• Ganoderma lucidum - sporoderm- broken spores - 1-3g/day

Parasitic Infection

• Polysaccharide extracts - 2-3g/day

Parkinson’s Disease

• Ganoderma lucidum - triterpene-rich extract - 3g/day

• Flammulina velutipes - fruiting body - 3-5g/day

Polycystic Ovary Syndrome (PCOS)

• Grifola frondosa - polysaccharide extract - 3g/day

Psoriasis

• Inonotus obliquus - aqueous/ethanolic extract - 2-3g/day

Renal Health

• Ophiocordyceps sinensis - mycelial biomass - 2-5g/day

Rheumatoid Arthritis

• Phellinus linteus - polysaccharide extract - 3g/day

• Ganoderma lucidum - triterpene-rich extracts - 1-3g/day

Skin Repair

• Sparassis crispa - fruiting body - 1-3g/day

Stroke

• Sparassis crispa - fruiting body - 2-5g/day


Introduction

Mushrooms have a long history of therapeutic use in many cultures around the world. In Europe their medicinal use was documented by Dioscorides in his great work De Materia Medica (55AD) and by Gerrard in his influential ‘Herbal’ (1663)2. However, nowhere have their therapeutic properties been explored as comprehensively as in China and the Chinese herbal classic, the Shen Nong Ben Cao, dating to around 200AD, includes a number of mushrooms still in common use today, among them:


	Ling Zhi (Ganoderma lucidum - Reishi)

	Fu Ling (Poria cocos)

	Bai Me Er (Tremella fuciformis - Snow fungus)

	Zhu Ling (Polyporus umbellatus)



All of these are classified in the ‘Superior’ category of herbs, herbs which are considered safe to take for long periods of time without side effects and of which it is said that prolonged use will ‘lighten the body and confer longevity’. Indeed, G. lucidum has long been thought to be the plant Chi mentioned in a number of Taoist texts as a plant that brings happiness and immortality, although it is now believed that Chi and its classical categorisation according to six colours actually refers to a number of different species3.

Over time the incorporation of mushrooms into the materia medica expanded so that in Li Shi Zhen’s authoritative work, the Ben Cao Gang Mu (1578), 21 mushrooms are listed as having medicinal properties and the reverence with which medicinal mushrooms, especially G. lucidum, are held in Chinese culture is attested to by their extensive depiction in paintings, carvings and embroidery4.
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Table Screen Mounted with G. lucidum. 
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Imperial Ruyi Sceptre decorated with G. lucidum

THE PALACE MUSEUM, BEIJING
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Portrait of the Kangxi Emperor in Court Dress featuring G. lucidum-shaped cloud motif.

THE PALACE MUSEUM, BEIJING

One of the main areas in which mushrooms have traditionally been used in the Far East is in the treatment of cancer and this led Japanese researchers in the 1960s to investigate their anti-tumour properties. Early animal studies quickly confirmed the ability of mushroom extracts to extend survival times in a range of cancers and ultimately led to large scale clinical trials of commercial mushroom extracts, such as those on PSK, a proteoglycan extract from Trametes versicolor :

Selected Clinical trials with PSK

[image: Images]

After Kidd P, 20005.

The positive results from these trials clearly confirmed their therapeutic potential and saw their routine prescription as ‘host defence potentiators’, or ‘biological response modifiers’ (BRMs) alongside conventional cancer treatment in Japan and China with sales in Japan of PSK or ‘Krestin’ exceeding US$600 million annually and by 1993 accounting for 25% of expenditure on anti-cancer agents5,6.

Although the lack of a defined mode of action or single active chemical entity led to the failure of attempts to obtain pharmaceutical licensing in Europe and the US, the therapeutic efficacy and commercial success of these extracts has generated considerable interest in the clinical use of medicinal mushrooms and their potential for helping address some of the most pressing health issues we face today, including cancer, dementia and autoimmune disease.

 

Members of the fungal kingdom

Neither plants nor animals, mushrooms form the most visible part of the fungal kingdom, being the above ground spore-bearing fruiting bodies of ‘higher fungi’. In the same way that some plants produce flowers as a means of reproduction, these fungi produce mushrooms as a means of disseminating their spores and colonizing new areas.

Although traditionally considered closer to plants, phylogenetic research has shown that fungi are in fact more closely related to animals7. Whereas plants derive carbon from carbon dioxide in the air and energy from sunlight through photosynthesis, both fungi and animals derive carbon and energy from the enzymatic breakdown of organic matter. While we as animals took the evolutionary route of ingesting food and breaking it down inside our bodies, fungi took the route of excreting enzymes into the surrounding substrate to break it down and then absorbing the smaller molecules resulting from the enzymatic hydrolysis.

Although metabolically closer to animals, structurally mushrooms are similar to plants. Like plants they possess a rigid cell wall formed largely of long sugar molecule chains (polysaccharides – ‘many sugars’) joined by beta linkages and hence resistant to degradation by our digestive enzymes, which are designed to deal with the alpha-linked polysaccharides (starch) that form much of our diet.

Unlike the cellulose in plant cell walls, which is formed by β 1→4 linked glucose molecules (adjacent glucose molecules in the chain having bonds between the 1-position carbon of one molecule and the 4-position carbon of the next), in mushrooms the main polysaccharide chain is typically β 1→3 linked with β 1→6 linked side chains, in other words a (1→3), (1→6) β-glucan.

[image: Images]

Typical Fungal Beta-glucan. From Yanaki et al, 19838.

As will be discussed later, these mushroom polysaccharides have a significant impact on the immune system and the fact that they form an integral part of mushroom cell walls helps explain the broad immunomodulatory and anti-tumour activity observed in mushroom species.

Indeed, it is likely that most, if not all, of the classical mushrooms (fungi belonging to the class Basidiomycota that produce a spore-bearing fruiting body) contain pharmacologically active polysaccharides with polysaccharides from over 650 mushroom species already known to have anti-tumour activity6.

In mushrooms the individual cells are joined together in long chains, or hyphae, which spread through the substrate on which the mushroom is growing, forming a tightly woven net or mycelium. The potential growth of the mycelium is limited only by the extent of the substrate and some soil growing mushrooms, such as Armillaria species, can cover an area of over a thousand acres (the largest reported to date covers an area of 2,400 acres in eastern Oregon, USA)9.

The fungi’s reproductive organs, their spore-bearing fruiting bodies or ‘mushrooms’, are then produced by the mycelium in order to propagate itself and spread to new sites, often in response to exhaustion of the substrate or other environmental stress.

Rich sources of pharmacologically active compounds

In common with other fungi, which are the source of several major pharmaceutical drugs, including major antibiotics such as penicillin and statins such as lovastatin, mushrooms produce a diverse array of compounds with widespread physiological activity.

In some cases these compounds are common to all mushrooms (and other fungi), ie. immunologically active beta-glucans and related polysaccharides, while others are restricted to one or a few species, ie. aromatic and diterpenoid compounds with the ability to stimulate production of nerve growth factor (NGF) found in Hericium erinaceus.

The major categories of pharmacologically active compounds found in mushrooms are discussed below with species-specific compounds covered under the individual mushrooms.

Polysaccharides (beta-glucans, proteoglycans and related compounds)

Water-soluble polysaccharides and related compounds form the major class of immunologically active molecule in mushrooms and other fungi and their action on the immune system has been extensively reviewed2,5,6.

Confusingly, several overlapping terms are in use: polysaccharides, proteoglycans (also called glycoproteins or protein-bound polysaccharides) and beta-glucans.

The term beta-glucan refers to the beta-linked glucose molecules that form the typical fungal polysaccharide. However, very few of the immunologically active polysaccharides from mushrooms are pure beta-glucans. Most are heteroglucans, containing other sugar molecules, such as galactose, xylose or mannose, as well as glucose.

Analysis of crude polysaccharide fractions from mushrooms also shows that all have some level of bound protein component (in the case of Pleurotus citronopileatus, the percentage of protein varies from 7-61%6).

Except where otherwise indicated I have therefore opted to use the broad term ‘mushroom polysaccharide’, including within it the beta-glucans, hetero-beta-glucans and proteoglycans/glycoproteins that fall under its umbrella and are present in mushroom polysaccharide extracts.

In contrast to the relatively inexpensive commercially available beta-glucans from yeast, mushroom beta-glucans have more diverse structures and, as a consequence, higher levels of immunological activity7,8. Of the mushroom polysaccharides reported to have immunological activity 77.5% are from mushroom fruiting body, 20.8% from mycelium and 2.0% from culture filtrate (broth).

The following table illustrates the structural diversity exhibited by some immunologically active polysaccharides from common medicinal mushrooms:





	MUSHROOM

	IMMUNOLOGICALLY ACTIVE POLYSACCHARIDES




	Agaricus subrufescens

	Various β- and α-linked glucans, Glucomannan, Riboglucan




	Flammulina velutipes

	Galactomannoglucan




	Ganoderma lucidum

	Mannogalactoglucan




	Grifola frondosa

	Xyloglucan, (1-6)-β-D-glucan with (1-3)-β-D-glucan side chains (MD fraction), Mannoxyloglucan, Mannogalactofucan




	Hericium erinaceus

	Glucoxylan, Xylan, Galactoxyloglucan, Mannoglucoxylan




	Inonotus obliquus

	Xylogalactoglucan




	Lentinula edodes

	(1-3)-β-D-glucan with (1-6)-β-D-glucosyl side chains (Lentinan), Galactoglucomannan




	Trametes versicolor

	Heteroglucans with α(1-4)- and β-(1-3) glycosidic linkages (with fucose in PSK and rhamnose and arabinose in PSP)




	Tremella fuciformis

	Glucoronoxylomannans (Tremellastin)





After Wasser SP, 200210

Levels of anti-cancer activity appear to be related to degree of branching and to solubility in water, with higher solubility and a greater degree of branching being associated with higher activity (most active polysaccharides have degrees of branching between 0.20 and 0.33, ie. one side chain for every 3-5 main chain sugar units)13.

It has also been suggested that activity may be related to molecular weight, although this may be connected to the means of administration with higher molecular weight polysaccharides from Lentinula edodes showing greater activity when delivered by injection. Other studies however, indicated greater activity for lower molecular weight polysaccharides from Tremella fuciformis, while a beta-glucan from Agaricus subrufescens, which showed anti-tumour activity when delivered by injection but was found to be ineffective by oral administration, became highly effective orally after acid hydrolysis to produce shorter chains of c.10kDa size14,15.

Higher levels of structure have also been investigated as possible determinants of biological activity with evidence that a triple-helical structure may be a contributing factor in the activity of some mushroom polysaccharides10.

Recent research indicates that mushroom polysaccharides have a prebiotic effect on the gut microbiome with increases in Bifidobacterium and Lactobacillus species and decreases in Clostridium, Staphylococcus and Enterococcus species, together with increased concentration of organic acids (lactate and short-chain fatty acids), decreased pH and increased β-galactosidase and β-glucosidase activity and it has been suggested that this effect may also contribute to their diverse health benefits16,17.

Proteins

As well as forming part of protein-bound polysaccharides, several mushroom proteins, including Ling Zhi-8 (LZ-8) from Ganoderma lucidum (Reishi) and Fve, EA-6 and Flammulin from Flammulina velutipes (Enokitake), have demonstrated biological activity in their own right18-20, including:


	Immune modulation - mushroom proteins have been shown to act directly on monocytes and to effect T-cell activation

	Ribosome inactivation - several exhibit ribosome inactivating activity

	Anti-viral - Velutin from F. velutipes inhibits HIV reverse transcriptase

	Anti-fungal - some have direct anti-fungal action

	Nuclease activity - a large number of proteins and peptides from mushrooms show nuclease activity

	Lectins have been isolated from many mushroom species, including F. velutipes, Grifola frondosa and G. lucidum21,22



Proteins from F. velutipes have also been shown to have anti-allergic properties and to increase immune response to vaccination23.

Triterpenes

Most triterpenes are highly biologically active and those found in mushrooms are no exception. The families of ganoderic and lucidenic acids from Ganoderma lucidum are the best known and are responsible for many of G. lucidum’s unique therapeutic properties, having, among others, anti-cancer, anti-inflammatory, anti-histamine, hypotensive and sedative actions24.

Another mushroom in which terpenoid compounds are important is Inonotus obliquus, which contains derivatives of betulin and betulinic acid from the bark of the host birch trees on which it grows. As with Ganoderma lucidum ’s triterpenes betulin and betulinic acid demonstrate a wide range of biological activity including anti-cancer, anti-inflammatory and anti-viral properties25.

High levels of triterpenes are also a major contributor to the therapeutic properties of the unique Taiwanese mushroom Antrodia camphorata26.

Phenols

High levels of phenolic components are found in certain mushrooms, especially Inonotus obliquus. Although polyphenols are known to be powerful antioxidants (the antioxidant activity of different mushrooms has been shown to be strongly correlated with their total concentrations of phenolic compounds27) recent publications have cast doubt on the relevance of the antioxidant properties of polyphenolic compounds such as flavonoids because of the low concentration achieved at a cellular level28.

Instead it has been suggested that their physiological activity is a consequence of their effect on cell-signalling pathways (signal transduction pathways)29.

Sterols

Mushrooms produce a number of sterols, principally ergosterol, with H. erinaceus fruiting bodies containing 381mg/100g ergosterol. In animal studies ergosterol has demonstrated activity against a number of different tumours as well as specific anti-angiogenic properties30-32. In addition, ergosterol derivatives have been reported to have anti-ageing activity on a par with that of resveratrol33.

Although ergosterol is converted into ergocalciferol, vitamin D2, on exposure to UV light or γ-irradiation, few if any supplements are produced from mushrooms exposed to sunlight and, in the absence of UV exposure, levels of vitamin D are not significant.

Statins

First isolated from species of the fungus Aspergillus, lovastatin is also produced by many mushrooms because of the competitive advantage they derive from its strong anti-fungal properties34,35.

Mushrooms with high levels of lovastatin include Pleurotus species and Ganoderma lucidum, with higher levels reported in the mycelium than the fruiting body36,37.

Indole Compounds

A number of mushrooms including Armillaria mellea and Pleurotus ostreatus have been shown to produce indole compounds. These include L-tryptophan, 5-HTP and serotonin and it is likely that they may contribute to the reported neurological and anti-spasmodic effects of A. mellea in particular38,39.

Chitin

The second most abundant polysaccharide in nature (after cellulose), chitin is a primary component of fungal and some bacterial cell walls, as well as the exoskeletons of insects, arachnids (spiders) and crustaceans. It is composed of beta 1,4 linked glucose units with attached acetylamine groups.

Chitin has demonstrated complex and size-dependent effects on innate and adaptive immune responses, including the ability to recruit and activate innate immune cells and induce cytokine and chemokine production via a number of cell surface receptors, including macrophage mannose receptor, TLR-2 and Dectin-140. It has also demonstrated anti-bacterial and antioxidant activity and has been shown to help speed wound healing41-43.

As some chitin derivatives are known to be non-toxic, non-allergenic and non-biodegradable, they are widely used in the manufacture of prostheses such as artificial skin, contact lenses and surgical stitches. However, chitin is also a common component of allergy-triggering allergens, including those in shrimp, crab and house dust mite, and may be involved in the allergic reaction to eating mushrooms seen in a small number of people44,45.

Enzymes

Mushrooms produce a diverse array of enzymes, including digestive enzymes (proteases, lipases, etc.) and antioxidant enzymes (laccase, catalase, superoxide dismutase (S.O.D.), etc.), and it has been suggested that the enzymatic activity of mushrooms may contribute to the therapeutic activity of fruiting body/mycelial biomass dosage forms. S.O.D. is acid-labile however, and has been shown to have no bio-availability when delivered orally, even when administered as enteric-coated capsules46.

Tyrosinase is found in some mushrooms and has been shown to exert a genoprotective effect in vitro47.

Mushroom polysaccharides - Essential nutrients for our immune system?

Polysaccharides are not the sole category of therapeutically active compound present in mushrooms but they are the most widespread and, in many but not all mushrooms, the most important with a profound impact on the immune system mediated by a number of fungal polysaccharide-specific receptors on the surface of several classes of immune cell, including:


	Dectin-1 - expressed on macrophages, monocytes, neutrophils and dendritic cells

	CR3 - expressed on neutrophils and NK Cells

	TLR - expressed on macrophages, monocytes and dendritic cells

	SIGNR1 - expressed on macrophages and dendritic cells

	LacCer - expressed on neutrophils

	Scavenger - expressed on neutrophils



The fact that so many key categories of immune cells are hard-wired to respond to the presence of fungal polysaccharides is almost certainly a consequence of our immune system having evolved under the constant challenge of fungal pathogens, the presence of which now leads to broad increase in cytotoxic immune response, not only against fungi, but also against other pathogens and cancer cells.

Uptake of fungal beta-glucans and related polysaccharides appears to occur through both receptor-dependent and independent routes.

As the component sugar molecules are primarily beta linked, like cellulose, rather than alpha linked, like starch, they are not broken down by digestive enzymes and so pass intact into the small intestine. There some of them come into contact with macrophages present in the areas of lymphoid tissue in the distal small intestine called Peyer’s patches or Gut Associated Lymphoid Tissue (GALT) and bind to the fungal polysaccharide-specific receptors, Dectin-1 and TLR 2/6, on their surface.

Once captured by the receptors, the polysaccharides are internalised, broken down into shorter chains and transported by the macrophages to the reticuloendothelial system where they are released to be taken up by other cells, including neutrophils, monocytes and dendritic cells, leading to activation of both the innate and specific immune systems.

As well as Dectin-1 dependent absorption of polysaccharides through GALT, it has been shown that there is Dectin-1 independent absorption through the intestinal mucosa and that polysaccharides absorbed in this way are also immunologically active, as indeed are mushroom polysaccharides delivered by injection, such as Lentinan and Schizophyllan.

Immune activation induced by beta-glucans
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From: ‘The effects of β-glucan on human immune and cancer cells’. Godfrey Chi-Fung Chan, Wing Keung Chan and Daniel Man-Yuen Sze48.

It has been suggested that whereas small, soluble beta-glucans act primarily through binding to CR3, priming cells for cytotoxic activation (expressed on neutrophils and NK cells CR3 has two domains, one of which is specific for fungal polysaccharides and binding to which greatly enhances the ability of the cells to effectively target and destroy antibody-coated cancer cells and other pathogens), larger polysaccharide molecules are able to cross-link membrane CR3 receptors on neutrophils and monocytes, triggering respiratory bursts, degranulation and cytokine release49.

Not only does binding of fungal polysaccharides to the aforementioned receptors lead to a significant increase in cytotoxic ability, it also initiates widespread activation of the immune system (see below), with the term ‘biological response modifier’ used to reflect the ability to modify, or modulate, immune response.

The uptake and subsequent actions of beta-glucans on immune cells
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From: ‘The effects of β-glucan on human immune and cancer cells’. Godfrey Chi-Fung Chan, Wing Keung Chan and Daniel Man-Yuen Sze48.

Immune responses to fungal polysaccharides


	Increased Antibody Production

	Increased Lymphocyte Activating Factor (IL-1) Production

	Increased Tumour Necrosis Factor Production

	Increased Colony Stimulating Factor Production

	Increased Complement C3 Production

	Increased IFN-γ Production

	Increased IL-2 Production

	Reduction in the level of IL-2 needed to produce a cytotoxic response

	Th1 Activation

	Macrophage Activation

	Neutrophil Activation

	Natural Killer Cell Activation

	Cytotoxic T-cell Activation

	Lymphokine Activated Killer Cell Proliferation

	Enhanced maturation and tumour infiltration of Dendritic Cells

	Th2 Suppression

	Reduced IL-4 Production

	Inhibition of Prostaglandin Synthesis

	Inhibition of Delayed type Hypersensitivity



Of particular importance for the impact of medicinal mushrooms on many chronic health disorders is the ability of mushroom polysaccharides to promote a shift in the pattern of immune response in chronic conditions such as cancer, autoimmune conditions and allergies from a pro-inflammatory, Th2 dominant one to a cytotoxic, Th1 dominant one with increases in Th1 cytokines such as IL-2 and IFN-γ and decreases in Th2 cytokines such as IL-4.

Pharmacokinetics of Mushroom Polysaccharides

Studies with radio-labelled PSK showed it to be partially decomposed to smaller molecules in the digestive tract with the full molecular spectrum of radio-labelled PSK absorbed within 24 hrs following oral administration in mice. Peak plasma levels of low molecular weight substances occur at 0.5-1 hr in rats and 1-2 hr in rabbits, while PSK size molecules appear in the serum after 4, 10 and 24hr46.

Radio-labelled PSK or its metabolites are detected in the intestinal tract, bone marrow, salivary glands, thymus, adrenal glands, brain, liver, spleen, pancreas and tumour tissue in sarcoma-bearing mice, with activity high for longest in the liver and bone marrow.

86% of PSK is excreted within 24hr (~70% excreted in expired air, 20% in faeces, 10% in urine and 0.8% in bile).


Th1-Th2, Mushroom Polysaccharides and Immune Balance

The terms Th1 and Th2 refer to two major populations of T-helper cells, a subset of lymphocytes (a type of white blood cell) that plays an important role in establishing and maximising the capabilities of the immune system. They are involved respectively in promoting cellular (cytotoxic) and humoral (pro-inflammatory) immune responses50.

The balance between a Th1 and a Th2-mediated immune response appears to play an important role in immune regulation with a number of chronic disease states, including cancer, allergies and asthma, exhibiting elevated levels of the cytokines (chemical messengers) characteristic of a Th2 dominant immune response.

In a balanced state the immune system is able to maintain an equilibrium between Th1 and Th2 mediated immune responses but it appears that in these conditions a shift has taken place with the immune system becoming locked into a Th2 dominant pattern with increased levels of inflammation, metabolic activity and, in the case of cancer, angiogenesis (blood vessel formation), as well as reduced cytotoxic activity. Stress, elevated cortisol levels and exposure to organic pesticides have all been suggested as possible causes.

Supplementation with mushroom polysaccharides shows a clear shift in immune balance towards Th1 dominance with increased production of Th1 cytokines such as IL-2 and IFN-γ and suppression of Th2 cytokine production. As such it offers a valuable therapeutic tool for addressing a Th1→Th2 shift in conditions such as those mentioned above.

The concept of a Th1→Th2 shift in immune balance finds parallels in the traditional Chinese medical concept of Retained Pathogenic Factor/Latent Heat, which describes many of the signs and symptoms characteristic of a Th2 dominant immune state, including fatigue, reduced resistance to infection, depression and chronic low-grade inflammation and medicinal mushrooms can likewise play an important role in treatment strategies to address this condition.




Understanding Mushroom Products

As well as having a large number of mushrooms with similar properties to choose from, the therapist is faced with an often bewildering variety of product forms produced through different growing and manufacturing processes.

Whereas traditionally only the fruiting body, or in some cases the sclerotium (underground hyphal mass - ie. Polyporus umbellatus and Poria cocos) or conk (sterile fungal growth on the trunk of the tree - ie. Inonotus obliquus - Chaga), was harvested and either been consumed whole in food, as with Lentinula edodes (Shiitake) and Grifolafrondosa (Maitake), or as teas made from aqueous decoctions of the fruiting body, as with Ganoderma lucidum (Reishi) and I. obliquus, nowadays many commercial mushroom products are produced from the mycelium of the mushroom grown either by liquid fermentation or as a mycelial biomass.

The following overview summarizes the features of the different dosage forms available.

Fruiting Body/Conk/Sclerotium

The traditional dosage form of medicinal mushrooms, the fruiting body, typically contains a higher level and number of different polysaccharides than the mycelium or culture broth with an increase in concentration with fruiting body growth until an optimum size is reached (approx. 17g for L. edodes and 180g for G. frondosa)6,7,51.

In addition, concentrations of components such as triterpenes (G. lucidum) and other phenolic compounds (I. obliquus) tend to be higher in the fruiting body, where their bitter taste and natural anti-microbial properties act to discourage unwanted predators. Data from Antrodia camphorata suggests the level of triterpenes in the mycelium is 40% of that in the fruiting body and for many mycelial biomass products the relative discrepancy is likely to be greater owing to the presence of residual substrate in the mycelial biomass. For this reason G. lucidum mycelial biomass products tend to lack the characteristic bitter flavour of the triterpenes found largely in the fruiting body.

Extracts

For mushrooms where triterpenoid and other phenolic components are therapeutically important such as A. camphorata, G. lucidum and I. obliquus products derived from the fruiting body/conk are usual with, given their indigestible nature, extracts often used in agreement with traditional practice.

Extracts are also used to deliver high concentrations of polysaccharides or other active components. They are usually made from either the fruiting body or the mycelium through one of two main methods:


	Aqueous (hot-water) extraction (traditional teas/decoctions) gives high polysaccharide concentrations but low levels of poorly water-soluble triterpenes. Crude polysaccharide extracts typically have around 30% polysaccharides with further purification possible.

	Ethanolic (alcohol) extraction (traditional tinctures) delivers higher levels of triterpenes but fewer polysaccharides (ethanol precipitates the polysaccharides out of solution).



As well as offering higher concentrations of polysaccharides and other clinically important compounds, extracts may be preferred in cases of gut dysbiosis, from antibiotic use or otherwise, with resultant impaired ability to break down whole mushroom or mycelial biomass products (also in cases of colostomy).

For some mushrooms such as G. lucidum, aqueous extracts and ethanolic extracts can be combined to deliver high concentrations of both polysaccharides and triterpenes. Some practitioners such as Nanba have also reported good results from combining high concentration polysaccharide (beta-glucan) extracts with whole mushroom fruiting body52.

Spores and Spore Oil

The fruiting body exists to spread the spores of the mushroom and generates them in amazing quantities with a single fruiting body of Ganoderma applanatum  (the artist’s conk) being estimated to produce up to 2.6 billion over its life at rates of up to 31,000 per second53.

While all mushrooms produce spores only the spores from Ganoderma lucidum have so far been investigated for their clinical potential with polysaccharides, triterpenes and sterols all contributing to their therapeutic activity54-57.

For increased bio-availability the hard outer shell of the spores (sporoderm) has to be ruptured using ultrasound or low temperature milling to produce shell-broken spore powder with a typical triterpene content of 2%. The oil can then extracted from the shell-broken spores to produce reishi spore oil, which can have a triterpene content of up to 30%.

Mycelium (liquid/submerged fermentation)

Liquid fermentation is the same technology used in the pharmaceutical industry to produce antibiotics and also to produce other industrial products such as fungal enzymes.

The mushroom mycelium is cultured in a closed vessel with a liquid substrate containing all the essential nutrients for growth and growth parameters such as nutrient composition and temperature carefully controlled to optimise concentration of the desired components.

Because the substrate is a liquid the mycelium can easily be harvested and then either used as a therapeutic component itself or in most cases further processed to yield various extracts (eg. PSK). In addition, the extracellular metabolites secreted into the growth medium (broth) may also be harvested for their therapeutic properties (eg. Schizophyllan, an extracellular polysaccharide from Schizophyllum commune).

Mycelial Biomass

In mycelial biomass production the mushroom culture is inoculated into a sterile, grain-based substrate, often brown rice, and left to fully colonize the substrate. At the point at which it has exhausted the capacity of the substrate to support further growth and is about to produce fruiting bodies (primordia stage) the resultant mass of mycelium and residual substrate is dried and granulated to make a powder, which is then usually tabletted or encapsulated.

As well as mushroom mycelium and some residual grain, mycelial biomass products contain the full range of metabolites secreted into the substrate by the mycelium (especially antimicrobial compounds and exopolysaccharides), together with a wide variety of enzymes, including digestive enzymes (proteases, lipases etc.) and antioxidant enzymes (laccase, catalase and superoxide dismutase). They also contain substrate breakdown products such as arabinoxylans with therapeutic properties in their own right.

Indeed, in supplements such as Biobran™, also known as MGN-3™ (shiitake digested rice bran) and Avemar™ (yeast digested wheatgerm) the enzymatically transformed substrate itself is seen as the therapeutic entity and Stamets reports crude arabinoxylan content of mushroom mycelial biomass cultivated on short grain brown rice by his company, Fungi Perfecti, as ranging from 7.8% in Agaricus subrufescens to 24% in Ophiocordceps sinensis.

While mushroom mycelial biomass products contain a wide range of bioactive molecules, levels of the key immunomodulating beta-glucans and related heteropoly-saccharides are low. Stamets reports beta-glucan levels in the above form of mycelial biomass ranging from 1.23% in Hericium erinaceus to 2.96% in Inonotus obliquus with A. subrufescens 1.83%,Grifola frondosa 2.51% and Ganoderma lucidum 2.19%7.

Combination Products

There is some evidence that combinations of mushrooms can have a greater effect on the immune system of both humans and mice than single mushrooms and that blends of mushrooms extracts have greater cytotoxicity against cancer cells than single extracts in vitro58,59.

Sawai et al report greater immunological activity with higher levels of macrophage activation and INF-y induction by a mixture of mushroom polysaccharide extracts than by the single extracts60. Stamets also reports a blend of seven mushrooms (mycelial biomass) as having enhanced NK cell activation in human spleen cells when compared to the individual mushrooms61.

Several commercial mushroom products are produced from multiple mushroom species including Active Hexose Correlated Compound (AHCC - an extract from the mycelia of several species of basidiomycete that has shown efficacy in clinical trials)62,63.




Prescribing Medicinal Mushrooms

Prescribing medicinal mushrooms is not an exact science. Dosage depends on the condition and the individual being treated, as well as the product format being prescribed, and is discussed under the individual mushrooms and under the different clinical conditions, including at the end of the section on Medicinal Mushrooms in Cancer Therapy.

Although many of the medicinal mushrooms are also foods, for therapeutic purposes it is preferable to take them away from food to avoid interfering with their absorption. However, it can be appropriate to give together with juices, smoothies, pureed fruit or nut butter to assist with swallowing, depending on the format and the individual.

Although it is common to split the prescribed dose into two, with one taken a.m. and one p.m., it can be split into three if that is easier, especially for higher doses, or taken in a single dose if two is not possible. In all cases it is beneficial to take with water.

Side effects

Exhaustive analysis of data from several large scale clinical trials with mushroom polysaccharidee extracts confirms that side effects from mushroom supplements are minimal. In a study of 469 patients taking Lentinan only 32 reported any adverse reaction, none serious (most common were rash/redness, chest oppression and nausea), and a review in the Lancet of a well designed trial investigating the benefit of PSK for gastric cancer concluded that no toxic effects could be observed ‘even after meticulous review of all the patient records’5.

Clinically some change in bowel habit is seen in a few patients, especially at higher dosages but this is usually transient, lasting no more than 2-3 days.

Supplementation with medicinal mushrooms should of course be avoided in individuals with a history of confirmed or suspected mushroom allergy.

Candidiasis or other fungal conditions

The common myth that eating mushrooms will in some way facilitate the growth of candida or other fungal conditions is unsupported by clinical experience or research evidence.

Not only are mushrooms very low in the sugars that may help promote candidal growth but they also strengthen the body’s immune response to all fungi and in many cases contain compounds with direct anti-fungal activity (see Candidiasis for a more detailed discussion). While some mushrooms nourish Yin energy according to traditional Chinese energetics (ie. Tremella fuciformis - Bai Mu Er), none of them are considered to increase pathogenic Damp. Indeed for two of them (Polyporus umbellatus - Zhu Ling and Poria cocos - Fu Ling) the main use in TCM is as diuretics to Drain Damp and clinically mushrooms can be very beneficial in the treatment of conditions that are considered Damp in TCM.

Appendix I lists the TCM qualities of the main medicinal mushrooms.

With conventional treatment

In many cases the mushrooms used medicinally are also foodstuffs and in the vast majority of cases there are no reported interactions with prescription medication. Indeed mushroom extracts are routinely prescribed alongside prescription drugs, especially chemotherapeutic agents, in China and Japan (see Medicinal Mushrooms in Cancer Therapy for a more detailed discussion of this area).

There is also in vitro and in vivo evidence that administration of polysaccharide extracts from Ganoderma lucidum and Grifola frondosa alongside antibiotics including vancomycin, ampicillin, ciprofloxacin, streptomycin, kanamycin and cephotaxamine increases the level of antibacterial activity compared to the antibiotic on its own64,65.

Specific cautions are noted in the sections on the individual mushrooms.

With other nutritional supplements

There are no reported interactions with other classes of nutritional supplement and several studies indicating synergistic benefits between mushrooms and other supplements including vitamins C and vitamin K-3 as well as green tea66,67.

While pregnant or breastfeeding

With the exception of Auricularia auricula, tests with commercial mushroom products show no adverse affect on male or female fertility, foetal abnormality, penetration into the foetus or excretion in breast milk, blood coagulation or arthritis from polysaccharide-based products. Neither do they possess teratogenic or genotoxic properties69.

Anti-fertility action has been reported for A. auricula polysaccharides and for this reason neither A. auricula or T. fuciformis, whose polysaccharides have a similar structure, are recommended for use during pregnancy or if pregnancy is planned70.

Caution is also recommended when taking mushrooms with reported anti-coagulant activity such as Ganoderma lucidum during pregnancy.
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Medicinal Mushrooms

To date around 14,000 species of mushroom have been described, although it is believed that the actual number is ten times as large. Of these it has been estimated that 5% may be therapeutically useful.

Any selection of medicinal mushrooms is therefore inevitably going to be a partial one but I have tried to include those mushrooms with significant therapeutic potential that is supported by traditional use and clinical research.

Agaricus subrufescens

(Agaricus blazei/Agaricus brasiliensis)
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Japanese name
Himematsutake

Chinese name
Ji Song Rong

Portuguese name
Cogumela del sol

English name
Royal/Sun Agaric



Although commonly known as A. blazei Murrill (ABM), after a mushroom discovered in 1945 by the mycologist William A. Murrill growing on the lawn of his friend R.W. Blaze in Florida, the mushroom used therapeutically can be traced to spores and samples sent to Japan from the Piedade region of Brazil by a farmer of Japanese descent in 1965. It is now believed that the two are in fact different species with the name Agaricus brasiliensis proposed for the Brazilian mushroom1. Recent analysis however, indicates that this is the same mushroom first identified by Charles Horton Peck in 1893 and called A. subrufescens and that this name should therefore have precedence2,3.

Although one of the newest medicinal mushrooms, A. subrufescens is rapidly becoming one of the most popular. Reported in a recent survey as being taken by 31% of urological cancer patients in Japan4, with the fastest growing US sales of any medicinal mushroom5 and one of the three most popular medicinal mushrooms in Taiwan, this relative of the common button mushroom, A. bisporus, exhibits broad clinical activity6.

Its polysaccharides include several immunologically active low molecular weight fractions, while an α-1,6 and α-1,4 glucan complex, several polysaccharide-protein complexes, a glucomannan with a main chain of beta 1,2 linked mannopyranosyle residues and a heteropolysaccharide composed mainly of glucose, arabinose and mannose all show anti-tumour activity7-18. Interestingly there appears to be an increase in structural diversity of its polysaccharides with maturation of the fruiting body19.

A. subrufescens also contains high levels of lipids, including linoleic acid, oleic acid, stearic acid and ergosterol20.

CANCER - A. subrufescens polysaccharide extracts show strong in vitro and in vivo activity against a range of cancer cell lines, including lung and ovarian cancer, and in vivo studies show positive results for Ehrlich ascites cancer, Sarcoma 180, human ovarian cancer and mouse lung cancer cell lines, as well as synergistic benefits with chemotherapy and radiotherapy21.

In a rat cachexia model A. subrufescens extracts, as well as powdered fruiting body, significantly reduced tumour size and promoted gain in body weight with reduction in AST levels and increased glycaemia22, while an in vivo study using severely immunodeficient mice found A. subrufescens polysaccharides to directly inhibit the growth of prostate cancer cells via an apoptotic pathway and to suppress prostate tumour growth via anti-proliferative and anti-angiogenic mechanisms with the greatest activity found in the broth fraction (compounds extracted from the liquid growth medium in which the mycelium was grown) rather than the mushroom itself23.

A 2008 study reported significant increases in the NK cell activity of human volunteers given A. subrufescens polysaccharide extract at a dose of 3g/day compared to placebo,24 while Ahn reports increased NK-cell activity and reduced chemotherapy-related side effects (appetite loss, alopecia, emotional stability and general weakness) from A. subrufescens polysaccharide extract in one hundred cervical, ovarian, and endometrial cancer patients treated either with carboplatin plus VP16 (etoposide) or with carboplatin plus taxol25.

In two small Chinese clinical studies, a dose of 20g A. subrufescens fruiting body, taken twice daily as a tea, was reported to improve haematopoietic parameters and treatment outcomes in patients receiving chemotherapy for acute non-lymphocytic leukaemia in one study and improvement in immune status, haematopoietic parameters and quality of life measures in late stage alimentary tract tumours in another26,27.

The closely related A. bisporus shows in vitro anti-aromatase activity, with conjugated linoleic acid identified as the main active component, and Mizuno reports positive clinical results with A. subrufescens in a number of mainly breast cancer patients but at unspecified dosage28-30.

Although most of the published research strongly supports the use of A. subrufescens in cancer therapy, two studies studies looking at the protective properties of A. subrufescens have been published with negative outcomes (in one A. subrufescens given at 5% of diet did not have a suppressive effect on colon carcinogenesis in rats exposed to dimethylhydrazine, in another an aqueous extract did not affect the development of liver cancer induced by diethylnitrosamine). In a third study A. subrufescens supplementation failed to produce significant change in TNF-α, IFN-γ or IL-10 levels in immunosuppressed mice and it appears that there may be significant variation in activity between different extracts, as well as between different strains31-35.

DIABETES - To date little clinical data has been published although a 2008 study reported decreases in cholesterol and glucose levels together with increased natural killer cell activity at a dose of 3g/day polysaccharide extract24.

ALLERGIES - As potent immune modulators mushroom polysaccharides can reduce the level of Th2-mediated allergic reactions and A. subrufescens is no exception with Andosan, a proprietary combination of polysaccharide extracts from A. subrufescens (82%), H. erinaceus (15%) and G. frondosa (3%), causing a shift towards a Th1 cytokine profile with consequent reduced risk of allergies and in vitro inhibition of histamine release from mast cells36,37.

HEPATOPROTECTIVE - There is evidence from a number of small clinical studies indicating possible application of A. subrufescens in the treatment of chronic hepatitis. In one study 1500mg of polysaccharide extract produced significant reductions in liver enzymes in a small number of hepatitis B patients over a 12 month period (AST reduced from 246 to 61 and ALT from 151 to 46)38. In another A. subrufescens extract reduced GTP in 80% of 20 patients with hepatitis C39. Wang et al also reported wide-ranging benefits in patients with chronic Hepatitis B at a dose of 20g fruiting body twice a day over a 3 month period, including reduction in abdominal distension, fatigue and hepatodynia, together with increased retraction of the liver and spleen40.

One in vivo study also indicates therapeutic potential of A. subrufescens polysaccharide extract for alcoholic liver injury with 100mg/kg body weight producing improvements in liver enzymes as well as liver histology and mitochondrial membrane potential41.


CLINICAL SUMMARY

Main Therapeutic Application - Cancer

Key Component - Polysaccharides

Dose - 3g/day polysaccharide extract has been used in clinical trials but the high activity of the culture broth also supports the use of mycelial biomass or of mycelial biomass/polysaccharide extract combinations

Safety - Although A. subrufescens (like the common button mushroom A. bisporus) contains agaritine, a hydrazine-derived mycotoxin and group 3 carcinogen, this rapidly oxidises on exposure to air and during cooking with multiple studies confirming the safety of A. subrufescens as a functional food42-45.

One animal study showed A. subrufescens to enhance local and systemic inflammation with possible implications for development of atherosclerosis although a randomized clinical trial in elderly women showed no changes in cytokine levels46,47.

Another report suggested a possible connection between consumption of an A. subrufescens extract and three cases of hepatic dysfunction in cancer patients, although the authors state that several other causative factors cannot be completely ruled out48. Cheilitis due to an A. subrufescens extract has also been reported49.
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Antrodia camphorata

(Antrodia cinnamomea)
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Taiwanese name
Niu Chang Chih



This native Taiwanese mushroom is starting to attract interest because of the exceptionally high concentration of its triterpenoid compounds and their structural diversity. Other important bioactive compounds include polysaccharides, maleic/succinic acid derivatives, benzenoids and benzoquinone derivatives1-4.

In the wild A. camphorata grows solely on the tree Cinnamomum kanehirai, a species of cinnamon that grows at altitudes of between 450 and 2,000m in the mountains of Taiwan. As the fruiting body only develops fully once the tree is dead, in the past many trees were felled to supply demand for this unique and extremely lucrative mushroom (wild A. camphorata fetches up to US$15,000/kg) and this, coupled with the fact that C. kanehirai itself is highly sought for furniture manufacture, has led to over-exploitation, with the result that C. kanehirai is now protected by the Taiwanese government5.

To replace the wild-collected material, commercial cultivation of A. camphorata has been developed using a variety of techniques to produce either cultivated fruiting body, pure mycelium (grown by liquid fermentation), or mycelial biomass (mycelium and residual substrate). Levels of triterpenes are highest in the fruiting body products, which are also the most expensive, and lowest in the mycelial biomass products, with liquid fermentation mycelial products offering a cost-effective intermediate option.

A. camphorata has a wide range of traditional indications, including alcohol intoxication, cancer, hypertension, fatigue, viral infection and liver disease1.

HEPATOPROTECTIVE - The use of A. camphorata by Taiwanese natives to counter the adverse effects of excessive alcohol consumption was first reported by a traditional Chinese medicine doctor, Wu-Sha in 1773. In animal experiments both the fruiting body and mycelium have been shown to protect against alcohol-induced hepatitis and liver steatosis (fatty liver), as well as CCl4 and cytokine induced liver damage, ameliorating increases in AST, ALT and ALP levels and histopathological changes in a dose-dependent manner with no observed lesions5-9.

A. camphorata fruiting bodies also inhibited alcohol-induced rises in cholesterol, hepatic lipids and liver enzymes in rats with moderate effect at a dose of 0.025g/kg and increased efficacy at a dose of 0.1g/kg10-12.

Separately it has been shown that A. camphorata possesses strong antioxidant activity and it has been suggested that this is a major contributor to its hepatoprotective properties13,14. Its antioxidant activity is correlated with the presence of total polyphenols, crude triterpenoids and the protein/polysaccharide ratio of the polysaccharide extract15.

A. camphorata polysaccharides also show hepatoprotective and anti-hepatitis B activity16,17, while a number of maleic/succinic acid derivatives showed potent inhibitory activity against hepatitis C protease through competitive inhibition18.

In addition A. camphorata has been shown to suppress the invasive potential of liver cancer cells through inhibition of NF-kappaB19 and to induce apoptosis in human hepatoma cells20-23.

CANCER - As well as its effects on liver cancer, multiple in vitro and in vivo studies show inhibition of cancer cell growth and migration, together with increase in apoptosis, in various cancer cell lines including breast, prostate, liver, bladder, cervical and oral carcinoma1,24-29.

ASTHMA - The immune modulating and anti-inflammatory actions of A. camphorata offer potential in asthma treatment with animal experiments showing that A. camphorata polysaccharides dose-dependently inhibited the development of airway hyperresponsiveness, airway eosinophilia and Th2 immune status30.

SYSTEMIC LUPUS ERYTHEMATOSUS (SLE) - A mycelial extract of A. camphorata reduced urine protein and creatinine levels and suppressed changes in the kidney glomerular basement membrane (a histological hallmark of SLE) at a dose of 400mg/kg in a mouse model of SLE, suggesting ability to protect the kidney from autoimmune disease31,32.

CARDIOVASCULAR DISEASE - A. camphorata has traditionally been used to treat a variety of heart conditions, including hypertension and atherosclerosis, and A. camphorata extracts have been reported to inhibit thickening of blood vessel walls and to promote vasodilation33,34.


CLINICAL SUMMARY

Main Therapeutic Application - Liver disease.

Key Component - Triterpenes, Polysaccharides.

Dose - While the more expensive fruiting body contains the highest level of triterpenes and is preferred in Taiwan for cancer treatment, mycelium produced by liquid fermentation is increasingly available and has been shown to offer a cost effective alternative for treatment of liver conditions, with a recommended dose of 1-3g/day.

Caution - Patients on anti-coagulant medication.
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Armillaria mellea
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Japanese name
Naratake

Chinese nam
Mi Huan Jun

English name
Honey Mushroom



A. mellea is a common fungus that produces edible fruiting bodies with a distinctive golden colour. A single example can grow to cover a vast area and it is reported that the largest living organism in the world is a related species of honey fungus covering an area of 2400 acres in Oregon, USA, with estimates of its age ranging from 1900 to 8650 years1.

Although responsible for the death of many trees and garden shrubs, A. mellea is essential for the growth of other plants, including the important Chinese herb Gastrodia elata (Tian Ma), which is used to treat conditions including vertigo, dizziness, headache, stroke and convulsions and whose medical properties A. mellea mirrors. Indeed A. mellea is considered the more potent of the two with an effective dosage half that of Tian Ma2,3.

Early reports indicated that A. mellea and G. elata shared the same active components but it is now known that they differ in their active metabolites.

As well as being essential for the growth of G. elata, it has been shown that Armillaria species are involved in sclerotium formation in Polyporus umbellatus (see P. umbellatus section).

A. mellea mycelium contains high levels of polysaccharides with anti-ageing, immune-modulating and anti-vertigo activity4,5. In addition, nucleoside analogues play a role in some of A. mellea ’s functions and a number of indole compounds have been isolated including tryptamine, L- tryptophan and serotonin, with A. mellea fruiting bodies containing 2.207mg serotonin per 100g dry weight6,7.

Several antibiotics, primarily sesquiterpene aryl esters, have been isolated from A. mellea and show strong action against gram-positive bacteria (Staphylococcus, Streptococcus, Enterococcus etc.), as well as yeasts and other fungi8-10.

NEUROLOGICAL - Tablets composed of A. mellea mycelium are prescribed in China for treating a variety of neurological conditions including Meniere’s Syndrome, vertigo, headache, insomnia, epilepsy, neurasthenia and hypertension2,3,11-14.

A. mellea fermentation extract showed anti-convulsant properties, raising the seizure threshold in PTZ-induced seizures in mice15, while an adenosine derivative from the mycelium abolished neurogenic twitch responses induced by electrical field stimulation with both pre- and post-synapse depression, as well as being found to be 1,000 times stronger than adenosine in its cerebral protecting activity5. In addition A. mellea polysaccharide extract was shown to benefit vertigo induced by machinery rotation16.


CLINICAL SUMMARY

Main Therapeutic Application - Meniere’s syndrome, vertigo, epilepsy.

Key Components - Polysaccharides, nucleoside derivatives and sesquiterpene aryl esters.

Dose - Mycelial tablets are used in China 3-4g/day.
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Auricularia auricula/Auricularia polytricha
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Japanese Name
Kikurage

Chinese Name
Mu Er / Wood Ear

English Name
Jews Ear / Judas’ Ear



A. auricula grows throughout Europe, Asia and the United States and is highly valued in Asian cooking for its crunchy, rubbery texture. A type of jelly fungus, it produces fruiting bodies that are translucent, brown in colour and ‘ear’shaped, hence its Chinese name ‘Wood Ear’. Both A. auricula and A. polytricha (Mao Mu Er ‘Hairy Wood Ear’, or Yun Er ‘Cloud Ear’) are considered as species of Mu Er in Chinese medicine and today are used interchangeably1.

In common with other jelly fungi, A. auricula fruiting bodies contain high levels of polysaccharides and these are the main bioactive component, although phenols have been shown to contribute to the total antioxidant and hypercholesterolaemic activity2,3.

A. auricula is of particular interest as a functional food for the elderly, with poly-saccharide extracts showing considerable promise and Auricularia polytricha in processed and unprocessed form exhibiting inhibitory activity against one of the key enzymes involved in Alzheimer’s disease4,5.

ANTI-INFLAMMATORY - A. auricula polysaccharides have anti-inflammatory activity, which correlates with A. auricula’s traditional use for soothing irritated or inflamed mucous membranes6.

ANTIOXIDANT - A. auricula extracts show strong antioxidant properties with a positive correlation between levels of phenols and antioxidant capacity7-9.

ANTI-THROMBOTIC - Polysaccharide extracts of A. auricula inhibit platelet aggregation and increase clotting times in vitro and in vivo. Its anti-coagulant activity is due to catalysis of thrombin inhibition by antithrombin but not by heparin cofactor II10,11.

ANTI-CHOLESTEROL - A. auricula polysaccharides and polyphenols have been shown to lower blood total cholesterol (TC), triglyceride and LDL levels and enhance the level of blood HDL, as well as HDL/TC and HDL/LDL ratios at 5% of feed in rats suffering from hyperlipidaemia3,12-14.

CARDIOPROTECTIVE - Together with A. auricula’s general antioxidant properties, A. auricula polysaccharides show strong cardio-protective action, especially in aged mice, enhancing the activity of superoxide dismutase and reducing lipid peroxidation15,16.


CLINICAL SUMMARY

Main Therapeutic application - Cardiovascular support.

Key Component - Polysaccharides.

Dose - 2-3g/day polysaccharide extract.

Caution - Patients on anti-coagulant medication. Owing to possible anti-fertility effects it is recommended that A. auricula not be taken by pregnant or lactating women or those planning to conceive17.
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Coprinus comatus
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Japanese name
Sasakure Hitoyotake

Chinese name
Ji Tui Mo / Mao TouGui San

English name
Shaggy Inkcap /Lawyers Wig



A delicious culinary mushroom, especially when young, C. comatus is commonly found in woods and fields in the northern temperate zone. It gets its name from the maturing spores, which trigger deliquescence causing the gills to disintegrate into a black spore-rich mass1.

Containing up to 25% protein when young, it is also rich in triglycerides of which linoleic acid is the most prominent2.

Traditionally used in Chinese medicine to treat piles and improve digestion3.

CANCER - As well as possessing broad polysaccharide-mediated immuno-modulatory activity, organic solvent extracts of C. comatus have been shown to possess anti-androgenic activity and to inhibit androgen-dependent prostate cancer cell proliferation through multiple mechanisms including inhibition of androgen receptor (AR)-mediated reporter activity, reduction in levels of AR and prostate-specific antigen (PSA) transcription and inhibition of Akt-mediated AR phosphorylation and binding of AR to the PSA enhancer region4-6.

HEPATOPROTECTIVE - C. comatus has been shown in animal studies to have a marked hepatoprotective effect with daily administration of 50 mg/kg of C. comatus polysaccharide extract producing significant reduction in the negative effects of alcohol on liver structure and function10,11.

DIABETES - Several studies have examined the action of C. comatus in diabetes with C. comatus grown on media enriched with vanadium showing significant hypoglycaemic activity12-17. However, evaluation of the trace element content of C. comatus from different sites in China found no vanadium in any of the wild-harvested specimens and it remains to be determined whether C. comatus grown on unenriched substrate would be of any greater benefit in cases of diabetes than other mushrooms18.


CLINICAL SUMMARY

Main Therapeutic application - Prostate cancer, alcohol-induced liver damage.

Key Component - Polysaccharides, triglycerides.

Dose - 3g/day polysaccharide and/or ethanolic extract.
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Cordyceps species/Ophiocordyceps sinensis

(Cordyceps sinesis)
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Japanese name
Tochukas

Chinese name
Dong Chong Xia Cao

English name
Caterpillar Fungus



Cordyceps species are unique among the medicinal mushrooms in growing on an insect host rather than a plant host. To date over 700 species of cordyceps have been identified worldwide, in most cases growing parasitically on their insect hosts. However, it has also been suggested that in some cases a symbiotic relationship exists whereby the insect host derives a selective advantage from the fungal anamorph (the asexual form of the fungus), especially in marginal environments where energy efficiency is at a premium, such as the high Tibetan plateau above 3,000m where the main species used traditionally, Ophiocordyceps sinensis, occurs naturally (although previously part of the Cordyceps genus, molecular phylogenetic analysis has now led to its being placed in a separate genus, the Ophiocordycipitaceae)1,2.

Although traditionally harvested cordyceps is still available, the vast majority of cordyceps on the market today is cultivated on non-insect, grain-based substrates leading to improved quality control and affordability. Despite the commercially cultivated cordyceps being grown on a different substrate from wild collected cordyceps, HPLC analysis shows identical chemical profiles and the two are seen to be interchangeable clinically3.

As well as polysaccharides and lipids, cordyceps species contain a large number of nucleoside analogues, prominent among which is cordycepin, 3-deoxyadenosine, which is found in high levels in Cordyceps militaris and which differs from adenosine in the absence of oxygen at the 3 position of its ribose part4-7. Because of its close similarity to adenosine some enzymes cannot distinguish between the two and it is able to participate in certain biochemical reactions, including RNA/DNA synthesis, where its incorporation leads to the termination of the RNA/DNA molecule, there being no oxygen to bond with the next nucleotide8-11.

This ability to interrupt RNA/DNA synthesis has led to the use of such nucleoside analogues, termed reverse transcriptase inhibitors, in the treatment of viral infections including HIV and hepatitis as well as cancer, under pharmaceutical names including AZT (Retrovir), Videx and Epivir. In normal healthy cells such reverse transcriptase inhibitors are out-competed by the corresponding nucleoside but in rapidly dividing cancer cells and virally infected cells they are able to exert effective inhibition of replication.

Adenosine in the form of adenosine monophosphate and adenosine triphosphate also plays a central role in energy metabolism and cyclic nucleotides including cAMP play an important role in signal transduction and regulation of hormone production, actions which correlate well with the observed activity of cordyceps in these areas.

As well as O. sinensis and Cordyceps militaris, a large number of trials have been carried out using a fungal strain isolated from wild O. sinensis specimens by China’s Academy of Sciences and selected for ease of cultivation by large-scale liquid fermentation technology. Termed Cs-4, this is currently identified as Paecilomyces hepiali and continues to be one of the main cordyceps related species used in China.

One in vitro study, however, showed Cs-4 to have immune-suppressive activity and the immune-suppressant drug Cyclosporin A has been shown to be present in other fungal strains isolated from wild O. sinensis specimens12-14.

ANTI-AGEING - O. sinensis has traditionally been used as a supplement for the elderly and those recovering from long illness. Studies with Cs4 in healthy elderly subjects showed significant increases in oxygen uptake, aerobic capacity and resistance to fatigue.

Experimental evidence based on polysaccharide extracts indicates that O. sinensis is also able to improve brain function and antioxidative enzyme activity (superoxide dismutase, glutathione peroxidase and catalase), which, together with its beneficial effect on cardiovascular function, makes it an excellent supplement for the elderly15.

ATHLETIC PERFORMANCE - The use of O. sinensis, together with other supplements, by the record breaking Chinese athletes of the early 1990s has attracted considerable interest in its potential to enhance athletic performance.

A 1996 study on long distance runners reported a significant improvement in 71% of participants and O. sinensis and C. militaris as well as the cordyceps anamorphs Cs-4 and Cs-HK1, have been shown to increase endurance in animal models. Studies on sedentary humans also show a significant increase in energy output and oxygen capacity16-20. However, three studies failed to demonstrate any effect on performance in competitive cyclists or other professional athletes and it has been suggested that this may be because such athletes are already operating at or close to their maximum aerobic capacity21,22.

SEXUAL FUNCTION - O. sinensis produces clear benefits for male sexual hypofunction when taken over a period of time. Anecdotal evidence and reports from China also indicate possible benefits for female libido.

Based on animal studies O. sinensis and C. militaris have a clear effect on increasing levels of male sex hormones, improving testes morphology, sperm quantity and quality. In vitro research indicates that cordyceps affects the signal transduction pathway of steroidogenesis after the formation of cAMP23-27.

FERTILITY - O. sinensis is increasingly being used by leading specialists in the field of infertility and clinical evidence suggests that cordyceps has a beneficial impact on female fertility and the success of IVF. In part this may be due to its ability to stimulate 17β-estradiol (oestrogen) production, through increased StAR (steroidogenic acute regulatory protein) and aromatase expression28. In common with other mushrooms, cordyceps’ ability to regulate immune function and in particular NK cell activity may also play a part.

The ability of O. sinensis to increase oestrogen production also has potential for the management of postmenopausal osteoporosis29.

DIABETES - Experimental evidence indicates that O. sinensis is able to:


	Trigger release of insulin

	Increase hepatic glucokinase

	Increase sensitivity of cells to insulin



In one randomized trial 95% of patients treated with 3g/day O. sinensis mycelial biomass saw improvements in their blood sugar profile compared with 54% treated by other methods. In addition it has been reported that consumption of 4.5g/day O. sinensis mycelial biomass by patients with alcohol induced diabetes also produced a reduced desire for alcohol3,30-34.

Recent evidence indicates that cordycepin and related nucleoside derivatives play an active role in the anti-diabetic action of O. sinensis and that C. militaris, which has high levels of cordycepin, also has significant hypoglycaemic activity35,36.

HEPATOPROTECTIVE - Multiple studies have shown the ability of both O. sinensis and C. militaris to inhibit hepatic fibrosis and help restore liver function37-39. One clinical study using 3g/day O. sinensis mycelial biomass to treat alcohol-induced liver steatosis in 14 patients showed reductions of 70% in AST levels, 63% in ALT levels and 64% in GGT levels over a 90 day period40.

RENAL HEALTH - O. sinensis has traditionally been considered to support the kidneys and 3.5g/day has been shown to both improve kidney function in patients with chronic renal failure and speed recovery in patients with gentamycin-induced kidney damage3.

RESPIRATORY DISEASE - Traditionally O. sinensis has been used to treat respiratory ailments and is reported to be beneficial for asthma and COPD3.

ANTI-VIRAL - As mentioned above, the nucleoside analogues present in cordyceps species are able to inhibit viral replication. At the same time the polysaccharides in cordyceps modulate the immune response to viral infections. This combination of enhanced immune response and interrupted viral replication makes cordyceps, especially C. militaris, one of the most effective mushrooms for tackling chronic viral infections9,10.

CANCER - Because of its combination of immune-modulating polysaccharides and nucleoside derivatives, many practitioners consider Cordyceps to be one of the most useful mushrooms for helping improve treatment outcomes in cancer, with cordycepin reported to induce apoptosis (cancer cell death) in multiple cancer cell lines, including: oral, colorectal, bladder, leukaemia, melanoma, multiple myeloma, breast and prostate41-51.


CLINICAL SUMMARY

Main Therapeutic Applications - Fertility and sexual function, energy, diabetes, lung function, kidney support, liver disorders.

Key Component - Nucleoside derivatives.

Dose - Cordyceps’ unique properties are principally those of its nucleoside derivatives and as these are largely excreted (research on C. militaris shows that 98% of cordycepin is secreted into the growth medium52) mycelial biomass products offer the natural dosage format for cordyceps. 2-3g/day mycelial biomass is used in most cases while higher levels have been reported to give good results in a range of cancers2.

Some practitioners prefer to use C. militaris for cancer and viral infections due to its higher cordycepin levels53,54.

Caution- Hormone dependent cancers (prostate and breast) due to increased levels of oestrogen and testosterone.
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Flammulina velutipes
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Japanese name
Enokitake

Chinese name
Jin Zhen Gu/Dong Gu

English name
Velvet Foot/Winter
Mushroom/Golden
Needle Mushroom



A common culinary mushroom, F. velutipes was the second earliest mushroom to be cultivated (cultivation started around 800 AD, after Auricularia auricula -600 AD, and before Lentinula edodes -1000 AD).

It shows considerable clinical promise, especially for cancer prevention protocols.

A study of 174,505 inhabitants of the Nagano area of Japan compared the cancer death rates among F. velutipes farmers with rates in the general population over a 15 year period (1972-86) and found that the F. velutipes farmers had a much lower death rate of 97.1 per 100,000, compared to 160.1 per 100,000 in the general population, with the suggestion that this was due to increased consumption of F. velutipes1.

Following on from the above a case-control study investigated the relationship between risk reduction of stomach cancer and intake of edible mushrooms in the same prefecture from 1998 to 2002. While the odds ratio (OR) of subjects who were eating hardly any mushrooms or mushrooms less than once a week was 1.00, consumption of F. velutipes more than three times a week produced a reduction to 0.66 (the OR of those taking L. edodes more than three times a week was 0.95)2.

As well as immunomodulatory polysaccharides3,5, F. velutipes is notable for its high protein content (31.2%), which includes a large number of protein-rich components with strong immuno-modulatory and anti-cancer activity6-11.

F. velutipes extracts also demonstrate strong tyrosinase inhibition12.

CANCER -F. velutipes extracts show exceptionally high anti-cancer activity in vitro. In one study of extracts from 38 mushrooms carried out by Bastyr University, F. velutipes had one of the highest levels of inhibitory activity against two oestrogen-dependent and one oestrogen-independent breast cancer cell lines13. In a separate study of aqueous extracts from 20 mushrooms and three mushroom polysaccharides, the aqueous extract from F. velutipes, together with that from Pleurotus ostreatus, showed the highest level of cytotoxic activity against androgen-independent prostate cancer cells14.

In vivo, EA6, a protein-bound polysaccharide isolated from the fruiting body of F. velutipes, augmented humoral immunity, cellular immunity, and IL-2 production in mice bearing Meth-A fibrosarcoma at 10mg/kg and administration after surgery markedly inhibited growth of the rechallenged Meth-A solid tumour, while Proflammin (90% protein, 10% polysaccharide) isolated from the mycelium of F. velutipes abolished suppression of immunocompetence after cryosurgery at 10mg/kg/day15.

Another protein from F. velutipes, Fve, protected mice against liver cancer through activation of both innate and adaptive immune responses when administered orally at a dose of 10mg/kg16.

In clinical studies EEM, a combination of extracts from F. velutipes and Hypsizygus marmoreus, revealed superior results to MPA (methyl-acetoxy-progesterone) on the cachexia of advanced cancer patients with better clinical response, performance status (PS), and quality of life (QOL). EEM supplementation in combination with anti-cancer drugs improved the clinical response rate, PS, and QOL of advanced cancer patients compared to patients treated with anticancer drugs alone. EEM supplementation also reduced precancerous lesions on the oesophageal mucosa2.


ANTI-VIRAL - Co-administration of Fve, a protein from F. velutipes, with immunization against HPV-16 led to 60% of mice remaining tumour-free 167 days after challenge with tumour cells compared to 20% of those receiving immunization alone. The co-immunized mice showed enhanced production of HPV-16 E7 oncoprotein-specific antibodies as well as expansion of HPV-16 E7-specific interferon (IFN)-gamma-producing CD4(+) and CD8(+) T cells compared to mice immunized with HPV-16 E7 alone17.

Proteins from F. velutipes also show direct anti-viral activity, including ribosome inactivating activity and inhibition of HIV-1 reverse transcriptase, beta-glucosidase and beta-glucuronidase18.

FOOD ALLERGIES - Mice orally given five daily 200 μg doses of protein from F. velutipes before and after each of two intraperitoneal injections of ovalbumin significantly reduced symptoms of anaphylaxis and levels of plasma histamine on subsequent oral challenge with ovalbumin and demonstrated an impaired OVA-specific IgE response with a Th1-predominant cytokine profile19. Other research has demonstrated the ability of the F. velutipes protein Fve to enhance eosinophil apoptosis, with therapeutic implications for eosinophil-related allergic inflammation, and of an ethanol extract to suppress hypersensitive immune response20-22.


CLINICAL SUMMARY

Main Therapeutic Application - Dietary supplementation in patients at risk of cancer or with chronic viral conditions.

Key Component - Proteins and polysaccharides.

Dose - F. velutipes fruiting body contains high levels of the therapeutically active proteins at a reasonable cost and is the preferred dosage form in most cases with 3-5g dried fruiting body equating to 30-50g fresh mushroom.

Safety - Flammutoxin, a protein found in F. velutipes that is cytolytic and cardiotoxic when injected has been shown to be non-toxic when absorbed orally23.
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Ganoderma lucidum
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Japanese name
Reishi or Mannetake (10,000 year mushroom/mushroom of immortality)

Chinese name
Ling Zhi (spirit mushroom - mushroom of spritual potency)



The most famous of all the medicinal mushrooms with annual sales of over US$2billion, G. lucidum’s wide-ranging health benefits are due to its combination of high polysaccharide content (Stamets reports the fruiting body to contain 41% beta-glucan) and triterpenoid compounds1-4. Over 130 of these have been identified, belonging primarily to two families: ganoderic and lucidenic acids with functions including:


	Inhibiting histamine release

	Hepatoprotective

	Anti-hypertensive (ACE inhibiting)

	Inhibiting cholesterol synthesis

	Anti-inflammatory

	Inducing apoptosis

	Inhibiting viral induction

	Antioxidant

	Anti-tumour

	CNS sedation

	Antimicrobial

	Immune modulation



Levels of triterpenes are particularly high in G. lucidum spores, typically >2.0% in shell-broken spore powder and >30% in the spore oil and recent studies report promise for the spores and spore oil as anti-cancer and neuroprotective agents5-8.

G. lucidum shows exceptionally high tyrosinase inhibition with the highest activity in the aqueous extract. This has led to its inclusion in many commercial skin whitening products and has medical implications, especially in relation to Parkinson’s Disease (see discussion under Parkinson’s Disease)9-11.

A number of related species have also been investigated with polysaccharides and triterpenes from both Ganoderma tsugae and Ganoderma applanatum showing similar anti-tumour, anti-inflammatory, immune-modulatory and hepatoprotective activity to those from G. lucidum and Ganoderma japonicum showing neuroprotective properties12-21.

CANCER - G. lucidum has a long history of traditional use in the treatment of cancer and is credited with many cases of spontaneous remission22,23. As well as the immune modulating effect of its high polysaccharide content, its triterpenes show significant cytotoxic activity against different cancer cell lines, as well as inhibitory effects against Epstein-Barr virus, known to be associated with some cancers24-35. In addition triterpenes from G. lucidum show inhibition of the nuclear transcription factor, NF-kappaB (NF-kB), which is overexpressed in various cancer cell lines, and also the AP-1 signalling pathway36.

Inhibition of NF-kB is of particular importance in the activity of G. lucidum against breast and prostate cancers as it is considered to play an essential role in the hormone independent growth and spread of these cancers37,38. In addition G. lucidum triterpenes have been shown to block the androgen receptor on prostate cancer cells, supporting G. lucidum’s use in the treatment of prostate cancer.

Clinical studies with G. lucidum polysaccharide extract confirm its ability to enhance immune status in cancer patients with increases in NK cell activity and Th1 cytokine levels and decreases in Th2 cytokine levels in advanced lung cancer patients, and reduction in side effects when given alongside chemotherapy and radiotherapy39-41.

In vitro and in vivo studies also indicate significant anti-tumour activity for the triterpene-rich G. lucidum spore powder and spore oil42-47. A randomized controlled trial of 48 breast cancer patients reported reductions in fatigue, anxiety and depression in the treatment group (3g/day G. lucidum spore powder), together with improvements in immune parameters48.

ALLERGIES - As well as immuno-modulatory activity, G. lucidum demonstrates strong anti-inflammatory activity with suppression of tumour necrosis factor-alpha (TNF-alpha), interleukin-6 (IL-6), the inflammatory mediator nitric oxide (NO) and prostaglandin E2, mediated through inhibition of the NF-kB and AP-1 signaling pathways. This combination of immunomodulatory and anti-inflammatory activity contributes to its efficacy in the treatment of allergies and other inflammatory conditions49-52.

G. lucidum is a component of FAHF-2, a Chinese herbal formula that has been reported to completely block anaphylactic reactions in a mouse model of peanut allergy53.

LIVER DISEASE - The fruiting body of G. lucidum has long been a popular traditional treatment for liver diseases and demonstrates wide hepatoprotective properties54-60. It appears that at least part of its action in this regard may be through the ability of G. lucidum triterpenes to block platelet-derived growth factor beta receptor (PDGFbetaR), thus inhibiting the activation and proliferation of hepatic stellate cells, a key event in hepatic fibrosis61.

G. lucidum is also traditionally used in the treatment of hepatitis and in a clinical study of 355 cases of hepatitis B treated with Wulingdan Pill, of which G. lucidum is the major component, 92.4% of patients were reported to have positive results62. Again, it appears that triterpenes are the key components63,64.

HYPERTENSION - G. lucidum has a broad range of action on cardiovascular health. Polysaccharides and triterpenes isolated from G. lucidum have shown hyperlipidaemic, hypotensive, and anti-thrombotic effects while a polysaccharide preparation (Ganopoly) led to improved ECG and lowered chest pain, palpitation and shortness of breath in a double-blind, randomized, multi-centre study65. Mild ACE-inhibitory activity has also been demonstrated for some of G. lucidum’s triterpenoid compounds66,67.

INSOMNIA/ANXIETY - The traditional name ‘spirit mushroom’ points to the sedative action of its triterpenoid components and many herbalists value its benefits in cases of insomnia. Christopher Hobbs recommends G. lucidum for deficiency insomnia while Mizuno recommends it for ‘mental stabilisation’68-71.

RHEUMATOID ARTHRITIS - G. lucidum’s combination of immuno-modulatory and anti-inflammatory action suggests potential application in the treatment of autoimmune conditions such as rheumatoid arthritis and a proteoglycan fraction from G. lucidum has been shown to inhibit production of rheumatoid arthritis synovial fibroblasts in vitro, in part through inhibition of the NF-kB transcription pathway72.

NEURO-PROTECTIVE - Traditionally considered to promote longevity, G. lucidum extract has been shown to inhibit beta-amyloid synaptic toxicity with potential benefits in Alzheimer’s disease73. Both polysaccharides and triterpenes from G. lucidum exhibit neuroprotective and anticonvulsant effects at levels of 10-80mg/kg while G. lucidum spores have shown ability to protect neurons from apoptosis and improve cognitive dysfunction in vivo74-78.

ANTI-AGEING - Traditionally known as the ‘mushroom of immortality’, G. lucidum’s broad-spectrum cardiovascular, neurological and immunological benefits, together with its support for blood sugar and cholesterol control79-82, contribute to its anti-ageing properties.


CLINICAL SUMMARY

Main Therapeutic Applications - Allergies, liver support, cancer (especially breast and prostate), hypertension, anxiety/insomnia.

Together with Cordyceps sinensis, G. lucidum has the most extensive range of indications and combines well with it in treatment of lung and liver conditions, as well as to provide all-round adaptogenic support.

Key Components - Triterpenes and polysaccharides.

Dose - Traditional materia medica recommend a dose range for crude G. lucidum of 3-15g/day in decoctions or 1.5-3g as powder or in pills while doses of up to30g/day have been reported and 5.4g/day of polysaccharide extract and 3.0g/day and G. lucidum spore powder have been used in clinical trials23,48,83-85.

Dose range for dual-extraction products combining polysaccharide-rich hot-water and triterpene-rich ethanolic (alcohol-based) extracts is typically 1-3g/day while 500-1,000mg/day is normal for G. lucidum spore oil products.

Caution - Patients on anti-coagulant medication should be monitored due to G. lucidum’s actions in this area although a study of G. lucidum supplementation (1.5g/day) in healthy volunteers showed no effect on haemostatic function86,87.
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Grifola frondosa
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Japanese name
Maitake

Chinese name
Hui Shu Hua

English name
Hen of the Woods



A popular gourmet mushroom, G. frondosa is also a highly regarded clinically, especially in cancer therapy.

As with other major anti-cancer mushrooms such as Lentinula edodes (Shiitake) and Trametes versicolor (Coriolus), polysaccharides have been shown to be the major active components of G. frondosa and several beta-glucan, heteropolysaccharide and proteoglycan fractions have been isolated with potent immunomodulatory action, including D-fraction and MD-fraction1-5.

Most of the clinical research has been carried out by one group of researchers in Japan, initially using D-fraction together with powdered fruiting body, later switching to the more bioactive MD-fraction, again in combination with powdered whole fruiting body.

CANCER - A 1997 paper by Nanba reported benefits from D-fraction taken together with whole fruiting body in a range of stage III-IV cancers with G. frondosa increasing the benefit of chemotherapy by an additional 12-28%6. The paper further reports synergistic benefits from combining D-fraction and Mitomycin C (MMC) in an animal tumour model with D-fraction (1mg/day) showing superior tumour inhibition to MMC (0.5mg/day) on its own.

A subsequent paper by Nanba et al reported impressive results for MD-fraction and whole G. frondosa fruiting body powder in cancer patients who had discontinued chemotherapy because of side effects with improvement in 7 of 12 liver cancer patients, 11 of 16 breast cancer patients and 5 of 8 lung cancer patients, together with increases in IL-2 (a major Th1 cytokine) and CD4+7.

Further studies confirmed alleviation of side effects from chemotherapy, including loss of appetite, vomiting, nausea, hair loss and leukopaenia, as well as synergy between D-fraction and vitamin C2,7.

DIABETES - Various animal studies indicate benefit from G. frondosa in diabetes models but at high doses, in one case giving 1g/day G. frondosa powder to genetically diabetic mice and in another a purified alpha-glucan at a dose of 150-450mg/kg8,9.

In small scale clinical studies G. frondosa polysaccharide extract (dose unknown) was reported to control blood sugar levels in one patient and produce a 30% reduction in blood sugar levels in 4 other patients while inclusion of G. frondosa beta-glucans (150mg/day) in yoghurt produced significant improvement in blood glucose levels in 20 type II diabetes patients3,10.

POLYCYSTIC OVARY SYNDROME (PCOS) - In the majority of cases, PCOS is associated with some level of insulin resistance and G. frondosa polysaccharide extracts also show promise as agents for helping address this condition11.

In one Japanese study, ovulation was observed in 20 of the 26 women given a G. frondosa polysaccharide extract and 6 of 8 women who failed to ovulate after being treated with clomiphene citrate did so after being given the polysaccharide extract. In addition, all 3 women who expressed an interest in becoming pregnant were able to do so12.

CHOLESTEROL - Inclusion of G. frondosa in the diet of experimental animals at 5-20% of feed produces reductions in cholesterol consistent with the results seen in other mushrooms13.

HYPERTENSION - A number of studies report short-lived hypotensive action for G. frondosa included in the diet of hypertensive animals (typically 5% of feed)14-16.


CLINICAL SUMMARY

Main Therapeutic Application - Cancer, PCOS.

Key Component - Polysaccharides.

Dose - The optimum dose of D-fraction/MD-fraction in animal studies is reported to be 1mg/kg i.p. with human trials using D-fraction/MD-fraction at oral doses of 35-150mg/day in combination with 4-6g/day G. frondosa fruiting body.
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Japanese Name
Yamabushitake

Chinese Name
Hou Tou Gu (Monkey Head Mushroom)

English Name
Lion’s Mane Mushroom/Hedgehog Mushroom



This delicious mushroom has been referred to as ‘Nature’s Nutrient for the Neurons’ on account of its ability to stimulate the production of nerve growth factor (NGF)1,2.

NGF plays an essential role in the differentiation and survival of several cell populations in the central and peripheral nervous system and lower than normal levels of NGF have been linked to early stages of both Alzheimer’s disease and dementia3-8.

Although therapeutic interest has largely focussed on its importance for neurological function, NGF plays a much wider role in maintaining homoeostasis in the body9,10. It is known to have insulinotropic, angiogenic, and antioxidant properties and reduced plasma levels of NGF have been associated with cardiovascular diseases and metabolic syndromes, including type 2 diabetes11,12. It has been shown to accelerate wound healing and there is evidence that it could be useful in the treatment of skin and corneal ulcers13. Animal studies have shown NGF to have a profound effect on airway inflammation and asthma-related symptoms with increased NGF levels observed in bronchoalveolar lavage fluid and serum from patients with asthma14.

NGF also has a dynamic relationship with the immune system. Generation of NGF is increased after brain injury, in part due to cytokines produced by immune cells. At the same time immune cells express receptors for NGF, which is involved in immune modulation15.

Two families of compounds from H. erinaceus have been identified as being active in the stimulation of NGF production: the aromatic hericenones (isolated from the fruiting body) and the diterpenoid erinacines (isolated from the mycelium). Critically these molecules are small enough to pass through the blood-brain barrier. There is also evidence that they can increase myelination1,16-18.

In China the mycelium is used to make H. erinaceus pills to treat gastric and duodenal ulcers, chronic gastritis, gastric and oesophageal cancer.

DEMENTIA - In controlled studies H. erinaceus supplementation showed beneficial effects in patients with mild dementia. In one study six out of seven patients showed improvement in functional capacity (understanding, communication, memory etc.) while all seven showed improved Functional Independence Scores (eating, dressing, walking etc.), after consuming 5g H. erinaceus fruiting body daily in soup for six months1.

In another study, 30 patients aged 50-80 with mild dementia were randomised into treatment and control groups. H. erinaceus was given as tablets at 3g/day for 16 weeks and produced significant increases in cognitive function in the treatment group. However, four weeks after the conclusion of the trial, cognitive function scores decreased indicating a need for continued supplementation17.

MS - H. erinaceus fruiting body extract has been shown to improve the myelination process in mature myelinating fibres with possible benefits for MS patients18,19. NGF has also been shown to have a protective effect on axons and myelin by suppressing the immune-mediated inflammatory processes responsible for chronic brain destruction in neurodegenerative disorders such as MS by switching the immune response to an anti-inflammatory, suppressive mode in a brain-specific environment13.

NEUROPATHY - NGF plays a role in pain sensitivity and low NGF levels have been linked to sensory neuropathy in both in vivo and in vitro studies10. Enhanced NGF production has been shown to protect sensory function in diabetic rats and NGF reduction has been shown to cause cardiac sensory neuropathy21,22.

Clinical studies with recombinant human NGF indicate benefit in patients with diabetic polyneuropathy23 and NGF has also been reported to reduce pain in patients with HIV associated sensory neuropathy24,25. However, ability to promote regeneration of sensory neurons has yet to be demonstrated26,27.

NERVE DAMAGE - Rats given aqueous extract of H. erinaceus fruiting bodies showed faster recovery from nerve injury, suggesting potential for application of H. erinaceus in the early stages of nerve regeneration28-31.

ANXIETY / DEPRESSION - One study reports reduction in anxiety and depression from consumption of 2g/day (taken in cookies) and patients often report increased feelings of wellbeing when taking H. erinaceus, possibly due to the kappa opiod receptor agonist activity of the erinacines32,33.

MENOPAUSAL SYNDROME - Many patients report reduction in symptoms related to menopause and perimenopause, including sleep disturbance, anxiety and hot flushes (hot flashes) from consumption of H. erinaceus 3-5g/day d.w. although this is as yet unsupported by clinical research.

MRSA - Extracts of both fruiting body and mycelium exhibit anti-MRSA activity with erinacines identified as active compounds. In clinical tests in Japan MRSA is reported to have been cleared in a number of patients whose diet was supplemented with H. erinaceus34.

GASTRIC ULCERS - One of the traditional indications for H. erinaceus, it appears likely that the antibacterial action of the erinacines and hericenones contribute to its benefit in this regard, with Helicobacter pylori now known to be a major cause of gastric ulcers and chronic gastritis35-37.

A rat study on the effects of H. erinaceus aqueous extract on alcohol-induced ulcers showed a significant reduction of the ulcer area, as well as protection against gastric mucosa injury, while an in vitro study found that H. erinaceus extract was active against nine clinical strains of H. pylori with a 0.02% concentration having a 50% bactericidal activity38,39.


CLINICAL SUMMARY

Main Therapeutic Application - Dementia, Alzheimer’s disease, MS, nerve damage, menopausal synrome.

Key Component - Hericenones and erinacines.

Dose - Clinical trials support the use of dried fruiting body at a dose of 3-5g/day for increasing NGF production while animal studies on the use of H. erinaceus for gastric ulcers produced the best results with a daily intake of 500mg/kg, which equates to the dosage prescribed in the Chinese Phamacopoeia of 25-50g/day40. It is likely that similar doses would be required in cases of MRSA.

High in vitro NGF promoting activity of mycelial extracts and the fermentation broth also indicates potential for the use of mycelial biomass products41,42.

Caution - Asthma and other allergic conditions. Erinacine E is a potent agonist of the kappa opioid receptor with potential hallucinogenic properties33.
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Inonotus obliquus
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Japanese name
Kabanoanatake

Chinese name
Bai Hua Rong /Hua Jie Kong Jun

English name
Chaga



I. obliquus grows widely in the forests of Eastern Europe and Russia on several trees, including birch, alder and spruce, where it appears as a sterile growth or conk on the trunk of the tree. The fruiting body is reported to be found growing nearby but is extremely rare in nature.

Traditionally only I. obliquus growing on birch trees was used as a tea in the treatment of cancers including inoperable breast cancer, hip, gastric, parotid, pulmonary, stomach, skin, rectal and Hodgkin lymphoma and I. obliquus is recorded as a miraculous cure for cancer in Solzhenitsyn’s semi-autobiographical 1967 novel, the ‘Cancer Ward’1.

The wisdom of using birch grown I. obliquus is supported by the finding that some of its key components are the triterpenoids betulin and betulinic acid, which occur naturally in a number of plants but primarily in the bark of the white birch (Betula pubescens - seen as the tree of life and fertility in many Eastern European and Siberian myths) from which it gets its name. Although it has been assumed that I. obliquus derives betulinic acid exclusively from the bark of host birch trees a recent study reported a small amount of betulin (0.12%) in I. obliquus mycelial biomass grown on rice indicating that some may also be generated by the mushroom itself2.

Betulinic acid has been shown to induce mitochondrial apoptosis in different cancer cell lines and inhibit the enzyme topoisomerase3, which is essential for the unwinding and winding of the DNA strands in cell replication. In addition it possesses anti-retroviral, anti-parasitic and anti-inflammatory properties4. It is currently being developed as an anti-cancer agent through the Rapid Access to Intervention Development program of the US National Cancer Institute and is also a major contributor to the anti-cancer action of mistletoe5.

Other important components of I. obliquus include polysaccharides and sterols. Its high phenolic content gives it exceptional antioxidant properties and a melanin complex has also been identified as having significant antioxidant and genoprotective properties6-8.

CANCER - Widely used in Poland and Russia as a folk remedy against cancer9, I. obliquus is now attracting increasing interest among practitioners with its combination of immune supporting polysaccharides and triterpenoid components with direct anti-cancer activity, especially betulinic acid derivatives10-14.

In vitro studies on betulinic acid have shown it to be highly effective against a wide variety of cancer cells: human melanoma, neuroectodermal (neuroblastoma, medulloblastoma, Ewing’s sarcoma) and malignant brain tumours, ovarian cancer, human leukaemia HL-60 cells and malignant head and neck squamous cell cancers, including those derived from therapy-resistant and refractory tumours15,17. However, it was found to have no effect on epithelial tumours, such as breast cancer, colon cancer, small cell lung cancer and renal cell cancer as well as T-cell leukaemia cells. Its anti-tumour activity has been related to its direct effects on mitochondria and induction of apoptosis, irrespective of cells p53 status18.

Both betulinic acid and polysaccharides from I. obliquus have significant in vitro activity against brain cancer cells with one study showing that betulinic acid exerted cytotoxic activity against primary tumour cells cultured from patients in 4 of 4 medulloblastoma-tumour samples tested and in 20 of 24 glioblastoma-tumour samples19,20. It also shows great promise in combination with radiotherapy, exhibiting a strictly additive mode of growth inhibition in combination with radiation in human melanoma cells in one study and acting as a radiosensitizer in head and neck squamous cell cancers in another21,22.

In vivo studies confirm its anti-cancer action as well as a complete absence of systemic toxicity in rodents8.

DIGESTIVE DISORDERS - Melano-glucan complexes have wide antimicrobial activity and I. obliquus has traditionally been used as an internal cleanser with Befungin, an alcohol extract of I. obliquus, licensed in Russia for the treatment of stomach and intestinal disorders9,23.

PSORIASIS - Several anecdotal reports indicate benefit of I. obliquus for psoriasis and this is supported by a Russian study on 50 psoriasis patients, which reported a 76% cure rate, with improvement in a further 16% of cases. The same study reported that it typically took 9-12 weeks for improvement to become apparent24.

ANTI-VIRAL - I. obliquus has traditionally been used to treat a number of viral conditions and aqueous extracts of I. obliquus prevented Herpes simplex virus entry through inhibition of viral-induced membrane fusion with a 50% inhibitory concentration of 3.82 μg/ml25. Betulinic acid analogs have also been shown to disrupt assembly and budding of the HIV-1 virus and viral fusion to the cell membrane.


CLINICAL SUMMARY

Main Therapeutic Applications - Cancer, anti-viral, antioxidant.

Key Component - Polysaccharides, betulin and betulinic acid derivatives.

Dose - It is reported that only aqueous extracts prepared by boiling, as done traditionally, show anti-tumour activity26. However, the level of triterpenes in pure aqueous extracts is low and many practitioners prefer to combine aqueous and ethanolic extracts. Average dosage for aqueous extracts as powder is 1-3g/day.

Safety - I. obliquus contains high oxalate concentrations and there is one report of a 72-year-old Japanese woman diagnosed with liver cancer who developed oxalate nephropathy after consuming 4-5 teaspoons a day of I. obliquus powder for 6 months27.
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Lentinula edodes

(Lentinus edodes)
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Japanese name
Shiitake

Chinese name
Xiang Gu (Fragrant Mushroom)



L. edodes is an important ingredient in Asian cuisine and its annual production (2 million tonnes) is second only to the common button mushroom (Agaricus bisporus). As well as being delicious, it has an excellent nutritional profile with high levels of B vitamins and pro-vitamin D2 (ergosterol)1.

Lentinan, a highly purified polysaccharide from L. edodes, is licensed in Japan for the treatment of gastric cancer and L. edodes is also one of the main species from which the popular mushroom α-glucan extract AHCC (Active Hexose Correlated Compound - reported to be the second most widely used supplement by cancer patients in Japan, after Agaricus subrufescens2) is derived. L. edodes is also the source of LEM, a crude mycelial extract containing glycoproteins, nucleic acid derivatives, vitamin B compounds and ergosterol with proven immuno-modulating properties.

Other bioactive compounds from L. edodes include eritadenine, which shows promise for lowering cholesterol levels, and Lentin, an anti-fungal protein, which also inhibits HIV-1 reverse transcriptase activity and proliferation of leukaemia cells3.

CANCER - Analysis of 5 clinical trials with a total of 650 participants shows that the addition of Lentinan at 2mg/week to standard chemotherapy offers a significant advantage over chemotherapy alone in terms of survival for patients with advanced gastric cancer, patients with lymph node metastasis having slightly better results than patients without4.

Additional trials confirm increased survival, reduced side effects from chemotherapy and improved quality of life in patients with colorectal, hepatocelluar, oesophagel, breast cancer and metastatic prostate cancer5,6. In a trial with 69 metastatic prostate cancer patients the 50% survival length of treated and control patients was 48 and 35 months respectively, while the five-year survival rate of treated patients was 43% against 29% in the control group7.

Although usually delivered by injection, Lentinan is also orally bioavailable although the clinical dosage is likely to be significantly higher8,9.

Clinical trials using AHCC, a polysaccharide extract from multiple mushroom species including L. edodes, have shown positive effects in a number of cancers including breast, prostate and liver with reduction in side-effects from conventional treatment and improvement in haematopoetic parameters and cancer markers at a dose of 3g/day10-16.

CHOLESTEROL CONTROL - Eritadenine has been shown to be a potent inhibitor of S-adenosylhomocysteine hydrolase and to accelerate excretion of ingested cholesterol and its metabolic decomposition. When added to the diet of rats (0.005%), eritadenine caused a 25% decrease in total cholesterol in one week1.

Early studies indicated that levels found in whole shiitake mushrooms were too small to have a significant effect but recent research has shown the presence of eritadenine at levels 10 times higher than originally thought, indicating therapeutic possibilities for shiitake, particularly in cases where patients have shown statin intolerance17,18.

In clinical trials dried L. edodes (9g/day) decreased serum cholesterol 7-10% in patients suffering from hypercholesterolemia and 90g/day fresh L. edodes (equivalent to 9g/day dried mushroom) led to a decrease in total cholesterol of 9-12% and triglycerides of 6-7%1.

HEPATITIS B - Polysaccharide extracts from L. edodes have been shown to have broad anti-viral and hepatoprotective properties19. In a study of 40 patients with chronic hepatitis B, LEM at 6g/day for 4 months led to improved liver function and resulted in 17 patients becoming seronegative for Hbe antigen (HbeAg)20.

HIV - LEM increased the T-cell count in HIV patients with AIDS symptoms from 1250/mm3to 2550/mm3 after 60 days1.

CANDIDA - In vitro studies show L. edodes to have consistently high levels of anti-microbial activity, including the highest anti-candidal action among several mushroom species (for further discussion see section on Candidiasis).


CLINICAL SUMMARY

Main Therapeutic Application - Cancer, cholesterol control, especially as an adjunct to statins.

Key Components - Polysaccharides and eritadenine.

Dose - 2-6g/day polysaccharide extract for immune support. 9g/day dried fruit body for cholesterol control.

Because eritadenine’s cholesterol-lowering action differs from that of prescription statins or natural sources of statins such as Pleurotus ostreatus or Monascus purpureus, it can usefully be combined with them in cholesterol control protocols.

Safety - Although there have been a number of reports of dermatitis (Shiitake Dermatitis) developing following consumption of L. edodes these have been related to consumption of the raw mushroom and no cases have been reported for the use of L. edodes in supplement form21-26.
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Phellinus linteus
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Japanese name
Meshimakobu

Chinese name
Sang Huang
(Mulberry Yellow)





P. linteus is a basidiomycete fungus, popular in China, Korea and Japan and reported to work as a ‘miracle medicine’, prolonging longevity. Identified by Ikekawa as having the highest anti-tumour activity of the Hymenomycetes1 (a fungal grouping containing the major medicinal mushrooms), and by Stamets as having the greatest macrophage activation of 7 species surveyed2, it has been heavily researched in the last decade, especially in Korea, showing broad immunostimulant activity, strong anti-cancer properties and the ability to enhance the efficacy of existing chemotherapeutic drugs3.

Uniquely among the medicinal mushrooms, the Chinese Pharmacopoeia describes the energy of P. linteus as Cold (see section on Medicinal Mushrooms According to Traditional Chinese Medicine) and ascribes to it an extensive range of indications, including: cancer, diabetes, HIV, angina, leucorrhoea, diarrhoea and accelerated wound healing.

Research has focussed on P. linteus’ polysaccharide and proteoglycan components although it also contains a number of flavonoid-like polyphenol pigments with antioxidant, anti-inflammatory, cytotoxic and anti-viral effects4.

CANCER - Interest in the potential of P. linteus in cancer therapy has been stimulated by recent reports of remarkable effects in a number of cancer patients taking it. One case reported dramatic remission in a hormone refractory prostate cancer with rapidly progressive bone metastasis5, while in a second a 65 year old man with a large hepatocellular cancer and metastasis in the skull, sternum and ribs, who declined all treatment except radiation for the painful frontal bone mass in favour of P. linteus, experienced spontaneous regression of the tumours6. In a third case spontaneous regression of hepatocellular cancer with multiple lung metastasis was linked to consumption of P. linteus mycelium (no conventional therapy undertaken)7.

In vitro studies show that low levels of P. linteus polysaccharides induce cell cycle arrest in lung cancer cells8 and exhibit synergistic action with chemotherapeutic drugs such as doxorubicin, inducing apoptosis at a sub-therapeutic dose in prostate and lung cancer cells9, while at high doses activating apoptosis in lung cancer cells, hormone sensitive and, to a lesser degree, refractory prostate cancer cells, as well as suppressing growth, angiogenesis and invasive behaviour of breast cancer cells10,11. Modes of action identified include inhibition of Akt signalling and caspase induction.

In vitro studies also show significant inhibition of bladder cancer cell growth with enhanced cytotoxic activity in combination with vitamin C12.

In vivo studies show significantly prolonged survival, reduced tumour growth and reduced frequency of lung metastasis in mice transplanted with melanoma cells after administration of polysaccharide extract13,14.

RHEUMATOID ARTHRITIS - In a murine rheumatoid arthritis model polysaccharide extract from P. linteus fruiting bodies reduced expression of pro-inflammatory Th2 cytokines (such as TNF-α and IFN-γ) and increased expression of anti-inflammatory Th1 cytokines, including IL-10 and TGF-ß, resulting in the subsidence of the autoimmune response in the joints of the mice. Similar results were seen with polysaccharides from the related species Phellinus rimosus15,16

P. linteus polysaccharides have also been shown to reduce expression of TNF-α and major histocompatability complex II expression in lipopolysaccharide induced septic shock, supporting their use as anti-inflammatory agents17.

ALLERGIES - Several studies show strong effect of P. linteus polysaccharides in suppressing production of Th2 cytkines and promoting secretion of Th1 cytokines, thereby addressing the immune imbalance involved in allergic responses18-20. At the same time it is reported that aqueous extract of P. linteus fruiting body prevented histamine release in response to allergenic stimuli and inhibited mast cell mediated anaphylaxis-like reactions21.

Other atopic conditions have also shown benefit from P. linteus in animal models including asthma and dermatitis22,23.

INFERTILITY - P. linteus shows considerable promise in cases where infertility is associated with elevated cytokine and NK cell levels, with 23 of 26 women in one study showing improvement in immune parameters from supplementation with mycelial biomass at 3g/day24.


CLINICAL SUMMARY

Therapeutic Application - Cancer, rheumatoid arthritis, allergies.

Key Component - Polysaccharides.

Dose - The Chinese Pharmacopoeia prescribes a daily dose of 10-30g for the dried mushroom, while for polysaccharide extract 2-3g/day is usual25.
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Japanese name
Hiratake

English name
Oyster Mushroom

Chinese name
Ping Gu



One of the principal culinary mushrooms, P. ostreatus fruiting bodies contain lovastatin in concentrations ranging from 0.7-2.8% dried weight depending on the strain.

P. ostreatus has also been commercialized as a source of polysaccharide extracts for immune support and shows promise for general health maintenance1,2.

Related species including Pleurotus eryngii, Pleurotus tuber-regium and Pleurotus citronopileatus show similar immune-modulating and cholesterol-lowering activity3-7.

CHOLESTEROL CONTROL - Dried P. ostreatus fed to hamsters at 2% of a high fat diet for six months is reported to have lowered VLDL by 65-80% and total serum lipid levels by 40% and to totally negate increases in triglyceride and liver cholesterol levels associated with chronic alcohol intake8-10. Multiple animal studies show P. ostreatus to produce improvements in blood lipid levels at 5% of diet11-17. Intake of more than 5% was seen to suppress appetite18.

Bobek et al reported reductions in cholesterol in humans from intake of 15-20g/day11 and Khatun et al reported P. ostreatus to reduce cholesterol levels in diabetic patients19. However, in a small clinical study on HIV patients with elevated non-HDL cholesterol (>160mg/dl) who were taking protease inhibitors no significant change was seen from supplementation with 15g/day freeze-dried P. ostreatus for 8 weeks (abnormalities in lipid metabolism are a common side effect of anti-retroviral treatment)20,21.

ANTI-AGEING - As well as having immunomodulatory, anti-cancer and hepatoprotective properties in common with those from other mushrooms, polysaccharides from P. ostreatus have been shown to increase activity of catalase, superoxide dismutase and glutathione peroxidase, as well as counter age-related reductions in levels of vitamins C and E22-27.


CLINICAL SUMMARY

Therapeutic Application - General health maintenance, especially in the elderly. Can be prescribed for cholesterol control, although Monascus purpureus products (Hong Qu Mi - Red Yeast Rice) usually give a more controlled dose of lovastatin.

Key Components - Lovastatin, polysaccharides.

Dose - 1-2g/day polysaccharide extract or 2-3g/day mycelial biomass for general health maintenance. 10-15g/day dried fruit body for cholesterol control.

Caution - Patients taking protease inhibitors such as ritonavir, indinavir etc., which have been shown to raise statin levels significantly through common use of the CYP3A4 enzyme system.
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Polyporus umbellatus

(Grifola umbellata)
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Chinese Name
Zhu Ling
(sclerotium)

Japanese Name
Chorei Maitake
(fruiting body)



A close relative of Grifola frondosa (Maitake), P. umbellatus differs from most medicinal mushrooms in that traditionally it has been harvested as a hyphal mass, or sclerotium, which only forms when P. umbellatus is symbiotically associated with Armillaria species1,2.

Li Shi Zhen, in his comprehensive materia medica the Ben Cao Gang Mu (1578), says of this mushroom’s actions, quoting the earlier Shen Nong Ben Cao, ‘dispersing invading vicious factors and facilitating urination. Long term use makes one feel happy and vigorous and look younger’3.

As well as its traditional use as a diuretic, polysaccharide extracts of P. umbellatus show promise as adjuvant nutrition alongside chemotherapy and are licensed in China for use in cancer therapy4. A number of steroids with cytotoxic activity against cancer cells have also been isolated from the fruiting body5-7.

DIURETIC - P. umbellatus is a component of the classical diuretic herbal formula Wu Ling San and a number of compounds have been identified as contributing to its diuretic activity, including triterpenes, ergosterol and d-mannitol8-11.

Comparison with other diuretics, including Poria cocos and caffeine, indicates that P. umbellatus has stronger action with oral administration of 8g aqueous decoction leading to a 62% increase in 6-hour urine output and a 54.5% increase in chloride excretion4.

CANCER - Co-administration of P. umbellatus polysaccharide extracts with chemotherapy is reported to improve treatment outcomes and quality of life indicators in patients with a number of cancers including lung, liver, leukaemia, nose and throat12-14.

In vivo studies confirm increases in survival when given with chemotherapy (119.9% compared to 70.1% for Mitomycin C on its own in experimental liver cancer12) and in vitro and in vivo studies show broad effects on the immune system, including TLR4 mediated macrophage activation and increased antibody production12,15-17.

P. umbellatus aqueous extract significantly inhibited the development of bladder cancer in rats exposed to N-butyl-N-(4-hydroxybutyl) nitrosamine, with 61.1% of animals in the treatment group developing cancer compared to 100% in the control group, and it was also reported to be effective in reducing recurrence in 22 patients with recurrent bladder cancer18-20.

In addition P. umbellatus polysaccharides prevented the development of toxohormone-L (a compound produced by cancer cells) induced cachexia (loss of weight, muscle atrophy, fatigue) in rats21, while a number of steroids from P. umbellatus show promise as agents for promoting hair regrowth with low doses of extract (1.28 and 6.4 µg/ml) found to markedly enhance hair growth and lengthen the period of hair growth when applied topically22.


CLINICAL SUMMARY

Therapeutic Application - Cancer, fluid retention.

Key Component - Polysaccharides.

Dose - While the sclerotium has traditionally been prescribed as a diuretic in formulae at a dose of 6-15g/day, polysaccharide extracts are preferred for cancer care - 3-6g/day polysaccharide extract.

Caution - Patients on prescription diuretics.
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Poria cocos
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English Name
Hoelen

Chinese name
Fu Ling

Japanese name
Bukuryo



P. cocos is a component in many traditional Chinese herbal formulae, with functions described as diuretic, tonic and sedative but is almost never used singly. As the fruiting body is rarely seen, P. cocos, like Polyporus umbellatus, is traditionally harvested as the sclerotium from the roots of the pine trees on which it grows.

Research has focused on two fractions: polysaccharides and triterpenes, with the triterpenes showing wider activity. Although the majority of the the sclerotium (91-98%) is composed of polysaccharides the vast majority are insoluble and most evidence suggests that, unlike in mushrooms such as P. umbellatus and Grifola frondosa, the soluble polysaccharides have low immunological activity.

Traditionally four parts of P. cocos are recognised in Chinese medicine: Fu Ling - the main body of the sclerotium, Fu Shen - the central portion considered be mildly sedative, Fu Ling Pi - the outer skin with the strongest diuretic action and Chi Fu Ling - the reddish part just under the skin with heat-clearing (anti-inflammatory) properties1.

DIURETIC - Triterpenes are the key components in the diuretic activity of P. cocos and in accordance with traditional use are principally found in the outer layer of the sclerotium (Fu Ling Pi) with triterpene-rich extracts showing significant increases in urine output in rats at doses of 25 and 50mg/kg2,3.

CANCER - Triterpenes and heteropolysaccharides from P. cocos both show anti-tumour activity including inhibition of skin tumours in mice by triterpenes isolated from the sclerotium4-9.

ANTI-INFLAMMATORY - Triterpene fractions from P. cocos show strong anti-inflammatory activity in animal models of dermatitis, suppressing carrageenan, arachidonic acid, tetradecanoyl phorbol acetate (TPA) acute oedemas, TPA chronic inflammation and oxazolone delayed hypersensitivity in mice. The fact that triterpenes are found primarily in the outer portion of P. cocos supports the traditional use of this part for treating inflammatory conditions10-13.


CLINICAL SUMMARY

Main Therapeutic Application - Mainly used in Chinese herbal formulae to reinforce/balance the effects of other herbs.

Key Components - Triterpenes, polysaccharides.

Dose - 9-15g/day dried herb is used traditionally in aqueous decoctions. However, for single use the tincture is preferred in order to enhance extraction of the triterpenes.
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Sparassis crispa
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Japanese name
Hanabiratake

Chinese name
Xiu Qiu Jun

English Name
Cauliflower Mushroom



S. crispa is a popular culinary mushroom throughout its range in the northern temperate zone where it grows primarily on conifers, especially pines1.

It has recently gained popularity as a medicinal mushroom because of its exceptional beta-glucan content, which has been reported to be as high as 43%2. In addition it contains multiple anti-microbial agents as well as active terpenoid compounds and phthalides that have been implicated in its anti-cancer activity3-6.

CANCER - In-vitro and in-vivo tests have shown a high level of immunomodulatory and anti-tumour activity with both the dectin-1 and TLR-4 receptors and NF-kB and MAPK signalling pathways involved leading to significant increases in IFN-γ, TNF-a and IL-12 as well as enhancement of the haematopoietic response, macrophage and dendritic cell activation together with inhibition of angiogenesis and metastasis6-12.

In one human study healthy men given 300mg S. crispa powder per day for 8 weeks showed significantly enhanced NK cell cytotoxicity compared to preadministration and in another the same dose produced increased quality of life scores in a small group of cancer patients (lung, stomach, colon, breast, ovarian, uterine, prostate, pancreatic and liver) over extended follow-up (mean: 15 months) when given after one course of lymphocyte transfer immunotherapy13,14.

ANTI-MICROBIAL - One of the earliest reports of the separation and isolation of a microbial antibiotic was of Sparassol from S. crispa in 1923 and more recent studies have confirmed the prescence of multiple anti-bacterial compounds, including those with inhibition against MRSA, as well as anti-fungal agents5,15,16. A hot-water extract of S. crispa also showed a high level of HIV-1 reverse transcriptase activity with 70.3% inhibition at a concentration of 1mg/ml17.

SKIN REPAIR - Daily supplementation with 70mg/kg S. crispa powder significantly increased the level of newly synthesized collagen in the skin of rats fed a protein deficient diet and S. crispa has also been reported to enhance wound healing in diabetic rats at 1g/kg18,19.

In a controlled human study daily consumption of 320mg/day S. crispa fruiting body by healthy volunteers over a period of 28 days dramatically reduced transepidermal water loss in the treatment group with no change in the control group indicating enhanced skin integrity20.

Oral S. crispa supplementation also reduced inflammation, blood IgE level and scratching index in a mouse dermatitis model while anti-microbial compounds from S. crispa were found to inhibit melanin synthesis at a significantly lower concentrations than arbutin, a commonly used skin-whitening agent16,21.

STROKE PREVENTION - In stroke-prone spontaneously hypertensive rats dietary supplementation with 1.5% S. crispa in feed delayed incidence of stroke and death with significantly decreased blood pressure and amelioration of cerebrovascular endothelial dysfunction22.


CLINICAL SUMMARY

Main Therapeutic Application - Skin repair, immune support, stroke prevention.

Key Components - Polysaccharides.

Dose - While benefit was seen both for immune and skin health from supplementation with the comparatively low dose of 0.3g/day S. crispa fruiting body, more acute cases will benefit from higher levels of supplementation (3-5g/day).
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Trametes versicolor

(Coriolus versicolor)
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Japanese name
Kawaratake

Chinese name
Yun Zhi

English name
Turkey Tail



T. versicolor is the most extensively researched of all medicinal mushrooms with large scale clinical trials on the extracts PSK (‘Krestin’) and PSP showing impressive results in a variety of cancers including gastric, oesophageal, lung, breast and colorectal1-8.

PSK and PSP are both polysaccharide-protein complexes that are soluble in water but insoluble in ethanol9. PSK contains 34-35% polysaccharide (~92% glucan) and 28-35% protein10.

PSK has been shown to boost immune cell production, ameliorate chemotherapy and radiotherapy side effects, enhance immune status and tumour infiltration by dendritic and cytotoxic cells and significantly extend survival in cancers of the stomach, colon-rectum, oesophagus, nasopharynx, uterus and lung (non-small cell types), and in an HLA B40-positive breast cancer subset in combination with conventional treatment1. In addition to its immune related effects, PSK has shown an ability to enhance superoxide dismutase and glutathione peroxidase activity11,12.

PSP has been shown to significantly enhance immune status in 70-97% of patients with cancers of the stomach, oesophagus, lung, ovary and cervix8.

Although most clinical trials have been conducted with the above proteoglycan extracts, there is also evidence of immunomodulatory action for T. versicolor mycelial biomass, with improvements of immune status in patients with chronic fatigue syndrome and enhanced clearance of low grade squamous intraepithelial lesions (LSIL) from the cervix.

CANCER - The use of T. versicolor extracts in cancer treatment is supported by a significant number of clinical trials8,13,14.

STOMACH CANCER - Multiple clinical trials of PSK given alongside surgery and chemotherapy at 3-6g/day significantly extended survival times in stomach cancer at all stages. Even in patients with advanced stomach cancer with metastasis PSK doubled 2-year and 5-year survival and extended 15-year survival15-20.

COLORECTAL - In different clinical trials PSK extended 5-year and 8-year survival after surgery and chemotherapy and after surgery, chemotherapy and radiotherapy21-23.

LUNG CANCER (NSCLC) STAGES I-III - PSK extended 5-year survival 2-4x for all cancer stages with stage III cancer patients taking PSK having a better prognosis than stage II patients without PSK24.

OESOPHAGEAL - PSK extended 5-year survival after surgery, radiotherapy and chemotherapy while in double-blind trials PSP significantly extended 5-year survival in oesophageal cancer as well as improving quality of life, providing substantial pain relief and enhancing immune status in 70-97% of patients with cancers of the stomach, oesophagus, lung, ovary and cervix at a dose of 3g/day25.

NASOPHARYNGEAL - PSK extended 5-year survival after radiotherapy and chemotherapy (28% vs, 15%)26.

BREAST CANCER - Evidence from clinical trials (given alongside chemotherapy) is mixed. In one trial PSK was shown to extend survival in patients with oestrogen receptor negative, non-metastasised, stage II cancer but no benefit was shown in another. In a third trial significant benefit was seen in patients positive for HLA B40 with 100% survival after 10 years27-29.

CERVICAL/UTERINE CANCER - In combination with radiotherapy PSK (3-6g/day) given to patients with stage III uterine and cervical cancer enhanced survival and increased sensitivity of the cancers to radiotherapy30. In another trial cervical cancer patients given the same dose together with radiotherapy showed clearance of cancer cells in 36% of patients versus 11% of controls and improved 5-year survival from 48% to 79%9. In a recent study using T. versicolor biomass, supplementation with 3g/day produced a 72.5% regression rate in LSIL lesions, compared to 47.5% without supplementation, and also increased the clearance of high risk HPV strains from 8.5% to 91.5%31-33.

HIV - In several in vitro experiments PSK was found to exhibit anti-HIV activity through multiple routes34-35:


	Inhibition of HIV reverse transcriptase

	Inhibition of viral binding to lymphocytes

	Inhibition of cell-to-cell infection of HIV-1 and HIV-2



Use of T. versicolor supplementation (3.0g/day T. versicolor biomass) has been reported to improve HIV patients’ immune status and produce improvement in HIV related Kaposi’s sarcoma36,37..

HERPES - Clinically T. versicolor supplementation is seen to reduce the frequency of Herpes simplex virus (HSV) outbreaks and it has also been shown to inactivate HSV in a dose-dependent manner38.

CHRONIC FATIGUE SYNDROME (ME) - T. versicolor biomass has shown promise in the treatment of Chronic Fatigue Syndrome with immune system activation and increased NK cell activity reported in patients at 1.5g/day (3.0/day for the first 2 weeks) over a 2 month period39.

HEPATOPROTECTIVE - T. versicolor polysaccharide extracts demonstrate hepato-protective properties40,41.


CLINICAL SUMMARY

Main Therapeutic Application - Cancer.

Key Component - Polysaccharides.

Dose - Commercial polysaccharide extracts are commonly prescribed at 3g/day and for long term use may be given in cycles of two weeks on, two weeks off. Dosage for crude polysaccharide extracts is typically 3-6g/day for cancer and 1-2g/day for immune support. For chronic immune deficient conditions the biomass also shows promise at 3g/day.
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As well as being a popular culinary mushroom in oriental cuisine, T. fuciformis has a long history of medicinal use and was one of the mushrooms included in the Shen Nong Ben Cao (c.200AD). Its traditional indications include clearing Heat and Dryness, nourishing the brain and enhancing beauty.

Like other jelly fungi, T. fuciformis is rich in polysaccharides and these are the main bioactive component1. The principal polysaccharide is a glucoronoxylomannan with a linear backbone of 1,3 linked α-D-mannan residues with side chains consisting mainly of xylose and glucoronic acid2,3. The glucuronic acid side chains in Auricularia auricula have been found to be essential for its anti-coagulant action and they are likely to contribute to T. fuciformis’s action in this regard.

Research in China has focused on its use to alleviate the side effects of radiotherapy and as an anti-ageing supplement with over 40 Chinese patents citing it during the 1990s alone4,5.

RADIOTHERAPY - As well as demonstrating broad immuno-modulatory activity and in vitro anti-cancer activity6-8, T. fuciformis polysaccharides have been shown to protect against the consequences of acute radiation exposure, restoring the blood-producing mechanism of the bone marrow9. When administered at a dose of 54mg/kg i.p. for 3 days before γ-irradiation they resulted in 50% 30-day survival in mice exposed to whole body lethal γ-irradiation compared to 100% mortality without and when administered at a dose of 200mg/kg for 3-5 days prior to γ-irradiation they exerted a protective effect on bone marrow with myeloid granulocytes reduced to 60% of normal compared to 20% of normal without10. They also significantly increased 30-day survival rates in mice, dogs and monkeys exposed to γ-irradiation11.

CIRCULATORY DISORDERS - T. fuciformis polysaccharides have been shown to stimulate DNA synthesis in vascular endothelial cells, the dysfunction of which is a major factor in the pathogenesis of atherosclerosis, hypertension and thrombophlebitis, with therapeutic implications for these conditions. They have also been shown to protect endothelium cells from histamine damage, increase clotting time, reduce platelet adherence and blood viscosity9.

NEUROLOGICAL DAMAGE - The water extract of T. fuciformis (0.01-1 microg/ml) promoted neurite outgrowth of PC12 cells in a dose dependent manner, indicating potential for application of T. fuciformis polysaccharides in the treatment of neurological damage12.

Experiments with mice also showed the ability of T. fuciformis polysaccharides to exert an anti-ageing effect by increasing the superoxide dismutase activity of the brain and liver9.

MEMORY IMPAIRMENT - Traditionally considered to nourish the brain, supplementation with T. fuciformis polysaccharide extract (100 or 400 mg/kg) for 14 days significantly reversed the scopolamine-induced deficit in learning and memory in rats and alleviated decrease in cholinergic immuno-reactivity induced by scopolamine in the medial septum and hippocampus13,14.

COSMETIC APPLICATION - T. fuciformis has traditionally been used to benefit the skin and ‘enhance beauty’ and T. fuciformis polysaccharides have been developed for use in cosmetics on account of their excellent skin moisture retention, skin protection, flexibility and flattening effects, as well as anti-inflammatory and anti-allergenic properties. Their ability to prevent senile degeneration of micro-vessels helps maintain blood perfusion to the skin and they have also been shown to promote wound healing15,16.


CLINICAL SUMMARY

Main Therapeutic Application - Immune support, anti-ageing, radiotherapy.

Key Component - Polysaccharides.

Dose - 1-3g/day polysaccharide extract for health maintenance, 3-6g/day for radiotherapy support.

 T. fuciformis polysaccharides are beneficial for counteracting the harmful effects of radiotherapy and also possess excellent anti-ageing activity with a combination of neurological, circulatory and immune-modulating benefits. In addition they are an ideal supplement for those who smoke because of their moistening and nourishing properties, as well as beneficial effects on the skin and immune system.

Safety - Although a widely consumed culinary mushroom with no reported side-effects, T. fuciformis’ mild anti-coagulant activity indicates a need for caution when using alongside anti-coagulant medication.
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Medicinal Mushrooms in Cancer Therapy

Cancer has traditionally been one of the main conditions for which medicinal mushrooms have been used and in the Far East several mushroom extracts are licensed as adjuvant nutrition for cancer therapy, including:


	PSK and PSP - Proteoglycan extracts from Trametes versicolor mycelium

	Lentinan - Polysaccharide extract from Lentinula edodes fruit body

	Schizophyllan - Polysaccharide extract from Schizophyllan commune culture broth



These extracts have impressive risk/benefit profiles with large scale clinical trials demonstrating extended survival times in a range of cancers and an absence of serious side effects1. Use of these mushroom polysaccharide extracts has been shown to promote2:


	Anti-inflammatory Activity

	Inhibition of cell proliferation

	Induction of cell-cycle arrest

	Induction of apoptosis

	Inhibition of angiogenesis and tumour invasiveness

	Cell-signalling pathway interference

	Reduction in side-effects from chemotherapy and radiotherapy



As well as polysaccharides several other categories of compound produced by mushrooms for their antimicrobial properties have also been shown to have anti-cancer activity, including:


	Statins - Lovastatin is found in a number of mushroom species and exhibits several beneficial antineoplastic properties, including decreased tumour growth and inhibition of angiogenesis and metastasis3.

	Sterols - Ergosterol (pro-vitamin D2) and other sterols with anti-cancer activity are present to varying degrees in all mushrooms4.

	Triterpenes - produced in significant quantities by some mushrooms, especially
Antrodia camphorata, Ganoderma lucidum and Inonotus obliquus5-7.

	Nucleoside Derivatives - found primarily in Cordyceps species with cordycepin from Cordyceps militaris having been shown to inhibit metastasis, induce apoptosis, provoke RNA chain termination and interfere with mTOR signal transduction8.



Medicinal Mushrooms and Chemotherapy

Mushroom extracts are routinely prescribed in Japan and China alongside a range of chemotherapeutic agents with multiple clinical trials confirming enhanced treatment outcomes as well as reduction in side effects including nausea, hair loss and lowered immune status, as well as improved appetite, general condition and haematopoietic parameters9-17.

Chemotherapy regimes for which adjuvant mushroom nutrition has been reported to be beneficial include:


	Lentinan extended survival in inoperable or recurrent gastric cancer in conjunction the tegafur - 50% survival time 173 days compared to 92 days with tegafur alone18.

	Lentinan prolonged survival and reduced the incidence of adverse effects in patients with gastric cancer receiving S-1-based chemotherapy (tegafur, gimeracil, oteracil)19.

	Five-year disease free survival in colorectal cancer cases was significantly higher with PSK and oral Tegafur/Uracil (UFT) than with UFT alone (73% vs. 58.8%, p=.016)20.

	PSK increased five-year disease-free period (70.7% vs. 59.4%, p<0.05) and five-year survival (73.0% vs. 60.0%, p=0.04) when given together with mitomycin and fluorouracil21.

	Agaricus subrufescens polysaccharide extract reduced chemotherapy related side effects (appetite, alopecia, emotional stability, and general weakness) in one hundred cervical, ovarian, and endometrial cancer patients treated either with carboplatin plus VP16 (etoposide) or with carboplatin plus taxol22.

	Grifola frondosa polysaccharide fractions potentiated the action of carmustine and increased efficacy when given in combination with chemotherapy across a range of cancers, as well as reducing cisplatin-induced nephrotoxicity23.



In addition to supporting the immune system and ameliorating chemotherapy-induced immune suppression there is some evidence that mushroom polysaccharide extracts contribute to the efficacy of the chemotherapeutic drugs themselves through enhanced production of reactive oxygen species (ROS). Liu et al reported an increase in ROS and reactive nitrogen intermediates in peritoneal macrophages of mice given PSP, an extract of A. subrufescens was shown to induce apoptosis through an ROS-dependent pathway and Grifron-D, a polysaccharide extract from G. frondosa, has been shown to have a direct cytotoxic effect on cancer cells through oxidative membrane damage leading to apoptosis24-26.

Although anti-oxidant activity of mushroom extracts has been demonsrated in vitro this was shown to be strongly correlated with pro-oxidant activity in a study of 39 commercial mushroom extracts (7 species) and 12 fruiting body extracts (11 species) as well as with their respective polysaccharide and polyphenol content, indicating that possible excess cell defense−related intracellular ROS generated by mushroom extracts may be downregulated by the antioxidant components present in the same extracts27.


CLINICAL NOTE

Medicinal mushrooms may also offer some protection against venous thromboembolism (VTE), which some chemotherapy drugs are known to increase the risk of (the annual incidence of VTE in patients receiving chemotherapy is estimated at 11% and this can climb to 20% or higher depending on the type of drug(s) being administered)28.

Elderly patients are especially at risk and mushrooms with anti-coagulant properties (such as Ganoderma lucidum and Tremella fuciformis) can be beneficial in such cases.

Caution - Because of medicinal mushrooms’ ability to support immune function in patients receiving chemotherapy, they are not considered suitable for use alongside immuno-suppressive agents such as methotrexate.



Mushrooms and Radiotherapy

As with chemotherapy, there is evidence for benefit from medicinal mushroom use alongside radiotherapy including:


	Reduction in radiation-induced leukopaenia - in a trial with 136 patients undergoing radiotherapy, oral consumption of T. fuciformis polysaccharide extract (3g/day) resulted in a 13.2% reduction in WBC compared to a 35.2% reduction in the control group and T. versicolor mycelial biomass (6g/day) prevented decreases in red and white blood cells in lung cancer patients undergoing radiotherapy29,30.

	Enhanced treatment efficacy - oral administration of T. versicolor extract PSP with radiotherapy significantly increased the percentage of apoptotic cells at 24hr compared to radiation alone and reduced radiotherapy induced reduction in white blood cell count31.



Mushrooms and Surgery

Mushroom extracts such as PSK and Lentinan are routinely used alongside surgical excision of tumours with no contraindication. In addition, two double-blind placebo-controlled studies at Harvard Medical School showed fungal beta-glucan (2g/day) to be effective at protecting patients from infection after undergoing major surgery, indicating their role in enhancing host immunity32,33.


CLINICAL NOTE

Mushrooms with anti-coagulant properties are best avoided immediately before surgery. The main mushrooms in this category are Antrodia camphorata, Auricularia auricula, Ganoderma lucidum and Tremella fuciformis.



Cancer Prevention

There is growing evidence linking increased mushroom consumption with reduced risk of developing cancer and some that regular consumption of both mushrooms and green tea provides even greater levels of protection34.

An epidemiological study of 2,000 Chinese women, half with breast cancer and half without, found a reduction in risk of breast cancer in those women who regularly consumed mushrooms (10g/day fresh or 4g/day dried) and drank green tea (1.05g/day dried green tea leaves) with an increased reduction in women who did both35.

Two Korean studies of women with histologically confirmed breast cancer, one with 362 women and the other with 358, also found a strong inverse correlation between mushroom consumption and breast cancer risk with the strongest association in women with oestrogen receptor (ER)+/progesterone receptor (PR) + tumours (OR = 0.30)36,37.

In studies on the population in the Nagano area of Japan, mushroom farmers had a much lower rate of death from cancer than the general population (97.1/100,000cf. 160.1/100,000) with Flammulina velutipes and Hypzisygus marmoreus farmers showing the greatest reduction in risk of developing cancer38,39.

Bladder Cancer

Clinical studies in China showed polysaccharide extracts of Polyporus umbellatus to be as effective in preventing post-operative recurrence of bladder cancer as BCG (Bacillus Calmette-Guérin) and greater than Mitomycin C (MMC)40,41. One study of 313 patients  after TURBT (transurethral resection of bladder tumour) or partial cystectomy who were followed up for 2 to 15 years (average 7.6 years) reported recurrence rates of 34.9% in the group receiving P. umbellatus polysaccharide extract, compared with 35.1% in the BCG group, 41.7% in the MMC group and 64.7% in the control group42.

In animal experiments P. umbellatus also inhibited the development of bladder cancer in rats exposed to N-butyl-N-(4-hydroxybutyl) nitrosamine with 11 of 18 animals staying cancer free. Polysaccharide extracts of Lentinula edodes, Grifola frondosa and Pleurotus ostreatus showed similar increases in host resistance with 9 of 17, 13 of 20 and 7 of 15 animals staying cancer free43.

In vitro studies with G. frondosa and Phellinus linteus extracts showed synergistic action with vitamin C against bladder cancer cell lines with non-cytotoxic doses of polysaccharide extracts becoming highly cytotoxic in combination with non-toxic levels of vitamin C44.

Brain Cancer

Betulinic acid, a major component of extracts from Inonotus obliquus grown on birch trees, exerted cytotoxic activity against primary tumour cells cultured from patients in 4 of 4 medulloblastoma-tumour samples and in 20 of 24 glioblastoma-tumour samples with induction of apoptosis, while being non-toxic against mouse nerve cells45-47.

Maitake D-fraction in combination with Maitake (Grifola frondosa) fruiting body was reported by Nanba to produce tumour regression or significant symptom improvement in 37% of brain cancer patients48.

Breast Cancer

Polysaccharide extracts from Lentinula edodes, Grifola frondosa and Trametes versicolor have all been reported to be beneficial for breast cancer49.

Long term immunotherapy with PSK has been shown to significantly improve the survival rate of patients with breast cancer50-51, while a separate study in breast cancer patients with vascular invasion linked the effect of PSK supplementation to B40 antigen status (a known indicator of breast cancer survival) with 100% of B40-positive patients treated with PSK as well as chemotherapy surviving beyond 10 years, while for B40-negative patients the 10-year survival rate was approximately 50%52.

Symptomatic improvement or regression was also reported by Nanba for 11 out of 15 breast cancer patients treated with a combination of Maitake D-fraction and Maitake (G. frondosa) fruiting body48. Mizuno reported recovery in a breast cancer patient with lung metastases using Agaricus subrufescens polysaccharide extract53, while Phellinus linteus has traditionally been used to treat breast cancer in Korea and polysaccharide extracts show strong in vitro activity54.

Breast Cancer - Oestrogen independent

The transcription factor NF-kB has been identified as a key component in the ability of breast cancer cells to multiply independently of oestrogen while resisting chemotherapy and avoiding apoptosis49.

Ganoderma lucidum has shown the most significant inhibitory effect on NF-kB in highly invasive breast cancer cells with the triterpenes particularly active. Triterpenes from G. lucidum have also been shown to inhibit aromatase activity, as well as the transcription factor AP1 (characteristic of highly metastatic breast cancer cells), while the clinical role of a triterpene-enriched G. lucidum extract in inhibiting NF-kB in a case of breast cancer is also reported in one paper55.

Other mushrooms which have demonstrated NF-kB inhibition in vitro include Phellinus linteus and Lentinula edodes.

Cervical Cancer

Schizophyllan (Sizofiran), a polysaccharide extract from Schizophyllan commune, is licensed in Japan for the treatment of cervical cancer and, in a 5-year multi-centre study, has been shown to significantly extend time to recurrence and improve survival rates in patients with stage II cervical cancer but not in those with stage III cancer56,57. A polysaccharide extract of Agaricus subrufescens was shown to enhance NK cell activity in patients with gynaecological cancers (cervical, uterine and endometrial) undergoing chemotherapy (either carboplatin plus etoposide or carboplatin plus taxol) and reduce side effects from the chemotherapy (appetite suppression, alopecia, emotional stability and general weakness)58.

Fve, a protein from Flammulina velutipes, enhanced immune response to vaccination against HPV in an animal model and, in early stage cervical dysplasia (LSIL), Trametes versicolor mycelial biomass (3g/day) significantly increased the percentage of women showing normal cytology after 1 year (72.5% compared to 47.5% in the control group) and increased clearance of associated high risk HPV strains (91.5% vs. 8.5%)58,60.

Colorectal Cancer

A recent meta-analysis of 3 clinical trials in Japan with 1,094 patients showed clear benefit from PSK supplementation (3.0g/day) in improving both survival and disease-free survival in cases of curatively resected colorectal cancer61,62. Chihara et al also report excellent results from a 4 year follow-up of Lentinan in phase III patients with colorectal cancer63.

In a study on patients with advanced colorectal cancer, a polysaccharide extract from Ganoderma lucidum (5.4g/day) produced improvements in immune parameters with increases in mitogenic reactivity to phytohemagglutinin, counts of CD3, CD4, CD8 and CD56 lymphocytes, plasma concentrations of interleukin (IL)-2, IL-6 and IFN-γ, and NK-cell activity, and decreases in plasma concentrations of IL-1 and tumour necrosis factor-alpha64.

It is also likely that dietary consumption of mushrooms might be beneficial in reducing incidences of colon cancer due to their high dietary fibre content and immune modulating activity, with Pleurotus ostreatus given at 5% of feed showing a protective effect on the development of dimethylhydrazine-induced colon cancer in rats65,66. Extracts from G. lucidum and Lentinula edodes also show protective effects against colon cancer development67,68.

Endometrial Cancer

Agaricus subrufescens polysaccharide extract enhanced NK cell activity in gynaecological cancer patients (including endometrial) undergoing chemotherapy (either carboplatin plus etoposide or carboplatin plus taxol) and reduced side effects from the chemotherapy59.

Gastric Cancer (Stomach cancer)

Previously the most common cancer in Japan69, mushroom polysaccharide extracts form part of mainstream treatment and their effects have been evaluated in several large scale clinical trials with very positive results.

A recent meta-analysis of trials with PSK including 8,009 patients confirmed improved survival of patients after curative gastric cancer resection and an individual patient data meta-analysis of 690 patients from 5 trials with Lentinan showed it to offer a significant advantage over chemotherapy alone in terms of survival for patients with advanced gastric cancer70,71.

Leukaemia

PSK increased median duration for complete remission and survival when given alongside mercaptopurine chemotherapy after remission had been induced by combination therapy without side effects in one trial and there was a trend to longer survival in a second72,73. Nanba et al also reported reductions in CD4+ (26%) and IL-2 (17%) in 3 leukaemia cases with a combination of Maitake (Grifola frondosa) D-fraction and G. frondosa fruiting body74.

In vitro experiments with polysaccharide extracts from several mushrooms, including Agaricus subrufescens, Ganoderma lucidum, Poria cocos, Trametes versicolor and Ophiocordyceps sinensis show activity against human leukaemia cell lines through induction of apoptosis, as do triterpenes from G. lucidum and Antrodia camphorata75-85, while in vivo and in vitro studies with Agaricus subrufescens polysaccharide extracts showed tumour-selective growth inhibitory activity against human leukaemia cells86.

Liver Cancer

Nanba et al reported that 7 of 12 patients with liver cancer responded to a combination of Grifola frondosa fruiting body (4-6g/day) and purified polysaccharide extract (MD fraction - 40-150mg/day)45.

Studies using implanted sarcoma 180 as a model for liver cancer have shown rates of tumour inhibition of 52.8%, 56.6% and 51.9% when given polysaccharide extracts of Flammulina velutipes, Lentinula edodes and Agaricus subrufescens respectively87 and a 71.6% increase in lifespan of tumour-bearing mice with Polyporus umbellatus polysaccharide extract (i.p.) on its own and a 119.9% increase when given in conjunction with mitomycin C88.

Several in vitro studies using Ganoderma lucidum and G. lucidum triterpenes have demonstrated cell growth inhibition and anti-invasive effects by multiple mechanisms including suppression of protein kinase C, activation of protein kinases, G2-phase cell cycle arrest, inactivation of MAPK/ERK signal transduction pathway and inhibition of the binding activities of NF-kB and AP-189-94. In a human tumour xenograft model, a doseresponse inhibition was also observed in the average size, volume, and weight of tumours upon oral administration of G. lucidum extract95.

Antrodia camphorata has traditionally been used in the treatment of liver cancer in Taiwan. In vitro studies confirm its apoptotic effects on human liver cancer cell lines and a number of promising cases have been reported combining it with conventional treatment in cases of advanced liver cancer96,97.

Ophiocordyceps sinensis, Pleurotus ostreatus and Inonotus obliquus have all shown in vitro efficacy against liver cancer cell lines98-100.

Lung Cancer

Trametes versicolor polysaccharide extracts show impressive benefits in cases of lung cancer.

In a 1993 study on patients with stage I-III non-small cell lung cancer treated with radiotherapy and PSK, PSK extended 5-yr survival 2-4x for all stages with maximum benefit in patients over the age of 70 and for tumours less than 5cm in diameter. In a 2003 study with non-small-cell lung cancer patients post-radiotherapy, those patients who received 3g PSK daily in 2 week cycles (2 weeks on, 2 weeks off) were almost 4 times more likely to be alive after 5 years than those without PSK (27% vs. 7%), with stage III patients who received PSK having a better prognosis than stage I/II patients who did not101.

Grifola frondosa polysaccharide extract/fruiting body combination has also been reported to produce improvement in 65% of lung cancer patients48.

Lymphoma

A number of papers report beneficial immunological effects from extracts of Trametes versicolor and Ganoderma lucidum in human lymphoma cell lines102-106. PSK was also reported to inhibit lymphoma development in a mouse model and a case of regression of gastric large B-Cell lymphoma following high G. lucidum intake has been reported107,108.

Ovarian Cancer

PSK has been shown to reduce chemotherapy-induced IL2 suppression in ovarian cancer patients and to increase the survival rate of mice with human ovarian cancer109-111. PSK also showed combined benefit with cisplatin, a finding confirmed by in vitro studies112.

A polysaccharide extract of Agaricus subrufescens was reported to increase NK cell activity and improve quality of life in patients with ovarian cancer, as well as other gynaecological cancers58.

Pancreatic Cancer

There have been two reports of unresectable pancreatic cancer responding to combined chemotherapy and PSK/Lentinan and one in vitro study showing PSK enhancing docetaxel induced apoptosis through NF-kB inhibition113-115.

Clinically triterpene-rich Ganoderma lucidum products are often used in China and there is in vitro evidence of benefit for triterpenes from Poria cocos as well as a natural ubiquinone derivative from Antrodia camphorata116,117.

Prostate Cancer

Ganoderma lucidum has been identified as a promising agent for prostate cancer with in vitro evidence showing inhibition of hormone dependent and independent prostate cancer cells through multiple pathways, including binding to androgen receptor, inhibition of the active transcription factors: NF-kB and AP-1, inhibition of urokinase-type plasminogen activator (uPA) and its receptor uPAR, as well as cell adhesion and cell migration of highly invasive breast and prostate cancer cells118-130.

Ganodermic triterpenes have also been shown to suppress steroid 5α-reductase, which converts testosterone to dihydrotestosterone (DHT) and has been shown to play an important role in the development of prostate cancer and benign prostatic hyperplasia (BPH). The use of other steroid 5α-reductase inhibitors has been found to decrease the incidence of prostate cancer and G. lucidum would appear to be a promising candidate for further research in this regard.

Several in vitro studies using mushroom polysaccharides have also shown suppression of both androgen-dependent and -independent cell growth with a comparative study of aqueous extracts from 23 mushroom species, including G. lucidum, Trametes versicolor, Grifola frondosa, Ophiocordyceps sinensis, Agaricus subrufescens, Lentinula edodes and Hericium erinaceus, on androgen-independent PC-3 cells showing Pleurotus ostreatus and Flammulina velutipes to have the greatest cytotoxicity, significantly increasing cancer cell apoptosis131,132. Coprinus comatus has also been shown to reduce androgen and glucocorticoid receptor transcriptional activity in a dose dependent manner133.

In addition, an in vivo study using severely immunodeficient mice found A. subrufescens polysaccharides to directly inhibit the growth of prostate cancer cells via an apoptotic pathway and suppress prostate tumour growth via antiproliferative and antiangiogenic mechanisms134.

A 2002 clinical study of an L. edodes polysaccharide extract however, showed it to be ineffective in stopping the disease with no instances of regression and progression in 23 of 61 men over a 6 month period135.

Skin Cancer (Melanoma)

In one in vivo study, injection of Maitake D-fraction produced 27% inhibition of a melanoma cell line in mice at a dose of 1mg/kg136, while in others an ethanol extract of Ophiocordyceps sinensis was effective at inhibiting growth of melanoma in the lungs of mice137,138 and PSK at suppressing lung metastases of mouse melanoma139.

Extracts of Inonotus obliquus and Lentinula edodes have also shown in vitro activity against melanoma cells lines140,141, while triterpenes from Poria cocos have demonstrated anti-inflammatory activity and inhibition of the development of skin cancer in a mouse model142,143.


CLINICAL NOTES

Oral dosage of polysaccharide/proteoglycan extracts such as PSK is typically 3-6g/day, although for long term supplementation this is sometimes reduced to every other day or given in weekly or fortnightly cycles (1-2 weeks on, 1-2 weeks off).

Dosages of dried herb material or mycelial biomass products can be considerably higher with doses of 15-50g/day reported for supplementation with mushroom mycelial biomass products in cancer cases.

As mushroom polysaccharide extracts not only strengthen immune response but also enhance the efficacy of conventional treatment, while at the same time reducing its side effects, it is beneficial to start supplementation as soon as cancer is diagnosed or suspected, continuing during any conventional treatment and for 3-6 months after. It can then be appropriate to continue with low dose supplementation to support immune health and help prevent recurrence, either daily or on alternate days or weeks (epidemiological studies show benefits from consuming mushrooms three or more times a week).

There is some in vitro evidence to suggest that co-administration of vitamin C can increase effectiveness of mushroom polysaccharide supplementation in cancer therapy, with non-toxic doses of polysaccharide extracts from both Grifola frondosa and Phellinus linteus found to be strongly cytotoxic to bladder cancer cells when combined with a non-toxic dose of vitamin C, producing over 90% cell death44, 131.

In vitro studies with extracts of Ganoderma lucidum and green tea showed a synergistic enhancement of their independent abilities to inhibit adhesion, migration and invasion of oestrogen-independent and highly metastatic human breast cancer cells supporting the epidemiological observation of reduced risk of developing breast cancer from regular consumption of both green tea and mushrooms and it is likely that combined consumption of mushrooms and green tea will have similar benefits in other cancers144.

Transfer factors have also been suggested as beneficial adjuvants to mushroom nutrition supplementation145.
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Medicinal Mushrooms for other conditions

Allergic Rhinitis (Hayfever)

Ganoderma lucidum shows excellent results in the management of allergic rhinitis, its polysaccharides suppressing the pro-inflammatory, Th2-mediated immune state responsible for the hypersensitivity to the particular allergen(s) while several of its triterpenoid ganoderic and lucidenic acids have direct anti-inflammatory and anti-histamine action1-6. It thus addresses both the symptoms and the underlying imbalance of the condition and can be used in either a prophylactic or therapeutic mode.


CLINICAL NOTE

Biomass is often effective in mild cases while triterpene-rich extracts have stronger anti-histamine activity for more severe cases (1-3g/day).



Alzheimer’s Disease (AD)

Low levels of nerve growth factor (NGF) are seen in AD with implications for the application of Hericium erinaceus in the management of this condition (see discussion on Dementia)7. In addition, synaptic degeneration, with loss of synaptic density proteins, has been shown to be a key mode of neurodegeneration in AD with beta-amyloid (Abeta) identified as a cause of synaptic dysfunction and contributor to AD pathology. Ganoderma lucidum aqueous extract, which has traditionally been considered to have anti-ageing properties, has been shown to significantly inhibit Abeta-induced synaptotoxicity and also inhibit Abeta-triggered DEVD cleavage in a dose-dependent manner with potential clinical application in management of AD and Auricularia polytricha, another mushroom considered to have anti-ageing properties, has been shown to inhibit the enzyme associated with release of Abeta8-10.


CLINICAL NOTE

H. erinaceus fruiting body and G. lucidum extract can be combined in the treatment of AD. 3g/day H. erinaceus fruiting body with 1-2g/day G. lucidum extract.



Asthma

Ophiocordyceps sinensis has traditionally been used to treat respiratory disorders including asthma and serum markers of airway inflammation were seen to be reduced in patients with mild asthma given O. sinensis capsules11. O. sinensis also improved lung function in sensitized guinea pigs and reduced airway inflammation in sensitized rats12. An in vitro study on human airway epithelial cells showed O. sinensis and its components to alter ion transport and regulate Th1/Th2 balance13,14.

Ganoderma lucidum has also traditionally been used to treat asthma and its triterpenoid components are known to have strong anti-inflammatory and anti-histamine activity. Research on a closely related species, Ganoderma tsugae, in murine models of allergic asthma shows that triterpenoid extracts reduce bronchoalveolar inflammation and attenuate Th2 responses without overall immunosuppressive effects15,17.

In addition, mushroom polysaccharide extracts are known to shift immune balance away from Th2 dominance and towards Th1 dominance and have been shown to help correct a skewed Th1/Th2 balance in an animal asthma model, indicating their potential in the management of this condition, as well as other allergic disorders18.


CLINICAL NOTE

O. sinensis mycelial biomass combines well with triterpene-rich or triterpene/polysaccharide extracts from G. lucidum to treat a wide range of lung disorders. 3g/day O. sinensis mycelial biomass with 1-3g/day G. lucidum extract.



Bacterial Infections

Through their ability to strengthen the host immune response, fungal polysaccharides increase resistance and reduce incidences of post-surgical infection19. In addition, mushrooms have evolved a range of defences against other competing micro-organisms and several show direct anti-microbial action.

When aqueous extracts of Lentinula edodes and Pleurotus ostreatus were tested against a panel of 29 bacterial and 10 fungal pathogens, L. edodes extract showed extensive antimicrobial activity against 85% of the organisms, including 50% of the yeast and mould species, while aqueous extracts of P. ostreatus showed 87.5% inhibition against E. coli and 57.5% against B. subtilis20. In a study of over 200 species of mushroom in Spain almost 50% had direct antibiotic activity against a range of test organisms21.

Extracts of both Hericium erinaceus fruiting body and mycelium exhibited anti-MRSA activity with erinacines identified as active compounds. In clinical tests in Japan MRSA was seen to disappear in a number of patients given H. erinaceus 22. Similar cyathane type compounds from other mushroom species also show antibiotic potential23, while the traditional use of H. erinaceus in the treatment of gastritis (now known to be caused in many cases by the bacteria H. pylori) supports its antibacterial action.

In vitro studies using organic Ganoderma lucidum extracts also showed anti-MRSA activity while the use of G. lucidum hot-water extracts together with conventional antibiotics (ampicillin, ciprofloxacin, streptomycin, kanamycin and cephotaxamine) enhanced antibacterial activity compared with the antibiotic alone24,25.


CLINICAL NOTE

Traditionally H. erinaceus fruiting body has been used but the fact that mushroom antimicrobial compounds are predominantly secreted into the growth substrate supports clinical use of mycelial biomass. Dosage of fresh fruiting body prescribed in the Chinese Pharmacopoeia is 25-50g/day (equivalent to 2.5-5g dried).



Benign Prostatic Hyperplasia (BPH)

Triterpenoid compounds from Ganoderma lucidum have a marked anti-androgenic effect, inhibiting 5alpha-reductase and significantly reducing testosterone-induced growth of the ventral prostate in rats. In a randomized clinical trial 6mg daily dose of an ethanolic extract produced improvements in International Prostate Symptom Score in men over the age of 5026-32.

An aqueous extract of Phellinus linteus has also been reported to inhibit testosterone-induced BPH in vivo at a dose of 1.725ml/kg33.


CLINICAL NOTE

G. lucidum triterpene-rich extract (1-3g/day).



Candidiasis

Mushrooms exhibit both direct and indirect anti-fungal activity in vitro and in vivo 34.

The widely held belief that mushrooms somehow exacerbate candidal overgrowth runs contrary to scientific research, clinical experience and theoretical understanding. Not only do mushrooms stimulate the body’s anti-fungal immune response but in nature they need to compete for resources with other fungi, as well as other microorganisms, and so have evolved a range of powerful anti-fungal defences.

Lentinula edodes extracts and juice show strong anti-fungal action, as do aqueous extracts of Pleurotus ostreatus, with 50% inhibition against C. albicans35-39. In addition, triterpenes from Ganoderma species show anti-fungal activity, while mice given a polysaccharide-rich extract of A. subrufescens showed enhanced candidacidal activity characterized by higher levels of H2O2 and increased mannose receptor expression by peritoneal macrophages (involved in the attachment and phagocytosis of non-opsonized microorganisms)40.

It has also been suggested that chitin present in mushroom cell walls may help prevent colonisation of the intestinal mucosa by candida species41.

Trametes versicolor has traditionally been used in Mexico to treat thrush and clinically is seen to reduce Candida overgrowth. PSK has also been shown to have a pronounced protective effect against lethal infection with C. albicans in mice. An injection of 250mg/kg 24 hours before inoculation of 1x106 C. albicans increased the 30 day survival rate by 60% and mean survival time by 209%42. Oral PSK supplementation of tumour-bearing mice challenged with C. albicans also resulted in a prolongation of the mean survival period together with a reduction in fungal counts43.


CLINICAL NOTE

While polysaccharides are responsible for potentiating the immune response, many anti-fungal compounds produced by mushrooms are excreted into the substrate and captured by mycelial biomass products.

T. versicolor and L. edodes mycelia biomass products show good anti-candida activity (2-3g/day).



Cardiovascular Health

Ganoderma lucidum, Tremella fuciformis and Auricularia auricula show particular promise for supporting cardiovascular health, with actions including:


	Antioxidant

	Anti-inflammatory

	Cholesterol-lowering

	Anti-thrombotic



One clinical study reported a polysaccharide extract of G. lucidum to reduce chest pain, palpitations and shortness of breath in patients with coronary heart disease (5.4g/day) while triterpenoid ganoderic acids from Ganoderma tsugae have demonstrated cardioprotective properties through reduction in oxidative stress and T. fuciformis polysaccharides have been shown to help protect the cells lining the blood vessels, damage to which is an important contributory factor in the development of cardiovascular disease44-48.

Cordyceps species also show significant cardioprotective properties and are approved in China for the treatment of arrythmia, at least partially due to their adenosine content. In addition, cordycepin has been shown to prevent ischaemia and reperfusion injury in animal models49-51.

CLINICAL NOTE

Polysaccharide extracts of G. lucidum, T. fuciformis and A. auricula/A. polytricha (1-3g/day) can provide useful cardiovascular support and be used at higher levels or in combination with G. lucidum ethanolic extract or cordycepin-rich cordyceps in more severe cases.



Chronic Fatigue Syndrome (CFS - ME)

CFS patients show immune dysfunction, including low NK cell activity, and the condition has been linked to high viral counts, especially Epstein-barr virus (EBV). Recent research confirms the elevated levels of Th2 cytokines in patients with CFS and prevailing Th2 inflammatory milieu, together with highly attenuated Th1 immune response52-54.

The proven ability of mushroom nutrition to promote a shift away from a Th2 dominant immune response and increase anti-viral activity makes it a natural source of support for CFS patients with good clinical results, including increased NK cell activity and improved lifestyle scores. Trametes versicolor mycelial biomass produced a 35% increase in NK cell activity in patients with mild CFS at a dose of 1.5-3g/day (more severe cases are reported to respond to higher dosages)55.


CLINICAL NOTE

CFS is a condition that responds well to a range of medicinal mushrooms with polysaccharide extracts giving particularly good results (1-3g/day).



Dementia

Compounds in Hericium erinaceus are able to stimulate the production of nerve growth factor (NGF), which promotes repair and regeneration of neurons, and there is growing clinical evidence showing benefit for H. erinaceus in cases of mild dementia.

In a double-blind placebo controlled trial, 50-80-year old Japanese men and women with mild cognitive impairment given 3g/day H. erinaceus as tablets showed significant increases on a cognitive function scale compared with a placebo group over a 16 week period56.

In another study 7 patients with different types of dementia were given 5g a day of H. erinaceus in soup. After six months all seven demonstrated improvement in their Functional Independence Measure score (eating, dressing, walking, etc.), while six out of seven demonstrated improvements in their perceptual capacities (understanding, communication, memory, etc.)57.


CLINICAL NOTE

The above clinical trials both used H. erinaceus fruiting body (3-5g/day).



Depression

Many patients taking Hericium erinaceus report increased feelings of well-being and reduction in depression was reported in a clinical trial with 30 women given 2g/day58.

Ganoderma lucidum has traditionally been been considered to have beneficial effects on mental status and anti-depressive effects were noted in a clinical trial of 48 breast cancer patients given 3g/day G. lucidum spore powder59,60.

The ability of mushroom polysaccharides to help rebalance the immune system away from a Th2 dominant immune state suggests that they may also have a role to play in the treatment of depression, where elevations in pro-inflammatory cytokines have been shown to be involved in the development of depression-like behaviour in pre-clinical and clinical populations61-64.


CLINICAL NOTE

H. erinaceus fruiting body (3-5g/day) or mycelial biomass (2-3g/day). Patients taking G. lucidum spore and spore oil products often also report improvement in mental outlook. 2-5g broken spore powder or 500-1,000mg spore oil.



Diabetes

Fungal beta-glucans, along with beta-glucans from oats and barley, have been shown to help control blood glucose levels and it has been suggested that a possible mechanism is activation of P13K/Akt through binding to receptors including Dectin 1 and Scavenger65. However, daily supplementation of a normal diet with 3.5g/day beta-glucan in type II diabetics over 8 weeks failed to produce any change in fasting glucose levels66.

All the main medicinal mushrooms have been investigated for potential benefits in cases of diabetes with several modes of action proposed67.

Agaricus subrufescens - Consumption of 1.5g of polysaccharide extract in combination with metformin and gliclazide for 12 weeks reduced insulin resistance in patients with type II diabetes68.

Auricularia auricula - A water-soluble polysaccharide from A. auricularia at 3% of feed reduced fasting glucose levels and improved glucose tolerance in mice69.

Ophiocordyceps sinensis - Animal studies at a dose of 250mg/kg showed improved insulin sensitivity and reduced fasting blood glucose. In one clinical trial 3g/day of a proprietary O. sinensis preparation improved blood sugar control in 95% of patients compared to 54% of a control group treated by other methods70-72.

Ganoderma lucidum - Consumption of 5.4g of polysaccharide extract for 8 weeks produced a 13% reduction in blood sugar levels in patients with type II diabetes mellitus who were not taking insulin and also led to significant improvement in peripheral neuropathy in diabetic patients73,74.

Grifola frondosa - Improved glucose tolerance in diabetic rats at 20% of feed and in a separate experiment at 1g/day. A water soluble extract, X-fraction also increased insulin sensitivity75-77.

Hericium erinaceus - Blood sugar levels decreased by 19-26% in rats fed H. erinaceus extract at 100mg/kg78.

Pleurotus ostreatus - Reduced plasma glucose levels at 4% of feed and was reported to reduce blood glucose in diabetic patients at an unspecified dosage79,80.

Tremella fuciformis - 200mg/kg of a polysaccharide extract produced a 52% reduction in plasma glucose levels81.

Some practitioners report good results with Coprinus comatus but published research either relates to vanadium-enriched C. comatus or to high supplementation levels82-87.


CLINICAL NOTE

O. sinensis biomass at a dose of 3-5g/day can be helpful for stabilising blood sugar levels in both insulin dependent and non-insulin dependent diabetes and in reducing diabetes-related depression.



Epilepsy

Armillaria mellea exhibits anti-convulsant activity and it, as well as Gastrodia elata, a herb with which it grows symbiotically, has traditionally been used in cases of epilepsy88,89.

In-vivo and in vitro studies also indicate possible benefit of Ganoderma lucidum with polysaccharides showing anti-convulsant activity in rats and the spores showing inhibition of epileptiform discharge in hippocampal neurons90-92.


CLINICAL NOTE

Armillaria mellea tablets used clinically in China (3-5g/day) combine mycelium with culture medium extract and can be combined with G. lucidum shell-broken spore powder (3-5g/day).



Erectile Dysfunction

Ophiocordyceps sinensis has traditionally been used to treat male sexual dysfunction and in vitro and in vivo studies have shown it to increase the level of male sex hormones93-95.

Clinical experience with O. sinensis mycelial biomass confirms its benefits in this area when taken over an extended period.


CLINICAL NOTE

O. cordyceps mycelial biomass (3g/day).



Exercise-induced Immune Suppression

Mushroom polysaccharide extracts show promise for helping counter the depression in immune function that accompanies strenuous prolonged exertion and heavy training96.

Polysaccharides from Ganoderma lucidum prevented exercised-induced suppression of haematopoetic parameters in mice and 100mg/day of a purified beta-glucan preparation from Pleurotus ostreatus maintained natural killer cell activity and reduced the frequency of upper respiratory tract infections (URTI) in elite athletes97-99.


CLINICAL NOTE

The ability of mushrooms to help prevent URTI is due to their common immune-modulating action and is not specific to any one species (1-3g/day).



Fluid Retention

Polyporus umbellatus and Poria cocos are traditionally used in the treatment of fluid retention with P. umbellatus considered stronger. Multiple diuretic components have been isolated from P. umbellatus 100,101.


CLINICAL NOTE

Traditional dose of P. umbellatus is 6-15g/day dried herb.



Gastric Ulcers

Hericium erinaceus has traditionally been used in the treatment of gastric ulcers and gastritis and extracts have been shown to be effective clinically and in animal models with reported inhibition rates of 70-90%102-106.


CLINICAL NOTE

Animal experiments showed maximum efficacy at a dose of 500mg/kg and the Chinese Pharmacopoeia gives a daily dose of 25-50g for the raw mushroom.



Hepatitis

Several polysaccharide extracts have shown benefit in treatment of hepatitis B virus (HBV). Concentrated polysaccharide extracts from Polyporus umbellatus (92% polysaccharide) are used in China to treat patients with chronic HBV (40mg/day) with significant effect on clearing serum hepatitis B surface antigen (HBsAg) and HBV DNA107,108, while a small study with Agaricus subrufescens polysaccharide extract (1500mg/day) in patients with HBV reported reductions in AST from 246 to 61.3 and ALT from 151 to 46.1 over 12 months109.

A study of a Ganoderma lucidum polysaccharide extract (5.4g/day) showed a 41% reduction in AST values in HBV patients with AST values <100 and a 65% reduction in patients with AST values >100110. By the end of 6 months 33% of patients had normal AST readings and 13% had cleared hepatitis B surface antigen (HBsAg) from serum whereas none of the controls had normal ALT values or had lost HBsAg. Inhibition of HBV replication as well as hepatoprotective properties have also been demonstrated for ganoderic acid111.

A number of small Chinese clinical studies report beneficial effects from supplementation with Ophiocordyceps sinensis in patients with HBV at a dose of 24 capsules a day112-115.


CLINICAL NOTE

Beneficial results are also reported for O. sinensis mycelial biomass in cases of hepatitis C (2-3g/day).



Herpes

In patients with recurrent genital herpes supplementation with 3-5g/day PSK resulted in increased immunity and fewer sick days116. In vitro research showed PSK to inactivate a laboratory-cultured strain of herpes simplex virus (HSV) type 1 (HSV-1-GC+), together with clinically isolated strains of HSV-2, but found clinically isolated strains of HSV-1 to be resistant117.

An HSV-1 inhibitory protein has also been reported from Grifola frondosa118.


CLINICAL NOTE

T. versicolor, or combinations of mushroom polysaccharide extracts help prevent recurrence of HSV outbreaks by maintaining immune competence.



HIV

The nucleoside derivatives found in Cordyceps species, including cordycepin (3’-deoxyadenosine), are reverse transcriptase inhibitors of the type now being used to treat HIV and in vitro studies confirm their efficacy in inhibiting HIV replication119-121. PSK and PSP from Trametes versicolor have also been shown to inhibit both HIV-1 reverse transcriptase and protease, two key enzymes in the life cycle of HIV122-124, as have triterpenes from Ganoderma lucidum, which also inhibit NF-kappaB expression and viral binding125,126.

There is in vitro evidence that betulinic acid analogues (present in Inonotus obliquus) disrupt HIV fusion to the cell membrane in a post-binding step through interaction with the viral glycoprotein gp41 as well as disrupting assembly and budding of the HIV-1 virus127,128, while proteins from Flammulina velutipes have been shown to inhibit HIV-1 reverse transcriptase, beta-glucosidase and beta-glucuronidase.

T. versicolor mycelial biomass supplementation (3g/day) given as part of traditional Chinese medicine treatment for patients with HIV produced improvements in CD4 count and reductions in viral load as well as fading of Kaposi’s sarcoma (caused by human herpes virus 8) in AIDS patients129,130.


CLINICAL NOTE

C. militaris shows particular promise in the treatment of HIV and other viral conditions, especially in combination with mushroom polysaccharide extracts.



HPV

In a trial using Trametes versicolor mycelial biomass (3g/day) 9 of 10 women with high risk strains of HPV had cleared them after 1 year, while only 1 of 12 women in a control group had. Also 13 of 18 patients showed normal cervical cytology after 1 year compared to 10 of 21 in the control group131.

Supplementation with FVe, a protein from Flammulina velutipes, significantly enhanced the anti-tumour protection given by vaccination against HPV-16 with the percentage of vaccinated mice remaining tumour free 167 days after challenge with tumour cells increasing from 20% to 60%132.


CLINICAL NOTE

The immune supporting action of mushroom polysaccharides make them important supplements for assisting recovery from viral infections such as HPV.



Hypercholesterolaemia

Because of their high fibre content, sterol content and low calorific value, mushrooms are an ideal food for diets designed to prevent cardiovascular disease and have been extensively investigated for their potential therapeutic application in this regard.

In animal models a range of mushrooms, including Agaricus bisporus (common button mushroom), Grifola frondosa, Lentinula edodes, Ganoderma lucidum and Flammulina velutipes, all show increased excretion of cholesterol, decreases in LDL and triglycerides and increase in HDL when included in the diet at 5% of feed133-137.

Similar effects are seen from dietary inclusion of other beta-glucan sources such as oats and barley and it is considered that the action of beta-glucans on cholesterol levels is mediated by their binding affinity for bile acids, leading to activation of cholesterol 7α-hydroxylase and upregulation of low-density lipoprotein receptor and thus increased transportation of LDL into hepatocytes and conversion of cholesterol into bile acids138.

In addition, several medicinal mushrooms are natural sources of lovastatin (also called monakolin K or mevinolin) with high levels in a number of Pleurotus species as well as Ganoderma lucidum and higher levels in the mycelium than the fruiting bodies139-141. Levels of Lovastatin show significant variation from one strain to another however, making standardised protocols difficult, and better results are achieved clinically with another lovastatin-producing fungus, Monascus purpureus (Hong Qu Mi - Red Yeast Rice), for which standardised strains are available and for which a much greater impact on cholesterol levels has been demonstrated than achieved by the equivalent dosage of pure lovastatin, implying synergistic action between it and other compounds found in M. purpureus.

Eritadenine, a compound isolated from L. edodes has demonstrated strong cholesterol lowering properties and it has been suggested that it acts through alteration of hepatic phospholipid metabolism by inhibition of S-adenosylhomocy steine hydrolase, increased excretion and decomposition of ingested cholesterol, and reduced secretion of VLDL by the liver142. L. edodes fed at 10-50g/kg of diet led to significant decreases in both plasma cholesterol concentration and PC:PE ratio of liver microsomes in rats and eritadenine included at 50mg/kg diet had a similar effect143.

In clinical trials dried L. edodes (9g/day) decreased serum cholesterol 7-10% in patients suffering from hypercholesterolemia and 90g/day fresh L. edodes (equivalent to 9g/day dried mushroom) led to a decrease in total cholesterol of 9-12% and triglycerides of 6-7%144.

Saito et al reported levels of eritadenine of 400-700mg/kg, although Enman et al suggest that the true level may be 10 times greater145,146. However, without standardised strains, levels of eritadenine in L. edodes are hard to quantify. It has also been shown that stirring rather than shaking during mycelial fermentation can produce a five-fold increase in production of eritadenine, implying significant potential variability in response to cultivation parameters147.


CLINICAL NOTE

Two strains of M. purpureus are commercially available, one containing 0.4% lovastatin and the other 0.8%, with clinical trials showing 1200mg/day of the the 0.4% strain to be effective at lowering cholesterol in patients not on prescription statins and 1200mg/day of the 0.8% strain (or 2400mg/day of the 0.4% strain) to be an effective substitute for lovastatin at 10mg/day.

Because the eritadenine present in L. edodes works via a different enzymatic pathway from prescription statins or statin-containing fungi, it can usefully be combined with them to enhance their impact on cholesterol control.



Hypertension

Ganoderma lucidum has traditionally been used in the treatment of hypertension148 and ACE inhibitory activity has been demonstrated for the triterpene Ganoderic acid K149. It has also been suggested that the CNS inhibiting action of triterpenes from G. lucidum may play a part in its anti-hyertensive action150.

In the light of recent data, which suggests that subsets of T lymphocytes play critical roles in the development of angiotensin II, deoxycorticosterone salt-sensitive and Dahl salt-sensitive hypertension, and in the progression of vascular remodeling, it is possible that mushrooms may have a beneficial effect on blood pressure by virtue of their immune regulating properties151. However, beneficial effects for other mushrooms have only been demonstrated at unrealistic dietary levels of between 5-20%152-154 or, in the case of Agaricus subrufescens, with a GABA-enriched extract155.


CLINICAL NOTE

Triterpene-rich G. lucidum extracts (1-3g/day).



Infertility

Ophiocordyceps sinensis has a traditional history of use in the treatment of both male and female infertility and in vitro studies have shown it to stimulate production of sex hormones through activation of both the protein kinase A and protein kinase C signal transduction pathways156. As these pathways are activated by cAMP it is probable that the active component of O. sinensis in this regard is one or more of the nucleoside derivatives that it contains. As well as enhancing levels of 17β-estradiol (oestrogen) and thus the quality of maturing oocytes in women, animal studies have shown O. sinensis to increase sperm quantity and quality in mouse models and Cordyceps militaris to do so in subfertile boars157-159.

In cases where infertility is associated with elevated cytokine and NK cell levels Phellinus linteus mycelial biomass has been shown to be effective in restoring immune balance at a dose of 3g/day160.

Where infertility is associated with Polycystic Ovary Syndrome (PCOS) resoration of ovulation was seen in 20 of 26 women given Grifola frondosa polysaccharide extract, with all 3 women who wanted to become pregnant able to do so161.


CLINICAL NOTE

Cordyceps mycelial biomass or, in immune-related cases, P. linteus mycelial biomass or, for PCOS-related cases, G. frondosa polysaccharide extract (all 3g/day).



Inflammatory Bowel Disease (IBD)

As sources of soluble and insoluble fibre mushrooms and mushroom polysaccharides have been investigated for their potential in the treatment of inflammatory bowel disease. In one in vivo study whole white button mushroom exhibited a protective effect at 2% of feed while in another beta-glucan from Pleurotus ostreatus given at 10% of feed was effective in reducing mucosal damage and myeloperoxidase activity in healthy sections162,163.

Polysaccharide extracts from other mushrooms, including Ganoderma lucidum, Lentinula edodes and Grifola frondosa also show protective action in animal models of IBD and an Agaricus subrufescens based extract has been reported to produce positive changes in cytokine profiles in patients with ulcerative colitis and Crohn’s disease at 60ml/day164-167. A triterpene extract from G. lucidum has also been shown to prevent colitis-associated carcinogenesis in mice168.

Inonotus obliquus has traditionally been used to treat bowel disorders and an aqueous extract alleviated inflammation in a murine colitis model while an ethanolic extract reduced DNA damage in lymphocytes from patients with IBD169,170.


CLINICAL NOTE

Many of the conditions such as Crohn’s Disease and Ulcerative Colitis that fall within the umbrella of IBD are autoimmune in character and hence offer promising targets for the immune modulating action of mushroom polysaccharides (1-3g/day).



Influenza

Extracts and polysaccharides from different mushrooms, including Ophiocordyceps sinensis, Trametes versicolor, Lentinula edodes and Grifola frondosa have been shown to exert an inhibitory effect on influenza virus in vitro and in vivo through their modulation of immune response171-174. Mycelial extracts of edible mushrooms have also been shown to be effective as adjuvants for intranasal influenza vaccine producing a high influenza virus specific IgA and IgG response in nasal washings and serum respectively175.


CLINICAL NOTE

Medicinal mushrooms can be used prophylacticlly at the start of the ‘flu season’ to maintain immune competency, or taken at the onset of symptoms to lessen the duration and severity of colds.



Insomnia/Anxiety

Ganoderma lucidum has traditionally been indicated for the treatment of insomnia176-178 and aqueous extract from G. lucidum fruiting body decreased sleep latency, increased sleeping time, non-REM sleep time and light sleep time in pentobarbital-treated rats in a benzodiazepine-like manner179.

Clinically Hericium erinaceus (3-5g/day) produces consistent improvements in anxiety and insomnia, especially in menopausal and peri-menopausal women and one study reports reduction in anxiety from 2g/day58.


CLINICAL NOTE

Both G. lucidum and H. erinaceus are helpful in the treatment of anxiety and insomnia and Christopher Hobbs reports preferring G. lucidum to valerian for deficiency type insomnia180.



Liver Damage

In a study on 14 patients with alcohol-induced liver steatosis, supplementation with Ophiocordyceps sinensis mycelial biomass at 3g/day resulted in a 70% reduction in AST, a 63% reduction in ALT and a 64% reduction in GGT over a 90 day period181. Animal studies also show that O. sinensis can inhibit alcohol-induced hepatic fibrogenesis, retard the development of cirrhosis and improve liver function182.

Antrodia camphorata has traditionally been used for the side effects from excess alcohol consumption (including hangovers) and animal studies confirm its ability to protect the liver against chronic alcohol consumption in rats at a dose of 0.1mg/kg183.

Aqueous extracts of both Lentinula edodes and Grifola frondosa showed significant protection from paracetamol-induced liver damage, as did Coprinus comatus polysaccharide extract from the effects of alcohol184,185.

Ganoderma lucidum extracts also demonstrate significant protective action against a range of hepatotoxins, including CCl4, thioacetamide and BCG186-191.


CLINICAL NOTE

A. camphorata and G. lucidum are similar in effect and are especially useful where there is active inflammation. Either can also be combined with O. sinensis in more chronic situations.



Meniere’s Syndrome

In China Armillaria mellea tablets are prescribed for a range of neurological disorders, including Meniere’s Syndrome192-195.


CLINICAL NOTE

A. mellea (3-5g/day).



Multiple Sclerosis (MS)

Together with its ability to promote neuronal repair and regeneration, in vitro studies have shown Hericium erinaceus to promote nerve myelination, with the process of myelination beginning earlier and proceeding at a higher rate in the presence of H. erinaceus extract196.


CLINICAL NOTE

H. erinaceus has obvious potential for MS. To date no clinical studies have been reported but 5-10g/day of H. erinaceus fruiting body has produced positive results in the author’s experience, with noted reductions in MS-associated neuropathic pain.



Nerve Damage

Daily administration of aqueous extract of Hericium erinaceus fresh fruiting bodies showed a beneficial effect on the recovery of injured rat peroneal nerve in the early stages of regeneration with faster recovery in the treated group than the untreated group197.

G. lucidum spores have also shown beneficial activity in a mouse nerve damage model while Tremella fuciformis and Grifola frondosa polysaccharides and Cordyceps militaris ethanolic extract increased neurite outgrowth in PC12 and N2a cells indicating potential to promote nerve repair198-201.


CLINICAL NOTE

H. erinaceus 3-5g/day dried fruit body can be combined with T. fuciformis or G. frondosa polysaccharides or G. lucidum sporoderm-broken spores.



Parasitic Infection

As well as in bacterial, fungal and viral infections the ability of mushroom polysaccharides to help promote an effective immune response has implications for parasitic infections with Lentinan from Lentinula edodes and aqueous and ethanolic extracts from Ganoderma lucidum showing protection against malarial infection in murine models202-204.

In addition aqueous extracts of Agaricus subrufescens showed in vitro activity against different species of Leishmania while a number of compounds produced by Cordyceps species showed anti-parasitic activity including cordycepin from Cordyceps militaris and pyridones from Cordyceps nipponica205-209.


CLINICAL NOTE

The main role of medicinal mushrooms in parasitic infections is in supporting the immune system and other herbs have stronger direct anti-parasitic activity.



Parkinson’s Disease (PD)

Several papers report increased levels of pro-inflammatory cytokines such as tumour necrosis factor (TNF)-alpha, IL-1beta and IL-6, and decreased levels of neurotrophins such as brain-derived neurotrophic factor (BDNF) in patients with sporadic PD, with the possibility that the ability of mushroom polysaccharides to promote a shift in immune response away from a pro-inflammatory Th2 cytokine profile to a Th1 dominant state may be of benefit to patients with early stage PD210.

The tyrosinase inhibiting activity of mushrooms like Ganoderma lucidum and Flammulina velutipes may also play a role in controlling the development of PD. Tyrosinase catalyses the oxidation of tyrosine and dopamine, producing dopaquinone, which besides being the common precursor of the different forms of melanin, is a dopaminergic neuron-specific cytotoxic molecule211,212. Dopaquinone can also covalently modify and inactivate tyrosine hydroxylase, the rate limiting enzyme in catecholamine biosynthesis, leading to further reductions in levels of dopamine213.

In addition tyrosinase contributes to the formation of neuromelanin, which identifies neurons susceptible to Parkinson’s disease in cell culture systems and has been implicated in the development of the disease214.


CLINICAL NOTE

Culinary mushrooms such as F. velutipes are often preferred for long term supplementation in chronic conditions like PD.



Polycystic Ovary Syndrome (PCOS)

As well as helping the insulin resistance often associated with PCOS, Grifola frondosa polysaccharide extracts show benefit in the management of PCOS itself, with one study reporting ovulation in 20 of 26 women given a G. frondosa polysaccharide extract, including 6 of 8 women who failed to ovulate after other treatments, and positive results in cases of PCOS-related infertility215.


CLINICAL NOTE

It is possible that other mushrooms with benefits for insulin resistance such as Ganoderma lucidum and Cordyceps species may also be of benefit (3g/day).



Psoriasisya

As with other autoimmune conditions, medicinal mushrooms can be helpful in cases of psoriasis with one study using an extract of Inonotus obliquus extract reporting a 76% cure rate, with improvement in a further 16% of cases216.


CLINICAL NOTE

Extracted products delivering high levels of both polysaccharides and triterpenes are preferred. Clinically extracts of Ganoderma lucidum, another mushroom containing high levels of polysaccharides and triterpenes, also show benefit (2-3g/day).



Renal Health

Cordyceps has traditionally been used to strengthen the kidneys. In one study of 51 patients with chronic renal failure, 3-5g/day O. sinensis significantly improved kidney function and in another 4.5g/day speeded recovery from gentamycin-induced kidney damage with 89% of those taking O. sinensis having recovered normal kidney function after 6 days compared to 45% of a control group11.

Antroquinonol, a ubiquinone derivative from the mycelium of A. camphorata has been shown to reduce protein and blood in the urine, renal dysfunction and changes in the kidney glomerular basement membrane (a histological hallmark of SLE) at a dose of 400mg/kg in a mouse model of SLE, suggesting ability to protect the kidney from autoimmune disease217,218.


CLINICAL NOTE

O. sinensis mycelial biomass (2-3g/day).



Rheumatoid Arthritis (RA)

A polysaccharide extract from the fruiting body of Phellinus linteus reduced expression of pro-inflammatory cytokines and increased expression of anti-inflammtory cytokines, resulting in subsidence of the autoimmune response in the joints of mice219. Fungal polysaccharides have also been shown to reduce inflammation and have a positive modulating effect on plasma cytokine levels in experimentally induced arthritis in rats, while triterpenes from Ganoderma lucidum exhibit strong anti-inflammatory action220-222.


CLINICAL NOTE

While mushroom polysaccharides, such as those from P. linteus, are excellent for promoting a shift away from the Th2 cytokine profile characteristic of RA, the stronger anti-inflammatory properties of triterpene-rich G. lucidum extracts are better during more active phases.



Skin Repair

In a controlled human study daily consumption of 320mg S. crispa fruiting body by healthy volunteers over a period of 28 days dramatically reduced transepidermal water loss in the treatment group with no change in the control group, indicating enhanced skin integrity, and in vivo studies show increased collagen production and enhanced wound healing from S. crispa supplementation223-225.


CLINICAL NOTE

Although 320mg/day was shown to enhance skin integrity, higher doses may be necessary with in vivo studies showing enhanced collagen synthesis at 70mg/kg b.w.



Stroke

Sparassis crispa given to stroke-prone spontaneously hypertensive rats as 1.5% of their feed delayed incidence of stroke and death with significantly decreased blood pressure and amelioration of cerebrovascular endothelial dysfunction226.


CLINICAL NOTE

S. crispa fruiting body (2-5g/day).
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APPENDIX

Medicinal Mushrooms according to Traditional Chinese Medicine

An overview of medicinal mushroom’s TCM energetics is presented here in order to facilitate their use by traditionally trained practitioners.

In compiling this list I have used several sources (see list at end). Wherever possible I have used multiple sources but for Sang Huang and Hou Tou Gu I have relied exclusively on the Chinese Pharmacopoeia, 2010.

Some mushrooms are included in the main body of the text but not listed here and for these I have been unable to find reliable energetic descriptions.

 

Bai Mu Er/Yin Er (Tremella fuciformis)
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	Taste - Sweet and bland

Energy - Neutral

Channels Entered - Lung, Stomach (and Kidney - Hsu)

Actions - Nourishes Lung- and Stomach -Yin and treats cough due to Lung Deficiency







The actions listed above are according to contemporary materia medica. Ying et. al. add that it ‘Stimulates the Heart and Nourishes the Brain, Enriches the Kidneys and Strengthens Semen’, actions which find some resonance in modern research, especially its ability to benefit cardiovascular health and neurological function.

 

Dong Chong Xia Cao (Ophiocordyceps sinensis)
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	Taste - Sweet

Energy - Slightly Warm

Channels Entered - Lung and Kidney

Actions - Tonifies Kidney-Yang and Lung-Yin. Augments the Essence. Transforms Phlegm and Stops Cough







 

Fu Ling (Poria cocos)
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	Taste - Sweet and bland

Energy - Neutral

Channels Entered - Heart, Spleen, Kidney

Actions - Promotes urination and drains Damp. Strengthens the Spleen. Calms the Shen







Fu Ling Pi, the outer skin of the sclerotium, is considered the most Damp draining and Fu Shen, the innermost portion, the most calming, while Chi Fu Ling (the reddish portion just inside the skin) is considered to clear Heat and drain Damp.


 

Hou Tou Gu (Hericium erinaceus)
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	Taste - Sweet and bland

Energy - Neutral

Channels Entered - Spleen, Stomach, Heart

Actions - Strengthens the Stomach and Regulates Qi, tonifies the Spleen and promotes digestion, calms the Shen and strengthens the Brain







 

Ling Zhi (Ganoderma lucidum)
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	Taste - Sweet and slightly bitter

Energy - Neutral (slightly Warm - Yeung)

Channels Entered - Heart, Liver, Lung

Actions - Tonifies Qi and Nourishes Blood. Calms the Shen. Transforms Phlegm and Stops Cough







Long considered analagous to the mythological herb Chi referred to in a number of Taoist works as a plant that brings happiness and immortality, Ling Zhi equates to the red variety (also called Dan ‘cinnabar’), which according to Hobbs is classified in the Shen Nong Ben Cao as having a bitter taste and acting on the Heart. This is contrary to modern materia medica, which ascribe a sweet taste to Ling Zhi but I am inclined to side with the earlier description, a bitter taste being apparent in good quality Ling Zhi.

 

Mi Huan Jun (Armillaria mellea)






	[image: images]

	Taste - Sweet

Energy - Neutral

Channels Entered - Liver

Actions - Calms the liver to extinguish internal wind and restrain floating yang







 

Mu Er (Auricularia auricula/Auricularia polytricha)






	[image: images]

	Taste - Sweet

Energy - Neutral

Channels Entered - Spleen, Liver

Actions - Enriches energy and blood, invigorates blood circulation, nourishes lungs, stops haemorrhage, invigorates bowel movement







As with Ling Zhi, Mu Er was originally sub-divided according to colour with different properties ascribed to each colour. However, today it is the black colour that is the standard type and the qualities given above are accordingly those of Hei Mu Er (Black Wood Ear).


 

Sang Huang (Phellinus linteus)
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	Taste - Slightly bitter

Energy - Cold

Channels Entered - Liver, Stomach, Large Intestine

Actions - Clears Damp-Heat and Stomach Fire, resolves Phlegm, invigorates Blood, stops Bleeding and relieves Pain







 

Xiang Gu (Lentinula edodes)






	[image: images]

	Taste - Sweet

Energy - Neutral

Channels Entered - Stomach, Spleen, Lungs

Actions - Tonifies Qi and Blood







 

Yun Zhi (Trametes versicolor)






	[image: images]

	Taste - Sweet and slightly bitter

Energy - Slightly warm

Channels Entered - Lung, Liver, Spleen

Actions - Dispels Damp, reduces Phlegm, nourishes the Mind







 

Zhu Ling (Polyporus umbellatus)






	[image: images]

	Taste - Slightly sweet

Energy - Slightly cool

Channels Entered - Spleen, Kidney, Bladder

Actions - Promotes urination and leaches out Damp







The description in Li Shi Zhen that it ‘Disperses invading vicious factors and facilitates urination. Long term use makes one feel happy and vigorous and look younger’ indicates that the modern usage of this mushroom is narrower than earlier.
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Glossary



	Activator protein-1

	Protein involved in the control of a number of cellular processes, including differentiation, proliferation and apoptosis.




	Adjuvant

	Pharmacological or immunological agent that modifies the action of other drugs or vaccines.




	Akt

	Akt (also called Akt1) is a protein kinase involved in cellular survival pathways by inhibiting apoptotic processes.




	ALP

	Alkaline phospatase - raised levels of this enzyme may be indicative of liver damage.




	ALT

	Alanine transferase - raised levels of this enzyme may be indicative of liver damage.




	Angiogenesis

	Process of blood vessel formation important in growth and development, wound-healing and tumour spread.




	AP-1

	See Activator protein-1.




	Apoptosis

	Process of programmed cell death that plays an important role in controlling cancers and viral infections.




	AST

	Aspartate aminotransferase - raised levels of this enzyme may be indicative of liver damage.




	B-cells

	Type of white blood cell that plays a major role in humoral (antibody-mediated) immunity.




	Beta-glucosidase

	Microbial enzyme involved in the breakdown of beta-linked polysaccharides.




	Beta-glucuronidase

	Enzyme involved in the breakdown of complex carbohydrates.




	CCl4

	Carbon tetrachloride.




	Cell-signalling pathways

	Chains of molecular interactions, initiated by activation of receptors on the cell surface and controlling cell processes such as gene regulation, cell proliferation and apoptosis.




	Cheilitis

	A medical condition involving inflammation of the lip.




	Cholinergic

	Related to the neutransmitter acetylcholine (the brainstem and parasympathetic nervous system are cholinergic, as are some parts of the sympathetic nervous system).




	Colony-stimulating factor

	Stimulates proliferation and differentiation of white blood cells.




	Complement C3

	Immune system protein that contributes to innate immunty.




	Cytokine

	Chemical messenger.




	Dendritic cells

	Immune cells whose main function is to process antigen material and present it to other immune cells.




	DEVD

	Amino acid sequence cleaved during cell death by apoptosis.




	Eosinophil

	Class of white blood cells involved in asthma and allergy control mechanisms.




	GABA (γ-Aminobutyric acid)

	Chief inhibitory neurotransmitter in the mammalian central nervous system.




	Genoprotective

	Helps protect DNA from damage.




	Genotoxic

	Capable of damaging DNA.




	GGT

	Gamma-glutamyltransferase - raised levels of this enzyme may be indicative of liver damage.




	Glutathione peroxidase

	The general name of an enzyme family whose main biological role is to protect the organism from oxidative damage.




	GTP

	Guanosine triphosphate - a nucleotide with an important role in signal transduction.




	Gut dysbiosis

	Microbial imbalance in the intestines.




	HbeAg

	Hepatitis B protein that is an indicator of active viral replication.




	Hepatodynia

	Pain in the liver.




	IFN-γ

	Interferon-gamma - Cytokine secreted by Th1 cells, NK cells and dendritic cells and critical for immunity against viral and bacterial infections and against cancer.




	Immunomodulatory

	Having an effect on the immune system.




	Innate immune system

	The part of the immune system that defends us against cancer and infection in a non-specific manner.




	Kappa opiod receptor

	Opiod receptor widely distributed in the brain, binding to which has dysphoric (mood lowering) and hallucinogenic effects.




	Lectins

	Sugar-binding proteins or glycoproteins with important physiological roles, including in the immune system.




	Lentinan

	Beta-glucan extracted from Lentinus edodes and licensed as an anti-cancer agent in Japan.




	Leukopenia

	Decreased number of white blood cells.




	Lymphokine activated killer cell

	White blood cell that has been stimulated to kill cancer cells.




	Macrophages

	White blood cells within tissues that phagocytose pathogens and stimulate other immune cells.




	MAPK/ERK pathway

	Chain of proteins that communicates a signal from a receptor on the cell surface to the DNA with effects including changes in cell division. In many cancers it is a defect in this pathway that leads to uncontrolled cell division.




	Mitomycin C

	Chemotherapeutic agent.




	Monocyte

	White blood cells that differentiate into either macrophages or dendritic cells.




	Mycelium

	Network of hyphae forming the vegetative part of the mushroom.




	Natural killer cell

	Type of white blood cells important in destroying cancer cells and virally infected cells.




	Neutrophils

	Phagocytic cells that are the most abundant type of white blood cell.




	NF-kappaB

	Protein complex that controls transcription of DNA.




	NK cell

	See Natural killer cell.




	Nuclease

	An enzyme able to cleave the bonds between nucleotide units in a DNA/RNA chain.




	Nucleoside

	Molecule which becomes a nucleotide on addition of a phosphate group




	Nucleotide

	Building block of nucleic acids (DNA/RNA).




	Opsonin

	A molecule that acts as a binding enhancer to facilitate phagocytosis.




	P13K

	Phosphatidylinositol 3-kinase - one of a family of enzymes involved in cellular functions such as growth, proliferation, differentiation, motility, survival and intracellular communication, which in turn are involved in cancer.




	p53

	Tumour suppressor protein important in preventing cancer.




	PC12

	Cell line derived from rat adrenal medulla that stops dividing and differentiates when treated with nerve growth factor.




	Phagocytosis

	The process by which cells engulf solid particles.
Used to remove cell debris and pathogens.




	Prostaglandins

	Group of lipid compounds with diverse physiological actions, levels of which are elevated in inflammation.




	Protein kinases

	Enzymes which modify other proteins by the addition of phosphate groups and are known to regulate the majority of cellular pathways, especially those involved in signal transduction.




	PSK (Polysaccharide K ‘Krestin’)

	Japanese extract of protein-bound polysaccharides from Trametes versicolor.




	PSP (Polysaccharide Peptide)

	Chinese extract of protein-bound polysaccharides from Trametes versicolor.




	Reticuloendothelial system

	Immune cells present in secondary immune organs, such as the lymph nodes and spleen, and which are involved in mobilising the immune system against foreign antigens.




	Reverse transcriptase

	Enzyme involved in DNA formation.




	S-adenosylhomocysteine hydrolase

	Enzyme which hydrolyses S-adenosylhomocysteine to adenosine and homocysteine, high levels of which have been linked to increases in cardiovascular disease and Alzheimers Disease.




	Sarcoma 180

	Transplantable, non-metastasizing, connective tissue tumour used extensively in evaluation of anti-cancer activity.




	Sclerotium

	Underground hyphal mass forming a hard tuber-like structure in certain mushrooms.




	Scopolamine

	Anti-cholinergic agent that impairs memory in humans and mimics Alzheimer’s Disease.




	Signal transduction pathways

	See Cell-signalling pathways.




	Specific immune system

	Also called the Adaptive Immune System. Part of the immune system that learns from challenges in order to mount a stronger response when next exposed to the same pathogen.




	Sporoderm

	Hard outer coating of fungal spores.




	T-cells

	Group of white blood cells that play a major role in cell-mediated immunity.




	Teratogenic

	Causing abnormalities in physiological development, especially birth defects.




	Thromboembolism

	Blood vessel blockage due to blood clot formation.




	Triterpenes

	Terpenes are oily compounds that are the major components of resins and essential oils. Triterpenes are terpenes composed of 6 isoprene units with the molecular formula C30H48.




	Tumour necrosis factor

	Also called tumor necrosis factor alpha (TNFα). Cytokine able to induce apoptosis and inhibit tumour growth and viral replication.






Index

ACE 60, 62, 125

Active Hexose Correlated Compound (AHCC) 31, 76

Agaricus bisporus 37

Agaricus blazei (see Agaricus subrufescens)

Agaricus brasiliensis (see Agaricus subrufescens)

Agaricus subrufescens 21, 31, 36-39, 104, 105, 108, 119, 122, 124, 125, 126, 129

Alcohol 42, 50, 53

Allergic rhinitis 114

Allergies 58, 80

Alzheimer’s Disease 47, 114

Antibiotics 33, 116

Anticoagulant 48

Antioxidant 22, 47

Antrodia camphorata 22, 41-43, 106, 107, 127, 131

Antrodia cinnamomea (see Antrodia camphorata)

Anxiety 71, 127

Arabinoxylans 31

Armillaria mellea 19, 23, 45-46, 120, 128

Aromatase 37

Arrythmia 117

Asthma 42, 54, 115

Auricularia auricula 33, 47-48, 119

Auricularia polytricha 47, 114

Autoimmune conditions 17, 27, 62, 80, 126

Avemar 31

Bacterial infection 115

Bai Hua Rong (see Inonotus obliquus)

Bai Mu Er (see Tremella fuciformis)

Basidiomycota 19

Ben Cao Gang Mu 16

Benign prostatic hyperplasia 116

Beta-glucans 18, 19, 25, 26

Betulin / Betulinic acid 73, 74

Bio-bran 31

Biomass (see Mycelial biomass)

Bladder cancer 103

BPH (see Benign prostatic hyperplasia)

Brain cancer 104

Breast cancer 104

Breast-feeding 33

Button mushroom (see Agaricus bisporus)

Cancer prevention 103

Cachexia 85

Candida 32, 116

Cardiovascular health 42, 48, 62, 117

Caterpillar fungus (see Ophiocordyceps sinensis)

Cauliflower mushroom (see Sparassis crispa)

Cervical cancer 105

Chaga (see Inonotus obliquus)

Chemotherapy 101

Chi 16, 141

Chi Fu Ling 87, 141

Chitin 23

Cholesterol 82, 124

Chronic fatigue syndrome 118

Cinnamomum kanehirai 41

Cogumela del sol (see Agaricus subrufescens)

Colds (see Influenza)

Colorectal cancer 105

Colostomy 30

COPD 54

Coprinus comatus 49-50, 108, 128

Cordycepin 52

Cordyceps militaris 52, 123, 126

Cordyceps sinensis (see Ophiocordyceps sinensis)

Coriolus versicolor (see Trametes versicolor)

Crohn’s Disease (see Inflammatory bowel disease)

Cs-4 52, 53, 55

Cyclosporin A 52

D-fraction 66

Dementia 70, 118

Depression 70, 119

Dermatitis 78, 88, 90

Diabetes 50, 119

Digestive disorders 74

Dong Chong Xia Cao (see Cordyceps sinensis)

Dong Gu (see Flammulina velutipes)

Dopamine 129

EA-6 21

EEM 58

Endometrial cancer 105

Enokitake (see Flammulina velutipes)

Enzymes 23

Epilepsy 46, 120

Epstein-barr virus 61, 118

Erectile dysfunction 121

Ergosterol 22, 100

Erinacines 69, 71

Eritadenine 76, 77, 124, 125

Ewing’s Sarcoma 74

Exercise-induced immune suppression 121

Flammulin 21

Flammulina velutipes 21, 57-59, 103, 105, 123, 129

Fluid retention 121

Food allergies 58

Fu Ling (see Poria cocos)

Fu Ling Pi 87, 141

Fu Shen 87, 141

Fve 21, 58

GALT 24

Ganoderic acids 22, 60

Ganoderma applanatum 30, 61

Ganoderma japonicum 61

Ganoderma lucidum 16, 21, 22, 23, 29, 30, 31, 33, 60-63, 104, 105, 106, 107, 108, 109, 115, 116, 117, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131

Ganoderma tsugae 61, 117

Ganopoly 62

Gastric cancer 105

Gastric ulcers 71, 121

Gastritis 71, 121

Gastrodia elata 45

Gentamycin 54, 131

Glioblastoma 74

Glycoprotein (see proteoglycan)

Green tea 33, 103

Grifola frondosa 21, 29, 31, 33, 66-67, 103, 104, 106, 107, 108, 109, 120, 122, 126, 127, 128, 129, 130

Grifron-D 101

Gut dysbiosis 30

Hair regrowth 85

Hakumokuji (see Tremella fuciformis)

Hayfever (see Allergic rhinitis)

Hen of the Woods (see Grifola frondosa)

Hepatitis B 122

Hepatitis C 122

Hericenones 69

Hericium erinaceus 19, 22, 31, 69-71, 108, 115, 118, 119, 120, 121, 127, 128

Herpes 74, 122

Himematsutake (see Agaricus subrufescens)

Hiratake (see Pleurotus ostreatus)

HIV 123

Hodgkin lymphoma 73

Hoelen (see Poria cocos)

Honey mushroom (see Armillaria mellea)

Hong Qu Mi (see Monascus purpureus)

HPV 93, 123

Hypertension 46, 62, 125

Hypsizygus marmoreus 103

Impotence (see Erectile dysfunction)

Indole compounds 23

Infertility 53, 80, 125

Inflammation 47

Inflammatory bowel disease 126

Influenza 127

Inonotus obliquus 22, 29, 31, 73-75, 104, 106, 108, 123, 126, 130

Insomnia 127

Jew’s Ear (see Auricularia auricula)

Jin Zhen Gu (see Flammulina velutipes)

Kabanoanatake (see Inonotus obliquus)

Kidney health (see Renal health)

Kikurage (see Auricularia auricula)

Krestin (see PSK)

Latent Heat 28

Lawyer's Wig (see Coprinus comatus)

Lectins 21

Leishmania 129

LEM 76, 77

Lentin 76

Lentinan 17, 32, 100, 129

Lentinus edodes (see Lentinula edodes)

Lentinula edodes 29, 76-78, 103, 104, 105, 106, 108, 115, 116, 124, 127, 128, 129

Leukaemia 106

Ling Zhi (see Ganoderma lucidum)

Ling-Zhi 8 21

Lion’s Mane (see Hericium erinaceus)

Liquid fermentation 30

Liver cancer 106

Liver damage 42, 50, 54, 127

Lovastatin 23, 82

LSIL 105

L-tryptophan 23, 45

Lucidenic acids 22, 60

Lung cancer 107

Lymphoma 107

Maitake (see Grifola frondosa)

Malaria 129

Mannetake (see Ganoderma lucidum)

MD-fraction 66

ME (see Chronic Fatigue Syndrome)

Medulloblastoma 74

Melanoma (see Skin cancer)

Meniere’s Syndrome 46, 128

Menopausal Syndrome 71

Mesima (see Phellinus linteus)

Meshimakobu (see Phellinus linteus)

MGN-3 31

Monascus purpureus 124, 125

MRSA 71, 115

Mu Er (see Auricularia auricula)

Multiple myeloma 54

Multiple Sclerosis (MS) 70, 128

Mycelial biomass 31

Nasopharyngeal cancer 93

Nerve damage 70, 128

Neurasthenia 46

Neuroblastoma 74

Neurological health 46

Neuropathy 70

NGF 19, 69, 70, 118

Niu Chang Chih (see Antrodia camphorata)

Nucleoside derivatives 52, 100

Oesophageal cancer 93

Oestrogen 53, 126

Ophiocordyceps sinensis 31, 51-55, 106, 108, 115, 117, 119, 121, 122, 125, 127

Oral cancer 42

Osteoporosis 53

Ovarian cancer 107

Oyster mushroom (see Pleurotus ostreatus)

Paecilomyces hepiali (see Cs4)

Pancreatic cancer 107

Parasitic infection 129

Parkinson’s Disease 60, 129

Peanut allergy 61

Pharmacokinetics 27

Phellinus linteus 79-81, 104, 116, 126, 131

Phenols 22, 47

Ping Gu (see Pleurotus ostreatus)

Pleurotus citronopileatus 20, 82

Pleurotus eryngii 82

Pleurotus ostreatus 23, 58, 82-83, 103, 105, 106, 108, 115, 121, 124, 126

Pleurotus tuber-regium 82

Polycystic Ovary Syndrome (PCOS) 67, 130

Polyphenols 22, 79

Polyporus umbellatus 16, 29, 33, 45, 84-86, 103, 106, 121, 122

Polysaccharides 19, 24-28

Poria cocos 16, 29, 33, 87-88, 106, 108, 121

Prebiotic 21

Pregnancy 33

Prostate cancer 49, 107

Protein-bound polysaccharides (see proteoglycan)

Proteoglycan 19, 92, 100

PSK 17, 32, 92, 93, 100, 101

Psoriasis 74, 130

PSP 92, 100, 101

Radiation exposure 96

Radiotherapy 102

Reactive Oxygen Species (ROS) 101

Red Yeast Rice (see Monascus purpureus)

Renal health 54, 131

Reishi (see Ganoderma lucidum)

Retained Pathogenic Factor 28

Reverse transcriptase inhibitors 52

Rheumatoid arthritis 80, 131

S.O.D. (see Superoxide dismutase)

Sang Huang (see Phellinus linteus)

Schizophyllan 100

Schizophyllum commune 30, 100, 105

Serotonin 23, 45

Shaggy Inkcap (see Coprinus comatus)

Shen Nong Ben Cao 16

Shiitake (see Lentinula edodes)

Shirokikurage (see Tremella fuciformis)

Skin cancer 108

Skin repair 90, 131

Snow Fungus (see Tremella fuciformis)

Sparassis crispa 89-90, 131, 132

Spores 30, 60, 62, 63, 119, 129

Statins 22, 82, 100

Sterols 22, 100

Stomach cancer (see Gastric cancer)

Stroke 90, 132

Submerged fermentation 30

Sun Agaric (see Agaricus subrufescens)

Superoxide dismutase 23, 52

Surgery 102

Systemic Lupus Erythematosus (SLE) 42

Th1-Th2 28, 115

Tian Ma 45

Tinctures 30

Tochukas (see Ophiocordyceps sinensis)

Trametes versicolor 17, 92-94, 102, 104, 105, 106, 107, 108, 117, 118, 123, 127

Transfer factors 109

Tremella fuciformis 16, 21, 33, 96-98, 102, 120, 129

Triterpenes 22, 29, 41, 43, 60, 73, 75, 100

Tryptamine 45

Turkey tail (see Trametes versicolor)

Tyrosinase 23, 60, 129

Ulcerative colitis (see Inflammatory bowel disease)

Vaccination 58, 123

Velutin 21

Velvet Foot (see Flammulina velutipes)

Venous thromboembolism (VTE) 102

Vertigo 46

Vitamin C 33, 109

Vitamin D2 22

Wood Ear (see Auricularia auricula)

Wulingdan Pill 62

Xiang Gu (see Lentinula edodes)

Yeast beta-glucan 20

Yin Er (see Tremella fuciformis)

Yun Er (see Auricularia auricula)

Zhu Ling (see Polyporus umbellatus)


Additional Resources

Research Updates

Knowledge and understanding of medicinal mushrooms and their therapeutic potential is continually expanding and a book such as this can only be complete up to the point it is published.

Readers wishing to access regular research updates can do so at:
www.mycotherapyonline.com

Clinical Support

Questions or requests can be directed to the author at:
martin@mycotherapyonline.com

Selected Further Reading

Medicinal Mushrooms - An Exploration of Tradition, Healing and Culture.

Hobbs C. 1986. Botanica Press, Williams.

Mycelium Running: How Mushrooms Can Help Save the World.

Stamets PE. 2005. Ten Speed Press, Berkeley.

The Fungal Pharmacy - The Complete Guide to Medicinal Mushrooms & Lichens of North America.

2011. North Atlantic Books, Berkeley.

Medicinal mushrooms: their therapeutic properties and current medical usage with special emphasis on cancer treatments.

Smith J, Rowan N, Sullivan R. May 2002. Cancer Research UK.

www.academia.edu/305933

Additional Books by the Author

Medicinal Mushrooms - The Essential Guide.

Powell M. 2013. Mycology Press, Eastbourne.
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