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Summary

Medicinal mushrooms have an established history of use in traditional therapies.
Modern clinical practice in Asian countries continues to rely on mushroom derived bioactive
compounds. Medicinal effects have been demonstrated for many traditionally used mushrooms.
The use of mushrooms extract and their bioactive compounds as antioxidants is becoming
increasingly popular and could bring diverse physiological benefits to the consumer, such as
protection against human diseases associated with oxidative stress, like coronary heart disease,
oxidation associated pathologies, diabetes, infections (fungi, bacteria), immune system disorder
and cancer. Recently, considerable attention is focused on anticarcinogenic bioactive compounds
particularly those derived from medicinal or edible mushrooms. The aim of the present review is
to outline the therapeutic characteristics of Agaricus bisporus (white button mushroom)
medicinal mushrooms, and their applications in human health care. Indeed, metabolites from
Basidiomycota demonstrate verified pharmacological activity in major diseases such as chronic
inflammation.
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Introduction

Mushrooms have been a part of the human diet for thousands of years. They also have
been used frequently in homeopathic medicine. Mushroom consumption has been markedly
increasing throughout the world and involves a variety of species (1). Various edible mushrooms
are consumed for enjoyment as well as their health benefits such as containing relatively few
calories and relatively high amounts of vegetable proteins (2). Their fruiting bodies, on a dry
weight basis, contain about 39.9%carbohydrate, 17.5% protein and 2.9% fats, with the rest
consisting of minerals. Cultivated mushrooms are a good source of Vitamin B2, niacin, and
folates (3, 4) .

Agaricus bisporus is usually called common mushroom, button mushroom, white
mushroom, table mushroom, portobello mushroom, cremini, crimini mushroom, Swiss brown
mushrooms, Roman brown mushrooms, Italian brown, Italian mushroom, or -cultivated
mushroom (5). It is an edible basidiomycete mushroom native to grasslands in India, Europe and
North America (6). White button mushrooma (Agaricus bisporus) (WBM) constitute 90% of the
total mushroom consumed in the United States , it is one of the most widely cultivated
mushroom in the world (7). The original wild form bore a brownish cap and dark brown gills but
more familiar is the current variant with white cap, stalk and flesh and brown gills (8).

Nutritional Value

The nutritional value of the Agaricus bisporus originates from its chemical composition. The
crude protein, Carbohydrates, fat, Dietary fiber, Sugars, Fat, Protein, Water, Pantothenic acid
(B5), Riboflavin (Vit. B2), Niacin (Vit. B3), Vitamin C, Iron and ash contents as well as the
amino acid composition are favourable (9) (Table 1). The remarkable level of phosphorus and the
very low Na are present in the Agaricus sp. contains 85-90% water of its dry matter. However,
amount of water is greatly influenced by relative humidity and temperature during growth and
storage. Protein is the most critical component which contributes to a lot of nutritional value of
food. Protein varies from 34% to 44% of total dry weight in Agaricus sp. (10).

The crude fat content ranges from 1-20% of total dry weight. Besides protein, a large
variety of free and combined fatty acids are present in A.bisporus with high concentration of
palmic acid, stearic acid and oleic acid (11). The major active compound found in the ethyl
acetate fraction is unsaturated fatty acids such as linoleic acid, linolenic acid and conjugated
linoleic acid. Fresh mushroom contains relatively large amount of carbohydrates i.e.3-28%,
particularly pentoses, hexoses, disaccharides and trehlose( a mushroom sugar ) (12).They appear
as a good source of several vitamins (thiamin, riboflavin, niacin, biotin, ascorbic acid, vitamin A,
B, C, D, and minerals (sodium, potassium, calcium, iron, ect.), essential amino acids ( methionin,
citralline, ornithin) (13). Lectins are a diverse group of carbohydrate-binding proteins commonly
present in animals, plants, and microorganisms. Lectins can act as mediators of cellular and
molecular recognition in a wide range of biological systems (14).
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Table 1. Nutritional Value of Agaricus bisporus

Agaricus bisporus, raw Nutritional value per 100 g
Energy 94 kJ (22 kcal)

Carbohydrates 328¢

Sugars 1.65¢g

Dietary fiber 10g

Fat 034 ¢

Protein 3.09 g

Water 9243 ¢

Pantothenic acid (B5) 1.497 mg (30%)

Riboflavin (Vit. B2) 0.402 mg (27%)

Niacin (Vit. B3) 3.607 mg (24%)

Vitamin C 2.1 mg (4%)

Iron 0.50 mg (4%)
Percentages are relative to US recommendations for adults.Source: USDA
Nutrient database

Medicinal value

Agaricus bisporus is a good sources of trace elements like sodium, potassium, and
phosphorus, conjugataed linoleic acid and antioxidants (15). It can inhibit aromatase, and
therefore may be able to lower the estrogen levels in the human body, which might reduce breast
cancer susceptibility (16). In 2009, a case control study of over 2000 women correlated a large
decrease of breast cancer incidence in women who consumed mushrooms. Women in the study,
who consumed fresh mushrooms daily, were 64% less likely to develop breast cancer, while
those that combined a mushroom diet with regular green tea consumption, reduced their risk of
breast cancer by nearly 90%. It possesses possible immune system enhancing properties (17).
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Ascorbic acid and phenols compounds are common antioxidants in mushrooms. phenol,
flavonoid, ascorbic acid and carotenoids concentrations contained in the five Agaricus sp.
Mushroom extracts. Phenols were the major antioxidant components found in the Agaricus
extracts (18). Mushroom extraction of small molecule exerting direct cytotoxicity in relation
with antioxidant compounds like phenol and flavonoids have demonstrated that chemotherapy
induced apoptosis and subsequent phagocytosis of cancer cells depend on the redox status and
the intracellular balance between proand antioxidants (19). Ergosterol, a phenolic compound
extracted from white button mushroom showed inhibitory effect on breast cancer cell line in
vitro by aromatase inhibition without side effect (20).

Agaricus bisporus Lectin (ABL)

Among 50 mushroom lectins, Agaricus bisporus lectin (ABL) is well documented
because A. bisporus is the most popular edible mushroom in western cuisines. The lectin from
the common mushroom Agaricus bisporus, the most popular edible species in western countries,
has potent antiproliferative effects on human epithelial cancer cells, without any apparent
cytotoxicity. This property confers to it an important therapeutic potential as an antineoplastic
agent (21). The lectin from Agaricus bisporus (ABL) has antiproliferative effects on a wide
range of cell types. ABL caused a dose-dependent inhibition of proliferation and lattice
contraction without significant toxicity. ABL might be especially useful where subtle
modification of healing is needed, as in eye surgery for glaucoma (22).

Epidemiological studies:

As an integral part of the human diet, vegetables, fruits, seeds, tea, wines and juices
have received much attention since many epidemiological studies suggest that consumption of
polyphenol-rich foods and beverages is associated with a reduced risk of cardiovascular diseases,
stroke and certain types of cancer. A case-control study published by the International Journal
of Cancer in 2009 compared the diets of 1009 women who had been diagnosed with breast
cancer with 1009 healthy women. Compared to nonconsumers of mushrooms, women who
consumed at least 10 grams of fresh mushrooms per day had a breast cancer risk of only 36%.
The risk for those who consumed at least 4 grams of dried mushrooms per day was 53%. A
similar case-control study involving 362 Korean women with breast cancer also found a strong
association between mushroom consumption and decreased risk of breast cancer in
postmenopausal, but not premenopausal, women(22),

Therapeutic Effects of A.bisporus

Antibacterial and Antifungal Activity

The antimicrobial effect of extracts of 4.bisporus was tested against Gram-positive and
Gram negative bacteria and one species of yeast. The Gram-positive bacterium is more
prominent. This might be due to the influence of temperature that disturbed the compound which
is responsible for the activity. The ethanol extracts of A.bisporus exhibited anti-candidal activity
against C.albicanc (23, 24).

Anticancer activity

The lectin from the common mushroom Agaricus bisporus, the most popular edible
species in western countries, has potent antiproliferative effects on human epithelial cancer cells,
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without any apparent cytotoxicity. The lectin from Agaricus bisporus (ABL) has antiproliferative
effects on a range of cell types. ABL caused a dose-dependent inhibition of proliferation and
lattice contraction without significant toxicity. ABL might be especially useful where subtle
modification of healing is needed, as in eye surgery for glaucoma (25, 26).

Selenium is an essential trace element for humans and animals. The work of Clark et al.
involving the role of selenium in cancer chemoprevention. Mushrooms provide more selenium
than other foods in the fruit and vegetables food group and can be a source of this essential
mineral for vegetarians (27). Selenium has a possible role to prevention of cancer through
antioxidant protection and /or increased immune function. There is evidence from human studies
to suggest that selenium may reduce the incidence of cancer when taken in higher doses.
Intervention trials have also show benefit with selenium in reducing cancer, specifically in the
liver, prostate, colon, and lung, with the greatest benefits in those with lowest selenium status
(28).

The study was shown that white button mushrooms has suggested that they may be a
useful chemopreventive agent against breast cancer, as they suppress aromatas / oestrogen
biosynthesis. Aromatase is an enzyme that converts androgen to oestrogen. Increased expression
of aromatase in breast tissue is considered to be a risk factor for breast cancer. Chen and
colleagues found that of the seven vegetable extract tested, mushroom extract was the most
effective in inhibiting the activity of this enzyme (29).

Maturation of Bone Marrow-Derived Dendritic Cells (Dc¢)

White button mushroom (WBM) promotes DC maturation and these mushroom —treated
DC are more effective in activating specific T cell responses through an improvement in their
antigen-presenting function. This effect of mushroom could have significant implications in
inducing both innate and adaptive immunity against tumor development and microbial infection
(30).

The genoprotective effect

A. bisporus is the most widely cultivated and consumed edible mushroom. A. bisporus
fruit bodies prevented H202-induced oxidative damage to cellular DNA A. bisporus is
associated with a heat-labile protein, designated FIIb-1, present in the fruit body and which has
been identified as tyrosinase. The genoprotective effect associated with cold water extracts of the
edible mushroom, Agaricus bisporus, is correlated with tyrosinase activity found in the
mushroom fruit bodies. The genoprotective effect of A. bisporus tyrosinase is dependent upon
the enzymic hydroxylation of tyrosine to L-DOPA and subsequent conversion of this metabolite
to dopaquinone (31).

Adverse effects

Some studies have revealed that raw A. bisporus - along with some other edible
mushrooms contains small amounts of carcinogenic hydrazine derivatives, including agaritine
and gyromitrin. However, the research also noted when cooked, these compounds were reduced
significantly. Consumption of the Agaricus species mushrooms has increased considerably in
Japan as the Japanese have become accustomed to Western cooking (32). The Agaricus species
mushroom contains hydrazine derivatives known as Agaritine. Bladder implantation was

460



Pharmacologyonline 2: 456-463 (2010) Newsletter Dhamodharan and Mirunalini

performed to test the carcinogenic potential of the Agaricus species mushroom which contains
large quantities of Agaritine. The methanol extract of fresh mushrooms (Agaricus bisporus) and
synthesized Agaritine were found to be significantly carcinogenic on the mouse bladder
epithelium by the bladder implantation test with a probability of less than 0.01 (33).

Discussion

The most commonly cultivated white mushrooms (4.bisporus) are a valuable food in
India (34). They are low in energy, fat, and sodium, while their high water and fiber content
makes them a filling and satisfying component of a meal. In the current climate of rising rates of
overweight and obesity, they are a useful and versatile ingredient that can easily be added to
many dishes without adding much to the energy content (35). They are a source of numerous
vitamins and minerals including some B vitamins, iron, potassium and selenium. In addition,
they contain potent antioxidant substances with potential beneficial effects on health (36). The
use of Agaricus bisporus with potential therapeutic properties raises global interests from the
scientific and clinical community based on two main reasons. First, mushrooms demonstrate
their efficiency against numerous diseases and metabolic disturbances as serious as cancer or
degenerative diseases (37). Mushroom compounds would act in combination to influence cell
surface receptors, and to trigger various downstream signaling events leading to high
pharmacological efficiency and specificity. Secondly, fungal bioactive metabolites can be
obtained from many origins either wild or cultivated fruiting bodies or from mycelial biomass
and supernatant of submerged cultured using bioreactors (38). Isolation and purification of
natural or hemisynthetic active components (namely polyphenols, polysaccharides, protein-
bound polysaccharides, sesquiterpenes, triterpenoids) require common analytical procedures
(39).

Conclusion

Since three millennia, traditional uses of medicinal mushrooms have been orally, then
via handwritten, passed on to therapists and scientists in Asian countries as China and Japan. The
market opened up recently in the USA and Europe to higher fungi providing good health.
Hundreds of papers discuss Basidiomycota therapeutic indications mainly antitumor,
antidiabetic, antimicrobial, immune-stimulating, anti-inflammatory and antioxidant effects as
well as in cardiovascular. Mushroom metabolites defining new generations of pharmacologically
active compounds, should definitely help fill some of the weaknesses of current therapeutic
arsenal and develop it against present and future therapeutic challenges.

References

1. Beelman R B, Royse D, Chikthimmah N, Bioactive Components in Agaricus Bisporus (J,
LGE) Imbach of Nutritional, Medicinal, or Biological Importance, Int J Medicinal
Mushrooms, 2003;5:321-337,

2. Sadler M, Nutritional properties of edible fungi, British Nutrition Foundation Nutrition
Bulletin, 2003;28:305-308,

3. Wasser SP, Medicinal mushrooms as a source of antitumor and immune modulating
polysaccharides, Appl Microbiol Biotechnol, 2002;60: 258-274,

461



Pharmacologyonline 2: 456-463 (2010) Newsletter Dhamodharan and Mirunalini

4. William R, Gibbons, Anita A, Maher et al, Button mushroom production in synthetic
compost derived from agricultural wastes, Bioresource Technology, 1991; 38: 65-77,

5. Have RT, Wijngaard H, Aries-Kronenburg NAE, et al., Lignin degradation by Agaricus
bisporus accounts for a 30% increase in bioavailable holocellulose during cultivation on
compost, J Agric Food Chem, 2003; 51: 2242-2255,

6. Hood P N, Beets M O, Kimberley JF, et al,, Colonisation of podocarp coarse woody debris
by decomposer basidiomycete fungi in an indigenous forest in the central North Island of
New Zealand, Forest Ecology and Management, 2004; 196: 311-325

7. Grove JF, Volatile compounds from the mycelium of the mushroom Agaricus bisporus,
Phytochemistry,1981; 20: 2021-2,

8. Parslew R, Jones KT, Rhodes JM, Sharpe GR, The antiproliferative effect of lectin form the
edible mushroom (Agaricus bisporus) on human keratinocytes: preliminary studies on its
use inpsoriasis, Br J Dermatol, 1999 ;140:56-60,

9. YinglJ, Mao X, Ma Q, Zong Y, Wen H, Icons of medicinal fungi from China, Science Press,
1987 ; 307.

10. Grube BJ, Eng ET, Kao YC, Kwon A, Chen S, White button mushroom phytochemicals
inhibit aromatase activity and breast cancer cell proliferation, J Nutr ,2001; 131:3288-3293,

11. Sadler M, Nutritional properties of edible fungi, British Nutrition Foundation Nutrition
Bulletin, 2003; 28: 305-308,

12. Regina Prado Zanes Furlani, Helena Teixeira Godoy. Vitamins Bl and B2 contents in
cultivated mushrooms, Food Chemistry, 2008; 106: 816-819.

13. TIrazoqui F J, Zalazar F E, Nores G A, Vides M A, Agaricus bisporus lectin binds mainly O-
glycans but also N-glycans of human IgA subclasses, Glycoconjugate J, 1997; 14: 313-319,

14. Presant C A, Kornfeld S, Characterization of the cell surface receptor for the Agaricus
bisporus hemagglutinin, J Biol Chem, 1972; 247: 6937-6945,

15. Shivan Chen, Sheryl Phung, Gene Hur, Sharon Kwok, Jingjing Ye and Sei-Ryang Oh.
Breast cancer prevention with phytochemicals in mushrooms, Proc Amer Assoc Cancer Res,
Volume 46, 2005; 5186.

16. Winer EP, Hudis C, Burstein HJ, et al., American Society of Clinical Oncology technology
assessment of the use of aromatase inhibitors as adjuvant therapy for women with hormone
receptor positive breast cancer: Status report 2002, J Clin Oncol, 2002; 20: 3317-3127,

17. Loganathan K, Jagadish, V, Venkata Krishnan R, et al., Comparative study on the
antioxidant, antioxidant and antimicrobial property of Agaricus bisporus (J,E,Lange)
imbach before and after boiling, Phytochemistry, 1994; 35: 573-577.

18. Andrera Assuncao Soares, Cristina Giatti Marques de Souza, Francielle Marina Daniel, et
al., Antioxidant activity and total phenolic content of Agaricus brasiliensis (Agaricus blazei
Murril) in two stages of maturity, Food Chemistry, 2009; 112: 775-781,

19. Kenta B, Sheridana C, Tomkinsona HA, Whitec S, et al.,, Antioxidant activity of Agaricus
sp, mushrooms by chemical, biochemical and electrochemical assays, Food Chemistry,
2008; 111: 61-66.

20. Lillian B, Soraia F, Paula B, et al., Edible mushroom (Agaricus bisporus) lectin modulates
human retinal pigment epithelial cell behaviour in vitro, Life Sciences, 2002; 14:1595-1608.

21. Batterbury M, Tebbs C A, Rhodes J M and Grierson 1, Agaricus bisporus (edible mushroom
lectin) inhibits ocular fibroblast proliferation and collagen lattice contraction, Experimental
Eye Research, 2002; 74: 361-370,

462



Pharmacologyonline 2: 456-463 (2010) Newsletter Dhamodharan and Mirunalini

22. Van den Brandt P A, Zeegers M P A, Bode P, Goldbohm, R A, Toenail selenium levels and
the subsequent risk of prostate cancer, Cancer Epidemiol Biomark & Prev, 2003; 12: 866-
871,

23. John Frederick Grove , Volatile compounds from the mycelium of the mushroom Agaricus
bisporus
Phytochemistry, 1981; 14: 2021-2022.

24. Hong F, Yan J, Baran JT, Allendorf DJ, Hansen LD, Ostroff DF, et al, Mechanism by which
orally administered B-1,3-glucans enhance the tumoricidal activity of antitumor monoclonal
antibodies in murine tumor models, J Immunol, 2004; 173:797-803,

25. Yu L G, Fernig D G, White M R, Spiller D G, et al., Edible mushroom (Agaricus bisporus )
lectin, which reversibly inhibits epithelial cell proliferation, blocks nuclear localization
sequence-dependent nuclear protein import, J Biol Chem, 1999; 274: 4890—-4899,

26. Irazoqui F J, ZalazarF E, Nores G A, Vides M A, Agaricus bisporus lectin binds mainly O-
glycans but also N-glycans of human IgA subclasses, Glycoconjugate J, 1997; 14: 313-319,

27. Clark LC, Combs G F, Turnbull B W, et al., Effects of selenium supplementation for cancer
prevention in patients with carcinoma of the skin, A randomized controlled trial, Nutritional
Prevention of Cancer Study Group, JAMA, 1996; 276:1957-1963.

28. Spolara M R, Schafferb E M, Beelmana R B & Milnerb J A, Selenium-enriched Agaricus
bisporus mushrooms suppress 7,12-dimethlybenz[a]anthracene bioactivation in mammary
tissue, Journal of Chromatography, 2006; 1101: 94—102.

29. Sun XZ, Zhou D, Chen S, Autocrine and paracrine actions of breast tumor aromatase, A
three-dimensional cell culture study involving aromatase transfected MCF-7 and T-47D
cells, J Steroid Biochem Mol Biol, 1997; 63:125-145.

30. Zhihong Ren, Zhuyan Guo, Simin Nikibin Meydani and Dayong Wu, White Button
Mushroom Enhances Maturation of Bone Marrow —Derived Dendritic Cell and Their
Antigen Presenting Function in Mice, J Nutr, 2008 ;138: 544-550.

31. C. Soler-Rivas, S. Jolivet, N. Arpin, J. M. Olivier, H. J. Wichers, Biochemical and
physiological aspects of brown blotch disease of Agaricus bisporus, FEMS Microbiology
Reviews, 1999; 23:591-614.

32. H. C. W. Donker, A. Braaksma, Changes in metabolite concentrations detected by 13C-
NMR in the senescing mushroom (Agaricus bisporus) Postharvest Biology and Technology,
1997; 10: 127-134

33. Braaksma A, Schaap D J, Protein analysis of the common mushroom Agaricus bisporus
Postharvest Biology and Technology, 1996; 7:119-127.

34. Matsumoto K, Ito M, Sagyu S, Ogino H, Hirono I, Carcinogenicity examination of
Agaricus bisporus, edible mushroom, in rats, Cancer Letters, 1991; 58: 87-90.

35. Walton K, Walker R, Ioannides C, Effect of baking and freeze-drying on the direct and
indirect mutagenicity of extracts from the edible mushroom Agaricus bisporus, Food and
Chemical Toxicology, 1998; 36:315-320.

36. Karel Jandk, Fredrik C. Stermer, Gry E.B. Koller, The content of agaritine in spores from
Agaricus bisporus, Food Chemistry, 2006; 99:121-524.

37. Edgar Hénseler, Lars E. Nyhlén, Dora M. Rast, Isolation and properties of chitin synthetase
from Agaricus bisporus mycelium, Experimental Mycology, 1983; 7: 17-30.

38. Vito G. Del Vecchio, Christine Dixon, Paul A. Lemke, Immune electron microscopy of
virus-like particles of Agaricus bisporus, Experimental Mycology, 1978; 2: 138-144.

39. Zhi-qiang Liu, Jian-hong Zhou, Yun-long Zeng, Xu-long Ouyang, The enhancement and
encapsulation of Agaricus bisporus flavor, Journal of Food Engineering, 2004; 65:391-396.

463



