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INTRODUCTION  

 

1.1 Natural Products 

 

Nature has been a source of medicinal agents for thousands of years and continues to be an 

abundant source of novel chemotypes and pharmacophores 1. Compounds which have biological 

activities and are derived from natural sources, e.g. plants, animals, and microorganisms, are 

defined as natural products. Natural products have been used by human societies for millennia 2. 

Less than 1 % of bacterial and 5 % of fungal species are currently known, and the potential of novel 

microbial sources, particularly those found in extreme environments, seems unbounded 1. 

Historically, natural products have been used since ancient times and in folklore for the treatment of 

many diseases and illnesses. Many of these natural products have gone on to become current drug 

candidates 3. The use of natural products has been described throughout history in the form of 

traditional medicines, remedies, potions, and oils with many of these bioactive natural products still 

being unidentified 3. The dominant source of knowledge of natural products uses from medicinal 

plants is a result of man experimenting by trial and error for hundreds of centuries through 

palatability trials or untimely deaths, searching for available foods for the treatment of diseases 4. 

Natural products have been major molecular structural resources for drug discovery. Antibiotics, the 

analgesic and antipyretic drug aspirin, the anticancer drug taxol, the anti-malarial drug artemisinin, 

and the anti-Alzheimer‘s disease drug huperzine A are typical, successful examples 5. Undoubtedly 

one of the most famous natural product discoveries derived from a microscopic fungus  is that of 

penicillin (Figure 1) from the fungus Penicillium notatum discovered by Fleming in 1929 6.  

 

      

Figure 1. Basic Structure of Penicillins 
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The mechanism by which an organism biosynthesizes compounds called ‛secondary metabolites’ 

(natural products) is often found to be unique to an organism or is an expression of the individuality 

of a species and is referred to as “secondary metabolism”. Secondary metabolites are generally not 

essential for the growth, development or reproduction of an organism and are produced either as a 

result of the organism adapting to its surrounding environment or are produced to act as a possible 

defense mechanism against predators to assist in the survival of the organism 7–9.  

According to Newman and Cragg, who highlighted the role of natural products in a series of reports, 

between 1981 and 2014, 60 % of all small-molecule drugs approved were derived from natural 

products 10. These molecules have been especially effective as anti-infective drugs and anticancer 

agents. Approximately 40 % of all approved antitumor drugs have been either natural products or 

derived from natural product pharmacophores 10. Indeed, close to half of the drugs approved 

between 1981 and 2014 are natural product derivatives, synthetic natural product mimics, or contain 

natural product pharmacophores 10. 

 

 

1.2 Biology of Basidiomycetes  

 

Neither a plant or an animal, fungi occupy one of the largest kingdoms in the tree of life thought to 

contain around 1.5 million species 11. Fungi (Kingdom Fungi) and fungus-like groups (water molds, 

slime molds) encompass an astounding breadth of taxa, morphologies (ranging from amoeba like 

protists and single-celled aquatic chytridiomycetes to large basidiomycete mushrooms), ecologies, 

and life history strategies, yet only limited and incomplete information is available for most species 
12. In Basidiomycota organisms reproduce sexually using a club-shaped structure, called a basidium 

that produces basidiospores. They can also reproduce asexually by producing hardened spores from 

specialized cell structures (conidiophores), extending from hyphae 13. 

This phylum includes the well-known mushrooms, both edible and poisonous, as well as boletes, 

puffballs, shelf fungi, jelly fungi, and coral fungi. Many of the most prized edible species, such as 

king boletes (Boletus edulis), matsutake (Tricholoma matsutake), and chanterelles (Cantharellus 

cibarius) form ectomycorrhizae with host plants 14. The Basidiomycota also include perhaps the 

most important crop plant pathogens, the rusts and the smuts, which are responsible for billions of 

US dollars every year in lost yield, corn smut (Ustilago maydis) and stem rust (Puccinia graminis) 

are examples of fungal plant pathogen 15.  
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‘Mushroom’ is not a taxonomic category 16. Mushrooms are basiocarps which can be hypogeous or 

epigeous. From a taxonomic point of view, mainly basidiomycetes but also some species of 

ascomycetes belong to mushrooms 17. There are approximate 1.5 million fungi of which only 

140,000 species produce fruiting bodies of sufficient size and suitable structure to be considered as 

mushrooms 11,17,18. Literature review implies that till date, we know only 14,000 described 

mushroom species which by far accounts 10 % of the total estimated mushroom diversity 16. Among 

these species, near about 50 % (7000 species) possess varying degrees of edibility, and more than 

3000 species from 31 genera are regarded as prime edible mushrooms. The number of poisonous 

mushrooms is usually reported to be relatively less (approximately 1 %), but an estimate reveals that 

approximately 10 % may be poisonous 19. 

 

 

1.3 Medicinal Mushrooms 

 

1.3.1 Definition and History 

 

Medicinal Mushrooms are comparable to “medicinal plants” and can be defined as macroscopic 

fungi, mostly higher basidiomycetes and some ascomycetes, which are used in the form of extracts 

or powder for prevention, alleviation, or healing of diseases, and/or in providing a balanced healthy 

diet. According to the definition of “herbal drugs”, dried fruiting bodies, mycelia, or spores are 

considered “mushroom drugs” or “fungal drugs” 20. Mushrooms manage to grow in darkness and 

dampness in highly competitive environments and protect themselves from  attacking microbes by 

developing natural protective substances 21.  

Medicinal mushrooms are thought to possess approximately 130 medicinal functions, including 

antitumor, immunomodulating, antioxidant, radical scavenging, cardiovascular, 

antihypercholesterolemic, antiviral, antibacterial, antiparasitic, antifungal, detoxification, 

hepatoprotective, and anti-diabetic effects 22. 

Medicinal mushrooms have been employed for millennia in Asian countries. Ancient traditions 

there have stressed the importance of several mushroom species, namely, Ling Zhi or Reishi 

(Ganoderma lucidum) and Shiitake mushrooms (Lentinus edodes) 22. Mushrooms have also played 

an important role in the treatment of ailments affecting the rural populations of eastern European 

countries 23. Some of the most important species in these countries are Inonotus obliquus (Chaga), 

http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=148413
http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=315905
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Fomitopsis officinalis (wood conk or agaricon), Fomitopsis betulina (Birch polypore), and Fomes 

fomentarius (tinder bracket). The last two species were found with the body of the famous 5300 

year old “Ice Man” in a glacier of Italian Alps in 1991 23. 

 

 

1.3.2 Most Important Medicinal Mushrooms Representatives and Main 

Ingredients  

 

Medicinal mushrooms show great promise for disease treatments. The responsible bioactive 

compounds are polysaccharides, proteins, polysaccharide-protein-complexes, or low molecular 

weight compounds such as lactones, terpenoids, and alkaloids, antibiotics with different chemical 

groups, and metal chelating agents, which are also important for the immune function of the 

organism 24,25. Among the polysaccharides, ß-glucans are the most important group 26. Immune cells 

in the human body, mainly dendritic cells and macrophages in the gut, recognize ß-glucans as 

unknown structures, so-called pathogen associated molecular patterns (PAMPs). After recognition 

by pattern recognition receptors (PRR) on the surface of the cells of the unspecific immune systems 

glucans are introduced into the cells and fragmented within. The fragments are transported into 

other regions of the body and stimulate several immune functions. The antitumor activity of 

mushroom glucans results mainly from these immunomodulating effects and is in an 

immunosuppressed organism stronger as in a health organism 26,27.  

Here are some of the most important bioactive compounds from medicinal mushrooms: 

 

 Lentinan, produced from Shiitake mushroom, Lentinula edodes, is a β (1,3), β (1,6) glucan. 

There is an immense literature related to the anticancer effect of lentinan on animals and human 

carcinomas. It was first isolated and studied by Chihara et al. (1970) who demonstrated that its 

antitumor effects were greater than those of other mushroom polysaccharides 28,29. Today, 

lentinan is used as evidence-based drug for adjuvant tumor therapy in Japan 30.  

 

 Schizophyllan, this polysaccharide derived from the mushroom Schizophyllum commune has 

been shown to be cytostatic in sarcoma 180 tumor xenographs and other tumor models 29. Like 

lentinan it belongs to β (1,3), β (1,6) glucans.  

 

http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=812646
http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=194860
http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=194860
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 Polysaccharide K (PSK) and polysaccharide‑peptide (PSP) from the mycelia of Trametes 

versicolor are very similar polysaccharide-protein-complexes which are used in Japan and 

China for adjuvant tumor therapy 25. 

 

  Polysaccharides from Grifola frondosa (also known as Maitake) are also mainly ß-glucans. 

They have strong antitumor activity in animal tumor models and in human 31. These four 

compounds passed Phase I, II, and III clinical trials, mainly in Japan and China 25. 

 

 Ganoderma lucidum is known as ‘mushroom of immortality’ and considered to be a panacea to 

cure all kinds of diseases in the Chinese folklore. In clinical studies, Ganoderma lucidum 

products have been widely used as a single agent or in combination with other herbal medicines 

demonstrating significant antioxidant, antitumor, anti-inflammatory, anti-nociceptive, anti-

mutagenic, anti-carcinogenic, cardio protective, and nephroprotective effects. Besides 

polysaccharides and proteins, Ganoderma lucidum contains more than 200 bioactive triterpenes. 

The Chinese Pharmacopoeia contains a monograph about Ganoderma lucidum 
32,33. 

 

 Ergosterol, is the most important sterol in fungi and determines not only the fluidity of the 

fungal cell membrane but can also be converted into Vitamin D2 under UV exposure. Ergosterol 

was reported to have antioxidant and anti-inflammatory activities 34. Its derivate ergosterol 

peroxide, which is as well present in several mushrooms showed immunosuppressive and 

antitumor effects 35,36. 

 

 Furthermore, many medicinal mushrooms contain bioactive triterpenes and steroids, e.g. betulin, 

betulinic acid, and ganoderic acids which exhibit cytotoxic, immunomodulatory, antiviral, 

antibacterial, and antimitotic  activities 34. 
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1.4 Fomitopsis betulina  

 

1.4.1 Botany and Ethnomedicinal Use 

 

Piptoporus betulinus (Bull.) P. Karst. (=Polyporus betulina Bull.: Fr.) (Fomitopsidaceae, 

Aphyllophoromycetideae) (Figure 2), commonly known as Birch polypore, Birch bracket, or Razor 

strop mushroom, is a hardwood-specific weak parasite that occurs exclusively throughout the range 

of birches (black, grey, paper white, and yellow) in North America, Europe, and Asia, usually on 

dead trees and rarely on living ones. Phylogenetic studies in the family Polyporaceae revealed 

polyphylyes of the Fomitopsis genus, suggesting that Piptoporus betulinus was phylogenetically 

closer to Fomitopsis than to Piptoporus 
37,38,39. Recently, Piptoporus betulinus (Bull) P. Karst has 

been transfered to Fomitopsis with the current name Fomitopsis betulina (Bull.) B.K. Cui, M.L. 

Han & Y.C. Dai 2016 40,41
. Basidiocarps of Fomitopsis betulina are of a very distinctive appearance 

and can hardly be confused with other basidiocarps; they begin to form in August, are active during 

suitable weather throughout autumn and winter, and finally decay in the spring. Most leathery and 

corky bracket fungi are drought-enduring xerophytes. During wet weather, water is absorbed and 

spore discharge continues. Under dry conditions water is lost, discharge ceases, and the basidiocarp 

remains alive but dormant until rain again restores activity 42,43. Fomitopsis betulina is one of the 

few edible polypores, at least when the fruiting bodies are young. They have a strong, pleasant odor 

and an astringent bitter taste 44. 

 This polypore  is one of the most common brown rot species in central Europe and has been 

commonly used in folk medicine, especially in Poland and other Baltic countries 43. The earliest 

evidence of Fomitopsis betulina being used by human’s dates from 5300 years ago; fungal objects 

of two different shaped fruiting bodies pieces of the polypores Fomitopsis betulina and Fomes 

fomentarius were found among the numerous items of equipment with the 'Iceman', who died more 

than 5000 years ago on an alpine glacier 45. It’s not very clear why the iceman carried the 

Fomitopsis with him, was it for spiritual or medicinal concerns? An autopsy revealed that Ötzi (the 

ice man) suffered from parasitic intestinal whipworms (Trichuris trichiura) that cause stomach pain 

and diarrhea, this could be the cause for the use of the fungus 45. In Russia, tea of the fungus was 

thought to have anti-fatiguing, soothing, and immune-enhancing properties and in Bohemia it was 

used for the treatment of rectal cancer and stomach diseases 43,46. Extracts of Fomitopsis betulina 
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cured dogs with vaginal cancer after weeks of therapy in Poland 46. Interestingly, antiseptic and pain 

reliever applications of the polypore were reported in Northern America and Siberia 47,46.  

In addition, Fomitopsis betulina has been traditionally exploited as an antiparasitic and 

antimicrobial agent and in the treatment of wounds for staunching bleeding 48. 

 

 

Figure 2. The fungus Fomitopsis betulina on a birch tree (picture taken in Greifswald 2014) 

 

 

1.4.2 Biological Investigations of Extracts of Fomitopsis betulina  

 

Fomitopsis betulina has been studied in vitro for its activity against cancer cells. Hot H2O extract of 

fruiting bodies exhibited moderate cytotoxic activity (IC50 = 0.1 mg/ml on HeLa cells) 49. A fraction 

prepared from dried fruiting bodies was subjected to anticancer evaluation in human lung carcinoma 

(A549), colon adenocarcinoma (HT-29), and rat glioma (C6) cell cultures, and elicited cytotoxic 

effects that were attributed to decreased tumor cell proliferation, motility and induction of 

morphological changes. Moreover, it  produced no or low toxicity in tested normal cells 43. 

Recently, lanostane triterpenoids isolated from methanolic extract of Fomitopsis betulina showed 

potential cytotoxic activities against several human cancer cell lines 50. Ether and ethanol extracts of 

an in vitro grown strain of mycelium of Fomitopsis betulina were evaluated for antiproliferative 

activity against cancer-derived cells and could decrease the viability of cancer cells, slightly inhibit 

proliferation and tumor cell adhesion in a time- and dose-dependent manner 51. Pleszczynska et al. 

(2016) reported the first successful production of Fomitopsis betulina mature fruiting bodies in 

artificial conditions 52. Comparable cytotoxic properties of H2O and ethanol extracts of these 
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cultivated fruiting bodies were registered in three cell lines, human lung carcinoma (A549), human 

colon adenocarcinoma (HT-29), and human breast cancer (T47D) cell lines 52. To evaluate the 

immunomodulatory actions of Fomitopsis betulina, phagocytic and respiratory burst enhancing 

activities were measured. The test revealed that Fomitopsis betulina ethanol extracts significantly 

increased phagocytosis in granulocytes by 158 % 53.  

In addition, ether extract has been reported as interference inducers 54. Moreover, different fruiting 

bodies extracts of Fomitopsis betulina have been reported to inhibit the growth of gram positive 

bacteria 55,56.  

Interestingly, recent investigation of the hypotensive effect of fungal extracts screened for the 

inhibitory activity against angiotensin I converting enzyme (ACE), reported that hot alkali extracts 

of Fomitopsis betulina contributed significantly to ACE inhibitory activity 49. In addition, the alkali 

extract proved to be radical scavenger and exhibited strong ferric-reducing power 49.  

 

 

1.4.3 Chemical Constituents and Their Biological Effects 

 

The first phytochemical analysis of the Birch polypore in the year 1940 led to the isolation of the 

polyporenic acids A, B, and C 57,58. In addition, few more lanostane triterpenoids (derivatives of 

polyporenic acids) have been isolated and shown anti-inflammatory properties in the conduct of the 

mouse ear inflammation assay 59. Further derivatives of polyporenic acids were also isolated from 

the birch bracket 60. The novel hydroquinone, (E)-2-(4-hydroxy-3- methyl-2-butenyl)-hydroquinone  

and polyporenic acid C (3) were identified as matrix metallo-proteinase inhibitors 61. More 

interesting, Schlegel isolated in the year 2000 piptamine from a submerged culture of the 

mushroom, which showed antimicrobial activity against a series of gram positive bacteria, yeasts, 

and fungi 62. A possible analgesic effect could be expected, as an investigation of Fomitopsis 

demonstrated inhibitory effects on neutral endopeptidase (enkephalinase) 63. Nucleic acids isolated 

from the fungus reduced the number of vaccinia virus plaques in chick embryo fibroblast tissue 

culture and when administered intravenously to white mice protected them against lethal infection 

with tick borne encephalitis virus strain. In the tissue culture the nucleic acids of the studied fungi 

were found to induce small but detectable amounts of a substance with the character of interferon 64. 

In addition, the crude RNA from Fomitopsis betulina induced in the human fibroblasts interferon 

with specific activity of 400 units per mg of protein 65. Regarding the polysaccharides Fomitopsis 

betulina contains predominantly (1,3)-α-D-glucans and lesser amounts of (1,3)-β-D-glucopyran, 
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chitin, besides a wax-like substance 66. Water-insoluble, alkali-soluble polysaccharides were 

isolated from its fruiting bodies, the chemical and spectroscopic investigations indicated that the 

polysaccharides were (1,3)- α-D-glucans. To make the glucans water soluble the compounds were 

carboxymethylated. These carboxymethylated (1,3)-α-D-glucans were toxic against the HeLa tumor 

cell line 67. A new glucan, namely, piptoporane I, with a molecular mass of 270 kDa was later 

isolated, with a backbone consisting of (1,3)-α-glucopyranose residues substituted at the C-6 

position by single residues of β-D-glucopyranose 68.  

The β-glucan content, in a recent study from 2016, was 74 mg/g, in the same study the polyphenol 

content was 155.2 μmol of gallic acid equivalent/g 53. Recent studies revealed the presence of β-

glucans with potential wound healing capacity 69,70. Supercritical CO2 extraction of fruiting bodies 

of Fomitopsis betulina showed mainly the presence of sterols, terpenes, and fatty acids (a total of 17 

different fatty acids were determined in the SFE extracts of Fomitopsis betulina, saturated acids 

were dominated by palmitic acid and unsaturated acids were dominated by oleic acid) 71. 

Modern biotechnological studies on Fomitopsis betulina considered the fungus as promising source 

for the development of new products for healthcare and other biotechnological uses 39. The high 

therapeutic potential stimulated researcher in the last years to investigate genetic diversity of 

Fomitopsis betulina and provide an insight into the genetic background of the fungus 72,73. 

Table 1 summarises the most important substances isolated from the fungus Fomitopsis betulina. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10 
 

Table 1. Isolated bioactive compounds from the fruiting bodies of Fomitopsis betulina  

Isolated Compound Biological effect References 

Polyporenic acids C (3) and A (4) Cytotoxic 57,58 

(25S)-(+)-12α-hydroxy-3α-methylcarboxyacetate-

24-methyllanosta-8,24(31)-diene-26-oic acid (7). 

 

Anti-inflammatory  

 
59 

((25S,3´S)-(+)-12α-hydroxy-3α-(3`-hydroxy-3`-

methyl glutaryloxy)-24-methyllanosta-8,24(31)-dien-

26-oic acid (10) 

 

Anti-inflammatory 

(25S)-(+)-12α-hydroxy-3α-malonyloxy-24-

methyllanosta-8,24(31)-dien-26-oic acid (9). 

 

Anti-inflammatory 

3α-acetylpolyporenic acid A Anti-inflammatory 60  

(E)-2-(4-hydroxy-3-methyl-2-butenyl)-hydroquinone Anti-inflammatory 61 

Piptamine Antibiotic 62 

Nucleic acids Immune stimulating 54 

α-(1,3)-D-glucans Weak Cytotoxic 67 

Bulnesene, stigmasterol, lupeol, retinal  71 

 

 

In this work, 11 compounds wree isolated from fruiting bodies of Fomitopsis betulina;  

Betulin (1) ( P.5.4.1), betulinic acid (2) (P.5.4.2), polyporenic acid C (3) (P.12.1), polyporenic acid 

A (4) (P.12.2), ergosterol peroxide (5) (P.11.3.1), 9,11-dehydroergosterol peroxide (6) (P.11.3.2), 

(25S)-(+)-12α-hydroxy-3α-methylcarboxyacetate-24-methyllanosta-8,24(31)-diene-26-oic acid (7) 

(P.12.3), fomefficinic acid (8) (P.14.1), (25S)-(+)-12α-hydroxy-3α-malonyloxy-24-methyllanosta-

8,24(31)-dien-26-oic acid (9) (P.12.4), (25S,3´S)-(+)-12α-hydroxy-3α-(3`-hydroxy-3`-methyl 

glutaryloxy)-24-methyllanosta-8,24(31)-dien-26-oic acid  (10) (P.13.2.1), and 3-acetoxy-16 

hydroxyl-24-oxo-5-lanosta-8(9) diene-30-oic acid (11) (P.14.2).  
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1.5 Calvatia gigantea 

 

1.5.1 Botany and Ethnomedicinal Use 

 

Calvatia gigantea (Batsch) Lloyd (=Langermannia gigantea (Batsch) Rostk) (Figure 3), commonly 

known as the giant puffball is one of the largest edible mushroom species, a member of the class 

Homobasidiomycetes and family Lycoperdaceae. It is usually found in late summer and autumn in 

meadows, fields, and forests worldwide 55. It is notable and noticeable because of its size and shape. 

Resembling a white soccer ball, this puffball has been known to reach a size as big as 150 cm in 

diameter, although more commonly they are 20-60 cm in diameter (Figure 4). The giant puffball 

mushrooms are edible when young and their white fruiting bodies develop rapidly over a period of 

several weeks, after which it quickly turns brown and releases millions of spores 74,75. The genus 

Calvatia has about 35-45 species of mostly medium- to large-sized epigeous puffballs, from which 

several members have found widespread use amongst various cultures world-wide, especially as 

sources of food and/or traditional medicine 76,77. Gilmore (1919) reported that Calvatia gigantea has 

been used as a hemostatic (styptic) and wound dressing especially for application to the umbilicus 

of newborn infants 76. Smoke from fruiting bodies of Calvatia gigantea is known to have been used 

by beekeepers to drive bees from their hives 77. More recently, similar use of Calvatia gigantea was 

reported by Tanzanian beekeepers, ascribing the anesthetic effect of the smoke partly to the 

presence of hydrogen sulphide and speculating that hydrogen cyanide and other unidentified 

substances might also be involved 78,79.  

 

 

Figure 3. The fungus Calvatia gigantea 

http://www.indianamushrooms.com/images/calvatia_gigantea_103.JPG 

javascript:popUp(%22http://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=265958%22)
http://en.wikipedia.org/wiki/Edible_mushroom
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1.5.2 Biological and Chemical Investigations 

  

Between 1958-1960, calvacin was isolated from the medicinal mushroom, Calvatia gigantea and 

broadly investigated in many laboratories as a possible antitumor agent 80. Calvacin is a complex 

mixture of antigenic substances which causes a prolonged intoxication characterized by anorexia 

and extreme weight loss 81. The chemical nature of calvacin reveals it as moderately heat-stable, 

non-diffusible, basic mucoprotein 5. Calvacin, which has been tested against many experimental 

tumors, including Sarcoma 180, mammary adenocarcinoma 755, leukemia L-1210, and HeLa cell 

lines has been shown to possess antitumor activity against 13 out of 24 different mouse, rat, and 

hamster tumors 82. Continued use of the drug induced an apparent allergic reaction in dogs and 

monkeys 83. The high toxicity of this mucoprotein put an end to the experiments and further 

researches of the fungus 61,63. Recently in the year 2016, cytotoxic effect of Calvatia gigantea was 

evaluated in A549 lung cancer cells, the applied extracts induced cell cycle arrest and apoptosis 

with IC50 dose of 500 μg/ml 84. 

In addition to the antitumor activity, Calvatia gigantea also displayed significant activity against the 

A2/Japan 305 virus in in vitro studies with calf kidney cells and against the A/PR8 influenza virus 

in in vivo studies with mice 79.  

The giant puffball mushroom has valuable amounts of essential amino acids (mainly glutamic acid, 

leucine, and tyrosine). Moreover, choline, urea, sterols, and carbohydrates (20 %) were  reported 79. 

Beside its medical usage, the amino acid ingredients also make the mushroom an ideal component 

of healthy food especially for child development 85,86. In addition, the study of the volatile 

constituents of the fungus revealed the presence of methyl anthranilate, methyl N,N-

dimethylanthranilate, and methyl N-methylanthranilate for the first time 74. Antioxidant and 

antibacterial activities against gram positive and gram negative bacteria were also reported 87,88,89. 

Significantly, Calvatia is mainly used for production of various enzymes such as α-amylase for 

biotechnological purposes 79.  
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Aim and Scope of the Study  

 
The aim of this study was to investigate the biological and chemical aspects of Fomitopsis betulina 

and Calvatia gigantea as well as their secondary metabolites and to evaluate their traditional uses. 

For this purpose, it was necessary:  

-to collect, to cultivate and to extract both mushroom species (fruiting bodies and mycelium) 

-to investigate all samples for a broad spectrum of biological activities and basing on these results to 

select the best suitable materials for more detailed investigation 

-to isolate responsible bioactive compounds  

-to elucidate the structures of the isolated compounds 

-to test the biological activities of the isolated compounds 

-to confirm the content of selected compounds and to compare it between different samples. 

Basing on the results it should be concluded if the traditional application of both mushroom species 

can be justified and if the mushrooms or isolated compounds can be promising sources for 

development of mushroom derived drugs or food supplements.   
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2 MATERIALS AND METHODS 

 

2.1 Fungal Materials   

 

2.1.1  Fomitopsis betulina 

 

Fruiting bodies of Fomitopsis betulina (Figure 2) were collected in April 2009 from Betula pendula 

nearby Hanshagen, 10 km south from Greifswald in the northeast of Germany. Samples were 

identified by Professor Hanns Kreisel, Institute for Microbiology, University Greifswald. The 

fungal fruiting bodies were dried in an oven at 40°C and stored at room temperature. Voucher 

specimens (Nr. 48957) are deposited at the Department for Pharmaceutical Biology, University 

Greifswald.   

 

 

2.1.2 Calvatia gigantea  

 

Fruiting bodies of Calvatia gigantea (Figure 4) were collected in April 2011 in Greifswald in the 

northeast of Germany. Samples were identified by Professor Hanns Kreisel, Institute for 

Microbiology, University Greifswald. The fungal fruiting bodies were dried in an oven at 40°C and 

stored at room temperature. Voucher specimens (Nr. 48974) are deposited at the Department for 

Pharmaceutical Biology, University Greifswald.   

 

 

Figure 4. Calvatia gigantea (collected in Greifswald 2011) 
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2.2 Chemical Materials and Equipment 

 

2.2.1 Solvents and Reagents 

 

Solvents and reagents used in this work are summarized in Table 2. 

 

Table 2. List of chemical solvents and reagents used in the work 

Chemical Supplier 

Acetone  Roth, Karlsruhe  

DCM  Gereso, Einbeck 

EtOH Bayer, Leverkusen  

EtOAc VWR International, Darmstadt  

MeOH  Bayer, Leverkusen 

n-hexane VWR International, Darmstadt  

Toluene  Walter, Kiel  

Glacial acetic acid 100 % VWR International, Darmstadt 

Hydrochloric acid 37 % VWR International, Darmstadt 

Conc. sulfuric acid 95-98 % Merck, Darmstadt  

Sodium hydroxide Merck, Darmstadt  

Sodium sulfate Merck, Darmstadt  

Sodium hydroxide Merck, Darmstadt 
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2.2.2 Equipment 

 

The equipment necessary for extraction is summarized in Table 3. 

 

Table 3. Extraction equipment 

Equipment Supplier 

100, 250, 500 ml and 1000 ml 

Erlenmeyer flasks 

Merck, Darmstadt 

System of rotator vacuum evaporator: pump 

B-178, 

vacuum controller B-721, Rota 

vapor R-114, water bath B-480 

Büchi Labortechnik AG, Flawil, CH, Büchi & Co, 

Berlin 

 

Stirrer, MR 3000 Heidolph, Schwabach 

Shaker Kika Labortecnik, Staufen 

Bandelin sonorex RK103H Bandelin electronic, Berlin 

Centrifuge (Rotanta 460R) A. Hettich, Tuttlingen 

Lyophilizer alpha 1-4 Christ freeze dryers, Osterode 

 

Filter paper Ø 185 mm with 12- 

25 gm pore size 

Bandelin electronic, Berlin 

 

 

The used TLC equipment is shown in Table 4, those for column chromatography in Table 5 and 

those for HPLC in Table 6. 
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Table 4. TLC and SPE equipment used in the work 

Equipment Supplier 

Pre-coated TLC plates (Silica Gel 60 F254, layer thickness 0.25 

mm)      

Merck, Darmstadt  

 

Pre-coated TLC plates (Glass), F254, layer thickness 0.5 mm  Merck, Darmstadt  

Pre-coated TLC plates (RP-18, layer thickness 0.25 mm)  Merck, Darmstadt  

SPE  

Cartridge C18  

vacuum chamber 

Laboratory pump KNF 

 

Phenomenex, Aschaffenburg 

Phenomenex, Aschaffenburg 

KNF Trenton, USA  

MeOH LiChroSolv HPLC  VWR international, 

Darmstadt  

TLC tank Desaga GmbH, Heidelberg  

 

 

Table 5. Column chromatography equipment used in the work 

Equipment Supplier 

Glass column: 60 x 1.2 cm, 

50 x 4.0 cm; 50 x 2.0 cm; 35 x 2.5 cm; 35 x 1.2 cm (h 

x i.d.) 

Schott Duran, Mainz 

 

50, 100, 250, 500, and 1000 ml Erlenmeyer 

flasks 

Merck, Darmstadt 

 
Test tubes (10 ml) Schott Duran, Mainz 

 
Fraction collector model 2110 Bio-Rad Laboratories, Richmond, USA 

 
Silica gel 60 (0.015-0.040 mm; 

0.040-0.063 mm) 

Merck, Darmstadt 

 
Sephadex LH-20 Amersham Biosciences AB, Uppsala, 

Sweden 
RP-18 Silica gel (25-40μm) Merck, Darmstadt 
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Table 6. HPLC equipment used in the work 

Equipment Supplier 

Pump LC-20AD Shimadzu, Duisburg 

 

HPLC program 

System controller 

SCL-10A VP 

Shimadzu, Duisburg 

 

Diode array detector SPD-M10A Shimadzu, Duisburg 

 

Degasser PL-DG804  Polymer Laboratories, Darmstadt 

LiChroCart 250×4 mm LiChrospher 100 RP18 (5 μ) column Merck, Darmstadt 

Synergy 4 μ HydroRP 80 A 250×4,6 mm column Phenomenex, Aschaffenburg 

Manual injection: 2/6 Rheodyne Ventil  Rheodyne, Cotati, USA 
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Table 7 summarizes further equipment. 

 

Table 7. Different equipment used in the work 

Equipment Supplier 

Drying oven Binder, Tuttlingen 

Fraction collector BIO-RAD Model 2110 BIO-RAD, Hercules, USA  

Extraction thimble Schleicher & Schuell, Dassel 

Homogenizer IKA Labor technique, Staufen 

Hot plate Heidolph MR3001K, Schwabach 

Incubator Memmert, Schwabach 

Magnetic stirrer IKA Labor technique, Staufen 

Shaker HS250 basic IKA Labor technique, Staufen 

Soxhlet apparatus VWR International, Darmstadt 

Syringe hamilton 702N Sigma Aldrich, Steinheim  

pH-electrode Mettler-Toledo, Giessen 

Rotary evaporator 

Waterbath B-480 

Vacuum controller B-721 

 

Büchi Labor technique, Flawil, Switzerland 

Sonicator- transsonic 460 Elma Hans Schmidbauer, Singen 

UV lamp CAMAG, Berlin 

Spectrophotometer UVmini-1240  Shimadzu, Duisburg 

 

Table 8 shows the equipment necessary for NMR and Table 9 those for biological assays. 
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Table 8. NMR equipment used in the work 

Equipment Supplier 

600 MHz NMR Agilent VNMRS 600 NMR spectrometer 

400 MHz NMR Agilent DD2 400 NMR spectrometer 

400 MHz NMR Agilent DD2 400 NMR spectrometer 

IR Thermo Nicolet 5700 FT-IR spectrometer 

UV Jasco V-560 UV/VIS spectrophotometer 

CD/ORD Jasco J815 spectropolarimeter 

Optical rotation (usually specific rotation) Jasco DIP-1000 digital polarimeter (in building C) 

Jasco P-2000 digital polarimeter (in building D) 

 

 

Table 9. Biological tests equipment and chemicals used in the work 

Equipment Supplier 

 Incubator mytron BS 120                         Merck, Darmstadt 

20- 50ml Standard glass beaker                             Merck, Darmstadt  

50 ml Erlenmeyer flasks                             Merck, Darmstadt  

Petri dishes (Ø 90 mm)                                  Merck, Darmstadt  

 96 well Microtiter plate                              Merck, Darmstadt  

 4 Canal and 8 canal pipet and tips              Merck, Darmstadt  

Shaker waterbath GFL 1083                     Gesellschaft für Labortechnik, Burgwedel 

ELISA-reader anthos labtec HT 2          Anthos Labtec Instruments, Salzburg, Austria 

0.9 % sterile sodium chloride solution     Merck, Darmstadt  

PBS-Puffer                                                  Sigma Aldrich, Steinheim 

 

Further materials are listed in the corresponding chapters. 
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2.3 Cultivation 

 

2.3.1 Culture Media 

 

The composition of malt agar is given in Table 10, those of Hagem medium in Table 11. 

 

Table 10. Composition of malt agar, 500 ml 

Biomalt 15 g 

Agar-Agar 7.5 g 

Chloramphenicol 0.15 g 

Aqua dest 500 ml 

pH 5.5 

 

 

Table 11. Composition of Hagem medium, 1000 ml 

Ammonium succinate (self-produced from 25 %    

ammonia and succinic acid, VWR)  

0.5 g 

KH2PO4  0.5 g  

 MgSO4.7H2O 

 

0.5 g 

 FeCl3 (1 % solution)  

 

0.5 ml  

 Glucose  

 

5.0 g  

 Malt extract  

 

5.0 g  

 Distilled H2O/Seawater (ca. 30/100)  

 

to 1000 ml  

 pH (NaOH/HCl)  

 

7.5 

 

The solid Hagem medium was prepared by adding 15 g agar to one liter of the fluid Hagem medium 

and after that distributed in four one-liter flasks and kept in refrigerator 4-5 C° until need. All media 

were autoclaved at 121 C° for 20 min.  

Materials used in the cultivation are summarized in Table 12. 
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Table 12. Materials and Equipment used in the cultivation 

Material Supplier 

Agar-Agar                                                              Carl Roth GmbH & Co. KG,  

 Karlsruhe (Germany) 

Ammoniumsuccinat,  

(self produced from 25% ammonia and succinic acid) 

Merck KGaA,  

Darmstadt (Germany) 

Calciumchlorid-Dihydrat                                         Carl Roth GmbH & Co. KG,  

Karlsruhe (Germany) 

EDTA                                                                    Sigma-Aldrich Co.,  

St. Louis (MO, USA) 

Iron (III)-chloride                                                 Sigma-Aldrich Co. 

St. Louis (MO, USA) 

Glucose                                                                Carl Roth GmbH & Co. KG,                             

St. Louis (MO, USA) 

Magnesiumchloride-Hexahydrat                      Fluka Chemie GmbH, 

 Buchs (Switzerland)                                    

Succinic acid Merck KGaA,  

Darmstadt (Germany)  

 
Laminar flow box  
 

 
Heraeus Instruments (Germany)  
 

 
Sterile plastic Petri dishes (Ø 90 mm)  
 

 
VWR (Germany)  
 

 
Microscope, Planapo 1.6x  
 

 
Leica (Germany)  
 

 
Sterile disposable Pasteur pipettes  
 

 
VWR (Germany) 

Sterile glass Pasteur pipettes 230 mm 
 

VWR (Germany) 
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2.3.2 Cultivation Process 

 

 Pieces from fresh fruiting bodies were isolated using and then incubated on malt agar (Table 10) in 

petri dishes of 9 cm diameter at room temperature and in day-night-rhythm. Chloramphenicol was 

added in first agar plates to prevent bacterial contaminants. Mycelium growth was controlled by 

eyes and by microscope. After growth for about 4 weeks, cultures were transferred to solid Hagem 

medium (Table 11) in petri dishes (Figure 5) and culture vials (Figure 6) and subsequently 

cultivated for about further 4 weeks. After that the cultures were stored at 4-5 oC. They were one 

time per year transferred to new solid Hagem medium. 4-6 Weeks prior to the experiment small 

pieces of the fungal cultures were transferred from the medium vials to new prepared Hagem 

medium petri dishes using inoculation loop under sterile conditions. After growing for 4-6 weeks, 

the mycelium was cut into pieces and given in 50 ml flasks with liquid Hagem medium. These pre-

cultures were incubated at room temperature for 3-4 weeks. After that, pre-cultures were 

homogenized by a homogenizator (Büchler) and transferred into 2 liter cultures and distributed in 

10 flasks (Figure 7). After three weeks of incubation on a shaker (120 rpm) (Figure 9) the mycelia 

were separated from the liquid culture medium by filtration. The mycelia were lyophilized to keep it 

in a dry form until extraction (Figure 10).  

 

 

Figure 5. Calvatia gigantea on Hagem medium agar petri dishes 

 

 

Figure 6. Calvatia gigantea on Hagem medium agar culture vials 
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Figure 7. Calvatia gigantea on Hagem medium agar flasks 

 

 

Figure 8. Incubation of Calvatia gigantea culture flasks 

 

 

Figure 9. Mycelium of Calvatia gigantea after 3 weeks of cultivation 
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Figure 10. Lyophilised mycelium of Calvatia gigantea 

 

 

2.4 Chromatographic Methods 

 

2.4.1 Thin Layer Chromatography (TLC) 

 

 TLC was used to analyze the extracts and fractions to determine the number of components in a 

mixture, the identity of compounds, the purity of a compound, and to find out the best mobile phase 

for separating the extracts later. Different solvent systems consisting of EtOAc-Toluene, DCM-

MeOH, and DCM-MeOH-H2O were used. Analytical TLC was performed on pre-coated TLC plates 

with Silica gel 60 F254 (0.2 mm, Merck) and RP-18 (0.2 mm, Merck) and impregnated with a 

fluorescent material that glows under ultraviolet (UV) light. Under the UV light, the spots can be 

outlined with a pencil to mark their locations. After that, visualization was accomplished by 

spraying the plate with different spraying reagents. 

 

 

2.4.2  Column Chromatography (CC)  

  

Different types of columns were used to separate crude extracts and for further fractionating of 

extracts and fractions. In the first stage of separation, long wide columns were used for the crude 

extracts and in the next stages longer and thinner columns were used. Different stationary phases 

were selected like silica gel 60 or Sephadex LH-20. The resulting fractions were determined by 

TLC.  

Stationary phases:  
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Silica gel, RP-18 Silica gel, Sephadex  

Mobile phases: 

EtOAc-Toluene (7-3)  

EtOAc-Toluene (3-7) 

EtOH-Toluene (3-1) 

EtOH 

MeOH 

MeOH-H2O 

DCM-MeOH (10-1) 

DCM-MeOH-H2O (40-12-1) 

DCM-MeOH-H2O (65-35-8) 

 

 

2.4.3  Solid Phase Extraction 

  

The solid phase extraction technique with cartridges was used to clean up samples before applying 

them on the HPLC.  The stationary phase was RP-18 (reversed phase silica gel) and the mobile 

phase started with H2O, mixtures of H2O-MeOH with decreasing polarities and ended with MeOH. 

C18 cartridges 20 ml were used for reversed phase SPE. A vacuum manifold was used to hold the 

cartridges and receiving tubes and to apply vacuum. All of the flow rates of liquids through the 

cartridges were about 3 ml/min. 

 

 

2.4.4     High Performance Liquid Chromatography (HPLC) 

  

Analytical HPLC was used to get an overview about the components in the extracts (fingerprint), to 

identify the peaks of interest from different fractions, to quantify the concentration of some 

interesting components in fractions and extracts and to develop different methods for the 

fractionation and isolation of fractions and pure compounds. Semi-preparative HPLC was used to 

achieve this isolation. Different HPLC methods were developed during the work, using mainly two 
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types of columns; reversed phase C18 column (Phenomenex, USA): 110 Å, 250 x 4.6 mm, 5 μm 

and LiChrospher RP-18e (Merck, Germany): 100 Å, 250 x 4.0 mm, 5 μm.  

The samples were solved in MeOH in concentrations between 10-50 mg/ml. Two systems of mobile 

phase gradients were mainly used, the first gradient system started with 10:90 (MeOH:H2O to 100 

% MeOH), in which the running time varied between 10 and 40 min, whereas the second system 

included acetonitrile instead of MeOH. The flow rate was 1 ml/min, the separation was controlled at 

205, 226, 238, and 254 nm by DAD. 20 μl was injected per run. The eluted peaks which were 

detected by the online UV detector were collected separately in round-bottom flasks. 

 

 

2.5 Extraction and Isolation of Active Compounds 

 

2.5.1 Extraction of Intracellular Compounds 

   

The dried fungal fruiting bodies and the mycelia were crushed using a mortar to get fine powder, 

and then extracted with different solvents with increasing polarities starting with n-hexane, followed 

by MeOH and at last H2O. The extraction was carried out with Soxleth extractor for 24 hours for 

each solvent. After filtration, the organic solvents were removed by rotary evaporation in vacuum at 

40°C to get dry extracts. The H2O was reduced by rotary evaporation and removed after that 

completely by lyophilization. The dried extracts were weighed and stored at -20°C until use.  

 

 

2.5.2 Extraction of Extracellular Compounds 

 

For the extraction of the media, about 3 liters of the fungal culture broth were concentrated to 400-

500 ml by rotary evaporation in vacuum at 40°C. The concentrated media were shaken with equal 

volumes of EtOAc for 24 hours and then separated by separating funnel. The process was repeated 

with the media three times. The upper phase was collected, which made the EtOAc extract. The 

organic solvents were removed by rotary evaporation in vacuum at 40°C to get dry extracts. 
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2.6 Structure Elucidation  

 

Nuclear magnetic resonance spectroscopic and high resolution-mass spectrometric data were 

recorded in the Leibniz Institute of Plant Biochemistry in Halle/Saale. One- and two-

dimensional NMR techniques and different MS methods were used. The results were 

compared with the relevant literature to identify the isolated substances.       

 

 

2.6.1 Nuclear Magnetic Resonance (NMR) Spectroscopy 

  

All spectra were recorded on an Agilent VNMRS 600 NMR spectrometer operating at a 

proton NMR frequency of 599.83 MHz using a 5 mm inverse detection cryoprobe. The 

spectra were referenced to internal tetramethylsilan (TMS) at 0 ppm for 1H-NMR and to 

CD3OD signals at 49 ppm for 13C-NMR. 2D NMR spectra were recorded using standard 

CHEMPACK 4.1 pulse sequences (gDQCOSY, gHSQCAD, gHMBCAD) implemented in 

Varian VNMRJ 2.2C spectrometer software. The HSQC experiment was optimized 

for 1JCH = 146 Hz with DEPT-like editing and 13C-decoupling during acquisition time. The 

HMBC experiment was optimized for a long-range coupling of 8 Hz; a 2-step 1JCH filter was 

used (130-165 Hz).   

 

 

2.6.2 Mass Spectrometry (MS)  

 

2.6.2.1 ESI Mass Spectra  

  

Electro spray Ionization (ESI) mass spectra were measured on an API-150EX mass 

spectrometer (Applied Biosystems) with a turbo ion spray source.  
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2.6.2.2 HR-FTICR-MS Spectra  

   

The high-resolution positive ion ESI mass spectra were obtained from a Bruker Apex III 70 e 

Fourier transform ion cyclotron resonance (FT-ICR) mass spectrometer equipped with a 7.0 T 

superconducting magnet, an RF-only hexapole ion guide and an external electro spray ion 

source. The sample solutions were introduced continuously via a syringe pump with a flow 

rate of 120 μl/h. 
 

 

2.6.3 IR Spectra  

 

Infrared (IR) spectra were measured on a Perkin Elmer System 2000 FT-IR or a Bruker 

Tensor 27 FTIR spectrophotometer equipped with Diamant-ATR. The wave number is 

indicated in cm-1. 

 

 

2.6.4 UV Spectra  

 

UV spectra were detected using UV-VIS diode array detector SPD-M10A. Samples were 

diluted in MeOH or MeCN. 

 

 

2.6.5 Optical Rotation  

 

Optical rotations were performed with a JASCO DIP-1000 KYU digital polarimeter. 
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2.7 Determination of Total Content of Triterpenes, Betulinic 

Acid, and (1,3)-β-D-Glucan 

 

2.7.1 Total Triterpenes  

 

The total content of triterpenes was determined in fruiting bodies and mycelium of Fomitopsis 

betulina. The method bases on Liebermann-Burchard reaction. Lanosterol and ergosterol were 

used as reference substances. An amount of 1 g of the dried fruiting bodies was extracted with 

EtOH. The extract was dried, weighed and solved in 5.0 ml glacial acetic acid (stock solution 

A). The reference solutions were prepared by solving ergosterol (0.1004 g) in 5.0 ml DCM 

(stock solution E) and lanosterol (0.1001 g) in 5.0 ml DCM (stock solution L). 

 

Preparation of calibration curve using the reference solutions:  

10, 20, 30, and 50 µl from the stock solution E were filled to 1000 µl with DCM. 200 µl from 

each of these solutions were mixed with 1800 µl of conc. acetic acid, 500 µl of acetic 

anhydride, and 300 µl of sulfuric acid. The absorbance was measured after 10 min at 670 nm 

for ergosterol and 548 nm for lanosterol.  

 

Preparation of the Extracts Samples 

Each one of the dried extracts (0.121 g for the fruiting bodies and 0.157 for the mycelium) 

was solved in 5.0 ml of glacial acetic acid (stock solution). 200 µl of stock solution were 

mixed with 1800 µl of glacial acetic acid, 500 µl of acetic anhydride, and 300 µl of conc. 

sulfuric acid. The absorbance was measured after 10 min at 548 nm and 670 nm. 

 

 

2.7.2 Betulinic Acid (2) (P.5.4.2) 

 

The content of betulinic acid (2) (P.5.4.2) in Fomitopsis betulina was determined by HPLC, 

applying calibration curves with pure betulinic acid (2) (P.5.4.2) (Sigma Aldrich Chemicals, 

Germany); the area under the peak was calculated and used to set the calibration curves. 
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Preparation of Sample Solutions 

An amount of 1 g of dried powder of the fungal fruiting bodies was extracted with MeOH in a 

soxhlet apparatus for 24 hours; the resulting dried extract (128 mg) was taken in 5 ml MeOH 

to give a concentration of 25.6 mg/ml (25 µg/µl).   

Preparation of Betulinic Acid (2) (P.5.4.2) Solution  

The standard solution was prepared by dissolving 1 mg betulinic acid (2) (P.5.4.2) in 1 ml 

MeOH, which gives 1000μg/ml (1µg/µl). Different concentrations of 100, 200, 300, 400, 500, 

and 1000 μg/ml were prepared from standard solutions.  

Calibration Curve of Betulinic Acid 

10, 20, 30, 40, and 50 µl of standard solution of betulinic acid (2) (P.5.4.2) were applied on 

HPLC instrument to generate calibration curve. All standard solutions as well as samples 

were injected in the HPLC system. The area under the peak of betulinic acid (2) (P.5.4.2) was 

calculated by the instrument itself and this value corresponds to the concentration of betulinic 

acid (2) (P.5.4.2) present. The plot of area against concentration of the standard injected 

betulinic acid (2) (P.5.4.2) shows a linear fit with correlation coefficient. The same calibration 

chart was subsequently used for quantification of unknown samples. 

 

 

2.7.3 (1,3)-β-D-Glucan (Glucatell Test) 

 

The glucatell® assay was developed by Associates of Cape Cod, Inc. 

The assay was used for determination of the glucan content and is based upon a modification 

of the Limulus Amebocyte Lysate (LAL) pathway. For specific determination of β-glucans, 

the glucatell reagent is processed to eliminate Factor C. The reagent does not react to other 

polysaccharides, besides β-glucans with different glycosidic linkages. (1,3)-β-D-glucan in the 

test sample (or standard) activates Factor G, which then activates the proclotting enzyme. The 

clotting enzyme cleaves p-nitroaniline (pNA) from the chromogenic peptide substrate Boc-

Leu-Gly-Arg-pNA. The free pNA is measured at 405 nm (kinetic assay) or alternatively, the 

pNA is diazotized to form a compound that absorbs at 540-550 nm (endpoint assay). 

The test was performed as end-point assay: The glucatell/sample mixture was placed in a 

microplate heating block at 37°C ± 1°C for the recommended time period. 50 µl each of the 

three diazo reagents were added to the mixture to stop the reaction, which was then read at 

540–550 nm. (Concentration of the samples was analyzed by a suitable software program.  
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Preparation of Standard Solution 

 

1. The β-glucan content is stated on the vial label. An appropriate volume of reagent grade 

water was added to the vial of glucan standard (Pachyman) to make a 100 µg/ml solution  

2. 40 µg/ml of the solution was prepared by mixing 600 μl Reagent Grade Water and 400 μl 

of glucan solution (1) in a glucan free tube. 

3. 20 µg/ml of the solution was prepared by mixing 400 μl Reagent Grade Water and 400 μl 

of glucan solution (2) in a glucan free tube. 

4. 10 µg/ml of the solution was prepared by mixing 400 μl Reagent Grade Water and 400 μl 

of glucan solution (3) in a glucan free tube. 

5. 5 µg/ml of the solution was prepared by mixing 400 μl Reagent Grade Water and 400 μl 

of glucan solution (4) in a glucan free tube. 

6. One vial of glucatell reagent was reconstituted with 2.8 ml of Pyrosol. The reconstituted 

glucatell reagent was used within 10 minutes. 

 

Preparation of the Diazo Coupling Reagents 

 

a. 1N HCl solution (vial 1A) was added to the sodium nitrite (vial 1). 

b. 4.0 ml of Reagent Grade Water was added to the ammonium sulfamate (vial 2). 

c. The content of the N-methyl-pyrrolidinone (vial 3A) was added to the N-(1-napthyl) 

ethylene diamine dihydrochloride (NEDA) (vial 3). These solutions were used the same day. 

 

Assay Procedure - Endpoint 

 

1. 50 μl of sample was added to the unknown wells. 

2. 50 μl of glucatell reagent was added to each well using a repeater pipette. The plate was 

covered with its lid and shaked by tapping the edge. The plate was placed in a heating 

block or a plate reader preheated to 37°C ± 1°C for the recommended incubation time for 

the curve chosen. 

3. The reaction was stopped by adding 50 μl of sodium nitrite (vial 1) with a repeater pipette. 

Then in sequence 50 μl of ammonium sulfamate (vial 2), and then 50 μl of N-(1-napthyl) 

ethylene diamine dihydrochloride (NEDA) (vial 3), using a new pipette tip each time were 
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added. Color development is immediate. The uncovered plate was placed in the 

microplate reader and the optical density was measured at 540-550 nm. 

4. The plate reader software was used to plot a linear standard curve and to calculate the 

concentration of (1,3)-β-D-glucan.  

 

 

Figure 11. The 96-well plate for the glucan assay 

  

 

2.8 Bioassays 

 

2.8.1 Antimicrobial Activity 

2.8.1.1  Microbial Strains 

 

Extracts, fractions, and pure substances of both fungi were tested for their activity against 

different bacterial and fungal strains. The following microbial strains were used: 

 

Gram Positive Bacteria  

  

Bacillus subtilis ATCC 6051  

Staphylococcus aureus ATCC 6538 

 

Gram Negative Bacteria  

  

Escherichia coli ATCC 11229  
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Pseudomonas aeruginosa ATCC 22853 

 

Yeasts  

 

Candida maltosa SBUG 700 

2.8.1.2 Agar Diffusion Assay 

 

The agar diffusion assay was performed according to Kirby-Bauer method 90. The bacteria 

and the yeasts were cultivated on NA II medium. An amount of 1 or 2 mg of the crude 

extracts and later different concentrations of fractions and pure compounds (500, 200, 100, 

and 50 μg/disc) were given on sterile filter-paper discs (6 mm diameter, Oxoid). After 

applying the discs on the agar plates inoculated with bacteria or yeasts, they were kept in the 

refrigerator for three hours to improve the distribution of the test samples in the agar plates 

and then incubated for 24 hours and 36 hours for bacteria and yeasts respectively. The 

incubation temperature of the bacteria is about 37 ºC and for the yeasts about 26 ºC. The clear 

zone of the bacterial growth inhibition expresses the antimicrobial activity of the samples and 

was measured in mm (the diameter of the paper discs included). As a positive control 

ampicillin was used for gram-positive, gentamicin for gram negative bacteria, and nystatin for 

yeasts. To color the plates at the end of the incubation INT (p-iodonitrotetrazolium chloride) 

was used: 5 mg of the reagent was dissolved in 1 ml of EtOH 50 % to get a spraying solution, 

the petri dishes were sprayed and kept for few minutes in the incubator.  

      

 

2.8.1.3 Determination of Minimum Inhibitory Concentration (MIC) 

 

Based on the results of antibiotic susceptibility test, the substances which proved to be 

effective against bacterial or fungal pathogens were selected and their MIC values were 

determined by broth dilution method. 

The process of determination of the minimal inhibitory concentration was performed as 

follows: 

Day 1: Preparation of nutrient broth (Nutrient broth, Merck, Darmstadt, Germany). 8.0 g of 

nutrient broth were weighed and filled with purified H2O to 1000.0 ml in a volumetric flask. 

This solution was autoclaved at a temperature of 121 °C and a pressure of 2 bars over 

stretched water vapor for 20 min. The composition of the nutrient broth was as follows:  
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In 100 ml H2O: 

NaCl                               8,0 g 

KCl                                 0,2 g 

KH2PO4                          0,2 g 

Na2HPO4                        1,15 g 

 

Day 2: 2 ml of 0.9 % NaCl were mixed with 2-3 loops of Bacillus subtilis and Staphylococcus 

aureus in 2 beakers twice. 100 μl of the bacteria suspension was added to each 10 ml of 

nutrient broth and cultured for 24 h at 37 °C with shaking. 

Day 3: Preparation of a stock solution of the test substance with a desired concentration of 

1mg/ml dissolved in PBS. From the stock solution 2 solutions were prepared with the 

following concentrations: 

C1 = 200 μg/ml 

C2 = 100 μg/ml 

Y = 100 μl of bacteria displacing solution, which was shaken for 24 h at 37 °C, made up to 10 

ml with sterile 0.9 % NaCl. 1 ml of the solution was well mixed in 10 ml of broth and 100 μl 

were added in each well A1→ H11. 

In A11→ H11 100 μl were discarded from each. H12 was blank as a zero value for the 

photometric determination. 

A 96-well plate was filled according to the following scheme for each Bacillus subtilis and 

Staphylococcus aureus. 

The start concentration of the test sample was 300 μg/ml; it was then diluted into 2-fold serial 

number. Volume of 200 μl of test solutions was pipetted into the first row of the microtiter 

plate (A1-H1) in three replicates. All further wells except H12 were filled with 100 μl PBS 

buffer (pH 7.4). For the dilution steps, 100 μl of the first row was pipetted into the 

corresponding well of the second row and so on until the 11th row. Then 100 μl from the last 

row was discarded. Before taking for further dilution or the last dilution, the solution must be 

properly mixed. Finally, 100 μl of bacterial suspension was added into the wells except the 

last row. Wells of A12-D12 were filled with 100 μl of nutrient broth as media control. E12-

H12 wells were filled with 100 μl of bacterial suspension as bacterial growth control.  
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Table 13. Microtiter plate for MIC test (MC: media control; GC: growth control), C: 

Concentration of stock solution 

 

C  C/2        C/22  C/23  C/24  C/25  C/26  C/27  C/28  C/29  C/210  Control  

1 2 3 4 5 6 7 8 9 10 11 12 

A           MC 

B           MC 

C           MC 

D           MC 

E           GC 

F           GC 

G           GC 

H           GC 

 

The 96 well plates were then incubated for 24 h at 37 °C. Finally, to each well 20 μl INT 

solution was added and shaken for 30 min and then measured photometrical at 550 nm. 

 

 

2.8.1.4 Bioautographic Assay  

 

The procedure in bioautographic TLC assay is similar to the one used in agar diffusion 

methods. The difference is that the tested compounds diffuse to inoculated agar medium from 

the chromatographic layer. The principle of this method is that a developed TLC plate is 

dipped in a suspension of microorganisms growing in a proper broth and then incubated in a 

humid atmosphere 91. A silica surface of the TLC plate covered with the broth medium 

becomes a source of nutrients and enables growth of the microorganisms directly on it. 

However, in the places where antimicrobial agents were spotted, the inhibition zones of the 

microorganism growth are formed. Visualization of these zones is usually carried out using 

dehydrogenase activity-detecting reagents; the most common are tetrazolium salts, e.g. INT. 

0.5-2 mg of the tested extract or fraction were applied on TLC plate and developed in an 
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appropriate solvent system. A control TLC plate was used and the bands remarked to compare 

them later with the contaminated one. 20 ml of nutrient agar solution was prepared at 37-40o 

C in a sterile glass. 1 full loop of the bacteria stock culture was dissolved in 2 ml NaCl 0.9 % 

and added to the agar suspension which subsequently was poured into a Petri dish (Ø 90mm). 

The Petri dish was incubated at 37 ºC (24h). The inhibition zones were detected with INT 

reagent.  

 

 

2.8.2 Neutral Red Assay for Determination of Cytotoxicity against Tumor 

Cells 

 

Neutral Red Uptake Assay (NRU-Test) according to Borenfreund and Puerner (1985) was 

used to determine cytotoxicity against the cultivated human bladder carcinoma cell line 5637 

(ATCC HTB-9) 92. Materials used in the present study are listed in Table 14: 
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Table 14. Materials used in the NRU-test 

Material Supplier 

Swelling buffer 

(pH 7.4) 

20 mM Tris buffer substance (242 mg) (PUFFERAN®, Carl Roth, 

Germany) 

1 mM MgCl2.6H2O (20 mg) (Carl Roth, Germany) 

0.5 mM CaCl2·6H2O (11 mg) (Carl Roth, Germany) 

0.5 mM CaCl2·2H2O (7 mg) (Carl Roth, Germany) 

Aqua bidestillata (add 100 ml) 

Lysis buffer: 5 % Benzalkonium chloride (0.5 g) in 3 % acetic acid (0.3 ml), add 10 

ml Aqua bidestillata  

Trypsin/EDTA (10x), 0.5 %/0.2 % (w/v), w/o Ca2+, w/o Mg2+, dilute 1:10 with cell 
culture water (PAA, Austria)  
 

PBS/EDTA Fill up 5 mL 0.1 M EDTA solution (Sigma-Aldrich Chemie GmbH, 

Germany) (dissolve 3.772 g EDTA-Na2.2H2O in 100 mL cell culture 

water) with Dulbecco’s PBS (PAA, Austria) (1x, w/o Ca2+, w/o Mg2+) 

to 100 mL. 

RPMI-Medium 

with 10 % FCS 

Roswell Park Memorial Institute Medium 1640 (RPMI 1640) with L-

Glutamine (BioWhittaker®, Lonza, Belgium) 

NRU stock 

solution: 

0.33 g NRU (Sigma-Aldrich Chemie GmbH, Germany)  
add 100 ml Aqua bidestillata 

NRU-Solution for 

1 plate: 

120 μl NRU stock solution + 11.88 ml RPMI-Medium 

Ethanol/acetic 

acid: 

1 % Acetic acid, 59 % EtOH and 42 % Aqua dest. 

Dilution of test 

substance: 

250 μg/ml (end concentration in the well), dilute 1:2 ; stock solution of 

20 mg/ml in EtOH (EtOH/HO,DMSO) dilute with medium 

Positive control Etoposide (Sigma-Aldrich Chemie GmbH, Germany) 

Solvent control MeOH 

 

For cytotoxicity assay, seeding of the test cells was previously prepared in 96-well plate (T25 

or T75 cm2). The old medium was decanted in the well plate and rinsed with 1 or 5 ml 
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PBS/EDTA, shaked carefully for 30 seconds and the solution was decanted. The solution was 

added with 1 or 5 ml PBS/EDTA, incubated for 10 min at 37 °C and subsequently the solution 

was decanted. Volume of 1 or 3 ml Trypsin/EDTA was added into solution and then 

incubated for 3 min at 37 °C. 

After incubation, 3 or 5 ml medium (with 10 % FCS) was added and the cells were detached 

from the bottom of the flask by rinsing and transferred into a centrifuge glass. The centrifuge 

was operated at 1000 U/min for 3 min and then the supernatant was decanted carefully. 

Volume of 2 or 6 ml RPMI medium (with 10 % FCS) was added and mixed well. From the 

prepared cell suspension, 20 μl of cell suspension was mixed with 460 μl of swelling buffer, 

incubated for 7 min at room temperature. Then 20 μl of lyses buffer was added and mixed 

well. 10 μl of cells suspension was used for estimation the cell concentration using a Bürker 

cell counter. The cell nuclei were counted from all 9 big fields (X) of the Bürker chamber and 

the number was calculated according to the formula below. 

Cell number (Z) = X x 0.5 x 1111.1 x dilution factor (Y) 

After the cell suspension was ready, subculture was prepared in new flasks T25 or T75. For 

one plate, 8 ml of RPMI medium with 0.2 Mio cells (2500 cells/well) was required. Volume 

of 100 μl cell suspensions was added into 2nd to 11th column; 2nd to 7th row (the well Cc to S; 

B to G as shown in () was mixed well and then incubated for 24h. 

 

Table 15. The 96-well plate for NRU-test 

    Cc       +       C1        C2          C3           C4          C5            C6 C7          S 

           A 

           B 

           C 

           D 

           E 

           F 

           G 

           H 

1    2    3      4       5         6        7           8         9     10   11         12 

Cc: Cell control; +: positive control; C1: 100 μg test substance/ml medium; C2: C1x2-1; C3: 

C1x2-2 . . . C7: C1x2-6; S: Solvent used to dissolve the substance as solvent control 

                              Without cells                             With cells 

 



40 
 

The medium of the seeding was then removed and new medium (with 10 % FCS) was added, 

100 μl for well in the 3rd and 11th column; 150 μl for the others. Etoposide as positive control 

was added in volume of 50 μl in the 2nd column; 50 μl of solvent control in the 11th column 

and 150 μl of test substance (with the highest concentration) in the 4th column. 

The test substance in the 4th column was mixed well and then diluted 1:2 fold to afford the 

substance concentration of 1:2 (C2), 1:4 (C3), etc. by pipetting 150 μl of C1 to C2, C2 to C3 

and so forth. The cell culture microtiter plate was further incubated for 72 h at 37 oC. After 

incubation, the cells were washed with 200 μl of HBSS and then new medium (with 10 % 

FCS) containing NRU solution was added. Incubation was done for 3 h at 37 °C. The 

supernatant of the cell culture was then removed carefully, and the cells were rinsed twice 

using 100 μl of HBSS. Volume of 200 μl EtOH/acetic acid was added into the wells and 

subsequently agitated for 45 min at room temperature. The optical density of the cell culture 

was measured using ELISA reader at wavelength of 540 nm. 

 

 

2.8.3 Investigations on HaCaT Keratinocytes  

 

2.8.3.1 Cultivation of the Human Keratinocytes Cell Line HaCaT 

 

Adherent human keratinocytes (HaCaT), kindly provided by Prof. Fusenig (German Cancer 

Research Center, Heidelberg, Germany), were cultured in an incubator (37 C°, 5 % CO2, 90 

% humidity) using RPMI1640 medium supplemented with 1 % PBS buffer and 8 % FCS. 

HaCaT cells were subcultivated twice a week and regularly tested for possible mycoplasma 

contamination. 24 h before experiment 106 HaCaT cells were seeded in 60 mm cell culture 

dishes and incubated. Materials used in the study of HaCaT Keratinocytes are listed in Table 

16. 
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Table 16. Materials used in the study of HaCaT Keratinocytes 

Material Supplier 

HBSS  PAA Laboratories GmbH, Pasching, Austria 

Cell culture water PAA Laboratories GmbH, Pasching, Austria 

50 mL plastic flasks for cell culture Biochrom AG, Germany 

PBS with Ca2+/Mg2+ PAA Laboratories GmbH, Pasching, Austria 

PBS without Ca2+/Mg2+ PAA Laboratories GmbH, Pasching, Austria 

HBSS PAA Laboratories GmbH, Pasching, Austria 

EDTA Fluka, Taufkirchen, Germany 

MTT Sigma, Taufkirchen, Germany 

DMSO Sigma, Taufkirchen, Germany 

EtOH 96% (V/V)  University of Greifswald, Germany 

Isopropanol Sigma, Taufkirchen, Germany 

Methanol Sigma, Taufkirchen, Germany 

Positive Control Aloe vera Terry Laboratories Inc, Melbourne FL, USA 

 

 

2.8.3.2 MTT Test for Determination of Cytotoxicity against HaCaT Keratinocytes  

 

The MTT assay is based on the observation that viable cells have the ability to metabolize a 

water-soluble tetrazolium dye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide 

(MTT), into an insoluble formazan salt. For the test 8,000 cells per well were seeded into a 

96-well microtitre plate and incubated for 24 hours. The solid medium was then removed, and 

the cells filled with 100 μl/well HBSS. After addition of 100 μl/well medium into the rows 3 

(positive control: an aqueous Aloe vera extract 100 μg/ml pro well) and 11 (solvent control) 

and 150 μl/well medium in all remaining rows, the fungal extracts were applied as a (1:3) 

dilution for positive control and for solvent control (50 μl/well) or as (1:2) dilution for all 

remaining rows (150 μl/well). After three days of incubation the medium was aspirated, the 

wells filled each with 200 μl HBSS and mixed with 100 μl MTT medium. It followed an 

incubation period of three hours in the incubator. Thereafter, the MTT medium was removed 

again and the plates were carefully dried. Subsequently, 200 μl of DMSO per well were added 

and the plates were incubated on the shaker for one hour. After the incubation time, the 
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absorption was measured at 550 nm and 620 nm. The yellow MTT is metabolized by viable 

cells cleaving the tetrazolium rings and forming blue formazan crystals which are 

impermeable to cell membranes (Figure 12). As a result, the formazan is enriched in living 

cells. 

 

 

Figure 12. Reduction of MTT to formazan. 

 

Due to the fact that the percentage of viable cells is directly proportional to the amount of the 

formazan product the cytotoxic activity could be calculated as: 

Cytotoxic activity % = ( 1 − Test sample Negative control ) × 100 

Test sample                 

= 

absorbance of a well containing cells, medium, test sample and 

MTT 

Negative control         = absorbance of a well containing cells, medium, test sample 

vehicle and MTT 

 

 

 

2.8.3.3 Scratch Assay 

 

The Scratch assay is an in vitro wound healing model for measuring cell migration and 

proliferation. An artificial wound, a scratch, is set in a confluent monolayer of keratinocytes. 

The cells at the wound edges try to close the wound to re-establish a confluent monolayer 93. 

The wound closure can be at certain intervals photographically documented and thus the 

speed of wound closure can be determined. In 40 mm cell culture dishes 0.5 million HaCaT 

keratinocytes were seeded in 1.5 ml of culture medium and after 48 h of incubation in an 

incubator at 37° C, the medium was aspirated. The cells were washed in 1 ml HBSS and then 
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fed with 1.5 ml of medium. After another 48 h of incubation in the incubator, the cells were 

grown confluent. Using a modified cell scraper, a scratch was set in the confluent monolayer. 

Evaluation parameter is the speed at which the in-cell monolayer mechanically set wound 

(scratch) closes. This is referred to as rate of wound healing. Test samples were used in non-

cytotoxic concentrations (determined before by MTT assay). To evaluate the distances 

between the edges of the wound, the image processing program Image J was used. This 

evaluation covered by toner rating, contrast enhancement and background adaptation, the area 

between the wound edges. Thus, determined from this area difference and the observation 

period, the rate of wound healing (in mm ²/h) can be calculated. The determination of the rate 

of wound healing was performed using MS Excel.  

 

 

2.8.3.4 UVB Broadband Radiation 

 

The HaCaT keratinocytes were subjected to UV-B broadband radiation as a simple 

comparable model to the exposure of the skin to the sunlight. The radiant power was 

measured (in mw/cm²) with a UV-meter, and the applied radiation energy, 10 mJ, was not 

lethal to the keratinocytes. In the first step, about 0.5 million keratinocytes were dispersed in 

40 mm cell culture dishes with 1.5 ml of complete medium and incubated for 48 h. The 

keratinocytes were examined 48 h later with the phase contrast microscope to check the 

confluence. As the cells like planned grown, the scratch was added, and the medium was 

removed from the cell culture dishes. To protect from drying out during UV exposure, which 

followed immediately, 600 µl of HBSS buffer were added to the keratinocytes. The plates 

were then irradiated according to the calculated duration. After the UVB-treatment the HBSS 

buffer was aspirated and 1.5 ml of medium were pipetted onto the cells. The speeds of the 

closure rate were recorded at 0 h, 24 h, and 48 h. Furthermore, extracts were applied to the 

keratinocytes damaged by ultraviolet radiation to investigate how they affect the proliferation 

in the scratch assay. 
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2.8.4 Anti-adhesive Activity     

 

This test was developed  and carried out, in the School of Pharmacy, Griffith University, 

Australia 94. HT-29 cells (colon adenocarcinoma cells) were cultivated for 24 hours, and the 

bacteria were labelled with CFDA-SE prior to assay performance. 200 μl of a suspension of 

HT-29 cells in supplemented advanced DMEM were seeded into black 96-well plates at a 

concentration of 35 x 104 cells/ ml, with a final concentration of 7 x 104 cells in each well and 

incubated with 5 % CO2 at 37 °C for 24 hours. 

 

 

2.8.4.1 Cultivation of Bacteria 

 

Campylobacter jejuni was pre-cultured on CAB+5 % HB plates by distributing 200 μl of 

thawed frozen stock with a sterile glass media spreader. The plates were incubated for 24 

hours at 37 °C under microaerophilic conditions, (N2: 90 % (v/v), CO2: 5 % (v/v), O2: 5 % 

(v/v)) in a glass incubation jar. For the assay, bacteria from the pre-cultured plate were 

transferred to a fresh CAB+5 % HB plate, using 600 μl-700 μl pre-warmed MHB+2 % 

NBCS, and incubated under the same conditions as the pre-cultured bacteria for 13-15 hours. 

13-15 hours later, the bacteria were harvested with 1.5 ml of MHB+2 % NBCS. To determine 

the number of the bacteria, the optical density at 600 nm was measured. The number of 

CFU/ml was adjusted using the McFarland standard method. 

 

 

2.8.4.2  Labeling of Bacteria 

 

The bacterial suspension was centrifuged at 10,000 rpm for 1 minute and washed with 1 ml 

pre-warmed PBS. This procedure was repeated 3 times to wash out the remaining MHB + 2 

% NBCS. After the last wash, the pellet was re-suspended in 1 ml CFDA-SE and incubated 

for 1.5 hours at 37 °C in the dark. CFDA-SE is non-polar and can easily enter cells. Inside the 

cells, CFDA-SE is converted to CFSE by esterases. CFSE couples to available amine side 

chains of proteins, thus generating stable labelling results. In order to not affect the 

fluorescence of the sample, all of the following steps were performed using the safety cabinet 

without light. Following labeling, the bacteria were centrifuged at 10,000 rpm for 1 minute 



45 
 

and washed with 1 ml pre-warmed PBS. This step was repeated 7 times. After the last wash, 

the pellet was re-suspended in supplemented advanced DMEM and adjusted to a 

concentration of 7 x 107 CFU/ml, resulting in a final concentration of 1.75 x 107 CFU/well in 

the assay (Figure 13). 

 

5

5- (and 6-) CFDA-SE

Protein

Protein-NH2

Intracellular Esterases

6

5- (and 6-) CF-SE

5

5- (and 6-) CFDA-SE

Protein

Protein-NH2

Intracellular Esterases

6

5- (and 6-) CF-SE

  

Figure 13. Labelling with CFDA-SE  

   

 

2.8.4.3  Assay Procedure 

 

Following attachment of HT-29 cells after 24 hours, the supernatant of each well was 

removed. A mastermix consisting of 105 μl supplemented advanced DMEM and 40 μl PBS 

was added to all wells containing test sample and negative controls. To each well, 5 μl of test 

sample was added, except the negative control wells, were 5 μl of the test sample vehicle was 

used instead. No test sample was added to the wells containing only cells and supplemented 

advanced DMEM and PBS (blank). Finally, 100 μl of the adjusted and labelled bacterial 

suspension was added to each well with test samples and the negative controls, leading to a 

final volume of 250 μl/well. Subsequently, the plates were incubated without shaking and 

without light under microaerophilic conditions, (N2: 90 % (v/v), CO2: 5 % (v/v), O2: 5 % 

(v/v)) for 1 hour at 37 °C. The supernatant was carefully removed and the cell layer was 

washed 3 times with 100 μl pre-warmed PBS. Following the last wash, 100 μl DMSO was 

added to each well in order to lyse the cells. Prior to the fluorescence measuring, the plates 

were shaken at 450 rpm for 1 minute to stimulate the cell lyses. The fluorescence of CFDA-

SE was excited at 355 nm for 1.0 second and measured at 460 nm.  

Inhibition of Campylobacter jejuni adhesion to the cells was calculated with the following 

formula: 
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3 RESULTS-FOMITOPSIS BETULINA 

 

3.1 Biological Activity of Fomitopsis betulina Extracts 

 

3.1.1 Extract Yields of Fomitopsis betulina  

 

Table 17 shows the yields of the extracts of Fomitopsis betulina used in this work. 

 

Table 17. Yields of Fomitopsis betulina extracts 

* The three extracts were prepared from the same fungal mass (behind each other). 

Organism Solvent Sample weight (≈) (g) Yield (≈) (g) 

Fruiting bodies  n-Hex 

500* 

14 

Fruiting bodies  MeOH 116 

Fruiting bodies  H2O 44 

Mycelium n-Hex 

50* 

2,6 

Mycelium MeOH 12,2 

Mycelium H2O 7,3 

Culture broth EtOAc 16 (L) 7,6 

 

 

3.1.2 Antimicrobial Activity 

 

Crude extracts of culture broth, mycelium, and fruiting bodies of Fomitopsis betulina were 

tested against different microbes.  
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3.1.2.1 Antimicrobial Activity of Fruiting Bodies Extracts 

 

The MeOH extract was active against gram positive strains, Staphylococcus aureus and 

Bacillus subtilis, and Escherichia coli from the gram-negative bacteria. The n-hexane extract 

was active just against the gram-positive strains. No extract showed activity against Candida 

maltosa. All results are shown in (Figure 14). 

 

 

Figure 14. Antimicrobial activity of fruiting bodies crude extracts of Fomitopsis betulina (2 

mg/disc, control Ampicillin= 10 μg/disc (for SA and BS), Gentamicin= 10 µg/disc (for PA 

and EC) and Nystatin= 10 µg/disc (for CM), SA: Staphylococcus aureus. BS: Bacillus 

subtilis. PA: Pseudomonas aeruginosa. EC: Escherichia coli. CM: Candida maltosa (data are 

expressed as mean±SD).  

 

 

3.1.2.2   Antimicrobial Activity of Mycelium Extracts 

 

The EtOAc extract of the culture broth exhibited the best activity against all bacterial strains; 

the strongest inhibition with inhibition zones of 12 mm was noticed against the gram-positive 

strain Bacillus subtilis. On the other hand, the MeOH extract of the mycelium inhibited the 

growth of two strains, Bacillus subtilis and Pseudomonas aeruginosa. All results are shown in 

(Figure 15). 
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Figure 15. Antimicrobial activity of mycelium extracts of Fomitopsis betulina (2 mg/disc, 

control Ampicillin= 10 μg/disc (for SA and BS), Gentamicin= 10 µg/disc (for PA and EC) 

and Nystatin= 10 µg/disc (for CM), SA: Staphylococcus aureus. BS: Bacillus subtilis. PA: 

Pseudomonas aeruginosa. EC: Escherichia coli. CM: Candida maltosa (data are expressed as 

mean±SD).  

   

Summarizing, it can be said that the EtOAc extract of the culture broth showed good activity 

against the test organisms, MeOH extracts of both mycelium and fruiting bodies showed 

medium activity and H2O extracts had no activity. The gram-positive bacterial strains were 

more susceptible than gram negative bacteria. Only the EtOAc extract of the culture broth 

showed weak antifungal activity.  

 

 

3.1.3 Cytotoxic Activity against 5637 Cell Line and HaCaT Cell Line 

 

MeOH and H2O extracts of the fruiting bodies of Fomitopsis betulina, and H2O extracts of the 

mycelium were tested for their cytotoxic activity towards 5637 cell line (bladder cancer cell 

line) by NRU assay and towards HaCaT cell line by MTT assay. MeOH extracts of fruiting 

bodies were toxic in very high concentrations (250 µg/ml) and less toxic in the concentration 

of 125 µg/ml to both types of tested cells (no IC50 values could be determined). The 

proliferation of the cells was not affected in all further dilutions. On the other hand, H2O 

extracts of fruiting bodies showed limited toxicity only in the highest concentration (250 
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µg/ml), and in a similar way against both type of cells. The H2O extract of the mycelium was 

harmless to the HaCaT cells. Results are shown in figures (Figure 16 to Figure 20).  

 

 

Figure 16. Vitality of 5637 cells in NRU assay after treatment with MeOH extract of 

Fomitopsis betulina fruiting bodies (250–3.9 µg/ml). Solvent is MeOH 0.25 % and control is 

etoposide 0.5 µg/ml. Values related to solvent control (=100 %), data are expressed as 

mean±SD.  

 

 

Figure 17. Vitality of 5637 cells in NRU assay after treatment with H2O extract of Fomitopsis 

betulina fruiting bodies (250 – 3.9 µg/ml). Solvent is MeOH 0.25 % and control is etoposide 

0.5 µg/ml. Values related to solvent control (=100 %), data are expressed as mean±SD.  
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Figure 18. Vitality of HaCaT- Keratinocytes in MTT assay after treatment with MeOH 

extracts of Fomitopsis betulina fruiting bodies in α-MEM with 1 % FCS and incubation time 

of three days. Solvent is MeOH 0.25 % and positive control is H2O Aloe vera extract 100 

μg/ml, data are expressed as mean±SD.  

 

 

Figure 19. Vitality of HaCaT- Keratinocytes in MTT assay after treatment with H2O extract of 

Fomitopsis betulina fruiting bodies in α-MEM with 1 % FCS and incubation time of three 

days. Solvent is MeOH 0.25 % and positive control is H2O Aloe vera extract 100 μg/ml, data 

are expressed as mean ±SD. 
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Figure 20. Vitality of HaCaT- Keratinocytes in MTT assay after treatment with H2O extract of 

the mycelium of Fomitopsis betulina, in α-MEM with 1 % FCS and incubation time of three 

days. Solvent is MeOH 0.25 % and positive control is H2O Aloe vera extract 100 μg/ml, data 

are expressed as mean±SD.  

 

 

3.1.4 Effects on Human Keratinocytes in Scratch Assay (In Vitro Wound 

Healing Activity) 

 

In this part of the work the in vitro wound healing activities of MeOH and H2O fruiting bodies 

extracts, and isolated triterpenes from Fomitopsis betulina were investigated. The test has 

three steps; first step was the cultivation and preparation of HaCaT cells, in the second step 

the MTT assay was performed to determine appropriate non-toxic concentration ranges used 

for the extracts to be tested, and in the third part the in vitro scratch assay was used to test the 

in vitro wound healing activity of the fungal samples. (Furthermore, in this work isolated 

triterpenes were tested on keratinocytes damaged by UV radiation, to investigate if and how 

the substances are able to prevent and/or to repair the UV induced damages). The wound 

closure rate was determined in comparison with the positive and negative controls. As 

positive control Aloe vera was used, as negative control dexamethasone. The “healing” of an 

untreated scratch is shown in Figure 21 (more diagrams are listed in the appendix).  
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Figure 21. Phase contrast image of a 40-time expansion scratch of untreated HaCaT cells after 

0, 24 and 48 hours. (Phase Contrast 40X) 

  

Results of MeOH Extract: 

The wound healing rate under the influence of MeOH extract of Fomitopsis betulina fruiting 

bodies, in the concentration of 10 µg/ml, is with 119 % higher than those of the untreated 

control. Anyway, the single results showed some deviations; in some shells an inhibition 

instead of stimulation could be observed 95. The results are exhibited in (Figure 22). 

 

Results of H2O Extract: 

The aqueous extract of fruiting bodies, in the concentration of 30 µg/ml, increased the wound 

closure rate to 118 % (Figure 22 and Figure 23).  

 

 

Figure 22. Wound closure rate under the influence of MeOH and H2O extracts of fruiting 

bodies’ extracts of Fomitopsis betulina after 48 hours 95
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Figure 23. Phase contrast image of HaCaT cells treated with H2O extracts of Fomitopsis 

betulina fruiting bodies after 0 and 48 h. (Phase Contrast 40X) 95 

 

 

3.1.5 Anti-adhesive Activity against Campylobacter jejuni 

 

The results of anti-adhesive activity tests of the fruiting bodies and mycelium extracts are 

summarized in Table 18. All extracts, with the exception of the EtOAc extract of the culture 

broth, showed anti-adhesive effects. The MeOH extract of the fruiting bodies of Fomitopsis 

betulina was the only extract that showed still significant activity at a concentration of 0.002 

mg/ml. The aqueous extract of the fruiting bodies was active only at the highest tested 

concentration. Whereas the activity of the aqueous mycelial extract was dose-dependent, the 

MeOH extracts of both mycelium and fruiting bodies did not show dose dependency. The 

lower concentrations of the MeOH fruiting bodies extract were stronger active than the higher 

ones. 
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Table 18.  Anti-adhesive activity and IC50 values of Fomitopsis betulina extracts 

 

Mushroom part/ 

Extract solvent 

Anti-adhesive activity (%) Cytotoxic 

IC50 (mg/ml) 

Extract concentration 

in the assay (mg/ml) 
2 0.2 0.02 0.002  

Mycelium/H2Oyceliu

m-H2O 
70±17 48±12 0±0 NA 0.457 

Fruiting bodies/H2O 65±25 0±0 0±0 0±0 < 2 

Mycelium/MeOH 63±32 45±11 67±22 NA NDD 

Fruiting bodies/MeOH 0±0 0±0 50±24 71±10 NDD 

Culture broth/EtOAc 0±0 0±0 0±0 NA No activity 

NA: not available 

NDD:  Not Dose Dependent 

 

 

3.2 Determination of Total Content of Triterpenes in Fomitopsis 

betulina and the Cortex of Birch (Betula pendula) 

 

3.2.1  Fomitopsis betulina 

 

Yields  

1 g of the dried fungal material (of each fruiting body and mycelium) was shaken with 80 % 

EtOH for 24 hours, dried, weighed, and kept in a refrigerator until use. Yields are shown in 

Table 19. 

 

Table 19. Extracts yields of Fomitopsis betulina 

 Material Weight (g) Yield (g) Percentage % 

1  Fruiting bodies (EtOH) 1 0.120   11.88 

2  Mycelium (EtOH) 1 0.157  15.7 
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Preparation of the Calibrations Curves 

 

Figure 24 and Figure 25 demonstrate the calibration process.  

 

 

Figure 24. Calibration curve of ergosterol (concentration from 0.005 to 0.04 µg/ml) 

 

 

Figure 25. Calibration curve of lanosterol (concentration from 0.01 to 0.1 µg/ml) 

 

Using the calibration curve of linear equations, the concentrations in the sample can be 

calculated as ergosterol and lanosterol; ergosterol: C = A/16.9. Lanosterol: C = A/11.498. 

The absorption was measured after 10, 20, and 30 min at 670 nm and at 458 nm. Table 20 

shows the results :  
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Table 20. Triterpenes content in fruiting bodies extracts of Fomitopsis betulina 

Series Substance Content 

(mg/ml) 

Content 

extract 

(mg) 

Content 

extract % 

Content 

dry 

material 

% 

Content dry 

material total % 

1 Lanosterol 0.0590 8.2644 4.83 1.44 1.87 

Ergosterol 0.0181 2.5349 1.48 0.43 

 

 

Table 21. Triterpenes content in the mycelium extracts of Fomitopsis betulina 

Series Substance Content 

(mg/ml) 

Content 

extract 

(mg) 

Content 

extract % 

Content dry 

material % 

Content dry 

material total 

% 

1 Lanosterol 0.0448 6.282 4.001 0.682 0.817 

Ergosterol 0.0097 1.358 0.864 0.135 

 

The average total content of triterpenes in fruiting bodies of Fomitopsis betulina is about 1.88 

% of the raw material and in the mycelium 0.817 % of the raw material (calculated as 

ergosterol and lanosterol).    

 

 

3.2.2 Betula Cortex 

 

3.2.2.1 Cortex of Birch (Betula pendula) with Fungus (Fomitopsis betulina) 

 

The cortex samples (outer parts up to the bark of a tree which was infected by Fomitopsis 

betulina) were collected in September 2012 in the Arboretum of Greifswald in form of 10-20 

cm long pieces. They were crushed and prepared similar to the fungal samples in this work 

(few pieces from one tree without fungus, weighed crushed ca. 125 g). 

 

Table 22 shows the triterpenes content in the extract of birch cortex carrying the fungus. 
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Table 22. Triterpenes content in the cortex of a birch tree, carrying the fungus 

Series Substance Content 

(mg/ml) 

Content 

extract 

(mg) 

Content 

extract 

% 

Content 

cortex % 

Content 

extract 

% 

Content 

cortex % 

1 Lanosterol 0.0106 1.493 5.941 0.260 6.448 0.633 

Ergosterol 0.0047 0.659 0.507 0.113 

 

 

3.2.2.2 Cortex of Birch (Betula pendula) without Fungus (Fomitopsis betulina) 

 

The cortex samples from a tree, which obviously not infected by Fomitopsis betulina were 

collected in September 2012 in the Arboretum of Greifswald in form of 10-20 cm long pieces 

(outer parts up to the bark). They were crushed and prepared like the fungal samples in this 

work (weighed ca. 190 g). 

 

Table 23 shows the triterpenes content in the extract of birch cortex from a tree not carrying 

the fungus. 

Table 23. Triterpenes content in the Betula cortex (tree not carrying the fungus) 

Series Substance Content 

(mg/ml) 

Content 

extract 

(mg) 

Content 

extract 

% 

Content 

cortex % 

Content 

cortex % 

Content 

cortex % 

1 
Lanosterol 0.0448 6.282 7.001 1.193 

8.513 1.429 
Ergosterol 0.0097 1.358 1.512 0.236 

 

The total content of triterpenes in the birch cortex of a tree which carried the fungus is about 

6.448 % of the dried extract and 0.633 % of the raw material, whereas in the cortex of a tree 

not carrying the fungus it is about 8.513 % of the extract and 1.429 % of the raw material. 

Figure 26 demonstrates all results of triterpenes content. 
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Figure 26. Comparison of triterpenes content in Fomitopsis betulina, and birch cortex (Betula 

pendula), data are expressed as mean±SD  

 

 

3.3 Determination of Betulinic Acid (2) (P.5.4.2) Content in the 

Fruiting bodies of Fomitopsis betulina 

 

TLC of Betulinic Acid (P.5.4.2) 

 

Figure 27 shows the TLC of the MeOH extract of Fomitopsis betulina and of the reference 

compound betulinic acid. The chromatogram demonstrates the presence of betulinic acid (2) 

in the extract at Rf = 0.9.  
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Figure 27. TLC of the MeOH extract (left) and betulinic acid (2) (P.5.4.2) reference (right). 

Conditions: DCM-MeOH (10:1) as mobile phase, (detected under UV light at 254 nm and 366 

nm, and spraying with anisaldehyde-sulphuric acid reagent) 

 

HPLC of Betulinic Acid (2) (P.5.4.2) 

 

Figure 28 shows the HPLC chromatogram after injection of pure betulinic acid (2) (P.5.4.2) in 

a concentration of 0.5 mg/ ml.  

 

 

 

 

Figure 28. HPLC Chromatogram of betulinic acid (2) (P.5.4.2) (Retention time = 17.75 min) 

with chromatographic conditions: C-18 (4.6 × 250mm, 5μm) column, mobile phase: 

acetonitrile: H2O (80:20), λ=205 nm, 1 ml/min flow rate 

 

Figure 29 is HPLC fingerprint of the MeOH extract of the fruiting bodies of Fomitopsis 

betulina, showing the peak of betulinic acid (2) (P.5.4.2) with retention time of 17.75 at 

wavelength 205 nm. 
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Figure 29. HPLC Chromatogram of the MeOH extract of Fomitopsis betulina. 

Chromatographic conditions: C-18 (4.6 × 250mm, 5μm) column, mobile phase: acetonitrile: 

H2O (gradient), λ=205 nm (green), 254 nm (blue), 285 nm (pink), 325 nm (light blue), flow 

rate: 1 ml/min. 

 

These TLC and HPLC chromatograms proved the existence of betulinic acid (2) (P.5.4.2) in 

the MeOH extract of the fruiting bodies of Fomitopsis betulina. 

Figure 30 shows, with the help of calibration curve, the peak areas values of increasing 

injected concentrations of betulinic acid, through which the unknown concentration of 

betulinic acid (2) (P.5.4.2) was defined.  

 

Betulinic acid 
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Figure 30. HPLC calibration curve of betulinic acid (2) (P.5.4.2) 

 

On the basis of the HPLC chromatogram, and using a calibration curve with pure betulinic 

acids, the content of betulinic acid (2) (P.5.4.2)  in the MeOH extract of Fomitopsis betulina 

was determined as 0.232 µg/l (0.781 % of the MeOH extract and 0.1 % of the dried fungus). 
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3.4 Determination of (1,3)-β-D-Glucan Content in the H2O 

Extracts of the Fruiting Bodies and the Mycelium of 

Fomitopsis betulina (Glucatell Test) 

 

A standard curve was prepared with the reference glucan pachyman (Figure 31). 

 

Figure 31. Calibration grade of (1,3)-β-D-glucan 

 

Table 24 shows the glucan content in the H2O extracts of the the fruiting bodies and the 

mycelium of Fomitopsis betulina, calculated with the help of the calibration curve.  

 

Table 24. (1,3)-β-D-glucan content in Fomitopsis betulina extracts 

Organism Glucan content 

pg/ml 

Standard 

deviation 

Glucan content 

% 

dry fungal Fomitopsis betulina fruiting 

bodies 

38.53 3.970 3.85 

Fomitopsis betulina mycelium 22.67 1.09 2.27 

 

As shown in Table 24, the (1,3)-β-D-glucan content in the fruiting bodies extract is 3.85 % of 

the dry material and 2.27 % in case of the mycelium. 
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3.5 Isolation and Identification of Secondary Metabolites from 

Fomitopsis betulina 

 

3.5.1 Overview of the Isolation of Secondary Metabolites from Fomitopsis 

betulina  

 

The main isolation processes of secondary metabolites from the EtOAc fraction obtained from 

the MeOH extract of the fruiting bodies of Fomitopsis betulina are shown in Figure 32, Figure 

33, and Figure 34. 

 

 

Figure 32. Isolation scheme of betulin (1) (P.5.4.1) and betulinic acid (2) (P.5.4.2) from 

Fomitopsis betulina 
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Figure 33. Isolation scheme of ergosterol peroxide (5) (P.11.3.1) and 9, 11-dehydroergosterol 

peroxide (6) (P.11.3.2) from Fomitopsis betulina 
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Figure 34. Isolation scheme of lanostane triterpenes from Fomitopsis betulina 

 

 

3.5.2 Fractionation, Purification and, Identification of Isolated Substances 

 

The first step of the isolation of pure compounds from the EtOAc fraction (10 g) was applying 

the fraction on column chromatography using silica gel (0.040-0.063 mm) as stationary phase 

and appropriate solvent systems as described below as mobile phase. 

First solvent system: Toluene-EtOAc (7:3) 

Second solvent system: DCM-MeOH (10:1)  

Third solvent system: DCM-MeOH-H2O (40:12:1) 

16 fractions have been obtained from the EtOAc fraction in the first fractionation stage; Table 

25 shows the yielded amounts of the fractions obtained from 10 g of the EtOAc fraction. Each 
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fraction was analyzed by TLC. The TLC chromatograms of the fractions are demonstrated in 

Figure 35 and Figure 36. 

 

Table 25. Yield of fractions of the EtOAc fraction of Fomitopsis betulina 

Fraction Amount  

(mg) 

Fraction Amount 

(mg) 

Fr1 96 Fr9 336 

Fr2 162 Fr10 395 

Fr3 221 Fr11 318 

Fr4 276 Fr12 650 

Fr5 249 Fr13 292 

Fr6 132 Fr14 225 

Fr7 117 Fr15 192 

Fr8 75 Fr16 228 

 

 

 

Figure 35. TLC chromatogram of collected fractions (F1-8) from the EtOAc fraction of the 

fruiting bodies of Fomitopsis betulina. Conditions: toluene-EtOAc (7:3) as mobile phase 

(detected under UV light at 254 nm and 366 nm, and spraying with anisaldehyde-sulphuric 

acid reagent) 
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Figure 36. TLC chromatogram of collected fractions (F9-16) from the EtOAc fraction of the 

fruiting bodies of Fomitopsis betulina. Conditions: DCM-MeOH (10:1) and DCM-MeOH-

H2O (40:12:1) as mobile phase (detected under UV light at 254 nm and 366 nm, and spraying 

with anisaldehyde-sulphuric acid reagent) 

 

 

3.5.2.1 Isolation of Betulin (1) (P5.4.1) and Betulinic Acid (2) (P.5.4.2)  

 

Fraction 5 (249 mg) was applied on a new chromatography column using Sephadex LH-20 as 

a stationary phase and DCM-MeOH (4:1) as a mobile phase. Six fractions came out (Figure 

37).  

 

 

Figure 37. TLC chromatogram of collected fractions (F5.1 - 5.6) from fraction 5, using DCM-

MeOH (4:1) as mobile phase and Sephadex LH-20 as a stationary phase (detected under UV 

light at 254 nm and 366 nm, and spraying with anisaldehyde-sulphuric acid reagent) 

 

By applying the six resulting fractions on an HPLC instrument using an analytical reversed 

phase column (LiChrospher RP-18e (Merck, Germany): 100 Å, 250 x 4.0 mm, 5 μm), clear 
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peaks could be noticed in fraction F5.4, which were absorbed only on the wave length 205 

nm. This led us to further investigating of these peaks (Figure 38).  

 

 

Figure 38. HPLC chromatogram of fraction F.5.4. Conditions: Column LiChrospher RP-18e 

(100 Å, 250 x 4 mm, 5 μm). Mobile phase: MeOH/H2O (gradient). Flow rate: 1.0 ml/min. 

Detection wavelength: 205 nm (green), 254 (red), 285 (pink) and 325 (blue) 

 

3.5 mg of peak 1 (P5.4.1) and 1.8 mg of peak 2 (P5.4.2) were collected and kept in the 

refrigerator (-18˚). 

 

 

3.5.2.2 Identification of Betulin (1) (P5.4.1) and Betulinic Acid (2) (P5.4.2) 

 

Betulin (1) (P5.4.1) 

Compound P5.4.1 (obtained as white crystals; 3.5 mg), was identified by comparison of 1H 

NMR (Figure 111) and 13C NMR data (Figure 112) with published literature 90 as betulin (1) 

(P5.4.1) (Figure 39). 

 

 

Betulinic Acid (2) (P5.4.2) 

Compound P.5.4.2 (obtained as white crystals; 1.8 mg), was identified by comparison of 1H 

NMR (Figure 113) and 13C NMR data (Figure 114) with published literature 96,97 as betulinic 

acid (2) (P5.4.2) (Figure 40). 

            

P5.4.2 

P5.4.1 
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Figure 39. Structure of betulin (1) (P5.4.1)     

         

 

 

Figure 40. Structure of betulinic Acid (2) (P5.4.2) 

             

 

3.5.2.3 Isolation of Ergosterol Peroxide (5) (P.11.3.1) and 9, 11-Dehydroergosterol 

Peroxide (6) (P.11.3.2)  

 

These two substances resulted from the further fractionation of Fr11 (Figure 36), using C18 

SPE cartridges. The elution solvent was a gradient combination of H2O and MeOH, starting 

with H2O to wash the more polar compound, and then adding elevating proportions of MeOH 

up to 100 % MeOH. At the end the cartridges were washed with EtOAc.  

The SPE purification of Fr11 resulted in six subfractions; Fr.11-1 to Fr.11-6, which were all 

applied on HPLC instrument using LiChrospher reversed phase column RP-18 (Figure 41). In 

Fr.11-3 clear peaks were noticed on the wavelength 205 nm. Two peaks could be collected 

from this fraction, they were declared as P.11.3.1 and P.11.3.2 (Figure 41).   
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Figure 41. HPLC chromatogram of fraction Fr.11.3, (Conditions: Column LiChrospher RP-

18e (100 Å, 250 x 4 mm, 5 μm). Mobile phase: acetonitrile-H2O. Flow rate: 1ml min/1. 

Detection wavelength: 205 nm (pink) and 254 (green) 

 

 

3.5.2.4 Identification of Ergosterol Peroxide (5) (P.11.3.1) and 9, 11-Dehydroergostero 

Peroxide (6) (P.11.3.2)  

 

Ergosterol Peroxide (5) (P.11.3.1) 

 

Compound P.11.3.1 (white crystals; 2.7 mg), was identified by comparison of 1H NMR 

(Figure 120) and 2D (gDQCOSY, gHMBCAD and ROESY) NMR data (Figure 121 to Figure 

123) with published literature as ergosterol peroxide (5) (P.11.3.1) 98 (Figure 42).  

 

9, 11-Dehydroergosterol peroxide (6) (P.11.3.2) 

 

Compound P.11.3.2 (white crystals; 3.7 mg), was identified by comparison of 1H NMR 

(Figure 125) and 13C NMR data (Figure 124) with published literature as 9, 11-

dehydroergosterol peroxide (6) (P.11.3.2) 98 (Figure 43). 

    

 

 

 

 

 

 

 

 

 

P.11.3.2 P.11.3.1 
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Figure 43. Structure of 9, 11-

dehydroergosterol peroxide (6) (P.11.3.2)

 

3.5.2.5 Isolation  of Polyporenic Acids C (3) (P.12.1) and A (4) (P.12.2) and  Three 

Lanostane Triterpenes 

 

HPLC 

 

Fr.12 was applied on HPLC system, using RP-18 column and showed clear peaks on the 

wavelength 205 nm (Figure 44). Four peaks were collected.  

Fraction 13 was purified using SPE cartridges (C18) and gradient mobile phase of H2O and 

MeOH), resulting in five subfractions Fr.13.1 to 5.  

Fr13.2.1 applied on HPLC system, using RP-18 column and showed one clear peak on the 

wavelength 205 nm (Figure 45). 

 

 

 

Figure 42. Structure of ergosterol 

peroxide (5) (P.11.3.1) 
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Figure 44. HPLC chromatogram of fraction Fr.12. Conditions: Column LiChrospher RP-18e 

(100 Å, 250 x 4 mm, 5 μm). Mobile phase: acetonitrile-H2O (gradient). Flow rate: 1 ml/min. 

Detection wavelength: 205 nm (pink), 254 (yellow), light green (285), red (325)  

 

 

 

Figure 45. HPLC chromatogram of fraction 13. Conditions: Column LiChrospher RP-18e (100 

Å, 250 x 4 mm, 5 μm). Mobile phase: acetonitrile-H2O (gradient). Flow rate: 1 ml/min. 

Detection wavelength: 205 nm (pink), 254 (yellow), light green (285), red (325)  

 

 

 

 

P.12.1 

(3) 

P.12.2 (4) 

P.12.4 

(9) 

P.12.3 (7) 
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3.5.2.6 Identification of Polyporenic Acids C (3) (P.12.1) and A (4) (P.12.2) and  Three 

Lanostane Triterpenes 

   

 Polyporenic Acid C (3) (P.12.1) 

 

Compound P.12.1  (white crystals; 3.7 mg), was identified by comparison of 1H NMR (Figure 

115) and 13C NMR data (Figure 116) with published literature 99 as Polyporenic Acid C (3) 

(P.12.1) (Figure 46).  

 

    

Figure 46. Structure of Polyporenic acid C (3) (P.12.1) 

 

Polyporenic Acid A (4) (P.12.2) 

 

Compound P.12.2 (white crystals; 2.2 mg), was identified by comparison of 1H NMR (Figure 

117) and 2D (ROESY and DQCOSY) NMR data (Figure 118 and Figure 119) with published 

literature 99 as Polyporenic Acid A (4) (P.12.2) (Figure 47). 

 

 

Figure 47. Structure of Polyporenic acid A (4) (P.12.2) 
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Compound (7) (P.12.3)  

 (25S)-(+)-12α-hydroxy-3α-methylcarboxyacetate-24-methyllanosta-8,24(31)-diene-26-oic acid 

 

Compound  (7) (P.12.3) (white crystals; 1.9 mg); was identified by comparison of 1H NMR 

(Figure 126) and 2D (gDQCOSY, gHMBCAD and ROESY) NMR data (Figure 127 to Figure 

129) with published literature 60 as (25S)-(+)-12α-hydroxy-3α-methylcarboxyacetate-24-

methyllanosta-8,24(31)-diene-26-oic acid (7) (P.12.3) (Figure 48). 

 

 

 

Figure 48. Structure of Compound (7) (P.12.3), (25S)-(+)-12α-hydroxy-3α-

methylcarboxyacetate-24-methyllanosta-8,24(31)-diene-26-oic acid. 

 

 

Compound (9) (P.12.4) 

(25S)-(+)-12 α-hydroxy-3α-malonyloxy-24-methyllanosta-8, 24(31)-dien-26-oic acid  

 

Compound (9) (P.12.4) (white crystals; 4.1 mg) was identified by comparison of 1H NMR 

(Figure 132) and 13C NMR data (Figure 133) with published literature 59 as (25S)-(+)-12 α -

hydroxy-3 α -malonyloxy-24-methyllanosta-8, 24(31)-dien-26-oic acid (Figure 49). 
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Figure 49. Structure of Compound (9) (P.12.4); (25S)-(+)-12α-hydroxy-3α-malonyloxy-24-

methyllanosta-8,24(31)-dien-26-oic acid. 

 

 

Identification of Compound (10) (P.13.2.1) 

(25S,3´S)-(+)-12α-hydroxy-3α-(3`-hydroxy-3`-methyl glutaryloxy)-24-methyllanosta-8,24(31)-

dien-26-oicacid 

 

Compound  (10) (P.13.2.1) (white crystals; 3.1 mg) was identified by comparison of 1H NMR 

(Figure 134) and and 2D (gDQCOSY, gHMBCAD and ROESY) NMR data (Figure 135 to 

Figure 137) with published literature 59 as (25S)-(+)-12 α -hydroxy-3 α -malonyloxy-24-

methyllanosta-8, 24(31)-dien-26-oic acid (Figure 50). 

 

 

 

Figure 50. Structure of Compound (10) (P.13.2.1); (25S,3´S)-(+)-12α-hydroxy-3α-(3`-hydroxy-

3`-methyl glutaryloxy)-24-methyllanosta-8,24(31)-dien-26-oic acid 
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3.5.2.7 Isolation of Fomefficinic Acid A (8) (P.14.1) 

 

HPLC 

 

Fr 14 (Figure 36) was applied on HPLC system using reversed phase column C18 and showed 

clear peaks on the wavelength 205 nm. Two peaks were collected (Figure 51).  

 

 

Figure 51. HPLC chromatogram of fraction Fr.14. Conditions: C-18 (4.6 × 250mm, 5μm) 

column, Mobile phase; acetonitrile: H2O (gradient), λ=205 nm, flow rate: 1ml/min. Detection 

wavelength: 205 nm (pink)  

 

 

3.5.2.8 Identification of Fomefficinic Acid A (8) (P.14.1) 

 

Compound P.14.1 (white ceystals; 2,8 mg) was identified by comparison of 1H NMR (Figure 

130) and 13C NMR data (Figure 131) with published literature 100 as fomefficinic acid A (8) 

(P.14.1) (3a ,15a -dihydroxy-24-methylene-lanost-8-en-21-oic acid) (Figure 52).  

 

 

P.14.2 (11) 

P.14.1(8) 
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Figure 52. Structure of Fomefficinic acid A (8) (P.14.1) 

 

 

 

3.5.2.9 Isolation of a New Lanostane-Triterpene (11) (P.14.2) from Fomitopsis betulina   

 

From the fraction Fr.14, a second peak on the wavelength 205 nm could be collected and was 

declared as compound P.14.2. The substance weighed 2.74 mg and was isolated in form of 

white crystals. 

  

     

3.5.2.10 Identification of (11) (P.14.2)  

 

Compound (11) (P.14.2)  could be identified by me 101 by intensive NMR and MS studies as 

3-acetoxy-16 hydroxyl-24-oxo-5-lanosta-8(9) diene-30-oic acid (Figure 53). 

 

 

Figure 53. Structure of Compound (11) (P.14.2); 3-Acetoxy-16 hydroxyl-24-oxo-5-

lanosta-8(9) diene-30-oic acid 
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3.6 Biological Activity of Isolated Substances from Fomitopsis 

betulina      

 

3.6.1 Antimicrobial Activity of Isolated Substances from Fomitopsis betulina 

 

Depending on the available amount isolated triterpenes from Fomitopsis betulina were tested 

for biological activities, among them for antimicrobial activities. The results are demonstrated 

in Table 26. 

 3-acetoxy-16 hydroxyl-24-oxo-5-lanosta-8(9) diene-30-oic acid (11) (P.14.2)  

 Betulin (1) (P.5.4.1) 

 Betulinic acid (2) (P.5.4.2) 

 Polyporenic acid C (3) (P.12.1) 

 Polyporenic acid A (4) (P.12.2) 

 Ergosterol peroxide (5) (P.11.3.1) 

 9, 11-dehydroergosterol peroxide (6) (P.11.3.2) 

 (25S)-(+)-12α-hydroxy-3α-methylcarboxyacetate-24-methyllanosta-8,24(31)-diene-26-

oic acid (7) (P.12.3) 

 Fomefficinic acid (8) (P.14.1) 

 (25S)-(+)-12α-hydroxy-3α-malonyloxy-24-methyllanosta-8,24(31)-dien-26-oic acid (9) 

(P.12.4) 

 (25S,3´S)-(+)-12α-hydroxy-3α-(3`-hydroxy-3`-methyl glutaryloxy)-24-methyllanosta-

8,24(31)-dien-26-oic acid (10) (P.13.2.1) 

 

Table 26. Antimicrobial activity of isolated substances from the fruiting bodies of Fomitopsis 

betulina (500 μg/disc), control Ampicillin= 10 μg/disc (for S. aureus and B. subtilis), 

Gentamicin= 10 µg/disc (for P. aeruginosa and E. coli) and Nystatin= 10 µg/disc (for C. 

maltosa). Data are expressed as mean±SD 
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Bacterial 

strains 

Control Compounds 

 

(11) 

P.14.2 

 

(1) 

P.5.4.1 

 

(2) 

P.5.4.2 

 

(3) 

P.12.1 

 

(4) 

P.12.2 

 

(5) 

P.11.3.1 

 

(6) 

P.11.3.2 

 

(7) 

P.12.3 

 

(8) 

P.14.1 

 

(9) 

P.12.4 

 

(10) 

P.13.2.1 

Bacillus 

subtilis 

++++ +++ - - ++ - + + + - - + 

Staphylococcus 

aureus 

++++ ++ - + ++ - - - - - - + 

Pseudomonas 

aeruginosa 

++++ + - - - - - - - - - - 

Escherichia 

coli 

++++ +  - - - - - - - - - 

Candida   

maltosa 

++++ - - - - - - - - - - - 

 
 
 
++++ Strong activity (Diameter of inhibition zone: more than 15 mm) 
+++   Medium activity (Diameter of inhibition zone: between 8 and 15 mm) 
++     Weak activity (Diameter of inhibition zone less than 8 mm) 
+       Very weak (trace of activity) 
-        No activity  
 
It can be seen that some compounds (3) (P.12.1), (2) P.5.4.2, (5) (P.11.3.1), (6) (P.11.3.2), (7) 

(P.12.3), and (10) (P13.2.1) show weak or very weak antimicrobial activity against gram-

positive bacteria. Compound (11) (P14.2) possesses the strongest activity and is weak active 

also against gram-negative bacteria. 

 

3.6.2 Effect of Some Isolated Substances from Fomitopsis betulina on 

Human Keratinocytes in Scratch Assay (In Vitro Wound Healing 

Activity) 

The following triterpenes were tested on keratinocytes: 3-acetoxy-16 hydroxyl-24-oxo-5-

lanosta-8(9) diene-30-oic acid (11) (P.14.2), fomefficinic acid (8) (P.14.1), polyporenic acid C 

(3) (P.12.1), polyporenic acid A (4) (P.12.2), ergosterol peroxide (5) (P.11.3.1), and 9, 11-

dehydroxyergosterol peroxide (6) (P.11.3.2). 

 

Effects on non-radiated Keratinocytes:   

To study the wound healing rate-promoting activity of some compounds isolated from 

Fomitopsis betulina, the substances were investigated in a concentration of 10 µg/ml in the 
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scratch assay. 24 hours after the addition of the compounds (11) (P.14.2), (3-acetoxy-16 

hydroxyl-24-oxo-5-lanosta-8(9) diene-30-oic acid) and 9, 11-dehydroergosterol peroxide (6) 

(P11.3.2), the wound healing was significantly inhibited. After 48 h, it is striking that none of 

injured cell cultures, treated with the individual substances has reached the level of control. 

Fomefficinic acid (8) (P.14.1) gave a medium shutter speed of 0.027 mm ²/h slightly below the 

level of control. Polyporenic acid C (3) (P.12.1) and A (4) (P.12.2), as well as 9, 11-

dehydroergosterol peroxide (6) (P.11.3.2) caused a highly significant reduction of the wound 

closure speed to about 0.017 mm ²/h. Ergosterol peroxide (5) (P.11.3.1) significantly slows 

down the shutter. The novel compound, 3-acetoxy-16 hydroxyl-24-oxo-5-lanosta-8(9) 

diene-30-oic acid (11) (P14.2), after 48 h, however, leads only to further delay. The results are 

demonstrated in Figure 54 and  

Figure 55.  

 

 

 

Figure 54. Wound-closure-rate of HaCaT keratinocytes after 24h treatment with substances 

isolated from Fomitopsis betulina (10 mM), n= 15, * p <0.05, ** p <0.01 102 

 (3-acetoxy-16 hydroxyl-24-oxo-5-lanosta-8(9) diene-30-oic acid) (11) (P.14.2), fomefficinic acid (8) 

(P.14.1), polyporenic acid C (3) (P.12.1), polyporenic acid A (4) (P.12.2), ergosterol peroxide (5) (P.11.3.1), 9, 

11-dehydroergosterol peroxide (6) (P.11.3.2) 
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Figure 55. Wound-closure-rate of HaCaT keratinocytes after 48 h treatment with substances 

isolated from Fomitopsis betulina (10 mM), n= 15, * p <0.05, ** p <0.01 102 

(3-acetoxy-16 hydroxyl-24-oxo-5-lanosta-8(9) diene-30-oic acid) (11) (P.14.2), fomefficinic acid (8) (P.14.1), 

polyporenic acid C (3) (P.12.1), polyporenic acid A (4) (P.12.2), ergosterol peroxide (5) (P.11.3.1), 9, 11-

dehydroergosterol peroxide (6) (P.11.3.2) 

 

Effects on radiated keratinocytes: 

The keratinocytes were 48 hours in full medium incubated before the scratch was set and 

culture dishes submitted to the UV rays as explained in (2.8.3).  After 24 h the healing was very 

slow. However, after 48 h the wound closing process was significantly accelerated in the cell 

cultures treated with compound (11) (P14.2); (3-acetoxy-16 hydroxyl-24-oxo-5-lanosta-

8(9) diene-30-oic acid). Fomefficnic acid (8) (P14.1) had only weak influence. Unfortunately 

the other compounds could not be tested on the radiated cells (Figure 56 and Figure 57). 
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Figure 56. Wound healing speed of the irradiated HaCaT keratinocytes after 24 h treatment 

with compounds (11) (P.14.2 ) and (8) (P.14.1) of Fomitopsis betulina (10 mM), irradiation 

with 10 mJ/cm², n = 9, * p <0.05, ** p <0.01, ** * p <0.001 (Tukey HSD) 102 

 (3-acetoxy-16 hydroxyl-24-oxo-5-lanosta-8(9) diene-30-oic acid) (11) (P.14.2), fomefficinic acid (8) P.14.1  

 

 

 

Figure 57. Wound healing speed of the irradiated HaCaT keratinocytes after 48 h treatment 

with compounds (11) (P.14.2 ) and (8) (P.14.1) of  Fomitopsis betulina (10 mM), irradiation 

with 10 mJ/cm², n = 9, * p <0.05, ** p <0.01, ** * p <0.001 (Tukey HSD) 102 

(3-acetoxy-16 hydroxyl-24-oxo-5-lanosta-8(9) diene-30-oic acid) (11) (P.14.2), fomefficinic acid (8) P.14.1  
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4 RESULTS-CALVATIA GIGANTEA 

 

4.1 Biological Activity of Calvatia gigantea Extracts 

 

4.1.1 Antimicrobial Activity 

 

Crude extracts of culture broth, mycelium and fruiting bodies of Calvatia gigantea were tested 

against different microbial strains. Only the EtOAc fraction of the culture broth showed activity 

against pathogenic organisms (Figure 58). The gram positive bacterial strains were more 

susceptible to the fungal extract than the gram negative strains. Moreover, the EtOAc fraction 

could stop the growth of Candida maltosa. All extracts of the fruiting bodies and of the 

biomass of the cultivated mycelium were harmless to all tested strains.     

 

Figure 58. Antimicrobial activity of EtOAc culture broth extracts of Calvatia gigantea (2 

mg/disc, control Ampicillin= 10 μg/disc (for SA and BS), Gentamicin= 10 µg/disc (for PA and 

EC) and Nystatin= 10 µg/disc (for CM), data are expressed as mean±SD). SA: Staphylococcus 

aureus. BS: Bacillus subtilis. PA: Pseudomonas aeruginosa. EC: Escherichia coli. CM: 

Candida maltosa  
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4.1.2 Cytotoxic Activity against 5637 Cell Line and HaCaT Cell Line  

 

MeOH and H2O extracts from the fruiting bodies showed very weak cytotoxicity against 

HaCaT keratinocytes only in higher concentrations. In opposite, lower concentrations led to an 

increase in cell vitality (Figure 59 and Figure 60). The effect of MeOH extract against 5637 

cells was neglectable (Figure 61), the H2O extract did not show any cytotoxicity in the tested 

concentrations (Figure 62). The EtOAc fraction of the culture broth exhibited medium 

cytotoxicity in high concentrations against 5637 cell line (Figure 63). 

 

 

Figure 59. Vitality of HaCaT-Keratinocytes in MTT assay after treatment with MeOH extract 

of the fruiting bodies of Calvatia gigantea with incubation time of three days, solvent is MeOH 

0.25 % and the positive control is H2O Aloe vera extract 100 μg/ml. (250–3,9 µg/ml) (data are 

expressed as mean±SD)  
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Figure 60. Vitality of HaCaT- Keratinocytes in MTT assay after treatment with H2O extract of 

the fruiting bodies of Calvatia gigantea with incubation time of three days, solvent is MeOH 

0.25 % and the positive control is H2O Aloe vera extract 100 μg/ml. (250–3,9 µg/ml), (data are 

expressed as mean±SD) 

 

 

 

Figure 61. Vitality of 5637 cells in NRU assay after treatment with MeOH extract of Calvatia 

gigantea fruiting bodies (250 – 3,9 µg/ml), in α -MEM with 1 % FCS and Incubation time of 

three days. Solvent is MeOH 0,25 % and control is etoposide 0,5 µg/ml (data are expressed as 

mean±SD). 
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Figure 62. Vitality of 5637 cells in NRU assay after treatment with H2O extract of Calvatia 

gigantea fruiting bodies, (250–3,9 µg/ml), in α-MEM with 1 % FCS and Incubation time of 

three days. Solvent is MeOH 0,25 % and control is etoposide 0,5 µg/ml (data are expressed as 

mean±SD). 

 

 

 

Figure 63. Vitality of 5637 cells in NRU assay after treatment with EtOAc extract of Calvatia 

gigantea culture-broth, (250 – 3,9 µg/ml), in α -MEM with 1 % FCS and Incubation time of 

three days. Solvent is MeOH 0,25 % and control is etoposide 0,5 µg/ml (data are expressed as 

mean±SD). 
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4.1.3 Effects on Human Keratinocytes (In Vitro Wound Healing Activity) 

 

MeOH and H2O extracts of the fruiting bodies of Calvatia gigantea were tested for the in vitro 

wound healing activity towards HaCaT cell line. Furthermore, the keratinocytes were later 

damaged by UV radiation to investigate if and how the extracts are able to prevent and/or to 

repair the UV induced damages. Both MeOH extract (5 and 10 µg/ml) and H2O extract (5 and 

25 µg/ml) stimulated the HaCaT keratinocytes after 24 hours to a highly significant 

acceleration of wound closure. The determined wound closure accelerations laid between 0.05 

and 0.07 mm²/h, the control in contrast exhibited an acceleration of 0.04 mm²/h. After 48 hours, 

the addition of MeOH extracts manifested in both concentrations (5 and 10 µg/ml) an increase 

in the wound closure rate of the HaCaT keratinocytes. Also, after irradiation with UVB, the 

extracts supported the premature closure of the scratches. The effects were much clearer after 

48 than after 24 hours. After the incubation with MeOH extract at a concentration of 5 µg/ml, 

an acceleration of about 0.080 mm²/h was recorded. The wound closure rate was on average 

about 0.06 mm²/h, the control in compare about 0.055 mm²/h, detailed results are demonstrated 

in Figure 64 and Figure 65. 

 

 

Figure 64. Wound closure rate of HaCaT cells after 24 h treatment with MeOH (5 and 10 

µg/ml) and H2O extract of Calvatia gigantea (5 and 25 µg / ml), without radiation and 

irradiated with 10 and 15 mJ/cm² UVB (n = 36) (* p <0.05, ** p <0.01, *** p <0.001 (Tukey 

HSD)) 103   
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Figure 65. Wound closure rate of HaCaT cells after 48 h treatment with MeOH (5, 10 µg/ml) 

and H2O extract of Calvatia gigantea (5and 25 µg / ml), without radiation and irradiated with 

10 and 15 mJ/cm² UVB (n = 36) (* p <0.05, ** p <0.01, *** p <0.001 (Tukey HSD)) 103 

 

In Figure 66, an example of a series of photos documenting the wound closure process. 

     

Figure 66. Phase contrast image of a 40-time expansion Scratch of HaCaT cells after 0, 24 and 

48 hours of applying the MeOH extract of Calvatia gigantea (5 µg/ml) 

 

 

4.1.4 Anti-adhesive Activity against Campylobacter jejuni 

 

MeOH and H2O extracts of the fruiting bodies of Calvatia gigantea were tested for their anti-

adhesive activity against Campylobacter jejuni. The MeOH extract was proven to be anti-

adhesive against the bacteria, it showed activity with inhibition values of over 70 % in the 

lowest concentration (0.002 mg/ml) 104. Cytotoxicity tests of this extract showed low effects 
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after one hour incubation, which excludes an impact of possible cytotoxicity on the anti-

adhesive results (Table 27). 

 

Table 27. Anti-adhesive Activity of Calvatia gigantea against Campylobacter jejuni (data are 

expressed as mean±SD) 104 

 NA: not available 

Extract Anti-adhesive activity (%) 

 

Concentration 2 mg/ml    0.2 mg/ml    0.02 mg/ml    0.002 mg/ml    

Fruiting bodies/H2O 0±0 0±0 0±0 NA 

Fruiting bodies/MeOH NA 53±18 37±11 81±13 

 

 

 

4.2 Isolation and Identification of Secondary Metabolites from the 

Culture Broth of Calvatia gigantea 

 

4.2.1 Overview of the Isolation of Secondary Metabolites from the Culture 

Broth of Calvatia gigantea 

 

Due to its antibacterial activity, the EtOAc extract of the culture broth was subjected to further 

fractionation procedures, which led to the isolation of 6 substances from active fractions. In 

addition to succinic acid (12) (S.3-4-1), calvatic acid (13) (S.3-4-5), two calvatic acid 

derivatives ((15) (S.4-5-4) and (16) (S.4-5-5)), lumichrome (17) (S.4-5-7), and a 

diketopiperazine (14) (S.7-2-2) consisting of proline-threonine (diketopiperazine) were 

isolated. The main isolation processes of secondary metabolites from the culture broth of 

Calvatia gigantea are demonstrated in Figure 67 and Figure 68. 
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Figure 67. Isolation scheme of secondary metabolites from the culture broth of Calvatia 

gigantea (1) 
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Figure 68. Isolation scheme of secondary metabolites from the culture broth of Calvatia 

gigantea (2) 

 

 

4.2.2 Fractionation and Purification 

 

Bioassay-guided fractionation was applied to obtain the targeted biologically active 

compounds: 

 

 

4.2.2.1  Bioautographic Assay 

 

Solvent system containing n-Hex-EtOAc-MeOH (1-3-2) was used as mobile phase to separate 

the crude extract of Calvatia gigantea. Bands on TLC were detected under UV light at 254 nm 

and 366 nm as well as by spraying with anisaldehyde-sulphuric acid (Figure 69). In parallel, 

another TLC plate was not sprayed with anisaldehyde-sulphuric acid reagent, but incubated on 

agar plate medium with Staphylococcus aureus as test organism. After 20 h of incubation the 

active band was detected. One band in the upper part exhibited antibacterial activity against the 

EtOAc Extract  
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test organism. Subsequently, the mentioned solvent system was applied on further fractionation 

process to isolate the active components. 

 

 

Figure 69. Bioautography of EtOAc extract of the culture broth of Calvatia gigantea against 

Staphylococcus aureus, n-Hex-EtOAc-MeOH (1-3-2) was used as mobile phase (spraying with 

INT) 

 

 

4.2.2.2 Column Chromatography 

 

EtOAc extract of culture broth of the giant puffball was fractionated by column 

chromatography with silica gel (0.040-0.063 mm) as stationary phase and n-Hex-EtOAc-

MeOH (1-3-2) as a mobile phase. The fractions were combined according to their profiles on 

TLC plates detected under UV light at 254 nm and 366 nm, and by spraying with anisaldehyde-

sulphuric acid reagent. The chromatograms of the fractions are illustrated in (Figure 70). The 

collected fractions were tested for their antibacterial activity and only the active ones were 

further fractionated. Six of the collected fractions showed medium to strong antibacterial 

activity, mainly against Staphylococcus aureus (fr.2, 3, 4, 6, 7, 8) (Table 28). Their TLC 

chromatograms are demonstrated separatedly in (Figure 71). 
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Figure 70. TLC profile of collected fractions of the culture broth of Calvatia gigantea, the 

active fractions are marked with numbers, n-Hex-EtOAc-MeOH (1-3-2) as a mobile phase, 

(detected under UV light at 254 and 366 nm and spraying with anisaldehyde-sulphuric acid 

reagent) 

 

 

Figure 71. TLC profile of active fractions from the culture broth of Calvatia gigantea. Hex-

EtOAc-MeOH (1-3-2) was used as mobile phase (detected under UV light at 254 and 366 nm, 

and spraying with anisaldehyde-sulphuric acid reagent) 
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Table 28. Antimicrobial activity of fractions obtained from the EtOAc extract of the culture 

broth of Calvatia gigantea (500 μg/disc, control Ampicillin= 10 μg/disc (for Staphylococcus 

aureus and Bacillus subtilis), Gentamicin= 10 µg/disc (for Pseudomonas aeruginosa and 

Escherichia coli) and Nystatin= 10 µg/disc for Candida maltosa (data are expressed as 

mean±SD) 

Bacterial Strains Control Fractions 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 

10 

 

11 

 

12 

 

13 

 

14 

 

15 

 

16 

 

17 

Bacillus subtilis ++++ - + ++ + - + - - - - - - - - + - - 

Staphylococcus 

aureus 
++++ - ++++ +++ ++++ - ++ +++ ++ - - - - + - - - - 

Pseudomonas 

aeruginosa 
++++ - - - - - - - - - - - - - - - - - 

Escherichia coli +++ - + - + - - - - - - - - - - - - - 

Candida maltosa ++++ - - - - - - - - - - - - - - - - - 

 

++++ Strong activity (Diameter of inhibition zone: more than 15 mm) 

+++   Medium activity (Diameter of inhibition zone: between 8 and 15 mm) 

++     Weak activity (less than 8 mm) 

+       Very weak (trace of activity) 

-         No activity 

Subsequently, further fractionation was applied on the six active fractions using Sephadex LH-

20 (25-100 μm) as a stationary phase and DCM-MeOH (1-1) as a mobile phase. The resulting 

fractions are demonstrated in Figure 72 to Figure 77. The subfractions in turn were also tested 

for their antimicrobial activity against Staphylococcus aureus (Table 29) and the active ones 

were subjected to further purification with semi preparative HPLC.  
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Figure 72. Subfractions of fr.2 (fr.2-1 to fr.2-

11 detected under UV light at 254 and 366 nm, 

and spraying with anisaldehyde-sulphuric acid 

reagent) 

 

 

Figure 73. Subfractions of fr.3 (fr.3-1 to 

fr.3-13 detected under UV light at 254 and 

366 nm, and spraying with anisaldehyde-

sulphuric acid reagent) 

 

Figure 74. Subfractions of fr.4 (fr.4-1 to fr.4-6 

detected under UV light at 254 and 366 nm, 

and spraying with anisaldehyde-sulphuric acid 

reagent) 

 

Figure 75. Subfractions of fr.6 (fr.6-1 to 

fr.6-8 detected under UV light at 254 and 

366 nm, and spraying with anisaldehyde-

sulphuric acid reagent) 

 

Figure 76. Subfractions of fr.7 (fr.7-1 to fr.7-

11 detected under UV light at 254 and 366 nm, 

and spraying with anisaldehyde-sulphuric acid 

reagent) 

 

 

Figure 77. Subfractions of fr.8 (fr.8-1 to 

fr.8-8 detected under UV light at 254 and 

366 nm, and spraying with anisaldehyde-

sulphuric acid reagent) 
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Table 29. Antimicrobial activity of subfractions obtained from the EtOAc extract of the culture 

broth of Calvatia gigantea (500 μg/disc, control Ampicillin= 10 μg/disc) against 

Staphylococcus aureus (data are expressed as mean±SD)) 

Fractions  Control Activity of subfractions 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Fr.2 ++++ - - - - - - - - - - -   

Fr.3 ++++ - - - ++ + + - - - - - - - 

Fr.4 ++++ - - - - ++ ++ - - - - - - - 

Fr.6 ++++ - - - - - + ++ - - - - - - 

Fr.7 ++++ - ++ - - - - - - - - - - - 

Fr.8 ++++ - - - - - - - - - - - - - 

 

 

4.2.2.3 HPLC Chromatography 

 

Five of these subfractions were further analyzed by HPLC to separate the active compounds. 

Synergi Hydro RP column, 80 Å, 250 x 4.6 mm, 4 μm, Phenomenex was used for fractionation 

of all fractions. The amounts of the collected fractions are listed in Table 30.   

 

Table 30. The subfractions btained from the EtOAc extract of the culture broth of Calvatia 

gigantea which were applied on HPLC and their yield 

 

Sample Quantity (mg) 

Fr.3-4 45 

Fr.4-5 23 

Fr.6-7 31 

Fr.4-6 13 

Fr.7-2 20 
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4.2.2.3.1 HPLC of Fraction 3-4 

 

The fraction 3-4 was subjected to semi-preparative HPLC with gradient mobile phase of 0-100 

% of acetonitrile/H2O in 39 min and flow rate 1 ml/min. The HPLC trace of the fraction is 

presented in the Figure 78. 

 

 

Figure 78. HPLC trace of fraction 3-4 (Peaks marked with numbers were collected). 

Conditions: column Synergi Hydro-RP column (80 Å, 250 x 4.6 mm, 4 μm), mobile phase: 

Acetonitrile/H2O, Flow rate: 1 ml/min. Detection at 205 (brown), 254 (black), 285 (pink), and 

325 (blue) nm. 

 

All marked peaks were collected. Applying spectrometric methods on the peaks resulted in the 

identification of two compounds from peaks 1 and 5. (S.3-4-1 and S.3-4-5).  

 

 

4.2.2.3.2 HPLC of Fraction 7-2 

 

The fraction was subjected to semi-preparative HPLC with gradient mobile phase 20-100 % of 

acetonitrile/H2O in 28 min and flow rate 1 ml/min. The HPLC trace of the fraction is presented 

in the Figure 79. 
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Figure 79. HPLC trace of fraction 7-2 (Peaks marked with numbers were collected). 

Conditions: column Synergi Hydro-RP column (80 Å, 250 x 4.6 mm, 4 μm), Mobile phase: 

gradient Acetonitrile/H2O, flow rate: 1 ml/min. Detection at 205 (brown), 285 (pink) nm. 

 

Only one substance (2) could be collected in suitable amount (2.4 mg) and was further studied 

to determine the structure (S.7-2-2). 

  

 

4.2.2.3.3 HPLC of Fraction 4-6 

 

The fraction was subjected to semi-preparative HPLC with gradient mobile phase of 20-100 % 

of MeOH/H2O in 40 min and flow rate 1 ml/min. The HPLC trace of the fraction is presented 

in the Figure 80. 
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Figure 80. HPLC trace of fraction 4-6 (Peaks marked with numbers were collected). 

Conditions: column Synergi Hydro-RP column (80 Å, 250 x 4.6 mm, 4 μm). Mobile phase 

gradient Acetonitrile/H2O, flow rate 1 ml/min. Detection at 205 (green), 254 (black), 285 

(green), and 325(pink) nm.  

Two substances (S.4-6-6 and S.4-6-8) could be collected and the structures were further 

analysed.  

 

 

4.2.2.3.4 HPLC of Fraction 6-7 

 

The fraction was subjected to semi-preparative HPLC with gradient mobile phase of 30-100 % 

of MeOH/ H2O in 20 min and flow rate 1 ml/min. The HPLC trace of the fraction is presented 

in the Figure 81. 

One substance was collected in sufficient amount (S.6-7-2).  
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Figure 81. HPLC trace of fraction 6-7 (Peaks marked with numbers were collected). 

Conditions: column Synergi Hydro-RP column (80 Å, 250 x 4.6 mm, 4 μm), mobile phase 

Acetonitrile/H2O, flow rate 1 ml/min. Detection at 205 (brown), 254 (black), 285 (blue), and 

325 (pink) nm. 

 

 

4.2.2.3.5 HPLC of Fraction 4-5 

 

The fraction was subjected to semi-preparative HPLC with gradient mobile phase of 0-100 % 

Acetonitrile/H2O in 31 min and flow rate 1 ml/min. The HPLC trace of the fraction is presented 

in the (Figure 82). Four substances could be collected in enough amounts for further 

identification; they were given the names (S.4-5-3, S.4-5-4, S.4-5-5 and S.4-5-7)  
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Figure 82. HPLC trace of fraction 4-5 (Peaks marked with numbers were collected). 

Conditions: column Synergi Hydro-RP column (80 Å, 250 x 4.6 mm, 4 μm), mobile phase 

Acetonitrile/H2O, flow rate 1 ml/min. Detection at 205 (brown), 254 (black), 285 (blue), and 

325 (pink) nm. 

 

4.2.3 Identification of Isolated Substances 

 

4.2.3.1 Identification of Compound (12) (S.3-4-1) 

 

Compound (12) (S.3-4-1) (white crystals; 2.6 mg) was identified by comparison of HR-MS 

(Figure 157 and Figure 158), 1H NMR (Figure 159) and 13C NMR data (Figure 160) with 

published literature 105 as succinic acid (12) (S.3-4-1) (Figure 83).  

 

 

Figure 83. Structure of Succinic acid (12) (S.3-4-1) 
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4.2.3.2 Identification of Compound (13) (S.3-4-5) 

 

Compound (13) (S.3-4-5) (white crystals; 1.6 mg) was identified by comparison of HR-MS 

data (Figure 161) with published literature 106,107 as calvatic acid (13) (S.3-4-5) (Figure 84).  

 

 

Figure 84. Structure of calvatic acid (13) (S.3-4-5) 

 

 

 

4.2.3.3 Identification of Compound (14) (S.7-2-2) 

 

Compound (14) (S.7-2-2) (white crystals; 2,9 mg) was identified by comparison of HR-MS 

(Figure 162), 1H NMR (Figure 163) and 13C NMR data (Figure 164) with published literature 
108,109 as cyclic peptide (Proline-Threonine  (Figure 85).  

 

 

 

Figure 85. Structure of the cyclic peptide (Proline-Threonine) (14) (S.7-2-2) 

 

 

4.2.3.4 Identification of Compound of (15) (S.4-5-4) 

 

Compound (15) (S.4-5-4) (white crystals; 2,6 mg) was identified by comparison of HR-MS 

(Figure 165), 1H NMR (Figure 166), and 13C NMR data (Figure 167) with published literature 
110 as 4-methoxybenzene-1-ONN- azoxyformamide (15) (S.4-5-4) (Figure 86).  
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Figure 86. Structure of Compound (15) (S.4-5-4) 

 

 

4.2.3.5 Identification of Compound of (16) (S.4-5-5)  

 

Compound (16) (S.4-5-5) (white crystals ; 3.2 mg) was identified by comparison of HR-MS 

(Figure 168), 1H NMR (Figure 169) and 13C NMR data (Figure 170) with published literature  
111,112 as a derivative of calvatic acid (benzoic acid-4-[2-(aminocarbonyl)-1-oxidodiazenyl]- 

methyl ester) (16) (S.4-5-5) (Figure 87). 

 

 

Figure 87. Structure of Compound (16) (S.4-5-5)  

 

 

4.2.3.6 Identification of Compound of (17) (S.4-5-7) 

 

Compound (17) (S.4-5-7) (white crystals; 2.9 mg) was identified by comparison of HR-MS 

(Figure 171), 1H NMR data (Figure 172) with published literature 113 as 7,8-

dimethylisoalloxazine (lumichrome (17) (S.4-5-7)) (Figure 88).  
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Figure 88. Structure of Compound (Lumichrome) (17) (S.4-5-7) 

 

4.3 Isolation and Identification of Sterols from the Fruiting Bodies 

of Calvatia gigantea 

 

Three sterol substances could be identified in the MeOH extract of the fruiting bodies of 

Calvatia gigantea; tuberoside (18) (S.3-6-2-1), cerevisterol (19) (S.1-11-3-1) and ergosterol 

(20) (S.2.3.1). 

 

 

4.3.1 Extraction and Fractionation 

 

The extraction was performed in a similar procedure as for Fomitopsis betulina. The MeOH 

extract of the fruiting bodies of Calvatia gigantea was divided between H2O and n-butanol and 

the later was analyzed and further fractionated.  

The next step after extraction was to find suitable mobile and stationary phases for the 

fractionation of the extract. After applying different separating systems using TLC, the 

following system has been chosen:    

Stationary phase:  

Silica gel (0.040-0.063 mm) 

Mobile phase (gradient): 

1. DCM-MeOH (10:1)  

2. DCM-MeOH-H2O (40:12:1)  

3. DCM-MeOH-H2O (65:35:8) 

The first solvent system containing DCM-MeOH (10:1) was used as mobile phase to separate 

the crude extract of Calvatia gigantea and as a result, 15 fractions were collected. 

Subsequently, the second solvent system DCM-MeOH-H2O (40:12:1) was applied on the same 

biomass and 17 fractions were collected. Finally, the third solvent system DCM-MeOH- 
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H2O (65:35:8) was applied on the same column and 8 fractions were collected. Bands of each 

fraction on TLC were detected under UV light at 254 nm and 366 nm as well as by spraying 

with anisaldehyde-sulphuric acid. According to the TLC analyses, collected fractions were then 

combined. 

The chromatograms obtained with different mobile phases are presented in (Figure 89 to Figure 

91) 

 

 

Figure 89. TLC chromatogram of collected fractionsfrom the fruiting bodies of Calvatia 

gigantea using DCM-MeOH (10:1) as mobile phase (detected under UV light at 254 and 366 

nm, and spraying with anisaldehyde-sulphuric acid reagent)  
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Figure 91. TLC chromatogram of collected fractions from the fruit body of Calvatia gigantea using 

DCM-MeOH-H2O (65:35:8) as mobile phase. (Detected under UV light at 254 and 366 nm and 

spraying with anisaldehyde-sulphuric acid reagent) 

 

 

2-9 

3-2 3-6 

Figure 90. TLC chromatogram of collected fractions from 

the fruit body of Calvatia gigantea using DCM-MeOH-

H2O (40:12:1) as mobile phase (detected under UV light 

at 254 and 366 nm and spraying with anisaldehyde-

sulphuric acid reagent) 
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Based on the typical red and violet color of the TLC bands which is shown after spraying with 

anisaldehyde-sulphuric acid reagent, it was decided to further investigate two fractions from the 

first mobile phase (Fr.1-5 and Fr.1-11; Figure 89), one fraction from the second phase (Fr.2-9;) 

and further two fractions from the third mobile phase (Fr.3-2; Figure 91 ). 

 

 

4.3.1.1 Identification of Ergosterol (20) (S.2.3.1) 

 

Fraction 1-5 was applied on TLC plate with the reference ergosterol; ergosterol (20) (S.2.3.1) 

was identified in the fraction with retention factor value of 0.8 (Figure 92). 

 

 

 

 

 

 

4.3.1.2 LH-20 Sephadex Fractionation  

 

Fractions 1-11, 2-9, 3-2, and 3-6 were subjected to further fractionation on Sephadex LH-20 

(25-100 μm) as a stationary phase and DCM-MeOH (1:1) as a mobile phase. 

 The TLC profiles of the subfractions (Fr.1-11-1 to Fr.1-11-8) are shown in the  Figure 93. 

 

 

Figure 92. TLC profile of ergosterol (left, RF: 0.8) and fraction 1-5 (right, 

RF: 0.8), using DCM-MeOH (10-19) as mobile phases. (Detected under 

UV light at 254 nm) 
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Figure 93. TLC profile of subfractions of Fr.1-11 using DCM-MeOH (1-1) as mobile phases. 

(Detected under UV light at 254 and 366 nm and spraying with anisaldehyde-sulphuric acid 

reagent)  

 

The TLC profiles of the subfractions (Fr.2-9-1 to Fr.2-9-9) are shown in the Figure 94. 

 

 

Figure 94. TLC profile of subfractions of Fr.2-9, using DCM-MeOH (1-1) as mobile phase. 

(Detected under UV light at 254 and 366 nm and spraying with anisaldehyde-sulphuric acid 

reagent) 

 

The TLC profiles of the subfractions (Fr.3-2-1 to Fr.3-2-7) are shown in the Figure 95. 

 

 

 

Fr. 1-11-3 
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Figure 95. TLC profile of subfractions of Fr.3-2, using DCM-MeOH (1-1) as a mobile phase. 

(Detected under UV light at 254 nm and 366 and spraying with anisaldehyde-sulphuric acid 

reagent) 

 

The TLC profiles of the subfractions (Fr.3-6-1 to Fr.3-6-6) are shown in the Figure 96. 

 

 

Figure 96. TLC profile of subfractions of Fr.3-6, using DCM-MeOH (1-1) as a mobile phase. 

(Detected under UV light at 254 and 366 nm and spraying with anisaldehyde-sulphuric acid 

reagent)  

 

 

4.3.2 HPLC Chromatography 

 

Based on purity, the amount of isolated fractions, two subfractions were applied on analytical 

HPLC and later to semi preparative HPLC (Fr. 1-11-3 (12.4 mg) and Fr. 3-6-2 (16.1 mg)). 

Analytical HPLC was used to identify the interesting peaks from the two subfractions. Peaks 

were detected by UV-Vis diode array detector and semi-preparative HPLC was carried out later 

to collect pure substances.  

Fr.3-6-2 
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4.3.2.1 HPLC of Fr. 1-11-3 

 

The fraction 1-11-3 was subjected to semi-preparative HPLC (Synergi Hydro RP column, 80 

Å, 250 x 4.6 mm, 4 μm, Phenomenex) with gradient mobile phase of Acetonitrile/H2O in 22 

min and flow rate 1 ml/min. The HPLC trace of the fraction is presented in the (Figure 97). 

Peak 1-11-3-1 was collected and subjected to further spectroscopic methods.  

 

 

 

Figure 97. HPLC trace of fraction 1-11-3 (showing the collected substances). Conditions: 

column Synergi Hydro-RP column (80 Å, 250 x 4.6 mm, 4 μm). Mobile phase: 

Acetonitrile/H2O. Flow rate 1 ml/min. Detection at 205 nm. 

 

 

4.3.2.2 HPLC of Fr. 3-6-2 

 

The fraction was subjected to semi-preparative HPLC (Synergi Hydro RP column, 80 Å, 250 x 

4.6 mm, 4 μm, Phenomenex) with gradient mobile phase of Acetonitrile/H2O in 22 min and 

flow rate 1 ml/min. The HPLC trace of the fraction is presented in the (Figure 98). 

 

 

S.1-11-3-1 
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Figure 98. HPLC trace of fraction 3-6-2 (showing the collected substances). Conditions: 

column Synergi Hydro-RP column (80 Å, 250 x 4.6 mm, 4 μm). Mobile phase: 

Acetonitrile/H2O. Flow rate 1 ml/min. Detection at 205 (pink), 254 (light blue), 285 (red), and 

325 nm (blue). 

 

 

4.3.3 Identification of Isolated Substances 

 

4.3.3.1 Identification of Compound (18) (S.3-6-2-1) 

 

Compound (18) (S.3-6-2-1) (light-brown crystals; 2.9 mg) was identified by comparison of 

HR-MS (Figure 173) and 1H NMR data (Figure 174) with published literature 114 as tuberoside 

(3-O-β-D-glucopyranosyl-(22E,24R)-er-gosta-7, 22-dien-5a,6b-diol) (Figure 99).  

 

 

Figure 99. Structure of Tuberoside (18) (S.3-6-2-1) 

 

S.3-6-2-1 
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4.3.3.2 Identification of Compound (19) (S.1-11-3-1) 

 

Compound (19) (S.1-11-3-1) (white crystals; 3,7 mg) was identified by comparison of HR-MS 

(Figure 175) and 1H NMR data (Figure 176) with published literature 115 as cerevisterol (Figure 

100) .  

 

 

Figure 100. Structure of Cerevisterol (19) (S.1-11-3-1) 

 

 

4.4 Biological Activity of Isolated Substances from Calvatia 

gigantea 

 

4.4.1 Antibacterial Activity of Isolated Substances from Calvatia gigantea 

 

Isolated compounds from Calvatia gigantea (fruiting bodies and culture broth) were tested 

against human pathogenic microbes. The results are demonstrated in Table 31. The fraction 

containing calvatic acid (13) (S.3-4-5) was the only one which demonstrated antimicrobial 

activity against gram positive bacteria strains (Bacillus subtilis and Staphylococcus aureus) and 

the gram-negative strain Escherichia coli. All other compounds didn’t exhibit antibacterial 

activity. 

 

Compound (12) (S.3-4-1): Succinic acid  

Compound (13) (S.3-4-5): Calvatic acid  

Compound (14) (S.7-2-2): Diketopiperazine (proline-threonine)  

Compound (15) (S.4-5-4): 4-methoxybenzene-1-ONN- azoxyformamide  
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Compound (16) (S.4-5-5): Benzoic acid-4-[2-(aminocarbonyl)-1-oxidodiazenyl] - methyl ester 

Compound (17) (S.4-5-7): Lumichrome 

Compound (18) (S.3-6-2-1): Tuberoside 

Compound (19) (S.1-11-3-1): Cerevisterol 

 

 

Table 31. Antimicrobial activity of isolated substances from the fruiting bodies and culture 

broth of Calvatia gigantea (500 μg/disc, control Ampicillin= 10 μg/disc (for Staphylococcus 

aureus and Bacillus subtilis), Gentamicin= 10 µg/disc (for Pseudomonas aeruginosa) 

Bacterial and fungal 

strains 

Control Compounds 

 

12 

(S.3-4-1) 

 

13 

(S.3-4-5) 

 

14 

(S.7-2-29) 

 

15 

(S.4-5-4) 

 

16 

(S.4-5-5) 

 

17 

(S.4-5-7) 

 

18 

(S.3-6-2-1) 

 

19 

8S.1-11-3-1) 

Bacillus subtilis ++++ - ++ - - - - - - 

Staphylococcus aureus ++++ - +++ - - - - - - 

Pseudomonas aeruginosa +++ - - - - - - - - 

Escherichia coli ++++ - + - - - - - - 

Candida maltosa +++ - - - - - - - - 

 

 

4.4.2 Cytotoxic Activity of Some Isolated Compounds from the Fruiting 

Bodies and the Culture Broth Extracts of Calvatia gigantea against 

5637 Cell Line  

 

Two substances isolated from the MeOH extract of the fruiting bodies of Calvatia gigantea 

(cerevisterol (19) (S.1-11-3-1) and tuberoside (18) (S.3-6-2-1)) and three substances isolated 

from the EtOAc extract of culture broth of Calvatia gigantea (calvatic acid (13) (S.3-4-5), 4-

methoxybenzene-1-ONN- azoxyformamide (15) (S.4-5-4), and benzoic acid-4-[2-

(aminocarbonyl)-1-oxidodiazenyl]- methyl ester)  (16) (S.4-5-5) were tested for their cytotoxic 

activity against the 5367 tumor cell line. The IC50 values of the substances are demonstrated in 

(Table 32), and the vitality rates of the cells are demonstrated in Figure 101 to Figure 105. 

Tuberoside (18) (S.3-6-2-1) possesses the lowest IC50 value and calvatic acid (13) (S.3-4-5) the 

highest of the tested compounds. 
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Table 32. IC50 values of some compounds isolated from the fruiting bodies and the culture 

broth of Calvatia gigantea against Human Bladder Tumor Cell Line 5637 

Substance Origin IC50 µg/ml 

Calvatic acid (13) (S.3-4-5) Culture broth 136.18 

4-Methoxybenzene-1-ONN- azoxyformamide 

 (15) (S.4-5-4) 

Culture broth 70.54 

Benzoic acid-4-[2-(aminocarbonyl)-1-

oxidodiazenyl]-methyl ester (16) (S.4-5-5)  

Culture broth 64.99 

Cerevisterol (19) (S.1-11-3-1)  

 

Fruiting bodies 75.80 

Tuberoside (18) (S.3-6-2-1) 

 

Fruiting bodies 41.52 

 

 

 

Figure 101. Vitality of 5637 cells in NRU assay after treatment with calvatic acid (13) (S.3-4-5) 

(isolated from the EtOAc extract of culture broth), (250–3.9 µg/ml). In α-MEM with 1 % FCS 

and Incubation time of three days. Solvent is MeOH and control is etoposide 0.5 µg/ml, data 

are expressed as mean±SD.  
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Figure 102. Vitality of 5637 cells in NRU assay after treatment with 4-methoxybenzene-1-

ONN- azoxyformamide (15) (S.4-5-4) (isolated from the EtOAc extract of culture broth), (250–

3.9 µg/ml). In α-MEM with 1 % FCS and Incubation time of three days. Solvent is MeOH and 

control is etoposide 0.5 µg/ml, data are expressed as mean±SD. 

 

 

Figure 103. Vitality of 5637 cells in NRU assay after treatment with benzoic acid-4-[2-

(aminocarbonyl)-1-oxidodiazenyl]- methyl ester (16) (S.4-5-5) (isolated from the EtOAc 

extract of culture broth), (250–3,9 µg/ml). In α-MEM with 1 % FCS and Incubation time of 

three days. Solvent is MeOH and control is etoposide 0.5 µg/ml, data are expressed as 

mean±SD. 
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Figure 104. Vitality of 5637 cells in NRU assay after treatment with cerevisterol (19) (S.1-11-

3-1) (isolated from MeOH extract of fruiting bodies), (250–3.9 µg/ml). In α-MEM with 1 % 

FCS and Incubation time of three days. Solvent is MeOH and control is etoposide 0.5 µg/ml, 

data are expressed as mean±SD. 

 

 

 

Figure 105. Vitality of 5637 cells in NRU assay after treatment with Tuberoside (18) (S.3-6-2-

1) (isolated from MeOH extract of fruiting bodies), (250–3.9 µg/ml). In α-MEM with 1 % FCS 

and Incubation time of three days. Solvent is MeOH and control is etoposide 0.5 µg/ml, data 

are expressed as mean±SD. 
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5 DISCUSSION-FOMITOPSIS BETULINA 

 

5.1 Antimicrobial Activity  

  

Mushrooms need antibacterial and antifungal compounds to survive in their natural 

environment. It is therefore not surprising that antimicrobial compounds with more or less 

strong activities could be isolated from many mushrooms and that they could be of benefit for 

human 17. According to a biological evaluation of over than 200 mushroom species, more than 

75 % of screened fungi showed strong antimicrobial activity 116. The major philosophy of the 

search for antimicrobial compounds from basidiomycetes is that humans (and animals) share 

common microbial pathogens with fungi, such as Escherichia coli, Staphylococcus aureus, and 

Pseudomonas aeruginosa, so that human can benefit from defensive strategies used by fungi 

against microorganisms 23.  

In the 1940ies, the pioneers in such research were Anchel, Hervey, Wilkins, and Florey (1949), 

who tested extracts derived from fruiting bodies and mycelium cultures of more than 2000 

species, resulting in isolation of a tricyclic diterpenoid antibiotic; pleuromutilin from Pleurotus 

mutilus 117. Retapamulin (SB-275833) is the first pleuromutilin derivative to be developed and 

licensed for human topical use, with activity against gram positive bacteria, no cross-resistance 

to other classes of antimicrobial agents in current use and a low potential for development of 

resistance. During nineties of the last century many new structures and biological activities 

were detected 118.  

There are several papers reporting antimicrobial activity of fungi, particularly basidiomycetes 

and in some cases compounds isolated from these organisms. Mothana (2000) isolated new 

antimicrobial farnesyl hydroquinones, ganomycins A and B, from the basidiomycete 

Ganoderma pfeifferi 
119

. Rosa et al. (2003) evaluated a total of 103 isolates of basidiomycetes 

for their antifungal and antibacterial activity and found that from the 103 extracts obtained, 15 

(14 %) presented significant activity against one or more of the target microorganisms 120. 

Keller et al. (1995) and Popova et al. (2009) could isolate antibacterial lanostane triterpenes 

from Fomitopsis pinicola and Fomitopsis rosea respectively 55,121.  

In the present study it was found that crude extracts of both mycelium and fruiting bodies of 

Fomitopsis betulina exhibited medium activity, mainly against gram positive bacteria. In case 

of the fruiting bodies, both MeOH and n-hexane extracts inhibited the growth of 

Staphylococcus aureus and Bacillus subtilis. It was registered that the EtOAc extract of the 
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culture broth exhibited considerable activity against both types of bacteria in addition to the 

fungal strain Candida maltosa. These results complied with mostly reported papers on 

bioactive compounds from these fungi. Karaman (2009) tested the antibacterial activity of 10 

lignocolous mushrooms including Fomitopsis betulina and found that its MeOH extract was 

active against all tested gram positive bacteria and showed no activity against gram negative 

bacteria 122. Moreover, Schlegel et al. (2000) isolated piptamine from a submerged culture of 

the mushroom Fomitopsis betulina. Piptamine showed antimicrobial activity against 

Staphylococcus aureus, Bacillus subtilis, Escherichia coli, and Candida albicans 62. This 

activity of piptamine was comparable to the activity of EtOAc extract of the culture broth in 

our work. 

The antimicrobial of some Fomitopsis extracts against gram negative bacteria, registered in this 

work, was not proven in the previous work about Fomitopsis betulina. 

 

 

5.2 Cytotoxic Activity 

 

Experience from Asian and Eastern Europe countries shows that mushrooms could play an 

important role in prevention and treatment of cancer 17. A number of bioactive molecules, 

including antitumor substances, have been identified in many mushroom species 21,123. 

For almost 40 years, medicinal mushrooms have been intensively investigated for medicinal 

effects in vivo and in vitro model systems and many new antitumor and immune modulating 

polysaccharides have been identified and put into practical use 124. In Siberia, the Baltic area, 

and Finland, Fomitopsis betulina tea was used for the treatment of various types of cancer. 

Only young, sterile fruiting bodies were thought to be effective and it was claimed that these 

develop on birch trees only under certain environmental conditions 46. Birch polypore extracts 

were given orally to female dogs with tumors of the vagina which were observed to completely 

disappear after five weeks 46. In Bohemia, Fomitopsis betulina was used for the treatment of 

rectal cancer and stomach diseases 43.  

 One of the first bioactivity tests, which were applied in this work on the mushroom extracts, 

was the cytotoxicity test. In this work different fruiting bodies and mycelium extracts were 

examined for cytotoxic properties with the help of two cytotoxicity assays: NRU (neutral red 

uptake) and MTT assays. The neutral red uptake assay provides a quantitative estimation of the 

number of viable cells in a culture. It is one of the most used cytotoxicity tests with many 



120 
 

biomedical and environmental applications which based on the ability of viable cells to 

incorporate and bind the supravital dye neutral red in the lysosomes. The advantage of the MTT 

assay in comparison to the Neutral red uptake assay is that in addition to a cytotoxic effect also 

an activation of the cells can be determined. In the NRU test, human bladder carcinoma cell 

line 5637 was used, in the MTT normal cell line HaCaT. 

The first result got from the NRU test was that neither of the fruiting bodies extracts showed 

toxic activity against tumor cells, both MeOH and H2O extracts showed very high IC50 values 

(125 µg/ml for MeOH extract and higher concentration for H2O extract). This result is not in 

complying with the study achieved by Lemieszek (2009), who found out that H2O fraction 

decreased viability and proliferation of tumor cells, not forgetting that Lemieszek used three 

cell lines in his study; human lung carcinoma (A549), colon adenocarcinoma (HT-29), and rat 

glioma (C6) cell cultures, but not 5637 cell line 43. The mushroom itself, in the same study and 

also in other studies, showed toxicity just against tumor line cells and decreased the viability of 

normal cells in some cases by very high concentrations 43,51,67.  

Anyway, the Fomitopsis is edible when it is still young; this means it should be nontoxic 

against normal cells.  This was confirmed by most of our results with HaCaT cells. Moreover, 

MeOH and H2O extracts of mycelium and H2O extract of the fruiting bodies of Fomitopsis 

betulina increased cell viability compared to control. Only the MeOH extract of Fomitopsis 

betulina fruiting bodies was over a concentration range from 15.6 to 250 µg/ml cytotoxic, with 

IC50 value of 12.4 µg / ml. 

Moreover, some isolated triterpenes from Fomitopsis betulina also showed toxicity towards 

tumor cells but not to normal cells. Betulinic acid (2) (P.5.4.2) was cytotoxic against 

neuroectodermal tumor cells and seems to be selective for tumor cells, since minimal toxicity 

against normal cells was observed 125,126. 

Another triterpene from Fomitopsis betulina, polyporenic acid C (3) (P.12.1), induced 

apoptosis in human lung cancer A549 cells 127. Induction of cancer cell death was also noticed 

by ergosterol peroxide (5) (P.11.3.1) from Ganoderma lucidum 
128. Presently, our results do not 

support the useful application of Fomitopsis betulina against tumor diseases. However, further 

applications against a broader spectrum of tumor cells are necessary. 
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5.3   In Vitro Wound Healing Activity 

 

This fungus was used for various medicinal purposes before modern medicine superseded 

many natural healing methods. Stripes of Fomitopsis betulina fruiting bodies were used 

externally as styptic and charcoal of this polypore was appreciated as an antiseptic 46. 

Different extracts and some pure compounds of Fomitopsis betulina were tested in vitro for 

their wound healing activity using scratch assay as an in vitro simulation of proliferation phase 

in the wound healing process.  

Wound healing consists of an orderly progression of events that re-establish the integrity of the 

damaged tissue: inflammatory, proliferation, and remodeling stages. The inflammation stage 

begins immediately after injury, first with vasoconstriction that favors homeostasis and releases 

inflammation mediators. The proliferative phase is characterized by granulation tissue 

proliferation formed mainly by fibroblast and the angiogenesis process. The remodeling stage 

is characterized by reformulations and improvement in the components of the collagen fiber 

that increases the tensile strength 129.  

In vitro systems are generally rapid, simple, and less costly and involve minimal ethical 

considerations compared with in vivo wound models. In addition, several pharmacological 

agents or factors at different concentrations can be investigated simultaneously without the 

inherent heterogeneity of in vivo models. Furthermore, in vitro models are appropriate to study 

the mechanism of action of a compound, which is complicated in vivo 93. 

To screen for stimulatory effects on wound relevant human cells, an in vitro wound model 

(scratch assay) using HaCaT human keratinocytes was applied. Briefly, HaCaT monolayers 

were scratched using a 4-rowed cell scraper. Images were captured at the beginning and at 

regular intervals during cell migration to close the scratch and compared to quantify the 

migration rate of the cells. Scratch areas were calculated after 24 and 48 hours. To minimize 

unspecific stimulation of cell migration/proliferation, cells were cultivated in low glucose 

medium containing only 1 % FCS. Aloe vera served as positive controls, and dexamethasone as 

negative control 130. H2O and MeOH crude extracts of fruiting bodies and mycelium 

of Fomitopsis betulina were tested in different concentrations. The effect of the extracts on the 

proliferation of HaCaT cells was measured with MTT assay and so we have determined which 

non-toxic concentration could be used in the scratch assay. In the literature there are reports 

about fungi with an in vivo wound healing effect. Kwon (2009) investigated whether oral 

administration of the fungus Sparassis crispa could improve the impaired wound healing in 

diabetic rats and found that wound closure was significantly accelerated by oral administration 
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of Sparassis crispa 
131. Furthermore, in treated wounds there were significant increases in 

macrophage and fibroblast migration, collagen regeneration, and epithelialisation compared 

with the control group 131. Cheng (2013) evaluated the wound healing activity of hot H2O 

extract of Ganoderma lucidum in Streptozotocin-induced diabetic rats and his study showed 

that topical application of aqueous cream incorporated with varying concentrations of the 

fungal extract of Ganoderma lucidum significantly (p < 0.05) enhanced the rate of wound 

healing 132. Another mushroom (Hericium erinaceus) enhanced the acceleration of wound 

healing enclosure in rats 133.  

Investigations in our group showed that extracts of Lentinula edodes, Calvatia 

gigantea, Ganoderma lucidum, and Ganoderma pfeifferi reduced time to wound closure 95. In 

the same test the Fomitopsis fruiting bodies extracts showed no significant positive result on 

the wound closure process. Wound closure rate under the influence of MeOH extract of 

Fomitopsis betulina in the concentration 10 µg/ml was well above the control level, but the 

individual values scattered very strong. The H2O extracts of Fomitopsis betulina (30 µg/ml) led 

to wound closure rates that were after 48 hours significantly above that of the control cell 130. In 

another test, the cells were exposed (before applying the test extracts) to UV radiation light 

type (UVB) which serves as an exogenous noxious agent in the cell model. The used irradiation 

doses inhibit the growth of the cells but do not kill them and so the test stimulates simply the 

UV-exposure of the skin from the sunlight. This test was so applied to study the effect of the 

fungal extracts on the proliferation of the UV-damaged cells.  

As suitable doses for the scratch assay 5, 10, and 15 mJ/cm² UVB came in question, since 

higher doses made a detection of wound healing impossible. In the literature, Mammone (2000) 

found out that after irradiation with low doses (<10 mJ/cm² UVB), the HaCaT Keratinocytes 

continue to be able to repair the cell defects. However at high UVB doses, irreversible damage 

results 134. 

Extracts in this work were each in a concentration of 5 µg/ml used; the hot H2O extract was 

also with 25 µg/ml added. No wound healing effects were observed for the fruiting bodies 

extracts. In contrast to this, treatment of the cells with a hot H2O or EtOAc extract of the 

cultivated mycelium (at a concentration of 25 µg/ml) resulted in a significantly accelerating 

wound healing activity after 48 hours. Furthermore, the last two extracts showed slight, but not 

significant effects on UVB-loaded keratinocytes. 

So, summarizing our studies, we can say that mycelium extracts were the only active extracts 

with wound healing stimulating effect, whereas from all fruiting bodies extracts -which some of 

them were weak cytotoxic- no activity could be noticed.  
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In a stage later, pure substances from the fungi Fomitopsis were tested for their wound healing 

properties. The substances are: betulin (1) (P.5.4.1), betulinic acid (2) (P.5.4.2), polyporenic 

acid C (3) (P.12.1), polyporenic acid A (4) (P.12.2), fomefficinic acid (8) (P.14.1), and the 

novel triterpenoid (11) (P.14.2); 3-acetoxy-16 hydroxyl-24-oxo-5-lanosta-8(9) diene-30-

oic acid). Without radiation none of the substances had a stimulative effect on the wound 

healing process. After exposure to the UV lights, only the 3β-acetoxy lanostane triterpenoid 

(11) (P.14.2) slightly accelerated the wound closure rate. The result needs further verification, 

since it is proven that betulin (1) (P.5.4.1) and other pentacyclic triterpenes from birch bracket 

are potential factors for the process of wound healing. Birch bark itself is identified as the first 

medical plant with a high potential to improve wound healing 135. The reproducibility of the test 

needs in later studies more search to be confirmed. 

 

 

5.4 Anti-adhesive Activity against Campylobacter jejuni 

 

Binding of microbial cell surface adhesins to host receptor molecules is a critical early step in 

microbial infection and pathogenesis. Anti-adhesive strategies aimed at blocking this 

interaction offer an attractive means of preventing infection at an early stage 136. 

Many plant extracts have been investigated on their anti-adhesive effects, mostly against 

Helicobacter pylori or Campylobacter jejuni. An in vitro test of Green Tea (Camellia sinensis) 

extract demonstrated anti-adhesive activity against Staphylococcus aureus, Propionibacterium 

acnes and Helicobacter pylori 137. Cranberry proanthocyanidins have been identified as 

possible inhibitors of Escherichia coli adherence to uroepithelial cells 138. 

Campylobacter jejuni, which was used in our adhesion protocol, is a closely related strain of 

Helicobacter pylori, and has been recognized as an important cause of diarrhea and enteritis in 

humans. Contaminated meat is the main source of Campylobacter enteritis 139. 

So far reports about two mushrooms with anti-adhesive activity are published; proteinase 

inhibitors, which were isolated from the two basidiomycetes Laccaria amethysthina and 

Aureobasidium spp. inhibited the adhesion of the microfungus Candida albicans to endothelial 

and epithelial cells 140. There is no earlier study about the anti-adhesive effect of Fomitopsis 

betulina against this microorganism or other microbial or fungal strains. In this work it has 

been proved that both mycelium and fruiting bodies extracts have prevented the adhesion of 

Campylobacter jejuni on the cell surface of HT-29 cells. HT-29 is a human colon 
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adenocarcinoma cell line. MeOH as well as H2O extracts showed anti-adhesive effects, this was 

not the case with the EtOAc extract; the only extract with no activity. Since it was found earlier 

in this work that the EtOAc extract showed the strongest antibacterial as well as antifungal 

activity, we could say clearly that the anti-adhesive activity in this case is not related to the 

antibacterial effect of the fungi or not caused by them. 

Importantly, the cytotoxic effects against the cells which were used as host cells for 

Campylobacter are low. Only the H2O extract of Fomitopsis betulina showed significant 

cytotoxic effects of more than 20 % which gives a realistic anti-adhesion result for those two 

Fomitopsis betulina extracts. In our opinion, two groups of substances could be responsible for 

the anti-adhesive activity: polysaccharides for the activity of the aqueous extract and triterpenes 

for the activity of the MeOH extract. Lengsfeld et al. (2004) demonstrated that the anti-

adhesive activity of blackcurrant (Ribes nigrum L.) seed against Helicobacter pylori was 

caused by polysaccharides 141. To the best of our knowledge, antiadhesive effects of triterpenes 

are till now not described.  

Further investigation of the single substances of this mushroom should be done to identify 

clearly the responsible compounds of the anti-adhesive effect. Besides, investigations for anti-

adhesive activity against Helicobacter pylori are necessary. 

 

 

5.5 Determination of Total Triterpenes 

 

Triterpenoids occur in all major groups of organisms from fungi to humans as secondary 

metabolites 142. In higher fungi they are one of the most important groups and show a wide 

range of biological activities from antibacterial to anti-inflammatory to antitumor and other 

activities 121,143. The two major groups of triterpenes in basidiomycetes are the lanostane 

triterpenoids and ergosterol derivatives. According to Yokoyama (1975) ergosta-7,22-dien-3β-

ol is the major sterol in the Polyporaceae and related families 144. In addition, ergosterol 

peroxide (5) (P.11.3.1) has been isolated from a variety of mushrooms and exhibited various 

biological activities 145.   

As the knowledge of the quantity of triterpenes in the crude extracts of the mushroom can help 

to explain their activity, we decided to quantify these compounds in the fruiting bodies and 

mycelium of the fungus Fomitopsis betulina. For the quantification of triterpenoids, there are in 

the literature two main classical methods, the first one is to determine the main individual 
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triterpenoids, which have been already isolated from the fungus, using high-performance liquid 

chromatography (HPLC) or thin layer chromatography (TLC). The other method is to estimate 

the total triterpenoids content by a colorimetric method, such as the vanillin–perchloric acid 

spectroscopic method 146. Most quantification methods of triterpenes in plants or fungi were 

developed for the determination of individual triterpenoids which have been already isolated 

from the same fungi or plant 113,117. 

In this work, determination of the total content of triterpenes was achieved by applying the 

principle of Liebermann–Burchard reaction and using spectroscopic methods. 

Liebermann–Burchard reaction (acetic anhydride- conc. H2SO4) is a widely used test, which 

produces a blue-green color with most sterols and triterpenes 152. This blue-green color begins 

as a purplish, pink color and progresses through to a light green then very dark green color. The 

color is due to the hydroxyl group (-OH) reacting with the reagents and increasing the 

conjugation of the unsaturation in the adjacent fused ring (Figure 106) 153. 

 

 

Figure 106. Principle of Liebermann-Burchard-Reaction 154  

 

The average total content of triterpenoids in the fruiting bodies of Fomitopsis betulina was 

determined as 1.9 % of the dried raw material and in the mycelium as 1.5 % of the dried raw 

material. 

There are no earlier reports about the total content of triterpenoids in this basidiomycete. In 

other studies of triterpenoids-rich fungi like Ganoderma lucidum, the individual triterpenes 

were studied and quantified and even in such cases the content changes in the different stages 

of growth 148. It was in eight Ganoderma samples (calculated as ganoderic acids) between 

0.28~2.20 % 155. In one study, where supercritical CO2 extraction was used, the total content of 

triterpenoids in Ganoderma lucidum spores could be determined as 160 mg/g (16 %) 156. In 

another basidiomycete, Antrodia camphorata, the total content, calculated as a sum of ten 

https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCYQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FLiebermann%25E2%2580%2593Burchard_test&ei=vW18VJfKJojCOb2xgZgK&usg=AFQjCNG9OEXtREw4gn-UKY-z9Ps0-Wa8Sg&sig2=CFu-oAy3vG5vmWR5tHUrQA&bvm=bv.80642063,d.ZWU
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triterpenes, was under 1 % 157. In further researches on this subject, the different growth stages 

of the Fomitopsis should be investigated and considered in the comparison with literature.  

 It is known that the bark of the birch tree, on which the Fomitopsis grows is a very rich source 

of the triterpene betulin (1) (up to 30 % of the bark) 158, and other triterpenoids like betulinic 

acid (2) and lupeol 159.  This can explain why the fruiting bodies (which were collected from 

the birch tree) have a higher concentration of triterpenes than the mycelium which was 

cultivated under artificial conditions in the laboratory. It remains open if mycelium growing in 

nature inside the tree (this natural mycelium was not analyzed here) would have higher content 

of triterpenes. Besides, the question arises if the mushroom produces all triterpenes by itself or 

if it takes some from the host tree. 

In addition, the triterpene content was determined in a bark of a Betula pendula tree not 

carrying Fomitopsis and in a bark of a Betula pendula tree carrying Fomitopsis fruiting bodies, 

in the last case the bark was in a degrading phase. 

The higher content of triterpenoids was noticed in the fruiting bodies of the Fomitopsis, and the 

less was in the degrading bark, which is understood as the bark in decomposition phase will 

lose its organic material. The difference in the content of triterpenoids between the cultivated 

mycelium and the fruiting bodies, with the advantages to the fruiting bodies, could enhance the 

role of the birch bark in the enriching the fungi growing on it with triterpenes.   

Wang et al. (2014) studied the effect of extracts from bark of birch (Betula platyphylla Suk.) on 

steroid production of Inonotus obliquus in submerged culture and came to the conclusion that 

birch bark possessed significantly stimulatory effect on steroid production of Inonotus obliquus 
160. This could comply with our results. However, the role of the birch and its relation to the 

triterpenoids content in the Fomitopsis should be further studied. 

 

 

5.6 Mycelium and Fruiting Bodies  

 

Alternative or substitute mushroom products to fruiting bodies are their mycelia, mainly 

derived from submerged cultures. Growing mushroom mycelium in liquid culture on a defined 

nutrient medium has long been a simple and fast alternative method to produce fungal biomass. 

Some studies have already shown that the mycelium biomass of different medicinal mushrooms 

possesses pharmacologic properties comparable to those of mushroom fruiting bodies 161,127,129.  
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In our investigations, one of the culture extracts, EtOAc extract of culture broth, showed 

stronger antibacterial properties than extracts of the fruiting bodies. This activity is possibly 

caused by piptamine which has been isolated from the mycelium (in the fruiting bodies not yet 

identified) 62. It seems that the cultivated mycelium delivers the active compounds into the 

surrounding culture medium. Otherwise, the number of different active extracts from the 

fruiting bodies was higher than those from the mycelium culture. 

The triterpenoid content in the fruiting bodies, analyzed in this work, was higher than in 

mycelium. Moreover, it could be noticed from different TLC and HPLC spectra of both that the 

mycelium shows a smaller number of peaks or bands in average. Some of the peaks in the 

mycelium extracts had higher AUC than their relates in the fruiting bodies, which means that 

their concentrations are higher, so that we could come to the conclusion that the mycelium is 

possibly more qualitative in comparison to the quantitative fruiting bodies (Figure 107 and 

Figure 108). No attempts have been made to isolate triterpenes from the mycelium in this work. 

 

 

Figure 107. HPLC fingerprint of the MeOH extract of the fruiting bodies of Fomitopsis 

betulina. Conditions: C-18 (4.6×250mm, 5μm) column, acetonitrile: H2O, λ=205(pink), 

254(yellow), 285(green) and 325 nm (red), 1 ml/min flow rate 
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Figure 108. HPLC fingerprint of the MeOH extract of the mycelium of Fomitopsis betulina. 

Conditions: C-18 (4.6×250mm, 5μm) column, acetonitrile: H2O, λ=205(pink), 254(yellow), 

285(green) and 325 nm (red), 1 ml/min flow rate 

  

 

5.7 (1,3)-β-D-Glucan 

 

Fungal cell walls contain chitin, hemicelluloses, mannans, and among the most interesting 

functional components, β-glucans 165. The glucan component is predominantly composed of 

glucose polymers linked in a linear arrangement by carbons 1 and 3 through a glycosidic bond 

with a beta configuration to form the (1,3)-β-D-glucan backbone 166. A high level of biological 

efficiency has been found in β-glucans, especially in (1,3)-β-D-glucans and (1,6)-β-D-glucans 

isolated from some basidiomycetes 167. The healing and immunostimulating properties of 

mushrooms used in East Asia traditional medicine are mainly attributed to group of β-glucans 
168. These substances increase host immune defense by activating complement system, 

enhancing macrophages and natural killer cell function. β-glucans also show anti-carcinogenic 

activity 168. They can prevent oncogenesis due to the protective effect against potent genotoxic 

carcinogens. As immunostimulating agent, which acts through the activation of macrophages 

and NK cell cytotoxicity, β-glucan can inhibit tumor growth in early stage too 166. Anti-

angiogenesis can be one of the pathways through which β-glucans can reduce tumor 

proliferation, prevent tumor metastasis 168. β-glucan as adjuvant to cancer chemotherapy and 

radiotherapy demonstrated the positive role in the restoration of hematopoiesis following by 

bone marrow injury 168. A number of β-glucans, for example pleuran from Oyster mushroom 

(Pleurotus spp.) or lentinan from Shiitake (Lentinula edodes) mushrooms, have shown marked 
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anticarcinogenic activity 167. In addition to having an immunity-stimulating effect, β-glucans 

may participate in physiological processes related to the metabolism of fats in the human body 
167. Their application results in a decrease in the total cholesterol content in blood and may also 

contribute to reductions in body weight 167. 

Water-insoluble, alkali-soluble polysaccharides, (1,3)-α-D-glucans were isolated from fruiting 

bodies of Fomitopsis betulina. All the tested (1,3)-α-D-glucans were toxic against the HeLa 

tumor cell line 67. 

A mixed type glucan, named piptoporane I, containing both α and β linkages has been also 

detected from the birch bracket fungus. Piptoporane I is a branched glucan, its backbone is built 

from the residues of (1,3)-α glucopyranose substituted at the C6 position by the single residues 

of β-D-glucopyranose by 17.3 % 68.  

The β-glucan concentration varies in basidiomycetes; in some members of the genus Boletus, β-

glucans comprise 2–13 % of digestible dry matter. In other mushrooms the β-glucan 

concentration ranges from 0.21 to 0.53 g/100 g on a dry basis; in Pleurotus ostreatus about 38 

mg/100 g and in Lentinula edodes 22 mg/100 g were determined 167. However, the used 

analytical methods for determination of glucans are very different so that the results do not 

necessarily relate to the content of biologically active glucans. To find a correlation to the 

immunological effect we used the glucatell assay. It uses amebocytes from horseshoe crabs. In 

nature, the animals use these blood cells to protect themselves against invading microbes. Upon 

contact with bacterial endotoxins, the amebocytes degranulate and release zymogens involved 

in a clot forming pathway. These zymogens become active serine proteases in two ways: (1) 

endotoxins (lipopolysaccharides) of gram-negative bacteria activate Factor C, or (2) (1,3)-β-D-

glucan activates Factor G (1,2). Both activation events result in clot formation when 

coagulogen is cleaved to coagulin by the clotting enzyme. The inclusion of a chromogenic 

peptide substrate in the reagent permits spectrophotometric quantitation of the activated 

proclotting enzyme. By removing factor C the test became specific for determination of (1,3)-

β-D-glucan (product description glucatell assay, Pyroquant). 

In our work, the total content of (1,3)-β-D-glucan in the H2O extracts was determined with 3.85 

% in the fruiting bodies and 2.27 % in the mycelium. We assume that the high β-glucan content 

in Fomitopsis betulina possibly contributes to the positive effects of this mushroom in ethno 

medicine. Investigations at immune cells are necessary to check this hypothesis.  
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5.8 Triterpenes from Fomitopsis betulina 

 

5.8.1 Betulin (1) ( P.5.4.1)  and Betulinic Acid (2) ( P.5.4.2) 

 

Betulin (1) (P.5.4.1) and betulinic acid (2) (P.5.4.2) were obtained as white crystals from the 

EtOAc fraction of MeOH extract of fruiting bodies of Fomitopsis betulina. On TLC analyses 

betulinic acid (2) (P.5.4.2) and betulin (1) (P.5.4.1) appeared at very near RF, and after spraying 

with anise aldehyde reagent found as red to orange spots. This is understandable regarding to 

their related molecular structures. According to Kovač-Bešović (2009), anisaldehyde-sulphuric 

acid reagent, colors separated triterpene substances as well as triterpene standards (betulin, 

betulinic acid, lupeol and oleanolic acid) in shadows of violet color and does not show 

fluorescence under UV lamp on wavelengths of 254 and 366 nm 169. 

Among the pentacyclic triterpenes from lupine type, betulin (1) (P.5.4.1) is the most abundant 

in nature. It is also a precursor in the biosynthesis of the most biologically potent compound 

belonging to this group, betulinic acid (2) (P.5.4.2). Betulin (1) (P.5.4.1)  was one of the first 

natural products to be isolated from plants as a pure chemical substance 170. It is a constituent of 

the cork layer of the outer bark of Betula alba, Betula pendula, Betula pubescens, and Betula 

platyphylla. Other sources are Diospyros leucomelas, Nelumbo nucifera, Zizyphus mauritiana, 

and seeds of Ziziphus vulgaris var. spinosus 
170

. Its content in birch bark varies between 10 and 

30 % 171. The antiphlogistic activity of betulin (1) (P.5.4.1) was confirmed in various 

experimental models. For example, betulin (1) (P.5.4.1) revealed a marked inhibition of the 

carrageenin- and serotonin-induced rat paw edema. Its activity was comparable to that of the 

standard anti-inflammatory agents phenylbutazone and dexamethasone 170. Moreover, betulin 

(1) (P.5.4.1) was also shown to be a selective inhibitor of DNA topoisomerase II and exhibited 

antiviral activities against a number of viruses 172,173. Much effort was done to study betulin (1) 

(P.5.4.1) derivatives. Betulin (1) (P.5.4.1) has three positions in its structure, namely secondary 

hydroxyl group at position C-3, primary hydroxyl group at position C-28, and alkene moiety at 

position C-20, where chemical modifications can be easily performed to yield derivatives for 

structure–activity relationship (SAR) studies.  Studies at the positions C-3 and C-28 

demonstrated that simple chemical modifications of the parent structure of betulin (1) (P.5.4.1) 

can produce potentially important derivatives, which can act as antitumor drugs 159. Sun (1998) 

has found out that diacylated betulin (1) (P.5.4.1) derivatives at C3 and C28 showed 
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remarkable anti-HIV activity 174. In addition, several betulin (1) (P.5.4.1) derivatives showed a 

noteworthy antitumor activity 175, antiviral activity 176, caused cancer cell death by the 

induction of apoptosis 177, inhibited the growth of  the intracellular bacterium Chlamydia 

pneumonia 178, and showed promising activity against Leishmania donovani that causes fatal 

visceral disease 170. Betulin (1) (P.5.4.1)  can be easily converted to betulinic acid (2) (P.5.4.2), 

which possesses a wide spectrum of biological and pharmacological activities 179,180. This fact 

motivated some researchers to study the possibility of a natural conversion of betulin (1) 

(P.5.4.1) to its acid. Feng et al. (2013) have found out that betulinic acid (2) (P.5.4.2) and its 

derivatives can be formed by means of a transformation with the cultured fungus 

Cunninghamella blakesleeana cells 181. The transformation can be caused as well by pre-

cultured other fungal mycelium 182. 

Betulinic acid (2) (P.5.4.2) is a lupane-type triterpene found in many plant species 180. It 

exhibits anti-HIV-1, antibacterial, antifungal, antiplasmodial, and anti-inflammatory activities 
179. It  has also been reported to inhibit growth of cancer cells, without affecting normal cells 
183. 

In addition, betulinic acid (2) (P.5.4.2) showed  strong anthelmintic activities comparable to 

piperazine 184, was active against herpes simplex virus 185 and protected mice against cerebral 

ischemia–reperfusion injury 186.  Some derivatives of betulinic acid (2) (P.5.4.2) possess 

antiprotozoal activity against Leishmania amazonensis 
187

.  

The hydroxylation at the C3 position is likely to enhance the apoptotic activity of betulinic acid 

(2) (P.5.4.2) (23-hydroxybetulinic acid and 3-oxo-23-hydroxybetulinic acid) on murine 

melanoma B16 cells 188. 

Moreover, carbamate derivatives of betulinic acid (2) (P.5.4.2) showed selective cytotoxic 

activity on lung tumor cell line 189 and phthalates derivatives had higher cytotoxic activity 

against cell lines of different histogenetic origin, including drug resistant tumors 190. 

In our work, betulinic acid (2) (P.5.4.2) exhibited very limited antibacterial activity against the 

gram positive Staphylococcus aureus. This is in contrast to Fontanays (2008), who could not 

observe any antibacterial activity 191 but it agrees to the work of Chandramu (2003), which 

demonstrated mild antibacterial activity of betulinic acid  (2) (P.5.4.2) against Bacillus subtilis 

180
.  

The content of betulinic acid (2) (P.5.4.2) in the fungus, determined in this study, was about 0.1 

% of the dry material. This means that the fungus, in contrast to the birch, is not a suitable 

source of betulinic acid. 

https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCEQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FStaphylococcus_aureus&ei=GQWPVKnaCYXwUMXwgOAP&usg=AFQjCNEYgkGKhQsz1IgPnpagcEeVMY4UrA&sig2=obnDDjVGtzrCXYPFJuSDCA&bvm=bv.81828268,d.bGQ
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The content of the precursor of betulinic acid (2) (P.5.4.2); betulin (1) (P.5.4.1) could not be 

determined in the fungus.  

 

 

5.8.1.1 Birch Bark and Fomitopsis 

 

Birch bark itself is a potential source for a variety of organic chemicals; several triterpenoids 

have been identified in birch bark extracts. The most important triterpenoids are lupeol and 

betulin (1) (P.5.4.1) 192. The outer birch bark from boreal forests contains the highest quantity 

of triterpenoids of all plants (20–35 %) 171. It was found out in this work that the Fomitopsis 
fungus shares with the birch bark at least two of its triterpenoids, betulin (1) (P.5.4.1) and 

betulinic acid (2) (P.5.4.2). 

The historically recognized internal use of birch bark coupled with the measured low toxicity of 

triterpenes support the use of birch bark extracts and isolated substances in food industry, 

cosmetics, biocides, washing materials, and agrichemicals 171,193. 

Recently, betulin (1) (P.5.4.1), betulinic acid (2) (P.5.4.2), and birch bark extract have been 

patented as additives in cosmetics 171,193. The antimicrobial properties of betulin (1) (P.5.4.1) 

can be used in low-irritation cosmetics and antipathogenic fungi cosmetics. Since betulinic acid 

(2) (P.5.4.2) is an apoptosis inducer in skin cancer cells and causes differentiation in normal 

human keratinocytes 188, this supports its application not only for drugs but also for cosmetics. 

The betulin (1) (P.5.4.1) gel was approved in 2016 by the European Commission as the first 

topical therapeutic agent with proven clinical benefit of accelerated wound healing. The active 

ingredient of the gel consists of > 80 % betulin (1) (P.5.4.1) and < 20 % of other triterpenes, 

mainly betulinic acid (2) (P.5.4.2), lupeol, erythrodiol, and oleanolic acid 194. 

Cosmetics developers believe that betulinic acid (2) (P.5.4.2) (at 50–500 mg per gram of 

cosmetic) may prevent and help to treat UV-induced skin cancer 171. In addition, the birch tree 

has probably stimulating effect on the building of triterpenes in the fungus, which gives it more 

potentiality in this field of use (Paragraph 5.5). 

Since it was proved in this work, that betulin (1) (P.5.4.1) and betulinic acid (2) (P.5.4.2) exist 

in Fomitopsis and since the toxicity tests that complied with the literature proved the edibility 

nature of the mushroom, we can support further researches on the application of the Fomitopsis 

in cosmetic products. The disadvantage of being low concentrated in the fungus compared to 

the bark can be rebalanced by the diversity of enough biologically active triterpenoids in 

Fomitopsis.   
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This case could be compared to the case of the antitumor taxol; the primary source of taxol has 

been the harvested and dried inner bark (phloem-cambial tissues) of Taxus brevifolia (Pacific 

yew), later Stierle et al. (1993) reported the independent biosynthesis of taxol in an endophytic 

fungus -Taxomyces andreanae- isolated from Taxus brevifolia 
195,196

. This doesn’t mean that 

every bracket fungus should share or derive its active compounds from its host tree. For 

example, and although the role of the host tree in determining the composition of different 

chemical groups (polysaccharides and triterpenes) of Ganoderma lucidum is already known 197, 

the sharing of these chemical groups between the host tree and the Ganoderma is not known.   

 

 

5.8.2 Ergosterol Peroxide (5) (P.11.3.1) and 9, 11-Dehydroergosterol 

Peroxide (6) (P.11.3.2) 

 

Ergosterol was discovered over 100 years ago in the plant pathogenic ergot fungus Claviceps 

purpurea and has been considered the ‘‘fungal sterol’’ for almost 125 years 198. But according 

to actual knowledge ergosterol is not present in all fungi, and the misconception came about 

because most of the first fungi analyzed for sterols were among later diverging species 

(Ascomycota and Basidiomycota), in which ergosterol is dominant 36. Regarding the important 

derivate of ergosterol, namely ergosterol peroxide (5) (P.11.3.1), there have been some doubts 

if it is a real intermediate of fungal metabolism or an artifact caused by light or compounds 

capable of inducing peroxidation. The experiments of Nemec (1997) with the addition of the 

antioxidant BHT and work in dark gave the same results as working in daylight without 

addition of BHT, suggesting that ergosterol peroxide (5) (P.11.3.1) was a product of fungal 

metabolism 199. Nes (1989) and coworkers also presented evidence that ergosterol peroxide (5) 

(P.11.3.1) was not an artifact of the isolation procedures 200. For Saccharomyces 

cerevisiae and Gibberella fujikuroi it was proposed that ergosterol peroxide (5) (P.11.3.1) was 

metabolized from ergosterol 200, while other authors 201, through following enzymes during the 

sterol biosynthesis of yeasts, gave another explanation, ergosterol peroxide (5) (P.11.3.1) being 

a precursor of ergosterol. 

In the contrast, Adam (1967) suggested this compound to be an artifact, which arises from 

oxidation or photo oxidation of ergosterol induced by air 202. Considering the biosynthesis, 

Batrakov (2004) suggested that ergosterol peroxide (5) (P.11.3.1) to be either an intermediate in 

the H2O2-dependent enzymatic oxidation in the biosynthetic pathway of steroidal dienes or a 
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product of detoxification of reactive oxygen species 203. Its content in cells depends on many 

factors, on the level of reactive oxygen species or individual ratio between ergosterol peroxide 

(5) (P.11.3.1) formation and its conversion back into ergosterol 203. 

Moreover, it can be assumed that ergosterol peroxide (5) (P.11.3.1) is a common compound 

found in higher fungi 204, as it has been isolated from various species of edible and medicinal 

mushrooms e.g., Ganoderma lucidum, Cordyceps sinensis and Volvariella volvacea 
205,206,207

. 

Ergosterol peroxide (5) (P.11.3.1) was found as well in plants; e.g. Melilotus messanensis 208, 

microscopic fungi like Aspergillus species 199, and in yeasts as Saccharomyces cerevisiae 200. It 

is active against various tumor cell lines originated from human cancer patients and from 

murine sources 209. The cytotoxicity is assumed to be relevant to its conversion to ergosterol, 

accompanied by the formation of highly toxic peroxide products 210. Qing-Ping Wu et al. 

(2012) claimed that ergosterol peroxide (5) (P.11.3.1) represents a promising new reagent that 

can overcome the drug-resistance of tumor cells 128. 

Moreover, recent studies showed that the cytotoxicity of ergosterol peroxide (5) (P.11.3.1) on 

HL60 cells results from its ability to induce apoptosis 211. In addition, the cytotoxicity was a 

little less in normal immortalized cells than in cancer cells 212. 

Ergosterol peroxide (5) (P.11.3.1) was in one study assumed to have some antiinflammatory 

effects, it could be suitable for prevention and treatment of rheumatoid arthritis 213. In another 

study it exhibited immunosuppressive activities 214.  

The second sterol which we isolated in our work, 9, 11-dehydroergosterol peroxide (6) 

(P.11.3.2), is less active than ergosterol peroxide (5) (P.11.3.1) but still shows some important 

bioactivities. It exhibited immunosuppressive effects 204 and  selectively suppressed the growth 

of HT29 human colon adenocarcinoma cells but not the WI38 (normal human fibroblasts) 215. 

In which extent the identified sterols contribute to the effects of Fomitopsis betulina cannot be 

decided till now.  

 

 

 

 

 

 



135 
 

5.8.3 Fomefficinic Acid (8) (P.14.1), Polyporenic Acid C (3) (P.12.1), 

Polyporenic Acid A (4) (P.12.2), and Three Lanostane Triterpenes 

 

All these six substances, which could be isolated from the EtOAc fraction of the MeOH extract 

of the fruiting bodies of Fomitopsis betulina, belong to the lanostane triterpenoids group. Fungi 

belonging to the Polyporaceae are known as a source of tetracyclic triterpenes of the lanostane 

group 216,217.  

Polyporenic acid C (3) (P.12.1) has been identified as constituent of some fungi, besides 

Fomitopsis betulina 60, Coriolus sanguineus 
218, Daedalea dickinsii 

219, Polyporus benzoinus 

220, Fomitopsis pinicola 
221, and Poria cocos 

222. Moreover, it has been reported to have 

antibacterial, anti-virus, anti-inflammatory, cytotoxic, and anti-oxidant activities 48,92,180. It 

suppresses the proliferation of human pancreatic cancer cell lines 225, and those of A549 cells 

by the induction of caspase-8-mediated apoptosis 127. Gao Li (2004) detected the inhibitory 

effect of polyporenic acid C (3) (P.12.1) on DNA topoisomerase I and II 226. DNA 

topoisomerases I and II are important molecular targets for anticancer drugs. Inhibition of these 

enzymes is one of major mechanisms through which chemotherapeutic agents exert direct 

cytotoxicity to human cells 184,192.  

In our work polyporenic acid C (3) (P.12.1) was tested for antibacterial activity and showed 

some activities against gram positive bacteria; Bacillus subtilis and Staphylococcus aureus, 

which complies with the above-mentioned literature. 

Fomitopsis betulina is not only a source of polyporenic acid C (3) (P.12.1) but also of 

polyporenic acid A (4) (P.12.2) 227. In 1939, Cross, Eliot, Heilbronn, and Jones isolated three 

acids, polyporenic acids A(4) (P.12.2), B, and C (3) (P.12.1) from the birch-tree fungus 

Fomitopsis betulina 
228,229

. Polyporenic acid A (4) (P.12.2)  proved to be promising anti-

inflammatory agent by strongly inhibiting 3α-hydroxysteroid dehydrogenase, inhibiting 

bacterial hyaluronate lyase and suppressing the TPA-induced edema 60,99. 

 Polyporenic acid A (4) (P.12.2) has been shown to occur in Fomitopsis betulina mainly in the 

form of conjugates, in which the 3-α-hydroxyl group is esterified with biologically important 

molecules as malonic and hydroxymethyl glutaric acids 227. This fact was confirmed 40 years 

later by Kamo et al. (2003) and Wangun et al. (2004) 99,60. Wangun isolated (25S)-(+)-12α-

hydroxy-3α-methylcarboxyacetate-24-methyllanosta-8,24(31)-diene-26-oic acid (7) (P.12.3) 

from Fomitopsis (isolated as well from us here, Figure 48) and Kamo 2004 isolated two 

derivatives, (25S)-(+)-12α-hydroxy-3α-malonyloxy-24-methyllanosta-8,24(31)-dien-26-oic 
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acid (9) (P.12.4) (also here isolated, Figure 49) and (25S,3´S)-(+)-12α-hydroxy-3α-(3`-

hydroxy-3`-methyl glutaryloxy)-24-methyllanosta-8,24(31)-dien-26-oic acid (10) (P.13.2.1) 

(also here isolated, Figure 50) both from Fomitopsis. The three last  triterpenes exhibited anti-

inflammatory activities 60,99. The derivatives of polyporenic acid A which are esterified on the 

3-α-hydroxyl group showed stronger activities than polyporenic acid A (4) (P.12.2) itself. This 

gives us more understanding to the relation structure-activity in the polyporenic acid A and 

illuminates the role of the esterification of the 3-hydroxy group in its biological activity. 

Moreover, another similar lanostane derivative has been isolated in this work from the fungus 

Fomitopsis betulina, fomefficinic acid A (8) (P.14.1). If we take the hydroxyl group from 

carbon 16 off and eliminate two protons from the ring C in the polyporenic acid C (3) (P.12.1), 

we get then fomefficinic acid A (8) (P.14.1). This triterpenoid takes its name from the fungus, 

from which it was first isolated, Fomes officinalis 
100

. Li Wei (2014) reported the isolation of 

fomefficinic acid (8) (P.14.1) from another fungus, Laetiporus cremeiporus 
230

. No biological 

activities were identified yet in this substance, which we -in our work- could not contrast. 

 

 

5.8.4 The Novel Lanostane Triterpene, 3-acetoxy-16 hydroxyl-24-oxo-5-

lanosta-8-ene-21-oic acid (11) (P.14.2) 

 

 As a compound not previously described, 3-acetoxy-16 hydroxyl-24-oxo-5-lanosta-8-ene-

21-oic acid was isolated 101 (Figure 109). 

 

 

 

 

Figure 109. Structure of compound (11) (P14.2): 3-acetoxy-16  

hydroxyl-24-oxo-5-lanosta-8-ene-21-oic acid 
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The 3-acetoxy triterpenoid showed good activity against gram positive bacteria, 

Staphylococcus aureus and Bacillus subtilis 
101. It contributes to the observed antimicrobial 

activity of the fruiting bodies extracts.  

 

 

 

 

 

 

 

Figure 110. Partial structure (bold lines) established based on 1H, 1H COSY (left) and 1H, 13C 

HMBC correlation (right) 101 
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6 DISCUSSION-CALVATIA GIGANTEA 

 

6.1 Antimicrobial Activity  

 

Like Fomitopsis betulina, the extracts from Calvatia gigantea were tested for their activities 

against some bacterial and fungal strains. The family Lycoperdaceae, from which Calvatia 

gigantea is a member, is well-known for its antimicrobial activity. In a report of Dulger (2005), 

60 % of MeOH extracts of ten Lycoperdaceae species exhibited antimicrobial activity against 

the tested gram positive and gram negative bacteria 231. Activity of the species Calvatia 

gigantea itself was reported against bacterial pathogens in former studies in the literature 55. 

Moreover, chloroform extract of immature fruiting bodies had obvious inhibiting activity to 

Escherichia coli and Staphylococcus aureus 
232, as well as MeOH and EtOH extracts to 

Bacillus subtilis, Staphylococcus aureus, Escherichia coli, and to the fungal strain Aspergillus 

niger 87
. These results do not comply with our findings in the case of the fruiting bodies of 

Calvatia gigantea, where no activity was noticed in our work on the tested organisms. 

However, the culture broth extracts showed strong activity, the EtOAc extract of the culture 

broth exhibited strong inhibition activity against Staphylococcus aureus, Bacillus subtilis, and 

against the fungal strain Candida maltosa. The variation of the fungal components or their 

concentrations in the fungi upon the growing phases could explain the presence or the absence 

of some ingredients in the fruiting bodies. In this field, we could refer to the fact that Calvatia 

gigantea is edible only when it is young, which supports this theory. In case of the cultivated 

fungi, the optimal cultivation conditions could help to strengthen the presence of the active 

components, which can explain the activity of the culture broth. 

 

 

https://en.wikipedia.org/wiki/Lycoperdaceae
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6.2 Cytotoxic Activity 

 

In former studies, Calvatia gigantea was found to produce the tumor inhibitor calvacin 82. It is 

a mucoprotein, whose structure is not exactly known. It was extracted and purified from H2O 

extracts of fruiting bodies of Calvatia  gigantea and has been shown to possess antitumor 

activity against 13 out of 24 different mouse, rat and hamster tumors 80,82. However, calvacin 

produced consistent lesions in liver, kidney, and splenic connective tissue, cardiac and skeletal 

muscle  81. In another study, MeOH extract of Calvatia gigantea was reported to have brine 

shrimp cytotoxicity 88. Cochran (1978) reported that antitumor activity seems to be caused by 

different active substances 233.  

In our work, DCM, MeOH, and H2O extracts of the fruiting bodies of Calvatia gigantea were 

tested for their cytotoxic activity against the non-tumorigenic HaCaT cells and against the cell 

line 5637 (cultivated human bladder carcinoma cells). Extracts of the fungi exhibited very low 

toxicity or were harmless to both cell lines. The EtOAc culture broth extracts were only in very 

high concentration cytotoxic to the cell line 5637. 

The giant puffball is known to be edible when it is young 74 and it changes to brown in the late 

phase of growth, this can to some degree explain the difference in the fungal metabolites upon 

the time and may also explain the difference in the cytotoxicity. The high cytotoxicity of the 

H2O extract could be related to the calvacin. However, the cytotoxic activity of the DCM 

extract supports the theory of Cochran that the cytotoxicity of the Calvatia gigantea comes 

from more than one constituent 233. 

 

 

6.3 Anti-adhesive Activity against Campylobacter jejuni    

 

Like the test done with Fomitopsis betulina, MeOH and H2O extracts of the fruiting bodies of 

Calvatia gigantea were proved for their ability to inhibit the binding of the bacteria to the cell 

surface. There are no earlier studies about the anti-adhesive effect of Calvatia gigantea against 

this strain of bacteria or other strains. We could demonstrate the ability of both extracts to 

prevent the adhesion of Campylobacter jejuni on the cell surface. This activity is not does-

dependent, it showed significant activity at a concentration of 0.002 mg/ml. Calvatic acid (13) 

(S.3-4-5) isolated from the polar culture medium of different Calvatia species (here in this 

work identified in a fraction of the EtOAc of the culture broth) has shown antibacterial activity 
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against Helicobacter pylori, a near relative of Campylobacter jejuni 
234

. Therefore, calvatic acid 

(13) (S.3-4-5) could be partially or totally responsible of the anti-adhesive activity. However, 

this is the first report of anti-adhesive activity of this species against Campylobacter jejuni. 

 

 

6.4 In Vitro Wound Healing Activity 

 

Calvatia gigantea has been used as a hemostyptic and wound dressing especially for 

application to the umbilicus of newborn infants 76. This could relate to the wound healing effect 

which is investigated in this work. A patent of a tincture of the spores extracts of Calvatia 

gigantea is registered 2003 with the claim of accelerating healing process of external and 

internal inflammations and wounds 235. The invention relates to a method for the production of 

a medicinal tincture for external and internal use against slow healing inflammations and/or 

chronic inflammations. In the invention, ripe spores of the fruiting bodies of Calvatia gigantea 

were mixed with diluted EtOH and extracted in a darkened manner at temperatures between 20-

25 C° from three to six weeks. In addition to this invention, there are no scientific publications 

about a wound healing activity of the giant puffball. In this work, the scratch assay was applied 

to assess the ability of different extracts to increase the speed of the wound-closure rate of the 

HaCaT cells. 

Treatment of keratinocytes with MeOH and H2O extracts resulted in a significant increased rate 

of wound healing. This effect lasted despite irradiation with 10 mJ/cm² UVB. It can be 

assumed, that the fungi are able to protect the skin against sun light. These results support the 

old reports in the literature about the application of extracts and tinctures of this fungus on 

bleeding wounds. Especially the UV protecting activities deserve more attention. Possibly, 

antimicrobial activities contribute to the effects observed in traditional medicine. Which group 

of substances are responsible of this activity, couldn’t be cleared here. It may be related to 

triterpenoids; which thought to be responsible of this effect in Calendula officinalis 236, or to 

polysaccharides, which in turn are useful agents in the treatment of dermal wounds 237.    

 

 

 



141 
 

6.5 Calvatic Acid (13) (S.3-4-5) and its Derivatives  

 

Calvatic acid (13) (S.3-4-5) is an antibiotic isolated from fermentations of the mushrooms 

Calvatia craniformis, Lycoperdon pyriforme, and Calvatia lilacina. Calvatic acid (13) (S.3-4-5) 

inhibited the growth of gram positive bacteria and some gram negative bacteria as well as 

fungal pathogens 207,210.  

More recently, Sorba et al. (2001) reported strong antibiotic activity of calvatic acid (13) (S.3-

4-5) and some of its analogues and derivatives against Helicobacter pylori, the bacterium 

implicated in a number of gastric pathologies such as peptic ulcers and gastric cancers 239. 

Calvatic acid (13) (S.3-4-5) has also been demonstrated to have a definite antitumor effect, 

significantly inhibiting the growth of Yoshida sarcoma in cell culture, as well as increasing the 

survival time of mice with Leukemia 1210 238. Calvatic acid (13) (S.3-4-5) inactivates GST PI-

1 (glutathione transferase-P1-1) and may represent a model for the synthesis of more specific 

glutathione transferase-P1-1 inhibitors with possible therapeutic relevance 240. Moreover, 

calvatic acid (13) (S.3-4-5) and some analogues induced a strong decrease of ornithine 

decarboxylase (ODC) activity in AH-l 30 hematoma cells at low concentrations 241. These 

findings of the calvatic acid (13) (S.3-4-5) relating its cytotoxicity are in comply with our 

results here, in which the fraction containing calvatic acid (13) (S.3-4-5) showed toxicity 

against the tumor cell line 5637 with an IC50 of 136.18 µg/ml.  

Chemically, calvatic acid (13) (S.3-4-5)  belongs to arylazoxycyanides, which have been 

proved to be interesting and potentially useful compounds in a number of different medical and 

agrochemical applications 112. This biological importance of calvatic acid (13) (S.3-4-5) and its 

analogues pushed few researchers to synthesize the compound. Syntheses of arylazoxycyanides 

have involved two basic approaches: formation of an azo-intermediate and subsequent 

oxidation or nitrene insertion into a nitroso intermediate 112. In our work, calvatic acid (13) 

(S.3-4-5) was detected for the first time in Calvatia gigantea. The presence of calvatic acid (13) 

(S.3-4-5) was proved through mass spectrometry. This acid comes from the EtOAc extract of 

the culture broth and was collected as a yellow to brown powder. These isolation conditions 

and characteristics are similar to those  in the literature 208,210. Moreover, the biological 

activities reported in the literature against gram positive, gram negative, and fungal pathogenic 

strains were very similar to the results we reported in our work. In this reference the isolated 

fraction containing calvatic acid (13) (S.3-4-5) inhibited the growth of Staphylococcus aureus, 

Bacillus subtilis, Escherichia coli, and Candida maltosa.      
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Isolated Derivatives of Calvatic Acid  

 

Two derivatives of calvatic acid were isolated from the culture broth under the same conditions 

as for the isolation of calvatic acid (13) (S.3-4-5). The first compound is 4-methoxybenzene-1-

ONN-azoxyformamide (15) (S.4-5-4). This compound was 1999 isolated from the 

basidiomycete Lycoperdon pyrifonne 
110

. It exhibits according to the same study nematicidal 

activity against the parasitic nematode Meloidogyne incognita and slight activity against gram 

positive bacteria and yeasts 110. In opposite, we could not find in our experiment antibacterial 

activity for this compound. The same compound (15) (S.4-5-4) was also isolated from Calvatia 

craniformis 
242

. 

The second arylazoxycyanide derivative (16) (S.4-5-5), the methyl ester of calvatic acid 

isolated by us from Calvatia gigantea was reported earlier in Calvatia lilacina 111,112. In most 

cases, these derivatives were formed during synthesis of calvatic acid (13) (S.3-4-5) itself. 

These two derivatives here isolated, exhibited close cytotoxic effect against the tumor cell line 

5637 with IC50 values of 70.543 and 64.99 µg/ml respectively. To the best of our knowledge 

these cytotoxic finding are registered here for the first time.  

 

 

6.6  Diketopiperazine (14) (S.7-2-2) (Pro-Thr) and Lumichrome 

(17) (S.4-5-7) 

 

Diketopiperazines are cyclic dipeptides (CDP). The diketopiperazine (14) (S.7-2-2) found in 

Calvatia gigantea is combined of two amino acids; proline and threonine (Pro-Thr). CDPs are 

simple and abundant in nature, common to synthetic, spontaneous and biological formation 

pathways 243. They are detected naturally in marine sponges, microorganisms, and mammals 
218-220. They are also found in processed foods such as various cereal grains, cocoa, cheese, and 

beverages including beer and roasted coffee 247,248. Although CDPs have been detected and 

studied as far back as the early 1900s, it is only in the last decade that their biological activity 

has attracted considerable interest 249. Proline appears to be prevalent as a constituent amino 

acid among these biologically active CDPs. For example, there have been reports of phytotoxic 

activity exhibited by cyclo (Tyr-Pro), immunomodulation by cyclo (His-Pro), modulation of 

dietary fat intake by cyclo (Asp-Pro), and antifungal activity of cyclo (Phe-Pro). Cyclo (Phe-

Pro) and cyclo (Tyr-Pro) have also been implicated in the induction of differentiation in colon 
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cancer cells 108,109,249–251. Two new cyclic depsipeptides, 1962A and 1962B , along with the 

three known cyclodipeptides cyclo (Leu-Tyr), cyclo (Phe-Gly), and cyclo (Leu-Leu) were 

isolated from the fermentation broth of a mangrove endophytic fungus. The cyclic dipeptide 

1962A; cyclo-(d-Leu-Gly-l-Tyr-l-Val-Gly-S-O-Leu) showed weak activity against human 

breast cancer MCF-7 cells 108. Moreover, Kanoh (1999) reported potent in vitro and in vivo 

antitumor activity of a cyclic dipeptide derivative, phenylahistin, a fungal metabolite composed 

of phenylalanine and isoprenalated dehydrohistidine 245. In the same study Cyclo (Thr-Pro) 

showed only marginal growth inhibitory effects in different cell lines (HT-29, HeLa and MCF-

7) 245. 

The second compound isolated here, lumichrome (17) (S.4-5-7) (7, 8-dimethylalloxazine) is a 

representative of a class of nitrogen heterocycles related to lumazines and the biologically 

important flavins. It is a common breakdown product of riboflavin 113. 

Riboflavin itself undergoes many intriguing chemical reactions, e.g. photolysis to afford mainly 

lumichrome (17) (S.4-5-7) under neutral or acidic conditions. Lumichrome (17) (S.4-5-7) was 

reported to have some natural biological functions 252. Recently, interest in the photochemical 

studies of lumichrome (17) (S.4-5-7) has become more intense, because some possible 

applications. For example, it has been proposed that lumichrome (17) (S.4-5-7) may play an 

important role in the photodegradation of polyamidehydroxyurethane polymers in aqueous 

solution. A further point of interest is the possibility of using alloxazines to sensitize the photo-

oxidation of substituted phenols in water 113,252,253. In the biological assays applied by us, we 

could not find any biological activities of lumichrome (17) (S.4-5-7). 

 

 

6.7 Sterols in Calvatia gigantea 

 

The distribution and biosynthesis of fungal sterols have been reviewed by several investigators 
254. Sterols are required for fungal growth, a fact that has been exploited in the development of 

antifungal pesticides widely used in agriculture and antimycotics used to control fungal 

diseases of humans and animals 198.  

In addition to the ergosterol which was identified here by TLC methods, two other sterols were 

isolated from the fruiting bodies of Calvatia gigantea; cerevisterol (19) (S.1-11-3-1) and 

tuberoside (18) (S.3-6-2-1). Cerevisterol (19) (S.1-11-3-1): 5α-ergosta-7,22-diene-3β,5,6β-triol 

is originally described in the 1930s from the yeast Saccharomyces cerevisiae, has since been 

https://en.wikipedia.org/wiki/Saccharomyces_cerevisiae
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found in several other fungi and, recently, in deep water coral 255 and marine scallop 256. It was 

isolated from Tuber indicum, Russula cyanoxantha, Chaetomium globosum, Ganoderma 

lucidum, Sarcodon scabrosus, Cantharellus cibarius, and Aspergillus species 
114,257–263

. This 

sterol has some in vitro bioactive properties, including cytotoxicity to some mammalian cell 

lines 114,115,259,260,264. In this work cerevisterol (19) (S.1-11-3-1) exhibited middle cytotoxic 

activity against the 5637 tumor cell line with IC50 of 75.80 µg/ml. 

Adding one glucose molecule to the OH- group on the carbon 3 of the ring A in cerevisterol 

(19) (S.1-11-3-1) turns it to tuberoside. Tuberoside is widely distributed in  Basidiomycota, it 

occurs in several members: Tuber indicum, Lyophyllum decastes, Hydnellum sp, Pleurotus 

ostreatus, Rhodophyllus rhodopolius, Fomes fomentarius, Hericium erinaceus, Sarcodon 

scabrosus, Coprinus comatus, and Catathelasma imperial 
234,239,244,250. It showed weak 

cytotoxicity to some mammalian cells and moderate to the A549 lung adenocarcinoma cell line, 

the MCF-7 breast carcinoma cell line and the NUGC-3 gastric carcinoma cell line 268. Similar 

to these finding the tuberoside was toxic in our work against the 5637 tumor cell line with IC50 

of 41.52 µg/ml. 
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7 SUMMARY 

 

Fungi are similar like plants important producer of biologically active compounds. In opposite 

to microscopic fungi which are known as important producer of antibiotics, statins etc., 

macroscopic fungi, so-called mushrooms, are till now only very limited used as crude drugs or 

source of drugs. Nevertheless, some mushroom species, e.g. Ganoderma lucidum, have a very 

long traditional application in the ethnomedicine of East Asian countries. New scientific 

investigations confirm the medicinal potential of these mushrooms and their components.   

The aim of the present dissertation was to investigate the biological and chemical potential of 

two European mushroom species: Fomitopsis betulina and Calvatia gigantea. For this purpose, 

mushrooms were collected, cultivated and extracted by solvents of different polarity.  

N-hexane, MeOH, and H2O extracts from fruiting bodies and cultivated mycelium and EtOAc 

extract from the culture broth were screened for: 

 

 Antimicrobial activities against gram positive, gram negative and fungal microorganisms. 

 Cytotoxic activity against two cell lines; HaCaT keratinocytes, a non tumorigenic cell line 

and 5637 human bladder tumor cells. 

 In vitro wound healing properties using scratch assays applied on HaCaT cells. 

 Anti-adhesive potential on Campylobacter pylori.  

The separated substances from both fungi were proved for antimicrobial and some of them 

for cytotoxic activities. 

 

Moreover, the total content of triterpenoids and betulinic acid (2) (P.5.4.2) was determined in 

Fomitopsis and compared with birch tree related content.  

 

Fomitopsis betulina 

 

MeOH extract of the fruiting bodies and EtOAc extract of the culture broth exhibited 

antimicrobial activity, mainly against gram positive and less against gram negative bacterial 

strains. 
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The cytotoxicity assay of the fungal MeOH and H2O fruiting bodies extracts showed cytotoxic 

activity only in very high concentrations against the human bladder carcinoma cell line 5637 as 

well against the HaCaT cell line. The tested mycelium extracts were non-toxic to both cell 

lines. 

These two extracts with low toxicity could slightly accelerate the wound-closure rate in the 

scratch assay. 

In the study of the anti-adhesive properties, MeOH and H2O extracts of the fruiting bodies and 

the mycelium showed anti-adhesive activity on the bacterial strain Campylobacter pylori. The 

strongest one came from the MeOH extract of the fruiting bodies which exhibited still 

significant activity in the lowest tested concentrations.   

 

Depending on the results of the biological tests, the MeOH extract was chosen for the further 

chemical investigation. 

The separation into the single components was carried out using mainly silica gel 

chromatography and gel permeation chromatography on Sephadex LH-20. Identification of 

compounds was performed by mass spectrometry and one- and two-dimensional NMR 

spectroscopy.  

This led to the isolation of a novel bioactive lanostane triterpene identified as 3-acetoxy-

16-hydroxy-24-oxo-5α-lanosta-8- ene-21-oic acid (11) (P.14.2). In addition, ten known 

triterpenes, polyporenic acid A (4) (P.12.2), polyporenic acid C (3) (P.12.1), three lanostane 

triterpenes, betulinic acid (2) (P.5.4.2) (first time isolated from Fomitopsis), betulin (1) 

(P.5.4.1) (first time isolated from Fomitopsis), ergosterol peroxide (5) (P.11.3.1), 9, 11-

dehydroergosterol peroxide (6) (P.11.3.2) (first time isolated from Fomitopsis), and 

fomefficinic acid (8) (P.14.1) (first time isolated from Fomitopsis) were also isolated from the 

fungal fruiting bodies. The novel compound (11) (P.14.2) exhibited good activity, mainly 

against gram positive bacteria. Polyporenic acid C (3), ergosterol peroxide (5) (P.11.3.1), and 9, 

11-dehydroergosterol peroxide (6) (P.11.3.1) showed limited activity against gram positive 

bacteria.  

The obtained results support further research on the use of Fomitopsis fruiting bodies extracts 

by stomach disorders and skin wounds.   
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Calvatia gigantea 

 

Similar procedures were applied on Calvatia gigantea; considering the biological test and 

isolation procedures. 

From all fruiting bodies and cultivated mycelium extracts, only the EtOAc extract of the culture 

broth exhibited antimicrobial effect against gram positive, gram negative and fungal strains. 

Considering the cytotoxicity of the fungus, MeOH and H2O fruiting bodies extracts exhibited 

weak cytotoxic activity against both HaCaT cell line and human bladder carcinoma cell line 

5637. Moreover, the EtOAc extract of the culture broth demonstrated medium activity in high 

concentrations against human bladder carcinoma cell line 5637. The MeOH and the H2O 

extracts of the fruiting bodies stimulated the wound healing process in vitro. Only the prior 

H2O extract registered anti-adhesive properties against Campylobacter pylori.  

Similar methods to those of Fomitopsis were applied here to isolate the responsible substances 

for the above-mentioned biological activities. 

The following three steroids could be identified in the fruiting bodies of Calvatia gigantea: 

ergosterol (20) (S.2.3.1), cerevisterol (19) (S.1-11-3-1), and tuberoside (18) (S.3-6-2-1).  In the 

EtOAc extract of the culture broth the following substances could be identified: succinic acid 

(12) (S.3-4-1), calvatic acid (13) (S.3-4-5) and two related derivatives (15 (S.4-5-4) and 16) 

(S.4-5-5), (Thr-Pro) diketopiperazine (14) (S.7-2-2), and lumichrome (17) (S.4-5-7). 

Calvatic acid (13) (S.3-4-5) inhibited the growth of gram-positive bacteria and less the growth 

of Escherichia coli, and in high concentrations it was toxic to the human bladder carcinoma cell 

line 5637. The two derivatives of calvatic acid (15 (S.4-5-4) and 16) (S.4-5-5), tuberoside (18) 

(S.3-6-2-1) and cerevisterol (19) (S.1-11-3-1) were as well in high concentrations toxic to the 

same cell line.  

The obtained results support further research on the use of Calvatia culture broth extracts by 

stomach disorders and skin wounds.   
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8 OUTLOOK  

 

The biological studies should be developed, primarily with respect to the cytotoxic activities in 

Calvatia, and as well the anti-adhesive test in Fomitopsis, considering the possibility of 

applying bio-guided assay to identify the responsible substances of the anti-adhesive properties 

in Fomitopsis. 

Essential is also the need for future work for the generation of in vivo data, in particular for the 

wound healing assay.  

More attention should be given to the triterpenoids in Fomitopsis, in the aim of understanding 

the role of these compounds in the fungus and their potential activities. 

In case of the Calvatia, the series of aromatic compounds, fatty acids and further not fully 

identified compounds should be produced in more amounts to accomplish their comprehensive 

chemical characteristics and pharmacological properties.  

 

 

  

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



149 
 

 

 

 

 

  

  

List of References 

 

1. Cragg, G. M.; & Newman, D. J. Biodiversity: A continuing source of novel drug leads. 

Biochim. Biophys. Acta - Gen. Subj. 1830, 3670–3695 (2013). 

2. Baker, D.; Chu, M.; Oza, U.; Rajgarhia, V. The value of natural products to future 

pharmaceutical discovery. Nat. Prod. Rep. 24, 1225–1244 (2007). 

3. Dias, D. a.; Urban, S.; Roessner, U. A Historical Overview of Natural Products in Drug 

Discovery. Metabolites 2, 303–336 (2012). 

4. Hicks, S. Desert plants and people. Naylor (The Naylor company, 1971). 

5. Chatterjee, S.; Biswas, G.; Basu, S. K.; Acharya, K. Antineoplastic effect of mushrooms: 

A review. Australian Journal of Crop Science 5, 904–911 (2011). 

6. Abraham, E. P. et al.; Further observations on penicillin. Eur. J. Clin. Pharmacol. 42, 3–

9 (1992). 

7. Maplestone, R. A.; Stone, M. J.; Williams, D. H. The evolutionary role of secondary 

metabolites: A review. Gene 115, 151–157 (1992). 

8. Dewick, P. M. Medicinal Natural Products: A Biosynthetic Approach. (John Wiley & 

Sons, 2002). 

9. Steven, M.; Colegate, R. J. M. Bioactive Natural Products: Detection, Isolation, and 

Structural Determination, Second Edition. (CRC Press, 2007). 

10. Newman, D. J.; Cragg, G. M. Natural Products as Sources of New Drugs from 1981 to 

2014. Journal of Natural Products (2016). doi:10.1021/acs.jnatprod.5b01055 

11. Hawksworth, D. L.; Mushrooms: The Extent of the Unexplored Potential. Int. J. Med. 

Mushrooms 3, 5 (2001). 

12. Mueller, G.; Bills, G.; Foster, M. Biodiversity of Fung. (Elsevier, 2004). 

13. Berman J.J. Taxonomic Guide to Infectious Diseases. (Elsevier, 2012). 

14. Church, M.; Böttjer, D. Encyclopedia of Biodiversity. Encycl. Biodivers. 3, 608–625 



150 
 

(2013). 

15. Dean, R. et al.; The Top 10 fungal pathogens in molecular plant pathology. Mol. Plant 

Pathol. 13, 414–430 (2012). 

16. Miles, P. G.; Chang, S.-T. Mushrooms: Cultivation, Nutritional Value, Medicinal Effect, 

and Environmental Impact. (CRC Press, 2004). 

17. Lindequist, U.; Niedermeyer, T. H. J.; Jülich, W.-D. The pharmacological potential of 

mushrooms. Evid. Based. Complement. Alternat. Med. 2, 285–99 (2005). 

18. Hawksworth, D. L. Global species numbers of fungi: Are tropical studies and molecular 

approaches contributing to a more robust estimate? Biodivers. Conserv. 21, 2425–2433 

(2012). 

19. Dutta, A. K.; K, A. Traditional and ethno-medicinal knowledge of mushrooms from the 

state West Bengal, India. Asian J Pharm Clin Res 7, 36–40 (2014). 

20. Lindequist, U. The merit of medicinal mushrooms from a pharmaceutical point of view. 

Int. J. Med. Mushrooms 15, 517–23 (2013). 

21. Ferreira, I. C. F. R.; Vaz, J. A.; Vasconcelos, M. H.; Martins, A. Compounds from wild 

mushrooms with antitumor potential. Anticancer. Agents Med. Chem. 10, 424–436 

(2010). 

22. Wasser, S. Medicinal mushroom science: Current perspectives, advances, evidences, and 

challenges. Biomed. J. 37, 345 (2014). 

23. Zjawiony, J. K. Biologically active compounds from Aphyllophorales (polypore) fungi. 

J. Nat. Prod. 67, 300–10 (2004). 

24. Wasser, S. P.; Weis, A. L. Medicinal properties of substances occuring in higher 

basidiomycetes mushrooms : current perspectives (Review). Int. J. Med. Mushrooms 1, 

31–62 (1999). 

25. Paterson, R. R. M.; Lima, N. Biomedical Effects of Mushrooms with Emphasis on Pure 

Compounds. Biomed J 37, 357–368 (2014). 

26. Barsanti, L.; Passarelli, V.; Evangelista, V.; Frassanito, A. M.; Gualtieri, P. Chemistry, 

physico-chemistry and applications linked to biological activities of β-glucans. Nat. 

Prod. Rep. 28, 457–466 (2011). 

27. Batbayar, S.; Lee, D. H.; Kim, H. W. Immunomodulation of fungal beta-glucan in host 

defense signaling by Dectin-1. Biomol. Ther. (Seoul). 20, 433–445 (2012). 

28. Chihara, G.; Hamuro, J.; Maeda, Y. Y.; Arai, Y.; Fukuoka, F. Fractionation and 

Purification of the Polysaccharides with Marked Antitumor Activity, Especially 

Lentinan, from Lentinus edodes (Berk.) Sing , (an Edible Mushroom). Cancer Res. 30, 



151 
 

2776–2781 (1970). 

29. Daba, A. S.; Ezeronye, O. U. Anticancer effect of polysaccharides isolated from higher 

basidiomycetes mushrooms. African J. Biotechnol. 2, 672–678 (2003). 

30. Ng, M.-L.; Yap, A.-T. Inhibition of human colon carcinoma development by lentinan 

from shiitake mushrooms (Lentinus edodes). J. Altern. Complement. Med. 8, 581–589 

(2002). 

31. Kurashige, S.; Akuzawa, Y.; Endo, F. Effects of Lentinus edodes, Grifola frondosa and 

Pleurotus ostreatus administration on cancer outbreak, and activities of macrophages 

and lymphocytes in mice treated with a carcinogen, N-butyl-N-butanolnitrosoamine. 

Immunopharmacol. Immunotoxicol. 19, 175–83 (1997). 

32. Jones, S.: Janardhanan, K. K. Antioxidant and Antitumor Activity of Ganoderma 

lucidum (Curt.: Fr.) P. Karst.—Reishi (Aphyllophoromycetideae) from South India. Int. 

J. Med. Mushrooms 2, 6 (2000). 

33. Sheena, N.; Lakshmi, B.; Janardhanan, K. K. Therapeutic potential of Ganoderma 

lucidum (Fr.) P . Karst. Natur al Prod. R adiance 4(5), 382–386 (2005). 

34. Gargano, M. L. et al.; Medicinal mushrooms: Valuable biological resources of high 

exploitation potential. Plant Biosyst. 151, 548–565 (2017). 

35. Merdivan, S.; Lindequist, U. Ergosterol Peroxide: A Mushroom-Derived Compound 

with Promising Biological Activities-A Review. Int. J. Med. Mushrooms 19, 93–105 

(2017). 

36. Weete, J. Structure and function of sterols in fungi. Adv. Lipid Res. 23, 115–167 (1989). 

37. Kim, K. M.; Yoon, Y.-G.; Jung, H. S. Evaluation of the monophyly of Fomitopsis using 

parsimony and MCMC methods. Mycologia 97, 812–822 (2005). 

38. Ortiz-Santana, B.; Lindner, D. L.; Miettinen, O.; Justo, A.; Hibbett, D. S. A phylogenetic 

overview of the antrodia clade (Basidiomycota, Polyporales). Mycologia 105, 1391–411 

(2013). 

39. Pleszczyńska, M. et al.; Fomitopsis betulina (formerly Piptoporus betulinus): the 

Iceman’s polypore fungus with modern biotechnological potential. World J. Microbiol. 

Biotechnol. 33, 83 (2017). 

40. Han, M. L. et al.; Taxonomy and phylogeny of the brown-rot fungi: Fomitopsis and its 

related genera. Fungal Divers. 80, 343–373 (2016). 

41. Index Fungorum. (2016). at <http://www.indexfungorum.org> 

42. Schwarze, F. Wood Rotting fungi. Mycologist 7, 122–123 (1993). 

43. Lemieszek, M. et al.; Anticancer Effect of Fraction Isolated from Medicinal Birch 



152 
 

Polypore Mushroom, Piptoporus betulinus (Bull.: Fr.) P. Karst. 

(Aphyllophoromycetideae): In Vitro Studies. Int. J. Med. Mushrooms 11, 351–364 

(2009). 

44. Wasson, R. G. Soma: Divine Mushroom of Immortality. (Harcourt Brace Jovanovich, 

1972). 

45. Peintner, R.; Pöder, U.; Pümpel, T. The iceman ’ s fungi. Mycol. Res. 102, 1153–1162 

(1998). 

46. Grienke, U.; Zöll, M.; Peintner, U.; Rollinger, J. M. European medicinal polypores- a 

modern view on traditional uses. J. Ethnopharmacol. 154, 564–83 (2014). 

47. Hobbs, C. Medicinal Mushrooms: An Exploration of Tradition, Healing, & Culture. 

(Botanica Press, 2002). 

48. Paul Stamets. Growing gourmet and Medicinal Mushrooms. (Ten Speed Press, 1993). 

49. Vunduk, J. et al.; Did the Iceman Know Better? Screening of the Medicinal Properties of 

the Birch Polypore Medicinal Mushroom, Piptoporus betulinus (Higher 

Basidiomycetes). Int. J. Med. Mushrooms 17, 1113–25 (2015). 

50. Tohtahon, Z.; Xue, J.; Han, J.; Liu, Y.; Hua, H. Cytotoxic lanostane triterpenoids from 

the fruiting bodies of Piptoporus betulinus. Phytochemistry 143, 98–103 (2017). 

51. Cyranka, M. et al.; Investigation of antiproliferative effect of ether and ethanol extracts 

of birch polypore medicinal mushroom, Piptoporus betulinus (Bull.:Fr.) P. Karst. (higher 

Basidiomycetes) in vitro grown mycelium. Int. J. Med. Mushrooms 13, 525–33 (2011). 

52. Pleszczyńska, M. et al.; Cultivation and utility of Piptoporus betulinus fruiting bodies as 

a source of anticancer agents. World J. Microbiol. Biotechnol. 32, (2016). 

53. Doskocil, I.; Havlik, J.; Verlotta, R.; Tauchen, J.; Vesela, L.; Macakova, K.; Opletal, L.; 

Kokoska, L. R. V. In vitro immunomodulatory activity , cytotoxicity and chemistry of 

some central European polypores. Pharm. Biol. 54, 1–6 (2016). 

54. Kandefer-Szerszeń, M.; Kawecki, Z. Ether extracts from the fruiting body of Piptoporus 

betulinus as interference inducers. Acta Microbiol. Pol. A. 6, 197–200 (1974). 

55. Keller, C.; Maillard, M.; Keller, J.; Hostettmann, K. Screening of European Fungi for 

Antibacterial, Antifungal, Larvicidal, Molluscicidal, Antioxidant and Free-Radical 

Scavenging Activities and Subsequent Isolation of Bioactive Compounds. Pharm. Biol. 

40, 518–525 (2002). 

56. Dresch, P. et al.; Fungal strain matters: colony growth and bioactivity of the European 

medicinal polypores Fomes fomentarius, Fomitopsis pinicola and Piptoporus betulinus. 

AMB Express 5, 1–14 (2015). 



153 
 

57. Bryce, T. A., Campbell, I. M.; McCorkindale, N. J. Metabolites of the Polyporaceae-I 

Novel Conjugatws Of Polyporenic Acid A from Piptoporus betulinus. Tetrahydron 23, 

3427–3434 (1967). 

58. Cross, L. C.; Eliot, C. G.; Heilborn, I. M.; Jones., E. R. H. Constituents of the Higher 

Fungi. Part I. The Triterpene Acids of Polyporus betulinus Fr. J. Chem. Soc. 632–636 

(1940). 

59. Kamo, T.; Asanoma, M.; Shibata, H.; Hirota, M. Anti-inflammatory lanostane-type 

triterpene acids from Piptoporus betulinus. J. Nat. Prod. 66, 1104–1106 (2003). 

60. Wangun, H. V. K.; Berg, A.; Hertel, W.; Nkengfack, A. E.; Hertweck, C. Anti-

inflammatory and anti-hyaluronate lyase activities of lanostanoids from Piptoporus 

betulinus. J. Antibiot. (Tokyo). 57, 755–8 (2004). 

61. Kawagishi, H.; Hamajima, K.; Inoue, Y. Novel hydroquinone as a matrix metallo-

proteinase inhibitor from the mushroom, Piptoporus betulinus. Biosci. Biotechnol. 

Biochem. 66, 2748–50 (2002). 

62. Schlegel, B.; Luhmann, U.; Härtl, A.; Gräfe, U. Piptamine, a new antibiotic produced by 

Piptoporus betulinus Lu 9-1. J. Antibiot. (Tokyo). 53, 973–74 (2000). 

63. Melzig, M. F. et al.; Screening of selected basidiomycetes for inhibitory activity on 

neutral endopeptidase (NEP) and angiotensin-converting enzyme (ACE). Pharmazie 51, 

501–3 (1996). 

64. Kandefer-Szerszeń, M.; Kawecki, Z.; Guz, M. Fungal nucleic acids as interferon 

inducers. Acta Microbiol. Pol. 28, 277–291 (1979). 

65. Kawecki, Z.; Kaczor, J.; Karpińska, T.; Sujak, I.; Kandefer-Szerszeń, M. Studies of 

RNA isolated from Piptoporus betulinus as interferon inducer. Arch. Immunol. Ther. 

Exp. (Warsz). 26, 517–522 (1978). 

66. James, P. G.; Cherniak, R. 4-Methylmorpholine N-oxide-methyl sulfoxide soluble 

glucan of Piptoporus betulinus. Carbohydr. Res. 206, 167–172 (1990). 

67. Wiater, A. et al.; a-(1- 3)-D-Glucans from fruiting bodies of selected macromycetes 

fungi and the biological activity of their carboxymethylated products. Biotechnol. Lett. 

33, 787–795 (2011). 

68. Olennikov, D. N.; Agafonova, S. V.; Rokhin, A. V.; Penzina, T. A.; Borovskii, G. B. 

Branched glucan from the fruiting bodies of Piptoporus betulinus (Bull.:Fr) Karst. Appl. 

Biochem. Microbiol. 48, 65–70 (2012). 

69. Liana, A. et al.; Chemical characterization and wound healing property of a ␤-D-glucan 

from edible mushroom Piptoporus betulinus. Int. J. Biol. Macromol. (2017). 



154 
 

doi:10.1016/j.ijbiomac.2017.12.107 

70. Sari, M.; Prange, A.; Lelley, J. I.; Hambitzer, R. Screening of beta-glucan contents in 

commercially cultivated and wild growing mushrooms. Food Chem. 216, 45–51 (2017). 

71. Grishin, A. A. et al.; Composition of the Supercritical CO2 Extract of the Fungus 

Piptoporus betulinus. Chem. Nat. Compd. 52, 436–440 (2016). 

72. Jing, Y.; Peng, M.; Yang, L.; Wang, Q. Evaluation of genetic diversity among 

Piptoporus betulinus as revealed by inter simple sequence repeat markers. Biotechnol. 

Biotechnol. Equip. 0, 1–6 (2017). 

73. Yang, L.; Peng, M.; Shah, S. S.; Wang, Q. Transcriptome Sequencing and Comparative 

Analysis of Piptoporus betulinus in Response to Birch Sawdust Induction. 

doi:10.3390/f8100374 

74. Leffingwell, J. C.; Alford, E. D. Volatile constituents of the Giant puffball mushroom 

(Calvatia gigantea). Leffingwell Reports 4, 1–17 (2011). 

75. Arora.D. Mushrooms Demystified: A Comprehensive Guide to the Fleshy Fungi. (Ten 

Speed Press, 1986). 

76. Gilmore, M. R. Uses of Plants by the Indianas of the Missouri River Region. (U of 

Nebraska Press, 1919). 

77. Swanton EW. Economic and folk lore notes. Trans. Br. Mycol. Soc. 5, 408–409 (1917). 

78. Wood, W. F. Anaesthesia of honeybees by smoke from the pyrolysis of puffballs and 

keratin. J. Apic. Res. 22, 107–110 (1983). 

79. Coetzee, J.; Wyk, A. The genus Calvatia (‘Gasteromycetes’, Lycoperdaceae): A review 

of its ethnomycology and biotechnological potential. African J. Biotechnol. 8, 6007–

6015 (2009). 

80. Lucas, E. H. et al.; Production of oncostatic principles in vivo and in vitro by species of 

the genus Calvatia. Antibiot. Annu. 6, 493–6 (1959). 

81. Sternberg, S. S.; Philips, F. S.; Cronin, A. P.; Sodergren, J. E.; Vidal, P. M. 

Toxicological Studies of Calvacin. Cancer Res. 23, 1036–1044 (1963). 

82. Roland, J. F. et al.; Calvacin: A New Antitumor Agent. Science 132, 1897 (1960). 

83. Beneke, E. S. Calvatia, calvacin and cancer. Mycologia 55, 257–270 (1963). 

84. Eroğlu, C.; Seçme, M.; Atmaca, P.; Kaygusuz, O.; Gezer, K.; Bağcı, G, D. Y. Extract of 

Calvatia gigantea inhibits proliferation of A549 human lung cancer cells. 

Cytotechnology 58, 2075–81 (2016). 

85. Kivrak, I.; Kivrak, Ş.; Harmandar, M. Free amino acid profiling in the giant puffball 

mushroom (Calvatia gigantea) using UPLC-MS/MS. Food Chem. 158, 88–92 (2014). 



155 
 

86. Kivrak, I.; Kivrak, S.; Harmandar, M. Bioactive Compounds, Chemical Composition, 

and Medicinal Value of the Giant Puffball, Calvatia gigantea (Higher Basidiomycetes), 

from Turkey. Int. J. Med. Mushrooms 18, 97–107 (2016). 

87. Badshah, H. et al.; Pharmacological screening of Morchella esculenta (L.) Pers., 

Calvatia gigantea (Batsch ex Pers.) Lloyd and Astraeus hygrometricus Pers., mushroom 

collected from South Waziristan (FATA.). J. Med. Plants Res. 6, 1853–1859 (2012). 

88. Badshah, H.; Ullah, F.; Khan, M. U.; Mumtaz, A. S.; Malik, R. N. Pharmacological 

activities of selected wild mushrooms in South Waziristan (FATA), Pakistan. South 

African J. Bot. 97, 107–110 (2015). 

89. Ren, L. et al.; Antibacterial and antioxidant activities of aqueous extracts of eight edible 

mushrooms. Bioact. Carbohydrates Diet. Fibre 3, 41–51 (2014). 

90. Boyle, V. J.; Fancher, M. E.; Ross, R. W. Rapid, modified Kirby-Bauer susceptibility 

test with single, high-concentration antimicrobial disks. Antimicrob. Agents Chemother. 

3, 418–424 (1973). 

91. Hamburger, M. O.; Cordell, G. A. A direct bioautographic tlc assay for compounds 

possessing antibacterial activity. J. Nat. Prod. 50, 19–22 (1987). 

92. Borenfreund, E.; Puerner, J. A. Toxicity determined in vitro by morphological alterations 

and neutral red absorption. Toxicol. Lett. 24, 119–124 (1985). 

93. Liang, C.-C.; Park, A. Y.; Guan, J.-L. In vitro scratch assay: a convenient and 

inexpensive method for analysis of cell migration in vitro. Nat. Protoc. 2, 329–33 

(2007). 

94. Bensch, K. et al.; Investigations into the antiadhesive activity of herbal extracts against 

Campylobacter jejuni. Phyther. Res. 25, 1125–1132 (2011). 

95. Oberbuchner, A. Untersuchungen zum Einfluss von Pilzextrakten auf 

Wundheilungsprozesse anhand des in-vitro Scratch-Assays. (Diplomarbeit, Greifswald, 

2010). 

96. Ayatollahi, S. A. et al.; Terpens from aerial parts of Euphorbia splendida. J. Med. Plants 

Res. 3, 660–665 (2009). 

97. Cichewicz, R. H.; Kouzi, S. A. Chemistry, Biological Activity, and Chemotherapeutic 

Potential of Betulinic Acid for the Prevention and Treatment of Cancer and HIV 

Infection. Med. Res. Rev. 24, 90–114 (2004). 

98. Chen, Y. K.; Kuo, Y. H.; Chiang, B. H.; Lo, J. M.; Sheen, L. Y. Cytotoxic activities of 

9,11-dehydroergosteroi peroxide and ergosterol peroxide from the fermentation mycelia 

of Ganoderma lucidum cultivated in the medium containing leguminous plants on Hep 



156 
 

3B cells. J. Agric. Food Chem. 57, 5713–5719 (2009). 

99. Kamo, T.; Asanoma, M. Anti-inflammatory Lanostane-Type Triterpene Acids from 

Piptoporus b etulinus. J. Nat. … 24, 1104–1106 (2003). 

100. Wu, X.; Yang, J.; Zhou, L.; Dong, Y. New lanostane-type triterpenes from Fomes 

officinalis. Chem. Pharm. 52, 1375–1377 (2004). 

101. Alresly, Z. et al.; Bioactive triterpenes from the fungus Piptoporus betulinus. Rec. Nat. 

Prod. 10, (2015). 

102. Schoberth, A. Zellbiologische Untersuchungen ausgewählter Naturstoffe auf 

wundheilungsfördernde Aktivität. (Diplomarbeit, Greifswald, 2012). 

103. Rausch, R. Untersuchung des Einflusses von UVB- Strahlung und Naturstoffen auf 

Wundheilungsprozesse anhand des invitro- Scratch- Assays. (Diplomarbeit, Greifswald, 

2011). 

104. Chamiolo, J. Investigations into the Anti-adhesive Activity of Mushroom Extracts 

against Campylobacter jejuni. (Griffith University, 2010). 

105. Ba, A.; Avci, D.; Atalay, Y. A Theoretical Investigation of Succinic Acid. in Sixth 

International Conference of the Balkan Physical Union (2007). 

106. Umezawa, H.; Takeuchi, T.; Iinuma, H.; Tanabe, O. Production of a new antibiotic, 

calvatic acid. (1976). 

107. Calvino, R.; Fruttero, R.; Gasco, A.; Miglietta A. G. L. Chemical and biological studies 

on calvatic acid and its analogs. J. Antibiot. (Tokyo). 6, 864–868 (1986). 

108. Huang, H.; She, Z.; Lin, Y.; Vrijmoed, L. L. P.; Lin, W. Cyclic peptides from an 

endophytic fungus obtained from a mangrove leaf (Kandelia candel). J. Nat. Prod. 70, 

1696–1699 (2007). 

109. Liu, C. et al.; Cyclodipeptides from the Secondary Metabolites of Two Novel 

Actinomycetes. Chin. J. Nat. Med. 9, 78–80 (2011). 

110. KÖpcke, B.; Mayer, A.; Anke, H. Bioactive Azo- and Azoxyformamides From 

Lycoperdon Pyriforme. Nat. Prod. Lett. 13, 41–46 (1999). 

111. Viterbo, D.; Gasco, A.; Serafino, A.; Mortarini, V. An antibacterial and antifungal 

compound from Calvatia lilacina. Tetrahedron Lett. 31, 3431–3432 (1974). 

112. Wood, W. W.; Kremp, G.; Petry, T.; Simon, W. E. J. New and Improved Syntheses of 

Arylazoxycyanides. Synth. Commun. 29, 619–629 (1999). 

113. Gil, M.; Wang, Y.; Douhal, A. Ultrafast dynamics of lumichrome in solution and in 

chemical and biological caging media. J. Photochem. Photobiol. A Chem. 234, 146–155 

(2012). 



157 
 

114. Jinming, G.; Lin, H.; Jikai, L. A novel sterol from Chinese truffles Tuber indicum. 

Steroids 66, 771–775 (2001). 

115. Ribaldi M. Cerevisterol and ergosterol peroxide from Acremonium luzulae. Phytochem. 

Reports 14, 1434 (1975). 

116. Suay, I. et al.; Screening of basidiomycetes for antimicrobial activities. Antonie van 

Leeuwenhoek, Int. J. Gen. Mol. Microbiol. 78, 129–139 (2000). 

117. Karaman, Maja. Antibacterial Agents from Lignicolous Macrofungi. (2012). 

118. Quack, W.; Anke, T.; Oberwinkler, F.; Giannetti, B. M.; Steglich, W. Antibiotics from 

Basidiomycetes. V merulidial, a new antibiotic from the Basidiomycete Merulius 

tremellosus Fr. J. Antibiot. (Tokyo). 31, 737–41 (1978). 

119. Mothana, R. A.; Jansen, R.; Jülich, W. D.; Lindequist, U. Ganomycins A and B, new 

antimicrobial farnesyl hydroquinones from the basidiomycete Ganoderma pfeifferi. J. 

Nat. Prod. 63, 416–8 (2000). 

120. Rosa, L. H. et al.; Screening of Brazilian basidiomycetes for antimicrobial activity. 

Mem. Inst. Oswaldo Cruz 98, 967–74 (2003). 

121. Popova, M.; Trusheva, B.; Gyosheva, M.; Tsvetkova, I.; Bankova, V. Antibacterial 

triterpenes from the threatened wood-decay fungus Fomitopsis rosea. Fitoterapia 80, 

263–66 (2009). 

122. Karaman, M.; Mimica-Dukic, N.; Knezevic, P.; Svircev, Z.; Matavuly, M. Antibacterial 

Properties of Selected Lignicolous Mushrooms and Fungi from Northern Serbia. Int. J. 

Med. Mushrooms 11, 269–279 (2009). 

123. Lemieszek, M.; Rzeski, W. Anticancer properties of polysaccharides isolated from fungi 

of the Basidiomycetes class. Wspolczesna Onkol. 16, 285–289 (2012). 

124. Wasser, S. P. Medicinal mushrooms as a source of antitumor and immunomodulating 

polysaccharides. Appl. Microbiol. Biotechnol. 60, 258–74 (2002). 

125. Zuco, V. et al.; Selective cytotoxicity of betulinic acid on tumor cell lines, but not on 

normal cells. Cancer Lett. 175, 17–25 (2002). 

126. Fulda, S.; Debatin, K. Betulinic Acid Induces Apoptosis Through a Direct Effect on 

Mitochondria in Neuroectodermal Tumors. Med Pediatr Oncol. 35, 616–618 (2000). 

127. Ling, H. et al.; Polyporenic acid C induces caspase-8-mediated apoptosis in human lung 

cancer A549 cells. Mol. Carcinog. 48, 498–507 (2009). 

128. Wu, Q.-P. et al.; Ergosterol peroxide isolated from Ganoderma lucidum abolishes 

microRNA miR-378-mediated tumor cells on chemoresistance. PLoS One 7(8), e44579 

(2012). 



158 
 

129. Wang, J.-P. et al.; In vitro and in vivo evaluation of the wound healing properties of 

Siegesbeckia pubescens. J. Ethnopharmacol. 134, 1033–8 (2011). 

130. Wende, K.; Oberbuchner, A.; Harms, M.; Lindequist, U. Screening for wound healing 

effects in terrestrial fungi. Planta Med. 76, P501 (2010). 

131. Kwon, A.-H.; Qiu, Z.; Hashimoto, M.; Yamamoto, K.; Kimura, T. Effects of medicinal 

mushroom (Sparassis crispa) on wound healing in streptozotocin-induced diabetic rats. 

Am. J. Surg. 197, 503-09 (2009). 

132. Cheng, P.-G. et al.; Polysaccharides-Rich Extract of Ganoderma lucidum (M.A. 

Curtis:Fr.) P. Karst Accelerates Wound Healing in Streptozotocin-Induced Diabetic 

Rats. Evid. Based. Complement. Alternat. Med. 2013, 1–9 (2013). 

133. Abdulla, M. A. et al.; Potential activity of aqueous extract of culinary-medicinal Lion’s 

Mane mushroom, Hericium erinaceus (Bull.: Fr.) Pers. (Aphyllophoromycetideae) in 

accelerating wound healing in rats. Int. J. Med. Mushrooms 13, 33–9 (2011). 

134. Mammone, T. et al.; Successful separation of apoptosis and necrosis pathways in HaCaT 

keratinocyte cells induced by UVB irradiation. Cell Biol. Toxicol. 16, 293–302 (2000). 

135. Ebeling, S. et al.; From a traditional medicinal plant to a rational drug: understanding the 

clinically proven wound healing efficacy of birch bark extract. PLoS One 9, e86147 

(2014). 

136. Kelly, C. G.; Younson, J. S. Anti-adhesive strategies in the prevention of infectious 

disease at mucosal surfaces. Expert Opin. Investig. Drugs 9, 1711–1721 (2000). 

137. Gao, X.; Wang, W.; Wei, S.; Li, W. Review of pharmacological effects of Glycyrrhiza 

radix and its bioactive compounds. Zhongguo Zhong Yao Za Zhi 34, 2695–2700 (2009). 

138. Gupta, K. et al.; Cranberry Products Inhibit Adherence of P-Fimbriated Escherichia Coli 

to Primary Cultured Bladder and Vaginal Epithelial Cells. J. Urol. 177, (2007). 

139. Ono, K.; Yamamoto, K. Contamination of meat with Campylobacter jejuni in Saitama, 

Japan. Int. J. Food Microbiol. 47, 211–219 (1999). 

140. Falkensammer, B. et al.; Basidiomycete metabolites attenuate virulence properties of 

Candida albicans in vitro. Mycoses 51, 505–14 (2008). 

141. Lengsfeld, C.; Deters, A.; Faller, G.; Hensel, A. High molecular weight polysaccharides 

from black currant seeds inhibit adhesion of Helicobacter pylori to human gastric 

mucosa. Planta Med. 70, 620–626 (2004). 

142. Akihisa, T.; Yasukawa, K. E. N. Antitumor-promoting and anti-inflammatory activities 

of triterpenoids and sterols from plants and fungi. Nat. Prod. Chem. 25, 43–87 (2001). 

143. Ko, H.-H.; Hung, C.-F.; Wang, J.-P.; Lin, C.-N. Antiinflammatory triterpenoids and 



159 
 

steroids from Ganoderma lucidum and G. tsugae. Phytochemistry 69, 234–9 (2008). 

144. Yokoyama, A. Distribution of tetracyclic triterpenoids of lanostane fungi. 

Phytochemistry 14, 487–497 (1975). 

145. Krzyczkowski, W. et al.; Isolation and quantitative determination of ergosterol peroxide 

in various edible mushroom species. Food Chem. 113, 351–355 (2009). 

146. Chen, Y. et al.; Quantification of total polysaccharides and triterpenoids in Ganoderma 

lucidum and Ganoderma atrum by near infrared spectroscopy and chemometrics. Food 

Chem. 135, 268–275 (2012). 

147. Kpoviéssi, D. S. S. et al.; Validation of a method for the determination of sterols and 

triterpenes in the aerial part of Justicia anselliana (Nees) T. Anders by capillary gas 

chromatography. J. Pharm. Biomed. Anal. 48, 1127–35 (2008). 

148. Liu, J. et al.; Quantitative determination of the representative triterpenoids in the extracts 

of Ganoderma lucidum with different growth stages using high-performance liquid 

chromatography for evaluation of their 5α-reductase inhibitory properties. Food Chem. 

133, 1034–1038 (2012). 

149. Wang, X.-M. et al.; Quantitative determination of six major triterpenoids in Ganoderma 

lucidum and related species by high performance liquid chromatography. J. Pharm. 

Biomed. Anal. 41, 838–44 (2006). 

150. Li, B.-M. et al.; Determination of nine triterpenoid acids from Ganoderma lucidum of 

different producting areas by HPLC. Zhongguo Zhong Yao Za Zhi 37, 3599–603 (2012). 

151. Fan, J.-P.; He, C.-H. Simultaneous quantification of three major bioactive triterpene 

acids in the leaves of Diospyros kaki by high-performance liquid chromatography 

method. J. Pharm. Biomed. Anal. 41, 950–56 (2006). 

152. Harborne, J. B. Phytochemical Methods A Guide to Modern Techniques of Plant 

Analysis. (Springer Science & Business Media, 1998). 

153. Atinafu D G. Estimation of total free fatty acid and cholesterol content in some 

commercial edible oils in Ethiopia, Bahir DAR. J. Cereal. Oilseeds 2, 71–76 (2011). 

154. Harborne, J. B. Phytochemical Methods A Guide to Modern Techniques of Plant 

Analysis. (Springer Science & Business Media, 1998). doi:10.3109/07357909909032883 

155. Chen, D. H.; Chen, W. K. D. Determination of ganoderic acids in triterpenoid 

constituents of Ganoderma tsugae. J. Food Drug Anal. 11, 195–201 (2003). 

156. Yan, C.; Zhengliang, L.; Zhidong, C.; Yaohua, L.; Cheng, G. Optimal technology for 

extraction of total triterpenoid compounds from Ganoderma lucidum spores by 

supercritical CO2 extraction. Pharm. Care Res. 10, 34–36 (2010). 



160 
 

157. Rao, Y. K.; Geethangili, M.; Tzeng, Y.-M. Development of a high performance liquid 

chromatography method for the quantitative determination of bioactive triterpenoids in 

the extracts of Antrodia camphorata. Anal. Methods 5, 5724 (2013). 

158. O’Connell, M. M.; Bentley, M. D.; Campbell, C. S.; Cole, B. J. W. Betulin and lupeol in 

bark from four white-barked birches. Phytochemistry 27, 2175–2176 (1988). 

159. Alakurtti, S.; Mäkelä, T.; Koskimies, S.; Yli-Kauhaluoma, J. Pharmacological properties 

of the ubiquitous natural product betulin. Eur. J. Pharm. Sci. 29, 1–13 (2006). 

160. Wang, L. X. et al.; Stimulated production of steroids in Inonotus obliquus by host 

factors from birch. J. Biosci. Bioeng. 118, 728–731 (2014). 

161. Carvajal, A. E. S. S. et al.; Bioactives of fruiting bodies and submerged culture mycelia 

of Agaricus brasiliensis (A. blazei) and their antioxidant properties. LWT - Food Sci. 

Technol. 46, 493–499 (2012). 

162. Asatiani, M. D.; Elisashvili, V. I.; Wasser, S. P.; Reznick, A. Z.; Nevo, E. Free-Radical 

Scavenging Activity of Submerged Mycelium Extracts from Higher Basidiomycetes 

Mushrooms. Biosci. Biotechnol. Biochem. 71, 3090–3092 (2014). 

163. Mao, X.-B.; Eksriwong, T.; Chauvatcharin, S.; Zhong, J.-J. Optimization of carbon 

source and carbon/nitrogen ratio for cordycepin production by submerged cultivation of 

medicinal mushroom Cordyceps militaris. Process Biochem. 40, 1667–1672 (2005). 

164. Barros, L.; Ferreira, I. C. F. R.; Baptista, P. Phenolics and Antioxidant Activity of 

Mushroom Leucopaxillus giganteus Mycelium at Different Carbon Sources. Food Sci. 

Technol. Int. 14, 47–55 (2008). 

165. Rajarathnam, S.; Shashirekha, M. N.; Bano, Z. Biodegradative and biosynthetic 

capacities of mushrooms: present and future strategies. Crit. Rev. Biotechnol. 18, 91–236 

(1998). 

166. Wright, W. F.; Overman, S. B.; Ribes, J. a. (1-3)-β-D-Glucan Assay: A Review of its 

Laboratory and Clinical Application. Lab. Med. 42, 679–685 (2011). 

167. Rop, O., Mlcek, J.; Jurikova, T. Beta-glucans in higher fungi and their health effects. 

Nutr. Rev. 67, 624–631 (2009). 

168. Akramien, D.; Kondrotas, A.; Did, J.; Egidijus, K. Effects of b -glucans on the immune 

system. Med. 43, 597–606 (2007). 

169. Kalođera, Z.; Sofić, E. identification and isolation of pharmacologically active 

triterpenes in Betula cortex, Betula pendula Roth., Betulaceae. Bosn. J. basic Med. Sci. 

9, 31–38 (2009). 

170. Patočka, J. Biologically active pentacyclic triterpenes and their current medicine 



161 
 

signification. J Appl Biomed 1, 7–12 (2003). 

171. Krasutsky, P. Birch bark research and development. Nat. Prod. Rep. 23, 919–942 (2006). 

172. Shun-ichi, W.; Iida, A.; Tanaka, R. Screening of Triterpenoids Isolated from Phyllanthus 

flexuosus for DNA Topoisomerase Inhibitory Activity. J. Nat. Prod. 64, 1545–1547 

(2001). 

173. Gong, Y. et al.; The synergistic effects of betulin with acyclovir against herpes simplex 

viruses. Antiviral Res. 64, 127–30 (2004). 

174. Sun, I., Shen, J.; Wang, H. Anti-AIDS agents. 32. 1 synthesis and anti-HIV activity of 

betulin derivatives. Bioorganic Med. 8, 1267–1272 (1998). 

175. Csuk, R.; Sczepek, R.; Siewert, B.; Nitsche, C. Cytotoxic betulin-derived 

hydroxypropargylamines trigger apoptosis. Bioorg. Med. Chem. 21, 425–35 (2013). 

176. Kazakova, O. B.; Giniyatullina, G. V.; Yamansarov, E. Y.; Tolstikov, G. a. Betulin and 

ursolic acid synthetic derivatives as inhibitors of Papilloma virus. Bioorg. Med. Chem. 

Lett. 20, 4088–90 (2010). 

177. Kommera, H. et al;. In vitro anticancer studies of alpha- and beta-D-glucopyranose 

betulin anomers. Chem. Biol. Interact. 185, 128–36 (2010). 

178. Salin, O. et al.; Inhibitory effect of the natural product betulin and its derivatives against 

the intracellular bacterium Chlamydia pneumoniae. Biochem. Pharmacol. 80, 1141–51 

(2010). 

179. Yogeeswari, P.; Sriram, D. Betulinic acid and its derivatives: a review on their biological 

properties. Curr. Med. Chem. 12, 657–66 (2005). 

180. Chandramu, C.; Manohar, R. D.; Krupadanam, D. G. L.; Dashavantha, R. V. Isolation , 

Characterization and Biological Activity of Betulinic Acid and Ursolic Acid from Vitex 

negundo L . Phytother Res. 134, 129–134 (2003). 

181. Feng, Y. et al.; A novel one-step microbial transformation of betulin to betulinic acid 

catalysed by Cunninghamella blakesleeana. Food Chem. 136, 73–79 (2013). 

182. Chen, Q.; Liu, J.; Zhang, H.; He, G.; Fu, M. The betulinic acid production from betulin 

through biotransformation by fungi. Enzyme Microb. Technol. 45, 175–180 (2009). 

183. Eiznhamer, D. A.; Xu, Z.-Q. Betulinic acid: a promising anticancer candidate. IDrugs 7, 

359–73 (2004). 

184. Enwerem, N. M.; Okogun, J. I.; Wambebe, C. O.; Okorie, D. A.; Akah, P. A. 

Anthelmintic activity of the stem bark extracts of Berlina grandiflora and one of its 

active principles, Betulinic acid. Phytomedicine 8, 112–4 (2001). 

185. Pavlova, N. I.; Savinova, O. V.; Nikolaeva, S. N.; Boreko, E. I.; Flekhter, O. B. Antiviral 



162 
 

activity of betulin, betulinic and betulonic acids against some enveloped and non-

enveloped viruses. Fitoterapia 74, 489–492 (2003). 

186. Lu, Q. et al.; Betulinic acid protects against cerebral ischemia-reperfusion injury in mice 

by reducing oxidative and nitrosative stress. Nitric Oxide 24, 132–38 (2011). 

187. Domínguez-Carmona, D. B. et al.; Antiprotozoal activity of betulinic acid derivatives. 

Phytomedicine 17, 379–82 (2010). 

188. Liu, W.; Ho, J.; Cheung, F.; Liu, B. Apoptotic activity of betulinic acid derivatives on 

murine melanoma B16 cell line. Eur J Pharmacol. 498, 71–8 (2004). 

189. Kommera, H. et al.; Carbamate derivatives of betulinic acid and betulin with selective 

cytotoxic activity. Bioorg. Med. Chem. Lett. 20, 3409–12 (2010). 

190. Kvasnica, M.; Sarek, J.; Klinotova, E.; Dzubak, P.; Hajduch, M. Synthesis of phthalates 

of betulinic acid and betulin with cytotoxic activity. Bioorg. Med. Chem. 13, 3447–54 

(2005). 

191. Fontanay, S.; Grare, M.; Mayer, J.; Finance, C.; Duval, R. E. Ursolic, oleanolic and 

betulinic acids: antibacterial spectra and selectivity indexes. J. Ethnopharmacol. 120, 

272–6 (2008). 

192. Eckerman, C.; Ekman, R. Vergleich von Lösungsmitteln für die Extraktion und 

Kristallisation von Betulinol aus Birkenrindeabfällen. Pap. ja Puu 67, 100–106 (1985). 

193. Ota, M.; Yokoyama, M. in Comprehensive Natural Products II 317–349 (Elsevier, 

2010). 

194. Kindler, S. et al.; Triterpenes for Well-Balanced Scar Formation in Superficial Wounds. 

Molecules 21, 1129 (2016). 

195. Stierle, A.; Strobel, G.; Stierle, D. Taxol and Taxane Production by Taxomyces 

andreanae , an Endophytic Fungus of Pacific Yew. Science. 260, 214–216 (1993). 

196. Heinig, U.; Scholz, S.; Jennewein, S. Getting to the bottom of Taxol biosynthesis by 

fungi. Fungal Divers. 60, 161–170 (2013). 

197. Singh, S.; Nsk, H.; Pk, G. Potential role of host tree species in determining the 

composition of polysaccharides of Ganoderma lucidum ( Fr .) Karst .( GLPS ). Curr. 

Res. Environ. Appl. Mycol. 5, 196–201 (2015). 

198. Weete, J. D.; Abril, M.; Blackwell, M. Phylogenetic distribution of fungal sterols. PLoS 

One 5, e10899 (2010). 

199. Nemec, T.; Jernejc, K.; Cimerman, A. Sterols and fatty acids from different Aspergillus 

species. FEMS microbilogy Lett. 149, 201–205 (1997). 

200. Nes, W. D.; Haddonb, F. Evidence for similarities and differences in the biosynthesis of 



163 
 

fungal sterols. Steroids 55, 533–558 (1989). 

201. Topham, R.; Gaylor, J. Further characterization of the 5α-hydroxysterol dehydrase of 

yeast. Biochem. Biophys. Res. 47, 180–186 (1972). 

202. HK, A.; IM, C.; NJ., M. Ergosterol peroxide: a fungal Artefact. Nature 28, 397 (1967). 

203. Batrakov, S. G. et al.; Lipids of the zygomycete Absidia corymbifera F-965. 

Phytochemistry 65, 1239–46 (2004). 

204. H, F.; M, N.; Y, N.; M., Y. Isolation and characterization of immunosuppressive 

components of three mushrooms, Pisolithus tinctorius, Microporus flabelliformis and 

Lenzites betulina. Chem Pharm Bull 42, 694–697 (1994). 

205. El-Mekkawy, S.; Meselhy, M.; Nakamura, N. Anti-HIV-1 and anti-HIV-1-protease 

substances from Ganoderma Lucidum. Phytochemistry 49, 1651–57 (1998). 

206. Bok, J. W.; Lermer, L.; Chilton, J.; Klingeman, H. G.; Towers, G. H. N. Antitumor 

sterols from the mycelia of Cordyceps sinensis. Phytochemistry 51, 891–898 (1999). 

207. Mallavadhani, U. V. et al.; Chemical and analytical screening of some edible 

mushrooms. Food Chem. 95, 58–64 (2006). 

208. Macías, F.; Simonet, A.; Galindo, J. Bioactive steroids and triterpenes from Melilotus 

messanensis and their allelopathic potential. J. Chem. Ecol. 23, 1781–1803 (1997). 

209. Jong, S. C.; Donovick, R. Antitumor and antiviral substances from fungi. Adv. Appl. 

Microbiol. 34, 183–262 (1989). 

210. Nam, K. S.; Jo, Y. S.; Kim, Y. H.; Hyun, J. W.; Kim, H. W. Cytotoxic activities of 

acetoxyscirpenediol and ergosterol peroxide from Paecilomyces tenuipes. Life Sci. 69, 

229–237 (2001). 

211. Takei, T. Ergosterol peroxide, an apoptosis-inducing component isolated from Sarcodon 

aspratus (Berk.) S. Ito. Biosci. Biotechnol. Biochem. 69, 212–215 (2005). 

212. Chen, Y.-K. K.; Kuo, Y.-H. H.; Chiang, B.-H. H.; Lo, J.-M. M.; Sheen, L.-Y. Y. 

Cytotoxic activities of 9,11-dehydroergosteroi peroxide and ergosterol peroxide from the 

fermentation mycelia of Ganoderma lucidum cultivated in the medium containing 

leguminous plants on Hep 3B cells. J. Agric. Food Chem. 57, 5713–5719 (2009). 

213. Gao, J.-M. et al.; Ergosterol peroxides as phospholipase A(2) inhibitors from the fungus 

Lactarius hatsudake. Phytomedicine 14, 821–24 (2007). 

214. Lindequist, U. et al.; Isolation, characterization and structure elucidation of a substance 

with immunosuppressive action from Tricholoma populinum Lange. Pharmazie 44, 165 

(1989). 

215. Kobori, M.; Yoshida, M.; Ohnishi-Kameyama, M.; Takei, T.; Shinmoto, H. 5a,8a-



164 
 

Epidioxy-22E-ergosta-6,9(11),22-trien-3b -ol from an Edible Mushroom Suppresses 

Growth of HL60 Leukemia and HT29 Colon Adenocarcinoma Cells. Biol Pharm Bull 

29, 755–759 (2006). 

216. Turner, W. B. Fungal metabolites. (Academic Press., 1971). 

217. Loeffler, W. Fungal Metabolites. Z. Allg. Mikrobiol. 13, 283–284 (1973). 

218. Cambie, B. R. C. & Quesne, P. W. Le. Chemistry of Fungi. Part 111. Constituents of 

Coriolus sanguineus Fr. J. Chem. SOC. 72–74 (1966). 

219. Kawagishi, H. et al.; A lanostane-type triterpene from a mushroom Daedalea dickinsii. 

Phytochemistry 46, 959–961 (1997). 

220. MARCUS, S. Antibacterial activity of the triterpenoid acid (polyporenic acid C) and of 

ungulinic acid, metabolic products of Polyporus benzoinus (Wahl.) Fr. Biochem. J. 50, 

516–517 (1952). 

221. Keller, A. C.; Maillard, M. P. & Hostettmann, K. Antimicrobial steroids from the fungus 

Fomitopsis pinicola. Phytochemistry 41, 1041–1046 (1996). 

222. Cai, T.-G.; Cai, Y. Triterpenes from the fungus Poria cocos and their inhibitory activity 

on nitric oxide production in mouse macrophages via blockade of activating protein-1 

pathway. Chem. Biodivers. 8, 2135–43 (2011). 

223. Keller, A. C.; Maillard, M. P.; Hostettmann, K. Antimicrobial steroids from the fungus 

Fomitopsis pinicola. 41, 1041–1046 (1996). 

224. Hou, L. Z.; Hang, Y. Z.; Apter, A. G.; Ing, H. L.; Garwal, R. A. Cytotoxic and Anti-

oxidant Activities of Lanostane-Type Triterpenes Isolated from Poria cocos. Chem 

Pharm Bull (Tokyo). 56, 1459–1462 (2008). 

225. Cheng, S.; Eliaz, I.; Lin, J.; Thyagarajan-Sahu, A.; Sliva, D. Triterpenes from Poria 

cocos suppress growth and invasiveness of pancreatic cancer cells through the 

downregulation of MMP-7. Int. J. Oncol. 42, 1869–74 (2013). 

226. Li, G. et al.; Cytotoxicity and dna topoisomerases inhibitory activity of constituents 

from the sclerotium of Poria cocos. Arch. Pharm. Res. 27, 829–833 (2004). 

227. Bryce, T. A.; Campbell, I. M. Metabolites of the polyporaceae—I : Novel conjugates of 

polyporenic acid a from piptoporus betulinus. Tetrahedron 23, 3427–3434 (1966). 

228. Roth, M.; Saucy, G.; Anliker, R.; Jeger, O.; Heusser., H. Die Konstitution der 

Polyporensaure A. Helv. Chim. Acta 516, 1908–1918 (1953). 

229. Cross, L. C.; Eliot, C. G.; Heilborn, I. M.; Jones., E. R. H. Constituents of the Higher 

Fungi. Part I. The Triterpene Acids of Polyporus betulinus Fr. J. Chem. Soc. 632–636 

(1940). 



165 
 

230. Wei, L.; Hai-Ying, B.; Tolgor, B. Chemical constituents and antioxidant activities of 

Laetiporus cremeiporus. Mycosystema 33, 365–374 (2014). 

231. Dulger, B. Antimicrobial activity of ten Lycoperdaceae. Fitoterapia 76, 352–354 (2005). 

232. Hai-ying, Y.; Yang, B. Antibacterial activities and volatile oil component analysis of 

extracts of Calvatia gigantea fruiting bodies in different maturity period. Mycosystema 

30, 477–485 (2011). 

233. Chang, S. T.; Hayes, W. A. The Biology and Cultivation of Edible Mushrooms. (Elsevier 

Science, 2013). 

234. Boschi, D. et al.; Activity of calvatic acid and its analogs against Helicobacter pylori. 

Pharmazie 56, 670–72 (2001). 

235. Peter, K. Method for the production of a medicinal tincture from higher mushrooms, 

medicinal tincture and use thereof. (2003). 

236. Fronza, M.; Heinzmann, B.; Hamburger, M.; Laufer, S.; Merfort, I. Determination of the 

wound healing effect of Calendula extracts using the scratch assay with 3T3 fibroblasts. 

J. Ethnopharmacol. 126, 463–7 (2009). 

237. Bae, J.; Jang, K.; Park, S.; Jin, H. K. Promotion of Dermal Wound Healing by 

Polysaccharides Isolated from Phellinus gilvus in rats. Lab. Anim. Sci. Promot. 67, 111–

114 (2004). 

238. Umezawa, H.; Takeuchi, T.; Iinuma, H.; Ito, M.; Ishizuka, M. A new antibiotic, calvatic 

acid. J. Antibiot. (Tokyo). 28, 87–90 (1975). 

239. Sorba, G. et al.; Anti-Helicobacter pylori agents endowed with H2-antagonist properties. 

Bioorganic Med. Chem. Lett. 11, 403–406 (2001). 

240. Antonini, G. et al.; Inhibition of human placenta glutathione transferase P1-1 by the 

antibiotic calvatic acid and its diazocyanide analogue. Eur. J. Biochem. 245, 663–667 

(1997). 

241. Brossa, O. et al.; Effect of calvatic acid and its analogs on ornithine decarboxylase 

activity in tumour cells. Res. Commun. Chem. Pathol. Pharmacol. 70, 143–53 (1990). 

242. Takaishi, Y. et al.; Hydroxyphenylazoformamide derivatives from Calvatia craniformis. 

Phytochemistry 45, 997–1001 (1997). 

243. Prasad, C. Bioactive cyclic dipeptides. Peptides 16, 151–164 (1995). 

244. Ström, K.; Sjögren, J.; Broberg, A.; Schnürer, J. Lactobacillus plantarum MiLAB 393 

produces the antifungal cyclic dipeptides cyclo(L-Phe-L-Pro) and cyclo(L-Phe-trans-4-

OH-L-Pro) and 3-phenyllactic acid. Appl. Environ. Microbiol. 68, 4322–4327 (2002). 

245. Kanoh, K. et al.; Antitumor activity of phenylahistin in vitro and in vivo. Biosci. 



166 
 

Biotechnol. Biochem. 63, 1130–1133 (1999). 

246. Fu, X.; Ferreira, M. L. G.; Schmitz, F. J.; Kelly-Borges, M. New diketopiperazines from 

the sponge Dysidea chlorea. J. Nat. Prod. 61, 1226–1231 (1998). 

247. Ginz, M.; Engelhardt, U. H. Identification of new diketopiperazines in roasted coffee. 

Eur. Food Res. Technol. 213, 8–11 (2001). 

248. Gautschi, M. et al.; Chemical Characterization of Diketopiperazines in Beer. J. Agric. 

Food Chem. 45, 3183–3189 (1997). 

249. Brauns, S. C.; Milne, P.; Naudé, R.; Van De Venter, M. Selected cyclic dipeptides 

inhibit cancer cell growth and indace apoptosis in HT-29 colon cancer cells. Anticancer 

Res. 24, 1713–1719 (2004). 

250. Stierle, A. C.; Cardellina, J. H.; Strobel, G. A. Maculosin, a host-specific phytotoxin for 

spotted knapweed from Alternaria alternata. Proc. Natl. Acad. Sci. U. S. A. 85, 8008–

8011 (1988). 

251. Ofmann, T. H. H. Structures, Sensory Activity, and Dose/Response Functions of 2 , 5-

Diketopiperazines in Roasted Cocoa Nibs (Theobroma cacao). Agric.Food Chem. 53, 

7222–7231 (2005). 

252. Brown, P.; Hornbeck, C. Alloxazines and isoalloxazines. Mass spectrometric analysis of 

riboflavin and related compounds. Org. Mass Spectrom. 6, 1383–1399 (1972). 

253. Sikorski, M. et al.; Photophysics of lumichrome on cellulose. J. Photochem. Photobiol. 

A Chem. 156, 267–271 (2003). 

254. Weete, J. D.; Laseter, J. L. Distribution of sterols in the fungi. I. Fungal spores. Lipids 9, 

575–581 (1974). 

255. Qi, S. H.; Zhang, S.; Yang, L. H.; Qian, P. Y. Antifouling and antibacterial compounds 

from the gorgonians Subergorgia suberosa and Scripearia gracillis. Nat. Prod. Res. 22, 

154–166 (2008). 

256. Yessoensis, P. Polar steroids from the marine scallop. J. Nat. Prod. 6, 1098–1103 

(1988). 

257. Li, H. Q. et al.; Antifungal metabolites from Chaetomium globosum, an endophytic 

fungus in Ginkgo biloba. Biochem. Syst. Ecol. 39, 876–879 (2011). 

258. Zheng, J. et al.; Antimicrobial ergosteroids and pyrrole derivatives from halotolerant 

Aspergillus flocculosus PT05-1 cultured in a hypersaline medium. Extremophiles 17, 

963–971 (2013). 

259. Mizushina, Y. et al.; Lucidenic acid O and lactone, new terpene inhibitors of eukaryotic 

DNA polymerases from a basidiomycete, Ganoderma lucidum. Bioorganic Med. Chem. 



167 
 

7, 2047–2052 (1999). 

260. Kim, J. A.; Tay, D.; De Blanco, E. C. NF-κB inhibitory activity of compounds isolated 

from Cantharellus cibarius. Phyther. Res. 22, 1104–1106 (2008). 

261. Liu, L.; Shi, X. W.; Zong, S. C.; Tang, J. J.; Gao, J. M. Scabronine M, a novel inhibitor 

of NGF-induced neurite outgrowth from PC12 cells from the fungus Sarcodon 

scabrosus. Bioorganic Med. Chem. Lett. 22, 2401–2406 (2012). 

262. Gao, Jinming.; Dong, Zejun. The constituents of the basidiomycetes Russula 

cyanoxantha. Acta Bot. Yunnanica 22, 85–89 (2000). 

263. Li, D.-H. et al.; Two New Metabolites with Cytotoxicities from Deep-Sea Fungus, 

Aspergillus sydowi YH11-2. Arch Pharm Res 30, 1051–1054 (2007). 

264. Liu, T. F. et al.; 3β,5α,6β-Oxygenated sterols from the South China Sea gorgonian 

Muriceopsis flavida and their tumor cell growth inhibitory activity and apoptosis-

inducing function. Steroids 78, 108–114 (2013). 

265. Takaishi, Y. et al.; Glycosides of ergosterol derivatives from hericum erinacens. 

Phytochemistry 30, 4117–4120 (1991). 

266. Yoshikawa, K.; Nishimura, N.; Muranaka, M.; Arihara, S. A New Abietane-Type 

Diterpene from the Fruit Body of Rhodophyllus rhodopolius. Nat. Med. 58, 81–83 

(2004). 

267. Zheng, H.-L.; Bau, T.; Bao, H.-Y.; Lian, J.-W. Chemical constituents from Lyophyllum 

decastes. Zhongguo Zhong yao za zhi = China J. Chinese Mater. medica 38, 4335–39 

(2013). 

268. Zang, Y. et al.; Fomentarols A-D, sterols from the polypore macrofungus Fomes 

fomentarius. Phytochemistry 92, 137–145 (2013). 

269. Na, F. et al.; Steroids from fruiting bodies of Coprinus comatus and their inhibition to 

tumor cell proliferation. Mycosystema 29, 249–253 (2010). 

270. Zha-Jun, Z.; Ying, W.; Sheng-Ping, Y.; Jian-Min, Y. Steroids from the Fungus Pleurotus 

ostreatus. Acta Bot. Sin. 45, 753–756 (2003). 

271. Yang, S.-P.; Xu, J.; Yue, J.-M. Sterols from the fungus Catathelasma imperiale. Chinese 

J. Chem. 21, 1390–1394 (2010). 

  
 

 

 

 



168 
 

9 APPENDIX  

 

 Appendix of Fomitopsis betulina 

 

I. MS, NMR Data of Isolated Substances  

 

 

NMR Data of Betulin (1) (P.5.4.1) 

Betulin: 1H NMR (CDCl3, 500 MHz) δ 4.70 (1H, d, H- 29b), 4.58 (1H,d, H-29a), 3.79 (1H, d, J 

= 10.8, H-28b), 3.33 (1H, d, J = 10.8, H-28a), 3.18 (1H, dd, J =5.3, H-3α), 1.67 (3H, s, H- 30), 

0.99 (3H, s, H-27), 0.97 (3H, s, H-26), 0.96 (3H, s, H-23),0.80 (3H, s, H-25), 0.75 (3H, s, H-

24). 13C NMR (CDCl3, 125 MHz) δ 150.6 (C- 20),109.8 (C-29), 79.2 (C-3), 60.6 (C-28), 55.4 

(C-5), 50.5 (C-9), 48.8 (C-19), 47.9 (C- 17),47.9 (C-18), 42.8 (C-14), 41.0 (C-8), 38.9 (C-1), 

38.8 (C-4), 37.4 (C-10), 37.2 (C- 13),34.3 (C-7), 34.1 (C-22), 29.8 (C-21), 29.2 (C-16), 28.1 

(C-23), 27.5 (C-2), 27.1 (C- 15),25.3 (C-12), 20.9 (C-11), 19.2 (C-30), 18.4 (C-6), 16.2 (C-25), 

16.1 (C-26), 15.4 (C- 24),14.8 (C-27); HRFABMS m/z 464.3645.  

 

 

Figure 111. 1H-NMR spectrum of (betulin) (1) (P.5.4.1)  
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Figure 112. 13C-NMR spectrum of (betulin) (1) (P.5.4.1)  

 

 

 

 

NMR Data of Betulinic Acid (2) (P.5.4.2) 

 

Betulinic acid (2): 1H-NMR (400 MHz, CD3OD) _: 4.53 (1H, s, H-29), 4.39 (1H, s, H-29), 2.96 

(1H, t, J = 7.8 Hz, H-3), 2.82 (1H, m),2.06 (2H, m), 1.75 (2H, m), 1.52-0.70 (m, 20H), 1.49 

(3H, s, H-30),0.78 (3H, s), 0.76 (3H, s), 0.75 (3H, s), 0.63 (3H, s), 0.55 (3H, s);13C-NMR (100 

MHz, CD3OD) _: 178.9 (C-28), 150.4 (C-20), 109.0(C-29), 78.3 (C-3), 55.9 (C-17), 55.0 (C-5), 

50.2 (C-9), 48.8 (C-19),46.7 (C-18), 42.1 (C-14), 40.3 (C-8), 38.4 (C-1), 38.4 (C-4), 37.9 (C-

13), 36.8 (C-10), 36.8 (C-22), 34.0 (C-7), 31.9 (C-16), 30.2 (C-15),29.3 (C-21), 29.2 (C-21), 

27.4 (C-23), 26.5 (C-2), 25.1 (C-12), 20.5(C-11), 18.8 (C-30), 17.9 (C-6), 15.6 (C-25), 15.4 (C-

26), 14.9 (C-24), 14.2 (C-27) 96. 
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Figure 113. 1H-NMR spectrum of (betulinic acid) (2) (P.5.4.2) 

 

 

 

Figure 114. 13C-NMR spectrum of (betulinic acid) (2) (P.5.4.2) 
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NMR Data of Polyporenic Acids C (3) (P.12.1) and A (4) (P.12.2) and Three Lanostane 

Triterpenes 

 

Polyporenic Acids C (3) (P.12.1) 

 

 

Figure 115. 1H-NMR spectrum of polyporenic Acids C (3) (P.12.1)  

  

 

Figure 116. 13C-NMR spectrum of polyporenic Acids C (3) (P.12.1) 
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Polyporenic Acids A (4) (P.12.2) 

NMR data of polyporenic acid A (4) (P.12.2) (600 MHz, CD3OD) 

Pos. 
13

C 

 [ppm] 

1
H 

 [ppm] m J [Hz] 

1 36.8 1.77; 1.25 

2 28.5 1.63; 1.63 

3 79.3 3.162 dd (10.4/6.0) 

4 40.0 --- 

5 52.1 1.07 

6 19.4 1.72; 1.53 

7 27.6 2.06; 2.06 

8 136.3 --- 

9 134.4 --- 

10 38.1 --- 

11 34.4 2.60; 2.06 

12 73.7 3.978 br d (7.9) 

13 50.7 --- 

14 50.7 --- 

15 33.2 1.69; 1.16 

16 29.0 2.01; 1.34 

17 43.9 2.22 

18 16.9 0.639 s 

19 19.4 0.993 s 

20 37.6 1.41 

21 18.0 1.038 d (6.6) 

22 35.6 1.63; 1.26 

23 33.0 2.22; 2.03 

24 150.9 --- 

25 47.2 3.110 q (7.1) 

26 17.0 1.249 d (7.1) 

27 179.1 --- 

28 16.2 0.803 s 

29 28.6 0.986 s 

30 25.3 1.084 s 

31 110.8 4.913 br s; 4.870 br s 
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Figure 117. 1H NMR spectrum of polyporenic Acids A (4) (P.12.2) 

 

 

 

 

Figure 118. 2D ROESY spectrtrum of polyporenic Acids A (4) (P.12.2) 
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Figure 119. 2D gHMBCAD spectrum of polyporenic Acids A (4) (P.12.2) 

 

 

 

NMR Data of Ergosterol Peroxide (5) (P.11.3.1) 

 

Ergosterol peroxide, C28H44O3. ESI-MS m/z (CID 25 %): 429 [M+H]+, 411, 369, 358, 341, 305, 

191. 5α, 8α-Epidioxy-22E-ergosta-6, 22-dien-3β-ol. Colorless needles, UV/ Vis λmax (nm): 

283, 294. IRνmax (KBr) cm-1: 2960, 2878. 1HNMR (CDCl3, 400 MHz): δ 0.71 (3H, s, H-18), 

0.79 (3H, d, J = 6.6 Hz, H-26), 0.81 (3H, d, J = 6.6 Hz, H-27), 0.86 (3H, s, H-19), 0.88 (3H, d, 

J=6.8Hz,H-28), 0.97 (3H, d, J=6.8Hz,H-21), 3.95 (1H, m, H-3), 5.11 (1H, dd, J = 8.0, 15.2 Hz, 

H-22), 5.18 (1H, dd, J = 7.6, 15.2 Hz, H-23), 6.21 (1H, d, J = 8.4 Hz, H-7), 6.48 (1H, d, J = 8.4 

Hz, H-6) 98. 
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Figure 120. 1H spectrum of ergosterol peroxide (5) (P.11.3.1) 

 

 

 

 

Figure 121. DQCOSY spectrum of ergosterol peroxide (5) (P.11.3.1) 
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Figure 122. 2D gHMBCAD spectrum of ergosterol peroxide (5) (P.11.3.1) 

 

 

 

 

 

 

Figure 123. 2D ROESY spectrum of ergosterol peroxide (5) (P.11.3.1) 
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NMR Data of 9, 11-dehydroergosterol Peroxide (6) (P.11.3.2) 

 

9.11-dehydroergosterol peroxide, C28H42O3, ESI-MS m/z (CID 25%): 427 [M+H]+, 409, 367, 

356, 339, 303, 189. 5α,8α-Epidioxy-22E-ergosta- 6,9(11),22-trien-3β-ol. Colorless 

needles.UV/vis λmax (nm): 313, 325, 340. Irνmax (KBr) cm-1: 2950, 2871. 1H NMR (CDCl3, 

400 MHz): δ 0.71 (3H, s, H-18), 0.79 (3H, d, J = 6.8 Hz, H-27), 0.81 (3H, d, J =6.8 Hz, H-26), 

0.89 (3H, d, J = 6.8 Hz, H-28), 0.97 (3H, d, J =6.8Hz, H-21), 1.06 (3H, s, H-19), 3.99 (1H, m, 

H-3), 5.13 (1H, dd, J = 8.4, 15.4 Hz, H-22), 5.21 (1H, dd, J = 7.2, 15.4 Hz, H-23), 5.40 (1H, d, 

J=6.0Hz,H-11), 6.26 (1H, d, J=8.6 Hz,H-7), 6.57(1H, d, J = 8.6Hz,H-6) 98. 

 

 

 

 

Figure 124. 13C NMR spectrum of 9, 11-dehydroergosterol peroxide (6) (P.11.3.2) 
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Figure 125. 1H NMR spectrum of 9, 11-dehydroergosterol peroxide (6) (P.11.3.2) 
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Compound (7) (P.12.3)  

 

 

NMR data of compound (7) (P.12.3) (600 MHz, CD3OD) 

 

 

 

Pos. 
13

C 

 [ppm] 

1
H 

 [ppm] m J [Hz] 

1 31.8 1.53/1.50 

2 24.1 1.95/1.68 

3 80.9 4.669 m 

4 37.9 --- 

5 46.8 1.53 

6 19.1 1.65/1.53 

7 27.1 2.07 

8 136.2 --- 

9 134.4 --- 

10 37.9 --- 

11 34.4 2.62/2.08 

12 73.6 3.994 br d (7.8) 

13a 50.8 --- 

14a 50.6 --- 

15 33.2 1.68/1.17 

16 28.9 2.02/1.34 

17 43.8 2.22 

18 16.9 0.647 s 

19 19.2 1.025 s 

20 37.6 1.42 

21 18.0 1.044 d (6.6) 

22 35.7 1.63/1.25 

23 32.9 2.22/2.03 

24 150.7 --- 

25 46.6 3.125 dq (7.1/0.7) 

26 16.8 1.255 d (7.1) 

27 178.4 --- 

28 22.1 0.956 s 

29 28.2 0.895 s 

30 25.3 1.106 s 

31 111.1 4.923 br s; 4.887 br s 

1‘ 167.7 --- 

2‘ 42.4 3.42 

3‘ 169.0 --- 

4‘ 52.9 3.705 s 
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Figure 126. 1H NMR spectrum of compound (7) (P.12.3)  

 

 

Figure 127. 2 D gDQCOSY spectrum of compound (7) (P.12.3) 
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Figure 128. 2 D gHMBCAD spectrum of compound (7) (P.12.3) 

 

 

 

 

Figure 129. 2 D ROESY spectrum of compound (7) (P.12.3) 
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Fomefficinic Acid A (8) (P.14.1) 

 

Pos. 
13

C 

 [ppm] 

1
H 

 [ppm] m J [Hz] 

1 37.3 2.02/1.61 

2 35.5 2.60/2.40 

3 220.4 --- 

4 48.5 --- 

5 52.7 1.64 

6 20.5 1.67/1.65 

7 27.4 2.13/2.13 

8 136.5 --- 

9 134.7 --- 

10 38,7 --- 

11 22.0 2.06/2.06 

12 30.0 1.72/1.54 

13 45.5 --- 

14 50.8 --- 

15 31.6 1.69/1.26 

16 28.1 2.00/1.38 

17 48.4 2.08 

18 16.6 0.823 s 

19 19.0 1.128 s 

20 n.d. n.d. 

21 n.d. --- 

22 32.5 1.64/1.60 

23 33.3 2.05/1.97 

24 156.9 --- 

25 35.1 2.23 

26a 22.3 1.025 d (6.7) 

27a 22.4 1.014 d (6.7) 

28 21.7 1.066 s 

29 26.7 1.077 s 

30 24.8 0.940 s 

31 107.2 4.748 br s/4.683 br s 

NMR data of fomefficinic Acid A (8) (P.14.1) (600 MHz, CD3OD) 
 

All 1H and 2D spectra were recorded on a Varian VNMRS 600 NMR spectrometer operating at 

599.832 MHz using a 5 mm inverse detection cryoprobe. Signals were assigned by 2D NMR 

(COSY, HSQC, and HMBC) and comparison with published data. The proposed structure is 

supported by HR-MS. internal reference: 1H: TMS = 0 ppm; 13C: CD3OD = 49.0 ppm             
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Figure 130. 1H NMR spectrum of of fomefficinic Acid A (8) (P.14.1) 

 

 

Figure 131. 13C NMR spectrum of of fomefficinic Acid A (8) (P.14.1) 
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Compound (9) (P.12.4)  

 

The 1H NMR spectrum of (9) (P.12.4) was similar to that of polyporenic acid A (4) (P.12.2), 

except for the presence of an additional singlet (2H) at ð 3.40 ppm. In the 13C NMR spectrum 

of (9) (P.12.4), signals were observed at ð 41.3 ppm (CH2), 166.7 ppm (CdO), and 170.4ppm 

(CdO) in addition to those of polyporenic acid A (4) (P.12.2). The HMQC and HMBC spectra 

indicated that these additional signals were derived from a malonyl group, meaning that this 

compound was an O-malonyl derivative of polyporenic acid A (4) (P.12.2). This was supported 

by a peak at m/z 555.3685 (C34H51O6, [MH-H2O]+) in the HRFABMS. The malonyl group was 

assigned to C-3 on the basis of the HMBC spectrum, in which the correlation from -

CO2CH2CO2H to H-3 was observed. Alkaline hydrolysis of this compound gave polyporenic 

acid A (4) (P.12.2), confirming that it possesses a (25S)-configuration. Thus, it was identified 

as (25S)-(+)-12 α -hydroxy-3 α -malonyloxy-24-methyllanosta-8, 24(31)-dien-26-oic acid 99.  

 

 

Figure 132. 1H-NMR spectrum of compound (9) (P.12.4) 
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Figure 133. 13 C-NMR spectrum of compound (9) (P.12.4) 
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Pos. 13C 

 [ppm] 

1H 

 [ppm] m J [Hz] 

1 31.8 1.53/1.53 

2 24.1 1.95/1.71 

3 80.6 4.667 m 

4 37.9 --- 

5 46.7 1.57 

6 19.1 1.66/1.57 

7 27.0 2.07 

8 136.2 --- 

9 134.4 --- 

10 37.9 --- 

11 34.3 2.615 m/2.09 

12 73.7 3.989 br d (7.8) 

13a 50.7 --- 

14a 50.6 --- 

15 33.2 1.68/1.16 

16 29.0 2.02/1.34 

17 43.8 2.22 

18 16.9 0.647 s 

19 19.2 1.024 s 

20 37.6 1.41 

21 18.0 1.043 d (6.6) 

22 35.7 1.63/1.26 

23 32.9 2.23/2.03 

24 150.7 --- 

25 46.6 3.127 q (7.1) 

26 16.8 1.255 d (7.1) 

27 178.4 --- 

28 22.2 0.957 s 

29 28.2 0.914 s 

30 25.3 1.114 s 

31 111.1 4.922 br s; 4.888 br s 

1‘ n.d. --- 

2‘ n.d. n.d. 

3‘ n.d. --- 

NMR data of compound (9) (P.12.4) (600 MHz, CD3OD) 

 

a may be interchanged; n.d. not detected 

Correlations: H-3β with Me-28 and Me-29; H-12 with H-11β, Me-18 and Me-21. Internal 

reference: 1H: TMS = 0 ppm; 13C: CD3OD = 49.0 ppm. All 1H chemical shifts with only two 

decimal places are chemical shifts of HSQC correlation peaks. 
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Compound (10) (P.13.2.1)  

 

 

Figure 134. 1H-NMR of compound (10) (P.13.2.1) 

 

 

Figure 135. 2D gDQCOSY spectrum of compound (10) (P.13.2.1) 
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Figure 136. 2 D gHMBCAD spectrum of compound (10) (P.13.2.1) 

 

 

 

 

Figure 137. 2D ROESY spectrum of compound (10) (P.13.2.1) 
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Pos. 13C 

 [ppm] 

1H 

 [ppm] m J [Hz] 

1 31.9 1.54/1.54 

2 24.2 1.95/1.67 

3 79.8 4.683 dd (2.672.6) 

4 37.8 --- 

5 46.8 1.58 

6 19.1 1.66/1.56 

7 27.1 2.07/2.07 

8 136.2 --- 

9 134.4 --- 

10 37.9 --- 

11 34.3 2.62/2.09 

12 73.7 3.992 br d (7.7) 

13a 50.8 --- 

14a 50.6 --- 

15 33.2 1.69/1.168 ddd (11.6/9.2/1.7) 

16 29.0 2.02/1.35 

17 43.8 2.22 

18 16.9 0.649 s 

19 19.2 1.026 s 

20 37.6 1.417 m 

21 18.0 1.044 d (6.5) 

22 35.6 1.63/1.26 

23 32.9 2.22/2.03 

24 150.7 --- 

25 46.6 3.128 q (7.1) 

26 16.8 1.257 d (7.1) 

27 178.4 --- 

28 22.2 0.995 s 

29 28.4 0.902 s 

30 25.3 1.116 s 

31 111.1 4.924 br s/4.890 br s 

1‘ 172.5 --- 

2‘ 46.4 2.713 d (14.9)/2.696 d (14.9) 

3‘ 70.7 --- 

4‘ 45.9 2.678 d (15.1)/2.636 d (15.1) 

5‘ 174.9 --- 

6‘ 27.9 1.373 s 

NMR data of compound (10) (P.13.2.1) 

HMBC correlations: H-3 with C-1’; H2-2’ with C-1’; H2-4’ with C-5’; Me-6’ with C-2’, C-3’ 

and C-4’, important NOE correlations: H-3β with Me-28 and Me-29; H-12 β with H-11α,H-

11β, Me-18 and Me-21; Me-19 with H-11β, Me18 and Me-28; Me-29 with H-2’A/B, Me-6’ 
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All 1H and 2D spectra were recorded on a Varian VNMRS 600 NMR spectrometer operating at 

599.832 MHz using a 5 mm inverse detection cryoprobe. 

Internal reference: 1H: TMS = 0 ppm; 13C: CD3OD = 49.0 ppm 

All 1H chemical shifts with only two decimal places are chemical shifts of HSQC correlation 

peaks. 

 

 

MS, NMR Spectra of the Novel Triterpenoid from Fomitopsis betulina: 3-acetoxy-16  

hydroxyl-24-oxo-5-lanosta-8-ene-21-oic acid (11) (P.14.2) 

 

 

    

Figure 138.  1H-NMR spectrum of compound (11) (P.14.2) 
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Figure 139. 1H-NMR spectrum of compound (11) (P.14.2) from 0.6 to 1.4 ppm 

  

Figure 140. 2 D gDQCOSY spectrum of compound (11) (P.14.2)  
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Figure 141. 2 D gDQCOSY spectrum of compound (11) (P.14.2) from 1 to 2.7 ppm (x) and 1 

to 2.7 ppm (y) 

 

 

  

Figure 142. 2 D gHMBCAD spectrum of compound (11) (P.14.2) 
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 Figure 143. 2 D gHMBCAD spectrum of compound (11) (P.14.2) (2) 

 

 

 

Figure 144. 2 D gHMBCAD spectrum of compound (11) (P.14.2) from 15 to 60 ppm (y) 
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Figure 145. 2 D gHMBCAD spectrum of compound (11) (P.14.2) from15 to 220 ppm (x) and 

from 0.75 to 1.15 ppm (y) 
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Figure 146. 2 D gHMBCAD spectrum of compound (11) (P.14.2) from 15 to 60 ppm (x) and 

from 0.75 to 1.15 ppm (y) 

 

 

 

Figure 147. 2 D gHSQCAD spectrum of compound (11) (P.14.2) 
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Figure 148. 2 D gHSQCAD spectrum of compound (11) (P.14.2) (2) 

 

        

 

 

Figure 149. 2 D gHSQCAD spectrum of compound (11) (P.14.2) from 0.7 to 2.65 ppm (x) and 

from 15 to 60 ppm (y) 
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Figure 150. 2 D ROESY spectrum of compound (11) (P.14.2) 

                       

 

 

                      

Figure 151. 2 D ROESY spectrum of compound (11) (P.14.2) (2) 
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Figure 152. 2 D ROESY spectrum of compound (11) (P.14.2) from 0.7 to 2.1 ppm (y) 

 

 

                          

Figure 153. 2 D ROESY spectrum of compound (11) (P.14.2) from 0.7 to 2.4 (x) ppm and from 

0.7 to 2.4 ppm(y) 
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Figure 154. 2 D ROESY spectrum of compound (11) (P.14.2) from 0.7 to 1.2 ppm (x) and from 

0.7 to2.4 ppm (y)  

 

 

                          

Figure 155. 2 D ROESY spectrum of compound (11) (P.14.2) from 0.7 to 1.2 ppm (x) and from 

0.7 to 1.2 ppm (y) 
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Table 33. NMR data of compound (11) (P.14.2) (600 MHz, CD3OD) 

Pos. 13C 

 [ppm] 

1H 

 [ppm] m J [Hz] 

selected NOE correlations 

1 36.4 1.77/1.27  

2 25.1 1.66/1.66  

3 82.3 4.45 H-5, Me-29 

4 38.9 ---  

5 52.0 1.157 dd (12.8/2.0) H-3, Me-29 

6 19.2 1.72/1.57  

7 27.6 2.10/2.07  

8 136.0 ---  

9 135.5 ---  

10 38.2 ---  

11 21.5 2.05/1.97  

12 30.2 1.80/1451 dd (13.2/9.0)  

13a 47.0 ---  

14a 49.3 ---  

15 43.6 2.18/1.28  

16 77.5 4.111 br dd (8.1/6.4)  

17 57.2 2.07  

18 17.8 0.760 s H-15, H-16, H-20 

19 19.6 1.019 s H-1, H-2, H-6, H-11, Me-28 

20 n.d. 2.346 ddd (11.2/11.2/3.5)  

21 n.d. ---  

22 27.0 2.20/1.72  

23 39.1 2.54  

24 216.9 ---  

25 42.0 2.648 sept (6.7)  

26b 18.6 1.069 d (6.9)  

27b 18.6 1.063 d (6.9)  

28 17.0 0.908 s H-6, Me-19 

29 28.5 0.891 s H-3, H-5, H-6 

30 25.5 1.126 s H-7, H-12,, H-15 

OAc 21.1/172.9 2.035 s/---  

 

a,b may be interchanged. 

COSY correlations: H-20 correlates with H-17, H-22A, and H-22BNOE correlations: H-3α 

with H-5α and Me-29; Me-18 with H-16β and H-20. All 1H and 2D spectra were recorded on a 

Varian VNMRS 600 NMR spectrometer operating at 599.832 MHz using a 5 mm inverse 

detection cryoprobe. Internal reference: 1H: TMS = 0 ppm; 13C: CD3OD = 49.0 ppm 

 

All 13C chemical shifts are chemical shifts of HSQC and/or HMBC correlation peaks. All 1H 

chemical shifts with only two decimal places are chemical shifts of HSQC correlation peaks. 
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The constitution of (11) (P.14.2)was established mainly based on the COSY correlations on the 

one hand and the HMBC correlations of the methyl group proton signals with the carbon 

signals via two and three bonds on the other hand (Figure 156). 

 

 

 

 

II. Agar Diffusion Test of the Isolated Compounds of Fomitopsis betulina 

 

 

 

(11) (P.14.2): (3-acetoxy-16 hydroxyl-24-oxo-5-lanosta-8(9) diene-30-oic acid) 

(1) (P.5.4.1): betulin 

(2) (P.5.4.2): betulinic acid  

(8) (P.14.1): fomefficinic acid 

(9) (P.12.4): (25S)-(+)-12α-hydroxy-3α-malonyloxy-24-methyllanosta-8,24(31)-dien-26-oic 

acid  

(10) (P.13.2.1): (25S,3´S)-(+)-12α-hydroxy-3α-(3`-hydroxy-3`-methyl glutaryloxy)-24-

methyllanosta-8,24(31)-dien-26-oicacid 

P.14.2 P.5.4.1 

P.5.4.2 

P.14.1 

P.12.4 

P.13.2.1 

Figure 156. Partial structure (bold lines) of compound P.14.2, established based on 1H, 1H 

COSY (left) and 1H, 13C HMBC correlation (right) 
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Polyporenic acid C (3) (P.12.1), polyporenic acid A (4) (P.12.2), ergosterol peroxide (5) 

(P.11.3.1), 9, 11-dehydroergosterol peroxide (6) (P.11.3.2), (25S)-(+)-12α-hydroxy-3α-

methylcarboxyacetate-24-methyllanosta-8, 24(31)-diene-26-oic acid (7) (P.12.3) 

 

 

 

III.  In Vitro Wound Healing Activity 

 

 

 

 

Wound closure rates of aqueous extracts, calendula and dexamethasone in α-MEM with 1% 

FCS. After 48 hours. *Significant (p ≤ 0.05). **Highly significant (p ≤ 0,001) 95 

 

 

 

P.12.1 

P.11.3.

P.11.3.2 

P.12.2 

P.12.3 
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Wound closure rates alcoholic extracts, calendula and dexamethasone in α-MEM with 1% FCS. 

After 48 hours. *Significant (p ≤ 0.05). **Highly significant (p ≤ 0,001) 95 
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IV. MS and NMR Data of Isolated Compounds from Calvatia gigantea  

 

 Succinic Acid (12) (S.3-4-1) 

 

 

Figure 157. MS spectrum of succinic acid (12) (S.3-4-1) (positive) 
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Figure 158. MS spectrum of succinic acid (12) (S.3-4-1) (negative) 

 

 

 

Figure 159. 1H-NMR spectrum of succinic acid (12) (S.3-4-1) 
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Figure 160. 13C-NMR spectrum of succinic acid (12) (S.3-4-1) 

 

 

Calvatic Acid (13) (S.3-4-5) 

 

 

Figure 161. MS spectrum of calvatic Acid (13) (S.3-4-5) 
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Diketopiperazine (14) (S.7-2-2) 

 

Figure 162. MS spectrum of cyclic peptide diketopiperazine (14) (S.7-2-2) 

 (Proline-Threonine) (positive) 

 



208 
 

 

Figure 163. 1H-NMR spectrum of the cyclic peptide diketopiperazine (14) (S.7-2-2) (Proline-
Threonine) 

 

 

 

 

Figure 164. 13C-NMR spectrum of the cyclic peptide diketopiperazine (14) (S.7-2-2)(Proline-
Threonine) 
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4-Methoxybenzene-1-ONN- azoxyformamide (15) (S.4-5-4) 

 

Figure 165. MS spectrum of 4-methoxybenzene-1-ONN- azoxyformamide (15) (S.4-5-4) 

(positive) 
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Figure 166. 1H NMR spectrum of 4-methoxybenzene-1-ONN- azoxyformamide (15) (S.4-5-4) 

 

 

 

Figure 167. 13C NMR spectrum of 4-methoxybenzene-1-ONN- azoxyformamide (15) (S.4-5-4) 

 

 

 



211 
 

Benzoic acid-4-[2-(aminocarbonyl)-1-oxidodiazenyl]-, methyl ester) (16) (S.4-5-5) 

 

Figure 168.  MS spectrum of benzoic acid-4-[2-(aminocarbonyl)-1-oxidodiazenyl]-, methyl 
ester) (16) (S.4-5-5) (positive) 

  

 

Figure 169. 1H NMR spectrum of benzoic acid-4-[2-(aminocarbonyl)-1-oxidodiazenyl]-, 
methyl ester) (16) (S.4-5-5) 
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Figure 170. 13C NMR spectrum of benzoic acid-4-[2-(aminocarbonyl)-1-oxidodiazenyl]-, 
methyl ester) (16) (S.4-5-5) 

 

Lumichrome (17) (S.4-5-7) 

 

Figure 171. MS spectrum of lumichrome (17) (S.4-5-7) (positive) 
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Figure 172.  1H-NMR spectrum of lumichrome (17) (S.4-5-7) 

 

 

Tuberoside (18) (S.3-6-2-1) 

 

Figure 173. MS spectrum of tuberoside (18) (S.3-6-2-1) (positive) 

 

 



214 
 

 
 

 

Figure 174.  1H-NMR spectrum of (18) (S.3-6-2-1) tuberoside 

 

Cerevisterol (19) (S.1-11-3-1) 

 

Figure 175. MS spectrum of cerevisterol (19) (S.1-11-3-1) (positive) 
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Figure 176.  1H-NMR spectrum of cerevisterol (19) (S.1-11-3-1) 

 

 

 

 

The End 
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