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1. INTRODUCTION 

Mushrooms are defined as macrofungi with distinctive fruiting bodies, which can 

be either epigeous or hypogeous and large enough to be seen with naked eye and to be 

picked by hand (Chang and Miles, 1992). Accordingly, mushrooms can be ranked to two 

divisions – Ascomycota and Basidiomycota. In Czech Republic and in some 

neighbouring countries, there exists a very long tradition in edible mushroom picking. 

Some edible mushrooms are also cultivated for food industry. Edible mushrooms 

represent only one category of mushrooms; the others are “medicinal mushrooms” and 

poisonous mushrooms. Besides producing common primary metabolites as proteins, 

lipids and carbohydrates, mushrooms also produce wide range of metabolites of great 

interest to the pharmaceutical industry and many toxic substances (Cheung, 2008). The 

use of medicinal mushrooms has a very long tradition in Asian countries, and an 

increasing attention has been paid to them in Western countries for several decades. Some 

species of mushrooms are reported to be active in several therapeutic effects, including 

antiinflammatory, antitumor (e.g., bladder, rectal cancer), antiviral, antibacterial, 

antiparasitic, blood pressure regulation, cardiovascular disorders, thrombin 

inhibition/inhibition of human platelets aggregation, immunomodulating, 

hepatoprotective, nerve tonic, chronic bronchitis, diabetes, inhibition of allergic reactions, 

antioxidant and free-radical scavenging activity (Kapil et al., 1994; Doljak et al., 2001; 

Keller et al., 2002; Tomasi et al., 2004; Lindequist et al., 2005; Wasser and Weis, 2005; 

Ribeiro et al., 2006; Yuen and Gohel, 2008; Popova et al., 2009; Saltarelli et al., 2009). 

The pathophysiology of some mentioned disorders belonging to the civilization 

diseases, as well as the pathophysiology of neurodegenerative diseases including 

Alzheimer‟s disease (AD), is frequently associated with the action of free radicals 

(reactive oxygen and nitrogen species), which are produced in normal and/or pathological 

cell metabolism. Reactive oxygen species, such as the superoxide anion radical (O2
-
•), 

hydrogen peroxide (H2O2) and hydroxyl radical (•OH) have been implicated in the 

pathophysiology of various states, including ischemia reperfusion injury, hemorrhagic 

shock, atherosclerosis, heart failure, acute hypertension, neurodegenerative diseases and 

cancer (Christen, 2000; Ajith and Janardhanan, 2002). In respect of the limitations of 

synthetic antioxidants, much attention is focused on searching for new natural substances 

and extracts with antioxidant/antiradical activity, which could be used in the antioxidant 

therapy. Nevertheless the pathologies of these disorders are more complex and the 
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administration of antioxidants plays usually supplementary role; e.g. AD. Since AD is 

associated with increased oxidative stress, decreased acetylcholine levels, and 

inflammatory process, a combinational therapeutic approach of using anti-inflammatory 

compounds, antioxidants, and acetylcholinesterases inhibitors is suggested in AD 

(Chauhan and Chauhan, 2006). Therefore there is a demand for searching and intense 

study of natural substances, which except antioxidant/antiradical activity possess some 

extra exploitable effects. Currently, the acetylcholinesterase inhibitors (donepezil, 

rivastigmin, and galanthamine) are the most used drugs for temporary cognitive 

improvement, and that is why the scientists are searching for the inhibitors of brain 

cholinesterases, not only inside the area of synthetic substances, but also between the 

natural substances. The mushrooms from divisions Ascomycota and Basidiomycota can 

play a role of interesting source, because some of them have been previously reported to 

possess substances with anticholinesterase activity (Lee et al., 2009; Geisler et al., 2010; 

Orhan and Üstün, 2011; Öztürk et al., 2011). 
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2. LITERATURE REVIEW 

2.1. FREE RADICALS AND ANTIOXIDANTS 

2.1.1. FREE RADICALS AND RELATED “REACTIVE SPECIES” 

There are number of definitions of “free radical”; simply free radical is any species 

capable of independent existence that contains one or more unpaired electrons. An 

unpaired electron is one that occupies an atomic or molecular orbital by itself. Most of the 

biomolecules are not free radicals because they contain orbitals fully occupied by two 

electrons. Radicals can be formed from “normal” molecules by three ways: by loosing a 

single electron from a non-radical (oxidation), by gaining one electron (reduction) or by 

homolytic fission of covalent bond (each fragment gains one unpaired electron, requires 

high amount of energy). Free radicals are usually highly reactive. Formation of radical 

can initiate whole chain of sequential reactions. If a radical reacts with non-radical 

(“normal”) molecule, the molecule is necessarily converted into radical and radical 

reaction is in that way promoted to the surrounding molecules. The reaction can be 

terminated only by interaction of two radicals with unpaired electrons. Toxicity of these 

radicals for animal tissues depends on half-time (inactivation) of the radical (Štípek, 

2000; Halliwell and Gutteridge, 2007).  

The most important reactive oxygen (ROS) and reactive nitrogen species (RNS) are 

summarised in Table 1. Not only the free radicals, but also the molecules of substances 

which are stable concerning their electron occupation of orbitals, can feature oxidative 

effects (tissue toxicity). They can split up and form highly reactive molecules. The one 

electron reduction product of oxygen is the superoxide radical. If two electrones are 

transferred, the product is hydrogen peroxide, which is not a radical. If another electron is 

available, the molecule of hydrogen peroxide is split into water and hydroxyl radical, 

which is one of the most potent oxidant known. It reacts close to the site of formation; it 

can initiate lipid peroxidation, cause DNA strand breaks, and oxidaze virtually any 

organic molecule. The formation of hydroxyl radical is often catalysed by transition 

metals like iron (Fenton reaction) and copper. Nitric oxide is generated in biological 

tissues by specific nitric oxide synthase. Pathologically the most important is the reaction 

of nitric oxide with superoxide which give rice to peroxynitrite anion, which is a potent 
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oxidising agent that can cause DNA fragmentation and lipid oxidation (Štípek, 2000; 

Valko et al., 2007).  

Table 1. Nomenclature of reactive oxygen and nitrogen species 

(addapted from Halliwell and Gutteridge, 2007) 

Reactive oxygen species 

Free radicals   Non-radicals 

Superoxide O2
•-
 

 

Hydrogen peroxide H2O2 

Hydroxyl OH
•
 

 

Hypobromous acid HOBr 

Hydroperoxyl HO2
•
 

 

Hypochlorous acid HOCl 

Peroxyl RO2
•
 

 

Ozone O3 

Alkoxyl RO
•
 

 

Singlet oxygen O2
1
 

Reactive nitrogen species 

Free radicals 

 

Non-radicals 

Nitric oxide NO
•
 

 

Nitrous acid HNO2 

Nitrogen dioxide NO2
•
 

 

Nitrosyl cation NO
+
 

Nitrate NO3
•
 

 

Dinitrogen tetroxide N2O4 

   

Dinitrogen trioxide N2O3 

   

Nitronium cation NO2
+
 

   

Peroxynitrite ONOO
-
 

      Peroxynitrate O2NOO
-
 

 

2.1.2. ANTIOXIDANTS 

According to the third edition of the significant monograph Free Radicals in 

Biology and Medicine (Halliwell and Gutteridge, 2007), an antioxidant is any substance 

that, when present at low concentration compared with those of oxidizable substrate, 

significantly delays or prevents oxidation of that substrate. The antioxidant endogenous 

defense system of organism include antioxidant enzymes, high molecular weight 

antioxidants and low molecular weight antioxidants (Matés, 1999; Halliwell and 

Gutteridge, 2007; Štípek, 2000). Except these endogenous antioxidants there exist wide 

array of natural exogenous antioxidants including flavonoids, phenolic acids and others. 
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2.1.2.1. ENDOGENOUS ANTIOXIDANTS 

The enzymatic antioxidant defence includes superoxide dismutase (SOD), catalase 

(CAT), glutathion peroxidase (GPx) and glutathion transferase (GST). SOD is the 

antioxidant enzyme that catalyses the dismutation of the highly reactive superoxide anion 

to O2 and to the less reactive species hydrogen peroxide which can be destroyed by CAT 

or GPx. As mentiones above CAT reacts very efficiently with hydrogen peroxide to form 

water and molecular oxygen. CAT is not essential for some cell types under normal 

conditions, but it plays important role in the adaptive response of cells. GPx eliminates 

intracellular hydroperoxides of fatty acids and phospholipid hydroperoxides which are 

formed under the oxidative stress. GST represents important protection against the 

consequences of lipid peroxidation (Matés et al., 1999; Štípek, 2000). 

The endogenous high molecular weight antioxidants include proteins that are able 

to bind transition metals (iron, copper) and change their oxido-reduction properties thus 

they are not able to catalyze the radical reactions, e.g. transferrin, metallothionein, 

haptoglobins, caeruloplasmin (Štípek, 2000; Halliwell and Gutteridge, 2007). 

Glutathione, tocopherols (vitamins E), ascorbic acid (vitamin C), coenzyme Q, 

carotenoids, bilirubin, and uric acid belong to the group of low molecular weight 

antioxidants. Glutathione is an important substrate for enzymatic antioxidant functions, 

restores tocoferol and vitamin C, and is capable of nonenzymatic radical scavenging 

(Mascio et al., 1991; Štípek, 2000). Tocopherols, ascorbic acid and carotenoids react with 

free radicals, especially with peroxyl radical and singlet molecular oxygen, which is the 

basis for their function as antioxidants. Tocopherols protect lipids by scavenging peroxyl 

radicals without reacting in further chain-propagating steps changing themselves to 

tocopheroxyl radical. Ascorbic acid can reduce tocopheroxyl radical and also has several 

metabolically important cofactor functions in enzyme reactions (Mascio et al. 1991; Sies 

and Stahl, 1995; Štípek, 2000). Coenzyme Q can be found in all membranes and 

mitochondria. It inhibits radical reactions together with tocopherol. Bilirubin is a pigment 

which inhibits lipid peroxidation through the regeneration of tocopherols which occurs in 

lipoproteins. Uric acid is able to scavenge various ROS and form complexes with iron 

and copper which do not catalyze the radical reactions (Štípek, 2000; Halliwell and 

Gutteridge, 2007). 
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2.1.2.2. EXOGENOUS NATURAL ANTIOXIDANTS 

Flavonoids and phenolic acids: Flavonoids and phenolic acids provide wide array 

of biological activities including antioxidant/free radical scavenging activity, transition 

metals chelation activity, inhibition of lipid peroxidation and others. They have several 

structural features which play a crucial role in their antioxidant activity: catechol structure 

(o-dihydroxy structure in the B ring), unsaturation in ring C in conjugation with a 4-oxo 

function, and 3- and 5-OH groups with 4-oxo function in A and C ring. Concerning these 

structural characters, quercetin and myricetin are the most active flavonids (Rice-Evans et 

al., 1996; Pietta, 2000). Iron chelation activity was also evaluated in many studies, 

including the study of Mladěnka et al. (2011), to identify the optimal binding sites for 

metal chelation: catechol structure in the B ring, 3-OH group together with 4-oxo 

function, and 5-OH group in the A ring in conjugation with 4-oxo function. 

Tannins: Condensed and hydrolysable tannins can influence human health through 

their antioxidant activity. They show significant free radical scavenging activity against 

number of ROS. Generally, the scavenging activity of tannins increases with the number 

of hydroxyls, especially if they are in o-position on benzene nucleus and if gallic acid is 

introduced. These structural features are also important for their transition metals 

chelation activity. Both types ot tannins were also subjected to the lipid peroxidation 

inhibition assay (Kolečkář et al., 2008). However, some tannins and tannin-rich food are 

thought to contribute to high incidentce of some types of tumors. Therefore, tannins and 

tannic acid are listed as Category I carcinogens by the Occupational Safety and Health 

Administration (Chung et al., 1998). 

Lignans and stilbens: Flax (Linum usitatissimum) seeds contain wide range of 

lignans which are metabolized into the mammalian lignans after the consumtion. These 

lignans exhibit significant antioxidant activity and series of other biological activities 

including inhibition of various enzymes, and anticancer activity. Another source of 

mammalian lignans precursors are rye grains (Secale cereale)(Kitts et al., 1999; Westcott 

and Muir, 2003). The mixture of flavolignans isolated from Silybum marianum 

(Asteraceae) fruits, known as Silymarin, also shows significant antioxidant and 

hepatoprotective effect (Morazzoni and Bombardelli, 1995). Saleem et al. (2005) 

summarized the bioactivity of plant lignans including their antioxidant activity. 

According to this review study, plant lignans are able to inhibit lipid peroxidation and 

scavenge various radicals. Resveratrol is a natural occuring phytoalexin, which is 
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produced as a response to stress (injury or fungal attack). Trans-resveratrol, one of two 

geometrical isomers, was first indentified in grapevine (Vitis vinifera). Resveratrol 

possesses wide spectrum of biological activities mainly associated with its antioxidant 

effect (Frémont, 2000; Filip et al., 2003).  

2.1.3. ANALYTICAL METHODS FOR EVALUATION OF ANTIOXIDANT/FREE-RADICAL 

SCAVENGING ACTIVITY 

Scientific literature offers wide range of methods evaluating directly 

antioxidant/free radical scavenging activity or indirect methods which determine e.g. 

inhibition of lipid peroxidation, transition metals chelation or total amount of antioxidant 

substances, especially phenolics. These methods can be sorted according to the various 

points of view which can be found in many reviews concerning assessment of antioxidant 

activity (Antolovich et al., 2002; Prior et al., 2005; Moon and Shibamoto, 2009; Niki, 

2010). The methods which evaluate various ROS and RNS scavenging activity include 

oxygen radical scavenging capacity assay or chemiluminescence assay. Trolox equivalent 

antioxidant capacity assay and 2,2‟-diphenyl-1-picrylhydrazyl radical assay evaluate the 

synthetic stable radicals scavenging activity. Another group of methods assesses the 

reduction power of substances – ferric reducing antioxidant power and copper reduction 

assay.  

2.1.3.1. OXYGEN RADICAL ABSORBANCE CAPACITY (ORAC) 

The ORAC assay was developed by Cao et al. (1993) for measurement of inhibition 

of peroxyl radical induced oxidation by serum samples. The method is based on the 

reaction of peroxyl radical (or hydroxyl radical) with fluorescent probe. Cao et al. used β-

phycoerythrin (β-PE) in their original method, while Ou et al. (2001) observed that β-PE 

interacted with polyphenolics due to the nonspecific protein binding which incited them 

to utilize a stable fluorescent probe fluorescein (FL) instead of β-PE. The proxyl radical 

reacts with a fluorescent probe (β-PE or FL) to form a nonfluorescent product. The loss of 

fluorescence over time is followed by fluorimeter.  
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The ORAC value is expressed as the net protection area under the quenching curve 

(AUC) of β-PE or FL in the presence of an antioxidant (Fig. 1). It is calculated on the 

basis of a trolox standard curve: 

           
                   

                  
 

Huang et al. (2002) developed a high thoughput instrument platform that can fully 

automate the ORAC assay procedure utilizing a robotic eight channel liquid handling 

system and a microplate fluorescence reader, which eliminate human error in several 

steps of sample preparation. The ORAC assay is also adapted to manual handling and 

using a conventional fluorescence microplate reader (Dávalos el al., 2004). 

 

 

 

 

 

 

 

 

Figure 1. Illustration of calculation the ORAC value expressed as the net area under the curve 

(AUC). Addapted from Prior et al., 2005. 

2.1.3.2. CHEMILUMINESCENCE (CL) 

Chemiluminescence is the ligth emissoion derived from a chemical reaction in 

which chemically excited molecular decays to the electronic ground state and emits 

photons. Measurement of light from a chemical reaction is very useful from an analytical 

point of view because, under appropriate experimental conditions, the light output 

intensity is directly related to the analyte concentration (Roda et al., 2000). The CL assay 

is rapid and sensitive and has been employed over the past decades in various research 
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fields covering chemistry, biology, medicine, and food analysis (Cheng et al., 2003). The 

CL reaction is catalysed by various enzymes, hemoglobin, Fe
3+

 and other metal 

complexes. This type of reaction is commonly used for the determination of hydroxyl 

radical scavenging activity of various antioxidants in the Fenton reaction system by 

taking advantage of the rapid CL reaction between the hydroxyl radical and luminol, 

which is the most widely used marker compound (Fig. 2)(Cheng et al., 2003; Prior et al., 

2005).  

 

Fe (II) + H2O2 → Fe (III) + OH· + OH
− 

NH
2

NH

NH

O

O NH
2

COO

COOH

N
2

water light
OH

+ + +

-

-

 

Figure 2. Mechanism of the chemiluminescence reaction – luminol oxidation 

The CL assay has been previously used for determination of various reactive oxygen and 

nitrogen species scavenging activity, including superoxide, hydrogen peroxide, 

hypochlorous anion, hydroxyl radical and peroxynitrite (Radi et al., 1993; Ogawa et al., 

1999; Cheng et al., 2003; Sariahmetoglu et al., 2003).  

2.1.3.3. TROLOX EQUIVALENT ANTIOXIDANT CAPACITY (TEAC) 

TEAC assay is based on the scavenging ability of antioxidants to the long-life 

radical anion 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS
•+

) which results 

in decolouration of blue-green colour of the chromatophore with absorbtion maxima at 

415 nm, 645 nm, 734 nm, and 815 nm (Miller and Rice-Evans, 1996; Re et al., 1999). 

ABTS
•+

 can be generated by chemical reaction (e.g. potassium persufate) or enzyme 

reaction (e.g. horseradish peroxidase)(Re et al., 1999; Cano et al., 2002) from ABTS 

solution. The name of the assay TEAC is derived from the expression of the results where 

the activity of the tested sample is related to the activity of Trolox. TEAC value is 
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calculated as the gradient of the plot of the percetage inhibition of absorbance vs. 

concentration plot for the tested sample divided by the gradient of the plot for Trolox (Re 

et al., 1999). In 2005 Lima et al. developed the sequential injection system based on 

TEAC assay which is suitable for screening of total antioxidant activity of pure 

compounds or food samples. 

2.1.3.4. 2,2-DIPHENYL-1-PICRYLHYDRAZYL RADICAL (DPPH
•
) ASSAY 

The DPPH
•
 is the stable organic nitrogen radical, which solution exhibit a deep 

purple colour. The assay is based on the reaction of DPPH radical with antioxidants 

resulting in bleaching of DPPH
•
 due to its ”quenching” by the interaction with the 

analytes: 

DPPH
•
 (purple) + antioxidant (AH)                  DPPH-H (yellow) + A

•
 

The decrease of absorbance is followed spectrophotometrically at 515 nm (Williams et 

al., 1995). The method was later modified to use microplate reader, sequential injection 

analysis or HPLC which combine the separation of the mixtures with DPPH
•
 scavenging 

activity measurement of individual components of the mixture (Cheng et al., 2006; 

Polášek et al., 2004; Yamaguchi et al., 1998). The combination of the separation and 

determination of antioxidants from the mixture on TLC plate was already implemented in 

1967 by Glavind and Holmer. The DPPH radical scavenging activity can be expressed as 

amount of remaining DPPH
•
, amount of quenched DPPH

•
, trolox equivalents, or vitamin 

C equivalents (Williams et al., 1995; Polášek et al.; 2004, Kim et al., 2002).  

2.1.3.5. FERRIC REDUCING ANTIOXIDANT POWER (FRAP) 

The FRAP assay was developed by Benzie and Strain (1996) to measure the ferric 

reducing power in plasma and later this method was used for measurement of various 

natural antioxidants (Benzie and Szeto, 1999; Pulido et al., 2000). In the FRAP assay, 

reductants (antioxidants) in the sample reduce Fe
3+

/tripyridyltriazine complex, present in 

stoichiometric excess, to blue coloured ferrous form, with the decrease in absorbance at 

593 nm. The ∆A is proportional to the combined (total) ferric reducing/antioxidant power 

(FRAP value) of the antioxidants in the sample. FRAP assay is conducted at acidic pH 

3.6 to maintain iron solubility. The FRAP assay shows only the ferric ion reducing ability 
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and that is why the FRAP values have a poor relationship to other antioxidant 

measurements (Prior et al., 2005). 

2.1.3.6. COPPER REDUCTION ASSAY (CUPRAC) 

In this method the copper(II) ion reducing ability of various samples is measured 

and that is why it is called "cupric reducing antioxidant capacity" abbreviated as the 

CUPRAC method. It is based on the reaction of the antioxidant with the copper(II)-

neocupronine (Cu(II)-Nc) reagent, which is used as the chromogenic oxidising agent. 

Cu(II)-Nc is reduced to highly coloured Cu(I)-Nc chelate with the absorption maximum 

at 450 nm. This reaction is carried out at nearly physiological pH at ammonium acetate 

aqueous bufer pH 7 (Apak et al., 2004; Apak et al., 2008). In 2009 Campos et al. used 

alternative chelating agent bathocuproinedisulfonic acid disodium salt for CUPRAC. The 

research team which developed the original CUPRAC method introduced also the HPLC 

modification of this method (Çelik et al., 2010) which combines the separation and 

evaluation of the activity of individual components of the mixture, and also the use of this 

method for hydrogen peroxyde scavenging activity measurement (Özyürek et al., 2010).  

2.1.3.7. INHIBITON OF LIPID PEROXIDATION 

Lipid peroxidation induced by free radicals is one of the most relevant pathological 

processes in organism. Substances inhibiting lipid peroxidation can eliminate initiating 

reactive oxygen species (especially hydroxyl radical) and emerging secondary radical 

intermediates. TBA-MDA (thiobarbituric acid-malondialdehyde) assay is the most 

employed method used for determination of lipid peroxidation. It is based on the 

detection of one secondary product of lipid peroxidation MDA and its colour reaction 

with TBA which is followed spectrophotometrically at 532 nm (Valenzuela, 1991; 

Paulová et al., 2004). 

2.1.3.8. TRANSITION METALS CHELATION 

A transition metal is one which forms one or more stable ions which have 

incompletely filled d orbitals. These metals can be found in the first row of the d-block in 

the periodic table, including especially iron and copper, which are the most relevant 
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elements causing the formation of reactive oxygen species in human organism. These 

elements induce the production of the very reactive hydroxyl radical through the Fenton 

and Haber-Weiss reaction (Halliwell and Gutteridge, 2007; Fernadez et al., 2002). Iron 

and copper chelation activity can be determined by uncompetitive methods – comparison 

of spectra of tested substance solution and solution of chelator-iron/copper complex (van 

Acker et al., 1998; Lebeau et al., 2000; Fernandez et al., 2002) or by competitive methods 

– formation of colourful iron/copper-indicator (ferrozine for Fe(II), hematoxylin for 

Cu(II)) complexes which are followed spectrophotometrically (Stookey, 1970; Mladěnka 

et al., 2011; Kuo et al., 1998) 

2.1.3.9. DETERMINATION OF TOTAL AMOUNT OF PHENOLICS 

Phenolics are compounds that contain hydroxyl group(s) attached to a benzene ring. 

Most phenolics exhibit antioxidant activity in vitro, and that is why we need to determine 

the total amount of phenolics in plant material to characterize the type of substances 

responsible for its antioxidant activity. The most common method applied for the 

determination of total phenolics is the use of Folin-Ciocalteu reagent (FC reagent, 

mixture of phosphomolybdate and phosphotungstate) in alkaline conditions. Gallic acid is 

the most widely used as the reference standard phenolic substance. The method is based 

on the reaction of FC reagent with reduction agent, especially phenolics, resulting in blue 

colour generation which is followed spectrophotometrically at 765 nm (Singleton and 

Rossi, 1965; Singleton et al., 1999). It is fast and simple method, but it suffers from a 

number of interfering inorganic and nonphenolic organic substances (Prior et al., 2005).  
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2.2. ALZHEIMER'S DISEASE 

Alzheimer's disease (AD) is the major dementing disorder of the eldery descibed by 

Alois Alzheimer, a German psychiatrist and neuropathologist, in the begining of 20
th

 

century. This neurodegenerative disease affects an astimated 25 million people wordwide. 

AD is characterized by an insidious onset of memory deterioration, progressive cognitive 

deterioration, emergence of neuropsychiatric symptoms and behavioral disturbances, 

impairment of activities of daily living, loss of independent function, gradual 

development of forgetfulness, progressing to disturbances in language, 

dyscalculia/acalculia, visuospatial disorientation, ideational and ideomotor apraxia, 

akinesia, and mutism (Štípek, 2000; Chauhan and Chauhan, 2006; Shah et al., 2008; 

Salloway et al., 2008). 

The primary cause of AD genesis remains still unknown. There are two major 

known pathophysiological changes in AD brain: accumulation of amyloid β-peptide 

(Aβ)(amyloid hypothesis) and loss of cholinergic function (cholinergic hypothesis). 

According to the amyloid hypothesis (Figure 3), accumulation of Aβ in the brain is the 

primary influence driving AD pathogenesis. The rest of the disease process, including 

formation of neurofibrillary tangles containing tau protein, is proposed to result from 

imbalance between Aβ production and Aβ clearence. The Aβ is the major amyloid protein 

in AD containing 39 – 43 amino acids. The typical morphological symptoms of AD 

include a progressive accumulation of amyloid fibers containing the Aβ in neuritic 

(senile) plaques in the walls of blood vessels and neurofibrillary tangels composed of 

hyperphosphorylated forms of the tau protein in neurons (Hardy and Selkoe, 2002). The 

cholinergic hypothesis states that a loss of cholinergic function in the central nervous 

system, resulting from the decreased levels of acetylcholine (ACh), contributes 

significantly to the cognitive decline associated with advanced age and AD. The 

cholinergic system, which provides cholinergic inervation to the cerebral cortex and other 

brain regions, is significantly demaged (Terry and Buccafusco, 2003). ACh-mediated 

transmission is fundamental for nervous system function. Activity of ACh is terminated 

by the hydrolytic function of cholinesterases (acetylcholinesterase and 

butyrylcholinesterase). In the healthy brain acetylcholinesterase (AChE) plays 

predominant role, while butyrylcholinesterase (BuChE) seems to have lower impact on 

ACh levels. However, in case of AD patients, BuChE activity increases and AChE 

activity remains unchanged or declines (Soreq and Seidman, 2001; Greig et al., 2002). 
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AChE plays also significant role in promotion of amyloid fibre assembly (Inestrosa et al., 

1996).      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The scheme of the amyloid hypothesis. APP amyloid-protein precursor, Aβ42 amyloid 

beta protein with 42 amino acids, ApoE4 apolipoprotein E  

type 4. Modified from: Selkoe D. The amyloid hypothesis. Alzheimer Research Forum. 

Available at http://www.alzforum.org/res/adh/cur/knowntheamyloidcascade.asp. 

Accessed in March 2011.   

2.2.1. ROLE OF OXIDATIVE STRESS IN AD 

It is evident that oxidative stress plays substantial role in pathophysiology of 

various diseases, including neurodegenerative diseases such as AD. This evidence follows 

from many oxidative stress biomarkers that can be observed in AD patients: 1) increased 

levels of transition metals in brain, which are capable to catalize free radicals generation, 
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2) increased lipid peroxidation (increased levels of lipid peroxidation products), 3) 

increased protein and DNA oxidation (Markesbery, 1997; Butterfield et al., 2001). 

Additionally, the antioxidant defence system of organism is obviously impaired – the 

activity of antioxidant enzymes such as SOD, and CAT is significantly reduced. The 

activity of GPx remains unchanged (Marcus et al., 1998; Cecchi et al., 2002). Several 

studies also proved that aggregated Aβ is able to generate free radicals and induce lipid 

peroxidation. These studies are summarized e.g. in the review of Butterfield et al. (2002). 

According to the review of Ono et al. (2006), various antioxidatns are able to moderate 

oxidative stress induced by Aβ and furthermore they have ability to inhibit the formation 

of Aβ fibrils. It follows that oxidative stress hypothesis deserves appropriate attention, 

and that an antioxidant therapy can play supportive role in the treatment of AD. 

2.2.2. CURRENT PHARMACOTHERAPY OF AD 

The pathophysiology of AD is very complex, and it is still not wholly understood. 

The current treatment is targeting on affection of known symptoms, because the primary 

causation of AD is still not clear. Currently available treatments provide temporary 

cognitive improvement and deffered decline with little or no evidence of slowing disease 

progression (Salloway et al., 2008). The only approved drugs for AD treatment are three 

cholinesterase inhibitors (donepezil, rivastigmin, and galanthamine) and the N-methyl-D-

aspartate (NMDA) antagonist memantine. According to the "Recommendation for the 

diagnosis and mamagement of Alzheimer's disease and other disorders associated with 

dementia", published by European Federation of Neurological Societies, many studies on 

other types of approaches have been already studied. These include the influence of 

antioxidants (e. g. vitamin E), non-steroidal anti-inflammatory drugs, statins, and estrogen 

(Waldemar et al., 2007). 

2.2.2.1. CHOLINESTERASE INHIBITORS (CHEIS) 

The first ChEI drug used was tarcine, which showed moderate but significant 

improvement of cognitive function in many studies. However, subsequent studies refered 

to its short half-life, hepatotoxicity, and cholinergic side effects, as these undesirable 

effects together with low bio-availability were limiting for its use. The ChEI of second 

generation include donepezil (Aricept
®
, approved in 1996, reversible, non-competitive 
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and selective AChEI), galanthamine (Reminil
®
, Nivalin

®
, approved in 2001, reversible, 

well-tolerated and competitive AChEI) and rivastigmine (Exelon
®
, approved in 1999, 

pseudo-irreversible inhibitor of AChE and BuChE). These ChEI provide greater efficacy, 

fewer side effects and longer half-life (Auld et al., 2002; Shah et al., 2008).  

2.2.2.2. NMDA RECEPTORS INHIBITOR 

Overstimulation of NMDA receptors by glutamate (the principal excitatory 

neurotransmitter in the brain) is implicated in neurodegenerative disorders, which is 

thought to contribute to the symptomatology and pathogenesis of AD. Memantine is an 

non-competitive NMDA receptors agonist which is approved for the specific 

symptomatic treatment of AD (Reisberg et al., 2003; Waldemar et al., 2006). Reisberg et 

al. (2003) investigated memantine for treatment of moderate-to-severe AD. Results of this 

study confirmed the favourable effect of memantine which is not associated with a 

significant frequency of adverse effects. According to the study of Wenk et al. (2000) a 

combination of ChEIs and memantine may be more beneficial at slowing the progression 

of AD. Their results showed that AChEIs had not lost their therapeutic efficacy, and their 

in vitro data suggested that this combination should be a valuable pharmacotherapeutic 

approach to dementia.  

2.2.2.3. ANTIOXIDANTS 

Free radicals (oxidative stress) are considered to be an important factor in 

pathogenesis of many diseases associated with aging, including AD. Ono et al. (2006) 

summarised the antioxidants which influence amyloid β-protein (Aβ) formation. They 

reported various antioxidants which are able to reduce the oxidative stress induced by Aβ, 

to inhibit the formation and extension of β-amyloid fibrils, and to destabilize performed 

β-amyloid fibrils. The studies concerning polyphenolics, vitamins, nicotine, and 

melatonin were reviewed, and the authors concluded that the mechanism of action of all 

antioxidants were still unclear but they could be key molecules for the development of 

preventives and therapeutics for AD. The most monitored antioxidant is α-tocoferol 

(vitamin E), which effect on AD patients was observed in many studies (Sano et al., 1997; 

Sung et al., 2004; Fillenbaum et al., 2005). However the intervention review published in 

Cochrane database of systematic reviews by Isaac et al. (2008) concluded that there is no 
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significant evidence of efficacy of vitamin E in the prevention or treatment of people with 

AD. 

2.2.2.4. NON-STEROIDAL ANTI-INFLAMMATORY DRUGS (NSAIDS) 

The deposition of Aβ and plaque formation are associated with an innate immune 

response that includes activation of complement proteins, secretion of pro-inflammatory 

cytokines, expression of chemokines and excretion of nitric oxide and other RONS which 

mediate apoptosis (McGeer and McGeer, 2003; Shah et al., 2008). In recent years many 

controlled clinical trials with NSAIDs were realized, including indomethacin (Rogers et 

al., 1993), nimesulide (Aisen et al., 2002), rofecoxib, naproxen (Aisen et al., 2003), and 

celecoxib (Soininen et al., 2007). Results of the most of the trials indicated no significant 

effect on cognitive decline and the authors alert to occurance of adverse effects, including 

gastrointestinal bleeding. In connection with these adverse effects, Scharf et al. (1999) 

implemented a double-blind, placebo-controlled trial of co-administration of diclofenac 

(NSAID) and misoprostol (gastro-protective agent). In this study, which included only 

small number of treatments (41 patients), no significant effect in AD treatment and no 

serious drug-related adverse events were observed, but its tolerability was not optimal. 

Regarding the associated risks, long term NSAIDs administration is not recommended for 

the prevention and/or treatment of AD.  

2.2.3. METHODS FOR DETECTION OF ACHE AND BUCHE INHIBITORS 

In recent years, various methods are frequently used in searching for new AChE 

and BuChE inhibitiors: Ellman‟s method (Ellman et al., 1961) thin layer chromatography 

(TLC) bioautographic method (Marston et al., 2002), and fluorimetric assay (Rhee et al, 

2003). There are many modifications of the original Ellman‟s method including high 

performance liquid chromatographic (HPLC) method using immobilised 

acetylcholinesterase column (Andreisano et al., 2001). Ellman used bovine erythocyte 

AChE (commercially available) while Marston applied AChE from Electrophorus 

electricus (electric eel) model and BuChE from horse serum. There are also used other 

commercially available enzyme models (AChE from human erythrocytes, recombinant 

human AChE, BuChE from human serum, and human recombinant BuChE), and sources 

of enzymes, which can be prepared in laboratory (human and rat whole blood, 
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erythrocytes, or erythrocytes ghosts, and homogenates of rat brain, muscle, heart, 

stomach, liver, or lung – AChE, and human or rat serum – BuChE). The comparison of 

individual enzyme models is still missing, which means that the results of studies using 

different enzyme models are not comparable. It is necessary to use the same model 

(optimally human) in case of structure-activity relationship studies. 

2.2.3.1. ELLMAN’S METHOD 

This rapid colorimetric method can be used for determination of both AChE and 

BuChE activity using acetylthiocholine iodide (ATChI) and butyrylthiocholine iodide 

(BuTChI) as substrates, respectively. The emzyme activity is measured by following the 

increase of yellow colour produced from thiocholine when it reacts with 

dithiobisnitrobenzoate ion (5,5'-dithiobis-2-nitrobenzoic acid, DTNB). It is based on 

coupling of these reactions: 

acetylthiocholine      
 (enzyme)

      thiocholine + acetate 

thiocholine + dithiobisnitrobenzoate                       yellow colour 

The original method, which was introduced in 1961 by Ellman et al., was realised in 0.1 

M phosphate buffer, pH 8.0, while Bajgar (1972) suggested use of 0.2 M tris buffered 

saline, pH 7.6. Bajgar tested the influence of pH on enzymatic cleavage of acetylcholine 

and established pH 7.6 – 7.8 as optimal. The reaction can be started by addition of 

enzyme or substrate. This method is frequently performed in microplates, which decrease 

the required amount of tested samples and other chemicals (di Giovanni et al., 2008). 

Rhee et al. (2001) compared microplate assay sensitivity with TLC assay using Ellman's 

reagent (DTNB). TLC assay can be used for screening of large number of plant extracts. 

The samples are spotted on the silica gel plate and developed. The developed plate is then 

sprayed with DTNB/ATChI reagent and it is allowed to dry and then it is sprayed with 

enzyme solution. Inhibiting compound appears as white spot on yellow background. TLC 

assay was more sensitive (in mass sensitivity) than microplate assay. In 2001 Andreisano 

et al. introduced the modification utilizing a direct HPLC method on an immobilised 

AChE column. This column (stationary phase) was prepared by using in situ AChE 

immobilisation procedure. The stability of the immobilised enzyme was maintained for 
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more than 4 months of daily use, which represents the advantage over the conventional 

methods. In addition, the possibility of automation allows a large number of samples to be 

analysed continuously.  

2.2.3.2. TLC BIOAUTOGRAPHIC METHOD 

The enzyme activity is detected by the conversion of naphtyl acetate into naphtol 

and the formation of the corresponding purple-coloured diazonium dye with Fast Blue B 

salt: 

naphtyl acetate     
 (enzyme)

         α-naphtol + acetate 

α-naphtol + Fast Blue B salt                         azo dye (purple) 

The original method of Marston et al. (2002) is performed on TLC plates. TLC plates are 

dried after the development and sprayed with enzyme (AChE or BuChE) solution. The 

plate is than incubated in humid conditions for 20 minutes at 37 °C and after the 

incubation it is sprayed with the mixture of naphtyl acetate and Fast Blue B salt. The 

inhibiting compound appears as white spot on purple backgroud. Merston et al. 

determinated the detection limits 1 ng and 10 ng for standard inhibitors physostigmine 

and galanthamine, respectively. Di Giovanni et al. (2008) addapted this method for 

microplates. The enzyme solution in 0.1 M phosphate buffer pH 7.4 is mixed with the 

tested compound and the enzymatic reaction is initiated by addition of α-naphtyl acetate 

solution. This mixture is mixed for 90 seconds and then it is incubated for the same time 

at 25 °C. The reaction is stopped by addition of sodium dodecyl suplhate and the purple 

colour is developed by Fast Blue B salt. The absorbance is then measured at 600 nm. 

Di Giovanni et al. (2008) compared TLC bioautographic assay with microplate assay 

based on Ellman's reagent by testing 138 compounds. Fifteen percent of tested 

compounds were active in microplate assay while they were considered inactive in TLC 

assay and about two percent were classified as active only in TLC assay. 
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2.2.3.3. FLUOROMETRIC ASSAY 

In 2003 Rhee et al. introduced the fluorometric flow assay which is based on the 

known reaction of AChE with fluorogenic substrate. The enzyme inhibition is measured 

in a two-step process in which thiocholin, the product of enzyme reaction, reacts with 

flurofore coumarinylphenylmaleimide to give a fluorescent thioether product, which is 

then detected. However, the utilization of this procedure can produce false positive 

inhibitions. That is why Rhee et al. (2003) used other fluorogenic substrate, 7-acetoxy-1-

methyl quinolinium iodide, which is directly hydrolysed by AChE to give 7-hydroxy-1-

methyl quinolinium iodide, which is then detected by fluorometer. 

2.2.4. NATURAL ACETYLCHOLINESTERASE INHIBITORS 

Searching for natural materials containing active substances is based on knowledge 

of our ancestors who used many plants for brain disorders without any information about 

their chemical composition. Adams et al. (2007) reported a survey of ethnobotanical 

literature summarizing plants traditionally used in age related brain disorders. They found 

reports about over 150 plants. Some of them have been already used for isolation of 

active substances, including Galanthus sp. (Amaryllidaceae - galanthamine), and 

Huperzia serrata (Huperziaceae - huperzine A). Alkaloids are the best known for their 

AChE inhibition effect, and they are also the most studied group of natural substances. 

Another numerous group of substances is represented by terpenoids, followed by 

coumarins and other substances (Filho et al., 2006). 

2.2.4.1. ALKALOIDS 

Alkaloids were the first natural AChE inhibitors discovered (Houghton et al., 2006) and 

according to the review studies of Filho et al. (2006) and Mukherjee et al. (2007) the 

majority of the pure compounds isolated from natural sources reported in the literature in 

conection with AChE inhibition evaluation are also alkaloids. In 1864, physostigmine 

(pyrroloindole alkaloid), also known as eserine, was first isolated from the seeds of 

Physostigma venenosum (Fabaceae). It is now considered to be the prototype AChE 

inhibitor. It is reversible AChE inhibitor with short half-life which is reported to posses 

significant cognitive benefits in AD patients, but also undesirable peripheral cholinergic 
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side effects  (Houghton et al., 2006; Mukherjee et al., 2007). An Amaryllidaceae alkaloid 

galathamine was isolated from Galanthus nivalis  (Amaryllidaceae) in Bulgaria where 

this plant was used traditionally for neurological conditions. Galanthamine (trade names 

Reminyl
®
, Nivalin

®
 and Razadine

®
) belongs to the group of second generation 

cholinergics used for cholinergic deficiency in AD patients. It is licenced in Europe and 

United States (Shah et al. 2008). Plenty of other Amaryllidaceae alkaloids of different 

types have been reported to possess cholinesterase inhibition including those isolated 

from various species of genera Galanthus, Crinum, Narcissus, Zephyranthes, and Nerine 

(Heinrich, 2010; Houghton et al., 2004; Cahlíková et al., 2010; Rhee et al., 2004). In 

Traditional Chinese Medicine huperzine A, a potent, reversible inhibitor, is used for 

treating patients with mysteria gravis and AD. The lycopodium alkaloid huperzine A can 

be found in Huperzia serrata (Huperziaceae) and related genus Lycopodium, together 

with huperzine B and sieboldine (both less active). It has been also shown to be 

neuroprotective against β-amyloid peptide fragment 25-53 and free radical induced 

cytotoxicity (Houghton and Howes, 2005; Houghton et al., 2006). Many Angiosperms 

belonging especially to the families Ranunculaceae, Papaveraceae, Fumariaceae, and 

Berberidaceae contain benzylisoquinoline alkaloids with strong AChE inhibition activity; 

e.g. berberine and sanguinarine (Kuznetsova et al., 2002). Filho et al. (2006) reported 139 

plant alkaloids with mild to strong activities in the review study of natural products AChE 

inhibitors. Only few of these alkaloids were totaly inactive. In recent years, other sources 

of alkaloids (different from higher plants) are researched for this type of activity. These 

new sources include Ascomycetes (quinolactacines, vizoltricine) and Basidiomycetes 

(infractopicrin, 10-hydroxy-infractopicrin) fungi, and cyanobacteria 

(nostocarboline)(Visconti and Solfrizzo, 1995; Kim et al., 2001; Geissler et al., 2010; 

Becher et al., 2009). 

2.2.4.2. TERPENOIDS 

Filho et al. (2006), who summarized chemically defined natural compounds, which 

have been evaluated for AChE inhibition, found 27 monoterpenoids, 17 triterpenoids, 8 

diterpenoids and 5 sesquiterpenoids in the papers published by the year 2006. The first 

terpenoids tested for cholinesterase inhibition were monoterpenoids. At the begining of 

21
st
 century, many studies dealing with isolation of monoterpenoids from plants of family 

Lamiaceae occured (Perry et al., 2000; Miyazawa and Yamafuji, 2005). Few years before 
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Miyazawa et al. (1997) tested 17 kinds of monoterpenoids for AChE inhibition. Terpen 

ketones showed the highest activity in this study. If we compare the results of these 

studies, (+)-3-carene showed the highest activity, while the activity of physostigmine is 

still thousandfold higher. In contrast to these results diterepenoids dihydrotanshinone and 

cryptotanshinone isolated from Salvia miltrorrhiza roots by Ren et al. (2004) showed 

AChE inhibition effect only tenfold lower than physostimine. Several triterpenoids 

isolated from Withania somnifera (Solananceae), Cynanchum atratum (Asclepiadaceae), 

Origanum majorana (Lamiaceae) were also reported to possess AChE inhibition effect 

(Bhattacharia et al., 1995; Lee et al., 2003; Chung et al., 2001). Strong activity was 

exhibited by another compound related to the triterpenoids, α-onocerin, isolated from 

Lycopodium clavatum (Orhan et al., 2003). Isoterreulactone A and terreulactones A-D 

(polyketide-terpenoids) isolated from Ascomycetes fungus Aspergillus terreus inhibited 

strongly AChE with IC50 values comparable to tacrin for terreulactone B and C (Yoo et 

al., 2005). 

2.2.4.3. MISCELLANEOUS 

Another group of substances possessing AChE inhibition effect is represented by 

coumarins. In 2001 Kang et al. studied the structure-activity relatioships of coumarins 

isolated from Angelica gigas (Apiaceae). A dihydropyranocoumarin, decursinol, was 

evaluated as the most potent inhibitor. However, the comparison with some standard 

inhibitor is missing. Furanocoumarins xanthotoxin and isopimpinellin isolated from A. 

acutiloba displayed comparatively strong activity (Mizayawa et al., 2004). Rollinger et al. 

(2004) identified scopolin and scopoletin as potential AChE inhibitors by virtual 

screening of natural products. Subsequently these coumarins were isolated from Scopolia 

carniolica (Solanaceae) and tested for AChE inhibition to show moderate, but significant 

activity. Houghton et al. (2006) mention also flavonoids in thier review (the strongest 

inhibitor reported is (1)-α-viniferin). Interesting group of phospho-compounds was 

discovered by Neumann and Peter (1987). They isolated two strong inhibitors from 

fungus Streptomyces antibioticus. In 1993 Kurokawa et al. found another substance from 

this group, cyclophostin, which showed very strong activity against human erytrocyte 

AChE. Yoon et al. (2008) screened various algae (green, brown, red) extracts for AChE 

inhibition activity. Brown algae Ecklonia stolonifera showed the highest activity, and was 
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choosed for the isolation of active substances. The highest activity was observed for 

phlorotannin phlorofucofuroeckol-A.  
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2.3. SECONDARY METABOLITES OF MUSHROOMS 

Secondary metabolism is defined as a wide range of metabolic reactions which 

products are not involved in normal growth. It is well known, that mushrooms have a 

special mechanism of metabolism. This type of metabolism can produce various 

secondary metabolites possessing wide range of chemical structure and bioactivity. 

Mushroom secondary metabolites are produced from a common metabolic intermediates 

but by special enzymatic pathways encoded by specific genes. These products incline to 

be genus-, species-, or even strain-specific. The secondary metabolites from mushrooms 

are generally characterized by a molecular weight in the range of 150-1000 Da, they 

usually contain C, H, O, and N, even S, P, and chlorine group atoms such as Cl, Br, and 

F, and their molecules ordinarily contain some of the important functional groups like 

hydroxyl, carboxyl, carbonyl, amino, etc. The typical fungal metabolites can be 

categorized in several groups including heterocyclics, polyketides, sterols, terpenes 

(especially triterpenes). The first fungal-derived compound isolated from mushroom was 

mycophenolic acid discoverd in 1896. Since that time hunderts of mushroom substances 

have been indentified. However, only a relatively small percentage of mushroom species 

are chemically investigated, hence the rest of uninvestigated mushrooms can represent an 

abundant resource for new drugs discovery (Deacon, 2005; Zhong and Xiao, 2009). 
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3. AIM OF THE STUDY 

 Collection of mushroom samples from divisions Ascomycota and 

Basidiomycota in forests of Czech Republic; preparation of summary 

ethanol extracts of individual species. 

 Choosing of suitable methods for screening of ethanol extracts for free 

radical scavenging activity and acetylcholinesterase and 

butyrylcholinesterase inhibitory activity. 

 Measurement of biological activities by the choosen methods.  

 Measurement of total phenolics content. 

 Evaluation of the results of all biological assays and selection of mushroom 

species suitable for fractionation and alternatively isolation of active 

substances (high activity in all assays, sufficiency). 

 Collection of sufficient amount of selected mushroom species; preparation 

of ethanol summary extract; bio-guided fractionation and eventually 

isolation of active substances. 

 Determination of the biological activities of individual fractions and 

eventually the activity of isolated substances. 
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4. MATERIALS AND METHODS 

4.1. MATERIALS 

4.1.1. CHEMICALS  

 Acetylthiocholine iodide 98% (Sigma, CZ). 

 L-Ascorbic acid 99% (Sigma, CZ). 

 Butyrylthiocholine iodide 98% (Sigma, CZ). 

 Caffeic acid pure (Aldrich, CZ). 

 2,2‟-Diphenyl-1-picrylhydrazyl radical (DPPH) 95% (Sigma, CZ). 

 5,5‟-Dithiobis(2-nitro-benzoic acid)(DTNB) 98% (Sigma, CZ). 

 Eserine 99% (Sigma, CZ). 

 Folin-Ciocalteu‟s phenolic reagent 2M (Fluka, CZ). 

 Galanthamine hydrobromide (Changsha Organic Haerb Inc., China). 

 Gallic acid monohydrate 98% (Roth, Germany). 

 (-)-Huperzine A (TAZHONGHUI – Tai´an Zhonghui Plant Biochemical Co., Ltd., 

China). 

 Hydrogen peroxide 3% (w/w) in H2O (Sigma, CZ). 

 6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid 97% (Trolox)(Sigma, 

CZ). 

 Luminol (5-amino-2,3-dihydro-1,4-phthalazinedione) 97% (Aldrich, CZ). 

 Oleamide 99% (Sigma, CZ). 

 Potassium ferricyanide 99% (Sigma-Aldrich, CZ). 

 Rutin pure (Sigma, CZ). 

 Silver nitrate 99% (Sigma Aldrich, CZ) 

 Sodium carbonate decahydrate pure (Lachema, CZ). 

 Sodium citrate 3.8% (Biotika, Slovakia). 

 Sodium phosphate monobasic monohydrate p.a. (Sigma Aldrich, CZ). 

 Sodium phosphate dibasic heptahydrate p.a. (Sigma Aldrich, CZ). 

 Sulphuric acid 96% (Penta, CZ). 

 Vaniline 99% (Fluka, CZ). 
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4.1.2. SOLVENTS  

 Acetic acid 99% p.a. (Lach-Ner, CZ), (AcOH). 

 Butan-1-ol p.a. (Lach-Ner, CZ), (BuOH). 

 Chloroform p.a. (Penta, CZ), (CHCl3). 

 Chloroform deuterized for NMR (Aldrich, CZ), (CDCl3). 

 Dichloromethane p.a. (Balex, CZ), (CH2Cl2). 

 Diethylether pure (Lach-Ner, CZ), (Et2O). 

 Ethanol 95% (Distillery Chrudim, CZ), (EtOH). 

 Ethyl acetate p.a. (Lachema, CZ), (EtOAc). 

 Ethyl formate pure (Lachema, CZ), (HCOOEt). 

 Formic acid 98-100% (Sigma, CZ), (HCOOH). 

 Methanol p.a. (Penta, CZ), (MeOH). 

 LC-MS methanol (Sigma, CZ). 

 2-Methylpropan-2-ol p.a. (Lach-Ner, CZ), (t-BuOH). 

 Petroleum ether p.a., b.p. 40-60 °C (Reachim, Romania), (PE). 

 Propan-1-ol p.a. (Penta, CZ), (PrOH). 

 Toluene pure (Sigma, CZ), (TO). 

 Water superpure, (H2O). 

4.1.3. APPARATUSES 

 Centrifuge Avanti J-30I with JA-30.50 rotor (Beckman Coulter, Brea, California, 

USA). 

 Centrifuge Boeco U-32R (Boeco, Hamburg, Germany) with a Hettich 1611 rotor 

(Hettich, Tuttlingen, Germany). 

 Diaphragm vacuum pump Vacuubrand MC 1C (Vacuubrand, Wertheim, 

Germany). 

 ESI-Q-TOF II Micromass (Micromass, Wythenshawe, UK). 

 Lyophiliser FreeZone
®

 1 Liter Benchtop Feeze Dry System with 12-port Drying 

Chamber with 100 mL lyph-lock flasks (Labconco, Kansas City, USA). 

 PC-controlled (through FIAlab for Windows software) FIAlab 3000 analyser 

(FIAlab Instruments Inc., Bellevue, WA, USA) equipped with a 2.5-ml syringe 



Materials and methods 

28 
 

pump, six-port selector valve, USB2000-UV/VIS spectrophotometer with LS-1 

light source (Ocean Optics, USA) and SMA-Z flow cell (1-cm path length); 

volume of the holding coil was 0.6 ml and the connecting PTFE tubing (Watrex, 

Prague, CZ) had i.d. 0.72 mm. 

 PC-controlled FIAlab analyser equipped with a 2.5 ml syringe pump, ten port 

selector valve, Hamamatsu detector H 5784-01 (Hamamatsu Photonics K.K., 

Japan), chemiluminescence cell (constructed on Department of Analytical 

Chemistry, Faculty of Pharmacy in Hradec Králové, Charles University in 

Prague), volume of holding coil was 1.2 ml, the connecting PTFE tubing (Watrex, 

Prague, CZ) had i.d. 0.72 mm. 

 PHM 220 pH-meter equiped with glass electrode with reference chloride-silver 

electrode PHC 2401-8 (Radiometer, Copenhagen, Denmark). 

 Spectrophotometer Shimatzu UV-1611 (Shimatzu, Columbia, Maryland, USA). 

 Ultrasonic bath Sonorex SP10 (Bandelin, Berlin, Germany). 

 Vacuum evaporator Rotavapor R-114 with Waterbath B-480 (Büchi, Flawil, 

Switzerland). 

 Varian VNMRS500 spectrometer (Varian, Palo Alto, California, USA). 
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4.1.4. TESTED MUSHROOM SPECIES 

Muchrooms belonging to divisions Ascomycota and Basidiomycota were tested in this 

study. Fruiting bodies of the mushroom species were collected between the years 2001-2008 in 

forests of the Czech Republic and identified by Dr. Věra Samková, Ph.D., Museum of East 

Bohemia, Hradec Králové. Voucher samples of mushrooms are deposited in the Herbarium of the 

Museum of East Bohemia in Hradec Králové (HR). 

I tested 357 species of mushrooms, from two mentioned divisions, belonging to the orders: 

Agaricales (183), Auriculariales (2), Boletales (33), Cantharellales (7), Dacrymycetales (1), 

Helotiales (1), Hymenochaetales (1), Lycoperdales (7), Pezizales (12), Phallales (6), Polyporales 

(36), Russulales (57), Telephorales (4), Tremellales (2), Xylariales (5). The list of the tested 

species is shown in Table 2. including date and place of collection. 

Table 2. List of tested mushroom species and their origin 

Taxon Family 

Date of 

Collection 

mm/yyyy 

Place of Collection 

Abortiporus biennis (Bull. Ex Fr.) Sing. Meripilaceae 10/2003 unknown  

Agaricus arvensis Schaeff. Ex Fr. Agaricaceae 09/2001 Hradec Králové  

Agaricus augustus Fr. Agaricaceae 10/2001 Nový Hradec Králové  

Agaricus bisporus (Lge.) Sing. Agaricaceae 09/2004 unknown  

Agaricus bitorqus (Quél.) Saccardo Agaricaceae 09/2003 unknown  

Agaricus bohusii Bon Agaricaceae 10/2003 Nový Hradec Králové  

Agaricus campester (L.)Fr.  Agaricaceae 10/2001 Hradec Králové  

Agaricus essettei M. Bon Agaricaceae 09/2001 Černilov  

Agaricus semotus Fr. Agaricaceae 09/2003 unknown  

Agaricus squamulifer (Müll.) Pilát Agaricaceae 10/2003 unknown  

Agaricus sylvaticus Schff. Agaricaceae 10/2001 Černilov  

Agaricus vaporarius  (Pers. Ex Vitt.) Moser Agaricaceae 10/2003 unknown  

Agaricus xanthodermus Genevier  Agaricaceae 09/2001 Choťovice  

Agrocybe molesta (Lasch) Sing. Bolbitiaceae 10/2004 Hradec Králové  

Agrocybe praecox (Pers.:Fr.)Fayod Bolbitiaceae 09/2001 Prasek  

Albatrellus confluens (Alb. & Schwein.) Kotl. 

& Pouzar  
Albatrellaceae 10/2008 unknown  

Albatrellus ovinus (Schaeff.: Fr.) Kotl. et Pouz. Albatrellaceae 10/2001 Račín  

Aleuria aurantia (Fr.) Fuckel Pezizaceae 10/2004 unknown  

Amanita citrina (Schff.)Pers. Amanitaceae 10/2002 Dobřany  

Amanita crocea (Quél.)Küner & Romagn. Amanitaceae 10/2006 unknown  

Amanita fulva (Schaeff.) Fr. Amanitaceae 10/2001 Račín  
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Table 2. Cont. 

Taxon Family 

Date of 

Collection 

mm/yyyy 

Place of Collection 

Amanita muscaria (L.:Fr.)Hook Amanitaceae 10/2001 Račín  

Amanita pantherina (DC.:Fr.) Krombh. Amanitaceae 09/2001 Zdelov  

Amanita phalloides (Vaill. Fr.) Linka Amanitaceae 09/2001 Michnovka  

Amanita porphyria (Alb. Et Schwein.:Fr.) 

Gillet 
Amanitaceae 10/2001 Račín  

Amanita rubescens (Pers.: Fr.) Gray Amanitaceae 10/2001 Račín  

Amanita spissa (Fr.)Kummer Amanitaceae 09/2001 Nový Hradec Králové  

Amanita spissa var. excelsa (Fr.:Fr.)Dörfelt 

et I.L.Roth 
Amanitaceae 09/2001 Nový Hradec Králové  

Amanita vaginata (Bull.:Fr.) Vitt. Amanitaceae 09/2004 unknown  

Armillaria cepistipes Velenovský Marasmiaceae 09/2001 Vysoké Chvojno  

Armillaria lutea Gillet Marasmiaceae 10/2003 unknown  

Auricularia auricula-judae (Bull.:Fr.) Wettst. Auriculariaceae 09/2004 Petrovice nad Orlicí  

Auricularia mesenterica (Dicks.:S.F.Gray) 

Pers. 
Auriculariaceae 10/2001 Černilov  

Bjerkandera adusta (Willd.:Fr.) P. Karst. Hapalopilaceae 10/2003 Prasek  

Bolbitius vitellinus (Pesr.)Fr. Bolbitiaceae 05/2006 Hradec Králové  

Boletinus cavipes (Klotzch. Ex Fr.) Kalchbr. Suillaceae 09/2001 Chroustkov  

Boletus appendiculatus Schff.: Fr. Boletaceae 10/2004 unknown  

Boletus badius (Fr.)Fr.:Fr. Boletaceae 09/2001 Nový Hradec Králové  

Boletus calopus Fr. Boletaceae 10/2001 unknown  

Boletus cf. Rhodoxanthus (Krbh.) Kbch. Boletaceae 10/2001 unknown  

Boletus edulis Bull. Fr. Boletaceae 10/2001 Račín  

Boletus chrysenteron Bull. Boletaceae 09/2004 Slatina  

Boletus impolitus Fr. Boletaceae 08/2006 Velký Vřešťov  

Boletus luridiformis Rostk.  Boletaceae 09/2006 Orlické hory 

Boletus luridus Schff.: Fr. Boletaceae 09/2001 Hoděšovice  

Boletus piperatus Bull. Ex Fr. Boletaceae 10/2003 unknown  

Boletus pruinatus Fr. Et Hok. Boletaceae 09/2003 unknown  

Boletus pulverulentus Opat. Boletaceae 09/2001 Nový Hradec Králové  

Boletus radicans Pers.:Fr. Boletaceae 10/2001 Slatina  

Boletus reticulatus Paulet ex Fr. Boletaceae 10/2004 Slatina  

Boletus rubellus Krombh. Boletaceae 10/2004 unknown  

Boletus satans Lenz Boletaceae 10/2003 unknown  

Boletus subtomentosus L.: Fr. Boletaceae 09/2001 Choťovice  

Bovista plumbea Pers.: Pers. Agaricaceae 09/2004 unknown  

Calocybe georgii (L.) Kühner ex Kalamees Tricholomataceae 10/2003 Černilov  

Calvatia excipuliformis (Scop. Ex Pers.) 

Perd. 
Agaricaceae 10/2003 unknown  

Calvatia gigantea (Batsch:Pers.) C.G.Lloyd Agaricaceae 10/2002 Proseč  
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Table 2. Cont. 

Taxon Family 

Date of 

Collection 

mm/yyyy 

Place of Collection 

Cantharellus cibarius Fr. Cantharellaceae 09/2001 Hradčany  

Cantharellus tabaeformis Fr. Cantharellaceae 09/2001 Bělečko  

Clavariadelphus pistillaris (Fr.) Donk Gomphaceae 10/2001 unknown  

Clavicorona pyxidata (Pers.:Fr.) Doty Auriscalpiaceae 10/2006 Borohrádek  

Clavulina cinerea (Bull. Fr.) Schroeter Clavulinaceae 09/2001 Nový Hradec Králové  

Clitocybe aff. Rivulosa (Pers. Ex Fr.)Kummer Tricholomataceae 09/2002 Nový Hradec Králové  

Clitocybe brumalis  (Fr. Ex Fr.) Quél. Tricholomataceae 10/2003 unknown  

Clitocybe cf. Obsoleta (Batsch:Fr.) Quél. Tricholomataceae 10/2002 Černilov  

Clitocybe clavipes (Pers.:Fr.)Kummer Tricholomataceae 10/2002 Roudnička  

Clitocybe ditopa (Fr.:Fr.) Kummer Tricholomataceae 10/2004 Kačerov  

Clitocybe geotropa (Dc. Et Lam.) Quél. Tricholomataceae 10/2001 unknown  

Clitocybe gibba (Pers.:Fr.)Kumm. Tricholomataceae 10/2003 Vysoká nad Labem  

Clitocybe nebularis (Batsch: Fr.)Kumm. Tricholomataceae 10/2001 unknown  

Clitocybe odora (Bull.:Fr.)Kummer Tricholomataceae 09/2002 Dobřany  

Clitocybe phyllophila (Fr.) Kumm. Tricholomataceae 10/2003 unknown  

Clitocybe sinopica (Fr.: Fr.) Kummer Tricholomataceae 09/2004 unknown  

Clitopilus prunulus (Scop.:Fr.) Kummer Entolomataceae 10/2002 Černilov  

Coprinus atramentarius (Bull.:Fr.) Fr. Coprinaceae 09/2001 Hradec Králové  

Coprinus comatus (Müll.: Fr) Pers. Coprinaceae 09/2001 Hradec Králové  

Coprinus micaceus (Bull. Ex Fr.) Fr. Coprinaceae 09/2001 Hradec Králové  

Coriolopsis gallica (Fr.)Ryv.  Polyporaceae 09/2003 unknown  

Cortinarius alboviolaceus (Pers. Ex Fr.) Fr. Cortinariaceae 10/2003 unknown  

Cortinarius anomalus (Fr. Ex Fr.) Fr. Cortinariaceae 10/2003 unknown  

Cortinarius armillatus (Fr.:Fr.) Fr. Cortinariaceae 10/2004 Kačerov  

Cortinarius bolaris (Pers.:Fr.) Fr. Cortinariaceae 10/2004 Kačerov  

Cortinarius infractus (Pers. Ex Fr.) Fr. Cortinariaceae 10/2003 Petrovice  

Cortinarius malachius Fr. Cortinariaceae 10/2002 Horní Morava  

Cortinarius mucosus (Bull. Ex St. Am.) Kickx Cortinariaceae 09/2003 unknown  

Cortinarius pholideus (Fr. ex Fr.) Fr. Cortinariaceae 09/2004 unknown  

Cortinarius traganus Fr. Cortinariaceae 10/2008 unknown  

Cortinarius triumphans Fr. Cortinariaceae 10/2003 unknown  

Cortinarius trivialis Lange Cortinariaceae 09/2003 unknown  

Cortinarius varius (Schaeff.: Fr.)Fr. Cortinariaceae 05/2001 Holice  

Cortinarius venetus (Fr.:Fr.) Fr. Cortinariaceae 10/2001 Velký Vřešťov  

Cortinarius violaceus (L.)S.F.Gray em. Moser Cortinariaceae 09/2001 Prasek  

Craterellus cornucopioides (L.)Pers. Cantharellaceae 09/2001 Hradec Králové  

Cystoderma amianthinum (Scop. Ex Fr.) Maubl. Tricholomataceae 09/2003 unknown  

Cystoderma terrei (Berk.&Broome) Harmaja Tricholomataceae 10/2006 Borohrádek  
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Table 2. Cont. 

Taxon Family 

Date of 

Collection 

mm/yyyy 

Place of Collection 

Daedalea quercina L.: Fr. Fomitopsidaceae 09/2001 Choťovice  

Daedaleopsis confragosa (Bolt.:Fr.) Schroet. Polyporaceae 10/2002 Dobřany  

Dermocybe cinnamomeobadia (R.Hry.) Mos. Cortinariaceae 09/2004 unknown  

Dermocybe semisanguinea (Fr.)Mos. Cortinariaceae 09/2001 Nový Hradec Králové  

Entoloma clypeatum (L.)Kummer Entolomataceae 10/2003 Černilov  

Entoloma rhodopolium (Fr.) Kumm. Entolomataceae 10/2003 unknown  

Fistulina hepatica (Schff.: Fr.) With. Fistulinaceae 09/2001 Trusnov  

Flammulina velutipes (Curt.: Fr.)Sing. Marasmiaceae 09/2004 Hradec Králové  

Fomitopsis pinicola (Swartz.: Fr.)P. Karst. Fomitopsidaceae 09/2001 Rychnov nad Kněţnou  

Ganoderma applanatum (Pers. ex S. F. Gray) 

Pat.  
Ganodermataceae 09/2001 Rychnov nad Kněţnou  

Geastrum fimgriatum Fr. Geastraceae 10/2004 unknown  

Geastrum triplex Jungh. Geastraceae 10/2004 unknown  

Gomphidius glutinosus (Schaeff. Ex Fr.) Fr. Gomphidiaceae 10/2003 unknown  

Gomphidius maculatus (Scop.) Fr.  Gomphidiaceae 10/2007 Vysoká nad Labem  

Gomphidius roseus (Fr.)Fr. Gomphidiaceae 09/2001 Hradec Králové  

Grifola frondosa (Dicks.: Fr.) S. F. Gray Meripilaceae 10/2004 Velký Vřešťov  

Gymnopilus sapineus (Fr.) R.Maire Cortinariaceae 09/2002 Horní Morava  

Gymnopus dryophillus (Bull.) Murrill  Tricholomataceae 09/2003 Černilov  

Gymnopus erythropus (Pers.:Fr.)Antonín, 

Halling&Noordel. 
Tricholomataceae 10/2005 unknown  

Gymnopus fusipes (Bull.:Fr.) S.F.Gray Tricholomateceae 10/2003 Slatina  

Gymnopus ocior (Pers.) Antonín et 

Noordeloos 
Tricholomateceae 09/2004 unknown  

Gymnopus peronatus(Bolt.: Fr.) Ant., Hall. et 

Noor 
Tricholomateceae 10/2001 Vysoké Chvojno  

Gymnopus spectabilis (Fr.) Sing. Tricholomateceae 10/2001 Hrádek u Nechanic  

Gyrodon lividus (Bull. Ex Fr.)Sacc. Paxillaceae 10/2003 Vysoká nad Labem  

Gyromitra esculenta (Pers.) Fr. Discinaceae 10/2004 Nový Hradec Králové  

Gyromitra infula (Schaeff.) Quél. Discinaceae 10/2007 unknown  

Gyroporus cyanescens (Bull.: Fr.) Quél. Gyroporaceae 10/2004 Nový Hradec Králové  

Handkea excipuliformis (Schaeff.:Pers.) 

Kreisel 
Agaricaceae 09/2002 Dobřany  

Hapalopilus nidulans (Fr.) P. Karst. Hapalopilaceae 10/2003 unknown  

Hebeloma circinans Quél. Bolbitiaceae 10/2006 unknown  

Hebeloma crustiliniforme (Bull. Ex St. 

Amans) Quél. 
Bolbitiaceae 09/2001 Hradec Králové  

Hebeloma radicosum (Bull.:Fr.)Ricken Bolbitiaceae 10/2002 Dobřany  

Hebeloma sacchariolens Quél. Bolbitiaceae 09/2003 unknown  
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Table 2. Cont. 

Taxon Family 

Date of 

Collection 

mm/yyyy 

Place of Collection 

Hebeloma sinapizans (Paulet:Fr.) Gill. Bolbitiaceae 10/2003 unknown  

Helvella crispa (Scop.:Fr.)Fr. Helvellaceae 10/2002 Roudnička  

Helvella lacunosa Afzelius: Fr. Helvellaceae 10/2001 unknown  

Hericium coralloides (Scop..) ex S. F. Gray Hericiaceae 10/2003 unknown  

Hydnum repandum L. Hydnaceae 10/2001 Černilov  

Hydnum rufescens (Fr.)Barla Hydnaceae 09/2001 Hradec Králové  

Hygrocybe conica (Schaeff.:Fr.)Kummer Tricholomataceae 10/2001 Hradčany  

Hygrocybe virginea (Wulf.:Fr.) Orton et 

Walting 
Tricholomataceae 09/2001 Hradec Králové  

Hygrophoropsis aurantiaca (Wulf.:Fr.) R. 

Maire 
Hygrophoropsidaceae 10/2003 Kuks  

Hygrophorus agathosmus (Fr.)Fr. Hygrophoraceae 10/2001 Velký Vřešťov  

Hygrophorus eburneus (Bull. Ex Fr.) Fr. Hygrophoraceae 10/2003 unknown  

Hygrophorus hypothejus (Fr.:Fr.)Fr. Hygrophoraceae 09/2001 Nový Hradec Králové  

Hygrophorus lucorum Kalchbr. Hygrophoraceae 09/2001 Nový Hradec Králové  

Hygrophorus nemoreus (Pers.:Fr.) Fr. Hygrophoraceae 10/2001 Michnovka  

Hygrophorus olivaceoalbus (Fr.:Fr.)Fr. Hygrophoraceae 10/2001 Nový Hradec Králové  

Hygrophorus pratensis (Pers.) Fr. Hygrophoraceae 10/2007 unknown  

Hygrophorus pustulatus (Pers.:Fr.) Fr. Hygrophoraceae 10/2004 unknown  

Hygrophorus tephroleucus Fr. Hygrophoraceae 10/2002 Horní Morava  

Hypholoma capnoides (Fr.)Kummer Strophariaceae 09/2001 Hradec Králové  

Hypholoma fasciculare (Huds.: Fr.) Kummer Strophariaceae 10/2001 Račín  

Hypholoma sublateritium (Fr.)Quél. Strophariaceae 09/2002 Nový Hradec Králové  

Chalciporus piperatus (Bull.:Fr.) Bat. Boletaceae 09/2002 Horní Morava  

Chroogomphus rutilus (Schff.: Fr.) O. K. 

Miller 
Gomphidiaceae 10/2001 Stěţery  

Inocybe erubescens Blytt Cortinariaceae 10/2001 Račín  

Inocybe fastigiata (Schaeff. Ex Fr.) Quél. Cortinariaceae 10/2003 unknown  

Inocybe fraudans (Britz.)Sacc. Cortinariaceae 10/2002 Černilov  

Inocybe geophylla (Fr.:Fr.)Kummer Cortinariaceae 10/2004 unknown  

Inonotus radiatus (Sow.:Fr.) P. Karst. Hymenochaetaceae 10/2004 Petrovice nad Orlicí  

Kuehneromyces mutabilis (Schff. Ex Fr.) 

Sing. Smith. 
Strophariaceae 09/2003 Nový Hradec Králové  

Laccaria amethystina Cooke Hydnangiaceae 10/2002 Dobřany  

Laccaria proxima (Boud.) Pat. Hydnangiaceae 09/2002 Běleč nad Orlicí  

Lacrymaria lacrymabunda (Bull.:Fr.)Pat. Coprinaceae 09/2001 Choťovice  

Lactarius aurantiacus Fr. Russulaceae 10/2004 unknown  

Lactarius blennius Fr. Russulaceae 10/2001 Kal u Nové Paky  

Lactarius camphoratus (Bull. Ex Fr.) Russulaceae 09/2001 Nový Hradec Králové  
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Taxon Family 

Date of 

Collection 

mm/yyyy 

Place of Collection 

Lactarius controversus Pers. Ex Fr. Russulaceae 10/2004 unknown  

Lactarius deliciosus (L.) Gray Russulaceae 10/2007 unknown  

Lactarius deterrimus Groeger Russulaceae 09/2001 Hradec Králové  

Lactarius helvus Fr. Russulaceae 10/2001 Račín  

Lactarius chrysorrheus Fr. Russulaceae 10/2007 unknown  

Lactarius lignyotus Fr. Russulaceae 10/2001 Račín  

Lactarius necator (Bull. Em. Pers. Ex 

Fr.)Karst. 
Russulaceae 09/2004 unknown  

Lactarius odoratus Velen. Russulaceae 09/2003 unknown  

Lactarius picinus Fr. Russulaceae 10/2008 unknown  

Lactarius pubescens Fr. Russulaceae 10/2001 Hradec Králové  

Lactarius quietus Fr. Russulaceae 10/2004 unknown  

Lactarius rufus (Scop.) Fr. Russulaceae 10/2003 Kuks  

Lactarius salmonicolor R. Heim & Leclair  Russulaceae 10/2007 Nový Hradec Králové  

Lactarius scrobiculatus (Scop.:Fr.) Fr. Russulaceae 10/2001 Velký Vřešťov  

Lactarius serifluus DC. Ex Fr. Russulaceae 10/2004 Vysoká nad Labem  

Lactarius torminosus (Schaeff. Ex Fr.) S. F. 

Gray 
Russulaceae 10/2003 unknown  

Lactarius uvidus Fr. Russulaceae 10/2004 unknown  

Lactarius vellereus (Fr.)Fr. Russulaceae 10/2001 Svinary  

Lactarius vietus Fr. Russulaceae 10/2004 Kačerov  

Laetiporus sulphureus (Bull.: Fr.) Murill Polyporaceae 09/2001 Hradec Králové  

Lasiochlaena benzoina (Wahlenb.) Pouzar Hapalopilaceae  10/2006 Horní Bradlo 

Leccinum aurantiacum var. decipens Sing. Boletaceae 10/2001 Račín  

Leccinum crocipodium (Let.) Watl. Boletaceae 10/2001 Račín  

Leccinum griseum (Quél.)Sing. Boletaceae 10/2004 Nový Hradec Králové  

Leccinum quercinum (Pil.) ex Green et Walt. Boletaceae 09/2003 unknown  

Leccinum scabrum (Bull.: Fr.) S. F. Gray Boletaceae 10/2001 Račín  

Leccinum testaceoscabrum (Secr.) Sing. Boletaceae 10/2001 Račín  

Leccinum thalassinum Pilat & Dermek Boletaceae 10/2003 unknown  

Lentinus lepideus (Fr. Ex Fr.) Fr. Polyporaceae 10/2003 unknown  

Lentinus tigrinus (Bull.:Fr.) Fr. Polyporaceae 09/2001 Nový Hradec Králové  

Lepiota cristata (Alb.&Schw.: Fr.)Kummer Agaricaceae 10/2001 Prasek  

Lepista flaccida (Sow.: Fr.) Pat. Tricholomataceae 10/2001 Slatina  

Lepista nuda (Fr.: Fr.) Cooke Tricholomataceae 09/2001 Nový Hradec Králové  

Lepista saeva (Fr.)P.D.Orton Tricholomataceae 09/2001 Hradec Králové  

Lepista sordida (Fr.:Fr.) Sing. Tricholomataceae 10/2001 Hradec Králové  

Leucoagaricus leucothites (Vitt.) S. Wasser Agaricaceae 10/2001 Lindava  

http://www.indexfungorum.org/Names/families.asp?FamilyName=Hapalopilaceae
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Leucocoprinus birnbaumii (Corda)Sin. Agaricaceae 10/2003 Hradec Králové  

Leucopaxillus giganteus (Sibth. Ex Fr.)Sing. Tricholomataceae 09/2003 Nový Hradec Králové  

Lycoperdon perlatum Pers. Agaricaceae 09/2003 Kuks  

Lycoperdon pyriforme Schaeff.:Pers. Agaricaceae 10/2005 unknown  

Lyophyllum connatum (Schum.:Fr.)Sing. Tricholomataceae 10/2002 Horní Morava  

Lyophyllum decastes (Fr.:Fr.)Sing. Tricholomataceae 10/2001 Hradec Králové  

Lyophyllum fumosum (Pers. Ex Fr.) Orton Tricholomataceae 10/2003 unknown  

Macrocystidia cucumis (Pers.:Fr.)Joss. Marasmiaceae 10/2002 Nový Hradec Králové  

Macrolepiota bohemica (Wich.)Krieglst. Et 

Pázmány 
Agaricaceae 10/2002 Hradec Králové  

Macrolepiota mastoidea (Fr.) Singer Agaricaceae 10/2003 unknown  

Macrolepiota procera (Scop.:Fr.) Sing. Agaricaceae 09/2004 Rychnov nad Kněţnou  

Macrolepiota rhacodes (Vitt.) Sing. Agaricaceae 10/2001 Kal u Nové Paky  

Marasmiellus foetidus (Sow.:Fr.)Ant., Hall. Et 

Noord 
Marasmiaceae 10/2003 Černilov  

Marasmius oreades (Bolt.:Fr.) Fr. Marasmiaceae 09/2004 unknown  

Melanoleuca brevipes (Bull. Ex Fr.) Pat. Tricholomataceae 10/2003 unknown  

Melanoleuca grammopodia (Bull.:Fr.) Pat. Tricholomataceae 10/2005 unknown  

Meripilus giganteus (Pers.: Fr.)P. Karst. Meripilaceae 10/2001 Melčany  

Mitrophora semilibera (de Candolle ex 

Fr.)Leveille 
Morchellaceae 09/2004 Hradec Králové  

Mitrula paludosa Fr. Helotiaceae 10/2003 Borohrádek  

Morchella conica Persoon Morchellaceae 09/2003 Hradec Králové  

Morchella esculenta (Pers. Ex Amans.) Morchellaceae 10/2004 Nový Hradec Králové  

Mycena epipterygia (Scop.: Fr.) S.F.Gray Tricholomataceae 10/2001 Kal u Nové Paky  

Mycena galericulata (Scop.:Fr.)S.F.Gray Tricholomataceae 10/2002 Horní Morava  

Mycena pura (Pers.:Fr.) Kummer Tricholomataceae 10/2002 Proseč  

Mycena rosea (Bull.) Gramberg Tricholomataceae 10/2001 unknown  

Mycena tintinnabulum (Fr.) Quél. Tricholomataceae 09/2001 Nový Hradec Králové  

Oligoporus ptychogaster (C.A.Ludwig.) R et 

O. Falck 
Fomitopsidaceae 10/2002 Proseč  

Oligoporus stipticus (Pers.:Fr.) Gilbdn. 

Ryvarden 
Fomitopsidaceae 10/2004 Nový Hradec Králové  

Osmoporus odoratus (Wulf. Ex Fr.) Sing. Polyporaceae 10/2003 unknown  

Otidea onotica (Persoon) Fuckel Pyronemataceae 10/2004 Petrovice nad Orlicí  

Oudemansiella mucida (Schrad. Ex Fr.) 

V.Hoehn 
Marasmiaceae 10/2008 Petrovice 

Oudemansiella platyphylla (Pers.: Fr.) Mos. Marasmiaceae 10/2001 Račín  

Panellus stipticus (Bull.:Fr.) P.Karst. Tricholomataceae 10/2004 Petrovice nad Orlicí  

Panus conchatus (Full.:Fr.)Fr. Polyporaceae 10/2003 Nový Hradec Králové  
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Paxillus involutus (Batsch.:Fr.)Fr. Paxillaceae 10/2001 Choťovice  

Paxillus rubicundulus P. D. Orton Paxillaceae 10/2001 Račín  

Peziza cerea Sowerby ex Merat Pezizaceae 10/2003 Lomnice nad Popelkou  

Peziza vesiculosa Bull. ex St. Amans Pezizaceae 09/2003 unknown  

Phaeolus schweinitzii (Fr.)Pat. Polyporaceae 10/2001 Račín  

Phallus impudicus L.: Pers. Phallaceae 10/2001 Račín  

Phlebia tremellosa Schrad.: Fr. Meruliaceae 09/2001 Nový Hradec Králové  

Pholiota adiposa (Batsch:Fr.) Kummer Strophariaceae 10/2004 Petrovice nad Orlicí  

Pholiota alnicola (Fr.) Sing. Strophariaceae 10/2003 unknown  

Pholiota carbonaria (Fr.:Fr.) Sing. Strophariaceae 09/2004 Slatina  

Pholiota flammans (Batsch.:Fr.)Kumm. Strophariaceae 09/2001 Nový Hradec Králové  

Pholiota lenta (Pers.:Fr.)Sing. Strophariaceae 09/2002 Roudnička  

Pholiota populnea (Pers.:Fr.) Kuyp. Et 

Tjall. 
Strophariaceae 09/2004 Hradec Králové  

Pholiota spumosa (Fr.) Sing. Strophariaceae 10/2003 unknown  

Pholiota squarrosa (Weigel: Fr.) Kummer Strophariaceae 10/2001 Předmeřice  

Piptoporus betulinus (Bull. Ex Fr.)P. Karst. Fomitopsidaceae 09/2003 unknown  

Pleurotus calyptratus (Lindbl.:Fr.)Saccardo Pleurotaceae 10/2003 Račice  

Pleurotus dryinus (Pers.:Fr.)Kummer Pleurotaceae 10/2002 Pardubice  

Pleurotus ostreatus (Jacq.:Fr.) Kummer Pleurotaceae 10/2001 Černilov  

Pluteus cervinus (Schaeff.)Kummer Pluteaceae 09/2003 Nový Hradec Králové  

Pluteus pouzarianus Singer Pluteaceae 10/2002 Proseč  

Polyporus badius (Pers. Ex S. F. 

Gray)Schw. 
Polyporaceae 10/2003 Vysoká nad Labem  

Polyporus brumalis (Pers.) ex Fr. S. auct. Polyporaceae 10/2003 unknown  

Polyporus ciliatus Fr.: Fr. Polyporaceae 10/2004 Roţnov pod Radhoštěm  

Polyporus squamosus Huds.: Fr. Polyporaceae 09/2003 Černilov  

Polyporus umbellatus Fr. Polyporaceae 09/2004 Velký Vřešťov  

Porphyrellus porphyrosporus (Fr. In Fr. et 

Hoek) Gilb. 
Boletaceae 10/2001 Račín  

Psathyrella candolleana (Fr.: Fr.)Maire Psathyrellaceae 10/2001 Březovice u Hořic  

Psathyrella caput-medusae (Fr.)Konr. Et 

Maubl. 
Psathyrellaceae 10/2004 Kačerov  

Psathyrella multipedata (Peck) A.H.Sm. Psathyrellaceae 10/2006 unknown  

Psathyrella piluliformis (Bull.:Fr.) 

P.D.Orton 
Psathyrellaceae 10/2002 Horní Morava  

Psathyrella spadicea (Schaeff.) Sing. Psathyrellaceae 10/2003 unknown  

Pseudohydnum gelatinosum (Scop.: Fr.) P. 

Karst. 
Exidiaceae 10/2001 Kal u Nové Paky  

Pycnoporus cinnabarinus (Jacq.:Fr.) P. Kar Polyporaceae 10/2003 Velký Vřešťov  
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Ramaria subbotrys (Coker)Corner Ramariaceae 10/2001 Bělečko  

Ramaria uemorpha (P.Karst.) Corner Ramariaceae 09/2004 unknown  

Rhizinia undulata Fr. Rhizinaceae 09/2004 Kašperské hory  

Rhodocollybia butyracea (Bull.:Fr.) Lennox Marasmiaceae 10/2002 Proseč  

Rhodocollybia butyracea f. asema (Fr.: Fr.) 

Ant., Hall. Et Noor 
Marasmiaceae 10/2001 Slatina  

Rhodocollybia maculata (Alb. Et 

Schw.:Fr.)Ling 
Marasmiaceae 09/2001 Hradec Králové  

Rhodocybe gemina (Fr.)Kuyper et Noord. Entolomataceae 10/2007 Nový Hradec Králové  

Rozites caperata (Pers. Ex. Fr.) P. Karst. Cortinariaceae 09/2004 unknown  

Russula acrifolia Romagn. Russulaceae 10/2003 unknown  

Russula adusta (Pers. Ex Fr.) Fr. Russulaceae 10/2003 unknown  

Russula aeruginea Lindbl. n Fr. Russulaceae 10/2003 unknown  

Russula amethystina Quél. Russulaceae 10/2003 unknown  

Russula amoenolens Romagn. Russulaceae 10/2003 unknown  

Russula badia Quél. Russulaceae 09/2003 unknown  

Russula barlae Quél. Russulaceae 09/2003 unknown  

Russula betularum (Hora) Romagn. Russulaceae 10/2001 Račín  

Russula claroflava Grove Russulaceae 10/2003 Kuks  

Russula coerulea Fr. Emend. Cooke Russulaceae 09/2002 Nový Hradec Králové  

Russula cyanoxantha Schff. Ex Fr. Russulaceae 10/2001 Račín  

Russula decolorans (Fr.) Fr. Russulaceae 10/2003 unknown  

Russula delica Fr. emend. Bres. Russulaceae 10/2001 Černilov  

Russula emetica (Schaeff. ex Fr.) S. F. Gray Russulaceae 09/2003 unknown  

Russula fellea (Fr.) Fr. Russulaceae 10/2003 unknown  

Russula chrysodacryon Sing. Russulaceae 10/2003 unknown  

Russula integra L. ex Fr. Ss. R. Mre Russulaceae 10/2001 Račín  

Russula lepida Fr. Russulaceae 10/2003 unknown  

Russula mustelina Fr. Russulaceae 10/2005 unknown  

Russula nigricans (Bull.) Fr. Russulaceae 09/2001 Nový Hradec Králové  

Russula ochroleuca Pers. Russulaceae 10/2001 Račín  

Russula olivacea (Schff. Ex Fr.) Fr. Russulaceae 10/2002 Horní Morava  

Russula paludosa Britz. Russulaceae 10/2003 unknown  

Russula pectinata (Bull. ex St. Am.) Fr. Russulaceae 10/2003 unknown  

Russula pulchella Borszow Russulaceae 09/2004 unknown  

Russula queletii Fr. In Quél. Russulaceae 10/2002 Dobřany  

Russula rosea Pers. Russulaceae 10/2006 Zdelov  

Russula sanguinaria (Schum.) S. Rauschert Russulaceae 10/2001 Račín  

Russula turci Bres. em. J. Schaeff. Russulaceae 09/2003 unknown  
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Russula velenovskyi Melzer et Zwara Russulaceae 10/2003 unknown  

Russula vesca Fr. Russulaceae 10/2001 Račín  

Russula viscida Kudrna Russulaceae 10/2003 unknown  

Sarcodon imbricatus (L.: Fr.) P. Karst. Bankeraceae 10/2001 Velký Vřešťov  

Scleroderma citrinum Pers. Sclerodermataceae 09/2004 unknown  

Scleroderma verrucosum Bull.:Pers. Sclerodermataceae 09/2001 Hradec Králové  

Serpula lacrymans (Wulf.:Fr.) Schroet. Coniophoraceae 10/2003 unknown  

Sparassis crispa (Wulf.) Fr. Sparassidaceae 10/2001 Petrovice C 

Stereum hirsutum (Willd.: Fr.) S. F. Gray Stereaceae 10/2001 Choťovice  

Strobilomyces floccopus (Vahl.:Fr.) P. 

Karst. 
Boletaceae 10/2001 Vysoké Chvojno  

Strobilurus esculentus (Wulf.:Fr.)Sing. Marasmiaceae 10/2004 Kačerov  

Stropharia aeruginosa (Curtis: Fr.) Quél. Strophariaceae 10/2001 Velký Vřešťov  

Stropharia coronilla (Bull.: Fr.) Quél. Strophariaceae 09/2001 Hradec Králové  

Suillus aeruginascens (Secr.) Snell Suillaceae 10/2005 unknown  

Suillus bovinus (L. ex Fr.) O. Kuntze Suillaceae 10/2003 unknown  

Suillus granulatus (L. ex Fr.) O. Kuntze Suillaceae 10/2003 unknown  

Suillus grevillei (Klotzsch.:Fr.) Sing. Suillaceae 10/2001 Račín  

Suillus luteus (L. ex Fr.) S. F. Gray Suillaceae 10/2003 unknown  

Suillus placidus (Bon.) Sing. Suillaceae 09/2001 Nový Hradec Králové  

Suillus variegatus (Sow. ex Fr.) O. Kuntze Suillaceae 10/2003 unknown  

Tapinella atrotomentosa (Batsch.:Fr.)Šutara Tapinellaceae 10/2001 Račín  

Tapinella panuoides (Fr.: Fr.) Gilb. Tapinellaceae 10/2001 Bělečko  

Thelephora palmata (Scop.) Fr. Thelephoraceae 10/2001 Račín  

Thelephora terrestris Erhart ex Willd.: Fr. Thelephoraceae 08/2001 Račín  

Trametes gibbosa (Pers. Ex Pers.)Fr. Polyporaceae 10/2003 Vysoká nad Labem  

Trametes versicolor (L.Fr.) Pilát Polyporaceae 10/2004 unknown  

Tremella foliacea (Pers.) Pers. Tremellaceae 10/2004 Vysoká nad Labem  

Tricholoma albobrunneum (Pers. Ex Fr.) 

Kumm. 
Tricholomataceae 10/2003 unknown  

Tricholoma album (Schaeff.) P. Kumm. Tricholomataceae 10/2007 Hradec Králové  

Tricholoma columbetta (Fr.) Kummer Tricholomataceae 10/2004 Trčkov  

Tricholoma flavobrunneum (Fr.) Kummer Tricholomataceae 10/2001 Slatina  

Tricholoma flavovirens (Pers. Ex Fr.) Lund. Tricholomataceae 10/2003 unknown  

Tricholoma imbricatum (Fr. Ex Fr.) 

Kummer 
Tricholomataceae 09/2004 unknown  

Tricholoma orirubens Quél. Tricholomataceae 10/2001 Velký Vřešťov  
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Tricholoma pessundatum (Fr.)Quél. Tricholomataceae 09/2004 unknown  

Tricholoma populinum Lge. Tricholomataceae 10/2003 Hradec Králové  

Tricholoma saponaceum (Fr.)Kummer Tricholomataceae 10/2001 unknown  

Tricholoma scalpturatum (Fr.)Quél. Tricholomataceae 10/2001 Javornice  

Tricholoma sejunctum (Sowerby) Quél. Tricholomataceae 09/2006 Velký Vřešťov  

Tricholoma squarrulosum Bres. Tricholomataceae 10/2001 Holice  

Tricholoma sulphureum (Bull. Ex 

Fr.)Kummer 
Tricholomataceae 10/2002 Dobřany  

Tricholoma terreum (Schff. Ex Fr.) 

Kummer 
Tricholomataceae 09/2001 Hradec Králové  

Tricholoma vaccinum Pers. Ex Fr.) 

Kumm. 
Tricholomataceae 09/2004 unknown  

Tricholomella constrictum (Fr.) Zerova 

ex Kalamees 
Tricholomataceae 10/2001 Hradec Králové  

Tricholomopsis decora (Fr.:Fr.) Singer Tricholomataceae 10/2006 unknown  

Tylopilus felleus (Bull.:Fr.) P. Karts. Boletaceae 10/2001 Račín  

Tyromyces fissilis (Berk et Curt.) Ryv. Hapalopilaceae 10/2003 unknown  

Vascellum pratense (Pers.:Pers.)Kreisel Lycoperdaceae 09/2002 Hradec Králové  

Volvariella gloiocephala 

(DC.:Fr.)Boekhout&Enderle 
Pluteaceae 10/2004 Holice  

Xerula radicata (Relh.:Fr.)Dörfelt Marasmiaceae 09/2003 Nový Hradec Králové  

Xylaria hypoxylon (Linn. Ex 

Hoocker)Greville 
Xylariaceae 09/2003 Kal u Nové Paky  

Xylaria longipes Nitschke Xylariaceae 10/2003 unknown  

Xylaria polymorpha (Pers. Ex Merat) 

Greville 
Xylariaceae 10/2001 Kal u Nové Paky  

Unknown place of collection - mushrooms obtained from mushroom exhibition in Museum of East 

Bohemia in Hradec Králové. They were mainly collected around the city of Hradec Králové. 
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4.2. METHODS 

4.2.1. GENERAL PROCEDURES 

4.2.1.1. SOLVENTS DISTILLATION 

All used solvents were distilled before use. The distillation was performed by standard 

procedures (Opletal and Drašar, 1994); all solvents used for thin layer chromatography (TLC) on 

silver nitrate saturated silica gel plates were prepared as anhydrous. 

4.2.1.2. EVAPORATION OF EXTRACTS AND FRACTIONS 

The extracts and fractions obtained from column chromatography (CC), preparative TLC 

and preparative high performance liquid chromatography (HPLC) were evaporated on vacuum 

evaporator Rotavapor R-114 with Waterbath B-480 (50 °C, 1.33 kPa) with the use of diaphragm 

vacuum pump Vacuubrand MC 1C.  

4.2.1.3. DRYING OF EXTRACTS AND FRACTIONS 

The extracts and individual fractions were dryed above silica gel pearls under reduced 

pressure (ca. 0.66 kPa) for 24 hours. The extracts and fractinos were stored in closed vials under 

argone at -23 °C. 

4.2.1.4. THIN LAYER CHROMATOGRAPHY  

Pilot TLC was performed on silica gel 60 F254 plates (Merck, Germany). Lane lenght was 

6.5 cm, chromatographic chambers were equilibrated for 30 minutes. Solution of the fraction was 

applied to the plate as a spot (diameter 5 mm). Each plate was developed in well saturated 

chamber once. 
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4.2.1.5. TLC DETECTION  

UV light: The chromatogram was observed under the UV lamp (λ = 254 and 366 nm). 

Vaniline-sulphuric acid: 3 g of vaniline were dissolved in 100 ml of EtOH. 3 ml of 

concentrated sulphuric acid were added to the solution just before the use of the reagent. After 

spraying the chromatogram was heated at 110 °C.  

Potassium ferricyanide-ferric chloride: 2% solution of ferric chloride was mixed with 1% 

solution of potassium ferricyanide (1:1) just before the use. 

4.2.1.6. PREPARATION OF SILICA GEL COLUMN FOR COLUMN CHROMATOGRAPHY 

Silica gel, used for column chormatography, was prepared from commercially available 

material. It was sieved to the required fraction, purified by chloroform and methanol and dried. 

Afterwards, it was activated in the dryer for 4 hours at 160 °C (the layer was not thicker than 20 

mm). Finally, it was shaked for 1 hour with 10 % of water to equilibred it. 

The chromatographic column was prepared by pouring of suspension of silica gel in solvent 

while the outlet tap was open. The mixture of the sample with small amount of adsorbent was 

applyed on the surface of the settled adsorbent. This mixture was prepared by blanding of 

dissolved sample with adsorbent (sample:adsorben 1:1 – 3) under heat, and after that it was 

evaporated above water bath. The mixture was kept above silica gel pearls under reduced 

pressure (ca. 0.66 kPa) for 24 hours before application on the column. 

4.2.2. EXTRACTION OF MUSHROOMS AND PREPARATION OF LYOPHILISATES  

Before the extraction, 0.5 – 15 g (according to the available amount) of fresh (frozen), 

fruiting bodies of mushrooms were cut into small pieces and disintegrated in 80 – 225 ml 

(approximately 15 ml of solvent per 1 g of the fruiting body) 70% (w/w) EtOH with a hand 

blender. The mixtures were then sonicated for 30 minutes in an ultrasonic bath at laboratory 

temperature (Sonorex SP10, sonication grade 10). The extract was then filtrated and the solid 

phase was washed three times by 10 ml of 70% (w/w) EtOH. The combined filtrates were 

evaporated on the vacuum evaporator (Büchi Rotavapor R-114) to 1/5 of the original volume at 
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50 °C, mixed with 5 ml of deionised water and filtrated through the diatomite in the filter tube 

under reduced pressure. The filtrate layer was washed three times by 5 ml of water. The extract 

was evaporated on vacuum evaporator (50 °C) to syrup consistency and after that it was freeze 

dried at -52 °C and pressure under 0,133 mBar (lyophiliser Labconco FreeZone
®

 1 Liter 

Benchtop Feeze Dry System, USA). Powdered lyophilisates were kept at -23 °C in closed vials 

under argone.  

4.2.3. BILOGICAL ACTIVITIES ASSAYS 

4.2.3.1.   DPPH ASSAY 

Radical scavenging activity of crude extracts of mushrooms was evaluated by means of the 

DPPH
•
 (2,2‟-diphenyl-1-picrylhydrazyl radical) test using an SIA (PC-controlled Sequential 

Injection Analysis system) method developed in our laboratory (Polášek et al., 2004). The 

automated method is based on the known reaction of stable 2,2‟-diphenyl-1-picrylhydrazyl 

radical (DPPH
•
) with antioxidants resulting in bleaching of DPPH

•
 due to its ”quenching” by the 

interaction with the analytes. The decrease of the absorbance of DPPH
•
 measured at 525 nm is 

related to concentration of an antioxidant in the tested solution. Thanks to its rapidity and 

sensitivity the proposed SIA method is suitable for rapid screening of large series of natural 

samples in the search for those with pronounced antioxidant/radical scavenging activity.  

 The stock solution (concentration 1.0 mg/ml) was prepared by dissolving the lyophilisate 

in aqueous 50% v/v ethanol during 10 min sonication (Sonorex SP10, sonication grade 10); the 

same solvent was used for appropriate dilution of the extract stock solution (0.5, 0.25, 0.1 

mg/ml). DPPH
•
 solution (0.1 mM) was prepared by dissolving 3.9 mg DPPH

•
 in 100 ml 50% v/v 

ethanol. All solvents used in the extract samples, DPPH
•
 reagent and SIA carrier stream (50% v/v 

ethanol) were degassed by 10 min sonication.  

The DPPH radical scavenging activity was measured on PC-controlled (through FIAlab for 

Windows software) FIAlab 3000 analyser (FIAlab Instruments Inc., Bellevue, WA, USA) 

equipped with a 2.5-ml syringe pump, six-port selector valve, USB2000-UV/VIS 

spectrophotometer with LS-1 light source (Ocean Optics, USA) and SMA-Z flow cell (1-cm path 

length); volume of the holding coil was 0.6 ml and the connecting PTFE tubing (Watrex, Prague, 
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Czech Rep.) had avg. 0.72 mm. The apparatus scheme is on Figure 4. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Scheme of FIAlab analysator with six-port selector valve. Addapted from FIAlab 3000 analyser 

manual (FIAlab Instruments Inc., Bellevue, WA, USA). 

 

The radical scavenging activity of individual extracts was expressed by the quenching 

index %QDPPH expressing the percentage decrease of absorbance of DPPH
•
 solution after the 

addition of antioxidant (sample). The index %QDPPH was calculated using the formula: 

 

where A0 is maximum absorbance of the blank sample (carrier stream instead of tested sample) 

and Ax is maximum absorbance after the extract was added. All measurements were made in 

triplicate. The DPPH radical scavenging activity of samples was expressed as EC50 (μg/ml), 

which is the amount of sample necessary to decrease by 50% the light absorbance. This value 

was calculated by GraphPad Prism 5.02 statistical software.  
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4.2.3.2. CHEMILUMINESCENCE ASSAY 

The chemiluminescence assay is rapid and sensitive and has been employed over the past 

decades in various research fields covering chemistry, biology, medicine, and food analysis 

(Cheng et al., 2003). Chemiluminescence is the light emission derived from a chemical reaction 

in which chemically excited molecules decay to the electronic ground state and emit photons. 

Measurement of light from a chemical reaction is very useful from an analytical point of view 

because, under appropriate experimantal conditions, the light output intensity is directly related to 

the analyte concentration. (Roda et al., 2000).  

The Fe(II)-H2O2-luminol chemiluminescence signal was obtained by a Hamamatsu detector 

H 5784-01 (Hamamatsu Photonics K.K., Japan). The highest chemiluminescence intensity of the 

reaction (in blank sample – de-ionized water istead of mushroom sample) was decreased by 

addition of tested mushroom samples solutions, which scavenged the hydroxyl radical which 

induces chemiluminescence (Fig. 2). The reaction mixture was composed of 10 mM 

K3[Fe(CN)6], 2x10
-4

 M H2O2 and 1mM luminol in 0.1 M NaH2PO4 buffer pH 11.5 (pH was 

measured on pH-meter PHM 220, Radiometer Copenhagen, equiped with glass electrode with 

reference chloride-silver electrode PHC 2401-8). Ultrapure de-ionized water was used as carrier 

stream. The intensity of luminescence was measured at 555 mV. The dynamic curves were 

recorded 1 min after initiation of the reaction. The area under the curve was recorded in the 

absence (carrier stream instead of tested samples) or presence of tested samples. The stock 

solution (concentration 1.0 mg/ml) was prepared by dissolving the lyophilisate in aqueous 38% 

v/v ethanol under 10 min sonication; the same solvent was used for appropriate dilution of the 

extract stock solutions (0.5, 0.25, 0.1 mg/ml).  

The percentage inhibition of chemiluminescence was estimated from the following 

formula:  

 

where S0 is the area under the curve of the blank sample (carrier stream instead of tested sample) 

and Sx is the area under the curve after the extract was added. All measurements were made in 

quadruplicate. The hydroxyl radical scavenging activity of samples was expressed as EC50 

(μg/ml) (GraphPad Prism 5.02 statistical software), which is the amount of sample necessary to 

decrease by 50% the chemiluminescence intensity. 
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4.2.3.3. TOTAL PHENOLICS CONTENT 

The content of total phenolic compounds in mushroom ethanolic extracts was determined 

using the Folin-Ciocalteu (FC) method (Singleton et al., 1965) and results were expressed as 

gallic acid equivalents (GAE). For the preparation of calibration curve 0.25 mL aliquots of 0.025 

- 0.25 mg/mL ethanolic gallic acid solutions (50% EtOH) were mixed with 1.25 ml FC reagent 

(diluted ten-fold) and 1 ml of 7.5% sodium carbonate. The absorption was read after 30 minutes 

at room temperature at 765 nm (Spectrophotometer Shimadzu UV-1601, UV Probe software). 

0.25 ml of ethanolic mushroom extract (1 mg/ml 50% EtOH) was mixed with the same reagents 

as described above and measured after 30 minutes at room temperature at 765 nm. All 

determinations were performed in triplicates. Total content of phenolics was read from 

calibration curve with the use of UV Probe software and expressed as GAE (µgGA/mg of dry 

extract). 

4.2.3.4. ELLMAN’S ASSAY (ACHE, BUCHE) 

Preparation of red blood cells ghosts: Ghosts were prepared from freshly drown blood 

(taken from healthy volunteers), to which 1 ml of sodium citrate per 10 ml of blood was added, 

according to Steck and Kant (1974) with slight modification. Briefly, plasma (source of 

butyrylcholinesterase - BuChE) was removed from the whole blood by centrifugation at 4000 

rpm in centrifuge Boeco U-32R, rotor Hettich 1611. Red blood cells were transferred to 50 ml 

tubes and washed three times by 5 mM phosphate buffer (pH 7.4) containing 150 mM sodium 

chloride (12000 rpm, Avanti J-30I, rotor JA-30.50). The washed erythrocytes were stirred with 5 

mM phosphate buffer (pH 7.4) for 10 minutes to ensure lysis. The lysed cells were centrifuged at 

20000 rpm for 10 minutes and then the ghosts (source of acetylcholinesterase - AChE) were 

washed three times by phosphate buffer.  

Acetylcholinesterase and butyrylcholinesterase inhibition assay: The activity of AChE and 

BuChE was determined with a modified method of Ellman et al., 1961 using acetylthiocholine 

iodide (ATChI) and butyrylthiocholine iodide (BuTChI) as substrates respectively. Briefly 25-50 

µl of ghosts or plasma, 650 µl of 5,5'-dithiobis-2-nitrobenzoic acid (DTNB) and 25 µl of the 

sample or appropriate solvent as a blank sample were added to the semi micro cuvette. The 

reaction was initiated by addition of substrate (ATChI or BuTChI). The final ratio of DTNB and 
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substrate was 1:1. The increase of absorbance at 436 nm (ΔA) was measured for 1 minute using a 

spectrophotometer Shimadzu UV-1611. Each measurement was repeated three times. The % 

inhibition was calculated according to the formula:  

 

where ΔABL is increase of absorbance of blank sample and ΔASA is increase of absorbance 

of the measured sample.  

4.2.4. MS ANALYSIS 

The spectra measurements were performed using ESI-Q-TOF II Micromass (Wythenshawe, 

UK) in positive ion mode, on the Department of Pharmaceutical and Biological chemistry, The 

School of Pharmacy, University of London. The applied capillary voltage was 3000 V, the cone 

voltage was 30 V, and source temperature was 100 °C. Detection range was set for optimal 

passage of ions from m/z 75 to 600. MS/MS spectra were measured at a collision energy of 19 V. 

Sample was dissolved in LC-MS methanol.  

4.2.5. NMR ANALYSIS 

The spectra were measured on a Varian VNMRS500 spectrometer with working frequency 

of 500 MHz for 
1
H and 125 MHz for 

13
C nuclei. 

13
C NMR spectra were measured in 5 mm 

broadbend probe SW, 
1
H and all 2D spectra in inverse 5 mm ID PFG probe using a modified 

version of standard pulse sequences. Experiments were measured in deuterochloroform at 25 °C. 

Values of chemical shifts are in ppm and are relative to internal standard (TMS, 0.04 ppm 

in 
1
H spectra) of the solvent signal (76.99 ppm in 

13
C spectra). 

4.2.6. STATISTICAL ANALYSIS 

The effects of the individual mushroom extracts and fractions were compared by one way 

ANOVA followed by Bonferoni‟s multiple comparison test at the level of statistical significance, 
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p<0.01 (unless stated otherwise) with standard substances. All statistical evaluation was carried 

out by GraphPad Prism, version 4.00 (GraphPad Software, San Diego, CA, USA).  
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5. EXPERIMENTAL PART AND RESULTS 

5.1. FREE-RADICAL SCAVENGING ACTIVITY (DPPH, OH) OF ETHANOL 

EXTRACTS 

Crude ethanol extracts of 357 mushroom species were tested by means of DPPH free 

radical scavenging assay. 49 mushroom extracts with an EC50 values (in DPPH assay) that 

was lower than 1 mg/ml were examined for hydroxyl radical scavenging activity. All 

mushroom species showed significantly (p<0.01) lower activity in both DPPH and luminol 

chemiluminescence assay than standard antioxidants (Table 4) tested in these assays. The 

results of measurement of DPPH and hydroxyl radical scavenging activity are summarized in 

Table 3. Species, which extracts exhibited radical scavenging activity lower then 5 % at 1000 

µg/ml in DPPH assay are not shown. 

Table 3. Results of DPPH and hydroxyl radical scavenging activity of mushroom extracts 

Taxon 

DPPH assay   

Luminol 

Chemiluminescence 

Assay 

% QDPPH*           

1000 µg/ml 

EC50  

µg/ml 

  % QOH*           

1000 µg/ml 

EC50  

µg/ml   

Abortiporus biennis (Bull. Ex Fr.) Sing. 22.09 ± 1.13 > 1000   nd nd 

Agaricus arvensis Schaeff. Ex Fr. 37.29 ± 2.14 > 1000 
 

nd nd 

Agaricus augustus Fr. 30.85 ± 1.59 > 1000   nd nd 

Agaricus bisporus (Lge.) Sing. 14.17 ± 1.66 > 1000 
 

nd nd 

Agaricus bitorqus (Quél.) Saccardo 71.52 ± 0.42 577.3   34.62 ± 0.09 > 1000 

Agaricus bohusii Bon 41.89 ± 0.05 > 1000 
 

nd nd 

Agaricus campester (L.)Fr.  49.73 ± 1.07 > 1000   nd nd 

Agaricus essettei M. Bon 49.45 ± 2.31 > 1000 
 

nd nd 

Agaricus semotus Fr. 42.94 ± 1.33 > 1000   nd nd 

Agaricus squamulifer (Müll.) Pilát 57.32 ± 0.51 857.1 
 

40.32 ± 0.13 > 1000 

Agaricus sylvaticus Schff. 42.00 ± 0.26 > 1000   nd nd 

Agaricus vaporarius  (Pers. Ex Vitt.) Moser 72.53 ± 0.14 538.4 
 

30.35 ± 1.18 > 1000 

Agaricus xanthodermus Genevier  17.30 ± 0.07 > 1000   nd nd 

Albatrellus confluens (Alb. & Schwein.) Kotl. & Pouzar  13.80 ± 1.13 > 1000 
 

nd nd 

Albatrellus ovinus (Schaeff.: Fr.) Kotl. et Pouz. 69.05 ± 0.52 435.5   0.00 ± 0.00 > 1000 

Aleuria aurantia (Fr.) Fuckel 44.89 ± 1.52 > 1000 
 

nd nd 

Amanita citrina (Schff.)Pers. 72.35 ± 0.44 356.2   42.00 ± 0.74 > 1000 

Amanita crocea (Quél.)Küner & Romagn. 8.46 ± 1.20 > 1000 
 

nd nd 

Amanita fulva (Schaeff.) Fr. 25.27 ± 0.03 > 1000   nd nd 

Amanita muscaria (L.:Fr.)Hook 52.09 ± 1.07 933.3 
 

29.77 ± 1.04 > 1000 
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Table 3. Cont. 

Taxon 

DPPH assay 
 

Luminol 

Chemiluminescence 

Assay 

% QDPPH*           

1000 µg/ml 

EC50  

µg/ml 
 % QOH*           

1000 µg/ml 

EC50  

µg/ml 
 

Amanita pantherina (DC.:Fr.) Krombh. 33.12 ± 0.47 > 1000   nd nd 

Amanita phalloides (Vaill. Fr.) Linka 39.63 ± 0.52 > 1000 
 

nd nd 

Amanita porphyria (Alb. Et Schwein.:Fr.) Gillet 38.50 ± 1.25 > 1000   nd nd 

Amanita rubescens (Pers.: Fr.) Gray 24.15 ± 1.44 > 1000 
 

nd nd 

Amanita spissa (Fr.)Kummer 22.30 ± 2.05 > 1000   nd nd 

Amanita spissa var. excelsa (Fr.:Fr.)Dörfelt et I.L.Roth 19.47 ± 0.98 > 1000 
 

nd nd 

Amanita vaginata (Bull.:Fr.) Vitt. 6.87 ± 0.36 > 1000   nd nd 

Armillaria cepistipes Velenovský 47.98 ± 1.56 > 1000 
 

nd nd 

Armillaria lutea Gillet 22.77 ± 0.78 > 1000   nd nd 

Auricularia mesenterica (Dicks.:S.F.Gray) Pers. 18.85 ± 0.09 > 1000 
 

nd nd 

Bjerkandera adusta (Willd.:Fr.) P. Karst. 38.58 ± 0.28 > 1000   nd nd 

Bolbitius vitellinus (Pesr.)Fr. 18.41 ± 1.12 > 1000 
 

nd nd 

Boletinus cavipes (Klotzch. Ex Fr.) Kalchbr. 33.24 ± 2.05 > 1000   nd nd 

Boletus appendiculatus Schff.: Fr. 24.70 ± 0.49 > 1000 
 

nd nd 

Boletus badius (Fr.)Fr.:Fr. 25.41 ± 0.07 > 1000   nd nd 

Boletus calopus Fr. 70.23 ± 1.05 318.6 
 

27.37 ± 1.21 > 1000 

Boletus cf. Rhodoxanthus (Krbh.) Kbch. 58.8 ± 0.99 766.1   33.79 ± 0.14 > 1000 

Boletus edulis Bull. Fr. 62.57 ± 1.13 578.2 
 

47.48 ± 0.08 > 1000 

Boletus chrysenteron Bull. 45.43 ± 0.74 > 1000   nd nd 

Boletus impolitus Fr. 6.04 ± 0.02 > 1000 
 

nd nd 

Boletus luridiformis Rostk.  47.60 ± 0.95 > 1000   nd nd 

Boletus luridus Schff.: Fr. 28.10 ± 1.11 > 1000 
 

nd nd 

Boletus piperatus Bull. Ex Fr. 55.20 ± 1.02 872.4   26.20 ± 0.75 > 1000 

Boletus pruinatus Fr. Et Hok. 61.07 ± 0.17 725.9 
 

38.75 ± 1.56 > 1000 

Boletus pulverulentus Opat. 13.12 ± 0.83 > 1000   nd nd 

Boletus radicans Pers.:Fr. 74.60 ± 0.97 161.8 
 

39.85 ± 0.98 > 1000 

Boletus reticulatus Paulet ex Fr. 27.35 ± 1.47 > 1000   nd nd 

Boletus rubellus Krombh. 39.05 ± 1.11 > 1000 
 

nd nd 

Boletus satans Lenz 48.51 ± 1.80 > 1000   nd nd 

Boletus subtomentosus L.: Fr. 59.00 ± 1.90 503.2 
 

40.14 ± 0.42 > 1000 

Bovista plumbea Pers.: Pers. 8.50 ± 1.68 > 1000   nd nd 

Calocybe georgii (L.) Kühner ex Kalamees 24.86 ± 2.27 > 1000 
 

nd nd 

Calvatia excipuliformis (Scop. Ex Pers.) Perd. 16.02 ± 0.43 > 1000   nd nd 

Calvatia gigantea (Batsch:Pers.) C.G.Lloyd 31.50 ± 2.17 > 1000 
 

nd nd 

Cantharellus tabaeformis Fr. 16.99 ± 0.49 > 1000   nd nd 

Clavicorona pyxidata (Pers.:Fr.) Doty 7.00 ± 0.05 > 1000 
 

nd nd 

Clitocybe brumalis  (Fr. Ex Fr.) Quél. 8.56 ± 1.04 > 1000   nd nd 
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Table 3. Cont. 

Taxon 

DPPH assay 
 

Luminol 

Chemiluminescence 

Assay 

% QDPPH*           

1000 µg/ml 

EC50  

µg/ml 
 % QOH*           

1000 µg/ml 

EC50  

µg/ml 
 

Clitocybe cf. Obsoleta (Batsch:Fr.) Quél. 9.13 ± 1.11 > 1000 
 

nd nd 

Clitocybe clavipes (Pers.:Fr.)Kummer 11.90 ± 1.52 > 1000   nd nd 

Clitocybe ditopa (Fr.:Fr.) Kummer 16.71 ± 1.80 > 1000 
 

nd nd 

Clitocybe geotropa (Dc. Et Lam.) Quél. 9.35 ± 0.18 > 1000   nd nd 

Clitocybe gibba (Pers.:Fr.)Kumm. 14.30 ± 2.08 > 1000 
 

nd nd 

Clitocybe nebularis (Batsch: Fr.)Kumm. 14.27 ± 0.98 > 1000   nd nd 

Clitocybe odora (Bull.:Fr.)Kummer 8.28 ± 0.40 > 1000 
 

nd nd 

Clitocybe phyllophila (Fr.) Kumm. 6.77 ± 1.24 > 1000   nd nd 

Clitocybe sinopica (Fr.: Fr.) Kummer 7.76 ± 1.32 > 1000 
 

nd nd 

Coprinus atramentarius (Bull.:Fr.) Fr. 16.04 ± 0.90 > 1000   nd nd 

Coriolopsis gallica (Fr.)Ryv.  19.47 ± 0.42 > 1000 
 

nd nd 

Cortinarius anomalus (Fr. Ex Fr.) Fr. 29.13 ± 0.47 > 1000   nd nd 

Cortinarius armillatus (Fr.:Fr.) Fr. 19.97 ± 0.34 > 1000 
 

nd nd 

Cortinarius bolaris (Pers.:Fr.) Fr. 56.45 ± 1.22 211.1   nd 980.3 

Cortinarius infractus (Pers. Ex Fr.) Fr. 50.01 ± 0.23 983.1 
 

23.97 ± 0.37 > 1000 

Cortinarius multiformis (Fr.) Fr. 17.57 ± 1.28 > 1000   nd nd 

Cortinarius pholideus (Fr. ex Fr.) Fr. 6.82 ± 0.74 > 1000 
 

nd nd 

Cortinarius triumphans Fr. 15.06 ± 1.13 > 1000   nd nd 

Cortinarius varius (Schaeff.: Fr.)Fr. 5.35 ± 0.69 > 1000 
 

nd nd 

Cortinarius venetus (Fr.:Fr.) Fr. 11.35 ± 0.72 > 1000   nd nd 

Craterellus cornucopioides (L.)Pers. 17.21 ± 1.26 > 1000 
 

nd nd 

Cystoderma amianthinum (Scop. Ex Fr.) Maubl. 17.18 ± 0.92 > 1000   nd nd 

Cystoderma terrei (Berk.&Broome)Harmaja 22.74 ± 0.08 > 1000 
 

nd nd 

Daedalea quercina L.: Fr. 12.48 ± 0.45 > 1000   nd nd 

Daedaleopsis confragosa (Bolt.:Fr.)Schroet. 73.27 ± 0.39 419.9 
 

27.49 ± 0.74 > 1000 

Dermocybe cinnamomeobadia (R.Hry.) Mos. 18.98 ± 2.51 > 1000   nd nd 

Dermocybe semisanguinea (Fr.)Mos. 29.79 ± 0.25 > 1000 
 

nd nd 

Entoloma clypeatum (L.)Kummer 16.76 ± 0.30 > 1000   nd nd 

Entoloma rhodopolium (Fr.) Kumm. 7.72 ± 1.60 > 1000 
 

nd nd 

Fistulina hepatica (Schff.: Fr.) With. 35.96 ± 0.75 > 1000   nd nd 

Flammulina velutipes (Curt.: Fr.)Sing. 5.59 ± 0.47 > 1000 
 

nd nd 

Fomitopsis pinicola (Swartz.: Fr.)P. Karst. 56.41 ± 0.72 86.1   91.65 ± 1.81 124.2 

Ganoderma applanatum (Pers. ex S. F. Gray) Pat. 72.97 ± 0.37 379.3 
 

77.96 ± 0.91 272.8 

Geastrum fimgriatum Fr. 20.78 ± 0.62 > 1000   nd nd 

Geastrum triplex Jungh. 75.86 ± 0.63 541.2 
 

62.94 ± 1.16 561.9 

Gomphidius glutinosus (Schaeff. Ex Fr.) Fr. 18.49 ± 0.21 > 1000   nd nd 

Gomphidius maculatus (Scop.) Fr.  14.60 ± 0.11 > 1000 
 

nd nd 
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Table 3. Cont. 

Taxon 

DPPH assay 
 

Luminol 

Chemiluminescence 

Assay 

% QDPPH*           

1000 µg/ml 

EC50  

µg/ml 
 % QOH*           

1000 µg/ml 

EC50  

µg/ml 
 

Grifola frondosa (Dicks.: Fr.) S. F. Gray 12.00 ± 1.23 > 1000   nd nd 

Gymnopilus sapineus (Fr.) R.Maire 14.43 ± 0.86 > 1000 
 

nd nd 

Gymnopus dryophillus (Bull.) Murrill  23.02 ± 0.67 > 1000   nd nd 

Gymnopus erythropus (Pers.:Fr.)Antonín, Halling&Noordel. 6.37 ± 1.22 > 1000 
 

nd nd 

Gymnopus ocior (Pers.) Antonín et Noordeloos 6.48 ± 1.05 > 1000   nd nd 

Gymnopus spectabilis (Fr.) Sing. 5.11 ± 0.35 > 1000 
 

nd nd 

Gyrodon lividus (Bull. Ex Fr.)Sacc.  67.87 ± 0.43 52.4   72.92 ± 2.07 442.1 

Gyromitra esculenta (Pers.) Fr. 13.47 ± 2.08 > 1000 
 

nd nd 

Gyromitra infula (Schaeff.) Quél. 33.80 ± 0.56 > 1000   nd nd 

Gyroporus cyanescens (Bull.: Fr.) Quél. 53.32 ± 0.46 820.1 
 

38.95 ± 0.44 > 1000 

Handkea excipuliformis (Schaeff.:Pers.) Kreisel 24.05 ± 0.36 > 1000   nd nd 

Hebeloma crustiliniforme (Bull. Ex St. Amans) Quél. 7.61 ± 0.57 > 1000 
 

nd nd 

Hebeloma radicosum (Bull.:Fr.)Ricken 6.55 ± 0.09 > 1000   nd nd 

Hebeloma sacchariolens Quél. 14.98 ± 1.17 > 1000 
 

nd nd 

Hebeloma sinapizans (Paulet:Fr.) Gill. 21.37 ± 0.62 > 1000   nd nd 

Helvella crispa (Scop.:Fr.)Fr. 10.24 ± 0.86 > 1000 
 

nd nd 

Hydnum repandum L. 7.40 ± 1.17 > 1000   nd nd 

Hygrocybe conica (Schaeff.:Fr.)Kummer 16.46 ± 0.19 > 1000 
 

nd nd 

Hygrophoropsis aurantiaca (Wulf.:Fr.) R. Maire 18.12 ± 1.44 > 1000   nd nd 

Hygrophorus eburneus (Bull. Ex Fr.) Fr. 10.37 ± 0.97 > 1000 
 

nd nd 

Hygrophorus hypothejus (Fr.:Fr.)Fr. 19.00 ± 1.03 > 1000   nd nd 

Hygrophorus lucorum Kalchbr. 9.98 ± 0.13 > 1000 
 

nd nd 

Hygrophorus pratensis (Pers.) Fr. 13.49 ± 0.19 > 1000   nd nd 

Hygrophorus pustulatus (Pers.:Fr.) Fr. 15.08 ± 0.58 > 1000 
 

nd nd 

Hygrophorus tephroleucus Fr. 11.37 ± 0.34 > 1000   nd nd 

Hypholoma capnoides (Fr.)Kummer 16.72 ± 0.36 > 1000 
 

nd nd 

Hypholoma fasciculare (Huds.: Fr.) Kummer 14.56 ± 0.31 > 1000   nd nd 

Hypholoma sublateritium (Fr.)Quél. 49.75 ± 0.83 > 1000 
 

nd nd 

Chalciporus piperatus (Bull.:Fr.) Bat. 31.57 ± 0.64 > 1000   nd nd 

Chroogomphus rutilus (Schff.: Fr.) O. K. Miller 26.78 ± 0.43 > 1000 
 

nd nd 

Inocybe fastigiata (Schaeff. Ex Fr.) Quél. 8.51 ± 0.38 > 1000   nd nd 

Inocybe fraudans (Britz.)Sacc. 64.88 ± 0.44 568.7 
 

23.81 ± 0.68 > 1000 

Inocybe geophylla (Fr.:Fr.)Kummer 7.17 ± 1.08 > 1000   nd nd 

Inonotus radiatus (Sow.:Fr.) P. Karst. 47.15 ± 0.41 > 1000 
 

nd nd 

Kuehneromyces mutabilis (Schff. Ex Fr.) Sing. Smith. 16.58 ± 1.01 > 1000   nd nd 

Lacrymaria lacrymabunda (Bull.:Fr.)Pat. 5.89 ± 0.46 > 1000 
 

nd nd 

Lactarius aurantiacus Fr. 27.64 ± 1.96 > 1000   nd nd 
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Table 3. Cont. 

Taxon 

DPPH assay 
 

Luminol 

Chemiluminescence 

Assay 

% QDPPH*                      

1000 µg/ml 

EC50  

µg/ml 
 % QOH*           

1000 µg/ml 

EC50  

µg/ml 
 

Lactarius blennius Fr. 5.04 ± 0.81 > 1000 
 

nd nd 

Lactarius controversus Pers. Ex Fr. 16.34 ± 1.10 > 1000   nd nd 

Lactarius deliciosus (L.) Gray 9.39 ± 0.94 > 1000 
 

nd nd 

Lactarius lignyotus Fr. 48.70 ± 0.81 > 1000   nd nd 

Lactarius necator (Bull. Em. Pers. Ex Fr.)Karst. 30.29 ± 0.41 > 1000 
 

nd nd 

Lactarius odoratus Velen. 12.25 ± 0.68 > 1000   nd nd 

Lactarius picinus Fr. 9.87 ± 0.11 > 1000 
 

nd nd 

Lactarius quietus Fr. 14.02 ± 0.56 > 1000   nd nd 

Lactarius rufus (Scop.) Fr. 7.86 ± 0.98 > 1000 
 

nd nd 

Lactarius salmonicolor R. Heim & Leclair  5.69 ± 0.19 > 1000   nd nd 

Lactarius scrobiculatus (Scop.:Fr.) Fr. 5.37 ± 0.16 > 1000 
 

nd nd 

Lactarius serifluus DC. Ex Fr. 11.26 ± 1.71 > 1000   nd nd 

Lactarius torminosus (Schaeff. Ex Fr.) S. F. Gray 13.93 ± 1.36 > 1000 
 

nd nd 

Lactarius uvidus Fr. 16.60 ± 1.45 > 1000   nd nd 

Lactarius vellereus (Fr.)Fr. 6.92 ± 0.16 > 1000 
 

nd nd 

Lactarius vietus Fr. 15.39 ± 1.21 > 1000   nd nd 

Laetiporus sulphureus (Bull.: Fr.) Murill 22.19 ± 0.79 > 1000 
 

nd nd 

Lasiochlaena benzoina (Wahlenb.) Pouzar 28.20 ± 0.77 > 1000   nd nd 

Leccinum aurantiacum var. decipens Sing. 36.66 ± 1.05 > 1000 
 

nd nd 

Leccinum crocipodium (Let.) Watl. 54.97 ± 0.99 857.3   19.15 ± 0.83 > 1000 

Leccinum griseum (Quél.)Sing. 77.59 ± 0.54 251.2 
 

48.05 ± 0.94 > 1000 

Leccinum quercinum (Pil.) ex Green et Walt. 51.16 ± 0.51 966.8   31.88 ± 1.27 > 1000 

Leccinum scabrum (Bull.: Fr.) S. F. Gray 32.74 ± 1.03 > 1000 
 

nd nd 

Leccinum testaceoscabrum (Secr.) Sing. 63.61 ± 0.79 559.4   19.16 ± 0.95 > 1000 

Leccinum thalassinum Pilat & Dermek 17.55 ± 1.30 > 1000 
 

nd nd 

Lentinus lepideus (Fr. Ex Fr.) Fr. 16.77 ± 1.13 > 1000   nd nd 

Lentinus tigrinus (Bull.:Fr.) Fr. 22.64 ± 0.73 > 1000 
 

nd nd 

Lepista flaccida (Sow.: Fr.) Pat. 6.67 ± 0.83 > 1000   nd nd 

Lepista nuda (Fr.: Fr.) Cooke 11.04 ± 0.50 > 1000 
 

nd nd 

Lepista saeva (Fr.)P.D.Orton 10.35 ± 0.17 > 1000   nd nd 

Lepista sordida (Fr.:Fr.) Sing. 17.73 ± 0.70 > 1000 
 

nd nd 

Leucocoprinus birnbaumii (Corda)Sin. 71.84 ± 1.15 584.8   36.72 ± 1.21 > 1000 

Leucopaxillus giganteus (Sibth. Ex Fr.) Sing. 44.34 ± 0.13 > 1000 
 

nd nd 

Lycoperdon perlatum Pers. 40.36 ± 2.10 > 1000   nd nd 

Lycoperdon pyriforme Schaeff.:Pers. 26.14 ± 0.94 > 1000 
 

nd nd 

Lyophyllum decastes (Fr.:Fr.)Sing. 6.03 ± 0.19 > 1000   nd nd 

Lyophyllum fumosum (Pers. Ex Fr.) Orton 70.80 ± 0.66 578.2 
 

15.01 ± 0.70 > 1000 
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Table 3. Cont. 

Taxon 

DPPH assay 
 

Luminol 

Chemiluminescence 

Assay 

% QDPPH*           

1000 µg/ml 

EC50  

µg/ml 
 % QOH*           

1000 µg/ml 

EC50  

µg/ml 
 

Macrolepiota bohemica (Wich.)Krieglst. Et Pázmány 45.86 ± 0.75 > 1000   nd nd 

Macrolepiota mastoidea (Fr.) Singer 17.11 ± 0.81 > 1000 
 

nd nd 

Macrolepiota procera (Scop.:Fr.) Sing. 22.00 ± 0.27 > 1000   nd nd 

Macrolepiota rhacodes (Vitt.) Sing. 43.96 ± 1.33 > 1000 
 

nd nd 

Marasmius oreades (Bolt.:Fr.) Fr. 34.43 ± 1.92 > 1000   nd nd 

Melanoleuca grammopodia (Bull.:Fr.) Pat. 10.53 ± 1.84 > 1000 
 

nd nd 

Meripilus giganteus (Pers.: Fr.)P. Karst. 20.03 ± 0.42 > 1000   nd nd 

Mitrophora semilibera (de Candolle ex Fr.)Leveille 80.14 ± 0.87 428.1 
 

37.82 ± 0.89 > 1000 

Morchella conica Persoon 26.03 ± 0.56 > 1000   nd nd 

Morchella esculenta (Pers. Ex Amans.) 19.17 ± 1.04 > 1000 
 

nd nd 

Mycena rosea (Bull.) Gramberg 6.79 ± 0.50 > 1000   nd nd 

Mycena tintinnabulum (Fr.) Quél. 7.16 ± 0.82 > 1000 
 

nd nd 

Oligoporus ptychogaster (C.A.Ludwig.) R et O. Falck 54.96 ± 0.43 823.3   44.72 ± 0.77 > 1000 

Oligoporus stipticus (Pers.:Fr.) Gilbdn. Ryvarden 16.82 ± 1.19 > 1000 
 

nd nd 

Osmoporus odoratus (Wulf. Ex Fr.) Sing. 73.80 ± 1.10 276.4   71.71 ± 1.31 393.2 

Otidea onotica (Persoon) Fuckel 16.42 ± 1.05 > 1000 
 

nd nd 

Oudemansiella platyphylla (Pers.: Fr.) Mos. 17.40 ± 0.77 > 1000   nd nd 

Panellus stipticus (Bull.:Fr.) P.Karst. 16.07 ± 0.96 > 1000 
 

nd nd 

Panus conchatus (Full.:Fr.)Fr. 11.86 ± 1.22 > 1000   nd nd 

Paxillus involutus (Batsch.:Fr.)Fr. 69.41 ± 1.00 532.9 
 

36.04 ± 1.27 > 1000 

Paxillus rubicundulus P. D. Orton 65.73 ± 0.90 528.8   48.19 ± 0.84 > 1000 

Peziza cerea Sowerby ex Merat 52.55 ± 0.65 945.3 
 

25.20 ± 1.13 > 1000 

Peziza vesiculosa Bull. ex St. Amans 40.99 ± 0.56 > 1000   nd nd 

Phaeolus schweinitzii (Fr.)Pat. 59.85 ± 0.28 297.4 
 

66.78 ± 0.92 573.3 

Pholiota adiposa (Batsch:Fr.) Kummer 37.11 ± 1.16 > 1000   nd nd 

Pholiota alnicola (Fr.) Sing. 29.21 ± 0.74 > 1000 
 

nd nd 

Pholiota carbonaria (Fr.:Fr.) Sing. 11.39 ± 0.07 > 1000   nd nd 

Pholiota flammans (Batsch.:Fr.)Kumm. 78.81 ± 0.98 149.1 
 

87.34 ± 0.87 187.2 

Pholiota lenta (Pers.:Fr.)Sing. 26.13 ± 0.50 > 1000   nd nd 

Pholiota spumosa (Fr.) Sing. 38.49 ± 0.61 > 1000 
 

nd nd 

Pholiota squarrosa (Weigel: Fr.) Kummer 9.82 ± 0.99 > 1000   nd nd 

Piptoporus betulinus (Bull. Ex Fr.)P. Karst. 27.80 ± 0.97 > 1000 
 

nd nd 

Pleurotus calyptratus (Lindbl.:Fr.)Saccardo 17.42 ± 0.93 > 1000   nd nd 

Pleurotus dryinus (Pers.:Fr.)Kummer 12.05 ± 0.75 > 1000 
 

nd nd 

Pleurotus ostreatus (Jacq.:Fr.) Kummer 8.65 ± 1.14 > 1000   nd nd 

Pluteus cervinus (Schaeff.)Kummer 13.91 ± 0.77 > 1000 
 

nd nd 

Pluteus pouzarianus Singer 10.76 ± 0.91 > 1000   nd nd 
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Table 3. Cont. 

Taxon 

DPPH assay 
 

Luminol 

Chemiluminescence 

Assay 

% QDPPH*           

1000 µg/ml 

EC50  

µg/ml 
 % QOH*           

1000 µg/ml 

EC50  

µg/ml 
 

Polyporus badius (Pers. Ex S. F. Gray)Schw. 31.07 ± 0.25 > 1000 
 

nd nd 

Polyporus brumalis (Pers.) ex Fr. S. auct. 15.05 ± 0.28 > 1000   nd nd 

Polyporus ciliatus Fr.: Fr. 10.98 ± 0.29 > 1000 
 

nd nd 

Polyporus squamosus Huds.: Fr. 15.04 ± 1.10 > 1000   nd nd 

Polyporus umbellatus Fr. 21.08 ± 0.38 > 1000 
 

nd nd 

Porphyrellus porphyrosporus (Fr. In Fr. et Hoek) Gilb. 63.90 ± 1.07 322.3   39.14 ± 1.07 > 1000 

Psathyrella caput-medusae (Fr.)Konr. Et Maubl. 75.39 ± 0.86 292.1 
 

37.54 ± 1.21 > 1000 

Psathyrella multipedata (Peck) A.H.Sm. 11.30 ± 0.18 > 1000   nd nd 

Psathyrella piluliformis (Bull.:Fr.) P.D.Orton 26.63 ± 1.28 > 1000 
 

nd nd 

Pycnoporus cinnabarinus (Jacq.:Fr.) P. Karst. 5.37 ± 0.68 > 1000   nd nd 

Ramaria subbotrys (Coker)Corner 36.33 ± 1.13 > 1000 
 

nd nd 

Ramaria uemorpha (P.Karst.) Corner 8.64 ± 0.95 > 1000   nd nd 

Rhizinia undulata Fr. 10.17 ± 0.48 > 1000 
 

nd nd 

Rhodocollybia butyracea (Bull.:Fr.) Lennox 6.29 ± 0.59 > 1000   nd nd 

Rhodocollybia butyracea f. asema (Fr.: Fr.) Ant., Hall. Et Noor 14.70 ± 0.96 > 1000 
 

nd nd 

Rhodocollybia maculata (Alb. Et Schw.:Fr.)Ling 10.90 ± 1.09 > 1000   nd nd 

Russula acrifolia Romagn. 14.88 ± 1.31 > 1000 
 

nd nd 

Russula adusta (Pers. Ex Fr.) Fr. 23.34 ± 0.60 > 1000   nd nd 

Russula aeruginea Lindbl. n Fr. 6.43 ± 0.40 > 1000 
 

nd nd 

Russula amethystina Quél. 18.58 ± 0.97 > 1000   nd nd 

Russula badia Quél. 11.97 ± 1.45 > 1000 
 

nd nd 

Russula barlae Quél. 6.81 ± 0.66 > 1000   nd nd 

Russula betularum (Hora) Romagn. 10.22 ± 1.08 > 1000 
 

nd nd 

Russula claroflava Grove 24.67 ± 0.14 > 1000   nd nd 

Russula coerulea Fr. Emend. Cooke 6.34 ± 0.66 > 1000 
 

nd nd 

Russula decolorans (Fr.) Fr. 29.14 ± 0.43 > 1000   nd nd 

Russula fellea (Fr.) Fr. 7.17 ± 0.81 > 1000 
 

nd nd 

Russula chrysodacryon Sing. 7.74 ± 1.41 > 1000   nd nd 

Russula integra L. ex Fr. Ss. R. Mre 8.35 ± 1.15 > 1000 
 

nd nd 

Russula lepida Fr. 7.15 ± 1.14 > 1000   nd nd 

Russula nigricans (Bull.) Fr. 43.31 ± 0.56 > 1000 
 

nd nd 

Russula ochroleuca Pers. 31.86 ± 1.56 > 1000   nd nd 

Russula olivacea (Schff. Ex Fr.) Fr. 27.05 ± 1.71 > 1000 
 

nd nd 

Russula paludosa Britz. 32.51 ± 0.74 > 1000   nd nd 

Russula queletii Fr. In Quél. 9.09 ± 0.04 > 1000 
 

nd nd 

Russula turci Bres. em. J. Schaeff. 11.09 ± 0.83 > 1000   nd nd 
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Table 3. Cont. 

Taxon 

DPPH assay 
 

Luminol 

Chemiluminescence 

Assay 

% QDPPH*                      

1000 µg/ml 

EC50  

µg/ml 
 % QOH*           

1000 µg/ml 

EC50  

µg/ml 
 

Russula velenovskyi Melzer et Zwara 7.76 ± 0.28 > 1000 
 

nd nd 

Russula vesca Fr. 5.15 ± 0.47 > 1000   nd nd 

Russula viscida Kudrna 9.12 ± 0.01 > 1000 
 

nd nd 

Sarcodon imbricatus (L.: Fr.) P. Karst. 36.31 ± 1.25 > 1000   nd nd 

Scleroderma citrinum Pers. 54.48 ± 1.01 835.1 
 

51.15 ± 1.52 895.9 

Scleroderma verrucosum Bull.:Pers. 45.12 ± 0.09 > 1000   nd nd 

Serpula lacrymans (Wulf.:Fr.) Schroet. 80.06 ± 0.21 292.7 
 

69.70 ± 0.76 312.1 

Stereum hirsutum (Willd.: Fr.) S. F. Gray 19.04 ± 0.39 > 1000   nd nd 

Strobilomyces floccopus (Vahl.:Fr.) P. Karst. 71.15 ± 1.04 128.9 
 

73.26 ± 1.11 263.2 

Stropharia aeruginosa (Curtis: Fr.) Quél. 6.63 ± 0.39 > 1000   nd nd 

Suillus aeruginascens (Secr.) Snell 39.99 ± 0.04 > 1000 
 

nd nd 

Suillus bovinus (L. ex Fr.) O. Kuntze 13.47 ± 0.98 > 1000   nd nd 

Suillus granulatus (L. ex Fr.) O. Kuntze 50.23 ± 0.67 992.3 
 

0.00 ± 0.00 > 1000 

Suillus grevillei (Klotzsch.:Fr.) Sing. 50.48 ± 0.95 802.4   13.16 ± 0.17 > 1000 

Suillus luteus (L. ex Fr.) S. F. Gray 65.71 ± 0.47 660.1 
 

31.18 ± 0.09 > 1000 

Suillus placidus (Bon.) Sing. 54.64 ± 1.05 745.9   14.62 ± 1.02 > 1000 

Suillus variegatus (Sow. ex Fr.) O. Kuntze 35.35 ± 1.24 > 1000 
 

nd nd 

Tapinella atrotomentosa (Batsch.:Fr.)Šutara 66.02 ± 0.47 212.2   50.61 ± 0.98 > 1000 

Tapinella panuoides (Fr.: Fr.) Gilb. 68.15 ± 0.70 203.1 
 

45.92 ± 1.34 > 1000 

Thelephora palmata (Scop.) Fr. 24.93 ± 0.41 > 1000   nd nd 

Thelephora terrestris Erhart ex Willd.: Fr. 21.44 ± 1.23 > 1000 
 

nd nd 

Trametes gibbosa (Pers. Ex Pers.)Fr. 5.81 ± 0.32 > 1000   nd nd 

Trametes versicolor (L.Fr.) Pilát 18.31 ± 0.09 > 1000 
 

nd nd 

Tricholoma columbetta (Fr.) Kummer 17.51 ± 0.94 > 1000   nd nd 

Tricholoma flavobrunneum (Fr.) Kummer 15.06 ± 1.14 > 1000 
 

nd nd 

Tricholoma imbricatum (Fr. Ex Fr.) Kummer 12.03 ± 0.23 > 1000   nd nd 

Tricholoma orirubens Quél. 5.16 ± 0.54 > 1000 
 

nd nd 

Tricholoma pessundatum (Fr.)Quél. 27.71 ± 0.72 > 1000   nd nd 

Tricholoma populinum Lge. 8.20 ± 0.32 > 1000 
 

nd nd 

Tricholoma saponaceum (Fr.)Kummer 7.28 ± 0.43 > 1000   nd nd 

Tricholoma scalpturatum (Fr.)Quél. 9.55 ± 0.17 > 1000 
 

nd nd 

Tricholoma sulphureum (Bull. Ex Fr.)Kummer 64.35 ± 0.89 562.7   2.52 ± 0.12 > 1000 

Tricholoma vaccinum Pers. Ex Fr.) Kumm. 15.77 ± 0.86 > 1000 
 

nd nd 

Tricholomopsis decora (Fr.:Fr.) Singer 11.89 ± 0.23 > 1000   nd nd 

Tylopilus felleus (Bull.:Fr.) P. Karts. 59.94 ± 0.79 709.2 
 

14.72 ± 0.31 > 1000 

Tyromyces fissilis (Berk et Curt.) Ryv. 14.72 ± 1.00 > 1000   nd nd 

Vascellum pratense (Pers.:Pers.)Kreisel 13.4 ± 0.25 > 1000 
 

nd nd 
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Table 3. Cont. 

Taxon 

DPPH assay 
 

Luminol 

Chemiluminescence 

Assay 

% QDPPH*           

1000 µg/ml 

EC50  

µg/ml 
 % QOH*           

1000 µg/ml 

EC50  

µg/ml 
 

Volvariella gloiocephala 

(DC.:Fr.)Boekhout&Enderle 
30.67 ± 1.83 > 1000   nd nd 

Xerula radicata (Relh.:Fr.)Dörfelt 5.31 ± 1.26 > 1000 
 

nd nd 

Xylaria hypoxylon (Linn. Ex Hoocker)Greville 5.63 ± 0.05 > 1000   nd nd 

Xylaria polymorpha (Pers. Ex Merat) Greville 6.90 ± 0.27 > 1000   nd nd 

* Average of three measurements, nd not determined, green colour denotes the species tested by both, DPPH and luminol 

chemiluminescence, assays 
 

Table 4. EC50 values for standard antioxidants (DPPH and OH 

radical scavenging activity) 

antioxidant DPPH Assay  
Luminol Chemiluminescence 

Assay 

trolox 14.2 25.3 

ascorbic acid 6.1 nd 

rutin nd 109.4 

coffeic acid nd 8.1 

EC50 in µg/ml, nd not determined 

 

5.2. TOTAL PHENOLICS CONTENT IN ETHANOL EXTRACTS 

The mushroom extracts, which were tested by both assays (DPPH radical, OH radical), 

were subjected to the determination of total phenolics content to evaluate the dependence of 

antiradical activity on the amount of phenolics. Results, expressed as gallic acid equivalents 

per mg of dry extract, are summarised in Table 5. 

Table 5. Total phenolics content of the most active (DPPH and OH free radicals scavenging activity) 

mushroom extracts 

Taxon GAE* 
  

Taxon GAE* 

Agaricus bitorqus (Quél.) Saccardo 32.7±1.1 

 

Boletus edulis Bull. Fr. 56.7±1.2 

Agaricus squamulifer (Müll.) Pilát 33.3±0.4 

 

Boletus piperatus Bull. Ex Fr. 34.2±0.4 

Agaricus vaporarius  (Pers. Ex Vitt.) Moser 42.7±0.9 

 

Boletus pruinatus Fr. Et Hok. 47.7±2.5 

Albatrellus ovinus (Schaeff.: Fr.) Kotl. et Pouz. 29.0±0.0 

 

Boletus radicans Pers.:Fr. 62.7±4.0 

Amanita citrina (Schff.)Pers. 74.7±1.8 

 

Boletus subtomentosus L.: Fr. 48.1±1.0 

Amanita muscaria (L.:Fr.)Hook 19.7±0.4 

 

Cortinarius bolaris (Pers.:Fr.) Fr. 51.0±0.7 

Boletus calopus Fr. 56.1±0.7 

 

Cortinarius infractus (Pers. Ex Fr.) Fr. 23.3±0.4 

Boletus cf. Rhodoxanthus (Krbh.) Kbch. 35.2±0.3 

 

Daedaleopsis confragosa (Bolt.:Fr.)Schroet. 46.7±1.1 
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Table 5. Cont. 

Taxon GAE* 
  

Taxon GAE* 

Fomitopsis pinicola (Swartz.: Fr.)P. Karst. 264.0±0.7 

 

Peziza cerea Sowerby ex Merat 42.0±1.3 

Ganoderma applanatum (Pers. ex S. F. Gray) 190.0±3.3 

 

Phaeolus schweinitzii (Fr.)Pat. 73.7±2.4 

Geastrum triplex Jungh. 65.3±0.4 

 

Pholiota flammans (Batsch.:Fr.)Kumm. 129.5±0.5 

Gyrodon lividus (Bull. Ex Fr.)Sacc.  235.4±6.1 

 

Porphyrellus porphyrosporus (Fr. In Fr. et Hoek) Gilb. 64.0±2.7 

Gyroporus cyanescens (Bull.: Fr.) Quél. 58.7±3.2 

 

Psathyrella caput-medusae (Fr.)Konr. Et Maubl. 44.7±1.1 

Inocybe fraudans (Britz.)Sacc. 74.7±2.4 

 

Scleroderma citrinum Pers. 76.3±4.6 

Leccinum crocipodium (Let.) Watl. 26.0±1.1 

 

Serpula lacrymans (Wulf.:Fr.) Schroet. 73.2±3.1 

Leccinum griseum (Quél.)Sing. 55.3±3.8 

 

Strobilomyces floccopus (Vahl.:Fr.) P. Karst. 145.2±8.7 

Leccinum quercinum (Pil.) ex Green et Walt. 29.3±2.1 

 

Suillus granulatus (L. ex Fr.) O. Kuntze 20.1±1.1 

Leccinum testaceoscabrum (Secr.) Sing. 42.3±0.6 

 

Suillus grevillei (Klotzsch.:Fr.) Sing. 16.3±1.5 

Leucocoprinus birnbaumii (Corda)Sin. 51.0±0.7 

 

Suillus luteus (L. ex Fr.) S. F. Gray 27.7±4.0 

Lyophyllum fumosum (Pers. Ex Fr.) Orton 34.7±0.4 

 

Suillus placidus (Bon.) Sing. 14.3±2.1 

Mitrophora semilibera (de Candolle ex 

Fr.)Leveille 
72.0±1.3 

 

Tapinella atrotomentosa (Batsch.:Fr.)Šutara 137.7±2.1 

Oligoporus ptychogaster (C.A.Ludwig.) R et O. 
Falck 

52.3±0.7 

 

Tapinella panuoides (Fr.: Fr.) Gilb. 152.7±5.0 

Osmoporus odoratus (Wulf. Ex Fr.) Sing. 137.0±2.0 

 

Tricholoma sulphureum (Bull. Ex Fr.)Kummer 19.3±0.8 

Paxillus involutus (Batsch.:Fr.)Fr. 39.7±2.1 

 

Tylopilus felleus (Bull.:Fr.) P. Karts. 25.3±1.2 

Paxillus rubicundulus P. D. Orton 45.0±1.0       

* Average of three measurements  in µg GA/ mg extract ± SD 

    

5.3. ACHE AND BUCHE INHIBITORY ACTIVITY OF ETHANOL EXTRACTS 

Mushroom extracts, which were the most active in DPPH radical scavenging assay 

were also tested for their AChE and BuChE inhibitory activity. Almost all mushroom species 

showed significantly (p<0.01 for all species except AChE inhibition of Tylopylus felleus 

p<0.05) lower inhibitory activity against both enzymes than standard substances: eserine, 

huperzine A and galanthamine (Table 7) tested in these assays. The species T. felleus was 

significantly more active (p<0.01) then galanthamine in BuChE inhibition (Figure 7). The 

results of measurement of AChE and BuChE inhibitory activity are summarized in Table 6. 

Species, which extracts exhibited inhibitory activity lower then 5 % at 500 µg/ml are not 

shown. The dependece of the activity of the most active species T. felleus and Cortinarius 

infractus and standard substances on concentration is shown on Figures 5 and 6, respectively. 
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Table 6. AChE and BuChE inhibitory activity of selected mushroom species 

Taxon 

AChE   BuChE 

% I*         

   500 µg/ml 

IC50  

µg/ml 

 % I*         

   500 µg/ml 

IC50  

µg/ml   

Agaricus squamulifer (Müll.) Pilát 10.77 ± 0.54 > 500 
 

16.52 ± 0.12 > 500 

Agaricus vaporarius  (Pers. Ex Vitt.) Moser 7.33 ± 1.39 > 500   13.09 ± 0.60 > 500 

Albatrellus ovinus (Schaeff.: Fr.) Kotl. et Pouz. 8.66 ± 0.60 > 500 
 

5.47 ± 0.02 > 500 

Amanita citrina (Schff.)Pers.  - -  ±  - -  - -   25.89 ± 0.61 > 500 

Amanita muscaria (L.:Fr.)Hook  - -  ±  - -  - - 
 

6.87 ± 0.06 > 500 

Boletus calopus Fr. 30.22 ± 0.50 > 500   25.41 ± 0.65 > 500 

Boletus cf. Rhodoxanthus (Krbh.) Kbch. 5.09 ± 0.12 > 500 
 

11.72 ± 0.67 > 500 

Boletus edulis Bull. Fr. 43.22 ± 0.24 > 500   46.69 ± 0.49 > 500 

Boletus piperatus Bull. Ex Fr. 53.52 ± 0.30 > 500 

 

30.76 ± 0.10 > 500 

Boletus pruinatus Fr. Et Hok.  - -  ±  - -  - -   10.51 ± 0.91 > 500 

Boletus radicans Pers.:Fr. 24.76 ± 0.24 > 500 

 

22.18 ± 0.03 > 500 

Boletus subtomentosus L.: Fr. 7.88 ± 1.05 > 500   15.40 ± 0.95 > 500 

Cortinarius bolaris (Pers.:Fr.) Fr. 60.34 ± 1.47 308.1 

 

28.48 ± 1.62 > 500 

Cortinarius infractus (Pers. Ex Fr.) Fr. 91.95 ± 0.06 7.9   50.97 ± 0.88 > 500 

Daedaleopsis confragosa (Bolt.:Fr.)Schroet. 21.74 ± 1.76 > 500 

 

16.41 ± 0.07 > 500 

Fomitopsis pinicola (Swartz.: Fr.)P. Karst. 76.34 ± 0.78 218.9   67.96 ± 1.20 337.5 

Ganoderma applanatum (Pers. ex S. F. Gray) Pat. 57.14 ± 0.36 341.5 

 

64.57 ± 0.40 288.8 

Geastrum triplex Jungh. 50.93 ± 0.76 480.6   27.62 ± 0.49 > 500 

Gyrodon lividus (Bull. Ex Fr.)Sacc.  12.68 ± 0.03 > 500 

 

15.83 ± 0.93 > 500 

Gyroporus cyanescens (Bull.: Fr.) Quél. 12.16 ± 0.48 > 500    - -  ±  - -  - - 

Inocybe fraudans (Britz.)Sacc. 7.44 ± 0.08 > 500 

 

10.91 ± 0.78 > 500 

Leccinum crocipodium (Let.) Watl. 16.62 ± 0.60 > 500   16.96 ± 1.37 > 500 

Leccinum griseum (Quél.)Sing. 13.20 ± 0.60 > 500 

 

23.51 ± 0.50 > 500 

Leccinum quercinum (Pil.) ex Green et Walt.  - -  ±  - -  - -   5.44 ± 0.03 > 500 

Leccinum testaceoscabrum (Secr.) Sing.  - -  ±  - -  - - 

 

7.52 ± 0.14 > 500 

Leucocoprinus birnbaumii (Corda)Sin. 11.74 ± 0.50 > 500   68.68 ± 0.09 232.3 

Mitrophora semilibera (de Candolle ex Fr.)Leveille 37.84 ± 0.00 > 500 

 

36.40 ± 1.02 > 500 

Oligoporus ptychogaster (C.A.Ludwig.) R et O. Falck 57.34 ± 0.13 386.7   46.64 ± 0.06 > 500 

Osmoporus odoratus (Wulf. Ex Fr.) Sing. 62.85 ± 0.67 365.3 

 

42.25 ± 0.51 > 500 

Paxillus involutus (Batsch.:Fr.)Fr. 26.34 ± 2.69 > 500   28.17 ± 0.08 > 500 

Paxillus rubicundulus P. D. Orton 32.17 ± 0.14 > 500 

 

32.34 ± 0.59 > 500 

Peziza cerea Sowerby ex Merat 9.54 ± 2.88 > 500   11.84 ± 1.05 > 500 

Phaeolus schweinitzii (Fr.)Pat. 60.3 ± 0.32 390.2 

 

35.97 ± 0.25 > 500 

Pholiota flammans (Batsch.:Fr.)Kumm. 76.54 ± 0.09 > 500   5.97 ± 0.42 > 500 

Porphyrellus porphyrosporus (Fr. In Fr. et Hoek) Gilb. 33.44 ± 0.07 > 500 

 

24.41 ± 0.52 > 500 

Scleroderma citrinum Pers. 27.08 ± 0.94 > 500   24.20 ± 1.16 > 500 

Serpula lacrymans (Wulf.:Fr.) Schroet. 85.87 ± 0.10 42.96 

 

18.47 ± 1.25 > 500 

Strobilomyces floccopus (Vahl.:Fr.) P. Karst. 10.51 ± 0.39 > 500   21.15 ± 1.58 > 500 
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Table 6. Cont. 

Taxon 

AChE   BuChE 

% I*         

   500 µg/ml 

IC50  

µg/ml 
 % I*         

   500 µg/ml 

IC50  

µg/ml 

 Suillus granulatus (L. ex Fr.) O. Kuntze  - -  ±  - -  - - 

 

7.24 ± 1.76 > 500 

Suillus grevillei (Klotzsch.:Fr.) Sing. 18.56 ± 2.13 > 500   13.52 ± 1.58 > 500 

Suillus luteus (L. ex Fr.) S. F. Gray  - -  ±  - -  > 500 

 

8.30 ± 0.21 > 500 

Suillus placidus (Bon.) Sing. 9.95 ± 0.00 > 500    - -  ±  - -  - - 

Tapinella atrotomentosa (Batsch.:Fr.)Šutara 21.35 ± 1.35 > 500 

 

48.64 ± 0.43 > 500 

Tapinella panuoides (Fr.: Fr.) Gilb. 13.82 ± 0.11 > 500   12.86 ± 0.61 > 500 

Tricholoma sulphureum (Bull. Ex Fr.)Kummer 17.62 ± 0.57 > 500 

 

8.75 ± 0.31 > 500 

Tylopilus felleus (Bull.:Fr.) P. Karts. 81.75 ± 0.10 7.4   83.96 ± 0.32 11.3 

* Average of three measurements ± SD, - -  no activity 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. AChE and BuChE inhibitory activity of the most active mushroom species: A: 

Tylopilus felleus (Bull.:Fr.) P. Karts. IC50AChE = 7.4 µg/ml, IC50BuChE = 11.3 

µg/ml, B: Cortinarius infractus (Pers. Ex Fr.) Fr. IC50AChE = 7.9 µg/ml, 

IC50BuChE  500 µg/ml. 
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Table 7. AChE and BuChE inhibitory activity of standard 

substances  

Standard 
AChE   BuChE 

IC50  µM IC50  µg/ml   IC50  µM IC50  µg/ml 

Eserine 2.17 0.59 
 

1.62 0.45 

Galanthamine 6.9 2.59   156 58.02 

Huperzine A 0.252 0.061    - -   - -  

 - - no activity 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. AChE and BuChE inhibition activity of the standard substances used in Ellman‟s 

assay. A (AChE), B (BuChE). 
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Figure 7. Comparison of the most active species in Ellman‟s assay: A (AChE), B (BuChE). 

The efficiancy was compared with standard substances E (vs. eserine), G (vs. 

galanthamine), H (vs. huperzine A), p<0.01, E
*
, H

*
, p<0.05   

Cortinarius infractus was one of the most active species in AChE inhibition. Another 

14 species of genus Cortinarius were available, hence all these species were tested for AChE 

and BuChE inhibitory activity (Table 8). The only significantly active species was C. 

infractus which exhibited high activity against AChE, while BuChE inhibitory activity was 

low. C. bolaris showed moderate activity against AChE. 

Table 8. AChE and BuChE inhibitory activity of Cortinarius species 

Taxon 

AChE   BuChE 

% I*         

   500 µg/ml 

IC50  

µg/ml 
 % I*         

   500 µg/ml 

IC50  

µg/ml   

Cortinarius alboviolaceus (Pers. Ex Fr.) Fr.  - -  ±  - -  > 500    - -  ±  - -  > 500 

Cortinarius anomalus (Fr. Ex Fr.) Fr.  - -  ±  - -  > 500 

 

7.25 ± 0.34 > 500 

Cortinarius armillatus (Fr.:Fr.) Fr. 9.29 ± 0.39 > 500   6.08 ± 2.03 > 500 

Cortinarius bolaris (Pers.:Fr.) Fr. 60.35 ± 1.47 308,1 

 

28.48 ± 1.63 > 500 

Cortinarius infractus (Pers. Ex Fr.) Fr. 91.95 ± 0.06 7,9   50.98 ± 0.89 482,6 

Cortinarius malachius Fr.  - -  ±  - -  > 500 

 

 - -  ±  - -  > 500 
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Table 8. Cont. 

Taxon 

AChE   BuChE 

% I*         

   500 µg/ml 

IC50  

µg/ml 
 % I*         

   500 µg/ml 

IC50  

µg/ml 

 
Cortinarius mucosus (Bull. Ex St. Am.) Kickx 15.86 ± 1.14 > 500   24.75 ± 0.63 > 500 

Cortinarius multiformis (Fr.) Fr. 6.14 ± 0.96 > 500 

 

11.44 ± 1.39 > 500 

Cortinarius pholideus (Fr. ex Fr.) Fr. 9.91 ± 0.32 > 500   6.42 ± 0.46 > 500 

Cortinarius traganus (Fr.: Fr.) Fr. 6.93 ± 0.36 > 500 

 

12.08 ± 0.63 > 500 

Cortinarius triumphans Fr.  - -  ±  - -  > 500   9.50 ± 0.07 > 500 

Cortinarius trivialis Lange  - -  ±  - -  > 500 

 

10.56 ± 1.21 > 500 

Cortinarius varius (Schaeff.: Fr.)Fr. 22.86 ± 0.29 > 500   26.75 ± 1.04 > 500 

Cortinarius venetus (Fr.:Fr.) Fr. 25.86 ± 1.43 > 500 

 

10.90 ± 0.69 > 500 

Cortinarius violaceus (L.)S.F.Gray em. Moser 9.50 ± 0.93 > 500   20.97 ± 1.55 > 500 

* Average of three measurements ± SD, - -  no activity 

          

5.4. BIOGUIDED ASSAY – FRACTIONATION  OF EXTRACT FROM SELECTED 

SPECIES (G. APPLANATUM) 

5.4.1. EXTRACTION 

8.39 kg of fresh fruiting bodies of G. applanatum (dry matter 4.03 kg) was divided in 

smaller parts and frozen by liquid nitrogen. Immediately after freezing the fruiting bodies 

were ground and the crushed mushrooms were placed in percolator. The mushroom matter 

was then overflew by 19 l of 95% w/w EtOH and kept for seven days at room temperature. 

64 l of the same solvent were used for percolation of the mushroom matter. After the 

precolation, the mushroom matter was extracted by 36 l of 95% w/w EtOH at 75 °C. Both 

extracts were combined and evaporated under the reduced pressure to yield 350 g of dry 

extract.  

5.4.2. PILOT LIQUID/LIQUID EXTRACTION 

8.5 g of the dry crude extract of G. applanatum were disolved in 80 ml of 80% V/V 

MeOH and sequentially 20 ml of distillated water were added. The crude extract was 

successively partionated. The dissolved extract was extracted five times by 25 ml of 

petroleum ether – petroleum ether extract was dried by addition of 3 g of anhydrous Na2SO4 
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and subsequent filtration. Anhydrous extract was evaporated to yield 1.05 g of dry lipophilic 

extract.  The methanol phase was evaporated, and residue was dissolved in distilated water to 

the same volume and extracted five times by 25 ml of dichloromethane. This extract was 

processed by the same procedure like the petrol ether extract to yield 0.53 g of dry extract. 

Water phase was then extracted five times by 25 ml of water-saturated butan-1-ol. The water 

phase was evaporated under reduced pressure to yield 2.83 g of water residue. Butanolic 

phase was evaporated, refilled with water to the same volume and extracted five times by 25 

ml of ethyl acetate. Ethyl acetate phase was evaporated to yield 1.45 g of dry extract. Water 

phase (BuOH extract purified by ethyl acetate) was evaporated to yield 0.84 g of dry extract. 

The general scheme of liquid-liquid extraction is depicted on Figure 8.  

5.4.3. LIQUID/LIQUID EXTRACTION 

The procedure checked in pilot liquid-liquid extraction was evaluated as suitable, that 

is why it was used for processing of the whole amount of the crude extract. 340 g of crude 

extract was disolved in 6.8 L 80% MeOH and sequentially extracted by petroleum ether, 

dichloromethane, water saturated butan-1-ol and ethyl acetate to get 19.22 g, 25.72 g, 10.9 g, 

59 g of extract, respectively, plus water residue. Ethyl acetate extract was evaluated as the 

most active in the DPPH radical assay. It was consequently subjected to preparative TLC and 

silica gel column chromatography. 
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Figure 8. Scheme of liquid/liquid extraction of Ganoderma applanatum crude extract  

Each fraction, including the water residue, was tested for its DPPH radical scavenging 

activity (Table 8). The only extract, which exhibited DPPH radical scavenging activity higher 

than 50 % at the highest concentration, was ethyl acetate extract. However, the activity of 

ethyl acetate extract was significantly lower than the activity of standard antioxidants. All 

fractions were also tested for their AChE and BuChE inhibitory actitivity. None of the 

extracts showed BuChE inhibitory activity higher than the crude extract of G. applanatum. 

Ethyl acetate and butan-1-ol extract showed the highest activity against AChE, nevertheless 
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the activity was significantly lower than the activity of standard inhibitors (Table 10). The 

activity of ethyl acetate and butan-1-ol extract was not siginicantly different. Ethyl acetate 

extract was later subjected to the preparative TLC. 

Table 9. Results of DPPH assay after liquid-liquid extraction  

 
Extract 

% QDPPH*            
EC50  µg/ml 

100       

µg/ml 

250        

µg/ml 

500     

 µg/ml 

1000      

µg/ml 

petroleum ether 1.99 2.80 4.91 2.80 >1000 

dichloromethane 10.08 16.16 20.92 30.27 >1000 

ethyl acetate 48.68 64.86 68.88 55.28 102.2 

butan-1-ol 15.59 24.29 31.66 41.51 >1000 

water residue 9.70 12.58 15.65 20.77 >1000 

* average of three measurements turbid extract solution 

  

Table 10. Results of Ellman‟s assay after liquid-liquid extraction 

Extract 

AChE   BuChE 

% I*         

   500 µg/ml 

IC50  

µg/ml 

 % I*         

   500 µg/ml 
IC50  µg/ml 

  

Ganoderma applanatum (Batsch)Atk. 57.14 ± 0.36 341.5   64.57 ± 0.4 288.8 

petroleum ether  - -  ±  - -   - -  
 

 - -  ±  - -   - -  

dichlormethane 62.92 ± 0.12 335.0   43.89 ± 0.89 > 500 

ethyl acetate 75.71 ± 0.00 198.8 
 

45.97 ± 0.93 > 500 

butan-1-ol 83.89 ± 0.87 194.3   44.01 ± 0.2 > 500 

water residue 44.92 ± 0.23 > 500   28.73 ± 0.1 > 500 

* Average of three measurements ± SD, - -  no activity 

      

5.4.4. PREPARATIVE TLC OF ETHYL ACETATE EXTRACT 

Ethyl acetate extract was disolved in the mixture of chloroform/EtOH (ratio 1:1) and 

spotted to the plate. 12 mobile phases were tested: 

1. CHCl3 + EtOH (90:10) 

2. CHCl3 + EtOH (80:20) 

3. CHCl3 + EtOH + TO (72:20:8) 

4. TO + HCOOEt + HCOOH (50:40:10) 

5. PrOH + H2O (90:10) 
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6. EtOAc 

7. EtOAc + EtOH (97:3) 

8. EtOAc + EtOH (95:5) 

9. EtOAc + EtOH (94:6) 

10. CHCl3 

11. PrOH 

12. t-BuOH 

Only the eluent system No. 5 provided separation of the extract to the significantly 

delimited spots, that is why it was choosed for preparative TLC.  

TLC Silica gel 60 F254 plates (Merck, Germany) were used as stationary phase. 

Dimensions of the plates were 15 x 7.5 cm, lane lenght was 6.5 cm, chromatographic 

chambers were saturated for 30 minutes. Solution of the extract was applied to the plate as a 

thin even layer horizontally (length of the band was 13 cm). Each plate was developed in 

well saturated chamber once. Scheme of developed chromatogram is depicted on Figure 9. 

 

Figure 9. Scheme of developed chromatogram (preparative chromatography of EtOAc extract) – 

bands No. 1 and 2 visible under UV light (254 nm), band No. 3 visible under daylight, band 

No. 6 visible under UV light (366 nm). 

Individual bands were scraped off the backing material, eluted by EtOH, filtred and 

evaporated to get 6 fractions. All 6 fractions were tested for their DPPH radical scavenging 

activity. None of the significantly delimited bands (1, 2, 6) showed radical scavenging 

activity. Fraction No. 3 showed significant antiradical activity. Results of DPPH assay are 



Experimetnal part and results 

67 
 

summarized in Table 11. Because the separation was not sufficient, the ethyl acetate extract 

was subjected to the silica gel column chromatography. 

 

Table 11. Results of DPPH assay after preparative TLC of ethyl acetate 

extract 

Fraction 
% QDPPH*            

EC50  mg/ml 
100      

µg/ml 

250      

µg/ml 

500      

µg/ml 

1000      

µg/ml 

1 0 0 0 0 > 1000 

2 6.37 15.32 20.47 23.56 > 1000 

3 55.91 73.3 67.96 54.47 71.3 

4 0 0 0 0 > 1000 

5 0.87 4.89 9.97 13.36 > 1000 

6 11.83 26.27 37.17 40.12 > 1000 

* average of three measurements turbid fraction solution 

 

5.4.5. COLUMN CHROMATOGRAPHY OF ETHYL ACETATE EXTRACT 

Ethyl acetate extract (30 g) was chromatographed on silica gel (200 – 400 µm) column 

(75 cm high, diameter 5.3 cm) using chloroform/ethanol step-elution system. Volume of 

individual fractions was 250 ml. 147 fractions were collected. Fractions with similar Rf 

values obtained from pilot TLC were combined and evaporated to give 12 combined 

fractions (Table 12).  

Table 12. Yiealds of column chromatography of ethyl acetate extract 

Combined 

fraction 

Fraction        

(250 ml 

each) 

Eluent 

v/v 
Yield  Description 

I.  1 - 2  CHCl3 + EtOH (97:3) 52.6 mg  dark ochre, solid 

II.  3 - 8  CHCl3 + EtOH (97:3) 561.3 mg dark ochre, solid 

III. 
 9 - 18  CHCl3 + EtOH (97:3) 

876.4 mg dark orange, solid 
 19 - 24  CHCl3 + EtOH (95:5) 

IV.  25 - 31  CHCl3 + EtOH (95:5) 955.6 mg orange, solid 

V. 
 32 - 34  CHCl3 + EtOH (95:5) 

847.8 mg ochre, solid 
 35 - 38  CHCl3 + EtOH (92.5:7.5) 
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Table 12. Cont. 

Combined 

fraction 

Fraction        

(250 ml 

each) 

Eluent 

v/v 
Yield  Description 

VI. 
 39 - 50  CHCl3 + EtOH (92.5:7.5) 

3132.4 mg brown, solid 
 51 - 56  CHCl3 + EtOH (90:10) 

VII.  57 - 70  CHCl3 + EtOH (90:10) 2884.9 mg brown, solid 

VIII.  71 - 80  CHCl3 + EtOH (90:10) 1743.3 mg dark ochre, solid 

IX. 
 81 - 86  CHCl3 + EtOH (90:10) 

3717.8 mg dark ochre, solid 
 87 - 104  CHCl3 + EtOH (85:15) 

X. 
 105 - 109  CHCl3 + EtOH (85:15) 

1391.9 mg brown, solid 
 110 - 116  CHCl3 + EtOH (75:25) 

XI. 
 117 - 135  CHCl3 + EtOH (75:25) 

7211.5 mg dark brown, solid 
 136 - 142  CHCl3 + EtOH (50:50) 

XII.  143 - 147  CHCl3 + EtOH (50:50) 4716.9 mg dark brown, solid 

 

Twelve combined fractiones obtained from preparative column chromatography were 

tested for their DPPH radical scavenging activity and AChE and BuChE inhibitory activity. 

The results of these assays are summarized in tables 13. and 14. The fraction IX. showed the 

highest activity in DPPH assay, which was significantly lower than the activity of standard 

antioxidants. The highest activity against AChE and BuChE was exhibited by fraction XI. 

and I., respectively. However, this activity was lower than the activity of standard inhibitors. 

Dependence of the inhibitory activity on the concentration of the fractions in Ellman's assay 

is depicted on Figure 10.  

 

Table 13. Results of DPPH assay after column 

chromatography 

Fraction 
% QDPPH*            

EC50  µg/ml 

100 µg/ml 250 µg/ml 500 µg/ml 1000  µg/ml 

I. 0.00 0.00 0.00 0.00 >1000 

II. 0.52 2.63 10.36 18.96 >1000 

III. 5.64 10.32 24.52 38.24 >1000 

IV. 14.1 20.63 44.99 50.34 869.1 

V. 7.08 45.90 65.12 72.16 343.9 

VI. 14.37 38.66 55.74 66.71 413.5 
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Table 13. Cont. 

Fraction 
% QDPPH*            

EC50  µg/ml 
100 µg/ml 250 µg/ml 500 µg/ml 1000  µg/ml 

VII. 61.50 72.28 79.35 76.93 67.5 

VIII. 59.47 72.49 71.24 73.15 68.1 

IX. 80.33 77.34 69.67 59.04 35.3 

X. 60.23 69.96 74.37 68.13 65.7 

XI. 64.98 76.50 77.12 68.13 52.4 

XII. 65.59 81.51 77.34 62.87 50.1 

* Average of three measurements turbid fraction solution 

  

Table 14. Results of Ellman‟s assay after column chromatography 

Fraction 

AChE   BuChE 

% I*         

   500 µg/ml 

IC50  

µg/ml 

 % I*         

   500 µg/ml 

IC50  

µg/ml   

ethyl acetate extract 75.71 ± 0.00 198.8   45,97 ± 0.93 > 500 

I.  40.54 ± 0.50 > 500  64.66 ± 0.53 236.0 

II.  65.58 ± 0.71 310.3   48.44 ± 0.95 > 500 

III.  65.58 ± 0.00 286.5  5.99 ± 0.47 > 500 

IV.  73.88 ± 1.24 202.2   62.48 ± 1.67 276.1 

V.  63.27 ± 1.03 272.1  61.90 ± 0.24 305.5 

VI.  65.18 ± 0.60 289.1   56.65 ± 0.72 288.8 

VII.  75.18 ± 0.32 208.7 
 

64.46 ± 0.64 277.2 

VIII.  79.48 ± 0.78 194.9   46.27 ± 0.24 > 500 

IX.  64.06 ± 0.73 295.1 
 

47.98 ± 1.64 > 500 

X.  80.18 ± 0.37 192.6   37.58 ± 0.80 > 500 

XI.  75.75 ± 0.45 188.8 
 

26.96 ± 0.27 > 500 

XII.  45.92 ± 1.46 > 500   17.73 ± 0.25 > 500 

* Average of three measurements ± SD 
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Figure 10. AChE and BuChE inhibitory activity of individual fractions (I. – XII.) of ethyl 

acetate extract: A (AChE), B (BuChE). 
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5.4.6. PREPARATIVE TLC OF FRACTION IX. 

Stationary phase 1. TLC Silica gel 60 F254 plates (Merck, Germany)  

Tested mobile phases: 

13. CHCl3 + EtOH (70:30) 

14. CHCl3 + EtOH (50:50) 

15. CHCl3 + EtOH (40:60) 

16. CHCl3 + EtOH (30:70) 

17. CHCl3 + EtOH (10:90) 

None of the tested mobile phases resulted in separation of the mixture. 

 

Stationary phase 2. TLC Silica gel 60 F254 plates (Merck, Germany) saturated with silver 

nitrate – the plates were immersed in the 5% solution of silver nitrate in water for 15 seconds, 

and subsequently dryed in horizontal position in dark at room temperature for 5 hours, after 

that they were activated in dryer at 80 °C for 2 hours. The plates were stored in the vacuum 

desiccator. 

Tested mobile phases: 

18. CHCl3 + Et2O (40:60) 

19. Et2O + EtOAc (20:80) 

20. Et2O +  EtOAc (20:80) 

None of the tested mobile phases resulted in separation of the mixture. 

 

Stationary phase 3. TLC Silica gel 60 RP-18 F254S (Merc, Germany) 

Tested mobile phases: 

21. EtOH + H2O (20:80) 

22. EtOH + H2O (40:60) 

23. EtOH + H2O (50:50) 

24. EtOH + H2O (60:40) 

25. EtOH + H2O (10:90) 

Only the eluent system No. 24 resulted in separation of the mixture to two main zones 

(Figure 11). 
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Detection in visible light: 

1 – Rf 0,75; light green 

 

 

Detection in UV light 254 nm: 

1 – Rf 0,75; dark blue (GA1) 

2 – Rf  0,63; dark (GA2) 

3 – Rf  0,31; grey (GA3) 

 

Detection by potassium ferricyanide-ferric chloride: 

1 – Rf 0,75; dark blue 

Figure 11. Scheme of developed chromatogram of fraction IX. in EtOH: H2O – 60:40 

 

Fraction IX. was separated by preprative TLC on TLC Silica gel 60 RP-18 F254S plates, 

eluent system No. 24. Dimensions of the plates were 20 x 10 cm, lane langht was 9 cm. 

Solution of the fraction was applied to the plate as a thin even layer horizontally (0.45 

mg/cm, length of the band was 19 cm). Each plate was developed in well saturated chamber 

once. The chromatograms were detected under the UV light 254 nm. The zones 1, 2 and 3 

(ochre non-crystalline powder; GA1 < 1 mg, GA2 25.1 mg, GA3 35.4 mg) were scraped off 

the backing material, eluted by EtOH, filtred and evaporated. These samples GA2 and GA3 

were subjected to the DPPH radical scavenging assay and Ellman's assay (Table 15). These 

samples were dried under vacuum and subjected to MS and NMR analysis. The main portion 

of both samples was identified as oleamide (CAS 301-02-0). 

Table 15. Results of DPPH assay and Ellman's assay 

after preparative TLC of fraction IX. 

Sample 

DPPH   AChE   BuChE 

EC50  

µg/ml 
 IC50  µg/ml 

 
IC50  µg/ml 

  

 fraction IX. 35.3 
 

> 500 

 

> 500 

GA2 46.2   > 500   > 500 

GA3 54.4   > 500   > 500 

* average of three measurements   
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5.4.7. STRUCTURAL ANALYSIS OF OLEAMIDE 

Spectral data were compared with those reported in the literature (Nichols et al., 2007; Cheng 

et al., 2010). 

5.4.7.1. MS ANALYSIS OF OLEAMIDE 

ESI-MS m/z [M + H]
+
 282.6 (100) (Figure 12) 

 

Figure 12. MS spectrum of oleamide 
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5.4.7.2. MS/MS ANALYSIS OF  OLEAMIDE 

MS/MS m/z 265 (100; [M-NH3]
+
), 247 (95) (Figure 13) 

 

Figure 13. MS/MS spectrum of oleamide 

5.4.7.3. NMR ANALYSIS OF OLEAMIDE 

1
H NMR (CDCl3, 500 MHz, 25 °C) spectrum (Figure 13) showed values of δ 0.88 (3H, t, J = 

6.6 Hz, CH3), 1.27 – 1.32 (16H, m, H-4 – H-7, H-12 – H-17), 1.65 (2H, m, H-3), 2.01 (4H, 

m, H-8, H-11), 2.22 (2H, t, J = 7.6 Hz, CH2CONH2), 5.35 (2H, m, CH═CH). 

13
C NMR (CDCl3, 125 MHz, 25 °C): spectrum (Figure 14) showed values of δ 14.09, 22.66, 

25.5, 27.14, 27.19, 29.09, 29.18, 29.22, 29.3, 29.5, 29.67, 29.74, 31.88, 35.93, 129.71, 

129.98, 175.7. 
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Figure 14. 
1
H-NMR analysis of oleamide 
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Figure 15. 
13

C-NMR analysis of oleamide 
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5.4.8. BIOLOGICAL ACTIVITY OF OLEAMIDE 

The standard of oleamide did not show any activity against DPPH free radical or AChE and 

BuChE. 
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6. DISCUSSION 

6.1. CHOICE OF ASSAYS FOR BIOLOGICAL SCREENING 

There are dozens of methods for screening of antioxidant/free radical activity. In the 

methods used for srcreening of large number of samples simple performance, short time of 

analysis cycle, low-cost together with high reproducibility are required. DPPH radical 

scavenging assay does not require any special equipment and complies with all mentioned 

conditions, and that is why it is one of the most frequently used methods. There is number of 

modifications of this method, including various instrumentations (SIA, microplate reader), 

which facilitate speed up of the analysis cycle. DPPH radical scavenging activity assay with 

the use of SIA, which was developed in the laboratory of the Department of Analytical 

Chemistry of the Faculty of Pharmacy in Hradec Králové (Polášek et al., 2004) was choosed 

for screening of mushroom samples. The original method requires about 30 minutes per one 

analysis. This time is reduced to about 5 minutes per analysis which consist of three 

measurements, thus the whole measurement of five concentrations of one sample in three 

replications takes about 30 minutes. The reproducibility of SIA modification is very high, 

because the samples and the reagent are aspirated automatically according to the program, 

which eliminates human errors. Another advantage is the reduction of solvents volumes and 

amount of sample (approximately 1 mg is needed). The method developed by Polášek et al. 

(2004)  is optimized for 50% EtOH, which is used as carrier stream and solvent for samples. 

Some samples are not completely soluble in this solvent which can cause turbidity of the 

solution and errors in measurements. The high initial costs for SIA system represent another 

disadvantage which is compensated by solvents savings during measurements. 

Hydroxyl radical is concidered to be the most danger ROS in organism, and that is why 

the chemiluminescence hydroxyl radical scavenging activity assay was choosen. Polášek and 

co-workers (Department of Analytical Chemistry, Faculty of Pharmacy in Hradec Králové, 

Charles University in Prague) constructed special detection cell for chemiluminescence 

measurements which is connected to SIA system. This system can be used for hydroxyl 

radical scavenging activity with the use of luminol as marker compound. This assay has the 

same advantages and disadvantages as the DPPH assay. The reproducibility is slightly lower 

because of the presence of hydrogen peroxyde in the system. Hydrogen peroxyde can 
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decompose spontaneously and form bubbles which influence volume of aspirated solution. 

Therefore the programed system performs four measurments per one sample, and sometimes 

additional measurments were required.  

There are three basic methods for evaluation of AChE and BuChE inhibitory activity 

including Ellman‟s method using DTNB reagent, bioautographic method using Fast Blue B 

salt and fluorimetric assay which requires fluorimeter. All these assays can work with various 

enzyme systems that include AChE from Electrophorus electricus, recombinant human 

AChE, bovine erythocytes, human and rat whole blood, erythrocytes, or erythrocytes ghosts, 

and homogenates of rat brain, muscle, heart, stomach, liver, or lung as a source of AChE and 

human recombinant BuChE, horse serum, human or rat serum as a source of BuChE. 

Whichever the method is choosen, it is necessary to work with only one enzyme system in 

structure-activity relationship studies. It is optimal to use human model; in this study human 

erythrocyte ghosts as a source of AChE and human plasma as a source of BuChE were used. 

These sources of enzymes can be prepared in laboratory from whole human blood, which 

decreases costs of this assay. In addition, it is human model, thus it is more presumable, that 

the results obtained with the use of this enzyme model would correspond with the inhibition 

activity in vivo. However, the tetrameric G4 AChE form is present in the brain 

predominantely together with minor monomeric G1 AChE form, hence the erythrocyte 

model bring somewhat different results than brain AChE model. The recombinant brain 

AChE is decomposed very fast, hence the work with it is very demending and it was not 

effective while used in our laboratory (Opletal, 2011). Ellman‟s method is the most 

commonly used method for evaluation of cholinesterases inhibition. It is simple 

spectrophotometric method, with low demands on equipment and chemicals. Unfortunatelly, 

because of the number of enzyme models, the results of diverse laboratories are usually not 

comparable.  

6.2. ANTIRADICAL AND CHOLINESTERSES INHIBITORY ACTIVITY OF TESTED 

MUSHROOMS 

Mushrooms represent extremely large and heterogeneous group of organisms, which 

contain variety of compounds. Recently, many mushrooms are studied for their biological 

activities (Lindequist et al., 2005). Attention is focused mainly on the species used 

traditionally for treatment of various disorders in Asian countries. However, other species 
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which can be commonly found worldwide are also tested for various activities. The 

antioxidant/antiradical activitiy is one of the most commonly observed activity. Some species 

tested in this study have been previously tested by other research teams. The summary of 

results of these studies is presented in Table 16. This summary includes only the species 

which exhibited significant activity in DPPH assay in the presented study. It is evident that 

DPPH radical scavenging test is the most commonly used assay for screening of free radical 

scavenging activity. Most of these studies are focused on screening of more species of 

mushrooms. Only small number of studies deals with one species and more methods for 

evaluation of antioxidant activity, eventually with the isolation of active substances. None of 

the studies covers as large number of samples as the presented study.  

Table 16. Summary of the antiradical/antioxidant activity of species tested by other research teams 

(includes only the species active in DPPH assay in this study) 

Species DPPH
•
 O2

•-
 OH

•
 ABTS

+•
 

Inhibition of 

lipid 

peroxidation 

Iron 

chelation 
References 

Albatrellus ovinus (Schaeff.: Fr.) 

Kotl. et Pouz. 
 +++ a           Nukata et al., 2002 

Boletus calopus Fr.  +++ a  +++ a 
 

 +++ a 
  

Kim et al., 2006 

Boletus edulis Bull. Fr.  ++    +   +   +   ++  

Palacios et al., 2011 
Robaszkiewicz et al., 2010 

Ribeiro et al., 2006, 2008 

Sarkurkcu et al., 2008          
Tsai et al., 2007 

Fomitopsis pinicola (Swartz.: 

Fr.)P. Karst. 
 ++   ++  

    

Reis et al., 2011a                

Choi et al., 2007 

Ganoderma applanatum (Pers. 
ex S. F. Gray) Pat. 

 ++  ++   ++        
Karaman et al., 2010 
Krishnendu et al., 2005 

Paxillus involutus 

(Batsch.:Fr.)Fr. 
 ++  

   
 ++  

 
Reis et al., 2011b 

Suillus granulatus (L. ex Fr.) O. 
Kuntze 

 ++            Ribeiro et al., 2006, 2008 

Suillus luteus (L. ex Fr.) S. F. 

Gray 
 +  

     
Ribeiro et al., 2006 

Tricholoma sulphureum (Bull. 
Ex Fr.)Kummer 

 ++        ++    Heleno et al., 2010 

 +++ significant activity, ++ medium activity, + low activity in comparison with standard used in the 

individual assays, 
a
 activity of isolated substances 

 

In my presented study, analysis of DPPH radical scavenging activity of 357 species of 

muschrooms from divisions Ascomycota and Basidiomycota was performed. These 

mushrooms were collected by co-workers of Museum of East Bohemia, Hradec Králové, 

Czech Republic and other volunteers in the forests of Czech Republic and they were 
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identified by Dr. Věra Samková, Ph.D. The samples for analysis were prepared from frozen 

fruiting bodies of mushrooms by 70% EtOH extraction and subsequent evaporation and 

lyophilisation. In some cases, the decrease of absorption was not the highest at the highest 

concentration, which can be caused by the turbidity of sample solution at the highest 

concentration or by dark colour of the solution which can interfere with the reagent 

absorbance. 49 mushrom samples (Table 3) exhibited significant free radical scavenging 

activity with EC50 value lower than 1 mg/ml. The most active species were Gyrodon lividus, 

Fomitopsis pinicola, Strobilomyces floccopus, Pholiota flammans, and Boletus radicans with 

EC50 values 52.4, 86.1, 128.9, 149.1, and 161.8 µg/ml, respectively. None of the tested 

species was comparable with tested known antioxidants. However, the most active species 

could be subjected to further studies because they could contain certain amount of very active 

compound. It is difficult to compare these results with other studies, because none of the 

previous studies (Table 16) used the same modification of DPPH assay, thus the measured 

values are not comparable. However, in general, the species which were active in this study 

showed usually some activity also in other studies.  

The most active species in DPPH assay (EC50 < 1 mg/ml), were subjected to hydroxyl 

radical scavenging chemiluminescence assay. Only 10 species (Table 3) showed hydroxyl 

radical scavenging activity higher than 50 % at the highest concantration (1 mg/ml). The 

most active species were Fomitopsis pinicola, Pholiota flammans, Strobilomyces floccopus, 

Ganoderma applanatum, and Serpula lacrymans with EC50 values 124.2, 187.2, 263.2, 

272.8, and 312.1 µg/ml, respectively. There is no other study which would test the hydroxyl 

radical scavenging activity by this method. Only two studies (Table 16) evaluated hydroxyl 

radical scavenging activity of mushrooms tested also in this study. B. edulis showed only 

moderate activity and G. applanatum medium activity, which is consistent with results of this 

study. The hydroxyl radical scavenging substances in wood decay fungi can be formed as 

response on the high production of hydroxyl radical during wood decay (Hammel et al., 

2002). 

The determination of content of total phenolics was performed by FC method 

(Singleton et al., 1965), which is standardly used. This determination was carried out to 

ascertain the dependence of radical scavenging activity on the amount of phenolics. 

Accoding to the correlation analysis (Figure 16), DPPH radical scavenging activity is not 

proportional to total amount of phenolics (R
2
 = 0.0788), while the correlation of hydroxyl 
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radical with amount of phenolics is significantly higher (R
2
 = 0.6176). These two methods 

are based on different reaction mechanisms: chemiluminescence hydroxyl radical scavenging 

activity is based on hydrogen atom transfer, while DPPH radical can be deactivated by 

hydrogen atom and/or single electron donated by antioxidant (Prior et al., 2005). Thus 

concerning the results of correlation analysis, other type(s) of compounds probably 

participate in the free radical scavenging activity of these species of mushrooms; e.g. 

polysaccharides and glycopeptides from some species of wood decay fungi have been 

reported to possess antioxidant/free radical scavenging activity (Chen et al., 2008; Wu and 

Wang, 2009; Liu et al., 2010).  

 

 

 

 

 

Figure 16. Correlation analysis of dependence of radical scavenging on total amount of 

phenolics: A (DPPH radical), B (OH radical)  

There are only few species which were previously tested for their AChE, eventually 

BuChE, inhibitory activity. Orhan and Üstün (2011) tested 12 species of Basidiomycetes, 

mainly from genus Polyporus. The highest activity was exhibited by P. sulphureus. 

However, this activity was three times lower then the activity of standard galanthamine. 

Other Turkish study (Öztürk et al., 2011) presented the results of AChE and BuChE 

inhibitory activity of three species of genus Agaricus. In this study, ethyl acetate extract of A. 

bitorquis and hexane extract of A. essettei showed BuChE inhibitory activity comparable to 

galanthamine, while AChE inhibitory activity of all samples was significantly lower. The 

first study dealing with the isolation of active substance with AChE and BuChE inhibitory 

activity from mushroom was published in 2010 by Geissler et al. Two indole alkaloids 
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(infractopicrin and 10-hydroxy-infractopicrin), isolated from mushroom Cortinarius 

infractus, showed significant AChE inhibition activity comparable to galanthamine. 

However, both substances were inactive against BuChE.  

49 species of mushrooms were tested for their AChE and BuChE inhibitory activity 

(Table 6). The highes activity against both enzymes was exhibited by T. felleus with IC50 

values 7.4 and 11.3 µg/ml, respectively. C. infractus also exhibited high activity against 

AChE (IC50 = 7.9 µg/ml), while BuChE inhibitory activity was low. These results are 

consistent with the study of Geissler et al. (2010), who isolated two active (AChE) indole 

alkaloids from this species. Because of the high activity of this species, other 14 species of 

this genus (Table 8), which were available, were also tested. C. infractus was the only 

significantly active (AChE) species. C. bolaris showed only moderate activity against AChE, 

while other species showed low or no inhibition. From these results, it is evident that the 

presence of some substances are not only genus-specific, but they could be rather species-

specific. 

Antioxidand/free radical scavenging activity was the primary target of this study, and 

that is why the species for bioguided fractionation was choosed according to the results of 

free radical scavenging assays. Secondarily, AChE and BuChE inhibitory activity was 

factored in. The last requirement was the sufficiency of the species. Concernig all these 

factors G. applanatum was choosed for further study. 

6.3. GANODERMA APPLANATUM 

Species: Ganoderma applanatum (Pers. ex S. F. Gray) Pat. (syn. Ganoderma lipsiense 

(Batsch) Atk., Elfvingia applanata (Pers. ex S. F. Gray) P. Karst., Polyporus applanatus 

(Pers. ex S. F. Gray) Wallr.) 

G. applantum (Figure 17) belongs to the family Ganodermataceae. It is fungi from division 

Basidiomycota which has perennial fruiting bodies, which are woody, typically sessile, 5-60 

cm broad, 5-10 cm thick, fan shaped, semicircular to slightly convex or irregular, covered 

with hard, grey-brown or brown crust which is often furrowed, nodulose and zonate. Flesh is 

up to 6 cm thick, brown to cinnamon brown, tough, corky, blackening in KOH. Pore surface 

is usually whitish (it becomes dirty yellow or brown in age), brown when bruised (this is 
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used for making crafts, the mushroom is often called "Artist's conk"). Spores are 6-9.5 x 5.7 

µm, broadly elliptical, blunt at the distal end, thick walled, ornamented with minute spines. 

Spore print is reddish brown or brown.  

The mushroom grows usually solitary or in small groups. It is abundant for a whole year on 

living and dead trees and broad-leaved trees and conifers stumps, especially on beeches, 

birches, hornbeams, firs, etc. (Veselý et al., 1972; Kuo, 2004; Bernicchia, 2005). 

 

Figure 17. Ganoderma applanatum - A: fruiting bodies, B: crust, C: pore surface, D: tube layers 

6.3.1. MAJOR BIOACTIVE CONSTITUENTS ISOLATED FROM  GANODERMA APPLANATUM 

Fruiting bodies of mushrooms from genus Ganoderma contain huge number of 

biocative constituents, including triterpenoids, polysaccharides, steroids, proteins, and fatty 

acids. Approximately 400 chemical substances (Gao et al., 2004) have been isolated from 

Ganoderma and this number is gradually increased year by year. The best investigated 

species is G. lucidum, which is reported to possess wide range of biological activities 
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including antitumor effect, enzyme-inhibiting, immunomodulating, mitogenic, 

hepatoprotective, antidiabetic, antibacterial, and antiviral activity with mild side effects and 

no toxicity (Wasser, 2005; Zhou et al., 2007). The major constituents of mushrooms from 

genus Ganoderma are triterpenoids and polysaccharides. 

6.3.1.1. TRITERPENOIDS  

Ganoderma triterpenoids structurally are highly oxidized lanostanes, the strucutre of 

which are complex and variable. The groups of triterpenoids have received considerable 

attention because of their well-known pharmacological activities. These triterpenoids could 

be divided into the C30, C27, and C24 compounds according to the number of carbon atoms 

and based on the structure and functional groups (Zhou et al., 2006; Zhou et al., 2007). In the 

case of G. applanatum some highly oxygenated lanostane triterpenoids, such as ganoderenic 

acids, ganoderic acids, applanoxidic acids, and elfvingic acids have been isolated from the 

fruiting bodies since 1988 (Nishitoba et al, 1988; Wang and Liu, 2008). The summary of 

these compounds is presented in Table 17. 

Table 17. Lanostane-type triterpenoids from G. applanatum 

Common name Systematic name References 

applanoxidic acid A 
7α,8α-epoxy-15α-hydroxy-3,12,23-trioxo-lanosta-

9(11),20E(22)-dien-26-oic acid 
Chairul et al., 1991 

applanoxidic acid B 
7α,8α-epoxy-3β-hydroxy-12,15,23-trioxo-lanosta-

9(11),20E22)-dien-26-oic acid 
Chairul et al., 1991 

applanoxidic acid C 
7α,8α-epoxy-20ξ-hydroxy-3,12,15,23-tetraoxo-lanosta-

9(11),16-dien-26-oic acid 
Chairul et al., 1991 

applanoxidic acid D 
7α,8α-epoxy-3β,20ξ-dihydroxy-12,15,23-trioxo-lanosta-

9(11),16-dien-26-oic acid 
Chairul et al., 1991 

applanoxidic acid E 
7α,8α-epoxy-15β-hydroxy-3,12,23-trioxo-lanosta-

9(11),20E(22)-dien-26-oic acid 

Chairul and Hayashi, 

1994 

applanoxidic acid F 
7α,8α-epoxy-3,12,15,23-tetraoxo-lanosta-9(11),20E(22)-

dien-26-oic acid 

Chairul and Hayashi, 

1994 

applanoxidic acid G 
7α,8α-epoxy-15β,20ξ-dihydroxy-3,12,23-trioxo-lanosta-

9(11),16-dien-26-oic acid 

Chairul and Hayashi, 

1994 

applanoxidic acid H 
7α,8α-epoxy-3β,12α,20-trihydroxy-15,23-dioxo-lanosta-
9(11),16-dien-26-oic acid 

Chairul and Hayashi, 
1994 

elfvingic acid A 
12α,15β-dihydroxy-3,7,11,23-tetraoxo-lanosta-8,20Z(22)-

dien-26-oic acid 
Yoshikawa et al.,  2002 

elfvingic acid B 
7β,8β-epoxy-15β,20-dihydroxy-3,12,23-trioxo-lanosta-
9(11),16-dien-26-oic acid 

Yoshikawa et al.,  2002 

elfvingic acid C 
7β,8β-epoxy-3,15β,20-trihydroxy-12,23-dioxo-lanosta-

9(11),16-dien-26-oic acid 
Yoshikawa et al.,  2002 
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Table 17. Cont. 

Systematic name References References 

elfvingic acid D 
7β,8β-epoxy-2α,3β,15β,20-tetrahydroxy-12,23-dioxo-

lanosta-9(11),16-dien-26-oic acid 
Yoshikawa et al.,  2002 

elfvingic acid E 
7β,8β-epoxy-3β,15β,20,28-tetrahydroxy-12,23-dioxo-

lanosta-9(11),16-dien-26-oic acid 
Yoshikawa et al.,  2002 

elfvingic acid F 
7β,8β-epoxy-3β,15β,19,20-tetrahydroxy-12,23-dioxo-

lanosta-9(11),16-dien-26-oic acid 
Yoshikawa et al.,  2002 

elfvingic acid G 
8β,15β,20-trihydroxy-3,7,12,23-tetraoxo-lanosta-9(11)-en-

26-oic acid 
Yoshikawa et al.,  2002 

elfvingic acid H 
7α,8α-epoxy-15β,23ξ-dihydroxy-12-oxo-3,4-secolanosta-

4(28), 9(11), (20Z)(22)-trien-3,26-dioic acid 
Yoshikawa et al.,  2002 

methyl elfvingate H 
7α,8α-epoxy-15β,23ξ-dihydroxy-12-oxo-3,4-secolanosta-

4(28), 9(11), (20Z)(22)-trien-3,26-dioic acid, methyl ester 
Yoshikawa et al.,  2002 

ganoderenic acid A 
7β,15α-dihydroxy-3,11,23-trioxo-lanosta-8,20E(22)-dien-

26-oic acid  
Nishitoba et al., 1988 

ganoderenic acid C 
3,11,15,23-tetraoxo-7-hydroxy-5α-lanosta-8,20(22)-dien-

26-oic acid 
Ming et al., 2002 

ganoderenic acid D 
3,7,11,23-tetraoxo-15-hydroxy-5α-lanosta-8,20(22)-dien-

26-oic acid 
Ming et al., 2002 

ganoderenic acid F 3,7,11,15,23-pentaoxo-lanosta-8,20E(22)-dien-26-oic acid Nishitoba et al., 1988 

ganoderenic acid G 
15α-hydroxy-3,7,11,23-tetraoxo-lanosta-8,20E(22)-dien-

26-oic acid  
Nishitoba et al., 1988 

ganoderenic acid H 
3β-hydroxy-7,11,15,23-tetraoxo-lanosta-8,20E(22)-dien-

26-oic acid 
Nishitoba et al., 1988 

methyl ganoderenate H 
3β-hydroxy-7,11,15,23-tetraoxo-lanosta-8,20E(22)-dien-

26-oic acid, methyl ester 
Nishitoba et al., 1988 

ganoderenic acid I 
3β,15α-dihydroxy-7,11,23-trioxo-lanosta-8,20E(22)-dien-

26-oic acid 
Nishitoba et al., 1988 

methyl ganoderenate I 
3β,15α-dihydroxy-7,11,23-trioxo-lanosta-8,20E(22)-dien-

26-oic acid, methyl ester 
Nishitoba et al., 1988 

ganoderic acid AP 
12β,15α,20ξ-trihydroxy-3,7,11,23-tetraoxo-lanosta-8-en-

26-oic acid 
Nishitoba et al., 1988 

methyl ganoderate AP 
12β,15α,20ξ-trihydroxy-3,7,11,23-tetraoxo-lanosta-8-en-

26-oic acid, methyl ester 
Nishitoba et al., 1988 

ganoderic acid AP2 
12β,15α-bis(acetyloxy)-3β-hydroxy-11-oxo-lanosta-8,24E-

dien-26-oic acid  
Wang and Liu, 2008 

ganoderic acid AP3 
15α,20ξ-dihydroxy-3,7,11,23-tetraoxo-lanosta-8-en-26-oic 

acid  
Wang and Liu, 2008 

furanoganoderic acid 
3-[(5α,15α,17β)-15-hydroxy-4,4,14-trimethyl-3,7,11-
trioxoandrost-8-en-17-yl]-α-methyl-2-furanpropanoic acid  

Nishitoba et al., 1988 

lucidenic acid M 
3,11,23-trioxo-7,15-dihydroxy-5α-lanosta-8,20(22)-dien-

26-oic acid 
Ming et al., 2002 

  3α,16α-dihydroxy-lanosta-7,9(11),24-trien-21-oic acid de Silva et al., 2006 

 
3α,16α,26-trihydroxy-lanosta-7,9(11),24-trien-21-oic acid de Silva et al., 2006 

  16α-hydroxy-3-oxo-lanosta-7,9(11),24-trien-21-oic acid de Silva et al., 2006 

 

3α-carboxyacetoxy-24-methylen-23-oxo-lanosta-8-en-26-

oic acid 
de Silva et al., 2006 

  
3α-carboxyacetoxy-24-methyl-23-oxo-lanosta-8-en-26-oic 

acid 
de Silva et al., 2006 

 
3β,7β,20,23ξ-terahydroxy-11,15-dioxo-lanosta-8-en-26-oic 
acid 

Shim et al., 2004           
Lee et al., 2006 

  
7β,20,23ξ-trihydroxy-3,11,15-trioxo-lanosta-8-en-26-oic 

acid 

Shim et al., 2004           

Lee et al., 2006 

  
7β-hydroxy-3,11,15,23-tetraoxo-lanosta-8,20E(22)-dien-
26-oic acid 

Shim et al., 2004           
Lee et al., 2006 
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6.3.1.2. POLYSACCHARIDES 

Polysaccharides from Ganoderma species (Ganopoly) represent a class of structurally-

diverse biological macromolecules with wide range of physiochemical properties. The major 

bioactive polysaccharides isolated from Ganoderma  species are glucans. Ganopoly mainly 

consist of neutral polysaccharides of glucose units; about one third of the polysaccharides 

consist of (1→3)-β-D-glucan containing β-(1→6)-D-glucosyl branches. The importance of 

polysaccharides (including protein/peptide bound polysaccharides) in pharmaceuticals has a 

long history, and has received considerable attention in recent years (Gao et al., 2004; Zhou 

et al., 2007). Ganopoly, including polysaccharides from G. applanatum, are usually produced 

in submerged cultures. Ganopoly are considered to be the main constituents which are 

responsible for antitumor and immunomodulating activity of G. applanatum (Lee et al., 

2007; Jeong et al., 2008; Ma et al., 2011a). 

6.3.1.3. OTHER CONSTITUENTS 

Another wide group of substances isolated from mushrooms of genus Ganoderma is 

represented by steroids. In case of G. applanatum Smania et al. (1999) isolated  3 steroids 

(5α-ergost-7-en-3β-ol; 5α-ergost-7,22-dien-3β-ol; 5,8-epidioxy-5α,8α-ergost-6,22-dien-3β-

ol) in order to test their antibacterial activity. Gan et al. (1998) isolated six steroids (ergosta-

4,6,8(14),22-tetraen-3-one; 5α,8α-epidioxyergosta-6,9(11),22-trien-3β-ol; ergosta-7,22-dien-

3β-yl palmitate; ergosta-7,22-dien-3-one; ergosta-7,22-dien-3β-ol; and lucidone A) in their 

study on the bioactive principles of Ganoderma species. Ergosta-7,22-dien-3β-ol and 

ergosta-7,22-dien-3-one have been also isolated previously by Ripperger and Budzikiewicz 

as far back as in 1975. G. applanatum produces also other types of substances: e.g. 

ganoderma aldehyde, which was isolated together with ergosterol, β-amyrenone, 2-

hydroxyhexacosanoic acid, β-amyrin acetate, 2,5-dihyroxybenzoic acid, and three 

ganoderenic acids (Ming et al., 2002) or derivatives of benzopyran-4-ones so called 

applanatines A – E (Fushimi et al., 2010). Hanssen et al. (2010) analysed the essential oils of 

three wood-inhabiting mushrooms including G. applanatum. They identified the major 

substances as R-(-)-1-octen-3-ol, phenylacetaldehyde, (E,E)-2,4-decadienal, (E)-2-octenal, 

and (E)-2-nonenal together with number of minor components. 
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6.3.2. BIOLOGICAL ACTIVITY OF EXTRACTS AND COMPOUNDS ISOLATED FROM  GANODERMA 

APPLANATUM 

Aquaeous, methanol and chloroform extracts of four species of lignicolous mushrooms 

were subjected to antioxidative screening analysis which included Fe(II)/ascorbate-induced 

lipid peroxidation by TBA assay, the hydroxyl radical neutralization and DPPH free radical 

scavenging assay. The methanol extracts of G. lucidum and G. applanatum showed the 

significant activity against DPPH free radical (EC50 = 7.5 and 10.25 µg/ml, respectively). 

Both methanol and chloroform extracts were evaluated as prooxidative in hydroxyl radical 

assay. Methanol extract of G. applanatum also exhibited the highes inhibitory effect on 

Fe(II)/ascorbate-induced lipid peroxidation. The inhibition reached almost 60 % at the 

highest concentration 100 mg/ml (Karaman et al., 2009; Karaman et al., 2010). Results of 

these studies confirmed the results of previous study which was performed by Krishnendu et 

al. (2005).  

Ma et al., (2011b) tested the effect of terpenoid fraction of G. applanatum extract 

(GAT) on oxidative stress induced by benzo(α)pyren treatment in mice. GAT markedly 

decreased hepatic levels of ROS and MDA. There were no significant differences between 

control group (not treated by benzo(α)pyren) and the group which was treated by 

benzo(α)pyren and 100 mg/kg GAT.  

G. applanatum as well as many substances isolated from this mushroom were 

investgated for their antitumor activity. Regrettably most of these studies were performed in 

China and the reports are written in Chinese, and that is why only several studies are 

mentioned here.  

Water-soluble β-D-glucan (Usui et al. 1981) as well as exo-biopolymer (mixture of 

saccharides and proteins produced by mycelial culture)(Jeong et al., 2008) produced by G. 

applanatum were investigated for their antitumor activity using sarcoma-180 bearing mice. 

The exo-biopolymer administered (10 – 80 mg/kg body weight) intraperitoneally 

significantly inhibited the growth of solid tumor and increased the natural killer cells activity. 

Also β-D-glucan markedly inhibited the growth of sarcoma at a single dosage of 0.3 – 1.0 

mg/kg. Ma et al. (2011a) studied the effect of G. applanatum extract on human gastric cancer 

cell lines (SGC-7901). According to the results of this study, the extract can induce the SGC-
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7901 cells death in a dose-dependent mannner. The apoptosis rate can reach 98.3 % in SGC-

7901 cells treated with 300 µg/ml extract.  

The applanatines (benzopyran-4-ones) isolated from G. applanatum were investigated 

for their antibacterial activity against Fusobacterium nucleatum, which is gram-negative 

bacterium, member of the oral microflora implicated in periodontitis. Applanatines A, B and 

D were stronger inhibitors than thymol which was used as control in this study (Fushimi et 

al., 2010). Moradali et al. (2006) tested the antibacterial properties of crude methanol extracts 

of three layers of G. applanatum fruiting bodies (tube layer, context, cutis). All three extracts 

showed inhibitory activity against Gram-negative bacteria, but surprisingly they were 

inactive against a Gram-positive bacterium Bacillus subtilis. In contrast to this study, 

Karaman et al. (2010) state that the methanol as well as chloroform extracts of lignicolous 

mushrooms, including G. applanatum, exhibited a narrow antibacterial spectrum against 

Gram-negative bacteria, while they strongly inhibited the growth of Gram-positive bacteria. 

The most susceptible strain was Staphylococcus aureus, reaching a minimal inhibition 

concentration at 0.28 mg/ml in the G. applanatum.  

The water soluble components of G. applanatum were tested for their antiviral activity 

on vesicular stomatitis virus by plaque reduction assay. These components were able to 

inhibit the virus growth. The results of the study, which concerned also the mechanism of the 

activity, suggested that antiviral activity might be due to the hindrance of viral entry to cells 

at either endocytosis or loss of envelope (Eo, et al., 2001). 

6.4. BIOLOGICAL ACTIVITY OF FRACTIONATED GANODERMA APPLANATUM 

EXTRACT AND ISOLATED SUBSTANCE 

As mentioned above, the primary target of this study was the antioxidant activity, thus 

DPPH radical scavenging assay was used as the main method for monitoring of the activity 

of individual fractions which were obtained during the bio-guided fractionation of the extract 

of G. applanatum. During the fractionation, the AChE and BuChE inhibitory activity was 

also observed, but this activity was not factored in the process of fractionation.  

The ethyl acetate extract, obtained by liquid/liquid extraction of summary EtOH 

extract, exhibited the higest activity against DPPH free radical (EC50 = 102.2 µg/ml), that is 
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why it was choosed for further fractionation. Ming et al. (2002) as well as Yoshikawa et al. 

(2002) also isolated number of triterpenoids (main active substances from G. applanatum) 

from ethyl acetate extracts. This extract was subjected to the preparative TLC. Because the 

separation was not sufficient, the ethyl acetate extract was subjected to the silica gel column 

chromatography, from which twelve combined fractions were obtained. The highest DPPH 

radical scavenging activity was exhibited by fraction IX. (EC50 = 35.3 µg/ml). This fraction 

was subjected to the preparative TLC on reverse phase to obtain samples GA2 and GA3 in 

sufficient amount. According to the MS and NMR the main portion of both samples was 

identified as oleamide (CAS 301-02-0). Oleamide is a fatty acid primary amide, which was 

first isolated from the cerebrospinal fluid of sleep-deprived cats (Cravat et al., 1995). Later it 

was also identified in human meibum (Nichols et al., 2007). Concerning the plant and fungi 

material, oleamide has been previously identified in or isolated from Cryptotaenia japonica 

Hassk. (Apiaceae) seeds (Cheng et al., 2010), Ziziphus jujuba (L.) H.Karst. 

(Rhamnaceae)(Heo et al., 2003), endophytic fungi Xylaria sp. (Ascomycetes) from Ginkgo 

biloba (Liu et al., 2007), and aerial parts of Capparis sicula ssp. sicula Veill. and C. 

orientalis Veill. (Capparaceae)(Conforti et al., 2011). However, the presented study reports 

the isolation of oleamide from Basidiomycetes mushroom G. applanatum for the first time.  

The standard of oleamide was evaluated by DPPH radical and AChE and BuChE 

inhibitory bioassays. This compound was completely inactive in both DPPH free radical 

scavenging assay and Ellman‟s assay, which is in discrepancy with the study of Cheng et al. 

(2010), who reported that oleamide showed low DPPH radical scavenging activity. It follows 

that oleamide is not the substance which is responsible for the activity. All experiments 

heading towards acquisition of antioxidative substance/s from the fraction IX. were not 

successful. Oleamide was present in both samples as main component (it was proved by two 

laboratories: Department of Organic and Inorganic Chemistry, Faculty of Pharmacy in 

Hradec Králové, Charles University in Prague and Department of Pharmaceutical and 

Biological chemistry, The School of Pharmacy, University of London). It evident from the 

study of MS and NMR spectra, that other substances are present in minor content; this 

mixture was so complicated that it was not possible to get closer to the actual structure of 

these substances. The preliminary experiments oriented to the separation of this mixture by 

both normal-phase (silica gel) HPLC and reversed-phase (silica gel RP-18) HPLC with the 

use of isocratic flow or gradient elution and various solvents (UV detection) did not bring 



Discussion 

91 
 

any positive results, hence they are not included in this thesis. The peaks were not 

symmetrical, in many cases it was evident that they were cumulated from more peaks. 

Therefore the further purification was abandoned, because it was evident that it had not been 

possible to solve it for that time. Pure oleamide is whitish powder, while the samples GA2 

and GA3 had dark ochre colour, which is caused by presence of other substance/s.  

AChE and BuChE inhibitory activity was also observed during the whole process of 

fractionation. The activity was significantly lower than the activity of standard inhibitors. 

The highest activity towards AChE and BuChE was exhibited by fractions XI. (IC50 = 

188µg/ml) and I. (IC50 = 236 µg/ml) obtained from column chromatography, respectively. In 

comparison to the most active species (Tylopilus felleus and Cortinarius infractus) the 

activity was very low, therefore G. applanatum can not been recomended as a source of 

potential inhibitors. In addition, oleamide was completely inactive. 

6.4.1. BIOLOGICAL ACTIVITY OF OLEAMIDE 

Oleamide has been previously reported to possess interesting biological activites, 

mainly within the area of neuropharmacological effects. Herrera-Solís et al. (2010) observed 

the effect of oleamide on rapid eye movement sleep (REM) in rats. The results showed that 

both acute and subchronic administration of oleamide inreased REM and that rats lacked the 

expression of an abstinence-like syndromes during oleamide withdrawal. Intraperitoneal 

administration of oleamide to mice dose-dependently reduced novelty induced rearing, 

grooming and locomotin. Its effect on short-term working memory was affected only by 

administration of the dose of 5 mg/kg while the dose of 10 mg/kg had no effect. The results 

of the forced swimming test indicated an antidepressant effect of oleamide (Akanmu et al., 

2007). According to the other study (Murillo-Rodríguez et al., 2001), oleamide did not affect 

significantly locomotion, which is in the discrepancy with previous study. However, 

oleamide facilitated memory extinction in a passive avoidance paradigm, reduced core 

temperature and pain perception which indicates that oleamide can modulate memory 

processes. The administration of oleamide to mice significantly reversed the scopolamine-

induced memory and/or cognitive impairment in the passive avoidance test and Y-maze test, 

and the mice were protected from the changes in decrease of step-through latency and 

decrease in alternation behavior by oleamide injected before scopolamine injection. 
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Oleamide also activated choline acetyltransferase in vitro. On the basis of these results, the 

author suggested that oleamide should be a useful chemopreventive agent against AD (Heo et 

al., 2003). Martínez-Gonzáles et al. (2004) observed the effect of oleamide and anandamide 

on foot intake of rats. They reported that both amides increased food intake during the 3 h 

post-injection. 

Oleamide is able to inhibit lipopolysaccharide-induced production of nitric oxide, 

prostaglandin E2 and expression of inducible nitric oxide synthase and cyclooxygenase 2. It 

also inhibited the accumulation of ROS. These results suggested that oleamide could exhibit 

anti-inflammatory and antioxidative effects (Oh et al., 2010). However, the direct 

antioxidative effect was not proved  by study of Cheng et al. (2010) who tested DPPH 

radical, hydrogen peroxyde and superoxide anion scavenging  activity. According to this 

study, oleamide exhibited only poor antioxidative activity, but showed significant 

hypolipidemic effect with regard to serum triglycerides, total cholesterol, low-density 

lipoprotein cholesterol, and hepatic triglycerides. 

Oleamide is involved in the regulation of cardiovascular function by inducing 

vasodilation in rat mesenteric arteries (Hoi and Hiley, 2006), inhibits the growth of rat colon 

cancer cells (Caco-2), while has no effect on rat intestinal normal epithelial cell line (IEC-

6)(Park et al., 2002).  
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7. CONCLUSION 

Mushrooms are traditionally used for their beneficial effects on human health in Asian 

countries that include China, Korea, Japan, and eastern Russia. The “medicinal mushrooms” 

such as Ganoderma lucidum, Lentinus edodes, Inonotus olbiquus, and many others have been 

collected there for hundereds of years. The modern “western” science profit from the 

experiences of traditinal Asian medicines and apply them to the research of various 

mushrooms and mushroom metabolites. Nowadays, the scientists are not satisfied with 

information that some mushroom has e.g. immunomodulating effect, but they also want to 

reveal mode of action of the extract, eventually pure compound. One of the most studied 

activities is antioxidant/free radical scavenging activity, which evaluates the ability to 

scavenge various RONS and other radicals (e.g. DPPH radical), inhibit lipid peroxidation, 

and/or chelate transition metals. Free radicals are frequently associated with number of 

diseases and disorders that include cardiovascular diseases, cancer, and others. Oxidative 

stress is also involved in neurodegenerative diseases such as Alzheimer‟s disease. The 

current pharmacotherapy includes especially cholinesterases inhibitors. There are only few 

studies concerning the cholinesterases inhibitory activity of mushrooms, thus mushrooms 

could represent wide source of active substances. 

This study presents screening of large collection of mushrooms (357 species), which 

can be found in Czech Republic, for their free radical (DPPH, OH) scavenging activity and 

cholinesterases inhibitory acitvity. Mushrooms are considered to be valuable source of 

bioactive compounds, but most of them have not been investigated yet. Primary screening of 

such a large number of species, like in the presented study, brings awareness of activity of 

individual species, genera, and higher taxonomical ranks. It is evident that some substances 

can be genus-, or even species-specific, because in some genera only small number of 

species/or only one species were significantly active. The place of collection and the 

developmental stage of fruiting bodies play also significant role. Although most of the 

species showed the activity (in all bioassays) lower than standard substances, some of them 

could represent valuable source of bioactive substances and could be subjected to further 

study. The species G. applanatum, closely relative to G. lucidum known as “universal cure”, 

is one of the most active species tested in the presented study. The bioguided isolation led to 

the fatty acid amide oleamide, which showed not to be active in used bioassays, although the 
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fraction from which it was obtained showed significant activity. However, it is very 

interesting substance which possesses many bioactivities that include especially 

neuropharmacological effects. This compound influences memory, cognitive activities, sleep, 

and activate choline acetyltransferase, hence could be used as preventive agent against AD.  

The isolation of pure effective antioxidant substance was not successful. The mixture 

was so complicated that despite the efford for division by modern separation techniques, 

isolation and/or identification of the active substance was not managed. 
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Though they are relatively insufficiently explored, mushroom are considered to be 

important source of bioactive substances, which is evident especially in Asian countries 

where some species of mushrooms, eventually their extracts or substances isolated from 

them, are used for healing of some diseases. This study, which covers 357 tested species of 

mushrooms growing in Czech Republic, focuses especially on antioxidant activity of 

mushroom extracts (2,2‟-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and hydroxyl 

radical scavenging activity). Inhibitory activity towards human acetylcholinesterase (AChE) 

and butyrylcholinesterase (BuChE) was also observed. For determination of antiradical 

activity, DPPH radical scavenging assay with the use of sequential injection analysis and 

chemiluminescence method for hydroxyl radical scavenging with the use of luminol were 

utilized. Total amount of phenolic substances was determined in the most active species. The 

correlation analysis showed that the antioxidant activity of extracts did not depend 

significantly on the total amount of phenolics. Ellman‟s spectrophotometric method was used 

for monitoring of AChE and BuChE inhibitory activity. Ganoderma applanatum 

(Ganodermataceae) was one of the most active species concernig antiradical activity (DPPH 

radical EC50 = 379.3 µg/ml, OH radical EC50 = 272.8 µg/ml), and exhibited also significant 

inhibitory activity towards human cholinesterases (AChE IC50 = 341.5 µg/ml, BuChE IC50 = 

288.8 µg/ml). Therefore this species was choosen for further study of the activity of fractions 

obtained by column and preparative thin layer chromatography. The primary amide of fatty 

acid oleamide was isolated from fraction IX. (DPPH radical EC50 = 35.3 µg/ml), obtained 

from column chromatography of ethyl acetate extract (DPPH radical EC50 = 102.2 µg/ml), by 

the use of the mentioned preparative techniques. This substance did not show any antioxidant 
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and AChE and BuChE inhibitory activity. The sigificant DPPH radical scavenging activity 

was probably caused by other substances which were in the sample, from which oleamide 

was obtained, in minor amount, and thus it was not possible to identify their structure. 
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 Houby, ačkoli jsou prozatím poměrně málo prozkoumány, jsou povaţovány za 

významný zdroj bioaktivních látek, coţ je zřejmé zejména v Asijských zemích, kde jsou 

některé druhy hub, případně jejich extrakty či látky z nich izolované běţně pouţívány k léčbě 

některých onemocnění. Tato studie, zahrnující 357 testovaných druhů hub rostoucích v 

České Republice, se zaměřuje zejména na antioxidační působení houbových extraktů 

(vychytávání 2,2‟-difenyl-1-pikrylhydrazyl (DPPH) radikálu a hydroxylového radikálu). 

Dále byla také sledována inhibiční aktivita vůdči lidské acetylcholinesteráze (AChE) a 

butyrylcholinesteráze (BuChE). Pro stanovení antiradikálové aktivity byly zvoleny metody 

vychytávání DPPH radikálu s pomocí sekvenční injekční analýzy a chemiluminiscenční 

metoda vychytávání hydroxylového radikálu s vyuţitím luminolu. U nejaktivnějších druhů 

bylo stanoveno celkové mnoţství fenolických látek. Korelační analýza ukázala, ţe 

antioxidační aktivita extraktů není výrazně závislá na celkovém mnoţství fenolických látek. 

Pro sledování ihnibiční aktivity vůči AChE a BuChE byla pouţita Ellmanova 

spektrofometrická metoda. Ganoderma applanatum (lesklokorka ploská, Ganodermataceae) 

byla jedním z nejaktivnějších druhů, pokud jde o antiradikálovou aktivitu (DPPH radikál 

EC50 = 379.3 µg/ml, OH radikál EC50 = 272.8 µg/ml) a měla také nezanedatelnou aktivitu 

vůči lidským cholinesterázám (AChE IC50 = 341.5 µg/ml, BuChE IC50 = 288.8 µg/ml). Proto 

byl tento druh podroben dalšímu studiu aktivity frakcí získaných sloupcovou a preparativní 

tenkovrstvou chromatografií. Z frakce IX. (DPPH radikál EC50 = 35.3 µg/ml), která byla 

získána pomocí sloupcové chromatografie etyl acetátového extraktu (DPPH radikál EC50 = 

102.2 µg/ml), byl pomocí uvedených preparačních technik vyizolován primární amid mastné 
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kyseliny oleamid. Tato látka však nevykázala ţádnou antioxidační či AChE a BuChE 

inhibiční aktivitu. Významná aktivita vůči DPPH byla pravděpodobně způsobena jinými 

látkami, které byly ve vzorku, ze kterého byl získán oleamid, v minoritním mnoţství, a proto 

nebylo moţné identifikovat jejich strukturu.   
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