
ISSN 2585-8246– 93 –

Agrobiodivers Improv Nutr Health Life Qual, 9, 2025(1): 93–103

Slovak University of Agriculture in Nitra
www.uniag.sk

*Corresponding Author: Halina Tkaczenko, Pomeranian University in Słupsk, Institute of Biology, 
Arciszewski 22b, 76-200 Słupsk, Poland 

 halina.tkaczenko@upsl.edu.pl 

Literature Review

Natural Compounds of the Birch Polypore Piptoporus betulinus 
(Bull.) P. Karst: An Overview of Biological Activities

Tetiana Tiupova, Halina Tkaczenko*, Natalia Kurhaluk

Pomeranian University in Słupsk, Institute of Biology, Słupsk, Poland

 Tetiana Tiupova: https://orcid.org/0000-0003-0929-8205 
 Halina Tkaczenko: https://orcid.org/0000-0003-3951-9005 
 Natalia Kurhaluk: https://orcid.org/0000-0002-4669-1092 

Article Details:
Received: 2025-02-19
Accepted: 2025-05-14
Available online: 2025-05-31

DOI: https://doi.org/10.15414/ainhlq.2025.0010

Piptoporus betulinus (Bull.) P. Karst, commonly known as the birch polypore, is a medicinal fungus traditionally used 
in Europe and Asia for the treatment of various ailments, including infections, inflammations, and gastrointestinal 
disorders. Recent scientific interest has highlighted the rich phytochemical composition and pharmacological 
potential of this polypore. The mushroom contains a wide range of bioactive compounds such as polysaccharides, 
triterpenoids, phenolics, and lectins, which contribute to its anti-inflammatory, antioxidant, antimicrobial, 
and anticancer activities. These effects are mediated by diverse mechanisms, including immunomodulation, 
suppression of inflammatory signalling, inhibition of microbial proliferation, and induction of apoptosis in tumour 
cells. This review synthesises current knowledge on the biological properties of P. betulinus, drawing on both 
ethnopharmacological data and modern biomedical research. Preliminary results from investigations into 
the antioxidant properties of the fungus are also presented. The therapeutic versatility of P. betulinus suggests 
its potential role in the prevention and treatment of chronic and degenerative diseases, especially those related 
to oxidative stress and inflammation. Furthermore, the integration of P. betulinus-derived natural products into 
functional foods, dietary supplements or topical formulations may offer novel approaches to support health 
and well-being. With the growing interest in evidence-based natural remedies, this species is a promising 
candidate for the development of alternative or complementary therapies. However, well-designed in vivo studies 
and clinical trials remain essential to establish standardised use, safety parameters, and bioavailability of their 
active compounds.
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Introduction
In recent years, there has been a resurgence of interest 
in the medicinal applications of traditionally used 
mushrooms, driven by modern scientific efforts to 
verify their health benefits (Hobbs, 1995; Chang 
et al., 2006; Lindequist et al., 2010). While traditional 
mycological products are highly valued and widely used 
in Asia, the advent of synthetic drugs in Central Europe 
has led to a decline in the traditional knowledge and 
use of medicinal mushrooms in the region (Peintner 
et al., 1998; Pöder and Peintner, 1999). In regions 
such as Asia, the USA, Canada, Mexico, and Venezuela, 
mushrooms have long played a role in the treatment 
of disease in various folk medicines (Hobbs, 1995; 
Chang, 1999; Garibay-Orijel et al., 2007). They are still 
widely used in traditional Chinese medicine (Chang, 
1999). Polypore fungi, in particular, are an integral 
part of the pharmacopoeia and medicinal practices 
of indigenous peoples worldwide. In addition to their 
medicinal uses, polypores have also been used as 
food, tinder, and commodities (Blanchette et al., 1992; 
Kreisel, 1998; Comandini et al., 2012).

The birch polypore, scientifically known as Piptoporus 
betulinus (Bull.) P. Karst or Fomitopsis betulina (Bull.) 
B.K. Cui, M.L. Han & Y.C. Dai, is a medicinal mushroom 
with a long history of use in traditional medicine 
in various cultures. Commonly found on birch trees, 
this fungus has received considerable attention 
in recent years due to its rich array of bioactive 
compounds and diverse pharmacological properties 
(Pleszczyńska et al., 2017; Sułkowska-Ziaja et al., 
2018). Throughout history, indigenous peoples around 
the world have used P. betulinus for its purported 
therapeutic benefits. From Europe to Asia, traditional 
healers have used this fungus to treat a wide range 
of ailments, including inflammation, infection, and 
gastrointestinal disorders (Pleszczyńska et al., 
2017). With advances in scientific research, modern 
investigations have begun to unravel the molecular 
mechanisms underlying the medicinal properties 
attributed to P. betulinus. In this review, we provide an 
overview of the biological activities associated with 
natural products derived from P. betulinus. This article 
aims to review the existing literature on the health 
benefits and bioactive compounds of P. betulinus, an 
important polypore in Central European folk medicine. 
In addition, we will present preliminary results of our 
study on the antioxidant properties of this mushroom.

Materials and Methodology
A systematic literature search was conducted to 
identify relevant studies on the biological activities 
of natural products derived from P. betulinus. Electronic 
databases, including PubMed/MEDLINE, Scopus, 
Web of Science, and Google Scholar, were searched 
for articles published up to 2024. The search terms 
used included “Piptoporus betulinus“, “birch polypore“, 
“fungus“, “bioactive compounds“, “biological activities“, 
and various combinations thereof. The search was not 
restricted by language or publication type.

Data from eligible studies were extracted, including 
information on the bioactive compounds identified, 
experimental models used, methods of extraction and 
isolation, biological assays used, and results related to 
pharmacological activities. The extracted data were 
synthesised to provide a comprehensive overview 
of the biological activities associated with natural 
products from P. betulinus.

Results
P. betulinus is a basidiomycetous polypore fungus that 
grows on birch trees (Betula sp.) (Wasson, 1969). 
It is characterised by a strong, pleasant odour and an 
astringent, bitter taste. This fungus was traditionally 
used for various medicinal purposes before the advent 
of modern medicine. In regions such as Siberia, 
the Baltic, and Finland, it was used to treat various types 
of cancer, and was also consumed for its anti-fatigue, 
calming, and immune-boosting properties (Peintner 
and Pöder, 2000). It was believed that only young, 
sterile fruit bodies (those without developed hymenial 
layers) were effective, and these were said to develop 
on birch trees only under certain environmental 
conditions, particularly when the trees grew on low 
ground (Lucas, 1960).

In Poland, oral administration of birch polypore 
extracts to female dogs with vaginal tumours resulted 
in complete disappearance of the tumours after five 
weeks (Utzig, 1957). Externally, strips of P. betulinus 
fruit bodies have been used as a styptic, and charcoal 
derived from this polypore has been valued for its 
antiseptic properties (Thoen, 1982; Hobbs, 1995). 
In addition, a powder made from the fruiting bodies 
of P. betulinus has been used as a snuff in Austria. 
Similar uses have been reported in North America and 
Siberia, where snuff made from the ash of P. betulinus 
was used as a painkiller (Rutalek, 2002).
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Bioactive Metabolites
Significant research efforts have focused on the primary 
metabolites derived from polypores (Xu et al., 2011a; 
Zhang et al., 2011). Fungal polysaccharides can be 
divided into α-glucans (such as starch, cellulose, or 
chitin) and β-glucans and their derivatives (Moradali 
et al., 2007; Jiang et al., 2010). While α-glucans 
show minimal bioactivity, β-glucans are known for 
their diverse biological properties. These β-glucans, 
which are major components of the fungal cell wall, 
are composed of glucose residues linked by β-(1,3) 
glycosidic linkages with side chain glucose residues 
linked by β-(1,6) linkages (Moradali et al., 2007). 
The branching frequency of these glucans varies, 
resulting in a diverse array of these metabolites (Mattila 
et al., 2000; Vannucci et al., 2013). The biological effects 
of fungal polysaccharides include immunoregulatory 
(Jiang et al., 2010), anti-tumour (Chen et al., 2008), 
antiviral (Seo and Choi, 2021; Guo et al., 2022), anti-
inflammatory (Moro et al., 2012), antioxidant (Sun 
et al., 2012; Klaus et al., 2013) and hypoglycaemic 
activities (Cha et al., 2009; Hwang and Yun, 2010). 
Notably, polysaccharides have no reported adverse 
effects and help the body adapt to biological and 
environmental stress (Jiang et al., 2010).

Carboxymethylated α-(1,3)-D-glucans from 
the fruiting bodies of P. betulinus have been shown to 
have cytotoxic effects (Wiater et al., 2011). In addition 

to polysaccharides, bioactive proteins in fungi are 
another abundant group of primary metabolites with 
antitumour, antiviral, antimicrobial, antioxidant, and 
immunomodulatory properties (Kang et al., 1982; 
Xu et al., 2011b). Structurally, fungal proteins can be 
classified as classical proteins/peptides (including 
enzymes) or lectins, which are carbohydrate-binding 
proteins. Several bioactive primary metabolites have 
been isolated from P. betulinus. For example, nucleic 
acids extracted from its fruit bodies have been shown 
to reduce vaccinia virus plaques in chick embryo 
fibroblast (CEF) tissue culture by inducing interferon 
production in vivo (Kandefer-Szerszen et al., 1979).

In P. betulinus, about 75% of the secondary metabolites 
are triterpenoids, comprising about 100 different 
structures, while other classes of secondary 
metabolites are less abundant. Triterpenes, mainly 
lanostanes, can be further subdivided into acids, 
esters and lactones, alcohols, ethers and peroxides, 
aldehydes and ketones, glycosides and miscellaneous 
triterpenes. Lanostanes are triterpenes with 30 carbon 
atoms and a characteristic tetracyclic structure and are 
biosynthetically derived from lanosterol, along with 
dammaranes, tirucallanes, euphanes, and cucurbitanes. 
The second largest group of secondary metabolites 
in P. betulinus, accounting for 14%, is organic acids, 
with approximately 20 different types described, 
including aliphatic, aromatic, and related compounds. 

Figure 1 Chemical composition and biological activity of the birch polypore Piptoporus betulinus (Bull.) P. Karst.
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In addition to the primary triterpenes and organic 
acids, this polypore also contains other compounds 
such as benzofurans, flavonoids, coumarins, and 
nitrogen-containing compounds.

Importantly, numerous triterpenes isolated from 
P. betulinus, particularly lanostane-type derivatives, 
exhibit a broad spectrum of pharmacological 
activities, including cytotoxic, anti-inflammatory, 
antibacterial, antiviral, antioxidant, hepatoprotective 
and neuroprotective effects (Kam et al., 2003; Wangun 
et al., 2004; Tohtahon et al., 2017; Khalilov et al., 2019). 
Recent studies have identified these compounds as 
potent inhibitors of cancer cell proliferation, inducers 
of apoptosis, and modulators of key signalling 
pathways involved in oxidative stress, immune 
regulation and inflammation (Czerwonka et al., 2019; 
Muszyńska et al., 2020; Nowotarska et al., 2024a,b). 
Consequently, triterpenoids from P. betulinus are 
currently considered promising lead compounds for 
the development of new anticancer, anti-inflammatory 
and immunomodulatory agents (Li et al., 2024; 
Nowotarska et al., 2024b). The chemical composition 
and biological activity of the birch polypore P. betulinus 
are shown in Figure 1.

As P. betulinus grows on wood, such as tree trunks or 
fallen logs, it is uncertain whether some of these minor 
constituents are produced by the fungus itself or are 
derived from the substrate, namely the bark of the host 
tree (Grienke et al., 2014).

Biological Activities

Anti-inflammatory Effects
Birch polypore contains compounds such as 
polysaccharides, triterpenoids, and phenolic 
compounds that can inhibit the production and 
release of pro-inflammatory mediators, including 
cytokines [such as tumour necrosis factor-alpha 
(TNF-α), interleukin-6 (IL-6), and interleukin-1β 
(IL-1β)], prostaglandins, and leukotrienes. By 
suppressing the expression of these inflammatory 
molecules, birch polypore helps to attenuate 
the inflammatory response (Li et al., 2021; Kozarski 
et al., 2024). Certain bioactive compounds found 
in birch polypore, such as polysaccharides and lectins, 
have immunomodulatory effects. These compounds 
may regulate the activity of immune cells, including 
macrophages, neutrophils, and lymphocytes, which 
are involved in the inflammatory response (Kozarski 
et al., 2024). Compounds derived from birch 
polypores may modulate the production of reactive 

oxygen species (ROS), nitric oxide (NO), and other 
inflammatory mediators by immune cells, thereby 
reducing inflammation (Anusiya et al., 2021). 

Several signalling pathways, including the nuclear 
factor-kappa B (NF-κB) and mitogen-activated protein 
kinase (MAPK) pathways, are involved in the regulation 
of inflammatory gene expression. Compounds derived 
from birch polypore can inhibit the activation of these 
pathways, thereby suppressing the transcription 
of pro-inflammatory genes and reducing inflammation 
(Olędzka and Czerwińska, 2023). Emerging evidence 
suggests that the gut microbiota plays a critical role 
in modulating systemic inflammation. Birch polypore 
contains prebiotic compounds that may positively 
influence the composition and function of the gut 
microbiota. By promoting a healthy balance of gut 
microbiota, birch polypore may indirectly reduce 
inflammation (Jayachandran et al., 2017). Several 
lanostane-type triterpene acids from P. betulinus have 
been evaluated for their anti-inflammatory properties. 
While these triterpene acids showed weak inhibition 
of cyclooxygenase-1 (COX-1), they exhibited significant 
inhibitory activity against 3α-hydroxysteroid 
dehydrogenase (3α-HSD), an important enzyme 
in androgen metabolism. In addition, these four 
lanostanes showed potent selective inhibition 
of bacterial hyaluronidase (Wangun et al., 2004).

In addition, recent studies have confirmed that 
lanostane-type triterpenoids from P. betulinus and 
its polysaccharide fractions not only exert anti-
inflammatory and immunomodulatory activities, but 
also have potent antiviral effects, including inhibition 
of influenza and herpes viruses. These effects are 
achieved both by direct inhibition of viral replication 
and by stimulation of interferon production, which 
enhances the host antiviral immune response (Kamo 
et al., 2003; Seo and Choi, 2021; Guo et al., 2022). This 
positions P. betulinus as a promising candidate for 
the development of multifunctional therapeutics with 
combined anti-inflammatory, immunomodulatory 
and  antiviral properties.

Anti-cancer, anti-tumour, and Cytotoxic Effects
Birch polypore contains bioactive compounds 
such as polysaccharides and triterpenoids that 
can induce apoptosis, or programmed cell death, 
in cancer cells. These compounds activate signalling 
pathways that lead to the activation of caspases 
and the fragmentation of DNA, ultimately leading to 
the death of cancer cells (Pleszczyńska et al., 2016; 
Bożek et al., 2022). Compounds found in birch polypore, 
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including polysaccharides and triterpenoids, can 
inhibit the proliferation of cancer cells by arresting 
the cell cycle at various stages or by suppressing 
the expression of proteins involved in cell cycle 
progression. This inhibition of cell proliferation 
helps to slow tumour growth (Ajith and Janardhanan, 
2003; Patel and Goyal, 2012). Compounds derived 
from birch polypore have been shown to inhibit 
angiogenesis, the process by which tumours develop 
new blood vessels to support their growth and 
metastasis. By suppressing angiogenesis, birch 
polypore inhibits the supply of nutrients and oxygen 
to tumours, thereby limiting their growth and spread 
(Lu et al., 2016; Wong et al., 2020). Birch polypore 
contains immunomodulatory compounds, such as 
polysaccharides and lectins, which can modulate 
the activity of immune cells, including natural killer 
cells, T cells, and macrophages. By enhancing immune 
surveillance and promoting anti-tumour immune 
responses, birch polypore helps the immune system 
to recognise and eliminate cancer cells (Pleszczyńska 
et al., 2017; Grunewald et al., 2018). 

Birch polypore has anti-inflammatory properties by 
inhibiting inflammatory mediators and signalling 
pathways. By reducing inflammation, birch polypore 
may create an unfavourable environment for tumour 
growth and metastasis (Sułkowska-Ziaja et al., 
2018). Compounds derived from birch polypore 
can modulate several signalling pathways involved 
in cancer cell survival, proliferation, and metastasis. 
These pathways include the PI3K/Akt/mTOR pathway, 
the MAPK pathway, and the Wnt/β-catenin pathway. 
By interfering with these signalling pathways, birch 
polypore inhibits cancer cell growth and promotes 
their apoptosis (Sun et al., 2019; Zughaibi et al., 
2021). Kawagishi and colleagues (2002) reported 
that hydroquinone and triterpene acid isolated from 
P. betulinus act as matrix metalloproteinase (MMP) 
inhibitors. Specifically, compound 118 showed activity 
against MMP-1 (IC50 28 mM), MMP-3 (IC50 23 mM), and 
MMP-9 (IC50 37 mM), whereas compound 35 showed 
only moderate inhibitory activity against MMP-1 (IC50 
126 mM) (Kawagishi et al., 2002).

In addition, recent research has highlighted 
the synergistic anti-cancer effects of lanostane-type 
triterpenoids and polysaccharides derived from 
P.  betulinus. These bioactive compounds not only directly 
induce apoptosis and inhibit tumour proliferation, 
but also modulate the tumour microenvironment by 
enhancing the cytotoxic activity of immune effector 
cells and reducing immunosuppressive signals (Yadav 

et al., 2010; Tohtahon et al., 2017; Aly et al., 2024). Such 
combined effects have been demonstrated in models 
of breast, colon and liver cancer, suggesting the high 
potential of P. betulinus as an adjunct in integrative 
cancer therapies (Pleszczyńska et al., 2016; Sari et al., 
2020; Nowotarska et al., 2024a,b). Furthermore, P. 
betulinus triterpenoids have been shown to increase 
the sensitivity of cancer cells to conventional 
chemotherapeutic agents, possibly by modulating drug 
resistance pathways (Vunduk et al., 2015; Cyranka 
et al., 2011).

Antimicrobial Effects
Birch polypore contains bioactive compounds such 
as triterpenoids and phenolic compounds that can 
disrupt the integrity of microbial cell membranes. 
These compounds interact with lipids in the cell 
membrane, leading to membrane destabilization, 
leakage of cellular contents, and ultimately cell death 
(Pleszczyńska et al., 2017). Some compounds found 
in birch polypore, such as polysaccharides, interfere 
with the synthesis of microbial cell walls. By inhibiting 
enzymes involved in cell wall biosynthesis, birch 
polypore prevents the formation of functional cell 
walls, leading to cell lysis and death (Schlegel et al., 
2000). Compounds derived from birch polypore can 
interfere with the synthesis of nucleic acids (DNA 
and RNA) in microorganisms. By inhibiting enzymes 
involved in nucleic acid replication and transcription, 
birch polypore disrupts essential cellular processes, 
leading to microbial death (Pleszczyńska et al., 2017). 
Certain bioactive compounds in birch polypore, such 
as ribosome-inactivating proteins (RIPs) and lectins, 
inhibit protein synthesis in microorganisms. These 
compounds bind to ribosomes or interfere with 
translation factors, disrupting protein synthesis and 
causing cellular dysfunction (Landi et al., 2022; Iglesias 
et al., 2024). Birch polypore contains antioxidants that 
can generate reactive oxygen species (ROS) in microbial 
cells. The accumulation of ROS leads to oxidative stress 
and damage to cellular components, including DNA, 
proteins, and lipids, ultimately resulting in microbial 
death (Zandi and Schnug, 2022). 

Compounds derived from birch polypore can modulate 
microbial signalling pathways involved in virulence 
and pathogenicity. By interfering with quorum-sensing 
systems or other signalling cascades, birch polypore 
disrupts microbial communication and coordination, 
reducing the ability of microorganisms to cause 
infection (Pleszczyńska et al., 2017). Birch polypore 
has immunomodulatory properties that can enhance 
the host immune response against microbial pathogens. 
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Compounds such as polysaccharides and beta-glucans 
stimulate immune cells, including macrophages and 
neutrophils, to phagocytose and kill microorganisms 
more effectively (Zhong et al., 2020, 2023).

The N-containing compound piptamine, isolated from 
P. betulinus, was tested against various Gram-positive 
bacteria, yeasts, and fungi using agar diffusion assays 
or standard antimicrobial susceptibility tests for 
aerobically growing bacteria and a broth dilution 
antifungal susceptibility test for yeasts (Schlegel 
et al., 2000). The most promising minimum inhibitory 
concentration (MIC) values for this compound were 
0.78 mg.mL-1 (2.35 mM) against Staphylococcus aureus 
and 1.56 mg.mL-1 (4.70 mM) against Enterococcus 
faecalis. In addition, its haemolytic activity has been 
evaluated using heparinised blood from beagle 
dogs and was found to be between 10–50 mg.mL-1 
(30–150 mM) (Schlegel et al., 2000).

In addition, recent studies have shown that 
triterpenoids and polysaccharides from P. betulinus act 
synergistically, not only enhancing direct antimicrobial 
effects, but also effectively disrupting biofilm formation 
and persistence of multidrug resistant (MDR) bacterial 
and fungal strains. These compounds inhibit biofilm 
maturation by interfering with the production 
of extracellular polymeric substances (EPS) and 
reducing the expression of genes related to adhesion 
and biofilm architecture (Schlegel et al., 2000; Keller 
et al., 2002; Wangun et al., 2004; Krupodorova et al., 
2019). In addition, they have been shown to sensitise 
resistant microbial strains to conventional antibiotics 
by impairing efflux pump activity and destabilising 
microbial membranes, offering a promising strategy 
to combat antimicrobial resistance (Keller et al., 2002; 
Pleszczyńska et al., 2017; Gaurav et al., 2023).

Antioxidant Effects
Birch polypore contains antioxidants that can neutralise 
reactive oxygen species (ROS) and free radicals, such 
as superoxide anion radicals (O2·–), hydroxyl radicals 
(OH·), and peroxyl radicals (ROO·). By donating 
electrons or hydrogen atoms, the antioxidants in birch 
polypore stabilise these highly reactive species, 
preventing them from causing oxidative damage to 
biomolecules such as DNA, proteins, and lipids (Vunduk 
et al., 2015). Some of the antioxidants found in birch 
polypore have metal chelating properties, enabling 
them to bind to transition metal ions such as iron and 
copper. Metal ions can catalyse the formation of free 
radicals through Fenton and Haber-Weiss reactions, 
leading to oxidative stress. By chelating metal ions, birch 

polypore prevents their involvement in these reactions 
and reduces the formation of free radicals (Reis et al., 
2011; Stajić et al., 2013). Certain compounds in birch 
polypore, such as phenolic compounds, can regenerate 
other antioxidants, such as vitamin C and vitamin 
E, which are depleted in the process of scavenging 
free radicals. This recycling of antioxidants increases 
the overall antioxidant capacity of cells and tissues, 
providing sustained protection against oxidative 
damage (Sulkowska-Ziaja et al., 2012).

Compounds derived from birch polypore can stimulate 
the activity of endogenous antioxidant enzymes such 
as superoxide dismutase (SOD), catalase (CAT) and 
glutathione peroxidase (GPx). These enzymes play 
a critical role in detoxifying ROS and maintaining redox 
homeostasis within cells. By increasing the activity 
of these enzymes, birch polypore strengthens 
the cellular antioxidant defence system (Reis et al., 
2011; Stajić et al., 2013). Oxidative stress results from 
an imbalance between ROS production and the body‘s 
antioxidant defence mechanisms. Birch polypore acts 
as an antioxidant by reducing oxidative stress, thereby 
mitigating the damage caused by excessive ROS 
production. This reduction in oxidative stress helps 
to maintain cellular integrity and function, promoting 
overall health and well-being (Vunduk et al., 2015). 
Oxidative stress and inflammation are closely linked, 
with each exacerbating the other. Birch Polypore has 
anti-inflammatory properties that contribute to its 
antioxidant effects by reducing the production of pro-
inflammatory cytokines and mediators that promote 
oxidative stress. By suppressing inflammation, birch 
polypore helps to attenuate oxidative damage and 
maintain cellular homeostasis (Pleszczyńska et al., 
2016; Bożek et al., 2022).

The antioxidant properties of P. betulinus are 
generally attributed to flavonoids such as kaempferol, 
quercetin, and (2R,3S)-(þ)-catechin, and organic 
acids such as gallic acid, p-coumaric acid, caffeic 
acid, and chlorogenic acid (Karunarathna et al., 
2025). These widely known compounds are almost 
ubiquitous in natural products and are not unique 
to this particular polypore. Furthermore, their 
concentration in the fruit body material and their effect 
on antioxidant and radical scavenging activities are 
thought to be relatively low.

However, recent research has identified unique 
lanostane-type triterpenoids and specific 
polysaccharide-protein complexes found exclusively 
in P. betulinus that exhibit superior antioxidant capacity, 
particularly in protecting mitochondrial DNA (mtDNA) 
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from oxidative damage. These compounds not only 
scavenge ROS with high efficiency, but also stabilise 
mitochondrial membranes, improve mitochondrial 
respiration and prevent ROS-induced mitochondrial 
dysfunction – key mechanisms in slowing age-
related cellular degeneration and protecting against 
neurodegenerative processes (Sułkowska-Ziaja et al., 
2018; Li et al., 2024). These findings suggest that 
the antioxidant potential of P. betulinus may have been 
previously underestimated due to a focus on ubiquitous 
phenolic compounds, overlooking its unique bioactive 
matrix.

Conclusions 
In conclusion, birch polypore (Piptoporus betulinus) is 
emerging as a promising natural source with diverse 
pharmacological activities and therapeutic potential. 
Through centuries of traditional use and modern 
scientific research, this fungus has been found to 
exhibit a wide range of biological activities, including 
anti-inflammatory, antioxidant, antimicrobial, 
and anticancer effects. The bioactive compounds 
present in birch polypore, such as polysaccharides, 
triterpenoids, phenolic compounds, and lectins, 
play a key role in mediating its pharmacological 
effects. These compounds act through various 
mechanisms, including modulation of immune 
responses, suppression of inflammatory pathways, 
scavenging of free radicals, inhibition of microbial 
growth, and induction of apoptosis in cancer cells. 
The diverse nature of birch polypore‘s pharmacological 
properties highlights its potential applications 
in the prevention and treatment of various diseases 
and health conditions. Its anti-inflammatory and 
antioxidant effects make it a promising candidate for 
the treatment of inflammatory conditions such as 
arthritis, inflammatory bowel disease, and dermatitis. 
In addition, its antimicrobial properties suggest utility 
in the control of infections caused by bacteria, fungi, and 
viruses. In addition, the anti-cancer potential of birch 
polypore offers hope in the field of oncology, where its 
ability to inhibit tumour growth, induce apoptosis, and 
modulate immune responses holds promise for cancer 
prevention and adjuvant therapy. However, further 
research, including preclinical and clinical studies, 
is warranted to elucidate the mechanisms of action, 
optimise dosing regimens, and assess safety and 
efficacy profiles. Overall, birch polypore represents 
a valuable natural resource with significant therapeutic 
implications. Harnessing its bioactive compounds and 
understanding their pharmacological effects may lead 
to novel pharmaceuticals, nutraceuticals, and functional 

foods developments to promote human health and 
well-being. Further exploration of the potential of birch 
polypore in integrative medicine and traditional 
healing systems may pave the way for its incorporation 
into mainstream healthcare practices, offering new 
avenues for disease prevention and management. 
Studies on the activities and mechanisms of action 
of fungal metabolites from European medicinal 
polypores are necessary to develop them into modern, 
evidence-based medicines. Consideration of dosage, 
bioavailability, and synergisms is crucial, as most 
existing studies are in vitro and lack clinical evidence. 
Advanced methods and sophisticated analytical 
techniques, integrated with biotechnology and other 
relevant fields, are needed. In vivo experiments 
with high-quality, long-term, double-blind clinical 
trials with large study populations are essential to 
confirm the safety and efficacy of mushroom-derived 
compounds. Therefore, future research should focus 
on characterising multi-component mixtures from 
well-identified fungal material, investigating their 
biological effects, including molecular mechanisms 
and bioavailability, to develop them as recognised 
therapeutic and health-promoting agents.

Conflicts of Interest
The authors have no competing interests to declare.

Ethical Statement
This article does not include any studies that would 
require an ethical statement.

Funding
This study was funded by the statutory activities 
of the Institute of Biology at the Pomeranian University 
in Słupsk (Poland) and the International Visegrad 
Fund. The authors would like to express their sincere 
gratitude for this support.

References
Ajith, T. A., & Janardhanan, K. K. (2003). Cytotoxic and 

antitumor activities of a polypore macrofungus, Phellinus 
rimosus (Berk) Pilat. Journal of Ethnopharmacology, 
84(2–3), 157–162.
https://doi.org/10.1016/s0378-8741(02)00292-1 

Aly, S. H., Elbadry, A. M. M., Doghish, A. S., & El-Nashar, H. 
A. S. (2024). Unveiling the pharmacological potential 
of plant triterpenoids in breast cancer management: 
an updated review. Naunyn-Schmiedeberg‘s Archives 
of Pharmacology, 397(8), 5571–5596.
https://doi.org/10.1007/s00210-024-03054-2 

Anusiya, G., Gowthama Prabu, U., Yamini, N. V., Sivarajasekar, 
N., Rambabu, K., Bharath, G., & Banat, F. (2021). 

http://www.uniag.sk
https://doi.org/10.1016/s0378-8741
https://doi.org/10.1007/s00210-024-03054-2


ISSN 2585-8246– 100 –Slovak University of Agriculture in Nitra
www.uniag.sk

Agrobiodivers Improv Nutr Health Life Qual, 9, 2025(1): 93–103

A review of the therapeutic and biological effects 
of edible and wild mushrooms. Bioengineered, 12(2), 
11239–11268.
https://doi.org/10.1080/21655979.2021.2001183 

Blanchette, R.A., Compton, B.D., Turner, N.J., Gilbertson, R.L. 
(1992). Nineteenth century Shaman grave guardians are 
carved Fomitopsis officinalis sporophores. Mycologia, 
84, 119–124.
https://doi.org/10.1080/00275514.1992.12026114 

Bożek, J., Tomala, J., Wójcik, S., Kamińska, B., Brand, I., Pocheć, 
E., & Szostak, E. (2022). Effects of Piptoporus betulinus 
ethanolic extract on the proliferation and viability 
of melanoma cells and models of their cell membranes. 
International Journal of Molecular Sciences, 23(22), 
13907. https://doi.org/10.3390/ijms232213907 

Cha, W.-S., Ding, J.-L., Shin, H.-J., Kim, J.-S., Kim, Y.-S., Choi, 
D., Lee, H.-D., Kang, H.-B., & Lee, C.-W. (2009). Effect 
of Fomitopsis pinicola extract on blood glucose and lipid 
metabolism in diabetic rats. Korean Journal of Chemical 
Engineering, 26, 1696–1699.
https://doi.org/10.1007/BF02931349

Chang S.-T. (1999). Global impact of edible and medicinal 
mushrooms on human welfare in the 21st century: 
nongreen revolution. International Journal Medicinal 
Mushrooms, 1, 1–8.
https://doi.org/10.1615/IntJMedMushrooms.v1.i1.10 

Chang, M.-Y., Tsai, G.-J., Houng, J.-Y. (2006). Optimization 
of the medium composition for the submerged culture 
of Ganoderma lucidum by Taguchi array design 
and steepest ascent method. Enzyme and Microbial 
Technology, 38, 407–414.
https://doi.org/10.1016/j.enzmictec.2005.06.011 

Chen, W., Zhao, Z., Chen, S. F., & Li, Y. Q. (2008). Optimization 
for the production of exopolysaccharide from Fomes 
fomentarius in submerged culture and its antitumor 
effect in vitro. Bioresource Technology, 99(8), 3187–
3194. https://doi.org/10.1016/j.biortech.2007.05.049 

Comandini, O., Erős-Honti, Z., Jakucs, E., Arzú, R. F., Leonardi, 
M., & Rinaldi, A. C. (2012). Molecular and morpho-
anatomical description of mycorrhizas of Lactarius 
rimosellus on Quercus sp., with ethnomycological notes 
on Lactarius in Guatemala. Mycorrhiza, 22(4), 279–287. 
https://doi.org/10.1007/s00572-011-0401-3 

Cyranka, M., Graz, M., Kaczor, J., Kandefer-Szerszeń, M., 
Walczak, K., Kapka-Skrzypczak, L., & Rzeski, W. (2011). 
Investigation of antiproliferative effect of ether and 
ethanol extracts of birch polypore medicinal mushroom, 
Piptoporus betulinus (Bull.: Fr.) P. Karst. (higher 
Basidiomycetes) in vitro grown mycelium. International 
Journal of Medicinal Mushrooms, 13(6), 525–533. 
https://doi.org/10.1615/intjmedmushr.v13.i6.40 

Czerwonka, A., Wiater, A., Komaniecka, I., Adamczyk, P., 
Rzeski, W., & Pleszczyńska, M. (2019). Antitumour 
effect of glucooligosaccharides obtained via hydrolysis 
of α-(1 → 3)-glucan from Fomitopsis betulina. Molecular 
Biology Reports, 46(6), 5977–5982.
https://doi.org/10.1007/s11033-019-05032-x 

Garibay-Orijel, R., Caballero, J., Estrada-Torres, A., & 
Cifuentes, J. (2007). Understanding cultural significance, 
the edible mushrooms case. Journal of Ethnobiology and 
Ethnomedicine, 3, 4.
https://doi.org/10.1186/1746-4269-3-4 

Gaurav, A., Bakht, P., Saini, M., Pandey, S., & Pathania, R. (2023). 
Role of bacterial efflux pumps in antibiotic resistance, 
virulence, and strategies to discover novel efflux pump 
inhibitors. Microbiology (Reading, England), 169(5), 
001333. https://doi.org/10.1099/mic.0.001333 

Grienke, U., Zöll, M., Peintner, U., & Rollinger, J. M. (2014). 
European medicinal polypores – a modern view 
on traditional uses. Journal of Ethnopharmacology, 
154(3), 564–583. https://doi.org/10.1016/j.
jep.2014.04.030 

Grunewald, F., Steinborn, C., Huber, R., Wille, R., Meier, S., 
Alresly, Z., Lindequist, U., & Gründemann, C. (2018). Effe 
cts of birch polypore mushroom, Piptoporus betulinus 
(Agaricomycetes), the “iceman‘s fungus“, on human 
immune cells. International Journal of Medicinal 
Mushrooms, 20(12), 1135–1147.

https://doi.org/10.1615/IntJMedMushrooms.2018029154 
Guo, Y., Ma, A., Wang, X., Yang, C., Chen, X., Li, G., & Qiu, F. (2022). 

Research progress on the antiviral activities of natural 
products and their derivatives: Structure-activity 
relationships. Frontiers in Chemistry, 10, 1005360. 
https://doi.org/10.3389/fchem.2022.1005360 

Hobbs C. (1995). Medicinal Mushrooms: An Exploration 
of Tradition, Healing and Culture. Botanica Press, Santa 
Cruz.

Hwang, H.S., & Yun, J.W. (2010). Hypoglycemic effect 
of polysaccharides produced by submerged mycelial 
culture of Laetiporus sulphureus on streptozotocin-
induced diabetic rats. Biotechnology and Bioprocess 
Engineering, 15, 173–181.
https://doi.org/10.1007/s12257-009-0160-6 

Iglesias, R., Citores, L., Gay, C. C., & Ferreras, J. M. (2024). 
Antifungal activity of ribosome-inactivating proteins. 
Toxins, 16(4), 192.
https://doi.org/10.3390/toxins16040192 

Jayachandran, M., Xiao, J., & Xu, B. (2017). A critical review 
on health promoting benefits of edible mushrooms 
through gut microbiota. International Journal 
of Molecular Sciences, 18(9), 1934.
https://doi.org/10.3390/ijms18091934 

Jiang, M. H., Zhu, L., & Jiang, J. G. (2010). Immunoregulatory 
actions of polysaccharides from Chinese herbal 
medicine. Expert Opinion on Therapeutic Targets, 
14(12), 1367–1402.
https://doi.org/10.1517/14728222.2010.531010 

Kamo, T., Asanoma, M., Shibata, H., & Hirota, M. (2003). Anti-
inflammatory lanostane-type triterpene acids from 
Piptoporus betulinus. Journal of Natural Products, 66(8), 
1104–1106. https://doi.org/10.1021/np0300479 

Kandefer-Szerszeń, M., Kawecki, Z., & Guz, M. (1979). Fungal 
nucleic acids as interferon inducers. Acta Microbiologica 
Polonica, 28(4), 277–291.

http://www.uniag.sk
https://doi.org/10.1080/21655979.2021.2001183
https://doi.org/10.1080/00275514.1992.12026114
https://doi.org/10.3390/ijms232213907
https://doi.org/10.1007/BF02931349
https://doi.org/10.1615/IntJMedMushrooms.v1.i1.10
https://doi.org/10.1016/j.enzmictec.2005.06.011
https://doi.org/10.1016/j.biortech.2007.05.049
https://doi.org/10.1007/s00572-011-0401-3
https://doi.org/10.1615/intjmedmushr.v13.i6.40
https://doi.org/10.1007/s11033-019-05032-x
https://doi.org/10.1186/1746-4269-3-4
https://doi.org/10.1099/mic.0.001333
https://doi.org/10.1016/j
https://doi.org/10.1615/IntJMedMushrooms.2018029154
https://doi.org/10.3389/fchem.2022.1005360
https://doi.org/10.1007/s12257-009-0160-6
https://doi.org/10.3390/toxins16040192
https://doi.org/10.3390/ijms18091934
https://doi.org/10.1517/14728222.2010.531010
https://doi.org/10.1021/np0300479


ISSN 2585-8246– 101 –

Agrobiodivers Improv Nutr Health Life Qual, 9, 2025(1): 93–103

Slovak University of Agriculture in Nitra
www.uniag.sk

Kang, C., Lee, C., Chung, K., Choi, E., & Kim, B. (1982). An 
antitumor component of Laetiporus sulphureus and 
its immunostimulating activity. Archives of Pharmacal 
Research, 5, 39–43.

Karunarathna, S. C., Patabendige, N. M., Kumla, J., 
Hapuarachchi, K. K., & Suwannarach, N. (2025). 
The bioactive compounds, beneficial medicinal 
properties, and biotechnological prospects 
of Fomitopsis: a comprehensive overview. Frontiers 
in Cellular and Infection Microbiology, 15, 1534617. 
https://doi.org/10.3389/fcimb.2025.1534617 

Kawagishi, H., Hamajima, K., & Inoue, Y. (2002). Novel 
hydroquinone as a matrix metallo-proteinase inhibitor 
from the mushroom, Piptoporus betulinus. Bioscience, 
Biotechnology, and Biochemistry, 66(12), 2748–2750. 
https://doi.org/10.1271/bbb.66.2748 

Keller, C., Maillard, M., Keller, J., & Hostettmann, K. (2002). 
Screening of European fungi for antibacterial, 
antifungal, larvicidal, molluscicidal, antioxidant and 
free-radical scavenging activities and subsequent 
isolation of bioactive compounds. Pharmaceutical 
Biology, 40, 518–525. https://doi.org/10.1076/
phbi.40.7.518.14684 

Khalilov, Q., Li, L., Liu, Y., Tohtahon, Z., Chen, X., Aisa, H. A., & 
Yuan, T. (2019). Piptolinic acids F-J, five new lanostane-
type triterpenoids from Piptoporus betulinus. Natural 
Product Research, 33(21), 3044–3051.
https://doi.org/10.1080/14786419.2018.1516218 

Klaus, A., Kozarski, M., Niksic, M., Jakovljevic, D., Todorovic, N., 
Stefanoska, I., & Van Griensven, L. J. (2013). The edible 
mushroom Laetiporus sulphureus as potential source 
of natural antioxidants. International Journal of Food 
Sciences and Nutrition, 64(5), 599–610.
https://doi.org/10.3109/09637486.2012.759190 

Kozarski, M., Klaus, A., Špirović-Trifunović, B., Miletić, S., 
Lazić, V., Žižak, Ž., & Vunduk, J. (2024). Bioprospecting 
of selected species of polypore fungi from the Western 
Balkans. Molecules (Basel, Switzerland), 29(2), 314. 
https://doi.org/10.3390/molecules29020314 

Kreisel H. (1998). Mushrooms in painting. European Council 
for Conservation of Fungi (ECCF).

Krupodorova T., Barshteyn V., Pokas E. (2019). Antibacterial 
activity of Fomitopsis betulina cultural liquid. Eureka: 
Life Sciences, 3, 10–16.
https://doi.org/10.21303/2504-5695.2019.001066 

Landi, N., Hussain, H. Z. F., Pedone, P. V., Ragucci, S., & Di Maro, 
A. (2022). Ribotoxic proteins, known as inhibitors 
of protein synthesis, from mushrooms and other fungi 
according to endo‘s fragment detection. Toxins, 14(6), 
403. https://doi.org/10.3390/toxins14060403 

Li, C., Wu, G., Zhao, H., Dong, N., Wu, B., Chen, Y., & Lu, 
Q. (2021). Natural-derived polysaccharides from 
plants, mushrooms, and seaweeds for the treatment 
of inflammatory bowel disease. Frontiers 
in Pharmacology, 12, 651813.
https://doi.org/10.3389/fphar.2021.651813 

Li, J., Li, Z., Duan, Y., Liu, C., & Yan, M. (2024). Secondary 
Metabolites of Fomitopsis betulina: Chemical Structures, 
Biological Activity and Application Prospects. Journal 
of Fungi (Basel, Switzerland), 10(9), 616.
https://doi.org/10.3390/jof10090616 

Lindequist, U., Rausch, R., Füssel, A., & Hanssen, H. P. (2010). 
Höhere Pilze in der traditionellen Heilkunde und Medizin 
[Higher fungi in traditional and modern medicine]. 
Medizinische Monatsschrift fur Pharmazeuten, 33(2), 
40–48. [Article in German]

Lu, K., Bhat, M., & Basu, S. (2016). Plants and their active 
compounds: natural molecules to target angiogenesis. 
Angiogenesis, 19(3), 287–295.
https://doi.org/10.1007/s10456-016-9512-y 

Lucas, E. H. (1960). Folklore and Plant Drugs. Papers 
of the Michigan Academy of Sience, Arts, and Letters, XLV, 
127–136.

Mattila, P., Suonpää, K., & Piironen, V. (2000). Functional 
properties of edible mushrooms. Nutrition (Burbank, 
Los Angeles County, Calif.), 16(7–8), 694–696.
https://doi.org/10.1016/s0899-9007(00)00341-5 

Moradali, M. F., Mostafavi, H., Ghods, S., & Hedjaroude, G. 
A. (2007). Immunomodulating and anticancer agents 
in the realm of macromycetes fungi (macrofungi). 
International Immunopharmacology, 7(6), 701–724. 
https://doi.org/10.1016/j.intimp.2007.01.008 

Moro, C., Palacios, I., Lozano, M., D‘Arrigo, M., Guillamon, E., 
Villares, A., Martinez, J.A., & Garcia-Lafuente, A. (2012). 
Anti-inflammatory activity of methanolic extracts 
from edible mushrooms in LPS activated RAW 264.7 
macrophages. Food Chemistry, 130, 350–355.
https://doi.org/10.1016/j.foodchem.2011.07.049 

Muszyńska, B., Fijałkowska, A., Sułkowska-Ziaja, K., 
Włodarczyk, A., Kaczmarczyk, P., Nogaj, E., & Piętka, J. 
(2020). Fomitopsis officinalis: a species of arboreal 
mushroom with promising biological and medicinal 
properties. Chemistry & Biodiversity, 17(6), e2000213. 
https://doi.org/10.1002/cbdv.202000213 

Nowotarska, P., Janeczek, M., & Wiatrak, B. (2024a). Cytotoxic 
activity of Fomitopsis betulina against normal and cancer 
cells – a comprehensive literature review. Contemporary 
Oncology (Poznan, Poland), 28(3), 191–200.
https://doi.org/10.5114/wo.2024.144223 

Nowotarska, P., Janeczek, M., & Wiatrak, B. (2024b). Mushroom 
against cancer: Aqueous extract of Fomitopsis betulina 
in fight against tumors. Nutrients, 16(19), 3316. https://
doi.org/10.3390/nu16193316 

Olędzka, A. J., & Czerwińska, M. E. (2023). Role of plant-
derived compounds in the molecular pathways related 
to inflammation. International Journal of Molecular 
Sciences, 24(5), 4666.
https://doi.org/10.3390/ijms24054666 

Patel, S., & Goyal, A. (2012). Recent developments 
in mushrooms as anti-cancer therapeutics: a review. 
3 Biotech, 2(1), 1–15.
https://doi.org/10.1007/s13205-011-0036-2 

Peintner, U., & Pöder, R. (2000). Ethnomycological remarks 
on the Iceman‘s fungi. In: Bortenschlager, S., Oeggl, 

http://www.uniag.sk
https://doi.org/10.3389/fcimb.2025.1534617
https://doi.org/10.1271/bbb.66.2748
https://doi.org/10.1076/
https://doi.org/10.1080/14786419.2018.1516218
https://doi.org/10.3109/09637486.2012.759190
https://doi.org/10.3390/molecules29020314
https://doi.org/10.21303/2504-5695.2019.001066
https://doi.org/10.3390/toxins14060403
https://doi.org/10.3389/fphar.2021.651813
https://doi.org/10.3390/jof10090616
https://doi.org/10.1007/s10456-016-9512-y
https://doi.org/10.1016/s0899-9007
https://doi.org/10.1016/j.intimp.2007.01.008
https://doi.org/10.1016/j.foodchem.2011.07.049
https://doi.org/10.1002/cbdv.202000213
https://doi.org/10.5114/wo.2024.144223
https://doi.org/10.3390/nu16193316
https://doi.org/10.3390/nu16193316
https://doi.org/10.3390/ijms24054666
https://doi.org/10.1007/s13205-011-0036-2


ISSN 2585-8246– 102 –Slovak University of Agriculture in Nitra
www.uniag.sk

Agrobiodivers Improv Nutr Health Life Qual, 9, 2025(1): 93–103

K. (Eds.). The iceman and his natural environment. 
Springer, Vienna, p. 143–150.

Peintner, U., Pöder, R., & Pümpel, T. (1998). The Iceman‘s 
fungi. Mycological Research, 102, 1153–1162.
https://doi.org/10.1017/S0953756298006546 

Pleszczyńska, M., Lemieszek, M. K., Siwulski, M., Wiater, A., 
Rzeski, W., & Szczodrak, J. (2017). Fomitopsis betulina 
(formerly Piptoporus betulinus): the Iceman‘s polypore 
fungus with modern biotechnological potential. World 
Journal of Microbiology & Biotechnology, 33(5), 83. 
https://doi.org/10.1007/s11274-017-2247-0 

Pleszczyńska, M., Wiater, A., Siwulski, M., Lemieszek, M. 
K., Kunaszewska, J., Kaczor, J., Rzeski, W., Janusz, G., & 
Szczodrak, J. (2016). Cultivation and utility of Piptoporus 
betulinus fruiting bodies as a source of anticancer 
agents. World Journal of Microbiology & Biotechnology, 
32(9), 151.
https://doi.org/10.1007/s11274-016-2114-4 

Pleszczyńska, M., Wiater, A., Siwulski, M., Lemieszek, M. 
K., Kunaszewska, J., Kaczor, J., Rzeski, W., Janusz, 
G., & Szczodrak, J. (2016). Cultivation and utility 
of Piptoporus betulinus fruiting bodies as a source 
of anticancer agents. World Journal of Microbiology & 
Biotechnology, 32(9), 151.
https://doi.org/10.1007/s11274-016-2114-4 

Pöder, R., & Peintner, U. (1999). Laxatives and the Ice Man. 
Lancet (London, England), 353(9156), 926.
https://doi.org/10.1016/S0140-6736(05)75032-7 

Reis, F. S., Pereira, E., Barros, L., Sousa, M. J., Martins, A., & 
Ferreira, I. C. (2011). Biomolecule profiles in inedible 
wild mushrooms with antioxidant value. Molecules 
(Basel, Switzerland), 16(6), 4328–4338.
https://doi.org/10.3390/molecules16064328 

Rutalek, R. (2002). Ethnomykologie – Eine Übersicht. 
Österreichische Zeitschrift für Pilzkunde, 11, 79–94.

Sari, M., Toepler, K., Roth, C., Teusch, N., & Hambitzer, R. 
(2020). The birch bracket medicinal mushroom, 
Fomitopsis betulina (Agaricomycetes) – bioactive source 
for beta-glucan fraction with tumor cell migration 
blocking ability. International Journal of Medicinal 
Mushrooms, 22(1), 1–13.
https://doi.org/10.1615/IntJMedMushrooms.2019033291 

Schlegel, B., Luhmann, U., Härtl, A., & Gräfe, U. (2000). 
Piptamine, a new antibiotic produced by Piptoporus 
betulinus Lu 9-1. The Journal of Antibiotics, 53(9), 973–
974. https://doi.org/10.7164/antibiotics.53.973 

Seo, D. J., & Choi, C. (2021). Antiviral bioactive compounds 
of mushrooms and their antiviral mechanisms: A review. 
Viruses, 13(2), 350.
https://doi.org/10.3390/v13020350 

Stajić, M., Vukojević, J., Knežević, A., Laušević, S. D., & 
Milovanović, I. (2013). Antioxidant protective effects 
of mushroom metabolites. Current Topics in Medicinal 
Chemistry, 13(21), 2660–2676.
https://doi.org/10.2174/15680266113136660192 

Sulkowska-Ziaja, K., Muszynska, B., Motyl, P., Pasko, P., & 
Ekiert, H. (2012). Phenolic compounds and antioxidant 

activity in some species of polyporoid mushrooms from 
Poland. International Journal of Medicinal Mushrooms, 
14(4), 385–393.
https://doi.org/10.1615/intjmedmushr.v14.i4.60 

Sułkowska-Ziaja, K., Szewczyk, A., Galanty, A., Gdula-
Argasińska, J., & Muszyńska, B. (2018). Chemical 
composition and biological activity of extracts from 
fruiting bodies and mycelial cultures of Fomitopsis 
betulina. Molecular Biology Reports, 45(6), 2535–2544. 
https://doi.org/10.1007/s11033-018-4420-4

Sun, L. R., Zhou, W., Zhang, H. M., Guo, Q. S., Yang, W., Li, B. 
J., Sun, Z. H., Gao, S. H., & Cui, R. J. (2019). Modulation 
of Multiple Signaling Pathways of the Plant-Derived 
Natural Products in Cancer. Frontiers in Oncology, 9, 
1153. https://doi.org/10.3389/fonc.2019.01153 

Sun, X., Zhao, X.-H., & Bao, H.-Y. (2012). Antitumor active 
constituent in fruiting body of Fomitopsis pinicola. 
Shizhen Guoyi Guoyao, 23, 1634–1637.

Thoen, D. (1982). Usage et legendes lies aux polypores. BSMF, 
98(3), 289–318.

Tohtahon, Z., Xue, J., Han, J., Liu, Y., Hua, H., & Yuan, T. (2017). 
Cytotoxic lanostane triterpenoids from the fruiting 
bodies of Piptoporus betulinus. Phytochemistry, 143, 
98–103.
https://doi.org/10.1016/j.phytochem.2017.07.013 

Utzig, J. S. Z. (1957). Wpływ trójterpenów zawartych w 
żagwi brzozowej – Polyporus betulinus na guzy. Stickera 
MedWet, 8, 481–484.

Vannucci, L., Krizan, J., Sima, P., Stakheev, D., Caja, F., Rajsiglova, 
L., Horak, V., & Saieh, M. (2013). Immunostimulatory 
properties and antitumor activities of glucans (Review). 
International Journal of Oncology, 43(2), 357–364. 
https://doi.org/10.3892/ijo.2013.1974 

Vunduk, J., Klaus, A., Kozarski, M., Petrovic, P., Zizak, Z., 
Niksic, M., & Van Griensven, L. J. (2015). Did the iceman 
know better? Screening of the medicinal properties 
of the birch polypore medicinal mushroom, Piptoporus 
betulinus (Higher Basidiomycetes). International 
Journal of Medicinal Mushrooms, 17(12), 1113–1125.
https://doi.org/10.1615/intjmedmushrooms.v17.i12.10 

Wangun, H. V., Berg, A., Hertel, W., Nkengfack, A. E., & 
Hertweck, C. (2004). Anti-inflammatory and anti-
hyaluronate lyase activities of lanostanoids from 
Piptoporus betulinus. The Journal of Antibiotics, 57(11), 
755–758. https://doi.org/10.7164/antibiotics.57.755 

Wasson, R. G. (1969). Soma: Divine Mushroom of Immortality. 
Harcourt, Brace & World, New York, USA.

Wiater, A., Paduch, R., Pleszczyńska, M., Próchniak, K., Choma, 
A., Kandefer-Szerszeń, M., & Szczodrak, J. (2011). 
α-(1 → 3)-D-glucans from fruiting bodies of selected 
macromycetes fungi and the biological activity of their 
carboxymethylated products. Biotechnology Letters, 
33(4), 787–795.
https://doi.org/10.1007/s10529-010-0502-7 

Wong, J. H., Ng, T. B., Chan, H. H. L., Liu, Q., Man, G. C. W., Zhang, 
C. Z., Guan, S., Ng, C. C. W., Fang, E. F., Wang, H., Liu, F., 
Ye, X., Rolka, K., Naude, R., Zhao, S., Sha, O., Li, C., & Xia, 

http://www.uniag.sk
https://doi.org/10.1017/S0953756298006546
https://doi.org/10.1007/s11274-017-2247-0
https://doi.org/10.1007/s11274-016-2114-4
https://doi.org/10.1007/s11274-016-2114-4
https://doi.org/10.1016/S0140-6736
https://doi.org/10.3390/molecules16064328
https://doi.org/10.1615/IntJMedMushrooms.2019033291
https://doi.org/10.7164/antibiotics.53.973
https://doi.org/10.3390/v13020350
https://doi.org/10.2174/15680266113136660192
https://doi.org/10.1615/intjmedmushr.v14.i4.60
https://doi.org/10.1007/s11033-018-4420-4
https://doi.org/10.3389/fonc.2019.01153
https://doi.org/10.1016/j.phytochem.2017.07.013
https://doi.org/10.3892/ijo.2013.1974
https://doi.org/10.1615/intjmedmushrooms.v17.i12.10
https://doi.org/10.7164/antibiotics.57.755
https://doi.org/10.1007/s10529-010-0502-7


ISSN 2585-8246– 103 –

Agrobiodivers Improv Nutr Health Life Qual, 9, 2025(1): 93–103

Slovak University of Agriculture in Nitra
www.uniag.sk

L. (2020). Mushroom extracts and compounds with
suppressive action on breast cancer: evidence from
studies using cultured cancer cells, tumor-bearing
animals, and clinical trials. Applied microbiology
Microbiology and Biotechnology, 104(11), 4675–4703.
https://doi.org/10.1007/s00253-020-10476-4

Xu, X., Wu, Y., & Chen, H. (2011)a. Comparative antioxidative 
characteristics of polysaccharide-enriched extracts from 
natural sclerotia and cultured mycelia in submerged 
fermentation of Inonotus obliquus. Food Chemistry, 127, 
74–79.
https://doi.org/10.1016/j.foodchem.2010.12.090 

Xu, X., Yan, H., Chen, J., & Zhang, X. (2011)b. Bioactive proteins 
from mushrooms. Biotechnology Advances, 29(6), 
667–674.
https://doi.org/10.1016/j.biotechadv.2011.05.003 

Yadav, V. R., Prasad, S., Sung, B., Kannappan, R., & Aggarwal, 
B. B. (2010). Targeting Inflammatory Pathways by 
Triterpenoids for Prevention and Treatment of Cancer. 
Toxins, 2(10), 2428–2466.
https://doi.org/10.3390/toxins2102428 

Zandi, P., & Schnug, E. (2022). Reactive oxygen species, 
antioxidant responses and implications from a microbial 
modulation perspective. Biology, 11(2), 155.
https://doi.org/10.3390/biology11020155 

Zhang, Y., Zhao, Y., Cui, H., Cao, C., Guo, J., & Liu, S. (2011). 
Comparison of hypoglycemic activity of fermented 
mushroom of Inonotus obliquus rich in vanadium and 
wild-growing I. obliquus. Biological Trace Element 
Research, 144(1–-3), 1351–1357.
https://doi.org/10.1007/s12011-011-9043-8 

Zhao, S., Gao, Q., Rong, C., Wang, S., Zhao, Z., Liu, Y., & 
Xu, J. (2020). immunomodulatory effects of edible 
and medicinal mushrooms and their bioactive 
immunoregulatory products. Journal of Fungi (Basel, 
Switzerland), 6(4), 269.
https://doi.org/10.3390/jof6040269 

Zhong, X., Wang, G., Li, F., Fang, S., Zhou, S., Ishiwata, A., 
Tonevitsky, A. G., Shkurnikov, M., Cai, H., & Ding, F. 
(2023). Immunomodulatory effect and biological 
significance of β-glucans. Pharmaceutics, 15(6), 1615. 
https://doi.org/10.3390/pharmaceutics15061615 

Zughaibi, T. A., Suhail, M., Tarique, M., & Tabrez, S. (2021). 
Targeting PI3K/Akt/mTOR pathway by different 
flavonoids: A cancer chemopreventive approach. 
International Journal of Molecular Sciences, 22(22), 
12455. https://doi.org/10.3390/ijms222212455 

http://www.uniag.sk
https://doi.org/10.1007/s00253-020-10476-4
https://doi.org/10.1016/j.foodchem.2010.12.090
https://doi.org/10.1016/j.biotechadv.2011.05.003
https://doi.org/10.3390/toxins2102428
https://doi.org/10.3390/biology11020155
https://doi.org/10.1007/s12011-011-9043-8
https://doi.org/10.3390/jof6040269
https://doi.org/10.3390/pharmaceutics15061615
https://doi.org/10.3390/ijms222212455

