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Abstract

Mushrooms are non-photosynthetic organisms produced as distinctive spore bearing fruiting bodies of
filamentous macro-fungi. More than 14,000 mushroom species have been recognized, of which around
2,200 are edible. Scientists have extensively studied the extracts of different mushroom fruit bodies over
the past few decades to identify the biologically active medicinal and nutraceutical components having
different health benefits. Mushroom is also considered a functional food owing to the presence of low-fat
and high-fiber contents useful in maintaining metabolic health. An expansive patent search since 2019 was
conducted to review the information on mushrooms and their bioactive constituents using multiple patent
databases. This review aims to highlight the pharmacological effects and potential therapeutic implications
of mushroom bioactive substances as published in patent literature. Such information would assist
researchers to explore the detailed processes and interactions involved by which the mushroom chemical
components exert different medicinal properties, thereby increasing their credibility in clinical
applications.
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Introduction

Mushrooms are the reproductive structure produced by some fungi, and are a highly preferred component
in next-generation low-caloric functional foods, as value-added products, nutraceuticals, and dietary fibers.
Although more than 10,000 varieties of mushrooms are identified, only around 2,000 are known to be
edible [1]. Mushrooms have long been known for their use in the traditional medicine in many countries.
The Ganoderma variety has been a commonly used constituent in traditional Chinese medicine for its
restorative effects. While countries like China, Japan, and South Korea are considered the homeland for
cultivating medicinal mushroom varieties, more recently, North American companies are also establishing
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large-scale mushroom cultivation facilities with newer extraction and formulation techniques to meet the
rising awareness and adoption of Eastern herbal medicines among consumers in the West. According to a
recent study, per capita consumption of mushrooms is very low in India compared to the rest of the world,
making India a potential market for mushroom production and expansion [2]. According to Coherent
Market Insights, the global market for medicinal mushrooms is projected to reach 59.41 billion by 2031, at
a compounded annual growth rate of 8.2% in the next 6 years [3].

The worldwide popularity of mushroom-based commodities is increasing due to their health benefits,
low production costs, and improved technologies. Medicinal mushrooms, characterized by their high
content of biologically active compounds, have great potential in the design of innovative new-generation
functional foods and medicinal formulations, as reported in a recent review article. The abundance of
polysaccharides, amino acids, polyphenols, alkaloids, vitamins, eritadenine, and sterols in medicinal
mushrooms contributes to improving immunity, regulating metabolism, and maintaining the overall health
and well-being of the body [4]. These secondary metabolites are also reported for a wide range of
pharmacological activities being anti-allergic, anti-microbial, anti-inflammatory, anti-hyperlipidemia,
osteoprotective and many more [5]. The antioxidants in mushrooms are thought to mitigate the risk of
developing hypertension, metabolic disorders, and even more serious conditions like Alzheimer’s, heart
disease, and diabetes. Mushroom polysaccharides and other secondary metabolites are reported to be
crucial for anti-tumor activities [6]. It is suggested that the total metabolite extract of Ganoderma
applanatum exerts apoptotic anti-tumor properties and can provide promising bioactives as alternative or
co-anticancer medications [7]. Another study has shown the potential of Lentinula edodes butanol extract as
an anti-bacterial drug that can overcome drug resistance [8]. Mushroom-derived compounds have been
presently subjected to different stages of clinical studies, and are widely and effectively used in Asia to treat
various cancers and other conditions. Detailed mechanistic study of their effects on the human organism,
and their long-term clinical studies are needed to confirm their nutraceutical effects, safety, and dosage [9].
Besides the benefits of mushrooms in the health sector, new applications of fungal biomass and composite
materials in the packaging, textile, leather, and automotive industries are also reported in a patent survey
covering the time period 2009-2018 [10].

With this background, we aim to review the patent literature claiming mushrooms and/or their
pharmacologically active bio-constituents in conjunction with the recently published non-patent literature
to get an overview of the medicinal potential of mushrooms offering various therapeutic uses.
Pharmacological and chemical studies of the bioactive constituents can result in the confirmation of hit
molecules and further contribute to chemical lead generation for targeting various illnesses.

Areas covered: Based on an examination of the patents released between January 2019 and December
2024, this review outlines the current knowledge and advancements made in the field of medicinal
mushrooms as bioactive/extracts in pharmaceutical formulations.

Method and scope

Patent search strategies were developed using the generic term “mushroom”, and different synonyms,
scientific and common names as key terms and concepts in combination with Cooperative Patent
Classification (CPC) codes related to this technical area. The search strategies were executed, and patents
were retrieved and analyzed using various free and paid databases such as Questel Orbit, Chemical
Abstracts, Clarivate Analytics, Google Scholar, and Espacenet. Combining hits and de-duplication of around
2,000 unique patent families naming mushrooms and limiting the data to the last six years (earliest
publication date 2019-2024) yielded around a thousand patents. Further critical review identified five
hundred and thirteen patent documents focusing primarily on mushrooms, of which a major cluster of
three hundred and thirty-four patents claim the use of mushroom extract and/or its bioactive constituents
for different pharmaceutical applications. Fifty patents claim different processes for the cultivation of
mushrooms. While thirty-seven patents mention the application of mushrooms in cosmeceuticals, another
ninety-two patents mention their application in food and nutraceuticals. The larger cluster of three
hundred and thirty-four patents disclosing mushrooms in pharmaceuticals is further categorized based on
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the formulation type, comprising mushroom extract and/or bioactive constituent as a single ingredient or
in polyherbal composition. Figure 1 shows the technology catalog for the patent clusters created using
Prisma Flow Diagram [11]. The count of patents is rounded up/down for the larger result sets retrieved
during the search period.

Identification of new studies via databases
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Figure 1. Technology catalog. Adapted from [11]. © Author(s) (or their employer(s)) 2019. CC BY.

Data inclusion and exclusion criteria

This review outlines the current knowledge from the one hundred and thirty-three patent literature
centering on the pharmacological potential of mushrooms, including as a single component—
extract/powder (51) and/or bioactive ingredient (32) or multiple spp. (35), or in a polyherbal formulation
comprising less than or equal to five other herbs (15).

Patents pertaining to methods of mushroom cultivation and extraction, non-therapeutic usage, such as
methods of isolating bioactive compounds from mushroom extracts for cosmeceuticals, food, and
nutraceuticals, are not included in the scope of this review. A large set of two hundred and one patents,
mostly claiming polyherbal formulations comprising six or more other herbs along with a mushroom
and/or its bioactive constituent, is not included in the scope of this review. The majority of such patents
either broadly disclosed mushrooms as only an optional ingredient in the pharmaceutical composition, or
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claimed the therapeutic activity arising particularly from an active ingredient in the composition other than
mushrooms. A few patent documents disclosing endophytic fungi are not included in the scope of this
review.

Results and discussion—data analysis

The priority country-wise distribution of the one hundred and thirty-three technical inventions disclosed in
the patents is shown in Figure 2. An increasing patenting activity trend from the year 2018 onwards
suggests developing research interest in the field pertaining to the use of mushroom components as
therapeutic agents. The number of patents filed in 2024 would be incompletely represented due to the
processing lag, since patent applications are published only after a period of 18 months from the date of
filing. The global distribution of the one hundred and thirty-three patents with respect to the priority
countries indicates that Korea has the highest number of patent filings (43), followed by China (39), the
USA (27), and Japan (9) (Figure 2). While Australia has four patents, India has three patents, Canada,
Indonesia, and Italy have two patents each, Thailand and Latvia have a single patent filing. Priority
countries for the Patent Cooperation Treaty (PCT) (16) and European (1) filings have been considered for
the analysis.
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Figure 2. Priority country-wise family distribution of patents.

A critical review and thorough analysis of the shortlisted one hundred and thirty-three patents
focusing on the use of mushroom extract and/or its bioactive component for therapeutic applications is
conducted and segregated into fourteen therapeutic clusters based on the claimed therapeutic condition
and mushroom variety, as shown in Figure 3. A single patent mentioning the treatment of any specific
medical condition, or patents claiming the cure of more than one type of illness using mushrooms, are
clustered as a “Miscellaneous” category. The analysis reveals that mushroom extracts, powder/residues,
and/or the bioactive constituents are either applicable as a single active ingredient in a mono-herbal
formulation, or used in synergy with other herbs or bioactive constituents in a polyherbal formulation for
the healing of different medical conditions. While the majority of twenty-four inventions have focused on
the use of mushrooms for addressing different types of cancers, a significant number of fifteen and sixteen
patents have also disclosed their use for preventing and treating various infections and inflammation,
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respectively. The data also reflects that the Ganoderma mushroom variety has been most commonly
claimed for its use in medicinal formulations, followed by the Phellinus genus. Mushroom stacking by
combining multiple mushroom species has also been extensively exploited for the treatment of diseases like
cancer and neurodegenerative disorders, leveraging the synergistic interaction of the unique health
benefits of each species. A detailed discussion is included in the following sections.

AN |

wh

L7

Count of Patents
o

[ =1

Disease Name

B Agaricus

= Antrodia

= Auricularia
Bokrveong

B Ceriporia

B Daedaliea

8 Flammulina

B Ganoderma

u Helisium

EInonotus

Blrpex

B Lentinula

u Lentinus

Wolfiporia
Tremella

Sarcodon .
Polyporus 006\ ! Multiple
—I Phellinus o‘;o‘ Panus
Multiple (0 # Phellinus
Lentinus

& Plenrotus

ENorchella

Irpex <‘°
Helisium (o = Polyporus

Flammulina % Poria
Ceriporia

Auricularia
Agaricus

B Sarcodon
B Sparassis
B Tremella
B Volvariella
{ Wolfiporia

Figure 3. Distribution of mushroom varieties across therapeutic conditions.

The shortlisted one hundred and thirty-three patents analyzed herein have disclosed mushrooms
either by their common or scientific names, with or without specifying the species. For uniform
representation, we have mentioned all varieties by scientific names corresponding to the common names as
listed in Table 1.

Table 1. Scientific and common names of mushrooms used in the review.

Sr. No. Genus Species Common name
1 Agaricus bisporus Champignon Mushroom, Cultivated Mushroom, Button Mushroom, Common
Mushroom
blazei Almond Mushroom, Almond Agaricus, Mushroom of The Sun, God’s
brasiliensis M_ushroom, Mushroom of Life, Royal Sun Agaricus, Jisongrong,
Himematsutake
rufotegulis
2 Agrocybe cylindracea Black Poplar Mushroom, Pioppino
3 Cyclocybe aegerita
4 Pholiota
5 Cyclocybe spp. Poplar Fieldcap, Poplar Mushroom, Velvet Pioppini
6 Albatrellus confluens Fused Polypore
spp. Sheep Polypore, Forest Lamb Mushroom
7 Amanita spp. Grisette, Grisette Amanita
8 Antrodia camphorate Stout Camphor
cinnamomea
9 Astraeus asiaticus False Earthstar, A Gasteroid Fungus, Wild Edible Mushroom
auricula
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Table 1. Scientific and common names of mushrooms used in the review. (continued)

Sr. No. Genus Species Common name
10 Auricularia polytricha Wood Ear, Jew’S Ear, Cloud Ear, Jelly Ear, Throat Mushroom
cornea
11 Imleria badia Bay Bolete
12 Polyporus
13 Boletus edulis Cep, Penny Bun, Porcino, Porcini, Hog Mushrooms
14 Calvatia spp. Puffball Mushrooms
15 Cantharellus cibarius Golden Chanterelle, Girolle
16 Caripia spp. Pod Parachute
17 Clitocybe maxima Great Clitocybe, Large Funnel Cap, Large White Clitocybe, Big Cup
Mushroom, Pig Stomach Mushroom, Big Cup Umbrella
18 Psilocybe spp. Magic, Hallucinogenic, Psychedelic, Psychoactive, Sacred, Saint
19 Pluteus Mushrooms, Gilled Mushrooms
20 Pholiotina
21 Panaeolus
22 Inocybe umbrinella
23 Gymnopilus spp.
24 Copelandia
25 Coprinus comatus Lawyer’s Wig
spp. Shaggy Ink Cap, Shaggy Mane
26 Cordyceps bassiana Beauveria Bassiana
cicadicola Yartsa Gunbu, Yarshagumba, Yarchagumba, Yarsagumba, Keera Jhar,
Keeda Jadi, Keeda Ghas, Ghaas Fafoond
gunnii Vegetable Caterpillar
liangshanensis Caterpillar Fungus Chinese Caterpillar Fungus, Yartsa
Gunbu
militaris Orange Cordyceps
27 Coriolus versicolor Turkey Tail, Many-Zoned Polypore
28 Polyporus
29 Trametes
30 Ceriporia lacerata White Rot Fungus
31 Coriolopsis trogii
32 Funalia
33 Trametes
34 Pseudosperma umbrinella
35 Craterellus cornucopioides Black Chanterelle, Black Trumpet, Trumpet of the Dead
36 Cyathus spp. Bird’S Nest Fungi
37 Daedalea dickinsii Daedalea
38 Daldinia concentrica King Alfred’s Cake, Cramp Balls, Coal Fungus
39 Dictyophora indusiata Veiled Lady, Bridal Veil Fungus, Bamboo Mushroom, Long Net Stinkhorn,
40 Phallus indusiatus Crinoline, Stinkhorn Basket
41 Elaphomyces granulatus Deer Truffles
42 Flammulina filiformis Velvet Shank
velutipes
43 Fomes fomentarius Horseshoe Mushroom, Hoof Fungus, Tinder Fungus, Ice Man Fungus
44 Fomitopsis officinalis False Tinder Fungus, Hoof Fungus, Tinder Conk, Tinder Polypore, Ice Man
Fungus
45 Ganoderma applanatum Jannabibulocho
gibbbosum Wood-Decay Fungi
lucidum Reishi, Lingzhi, Varnished Conk, Ling Chih
46 Geastrum spp. Earthstars
47 Grifola frondosa Maitake, Hen-Of-The-Woods, Ram’S Head, Sheep’S Head
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Table 1. Scientific and common names of mushrooms used in the review. (continued)

Sr. No. Genus Species Common name
48 Hericium coralloides Coral Tooth Fungus, Comb Coral Mushroom
erinaceus Lion’S Mane, Yamabushitake, Bearded Tooth Fungus, Bearded Hedgehog
mollifolium
49 Hydnum repandum Sweet Tooth, Pig’'s Trotter, Wood Hedgehog, Hedgehog Mushroom
50 Hypomyces chrysospermus White Moth Mushroom
51 Hypsizygus ulmarius Elm Oyster Mushroom
52 Inonotus obliquus Chaga, Birch Canker Polypore, Clinker Polypore, Birch Conk
53 Irpex lacteus Milk-White Toothed Polypore
54 Lactarius deliciosus Pineflower Mushrooms, Saffron Milk Caps, Red Pine Mushroom
flavidulus Yellowish Milkcap, Yellowish Lactarius
55 Lentinula edodes Shiitake Mushrooms
56 Lentinus spp. Woodcaps, Sawgills
57 Leucopaxillus Leucopaxillus  Arge , White Leucopax, Leucopaxillus
58 Lucid ganoderma Reishi, Varnished Conk, Ling Chih
59 Lyophyllum spp. Fried Chicken Mushroom, Clustered Domecap
60 Marasmius oreades Fairy Ring Mushroom, Scotch Bonnet
61 Morchella esculenta Morel, Yellow Morel, True Morel, Morel Mushroom, Sponge Morel, Guchhi
62 Ophiocordyceps sinensis Chinese Caterpillar Fungus, Yartsa Gunbu
63 Panus rudis Ruddy Panus, Hairy Trumpet
64 Phellinus igniarius Willow Bracket, Fire Sponge, False Tinder Polypore, Punk Ash Polypore,
False Tinder Conk
linteus Meshimakobu, Sanghuang, Sanghwang, Mesima, Black Hoof Mushroom
65 Pholiota nameko Nameko Mushroom, Pholiota Nameko, Butterscotch Mushroom
spp. Shaggy Scalycap, The Shaggy Pholiota, The Scaly Pholiota
66 Pleurotus spp. Oyster Mushroom, Shaggy Scalycap, The Shaggy Pholiota, The Scaly
Pholiota
citrinopileatus ~ Golden Oyster
cornucopiae Branched Oyster Mushroom, Cornucopia Mushroom
djamor Pink Oyster Mushroom
eryngii King Trumpet Mushroom, Rench Horn Mushroom, Eryngi, King Oyster
Mushroom, King Brown Mushroom, Boletus of The Steppes, Trumpet
Royale, Ali‘i Oyster
ostreatus Oyster Fungus, Hiratake, Pearl Oyster Mushroom
pulmonarius Oyster Mushroom, Pollinosis Mushroom, Indian Oyster, Italian Oyster,
Phoenix Mushroom, The Lung Oyster
67 Polyozellus multiplex Blue Chanterelle, Clustered Blue Chanterelle, Black Chanterelle
68 Polyporus umbellatus Umbrella Polypore
69 Poria cocos Fu-Ling, Hoelen, Tuckahoe, Indian Bread, China Root, China Tuckahoe,
Matsuhodo
70 Russula spp. Russula, Brittlegills
71 Sarcodon aspratus Sarcodon, Toothed Hydnoid Fungus
72 Schizophyllum  commune Split-Gill Mushroom, Common Split-Gill
73 Sparassis crispa Cauliflower Fungus, Wood Cauliflower, Cauliflower Mushroom, Zinnia
mushroom
74 Stropharia rugoso- Wine Cap Stropharia, Garden Giant, Burgundy Mushroom, King Stropharia
annulata
75 Suillus placidus Slippery White Bolete
spp. Slippery Jacks, Larch Boletes
76 Termitomyces  spp. Termite Mushrooms
77 Naematelia Syn aurantialba Golden Ear Mushroom, Golden Ear
Tremella
78 Tremella fuciformis Snow Fungus, Snow Ear, Silver Ear Fungus, White Jelly Mushroom, White

Cloud Ears
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Table 1. Scientific and common names of mushrooms used in the review. (continued)

Sr. No. Genus Species Common name
79 Tricholoma bakamatsutake Fool's Matsutake, Baka-Matsutake
caligatum True Booted Knight, Brown Matsutake, False Matsutake
magnivelare American Matsutake, White Matsutake, Ponderosa Mushroom, Pine
Mushroom
matsutake Matsutake Mushroom, Pine Mushroom, Songi (Korea), Song-Koumo, Oak-
Mushroom, Pine-Fungus (China)
terreum Grey Knight, Dirty Tricholoma, Earthy Tricholoma, Mouse Tricholoma
80 Volvariella volvacea Paddy Straw Mushroom, Straw Mushroom, Chinese Mushroom
81 Wolfiporia extensa Hoelen, Poria, Tuckahoe, China Root, Fu Ling, Matsuhodo
82 Xerocomus spp. Suede Bolete, Brown & Yellow Bolete, Boring Brown Bolete, Yellow-

Cracked Bolete

Common genus classification for multiple associated species and vice versa is entered once. Source: https://en.wikipedia.org/
wiki/Edible_mushroom; https://www.mssf.org/cookbook/moreedible.html; https://www.first-nature.com/fungi/index1binom.php.

Anti-cancer activity

Latest reports propose the control of cancerous cell proliferation by mushrooms in the treatment of a
variety of cancers [12]. Medicinal mushrooms have also been approved as an addition to standard cancer
treatments in Japan and China, either alone or combined with radiation or chemotherapy. Varieties such as
Ganoderma lucidum, Trametes versicolor or Coriolus versicolor, L. edodes, and Grifola frondosa are being
studied for their effects on the immune system and on tumor cells. According to a recent report, it is
thought that the polysaccharides (-glucans) in mushrooms strengthen the immune system to fight cancer
[13]. Twenty-four patents were identified that indicate the use of mushrooms and/or their isolated
phytochemicals with anticancer activity. We found that the majority of research on anticancer is carried out
using the Ganoderma variety. An Indian patent assigned to Amala Cancer Research Center Society has
claimed a natural edible chemotherapeutic agent comprising concentrated defatted methanolic extract
from Morchella esculenta exhibiting tumor inhibition of at least 85% per 500 mg/kg body weight treatment
[14]. Pharmaceutical sediments containing ethanol extract of Auricularia polytricha are claimed to decrease
the proliferation and expression of colon cancer cells and effectively inhibit the growth of tumor cells
without any side effects [15]. Two USA patents have claimed the anticancer activity of bioactive compounds
of G. lucidum extract (GLE) and their selective efficacy against breast cancer [16, 17]. In one patent, the
inventor discloses the inclusion of GLE in the range of 100-450 mg per dose in a polyherbal composition.
The B-glucan polysaccharides and triterpenoids in the extract not only promote apoptosis in cancer cells,
but additionally downregulates estrogen-a receptors, cellular migration and nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB) pathway, provides anti-angiogenic effect through down
regulation of vascular endothelial growth factor (VEGF), and inhibits metalloproteinase (MMP-9). Further,
the complex synergistic combination with other constituents (quercetin, Emblica officinalis, indole-3-
carbinol, catechins, Allium sativum) and minerals (iodine, selenium) enables curtailed dosage, avoiding the
possible adverse effects resulting from use of several of the ingredients [16]. In the other patent, structures
of the seven most abundant G. lucidum extracted compounds, and their selective efficacy against triple
negative breast cancer (TNBC), inflammatory breast cancer (IBC), and other human cancer cell types,
including both solid and blood malignancies, are disclosed, thereby confirming their potential as anticancer
agents. While 5,6-dehydroergosterol, a bioactive compound purified from the GLE, was demonstrated as
the single most biologically active compound against IBC models with promising half maximal effective
concentration (ECsy) values in the low micromolar range (SUM-149) and ample therapeutic index in normal
cells (B], HMEC), its sulfonamide derivatives showed improved bioavailability [17]. A Chinese patent has
disclosed an injectable formulation using GLE in a traditional Chinese Shuganning preparation showing an
additive effect in treating breast cancer when combined with 5-fluorouracil (5-FU) [18]. Many inventors
have commonly exploited the synergistic potential of cannabinoids and mushroom-based compositions for
effective cancer treatment. An international application by Cannabotech has claimed the combination of
cannabinoids and multiple mushrooms used as an adjunctive therapy to a conventional therapy for treating
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breast cancer [19]. Another USA patent by Apollon Formularies Plc. has also claimed a composition
comprising aqueous or ethanolic extract of one or more of an edible or medicinal mushroom, and at least
one cannabinoid, along with additional terpenes, and flavonoids for the treatment of various cancer types
[20]. Alvit Lcs Pharma Ltd. has claimed a composition comprising a synergistic combination of medicinal
mushroom extracts such as G. lucidum, or Cordyceps sinensis, and Cannabis derived compound
tetrahydrocannabinol (THC) for treating pancreatic cancer in mammalian subjects [21]. Another
pharmaceutical composition comprising Phellinus linteus derived hispidine as an active ingredient, in
combination with an anticancer agent selected from the group consisting of gemcitabine, gefintip, cisplatin,
paclitaxel, oxaliplatin, and 5-FU in a ratio of 1:(0.004 to 0.02) is reported for treating pancreatic cancer. The
synergistic combination can effectively treat pancreatic cancer through growth inhibition and cell death of
the cancer cells [22]. Qilu University of Technology has claimed a new Inonotus hispidus strain from the wild
Phellinus igniarius rich in various active ingredients such as polysaccharides, polyphenols, flavones, and
triterpenes, and can be useful for preventing and treating cancer [23]. An anticancer pharmaceutical
composition containing a mixture of Coprinus comatus mushroom extract, along with powder of G. lucidum,
L. edodes, and Pleurotus ostreatus varieties is claimed to treat various cancers such as gastric, breast,
uterine, colorectal, pancreatic, and liver cancer by suppressing the growth and spread of cancer cells, and
increasing the activity of T cells with no side effects [24]. Combination therapy comprising Lactobacillus
plantarum strain and herbal medicine comprising powder or extract form of Cordyceps militaris and
Phellinus linteus mushrooms for anticancer activity particularly against colon cancer is claimed [25]. Pure
active ingredients such as Striatal C, Striatal C’, and Striatal D isolated from Cyathus striatus (CBS 126585)
extract are claimed for their use in the treatment of epithelial cell cancer by combined administration with
extracts of other medicinal mushrooms selected from the group consisting of L. edodes, Coprinus, and
Tremella species [26]. Medicinal formulations for cancer treatment comprising either recombinant protein
from Ganoderma microsporum in a dose from 5 pg/mL to 200 pg/mL [27], or betulinic acid derivatives from
Inonotus obliquus mushroom extract are claimed [28]. Two Chinese patents have claimed the anti-liver
cancer potential of mushrooms. The joint application by the two assignees Ganoherb Bio Technology Fujian
Co. Ltd., and Fujian Xianzhilou Biological Science & Technology Co. Ltd. disclosed a composition containing
GLE and sorafenib (SF) in optimal mass concentration ratio of 112.5:4 after considering the damage caused
to liver cancer HepG2 cells, and the attenuating effect on LO2 cells, the CI synergy index such that GLE
effectively improved the sensitivity of SF by a combined synergistic effect [29]. According to the patent
application assigned to Henan University of Traditional Chinese Medicine, a novel bicyclopyrrole aldehyde
compound extracted from L. edodes can act as a new auxiliary in an anti-liver cancer drug composition. The
compound has an in vitro growth inhibitory activity on the liver cancer cell line (SMMC-7721), without any
toxic or side effects on the normal human normal liver cell line HL-7702 [30]. Hunan Wanzhen
Biotechnology Co. Ltd. has filed six patents claiming the application of the polysaccharide selenoside-II and
selenoside-III extracted from P. ostreatus mushroom as anticancer active ingredient in preparation of drug
composition for treating different cancer types. While the polysaccharide selenoside-I1I has been
demonstrated to inhibit the growth of non-small lung adenocarcinoma cells [31], polysaccharide
selenoside-III inhibits the growth of liver cancer cells [32], colon cancer cells [33], breast cancer cells [34],
kills gastric [35] and prostate cancer cells [36]. Both polysaccharides can reduce toxic side effects while
promoting the metabolism and proliferation of normal cells. In another Chinese patent an effective
component of P. igniarius mycelia concentrated solution has been claimed for resisting lung cancer cell
proliferation on the human lung cancer A549 cell line [37].

The distribution of mushroom varieties for various anticancer applications across the reviewed patent
literature is summarized in Table 2.
Anti-infective activity

Scientists have studied the action of mushrooms as a favourable source of natural antibiotics and biofilm-
preventing agents. Various species such as G. lucidum, Laetiporus sulphureus, and L. edodes, are reported to
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Table 2. Selected research on mushrooms with anticancer activity.

Reference Name of Bioactive Types of cancer Biological role
mushroom (claimed)
[14] Morchella - Cancer” Inhibits tumor
esculenta
[15] Auricularia - Colon cancer Decreases proliferation, expression of cancer cells
polytricha
[16] Ganoderma B-Glucan polysaccharides; triterpenoids Breast cancer Downregulates estrogen-a-receptors, NF-kB pathway, cellular migration, VEGF
lucidum pathway, inhibits MMP-9, promotes anti-angiogenic effect, apoptosis in cancer
cells
[17] Ganoderma 5,6-Dehydroergosterol Breast cancer Decreases cancer cell viability, induces cell cycle arrest and apoptosis, reduces
lucidum . cell migration, invasion, and key signaling pathways in cancer cells
Ergosterol peroxide
[18] Ganoderma - Breast cancer Synergistic combination with 5-fluorouracil (5-FU)
lucidum

[19]
[20]

[21]
[22]

(23]
[24]

[25]
[26]
[27]

(28]
[29]

[30]

[31]

Multiple species'
Multiple species?

Multiple species®
Pellinus linteus

Phellinus igniarius

Multiple species*

Phellinus linteus,
Cordyceps
bassiana

Multiple species®

Ganoderma
microsporum

Inonotus obliquus

Ganoderma
lucidum

Lentinula edodes

Pleurotus ostreatus

Hispidine

Striatal C, Striatal C’, Striatal D
Immunomodulatory protein

Betulinic acids | and Il

Bicyclic pyrrole aldehyde

[3-ethyl-4-ox0-2,4,5,6-
tetrahydrocyclopenta(c)pyrrole-1-carbaldehyde]

Polysaccharide selenoside-l|
(heteropolysaccharide compound Il modified

Breast cancer
Cancers”

Pancreatic cancer
Pancreatic cancer

Lung cancer
Cancers”

Cancers”
Cancers”
Cancers”

Cancers”
Liver cancer

Liver cancer

Lung cancer

Synergistic combination with cannabinoids, cytotoxic activity

Synergistic combination with cannabinoids induces apoptosis of cancer cells,
inhibits the VEGF pathway, migration, adhesion, or invasion of cancer cells,
prevents angiogenesis of cancer cells, disrupts cancer cell growth, and restores
normal cell cycle in cancer cells

Synergistic combination with THC, decreases IL-6 secretion, immune-stimulator

A synergistic combination with gemcitabine, gefintip, cisplatin, paclitaxel,
oxaliplatin, and 5-FU inhibits the growth of cancer cells

Inhibits the proliferation of human lung cancer A549 cells

Inhibits the proliferation of cancer cells and increases the activity of T cells with
no side effects

A synergistic combination with Lactobacillus plantarum strain inhibits the
proliferation of cancer cells and tumors, and reduces side effects

NA

Induces a specific active immune response of the immune cells against the
tumor cells, enhancing immunogenicity without toxicity

Inhibits cell viability and ATP levels of cancer cells
Synergistic combination with sorafenib inhibits the proliferation of HepG2 cells

Inhibits the proliferation of liver cancer SMMC-7721 cells

Inhibits the growth of non-small lung adenocarcinoma cells

Explor Med. 2025;6:1001357 | https://doi.org/10.37349/emed.2025.1001357

Page 10



Table 2. Selected research on mushrooms with anticancer activity. (continued)

Reference Name of Bioactive Types of cancer Biological role
mushroom (claimed)

with organic selenium)

[32] Polysaccharide selenoside-ll| Liver cancer Apoptosis of HepG2 cells without damaging normal hepatocytes
[33] 53?;%?9";3’52‘;?2;3% compound Il modified 410 cancer Apoptosis of HCT116 cells without damaging the normal colon cell line
[34] Breast cancer Apoptosis of MCF-7 cells without damage to normal breast cells
astric cancer poptosis o cells without damage to normal cells
[35] Gastri Apoptosis of MGC803 cells without d t I cell
rostate cancer poptosis o -3 cells without damage to normal cells
[36] P t Apoptosis of PC-3 cells without d t | cell
[37] Phellinus igniarius - Cancer Inhibiting the proliferation of lung cancer A549 cells

*: Cancer type is not specifically claimed; #: includes one or more from the list of cancers: lung, breast, brain, oral, esophageal, stomach, gastric, glioma, colon, liver, cervical, bladder, uterine,
colorectal, pancreatic, prostate, cutaneous, ovarian, gallbladder, biliary tract, thyroid, laryngeal, acute myeloid leukemia, neuroblastoma, retinoblastoma, melanoma, etc. 1: A. bisporus, G.
lucidum, G. frondosa, L. edodes, T. versicolor; 2: A. blazei, A. confluens, A. camphorate, B. badius, C. maxima, C. militaris, C. sinensis, C. liangshanensis, C. gunnii, C. cicadicola, F. velutipes,
F. fomentarius, F. trogii, G. lucidum, G. fondosa, H. erinaceus, I. umbrinella, I. olbiquus, L. flavidulus, L. edodes, P. linteus, P. ostreatus, S. commune, S. placidus, or T. versicolor; 3: G. lucidum,
C. sinensis, G. frondosa, T. versicolor, C. versicolor, I. obliquus, L. edodes, A. blazei; 4: C. comatus, L. edodes, G. lucidum, P. ostreatus; 5: Cyathus striatus, L. edodes, Coprinus spp., Tremella
spp. IL-6: interleukin-6; NF-kB: nuclear factor kappa-light-chain-enhancer of activated B cells; THC: tetrahydrocannabinol; VEGF: vascular endothelial growth factor; ATP: adenosine
triphosphate.

show antimicrobial activity. The methanolic extracts of Fistulina hepatica, Ramaria botrytis, and E. delica, rich in phenolics, are also reported to be effective against
multi-resistant microorganisms such as Proteus mirabilis, methicillin-resistant Staphylococcus aureus (MRSA), and Escherichia coli. While the phenolic compounds
and extract of Agaricus blazei is reported for anti-quorum sensing effect, oral biofilm inhibition is known for L. edodes extract [38]. Mushroom extracts are known
to demonstrate therapeutic effects against pneumonic superinfection and severe lung inflammation that often complicates COVID-19 infection. A recent review at
Oslo University has stated that the antimicrobial properties of A. blazei, Hericium erinaceus, and G. frondosa mushrooms could be used to combat COVID-19 [39].
An in-depth analysis of fifteen patents under this subsection reveals that, along with mushroom extract, specific active compounds such as the P. linteus
polysaccharide also contributes to the antimicrobial effect by the fungus. A USA patent assigned to Mycelium Biotech Assets Ptd. Ltd. has claimed the use of GLE in
the manufacture of a medicament for the treatment of viral, bacterial, fungal, and/or protozoal infections in humans [40]. Pharmaceutical composition comprising
a dry extract of G. lucidum (polysaccharide titer of 50%) is also claimed for the treatment of HPV (papilloma virus) vaginal infections [41]. Bharath Institute of
Higher Education & Research in India has claimed the protection of medicinal composition comprising Ganoderma extract for antifungal and antibiofilm activity
[42]. Studies have been reported for the pharmacological potential of certain mushrooms in managing skin ailments owing to their antioxidant, anti-inflammatory,
and antimicrobial properties [43]. Skin care capsule formulations specifically for the treatment of acne comprising GLE in a 2:1 combination with saw palmetto are
claimed by Bottled Science Ltd. in two patents. This combination reduces the concentration of dihydrotestosterone in the body and additionally, the Ganoderma
sichuanense extract also boosts the immune system [44, 45]. Antiacne medicines from the extraction of L. edodes is also claimed [46]. Another antibacterial
composition containing fruiting body of P. linteus mushroom ethanol extract, and more specifically, L. edodes mushrooms grown by adding fermented sulfur as an
active ingredient, is claimed for broad-spectrum antibacterial activity [47]. Mushroom bioactive compounds such as daedalin A and a derivative isolated from the
mycelium culture solution of Daedalea dickinsii are claimed for use in a pharmaceutical composition for disinfecting helicobacter [48]. Antiviral pharmaceutical
composition with therapeutic agent originated from different edible or medicinal mushroom extracts, along with one or more cannabinoids, is reported in PCT
application filed by Al Pharmaceuticals Jamaica Ltd. [49]. In another PCT application, the assignee has claimed an antiviral composition comprising a polar extract
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of Astraeus asiaticus, along with acyclovir in a weight ratio of 1:1 to 4:1 for use in the treatment of hand,
foot and mouth disease (HFMD) [50]. Grape King Bio. Ltd. has claimed an oral composition comprising
bioactive components of P. linteus mycelia for antiviral efficacy against enterovirus type 71 [51]. Anhui
Senbaigu Pharmaceutical Co. Ltd. and Anhui Medical University jointly owns two patents claiming the use of
P. igniarius for antiviral pharmaceutical composition. In one patent, P. igniarius extract is used alone, and in
the other patent application it is claimed for use in combination with Thesium chinense compound for
preparation of therapeutic drugs for treating corona virus respectively [52, 53]. While the P. igniarius
extract showed significant antiviral effect by inhibiting viral replication, increasing the virus clearance rate
demonstrating very low cytotoxicity on Vero cells [half-maximal inhibitory concentration (ICs;) of water
extract was 3,408.194 pg/mlL, and ICsy of alcohol extract was 1,398.063 pug/mL] [52], the medicinal
composition of P. igniarius and Thesium chinense compound was ideal for treating coronary pneumonia due
to the combined anti-inflammatory effect of Thesium chinense and the immunity regulation effect of P.
igniarius [53]. Oral pharmaceutical compositions comprising P. linteus polysaccharide extracts are also
protected by Taijian Biotech for preventing the bio-membranes of the periodontal bacteria from adhering
to teeth and gums [54]. A PCT application has claimed the antibacterial activity of Sarcodon aspratus extract
in a composition for inhibiting oral diseases such as periodontitis, periimplantitis, dental caries, gingivitis,
halitosis, etc. [55].

Anti-inflammatory activity

Mushroom bioactive metabolites, including peptides, polysaccharides, terpenes, sterols, fatty acids,
phenols, and many other low molecular weight molecules, have been well reviewed for their mechanisms of
action as potent anti-inflammatory agents [56]. It is well demonstrated that these compounds possess a
significant inhibitory effect on the major pro-inflammatory biomarkers and associated signaling pathways
both in the in vivo and in vitro settings [57]. Eight patents under this category were analyzed to evaluate
the anti-inflammatory potential of mushroom materials as claimed by inventors. Therapeutic compositions
comprising extracts or isolates of edible or medicinal mushroom species such as Polyporus umbellatus, and
M. esculenta alone or in combination with other natural extracts are reported for enhancing the anti-
inflammatory function for a variety of different inflammatory diseases including inflammatory bowel and
skin disease, retinitis, gastritis, hepatitis, enteritis, arthritis, tonsillitis, laryngopharyngitis, bronchitis,
pneumonia, pancreatitis and nephritis [58, 59]. The polyherbal composition comprising P. umbellatus water
extract exhibited a high inhibitory effect against nitric oxide and the catalyzing enzymes inducible nitric
oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) [58]. Another patent has claimed the anti-
inflammatory action of M. esculenta extract by increasing superoxide dismutase activity, and glutathione
concentration [59]. In another invention, a composition comprising aqueous or ethanolic extract of one or
more edible or medicinal mushrooms along with an extract from Cannabis spp. has been claimed for the
treatment of inflammatory diseases [60]. A Chinese patent has provided an effective method for extracting
L. edodes dregs and its use in medicament showing higher in vitro inhibition of lipopolysaccharide (LPS)-
induced inflammatory response in RAW 264.7 cells [61]. In another invention, a composition is claimed for
treating neuroinflammation which comprises 0.01% to 99.99% of a red ginseng extract cultured from
fermented complex mushroom-grain aged strain obtained by co-cultivating the fermented complex
mushroom-grain ripening strain and red ginseng and extracting them with water, alcohol, or a mixed
solvent [62]. Compounds in medicinal mushrooms have been reported to act in the early inflammatory
phase of wound healing by promoting growth and multiplication of keratinocytes [63]. Two Korean patents
have claimed a pharmaceutical composition comprising extracts of M. esculenta in combination with
bentonite for wound healing [64, 65]. The compositions operate on the immune system by removing
harmful bacteria and restoring the affected areas. In another Chinese application by Zhuhai Weimei
Biotechnology Co. Ltd., a polysaccharide-containing biomedical dressing comprising -glucan and chitosan
from G. lucidum as the key active ingredients, along with glycerol and carbomer as auxiliary, is claimed for
treating burns, and nursing of non-chronic wounds [66].
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Inflammation and skin disorders

Mushrooms are thoroughly researched to identify valuable new drug candidates for skin diseases and
disorders (SDDs) that vary greatly in symptoms and severity [67]. A pharmaceutical composition
comprising a complex extract of Pleurotus cornucopiae and Rehmannia glutinosa as active ingredients is
claimed for treating inflammatory skin diseases. Combination of the complex extract not only reduces nitric
oxide production, but also effectively inhibits the expression of inflammatory cytokines tumor necrosis
factor alpha (TNF-a), interleukin-1 beta (IL-1f), IL-6, prostaglandin E2 (PGE2), iNOS, and COX-2 [68].
Atopic dermatitis (AD) is a persistent inflammatory condition of the skin that often leads to allergic
disorders along with pruritic and eczematous skin lesions. Inherited predisposition, environmental host
factors, bacterial infection, skin barrier dysfunction, and immunological factors appear to play a significant
role in its development. Recent research in herbal medicines, such as the use of C. militaris mushroom
extract in the treatment of AD-like skin lesions is reported for better efficiency and reduced side effects
[69]. Compositions containing composite extracts of Sparassis crispa, C. militaries, and truffles as active
ingredients are claimed in a Korean patent for treatment of AD, pruritus, and inflammation [70]. Patents
claiming a medicinal composition comprising either ganoderic acid or its derivative isolated from an GLE,
or polyozellin or its pharmaceutically acceptable salt isolated from extracts of P. multiplex as active
ingredients is claimed for the prevention and treatment of AD by inhibiting the expression of IL-6,
psoriasin, and concentration of immunoglobulin E (IgE) [total IgE and Dermatophagoides farinae extract
(DFE)-specific IgE] and IgG2a in serum [71, 72]. Psoriasis is a chronic skin inflammatory disease affecting
2-3% of the world’s population, including approximately 0.5-1% of children. It is mainly caused by the
interactions between epidermal keratinocytes, dermal vascular cells, and immunocytes [73]. An individual
inventor has claimed a method for treating or alleviating psoriasis by administering a pharmaceutical
composition comprising an effective amount of an immunomodulatory protein derived from the
Ganoderma genus, or a recombinant or fragment [74]. A Chinese patent application filed by Shanghai Zhina
Biotechnology Co. Ltd. has claimed the preparation of a keratinocyte function protective agent for repairing
skin damage caused by sodium dodecyl sulfate by combining Agaricus bisporus extract with a composition
of wild chrysanthemum, orientalis leaves, and sophora flavescens in 15-40% each, and 10-35% liquorice.
The agent can effectively promote the expression of cell ELOVL1 mRNA in skin, thereby maintaining the
skin barrier function [75].

Inflammatory bowel disease

Inflammatory bowel disease (IBD) is a chronic inflammatory disease that impairs the gastrointestinal tract.
The effects and putative mechanisms of action of various natural polysaccharides, more particularly the
glucans harvested from mushrooms, are being researched for the treatment of IBD [76]. Two patents
claiming pharmaceutical compositions comprising mushroom extracts for treating IBD were identified
within this study period. A Korean patent has claimed the use of P. linteus extract in 0.01-1 g/L for treating
IBD, by promoting the growth of intestinal beneficial Lactobacillus spp., and inhibiting the growth of
intestinal harmful bacteria [77]. In another patent, mushroom bioactive components such as psilocybin,
psilocin, along with extracts from Hericium mushroom, together with one or more cannabinoids, are
claimed for treating irritable bowel syndrome (IBS). The inventors have further demonstrated that
psilocybin, alone or in combination, provides superior benefits in treating the 5-hydroxytryptamine
serotonin 2A (5-HT2A) receptor-associated IBS [78].

Immuno-enhancer

The amelioration and treatment of diseases associated with immune dysfunction, such as
immunodeficiency and/or autoimmunity, pose significant medical and economic challenges. Mushrooms
and/or their extracts have been advocated as potential immune modulators for immunotherapy and
autoimmunity [79]. Mushroom constituents, including polysaccharides (3-glucans), triterpenoids, lectins,
and proteins, are also reported to manifest immunomodulatory effects in the treatment of immune
conditions such as multiple sclerosis (MS), rheumatoid arthritis (RA), and thyroid conditions [80]. An
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individual inventor has claimed a method for extracting active ingredients from mushroom species
including Fomes fomentarius, G. lucidum, and dried L. edodes and further developed a formulation for
enhancing immune function while minimizing side effects [81]. In another invention, a composition
comprising a complex of red ginseng extract and L. edodes mycelium extract is claimed for enhancing
immunity by inducing activity of B cells or T cells which are responsible for the immune system, and
promoting antibody formation in splenocytes [82]. Integria Healthcare has claimed a composition
comprising stacked mushroom extracts from G. lucidum, L. edodes, and/or G. frondosa for a combined
synergistic effect in the treatment of conditions associated with immunological dysfunction by
immunostimulation of one or more pro-inflammatory cytokines [83]. A therapeutic composition
comprising the bioactive compounds styrylpyrone, thyryllorone (hypholomine B), and davarialactone
derived from P. linteus (KACC93057P) is claimed for enhancing immune function by manifesting the
expression of IL-6 and TNF-a of macrophages in vitro [84]. Chinese patents have also emphasized the
activity of mushroom-derived polysaccharides in pharmaceutical products for enhancing immunity. In one
patent the inventors have shown the improved immunoregulatory activity of three polysaccharides derived
from A. bisporus namely, microbial polysaccharide (MP), and two high-purity uniform polysaccharides—
polysaccharide MP-1 and MP-2 in recovering the body weight of immunocompromised mice by increasing
spleen and thymus indexes, improving spleen lesion conditions, and enhancing the expression of TNF-q,
NO, and IL-6 in serum of the mice [85]. Similar effect is also claimed in another Chinese patent assigned to
Zhejiang Johncan Biotechnology Co. Ltd., wherein B-glucan component of average molecular weight
32,589-36,584 daltons and total polysaccharide content greater than 95% extracted from G. lucidum is
shown to enhance the immunocompetence of mice by increasing the thymus and the spleen index,
enhancing the NK cell killing activity, and increasing the content of IL-2 and IL-4 in serum [86].

Arthritis

RA is a systemic autoimmune disease that affects 0.5-1.0% of the world’s population, causing chronic
symptoms such as joint swelling, stiffness, and immune senescence, particularly posing increased risk of
disability in the elderly population. Researchers have studied the anti-inflammatory, immunomodulatory,
anti-angiogenic, and osteoprotective effects of G. lucidum polysaccharides on RA [87, 88]. Jeju National
University, Korea, in a recent PCT application, has claimed a composition comprising a supercritical extract
of G. lucidum spores for preventing or treating arthritis [89]. Other assignees have also claimed
pharmaceutical compositions wherein active ingredients from extracts of one or more mushrooms, such as
Wolfiporia extensa, S. aspratus, L. edodes along with other herbal extracts are used for treating RA [90, 91].
The claimed compositions containing the active extracts effectively treat RA by promoting IL-10 or IL-12
secretion, inhibiting proliferation and migration of synoviocyte lines, and inhibiting production of
inflammatory cytokines IL-6, IL-1, TNF-a, C-C motif chemokine ligand 2 (CCL2), and C-X-C motif
chemokine ligand 2 (CXCL2).

Neurodegenerative & mental disorders

Neurodegenerative diseases (ND) are represented by progressive damage to the brain or the nervous
system. Scientific research has proposed the beneficial effects of edible mushrooms in preventing age-based
neuronal dysfunctions such as Parkinson’s and Alzheimer’s diseases. Mushroom species such as G. frondosa,
Lignosus rhinocerotis, H. erinaceus are reported for improving cognitive functions and ND treatments [92].
Grape King Bio. has claimed a pharmaceutical composition prepared by using H. erinaceus mycelium
extract, containing erinacin S as an active ingredient for improving central nervous system myelination
[93]. Synergistic and entourage enhanced combinations of psilocybin from the extract of psychedelic
mushroom Psilocybe cubensis, psychoactive tryptamines, and cannabinoids are also claimed for developing
compositions to treat central nervous system disorders [94]. A similar composition comprising a
combination of major and minor tryptamines from Psilocybe spp., such as psilocybin or a structurally
similar analog, and norbaeocystin, respectively, for treating a neurological or psychological disorder is
claimed by the inventors from the University of Miami [95]. Recent studies have suggested that
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microdosing the hallucinogenic drugs psilocybin and psilocin, belonging to the mushroom genus Psilocybe,
resulted in greater improvements in the mental health of individuals by acting via 5-HTZ2A serotonin
receptors, and can be a new treatment option for depression. While Psilocybin itself is not psychoactive, the
rapidly dephosphorylated derivative psilocin, formed upon ingestion in the mucosa by alkaline
phosphatases and nonspecific esterases, causes the hallucinogenic effect as it is structurally similar and
binds to over 15 human signaling serotonin-related receptors [96, 97]. Optimi Health Corp. has filed two
patents wherein a transdermal pharmaceutical composition comprising psilocybin and psilocin from
Psilocybe mushrooms in deep eutectic solvent is claimed for the treatment of anxiety, depression, and other
mental health conditions [98, 99]. In another patent, the assignee Mydecine Innovations Group Inc. has
claimed a pharmaceutical composition comprising the combination of the serotonin receptor agonist
psychedelic compound psilocybin, along with a suitable uridine 5'-diphospho-glucuronosyltransferase
(UGT) inhibitor for not only inhibiting the metabolic breakdown and clearance of psilocin by
glucuronidation, but also modulating the physiological response of the psychedelic compound in the subject
[100]. Two patents assigned to Korea University Industrial & Academic Collaboration Foundation have
claimed antidepressant compositions containing ethanolic extract of Pleurotus eryngii as an active
ingredient. The extract has been shown to inhibit the binding of serotonin receptors with selective
serotonin reuptake inhibitors in animal models, thereby activating signaling mediated by serotonin
receptors to prevent depression [101, 102]. Pharmaceutical compositions comprising extracts of Poria
cocos or dried Agaricus fruit bodies are also claimed for anti-depression activity [103, 104]. A composition
comprising the bioactive compounds coralloicins A, B, and C isolated from the mushrooms Hericium
coralloides or H. erinaceus for treating depression is claimed by Rembiotics [105]. Antidepressant
compositions comprising serotonergic psychedelics from mushroom species including G. lucidum, H.
erinaceus, C. sinensis, C. militaris, Cordyceps liangshanensis, Cordyceps gunnii, or Cordyceps cicadicola in
combination with cannabinoids extracted from Cannabis sativa have been claimed for the treatment of
psychosis and psychotic disorders [106]. Sichuan Edible Fungi Research Institute has claimed a method for
preparing an enzyme-removed water extract of Flammulina velutipes mushroom containing y-aminobutyric
acid content of 0.15-1%, and its use in the preparation of an antidepressant product [107].

Anti-aging activity

Oxidative stress from reactive oxygen species can disturb the body’s natural mechanisms to fight harmful
free radicals, causing accelerated aging and other medical complications such as ND and a decline in
physiological function. Recent research has shown that the medicinal and edible mushroom species, namely
G. lucidum, H. erinaceus, P. ostreatus, and A. bisporus containing bioactive ingredients such as carbohydrates,
proteins, lipids, and phenolic compounds, possess the potential to combat the adverse impacts of skin aging
while fortifying cellular health [108-110]. Nippon Menard Cosmetic Co. Ltd. has identified a highly safe
supercritical, water and/or organic solvent extract of G. lucidum spores that has an excellent proliferation-
promoting effect on stem cells, and hence can make a significant contribution in the field of anti-aging
[111]. In another three patents, the assignee has demonstrated the neurogenesis, dermal, and
hematopoietic stem cell differentiation action of the supercritical extract of G. lucidum spores which
improves memory and learning associated with aging [112-114]. A Chinese patent jointly filed by Tongling
Jieya Biologic Technology Co. Ltd. and Anhui University has claimed the preparation of Tremella
aurantialba polysaccharide (TAP-W) and its use as a skin care substance that increases the content of skin
collagen, and shows excellent tyrosinase inhibitory activity in ultraviolet-induced pigmentation in mouse
skin [115]. A composition containing combined extracts of P. linteus and Tremella fuciformis in a mass ratio
of (1-4):1 is claimed by Guangzhou EMG Biotech Co. Ltd. for the preparation of skin care products [116].

Musculoskeletal diseases

Pharmaceutical composition containing I. obliquus extract as an active ingredient for treating muscle
diseases has been claimed by the assignee Phytomed. The mushroom ingredient increases the activity of
mammalian target of rapamycin (mTOR), involved in muscle protein synthesis, and has an excellent effect
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in suppressing the mRNA expression of muscle-specific RING finger protein 1 (MuRF1) and atrogin-1,
involved in muscle protein degradation. Additionally, being a natural pharmaceutical product, it can be
safely used without side effects [117]. Grape King Bio. Ltd. has claimed that an extract of a fermented
product of P. linteus and/or its derivative can improve sarcopenia and maintain the amount of muscular
endurance [118]. Several medicinal mushroom genera have been shown to improve bone stability by
influencing ossification, mineralization, and resorption [119]. Pharmaceutical compositions containing
mushroom active ingredients such as P. linteus extract, T. fuciformis product fermented with lactic acid
bacteria, or aqueous Auricularia auricula extract are claimed for preventing osteoporosis [120-122]. The A.
auricular extract is shown to exhibit an anti-osteoporosis effect by simultaneously regulating
differentiation of osteoclasts and osteoblasts involved in osteoporosis. Another pharmaceutical
composition comprising L. edodes mushroom extract derived vitamin D2 as an active ingredient is claimed
for promoting bone formation [123]. Jilin Agricultural University has claimed the method of extracting
bioactive galactomannan from P. ostreatus useful for protecting myoblasts from oxidative damage and
preparing protective muscle cells [124].

Anti-thrombotic activity

Anti-thrombotic attributes of different types of mushrooms have been reviewed, and it is shown that
Ganoderma lucidium, Pleurotus giganteus, and A. auricula-judae possess encouraging anti-thrombotic
activities [125]. Ten patents have claimed a pharmaceutical composition comprising extracts of different
mushrooms, including T. fuciformis, Lentinus strigosus, Ganoderma gibbosum, G. lucidum, L. edodes, and P.
linteus as active ingredients for preventing or treating various thrombotic diseases. In two patents filed
jointly by Kyungpook National University Ind Academic Coop Foundation and Industrial Cooperation
Foundation Jeonbuk National University, the inventors demonstrated that the alcoholic extract of T.
fuciformis mushroom, and 6-hydroxy-2,2-dimethyl-3-chromen isolated from Panus rudis can effectively
treat various thrombotic diseases by inhibiting platelet aggregation and thrombus formation, inhibiting
calcium ion mobilization, platelet granule secretion, while releasing adenosine triphosphate (ATP)
following collagen stimulation [126, 127]. In another four patents, the inventors have claimed
pharmaceutical compositions comprising extracts of mushrooms like G. gibbosum, G. lucidum, L. edodes, and
P. linteus, which exhibit strong antithrombotic and anticoagulant activity by inhibiting thrombosis-related
enzymes, thus improving blood circulation [128-131]. Subcritical water GLE has also been claimed for
promoting the differentiation of a hematopoietic stem cell into a blood cell, thus providing immunity among
the elderly, and preventing hematopoietic diseases such as anemia, neutropenia, and thrombocytopenia
[132]. A. bisporus polysaccharide extract composed of galactose (6-galactose, 2,6-galactose, T-galactose, and
3,6-galactose), T-fucose, 6-mannose, and glucose has been claimed to have an ameliorating effect on
atherosclerosis by reducing the blood fat levels and improving inflammatory response and oxidative stress
as demonstrated in mice [133]. Fujian University of Traditional Chinese Medicine has claimed a polyherbal
pharmaceutical composition comprising 8-14 parts each of Antrodia camphorata, Dilong, and Angelica
dahurica, and 4-8 parts licorice for promoting angiogenesis and treating cerebral apoplexy and ischemic
cerebral stroke [134]. An Indian application filed by Shoolini University of Biotechnology and Management
Sciences has studied the haemostatic properties of wild Irpex lacteus mushroom methanolic extract
showing positive pro-coagulation time and vasoconstriction properties in vitro testing [135].

Lifestyle diseases

Lifestyle-related diseases, primarily hypertension and diabetes has increased remarkably in recent years.
Furthermore, obesity is reported to cause these lifestyle-related diseases to develop and progress
secondarily, and synergistically increase the risk of developing arteriosclerosis. The onset and progression
of these lifestyle-related diseases and metabolic syndrome are closely related to dyslipidemia. Studies show
that polysaccharides derived from the mushrooms P. ostreatus, Schizophyllum commune, Grifola rondosea,
Sclerotium rolfsii, G. lucidum, L. edodes, and Hericium erunaceus have a therapeutic effect against metabolic
syndrome, characterized by obesity, hypertension, and elevated blood sugar levels [136, 137].
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Pharmaceutical composition containing a dry extract of I. obliquus with humic substances (4:1), such as
humic and fulvic acids in a 73:27 weight ratio, is claimed for treating metabolic syndrome [138]. An
additional three patents have also disclosed compositions comprising active mushroom ingredients such as
myecelial culture of I lacteus [139], P. cornucopia [140], and Ceriporia lacerate [141] for the treatment of
metabolic diseases such as diabetes, improving lipid metabolism, and treating obesity. Inventors have
demonstrated that the presence of 35.21% B-glucan, and 44.34% extracellular polysaccharides, based on
the dry weight in mycelial extract of I lacteus (KACC83046BP) reduces blood glucose levels, thus showing
high industrial potential for the development of a natural material-based antidiabetic agent free of adverse
effects. A solid or liquid pharmaceutical formulation comprising mycelia of L. edodes cultured for 5-10 days
in a medium of barley and rice bran mixture is claimed for treating obesity. The inventors have further
demonstrated that the mushroom extract suppressed the increase in liver weight by inhibiting fat
accumulation in liver tissue in obese mouse model [142]. A composition containing an extract of the A.
polytricha strain (KACC93319P) has been claimed to inhibit the differentiation of preadipocytes into
adipocytes, and show excellent anti-obesity activity by inhibiting weight increase due to high fat diet,
visceral fat accumulation, blood glucose level, low-density lipoprotein (LDL) cholesterol, and triglyceride
accumulation [143]. Another PCT application has claimed a composition comprising an aqueous or
ethanolic extract of one or more edible or medicinal mushrooms, along with one or more cannabinoids
derived from ethanolic extract of C. sativa for treating obesity by promoting weight loss [144]. Beijing
University of Chinese Medicine has claimed a traditional medicinal composition comprising chicory root, P.
cocos, and rhizoma smilacis glabrae useful for treating diseases related to lipid metabolism disorders such
as hyperlipidaemia, hypertriglyceridemia and/or low-density lipidaemia, and gastrointestinal dysfunction

such as gastrointestinal absorption disorders, intestinal peristalsis disorders, constipation or diarrhea
[145].

Anti-hepatitis activity

Scientists have examined the liver-protective effects of mushroom compounds to elucidate their role in
hepatitis treatment [146]. Research suggests that tetramic acid-type compound (MCA17-1) from
engineered Calcarisporium arbuscula can act as a potential liver fibrosis inhibitor [147]. More recently,
AHCC, a standardized extract of cultured L. edodes mycelia has been shown to suppress hepatic fibrosis by
inhibition of hepatic stellate cell activation [148]. Six patents claiming the treatment of liver fibrosis using
mushroom material are discussed in this section. Two patents assigned to Cojet Biotech disclose the liver
fibrosis treatment efficacy of the compound 5-methylbenzo[d][1,3]dioxole-4,7-diol (MBDD) derived from
Antrodia cinnamomea extract by decreasing the activity of hepatic stellate cells [148-150]. The Academy of
Military Medical Sciences has disclosed a hepatoprotective traditional Chinese medicine comprising GLE
along with other herbal components that can be used as a vaccine adjuvant or an immunomodulator for
treating liver injury, hepatitis, hepatic fibrosis, hepatic cirrhosis, or liver cancer [151]. Another Chinese
patent has also claimed the use of GLE, spore oil, and polysaccharides in a complex injection formulation for
protecting the liver [152]. A method for treating fatty liver disease caused by the intake of a high-fat diet is
claimed by Novacell Technology Inc. by administering a pharmaceutical composition containing an effective
amount of a powder or a mycelium of the hybrid mushroom Pleurotus spp. (GBN2WP0970) [153]. The
active ingredient shows an excellent triglyceride absorption inhibitory effect without any adverse side
effects. Fujian Agriculture & Forestry University has claimed a simple, economical, large-scale preparation
method of a polypeptide from Volvariella volvacea showing antioxidant activity, hepatoprotective effect,
and good inhibitory effect on alcoholic liver injury concluded through animal experiments [154].

Anti-addictive

Psychedelic-assisted therapy has shown promising results in the treatment for substance use disorders
(SUDs) [155]. A total of three patents are included in this section, which indicate a beneficial effect of
psilocybin-assisted therapy on drug addiction and opioid withdrawal through combined administration of
Psilocybe and Cannabis-derived agents. A topical hydrogel analgesic comprising cannabinoids, menthol, and
an effective amount of the active component psilocybin and/or psilocin extracted from the mushroom
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Psilocybe is claimed for treating drug addiction, particularly opioid addiction [156]. Another patent also
claimed a composition comprising a combination of cannabinoids, terpenoids, herbs, and psychedelic
compounds from a mushroom, such that the combined effect produces a superior therapeutic effect for
alleviating opioid medicinal withdrawal symptoms [157]. A pharmaceutical herbal mixture comprising P.
cocos, along with other herbs for treating alcohol hangover and associated conditions, is also claimed [158].

Pain management

Chronic pain is a major public health concern, primarily managed by conventional therapeutic agents,
including opioid and non-opioid analgesics, which suffer from adverse side effects. Many psychedelic drugs
extracted from mushrooms are being evaluated for their potential pain management activity through direct
serotonin receptor agonism, anti-inflammatory effects, or synaptic changes [159]. Three patents are
identified under this section that disclose the use of mushroom content in controlling different types of
pain. A controlled release delivery system comprising polymeric spheres having the psychedelic
compounds psilocybin and psilocin from the mushroom Psilocybe, encapsulated in a polymeric fibrous
membrane, is claimed for treating fibromyalgia, chronic musculoskeletal pain, and other neuropathic pain
[160]. The controlled release delivery system utilizing psychedelics is not only safe, but precise in the
dosage and operates in a sustained and controlled dose manner. Another patent has claimed the use of
Agaricus extract in a pharmaceutical composition for treating intestinal pain when administered at a dose
of 60 mg-2.5 g daily via oral route [161]. Inventors have also claimed the use of Wolfiporia extract in
developing a traditional Chinese medicinal composition for treating primary and secondary dysmenorrhea
in women [162].

Spleen strength enhancer

Mushrooms containing bioactive ingredients have been claimed to modulate and increase spleen strength.
Two Chinese patents have disclosed the use of Wolfiporia and P. cocos extract for regulating spleen
deficiency [163, 164].

Respiratory disorders

Scientific studies have demonstrated the positive effects of G. lucidum spore and fruiting body on tobacco
smoke carcinogen-induced lung toxicity and carcinogenesis [165]. In this section, two patents are
highlighted for the same effect. In one patent, a method of treating chronic obstructive pulmonary disease
(COPD) caused by emphysema or chronic bronchitis using a pharmaceutical composition comprising dried
P. cocos in 20-80 wt% is claimed [166]. Another Chinese patent has claimed a composition comprising GLE
including 8-20% triterpenes, and G. lucidum spore powder for inhibiting pulmonary fibrosis caused by
radiation lung injury [167].

Miscellaneous patents

A single patent claiming a product comprising extracts or active compounds from one or more mushroom
types or a method for the treatment of any specific condition or multiple conditions is grouped under this
category. Nine patents [168-176] identified in this category were analyzed in Table 3 on the basis of the
mushroom genus, extract or bioactive involved, and biological role per type of disorder as disclosed in the
retrieved patents.

Table 3. Miscellaneous patents.

Reference Name of  Bioactive/Extract Disease Biological role Formulation type
mushroom name(s)
[168] Psilocybe  Psilocybin, psilocin, 4- Traumatic Pathological conversion of  Controlled release
spp. hydroxytryptamine, [3-(2- events: post- short-term memory (STM) to fixed-dose
dimethylaminoethyl)-1H-indol-4- traumatic long-term memory (LTM) by combination with a
yl] dihydrogen phosphate, 4- stress disorder promoting disengagement  cannabis-derived
hydroxy-N,N-dimethyl- (PTSD) of pathological LTM by a agentas a
tryptamine, 4-hydroxy-N,N,N- chemical agonist/antagonist capsule/multi-layer
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Table 3. Miscellaneous patents. (continued)

Reference Name of  Bioactive/Extract Disease Biological role Formulation type
mushroom name(s)
trimethyltryptamine, [3-(2- Nicotine or shock tablet

methylaminoethyl)-1H-indol-4-  alcohol
yl] dihydrogen phosphate, [3-(2- addiction,
trimethylaminoethyl)-1H-indol-4- anorexia,

yl] dihydrogen phosphate depression
[169] Multiple Extract Burns Promotes cell regeneration  Ointment, dressing
species’ by increasing the amount of agent, patch
collagen production, exhibits
stronger antibacterial
activity
[170] Sparassis  Extract Dry eye Promotes hyaluronic acid Administered by oral
crispa syndrome production and/or secretion route or as an eye
in ocular keratocytes drop
[171] Multiple Extract Bladder Uropathic, analgesic, anti-  Administered by
species’ disease inflammatory oral, nasal,
intravenous, intra-
arterial,
intramuscular,
intraperitoneal,
ocular, buccal,
vaginal, rectal,
subcutaneous,
transdermal routes
[172] Poria Extract Chronic renal ~ Reduction of blood Granule, capsule,
€ocos failure creatinine and urea nitrogen tablet, pill, or oral
reduces the expression of liquid
Bax and Caspase-3 and up-
regulates the expression of
bcl-2, inhibiting apoptosis
and delaying the
progression of CRF
[173] Agaricus  Extract Benign Inhibits 5-a-reductase, Administered by
blazei prostatic catalase, superoxide oral, parenteral,
hyperplasia dismutase, interleukin-1 inhalation,
(BPH) beta, cyclooxygenase-2 transplantation, and
transdermal routes
[174] Multiple Extract Keloid scar Inhibit the proliferation of Liposome structure
species® keloid fibroblasts to with lipid layer and
eliminate or reduce the composite core layer
symptoms of keloids or
eliminate scar tissue
[175] Multiple Extract Post-acute Moderating a hyper immune Oral administration
species’ sequelae response, destroying and
severe acute removing the SARS-CoV-2
respiratory spike protein from the gut
syndrome and body, detoxifying the

coronavirus 2 body and the brain,

(SARS-CoV-2) replenishing key nutrients,

infection mitigating depression and

(PASC) anxiety, and a regimen of
physical and mental
exercise

[176] Wolfiporia  Extract Insomnia Promotes sleep, improves Granule, ointment,
extensa sleep quality, and prolongs  oral liquid, capsule,
sleep time tablet, or pill

1: C. sinensis, H. erinaceus; 2: Agaricus spp., Agrocybe spp., Albatrellus spp., Amanita spp., Antrodia spp., Auricularia spp.,
Boletus spp., Calvatia spp., Cantharellus spp., Caripia spp., Clitocybe spp., Cordyceps spp., Cyathus spp., Daldinia spp.,
Dictyophora spp., Elaphomyces spp., Flammulina spp., Pomes spp., Fomitopsis spp., Funalia spp., Ganoderma spp., Geastrum
spp., Grifola spp., Hericium spp., Inocybe spp., Inonotus spp., Lactarius spp., Lentinus spp., Lentinula spp., Leucopaxillus spp.,
Lyophyllum spp., Phellinus spp., Pholiota spp., and Pleurotus spp.; 3: F. velutipes, T. fuciformis; 4: I. obliquus, T. versicolor, H.
erinaceus.

Conclusion & opinion

In recent years, edible and medicinal mushrooms have been extensively researched for pharmaceutical
effectiveness due to the presence of multiple bioactive content. Advanced biotechnology and medicinal
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chemistry have played a significant role in providing techniques for the isolation of the active components
from mushroom extracts and exploring them in drug development. However, such efforts are heavily
dependent on improved methods of cultivation for the smooth and continuous availability of the raw
materials. The outcomes of the researchers can be protected by intellectual property rights. An increasing
trend in the number of patents has been observed related to the use of mushroom components for treating
different medical conditions. Reviewing such patents can provide great value and an increased return to
companies on the investment made in developing new medicines. In India, while general methods of
agriculture and horticulture, including mushroom cultivation, are not typically patentable under Section
3(h) of the Patents Act, 1970, patents can be obtained for specific inventions relating to mushrooms, such as
compounds extracted from wild mushrooms or processes for developing formulations comprising
mushrooms. The present study highlights the research findings on the therapeutic use and pharmacological
activities of medicinal mushrooms and their bioactive compounds as disclosed in a selected set of one
hundred and thirty-three patent art. Global trends in patent filing activity reveals that the research is
presently focused in the South Asian countries like Korea, China, and Japan; however, a growing research
interest is also observed in the USA.

The study aims to provide future research directions to the many important unsolved problems related
to identifying mushroom bioactive ingredients and metabolites responsible for the prevention of diseases,
exploring their chemical characterization, mechanism of action for leveraging synergistic combinations
with reduced side effects, developing novel formulations, and integrating them into personalized medicine
approaches. Extensive work has been carried out in the fields of cancer, infectious diseases,
neurodegenerative disorders, inflammation, and the management of lifestyle diseases using various
mushroom species. Our study shows that the Ganoderma and Phellinus genera have been most commonly
claimed for diverse medicinal applications, wherein both the extract and isolated bioactive compounds
have been used. Besides experimenting with the promising anticancer activity of mushroom isolated
chemical substances, inventors have also claimed combination therapies by adding mushroom extracts
with other actives such as Cannabis derived compounds in synergism to achieve superior benefits against
cancer, infection, and other conditions. Some inventors have also evaluated the stacking of extracts or
powders of multiple mushroom species to treat various conditions with an increase in activity alongside
reduced side effects. Modified analogs of the mushroom-derived chemical constituents are also claimed to
improve bioavailability and lower dosage. More recently, recombinant proteins derived from the
Ganoderma genus have been claimed for the treatment of cancer and alleviating psoriasis. Compositions
comprising serotonergic psychedelics such as psilocybin and psilocin from the Psilocybe genus with or
without cannabinoids have been particularly claimed for the treatment of psychotic disorders, depression,
drug addiction, and pain management. Our study has also identified many promising patent applicants
researching in the field of medicinal mushrooms for broad-spectrum pharmacological activities for future
licensing and collaborative partnerships.

In summary, more than twenty-five different genera of mushrooms are reviewed herein for targeting a
range of specific health concerns within the body. As herbal and personalized medicines are becoming the
desired option among patients to address their distress from conventional regimes, we believe that the
insights from this review will help to address these future trends in the field of medicinal mushrooms.
Major challenges may arise in the continuous production of mushroom ingredients in the entire supply
chain, from cultivation to the extraction and preparation of the commercial formulation, as the raw material
is seasonal in nature. Further research and clinical studies, precise monitoring, and regulation of the effects
of mushrooms are needed to confirm their constituent compounds and understand their mechanistic role
before considering them as alternatives to conventional drugs. Investigating the potential role of mushroom
bioactives, both individually and as modified derivatives, either single or in combination with other actives
in a united effect, is believed to provide practical solutions for researchers around the globe to develop
effective medications in the near future, ensuring a high level of safety and bioavailability.
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GLE: Ganoderma lucidum extract

IBC: inflammatory breast cancer
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IBS: irritable bowel syndrome

ICs: half-maximal inhibitory concentration
[gE: immunoglobulin E

IL-1p: interleukin-1 beta

iNOS: inducible nitric oxide synthase
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LPS: lipopolysaccharide

MP: microbial polysaccharide

mTOR: mammalian target of rapamycin
MuRF1: muscle-specific RING finger protein 1
ND: neurodegenerative diseases

NF-kB: nuclear factor kappa-light-chain-enhancer of activated B cells
PCT: Patent Cooperation Treaty

PGE2: prostaglandin E2

RA: rheumatoid arthritis

SF: sorafenib

THC: tetrahydrocannabinol

TNBC: triple negative breast cancer

TNF-a: tumor necrosis factor alpha

VEGF: vascular endothelial growth factor
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composition with anti-periodontal bacteria adhesion function. TW1820946. 2022.

Nam Y, inventor. Composition for prevention, amelioration or treatment of oral disease comprising
Sarcodon aspratus extract as active ingredient. W02024219846. 2023.

Elsayed EA, El Enshasy H, Wadaan MA, Aziz R. Mushrooms: a potential natural source of anti-
inflammatory compounds for medical applications. Mediators Inflamm. 2014;2014:805841. [DOI]
[PubMed] [PMC]

Rowaiye AB, Olobayotan I, Onuh OA, Bur D, Oni SO, Nwonu EJ, et al. Modulatory Effects of
Mushrooms on the Inflammatory Signaling Pathways and Pro-inflammatory Mediators. Clin
Complement Med Pharmacol. 2022;2:100037. [DOI]

Hyoung YH, Jung HO, Seokjoo Y, Se-Myo P, Mi SC, Soojin K, inventors. Anti-inflammatory composition
comprising Epimendium koreanum nakai, Polygala tenuifolia wild, and Polyporus umbellatus fries
extracts or mixture thereof as active ingredient. US20240148810. 2021.

Kim IK, inventor. Composition for improving kidney function and anti-inflammatory function
comprising Morchella esculenta mushroom extract as active ingredients. KR20200030355. 2018.
Stephen DB, inventor. Compositions and methods for treatment of inflammation. US20230293610.
2021.

Zhang Z, Yang Y, Ma B, Wu D, Li W, Chen W, et al., inventors. Extraction method of Lentinus edodes
(Berk.) sing fungus dregs, Lentinus edodes (Berk.) sing fungus dregs extract and application.
CN113209144. 2021.

Bae GS, Kweon BN, Kim DU, Oh JY, Park SJ, inventors. Composition for prevention improvement and
treatment of neuroinflammation containing red ginseng extract cultivated with fermented complex
mushroom-grain ripening strain as active ingredient. KR20240146830. 2023.

Yap HY, Ariffeen Rosli MF, Tan SH, Kong BH, Fung SY. The Wound Healing Potential of Lignosus
rhinoceros and Other Ethno-myco Wound Healing Agents. Mycobiology. 2023;51:1-15. [DOI]
[PubMed] [PMC]

Cho KY, Choi JK. Pharmaceutical Fermented composition for treatment of wound. KR102072948.
2019.

Jang JH, inventor. Pharmaceutical composition for the treatment of wound or diabetic foot/hand
ulcers. KR20200047220. 2018.

Yuan X, Yang H, Lin ], Xu S, inventors. Dressing containing polysaccharide as well as preparation
method and application of dressing. CN117045844. 2023.

Anil Kumar NV, Quispe C, Herrera-Bravo ], Herrera Belén L, Loren P, Salazar LA, et al. Potential of
Mushrooms Bioactive for the Treatment of Skin Diseases and Disorders. ] Food Bio. 2023;2023:
5915769. [DOI]

Shin YS, Oh M], Han JW, Park CH, inventors. Composition for the prevention and treatment of skin
ailment including Pleurotus cornucopiae and complex extract as an active ingredient. KR102379555.
2019.

Choi EJ, Park B, Lee ], Kim ]. Anti-atopic dermatitis properties of Cordyceps militaris on TNFa/IFNy-
stimulated HaCaT cells and experimentally induced atopic dermatitis in mice. Phys Act Nutr. 2020;
24:7-14. [DOI] [PubMed] [PMC(]

Explor Med. 2025;6:1001357 | https://doi.org/10.37349/emed.2025.1001357 Page 25


https://dx.doi.org/10.1155/2014/805841
http://www.ncbi.nlm.nih.gov/pubmed/25505823
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258329
https://dx.doi.org/10.1016/j.ccmp.2022.100037
https://dx.doi.org/10.1080/12298093.2022.2164641
http://www.ncbi.nlm.nih.gov/pubmed/36846625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9946334
https://dx.doi.org/10.1155/2023/5915769
https://dx.doi.org/10.20463/pan.2020.0022
http://www.ncbi.nlm.nih.gov/pubmed/33539689
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7931639

70.

71.

72.

73.

74.
75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Jang JH, Choi SH, Go BI, Yang JE, Hwang ES, inventors. Composition for improving for atopic
dermatitis, pruritis, and inflammation comprising Sparasis crispa, vegetable worms, and tuber
melanosporum as active ingredient. KR102514502. 2020.

Kim HY, No JW, Kim HS, Park SH, Ryu DH, Jo JY, et al., inventors. Composition for treatment,
prevention or reducing atopic dermatitis, psoriasis or dermatitis comprising ganoderic acid.
KR102608571. 2022.

Kim SH, Song KS, Jang YH, Lee SY, Jeong NH, Choi YA, inventors. Pharmaceutical composition for
preventing or treating atopic dermatitis comprising polyozellin. KR102129603. 2019.
Ayala-Fontanez N, Soler DC, McCormick TS. Current knowledge on psoriasis and autoimmune
diseases. Psoriasis (Auckl). 2016;6:7-32. [DOI] [PubMed] [PMC(]

Shaochi H, inventor. Method for treatment of psoriasis. US20220362318. 2022.

Zhai CZ, Quangang Z, Chenchen T, Zongguang JM, inventors. A Keratinocyte function protective agent
and its preparation method and application. CN118403094. 2024.

Li C, Wu G, Zhao H, Dong N, Wu B, Chen Y, et al. Natural-Derived Polysaccharides From Plants,
Mushrooms, and Seaweeds for the Treatment of Inflammatory Bowel Disease. Front Pharmacol.
2021;12:651813. [DOI] [PubMed] [PMC(]

Kim TJ, Kim SY, inventors. Composition for improving intestinal microbiota comprising Phellinus
linteus extract. KR20240019692. 2023.

Natalia P, Bill P, Najla G, Andrew C, inventors. Psilocybin derived compositions and methods using
same. US20230089848. 2022.

Motta F, Gershwin ME, Selmi C. Mushrooms and immunity. ] Autoimmun. 2021;117:102576. [DOI]
[PubMed]

Pathak MP, Pathak K, Saikia R, Gogoi U, Ahmad MZ, Patowary P, et al. Inmunomodulatory effect of
mushrooms and their bioactive compounds in cancer: A comprehensive review. Biomed
Pharmacother. 2022;149:112901. [DOI] [PubMed]

Jihyun L, inventor. Producing method of mushroom crude drug compositon for enhencing immune
system and composition produced by the method. KR102368682. 2021.

Yoon SH, Park SK, Hyun SH, Kim SW, Hong GK, Jong SI, inventors. Composition for enhancing
immunity comprising complex of red ginseng extract and Lentinula edodes mycelium extract.
KR20240057497. 2022.

Joe T, Brody M, David L, Hans W, inventors. Immunomodulatory compositions and uses thereof.
US20210113637. 2018.

Heewan K, inventor. Compositions for enhancing an immune function and comprising the extract of
Stilleil pyrone extracted from Phellinus linteus KACC93057P as an active ingredient and a method for
producing the same. KR102139265. 2018.

Wang L, Wang Y, Wang S, Yu ], Yuan Q, Xia Y, inventors. Agaricus bisporus polysaccharide with
immunoregulatory activity and application thereof. CN116948048. 2022.

Mao YZ, Nan ZB, inventors. Ganoderma lucidum 8 glucan GLBG component and preparation process
and application thereof. CN111116773. 2020.

Heo Y, Kim M, Suminda GGD, Min Y, Zhao Y, Ghosh M, et al. Inhibitory effects of Ganoderma lucidum
spore oil on rheumatoid arthritis in a collagen-induced arthritis mouse model. Biomed
Pharmacother. 2023;157:114067. [DOI] [PubMed]

Meng M, Yao ], Zhang Y, Sun H, Liu M. Potential Anti-Rheumatoid Arthritis Activities and Mechanisms
of Ganoderma lucidum Polysaccharides. Molecules. 2023;28:2483. [DOI] [PubMed] [PMC(]

Son YO, Heo Y], Kim MG, Park Y], Yang JW, inventors. Pharmaceutical composition for treating
arthritis, comprising supercritical extraction of Ganoderma lucidum spores. W02024101787. 2022.
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Kim JO, Kim S, Nam WO, Kyon HS, IM HH, Jeon YH, et al,, inventors. Composition for preventing or
treating rheumatoid arthritis comprising Pinellia ternata, Wolfiporia extensa, Magnolia Officinalis,
Perilla frutescens var. acuta and Zingiber officinale as active ingredients. KR20230073516. 2021.

Kim YM, Kim JY, Yoo JH, inventors. A pharmaceutical composition for treating arthritis comprising
natural extracts which regulate an activity of immune cells of mesenteric lymph node in mesentery.
KR102313557.2019.

SRai SN, Mishra D, Singh P, Vamanu E, Singh MP. Therapeutic applications of mushrooms and their
biomolecules along with a glimpse of in silico approach in neurodegenerative diseases. Biomed
Pharmacother. 2021;137:111377. [DOI] [PubMed]

Zheng SF, Chen CC, Chen YL, Lin S, Lin TW, Lee LY, et al., inventors. Use of pharmaceutical
compositions to improve central nervous system myelination prepared by Helicin-elinaseus
mycelium extract. JP6952812. 2019.

Radka M, James M, Calum H, inventors. Dosing regimens of pharmaceutical and nutraceutical
mushroom and cannabis compositions and their use to treat CNS disorders and improve mental
health. W02022187973. 2022.

Mathew SM, John A], inventors. Psilocybin and norbaeocystin compositions and methods of
treatment. W02022150840. 2022.

Rootman JM, Kiraga M, Kryskow P, Harvey K, Stamets P, Santos-Brault E, et al. Psilocybin
microdosers demonstrate greater observed improvements in mood and mental health at one month
relative to non-microdosing controls. Sci Rep. 2022;12:11091. [DOI] [PubMed] [PMC]

Neumann J, Dimov K, Azatsian K, Hofmann B, Gergs U. Effects of psilocin and psilocybin on human 5-
HT, serotonin receptors in atrial preparations of transgenic mice and humans. Toxicol Lett. 2024;
398:55-64. [DOI] [PubMed]

Justin K, inventor. Deep eutectic solvent including one or more active pharmaceutical ingredients
derived from mushrooms. US20230310528. 2023.

Justin K, inventor. Deep eutectic solvent including one or more active pharmaceutical ingredients
derived from mushrooms. CA3186405. 2023.

John CG, Michael JM, inventors. Novel psychedelic compositions, delivery systems and therapeutic
uses thereof. US20230364115. 2021.

Yoon CW, Park YS, inventors. Composition comprising extract of Pleurotus eryngii for anti-
depression. KR20220017342. 2020.

Cheol WY, inventor. Antidepressant composition containing pleurotus eryngii extract as active
ingredient. US20230302071. 2020.

Already YP, Bo KK, Young YY, Chang SK, Kim RY, inventors. Composition for preventing, alleviating,
or treating stress and depression comprising medicinal herb complex extract as active ingredient.
W02020130198. 2018.

Takanor T, Akitomo M, inventors. Stress-induced cognitive dysfunction improving composition and
pharmaceutical, food and drink, and feed including the same. JP2024065497. 2022.

Thomas L, Kulian M, inventors. Compositions comprising fungal bioactive compounds, and related
apparatus and methods to treat, ameliorate or prevent depression or diseases and/or conditions
with allergic responses. AU2023285828. 2023.

Stephan B, inventor. Compositions and methods for treatment of psychoses and psychotic disorders.
W0202218709. 2021.

Xu YH, Zhonggian Z, Zhiyuan WB, Peng WT, Joe Z], inventors. Needle mushroom water extract with
high gamma-aminobutyric acid content and preparation method thereof. CN113229494. 2021.

Luo ], Ganesan K, Xu B. Unlocking the Power: New Insights into the Anti-Aging Properties of
Mushrooms. | Fungi (Basel). 2024;10:215. [DOI] [PubMed] [PMC]
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Apparoo Y, Wei Phan C, Rani Kuppusamy U, Chan EWC. Potential role of ergothioneine rich
mushroom as anti-aging candidate through elimination of neuronal senescent cells. Brain Res. 2024;
1824:148693. [DOI] [PubMed]

Abdelkader ME, Mediatrice H, Lin D, Lin Z, Aggag SA. Mitigating Oxidative Stress and Promoting
Cellular Longevity with Mushroom Extracts. Foods. 2024;13:4028. [DOI] [PubMed] [PMC]

Yuichiro O, Masahiro F, Katsumasa M, Takaaki Y, inventors. Proliferation promoter for stem cells.
JP7287653.2019.

Masahiro F, Katsumasa M, Takaaki Y, inventors. Neural stem cell differentiation promoter.
JP7344536.2019.

Masahiro F, Katsumasa M, Takaaki Y, inventors. Dermal stem cell differentiation promoter.
JP7365664.2019.

Yuichiro O, Katsumasa M, Takaaki Y, inventors. Hematopoietic stem cell differentiation promoter.
JP7426059.2019.

Chen Y, Zhang Q, Zhang ], Chen H, Chen Y, Hao Y, inventors. Tremella fuciformis polysaccharide and
its application in preparing pharmaceutical preparations. CN117986398. 2024.

Xu X, Tan ], Meng L, inventors. Extraction composition containing medicinal layer porus and
application thereof. CN117653566. 2023.

Hwang ]G, Lee MS, Kim KH, inventors. Composition for improvement, treatment or prevention of
muscular disorders, or improvement of muscular functions comprising chaga. KR102517662. 2022.
Chin CC, I-Chen L, Tsung JL, Ting YL, Yen PC, inventors. Method for improving sarcopenia by using
Phellinus linteus. US11944659. 2020.

Lindequist U, Haertel B. Medicinal Mushrooms for Prevention and Therapy of Osteoporosis
(Review). Int ] Med Mushrooms. 2021;23:13-22. [DOI] [PubMed]

Park JM, inventor. Pharmaceutical composition for preventing and treating osteoarthritis.
KR102612962. 2021.

Kim BH, Yoon YC, Kim ]G, Lee JH, Park YE, Kwon KS, inventors. Composition for prophylaxis and
treatment of osteoporosis, diabetes and obesity comprising fermented Tremella fuciformis berk.
KR20200065170. 2018.

An GH, Jo JH, Kim OT, Han ]G, inventors. A composition for preventing or treating osteoporosis
comprising contains the active ingredient of water extract of Auricularia auricula. KR102582255.
2020.

Kim KM, Park HB, Kim CD, Yang GH, Park JH, inventors. Composition comprising extract of Lentinula
edodes and uses thereof. KR20210105176. 2020.

Wang QL, Yuliu D, inventors. A kind of oyster mushroom galactomannan and its preparation method
and use. CN111704678. 2020.

Rahul M. Anti-thrombotic Attribute of Different Type of Mushrooms. Int ] Curr Microbiol App Sci.
2020;9:815-20. [DOI]

Rhee MH, Yun BS, Muhammad I, inventors. Composition for prevention or treatment of thrombotic
diseases, comprising an extract of Tremella fuciformis as an active ingredient. KR20230114895.
2022.

Lee MH, Yoon BS, Muhammad I, inventors. Pharmaceutical composition of compound extracted from
Panus rudis as an effective components for prevention and treatment of thrombotic diseases.
KR102632671.2021.

Sohn HY, Kim JS, inventors. Pharmaceutical composition comprising the extract of ganoderma
gibbosum fruiting body as an effective component for prevention or treatment of thrombosis and
health functional food comprising the same. KR20240048690. 2022.
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Sohn HY, inventor. Pharmaceutical composition and health functional food containing extract of
fruiting body of ganoderma lucidum as active ingredient for prevention or treatment of thrombosis.
US20240131098. 2022.

Son HY, Park JI, inventors. Pharmaceutical composition comprising the extraction of spent
mushroom substrate for lentinus edodes as an effective component for prevention or treatment of
thrombosis and health functional food comprising the same. KR102128625. 2018.

Sohn HY, Kim ]S, inventors. Pharmaceutical composition comprising the extract of songhwa
mushroom fruiting body as an effective component for prevention or treatment of thrombosis and
health functional food comprising the same. KR20240048685. 2022.

Yuichiro O, Katsumasa M, Takaaki Y, Kosuke F, Tsutomu S, inventors. Hematopoietic stem cell
differentiation promoter. JP7317358. 2019.

Liu Y, Kong F, Shu F, Wang D, Zhang Z, inventors. Agaricus bisporus polysaccharide extract and its
preparation method and application. CN116789867. 2023.

Zhang Y, Zhang X, Nan L, Chen Y, Li H, Xu W, inventors. A kind of pharmaceutical composition for
treating cerebral apoplexy and its preparation method and application. CN116173096. 2023.
Tripathi A, Sharma I, inventors. A process for extraction of methanolic extract having haemostatic
properties from wild irpex lacteus mushroom and composition thereof. IN201911031030. 2019.
Shamim MZ, Mishra AK, Kausar T, Mahanta S, Sarma B, Kumar V, et al. Exploring Edible Mushrooms
for Diabetes: Unveiling Their Role in Prevention and Treatment. Molecules. 2023;28:2837. [DOI]
Mustafa F, Chopra H, Baig AA, Avula SK, Kumari S, Mohanta TK, et al. Edible Mushrooms as Novel
Myco-Therapeutics: Effects on Lipid Level, Obesity and BMI. | Fungi (Basel). 2022;8:211. [DOI]
[PubMed] [PMC]

Babarikins D, Vegers A, Batraks D, Lodman TT, inventors. Pharmaceutical composition containing
humic substances. LV15484. 2019.

Byoung CK, Jianmin L, inventors. Mycelial culture of Irpex lacteus and composition comprising same
as active ingredient for prevention and treatment of diabetes meillitus. US20240207337. 2021.
Nishizono S, Hase S, Shirato ], Kawatani A, inventors. Lipid metabolism improver containing
pleurotus citrinopileatus or processed product thereof as active ingredient. JP2022169385. 2021.
Kang DS, inventor. Pharmaceutical composition and health functional food comprising extract of
mycelium from Ceriporia lacerate. KR20200119939. 2019.

Yun MY, Choi HJ, Kim SH, inventors. Composition for preventing or treating of obesity comprising
Lentinus edodes mycelial culture. KR20240010279. 2022.

Kim G, Kim D, Kwon O, Park K, Park G, inventors. A composition for prevention and treatment of
obesity comprising a novel strain of Auricularia polytricha. KR102179636. 2018.

Barnhill S, inventor. Compositions and methods for promoting weight loss and for treatment of
obesity. W02022024096. 2020.

Zhang B, Lin Z, Wang Y, Guo P, inventors. A new Chinese medicinal composition for regulating lipid
metabolism and improving gastrointestinal dysfunction. CN112641894. 2020.

Zhao S, Zhang S, Zhang W, Gao Y, Rong C, Wang H, et al. First demonstration of protective effects of
purified mushroom polysaccharide-peptides against fatty liver injury and the mechanisms involved.
Sci Rep. 2019;9:13725. [DOI] [PubMed] [PMC]

Cheng JT, Wang HM, Yu JH, Sun CF, Cao F, Jiang XH, et al. Discovery of a Potential Liver Fibrosis
Inhibitor from a Mushroom Endophytic Fungus by Genome Mining of a Silent Biosynthetic Gene
Cluster. ] Agric Food Chem. 2021;69:11303-10. [DOI] [PubMed]

Urushima H, Matsubara T, Qiongya G, Daikoku A, Takayama M, Kadono C, et al. AHCC inhibited
hepatic stellate cells activation by regulation of cytoglobin induction via TLR2-SAPK/JNK pathway
and collagen production via TLR4-NF-kf3 pathway. Am ] Physiol Gastrointest Liver Physiol. 2024;
327:G741-53. [DOI] [PubMed] [PMC(]

Explor Med. 2025;6:1001357 | https://doi.org/10.37349/emed.2025.1001357 Page 29


https://dx.doi.org/10.3390/molecules28062837
https://dx.doi.org/10.3390/jof8020211
http://www.ncbi.nlm.nih.gov/pubmed/35205965
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8880354
https://dx.doi.org/10.1038/s41598-019-49925-0
http://www.ncbi.nlm.nih.gov/pubmed/31548551
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6757109
https://dx.doi.org/10.1021/acs.jafc.1c03639
http://www.ncbi.nlm.nih.gov/pubmed/34542281
https://dx.doi.org/10.1152/ajpgi.00134.2024
http://www.ncbi.nlm.nih.gov/pubmed/39316687
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11684891

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Yu LW, Judy C, inventors. Use and pharmaceutical composition for liver fibrosis prevention and/or
treatment. US10945991. 2018.

Wang Y, Chen ], inventors. Pharmaceutical composition for prevention and / or treatment of liver
fibrosis and application thereof. JP6633717.2018.

Yueqiu G, Junjie S, Xuehua S, Man L, Yanxu C, Zhenhua Z, et al., inventors. Hepatoprotective
traditional chinese medicine composition, extract thereof, and pharmaceutical use thereof.
US20210169961. 2018.

Wang Z, Tang Y, Meiling H, Xu G, Yu ], inventors. Ganoderma lucidum whole medicine compound
phosphatidylserine fat emulsion preparation containing Ganoderma lucidum spore oil.
CN118806804. 2024.

Lee TH, Ghim JW, inventors. Pharmaceutical Composition or Health Functional Food for Prevention
and Treatment of Obesity Containing Powder of Novel Hybrid Mushroom as Active Ingredient.
US20230146268. 2020.

Chen B, Jiang Y, Zhang F, Lin H, Lin X, inventors. Preparation method of straw mushroom polypeptide
with antioxidant activity and liver protection effect. CN115772550. 2022.

van der Meer PB, Fuentes ], Kaptein AA, Schoones JW, de Waal MM, Goudriaan AE, et al. Therapeutic
effect of psilocybin in addiction: A systematic review. Front Psychiatry. 2023;14:1134454. [DOI]
[PubMed] [PMC]

Babak G, John B, inventors. Cannabinoid, drug addiction treatment and menthol compositions and
methods. US20240382503. 2023.

Mai N, inventor. Composition for treating opioid withdrawal and method of manufacture.
US20220218649. 2021.

Huang TH, inventor. Pharmaceutical composition for treating or alleviating hangover from alcohol,
and use thereof. W02022188762. 2021.

Goel A, Rai Y, Sivadas S, Diep C, Clarke H, Shanthanna H, et al. Use of Psychedelics for Pain: A Scoping
Review. Anesthesiology. 2023;139:523-36. [DOI] [PubMed]

Santi L, Mondello L, Notti A, Cacciotti I, Cuzzocrea S, inventors. Delivery system for the controlled
release of psychedelic compound, pharmaceutical composition and uses thereof. W02024079648.
2022.

Kuehn P, inventor. Pharmaceutical composition containing champignon extract and peppermint and
methods of use thereof. US20220280585. 2021.

Xiao W, Wang Z, Cheng N, Wang Z, Zhu K, inventors. Traditional Chinese medicine composition and
preparation method and application thereof. US11576942. 2018.

Yuan ], FuY, Yang Z, Wu Y, Xu Y, Xing H, inventors. A kind of compound composition with homology
of medicine and food and its application. CN113648386. 2021.

Dai ], Hou F, Dai X, Nie W, Zou Q, Tang X, et al., inventors. A kind of Poria medicinal composition for
improving dampness symptoms and preparation method thereof. CN115245541. 2021.

Shahid A, Chen M, Yeung S, Parsa C, Orlando R, Huang Y. The medicinal mushroom Ganoderma
lucidum prevents lung tumorigenesis induced by tobacco smoke carcinogens. Front Pharmacol.
2023;14:1244150. [DOI] [PubMed] [PMC(]

Be X, Ren X, inventors. Pharmaceutical compositions and use thereof. US20220054573. 2020.

Chen C, Zhu L, Huang Y, Wu C, Zhou Y, Jin L, inventors. Use of composition containing active
ingredient of ganoderma lucidum. CN117860792. 2024.

Piontkowski S, inventor. Controlled release formulations of multiple active pharmaceutical agents,
and psilocybe-derived agents in combination with cannabis-derived agents and methods for their
use. W02021016710. 2019.

Rhee ]S, Park DG, inventors. Pharmaceutical composition for burn treatment using castor extract.
KR20230158248. 2022.

Explor Med. 2025;6:1001357 | https://doi.org/10.37349/emed.2025.1001357 Page 30


https://dx.doi.org/10.3389/fpsyt.2023.1134454
http://www.ncbi.nlm.nih.gov/pubmed/36846225
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9947277
https://dx.doi.org/10.1097/ALN.0000000000004673
http://www.ncbi.nlm.nih.gov/pubmed/37698433
https://dx.doi.org/10.3389/fphar.2023.1244150
http://www.ncbi.nlm.nih.gov/pubmed/37745066
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10516555

170.

171.

172.

173.

174.
175.

176.

Park DJ, Kim JE, Park HK, inventors. Composition for preventing or treating dry eye syndrome,
containing sparassis crispa extract. W02021141192. 2020.

Barnhill S, inventor. Compositions for treatment of interstitial cystitis and other bladder disease.
W02022091050. 2020.

Yang Y, Zhang ], Gao Y, Yang R, Dai X, Zhou X, inventors. Pharmaceutical composition for chronic
renal failure and preparation method and application thereof. CN113952419. 2021.

Kim ], inventor. Composition for prevention or treatment of benign prostatic hyperplasia comprising
Agaricus blazei mycelial liquid culture extract. KR102121400. 2018.

Lee MM, inventor. Lipid particle structure containing mushroom extract. TWM654788. 2023.

Schoch J], inventor. Compositions and therapeutic methods for treating chronic sequalae following
viral infections. US20240115590. 2022.

Huang Z, Deng J, Huang S, inventors. Medicinal and edible composition as well as preparation
method and application thereof. CN110772595. 2019.

Explor Med. 2025;6:1001357 | https://doi.org/10.37349/emed.2025.1001357 Page 31



	Abstract
	Keywords
	Introduction
	Method and scope
	Data inclusion and exclusion criteria

	Results and discussion—data analysis
	Anti-cancer activity
	Anti-infective activity
	Anti-inflammatory activity
	Inflammation and skin disorders
	Inflammatory bowel disease

	Immuno-enhancer
	Arthritis

	Neurodegenerative & mental disorders
	Anti-aging activity
	Musculoskeletal diseases
	Anti-thrombotic activity
	Lifestyle diseases
	Anti-hepatitis activity
	Anti-addictive
	Pain management
	Spleen strength enhancer
	Respiratory disorders
	Miscellaneous patents

	Conclusion & opinion
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

