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Abstract

Traditional Chinese Medicine (TCM) is a system of practices that has been develop-
ing for over 2,000 years. Unlike in medicine developed in western culture, it is char-
acterized by a holistic approach to treat diseases, taking into account the context 
of a given disease (co-occurring diseases, age and sex of the patient). The practices 
of Traditional Chinese Medicine include acupuncture, acupressure, qigong gym-
nastics, and the application of herbal medicine and use of medicinal mushrooms.  
According to WHO, cardiovascular diseases, such as  strokes or heart attacks, are 
two of the leading causes of death, accounting for almost 1/3 of all deaths in 2019. 
Of the many mushrooms with medicinal properties, those that can be used as 
drugs for the treatment of cardiovascular diseases deserve special attention. This 
category includes, among others mushrooms from genus Agaricus, Auricularia or 
Pleurotus. They are a rich source of bioactive compounds, such as flavonoids, ste-
rols, polysaccharides and fiber. Among them, some mushrooms act in a direct way, 
e.g. by reducing atherosclerotic plaque, and some in an indirect manner, e.g. by 
reducing blood pressure and cholesterol levels. The main issues in the integration 
of TCM into Western medicine are the lack of sufficient evidence of its effective-
ness, the poor quality of clinical trials, as well as the small number of publications 
available in English. In the case of mushrooms used in TCM, most studies were 
performed in animal models or cell lines and used only a single substance instead 
of the whole fungus.
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Introduction
Traditional Chinese Medicine (TCM) is a system of healing practic-
es that has been developing for over 2,000 years. This system fo-
cuses on treating the body as a whole. TCM is mainly based on the 
Chinese philosophy of Yin-Yang, Five Elements, Zang-Fu and the 
vital energy Qi [43][13]. The oldest manuscript on TCM is the In-
ner Cannon of the Yellow Emperor (Huángdì Nèijīng), dating back 
to the 1st century BC (figure. 1). It contains the main concepts of 
TCM [19]. In recent decades, Western countries have started to 
recognize the potential health benefits of TCM. The first TCM hos-
pital in the Western world was opened in Kötzting, Germany, in 
1991 [29], while in the United States, the UCLA Center for Integra-

tive Medicine has been operating since 1993. Also in the US, the 
National Center as part of the Department of Health was founded 
in 1998 for Complementary and Alternative Medicine [44] [33]. 
In 2018, the WHO included TCM in its compendium (Internation-
al Statistical Classification of Diseases and Related Health Prob-
lems, ICD) for the first time [50]. In 2022 a foundation stone was 
laid at the WHO Global Centre for Traditional Medicine in India, 
where the goal is to advance traditional medicine’s contribution 
to global health and sustainable development [51]. The TCM ther-
apeutic strategies include acupuncture, acupressure, cupping, 
qigong gymnastics, and herbal medicine. Herbal medicine has 
attracted increased interest on a global level. In 2016, the value of 
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exports of TCM products from China was $ 1.174 billion [25] and 
according to Fortune Business Insights the herbal medicine mar-
ket is expected to be worth USD 216.40 billion in 2023 [15]. Herbal 
medicine used in TCM accounted for 20-50% of the total herbal 
medicine used around the world in 2009 [55]. Substances used 
in TMC include both plants and mushrooms. The use of mush-
rooms or their extracts as health-promoting agents is called my-
cotherapy or fungotherapy [34]. Mycotherapy is a popular form 
of therapy in the traditional medicine of the Far East [37]. The use 
of fungi of the genus Ganoderma can be dated back to 4,800 BC 
[60]. Particularly noteworthy is the work entitled Bencao Gang-
mu (Materia Medica), which is a pharmacopoeia from the Ming 
Dynasty. It was created by Li Shizhen in the years 1552-1587, and 
its first edition dates back to 1596 (figure. 2). It is one of the most 
important works of TCM and describes over 11,000 recipes and 
treatment methods as well as 1,892 pharmaceutical substances, 
of which 1,094 are of plant or mushroom origin. The list of mush-
rooms with medical properties is constantly growing. In 2009, Dai 
et al. published a list of 936 edible mushrooms found in China 
[9]. In 2019 this list consisted of 1,020 species, of which 277 are 
considered edible with medical properties and no known toxicity. 
These are the so-called “golden mushrooms” [52]. Many of these 
mushrooms are commercially cultivated. In 2017, five genus were 
responsible for approximately 85% of worldwide mushroom pro-
duction. These five genus being Lentinula, Pleurotus, Auricularia, 
Agaricus, and Flammulina, accounting for 22%, 19%, 17%, 15% and 
11% of global mushroom production, respectively [10]. Although 
most of these mushrooms have been mainly cultivated in Asia for 
centuries, Poland is one of the leading mushrooms producers in 
Europe. Some of medicinal mushrooms can be cultivated com-
mercially by using large simple sawdust-based logs, for example 
Lentinula or Pleurotus. Others, like Ophiocordyceps requires spe-
cial conditions and cannot be cultivated on a large scale.

Among many potential medical properties, those that can reduce 
the risk of cardiovascular disease (CVD) or support treatment de-
serve special attention. CVDs are among the leading causes of 
death in the world, accounting for approximately 32% of all deaths 
(data for 2019) of which 85% was caused by strokes or heart at-
tacks. CVDs include, among others, ischemic heart disease, cere-
brovascular disease, peripheral arterial disease, rheumatic heart 
disease, congenital heart disease, pulmonary embolism, and 
deep vein thrombosis. The occurrence of many CVDs depends on 
risk factors such as alcohol consumption, smoking, hypertension, 
overweight, diabetes, poor diet, and hyperlipidemia (WHO, 2021). 
To this day, most research regarding the treatment of cardiovas-
cular diseases are conducted on cell lines and animal models. 
Among animal models, Apoe−/− mice deserves special attention. 
Apoe is ligand for lipoprotein receptors involved in lipoprotein 
recognition and clearance. Mice with the knockout gene respon-
sible for the synthesis of Apoe are prone to develop severe ath-
erosclerotic lesions and hypercholesterolemia, when on a normal 
diet. This makes them perfect for research on CVDs [38]. The aim 
of this work is to review studies on the most promising mush-
rooms regarding the treatment cardiovascular diseases.

Bioactivities of TCM mushrooms used for 
treating/preventing cardiovascular diseases
Some fungi with the potential to reduce the risk of CVD or to 
support treatment of CVD and used in TMC are characterized 
below. These mushrooms were selected based on available re-
search data, as well as their common usage in TCM practices. 
Among them are mushrooms whose consumption acts directly, 
e.g., reduces atherosclerotic plaque, as well as indirectly, i.e., re-
ducing risk factors. Most relevant bioactive compounds in con-
text of treating cardiovascular diseases, as well as models used 
in research are presented in table 1. Systematic position of each 
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Figure 1. First edition of Bencao Gangmu; Chinese, 1590. source:  
Wellcome Collection. Public Domain Mark. Source: Wellcome 
Collection

Figure 2. Page from Huang di nei jing; source: https://www.loc.
gov/resource/gdcwdl.wdl_03044/?sp=6&r=-0.597,-0.108,2.195,1.
857,0, World Digital Library
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mushroom can be found in supplementary tables S1-S16, 
all systematic names were provided from the index fun-
gorum [17].

Genus Agaricus. 
Usage of mushrooms from genus Agaricus has been 
described by Li Shizhen in Bencao Gangmu. Agaricus 
bisporus reduces the risk of CVDs by regulating blood 
cholesterol levels. It is rich in plant sterols such as ergos-
ta-7,22-dienol, ergosta-5,7-dienol, and fungisterol [42].  
A. bisporus contains lovastatin at a concentration of 565.4 
mg/kg, which is commonly used to lower the LDL level in 
the blood, directly reducing the risk of CVDs [2]. In their 
study Das et al. [11] reported cholesterol reducing prop-
erties of lipophilic fraction extracted from A. bisporus, 
as well as its potential to reduce level of CRP (2,26-2,33 
folds), which is one of predictors of atherosclerosis. They 
attributed this properties to high concentration of ergos-
terol and polyunsaturated fatty acids. Another example is 
A. blazei. In TCM, this mushroom has been used for over 
3,000 years, mainly to lower blood pressure and choles-
terol levels (by 11%). A. blazei accumulate gamma-amino-
butyric acid (GABA) in higher concentrations than other 
edible mushrooms (e.g., enoki, shitake, maitake). Studies 
have shown that the regular consumption of A. blazei can 
significantly reduce blood pressure in patients with mild 
hypertension due to the presence of high concentration 
of GABA [48].

Genus Auricularia. 
Consumption of mushroom from genus Auricularia caus-
es a reduction in total cholesterol and LDL levels and an 
increase in HDL levels, which is due to the high levels of 
β-glucan (polysaccharide with hypocholesterolemic prop-
erties) and antioxidants, such as flavonoids, which pre-
vent LDL synthesis by blocking VLDL[4,61].

Genus Cordyceps. 
Studies have shown that the cordycepin contained in 
Cordyceps exhibits antithrombotic and antiplatelet prop-
erties by inhibiting platelet aggregation. It also inhibits 
several components of platelet activation, as well as clot 
formation [22]. It can also inhibit acute pulmonary throm-
boembolism and thrombus formation in vivo without 
showing cytotoxicity or an increased risk of major bleed-
ing. This suggests that cordycepin contained in Cordy-
ceps may serve as a therapeutic agent in the treatment 
of, among others, thrombosis, atherosclerosis, or myo-
cardial infarction [22]. In their study, Takakura et al. [40] 
showed that Cordyceps administered in diet improved au-
tophagy and mitochondrial activity in Dahl salt-sensitive 
hypertensive rats, which extended their life-span due to 
protection from diastolic heart failure. In another study L. 
Wang et al. [46] showed that residue polysaccharides (in 
medium after cultivation of Cordyceps) can lower levels of 
triglycerides, LDL, V-LDL, total cholesterol and atherogen-
ic index in rats which can lower the risk of cardiovascular 
diseases. Different study showed, that polysaccharide 
CM3II, isolated from Cordyceps fruiting body can reduce 
atherosclerotic lesion/lumen ratio by 17,8 % in apoE−/− 
mice [58]. Also CM1, different polysaccharide from Cordy-

Table 1. Bioactive compounds and model used in research on mushrooms 
used in TCM in context of treating cardiovascular diseases

genus Research 
model 

Bioactive compound Citation 

Agaricus mice 
human 
in vitro 

ergosta-7,22-dienol 
ergosta-5,7-dienol 
fungisterol 
lovastatin 
gamma-aminobutyric 
acid (GABA) 

[2],[11],[39],[48] 

Auricularia rat β-glucan 
flavonoids 

[4][61] 

Cordyceps rat 
in vitro 
mice 

cordycepin 
polysaccharide CM3II 
polysaccharide CM1 

[22],[26],[40],[58] 

Flammulina hamster 
In vitro 

mycosterol 
fiber 

[59],[35] 

Grifola rat 
mice 
in vitro 

Ergosterol 
fiber 

[8],[21],[32] 

Hypsizygus mice fiber [32] 

Lentinus rat gamma-aminobutyric 
acid (GABA) 

[12] 

Pleurotus in vitro 
rat 

profilin-like protein 
GAP dehydrogenase-
like protein 
TP-like protein 
catalase-like protein 
tripeptide GVR 

[1],[28],[45] 

Tricholoma rat 
in vitro 

peptides [14] 

Wolfiporia rat 
in vitro 
zebrafish, 
mice 

polysaccharides [23],[53],[57] 

Lentinula in vitro 
rat 

eritadenine 
α-tocopherol 
oleic acid 
linoleic acid 
ergosterol 
butyric acid 

[31],[39] 

Ophiocordyceps rabbit 
in vitro 
rat 

adenosine 
polysaccharide CME-1 
polysaccharide CSP1-
2 

[5],[27],[54],[62] 

Ganoderma hamster 
minipig 
in vitro 
rat 
mice 
rabbit 

polysaccharide 
peptide 
polysaccharides 
triterpenoids 

[3],[20],[30] 

Tremella rat 
mice 

fiber [6],[7] 



28Food Biotechnology and Agricultural Science fbasjournal.com

Research on the Use of Traditional Chinese Medicine Mushrooms in the Treatment of Cardiovasculat Diseases

and 1.11 mmol/L, respectively). Results were comparable to those 
after usage of simvastatin [1].

Genus Tricholoma. 
The consumption of some species belonging to genus helps lower 
blood pressure due to the inhibition of angiotensin-converting 
enzyme. This prevents the conversion of angiotensin I into angi-
otensin II (which is the strongest angiotensin causing muscle con-
traction of the blood vessels) by cleavage of histidine and leucine 
at the C-terminus [14].

Genus Wolfiporia. 
Wolfiporia mushrooms have diuretic properties similar to furo-
semide but it does not interfere with electrolyte management. 
The mechanism is based on reducing the expression of aquaporin 
2 (regulated, among others, by vasopressin), which is responsible 
for water resorption in the kidneys. In addition, it inhibits V2R 
receptor and vasopressin expression. The consumption of these 
improves cardiovascular and renal parameters after myocardial 
infarction, and it has been suggested that it may be more effec-
tive than furosemide with prolonged intake [53]. In another study 
H. Yang et al. [57] proved, that water extract of Wolfiporia con-
taining 8 identified compounds exhibit anti-arrhythmia proper-
ties in zebrafish model. This is due to regulation of mRNA expres-
sion of genes CALM1B, PPP3CA, HTR7 and ADRB1, as well as levels 
of cAMP in Ca2+ signal pathway. It can also regulate synthesis of 
leucine, isoleucine and valine. Different study shows, that poly-
saccharides extracted from Wolfiporia significantly reduced ath-
erosclerosis plaque in ApoE−/− mice model treated with high-fat 
diet. They also inhibit inflammatory mediators such as IL-6, TNF-α 
and NO as well as LDL, cholesterol and triglycerides increase. Ex-
pression of MMP-2 and ICAM-1 proteins as well as TLR4/NF-κB 
pathway in aorta were also inhibited [23].

Genus Lentinula. 
Genus Lentinula is rich in a compound called eritadenine 
[2(R),3(R)-4-(9-adenyl)-butyric acid], which is responsible for low-
ering cholesterol levels. This mechanism involves inhibition of 
S-adenosyl-L-homocysteine hydrolase in the liver [31,39]. In an-
other study Rahman et al. [36] proved, that extract of Lentinula, 
contains among others α-tocopherol, oleic acid, linoleic acid, 
ergosterol and butyric acid. This extract inhibits biosynthesis 
of cholesterol interacting with HMG Co-A reductase and lowers 
LDL oxidation. These actions contributed to anti-atherosclerotic 
properties of extract of genus Lentinula.

Genus Ophiocordyceps. 
Mycelia and fruiting bodies of Ophiocordyceps are rich in ade-
nosine, which means it exhibits mild hypotensive properties [47]. 
An ethanolic extract of Ophiocordyceps counteracts arrhythmia 
induced by aconitine or BaCl2. The ethanolic extract of Ophio-
cordyceps mycelium inhibits thrombus formation in the abdominal 
aorta in rabbits, reducing the platelet number of the injured ab-
dominal aorta. This suggests that Ophiocordyceps inhibits throm-
bus formation at the de-endothelialized surface of the aorta [62]. 
In their respective works, Lu et al. [27] and Chang et al. [5] both 
proved, that CME-1, a polysaccharide extracted from Ophiocordy-
ceps can inhibit platelet activation, acting on PLCγ2-PKC-p47 cas-
cade. It also inhibit PI3-kinase/Akt and MAPK phosphorylation 
as well as intracellular Ca2+ mobilization. Additionally, another 
study showed, that polysaccharide CSP1-2 (composed of glucose, 

ceps, can act as anti- atherosclerosis compound. Study showed, 
that CM1 ameliorate atherosclerosis in a dose-dependent man-
ner via different pathways. CM1 can regulate lipid concentration, 
oxidoreductase activity and inhibit chemokine activity, therefore 
reducing inflammatory response in apoE−/− mice [26].

Genus Flammulina. 
Studies have shown that both the extract and powder from mush-
rooms from genus Flammulina help lower blood pressure as well 
as total cholesterol, triglycerides, and LDL levels, which is due to 
the high contents of mycosterol and fiber [41,59]. These mush-
rooms is also used to treat atherosclerosis. One of the mecha-
nisms is the inhibition of LDL oxidation by polyphenols contained 
in mushrooms of genus Flammulina (ox-LDL is one of the key com-
ponents promoting atherosclerosis). Another mechanism is the 
inhibition of atherosclerotic plaque formation by protocatechuic 
acid, which prevents the adhesion of monocytes to endothelial 
cells (activated by TNF-α) and leads to a decrease in the expres-
sion of VCAM-1 and ICAM-1 [35].

Genus Grifola. 
The consumption of mushrooms from genus Grifola, also known 
by its Japanese name-maitake, helps reduce blood pressure as 
well as total cholesterol and VLDL cholesterol levels [21]. Another 
study, conducted by Mori et al. [32] showed that oral consump-
tion of maitake can reduce total cholesterol and triglycerides 
levels in apoE−/− mice, although not as much as consumption of 
mushroom from genus Hypsizygus. It also significantly reduced 
area of atherosclerotic lesion compared to control group. In dif-
ferent study, hexa-peptide was isolated from cold water extract 
of Grifola fruiting body. This compound had inhibitory properties 
towards angiotensin I-converting enzyme, which play an impor-
tant role in controlling blood pressure [8]. 

Genus Hypsizygus. 
Mushrooms of this genus, due to the effects of fiber content, 
helps draining blood cholesterol levels and reducing the size of 
the atherosclerotic plaque in apolipoprotein A deficient mice [32]. 
In another study Xu et al. showed, that mushrooms from genus 
Hypsizygus are rich source of phenolics: (+)-catechin, gallic acid, 
and protocatechuic acid. Diet rich in those compounds can re-
duce risk of occurrence of chronic diseases, including CVDs [56].

Genus Lentinus. 
The consumption of extract from Lentinus fruitbodies reduces 
blood pressure and heart rate, along with a reduction in triglyc-
erides, blood urea nitrogen, and creatinine. It also increases the 
levels of total cholesterol and HDL as well as the albumin/globulin 
ratio, which can prevent the development of hypertension [12]. 

Genus Pleurotus. 
Proteins obtained from Pleurotus fruitbodies can potentially be 
used in the treatment of type 2 diabetes (which is a risk factor 
of CVDs). There are among others profilin-like, GAP dehydroge-
nase-like, TP-like, and catalase-like proteins [45]. In another study 
Manoharan et al. [28] showed, that tripeptide GVR from fraction 
D6 of Pleurotus exhibit anti-hypertensive properties via compet-
itive inhibition of angiotensin-converting enzyme with IC50 value 
of 55 μg/mL. Different study shows, that rats fed with high and 
low doses of Pleurotus extract had significantly lower levels of tri-
glyceride compared to control group (0.41 mmol/L, 0.63 mmol/L 
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However, there are several factors that inhibit the integration of 
TCM into Western medicine. The first problem is insufficient evi-
dence of the effectiveness of TCM from the perspective of West-
ern medicine. Although there are many clinical trials focusing on 
TCM, the level is lower than that of trials on Western medicine. 
In such studies, a group treated with a different TCM technique 
is often used as a reference, and therefore, the treatment of a 
given disease with TCM and Western medicine cannot be directly 
compared. Other issues are the small number of publications in 
English and the fact that TCM treats humans holistically, not fo-
cusing on a single disease. Despite many attempts, there is still 
no evidence of the existence of Qi life energy or meridians, which 
are essentially Qi’s channels and which are crucial from the TCM 
point of view. Another problem with herbal medicine is the cre-
ation of a placebo for multi-herbal decoctions that would be in-
distinguishable from the test substance. It is worth mentioning, 
that some studies focus on the high fiber content as the reason 
for the health-beneficial effects of a given mushroom, yet high 
amounts of fiber can be found in most if not all edible mushroom 
species.

So far most studies regarding mushrooms used in TCM were 
conducted using only single component extracted from given 
mushroom. In traditional medicine however, mixtures, drugs 
and decoctions containing whole mushroom are typically used. 
In addition, most of these studies were conducted on cell lines 
or animals such as rats, mice, rabbits and zebrafish. Due to this 
fact question about effectiveness of given treatment in humans 
remains mostly unanswered. In conclusion, although there is tre-
mendous potential in medicinal mushrooms, to fully benefit from 
this rich source of bioactive components, quality and number of 
research (both in laboratory and clinical trials) in the future must 
improve.
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