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Abstract

Ganoderma lucidum, a classical top-grade herbal medicine with over 2000 years of
application history, is officially listed as a food-medicine homologous material. Its
core bioactive substances include polysaccharides and triterpenoids (including
ganoderic acids), alongside sterols, nucleosides and amino acids, which endow
multi-target pharmacological properties. This review systematically summarizes
extraction, structural characteristics and quality control bottlenecks of its key
components, and elaborates comprehensive preclinical pharmacological effects
covering immunoregulation, neuroprotection, cardiovascular and renal protection,
gastrointestinal homeostasis, anti-tumor, anti-aging, radioprotection and antiviral
activities, with underlying signaling pathways such as NF-xB, MAPK, Nrf2 and TGF-
B/Smad clarified. Current clinical trials suggest its auxiliary therapeutic value in
tumors, metabolic syndromes and urinary tract disorders, yet high-quality multi-
center clinical evidence remains insufficient. Critical challenges include unclear
structure-activity relationships, low bioavailability of lipophilic triterpenoids,
severe raw material batch variation and incomplete component synergism
mechanisms. Future research directions involve precise component
characterization, multi-omic mechanistic dissection, novel delivery system
development and standardized large-scale clinical verification to facilitate
translational application of G. lucidum in modern biomedicine.

G. lucidum, Ganoderma lucidum; TCM, Traditional Chinese Medicine; GLPs,
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Highlights

1. This review systematically interprets  multi- target
pharmacological profiles of Ganoderma polysaccharides and
triterpenoids across multiple organ- related disease models.

2. It summarizes critical bottlenecks, including raw- material batch
variation, ambiguous structure-activity relationships and
insufficient high- quality clinical evidence for Ganoderma research.
3. Multi- omic strategies, novel drug delivery systems and
large-scale clinical trials are proposed to advance translational
applications of Ganoderma bioactive constituents.

Medical history of objective

Ganoderma lucidum (Lingzhi), a renowned traditional Chinese
medicinal fungus, boasts a medicinal application history of over
2,000 years, rooted in the core TCM theories of “tonifying
primordial qi”, “regulating zang-fu organs” and “calming mind and
soothing nerves”. The earliest textual record of lingzhi dates back
to the pre-Qin classics. Its medication logic adheres to the holistic
concept of traditional Chinese medicine, focusing on overall bodily
conditioning rather than single-symptom relief, forming a complete
theoretical and practical system for health preservation and
treatment. Ben Cao Gang Mu (Compendium of Materia Medica),
written by Li Shizhen in the Ming Dynasty (1578 AD), refined the
properties and indications of Lingzhi, confirming its mild nature,
non-toxicity, and long-term edible safety, and summarized its core
effects of tonifying qi (qi, vital energy), calming the mind, relieving
cough and asthma.

Introduction

Ganoderma, referred to as “Lingzhi” within traditional Chinese
medicine (TCM), was categorized as a “superior medicinal herb” in
Shen Nong Ben Cao Jing. Boasting a medicinal heritage of more than
2,000 years, it is widely recognized for its functions of tonifying qi,
tranquilizing the mind, and alleviating cough and asthma. As a typical
representative of the integration of TCM and modern biomedicine,
Ganoderma has been officially included in the list of "food and
medicinal homologous substances" and "health food raw materials" in
recent years, with its application expanding from TCM formulations to
modern health products, pharmaceutical preparations and clinical
adjuvant therapy, showing broad application prospects.

The Chinese Pharmacopoeia (2025 edition) defines Ganoderma as the
dried fruiting bodies of two species of fungi from the Ganoderma taceae
family: Ganoderma lucidum (Leyss. ex Fr.) Karst. (Chizhi) and
Ganoderma sinense Zhao, Xu et Zhang (Zizhi); Ganoderma lucidum (G.
lucidum) is characterized by an umbrella-shaped, reddish-brown to
yellowish-brown pileus with a glossy surface and annular ridges, while
Ganoderma sinense features a purplish-black pileus with a lacquer-like
luster and rust-brown context, and cultivated products are generally
stouter and thicker with powdery spores on the surface (Figure 1).

The bioactive components of Ganoderma are diverse and complex,
mainly including triterpenoids, polysaccharides, sterols, amino acids
and nucleosides, among which polysaccharides (mainly glucans with
diverse glycosidic linkages), triterpenoids (over 300 types, mainly
tetracyclic lanostane-type and pentacyclic triterpenoids such as
ganoderic acids) and sterols (mainly ergosterol and its derivatives) are
the core active fractions, serving as the material basis for its
pharmacological activities (Figure 2).

Over the past decades, a wealth of in vitro and in vivo studies has
demonstrated that Ganoderma possesses a range of potent
pharmacological properties, including immunomodulation, antitumor
activity, hepatoprotection, antioxidant activity, anti-inflammatory
activity, and neuroprotection. Substantial advances have also been
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achieved in deciphering its molecular mechanisms and advancing its
clinical translation. However, there are still obvious gaps in the current
research, such as unclear structure-activity relationships of partial
active components, insufficient clinical evidence for some
pharmacological effects and bottlenecks in clinical translation.
Therefore, this review intends to systematically summarize the
research progress on the active components of Ganoderma, the current
status of its main pharmacological effects, the advances in clinical
transformation and the existing problems, aiming to clarify the core
direction of Ganoderma pharmacological research, highlight its
application potential, and provide a comprehensive theoretical basis
and reference for the in-depth research, development and utilization
of Ganoderma resources in the future.

Core bioactive components of G. lucidum and their
basic research

Polysaccharides from G. lucidum

Polysaccharides are the representative bioactive macromolecules in G.
lucidum. Their varied structural features are strongly associated with
pharmacological functions. These polysaccharides mainly consist of
monosaccharide units including glucose, galactose and mannose
connected by diverse glycosidic linkages, and are categorized as -
glucans, heteropolysaccharides and proteoglycans. Among them, the
specific structure built by the B-(1—3)-D-glucan main chain and p-
(1—6)-D-glucan side chains are considered key sites for their
immunomodulatory activity [1].

In terms of extraction and purification, traditional methods include
hot water extraction [2], acid/alkali extraction [3] and enzyme-
assisted extraction [4]. Modern techniques such as ultrasound-assisted
extraction, microwave-assisted extraction and supercritical fluid
extraction can significantly improve extraction efficiency while
preserving the bioactivity of polysaccharides. Purification steps
typically involve ethanol precipitation, ion exchange chromatography
and gel (filtration chromatography to obtain homogeneous
polysaccharide fractions. Studies have shown that the molecular
weight, degree of branching and spatial conformation of
polysaccharides are important factors affecting their biological
activity. For example, high-molecular-weight [-glucans exhibit
stronger activity in activating macrophages and promoting cytokine
release. However, due to its large molecular weight, complex structure
and poor stability, current research is primarily focused on its
pharmacological efficacy. There are still certain difficulties in studying
its targets, mechanisms and structure-activity relationships.

Triterpenoids from G. lucidum
Triterpenoids are another important class of active components in G.
lucidum, belonging to the tetracyclic and pentacyclic triterpenoid
compounds. To date, 540 triterpenoid components with 114 kinds
parent nucleus have been isolated and identified [5]. According to the
structure of Ganoderma triterpenoids (GTs), they can be classified into
Ganoderic acid and neutral GTs. In Ganoderic acid, there are 8, 9-ene-
ganoderic acid, 7,9 (11) -diene-ganoderic acid, other Ganoderic acids
and ganoderic acid esters. Neutral triterpenoids are classified into 8,
9-ene-neutral triterpenoids, 7,9 (11) -diene-neutral triterpenoids and
other neutral triterpenoids. Most of these triterpenoids have relatively
complex isolation conditions, and it is impossible to obtain sufficient
quantities for cell and animal experiments. Therefore, the research on
the structure-activity relationship of triterpenoids in G. lucidum is still
very lacking [6]. Among these, Ganoderic acid (GA-A, GA-B, GA-C, GA-
D) and ganodermanediol are the most widely studied representative
components. The typical triterpene skeleton structure of G. lucidum and
its pharmacological activities are shown in Figure 3.
Structure-activity = relationship  studies showed that the
pharmacological activities of triterpenoids are closely related to the
functional groups in their molecules. For example, structural features
such as the hydroxyl group at the C-3 position, the carbonyl group at
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Figure 1 Representative pictures of Ganoderma lucidum (Leyss. ex Fr.) Karst. (Chizhi) and Ganoderma sinense Zhao, Xu et Zhang (Zizhi).
(A) Ganoderma lucidum (Leyss. ex Fr.) Karst. (Chizhi). (B) Ganoderma sinense Zhao, Xu et Zhang (Zizhi).

Polysaccharides

G. lucidum (left)
G. sinense (right

Trace elements, etc.
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Figure 2 Bioactive components of Ganoderma lucidum (G. Lucidum) and Ganoderma sinense.
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Figure 3 The typical triterpene skeleton structure of G. lucidum and its pharmacological activities.

the C-7 position and the carboxyl group on the side chain have
important effects on their anti-tumor, anti-inflammatory and
hepatoprotective activities. Specifically, Ganoderic acid (GA)-A, which
contains multiple hydroxyl and carboxyl groups, shows a strong ability
to inhibit tumor cell proliferation [7] and induce apoptosis [8]. Some
of the structure-activity studies have shown that conjugated double
bonds in GTs, including side-chain A20, A22, A24, A25, and core A7,
8/A°, are usually beneficial for almost all biological activities. The C15
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site is a multifunctional active site: hydroxyl or acetoxy substitution
significantly =~ enhances  anti-tumor, anti-inflammatory  and
hypoglycemic capabilities, while C15 ketone substitution leads to the
loss of activity. Free side-chain carboxyl groups (-COOH) are crucial
for hypoglycemic activity (inhibition of aldose reductase and o -
glucosidase) and hepatoprotective activity, while methyl esterification
significantly reduces the corresponding biological activity. It is worth
noting that methyl ester modification, as an exception, selectively
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enhanced the promoting activity of type I microtubules. Carbonyl
groups exhibit bidirectional regulatory effects: the C3 carbonyl group
on the type II skeleton enhances microtubule regulatory activity, while
the C11 or C23 ketone components inhibit hypoglycemic and anti-
inflammatory efficacy. In addition, the stereochemical configuration
also dominates biological activity [9, 10]. Specifically, the substitution
of C3B has better therapeutic effects compared to its o epimer [11],
while the substitution of C15a shows superior efficacy relative to its B
epimer [12]. Research on structure-activity relationships based on
different animal or cell models still needs to be further deepened.

Sterols and other bioactive components from G. lucidum

Beyond polysaccharides and triterpenoids, G. lucidum possesses
numerous additional bioactive constituents, such as sterols,
nucleosides, amino acids, and peptides. Sterol components such as
ergosterol and its derivatives are precursors of vitamin D and have
roles in regulating calcium and phosphorus metabolism and immune
modulation [13, 14]. Nucleoside components such as adenosine and
uridine have effects on improving microcirculation, inhibiting platelet
aggregation and sedation [15]. Furthermore, various amino acids (e.g.,
lysine, glutamic acid) and small-molecule peptides in G. lucidum are
also involved in regulating the body's metabolism and immune
responses. However, these components are not unique to G. lucidum
and thus will not be discussed in detail in this review.

Batch variability of core components and modern
quality control strategies

Ganoderma lucidum polysaccharides (GLPs) and triterpenoids show
drastic batch fluctuations with multiple-fold content differences.
Geographical origin causes GLP levels ranging 0.22%-3.31% (15-fold)
and total triterpenoids 0.21%-10.56% (over 50-fold). Linden log
cultivation yields 2-3 times more triterpenoids than bag cultivation,
while hot water extraction recovers > 85% GLPs yet only 3%—8%
triterpenoids; ethanol extraction captures over 90% triterpenoids but
< 5% GLPs, and extraction parameters alter component recoveries by
24 folds. To address such inconsistency, integrated quality control
systems are essential. High-Performance Liquid Chromatography /
Ultra Performance Liquid Chromatography triterpenoid fingerprints

and  High-Performance  Gel = Permeation  Chromatography
IL-1B
L6
1
tivat promotes
“__ ' cytotoxicity

suppression g IL-6 \
= ) L TNF-a
= Y 1GF-B
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[
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Figure 4 Organ-specific pharmacological effects of GLPs and GTs.

polysaccharide molecular weight profiles serve as core identification
tools, with a similarity threshold =0.90. Multi-parameter evaluation
covers ITS2 species authentication, dual limits of =0.9% GLPs and
=0.5% total triterpenoids, fingerprint matching, and safety detection.
Uncontrolled batch variation hinders industrial translation and clinical
reproducibility. Full-chain traceability combining standardized
cultivation, unified extraction, and mandatory multi-marker
fingerprint testing is required to stabilize raw material quality and
support consistent clinical and industrial applications of G. lucidum.

Major pharmacological effects and mechanisms of G.
lucidum

Similar to other TCMs, G. lucidum possesses characteristics such as
"multi-component, multi-target". Most importantly, through the
coordinated and combined effects of its anti-inflammatory, antioxidant
and immune-regulating properties, it can "strengthen the body's vital
energy and consolidate the foundation", thereby improving diseases.
Organ-specific pharmacological effects of GLPs and GTs were shown in
Figure 4.

Effect of G. ludicum on immunomodulation and immune-related
diseases

The active and effective components in G. lucidum, such as GLPs and
GTs, have been proven to exhibit immunomodulatory activities in in
vivo studies. Ganoderma exerts a profound regulatory effect on both
innate and adaptive immune systems. Polysaccharides and
triterpenoids serve as the major bioactive substances that mediate the
above biological functions. In terms of innate immune regulation, GLPs
can trigger macrophage activation, which potentiates phagocytic
capacity and stimulates the release of pro-inflammatory cytokines,
including tumor necrosis factor-a (TNF-a) and interleukin-1f (IL-1f).
Furthermore, GLPs strengthen the cytotoxicity of natural killer (NK)
cells [12, 16], which act as a pivotal innate immune barrier to
eliminate virus-infected and mutated cells. The immunomodulatory
mechanisms of GLPs are speculated to involve the modulation of
macrophage polarization, dendritic cell maturation, as well as T and B
lymphocyte activation. These biological processes ultimately activate
key signaling cascades, such as the Toll-like receptor (TLR) 4/myeloid
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protein 3 (NLRP3) inflammasome [3], and mitogen-activated protein
kinase (MAPK) signaling pathway [17]. Collectively, these pathways
synergistically boost both innate and adaptive immune responses.
Recent research further indicates that polysaccharides can also reshape
the gut microbiota-immune metabolism axis by promoting the
production of short-chain fatty acids and activating receptors (such as
G protein-coupled receptor 43), indirectly regulating systemic immune
responses [18]. In adaptive immunity, Ganoderma extracts modulate
the proliferation and differentiation of T and B lymphocytes.
Specifically, they promote the differentiation of CD4+ helper T cells
(Ths), particularly the Thl subset, which is crucial for cell-mediated
immunity, and stimulate B-cell maturation and antibody production,
thereby enhancing humoral immunity [19].

The immunomodulatory effects of Ganoderma are mediated through
the modulation of key signaling pathways. A primary target is the NF-
kB pathway, a central regulator of inflammation and immune
responses. Ganoderma components, such as polysaccharides, can
activate NF-xB in immune cells, leading to the transcription of genes
encoding pro-inflammatory cytokines and co-stimulatory molecules in
in vitro and in vivo study [18, 20]. Conversely, in pathological
conditions characterized by excessive inflammation, certain
triterpenoids, including GA-A [21], lucidumol A, ganoderiol J,
ganoderterpene A, ganodermanontriol and lucidone D [22], have been
shown to inhibit NF-kB activation, thereby exerting anti-inflammatory
effects in in vitro and in vivo studies. Additionally, GLPs are believed to
activate pattern recognition receptors [23, 24], particularly TLRs, such
as TLR-4.

Based on the above immune modulatory effects, Ganoderma extracts
show promise in various disease contexts. In models of
immunodeficiency, particularly in patients with advanced cancer [25,
26], Ganoderma extracts have been shown to restore immune cell
counts and function, thereby improving host resistance to infections.
For autoimmune diseases such as rheumatoid arthritis [27-29] and
systemic lupus erythematosus [30], Ganoderma's ability to regulate the
balance between pro- and anti-inflammatory cytokines and to suppress
overactive immune responses presents a potential therapeutic strategy.

Rheumatoid Arthritis
. GLP reduces bone

P‘Q’“’ damage and pain

off neutrophil N1 polarization.

Systemic Lupus Erythematosus (SLE)

GLP/GTs balances
pro/anti-inflammatory cytokines

G. lucidum spore powder blocks %ﬁ lowes autoantibody (IgG) levels

Inhibit immune overactivation

Asthma is a heterogeneous airway inflammatory disease. GA-A can
alleviate asthma by regulating and inhibiting the TLR/NF-k B
signaling pathway in ovalbumin-induced mice [31]. In addition, GA-
C1 alleviates asthma by inhibiting the NF-xB signaling pathway and
partially inhibiting the MAPK and Activator Protein-1 signaling
pathways in an in vitro study, thereby reducing TNF-a level produced
by macrophages and neutrophils [32]. Besides, G. lucidum has also
been found to regulate allergic asthma in a mouse model through its
anti-inflammatory effects [33].

A water-soluble p-glucan extracted from G. lucidum significantly
promotes delayed-type ear swelling induced by dinitrochlorobenzene
in mice [34]. In vivo murine research has demonstrated that GLP-2, a
polysaccharide fraction isolated from G. lucidum originating from
Mount Taishan, is capable of modulating immune cell differentiation
by driving the transformation of ThO cells into Th1 cells. This bioactive
component also suppresses mast cell infiltration, modulates serum
levels of IgE and the inflammatory mediator IL-4, and ameliorates
inflammatory responses via the MAPK/NF-kB signaling cascade.
Through the above regulatory effects, GLP-2 facilitates the restoration
of impaired skin barrier function and effectively relieves atopic
dermatitis symptoms in murine models [35]. The polysaccharide
component extracted from G. lucidum spore powder can alleviate
colonic inflammation induced by dextran sulfate sodium (DSS) in mice
by regulating the Th17/Treg balance, restoring the balance of gut
microbiota [36]. In DSS-induced colitis in mice, the ethanol extract of
G. lucidum has also been shown to have similar effects [37]. G. lucidum
spore powder can alleviate pain and hypersensitivity associated with
rheumatoid arthritis by inhibiting the accumulation and N1
polarization of neutrophils in mice [38]. Research indicates that
Ganoderma can reduce autoantibody production and alleviate disease
symptoms in animal models, suggesting its potential as an adjunctive
therapy for autoimmune conditions.

In all, the immune-regulating effect of Ganoderma lucidum extract
and its improvement effect on immune-related diseases are
summarized in Figure 5.
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Figure 5 Ganoderma lucidum extract alleviates immune-related diseases and the underlying mechanisms.

GLP, Ganoderma lucidum polysaccharide; GTs, Ganoderma triterpenoids; GA-A, Ganoderic acid A; GA-C1, Ganoderic acid C1; TLR4, Toll- like
receptor 4; NF-«kB, Nuclear factor- kappa B; MAPK, Mitogen- activated protein kinase; Th1, T help 1 cell; Th 17, T helper 17 cell; IL, Interleukin;
TNF-a, tumor necrosis factor-a; IgE, Inmunoglobulin E; RA, Rheumatoid Arthritis; SLE, Systemic Lupus Erythematosus.

Effect of G. lucidum on the nervous system
Previous studies have indicated that G. lucidum extract may improve
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central and peripheral nervous system diseases by nourishing nerves
[39], inhibiting neuroinflammation [40] and reducing oxidative stress.
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G. lucidum is mostly consumed orally, can regulate gut microbiota
homeostasis and short-chain fatty acid levels through the brain-gut
axis [41]. Irritable bowel syndrome (IBS) is a prevalent functional
gastrointestinal illness predominantly manifested as visceral
hypersensitivity and abnormal intestinal peristalsis. A previous animal
study conducted by Kou et al. revealed that GA-A exerts regulatory
effects on enteric neurons and intestinal microecological homeostasis
[42]. Mechanistically, GA-A remodels the composition of intestinal
flora, alters the abundance of pivotal bacterial taxa involved in
tryptophan metabolism, and elevates the generation of indole-3-
aldehyde. These metabolic alterations ultimately trigger the activation
of the aryl hydrocarbon receptor signaling pathway in mice [42]. In
HT22 cells and the zebrafish model, compounds extracted from
Ganoderma calidophilum, such as gacalitone F, may exert
neuroprotective effects through the brain-gut axis [43]. A study based
on a dynamic simulator of the human gut microbiota ecosystem
suggests that G. lucidum may potentially play a role in regulating mood
disorders through gut microbiota [44].

Some literature also indicates that small molecular polysaccharides
from G. lucidum and some triterpenoids from G. lucidum can protectthe
blood-brain barrier and exert their effects in the central nervous system
in mouse models [45]. Emerging evidence suggests that Ganoderma
exerts neuroprotective effects in various neurodegenerative diseases,
such as Alzheimer's disease (AD) and Parkinson's disease (PD) [46-48].
In AD models, it inhibits the aggregation of amyloid-beta (AR) peptides
and tau protein hyperphosphorylation, key pathological hallmarks of
AD [49, 50]. In formaldehyde-exposed mice with cognitive
dysfunction, Ganoderma ameliorates abnormal brain metabolism,
reduces neuroinflammation and oxidative stress in the brain, protects
neurons, and improves cognitive performance [51]. In addition, G.
lucidum extract also has an improving effect on other age-related
neurodegenerative diseases [52]. Combined supplementation with
fermented Moringa oleifera leaves and G. lucidum has been proven to
alleviate cognitive impairment in scopolamine-challenged dementia
rat models. This protective effect is achieved by boosting cerebral
antioxidant capacity and improving cholinergic system function [53].
Epilepsy can cause transient cerebral dysfunctions. Based on a series
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Figure 6 The effects of G. lucidum extracts on the nervous system.
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of in vitro studies, various components in G. lucidum are effective
against epilepsy. . Moreover, GLPs may inhibit calcium overload and
promote CaMKIIo expression to protect epileptic neurons [54]. G.
lucidum spores may protect hippocampal neurons by promoting
neurotrophin-4 expression and inhibiting N-Cadherin expression [55].
In addition, in the in vitro and in vivo studies, G. lucidum has been
proven to enhance memory [56] and improve age-related cognitive
impairment [57, 58]. In conclusion, the effects of G. lucidum extracts
on the nervous system were summarized in Figure 6.

Effects of G. lucidum on cardiovascular and cerebrovascular
diseases

G. lucidum and its main active components (triterpenoids,
polysaccharides, sterols, etc.) exhibit a wide range of pharmacological
effects and potential applications in cardiovascular and
cerebrovascular diseases such as hypertension, coronary heart disease,
heart failure, arrhythmia and dyslipidemia, via various mechanisms
including lowering blood pressure, lipid regulation, anti-
atherosclerosis, anti-myocardial ischemia, cardiac function
improvement, anti-arrhythmia, antioxidant, anti-inflammatory
properties and vascular endothelium protection.

As early as 1988, scholars reported that G. lucidum could reduce
blood pressure and serum and liver cholesterol levels in spontaneously
hypertensive rats [59]. In 2018, Kumakura et al. proposed that protein
components extracted from the fruiting body of G. lucidum contribute
to the production of antihypertensive functional molecules in an in
vitro study [60, 61]. Wu et al. identified three peptides with
antihypertensive activity, namely Gln-Leu-Val-Pro (QLVP), Gln-Asp-
Val-Leu (QDVL) and Gln-Leu-Asp-Leu (QLDL), from G. lucidum using
mature ACE as a target in an in vitro study [62]. Rho kinase inhibitors
represent promising therapeutic candidates for hypertension
management. In vitro experimental evidence has verified that
triterpenoids purified from the total ethanol extract of G. lucidum
possess potent Rho kinase suppressive activity. This finding offers a
novel mechanistic explanation for the antihypertensive properties of
G. lucidum-derived triterpenoids [63].
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CaMKIIa, Calcium/calmodulin-dependent protein kinase II a.

Heart diseases are considered a significant cause of global mortality.
Myocardial ischemia is an important factor in atherosclerosis, angina
pectoris, etc. Polysaccharide peptides extracted from G. Iucidum
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contain the active substance [-glucan, which has been proven to
improve endothelial dysfunction and alleviate ischemia in a clinical
trial by its antioxidant effect [64]. In a rat myocardial ischemia-
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reperfusion (I/R) model, prophylactic administration of G. lucidum
extract reduced myocardial cell necrosis and reperfusion contracture
[65]. GLPs also have a protective effect on hypoxic injury of neonatal
rat cardiomyocytes [66]. Accumulating evidence has indicated that G.
lucidum can mitigate myocardial mitochondrial injury in rats with
myocardial infarction. This protective effect is closely associated with
the improved activity of key enzymes involved in the tricarboxylic acid
cycle and elevated function of mitochondrial respiratory chain
complexes [67]. Thus, the alleviating effect of G. lucidum on
myocardial ischemia is closely related to its antioxidant activity.
Moreover, Z16b, a natural compound from Ganoderma cochlear, can
act as an RyR2 stabilizer to prevent catecholaminergic polymorphic
ventricular tachycardia in a mouse model [68].

Abnormal blood lipids are the main risk factor for cardiovascular
and cerebrovascular diseases. GLPs and GTs have been proven to
correct blood lipids in animal models. Mechanistically, the role of GLPs
in balancing blood lipids may be related to improving fat metabolism
[69], increasing insulin sensitivity and improving glucose metabolism
[70, 711, as well as regulating microbiota and fecal metabolism [72,
73]. The polysaccharide extract of applanatum can significantly lower
the levels of total cholesterol, triglycerides, low-density lipoprotein
cholesterol and atherosclerosis index of MACAPOS-2-induced obese
rats [74]. However, ethanol extracts of Ganoderma spores have been
shown to improve blood lipids by upregulating liver X receptor o [75].

Stroke is considered one of the leading causes of disability and death
globally, posing significant challenges, especially in developing
countries. The mechanism by which it alleviates ischemic stroke is
related to the inhibition of oxidative stress and inflammation [76]. In
depth, Ma et al. confirmed that multiple acidic triterpenoids in G.
lucidum can directly interact with Myeloid Differentiation protein 2
(MD2), which is verified by a variety of combination experiments,
including surface plasmon resonance, inhibiting neuroinflammation
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and alleviating stroke in a mouse transient middle cerebral artery
occlusion model [77]. In summary, the effects and potential
mechanisms of G. lucidum extract on the cardiovascular and
cerebrovascular systems are shown in Figure 7.

Effects of G. lucidum on the urinary system

G. lucidum exerts multi-targeted protective effects on the urinary
system by its Dbioactive components (e.g., polysaccharides,
triterpenoids and methyl terpenes). Its pharmacological actions against
common urinary system disorders are systematically summarized as
follows:

The main causes of urinary bladder dysfunction are oxidative stress
caused by I/R, secondary to benign prostatic hyperplasia, which is a
major affliction of aging men. In a rabbit I/R model, G. lucidum shell-
broken spore pretreatment completely suppressed the negative effects
of I/R on compliance and contraction response [78]. A recent review
identified G. lucidum as a natural product with potential benefits for
bladder and lower urinary tract dysfunction [79]. Additionally, a
randomized, double-blind, placebo-controlled dose-ranging clinical
trial has validated the safety and efficacy of G. lucidum extract. The
results confirmed that this herbal formulation is well tolerated and
capable of improving the International Prostate Symptom Score. For
adult males suffering from lower urinary tract symptoms, the optimal
administration dosage of G. lucidum extract is determined to be 6 mg
[80]. Renal diseases are generally grouped into acute kidney injury
(AKI) and chronic kidney disease (CKD) based on their clinical
progression. Numerous investigations have explored the
renoprotective impacts of G. lucidum in renal disorders. G. lucidum
effectively ameliorates renal function by reducing serum creatinine
(Scr), blood urea nitrogen (BUN) and uric acid levels, while improving
the glomerular filtration rate (GFR) in in vitro and in vivo experimental
models.
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Figure 7 The effects and potential mechanisms of G. lucidum extract on the cardiovascular and cerebrovascular systems.
GLP, Ganoderma lucidum polysaccharide; GTs, Ganoderma triterpenoids; ACE, Angiotensin-converting enzyme; ROCK, Rho-associated protein kinase;
TCA cycle, Tricarboxylic acid cycle; RyR2, Ryanodine receptor 2; LXRa, Liver X receptor a; MD2, Myeloid differentiation protein 2; Z16b, Zinc

finger protein 16b; LDL, Low-density lipoprotein.

It exhibits a significant protective effect against AKI induced by I/R
[81, 82], nephrotoxic drugs [83, 841, lipopolysaccharide (LPS), as well
as environmental toxins [85]. Furthermore, G. lucidum and its extracts
mitigate tubular epithelial cell damage and delay the progression of
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CKD, thereby maintaining the structural and functional integrity of the
kidneys. In diabetic nephropathy (DN), the most prevalent cause of
end-stage renal disease, G. lucidum alleviates renal hyperfiltration and
hyperperfusion, the early pathological hallmarks of DN in mice.
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Extracts from G. lucidum reduce urinary microalbuminuria and
proteinuria by stabilizing the glomerular filtration barrier and
protecting podocytes from damage. Mechanistically, it suppresses
oxidative stress and inflammatory responses in the renal cortex, which
are critical for inhibiting the progression of DN to renal failure in rats
[86].

Renal interstitial fibrosis is the common pathological endpoint of all
progressive CKD. GTs inhibit the transforming growth factor- (TGF-
B)/Smad signaling pathway, a key regulator of fibrosis [87, 88]. It
reduces the deposition of extracellular matrix components (e.g.
collagen and fibronectin) and suppresses the epithelial-mesenchymal
transition of tubular epithelial cells, thereby effectively delaying renal
interstitial fibrosis and renal sclerosis. Moreover, Liu et al. propose that
G. lucidum sporoderm-broken spore powder alleviates kidney aging by
modulating gut microbiota [89]. In conclusion, the protective effects
of G. lucidum extract on both acute and chronic kidney injury are based
on its direct or indirect anti-inflammatory effects.

Autosomal dominant polycystic kidney disease (ADPKD) ranks
among the most prevalent hereditary disorders. It is distinguished by
progressive formation of fluid-containing renal cysts originating from
renal tubular epithelial cells. GTs [90], especially GA-A [91], inhibited
cyst growth in the Madin-Darby Canine Kidney cyst model and the
embryonic kidney cyst model in vitro, as well as in kidney-specific Pkd1
knockout mice in vivo (Figure 8). Its core mechanism suppresses
Ras/MAPK signaling cascades and facilitates cellular differentiation.
The effects of G. lucidum extract on the kidneys are summarized in
Table 1 [81-86, 90-111].

Furthermore, we summarized potential mechanisms by which GLPs
and GTs alleviate acute and chronic kidney injury (Figure 9, Figure
10).

Effects of G. lucidum on the digestive system
The digestive system is composed of the digestive tract and digestive
glands, responsible for food intake, digestion and decomposition,

el [e] >
Q

Representative graphs of cysts on Day12

B GA-A (UM)

GA-D‘ GA.
200um | GADM = GAT (*GADA |L.GAD-B | GAD.D Q

nutrient absorption and residue excretion, providing the body with
important physiological systems for energy and nutrition. From an
anatomical perspective, the digestive system begins in the oral cavity.

Research reports that freeze-dried powder from G. lucidum mycelia
may alleviate recurrent oral ulcers by promoting CD4" CD25" Foxp3"
Treg cells and inhibiting T helper 17 cell differentiation in a rat model
[112]. Oral submucous fibrosis has been identified as one of the
potentially malignant disorders of the oral cavity. Epidemiological
studies attribute this pathological fibrosis to the habit of chewing betel
nut, which leads to chronic inflammation in the oral cavity and
persistent activation of myofibroblasts in both in vitro and in vivo
studies [113]. In an in vitro study, Lee et al. [114] found that after
myofibroblasts were exposed to Ganoderma microsporum
immunomodulatory protein, it suppressed pro-inflammatory cytokines
and myofibroblast characteristics in fibrotic buccal mucosal fibroblasts
and may serve as a promising natural anti-fibrotic agent.

Gastric ulcer is an ulcerative lesion of the gastric wall formed by the
erosion of gastric acid and pepsin due to the imbalance of damage and
defense of the gastric mucosa. The lifetime prevalence rate of gastric
ulcer is about 10%. A novel galactoglucan derived from G. lucidum has
been shown to ameliorate ethanol-induced gastric ulcers through the
modulation of the Focal Adhesion Kinase (FAK)-MAPK signaling
pathway in mice [115]. In addition, G. lucidum pharmacopuncture has
been demonstrated to exert therapeutic effects on ethanol-induced
chronic gastric ulcers [116] and acute gastric ulcers [117] in rat
models. Moreover, polysaccharide fractions isolated from G. lucidum
can accelerate the healing process of acetic acid-induced gastric ulcers
in rats [118]. The antiulcerogenic mechanism of GLPs on
indomethacin-induced gastric lesions in rats has also been explored
[119]. Furthermore, mycelial polysaccharides from Ganoderma lucidum
alleviate indomethacin-triggered small intestinal damage by
stimulating macrophage-derived granulocyte-macrophage colony-
stimulating factor in a murine model [120].
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Figure 8 GA-A was identified as the active GT monomer in restorative renal cyst development.

A. Representative light micrographs of MDCK cysts in collagen gel on day 12, treated with the 12 GA monomers for the initial screening. GA-A,
GA-B, GA-C2, GA-D, GA-F, GA-G, GA-DM and GA-T are the abbreviations for Ganoderic acid A, Ganoderic acid B, Ganoderic acid C2, Ganoderic
acid D, Ganoderic acid F, Ganoderic acid G, Ganoderic acid DM and Ganoderic acid T, respectively. GAD-A, GAD-B, GAD-D and GAD-F are the
abbreviations for Ganoderenic acid A, Ganoderenic acid B, Ganoderenic acid D and Ganoderenic acid F, respectively. Scale bars, 200 pm. B.
Representative light micrographs of embryonic kidneys cultivated as the negative Ctrl (left) without 100 uM 8-BrcAMP or exposed to different GA-
A concentrations (0, 6.25, 25 and 100 uM) in the presence of 100 uM 8-Br-cAMP on day 0 and day 6. Scale bar=500 um. C. Mouse kidneys from
wild-type (WT) mice and kPKD mice on postnatal day 4 were treated with vehicle or 50 mg/kg/d GA-A for 4 days. Scale bar, 5 mm. D. Hematoxylin
and eosin staining of kidneys in vehicle- or GA-A-treated kPKD mice. Scale bar, 1 mm. Reproduced with permission. Meng J, Sai-Zhen Wang, He
JZ, et al. Ganoderic acid A is the effective ingredient of Ganoderma triterpenes in retarding renal cyst development in polycystic kidney disease.
Acta Pharmacol Sin. 2020;41(6):782-790. Copyright 2019, Chinese Pharmacological Society and Shanghai Institute of Materia Medica, Chinese

Academy of Sciences.
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Figure 9 Potential mechanisms of GLPs and GTs in alleviating AKI.

GLPs, Ganoderma lucidum polysaccharides; GTs, Ganoderma triterpenoids; EGFR, Epidermal growth factor receptor; AKT, Protein kinase B; AMPK,
Adenosine 5-monophosphate-activated protein kinase; SIRT1, Silent information regulator 1; GSK-3p, Glycogen synthase kinase-3f3; PGC-1a,
Peroxisome proliferator-activated receptor y coactivator- 1a; PPARa, Peroxisome proliferator-activated receptor a; NOX4, NADPH oxidase 4; Nrf2,
Nuclear factor erythroid 2- related factor 2; TLR4, Toll- like receptor 4; MyD88, Myeloid differentiation primary response protein 88; NF- kB, Nuclear

factor- kappa B.
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Figure 10 Potential mechanisms of GLPs and GTs in alleviating CKD.

GLPs, Ganoderma lucidum polysaccharides; GTs, Ganoderma triterpenoids; TGF- 3, Transforming growth factor- 3; MAPK, Mitogen- activated protein
kinase; JAK2, Janus kinase 2; STAT3, Signal transducer and activator of transcription 3; Trx, Thioredoxin; TrxR, Thioredoxin reductase; ROCK,
Rho-associated protein kinase; PRR-RAS, (Pro)renin receptor- renin- angiotensin system; PI3K, Phosphoinositide 3-kinase; AKT, Protein kinase B;
mTOR, Mammalian target of rapamycin; TLR4, Toll-like receptor 4; NF-«B, Nuclear factor- kappa B; IGFBP1, Insulin-like growth factor binding
protein 1; ANGPTL4, Angiopoietin-like protein 4; COL1A1, Collagen type I alpha 1 chain.
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Table 1 The effect of G. lucidum extract on the kidneys

Active ingredient Animal model Cellular model Mechanisms References
Acute kidney injury (AKI)
Cisplatin-induced nephrotoxicity in ICR Antioxidant effect,
G. lucidum mice, Cisplatin-treated RAW264.7 cells, Inhibition of epidermal growth factor receptor signaling and [83, 84]
Cisplatin-induced nephrotoxicity in rats autophagy-mediated apoptosis
. . . Cisplatin-induced nephrotoxicity in . . Activating the protein kinase B/glycogen synthase kinase-3
G. lucidum polysaccharide peptides . Cisplatin-treated NRK52E cells . . . [92]
C57BL/6 mice beta/nuclear factor erythroid 2-related factor 2 signaling pathway
The methanolic extracts of
Ganoderma tuberculosum Murill., y Human proximal tubular cells Prevented a loss of viability, apoptosis Prevented ROS (93]
Ganoderma parvigibbosum Welti & (HK-2) intoxicated by cisplatin overproduction and exhibited scavenger activity
Courtec.
Terpenes isolated from G. lucidum Cisplatin-induced nephrotoxicity in mice / Inhibits renal tissue lipid peroxidation [94]
. . . Doxorubicin-induced nephropathy in Modulation of the renin-angiotensin system and proteinuria, and
G. lucidum polysaccharide peptide . / . . [95]
BALb/c mice inhibits the upregulation of NOX4 and H,0,
G. lucidum (Leyss. ex Fr.) Karst spore  Gentamicin-induced rat AKI model / Reducing apoptosis via p53/Caspase 3 signaling pathway [96]
. . L . Hypoxia/reoxygenation model in L . .
Ganoderic Acids Renal I/R injury in C57 mice Inhibiting TLR4/MyD88/NF-kB signaling pathway [81]
NRK52E cells
Hypoxia/reoxygenation model,
G. lucidum polysaccharide peptide Renal I/R injury in C57 mice and tunicamycin-stimulated NRK-  Counteracting oxidative stress [82]
52E cells
G. lucidum polysaccharide peptide L - L
Sepsis-induced organ injury / Activating the Nrf2/NF-kB pathways [97]
(GL-PP2)
Chronic kidney disease (CKD)
Meroterpenoids from G. lucidum / TGF-B-treated NRK52E cells Inhibit the expression of cellulose and collagen I [98]
. CCl,-induced kidney inflammation, .
Ganoderic acid A . o L / Regulating the Trx/TrxR, JAK2/STAT3 and RhoA/ROCK pathways  [99]
fibrosis, and oxidative stress in mice
L Unilateral ureteral obstruction mouse . . .
Ganoderic acids del TGF-B-treated HK2 cells Suppressing the TGF-/Smad and MAPK signaling pathways [100]
mode!
. TGF-B1lreated MDCK and CRFK
G. lucidum / / [101]
cells
G. lucidum and Robinia pseudoacacia ~ 0.25% adenine diet (AD) induces the LPS and H,0,-treated NRK52E L L
) o Inhibiting oxidative stress [85]
Flower Extract mouse kidney fibrosis cells
Lingzhi lactones from Ganoderma . L . o . .
Adriamycin-induced mice nephropathy Rat tubular epithelial cells Inhibition of Smad3 phosphorylation [102]

lingzhi
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Active ingredient Animal model Cellular model Mechanisms References
Diabetes mellitus induced by Affecting the expression of glucose and energy metabolism-related
Sporoderm-broken spores of G. . . L n .
cid streptozotocin and a high-fat diet in / genes (Igfbpl and Angptl4) and enhancing the metabolic [86]
ucidum
Sprague-Dawley rats biomarkers of 4-aminocatechol
. Rat glomerular mesangial cells
FYGL (a proteoglycan isolated from . . . . . . o . .
G. lucidum) Diabetic db/db mice induced by high glucose with Reduce oxidative stress-induced dysfunction [103]
. lucidum
palmitate
. . TGF-B1-induced rat Kidney " .
Meroterpenoids from G. lucidum . Inhibit the expression of collagen I [104]
proximal tubular cells
. . . Unilateral nephrectomy and inject BSA BSA-induced HK-2 cell injury . .
G. lucidum polysaccharide peptides . Inhibiting the intrarenal PRR-RAS pathway [105]
5g/kg/day for 7 consecutive days model
Ganoderic acid A Kidney-specific Pkd1 knockout mice MDCK cystogenesis model Downregulated the Ras/MAPK signaling pathway [91]
. . " . . Downregulating Ras/MAPK signaling and promoting cell
Ganoderma triterpenes Kidney-specific Pkd1 knockout mice MDCK cystogenesis model . . [90]
differentiation
G. lucidum polysaccharide peptide Potassium oxonate-induced mouse model Adenosine-induced cell model Regulating the uric acid production and excretion [106]
Via the PI3k/Akt/mTOR signaling pathway, by inhibition of
G. lucidum Polysaccharides Streptozotocin-Induced Diabetic Rats / apoptosis and inflammation, and activation of the autophagy [107]
process
G. lucidum Streptozotocin-Induced Diabetic Rats / Blocking the TLR4/NF-kB signaling pathway [108]
Other kidney diseases
Prenatal Chlorpyrifos-Induced Restoring antioxidant defense systems, modulating the Bax/Bcl-2
. Developmental Nephrotoxicity in rats apoptotic balance, suppressing pro-inflammatory cytokine
G. lucidum . . / . . . . [109]
(pregnant rats received chlorpyrifos 5 production, reducing tubular injury markers, and normalizing
mg/kg) stereologically detected renal structural changes
Petchiether A (a novel small-
molecule meroterpenoid from G. Unilateral ureteral obstruction in mice / Inhibiting TGF-B/Smad3 signaling [110]
lucidum)
FYGL Diabetic nephropathy in db/db mice / Antioxidant and inhibition of oxidative accumulation [111]

Submit a manuscript: https://www.tmrjournals.com/tmr

11


https://orcid.org/0000-0002-3557-0498

REVIEW

Traditional Medicine Research 2027;12(5):34. https://doi.org/10.53388/TMR2027034

Oral G. lucidum is mostly absorbed in the intestine, and its role in
the intestine cannot be ignored. Based on its immunomodulatory, anti-
inflammatory and antioxidant activities, Ganoderma exerts multiple
protective effects against intestinal inflammation. It exhibits a
repairing effect on the intestinal mechanical barrier. Specifically, FYGL
has been shown to exert a protective effect on intestinal epithelium in
mice with type 2 diabetes [121]. GA-A can improve IBS by regulating
the enteric nervous system and intestinal homeostasis [42].
Meanwhile, G. lucidum dietary fiber can alleviate constipation [122].
Sporoderm-broken G. lucidum spore polysaccharides have been
demonstrated to alleviate DSS-induced colonic inflammation [37].
Both GA [123] and GA-A [124] can ameliorate DSS-induced ulcerative
colitis in mice, and the underlying mechanism may be associated with
the regulation of microbial tryptophan metabolism.

In addition, a variety of other Ganoderma-derived components also
exert beneficial effects on DSS-induced mouse colitis, including G.
lucidum (Agaricomycetes) spore powder [125], G. lucidum spore shells
modified into probiotic carriers [126], G. lucidum B-d-glucans [127]
and G. lucidum ethanol extraction [37]. Previous work also
demonstrated that MAK, a water-soluble extract obtained from
Ganoderma lucidum (Reishi) mycelial culture medium, relieves
trinitrobenzene sulphonic acid-provoked colitis in mice [128].
Beyond the protective effects on chronic intestinal inflammation,
Ganoderma extracts are also effective against acute intestinal
infections. For instance, combined therapy with GLPs and
ciprofloxacin can alleviate Salmonella enterica infection. Reishi
Protein LZ8 promotes the expansion of FOXP3(+) Tregs via a CD45-
dependent signaling cascade, which ameliorates acute intestinal
inflammation in mice [129]. GLPs can reduce methotrexate-induced
small intestinal damage in mice [130].

The microbial barrier plays an important role in maintaining
intestinal microbiota balance, stimulating barrier development and
immune maturation. The gut microbiota regulates metabolism,
inflammation and immune homeostasis through the gut-liver axis, and
its structural imbalance is closely related to the occurrence and
development of various liver diseases. GLPs have been proven to
improve dyslipidemia in mice [73, 131]. Polysaccharides in broken G.
lucidum spore powder can alleviate high-fat diet-induced obesity in
mice [72]. Similarly, GLPs can inhibit inflammation via the
Lactobacillus-butyrate axis, exerting a similar effect [69]. GLPs [132]
have also been confirmed to alleviate acute liver injury in mice. A
series of studies at the animal level have shown that G. lucidum fruiting
bodies [133], ethanol extract of G. lucidum [134], alcoholic extracts
from the G. lucidum fermentation product [135] and GA-A [136]
improve alcoholic liver injury by regulating intestinal flora. In
addition, GLPs can alleviate non-alcoholic fatty liver disease by
regulating intestinal flora, inhibiting the TLR4/NF-kB/MAPK signaling
pathway, and activating the AMPK signaling pathway [23]. In
addition, GLPs [137] and resistant starch-encapsulated G. lucidum
spores [138] can also improve diabetes by regulating the flora.

Besides the above-mentioned liver-related diseases, G. lucidum and
its extracts can also ameliorate other diseases by regulating intestinal
flora. For instance, heteropolysaccharide from G. lucidum can
ameliorate AD in rats [139]; G. lucidum sporoderm-broken spores
mitigate renal senescence in both naturally aged mice and a murine
model of radiation-triggered premature aging [89]. G.lucidum can
prevent osteoporosis [140]; GLPs can improve D-galactose-induced
learning and memory impairment [58]. Moreover, the alcohol extract
of G. lucidum mycelia was reported to promote sleep [141] in murine
models, etc.

Additionally, the effects of G. lucidum on digestive system tumors
and metabolic diseases will be separately reviewed in detail in the
following sections.

Effects of G. lucidum on the respiratory system

The protective effects of G. lucidum extract on the respiratory system
primarily focus on treating asthma [142], reducing lung inflammation
[143] and improving pulmonary nodules [144], pulmonary fibrosis
[145] and lung cancer [146], which mainly rely on the anti-
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inflammatory and immune-regulating effects [147].

Asthma represents a complex heterogeneous disorder driven by
interactive genetic and environmental stimuli that initiate persistent
airway inflammation. This pathological process promotes airway
hyperresponsiveness, smooth muscle contraction, excessive mucus
production and airway remodeling, ultimately resulting in recurrent
wheeze, dyspnea and reversible airflow restriction. The Guominkang
formula containing G. lucidum has been shown to alleviate airway
inflammation induced by house dust mite in asthma by regulating the
Wnt/B-Catenin signaling pathway in mice [142]. GA-B exerts time-
dependent bidirectional regulation of IFN-y, IL-5, and Treg-associated
cytokines in peripheral blood mononuclear cells isolated from
asthmatic patients, suggesting its distinctive regulatory capacity on
cytokine profiles [148]. Triterpenoid-rich extracts of Ganoderma
tsugae were reported to exert anti-inflammatory effects on airway
responses and attenuate Th2 responses without the overall
immunosuppressive effects in allergic murine models of asthma [149].

G. lucidum extract also has a significant inhibitory effect on lung
inflammation. In the LPS-induced rat pneumonia model,
Ganodermanontriol inhibits phosphorylation and activation of the
TNF/NF-kB/MAPK signaling pathway [143]. A recombinant protein
LZ-8, originally extracted from G. lucidum, ameliorates ovalbumen-
induced lung inflammation by regulating Th17/Treg balance in mice
[150]. It has also been reported in murine models that GLPs ameliorate
LPS-induced acute pneumonia via inhibiting NRP1-mediated
inflammation [151] and alleviate intestinal I/R induced lung injury via
inhibiting cytotoxic neutrophil extracellular traps [152]. In lung injury
induced by cadmium poisoning, G. lucidum active peptide GLP4
reduces cadmium-induced lung injury in mice by inhibiting the
activation of the NLRP3 inflammasome [153]. GA-A was reported to
alleviate mice lipopolysaccharide-induced acute lung injury by
inhibiting the Rho/ROCK/NF-kB signaling pathway [154].

Acute lung injury can lead to pulmonary fibrosis. GA-A exerts a
protective effect against bleomycin-induced pulmonary fibrosis in
mice, and the TGF-/Smad-3/NF-kB signaling pathway plays an
important role in this process [155]. GLPs also show protective effects
on bleomycin-induced pulmonary fibrosis in rats [145]. The beneficial
effects of G. lucidum extract on lung cancer have also been extensively
studied, and we will elaborate in detail on its anti-tumor effects.

Effects of G. lucidum on the reproductive system

Accumulating evidence has validated the protective efficacy of GTs
against cadmium-triggered testicular damage in chickens [156].
Mechanistically, GTs diminish cadmium deposition in testicular
tissues, lower the expression levels of pro-inflammatory cytokines (IL-
1B, IL-6 and TNF-a) in cadmium-injured testes, and enhance the
enzymatic activities of superoxide dismutase and GSH-Px while
reducing malondialdehyde accumulation. Additionally, GTs modulate
the expression of apoptosis-related proteins (Bax, caspase-3 and Bcl-2),
thereby effectively mitigating testicular tissue lesions caused by
cadmium toxicity [156]. Recent clinical investigations have confirmed
that chemotherapy severely impairs sperm quality in male patients,
typically inducing oligospermia and ultimately resulting in male
infertility [157, 158]. Furthermore, GLPs have been verified to
alleviate cyclophosphamide-caused male reproductive dysfunction in
mice and protect spermatogenic cells at various developmental stages
[159]. This protective effect is achieved via the regulation of two core
signaling pathways: the Keapl/Nrf2/HO-1-dependent oxidative stress
pathway and the Bax/Bcl-2-mediated apoptotic pathway.

Effects of G. lucidum on metabolic diseases

G. lucidum extract exhibits potent anti-metabolic disorder effects. The
liver is the core metabolic center of the human body, comprehensively
regulating the synthesis, breakdown and transformation of substances
such as sugars, lipids, proteins, vitamins and hormones, and
maintaining the body's metabolic homeostasis. G. lucidum
demonstrated significant hepatoprotective effects against various
forms of liver injury. In the context of drug-induced or chemical
hepatotoxicity (e.g., from acetaminophen or carbon tetrachloride),

12


https://orcid.org/0000-0002-3557-0498

REVIEW

Traditional Medicine Research 2027;12(5):34. https://doi.org/10.53388/TMR2027034

pretreatment with Ganoderma extracts significantly reduces serum
levels of liver function markers, such as alanine transaminase and
aspartate transaminase, and mitigates histological liver damage in
mice. For non-alcoholic fatty liver disease, Ganoderma was shown to
reduce hepatic lipid accumulation, improve insulin sensitivity and
alleviate hepatic steatosis. In mice models of liver fibrosis, Ganoderma
inhibits the activation of hepatic stellate cells, the key effectors in
fibrogenesis, thereby reducing the deposition of extracellular matrix
proteins and slowing the progression of fibrosis.

The liver is the largest metabolic organ in the body, and its damage
may induce a series of metabolic diseases. G. lucidum exhibits extensive
hepatoprotective effects in various liver diseases, including liver
cancer, nonalcoholic fatty liver disease, alcoholic liver disease,
hepatitis B, liver fibrosis as well as liver injury induced by CCl, and a-
amanitin in mice [160]. The detailed effects of G. lucidum on the liver
was reviewed as follows:

GTs help prevent and improve hyperlipidemia. Tong and colleagues
studied the effects of GTs on hyperlipidemia and gut microbiota
changes induced by a high-fat diet (HFD) in rats. GTs can improve lipid
levels in hyperlipidemic rats and reverse HFD-induced gut microbiota
dysbiosis, including a significant increase in the proportion of
Alloprevotella and a decrease in the proportion of Blautia [161]. GA-
A can also improve weight gain and hepatic steatosis, liver injury, lipid
metabolic disorders and hepatocyte apoptosis via inhibiting ACC
activity [162]. Guo et al. [163] reported that GA-A regulates gut
microbiota composition and lipid metabolism in HFD mice. GA-A
significantly reduced abnormal weight gain and epididymal white
adipose tissue enlargement in HFD mice, improved biochemical
indicators related to lipid metabolism in the liver and serum and
significantly alleviated hepatic lipid droplet accumulation.

Atherosclerosis is a common cardiovascular disease characterized by
lipid deposition, oxidative stress and inflammation in the vascular
endothelium. The anti-inflammatory, antioxidant and glucose-lipid
regulation effects of GLPs to improve obesity all suggest that they have
certain effects on atherosclerosis. Literature reports that GLPs can
significantly reduce the aortic plaque area in rabbit atherosclerosis
models via alleviating endothelial dysfunction and inflammatory
polarization in macrophages, thereby promoting the apoptosis of foam
cells [164]. In a high-cholesterol diet-fed Wistar rat hyperlipidemia
model, GLPs can reduce hydrogen peroxide, IL-10 levels and the
number of endothelial progenitor cells in serum, and decrease aortic
intima-media thickness, showing potential anti-atherosclerotic effects
[165].

Obesity and its major complication, type 2 diabetes, pose serious
threats to human health, but currently there is no effective treatment.
GA-A inhibits the expression of SREBPs in vitro, reducing cholesterol
and fatty acid levels. GA-A regulates SREBP target genes and
metabolism-related genes in the liver or adipose tissue in mice, which
may directly help reduce lipid levels and improve insulin resistance
[166].

In studies on the anti-diabetic effects of GLPs, researchers
investigated the mechanisms of FYGL and GLP F31. The anti-diabetic
effects of FYGL, in addition to being related to the regulation of lipid
metabolism and insulin resistance, can improve muscle atrophy in
diabetic mouse models through antioxidant activity [167] and can also
improve insulin resistance by upregulating PGC-1a [168]. The protein
part of FYGL plays an important role in inhibiting the amyloid
aggregation of human islet amyloid polypeptide (hIAPP).
Mechanistically, the strong, specific and enthalpy-driven interactions
between hIAPP and FYGL through mt-it stacking and electrostatic forces
significantly inhibit hIAPP amyloid aggregation. The antidiabetic
effect of FYGL may also be related to preventing the misfolding of
hIAPP [169]. Protein tyrosine phosphatase 1B (PTP1B) is a key
negative regulator of insulin and is also an effective target for the
treatment of type 2 diabetes in mice. FYGL can also reduce blood
glucose by inhibiting PTP1B. This study demonstrated that there is a
strong, enthalpy-driven and multi-target electrostatic interaction
between PTP1B and FYGL, which greatly inhibits the catalytic activity
of PTP1B [170, 171]. The anti-hyperglycemic capacity of GLP F31 is
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attributed to multiple regulatory mechanisms, including the
restoration of pancreatic islet cell function and elevated insulin
secretion. It also facilitates hepatic glycogen synthesis and storage, and
simultaneously enhances antioxidant enzyme activity while
ameliorating insulin resistance [137]. 16S rRNA gene sequencing
results showed that F31 can reduce the number of Firmicutes and
increase the number of Bacteroidetes in mice, thereby decreasing the
release of endotoxins from the gut into the bloodstream, promoting
carbohydrate fermentation in the gut and activation of the gut-brain
axis to lower blood sugar and reduce insulin resistance and
inflammation. In addition, F31 can also alleviate hyperglycemia
through renal protection and promote adipocyte apoptosis in db/db
mice [172].

Effects of G.lucidum on its antitumor effect

The anti-tumor research of G. lucidum is also very extensive, mostly
based on its killing effect on tumor cells. Among them, GTs have better
effects, manifested as inhibiting tumor cell proliferation, promoting
tumor cell apoptosis, regulating autophagy and other effects. The
polysaccharides in G. lucidum mainly enhance the sensitivity of
chemotherapy drugs and reduce adverse reactions through their
immune regulatory activity, playing an indirect anti-tumor role.
Direct antitumor effects. It has been reported that G. lucidum has
inhibitory effects on lung cancer, liver cancer [7, 173, 174], breast
cancer [175-177]1, papillary thyroid cancer [178], endometrial cancer
[179], colon and rectal cancer [180, 181], prostate cancer [182], etc.

Ganoderma exhibits direct cytotoxic effects on a variety of tumor cell
lines in vitro and in vivo. Triterpenoids, particularly GAs, are the main
contributors to these effects. They trigger apoptotic cell death in tumor
cells via diverse routes, such as caspase cascade activation, elevated
expression of pro-apoptotic mediators (e.g., Bax), and suppressed
levels of anti-apoptotic counterparts (e.g., Bcl-2). Furthermore,
Ganoderma components inhibit tumor cell proliferation by arresting
the cell cycle at the GO/G1 or G2/M phases in vitro. They also suppress
tumor invasion and metastasis by downregulating matrix
metalloproteinase expression, which degrades the extracellular matrix,
and by inhibiting angiogenesis, a critical process in tumor growth and
metastasis.

Due to its low bioavailability, different formulations have also been
attempted for anti-tumor research of G. lucidum. A novel Pt(IV)-GA-A
conjugate was proven to have anti-glioblastoma activity in vitro [183].
WSG is a polysaccharide from G. lucidum. WSG-based dissolvable
microneedle patch provided a new effective method in treating
cutaneous melanoma in vitro [184]. A nano-bioconjugate formed by
conjugating GLPs with low-pH culture medium reprogrammed CT26
tumor cell-derived extracellular vesicles showed tumor-targeting
delivery and potent immunomodulatory effects via repolarizing M2-
like macrophages towards the M1 phenotype, promoting dendritic cell
maturation, activating cytotoxic T lymphocytes and inhibiting
immunosuppressive regulatory T cells [185]. A G. lucidum spore-based
solid self-nanoemulsifying delivery system for paclitaxel enhances
lymphatic absorption and exerts synergistic immunotherapeutic and
antitumor effects. This novel formulation serves as a robust oral
platform that integrates chemotherapy and immunotherapy, with
validated efficacy in both in vitro and in vivo models [186]. In the
positive, recurrent and metastatic 4T1 breast cancer models, DC-
targeted full-cell nanovaccine based on chitosan oligosaccharide self-
assembled with GLP showed strong anti-tumor effects, significantly
inhibiting the growth of primary tumors and inhibiting distant lung
metastasis [146]. GLP-based multifunctional tellurium nanorods
exhibit potential to initiate anti-tumor immune responses, which is
suitable for cases when single-agent therapy is suboptimal [187]. The
new formulation of G. lucidum extract has become a new trend in anti-
tumor treatment.

Indirect antitumor effects. In addition to direct cytotoxicity,
Ganoderma acts as an effective adjuvant in cancer therapy. It enhances
the sensitivity of tumor cells to conventional chemotherapeutic agents
and radiation, thereby improving treatment efficacy [188]. This
chemosensitization effect is often mediated by the inhibition of drug
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efflux pumps, such as P-glycoprotein, which are responsible for
multidrug resistance [189]. Equally important, Ganoderma mitigates
the severe side effects associated with chemoradiotherapy, such as
myelosuppression, gastrointestinal toxicity and immunosuppression
[190]. In addition, GA-A was reported to enhance the cytotoxicity of
cisplatin against gallbladder cancer cells by promoting DNA damage
and inhibiting cell stemness [191]. GA-T, a triterpenoid of G. lucidum,
regulates the tumor microenvironment and enhances chemotherapy
and immunotherapy efficacy in the in vivo study by downregulating
the level of galectin-1 [192]. This suggests that G. lucidum extract also
has outstanding contributions in assisting the treatment of cancer, as
it improves the quality of life and treatment tolerance of cancer
patients.

Antitumor-related signaling pathway mechanisms. The antitumor
effects of Ganoderma are mediated through the modulation of several
key signaling pathways involved in immune regulation [173, 193],
cellular energy metabolism [194, 195], apoptosis [196], autophagy
[197], aging [181], etc.

Ganoderma extracts exert antitumor effects mainly in multiple
aspects, including regulating immunity, modulating autophagy,
modulating energy metabolism and inducing senescence. Sporoderm-
removed G. lucidum spore powder was shown to enhance the antitumor
efficacy of anti-PD-L1 antibody in a lung cancer mouse model [198].
A water extract of G. lucidum mycelium has also been confirmed to
exert similar effects, which may be attributed to the stimulation of NK
cell cytotoxicity by inducing NKG2D/NCR activation and the secretion
of perforin and granulysin in vitro [199]. Additionally, some studies
proposed that the antitumor effect of G. lucidum is associated with
regulating macrophage polarization [200-202] and increasing the
phagocytic function of macrophages [193], both in in vitro and in vivo
studies. Modulating the autophagic level of tumor cells is also one of
the important measures to inhibit tumor progression [203]. Existing
research has demonstrated that GA-D is capable of triggering
synergistic autophagic cell death in tumor cells [204]. In vitro
experiments have further validated that GA-A exerts cytotoxic effects
against human glioblastoma by targeting the PI3K/Akt signaling
cascade [205]. GLPs, on the other hand, can inhibit autophagy and
promote apoptosis of human colon cancer cells by activating the
MAPK/ERK signaling pathway in vitro [206]. In human gastric cancer
SGC-7901 cells, LZ-8 can regulate autophagic cell death through
endoplasmic reticulum stress [207]. The above literature indicated
that G. lucidum and its extracts exert anti-tumor effects through
multiple pathways.

Multi-omics analysis has revealed that sporoderm-removed G.
lucidum spores inhibit osteosarcoma progression in vitro and in vivo by
targeting glycerophospholipid and fatty acid metabolism [194]. GA-A
possesses dual inhibitory potential on GLUT1/3, which targets glucose
metabolism in human lung cancer in the in vitro study [195]. GA-D
attenuates gemcitabine resistance in triple-negative breast cancer cells
by inhibiting glycolysis through HIF-la destabilization both in vitro
and in vivo [208]. Moreover, GLPs can alleviate colorectal cancer by
regulating gut microbial metabolism [209]. By targeting these
oncogenic pathways, Ganoderma effectively inhibits tumor growth and
metastasis.

Anti-aging effect of G. lucidum

Excessive oxidative stress response in the body can continuously
damage cells, proteins, and DNA, leading to the accumulation of
oxidative damage and accelerating cell aging and tissue function
decline, which is one of the core mechanisms driving natural aging of
the body. The various components in G. lucidum, including GLPs, GTs,
etc., have antioxidant capacity. In recent years, with the intensification
of aging, the role of G. lucidum in elderly patients has been further
emphasized.

G. lucidum exhibits more potent therapeutic effects in aged mice
compared with young mice. This superior efficacy is potentially
attributed to the activation of Treg cells through the modulation of
arginine metabolism [210]. Moreover, nanovesicles derived from G.
lucidum can markedly alleviate multi-organ senescence in a mouse
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model of doxorubicin-triggered acute aging [211]. G. lucidum spore
polysaccharide (GLSP) alleviates vascular aging by promoting SIRT7-
mediated deacetylation of Keapl and dissociation of Keapl-NRF2,
which is investigated both in vitro and in vivo [212].

GA-A can effectively inhibit senescent cell buildup and ameliorate
multi-organ physiological deterioration in three types of mouse
models, including irradiation-induced premature aging, natural aging,
and Western diet-triggered obesity. Intriguingly, GA-A is capable of
improving physical performance and enabling metabolic adaptation to
physiological alterations during aging. Mechanistically, GA-A directly
interacts with TCOF1 to sustain ribosome homeostasis, which serves as
a core mechanism to suppress cellular senescence [213]. Moreover, G.
lucidum sporoderm-broken spore powder also enhances klotho
expression, highlighting its potential as an anti-aging intervention in
vivo [214]. Invitro, GA-D prevents oxidative stress-induced senescence
[215] by targeting 14-3-3¢ to activate the CaM/CaMKII/NRF2
signaling pathway in mesenchymal stem cells [216].

Some studies based on mice indicated that regulation of gut
microbiota was considered to be one of the most important
mechanisms to alleviate aging. GLPs were reported to target the gut-
brain axis, alleviating cognitive impairment caused by aging by
regulating gut microbiota homeostasis and short-chain fatty acid levels
[41]. A similar effect induced by GTs may be via regulating
Eubacterium lentum-mediated serine metabolism [57]. G. lucidum
sporoderm-brokenpowder alleviates kidney aging [89], and GLPs
improve learning and memory impairment [58], which can also be
affected by intestinal flora. Mitochondrial dysfunction is an important
sign of cellular and even individual aging. Wang et al. reported that G.
lucidum extracts reduce skin aging by reducing mitochondrial stress
and controlling mitochondrial numbers [217].

In all, Ganoderma has been found to extend the lifespan or
healthspan of model organisms, such as Caenorhabditis elegans [218]
and Drosophila [219], by modulating insulin/IGF-1 signaling and
sirtuin pathways, which are key regulators of longevity.

Radiation protection effect of G. lucidum
Ionizing radiation can cause severe damage to the body. The anti-
radiation effect of G. lucidum is closely related to its expected
properties on reducing lipid peroxidation, ameliorating cell apoptosis,
restoring DNA damage and regulating the immune system [220, 221].
GTs can effectively lower the levels of lipid peroxidation and protein
oxidation in the liver and brain tissue induced by y-ray radiation, and
successfully restore the antioxidant enzyme activities and GSH levels
in the liver and brain of irradiated mice [222]. UVB radiation can
induce cataract. Moreover, topical and oral G. lucidum alleviates
oxidative stress and inflammatory response in rat caused by UVB
damage [223]. Commercial products with a 30:8 ratio of Ganoderma
spores to fruiting bodies (named GLSF) were shown to attenuate
immune suppression caused by UV-induced skin cancer in vivo [224].
GA-A can increase the cell viability, Bcl2/Bax ratio and superoxide
dismutase activity of irradiated lens epithelial cells and reduce
malondialdehyde content and cleaved Caspase-3 level, thereby
delaying lens opacity caused by UVB radiation in lens epithelial cells
[225]. The mechanism by which GLPs inhibit UVB-induced melanin
production and aging in vitro may be related to antagonizing the
cAMP/PKA and ROS/MAPK signaling pathways [226, 227]. GA-T has
been found to improve the radiosensitivity of HeLa cells via converting
apoptosis to necroptosis [228]. Serum metabolomics based on Ultra
Performance Liquid Chromatography-Tandem Mass Spectrometry
showed that the water-soluble components, GLPs, can play a role in
radiation protection by regulating taurine metabolism and
glycerophospholipid metabolism in mice [229].

Antiviral effect of G. lucidum and other functions

In addition, G. lucidum extracts have resistance to various viruses. GLPs
have been reported to inhibit viral invasion, replication and
destruction in the body and exert antiviral effects by enhancing the
body's nonspecific and specific immune functions. A protein-bound
polysaccharide GLhw-02, isolated from the water-soluble substances of
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G. lucidum through activity-guided separation, exhibits antiviral
activity against herpes simplex virus type 1 (HSV-1) and type 2 (HSV-
2) in vitro [230, 231]. Reviews have summarized that GLPs may exert
inhibitory effects against coronavirus infection, which remains to be
validated by direct in vitro experimental evidence [232]. Other studies
have found that GLPs, as immune adjuvants, can promote the
production of specific antibodies IgG and IgA in mice vaccinated with
the inactivated enterovirus EV-A71 vaccine (nasal drop), alleviate the
symptoms of EV-A71-infected mice, and reduce mortality, thereby
providing immune protection in mice [232]. Research on the antiviral
effects of GLPs provides a theoretical basis for the clinical prevention
and treatment of viral diseases, and also offers potential candidate
drugs for the prevention and control of the COVID-19 pandemic.

A study based on the virtual screening approach predicts that four
functional triterpenoids, including Ganodermanontriol (-6.291
kcal/mol), lucidumol A (-5.993 kcal/mol), Ganoderic acid C2 (-5.948
kcal/mol) and Ganosporeric acid A (-5.983 kcal/mol) from G. lucidum,
are potential inhibitors of DENV NS2B-NS3 protease, a primary target
for anti-dengue drug discovery. A subsequent in vitro study that
indicated that ganodermanontriol is a potent bioactive triterpenoid
[233]. In addition, some G. lucidum extracts alleviate the infection of
SARS-CoV-2 in an in vitro experiment [234]. For example, G. lucidum
spore powder enhances the IFN-a-mediated antiviral capacity of the
COVID-19 vaccine [235, 236]. Jiang et al. propose that GA-T has the
potential to prevent Sendai virus infection via transcriptome profiling
and bioinformatic analysis [237].

Clinical trials of G. lucidum and its bioactive

compounds

Overall, although several clinical trials have confirmed some beneficial
effects of G. lucidum and its extracts in humans, relevant clinical
research remains insufficient. Moreover, most studies have focused on
its adjuvant therapeutic effects in cancer patients and its benefits in
improving chronic diseases.

A prospective evaluation of 120 patients with breast cancer and lung
cancer, in which T lymphocyte subsets and related cytokines were
measured by flow cytometry and polymerase chain reaction and
assessed by Spearman correlation analysis, showed that Ganoderma
spore powder could improve immune function in patients
postoperatively [238]. Likewise, a study based on 34 patients reported
that oral administration of GLPs (5400 mg/day) before meals
significantly increased natural killer cell activity in patients with
advanced cancer [25].

In addition, the antioxidant effects of G. lucidum have received
considerable attention and have been linked to improvements in
several chronic diseases. Chiu et al. demonstrated in healthy volunteers
that G. lucidum exerted antioxidant, anti-aging and hepatoprotective
effects and effectively inhibited oxidative stress [239]. In another
double-blind, placebo-controlled and crossover intervention study,
blood and urine samples were collected from 10 healthy volunteers
after a single dose of G. lucidum. The results indicated that ingestion of
G. lucidum acutely increased plasma antioxidant capacity, and this
antioxidant status may be beneficial in reducing the risk of coronary
heart disease [240]. However, in healthy adult volunteers (aged
22~52 years, 18 subjects) who received oral administration of a
commercially available G. lucidum capsule for 4 weeks, no significant
change in any variables was observed in acute tests of fasting blood
and urine compared with the placebo group, although there was a
slight decreasing trend in blood lipids and an increase in urinary
antioxidant capacity [241]. We speculate that the inconsistencies
between these two studies may be attributed to differences in dosage
and duration of administration. It could also be that the sample size of
the experiment was too small to eliminate individual differences,
thereby causing deviations. Nevertheless, some studies suggested that
G. lucidum may exert mild antidiabetic effects and improve diabetic
dyslipidemia, as shown in several previous animal studies [242].
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GLP peptide is a potent antioxidant that can effectively inhibit the
pathogenesis of stable angina pectoris and atherosclerosis in high-risk
patients [64]. In a prospective, double-blind, randomized, placebo-
controlled trial conducted in 2016, after 84 participants with type 2
diabetes and metabolic syndrome were randomized to receive G.
lucidum, G. lucidum plus Cordyceps sinensis, or placebo for 16 weeks.
Measurements of glycated hemoglobin, fasting glucose, and other
secondary outcomes did not support the use of G. lucidum for the
treatment of cardiovascular risk factors in patients with diabetes or
metabolic syndrome [243].

In terms of mental health, oral administration of G. lucidum can
improve the clinical symptoms of neurasthenia to some extent [244].
In a study on the treatment of AD with G. lucidum spore powder, it was
noted that after 6 weeks of treatment, no improvement in the effect of
G. lucidum on AD was observed, which was inconsistent with the
results in animal studies [245]. We propose that the observed result
may be attributed to the small sample size, which is inadequate to
mitigate data fluctuations arising from individual differences. This
limitation is further exacerbated by a short treatment duration.
Additionally, comparing the conversion of dosage from animal studies,
arelatively low dosage caused insufficient bioavailability, which could
also significantly contribute to the inconsistencies in the results.

In clinical trials related to the urinary system, a randomized double-
blind experiment evaluated the safety and efficacy of G. lucidum extract
in men with lower urinary tract symptoms. This study showed that the
G. lucidum extract was well tolerated and improved the International
Prostate Symptom Score. It also indicated that the recommended
dosage for men with lower urinary tract symptoms is 6 mg [80, 246].

Some clinical trials have also indicated that G. lucidum may
exacerbate symptoms in some patients with Gulf War illness, which
may be related to its potent immunomodulatory effects [247].
Although in vitro reports suggested that G. lucidum-derived components
may inhibit platelets [248] and exert other antithrombotic and
fibrinolytic activities, ingestion of G. lucidum did not impair hemostatic
function in healthy volunteers [249]. In a study of women with
fibromyalgia, administration of G. lucidum for 6 weeks significantly
improved aerobic endurance, body flexibility and velocity [250]. An
herbal formula containing G. lucidum alleviated pain in five Japanese
patients with herpes zoster [251]. Similar studies have reported that a
herbal mixture containing G. lucidum shortened recovery time in
patients with genital herpes and cold sores [252]. In a randomized
pilot trial involving patients with active rheumatoid arthritis, G.
lucidum and San Miao San appeared to exert an analgesic effect and
were generally safe and well-tolerated. However, no significant
antioxidant, anti-inflammatory, or immunomodulatory effect was
observed at present [253].

In conclusion, to better understand the current status of clinical
research on G. lucidum, the quality of all included clinical studies in
this narrative review was independently graded using the Oxford
Centre for Evidence-Based Medicine (OCEBM) 2009 evidence rating
system. Two authors completed the evidence grading independently,
and any discrepancies were resolved by consensus discussion to ensure
accuracy. The detailed evidence grading results of all included studies
are presented in Table 2 [25, 64, 238-247, 249-253].

G. lucidum has a long history of medicinal and edible use in China.
The translation of Ganoderma's promising preclinical findings into
clinical practice is hampered by significant shortcomings in clinical
research. Most human studies are characterized by small sample sizes,
a lack of rigorous, double-blind, placebo-controlled designs and
insufficient follow-up periods. Consequently, the evidence supporting
the efficacy of Ganoderma for specific clinical indications remains
weak and inconclusive. The absence of large-scale, multi-center
clinical trials makes it difficult to draw definitive conclusions about its
therapeutic benefits, safety profiles and optimal dosing regimens in
diverse patient populations. This lack of high-quality clinical evidence
impedes its acceptance and integration into mainstream modern
medical practice.
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Table 2 Summary and evidence-based medicine grading of clinical studies related to G. lucidum
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interventions.
Placebo(225
G.lucidum (225
rer G. lucidum has antioxidant, anti
i mg; after lunc . lucidum has antioxidant, anti-
Gty A RCT 42 S lunch or , ' , 1b
[239] or dinner) for 6 ) aging and liver-protective effects.
dinner) for 6
months
months
Oral G.lucidum G.lucidum intake causes an acute
N 0.72¢,1.1 g, 3.3 Placebo for 4 increase in plasma antioxidant
Wachtel-Galor, G. lucidum RCT 10 & & . P . 2b Insufficient sample size
2004 [240] g per day for 4 weeks capacity. No deleterious effects
weeks on measured variables were seen.
1.44 g Lingzhi/d; A slight decrease in blood lipids
equivalent to and an improvement in urine
Wachtel-Galor, . Placebo for 4 . . . _ .
G. lucidum RCT 18 13.2 g fresh antioxidant capacity, with no 2b Insufficient sample size
2004 [241] weeks
mushroom/d for evidence of liver, kidney, or DNA
4 weeks toxicity.
Chu, 2012 . G. lucidum may exert mild
[242] . 1.44 g G. lucidum  Placebo for o . .
G. lucidum RCT 26 anti- diabetic effects and improve  1b

for 12 weeks 12 weeks

diabetic dyslipidemia
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Table 2 Summary and evidence-based medicine grading of clinical studies related to G. lucidum (Continued)

X . Intervention Control X Level of
Literature Types of extracts  Research types Sample sizes Core conclusions i Reason for downgrade
measures groups Evidence
Self-comparison before
Polysaccharide Polysaccharide of G. lucidum is a and after cannot exclude
Polysaccharide . peptide of G. potent antioxidant against the confounding factors such
Sargowo, 2018 . One-group pre-post 37 high-risk and 34 . . L. . .
peptide of G. . . lucidum / pathogenesis of atherosclerosis in 4 as self-healing, time
[64] . study stable angina patients . . .
lucidum 750mg/day for stable angina and high-risk effects, placebo effects,
90 days patients. and lifestyle
interventions.
Does not support the use of G.
84 participants with 3 g of G. lucidum lucidum for treatment of
Klupp, G. lucid RCT type 2 diabetes and lly per day for 2ce° " diovascular risk factors i 1b
. lucidum e 2 diabetes an ora er day for cardiovascular risk factors in
2016[243] P . yP v 16 weeks
metabolic syndrome 16 weeks people with diabetes mellitus or
metabolic syndrome.
Ganopoly showed significant
. . Ganopoly 5400 Placebo 5400 | o
Tang, 2005 132 patients with improvement in clinical
Ganopoly RCT . mg/day for 8 mg/day for 8 . 1b
[244] neurasthenia symptoms of neurasthenia
weeks weeks
compared to placebo.
Did not find promising efficacy of
G. lucid G- lucidum spore o ebofor6 . lucid der for th
. lucidum spore acebo for . lucidum spore powder for the
Wang, 2018 P RCT 42 AD patients powder for 6 pore p 1b
[245] powder weeks treatment of AD after a 6-week
weeks
treatment.
G. lucidum extract was well
88 men over the age of .
tolerated and improved the
49 years who had . .
. G. lucidum International Prostate Symptom
Noguchi, 2008 . slight-to-moderate o
G. lucidum extract ~ RCT . extract (6 mg Placebo Score. It also indicated that the 1b
[246] lower urinary tract
once a day) recommended dosage for men
symptoms for 12 weeks . .
with lower urinary tract
of treatment .
symptoms is 6 mg
Younger, 2021 Placebo-controlled, G. lucidum may exaggerate
[247] . . 29 Gulf War Illness . .
G. lucidum pseudo-randomized G. lucidum / symptoms in some Gulf War 4

crossover trial

patients

Iliness sufferers
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Table 2 Summary and evidence-based medicine grading of clinical studies related to G. lucidum (Continued)

. . Intervention Control . Level of
Literature Types of extracts  Research types Sample sizes Core conclusions i Reason for downgrade
measures groups Evidence
Ingestion of G. lucidum does not
cause impairment of hemostatic
function in healthy volunteers.
Kwok. 2 G. lucidum 1.5 Placebo for 4 The use of Ganoderma lucidum
KU 005 G. lucidum RCT 40 healthy volunteers & . . . 1b
[249] for 4 weeks weeks preoperatively is unlikely to
increase the risk of surgical
bleeding in otherwise healthy
patients.
. G. lucidum may improve physical
Ceratonia X X R
64 ith G. lucidum 6 2 f i fitness in women with
M 201 women wit . lucidum or siliqua per . . .
ateo, 015 G. lucidum RCT . . & uap fibromyalgia, whereas Ceratonia 1b
[250] fibromyalgia 6 weeks day for 6 . . .
siliqua seemed to be ineffective at
weeks
increasing physical fitness.
An herbal . . .
An herbal formula 3] . f ) Pain relief started within a few
Hijik 2 . . apanese patients ormula .
jikata, 2005 containing G. Case Series . P P . / days of intake and was almost 4
[251] ) with herpes zoster containing G. o
lucidum . complete within 10 days.
lucidum
Administration of herbal mixtures
. . . . containing the mushroom G.
Herbal mixtures 15 patients with herpes Herbal mixtures . . .
. o . lucidum to patients suffering from
Hijikata, 2007 containing the . genitalis and 13 containing the Lo L
Case Series . . / herpes genitalis and labialis 4
[252] mushroom G. patients with herpes mushroom G. .
. . . appears to shorten the time
lucidum labialis lucidum . .
required to obtain symptom
relief.
G. lucidum appeared to exert an
. analgesic effect and was generally
G. lucidum 4 g
. . . . . safe and well-tolerated. However,
G. lucidum and 65 patients with active and San Miao Placebo for L L .
Li, 2007 [253] RCT no significant antioxidant, anti- 1b

San Miao San

rheumatoid arthritis

San 2.4 g daily
for 24 weeks

24 weeks

inflammatory, or
immunomodulatory effect was

observed at present

Classification criteria for evidence levels. 1a: Systematic review/meta-analysis of homogeneous randomized controlled trials (RCTs); 1b: Individual high-quality randomized controlled trial; 2a: Systematic review
of homogeneous cohort studies; 2b: Individual cohort study or low-quality RCT; 3a: Systematic review of homogeneous case-control studies; 3b: Individual case-control study; 4: Case series, cross-sectional study,
low-quality observational study; 5: Case report, expert opinion, narrative review without original data.
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Deficiencies in existing research

Despite the identification of numerous bioactive components from G.
lucidum, several critical limitations remain. The purity and structural
homogeneity of isolated components are often suboptimal, which
hinders the establishment of definitive structure-activity relationships.
Many studies rely on crude extracts or partially purified fractions,
making it difficult to attribute specific pharmacological effects to a
single, well-defined molecule, especially in research on GLPs. Many
studies have identified correlations between Ganoderma treatment and
the modulation of specific signaling pathways (e.g., NF-kB, PI3K/Akt),
but the direct molecular targets of its active components are frequently
unknown. This lack of mechanistic clarity creates a significant
translational gap between basic research findings and clinical
applications. Without a precise understanding of how Ganoderma
components interact with biological systems, the rational design of
novel therapeutic agents or optimized treatment protocols is severely
limited.

Furthermore, the synergistic interactions among components, such
as polysaccharides and triterpenoids, remain poorly understood. The
molecular mechanisms underlying these synergistic effects, and how
they contribute to the overall therapeutic efficacy of Ganoderma,
remain largely uncharacterized. Although we speculate that there may
be similar mechanisms, such as water-soluble GLPs acting as
prebiotics, which can reshape the intestinal microbiota, promote the
secretion of short-chain fatty acids, activate CD8" T cells and natural
killer cells, and reverse the accumulation of immunosuppressive
regulatory T cells, thereby restoring systemic anti-tumor immunity.
Lipophilic GTs (such as GA-A) directly block the proliferation of tumor
cells, induce apoptosis of cancer cells, and inhibit the signaling of pro-
tumor inflammatory NF-kB. Their combined treatment has produced
dual anti-cancer benefits: GLPs enhance immune surveillance, while
GTs directly eliminate malignant cells; They jointly stabilize the
homeostasis of the intestinal barrier and restore the host's metabolic
characteristics to normal. However, this requires more scientific
experimental data for verification.

Besides, the industrial development and clinical application of
Ganoderma-based products face several practical challenges. Current
pharmaceutical formulations are often limited to traditional forms
such as powders, extracts and capsules, which suffer from low
bioavailability (< 5%) and inconsistent pharmacokinetic profiles. The
poor water solubility and stability of key components like triterpenoids
further complicate their delivery. Moreover, a novel type of
nanoparticle, which encapsulates GA-A with heat-sensitive liposomes,
has been proven to significantly improve the polarity and water
solubility of GA-A. Moreover, it has demonstrated superior
antibacterial and anti-tumor activities compared to GA-A and better
safety in mice in both in vitro and in vivo experiments [254]. For a more
detailed safety evaluation of Ganoderma lucidum extract, such as its
interaction with anticoagulants and immunosuppressants, its
inhibitory effect on CYP450, and its influence on platelet aggregation,
a more scientific assessment is still needed. In addition, its application
in specific groups such as pregnant women and patients with
autoimmune diseases should be more cautious. Additionally, the lack
of standardized quality control measures for Ganoderma raw materials
and finished products leads to significant batch-to-batch variability,
which undermines the reproducibility of therapeutic effects and
hinders regulatory approval for broader clinical use.

Future perspectives and outlook

Based on the above review, we hold the idea that future investigations
into G. lucidum will prioritize the precision characterization and
targeted development of its bioactive components. Advanced
techniques such as  high-throughput screening,  affinity
chromatography and CRISPR-based functional screening will enable
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the targeted isolation of novel and structurally defined compounds.
Structure-activity relationship studies will be deepened through
rational structural modification and semi-synthesis, aiming to enhance
potency, selectivity and pharmacokinetic properties. Furthermore, the
development of novel delivery systems, including liposomes,
polymeric nanoparticles and nanocrystals, will address the poor
solubility and bioavailability of key components, such as triterpenoids,
thereby improving their therapeutic efficacy and enabling targeted
tissue distribution.

The next frontier in Ganoderma research lies in the systematic and
multi-omic dissection of its pharmacological mechanisms. The
integration of transcriptomics, proteomics, metabolomics and
microbiomics will provide a holistic understanding of the complex
biological networks modulated by Ganoderma extracts. This multi-
layered approach will facilitate the identification of direct molecular
targets and key signaling nodes, moving beyond correlative
observations to causal mechanistic insights. Advanced technologies
such as CRISPR-Cas9 gene editing, single-cell RNA sequencing, and
spatial transcriptomics will be instrumental in validating these targets
and elucidating the cell-type-specific and context-dependent actions of
Ganoderma components in physiological and pathological settings.

Large-scale, multi-center, randomized controlled clinical trials with
standardized protocols and rigorous endpoints to generate high-level
evidence for Ganoderma’s efficacy and safety are needed. Recently,
industrial upgrading needs to focus on the development of innovative
pharmaceutical formulations, such as sustained-release tablets,
transdermal patches and targeted drug delivery systems, to improve
patient compliance and therapeutic outcomes. Finally, the expansion
of clinical indications beyond traditional uses, leveraging insights from
mechanistic studies, will unlock new therapeutic potentials for
Ganoderma-based interventions in areas such as metabolic syndrome,
neurodegenerative diseases, and cancer immunotherapy.
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