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Abstract: Acute inflammation is the result of a complex signal transduction pathway that protects and heals our body and
is necessary for our good health and normal wellbeing. Whereas, chronic inflammation can be correlated well with the onset of a plethora of autoimmune disorders; rheumatoid arthritis, systemic lupus and polymyalgia, rheumatic and other diseases like asthma, inflammatory bowel diseases, cardiovascular disorders, ulcerative colitis and Crohn’s disease. Also, it
has been reported to be associated with the onset of various cancers. An effective anti-inflammatory drug should be able
to inhibit the development of chronic inflammation without interfering in normal homeostasis. A number of herbal drugs
have been identified in the past that can target inflammatory cytokines. Among these, Ganoderma lucidum: a powerful
medicinal mushroom has been found to possess immune-modulating and immune-potentiating capabilities and has been
characterized as a wonder herb. This review mainly focuses on the molecular mechanism of anti-inflammatory and antiallergic action of this mushroom and also sheds light on various patent studies related to its pharmacological action.
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INTRODUCTION
Mushrooms represent a major untapped source of potent
pharmaceutical products. Nearly, 10,000 mushroom species
are known of which 2000 are safe for humans and about 300
of them possess medicinal properties. Ganoderma lucidum
has been used in folk medicine in China and Japan for over
2000 years for a wide range of ailments. In China, fruiting
bodies of Ganoderma have been regarded as a panacea for
all types of diseases [1]. Different workers have reported a
wide range of pharmacological potential of this wonder herb
[2-4].
Inflammation has been recognized as an important symptom or an initial response of the body to injury/infection that
resolves with time and leads back to normal homeostasis [5].
An unresolved/chronic inflammation leads to a huge variety
of diseases including atherosclerosis, arthritis, diabetes, fatty
liver disease, inflammatory bowel disease, neurodegenerative diseases, chronic respiratory diseases, sepsis, tumors,
ulcers and cancers [6, 7]. Inflammation is the result of a
complex signaling cascade including the inducers, sensors,
mediators and the effect of mediators on surrounding tissues.
Macrophages, mast cells, endothelial cells and epithelial
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cells act as sensors and use extracellular and intracellular
receptors to sense inducers that are produced by cells under
the condition of stress/damage as well as exogenous inducers
signaling infection. These receptors are called PRRs (Pattern
recognition receptors) that sense both exogenous and endogenous inflammation stimuli [8].
Exogenous inducers include lipids, carbohydrates, peptides and nucleic acid components of bacteria and viruses,
while endogenous inducers are ATP, K+, uric acid, high mobility group proteins, heat shock protein, fatty acids, heparin
sulfate and oxidized lipoproteins in metabolically disturbed
tissues. Ligand receptor couples to downstream signaling
molecules, that regulate the activities of several classes of
signal-dependent transcription factors, including nuclear
factor (NF-B) and activator protein 1 (AP-1). These factors
recruit multiple transcriptional co-regulators that remodel
local nucleosomes to alter the expression of inducible genes
coding for inflammatory cytokines, chemokines and MHC
complex [9].
The product of these genes acts as mediators (e.g. TNF-,
IL-6, ROS, PGE2, NO), promotes vascular permeability, and
up-regulates the expression of cell adhesion molecules on
vascular endothelium to allow the access of plasma proteins
and leukocytes to extravascular tissue. The recruited neutrophils have enhanced phagocytic abilities and can release RO
and RN intermediators and toxic granules to kill the microorganisms. Macrophages can secrete transforming growth
© 2014 Bentham Science Publishers
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Anti-inflammatory Activities of Phytochemicals from Ganoderma lucidum.
Target Pathway

Effects

References

Promoting antioxidant enzymes activity
Anti-oxidative and radical
Scavenging activities

Inhibiting pro-oxidant enzymes activity

[1,15,16]

Prevention of free radical attacks
Enhancing endogenous antioxidant molecules
Inhibition of enzymes involved in signaling transduction and

Modulation of cellular activities of

cell activation processes (T cell, B lymphocyte) or cytokine
production

inflammation related cells

[17-21]

Inhibition of arachidonic acid release from membrane (degranulation)
Activation and stimulation of
various cytokines
Modulation of the production of other
Pro-inflammatory molecules

Activation of immune response, Activation of B-lymphocytes,
stimulation of IL-1, IL-6, TNF-, and IFN- production by

Inhibition of pro-inflammatory cytokines from different sources
Growth inhibition of hepatoma, sarcoma S-180 tumor in mice and

Growth inhibition in vivo,

[22-24]

macrophages and T lymphocytes

reticulocyte sarcoma L-II in vivo

Antioxidant and cytotoxic property for

Inhibition of farnesyl protein transferase, angiogenesis,

various cells

DNA-polymerase and neutrophil apoptosis

[3, 25-28]

[29, 30]

[25, 31]

Cytotoxic for hepatoma cells sarcoma and lung carcinoma cells

factor , growth factors and anti-inflammatory lipid mediators, including lipoxins, resolvins and protectins [10] and
thereby resolve inflammation, failure to do so leads to pathological tissue remodeling or fibrosis.
An effective anti-inflammatory drug should be able to
inhibit the development of chronic inflammation without
altering the homeostasis. A large group of therapeutics,
mainly target nuclear receptors but are associated with adverse side effects. Therapeutic approaches that prevent activation of sensors of inflammatory signals, such as biologicals that specifically target inflammatory cytokines such as
TNF and IL-1 show delivery constraints, are costly and disease recurrence may occur when treatment ceases [11].
Thus, inhibition of activation of the inflammatory cells
appears to be an important therapeutic target for small molecular drugs for the treatment of inflammatory disease [12]. The
evaluation of anti-inflammatory effects of various bioactive
plant components has gained the widespread attention. One of
these herbal medicinal mushrooms is Ganoderma lucidum,
used commonly in the treatment of several diseases in Asian
countries [13, 14]. Table 1 outlines some of the important
findings that can be correlated to anti-inflammatory properties
of this wonder herb [15-31].
The pharmacological effect of Ganoderma lucidum is
based on its powerful immune-modulating and immune po-

tentiating capabilities which further support and enhance the
overall immune function, due to the presence of more than
400 active elements which can be categorized into water
soluble, organic soluble and volatile soluble compounds. The
fruiting body, mycelia and spores of G. lucidum contain approximately 400 different bioactive compounds which
mainly include triterpenoids, polysaccharides, nucleotides,
sterols, steroids, fatty acids, proteins (peptides) and trace
elements [32]. From the spores of G lucidum, 6 highly
oxygenated lanostane-type triterpenes have been isolated
called ganoderic acid, which is the active ingredient. G.
lucidum is widely cultivated nowadays and is sold as raw
material or lingzhi extracts in many Asian markets and
Western health shops [33].
INFLAMMATION AND ITS MOLECULAR MECHANISM
Inflammation is a protective strategy evolved in higher
organisms in response to detrimental insults such as microbial infection, tissue injury and other noxious conditions. It
is an essential immune response by the host that enables the
removal of harmful stimuli as well as the healing of damaged
tissues. The entire course of inflammation comes with
many different processes involved in its initiation, regulation and resolution. The inflammatory response is regarded
as the first of a number of overlapping processes involved

106 Recent Patents on Inflammation & Allergy Drug Discovery 2014, Vol. 8, No. 2

in wound healing. In skin repair, the infiltrating leukocytes
are the principal cellular components of the inflammatory
response. They are not only effector cells for invading
pathogens but are also involved in tissue degradation and
tissue formation.
An excessive, reduced influx or activation of infiltrating
leukocytes into the damaged tissue may have profound effects on downstream cell migration, proliferation, differentiation and the quality of the healing response. Tissue injury
causes the immediate onset of acute inflammation. It has
been considered that the inflammatory response is instrumental for supplying growth factors and cytokine signals that
leads the cell and tissue movements necessary for repair [34,
35]. In various experimental animal models and human skin
wounds, it has been demonstrated that the inflammatory response during normal healing is characterized by spatially
and temporally changing patterns of various leukocyte subsets and the well-defined chronology of these events is essential for optimal repair [36, 37].
Inflammatory stimuli are first recognized by the host
cells through specific trans-membrane receptors called pattern recognition receptors (PRRs) which are expressed by
cells of both innate and adaptive immune systems. PRRs are
germline encoded receptors, which are responsible for sensing the presence of infecting microorganisms as well as the
incidence of any cellular damage. They do so by recognizing
structures conserved in microbes called pathogen associated
molecular patterns (PAMPs) as well as endogenous molecules derived from internal injuries called danger associated
molecular patterns (DAMPs) [38]. A number of PRRs have
been identified with the selective ability to detect PAMPs,
DAMPs or both and these include Toll like receptors
(TLRs), C-type lectin receptors (CLRs), RIG-1-like receptors (RLRs) and NOD- like receptors (NLRs).
The interactions of these receptors with the appropriate
stimuli result in transmitting signals to nucleus where the
activation of a selective set of genes takes place via both
transcriptional and post transcriptional mechanisms. Inflammatory responses are coordinated by the products of such
genes precisely pro-inflammatory cytokines such as TNF,
IL-1 and IL-6 which are expressed in response to bacterial
infection. Unlike TNF and IL-6, IL-1 is synthesized by a
two-step mechanism:
1) In the first step, IL-1 is expressed as IL-1 zymogen,
pro-IL-1 which is initiated by the synthesis of its
mRNA in a TLR dependent manner [39].
2) The second step involves the maturation of IL-1 by the
caspase -1 mediated cleavage of pro-IL-1 a process requiring a ‘Caspase-1 activating’ high molecular weight
complex called inflammasome. Inflammasome is assembled by the oligomerization of scaffold proteins including NLRs. In case of viral infections, type-1 IFNs
induce the phosphorylation and nuclear translocation of
a complex called IFN-stimulated gene factor 3 (ISGF3),
which is composed of signal transducers and activators
of transcription 1(STAT 1), STAT 2 and IFN regulatory
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factor 3 (IRF3). ISGF3 in turn activates the expression
of antiviral genes such as protein kinase R (PKR) and
2’, 5’ oligoadenylate synthase (OAS). The proliferation
of virus infected cells is inhibited by PKR where as
OAS suppressed viral replication is inhibited by cleaving viral nucleotides [40].
Wide ranges of phytoconstituents are responsible for antiinflammatory activity. Several mechanisms of action have
been proposed to explain the anti-inflammatory actions of
phytoconstituents [41], which broadly fall in these categories:
1) Anti-oxidative and radical scavenging activities
2) Modulation of cellular activities of inflammation-related
cells (mast cells, macrophages, lymphocytes and neutrophils)
3) Modulation of pro-inflammatory enzyme activities such
as phospholipase A2 (PLA2), cyclo-oxygenase (COX),
and lipoxygenase (LOX) and the nitric oxide (NO) producing enzyme, nitric oxide synthase (NOS)
4) Modulation of the production of other pro-inflammatory
molecules
5) Modulation of pro-inflammatory gene expression
The inflammatory process can be initiated by various
inflammatory stimuli including viruses, chemicals and reactive oxygen or nitrogen species, which subsequently increase
the synthesis and secretion of pro-inflammatory cytokines.
The unchecked activation of NF-B/AP-1 and the production
of TNF- signaling have provided evidences about the critical role for these factors in coupling inflammation and many
chronic diseases. Phytochemicals have been shown to modulate various points in these inflammatory processes [42] by
various mechanisms mentioned above. These modulations
serve as controlling points where the amplification of the
inflammatory processes can be disconnected and thereafter
reduce subsequent diseases risk. Several plant products have
already passed the clinical tests and are in therapeutic use
while others are undergoing extensive phase II and phase III
clinical trials [43, 44].
ANTI-INFLAMMATORY PROPERTY
Anti-inflammatory drugs make up about half of analgesics, remedying pain by reducing inflammation. A brief outline of events involved in anti-inflammatory role of Ganoderma lucidum is given in Fig. (1). The anti-inflammatory
function of G. lucidum extract has been reported in HT-29
human colonic carcinoma cells [45]. An ethyl acetate extract
rich in ganoderic acid was found to exhibit both systemic
and topical anti-inflammatory activities in a croton oilinduced mouse ear inflammation test [46]. Four ganoderic
acids isolated from G. lucidum were found to inhibit 12-Otetradecanoylphorbol-3acetate-induced inflammation in mice
ears [47]. Joseph et al. [1], reported anti-inflammatory activity of the chloroform extract of G. lucidum in acute and formalin induced chronic inflammatory models in mice. The
extract showed remarkable anti-inflammatory activity in
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Ganoderma Constituents

Activates various immune effector cells

Macrophages

Natural Killer Cells

T Lymphocytes

B Cells

Mast Cells

Activation leads to the production of Various Cytokines
{TNF, IL-1, IL-2, IL-5, IL-6, IL-12, Histamine, TGF, IFN-γ, Igs}
Anti-inflammatory and Anti- allergic Responses
Fig. (1). Overview of anti-inflammatory and anti-allergic action of Ganoderma lucidum.

both models. Horng et al. [48] studied the anti-inflammatory
properties of triterpenoids and steroids from G. lucidum.
More than 100 different highly oxygenated lanostanoid
triterpenes have been identified in reishi mushrooms. The
predominant triterpenes are ganoderic acids A-Z. Ganoderic
Acid C isolated by fractionation of a non-polar solvent extract of G. lucidum was found to account for most of the antiinflammatory activity determined by in vitro tests such as
histamine release from mast cells. An ethyl acetate extract
rich in ganoderic acids was later found to exhibit both systemic and topical anti-inflammatory activities in standard
animal models.
The major effects of active substances derived from
G. lucidum include mitogenecity and activation of immune
effector cells such as T lymphocytes, macrophages and NK
cells leading to the production of cytokines including ILs,
TNF- IFNs etc. [49-51]. Other effects like inhibition of
mast cells, activation of B lymphocytes and the complement
system have also been reported [52,53].
TRITERPENES AS MAJOR ANTI-INFLAMMATORY
COMPOUNDS OF G. LUCIDUM
Triterpenes comprise a broad group involved in the
pharmacological action of many medicinally important plant
products being used since ages in treatment of immune associated diseases. They have been described as antiinflammatory compounds. Xu [54] made substantial efforts
in the development of submerged fermentation as a promising technology for the production of triterpenes of G. lucidum. Triterpenes act on chemical mediators released from
mast cells, neutrophils and macrophage, and their derivatives
have potent concentration dependent inhibitory effects on the
release of -glucuronidase. In many studies, it has been shown
that GLT (G. lucidum triterpene) (triterpene extract from the

medicinal mushroom G. lucidum) suppressed the inflammatory response in lipopolysaccharide (LPS) activated murine
macrophages. GLT markedly suppressed the secretion of inflammatory cytokine, tumor necrosis factor- (TNF-) and
interleukin-6 (IL-6), inflammatory mediator nitric oxide (NO)
and prostaglandin E2 (PGE2) from LPS-stimulated murine
RAW264.7 cells. GLT also down-regulated LPS-dependent
expression of inducible nitric oxide synthase (NOS) and cyclooxygenase 2 (COX-2) in RAW264.7 cells. The antiinflammatory effects of GLT were mediated by the inhibition
of transcription factor NF-B as demonstrated by decreased
NF-B-DNA binding activity and the suppression of p65
phosphorylation in LPS stimulated macrophages treated with
GLT [55, 56].
Macrophages play an important role in both host-defense
mechanism and inflammation and the overproduction of inflammatory mediators by macrophages has been implicated
in several inflammatory diseases and cancer. GLT also inhibited LPS-dependent induction of NF-B as well as expression, phosphorylation and nuclear translocation of p65 NFB subunit. It suppressed LPS-induced activation of AP-1
and down-regulated expression of AP-1 subunit and also
inhibited LPS-dependent phosphorylation of extracellular
signal-regulated kinase (ERK1/2) and c-Jun-N-Terminal
Kinase (JNK) demonstrating its potency to suppress the key
molecules responsible in the inflammatory response [57, 58].
The NF-B/AP-1 axes are crucial for the inflammatory response leading to the production of TNF-, IL-6, NO and
PGE2 and other inflammatory mediators from activated
macrophages, the suppression of NF-B/AP-1 signaling has
a potential therapeutic effect. The inhibition of blood levels
of circulating TNF- and IL-6 in LPS-challenged mice
treated with GLT, further suggests the possible therapeutic
use of GLT [59].
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vital transcription factor in numerous signaling
pathways and many biological processes including
inflammation, cancer and the immune response. Proinflammatory cytokines lead to the phosphorylation of
IB proteins at the two N-terminal serine residues by the
IB kinase (IKK) complex leading to ubiquitination and
degradation of IB and translocation of unbound NFB, mainly RelA-p50 dimers, from the cytoplasm to the
nucleus and then to induction of the transcription of
respective NF-B target genes. Considering the vital
role of NF-B in vascular inflammation, the inhibition
of NF-B activation is a promising approach for
disrupting the expression of many proteins that are
involved in inflammation. During co-incubation with
LPS, activation of NF-B appears to be suppressed. This
is opposite of when Ganoderma is incubated without
LPS in which macrophages and immune cells
expressing TLR4 experience a rise in NF-B activity.
Studies carried out by Batbayar et al. [64] suggested that
-glucan of Ganoderma (BGG) induces macrophage secretion of inflammatory cytokines, which can be potentiated by the presence of LPS, likely by binding to dectin-1 and TLR-2/6 receptors, which activate NF-B and
prompt the secretion of cytokines.

ADDITIONAL ACTIVITIES ASSOCIATED WITH G.
LUCIDUM TERPENOIDS AND POLYSACCHARIDES
1.

Aldose Reductase: Aldose reductase (AR) is the first
enzyme that converts glucose into polyols (such as sorbitol) and its inhibition can play a therapeutic role. The
accumulation of sorbitol then leads to diabetic complications. For this reason, AR inhibitors have been introduced as a vehicle for the treatment of diabetic complications. Reishi possesses AR inhibitory activity and appears to be one of the most potent mushrooms for this
activity [60]. It appears that the carboxyl group on the
side-chain is critical for aldose reductase inhibition and
double bonds on C20-C22 as well as hydroxyl groups on
C3, 7, 11, and 15 increase inhibitions. This ideal molecule is called ganoderic acid C2.

2.

5 Reductase: The triterpenoids in Ganoderma possess
5-reductase inhibitory potential, inhibiting the conversion of testosterone into dihydrotestosterone (DHT).
Higher levels of DHT have been reported to be linked to
benign prostatic hyperplasia (BPH) or prostatic cancer.
Inhibition of 5 Reductase is pharmacologically important for BPH [61].

3.

NK cells: Zhuang et al. [62] reported that cancer patient
who ingested a dietary complex G. lucidum for 6 wks
showed a decrease of leucopenia and neutropenia, as
well as a delay in decrease of NK cell and CD4 lymphocyte count.

4.

5.

TLR4: Toll-Like Receptor 4 is a receptor present on
many immune cells that can mediate the immune response. Ganoderma polysaccharide appears to be a
ligand and an activator of these receptors. Many effects
seen in dendritic cells can be inhibited via inhibiting the
TLR4 receptor, pairing this with the activation of TLR4
and some polysaccharides serves as evidence that this
receptor activation is a central mechanism of action. Activation of TLR4 has been noted on macrophages and
causes downstream effects that increase macrophage
phagocytic capabilities. These effects may be mediated
by polysaccharides and proteoglycans. It has been suggested that a polysaccharide fraction F3, which contains
fucose binds to TLR4 on macrophages in order to activate proteins such as ERK involved in the regulation of
meiosis, mitosis and post mitotic functions as well as
JNK and p38, involved in cell proliferation/
differentiation, inflammation and cytokine production
[63].
NF-kB: NF-B is a common name for a family of
transcription factors consisting of 5 proteins. Three
proteins, p65 (RelA), c-Rel and RelB belong to the Rel
family (also called NF-B1), whereas the other two
proteins, p50 and p52 and their precursors p105 and
p100, respectively, belong to the NF-B family (also
called NF-B2). In un-stimulated cells, NF-B
complexes are kept inactive in the cytoplasm via noncovalent interaction with an inhibitory protein, called
inhibitor of B (IB). NF-B has been reported to be a
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6.

TNF- (Tumor Necrosis Factor Alpha): Rubel et al. [65]
reported a rise in IFN- concentration and IL-10 production along with a decrease in NO production, TNF- release and CD3+ and CD8+ T spleen cells count by feeding mice on wheat flour supplemented with G. lucidum.
These data suggested that G. lucidum metabolites can
act not only to enhance specific immune response
against tumor and pathogen invasion but also mitigate
the adverse effects of autoimmune and inflammatory
diseases. Ganoderma lucidum appears to prevent the increase in TNF- (with a pro-inflammatory stimulus such
as LPS) by reducing nF-B activity by both suppressing
phosphorylation of Akt on Ser473 in a dose dependent
manner and preventing degradation of IB, which also
suppresses nF-B translocation. Ganoderma lucidum
can act as an anti-inflammatory agent via reducing the
inflammatory response. This has been observed in vivo
after human ingestion of 3g Ganoderma spore powder.
Conversely, without the pro-inflammatory insult, Ganoderma lucidum appears to increase circulating TNF-
levels via activation of macrophages [55, 64].

7.

FXR: The Farnesoid X Receptor (FXR), is a nuclear
transcription activator having role in the maintenance of
bile acid homeostasis such as regulation of glucose and
lipid metabolism. Pronounced FXR inducing effect was
shown by five triterpenoids from the ethanolic fragment
of G. lucidum extracts at 100μg/ml were able to induce
FXR to 150% the level of the active control, CDCA
(chenodeoxycholic acid), whereas the 5 isolated triterpenoids at 10μM were similar in potency to CDCA [33].

8.

Cholesterol esterase inhibitor: Ganoderma also possesses a non-competitive cholesterol esterase inhibitor,
the enzyme that is required to absorb dietary cholesterol.

Immunotherapeutic Role of Ganoderma lucidum

Recent Patents on Inflammation & Allergy Drug Discovery 2014, Vol. 8, No. 2 109

Histamine
Mast Cell

Resting
mast cell

IgE antibody

Allergen (ragweed)
binding to mast cell

IgE antibody
Ragweed

Mast cell
release
Histamine

Fig. (2). Activation of mast cells by allergens.

Therefore, cholesterol uptake from the diet can be reduced with increased fecal cholesterol in experimental
animals fed on Ganoderma lucidum [66]. When tested
in vivo, three separate studies on rats reported that cholesterol levels can be reduced after consumption of
Ganoderma polysaccharides; however, these studies
were in models of type I diabetes [67]. Various (n = 18)
triterpenoids from Ganoderma lucidum have been
shown to possess acetylcholinesterase inhibitory actions
with an IC50 value ranging from 9.40μM to 31.03μM
[68].
ALLERGY AND ITS MODE OF ACTION
An allergy is a hypersensitivity disorder of the immune
system. Allergic reactions occur when a person's immune
system reacts to normally harmless substances in the environment. These reactions are acquired, predictable and rapid.
Allergy is one of the four forms of hypersensitivity, allergic
reactions are distinctive because of excessive activation of
certain white blood cells called mast cells and basophils by a
type of antibody called Immunoglobulin E, Fig. (2).
The allergic process has an important inflammatory
component. The reactions can be divided into four types:
Type I: This is called immediate or anaphylactic hypersensitivity mediated by IgE. Mast cells and basophils play a
central role in immediate allergic inflammation through releasing chemical mediators such as histamine and cysteinyl
leukotrienes, cytokines and chemokines. The reaction may
involve skin (eczema), eyes (conjunctivitis), nasopharynx

(rhinitis), bronchopulmonary tissues (asthma) and gastrointestinal tract (gastroenteritis).
Type II: This is known as antibody-cytotoxicity mediated by antibodies of the IgM or IgG classes and complements. Antibodies directed against cell surface antigens
cause cell damage such as hemolytic disease of the newborn
(Rh disease) and myasthenia gravis (MG).
Type III: This is known as immune complex hypersensitivity mediated by IgG or IgM classes. The reaction may be
general (serum sickness) or may involve individual organs
including skin, joints (rheumatoid arthritis) or other organs.
Type IV: This is known as cell mediated or delayed type
hypersensitivities. These reactions are mediated by CD4+ T
cells and involved in the pathogenesis of many autoimmune
diseases (multiple sclerosis). Another form of delayed hypersensitivity is contact dermatitis [41].
Anaphylactic histamine release from the mast cell is triggered by an increased concentration of ionized calcium in the
cytosol. This calcium may be derived from intra or extra
cellular sources according to the conditions. In the presence
of exogenous calcium, the immunological stimulus increases
the permeability of the cell membrane to the cation by opening calcium gates in the membrane. Influx of the ion from
the external environment then initiates the release process. In
the absence of added calcium, the stimulus mobilizes membrane bound stores of the cation. This mobilization may be
facilitated by brief pretreatment of the cells with chelating
agents. In view of the central role of the ion in the release
mechanism, factors which modulate calcium homeostasis
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can clearly regulate secretory activity. It has been suggested
that a number of anti-allergic drugs may inhibit histamine
release by acting directly on the gating mechanism to prevent
movement of calcium from the extracellular milieu into the
cytosol.
Activation of the mast cell membrane may involve the
opening of a gated channel which normally contains appreciable amounts of bound calcium. Extracellular calcium
(when present) would then enter the channel, displace the
bound ion into the cytosol and so trigger secretion. In the
absence of added calcium, the immunological stimulus could
displace the ion directly by local perturbation of the cell
membranes. However, even if the mechanism is correct, inhibitory compounds would have to prevent efflux of calcium
from the channel into the cytosol rather than the gated influx
into the channel from the extracellular environment [69].
ANTI-ALLERGIC PROPERTY
Allergy is the example of histamine mediated allergic
response. This condition is increasing in frequency and is
difficult to target with modern medicine. The modern approach to anti-allergic drug research is target specific and
does not consider the natural defense mechanisms of the
body or the causative factors that is the shift of cytokine TH1
to a predominantly TH2 cytokine underlying histaminemediated allergic responses. The fruiting bodies G. lucidum
have been traditionally used as anti-inflammatory agents for
the treatment of asthma or allergy [70].
Ganoderma lucidum as immune-nutraceutical with its
unique array of compounds could play a major role in the
treatment of histamine-mediated allergic responses. Ganoderma lucidum is an effective agent to restore the normal
balance between the cytokines TH1 and TH2 immune states
in patients with histamine-mediated allergic responses. It has
been considered as a potential candidate for biotechnological
production of anticancer and immunomodulatory drugs [71].
In the course of a screening test by a group of researchers for
the inhibition of histamine release from rat mast cells, it was
found for the first time that ganoderic acids C and D inhibited histamine release from rat mast cells [69]. Other than the
triterpenoid compounds, cyclo-octasulfur from this fungus
also effectively inhibited histamine release from rat peritoneal
mast cells and interacted with membrane proteins to inhibit Ca
uptake causing a blockade of histamine release [72].
The body is considered to be in a “balanced” immune
state when there is a constant movement between TH1 and
TH2 immune states in a 24-hour period. These two arms of
the immune system are mutually inhibitory and in a balanced
state, the body spends 12 hours in a TH1 state (anti-viral,
anti-bacterial and anti-parasitic activities) and then 12 hours
in a TH2 state (pro-inflammatory activity). Factors such as
stress and chemical exposure weaken our body’s ability to
defend itself, not through impairing the cellular immune response (TH1 - the ability of the body to recognize and destroy foreign bodies) but through leading to a chronic elevation of the humoral immune response (TH2), a pro-
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inflammatory state, which normally predominates in cases of
local wound healing or histamine-mediated allergic response
[73].
When a chronic elevation of the humoral immune response is prolonged, this is known as a “TH1 to TH2
Shift”. In a TH1 to TH2 Shift, the pattern of cytokines
moves from an anti-viral, anti-bacterial and anti-parasitic
pattern (TH1) to an inflammatory repairing pattern (TH2)
but does not return to a TH1 state within 12 hours. This
chronically elevated pro-inflammatory immune response is
termed a TH2 immune state. Histamine-mediated allergic
responses are prolonged TH1 to TH2 shifts. For this reason,
allergies are considered “TH2 conditions”. As long as the
shift continues, there is little relief from symptoms caused
by such “TH2 conditions”. Recent clinical studies have
established that mushroom nutrition is able to rebalance the
TH1 and TH2 immune states, thereby reversing a “TH1 to
TH2 shift” [73].
The currently used topical and systemic antiinflammatory drugs have serious drawbacks such as they can
suppress pituitary-adrenal function, dangerously unbalance
fluids/electrolytes and cause undesirable changes in skin
texture and the salicylic acid-derived prostaglandin inhibitors
can result in severe gastric irritation [74]. Hence, the potential use of Ganoderma lucidum (Reishi) supplementation
could offer a safe and effective alternative for the reduction
of histamine-mediated immune responses. Histaminemediated allergic responses are provoked by chronically
elevated pro-inflammatory immune responses. For this reason, allergies are considered “TH2 conditions”. As long as
the cytokine TH1 to cytokine TH2 shift continues, there is no
relief from symptoms caused by allergies.
Medical tools have focused on treating the symptoms of
allergies but not the prolonged TH2 condition. Modern approach to drug research is target-specific and does not consider the natural defense mechanisms of the body or the
causative factors (cytokine TH1 to cytokine TH2 shift) underlying histamine-mediated allergic response. Ganoderma
lucidum (Reishi) as immunonutrition with its unique array of
compounds working in concert could play a major role in
current treatment practices for histamine-mediated allergic
response [70, 75]. Ganoderma lucidum (Reishi) is an effective agent to restore the normal balance between the TH1
and TH2 immune states in patients with histamine-mediated
immune response. Such an approach treats the underlying
cause for the TH2 condition see Table 2, [76-83].
PATENTS BASED ON GANODERMA AS AN ACTIVE
INGREDIENT
Description about the Patents based on the use of Ganoderma as active ingredient for pharmaceutical applications is
given in Table 3, [84-98]. From these extensive studies, one
can very well understand the diversity of the pharmaceutical
application of this miracle herb and its positive effects while
its use in combination with other prescribed drugs makes it a
potential candidate for further extensive clinical trials.
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Anti-Allergic Activities of Phytochemicals.
Target Pathway

Effects

Effect on IgE mediated

Inhibition of chemical mediator release and Cytokine production
by mast, basophil or T cells

Hypersensitivity
(Type I)

References

Inhibition of signal transduction and gene expression in mast,
basophil or T cells

[21,23,76-80]

Preventing allergic asthma
Effect on cell-mediated
Hypersensitivity

Preventing contact dermatitis

[79, 81]

(Type IV)

Table 3.

Attenuating autoimmune

Improving multiple sclerosis (MS)

Disorders

Disease

[82, 83]

Patents Based on the Use of Ganoderma as an Active Ingredient for Pharmaceutical Applications.

S. No.

Patent No.

Title

1.

US20130122035

Herbal composition for treating cancer

Physiological/Pharmacological Implications
Herbal composition was created using the cumulative clinical
experience of a medical oncologist which combines Eastern
medicine and Western medicine. Due to lack of efficacy,
Scutellaria baicalensis and Bulbus fritillariae were added
with extracts of Ganoderma lucidum to strengthen its anticancer potency [84]

2.

US6893641

Ganoderma lucidum spores for treatment of

The present invention relates to a method for treating mam-

autoimmune diseases

mals with immunological disorders, particularly autoimmune
diseases, and most favourably systemic lupus erythematosus
(SLE), by orally administering germination activated Ganoderma lucidum spores ("GLSs") to the mammals. The GLSs
can be co-administered with a corticosteroid to achieve a
better therapeutic effect on treatment of SLE [76]

3.

US5334704

Glycoprotein isolated from Ganoderma

A novel glycoprotein was derived from Ganoderma

having immunosuppressive activity

mycelia. The glycoprotein is free of human hemagglutination
ability and has immunosuppressive activities and a molecular
weight of 16,000-18,000 as measured by SDS gel
electrophoresis [85]

4.

US6468542

Germination activated Ganoderma lucidum
spores and method for producing the same

The present invention describes a method for germination
activating spores of Ganoderma lucidum to produce bioactive
substances which have medicinal effects on patients with
immunological disorders, cancer, AIDS, hepatitis, diabetes,
and cardiovascular diseases, and can prevent or inhibit free
radical oxidation and hepatotoxic effects [86]

5.

EP2604272

Effective fraction from the fruiting bodies of

The effective fraction was prepared from the defatted fruiting

Ganoderma lucidum, extraction method, use
and preparation thereof

bodies of Ganoderma lucidum by extracting with alkali,
dialyzing and drying. The effective fraction has effect of
significantly lowering blood sugar [87]
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Table (3) contd….

S. No.

Patent No.

Title

Physiological/Pharmacological Implications

6.

US7947283

Compositions and methods for treating psoria-

The present invention relates to pharmaceutical compositions

sis by Ganoderma lucidum (Reishi) polysac-

containing Ganoderma lucidum extract to treat psoriasis. The

charides

symptoms of psoriasis are alleviated by providing a pharmaceutical composition containing Ganoderma lucidum extract
and administering an amount of the composition effective to
increase at least one of an IL-10 and IL-1Ra expression [88]

7.

US20090060939

Compositions and methods for treating aller-

A method for treating an allergy by providing a pharmaceuti-

gies, auto-immune diseases and improving

cal composition containing Ganoderma lucidum extract and

skin condition by Ganoderma lucidum

administering a therapeutically effective amount of the com-

(Reishi) polysaccharides

position to a patient so that symptoms of the allergy are alleviated and administering an amount of the composition effective to decrease at least one of an IgE and IgG2a level [89]

8.

US20130101616

Compositions of botanical extracts for cancer

Compositions comprising therapeutically effective amounts

therapy

of two or more of an extract of Ganoderma lucidum, an extract of Salvia miltiorrhiza, an extract of Scutellaria barbata
and optionally a therapeutically effective amount of an extract of Hippophae rhamnoides are used for testing their
efficacy against cancer [90]

9.

US20110009597

Recombinant Ganoderma lucidum immuno-

Provided is the use of the recombinant Ganoderma lucidum

modulatory protein (Rlz-8) and uses thereof

immunomodulatory protein (rLZ-8) for the manufacturing of
a medicament for antitumor, increasing leukocyte and inhibiting immunological rejection and the pharmaceutical composition comprise the rLZ-8 protein [91]

10.

US20100104605

Method for preventing and treating influenza

The present invention provides a method for making pressure-induced Ganoderma spores, for using the Ganoderma
spores to ameliorate and prevent influenza in a mammal, and
to stimulate the host immune system in a mammal [92]

11.

US8476238

Uses of an immunomodulatory protein (GMI)

The invention provides a method for inhibiting EGF receptor

from Ganoderma microsporum

activity comprising contacting an EGF receptor with an
immunomodulatory

protein

(GMI)

from

Ganoderma

microsporum, or a recombinant thereof. It also provides a
method for treating invasion and metastasis of cancer
cells [93]
12.

US20130184244

Process for preparing delta-7, 9(11) steroids

The invention described here pertains to processes for the

from Ganoderma lucidum and analogs thereof

preparation of delta7, 9(1 1) steroids from Ganoderma
lucidum, and related compounds and use of the compounds
to treat cancer [94]

13.

US6613754

Polysaccharide-based extract from Gano-

The invention describes a process for preparing a polysaccha-

derma, pharmaceutical use thereof and proc-

ride-based extract from Ganoderma. The polysaccharide-

ess for preparing the same

based extract can be used in an orally active medicinal
product which has immune-potentiating and anti-tumor
effects [95]
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Table (3) contd….

S. No.

Patent No.

14.

US7135183

Title

Physiological/Pharmacological Implications

Immuno-modulating antitumor activities of

The present invention provides medicinally active extracts

Ganoderma lucidum (Reishi) polysaccharides

and fractions, and a method for preparing the same by
extracting and fractioning constituents from the tissue of
plant components of Ganoderma lucidum. These active
extracts and fractions are useful for inhibiting tumor growth,
modulating immune response, and increasing hematopoietic
activity [27]

15.

EP2266589

Ganoderma tsugae active substance having

The object of the invention is to provide Ganoderma tsugae

endothelial cell-protecting and atherosclerosis

active substance having endothelial cell protecting and athe-

preventing effects, process for preparing the

rosclerosis preventing effects. Another object of the invention

same and composition containing the same

is to provide a process for preparing Ganoderma tsugae active substance [96]

16.

EP1398036

Ganoderma lucidum spores for treatment of

The present invention relates to a method for treating mam-

Systemic Lupus Erytrhomatosus (SLE)

mals with immunological disorders, particularly autoimmune
diseases and most favorably systemic lupus erythematosus
(SLE) by orally administering germination activated Ganoderma lucidum spores ("GLSs") to the mammals. The GLSs
can be co-administered with a corticosteroid to achieve a
better therapeutic effect on treatment of SLE [97]

17.

EP1449534

Ganoderma atrum extract as matrix metallo-

The present invention relates to a solvent extract of

protease inhibitor

Ganoderma atrum having matrix metalloproteinase (MMP)
inhibitor activity. More specifically the invention pertains to
an MMP inhibitor that has high safety and is expected to have
effects on prevention, suppression and symptomatic relief of
various activated MMP-causing disorders and diseases, such
as metastasis of cancers, ulceration, rheumatoid arthritis,
osteoporosis, periodontitis and cosmetic treatment of aging
of skin [98]

GANODERMA SUPPLEMENTATION IN VARIOUS
OTHER PHARMACEUTICAL PREPARATIONS
Various herbal formulations have been created that
combine Eastern medicine and Western medicine for the
benefit of mankind. The components of these formulations
have been changed several times in order to improve their
efficacy, based not only on patients' feedback, but also on
research into modern literature for physiological implications
associated with the disease symptoms. Several patents
include the use of different components of Ganoderma as
supplements for improving the pharmacological effect of
active ingredients derived from other sources. Table 4
summarizes the information on such patents [99-103].
CURRENT & FUTURE DEVELOPMENTS
Enhanced immune surveillance is required to counter
diseases like cancer. Ideal chemoprotective agent should

have minimal or zero toxicity, and should be convenient to
use with proven efficacy. The research on medicinal mushrooms especially Ganoderma during the last two decades or
so gives us the impression and confidence that its bioactive
components have much more to offer to the healthcare needs
in future. Ganoderma which is non-toxic and without any
side effects has the potential to stimulate immune system
which could be through natural Killer cells and cytotoxic Tlymphocytes. It is greatly anticipated that Ganoderma could
successfully complement as an effective nutraceutical where
the modern medicine fails to provide a complete remedy,
thus augmenting the success of the treatment. The continual
efforts will provide new insight into various biological activities of Ganoderma and other medicinal mushrooms
which may eventually lead to development of new classes of
anti-cancer, anti-inflammatory and anti-allergic agents. The
trend today is to seek bioactive compounds from such wonder herbs like Ganoderma that will serve as leading
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Active Constituents of Ganoderma as Supplement in Pharmaceutical Preparations.

S. No.

Patent No.

Title

Components of formulation

Pharmacological/Physiological Implications

1.

US20130108587

Methods and compositions for
enhancing stem cell mobilization

Polysaccharide-rich fraction of
Lycium barbarum extract, protein-rich fraction of colostrum
extract, fucoidan, including an
isolated component or compound
extracted from an algae, polysaccharide-rich fraction of mushroom extracts, including
Cordyceps sinensis,
Ganoderma lucidum, Hericium
Erinaceus, spirulina, including
Arthrospira platensis,
Arthrospira maxima

Affects the migration of stem cells, such as
CD34high (CD34+) cells.
Decreases the number of bone marrow-derived
stem cells and/or hematopoietic stem cells circulating in the peripheral blood.
Enhanced expression of CXCR4 on circulating
stem cells [99]

2.

WO2013074801

Use of foti to enhance stem cell
mobilization and proliferation

Blended composition of plant
parts, fruits, mushrooms, microorganisms, maternal fluids, and
extracts thereof

Migration of the stem cells to specific
sites of maintenance and repair within
tissues and/or organs
Increased circulation of HSCs and/or
BMSCs and migration towards sites of
Maintenance [100]

3.

WO2012030137

Pharmaceutical composition for
preventing or treating inflammatory diseases, allergic diseases or
asthma, containing Diospyros
blancoi a. Dc. Extract as active
ingredient

Diospyros blancoi extract
as an active ingredient and
Ganoderma lucidum
(0.5 wt parts) used for preparation of Zen food as pharmaceutical preparation

Inhibitory activity against the nuclear
translocation of NF-B,
Suppress the production of NO and PGE2, the
expression of iNOS and COX-2, and the release
of IL-1beta and TNF-alpha
Significantly down regulate Th2-mediated IL-4
and IL-13 production.
Inhibit the activation of eosinophils in broncho
alveolar lavage fluid.
Suppress the secretion of immunoglobulins and
chemokines in broncho alveolar lavage fluid and
blood [101]

4.

EP2617702

Novel biphenyl compound or
pharmaceutically acceptable salt
thereof, method for preparing
novel biphenyl compound or
pharmaceutically acceptable salt
thereof, and pharmaceutical
composition containing same as
active ingredient for preventing or
treating diabetes complications

Osteomeles schwerinae Schneid
Extract and Ganoderma lucidum
powder (0.5 wt parts) in grain
powder preparation

Effective inhibitory effect on AGE formation
compared to the known amino guanidine.
Changes in occludin, the protein which constitutes the tight junction for protecting eyes,
changes in retinal blood vessels a dosedependent decrease in the angiogenic factor
inhibit formation of advanced glycation end
products.
Hence preventing or treating diabetic complications such as diabetic retinopathy [102]

5.

EP2623108

Composition for preventing or
treating atopic dermatitis including galenical extract or lactobacillus fermentation thereof.

Galenical mixture including
sophora root, licorice, lonicer a
flower, Korean angelica root,
Korean aralia root, Epimedium
Koreanum nakai, Ginseng,
Lithospermum, Oleoresin, Cnidium, Scorophulariae radix, and
Reynoutria
or
Lactobacillus fermentation of the
galenical extract

Reduced scratching, erythema, itchiness and dry
skin, edema and hematoma, erosion, and
lichenification.
Reduces IgE concentration in blood [81]
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Table (4) contd….
S. No.

Patent No.

Title

Components of Formulation

Pharmacological/Physiological Implications

6.

US20130244959

Composition containing styraxlignolide A or the aglycone
thereof as an active ingredient for
preventing or treating asthma

Styraxlignolide A compound
separated from stems and barks
of Styrax japonica and

Attenuating weight loss and airway hyper responsiveness, Inhibiting the generation of reactive oxygen species in airway
Inhibiting generation of IgE, TGF-beta1,
and IL-17 in the serum and broncho
alveolar lavage fluid
Inhibiting endobronchial inflammatory cell
infiltration, formation of a mucous plug and sub
epithelial fibrosis [80]

Ganoderma Lucidum powder
(0.5 wt parts) in grain powder
preparation

7.

WO2013012117

Pharmaceutical compositions for
preventing or treating inflammatory diseases, comprising phytosterol compound

Trachelospermum asiaticum var.
Intermedium’s phytosterol
fractions

Inhibiting the production of TNF, nitric oxide
and the release of inflammatory cytokines [103]

8.

WO2013138871

Immunomodulatory agent and
uses thereof

Immunomodulatory agents that
are useful for treating or preventing joint damage in RA

Eliciting an antigen specific tolerogenic response
to an aggression polypeptide including citrullinated forms thereof to treat or prevent joint
damage [22]

compounds for synthetic or semi synthetic development.
Further research on Ganoderma for validating its usage and
in-depth knowledge of the main pharmacologically active
component are essentially required in order to standardize
procedures for obtaining herbal remedies to replace crude
products with modern pharmacological formulations. Such
studies need to be carried out on a larger scale with sound
assessment in established animal models.
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