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Abstract: The Ganoderma genus is known for its diverse use as a functional food and
therapeutic agent. This fungus has over 428 species, with Ganoderma lucidum being the
most studied. The Ganoderma species produce several secondary metabolites and bioactive
compounds like polysaccharides, phenols, and triterpenes, which are largely responsible for
their therapeutic properties. Throughout this review, several extracts obtained from Gano-
derma species have been studied to delve into their therapeutic characteristics and
mechanisms. Such properties like immunomodulation, antiaging, antimicrobial, and anti-
cancer activities have been demonstrated by several Ganoderma species and are supported
by a large body of evidence. Although its phytochemicals play a vital role in its therapeutic
properties, identifying the therapeutic potentials of fungal-secreted metabolites for human
health-promoting benefits is a challenging task. Identification of novel compounds with
distinct chemical scaffolds and their mechanism of action could help suppress the spread of
rising pathogens. Thus, this review provides an updated and comprehensive overview of the
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bioactive components in different Ganoderma species and the underlying physiological
mechanisms.

Keywords: Ganoderma; G. lucidum; Therapeutic; Polysaccharides; Triterpenoids.

Introduction

The species complex Ganoderma are wood-decaying basidiomycete fungi with hard fruiting
bodies called polypores, which bear characteristic double-walled, chambered-looking
spores. These species are easily identified in their native habitats due to their unusual fruiting
bodies. So far, 428 different species of Ganoderma have been identified. Some of the very
prominent species of Ganoderma are Ganoderma amboinense, G. annulare, G. applanatum,
G. australe, G. boninense, G. capense, G. carnosum, G. cochlear, G. colossum, G. concinna,
G. fornicatum, G. hainanense, G. lipsiense (synonym G. applanatum), G. mastoporum, G.
neo-japonicum, G. orbiforme, G. pfeifferi, G. resinaceum, G. sinense, G. theaecolum, G.
tropicum, G. tsugae, G. leucocontextum, and G. sinense.

As these Ganoderma species are predominantly parasitic and saprophytic on conifers
hardwood and are rather selective about their substrates, these species prefer to attack and
parasitise specific trees. The fungus’ extraordinary ability to produce diverse secondary
metabolites (SMs) allows it to thrive in both parasitic and saprophytic modes of the life-
cycle. Traditional remedies, as well as functional foods and nutraceuticals, make extensive
use of SMs generated from these mushrooms. Meta-information generated via the
computational approach of Ganoderma’s SMs along with its experimental evidence
indicates their distinct chemical scaffolds with different biological prowess (Grienke et al.,
2015). For its therapeutic capabilities, Ganoderma species are also referred to as the
‘Mushroom of Immortality (Li et al., 2013).

Furthermore, Ganoderma lucidum or lingzhi (Reishi mushrooms), which is one the
most studied Ganoderma species, is known for its health benefits. Some of these benefits
include anti-oxidant, anti-cancer, anti-inflammatory, anti-diabetic, anti-hypertension, and
anti-lipidic activities. It has been used in traditional Asian medicine for thousands of years
in the form of powder, tea, and dietary supplements to treat different health conditions and
diseases and is known in Chinese medicine as the “King of Herbs” or “Miracle Chinese
Herb” (Sliva, 2003; Benzie and Wachtel-Galor, 2009; Parepalli et al., 2021b).

Ganoderma extracts contain several bioactive compounds, and the main physiologically
active ingredients include polysaccharides, peptidoglycans, proteins, peptides, phenols, and
triterpenes (Parepalli et al., 2021a). The Ganoderma extracts have been used for decades in
traditional Asian medicine, particularly in China and Japan, as the best natural source of
anti-oxidants (Koo et al., 2011), an all-cure herb, and an effective medicine in combatting
diseases like AIDS and cancer (Cör et al., 2018).

Furthermore, Ganoderma is used to strengthen the immune system and to treat viral
infections (HIV/AIDS), as well as to treat lung (like asthma and bronchitis), heart, liver,
kidney, and cancer diseases (Wachtel-Galor et al., 2011; Kao et al., 2013).
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Secondary Metabolites of Ganoderma

Ganoderma species possess the capacity to generate more than 450 different SMs with
remarkable therapeutic properties. Major secondary compounds isolated are ganoderic
acids, C30 lanostanes (aldehydes, alcohols, esters, glycosides, lactones, ketones), C27
lanostanes (lucidenic acids), C27 lanostanes (alcohols, lactones, esters), C24 and C25
lanostanes, C30 pentacyclic triterpenes, meroterpenoids, farnesyl hydroquinones (mer-
oterpenoids), C15 sesquiterpenoids, steroids, alkaloids, prenyl hydroquinone, gano-
dermanontriol, ganodermaside A, ganodermalactone G, ganoderone A and C,
ganoboninone D, benzofurans, benzopyran-4-one derivatives, and benzenoid derivatives
(Sharma et al., 2019). In addition, bioactive compounds, such as lectins, beta-glucans,
polysaccharide-protein complexes, and lanostanoids, have also been identified in these
species (Borchers et al., 2008) (Fig. 1).

Therapeutic Capabilities of Ganoderma Species

An extensive variety of medicinal and pharmacokinetic properties have been observed
from metabolites extracted from Ganoderma species, and these metabolites are being
used as anti-cancer agents and anti-oxidants, and possess anti-ageing, anti-inflammatory,
and anti-immunomodulatory activities, amongst others (Fig. 2). In addition, their use in
regulating blood cholesterol, treating respiratory diseases, and lowering anxiety levels
has also been observed (Nishitoba et al., 1998; Ikekawa et al., 1992; Liu et al., 1998).
Due to their versatility, Ganoderma extracts are frequently used for treating hepatitis,
hypercholesterolemia, diabetes, neoplasms, immunodeficiency, leukopenia, atheroscle-
rosis, haemorrhoids, chronic fatigue, cancer, bronchitis, hypertension, insomnia, and

Figure 1. Selected secondary metabolites biosynthesized by Ganoderma species.
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dizziness (Gao et al., 2002; Fujita et al., 2005; Hajjaj et al., 2005; Wang and Ng, 2006).
Furthermore, the chemicals found in these species are efficient anti-oxidizing agents as
well as inhibitors of sarcoma development (Jones and Janardhanan, 2000).

Anti-Tumor Properties

Different extracts of Ganoderma species were found to have an inhibitory effect on
different types of cancers, such as prostate, lung, glioma, breast cancers, and malignant
melanoma, as seen in Table 1 (Chen et al., 2016; Kao et al., 2016; Smina et al., 2017;
Zheng et al., 2018), by inhibiting the cell cycle, inducing apoptosis, reducing tumor
progression, and decreasing the expression and activity- of cell cycle regulators
(Yang et al., 2019). Furthermore, the bioactive compounds of Ganoderma also exhibit
anti-angiogenic, multidrug resistance reversal, and anti-proliferative and apoptosis in-
ductive activities by involving the intrinsic and extrinsic initiated apoptotic pathway in
association with cell cycle arrest, telomerase inhibition, autophagy, and oxidative
stress, in addition to the inhibition of tumor cell adhesion, invasion, and migration. The
antitumor activities may be due to the inhibition of ATP-dependent transmembrane
drug transporters such as P-glycoprotein on the surface of resistance tumor cells to
prevent reduction of the intracellular accumulation of anticancer drugs (Sun and
Sun, 2019).

Triterpenes in mushrooms possess chemo-preventive and tumoricidal activities
(Leskosek-Cukalovic et al., 2010). Triterpenes activate the capase cascade, which helps to
prevent cancer metastasis by directing matrix metalloproteinase and interleukin (IL)-8 and
reduces pro-inflammatory cytokine production in macrophage cells. Polysaccharides, on the
other hand, can boost the immunological response of the host by promoting the growth of
macrophages, natural killer cells, and T-lymphocytes. This may stop tumor-derived

Figure 2. Therapeutic applications of Ganoderma metabolites.
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angiogenesis by lowering human umbilical vein endothelial cell proliferation and angiogenic
factors, including Vascular Endothelial Growth Factor and transforming growth factor beta 1
(TGF-β1) production. The triterpenes act as anti-oxidants by scavenging free radicals and
activating anti-oxidant enzymes, whereas polysaccharides reduce oxidative damage caused
by reactive oxygen species and prevent the breaks of DNA strands (Kao et al., 2013).

G. lucidum extracts are carcinostatic in a variety of cancer cell lines, including pan-
creatic, lung, colon, skin, breast, prostate, and liver cancer cell lines (Suprasert, 2015; Yu
et al., 2017; Zhang, 2017). Furthermore, the compounds from G. lucidium (Xu et al., 2011)
and G. applanatum have been shown to exhibit immunomodulatory, anti-angiogenic, and
cytotoxic properties (Elkhateeb et al., 2018). Triterpenes such as ganoderic acids U-Y and
F are cytotoxic to hepatoma cells (O. Toth et al., 1983) and inhibit the angiotensin-
converting enzyme (Morigiwa et al., 1986; Zhang et al., 2009), respectively.

Furthermore, the ganoderic acid DM possesses anti-proliferative properties against human
malignant growth cells by altering androgen or oestrogen receptors (Liu et al., 2006; Wu
et al., 2012) and has apoptotic effects in Michigan Cancer Foundation (MCF)-7 breast cancer
cells; additionally, it hinders testosterone change to dihydrotestosterone through 5 α-reductase
inhibitory activity (Liu et al., 2006; Suárez-Arroyo et al., 2017). Anti-proliferative effects of
ganoderiol A, ganoderiol F, ganoderol B, lucidumol B, ganodermatriol, and ganoderma-
nontriol against prostrate cells have also been discovered (Jiang et al., 2011).

Immunomodulation

Ganoderma exerts immunomodulation effects by enhancing humoral and cellular immu-
nity (Wang and Lin, 2019). These effects may be due to its bioactive molecules, partic-
ularly polysaccharides. It was found that the polysaccharide contents of G. lucidum play a
role in promoting the function of antigen-presenting cells, humoral immunity, mononuclear
phagocyte system, and cellular immunity (Lin, 2005). Many studies reported that Gano-
derma exhibits significant antitumor and anti-inflammatory activity and promotes the ac-
tivity of most immune effector cells, including lymphocytes and myeloid cells (Ren et al.,
2021). Numerous studies linked the antitumor effects and enhanced immune system by
Ganoderma supplements or extracts. In addition, the aqueous extracts of Ganoderma
stimulate the production of cytokines, such as interleukins IL-2, IL-10, IL-1β- IL-6 and
tumor necrosis factor alpha (TNF-α) and interferon – Y (INF-Y) (Sanodiya et al., 2009;
Wang et al., 2018).

Smina et al. (2017) reported that total triterpenes induced apoptosis in human breast
adenocarcinoma cells by regulating the levels of cyclin D1 and B cell lymphomas, and by
upregulating the levels of Bax and caspase-9. Furthermore, Zheng et al. (2018) reported
that the antitumor effects may be due to the effect of Ganoderma as a dehydroergosterol
peroxide enzyme by its role in the process of decreasing the expression of the myeloid
leukemia cell differentiation protein, releasing cytochrome-c and damaging the mito-
chondrial membrane. In addition, Ganoderma promotes the function of phagocytes, natural
killer cells, antigen-presenting cells, lymphocytes, and cytotoxic T- lymphocytes, and
promotes the production of cytokines (Zhibin Lin and Sun, 2019).
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Moreover, β-D-glucans, the Zhi-8 proteins, and triterpenoids are the known immuno-
modulating agents identified from Ganoderma. These compounds stimulate immune
effectors and cause cytokine production (Wang et al., 1997). They additionally prevent
systemic anaphylaxis in mice (Kino et al., 1989), stimulate immune regulation (Tanaka
et al., 1989), are an adjuvant for the DNA vaccine via dendritic cells activation (Lin et al.,
2011), and stimulate cancer cell death (Li et al., 2014; Hsin et al., 2015).

Furthermore, polysaccharides promote cancer and viral immunity by increasing the
expression of the major histocompatibility complex in a melanoma cell line, which
improves antigen presentation (Sun et al., 2010). G. microsporum extracts also cause
apoptosis in urothelial cancer cells (Huang et al., 2018). As a result, the proteins implicated
in Ganoderma immunomodulation might be used to develop immunotherapy.

Anti-Oxidative and Radical Scavenging Activity

Ganoderma anti-oxidants protect cellular components from oxidative damage, lowering
the likelihood of mutations and carcinogenesis, as well as immune cells, allowing them to
maintain immune surveillance and responsiveness as shown in Table 2. Furthermore, G.
lucidum polysaccharides safeguard immune cells from oxidative stress, while the ethanolic
extract breaks cellular DNA by boosting the generation of hydrogen peroxide (H2O2),
causing considerable cell death. Additionally, G. lucidum methanolic extracts protect
kidneys from cisplatin-induced kidney injury by restoring the renal anti-oxidant defence
system (Sheena et al., 2003).

Table 2. A Summary of the Main Components in Ganoderma Species that Exhibit Anti-Oxidant Activity

Ganoderma Spp. Ganoderma Component Ganoderma Activity References

Ganoderma lucidum Ganoderma lucidum poly-
saccharides (GLP)

Anti-oxidant (Xu et al., 2019)

Ganoderma lucidum Ganoderma lucidum tri-

terpenes and aromatic
meroterpenoids

Anti-oxidant (Wang et al., 2019)

Ganoderma lucidum Ganoderma lucidum chitosan

extracts

Anti-oxidant, cytotoxic, antimi-

crobial activity.

(Savin et al., 2020)

Ganoderma lucidum Ganoderma lucidum extract Anti-oxidant (Kebaili et al., 2021)
Ganoderma spp. Ganoderma spp. extracts Anti-oxidant (Obodai et al., 2017)

Ganoderma lucidum Ganoderma extracts Anti-oxidant activity and protec-
tive effects in oxidatively in-
jured DNA in cell-free

analyses

(Saltarelli et al., 2019)

Ganoderma lucidum Ganoderma lucidum spores Antitumor, anti-oxidation, and
cell protecting

(Xu et al., 2019)

Ganoderma lucidum GLP Anti-oxidant activity (Zheng et al., 2018)

Ganoderma lingzhi Exopolysaccharides Anti-oxidant activity (Si et al., 2019)
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Antibacterial Activity

Ganomycin and triterpenoids have a broad-spectrum of antibacterial activity against Gram-
positive and Gram-negative bacteria (Suay, 2000; Gao et al., 2003). Organic extracts of G.
lucidum have antibacterial activities against Bacillus subtilis, Corynebacterium diphtheria,
Enterobacter aerogenes, Escherichia coli, Pseudomonas aeruginosa, Salmonella sp.,
Staphylococcus aureus (Sheena et al., 2003; Keypour et al., 2008), S. aureus, and B.
cereus (Heleno et al., 2013). Moreover, G. pfeifferi extracts also inhibited the growth of
pathogenic bacteria such as Aeromonas hydrophila, Aeromonas salmonicida, Vibrio
anguillarum, and Yersinia ruckeri (Monthana, 1999).

Based on our previous studies, it can be concluded that the antimicrobial activity of pure
compounds should be below 1000 μg/ml. We have shown that the strong activity is for
MICs below 300 μg/ml, medium activity for MICs 300–500 μg/ml, and poor activity for
MICs > 500 to 1000 μg/ml (Adamczak et al., 2020; Karpiński et al., 2021). The values of
MIC above 1000 μg/ml should be considered as very poor activity or lack of activity
(> 5000 μg/ml). Extracts and fractions of Ganoderma have mainly poor or lack of activity.
Regardless of the Ganoderma species, the MIC values for extracts most often range from
500 μg/ml to even 512mg/ml (Sa-Ard et al., 2015; El Zawawy and Ali, 2016; Ergun,
2017; Costa et al., 2020; Savin et al., 2020; Serrano-Márquez et al., 2021). For single
strains, incl. Enterococcus faecalis, extract of G. lucidum has a strong activity with an MIC
of 200 μg/ml (Ergun, 2017). Some isolated compounds exhibit poor or no significant
antimicrobial activity, e.g. chitosan from G. lucidum (MICs 625–2500 μg/ml) (Savin et al.,
2020) and sulfated (1,3)-β-d-glucan from G. lucidum, for which the MIC values are 1000–
5000 μg/ml (Wan-Mohtar et al., 2016). Similarly, exopolysaccharide from G. applanatum
shows poor activity with an MIC of 1000 μg/ml (Osińska-Jaroszuk et al., 2014). Lanostane
triterpenoids and farnesyl hydroquinones are the most active. The MIC values for the
former start from 0.391 μg/ml (Isaka et al., 2016; Chinthanom et al., 2021), and for the
latter from 2.5 μg/ml (Mothana et al., 2000).

Some antibacterial studies presented the disk diffusion method (ZOI) instead of MIC.
The authors present the activity, unfortunately, without specifying the MIC value or the
active concentration. The disc diffusion test provides qualitative results showing if bacteria
are susceptible or resistant (Benkova et al., 2020). Consider that this research extracted
freeze-dried culture fluids of G. lucidum extracts that have activity against Acidovorax
avenae, Agrobacterium tumefaciens, Brenneria quercina, Erwinia carotovora, Pantoea
herbicola, Pseudomonas syringae, and Xanthomonas campestris (Robles-Hernández et al.,
2021). Extracts of G. boninense in ZOI method are active against coagulase-negative
Staphylococci (CoNS), methicillin-resistant Staphylococcus aureus, and Streptococcus
pyogenes (Chan and Chong, 2022).

Anti-Fungal Activity

Extracts of G. lucidum are active against Botrytis cinerea, Physalospora piricola, and
Fusarium oxysporum (Wang and Ng, 2006), and against Trichoderma viridae that exceed
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more than the standards, i.e., bifonazole and ketoconazole (Heleno et al., 2013). Antifungal
characteristics are found in sterols derived from G. annulare, such as 5α-ergost-7-en-3β-ol,
5α-ergosta-7,22-dien-3β-ol, and 5,8-epidioxy-5α,8α-ergosta-6,22-dien-3β-ol and five tri-
terpenes, applanoxidic acids A, C, F, G and H (Smania et al., 2003). The terpenoids were
found to be active against Microsporum cannis and Trichophyton mentagrophytes (Smania
et al., 2003).

Furthermore, in terms of antifungal activity, the best activity is shown by triterpe-
noids obtained from G. gibbosum. The MIC50 of these triterpenoids against Candida
albicans is 3.8–129.1 μg/ml (Pu et al., 2019). Benzolactones isolated from G. lucidum
also have a strong activity. Their MIC90 against Microsporum gypseum ranges from 18.5
up to > 128 μg/ml (Lu et al., 2020). Unfortunately, there is little research into the
antifungal activity of Ganoderma species. In addition, one of the studies on farnesyl
hydroquinones from G. pfeifferi showed no activity. However, MIC values were only
determined up to 100 μg/ml (Mothana et al., 2000). This means that hydroquinones
should also be tested at higher concentrations, which would clearly show activity or lack
thereof.

Antiviral Activity

Compounds of gray level histogram width (GLhw) and GLMe-1, 2, 4, and 7 from G.
lucidum significantly inhibited cytopathic effects of the vesicular stomatitis virus and
herpes simplex virus (HSV) (Sharma et al., 2019). GLhw inhibited plaque formation of
HSV-2 and HEp-2 cells, while GLMe-4 showed cytotoxicity (Liu et al., 2004; Sharma
et al., 2019). Furthermore, terpenoids derived from G. pfeifferi have antiviral properties
against influenza and Herpes simplex virus (Lindequist et al., 2015). Moreover, appla-
noxidic acid G, lucialdehyde, lucidadiol, and ergosta-7,22-diene-3β-ol compounds from
Ganoderma possess antiviral properties against influenza virus A (Mothana et al., 2003;
Niedermeyer et al., 2005). The combination of ganomycin B and ganomycin I from G.
colossum inhibits HIV-1 protease (El Dine et al., 2009).

Most studies of the antiviral activity of Ganoderma species indicate good activity.
Lanostane triterpenoids have been shown to inhibit HIV-1 protease at IC50 concentrations
from 5 μg/ml or from 20 μM (El Dine et al., 2008; Sato et al., 2009). Triterpenoids also
show strong inhibitory activity against H1N1 influenza virus neuraminidase (IC50 from
4.6 μM), H5N1 influenza virus neuraminidase (IC50 from 1.2 μM), HSV-1 (ED50

0.068mM/l), and influenza virus type A (ED50 0.19–0.22mM/l) (Mothana et al., 2003;
Zhu et al., 2015). However, the activity of triterpenoids against Dengue virus NS2B-NS3
protease was confirmed in silico analysis (Bharadwaj et al., 2019). Extracts from Gano-
derma against Dengue virus serine protease and enterovirus A71 show a lower antiviral
activity (over 25 μg/ml) (Lim et al., 2020; Ang et al., 2021). Thus, as seen, Ganoderma has
extensive antimicrobial properties.

In Tables 3 and 4, the antimicrobial activities of extracts or compounds from some
Ganoderma species are presented.
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Neuroprotective Effects

Ganoleucoin Q and R from G. leucocontextum display neuroprotective and neurotrophic
activities (Chen et al., 2018). Neuroprotective effects of G. lucidum on Spinal Cord Injury
(SCI) of a model organism rat have also been observed (Ekinci et al., 2018). G. lucidum
reduces SCI-induced oxidative stress and promotes neuroprotection by lowering lipid
peroxidation and glutathione depletion (Ekinci et al., 2018).

The bioactive molecules in Ganoderma play a crucial role in neuroprotective effects or
diseases by sedative, hypnotic, anti-nociceptive, analgesic, neuroprotective, anti-epileptic,
and anti-depressant effects (Cui and Zhang, 2019). Some studies demonstrated that
Ganoderma extracts, especially its content of polysaccharides, have increased neuron vi-
ability, reduced malondialdehyde content and reactive oxygen species levels, increased the
manganese dismutase activity, and blocked the translocation of nuclear factor-kappa B
(Zhao et al., 2004).

Other Medicinal Attributes of Ganoderma

Triterpenoids and steroids from G. lucidum and G. tsugae inhibit the effect of the chemical
mediators liberated from neutrophils, mast cells, and macrophages (Ko et al., 2008). The
release of β-glucuronidase from rat neutrophils induced with formyl-Met-Leu-Phe (fMLP)/
cytochalasin B was significantly inhibited by 3-oxo-5-lanosta-8, 24-dien-21-oic acid (Ko
et al., 2008). This confirmed Ganoderma’s anti-inflammatory properties.

Furthermore, according to previous studies, many digestive system diseases can be
ameliorated by natural products such as Ganoderma supplements. In these studies, the
Ganoderma extracts play a role in improving the symptoms of gastric mucosal congestion
and bleeding, decreasing inflammatory factors, serum histamine, and myeloperoxidase
whilst increasing the anti-oxidant activity and defence factors such as nitric oxide (NO) and
endothelial growth factor (EGF) (Tian et al., 2022).

Additionally, different Ganoderma extracts were used for decades as an elixir for
lifespan elongation since they exert many functions in improving health and longevity
(Wang et al., 2017). These extracts enhance the anti-ageing properties such as helping to
fight off skin-damaging free radicals, repair collagen in the body. and reduce inflammation
as demonstrated in Table 5.

Unsurprisingly, the highly biologically active constituents of Ganoderma extracts have
been shown to have hypoglycemic effects. The extracts have been reported to exhibit anti-
diabetic activity by increasing plasma insulin levels, decreasing plasma glucose levels,
decreasing lymphocyte infiltration and inhibiting aldolase reductase, a-glucosidase, and
protein tyrosine phosphatase 1B (Ma et al., 2015). Thus, as summarized in Table 6,
Ganoderma species have a wide spectrum of medicinal attributes.

Concluding Remarks and Future Perspectives

As demonstrated throughout this review, the phytoconstituents of Ganoderma species
contribute to their therapeutic properties. Whilst each bioactive compound within the
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fungus has its own properties and benefits, the cumulative effect of several bioactive
compounds contributes to many of the medicinal benefits discussed throughout such as
being chemo-preventive, tumoricidal, antimicrobial, and anti-inflammatory. This work
substantially contributes to the understanding of Ganoderma’s core pharmacologically
active compounds and illustrates the immense therapeutic potential of SMs generated from
this fungus. The opine is that the understanding of the SMs of Ganoderma might help to
further establish it as a pharmacologically applicable medication.

Acknowledgments

This research did not receive any specific grant from funding agencies on the public,
commercial, or not-for-profit sectors.

References

Abate, M., G. Pepe, R. Randino, S. Pisanti, M.G. Basilicata, V. Covelli, M. Bifulco, W. Cabri, A. M.
D’Ursi, P. Campiglia, and M. Rodriquez. Ganoderma lucidum ethanol extracts enhance re-
epithelialization and prevent keratinocytes from free-radical injury. Pharmaceuticals 13: 224,
2020.

Adamczak, A., M. Ożarowski and T. M. Karpiński, Curcumin, a natural antimicrobial agent with
strain-specific activity. Pharmaceuticals 13, 153, 2020.

Akihisa, T., Y. Nakamura, M. Tagata, H. Tokuda, K. Yasukawa, E. Uchiyama, T. Suzuki and Y.
Kimura. Anti-inflammatory and antitumor-promoting effects of triterpene acids and sterols
from the fungus ganoderma lucidum. Chem. Biodivers. 4: 224–231, 2007.

Ang, W.X., S. Sarasvathy, U.R. Kuppusamy, V. Sabaratnam, S.H. Tan, K.T. Wong, D. Perera and K.
C. Ong. In vitro antiviral activity of medicinal mushroom ganoderma neo-japonicum imazeki
against enteroviruses that caused hand, foot and mouth disease. Trop. Biomed. 38: 239–247,
2021.

Barbieri, A., V. Quagliariello, V. Del Vecchio, M. Falco, A. Luciano, N.J. Amruthraj, G. Nasti, A.
Ottaiano, M. Berretta, R.V. Iaffaioli and C. Arra. Anticancer and anti-inflammatory properties
of ganoderma lucidum extract effects on melanoma and triple-negative breast cancer treatment.
Nutrients 9: 210, 2017.

Benkova, M., O. Soukup and J. Marek. Antimicrobial susceptibility testing: currently used methods
and devices and the near future in clinical practice. J. Appl. Microbiol. 129, 806–822, 2020.

Benzie, I.F. and S. Wachtel-Galor. Biomarkers in long-term vegetarian diets. Adv. Clin. Chem. 47:
171–222, 2009.

Bharadwaj, S., K.E. Lee, V.D. Dwivedi, U. Yadava, A. Panwar, S.J. Lucas, A. Pandey and S.G.
Kang. Discovery of ganoderma lucidum triterpenoids as potential inhibitors against dengue
virus ns2b-ns3 protease. Sci. Rep. 9: 19059, 2019.

Borchers, A.T., A. Krishnamurthy, C.L. Keen, F.J. Meyers and M.E. Gershwin. The immunobiology
of mushrooms. Exp. Biol. Med. 233: 259–276, 2008.

Cör, D., Z. Knez and M. K. Hrnčič. Antitumour, antimicrobial, anti-oxidant and anti-
acetylcholinesterase effect of ganoderma lucidum terpenoids and polysaccharides: A review.
Molecules 23: 649, 2018.

Chan, Y.-S. and K.P. Chong. bioactive compounds of ganoderma boninense inhibited methicillin-
resistant staphylococcus aureus growth by affecting their cell membrane permeability and
integrity. Molecules 27: 838, 2022.

PHYTOCHEMICALS OF GANODERMA SPECIES 17

March 23, 2023 11:50:21am WSPC/174-AJCM 2350040 ISSN: 0192-415X
1stReading

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43



Chen, Y., J. Lv, K. Li, J. Xu, M. Li, W. Zhang and X. Pang. Sporoderm-broken spores of ganoderma
lucidum inhibit the growth of lung cancer: involvement of the akt/mtor signaling pathway.
Nutri.Cancer 68: 1151–1160, 2016.

Chen, H., J. Zhang, J. Ren, W. Wang, W. Xiong, Y. Zhang, L. Bao and H. Liu. Triterpenes and
meroterpenes with neuroprotective effects from ganoderma leucocontextum. Chem. Biodivers.
15: e1700567, 2018.

Chinthanom, P., V. Vichai, K. Dokladda, M. Sappan, C. Thongpanchang and M. Isaka. Semisyn-
thetic modifications of antitubercular lanostane triterpenoids from ganoderma. J. Antibio. 74:
435–442, 2021.

Costa, T.M., J. Lenzi, C.J. Paganelli, H.H. da, S. Filho, M.D. Alberton, L.B.B. Tavares and D. de
Oliveira. Liposoluble compounds from ganoderma lipsiense grown on solid red rice medium
with antiparasitic and antibacterial properties. Biotech. Appl. Biochem. 67, 180–185, 2020.

Cui, X. and Y. Zhang. Neuropharmacological effect and clinical applications of ganoderma (lingzhi).
Adv. Exp. Med. Bio. 1182: 143–157, 2019.

Ekinci, A., H. Ozevren, B.E. Bilgiç, C. Ekinci, S. Deveci and E. Deveci. Neuroprotective effects of
ganoderma lucidum on spinal cord injury. Int. J. Morphol. 36: 175–179, 2018.

El Dine, R.S.A.M. El Halawany, C.M. Ma and M. Hattori. Anti-hiv-1 protease activity of lanostane
triterpenes from the vietnamese mushroom ganoderma colossum. J. Nat. Prod. 71: 1022–1026,
2008.

El Dine, R.S. , A.M. El Halawany, C.M. Ma and M. Hattori. Inhibition of the dimerization and active
site of hiv-1 protease by secondary metabolites from the vietnamese mushroom ganoderma
colossum. J. Nat. Prod. 72: 2019–2023, 2009.

El Zawawy, N.A. and S.S. Ali. Anti-proteolytic activity of ganoderma lucidum methanol extract
against pseudomonas aeruginosa. J. Infec. Develop. Countr. 10: 1020–1024, 2016.

Elkhateeb, W.A., G.M. Zaghlol, I.M. El-Garawani, E.F. Ahmed, M.E. Rateb and A.E. Abdel
Moneim. Ganoderma applanatum secondary metabolites induced apoptosis through different
pathways: in vivo and in vitro anticancer studies. Biomed. Pharmacother. 101: 264–277, 2018.

Ergun, B. Evaluation of antimicrobial, Cytotoxic and genotoxic activities of Ganoderma lucidum
(Reishi mushroom). Pak. J. Pharma. Sci. 30: 1991–1995, 2017.

Fujita, R., J. Liu, K. Shimizu, F. Konishi, K. Noda, S. Kumamoto, C. Ueda, H. Tajiri, S. Kaneko, Y.
Suimi and R. Kondo. Anti-androgenic activities of ganoderma lucidum. J. Ethnopharmacol.
102: 107–112, 2005.

Gao, J.J., B.S. Min, E.M. Ahn, N. Nakamura, H.K. Lee and M. Hattori. New triterpene aldehydes,
lucialdehydes a - c, from ganoderma lucidum and their cytotoxicity against murine and human
tumor cells. Chem. Pharm. Bull. 50: 837–840, 2002.

Gao, X., J. Qi, C.T. Ho, B. Li, Y. Xie, S. Chen, H. Hu, Z. Chen and Q. Wu. Purification, physi-
cochemical properties, and anti-oxidant activities of two low-molecular-weight poly-
saccharides from ganoderma leucocontextum fruiting bodies. Anti-oxidants 10: 1145, 2021.

Gao, Y., S. Zhou, M. Huang and A. Xu. Antibacterial and antiviral value of the genus ganoderma p.
karst. species (aphyllophoromycetideae): A review. Int. J. Med. Mushrooms 5: 12, 2003.

Grienke, U., T. Kaserer, F. Pfluger, C.E. Mair, T. Langer, D. Schuster and J.M. Rollinger. Accessing
biological actions of ganoderma secondary metabolites by in silico profiling. Phytochemistry
114: 114–124, 2015.

Hajjaj, H., C. Macé, M. Roberts, P. Niederberger and L.B. Fay. Effect of 26-oxygenosterols from
ganoderma lucidum and their activity as cholesterol synthesis inhibitors. Appl. Environ. 71:
3653–3658, 2005.

Heleno, S.A., I.C.F.R. Ferreira, A.P. Esteves, A. Ćirić, J. Glamočlija, A. Martins, M. Soković and M.
J.R.P. Queiroz. Antimicrobial and demelanizing activity of ganoderma lucidum extract,
p-hydroxybenzoic and cinnamic acids and their synthetic acetylated glucuronide methyl esters.
Food Chem. Toxicol. 58: 95–100, 2013.

18 R. BLUNDELL et al.

March 23, 2023 11:50:21am WSPC/174-AJCM 2350040 ISSN: 0192-415X
1stReading

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43



Hsin, I.L., C.C. Ou, M.F. Wu, M.S. Jan, Y.M. Hsiao, C.H. Lin and J.L. Ko. GMI, an immuno-
modulatory protein from ganoderma microsporum, potentiates cisplatin-induced apoptosis via
autophagy in lung cancer cells. Mol. Pharm. 12: 1534–1543, 2015.

Hsu, K.D., H.J. Chen, C.S. Wang, C.C. Lum, S.P. Wu, S.P. Lin and K.C. Cheng. Extract of ganoderma
formosanum mycelium as a highly potent tyrosinase inhibitor. Sci. Rep. 6: 32854, 2016.

Hu, F., Y. Yan, C.W. Wang, Y. Liu, J.J., Wang, F. Zhou, Q.H. Zeng, X. Zhou, J. Chen, A.J. Wang
and J.D. Zhou. Article effect and mechanism of ganoderma lucidum polysaccharides on human
fibroblasts and skin wound healing in mice. Chin. J. Integr. Med. 25: 203–209, 2019a.

Hu, S., J. Huang, S. Pei, Y. Ouyang, Y. Ding, L. Jiang, J. Lu, L. Kang, L. Huang, H. Xiang, R. Xiao,
R. Zeng and J. Chen. Ganoderma lucidum polysaccharide inhibits uvb-induced melanogenesis
by antagonizing camp/pka and ros/mapk signaling pathways. J. Cell. Physio. 234: 7330–7340,
2019b.

Huang, S., C. Chien, R. Hseu, V.Y.J. Huang, S.Y. Chiang, C. Huang, S. Chen, R. Tsai, H. Lin and Y.
Cheng. Ganoderma microsporum immunomodulatory protein induces apoptosis and potenti-
ates mitomycin c-induced apoptosis in urinary bladder urothelial carcinoma cells. J. Cell.
Biochem. 119: 4592–4606, 2018.

Ikekawa, T., H. Saitoh, W. Feng, H. Zhang, L. Li and T. Matsuzawa. Antitumor activity of hypsi-
zigus marmoreus. i. antitumor activity of extracts and polysaccharides. Chem. Pharm. Bull. 40:
1954–1957, 1992.

Isaka, M., P. Chinthanom, M. Sappan, K. Danwisetkanjana, T. Boonpratuang, and R. Choeyklin.
antitubercular lanostane triterpenes from cultures of the basidiomycete ganoderma sp. bcc
16642. J. Nat. Prod. 79: 161–169, 2016.

Isaka, M., P. Chinthanom, M. Sappan, S. Supothina, V. Vichai, K. Danwisetkanjana, T. Boonpra-
tuang, K.D. Hyde and R. Choeyklin. Antitubercular activity of mycelium-associated gano-
derma lanostanoids. J. Nat. Prod. 80: 1361–1369, 2017.

Jiang, J., A. Jedinak and D. Sliva. Ganodermanontriol (gdnt) exerts its effect on growth and inva-
siveness of breast cancer cells through the down-regulation of cdc20 and upa. Biochem.
Biophys. Res. Commun. 415: 325–329, 2011.

Jiang, L., J. Huang, J. Lu, S. Hu, S. Pei, Y. Ouyang, Y. Ding, Y. Hu, L. Kang, L. Huang, H. Xiang,
Q. Zeng, L. Liu, J. Chen and Q. Zeng. Ganoderma lucidum polysaccharide reduces melano-
genesis by inhibiting the paracrine effects of keratinocytes and fibroblasts via il-6/stat3/fgf2
pathway. J. Cell. Physio. 2019.

Jiao, C., Y. Xie, H. Yun, H. Liang, C. He, A. Jiang, Q. Wu and B.B. Yang, B. B. The effect of
ganoderma lucidum spore oil in early skin wound healing: interactions of skin microbiota and
inflammation. Aging 12: 14125–14140, 2020.

Jones, S. and K.K. Janardhanan. Anti-oxidant and antitumor activity of ganoderma lucidum (curt.: fr.)
p. karst.—reishi (aphyllophoromycetideae) from south india. Int. J. Med. Mushrooms 2: 6,
2000.

Kao, C.H., K.S. Bishop, Y. Xu, D.Y. Han, P.M. Murray, G.J. Marlow and L.R. Ferguson. Identi-
fication of potential anticancer activities of novel ganoderma lucidum extracts using gene
expression and pathway network analysis. Genomic Insights 9: 1–16, 2016.

Kao, C.H.J., A.C. Jesuthasan, K.S. Bishop, M.P. Glucina and L.R. Ferguson. Anti-cancer activities of
ganoderma lucidum: Active ingredients and pathways. In Functional Foods in Health and
Disease 3: 48–65, 2013.

Karpiński, T.M., M. Ożarowski, R. Alam, M. Łochyńska and M. Stasiewicz. What do we know about
antimicrobial activity of astaxanthin and fucoxanthin? Marine Drugs 20: 36, 2021.

Kebaili, F.F., N. Tahar, T.M. Esseddik, R. Redouane, B. Chawki, A. Pablo and P. Massimiliano.
Anti-oxidant activity and phenolic content of extracts of wild algerian lingzhi or reishi me-
dicinal mushroom, ganoderma lucidum (agaricomycetes). Int. J. Med. Mushrooms. 23: 79–88,
2021.

PHYTOCHEMICALS OF GANODERMA SPECIES 19

March 23, 2023 11:50:21am WSPC/174-AJCM 2350040 ISSN: 0192-415X
1stReading

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43



Keypour, S., H. Riahi, M.F. Moradali and H. Rafati. Investigation of the antibacterial activity of
a chloroform extract of ling zhi or reishi medicinal mushroom, ganoderma lucidum (w.
curt.: fr.) p. karst. (aphyllophoromycetideae), from iran. Int. J. Med. Mushrooms 10: 345–349,
2008.

Kim, J.W., H.I. Kim, J.H. Kim, O.C. Kwon, E.S. Son, C.S. Lee and Y.J. Park. Effects of ganoderma
nondiol, a new melanogenesis inhibitor from the medicinal mushroom ganoderma lucidum.
Int. J. Mol. Sci. 17: 1798, 2016.

Kino, K., A. Yamashita, K. Yamaoka, J. Watanabe, S. Tanaka, K. Ko, K. Shimizu and H. Tsunoo.
Isolation and characterization of a new immunomodulatory protein, ling zhi-8 (lz-8), from
ganoderma lucidium. J. Biol. Chem. 264: 472–478, 1989.

Ko, H.H., C.F. Hung, J.P. Wang and C.N. Lin. Antiinflammatory triterpenoids and steroids from
ganoderma lucidum and g. tsugae. Phytochemistry 69: 234–239, 2008.

Koo, H., M.S. Huh, I.C. Sun, S.H. Yuk, K. Choi, K. Kim and I.C. Kwon. In vivo targeted delivery of
nanoparticles for theranosis. Acc. Chem. Res. 44: 1018–1028, 2011.

Lai, Y.J., K.D. Hsu, T.J. Huang, C.W. Hsieh, Y.H. Chan and K.C. Cheng. Anti-melanogenic effect
from submerged mycelial cultures of ganoderma weberianum. Mycobiology 47: 112–119,
2019.

Lee, S.H., E.S. Lee, I.H. Bae, S.H. Kim, N.H. Park, J.S. Shim, C.S. Lee and J. Lee. The protective
effect of ganoderma lucidum extract in ultraviolet b-induced human dermal fibroblasts and skin
equivalent models. Ann. Dermatol. 32: 251–254, 2020.

Lee, S.J., W.J. Lee, S.E. Chang and G.Y. Lee. Antimelanogenic effect of ginsenoside rg3 through
extracellular signal-regulated kinase-mediated inhibition of microphthalmia-associated tran-
scription factor. J. Ginseng Res. 39: 238–242, 2015.

Leskosek-Cukalovic, I., S. Despotovic, N. Lakic, M. Niksic, V. Nedovic and V. Tesevic. Ganoderma
lucidum - medical mushroom as a raw material for beer with enhanced functional properties.
Food Res. Int. 43: 2262–2269, 2010.

Li, C., J.H. Kim, B.U. Ji, J.E. Lee, Y. Kim, H.M. Yoon, S.T. Kim and S. Koo. Inhibitory effects of
ganoderma lucidum pharmacopuncture on atopic dermatitis induced by capsaicin in rats.
J. Dermatol. Sci. 80: 212–214, 2015.

Li, J.R., C.L. Cheng, W.J. Yang, C.R. Yang, Y.C. Ou, M.J. Wu and J.L. Ko. FIP-gts potentiate
autophagic cell death against cisplatin-resistant urothelial cancer cells. Anticancer Research
34: 2973–2984, 2014.

Li, J., J. Zhang, H. Chen, X. Chen, J. Lan and C. Liu. Complete mitochondrial genome of the
medicinal mushroom ganoderma lucidum. PLoS ONE 8: e72038, 2013.

Li, L.D., P.W. Mao, K.D. Shao, X.H. Bai and X.W. Zhou, Ganoderma proteins and their potential
applications in cosmetics. Appl. Microbiol. Biotech. 103: 9239–9250, 2019.

Lim, W.Z., P.G. Cheng, A.Y. Abdulrahman and T.C. Teoh. The identification of active compounds
in ganoderma lucidum var. antler extract inhibiting dengue virus serine protease and its
computational studies. J. Biomol. Str. Dyn. 38: 4273–4288, 2020.

Lin, C.C., Y.L. Yu, C.C. Shih, K.J. Liu, K.L. Ou, L.Z. Hong, J.D.C. Chen and C.L. Chu. A novel
adjuvant ling zhi-8 enhances the efficacy of dna cancer vaccine by activating dendritic cells.
Cancer Immunol. Immunother. 60: 1019–1027, 2011.

Lin, Z. and A. Deng. Anti-oxidative and free radical scavenging activity of ganoderma (lingzhi).
Adv. Exp. Med. Bio. 1182: 271–297, 2019.

Lin, Z. and L. Sun. Antitumor effect of ganoderma (lingzhi) mediated by immunological mechanism
and its clinical application. Adv. Exp. Med. Bio. 1182: 39–77, 2019.

Lin, Z.B. Cellular and molecular mechanisms of immuno-modulation by ganoderma lucidum.
J. Pharmacol. Sci. 99: 144–153, 2005.

Lindequist, U., W.D. Jülich and S. Witt. Ganoderma pfeifferi - a european relative of ganoderma
lucidum. Phytochemistry 114: 102–108, 2015.

20 R. BLUNDELL et al.

March 23, 2023 11:50:21am WSPC/174-AJCM 2350040 ISSN: 0192-415X
1stReading

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43



Liu, D.-Z., Y.Q. Zhu, X.F. Li, W.G. Shan and P.F. Gao. New triterpenoids from the fruiting bodies of
ganoderma lucidum and their bioactivities. Chem. Biodivers. 11: 982–986, 2014.

Liu, J., F. Yang, L.B. Ye, X.J. Yang, K.A. Timani, Y. Zheng and Y.H. Wang. Possible mode of
action of antiherpetic activities of a proteoglycan isolated from the mycelia of ganoderma
lucidum in vitro. J. Ethnopharmacol. 95: 265–272, 2004.

Liu, J., K. Kurashiki, K. Shimizu and R. Kondo. 5α-reductase inhibitory effect of triterpenoids
isolated from ganoderma lucidum. Biol. Pharm. Bull. 29: 392–395, 2006.

Liu, J., K. Shimizu, F. Konishi, S. Kumamoto, R. Kondo. The anti-androgen effect of ganoderol b
isolated from the fruiting body of ganoderma lucidum. Bio. Med. Chem. 15: 4966–4972, 2007.

Liu, M., J. Li, F. Kong, J. Lin and Y. Gao. Induction of immunomodulating cytokines by a new
polysaccharide–peptide complex from culture mycelia of lentinus edodes. Immunopharacol-
ogy 40: 187–198, 1998.

Lu, C.T., P.Y. Leong, T.Y. Hou, Y.T. Kang, Y.C. Chiang, C.T. Hsu, Y.D. Lin, J.L. Ko and Y.P.
Hsiao. Inhibition of proliferation and migration of melanoma cells by ketoconazole and
ganoderma immunomodulatory proteins. Oncol. Lett. 18: 891–897, 2019.

Lu, S.-Y., Q.Q. Shi, X.R. Peng, L. Zhou, X.N. Li and M.H. Qiu. Isolation of benzolactones,
ganodumones a-f from ganoderma lucidum and their antibacterial activities. Bioorg. Chem. 98:
103723, 2020.

Ma, H.T., J.F. Hsieh and S.T. Chen. Anti-diabetic effects of ganoderma lucidum. Phytochemistry
114: 109–113, 2015.

Mishra, J., A. Joshi, R. Rajput, K. Singh, A. Bansal and K. Misra. Phenolic rich fractions from
mycelium and fruiting body of ganoderma lucidum inhibit bacterial pathogens mediated by
generation of reactive oxygen species and protein leakage and modulate hypoxic stress in hek
293 cell line. Adv. Pharma. Sci. 6285615, 2018.

Monthana, R.A.A. Isolierung und charakterisierung antibiotisch wirksamer verbindungen aus
ganoderma pfeifferi bres. dem kupferroten lackporling. University of Greifswald, Germany,
1999.

Morigiwa, A., K. Kitabatake, Y. Fujimoto and N. Ikekawa. Angiotensin-converting enzyme-inhib-
itory triterpenes from ganoderma lucidum. Chem. Pharm. Bull. 34: 3025–3028, 1986.

Mothana, R.A.A., N.A. Awadh Ali, R. Jansen, U. Wegner, R. Mentel and U. Lindequist. Antiviral
lanostanoid triterpenes from the fungus ganoderma pfeifferi. Fitoterapia 74: 177–180, 2003.

Mothana, R.A., R. Jansen, W.D. Jülich and U. Lindequist. Ganomycins a and b, new antimicrobial
farnesyl hydroquinones from the basidiomycete ganoderma pfeifferi. J. Nat. Prod. 63: 416–
418, 2000.

Niedermeyer, T.H.J., U. Lindequist, R. Mentel, D. Gördes, E. Schmidt, K. Thurow and M. Lalk.
Antiviral terpenoid constituents of ganoderma pfeifferi. J. Nat. Prod. 68: 1728–1731, 2005.

Nishitoba, T., H. Sato, K. Oda and S. Sakamura. Novel triterpenoids and a steroid from the fungus
ganoderma lucidum. Agric. Biol. Chem. 52: 211–216, 1998.

Obodai, M., D.L. Mensah, A. Fernandes, N.K. Kortei, M. Dzomeku, M. Teegarden, S.J. Schwartz, L.
Barros, J. Prempeh, R.K. Takli and I.C. Ferreira. Chemical characterization and anti-oxidant
potential of wild ganoderma species from ghana. Molecules 22: 196, 2017.

Osińska-Jaroszuk, M., M. Jaszek, M. Mizerska-Dudka, A. Błachowicz, T. P. Rejczak, G. Janusz, J.
Wydrych, J. Polak, A. Jarosz-Wilkołazka and M. Kandefer-Szerszeń. Exopolysaccharide from
ganoderma applanatum as a promising bioactive compound with cytostatic and antibacterial
properties. Biomed. Res. Int. 743812, 2014.

Pan, Y., and Z. Lin. Anti-aging effect of ganoderma (lingzhi) with health and fitness. Adv. Exp. Med.
Biol. 1182: 299–309, 2019.

Parepalli, Y., M. Chavali, R. Sami, M. Singh, S. Surabhi and F. Touahra. Ganoderma lucidum:
extraction and characterization of polysaccharides, yields and their bioapplications. Alger. J.
Eng. Technol. 5: 30–43, 2021a.

PHYTOCHEMICALS OF GANODERMA SPECIES 21

March 23, 2023 11:50:21am WSPC/174-AJCM 2350040 ISSN: 0192-415X
1stReading

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43



Parepalli, Y., M. Chavali, R. Sami, E. Khojah, A. Elhakem, A. El Askary, M. Singh, S. Sinha and G.
El-Chaghab. Evaluation of some active nutrients, biological compounds and health benefits of
reishi mushroom (ganoderma lucidum). Int. J. Pharma. 17: 243–250, 2021b.

Pu, D., X. Li, J. Lin, R. Zhang, T. Luo, Y. Wang, J. Gao, M.A. Zeb, X. Zhang, X. Li, R. Wang and
W. Xiao. Triterpenoids from ganoderma gibbosum: A class of sensitizers of flc-resistant
candida albicans to fluconazole. J. Nat. Prod. 82: 2067–2077, 2019.

Rašeta, M., M. Popović, I. Beara, F. Šibul, G. Zengin, S. Krstić and M. Karaman. Anti-inflammatory,
anti-oxidant and enzyme inhibition activities in correlation with mycochemical profile of
selected indigenous ganoderma spp. from balkan region (serbia). Chem. Biodivers. 18:
2000828, 2021.

Ren, H., X. Meng, J. Yin, J. Sun, Q. Huang and Z. Yin. Ganoderma lucidum polysaccharide peptide
attenuates skin flap ischemia-reperfusion injury in a thioredoxin-dependent manner. Plas.
Reconst. Surg. 142: 23–33, 2018.

Ren, L., J. Zhang and T. Zhang. Immunomodulatory activities of polysaccharides from ganoderma on
immune effector cells. Fd. Chem. 340: 127933, 2021.

Robles-Hernández, L., N.A. Salas-Salazar and A.C. Gonzalez-Franco. Purification and characteri-
zation of antibacterial activity against phytopathogenic bacteria in culture fluids from gano-
derma lucidum. Molecules 26: 5553, 2021.

Sa-Ard, P., R. Sarnthima, S. Khammuang and W. Kanchanarach. Anti-oxidant, antibacterial and dna
protective activities of protein extracts from ganoderma lucidum. J. Fd. Sci. Tech. 52, 2966–
2973, 2015.

Sanodiya, B., G. Thakur, R. Baghel, G. Prasad and P. Bisen. Ganoderma lucidum: a potent phar-
macological macrofungus. Curr. Pharm. Biotechnol. 10: 717–742, 2009.

Sarnthima, R., S. Khammaung and P. Sa-Ard. Culture broth of ganoderma lucidum exhibited anti-
oxidant, antibacterial and α-amylase inhibitory activities. J. Fd. Sci. Tech. 54: 3724–3730,
2017.

Sato, N., Q. Zhang, C.M. Ma and M. Hattori. Anti-human immunodeficiency virus-1 protease activity
of new lanostane-type triterpenoids from ganoderma sinense. Chem. Pharmacue. Bull. 57:
1076–1080, 2009.

Savin, S., O. Craciunescu, A. Oancea, D. Ilie, T. Ciucan, L.S. Antohi, A. Toma, A. Nicolescu, C.
Deleanu and F. Oancea. Anti-oxidant, cytotoxic and antimicrobial activity of chitosan pre-
parations extracted from ganoderma lucidum mushroom. Chem. Biodivers. 17: 2000175, 2020.

Serrano-Márquez, L., A.́ Trigos, A. Couttolenc, J.M. Padrón, A.V. Shnyreva and G. Mendoza.
Antiproliferative and antibacterial activity of extracts of ganoderma strains grown in vitro. Fd.
Sci. Biotech. 30: 711–721, 2021.

Seweryn, E., A. Ziała and A. Gamian. Health-promoting of polysaccharides extracted from gano-
derma lucidum. Nutrients 13: 2725, 2021.

Shahid, A., M. Huang, M. Liu, M.A. Shamim, C. Parsa, R. Orlando and Y. Huang. The medicinal
mushroom ganoderma lucidum attenuates uv-induced skin carcinogenesis and immunosup-
pression. PloS one. 17: 0265615, 2021.

Sharma, C., N. Bhardwaj, A. Sharma, H.S. Tuli, P. Batra, V. Beniwal, G.K. Gupta and A.K. Sharma.
Bioactive metabolites of ganoderma lucidum: factors, mechanism and broad spectrum thera-
peutic potential. J. Herb. Med. 17: 100268, 2019.

Sheena, N., T.A. Ajith and K.K. Janardhanan. Anti-inflammatory and anti-nociceptive activities of
ganoderma lucidum occurring in south india. Pharm. Biol. 41: 301–304, 2003.

Shi, X., W. Cheng, Q. Wang, J. Zhang, C. Wang, M. Li, D. Zhao, D. Wang and Q. An. exploring the
protective and reparative mechanisms of g. lucidum polysaccharides against h2o2-induced
oxidative stress in human skin fibroblasts. Clin. Cosmet Investig Dermatol. 14: 1481–1496,
2021.

Sliva, D. Ganoderma lucidum(reishi) in cancer treatment. Integr. Cancer Ther. 2: 358–364, 2003.

22 R. BLUNDELL et al.

March 23, 2023 11:50:21am WSPC/174-AJCM 2350040 ISSN: 0192-415X
1stReading

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43



Smania, E.F.A., F. Delle Monache, A. Smania, R.A. Yunes and R.S. Cuneo. Antifungal activity of
sterols and triterpenes isolated from ganoderma annulare. Fitoterapia 74: 375–377, 2003.

Smina, T.P., B. Nitha, T.P. Devasagayam and K.K. Janardhanan. Ganoderma lucidum total tri-
terpenes induce apoptosis in mcf-7 cells and attenuate dmba induced mammary and skin
carcinomas in experimental animals. Mut. Res. Genet. Toxicol. Environ. Mutagen. 813: 45–51,
2017.

Suárez-Arroyo, I., Y. Loperena-Alvarez, R. Rosario-Acevedo and M. Martínez-Montemayor.
Ganoderma spp.: A promising adjuvant treatment for breast cancer. Medicine 4: 15, 2017.

Suay, I., F. Arenal, F.J. Asensio, A. Basilio, M.A. Cabello, M.T. Díez, J.B. García, A. González del
Val, J. Gorrochategui, P. Hernández, F. Peláez and M.F. Vicente. Antonie van leeuwenhoek
volume 78: 129–140, 2000.

Sułkowska-Ziaja, K., K. Grabowska, A. Apola, A. Kryczyk-Poprawa and B. Muszyńska. Mycelial
culture extracts of selected wood-decay mushrooms as a source of skin-protecting factors.
Biotech. Lett. 43: 1051–106, 2021.

Sun, L.-X., Z.-B. Lin, X.-J. Li, M. Li, J. Lu, X.-S. Duan, Z.-H. Ge, Y.-X. Song, E.-H. Xing and W.-
D. Li. Promoting effects of ganoderma lucidum polysaccharides on b16f10 cells to activate
lymphocytes. Basic Clin. Pharmacol. Toxicol. 108: 149–154, 2010.

Sun, Y. and L. Sun. Cellular and molecular mechanism of ganoderma (lingzhi) against tumor. Adv.
Exp. Med. Bio. 1182: 79–118, 2019.

Suprasert, P. A randomized double blinded study of ganoderma lucidum (lingzhi) inx salvage setting
of recurrent gynecologic cancer. Int. J. Cancer Res. 2: 3, 2015.

Tanaka, S., K. Ko, K. Kino, K. Tsuchiya, A. Yamashita, A. Murasugi, S. Sakuma and H. Tsunoo.
Complete amino acid sequence of an immunomodulatory protein, ling zhi-8 (LZ-8). J. Biol.
Chem. 264: 16372–16377, 1989.

Tian, B., Q. Zhao, H. Xing, J. Xu, Z. Li, H. Zhu, K. Yang, P.Sun, and M. Cai. Gastroprotective
effects of ganoderma lucidum polysaccharides with different molecular weights on ethanol-
induced acute gastric injury in rats. Nutr. 14: 1476, 2022.

Toth, J.O., B. Luu and G. Ourisson. Les acides ganoderiques tàz: Triterpenes cytotoxiques de
ganoderma lucidum (polyporacée). Tetrahedron Lett. 24, 1081–1084, 1983.

Wachtel-Galor, S., J. Yuen, J.A. Buswell and I.F. Benzie. Ganoderma lucidum (lingzhi or reishi).
herbal medicine: biomolecular and clinical aspects: second edition, boca raton (fl): crc press/
taylor and francis; 2011, 175–199.

Wang, C., S. Shi, Q. Chen, S. Lin, R. Wang, S. Wang and C. Chen. Antitumor and immunomod-
ulatory activities of ganodermalucidum polysaccharides in glioma-bearing rats. Integr. Cancer
Ther. 17: 674–683, 2018.

Wang, C., X. Liu, C. Lian, J. Ke and J. Liu. triterpenes and aromatic meroterpenoids with anti-
oxidant activity and neuroprotective effects from ganoderma lucidum. Molecules 24: 4353,
2019.

Wang, H. and T.B. Ng. Ganodermin, an antifungal protein from fruiting bodies of the medicinal
mushroom ganoderma lucidum. Peptides 27, 27–30: 2006.

Wang, J., B. Cao, H. Zhao and J. Feng. Emerging roles of ganoderma lucidum in anti-aging. Aging
Dis. 8: 691–707, 2017.

Wang, S.-Y., M.L. Hsu, H.C. Hsu, S.S. Lee, M.-S. Shiao and C.K. Ho. The antitumor effect of
ganoderma lucidum is mediated by cytokines released from activated macrophages and t
lymphocytes. Int. J. Cancer. 70: 699–705, 1997.

Wang, X. and Z. Lin. Immunomodulating effect of ganoderma (lingzhi) and possible mechanism.
Adv. Exp. Med. Bio. 1182: 1–37, 2019.

Wan-Mohtar, W.A.A.Q.I., L. Young, G.M. Abbott, C. Clements, L.M. Harvey and B. McNeil.
Antimicrobial properties and cytotoxicity of sulfated (1,3)-β-d-glucan from the mycelium of
the mushroom ganoderma lucidum. J. Micorbio. Biotech. 26: 999–1010, 2016.

PHYTOCHEMICALS OF GANODERMA SPECIES 23

March 23, 2023 11:50:21am WSPC/174-AJCM 2350040 ISSN: 0192-415X
1stReading

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43



Wu, G.S., J.J. Lu, J.J. Guo, Y.B. Li, W. Tan, Y.Y. Dang, Z.F. Zhong, Z.T. Xu, X.P. Chen and Y. T.
Wang. Ganoderic acid dm, a natural triterpenoid, induces dna damage, g1 cell cycle arrest and
apoptosis in human breast cancer cells. Fitoterapia 83: 408–414, 2012.

Wu, M., C.E. Shen, Q.F. Lin, J.Y. Zhong, Y.F. Zhou, B.C. Liu, J.H. Xu, Z.Q. Zhang and P. Li.
Sterols and triterpenoids from ganoderma lucidum and their reversal activities of tumor
multidrug resistance. Nat. Pro. Res. 36: 1396–1399, 2022.

Wu, Y. and D. Wang. A new class of natural glycopeptides with sugar moiety-dependent anti-oxidant
activities derived from ganoderma lucidum fruiting bodies. J. Proteome Res. 8: 436–442,
2009.

Xian, H., J. Li, Y. Zhang, D. Li, Y. Zhu, S. Li, Z. Tan, Z. Lin, X. Li and Y. Pan. Antimetastatic
effects of ganoderma lucidum polysaccharide peptide on b16-f10-luc-g5 melanoma mice with
sleep fragmentation. Front. Pharmacol. 12: 650216, 2021.

Xu, Y., X. Zhang, X.H. Yan, J.L. Zhang, L.Y. Wang, H. Xue, G.C. Jiang, X.T. Ma and X.J. Liu.
Characterization, hypolipidemic and anti-oxidant activities of degraded polysaccharides from
ganoderma lucidum. Int. J. Biol. Macromol. 135: 706–716, 2019.

Xu, Z., X. Chen, Z. Zhong, L. Chen and Y. Wang. Ganoderma lucidum polysaccharides: immu-
nomodulation and potential antitumor activities. Am. J. Chinese Med. 39: 15–27, 2011.

Yang, Y., H. Zhang, J. Zuo, X. Gong, F. Yi, W. Zhu and L. Li. Advances in research on the active
constituents and physiological effects of ganoderma lucidum. Biomed. Dermatol. 3: 1–17, 2019.

Yin, Z., B. Yang and H. Ren. Preventive and therapeutic effect of ganoderma (lingzhi) on skin
diseases and care. Adv. Exp. Med. Bio. 1182: 311–321, 2019.

Yu, Y., L. Qian, N. Du, Y. Liu, X. Zhao and X. Zhang. Ganoderma lucidum polysaccharide enhances
radiosensitivity of hepatocellular carcinoma cell line hepg2 through akt signaling pathway.
Exp. Ther. Med. 14: 5903–5907, 2017.

Zeng, Q., F. Zhou, L. Lei, J. Chen, J. Lu, J. Zhou, K. Cao, L. Gao, F. Xia, S. Ding, L. Huang, H.
Xiang, J. Wang, Y. Xiao, R. Xiao and J. Huang. Ganoderma lucidum polysaccharides protect
fibroblasts against uvb-induced photoaging. Mol. Med. Rep. 15: 111–116, 2017.

Zhang, Q., F. Zuo, N. Nakamura, C.M. Ma and M. Hattori. Metabolism and pharmacokinetics in rats
of ganoderiol f, a highly cytotoxic and antitumor triterpene from ganoderma lucidum. J. Nat.
Med. 63: 304–310, 2009.

Zhang, Y. Ganoderma lucidum (reishi) suppresses proliferation and migration of breast cancer cells
via inhibiting wnt/β-catenin signaling. Biochem. Biophys. Res. Commun. 488: 679–684, 2017.

Zhao, H.B., S.Q. Lin, J.H. Liu and Z. Polysaccharide extract isolated from ganoderma lucidum
protects rat cerebral cortical neurons from hypoxia/reoxygenation injury. J. Pharmacol. Sci.
95: 294–298, 2004.

Zheng, L., Y.S. Wong, M. Shao, S. Huang, F. Wang and J. Chen. Apoptosis induced by 9,11-
dehydroergosterol peroxide from ganoderma lucidum mycelium in human malignant mela-
noma cells is mcl-1 dependent. Mol. Med. Rep. 18: 938–944, 2018.

Zheng, S., Y. Jia, J. Zhao, Q. Wei and Y. Liu. Ganoderma lucidum polysaccharides eradicates the
blocking effect of fibrinogen on nk cytotoxicity against melanoma cells. Oncol. Lett. 3: 613–
616, 2012.

Zhong-Hua, L., H. Xiao-Ge, Z. Jin-Hui and H.E. Le. Retraction notice: liquid fermentation of
ganoderma applanatum and anti-oxidant activity of exopolysaccharides. Open Biomed. Eng. J.
10: 114, 2016.

Zhu, Q., T.H. Bang, K. Ohnuki, T. Sawai, K. Sawai and K. Shimizu. Inhibition of neuraminidase by
ganoderma triterpenoids and implications for neuraminidase inhibitor design. Sci. Rep. 5:
13194, 2015.

24 R. BLUNDELL et al.

March 23, 2023 11:50:22am WSPC/174-AJCM 2350040 ISSN: 0192-415X
1stReading

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43


	The Phytochemistry of Ganoderma Species and their Medicinal Potentials
	Introduction
	Secondary Metabolites of Ganoderma
	Therapeutic Capabilities of Ganoderma Species
	Anti-Tumor Properties
	Immunomodulation
	Anti-Oxidative and Radical Scavenging Activity
	Antibacterial Activity
	Anti-Fungal Activity
	Antiviral Activity
	Neuroprotective Effects
	Other Medicinal Attributes of Ganoderma

	Concluding Remarks and Future Perspectives
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


