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26 Abstract: The Ganoderma genus is known for its diverse use as a functional food and
27 therapeutic agent. This fungus has over 428 species, with Ganoderma lucidum being the
28 most studied. The Ganoderma species produce several secondary metabolites and bioactive
29 compounds like polysaccharides, phenols, and triterpenes, which are largely responsible for
30 their therapeutic properties. Throughout this review, several extracts obtained from Gano-

derma species have been studied to delve into their therapeutic characteristics and
31 P! p
32 mechanisms. Such properties like immunomodulation, antiaging, antimicrobial, and anti-
33 cancer activities have been demonstrated by several Ganoderma species and are supported
34 by a large body of evidence. Although its phytochemicals play a vital role in its therapeutic
35 properties, identifying the therapeutic potentials of fungal-secreted metabolites for human

health-promoting benefits is a challenging task. Identification of novel compounds with
36 distinct chemical scaffolds and their mechanism of action could help suppress the spread of
37 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 ef 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 ef al., 2011), an all-cure herb, and an effective medicine in combatting
diseases like AIDS and cancer (Cor 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
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Figure 1. Selected secondary metabolites biosynthesized by Ganoderma species.
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Figure 2. Therapeutic applications of Ganoderma metabolites.

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
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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-B1) 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 a-reductase
inhibitory activity (Liu et al., 2006; Suarez-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-1B- IL-6 and
tumor necrosis factor alpha (TNF-a) 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, B-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 (H,O,),
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- Anti-oxidant (Xu et al., 2019)
saccharides (GLP)
Ganoderma lucidum Ganoderma lucidum tri- Anti-oxidant (Wang et al., 2019)
terpenes and aromatic
meroterpenoids
Ganoderma lucidum Ganoderma lucidum chitosan Anti-oxidant, cytotoxic, antimi- (Savin et al., 2020)
extracts crobial activity.
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- (Saltarelli et al., 2019)
tive effects in oxidatively in-
jured DNA in cell-free
analyses
Ganoderma lucidum Ganoderma lucidum spores Antitumor, anti-oxidation, and (Xu et al., 2019)
cell protecting
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 pg/ml. We have shown that the strong activity is for
MICs below 300 pg/ml, medium activity for MICs 300-500 pg/ml, and poor activity for
MICs > 500 to 1000 pg/ml (Adamczak et al., 2020; Karpinski et al., 2021). The values of
MIC above 1000 pg/ml should be considered as very poor activity or lack of activity
(> 5000 pg/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 pg/ml to even 512 mg/ml (Sa-Ard et al., 2015; El Zawawy and Ali, 2016; Ergun,
2017; Costa et al., 2020; Savin et al., 2020; Serrano-Méarquez et al., 2021). For single
strains, incl. Enterococcus faecalis, extract of G. lucidum has a strong activity with an MIC
of 200 pg/ml (Ergun, 2017). Some isolated compounds exhibit poor or no significant
antimicrobial activity, e.g. chitosan from G. lucidum (MICs 625-2500 pg/ml) (Savin et al.,
2020) and sulfated (1,3)-B-d-glucan from G. lucidum, for which the MIC values are 1000—
5000 pg/ml (Wan-Mohtar et al., 2016). Similarly, exopolysaccharide from G. applanatum
shows poor activity with an MIC of 1000 pg/ml (Osinska-Jaroszuk et al., 2014). Lanostane
triterpenoids and farnesyl hydroquinones are the most active. The MIC values for the
former start from 0.391 pg/ml (Isaka et al., 2016; Chinthanom et al., 2021), and for the
latter from 2.5 pg/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 er 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-Herndndez 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 Sa-ergost-7-en-3f-ol,
So-ergosta-7,22-dien-3B-ol, and 5,8-epidioxy-5a,8a-ergosta-6,22-dien-3p-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 MICs, of these triterpenoids against Candida
albicans is 3.8-129.1 pg/ml (Pu et al., 2019). Benzolactones isolated from G. lucidum
also have a strong activity. Their MICy, against Microsporum gypseum ranges from 18.5
up to > 128 ug/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 pg/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-3-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 ICs, concentrations
from 5 pg/ml or from 20 uM (El Dine et al., 2008; Sato et al., 2009). Triterpenoids also
show strong inhibitory activity against HIN1 influenza virus neuraminidase (ICs, from
4.6 uM), HSNI1 influenza virus neuraminidase (ICs, from 1.2uM), HSV-1 (EDs,
0.068 mM/1), and influenza virus type A (EDsy 0.19-0.22 mM/1) (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 pg/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.



'IstReading
11:50:17am WSPC/174-AJCM 2350040 ISSN: 0192-415X

March 23, 2023

R. BLUNDELL et al.

10

[wy/3n oo < 01 dn oS DIN

[w/3r o1 < o1 dn 00S DI

[w/31 0001 DIN

Tw/SM 0001 < JIN

[w/31 00S DIN

(020T “1v 12 ©150D) w31 0001 < DIN

WM 00z < oy dn g1 051

M 00T < 01 dn 9y 051
Tw/Sn 0L-8°¢ OIN
[w/3n ['621-Lv “OIN
Tw/31 0001 < JIN
Tw/S1 0001 < JIN
[wy/3r 0001 < DIN
(120T “1v 12 zonbigy-ourwRS) [wy/3r 0o < 03 dn (S woiy DN
(800¢ “1v 12 QuI( [H) [w/sn go1 < 03 dn ¢ woxy 051

(S10T 17 12 NYZ)

(610T v 12 ng)

[w/3n gg < 01 £L260°0 WOy DI

Tw/3M 16€°0 DIN
[w/3v 0001 DIN

(120T v 32 woueyUIYD)
(#10T v 12 MNZSOIR[-RYSYISO)

snaunp sn22020)Kydvig
DSOUISNIID SDUOUIOPNIST
1702 DIYILYIST
snaunp sn22020)8ydvig
DSOUISNIID SDUOWOPNISJ
1702 DIYILYIST
asep
-TUTWRINAU SIIIA BZUSNPUT [NGH

asep
-IUTWRINAU SNIIA eZUNPUI [NTH

Supo1qIY PPIPUD))
DSOUISNIID SDUOUOPNIS ]
1102 DIYOLIZYISTT

$11D22Df $122020.421U7]
SN24np $n22020)Kydvig
aseajord [-ATH

S1SO[NU2GN] WNLIDIIDGOISI]
SN2np $n22020)Kydvig

SUOT)ORL]

JorIX? 9pnId)

sopAyop[eron| ‘[0IpuUOUBULIOP

-ouegd ‘sjouapoues ‘proe dIp

-1on[oues ‘sproe drudIopoues
‘sproe ouapoues :sprouadiguiy,
sproe 01s0qq13 :sprouadioii],
sp1od1s0qqIs :sprouddiauiy,

JornXyg
souadIoin ouejsoue|
sprouadio)n
QUBISOUR| OIOYIUASIUOS
pIoR Sruepoues
:prouadiq)in suejsoue| [eINJEN
apueydoesAjodoxg

asuaisdi ‘0

wzsul] "H

wnsoqqis "0

usim "D
SSMMQNQQ ‘0

2p.snp ")
wmpuvyddp "0

DUINY UOHBIIUIDIUO)) ANV

SWISIUEZI00IDIA J33Ie],

s/punodwo))

ddg puriapouno

ANANOVY [RIODIWNUY ALISUOUR( jey) sadds vuropouns ui syuduoduwio)) urepy 3y} Jo Lrewung y ¢ dqe],

— AN N <t VO~ 0D

S — AN N T n O >~ ©
— e e o e = — —

AN VAN N T O
— AN A AN AN AN

0 NO A N <t N
AN AN N onononoonoon

Nl
on

[
o

o0
o

N — A o
o F <+



'IstReading
11:50:18am WSPC/174-AJCM 2350040 ISSN: 0192-415X

March 23, 2023

11

PHYTOCHEMICALS OF GANODERMA SPECIES

(600T “Iv 12 01ES)

(€00T “1v 12 eURYIOIN)

(000T “1v 12 eURYIOIN)
(L10T *910T “1v 12 exes))
(120T “1v 12 3uy)

M 0p-0T %01
/AW 61°0 *ad
Nw gz 0 *ad
AW e 0 %ad

[/NW 890°0 *“ad
[w/sni o1 < DIN
[w/3n o1 < DIN

[wy/3 ¢z OIN

Tw/sn ¢z DIN
[wy/3n g < 01 dn 1840 DIN
[w/3n sz 1-6T

aseajord [-sniia ASuord
-Jopounwwil uewny piqryuy
v odA) snaia ezuonpguy
v 2d£) sniia ezuongug
v ad£) sniia ezusnguyg

[ 2df&y ASH
DSoyYU DPIPUD))

Sup2IqI» DPIPUP)
snaunp sn22020)Kydvig

SnADY SN22020.401
SISOJNDL2GN] WNLIZIIDQOISI
1LV SDIIAOIOIUD

sprouadioin adAj-ouejsoue| SUIUIS DULIDPOUDL)
3 proe orprxoueddy

forpepron

[o1peULIap
-oued souadioyy prouejsoue|

sououinb

-0IpAYy [Asaulej [RIQOIOTW
-JUE MJU ‘q pue B suroAwouen) uaffiafd vuiapouns)
sprouadioin ouejsoue| auL10fiqio o

SJO0BIXQ 9pNID)  WndOdp[-09u DULIZPOUDL)

ERIEXEIEN | UONEIJUIDIUO)) IATIY SWISTUESI00IDI]\] J95I8], S/punodwio)) *ddg pullapount)
(ponuyuo)) ¢ dlqey,

O — N N TN OSNWVWANOD —~ANNTVNOSNOND SN TN OS0ND — A ™M

NN TN OSSN0 A = = = = A AN ANANAANAQAAANOOONNN NN nn S <



'IstReading
11:50:19am WSPC/174-AJCM 2350040 ISSN: 0192-415X

March 23, 2023

R. BLUNDELL et al.

12

(020T “1v 12 uiAeS)

610z “1v 12 femprreyq)

(ozoT v 12 0Y)

(F10T “v 12 177)

(9107 “1v 12 TeYOIN-UBAY)

(810T “v 12 eIYSIN)
(020t “1v 12 W)

(S10T “1v 12 PIV-8S)

[w/31 00ST—0STT DIN
[w/81 00ST-5$79 DIN

[ow/[edy £86°S—
0] [6C9— ,m_mb.mcm OJI[IS ur
w3 gz < oy dn ¢ 8T YDA
W1 8°€TT DIN

AN $'89 DIN

[w/31 000$ DIN

Tw/31 000€—000C DIN
w31 000€ DIN

Tw/31 000€ DIN

[w/31 000¢ DIN

w31 000€ DIN

Twy/31 000¢ DIN

[w/31 000€—000T DIN

81 gs—op

811 69-0¢

31 ¢6-0¢

8196t

w3 ooy 01 6T

[w/sn 00S18 DIN

[wy/31 00S18-0000T JIN
[w/31 00SZT1$-0000C DIN

DSOUISNIID SDUOUOPNIS
§sn2.np $Nn22020]Kydmig

aseajord ¢SN-gZSN SnIIA anSua(q
winasdqS wn.iodsord1py

siuqns snjovg

sn2.4np sn22020]Kydmig

snuaapida sn22020)8ydmig

snaunp sn22020) ydnig
sauasoiloouout v1123S1]
wnunwyd£ [, poLaua vjjauowIDS
SIPYLIAIUD D]]2UOUWIDS

DSOUISNIID SDUOUIOPNIST

12UU0S D]]2S1YS

1709 DIYOLIYISTT

102 DIYILIYIST

wd«y vjjpuowng

1702 DIYILIYISTT

wdK] vjjpuowng

aseajo1d QULIdS snuIA an3uag

1702 DIYILIYISTT

$N2.420 SNJJIODG

sipruaapida sn22020)8ydmig

uesojy)
® proe ouatodsoued
70 proe dupoues ‘e jownpron|
‘[omuoueuapoues :sprouadiouiy,
9 puE O SUOWNPOUES ‘SAUOJIB[OZUSY

prouadioyuiy,

ueon|3-p-g-(¢°1) pareyIns
Apoq Sunmigj
WNIROAN

bl iV

10e1X9 urojold BI[RAN

(L10T ‘un31g) w31 00z DIN S11D22DY SNII020.420U5 Joenxyg
(9102 ‘N pue Amesmez [9)
(L10T ‘un319) (0ZOT ‘IP 12 UIARS) w31 00SZ—00% DIN DSOUISNIZD SDUOUOPNIS sjoenxyg
(020T ‘I 12 uIARS) w31 00S7—S29 DIN snaunp sn22020) ydnig s1oRNXH
DUAIIY uonNeIUIdIUO)) IANIY SWISTURSI00.IIIA] J934R], s/punodwo))
£IANOY [BIqOIDIUNUY 3)RNSUOWR( JRY) wnpon vuLiapouns) ul syusuodwo)) urepy 3y) Jo Arewung y ‘p d[qe],
S - <t VN O~ 0 N O I VN OIS0 w0 O —
— NN <N O >0 N~ — = = = = = A A AN A AN NN NN NN ononon <t <t

N
<

o
<



'IstReading
11:50:20am WSPC/174-AJCM 2350040 ISSN: 0192-415X

March 23, 2023

13

PHYTOCHEMICALS OF GANODERMA SPECIES

(810¢C “Iv 12 1)

(800 “Iv 42 swreH)

(10T “P 12 1)
(910T “1v 12 nsH)

(8002
“Ip j2 Suorboeys)

(L10T “v 32 Budyz)

(Q610¢ “1v 42 nH)

(610T v 12 nX)

(610T v 12 1©7)

(800T “1v 12 UAIYD)

(€10T “Iv 12 Suery)

'sq)koounersy] JeDeH Uo oSewe(] Poonpul-A () Y} SJUSAdLJ ‘PIOY dUeSnS], ‘ovSns [ vuLapouns
‘suonernuuioy Jurenue 1o Junosjord-unys 10y d01nos [enuvjod e are sjpnpoxd
[eInjeu jey) oyensuowsp pue Judwe[ddns Teapr oy) 9q JYSTUX 3T SIS Y10q Je SANOE ST J0enXa Liaffiafd puLiapouns)
"uonoe [eJIPeI-921) WOl S[[90 309j01d 0) pue uoneziferjaylde
-a1 Suroueyuo s9sseo01d Juifeay oy AeId[edde 0) Afiqedes )1 Jo uMouy [[oM dIe SINIANOE JOdUBdNUE
pue AI0R[NpPOWIOUNUIT ‘JUBPIXO-TJUE ‘AIOjeunuejur-jue )1 pue ‘arnjeu ur juasard ueSoidepe jusjod jsowr oy sy
Susv-nuy
J[qe[TeAR BB ON

‘SurSe unys JsureSe pue YImois [[20 Sunsooq ur sjo1 Jueptodur ue Aejd Kew sopureyooesKjod wnpion putiapouvs)
‘Sureojoydnue 10§ A391eNS [9AOU B SB QAIOS ABW JUdWRAN SJ-TO SeyedIpur Jurpuyy
SIYL, "SOY paonpul-gA N Suneurwrpe Aq Suideojoyd jsureSe syse[qoiqy s109301d S4-10 18y} 21enSUOWP SINSAY
"OAT)IPPE UQQIOSUNS SUIUNIYM OJes [eInjeu
renuajod e st pue skemyjed Sureusis YJVIN/SOY PU VIId/JINY2 Suiziuo3ejue £q sisouaSoue[ou paonpur
- AN NqIYUI Ued JTO) 18yl SMOYS Apnjs ST} “UOISN[OU0D U] "UONBIPBII g A ) 9Sesop-ysSiy £q pasned urys Sid
BAUINS UI UOTOBAI BWAYIAIS A A[JeaId ued 1 ‘Q[ymueajy ‘uonejuawSid urys paonpur-gA N Suniquyur
Jo o[qeded st 1D Jey) Ysyeiqaz ul uonejuowsid unys peonpul-gA N Jo sjuowadxd Jy) Ul punoj udeq sey I
"J00JJ0 QIMISTOW UDYs ‘soAoidwlr SpULIM pue Arojeuruepur-nue [enusjod oAey S0
J[qe[ieA. elep ON
"DULIZPOUDL) TOI]
punoj oq JYSTW SIONQIYUI 9SBUISOIA]} SIOW PUE DULIZPOUDL) JO KITATIOR OTUSSOUR[OW-TUE dU) PIMOYS SAIpMIS
9SOYJ, "[OPOW YSYBIQIZ OAlA Ul PUB ‘WAISAS SBUISOIA) JB[N[[O0 PUB 9IJ-[[D 014 Ul YJ0q ul AJIALOR K10}
-IQIYUI 9SBUISOIA) pajensuowap (YH-40) 108NXd [OUBYI0 WNI[AdAW whnunsouLIof ) Jo UONIRI) Aelade [Ayig
WNP1IN] DULIZPOUDL) “UIOOIYSNW [RUIOTPIW
€ JO WnI[eoAW 9y} JO JOBNXS [OUBYIQ 9U) JO SINIANOR OIudSeinwunue pue ‘AJojewiegul-nue ‘Qaneprxordnuy
'SJUASe SPULIM-TIUR pue SUTUIYM-ULYS [9A0U FuIdO[oAdp 0} [NJasn 9q JYSIW YIIYM ‘SINIATIOR
9SBISE[o-TJUB QJBIOPOW PUB ‘dSBUISB[[0d-TJUB POOT ‘9seuIsolAl-nue poo3 pey wmpuvjddp 5 jo sarpoq Juninij
(TuySw zg anfea 95)1) A1anoe aseursoik) Jo uoniquyuy
VNYJW osenwsip aprxoradns-uzn) jo uorssardxo
QU} pue S[OAQJ] 9se)nWISIP 9pIxoradns oYy oULYUS puUE ‘QINJONINS ONSSI) ULYS Y} dA0IdwI ‘SSoUOMY) [eurIop
pue [ewopide oy ‘Suredy punom dsearour ued apLeyodesAjod wmnpion) vuLIpouns) Jey) AedIPUl SINSAI YT,

uaffiafd vuiapouns)

wnp1on] PULIZPOUNL)
WNp1IN] PULIZPOUDL)

WNIROAW UNUDSOULIOf DULIZPOUDE)

sapiAeyooesAjod wnpion] vutiapouns)

wnp1on] PULIZPOUNL)

d19)

apueydoesAjod wnpron) vuLIpouns)

[1o a10ds wmpion) puLIpoOUnD

WNIX2]U0I02N2] DULLIPOUDL)

wnuviL2gom puliopouvr)

WNp1IN] PULIZPOUDL)

wnpuv)ddp puLipouns)

WNp1IN] PULIZPOUDL)

WNp1IN] PULIZPOUDL)

SIUIIYY

SRE) G |

dd§ puriapounoy

— AN N <t VO~ 0D

sanaadoag Surde-nuy JRY) JRXH SIS vuLapounsy MO °S dqeL

S — AN N T N O~ 0N AN O T VN OO Al on
A N N e e B T - B o\ B o\ B o\ I o\ I o\ I o\ I o\ Il o\ B o\ I e\ BN co BN e o NN e o B o 0

<t
on

v
on

Nl
on

0N O — AN
non < < < <



'IstReading

ISSN: 0192-415X

R. BLUNDELL et al.

2350040

(Z-d'1O pue [-d1D) sepureyodesA[od 1ySrom-Ie[nIa[OW-MO] SAIPOq
(1202 ‘v 12 0BD) SunInIy Wnix2ju030013] PULIZPOUPL) “JudSe Jueprxo-nue renuajod v se paro[dxa oq P[NOd [-dTD  WNIXIIUOIOINI] DULIZPOUDL)
‘SPIOUOAR[ "SJUd3e JpJULIM-NUE pue SUTuIYM-uD{s [9Aou Jurdo[aaap 10j [njasn 2q
JYSIW YoIym ‘SANIATIOR ISBISB[-NUR JLISPOU PUE ‘9SBUITR[[09-NUB POOT ‘dSBUISOIA)-NUR POOD) @
(1207 P 12 00X "10enX? wnpuvjddy "D " ~ JO INeA JJS UE PAIQIYXS pue IONqIYUI SLUISOIA], e
20T v 12 elerz-exsmoyms
$10C <P 12 NZsoIe[-e)syIsQ) -vjddp puLapouns) (snae sndd0dd0[Aydels Jsurede) sontodold [eHAIORQNUY PUE ONRISOIL) e wnpuvjddp vuLipouns)
S10BNXQ WNI[RIAW WNUDSOULIOf DULIdPOUDL) *KITATIOR JSBUISOIA) JO uolssaiddng e

((Sd9dD) apureysoesAjodoxa wnipu

(120T “1v 12 oy ‘9107 v 12 nSH) WNUDSDULLOS DULIDPOUDL) *K)IATIOR [RIOWNINUR PUB JOJIQIYUI JSBUISOIA], @ WNUDSDULLOJ DULIDPOUDE)
(610C v 42 1e]) S10BIXQ DULIFPOUDL) "YU JTUSToUR[W-NUY WNUDIIIGIN DULIZPOUDL)

‘(¢) sueudaid-ng-oxoeyuad-Oz G T L €-IAPoWILD-0Y | ‘44-Ax0do-06DY pue ‘(g) duo-¢-AX0Ip
(Z00T “1v 12 Z31pzUOD) -KYIp-97-nG[-oUdLN-HZ (] 1)6°L-ISOUR[-0G “(T) [e-9-Ax01pAy-g¢-ouatn-yg*(11) 6°L-vIsoue[-ng pbuuidUO0d DULIZPOUDE)

sprouadioynbsas sprouadio)n pue surAwoues paweu

sauournboipAyjAsaure,] ‘sejkoounerdy uewny uo s} 2anisod aaey waffiafd putiapouvsy

JO S10BIXH UMOUY OS[B AIB SINIANOR JYI0 pue sanifiqe uondajoid-An ‘sentedoid enanuy
"VSYIA St yons ‘BLI0ORq JUBISISAI-NINW ISUTESe 0Ald Ul PUB 04714 Ul SINIATIOR [RIQOIONUNUY

(S10T v 12 1smbapury) 1affiafd puiapounsy

SIIUAIYY spunodwo)) pue s)PH *ddg puriapounny

S)gUdg YJ[EdH 1Y) pue ANSIIYI0)AyJ SAdS vurapouns) Jo Arewung y 9 dqe],

11:50:20am WSPC/174-AJCM

March 23, 2023

14

(e
— AN N <t VO~ 0N~

—
—

N
—

[ap}
—

<
—

v
—

\O
—

~
—

[c.o]
—

(o)}

S
N

—
[q\

N
(gl

o
N

<
[q\

e}
N

\O
N

~
N

0
N

D
N

j )
on

—
o

N
on

o
on

<t
on

v
on

O > 0 QN © — Al on
cneononon <t <t <t



'IstReading
11:50:21am WSPC/174-AJCM 2350040 ISSN: 0192-415X

March 23, 2023

15

PHYTOCHEMICALS OF GANODERMA SPECIES

(1T0T “1v 12 1YS 120T

“ID 12 UAIIMAS 00T P 12

997 *0TOT 1V 42 O®I[ 0TOT IV J2

AeqV :q B610T ‘1P 12 nH 810C

“Ip 32 10D L107 I 12 Suez

LT0T v 12 Suem fL10T I 12

BUIIIUIES (90T ‘7P Jo WY

$G10T 1P 12 9977 £L0OOT [P 42 NI
1100T “IP 12 NA 6661 1P 12 nyZ)
(610T v 12 1e77)

(Sd-1D) sepueyooeskjod

puLapouns) *SOY paonpul-gA N Suneurwrpe £q Surdeojoyd jsurede sysejqoiqy syo9101d S4-1O
sjoenxe Joueyly ‘s[[eo onoidode jo requinu

oy Suronpar pue ¢ [zd pue ¢cd ‘(eseury paje[ndaI-feusis Je[nj[eoenxa) Y ‘(g oseury urajoid)
I3V jo uoneandse Junuaaaid (K)0rx0303A0 paonpur-cOH woij Jurnodjold 909[e JuepIxo-nuy
(OS1D) 110 210dS wmp1on] PuLIPPoUNs) “SUI[LIY PUNOM UDYS JLIS[AIOY

(Sd-T1D) sopLreyooes

-Kod wmnp1on) puiapours ~aFewep ssons JARPIXO WOIJ UNYs Ay Jo9joid 03 Jueprxo-nue
[eanjeu e se joe [[Im 10 "Aemyped SurreuSis YV/IIN-1deay Suneanse pue AAnROE QWAZUD
Surouequa £q aprxorad ZOTH Aq pasned oSewep dANEPIXO WOIJ SISB[qoIqy UIyS Uewny J99)01d
‘uonero

-UaSopoINdU-NUE PUE UOTJE[NPOWUOUNII ‘UONEPIXO-Nue ySnoryy A[urewr sjoope SuiSe-nuy
"(A1D) 1BNXD wnplon] "D "S[[9d AH PAICIPLLI-GAN Ul IO YIIM Judunean Aq payqryur
sem ‘ged Aqreroadse ‘SureuSis S[JVIA PIBATIOR O] Jey) ow} ISI Oy} JOJ POUTILINAP OS[E M
*S[[99 JH Ut uorssaidxe uoSejooo1d pasearour pue uorssardxad [-JINJA PONpUI-g A () PAqIyu]
‘g [0Iopouen) “AJATOR SUNIQIYUI-OSBUISOIA], PUB OIU9S0IpUER-NUY

“ pIoe JuepouEs pue ) PIoe JIUAPION] ‘OUOJOB[OU

-opIony ‘y proe omopron| ‘spunodwod umouy Inoj yiim I10yie30) (7) J dreuspron| [Ayjow pue
(T) N p1oe oruapron "s[[ed Jown) 88¢-d pue ‘G[‘zzo doH ‘go doy surede A)anoe o1x01014)
[OTPUOUEBLIOPOUEL) "IONQIYU] SISOUISOURIIA

(ADd) 2pndedooA|3 s[qnos-1a1em wmnpion] vutiapouvs) pue (SJ-10) sopLeyodesAjod vutiap
-oupr) pue SJUAIPAIUI Jofew Se [OLNUOUBWLIOPOURS PUB g PIOE JIUdpIoN| ‘g pue D ‘g ‘Y sproe
OLIOpOUES JO UONO3Jop Ay} Ul Pay[nsal uondelj ouadio) oy} JO UONEB[OST [eOTWAY)) “9ANEPIXO-NUY
wnpron| BuLIp

-ouen Jo yjoiq amn) "ANAnoe A10)qryur asejAwe-n 3unsaIAuI Ue PeY OS[e pue BSOUISNIoe
seuowopnasd pue sipruiopida snododojAydess surens sruagoyied spremoy AJIANOR [eLI)ORqNUY
[orpuoueuLIopoues) "Aemyped [eudis uspuadop-JIANYO pue apeosed JJVIA Y} JO uoniqryuy
“OpLIRYOOES

-K1od wnpiony putapoury “skemyred Sureusts SIIVIN/SOY PUt V3Id/dINY? Jo uoniqryuy

WNURLIAQIM BULIDPOURD) JO 2IMI[ND [eI[dAW "AJIATIOR d1uaSour[ow-1juy

EERLIENEIEN |

WNp1IN] PULIZPOUDD)
WNUDLIZGIMN DULIIPOUDD)

Spunoduio)) pue sjooyq

*ddS puLiapouns

(e
— AN N <t VO~ 0N~

(ponuyuo)) -9 Jlqey,

— AN N <t N OO0 VAN VMOS0 = Al on <t
A N I e e B o\ I e\ B e\ I o\ N o\ I o\ B o\ i o\ i o\ B o\ BN <o NN oo NN« O NN e o B o 0

v
on

0~ 0 O
onoonoon

QO = Aa o
F o+t



March 23, 2023

O 00 1 N Lt AW

,_.,_.
—_ O

AR PR P W LW LW LW LWL WNN N NN NN DNDN /= = s e e e e
W N = O 000 IO N h W= OV JIONWUN P WN = O OV N W

'IstReading

11:50:21am WSPC/174-AJCM 2350040 ISSN: 0192-415X

16 R. BLUNDELL et al.
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 SCIl-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 B-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



March 23, 2023

O 00 1 N Lt AW

,_.,_.
—_ O

AR PR P W LW LW LW LWL WNN N NN NN DNDN /= = s e e e e
W N = O 000 IO N h W= OV JIONWUN P WN = O OV N W

'IstReading

11:50:21am WSPC/174-AJCM 2350040 ISSN: 0192-415X

PHYTOCHEMICALS OF GANODERMA SPECIES 17

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.
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