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Ganoderma lucidum: A Potent Pharmacological Macrofungus
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Abstract: Ganoderma lucidum (Ling Zhi) is a basidiomycete white rot macrofungus which has been used extensively as
"the mushroom of immortality" in China, Japan, Korea and other Asian countries for 2000 years. A great deal of work has
been carried out on therapeutic potential of Ganoderma lucidum. The basidiocarp, mycelia and spores of Ganoderma lu-
cidum contain approximately 400 different bioactive compounds, which mainly include triterpenoids, polysaccharides,
nucleotides, sterols, steroids, fatty acids, proteins/peptides and trace elements which has been reported to have a number
of pharmacological effects including immunomodulation, anti-atherosclerotic, anti-inflammatory, analgesic, chemo-
preventive, antitumor, chemo and radio protective, sleep promoting, antibacterial, antiviral (including anti-HIV), hypolip-
idemic, anti-fibrotic, hepatoprotective, anti-diabetic, anti-androgenic, anti-angiogenic, anti-herpetic, antioxidative and
radical-scavenging, anti-aging, hypoglycemic, estrogenic activity and anti-ulcer properties. Ganoderma lucidum has now
become recognized as an alternative adjuvant in the treatment of leukemia, carcinoma, hepatitis and diabetes. The macro-
fungus is very rare in nature rather not sufficient for commercial exploitation for vital therapeutic emergencies, therefore,
the cultivation on solid substrates, stationary liquid medium or by submerged cultivation has become an essential aspect to
meet the driving force towards the increasing demands in the international market. Present review focuses on the pharma-
cological aspects, cultivation methods and bioactive metabolites playing a significant role in various therapeutic applica-

tions.
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1. INTRODUCTION

One of the most apparent influences modern times have
brought to people is their realization of going back to the
basics, to the natural and to the organic. The stress and pres-
sure of modern society take a toll on the body’s immune
system, which is especially important for ill people, whose
weakened immunity is more susceptible to infection and
disease. Although the advances brought by technology has
made life easier to people, many are still looking for better
organic alternatives that are proven to be more effective in
their most natural form, like Ganoderma lucidum, a fungus
known by its many names like “Reishi,” “Ling Zhi,” and
“Mannentake,” for hundreds or even thousands of years, is
recognized as powerful medicinal fungi because it has prop-
erties often associated with health and healing, long life,
knowledge and happiness [1]. In fact, during the ancient
time, it is believed that the G. lucidum in medicine was con-
sidered so promising that its medicinal value has been at-
tested in a 2,000-year old Chinese medical text (Shen Nong's
Herbal Classic) known as an authentic textbook of Oriental
medical science [2, 3]. G. lucidum has been worshipped as a
kind of herbal medicine, the emperors of the great Japanese
and Chinese dynasties drank with their special teas and
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mushroom concoctions to achieve greater vitality and longer
life. G. lucidum was also believed to be visible in the “elixir
of eternal youth” that the ancient Taoists constantly searched
for. Aside from contributing a lot to the treatment of various
diseases, G. lucidum has also become popular because of its
promising properties that might extend life span while in-
creasing vigor and vitality [3].

Some actions and properties of Ganoderma lucidum in-
clude; antiallergin, antioxidant, analgesic, antifungal, anti-
inflammatory, antitumor, antiviral, antiparasitic, cardiovas-
cular, antidiabetic, immunomodulating, hepatoprotective,
hypotensive and hypertensive, kidney and nerve tonic, sexual
potentiator, bronchitis prevention and inhibits platelets ag-
gregations, lowers: blood pressure, cholesterol and blood
sugar [4-16]. The pharmacological effect of G. lucidum is
based on their powerful immune-modulating action and im-
mune potential capability, which support and enhance the
over all immune function, due to the presence of more than
200 active elements which can be categorized into water
soluble, organic soluble and volatile soluble compounds [11-
17]. The major elements include polysaccharide, polysaccha-
ride-peptide complex, B-glucans, lectins, organic germanium
(Ge), adenosine, triterpenoids and nucleosides each having
their own outstanding medicinal effects [9, 17, 18]. Because
of its presumed health benefits and apparent absence of side-
effects, it has attained a reputation in the east as the ultimate
herbal substance. Ling Zhi has now been added to the
American Herbal Pharmacopoeia and Therapeutic Compen-
dium.

© 2009 Bentham Science Publishers Ltd.
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2. THERAPEUTIC APPLICATIONS OF GANODERMA
LUCIDUM

Ganoderma lucidum has been reported to have a number
of pharmacological effects including immuno-modulating,
anti-atherosclerotic, anti-inflammatory, analgesic, chemo-
preventive, anti-tumor, radio-protective, sleep-promoting,
anti-bacterial, anti-viral (including anti-HIV), hypo-lipi-
demic, anti-fibrotic, hepato-protective, anti-diabetic, antioxi-
dative and radical-scavenging, anti-aging, hypoglycemic and
antiulcer properties [4-13, 15, 16, 19]. Reishi has now be-
come recognized as an alternative adjuvant in the treatment
of leukemia, carcinoma, hepatitis and diabetes [6-11, 15, 16,
19-22]. Since the last decade clinical trials on the use of G.
lucidum preparations to treat the cancer and other diseases
have been reported in international peer-reviewed journals.
A summary of the therapeutic effects and bioactive com-
pounds of G. lucidum reported in the literature till 2009 has
been presented in Table 1.

2.1. Activity Against Human Immuno Virus (HIV)

Now there are an estimated 42 million people living with
HIV or AIDS worldwide and more than 3 million die every
year from AIDS-related illnesses. Acquired Immuno-
Deficiency Syndrome (AIDS) caused by HIV infection has
become an important social and medical problem [23]. Anti-
HIV therapy by nucleoside analogues, such as 30’-azido-
thymidine, is the major effective approach for the treatment
of acquired immunodeficiency syndrome [23, 24]. These
agents are potent inhibitors of HIV reverse transcriptase
(RT) and protease [23, 25]. However, the emergence of
drug-resistant variants of HIV and toxicities severely limits
the long-term effectiveness of these drugs. Recent studies
have indicated that many natural products are active as anti-
HIV agents [23]. These compounds belong to a wide range
of different structural classes, viz. coumarins, flavonoids,
tannins, alkaloids, lignins, terpenes, naphtho- and anthrax-
quinones and polysaccharides [26].

Different in vitro studies indicated that various triterpe-
noids from G. lucidum had potent inhibitory activity against
HIV. Lucidenic acid O and lucidenic lactone, isolated from
the fruiting body of G. lucidum, not only inhibited the activi-
ties of calf DNA polymerase-a and rat DNA polymerase-f,
but also those of HIV-1 RT [10]. Ganoderiol F and gano-
dermanontriol isolated from the fruiting bodies of G. lucidum
are active against HIV-1 growth with an ICo of 7.8 pg/ml
[7, 8, 10, 27]. Ganoderic acid B and ganoderiol B showed
potent inhibitory effect on HIV protease with an 1Csy value
of 0.17 mM. Other triterpenoids including ganoderic acid
C1, 3B-5a-dihydroxy-6B-methoxyergosta-7, 22- diene, gano-
deric acid-a, ganoderic acid H and ganoderiol A had moder-
ate activity against HIV-1 protease with 1Csq values of 0.17—
0.23mM [7, 8, 10, 27, 28]. In addition, ganoderic acid-f,
lucidumol B, ganodermanondiol, ganodermanontriol and
ganolucidic acid A showed significant anti-HIV-1 protease
activity with 1Cso values of 20, 59, 90, 70 and 70 mM, re-
spectively [29]. Ganoderic acid A, B and C1 had minor in-
hibitory activity against HIV protease with ICsy values of
140-430 mM. It appears that there is a structure- activity
relationship for triterpenoid showing anti- HIV protease ac-
tivity. The C3, C24, or C25 atoms are vital for the anti-HIV
activity [29].
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The aqueous low-molecular-weight fraction extracted
from G. lucidum also exhibited anti-HIV activity using the
XTT[2,3-bis (2-methoxy-4-nitro-5-sulfophenyl)- 5-[(phenyl-
amino) carbonyl]-2H-tetrazolium hydroxide] antiviral assay,
which can quantitatively measure cytopathic effects of HIV-
1 on CEM cells, a human T lymphoblastoid cell line [30].
The 1Csy and ECs¢ values were 125 and 11 pg/ml, respec-
tively, resulting in a therapeutic index of 11.4. This aqueous
low-molecular-weight extract was further fractionated to
eight sub-fractions by methanol: GLA (methanolic extract),
GLB (hexane soluble), GLC (acetic ether soluble), GLD
(water soluble), GLE (neutral), GLF (acidic), GLG (alkaline)
and GLH (amphoteric). All sub-fractions except GLD, GLF
and GLH exhibited anti-HIV activity with ICso and ECs val-
ues of 22-44 pg/ml and 14-44 pg/ml, respectively. GLC and
GLG inhibited HIV RT showing consistency. Incubation of
GLC at 50 pg/ml or GLG (100 pg/ml) with Jurkat T cells
gave 75% and 66% inhibition of HIV growth, respectively.
Both low-molecular-weight and high-molecular-weight frac-
tions from G. lucidum had negligible toxicities to CEM cells.

2.2. Immuno-Modulating effects of Ganoderma lucidum

Ganoderma lucidum has been reported to contain several
major substances with potent immuno-modulating action.
These include polysaccharides (B-D-glucan), proteins (Ling
Zhi-8) and triterpenoids. The major immuno-modulating
effects of these active substances derived from G. lucidum
include mitogenicity and activation of immune effector cells,
such as T cells, macrophages and natural killer cells, result-
ing in the production of cytokines, including interleukins,
tumour necrosis factor-o. (TNF-a) and interferons.

2.2.1. Mitogenic Activity

Polysaccharide fractions, methanolic extracts and protein
LZ-8 of G. lucidum have mitogenic effect on mouse spleno-
cytes and human peripheral blood mononuclear cells
(PBMC) in the presence of various immuno-stimulating or
immuno-suppressive agents such as phytohemagglutinin
(PHA) and 12-O-tetradecanoylphorbol 13-acetate [30, 31-
34]. Treatment of the PBMCs with cyclosporin A (CsA) led
to blockage of the cell proliferation. The methanolic fraction
from G. lucidum restored the CsA induced inhibition of the
cell proliferation, which might be due to the inhibition of the
protein kinase C signal pathway that accelerate the CsA sig-
nal pathway [30]. Recombinant Fan-jets had the same blast
formation stimulatory activity to human peripheral blood
lymphocytes as native Fip-gts [35]. Using deletion analysis,
a sequence of about 10 amino acids of the N-terminal am-
phipathic alpha-helix domain of Fip-gts has been identified
to be responsible for the immuno-modulatory activity.

2.2.2. Effect on Immune Effector Cells
T Cells

Extracts from G. lucidum are potent activator of T cells,
inducing the production of a number of cytokines, in particu-
lar 1L-2 [34, 36-38]. In human PBMC (primarily T cells) in
vitro, the crude G. lucidum water-extract induced expression
of cytokines such as IL-10, TNF-a, IL-1fB, IL-6 and IL-
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Therapeutic Effects and Bioactive Compounds of Ganoderma lucidum Reported in the Literature Until 2009

Therapeutic Effects

Bioactive Compound

References

Immunomodulation: Mitogenic activity, Stimula-
tion of immune effector cells and complement
system

Protein LZ-8, B-D-glucan, Ganoderic acid

Kim et al., [30]; Zhang et al., [36]; Wang et al.,
[38]; Won et al., [41]; Lee et al., [40]; Han et al.,
[42]; Lietal., [43]; Ohetal., [44]; Tasaka et al.,
[48]; Yang and Pai, [52]; Kino et al., [50]

Anti-Cancer, Anti-Tumour, Chemo and Radio
Prevention

B-D-glucans, heteropolysaccharides, glycopro-
teins, lanostanoid, 3f3-hydroxyl-26-oxo-50.-
lanosta-8,24-dien-11-one, and steroid, ergosta-
7,22-diene-3f,30,90-triol

Miyazaki and Nishijima, [53]; Usui et al., [54];
Usui et al., [55]; Sone et al., [56]; Kishida et al.,
[57]; Zhang et al., [58]; Cheong et al., [59];
Wasser and Weis, [19]

Anti-HIV-1 And Anti-HIV-1-Protease

Triterpenoids: Lucidenic acid O; Lucidenic lac-
tone; Ganoderiol; Ganodermanontriol and Gano-
deric acid

Sahar, [27]; Hobbs, [7]; McKenna, [8]; Gao,
[10]; Min, [29]

Anti-Diabetic Glycans: Ganoderans B and D Mohammad, et al., [80]; Wasser, [4]; Hobbs, [7];
McKenna, [8]; Gao, [9]
Hepatoprotective Ganoderic acids R and S and ganosporeric acid Hirotani, [81]; Chen, [82]; Wang, [83]; Gao, [11]

A

Anti-Inflammatory

Ganoderic Acid C, 3-o0xo-5a-lanosta-8,24-dien-
21-oic acid

Joseph et al., [84]; Horng-Huey Ko et al., [85];
Lin et al., [86]

Anti-Allergic

ganoderic acids C and D

Zhou, [20]; Liu, [18]; Smith, [16]

Anti-Androgenic

ganoderol B

Liu et al., [92]; Fujita et al., [93]; Shimizu et al.,
[94]

Anti-Angiogenic activity

Ethanol extract (Compound not reported)

Song, et al., [95]

Anti-Herpetic

Acidic protein bound polysaccharides

Kim et al., [96]; Eo et al., [97]; Liu et al., [98];
Ohetal., [99]

Anti-Oxidant

Chloroform extract (Compound not reported)

Karaman et al., [100]; Joseph et al., [84]

Anti-Microbial: Anti-Viral, Anti-Bacterial, Anti-
Fungal

Neutral protein bound polysaccharide, Acidic
protein bound polysaccharide, ganodermin

Wasser, [4]; Stamets, [101]; Hobbs, [7];
McKenna, [8]; Gao, [10]; Smith, [16]; Suay,
[102]; Yoon, [103]; Sugiura and Ito, [104]; Kim
etal., [105]; Eo et al., 2000 [107]; Eo et al.,
[106]; Wang and Ng, [108]

Estrogenic

Ethanol extract (Compound not reported)

Shimizu et al., [94]

Anti-Mutagenic

Methanol extract (Compound not reported)

Lakshmi et al., [109]

Anti-Ulcerogenic

Polysaccharides

Gaoetal, [12]

Anti-Proliferative activity

Ganoderic acid T

Hong, [110]; Jiang, [111]; Hu, [112]; Muller et
al., [113]; Tang et al., [114]

Cardiovascular and Circulatory Functions

Powdered mycelium and water extract of myce-
lium (Compound not reported)

Kabir, [115]; Soo, [116]; Lee, [117]; Jinet al.,
[118]

2 [34]. Crude polysaccharide fractions isolated from fresh
fruiting bodies of G. lucidum potentiated the release of inter-
feron (IFN)-y from human T cells [38]. A polysaccharide
fraction (GL-B) from G. lucidum promoted the production of
IL-2 in a dose-dependent manner and markedly enhanced the
cytotoxicity of cytotoxic T lymphocytes [37]. GL-B also
restored the mixed lymphocyte response to alloantigen,
automatic proliferation and IL-2 production of splenocytes in
aged mice [37]. Protein LZ-8 of G. lucidum is also a potent T
cell activator, mediating its effects via cytokine regulation of

integrin expression [32]. Stimulation of human peripheral
blood lymphocytes with LZ-8 resulted in the production of
IL-2 and a corresponding up-regulation of I1L-2 receptor ex-
pression [32]. In addition to T cell proliferation, microscopic
examination of LZ-8-stimulated peripheral blood lympho-
cytes revealed that LZ-8 induced cellular aggregate forma-
tion. The aggregate formation correlated with a dramatic rise
in ICAM-1 expression and an increased production of IFN-y,
TNF-o. and IL-1 beta, molecules associated with regulation
of ICAM-1 expression. Both the aggregate formation and the
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proliferative effects of LZ-8 were blocked by addition of
monoclonal antibody to either CD18 or CD11a, the counter-
receptor complex components for ICAM-1. Furthermore,
addition of neutralising antibodies to both IL-2 receptor and
TNF-o. blocked aggregate formation, cellular proliferation
and ICAM-1 expression.

Natural Killer (NK) Cells

A water-extracted polysaccharide fraction from G. lu-
cidum enhanced the cytotoxicity of splenic NK cells in tu-
mour-bearing mice [39, 40]. The water-extracted fractions
from G. tsugae mycelium have been shown to activate NK
cells in mice [41]. The water-soluble extract of G. tsugae and
alcohol-insoluble subfraction, but not the alcohol-soluble
subfraction, increased the splenic NK cytotoxic activity in a
dose-dependent manner in mice. The alcohol-soluble sub-
fraction also increased the serum IFN level in mice [41],
which was reduced by either IFN-(o, ) antiserum or IFN-y
monoclonal antibody in vitro.

Macrophages

Macrophages constitute first line of defense in the body.
Activation of macrophages by substances from G. lucidum
resulted in the release of cytokines, nitric oxide (NO) and
other mediators [38, 40, 42]. Polysaccharides from G. lu-
cidum, in particular 3-D-glucans, are potent stimulators of
murine and human macrophages in vitro and in vivo [38, 40,
42, 43]. CR3 receptors on macrophages are bound by B-D-
glucans and internalised, priming a series of molecular
events. Crude water-extracted polysaccharides isolated from
fresh fruiting bodies of G. lucidum potentiated the produc-
tion of cytokines, including IL-18, IL-6, IFN-y and TNF-o
by human macrophages, which were anti-proliferative, dif-
ferentiation and apoptosis inductive to the HL-60 and the
U937 leukemic cells [38, 40]. IFN-y and TNF-a released
from macrophages acted synergistically on the inhibition of
growth of leukemic cells. GLB7, a G. lucidum polysaccha-
ride, decreased the production of oxygen free radicals and
antagonized the respiratory burst induced by PMA in murine
peritoneal macrophages [43]. These observations suggest
that GLB7-decreased production of oxygen free radicals in
murine peritoneal macrophages further suggesting the anti-
aging effect of Ganoderma polysaccharides.

Ganoderan (GAN), a B-D-glucan isolated from G. lu-
cidum, enhanced the production of NO in the RAW 264.7
macrophages [42]. The cell proliferation of GAN-treated
Raw 264.7 cell lines was inhibited. These results indicate
that the B-glucan-related polysaccharides of the higher fun-
gus activate macrophage and release NO, which is an impor-
tant chemical messenger for the induction of many biological
responses. A protein-polysaccharide fraction (GLB) from the
growing tips of G. lucidum is a strong stimulator to the
macrophages [44]. When analyzed using a flow cytometer,
GLB (100 ug/ml) increased the phagocytic activity of the
BALB/c mouse peritoneal macrophages as well as chicken
macrophage BM2CL cells against FITC-labeled C. albicans
by 55.2% and 21.2%, respectively. GLB also increased the
spreading and the expression of MHC class Il molecules of
BM2CL cells as well as the mouse peritoneal macrophages.
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Mast Cells

A water extract of the fruit body of G. lucidum had in-
hibitory activity on histamine release from rat peritoneal
mast cells induced by compound 48/80 or antigen (egg white
albumin)-antibody reaction and on passive cutaneous ana-
phylaxis reaction in guinea-pigs and rats [45, 46]. Two gan-
oderic acids (C and D) isolated from the fruit body of G.
lucidum by methanol inhibited the histamine release from rat
mast cells induced by compound 48/80 and concanavalin-A
[47]. A chloroform extract from G. lucidum broth also sig-
nificantly inhibited histamine release from rat peritoneal
mast cells induced by A-23187 and compound 48/80 [48].
Further studies on the mechanism(s) for the inhibitory activ-
ity on histamine release from mast cells revealed that oleic
acid present in the active fraction induced membrane stabili-
sation in model membrane systems [47]. Cyclooctasulfur
extracted from the culture medium of G. lucidum decreased
calcium uptake from the extracellular medium by a disulfide
exchange reaction in the cell membrane, leading to inhibition
of histamine release from mast cells [49].

In vivo, LZ-8 prevented the production of a systemic
anaphylaxis reaction in mice, when it was administered re-
peatedly, which is thought to be due to reduced antibody
formation [50].

2.2.3. Effects on Complement System

An alkali extract isolated from cultured mycelium of G.
lucidum activated both classical and alternative pathways of
complement [51]. This fraction also activated reticulo-
endothelial system of mice in the carbon clearance test and
increased hemolytic plaque forming cells of the spleen. The
alkali extract consisted of 10% carbohydrate and 49% pro-
teins respectively. Recently, a clinical study in old patients
with insomnia and palpitation has shown that taking G. lu-
cidum essence for 4-6 weeks increased their serum C3 levels
[52].

2.3. Anti-Tumour Activity

Polysaccharides (B-D-glucans, heteropolysaccharides and
glycoproteins) isolated from G. lucidum demonstrated anti-
tumour activity against sarcoma 180 in mice [19, 53-59].
Triterpenoids, such as ganoderic acids T-Z isolated from G.
lucidum, showed cytotoxic activity in vitro on hepatoma
cells [60, 61]. A lanostanoid, 3B-hydroxyl-26-oxo-5c-
lanosta-8,24-dien-11-one and a steroid, ergosta-7,22-diene-
3B,30,90-triol, isolated from fruiting bodies of G. lucidum
demonstrated potent inhibitory effects on KB cells and hu-
man PLC/PRF/5 cells in vitro [62]. The polysaccharide-
mediated potentiation of immune function is thought to be
the major mechanism of anti-tumor action by G. lucidum.
Among the multiple polysaccharides, active B-D-glucans are
responsible for the anti-tumor effect [53-57]. B-D-glucans
appear to act by binding to leucocyte surfaces or serum-
specific proteins, leading to activation of macrophage, T-
helper, NK cells and other effector cells [63-66]. All of these
increase the production of cytokines such as TNF-o., inter-
leukins and interferons, nitric oxide and antibodies by the
activated effector cells.
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In addition to host defence potentiation, other mecha-
nisms are also involved in the anti-tumour effect of G. lu-
cidum. A compound from G. lucidum suppressed the growth
of K562 leukemic cells in a dose- and time-dependent man-
ner and induced their differentiation into more mature eryth-
rocytic cells [67]. The conditioned medium from G. lucidum
PS-stimulated human blood mononuclear cells (PSG-MNC-
CM) significantly inhibited the growth of U937 cells and
stimulated them to differentiate into mature mono-
cytes/macrophages which had functions of phagocytosis and
producing cytoplasmic superoxide [68, 69]. Inhibition of
DNA polymerase and post-translational modification of on-
coproteins are reported to contribute to the anti-tumour activ-
ity of G. lucidum [70-72]. The organic Germanium in G.
lucidum may also contribute to its anti-tumour activity [73-
76].

2.4. Chemo- and Radio-Prevention

The G. lucidum exhibited chemo- and radio-preventive
effects which are attributed to its effects on immune system.
Ganoderma polysaccharides restored the TNF-o production
inhibited by cyclophosphamide to normal level in mice [43].
Both the G. lucidum extract and Krestin (protein-bound (-
glucan isolated from Coriolus versicolor (L.:Fr.) Quél) were
beneficially effective on the recovery of the cellular im-
munocompetence (measured by *H-thymidine incorporation
with splenic cells stimulated through mitogens such as PHA
and Con A) [77]. The G. lucidum extract (400 mg/day/kg
body weight) appeared better than Krestin (500 mg/day/kg
body weight) in repairing the damage of subset T-cells in the
spleen of y-irradiated mice, since the relative thymus weight
and CD4 and CD8 splenocytes were higher in G. lucidum
extract-treated mice compared with Krestin-treated mice
[78].

In morphine-dependent mice, a polysaccharide peptide
from G. lucidum could restore several immunologic parame-
ters depressed by morphine treatment to or even beyond
normal levels [79]. Both c-myb and c-myc mRNA expres-
sion in splenocytes of repetitive morphine-treated mice were
significantly decreased and the polysaccharide peptide could
induce the expression of these genes, indicating that the
polysaccharide peptide from G. lucidum could be of potential
application in controlling abuse of opiates-induced immu-
nodeficiency.

2.5. Anti-Diabetic Effects

Animal studies have demonstrated that the polysaccha-
ride fractions of G. lucidum have potential hypoglycemic and
hypolipidemic activities. The aqueous extract (1000 mg/Kg)
of G. lucidum normalized blood glucose levels in alloxan
induced diabetes in Wistar rats [80]. A water extract of Rei-
shi reduced the increase in blood glucose levels in rats fol-
lowing oral glucose test. Following adrenaline (i.v.) or oral
glucose in rats, the mushroom inhibited increase in blood
glucose without raising blood insulin levels. Glycans (gan-
oderans B and D) have shown significant hypoglycemic ac-
tivity in mice. A clinical study aimed at evaluating the anti-
diabetic efficacy and safety of polysaccharide fractions ex-
tracted from G. lucidum (Ganopoly) by a patented technique
in 71 patients with confirmed type Il diabetes mellitus (DM)
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was carried out [9]. Treatment with Ganopoly significantly
decreased the mean HbAlc from 8.4% at baseline to 7.6% at
12 weeks. Significant changes in mean FPG and PPG levels
at the last visit paralleled the changes in mean HbAlc levels.
Changes in fasting insulin, 2-hr postprandial insulin, fasting
C-peptide and 2-hr postprandial C-peptide were consistent
with the between-group differences in these end points being
significant at the last visit. Overall, Ganopoly was well toler-
ated. This study demonstrated that Ganopoly is efficacious
and safe in lowering blood glucose concentrations [9]. A 2-
month open label comparative clinical study of a reishi pow-
der extract (1 g t.i.d.) for eight diabetic patients (four with
NIDD and four with IDDM) found hypoglycemic effects
comparable to those found in controls who were adminis-
tered insulin (100 1U=ml for 60 days) or oral hypoglycemic
agents (250 mg/day for 60 days) [4, 7-9].

2.6. Hepatoprotective Effect

Ganoderic acids R and S and ganosporeric acid A from
G. lucidum showed in vitro anti-hepatotoxic activity in the
galactosamine-induced cytotoxic test with primary cultured
rat hepatocytes [81, 82]. Triterpenoids extract of G. lucidum
(75% ethanol) can protect mice against hepatic necrosis in-
duced by chloroform and d-galactosamine. The hepatopro-
tective effects were perhaps related to the ability to promote
the activity of scavenging enzymes for hepatic free radicals
in mice and thus to raise the ability of antioxidation in mice
[83]. Ganopoly, the polysaccharide-containing preparation of
G. lucidum, was proven to be hepatoprotective in a double-
blind, randomized and multicentered study in patients with
chronic hepatitis B. Within the 6 months study period, 33%
(17/52) of treated patients had normal aminotransferase val-
ues and 13% (7/52) had cleared hepatitis B surface antigen
from serum and the drug was well tolerated [11].

2.7. Anti-Inflammatory Property

Anti-inflammatory drugs make up about half of
analgesics, remedying pain by reducing inflammation as
opposed to opioids which affect the brain. Joseph et al., [84]
showed anti-inflammatory activity of the chloroform extract
of G. lucidum in carrageenan induced acute and formalin
induced chronic inflammatory models in mice. The extract
showed remarkable anti-inflammatory activity in both mod-
els, comparable to the standard reference drug diclofenac.
Horng-Huey Ko et al., [85], studied the anti-inflammatory
properties of triterpenoids and steroids from both G. lucidum
and G. tsugae. Twelve compounds, including ergosta-7,22-
dien-3p-ol (1), ergosta-7,22-dien-3p-yl palmitate (2), er-
gosta-7, 22-dien-3-one (3), ergosta-7,22-dien-2(,30,9a-triol
(4), 50,80-epidioxyergosta-6,22-dien-33-ol (5), ganoderal A
(6), ganoderal B (7), ganoderic aldehyde A (8), tsugaric acid
A (9), 3-oxo-5a-lanosta-8,24-dien-21-oic acid (10), 3a-
acetoxy-5a-lanosta-8,24-dien-21-oic acid ester B-D-gluco-
side (11) and tsugaric acid B (12), were assessed in vitro by
determining their inhibitory effects on the chemical media-
tors released from mast cells, neutrophils and macrophages.
Compound 10 showed a significant inhibitory effect on the
release of B-glucuronidase from rat neutrophils stimulated
with formyl-Met-Leu-Phe (fMLP)/cytochalasin B (CB)
whereas compound 9 significantly inhibited superoxide an-
ion formation in fMLP/CB-stimulated rat neutrophils. Com-
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pound 10 also exhibited a potent inhibitory effect on NO
production in lipopolysaccharide (LPS)/interferon-y (IFN-y)-
stimulated N9 microglial cells. Moreover, compound 9 was
also able to protect human keratinocytes against damage
induced by ultraviolet B (UV B) light, which indicated com-
pound 9 could protect keratinocytes from photodamage. Wa-
ter extracts of reishi mushroom were shown to possess sig-
nificant activity against carrageenin—induced paw oedema
when administered subcutaneously to rats [86].

More than 100 different highly oxygenated lanostanoid
triterpenes have been identified in reishi mushrooms. The
predominant triterpenes are ganoderic acids A-Z. Ganoderic
Acid C, isolated by careful fractionation of a non-polar sol-
vent extract of G. lucidum, was found to account for most of
the anti-inflammatory activity as determined by in vitro tests,
such as histamine release from mast cells. An ethyl acetate
extract rich in ganoderic acids was later found, by another
group of researchers, to exhibit both systemic and topical
anti-inflammatory activity in standard animal models, such
as the croton oil-induced mouse ear inflammation test [87].

2.8. Anti-Allergic Property

Allergy and asthma are two examples of histamine medi-
ated allergic response. Both conditions are increasing in fre-
quency and are difficult to target with modern medicine. The
modern approach to ant-allergic drug research is target-
specific and does not consider the natural defence mecha-
nisms of the body or the causative factors (the shift of cyto-
kine TH1 to a predominantly TH2 cytokine) underlying his-
tamine-mediated allergic responses. The fruiting bodies G.
lucidum have been traditionally used as anti-inflammatory
agents for the treatment of asthma or allergy. G. lucidum as
immunonutraceutical [88], with its unique array of com-
pounds working in concert, could play a major role in treat-
ment of histamine-mediated allergic responses. Powell [87]
stated that G. lucidum is an effective agent to restore the
normal balance between the cytokines TH1 and TH2 im-
mune states in patients with histamine-mediated allergic re-
sponses. Such an approach treats the underlying cause for the
TH2 condition. In a case study of hay fever patients, Powell
[87] found that patients (male) of age 5 and 39 with different
doses viz. 2 tablets x 500 mg a day and 6 tablets x 500 mg
per day of G. lucidum respectively, a marked decrease in
drowsiness, itchiness and sneezing was found after 2 and 10
days respectively. In the course of a screening test for the
inhibition of histamine release from rat mast cells, it was
found for the first time that ganoderic acids C and D inhib-
ited histamine release from rat mast cells [45-49]. Other than
the triterpenoid compounds, cyclo-octasulfur from this fun-
gus also effectively inhibited histamine release from rat peri-
toneal mast cells and interacted with membrane proteins to
inhibit Ca uptake causing a blockade of histamine release
[16, 18,20, 45-49].

2.9. Anti-Androgenic Activity

Nowadays androgen-mediated diseases such as prostate
cancer, hirsutism, acne androgenic alopecia and benign
prostatic hyperplasia (BPH) are considered to be serious
problems [19, 89]. Above all, BPH is one of the most com-
mon symptoms seen in older men and 40% of men of 50-60
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years of age group and 90% of those 80-90 years of age
group are diagnosed with BPH. The principal prostatic an-
drogen is dihydrotestosterone (DHT), which is synthesized
by steroid enzyme Sa-reductase from its substrate testoster-
one [90]. Since the weight of the seminal vesicles depends
on the 5Sa -reduced androgens, it is important to maintain
adequate levels of the DHT. Two isoforms of 5a -reductase
have been cloned, expressed and characterized (types 1 and
2) that display different tissue expression patterns, enzyme
kinetic parameters and chromosomal localization [91]. Liu et
al., [92] observed that the ethanol extract of G. lucidum
showed inhibitory activity on both isozymes (types 1 and 2)
of So-reductase and ventral prostate growth induced by tes-
tosterone. Activity-guided fractionation and TLC analysis
suggested that the active principles in vivo were triterpenoids
indicating that the triterpenoids fraction of G. lucidum might
be a useful ingredient in the treatment of benign prostatic
hyperplasia (BPH). Liu et al., [92] also showed a significant
research work on anti-androgen effect of Ganoderol B iso-
lated from the fruiting body of G. lucidum. Ganoderol B with
So-reductase inhibitory activity and the ability to bind to
androgen receptor (AR) can inhibit androgen- induced
LNCaP cell growth and suppress re-growth of the ventral
prostate induced by testosterone in rats. The down-regulation
of AR signaling by ganoderol B provides an important
mechanism for its anti-androgenic activity. The result sug-
gests that ganoderol B might be useful in prostate cancer and
benign prostatic hyperplasia therapy. Fujita et al., [93] re-
ported that the extract of G. lucidum showed the strongest
5a-reductase inhibitory activity. Shimizu et al., [94] also
reported the preventative effect of benign prostatic hyperpla-
sia by G. lucidum.

2.10. Anti-Angiogenic Activity

Angiogenesis is a physiological process involving the
growth of new blood vessels from pre-existing vessels. It is a
normal process in growth and development, as well as in
wound healing. However, it is also a fundamental step in the
transition of tumors from a dormant state to a malignant one.
Anti-angiogenic therapy may be an important component of
treatment regimens for cancer patients. G. lucidum, showed
anti-angiogenic activity and its inhibition of the inducible
nitric oxide production. 70% ethanol extract of fresh fruiting
bodies of G. lucidum showed significant anti-angiogenic
activity [95]. G. lucidum significantly inhibited LPS-induced
NO production in RAW 264.7 macrophages. Hence, G. lu-
cidum can be an excellent agent for controlling angiogenesis.

2.11. Anti-Herpetic Activity

Herpes simplex is a viral disease caused by herpes
simplex viruses viz., herpes simplex virus 1 (HSV-1) and
herpes simplex virus 2 (HSV-2). G. lucidum was proved to
be a potent inhibitor for both herpes simplex virus 1 (HSV-1)
and herpes simplex virus 2 (HSV-2). Kim et al., [96] re-
ported anti-herpetic activities of acidic protein bound poly-
saccharide (APBP) isolated from G. lucidum. APBP showed
potent antiviral activity against HSV-1 and HSV-2 in Vero
cells at its 50% effective concentration (ECsg) of 300 and
440 pg/ml, respectively. APBP had no cytotoxicity on Vero
cells at a concentration of 1x10* ug/ml. The combinations of
APBP with IFN alpha on HSV-1 or HSV-2 showed more
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potent synergistic effects with CI values of 0.30-0.62 for
50-90% effective levels than those of APBP with IFN
gamma with CI values of 0.65-1.10. These results suggest
the possibility of developing APBP as a new anti-herpetic
agent. Various protein bound polysaccharides viz., GLhw,
GLhw-01, GLhw-02 and GLhw-03 with anti-herpetic activi-
ties were isolated from G. lucidum [97]. Among them, the
acidic protein bound polysaccharide, GLhw-02, exhibited the
most potent anti-herpetic activity suggesting that GLhw-02
possesses the possibility of being a new antiherpetic agent.
Liu et al., [98] showed possible mode of action of anti-
herpetic activities of a proteoglycan isolated from the myce-
lia of G. lucidum in vitro. A bioactive fraction, G. lucidum
proteoglycan (GLPG) extracted and purified from the myce-
lia of G. lucidum inhibited viral replication by interfering
with the early events of viral adsorption and entry into target
cells. Thus, this proteoglycan seems to be a potential candi-
date for anti-HSV agents. Oh et al., [99] reported anti-
herpetic activities of acidic protein bound polysaccharide
(APBP) isolated from G. lucidum alone and in combinations
with acyclovir (ACV) and vidarabine (ara-A). APBP showed
potent antiviral activity against HSV-1 and HSV-2 in Vero
cells. APBP had no cytotoxicity on Vero cells at a concentra-
tion of 1x10* ug/ml. APBP exhibited a potent antiviral activ-
ity with selectivity index (SI) of more than 22.73. The com-
binations of APBP and ACV on HSV-1 and HSV-2 showed
potent synergistic effects and these results suggest that the
possibility of developing APBP as a new antiherpetic agent.

Hence, it appears that G. lucidum act as a potent inhibitor
for both herpes simplex virus 1 (HSV-1) and herpes simplex
virus 2 (HSV-2) and has the potential as a anti-herpetic
agent.

2.12. Anti-Oxidant Property

Studies on fungal biomolecules as potential natural anti-
oxidants are scanty and G. lucidum was shown to possess
marked free radical scavenging and lipid peroxidation inhibi-
tion properties [84, 100]. The MeOH and chloroform ex-
tracts of G. lucidum exhibited antioxidative activities. The
chloroform extract showed significant superoxide scaveng-
ing activity (ICso: 144.6 £ 1.5 pg/ml) and is of potential in-
terest as source of strong natural antioxidants in the food and
cosmetics industries.

2.13. Anti-Bacterial Activity

Several studies demonstrated that G. lucidum contained
antibacterial constituents that are able to inhibit gram-
positive and/or gram-negative bacteria [4, 7, 8, 10, 16, 101,
102]. The aqueous extract of the carpophores of G. lucidum
inhibited 15 types of gram-positive and gram-negative bacte-
ria. The studies further indicated that combinations of G.
lucidum extract with four antibiotics (ampicillin, cefazolin,
oxytetracycline and chloramphenicol) resulted in additive
effects in most instances: synergism in two instances when
combined with cefazolin against Bacillus subtilis and Kleb-
siella oxytoca and antagonism in two instances [103].

It appears that some constituents such as ganomycin,
triterpenoids and aqueous extracts from Ganoderma species
have a broad spectrum of in vitro antibacterial activity
against gram-positive and gram-negative bacteria and Heli-
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cobacter pylori. Thus, it is possible that the antibacterial
activity of Ganoderma species may be beneficial for those
patients with chronic infection (e.g., chronic bronchitis) and
those with H. pylori-positive peptic ulcer diseases, though
clinical studies are required to confirm this.

2.14. Anti-Viral Activity

The goal of antiviral chemotherapy is the discovery of
antiviral agents that are specific for the inhibition of viral
multiplication without affecting normal cell division. It is
necessary to identify and develop new antiviral agents with-
out adverse side effects and viral resistance. G. lucidum ap-
pears to be very safe because oral administration of the ex-
tract did not display any toxicity [104, 105]. Eo et al., [106]
showed antiviral activities of various water and methanol
soluble substances isolated from G. lucidum. Five sub-
stances, from carpophores of G. lucidum GLhw, GLMe-1, -
2, -4 and -7 significantly inhibited the cytopathic effects of
HSV and VSV. In the plaque reduction assay, GLhw inhib-
ited plaque formation of HSV-2 with 50% effective concen-
trations (ECs¢) of 590 and 580 pg/ml in Vero and HEp-2
cells and its selectivity indices (SI) were 13.32 and 16.26.
GLMe-4 did not exhibit cytotoxicity up to 1000 pg/ml, while
it exhibited potent antiviral activity on the VSV New Jersey
strain with an SI of more than 5.43. Eo et al., [107] in further
studies reported possible mode of antiviral activity of acidic
protein bound polysaccharides viz., a neutral protein bound
polysaccharide (NPBP) and an acidic protein bound polysac-
charide (APBP) isolated from G. lucidum on herpes simplex
viruses. APBP exhibited more potent HSV-1 and HSV-2
antiviral activity than NPBP with 50% effective concentra-
tion (ECsp) of 300-520 pg/ml. In order to examine the possi-
ble mode of the antiviral activity of APBP its virucidal ef-
fect, antiviral activity in preincubation, attachment and pene-
tration assay were tested with HSV-1 and HSV-2. APBP was
found to have a direct virucidal effect on HSV-1 and HSV-2.
APBP did not induce IFN or IFN-like materials in vitro and
is not expected to induce a change from a normal state to an
antiviral state. APBP in concentrations of 100 and 90ug/ml
inhibited up to 50% of the attachment of HSV-1 and HSV-2
to Vero cells and was also found to prevent penetration of
both types of HSV into Vero cells. These results show that
the antiherpetic activity of APBP seems to be related to its
binding with HSV-specific glycoproteins responsible for the
attachment and penetration and APBP impedes the complex
interactions of viruses with cell plasma membranes.

2.15. Anti-Fungal Activity

Several thousand species of fungi have been described,
but fewer than 100 are routinely associated with invasive
diseases of humans. In general, healthy humans have a very
high level of natural immunity to fungi and most fungal in-
fections are mild and self-limiting. Intact skin and mucosal
surfaces and a functional immune system serve as the pri-
mary barriers to colonization by these ubiquitous organisms,
but these barriers are sometimes breached. Few anti-fungal
principles have been isolated from G. lucidum. A 15-kDa
antifungal protein, ganodermin, was isolated from the fruit-
ing body of G. lucidum [108]. Ganodermin inhibited the my-
celial growth of Botrytis cinerea, Fusarium oxysporum and
Physalospora piricola with an 1Cs, value of 15.2 uM, 12.4
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UM and 18.1 uM, respectively. It was devoid of hemaggluti-
nating, deoxyribonuclease, ribonuclease and protease inhibi-
tory activities.

2.16. Estrogenic Activity

Osteoporosis is a disease of bone that leads to an
increased risk of fracture. In osteoporosis the bone mineral
density (BMD) is reduced, bone microarchitecture is
disrupted and the amount and variety of non-collagenous
proteins in bone is altered. Hormonal factors strongly
determine the rate of bone resorption; lack of estrogen (e.g.
as a result of menopause) increases bone resorption as well
as decreasing the deposition of new bone that normally takes
place in weight-bearing bones. The amount of estrogen
needed to suppress this process is lower than that normally
needed to stimulate the uterus and breast gland. Shimizu et
al., [94] reported the preventative effect of Osteoporosis by
G. lucidum. They found that the ethanol extract from the
fruiting body of G. lucidum showed significant effects on the
proliferation of MCF-7 cells (human breast cancer). This
proliferation effect is related to the estrogenic activity of G.
lucidum, because this proliferation activity was inhibited by
the addition of the anti-estrogenic compound ICI182, 780.
The ethanol extract of G. lucidum prevented ovariectomy-
induced bone loss and decreased the concentration of osteo-
calcin in the blood serum, similar to the action of 17(3- estra-
diol. The study provided evidence that the ethanol extract of
G. lucidum protects against bone loss caused by estrogen
deficiency, without a substantial effect on the uterus. These
results showed that G. lucidum might be a useful ingredient
for the treatment of osteoporosis.

2.17. Anti-Mutagenic Effect

The anti-mutagenic activity of methanolic extract of G.
lucidum on hepatic damage caused by benzo[a]pyrene was
investigated [109]. The activity was assayed by Ames Sal-
monella mutagenicity test using histidine mutants of Salmo-
nella typhimurium tester strains, TA98, TA100 and TA102.
The methanolic extract of the mushroom significantly inhib-
ited (P < 0.001) the in vitro sodium azide (NaNj3), N-methyl-
N ‘nitro-N-nitrosoguanidine (MNNG) and 4-nitro-o-
phenylenediamine (NPD) and benzo[a]pyrene (B[a]P) in-
duced his+ revertants in a dose dependent manner. In vivo
anti-mutagenic activity of extract was also assayed by de-
termining the mutagenicity of the urine of rats administrated
with B[a]P as a mutagen. The prior administration of extract
markedly inhibited mutagenicity induced by B[a]P. The re-
sults indicated that the methanolic extract of G. lucidum oc-
curring in South India possessed significant anti-mutagenic
activity. The effect of B[a]P on hepatic enzymes, such as
serum glutamate oxaloacetate transaminase (GOT), gluta-
mate pyruvate transaminase (GPT) and alkaline phosphtase
(ALP), were also evaluated. The extract prevented the in-
crease of SGOT, SGPT and ALP activities consequent to
B[a]P challenge and enhanced the levels of reduced glu-
tathione (GSH) and activities of glutathione peroxidase
(GPx), glutathione-S-transferase (GST), superoxide dismu-
tase (SOD) and catalase (CAT). The extract also profoundly
inhibited lipid peroxidation induced by B[a]P. The results
revealed that G. lucidum extract restored antioxidant defense
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and prevented hepatic damage consequent to the challenge
by B[a]P.

2.18. Anti-Ulcerogenic Effect

Ulceration is a condition where discontinuation of skin is
found. There are various kinds of ulcers found viz. oral, pep-
tic, corneal, venous and genital. G. lucidum appears to be
one of the options for curing this disorder. Similarly, Gao et
al., [12] investigated whether G. lucidum’s polysaccharides
(GLPS) had a direct mucosal healing effect in the indo-
methacin-treated rat and explored the possible mechanisms
by determining the gastric mucosal mRNA and protein levels
of TNF-a and ornithine decarboxylase (ODC) activity. In
addition, the effects of GLPS on the cellular proliferation,
ODC and c-Myc protein expression and mucus synthesis in
the rat gastric cell culture (RGM-1) were examined in the
study. The study demonstrated that GLPS at 250 and 500
mg/kg by intragastric input caused ulcer-healing effect in the
rat; this was accompanied with a significant suppression of
TNF-a gene expression, but with an increased ODC activity.
In RGM-1 cells, GLPS at 0.05, 0.25 and 1.0 mg/ml concen-
trations significantly enhanced [3H] thymidine incorporation
and ODC activity in a concentration-dependent manner.
However, these effects were abrogated by the addition of the
ODC inhibitor, DL-a-difluoromethyl-ornithine (DFMO).
GLPS at 0.25-1.0 mg/ml also increased mucus synthesis, as
indicated by the increased D-[6-"H] glucosamine incorpora-
tion in RGM-1cells. Furthermore, GLPS at 0.05-1.0 mg/ml
conc. increased the c-Myc protein expression. These findings
indicated that GLPS produced a mucosal healing effect in the
rat model, perhaps due partly to the suppression of TNF-a
and induction of c-myc and ODC gene. Therefore, it can be
clearly understood that G. lucidum shows an anti-ulcerogenic
effect.

2.19. Anti-Proliferative Activity

Ganoderma in a dose- and time-dependent manner inhib-
ited the cell proliferation and induced apoptosis of HT-29, a
human colon carcinoma cell line and MDA-MB-231 and
MCF-7 breast cancer cell lines [110-112]. G. lucidum causes
apoptosis in leukemia, lymphoma and in multiple myeloma
cells [113]. When G. lucidum extract was screened for its
anti-proliferative activity using a panel of 26 human cancer
cell lines, six hematologic cell lines were found to be most
sensitive and they included: HL-60 (ED50 26 pg/ml), U937
(63pg/ml), K562 (50 pg/ml), Blin-1 (38pug/ml), Nalm-6 (30
pg/ml) and RPMI8226 (40 pg/ml). Cell cycle analyses re-
vealed a G2/M arrest, most prominently in HL-60 cells. Four
hematopoietic cell lines (HL-60, Blin-1, U937, RPMI 8226)
were examined for apoptosis, which ranged between 21 and
92%. After exposure to G. lucidum extract, HL-60 cells be-
came multinucleated with an increased DNA content. These
results indicate that G. lucidum extract has a profound activ-
ity against leukemia, lymphoma and multiple myeloma cells
and may be a novel adjunctive therapy for the treatment of
hematologic malignancies. Tang et al., [114] showed Gano-
deric acid T (GA-T), which is a lanostane triterpenoid puri-
fied from methanol extract of G. lucidum mycelia, was found
to exert cytotoxicity on various human carcinoma cell lines
in a dose-dependent manner, while it was less toxic to nor-
mal human cell lines. Animal experiments in vivo also
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showed that GA-T suppressed the growth of human solid
tumor in athymic mice. It markedly inhibited the prolifera-
tion of a highly metastatic lung cancer cell line (95-D) by
apoptosis induction and cell cycle arrest at G1 phase.
Moreover, reduction of mitochondria membrane potential
(Awn) and release of cytochrome ¢ were observed during the
induced apoptosis. All these findings demonstrate that GA-T
induced apoptosis of metastatic lung tumor cells through
intrinsic pathway related to mitochondrial dysfunction and
p53 expression and it may be a potentially useful che-
motherapeutic agent.

2.20. Cardiovascular and Circulatory Functions
Cholesterol and Lipid Metabolisms

The powdered mycelium of G. lucidum, at 5% of the diet
of rats for 4 weeks, caused plasma total cholesterol to de-
crease significantly (by 18.6%) compared to controls. Total
liver triglyceride and total liver cholesterol levels were also
significantly lower in the Reishi-fed group (by approxi-
mately 46% and 56%, respectively) [115, 116].

Hypertension

A water extract of the mycelium administered to rats and
rabbits (3—-30 mg/kg i.v.) produced significant hypotensive
effects; an activity the researchers suggested is secondary to
the primary effect that suppresses sympathetic outflow of the
central nervous system [117]. The powdered mycelium of
Reishi, at 5% of the diet of spontaneously hypertensive rats
for 4 weeks, caused systolic blood pressure to be signifi-
cantly lower (approximately 10 mmHg) without causing a
significant difference in the heart rate [115]. Jin et al., [118]
conducted a double-blind, placebo-controlled clinical study
of G. lucidum in 54 patients with primary stage-I1 hyperten-
sion who had not responded to previous drug treatment (cap-
topril 25 mg t.i.d. or nomodipine 20 mg t.i.d.). In the group
which was administrated G. lucidum extract tablets (2 tablets
b.i.d. or 220 mg/day), systemic blood pressure significantly
improved in 82.5%, with capillary and arterial blood pres-
sure showing significant improvements in as little as 14
days. No changes of any significance were found in the pla-
cebo group. According to Soo [116] in treating hypertension,
G. lucidum was shown to be highly effective in a very large
number of treated cases. In the more successful cases, blood
pressure was back to normal within 2 months and in some
cases, within 2 weeks.

3. OTHER BENEFICIAL ASPECTS OF GANODERMA
LUCIDUM

3.1. Decomposer or Wood-Rotting Macrofungi

G. lucidum is economically and ecologically important
not only as a source of medicinal and neutraceutical products
but its role in nutrient cycling as decomposers of dead wood
with a cosmopolitan distribution and can grow on both
coniferous and hardwood species. Ganoderma are white-rot
fungi and have enzymes that allow them to break down
wood components such as lignin and cellulose. There is
significant commercial interest in harnessing the power of
these wood-degrading enzymes for industrial applications
such as biopulping or bioremediation [119].
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3.2. Biosorption of Heavy Metals

Biosorption, in which viable or nonviable biomass, is
directed to accumulate toxic heavy metals from aqueous
stream, is attracting wide attention as an alternate wastewater
treatment technology. Different studies reports screening and
evaluation of non-edible woodrotting macrofungi (mush-
rooms), which occur abundantly in tropical forests, for metal
binding potential. G. lucidum exhibited the highest binding
potential for copper (1) uptake. No specific pre-treatment
was required for its potential application. Simple gravity
settling could be used for separating the sorbent from the
aqueous stream. G. lucidum could bind many other metallic
cations. Systematic study on Cu and La indicated ion ex-
change/ complexation to be the major mechanism for metal
sorption [120].

4. THE MACROFUNGI
4.1. General Description

In China and Korea Ganoderma lucidum known as Ling
Zhi which means "herb of spiritual potency" whereas the
Japanese call this mushroom Reishi or mannentake (10,000
year mushroom) [4, 121]. In Latin, lucidum means shiny or
brilliant and aptly describes this mushroom’s fruiting body,
which has a modeled, sculptured, varnished appearance. G.
lucidum occurs in six different colors, but the red variety is
most commonly used and commercially cultivated in North
America, China, Taiwan, Japan and Korea. G. lucidum is one
of the most beautiful mushrooms in the world. When very
young its varnished surface is Chinese red, bright yellow and
white. Later the white and yellow shades disappear, but the
resulting varnished, reddish to reddish brown surface is still
quite beautiful and distinctive (Fig. (1)). The virtues of G.
lucidum extracts, handed down from generation to genera-
tion, include it as a ““cancer cure’” and a symbol of happy
augury, good fortune, good health, longevity and even im-
mortality [7]. Beginning with the Yuan Dynasty (1280-1368
A.D.), G. lucidum has been endlessly represented in art—in
paintings, carvings of jade and deer’s antlers, furniture and
carpet designs, balustrades, jewelry, women’s hair combs,
perfume bottles—in short, wherever an artistic urge found an
outlet. The earliest mention of Ling Zhi was in the era of the
first emperor of China, Shinghuang of the Ch’in Dynasty
(221-207 B.C.) [1, 4, 7]. Subsequently, depictions of this
fungus proliferated through Chinese literature and art. G.
lucidum is annual and does not actually grow more each year
like some polypores, its fruiting body is quite tough and can
last for months [101, 122]. This magical mushroom is now
effectively cultivated and is readily available [101]. The
authors performed artificial cultivation of this magical mac-
rofungi by solid substrate and submerged fermentation tech-
nology and studies on the production and characterization of
immunomodulating bioactive metabolites of G. lucidum are
ongoing at the author’s laboratory.

4.2. Classification, Origin and Distribution

The family of Ganodermataceae consists of a large group
of tree fungi of the genus Ganoderma. The Ganoderma lu-
cidum has been classified into Kingdom- Fungi, Phylum-
Basidiomycota, Class- Basidiomycetes, Sub-class- Ho-
mobasidiomycetes, Order- Polyporales, Family- Ganoder-
mataceae, Genus- Ganoderma and Species- lucidum [101,
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Fig. (1). Different Growth stages of Ganoderma lucidum during artificial cultivation; A, Culture plate (Growing in Potato Dextrose Agar
Medium); B, Mycelial colonization on solid substrate; C, Primordia formation; D, Elongation of primordia; E, Cap formation; F, Flattening
and growth of cap; G, Thickening of cap; H, Maturation of fruitbody; I, Mature fruit body.

122, 123]. G. lucidum is mainly found in tropical and sub-
tropical areas. It is grows on a wide variety of dead or dying
trees, e.g., deciduous trees especially oak, maple, elm, wil-
low, sweet gum, magnolia and locust. G. lucidum is less fre-
quently found on coniferous trees (e.g., Larix, Picea, Pinus)
in Europe, Asia and North and South America (in temperate
rather than subtropical regions). In the Orient, it grows pri-
marily on plum trees. It is also found on stumps, generally
near the soil surface and occasionally on soils arising from
buried roots. G. lucidum generally occurs in two growth
forms, one, found in North America, is sessile and rather
large with only a small or no stalk, while the other is smaller
and has a long, narrow stalk and is found mainly in the
tropics [101, 122].

4.3. Related Species of Ganoderma

Genus Ganoderma encompasses several species, which
are widely used for medicinal purposes, e.g., Ganoderma
lucidum, Ganoderma luteum Steyaert, Ganoderma atrum
Zhao, Xu and Zhang, Ganoderma tsugae Murrill, Gano-
derma applanatum (Pers.: Wallr.) Pat., Ganoderma australe
(Fr.) Pat., Ganoderma capense (Lloyd) Teng, Ganoderma
tropicum (Jungh.) Bres., Ganoderma tenue Zhao, Xu and
Zhang and Ganoderma sinense Zhao, Xu and Zhang. Ac-
cording to two famous Chinese plant medical books, Shen
Nong Ben Cao Jing (25-220 A.D., Eastern Han Dynasty)
and Ben Cao Gang Mil by Li Shi-Zhen (1590 A.D., Ming
Dynasty), six Ling Zhi species/varieties were known in

China at that time. Worldwide, more than 250 Ganoderma
species have been described [4, 124]. However, in therapeu-
tic practices and literature citations, Ganoderma usually re-
fers to the species of Ganoderma lucidum. Besides being
treasured for its medicinal value in China for more than 1000
years, the lack of availability of G. lucidum was also largely
responsible for it being so highly cherished and expensive.
During ancient times in China, any person who picked the
mushroom from the natural environment and presented it to a
high-ranking official was usually well rewarded. Even in the
early 1950s, it was presented to Chinese leaders in Mainland
China and Taiwan, following the occasional discovery in the
wild. In the past, G. lucidum grew in small quantities only in
the wild; therefore, it was very expensive.

4.4, Cultivation and Production of Ganoderma lucidum

G. lucidum has been the focus of great interest due to its
potential as a source of bioactive substances and pharmaceu-
ticals [6, 125]. A large and diverse spectrum of chemical
compounds with a pharmacological activity has been isolated
from the mycelium, fruiting bodies and sclerotia of G. lu-
cidum: triterpenoids, polysaccharides, proteins, amino acids,
nucleotides, alkaloids, steroids, lactones, fatty acids and en-
zymes [126]. Polysaccharides isolated from G. lucidum are
the major components responsible for its medicinal proper-
ties. Till now, polysaccharides, Ganoderic acid and other
metabolites of G. lucidum are mainly extracted from solid
state cultivated fruitbody and submerged cultured biomass
and broth.
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As G. lucidum is very rare in nature, the amount of wild
mushroom is not sufficient for commercial exploitation. Its
cultivation on solid substrates, stationary liquid medium or
by submerged cultivation has become essential to meet the
increasing demands in the international markets. So in the
present review the aforesaid cultivation methods are emi-
nently described, keeping in mind that G. lucidum is a thera-
peutic fungal biofactory.

4.4.1. Solid State/Substrate Cultivation of Ganoderma lu-
cidum

The information about the production of G. lucidum
basidiocarp (fruitbody) and mycelium in solid state or solid
substrate cultivation/fermentation is not much established
but it can be capitalized for small and large scale industries
to meet the increasing demand and supply of present status.
Evidently, there are only few reports available for the solid
state cultivation of G. lucidum.

Though there is very little information about the produc-
tion of G. lucidum in solid state fermentation but Habijanic
and Berovic [127] reported a unique work which was carried
out in a horizontal stirred tank reactor with a total volume of
30L with suitable conditions which gave satisfactory rates of
cell growth and exopolysaccharide production. Their emi-
nent work showed a positive aspect for satisfactory rates of
growth and exopolysaccharide production by favourable
conditions such as: a temperature of 30°C, an air flow of
2L/min and an agitation of 80 rpm for 2min every second
day during the first 7 days and every day during the latter
stages of the cultivation and with a prime factor of initial
moisture content. The substrate used in this study was com-
posed of beech sawdust, olive oil, (NH4),SO4, KH,PO,,
CaCl,-2H,0, MgSO,4-7H,0, FeSO,-7H,0 and distilled water
which proved the most appropriate substrate for the produc-
tion of immunostimulatory animal feed supplements, be-
cause in this study the whole fermented substrate is used as
the product.

Yang et al., [128] used stillage grain from a rice-spirit
distillery in the solid state fermentation of G. lucidum. In
their study, cultures were carried out in test tubes or propyl-
ene bags and G. lucidum was cultivated on stillage grain
supplemented with wheat bran, ground rice or sawdust at
different ratios. The effect of mixed ratios on the production
of mycelia and fruit body was investigated. The composi-
tions of fruiting body were also analyzed and compared. The
additions of NH4H,PO, and CaCO; favored mycelial growth
in the test-tube cultures. Due to its high content of carbohy-
drate and nitrogen, stillage grain was considered as a nutri-
tive substrate for mycelial growth. The results obtained from
propylene-bag cultures reveal that the substrate type altered
not only the shape of fruiting bodies but also their constitu-
ents. Sawdust supplemented with stillage grain at a ratio 4:1
at a water content of 60% was optimal for the production of
fruiting body.

Hsieh and Yang [129], used soy residue for the solid-
state fermentation of G. lucidum. In their study, the solid-
state fermentation was conducted in three types of contain-
ers: test tube, 500-ml flask and sterilize-able polypropylene
plastic bag. The highest rate of mycelial growth of 6 mm/day
was observed in the medium of carbon/nitrogen (C/N) ratio
of 80 using test tubes. However, a growth rate of 7.5 mm/day
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was found at the C/N ratio of 70-80 in the 500-ml flasks. In
the tests using plastic bags, the fruiting bodies were fully
developed only for the C/N ratios of 70 and 80. The compo-
nents of fruiting bodies obtained from different media were
also analyzed and compared. The contents of ash, polysac-
charides and crude protein of fruiting bodies were found
higher in the media of C/N ratio of 80.

Veena and Pandey [130], evaluated agriculture and for-
estry wastes such as saw dust and wood chips alone and in
combination with rice bran, wheat bran and finger millet or
ragi (Eleusine coracana) powder. In their study, the opti-
mum temperature for mycelial growth was 30°C and pre-
ferred pH was 4.0 to 6.5. Addition of rice bran, wheat bran
and ragi powder reduced the spawn running and improved
the biological efficiency. Consistently a high biological effi-
ciency (> 20%) was obtained with three combinations viz.
saw dust (90%) with rice bran (10%) or wheat bran (10%),
saw dust 80% + rice bran 18% + CaCO; 1% + sucrose 1%.

Peksen and Yakupoglu [131] were investigated, Tea
waste (TW) as a new supplement for substrate mixtures in G.
lucidum cultivation. In this study they determined the effects
of sawdust (S) based substrates supplemented with TW at the
various levels (75S:25TW, 80S:20TW, 85S:15TW and
90S:10TW) and G. lucidum strains on yield, biological effi-
ciency (BE) and the chemical composition of fruiting bodies
in solid-state fermentation. Significant differences were
found among substrates regarding yield and BE, while yield
and BE of the strains were not different. The substrate for-
mulations producing highest yield and BE were 80S:20TW
(87.98 g/kg substrate and 34.90%) and 75S:25TW (82.30
g/kg substrate and 31%). Yield and BE of substrates contain-
ing TW were generally higher than that of the control
(80sawdust:18wheat bran:1sucrose:1CaCO3). Nitrogen, po-
tassium, iron and manganese contents and C:N ratios of sub-
strates were strongly correlated with yield. BE showed posi-
tive and significant correlations with potassium, iron and
manganese. Moisture content, potassium, magnesium, cal-
cium, iron and zinc contents of the fruiting bodies were af-
fected by both strain and substrate. It was concluded that TW
can be used as a supplement for substrate preparation in G.
lucidum cultivation.

Experimental Evidence

In the present study, authors studied the process of solid
state fermentation of G. lucidum and evaluated the locally
available substrate for the cultivation of an indigenous iso-
late alongwith estimation of intracellular polysaccharides
(IPS) from fruitbody of G. lucidum. In this study authors
used saw dust of the broad leaf plant Tectona grandis (Teak)
and narrow leaf plant Acacia spp. as substrate to get more
appropriate results. Substrates were supplemented with
wheat bran and rice bran. CaSO, and CaCOjat different ratio
were also added to substrate to maintain the pH 4.5. The
substrate prepared was as written: saw dust (teak) + 20%
wheat bran + 2% CaSO, + 0.6% CaCOs;; saw dust (teak) +
20% rice bran + 2% CaSO,4 + 0.6% CaCOg; saw dust (Acacia
spp.) + 20% wheat bran + 1.5% CaSO, + 0.5% CaCOg; saw
dust (Acacia spp.) + 20% rice bran + 1.5% CaSO,4 + 0.5%
CaCO; and were named as substrate I, Il, Il and 1V respec-
tively. The moisture level of the substrate was maintained at
65% and Bag system was adopted for cultivation. 500 gm
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substrate was filled in polypropylene bags and plugged with
non-absorbent cotton after putting a plastic (PVVC) ring at the
neck. Successive sterilization of substrate was done in three
days at 15 psi for 60 min each day. Upon cooling the steril-
ized bags were inoculated with wheat grain spawn at the rate
of 4% and incubated in dark. After complete mycelial colo-
nization (bags were white all over) the bags were opened and
rolled back to expose upper surface and proper conditions
(temperature, R.H. and light intensity) for different stages of
primordia and fruit body formation were optimized and pro-
vided (Fig. (1)). Fruit body was oven dried at <45 °C after
maturation. The fruit body was crushed and extracted with
85% ethanol to eliminate low-molecular components. Then,
the IPS was extracted with 1% ammonium oxalate solution
(Temp. 98°C, 6 h) from which polysaccharides were precipi-
tated by acetone. IPS content of fruit body was estimated by
Phenol sulfuric acid assay [132]. After harvesting the first
flush, conditions for primordia formation were again
switched on (i.e. temp.- 28+2 °C, R.H.- 95%, light- 800 lux)
for staring and completing the second flush and the same
procedure was been repeated for the third flush.

The optimum temperature for mycelial colonization was
30+2 °C. For the complete mycelial colonization substrate- I,
took 18 days; substrate- 11, 16 days; substrate- 111, 26 days
and substrate- 1V, 23 days. Further primordia formation took
in 12-14, 10-12, 16-19 and 14-16 days in substrate-I, sub-
strate- 11, substrate- 11l and substrate- IV respectively, soon
after mycelial colonization of G. lucidum. The optimum light
intensity (800 lux), R.H. (95%) and temperature (30%2 °C)
were found after standardization for primordia formation.
Similarly the time period and optimum conditions were stan-
dardized for different stages of fruit body formation and IPS
production from fruit bodies obtained from different sub-
strate are shown in Table 2.

Conclusion

According to the present investigation, it was clearly ob-
served that teak saw dust and rice bran was found to be most
favourable substrate for the cultivation and production of G.
lucidum and its IPS. Though experimental evidences showed
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good results for acacia saw dust and rice bran but in com-
parison teak saw dust and rice bran showed a promising re-
sult. Here in this study wheat bran taken as the supplement
showed low efficiency in compare to rice bran. Hence, it is
clearly judged that the present study revealed an excellent
result in comparison to other works or studies done before.

4.4.2. Submerged Cultivation of Ganoderma lucidum

Polysaccharides and ganoderic acid of G. lucidum are
mainly extracted from solid cultivated fruiting bodies which
is a time-consuming and quality-fluctuating process [133].
Submerged culture by fermentation is an alternative ap-
proach for efficient production of polysaccharides and gano-
deric acid of G. lucidum. There are several advantages of
submerged culture over solid culture for polysaccharides and
ganoderic acid production viz. high productivity, low costs,
availability of convenient control and easy downstream
processing [134]. The production of fruitbody takes at least
3-5 months, while reasonable amount of product of interest
can be obtained by submerged fermentation after only 2-3
weeks [135].

Wagner et al., [136] reviewed excellently by summariz-
ing the published data on submerged fermentations with
Ganoderma (Table 3). They described only one report of a
large scale fermentation, in which G. tsugae was cultivated
in tanks with a volume of 20 m®. All reported studies of fer-
mentation with G. lucidum were done in volumes of 10 L or
less. Roughly half the studies were undertaken in Erlenmeyer
flasks and half in bioreactors. The advantage of using biore-
actors is that it is easier to control environmental conditions
such as temperature, dissolved oxygen and pH. These fer-
mentations were done with different objectives. Some aimed
simply to produce biomass, with no concern for its composi-
tion. Others aimed to maximize the production of either gan-
oderic acids or polysaccharides and to understand how dif-
ferent variables affect their production. The best yields re-
ported till date are 22.1 g/L for biomass [134], 1.71 g/L for
EPS [137], 2.49 g/L for IPS [135] and 582 mg/L for GA
[138].

Table 2.  Solid State Fermentation of Ganoderma lucidum
Substrate Days for Myce- Days for Pre- Days for Fruit Body Formation Fruitbody IPS gm/100gm
lial Coloniza- mordia Forma- . . . . gm/kg Sub- Fruitbody
- - Cap Formation | Thickening of Maturation of .
tion tion d Growth Cap (Yell Fruit Bod strate (Dry (Dry Weight
an ) royv ap ( etlow- rut _0 Y Weight Basis) Basis)
(Whitening) ing) (Redning)
substrate-I 18-20 12-14 10-11 15-17 14-17 178+0.12 2.36+0.08
substrate-11 16-19 10-12 9-11 13-15 13-15 196+0.19 2.54+0.13
substrate-111 26-30 16-19 11-12 15-18 15-19 120+0.29 2.02+0.22
substrate-1V 23-29 14-16 10-11 14-16 14-17 129+0.11 2.03+0.14
Optimum condi- | temp.-30£2°C, | temp.-28+2°C, | temp.-28+2°C, | temp.- 25+1°C, | temp.- 25+1°C,
tions dark and high R.H.- 95%, R.H.- 80%, R.H.- 60%, R.H.- 60%,
CO, light- 800 lux, light- 800 lux, light- 800 lux, light- 800 lux,
CO,- 1500 ppm CO_-1000 ppm CO,-1000 ppm CO,-1000 ppm

Value of the yield of fruitbody and IPS content is the meanz standard error of the mean of 10 replicate analyses.
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Experimental Evidence

In the present investigation, authors studied the process
of submerged fermentation of an indigenous strain of G. lu-
cidum for hyperproduction of biomass, polysaccharides and
ganoderic acid. As mentioned in Table 3, various researchers
had carried out the same work but the quality and content of
physiologically active substances vary from strain to strain
and also depend on location, culture conditions [139] and
growth of the mushroom [140]. Though, we know various
eminent scientists such as Y. J. Tang, J. J. Zhong, F. C.
Yang, C. B. Liau, Q. H. Fang, J. Habijanic, M. Berovic, B.
Wraber, D. Hodzar, B. Boh, R. Wagner and others had con-
tributed their constant and deliberate research work in con-
text with the production of the bioactive metabolites- Gano-
deric acid and Polysaccharide from G. lucidum. Similarly, in
the present review authors reviewed and keenly observed
various statistics cum methods from the research work un-
dergone earlier for the similar field and significantly carried
out a research investigation by following the best work of
aforesaid scientists. The media selected for the similar work
in the present study was as follows;

Mediuml. KH,PO4-H,O 1gm/l; MgSO,7H,O 0.5gm/l;
vitamin B1 0.05gm/I; lactose 35 gm/l; Yeast Extract 5 gm/I
and Peptone 5 gm/I [134],

Medium 2. Glucose 50 gm/I; K;HPO,4 0.5 gm/I; KH,PO,
0.5 gm/l; MgSO47H,O 0.5 gm/l; Yeast Extract 1 gm/l;
NH,CI 4gm/I [137],

Medium 3. 3 kg of peeled potatoes autoclaved and made
up to 10 L with water; Glucose 20 g/L; olive oil 2 % [139].

All the experiment using above three media were per-
formed in 250 ml Erlenmeyer flasks in triplicates. The ex-
periment was carried out in optimum cultivation conditions
such as temperature, T =30°C, shaking 120 rpm, pH= 4.5.
Mycelium was separated from the cultivation broth by vac-
uum filtration and filtered cultured medium was concentrated
1/4™ at 50°C. Extracellular polysaccharides (EPS) were pre-
cipitated from the concentrated medium by 96% ethanol,
filtered, washed with acetone and dried. The mycelium was
extracted with 85% ethanol to eliminate low-molecular com-
ponents. Then, the intracellular polysaccharides (IPS) were
extracted with 1% ammonium oxalate solution (Temp. 98°C,
6 h) from which polysaccharides were precipitated by ace-
tone. Quantitative estimation of polysaccharide content was
done by Phenol sulfuric acid assay [132] and for the deter-
mination of ganoderic acid (GA) content the dried mycelia
were extracted by 50% (v/v) ethanol for one week (twice).
After removal of mycelia by centrifugation, the supernatants
were dried at 50°C under vacuum. The residues were sus-
pended by water and later extracted with chloroform. The
ganoderic acid in chloroform was extracted by 5% (w/v)
NaHCOs;. After adding 2M HCI to adjust the pH of the Na-
HCO; layer to be lower than 3, the ganoderic acid in the Na-
HCO; layer was extracted with chloroform. After removal of
chloroform by evaporation at 40°C, ganoderic acid was dis-
solved in absolute ethanol and its absorbency was detected at
245 nm. The result of the study comparing biomass, EPS,
IPS and GA production for selected mediums is depicted in
Table 4.

Current Pharmaceutical Biotechnology, 2009, Vol. 10, No. 8 729

Finally, it was concluded that olive oil which was used as
antifoam agent in medium 3, stimulated growth and was
found to be beneficial in the biomass production of G. lu-
cidum and it was assumed that such stimulation is due to a
partial incorporation of lipids in the cell membrane, thereby
facilitating the uptake of nutrients from the medium. While
polysaccharides and ganoderic acid production was influ-
enced by the concentration of sugar (Glucose, lactose).

4.5. Fermentation Strategies

Five main strategies have been used for submerged fer-
mentation of G. lucidum. The ideas for these strategies arose
from the behavior of Ganoderma under different environ-
mental conditions. All of the fermentation techniques de-
scribed below was carried out at laboratory scale and the
knowledge generated from each of them will contribute to
the scaling-up of the process.

4.5.1. Batch Fermentation

Batch fermentation is the simplest technique reported.
Most of the studies have been done in Erlenmeyer flasks
[133-135, 137, 138, 141-144], although some have been
done in bioreactors [134, 137, 139, 145-147].

4.5.2. Fed-Batch Fermentation

The strategy of fed-batch fermentation is to add one or
more of the nutrients during the fermentation, based on the
possibility that the high concentrations required for high fi-
nal growth and product yields might inhibit growth if added
in total at the start of the fermentation. Potentially, growth
and product formation can be extended for long periods
compared to normal batch fermentation. Tang and Zhong
[114] investigated fed-batch fermentation with G. lucidum,
motivated by the observation that lactose concentrations
above 35 g/L had diminished the production of ganoderic
acid. The fermentation was started at 35 g/L. The lactose
level was monitored off-line and when it fell to between 5
and 10 g/L, sufficient lactose was added to increase its con-
centration by 15 g/L, in a volume equal to 10 % of the work-
ing volume of the bioreactor [134, 135]. The production of
biomass, polysaccharides and ganoderic acid were improved.
The final yields of GA, EPS and IPS were 11, 43 and 48 %
higher, respectively, in fed-batch than in batch fermentation
[146]. Therefore lactose feeding stimulates the production of
polysaccharides more than it stimulates the production of
ganoderic acid. In Erlenmeyer flasks with glucose as the
carbon source, the production of EPS was 124% higher for a
fermentation in which glucose was added after 8 days of
fermentation. At this time, the original glucose had fallen to
below 2 g/L and the addition increased its concentration by
10 g/L [144]. No data was provided concerning ganoderic
acid and IPS production in this case.

4.5.3. Bistage Control of pH

Based on the observations that while a constant pH of 3.0
improved growth, a constant pH of 6.0 favored exopolysac-
charide production, a fermentation with bistage pH control
was proposed, with the pH commencing at 3.0 and being
changed to 6.0 after 2 days [145]. The production of EPS
was the highest yet reported in the literature (20.04 g/L on
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day 6). However, given that the polysaccharides were dried
by heat and not freeze-dried as in the other works and also
that they were quantified by a gravimetric method, the re-
sults must be considered preliminary and must be confirmed
by more accurate and specific methods.

4.5.4. Two-Stage Culture Processes

The fact that ganoderic acid production was favored at a
low oxygen tension led [133] to undertake a two-stage proc-
ess in Erlenmeyer flasks. The first stage was realized with
agitation in a rotary shaker. After 4, 8 or 12 days the agita-
tion was stopped and the culture then remained static until
the 24" day. A control culture was shaken for the whole
time. In static culture glucose was consumed at a slower rate
and converted to biomass more efficiently. The highest bio-
mass density was obtained with 4 days of agitation followed
by 12 days of static culture. Unfortunately, no fermentation
was left static from the time of inoculation. Results from
such an experiment would contribute to a better understand-
ing of the effects of agitation on the growth of G. lucidum.
The highest production of ganoderic acid that has yet been
reported (582 mg/L at day 12) was obtained in the culture
that was agitated for only the first 4 days. The production of
ganoderic acid was almost double that in the continuously-
shaken control culture. A thick layer of mycelium was noted
in this culture and, although the authors did not say whether
it was at the surface of the medium or submerged, its large
thickness would have restricted oxygen diffusion into the
layer and low oxygen availability appears to stimulate GA
production. No thick mycelial layer was found for the culture
agitated during the first 12 days and then left static for fur-
ther 12 days. In this case the production of GA did not in-
crease significantly compared to a shaking culture without
any static stage.

4.5.5. Immobilized Culture

Yang et al., [142] introduced a polyurethane foam sheet
into the medium of a submerged fermentation in an Erlen-
meyer flask. The mycelium adhered to the surface of the
foam matrix with almost no mycelia remaining free in the
bulk liquid. The biomass density and the amount of EPS
obtained were both markedly higher in this culture than in
freely suspended cultures, indicating that the mycelial mor-
phology adopted on a solid support was more favorable for
both cell growth and polysaccharide formation. The polysac-
charide secretion occurred at a slow rate and after 2—-3 weeks
of fermentation a large portion of polysaccharide was ad-
sorbed on the support. As suggested by the authors, this may
enable an alternative strategy for product and biomass recov-
ery in which the support can simply be removed and pressed.
There is no report and scientific data available on ganoderic
acid production in immobilized cultures.

4.6. Techniques of Product Recovery and Analysis

This section presents and discusses the main methodolo-
gies used with G. lucidum for the recovery and quantification
of products and biomass.

4.6.1. Biomass

In submerged fermentation biomass is generally recov-
ered by filtration under suction or centrifugation. When it is
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intended to quantify the biomass of a sample, it is generally
filtered through a pre-weighed filter paper (GF/C Whatman)
[142] or a membrane with a standardized pore size [138,
143, 147]. Some authors filter the biomass, wash it off the
filter with distilled water, recover it from the washings by
centrifugation and then dry it until constant weight at tem-
peratures ranging from 50 to 105 °C. No studies have been
done about the effect of drying temperature on charring of
the biomass or the loss of volatile cell components other than
water.

The recovery of the biomass obtained by SSF is a diffi-
cult task because the mycelium binds tightly to the solid par-
ticles of the substrate. Therefore, it is normally impossible to
determine the dry weight directly by the gravimetric method.
Alternative methods for accompanying mycelium growth are
based on indirect measurements of biomass components,
although these are problematic because the level of the com-
ponent in the biomass may vary during the growth cycle
[148].

4.6.2. Polysaccharides

The filtered broth obtained from submerged fermentation
contains water soluble exopolysaccharides that can be recov-
ered by precipitation with 3—4 volumes of ethanol 95-96 %.
The use of 2 volumes of acetone has also been reported
[145]. Some workers dialyze the filtered broth before adding
it to the ethanol solution [56, 138, 143], to eliminate smaller
molecules, such as oligo and monosaccharides, which might
interfere with the quantification of polysaccharides. Yang
and Liau [141] ultrasonicated the mycelium with medium for
2 hours, with the intention to liberate cell-bound polysaccha-
ride. However, they did not show that this treatment did not
disrupt the cell, so it is impossible to affirm that IPS and EPS
were quantified individually in this case. IPS is usually ex-
tracted with a solution of 1 M NaOH at 60 °C for 1 h. How-
ever, this is not the only fraction of IPS that can be obtained.
Other solvents can be used for extraction, such as hot water,
ammonium oxalate 1 % and NaOH 5 % (20). In SSF the EPS
fraction is not dissolved in a liquid phase. In order to recover
it, the fermented substrate, which also contains mycelium,
must be extracted with cold water. The extraction of poly-
saccharides in boiling water for 5 h was reported in SSF
[127], however, such a procedure is likely to extract not only
the IPS and EPS produced by the organism, but also some of
the polysaccharides from the solid substrate itself. The
mainmethod used to quantify polysaccharides is the phenol-
sulfuric method [132]. However, molecules other than poly-
saccharides, such as monosaccharides, oligosaccharides and
proteins containing amino acids with phenolic groups, give
false positive responses in this assay. The strategy of dialyz-
ing the filtered broth before precipitating the polysaccharide
fraction or washing the precipitate with ethanol eliminates
smaller molecules. Proteins, however, will remain together
with the polysaccharides and will contribute to the absor-
bance measured in the assay. Therefore, it is very important
to determine the protein content by a specific method in or-
der to assess the accuracy of the Phenol-sulfuric assay. Most
of the reports do not mention the protein content of the re-
covered polysaccharide fraction. In fact, many workers do
not acknowledge that precipitation with ethanol or acetone
does not give a pure polysaccharide fraction. Often, the dried
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Table 3. Fermentation Experiments Undertaken with Ganoderma and Key Results Obtained [136]

Working Volume Maximum Concentration Linear Production Rate [R2]
Media with Com- - ' Obtained (Day) (Interval Used, Day)
. Bioreactor and Con-
Ref. ponents in g/L. ditions. Inoculum
Unless otherwise .
- (Density of the In-
Specified oculum Culture) y(X)g/L | y(EPS)/g/ | y(IPS)/g/ | y(GA)/mg | p(X)/g/(L. | p(EPS)/g/ | p(IPS)/g/( | p(GA)/m
L L L d) (L.d) L.d) g/(L.d)
141 Medium A 100 mL in 500-mL 5.5 (14) - - - - - - -
flask; initial pH=4.0;
100 rpm on rotary
shaker; 30 °C. Disk
inoculum.
137 Medium A 100 mL in 500-mL - 1.71(7) - - - - - -
flask; initial pH=4.0;
100 rpm on rotary
shaker; 30 °C. Inocu-
lum*
137 Medium A 1L in 2-L bioreactor; - 1.26 (7) - - - 0.17 - -
6-blade impeller; 200 [0.85]
rpm; initial pH=4.0; (2-7)
30 °C; 1 vvm; Inocu-
lum 10 %
137 Medium A As previous entry but - 1.48 (3) - - - - - -
agitation 400 rpm.
Inoculum 10 %
137 Medium A 3 Lin5-L bioreactor; - - - - - - - -
pH=4.0; 30 °C; 100
rpm; 1 vvm; 7 days.
Inoculum*
142 Medium A 100 mL in 250-mL 2.3(8) 0.13(8) - - 0.3 0.03 - -
flask; initial pH=4.0; [0.84] [1.00]
100 rpm on rotary (2-8) (4-8)
shaker; 30 °C. Disk
inoculum.
142 Medium A + olive As previous entry. 3.28 (7) 0.16 (7) - - - - -
oil 1% Disk inoculum.
142 Medium A As previous entry. 2.78 (7) 0.18 (7) - - - - - -
+ safflower oil 1 % Disk inoculum.
142 Medium A As previous entry. 46 (7) 0.16 (7) - - - - - -
+ oleic acid 1.5 Disk inoculum.
142 Medium A As previous entry. 4.4 (8) 0.16 (8) - - 0.6 0.03 - -
+ palmitic acid 1 Disk inoculum. [0.94] [0.97]
(2-8) (2-8)
142 Medium A As previous entry. 3.4(7) 0.21(7) - - - - - -
+ palmitic acid 2.5 Disk inoculum.
142 Medium A 100 mL in 250-mL 8.7 (7) 0.27 (7) - - - - -
+ oleic acid 1.5 flask; initial pH=4.0;
rotary shaker 100 rpm;
30 °C. Polyurethane
foam sheet as inert
support. Disk inocu-
lum.
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(Table 3) contd....
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Ref.

Media with Com-
ponents in g/L
Unless otherwise
Specified

Working Volume,
Bioreactor and Con-
ditions. Inoculum
(Density of the In-
oculum Culture)

Maximum Concentration
Obtained (Day)

Linear Production Rate [R2]

(Interval Used, Day)

v(X)/g/L

v(EPS)/g/
L

v(IPS)/g/ | y(GA)/mg
L /L

p(X)/g/(L.
d)

p(EPS)/g/
(L.d)

p(IPS)/g/(
L.d)

p(GA)/m
g/(L.d)

142

Medium A
+ palmitic acid 1

As previous entry.
Disk inoculum.

6.1 (7)

0.32 (7)

133

Medium B
+Glc 35; YE10; P
5

50 mL in 250-mL
flask; initial pH=5.5;
rotary shaker 120 rpm;
30 °C. Inoculum 10 %
(p (X)=325 mg/L)

15.8 (8)

0.62 (8)

0.86(8) | 150 (8)

133

Medium B
+Glc35; YE5;P5

As previous entry.
Inoculum 10 % (
p(X)=325 mg/L)

15.4 (8)

0.81 (8)

081(8) | 171(8)

133

Medium B
+Glc65; YE5;P5

As previous entry.
Inoculum 10 % ( p
(X)=325 mg/L)

12.8
(10)

1.08
(10)

0.95
(0)

159 (10)

133

Medium B
+Glc50; YE5;P5

As previous entry.
Inoculum 10 % ( p
(X)=325 mg/L)

16.7
(10)

0.85
(10)

1.19
(0)

212 (10)

143

Medium B
+Glc35; YE5;P5

As previous entry but
initial pH=3.5
Inoculum 10 % ( p
(X)=325 mg/L)

13.8 (8)

1.02
14

0.94(8) | 155(8)

0.08 -
[0.97]
(1-12)

143

As previous entry

As previous entry but
initial pH=5.5 Inocu-
lum 10 % ( p (X)=325
mg/L)

15.5 (8)

0.63 (8)

1.06(8) | 193 (8)

- 0.15
[0.99]
(1-8)

143

As previous entry

As previous entry but
initial pH= 6.5
Inoculum 10 % (p
(X)=325 mg/L)

17.3(8)

0.59 (8)

1.05(8) | 208 (8)

23
[0.97]
(1-8)

27
[0.98]
(2-8)

143

As previous entry

50 mL in 250-mL
flask; 120 rpm on
rotary shaker; 30 °C;
10 g/L of Glc added
on day 8. Inoculum 10
% ( p (X)=325 mg/L)

141
14

0.19 -
[0.98]
(8-12)

138

50 mL in 250-mL
flask; rotary shaker
120 rpm; 30 °C; static
after 4 days. Inoculum
10 % (p(X)=325
mg/L)

209
(16)

- 582
12)

0.9
[0.99]
(4-16)

56
[0.97]
(4-12)

144

Bioreactor®. Inoculum
p(X)=170 mg/L

15.3
®

071
®

0.79 267
® ®

36
[1.00]
(2-8)

144

Bioreactor®. Inoculum
p(X)=330 mg/L

15.7
®

0.79
®

1.08 214
® ®

28
[0.99]
(1-6)
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Media with Com-
ponents in g/L

Working Volume,
Bioreactor and Con-

Maximum Concentration
Obtained (Day)

Linear Production Rate [R2]
(Interval Used, Day)

Ref. . ditions. Inoculum
Unless otherwise .
- (Density of the In-
Specified oculum Culture) v(X)/g/L | y(EPS)/g/ | y(IPS)/g/ | v(GA)Img | p(X)/g/(L. | p(EPS)/g/ | p(IPS)/g/( | p(GA)/m
L L L d) (L.d) L.d) g/(L.d)
144 * Bioreactor*. Inoculum 14.2 0.88 1.22 180 - 0.11 0.16 -
p(X)=670 mg/L (8) (8) (8) (8) [0.87] [0.97]
(1-8) (1-8)
135 Medium B 50 mL in 250-mL 35 0.63 0.25 40 - - - -
+ sucrose 35; YE 5; flask; initial pH=5.5; 2) (day*) (day*) (day*)
P5. rotary shaker 120 rpm;
30 °C. Inoculum 10 %
(p(X)=625 mg/L)
135 Medium B As previous entry. 10.1 0.47 0.97 144 - - - -
+Glc 35; YE5;P5. | Inoculum 10 % (p (10) (day*) (day*) (day*)
(X)=625 mg/L)
135 Medium B As previous entry. 12.2 0.57 1.16 119 - - - -
+ maltose 35; YE 5; Inoculum 10 % (p (10) (day*) (day*) (day*)
P5. (X)=625 mg/L)
135 Medium B As previous entry. 12.3 0.53 1.43 180 - - - -
+ lactose 35; YE 5; Inoculum 10 % (p (12) (day*) (day*) (day™*)
P5. (X)=625 mg/L)
135 Medium B As previous entry. 13.8 0.79 1.65 110 - - 0.11 -
+ lactose 50; YE 5; Inoculum 10 % (p (14) (14) (12) (14) [0.97]
P5. (X)=625 mg/L) (2-12)
135 Medium B As previous entry. 144 0.94 141 92 0.81 0.06 - -
+ lactose 65; YE 5; Inoculum 10 % (p (14) (14) (14) (14) [0.95] [0.98]
P5. (X)=625 mg/L) (2-14) (2-14)
135 Medium B 50 mL in 250-mL 20 0.96 1.97 258 - 0.49 - -
+ lactose 35; YE 5; flask; rotary shaker (12) (20) (16 (20) [0.98]
P5. 120 rpm; 30 °C; lac- (8-20)
tose
added on day 8. In-
oculum 10 % (
p(X)=625 mg/L)
135 As previous entry As previous entry but 20 0.80 2.01 334 - - 0.24 20
lactose added on day (14) (22) (14) (20) [0.96] [1.00]
10. (10-14) | (10-20)
Inoculum 10 % (
p(X)=625 mg/L)
135 As previous entry As previous entry but 20 0.76 1.78 270 - - - -
lactose added on day (14) (18) (18) (20)
12.
Inoculum 10 % (
p(X)=625 mg/L)
135 As previous entry 2 L in agitated biore- 16.7 0.61 1.68 178 - 0.03 0.10 -
actor, 2 x 6-blade (10) (12) (20) (10) [0.96] [0.95]
impellers; 100-180 (4-12) (4-12)
rpm;
0.25-0.5 vvm. Inocu-
lum %* ( p(X)=625
mg/L)
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Media with Com-
ponents in g/L

Working Volume,
Bioreactor and Con-

Maximum Concentration
Obtained (Day)

Linear Production Rate [R2]

(Interval Used, Day)

Ref. . ditions. Inoculum
Unless otherwise .
- (Density of the In-
Specified oculum Culture) v(X)/g/L | y(EPS)/g/ | y(IPS)/g/ | v(GA)Img | p(X)/g/(L. | p(EPS)/g/ | p(IPS)/g/( | p(GA)/m
L L L d) (L.d) L.d) g/(L.d)
135 As previous entry Bioreactor and opera- 21.9 0.87 2.49 367 - 0.02 0.06 -
tion as previous entry. (12) (20) (22) (12) [1.00] [0.86]
lactose increased (12-20) (12-22)
15 g/L on day 10.
Inoculum %*
(p(X)=625 mg/L)
134 As previous entry 3.5 L in stirred biore- 184 0.81 - - 17 0.05 - -
actor; 100-250 rpm; (10) (14) [0.98] [0.99]
30 °C; 0.25-1.0 vvm; (4-10) (4-14)
initial pH 5.5. Inocu-
lum 10 %
134 As previous entry Bioreactor and opera- 22.1 1.25 - - - 0.12 - -
tion as previous entry (12) (16) [0.99]
but lactose fed on (10-16)
day 10. Inoculum 10
%
146 Medium B 3.5 L in bioreactor 4.1 0.70 0.60 147 - 0.05 0.05 -
+ lactose 35; YE with 2 6-bladed tur- (12) (12) (12) ) [1.00] [0.99]
2.5; bines (6.5 cm i.d.). (4-12) (4-12)
P5 30 °C. DOT main-
tained at 10 %. Inocu-
lum*
146 As previous entry As previous entry but 14.7 0.60 1.56 340 1.4 0.05 0.20 34
DOT maintained at 25 (10) (12) (10) (10) [1.00] [0.99] [0.98] [0.87]
%. Inoculum* (4-10) (4-12) (4-10) (4-10)
146 As previous entry As previous entry but 121 0.97 191 245 - 0.06 - -
agitation 200 rpm, (8) (13) (10) (10) [0.99]
Q(air)=0.22 L/min (2-12)
(kLa=16.4 h-1).
Inoculum*
146 As previous entry As previous entry but 15.6 0.92 2.19 338 21 - 0.25 -
agitation 200 rpm, (10) (13) (10) (10) [1.00] [0.98]
Q(air)=1.75 L/min (2-8) (2-10)
(kLa=78.2 h-1).
Inoculum*
146 As previous entry As previous entry but 13.9 0.92 2.09 450 - - - 53
agitation 200 rpm, (14) (13) (10) (10) [0.99]
Q(air)=3.5 L/min (kLa (2-10)
=96.0 h-1). Inocu-
lum*
145 Glc 60; KH2PO4 2 Lin 3-L air-lift 7.9 4.1 - - 1.0 0.6 - -
0.5; YE 6; fermenter; 25 °C; 2.5 (8) (8) [0.96] [1.00]
(NH4)2HPO4 5; vvm.; initial pH at 6.0 (1-7) (1-7)
Sigma antifoam 289 | (not controlled). In-
0.5% oculum 5 %
145 As previous entry As previous entry but 129 6.4%* - - 24 0.7 - -
pH controlled at 3.0. (6) (8); [1.00] [0.96]
Inoculum 5 % (1-6) (1-8
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Working Volume Maximum Concentration Linear Production Rate [R2]
Media with Com- - ' Obtained (Day) (Interval Used, Day)
. Bioreactor and Con-
Ref. ponents in g/L. ditions. Inoculum
Unless otherwise .
- (Density of the In-
Specified oculum Culture) v(X)/g/L | y(EPS)/g/ | y(IPS)/g/ | y(GA)/mg | p(X)/g/(L. | p(EPS)/g/ | p(IPS)/g/( | p(GA)/m
L L /L d) (L.d) L.d) g/(L.d)
145 As previous entry As previous entry but 5.7 13.6** - - 1.7 22 - -
pH controlled at 6.0. 4) 7); [0.99] [0.99]
Inoculum 5 % (1-4) (1-8)
145 As previous entry As previous entry but 8.2 20.0** - - 1.7 4.2 - -
bistage control of (5) (6) [0.99] [1.00]
pH=3.0 initially and (1-5) (2-6)
6.0 later. Inoculum 5
%
147 Glc 20; YE 2; P 2; 3L in5-L Jar fer- 6.9 1.16** - - - - - -
K2HPO4 1; menter; initial (15) (15)
KH2PO4 pH=5.0; 25 °C; 150
0.46; MgSO4.7H20 | rpm; 2
0.5 vvm. Inoculum 4 %
147 Glc 10; ME 3; P 5; As previous entry. 5.7 0.66** - - - - - -
YE3 Inoculum 4 % (15) (10)
147 PDB 24; ME 10; P1 | As previous entry. 16.3 6.5%* - - 1.52 0.60 - -
Inoculum 4 % (11) (12) [0.95] [0.98]
(1-11) (1-12)
56 Glc 50; ME 40; YE Working volume*. 0.85** - - - - - -
1; KH2PO4 0.5; Shaking culture at 28 )
K2HPO4 0.5; °C. Inoculum*
MgS04.7H20 0.5
139 3 kg of peeled pota- | Working volume*. 10- 54 - - - 0.9 - - -
toes L reactor, 3 Rushton (8) [0.99]
autoclaved and turbines; 300 rpm; (1-5)
made up to 10 L initial pH=5.8; 30 °C;
with water; Glc 20 p(0) 2 =70-80 %;
g/L; olive oil 2 % redox potential
E=100-450 mV;
Q(air)=30 L/min.
Inoculum 17 % wet
weight of 6-day shake
flask culture.
139 | Asprevious entry As previous entry but 9.6 - - - 11 - - -
after 8 days 7 L of (15) [0.95]
broth substituted (10-14)
with fresh sterile
medium. Inoculum as
previous entry
58 Glc 30; P 3; Working volume*, 20 25 kg - - - - - - -
falad K2HPO4 1.5; t tank; t=(26+1) °C; total
MgSO4 0.7; vit. 7-10 days. Inoculum*
B10.01

*not possible to determine from the article; **determined by the gravimetric method; ***the fungus used was Ganoderma tsugae.

Medium A = Glcso; K,HPO, 0.5; KH,PO, 0.5; MgSO,-7H,0 0.5; YE;; NH,Cl,; Medium B = KH,PO,-H,01; MgSO,-7H,0 0.5; vitamin B1 0.05.

Abbreviations: EPS = exopolysaccharide; GA = ganoderic acid; IPS = intracellular polysaccharide; Glc = glucose; vvm = volumes of air per working volume per minute; DOT =
dissolved oxygen tension; P = peptone; ME = malt extract; PDB = potato dextrose broth; YE = yeast extract; Disk inoculum = several 5 x 5 mm disks of agar with mycelium.
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Table4. Submerged Fermentation of Ganoderma lucidum for Biomass, EPS, IPS and GA Production
Medium Biomass gm/I EPS gm/I IPS gm/I GA gm/l
Medium 1 14.023+0.21 1.2240.23 2.55+0.01 0.285+0.08
Medium 2 15.15+0.21 1.76+0.11 2.5240.22 0.215+0.14
Medium 3 19.029+0.17 1.21+0.26 2.3340.19 0.19240.12

Value of the yield of biomass, EPS, IPS and GA content is the mean+ standard error of the mean of 3 replicate analyses.

precipitate is weighed and reported as polysaccharide, with
the implicit assumption that it is free of contaminants. Par-
ticular care should be taken when an undefined medium is
used. Components such as yeast extract and peptone, which
are often used in liquid culture and solid residues used in
SSF may add non-polysaccharide components that not only
might be extracted together with the polysaccharide pro-
duced by the organism but also might be counted as polysac-
charide by the analytical method used.

4.6.3. Ganoderic acid

Ganoderic acid extraction and determination is a multis-
tep process. First the dried mycelium is extracted twice with
ethanol 50 %, each extraction lasting for one week. The su-
pernatant is then dried and the residue suspended in water.
The aqueous solution is then extracted with chloroform and a
solution of 5% NaHCO; is then added to this organic phase.
The aqueous phase is then collected and acidified with HCI
to a pH less than 3. The ganoderic acid may be extracted
again with fresh chloroform. The chloroform fraction is then
evaporated. The resulting residue is suspended in absolute
ethanol and the ganoderic acid is measured at 245 nm [133,
134, 138, 143, 144]. The authors do not provide proof that
the fraction obtained contains only ganoderic acids. They
only say that the GA present in mycelia of G. lucidum are a
complicated mixture and usually have a, B-unsaturated car-
bonyl groups, whose absorbance is maximal between
A=230-260 nm [146]. Other organic acids may be extracted
and purified together with the GA, although they may not
necessarily absorb significantly in this wavelength range.

4.7. General Nutritional Components of Ganoderma lu-
cidum

G. lucidum contains mainly protein, fat, carbohydrate
(Table 5) [149] and fiber. Artificially cultivated variety has
similar contents of nutritional components compared with
wild types and the extraction significantly increases the
amounts of crude protein and carbohydrates and deleted
crude fiber. Mizuno [17] reported the composition of G. lu-
cidum extract (% of dry weight), which consisted of folin-
positive material (68.9%), glucose (11.1%), protein (7.3%)
and metals (10.2%) (K, Mg and Ca are the major compo-
nents with Ge having the 5 highest metal concentration at
489 ng/g). These results generally agree with those reported
by other authors [7, 101, 122]. However, there are qualitative
and quantitative differences in the chemical composition of
G. lucidum products depending on the strain, origin, extract-
ing process and cultivation conditions [4, 7, 8, 17, 101].

4.8. Major Bioactive Constituents

Over 300 reports have been published concerning the
chemical constituents of G. lucidum and related species. The

fruiting body, mycelia and spores of G. lucidum contain ap-
proximately 400 different bioactive compounds, which
mainly include triterpenoids, polysaccharides, nucleotides,
sterols, steroids, fatty acids, proteins/peptides and trace ele-
ments [8, 11, 16, 17, 150].

Table5. Carbohydrate Compositions of Crude Ganoderma

lucidum Extract [149]

Sugar Components Percentage (%)

d-Glucose 58.0
d-Mannose 15.5
1-Fucose 9.7
d-Galactose 9.3
d-Xylose 54
d-GlcNAc 1.0
I-Rhamnose 0.5

4.8.1. Terpenoid Compounds

Triterpenes

At least 140 different triterpenes have been identified in
G. lucidum [4, 7, 8, 17, 150]. The majority is bitter tasting
and largely occurs as ganoderic acid [150]. A new triterpe-
noid, named ganosporeric acid A, was recently isolated from
the ether-soluble fraction of the spores [29]. Min et al., [151]
reported the isolation of six new lanostane type triterpenes
and also from the spores (ganoderic acids v, 9, €, , 1 and 0).
Preliminary studies indicate that the spores contain consid-
erably higher contents of ganoderic acids than other parts of
the fungus and that triterpene composition of the fruit body
varies according to the area in which it is grown [29]. The
spores also contain triterpene lactones [150]. Fig. (2) repre-
sents the structure of all ganoderic acid and triterpenoids
reported as in the literature.

4.8.2. Carbohydrates
Polysaccharides

More than 100 types of polysaccharides have been iso-
lated from the fruiting body, spores and mycelia, or sepa-
rated from the broth of a submerged liquid culture of G. lu-
cidum. Most have a molecular weight ranging from 4 x 10°
to 1 x 10° in the primary structure. They comprise one of the
major sources of G. lucidum’s pharmacologically active
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ganodericacid B R,=R,=R;=R=0, R,=-OH, R,=H
ganoderic acid Z R,=B-OH, R,=R3=R,=R.=R=H
ganoderic acid A R,=R;=R=0, R,=R;=p-OH, R,=H
ganoderic acid C R,=R;=R(=R=0, R,=$-OH, R ;=H
ganoderic acid D R,=R;=R=R=0, R,=R =p-OH,
ganoderic acid F R,=R,=R,;=Rs=R =0, R =-OH
ganoderic acid G R,=R,=R,=3-OH, R;=R=R=0
ganoderic acid H R,=B-OH, R,=R,=R=R=0, R =p-OAc

ganosporeric acid A R,=R,=R;=R=R;=R=0

ganoderic acid R R=0-OAc
ganoderic acid S R=0

ganoderiol F R,=0, R~H, R=R,=0H

ganodermadiol R,=B-OH, R=R;=H, R,=0H

5a-lanosta-7,9(11),24-triene-15a-26-dihydroxy-
3-one R,=0, R=a-OH, R;=H, R,=0H

ganodermanontriol  R=OH
ganodermanondiol R=H

lucidadiol R=OH
lucialdehyde C R=0

Fig. (2). Structure of Triterpenoids of Ganoderma lucidum.

compounds. G. lucidum polysaccharides such as B-D-
glucans, heteropolysaccharides and glycoprotein have been
isolated and characterized and are considered the major con-
tributors of bioactivity of the mushroom B-D-glucans consist
of a linear backbone of B-(1—3)-linked D-glucopyranosyl
groups with varying degrees of branching from the C6 posi-
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tion (Fig. (3)). In addition to water-soluble B-D-glucans, B-
D-glucans also exist with heteropolysaccharide chains of
xylose, mannose, galactose, uronic acid and B-D-glucans—
protein complexes that are present at 10-50% in dry G. lu-
cidum [11, 14, 59, 152]. Some protein-bound polysaccha-
rides and fucose containing glycoprotein with bioactivity
have been isolated [9, 149, 153].

4.8.3. Proteins

Some proteins with bioactivity have also been isolated
from G. lucidum. The LZ-8 is one such protein isolated from
G. lucidum, which was shown, by sequencing studies, to be
similar to the variable region of the immunoglobulin heavy
chain in its sequence and in its predicted secondary structure.
Major biological activities of LZ-8 resemble those of lectins,
with mitogenic capacity toward mouse spleen cells and hu-
man peripheral lymphocytes and agglutination of sheep red
blood cells in vitro. Neither was inhibited by the mono- or
dimeric sugars examined, indicating that LZ-8 is not a lectin
per se. It did not agglutinate human red blood cells but could
function as a potent suppressor of bovine serum albumin-
induced anaphylaxis in CFW mice in vitro. It appears to be
related to an ancestral protein of the immunoglobulin super-
family [154].

4.8.4. Nitrogenous Compounds
Nucleotides and Nucleosides

Nucleosides include adenosine and 5-deoxy-50 methyl-
sulfinylad- nosine [17].

4.9. Other Constituents

Reishi also contains sterols, amino acids (Table 6) [149],
soluble proteins, oleic acid, cyclo-octasulfur, an ergosterol
peroxide (5,8-epidioxy-ergosta-6,22E-dien-3-0l) and the
cerebrosides (4E’,8E)-N-D-2’-hydroxystearoyl-1-Op- D-
glucopyranosyl-9-methyl-4-8-sphingadienine and (4E,8E)-
N-D-2’-hydroxypamitoyl-1-O-p-D-glucopyranosyl-9-
methyl-4-8-sphingadienine [4, 8-10, 17]. Regarding the inor-
ganic ions, the mushroom contains Mg, Ca, Zn, Mn, Fe, Cu
and Ge. The spores themselves contain choline, betaine, tet-
racosanoic acid, stearic acid, palmitic acid, ergosta-7, 22-
dien-3-ol, nonadecanoic acid, behenic acid, tetracosane, hen-
triacontane, ergosterol and B-sitosterol. One of the lipids
isolated from G. lucidum is pyrophosphatidic acid [10, 17].

5. COMMERCIAL ASPECT OF GANODERMA LU-
CIDUM

Today, present need in every aspect has increased so fast
that every research work indicating commercialization re-
quires major modifications to meet the upcoming challenges
and obstructions. Similarly, the present review is an attempt
to create an understanding and make aware about the vital
importance of the macrofungi “Ganoderma lucidum”. Under
the names Ling zhi or Reishi, a number of G. lucidum prod-
ucts are sold as over-the-counter products in the forms of
health drinks, powders and dietary supplement as well as
specific functional agents as mycelial or fruit body extracts,
intracellular polysaccharides, extracellular polysaccharides,
spores, etc [6, 76]. In 2008, the worldwide production of G.
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Fig. (3). Structure of B-D-glucans of Ganoderma lucidum, A, Primary molecular diagram; B, Higher level molecular diagram.

Table6. Amino Acid Analysis of Ganoderma lucidum Extract
[149]
Amino Acid Relative Abundance
Aspartic acid 117
Threonine 66
Serine 54
Glutamic acid 120
Proline 60
Glycine 108
Alanine 100
Valine 61
Methionine 6
Isoleucine 36
Leucine 55
Tyrosine 16
Phenylalanine 28
Histidine 12
Lysine 21
Arginine 22

lucidum was approximately 9500 tonnes, of which China
contributed 6000 tonnes. G. lucidum is mainly used as a
tonic and a remedy for the treatment of a variety of diseases,
including chronic hepatopathy, hypertension, neurasthenia,
insomnia, bronchitis, gastric ulcer, diabetes, hyperglycemia
and cancer [3, 76]. Hence, it may be noted that G. lucidum is
an excellent source of medicine which is enabling the present
need of human mankind in every aspect.

6. CONCLUSION

Ganoderma lucidum, a mushroom of biomedical impor-
tance, contains a number of bioactive components, many of
them biological response modifiers which activate our im-
mune systems for a multitude of defensive functions. The
immuno-modulating effects of G. lucidum are associated

with its anti-tumour activity. Like synthetic biological re-
sponse modifiers, G. lucidum has not demonstrated signifi-
cant direct anti-cancer efficacy like cytotoxic chemothera-
peutic agents. However, G. lucidum appears to serve as an
effective adjuvant role in the treatment of cancer. The other
possible applications of G. lucidum as immuno-modulator
are in the field of infectious diseases, especially when such
infectious episodes occur in individual whose immune sys-
tem does not function optimally: young children, the elderly,
patients submitted to major anaesthetic and surgical proce-
dures. The identified bioactive compounds in G. lucidum of
known molecular structures account for a wide range of
beneficial biomedical effects, most notably in prevention of
diverse physiological disorders and diseases. The G. lucidum
is a golden medicinal fungus and is yet to be exploited com-
mercially. In fact, the reason that some of the Ganoderma
preparations are not yet available as medicines may be due to
difficulties relating to mass production, hence, standardiza-
tion of liquid media for large scale cultivation of G. lucidum
should be undertaken. In the search for active compounds
from G. lucidum, the majority of research had been focussed
on extracts from the fruiting body and there have been fewer
studies on extracts from the liquid cultivated mycelium. It
appears that there are a number of biologically active com-
pounds to be explored in the mycelium and the future re-
search may be oriented in that direction.

REFERENCES

[1] Wasson, R.G. (1968) Soma: Divine Mushroom of Immortality,
Harcourt Brace Jovanovich Inc.; Los Angeles, USA, pp. 80-92.

[2] Yun, T.K. (1999) Asian studies on cancer chemoprevention. Ann.
N. Y. Acad. Sci., 889, 157-192.

[3] Shiao, M.S.; Lee, K.R.; Lin, LJ. and Wang, C.T. (1994) Natural
products and biological activities of the Chinese medical fungus,
Ganoderma lucidum, in: Food Phytochemicals for Cancer Preven-
tion. Il: Teas, Spices and Herbs, (Ho, C.T., Osawa, T., Huang,
M.T. and Rosen, R.T.; Eds.), American Chemical Society:
Washington, DC, p. 342-354.

[4] Wasser, S.P. and Weis, A.L. (1997) Medicinal Mushrooms: Gano-
derma lucidum, (Curtis: Fr.) P. Karst., (Nevo, E., Ed.), Peledfus
Publ. House: Haifa, Israel, p. 39.

[5] Chang, S.T. and Buswell, J.A. (1999) Ganoderma lucidum (Curt.:
Fr.) P. Karst. (Aphyllophoromycetideae) — A medicinal mushroom.
Int. J. Med. Mushrooms, 1, 139-146.

[6] Jong, S.C. and Birmingham, J.M. (1992) Medicinal benefits of the
mushroom Ganoderma. Adv. Appl. Microbiol., 37, 101-134.

[7 Hobbs, C.H. (1995) Medicinal Mushrooms: An Exploration of
Tradition, Healing and Culture, 2™ ed., Botanica Press, Inc.; Santa
Cruz, USA, p. 252.



Ganoderma lucidum: A Potent Pharmacological Macrofungus

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

McKenna, D.J.; Jones, K. and Hughes, K. (2002) Reishi Botanical
Medicines: The Desk reference for Major Herbal Supplements, 2™
ed., The Haworth Herbal Press: New York, Oxford, pp. 825-855.
Gao, Y.; Lan, J,; Dai, X.; Ye, J. and Zhou, S.H. (2004) A phase I/Il
study of Ling Zhi mushroom Ganoderma lucidum. (W. Curt.: Fr.)
Lloyd (Aphyllophoromycetideae) extract in patients with type 1l
diabetes mellitus. Int. J. Med. Mushrooms, 6 (1), 33-39.

Gao, Y.; Zhou, S.H.; Huang, M. and Xu, A. (2003) Antibacterial
and antiviral value of the genus Ganoderma P. Karst. species
(Aphyllophoromycetideae): a review. Int. J. Med. Mushrooms, 5
(3), 235-246.

Gao, Y.; Zhou, S.; Chen, G.; Dai, X.; Ye, J. and Gao, H. (2002) A
phase /1l study of a Ganoderma lucidum (Curt.: Fr.) P. Karst.
(Ling Zhi, Reishi mushroom) extract in patients with chronic hepa-
titis B. Int. J. Med. Mushrooms, 4, 321-327.

Gao, Y.; Shufeng, Z.; Jianbo, W.; Min, H. and Anlong, X. (2002)
Mechanism of the antiulcerogenic effect of Ganoderma lucidum
polysaccharides on indomethacin-induced lesions in the rat. Life
Sci., 72, 731-745.

Gao, Y.; Zhou, S.H.; Chen, G.; Dai, X. and Ye, J. (2002) A phase
I/1l study of a Ganoderma lucidum (Curt.: Fr.) P. Karst. extract
(ganopoly) in patients with advanced cancer. Int. J. Med. Mush-
rooms, 4(3), 207-214.

Wasser, S.P. and Weis, A.L. (1999) Therapeutic effects of sub-
stances occurring in higher basidiomycetes mushrooms: A modern
perspective. Crit. Rev. Immunol., 19, 65-96.

Wasser, S.P. (2002) Medicinal mushrooms as a source of antitumor
and immunomodulating polysaccharides. Appl. Microbiol. Biotech-
nol., 60, 258-274.

Smith, J.; Rowan, N. and Sullivan, R. (2002) Medicinal Mush-
rooms: Their Therapeutic Properties and Current Medical Usage
with Special Emphasis on Cancer Treatment; Special Report
Commissioned by Cancer Research UK, The University of Strath-
clyde in Glasgow, p. 256.

Mizuno, T. (1995) Ganoderma lucidum and Ganoderma tsugae:
bioactive substances and medicinal effects. Food Rev. Int., 11(1),
151-166.

Liu, G.T. (1999) Recent advances in research of pharmacology and
clinical applications of Ganoderma P. Karst. species (Aphyllo-
phoromycetideae) in China. Int. J. Med. Mushrooms, 1(1), 63-68.
Wasser, S.P. and Weis, A.L. (1999) Medicinal properties of sub-
stances occurring in higher Basidiomycetes mushrooms: current
perspectives (review). Int. J. Med. Mushrooms, 1(1), 31-62.

Zhou, S.H. and Gao, Y. (2002) The immunomodulating effects of
Ganoderma lucidum (Curt.: Fr.) P. Karst. (Ling Zhi, reishi mush-
room) (Aphyllophoromycetideae). Int. J. Med. Mushrooms, 4(1), 1-
11.

Vickers, A. (2000) Recent advances: Complementary medicine. Br.
Med. J., 321, 683-686.

Zhou, S.H.; Kestell, P.; Baguley, B.C. and Paxton, J.W. (2002) 5,6-
Dimethylxanthenone-4-acetic acid: a novel biological response
modifier for cancer therapy. Invest. New Drugs, 20, 281-295.
Kartikeyan, S.; Bharmal, R.N.; Tiwari, R.P. and Bisen, P.S. (2007)
HIV and AIDS: Basic Elements and Priorities, Springer Verlag:
Dordrecht, The Netherlands.

Matsushita, S. and Kimura, T. (2002) Advance in treatment strat-
egy and immune reconstruction against HIV1 infection. Microbiol.
Immunol., 46, 231-239.

Menendez-Arias, L. (2002) Targeting HIV: antiretroviral therapy
and development of drug resistance. Trends Pharmacol. Sci., 23,
381-388.

Vermani, K. and Garg, S. (2002) Herbal medicines for sexually
transmitted diseases and AIDS. J. Ethnopharmacol., 80, 49-66.
Sahar, E.M.; Meselhy, R.M.; Norio, N.; Yasuhiro, T.; Masao, H.;
Nobuko, K.; Kunitada, S.; Takuya, K. and Toru, O. (1997) Anti-
HIV-1 and Anti-HIV-1-protease substances from Ganoderma lu-
cidum. Phytochemistry, 49(6), 1651-1657.

Smith, D.C.; Redman, B.G.; Flaherty, L.E.; Li, L.; Strawderman,
M. and Pienta, K.J. (1998) A phase Il trial of oral diethylstil-
besterol as a second line hormonal agent in advanced prostate can-
cer. Urology, 52, 257-260.

Min, B.S.; Nakamura, N.; Miyashiro, H.; Bae, K.W. and Hattori,
M. (1999) Triterpens from the spores of Ganoderma lucidum and
their inhibitory activity against HIV-1- protease. Chem. Pharm.
Bull., 46, 1607-1612.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Current Pharmaceutical Biotechnology, 2009, Vol. 10, No. 8 739

Kim, H.W.; Shim, M.J.; Choi, E.C. and Kim, B.K. (1997) Inhibi-
tion of cytopathic effect of human immunodeficiency virus-1 by
water-soluble extract of Ganoderma lucidum. Arch. Pharm. Res.,
20, 425-431.

Kino, K.; Yamashita, A.; Yamaoka, K.; Watanabe, J.; Tanaka, S.;
Ko, K.; Shimizu, K. and Tsunoo, H. (1989) Isolation and charac-
terization of a new immunomodulatory protein, ling zhi-8 (LZ-8),
from Ganoderma lucidium. J. Biol. Chem., 264, 472-478.
Haak-Frendscho, M.; Kino, K.; Sone, T. and Jardieu, P. (1993)
Ling Zhi-8: a novel T cell mitogen induces cytokine production and
up regulation of ICAM-1 expression. Cell. Immunol., 150, 101-113.
Van der Hem, L.G.; Van der Vliet, J.A.; Bocken, C.F.; Kino, K.;
Hoitsma, AJ. and Tax, W.J. (1995) Ling Zhi-8: studies of a new
immunomodulating agent. Transplantation, 60, 438-443.

Mao, T.; Van De Water, J.; Keen, C.L.; Stern, J.S.; Hackman, R.
and Gershwin, M.E. (1999) Two mushrooms, Grifola frondosa and
Ganoderma lucidum, can stimulate cytokine gene expression and
proliferation in human T lymphocytes. Int. J. Immunother., 15, 13-
22.

Lin, W.H.; Hung, C.H.; Hsu, C.I. and Lin, J.Y. (1997) Dimeriza-
tion of the N-terminal amphipathic alpha-helix domain of the fun-
gal immunomodulatory protein from Ganoderma tsugae (Fip-gts)
defined by a yeast two-hybrid system and site-directed mutagene-
sis. J. Biol. Chem., 272, 20044-20048.

Zhang, L.X.; Mong, H. and Zhou, X.B. (1993) Effect of Japanese
Ganoderma lucidum on production of interleukin-2 from murine
splenocytes. Chung-Kuo Chung Hsiii Chieh Ho Tsa Chih, 13, 613-
615.

Lei, L.S. and Lin, Z.B. (1992) Effect of Ganoderma polysaccha-
rides on T cell sub populations and production of interleukin 2 in
mixed lymphocyte response. Acta Pharmaceutica Sinica, 27, 331-
335.

Wang, S.Y.; Hsu, M.L.; Hsu, H.C.; Tzeng, C.H.; Lee, S.S.; Shiao,
M.S. and Ho, C.K. (1997) The anti-tumor effect of Ganoderma lu-
cidum is mediated by cytokines released from activated macro-
phages and T lymphocytes. Int. J. Cancer, 70, 699-705.

Won, SJ.; Lee, S.S.; Ke, Y.H. and Lin, M.T. (1989) Enhancement
of splenic NK cytotoxic activity by the extracts of Ganoderma lu-
cidum mycelium in mice. J. Biomed. Lab. Sci., 2, 201-213.

Lee, S.S.; Wei, Y.H.; Chen, C.F.; Wang, S.Y. and Chen, K.Y.
(1995) Antitumor effects of Ganoderma lucidum. J. Chin. Med., 6,
1-12.

Won, S.J.; Lin, M.T. and Wu, W.L. (1992) Ganoderma tsugae
mycelium enhances splenic natural killer cell activity and serum in-
terferon production in mice. Jpn. J. Pharmacol., 59, 171-176.

Han, M.D.; Lee, E.S.; Kim, Y.K.; Lee, J.W.; Jeong, H. and Yoon,
K.H. (1998) Production of nitric oxide in raw 264.7 macrophages
treated with ganoderan, the beta-glucan of Ganoderma lucidum.
Korean J. Mycol., 26, 246-255.

Li, M.C,; Lei, L.S.; Liang, D.S.; X, Z.M.; Yuan, J.H.; Yang, S.Q.
and Sun, L.S. (2000) Effect of Ganoderma lucidum polysaccha-
rides on oxygen free radicals in murine peritoneal macrophages.
Chin. J. Pharamacol. Toxicol., 14, 65-68.

Oh, J.Y.; Cho, KJ.; Chung, S.H.; Kim, J.H.; Lillehoj, H.S. and
Chung, K.S. (1998) Activation of macrophages by GLB, a protein-
polysaccharide of the growing tips of Ganoderma lucidum. Yakhak
Hoeji (Korean), 42, 302-306.

Nogami, M.; Ito, M.; Kubo, M.; Takahashi, M.; Kimura, H. and
Matsuike, Y. (1986) Studies on Ganoderma lucidum. VII. Anti-
allergic effect. J. Pharmaceut. Soc. Jpn., 106, 600-604.

Nogami, M.; Tsuji, Y.; Kubo, M.; Takahashi, M.; Kimura, H. and
Matsuike, Y. (1986) Studies on Ganoderma lucidum. VI. Anti-
allergic effect. J. Pharmaceut. Soc. Jpn., 106, 594-599.

Kohda, H.; Tokumoto, W.; Sakamoto, K.; Fujii, M.; Hirai, Y.;
Yamasaki, K.; Komoda, Y., Nakamura, H.; Ishihara, S. and
Uchida, M. (1985) The biologically active constituents of Gano-
derma lucidum (Fr.) Karst. Histamine release-inhibitory triterpenes.
Chem. Pharm. Bull., 33, 1367-1374.

Tasaka, K.; Akagi, M.; Miyoshi, K.; Mio, M. and Makino, T.
(1988) Anti-allergic constituents in the culture medium of Gano-
derma lucidum. (1). Inhibitory effect of oleic acid on histamine re-
lease. Agents Actions, 23, 153-156.

Tasaka, K.; Mio, M.; lzushi, K.; Akagi, M. and Makino, T. (1988)
Anti-allergic constituents in the culture medium of Ganoderma lu-
cidum. (l1). The inhibitory effect of cyclooctasulfur on histamine
release. Agents Actions, 23, 157-160.



740 Current Pharmaceutical Biotechnology, 2009, Vol. 10, No. 8

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

Kino, K.; Sone, T.; Watanabe, J.; Yamashita, A.; Tsuboi, H.; Miya-
jima, H. and Tsunoo, H. (1991) Immunomodulator, LZ-8, prevents
antibody production in mice. Int. J. Immunopharmacol., 13, 1109-
1115.

Lee, J.W.; Chung, C.H.; Jeong, H. and Lee, K.H. (1990) Effects of
alkali extract of Ganoderma lucidum I'YO07 on complement andres.
Korean J. Mycol., 18, 137-144.

Yang, Q.Y. and Pai, S.S. (2000) The anti-ageing effects of Gano-
derma essence. Proc. Int. Meet. Ganoderma Sci., Beijing, p. 30.
Miyazaki, T. and Nishijima, M. (1981) Studies on fungal polysac-
charides. XXVII. Structural examination of a water-soluble, anti-
tumor polysaccharide of Ganoderma lucidum. Chem. Pharm. Bull.,
29, 3611-3616.

Usui, T.; Iwasaki, Y.; Hayashi, K.; Mizuno, T.; Tanaki, M,;
Shinkai, K. and Arakawa, M. (1981) Antitumor activity of water-
soluble beta-D-glucan elaborated by Ganoderma applanatum. Ag-
ric. Biol. Chem., 45, 323-326.

Usui, T.; lwasaki, Y.; Mizuno, T.; Tanaki, M.; Shinkai, K. and
Arakawa, M. (1983) Isolation and characterization of antitumor ac-
tive beta-D-glucans from the fruit bodies of Ganoderma ap-
planatum. Carbohydr. Res., 115, 273-280.

Sone, Y.; Okuda, R.; Wada, N.; Kishida, E. and Misaki, A. (1985)
Structural and anti-tumor activities of polysaccharides isolated
from fruiting body and the growing culture of mycelium of Gano-
derma lucidum. Agric. Biol. Chem., 49, 2641-2653.

Kishida, E.; Okuda, R.; Sone, Y. and Misaki, A. (1988) Fractiona-
tion structures and antitumor activities of the polysaccharides of
Reishi, the fruiting body of Ganoderma lucidum. Osaka-Shiritsu
Daigaku Seikatsukagakubu Kiyo, 35, 1-10.

Zhang, J.; Wang, G.; Li, H.; Zhuang, C.; Mizuno, T.; Ito, H.; Ma-
yuzumi, H.; Okamoto, H. and Li, J. (1994) Antitumor active pro-
tein-containing glycans from the Chinese mushroom songshan
lingzhi, Ganoderma tsugae mycelium. Biosci. Biotechnol. Bio-
chem., 58, 1202-1205.

Cheong, J.; Jung, W. and Park, W. (1999) Characterization of an
alkali-extracted peptidoglycan from Korean Ganoderma lucidum.
Arch. Pharm. Res., 22, 515-519.

Toth, J.0.; Luu, B. and Ourisson, G. (1983) Ganoderic acid T and
Z: cytotoxic triterpenes from Ganoderma lucidum (Polyporaceae).
Tetrahedon Lett., 24, 1081-1084.

Toth, J.0.; Luu, B.; Beck, J.P. and Ourisson, G. (1983) Chemistry
and biochemistry of oriental drugs. Part IX. Cytotoxic triterpenes
from Ganoderma lucidum (Polyporaceae): structures of ganoderic
acids U-Z. J. Chem. Res. Synop., 12, 299.

Lin, C.N.; Tome, W.P. and Won, S.J. (1991) Novel cytotoxic prin-
ciples of Formosan Ganoderma lucidum. J. Nat. Prod., 54, 998-
1002.

Konopski, Z.; Smedsrod, B.; Seljelid, R. and Eskeland, T. (1994) A
novel immunomodulator soluble aminated B-1,3-D-glucan: binding
characteristics to mouse peritoneal macrophages. Biochem. Bio-
phys. Acta, 1221, 61-65.

Mueller, A.; Raptis, J.; Rice, P.J.; Kalbfleisch, J.H.; Stout, R.D.;
Ensley, H.E.; Browder, W. and Williams, D.L. (2000) The influ-
ence of glucan polymer structure and solution conformation on
binding to (1—3)-beta-D-glucan receptors in a human monocyte-
like cell line. Glycobiology, 10, 339-346.

Battle, J.; Ha, T.Z.; Li, C.F.; Dellabeffa, V.; Rice, P.; Kalbfleisch,
J.; Browder, W. and Williams, D. (1998) Ligand binding to the
(1—3)-beta-D-glucan recpetor stimulates NF-kappa B activation,
but not apoptosis in U937 cells. Biochem. Biophys. Res. Commun.,
249, 499-504.

Muller, A.; Rice, P.J.; Ensley, H.; Coogan, P.S.; Kalbfleisch, J.H.;
Kelley, J.L.; Love, E.J.; Portera, C.A.; Ha, T.Z.; Browder, I.W. and
Williams, D.L. (1996) Receptor binding and internalization of a
water-soluble (1—3)-beta-D-glucan biologic response modifier in
two monocyte macrophage cell lines. J. Immunol., 156, 3418-3425.
Zhong, L.; Jiang, D.Z. and Wang, Q.R. (1999) Effects of Gano-
derma lucidum (Leyss ex Fr) Karst compound on the proliferation
and differentiation of K562 leukemic cells. J. Hunan Med. Univ.,
24,521-524.

Lieu, C.W.; Lee, S.S. and Wang, S.Y. (1992) The effect of Gano-
derma lucidum on induction of differentiation in leukemic U937
cells. Anticancer Res., 12, 1211-1215.

Wang, S.Y.; Hsu, M.L.; Hsu, H.C.; Tzeng, C.H.; Lee, S.S.; Shiao,
M.S. and Ho, C.K. (1997) The anti-tumor effect of Ganoderma lu-

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

Sanodiya et al.

cidum is mediated by cytokines released from activated macro-
phages and T lymphocytes. Int. J. Cancer, 70, 699-705.

Mizushina, Y.; Hanashima, L.; Yamaguchi, T.; Takemura, M.;
Sugawara, F.; Saneyoshi, M.; Matsukage, A.; Yoshida, S. and
Sakaguchi, K. (1998) A mushroom fruiting body-inducing sub-
stance inhibits activities of replicative DNA polymerases. Biochem.
Biophys. Res. Commun., 249, 17-22.

Mizushina, Y.; Watanabe, I.; Togashi, H.; Hanashima, L.; Take-
mura, M.; Ohta, K.; Sugawara, F.; Koshino, H.; Esumi, Y.; Uzawa,
J.; Matsukage, A.; Yoshida, S. and Sakaguchi, K. (1998) An ergos-
terol peroxide, a natural product that selectively enhances the in-
hibitory effect of linoleic acid on DNA polymerase beta. Biol.
Pharm. Bull., 21, 444-448.

Lee, S.; Park, S.; Oh, J.W. and Yang, C.H. (1998) Natural inhibi-
tors for protein prenyltransferase. Planta Medica, 64, 303-308.
Koepf, M.P.; Janiak, C. and Schumann, H. (1988) Antitumor prop-
erties of organometallic metallocene complexes of tin and Germa-
nium. J. Cancer Res. Clin. Oncol., 114, 502-506.

Mirabelli, C.K.; Badger, A.M.; Sung, C.P.; Hillegass, L.; Sung,
C.M.; Johnson, R.K.; Picker, D.; Schwartz, D.; Dorman, J. and
Martellucci, S. (1989) Pharmacological activities of spirogerma-
nium and other structurally related azaspiranes effects on tumor
cell and macrophage functions. Anticancer Drug Des., 3, 231-242.
Lim, U.K. and Choi, K.S. (1991) The study of chemical compo-
nents of Ganoderma lucidum. J. Agric. Sci., 16: 109-114.

Chiu, S.W.; Wang, Z.M.; Leung, T.M. and Moore, D. (2000) Nutri-
tional value of Ganoderma extract and assessment of its genotoxic-
ity and antigenotoxicity using comet assays of mouse lymphocytes.
Food Chem. Toxicol., 38, 173-178.

Chen, W.C,; Hau, D.M. and Lee, S.S. (1995) Effects of Gano-
derma lucidum and krestin on cellular immunocompetence in
gamma-ray-irradiated mice. Am. J. Chin. Med., 23, 71-80.

Chen, W.C.; Hau, D.M.; Wang, C.C.; Lin, I.H. and Lee, S.S.
(1995) Effects of Ganoderma lucidum and krestin on subset T-cell
in spleen of gamma-irradiated mice. Am. J. Chin. Med., 23, 289-
298.

Lu, Z.W. (1995) Psychoneuroimmunological effects of morphine
and the immunoprotection of Ganoderma polysaccharides peptide
in morphine-dependent mice. Progress Physiol. Sci., 26, 45-49.
Mohammed, A.; Adelaiye, A.B.; Abubakar, M.S. and Abdurahman,
E.M. (2007) Effects of aqueous extract of Ganoderma lucidum on
blood glucose levels of normoglycemic and alloxaninduced dia-
betic wistar rats. J. Med. Plants Res., 1(2), 34-37.

Hirotani, M.; Ino, C.; Furuya, T. and Shiro, M. (1986) Ganoderic
acids T, S and R, new triterpenoids from the cultured mycelia of
Ganoderma lucidum. Chem. Pharm. Bull., 34, 2282-2285.

Chen, R.Y. and Yu, D.Q. (1993) Studies on the triterpenoid con-
stituents of the spores from Ganoderma lucidum Karst. J. Chin.
Pharm. Sci., 2, 91-96.

Wang, M.Y.; Liu, Q.; Che, Q.M. and Lin, Z.B. (2002) Effects of
total triterpenoids extract from Ganoderma lucidum (Curt.: Fr.) P.
Karst. (Reishi Mushroom) on experimental liver injury models in-
duced by carbon tetrachloride or d-galactosamine in mice. Int. J.
Med. Mushrooms, 4, 337-342.

Joseph, S.; Sabulal, B.; George, V.; Smina, T.P. and Janardhanan,
K.K. (2009) Antioxidative and antiinflammatory activities of the
chloroform extract of Ganoderma lucidum found in South India.
Sci. Pharm., 77, 111-121.

Horng-Huey, K.; Chi-Feng, H.; Jih-Pyang, W. and Chun-Nan, L.
(2008) Antiinflammatory triterpenoids and steroids from Gano-
derma lucidum and G. tsugae. Phytochemistry, 69(1), 234-239.

Lin, J.M.; Lin, C.C.; Chiu, H.F.; Yang, J.J. and Lee, S.G. (1993)
Evaluation of the anti-inflammatory and liver-protective effects of
Anoectochilus formosanus, Ganoderma lucidum and Gynostermma
pentaphyllum in rats. Am. J. Chin. Med., 21, 59-69.

Martin, P. (2006) The Use of Ganoderma lucidum. in: the Man-
agement of Histamine-Mediated Allergic Responses. In: Townsend
Letter for Doctors and Patients, (Collin, J. and Brown L. Ed.),
Consolidated Press: Seattle, Washington, pp. 26-30.

Calder, P.C. (2003) Immunonutrition. Br. Med. J., 327, p.117.
Barrtsch, G.; Rittmaster, R.S. and Klocker, H. (2000) Dihydrotes-
tosterone and the concept of 5a-reductase inhibition in human be-
nign prostatic hyperplasia. Eur. Urol., 37, 367-380.

Russell, D.W. and Wilson, J.D. (1994) Steroid 5a-reductase: two
genes/two enzymes. Annu. Rev. Biochem., 63, 25-61.



Ganoderma lucidum: A Potent Pharmacological Macrofungus

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

Jenkins, E.P.; Hsieh, C.L.; Milatovitch, A.; Normington, K.; Ber-
man, D.M.; Francke, U. and Russell, D.W. (1991) Characterization
and chromosomal mapping of a human steroid 5a-reductase gene
and pseudogene and mapping of the mouse homolog. Genomics,
11,1102-1112.

Liu, J.; Kuniyoshi, S.; Fumiko, K.; Shoichiro, K. and Ryuichiro, K.
(2007) The anti-androgen effect of ganoderol B isolated from the
fruiting body of Ganoderma lucidum. Bioorg. Med. Chem., 15,
4966-4972.

Fujita, R.; Jie, L.; Kuniyoshi, S.; Fumiko, K.; Kiyoshi, N;
Shoichiro, K.; Chie, U.; Hisatoshi, T.; Shuhei, K.; Yoshitaro, S. and
Ryuichiro, K. (2005) Anti-androgenic activities of Ganoderma lu-
cidum. J. Ethnopharmacol., 102, 107-112.

Shimizu, K.; Jie, L.; Ichiko, M. and Ryuichiro, K. (2006) The pre-
ventative effect of benign prostatic hyperplasia and osteoporosis by
Ganoderma lucidum. Foods Food Ingredients J. Jpn., 211, 124-
133.

Song, Y. S.; Sun-Hyoung, K.; Jae-Hoon, S.; Changbae, J.; Chang-
Jin, L. and Eun-Hee, P. (2004) Anti-angiogenic and inhibitory ac-
tivity on inducible nitric oxide production of the mushroom Gano-
derma lucidum. J. Ethnopharmacol., 90, 17-20.

Kim, Y.S.; Seong-Kug, E.; Ki-Wan, O.; Chong-kil, L. and Seong-
Sun, H. (2000) Antiherpetic activities of acidic protein bound poly-
saccharide isolated from Ganoderma lucidum alone and in combi-
nations with interferons. J. Ethnopharmacol., 72, 451-458.

Eo, S.K.; Young-So, K.; Chong-Kil, L. and Seong-Sun, H. (1999)
Antiherpetic activities of various protein bound polysaccharides
isolated from Ganoderma lucidum. J. Ethnopharmacol., 68, 175-
181.

Liu, J.; Yang, F.; Lin-Bai, Y.; Xiao-Jun, Y.; Khalid, A.T.; Yi, Z.
and Yu-Hua, W. (2004) Possible mode of action of antiherpetic ac-
tivities of a proteoglycan isolated from the mycelia of Ganoderma
lucidum in vitro. J. Ethnopharmacol., 95, 265-272.

Oh, K.W.; Chong-Kil, L.; Young-So, K.; Seong-Kug, E. and
Seong-Sun, H. (2000) Antiherpetic activities of acidic protein
bound polysaccharide isolated from Ganoderma lucidum alone and
in combinations with acyclovir and vidarabine. J. Ethnopharma-
col., 72, 221-227.

Karaman, M.A.; Mimica-Dukic, N.M. and Matavulj, M.N. (2005)
Lignicolous fungi as potential natural sources of antioxidants. Arch.
Biol. Sci., 57(2), 93-100.

Stamets, P. (2000) Growing Gourmet and Medicinal Mushrooms,
3"ed., Ten Speed Press: USA.

Suay, I.; Arenal, F.; Asensio, F.J.; Basilio, A.; Cabello, M.A.; Diez,
M.T.; Garcia, J.B.; del Val, A.G.; Corrochategui, J. Hernandez, P.;
Pelaez, F. and Vicente, M.F. (2000) Screening of Basidiomycetes
for antimicrobial activities. Antonie Van Leeuwenhoek, 78, 129-
139.

Yoon, S.Y.; Eo, S.K.; Kim, Y.S.; Lee, C.K. and Han, S.S. (1994)
Antimicrobial activity of Ganoderma lucidum extract alone and in
combination with some antibiotics. Arch. Pharm. Res., 17, 438-
442.

Sugiura, M. and Ito, H. (1977) Toxicological studies of Ganoderma
lucidum. Tokyo Yakka Daigaku Kenkyu Nenpo, 27, 722-733.

Kim, M.J.; Kim, HW.; Lee, Y.S.; Shim, M.J.; Choi, E.C. and Kim,
B.K. (1986) Studies on safety of Ganoderma lucidum. Korean J.
Mycol., 14 (1), 49-59.

Eo, S.K.; Kim, Y.S.; Lee, C.K. and Han, S.S. (1999) Antiviral
activities of various water and methanol soluble substances isolated
from Ganoderma lucidum. J. Ethnopharmacol., 68, 129-136.

Eo, S.K.; Kim, Y.S,; Lee, C.K. and Han, S.S. (2000) Possible mode
of antiviral activity of acidic protein bound polysaccharide isolated
from Ganoderma lucidum on herpes simplex viruses. J. Ethno-
pharmacol., 72, 475-481.

Wang, H. and Ng, T.B. (2006) Ganodermin, an antifungal protein
from fruiting bodies of the medicinal mushroom Ganoderma lu-
cidum. Peptides, 27, 27- 30.

Lakshmi, B.; Ajith, T.A.; Jose, N. and Janardhanan, K.K. (2006)
Antimutagenic activity of methanolic extract of Ganoderma
lucidum and its effect on hepatic damage caused by benzo
(a)pyrene. J. Ethnopharmacol., 107, 297-303.

Hong, K.J.; Dunn, D.M.; Shen, C.L. and Pence, B.C. (2004) Effects
of Ganoderma lucidum on apoptotic and anti-inflammatory func-
tion in HT-29 human colonic carcinoma cells. Phytother. Res., 18,
768-770.

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

Current Pharmaceutical Biotechnology, 2009, Vol. 10, No. 8 741

Jiang, J.; Slivova, V.; Harvey, K.; Valachovicova, T. and Sliva, D.
(2004) Ganoderma lucidum suppresses growth of breast cancer
cells through the inhibition of Akt/NF-kappa B signaling. Nutr.
Cancer, 49, 209-216.

Hu, H.; Ahn, N.S.; Yang, X.; Lee, Y.S. and Kang, K.S. (2002)
Ganoderma lucidum extract induces cell cycle arrest and apoptosis
in MCF-7 human breast cancer cell. Int. J. Cancer, 102, 250-253.
Muller, C.I.; Takashi, K.; James, O.; Navindra, P.; Seeram, D.H.
and Koeffler, H.P. (2006) Ganoderma lucidum causes apoptosis in
leukemia, lymphoma and multiple myeloma cells. Leuk. Res., 30,
841-848.

Tang, W.; Jian-Wen, L.; Wei-Ming, Z.; Dong-zZhi,W. and Jian-
Jiang, Z. (2006) Ganoderic acid T from Ganoderma lucidum myce-
lia induces mitochondria mediated apoptosis in lung cancer cells.
Life Sci., 80, 205-211.

Kabir, Y.; Kimura, S. and Tamura, T. (1988) Dietary effect of
Ganoderma lucidum mushroom on blood pressure and lipid levels
in spontaneously hypertensive rats (SHR). J. Nutr. Sci. Vitaminol.,
34, 433-438.

Soo, T.S. (1996) Effective Dosage of the Extract of Ganoderma
lucidum in the Treatment of Various Ailments, in Mushroom Biol-
ogy and Mushroom Products, (Royse, Ed.), The Pennsylvania State
University: Pennsylvania, US, pp. 177-185.

Lee, S.Y. and Rhee, H.M. (1990) Cardiovascular effects of myce-
lium extract of Ganoderma lucidum: inhibition of sympathetic out-
flow as a mechanism of its hypotensive action. Chem. Pharm.
Bull., 38, 1359-1364.

Jin, H.; Zhang, G.; Cao, X.; Zhang, M.; Long, J.; Luo, B.; Chen,
H.; Qian, S.; Mori, M. and Wang, Z. (1996) Treatment of Hyper-
tension by Linzhi Combined with Hypotensor and Its Effects on
Arterial, Arteriolar and Capillary Pressure Microcirculation, in Mi-
crocirculatory Approach to Asian Traditional Medicine: Strategy
for the Scientific Evaluation. Excerpta Medica, International Con-
gress Series Elsevier: Amsterdam, NY, pp. 131-138.

Joo, S.S.; Ryu, LLW. and Park, J.K. (2008) Molecular cloning and
expression of a laccase from Ganoderma lucidum and its
antioxidative properties. Mol. Cells, 25(1), 112-118.
Muraleedharan, T. R. and Venkobachar, C. (2004) Mechanism of
biosorption of copper (Il) by Ganoderma lucidum. Biotech. Bio-
engg., 35(3), 320-325.

(Chang, S.T.; Ed.), (1993) Mushroom Biology and Mushroom
Products, The Chinese University Press: Hong Kong, p. 267.

Chen, A.W. (1999) Cultivation of the Medicinal Mushroom Gano-
derma lucidum (Curtis: Fr.), P. Karst. (Reishi) in North America.
Int. J. Med. Mushrooms, 1(3), 263-282.

Buchanan, P.K. (2001) A Taxonomic Overview of the Genus Gano-
derma with Special Reference to Species of Medicinal and Neu-
triceutical Importance, (Gao, Y.H.; Zhou, S.F. and Buchanan, P.K.
Eds.), Proc. Inter. Symp. Ganoderma Sci., Auckland, pp. 1-7.
Moncalvo, J.M. and Ryvarden, L. (1997) A Nomenclatural study of
the Ganodermataceae Donk, Synopsis Fungorum 11, Fungiflora:
Oslo, Norway, p. 114.

Jong, S.C.; Birmingham, J.M. and Pai, S. (1991) Immunomodula-
tory substances of fungal origin. J. Immunol. Immunopharmacol.,
11, 115-122.

Hirose, K.; Muto, S.; Niimura, K.; Ohara, M.; Oguchi, Y.; Matsu-
naga, K.; Kadochi, J.; Sugita, N.; Furushu, T.; Yoshikumi, C. and
Takahashi, M. (1988) Antiviral Agent, J.P. Patent No. 63316734.
Habijanic J. and Berovic, M. (2000) The relevance of solid-state
substrate moisturing on Ganoderma lucidum biomass cultivation.
Food Technol. Biotechnol., 38, 225-228.

Yang, F.C.; Hsieh, C. and Chen, H.M. (2003) Use of stillage grain
from a rice-spirit distillery in the solid state fermentation of Gano-
derma lucidum. Process Biochem., 39, 21-26.

Hsieh, C. and Yang, F.C. (2004) Reusing soy residue for the solid-
state fermentation of Ganoderma lucidum. Bioresour. Technol., 91,
105-109.

Veena, S.S. and Meera, P. (2006) Evaluation of the locally avail-
able substrate for the cultivation of Indigenous Ganoderma lucidum
isolate. J. Mycol. PI. Pathol., 36(3), 434-438.

Peksen, A. and Yakupoglu, G. (2009) Tea waste as a supplement
for the cultivation of Ganoderma lucidum. World J. Microbiol. Bio-
technol., 25, 611-618.

Dubois, M.; Gilles, K.A.; Hamilton, J.K.; Rebers, P. A. and Smith,
F. (1956) Colorimetric method for determination of sugars and re-
lated substances. Anal. Chem., 28, 350-356.



742 Current Pharmaceutical Biotechnology, 2009, Vol. 10, No. 8

[133] Fang, Q.H. and Zhong, J.J. (2002) Submerged fermentation of
higher fungus Ganoderma lucidum for production of valuable bio-
active metabolites - ganoderic acid and polysaccharide. Biochem.
Eng. J., 10, 61-65.

[134] Tang, Y.J. and Zhong, J.J. (2002) Exopolysaccharide biosynthesis
and related enzyme activities of the medicinal fungus, Ganoderma
lucidum, grown on lactose in a bioreactor. Biotechnol. Lett., 24,
1023-1026.

[135] Tang, Y.J. and Zhong, J.J. (2002) Fed-batch fermentation of Gano-
derma lucidum for hyperproduction of polysaccharide and gano-
deric acid. Enzyme Microb. Technol., 31, 20-28.

[136] Wagner, R.; Mitchell, D.A.; Sassaki, G.L.; Maria, A.L.A.A. and
Marin B. (2003) Current techniques for the cultivation of Gano-
derma lucidum for the production of biomass, ganoderic acid and
polysaccharides. Food Technol. Biotechnol., 41(4), 371-382.

[137] Yang, F.C. and Liau, C.B. (1998) The influence of environmental
condition on polysaccharide formation by Ganoderma lucidum in
submerged culture. Proc. Biochem., 33, 547-553.

[138] Fang, Q.H. and Zhong, J.J. (2002) Two-stage culture process for
improved production of ganoderic acid by liquid fermentation of
higher fungus Ganoderma lucidum. Biotechnol. Prog., 18, 51-54.

[139] Habijanic, J.; Berovic, M.; Wraber, B.; Hodzar, D. and Boh, B.
(2001) Immunomodulatory effects of fungal polysaccharides from
Ganoderma lucidum submerged biomass cultivation. Food Tech-
nol. Biotechnol., 39, 327-331.

[140] Miyahara, H.; Yoshimoto, T. and Asawa, K. (1987) Chemical
structures and changes of extracts during growth of Reishi (Gano-
derma lucidum). Mokuzai Gakkaishi., 33, 416-422.

[141] Yang, F.C. and Liau, C.B. (1998) Effect of cultivation conditions
on the mycelial growth of Ganoderma lucidum in submerged flask
cultures. Bioprocess Eng., 19, 233-236.

[142] Yang, F.C.; Ke, Y.F. and Kuo, S.S. (2000) Effect of fatty acids on
the mycelial growth and polysaccharide formation by Ganoderma
lucidum in shake flask cultures. Enzyme Microb. Tech., 27, 295-
301.

[143] Fang, Q.H. and Zhong, J.J. (2002) Effect of initial pH on produc-
tion of ganoderic acid and polysaccharide by submerged fermenta-
tion of Ganoderma lucidum. Process Biochem., 37, 769-774.

[144] Fang, Q. H.; Tang, Y.J. and Zhong, J.J. (2002) Significance of
inoculation density control in production of polysaccharide and

Received: February 27, 2009 Accepted: October 10, 2009

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

Sanodiya et al.

ganoderic acid by submerged culture of Ganoderma lucidum.
Process Biochem., 37, 1375-1379.

Lee, K.M.; Lee, S.Y. and Lee, H.Y. (1999) Bistage control of pH
for improving exopolysaccharide production from mycelia of Gan-
oderma lucidum in an air-lift fermentor. J. Biosci. Bioeng., 88, 646-
650.

Tang, Y.J. and Zhong, J.J. (2003) Role of oxygen supply in sub-
merged fermentation of Ganoderma lucidum for production of
Ganoderma polysaccharide and ganoderic acid. Enzyme Microb.
Technol., 32, 478-484.

Kim, S.W.; Hwang, H.J.; Park, J.P.; Cho, Y.J.; Song, C.H. and
Yun, J.W. (2002) Mycelial growth and exo-biopolymer production
by submerged culture of various edible mushrooms under different
media. Lett. Appl. Microbiol., 34, 56-61.

Mitchell, D. A. (1992) Biomass determination in solid state cultiva-
tion, in Solid Substrate Cultivation, (Doelle, H.W.; Mitchell, D.A.
and Rolz, C.E. Eds.), Elsevier Applied Science: London, pp. 53-63.
Wang, Y.Y.; Khoo, K.H.; Chen, S.T.; Lin, C.C.; Wong, C.H. and
Lin, C.H. (2002) Studies on the immunomodulating and antitumor
activities of Ganoderma lucidum (Reishi) polysaccharides: func-
tional and proteomic analyses of a fucose containing glycoprotein
fraction responsible for the activities. Bioorg. Med. Chem., 10,
1057-1062.

Kim, HW. and Kim, B.K. (1999) Biomedical triterpenoids of
Ganoderma lucidum (Curt.: Fr.) P. Karst. (Aphyllophoromy-
cetideae). Int. J. Med. Mushrooms, 1(2), 121-138.

Min, B.S.; Gao, J.J.; Nakamura, N. and Hattori, M. (2000) Triter-
penes from the spores of Ganoderma lucidum and their cytotoxicity
against meth-A and LLC tumor cells. Chem. Pharm. Bull., 48,
1026-1033.

Chen, J.H.; Zhou, J.P.; Zhang, L.N.; Nakumura, Y. and Norisuye,
T. (1998) Chemical structure of the water-insoluble polysaccharide
isolated from the fruiting body of Ganoderma lucidum. Poly. J., 30,
838-842.

Ooi, V.E.C. and Liu, F. (2000) Immunomodulation and anti-cancer
activity of polysaccharide—protein complexes. Curr. Med. Chem.,
7,715-729.

Kawagishi, H.; Mitsunaga, S.; Yamawaki, M.; ldo, M.; Shimada,
A.; Kinoshita, T.; Murata, T.; Usui, T.; Kimura, A. and Chiba, S.
(1997) A lectin from mycelia of the fungus Ganoderma lucidum.
Phytochemistry, 44, 7-10.



