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Summary Medicinal mushrooms occurring in South India namely Ganoderma lucidum,
Phellinus rimosus, Pleurotus florida and Pleurotus pulmonaris possessed profound antioxidant
and antitumor activities. This indicated that these mushrooms would be valuable sources of
antioxidant and antitumor compounds. Investigations also revealed that they had significant
antimutagenic and anticarcinogenic activities. Thus, Indian medicinal mushrooms are
potential sources of antioxidant and anticancer compounds. However, intensive and extensive
investigations are needed to exploit their valuable therapeutic use.
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Introduction

Many clinically used drugs such as aspirin, digitoxin,
progesterone, cortisone, morphine, vincristine, vinblastine,
taxol and several others are derived directly or indirectly from
higher plants. Clinically important and well recognized drugs
of fungal origin are penicillin, griseofulvin, ergot alkaloids
and cyclosporine. Among the large resources of fungi, higher
Basidiomycetes especially mushrooms are unlimited sources
of therapeutically useful biologically active agents. There
are approximately 700 species of higher Basidiomycetes that
have been found to possess significant pharmacological
activities [/, 2]. Modern scientific studies on medicinal
mushrooms have expanded exponentially during the last two
decades not only in Japan, Korea and China but also in
USA and scientific explanation to show mushrooms derived
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compounds function in human system are increasingly being
established [3]. Medicinal mushrooms have an established
history of use in traditional oriental medicine. Many
traditionally used mushrooms from genera, Auricularia,
Flammulina, Ganoderma, Grifola, Lentinus, Trametes
(Coriolus) and Tremella have been demonstrated to possess
significant medicinal properties [2].

Great threat to human life by neoplastic diseases continues
to increase and thus the pursuit for anti-tumor drugs takes a
compelling urgency. Attempts have been made in many
parts of the world to explore the use of mushrooms and their
metabolites for the treatment of a variety of human ailments
[4]. The most significant medicinal effect of mushrooms and
their metabolites that have attracted the attention of the
public is their antitumor property. Lucas and his collabo-
rators first demonstrated the antitumor activity of the higher
Basidiomycetes in 1957 [5].

The significant pharmacological effects and physiological
properties of mushrooms are bioregulation (immune enhance-
ment), maintenance of homeostasis and regulation of bio-
rhythm, cure of various diseases and prevention and
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improvement from life threatening diseases such as cancer,
cerebral stroke and heart diseases. Mushrooms are also
known to have effective substances for antifungal, anti-
inflammatory, antitumor, antiviral, antibacterial, hepato-
protective, antidiabetic, hypolipedemic, antithrombotic and
hypotensive activities [6].

The oxidative properties of oxygen play a vital role in
diverse biological functions such as utilization of nutrients,
electron transport to produce ATP and the removal of xeno-
biotics [7]. While oxygen is essential for life, it also can
provoke damaging oxidative events within cells. Oxygen, by
it’s transformation to more reactive forms i.e., superoxide
radical (O27), hydroxyl radical (OH) and hydrogen peroxide
(H202) can nick DNA, can damage essential enzymes
and structural proteins and can also provoke uncontrolled
chain reactions, such as lipid peroxidation or autooxidation
reactions (e.g. polymerization of catecholamines) [8, 9].

Oxygen derived free radicals are generated during the
oxidative metabolism and energy production in the body and
are involved in the regulation of signal transduction and gene
expression, activation of receptors and nuclear transcription
factors. Overwhelming evidences indicate that oxidative
stress can lead to cell and tissue injury. In most of the cases
free radicals are secondary to the diseases but in some
instances they are causal. In addition to reactive oxygen
species (ROS), researches on reactive nitrogen species
(RNS) are gathering momentum, an area of enormous
importance in biology and medicine. Current hypothesis
favors the idea that lowering oxidative stress can be a health
benefit.

The antioxidant status in human reflects the dynamic
balance between the antioxidant defence and prooxidant
conditions and this has been suggested as a useful tool in
estimating the risk of oxidative damage [/0]. ROS have been
implicated in the pathophysiology of various clinical disorders,
including ischemia, reperfusion injury, myocardial infarction,
rheumatoid arthritis, neurodegenerative, atherosclerosis, acute
hypertension, hemorrhagic shock and diabetes mellitus [7].

Selected Examples of Indian Medicinal Mushrooms
with Antioxidant and Antitumor Activities

Over the last 2-3 decades scientific studies carried out
in Japan, China, Korea and more recently in USA have
increasingly demonstrated the potent and unique health
enhancing properties of compounds and extracts of range
of medicinal mushrooms. However, only a limited number
of mushrooms available in India till now are investigated
for their pharmacological properties. Nevertheless, recent
investigations in our laboratory revealed that a number of
medicinal mushrooms occurring in South India possessed
promising antioxidant and anticancer properties.

Phellinus rimosus

Phellinus is a large and widely distributed genus of the
family Hymenochetaceae. (Donk) under the class, Basidio-
mycetes. The species are mostly confined to the plains/
tropical forests. Environmental factors such as temperature,
humidity, light and host trees are very important for develop-
ment of basidiocarps. The dominant and most frequently
found species are Phellinus (P. senex), P. rimosus, P. badius,
P, fastuosus, P. adamantinus, P. caryophylli and P. durrissimus
[11]. About 18 species are found to occur in Kerala, most of
them are wood inhabiting [/2]. P. rimosus (Berk) Pilat is
found growing on jackfruit tree trunks in Kerala. In Kerala,
this mushroom is commonly found on living Moraceae
members.

In Chinese medicine hot water extract of the fruiting
bodies of Phellinus species have been used for an extensive
range of ailments and it is believed to work as a miracle
drug refreshing the human body and prolong longevity
[13]. Recent studies have compared hot water extract of
Phellinus with other anticancer mushrooms. The Phellinus
extract showed the strongest evidence of tumor proliferation
suppression [/4].

Ethyl acetate, methanol and aqueous extracts of the P.
rimosus were effective to scavenge O»~ generated from
the photoillumination of riboflavin, ‘OH generated from
Fenton’s reaction, nitric oxide radical released from aqueous
solution of sodium nitroprusside in a dose dependent manner
[15—17]. The extracts inhibited dose dependently ferrous ion
induced lipid peroxidation in the rat whole liver homogenate.
The effective concentrations required to scavenge 50% of
generated radicals (ICso) are given in Table 1. Methanol
extract of P. rimosus effectively reduced ferric ion in FRAP
assay and scavenged DPPH radicals (Fig. 1).

All the three extracts when tested for antitumor activity
were found to inhibit the Dalton’s Lymphoma Ascites
(DLA) cell line induced solid tumor in mice and Ehrlich’s
Ascites Carcinoma (EAC) cell line induced ascites tumor in
mice [/8]. The antitumor effect was found to be higher for
the ethyl acetate extract than other extracts (Fig.2). The
results indicated that the extracts of P. rimosus possessed
profound antitumor activity.

Ganoderma lucidum

Ganoderma lucidum (G lucidum) and related species
have the longest historical usage for medicinal properties
dating back at least four thousand years [/9]. In Japan it
is called Reishi and in China and Korea it is variously
called Ling Chu and Ling Zhi (Mushroom of immortality).
Traditionally it has been used widely in the treatment of
hepatopathy, chronic hepatitis, nephritis, hypertension,
arthritis, insomnia, bronchitis, asthma and gastric ulcer.
Scientific studies have confirmed that the substances
extracted from the mushrooms can reduce blood pressure,
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Table 1. In vitro antioxidant activity of ethyl acetate (EtOAC), methanol (MeOH) and aqueous
(AQ) extracts of P. rimosus (Pr), G lucidum (Gl), P. florida (Pf), and P. pulmonarius
(Pp).
ICso (ng/ml)
Extracts Super oxide Nitric oxide Hydroxyl radical Lipid peroxidation
scavenging scavenging scavenging inhibiting
EtOAc 22.0+1.0 438.0 £ 21.6 68.0 +4.1 162+7.0
(Pr) (Pr) (Pr) (Pr)
— — 530.0+29.4 496.0 £ 4.7
(Pf) (Pf) (P (Pf)
MeOH 253+1.2 126.7+12.6 93.0+10.3 282+ 12.8
(Pr) (Pr) (Pr) (Pr)
152.5+£2.5 — 560.0 + 0.1 873.5+7.2
(GI) (Gl) (Gl (Gl)
— — 476.7+24.6 960.0 +10.0
(Pp) (Pp) (Pp) (Pp)
— — 263.3+£24.9 320.0 £ 10.0
(P) (Pf) (P (Pf)
AQ 126.0+5.1 31.0£4.5 71.0+4.7 318+2.4
(Pr) (Pr) (Pr) (Pr)
475.0£25.0 — 140.0+2.0 —
(Gl) (G) (G) (Gl)
— — 263.3+24.9 —
(P (Pf) (P) (P
Values are mean = SD, n = 3. Names of mushrooms included in the parenthesis.
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3
9 0.035 - — o 95 -
5 003 - 2 o
g 0.025 g B EtOAc
. B FRAP assay E 85 - m MeOH
(7] m
g o2 @DPPH Assay 5 o =AQ
§ 0.015 - s
é 0.01 1 g 75
< =
© 0.005 R 70 +— T T T
Pr (50 Pf(1000  Pp(1000 Gl (500
0- ' ' ' mglkg) mghkg)  mglkg) mglkg)
0.005 0.01 0.1
Treatments
Concentrations of extract (%) Fig.2.  Antitumor activity of ethyl acetate (EtOAc), methanol
Fig. 1. Ferric ion reducing and DPPH radical scavenging activi- (MeOH) and aqueous (AQ) extracts of P. rimosus (Pr),

ties of methanol extract of P rimosus. Values are
mean = SD, (n=4). Activities are expressed in equiva-
lent concentrations of trolox.

blood cholesterol and blood sugar level as well as inhibition
of platelet aggregation.

Ganoderma species are famous tonic in Chinese medicines.
They are widely distributed in India on tree trunks. Ganoderma
belongs to the polyporaceae family of Basidiomycota.
Generally Ganoderma species are described as beneficial to all
viscera and non-toxic [20]. For 4000 years G lucidum has been
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G lucidum (Gl), P. florida (Pf) and P. pulmonaris (Pp)
against EAC induced solid tumor in mice.

used as a part of Chinese and Japanese medicine especially
for the treatment of most of the human ailments including
chronic hepatitis, nephritis, hepatopathy, neurasthenia, arthritis,
bronchitis, asthma, gastric ulcer etc.

Extracts from fruiting bodies and mycelia of G lucidum
occurring in South India were found to possess iz vitro anti-
oxidant activity [2/, 22] and antimutagenic activities [22]
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The results of the antioxidant assays showed that ethyl ace-
tate, methanol and aqueous extract of G lucidum effectively
scavenged the 02~ and ‘OH radicals (Table 1). However the
aqueous extract was not effective to inhibit the ferrous ion
induced lipid peroxidation [2/]. The extract showed signifi-
cant reducing power and radical scavenging property as evi-
dent from FRAP assay (Fig.3) and DPPH radical scav-
enging assay (Fig. 4) [23]. The extract of G lucidum also ef-
fectively to inhibited EAC cell line induced solid tumor in
mice when administered orally (Fig.2) [27]. The prophy-
lactic treatment by the extract could inhibit the tumor growth
significantly or increased the life span.

Pleurotus species

Pleurotus species have high medicinal value. Compounds
extracted from these mushrooms exhibit activity against
various chronic diseases including hypertension, hyper-
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Fig. 3. Ferric ion reducing property of aqueous extract of
Pleurotus florida (Pf) and G lucidum (Gl) using FRAP
assay. Values are mean+ SD, (n=4). The reducing
capacity is expressed in equivalent concentrations of

ascorbic acid.
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DPPH radical scavenging activity of aqueous extract
of Pleurotus florida (Pf) and G [lucidum (Gl). Values
are mean= SD, (n=4). The scavenging activity is
expressed in equivalent concentrations of ascorbic acid.

Fig. 4.
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cholesterolemia [24—26]. The medicinal beneficial effects of
Pleurotus species were discovered independently in different
countries. The awareness of their medicinal properties came
not only from Asia but from the folklore of central Europe,
South America and Africa [25].

Oyster mushrooms (Pleurotus species) are excellently
edible and nutritious, rank among one of the most widely
cultivated mushrooms in the world [27]. Species of Pleurotus
are found to possess significant antioxidant, anti-inflammatory
and antitumor activities [28, 29]. The methanol extract of
fruiting bodies of Pleurotus florida was found to possess
‘OH radical scavenging and lipid peroxidation inhibiting
activities (Table 1) [28]. The extract also showed significant
reducing power and radical scavenging property as evident
from FRAP assay (Fig. 3) and DPPH radical scavenging
assay (Fig. 4) [23].

Methanol extract of the fruiting bodies of Pleurotus
florida [28], Pleurotus pulmonarius [29] occurring in South
India showed profound antitumor activity against the
Ehrlich’s ascites carcinoma (EAC) cell line induced solid
tumor model in mice (Fig. 2).

Current Status

The National Cancer Institute (NCI), United States has
recently intensified its emphasis upon natural products such
as plants, marine organisms and selected class of micro-
organisms as sources for new drug discovery. Screening of
plant extracts for anticancer activity began at NCI in 1956.
Many of the currently available and clinically useful anti-
cancer drugs are either natural plant products or derivatives of
natural products e.g. paclitaxel (Taxol) from Taxus brevifolia
and vincristin (Oncovin) from Catharanthus roseus [30].
Plants continue to offer a wide range of compounds with
diverse structure and activities in modern cancer therapy.

Ikekawa et al. [31] published one of the first scientific
reports on antitumor activity of extracts of mushrooms against
implanted Sarcoma 180 in animals. Soon after, three major
anticancer drugs, Krestin from cultured mycelium of Trametes
(Coriolus versicolor), Lentinan from fruiting bodies of Lentinus
edodus and Scizophyllan from Schizophyllum commune,
were developed [6, 32, 33]. While much attention has been
drawn to various immunological and anticancer properties
of these mushrooms they offer other potentially important
therapeutic properties including antioxidant, antihypertensive,
antidiabetic, anti-inflammatory, hepatoprotective etc. Several
mushroom derived compounds are now increasingly used in
Japan, Korea and China as adjuvant to standard radio- and
chemotherapy. The most encouraging effect is the ability of
these mushroom derived compounds when administered prior
to or during radio- or chemotherapy significantly reduced
the side effects from these treatments.

Reactive oxygen and nitrogen species are implicated in
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the pathophysiology of several diseases. Oxidative damage
to DNA may initiate carcinogenesis. Most mushrooms
derived preparations and substances find their use not as a
pharmaceutical but as a novel class of dietary supplement
(DS) or nutraceuticals that fall very well into the concept of
functional food. Dietary chemotherapeutic agents may serve as
potent agents for enhancing therapeutic effect of chemotherapy,
radiotherapy and offer standard therapies for the treatment
of human cancer [34]. Mushrooms derived compounds have
been shown to possess potent antitumor activities in both
pre-clinical models and clinical trails. The safety criteria of
these compounds have been exhaustively studied with little
evidence of toxicity.

Conclusions

Recent investigations carried out in our laboratory showed
that medicinal mushrooms occurring in South India namely
Ganoderma lucidum, Phellinus rimosus, Pleurotus florida
and Pleurotus pulmonaris possessed profound antioxidant
and antitumor activities. This indicated that these mush-
rooms would be valuable sources of antioxidant an anti-
tumor compounds. Investigations also showed that they had
significant antimutagenic and anticarcinogenic activies. Thus,
Indian medicinal mushrooms are potential sources of anti-
oxidant and anticancer compounds. However, intensive and
extensive investigations are needed to exploit their valuable
therapeutic use.
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