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Abstract:

Aim: The aim of the present study was to analyze the antioxidant contents and evaluate the antioxidant
potential of Ganoderma lucidum.Materials and Methods:Wild collected G.lucidum was powdered and
extracted with ethanol using soxehlet apparatus.Total phenolics,flavones and ascorbic levels were estimated
following standard procedures.Subsequently,reducing power,DDPH radical,superoxide,hydroxyl radical
and nitric oxide radical scavenging effects of the extracts at different concentrations were evaluated
following standard methods. Results:The extract contained 42.41+2.21mg/g of phenolics,13.57+1.57 mg/g
of flavones and the ascorbic acid amount was 1.33+£0.12 mg/g .Total reducing power of the extract was
1.38 OD/ml at 240mg/ml concentration.DPPH radical scavenging activity was concentration dependent,
showing maximum percent inhibition(72.24%) at 250mg/g.Similarly,hydroxyl,superoxide and nitric oxide
scavenging potential also at their maximum at higher concentrations.Hydroxyl scavenging effect was
64.69% at 250 mg/g,superoxide radical inhibition was 73.54% at 300 ug/ml and 65.87% inhibition of nitric
oxide was noted at 200 mg/ml. Conclusion:Ethanolic extract of G.lucidum showed appreciable amount of
antioxidant compounds and also good free radical scavenging effects against different free radicals.The
study shows that G.lucidumcompounds can be better antioxidant supplement for nutrients.
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Introduction:

Free radicals and related species have
attracted a great deal of interests in
recent years. Free radicals are chemical
species possessing un unpaired electron
formed by the loss of a single electron
from a normal molecule.' About 5% or
more of the oxygen inhaled is converted
to reactive oxygen species (ROS) such
as O, , HyO,, and .OH by univalent
reduction of O, 2 .When oxygen is
partially reduced it becomes activated
and readily reacts with a variety of
biomolecules by the addition of one ,
two or four electron to oxygen leading to
formation of ROS such as superoxide
anions, hydrogen peroxide, and hydroxyl
radical, malondehyde and nitric oxide.
Thus cells under aerobic condition are
always threatened with the insult of
ROS, which however are efficiently
taken care of by the highly powerful
antioxidant systems of the cell without
any untoward effect. When the balance
between  ROS production and
antioxidant defenses is lost, ‘oxidative
stress’ results which through a series of
events deregulates the cellular functions
leading to  various  pathological
conditions including cardiovascular
dysfunction, neurodegenerative diseases,
gastroduodenal pathogenesis, metabolic

dysfunction of almost all the wital
organs, cancer and premature aging.’
Cells have developed a comprehensive
array of antioxidant defenses to prevent
free radical formation or limit their
damaging effects. These include
enzymes to decompose peroxides,
proteins to sequester transition metals
and a range of compounds to ‘scavenge’
free radicals. Though cells are equipped
with several defense mechanisms, both
enzymatic and non enzymatic, to combat
the free radical assault, natural
antioxidant supplements containing food
may be used to help protect from
oxidative damage. Restriction in the use
of synthetic antioxidants paved the way
for the increased interest towards natural
antioxidants.*’

Natural antioxidants are widely known
for their defense role against oxidative
damage and found abundant in
vegetables, food and fruits, which
include phenolic compounds,
carotenoids, tocopherol, ascorbic acid,
ete.®’ Equal to the herbal medicines, in
recent years mushrooms also have
attracted attention for their natural
medicinal properties. Generally
mushrooms are rich in dietary fibres,
minerals, vitamins and low in fat
calories and also contain various
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polyphenolic and flavanoid compounds
recognized as  antioxidants.*Several
important compounds including
polysaccharides(p-glucan),  ergosterol,
vitamins, a-tocopherol and b-carotene
have been isolated from a variety of
mushrooms. Phenolics and flavanoids
have been reported in two species of
Pleurotus.” Studies on five different
species of Agaricus have also showed
the presence of rich antioxidant
compounds like phenol, flavanoids,
ascorbic acid, B-carotene and lycopene
and significant antioxidant activity."
Despite the increased awareness on the
role of antioxidants in preventing disease
onset and curing , mushrooms have
received only little attention with regards
to their antioxidant chemicals and
radical scavenging activity. In the
present study, free radical scavenging
activity of ethanol extracts of a
medicinal  mushroom  Ganoderma
lucidum has been evaluated. Ganoderma
lucidum is a large, dark mushroom with
a glossy exterior and a woody texture.
Among cultivated mushrooms,
Ganoderma is unique in being consumed
for its medicinal,rather than nutritional
value '. It is widely consumed
throughout the world as a health food,
being commonly and regularly used by
many Asian individuals for the
promotion of health and longevity, and
as a remedy for illness .'*"

Materials and Methods:

Reagents and Chemicals

2, 2-diphenyl-1-picryl-hydrazyl or 1,1-
diphenyl-2-picryl-hydrazyl,Nitro  Blue
Tetrazolium, NADH, curcumin,
quercetin, gallic acid and ascorbic acids
were  purchased  from  Himedia
Laboratories Ltd, Mumbai, India. All
other chemicals were analytical grade
reagents.

Mushroom Extracts

Fresh Ganoderma lucidum specimens
were collected from coconut trees in
Tamil Nadu Agricultural University,
Sugar Cane Research Centre, Siruganur,

Trichy, Tamil Nadu. The specimens
were cut into small pieces and powdered
for extraction. FEthanol extract was
obtained using soxehlet apparatus and
the ethanol was vacum evaporated .The
Ganoderma lucidum ethanol (GDE)
extract was resuspended in ethanol to
make a concentration of 100mg/ml and
stored at 4°c for further use.

Total phenolic content (TPC)

The amount of total phenol content was
determined by Folin-Ciocalteau reagent
method '*. 0.5 ml of extract and 0.1 ml
of Folin-Ciocalteu reagent (0.5 N) were
mixed and incubated at room
temperature for 15 min. Then 2.5 ml
saturated sodium carbonate was added
and further incubated for 30min at room
temperature and absorbance measured at
760 nm. Gallic acid was used as a
standard, and the results were expressed
in terms of gallic acid equivalence
(GAE) in pg.

Total flavonoid (TF) content
Flavonoid content in the GDE extract
was determined by aluminium chloride
method

. The reaction mixture (3.0 ml)
comprised of 1.0 ml of extract, 0.5 ml of
aluminum chloride (1.2%) and 0.5 ml of
potassium acetate (120 mM) is incubated
at room temperature for 30 min and
absorbance measured at 415 nm.
Quercetin was used as a positive control.
The flavonoid content is expressed in
terms of standard equivalent (mgg-1 of
extracted compound).

Ascorbic acid determination

For ascorbic acid determination, GDE
extract (100 mg) was re-extracted with
metaphosphoric acid (1%, 10 ml) for 45
min at room temperature and filtered
through Whatman No. 4 filter paper. The
filtrate (1 ml) was mixed with 2,6-
dichlorophenolindophenol (9 ml) and the
absorbance was measured within 30 min
at 515nm against a blank. Content of
ascorbic acid was calculated on the basis
of the calibration curve of authentic L-
ascorbic acid '°.
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In vitro free radical scavenging assays
Superoxide anion radical scavenging
(SO) assay

The superoxide anion scavenging
activity was determined as described
below. " Briefly, 0.5ml of NBT
(0.3mM), 0.5ml of NADH (0.936mM),
Iml of ethanol extract of G.lucidum in
concentrations ranging from 100-500
ug/ml and 0.5ml Tris-Hcl buffer (16mM,
pH 8) were mixed with 0.5ml PMS
solution (0.12mM)and the reaction
started. The mixture was incubated at
25% for 5min.Absorbance was measured
at 560nm against a blank. Curcumin was
used as control.

Nitric oxide radical scavenging (NO)
assay

Nitric oxide radical scavenging was
measured in the GDE extract.'® 3ml of
10mM  sodium  nitroprusside  in
phosphate buffer was added to 2ml of
the extract and reference compound in
different concentrations (40 -200ug/ml).
The solutions were then incubated at
25°C for 60min.To 5ml of the incubated
sample, Sml of Griess reagent (1%
sulphanilamide, 0.1% naphthy-ethylene
diamine dihydrochloride in 2% H3;PO3)
was added and absorbance was
measured at 540 nm. Percent inhibition
of the nitrite oxide generated is
measured by comparing the absorbance
values of sample and standard solution
preparations. Ascorbic acid was used as
a positive control.

Hydroxyl radical scavenging (HO)
assay

The scavenging ability for hydroxyl
radicals was measured as described
below. ' The reaction mixture (Iml)
consisted of 100 pl of 2-deoxy-D-ribose
28 mM in 20 mM KH,PO, -KOH
buffer, pH 7.4), 500 pl of the extract,
200 pl EDTA (1.04 mM) and 200 pM
FeCls (1:1 v/v), 100 pl of H,O, (ImM)
and 100pul of ascorbic acid (1mM) which
was incubated at 37°C for 1 h.lml of
thiobarbituric acid (1%) and Iml of
trichloroacetic acid (2.8%) were added

and incubated at 100°C for 20 min.
After cooling, absorbance was measured
at 532 nm, against a blank sample.
Ascorbic acid and quercetin were used
as positive controls.

Reducing power (RP)

The reducing power of the extract was
determined as follows. *° Briely, 1ml
extract was mixed with 2.5ml of
phosphate buffer (200 mM, pH 6.6) and
2.5 ml of potassium ferricyanide
(30mM) and incubated at 50° C for 20
min. Thereafter, 2.5 ml of trichloroacetic
acid (600mM) was added to the reaction
mixture and centrifuged for 10min at
3000 rpm. The upper layer of the
solution (2.5 ml) was mixed with 2.5 ml
of distilled water and 0.5 ml of FeCl;
(6mM) and absorbance was measured at
700nm. Ascorbic acid was used as
positive control.

a, a-Diphenyl-B-picryl-hydrazyl
radical scavenging (DPPH) Assay.

The free radical scavenging activity was
measured by using 2, 2-diphenyl-1-
picryl-hydrazyl or 1,1-diphenyl-2-picryl-
hydrazyl.?' The reaction mixture (3.0
ml) consisted of Iml of DPPH in
methanol (0.3 mM), 1ml of the extract
and 1ml of methanol. It was incubated
for 10 min in dark, then the absorbance
was measured at 517 nm. In this assay,
the positive controls were gallic acid and
quercetin.

Statistical Analysis:All the analysis
were done in triplicate. Statisical
analysis of the data was done using
Graphpad prism 5 software.

Results and Discussion:

Natural antioxidants have been proved to
be effective protectors of body from the
adverse effects of free radicals caused
oxidative stress.Mushrooms are found to
be rich source of these antioxidants with
immense antiradical  activity %
‘Ganoderma  lucidum  with  wider
medicinal values also contains rich
antioxidants. In the present study,
ethanol extract of the GDE contained
42.41+2.21mg/g total phenolics,
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13.57£1.15 mg/ g of flavones and
1.33+0.12mg/g ascorbic acid. Several
mushrooms have been reported to
contain high levels of these compounds.
In a study with several mushrooms 63
mg/g of phenolics from hot water
extracts of G.lucidum was reported.**
Low level of phenolics noticed in the
present study might be due the solvent .1t
is reported that the polarity of the
extraction solvent affect the level of
phenolics *>*° Higher extraction yields
of phenolics were noted with increased
polarity.Phenolic acids were the major
phenolic  compounds reported in
mushrooms.Evidence show that gallic
acid, tannic acid,protocatochuic acid and
gentistic acids were some of the
important phenolics acids isolated from
edible in mushrooms in India.Extracts
from fruiting bodies and mycelia of G.
lucidum from southern parts of India
have shown antioxidants properties .
One of the important indices to know the
antioxidant activity of mushrooms is
evaluating the reducing power.Usually
the ability of mushroom to donate
electron and reducing Fe’® to Fe’ is
assessed. The reducing power was
measured as the absorbance. In the
present study, GDE extract showed
concentration dependent increase  of
reducing power as given in Fig:1.
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Fig. 1: Reducing power of
GDE,Ascorbic acid and Curcumin at
various concentrations.Values are
Mean+S.E of three parallel
observations.

GDE showed 1.384+0.21 at 200 mg/ml
concentration.However, ascorbic showed

1.89+0.13 at the same concentration.
Curcumin exhibited a maximum of
2.28+.12.Similar findings with
G.lucidum and G.tsugae have been
reported *’.The reducing power of the
medicinal mushroom might be due to
hydrogen donating ability.The medicinal
mushrooms containing more reductones
might react with the peroxides and
certain precursors to halt the peroxide
formation and termination of radical
chain reactions **In addition, the
phenolic compounds present in the
mushroom can chelate pro- oxidant
metal ions, thus preventing radical
formation.

The radical scavenging activity of the
GDE was assessed by DPPH scavenging
assay. The antiradical activity is defined
as the amount of antioxidant necessary
for decreasing the initial DPPH
concentration.Scavenging effect of GDE
on DPPH radical was found to increase
with increasing concentration(50-250
mg/ml), showing 72.24% inhibition at
the highest concentration, whereas gallic
acid and quercetin showed 86.87 and
82.32 % inhibition, respectively (Fig:2).
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Fig. 2: DPPH scavenging activity of
GDE,curcumin and gallic acid at various
concentrations.Values are Mean+S.E of
three parallel observations.

The 1ICsy for GDE was 172.52
g/ml.However, earlier studies with G.
lucidum and G.tsugae hot water extracts
showed 5.28mg/ml and 0.40mg/ml 1Csy,
respectively **°.The variations may be
attributed to  differences in the
concentrations of the antioxidant
compounds because of the solvent used
for the extraction.Hot water extraction
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with more phenolic contents exhibited
higher scavenging activity *° .

Hydroxyl radicals are the major active
oxygen species that cause lipid oxidation
and enormous biological damage.The
percentage  of  hydroxyl  radical
scavenging activity of the GDE
increased with increasing concentration
as given in Fig:3.
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Fig. 3: Hydroxyl free radical scavenging
effect of GDE,ascorbic acid and
quercetin.

Values are Mean+S.E of three parallel
observations.

At 25 mg/ml concentration the activity
was over to 64.69% as against 68.45 and
78.45% inhibition exhibited by ascorbic
acid and quercetin controls, respectively
at this concentration.The scavenging
effects of methanolic extracts from
G.lucidum and its antlers showed 51.2
and 52.6% at 16
mg/ml,respectively.G.tsugae  however,
showed only 44.7% *"indicating
variations among different solvent
extracts and parts of mushrooms in
hydroxyl scavenging activity.
Superoxide radical is a well known
precursor for formation of more harmful
reactive substances in the body.The
major risk of the superoxide generation
is related to its interaction with the nitric
oxide to form peroxynitrite, a potent
oxidant that causes nitrosative stress.
Decrease in the absorbance of the
superoxide anion with GDE is noted

in the present study, indicating effective
scavenging potential comparable to the
curcumin control. Fig:4 shows the
inhibition of superoxide ions by GDE
and curcumin at concentrations ranging

from 100 ug/ml to 300ug/ml.Maximum
inhibition of 73.54% was noted with
GDE whereas curcumin showed
85.35%.Similar findings were reported
for Boletus edulis and B.auranticus **.

Fig:4 SUPEROXIDE SCAVENGING ACTIVITY
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Fig. 4: Superoxide scavenging activity
of GDE extract and curcumin control at
various  concentrations.Values  are
Mean=S.E of three parallel observations.
Nitric oxide is another free radical
generated in human cells. Though
associated with many regulatory
functions, excess production would be
detrimental to the body system as it
readily reacts with oxygen to produce
stable  products of nitrate and
nitrites.Nitic oxide inhibition by the
GDE has been shown in FIG:5.
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Fig. 5: Nitric oxide scavenging effect of
GDE and ascorbic acid at various
concentrations.Values are Mean£S.E of
three parallel observations.

The study shows a maximum inhibition
of 65.87% at 200mg/ml concentration
when compared to ascorbic acid
control(77.52%).Similar observation
with Pleurotus squarrolus has been
reported  %°.  Correlations of total
antioxidant components , tocopherols
and total phenolics with antioxidant
activity, reducing power, scavenging
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ability on various radicals were well
established *°.Considerable variations
among different species of mushrooms
in their antioxidant compounds
concentration as influenced by the
extraction solvent drastically alter the
antioxidant potential. Also the level of
observed antioxidant activity depend on
the bio-ecological differences of tested
strains (geographical origination, type of
wood substrate, mycelial growth rate,
and morphology), as well as the
experimental conditions®" .

Conclusion:

G. lucidum is a popular medicinal
mushroom effective against a variety of
human diseases.Ethanolic extract of this
mushroom showed appreciable amount
of phenolics,flavones and ascorbic acid
with potent free radical scavenging
activity .Though not edible,their broad
medicinal ~ properties  make  this
mushroom unique. Development of a
better fermentation technology to
augment the compound production and
extraction protocol will make  this
mushroom available for everyone. Their
rich antioxidant contents make the
mushroom ideal nutritional supplement
with good medicinal properties.
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