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Traditionally, mushrooms are having an importance in the diet. Since they possess both
nutritional and medicinal value, research on mushrooms is the new area for developing lead
molecules to treat cancer and other ailments. Ganoderma is a famous genus in the
medicinally important mushrooms. Cancer is a fatal disease in which uncontrolled
proliferation is the major crunch point to be considered. In our current study, various
extracts of Ganoderma applanatum has been investigated for the evaluation of the
cytotoxic activity. All the extracts were screened for their cytotoxicity by using brine
shrimp nauplii (Artemia salina) lethality bioassay. The cytotoxicity was assessed in terms
of LCsy (lethality concentration), 10 nauplii were taken into three replicates of each
concentration of the extract. After 24 hrs, brine shrimps were checked for the mortality,
surviving brine shrimps were counted and LCs, was evaluated. The results showed that all
the extracts were showing potent toxicity to the nauplii. The LCs, values were compared to
the standard potassium dichromate. It indicates that the extracts are toxic even at low doses.
Further investigation is needed to study the acute and sub acute toxicity of the extracts for
its safe application to the humans. The anti mitotic activity can be attributed to the
chemical constituents present in the extract. The phytochemical screening showed that the
species is rich in various phytochemicals like alkaloids, glycosides, terpenoids, saponins,
steroids, tannins, carbohydrates and proteins. These bioactive compounds, especially the
tannins, terpenoids, and steroids might be responsible for the said activity. Further research
is in the process to identify and isolate the secondary metabolites which are having potent

cytotoxic property.

Copyright©2018 Sudheer K Dokuparthi et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

The previous reports on Ganoderma genus revealed that it is
having anti-cancer, anti viral, anti tumor, anti proliferative,

Mushrooms are macrofungus, having a fruiting body which
can be seen with naked eye. Mushrooms either wild or
cultivated are become an important part of our diet due to their
nutritional value. Mushrooms are having immuno-modulatory
and health-promoting activity. So, they are also classified
under nutraceuticals, they are the foods which give both
energy and health (Barros et al., 2007). Mushrooms are rich in
carbohydrates, proteins, vitamins (Okwulehie et al., 2004).
Ganoderma is one of the famous genera of mushrooms belongs
to Ganodermataceae (Ainsworth, 2005). The Ganoderma is
generally grown on dead stumps of plants and synthesizes
various components which are not essential for their normal
physiological functions. But, they will play a vital role in their
defense mechanism, which makes it unique in its survival,
protection from the other microorganisms and herbivorous
animals. These mushrooms are having double walled
basidiospores which give uniqueness to the genus(Smith &
Sivasithamparam, 2003).
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cytotoxic, hepatoprotective, anti diabetic, anti inflammatory
and anti hyperlipidemic activity (Ajith & Janardhanan, 2007;
Acharya et al., 2005). The Ganoderma species possess mainly
steroids, triterpenoids, and polyphenols (Smania et al., 2003;
Abdul W. Kidukuli et al., 2010).

Cancer is a deadly disease, which involves the abnormal
proliferation of cells along with malignancy and metastatic
behavior. The current drugs in cancer chemotherapy mainly
target the highly dividing cells. These drugs are cytotoxic and
cause mitotic arrest. Some drugs may lead to a programmed
cell death called apoptosis. The polyphenols like tannins,
flavonoids are reported to have apoptotic activity. Since
Ganoderma applanatum posses various phytochemicals
including polyphenols and flavonoids.

The brine shrimp lethality bioassay is a simple and rapid
method to evaluate the cytotoxic activity. It inexpensive and
requires small amounts of test materials (Ghisalberti EL,
1993). The bioassay has a good correlation with pesticidal
activity and with cytotoxic activity in solid tumors. This invivo
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lethality assay can be successively applied as a primary
screening that can be backed up by more sophisticated and
specific evaluation bioassays (McLaughlin JL et al., 1998).
Our, present study is to investigate the toxicity of n-hexane,
ethyl acetate and methanolic extracts of Ganoderma
applanatum by brine shrimp lethality bioassay. All the extracts
were prepared by Soxhlet method and these extracts were used
for further studies.

MATERIALS AND METHODS

Collection and extraction

The mushrooms were collected from the local forest field of
Hayathnagar, Hyderabad. The species authenticated and a
voucher specimen was preserved in the college herbarium for
future reference. The mushroom was washed to remove earthy
matter and shade dried for few days. After complete drying,
they are subjected to soxhlet extraction by using various
solvents starting from non-polar to polar. N-Hexane, Ethyl
acetate and Methanol were used for the exhaustive extraction
which yielded the respective extracts.

Preliminary phytochemical screening

The three extracts were screened for phytochemicals by using
standard procedures(Harborne JB, 1973). The results were
depicted in Table 1.

Table 1 Preliminary phytochemical screening of Ganoderma

applanatum
Phytochemicals n-Hexane Ethylacetate =~ Methanol
extract extract extract
Alkaloids + - +
Glycosides - + +
Terpenoids + + +
Steroids + + -
Saponins - + +
Flavonoids - + +
Tannins - + +
Carbohydrates - - +
Lipids + - -
Proteins - - -

+ present, - Absent
Hatching of brine shrimp

The eggs of brine shrimp were procured from the local market
and hatched in a glass compartment with sea water. The glass
compartment is having two partitions, one is illuminated. After
24 hrs of hatching at room temperature, the eggs hatch into
larvae (nauplii), which will swim towards the illumination
chamber by leaving their shells in the dark chamber. The
nauplii were collected carefully by pipette for the bioassay.

Preparation of test samples

32 mg of each of the test samples were taken and dissolved in
200 pl of pure dimethyl sulphoxide (DMSO). The final
volume was made to 20ml with sea water. The concentration
of the stock solution is 1600 pg/ml. Eight samples of volume
Sml having different concentration 1600, 1000, 800,
500,250,100, 50, 25 ng/ml were prepared by diluting the stock
solution with sea water.

Control group

This group is used to validate the test method and ensure that
the cytotoxicity is only due to the activity of the test
compounds. Two types of control groups were used in this

experiment- Potassium dichromate (200png/ml) as the positive
control and 50 pg/ml of DMSO in 4.95ml of sea water as the
negative control.

Brine shrimp assay

To the pre-marked wvials containing above-prepared
concentrations, 10 nauplii were added. After 24hrs, the nauplii
in each vial were counted with the aid of a 3x magnifying glass
for the surviving brine shrimp. The mortality of the brine
shrimp larva is identified by their movement. The endpoint of
this bioassay is the absence of controlled forward motion
during the 30s of observation. These results were depicted in
Table 2.

Table 2 Mean percentage of mortality of Artemia salina brine
shrimp after 24 hrs at different concentrations of the
Ganoderma applanatum extracts.

Mean percentage(%) of mortality at concentration ppm

Extract " (ug/mi) Ty
Negative 5 55 190 250 500 1000 1600 COSitive
control control

n-Hexane 0 27 43 70 80 90 100 100 _ 100

Ethylacetate 0 32 53 75 84 91 100 100 100

Methaol 0 37 58 74 87 93 100 100 100

RESULTS AND DISCUSSIONS

Preliminary phytochemical screening

The preliminary phytochemical screening of the methanol
extract of Ganoderma applanatum revealed the presence of
various phytochemicals like alkaloids, glycosides, terpenoids,
steroids, saponins, flavonoids, tannins, carbohydrates and
proteins. The results were showed in Table 1. Since the
methanol extract is rich in phytochemicals, it is selected for the
screening of anti mitotic activity.

Brine shrimp lethality assay

Brine shrimp nauplii are simple zoological organisms which
can be used to evaluate the lethality (Meyer BNn ef al. 1982).
It is a simple and very useful tool to screen diverse
compounds. This bioassay is also used to screen plant extracts.
It is a safe, economical method for determination of the
cytotoxicity of synthetic and plant products (Almeida PA et
al., 2002). The bioassay can be correlated significantly to the
inhibition of human solid tumor cell lines. It is the primary tool
to detect the anti-tumor properties (Anderson JE et al., 1991).
The toxicity of extracts can be evaluated by their LCs, values.
If LCsy values are lower than 1000 pg/ml are considered as
cytotoxic (Meyer BN ef al., 1982). This bioassay can also be
used for the evaluation of antifungal, teratogenic effect,
pesticidal effect and environmental toxicity (Vanhaecke P et
al., 1980b). The brine shrimp bioassay results illustrated in
Table 2. In this study, it was observed that n-Hexane, Ethyl
acetate, and methanolic extracts were toxic to the brine
shrimps nauplii. They exhibit potent toxicity, compared to the
standard potassium dichromate. For n-Hexane, Ethyl acetate
and methanolic extracts respectively the brine shrimp lethality
was found to be directly proportional to the concentrations of
the extracts ranging from lowest concentration (25 pg/ml) to
highest concentration (1600 pg/ml). This dose-dependent
increment of the toxicity may be due to the presence of
cytotoxic principles present in the extracts of Ganoderma
applanatum. The presence of steroids, alkaloids, saponins, and
tannins are already reported to have the cytotoxic property.
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CONCLUSION

From the above study, it is observed that all the extracts of
Ganoderma applanatum exhibited cytotoxicity against the
brine shrimp nauplii. The LCs, values are found to be less than
1000mg/ml. It may be due to the presence of bioactive
components. This bioassay can only give information that it is
having very potent biologically active components. But, this
assay is inadequate to understand the mechanism of action of
the phytochemicals present in it. Further investigations are
needed in isolation, structure elucidations of the
phytochemicals present in Ganoderma applanatum and
toxicity towards the cell lines will help us to understand its
molecular mechanism of their bioactivity.
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