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ABSTRACT

Objective: The present research was aimed to identify the metabolites in the methaolic and hexane extract of Trametes 
ochracea and evaluated these extracts to know their in vitro biological activities. Materials and methods: Two solvent 
extracts of T. ochracea was subjected to phytochemical analysis. The two solvent extracts were subjected to in 
vitro biological activity viz., antioxidant, anti-inflammatory and cytoxicity assays. Results: The methanol extract 
yielded important phytochemicals viz., saponins, flavonoids, alkaloids, steroids, phenols and tannins compared to 
hexane. The methanolic extract has shown strong antioxidant activity in all tested methods. The methanol extract 
was effectively inhibited the heat induced hemolysis, antilipoxygenase activity and also stabilized the membrane, 
avoided the membrane denaturation, proteinase and xanthine oxidase inhibition.The onion root meristametic cells 
were inhibited due to toxicity of methanol extract by possessing various cellular abnormalities in various stages of 
actively growing cells. The yeast cells were dead due to toxicity of methanol extract by possessing cell necrosis and 
also fragmented the cell DNA. Conclusion: The obtained results clearly indicates that Trametes ochracea methanol 
extract is having potent phytochemicals, which plays important role in antioxidant, anti-inflammatory, cytotoxicity 
assays. The further research is needed to identify the exact mechanism is by action of one or combination of active 
phytochemicals.
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P H C O G  J O R I G I N A L  A R T I C L E

INTRODUCTION

During the process of oxygen utilization in a normal 
physiological and catabolic process, approximately 5% of 
oxygen gets univalently reduced to oxygen derived free 
radicals (ROS) like superoxide anions (O2-), hydroxyl (.OH) 
nitric oxide (NO), which damage cellular components 
causing tissue injury through covalent binding.1,2 Free 
radicals have been implicated in causation of diseases 

such as diabetes, inflammation, cancer, neurodegenerative 
disorders, atherosclerosis, liver cirrhosis, nephrotoxicity 
etc.3 It has been suggested that fruits, vegetables, plants 
are the main source of antioxidant in the diet. Natural 
antioxidants may have free-radical scavengers, reducing 
agents, complexes of pro-oxidant metals, quenchers of 
singlet oxygen etc. Recently interest has been increased 
considerably in finding natural occurring antioxidants for 
use in foods or medicinal products to replace synthetic 
antioxidants, which are being restricted due to their adverse 
reaction such as carcinogenicity. Antioxidant constituents 
from natural resources possess multifacetedness in their 
multitude and magnitude of activity and provide enormous 
scope in correcting imbalance.4 Free radicals which have 
one or more unpraired electrons (superoxide, hydroxyl, 
peroxyl) are produced in normal or pathological cell 
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metabolism and the compounds that can scavenge free 
radicals have great potential in ameliorating the diseases 
and pathological cells.5-7 Antioxidants thus play an 
important role to protect the human body against damage 
by reactive oxygen species. Free radicals or Reactive 
Oxygen Species (ROS) are produced in vivo from various 
biochemical reactions and also from the respiratory chain 
as a result occasional challenges. These free radicals are 
the main culprits in lipid peroxidation. Plants congaing 
bioactive compounds have been reported to possess 
strong there is excessive activation of phagocytes, 
production of O2-, OH radicals as well as non free 
radicals species (H202)

8 which can harm severely tissues 
either by powerful direct oxidizing action or indirect with 
hydrogen peroxide and –OH radical formed from O2- 
which initiates lipid peroxidation resulting in membrane 
destruction. Tissue damage then provokes inflammatory 
response by production of mediators and chemotactic 
factors.9 The reactive oxygen species are also known 
to activate matrix metello proteinase damage seen in 
various arthritic tissues.10 The literature survey is giving 
the importance of plants and their antioxidant properties11 
plant active compounds especially phenolic and flavonoid 
compounds have proved as potent antioxidant and free 
radical scavenger.12

Basidiomycetes are an useful natural products with various 
biological activities and they are called as medicinal 
mushrooms. They may be edible or non-edible mushroom 
species.13-15 Trametes ochracea is a white coloured wood 
rotting fungi, used to produce laccase enzyme.16

The present investigation was aimed to identify 
phytochemicals in different solvent extracts and this extract 
was evaluated for different in vitro biological activities 
(antioxidant, anti-inflammatory, cytotoxicity).

MATERIALS AND METHODS

Collection of  fungal material and extract preparation

The white rot fungi grown on wood were collected near 
our college campus (Shridevi Institute of Engineering & 
Technology, Sira Road, Tumakuru, Karnataka, India). The 
collected fungus was identified as Trametes ochracea based 
on colour, morphology and spore by using fungal manuals. 
Identification of the different phytochemical from T. 
ochracea was carried out using methanol and hexane solvent 
at 5 g/15 ml (w/v) separately for 2 days with a shaking 
attachment. The sample was air dried at room temperature 
(26 ± 20C) for 4 weeks to get consistent weight. The 

dried parts were later ground to powder. The extract was 
lyophilized under 5 μm Hg pressure and stored at -200C. 
The experiments were carried out using an appropriate 
amount of lyophilized material.

Phytochemical analysis

Phytochemical analysis was carried out for saponins, 
flavonoids, cardiac glycosides, terpenoids, steroids, 
tannins, phenol, anthroquinone, alkaloids and tannins 
was performed as described by the authors.17-19  Wagner’s 
and Heger’s reagents were used for alkaloid foam test 
for saponins, Mg-HCl and Zn-HCl for flavonoids, 
Keller-Killani test for cardiac glycosides, Salkonoski test for 
terpenoids, acetic anhydride and sulphuric acid for steroids, 
chloride and gelatin for tannins, ferric chloride for phenol 
test. All these experiments were carried out for methanol 
and hexane extracts of T.ochracea.

Determination of  antioxidant activity

In order to investigate the antioxidant properties of the 
examined extracts, ferric ion reducing antioxidant power 
(FRAP), 2, 2-diphenyl-1-picrylhydrazyl (DPPH) and ABTS 
assays.

DPPH radical scavenging assay

The free radical scavenging activities of each extract were 
measured by using 1,1-diphenyl-2-picryl-hydrazyl (DPPH). 
Briefly, extract concentration of (0.1-20 mg/ml) in 
methanol (4 ml) was mixed with 1 ml of methanol solution 
containing DPPH (Sigma) radicals of 0.2 mM. The mixture 
was shaken vigorously and left to stand for 30 min in the 
dark and the absorbance was measured at 517 nm against 
a blank.20 EC50 value (mg/ml) is the effective concentration 
at which DPPH radicals were scavenged by 50% and the 
value was obtained by interpolation from linear regression 
analysis. BHT was used as a standard for the comparison. 
The capability to scavenge the DPPH radical was calculated 
using the following equation:

DPPH scavenging effect (%) = [{A0 – A1}A0 ] × 100,

Where, A0 is the absorbance of the control reaction and 
A1 the absorbance in the presence of the sample. The 
extract concentration providing 50% inhibition (EC50) 
was calculated was obtained by interpolation from linear 
regression analysis.

ABTS radical scavenging activity

The  two  s tock  so lu t ions  i nc luded  7 . 4  mM 
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2,2-azinobis-3-ethylbenzothiazoline-6-sulfonic acid 
(ABTS) and 2.6 mM potassium persulphate was prepared.21 
The working solution was prepared by mixing the two 
stock solutions in equal quantities and allowing them to 
react for 12 h at room temperature in dark. The solution 
was diluted by mixing with 1 ml ABTS solution prepared 
using 50 ml of methanol, in order to obtain absorbance 
1.1 ± 0.02 units at 734 nm. Samples (1.5 ml) were mixed 
with 2.850 ml of ABTS solution and the mixture was 
left at room temperature for 2 h in dark. The capability 
to scavenge the ABTS radical was calculated using the 
following equation:

ABTS scavenging effect (%) = [{A0 – A1}A0 ] × 100,

Where, A0 is the absorbance of the control reaction and A1 
the absorbance in the presence of the sample.

The extract concentration providing 50% inhibition (EC50) 
was calculated was obtained by interpolation from linear 
regression analysis.

FRAP assay

FRAP reagents were freshly prepared by mixing 25 
mL acetate buffer (300 mM, pH 3.6), 2.5 mL 2,4,6-Tris 
(2-pyridyl)-S-triazine (TPTZ) solution (10 mM TPTZ in 
40 mM/L HCl) and 2.5 mL FeCl3 (20 mM) water solution. 
Each sample (150 μL) (0.5 mg/mL) dissolved in methanol 
was added in 4.5 mL of freshly prepared FRAP reagent 
and stirred and after 5 min, absorbance was measured at 
593nm, using FRAP work solution as blank.22 A calibration 
curve of ferrous sulfate (100-1000 μmol/L) was used 
and results were expressed in μmol Fe2+/mg dry weight 
extract. The relative activity of the samples was compared 
to L-ascorbic acid.

Determination of  total phenolic content

Total Phenolic Content (TPC) in two solvent extracts of 
wood rotting fungi was determined,23 using Folin-Ciocalteu’s 
colorimetric method. To 5 ml of 0.3% HCl in methanol/
deionised water (60:40, v/v), 100 mg of the ethanol extract 
was added. From the resulting mixture (100 μl) was added 
to 2 ml of 2% aqueous sodium carbonate. The mixture was 
incubated for 2 min. To that 100 μl of 50% Folin-Ciocalteu’s 
reagent was added and incubated for 30 min, absorbance 
was measured at 750 nm against blank. The content of total 
phenol was calculated on the basis of the calibration curve 
of gallic acid and the results were expressed as mg of gallic 
acid equivalents (GAEs) per g of extract.24

Flavonoid determination

Total flavonoid was determined.25 The fungal extract (250 
μl) was mixed with distilled water (1.25 ml) and NaNO2 
solution (5%, 75 μl). After 5 min the AlCl3 H2O solution 
(10%, 150 μl) was added. After 6 min, NaOH (1M, 500 
μl) and distilled water (275 μl) was added to the mixture. 
The solution was mixed well and the intensity of the pink 
color was measured at 510 nm against blank. The content 
of flavonoid was calculated on the basis of the calibration 
curve of quercetin and the results were expressed as mg 
of quercetin equivalents per g of extract.

In vitro anti-inflammatory activity

Inhibition of  albumin denaturation

Methods of Mizushima and Kobayashi26,27 were followed 
with minor modifications. The reaction mixture was 
consisting of test extracts and 1% aqueous solution of 
bovine albumin fraction, pH of the reaction mixture was 
adjusted using a small amount at 370C HCl. The sample 
extracts were incubated at 370C for 20 min and then heated 
to 510C for 20 min after cooling the samples the turbidity 
was measured spectrophotometrically at 660 nm. The 
experiment was performed in triplicate. Percent inhibition 
of protein denaturation was calculated as follows,

% inhibition= [{Abs control- Abs sample}/Abs control] x 100,

Where, Abs control is the absorbance without sample, 
Abs sample is the absorbance of sample extract/standard.

Membrane stabilization test

Preparation of  red blood cells (RBCs) suspension

Fresh whole human blood (10 ml) was collected and 
transferred to the centrifuge tubes. The tubes were 
centrifuged at 3000 rpm for 10min and were washed three 
times with equal volume of normal saline. The volume 
of blood was measured and reconstituted as 10% v/v 
suspension with normal saline.28,27

Heat induced hemolytic activity

The reaction mixture (2 ml) consisted of 1 ml of test sample 
solutions and 1 ml of 10% RBCs suspension, instead of 
test sample only saline was added to the control test tube. 
Aspirin was used as a standard drug. All the centrifuge tubes 
containing reaction mixture were incubated in water-bath 
at 560C for 30 min. At the end of the incubation the tubes 
were cooled under running tap water. The reaction mixture 
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was centrifuged at 2500 rpm for 5 min and the absorbance 
of the supernatant was taken at 560 nm. The experiment 
was performed in triplicates for all the test samples. Percent 
membrane stabilization activity was calculated by the 
formula mentioned above.27,29

Protein inhibitory action

The test was performed according to the modified 
method27,30 The reaction mixture (2 ml) was containing 
0.06 mg trypsin, 1 ml of 20 mM Tris-HCl buffer (pH7.4) 
and 1ml test sample of different concentrations of different 
solvents. The reaction mixture was incubated at 370C for 5 
min and then 1ml of 0.8% (W/V) casein was added. The 
mixture was inhibited for an additional 20 min, 2 ml of 
70% perchloric acid was added to terminate the reaction. 
Cloudy suspension was centrifuged and the absorbance 
of the supernatant was read at 210 nm against buffer as 
blank. The experiment was performed in triplicate. The 
percentage of inhibition of proteinase inhibitory activity 
was calculated.

Anti-lipoxygenase activity

Anti-lipoxygenase activity was studied using linoleic acid 
as substrate and lipoxidase as enzyme.29 Test samples were 
dissolved in 0.25 ml of 2 M borate buffer pH 9.0 and 
added 0.25 ml of lipoxidase enzyme solution (20,000 U/
ml) and incubated for 5 min at 250C. After which, 1.0 ml 
of lenoleic acid solution (0.6 mM) was added, mixed well 
and absorbance was measured at 234 nm. Indomethcin 
was used as reference standard. The percent inhibition was 
calculated from the following equation,

% inhibition= [{Abs control- Abs sample}/Abs control] x 100,

A dose response curve was plotted to determine the IC50 
values. IC50 is defined as the concentration sufficient to 
obtain 50% of a maximum scavenging capacity. All tests 
and analyses were run in triplicate and averaged.

Xanthine oxidase assay

Xanthine oxidase activity was assayed spectrophotometrically 
at 300 nm as described.31 Briefly, the reaction mixture 
consisting of 500 μl of solution A, (0.1M phosphate buffer 
containing 0.4 mM xanthine and 0.24 mM NBT), 500 μl 
of solution B (0.1 M phosphate buffer containing 0.0449 
units/ml xanthine oxidase) and 50 μl of a 10% of each 
solvent extracts were incubated in a cuvette at 370C for 20 
min. The enzyme activity was expressed as the increment 
in absorption at 300 nm per unit time.

Acetylcholinesterase (AChE) inhibitory activity

The AChE inhibitory assay and inhibition kinetics analysis 
was conducted according to the protocol32 with some 
modifications. The assay mixture consisted of 200 μL of 
Tris-HCl 50 mM pH 8.0, 0.1% BSA buffer, 100 μL of 
extracts or fractions solution (final concentration: 100 μg 
mL-1) was dissolved in buffer-MeOH (10%) and 100 μL of 
AChE (0.22 U mL-1). The mixture was incubated at room 
temperature for 2 min before the addition of 500 μL of 
DTNB (5,5 Vdithiobis [2-nitrobenzoic acid] (3 mM) and 
100 μL of substrate acetylthiocholine iodide (ATCI) (15 
mM). The developing yellow color was measured at 405 
nm after 4 min. Galantamine was used as positive control 
at a final concentration of 0.2 μg mL-1 in the assay mixture.

AChE inhibitory activity was expressed as percent 
inhibition of AChE, calculated as (1-B/A) X 100, where A 
is the change in absorbance of the assay without the plant 
extract (∆ abs. with enzyme- ∆abs. without enzyme) and 
B is the change in absorbance of the assay with the plant 
extract (∆ abs. with enzyme - ∆ abs. without enzyme).

Antimitotic activity

Method adopted33 was used for determination of antimitotic 
activity using Allium cepa root with slight modification. 
A. cepa were collected from Tumkur vegetable market.  
Allium cepa bulbs were sprouted in water for 24 h at room 
temperature. The uniform root tips of A. cepa were selected 
for the study. These roots were dipped in the extract (10 
mg/mL and 5 mg/mL) for 48 hours. Water was used for 
dilution and lapachol was used as a standard for study. 
After 48h, the root tips were fixed in the fixing solution of 
acetic acid and alcohol (1:3). Squash preparation was made 
by staining with acetocarmine stain. Morphology and the 
number of the cells were observed under microscope (40x). 
In all 350-400 cells were counted and cells manifesting 
different stages of mitosis i.e., interphase (I) and prophase 
(P), metaphase (M), anaphase (A) and telophase (T) were 
recorded. The mitotic index was calculated using the 
following formula.33,34

Mitotic index= [P + M + A + T/ Total cells] X 100

Antiproliferative activity

Evaluation of antiproliferative activities of plant extract 
was done by yeast Saccharomyces cerevisiae model.33

Yeast inoculum preparation

The yeast was inoculated with sterilized potato dextrose 
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broth and incubated at 37°C for 24 h and it was referred 
as seeded broth.

Determination of  cell viability

Cell viability assay was performed with 2.5 mL of potato 
dextrose broth and 0.5 mL of yeast inoculum in four 
separate test tubes. In the first test tube distilled water, in 
second test tube quercetin (Sigma-Aldrich) as standard (1 
mg/mL), in third and fourth test tubes plant extract (10 
mg/mL and 5 mg/mL respectively) was added. All tubes 
were incubated at 37°C for 24 hours. In the above cell 
suspension, 0.1%methylene blue dye was added in all tubes 
and they were observed under low power microscope. 
The number of viable cells, those does not stain and look 
transparent with oval shape while dead cells get stained 
and appeared blue in color were counted in 16 chambers 
of hemocytometer and the average number of cell was 
calculated. The percentage of cell viability was calculated 
using the formula.35

% Cytotoxicity = No. of dead cells/ No. of viable cell + No. of 
dead cells X 100

DNA fragmentation assay

DNA fragmentation36 assay was performed by the method 
briefly, 0.1 mL of extract mixed with 2.5 mL potato dextrose 
broth and 0.5 mL of yeast inoculums. Cell suspension was 
incubated for 24 h at 37°C. DNA was isolated from the 
treated cell suspension with Tris-EDTA buffer and DNA 
was electrophoresed.33

Statistical analysis

Analysis of variance (ANOVA) was used to determine 
the significance of difference between treatment groups 
(p<0.05). Means between treatment groups were compared 
for significance using Duncan’s new Multiple Range post test.

RESULTS AND DISCUSSION

The two solvent extracts (methanol and hexane) of 
T.ochracea yielded nine different phytochemicals. Maximum 
concentrations of phytochemicals were observed in 
methanol extract. The saponins, flavonoids, alkaloids, 
steroids, phenols and tannins were present at higher 
concentration in methanol extract compared with hexane 
(Table 1). The hexane yielded fewer amounts of the 
phytochemicals. The antioxidant activities of the both 
solvent extract were studied by measuring the ability 
of scavenging DPPH free radicals was compared with 
standard Butylated Hydroxy Toluene (BHT). The methanol 
extract have showed higher activity of DPPH followed 
by heaxane extract. At a concentration of 0.1 mg/ml, 
the scavenging activity of methanol and hexane extract 
was reached to (97) and (71) respectively.  The DPPH 
radical scavenging ability of the extracts was less than that 
of standard, BHT (99) (Figure 1). The study confirms 
that, T. ochracea extracts have the proton donating ability 
and could be serve as free radical inhibitor or scavenging 
activity possibly as primary antioxidant. Our results are 
confirmatory wth the reports24,37,38 but they used different 
source such as red algae, endophytic fungi etc.

The two solvent extract of T. ochracea reacted with different 
concentration (100, 200, 400, 800, 1600 µg/ml) of ABTS 
and reading were measured at 734 nm for observation 
of reduction of radical cation generated by ABTS+. The 
methanol extract have showed maximum decoloraion 
(Figure 2). ABTS assay is considered as an excellent tool for 
determine the antioxidant activity. The edible basidiomycetes 
and endophytes assayed against ABTS radical and reported 
to have scavenging ability these radicals.39,37

The reduction ability of Fe (II)/mg was range from 1346.16 
to 482.55 by methanol and hexane extract respectively. 
May be the extracts due to their ability, reduced the TPRZ-
Fe(III) to TPTZ-Fe(II) (Figure 3). The hydrogen peroxide 
activity was more in methanol extracts of T. ochracea (Figure 
4). The methanol extract value is significantly lower than 
that of standard ascorbic acid (1648.96). The important role 
of flavonoid is stabilizing lipid oxidation associated with 
antioxidant activity. The flavonoid content of methanol 
and hexane extract was 21.36 and 8.74 µg/ml equivalent. 
The results are confirmatored.37

Anti-inflammatory assay

A cause of inflammation is nothing but denaturation of 
proteins. The two solvents (methanol and hexane) extract 

Table 1: The yield of different phytochemicals from 
two solvent extracts of T. ochracea

Phytochemicals Solvent extracts
Methanol Hexane

Proteins + +
Carbohydrates +++ +
Resins + +
Saponins ++ -
Flavonoids ++ -
Alkaloids ++ +
Steroids ++ +
Phenols ++ +
Tannins ++ +
+: ++: +++: -:, data based on triplicate result of each sample.
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Figure 1: In vitro DPPH activities of  different solvent extracts 
of  T. ochracea

Figure 3: Total antioxidant (FRAP) activies of  two solvent 
extracts of  T. ochracea 

Figure 2: Free radical scavenging activities of  T. ochracea against 
ABTS

Figure 4: Effect of  T. ochracea extracts on hydrogen peroxide 
scavenging activity

of T. ochracea was used to study the mechanism of anti-
inflammatory activity of membrane stabilization test using 
RBC membrane. The maximum inhibition was observed 
from methanol extract (73.45) followed by hexane (44.78). 
A standard anti-inflammatory drug, Aspirin showed the 
maximum inhibition of (85.92) at the concentration of 200 
µg/ml. The methanol extract was effectively inhibiting the 
heat induced hemolysis of anti-inflammatory effect. The 
effect may be due to presence of phytochemicals present 
in the extracts possibly inhibited the release of lysosomal 
content of neutrophils as the site of inflammation. The two 
extracts inhibited the heat induced hemolysis of RBC’s at 
varying degree (Table 2). The maximum inhibition was 
observed in methanol extract (88.11) compared to hexane 
(51.63). The methanol extract (84.82) exhibited significantly 
antiproteinase activity compared with hexane extract 

(53.41). The maximum proteinase activity was observed 
from standard drug aspirin (92.83).

Antilipoxynase29 using linoleic acid as substrate and 
lipoxidase as enzyme. The maximum activity was observed 
with methanol extract (57.14) and hexane was showed less 
activity (34.28) compared with standard indomethacin 
showed 52.20% inhibition at a concentration of 60 µg/
ml (Figure 5).

The first number of requirements for the developments of 
medicines for treating some diseases is acetylcholinesterase 
inhibitory activity.  The two solvent (methanol and 
hexane) extracts of Trametes ochracea were used for in vitro 
acetylcholine inhibitory activity at a concentration of 100 
µg/ml and in the assay mixture galanthamine used as 

Table 2: Effect of different solvent extracts of T. ochracea on albumin denaturation, membrane stabilization and 
proteinase inhibitory activity percentage inhibition  

Test Samples Membrane stabilization Albumin denaturation Proteinase inhibition
Methanol 73.45±0.08 88.11±0.16 84.82±0.22
Hexane 44.78±0.13 51.63± 0.06 53.41±0.12
Aspirin (200 µg/ml) 85.92±0.18 75.80.099±0.05 92.83±0.30
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Figure 5: Anti-lipoxygenase activity of  different extracts of  T. ochracea

Table 3: Effect of different solvent extracts of Trametes ochracea on inhibition of xanthine oxidase and acetyl 
cholinesterase activities 

Test Sample Inhibitors activities (%)
Xanthine oxidase (IC50 µg/ml) Acetyl cholinesterase

Methanol 42.36±1.24a 17.94±1.16b

Hexane 19.82±1.36b 7.14±1.06c

Galanthamine (20 µg/ml) -- 50.00±1.36a

Table 4: Mitotic index of methanol and hexane extract of T. 
ochracea on Allium cepa meristematic root cells

Samples Mitotic index
Control 96.4±0.56

Methanol 18.1±0.08
Hexane 46.2±0.12

Lapachol 15.6±0.06

Figure 6: Normal mitotic cells A) Prophase, B) Anaphase and C) Early telophase
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positive control.

The methanol (17.94 ± 1.14) and hexane (7.14 ± 1.06) 
extracts exhibited the best AChE inhibitory activity, but 
these values are lowest to galanthamine inhibitory activity 
(50%) at 0.2 μg/ml (Table 3).

Denaturation of proteins is a well documented cause of 
inflammation. The inflammatory drugs (salicylic acid, 
phenylbutazone etc) have shown dose dependent ability 
to thermally induced protein denaturation.26 Similar results 

were observed from many reports from plant extract.27 
The extracts may possibly inhibit the release of lysosomal 
content of neutrophils at the site of inflammation. These 
neutraphils lysosomal constituents include bactericidal 
enzymes and proteinases, which upon extracellular release 
cause further tissue inflammation and damage.40 The 
precise mechanism of this membrane stabilization is yet 
to be elucidated; it is possible that the T. ochracea extracts 
produced this effect surface area/volume ratio of the 
cells, which could be brought about by an expansion of 

Figure 7: Abnormal mitotic cells, A) Cell shrinkage at prophase, B) Chromosomal bridges  at anaphase, C) Lagging chromosome at 
metaphase, D) Abnormal chromosomal distribution at metaphase, E) Lagging chromosome at metaphase, F) Abnormal chromosomal 

distribution at anaphase,  G) Chromosomal bridge H) Enlarged  nucleus.

Figure 8: Antiproliferative activity of  different extracts of  T. ochracea
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membrane or the shrinkage of cells and an interaction with 
membrane proteins.29

Proteinases have been implicated in arthritic reactions. 
Neutrophils are known to be a source of proteinase which 
carries in their lysosomal granules many serine proteinases. 
It was previously reported that leukocytes proteinase play 
important role in the development of tissue damage during 
in inflammatory reactions and significant level of protection 
was provided by proteinase inhibitors.41 Recent studies 
have shown that many flavonoids and related polyphenols 
contributed significantly to the anti-inflammatory activities 
of many plants.42,43 Hence, the presence of bioactive 
compounds in the methanol and ethanol extracts of 
T.ochracea may contribute to its, antimicrobial, antioxidant 
and anti-inflammatory activity.

Antimitotic activity

The methanol extract was found to best to induce 
antimitotic activity by reducing cell division of actively 
growing onion root cells at various levels of cell cycle 
(abnormal mitotic cells, cell shrinkage at metaphase, 
chromosomal bridges at anaphase, lagging chromosome 
at metaphase, abnormal chromosomal distribution at 
metaphase, lagging chromosome at metaphase, abnormal 
chromosomal distribution at anaphase, chromosomal 
bridges and enlarged nucleus) after 48 h of treatment 
(Figure 6). These abnormalities were observed with normal 
cell division stages viz., propase, anaphase, early telophase, 
mitotic cells (Figure 7). The activity was compared with 
standard anticancer agent lapachol treated cells.

We have calculated the mitotic index of the each treatment 
along with untreated control. The maximum mitotic 
index was noticed in methanol treated onion cells (18.1) 
followed by hexane (46.2), whereas the untreated control 
is possessing 96.4 mg/ml. (Table 4). Similar results were 
observed with different fungal species and also plant 
extracts.44,45,37 The assessment of antimitotic activity using 
A.cepa root meristematic cells has been used extensively in 
the screening of drugs with antimitotic activity. The division 
in these cells is similar to normal human cells and cancer 
cell division. Hence, these meristematic cells can be used 
for screening of drugs with potential human anticancer 
activity. Anti-tumor drugs that interact with microtubules 
and tubulin are known to block mitosis and induce cell 
death by apoptosis.46

Due to the presence of different phytochemicals in 
methanol extract at higher concentration, it may be a single 
compound or in combination, the extract has showed 

potential antimitotic activity by inducing structural changes 
to chromosomes.

The methanol and hexane extracts of T.ochracea were 
evaluated for antiproliferation activity against yeast to 
induce inhibition of their growth. The maximum growth 
inhibition of yeast was observed from methanol extract 
(86.55). The methanol extract leads to death of yeast by 
inducing toxicity and death of the cells was noticed as 
debris or necrosis of the cells after 24 h of treatment. 
The hexane treated yeast cells showed less antipriliferaive 
acitivity (57.01) compared with methanol extract and 
standard anticancer agent (91.2). (Figure 8). Our results are 
confirmatored,33,44,45 The yeast cell death was characterized 
by the number of morphological changes such as cell 
shrinkage, membrane blebbing, chromatic condensation, 
cell necrosis and formation of apoptotic bodies.47 Yeast 
was selected for study of in vitro antiproliferative and 
cytotoxic assays as model system. Using chemogenomic 
assays in yeast,48 showed for structurally related imidalo-
pyridines and –pyrimidines a differential involvement of 
mitochondrial dysfunction and DNA damage in their 
toxicity and confirmed these results in cultured human 
cells. Yeast represents an inexpensive and simple alternative 
system to mammalian culture cells for the analysis of 
drug targets and for the screening of compounds in a 
heterologous, yet cellular, eukaryotic environment. Use 
yeast (Saccharomyces cerevisiae), the nematode Caenorhabditis 
elegans, or the fruit fly Drosophila melanogaster, because they 
share similar signaling and growth regulatory pathways 
with humans.49 The advantage, particularly of yeast, is 
that the complete genome comprises only 6250 defined 
genes, and most importantly, many genes that are altered 
in human tumors have homologs in this model organism. 
The model organisms are thought to provide a valuable 
resource to achieve a greater understanding about human 
cancer and hopefully give insights into new approaches 
for therapy.

CONCLUSION

The methanol extract of wood rotting fungi, Trametes 
ochracea having important phytochemicals and exhibited 
potent antioxidant, anti-inflammatory, cyotoxicity 
activities. The activities may be in combination of all active 
phytochemicals or single compound.

CONFLICT OF INTEREST

We declared that we have no any conflict of interest



Phcog J | Mar-Apr 2015 | Vol 7 | Issue 2 145

Govindappa M, et al.: In vitro biological activity of Trametes ochracea

ACKNOWLEDGEMENT

We thank Dr. MR Hulinaykar, Managing Trustee, Sri 
Shridevi Charitable Trust (R.), Dr S.M. Shashidhara, 
Principal and all teaching staff of SIET, Tumakuru, 
Karnataka, India and Molecular biophysical unit, IISc, 
Bangalore, Karnataka India, for encouragement and 
suggestions during the research.

REFERENCES

1. Yu L, Lopez A, Anaflous A, El Bali B, Hamal A, Ericson E, et 
al. Chemical-genetic profiling of imidazo[1,2-a]pyridines and 
-pyrimidines reveals target pathways conserved between yeast 
and human cells. PLoS Genet 2008; 14(2): e1000284.

2. Katsube T, Imawaka N, Kawano Y, Yamazaki Y, Shiwaku K, 
Yamane Y. Antioxidant flavonol glycosides in mulberry (Morus 
alba L.) leaves isolated based on LDL antioxidant activity. Food 
Chemistry 2006; 97(1): 25-31.

3. Lachance PA, Nakat Z, Jeong WS. Antioxidants: an integrative 
approach. Nutrition 2001; 17(10): 835-8.

4. Kumaran A, Karunakaran JR. In vitro antioxidant activities of 
methanol extracts of five Phyllanthus species from India. LWT 
Food Sci Technol. 2007; 40(2): 344.

5. Halliwell B. How to characterize an antioxidant: an update. 
Biochemical Society Symposia 1995; 61(1995): 85-91.

6. Squadriato GL, Peyor WA. Oxidative chemistry of nitric oxide: the 
role of superoxide, peroxynitric and carbon dioxide. Free Radical 
Biology and Medicine. 1998; 25(4): 392-403.

7. Gulcin I, Oktay M, Kufrevioglu IO, Aslan A. Determination of 
antioxidant activity of Lichen Cetraria islandica (L.) Ach. J 
Ethnopharm. 2001; 79(3): 325-9.

8. Gillham B, Papachristodoulou DK, Thomas JH. Free radicals in 
health and disease, chapter 33, In: Wills biochemical basis of 
medicine, 3rd edn. Butterworth-Heinemann, Oxford, 1997, pp. 343.

9. Lewis DA. 1989. Assessement of anti-inflammatory activity. In: 
Anti-inflammatory drugs from plants and marine  sources. Agents 
Actions Supplement. Vol. 27 Birkhlluser Verlag, Basel.

10. Cotran RS, Kumar V, Robbins SL. In: Robbins Pathologic basis of 
disease. Philadelphia: WB Saunders Company; 1994.

11. Essawi T, Srour M. Screening of some Palestinian medicinal 
plants for antibacterial activity. Journal of Ethnopharmacology 
2000; 70(3): 343-9.

12. Silva F, Ferreres JO, Malva, Dias ACP. Phytochemical and 
antioxidant characterization of Hypericum perforatum alcoholic 
extracts. Food Chemistry 2005; 90 (1-2): 157-67.

13. Reshetnikov SV, Wasser SP, Tan KK. Higher basidiomycota as a 
source of antitumor and immustimulating polysaccharides. Int J 
Med Mushr. 2001; 3(4): 361–94. 

14. Wasser SP, Weis AL. Medicinal properties of substances occurring 
in higher basidiomycota mushrooms: current perspectives. Int J 
Med Mushr. 1999; 1(1): 31–62. 

15. Xu X, Yan H, Chen J, Zhang X. Bioactive proteins from mushrooms. 
Biotechnol Adv. 2011; 29(6): 667–74. 

16. Madhavi V, Lele SS. Laccase: Properties and applications. 
Bioresources 2009; 4(4): 1694-717.

17. Sofowora A. Medicinal plants and traditional medicine in Africa. 
Spectrum Books Ltd (Pub.), Ibadan; 1993.

18. Trease E, Evans WC. Pharmacognosy. 13th Edition, Bailliere 
Tindall, London; 1989. 176-80. 

19. Siddiqui AA, Ali M. Practical Pharmaceutical Chemistry. Ist Edition. 
CBS Publishers and distributors. New Delhi; 1997. 126-31. 

20. Gulluce M, Ozer H, Baris O, Daferera D, Sahin F, Polissiou M. 

Chemical composition of the essential oil of Salvia aethiopis L. 
Turkish Journal of Biology 2006; 30(4): 231-3. 

21. Bernatoniene J, Masteikova R, Majiene D, Savickas A, Kevelaitis 
E, Bernatoniene R, et al. Free radical-scavenging activities of 
Crataegus monogyna extracts. Medicina (Kaunas) 2008; 44(9): 
706-712.

22. Benzie IFF, Strain JJ. The ferric reducing ability of plasma (FRAP) 
as a measure of antioxidant power: The FRAP assay. Analytical 
Biochemistry 1996; 239(1): 70–6.

23. Taga MS, Miller EE, Pratt DE. Chia seeds as a source of natural 
lipid antioxidants. J. Am. Oil Chem. Soc. 1984; 61(5): 928-31.

24. Srinivasan K, Jagadish LK, Shenbhagaraman R, Muthumary J. 
Antioxidant activity of endophytic fungus Phyllosticta sp. isolated 
from Guazuma tomentosa. Journal of Phytology 2010; 2(6): 37-41. 

25. Barros L, Oliveira S, Carvalho AM, Ferreira ICFR. In vitro 
Antioxidant properties and characterization in nutrients and 
phytochemicals of six medicinal plants from the Portuguese folk 
medicine. Industrial Crops and Products 2010; 32(3):  572-9. 

26. Mizushima Y, Kobayashi M. Interaction of anti-inflammatory drugs 
with serum proteins, especially with same biologically active 
proteins. Journal of Pharmacy and Pharmacology 1968; 20(3): 
169-73. 

27. Sakat S, Juvekar AR, Gambhire MN. In vitro antioxidant and anti-
inflammatory activity of methanol extract of Oxalis corniculata Linn. 
Intl J. Pharma and Pharm Sci. 2010; 2(1): 146-55.

28. Sadique J, Al-Rqobahs WA, Bughaith EI, Gindi AR. The bioactivity 
of certain medicinal plants on the stabilization of RBS membrane 
system. Fitoterapia 1989; 60: 525-32.

29. Shinde UA, Phadke AS, Nari AM, Mungantiwar AA, Dikshit VJ, 
Saraf MN. Membrane stabilization activity- a possible mechanism 
of action for the anti inflammatory activity of Cedrus deodara wood 
oil. Fitoterapia 1999; 70(3): 251-7.

30. Oyedepo OO, Femurewa AJ. Anti-protease and membrane 
stabilizing activities of extracts of Fagra zanthoxiloides, Olax 
subscorpioides and Tetrapleura tetraptera. Int J Pharmacog. 
1995; 33: 65-9.

31. Yamamoto Y, Miura Y, Higuchi M, Kinoshita Y, Yoshimura I. Using 
lichen tissue cultures in modern biology. Bryologist 1993; 96(3): 
384-93.

32. Lopez S, Bstida J, Viladomat F, Codina C. Acetylcholinesterase 
inhibitory activity of some amaryllidaseae alkaloids and Narcissus 
extracts. Life Sciences 2002; 71: 2521-9.

33. Shweta S, Khadabadi S, Ganesh TG. In vitro antimitotic, 
antiproliferative, DNA fragmentation and anticancer activity of 
chloroform and ethanol extract of Revia hypocrarerformis. Asian 
Pacific J Trop Dis. 2012; 9(2): S503-6.

34. Subhadradevi V, Khairunissa K, Asokkumar K, Umamaheswari 
M, Sivashanmugam A, Jagannath P. Induction of apoptosis and 
cytotoxic activities of Apium graveolens Linn. using in vitro models. 
Middle-East J Sci Res. 2011; 9(1): 90-4.

35. Sehgal R, Roy S, Kumar VL. Evaluation of cytotoxic potential of 
latex of Calotropis procera and Podophyllotoxin in Allum cepa root 
model. J Biocell. 2006; 30(1): 9-13.

36. Bicas JL, Neri-Numa IA, Ruiz ALTG, De Carvalho JE, Pastore 
GM. Evaluation of the antioxidant and antiproliferative potential of 
bioflavons. Food Chem Toxicol. 2011; 49(7): 1610- 5.

37. Govindappa M, Channabasava R, Sadananda TS, Chandrappa 
CP, Umashankar T. Identification of bioactive metabolites by GC-
MS from an endophytic fungus, Alternaria alternata from Tabebuia 
argentea and their in vitro cytotoxic activity. International Journal 
of Biological and Pharmaceutical Research 2014; 5(6): 527-34.

38. Umashankar T, Govindappa M, Ramachandra YL. In vitro 
antioxidant and antimicrobial activity of partially purified coumarins 
from fungal endophytes of Crotalaria pallida. Int. J Cur Micobl. Ap 
Sci. 2014; 3(8): 58-72.

39. Jagadish LK, Shenbhagaraman R, Krishnan VV, Kaviyarasan 
V. Studies on the phytochemical, antioxidant and antimicrobial 



146 Phcog J | Mar-Apr 2015 | Vol 7 | Issue 2

Govindappa M, et al.: In vitro biological activity of Trametes ochracea

properties of three Pleurotus Species collected indigenously. 
Journal of Molecular Biology and Biotechnology. 2008; 1: 20-9.

40. Chou CT. The anti-inflammatory effect of Tripterygium wilfordii 
Hook F on adjuvant induced paw edema in rats and inflammatory 
mediators release. Phytother Res. 1997; 11(2): 152-4.

41. Das SN, Chatterjee S. Long term toxicity study of ART-400. Ind J 
Med. 1995; 16(2): 117-23.

42. Luo XD, Basile MJ, Kennelly EJ. Polyphenolic antioxidants from the 
fruits of Chrysophyllum cainito L. (star apple). Journal of Agriculture 
and Food Chemistry 2002; 50(6): 1379-82.

43. Okoli CO, Akah PA. Mechanism of the anti-inflammatory activity 
of the leaf extracts of Culcasia scandens P. beauv (Araceae). 
Pharmacology, Biochemistry and Behaviour 2004; 79(3): 473-81.

44. Sadananda T, Govindappa M, Ramachandra YL. Evaluation 
of cytotoxic activities of endophytic fungal lectin from Viscum 
album using in vitro model systems. International Journal of 

Comprehensive Pharmacy 2013; 8(05): 1-9.
45. Channabasava, Govindappa M. First report of anticancer agent, 

lapachol producing endophyte, Aspergillus niger of Tabebuia 
argentea and its in vitro cytotoxicity assays. Bangladesh J 
Pharmacol. 2014; 9(1): 129-39.

46. Jordan MA, Thrower D, Wilson L. Effects of vinblastine, 
Podophyllotoxin and nocodazole on mitotic spindles - Implications 
for the role of microtubule dynamics in mitosis. J Cell Sci. 1992; 
102(3): 401-16.

47. Zimmermann KC, Bonzon C, Green DR. The machinery of 
programmed cell death.  Pharmacol Ther. 2001; 92(1): 57-70.

48. Yu BP. Cellular defenses against damage from reactive oxygen 
species. Physiol Rev. 1994; 74(1): 139.

49. Hartwell LH, Szankasi P, Roberts CJ, Murray AW, Friend S. 
Integrating genetic approaches into the discovery of anticancer 
drugs. Science. 1997; 278(5340): 1064–1068.


