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ABSTRACT

Aims: The study was carried out to investigate the thrombolytic potential of methanolic extracts of
edible mushrooms.

Study Design: Experimental study.

Place and Duration of Study: Department of Biochemistry, Primeasia University, August 2014 to
December 2014

Methodology: An in vitro thrombolytic model was used to check the thrombolytic effect of
Pleurotus ostreatus, Ganoderma lucidum and Lentinula edodes along with Streptokinase as a
positive control and water as a negative control. In this study two concentrations of the extracts i.e.
400pg/ml and 800 ug/ml were tested at three time intervals, 24 hrs, 48 hrs and 72 hrs duration of
incubation at 37°C for observing maximum clot lysis.

Results: At 400 ug/ml dose, Pleurotus ostreatus showed highest clot lysis activity in 72 hrs of
incubation, 18.62% while Ganoderma lucidum, and Lentinula edodes showed 17.01% and 9.02%
in the same incubation. Similarly, at 800 pg/ml dose, the thrombolytic activities were 63.35%,
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34.16%, and 29.00% respectively for Pleurotus ostreatus, Ganoderma Iucidum, and Lentinula
edodes. Our study clearly demonstrated that Pleurotus ostreatus exhibits maximum 63.37% clot
lysis at 800 pug/ml concentration in 72 hrs of incubation with reference to Streptokinase 86.43%.
The thrombolytic nature of the mushroom extracts was found to be significant (P<0.0001), when
compared with the negative control (water) at different doses. The relative thrombolytic activity of
Pleurotus ostreatus, Ganoderma lucidum and Lentinula edodes was found to significant at different
doses (P<0.0001) and at various incubation periods (P<0.0001).

Conclusion: The result of our findings indicated that percentage of clot lysis is directly proportional
to the concentration and incubation time of the extracts.

Keywords: Clot lysis; thrombolytic agents; oyster; shiitake.

1. INTRODUCTION

Thrombosis is the formation of a blood clot within
a blood vessel causing a partial or total
obstruction, which prevents blood from flowing
normally through the circulatory system. It is
caused due to imbalance of homeostatic system
of the body [1]. Modern pharmaceuticals have
developed many drugs over the years with the
purpose of dissolving clots, such as alteplase,
anistreplase, streptokinase, urokinase and tissue
plasminogen [2,3] Among these drugs
streptokinase and urokinase are widely used
because of the low cost as compared to other
thrombolytic drugs [4,5]. But due to the weak
substrate specificity of these first generation
drugs (streptokinase and urokinase), they lead to
systemic fibrinolysis, anaphylactic reaction and
bleeding complications [6]. Moreover multiple
treatments with streptokinase are restricted in a
given patient, as a result of immunogenicity [7].
Because of the shortcomings associated with the
thrombolytic drugs, it is necessary to find an
attractive alternative and to develop improved
recombinant of these drugs [8].

At present there are at least 270 species
of mushroom that are known to have various
therapeutic properties [9]. Medicinal mushrooms
offer potentially important therapeutic properties
including antioxidants, anti-hypertensive,
cholesterol-lowering, liver protection, anti-fibrotic,
anti-inflammatory, anti-diabetic, anti-viral and
anti-microbial, thrombolytic activity.

Ganoderma Ilucidum has the longest historical

usage for medicinal purposes [10]. This
mushroom possesses many different medicinal
properties dependent on the stage and

environment of its growth [11]. Traditionally, it
has been widely used in the treatment of
hepatopathy, chronic  hepatitis, nephritis,
hypertension, arthritis, neurastheine, insomnia,
bronchitis, asthma and gastric ulcers. Scientific
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studies have confirmed that substances
extracted from the mushroom can reduce blood
pressure, blood cholesterol and blood sugar
levels as well as inhibit platelet aggregations
[12]. A number of studies revealed that Pleurotus
ostreatus has numerous diseases curing
properties like, anti-cancer activity, immune
modulating effects, antiviral, antibiotic and anti-
inflammatory activities. Pleurotus are excellent
producers of lovastatin. Pleurotus could be
considered as a functional food with natural
cholesterol-lowering ability [13]. In oriental
medicine Lentinula edodes (shiitake) has been
used for a wide range of health problems and its
curative properties are well attested to in folk
medicine [14] (C. The present research is
planned to screen for the Thrombolytic activity of
three Bangladeshi edible mushrooms, Pleurotus
ostreatus, Ganoderma Iucidum and Lentinula
edodes.

2. MATERIALS AND METHODS
2.1 Sample Collection and Identification

Fruiting bodies of three edible mushrooms were
collected from National Mushroom Development
and Extension Centre (NAMDEC), Savar, Dhaka-
1340, Bangladesh and identified by mushroom
development officer, Boucher number #621. The
authenticated three edible mushrooms were
Pleurotus ostreatus, Ganoderma lucidum, and
Lentinula edodes.

2.2 Sample Preparation

The fruiting bodies of the mushrooms were then
cleaned and washed to remove any residual
compost and dirt by using tap water. The cleaned
fruiting bodies were cut and dried at room
temperature in the shade and away from direct
sunlight for 5 days and then transferred in a hot
air oven for 2 days. After drying, the dried
samples were grounded into fine power by using



a grinder and kept in a sealed plastic bag for
future analysis.

2.3 Sample Crude Extract Preparation

The 80% methanol extraction procedure was
used to prepare crude extracts of three
authenticated mushrooms. Firstly, 10 grams of
powdered mushrooms were suspended with 80%
Met-OH in the ratio of 1:15 for Ganoderma
lucidum, and Lentinula edodes and 1:4 for
Pleurotus ostreatus. The suspended samples
were then kept in the dark for 10 days with
frequent agitation at room temperature and
decanted to remove the soluble supernatant,
which was filtered through a 0.22 micron filter
paper. The resulting filtrates were then
evaporated in the water bath at 60°C, 60 rpm for
60 hrs until a semi-solid mass of the following
colour was obtained; blackish-orange for
Ganoderma lucidum, and Lentinula edodes &
yellow for Pleurotus ostreatus.

2.4 Sample Preparation for Thrombolytic
Activity Study

Two concentrations 400 pg/ml and 800 pg/mi
were used. The samples were prepared by
scraping off 0.0004 g and 0.0008 g of the solid
samples using a spatula which was measured on
the analytical balance. The measured samples
were then transferred into individual micro
centrifuge tube and 1000yl distilled water was
added to the tube. 100 pl of this aqueous
preparation was added to the micro centrifuge
containing the clots to check for thrombolytic
activity.

2.5 Study Design

Thrombolytic activity study was performed
according to the method described by Prasad et
al. [15]. First of all, in commercially available
lyophilized streptokinase vial (1 500 000 IU) and
5 mL sterile distilled water was added and mixed
properly. This suspension was used as a stock
solution from which appropriate dilution was
made. Five milliliter of venous blood was drawn
from the healthy volunteers (n=10) without the
history of oral contraceptive or anticoagulant
therapy and was distributed (1 mL/tube) to each
ten previously weighed sterile micro centrifuge
tube and incubated at 37°C for 90 min to form
the clot. After the clot formation, serum was
completely removed without disturbing the clot
and each tube having clot was again weighed to
determine the clot weight. A volume of 100 pL of
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the prepared sample was added to each micro
centrifuge tube containing pre weighed clot. As a
positive control, 100 uL of streptokinase and as a
negative control, 100 pL of distilled water were
separately added to the control tube numbered.
All the tubes were then incubated at 37°C for
24 hrs, 48 hrs, and 72 hrs and observed clot
lysis. After incubation, fluid released was
removed and tubes were again weighed to
observe the difference in weight after clot
disruption. Difference obtained in weight taken
before and after clot lysis was expressed as
percentage of clot lysis.

% of clot lysis =

(wt of released clot /clot wt) x 100
2.6 Statistical Analysis

The mean differences of % thrombolytic activity
were analyzed by using student’s t test. Two
variables were compared with student’s t test
while three or more variables were analyzed and
were compared with one way ANOVA. Null
hypothesis testing was done at 5% level of
significance. All values are expressed as
meanzSD for three replicates.

3. RESULTS

In this in vitro thrombolytic analysis,
streptokinase and sterile distilled water were
used as positive and negative control and
compared their clot lysis activities with Pleurotus
ostreatus, Ganoderma Iucidum and Lentinula
edodes. Fig. 1 explores the statistical evaluations
of streptokinase (P>0.01) and sterile distilled
water (P<0.001) with comparing three incubation
periods.

The mean % clot lysis activities of Pleurotus
ostreatus, Ganoderma Iucidum and Lentinula
edodes were affected by doses of sample and by
incubation periods. 63.37% clot lysis was found
in Pleurotus ostreatus where as 34.71% and 29.1
% clot lysis were found in Ganoderma Ilucidum
and Lentinula edodes respectively at 800 ug/ml
dose and at 72 hrs incubation. The mean
differences of % clot lysis of Pleurotus ostreatus,
Ganoderma lucidum and Lentinula edodes at
400 pg/ml and 800 pg/ml and at 24 hrs, 48 hrs
and 72 hrs incubation peroids were statistically
significant (P<0.0001). Statistically analyzed
relationship between three incubation periods
(24 hrs, 48 hrs and 72 hrs) and two doses



(400 pg/ml and 800 ug/ml) of mushrooms are
shown in Fig. 2.

The clot lysis activities of Pleurotus ostreatus,
Ganoderma lucidum and Lentinula edodes with
doses stratified are shown in Fig. 3. Two
selected doses form namely 400 pg/ml and
800 pg/ml of edible mushrooms mentioned
above were evaluated as thrombolytic agents
and were acknowledged their statistical
inferences.

The relative clot lysis of Pleurotus ostreatus,
Ganoderma lucidum and Lentinula edodes was
also evaluated at 24 hrs, 48 hrs and 72 hrs

incubation periods. These dose dependent
activities are shown in Fig. 4.
4. DISCUSSION

Atherothrombotic diseases namely myocardial or
cerebral infarction occurs due to the
development of thrombus that causes hindrance
in the passage of vessels and death [4] (Collen
D, 1990). Thrombolytic agents that include tissue
plasminogen activator (t-PA), Urokinase (UK),
streptokinase (SK) etc. are used globally for the
treatment of these diseases [16]. These drugs
are exposed to have several adverse effects
associated to atherothrombotic diseases, which
lead to further complications [17-19]. At present
there is a search for a new thrombolytic agent as
the previous ones have some limitations and can
lead to fatal consequences.
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The results found in this study indicated that
Pleurotus ostreatus had maximum clot lysis
activity i.e. 63.35% at concentration in 72 hrs of
incubation. On the other hand Lentinula edodes
demonstrated minimum clot lysis activity i.e.
29.00% and Ganoderma Ilucidum showed
moderate clot lysis activity i.e. 34.16% at
800 pg/ml concentration in 72 hrs of incubation.
At 400 pg/ml dose of edible mushrooms,
comparatively less clot lysis activity was found
with different incubation periods. In our findings
it was clearly observed that the mushroom
extracts enhanced clot lysis in dose dependent
manner along with the incubation time factor.

According to Maafi Rizwana Islam et al. 2015
[20], eleven selected phytochemicals were found

in the extracts of the fruiting bodies of
Ganoderma lucidum with polyphenols,
flavonoids, tannins, coumarins, Vvit-C, and

anthocyanins found in highest concentration
category. Except polyphenols, Lentinula edodes
showed the rest of 10 selected phytochemicals
with vit-C and tannin found in maximum
concentration category. Saponins, coumarins,
and anthocyanins were absent in the fruiting
bodies of Pleurotus ostreatus while steroids,
terpenoids, cardiac glycosides were found in
uppermost concentration category. Studies
revealed that the thrombolytic activity was
probably due to the phytoconstituents present in
the mushroom samples.
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Fig. 1. Effects of incubation periods on clot lysis activity of streptokinase and sterile distilled
water. (A) No statistically significant mean difference of % clot lysis by positive control
(P>0.01) and (B) mean differences of % clot lysis amidst 24 hrs, 48 hrs and 72 hrs incubation of
negative control were statistically significant (P<0.0001)
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Fig. 2. Effects of incubation periods on clot lysis activities of Pleurotus ostreatus, Ganoderma
lucidum and Lentinula edodes. (A) and (B) explores the clot lysis of 400 ug/ml and 800 pug/ml of
Pleurotus ostreatus. The mean differences of % clot lysis of 400 ug/ml (P<0.0001) and 800
ug/ml (P<0.0001) were statistically significant. In (C) and (D), mean clot lysis of Ganoderma
lucidum with two doses of 400 ug/ml (P<0.0001) and 800 pug/ml (P<0.0001) were statistically
underlined. (E) and (F) shows the mean clot lysis of Lentinula edodes with two doses of
400 pg/ml (P<0.0001) and 800 pg/ml (P<0.0001)

48



Islam et al.; BJPR, 7(1): 44-51, 2015; Article no.BJPR.2015.090

807 | | 407 : :
I 1
60- T 301

% clot lysis
F-
<
% clot lysis
N
<

20- 10+
0- - . 0- T
400 yg/ml 800 yg/ml 400 yg/ml 800 ug/ml
Pleurotus ostreatus Ganoderma lucidum
40- | P<0.0001 |
I 1
30-
2 -
]
2>
§ 20-
o
X
10+
o-- :
400 yg/ml 800 yg/ml
Lentinula edodes

Fig. 3. Dose dependent clot lysis activity of Pleurotus ostreatus, Ganoderma lucidum and
Lentinula edodes extracts. (A) The mean difference of % clot lysis between 400 pg/ml and
800 pg/ml doses of Pleurotus ostreatus was significant (P<0.0001). (B) Statistically significant
inference (P<0.0001) was documented in case of the mean difference of % thrombolytic
activity by Ganoderma lucidum. (C) Lentinula edodes showed significant % clot lysis activity
(P<0.0001)
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differences of clot lysis of Pleurotus ostreatus, Ganoderma lucidum and Lentinula edodes
were statistically very significant (P<0.0001). (D), (E) and (F) elucidate the clot lysis of
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5. CONCLUSION

Based on the results obtained from the study,
thrombolytic activities of three edible mushrooms
are doses and incubation dependent. It can also
be concluded that the methanolic extracts of the
three mushrooms can be successfully applied in
the development of more potent and efficient
thrombolytic agents as they showed reasonable
thrombolytic activity. However, further
investigation is required to confirm their
pharmacological activity and thereby utilizing
them as useful medicinal plant.

CONSENT
It is not applicable.

ETHICAL APPROVAL

It is not applicable.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Abhijit Das, Syed Masudur Rahman
Dewan, Md. Ramjan Ali, Pankaj Chandra
Debnath, Md. Mustahsan Billah.
Investigation of in vitro thrombolytic
potential of ethanolic extract of Momordica
charantia fruits: An anti-diabetic medicinal
plant. Der Pharmacia Sinica. 2013;
4(2):104-108.

2. Dev B. Baruah, Rajendra N. Dash,
Chaudhari MR, Kadam SS. Plasminogen
activators: A comparison.  Vascular
Pharmacology. 2006;44(1):1-9.

3. Irfan Newaz Khan, Md. Razibul Habib, Md.

Mominur Rahman, Adnan Mannan,

50



10.

1.

12.

Md. Mominul Islam Sarker, Sourav
Hawlader. Thrombolytic potential of
Ocimum sanctum L., Curcuma longa L.,
Azadirachta indica L. and Anacardium
occidentale L. Journal of Basic and Clinical
Pharmacy. 2011;2(3):125-127.

Collen D. Coronary  thrombolysis:
streptokinase or recombinant tissue-type
plasminogen activator. Annals of Internal
Medicine.1990;112:529-538.

Mucklow JC. Streptokinase is more
economical than alteplase. British Medical
Journal. 1995;311:15086.

Rouf SA, Moo-Young M, Chisti Y. Tissue-

type plasminogen activator:
Characteristics, applications and
production  technology. Biotechnology

Advances. 1996;14(3):239-266.

Jennings K. Antibodies to streptokinase.
British Medical Journal. 1996;312:393.
Nicolini FA, Nichols WW, Mehta JL,
Saldeen TG, Schofield R, Ross M, Player
DW, Pohl GB, Mattsson C. Sustained
reflow in dogs with coronary thrombosis
with K2P, a novel mutant of tissue-
plasminogen activator. J Am Coll Cardiol.
1992;20(1):228-235.

Ying JZ, Mao XL, Ma QM, Zong YC, Wen
HA. lcons of medicinal fungi from
China (Transl. Xu, Y.H.); 1987. (In press)
Zhao JD, Zhang XQ. Resources and
taxonomy of Lingzhi (Ganoderma) in
China. From program and extracts of the
1994 International Symposium in
Ganoderma Research, Beijing, Beijing
Medical University; 1987.

Jong SC, Birmingham JM. Medicinal
benefits of the mushroom Ganoderma.
Advances in Applied Microbiology.
1992;37:101-134

Hobbs C. Medicinal mushrooms: An
Exploration of Tradition, Healing and

Islam et al.; BJPR, 7(1): 44-51, 2015; Article no.BJPR.2015.090

13.

14.

15.

16.

17.

18.

19.

20.

Culture. Botanica Press, Santa Cruz, CA;
1995.
Gunde-Cimerman N. Medicinal value of

the genus Pleurotus (Fr.) P. Karst.
(Agaricales S., Basidiomycetes).
International Journal of medicinal

Mushrooms. 1999;1:69-80.

Chihara G. Immuno pharmacology of
lentinan, a polysaccharide isolated from
Lentinus edodes: Its application as a
host defense potentiator. International
Journal of Oriental Medicine. 1992;
17:57-77.

Prasad S, Kashyap RS, Deopujari JY,
Purohit HJ, Taori GM, Daginawala HF.
Development of an in vitro model to study
clot lysis activity of thrombolytic
drugs. Thromb J. 2006;4(14):1-4.

Maknoon Siddika, Rabiul Hasnat, Entaz
Bahar. Thrombolytic (/n vitro) and
analgesic (In vivo) effect of methanolic
extract of Cucumis sativus. The Pharma
Innovation Journal. 2015;3(12):01-07.
Gallus AS. Thrombolytic therapy for
venous thrombosis & pulmonary embolism.
Bailliere’s Clinical Haematology. 1998;11:
663-73.

Joanna Wardlaw, Eivind Berge, Gregory
del Zoppo, Takenori Yamaguchi.
Thrombolysis for acute ischemic stroke.
Stroke Journal. 2004;35:2914-2915.
Capstick T, Henry MT. Efficacy of
thrombolytic agents in the treatment of
pulmonary embolism. European
Respiratory Journal. 2005;26(5):864-874.
Maafi Rizwana Islam, Omar M, M. Moyen
Uddin PK, et al. Phytochemicals and
antibacterial activity screening of three
edible mushrooms Pleurotus ostreatus,
Ganoderma  Ilucidum and Lentinula.
American Journal of Biology and Life
Sciences. 2015;3(2):31-35.

© 2015 Islam et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=1176&id=14&aid=9463

51



