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1 | INTRODUCTION

One of the most apparent influences of recent times is that people
have brought their understanding back to the basics and to the
natural or organic sources. Although the improvements brought

by technology has made life relaxed to the people, but many are

Abstract

Mushrooms have been accepted as nutraceutical foods because of their high nutri-
tional and functional values. They have also gained interest due to their medicinal
properties, economic importance, and organoleptic merit. In this study, wild Ganoderma
lucidum and four commercial mushrooms, that is, Pleurotus ostreatus, Volvariella volva-
cea, Hericium erinaceus, and Lentinus edodes from Pakistan were screened for their bio-
logical activities such as anticancer, antityrosinase, anti-a-glucosidase, and
antithrombotic activities from their methanol, ethanol, and water extracts. Enzyme
inhibition assay showed that selected mushrooms are potent inhibitors with %age inhi-
bition ranging from 19.00% to 80.91%, and 32.85% to 83.38% for tyrosinase and a-
glucosidase, respectively. The best tyrosinase inhibition was shown by P. ostreatus
whereas L. edodes was found best as a-glucosidase inhibitor. These mushrooms were
tested against cancer cell lines including HT-29 colon and H-1299 lungs carcinoma cell
lines. G. lucidum showed 29% and 24% viability of cells against HT-29 and H-1299 cell
lines, respectively. This antiproliferative effect was in dose-dependent manner, and the
maximum inhibition was observed at 200 pg/ml. Mushrooms extracts were also found
effective against clot lysis. The percentage of clot lysis was in the range of 27%-29%.
The research would provide knowledge to the people of Pakistan about the impor-
tance of locally available commercial mushrooms and wild mushrooms for health im-

provement and prevention against different kinds of diseases.
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still looking for improved herbal substitutes that are proved to be
more effective in their utmost natural form (Sanodiya, Thakura,
Baghela, Prasadb, & Bisen, 2009). This matter had set the ideology
of functional and nutraceuticals as the food that exerts benefi-
cial effects beyond nutrition thereby reducing various ailments
(El Sohaimy, 2012).
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According to the International Agency for Research on Cancer
(IARC), 148,041 people were reported to have cancer in 2012 among
which death cases were about 101,113 in Pakistan (Sarwar & Saqib,
2017). The global increase of cancer incidence has been estimated
by GLOBOCAN, an international agency for cancer research and it
reported 12.7 and 8.2 million deaths in 2008 and 2012, respectively,
and 14.1 million new cases in 2012, 64% of which belonged to devel-
oped countries due to cancer causing behavioral life style especially
smoking (Ferlay et al., 2010, 2015). Currently available anticancer
drugs are not target specific and pose several side effects and some
complications in clinical management which encourage the urgent
need for novel, effective, and nontoxic therapeutic approaches.

According to the World Health Organization (WHO), cardiovas-
cular diseases (CVDs) (acute myocardial infarction and peripheral
arterial thrombosis) are the causes of approximately 30% of deaths
worldwide (Palomo, Fuentes, Padro, & Badimon, 2012). At this time,
available thrombolytic agents are tissue plasminogen activator (t-PA),
streptokinase (SK), and urokinase (UK) that might cause serious bleed-
ing complications along with reinfarction and reoccolution. Recently,
a number of bioactive compounds from natural sources have been
explored and identified as inhibitors to various cancerous cells and are
safe alternative to treat cardiovascular and diabetes (Patel & Goyal,
2012). The search for new anticancer agents resulted in the isola-
tion and purification of number of bioactive compounds from vari-
ous mushroom species that were shown to have antitumor activity
(Borchers, Krishnamurthy, Keen, Meyers, & Gershwin, 2008).

This study was aimed at the exploration of the potential of se-

lected mushroom against cancer and cardiovascular diseases.

2 | MATERIALS AND METHODS

2.1 | Sample collection and preparation

The wild locally grown Ganoderma lucidum (Fr.) P. Karst., was isolated
from the stem of Salmalia malabarica plant collected from Jinah garden,
Faisalabad. Commercial locally cultivated Pleurotus ostreatus (Jacq. Ex.
Fr.) Kumm., Volvariella volvacea (Bull, ex. Fr.) Sing., were collected from
Horticulture Department, University of Agriculture Faisalabad, and
exotic commercially available mushrooms Lentinus edodes (Berk.) Sing.
and Hericium erinaceus (Bull.) Pers. (imported from China) were col-
lected from local market. All the selected mushrooms were collected
in dry form. Taxonomic identification was made by Prof. Dr. M. Asif
Ali from medicinal mushroom lab, Institute of Horticultural Sciences,
University of Agriculture Faisalabad, Pakistan. The specimen of each
species was grounded in a domestic blender and reduced to fine dried
powder and stored at 4°C before the extractions.

2.2 | Extraction of selected mushrooms

The selected mushrooms were extracted in methanol, ethanol, and
water according to the method given by Gangadevi, Yogeswari,
Kamalraj, Rani, and Muthumary (2008) with slight modification.
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Briefly, dried mushroom powder 20 g was extracted with 200 ml
of methanol, ethanol (80%), and water using an orbital shaker
(Gallenkamp, UK) for 8 hr at room temperature. The extracts were
separated from solid residue by filtering through Whatman No. 1 fil-
ter paper. The extract was evaporated in rotary evaporator (EYELA,
N-N Series; Rikakikai Co. Ltd. Japan) to yield the residue and stored

at 4°C for subsequent analysis.

2.3 | Anticancer potential of selected mushrooms

The in vitro cell proliferation assay was conducted as described by
Jeff et al. (2013). The number of living cells at the end of incubation
period was determined by colorimetric assay based on the tetrazo-
lium salt MTT. In this assay, the tested samples were compared with
control (without sample). All the experiments were performed in
triplicate, and cell proliferation under each condition was expressed
as a percentage of the control, which was set at 100%. All in vitro
results were expressed as the proliferation ratio of tumor cells cal-
culated as follows:

Growth inhibition ratio (%) = % x 100

where A and B are the average numbers of viable tumor cells for the

control and samples, respectively, (Jeff et al., 2013).

2.4 | o-Glucosidase inhibition activity

The a-glucosidase inhibition activity was performed according to the
slightly modified method of Kwon, Apostolidis, and Shetty (2008) and
Dong, Li, Zhu, Liu, and Huang (2012). Total volume of the reaction mix-
ture of 100 pl contained 70 ul 50 mm phosphate buffer saline, pH 6.8,
10 pl (0.5 mm) test compound, followed by the addition of 10 ul (0.057
units) enzyme. The contents were mixed, preincubated for 10 min at
37°C, and preread at 400 nm. The reaction was initiated by the addition
of 10 pl of 0.5 mm substrate (p-nitrophenyl glucopyranoside). Acarbose
was used as a positive control. After 30 min of incubation at 37°C, ab-
sorbance was taken at 400 nm using microplate reader (BioTek-USA).
The percent inhibition was calculated by the following equation:

(Abs. of control - Abs. of test solution) y

Inhibition (%) = Abs.of control

100

IC, values (concentration at which there is 50% in enzyme cat-
alyzed reaction) of compounds were calculated using EZ-Fit Enzyme

Kinetics Software (Perrella Scientific Inc. Amherst, USA).

2.5 | Tyrosinase inhibition activity

The antityrosinase effect of mushrooms was determined by calculat-
ing the hydroxylation of L-tyrosine to L-DOPA. Inhibition assay was
conducted in 96-well microplates, a spectrophotometer reader was
used to determine the absorbance at 490 nm. Kojic acid was used as
a positive control. (Momtaz et al., 2008).
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2.6 | Thrombolytic activities of selected mushrooms
extracts and fractions

Clot lysis activity was checked using different mushrooms extracts
and fractions (Prasad et al., 2006). The streptokinase was used as
a positive control for in vitro clot lysis. In commercially available
lyophilized streptokinase (SK) vial, 5 ml phosphate buffered saline
(PBS) was added and assorted properly. This suspension was used
as a stock from which proper dilutions were made to examine the

anticlot activity.

2.6.1 | Sample preparation

Each extract (10 mg) was suspended in 1 ml dimethylsulfoxide (1%),
and the suspension was shaken vigorously on a vortex.

Blood samples of different healthy volunteers were collected
from different hospitals and laboratories of Faisalabad, Pakistan.
Venous blood was drawn from healthy human volunteers without
a history of oral contraceptive or anticoagulant therapy and irre-
spective of gender. Blood (500 pl) was transferred to the previously

weighed microcentrifuge tubes.

2.6.2 | Preparation of clot

Preweighed microcentrifuge tubes which contain blood were incu-
bated at 37°C for 45 min. Blood clot was formed at the bottom of
each centrifuge tube. The serum was removed without disrupting
the clot. Clots were weighed again to calculate weight of clot before
lysis. Weight of clots (Wc) was determined by taking the difference of
weight of microcentrifuge tubes (Wm) containing clot and weight of
empty microcentrifuge tubes (We).

W._w, W,

2.6.3 | Addition of mushrooms
extracts and fractions

Each mushroom extract (100 pl) was added in tubes, where strep-
tokinase and distilled water were applied as positive and negative
controls, respectively. All the microcentrifuge-tubes were again
incubated at 37°C for 90 min. for clot lysis. Then, tubes were in-
verted and left overnight. Microcentrifuge tubes were taken out
of the incubator and the fluid obtained after lysis along with the
applied agents (extract, streptokinase, and distilled water) was re-
moved carefully. Tubes were weighed to calculate the weight of
clot after lysis. The weights of clots were determined by taking
difference between weights of clot after lysis (W1) and weight of
empty tubes (We).

W_=W-W,

Then, percentage of clot lysis activity of different mushrooms ex-
tracts was determined by the difference between weight of clots be-

fore (Wb) and after lysis (W1) dividing by weight of clot before lysis
and multiplied by 100.

_W,-W

Clot lysis (%) 1 %100

b

2.6.4 | Effect of concentrations, incubation
time, and amount of sample on clot lysis

Mushrooms extracts of different concentrations (1%, 0.3%, and
0.6%) and incubated at different time intervals (30, 60 and 90 min),
and 30, 60, and 100 ul of each concentration (1%, 0.6%, and
0.3%) of mushroom extract were used to determine the effect on

thrombolysis.

2.7 | Statistical analysis

The results obtained were presented by means + standard deviation.

3 | RESULTS AND DISCUSSION

3.1 | Anticancer potential of studied mushrooms

Cancer diseases are one of the main causes of death world-
wide (Liu, Wang, Zhao, & Wang, 2013). The discovery of new
molecules from natural origin is a global trend currently for the
less toxicity of natural products (Wang et al., 2012). A number
of bioactive compounds from natural resources had been in-
vestigated, identified, and isolated as inhibitor to various can-
cer cell lines (Ma, Chen, Dong, & Lu, 2013). In this study, the
anticancer activity of water extracts of selected mushrooms
was subjected to in vitro cytotoxicity assay in certain cancer
cell lines including HT-29 colon and H-1299 lungs carcinoma
cell lines. It was found that higher the concentration, the lower
was the cell viability percentage (Thetsrimuang, Khammuang,
Chiablaem, Srisomsap, & Sarnthima, 2011). The antiprolifera-
tive effect was in dose-dependent manner, and the maximum
inhibition was observed at the concentration of 200 pg/ml. The
inhibitory activities of the water extracts on these cell lines are
shown in Figure 1a,b.

All the mushrooms exhibited inhibition against HT-29 cell lines.
G. lucidum showed 29% viability of cells at 200 pg/ml followed by
H. erinaceous 66%, L.edodes 68%, V.volvacea 83%, and P. ostrea-
tus 84%. Whereas in case of H-1299 cell lines, again the G. lucidum
showed 24% viability of cells followed by P. ostreatus 61% and H. er-
inaceus 72%.

Jeff et al. (2013) found the B-p-glucan and monogalactoglucan
isolated and purified from basidiocarps of L. edodes showed anti-
tumor activity against S-180, HCT-116, and H-29 cell lines with a
dose-dependent manner. In another in vivo study, the polysaccha-
ride fraction extracted from the Ganoderma was shown to retard
the growing sarcoma cells in mice (Hua et al., 2007). G. lucidum
dried powder is recommended as a cancer chemotherapy agent
in traditional Chinese medicine (TCM) and currently being utilized
worldwide as dietary supplement (Stanley, Harvey, Slivova, Jiang,
& Sliva, 2005).
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It is concluded that the anticancer potential of G. lucidum might
be due to high percentage of fiber contents that is 54% in our study.
As dietary fibers are the carbohydrates in the diet that are not hydro-
lyzed by enzymes in either the stomach or small intestine, therefore
they have importance for the management of different ailments. The
anticancer potential of wild G. lucidum might be due to this attribute

in addition to its antioxidant potential.

3.2 | wa-glucosidase and tyrosinase inhibition
activities of selected mushrooms

In the synthesis of melanin pigments, tyrosinases are responsible for
coloring hairs, skin, and eyes and also for the treatments of some
dermatological hyper pigmentation illness connected with over-
productions of melanin (Chen, Ying, Li, & Yua, 2012). Skin hyper
pigmentation can be depended on either an increased number of
melanocytes or activity of melanogenic enzymes. Tyrosinase is a
copper-containing enzyme that catalyzes the oxidation of tyrosine
into dopa and subsequently into dopaquinon. Natural inhibitors to
tyrosinase such as mushrooms may consequently be functional and
important in cosmetic business for skin whitening (Yoon, Alam, Lee,
Lee, & Lee, 2011). The results from the above analysis showed that
water extract of P. ostreatus is the best tyrosinase inhibitor (80.9%)
among the selected commercial mushrooms followed by L. edodes
(42.82%) whereas the H. erinaceus and V. volvacea exhibited less ac-
tivities. Similarly, the IC,, values were lower for P. ostreatus, 34.78
pM as shown in Table 1.

Our results are in agreement with the study of Yoon et al.
(2011), tyrosinase inhibitory activities of L. edodes acetonic, meth-
anolic, and hot water extracts at concentration of 0.125-1 mg/ml
were in the rage of 11.94% to 54.22%, 15.12% to 54.61%, and

50 100 150 200 250
Concentration (ng/ml)

3.09% to 47.32%, respectively. The inhibition of tyrosinase activ-
ity might be due to hydroxyl group of phenolic compounds of the
mushrooms extracts that could form a hydrogen bond at the active
site of enzyme, leading to a lower enzymatic activity (Baek et al.,
2008).

a-glucosidase delays the breakdown of carbohydrates in small
intestine and diminishes the postprandial blood glucose excursion. It
is effective and helps people with type 2-diabetes, when blood sugar
is elevated after eating complex carbohydrate. The results showed
that a-glucosidase inhibition activity was observed highest in L. edo-
des 83.38% and P. ostreatus 71.29% whereas moderate activity was
observed in H. erinaceus and V. volvacea. IC5, values were also lower
for L. edodes and P. ostreatus 39.96 and 46.4 pM, respectively, and
can be compared with the positive control which showed the 1C;,
value 30.25%, whereas the IC,, values for H. erinaceus and V. volva-
cea were observed 96.81 and 82.4 uM, respectively.

Our results are consistent with Su, Lai, and Ng (2013); n-hexane
extract of Grifola frondosa showed a strong a-glucosidase inhibitory
activity. They also observed that a-glucosidase inhibiting activity
varied with the levels of oleic acid and linoleic acid present in the
extracts. As a result of these properties, mushrooms could be used
as natural food source for the management of blood glucose level in
diabetic patients.

G. lucidum is best tyrosinase inhibitor and showed inhibition
78.51% with lower IC5, values 39.43 uM. The results also depict that
a-glucosidase inhibition activity was observed very high in G. lucidum
87.27% and as a result had lower IC,, values 36.47 uM. G. lucidum
showed exceptionally high tyrosinase inhibition; this has led to its
inclusion in many commercial skin-whitening products and medical
implication especially in relation to Parkinson disease (Chien, Tsai,
Chen, Chang, & Tseng, 2008).
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TABLE 1 a-glucosidase and tyrosinase inhibition activities of selected mushrooms water extracts (%DW)
Antityrosinase activity wa-glucosidase activity

Mushrooms Activity (%) IC,, (pM) Activity (%) IC,, (UM)
Lentinus edodes 42.82 +0.69° 52.49 +0.95° 83.38+0.91¢ 39.96 +0.74°
Hericium erinaceus 19.00 +0.17° 115.43 + 1.02¢ 32.85 + 1.04° 96.81 +0.83¢
Pleurotus ostreatus 80.91 +0.82¢ 34.78 +0.92° 71.29 £ 1.17° 46.04 +0.81°
Volvariella volvaceae 25.4 +0.85% 89.61 + 0.06¢ 36.74 + 1.07° 82.4+1.03°
Ganoderma lucidum 78.51 +0.26° 39.43 + 0.89° 87.27 +0.87¢ 36.47 £0.82°
Standard 95.52 + 0.46° 4990+ 0.12° 90.23 + 0.14¢ 30.25 % 0.46°

Notes. Standards used in this study along with their concentration: Acarbose (0.5 mm) a-Glucosidase.
abcdMeans + SD followed by different superscripts in each row are significantly different at confidence level p < 0.05 using Tukey’s multiple range test.

Each value is a mean of three replicates.

TABLE 2 Thrombolytic activity of selected mushrooms
ethanolic and methanolic extracts

Mushrooms Solvents % lysis
Lentinus edodes Methanol 25.0
Ethanol 27.4
Pleurotus ostreatus Methanol 19.4
Ethanol 16.1
Hericium erinaceus Methanol 21.3
Ethanol 279
Volvariella volvacea Methanol 20.0
Ethanol 16.2
Ganoderma lucidum Methanol 12.8
Ethanol 9.4
+ve control Streptokinase 66.7
-ve control Water 0.0

It is concluded from the above experiment that wild mushroom
showed best tyrosinase and a-glucosidase inhibition activities.
Among the selected commercial mushrooms, locally cultivated P. os-
treatus was the best tyrosinase and a-glucosidase inhibitor as com-

pared to the exotic commercial mushrooms.

3.3 | Thrombolytic activity of mushrooms
extracts and fractions

According to the World Health Organization (WHO), cardiovascular
diseases (CVDs) (acute myocardial infarction, cerebrovascular dis-
ease, and peripheral arterial thrombosis) are the causes of approxi-
mately 30% of deaths worldwide (Palomo et al., 2012). In normal,
body process coagulation and fibrinolysis processes are controlled
properly. The dysfunction of fibrinolysis process or myocardial or
cerebral infarction is a serious consequence of the thrombus formed
in blood, and thus, blockage of blood vessels due to blood clot (fi-
brin clot) results in vascular disorders such as deep-vein thrombosis,
stroke, myocardial infarction, and pulmonary embolism (Choi et al.,

2014). Thrombolytic agents are used to dissolve the already formed

TABLE 3 Thrombolytic activity (% lysis) of ethanol extracts of
selected mushrooms at three different levels of concentrations
(0.3%, 0.6%, 1%), volume (30, 60, 100 pl) and incubation time (30,
60, 90 min)

Mushrooms (Ethanol) Concentration (%) % lysis

Lentinus edodes 0.3 13.8
0.6 20.9
1 27.4

Hericium erinaceus 0.3 16.7
0.6 18.4
1 271

L. edodes Amount of extract % lysis

(u)

30 14.3
60 16.5
100 18.2

Ganoderma lucidum 30 7.4
60 12.6
100 171

H. erinaceus 30 111
60 13.0
100 16.9

Volvariella volvacea Incubation time (min)  Absorbance (nm)
30 0.596
60 1.276
90 1.568

H. erinaceus 30 1.326
60 1.874
90 1.953

clots in the blood vessels (Ansari, Siddiqui, & Singh, 2012). Currently
available thrombolytic agents are streptokinase (SK), tissue plasmi-
nogen activator (t-PA), and urokinase (UK). They might cause serious
bleeding complications along with reinfection and reoccolution and
therefore secure and effective thrombolytic agents that can lyse a
blood clot are desirable (Prasad et al., 2006).
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The use of natural extracts in folk medicine suggests an economic
and safe alternative to treat cardiovascular disease and infectious
diseases. The clot lysis percentage for methanolic and ethanolic ex-
tracts was in the range from 9.4% to 27.4%. Thrombolytic activity of
mushrooms extracts was determined to check the efficacy of natural
extracts as thrombolytic agent. Results obtained are summarized in
Tables 2.

3.4 | Effect of concentration, volume and time of
incubation of selected mushrooms on thrombolysis

The percentage values of clot lysis of mushrooms extracts were di-
rectly proportional to concentrations, time of incubation, and amount
of extract. The percentage values of clot lysis for L. edodes (ethanol)
at concentrations of 0.3%, 0.6%, and 1% were 13.8%, 20.9%, and
27.4% respectively, and for H. erinaceus (ethanol) at 0.3%, 0.6%, and
1% were 16.7%, 18.4%, and 27.1%, respectively. The percentage val-
ues of clot lysis at different concentrations were ranged from 13% to
27% showing that percent lysis is directly proportional to concentra-
tion and the maximum activity was shown at 1% concentration. The
results are presented in Table 3.

Lentinus edodes (ethanol) at different amounts of 30, 60, and
100 pl were 14.3%, 16.5%, and 18.2%, respectively. For G. lucidum
(ethanol) at 30, 60, and 100 pl, the values were 7.4%, 12.6%, and
17.1%, respectively, the percentage of clot lysis at different amounts
were ranged from 7% to 18%. Ethanolic extracts of H. erinaceus
showed the percentage values of clot lysis 11.11%, 13.0%, and
16.9% at 30, 60, and 100 pl, respectively. Increase in percentage clot
lysis was observed by increasing amount of extract.

The absorbance for H. erinaceus (ethanol) recorded at different
times of incubation at 30, 60, and 90 min were 1.326, 1.874, and
1.953 nm, respectively. The absorbance of clot lysis at each time of
incubation differed from each other. In case of V. volvacea (ethanol),
the absorbance values of clot lysis were 0.596, 1.276, and 1.568 nm,
respectively, at 30, 60, and 90 min of incubation (Table 3). There was
an increase in absorbance with increasing incubation time. The av-
erage percentage lysis values of natural extracts were close to syn-
thetic compounds.

Up to our knowledge, no study has been conducted on throm-
bolytic potential of these selected mushrooms. This study showed
that L. edodes and H. erinaceus extracts have significant thrombolytic
activity as compared to the local cultivated mushrooms P. ostreatus.

Wild G. lucidum also showed moderate thrombolytic potential.

ACKNOWLEDGMENT

The authors are highly thankful to Higher Education Commission
(HEC), Islamabad, Government of Pakistan for financial support for
this work.

CONFLICT OF INTEREST

The authors declare that they do not have any conflict of interest.

CWILEY- 27

ETHICAL STATEMENT

This study does not involve any human or animal testing.

ORCID

Ghulam Mustafa http://orcid.org/0000-0001-6510-6496

REFERENCES

Ansari, V. A,, Siddiqui, H. H., & Singh, S. P. (2012). Antithrombotic and
Thrombolytic activity of Terminalia belerica fruit extracts. Research
Journal of Pharmaceutical, Biological and Chemical Sciences, 3(2),
471-478.

Baek, H. S., Rho, H. S., Yoo, J. W,, Ahn, S. M., Lee, J. Y., Lee, J,, ... Chang,
1.S.(2008). The inhibitory effect of new hydroxamic acid derivatives
on melanogenesis. Bull Korean Chemical Sciences, 29, 43-46.

Borchers, A. T., Krishnamurthy, A., Keen, C. L., Meyers, F. J., & Gershwin,
M. E. (2008). The immunobiology of mushrooms. Experimental Biology
and Medicine, 233, 259-276. https://doi.org/10.3181/0708-MR-227

Chen, H., Ying, J., Li, J., & Yua, M. (2012). Antioxidant activities of poly-
saccharides from Lentinus edodes and their significance for disease
prevention. International Journal of Biological Macromolecules, 50,
214-218. https://doi.org/10.1016/j.ijbiomac.2011.10.027

Chien, C. C., Tsai, M. L., Chen, C. C., Chang, S. J., & Tseng, C. H. (2008).
Effect of tyrosinase activity by the extracts of G. lucidum and re-
lated mushrooms. Mycopathologia, 166(2), 117-120. https://doi.
org/10.1007/s11046-008-9128-x

Choi, J. H., Kim, D. W., Park, S. E., Choi, B. S., Sapkota, K., Kim, S., &
Kim, S. J. (2014). Novel thrombolytic protease from edible and me-
dicinal plant Aster yomena (Kitam.) Honda with anticoagulant ac-
tivity: Purification and partial characterization. Journal of Bioscience
and Bioengineering, 118(4), 372-377. https://doi.org/10.1016/j.
jbiosc.2014.03.004

Dong, H., Li, M., Zhu, F., Liu, F., & Huang, J. (2012). Inhibitory potential of
trilobatin from Lithocarpus polystachyus Rehdgainst a-glucosidase
and a-amylase linked to type 2 diabetes. Food Chemistry, 130, 261-
266. https://doi.org/10.1016/j.foodchem.2011.07.030

El Sohaimy, S. A. (2012). Functional foods and nutracuticals-modern ap-
proach to food science. World Applied Science Journal, 20, 691-708.
http://doi.org/10.5829/idosi.wasj.2012.20.05.66119

Ferlay, J., Shin, H. R., Bray, F., Forman, D., Mathers, C., & Parkin, D. M.
(2010). Estimates of worldwide burden of cancer in 2008: Globocan
2008. International journal of cancer, 127, 2893-2917. https://doi.
org/10.1002/ijc.25516

Ferlay, J., Soerjomataram, I., Dikshit, R., Eser, S., Mathers, C., Rebelo,
M., ... Bray, F. (2015). Cancer incidence and mortality worldwide:
Sources, methods and major patterns in globocan 2012. International
journal of cancer, 136, E359-E386. https://doi.org/10.1002/ijc.29210

Gangadevi, V., Yogeswari, S., Kamalraj, S., Rani, G., & Muthumary, J.
(2008). The antibacterial activity of Acalypha indica L. Indian Journal
of Science and Technology, 1(6), 1-5.

Hua, K. F.,, Hsu, H. Y., Chao, L. K., Chen, S. T, Yang, W. B., & Hsu, J. (2007).
G. lucidum polysaccharides enhance CD14 endocytosis of LPS and
promote TLR4 signaltransduction of cytokine expression. Journal of
Cell Physiology, 212, 537-550. https://doi.org/10.1002/jcp.21050

Jeff, I. B,, Yuana, X., Suna, L., Kassima, R. M. R, Fodaya, A. D., & Zhoua,
Y. (2013). Purification and in vitro anti-proliferative effect of novel
neutral polysaccharides from Lentinus edodes. International Journal
of Biological Macromolecules, 52, 99-106. https://doi.org/10.1016/j.
ijbiomac.2012.10.007

Kwon, Y. ., Apostolidis, E., & Shetty, K. (2008). In vitro studies
of eggplant (Solanum melongena) phenolics as inhibitors of


http://orcid.org/0000-0001-6510-6496
http://orcid.org/0000-0001-6510-6496
https://doi.org/10.3181/0708-MR-227
https://doi.org/10.1016/j.ijbiomac.2011.10.027
https://doi.org/10.1007/s11046-008-9128-x
https://doi.org/10.1007/s11046-008-9128-x
https://doi.org/10.1016/j.jbiosc.2014.03.004
https://doi.org/10.1016/j.jbiosc.2014.03.004
https://doi.org/10.1016/j.foodchem.2011.07.030
http://doi.org/10.5829/idosi.wasj.2012.20.05.66119
https://doi.org/10.1002/ijc.25516
https://doi.org/10.1002/ijc.25516
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1002/jcp.21050
https://doi.org/10.1016/j.ijbiomac.2012.10.007
https://doi.org/10.1016/j.ijbiomac.2012.10.007

SHARIF ET AL.

2

key enzymes relevant for type 2 diabetes and hypertension.
Bioresource Technology, 99, 2981-2988. https://doi.org/10.1016/j.
biortech.2007.06.035

Liu, K., Wang, J., Zhao, L., & Wang, Q. (2013). Anticancer, antioxidant and
antibiotic activities of mushroom Ramaria flava. Food and Chemical
Toxicology, 58, 375-380. https://doi.org/10.1016/j.fct.2013.05.001

Ma, L., Chen, H., Dong, P., & Lu, X. (2013). Anti-inflammatory and an-
ticancer activities of extracts and compounds from the mush-
room Inonotus obliquus. Food Chemistry, 139, 503-508. https://doi.
org/10.1016/j.foodchem.2013.01.030

Momtaz, S., Mapunya, B. M., Houghton, P. J., Edgerly, C., Hussein, A,
Naidoo, S., & Lall, N. (2008). Tyrosinase inhibition by extracts and
constituents of Sideroxylon inerme L. stem bark, used in South Africa
for skin lightening. Journal of Ethnopharmacology, 119, 507-512.
https://doi.org/10.1016/j.jep.2008.06.006

Palomo, I, Fuentes, E., Padro, T., & Badimon, L. (2012). Platelets and athero-
genesis: Platelet anti-aggregation activity and endothelial protection
from tomatoes (Solanum lycopersicum L.). Experimental and Therapeutic
Medicine, 3, 577-584. https://doi.org/10.3892/etm.2012.477

Patel, S., & Goyal, A. (2012). Recent developments in mushrooms as anti-
cancer therapeutics: A review. 3 Bitech, 2(1), 1-15.

Prasad, S., Kashyap, R. S., Deopujari, J. Y., Purohit, H. J,, Taori, G. M., &
Daginawala, H. F. (2006). Development of an in vitro model to study
clot lysis activity of thrombolytic drugs. BioMed Central, https://doi.
org/10.1186/1477-9560-4-14

Sanodiya, S. B., Thakura, G. S., Baghela, R. K., Prasadb, G. B. K. S., &
Bisen, P. S. (2009). Ganoderma lucidum: A potent pharmacological
macrofungus current. Pharmaceutical Biotechnology, 10, 717-742.
https://doi.org/10.2174/138920109789978757

Sarwar, M. R,, & Saqib, A. (2017). Cancer prevalence, incidence and mor-
tality rates in Pakistan in 2012. Cogent Medicine, 4(1), 1288773.

Stanley, G., Harvey, K., Slivova, V., Jiang, J., & Sliva, D. (2005). G. lu-
cidum suppresses angiogenesis through the inhibition of VEGF and

TGF-beta 1 fromprostate cancer cells. Biochemical and Biophsical
Research Communications, 330, 46-52. https://doi.org/10.1016/j.
bbrc.2005.02.116

Su, C. H., Lai, M. N., & Ng, L. T. (2013). Inhibitory effects of medicinal
mushrooms on a-amylase and a-glucosidase-enzymes related to hy-
perglycemia. Food Function, 4(4), 644-649. https://doi.org/10.1039/
c3fo30376d

Thetsrimuang, C., Khammuang, S., Chiablaem, K., Srisomsap, C.,
& Sarnthima, R. (2011). Antioxidant properties and cytotox-
icity of crude polysaccharides from Lentinus polychrous Lév.
Food Chemistry, 128, 634-639. https://doi.org/10.1016/j.
foodchem.2011.03.077

Wang, J. L., Liu, K., Gong, W. Z., Wang, Q., Xu, D. T., Liu, M. F,, ... Song, Y. F.
(2012). Anticancer, antioxidant, and antimicrobial activities of anemone
(Anemone cathayensis). Food Science and Biotechnology, 21, 551-557.
https://doi.org/10.1007/s10068-012-0070-9

Yoon, K. N., Alam, N, Lee, J. S., Lee, K. R., & Lee, T. S. (2011). Detection
of phenolic compound concentration and evaluation of anti-
oxidant and anti tyrosinase activity of various extracts fron the
fruiting body of L. edodes. World Applied Sciences Journal, 129(10),
1851-1859.

How to cite this article: Sharif S, Atta A, Huma T, et al.
Anticancer, antithrombotic, antityrosinase, and anti-a-
glucosidase activities of selected wild and commercial
mushrooms from Pakistan. Food Sci Nutr. 2018;6:2170-2176.
https://doi.org/10.1002/fsn3.781



https://doi.org/10.1016/j.biortech.2007.06.035
https://doi.org/10.1016/j.biortech.2007.06.035
https://doi.org/10.1016/j.fct.2013.05.001
https://doi.org/10.1016/j.foodchem.2013.01.030
https://doi.org/10.1016/j.foodchem.2013.01.030
https://doi.org/10.1016/j.jep.2008.06.006
https://doi.org/10.3892/etm.2012.477
https://doi.org/10.1186/1477-9560-4-14
https://doi.org/10.1186/1477-9560-4-14
https://doi.org/10.2174/138920109789978757
https://doi.org/10.1016/j.bbrc.2005.02.116
https://doi.org/10.1016/j.bbrc.2005.02.116
https://doi.org/10.1039/c3fo30376d
https://doi.org/10.1039/c3fo30376d
https://doi.org/10.1016/j.foodchem.2011.03.077
https://doi.org/10.1016/j.foodchem.2011.03.077
https://doi.org/10.1007/s10068-012-0070-9
https://doi.org/10.1002/fsn3.781

