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ABSTRACT saline; COX-2: Cyclooxygenase-2; NO: Nitric oxide; BALB/c: Baggs albino
Background: Pleurotus florida is an edible delicious mushroom grown  mice strain ¢; RFPCR: Reverse transcriptase-polymerase chain reaction;
on large scale in different parts of the world. Objective: The objective ~ Hela: Human cervical carcinoma; DMEM: Dulbecco’'s modified Eagle's
of this study is to test the hepatoprotective, cytotoxic, and apoptotic =~ medium

activities of methanol extract of P florida. Materials and Methods: 1.5 ug
lipopolysaccharide (LPS)/25 g body weight was used to induce hepatic
inflammation in Baggs albino mice strain ¢ followed by treatment with
varied concentrations of P florida methanol extract. Hepatoprotective
activity of mushroom extract was studied examining the liver sections. Total
RNA of hepatocytes was isolated and reverse transcriptase-polymerase
chain reaction (RT-PCR) of inducible nitric oxide synthase (iINOS) gene

P. floridamethanol extract

was performed. The mushroom extract was evaluated for its cytotoxic Hepatoprotection iNOS downregulation
and apoptotic activity against human cervical carcinoma cells using

3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide and

4'-6-diamidino-2-phenylindole assay, propidium iodide, acridine orange/ Mo

ethidium bromide staining methods. Results: High hepatoprotection with

no abnormalities was observed at 125 pug of mushroom extract. RT-PCR

showed significantly reduced transcriptional expression of iINOS at 125 ug

concentration of mushroom extract. The methanol extract of P florida

showed cytotoxic activity with IC_; of 47.11 + 0.01 ug/mL and effectively

induced apoptosis in a concentration-dependent manner. Conclusion: The

results of the present study revealed that R florida is not only a nutritionally Apoptosis
valuable food but also an important source for therapeutic compounds. "
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INTRODUCTION Polysaccharides, mainly o or § glucans, protein-bound polysaccharides,

and glycoproteins exhibit immunomodulatory activity by involving in
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compounds.!'! Mushroom extracts have anticancer,””! antibacterial,
antiviral,®  antihypoglycemic,  and  immunomodulatory®!
applications. As mushroom metabolites act as adaptogens and
immunostimulants, it could be considered as antitumor agents for
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enhancing the production of cytokines, activation of natural killer cells,
and expression of inducible nitric oxide synthase (iNOS).”)

Oyster mushrooms (Pleurotus) are a popular food used for many years
by humans worldwide.®™ It has been used as medicinal mushrooms
as it contains bioactive compounds, namely, lectins, phenolics, and
polysaccharides with wide spectrum of pharmacological properties
including immunomodulatory, antiproliferative, antioxidant, antitumor,
immunoenhancing, and anticancer activities. One such important
species, Pleurotus florida, is grown on a large scale in different parts
of the world including India. P. florida exhibits biological activities
such as antioxidant, immunostimulator, antitumor, anti-inflammatory,
anticataract and anthelmintic.*'?

MATERIALS AND METHODS

Source and extraction of mushroom

P. florida was collected from mushroom hut, Kongunadu Arts and
Science College, GN Mills, Coimbatore, Tamil Nadu, India. A sample of
500 g of fresh material was shade dried and powdered. A sample of 100 g
of mushroom powder was extracted with 500 mL of methanol at room
temperature to yield crude extract in Soxhlet apparatus.

Animal handling and experimental design

Animals were cared and handled as per the regulations of Council
Directive (CPCSEA no: 659/02/a) about good laboratory practice. All
animal experiments were performed in the laboratory according to
the ethical guidelines suggested by the Institutional Animal Ethics
Committee. Adult Baggs albino mice strain ¢ (BALB/c) weighing 25 g
were used. Mice were provided by KMCH Hospital, Coimbatore, micro
isolators with autoclaved bedding and cages were used for the maintenance
and fed with autoclaved food pellets and deionized water. The mice were
kept under standard humidity conditions, temperature (25°C + 2°C),
and light (12 h light/dark). Sterile procedures were used in handling
these animals to prevent unintentional introduction of microbes that
could activate iNOS production.

Adult BALB/c mice were randomly assigned into four groups: normal
group (n=3), mushroom extract treated (n = 3), lipopolysaccharide (LPS)
treated (n = 3), and experimental group (LPS + mushroom extract)
(n = 15). Mice were maintained on restricted once a day diet and
administered with LPS (1.5 ug/25 g body weight) and varied
concentrations of mushroom extract (25, 50, 75, 100, and 125 ug/25 g
body weight). The schedule for feeding and mushroom extract treatment

P. florida extract treatment
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Figure 1: Schematic representation of feeding and Pleurotus florida
extract treatment
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was illustrated in Figure 1. After 4-5 h LPS treatment, animals were
sacrificed and livers were excised. A part of liver was fixed in 10%
formalin for histopathological analysis, and another was taken for iNOS
gene downregulation studies.

Histopathological analysis

The tissues were impregnated with histology grade paraffin wax
(melting point 58°C-60°C) at 60°C for two changes of 1 h each. The tissues
impregnated with wax were embedded in paraffin blocks, mounted, and
cut with rotary microtome at 3 uM thickness. The sections were stained
in Ehrlich’s hematoxylin (0.75%) for 8 min. Further, they were counter
stained in 1% aqueous eosin (1 gin 100 mL water) for 1 min, and the excess
stain was removed by washing in tap water and allowed to dry. When
the sections cooled, they were mounted in DPX (Distrene, Plasticiser,
and Xylene) mount (the sections wetted in xylene were inverted on to
the mount kept on cover slip). The architecture was observed at low
power objective lens with x10. The hepatocyte injury and other tissue
morphology were observed under high-power dry objectives.

Inducible nitric oxide synthase gene down

regulation
Total RNA extraction and cDNA synthesis

Total RNA was extracted from 300 mg of liver tissue sample using Trizol
reagent (GeNei, Bengaluru). Synthesis of cDNA from isolated total RNA
was performed using a ¢cDNA kit (HELINI, Chennai). Briefly, 20 uL
reaction mixture was prepared through the addition of 6 uL of cDNA
reaction mix (1X), 2 uL of oligo dT, 2 uL of random hexamer, 2 uL of
enzyme mix, 2 UL of isolated RNA, and 6 uL of nuclease-free water in a
0.2 mL PCR tube. Reverse transcription was carried out for one cycle at
42°C for 30 min and inactivation at 95°C for 2 min. Finally, the cDNA
was stored at-20°C for further use.

Reverse transcriptase-polymerase chain reaction
analysis

The reverse transcriptase-polymerase chain reaction (RT-PCR) analysis
was performed on the aliquots of the cDNA preparations for detecting
iNOS gene expression. The sequence of oligonucleotide primers used was as
follows for iNOS: "1iNOS_F (5-ATGGACCAGTATAAGGCAAGC-3’) and
iNOS_R (5-GCTCTGGATGAGCCTATATTG-3’). Amplification reactions
with the following cycles were carried out in a gradient thermocycler
(Applied Biosystems, California): initial denaturation for 5 min at 94°C
followed by 35 cycles of denaturation for 30s at 92°C, annealing for 1 min
at 58°C, and extension for 1 min at 72°C, followed by final extension for
10 min at 72°C. PCR reaction mix contained 5 UL of PCR master mix (x2)
(Merck Specialties, Mumbai) solution, 1 uL of forward primer, 1 uL of
reverse primer, 1 UL of cDNA, and 2 UL of nuclease-free water.

Cell line studies

The human cervical carcinoma (HeLa) cell line, purchased from NCCS,
Pune, was cultured in a 25 cm? cell culture flask-containing DMEM
supplemented with 10% fetal bovine serum, penicillin (100U/mL), and
streptomycin (100 ug/mL). The cell lines were incubated in humidified
incubator at 37°C with 5% CO,.

3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium
bromide assay

Each well of 96 well plate was added with 1 x 10* cells/100 uL medium
and incubated for 24 h. Then, varied concentrations of mushroom
extract were added to wells and further incubated for 48 h. 20 ul
of 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide
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(5 mg/mL) in phosphate-buffered saline (PBS) was added to each well
and incubated for 4 h at 37°C. After removing the medium, 100 uL of
dimethyl sulfoxide was added to each well and incubated for 10 min at
37°C. The plate was read at 570 nm using a microplate reader.’”! % of
cell viability = ([AB — AA]/AB) x 100, where AB, absorption of blank
sample, AA, absorption of test sample.

Propidium iodide staining

Apoptosis was assessed using uptake of fluorescent dye propidium
iodide (PI).l In a 24-well plate, HeLa cells (1 x 10* cells/well) were
seeded and grown until confluent (80%). The cells were treated for 24 h
with varied concentrations (25-125 pg/mL) of mushroom extract. The
cells were washed with ice-cold PBS and fixed for 30 min with 70%
ethanol. The plates were washed again and stained with 200 uL of PI
(500 uM) for 1 h; further, the plates were washed twice, and the apoptotic
cells were observed under Olympus CKX42 fluorescence microscope.

Acridine orange/ethidium bromide dual staining

Morphological analysis of apoptosis by acridine orange/ethidium
bromide (AO/EtBr; Hi-media, India) dual staining was performed.!”)
Briefly, 2 x 10* cells per well was seeded in a 24-well plate and treated
with different concentrations of mushroom extract (25-125 pg/ml) for
24 h. After incubation, 10 uL of 1 mg/ml AO and EtBr mixture was added
to each well. Nuclei were visualized and photographed under Olympus
CKX42 fluorescent microscope.

4’-6-diamidino-2-phenylindole staining

Cells (1 x 10* cells/well) were seeded in a 24-well plate and treated
with varied concentrations of mushroom extract (25-125 ug/ml) for
24 h. After treatment, the cells were collected and fixed with acetic
acid/methanol (1:3) solution at room temperature for 10 min and then
incubated in 4’-6-diamidino-2-phenylindole (DAPI) (1 ug/ml) for
5 min. Further, the cells were washed thrice with PBS, and the cells were
examined using Olympus CKX42 fluorescence microscope.'*!

RESULTS

In vivo hepatoprotective studies

Histopathological study of the liver of BALB/c mice control group
showed no obvious abnormality. The hepatocytes were seen intact with
central vein presenting normal architecture [Figure 2a]. In the present
study, 1.5 pg LPS/25 g body weight induced hepatic tissue damage with
severe hemorrhage and cell necrosis. The section revealed the distended
hepatic central vein and severe inflammation with lymphocytic cellular
infiltration [Figure 2b]. Mushroom extract alone (1 mg/25 g body weight)
treated liver section showed normal architecture with the absence of
inflammation or any other cell necrosis [Figure 2c]. 25 pg of mushroom
extract did not show any positive effect on hepatoprotection in LPS-treated
animals. Severe necrosis with inflammation, sinusoidal dilatation,
congestion, and hepatic lesions was observed [Figure 2d]. The histology
of the hepatocytes was slightly altered with mild inflammation, cellular
necrosis, and sparse lymphocytic infiltration at 50 ug of the mushroom
extract [Figure 2e]. At75 ug of mushroom extract, the hepatocytes appeared
with normal architecture and no visible inflammatory cell infiltration in
tissue section [Figure 2f]. High hepatoprotection with no abnormalities
was observed at 100 and 125 pg of mushroom extract [Figure 2g and h].

In vivo Inducible nitric oxide synthase
downregulation

Total RNA was isolated from hepatocytes, and RT-PCR was performed to
study the downregulation of iNOS. The results of RT-PCR revealed that
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effect  of  Pleurotus  florida

Figure 2:
extract: (@) Normal liver, (b) lipopolysaccharide treated, (c) extract
treated, (d-h) 25, 50, 75, 100, and 125 ug/mL of Pleurotus Florida
extract-treated lipopolysaccharide-induced mice

Hepatoprotective

1.5ug LPS-treated liver cells had overexpression of iNOS [Figure 3A], which
was then downregulated at transcriptional level followed by treatment
with mushroom extract. While increasing the concentration of mushroom
extract, the iNOS gene was downregulated dose-dependently [Figure 3B].

In vitro anticancer studies

Mushroom extract showed a considerable cytotoxicity against HeLa
cells and its 50% inhibitory concentration was estimated as 47.11 + 0.01
ug/mL. A remarkable elevation in the number of apoptotic cells was
observed in all staining techniques including PI, Ao/Etbr, and DAPI
staining based on increasing concentrations of mushroom extract with
highly induced apoptosis at 125 pug/mL mushroom extract [Figures 4-6].

DISSCUSSION

LPS is widely used to examine the mechanism of inflammation that
produces hepatic necrosis followed by hepatic failure.””) Histopathology
data showed that mushroom extract is a potent hepatoprotective agent. The
hepatoprotective activity of mushroom extract observed in this study maybe
in relation with the reduction of LPS-induced nuclear factor-kB-mediated
mitogen-activated protein kinase (MAPKs).*" A similar result reported
the suppressed inflammation with decrease in paw thickness by P. florida
extract in carrageen and formalin-induced inflammation.
Overproduction of the inflammatory mediator NO, synthesized by
iNOS, is involved in hepatic inflammation. Therefore, suppressing
iNOS expression is believed to be a good approach for the treatment
of inflammatory diseases.”!! Hepatoprotection of P florida might
be attributed by the presence of bioactive constituents in methanol
extract.??! This is supported by the earlier study reporting that phenolic
compounds and flavonoids showed antiinflammatory activity by
controlling the levels of various inflammatory cytokines and mediators
including iNOS and cyclooxygenase-2.1%*

Apoptosis is an important mechanism for the tumor cell growth
inhibition.?!! Deepalakshmi and Mirunalini®! revealed the cytotoxic effect
of P, ostreatus against mammary carcinoma cells attributed by the presence
of bioactive constituents such as tetradecanoic acid and triacontane.
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Figure 3: Inducible nitric oxide synthase gene downregulation capacity
of Pleurotus florida extract: (A) Overexpression of inducible nitric oxide
synthase on lipopolysaccharide treatment, (B) Pleurotus florida extract
treatment showed dose-dependent downregulation of inducible
nitric oxide synthase gene, M, 100bp ladder; C, control; PC, positive
control; (a-d) 25, 50, 75, and 100 ug/mL of Pleurotus florida extract-treated
lipopolysaccharide-induced mice

we |9

Figure 5: Apoptosis induction by Pleurotus florida extract on human
cervical carcinoma cells was observed using acridine orange/ethidium
bromide staining: (a) Control, (b-f) cells treated with Pleurotus florida
extract of 25, 50, 75, 100, and 125 pg/mL, respectively

A similar finding of positive Ao/Etbr staining in HepG2 cells have been
reported earlier on treatment with the polysaccharide from P. nebrodensis.>!

CONCLUSION

The results of the present study revealed that P. florida is not only a
nutritionally valuable food but also an important source for therapeutic
compounds.
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Figure 4: Apoptosis induction by Pleurotus florida extract on human
cervical carcinoma cells was observed using propidium iodide staining:
(a) Control, (b-f) cells treated with Pleurotus florida extract of 25, 50, 75,
100, and 125 pug/mL, respectively

Figure6:ApoptosisinductionbyPleurotusfloridaextractonhumancervical
carcinoma cells was observed using 4'-6-diamidino-2-phenylindole
staining: (a) Control, (b-f) cells treated with Pleurotus florida extract of 25,
50, 75,100, and 125 pg/mL, respectively

Financial support and sponsorship

We are grateful to Dr. M. Aruchami Research Foundation, Kongunadu
Arts and Science College, Coimbatore, Tamil Nadu, India for the
financial support to carry out the research work.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1.

He JZ, Ru QM, Dong DD, Sun PL. Chemical characteristics and antioxidant properties of
crude water soluble polysaccharides from four common edible mushrooms. Molecules
2012;17:4373-87.

. El-Enshasy H, Daba A, El-Demellawy M, Ibrahim A, El Sayed S, EIl-Badry |, et al. Bioprocess

development for large scale production of anticancer exo-polysaccharide by Pleurotus
ostreatus in submerged culture. J Appl Sci 2010;10:2523-9.

. Adotey G, Quarcoo A, Holliday JC, Fofie S, Saaka B. Effect of immunomodulating and

antiviral agent of medicinal mushrooms (immune assist 24/7) on CD4+ T-lymphocyte counts
of HIV-infected patients. Int J Med Mushrooms 2011;13:109-13.

. Lo HC, Wasser SR Medicinal mushrooms for glycemic control in diabetes mellitus: History,

current status, future perspectives, and unsolved problems (review). Int J Med Mushrooms
2011;13:401-26.

. El Enshasy HA, Hatti-Kaul R. Mushroom immunomodulators: Unique molecules with

Pharmacognosy Magazine, Volume 14, Issue 59, October-December 2018 (Supplement 3)



AATHISHREE VANJI PARAMASIVAN, et al.: Bioactive Potential of Pleurotus florida

~

Pharmacognosy Magazine, Volume 14, Issue 59, October-December 2018 (Supplement 3)

unlimited applications. Trends Biotechnol 2013;31:668-77.

. Zaidman BZ, Yassin M, Mahajna J, Wasser SP Medicinal mushroom modulators of molecular

targets as cancer therapeutics. Appl Microbiol Biotechnol 2005;67:453-68.

Borchers AT, Krishnamurthy A, Keen CL, Meyers FJ, Gershwin ME. The immunobiology of
mushrooms. Exp Biol Med (Maywood) 2008;233:259-76.

. Finimundy TC, Gambato G, Fontana R, Camassola M, Salvador M, Moura S, et al. Aqueous

extracts of Lentinula edodes and Pleurotus sajor-caju exhibit high antioxidant capability and

promising in vitro antitumor activity. Nutr Res 2013;33:76-84.

. Jose N, Ajith TA, Janardhanan KK. Methanol extract of the oyster mushroom, Pleurotus

florida, inhibits inflammation and platelet aggregation. Phytother Res 2004;18:43-6.

. Roy SK, Das D, Mondal S, Maiti D, Bhunia B, Maiti TK, et al. Structural studies of an

immunoenhancing watersoluble glucan isolated from hot water extract of an edible
mushroom, Pleurotus florida, cultivar Assam florida. Carbohydr Res 2009;344:2596-601.

. Ganeshpurkar A, Bhadoriya SS, Pardhi P Jain AR Rai G. In vitro prevention of cataract by

oyster mushroom Pleurotus florida extract on isolated goat eye lens. Indian J Pharmacol
2011;43:667-70.

. Ganeshpurkar A, Bhadoriya SS, Pardhi P Rai G. Investigation of anthelmintic potential of

oyster mushroom Pleurotus florida. Indian J Pharmacol 2012;44:539-40.

. Chan MM, Huang HI, Fenton MR, Fong D. In vivo inhibition of nitric oxide synthase gene

expression by curcumin, a cancer preventive natural product with anti-inflammatory
properties. Biochem Pharmacol 1998;55:1955-62.

. Yamasaki K, Edington HD, McClosky C, Tzeng E, Lizonova A, Kovesdi |, et al. Reversal of

impaired wound repair in iINOS-deficient mice by topical adenoviral-mediated iINOS gene
transfer. J Clin Invest 1998;101:967-71.

. Lau CB, Ho CY, Kim CF, Leung KN, Fung KPR Tse TF, et al. Cytotoxic activities of Coriolus

versicolor (Yunzhi) extract on human leukemia and lymphoma cells by induction of apoptosis.
Life Sci 2004;75:797-808.

. Brana C, Benham C, Sundstrom L. A method for characterising cell death in vitro by

20.

21.

22.

23.

24.

25.

26.

combining propidium iodide staining with immunohistochemistry. Brain Res Brain Res
Protoc 2002;10:109-14.

Ribble D, Goldstein NB, Norris DA, Shellman YG. A simple technique for quantifying
apoptosis in 96-well plates. BMC Biotechnol 2005;5:12.

. Fan, Liu C, Huang Y, Zhang J, Cai L, Wang S, et al. Dipyrithione induces cell-cycle arrest and

apoptosis in four cancer cell lines in vitro and inhibits tumor growth in a mouse model. BMC
Pharmacol Toxicol 2013;14:54.

. Vincent JL, Sun Q, Dubois MJ. Clinical trials of immunomodulatory therapies in severe

sepsis and septic shock. Clin Infect Dis 2002;34:1084-93.
Mestre JR, Mackrell PJ, Rivadeneira DE, Stapleton PR Tanabe T, Daly JM, et al. Redundancy in

the signaling pathways and promoter elements regulating cyclooxygenase-2 gene expression
in endotoxin-treated macrophage/monocytic cells. J Biol Chem 2001;276:3977-82.

Ayroldi E, Bastianelli A, Cannarile L, Petrillo MG, Delfino DV, Fierabracci A, et al. A pathogenetic
approach to autoimmune skin disease therapy: Psoriasis and biological drugs, unresolved
issues, and future directions. Curr Pharm Des 2011;17:3176-90.

Im KH, Nguyen TK, Shin DB, Lee KR, Lee TS. Appraisal of antioxidant and anti-inflammatory
activities of various extracts from the fruiting bodies of Pleurotus florida. Molecules
2014;19:3310-26.

Koretz RL, Rotblatt M. Complementary and alternative medicine in gastroenterology: The
good, the bad, and the ugly. Clin Gastroenterol Hepatol 2004;2:957-67.

Hagedorn EJ, Sherwood DR. Cell invasion through basement membrane: The anchor cell
breaches the barrier. Curr Opin Cell Biol 2011;23:589-96.

Deepalakshmi K, Mirunalini S. Antiproliferative and apoptotic effect of Pleurotus ostrtatuson
human mammary carcinoma cell line (Michigan Cancer Foundation-7). Cancer Transl Med
2016;2:95-104.

Cui H, Wu S, Sun Y, Wang T, Li Z, Chen M, et al. Polysaccharide from Pleurotus
nebrodensis induces apoptosis via a mitochondrial pathway in HepG2 cells. Food Funct
2016;7:455-63.

S519



