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ABSTRACT

The present study was conducted to evaluate thigraliferative activity of aqueous extract of Cajde indicavar.
APK2. Mushroom extract was screened for the presehphytochemicals and antioxidant compounds.ekract
was found to contain significant amount of pher(it.22 mg GAE/g), flavanoid (1.54 mg quercetini#ajent/g ),
saponin (0.076/g), terpenoid(0.099mg/g) and alla&l¢2.15 mg/g). Mushroom extract analysed for enzigma
antioxidants was found to contain superoxide diswit(625.271g/g); catalase (352.8 ug/g); glutatkich
transferase (825.26 ug/g); glutathione peroxidagg6(41pg/g) and glucose 6 phosphatase (0.19 ugid) @he
non enzymatic antioxidant compounds fkearotene (112.73 pg/100g) and lycopene (22.42Q0gLrespectively.
The above listed compounds enriched extract ofniighroom C.indica was subjected to assess theralifigpative
activity against MCF-7 breast cancer cell line ugiMTT assay and Tryphan blue dye exclusion mefReslults on
MTT assay showed that as the concentration inceedsam 0.125 to 1.0 mg/ml; cell viability decreasiedm
81.1340.22% to 29.7240.02% and 64.31+0.44% to 18®85% at 24h and 48h of incubation respctivelysits
on Tryphan blue dye exclusion study revealed thattdtal cell count of MCF-7 cells decreased withréase in
concentration of the mushroom extract indicating itfhibitory activity. All these findings point diatr the first time
that the mushroom, Calocybe indica is an exceldentrce of natural chemopreventive agents in thattnent of
breast cancer.

Keywords: Breast cancefi-carotene, lycopene, MTT, Tryphan blue dye exclusio

INTRODUCTION

Human body is constantly generating free radicatslzas the power to neutralize them. An imbalaretesben the
free radicals and the ability of the body to ndigarthis imbalance leads to oxidative stress. @te stress may
cause various problems and diseases such as digB&tbeimer’'s disease, Parkinson'’s disease, agimycancer.
Oxidative stress can be quenched by using antioisd@n Antioxidant is a any substance that delpysyents or
removes oxidative damage to a target moleade; scavenge free radicals; provide protectionnafjdihe diseases
[1].Antioxidants can be classified into a numbedidferent groups as enzymatic and non-enzymatategies. The
enzymatic antioxidants include superoxide dismytastéalase, glutathione peroxidase and glutathredectase,
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while non-enzymatic antioxidants include the tocenoh p-carotene, flavanoids, lycopene and phenolic comgsu

2].

Cancer is a heterogeneous disease of varied efioRBrgast cancer is a group of neoplasm originatiogn the
epithelial cells lining the milk ducts and are mesimmon malignancies which causes cancer deathsinen
worldwide, consisting of approximately 18% of f@male cancers [3]. In India about four out of flweeast cancer
cases are treated at very advanced stages. Beeastrds the ® most common cancer among women in India and
accounts for 7% of global burden of breast cancet ane-fifth of all cancers among women in Indid. [4
Chemotherapy, surgery and radiotherapy have remhdine mainstay of human cancer treatment that tead
increase survival time for many cancer patients,[3, Yet, these treatments are harmful to norreliscThe major
problem involved in current chemotherapy is theellggment of drug resistance. Some of the cancesstygre
intrinsically resistant to various anticancer drughile others develop multidrug resistance uporattrent.
Treatment for cancer is frequently an assault éoitimune system that leads to weakening of the 'sadymune
system resulting in immunosuppression that canifeégntly increase a patient's risk for infectionhus the
development of chemoresistance remains a majordbstor cancer treatment anglthe plateau of cancer death
continues, the need for new approaches with lessooside effects to prevent this hazardous disbaseme
imperative.

Exploration of natural sources in search for biaally active compounds that could be applied iticamcer
therapy or chemoprevention has been practiced svitttess for a long time [8]. Fungi are well knowen their
nutritional and medicinal value due to their comtef variety of bioactive substances with pharmagual
properties [9]. Mushrooms, the macro fungi usednfi@ny years in natural medicine, have especiagntsereened
for phytochemicals with beneficial properties onrfamn health [10]. Bioactive compounds present imtluigshrooms
have been reported to possess anti-tumor, antiecaacti-viral, anti-coagulant, anti-inflammatoanti-diabetic and
immuno-modulatory activities [11].

The mushroomCalocybe indicaVar.APK2 is an edible and commonly grown and comsd mushroom in
Tamilnadu, India. They are reported to possess mnaewicinal properties like anti-microbial, anti-deic, anti-
inflammatory and antioxidant properties [12,13,1#je purpose of the recent research was to evathaieffects of
a hot water extract df.indica on the proliferation of MCF-7 human breast cargmlls. The study also included
guantifying the phytochemicals, enzymatic and nonyenatic antioxidants from the chosen mushroom.

MATERIALS AND METHODS

Sample collection and processing

Cultivated fruiting bodies o€alocybe indicavar. APK2 were obtained from the Sujii Mushroom fafPerundurai,
Erode, Tamilnadu, India. The studied samples wen¢hemticated by Dr.A.S.Krishnamoorthy, Professor,
Department of Plant Pathology, Tamilnadu Agricidtudniversity, Coimbatore, Tamilnadu. A voucher @pen
has been deposited at the mushroom unit, TamilAggicultural University, Coimbatore.

All the samples were lyophilized, reduced to a filmeed powder (20 mesh), mixed to obtain homogersaumsples
and stored in a desiccator, protected from lightil éurther analysis.

Preparation of aqueous extract ofC.indica

Aqueous (Hot water extract) extraction was preparsithg 59 ofC.indica powder stirred with 50ml of sterile
distilled water at 60°C for 1h. The mixture was legband centrifuged. After centrifugation at 5066g10min, the
residue was re-extracted twice with 20ml of stedliiilled water as described above. The supertsataere pooled
together and concentrated in rotary evaporator QfiIC6 The dried extract thus obtained was used e t
determination of phytochemicals, antioxidant commtsuandnvitro cytotoxicity.

Determination of Phytochemicals

The sample was analyzed for their phytochemical pmments using the standard procedures — pheno] [15]
flavanoid [16]; alkaloid [17]saponin and terpenoid [18].

Determination of g-carotene and lycopene [18]

For g-carotene and lycopene determination, the drieceauag extract (100 mg) was vigorously shaken with an
acetone hexane mixture (4 : 6, 10 mL) for 1 min dittgéred through Whatman no. 1 filter paper. Bixsorbance of
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the filtrate was measured at 453, 505, and 663/Hh@arotene and lycopene content were calculatedr@iocpto
the following equations:

lycopene (mg/100 mL) = (-0.045844663) + (0.372 x4A505) — (0.0806 4A453)
B-carotene (mg/100 mL) = (0.21644663) — (0.304 ¥4A505) + (0.452 4A453)
The results were expressed as ug of carotenoidytdGample.

Enzymatic Antioxidants

Catalase activity was assayed following the mettiescribed by Sinha [19]; glutathione peroxidaséviagtwas
assayed according to the method of Rotruck [20heBaxide dismutase activity was determined by ushey
method described by Das [21] and the activity eftathione-S-transferase and glutathione - 6 - phatsise were
assayed based on the method given by Habig [22Bagdnya and Suryavathana [23].

Cell Culture

MCEF-7 cells (isolated in 1970 from a breast aderminama of a 69 year old Caucasian female) extiigitfeatures
of the mammary gland epithelium; so they make algoodel of breast cancer vitro. The MCF-7 cell line used in
this study, was purchased from National Centre Getl Sciences, Pune, India and cultured accordinghe
provider's recommendations, in Dulbecco’s modifieagle’s medium (DMEM) supplemented with 1mM Sodium
pyruvate (SP), 2mM L-glutamine, 2-fold Minimal Estial medium (MEM), vitamins and 10% heat-inactect
FBS (56°C for 30 min). The monolayer cultures weraintained in 75-cftissue culture flasks at 37°C in a
humidified 5% CQ incubator.

Anti-proliferation Assay

Cell proliferation was determined by MTT assay [24pproximately 12,000 cells per well were seedadadd6-

well plate and incubated at 37 °C overnight in andified environment of 5% CO2 and 95% air. Fresbdiom

was then replaced and the cells were exposed t 20 ug/ml of aqueous extract df.indica for 48 hours.
Subsequently, 20l of sterilized MTT (5 mg/ml) in phosphate bufferedline (PBS) buffer (pH 7.4) was spiked into
each well and incubated at 37 °C for 4 hours. Tupematant was then carefully removed, and j208f dimethyl
sulfoxide (DMSO) was added into each well to diggedhe MTT formazan (blue colour) at the bottonthaf wells.
After 15 min, the absorbance at 540 nm with 690 asrbackground absorbance was measured with an ELISA
microplate reader. The complete growth medium \Wasbtank, and cells incubated only in culture mediuvithout
mushroom extracts were denoted as positive control.

Tryphan Blue Dye Exclusion — for total cell concerration

Total cell concentration of MCF-7 cells after tmeant with different concentrations of aqueous exttod C.indica
was assessed by Tryphan blue dye exclusion metbsatided by Sheeja [25]. Briefly after treatmenttméxtracts
for 24h, the cells were stained with 0.4% tryphdneband 100 cells were counted at various fieldghia
hemocytometer for each concentration. The viablks egere transparent and non-viable cells were didule in
color.

Statistical Analysis

All experiments were conducted in triplicates ane parameters were given as mean * standard &E)rvalues.
Both mean and standard deviation performed wereogpipte, using the statistical package within M&oft®
Excel Version 2007.Ink, and the graphs were platitgidg software Origin 8.0.

RESULTS AND DISCUSSION

Edible mushrooms are commonly thought to have amgige of secondary metabolites with unlimited roiedil
value [26,27]. In this context, phytochmeicals presin the aqueous extract Galocybe indicawere analysed
guantitatively and the results of the analaysi®adsd the presence of phenolics, flavanoids, @ifs] saponins and
terpenoids (Table:1). Amount of phenolics (7.26.430mg GAE/g) was found to be high followed by #Hawid
(1.54+0.62 mgQE/Q); alkaloid (2.15+0.73 mg/q); &mpid (0.099+0.84 mg/g) and saponin (0.076+0.61gng/
Results obtained were in agreement with the eartiports of Mirunalini et al. [13] who stated ththe C.indica
mushroom contain wide array of phytochemicals. Resvere in conformity with the earlier reports [28].
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The level of enzymatic antioxidants such as SOD,CBFPx, GST and G6P values and non-enzymatic adaoxs
such ag3-carotene and lycopene were shown in Table:2 ardeTa respectively.SOD and CAT in the aqueous
extract ofC.indicawas found to be 625.27+0.41lmg* and 352.89+0.12 U mirespectively. The activity of GPx,
GST and G6P was found to be 825.26+0.33 U'mg56.41+0.24 U mgd and 0.19+0.17 U m( respectively.
Activity of the tested enzymes in the mushroom aottiwas in the order GPx>GST>SOD>CAT>G6P.Mushroom
were found to contain non enzymatic antioxidant pounds likep-carotene (112.73+0.15u9/100g) and lycopene
(22.4240.0919/1009) respectively. More or less lsimieports on antioxidant compounds of various lmnosms
like Calocybe indicaand Agaricus bisporushave been reported [23Boletus edulis Ganoderma tsuagend
Micoporous xanthopuf30].Differences in concentration between the stadinay be due to particle size, type of
solvents used, polarity of solvent, time and terapee of extraction and solvent to solid ratio B2,33]. Findings
were also in conformity with the earlier report4 [35,36] which stated that the enzymes can be d ghoice of
natural antioxidants

From our earlier studies and the present investigabn the agueous extract Gfalocybe indica divulges the
presence of broad array of antioxidant compoundsiwimay well quench the free radicals, that havéngrortant
role in pathogenesis of a wide range of diseas#ading cancer. Thus our further study has beeriechout with
the objective to study the anti-proliferative aityivof the aqueous extract @alocybe indicaon MCF-7 (breast
adeno carcinoma) human cancer cell line. The agueotract enriched with antioxidant compounds shibwe
significant anti-proliferative activity using a asimetric MTT-based assy (Figure:1) and the celuntowas
analysed by tryphan blue dye exclusion method @4dhl When MCF-7 cells were treated with the mushro
extract, there was a concentration dependent cytotffect. As the concentration increased from28rhg/ml to
1.0mg/ml, percentage of inhibition increased fra8r81L%. At the concentration of 1.0mg/ml there wasgaificant
decrease in cell viability, ie. 29% and 18% folceicubated at 24h and 48h respectively.

Similarly the MCF-7 cells were treated with mushroextracts at various concentrations 0.125mg/mil.@mng/ml

for 24h and 48h and the live and dead cells wertea using hemocytometer. The total cell counextfact
treated cells was decreasing with the increasemtentration of mushroom extract, indicating aribitbry effect.
There was a decrease in the cell count from 4Dg&ls/ml (control) to 11x10cells/ml (1.0mg/ml) after treatment
with extract for 24h, whereas the cells treatedhwitract (1.0mg/ml) for 48h showed very low cellint of 3x10
cells/ml. thus by the above tviw vitro analysis it can be concluded that the aqueoua@f Calocybe indicathe
milky mushroom has momentous anti-proliferative\dtgt towards the human cancer cells. Even thouwghrole of
Calocybe indican many diseased conditions is documented, its aslan anti-cancer agent towards breast cancer
has not been scientifically studied and reportefhaas the literature reviewed by our researcmtédowever there
are many reports on edible and medicinal mushrotbras cure breast cancer likeanoderma lucidunf37,38] ;
Agaricus bisporug39]; Lentinus polychrou$40]; Tricholoma giganteum massg#l]. It is also reported from the
earlier works of Aesun Shin [42], that diet wiBeurotus ostreatus, Lentinus edodes, Agaricusobispand
Flammulina velutipesnushroom intake was associated with lower riskoi@ast cancers among premenopausal
women. Research shows that, 30 to 35% of all cancan be prevented by eating well, being active and
maintaining a healthy body weight (Canadian Car8miety). As fresh mushrooms are low in caloried tat as
well as being versatile and great tasting, theyaageod addition to a healthy eating pattern.

TABLE:1 PHYTOHEMICAL COMPOSITION OF CALOCYBE INDICA VAR APK2

Phytochemicals | Concentration mg/g
Phenolics(GAE) 7.26+0.43
Flavanoid (QE) 1.54+0.62
Saponin 0.076+0.61
Terpenoid 0.099+0.84
Alkaloid 2.15+0.73

TABLE:2 ENZYMATIC ANTIOXIDANTS OF CALOCYBE INDICA VAR APK2

Enzymatic antioxidant compounds | Concentration U mg™
Superoxide Dismutase (SOD) 625.27+0.41
Catalase (CA1 352.89+0.1
Glutathione Peroxidase (GPXx) 825.26+0.33
Glutathione-S-Transferase(GST) 756.41+0.24
Glucose — 6 — Phosphatase (G6P) 0.19+0.17

Unit of enzyme activity is expressed as mg-1 geiceleased mg-1 enzyme protein
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TABLE:3 NON-ENZYMATIC ANTIOXIDANTS OF CALOCYBE INDICA VAR APK2

. o Concentration
Non - Enzymatic antioxidant compounds 1g/100g
Beta carotene 112.73+0.15
Lycopene 22.42+0.00

TABLE:4 EFFECT OF MUSHROOM EXTRACT ON TOTAL CELLC ONCENTRATION OF MCF-7 CELLS

Concentranon(:;::gh//l;;hroom Extract Control 24h 48h
0.125 40 x 1Bcells | 36x16cells | 28 x 16cells
0.25 40 x 16cells | 28 x 16cells | 17 x 16cells
0.50 40 x 16cells | 19 x 16cells | 11 x 16cells
1. 40x 1Ccells | 11 x 1Ccells | 4 x 1C cells

FIGURE:1 ANTI-PROLIFERATIVE ACTIVITY OF  CALOCYBE INDICA VAR APK2 ON HUMAN BREAST CANCER CELLS

[ 24h
90 I 48h

PERCENTAGE CELL VIABILITY

1 2 3 4

CONCENTRATION OF MUHSROOM EXTRACT
1-0.125mg/ml; 2-0.25mg/ml; 3-0.5mg/ml; 4-1.0mg/ml

CONCLUSION

In summary, this is the first report that our datgpport the hypothesis; the phytochemical and =idkhmt
compounds of the aqueous extracCahdicaare capable of inhibiting proliferation of MCF+yman breast cancer
cells. Future work can be designed to focus on ahstudies; results proved on animal, can be tdkemphase
I/1I/1N clinical trials for convention ofCalocybe indicaas a potent nutraceutical that could reduce tbbfgration
of cancerous cells and in addition could fight re@dg the risk of getting breast cancer.

REFERENCES

[1] Halliwell B, JMC. Guttteridge JMCFEree Radicals in Biology and Medicingrd Ed, Oxford University Press,
Oxford, 2007, pp 129.

[2] Xu X, H. Yan, J. Chen, X. Zhangiotechnology Advance2011 29, 667-674.

[3] Polyak K J Clin Invest2011121, 3786-8.

[4] Beiki O, Hall P, Ekbom A, Moradi TBreast Cancer Re2012 14,R5.

[5] Bartelink H, Horiot JC, Poortmans R Engl J Med2001,345, 1378-87.

10
Pelagia Research Library



R.Sumathyet al Der Pharmacia Sinica, 2015, 6(2):6-11

[6] Fisher B, Anderson S, Bryant Bl.Engl.J.Med2002 347,1233-41.

[7] Kaufmann M, Jonat W, Hilfrich 3 Clin Onco| 2007, 25,2664-70.

[8] Bruneton JPharmacognosy, Phytochemistry, medicinal plaRtxis Technique and Documentati®899

[9] Chang STNutr.Rev, 1996 54, 91-93.

[1L0]Berdowska I, Zielin BS, Fecka | , Kulbacka J. SacikGamian AFood Chemistry2013 141,1313-1321
[11]Wasser SPAppl Micro Biotechnql2002 60,258-274.

[12] Selvi S, Umadevi P, Suja S, Sridhar K, Chinnasw&mncient Science of Lif@006,XXVI (1&2), 41-45.
[13]Mirunalini S, Dhamodharan G, Deepalakshmimt,J.Pharm& Pharm S¢R012 4 (1), 137-143.

[14]Prabu M, Kumuthakalvalli RVorld.J.Pharmacy and Pharma.S2014,3(5), 776-783.

[15]Malick CP, Singh MB Estimation of Phenol. In: Plant Enzymology and desizymologyNew Delhi. Kalyani
Publishers; 2861980

[16] Kadifkova-Panovska T, Kulevanova S, Stefova Agta Pharm, 2005 55: 207-14.

[17]Ferguson NMIn: A Textbook of Pharmacognosyew Delhi: Mcmillan company; 191: 956.

[18]Harborne JBPhytochemical Methods: A guide to modern technigigdant analysig1® Edn). Published by
Chapman and Hall, an imprint of Thomson Sciencé Bbundary Row, London, UKL973.

[19]Sinha AK, Anal Biochem1972 47, 389-394.

[20] Rotruck JJ, Pope AL, Gantter HE, Swanson BBiencel973 179, 588 — 590.

[21] Das BC, Gopalakrishnan V, Hedau S, Katiya€8rr.Sci 200Q 77,101-11.

[22]Habig WH, Pabst MJ, Jakoby W8, Biol.Chem 1974 246, 7130 - 7139.

[23] Suganya M, Suriyavathana Mt. J. of Pharm. & Life ScR01Q 3 (6), 1780-1783.

[24]Weyermann J, Lochmann D, Zimmer Mt.J. Pharmaceutic2005 288: 369—-376.

[25] Sheeja KR, Kuttan G, Kuttan FAmala Res Bul1997,17,73-6.

[26] Asuquo JE, Etim EEJournal of Emerging Trends in Engineering and ApglScience2011 2 (5), 817-820
[27]Jayakumar T, Thomas PA, Sheu JR, GeraldirfeoBd Res. Int2011, 44, 815-861.

[28]Pushpa H, Purushothoma K®&/orld J. Dairy Food S¢i201Q 5(2), 140-144.

[29]Krishnakumari S, Rajeshwari P, Kathiravanli@grnational Scholarly and Scientific Research gdvation,
2013,7(7), 279 — 282.

[30] Paulose J, Padmaja CIElixir Appl. Botany 2012 42, 6178-6179.

[31] Pinelo M, Rubilar M, Jerez M, Sineiro J, Nunez.Nidurnal of Agricultural and Food Chemistr2005,53,
2111-2117

[32] Yim HS, Chye FY, Ho SK, Ho CWAs. J. Food Ag-Ind2009 2(03), 392-401.

[33]Yoo KM, Lee CH, Lee HJ, Moon BK, Lee C¥ood Chemistry2008 106(3), 929-936.

[34] Gout E, Boisson AM, Aubert S, Douce R, Blignyfant Physiolog2001,125, 912-925.

[35]Johnson SM, Doherty SJ, Croy RRBlant Physio] 2003,13, 1440-1449.

[36]Hakiman M, Maziah MJournal of Medicinal Plants Resear@009 3(3), 120-131.

[37] Silovova V, Valachovicova BS, Jiang J, SlivaIdZan.Integra.Med2004 2(1), 25-30.

[38] Suarez Arroyo IJ, Acevedo RR, Perez AA, Clemente ®libano LA, Serrano J, Schneider RJ, Montemayor
MM, PLOS one 20138(2), e57431.

[39]Chen W, Zhong R, Ming J, Zou L, Zhu Breast Cancer Res Tre&012 136: 847-857.

[40] Thetsrimuang C, Khammuang S, Chiablaem K, Srison@&aParnthima RFood Chemistry 2011,128: 634—
639

[41]Pushpa H, Anand M, Kasimaiah P, Pradeep PJVS, Rothema KBAcademic Journal of Cancer Research
2014,7 (2),146-151.

[42] Shin A, Kim J, Lim S, Kim G, Sung MK, Lee ES, Rd\lutrition and Cancer2010,62(4), 476-483.

11
Pelagia Research Library



