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ABSTRACT

Ethanolic fraction from edible mushroom, Russulboaigra, was tested fdn vitro antioxidant activity, namely,
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scawgtng activity, chelating effect on ferrous ionsdueing power
and total antioxidant capacity assay and a quatitiea estimation of putative antioxidant compondikts total
phenol, flavonoidg-carotene, lycopene and ascorbic acid was carriatl Bindings showed that Egvalues were
below 1 mg /ml except DPPH radical scavenging tBisé extract exhibited 50% DPPH radical scavengiagvity

at only 1.8 mg /ml concentration. Estimated putatintioxidant components was in order of phendavdnoids >
ascorbic acid >p-carotene> lycopene. Result implies that Russutemilgra can be a potential source of natural
antioxidant which may be used as food suplemetné&tb various oxidative stress related diseases.

Keywords: Antioxidant activity, Antioxidant components, Chiitey effect, Reducing power, Scavenging effect.

INTRODUCTION

Deviation from normal metabolic processes createinalpalance between prooxidants and antioxidantg&nin
organism that lead to oxidative stress and invdtesimber of degenerative diseases such as diahatgsliseases,
neurological disorders, cardiovascular problemsiggrheumatoid arthritis etc.[1]. When the normabtective
mechanisms are disrupted by various pathologicatgeses, antioxidant supplements are vital to combdative
damage. So, the antioxidants can protect the hurmdy from damage caused by reactive oxygen spéRies)
which are ultimately associated with lipid perosida, protein damage and DNA denaturation [2] aad prevent
an individual from these Kkiller diseases. Many kgiit antioxidants such as butylated hydroxyl dei¢BHA) and
butylated hydroxyl toluene (BHT) have been reported they invite many side effects like hepatotiyic
pneumotoxicity and cancer [3, 4]. Therefore, commtsufrom natural sources that possess antioxidzenpal are
being sought and naturally occurring substanceslgnlly supplementation of food having antioxidampgerty is
becoming one of the most appealing modes of mottearapy. Among them, mushrooms or their derivatives
extracts occupy an elite position to perform thisdtion [1, 5 - 9]Owing to its geo-climatic exclusiveness, a large
variety of mushrooms are found in the state of WBzmtgal, many of which are eaten by the local eatif10].
Extracts and purified compounds of wild edible nmmesims of West Bengal were analysed and have shown
potential apoptogenic [11], cardioprotective [lahtidiabetic [13], hepatoprotective [14] antimicialb[15, 16]
antiparasitic [17] and immunomodulatory activity8[1 20]. Our objective was to evaluate the antioxidant @gtiv
and determine the different bioactive componentghef ethanolic extract of a wild edible mushroRmssula
albonigra(Krombh) Fr.

EXPERIMENTAL SECTION
Materials:

The mushroonRussula albonigravas collected from the lateritic region of West Bah India. The fruit bodies
were thoroughly cleaned and then dried. 25 g ofitied mushroom sample was extracted as suggextgdipo ml

1366



Krishnendu Acharya et al J. Chem. Pharm. Res., 2014, 6(3):1366-1372

ethanol was added to the dried and powdered musheow kept overnight at room temperature. Aftdrdiion
using Whatman No. 2 filter paper, the residue vas textracted again with an additional portion theol under
the same conditions. The ethanolic extract was @aapd using a rotary evaporator at 50°C for drgn&ke dried
extract was resolubilized in ethanol to obtain wasi concentrations &fraRal (Ethanolic fraction oR. albonigrg.

Chemicals:

BHT (butylated hydroxytoluene), L-ascorbic acideqeetin, gallic acid, EDTA (ethylenediaminetetrdaceacid),
potassium ferricyanide, ferrous chloride, Folin-€ilteu reagent, NBT (nitroblue tetrazolium), DPPR2{
diphenyl-1-picrylhydrazyl), TCA (trichlroacetic ab), ammonium molybdate and methionine were purach&senm
Sigma chemicals Co. (St. Louis, MO, USA). All otlulremicals and reagents used were of analyticdlegra

Determination of total phenols:

Total phenols in the extract were measured usirigfiocalteu reagent [22]. 1ml of ethanolic extrét00 mg/ml)
was mixed with 1ml Folin-Ciocalteu reagent and etted for 3 min at room temperature. After inculbatilml of

35 % saturated N&O; solution was added in the reaction mixture, voluadgusted to 10 ml with distilled water
and incubated in the dark for 90 min, after whidie tabsorbance was monitored at 725 nm with a
spectrophotometer. Gallic acid was used as standatdl phenol content of the sample was expressenhg of
gallic acid equivalents per gram of extract.

Determination of total flavonoid content:

Flavonoid concentration was determined by the nteth® described [23]. Mushroom extract (100 mg/md)s w
diluted with 4.3 ml of 80% aqueous methanol and f@llof 10% aluminium nitrate and 0.1 ml of 1 M aque
potassium acetate were added to it. After 40 minraam temperature, the absorbance was determined
spectrophotometrically at 415 nm. Total flavonodthcentration was calculated using quercetin aglatain

Determination of total 3-carotene and lycopene coent:

[3-carotene and lycopene was determined by the ggeseas suggested [24]. In brief, 100 ml of mushreatract
(10 mg/ml) was vigorously shaken with 10 ml of acet-hexane mixture (4:6) for 1 min and absorbarfcthe
mixture was measured at 453, 505 and 663 nm. Rese@nd lycopene contents were calculated acapidithe
following equations:

Lycopene (mg/100mg) = -0.0458A + 0.372Ap5— 0.0806As3.
3-carotene (M@/100mg) = 0.216A— 0.304A05 + 0.452A53

Determination of ascorbic acid content:

Ascorbic acid content was determined by a methodeasribed [25] with a little modification. Standaascorbic
acid (100 pg /ml) was taken in a conical flask aratle up to 10 ml by 0.6% oxalic acid. It was tachtvith a dye,
2, 6-dichlorophenol indophenol (21 mg sodium bicadite and 26 mg of dye in 100 ml water). The amotiatye
consumed (Y ml) is equivalent to the amount of ascorbic atide sample (w pg/ml) was similarly titrated witleth
dye (V> ml). The amount of ascorbic acid was calculateédgithe formula,

Ascorbic acid (ug /mg) = [{(10 pg Avhl) x V,ml} x w pg] x 1000.

Total antioxidant capacity:

The assay is based on the reduction of Mo (VI) to (M) by the extract and subsequent formation gfreen
phosphate/Mo (V) complex at acid pH [26]. The tulbestaining extract (1 mg/ml) and reagent soluiigoré M

sulfuric acid, 28 mM sodium phosphate and 4 mM amiomo molybdate) were incubated at 95°C for 90 mifter

the mixture had cooled to room temperature, the@rmasce of each solution was measured at 695 ninsaga
blank. The antioxidant capacity was expressed @xig acid equivalent (AAE).

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavemying activity

Different concentrations dEfraRal (0.5 to 2 mg) was added to 0.004% methanolic golubf DPPH [27]. The
mixture was shaken vigorously and left to stand3f@min in the dark. Absorbance was measured anfi@gainst

a blank. EG, value is the effective concentration of extradttecavenged DPPH radicals by 50% and it was
obtained by interpolation from linear regressionlgsis.

Reducing power

Reducing power oEfraRalwas determined following the method of Oyaizu, @ §83]. Variable concentrations of
EfraRal were added to 2.5 ml 0.2 M phosphate buffer (p&) &nd 2.5 ml 1% potassium ferricyanide. The mixtur
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was incubated at 5@ for 20 min. 2.5 ml of 10% trichloroacetic aeighs added to the mixture and was centrifu
at 12000 rpm for 10 mirR.5 ml of the supernatant was mixed with 2.5 mtiltksl water and 0.5 ml 0.1% ferr
chloride and absorbance was measured at 700 nnmcigase in absorbance of the reaction mixture taiesn to
mean an increase in reducing power of the sa

Chelating effect on ferrous ions

The ability of the extract dEfraRa to chelate ferrous ions was estimated by the medti Dinis et al, 1995 [29].
Briefly, the extract was added to a solution mM FeC} (0.05ml). The reaction was initiated by the additiof

5 mM ferrozine (0.2nl), and the mixture was then shaken vigorously Efidto stand at room temperature
10min. The absorbance of the solution was measurectrgphotometrically at 5¢nm. The percentage inhibitic
of ferrozine-F&" complexformation was calculated asA, — A;) / Aj] x 100, whered, was the absorbance of the
control, andA; of the mixture containing the extract or the abaade of a standard soluti

Superoxide radical scavenging assi

Superoxide radical scavengiragtivity was studied using the ribofla-light-nitrobluetetrazolium (NBT) syste!
suggested by Martinez et al. (2001) [30] with #dimodification. Each 3 ml reaction mixture contd 50 mM
sodium phosphate buffer (pH 7.8), 13 mM methionsamnple slution of various concentrations EfraRal 100
uM EDTA, 75 uM NBT and 2uM riboflavin. One set of reaction mixtures were esed to light for 10 min t
activate the riboflavirlNBT and the absorbance of each mixture was measur®80 nm against identl mixtures
from another set kept in the dark fir the same tilnmaButylated hydroxyanisole (BH/was used as stande

RESULTS AND DISCUSSION

Recovery percent and antioxidant componen

In the present study, table 1 shows the percend,ytetal phenol, flavonoids, ascorbic acid, I-carotene and
lycopene content in th&fraRal Data shows that ascorbic acid, total phenols #anbnoids were the maj
antioxidant components wherefs«carotene and lycopene were found in vestigial ars

Table 1: yield percentage and antioxidant componestof ethanolic extract olRussula albonigra (EfraRal)
Values are the mean + standard deviatafrthree separate experiments, each in triplic@tgal phenols are expressed in gallic acid equing
(GAE) and flavonoids as quercetin equivalent (QE).

Flavonoid: | Total phenols] Ascorbic acifl p- carotene | Lycopent
Yield % (Hg/mg)
1.8+£0.3%]| 6.37520.37 | 953045| 2.77+0.416 0.873 £ 0.006.499 + 0.009

Phenolic compounds are known to be powerful ¢-breaking antioxidants and they possess scavengitity alue
to their hydroxyl groups. The phenolic compoundstdbute directly to the antioxidative actioln the present
study, the total phenolic conteof EfraRal (9.53 + 0.451g/mg) was found to be higher than that of the rathia
extract ofPleurotusostreatus, which was reported to be 5.49 ug/mg [ijwas comparatively less thPleurotus
squarrosuluswhich wasl18.1 pg/mg [32] and relativehimilar to Pleurotuscitrinopileatus, that being 8.62 pg/mg
[33].

Ascorbic acid is reported to interact directly witidicals such as, and OH. in plasma, thus preventing dame
to red cell membranes, it also assig-tocopherol in inhibition of lipidperoxydase by recycling the tocophe
radical [34].In the present study, the ascorbic acid conte R. albonigraextract was high2.77 + 0.416.g/mg)
when compared to the values reported from otherciepesuch ¢P. ostreatus(25 ng/.mg) [31] andP.
citrinopileatus (31 ng/mg) [33]. Many other naturally occurring antidant components, includi g-carotene,
lycopene and flavonoids are known to possess stotigxidative characteristic35]. In this studyp-carotene and
lycopene were found in vestigial amounts, 0.873 + 0.006ug/mg and0.499 + 0.009 pg/mg respectively, which
are higher than that of the methanolic extracP. squarrosuluswhich were570 ng and 225 ng per mg respectiv
[32], and P. ostreatug31]. p-carotene was not detected in the ethanolic exw€ P. citrinopileatus [33]. The
estimated flavonoid content &fraRal is 6.375 + 0.37 pg/mg which is higher thRnsquarrosulu, whereit was
reported to be 3.07 pg/mg [32] and aP. citrinopileatus 71.2 ng/mg [33].Total phenols, ascorbic acid a
flavonoids were the major naturally occurring axiti@nt componen estimated in this stud'The higher amounts
of these components in this extract might explamriore effectivenesn antioxidant propertie

Total antioxidant capacity

Total antioxidant capacity d&fraRa was determined by the formation of green phosphyglbatEnum complex. Th
phosphomolybdenum method is based on the reduafitfo (V1) to Mo (V) by the antioxidant compound cathe
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formation of green phosphate/Mo (V) complex witk thaximal absorption at 695 nm. Total antioxidastivity of
the extract was estimated, using ascorbic acidamslard. Analysing the data, it was found that Trhgxtract is as
functional as approximately 17 + 3.7 pg of ascoguil, expressed as 17 pg AAE. The total antioxidapacity of
EfraRal may be attributed to their chemical compositiod phenolic acid content. A recent study [36] showeat
some bioactive compounds from citrus fruits hadrgjrtotal antioxidant activity, which was proballye to the
presence of flavonoids, carotenoids and ascorliit ac

DPPH radical-scavenging activity

DPPH is a stable free radical that has a charatiterabsorption at 517 nnwhich decreases significantly on
exposure to radical scavengers by providing hydragfem or electron to become a stable diamagnetieaule.
The use of stable DPPH radical has the advantageiof) unaffected by side reactions such as enzghibition
and metal chelation [6, 37]. Such reactivity hasrbwidely used to test the ability of a compounéxiract as free
radical scavengers. Upon treatment with an incneggsbncentration of thefraRal a marked decrease in absorption
was observed, indicating a potent DPPH scavendiiigyeof the extract (Fig. 1). E€ of DPPH radical scavenging
activity was 1.7 + 0.02 mg/ml, similar to tie¢hanolic extract oPleurotus flabellatug21], while being lower than
that of Calocybe gambosgB8], Clitocybe odorg38] andCoprinus cometuf38] and significantly higher than that
of Armillaria mellea [39]. In our earlier investigations, the ECvalue for the ethanolic extract dfleripilus
giganteug6], Ramaria aureg7] showed very low Eg; value. Therefore, the DPPH radical scavenging/iggtof
the ethanolic extract from different basidiocarpevin decending ordé. giganteus- R. aurea> A. mellea> R.
albonigra > P. flabellatus> C. cometus> C. odora > C. gambosaln a related study, the edible mushroom
Volvariella volvaceagshowed 57.8% DPPH scavenging at a concentrafi®mmy/ml [40]. Thus it can be said that
the ethanolic extract d®. albonigrahas significant DPPH radical scavenging ability.

120 -

100

80

60
M Ascorbic acid

% Inhibition

40 B EfraRal

20

0.5 mg/ml 1mg/ml 1.5mg/ml  2mg/ml

Concentration

Fig. 1: DPPH radical scavenging activity oEfraRal compared with that of the standard, ascorbic acid
Values are the mean + standard deviation of theggasate experiments, each in triplicate.

Reducing power

Reducing power of a compound may serve as a signifiindicator of its potential antioxidant actwi28]. The
presence of reducers (i.e. antioxidants) causesethection of the Fé&/ferricyanide complex to the ferrous form. In
the reducing power assay the presence of antiotddartheEfraRalwould effect in the reduction of eto Fé* by
the donation of an electron. The increasing absmdat 700 nm by measuring the formation of Pd?fgssian
Blue indicates an increase in reductive abilitystBady increase in reducing power was observed{figresults
showed that E&g for the reducing power dfraRalwas of 0.69 + 0.03 mg/mCompared with the reducing powers
of previously studied edible mushrooms from preslgueported studies, the ethanolic extracRofalbonigrawas
an excellent reducer of ferric ions. The reducirgver of ethanolic extracts of different edible mu&ms in
descending order ai¢. marmoreug43] > C. gambosd38] > A. mellea[39] > C. odora[38] > T. giganteuni45] >

C. comatug38] > R. albonigra> P. flabellatus[21]. The ethanolic extract &. albonigracan thus be considered as

an excellent reducing agent.
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Fig 3: Reducing power ofEfraRal with respect to that of ascorbic acid used as stdard
Values are the mean + standard deviation of theggasate experiments, each in triplicate.

Chelating effect on ferrous ions

Like many transition metals, Ferrous ions in a djidal system could catalyse Heber-Weiss and Fetyfmn
reactions leading to the formation of hydroxyl &d$. Antioxidants chelate these transition meiakiresulting in
the suppression of hydroxyl radical generation eniibition of peroxidation process of biomolecul@e range
and the mean of Béchelating capacity is directly related with antiant potentiality. At 300 — 900 pg/ml the
chelating effects of thEfraRalwas between 22.6 and 62.7% (fig 2). At the sanme@otration range, the chelating
effects of the known metal chelator EDTA, was bemw&9% - 90%. It was reported that chelating agands
effective as secondary antioxidants because thiyceethe redox potential thereby stabilising thielised forms of
metal ions [41].Iron can stimulate lipid peroxidation by the Fentmraction and accelerate peroxidation by
decomposing lipid peroxide into peroxyl and alcosadlical that can themselves abstract hydrogenpangetuate
the chain reaction of lipid peroxidation. The maiechanism of the ferrous ion chelating activityhis ability to
deactivate and/or chelateFevhich can promote Fenton reaction and hydropesodigcomposition. Iron toxicity is
associated with an increased risk of free radieahage and cancer. Chelation therapy may possiblycesiron
related free radical damage and increase the évewalival in cardiovascular diseases [42]. Therdes ion
chelating ability ofEfraRal was effective and the Egvalue was found to be 0.81 mg/ml. Previous ingastirs
have shown that the Egvalue of the ethanolic extract fRussula delic§d43] andHypsizigus marmoreug4] were
more than 3mg/ml which is much higher than thaE&fRal In our earlier investigations, the EGralue of the
ethanolic extract oPleurotus flabellatusvas much lower tha&fraRal [21], and the E&; value of the ethanolic
extract ofTricholoma giganteurmvas very close to 1 mg/ml [45]. Hence, the studredghroom extract shows high
interference with the formation of ferrous and deine complex and can be considered as a goodtehefaerrous
ions.

Superoxide radical scavenging assay

Superoxide radical is known to be very harmful éiudar components as a percursor of more reaspeeies. One
risk of the superoxide generation is related tantsraction with nitric oxide to form peroxiniteitwhich is a potent
oxidant that causes nitrosative stress in the ogystems [9]. In the present studsfraRal was found to be a
notable scavenger of superoxide radicals generatefloflavin- nitrobluetetrazolium (NBT) light stam (Fig.4).
The EGq value of the fraction was 0.74 mg/ml. Comparechveih previously reported studies, thesE@lue of
EfraRal was higher than that &straeus hygrometricyd 1], Macrocybe gigante§d6] andTricholoma giganteum
[45].
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Fig 2: Chelating effects ofEfraRal on ferrous ions compared with that of EDTA, used s standard
Values are the mean + standard deviation of theggasate experiments, each in triplicate.
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Fig 4: Superoxide radical scavenging activity oEfraRal compared to that of the standard BHA
Values are the mean + standard deviation of thiggasate experiments, each in triplicate.

Table 2: EGso values of the extract for different antioxidant properties
Values are the mean *standard deviation of theggasate experimental data, each in triplicate

Chelating DPPH Reducing
ECsc (mg/ml) | 0.81+.007| 1.7+.02 0.69+.08

CONCLUSION

As a result of the study, the ethanolic extracRofsula albonigravas found to be an effective antioxidant in
differentin vitro assays including Ferrous iron chelating, ferramireducing, DPPH free radical scavenging and
total antioxidant activity, and can be suggested asatural additive in food and pharmaceutical gtdes.
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