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ABSTRACT

The present study was designed to identify antmighotential and phenolic content of Luffa acutalagVar.
amara fruit pericarp extracts. The antioxidant adly of the extracts were assessed by using vaiiowgro tests
such as DPPH, ABTS, superoxides radical, reducimggr and phosphomolybdenum assay. Among the edogxt
in present study, the ethanolic extract of fruitipgrp produced potent antioxidant activity and sleal presence of
gallic acid and catechin as confirmed by HPLC. e, total phenolic and flavonoid contents wereodisund to
have positive correlation with antioxidant potemiié the extract. The results of present studyrtyeiadicated that
the L. amara fruit pericarp can be used as potérstairce of natural antioxidant.

Keywords: Luffa acutangulaAntioxidant activity; Free radicals; DPPH, HPLQuifrpericarp.

INTRODUCTION

The free radicals are continuously produced innfiviorganisms as a result of biochemical reactiars,

fundamental in modulating various physiological dtions and represent an essential part of aerdbi¢l]. The

generation of free radicals is regulated by endogsrantioxidant systems. Antioxidants are vitddstances which
possess the ability to protect the body from danwmesed by free radicals [2]. However, the imbagabetween
free radicals generation and antioxidant defersdsl¢o oxidative stress. The oxidative stress kas implicated to
variety of disorders such as neurogenerative, caadicular, metabolic etc [3].

It has been observed that natural antioxidantssafer than synthetic antioxidants [4]. Therefotegre is an
increasing interest amongst scientific communitie&lentifying natural source of antioxidants dedvfrom fruits
and vegetables. These effects of natural antioisdare because of phytoconstituents viz, polyptsemitamins and
carotenoids, which might help to prevent oxidatilenage [5, 6]. Traditionally practiced natural exiilants are
already exploited commercially, but still theredesmand to find more plant species concerning thmydant
potential [7].

Luffa acutangulavar. amara Roxb.(Cucurbitaceae) is a climbing shrub. It'sia@eparts are used traditionally in
diverse health ailments like jaundice, asthmaspiied emetic [8] and occasionally used in varialiddre recipes
by tribes of Satpuda region, Maharashtra. In Agdey the plant is used to treat liver complaimfammation,
tumours, uterine, vaginal tumours and spleenicrgataents [9].L. amarafruit is reported to posses bitter principle
luffin, colocynthin, and triterpenoids amarinin [LThe fruit is reported to be CNS- depressant.[11]
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Despite these diverse medicinal uses of the planhé codified and non-codified Indian medicinastgyns, the
plant has received little investigational coverag&herefore, the present study was undertaken timxashant

potential of various extracts df. amara fruit pericarp through battery df vitro anti-oxidant tests and it's
correlation with polyphenolic content.

MATERIALS AND METHODS

Chemicals

Folin Ciocalteu reagent, Vanillin (Merck, Mumbai?), 2, Diphenyl-1-Picryl hydrazyl (DPPH), QuercetPatechin
and 2, 2'-Azino-bis-(3-ethylbenzthiazoline-6-sulforacid) diammonium salt (ABTS), (Sigma-Aldrich &hie,
Steinheim, Germany); Ethylene Diamine Tetra Acatil, Ascorbic acid (SD Fine chemicals, Mumbai)mthyl
sulfoxide (DMSQO), Ascorbic acid, Ammonium molybdaiNitro blue tetrazolium (NBT), Riboflavin and Gal
acid (Loba Chemie, Mumbai); Sodium sulphate, Patasspersulfate, Sodium carbonate, Aluminum nitrate,
Sodium acetate, All other reagents and solventee weed of analytical grade.

Plant material

The fruits of L. amara were collected from Shirpur, Dhule District, Maasintra, India. Plant specimen was
authenticated by Prof. D. A. Patil, Dept. of Bota®SVP College, Dhule, India. A voucher specimes been
deposited in the herbarium of our laboratory underumber (PCO/LAOL).

Extract preparation

The fruits of uniform size (10-12 cm) were collatteleaned and dried in shade. The seeds wereasegdrom
pericarp, pulverized and used for solvent extractithe 1000 g of pericarp powder was extractedessieely with
petroleum ether (60-8 ethyl acetate and ethanol by hot continuousgsation. The resultant marc was macerated
with water twice at 2& for 48 h. extracts after filtration were driedngsa rotary evaporator (BUCHI, Rotavapor R
- 215) under reduced pressure. The dry extractireddavith each solvent was weighed and percentad was
expressed in terms of air dried weight of planteriat.

Determination of total phenolics

Total phenolics were determined by the spectrophetdc method with slight modification [12] (Singba &

Rossi, 1965). In brief, a 0.1 ml of appropriateijuted extracts was added to 0.2 ml of 10-foldiiitl Folin—
Ciocalteau reagent. 2.0 ml of 15% sodium carbonae added to mixture and then shaken. After 2 bliation
period, the absorbance of the reaction mixturesmeasured at 760 nm. The standard curve for tbehglics was
plotted using gallic acid standard solution (10-1@ml) following the same procedure as mentiongava. The
total phenolics were expressed as milligram ofigaktid equivalents (GAE) per gram of dried extract

Determination of total flavonoids

The total flavonoids were determined according tthud described by Liu et al [13]. 10 mg of extsaatere

dissolved in 100 ml of methanol and filtered. 0.baidiluted extract, 1.5 ml of ethanol, 0.1 ml 3% aluminum
nitrate, 0.1 ml of 1 M sodium acetate and 2.8 miwater were added and mixed. After 40 min, mixtuas

measured at 415 nm. The standard curve for taabfloids was made using quercetin standard sol(1i0+100

pag/ml) under the same procedure as above. Theftavainoid was expressed as mg quercetjnivalent (QE) per
gram of dried extract.

Antioxidant assays
Each extract was dissolved in methanol or DMSO abrcentration 1 mg/ml and further diluted to prepthe
series of concentrations. Reference standard vessfas comparison in all assays.

DPPH radical-scavenging activity

Radical scavenging activity of plant extracts aghistable DPPH was done according to the method of
Ebrahimzadeh et al. with minor modifications [1Bjfferent concentrations of each extracts were ddtiean equal
volume, methanolic DPPH (100mM) solution. Each lod e£xtract or the reference standard solution wiaed
separately in wells of the microtitre plate. Af min at room temperature, the absorbance wasurezhat 517

nm using Microplate spectrophotometer (BIO-Tek, USWodel-96 well micro plate). Same procedure was
followed for control by using methanol in placeeftract. The percentage inhibition was estimataset on the
percentage of DPPH radical scavenged using thewoih formula:
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R Control absorbance - Sample absorbance
% inhibition = Control absorbance * 100

ABTSradical cation scavenging activity

ABTS radical cation scavenging activity was perfedrusing the method reported by Fellegrin, Ke, Yad
Rice-Evans with slight modifications [15]. In brigkBTS solution (7 mM) was reacted with potassiuensplfate
(2.45 mM) solution and kept overnight in the darkyteld a dark colored solution containing ABT Sadical cation.
Prior to use in the assay, the ABTS radical catias diluted with 50% methanol for an initial absorbe of about
0.700 at 734 nm. After the addition of 1.0 ml ofuttd ABTS- to 10 pl of sample, the absorbance was measured
after 5 min of initial mixing. The percentage initibn was calculated according to the formula:

o Control absorbance - Sample absorbance
% inhibition = Control absorbance * 100

The antioxidant potential of extract was expresasdG,, the concentration necessary for a 50% reduction o
ABTS-*radicals.

Total antioxidant capacity by phosphomolybdenum method

The total antioxidant capacity &f amarapericarp extracts were evaluated as reported Bh%md Hameed [16].
An aliquot of 100 pul of extract solutions was comdd with 1 ml of reagent (0.6 M sulfuric acid, 28/nsodium
phosphate and 4 mM ammonium molybdate). All tubegse capped and incubated in a boiling water ba@se
for 90 min. Tubes were allowed to cool at room temagpure. Absorbance of the test and standard epkitivas
measured at 695 nm against blank containing O.afrdlstilled water and 1 ml of reagent. The staddaurve for
total antioxidant capacity was plotted using asworécid standard solution (20-100 pg/ml) followirsgid
procedure. An antioxidant capacity was expressadibimolar equivalents of ascorbic acid.

Superoxide radical-scavenging activity by Riboflavin-Light-NBT System

The super oxide free radical scavenging activiis carried out as per Bafna and Misra with sligledification
[17]. The 200ul of EDTA, 100l of NBT, 50 pl of riboflavin, 2.5 ml of phosphate buffer pH 8abd 200ul of
varying concentration of extracts and referencendded were mixed in test tube. Reaction commenced b
illuminating the reaction mixture for 15 minutesings fluorescent lamp. After illumination, the ablsance was
measured at 590 nm. Same procedure was followecbfdrol by replacing methanol in place of samphescorbic
acid was used as standard. The percent inhibifieumeroxide anion generation was calculated ugiadgollowing
formula:

o Control absorbance - Sample absorbance
% inhibition = Control absorbance * 100

Reducing power assay

A reducing power assay was pursued by method ofzQy48]. 2.5 ml of extract solution, 2.5 ml of @ghate
buffer (pH 6.6) and 2.5 ml potassium ferricyani@&o(w/v) were mixed, and incubated at 50°C for 20.18i5 ml of
trichloroacetic acid (10% w/v) was added to eacdt tebe and centrifuged at 3000 rpm for 10 mi®. 12l of
supernatant was mixed with 2.5 ml of water andriL®f ferric chloride (0.1% w/v) and absorbance wasasured
at 700 nm. Increase absorbance of the reactiorumixtdicated high reducing power. Thed®as determined (the
concentration at 0.5 absorbance).

HPLC analysis

Presence of phenolic compounds in ethanol extrfatt amarafruit pericarpwere identified by using, Shimadzu
class LC-10AT HPLC (The Luna;Ereverse-phase column, 250 x 4.6 mm, i.d. parside 5um). The output signal
was monitored and processed using chromquest wei® software. The detection of Gallic acid (GA)da
catechin (CT) was carried out at 280 nm using Utéd®er (Spectra system UV1000). The solvent sysieed for
GA and CT was 0.1 % 4RO, Acetonitrile (85:15), and Acetonitrile: Water (20) with flow rate 0.7, 0.3 ml/min
at 25C, respectively. Identification of the phenolic quounds was carried out by comparing the reteniioe t
those of standard. The analysis was done in tafx

15
Pelagia Research Library



Mohan G. Kalaskar et al Der Pharmacia Sinica, 2016, 7(2):13-20

Statistical analysis

Descriptive statistical analysis was performed gid¥ticrosoft Excel. The data were expressed as rfaasamples
having triplicate analysis + SEM. Pearson correlatcoefficient of phenolic, flavonoids with antidgint assays
were tested for significance.

RESULTS

The percent extractive yield of successive extrafts. amarafruit pericarp ranges from 0.97 + 0.15 to 9.32 +
0.87%, with descending order of aqueous > etharmétroleum ether > ethyl acetate extract. An extacability
of petroleum ether and ethyl acetate extractsmosi same.

Total phenolic content of extract varied betwee3b3t 0.003 to 30.11 + 0.005 mg/g GAE.

The highest total phenolic content was recordeetfanol extract 30.11 + 0.005 mg GAE, while leagpétroleum
ether extract 3.85 £ 0.003 mg GAE. The total flasidncontent varied between 5.07 + 0.001 to 86.800%4 mg /g
QE of dry extract. The highest flavonoid contenswaserved in ethyl acetate extract 86.50 + 0.0//le least was
observed in petroleum ether extract 5.07 £ 0.083ieen in Table 1.

In DPPH radical-scavenging assay, radical-scavengativity of the extracts from fruit pericarp bf amarawas
estimated by comparing ¢gof the extracts and those of ascorbic acid (Tahle

Table 1. The extractive yields, total phenolic (gt acid equivalent) and total flavonoid (as quercén equivalent) compound in extracts of
Luffa amara Fruit pericarp

Total phenolics  Total flavonoids

Plant extracts Extract yield (%6W/W)

(mg/g DW) (mg/g DW)
Pet ether (6-8C°) 3.85+ 0.00: 5.07+ 0.001 1.03+0.11
Ethyl acetate 21.26 +0.008 86.50 + 0.074 0.97150.
Ethanol 30.11 + 0.005 73.64 £0.011 1.56 +0.25
Aqueou: 21.42+ 0.00¢ 19.34+ 0.00¢ 9.32+0.87

Each value in the table is represented as meanit §E= 3)

The observed differential scavenging activitieshef extracts against the DPPH system could bedltietpresence
of different compounds in the extracts. Thegl@alue for ethanol extract was 84.00 + 0.76, whiroleum ether
extract had 1G, of 474.28 + 1.75. The Kz of ascorbic acid was found be 41.89 + 0.36. A BighPPH radical-
scavenging activity is associated with a lowegIalue. The scavenging ability of DPPH was in dedo®y order

from ethanol > ethyl acetate > aqueous > petroletimar extract.

Table 2. Antioxidant effect (ICsg) on free DPPH radicals, superoxide radicals, ABT 8adicals, reducing power assay and total antioxidan
capacity of extracts ofLuffa amara fruit pericarp

1ICsopg/ml
Plant extracts Scavenging Scavenging Scavenging Total antioxidant
ability on DPPH  ability on super ability on ABTS  Reducing power assay capacity (AAE/DW)
radicals oxide radicals

Pet ether (60-8) 47428 £ 1.75 319.79 £ 0.55 56.76 +0.15 866.5830 13.22 +0.50
Ethyl acetat 232.02+0.8 75.23+04 46.00+0.3 48751+1.8 28.22+0.3
Ethanol 84.00+0.76 77.69 +0.06 43.76 £ 0.62 P45 0.94 30.72+0.73
Aqueous 414.83 £ 2.56 109.18 +1.20 49.26 +0.32 1.82+1.21 20.72 £ 0.37
Ascorbic acit 41.89 +0.3¢€ 20.72+ 0.07 12.16 £ 0.0 42.41+0.4

Each value in the table is represented as meanM 8= 3)

All extracts from fruit pericarp of. amaraexhibited ABTS radical-scavenging activities téfefient extents in a
concentration- dependent manner; although theifctavels of all of the tested samples were lowen that of
ascorbic acid. Among all extracts, ethanol and letitgtate extract fronh. amara fruit pericarp exhibited the
highest ABTS radical scavenging activity éfCi.e. 43.76 + 0.62 and 46.00 + 0.30 respectivéty.contrast,

petroleum ether extract showed least ABTS radical/enging capacity i.e. 56.76 + 0.15. The simiksuit was
produced by ascorbic acid nearly at concentrat®i 6l + 0.04 pg/ml (Table 2). The ABTS radical saaying

ability of samples can be ranked as ethanol > etbgtate > aqueous > petroleum ether extract.
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The 1G, values in superoxide scavenging activity were foundescending in order as ethyl acetate < eth&nol
aqueous < petroleum ether extract. The ethyl aeatatract showed least 4Q.e. 75.23 + 0.43, while petroleum
ether showed the highestsiCi.e. 319.79 + 0.55 (Table 2). All the extracts whd concentration dependant
superoxide radical scavenging activity.

However, when compared to ascorbic acid, the su#rascavenging activity of the extracts was fotmdbe low.
This could be due to the presence of reactive curaon of bioactive constituents and mixture dhey
phytoconstituents in the extract. The decreasgbsorbance at 590 nm with plant extracts and neerstandard
ascorbic acid indicates their ability to quenchesogide radical in reaction mixture. It may be daeresence of
flavonoid and phenolic content.

The total antioxidant capacity bf amaraextracts was determined with reference to ascatiit. Total antioxidant
capacity for ethanol and ethyl acetate extract 86r@&2 + 0.73 and 28.22 + 0.37 mg of ascorbic aquivalent/g of
dry extract (AAE) respectively. While petroleum etlrextract had less total antioxidant capacityi®22 + 0.50
mg AAE (Table 2). The total antioxidant capacitydifferent extracts can be ranked in descendingroad: ethanol
> ethyl acetate > aqueous > petroleum ether estract

Figure 1 shows the dose-response curves for theciregl powers of the extracts frolm amarafruit pericarp. The
reducing power of the ethyl acetate and ethanaghekincreased in absorbance from 0.245 + 0.0060aht6 +
0.001 at 50 pg/ml, to 0.615 + 0.004 and 0.512 H49.at 800 pug/ml, respectively. The reducing powesiqueous
and petroleum ether extracts increased from 0.101081 and 0.068 % 0.004, at 50 pug/ml | to 0.488.603 at
0.451 + 0.006 at 800 pg/ml, respectively. At a desaf 400 to 800 pg/ml extracts showed high redpeadues of
0.345 - 0.615, almost equal to that of ascorbid é&i472 -0.754) at a concentration of 40 - 8amlg/

Figure 1. Reducing power of extracts fromLuffa amara fruits. The Ascorbic acid is used as reference aipiidant. Values are mean +

SEM (n = 3)
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*PE — Petroleum ether (60-80°) extract, EA — Ethgttate extract, EOH — Ethanol Extract, AQ — Aqueextract, Std - satandard.

The 1G, value was very high for the petroleum ether angeags extract (866.58 + 0.39 pg/ml and 821.65+ 1.21
respectively), compared with ethyl acetate andrethaxtracts, of which the kg values were 245.14 + 0.94 and
487.51 + 1.88 pg/ml, respectively. AnsiGralue of ascorbic acid was 42.41 + 0.47 pg/ml. Beguence for
reducing power capacity was ethyl acetate > etharmueous > petroleum ether.

The correlation analysis for kg values of radical scavenging and or antioxidarilitplof extract of L. amara
pericarp, contents of phenolics and flavonoids leikdwil good correlation with DPPH, ABTS, total amtdant
capacity, superoxide radicals and reducing powssyaéT able 3).
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Table 3. Correlations* between the 1G, values of antioxidant activities and polyphenolicontent of L. amara fruit pericarp

Correlation R?

Assay Phenolics  Flavonoids
ICso0f DPPH radical scavenging ability 0.7607 0.7879
ICso0f Total antioxidant capaci 0.696® 0.938¢
ICso0f ABTS radical cation scavenging activity 0.9202 0.7532
ICso0f Super Oxide Free Radical Scavenging Activity ~ 0983  0.6000
ICs,0f Reducing power ass 0.630# 0.785¢

AL. amara fruit extracts were used in correlatidnindicate significance at p > 0.08;Indicate significance at p < 0.05

The R value above 0.5 is considered good correlationtalTghenol content was shown to provide the highest
association with ABTS radical scavenging activitythe present study {R= 0.9402). Similar results were also
found for super oxide free radical scavenging #@wti(R> = 0.8835). While total flavonoid content shown good
correlation with Total antioxidant capacity’(R 0.9380).

DISCUSSION

The relation between diseases and fiagticals has been proved by many studies. UV ligidjation, smoking,
alcohol consumption, stress and high cholesterob@mption can increase the process of cell oxiddti®]. The
present study was aimed to establish antioxidapaaty and their correlation with polyphenolic cemt of fruits.

The polyphenolic compounds which contain hydroxyups in their structure and their electron dortatatility

which allow them to act as reducing agents, hydnodenors, and singlet oxygen quenchers and redgerfsir

antioxidant property [20]. The phenolic compoundsyneontribute directly to antioxidative actfonlt is known

that polyphenolic compounds have inhibitory effemtsmutagenesis and carcinogenesis in humans T22]total
flavonoids and phenolic contents in ethanol andletlcetate fractions were significantly higher thaetroleum
ether and water extracts. Therefore, it can beupned that the major polyphenolic compounds presemhese
extracts.

The DPPH and ABTS radicals are soluble in water arghnic solvent, thus enabling the determination o
antioxidant capacity of both hydrophilic and lipdpb compounds [23]. The DPPH and ABTS radicahsenging
activity of the ethanol extract revealed high axitlant activity, the possible reason might be thedknt contents
and sorts of bioactive compounds including phesotind other compounds responsible for antioxidaptcity.
These results were consistent with the findingsnahy research groups, who reported such corretatietween
total phenolic content and free-radical scavengictiyyity [24, 25].

Superoxide radical is very harmful cellular compatné can generate more ROS. These can cause tisSDNA
damage leads to various diseases, therefore ikdsmimended to measure comparative interceptivetyabil
antioxidant extract to scavenge superoxide molétule present study, superoxide radical reduces KBBlue
colored formosan that is measured at 590 nm. Thaltrehows that ethanol and ethyl acetate exttasspotent
scavenging activity that reveled form lowsyCThe probable mechanism of scavenging the supdamions may
be due to the inhibitory effect of extracts towageéseration of superoxide in tirevitro reaction mixture.

The phosphomolybdenum assay is a quantitative rdetboevaluate water-soluble and fat-soluble antiamt
capacity (total antioxidant capacity). The ethagxitact demonstrated electron-donating capacitysiwits ability

to reduce MO (VI) to MO (V) and forms a green celbrphosphomolybdenum V complex and act as chain
terminators. Thus, transforming relative free rallispecies into more stable non-reactive produbiie results
obtained in this investigation reveal that theltatgtioxidant activity may be attributed to the ggace of phenolics
and flavonoids constituents in ethanol extract3.[27

In reducing power assay, ethanol extract of fraitigarp were capable of chelating ferrous ion effety, which

indicated that the ethanol soluble compounds of frericarp was active for ferrous ion chelatingarisition metals
are known to play key roles in lipid peroxidationdoth biological and food system. Particularlgation of ferrous
iron with hydrogen peroxide generates the hydraoagdicals, which are the most reactive and detrialemiactive
oxygen species in any biological system. They adrssquently oxidise the surrounding biomoleculdweréfore,
ferrous ion is considered as the most effective-gxidant in food and biological systems. It has rbeeell

established that lipid peroxidation can be supmedsy chelating agents stabilizing transition neetal inhibit the
production of free radicals [28].
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Figure 2. HPLC chromatogram of (a) authentic standrds catechin (CT), (b) gallic acid (GA), (cxatechin and (d) gallic acid was
identified in ethanol extract of L. amara fruit pericarp

Figure 2.
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Furthermore, alin vitro antioxidant assay shown good correlation withItpteenolic and flavonoid content of
extracts, which indicates the antioxidant activafyfruit pericarp is due to polyphenolic compoundbe ethanol
extract showed most potent antioxidant activitycawse of presence of phenolic compounds, partigular
flavonoids, hydrolysable and condensed tannins tduthe presence of the hydroxyl groups. The presesfc
catechin and gallic acid in ethanol extract oftfpericarp was chromatographically confirmed. Caitre@and gallic
acid has a definite antioxidant potential mainleda the strong reducing power and weak metal thglability
and could have a role as a physiological antioxif2®, 30] Perhaps catechin, gallic acid and other relateshplic
compounds present ib. amarafruit pericarp may be responsible for its obseraedioxidant activity. Further
studies on the in vivo evidence of pro-oxidant\agtiof L. amarafruits are required.

CONCLUSION

The present investigation reveals that ethanolaetarofL. amarafruits exhibit high antioxidant capability. This
activity is attributed to high levels of total ptudic and flavonoid compounds particular to gallaidcaand catechin.
Consequently, our results suggest that the extant be utilized as an effective and safe antiogtidaiurce,
although the antioxidant activities of ethanol egtrwas lower than that of ascorbic acid. It carcdrecluded that,
fruits of L. amaraused in Ayurveda and folklore practice for variefydiseases, can be used as an accessible source
of natural antioxidants with consequent health bBeneFurther scientific work is needed to ensuhe ther
medicinal properties of the plant in correlatioratdioxidant activity.
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