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ABSTRACT

Eupatoriurn odoratum aerial parts were extractedhmethanol using ultrasonic-assisted extraction BYATotal
phenolic content (TPC) and total flavonoid cont€REC) were used to quantify antioxidant compoundb the
values of 2.77240.3 mg GAE (Gallic acid equivalgigtsDW and 7.085#0.2 mg of RT (Rutin)) g DW. The
activities of scavenging 2;8iphenyl-1-picrylhydrazyl (DPPH) and 2Z;azino-bis(3-ethylbenzothiazoline-6
-sulphonicacid) (ABTS) radicals, hydroxyl radicafsrric ion reducing power and ferrous ion-chelatimctivity
were analyzed, with kg values of 3.00, 1.08, 1.18, 0.14 and 3.16 mg/edpectively. The study offers theoretic
basis for pharmaceutical utilization of the medadiplant E. odoratum.

Keywords: Eupatoriurn odoratum Total phenolic content (TPC); Total flavonoid ¢temt (TFC); 2,
2'-diphenyl-1-picrylnydrazyl (DPPH); 2,2'-azino-{8sethylbenzothiazoline-6-sulphonicacid) (ABTS); didgxyl
radicals, Ferric ion reducing power; Ferrous ioelating activity

INTRODUCTION

Considerable evidences had confirmed that oxidati@mage of biological molecules in the human bods w
involved in degenerative or pathological processesh as aging, cancer, atherosclerosis, gastar,nd other
conditions [1]. Natural and synthetic antioxidaritave a long history as preservatives in food, whbiey
specifically retard deterioration, rancidity or ctidoration due to oxidation caused by light, head aome metals.
Some synthetic antioxidants such aspropyl gallate, butylated hydroxytoluene (BHT), darbutylated
hydroxyanisole (BHA) are commonly used to act agfafree radicals in food and biological systemg, their
applications are restricted due to potential risdated to health [2, 3]. Therefore, there is awgng interest to
identify antioxidants from natural sources.

Eupatorium odoratuniinn (AsteraceaeEupatoriag, a perennial shrub, were historically used ak fokdicinal
plant for the treatment of various ailments, whisdre demonstrated to be an important and well-knoaatitional
herbal. The agueous and decoction of the leavesused for the treatment of soft wounds, burn wousnas skin
infections in Vietnam [4]. The juice of the aermdrts of this plant was used for cuts and woundstest bleeding
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and promote healing [5]. The macerated leaves wstmlly applied to swollen portion of the body &lieve
inflammation amongst the rural populace in southgart of Nigeria [6]. Other medicinal uses include
immunomodulator, antispasmodic, hepatoprotectimtpeotozoal, antidiabetic, antihypertensive, ayrtitic [7-10].
Most of the antioxidant potentials in herbs andcepiare due to the redox properties of phenolicpoamds that
allow them to act as reducing agents, hydrogen tdomand free radicals quenchers. In several sugieenolic
acids, flavonoids, alkaloids, triterpenes and $¢ehave been isolated from various plant partsnphe acids and
flavonoids comprise the major constituents of tlaap[11-13].

Many researchers have studied the antioxidant igctof E. odoratum Afolabi et al. reportec the antioxidant
activity of E. odoratumin methanolic extract using DPPH scavenging agtiii4]. Alisi and Onyeze showed nitric
oxide scavenging ability of ethyl acetate fractioh methanolic leaf extracts dE. odoratum[15]. Rao et al.
investigated the total phenolic content and antiamt activities of chloroform extracts of Indi&n odoratumeaves
through DPPH radical, hydroxyl radical, nitric ogdABTS radical scavenging [16]. Thang et al. stddthe
antioxidant effects of the extracts from the leaeé<€. odoratumon human dermal fibroblasts and epidermal
keratinocytes against hydrogen peroxide and hygbi@e-xanthine oxidase induced damage [17].

To the best of our knowledge, however, no attengs been made previously to explore the antioxidérihe

ethanol extract oE. odoratum Continuing our ongoing research into natural plamtioxidants [18-22], in the
present study, we investigated thevitro antioxidant activities of extracts froBh odoratum Total phenolic content
(TPC) and total flavonoid content (TFC) were usedjtiantify antioxidant compounds in the ethanofaettand

2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2-@zino-bis(3-ethylbenzothiazoline-6-sulphonicadidBTS) radicals,
hydroxyl radicals, ferric ion reducing power andréeis ion-chelating models were adopted for theoaitant

activity study.

EXPERIMENTAL SECTION

Plant materials. E. odoratumaerial parts were collected in from the campus$iainan University. The voucher
specimen of the plant was deposited in the hertvadfiCollege of Landscape and Horticulture, Haikbuiversity,
China.

Extraction of plant material. The aerial parts of the plant (50 g) were exedatith ultrasonic wave assisted
extraction (UAE) method according to the protocaviously reported [18] using benign solvent ethara water
to determine the extraction efficiency under thadition of ethanol concentration 70%, solid/liquitio of 1:8,
extraction time 2 h and extraction temperature(atC6 The crude extracts were then filtered througterfipaper
and the filtrate was prepared with constant volumheethanol concentration 60% to 100 mL for estioratof
phenolics and antioxidant measurements throughowsrichemical assays. Each extraction was perforimed
duplicate and all analyses were performed in tigié.

TPC measurement.TPC from leaf extracts was measured accordinged-tilin-Ciocalteu (FC) procedure [23] as
described with some modifications. The FC phenagemt was prepared according to King's method [24{is, 10

g sodium tungstate and 2.5 g sodium molybdate wergly dissolved in 70 mL deionized water, 5 ml 85%
phosphoric acid, and 10 mL concentrated hydroahlacid were subsequently added and allowed toxréfiu 10

hr. Then, 1.5 g lithium sulfate and 6 mL hydrogemgxide were added and refluxed for another 15 umiil the
color changed to a glassy yellow. The volume of thaction mixture obtained was increased to 100(qr.,
deionized water) before usage. Then, 2 mL of diliggtracts were mixed with 2 mL of FC reagent. Aemin,
750 pL of sodium carbonate anhydrous solution (7.5%,)wias added and the sample was vortexed. The
absorbance at 765 nm versus a blank control wasurewith a UV light spectrophotometer (ShimadxRz54)
after a 2 h incubation in the dark at room tempeeatMeasurements were calibrated to a standawe airprepared
gallic acid solution ranging from 0-100 g/mL with= 0.0480x - 0.0071R¢ = 0.9991) and TPC was then
expressed as mg of gallic acid equivalents (GAE)gpaf dry weight (DW).

TFC measurement.Estimation of TFC in extracts was performed acewdd colorimetric method [25] with some
modifications. The reaction mixture contained 1.0 ofi extract, 4 mL of 60% ethanol and 0.3 mL of 5#%dium
nitrite. Six minutes later, 0.3 mL of 10% aluminiuritrite was added. In the next six minutes, 4 mll & sodium
hydroxide solution were added and the volume waseased to 10 mL (g.s. 60% ethanol). Immediatdig, t
reaction mixture absorbance was measured by arepbotometer at 510 nm against a blank (contrat) @sed to
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calculate TFC using rutin as a standgre 0.0118x + 0.0023, R = 0. 9995). The linear relationship between
absorbance and flavonoids content ranged from 15+(/81L. TFC was then expressed as rutin equivaldRig,(in
mg RE per g DW.

DPPH radical scavenging capacity measurementThe radical scavenging ability of 2,2'-diphenyl-b-
picrylhydrazyl (DPPH) was estimated by a methodpéeth from Sharififaret al [26]. Thus, an aliquot of extract
(100 [Il) was added to 3.9 mL of ethanolic DPPH (6M). The mixture was shaken vigorously and lefttend at
room temperature for 30 min in the dark and abswmbavas measured at 517 nm. The free radical sgangen
activity was calculated as follows:

%RSA= |:(Ablank - A&ample) /'A‘blanI;I>< 100%

whereApan Was the absorbance of the control reaction (coimigiall reagents except the test sample), Aagge
was the absorbance of the test sample.

ABTS radical scavenging capacity measuremengree radical scavenging capacity using a stable S\Bidical
was performed according to Thebal [27] with some modifications. The ABTS radical wbn was produced by
gently mixing 10 ml of 7 mM ABTS solution and 10 mdf 2.45 mM potassium persulfate solution. This was
allowed to stand in the dark at room temperaturel£5-16 h. The ABTS radical solution was adjustétth wthanol

to an absorbance of 0.7 (£0.02) at 734 nm befoageisExtract (10011) or ethanol (10011, control) was added to
3.9 mL ABTS radical solution and allowed to reamt 30 min until a stable absorbance was obtainkd.decrease

in absorbance at 734 nm was measured against la (@tranol). Antioxidant activity of ABTS radicatavenging
capacity was calculated as a scavenging percentage:

%RSA= |:(A3Iank - 'Asample) /AbIanI;|>< 100%

where Ay Was the absorbance of the control reaction(coinigiall reagents except the test sample), Anfye
was the absorbance of the test sample.

Hydroxyl radical-scavenging activity. Hydroxyl radical-scavenging activities d&. odoratum extract were
determined according to the method described byrr&ifii and Cumbes [28] with some modifications. The
following reagents were put into a reaction tub¢hia following order: 0.3 ml of 20 mM sodium saliate, 2.0 ml

of 1.5 mM FeS@ 1.0 ml of various concentrations of sample sohytil ml of 6mM HO,. They were mixed
immediately, and then the reaction tubes werempthé 3701 water bath for 1 h, the absorbance of the mixiae
recorded at 510 nm against a blank. Ascorbic aeisl wsed as the positive control. The hydroxyl @eicavenging
ability was calculated as follows:

%RSA= |:(A3Iank - 'Asample) /AbIanI;|>< 100%

where Ay, Was the absorbance of the control reaction(coinigiall reagents except the test sample), Anfye
was the absorbance of the test sample.

Reducing power assayThe F&* reducing power of the extracts was determibgdhe method of Tan [29]. The
extract (2.5 ml) at various concentrations wereeadiwith 0.75 ml of phosphate buffer (0.2 M, pH 6.6dah75 ml
of potassium hexacyanoferratesf€(CN)] (w/v 1%), followed by incubating at 50 in a water bath foRO min.
The reaction was stopped by adding 2.5 ml of tatwceticacid (TCA) solution (10%) and then centrifugaed
3000 r/min for 10 min. 2.5 ml of the supernatantswaixed with 2.5 ml of distilled water and 0.5 nfl ferric
chloride (FeQ) solution (0.1%, w/v) for 10 min. Thabsorbance at 700 nm was measured as the redumivey.
Higher absorbance of the reaction mixture indicatexter reducing power.

Ferrous ion-chelating activity. Ferrous ion-chelating activities Bf odoratumextract was evaluated by the method

of Tan [29] with slight modification in the volunmad sample and reagents. Briefly, an aliquot of esariple (1 ml),
with different concentrations, was mixed with 1000of FeCLe4H,0O (2.0 mM) and 3.7 ml of distilled water. The
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reaction was initiated by adding 200 of ferrozine (5.0 mM). After 20 min of incubatiat room temperature, the
absorbance of the mixture was determined at 562against a blank. A lower spectrophotometrical abaoce
means a higher ferrous ion-chelating activity. EDWAs used as the positive control. The ferrousctoslating
ability was calculated as follows:

%Chelating activity I:(Anlank_Asample) /Ablank]x 100¢

whereAg .« Was the absorbance of the control reaction (coimigiall reagents except the test sample), Apgye
was the absorbance of the test sample.

RESULTS AND DISCUSSION

Phenolic and flavonoid contents. TPC (2.772+0.3 mg GAE/g DW) of EOE was determinsihg the standard
curve of gallic acid R = 0.9991). Using the standard curve generatedutiy ( R* = 0. 9995), the TFC of EOE
(7.085+0.2 mg of RT/100 g) as shown in Table 1. &favonoids were recovered than phenols. Thisccdel
because flavonoids comprise a majority of the tptanols. The remainder of the plant's metaboliwdhoids are
glycosides and derivatives with non-phenolic hygiaoups.

Scavenging effect on DPPH free radicalDne of the mechanisms to investigate antioxidativigcis to study the
scavenging effect on proton radicals [30]. In threspnt study, investigation of total antioxidanpaeity was
measured as the cumulative capacity of the compopnekent irE. odoratumto scavenge free radicals, using the
2,2-diphenyl-1-picrylnydrazyl (DPPH) reaction. Tharesence of antioxidant in the sample leads to the
disappearance of DPPH radical chromogens whichbeadetected spectrophotometrically at 517 nm. TR
radical scavenging capacity of EOE was found toeiase in dose dependent manner with increasingeatiation

in the range of 0.2-8 mg/ml (Fig. 1). The EOE dispgld potential effect of DPPH activity with 4lvalues of 3.0
mg/ml. VC and VE were used as positive control$w@s, values of 0.1 and 0.32 mg/ml, respectively (Tdble

100 -
90
80
70

60
50

—a— EOE

40
30
20
10

DPPH Radical scanvenging ability (%)

0 1 2 3 4 5 6 7 8

Concentration (mg/ml)
Fig. 1. Free radical (1,1-diphenyl-2-picrylhydrazyl(DPPH)) scavenging activities of extract fronk. odoratum (EOE) at different
concentrations.
Each value represents means +SD (n = 3).

Scavenging effect on ABTS free radicalABTS radical assay is an excellent tool for deteing the antioxidative
activity, in which the radical is quenched to folBTS radical complex. Meanwhile, it is more sengtio
determine antioxidative capacities of plant exBattecause it can determine their capacities a¢rdvhibition
concentrations. With increasing concentration, ESBBwed increased ABTS radical scavenging activitidisen a
dose-response curve was plotted, EOE could inloidélr 80% of the ABTS radicals when the concentrai®
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higher than 5 mg/ml used. As shown in Fig. 2, EQHEilgited potential inhibitory effect on ABTS radlsawith 1C5
values of 1.08 mg/ml (Table 1).

100

—s—EOE

90
80
70
60
50
40
30
20

ABTS Radical scanvenging ability (%)

0 1 2 3 4 5 6 7 8
Concentration (mg/ml)

Fig. 2. Free radical (2,2'-azino-bis (3-ethylbenzbiazoline- 6-sulphonicacid)(ABTS)) scavenging actities of extract from E. odoratum
(EOE) at different concentrations.
Each value represents means +SD (n = 3).

Scavenging effect on hydroxyl radicalThe hydroxyl radical is known to be the most reactixygen radical and it
severely damages adjacent bio-molecules in the,lmdyh as protein and DNA, resulting in cell damafjes
damage causes ageing, cancer and several othemselsd29]. Fig. 3 showed that both EOE exhibited
concentration-dependent scavenging activities agdiydroxyl radicals generated in a Fenton reactimiem. The
ICs50 of EOE is at 1.18 mg/ml (Table 1).
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. 3. Hydroxyl free radical scavenging activitieof extract from E. odoratum (EOE) at different concentrations.
Each value represents means +SD (n = 3).
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The chelating activity for ferrous ion. Transition metals such as ion can stimulate liggtbgidation by generating
hydroxyl radicals through Fenton reaction and amegt lipid peroxidation by decomposing lipid hyglecoxides

into peroxyl and alkoxyl radicals, therefore dritlee chain reaction of lipid peroxidation [31]. Tlbelating

activities for ferrous ion of the extracts wereaggsl by the inhibition of formation of red-colorétrozine and

ferrous complex. As shown in Fig. 4, the formatadrihe red-colored complex was inhibited in thesgrece of EOE,
indicating chelating activity. The light absorbarfethe red-colored complex was decreased lingarlgn EOE

concentration dependent manner with ag, I&f 0.14 mg/ml (Table 1). At the concentration o5 Gng/ml, EOE

chelated 71% of ferrous ions.
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ig. 4. Ferrous ion chelating activities of extract from E. odoratum (EOE) at different concentrations.
Each value represents means +SD (n = 3).
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Fig. 5. Reducing power of extract fromE. odoratum (EOE) at different concentrations by spectrophotoratric detection of the F&'—Fé&*
transformation.
Each value represents means +SD (n = 3).
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The reducing power. The reducing ability to convert Feto Fé" is also an indirect evidence for the antioxidant
activity of an extract or a compound. In the ferreducing antioxidant power assay, the antioxidamts the
reducing species present in the extract cause®thetion of the F&/ ferricyanide complex to form Eeions; high
absorbance at 700 nm indicates high reducing p§8&jr As showed in Fig. 5, ESM exhibited strong ueidg
power for F&" in a dose dependent manner with ag, Malue of 3.16 mg/ml (Table 1).

In this study we demonstrated the antioxidant prigee of extract oEupatoriurn odoraturusing various in vitro
testing systems, including DPPH and ABTS radichigjroxyl radicals, ferric ion reducing power andréeis
ion-chelating activity. Total phenolic content (T)P&hd total flavonoid content (TFC) assays wereal usequantify
antioxidant compounds. Our data suggested that B@dSess direct and potent radicals scavengingitadiv
through multiple mechanisms. It has been suggebktadheir antioxidant properties likely contribdte partly their
pharmacologically uses. Further investigations meeded to identify the antioxidant compounds preserkt.
odoratumwith better understanding of the antioxidant medras.

Table 1. Antioxidant activity of E. odoratum ethanol extract

Concentration Mean inhibition (%) +SB
(mg/ml) DPPH radical scavenging ABTS radical hydroxyl radical ferrous ion-chelating ferric ion reducing
ability scavenging ability scavenging activity power
ability
E. VvC VE E. VvC VE E. VvC E. EDTA E. Ascorbic
odoratum odoratum odoratum odoratum odoratum  acid
1Cs¢ 3.00 0.10 0.32 1.08 0.06 0.22 1.18 0.23 0.14 06>0L0° 3.16 0.06
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