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ABSTRACT

The antioxidant activities of ethanolic crude extract (ECE) and its five different solvent sub-fractions (namely,
petroleum ether fraction (PEF), dichloromethane fraction (DMF) ethyl acetate fraction (EAF), n-butyl alcohol
fraction (BAF) and the rest fraction (RF) from Clerodendrum inerme were investigated using several in vitro
antioxidant assays. ECE and five sub-fractions possessed different antioxidant and radical-scavenging activities in
different assays. BAF showed the most potent radical-scavenging activity on DPPH radicals with ECs, value of 0.28
mg/ml. EAF exhibited the highest ABTSradicals with ECs, value of 0.46 mg/mL. The total phenolics contents (TPC)
and total flavonoid contents (TFC) were also determined. RF had the highest TPC (10.73 mg GAE/g DW), and BAF
had the highest TF contents C (3.81 mg RT/g DW). Our work offers theoretical basis for C. inerme as a potential
source of natural antioxidants.
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INTRODUCTION

Oxidative damage of biological molecules in the hanbody was implicated in degenerative or pathokdgi
processes, such as aging, cancer, atherosclegasisic ulcer, and other conditions. Moreover, aiimh and the
formation of free radicals were the major causedeatérioration of various foodstuffs [1]. In orderprotect foods
and human beings against oxidative damage causefilebyradicals, synthetic antioxidants such as lateg
hydroxyl anisole (BHA) and butylated hydroxyl tohee (BHT) were created because of demand. However,
consumers’ concern has come to focus on the tgxaeitl potential health hazards of synthetic antiamts [2, 3].
Therefore, in recent years interest in utilizingunal antioxidants has increased substantiallyeeisly plant
phenolics, flavonoids, are desired to protect thendn body from oxidative stress and retard potectiaonic
diseases of aging. Considerable evidences hadrewdithat medicinal plants are promising sourcegsattiral
antioxidant compounds, as many of the phytochesidedm plant extract have been identified to exhibi
antioxidant activity [4]. Correlation studies hagemonstrated the significant contribution whichtalig intake of
natural antioxidants such as flavonoids and otliemplic compounds, present in most plants, mayaagbotent
candidates in preventing diseases related to ax@&latress, such as cancer, atherosclerosis, agiigheumatoid
arthritis [5]. The antioxidant activity of phenoleompounds depends on their structure, positionramdber of
hydroxyl groups, polarity, and mostly the bond diation energy necessary to remove the hydrogem §]. The
mechanism of antioxidant activity of flavonoids atwes the direct scavenging or quenching of oxyfgea radicals
or excited oxygen species, as well as the inhibitiboxidative enzymes that generate these reackygen species

[7].
As part of our efforts to find antioxidants fromileleé herbs, we have investigated the antioxidartemtial of

Clerodendrum inerme, a plant which belongs to the gerierodendrum of the family Lamiaceae (Verbenaceae).
This genus is represented by 580 species of smeab,t shrubs, lianas, or, occasionally, perenrgégbd) most
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growing in tropical and subtropical regions [8].€Thpecie<C. inerme(Linn.) Gaertn., semi-mangrove plant, were
widely distributed in India, Southeast Asia and tRoBceania, which could also been found in Chirtartidal
estuarine zones, especially the Hainan island duastthe richest wild sources [9]. It was demotestkdo be an
important and well-known traditional herbal on ttieatment of various ailments, such as coughs,fidets
infection, buboes problem, venereal infectionsh skseases and as a vermifuge, febrifuge and alteat Beriberi
disease, also local people use it as an antidof@isbning from fish, crabs and toads [10]. Amohg various
phytochemicals irC. inerme leaves, phenolic compounds, particularly flavospigre widely regarded as some of
the major bioactive compounds which have been shiowppssess various therapeutic properties [11-88Y}eral
studies has already been conducted and it was derated thatC. inerme may be an excellent source of
antioxidants: its methanolic extract has strong fredical-scavenging activity [14]. In contraste foresent study
was to investigate the antioxidative capacity dfaot and fractions with different polarity that neederived frontC.
inerme, using thein vitro methods, such as the scavenging activity ofrdighenyl-1-picrylhydrazyl (DPPH) and
2,2-azino-bis (3-ethylbenzothiazoline- 6-sulphonicaci®BTS) were evaluated. Furthermore, total phemnoli
content (TPC) and total flavonoid content (TFC) the antioxidants, of all extract and fractions wetso
determined.

EXPERIMENTAL SECTION

Plant materials. Leaves ofC. inerme were collected in from the lakeside of Hainan Wnsity in April 2012 and
identified by Prof. Dr. Xiaobo Yang, College of ladstape and Horticulture, Hainan University, Chinsaves were
selected, washed thoroughly in potable water, had tried for 36 h using a hot air oven atl@ried leaves were
then powdered using a herb disintegrator (118 Swihgjiang, China) and subsequently sieved (20 jnesh

Extraction procedure. The leaves (480 g ) were extracted with ultrasomave assisted extraction method
according to the protocol previously reported [LS]ng benign solvent ethanol and water under thelition of
ethanol concentration 70%, solid/liquid ratio oBlextraction time 60 min and extraction tempematat 60C.
Subsequently, the plant material was then filtesffdand the extraction procedure was repeated ttinees. The
combined filtrates were concentrated using rotaguum evaporator, to obtain dry extracts. Finditym 480 g of
the dry sampleghe final yield of ECE was 57.34 g. Of the 57.34fgdry extract, 5.0 g was redissolved in 60%
ethanol to a concentration of 50 mg/ml and storethé dark at 4 for further use. The rest of the dextract was
redissolved in distilled water (The solvent/watatio was 1:2) and then sequentially extracted with petio ether
(60-90C), ethyl acetate and-butanol, using liquid—liquid partitiomAfter removal of the solvents, using a vacuum
rotary evaporatorthe concentrated solutions were lyophilised totgetdry formof respective fractions, the final
yields of the PEF, DMF, EAF, BAF and Rfere 3.23, 3.17, 8.55, 9.53 and 26.6 g, respeytivdie four fractions
were redissolved in their respective solvents atingly, to a concentratioof 50 mg/ml and stored in an amber vial
at 4C until used tadetermine their antioxidant activities.

DPPH radical scavenging capacity measurementThe radical scavenging ability of 2,2'-diphenyldorpl
hydrazyl (DPPH) was estimated by a method adapted Sharififaret al [16]. Thus, an aliquot of extract (0.1 mL)
was added to 3.9 mL of ethanolic DPPH {B0). The mixture was shaken vigorously and left tand at room
temperature for 30 min in the dark and absorbares measured at 517 nm. The free radical scaveragitigty
was calculated as follows:

%RSA= [ (Ava = Aurge) Avan | X 100%

where Ay« Was the absorbance of the control reaction (coimgiall reagents except the test compound), and
Asmple Was the absorbance of the test compound.

ABTS radical scavenging capacity measuremenkree radical scavenging capacity using a stable \Bidical
was performed according to Desatgal [17]. The ABTS radical solution was produced bytfemixing 10 mL of 7
mM ABTS solution and 10 mL of 2.45 mM potassiumsuefate solution. This was allowed to stand in dlagk at
room temperature for 12—16 h. The ABTS radical tsmfuwas adjusted with ethanol to an absorban&{+0.02)
at 734 nm before usage. Extract (30D or ethanol (10Qul, control) was added to 3.9 mL ABTS radical salati
and allowed to react for 30 min until a stable abance was obtained. The decrease in absorba?@#atm was
measured against a blank (ethanol). Antioxidanviggtof ABTS radical scavenging capacity was cédted as a
scavenging percentage:

%RSA= [ (Ao = Aurge) e | X 100%
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whereAy . Was the absorbance of the control reaction(coinigiall reagents except the test compound),/Aagge
was the absorbance of the test compound.

TPC measurement. TPC from leaf extracts was measured according @oRtlin-Ciocalteu (FC) procedure [2]
described previously. The FC phenol reagent wapapeel according to King’'s method [18]. Thus, 10odism
tungstate and 2.5 g sodium molybdate were gendlyotited in 70 mL deionized water, 5 ml 85% phosjechacid,
and 10 mL concentrated hydrochloric acid were sybsetly added and allowed to reflux for 10 hr. Thék g
lithium sulfate and 6 mL hydrogen peroxide wereeatidnd refluxed for another 15 min until the calbanged to a
glassy yellow. The volume of the reaction mixtut#ained was increased to 100 ml (g.s., deionizenvhaefore
usage. Then, 2 mL of diluted extracts were mixethvid mL of FC reagent. After 3 min, 750 of sodium
carbonate anhydrous solution (7.5%, w/v) was adaledl the sample was vortexed. The absorbance an@65
versus a blank control was measured with a UV lggigictrophotometer (Shimadzu UV2754) after a 2chbation
in the dark at room temperature. Measurements wadierated to a standard curve of prepared gatlid aolution
ranging from 0-10Qug/mL with y = 0.0480x - 0.0071R? = 0.9991) and TPC was then expressed as mg @ gall
acid equivalents (GAE) per g of dry weight (DW).

TFC measurement.Estimation of TFC in extracts was performed acaaydo colorimetric method [19] with some
modifications. The reaction mixture contained 1.0 of extract, 4 mL of 60% ethanol and 0.3 mL of S&dium
nitrite. Six minutes later, 0.3 mL of 10% aluminiunitrite was added. In the next six minutes, 4 il & sodium
hydroxide solution were added and the volume waseased to 10 mL (g.s. 60% ethanol). Immediatdig, t
reaction mixture absorbance was measured by arspactometer at 510 nm against a blank (contrad) ased to
calculate TFC using rutin as a standgre 0.0116x - 0.0048, B2 = 0. 9991). The linear relationship between
absorbance and flavonoids content ranged from 1hg@f@lL. TFC was then expressed as rutin equivaldE,(in
mg RE per g DW.

Statistical analysis. Results were expressed as mean + standard deviafioeplicate solvent extractions and
triplicate of assays and analyzed by Statisticalpsis System (EXCEL 2007). Data were analyzed BYONA (p
< 0.05).

RESULTS AND DISCUSSION

Scavenging effect on DPPH free radicalThe ability of fractions fronC. inerme to quench reactive species by
hydrogen donation was measured through the DPPIldalascavenging activity assay. As a kind of stafpée
radical, DPPH can accept an electron or hydrogdicahto become a stable diamagnetic molecule, lwisiavidely
used to investigate radical scavenging activitye @htioxidants can react with DPPH, a deep-viadduwred stable
free radical, converting it into a yellow colourag-diphenyl-b-picrylhydrazine. The discolouratumfthe reaction
mixture can be quantified by measuring the absadan 517 nm, which indicates the radical-scavengiuility of
the antioxidant [20]. Fig. 1 illustrates a signéfit decrease in the concentration of DPPH duedcstiavenging
activities of the samples. The DPPH radical scavengapacity of the samples was found to increasdase
dependent manner with increasing concentratiorhénrange of 0.4-4 mg/ml. With regard to §Cas shown in
Table 1, amongst all the extracts examined, the ,BAiEh the lowest E€; (0.28 mg/ml), exhibited the highest
DPPH radical-scavenging activity, followed by EAEGs, was 0.66 mg/ml), whilst the PEF with the highe§ggE
value (11.71 mg/ml) exhibited the lowest DPPH rablaravenging activity. VC and VE were used as tjvasi
controls with EGy values of 0.09 and 0.32 mg/ml, respectively. TPH radical-scavenging activity was found to
be in the order of: VC> VE> EAF > BAF > ECE >DMF FR PEF.

Scavenging effect on ABTS free radicalABTS radical assay is one of the most commonly esyed methods for
measuring antioxidant capacity. It is recommendedie in plant extracts because the long wavehealgsorption
maximum at 734 nm eliminates colour interferenceplisnt extracts [21]. As shown in Fig. 2, it wasngelly
observed that the ABTS radical-scavenging effecteased as the concentration of the solvent extratased. At
the concentration of 0.8 mg/ml, ABTS radical-scaying activities were ranked in the order: EAF (62)9> BAF
(58.3%) > ECE (33.1%) > DMF (26.9%) > RF (13.7%PBF (6.6%). At the concentration of 1.6 mg/ml, ¢cinder
is: ECE (87.6%) >BAF (85.2%) > DMF (81.3%) > EARB(9%) > RF (28.5%) > PEF (11.3%). Even with further
increases in the concentration, ABTS radical-scgivenactivities of ECE, DMP, EAF and BAF to a cantaxtent,
and then levelled off. At the highest dosage lefel.0 mg/ml, RF showed a radical-scavenging agtiof 73.58%
more than PEF (32.6%). Egralues of ECE and each sub-fractions, shown ineTabclearly indicate that the EAF
fraction exhibited the highest ABTS radical-scavieggactivity with the lowest E& of 0.46 mg/ml. Meanwhile,
VC and VE, serving as the positive controls, exbithiEG, values of 0.07 mg/ml and 0.21 mg/ml, respectively.
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Fig. 1. Free radical (1,1-diphenyl-2-picrylhydrazyl(DPPH)) scavenging activities oECE and various sub-fractions at different

concentrations
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Fig. 2. Free radical (2,2'-azino-bis (3-ethylbenzbiazoline- 6-sulphonicacid)(ABTS)) scavenging actities of ECE and various
sub-fractions at different concentrations

Antioxidant components. Many studies have found that plant extracts posgegent antioxidants, such as
phenolics and flavonoids [7, 20]. In the presentgt the total phenolic (TP) and total flavonoid=fTcontents of
ECE and various sub-fractions ©f inerme were determined. The total phenolics contentsubffeactions were in

the order of RF > BAF > EAF > DMF > PEF, the tdialvonoids in the order of EAF >BAF > RF >DMF > PEF
(Table 2).

Table 1. EGy values obtained in the antioxidant activity assayand contents of total phenolics and total flavondis of ethanolic extracts
and sub-fractions fromC. inerme

ECiovalle b pEr DME EAF BAFE RF VG VE
(mg extract/ml)

DPPH radicals 1.34 11.71 214 066 028 345 0.09 0.32
ABTS radicals 1.02 11.20 135 046 055 248 0.07 0.21

Table 2. Contents of total phenolics and total flaanoids of ethanolic extracts and sub-fractions fronC. inerme

Fraction ECE PEF DMF EAF BAF RF
TPC(mg RT/g DW) 8.61 043 044 122 133 381
TFC(mg GAE/gDW) 25.71 0.23 0.25 10.73 7.89 1.85
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CONCLUSION

In conclusion, the antioxidant capacity of the agtrfromC. inerme and its five different solvent sub-fractions have
antioxidant activity, as seen in the DPPH and AHi&e radical assay. Total phenolic content (TPQJ total
flavonoid content (TFC) assays were used to quaatitioxidant compounds. Our data suggested Ghaherme
possess direct and potent radicals scavengingtagithrough multiple mechanisms. Of all the fénaictions, BAF
and EAF showed the most potent antioxidant progertirurther work should be done to isolate andtifyethe
specific compounds in BAF and EAF that are resgmador the antioxidant capability.
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