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ABSTRACT

A qualitative characterization of the main phenatiempounds from ethanol extract of Hymenaea matiaas
carried out by high performance liquid chromatogngpwith diode array detection (HPLC-DAD). The total
phenolics content of the plant extracts was deteedhiby the Folin-Ciocalteu method. Total flavonodhtent also
was measured. Antioxidant activities of the extasere evaluated by using DPPH radical scavengind £
carotene-linoleic acid bleaching and compared wadtorbic acid, BHA and BHT used as reference comgsu
The total phenolic content was of 428.50 + 5.91 &08.50 + 7.22 mg of gallic acid equivalent/g fotCH and
AcOEt extracts, respectively. The total flavonadstent was of 394.90 +8.43 and 479.60 + 10.38fay extracts,
respectively. All extracts exhibited good antioxidactivities. The EtOH extract showed better antlant activity
than ascorbic acid and BHA using by DPPH methodh wivalue of 1G, of 0.84 +0.26 pg/ml. BHT was the most
effective antioxidant. The results obtained shaat ghenolic compounds contribute to the antioxidastivity of the
extract. Further studies will be conducted to iselthe chemical constituents responsible for aidant activity.
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INTRODUCTION

HymenaegFabaceae) is a genus widely distributed from @&étd South America, mainly in the Amazon basih [1
Approximately 25 species from the American contineswve been described [2]. Plants from the géfysenaea
are commonly used in Brazilian traditional mediciadreat inflammatory process, bacterial infecsioheumatism
and anaemia [3, 4]. The trunk exudes a resin, wiicased locally in folk medicine for treatment wbunds,
bronchitis and stomach disorder [Blymenaeapecies are known to mainly contain the diterpgobmpounds in
the trunk resin and bark extract [6]. Diterpeneshefenanticlabdanoic type in the trunk resin and bark exteaat
enthalimane in the seed pod resin as well as clemdgre diterpenes were isolated from this genu8 [ 9].

Hymenaea martian&layne is a native tree known in the Northeastegion of Brazil as “jatob&”. A few examples

of biological activities for extracts of this spechave been reported. The previous studies havevesho
antinociceptive and anti-inflammatory activitiedated with hydroalcoholic extract obtained from therk ofH.
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martiana The exact mechanism that underlies its analgagicanti-inflammatory profiles remains unclear, imaty
result from its ability to inhibit the generatiof Igpoxygenase and/or cyclooxygenase products efatachidonic
acid pathway [10]. Carneiro et al. [11] demonstlate the bark ofH. martiang the presence of glycoside
compounds such as astilbin, eucryphin and enggelitiich were capable of antagonising bradykinipoeses. This
effect may explain the analgesic and anti-inflamonatactions of this plant. Astilbin is a flavonoiditially
identified as an active principle present in a eractract from the bark of this specie which shantoxidant
activity [12]. Astilbin and some related compounaere evaluated for antinociceptive and anti-oedegeatic
activities. The results indicated that taxifolindaits tetramethylated derivative exhibited potemd dose-dependent
antinociceptive action. Both compounds showed St anti-oedematogenic effect being more effectihan
astilbin [13].

In our continuing search of the Brazilian Caatimgedicinal plants to combine biodiversity consemativith drug
discovery we demonstrated the antinociceptive efféthe ethanolic extract dmburana cearensim mice [14]
and anti-ulcer activity of ethanolic extract®icholirium spectabilén rodents [15]. Selective spasmolytic effect of
a new furanoflavoquinone derivative from diplotnopa furanoflavonoid isolated frolmonchocarpus araripensis
also have been demonstrated [16]. There is no quevieport on the analysis of the antioxidant #gtiof
Hymenaea martianaThe aim of this work was to characterize qualidy by HPLC-DAD the main phenolic
compounds present in the ethanolic extract anddtuate the antioxidant activitg vitro of this plant.

EXPERIMENTAL SECTION

Plant material

The trunk barks ofHymenaea martianHayne were collected in Petrolina, State of Pemam, Brazil, in
November 2009. A voucher specimen (6444) is depost the Herbarium Vale do Sédo Francisco (HVASREhe
Universidade Federal do Vale do S&o Francisco.

Extraction

The dried and powdered trunk barks (3000 g) wepeatedly extracted three times during 72 h with 35@H at
room temperature. The extractive solution was cotnated under vacuum yielding after distillationsoivent, 90 g
of crude ethanol extract (Hm-EtOH). The Hm-EtOH waspended in a mixture o58:MeOH (7:3) and extracted
successively with hexane, CHGInd AcOEt in crescent order of polarity to obtie respective extracts.

Preliminary phytochemical screening

Preliminary phytochemical analysis of the ethandtazt was carried. The presence of alkaloids weatetl with
Dragendorff’'s and Mayer’s reagents, flavonoids wif@l and Mg powder, phenols with ferric chloridedasteroids
and terpenoids by Liebermann-Burchard reaction.[17]

HPLC-DAD analysis of phenolic compounds

The solvents used in high performance liquid chrogrphy are of analytic grade from MefckA Milli-Q
System® (Bedford, MA, USA) was used to purify thater. Analyses of high performance liquid chrometpty
was performed on a Merck-Hitachi liquid chromatgrdaChrom Elite® equipped with a VRW HITACHI L-
2130 pump, a VRW HITACHI L-2300 Diode-Array Detec{®AD), and an auto sampler with a 100 loop. The
data were acquired and processed using Ezchrom $fiitware. The extract was analyzed using a reygnase
HPLC column: PurosphBSTAR RP-18e (250 mm X 4.6 mm i.d., 5 um) columre(dk). The mobile phase was
composed of solvent (A) #/H;P0O, 0.1% and solvent (B) MeOH. The solvent gradient wasposed of A (75-
0%) and B (25-100%) for 20 mithen 100% B for 4 min, then again at the initiahditions (75% A and 25% B)
for 10 min. A flow rate of 1.0 ml/min was used in38 °C oven, and 2(L of each sample was injected. The
procedure was repeated three times for each sa®aitaples and mobile phases were filtered throug22um
Millipore filter prior to HPLC injection. Spectraath were recorded from to 200 to 400 nm duringethitée run.

Total phenolic content

Total phenolic contents were assayed using thenfihcalteu reagent, it is based on the methodrtepdy
Slinkard and Singleton [18], only the volumes h&een reduced [19, 20]. An aliquot (40 of a suitable diluted
ethanolic extract was added to 3.16 ml of distiNemter and 20Qu of the Folin—Ciocalteu reagent, and mix well.
The mixture was shaken and allowed to stand forirf§ brefore adding 60Ql of sodium carbonate solution, and
shake to mix. The solutions were left at 20 °C Zdnours and the absorbance of each solution wasndlieied at
765 nm against the blank and plot absorbance vserdration. Total phenolic contents of the exsagthree
replicates per treatment) were expressed as mig galtl equivalents per gram (mg GAE/g) throughdhkbration
curve with gallic acid. The calibration curve rangas 50-1000 mg/l (R= 0.9993). All samples were performed in
triplicates.
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Determination of Total Flavonoid Content

Total flavonoid content was determined by usingrmetric method described previously [21]. Biyef0.30 ml

of the EtOH and AcOEt extracts or (+)-catechin dead solution were mixed with 1.50 ml of distill@dter in a
test tube followed by addition of 90 of a 5% NaNQ solution. After 6 min, 18@l of a 10% AIC,.6H,0 solution
was added and allowed to stand for another 5 nfor®®.6 ml of 1 M NaOH was added. The mixture Wwesught

to 330ul with distilled water and mixed well. The absorbarwas measured immediately against the blank @t 51
nm using a spectrophotometer (QUIMIS, Brazil) imparison with the standards prepared similarly Witlbwn
(+)-catechin concentrations. The results were esge@ as mg of catechin equivalents per gram o&etstr(mg
CE/g) through the calibration curve with catecHihe calibration curve range was 50-1000 mg/l.

DPPH Free Radical Scavenging Assay

The free radical scavenging activity was measusdguthe 2,2-diphenyl-1-picrylhydrazil (DPPH) asgag, 23].
Sample stock solution (1.0 mg/ml) of Hm-EtOH walsitdid to final concentrations of 243, 81, 27, @8l 1 ug/ml,
in ethanol. One ml of a 50 pg/ml DPPH ethanol sofutvas added to 2.5 mL of sample solutions ofedéht
concentrations, and allowed to react at room teatpez. After 30 min the absorbance values were unedsat 518
nm and converted into the percentage antioxidamtigc(AA) using the following formula: AA% = [(akorbance
of the control — absorbance of the sample)/ absabaf the control] x 100. Ethanol (1.0 ml) plugml extracts
solutions (2.5 ml) were used as a blank. DPPH wwoiufl.0 ml) plus ethanol (2.5 ml) was used as gatiee
control. The positive controls (ascorbic acid, BHAd BHT) were those using the standard solutiossags were
carried out in triplicate. The Kgvalues were calculated by linear regression usinGraphPad Prism 5.0 program.

B-Carotene Bleaching Test

The B-carotene bleaching method is based on the loskeofellow colour of3-carotene due to its reaction with
radicals formed by linoleic acid oxidation in anudsion [24]. The rate df-carotene bleaching can be slowed down
in the presence of antioxidanfscarotene (2 mg) was dissolved in 10 ml chlorof@ma to 2 ml of this solution,
linoleic acid (40 mg) and Tween 40 (400 mg) werdeatl Chloroform was evaporated under vacuum aC4and
100 ml of distilled water was added, then the eionlsvas vigorously shaken during two minutes. Rafee
compounds (ascorbic acid, BHA and BHT) and sampteaets were prepared in ethanol. The emulsion §3)0
was added to a tube containing 0.12 ml of solutibmag/ml of reference compounds and sample extradts
absorbance was immediately measured at 470 nmhanek$t emulsion was incubated in a water batt® 8CSor
120 min, when the absorbance was measured agaiori#s acid, BHA and BHT were used as positive maintn

the negative control, the extracts were substitutitdl an equal volume of ethanol. The antioxidasthvity (%) was
evaluated in terms of the bleaching of fhearotene using the following formula: % Antioxidatctivity = [1 - (A

- A) 1 (AL — A%] x 100; where A is the initial absorbance and i the final absorbance measured for the test
sample, A’ is the initial absorbance and’4s the final absorbance measured for the negatiwérol (blank). The
results are expressed as percentage of antioxadtimity (% AA). Tests were carried out in tripliea

Statistical analysis
All determinations were conducted in triplicatesl dhe data are expressed as mean + SD. Valuescanas@dered
significantly different ap < 0.05.

RESULTS AND DISCUSSION

Phenolic compounds are commonly found in both ediinid non-edible plants, and they have been reptoteave
multiple biological effects, including antioxidaattivity. The many pharmacological effects of pHeEncompounds

are linked to their ability to act as strong aniitats [25]. These compounds are considered asndaco
metabolites that are synthesized by plants durorgnal development and in response to stress condisuch as
infection, wounding, and UV radiation, among othéisese compounds occur ubiquitously in plantsaneda very
diversified group of phytochemicals derived fromepflalanine and tyrosine [26] and may be classifietd
different groups as a function of the number ofrgheings that they contain and based on the stracelements
that bind these rings to one another [27]. Distomg are thus made between the phenolic acids (e.qg.
hydroxybenzoic and hydroxycinnamic acids), stillrm®umarins, tannins, lignans, lignins and flavdso

High performance liquid chromatography with diodeag detection (HPLC-DAD) constitutes a crucialliaele
technique for the characterization of phenolic comquls due to its versatility, precision and rekltviow cost
[28]. Most frequently, reversed-phase (RR} &lumns, a binary solvent system containing aiedifvater and a
polar organic solvent (acetonitrile or methanol)l asv-Vis diode array detection are used an so farstitute a
crucial and reliable tool in the routine analysigtant phenolic compounds [26]. In fact, the spgedtom different
phenolic classes (hydroxycinnamic and hydroxybenzaaids as well as flavonoids) allow the identifica of
phenolic structures present in the samples [27].
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Preliminary phytochemical analysis demonstratedt tHan-EtOH contain phenols, flavonoids, steroids and
terpenoids. Phenolic profiles at 320 nm for the Bt®H evaluated are presented in Fig. 1. Fig. 2 shihe UV
Amax Values of peaks eluted in Hm-EtOH extract. Theotatogram shows the presence of four peaks wigimtien
times between 12 and 15 min. Based on their UVsgisctral data and their retention time, the comgsunave UV
band characteristic for phenolic compounds, pogsiinamic acid, flavan-3-ol or flavanone derivatv These
compounds are under investigation.
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Fig. No 1 HPLC-DAD phenolic profiles for the Hm-EtOH recorded at 320 nm.

Thus, Figures 1 and 2 show the chromatographic sppattral characteristics of ethanol extractHyfmenaea
martianaby HPLC-DAD, respectively. The possible classeplodnolic compounds were identified by comparing
their retention time and UV-Vis spectral data t@kmn previously injected standards as well as bypgamson with
values of literature.

Table 1 summarizes the results from the quantéadietermination of phenolic and flavonoids as aslthe effect
of extracts fromHymenaea martianaascorbic acid, BHA and BHT on the DPPH free rad&cavenging ang-
carotene-linoleic acid bleaching test.

The total phenolic contents of the extracts wetterdgined by Folin-Ciocalteu method as gallic adigiigalents in
milligrams per gram (mg GAE/g) while total flavodoicontents were calculated as catechin equivalents
milligrams per gram (mg CE/g). Among the four egtsa ethyl acetate extract (AcOEt) was containirghést
(705.50 + 7.22) amount of phenolic compounds fo#dwby crude ethanol extract (428.50 + 5.91). Thestmo
popular assay for determination of total phenolsyishe use of Folin-Ciocalteu reagent. This reagensists of a
mixture of phosphomolybdic and phoshotungstic adidsvhich the molybdenum and tungsten are in thetéte.
On reduction with certain reducing agents, the afed molybdenum blue and tungsten blue are fornmedhich
the mean oxidation state of the metals is betweandb6. The degree of the color change is proputito the
antioxidant concentrations. It is known that Fdlliocalteu reagent reacts not only with phenolsdsb with a
variety of other types of compounds. It is obvidhat the total phenolic content measured by thénFoiocalteu
procedure does not give a full picture of the qiardr quality of the phenolic constituents in tbetracts. In
addition, there may be some interference risingnfther chemical components present in the extsacth as
sugars or ascorbic acid [29]. The Folin-Ciocalteagent measures a sample’s reducing capacity hlsutst not
reflected in the name “total phenolic assay”. Numaer publications applied the total phenols asségnofound
excellent linear correlations between the totalnolie profiles and the antioxidant activity [30]oiFthe total
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flavonoid content, the highest value was obseraeficiOEt extract (479.60 + 10.38) while the crudeaebl extract
(EtOH) presented 394.90 + 8.43 mg CE/g. The tdtlohoid content of the hexane and chloroform (GHCI
extracts were note determined. The complexatiophaolics with Al(lll) has been used for the deyef@nt of
spectrophotometric methods for determination ofltataffeic acid, total flavonoids and total tanniriEhe
modification of the AIC} assay proposed by Zhishen et al. [31] includedrézetion of phenolic extract with
sodium nitrate followed by the formation of flavadealuminum complex. The absorbance of the soluiothen
read at 510 nm. Simple phenolics have absorptictimaabetween 220 and 280 nm [26].
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Fig. No 2. UV spectra of the peaks shown in the HRL chromatogram of Hm-EtOH

In the present study, the antioxidant ability o th. martiana extracts was investigated through soimevitro

models such as radical scavenging activity using;dhenyl-1-picrylhydrazyl (DPPH) method afiecarotene-
linoleate model system. Antioxidant activity on mmed of DPPH was expressed asg @hich is defined as the
concentration sufficient to obtain 50% of a maximaffect estimate in 100%. Lower & value indicated higher

antioxidant activity. InB-carotene-linoleate model system the antioxidativiac was expressed as percentage of
antioxidant activity (%AA).

The DPPH reactivity is one popular method for saoieg of the free radical-scavenging ability of caupds that
has been extensively used for screening antioxédimom fruit and vegetables juice or extracts. DFPRId stable
free radical that reacts with compounds that caratiba hydrogen atom. This method is based orcthe=nging of
DPPH through the addition of a radical speciesnoarioxidant that decolourizes the DPPH solutidmre degree of
color change is proportional to the concentratiod potency of the antioxidants. A large decreagherabsorbance
of the reaction mixture indicates significant freglical scavenging activity of the compound or &xttrunder test
[32]. The data showed that the all extracts extibgood free radical scavenging activity. The E#itiact showed
better antioxidant activity than ascorbic acid &dA using by DPPH method, with a value ofs}@f 0.84 + 0.26
pg/ml. In addition, AcOEt (1€ 2.56 + 0.72 pg/ml) and hexane £/3.40 + 2.20 pg/ml) extracts were more
effective than ascorbic acid as antioxidant. BHTS wze most effective antioxidant, with a value Gfylof 0.70 £
0.24 pg/ml. It appears that the extractdHofmartianahave compounds with a strong hydrogen-donatingagp
and can efficiently scavenge DPPH radicals. Thesgaree of phenolic compounds in the extract showbeto
essential for scavenger properties [33].

The antioxidant activity of extracts was also eatdd by the-carotene/linoleate bleaching method. This metisod i
based on the loss of the yellow colour ptarotene due to its reaction with radicals fornidlinoleic acid
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oxidation in an emulsionp-carotene in this model system undergoes rapidoliisztion in the absence of an
antioxidant. The rate of thg-carotene bleaching can be slowed down in the poesef antioxidants [34]. This
method is one of the antioxidant assays suitalyl@lnt extracts. The addition of EtOH, AcOEt egtsaand BHA
and BHT prevented the bleachingfs€arotene to different degrees. There was no stally significant difference
between the antioxidant activities presented byHE&Rtract and synthetic antioxidants BHA and BHT.

Table No 1. Total phenolics (TP), total flavonoids (TFand antioxidant activity of extracts from Hymenaea martiana

TP (mg GAE/g) TF (mg CE/g) DPPH @Cug/ml) B-carotene bleaching (% AA)

EtOH 428.50 £5.91 394.90 +8.43 0.84 £0.26 8%35.20
Hexane 68.46 £6.17 3.40+2.20 9.39+1.14
CHCl, 40.13 +£2.17 75.70 £ 8.20 33.86 £ 2.64
AcOEt 705.50 +7.22 479.60 £ 10.38 2.56 £0.72 6335.69
Ascorbic acid 5.83+0.28 0.79+2.21
BHA 1.67 £0.30 80.93 £ 3.45
BHT --- -- 0.70+£0.24 86.77 +1.14

The 1Go values were obtained by interpolation from lineegression analysis with 95% of confidence lev@&), is defined as the concentration
sufficient to obtain 50% of a maximum effect esinta 100%. Values are given as mean +SD (n=3).

CONCLUSION

This study showed that the ethanol extradtdofmartianaand the ethyl acetate extract obtained by pantitiontain
substantial amount of phenolics which are respdaé$dy its marked antioxidant activity as assaymwtighin vitro
models. Several reports have conclusively showsectelationship between total phenolic contentaritbxidative
activity of the fruits and vegetables [35]. Nowaslaiye interest in naturally occurring antioxidamas considerably
increased for use in food, cosmetic and pharmazaytroducts to replace synthetic antioxidants Wwlace being
restricted due to their carcinogeniciby. martianacould be a good source of antioxidant phenolicsther research
will be completed to reach the isolation and id&stion of main phenolic constituents of the egtsa
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