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ABSTRACT

Pentace burmanica Kurz, Thai medicinal plant, isnooonly used for treatment of diarrhea. In thisdgtuthe
antioxidant activities, total phenolic, non-tanrphenolic and total tannin contents of Pentace burite stem bark
from 12 different Thailand markets were investigatesimple and reliable method to determine (+)ecain and (-
)-epicatechin contents was performed by high peréorce liquid chromatography (HPLC). The ethanehtract of
Pentace burmanica stem bark at the concentratiohO6f pg/ml showed high antioxidant activities. Peecentage
of free radical scavenging activity ranged betw&é&rb6 —80.26% in 2, 2-diphenyl-1-picylhydrazyl ((HDRassay.
Ferric reducing antioxidant power (FRAP) values we0.09 —0.29 mM FeSQO00 pg crude extract. The
percentages of chelating activity were of 4.24 342n metal ion chelating assay. The antioxidanivitees in beta-
carotene bleaching assay were of 22.76 —41.06%.PEmace burmanica extracts contained phenolic-tammin
phenolic and tannin contents with the range betw@e85 —51.56, 14.08 —40.66, and 10.90 —-21.77 {igcha
equivalents /100ug crude extract respectively. lcontents of (+)-catechin were found in the Penthoemanica
extract(< LOQ); whereas the (-)-epicatechin congsewere found to be high (10.66-91.55 pg/mg of crexteact).
The results demonstrated that greater amount ofiple contents lead to more potent antioxidant&fend the
different sources of Pentace burmanica showed dhiation in both antioxidant activities and phenotiontents.
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INTRODUCTION

Medicinal plants have been used to treat humarasésefor centuries.Due to fear of side effects fitiestern
medicine, many people are becoming increasingbrésted in medicinal plants. The reason for inéngamterest
towards plant medicines may come from their longitese and the belief that medicinal plants havside effects
and safe because they are natural [1, 2]. Furthermatural antioxidant substances are increasiegested in food
and pharmaceutical industry to replace the syrdhasitioxidants. The natural antioxidants are belieto play an
important role in inferring with the oxidative pegs [3]. Free radicals, in the form of reactivegety species (ROS)
and reactive nitrogen species (RNS), are involweghkithological conditions such as cancer and Atmbes disease.
Therefore, excessive production of ROS and RNSlead to oxidative stress [4-6]. It is known thatepblic
compounds involve in reducing the risk of diseaststed to oxidative stress. Recent studies haga beported the
positive correlation between total phenolic conteihplant extracts and the antioxidant activityl]Z}. Hence, it is
important to find out the new source of natural@atant with is safe and inexpensive.

Pentace burmanidéurzbelonging to the Malvaceae family is commonigown in Thai as Si-Siat-Pleuak. It
distributes in the tropical forest of Myanmar, Camia, China, Laos, Malaysia, Thailand, and Vietndime stem
bark of this plant is used for anti-diarrhea in ifinaditional medicine. Moreover, older people iads and Northeast
Thailand use this stem bark as an ingredient invcigebetel for the strengthening teeth. The waktraet and 50%
ethanol ofPentace burmanicdark extract were found to be an effective antiohiial agent. This extract was
effective in both gram positiveStaphylococcus aureusnd Streptococcus mutapsand gram negative bacteria
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(Escherichia coli [13]. Additionally, thePentace burmanic&onsists of tannin about 9.93% [14]. This medicina
plant has not been accessed for the antioxidaivitgciTherefore, this present study is attemptednivestigate the
antioxidant activities, total phenolic content asliwas the (+)-catechin and (-)-epicatechinamowft$entace
burmanicastem bark.

EXPERIMENTAL SECTION

Sample collection

Twelve samples ofPentace burmanicastem bark were collected from markets in 10 pros#nas Buriram,
Chaiyaphum, Chiang Rai, NakhonNayok, NakhonPhandPhetchabun, Sa Kaeo, Sisaket, Surin, and
UbonRatchathani. All sets of crude drugs were atit@ed by Associate Professor Dr. NijsiriRuangsinVoucher
specimens were deposited at College of Public Ki&aliences, Chulalongkorn University, Thailand.

Sample extraction

Ground sample dPentace burmanicatem bark (5 g) was exhaustively extracted witto3hanol using a Soxhlet
apparatus. The 95% ethanol extract was filteredutjin Whatman No. 4 and evaporated under vacuumeiinact
yield was weighed, recorded and stored at -20 °@vtd the possibility of degradation of active gmund. The
extract at concentration of 100 pug/ml in methanaswsed to evaluate the antioxidant activities| folhenolic and
total tannin contents. For HPLC analysis, the cotreéion of the extract at 1 mg/ml was used.

Chemicals and materials

(+)-Catechin hydrate (CAS no. 225937-10-0, puk88 %), (+)-catechin (CAS no. 154-23-4, purt99 %), (-)-
epicatechin (CAS no. 490-46-0, purit®8 %), buthylated hydroxyl toluene (BHT),2, 2-diplgkl-picylhydrazyl
(DPPH), hide powder, iron (ll) chloride tetrahydrafFeC}-4H,0), linoleic acid, sodium carbonate (JT&),
sodium acetate (EsNaG,), were purchased from Sigma-Aldrich (St. Louis, MOSA). Iron (lll) chloride
(FeCk-6H,0) was purchased from Ajax Finechem (New Zealanefaiarotene and ferrozine were from Fulka
(USA). Ethylenediaminetetraacetic acid (EDTA), Reliocalteu reagent, and Tween 20 were obtaineud fvterk
(Darmstadt, Germarny). HPLC grade methanol andoadete were obtained from RCI Labscan, ThailaRdrmic
acid was purchased from Fisher Scientific (Leiasstee, UK). Ultra-pure water used for aqueous tmtuwas
prepared by SNW ultra-pure water system (NW20VFalHeorce). The filters were 46 mm x 0.45 pum nylon
membrane filters (National Scientific, TN) and 18 0.45 pum PTFE membrane syringe filters (ANPEle&ific
Instrument, China).

Antioxidant activities

2, 2-diphenyl-1-picylhydrazyl (DPPH) assay

Five hundred microliters oPentace burmanicaxtract (100 pl/ml) was mixed with 500 pl of 1201 DPPH
solution in methanol. The incubation was perforrmethe dark at room temperature for 30 min. Theuotidn of the
DPPH radical was determined by measuring the abscgbat 517 nm using a spectrophotometer (UV-180@ein
Shimadzu, Kyoto, Japan). A blank sample contaihedsame amount of methanol and DPPH solution. éte¢hin
hydrate was used as a positive control. Triplicaasurements were carried out. Percent scavengiigfyawas
calculated from the following equation:

Scavenging activity (%) = [(Absorbangg.—Absorbancgampgd/ Absorbancgeio] x 100

Ferric reducing antioxidant power (FRAP) assay

FRAP reagent was prepared according to the metfid®keonzie and Strain [15]. Briefly, the FRAP reagevds
prepared by mixing 100 ml of 300 mM acetate buffelr3.6 with 10 ml of 10 mM 2, 4, 6-tris(2-pyridy$Hriazine
(TPTZ) dissolved in 40 mMHCI and 10 ml of 20 mM He6&H,O. Freshly prepared reagent was warmed at 37 °C
for 15 min before used. Twenty five microliters edch sample (100 pg/ml) was mixed with 175 pl ef BRAP
reagent and then left for 30 min under the darld@@ms at room temperature. The absorbance wasuredat 593

nm using a microplate reader (BiochromAsys UVM 34HSQ-7H,0 was used as standard reference and different
concentrations in the range of 0.1-1.0 mM were dsedalibration curve. Results were expressed i e (11)/100

pg of crude extract. In order to make comparisechtechin hydrate was also tested under the samditions as
standard antioxidant compound. All samples weréopeed in triplicate.

Metal ion chelation activity

The chelating activity of sample on¥evas measured according to the method of Geptd [16]. Briefly, 150 pl
of eachPentace burmanicaxtract at concentration of 100 pl/ml in methawak incubated with 7.5 pl of 2 mM
FeC}, for 5 min. Then 30 ul of 5 mMferrozine was addedhe mixture. After 10 min, the absorbance ofdesrion-
ferrozine complex at 562 nm was read using a miatepreader. EDTA was served as positive contrdl. A
determinations were performed in triplicate. Thditgtof the sample to chelate ferrous ion was akdted using the
following equation:

138



Chanida Palanuve et al J. Chem. Pharm. Res., 2014, 6(12):137-142

Chelating activity (%) = [(Absorbanggwo—Absorbancgampd/ Absorbancggnyo] x 100

Beta-carotene bleaching assay

Beta-carotene bleaching assay was performed intteutee investigate the lipid peroxidation activiBriefly, 1 mg of
beta-carotene, 40 mg of linoleic acid, and 400 M@ween 20 were mixed in 4 ml of chloroform. Theraroform
was removed at 40 °C under vacuum. The mixture imasediately diluted with 100 ml of water then théxtmare
was vigorous agitated for 5 min using ultrasonithbia form an emulsion. Aliquots of the emulsionr{l) were
transferred into different cuvettes which contai2&@ pl of sample (100 pg/ml). The mixture was thently mixed
and placed in a water bath at 50 °C for 180 mirsakbance of the sample was recorded at 0 min abani8at 470
nm using a spectrophotometer. All determinationsevperformed in triplicate. (+)-Catechin hydratel 8HT were
used as positive controls. The negative control mvathanol. The degradation bleaching rates of batatene was
evaluated as the percent of antioxidant capacihgube following equation:

Antioxidant capacity (%) = [1-((\A1s9/(Co-Cig9] X 100

Ao, Argo: @bsorbance at zero time and end time of incubédi test sample respectively
Co, Cig0: absorbance at zero time and end time of inaubétr test control respectively

Total phenolic content

The total phenolic content of sample was determumgdg the Folin-Ciocalteu assay. Eight hundredsrafiters of

sample extracts (100 pg/ml) and 200 ul of 15% Fdiiocalteu reagent were added in the test tube dbgusted the
volume to 2.0 ml with water. After 5 min, 1.0 ml B&,CO; (0.106 g/ml) was added. After 60 min of incubation
the dark at room temperature, the absorbance ahmbS@as measured using a spectrophotometer. Taleptoenolic

contents in all sample extracts were expressedi@sgnams of catechin equivalents (CE) per 100 jugle extract.
Triplicate measurements were carried out.

Total tannin content and non-tannin phenolic canten

The total tannin content was estimated by Foline@lieu assay. Briefly, 3.5 mg of hide powder wasggived, and
then 5 ml of sample (100 pg/ml) was added in tis¢ tebe. The mixture was shaken for 60 min aftedwar
centrifuged for 10 min at room temperature andlifinthe supernatant was collected. The supernatadt only
simple phenolic compounds other than tannins. Emnihs would have been precipitated along with hfde
powder. The phenolic content of the supernatantthvas measured following the same procedure desetdiove.
The content of non-tannin phenols was expressethiasograms of CE per 100 pg crude extract. Totahita
content was determined by subtraction of non-taphi@nolic content from total phenolic content. #gdimples were
performed in triplicates.

(+)-Catechin and (-)-epicatechin analysis by HPLC

The determination of (+)-catechin and (-)-epicateaontents were performed by HPLC analysis. (+)eClain and
(-)-epicatechin were identified by comparing theention time and UV spectrum of each peak with ¢hofsstandard
compounds. The quantitation of catechins was eteduby comparing the area under peak with the redidn

curve.

Preparation of standard solution
The stock solution of (+)-catechin and (-)-epichteonvere prepared by dissolving 1 mg of each comgdn 1 ml
of methanol. The solution was filtered through 450.m PTFE membrane syringe filter.

Preparation of sample solution
One miligram ofPentace burmanicatem bark extract was dissolved in 1 ml of methand vortex for 1 min. Then
the solution was filtered through a 0.45 um PTFEnim&ne syringe filter before chromatographic anslys

Chromatographic conditions

Shimadzu DGU-20A3 HPLC (Shimadzu, Japan) constedbinary solvent delivery system, an auto-sampleolumn
temperature controller, and a photo diode arragctfat (Shimadzu SPD-M20A, Shimadzu, Japan). Systamtrol and
data analysis were processed with Shimadzu LC iGolsbftware. The chromatographic separation wasraglished
with an Inersil ODS-3 column (5 pm x 4.6 x 250 mamd an Inertsil ODS-3 HPLC guard column (5 pm x>0
mm) using 0.1% formic acid in water (A) and 0.1%nfiicc acid in acetonitrile (B) as mobile phase #ba rate of 1
ml/min. The isocratic program was set at 20% Blfermin. The mobile phases were filtered througtb uh nylon
membrane filters and degassed using an ultrasatic iefore analysis. The column temperature wastaiaed at
40 °C and the injection volume was 1 ul. The wavglle was set at 280 nm.
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RESULTSAND DISCUSSION

As previously reported, the antioxidant activitypdads on the chosen method, on the concentratidnoarthe
nature and physicochemical properties of studigtbdidants. The antioxidant capacities are influsthdy many
factors which cannot be fully described by a singlethod. It is necessary to perform more than gpe of
antioxidant activity measurement to take into aotothe various mechanisms of antioxidant action [8
Consequently, the ethanolic extractP@fitace burmanicatem bark from 12 different sources throughoutilahd

at the concentration of 100 pug/ml were investigdtedheir antioxidant activities by four differentethods: DPPH
assay, FRAP assay, metal ion chelating assay, etadchrotent bleaching assay. The results wereeshawtable 1.
The ethanolic extracts Béntace burmanicatem bark showed as good free radical scavendbraifi56 —80.26%
inhibition in DPPH assay. These extracts reducedntiost of F& ions in the ferric reducing power investigation
with the FRAP values ranged between 0.09 —0.29 n@8d7/100 pg crude extract. The reducing power (FRAP
values) of the extracts were increased with thentityaof phenol in almost samples except the sampl® and 10.
The results were consistent with the finding ofimas researches that showed positive correlati@twden total
phenolic content and antioxidant activity [7-12heTpercentages of chelating activityRéntace burmanicatem
bark ethanolicextracts were of 4.24 —12.14%. Thedating activity of EDTA standard was of 98.39%.eTiesults
demonstrated that the extracts at the concentratiobO0O pg/ml had the ability to chelate iron bhe tpercent
chelating activities were quite low when compareithvEDTA. These results might indicate that cateshor
phenolic compound presenting Bentace burmanicaxtract might not be the main chelators of ferrimuss. Hider
et.al stated that a sample containing high polyphendd$itmot chelate metal if the polyphenols presédtubt have
suitable groups that could chelate the cations.[Iig antioxidant activities in beta-carotene bihiag assay were
of 22.76 —41.06%. The results suggested that thplsaextracts had the ability to inhibit oxidatidn.this present
study, it was observed that the samples from diffesources exhibited a variation in antioxidanivaes.

Table 1 The antioxidant activities of Pentace burmanica stem bark extract from 12 different sour ces throughout Thailand

DPPH Inhibition

No. of sample %)

FRAP valué Ferrous ion chelation (%) Beta-carotene bleadhhmibition(%o)

1 78.63 +1.64 0.18 +£0.01 19.64 +4.88 22.76 H12.
2 79.76 £ 0.50 0.16 £0.02 13.94 +1.53 32.59 85.6
3 7749 +1.24 0.14+0.03 15.50+1.00 33.27 £9.2
4 80.01+1.63 0.18 +£0.03 13.71+ 1.63 31.66784.
5 7156 £1.04 0.10+0.03 12.10 + 2.42 41.0647.6
6 80.26 £ 0.48 0.22 +0.05 15.40 £ 0.95 28.11€85.8
7 79.45+1.33 0.19+0.01 13.19 +5.59 32.28 67.3
8 80.08 £0.22 0.19+0.01 17.61 +5.55 39.09 9.5
9 78.88 £ 0.58 0.29+0.03 13.14+2.12 32139844
10 79.38 +£0.82 0.09 £0.02 1186 +1.17 32.96692.
11 76.48 £1.61 0.21+0.05 14.80 +2.95 27.40888.
12 79.45+1.84 0.21+0.04 13.06 + 4.65 34.45 242
(+)-Catechin hydrate 82.66 + 0.24 0.542 £ 0.003 2.59+1.87 21.67£5.01
BHT - - - 4450 £ 6.62
EDTA - - 98.39£0.16

mM FeSQ@100 pg crude extract

LOQ: Limit of quantitation

The ethanolic extract dPentace burmanicatem bark contained phenolic, non-tannin pheratid tannin contents
with the range between 35.85 -51.56, 14.08 —4@66,10.90 —21.77 ug CE/100 ug crude extract respbctas
shown in table 2. The extract yields of 12 différenurces ofPentace burmanicavere depicted in table 2. All
Pentace burmanicatem bark samples showed high antioxidant a@giitiotal phenolic, and non-phenolic contents
whereas total tannin contents were quite low. Nedess, the total tannin contentsRe¥ntace burmanica&xtract
agreed with previous report[14]. The values of@fitlant activities, total phenolics, non-tannin pbkcs, and total
tannin were found to be different for different smes of Pentace burmanicaThe findings demonstrated high
antioxidant activities related to non-tannin phé&nobntent that were in accordant with previouslists [18, 19].
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Table 2T he total phenolic, non-tannin phenolic, total tannin, (+)-catechin, (-)-epicatechin contents and the extract yields of Pentace
burmanica stem bark extract from 12 different sour ces throughout Thailand

No. of sample Total phenolits Non-tannin phenoliés Total tannif (+)-Catechifi (-)-Epicatechih E?&a\?\f’x)eld
1 42.20+0.12 28.55+0.61 13.65 9.06 + 0.06(<LOQ)43.60 +1.27 33.65
2 45.58 + 0.47 27.20+0.21 18.38 13.02 + 0.68(<)0OQ 66.89 +2.24 42.36
3 39.80 £ 0.22 18.56 £ 0.20 21.24 8.81 + 0.41(<LOQ) 21.37 £0.04 18.15
4 46.66 £ 0.17 29.32+0.37 17.34 9.63 +0.15(<)OQ 57.87 +1.86 32.49
5 35.85+0.16 14.08 £ 0.08 21.77 8.05 +£0.10(<)OQ 10.65 +0.10 22.13
6 46.85 +0.10 32.31+0.53 14.54 17.50 +0.31 889+ 0.84 34.90
7 47.16 £ 0.09 32.81 +0.07 14.35 14.08 +0.140€) 62.35 +2.81 34.26
8 44.84 +0.18 28.41+1.09 16.43 18.09 +0.16 171+ 2.07 32.54
9 45.41 £ 0.07 31.89+0.25 13.51 13.91 +0.71q&Q) 83.23 +1.73 37.80
10 51.56 +0.18 40.66 + 0.92 10.90 16.35 +0.13 591+ 1.99 35.89
11 50.38 + 0.46 35.59 £0.02 14.80 11.75 +0.10Q) 51.70 £2.02 33.37
12 47.67 £0.34 29.97 +0.06 17.70 15.88 +0.77 .6B6 0.57 34.90

@ g CE/100 pg crude extract
Pug/mg of crude extract
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Figure 1 HPL C chromatogram of Pentace burmanica stem bark extract

Table 3 The method validation parameter s of (+)-catechin and (-)-epicatechin

Parameter (+)-Catechin (-)-Epicatechin
Linearity y =746.2%-2203.3 y=517.6%652.07
R? 0.9990 0.9989
Range 5 -20Qug/ml 5-20Qug/ml
Peak purity index 0.999 0.999
Accuracy: % Recovery 91.11-97.02 % 87.12 - 93.78%
Precison
- Repeatability 0.27 - 0.42%RSD 0.31 - 0.62%RSD
- Intermediate precision 1.66 —2.93 %RSD 0.76 — 1.13 %RSD
Limit of detection (LOD) 4.8Qug/ml 5.14ug/ml
Limit of quantitation (LOQ)  14.54pug/ml 15.57ug/ml
Robustness
- Retention time 0.58 — 0.96 %RSD 0.58 — 1.09 %RSD
- Peak area 4.27 —4.58 %RSD 1.24 —1.65 %RSD

HPLC chromatogram oPentace burmanicatem bark extract showed several chemical commougodtaining in
the extract (Figure 1). Both (+)-catechin and @ieatechin peaks were found in the chromatogramw Lo
concentration of (+)-catechinin was detected@ntace burmanigavhereas (-)-epicatechin was found to be high in
content (Table 2). The maximum content of (-)-efchin was 91.55 pug/mg of crude extract; while ti@imum
was 10.66 pg/mg of crude extract. Varied concemmnabf(-)-epicatechin might be due to the differenaf
geographical areas and the agePafntace burmanicaSuwannakood reported that age and heighPefitace
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burmanicahad arelationship with a quantity of tannin extrfd@]. Validity of the method was previously repexd
on its reliability for catechins analysesRentace burmanicdem bark [20].The summary was shown in table 3.

CONCLUSION

This present study represents the first report hen antioxidant activities, total phenolic conteats well as (-)-
epicatechin contents d®?entace burmanicatem bark.High antioxidant activities &entace burmanicaxtracts
were related to phenolic contents especially nanitaphenolic compounds. In addition, the differentirces of
Pentace burmanicahowed the variation in antioxidant activities quinénolic contents.
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