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Abstract

Major antioxidants of aqueous ethanol extract from Lady’s Fingéiscus esculentusinn) were systematically investigated in this study.
Firstly, high-performance liquid chromatography (HPLC) was applied to identify antioxidant peaks in a sample by spiking the sample extract
with 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) free radical, which was prepared from manganese dioxide and ABTS.
Secondly, in order to identify the elution period of major antioxidant peaks, the antioxidant capacities of different fractions from solid-phase
extraction (SPE) were measured, and the chromatograms of fractions were also recorded. Lastly, multiple mass spectréineag (MS
used to elucidate the possible chemical structures of antioxidants, and nuclear magnetic resonance (NMR) was further applied for structure
confirmation. The major antioxidant compounds in lady’s finger were identified to be quercetin derivatives)-apigéallocatechin using
HPLC-MS and HPLC—MS5(n = 2—4) techniques. It was found that about 70% of total antioxidant activity was contributed by four quercetin
derivatives. The structures of major antioxidants, which were isolated by semi-preparative RP-HPLC with two tandehanths, were
further confirmed using UV-vis absorption spectroscopy’d8dNMR spectra. Quercetin @-xylosyl (1”7 — 2”) glucoside, quercetin &-
glucosyl (1" — 6”) glucoside, quercetin 8&-glucoside and quercetin @-(6"-O-malonyl)-glucoside were first identified and characterized
as major antioxidants in lady’s finger.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of various diseasgg,3]. Scientists increasingly believe they
play a major role in the development of many aging-related
A free radical (P) is any species capable of independent diseases, like cancer, cataract and heart diseases. Therefore,
existence containing one or more unpaired electibpn#ost it is very important to keep the content of free radicals to a
free radicals are unstable and thus highly reactive since theycertain lower value. It is believed that antioxidant protects
need to pair their unpaired electrons. Radicals are producedour bodies from free radical damages and thus plays a central
by normal aerobic metabolism and are necessary to life. Ourrole in prevention of aging-related diseases.
immune system needs free radicals to fight invading bacte- It has long been recognized that fruits and vegetables are
ria and viruses. However, excess amount of free radicals areessential to a healthy and well balanced diet required for
harmful because they will damage DNA, protein and lipids, healthy living. It has also been recognized that high consump-
which are the most important biomolecules in human body. tion of some fruits and vegetables is beneficial to health in
Their oxidative damages are discussed as pathobiochemicatombating the onset of cancer, coronary diseases, inflamma-
mechanisms involved in the initiation or progression phase tion, arthritis, immune system decline, brain dysfunction and
cataractd4—9]. These protective effects are considered, in
* Corresponding author. Tel.: +65 68742917; fax: +65 67757895, large part, to be related to the various antioxidants contained
E-mail addresslaipeng@nus.edu.sg (L.L. Peng). in them which are responsible for the scavenging of reactive
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free radicals mentioned above. There are many different an-MO, USA); methanol and hydrochloric acid from Merck
tioxidant components with different physical and chemical (Darmstadt, Germany).
properties in fruits and vegetables, thus it is relatively diffi- Fresh lady’s finger was purchased from Pasir Panjang
cult to measure each antioxidant component separately. AsWholesale center.
reviewed by Prior and Cao, a number of methods were es-
tablished to evaluate the overall antioxidant capacity or to- 2.2. Preparation of sample extracts
tal antioxidant activity (TAA) of fruits and vegetabl§H0].
However, from the TAA value of a fruit/vegetable one will Fresh lady’s finger was homogenized and immediately ex-
not be able to obtain information about which compounds are tracted in 70% denatured ethanol (w/v, 1:8) for 4 h with con-
major antioxidants in the mixture. In addition, the knowledge tinuous stirring in a dark bottle. The extract was filtered. The
of the potential antioxidant components present in fruits and filtrate was kept in the fridge at€. The residue was ex-
vegetables will give us useful nutritional information as well tracted again using one fourth of the first extraction volume.
as their possible antioxidant mechanism(s). The two filtrates were combined and solvent was evaporated
Recently, several methods, which were based on on-lineunder vacuum at 35C, and then redissolved in pure water. It
detection of antioxidants by post-column neutralization of was found that the loss of TAA was less than 5% after evapo-
eluates with free radicals, have been reported to be successration and reconstitution. Hexane was subsequently added to
fully utilized to identify and quantify antioxidants in certain remove non-polar compounds, e.g. carotenoids and chloro-
biological samplefL1-15] However, the limitations ofthese  phyll. There was almost no loss of antioxidant during hexane
methods are obvious when standards of unknown antioxidantextraction process. The aqueous portion was collected and
components are not available and the reaction stoichiometrydried by vacuum evaporation at 35. Forty per cent of aque-
of an antioxidant and free radical is still not clear. Therefore, it ous methanol was used to top up the volume. The solution
is difficult to measure and identify the major antioxidant(s) in was stored in the fridge at°€ for 2 days to further remove
biological samples using these existing methods. We had fur-chlorophyll precipitated from the solution. The obtained so-
ther successfully characterized and identified antioxidant(s) lution was centrifuged at4C and filtered with 0.4.m mem-
in star fruit by comparing chromatogram of sample extract brane filter and then used for TAA, HPLC, HPLC-MS and
with oxidized sample extract by ABTS, which is prepared  semi-preparative HPLC analyses.
with ABTS and potassium persulfafg6]. However, a few
background peaks were found in the chromatograms. These?.3. Solid-phase extraction of antioxidants
background peaks might interfere with the characterization
of some antioxidant peaks. In this paper, we are reporting  The extract was subjected to solid-phase extraction using
an improved approach using ABTS, prepared by oxida-  a reversed-phase;&column (Isolute) that has been condi-
tion of ABTS with MnQy, to characterize antioxidant peaks, tioned with pure water. One milliliter of juice was introduced
and thus reduce interference peaks obtained from ABTS to column. Half milliliters of water was used to elute most
solution in the spiking tests. The improved approach was of the more polar components (FRC 1), and then 1 mL of
systematically used to analyze major antioxidants in lady’s methanol was used to elute and the fraction was collected
finger, a common vegetable in Southeast Asia. Lady’s finger (FRC 2), and then another 1 mL of methanol was used to
is a native of tropical Africa and is now widely grown in the elute possibly-existing more non-polar compounds (FRC 3).
tropics and the sub-tropics. It has been reported that lady’s The TAA of all the fractions collected and extracts were mea-
finger is a good source of trace elements such as zinc, cop-sured by ABTS* scavenging assay. The fractions were also
per, magnesium, calcium and selenifibY]. Surprisingly, used for HPLC assay.
its antioxidant capacity and major antioxidant components
are not reported yet. This study covers characterization of 2.4. ABTS' scavenging assay
major antioxidants in lady’s finger, structure elucidation of
characterized antioxidants using tandem mass spectrometry The TAA assay was carried out on the Ultraspec 3000
and their structure confirmation using nuclear magnetic res- UV-vis spectrophotometer (Pharmacia Biotech, Cambridge,
onance spectroscopy. UK). ABTS*™ solution was prepared as previously reported
by Liaga and Lissf18]. The procedure for TAA assay was as
described by Leong and SHB]. The results were expressed
2. Experimental as mg/100 g.-ascorbic acid equivalent antioxidant capacity
(AEAC).
2.1. Reagents and materials
2.5. HPLC characterization of major antioxidant peaks
2,2-Azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid)
(ABTS), manganese dioxide, sodium methoxide, aluminum  Chromatographic separations were done on a Shim-Pak
chloride, boric acid, sodium carbonate anhydrous, quercetin,VP-ODS column (250 mnx 4.6 mm i.d.) (Shimadzu, Ky-
(—)-epigallocatechin were purchased from Sigma (St. Louis, oto, Japan) with a diode array detection (DAD) system under
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the following elution conditions: flow rate = 6. min—1;
30°C; solvent A, 0.1% formic acid in water; solvent B,
methanol; starting from 30 to 70% B in 30 min and keeping
constant for 4 min, and then from 70 to 30% B in 6 min and
keeping constant for 5 min for reconditioning the column.

One milliliter of extract and 5mL of ABTS" solution
are mixed to reacted for 1 h and then passed throughm5
filter and used for HPLC assay. Blanks of juice with water
and ABTS™ with water were also analysed.

In addition, 20 (L of extract from fresh lady’s finger was
injected into the HPLC to obtain-ascorbic acid (AA) con-
tribution using a previously-developed metHad].

2.6. HPLC-DAD-ESI-MSanalysis of antioxidants

19

formic acid were the eluents. Compouridgl were isolated
from the extract by means of repeated semi-preparative
HPLC. The purity of the compounds was examined by
analytical HPLC-DAD.

2.8. Spectroscopy study of isolated compounds

General UV—vis shift reagents were prepared according
to Markham for UV—vis absorption spectroscdgy]. NMR
spectra were acquired using a Bruker DPX300 spectrometer
and Bruker AMX500 spectrometer. Samples were dissolved
in [2Hg] dimethyl sulfoxide (DMSO-d6), and reference
to the residual solvent resonance &t = 39.50 ppm as
appropriate.

The apparatus was a Finnigan/MAT LCQ ion trap mass
spectrometer (San Jose, CA, USA) equipped with TSP spec-
tra system, which includes a UV6000LP DAD system, P4000

3. Results and discussions

quaternary pump and AS3000 autosampler. The heated cap-:

illary and voltage were maintained at 200 and 4.5kV, re-
spectively. The full scan mass spectra fravu50—-2000 were

recorded. Nitrogen is operated at 80 psi for sheath gas flow
rate and 20 psi for auxiliary gas flow rate (1 psi=6894.76 Pa).

The full scan mass spectra framiz 50—2000 were acquired

both in positive and negative model with a scan speed of
1s/scan. Tandem mass spectrometry was performed usinga
helium as collision gas, operated at 0.8 mTorr, and the col-

lision energy was set from 10 to 100% and optimized col-
lision energy was chose for individual compounds (1 Torr =
133.322 Pa).

For HPLC-DAD-ESI-MS assay of extract, the instrument

was set to measure the following events: (1) UV spectra of

individual peaks; (2) TICs; (3) zoom scan was applied for
measuring isotopic distancesratz 597, 627, 465, and 551,
respectively; (4) MS-MS and MSwere applied to break
down the most abundari+ H]™ or [M — H]~ and daughter
ions from M3 ~1. Chromatographic separations were done
on a Shim-Pak VP-ODS column (250 mg 4.6 mm i.d.)
(Shimadzu, Kyoto, Japan) with a guard column (GVP-ODS,
10mm x 4.6 mm i.d.) under the following elution condi-
tions: flow rate, 60Q.L min—1; room temperature (2C);
solvent A, 0.1% formic acid in water; solvent B, methanol,
starting from 20 to 50% B in 20 min, from 50 to 90% B in
25min, and from 90 to 20% B in 5min and keeping con-
stant for another 5 min for washing and reconditioning of the
column.

2.7. Isolation of pure compounds by semi-preparative
HPLC

Two milliliters of sample solution was loaded on atandem
column system, which consists of agCNova-Pack Gg
(300 mmx 7.8 mm, Waters) and Shim-Pak VP-ODS column
(250 mmx 4.6 mm i.d.) (Shimadzu, Kyoto, Japan). Isocratic
flow rate 1.2 ml/min, 40% of methanol and 60% of 0.1%

3.1. Characterisation of major antioxidants in aqueous
ethanol extract of Lady’s finger by HPLC-DAD

3.1.1. Characterisation of antioxidant peaks by spiking
with free radicals

As shown previously, several background peaks were
eluted from ABTST solution, which was prepared by
xidation of ABTS by potassium persulfafg6]. Here, it
as found that no peaks were eluted from ABTS$olution
prepared by oxidizing ABTS with Mn® Thus, ABTS™
solution prepared by reaction with Ma@s a better choice
for characterizing antioxidant peaks as no interference is
introduced from ABTS' solution throughout the period
monitored Fig. 1). Peak heights of antioxidant peaks
were significantly reduced after reaction with ABTS
(Fig. 2. As shown inFig. 2 several major peaks, which
had retention times between 20 and 30 min, were initially
identified as major antioxidant components as those peaks
disappeared or were significantly reduced after reacting with
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Fig. 1. Chromatograms of ABTS solution oxidized by potassium persul-
fate and manganese dioxide. Solid line, ABTSoxidized by manganese
dioxide; dashed line, ABTS oxidized by potassium persulfate.
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Fig. 2. Chromatograms of extract and reaction solution of extract and ; W
ABTS**. Solid line, 1:5 of extract/ ABTS' (v/v); dashed line, 1:5 of ex- 03 ‘ . ‘ . ' .
tract/0.1% formic acid (v/v). Detection wavelength: 280 nm. 5 10 15 20 25 30
(b) Minutes
free radicals. The four antioxidants, which had retention
times between 20 and 30 min, were initially identified as 1001
major antioxidants and named as compouhdbaccording
to their elution order. In addition, one small peak, which was 2 sl
eluted at around 9.5 min and named compoGndas also E
identified as an antioxidant since it was found to react with
ABTS**+. o] b
. . . - 0 0 20 30
3.1.2. Elution period of major antioxidant peaks by (©) Minutes
solid phase extraction (SPE)
Table 1lists the antioxidant activities of FRC 1 to FRC 3
and their percentage contributions to TAA. As shown in the 40
table, FRC 2 accounted for around 70% of the antioxidant 5
activities of all the fractions. T 20l
Chromatograms of FRC 1, FRC 2 and FRC 3 showed that |
FRC 2 mainly collected those peaks with retention times from :
20 to 30 min. Other non-polar compounds, which may exist e
in the extract, do not show any antioxidant activiig. 3. @ 0 0 _— = 20

Therefore, the major antioxidant peaks were the four major

peaks, compounds-4, as ShO\{Vﬂ _irFig. 3. In this study, We_ Fig. 3. Chromatograms of extract and FRCs. (a) 1:3 of extract/0.1% formic
do not observe any other antioxidant peaks when examinedacid; (b) FRC 1; (c) 1:1 of FRC 2/0.1% formic acid; (d) FRC 3. Detection
within the UV-vis range when the extracts were spiked with wavelength: 280 nm.

ABTS*™. In addition, TAA assay of pure compounds iso-

lated from one batch of lady’s finger using semi-preparative 3.2. Identification of antioxidant components using

HPLC shows that sum of antioxidant activity of four quercetin HPLC coupled with tandem mass spectrometry

derivatives is close to 70% of TAA of the plant extract (data

not shown). This strongly supports that those characterized Results from HPLC-DAD shows that the major antiox-

peaks are major antioxidant peaks in plant extract. idant componentd—4 all have similar spectra to that of
Table 1
Antioxidant activities of solvent extracted fractions
FRC1 FRC 2 FRC 3 Original extract
Vol. (mL) 1.2040.07 0.910.08 0.98-0.04 1.0
AA414nm 0.217:0.041 0.69%0.055 0.002:0.001 0.816:0.003
AC (vol. x AAg14nm) 0.260 0.634 0.009 0.816
TAA% 31.9(28.8) 77.7 (70.2) 1.1(1.6)

@ The percentage contribution to TAA in bracket was modified according to that the sum of TAA% by FRCs is 100%.
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quercetin R =29 min). In addition, acidic hydrolysis releases Relative Abundance
guercetin aglycones. Thus, they were taken as quercetinigg 8031
derivatives. The procedure for structure elucidation of those ¢
compounds may involve (1) confirmation of the existence of
the quercetin aglycone; (2) identification of the substitution 4648
group and its substitution position on the aglycone. /
As discussed above, FRC 2, which accounted for
70% of TAA, mainly collected compounds4. Although 50
HPLC-DAD provided good separation of compounds inter- 40
ested and give much information on the possible class of these 39
compounds, it is not able to confirm the compound without 5
authentic standards. As reviewed previously, mass spectrom-
etryand HPLC coupled with mass spectrometry are very pow- ) L
erful tools for identification and structural determination of "7'200 250 300 350 400 450 500 550 600 650
naturally occurring substances including flavonoids and re- () m/z
lated compoundg2]. The obvious advantage of HPLC-MS
is that it provides the possibilities of identifying different

10

Relative Abundance
303.1

compounds in a complex sample. The structural elucidation 1007
of compoundd—4 and another antioxidant compoubidsing 90 3
HPLC-MS will be discussed below. 80 3

Compoundsl—4 as well as5 are the major antioxidant 70
components in lady’s finger. In HPLC-MS, the same chro- 60 j
matographic conditions as those applied in HPLC-DAD as- 5q
say were used, total ion chromatogram of the plant extract , 3
was similar to that of plant extract Fig. 2 All peaks of in-
terest are well separated and further characterized by tanden
mass spectrometry. As HPLC-MS is only used for structure
elucidation of antioxidant compounds and not for reaction 10:5
product, the reaction mixture is not used for HPLC-MS as- 0 ST T
say. Compound® was identified as-{)-epigallocatechin by (b) m/z
spiking sample with real standard and comparing its mass
spectra and CID spectra with those of authentic standardrig. 4. ESI-M$ mass spectra of compounds at positive mode. (a) CID
(Table 2. spectrum corresponds to the positive parent ion(s§2597 (MS/MS Scan),

Table 2also gives the HPLC—DAD—ESI-MS(n — 1_4) _collision energy: 50%; (b) CID spect_rym corresponds to the positive parent
mass spectra of compountis4. Other than major ion peaks ion(s) atm'z551 (MS/MS Scan), collision energy: 50%. CID spectrengt

- . 627 and 465 are similar to thoseratz 597 and 551, respectively.
[M + H]* in HPLC-MS mode, other ion peaks such b& [
+NaJ*, [M+ M+ H]", [M + M + NaJ*" and ion atm/z 303
were also observed. The ESI mass spectra of compoundshe MS—MS results for the quercetin. The results confirmed
14 all includes common peak ion awz 303, which is that they were different derivatives of quercetin. Therefore,
corresponding to the ion peak of quercetin aglycone. The the aglycone of compounti-4 was identified as quercetin.
structural information can be enhanced by using tandem MS Their structural information could be further obtained using
with collision-induced dissociation (CID). Compountis4 HPLC—-ESI-MS8 and other techniques.
gave similar CID spectra for ion pealfz 303 as shown in Fig. 4 shows the MS/MS spectra of parent ions &t |
Table 2 Further CID spectra atVz 303 were compared to  + H]*. For compoundl, the daughter ions atVz 465 and

Table 2
ESI-MS' spectra of compounds-5
Compounds ESI-M5 ESI-MS2P ESI-MS3P ESI-MS*
1 597 (+) 465 303 303 257, 285, 229, etc.
2 627(+) 465,303 303 257, 285, 229, etc.
3 465(+) 303 257, 285, 229, etc.
4 549(-) 505 463301, 300 301, 300
551(+) 303 257, 229, 285, etc.
5 307(+) 139, 151, 169, 181, 289

a Only [M + H]* (100%) were listed, other ion peaks weké § NaJ*, [M + M + H]*", [M + M + NaJ*.
b CID spectra were obtained with the previously italicised bold ions.
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303 by ESI-M$ and ESI-MS, respectively, indicated se- mode was related to cleavage of the acylation bond between
quential loss of pentose and hexo3alfle 9. In addition, hexose and malonic acid. Therefore, compodmehs tenta-
high-resolution electron ionization MS (HR-EI-MS) gave tively identified as malonylated-hexose—quercetin.

the molecular formula of compountl to be GgH2g01s.

Therefore, the most possible structure of compounis 3.3. Structure confirmation using spectrometric methods
quercetin—hexose—pentose. _ _ _

For compound@-4, HR-EI-MS gave their molecular for- As discussed above;-)-epigallocatechin and the molec-
mulae to be G7H30017, Co1H20012 and GaH22015, re- ular formulae of four quercetin derivatives were identified

spectively. According to the CID spectra of their parent Using HPLC combined with ESI-MSechniques. However,
ions, loss of hexose in compourddand sequential loss of itis still not clear about the glycosylation position between
hexose in compoun@ indicated compound® and 3 to sugar and aglycon and acylation position between sugar and
be quercetin—hexose—hexose and quercetin—hexose, respeécid.
tively. For compoundt, its CID spectra from parent ions at Compoundl: UV imaMeOH: 357, 256; +NaOMe 404,
m/z 551 (positive), which were observed at different colli- 325, 273; +AIC433, 273; +AIC§ + HCI 398, 269; +NaOAc
sion energy levels, only gave the information of the existence 382, 270; +NaOAc + BBO3378, 262 nm. The UV-vis spec-
of quercetin aglycone. However, its CID spectra from parent tra of compoundg, 3and4in MeOH also showed absorption
ions atm/z 549 (negative) and 505 (daughter ion of parent Maximaataround 256 and 357 nm with similar shifts after ad-
ions atm/z 549) indicated sequential loss of carboxyl group dition of various reagents. The UV spectral changes induced
(COy), CoH,0 group and hexose groupif. 5). These re- by the various shift reagents indicated that the flavonoid had
sults indicated that the main fragmentation pattern in negative N0 free hydroxyl group at C-3 and free hydroxyl groups at
C-5,C-7,C-3and C-4[21]. In addition, theif-3C NMR spec-
troscopic datain DMSQ@is also confirmed that their aglycone

Bl NanEanoe 505.1 is quercetin and glycosylation occurs at C-3 posititable 3

19?: listed the'*C NMR spectral data for compourd300 MHz,
DMSO-ds), 2 (500 MHz, DMSO¢), 3 (300 MHz, DMSO-

o1 ds) and4 (300 MHz, DMSO#).

70 3 As discussed above, compouddwas quercetin mon-

60 3 odesmoside with one inner hexose moiety bonded at C-3 and

50 3 one terminal pentose moiety. The NMR spectra of compound

40 - 1 (Table 3 were resolved by “best fit” matching to appropri-

_— ate monosaccharide spectra or through a comparative study

2 3 of the simpler mono- or di-glucosides that consistute part
: of the structure. The assignments in the spectrum of com-

103 poundl were deduced by reference to € NMR spectra

of a number of flavonol monodesmosid@s], luteolin 3-

0 - — Il
100 150 200 250 300 350 400 450 500 550 600 . . .
xylosyl (1" — 2") glucoside[24], quercetin 39-glucoside

e} e (3) and kampferol 3-xylosyl (I — 2”) glucoside[25].
ROIvo-AOUNRNCS, oy Glucose was assigned to be the inner sugar while the terminal
e sugar was identified as xylose. The other possible combina-
90 2001 tion of hexose and pentose will give much more differences
80 on 13C NMR spectr23]. Compared with the NMR spectra
70 of quercetin 30-glucoside (3), a downfield shift of C-2" (glc)
60 at 81.9 ppm was observed due te-l 2 intersugar linkage.
50 The assignments of xylosyl carbons are almost identical to
40 : 4634 those of the counterparts of apigenirO7xylosyl (17 —
' 2") glucoside and luteolin 3-xylosyl (1 — 2”) glucoside
50 [24]. Therefore, compound was assigned to be quercetin
20 : 445.1 3-O-xylosyl (1 — 2") glucoside. Other than carbons from
10 s quercetin aglycone, theC NMR spectra data of compound
I— ‘1.‘_..‘.,.‘.I.-. e S  — 2 (Table 3 also revealed the presence of two sugar molecules
100 150 200 250 300 15/2 400 450 500 550 600 with a total of 12 carbon signals. The chemical shifts of 12
(b)

sugar carbons were almost identical to those of the coun-
Fig. 5. ESI-MS$ mass spectra of compoundst negative mode. (a) CID terparts of two flavonol @-glucosyl (IH - 6//) gIUCOSide
spectrum corresponds to the negative parentiongg&i49 (MS/MS Scan), [23’26]' A downfield shift of C-6 at 68.0 was due to a-3-

collision energy: 80%. (b) CID spectrum corresponds to the negative parent 6 linkage between two sugars. The compoGnwias identi-
ion(s) atm/z 505 fromm/z 549 (MSY), collision energy: 80%. fied as quercetin—hexose by ESI-M%ts 13C NMR spectra
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Table 3

13C NMR spectral data of compounds4 in DMSO-ds (5: ppm)

Carbon number 1 2 3 4

Flavonoid moiety
C-2 1552 1562 156 1564
C-3 1329 1332 1332 1332
C-4 1773 1772 1773 1774
C-5 1612 1611 1612 1612
C-6 987 988 987 988
C-7 1642 1646 1646 1644
C-8 934 936 935 937
C-9 1562 1564 1563 1567
C-10 1037 1038 1037 1039
Cc-r 1210 1210 1211 1211
Cc-2 1152 1152 1152 1152
Cc-3 1449 1448 1448 1450
c-4 1486 1485 1485 1486
C-5 1159 1161 1161 1163
Cc-6 1218 1216 1215 1215

Sugar moiety
Cc-1 979 1008 1009 1011
c-2 819 733 7405 740
Cc-3 76.9 765 765 768
c-4 69.6 696 699 696
Cc-5 776 763 775 76.8
C-6” 613 680 609 696
c-1” 104.6 1031
c-2” 739 740
Cc-3” 76.1 763
c-4" 69.4 697
c-5” 65.7 764
Cc-6" 60.7

Malonyl moiety
C-7 1669
Cc-g’ 418
C-9 1679

Compoundl: guercetin 30-xylosyl (1 — 2") glucoside; compoun@:
quercetin 39-glucosyl (1" — 6”) glucoside; compoun@: quercetin 30-
glucoside; compound: quercetin 30-(6"-O-malonyl)3-glucoside.

2: R=Glucosyl

3: R=H
4: R=COCH,CO,H

(Table 3 in DMSO-dg were consistent with those of quercetin
3-O-glucoside[27]. Similarly, thel3C NMR spectroscopic
data of compound (Table 3 was consistent with quercetin-
3-0O-(6-malonylglucoside)28,29].

Chemical structures of compounds4 are shown in
Fig. 6.

3.4. Some precautions of using this approach

Antioxidants, which usually work as effective free radical
scavengers, most likely have UV-vis absorption due to their
unsaturated bond(s) and thus most likely could be monitored
by a DAD system. A DAD system is able to record chro-
matograms at any wavelength(s) within UV-vis range, and
thus could minimize the chances of some compounds miss-
ing from detection due to poor molar extinction coefficients
at a specific wavelength. A post-run check of chromatograms
of plant extract and reaction mixture at different wavelengths
is necessary for characterization of different variety of an-
tioxidants. While this improved approach was successfully
applied to identify major antioxidants in aqueous ethanol ex-
tract of lady’s finger, care should be taken when sum of total
antioxidant capacity of SPE fractions were much lower than
original plant extract. In such a situation, conditions of solid
phase extraction, such as cartridge and solvent, should be
improved to recover as much as possible antioxidants from
the cartridge. In addition, in some cases, it may be observed
that intensity of antioxidant peaks does not tally total an-
tioxidant capacity. This might arise from the fact that some
antioxidants may not be detected during HPLC analysis un-
der selected experimental conditions, such as mobile phase,
column and detection system. In that case, improved HPLC
conditions might help resolve this problem.

While this study studied major antioxidants of aqueous
ethanol extract of lady’s finger, the plant might also contain
other variety of antioxidants, which might not be extractable

1: R=Xylosyl

Fig. 6. Chemical structures of compouridst.



24 G. Shui, L.L. Peng / J. Chromatogr. A 1048 (2004) 17-24

here, such as carotenoids, etc. It should be noted that TAA of [2] A.T. Diplock,Molecular Aspects of Medicine, vol. 15, Pergamon
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