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the Analysis of Flavonoids from Leaf Extract of
Maytenus aquifolium

Wagner Vilegas!* Janete H. Y. Vilegas? Markus Dachtler,® Tobias Glaser and Klaus Albert?

Universidade Estadual Paulista, Instituto de'@ica de Araraquara, CP 355, 14801-970, Araraquara, SP, Brazil
2Universidade de ®aPaulo, Instituto de Qmica de Sa Carlos, CP 780, 13560-970;&€arlos, SP, Brazil
SUniversita Tubingen, Institut fu Organische Chemie, Auf der Morgenstelle 18, D-7207&ifigen, Germany

The application of on-line Csgreversed-phase high-pressure liquid chromatography—nuclear magnetic
resonance spectroscopy is described for the analysis of tetraglycosylated flavonoids in aqueous and
hydroalcoholic extracts of the leaves oMaytenus aquifolium(Celastraceae). Triacontyl stationary phases
showed adequate separation for on-line’H-NMR measurements at 600 MHz and allowed the
characterisation of these flavonoids by detection of both aromatic and anomeric proton signals. Copyright
© 2000 John Wiley & Sons, Ltd.
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INTRODUCTION this kind of situation. The direct coupling of HPLC with
NMR gives, in many cases, more complete structural
information about complex plant compounds such as
The application of coupling techniques to the investiga- glycosides. One-dimensional (1D) and 2D NMR experi-
tion of polar natural products from plant origin is ments can provide not only information concerning the
becoming of increasing importance. The development aglycone structure, but can also give data for the
of HPLC coupled with UV and diode array detection was identification of the sugars and for the determination of
the first step for the direct investigation of polar the sequence of the saccharide chain in the molecule.
phytocompounds, including aqueous infusions, but it Direct HPLC-NMR coupling is one of the most
was obviously limited to UV-absorbing substances. More promising tools for the fast analysis of plant extracts that
recently, several methods of coupling between HPLC and have recently been developed (Wolfendeal., 1998).
MS have evolved, allowing the detection and identifica- A crucial step to on-line HPLC-NMR experiments is
tion of a broader range of natural compounds in plant the chromatographic separation prior to the introduction
material and foods (Wolfendeet al, 1992, 1994;  of the compound of interest into the NMR probe: spectra
Verpoorte and Niessen, 1994; Carest al, 1998), usually must be taken from the heart of chromatographic
including glycosides present in teas (Finget al, peaks, which corresponds to the maximum concentration
1992). However, complete information about chemical of the available sample. However, usually HPLC
composition is usually not possible by HPLC-MS owing columns must be overloaded in order to furnish a
to the possible occurrence of sugar and aglycone isomergetectable amount of each desired compound, which
that cannot be easily differentiated by their MS. More- must also be base-line separated. These requirements for
over, many natural products can undergo severe degradaen-line HPLC-NMR led to the search for new stationary
tion when submitted to the elevated temperatures phases with higher resolution and selectivity, such as
required for some MS interfaces, and sometimes thetriacontyl reversed phase {&RP) in which the longer
molecular ions are in low abundance or are even notchain provides better resolution than conventionag} C
detectable (Niessen and van der Greef, 1992). columns in the separation of low polarity compounds
High-resolution NMR is the most important method (Purschet al, 1996). Furthermore, owing to their high
for the structural elucidation of complex compounds. In loading capacity, G phases can be used with added
particular, for unstable compounds such as carotenoidadvantage for on-line HPLC-NMR experiments. These
stereoisomers, on-line HPLC-NMR is the method of new stationary phases have been utilised successfully for
choice since both light and oxygen may be excluded the HPLC-NMR analysis of a number of samples,
(Dachtleret al.,, 1999), whereas LC-MS is not suitable for including -carotene isomers (Strohscheainhal, 1997),
vitamin A derivatives (Albertet al., 1996), tocopherol
isomers (Strohscheiret al, 1998) and lutein and
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Martius (Celastraceae)a Brazilian speciesknown as
‘espinheirasanta’,is popularly usedin the treatmentof
gastric ulcers and gastritis (Carlini, 1988). Previous
phytochemicalork with theinfusionledto theisolation
and structure elucidation of the two main flavonoid
tetraglucosides: quercetin  3-O-a-L-rhamnopyranosyl
(1 - 6)-O-[ p-D-glucopyranosyl(L 3)-O-«-L-rhamnopyr-
anosyl(1- 2)-O-5-p-galactopyranoside{l) and kaemp-
ferol 3-O-a-L-rhamnopyranosyl - 6)-O-[ f-D-glucopyr-
anosyl(1- 3)-O-a-L-rhamnopyranosyl(2 2)-O--D-galac-
topyranoside]2; Sannomiyeet al., 1998;Vilegasetal.,
1999).

Flavonoidsareanimportantclassof compoundsvith a
wide range of biological activities, including anti-
oxidative, anti-mutagenicand anti-carcinogeniceffects
(Harborne, 1994). The chromatographic analysis
(HRGC, HPTLC, HPLC, LC-MS, CE) of the leaves
and of the infusion of M. aquifolium hasbeensystem-
atically performed in order to propose analytical
proceduredor the standardisatiorof ‘espinheirasanta’
preparations(Vilegas et al., 1994, 1995, 1998a, b),
mainly using triterpenoidsor flavonoids as chromato-
graphicmarkers.The evaluationof suchcompoundsn
‘espinheirasanta’is imperativesincemanydrugsfound
in commerceareadulteratedVilegasandLangas,1997).
The presenfpaperdescribeshe HPLC-NMR analysisof
aninfusionfrom theleavesof M. aquifoliumusinga Czo
stationaryphase.

EXPERIMENTAL

Plant material and extraction. Authenticatedeavesof
MaytenusaquifoliumMartius werecollectedin Ribeiréo
Preto by Dr Ana Maria SoaresPereira (UNAERP,
Ribeirédo Preto, SP, Brazil) from cultivated specimens.
A voucherspecimenis maintainedn ourlaboratory.The
leaveswere dried at 40°C, powderedand sieved;only
particlesbetween0.5 and 1.0mm were used.A sample
(1.09) of the plantmaterialwasboiledwith 10 mL water
for 10 min, after which the infusion was cooled,filtered
and evaporatedto dryness. The material was re-
suspendednh 3.0mL methanol,centrifugedanddirectly
analysedoy HPLC-NMR.

HPLC analysis.Chromatographyvas performedunder
ambientconditionsusinga Merck (DarmstadtGermany)
Lichrograph L-6200A gradient pump and a Merck
LichrographL-4000/4200UV-VIS absorbanceletector.
Separationsvere carriedout on a stainlesssteelcolumn
(250 x 4.6mmi.d.) containingCsq-reversedohase(par-
ticle size, 3 um; pore diameter,200A; Bischoff, Leon-
berg, Germany) eluted with an isocratic mixture of
methanol:wate(50:50,v/v). The flow-rateof the mobile
phasewas 0.8mL/min, and elution was monitored at
370nm. For the LC-NMR experiments/OpuL of a 0.1%
solution (w/v) of the plant extractwasinjectedonto the
column.

On-line LC-NMR coupling. On-line experimentsvere
conducted using a Bruker (Rheinstetten, Germany)
model AMX 600 spectrometerequippedwith an LC
inverse probe with a detectionvolume of 120uL. The
chromatographi@quipmentand the peaksamplingunit
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(BPSU-12,Bruker) necessaryfor stopped-flowexperi-
mentswere controlledby Chromstarsoftware(Bruker).

To record the *H-NMR spectra,solvent suppression
wasnecessaryT his was performedusing shapedoulses
(rectanglepulsewith a lengthof 100 ms)for low-power
presaturatiorof thetwo methanolsignals(o 3.3and4.7)
for 1.6 s prior to the startof the acquisition.For the *H-
NMR stopped-flowmeasurements2K transientswere
accumulatedn atotal acquisitiontime of aboutl h using
a time domainof 16K and a sweepwidth of 9600Hz.
Processingvas performedwith 1D WINNMR software
(Bruker). For all spectra,zero filling up to 32K data
pointsandanexponentiamultiplicationof the FID with a
line broadeningof 1 Hz were performedbefore Fourier
transformation.

RESULTS AND DISCUSSION

PreviousanalyticalstudiesusingCg andC, g columns of
the flavonoidsfrom Maytenusindicatedaqueoudormic
acid:acetonitrilemixtures as the bestmobile phasesfor
the separation of these compounds. However, the
concentrationof the buffer is often higher than the
concentrationof the analyte and a large number of
solvent signals are visible in the NMR spectrum.
Therefore,this buffer systemis not suitablefor on-line
HPLC-NMR experiments.n the presentwork several
methanol:deuteriunexide mixturesweretested,andthe
1:1 (v/v) mixture gave satisfactoryresults considering
chromatographiseparatiorvs. HPLC-NMR parameters.
Methanolshowssignalsat 6 3.3and4.7,andcanlead
to distorted NMR peaks.A challengein the on-line
HPLC-NMR analysisof glycosylatedcompoundss to
suppressthe solvent signals without affecting the
characterisationof the sugar signals, mainly those
corresponding to the anomeric protons. The cost
associatedvith the useof deuteriumoxidein the mobile
phaseis acceptable;most other solvents commonly
employedin LC arevery expensivan deuteratedorm.
A typical extractof the leavesof M. aquifoliumhasa
simple chromatographicprofile with two main peaks
correspondingo compoundsl and2 (Fig. 1). Underthe

1"" HO OH
OH o/ m/OH
OHJ_3" OH (3-1) Gle

H3
(2-1) Rha

CHs o ™
HO (6-1) Rha

OH " OH

1 R=OH
2 R=H

Structures 1 and 2

PhytochemAnal. 11: 317-321(2000)



ON-LINE HPLC-NMR DETERMINATION OF FLAVONOIDS 319

mAu

=

0.0

2
120 A
100 A
1

80 A
60 N
40 - v/\

4
“] \k

04 ~ ;
2.5 5.0 7.5 10.0

12.5 min

Figure 1. HPLC chromatogram with detection at 350 nm of the flavonoid
fraction from the infusion of leaves of Maytenus aquifolium. Key to peak

identity: 1,

quercetin  3-O-z-L-rhamnopyranosyl(1 - 6)-O-[5-D-glucopyrano-

syl(1- 3)-O-a-L-rhamnopyranosyl(1 - 2)-O-$-D-galactopyranosidel; 2, kaemp-

ferol

3-O-a-L-rhamnopyranosyl(1 - 6)-O-[3-D-

glucopyranosyl(1 - 3)-O-o-L-

rhamnopyranosyl(1 - 2)-O-f-D-galactopyranosidel. (For chromatographic pro-

tocol see the Experimental section.)

conditionsemployedhere,1 elutesat 7.5min while the
lesspolar2 elutesat 10.0min: thus,the chromatographic
conditionsaffordeda baselineresolutionandallowedthe
separatiorof thesetwo tetraglucosylatedlavonoidsin a
convenientime.

Despitethe large amountof sampleinjectedonto the
C3o column, which was necessaryo producesufficient
sampleconcentrationin the NMR flow cell, no over-
loadingeffectsarevisible. This high-loadingcapacityof
the C3o phasesnakesthempreferablyusablefor on-line
HPLC-NMR experimentglealingwith naturalproducts,
becauseit allows the separationand identification of
minor compounds,which can be responsiblefor the
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Figure 2. Stopped-flow '"H-NMR (600 MHz) of the aglycone
region of the spectra of (a) quercetin 3-O-a-L-rhamnopyrano-
syl(1 - 6)-O-[-D-glucopyranosyl(1 - 3)-O-a-L-rhamnopyrano-
syl(1- 2)-0-B-D-galactopyranoside] (1); and (b) kaempferol 3-
O-a-L-rhamnopyranosyl(1 - 6)-O-[-D-glucopyranosyl(1 - 3)-
O-a-L-rhamnopyranosyl(1 - 2)-O-f-D-galactopyranoside] (2).
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biologicalactivity. Moreover the selectivityis quite high
andalmostno peaktailing is observed.

The stopped-flowtH-NMR spectraldatafor the peaks
with retentiontimes 7.5 and 10.0min, correspondingo
compoundsl and 2, respectively,fully correlatewith
those reported previously as obtained by traditional
phytochemicaktudies(Sannomiyaet al., 1998; Vilegas
etal., 1999).Thedifferencesn the chemicalshift values
aredueto the changeof solventnecessaryor LC-NMR
andarein therangeof 0.05ppmfor thearomaticprotons
andlessthan0.2ppmfor the anomericprotons.The *H-
NMR spectra (600MHz; aromatic region) of the
aglyconesof 1 and 2 are shownin Fig. 2. The protons
of the aromaticportion of the spectraof 1 [Fig. 2(a)]
clearlyshowsignalscorrespondingo threeABX systems
ato 7.67(1H,d, J=1.5Hz), at6 7.53(1H, dd, J=8.5,
1.5Hz) andat $ 6.92(1H, d, J=8.5Hz) dueto the H-2,
H-6' and H-5', respectively,from the B-ring of the
flavonoidnucleusaswell assignalsfor two AB systems
at 4 6.38 (1H, d, J=1.5Hz) and at § 6.19 (1H, d,
J=1.5Hz), correspondingo the H-8 andH-6 from the
A-ring. Thesesignalsallowed the unequivocalrecogni-
tion of the aglyconeof 1 asbeing quercetin(Harborne,
1994).Compound [Fig. 2(b)] showstwo doubletswith
J=8.0Hz,integratingfor 2H eachaté 8.00and6.94and
clearly correspondsto the H-2/H-6 and H-3/H-5,
respectively,of the B-ring of a flavonoid nucleus,as
well astwo signalsat 6 6.21and6.41 correspondingo
H-6 and H-8 from a kaempferolderivative (Harborne,
1994).

The aliphatic region of the stopped-flow'H-NMR
spectraof 1 and?2 arealmostidentical, thusrevealinga
similar saccharidechain. As shownfor the kaempferol
tetraglycosidein Fig. 3, the four anomericprotonsare
clearlydistinguishedato 5.26(1H, d, J=7.5Hz, gal-1"),
at 5.13 (1H, d, J=1.5Hz, rha-1"), at §4.59 (1H, d,
J=7.5Hz, glc-1"") andat 64.47 (1H, d, J=1.5Hz, rha-
1""). Thetwo doubletghatintegratefor 3H eachat61.10
(d, J=6.0Hz, rha-8"") andat 91.02(d, J=6.0Hz, rha-
6”") were assignedto the two rhamnosemoieties. The
coupling constants of J=7.5Hz indicate that the
galactoseandthe glucosemoietieshave -configuration,
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Figure 3. Stopped-flow "H-NMR (600 MHz) of the aliphatic region of the spectrum of
kaempferol 3-O-o-L-rhamnopyranosyl(1 - 6)-O-[-D-glucopyranosyl(1 - 3)-O-a-L-rham-
nopyranosyl(1- 2)-O-f$-D-galactopyranosidel] (2).

whereagheJ = 1.5Hz couplingsindicatex-configuration
for the rhamnoseunits. Despitethe suppressedolvent
signalstheanomericprotonswereneithersuperimposed
nor distorted. Thus, on-line LC-NMR measurements
underthe describecconditionsallowedthe two complex
flavonoid tetraglycosidesfrom the infusion of M.
aquifoliumto befully recognised.

On-lineLC-NMR couplingusingthe newly developed
Cs stationaryphaseis still anunder-exploredechnique
in the field of natural productschemistry. The present
approachshowedthat LC-NMR coupling is one of the
most promising techniqueswith which to investigate

agqueousphytomedicinessinceit providesa quick and
reliable methodfor the quality control of the complex
constituents.
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