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Summary
Introduction: Higher plants serve as important sources of new drugs. About 80%
of the world's population rely predominantly on plants and plant extracts for health care.
There are more than 120 important prescription medicines in the United States based on
plant-derived drugs (about 25% of the total). Screening for new compounds, however, poses
the challenge of repeatedly finding already known compounds with previously described
activity. To cope with this challenge hyphenated chromatographic methods like highperformance liquid chromatographic – mass spectrometry (HPLC-MS) have been used as a
dereplication tools. It has also been successfully demonstrated to use high-performance
liquid chromatographic – nuclear magnetic resonance spectroscopic (HPLC-NMR) as a
dereplication tool. Materials and Methods:
The crude acetone bark extract of
Lonchocarpus haberi (Fabaceae, Papilionoideae) showed in-vitro cytotoxic activity against
Hep G2, PC-3, and Hs578T human tumor cell lines. To demonstrate the feasibility of
HPLC-NMR as a derepliction tool we analyzed the crude extract of Lonchocarpus haberi
(Fabaceae, Papilionoideae) with HPLC-NMR methods. Results: Analysis of the HPLCNMR spectra revealed a set of prenylated aromatic compounds. Subsequent bioassay guided
isolation and characterization using 2D-NMR methods confirmed the proposed structures
that indicated it to be composed largely of flavonoids. Conclusion: Using information rich
HPLC-NMR methods can significantly reduce the time to correlate biological activity with
chemical structure. Furthermore it reduces the amount of sample necessary for the study
manifold.
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The isolation and characterization of new natural products generally is associated with
multiple separation steps. Typical procedures require to separate multigram amounts of
extracts by column chromatography. For the subsequent structural and biological
characterization of pure compounds typically a few milligrams of material are required in
order to perform tasks such as biological assays and structure elucidation by NMR, MS, and
X-Ray methods. Generally the characterization by NMR is considered to be the least
sensitive method, where nowadays a few milligram of sample is needed to measure all the
required spectra. Purification, however, in general is associated with several separation and
characterization steps. Large amounts of samples have to be processed and in many cases
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researchers end up finding already known compounds or end up with samples with no or
little activity. As a result valuable resources have been wasted.
The application of bioassay guided isolation protocols has been used to focus on biologically
active compounds, while HPLC-MS applications for the characterization of mixtures of
unknown compounds has been shown to be a powerful method, in order to reduce finding
already known compounds (1). It has to be noted, however, that for a reliable structure
determination certain sets of conditions have to be tested. Even atmospheric pressure
ionization or electrospray ionization techniques (APCI or ESI) offer only limited structural
information. This drawback can be improved by HPLC-MS-MS measurements However,
these MS-MS spectra are not comparable to those recorded by electron impact mass
spectrometry (EI) and this hampers direct use with standard natural products libraries. As a
consequence specific HPLC-MS-MS libraries have to be built up, and this greatly limits this
approach to small groups of compounds, that have been previously studied.
Furthermore, NMR is generally considered to be the ultimate tool for the characterization of
organic compounds. One important reason seems to be that inherent connectivity
information in NMR spectra, which by several “filtering” techniques, such as COSY,
gHSQC, gHMBC, or NOESY, can be broken up into information packages, is important for
the compound under study. NMR certainly offers the richest structural information and is
applicable to almost any compound without any a-priori knowledge of that particular
compound. Furthermore NMR offers the additional advantage that stereochemical
differences between various compounds can be evaluated.
Since HPLC-NMR became commercially available around 1997, a large number of
applications of HPLC-NMR (2), especially in natural products research, have been
published. It appears that foremost European groups, like Prof. Albert, Tuebingen (3, 4, 5),
Prof. Hostettmann (6, 7, 8), Prof. Bringmann (9, 10, 11), just to name the probably most
active groups, have put the application of HPLC-NMR, quite often in combination with
HPLC-MS, into a new light. These authors as well as ourselves (12, 13, 14, 15) have
demonstrated the application of HPLC-NMR to a wide range of natural products using only
very little material.
Methods
Plant Collection. Lonchocarpus haberii was collected from Monteverde, Costa Rica, and
identified by William A. Haber, Missouri Botanical Garden. Crude extracts were obtained
by exhaustive extraction using acetone as a solvent.
High Performance Liquid Chromatography Diode Array (HPLC-DAD). The crude
acetone extract of Lonchocarpus haberii was dissolved in methanol and subjected to HPLCDAD analysis using a Waters SunFire TM –C18 reversed phase column, 4.6x250 mm. Solvent
composition was optimized at a flow rate of 1mL/min. Optimum separation was achieved
with the following solvent gradient: 0 - 25 min: 58% acetonitrile in water; 25 – 42 min: 58%
to 80% acetonitrile in water; 24 – 48 min: 80% to 100% acetonitrile; 48 – 53 min. 100 %
acetonitrile.
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Retention time

HPLC-NMR analysis. HPLC-NMR analysis was performed on a Varian Unity Inova 500
MHz system equipped with an indirect detection flow probe, active volume 60 µL, using 50
µL injections at a concentration of 20 mg/mL of crude extract in methanol. For HPLC-NMR
analysis water was replaced with 99.5% D2O. On-Flow HPLC analysis (see figure 1) using
WET solvent suppression, a scout scan to track changes in solvent composition, and 32
scans per time increment allowed the analysis of the respective HPLC-NMR spectra. Under
stop-flow conditions more sophisticated WETGCOSY and WETNOESY experiments from
the Varian Pulse Library were used to obtain more detailed structural information.
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Figure 1: HPLC-NMR analysis of Lonchocarpus haberii. Experimental details see methods.
Isolation. Individual compounds were isolated using the same separation conditions.
Fractions were collected in 1mL aliquots and evaluated with the cytotoxicity assay.
Fractions that showed significant activity were further evaluated using 1D and 2D NMR
methods.
NMR methods: Samples that showed significant activity were subjected to NMR analysis
using deuterochloroform as a solvent. The structure determination was accomplished with a
series of NMR experiments consisting of 1D 1H-NMR and 13C-NMR, and 2D gCOSY,
gHSQC, gHMBC, NOESY experiments, all part of the Varian VNMR 6.1C software
package.
Cytotoxicity Assay. Cytotoxicity of test compounds on tumor cell lines were measured
using the MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3carboxymethoxyphenyl)-2-(4-sulphophenyl)-2H-tetrazolium, inner salt] assay (15, 16, 17) for cell viability. This assay measures
the ability of mitochondrial enzymes in live cells to convert the MTS to a visible formazan
dye. Cells were plated in 96-well plates at a density of 1.8 x 104 cells per well in 100 µL.
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After 48 hours incubation at 37oC, test compounds were added to quadruplicate wells and
incubated with the cells for an additional 48 h. Promega Cell Titer 96® Aqueous One
Solution containing MTS wais added to the cultures and the assay performed according to
the manufacturer's directions. A Molecular Devices SpectraMAX Plus microplate reader
was used to determine the absorbance at 490nm, and the percent of cells killed compared to
the dimethylsulfoxide (DMSO) control. Doxorubicin was used as a control. The same assay
can be performed with chromatographic fractions of plant extracts during the activity-guided
separation and with isolated compounds to determine IC50 values. Crude extracts were tested
at 100 µg/mL, chromatographic fractions are tested at 25 µg/mL, and pure compounds were
serially diluted in order to determine IC50 values.
Table 1: Cytotoxicity (LC50, µg/mL) of compounds from Lonchocarpus haberii.
Activity
Hep G2
PC-3
Compounda
1-4
471(210)
> 1000
5
322(5)
287(46)
6
75.8(16.0)
31.3(0.1)
7
65.3(7.3)
31.4(0.1)
8
183(3)
37.5(1.7)
9
97.0(16.0)
48.1(5.4)
doxorubicin
1.32(0.23)
37.0(5.1)
a: compound numbers refer to fractions, or traces in HPLC-NMR, see above.

Hs 578T
> 1000
442(101)
79.5(0.8)
79.4(1.3)
80.0(2.0)
81.5(0.5)
10.4(1.2)

Results
HPLC-NMR revealed nine chromatographically distinguishable peaks. Characteristic for the
individual NMR traces was a set of methyl resonances at 1.6 ppm that accounted for either
two or three methyl groups. Furthermore all traces showed a signal at 3.3 ppm (2H) that was
correlating in WETCOSY analysis with a signal at 5.2 ppm. The latter signal showed also a
correlation to one of the aforementioned methyl signals. Based on this analysis this group of
signals was assigned to an isoprene side chain attached to an aromatic ring system. In
addition COSY analysis displayed a three spin system at 5.5 ppm (1H), and a pair of doublet
of doublets at 3.2ppm and 2.8 ppm. This was attributed to the proton signals of a lactone
ring system. Lack of resonances for this spin system in some traces, and display of
additional olefinic resonances suggested ring opening of the lactone ring. Signals at 7.2 ppm
(5H) were assigned to a phenyl group, and finally a singlett (1H) at around 6.1 ppm was
assigned to an aromatic proton with two neighboring phenolic hydroxyl groups. Variation
in the chemical shifts of the latter proton suggested that the isoprene unit could be attached
to either the 6 or 8 position of the flavonoid ring system. Traces that accounted for three
methyl groups revealed additional signals at 2ppm, based on WETCOSY analysis. This
strongly suggested a geranyl side chain, instead of an isoprene unit.
Bioassay guided fractionation led to the isolation of four pure compounds that showed
significant activity (see table1). NMR analysis of these fractions confirmed the following
structures.
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Figure 2: Structures assigned by NMR spectroscopy. Numbers refer to fraction number.
Discussion
A mixture of cytotoxic flavonoids account for the biological activity of L. haberi crude bark
extract. It could be demonstrated that HPLC-NMR analysis quickly can reveal detailed
structural data. With as little as 10 mg of plant material detailed NMR data can be collected.
This allows screening of small amount of plant material and hence screening of a larger
number of sample.
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