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Liver X receptors (LXR) have been implicated in cholesterol homeostasis. Agonists of LXR are expected
to increase cholesterol efflux, lower LDL, and raise HDL levels. Screening of a natural product library of
plant extracts using a LXR-SPA binding assay and bioassay-guided fractionation of the bark and stem
extract of Garcinia humilis led to the discovery of a new polyisoprenylated benzophenone named
guttiferone I (1). The IC50 value for this compound in the LXRR-SPA binding assay was 3.4 µM. Details
of the isolation, structure elucidation, and ligand binding activity of 1 are described.

Liver X receptors (LXR) are members of a superfamily
of nuclear hormone receptors represented by LXRR and
LXRâ subtypes.1-3 The R-subtype is predominantly ex-
pressed in the liver, whereas the â-subtype is expressed
ubiquitously. Oxysterols have been identified as endog-
enous ligands for both subtypes.4-7 These receptors play a
role in cholesterol homeostasis.8 LXRs form heterodimers
with the retinoid X receptor, RXR, to regulate direct or
indirect expression of a number of genes involved in
cholesterol and fatty acid metabolism. LXR agonists in-
crease expression of the ABCA1 gene and raise HDL levels
in mice.9 ABCA1 mediates the efflux of cholesterol from
the cells and onto the ApoAI protein of an HDL particle.10

LXR agonists are expected to increase reverse cholesterol
transport, decreasing peripheral cholesterol levels, and
therefore have potential to be beneficial therapeutic agents
for the control of plasma cholesterol levels.8

During the course of our efforts to identify novel natural
product agonists of LXR in a ligand binding assay using
scintillation proximity assay (SPA) technology, we discov-
ered a new polyprenylated benzophenone named gutti-
ferone I (1) by bioassay-guided fractionation of hexane
extracts of the bark and stem of Garcinia humilis (Vahl)
Adams (Clusiaceae). Guttiferone I is a diastereomer of
guttiferone G (2), which was reported from Garcinia
macrophylla while the present study was ongoing.11 The
isolation, structure elucidation, and ligand binding activity
of guttiferone I (1) are described herein.

G. humilis was collected on the island of Dominica in
the West Indies. The bark and stem of G. humilis were
extracted with MeOH and partitioned with hexane. Gel
permeation chromatography of the hexane extract on
Sephadex LH-20 followed by reversed-phase HPLC af-
forded guttiferone I (1) as a yellow oil. HRFTMS analysis
of guttiferone I (1) provided a molecular formula of
C43H58O6, indicating the presence of 15 degrees of unsat-
uration. The molecular formula was supported by the
presence of 43 signals in the 13C NMR spectrum. The DEPT
spectrum exhibited 10 × CH3, 8 × CH2, and 9 × CH,
suggesting the presence of 16 quaternary carbons (Table

1). The NMR spectral data combined with its UV, IR
spectral characteristics and with the known phytochem-
istry of the genus Garcinia suggested that this compound
was a member of the guttiferone family. An aromatic
trisubstituted AMX system was evident from the proton
resonances appearing at δH 7.10 (d, J ) 7.8 Hz), 7.60 (dd,
J ) 7.8, 2.0 Hz), and 7.80 (d, J ) 2.0 Hz). Characteristic
13C NMR resonances, including those of ortho-dihydroxy
aromatic carbons (δC 147.0, 153.0), and a conjugated
carbonyl (δC 196.0) indicated the presence of a 3,4-dihy-
droxy benzoyl group. Further, the presence of a â-hydroxy-
1,3-enone (δC 191.0, 122.0, and 187.0) in addition to two
quaternary carbons (δC 70.0 and 63.0) and a cyclohexanone
carbonyl (δC 210.0) was indicative of the presence of 2,4,6-
trisubstituted-3-hydroxycyclohex-2-ene-1,5-dione, typical of
guttiferones. The HMBC correlations of H-29, H-17, H-22,
H-24, and H-25 to the respective carbons (Table 1) together
with the COSY correlations of H7-H6-H24-H25 helped
to establish the guttiferone bicyclo[3.3.1]nonane ring sys-
tem. The 1H and 13C NMR spectra of 1 revealed the
presence of five isoprene units accounting for 25 carbons.
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These data suggested that the structure of 1 was similar
to guttiferone G (2).11 The 1H and 13C NMR spectra (Table
1) of 1 and 2 were similar, but the two compounds exhibited
significant differences in specific rotations, indicating ster-
eochemical differences. Guttiferone I (1) showed a positive
specific rotation {[R]D + 8.7° (c 1.5, CHCl3)}, whereas the
specific rotation of guttiferone G was negative {[R]D -25°
(c 0.04, CHCl3). The H-6 resonance of 1 appeared as a
doublet of doublets of doublets of doublets (dddd) at δH 2.58
with J ) 13.0, 10.2, 4.2, 2.1 Hz due to couplings to two
flanking methylenes (H2-7 and H2-24). The largest of the
four couplings (J ) 13 Hz) of H-6 was due to the coupling
with H-7â (δH 1.75, t, J ) 13 Hz), establishing that these
two protons are in a trans-diaxial relationship in a flat-
tened, twisted boat conformation, consistent with a dihe-
dral angle of 173° as revealed by the MM2 energy mini-
mized ChemDraw 3D model (Figure 1) and by a Dreiding
model. This observation was further supported by the
NOESY correlations of H-6 and H-7R indicating their syn-
relationship (Figure 1). The coupling information of H-6

and H-7 was critical for the stereochemical determination
and was easily measured in C5D5N at 600 MHz. This
coupling information was not reported for guttiferone G
(2). Further NOESY correlations of guttiferone I (1)
revealed that it possessed stereochemistry identical to
guttiferone A12 and opposite of the stereochemistry at C-5
and C-6 compared to guttiferone G (2). It is interesting to
note that guttiferones possessing stereochemistry at C-4,
C-5, C-6, and C-8 identical to guttiferones I (1) and A (3)
exhibit positive specific rotations and reversal of stereo-
chemistry at C-6 causes the reversal of the specific rotation
to negative values.12,13

Guttiferone I (1) was first evaluated in a LXR-SPA
binding assay using [3H2]-F3-methyl AA {3-chloro-4-(3-(7-
(2,3-ditritiopropyl)-3-trifluoromethyl-6-(4,5)-isoxazolyl)-
propylthio)phenyl acetic acid}, a compound originally
identified in a PPAR program as an agonist in a cell-based
transactivation assay using a protocol described earlier.14

Guttiferone I (1) inhibited the binding activity to the LXR
R-receptor with an IC50 value of 3.4 µM. It was less effective
against â-receptor binding (IC50 >15 µM) and exhibited at
least 5-fold selectivity. [3H2]-F3-methyl AA was used as
control, which showed IC50 values of 35.4 and 24.9 nM,
respectively, against R- and â-receptor binding. However,
guttiferone I (1) did not exhibit any of the desired agonist
activities as measured in LXRR and -â HTRF coactivation
assays.14

In this paper, we have described the discovery of gutti-
ferone I, a new member of the growing family of polypre-
nylated benzophenones. Guttiferones have been reported
to show anti-HIV,12,15 cytotoxic,11,16 microtubule disas-
sembly inhibition,13 and trypanocidal activities.17 The LXR
ligand binding inhibitory activity of guttiferone I is a new
addition to the activities reported for this class of com-
pounds. The genus Garcinia is one of the richest sources
of polyprenylated benzophenones, particularly the
guttiferones.11-13,17,18

Experimental Section

General Experimental Procedures. All solvents (ACS or
HPLC grade) were obtained from Fisher Scientific. Optical
rotation was measured on a Perkin-Elmer 241 polarimeter.

Table 1. 1H (600 MHz) and 13C (150 MHz) NMR Assignments
of Guttiferone I (1) in C5D5N

position δC δH, mult, J in Hz key HMBC (C f H)

1 191.0 H-29
2 122.0
3 187.0
4 70.0 H-17, 18, 22, 23
5 49.9 H-6, 17, 22, 23, 34
6 41.2 2.59, dddd, 13.0, 10.2,

4.2, 2.4
H-22, 23, 25

7 42.0 R: 2.47, dd, 13.0, 4.2 H-29
â: 1.75, t, 13.0

8 63.0 H-29, 30
9 210.0 H-17, 29
10 196.0 H-12, 16
11 131.0
12 117.0 7.80, d, 2.0
13 147.0 H-15
14 153.0 H-12, 16
15 115.9 7.10, d, 7.8
16 124.0 7.60, dd, 7.8, 2.0 H-12
17 26.9 3.09, dd, 14, 7.1

3.04, dd, 14, 5.4
18 123.2 5.47, m H-17
19 132.6 H-17
20 26.4 1.57, s H-18
21 18.9 1.79, s H-18
22 16.8 1.01, s
23 37.3 1.97, m H-6, 22, 34

1.97, m
24 30.0 2.30, m H-25

1.96, m
25 124.2 5.27, m H-24
26 137.2 H-24, 27, 39
27 40.5 2.00, m H-25, 39

2.10, m
28 16.9 1.67, s H-24, 25
29 31.8 2.9, d, 6.8
30 122.4 5.72, heptt, 1.2, 6.6 H-29
31 133.7 H-29
32 18.7 1.75, s H-30
33 26.6 1.65, s H-30
34 25.2 2.25, m

2.54, m
35 125.9 5.22, heptt, 1.2, 6.6 H-34
36 131.8 H-34
37 18.4 1.65, s H-35
38 26.6 1.69, s H-35
39 27.4 2.11, m H-27

2.11, m
40 125.2 5.18, heptt, 1.8, 7.2 H-27, 39
41 131.8 H-39
42 18.3 1.65, s H-40
43 26.3 1.71, d, 0.82 H-40

Figure 1. ChemDraw 3D MM2 energy minimized model showing key
NOESY correlations.
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The UV spectra were recorded in methanol on a Beckman DU-
70 spectrophotometer. IR spectra were recorded on a Perkin-
Elmer Spectrum One spectrophotometer. NMR spectra were
recorded on a Varian Inova 600 MHz instrument operating at
600 MHz for 1H and 150 MHz for 13C nuclei. LC-MS was
performed on a Thermo Quest LCQ instrument using electro-
spray ionization (ESI) and atmospheric pressure chemical
ionization (APCI). High-resolution mass spectral analysis was
performed using a Thermo Quest FTMS instrument using
electrospray ionization. A Hewlett-Packard HP1100 was used
for the analytical HPLC.

Plant Material. Bark and stems of Garcinia humilis (Vahl)
Adams (Clusiaceae) were collected on the island of Dominica
in the West Indies in June 1992. A voucher specimen docu-
menting the collection (Stijfhoorn 839) has been deposited in
the permanent collections of the herbarium of the New York
Botanical Garden, Bronx, NY.

Extraction and Isolation. Bark and stem of G. humilis
(approximately 1 kg dry weight) were extracted with MeOH
at room temperature. The MeOH extract was concentrated,
diluted with water to a concentration of 9:1 MeOH-water, and
then extracted with an equal volume of hexane. Solvent was
removed from the hexane extract in vacuo using a rotary
evaporator to afford a tarry residue. A 90 mg aliquot of the
hexane extract was purified on a 75 mL Sephadex LH-20
column eluting with methanol at a flow rate of 1 mL/min to
produce a single bioactive cut eluting at 0.58-0.89 column
volume. The active cut was concentrated under vacuum to
yield 66 mg of an oily material. This was further purified by
preparative HPLC on a Zorbax RX C8 (21 × 250 mm) using a
40 min gradient of 30-90% aqueous CH3CN + 0.1% TFA at a
flow rate of 8 mL/min. The active fraction containing guttif-
erone I (1) eluted at 31 min and was concentrated under
vacuum and lyophilized to afford 15 mg of yellow oily material.

Guttiferone I (1): yellow oily material; [R]D
22 +8.7° (c 1.5,

CHCl3); UV (MeOH) λ max (log ε) 205 (4.49), 238 (4.08), 278
(4.03), 349 (3.76) nm; IR (ZnSe) νmax 3345, 1728, 1642 cm-1;
1H and 13C NMR (see Table 1); ESIMS m/z 671 (M + H)+;
HRESIFTMS m/z 671.4323 (calcd for C43H58O6+H, 671.4312).

LXR-SPA Binding Assays. LXR scintillation proximity
assay (LXR-SPA) was performed using GST-LXR ligand bind-
ing domain (LBD) receptors for R and â using [3H2]F3-methyl
AA as detailed by Menke et al.14

Coactivator Association Assays. The agonist activity of
guttiferone I was measured in an in vitro cofactor association
assay. In this assay, the association of recombinant steroid
receptor coactivator 1 (SRC1) coactivator protein with recom-
binant LXRR and -â ligand binding domains was measured
using a homogeneous time-resolved fluorescence (HTRF) assay
as described earlier.14
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