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Natural products inhibiting fatty acid synthase (FAS) are appearing as potential therapeutic agents to
treat cancer and obesity. The bioassay-guided chemical investigation of the hulls of Nephelium lappace-
um L. resulted in the isolation of ten compounds (1-10) mainly including flavonoids and oleane-type
triterpene oligoglycosides, in which all of the compounds were isolated from this plant for the first
time. Additionally, compounds 8 and 9 were new hederagenin derivatives and were elucidated as
hederagenin 3-0-(2,3-di-O-acetyl-a-L-arabinofuranosyl)-(1—3)-[a-L-rhamnopyranosyl(1—2)]-B-L-arabi-
nopyranoside and hederagenin 3-0-(3-O-acetyl-a-L-arabinofuranosyl)-(1—3)-[o-L.-rhamnopyranosyl-
(1-2)]-p-L-arabinopyranoside, respectively. All these isolates were evaluated for inhibitory activities
of FAS, which showed these isolates had inhibitory activity against FAS with ICsq values ranging from
6.69 to 204.40 uM, comparable to the known FAS inhibitor EGCG (ICso = 51.97 uM). The study indicates
that the hulls of Nephelium lappaceum L. could be considered as potential sources of promising FAS
inhibitors and the oleane-type triterpene oligoglycosides could be considered as another type of natural

FAS inhibitors.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Fatty acid synthase (EC 2.3.1.85, ab. FAS) present in animals is a
key metabolic enzyme catalyzing the de novo synthesis of long
chain saturated fatty acids from acetyl-CoA and malonyl-CoA in
the presence of the reducing substrate NADPH.! Inhibition of FAS
suppresses food intake and leads to dramatic weight loss in mice,
suggesting that FAS not only functions in providing metabolic
substrates, but also plays a role in satiety signaling.? It has also
been reported that inhibition of FAS by either knockdown of the
FAS gene with siRNA or inactivation of FAS leads to caspase-
8-mediated tumor cell apoptosis.> At the same time, many FAS
inhibitors, such as Cerulenin, C75, Orlistat and EGCG, have joint
effects of weight-loss and anti-tumor.*~!! FAS may be a potential
target for both anti-obesity and anti-cancer drugs according to
several recent reports and may be used as a clinical and experi-
mental target for scientific research and drug discovery.>'>13
Therefore, it is important to find novel compounds especially from
natural sources that reduce FAS activity or expression levels, which
may be useful for the treatment of obesity and cancer. In our
preliminary work, we screened dozens of extracts against FAS
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from fruits including the hulls of Nephelium lappaceum L. and
Garcinia mangostana L. and showed that these fruits had inhibitory
FAS properties. Our previous investigation of FAS inhibitors from
the hulls of G. mangostana L. showed that two types of natural
products, xanthones and benzophenones, exhibited strong inhibi-
tory activity of FAS.!*

Nephelium lappaceum L. commonly known as ‘rambutan’, is a
tropical fruit of the Sapindaceae family.!> Native to Southeast Asia,
rambutan is cultivated for its fruit and sold commercially.!>16 It is
consumed fresh, canned, or processed, and appreciated for its
refreshing flavor and exotic appearance.!” The seeds are bitter
and narcotic, and the roots are used for treating fevers, the leaves
as poultices, and the bark as an astringent.!® The fruit is recom-
mended for severe dysentery and as an astringent, an antifebrile,
and a warm carminative in dyspepsia.'® In particular, the rind of
rambutan, which is normally discarded, was found to contain ex-
tremely high antioxidant and antibacterial activities, and several
potential antioxidant activities, including reducing power, B-caro-
tene bleaching, linoleic peroxidation and free radical scavenging
activity were also exhibited.!® As for the chemical constituents of
hull of N. lappaceum, only a few compounds have been reported,
most of them are phenolic compounds that are responsible for
these antioxidant and antibacterial activities.?° During our early
screening of activity, the ethanol extract of the hulls of
N. lappaceum showed a strong capability of inactivating FAS with
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an ICsq value at 6.77 pg/mL. To investigate the FAS-inhibiting con-
stituents of the hull of rambutan, a detailed chemical study on this
plant was carried out and two new oleane-type triterpene oligogly-
cosides, together with eight known compounds, were isolated from
the methanol extract of the hulls of rambutan. This paper de-
scribes, for the first time, the isolation, structural elucidation and
anti-FAS activity of all the isolates from the hulls of N. lappaceum.

2. Results and discussion

2.1. Identification of compounds from the hulls of Nephelium
lappaceum

A phytochemical study on the hulls of N. lappaceum resulted in
the isolation of two new oleane-type triterpene oligoglycosides (8
and 9) together with eight known compounds (1-7, and 10)
(Fig. 1). The structures of eight known compounds were identified
as kaempferol (1),2! kaempferol-3-p-p-(6-O-trans-p-coumaroyl)-
glucopyranoside (2),>2 kaempferol-3-a-L-rhamnopyranoside (3),2>
kaempferol 3-0-(6-0-caffeoyl)-p-p-glucopyranoside (4),%* isocopo-
letin (5),%° ethyl gallate (6),%° hederagenin (7),?” hederagenin
3-0-(2,3-di-0-acetyl-a-L-arabinofuranosyl)-(1—3)-[a-L.-thamnopyr-
anosyl-(1—2)]-B-L-arabinopyranoside (8), hederagenin 3-O-(3-O-
acetyl-a-L-arabinofuranosyl)-(1—3)-[a-L.-thamnopyranosyl-(1—-2)]-
B-L-arabinopyran-oside (9), and hederagenin 3-O-o-L-arabinofur-
anosyl-(1-3)-[a-L.-rhamnopyranosyl-(1—2)]-B-L-arabinopyrano-
side (10)*® by comparison of their spectroscopic data with those
reported in the literature. All ten compounds were obtained from
the hull of this plant for the first time. Compounds 9 and 10 may
be the natural products, or may be derived from compound 8
due to deacetylation during the extraction process.

Compound 8 was obtained as an amorphous powder with a [oc]f,z
—15.24 (c 0.38, MeOH). The IR spectrum of 8 showed absorption
bands at 1733 and 1630 cm ™! ascribable to an ester carbonyl, car-
boxyl, olefin functions and broad bands at 3441 cm™! suggestive of
hydroxyl groups (including carboxyl hydroxyl). In the negative-ion

HO@N{) H,CO™ 0
(6]

Oy O~
o HO?OH

ESI-mass spectrum of 8, a quasimolecular ion peak was observed at
m/z=989 [M+Na|" in accordance with the molecular formula
CsoH7801gNa, which was further confirmed by a signal at m/z=
989.5076 [M+Na]" in the HR-ESI-mass spectrum (calcd for
CsoH75015Na, 989.5085). The 'H NMR spectrum (Table 1) of 8
exhibited six methyl groups [4: 0.68, 0.78, 0.88, 0.91, 0.94, 1.14
(3H each, all s, H3-24, 26, 29, 30, 25, 27)], an olefinic proton
[6: 5.24 (1H, br s, H-12)], and three anomeric protons [6: 4.57
(1H, s, inner-Ara-H-1), 5.13 (1H, s, Rha-H-1) and 5.24 [1H, s,
Araf-H-1] suggesting three sugar units, together with two methyl
of acetyl groups [§: 2.08 (6H, s, 2 x COCH3)].

The assignments of the 'H NMR signals in Table 1 were deter-
mined by HMQC spectra combined with the literature.?8?° Analy-
sis of the '3C NMR and DEPT spectra (Table 2) showed 50 carbon
resonances, similar to those of hederagenin 3-O-o-L-arabinofur-
anosyl-(1-3)-[o-L-rhamnopyranosyl-(1—2)]-p-L-arabinopyranoside
(10),28 except for the additional shifts at 6c 172.4, 171.9 and 20.9,
20.8 for two acetyl groups and the different chemical shifts of Araf
in 8 and 10, suggesting compound 8 was a hederagenin glucoside.

The presence of the two acetyl was further identified by the
treatment of 8 with 0.5% sodium methoxide in methanol yielding
a deacetylated derivative, exhibiting quasimolecular ion peaks at
m/z=905 [(M+Na)—42—42]" in the positive-ion ESI-mass spec-
trum. The linkages of two acetyl groups to Araf-C-3 and Araf-C-2
in 8 were characterized from analysis of the HMBC spectrum
(Fig. 2) exhibiting key long-range correlations from the Araf-H-2
[6y: 5.18 (1H, m)] and Araf-H-3 [dy: 4.30 (1H, m)] to the two acetyl
carbonyl carbons, and comparison of '3C NMR spectra at C-2 and C-
3 in Araf from 8 with 10. The correlations of the Araf-H-1 [6y: 5.24
(1H, br s)] with the Araf-C-3 (6c: 80.9), Rha-H-1 [dy: 5.13 (1H, br s)]
with the Araf-C-2 (6c: 76.5) and the Araf-H-1 [6y: 4.57 (1H, br s)]
with the C-3 (dc: 82.4) of the aglycone indicated one terminal Araf
moiety was attached to the inner-Araf-C-3, another terminal
Rhap moiety was attached to the inner-Araf-C-2 and this sugar
chain was linked to C-3 in 8. On the basis of the above
mentioned evidence, compound 8 was determined as hederagenin
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Figure 1. Structures of compounds 1-10 isolated from the hulls of Nephelium lappaceum.
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Table 1
"H NMR spectroscopic data (CDs0D) of 8 and 9
Compound 8 9 Compound 8 9
1 1.60 (m), 0.94 (m) 1.62 (m), 1.00 (m) Ara
2 1.87 (m), 1.78 (m) 1.86 (m), 1.73 (m) 1 457 (s) 453 (s)
3 3.62 (dd, 12.0, 3.2) 3.62 (d, 10.0) 2 3.72 (s) 3.70 (s)
5 1.25 (s) 1.24 (d, 6.0) 3 3.82 (m) 3.85 (m)
6 1.75 (m), 1.35 (m) 1.76 (m), 1.38 (m) Y 3.74 (m) 3.75 (m)
7 1.61 (m), 1.25 (s) 1.62 (m), 1.24 (d, 6.0) 5 3.50 (d, 9.6), 3.35 (d, 11.2) 3.51 (d, 10.4), 3.36 (d, 10.8)
9 1.63 (m) 1.65 (m) Rha
11 1.93 (m), 1.87 (m) 2.00 (m), 1.89 (m) 17 5.13 (s) 5.18 (s)
12 5.24 (s) 5.24 (m) 2 4.02 (m) 4.09 (s)
15 1.79 (m), 1.04 (m) 1.75 (m), 1.08 (m) 3" 3.50 (m) 3.50 (br s)
16 2.08 (m), 1.95 (m) 2.07 (m), 1.98 (m) 4" 3.69 (s) 3.69 (s)
18 2.82 (d, 12.0) 2.86 (d, 12.0) 5" 3.85 (m) 3.85 (m)
19 1.66 (m), 1.10 (m) 1.69 (m), 1.10 (m) 6’ 1.25 (s) 1.25 (s)
21 1.26 (m), 1.18 (m) 1.39 (m), 1.18 (m) Ara(f)
22 1.78 (m), 1.64 (m) 1.73 (m), 1.52 (m) 1" 5.24 (s) 5.26 (s)
23 3.82 (m), 3.50 (d, 9.6) 3.86 (m), 3.51 (d, 10.4) 2 5.18 (m) 423 (brs)
24 0.68 (s) 0.71 (s) 3 430 (m) 4.83 (m)
25 0.94 (s) 0.97 (s) 4 426 (m) 4.19 (m)
26 0.78 (s) 0.81 (s) 5 4,30 (m), 4.26 (m) 3.76 (m), 3.70 (m)
27 1.14 (s) 1.18 (s) Acetyl
29 0.91 (s) 0.94 (s) 2 2.08 (s) 2.08 (s)
30 0.88 (s) 0.91 (s) 3 2.08 (s)
Table 2
13C NMR spectroscopic data (CD30D) of 7-10
Compound 7 8 9 10 Compound 7 8 9 10
1 343 39.8 39.8 39.8 28 1824 182.1 181.7 181.9
2 27.9 26.2 26.3 26.6 29 24.5 239 240 24.0
3 743 82.4 82.4 824 30 33.9 335 33.6 33.6
4 453 43.5 44.0 44.0 Ara Ara Ara
5 50.1 47.9 47.6 47.3 1 103.5 104.7 104.7
6 18.2 18.2 183 18.4 2 76.5 76.5 76.5
7 34.0 33.0 334 334 3 80.3 79.7 79.4
8 40.5 40.0 40.5 40.5 4 67.8 69.5 69.5
9 48.8 48.4 48.4 48.4 5 64.6 65.4 65.5
10 383 373 37.6 37.6 Rha Rha Rha
11 249 248 248 245 17 100.8 101.6 1014
12 124.0 1231 123.1 123.6 2" 71.2 71.8 71.8
13 145.7 144.8 144.8 145.2 3" 72.3 72.8 73.0
14 443 42.3 42.6 43.0 4" 73.3 73.6 74.0
15 29.3 28.8 28.6 28.6 5" 69.3 70.3 70.2
16 244 23.8 24.2 243 6" 17.8 18.0 18.0
17 48.2 46.8 46.7 473 Ara(f) Ara(f) Ara(f)
18 411 42.5 43.0 42.7 1" 1104 1109 110.2
19 47.7 47.2 47.2 47.6 2" 82.5 80.9 82.7
20 321 313 31.6 31.6 3 80.9 80.8 78.9
21 353 34.8 349 35.0 4" 83.0 844 86.6
22 339 33.2 33.8 338 5" 64.2 63.2 63.4
23 67.7 64.5 64.6 64.5 Acetyl
24 13.2 135 13.8 13.8 2" 172.4
25 16.7 16.3 16.4 16.4 20.9
26 20.3 17.5 17.8 17.8 37 1719 172.4
27 26.9 26.4 26.5 26.5 20.8 20.8
OH
HsCOCO o&&
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Figure 2. Selected HMBC correlations of compounds 8 and 9.
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3-0-(2,3-di-0-acetyl-a-L-arabinofuranosyl)-(1- 3)-[at-L.-Thamnopy-
ranosyl-(1-2)]-B-L-arabinopyranoside.

Compound 9, isolated as an amorphous powder with a [a]2D2
-19.05 (¢ 0.32, MeOH), possessed the molecular formula
C48H760717 as established by a quasimolecular ion peak at m/
z=925 [M+H]" in ESI-MS and HR-ESI-MS at m/z=925.5176
[M+H]" (calcd for C4gH770,7, 925.5160). The IR spectrum of 9
showed the presence of ester carbonyl (1729 cm™'), carboxyl
(1696 cm™!), olefin functions (1643 cm™'), and hydroxyls
(3427 cm™!). The 'H NMR spectra (Table 1) and '>C NMR and DEPT
spectra (Table 2) of compound 9 were also similar to those of
hederagenin  3-O-a-L-arabinofuranosyl-(1- 3)-[a-L-rhamnopyr-
anosyl-(1-2)]-B-L-arabinopyranoside (10),%® except for the addi-
tional acetyl group signals at dy 2.08 and ¢ 172.4, 20.8 and the
different chemical shifts of Araf in 9 and 10. The presence of the
acetyl was further identified by the deacetylatic product exhibiting
quasimolecular ion peaks at m/z =883 ([M+H]—42)" in the posi-
tive-ion ESI-MS spectrum. The linkage of the acetyl group to
Araf-C-3 was assigned from the downfield shift of C-3 (5¢ 80.8,
A =+1.9 ppm) in Araf in 9 compared to 10 (Table 2) and analysis
of the HMBC spectrum (Fig. 2), in which key long-range correlation
from the Araf-H-3 [dy: 4.83 (1H, s)] to the acetyl carbonyl carbon.
On the basis of the above evidence, compound 9 was determined as
hederagenin  3-0-(3-0O-acetyl-a-L-arabinofuranosyl)-(1—-3)-[o-L-
rhamnopyranosyl-(1—-2)]-B-L-arabinopyranoside.

2.2. Anti-FAS activities of the isolates

All the isolates were assayed for their inhibitory activity against
FAS, and the results are presented in Table 3. The known FAS inhib-
itor EGCG (ICso =51.97 nM) was used as a positive control in the
assay. All of the isolates inhibited FAS in a dose-dependent manner
and some compounds were more potent than EGCG. Of the com-
pounds tested, compound 1 exhibited the strongest inhibitory
activity with a lower ICsq value of 6.69 M. The new compound 8
showed a higher activity of anti-FAS, while other compounds, such
as compounds 3, 4, and 5 demonstrated equivalent inhibitory
activities of FAS to EGCG. The order of inhibitory activity against
FAS assay was found to be: 1>2>8>3>EGCG>5>4>7>
9 > 6 > 10. In general, among compounds 1-10, the flavonoid struc-
tures (compounds 1-4) showed excellent inhibitory activity of FAS.
Additionally, the oleane-type triterpenes also exhibited effective
inhibition of FAS. Moreover, the inhibitory activities of the oligo-
glycosides against FAS showed a trend that with increasing num-
ber of acetyl groups in the compound, the higher the activity.
This was based on an analysis of the inhibitory order, which was
found to be 8 >9 > 10, indicating that the acetyl groups may be a
positive factor and are required for the activity of oleane-type

Table 3
The inhibitory activity of 1-10 isolated from Nephelium lappaceum against FAS

Compound FAS inhibitory activity ICso (UM) ®
1 6.69 + 0.42
2 29.88+0.34
3 51.43+0.53
4 65.61 £0.31
5 52.18+£0.89
6 173.18 £0.71
7 128.51+0.72
8 3446 +0.38
9 166.20 £ 0.51
10 204.40 £ 0.60
EGCG” 51.97 £ 1.65

2 ICso values were determined by regression analyses and expressed as
means = SD for three distinct experiments.
b Ppositive controls.

triterpene oligoglycosides. In summary, the oleane-type triter-
penes can be considered as another promising class of FAS inhibi-
tors following our previous discovery of FAS inhibition by
xanthones and benzophenones.'* Although the oleane-type triter-
penes have a broad range of biological activities, including anti-tu-
mor and inhibitory activities to pancreatic lipase,?>3° to our best
knowledge, this is the first time FAS inhibitory activity of this type
of natural products has been shown.

3. Experimental
3.1. General methods

Optical rotations were measured with a Horiba SEPA-300 polar-
imeter/UV-2401A spectrophotometer. CD spectra were measured
on a JASCO J-810 spectrophotometer. A tenor 27 spectrophotome-
ter was used for scanning IR spectroscopy with KBr pellets. 1D and
2D NMR spectra were recorded on DRX-500 spectrophotometers
with TMS as the internal standard. Unless otherwise indicated,
chemical shifts (6) are expressed in ppm with reference to the sol-
vent signals. HR-ESI-MS were performed on a VG Autospec-3000
spectrophotometer. Column chromatography was performed with
Si gel (200-300 mesh; Qingdao Marine Chemical Inc., Qingdao,
China), Lichroprep RP-18 gel (40-63 um; Merck, Darmastadt,
Germany). The fractions were monitored by TLC, and spots were
visualized by heating the silica gel plates sprayed with 5% H,SO4
in EtOH.

3.2. Plant material

The fruit of Nephelium lappaceum was purchased from a market
in Kunming, China, and identified by Doctor Rong Li, Kunming
Institute of Botany, Chinese Academy of Sciences. The specimen
(LWJ 2008-12-01) was deposited at the State Key Laboratory of
Phytochemistry and Plant Resources in West China, Kunming Insti-
tute of Botany, Chinese Academy of Sciences.

3.3. Extraction and isolation

The air-dried fruit hulls of N. lappaceum (10 kg) were powdered
and extracted three times with 95% EtOH under reflux. The com-
bined extracted EtOH solution (18 L) was evaporated under re-
duced pressure, then suspended in water (1.5 L) and partitioned
with petroleum ether, EtOAc, and n-BuOH sequentially to yield
petroleum ether soluble (7.5¢g), EtOAc-soluble (159.5g) and
n-BuOH-soluble (102.5g) fractions. A portion (154.5¢g) of the
EtOAc-soluble fraction was separated by silica gel column chroma-
tography (CC, 200-300 mesh, 1.4 kg) and eluted with CHCl;-MeOH
(100: 1, 98: 2,95: 5,90: 10, 80: 20, 70: 30, 0: 100, v:v) gradient sol-
vent system to give ten fractions (1-10).

Fraction 2 (11 g) was subjected to column chromatography over
silica gel, eluting with petroleum ether-EtOAc (2:1) to give five
subfractions 2a-2e. Subfraction 2b was separated by chromatogra-
phy using elution with petroleum ether-EtOAc (4:1) to yield com-
pounds 1 (6 mg), 2 (10 mg), 3 (18 mg), and 4 (33 mg). Subfraction
2c was separated by chromatography using elution with petroleum
ether-EtOAc (5:1) to give compound 6 (233 mg). Fraction 3 (8 g)
was subjected to column chromatography over silica gel eluting
with petroleum ether-EtOAc (1:1) to give four subfractions 3a-
3d. Subfraction 3b was separated by chromatography using elution
with petroleum ether-EtOAc (2:1) to yield compounds 5 (7 mg)
and 7 (22 mg). Fraction 10 (20 g) was chromatographed over a sil-
ica gel column eluting with a petroleum ether-EtOAc solvent sys-
tem (20:1 to pure EtOAc) to give six subfractions (10a-10f).
Compounds 8 (32 mg), 9 (473 mg) and 10 (500 mg) were obtained
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from Subfraction 10f (2 g) by repeated silica gel column chroma-
tography with petroleum CHCl;-MeOH (95:15), RP-18 column
eluted with MeOH-H,0 gradient system (60-100%) and then chro-
matography over a Sephadex LH-20 column, using CHCl;-MeOH
(1:1) as the solvent.

3.4. Identification

Hederagenin 3-0-(2,3-di-O-acetyl-o-L-arabinofuranosyl)-
(1-3)-[o-L.-rhamnopyranosyl (1-2)]-B-L-arabinopyranoside (8):
Amorphous powder; [¢]? —15.24 (c 0.38, MeOH); IR (KBr) Vimax
3441, 2942, 1733, 1630, 1460, 1375, 1240, 1051 cm™!; 'H NMR
and 3C NMR see Tables 1 and 2; HR-ESI-MS m/z: (positive-ion)
989.5076 [M+Na]" (calcd for CsoH,50:gNa, 989.5085). ESI-MS m/
z: (positive-ion) 989 [M+Na]*.

Hederagenin 3-0-(3-0-acetyl-a-L-arabinofuranosyl)-(1—-3)-[a-
L-rhamnopyranosyl-(1—-2)]-B-L-arabinopyranoside (9): Amor-
phous powder; [¢]3 —19.05 (c 0.38, MeOH); IR (KBr) vpax 3427,
2945, 1729, 1696, 1643, 1461, 1387, 1255, 1051, 644cm™'; 'H
NMR and '>C NMR see Tables 1 and 2; HR-ESI-MS m/z: (positive-
ion) 925.5176 [M+H]* (calcd for C4gH77017, 925.5160). ESI-MS
m/z: (positive-ion) 925 [M+H]+.

3.5. Deacetylation of 8 and 9

A solution of compound 8 or 9 in 0.5% NaOMe-MeOH was stir-
red at room temperature for 3 h. The reaction mixture was neutral-
ized with Dowex HCR-W2 (H* form) and the resin was removed by
filtration. Evaporation of the solvent from the filtrate under
reduced pressure gave a residue.

3.6. Inhibitory activities of FAS assays

The preparation, storage, and usage of FAS from chicken liver,
which shares 63% identity with the amino acid sequence of human
FAS, were performed as described previously.?! FAS activity was
measured at the constant temperature of 37 °C by the changes of
NADPH absorption at 340 nm with a UV-vis spectrophotometer
(Amersham Pharmacia Ultrospec 4300, England, UK). The reaction
mixture contained 100 mM, pH 7.0, KH,PO4-K,HPO,4 buffer; 1 mM
EDTA; 1 mM dithiothreitol; 3 pM acetyl-CoA; 10 pM malonyl-CoA;
35 uM NADPH and 10 pg FAS in a total volume of 2 mL. The prepara-
tive concentrations of FAS and its substrate were determined by the
spectrophotometry with the following extinction coefficients: FAS,
483 x 10° M~ 'cm™! at 279 nm; acetyl-CoA, 1.54 x 10° M~ cm™!
at 259 nm, pH 7.0; malonyl-CoA, 1.46 x 10*M~'cm™! at 260 nm,
pH 6.0; acetoacetyl-CoA, 1.59 x 10* M~ cm~' at 259 nm, pH 7.0;
NADPH, 6.02 x 10 M~! cm~! at 340 nm, and 1.59 x 10° M~ cm™!
at 259 nm, pH 9.0.
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