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Abstract—The aqueous methanolic extract of a sea cucumber was found to contain two triterpene glycosides 1 and 2. The struc-
tures of 1 and 2 were established based on high-resolution NMR studies. Compounds 1 and 2 exhibited inhibitory activity (K;) of 30
and 5 uM, respectively, in a chemokine receptor subtype 5 (CCRY) assay. Both compounds did not show any significant inhibition
in a CXCR?2 assay at 50 uM, suggesting their selectivity for the CCRS5 receptor.

© 2002 Elsevier Science Ltd. All rights reserved.

Chemokine receptors comprise a large family of seven
transmembrane domain G-protein coupled receptors
that are differentially expressed in diverse cell types.!
They are defined by their ability to signal upon binding
to one or more members of the chemokine superfamily
of chemotactic cytokines. In addition to their role in
regulating cell trafficking, several chemokine receptors
have been identified to act as cofactors for HIV-1
attachment and entry into target cells. Among the
receptors shown to act as HIV-1 co-factors, CCR5? and
CXCR4 are considered the most clinically relevant since
all HIV-1 isolates can utilize one or both of these
receptors to gain entry into cells. Recently, much atten-
tion has been focused on targeting these receptors for
antiviral therapy. The CCRS5 receptor has been particu-
larly attractive since it is the most commonly used
receptor by HIV-12 strains and is thought to be impor-
tant in viral transmission. Furthermore, in vivo evidence
from both animal knockout models and humans sug-
gests that functional CCRS is not essential for immune
competence and that blockade of these receptors by a
specific antagonist will not severely affect normal
immune function. Several small molecule antagonists of
CCRS5 are being developed for HIV therapy, one of
which, SCH-C,? is currently in clinical trials.

*Corresponding author. Tel.: +1-908-740-7296; fax: + 1-908-740-
7115; e-mail: vinod.hegde@spcorp.com

As part of our continuing efforts to discover new leads
for our CCRS5 antagonist program, we have utilized a
CCRS5 binding assay screen to our natural product
library. Using this assay, we screened aqueous metha-
nolic extracts of several marine animals. A methanolic
extract of a sea cucumber identified to be Telenata ana-
nas sp. displayed distinct activity in the CCRS5 assay.
Bioassay guided fractionation of this extract led to the
isolation of two triterpene glycosides 1 and 2.

The sea cucumbers (2 kg) were collected from Andaman
and Nicobar Islands (India) by Scuba diving, were pre-
served in MeOH and transported to the lab. They were
identified as T. ananas. After 2 weeks, the solution was
decanted, filtered, and concentrated under vacuum to a
semi-solid form. This was resuspended in between water
and saturated n-butanol and partitioned. The organic
layer was dried to afford 385mg of the extract and
370 mg of this solid was chromatographed through a
CHP-20 (0.5 x 15inches) column eluting with a water
and methanol gradient. The elution of active compounds
was monitored by their activity in the CCRS assay. The
active fractions were collected and dried to yield 48.7 mg
of enriched complex. Separation of the active compounds
was achieved by reverse-phase preparative HPLC on a
Phenomenex Luna C-18 silica column (21.2 x 250 mm),
eluting with a mixture of acetonitrile and water (62:38 v/v).
Acetonitrile was removed from the active peak eluates,
and the aqueous solution was freeze-dried. Fourteen
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milligrams of enriched complex yielded 3.8 and 0.7mg
of 1 and 2, respectively.

Compound 1 showed a sodiated ion m/z 965 (M + Na)* in
the FAB MS suggesting a molecular weight 942 daltons.
The molecular formula of 1 was established as C47H74019
by HRMS (high-resolution MS).* The UV spectrum
(MeOH) showed end absorption and the IR spectrum in
KBr showed peaks at 3306, 2960, 1715, 1636, and
1540cm—!, suggesting the presence of an ester function-
ality. "H and '3C NMR chemical shifts of 1 and '3C NMR

Table 1. 'H chemical shifts for 1 and '3C NMR chemical shifts for 1 and 2

chemical shifts of 2 are listed in Table 1. The '"H NMR of 1
indicated the presence of eight methyls, several methylenes
and the presence three sugars. The '3C NMR also showed
47 carbon signals in agreement with the number of carbons
revealed by HRMS. APT '3C NMR identified them as one
>C=0, two olefinic (one =CH—, one =C <), three O—
CH-O, 14> CH-O, three > C-O, four >C <, two -CH—,
two O—CH,, eight > CH, and eight —CHj3. Seven methyls
were tertiary and the eighth was a secondary methyl as
revealed by '"H NMR. This information led us to believe
the compound to be a triterpene glycoside.

C 'H Sugar C 'H Sugar C 1 2 310 47 Sugar C 1 2
no. no. no. no.
1 186 (m), 147 (m) Sugar A 1 474 (d, 7.5Hz) 1 367 368 355 364 SugarB 121066 106.0
2 1.97 (m), 2.16 (m) Y 410 (dd, J=7.5, 9Hz) 2> 274 215 274 272 2 7715 767
3 3.18 (dd, 1, 4Hz) 3 4.26 (m) 3 88.9 89.1 88.7 88.4 32 78.1 76.2
4 4 432 (m) 4 40.4 40.4 40.0 39.6 42 77.1 88.0
5 1.01 (d, 11 Hz) 5" 440 (dd, J=5, 11.5Hz) 5 53.1 53.2 52.9 52.3 52 73.9 72.1
6 1.59 (m), 1.77 (m) SugarB 17 520 (d, 7.5Hz) 6 216 216 203 208 @ 190 186
7 1.52 (m), 1.79 (m) 2" 4.08 (dd, 7.5, 9Hz) 7 28.7 29.0 28.2 28.0  Sugar C 13 103.8 103.2
8 3.38 (dd, 12, SHz) 3" 4.16 (J=9, 9Hz) 8 41.2 40.5 41.0 40.5 23 74.8 73.4
9 4" 375(t, 9, 9Hz) 9 1542 1535 153.7 153.6 33 78.6 88.3
10 5" 3.81 (m) 10 40.1 40.0 39.7 39.3 43 72.0 70.0
11 5.65 (d, 5.5Hz) 6" 1.69 (d, 5Hz) 11 1159 116.6 1156 1153 53 79.2 78.3
12 50(d, 5.5Hz) Sugar C 1”7 5.04 (d, 7.5Hz) 12 71.9 68.5 71.7 71.1 63 62.9 62.6
13 2" 4.04 (dd, 7.5, 9Hz) 13 59.1 64.5 59.0 584 Sugar F 14 106.1
14 3" 4.23 (m) 14 46.3 47.0 46.0 46.5 24 75.5
15 1.84 (m), 1.44 (m) & 424 (m) 15 372 376 272 266 34 88.4
16 2.98 (m). 2.43 (m) " 4.00 (m) 16 359 245 386 354 4 70.8
17 6"  4.34 (dd), 4.56 (m) 17 90.1 47.4 89.7 89.0 54 78.7
18 18 1749 1777 1743 1744 —-OMe 6* 62.5
19 1.41 (s) 19 229 22.9 19.0 19.9 — 61.2
20 20 87.0 852 865 87.0 SugarD 1° 105.4
21 1.77 (s) 21 19.2 26.8 22.5 222 25 74.0
22 4.35 (m) 22 81.0 40.0 80.7 36.4 3’ 88.4
23 2.03 (m) 23 28.5 227 366 223 43 70.3
24 1.64 (t, J=7.5Hz) 24 38.8 39.8 28.7 38.5 5° 78.7
25 25 81.8 28.4 81.3 27.7 6° 62.4
26 1.19 (s) 26 27.8 23.0 28.7 224 Sugar E 10 106.1
27 1.20 (s) 27 29.0 23.0 28.2 22.4 26 75.4
28 1.16 (s) 28 28.5 28.4 21.4 28.0 36 88.4
29 1.3 (s) 29 17.1 17.1 27.4 16.4 46 70.9
30 1.69 (s) 30 20.7 22.4 16.7 222 56 78.7
Sugar A 1! 105.8 105.7 6° 62.5
2! 83.8 84.0 —-OMe 61.2

NMR spectra were run in CDCl;+ CD30D.
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The literature search on possible types of compounds
produced by these sea animals revealed several reports
about the isolation of lanostane-type triterpenes from sea
cucumbers.”!! The structures were deduced from the
2-D NMR spectra. Comparison of carbon chemical shift
values of 1 with the literature values of known com-
pounds (aglycone of holothurin A!°® and echinoside
glycoside”) suggested that the aglycone of 1 to be iden-
tical to the values reported in the literature for the
compound holothurigenol.® This was further confirmed
using extensive two dimensional NMR experiments.

HMQC was used to establish one-bond carbon—proton
connectivities. Proton—proton connectivities were estab-
lished using HMQC-TOCSY at two different mixing
times (15 and 30ms). The HMQC-TOCSY spectra at
the two mixing times yielded information similar to the
COSY and TOCSY spectra, respectively, but are more
useful in crowded regions of the spectra since the corre-
lations are separated in the second dimension by the
chemical shifts of the carbon resonances. HMBC was
used to establish long-range (2- or 3-bond) carbon-—
proton connectivities. This experiment yielded com-
plementary results to the HMQC, HMQC-TOCSY
experiments by connecting the non-protonated carbons
to the protons. All these experiments confirmed the
structure as in 1. No hydrolysis experiments were per-
formed to identify the sugars separately, due to the lack
of material. Their structures were deduced mainly from
2-D experiments. In compound 1, sugars A and B have
carbon chemical shifts identical to xylo-pyranoside and
quinovo-pyranoside as in holothurin B. However, the
third sugar, a glucose unit is linked to the C4 of the
xylo-pyranoside unit as evident by a cross peak in the
HMBC spectrum. The C4 of the first sugar is also shif-
ted downfield by about 7 ppm, which is consistent with
the structure. The NaO;S- group in holothurigenol has
been replaced by a gluco-pyranoside in 1.

In compound 2, the carbon chemical shifts of the agly-
cone were similar to that of holothurigenol, however the
five membered ring including carbons C21-C25 were
open and C25 was not oxygenated and was a methine
carbon. Further the C17 carbon does not have hydroxyl
group attached to it. The '3C chemical shifts of 2 are
compared with the aglycones of 3-O-[o-L-rhamnopyr-
anosyl (1—2)-B-bD-xylopyranosyl ]-38, 12a, 17a, 20(S)-
tetrahydroxylanost-9(11)-en-18, 20-olide(4)” and agly-
cone of holothurin A(3).'% Aglycone of 2 was identical
to 17-deoxy echinoside B.%* We have previously isolated
echinoside B from another sea cucumber Actinopyga
mauritiana.’® The carbon chemical shifts of first three
sugars xylo-pyranoside, quinovo-pyranoside and gluco-
pyranoside of 2 are consistent with the same three
sugars in 1 and the additional three sugars were gluco-
pyranoside units. The linkages between these gluco-
pyranoside units and the positions of the O-methyl
groups were established from the HMBC spectra. The
carbon chemical shift data are consistent with the link-
age. For example, the C4 of sugar B in compound 2 is
shifted downfield by about 11 ppm, while the C3 of the
sugar C, D, E and F are all shifted downfield by about
10 ppm compared to glucopyranoside in compound 1.

Compounds 1 and 2 showed a K; value of 30 and
5.1 uM, respectively, in the CCR5'? assay. However
they did not show any inhibition at 50 pM in a CXCR2
assay suggesting that these compounds exhibit some
selectivity for CCRS inhibition. This family of com-
pounds has been reported from different groups,®'!
however no biological activity has been reported.
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