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Structure of a New Echinocystic Acid Bisdesmoside Isolated
from Codonopsis lanceolata Roots and the Cytotoxic Activity of
Prosapogenins
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We isolated a new saponin named codonoposide (1) from the roots of Codonopsis lanceolata
(Campanulaceae) and characterized it as 3-O-[3-p-xylopyranosyl(1-3)-3-p-glucuronopyranosyl]-3,16a-
dihydroxyolean-28-oic acid 28-O-[5-b-xylopyranosyl (1-3)-a-L-rhamnopyranosyl (1-2)-a-L-arabinopy-
ranosyl] ester by chemical, physicochemical, and 2DNMR techniques. Complete hydrolysis of 1
produced a sapogenin (1a), and the partial hydrolysis and further isolation afforded two prosapogenins
(1b, 1c). The structures of 1a, 1b, and 1c were found to be 34,16a-dihydroxyolean-28-oic acid
(echinocystic acid, 1a), 3-O-$-p-glucuronopyranoside of 1a, and 3-O-3-b-xylopyranosyl (1-3)-3-b-
glucuronopyranoside of 1a, respectively, on the basis of spectroscopic data. On MTT assay, 1a showed
marginal cytotoxic activity whereas 1b exhibited more cytotoxicity than 1a. However, the bisdesmo-
sylsaponin 1 exhibited no cytotoxicity (ICso>0.3 mM against tested cell lines). This result indicated
that glycoside linkage of glucuronic acid at C-3 enhances the cytotoxicity of sapogenin (1a), and
additive glycosylation of xylose to 1b strongly enhances the cytotoxicity of 3-O-monosaccharides
(1b). Therefore, true forms of codonoposide for the cytotoxicity must be sapogenins or prosapogenins.
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INTRODUCTION

The roots ofCodonopsis lanceolatSieb et. Zucc.) Bentham
et Hooker (Campanulaceae) have been used as an herbal drug
to treat bronchitis, cough, spasm, and inflammation, and as a
tonic crude drug and a vegetablB) (The related herbal drugs
of Korea belonging to the Campanulaceae family include
Platycodon grandiflorunfA. De Candolle Codonopsis pilosula
(Franch) Nannf, anddenophoraspecies, which are taxonomi- 1: R'=B-D-xylopyranosyl (1-3)--D-glucuronopyranosyl
cally related and used for similar purposes (2). The roots of
these plants mainly contain saponins which are assumed to be
active principles. Shin et al3] reported the components of the

R?=B-D-xylopyranosyl (1-3)-a-L-rhamnopyranosyl (1-2)-c.-
L-arabinopyranosyl

essential oil obtained from the roots Gf lanceolata. Mean- la: R'=R’=H
while, sterols and triterpenes have been isolated fEoilosula 1b: R'=p-D-glucuronopyranosyl, R*=H
(4). 1c: R1=B-D-xylopyranosyl (1-3)-B-D-glucuronopyranosyl
We have studied structurectivity relationships on saponins R’=H
(5, 6). In the course of pursuing that relationship, we isolated a Figure 1. Structure of codonoposide (1) isolated from Codonopsis
new saponin codonoposide from the rootsbflanceolataas lanceolata roots and its prosapogenins (1b and 1c) and sapogenin (1a).

shown inFigure 1. Codonoposide itself and its hydrolysates, ) _ _
prosapogenins and a sapogenin, were tested in an MTT assay

for the measurement of cytotoxicity.
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Table 1. 3C NMR Signals (ppm) of Codonoposide (1) Isolated from
the Roots of Codonopsis lanceolata and Its Sapogenin (1a) and
Prosapogenins (1b and 1c) (125 MHz)

carbon 1 la 1b 1c carbon 1 1b 1c
1 39.3 410 386 389 sugar-3

2 27.6 286 282 283 GlcU-1 106.5 1079 106.6
3 89.4 80.1 907 914 2 755 767 753
4 40.5 413 403 407 3 875 797 879
5 56.4 579 574 579 4 694 748 69.4
6 18.0 18.5 185 190 5 757 716 7711
7 32.4 330 326 328 6 1724 1726 1727
8 39.9 40.1 403 407 Xyl 106.5 106.5
9 476 493 487 489 2 75.3 75.3
10 26.6 258 263 266 3 785 78.7
11 24.3 241 254 258 4 713 713
12 1235 1243 1239 1247 5 67.7 67.0
13 1449 1471 1467 1464

14 425 424 429 432 sugar-28

15 36.3 381 376 379 Aral 93.8

16 74.2 76.7 763 763 2 75.8

17 50.0 492 505 510 3 745

18 41.7 434 436 438 4 69.9

19 475 492 487 489 5 68.9

20 313 319 315 318 Rhal 101.1

21 32.4 33.0 326 328 2 72.3

22 337 346 349 3B2 3 83.8

23 28.7 292 289 292 4 73.0

24 18.7 17.6 191 191 5 66.2

25 16.12 169 172 176 6 19.0

26 1752 185 191 191 Xyl 107.0

27 253 271 254 258 2 75.6

28 176.3 1819 1816 1816 3 785

29 339 348 349 352 4 71.4

30 24.4b 195 191 192 5 67.2

ab Values may be interchangeable in the column.

Optical rotations were measured on a JASCO DIP-360 digital pola-
rimeter at 25°C. IR spectra were recorded on a Hitachi 260-01
spectrometer in KBr disks. EIMS (ionization voltage 70 eV) and
FABMS were measured with a JEOL JMS DX-300 spectrométer.
and'3C NMR spectra were taken on a Bruker AM-500 spectrometer
with TMS as an internal standard.

Plant Material and Extraction. C. lanceolatawas collected in
September 2000 at National Alpine Agricultural Experiment Station,

Pyongchang, Korea. The roots of this plant were cut and dried, avoiding

sunlight. The dried roots (2.0 kg) were extracted three times with MeOH
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Acid Hydrolysis of 1. Compoundl (180 mg) was hydrolyzed in
5% HCI solution (MeOH-H,0, 2:8) under reflux for 5 h. After cooling,
the reaction mixture was partitioned with ethyl acetate (EtOAc) and
washed with HO, and the EtOAc fraction was dehydrated with
anhydrous sodium sulfate. The resulting EtOAc fraction was evaporated
in vacuo and subjected to recrystallization from MeOH to ghze
(sapogenin). After neutralization of the aqueous fraction withsNH
OH, the fraction was evaporated in vacuo to give a residue. The
resulting residue was applied to a TLC plate and developed with EtOAc/
MeOH/H,O/AcOH (13:6:3:3). The Rvalues of the product were
identical to those ob-glucuronic acid,b-xylose, L-arabinose, and
L-rhamnose.

Echinocystic acid (1a): Amorphous solid, mp 30809 °C, [o]p*®
+39° (c = 1.0, 95% EtOH). IR (KBr): vmax (cm™) = 3500—3400
(OH) and 1685 (COOH)*H NMR (500 MHz, pyridine-g): 0.86 (3H,

s, H-25), 0.90 (3H, s, H-26), 1.01 (3H, s, H-29), 1.07 (3H, s, H-30),
1.17 (3H, s, H-27), 1.22 (3H, s, H-24), 1.82 (3H, s, H-23), 3.44 (1H,
dd,J=4.2,11.8 Hz, H-3), 3.58 (1H, dd,= 4.2, 9.5 Hz, H-18), 5.24
(1H, brs, H-16), 5.65 (1H, t-like, H-12), 8.69 (1H, s, H-28C NMR
(125 MHz, pyridinees): Table 1. EIMS m/z: 472 (M, CsoH4gOs),
264, 246.

Alkaline Hydrolysis of 1. A part (350 mg) of compound was
partially hydrolyzed in 3% NaOH (MeOHA®, 2:8) under reflux for
50 min. After the reaction mixture cooled, it was acidified with the
addition of 5% HCI. The resulting mixture was partitioned with EtOAc
followed by dehydration with anhydrous sodium sulfate. This fraction
was further chromatographed on silica gel column using the solvent
CHCIly/MeOH/H,O (73:27:10, lower phase) to separate the two
compounds from the mixture. The two corresponding fractions afforded
1b and1cfrom the MeOH solutions, respectively. After neutralization
of the aqueous layer with Ni@H, the fraction was evaporated in vacuo
to give a residue. The resulting residue was applied to a TLC plate
and developed with EtOAc/MeOHA/AcOH (13:6:3:3). The Rralues
of the product were identical to those earabinose,-rhamnose, and
D-xylose.

1b: mp 223-225°C. IR (KBr): vmax (cm™%) = 3408 (OH), 2949
(CH), 1694 (G=0), 1610, 1080, 1028 (glycosidic-€D). *H NMR (500
MHz, pyridine-d): ¢ 0.87 (3H, s, H-25), 0.96 (3k 2, each s, H-26,
H-30) 1.00 (3H, s, H-24), 1.06 (3H, s, H-29), 1.18 (3H, s, H-27), 1.76
(3H, s, H-23), 3.33 (1H, brs, H-3), 5.20 (1H, brs, H-16), 5.62 (1H, brs,
H-12); p-glucuronic acidd 4.98 (1H, d,J = 7.7 Hz, H-1), 4.09 (1H,

m, H-2'), 4.27 (1H, tJ = 8.8 Hz, H-3), 4.46 (1H, m,J = 8.6 Hz,
H-4"), 4.60 (1H, dJ = 9.7 Hz, H-5').23C NMR (125 MHz, pyridine-
ds): Table 1.

1c: mp 267-270°C. IR (KBI): vmax (cm™Y) = 3400 (OH), 2948

(CH), 1704 (G=0), 1608, 1089, 1041 (glycosidic-€D). *H NMR (500

under reflux. The MeOH extract was filtered and evaporated on a rotary MHz, pyridineds): 6 0.82 (3H, s, H-24), 0.87 (3H, s, H-25), 0.91 (3H,
evaporator under reduced pressure to give a viscous mass (390 g) ok, H-26), 1.03 (3H, s, H-30), 1.10 (3H, s, H-27), 1.27 (3H, s, H-29),

MeOH extract. This material was suspended yOHand partitioned
with CHCl,;, EtOAc, and BuOH to give a CHghkoluble fraction (65
g), EtOAc-soluble fraction (32 g), and a BuOH-soluble fraction (70 g)
after being dried in vacuo.

Isolation of Codonoposide.A part of the BUOH-soluble fraction
(10 g) was subjected to column chromatography on silica gel (280 g;
Merck 7734, Darmstadt, Germany). The column was eluted with gHCI
MeOH/H,O (65:35:10, lower phase) and a fraction over the retention
volume of 950 ml=-1420 mL. This fraction was filtered using Sephadex
LH-20 column chromatography, and the fraction containing a major

1.76 (3H, s, H-23), 3.33 (1H, dd-like, H-3), 5.18 (1H, brs, H-16), 5.58
(1H, brs, H-12); sugar moieties5.07 (1H, dJ = 6.8 Hz, H-1), 5.10
(1H, d,J = 7.4 Hz, H-1").%*C NMR (125 MHz): Table 1.

MTT Assay. The in vitro cytotoxicity tests against HL-60, U-937,
and 3LL cell lines were performed essentially according to the method
described previously7). Cells were seeded into 96-well microtiter
plates and incubated overnight. The test samples were dissolved in
dimethyl sulfoxide (DMSQO) and were added in serial dilution (the final
DMSO concentrations in all assays did not exceeded 0.01%). At 24 h
after seeding, 100L of new media or test compounds was added, and

saponin was dried in vacuo. The combined residues were recrystallizedthe plates were incubated for 48 h. Cells were washed once before

in MeOH and resultantly yielded amorphous sdlig850 mg).

Codonoposidel). Amorphous solid; mp 220C; [a]p?°—29.6°. IR
(KBr): vmax(cm™1) = 3433 (OH), 2938 (CH), 1730 ¢(€0), 1078, 1042
(glycosidic C-O).*H NMR (500 MHz, pyridineds): triterpened 0.82
(3H, s, H-24), 0.88 (3H, s, H-25), 1.03 (3H, s, H-29), 1.05 (3H, s,
H-26), 1.15 (3H, s, H-30), 1.25 (3H, s, H-27), 1.77 (3H, s, H-23), 5.61
(1H, brs, H-12), sugar moietie% 3.99 (1H, m, H-2"), 3.89 (1H, m,
H-3""), 4.40 (1H, m, H-2"), 4.40 (1H, m, H-3'), 4.48 (1H, m, H-2),
4.76 (1H, dJ = 7.0 Hz, H-1"""), 5.07 (1H, d J = 6.8 Hz, H-1'), 5.10
(1H, d,J = 7.4 Hz, H-1), 5.12 (1H, brs, H-16), 5.58 (1H, brs, H"1),
1.66 (3H, d,J = 5.7 Hz, H-6""") 6.42 (1H, brs, H1). 3C NMR:
Table 1. FABMS m/z: 1213 ([GoHooO26+Nal*).

adding 50uL of FBS-free medium containing 5 mg/mL (MTT)
concentration. After 4 h incubation at 3¢, the medium was discarded,
and formazan blue formed in the cells was extracted by addind-50
of DMSO. Optical density was measured at 540 nm.

RESULTS AND DISCUSSION

Compoundl of an amorphous solid with mp 22t and
[0]p?°—29.6°C showed a positive LiebermanmBurchard color
reaction. The molecular weight df was 1190 amu from the
calculation ofm/z1213 ([M + Na]") shown on FABMS. The
IR spectrum showed characteristic bands of OH, ester, and
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Table 2. Cytotoxic Activities of Codonoposide (1) and Its Sapogenin
(1a) and Prosapogenins (1b and 1c) against Tumor Cell Lines

ICs0 (MM)2
treatment U937 HL-60 3LL
1 >0.3 >0.3 >0.3
la >0.3 0.185 0.160
1b 0.159 0.061 0.107
1c 0.015 0.030 0.040

2 The values are defined as the concentration which resulted in a 50% decrease
in cell number. The values represent the means of three independent tests in
each cell number.

chain correlated witldc—»~ 75.8 ofL-arabinose on the HMBC
spectrum. Successive attachment of the terntinaflose to the
L-rhamnose was identified by observing the correlation between
oy 4.76 (1H, d,J = 7.0 Hz) of b-xylose anddc 83.8 of the
middle L-rhamnose. Among the three sugarsaabinose,
L-rhamnose, and-xylose), onlyp-xylose showed the linkage
configuration off (J = 7.0 Hz), and the other two possess an
o-configuration from the scale of the coupling constants (all
broad singlets). The assignmentst&€ NMR shown inTable

glycosidic C—O at 3033, 2938, 1730, and 13aMO0 cnt?, 1 were fully aided by*H-'H COSY,H-13C COSY, and HMBC

Figure 2. Structure of codonoposide (1) isolated from C. lanceolata and
COSY (arrow a), HMBC (arrow b), and NOESY correlations (arrow c).

the sugar moieties were shown tosglucuronic acidp-xylose, molecular formula (€HeOz, mw 1190) shown on FABMS
L-rhamnose, and-arabinose on TLC. In thé4 NMR spectrum, confirmed the full structure of codonoposide as showRigure

seven singlet methyl peaks®0.86—1.82, a secondary carbon 1. Furthermore, the assignéC NMR data on sugar chains of
C-16 atd 5.24, and an olefinic proton (H-12) &t5.65 indicated codonoposide were in agreement with the reported dgta Qf the
that it could be aA2-16-hydroxyoleanene derivative. The 3-O-3-D-xylopyranosyl (1-3)5-p-glucuronopyranosyl moiety in
physicochemical data dfawere in agreement with echinocystic ~ Scoparianoside (& and the 289-/5-p-xylopyranosy! (1-3)e.-

acid that has been reported (8). Although Nagao et al. have --thamnopyranosyl (1-2)-a-arabinopyranosyl moiety in ka-
isolated echinocystic acid glycosides frakster tataricus, the ~ lopanaxsaponin | (10), respectively. Therefore, the structure of
sugar chain moieties do not involve a uronic acid. Alkaline 1Wwas determined as G-[3-b-xylopyranosy! (1-3)-fe-glucu-
hydrolysis produced the partial hydrolysates and sugars suchronopyranosyl]-B,16a-dihydroxyolean-28-oic acid 26-[/3-p-

as L-arabinosep-rhamnose, ang-xylose which were shown  Xylopyranosyl (1-3)e-L-rhamnopyranosy! (1-2)-L-arabinopy-

on TLC. Silica gel column chromatography of the partial ranosyl] ester. This is the first report from a natural source.
hydrolysates affordedb and1c. The IR spectral bands &b We have previously reported the structdmytotoxicity
and1c near 1700 cm! indicated that the two compounds are relationship of hederagenin glycosides isolated fiaopanax

the prosapogenins with no sugar moieties at C-28 position. Thepictus(5, 6). Although a number of hederagenin glycosides are
13C NMR spectrum oflb shown in Table 1 indicated b- known, kalopanxsaponin A with the two sugar linkages is
glucuronic acid attachment to echinocystic acidh)( when essential for the cytotoxic and antitumor activity. We acknowl-
compared to the literature data, and the corresponding chemicaledge the linkage of sugar moieties are very important for the
shifts in the!H NMR spectrum are shown in Materials and biological activities, and the kinds of sugar moieties are also

Methods. The sugar linkage configurationoe§lucuronic acid important for the biological degradation in plants or in human
was found to bgs from the scale of coupling constant of -1  intestinal bacteria. It should be emphasized also that linkages
(J = 7.7 Hz). Thus,1b is echinocystic acid ®-5-dD-glucu- of enough sugars at C-28 site are essential for the noncytotox-
ronopyranosidelc was revealed to be @-3-p-xylopyranosyl icity, becauseAl?>oleanene 28 monosaccharides often show
(1-3)3-p-glucuronopyranosy! echinocystic acid By-'H COSY, cytotoxicity (11). Compound. has a characteristic glucuronic

1H-13C COSY, and HMBC NMR spectra. As shown Trable acid as the inner sugar of the bisdesmoside at C-3 site. As shown
1, the terminal xylose was found by observing the chemical in Table 1, 1 does not exhibit any cytotoxicity though it has
shifts 0c 106.5, 75.3, 78.7, 71.3, and 67.0). The anomeric proton the carboxy! inb-glucuronic acid. However, echinocystic acid
of 5-p-xylose ofd 5.07 (J= 7.4 Hz) was shown as coupled to  (18) and echinocystic acid @-glucuronosideXb) showed weak
Oc-3 87.9 of the inner sugar-glucuronic acid on the HMBC cytotoxicity (Table 2), and the latter is more potent than the
NMR spectrum. former. This biological phenomenon is contrasted with the
Compared with théH and'3C NMR assignments dfa, 1b, blocking effect of L-arabinose attachment on hederagenin
andlctogether with data in the literature, the 2DNMR spectral cytotoxicity (6). Additional attachment of the second sugar,
data strongly indicated the attachment of the most inner sugarp-xylose, tolb increased the cytotoxicity. This result indicated
L-arabinose, the termimal xylose, and the necessary middlethat the most active moiety of codonoposide must be attributed
L-rhamnose in a sugar chain at C-28 site. As the HMBC to 1c. It is also presumed that the enzymatic degradation of
correlation was shown iRigure 2, the peak ab 6.42 (brs) of codonoposide is possibly a driving force for the cytotoxicity or
the anomeric proton in most inner sugarafabinose) at the  antifungal effects. Furthermore, the prosapogeninsafidblc)
C-28 site crossed théc 176.3 (C-28) indicating a direct or a sapogenin (1a) could be active principles of the roots of
attachment of -arabinose to C-28. A peak ét5.58 (1H, brs, C. lanceolata Therefore, this result could contribute to the
H-1"") of L-rhamnose in the middle position of the C-28 sugar investigation of the biological significances of this saponin.
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