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Abstract—The methanolic extract from the leaves of artichoke (Cynara scolymus L.) was found to suppress serum triglyceride ele-
vation in olive oil-loaded mice. Through bioassay-guided separation, sesquiterpenes (cynaropicrin, aguerin B, and grosheimin) were
isolated as the active components together with new sesquiterpene glycosides (cynarascolosides A, B, and C). The oxygen functional
groups at the 3- and 8-positions and exo-methylene moiety in a-methylene-y-butyrolactone ring were found to be essential for the
anti-hyperlipidemic activity of guaiane-type sesquiterpene. In addition, inhibition of gastric emptying was shown to be partly

involved in anti-hyperlipidemic activity.
© 2002 Elsevier Science Ltd. All rights reserved.

Introduction

Artichoke (Cynara scolymus L., Compositae) is widely
cultivated in Europe and America and its sprout is eaten
as a vegetable. The leaves of artichoke are used for the
treatment of hepatitis and hyperlipidemia in European
traditional medicine. As various pharmacological activ-
ities of the constituents and extract from the leaves of
artichoke, polyphenols such as cynarin, caffeic acid,
chlorogenic acid, and luteolin were reported to inhibit
oxidative stress generated by reactive oxygen species in
human leukocytes.! Cynaroside inhibited hepatic choles-
terol biosynthesis without affecting hydroxymethyl-
glutaryl (HMG)-CoA reductase activity in rat
hepatocytes® and cynaropicrin inhibited contraction of
rabbit isolated thoracic aorta.? The leaves of artichoke
were also reported in various clinical trials to be effec-
tive for patients with irritable bowel syndrome* and
hyperlipoproteinemia,®> and to show choleretic effects.®

To clarify the anti-hyperlipidemic effect of artichoke, we
examined the effect of methanolic (MeOH) extract and
several components from the leaves of artichoke in olive

*Corresponding author. Tel.: +81-75-595-4633; fax: +81-75-595-
4768; e-mail: shoyaku@mb.kyoto-phu.ac.jp

oil-loaded mice. Furthermore, we also examined the
structural requirements of the active constituents for
anti-hyperlipidemic activity and mode of action.

Anti-Hyperlipidemic Activity of the Methanolic Extract
from the Leaves of Artichoke

The dried leaves of artichoke (1.0 kg, cultivated in Peru)
were extracted with MeOH three times under reflux for
3 h to give MeOH extract (33.1% from the dried leaves).
As shown in Figure 1, the MeOH extract (125-500 mg/
kg, po) significantly suppressed serum triglyceride (TG)
elevation 2h after administration of olive oil. In con-
trast, 6 h after administration of olive oil, increases in
TG level were observed in the groups that received the
extract at doses of 125 and 250 mg/kg. Orlistat, a lipase
inhibitor, completely suppressed the serum TG eleva-
tion at 250 mg/kg. Clofibrate, a hypolipidemic medicine,
also suppressed the TG level at 250 and 500 mg/kg.

Isolation of Cynarascolosides A—C (1-3) from the
Leaves of Artichoke

The methanolic extract was partitioned into ethyl acetate
(AcOEt) and water to give an AcOEt-soluble fraction
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Figure 1. Inhibitory effects of the MeOH ext. from the leaves of artichoke, orlistat, and clofibrate on serum TG elevation in olive oil-loaded mice.
Each sample was administered orally to fasted (20-24 h) mice and olive oil (5 mL/kg) was administered (po) 30 min thereafter. Blood was collected
from the infraorbital venosus plexus 2, 4 and 6 h after olive oil treatment. Serum TG was determined by enzymatic method. Symbols represent the
following, []: non-olive oil treatment, O: control, @: 125mg/kg, A: 250 mg/kg and M: 500 mg/kg. Each value represents the mean+SEM of 7
mice. Asterisks denote the significant differences from the control group at *: P<0.05, **: P<0.01, respectively.

(5.7%) and an aqueous layer. The aqueous layer was
further extracted with n-butanol (n-BuOH) to give an
n-BuOH-soluble fraction (3.9%) and a H,O-soluble
fraction (23.5%). The AcOEt-soluble fraction (250 mg/
kg, po) significantly suppressed the increase in serum
TG 63% (P<0.05) 2h after administration of olive oil.
On the other hand, the n-BuOH and H,O-soluble frac-
tions did not show such effect at a dose of 250 mg/kg.

The AcOEt-soluble fraction was subjected to reversed-
phase column chromatography and HPLC to furnish
principal sesquiterpenes, cynaropicrin (4,” 1.00%), aguerin
B (5,8 0.047%), and grosheimin (6,° 0.18%), together with
luteolin 7-O-B-D-glucopyranoside (8,'° 0.11%). Although
the n-BuOH-soluble fraction did not show the inhibitory
effects, this fraction was also subjected to reversed-phase
and normal-phase column chromatography and finally
HPLC to furnish three new sesquiterpene glucosides
cynarascolosides A (1, 0.062%), B (2, 0.047%), and C
(3, 0.0094%), and three known glycosides 11f,13-dihy-
drodesacylcynaropicrin  8-B-D-glucoside (7,'! 0.11%),
luteolin  7-O-B-D-glucopyranoside 8 (0.055%), and
luteolin 7-O-rutinoside (9,'> 0.093%) (Chart 1).

Absolute Stereostructures of Cynarascolosides A—C (1-3)

Cynarascoloside A (1), was isolated as colorless plates
of mp 246248 °C (MeOH) with negative optical rota-
tion ([oc]lz)7 —43.7°). The positive- and negative-ion FAB-
MS of 1 showed quasimolecular ion peaks at m/z 857
CM+H)", 429 M+H)*, 855 2M-H)~, and 427 (M-
H)~, and high-resolution MS analysis of the quasimo-
lecular ion peak (M+H)™" revealed the molecular for-
mula of 1 to be C,;H3,09. The IR spectrum of 1 showed
absorption bands at 3436 and 1717 cm™! ascribable to
hydroxyl and y-lactone functions. Acid hydrolysis of 1
with 1 M HCI furnished D-glucose, the signals of which
were identified by HPLC analysis using optical rotation
detector.'? Enzymatic hydrolysis of 1 with B-glucosidase
liberated a new aglycon named cynarascolide (1a). The

'H NMR (CsDsN) and '3C NMR (Table 1) spectra of 1
and 1la, the signals of which were assigned by various
NMR experiments,!* suggested the presence of two
methyls [1: & 1.47 (d, J=6.7Hz, 15-H3), 1.85 (d,
J=17.0Hz, 13-H3), 1a: 5 1.50 (d, J=6.7 Hz, 15-H3), 1.70
(d, J=7.0Hz, 13-H3)], two methylenes [1: & 1.90 (br dd,
J=10.7, 13.1Hz, 2B-H), 2.06 (br dd, J=7.0, 13.1 Hz,
20-H), 2.31-2.37 (m, 9a-H), 3.52 (dd, J=4.0, 12.3 Hz,
9B-H), 1a: 6 1.94 (br dd, /=10.7, 13.1 Hz, 2B-H), 2.11 (br
dd, J=17.0, 13.1 Hz, 20-H), 2.41 (br d, /= 12.1 Hz, 9a-H),
3.02 (dd, J=4.1, 12.1 Hz, 9B-H)], an exo-methylene [1: &
4.99, 5.23 (both s, 14-H,), 1a: 56 4.97, 5.00 (both s, 14-H,)],
five methines [1: 6 2.12 (m, 4-H), 2.31-2.37 (m, 5, 7-H),
298 (qd, J=7.0, 11.0Hz, 11-H), 3.43 (br dd, J=7.0,
10.7Hz, 1-H), 1a: 6 2.13 (m, 4-H), 2.22 (br dd, J=9.8,
10.4Hz, 7-H), 2.38 (m, 5-H), 2.80 (qd, /=7.0, 11.3Hz,
11-H), 3.49 (1H, br dd, J=7.0, 10.7 Hz, 1-H)], and three
oxygenated methines [1: 6 3.90 (dd, /=10.1, 10.1 Hz,
6-H), 3.96 (br dd, /=4.0, 10.1 Hz, 8-H), 4.31 (br s, 3-H),
la: & 3.85 (br d, J=9.8Hz, 8-H), 3.88 (dd, /=10.1,
10.4 Hz, 6-H), 4.33 (br s, 3-H),] together with a B-D-gluco-
pyranosyl moiety {3 [4.40 (dd, J=5.5, 11.6 Hz), 4.59 (dd,
J=2.1,11.6 Hz), 6'-H,], 5.07 (d, J=7.6 Hz, ’-H)} in 1.

As shown in Figure 2, the planar structure of the agly-
con moiety and position of a glucoside linkage in 1 were
constructed on the basis of 'H-'H COSY and HMBC,
which showed long-range correlations between the fol-
lowing protons and carbons: 13-H; and 7, 11, 12-C;
15-Hs and 3, 4, 5-C; 14-H, and 1, 9-C; 2-H,, 9-H,, 1-H and
10-C; 11-H and 12, 13-C; 4, 5-H and 15-C; 7-H and 13-C;
8-H and 1’-C; 1’-H and 8-C. The relative stereostructure of
aglycon (la) in 1 was characterized by the NOESY
experiment, in which NOE correlations were observed
between the following protons: 3-H and 2, 4-H; 6-H
and 4, 11-H; 8-H and 98, 11-H; 5-H and 1, 11-H, 15-Hj;
1-H and 2a-H; 7-H and 13-Hj; (Figs. 2 and 3).

Finally, its absolute stereostructure was determined
using X-ray crystallographic analysis of the D-glucoside
(1) as shown in Figure 4.3
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cynarascolide (1a)

cynaropicrin (4) : R= OH grosheimin (6) 11B,13-dihydrodesacylcynaropicrin
8-B-D-glucoside (7): R =Glc
Q 7a:R=H
aguerin B (5) :R= )JW]/
luteolin 7-O-B-D-glucopyranoside (8) luteolin 7-O-rutinoside (9) dehydrocostus lactone (10)

Glc : B-D-glucopyranosyl
Rut : o-L-rhamnopyranosyl(1—6)-B-D-glucopyranosyl

Chart 1. Constituents from the leaves of artichoke and their related compounds.

Table 1. 1’C NMR data of cynarascolosides A-C (1-3), cyna- Cynarascoloside B (2) was obtained as.colorless. needlqs
rascolide (1a), and 2b of mp 236-239 02(73 (aqueous MeOH) with negative opti-
cal rotation ([a]p —9.7°) and its IR spectrum was simi-

1 2 ¥ 1a“ 2b° lar to that of 1. The molecular formula C,;H3,04 of 2,

C-1 455 49 399 45.5 406 which was the same as 1, was characterized from the
C-2 39.7 39.3 43.7 39.8 428 positive- and negative-ion FAB-MS [m/z 857
c3 Mso TS 26 S 276 OM+H)*, 429 (M+H), 855 2M-H)-, and 427 (M-
5 50.9 513 514 50.8 528 H)] and by high-resolution MS measurement. Hydro-
gg 2;(1) ?2 égi 55%? Zgz lysis of 2 with 1 M HClI also furnished D-glucose,'? while
; : : : : : a known sesquiterpene isolipidiol (2a)'® was obtained by
oo s i e e enzymatic hydrolysis. The 'H NMR (CsDsN) and 3C
(Cj{(l) 132.(8) 132.3 13?? 13% 1;9@ NMR (Table 1) spectra'# of 2 showed signals due to an
- ~ : ' ~ > aglycon (isolipidiol) moiety [6 1.42 (d, J=6.7Hz, 15-
o e e e e TEhe HL) 185(d, J=7.0Hz, 13-Hy), 1.92-2.02 (m, 2B, 5-H),
C-14 113.9 114.6 1143 1132 118.1 2.17 (m, 4-H), 2.20 (br dd, J=6.4, 12.5Hz, 20-H), 2.31
C-15 15.8 18.7 14.6 158 14.63* (ddd, J=9.8, 10.1, 10.7Hz, 7-H), 2.36 (dd, J=10.1,
Gle-1’ 105.5 105.5 105.6 12.4Hz, 9a-H), 2.74 (br dd, J=7.0, 10.4 Hz, 1-H), 2.97
g}gzgj ;g-f ;g-f ;g-f (qd, J=7.0, 10.7Hz, 11-H), 3.48 (dd, J=4.0, 12.4Hz,
Glot/ 717 717 17 9B-H), 3.90 (br dd, J=6.4, 7.6Hz, 3-H), 3.95 (ddd,
Gle-5' 78.6 78.6 78.6 J=4.0,9.8, 10.1 Hz, 8-H), 3.99 (dd, /=10.1, 10.1 Hz, 6-
Gle-¢/ 62.9 629 629 H), 5.11, 5.23 (both s, 14-H,)] and a B-D-glucopyranosyl
Measured in “CDCls, *CsDsN at 125 MHz. moiety {6 [4.40 (dd, J=5.5, 11.6Hz), 4.59 (dd, J=1.8,

*May be interchangeable in the same column. 11.6 HZ), 6/-H2], 5.06 (d, J=T7.6Hz, 1/-H)}. Further-
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— 'H-'"H COSY
— ~HMBC

Figure 2. 'H-'H COSY and HMBC correlations of cynarascolosides A-C (1-3).

more, in the HMBC experiment of 2, long-range corre-
lations were observed between the 1’-proton of the -D-
glucopyranosyl moiety and the 8-carbon of the aglycon
moiety and between the 8-proton and the 1’-carbon,
respectively. Furthermore, comparison of the 3C NMR
data of 2 with that of 2a revealed a glycosidation shift
around the 8-position. On the basis of this evidence, the
structure of cynarascoloside B was suggested to be iso-
lipidiol 8-O-B-D-glucopyranoside (2).

To confirm the absolute stereostructure, 2 was treated
with pyridinium chlorochromate (PCC) to furnish the
3,8-diketone derivative (2b), which was obtained by
PCC oxidation of la. On the basis of the above evi-
dence, the absolute stereostructure of cynarascoloside B
(2) was determined.

Cynarascoloside C (3), isolated as a white powder with
positive optical rotation ([oc}lz)7 +30.8°), gave the quasimo-
lecular ion peaks at m/z 853 CM +H)*, 427 M +H) ™,
851 2M-H), and 425 (M-H)~ in the positive- and nega-
tive-ion FAB-MS and the molecular formula was defined
as C,1H3,09 from the high-resolution MS analysis. The IR
spectrum of 3 showed absorption bands ascribable to
hydroxyl (3424 cm~!) and carbonyl (1732 cm~!) functions.
Acid hydrolysis of 3 liberated D-glucose,'? while enzymatic
hydrolysis of 3 furnished isoamberboin (3a).!” The 'H
NMR (CsDsN) and '*C NMR (Table 1) spectra!* of 3
showed signals due to an isoamberboin moiety [3 1.29 (d,
J=7.3Hz, 15-Hy3), 1.84 (d, J=7.0 Hz, 13-H3), 2.15 (br dd,
J=9.2,9.5Hz, 5-H), 2.28 (m, 4-H), 2.43 (br d, /= 18.9 Hz,
2B-H), 2.49 (br d, J=12.7Hz, 9a-H), 2.52 (dd, J=8.8,
18.9 Hz, 20-H), 2.59 (ddd, /=9.5, 10.1, 10.1 Hz, 7-H), 3.04
(dd-like, 1-H), 3.15 (qd, /=7.0, 10.1 Hz, 11-H), 3.42 (dd,
J=15.3, 12.7Hz, 9B-H), 391 (dd, J=9.2, 9.5Hz, 6-H),
4.02 (m, 8-H), 4.68, 5.06 (both s, 14-H,)] and a B-D-glu-
copyranosyl moiety {6 [4.4]1 (dd, J=5.5, 11.4Hz), 4.60
(dd, J=1.5, 11.4Hz), 6/-H,], 5.06 (d, J=7.6Hz, 1’-H)}.
The HMBC experiment on 3 showed long-range corre-
lations between the anomeric proton of the glucopyr-
anosyl moiety and the 8-carbon, and the 8-proton and the
1’-carbon of the glucopyranosyl moiety, respectively. This
spectral evidence revealed that the glucopyranosyl moiety
in 3 was attached to the 8-hydroxyl group of 3a. Conse-
quently, cynarascoloside C was determined to be iso-
amberboin 8-O-B-D-glucopyranoside (3).

H31

Figure 4. X-ray crystallographic analysis of cynarascoloside A (1).
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Structural Requirements of the Active Constituents for
Anti-Hyperlipidemic Activity and Mode of Action

We examined the anti-hyperlipidemic activity of the
principal constituents from the leaves of artichoke. As
shown in Figure 5, the sesquiterpene constituents (4-6)
significantly suppressed serum TG elevation at 50 and
100 mg/kg during the ecarly stage (2h after olive oil
administration). The activity of cynaropicrin (4), a
principal sesquiterpene in artichoke, was the most

potent among them. On the other hand, sesquiterpene
glycosides (1, 2, and 7) did not suppress serum TG ele-
vation. The flavone glycosides, luteolin 7-O-B-D-gluco-
pyranoside (8) and luteolin 7-O-B-D-rutinoside (9),
showed moderate suppressive effects at 50 and 100 mg/
kg, but not significant at 2h after administration of
olive oil.

To clarify the essential structure of sesquiterpene for anti-
hyperlipidemic activity, the activity of dehydrocostus

- cynarascoloside A (1) E cynarascoloside B (2) e cynaropicrin (4)
3 600 600
=
? . 4
~— 400 400
o
j 4 .
g 200 200+
=
[
197 . 4
0 T T T 0 T T 0 T T T
2 4 6 2 4 6 2 4 6
Time after olive oil administration (h)
- aguerine B (5) - grosheimin (6) - 7
3 600+ 600 600
g
— 4004 400 4004
&)
2 . | 4
£
= 200 200+ . 200
s ok
» . - s 4
0 ——T 0 —— 0 ——
2 4 6 2 4 6 2 4 6
Time after olive oil administration (h)
- 7a E luteolin 7-O-B- E luteolin 7-O-rutinoside (9)
D-glucopyranoside (8)
3 600+ 600 600
=
) - . -
£
~ 400 400 400
o
= a i -
£
= 200 wk ) 200 200
b il sk
@ . u 4
0 T T T 0 T T T 0 T T T
2 4 6 2 4 6 2 4 6

Time after olive oil administration (h)

5 dehydrocostus lactone (10)

Serum TG (mg/dL)
b3
=
1

2 4 6
Time after olive oil administration (h)

Figure 5. Inhibitory effects of constituents from the leaves of artichoke on serum TG elevation in olive oil-loaded mice. Symbols represent the fol-
lowing, [J: non-olive oil treatment, O: control, @: 50 mg/kg and A: 100 mg/kg. Each value represents the mean+SEM of 4-7 mice. Asterisks
denote the significant differences from the control group at *: P<0.05, **: P<0.01, respectively.
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Figure 6. Inhibitory effects of the MeOH ext. from the leaves of artichoke, cynaropicrin (4), aguerin B (5), grosheimin (6), and clofibrate on GE in
olive oil-loaded mice. Each sample was administered orally to the mice. Thirty minutes later, olive oil containing 0.05% phenol red was administered
orally at 0.15mL/mouse. Thirty mininutes later, the stomach was removed and the quantity of phenol red was determined. Each column represents
the mean with SEM of 4-6 mice. Asterisks denote significant differences from the control at *: P<0.05, **: P<0.01.

lactone (10) from bay leaf'’® and 11B,13-dihydro-
desacylcynaropicrin (7a), aglycon of 7, were exam-
ined.!® Dehydrocostus lactone (10, 50 and 100 mg/kg)
slightly suppressed serum TG elevation at 2h after
administration of olive oil, however, the effect was
weaker than those of 4-6. The effect of 7a was also
decreased at 50 and 100 mg/kg. These results suggest
that the oxygen functional group and exo-methylene
moiety in a-methylene-y-butyrolactone ring are essential
for the anti-hyperlipidemic activity of sesquiterpene.

Next, we examined the effects of the MeOH extract and
sesquiterpene constituents (4-6) from the leaves of arti-
choke on gastric emptying (GE) in olive oil-loaded
mice. The MeOH extract significantly suppressed GE
from 125 to 500mg/kg in a dose-dependent manner.
The sesquiterpene constituents (4-6), which suppressed
serum TG elevation, also significantly inhibited GE at
the same doses (50 and 100 mg/kg). On the other hand,
clofibrate did not affect GE even at a high dose (500 mg/
kg) (Fig. 6). The MeOH extract and its constituents
were found to show no or less activity on pancreatic
lipase activity and fatty acid translocation in Caco-2 cells
layer in vitro (data not shown). These results suggest that
inhibitions of GE by the MeOH extract and constituents
(4-6) are involved in the suppression of serum TG.

In conclusion, the MeOH extract from the leaves of
artichoke was found to exhibit anti-hyperlipidemic
activity based on suppression of GE. Cyanopicrin (4),
aguerin B (5), and grosheimin (6) were isolated as anti-
hyperlipidemic compounds and the oxygen functional
groups at the 3- and 8-positions and exo-methylene
moiety in o-methylene-y-butyrolactone ring were essen-
tial for the activity of guaiane-type sesquiterpene.
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