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The preventive effect of natural xanthanolides as well as a series of synthetic derivatives on ulcer formation induced by absol
n rats was examined. Among the compounds tested, xanthatin gave the strongest protective activity. The inhibitory action exer

olecule on the lesions induced by 0.6N HCl and 0.2N NaOH was highly significant, reducing ulceration in the range of 58–96%
rom 12.5 to 100 mg/kg. These results appear to confirm that the presence of a non-hindered�,�-unsaturated carbonyl group seems to b
ssential structural requirement for the gastric cytoprotective activity of these compounds. In order to explore this possibility, a
onformational analysis was performed. We suggest that the mechanism of protection would involve, at least in part, a nucleoph
f the sulfhydryl group from the biological molecules present in the gastric mucosa to electrophylic carbons accessible in suitab
cceptors.
2005 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

The genusXanthium (Asteraceae, Heliantheae) is repre-
ented by a relatively limited number of species distributed
n nearly all parts of the world. The chemistry of this genus is
ery uniform and sesquiterpenes having xanthanolide skele-
on have been reported in all phytochemical studies (Riscala
t al., 1994). SomeXanthium species are reputed in the treat-
ent of fever, leucoderma, and herpes (Saxena and Mondal,
994). On the other hand, xanthanolide sesquiterpenes have
hown several biological activities such as anti-bacterial to-
ard methicillin-resistantStaphylococcus aureus (Sato et al.,
997), and cytotoxic activity toward human cancer cell lines
Kinghorn et al., 1999).

∗ Corresponding author. Fax: +54 2652 426711.
E-mail address: ctonn@unsl.edu.ar (C.E. Tonn).

Xanthium strumarium L. fruits are used in traditional Ch
nese medicine for the treatment of sinusitis, rheumatism
skin pruritus; from this source a novel thiazinedione der
tive has been reported (Ma et al., 1998). On the other hand
ethanolic extracts prepared from leaves of the same sp
showed trypanocidal activity in vitro; although in vivo tria
the extract proved to be toxic (Talakal et al., 1995). Xanthium
spinosum L., known as “cepa caballo”, “abrojo chico” in A
gentina or “clonqui” in Chile is used in ethnomedicine
treat digestive disorders due to its reputed anti-inflamma
choleretic and anti-espasmodic properties (Alonso, 1998). In
Argentina, some commercial herbal medicines contain a
parts of this plant mixed with other species such asBac-
charis articulata (Lam.) Pers.,Baccharis crispa Sprengel
Mentha piperita L., andEquisetum giganteum L. Infusions
of this herbs blend are commonly used for their diges
properties. The sesquiterpene pattern previously reporte
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Table 1
Gastroprotective effect of a single oral dose of compounds1–10 (100 mg/kg) and omeprazole (60 mg/kg) on EtOH-induced lesions in ratsa

Compound Structure Ulcer index Inhibition (%) Compound Structure Ulcer index Inhibition (%)

1 0.12± 0.06∗ 97 6 1.00± 0.28∗ 79

2 0.87± 0.12∗ 82 7 4.66± 0.16 2

3 0.62± 0.37∗ 87 8 0.33± 0.16∗ 93

4 1.33± 0.16 74 9 3.66± 0.66 23

5 0.40± 0.18 92 10 4.80± 0.12 0

Omeprazole – 3.00± 0.28∗ 37 CMC + EtOH – 4.75± 0.11 –

All values were expressed as mean± S.E.M. Statistical analysis was carried out by an unpaired Student’st-test.
a CMC (carboxymethylcellulose) + EtOH served as the control.
* p < 0.001 significant differences from the control.
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Xanthium spinosum (Omar et al., 1984; Abdei-Mogib et al.,
1991) is close to that found by us forXanthium cavanillesii
Schouw [=Xanthium strumarium var.canadense (Mill.) Torr
and Gray], and here reported.

Hemostatic, vermifuge, anti-inflammatory and detoxi-
cation properties of plant containing xanthanolides, and
other sesquiterpenes, i.e. fromCarpesium longifolium (Aster-
aceae), has been reported (Yang et al., 2003). Taking into ac-
count the central role that plays the�-butirolactone moiety of
some bioactive sesquiterpene lactones, the asymmetric syn-
thesis of this functionality has been recently reported (Nosse
et al., 2003).

A number of factors such as stress, chemical agents
(ethanol, tobacco), bile salts, hyperosmolar NaCl, drugs (non-
steroidal anti-inflammatory agents), may lead the gastroduo-
denal ulcer causing damage of the mucosa by a complex
biologic process. The ulcer in the stomach or the duodenum
seems to be an enigmatic interaction of several local changes
and central nervous factors (Yetkin et al., 2004).

In an extensive research on the development of new anti-
ulcer molecules from plant products, we have found that the
guaianolide dehydroleucodine, isolated fromArtemisia dou-
glasiana Besser (Asteraceae), shows a cytoprotective effect
and significantly prevents the gastric ulceration induced by
various necrotizing agents (Giordano et al., 1992; Marı́a et
al., 1998). From these studies it has been demonstrated that
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tical rotations were measured on a Perkin-Elmer 341 po-
larimeter. All column chromatography were performed on
Si gel G 70-230 mesh and Kieselgel 60 H using mixtures of
n-hexane:EtOAc in increasing polarity as eluent. TLC was
carried out on Si gel 60 F254 (0.2 mm-thick plates) using
C6H6:1,4-dioxane:AcOH (30:5:1) as solvent. The terpene-
containing fractions were detected by AcOH:H2SO4:H2O
(4:20:1) spray reagent followed by 150◦C oven heating.

2.2. Plant material

Xanthium cavanillesii Schouw was collected in El Volcan,
Dpto. La Capital, San Luis, Argentina, in March 2002, and
was identified by Prof. Luis A. Del Vitto. A herbarium sample
is available from the Herbario of the Universidad Nacional
de San Luis (voucher 8985-UNSL).

2.3. Extraction and isolation

The air-dried aerial parts of this plant (4.8 kg) were ex-
tracted with Me2CO (three times) at room temperature for
5 days. The extract was concentrated in vacuum and the re-
sultant dark brown syrup (560 g) was dissolved in a mixture
of MeOH:H2O (9:1), filtered, and extracted withn-hexane
in order to remove pigment and fatty materials. The hydro-
alcoholic solution was diluted with HO (7:3) and then ex-
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he�-methylene-�-butyrolactone ring, presented in a se
f sesquiterpene lactones and synthetic related comp
aving a common Michael acceptor, plays a key role in
ioactivity (Maŕıa et al., 2000).

Taking into account that the xanthanolide sesquiterp
ossess this kind of bioactive functionality, we enga

he isolation of sesquiterpenes fromXanthium cavanillesii
chouw. A previous phytochemical study of this species

ected in Catamarca (Argentina) indicated that five s
mbrosanolides (xanthanolides) are present in this
Riscala et al., 1994). The present study, which was develo
sing a plant samples collected in other phytogeograp
egion, reveals some differences in the secondary metab
attern.

In an attempt to establish the structural requirement
he gastric cytoprotective activity of the isolated xantha
ides and chemical derivatives (Table 1), a structure-activit
tudy was carried out.

. Materials and methods

.1. General procedures

The 1H NMR spectra were recorded at 200.13 MHz
Bruker AC 200 instrument with TMS as internal st

ard. The13C NMR spectra were obtained with the same
truments at 50.23 MHz. Two-dimensional experiments w
btained using standard Bruker programs. IR spectra
ecorded on an FT-IR Nicolet Protéǵe 460 spectrometer. O
2
racted with CHCl3. After evaporation of the solvents the
ulting residue was fractionated by repeated flash chrom
aphy, and column chromatography. These purification
iques yielded xanthatin compounds1 (3.8 g) (Omar et al.
984; Marco et al., 1993), 2 (1.9 g) (Omar et al., 1984
alik et al., 1993; Marco et al., 1993), 3 (950 mg) (Bohlmann
t al., 1978; Marco et al., 1993), 4 (320 mg) (Marco et al.
993), and5 (253 mg) (Bohlmann et al., 1981). All spectra
nd physical data were in agreement with those previo
eported.

.4. Chemical derivatives

.4.1. Compound 6
Compound 1 (200 mg, 0.81 mmol) was mixed wi

5.7 mg (1.21 mmol) of NaOMe in MeOH (2 ml) and l
or 2 h at room temperature under stirring. After this t
he mixture was neutralized using diluted HCl, and 5 m
ater were added to the crude. The hydroalcoholic l
as extracted twice with Et2O and the organic phase w
ashed with aqueous Na2CO3, dried over anh. Na2SO4 and
oncentrated under vacuum. After purification by colu
hromatography, some 140 mg of the derivative6 (as C-11
pimeric mixture) was recovered.

Compound6. Colourless oil; IRνKBr
max: 2933, 1778 (�-

actone C O), 1670 (ketone CO), 1459, 1359, 1257, 118
095, 981 cm−1; 1H NMR (CDCl3, 200 MHz) δ 7.05 (1H,
, J = 15.0, H-2), 6.31 (1H, dd,J = 8.6, 3.0 Hz, H-5), 6.2
1H, d,J = 15.0, H-3), 4.28 (1H, ddd,J = 10.0, 10.0, 3.0 Hz
-8), 3.71 (2H, m, H-13), 3.39 (3H, s, OMe), 3.05 (1H,
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H-10), 2.81 (1H, m, H-6a), 2.55 (1H, m, H-11), 2.35 (2H, t,
J = 1.5 Hz, H-9), 2.32 (3H, s, H-15), 2.12 (2H, m, H-6b and
H-7), 1.20 (3H, d,J = 6.0 Hz, H-14);13C NMR (CDCl3) δ

18.5 (C-14), 27.7 (C-15), 28.4 (C-6), 28.9 (C-10), 36.1 (C-
9), 46.1 (C-7), 47.4 (C-11), 59.2 (O-Me), 69.1 (C-13), 81.4
(C-8), 124.4 (C-5), 139.2 (C-3), 144.4 (C-1), 148.5 (C-2),
175.4 (C-12), 198.5 (C-4).

2.4.2. Compound 7
This derivative was prepared by reduction of the xanthano-

lide 2. Some 400 mg (1.28 mmol) of compound2 were dis-
solved in MeOH (5 ml) and 32 mg (0.84 mmol) of NaBH4
were added. After stirring for 5 h the reaction was quenched
using aqueous diluted HCl, concentrated under vacuum and
diluted with water. The crude was extracted twice with Et2O
and the organic layer was washed with water, and dried with
anh. Na2SO4. After evaporation the residue was purified
by column chromatography. Some 310 mg of compound7
were obtained. Compound7. Colorless oil. IRνKBr

max: 1770
(C O), 1450, 1378, 1224, 1186, 979.6, 852.4 cm−1; 1H NMR
(CDCl3, 200 MHz)δ 5.85 (1H, dd,J = 8.6, 3 Hz, H-5), 4.31
(3H, m, H-2, H-4 and H-8), 4.13 (1H, m, H-4), 2.65 (1H,
m, H-10), 2.32 (2H, m, H-7 and H-9b), 2.08 (2H, m, H-6),
1.68 (2H, m, H-3), 1.60 (2H, m, H-11 and H-9a), 1.28 (3H,
d,J = 6.0 Hz, H-14), 1.25 (3H, d,J = 6.0 Hz, H-13), 1.20 (3H,
d, J = 6.0 Hz, H-15);13C NMR (CDCl , 50 MHz)δ 12.4 (C-
1 6.2
( 5.5
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58.3 (C-13), 68.3 (C-4), 74.2 (C-2), 82.1 (C-8), 124.1 (C-
5), 148.8 (C-1), 171.4 (C-12), 177.6 (OAc). Five methylene
carbons at 54.7 (2C), 25.8, 24.1 (2C) (piperidin moiety).

2.4.5. Compound 10
This compound was obtained as a side-product during the

previously described epoxidation reaction (see compound
8 preparation). This derivative was the result of the oxi-
rane ring opening due to a nucleophilic attack of them-
chlorobenzoate ion on the�-epoxide (8). Compound10. Col-
orless oil. IRνKBr

max: 3450 (OH), 2950, 2800, 1750 (CO), 1780
(�-lactone C O), 1410, 1290, 1150 (COH), 750 cm−1. 1H
NMR (CDCl3, 200 MHz)δ 7.40–7.90 (m, four aromatic pro-
tons), 7.71 (1H, d,J = 9.0 Hz, H-2), 6.22 (1H, d,J = 1.0 Hz,
H-13b), 5.71 (1H, d,J = 9.0 Hz, H-3), 5.59 (1H, d,J = 1.0 Hz,
H-13a), 5.32 (1H, t,J = 1.0, 0.5 Hz, H-5), 4.01 (1H, ddd,
J = 10.0, 10.0, 3.0 Hz H-8), 3.23 (2H, m, H-7 and H-10), 2.49
(1H, dt,J = 13.5, 1.0, 0.5 Hz, H-6b), 2.19 (3H, s, H-15), 2.03
(2H, m, H-9), 1.53 (1H, m, H-6a), 1.25 (3H, d,J = 6.0 Hz,
H-14); 13C NMR (CDCl3, 50 MHz) δ 20.0 (C-14), 20.8 (C-
15), 26.1 (C-10), 37.9 (C-6), 39.1 (C-7 and C-9), 66.6 (C-5),
82.5 (C-8), 86.8 (C-2), 119.1 (C-3), 120.9 (C-13), 139.3 (C-
11), 152.2 (C-1), 168.7 (C-4), 170.3 (C-12) [127.9, 129.8
(two carbons), 130.5, 133.7, 134.6, 163.4;m-chlorobenzoyl
moiety].
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4), 19.1 (C-15), 23.4 (C-13), 26.2 (C-6), 29.9 (C-10), 3
C-9), 41.5 (C-7), 42.5 (C-3), 51.5 (C-11), 65.5 (C-4), 7
C-2), 82.2 (C-8), 123.2 (C-5), 150 (C-1), 178.6 (C-12).

.4.3. Compound 8
To 200 mg (0.81 mmol) of compound1 dissolved in 10 m

f CHCl3, m-chloroperbenzoic acid (181.1 mg, 1.05 mm
nd NaHCO3 (50 mg, 0.59 mmol), were added. After stirri

or 24 h, the usual work and column chromatography pu
ation afforded 120 mg of the�-epoxide derivative (8) and
6 mg of the�-diastereomer. All spectral and physical d
ere identical with those previously reported (Omar et al.
984; Marco et al., 1993).

.4.4. Compound 9
To a stirring solution of compound2 (200 mg, 0.64 mmo

n 20 ml of CH2Cl2 under argon at room temperature, pip
ine was added (66 mg, 0.76 mol). After 12 h the solvent
vaporated under vacuum and the residue was subjec
olumn chromatography purification. Some 180 mg of c
ound9 were recovered as a C-11 epimeric mixture.

Compound9. Colorless oil.1H NMR (CDCl3, 200 MHz)
5.78 (1H, dd,J = 9.0, 3.0 Hz, H-5), 5.18 (1H, dd,J = 7.0,
.0 Hz, H-2), 4.30 (1H, ddd,J = 12.0, 10.0, 3.0 Hz, H-8), 3.9
1H, ddq,J = 8.0, 4.0, 6.0 Hz, H-4), 2.78 (1H, m, H-10), 2.
1H, m, H-13b), 2.44 (1H, m, H-13a), 2.11 (3H, s, OA
.45–1.80 (10 H, m, CH2 piperidin moiety), 1.28 (3H, d
= 6.0 Hz, H-15), 1.23 (3H, d,J = 7 Hz, H-14);13C NMR
CDCl3, 50 MHz) δ 19.2 (C-14), 20.6 (C-15), 21.2 (OAc
9.8 (C-10), 29.4 (C-6), 36.4 (C-9), 42.6 (C-3), 44.1 (C-
.5. Biological experiments

.5.1. Animals
Male Wistar rats, weighing 200–250 g were employ

nimals were provided with standard food and water
ibitum and were maintained at a constant tempera
22± 1◦C) and humidity of 55± 5%. The animals were ra
omly assigned to different groups (n = 5–8), and a period o
days was allowed for adaptation before each experim
ll experiments were in compliance with the ANMAT n
344/96 for animals care guideline. The animals were
rived of food for 24 h prior to starting the experiments
ad free access to water.

.5.2. Induction of gastric lesions
Gastric lesions were produced according to the meth

obert et al. (1979). Wistar rats were fasted for 24 h and w
oused in wire mesh-bottomed cages throughout the stu
revent coprophagy. Absolute ethanol (1 ml) administ
rally was employed as the necrotizing agent, and 1 h

he animals were decapitated. The stomachs were rem
pened along the greater curvature, and washed gently
aline solution. The degree of erosion in the glandular pa
he stomach was assessed from a scoring system desig
arazzi–Uberti and Turba from 0 (no erosions) to 5 (maxi
amage) (Giordano et al., 1992). The results were express

n terms of an ulcer index, which is the average severit
rosions per rat for each group. Compounds were pre

ust before the experiment (100 mg/kg), suspended in 0
arboxymethyl cellulose (CMC) and were given 60 min p
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Table 2
Effect of xanthatin (Xant.) (compound1) on gastric ulcers induced by different necrotizing agents (0.6N HCl and 0.2N NaOH) in Wistar rats

Treatment Xanthatin dose (oral, mg/kg body weight) Ulcer index Percentage inhibition of ulceration

HCl (control) 0 4.50± 0.26 –
HCl + Xant. 6.25 3.75± 0.25 17
HCl + Xant. 12.50 1.87± 0.23** 58
HCl + Xant. 25.00 0.60± 0.10** 96
HCl + Xant. 50.00 0.50± 0.20** 97
HCl + Xant. 100.00 0.87± 0.37** 94
NaOH (control) 0 4.50± 0.22 –
NaOH + Xant. 6.25 3.83± 0.44 15
NaOH + Xant. 12.50 1.87± 1.04∗ 58
NaOH + Xant. 25.00 0.40± 0.18** 91
NaOH + Xant. 50.00 0.30± 0.12** 93
NaOH + Xant. 100.00 0.16± 0.16** 96

All values were expressed as mean± S.E.M.
* p < 0.01 significant differences from the control.

** p < 0.001 significant differences from the control.

to the necrotizing agent. Omeprazole was administered p.o.
at a dose of 60 mg/kg. The control rats were given CMC and
1 ml absolute ethanol (p.o.).

2.5.3. Gastric ulcers induced by necrotizing agents
Xanthatin was investigated for its ability to protect the

gastric mucosa against injuries caused by necrotizing agents.
Gastric lesions were produced according to the method of
Robert et al. (1979). Some 1 ml of necrotizing agent (0.6N
HCl or 0.2N NaOH) was administered intragastrically to rats
that had been fasted for 24 h with access to water ad libi-
tum. Xanthatin was given intragastrically 60 min before the
necrotizing agents. The animals were killed 1 h after the ad-
ministration of necrotizing agents, and examined for stomach
ulcers. Results are shown inTable 2.

2.6. Statistics

Results are given as mean± S.E.M. The statistical sig-
nificance of the data was evaluated by Student’st-test for
unpaired data andp values lower than 0.05 were considered
significant.

2.7. Computational methods

arlo
m 4),
w , ex-
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m 9;
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Fig. 1. The circles indicates the angles that were varied in the conformational
study of compound1.

Table 3
Energy differences between the two lowest energy comformers for some
natural xanthanolides and chemical derivatives

Compound ��Hf (kcal/mol)

1 0.4925
2 0.2019
3 0.6550
5 0.0255
8 0.9712
10 1.9700

3. Results and discussion

Compounds1–3 (Table 1) showed an important cytopro-
tective activity against ulcer induced by absolute ethanol. The
observed values for both ulcer index, and percentage of ul-
cer inhibition were comparable to those previously reported
for dehydroleucodine (DhL) the most active guaianolide-
type sesquiterpene lactone possessing this kind of bioactivity
(Giordano et al., 1992). It has been reported that the gastric cy-
toprotection might be mediated by at least two different mech-
anisms, one of them through prostaglandin synthesis, and the
second one by increasing the mucosal glycoproteins produc-
tion (Guardia et al., 1994). On the other hand, the cytopro-
tective activity of sesquiterpene lactones has been attributed
to the presence of a non-hindered electrophilic acceptor in
Conformational search was made by the Montec
ethod, using the Merck Molecular Force Field (MMFF9
hich appears to be quite well suited for this purpose
ept when the anomeric effect may lead to significant co
ational preferences. The Spartan’04® (PC Spartan, 199
ungitore et al., 2004) routine allows varying simultaneous
everal dihedral angles even those corresponding to fle
ings. In the case of a ring, “rotation” means that the atom
e “puckered-up” and “puckered-down” (restricted rotati
ig. 1shows, surrounded by a circle, the dihedral angles
ere varied for compound1. The energy of each conform
as calculated using the AM1 semi-empirical method.
ults are shown inTable 3.
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the molecular structure that could interact with sulfhydryl-
containing compounds of the gastric mucosa, namely reduced
glutathione and others (Maŕıa et al., 2000).

Compound1, the most abundant xanthanolide isolated
from Xanthium cavanillesii, shows and exocyclic methylene
group at C-13 conjugated with the lactone carbonyl group
(C-12) as well as a second potential reactive site at C-5 as
part of an�,�,�,�-unsaturated methyl-ketone substructure.
Both C-13 and C-5 (this in minor extension) constitutes elec-
trophilic centers capable of forming Michael adducts by the
addition of nucleophiles as the aforementioned sulfhydryl
groups from the biological molecules presented in the gastric
mucosa.

Although compounds2 and3 only exhibited the C-13 car-
bon as a Michael addition reactive position, from the observed
cytoprotection results the�-methylene-�-butyrolactone is
confirmed as the key functional group responsible of the
bioactivity (Maŕıa et al., 2000).

Previously it has been informed that some�,�-unsaturated
carboxylic acids present a low cytoprotective capacity com-
pared to �-exomethylen-�-butyrolactones (Maŕıa et al.,
2000). From the results obtained when compound4 was as-
sayed, this behavior seemed also to be evidenced in xanthano-
lides. The high ulcer inhibition value showed by compound
5 was in agreement with this general observation.

Compound6 was prepared from the xanthanolide1 by a
m ddi-
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t val-
u in
t d
a rom
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e Y),
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h nu-

cleophilic attack. It has been reported that the presence of
this kind of functionality is in agreement with the loss of
cytoprotective activity (Giordano et al., 1992). Noteworthy,
the 13C NMR spectral data show that the C-2 position in
compound1 (δ = 149.5 ppm) was more deshielded that the
corresponding to compound10 (δ = 86.8 ppm); the chemical
shift of this carbon could be correlated with its electrophyle
properties.

On the other hand, although the�,�-unsaturated-�-lactone
moiety is present, would seem that them-chlorobenzoil group
at C-5 would introduce some stereo-electronic factors that do
not allow its expression as Michael acceptor. These discrep-
ancies may have been caused by different conformational
flexibility. In this sense it has been reported that the increase
of the molecular flexibility enhance the possibility of reacting
with sulfhydryl groups (Beekman et al., 1997).

In order to explore this possibility, a theoretical confor-
mational analysis was performed with a Montecarlo method
using the Merck Molecular Force Field (MMFF94) includes
in the Spartan’04® software (PC Spartan, 1999; Pungitore et
al., 2004).

Compounds selected for this study were molecules where
the�,�-unsaturated-�-lactone moiety is present without any
interference such as compounds1, 2, 3, 5, 8 (all bioactives),
and10 (no bioactive). All of these compounds showed con-
formations of “chair”, “boat” or “twisted boat” type for the
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ion. This chemical transformation was carried out in o
o blocking one reactive center (C-13), and therefore e
ates the�,�,�,�-unsaturated methyl-ketone moiety role

he bioactivity expression. When compound6 was assaye
significant cytoprotection (79%) was still observed. F

his results it is possible to conclude that this Michael ac
or could act as a second structural requirement to draw
he here investigated bioactivity.

Results obtained using compound7, which not exhibited
ny theoretically reactive center, seem to confirm this hyp
sis. Additionally the C-1–C-5-�-oxirane derivative8, where
oth C-2 and C-13 carbons constitutes suitable Michae
eptors, showed a strong activity.

Definitive proofs about the cooperative behavior of
wo reactive sites were recovered from the biological ev
tion of compound9. In this case the loss of bioactivity w
ramatic as was described for compound7. Noteworthy tha

he derivative9 has blocked the C-13 position and the s
hain does not possess a conjugated carbonyl group.

The inhibitory action exerted by xanthatin (compoun1)
n the ulcers induced by 0.6N HCl and 0.2N NaOH
ighly significant, the inhibition of ulceration being in t
ange of 58–96% (Table 2).

Them-chlorobenzoylester10, whose stereochemistry w
xtensively studied using 2D NMR experiments (NOES
as clearly inactive. This compound exhibited two po

ially active places; they are the�,�-unsaturated methylk
one group, and the unsaturated lactone moiety. The
ydroxyl group now protects the C-2 position from a
-membered ring (Fig. 2). The lowest energy conforme
f each type thus obtained, was minimized using a s
mpirical method (AM1). Energy differences among the

owest energy conformer are shown inTable 3.
The energy difference between the two lowest energy

ormers for compound10 was significantly greater than t
ifference for the other compounds. This could sugges
onformational interchanging is more difficult and, theref
his molecule shows less flexibility. This agrees with the
eady suggested hypothesis (Beekman et al., 1997).

In conclusion, the proposed mechanism would invol
ucleophylic attack of the sulfhydryl group to the� carbon
f the Michael acceptors of the assayed compounds.
eems to confirm the previously reported structural req
ent for sesquiterpene lactones acting as anti-ulcero
gents (Giordano et al., 1992; Marı́a et al., 2000).

Recently, the anti-ulcerogenic bioactivity elicited
esquiterpene lactones fromCentaura solstitialis L. ssp.sol-
titialis has been reported (Yesilada et al., 2004). In this
ase three active compounds possessing guaianolide sk
ere isolated, and alone one of them (chlorojancrin) sho

he �-methylene-�-butyrolactone moiety, to our understa
he main responsible functionality for the bioactivity.
hough this structural requirement was absent in the o
wo active compounds, an enzymatic oxidation of the
ydroxyl group could drive to an exocyclic�,�-unsaturate
arbonyl group on the five membered ring, clearly suitab
ichael acceptor (Maŕıa et al., 2000). The facile oxidation
f the allylic hydroxyl group could be supported by therm
ynamic considerations.



266 L.S. Favier et al. / Journal of Ethnopharmacology 100 (2005) 260–267

Fig. 2. Lowest energy conformers for compounds1 and10.

However, caution is required in such interpretation and
additional analysis will be necessary to confirm this specula-
tion.
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Rodŕıguez, A.M., J́auregui, E., Guzḿan, J., Maŕıa, A.O., Wendel,
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