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Parasite resistance to drugs has emerged as a major problem in current medicine, and therefore,
there is great clinical interest in developing compounds that overcome these resistances. In an
intensive study of South American medicinal plants, herein we report the isolation, structure
elucidation, and biological activity of dihydro-â-agarofuran sesquiterpenes from the roots of
Maytenus magellanica (1-14) and M. chubutensis (14-17). This type of natural products may
be considered as privileged structures. The structures of 10 new compounds, 1, 3, 6-9, and
12-15, were determined by means of 1H and 13C NMR spectroscopic studies, including
homonuclear (COSY and ROESY) and heteronuclear correlation experiments (HMQC and
HMBC). The absolute configurations of eight hetero- and homochromophoric compounds, 1, 3,
6-9, 12, and 13, were determined by means of CD studies. Fourteen compounds, 1-3 and
6-16, have been tested on a multidrug-resistant Leishmania tropica line overexpressing a
P-glycoprotein-like transporter to determine their ability to revert the resistance phenotype
and to modulate intracellular drug accumulation. From this series, 1, 2, 3, 14, and 15 showed
potent activity, 1 being the most active compound. The structure-activity relationships of the
different compounds are discussed.

Introduction

The species of the Celastraceae family have a long
history in traditional medicine.1,2 The leaves and roots
of different species of Maytenus are used in folk medi-
cine around the world.1 The stem bark of M. senegalen-
sis3 is used in Sudan for the treatment of tumors,
dysentery, and snake bites, whereas M. ilicifolia has
been used for anticancer and contraception in South
America4 and for the treatment of gastric ulcers, dys-
pepsia, and other intestinal disorders.5,6 As part of an
intensive investigation into biologically active metabo-
lites from species of this family, we had previously
reported quinone-methide7,8 and dimeric triterpenes9

showing antimicrobial and cytotoxic activities. On the
other hand, sesquiterpene esters, based on the dihydro-
â-agarofuran [5,11-epoxy-5â,10R-eudesman-4-(14)-ene]
skeleton, are chemotaxonomic indicators of the family,10

and they have attracted a great deal of interest because
of their immunosuppressive,11 cytotoxic,12 insect-anti-
feedant, and insecticidal activities.13 Recently, they have
shown anti-HIV,14 reversal multidrug resistance (MDR)
phenotype,15,16 and antitumor-promoting activities.17

These data along with their structural characteristics
make dihydro-â-agarofuran sesquiterpenes to be con-
sidered as privileged structures.18

Protozoan parasites are responsible for some of the
most important and prevalent diseases of human and
domestic animals, threatening the lives of nearly one-
quarter of the human population. World Health Orga-
nization statistics show that with a 42-fold increase in
the past 15 years leishmaniasis has become the second
worldwide cause of death among parasitic diseases,19

mainly because of the appearance of drug-resistance
mechanisms. The MDR phenotype due to the increased
expression of P-glycoprotein (Pgp)-like transporters has
been characterized in tumor cells20,21 and protozoan
parasites,22 including Plasmodium23 and Leishmania
spp.24-26 Pgp belongs to the ABC (ATP-binding-
cassette) superfamily of transporters and exports a wide
range of drugs from the cell, decreasing their intracel-
lular concentration and preventing their cytotoxic activ-
ity. Structural analysis of Pgp shows two homologous
halves, each composed of a cytosolic nucleotide-binding
domain whose ATPase activity provides the energy
needed for the active export of cytotoxic compounds and
a transmembrane domain, involved in drug efflux.
Mammalian Pgp can be inhibited in vitro by reversal
agents, also called chemosensitizers or modulators, such
as verapamil and cyclosporin A, which compete with
drug binding to the transmembrane domains.27 How-
ever, most of these modulators are also pumped sub-
strates and therefore require high concentrations for
effective inhibition. These concentrations produce un-
desirable side effects that hamper their clinical use. In
addition, these classical modulators of drug efflux in
mammalian cancer cells only poorly sensitize the MDR
phenotype in Leishmania parasites.24,26,28 Thus, new
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classes of more specific, nontransported inhibitors of
Pgp-like transporters with lower host toxicity need to
be developed.

Dihydro-â-agarofuran sesquiterpenes are particularly
promising modulators of the MDR phenotype in eukary-
otic organisms. Interestingly, we have recently reported
that a number of dihydro-â-agarofuran sesquiterpene
derivatives from Crossopetalum tonduzii constituted
efficient modulators of Leishmania MDR reverting
significantly the Pgp-like transporter mediated dauno-
mycin (DNM) resistance.15 Besides, dihydro-â-agaro-
furan sesquiterpene derivatives isolated from the roots
of Celastrus orbiculatus partially or completely reversed
the MDR phenotype in cancer cells.16

This paper reports on the phytochemical analysis of
the root bark extracts of the Chilean genus Maytenus
(Celastraceae) (M. chubutensis and M. magellanica) and
describes the isolation of 10 new sesquiterpenes (1, 3,
6-9, and 12-15) with a dihydro-â-agarofuran skeleton.
Their structures were elucidated by means of 1H and
13C NMR spectroscopic studies, including homonuclear
(correlation spectroscopy (COSY) and rotating-frame

Overhauser enhancement spectroscopy (ROESY)) and
heteronuclear correlation experiments (heteronuclear
multiple-quantum coherence (HMQC) and heteronucle-
ar multiple-bond correlation (HMBC)). The absolute
configurations of the eight compounds 1, 3, 6-9, 12, and
3 were determined by application of the circular dichro-
ism (CD) exciton chirality method. The known com-
pounds 2,29 4,30 5,30 10,29 11,31 16,31 and 1732 were
identified by spectroscopic methods and comparison
with authentic samples or reported data. Fourteen
compounds 1-3 and 6-16 have been tested on a MDR
Leishmania tropica line overexpressing a Pgp-like trans-
porter to determine their ability to revert the resistance
phenotype and to modulate intracellular drug accumu-
lation.

Results and Discussion
Repeated chromatography of the n-hexane/Et2O

(1:1) extract of the root bark of M. magellanica on
Sephadex LH-20 and silica gel afforded, in addition to
the known compounds 2, 4, 5, 10, and 11, the new
compounds 1, 3, 6-9, and 12-14 (Figure 1), and

Figure 1. Sesquiterpenes from Maytenus magellanica and M. chubutensis.
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repeated chromatography of the n-hexane/Et2O (1:1)
extract of the root bark of M. chubutensis on silica gel
and Sephadex LH-20 afforded the new compounds 14
and 15 and two known compounds 16 and 17 (Figure
1).

Compound 1 has the molecular formula C33H38O8, as
determined by HRMS. The IR spectrum showed absorp-
tion bands for a hydroxyl group at 3541 cm-1 and esther
groups at 1735 and 1708 cm-1. The MS and HRMS
exhibited peaks consistent with losses of acetic acid (m/z
502 [M - HOAc]+), benzoic acid (m/z 440 [M -
PhCO2H]+), and cinnamic acid (m/z 414 [M - PhCHd
CHCO2H]+) units. This was confirmed by the 1H NMR
spectrum, which also indicated the presence of signals
for one acetyl group at δ 1.83 (3H, s), 12 protons in the
aromatic region for one benzoyl and one cinnamoyl
group at δ 6.46 (1H, d, J ) 16.0 Hz), 7.29 (2H, m), 7.40
(3H, m), 7.46 (2H, m), 7.56 (2H, m), and 7.78 (2H, m),
which were confirmed by 13C NMR. When 1 was treated
with acetic anhydride in pyridine, compound 1 was
unaltered, a fact that together with the presence of a
singlet at δ 2.86 in the 1H NMR spectrum, interchange-
able with D2O, confirmed the presence of a tertiary
hydroxyl group. The ring protons could be unequivocally
assigned from its homonuclear COSY and chemical shift
correlated spectral data. In its 1H NMR spectrum (Table
1) were also observed an ABX2 system of two methine

and one methylene protons with signals at δ 5.94 (1H,
d, JAB ) 10.5 Hz), 5.14 (1H, dt, JAB ) 10.5 Hz, JBX )
4.8), and 2.07 (2H, m), assignable to protons H-1, H-2,
and H-3, respectively. These data are only compatible
with substitution at C-1 and C-2 in this type of sesqui-
terpene with a H-1ax, H-2ax stereochemistry and
another methine proton at δ 4.79 (1H, d, J ) 5.3 Hz)
assigned to H-9. A tertiary methyl at δ 1.39 binding to
a quaternary carbon at δ 70.6 in the 13C NMR spectrum
(Table 2) and two angular methyls were also observed.
All these data indicate that compound 1 is a tetrasub-
stituted dihydro-â-agarofuran sesquiterpene. The rela-
tive stereochemistry of 1 was established on the basis
of the coupling constants and confirmed by a ROESY
experiment (Figure 2), showing nuclear Overhauser
effects among H-14, H-2, and H-15 and between H-15
and H-9. The chemicals shifts for the carbons attached
to protons were assigned according to a 2D hetero-
nuclear COSY and the already known proton shift.
Because the quaternary carbons could not be assigned
by this method, the locations of the hydroxy and ester
functions were determined by an HMBC experiment
(Table 3), showing a three-bond correlation between the
carboxyl signal of the acetate group at δ 170.4 with the
1H signal at 5.14 (H-2); the carboxyl signal of the
cinnamate group at δ 166.1 was correlated with the 1H
signal at δ 4.79 (H-9), and finally the carboxyl signal of

Table 1. 1H NMR (CDCl3) Chemical Shift δ and J (Hz) Values (in Parentheses) of Compounds 1, 3, 6-9, and 12-15

compd H-1 H-2 H-3 H-6 H-7 H-8 H-9 H-15

1 5.94 d 5.14 dt 2.07 mb 2.07 mb 2.07 mb 2.07 mb 4.79 d 1.45 sb

(10.5) (4.8, 10.5) 1.80 d (12.4) 2.42 m (5.3)
3 6.43 d 5.41 dd 5.52 d 2.16 mb 2.12 m 2.16 mb 4.89 d 1.55 s

(11.2) (2.9, 11.2) (2.9) 1.96 d (12.4) 2.46 m (5.0)
6 6.41 d 5.39 dd 5.40 d 5.59 s 2.21 mb 2.21 mb 4.84 d 1.60 s

(10.9) (2.8, 10.9) (2.8) 2.46 m (5.6)
7 6.42 d 5.38 dd 5.41 d 5.65 s 2.25 mb 2.47 m 5.06 d 1.59 s

(11.2) (2.8, 11.2) (2.8) 2.25 mb (5.6)
8 6.35 d 5.33 dd 5.31 d 2.15 d (12.9) 2.46 t 5.77 dd 5.51 d 1.64 s

(10.8) (2.9, 10.8) (2.9) 2.67 dd (12.9,4.1) (4.1) (4.1, 5.8) (5.8)
9a 6.78 d 5.52 dd 5.86 d 1.27 d (13.0) 1.76 mb 5.41 dd 5.60 d 1.23 s

(11.2) (2.7, 11.2) (2.7) 2.08 dd (13.0,4.9) (4.4, 5.9) (5.9)
12 5.94 d 6.04 m 2.43 mb 5.52 s 2.55 d 5.71 dd 5.36 d 1.80 s

(3.6) 2.62 mb (2.7) (2.7, 6.3) (6.3)
13 5.82 d 5.93 m 2.30 ddAB 5.73 sb 2.48 d 5.73 ddb 5.38 d 1.85 s

(2.8) (3.6, 15.4) (3.0) (3.0, 4.7) (4.7)
14 5.76 d 5.86 m 2.22 mb 6.35 s 2.36 t 2.69 m 5.56 d 4.51, 5.25

(3.5) (2.9) 2.22 mb (7.1) dAB (12.8)
15 5.89 d 5.93 m 2.15 m 6.28 s 2.43 t 2.65 mb 5.53 d 4.44, 5.34

(3.5) 2.65 mb (2.7) 2.31 mb (7.2) dAB (12.5)
a C6D6.

b Overlapping signals.

Table 2. 13C NMR (CDCl3) Chemical Shift δ Valuesa of Compounds 1, 3, 6-9, and 12-15

carbon 1 3 6 7 8 9b 12 13 14 15

C-1 73.0 d 67.9 d 67.6 d 67.7 d 67.5 d 67.9 d 71.7 d 70.7 d 69.7 dc 71.4 d
C-2 69.4 d 69.0 d 67.7 d 68.6 d 68.8 d 72.2 d 71.6 d 69.9 d 68.9 d 71.0 d
C-3 42.7 t 77.0 d 77.5 d 77.6 d 75.6 d 77.0 d 31.1 t 42.3 t 42.4 t 31.0 t
C-4 70.6 s 70.4 s 70.8 s 70.6 s 69.9 s 70.3 s 33.6 d 69.6 s 69.7 sc 33.3 d
C-5 90.0 s 90.1 s 91.5 s 91.5 s 89.4 s 89.8 s 89.4 s 91.3 s 91.1 s 89.4 s
C-6 31.5 t 32.6 t 79.8 d 79.7 d 32.7 t 32.2 t 77.2 d 77.2 d 78.6 d 78.3 d
C-7 43.4 d 42.6 d 48.4 d 48.4 d 48.6 d 47.7 d 53.8 d 54.0 d 49.1 d 48.9 d
C-8 31.0 t 30.9 t 31.9 t 30.9 t 71.1 d 69.3 d 68.6 d 68.3 d 34.7 t 35.0 t
C-9 73.4 d 73.1 d 72.4 d 72.4 d 71.9 d 69.5 d 72.4 d 72.1 d 70.4 d 69.3 d
C-10 48.3 s 47.7 s 51.2 s 51.2 s 47.7 s 48.4 s 48.7 s 50.3 s 54.9 s 53.2 s
C-11 83.9 s 84.2 s 85.4 s 85.5 s 84.2 s 84.3 s 83.3 s 85.1 s 84.9 s 82.9 s
C-12 29.7 q 29.6 q 29.9 q 29.8 q 30.9 q 30.5 q 31.2 q 30.2 q 29.5 q 30.6 q
C-13 24.9 q 24.4 q 26.0 q 26.2 q 25.5 q 25.3 q 25.7 q 26.4 q 25.7 q 26.0 q
C-14 24.3 q 23.7 q 23.6 q 23.4 q 23.9 q 23.1 q 25.5 q 25.5 q 25.2 q 18.3 q
C-15 19.9 q 19.9 q 20.6 q 20.4 q 20.5 q 19.3 q 20.6 q 22.0 q 65.9 t 65.9 t

a Data are based on DEPT, HMQC, and HMBC experiments. b C6D6. c Overlapping signals.
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the benzoate group at δ 165.3 was correlated with the
1H signal at δ 5.94 (H-1). The absolute configuration of
compound 1 was determined from its CD spectrum.

Compound 3 was isolated as a colorless lacquer with
the molecular formula C41H43NO12 (HRMS). The 1H and
13C NMR data of 3 (Tables 1 and 2) indicate it to be
1,2,3,4,9-pentasubstituted-â-dihydroagarofuran sesqui-
terpene with one tertiary hydroxyl, one acetate, one
benzoate, one cinnamate, and one nicotinate group. In
its 1H NMR spectrum an ABX system was also observed
with signals at δ 6.43 (1H, d, JAB ) 11.2 Hz), 5.52 (1H,
d, JBX ) 2.9 Hz), and 5.41 (1H, dd, JAB ) 11.2 Hz, JBX
) 2.9 Hz), assignable to protons H-1, H-3, and H-2
respectively, and a signal at δ 4.89 (1H, d, J ) 5.0 Hz),
assigned to the proton H-9. The relative stereochemistry
was determined on the basis of the coupling constants
and the nuclear Overhauser effects (NOE) from the
ROESY spectrum. The regiosubstitution was estab-
lished by HMBC experiment (Table 3) in a way similar
to that for 1, which allowed placement of the cinnamate,
acetate, nicotinate, and benzoate groups at C-1, C-2, C-3,
and C-9, respectively. The absolute stereochemistry was
assigned by means of CD studies.

The structure and absolute configuration of com-
pounds 6-9 were elucidated by spectral methods in a
study of their IR, UV, and 1H and 13C NMR data (Tables
1 and 2), and 2D experiments showed that the com-
pounds were pentasubstituted 4â-hydroxy-dihydro-â-
agarofuran sesquiterpenes, which were located at po-
sitions 1, 2, 3, 6, and 9 for 6 and 7 and at positions 1, 2,
3, 8, and 9 for 8 and 9. An HMBC experiment (Table 3)
established the regiosubstitution partners; the relative

stereochemistry was resolved by analysis of coupling
constants and confirmed by ROESY experiments, and
finally the absolute configuration was established by
analysis of their CD data.

The structures of compounds 12-14 were elucidated
by spectral methods, including HREIMS, IR, UV, and
1H and 13C NMR spectroscopy, and by 2D 1H-1H and
1H-13C experiments (Tables 1-3). On the other hand,
the spectroscopic data of compound 15 and a comparison
with those of 14 allowed us to determine its structure,
while CD studies allowed the absolute stereochemistry
of compounds 12 and 13 to be established.

The absolute configurations were resolved by the
dibenzoate chirality method, an extension of the circular
dichroism exciton chirality method.30,33 The dihedral
angle between the different chromophores (benzoate,
and/or cinnamate, and/or nicotinate) were calculated
from J values and molecular mechanics calculations
using the PC model.34 Heterochromophoric 1, 3, 6-9,
and 12 and homochromophoric 13 compounds were
therefore considered suitable for a CD study, showing
a Davydof-type split curve (Table 4), while compounds
14 and 15, which had three chromophores located at
C-2 (ONic), C-6 (OBz), and C-9 (OBz), were not suitable
for CD because the opposite 2,6 and 2,9 pairwise
interactions canceled each other and the 6,9 pairwise
interaction was almost coplanar.35

The dihedral angle between the two chromophores
(benzoate and cinnamate) was approximately 150° for
1; its CD spectrum showed a strong split curve (Figure
1 and Table 4) with extremes at the right-hand-band
wavelength, i.e., the first Cotton effect at 270.7 nm (∆ε

) +20.3) and the second at 227.8 nm (∆ε ) -18.1),

Table 3. Three-Bond 1H-13C Coupling (HMBC) in Compounds 1, 3, 6-9, and 12-15

compd H-1 H-2 H-3 H-6 H-8 H-9 H-15

1 C-2,a C-9, C-1a C-5, C-7, C-8,a
C-10,a OBz OAc C-10,a OCin

3 C-9, C-10,a OAc C-1, C-4,a C-5, C-10a

C-15, OCin C-5, ONic C-15,a OBz
6 C-2,a C-10,a C-4 C-4,a C-5, C-5,a C-8, C-5, C-7,

C-15, OBz OAc C-14, ONic C-10, C-11, OAc C-10,a OCin
7 C-2,a C-10,a C-1a C-1, C-4,a C-10, C-11, C-5, C-10,a

C-15, OBz C-5, ONic OAc C-15, OCin
8 C-2,a C-10,a C-1a C-1, C-4,a C-11, C-5, C-7, C-15,

C-15, ONic OAc C-5, OAc OBz C-10,a OBz
9 C-2,a C-10,a C-1a C-2, C-4,a C-11 C-5, C-10,a

ONic OAc C-5, OBz C-15, OBz
12 C-10,a C-15, C-5,a C-10, C-11, C-5, C-7, C-15,

OBz C-11, OAc OAc C-10,a OBz
13 C-2,a C-10,a C-4 C-5,a C-8, C-10, C-7, C-10,a

C-15, OBz C-10, C-11, OAc C-11, OAc C-15, OBz
14 C-9, C-10,a C-10 C-5,a C-8, C-5, C-7, C-15, C-5, C-9

C-15, OAc C-10, C-11, OBz C-10,a OBz OAc
15 C-10,a C-15 C-10 C-5,a C-7, C-8, C-5, C-10,a C-5, C-9

C-10, C-11, OBz C-15, OBz OAc
a Two bond coupling enhancement observed.

Figure 2. NOE (solid line) and CD exciton couplings (dashed
line) for compound 1.

Table 4. Circular Dichroism Data of Compounds 1, 3, 6-9, 12,
and 13 (MeCN)

compd λext, nm (∆ε) λext, nm (∆ε) ∆ε ) 0

1 227.8 (-18.1) 270.7 (+20.3) 242.6
3 225.9 (-14.1) 262.6 (+4.3) 243.3
6 226.2 (-9.6) 277.5 (+1.6) 248.7
7 225.2 (-6.5) 238.9 (+3.9) 233.4
8 236.2 (+12.1)
9 225.2 (-12.1) 237.5 (+8.2) 232.0

12 221.1 (-0.6) 238.7 (+7.1) 224.8
13 221.5 (-6.3) 236.9 (+25.7) 226.0
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defining the absolute configuration of 1 as (1R,2R,4S,5R,
7S,9S,10R)-2-acetoxy-1-benzoyloxy-9-cinnamoyloxy-4-
hydroxydihydro-â-agarofuran.

Compounds 3, 6, 7, and 9 had three chromophore
groups located at C-1, C-3, and C-9. An analysis of the
dihedral angle showed that the opposite 1,3 and 1,9
pairwise interactions added to each other but did not
cancel because of the different intensities of the different
chromophores. On the other hand, the 3,9 pairwise
interaction was almost coplanar.30 Furthermore, com-
pounds 3 and 6 showed a split curve very similar to that
of 1 (Table 4), with a first positive and second negative
Cotton effect around 270 and 226 nm, respectively, the
weak value of ∆ε for 3 and 6 with respect to 1 being
due to the presence of an additional chromophore on
C-3. These data allowed us to determine their absolute
configurations of compounds 3 and 6. On the other hand,
an analysis of the CD spectra of compounds 7 and 9,
showing a Davydof-type split curve (Table 4), led to the
assignment of their absolute configurations.

Compounds 8 and 9 have the same molecular formula,
the main differences being the regiosubstitution pat-
terns. Compound 8 had a nicotinate unit at C-1 and two
benzoate units at C-8 and C-9; its CD spectra (Table 4)
showed a first Cotton effect at 236.3 nm (∆ε ) +12.1),
but we could not observe the second Cotton effect
because of the opposite pairwise interactions between
the three chromophores together with the strong posi-
tive absorption overlaying background ellipticity,33 which
destroyed the second component of the split curve. The
absolute configuration of 8 was established as (1R,2S,3S,
4S,5R,7S,8S,9R,10R)-2,3-diacetoxy-8,9-dibenzoyloxy-1-
nicotinoiloxy-4-hydroxydihydro-â-agarofuran.

The CD spectra of 12 and 13 (Table 4) showed split
curves with a first positive and a second negative Cotton
effect due to the couplings of the C-9â with C-1R and
C-1R with C-2R, supporting the absolute configuration
as that ascribed to both compounds.

The new compounds have the basic polyhydroxy
skeletons of 3,6-dideoxymagellanol (1),30 6-deoxymagel-
lanol (3),30 magellanol (6 and 7),30 isomagellanol (8 and
9),29 2R-hydroxy-8-epi-celapanol (12),29 2R,4â-dihydroxy-
8-epi-celapanol (13),29 3-deoxymaytol (14),36 and 3,4-
dideoxymaytol (15).36

Agarofuran sesquiterpenes are new promising MDR
modulators in eukaryotic organisms.15,16 The reversal
effects of 15 dihydro-â-agarofuran sesquiterpenes in a
MDR L. tropica (L. tropica) line grown in the presence
of daunomycin (DNM) were studied by using an MTT-
based assay. Their intrinsic parasite cytotoxicity was
determined by using the same concentration of modula-
tors in the parental wild-type parasites. Table 5 shows
that after 72 h of incubation of MDR parasites in the
presence of 150 µM DNM with increasing amounts of
sesquiterpenes, a concentration-dependent growth in-
hibition (GI) was observed compared with control cells,
grown with the same DNM concentration but in the
absence of modulator. The chemosensitization to 150 µM
DNM was very efficient for most of the sesquiterpenes
tested, but the effective concentration varied between
each one. In this form, 7.5 µM of 1-3, 14, and 15
produce more than 80% GI, requiring a double concen-
tration (15 µM) of 10, 12, and 13 and around a 4-fold
concentration (30 µM) of 8, 11, and 16 to obtain similar
reversal effects. This effect is not due to an intrinsic
cytotoxicity of sesquiterpenes, as deduced for the low
growth inhibition produced by these compounds in the
parental wild-type line (Table 5), except for compounds
14 and 15 that at 30 µM produce 45% and 35% GI in
the wild-type line, respectively.

DNM resistance in the MDR L. tropica line is related
to a decreased intracellular drug accumulation mainly
due to the Pgp-like transporter overexpression.24 To
analyze if the reversal effect observed by some sesqui-
terpenes correlated with an increased drug accumula-
tion, as a consequence of the Pgp inhibition, we studied
by laser flow cytometry their effect on calcein (CAL)
accumulation. Calcein acetoxymethyl ester (Cal-AM) is
a highly lipophilic, nonfluorescent, mammalian Pgp
substrate that rapidly penetrates the plasma membrane
of cells. By cleavage of the ester bonds, intracellular
esterases transform the dye into a hydrophilic and
intensively fluorescent free acid form (Cal) that cannot
be transported by Pgp. This property makes Cal-AM an
excellent compound for studying the modulation of
mammalian Pgp function,37 and it has also been recently
used to study ABC-like transporter activities in different
Leishmania lines.38 Flow cytometry analysis of intra-

Table 5. Effect of Sesquiterpenes on Cytotoxicity of DNM in a MDR L. Tropica Line

growth inhibitiona (%)

30 µΜ 15 µΜ 7.5 µΜ

compd wild-type DNM-R150 wild-type DNM-R150 wild-type DNM-R150

1 7.5 ( 7.5 94.3 ( 3.5 7.3 ( 8.9 92.8 ( 3.6 0.0 ( 0.0 88.2 ( 6.7
2 13.3 ( 14.6 94.0 ( 2.6 4.1 ( 5.8 89.7 ( 7.5 5.3 ( 7.4 82.0 ( 9.2
3 7.5 ( 7.3 94.7 ( 2.2 3.7 ( 4.7 90.3 ( 7.2 2.5 ( 3.5 82.0 ( 1.7
6 1.9 ( 2.0 45.0 ( 10.0 1.5 ( 2.1 13.5 ( 3.5 1.5 ( 2.1 7.3 ( 4.4
7 3.7 ( 2.9 69.5 ( 0.7 0.7 ( 0.9 30.7 ( 1.1 2.2 ( 3.1 10.0 ( 4.3
8 11.0 ( 7.6 89.0 ( 0.0 6.0 ( 2.8 54.0 ( 6.5 0.5 ( 0.7 23.9 ( 5.7
9 19.7 ( 4.1 69.7 ( 10.1 12.9 ( 5.4 44.0 ( 15.6 0.0 ( 0.0 21.4 ( 9.4

10 20.5 ( 7.2 93.0 ( 1.4 15.8 ( 6.8 79.0 ( 8.5 0.5 ( 0.7 48.7 ( 9.0
11 23.0 ( 2.0 90.0 ( 4.2 14.4 ( 20.4 65.0 ( 6.4 1.7 ( 2.3 39.0 ( 8.4
12 13.3 ( 13.0 94.5 ( 2.1 13.0 ( 2.8 79.3 ( 10.7 1.7 ( 1.0 42.2 ( 9.8
13 16.2 ( 1.9 92.0 ( 2.8 19.7 ( 6.6 82.2 ( 12.1 9.7 ( 2.3 60.3 ( 10.2
14 45.0 ( 10.0 94.8 ( 3.6 25.8 ( 1.7 91.3 ( 7.0 8.2 ( 8.2 80.7 ( 9.0
15 35.0 ( 10.0 93.7 ( 3.5 27.5 ( 7.7 87.9 ( 9.9 11.5 ( 0.7 83.7 ( 6.1
16 11.7 ( 3.7 77.5 ( 11.3 3.5 ( 4.9 54.0 ( 14.5 0.0 ( 0.0 32.0 ( 11.6

a Wild-type and MDR (DNM-R150) parasites were exposed to 30, 15, and 7.5 µΜ different sesquiterpenes in the absence and presence
of 150 µΜ DNM, respectively. The results are expressed as a percentage of growth inhibition relative to control growth in the absence of
sesquiterpene. The data shown are the average of three independent experiments ( SD.
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cellular Cal accumulation (Figure 3A) demonstrated
that, as expected, the resistant line accumulated a
significantly lower amount of dye (Profile 1), expressed
as the mean fluorescence channel (m ) 324), than the
wild-type line (m ) 550) (profile 2). Co-incubation of the
resistant parasites with 5 µM of the most active ses-
quiterpene 1 resulted in a significant shift of the peak
of fluorescence distribution to the right, almost to the
control level (m ) 514) (profile 4). This reversal effect
was a consequence of an increased CAL accumulation
probably due to Pgp-like transporter inhibition. The
same concentration of a sesquiterpene that gave a
moderate reversal effect, 7, only produced a slight
increase in the intracellular dye (m ) 376) (profile 3).
Indeed, Figure 3B shows that different sesquiterpenes
with distinct reversal efficiencies restored the dye
accumulation in the MDR Leishmania line with an
order of efficiency similar to that obtained with the
DNM chemosensitization experiments: 1 > 15 g 3 >
11 > 16 g 7, with no significant effects in the wild-type

line (not shown). These results indicate that the mea-
surement of CAL accumulation may be used to test the
reversal effects of possible modulators of the Pgp-
mediated MDR phenotype in Leishmania.

Preliminary structure-activity relationships from
these natural sesquiterpenes revealed the following
trends. The substituent at the C-6 position proved to
be essential for the reversal activity because the pres-
ence of protons at C-6 produces a 10-fold higher
chemosensitization with respect to the presence in the
same position of an ester group (3 versus 6). On the
other hand, the substituent at C-8 proved to be signifi-
cant for the potency of the activity, 3 being 2- and 4-fold
more active than 11 and 8, respectively. In addition, the
substituent at C-3 exhibited a slight decrease in the
activity (1 versus 3), and the substituent at C-1 also
modified the activity, being that 10 is 2-fold more active
than 8. Finally, the often tertiary hydroxy group at C-4â
does not seem to be important for optimal reversal
activity because its presence or absence does not produce
significant modification of the activity (14 versus 15).
These and previous results15 suggest that the size of the
substituent could strongly affect the reversal activity
of the compound; the presence of additional ester groups
on the basic polyhydroxy skeletons has probably made
the compounds too bulky to bind at the active site, being
detrimental to the reversal activity associated with
these sesquiterpenes.

Dihydro-â-agarofuran sesquiterpenes have proven to
be a very interesting class of natural products with a
high reversal effect of the MDR phenotype mediated by
Pgp-like transporters. Further efforts to elucidate the
specific target of these compounds in the Pgp-like
transporter, as well as to determine if they are trans-
ported, are underway for a better knowledge of their
mechanism of action.

Experimental Section

General Experimental Procedures. Optical rotations
were measured on a Perkin-Elmer 241 automatic polarimeter,
and the [RD] are given in 10-1 deg cm2 g-1. IR (film) spectra
were recorded on a Bruker IFS 55 spectrophotometer, and UV
spectra were collected in absolute EtOH on a JASCO V-560.
1H and 13C NMR spectra were recorded on a Bruker AMX-
500, a Bruker Avance 400, or a Bruker Avance 300 spectrom-
eter. EIMS and HREIMS were recorded on a Micromass
Autospec spectrometer. Purification was performed using silica
gel (particle size 40-63 µM, Merck and HPTLC-Platten-Sil
20 UV254, Panreac), and Sephadex LH-20 (Pharmacia) and was
monitored by TLC 1500/LS 25 Schleicher and Schüell foils.
Compounds used for CD were purified by HPLC using a
semipreparative µ-porasil column column (Waters, 10 µM, 19
mm × 25 cm) and were eluted with a mixture of n-hexane/
EtOAc (1:1).

Plant Material, Extraction, and Isolation. M. magel-
lanica was collected in December 1993 in the Novena Región
in the Temuca province on the slopes of the Osorno volcano in
Chile and was identified by Prof. Sebastián Teyller, and a
voucher specimen is on file at the Facultad de Ciencias (93-
5342-A), Universidad de Chile, Santiago. The root bark of the
plant (390 g) was extracted with n-hexane/Et2O (1:1) in a
Soxhlet apparatus. The extract (7.8 g) was chromatographed
on Sephadex LH-20 (n-hexane/CHCl3/MeOH, 2:1:1) to afford
55 fractions. Fractions 28-40 after chromatography over silica
gel (n-hexane/AcOEt of increasing polarity), Sephadex LH-20
(n-hexane-CHCl3-MeOH, 2:1:1), and preparative HPTLC
(HPTLC-Platten-Sil 20 UV254) gave rise to the new compounds
1 (9.3 mg), 3 (10.7 mg), 6 (3.1 mg), 7 (1.9 mg), 8 (12.3 mg), 9

Figure 3. Differential modulation by sesquiterpenes of CAL
accumulation in a resistant L. tropica line. Fluorescence
intensity histograms were obtained by flow cytometry after
incubation for 1 h at 28 °C with 2 µM CAL-AM in the presence
or absence of 5 µM sesquiterpenes. A total of 10 000 cells were
counted for each histogram. Experiments were repeated three
times and gave essentially the same profiles as the ones shown
here. (A) Profiles 1 and 2 correspond to fluorescence histograms
of resistant and wild-type parasites, respectively, incubated
in the absence of sesquiterpenes. Profiles 3 and 4 correspond
to fluorescence histograms of resistant parasites incubated in
the presence of 5 µM sesquiterpenes 7 and 1, respectively. (B)
Wild-type (white bar) and resistant (black bar) parasites
incubated with 2 µM CAL-AM are used as control of CAL
accumulation. Resistant parasites (gray bars) are incubated
with 2 µM CAL-AM in the presence of 5 µM of different
sesquiterpenes (7, 16, 11, 3, 15, and 1).
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(20.6 mg), 12 (1.9 mg), 13 (6 mg), and 14 (2.2 mg) and the
known compounds 2, 4, 5, 10, and 11.

M. chubutensis was collected in December 1994 in the
Séptima Región in the Talca province, Chile, and was identi-
fied by Prof. José San Martı́n, and a voucher specimen is
lodged with the Facultad de Ciencias (93-5200), Universidad
de Chile, Santiago. Air-dried, chopped root bark of the plant
(390 g) was extracted with n-hexane/Et2O (1:1) in a Soxhlet
apparatus. The extract (7.8 g) was chromatographed on silica
gel using gradients of n-hexane/AcOEt as eluent to afford 180
fractions. Fractions 144-160 (900 mg) after chromatography
over Sephadex LH-20 (n-hexane/CHCl3/MeOH, 2:1:1) and
preparative HPTLC (HPTLC-Platten-Sil 20 UV254) gave rise
to the new compounds 14 (12 mg) and 15 (6 mg) and the known
compounds 16 and 17.

(1R,2R,4S,5R,7S,9S,10R)-2-Acetoxy-1-benzoyloxy-9-cin-
namoyloxy-4-hydroxydihydro-â-agarofuran (1). Colorless
lacquer; [R]25

D +14.8° (c 0.93, CHCl3); UV λmax (EtOH) 275,
223, 218 nm; IR γmax (film) 3541, 2956, 2922, 1735, 1708, 1638,
1450, 1271, 1166, 756, 712 cm-1; 1H NMR (CDCl3) δ 1.33 (3H,
s), 1.39 (3H, s), 1.45 (3H, s), 1.83 (3H, s), 2.86 (1H, s), 6.46
(1H, d, J ) 16.0 Hz), 7.29 (2H, m), 7.40 (3H, m), 7.46 (2H, m),
7.56 (2H, m), 7.78 (2H, m), for other signals, see Table 1; 13C
NMR (CDCl3) δ 20.9 (q), 118.7 (d), 128.2 (4 × d), 128.7 (2 ×
d), 129.3 (2 × d), 130.1 (s, d), 132.8 (d), 134.7 (s), 144.6 (d),
165.3 (s), 166.1 (s), 170.4 (s), for other signals, see Table 2;
MS (EI) m/z (%) 562 (M+, 10), 547 (2), 502 (1), 440 (1), 414 (3),
399 (15), 372 (4), 339 (3), 249 (6), 232 (5), 217 (4), 203 (3), 188
(7), 147 (6), 131 (88), 105 (100), 77 (25), 57 (2). HRMS (EI)
m/z Calcd for C33H38O8: 562.256 67. Found: 562.259 03.

(1R,2S,3S,4S,5R,7R,9S,10R)-2-Acetoxy-9-benzoyloxy-1-
cinnamoyloxy-3-nicotinoyloxy-4-hydroxydihydro-â-aga-
rofuran (3). Colorless lacquer; [R]25

D +33.2° (c 1.07, CHCl3);
UV λmax (EtOH) 272, 223 nm; IR γmax (film) 3532, 2966, 2932,
1732, 1282, 1263, 1026, 755, 710 cm-1; 1H NMR (CDCl3) δ 1.34
(3H,s), 1.53 (3H, s), 1.61 (3H, s), 1.77 (3H, s), 3.41 (1H, s), 6.40
(1H, d, J ) 16.0 Hz), 7.28 (4H, m), 7.38 (2H, m), 7.49 (4H, m),
7.98 (2H, m), 8.56 (1H, d, J ) 8.0 Hz), 8.90 (1H, d, J ) 3.3
Hz), 8.60 (1H, s), for other signals, see Table 1; 13C NMR
(CDCl3) δ 20.6 (q), 118.0 (d), 123.4 (d), 126.2 (s), 128.7 (4 × d),
129.1 (2 × d), 129.2 (s), 129.5 (2 × d), 130.3 (d), 132.9 (d), 134.5
(s), 137.5 (d), 145.1 (d), 151.5 (d), 153.5 (d), 164.4 (s), 164.8
(s), 166.0 (s), 170.4 (s), for other signals, see Table 2; MS (EI)
m/z (%) 683 (M+, 4), 668 (11), 642 (4), 573 (3), 538 (11), 520
(5), 202 (2), 149 (21), 131 (40), 105 (100), 97 (13), 77 (17). HRMS
(EI) m/z Calcd for C39H41NO10: 683.273 05. Found: 683.273 24.

(1R,2S,3S,4S,5S,6R,7R,9S,10R)-2,6-Diacetoxy-1-benz-
oyloxy-9-cinnamoyloxy-3-nicotinoyloxy-4-hydroxydihydro-
â-agarofuran (6). Colorless lacquer; [R]25

D +9.7° (c 0.31,
CHCl3); UV λmax (EtOH) 271, 223 nm; IR γmax (film) 3531, 2924,
2854, 1735, 1459, 1236, 1107, 1026, 711 cm-1; 1H NMR (CDCl3)
δ 1.52 (3H, s), 1.57 (3H, s), 1.62 (3H, s), 1.75 (3H, s), 2.11 (3H,
s), 3.56 (1H, s), 6.35 (1H, d, J ) 16.0 Hz), 7.25 (2H, m), 7.46
(5H, m), 7.50 (3H, m), 7.69 (2H, m), 8.53 (1H, d, J ) 7.9 Hz),
8.88 (1H, d, J ) 3.9 Hz), 9.58 (1H, s), for other signals, see
Table 1; 13C NMR (CDCl3) δ 21.5 (q), 22.7 (q), 117.9 (d), 123.5
(d), 126.2 (s), 128.3 (4 × d), 128.8 (2 × d), 129.3 (2 × d), 129.6
(s), 130.3 (d), 133.1 (d), 134.4 (s), 137.6 (d), 145.6 (d), 151.6
(d), 153.7 (d), 164.5 (s), 164.9 (s), 165.8 (s), 170.3 (s), 170.4 (s),
for other signals, see Table 2; MS (EI) m/z (%) 741 (M+, 12),
700 (15), 610 (4), 596 (24), 578 (7), 326 (6), 131 (100), 124 (16),
105 (29), 97 (26), 71 (28), 57 (36). HRMS (EI) m/z Calcd for
C41H43NO12: 741.285 23. Found: 741.282 47.

(1R,2S,3S,4S,5S,6R,7R,9S,10R)-2,6-Diacetoxy-1,9-dibenz-
oyloxy-3-nicotinoyloxy-4-hydroxydihydro-â-agarofu-
ran (7). Colorless lacquer; [R]25

D -5.3° (c 0.19, CHCl3); UV
λmax (EtOH) 264, 225 nm; IR γmax (film) 3350, 2955, 2856, 1736,
1451, 1368, 1284, 1236, 1111, 709 cm-1; 1H NMR (CDCl3) δ
1.53 (3H, s), 1.62 (3H, s), 1.65 (3H, s), 1.71 (3H, s), 2.12 (3H,
s), 3.66 (1H, s), 7.28 (3H, m), 7.44 (3H, m), 7.52 (3H, m), 7.99
(2H, m), 8.58 (1H, d, J ) 7.8 Hz), 8.92 (1H, d, J ) 3.9 Hz),
9.66 (1H, s), for other signals, see Table 1; 13C NMR (CDCl3)
δ 21.4 (q), 22.6 (q), 123.4 (d), 126.1 (s), 128.0 (2 × d), 128.2 (2
× d), 129.1 (2 × d), 129.3 (s), 129.4 (s), 130.1 (2 × d), 132.9

(d), 133.1 (d), 137.4 (d), 151.5 (d), 153.7 (d), 163.5 (s), 164.4
(s), 164.5 (s), 169.5 (s), 170.2 (s), for other signals, see Table
2; MS (EI) m/z (%) 715 (M+, 8), 700 (16), 594 (3), 578 (7), 536
(4), 139 (6), 124 (13), 105 (100), 91 (20), 71 (24), 57 (39). HRMS
(EI) m/z Calcd for C39H41NO12: 715.262 88. Found: 715.264 65.

(1R,2S,3S,4S,5R,7S,8S,9R,10R)-2,3-Diacetoxy-8,9-dibenz-
oyloxy-1-nicotinoiloxy-4-hydroxydihydro-â-agarofu-
ran (8). Colorless lacquer; [R]25

D +27.6° (c 1.23, CHCl3); UV
λmax (EtOH) 264, 226 nm; IR γmax (film) 3528, 2969, 1733, 1591,
1451, 1277, 1116, 1067, 1026, 755, 709 cm-1; 1H NMR (CDCl3)
δ 1.39 (3H, s), 1.52 (3H, s), 1.73 (3H, s), 1.75 (3H, s), 2.32 (3H,
s), 3.42 (1H, s), 7.28 (3H, m), 7.45 (3H, m), 7.58 (3H, m), 7.96
(3H, m), 8.67 (1H, d, J ) 4.4 Hz), 8.89 (1H, s), for other signals,
see Table 1; 13C NMR (CDCl3) δ 20.1 (q), 21.0 (q), 123.1 (d),
125.4 (s), 128.0 (2 × d), 128.2 (2 × d), 129.2 (2 × d), 129.5 (s),
129.7 (s), 130.3 (2 × d), 132.9 (d), 133.2 (d), 137.0 (d), 150.8
(d), 153.5 (s), 164.0 (s), 164.7 (s), 165.7 (s), 170.3 (2 × s), for
other signals, see Table 2; MS (EI) m/z (%) 715 (M+, 2), 700
(30), 578 (24), 536 (3), 476 (2), 372 (1), 294 (2), 228 (3), 131
(4), 124 (15), 105 (100), 77 (11). HRMS (EI) m/z Calcd for
C39H41NO12: 715.284 01. Found: 715.2832.

(1R,2S,3S,4S,5R,7S,8S,9R,10R)-2,8-Diacetoxy-3,9-dibenz-
oyloxy-1-nicotinoyloxy-4-hydroxydihydro-â-agarofu-
ran (9). Colorless lacquer; [R]25

D +12.8° (c 0.21, CHCl3); UV
λmax (EtOH) 271, 226 nm; IR γmax (film) 3535, 2960, 2928, 1734,
1591, 1367, 1282, 1117, 1026, 754, 708 cm-1; 1H NMR (C6D6)
δ 1.04 (3H, s), 1.12 (3H, s), 1.45 (3H, s), 1.58 (3H, s), 1.75 (3H,
s), 3.43 (1H, s), 6.99 (3H, m), 6.78 (2H, m), 7.33 (1H, m), 7.52
(2H, m), 7.81 (2H, m), 8.40 (3H, m), 10.1 (1H, s), for other
signals, see Table 1; 13C NMR (CDCl3) δ 20.0 (q), 20.8 (q), 123.5
(d), 126.1 (s), 128.2 (2 × d), 128.3 (2 × d), 129.2 (2 × d), 129.4
(s), 129.8 (s), 130.8 (2 × d), 133.0 (d), 133.1 (d), 135.7 (d), 151.5
(d), 153.9 (d), 164.3 (s), 164.5 (s), 165.6 (s), 169.7 (s), 170.4 (s),
for other signals, see Table 2; MS (EI) m/z (%) 715 (M+, 1),
700 (23), 578 (11), 536 (2), 354 (1), 294 (1), 231 (1), 189 (2),
131 (4), 124 (9), 105 (100), 77 (12). HRMS (EI) m/z Calcd for
C39H41NO12: 715.262 88. Found: 715.264 08.

(1R,2S,4R,5S,6R,7R,8S,9R,10S)-6,8-Diacetoxy-1,9-dibenz-
oyloxy-2-nicotinoyloxydihydro-â-agarofuran (12). Color-
less lacquer; [R]25

D +31.0° (c 0.19, CHCl3); UV λmax (EtOH) 264,
229 nm; IR γmax (film) 2924, 2860, 1728, 1272, 1220, 1125,
1107, 711 cm-1; 1H NMR (CDCl3) δ 1.30 (3H, d, J ) 7.7 Hz),
1.52 (3H, s), 1.64 (3H, s), 1.84 (3H, s), 2.16 (3H, s), 2.62 (1H,
m), 7.25 (2H, m), 7.26 (2H, m), 7.37 (3H, m), 7.43 (2H, m),
7.46 (2H, m), 7.82 (2H, m), 8.14 (1H, d, J ) 8.1 Hz), 8.76 (1H,
d, J ) 3.9 Hz), 9.11 (1H, d; J ) 0.7 Hz), for other signals, see
Table 1; 13C NMR (CDCl3) δ 20.9 (q), 21.2 (q), 123.4 (d), 126.0
(s), 127.9 (2 × d), 128.0 (2 × d), 128.4 (s), 128.9 (s), 129.2 (2 ×
d), 130.0 (2 × d), 132.7 (d), 133.1 (d), 137.0 (d), 150.0 (d), 153.5
(d), 164.9 (s), 165.1 (s), 165.3 (s), 169.2 (s), 169.6 (s), for other
signals, see Table 2; MS (EI) m/z (%) 699 (M+, 3), 684 (12),
657 (19), 536 (2), 520 (3), 124 (12), 105 (100), 77 (10). HRMS
(EI) m/z Calcd for C39H41NO11: 699.267 96. Found: 699.270 32.

(1R,2S,4S,5S,6R,7R,8S,9R,10S)-6,8-Diacetoxy-1,2,9-
tribenzolyoxy-4-hydroxydihydro-â-agarofuran (13). Col-
orless lacquer; [R]25

D +9.7° (c 0.31, CHCl3); UV λmax (EtOH)
274, 231 nm; IR γmax (film) 3545, 2959, 2924, 1727, 1451, 1265,
1110, 1027, 801, 756, 709 cm-1; 1H NMR (CDCl3) δ 1.60 (3H,
s), 1.61 (3H, s), 1.70 (3H, s), 1.84 (3H, s), 2.17 (3H, s), 2.98
(1H, s), 7.19 (2H, m), 7.45 (7H, m), 7.54 (2H, m), 7.83 (2H, m),
7.89 (2H, m), for other signals, see Table 1; 13C NMR (CDCl3)
δ 20.6 (q), 21.5 (q), 127.9 (2 × d), 128.1 (2 × d), 128.6 (2 × d),
129.0 (s), 129.3 (2 × d, s), 129.4 (2 × d), 129.8 (s), 130.1 (2 ×
d), 132.7 (d), 133.1 (d), 133.2 (d), 165.0 (s), 165.2 (s), 165.6 (s),
169.1 (s), 169.9 (s), for other signals, see Table 2; MS (EI) m/z
(%) 592 (M+ - 122, 1), 532 (15), 472 (1), 419 (1), 335 (2), 246
(2), 202 (22), 151 (1), 105 (100), 77 (9). HRMS (EI) m/z Calcd
for C33H36O10: 592.230 85. Found: 592.228 79.

1r,15-Diacetoxy-6â,9â-dibenzoyloxy-2r-nicotinoyloxy-
4â-hydroxydihydro-â-agarofuran (14). Colorless lacquer;
[R]25

D +15.4° (c 0.22, CHCl3); UV λmax (EtOH) 273, 229 nm; IR
γmax (film) 3555, 2955, 2925, 2854, 1747, 1718, 1591, 1452,
1274, 1106, 1024, 758, 713 cm-1; 1H NMR (CDCl3) δ 1.57 (6H,
s), 1.59 (3H, s), 1.62 (3H, s), 2.26 (4H, m), 2.71 (1H, m), 3.13
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(1H, s), 7.47 (5H, m), 7.59 (2H, m), 8.07 (2H, m), 8.18 (2H, m),
8.40 (1H, d, J ) 7.9 Hz), 8.80 (1H, s), 9.30 (1H, s), for other
signals, see Table 1; 13C NMR: (CDCl3) δ 20.3 (q), 21.2 (q),
123.6 (d), 125.3 (s), 128.4 (2 × d), 128.6 (2 × d), 128.9 (s), 129.7
(s), 130.1 (4 × d), 133.4 (d), 133.6 (d), 137.2 (d), 151.1 (d), 153.8
(d), 164.4 (s), 165.2 (s), 166.2 (s), 169.2 (s), 170.8 (s), for other
signals, see Table 2; MS (EI) m/z (%) 715 (M+, 4), 700 (4), 595
(2), 470 (19), 275 (5), 228 (9), 124 (14), 105 (100), 77 (10). HRMS
(EI) m/z Calcd for C39H41NO12: 715.262 88. Found: 715.255 19.

1r,15-Diacetoxy-6â,9â-dibenzoyloxy-2r-nicotinoyloxy-
dihydro-â-agarofuran (15). Colorless lacquer; [R]25

D +70.0°
(c 0.39, CHCl3); UV λmax (EtOH) 264, 229 nm; IR γmax (film)
2954, 2924, 2850, 1747, 1720, 1590, 1451, 1272, 1106, 1025,
757, 712 cm-1; 1H NMR (CDCl3) δ 0.87 (3H, d, J ) 6.8 Hz),
1.52 (6H, s), 1.53 (3H, s), 2.10 (3H, m), 2.34 (3H, s), 7.49 (5H,
m), 7.60 (2H, m), 8.06 (4H, m), 8.41 (1H, d, J ) 8.0 Hz), 8.79
(1H, s), 9.29 (1H, s), for other signals, see Table 1; 13C NMR
(CDCl3) δ 20.3 (q), 21.2 (q), 123.5 (d), 125.4 (s), 128.3 (2 × d),
128.7 (2 × d), 129.0 (s), 129.5 (2 × d), 129.8 (s), 130.1 (2 × d),
133.5 (d), 133.6 (d), 137.4 (d), 151.3 (d), 153.3 (d), 164.6 (s),
165.3 (s), 165.6 (s), 169.3 (s), 170.9 (s), for other signals, see
Table 2; MS (EI) m/z (%) 699 (M+, 22), 684 (14), 228 (5), 174
(4), 124 (13), 105 (100), 77 (8). HRMS (EI) m/z Calcd for C39H41-
NO11: 699.267 96. Found: 699.267 85.

Biological Assays. 1. Parasite Culture. The wild-type L.
tropica LRC strain was a clone obtained by agar plating.39 An
L. tropica line highly resistant to DNM (DNM-R150) was
maintained in the presence of 150 µM DNM and used as
previously described.24 This resistant line had an MDR
phenotype similar to that of tumor cells, with a cross-resistance
profile to several drugs and an overexpressed drug-efflux Pgp-
like transporter.24 Promastigote forms were grown at 28 °C
in RPMI 1640-modified medium (Gibco)40 and supplemented
with 20% heat-inactivated fetal bovine serum (Gibco).

2. DNM Chemosensitization Experiments. The viability
of parasites in the presence of the different sesquiterpenes was
analyzed by an MTT-based assay.41,42 The screening was
performed in flat-bottomed 96-well plastic plates maintained
at 28 °C. Promastigote forms from a logarithmic phase culture
were suspended in fresh medium to yield 6 × 106 cells/mL.
Each well was filled with 50 µL of the parasite suspension (3
× 105 cells). Stock solutions of sesquiterpenes dissolved in
DMSO were diluted directly in the culture medium at suitable
concentrations, and 50 µL was added to each well. The final
DMSO content did not exceed 0.3%, which had no effect on
parasite growth. To assess the chemosensitizing activity of
sesquiterpenes, promastigotes of L. tropica MDR line were
exposed to both DNM (150 µM) and sesquiterpenes. To
determine the intrinsic toxicity of the sesquiterpenes, the wild-
type L. tropica lines were exposed to the sesquiterpenes in the
absence of DNM. After 72 h of incubation at 28 °C, the viability
of promastigotes was determined by the colorimetric MTT
assay. A total of 10 µL of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) (5 mg/mL in PBS) was
added to each well, and plates were incubated for an additional
period of 4 h. Water-insoluble formazan crystals were dissolved
by adding 100 µL of 20% SDS, and absorbance was read at
540 nm using a microplate reader (Beckman Biomek 2000).
Cell survival was determined by dividing the absorbance at a
given sesquiterpene concentration by the absorbance of control
cells. The results are expressed as percent growth inhibition
(GI).

3. Reversion of Calcein Accumulation in a MDR L.
tropica Line Overexpressing a Pgp-like Transporter.
The accumulation of CAL-AM fluorescent dye in wild-type and
resistant Leishmania lines was estimated by flow cytometry
using a Becton Dickinson FacScan, as described for mam-
malian cells37 and for Leishmania spp.,38 with some modifica-
tions. Briefly, parasites were incubated with 2 µM CAL-AM
(Molecular Probes Europe BV, The Netherlands) for 1 h at 28
°C in HPMI/glucose buffer (10 mM HEPES, 120 mM NaCl, 5
mM Na2HPO4, 0.4 mM MgCl2, 0.04 mM CaCl2, 10 mM
NaHCO3, 10 mM glucose, 5 mM KCl, pH 7.4) in the presence
or in the absence of different concentrations of sesquiterpenes.

Parasites were then extensively washed, resuspended in cold
phosphate-buffered saline (PBS: 1.2 mM KH2PO4, 8.1 mM
Na2HPO4, 130 mM NaCl, 2.6 mM KCl adjusted to pH 7.4),
and immediately analyzed. Cells were gated on the basis of
size and complexity to eliminate dead cells and debris from
the analysis. Quantification of intracellular fluorescence was
carried out by scanning the emission between 515 and 545 nm
(FL-1) using the Cell Quest software application.
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