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Sesquiterpene Lactone Isolated from Munnozia
moronii (Asteraceae)

Alain Fournet*
Institut Frangais de Rectrerche Scientiñque pour le Développement en Coopération (ORSTOM), Département San
2L3,rue [: Fayette, T!f80 Paris, Crdex 10, France

Victoria Muñoz
Instituto Boliüano de Biologia de Altura (IBBA), CP 717 ,I-a Paz, Bolivia

Frangois Roblot, Reynald Hocquemiller and André Cavé
l-aboratoire de Pharmacognosie, associé au CNRS, Faculté de Pharmacie, Université Paris XI, 9D96 AÁrcnay-Malabry,
Cedex, France

Jean-Charles Gantier
[¿boratoire de Parasitologie, Faculté de Pharmacie, Université Parix XI, 92296 Chátetay-Malabry, C-edex, France

The peholanm ether extract of the leaves of Munnozia na¡onü was found úo inhibit in oiúo the growth of
promastigoúe foms of Labhmania and epimastigote forms of Trypanosoma cnai with an IC¡ of ?5 pglmL.
Actiyity-guidd fractionation of the exhact by chromatography identiñed the sesquitcrpcne l¡ctone I of the
guaiane series. Ihe compleúe sürrchrre of I was elucidated using rH and DC NMR experiments at high ñetd. The
isotated compound was shown to be a new natural guaianolid, dehydrozaluzanin C, previously known as
synthetic oxidative derivative of zaluzanin C (Romo de Yivar el aL , 1967). This compound inhibitcd, in oitro, the
growth of 12 strains ú Lcisluunb and 15 strains of T. cruzi at concentrations between 5() and 2.5 ¡rg/ml,. The
leishmanicid¡I acfivi§ of dehydrozaluzanin C was tested on BALB/c mice infec'ted üth amastigote forms of
L¿islutqúa amqorcnsis. Ilehydrozaluz"nin C reduced the severity of L. aruzpncsis lesions in BALB/c mice but
was less active thrn the reference compound Glucantime.

Keywords: Mtutttozit maronü; Asteraceae; anüprotozoal; I*ishmania; Trypanosoma cruzi; dehydrozaluzanin
C; guaianotid.

INTRODUCTION

I¿ishmaniasis is a protozoan parasitic disease transmit-
ted to human by phlebotomine sand flies. The esti-
mated global prevalen@ is LZ million cases, with
400 000 to2000 000 new cases reported per year (Croft,
1988). The drugs of ñrst choice are pentavalent antimo-
nials such as N-methylglucamine antimonate (Glucan-
time) or sodium stilbogluconate (Pentostam) but
Iequire long-term therapy and often induce toxic
effects (Croft, 1988). Moreover, visceral leishmaniasis
clinically resistant to antimony has been reported (Ber-
man, 1988).

In Bolivia, the Instituto Boliviano de Biologia de
Altura (IBBA) and ORSTOM (French Institute of
Scientific Research for the Development in
Cooperation) have been searching for Bolivian plants
containing new natural compounds active against leish-
maniasis and Chagas disease. 'We have investigated the
leaves of. Munnozia nutronii (Asteraceae), an abundant
herbaceous plant which grows at an altitude of 1500 m
to 3000 m in the sub-Andean tropical region. Munnozia
fturonii is not used in traditional medicine. In a pre-
liminary screening, a petroleum ether extract of the
leaves displayed activity in uitro (25 pg/ml-) against
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promastigotes of three strains of Leishmania ssp, L.
braziliensis, L. amazonensis and ¿. donouani and epi-
mastigote forms of three strains of Trypanosoma cruzi
(Tulahuen, CSClL and nR27 Cl1). The present paper
describes the in uitro and in uiao antiprotozoal effects
of the isolated guaianolid responsible for the biological
activity of the extract.

MATERIALS AND METHODS

lsolation and chemistry

Creneral experimental procedunes. The UV Spectrum was
recorded on a Unicam SP 1800 spectrophotometer, and
the IR spectrum on a Perkin Elmer 257. All the tH and

'3C-NMR spectra were recorded on a Bruker AC 200 P
spectrorneter in CDCI3 (6 ppm) operating at 200 and
50 MHz respectively. Eims spectrum was otrtained
from Nermag R 1010 C mass spectrometer operatrng at
70 eV. Optical rotation was measured in CHCI3 using a
Schmidt-Haensch polarimeter type Polartronic I.
Modelization experiments were performed using a
Tipos Alchemy II logicial.

Plant material. The leaves of Munnozia maronii were
collected by A. Fournet (A.F. 434) in Yungas (Depart-
ment of La Pu, altitude 2500 m, Bolivia) in July 1987.
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The plairt nraterial was identified by FI. Robinson of the
National Museum of Natural History, Smithsonian
Institution, Washington, USA. Voucher specimens
were deposited in the National Herbarium of Bolivia
(La Paz) and in the Smithsonian Institution.

Efraction an..l isolation. The air-dried leaves (720 g) were
powdered . and extracted with petroleum ether. The
solvent was evaporated under reduced pressure to yield
a greenisti extract (61g). This extract was fractionated
on a silica gel column (Kieselgel H, Merck), eluted with
petroleum éther and an increasing amount of EtOAc.
The activE fraction (6.7 g), eluted with pure EtOAc,
was furthei purified by silicagel chromatography using
petroleüm'ether-EtOAc (7-3) as eluant, affording
164 mg of d'ehydrozaluzanin C.

Spectrometricat and chemical characterization of dehydroza-
us, C¡rHr6O3: 244; lJV, ?' max
(KBr) v cm-r: 1761 (y-lactone),

5,L?58, i145, 1103,995, 900, 890;
'CHCI¡); MS: mlz (%):2dA Q$,

2L5 (,28),173 (72),150 (100); 122 (M** , L4), LL7 (20),
9r (tz)," 8L'(33), 79 (4», n (48), 53 (s7), 4t (42), 39
(54)*'ttr qqd llC NMR (rable 1).

i r.i'¡rr.,; ,.:..

Biological assays ,
, t;¡l

BRI751M 2904), .L: gqyanenst.s (MHOM/BR/7SI
M4!ql), L- panamensis,(4039), L, peruoiarw (MHOM/
PEIOO/§L?), L. atnazonerurs (IFLA/BR/67iPH8), ¿.

L. pifanoi
(vBt74tPM-
0), L. dono-

u¿ri (MHOIvÍ/IN/80/DD8), ¿. infanunt (LH-4), ¿.
infanum (MHOtvf B R/ N I M 2682) .

Fifteen strains of. Tryparcsoma cruzi were used:
72C14 (Boliüan strain), L3379 Cl9 (isolated from man
in Erazil)¡,C8 Cl1 (Brazilian,strain), 31 R16 Cl1 (iso-
latbd f¡omman in Bolivia);SC 43 Cl2 (Bolivian strain),
A98Cls'(Original from,French Guyana), MIL 4 Cl10
(isolated from man in Boliüa), M62241C16 (isolated
from man in Brazil),9280 Cl1 (isolated from man in
Bolivia), CL (Brazilian strain), 27R 27 Cl1 (isolated
from Aotus in Bolivia); 'Y (isolated from man in
Brazil), Tulahuen (isolated from Triatoma infestarc in
Brazil), A 97 Cl1 and A 99 A7 (isolated from Didelphis
marsupialis in French Guyana) and PB 3 Cl7 (isolated
from Rhodnius pictipes in Bolivia).

Culture and mainteuance of L¿íshnunia. Promastigote
forms of Leishmania were grown at 28'C in USMARU
medium (Evans, i.987) containing 10% heat inactivated
(56'C for 30 min) fetal bovine serum. Promastigote
cultures in the logarithmic phase of growth were main-
tained by transferring 106 cells per mL. The extracts
and the fractions oi Munnozia maronii were dissolved
in 50 pL of DMSO (dimethyl sulphoxide) and added to
the medium, from which aliquots were drawn. Parasites
were counted every day in a haemocytometer and the
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results were compared with those of controls gI_oyn

without drug. The gO% inhibitory concentrations (IC*)
were choseñ for the comparison of susceptibilities of
the strains to drugs tesied. PentamidineR- (Aldrich
Chemical and May & Baker, England) ang ketocona-
zole (Janssen Phaimaceutica Co, Belgium) were used

as reierence drugs for measuring the efficacy of the
extracts of Munnozia maronii. Each assay was per-
formed in triplicate.

Culture and maintenance of TryPanosotno cruu-
Epimastigotes of T. cruzi were maintained in con-
tinuous exponential growth in liver infusion lryptose
medium (LIT, Bacto)lupplemented with L0% fetal calf
s,erum at 28"C with an inoculum of 106 ce[s per mL.
Aliquots were taken every day and the parasites were
counted in a haemocytometer; the counts were com'
pared with those of controls grown without drug.
Nifurtimox (Bayer, Germany) and benznidazole
(Roche, USA) were used for comparison.

In oioo studies. Female BALB/c mice were obtained
from the Charles River Breeding and then were bred at
IBBA (La Pu, Bolivia). Mice were 8 weeks old and
weighed 18-20 g when expcriments were initiated.
Leishmania arnazonensis (IFLA/BR/67IPH8) was
used. Female BALB/c mice (n:8) were infected sub-
cutaneously in the right rear foot pad with 0.2m[,
phosphate buffer saline (PBS) containing 106 amasti-
gotes obtained from donor hamsters. The growth of
infection was calculated weekly by measuring the dia-
meter of both rear feet with a direct reading vernier
caliper (Ref: Kroelin 10DI 00T6). The size of the lesion
in mm was determined by subtracting the measure-
ments obtained for the uninfected foot from that of the
infected foot. Measurements began 1 day before the
inoculation of L. cütazonensis and were performed for
9 weeks.

Glucantime was given at 200 mg/kg/d aud dehydro-
zahtzanin C at 100 mg/kg/d. Preliminary studies had
shown that these doses were the most effective limiting
the mortality induced by the development of. L. amazo-
nensis lesions in BALB/c mice (C-oleman et al., 1989).
Drug treatment was initiated 1 day after the inoculation
of parasites and was carried on once daily for 14 days.
The dehydrozahüranin C was dissolved in 50 pL of
polysorbate (Tween &, Prolabo). Control mice (n: E)
received0.2mL PBS for 14 days. For each experiment
the mean and standard error of the mean (SEM) were
calculated.

l+

RF^SULTS

Structure determination of the guaianolide I

The chemical structure of I was established according
to its spectral data. The tlv and IR spectra indicate the
presence of a lactone ring (I** :2L7 nm;
vr", : l76L cm-'), of an isolated ketone
(r.", -- 1723 cm-t) and of sevcral isolate,d or conjugated
double bonds. The molecular weight of I (ml z -244)
and its t¡1 and I3C-NMR spectra indicate a molecular
formula of C,rHroO¡, consistent with a sesquiterpene
lactone structure. The sequence of the protonated car-
tron atoms was established using t¡{-'3C-NMR (COSY)
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Figure 1. Long-range correlátions obserued on the IH-NMR

COSY4S" spectrum of dehydrozaluzanin C.

experiments and selective irradiations. The positions of
the three exocyclic double bonds were established by
the observation of long-range correlations on the
IH-BC-NMR COSY I" spectrum (Fig. 1). The
observed couplings between the aliphatic protons
clearly establ.ish the relative configuration of I by com-
parison wiü the @rresponding Dreiding model and
üterature data (Bohlmann et al., 1980;.Bohlmann et al.,
1981; Ha-im et al., 1980). Modelization experiments
inücate that any modification in the stereochemistry, in
agreement wiü the NMR data, increases the internal
enerry of the molecule. The structure and relative
configuration of the sesquiterpene lactone I is thus
established Írs the guaianolide represented in Fig. 1.
This stmcture seems to be identical with dehydrozalu-
zanin C, obtained by Romo de Vivar et al. (L967) by
oxidation of natural zahlzaain C. The positive specific
rotation indicates the same absolute configuration.
Dehydrozaluzanin C is isolated for the first time as a
natr¡ral product. Its complete t¡¡ and r3c-Iüvm. data,
never reported before, are given in Table 1. The
13C-NMR attributions were made from the t¡¡ NMR
data, by the way of heteronuclear IH-BC correlations.

In oito and h oioo efrects on l*ishmania

After 24h incubation with dehydrozahyanin C, the
ICeg for ten strains of promastigote forms of
I*ishmania was 5 pglml-. The ICeg for l*ishmania
panameruis (40390) and L. donouani (DD8) were

u:

Table l. NMR data of dehydrozaluzanin C in CDCI3 (ó
CHCI3:7 r27)

1H-NMR (2ffi mHzl

H-la 3.12 ddd"
H-2o. 2.68 dd"
H-zp 2.56 dd"
H-Sa 3.27 tdd"
H-6p 4.01 t'
H-7a 3.03 m
H-8a -2.30 m
H-8p 1.46 m
H-9c -2.20 m
H-gp -2.60 m
H-13A 6.30 d'
H-138 5.59 d"
H-14A 4.94 s
H-148 4.60 s
H-15^ 6.25 dd"
H-158 05.97 dd"

H¡

c-1
c-2
c-3
c4
c-s
c-6
c-7
c€
c-9.
c-l0
C.l1
c-l2
c-l3
c-l4
c-l5

' Coupling constants (J Hz): 1o,, 2sl7 .91; 1o, 2p (2.61; , 1a, 5a (Si!;

2o,2p (18.51; 5a,6p (91; 5a, 15a (31; 5a, 15a(2.71; 6F, lolgll 7s;
8a (<0.51;70,80 (:t 2l;7o.,13e (3.51;7o.,13e (3.1); 8a,80 (¿1a);
8c, 9a (:61; 8a, 9p(=31; 8F, 9c (:131; 8B, 9F (-41! ga, 9F (-191;
13a,13o(<0.5};14e,15'(<0.5};15l,15g(0.7l.
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50 pglml and 25 pgtml- respectively. After Zzbiof
contact with dehydrozaluzanin C, the ICeo was 5 pglml
for L. panameruis, 10 pg/mL for L. donooani (DD8),
and 2.5 pglmL for the others strains. For comparative
purposes, results obtained in the presence of dehydro-
zahtzanin C, pentamidine and ketoconazole in thé*ciiF :

ture medium are presented r"'ir.,l

The effect of Giucantime C:oi
the development of L. ama l¡Blc

..

i

zonercis infection was slower in mice treated y.i!¡.
mice treated with dehyd rczahizÁnig.
of referen@ compound was highgr
of 100 mg/kg). ' 1,,.,

Teble 2. Comparison of in oifro inhibitory cffects (IC¡ (pg/ml) on 12 strains of promastigote
forms of Leisfunania ¡t different times after additir¡n of dehydrozaluzanin C,
pentamidine and ketoconazole

Time
Strains

L. braziliensrs (M2904!
L. guyanensis (M41471

L. panamensis (4039)
L. peruviana (SL2)
L. amazonensís (PH8)

L. mexicana (BEL21l
L. pifanoí (LLl)
L. venezuelensis (PM-H3)
L. donovani (HS-701

L. donovani (DD8)
L. chagasi (M26821

L. infantum (LH 4)

In oitro effects on Trypanosomt, cttui 
(

The dehydrozahyanin C was tested on 15
Trypanosoma cruzi. The results obtained in
ence of dehydroz-aluzanitr C, nifurtimox and

Dehydrozaluzanin C

24h ¿Ah 72h

5
5

50
5
5
5
5
5
5

25
5
5

2.5
2.5

10
2.5
2.5
2.5
2.5
2.5
2.5

10
2.5
2.5

2.5 5
2.5 s
5 2.5
2.5 5

2.5 2.5
2.5 2.5
2.5 2.5
2.5 5
2.5 5

10 5
2.5 5
2.5 5

24h
Pentamidine

¿18 h

1

2.5

72h

1

2.5
1

o.5
0.5
0.5
0.5
1

0.5
0.5
0.5
0.5

Ketoconazole
24h 48h 72h

>100 >100 50
>100 >100 100
>100 >100 100
>100 >100 50
>100 >100 50
> 100 >100 >100
> 100 >100 100
>100 >100 >100
>100 >100 100
>100 >100 >100
> 100 >100 >100
>100 > 100 >100

\

I

strain§,of
the prd§-

berúnid+-

2.5
2.5
2.5
2.5
2.5

*a
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Figure 2. Effect of dehydrozaluzanin C (100 mg/kg/d) and
Glucantime8 (200 mg/kg/d) on the development of L. amazo-
nensis (PH A) ¡n BALB/c (+SEM). Drugs were given for a 14 d
period commencing 1 d after inoculation of L. amazonensis.
D, :Déhydr:::luzanin C; I, Glucantime; O, control.

zoke are presented in Table 3. After 24 h the dehydro-
zahu;pyttn C showed an inhibitory activity on all strains.
The,.Iq* varied widely, from 5 pglml to 50 pg/ml.
Finally, after 72h of contact with the sesquiterpene
lactgne, six strains were inhibited at a concentration of
z.S'llÉlmL, one at 5 pg/ml (M624L Cl4), seven at
tCr pgTml and only one at 25 pgiml- (13379 Cl9).
Nifurtimox and benznidazole showed no inhibitory ac-
tivity, against the multiplication of epimastigote forms
of. Trypancsotna cruzi below 25 pg/ml.

DISCUSSION

The petroleum ether extract of the leaves of. Munnozia
wuronii showed a significant activity on the promasti-
gote forms of Leishmania and epimastigote forms of
Trypanosoma cruzi. The bioassay guided fractionation
produced the active compound, identified as the sesqui-

terpene lactone, dehydrozaluzanin C, isolated for the
first time as a natural product. This compound was

previously obtained by oxidation of zaluzanin C iso-
lated from a Mexican Asteraceae ,, Zaluzania augusta
(Romo de Vivar et al.,1967). In a phytochemical study
of. Munnozia maronii (Bohlman and Grenz, 1979), the
isolation and structure determination of a sesquiter-
pene lactone was reported but no mention was made
about dehydrozaluzanin C. A sesquiterpene lactone
with a similar guaianotide skeleton, dehydrocostuslac-
ton, was isolated from another species of Munnozia,
M. gigantea (Bohlmann and Grenz, 1979).

In our study, dehy drozaluzanin C exhibited an inter-
esting activity in uitro against extracellular forms of the
parasltes; it was more efficient than standard leishmani-
ci¿at compounds, glucantime and ketoconazole. The in
uiuo studies with the BALB/c mice model of
Leishmania amazoneruis (PH 8) showed that dehydro-
zahtzanin C was less potent than Glucantime. In pre-
üous studies dehyd rozalvzanin C did not exhibit direct
activity against L. amazoneruis in cell lines (Verc, [J
937, and HBK2,C,r). The cytotoxicity (LD*) on the
mammalian cells was evaluated to I Wglml- (Muñoz,
1e87).

The activity of dehydrozalt¡zanin C on the strains of
epimastigote forms of Trypanosoma cruzt was more
potent than the standard drugs, benznidazole and nifur-
timox . In uitro biological assays on the bloodstream
forms of T. cruzi (t.ypomastigotes) (Rojas de Arias cr
a|.,1990) did not show any activity on this form of the
parasite.

The data presented in this study indicate that a direct
comparison between the efficacy of drugs against vari-
ous forms of parasites is not alwavs evident. It is
difficult to determine whether the in uitro drug activity
will correlate with its activity in uiuo or not (Belt et al.,
1990). The in uitro activities of dehydrozaluzanin C on
Leishmania and T. cruzi suggest that its efficacy is
coupled with high cytotoxicity. The mechanism of ac-
tion of our compound is still unknown. Recently a

sesquiterpene lactone of natural origin, 15-
deoxygoyazensolide, has been described as an active
compound against blood forms of T. cruzi (Chiari et al. ,

1ee1).

Table 3. Comparison of in oifro inhibitory efrects (IC¡ (pg/ml) on 15 strains of
epimastigote forms of T. cr¿zi at different times after addition of dehydrozalu-
zanin C, benznidazole and nifurtimox

Dehydrozaluzanin C

24h ¿l8h 72h
Nifurtimox

24h 48h 72h

>100 50 25
>100 >100 100
>100 >100 100
>100 100 50
>100 >100 100
>100 100 50
> 100 >100 50
>100 100 50
>100 >100 100

>100 >100 >100
>100 100 100

>100 100 25
>1 00 100 50

>100 100 25

>100 50 25

Time
Strains

z2cl4
133 79 Clg
C8 CI1

31R 16 Cl1

A 98C15

MIL 4 Cl10
M6241 Cl4
92 80 Cl1

CL
27 R 27 Cl1
Y
Tulahuen
A 97 Ct7
A 99 Cr7

PB 3 CI2

25
25
25
25
25
25
25
25

5

50
10
10
10

5

50

Berunidazole
24h 48 h 72h

25 10 >100 >100 100

25 25 >100 >100 50

10 10 >100 100 50

25 10 >100 >100 >100
10 10 >100 100 100

2.5 2.5 > 100 50 25
25 5 >100 >100 >100
10 10 >100 100 50

2.5 2.5 > 100 > 100 100

25 10 >100 >100 >100
5 2.5 100 25 25
5 2.5 >100 100 25
5 2.5 100 50 50

2.5 2.5 > 100 > 100 100

50 1 0 >100 >1 00 50
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Munnozia moronii often grows with other species of
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