
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=gnpl20

Download by: [200.45.169.27] Date: 29 February 2016, At: 06:46

Natural Product Research
Formerly Natural Product Letters

ISSN: 1478-6419 (Print) 1478-6427 (Online) Journal homepage: http://www.tandfonline.com/loi/gnpl20

Active sesquiterpene lactones against Leishmania
amazonensis and Leishmania braziliensis

Andrea M. Sosa, Susana Amaya, Efrain Salamanca Capusiri, Miguel Gilabert,
Alicia Bardón, Alberto Giménez, Nancy R. Vera & Susana A. Borkosky

To cite this article: Andrea M. Sosa, Susana Amaya, Efrain Salamanca Capusiri, Miguel
Gilabert, Alicia Bardón, Alberto Giménez, Nancy R. Vera & Susana A. Borkosky (2016): Active
sesquiterpene lactones against Leishmania amazonensis and Leishmania braziliensis, Natural
Product Research, DOI: 10.1080/14786419.2015.1126260

To link to this article:  http://dx.doi.org/10.1080/14786419.2015.1126260

View supplementary material 

Published online: 12 Jan 2016.

Submit your article to this journal 

Article views: 39

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=gnpl20
http://www.tandfonline.com/loi/gnpl20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/14786419.2015.1126260
http://dx.doi.org/10.1080/14786419.2015.1126260
http://www.tandfonline.com/doi/suppl/10.1080/14786419.2015.1126260
http://www.tandfonline.com/doi/suppl/10.1080/14786419.2015.1126260
http://www.tandfonline.com/action/authorSubmission?journalCode=gnpl20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=gnpl20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/14786419.2015.1126260
http://www.tandfonline.com/doi/mlt/10.1080/14786419.2015.1126260
http://crossmark.crossref.org/dialog/?doi=10.1080/14786419.2015.1126260&domain=pdf&date_stamp=2016-01-12
http://crossmark.crossref.org/dialog/?doi=10.1080/14786419.2015.1126260&domain=pdf&date_stamp=2016-01-12


Natural Product Research, 2016
http://dx.doi.org/10.1080/14786419.2015.1126260

SHORT COMMUNICATION
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amazonensis and Leishmania braziliensis
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Alicia Bardóna,d, Alberto Giménezc, Nancy R. Veraa and Susana A. Borkoskya,b

aFacultad de Bioquímica, Química y Farmacia, Universidad Nacional de Tucumán, Tucumán, Argentina; 
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cInstituto de Investigaciones Fármaco Bioquímicas, Universidad Mayor de San Andrés, La Paz, Bolivia; dInstituto 
de Química del Noroeste Argentino - Consejo Nacional de Investigaciones Científicas y Técnicas (INQUINOA-
CONICET), Tucumán, Argentina

1.  Introduction

Leishmaniasis is a parasitic disease caused by protozoan species of the genus Leishmania of 
which over 20 are known to be pathogenic to humans. Parasites are inoculated by the bite 
of infected female phlebotomine sandflies. According to recent WHO reports, 98 countries 
are affected, comprehending 12 million infected people. The lack of effective antiprotozoal 
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ABSTRACT
Seventeen sesquiterpene lactones (SLs) isolated from five species of 
the tribe Vernonieae were evaluated for their in vitro activity against 
promastigotes of Leishmania amazonensis and Leishmania braziliensis. 
Additionally, a quantitative structure activity relationship has been 
made, since all these natural compounds were found to have potent 
to mild antileishmanial properties. The most active compounds 
against L. braziliensis were 16 and 17 (IC50 values 1.45 and 1.34 μM, 
respectively), followed by compound 15 with IC50 value of 1.60 μM 
against L. amazonensis. The three glaucolide-type SLs (4−6) were the 
least active against both parasites. The computational study allowed 
us to establish that lipophilicity and polarisability play an important 
role in the antiparasitic activity. This is the first report of the known 
germacradiendiolides 16 and 17 from Elephantopus mollis. The activity 
data of the compounds 1−17 assayed against Leishmania parasites 
are reported here for the first time.
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drugs has caused a renewed interest in the study of medicinal plants as sources of new 
chemotherapeutic compounds with better activities and fewer side effects. Many people, 
who live in endemic areas, rely on traditional medicines for treatment. Over 100 plants have 
been reported to be active against various forms of leishmanial parasites. Therefore, the 
search of novel, effective and safe drugs for the treatment of the disease has been a priority 
for health researchers (WHO 2015). In this work, we isolated a series of highly oxygenated 
sesquiterpene lactones (SLs), characteristic of the tribe Vernonieae. These natural compounds 
belong to six structural types: hirsutinolides 1–3, glaucolides 4–6, germacranolides 7–10, 
isogoyazensolides 11–13, goyazensolide 14 and 15 and germacradiendiolides 16 and 17 
(Figure 1). Hirsutinolides (1–3) and glaucolides (4–6) carry a C(7)=C(11) endocyclic bond, a 
C(13)–OAc group and an ester chain at C(8). Compounds 7–10, 11–15 possess furanone and 
exomethylidene-γ-lactone rings in their structures. Compounds 16 and 17 are characteris-
tics metabolites from the subtribe Elephantopodinae and carry two-γ-lactone rings. In the 
present article, we evaluate and report the leishmanicidal effects of SLs on promastigotes 
of Leishmania amazonensis and Leishmania braziliensis. In addition, a quantitative structure 
activity relationship study of the selected SLs from the New World Asteraceae was carried out.

2.  Results and discussion

2.1.  Promastigotes inhibition by SLs

Natural products have been systematically studied against Leishmania parasites and demon-
strated a promising alternative due to their antileishmanial potential, not only obtained 
from plants, such as the rich source of SLs, Tithonia diversifolia (de Toledo et al. 2014), but 

Figure 1. Structures of sesquiterpene lactones 1–17.
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also from marine organisms, such as the Laurencia dendroidea, a rich sesquiterpene red 
alga (da Silva Machado et al. 2011) and recently from the brown propolis prepared by Apis 
mellifera (Santana et al. 2014). In the present study, all the SLs tested showed moderate to 
high antiparasitic activity for L. amazonensis and L. braziliensis, being the 65% of the products 
more effective for the control of L. braziliensis.

The IC50 values of SLs 1–17 on the promastigote forms are displayed in Table S1. As can 
be seen, the best leishmanicidal effects were exerted by compounds 16 and 17, mainly 
against L. braziliensis (IC50 values of 1.45 and 1.34 μM, respectively), followed by compound 
15 (IC50 value of 1.60 μM) against L. amazonensis. Compounds 8, 10, 11 and 12 display a 
high activity against both strains with IC50 values between 2.80 and 8.30 μM. Compounds 
1–3, 13 and 14 showed significant activities with IC50 values in the range of 5.70–14.1 μM 
towards both strains. Finally, the three glaucolide-type SLs tested (4–6) were the least active 
compounds against both promastigote forms (IC50 range values 23.4–47.8 μM). The results 
showed that compounds 16 and 17 were about two times more potent than the 15 (IC50 
value of 2.94 μM) and 8 (IC50 value of 2.76 μM) towards L. braziliensis. This significant activity 
may be related to the presence of two lactone rings in their structures. It is well known that 
molecules possessing at least one lactone ring function can act as antiparasitic (Schmidt 
et al. 2009). Furthermore, compound 15 was about six and four times more potent than 14 
with IC50 values of 12.5 μM for L. amazonensis and 10.4 μM for L. braziliensis, respectively. The 
difference may be due to the presence of the angelate ester side chain at C(8).

Much of the biological activities displayed by the SLs are attributed to the exomethylidene-
γ-lactone ring which may react with nucleophiles, especially sulfhydryl groups of proteins, 
by a Michael-type addition reaction (Kupchan et al. 1971). Although the possibility of react-
ing with sulfhydryl groups in different environments may increase with steric flexibility, 
compounds 4–6 with a flexible macrocycle skeleton and a γ-lactone ring with a C(13) ally-
lic acetate function, showed the weakest leishmanicidal activity. Differences in molecular 
conformation may affect both steric accessibility of Michael addition sites and lipophilicity 
(Beekman et al. 1997). While the presence of the exomethylidene-γ-lactone moiety is often 
considered essential is not enough for the leishmanicidal activity. Therefore, we conclude 
that the activity depends on a combination of structural features of the compound, including 
the type of the germacranolide skeleton and the functional groups.

Isodeoxyelephantopin (16) and deoxyelephantopin (17) have been isolated previously 
(Zhang et al. 1986), but this is the first report from Elephantopus mollis.

2.2.  Computational analysis

Results obtained from the quantitative structure–activity study showed that descriptors 
related to the partition coefficient (LogP) and polarisability (bpol) best correlated with the 
experimental activities. LogP is an indicator of the lipophilic character of a molecule, and it 
has a strong influence on ADME (absorption, distribution, metabolism and excretion) prop-
erties of drugs. For this study, CLogP (based on the fragmental method developed by Leo & 
Hansch 1979) and ALogP (based on atomic contributions) were used. Both descriptors pro-
vide values of the same property and only differ from one to another on the algorithms used 
to calculate LogP (Medić-Šarić et al. 2004). Figures S1a and S1b show correlations between 
LogP values and the IC50 obtained for L. amazonensis and L. braziliensis. As can be seen, 
CLogP and ALogP correlated with the experimental activity through a parabolic function 
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with R2 values greater than 0.77, resulting better predictive models for L. amazonensis than 
L. braziliensis according to the R2 values (Table S2).

The quadratic relationship between LogP and the biological activity indicates that there is 
an optimum range of LogP (all around a value of 2) beyond which, increasing or decreasing 
hydrophobicity causes a loss in the activity. This fact can be explained as a poor absorption 
or permeation on the biological system due to inadequate range of hydrophobicity, which 
suggests that an optimun balance between hydrophilic and lipophilic properties is most 
convenient. The most active compounds against the two strains (8, 10, 12, 15–17) showed 
LogP values between 1 and 3, suggesting that this would be the range of hydrophobicity 
in which SLs best display their antiprotozoal effects.

It is also possible to notice that the less active compounds (4–6) against both parasite 
strains are in turn the most ‘hydrophilic’ (LogP values <1) according to the data obtained for 
CLogP and ALogP (Figures S1a and S1b, respectively).

These findings are in agreement with previous reports in which the contribution of LogP 
to the in vitro antiprotozoal activity was studied (Daunes & D’Silva 2001). LogP values of 
compounds showed a correlation predominantly parabolic with the antiparasitic activity 
showing an optimum range of LogP values. Then, the activity is controlled to some degree 
by their ability to enter cells.

Regarding the atomic polarisability of the molecules (Figure S1c), compounds 16 and 
17 with bpol values of 34.9 and 32.5 cm3, respectively, proved to be the most active against 
L. braziliensis with IC50 values <3.30 μM. Compound 15 was the most active against L. ama-
zonensis with a bpol value of 34.8 cm3. As can be seen in Figure S1, the quadratic function 
showed the best correlation between the antiparasitic activity and the bpol values calculated 
for the SLs with R2 values of 0.83 and 0.80 for L. amazonensis and L. braziliensis, respectively 
(Table S2). It is noteworthy that there is a short range of polarisability values (30–40 cm3) in 
which the compounds display their best antiparasitic activity. The quadratic relationship for 
bpol is in agreement with the above mentioned for LogP considering that both descriptors 
(LogP and bpol) are closely related as follows: the partition coefficient is a function of the 
solvation energy which is made up of a number of components where the most important 
are the electrostatic and polarisation energies, the latter being a linear function of polaris-
ability (Lewis 1989). On the other hand, polarisability plays an important role not only on 
compounds’ penetration through the cellular membrane but also on the ligand–receptor 
recognition where the Van der Waals interactions are involved. From the above mentioned, it 
is possible to conclude that for the studied SLs, both closely related properties (lipophilicity 
and polarisability) need optimum values inside a range and they have a strong influence on 
the antiparasitic activity.

3.  Conclusions

Our study, focus on the detection of plant secondary metabolites with leishmanicidal activity, 
has been done using the promastigote form of the parasite because it is easier to maintain 
under in vitro conditions. Since the promastigote is not the infective form of the parasite in 
vertebrate hosts, evaluations done with promastigotes have only an indicative value of the 
possible leishmanicidal activity of the SLs tested. However, our results of structure–activity 
relationship reported herein on the series of the 17 SLs can be useful in the design of new 
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antiparasitic drugs with the structural, topological, geometric and/or electronic requirements 
associated with such activity.

Acknowledgement

Authors would like to thank Dr Nora Muruaga for the identification of the plant material.

Funding

This work was supported by Agencia Nacional de Promoción Científica y Tecnológica [grant number 
PICT 34918]; CONICET [grant number 0175]; CIUNT [grant number 26D/410].

References

Beekman AC, Woerdenbag HJ, van Uden W, Pras N, Konings AWT, Wikström HV, Schmidt TJ. 1997. 
Structure−cytotoxicity relationships of some helenanolide-type sesquiterpene lactones. J Nat Prod. 
60:252–257.

da Silva Machado FL, Pacienza-Lima W, Rossi-Bergmann B, de Souza Gestinari LM, Fujii MT, Campos 
de Paula J, Costa SS, Lopes NP, Kaiser CR, Soares AR. 2011. Antileishmanial sesquiterpenes from the 
brazilian red alga Laurencia dendroidea. Plant Med. 77:733–735.

Daunes S, D’Silva C. 2001. QSAR study on the contribution of Log P and Es to the in vitro antiprotozoal 
activity of glutathione derivatives. J Med Chem. 44:2976–2983.

de Toledo JS, Ambrósio SR, Borges CH, Manfrim V, Cerri DG, Cruz AK, Da Costa FB. 2014. In vitro 
leishmanicidal activities of sesquiterpene lactones from Tithonia diversifolia against Leishmania 
braziliensis promastigotes and amastigotes. Molecules. 19:6070–6079.

Kupchan SM, Eakin MA, Thomas AM. 1971. Tumor inhibitors. 69. Structure-cytotoxicity relations among 
the sesquiterpene lactones. J Med Chem. 14:1147–1152.

Leo A, Hansch C. 1979. Substituent constants for correlation analysis in chemistry and biology. New 
York: J. Wiley.

Lewis DFV. 1989. The calculation of molar polarizabilities by the CNDO/2 method: correlation with the 
hydrophobic parameter, Log P. J Comput Chem. 10: 145–151.

Medić-Šarić M, Mornar A, Badovinac-Črnjević T, Jasprica I. 2004. Experimental and calculation 
procedures for molecular lipophilicity: a comparative study for 3,3′-(2-methoxybenzylidene) bis 
(4-hydroxycoumarin). Croat Chem Acta. 77:367–370.

Santana LC, Carneiro SM, Caland-Neto LB, Arcanjo DD, Moita-Neto JM, Citó AM, Carvalho FA. 2014. 
Brazilian brown propolis elicits antileishmanial effect against promastigote and amastigote forms 
of Leishmania amazonensis. Nat Prod Res. 28:340–343.

Schmidt TJ, Nour AM, Khalid SA, Kaiser M, Brun R. 2009. Quantitative structure – antiprotozoal activity 
relationships of sesquiterpene lactones. Molecules. 14:2062–2076.

[WHO] World Health Organization. 2015. Leishmaniasis, fact sheet N° 375; [Cited 2015 Feb]. Available 
from: http://www.who.int/mediacentre/factsheets/fs375/en/.

Zhang D, Haruna M, McPhail AT, Lee KH. 1986. Cytotoxic germacranolides of Elephantopus carolinianus 
and the structure and stereochemistry of isodeoxyelephantopin. Phytochemistry. 25:899–904.

D
ow

nl
oa

de
d 

by
 [

20
0.

45
.1

69
.2

7]
 a

t 0
6:

46
 2

9 
Fe

br
ua

ry
 2

01
6 

http://www.who.int/mediacentre/factsheets/fs375/en/

	Abstract
	1. Introduction
	2. Results and discussion
	2.1. Promastigotes inhibition by SLs
	2.2. Computational analysis

	3. Conclusions
	Acknowledgement
	Funding
	References



