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Efficient drugs for the treatment of leishmaniasis, which is classified as a neglected tropical disease, are
sought for. This review covers potential drug candidates from natural plant, fungus and algae sources, which
were described over the last six years. The identification of these natural antileishmanials often based on the
knowledge of traditional medicines. Crucial insights into the activities of these natural remedies against
Leishmania parasites and against infections caused by these parasites in laboratory animals or patients are
provided and compared with selected former active examples published more than six years ago. In addition,
immuno-modulatory natural antileishmanials and recent developments on combination therapies including
natural products and approved antileishmanials are discussed. The described natural products revealed
promising data warranting further efforts on the discovery and development of new antileishmanials based on
patterns from nature.
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1. Introduction

Neglected tropical diseases (NTDs) pose a constant
threat to world health and comprise a number of
infectious diseases, which affect and endanger billions
of mainly poor people worldwide. However, the
development of accurate treatment options for these
poor populations is still not secured.[1] Leishmaniasis is
an NTD, which, in its various forms, is endemic to vast
areas from South Asia via the Middle East and Africa to
South and Central America.[1] It is clinically subdivided
into visceral leishmaniasis (VL, caused by L. infantum
and L. donovani), cutaneous leishmaniasis (CL, caused
by L. infantum, L. major, L. tropica, L. mexicana, L.
amazonensis, and L. braziliensis), and mucocutaneous
leishmaniasis (MCL, caused by L. braziliensis and L.
donovani). VL has a considerable mortality potential
while CL is the predominant form of leishmaniasis
with up to 1 million new cases annually.[2,3] Current
treatments of leishmaniasis patients include antimoni-

als, amphotericin B, miltefosine, paromomycin, and
pentamidine, but the systemic toxicity of widely
applied pentavalent antimonials and the appearance
of drug-resistance necessitate the search for new
potent drugs against leishmaniasis.[3] Leishmania para-
sites appear as extracellular motile promastigotes and
intracellular/intra-macrophage amastigotes. Both
forms are generally applied for antileishmanial re-
search, however, there are differences, which affect
the validity of the drug testing experiments. There is
general strong support of using the more laborious
in vitro tests with intracellular amastigotes for anti-
leishmanial drug discovery because they cover host-
mediated mechanisms, too. In contrast, cell-free assays
with promastigotes are simpler and more proper for
automation but can lead to the identification of false
positives (i. e., compounds which are active against
short-lived promastigotes but inactive against cell-
protected amastigotes) and are mainly recommended
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for the investigation of test compounds without
cellular mechanisms.[4,5]

Natural products and their semi-synthetic deriva-
tives are eminent in terms of activity and percentage
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share of new investigational drugs.[6] In wide parts of
the Asian continent, traditional folk medicine such as
Traditional Chinese Medicine, Kampo, Ayurveda, Un-
ani, and traditional Greco-Arab and Islamic Medicine,
among others, are valuable sources for the discovery
of natural drugs.[7,8] But folk medicine is not confined
to Asia and is also practiced by native populations in
wide parts of Africa and America. For instance, various
Bolivian medicinal plants can be considered as suitable
treatment options for the management of Leishmania
infections.[9] The role of natural products in drug
discovery is axial, ancient and universal. According to
the WHO, over 70% of the world population still relies
on herbal remedies in terms of healthcare.[10] The
antileishmanial potential of secondary metabolites and
extracts of plants was reviewed.[11–13] Natural products
from plants such as terpenes, alkaloids and polyphe-
nols have shown distinct activities against
leishmaniasis.[14–16] The anti-leishmanial activities of
the natural phenol curcumin (1) and of naphthoqui-
nones such as plumbagin (2, ex. Plumbago sp.) and 2-
hydroxy-1,4-naphthoquinone (lawsone, ex. Lawsonia
inermis) including the semi-synthetic derivatives of the
latter were recently described.[17–20]

The sources of natural products used against
various ailments are not limited to plants. Major
groups of organisms, whose extracts and isolates were
subjected to antiparasitic studies, include algae,
cyanobacteria, and fungi.[21–31] This review aims at a
concise description of nature-derived medications and
active principles for the treatment of various leishma-
niasis forms, which emerged over the last six years. It
is focused on plants, algae and fungi samples with
considerable antileishmanial activities good enough to
be considered as possible treatment options in the
future. Further sub-sections include immuno-modula-
tory natural products, since such immunomodulators
experienced a rising interest over the last years, and
combination therapies of natural products with cur-
rently applied antileishmanials.

2. Natural Anti-Leishmanial Extracts, Oils and
Isolates from Plants, Algae and Fungi

Natural plant materials from various parts of the world
were investigated. They were extracted with suitable
solvents, active natural products were isolated in many
cases, and the extracts and/or compounds were tested
for their activity against various Leishmania strains
(Table 1, Figure 1). Methanolic extracts of whole plants
of Pergularia tomentosa (Apocynaceae) and Cleome

amblyocarpa (Capparaceae) from Saudi Arabia were
tested for their in vitro activities against L. major
amastigotes and the P. tomentosa extract was slightly
more active (IC50=13.7 μg/mL) than the C. amblyocar-
pa extract (IC50=21.5 μg/mL, please note that concen-
trations of extracts and fractions are always and only
noted as μg/mL).[32] A methanolic plant extract of
Saudi Arabian Teucrium oliverianum (Lamiaceae) was
more active than the P. tomentosa and C. amblyocarpa
extracts against L. major amastigotes (IC50=7.8 μg/mL)
and also showed considerable activity against L. major
promastigotes (IC50=26.6 μg/mL).[32]

The methanol extract of various Pakistani plants
(Sida cordata, Malvaceae; Asparagus gracilis, Asparaga-
ceae; Jurinea dolomiaea, Caryophyllaceae; Stellaria
media, Caryophyllaceae) was fractionated by extraction
with hexane, chloroform, ethyl acetate, butanol and
water and finally tested for activity against L. tropica
promastigotes.[33] The hexane extracts of S. cordata
(IC50=9.2 μg/mL) and J. dolomiaea (IC50=7.2 μg/mL)
as well as the ethyl acetate (IC50=5.3 μg/mL) and
water extracts (IC50=6.0 μg/mL) of J. dolomiaea
showed the highest antileishmanial activities in this
study, which were comparable with the activity of
glucantime (IC50=6.0 μg/mL).[33] The extracts were
investigated for the presence of alkaloids, saponins,
terpenoids, anthraquinones, cardiac glycosides, cou-
marins, phlobatannins, flavonoids, phenolics, and
tannins. The aqueous extract of J. dolomiaea contained
only saponins, cardiac glycosides and phenols while
only alkaloids and tannins were absent in the AcOEt
extract of this plant. In contrast, the hexane extract of
J. dolomiaea showed no phlobatannins, flavonoids,
phenolics and alkaloids. These results indicate that
various natural compounds of J. dolomiaea exert
antileishmanial activity. The alcoholic extracts of
several plants from Nepal were examined for anti-
leishmanial activity. The ethanol extract of Paris
polyphylla (Trilliaceae) rhizomes and the methanolic
stem extract of Pedilanthus tithymaloides (Euphorbia-
ceae) showed the highest activities against L. infantum
amastigotes (IC50=8.8 and 11.8 μg/mL), however,
both extracts were also toxic to MRC-5 fibroblasts
(CC50=13.3 and 12.8 μg/mL, selectivity index/SI=1.4
and 1.1). The methanol extract of Nepali Ampelocissus
tomentosa (Vitaceae) plants showed distinctly higher
selectivity for L. infantum amastigotes (IC50=13.2 μg/
mL, SI=3.5).[34] In addition, chloroform extracts of
Arabian Pulicaria undulata (Asteraceae) plants showed
in vitro activity against L. major promastigotes and
amastigotes (EC50=3.9 and 3.8 μg/mL, respectively).[35]
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Table 1. Plants and their isolates showing antileishmanial activities.

Reference Extracts/Compounds and Activity Species Plant Family

[45] Isolated sesquiterpene coumarins fesolol (10a), 8’-O-acetyl-asacoumarin
A (10b) and asacoumarin A (10c); in vitro activity against L. infantum,
IC50=6.8 μM (10a) and 12.7 μM (10b and 10c)

Ferula narthex Boiss. Apiaceae

[32] Methanol plant extract (whole plant); in vitro IC50=13.7 μg/mL (L. major
amastigotes)

Pergularia tomentosa L. Apocynaceae

[33] Methanol extraction of aerial plant parts followed by fractionation in
hexane, chloroform, ethyl acetate, butanol and water extract fractions;
in vitro IC50=33.9 (MeOH), 36.6 (hexane), 28.3 (CHCl3), 13.5 (AcOEt), 18.9
(BuOH) and 12.6 μg/mL (H2O) (L. tropica promastigotes)

Asparagus gracilis Royle Asparagaceae

[35] Chloroform extract (whole plant); in vitro EC50 of 3.9 and 3.8 μg/mL
(promastigotes and amastigotes of L. major)

Pulicaria undulata L. Asteraceae

[48] Ethanol leaf extract; in vitro IC50=13 μg/mL (L. amazonensis), SI=3 Jacaranda caroba DC. Bignoniaceae
[32] Methanol extract (whole plant); in vitro IC50=21.5 μg/mL (L. major

amastigotes)
Cleome amblyocarpa Barr. Capparaceae

[33] Methanol extract of plant root followed by fractionation in hexane,
chloroform, ethyl acetate, butanol and water extracts; in vitro IC50=10.9
(MeOH), 7.2 (hexane), 47.7 (CHCl3), 5.3 (AcOEt), 21.8 (BuOH) and 6 μg/mL
(H2O) (L. tropica promastigotes)

Jurinea dolomiaea Boiss. Caryophyllaceae

[35] Methanol extract of whole plant followed by fractionation in hexane,
chloroform, ethyl acetate, butanol and water extracts; in vitro IC50=185.9
(MeOH), 170.4 (hexane), 155.5 (CHCl3), 36.4 (AcOEt), 49.5 (BuOH) and
184.8 μg/mL (H2O) (L. tropica promastigotes)

Stellaria media (L.) Vill. Caryophyllaceae

[39] Isolated connarin (4), activity against L. amazonensis (IC50=2.9 μM,
SI=6.3) and L. infantum amastigotes (IC50=7.7 μM, SI=2.4).

Connarus suberosus
Planch.

Connaraceae

[48] Ethanol leaf extracts, in vitro IC50=120 μg/mL and SI=0.6 (L. amazonen-
sis); hexane stem bark extract, IC50=161 μg/mL and SI=2; ethanol root
extract, IC50=93 μg/mL and SI=7

Melancium campestre
Naudin

Cucurbitaceae

[34] Methanol stem extract, L. infantum amastigotes IC50=11.8 μg/mL, MRC-5
fibroblasts CC50=12.8 μg/mL (SI=1.1)

Pedilanthus tithymaloides
(L.) Poit.

Euphorbiaceae

[49] Isolated (5S,7R,8R,9R,10S)-(–)-7,8-seco-7, 8-oxacassa-13,15-dien-7-ol-17-al
(14); in vitro IC50=0.88 μM and SI=33.8 (L. mexicana)

Acacia nilotica L. Fabaceae

[48] Ethanol and hexane leaf extracts; in vitro (L. amazonensis) IC50=51 μg/
mL and SI=7 (EtOH), IC50=0.08 μg/mL and SI=129 (hexane)

Dipteryx alata Vog. Fabaceae

[48] Ethanol and hexane leaf extracts; in vitro (L. amazonensis) IC50=44 μg/
mL and SI=3 (EtOH), IC50=35 μg/mL and SI=1.3 (hexane)

Hymenaea courbaril L. Fabaceae

[48] Ethanol and hexane leaf extracts; in vitro (L. amazonensis) IC50=4.7 μg/
mL and SI=7 (EtOH), IC50=199 μg/mL and SI=0.2 (hexane)

Hymenaea stignocarpa
Mart.

Fabaceae

[46] Essential plant oil, isolated 6,7-dehydroroyleanone (11); in vitro IC50=0.8
and 3 μg/mL/9.5 μM (L. amazonensis promastigotes)

Tetradenia riparia (Hochst.)
Codd

Lamiaceae

[32] Methanol extract (whole plant): in vitro IC50=7.8 and 26.6 μg/mL (L.
major amastigotes and promastigotes)

Teucrium oliverianum
Ging. ex Benth.

Lamiaceae

[33] Methanol extract (whole plant) followed by fractionation in hexane,
chloroform, ethyl acetate, butanol and water extracts; in vitro IC50=41.8
(MeOH), 9.2 (hexane), 125.5 (CHCl3), 56.8 (AcOEt), 228.5 (BuOH) and
259.1 μg/mL (H2O) (L. tropica promastigotes)

Sida cordata (Burm. f.)
Borss. Waalk.

Malvaceae

[48] Various extracts; in vitro (L. amazonensis promastigotes) IC50=103 μg/mL
and SI=6 (EtOH), IC50=62 μg/mL and SI=8 (BuOH), IC50=96 μg/mL
and SI=6 (AcOEt), IC50=148 μg/mL and SI=3 (hexane)

Campomanesia lineatifolia
Ruiz & Pav.

Myrtaceae

[48] Hexane leaf extract; in vitro IC50=32 μg/mL and SI=4 (L. amazonensis) Syzygium cumini (L.) Skeels Myrtaceae
[14,43] Leaf essential oil rich in nerolidol (8), arginase inhibitor in L. amazonensis

promastigotes; isolated nerolidol, in vitro IC50=8 μM (L. amazonensis
promastigotes), increased lipid dynamics

Piper claussenianum (Miq.)
C. DC.

Piperaceae

[40] Isolated piperine (5); in vitro IC50=14.2 μM (L. amazonensis promasti-
gotes) and IC50=28 μM (L. amazonensis amastigotes)

Piper nigrum L. Piperaceae

[18] Isolated plumbagin (2), oxidative stress, mitochondria-associated apop-
tosis induction in L. donovani

Plumbago sp. L. Plumbagoceae
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Curcumin (1), the major aromatic constituent of the
Indian spice turmeric (Curcuma longa, Zingiberaceae),
showed only moderate in vitro activity against L. major
promastigotes (LC50=35 μM) but was able to induce
apoptosis and to arrest cell cycle in the S phase of L.
major promastigotes.[17] Previous reports about the
antileishmanial activities of the naphthoquinone plum-
bagin (2) from Plumbagoceae plants (ex. Plumbago sp.,
e.g., Plumbago indica and Plumbago zeylanica) showed
that plumbagin interfered with oxidative phosphoryla-
tion and inhibited trypanothione reductase in Leishma-
nia parasites. A closer look at the cell death inducing
properties of plumbagin revealed that it induced
mitochondria mediated apoptosis-like cell death ac-
companied by ATP depletion, caspase 3/7-like pro-
tease activation, cytosolic calcium level increase, and
lipid peroxidation in L. donovani based on plumbagin-
associated ROS formation and oxidative stress.[18] As
soon as in the 1990’s, natural plumbagin was inves-
tigated for its antileishmanial activities, and it was
found moderately active against L. braziliensis, L.
amazonensis and L. donovani in vitro (IC50=5 μg/mL,
26.6 μM) while it inhibited lesion formation at doses of
2.5-5 mg/kg/d in mice infected with L. amazonensis
and L. venezuelensis.[36,37] The considerable antileish-
manial activity of plumbagin-type naphthoquinones
was corroborated by the bis-naphthoquinone burma-
nin A (3) (ex. Diospyros burmanica, Ebenaceae, Burma),
which showed high activity against and selectivity for
L. major promastigotes (IC50=0.053 μM, SI=453) com-
parable with the approved antileishmanial drug
amphotericin B (IC50=0.035 μM).[38] The isoprenylated
bisphenol connarin (4), which was isolated from
Connarus suberosus (Connaraceae) plants in Brazil,
showed distinct activity against L. amazonensis (IC50=

2.9 μM, SI=6.3) and L. infantum amastigotes (IC50=

7.7 μM, SI=2.4). Compound 4 was 2–4 times more
active against the amastigotes than the approved
drug miltefosine, while it showed reduced activity
against L. amazonensis and L. infantum promastigotes

(IC50=11.4 and 13.3 μM). Impaired mitochondrial
function and changes in parasite lipid profile were
described as possible modes of action of 4.[39]

Several antileishmanial aromatic natural products
were discovered in plants, which belong to the wide-
spread Piperaceae plant family. The alkaloid piperine
(5), the major component of Piper nigrum (black
pepper), was found to be only moderately active
against L. amazonensis promastigotes (IC50=14.2 μM)
and amastigotes (IC50=28 μM).[40] Its immune-modu-
latory properties in Leishmania parasites are men-
tioned below. In contrast, chalcone 6 (2,6-dihydroxy-4-
methoxychalcone) from Piper aduncum (IC50=0.5 μg/
mL, L. amazonensis promastigotes) and the alkaloid
piplartine (piperlongumine, 7) from Piper retrofractum
(IC50=7.5 μM, L. donovani promastigotes) showed
considerably higher in vitro activities than piperidine,
and piplartine even exhibited distinct in vivo activity
(30 mg/kg i.p., reduction of spleen parasitic burden in
L. donovani infecte d hamsters by 36%).[41,42] In
addition to these aromatic compounds, the essential
oil of the leaves of Piper claussenianum rich in the
sesquiterpene nerolidol (8) showed arginase inhibition
in L. amazonensis promastigotes.[43] Purified nerolidol
itself exhibited in vitro activity against L. amazonensis
promastigotes (IC50=8 μM) and increased lipid dy-
namics in treated promastigotes.[14] In this context it
has to be mentioned that linalool (9), a structurally
simple natural monoterpene, and the linalool-enriched
fraction from the essential oil of the leaves of Croton
cajucara (Euphorbiaceae) plants from the Amazonas
region were found to be highly effective against L.
amazonensis promastigotes (IC50=8.3 ng/mL) and
amastigotes (IC50=8.7 ng/mL).[44] The sesquiterpene
coumarin fesolol (10a) was isolated from the exudate
of Ferula narthex (Apiaceae) plants of North Pakistan
and was active against L. infantum (IC50=6.8 μM),
however, with low selectivity (IC50=8 μM for perito-
neal murine macrophages and human fetal lung
fibroblasts).[45] The analogs 8’-O-acetyl-asacoumarin A

Table 1. (cont.)

Reference Extracts/Compounds and Activity Species Plant Family

[34] Ethanol extract of rhizomes; in vitro activity against L. infantum
amastigotes IC50=8.8 μg/mL, MRC-5 fibroblasts CC50=13.3 μg/mL
(SI=1.4)

Paris polyphylla Sm. Trilliaceae

[34] Methanol extract; in vitro activity against L. infantum amastigotes
IC50=13.2 μg/mL, MRC-5 fibroblasts CC50=47.1 μg/mL (SI=3.5)

Ampelocissus tomentosa
(Heyne ex Roth) Planch.

Vitaceae

[17] Isolated curcumin (1), apoptosis induction and S phase arrest in L. major
promastigotes

Curcuma longa L. Zingiberaceae
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(10b) and asacoumarin A (10c) were less antileishma-
nial (IC50=12.7 μM for both compounds) but displayed

a higher selectivity (IC50=32 μM for peritoneal murine
macrophages). Interestingly, the acetyl group of 10b

Figure 1. Structures of isolated plant constituents with promising antileishmanial activities against promastigotes (p) and/or
amastigotes (a).
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led to reduced toxicity to fetal lung fibroblasts (IC50=

31.7 μM) when compared with deacetylated analog
10c (IC50=11.7 μM).

The essential oil and the isolated benzoquinone
diterpene 6,7-dehydroroyleanone (11) of Tetradenia
riparia (Lamiaceae), a medicinal plant of Africa and
South America, were active against L. amazonensis
promastigotes (IC50=0.8 μg/mL for the oil and 3 μg/
mL for the quinone).[46] Structurally related natural
quinoid abietanones 12 [7-hydroxy-12-methoxy-20-
nor-abieta-1,5(10),7,9,12-pentaen-6,14-dione] and 13
(abieta-8,12-dien-11,14-dione) isolated from the Turk-
ish Lamiaceae plant Salvia cilicica with excellent
in vitro activity against Leishmania donovani (IC50=

120–170 nM) and Leishmania major amastigotes (IC50
values=180-290 nM) were published two decades
ago, which underline the potential of such natural
quinones as antileishmanial drugs.[47]

Fabaceae plants from Arabia, Africa and South
America were investigated for antileishmanial activity.
Leaves of Brazilian Fabaceae plants such as Dipteryx
alata, Hymenaea courbaril and Hymenaea stignocarpa
were extracted with ethanol or hexane, which showed
good to moderate activities against L. amazonensis.
For instance, the hexane extract of Dipteryx alata was
particularly active (IC50=0.08 μg/mL) with a high
selectivity (SI=129).[48] The root extract of Acacia
nilotica plant material from Nigeria led to the isolation
of the diterpene 14 [(5S,7R,8R,9R,10S)-(� )-7,8-seco-7,8-
oxacassa-13,15-dien-7-ol-17-al], which showed an ex-
cellent IC50 value of 0.88 μM against L. mexicana
promastigotes as well as considerable selectivity (SI=
33.8).[49] The high activity of 14 is in line with previous
reports about similar plant-derived sesqui- and diter-
penes. For instance, the diterpene jatrophone (15,
isolated from Jatropha isabellii, Euphorbiaceae, plants
in Paraguay) was subcutaneously administered
(25 mg/kg ×13 days) in mice infected with L. amazo-
nensis and it was more active than the approved drug
glucantime (112 mg/kg×13 days).[50] Further sesquiter-
pene lactones 16 (8-epixanthatin-1β,5β-epoxide, ex.
Xanthium brasilicum, Asteraceae, Sudan) and 17 (15-
acetoxy-8-[(2-methylbutyryloxy)]-14-oxo-4,5-cis-acan-
thospermolide, ex. Acanthospermum hispidum, Astera-
ceae, Benin) showed strong activity against Leishmania
donovani (IC50=0.16 μg/mL) and L. mexicana (IC50=

0.94 μM) promastigotes.[51,52]

Further Brazilian plants were investigated such as
Jacaranda caroba (Bignoniaceae), whose ethanol leaf
extract showed in vitro activity (IC50=13 μg/mL, L.
amazonensis) and selectivity (SI=3).[48] The ethanol
root extract (IC50=93 μg/mL and SI=7) of Melancium

campestre (Cucurbitaceae) was more active against
and selective for L. amazonensis than the ethanol leaf
extract (IC50=120 μg/mL and SI=0.6) and the hexane
stem bark extract (IC50=161 μg/mL and SI=2) of the
same plant.[48] Various solvent extracts of Campoma-
nesia lineatifolia (Myrtaceae) were tested for activity
against L. amazonensis promastigotes and the butanol
extract showed some activity and selectivity (IC50=

62 μg/mL and SI=8).[48] Finally, the hexane leaf extract
of Brazilian Syzygium cumini (Myrtaceae) showed
moderate activity against L. amazonensis (IC50=32 μg/
mL and SI=4) and adds to the number of promising
Brazilian plants with antileishmanial activities.[48] The
structures of the antileishmanial natural compounds of
the described plants are shown and summarized in
Figure 1.

Summing up, the described antileishmanial natural
compound classes comprise terpenes, quinones, alka-
loids, and various aromatic compounds such as
phenols and flavones. Natural products such as
linalool, nerolidol, curcumin, and plumbagin are
structurally simple and in parts commercially available,
which should enable the future semi-synthesis of
derivatives of these compounds with improved anti-
leishmanial activities. Flavones such as luteolin are also
easily and commercially available and might serve as
starting points for the semi-syntheses of new anti-
leishmanial flavone derivatives. Table 1 summarizes
the plants and their isolates, which were used for the
treatment of various types of leishmaniasis. More plant
derived products with immune-modulatory properties
are mentioned separately for a better clarity.

In addition to plants, other natural sources such as
algae and fungi provide compounds with antileishma-
nial activities. Various hexane/ethyl acetate eluent
fractions were obtained from the Antarctic Iridaea
cordata red alga by chromatographic purification and
two polar fractions (i. e., fractions obtained with an
eluent with a high content of ethyl acetate) showed
activity against L. amazonensis promastigotes (IC50=

17.4 μg/mL for hexane: AcOEt=1 :4 fraction, 24.3 μg/
mL for hexane: AcOEt=2 :3 fraction) and amastigotes
(IC50=12.4 μg/mL for hexane: AcOEt=1 :4 fraction,
4.0 μg/mL for hexane: AcOEt=2 :3 fraction).[23] The
highest activity was observed against amastigotes for
the hexane: AcOEt=2 :3 fraction and further efforts to
purify the active principle(s) of this fraction appear to
be promising. Iberian Cystosteira macroalgae were
investigated for antileishmanial activities and the
hexane extracts of C. baccata and C. barbata displayed
reasonable activities against L. infantum amastigotes
(IC50=5.1 μg/mL and 6.8 μg/mL.[53] Carotenoids, ste-
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roids, meroterpenoids, fatty acids and triacylglycerols
were identified as components of the Cystosteira
extracts, which warrant further exploration as possible
antileishmanial drugs.

Various fungi were tested against Leishmania para-
sites. Water soluble polysaccharides were isolated
from the Indian wild mushrooms Termitomyces eurhi-
zus (IC50=100 μg/mL) and Russula laurocerasi (IC50=

86.9 μg/mL), which were moderately active against L.
donovani amastigotes.[25] Ethanol and ethyl acetate
extracts of the mushroom Grifola frondosa were also
moderately active against L. donovani promastigotes
(IC50=93.9 μg/mL for EtOH extract and 412.5 μg/mL
for AcOEt extract).[28] A fungal extract library was also
established for new antileishmanial compounds. In
this way, the new bisabolane sesquiterpene lactone
derivative HD871-1 (18) was discovered with consid-
erable activity against L. mexicana amastigotes (IC50=

3.73 μM).[54] The activity of 16 matches with the
activities of other fungal sesquiterpenes such as
hypnophilin (19, isolated from the mushroom Lentinus
strigosus), which exhibited distinct activity against
amastigotes of L. amazonensis (IC50=2.16 μg/mL,
8.7 μM).[29] A direct comparison is difficult since differ-
ent Leishmania strains were applied for testing. A
higher activity than those of 18 and 19 against
amastigotes of L. donovani was observed for fungal
quinones of the endophytic fungus Edenia sp. such as
20 (palmarumycin CP18, IC50=0.62 μM, SI=245).[26]

Nevertheless, compound 18 is clearly of interest as a

potential new antileishmanial drug candidate, which
might be successfully optimized to new analogs with
improved antileishmanial activities by (semi-)synthetic
methods in the future. Harzialactone a (21), which was
recently isolated from the marine-derived fungus
Paecilomyces sp 7 A22, also shows a lactone scaffold.
But its antileishmanial activities were only moderate
against L. amazonensis promastigotes (IC50=5.25 μg/
mL, 27.3 μM) or weak against L. amazonensis amasti-
gotes (IC50=18.18 μg/mL, 94.6 μM).[55]

Table 2 and Figure 2 summarize the outcome of the
studies with algae and fungal sources for the identi-
fication of antileishmanial constituents.

3. Antileishmanial Natural Products with
Immuno-Modulatory Activities

Immuno-modulatory strategies are of growing rele-
vance for the treatment of leishmaniasis infections.
Several natural products of plants, which showed
significant in vitro activity against Leishmania parasites,
were reported to modulate immune response in
infected cells and organisms (Table 3, Figure 3).[15]

Natural tannins such as ellagitannin 22 from Pelargo-
nium species (Geraniaceae) displayed IFN-like proper-
ties and released nitric oxide/NO as well as tumor
necrosis factor-α/TNF-α in macrophages.[16,56] The
iridoid-enriched fraction picroliv isolated from Picrorhi-
za kurroa (Plantagenaceae) showed immune-stimulant

Table 2. Natural products with antileishmanial activities from algae and fungi.

Organism Species Fractions/Compounds and Activity Reference

Algae Iridaea cordata (Turner) Bory de Saint-
Vincent

Various hexane: ethyl acetate eluent fractions with activity
against L. amazonensis promastigotes, IC50=138.6 μg/mL
(hexane: AcOEt=4 :1), IC50=17.4 μg/mL (hexane: AcOEt=1 :4),
IC50=24.3 μg/mL (hexane: AcOEt=2 :3); activity against amas-
tigotes, IC50=23.6 μg/mL (hexane: AcOEt=4 :1), 12.4 μg/mL
(hexane: AcOEt=1 :4) and 4.0 μg/mL (hexane: AcOEt=2 :3)

[23]

Cystosteira baccata (S. G. Gmelin) P.C. Silva
and Cystosteira barbata (Stackh.) C. Agardh

Hexane extracts with activity against L. infantum amastigotes,
IC50=5.1 μg/mL for C. baccata, IC50=6.8 μg/mL for C. barbata

[53]

Fungus Fungal Extract Library Isolated HD871-1 (18) with activity against L. mexicana
amastigotes, IC50=3.73 μM

[54]

Grifola frondosa (Dicks.) Gray Ethanol and ethyl acetate extracts active against L. donovani
promastigotes IC50=93.9 μg/mL (EtOH) and 412.5 μg/mL
(AcOEt)

[28]

Paecilomyces sp 7 A22 Bainier Isolated harzialactone a (21) with activity against L. amazonen-
sis promastigotes (IC50 =5.25 μg/mL, 27.3 μM) and amastigotes
(IC50=18.18 μg/mL, 94.6 μM)

[55]

Russula laurocerasi Britzelm. Water soluble polysaccharides, IC50=86.9 μg/mL (L. donovani
amastigotes)

[25]

Termitomyces eurhizus (Berk.) R. Heim Water soluble polysaccharides, IC50=100 μg/mL (L. donovani
amastigotes)

[25]
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activities in mouse lymphocytes (increased macro-
phage migration index/MMI, [14C]-glucosamine uptake,
phagocytosis of E. coli, chemiluminescence of perito-
neal macrophages, [3H]- thymidine uptake), which
increased the resistance of treated hamsters to L.
donovani infection.[57] Piperaceae derived compounds
were also investigated, and piperine (4, see Figure 1)
showed immune-modulatory effects by suppression of
NF-кB and activation of IкB kinase as well as by
suppression of MCP-1, TNF-α, and NO production.[40,58]

In contrast to that, nerolidol (8, ex. Piper claussenia-
num, Piperaceae) led to an increase of NO formation
by 20.5%.[43]

Salicylic acid (23), the oxidation product of natural
salicin from Salix sp. plants (Salicaceae), was described

as a component of a possible topical therapy for CL,
which induced the formation of NO as a mode of
action, and cured 12% of L. tropica infected patients in
a clinical study, with a further 28% of the patients
experiencing an improvement.[59] Mice, infected with
L. major, were fed with the widely applied drug acetyl
salicylic acid (24, 400 mg/kg/day for 13 weeks), which
inhibited L. major visceralization and reduced lesion
size and hepato-/splenomegaly by increased NO
formation.[60] Copper complexes with ligands based on
the salicyl fragment also showed distinct activities
against L. tropica and L. donovani.[61,62]

The triterpene 25 (18β-glycyrrhetinic acid) from
Glycyrrhiza glabra (Fabaceae) displayed in vitro and
in vivo activity against L. donovani by induction of IL-

Figure 2. Structures of fungal antileishmanials with activity against promastigotes (p) or amastigotes (a).

Table 3. Plant-derived natural antileishmanials with immuno-modulatory activities.

Family Species Fractions/Compounds and Activity Reference

Asteraceae Tanacetum parthe-
nium (L.) Sch.Bip.

Isolated parthenolide (26), inhibition of IкB kinase β [64, 65]

Euphorbiaceae Croton caudatus
Geisel.

Semi-purified hexane extract (JDHex), increased formation of NO, TNF-α and IL-
12 in vitro, IFN-γ induction and IL-10 suppression in vivo

[68]

Fabaceae Glycyrrhiza glabra L. Isolated 18β-glycyrrhetinic acid (25), induction of IL-12, IFN-γ, TNF-α and
inducible NO synthase, downregulation of IL-4 and IL-10

[63]

Geraniaceae Pelargonium sp.
L’Hér. ex Aiton

Isolated ellagitannin 22, IFN-like properties, NO release, TNF-α release in
macrophages

[16,56]

Malpighiaceae Lopanthera lactes-
cens Ducke

Isolated 6α,7α,15β,16β,24-pentacetoxy-22α-carbomethoxy-21β,22β-epoxy-18β-
hydroxy-27,30-bisnor-3,4-secofriedela-1,20(29)-dien-3,4R-olide (28, LLD-3), ef-
fects on B and T cell proliferation and B cell immunoglobulin production

[67]

Piperaceae Piper claussenianum
(Miq.) C. DC.

Leaf essential oil rich in nerolidol, increased NO formation by 20.5% [43]

Piperaceae Piper nigrum L. Isolated piperine (5), suppression of NF-кB and activation of IкB kinase,
suppression of MCP-1, TNF-α, and NO production

[40,58]

Plantagenaceae Picrorhiza kurroa
Royle ex. Benth.

Picroliv (iridoid-enriched fraction), immune stimulant: increased macrophage
migration index/MMI, [14C]-glucosamine uptake, phagocytosis of E. coli,
chemiluminescence of peritoneal macrophages, [3H]- thymidine uptake

[57]

Salicaceae Salix sp. L. Salicylic acid (23) and acetyl salicylic acid (24), NO formation [59,60]
Rutaceae Raputia heptaphylla

Pittier
Isolated 11α,19β-dihydroxy-7-acetoxy-7-deoxoichangin (27), formation of IL-
12p70, TNF-α and NO

[66]

Chem. Biodiversity 2022, 19, e202100542

www.cb.wiley.com (9 of 15) e202100542 © 2021 The Authors. Chemistry & Biodiversity Published by Wiley-VHCA AG

Wiley VCH Donnerstag, 13.01.2022

2201 / 230692 [S. 33/39] 1

www.cb.wiley.com


12, IFN-γ, TNF-α and inducible NO synthase, as well as
downregulation of IL-4 and IL-10.[63] Similar effects
were reported of the triterpenes oleanolic acid and
ursolic acid.[11] Parthenolide (26), a sesquiterpene
lactone isolated from Tanacetum parthenium (Astera-
ceae), was described as a strong inhibitor of L.
amazonensis promastigotes (IC50=0.37 μg/mL,
1.49 μM) and of IкB kinase β.[64,65] The seco-limonoid
27 (11α,19β-dihydroxy-7-acetoxy-7-deoxoichangin)
from Raputia heptaphylla showed distinct activity
against L. panamensis amastigotes (EC50=7.9 μM)
accompanied by increased formation of IL-12p70, TNF-
α and NO.[66] Nor-triterpene 28 (6α,7α,15β,16β,24-
pentacetoxy-22α-carbomethoxy-21β,22β-epoxy-18β-
hydroxy-27,30-bisnor-3,4-secofriedela-1,20(29)-dien-
3,4R-olide, LLD-3) isolated from Lopanthera lactescens
(Malpighiaceae) was also strongly active against L.
amazonensis amastigotes (IC50=0.41 μg/mL, 0.16 μM)
and had effects on the proliferation of B and T cells as
well as on B cell immunoglobulin production.[67] A
semi-purified hexane extract (JDHex) of Croton cauda-
tus leaves (Euphorbiaceae) exhibited a higher activity
against L. donovani amastigotes (IC50=2.5 μg/mL)
than against promastigotes (IC50=10 μg/mL), associ-
ated with an increased formation of NO, TNF-α and IL-
12 and distinct in vivo activity of the extract, which
reduced the spleen and liver parasite burden, accom-
panied by IFN-γ induction and IL-10 suppression.[68]

The mentioned natural products can either sup-
press or induce immune responses in infected cells.
Piperine (5) led to a suppression of TNF-α, and NO

production and, thus, it can contribute to a control of
an excessive immune reaction upon Leishmania in-
fection. In addition, a combination of piperine, which
exhibited antileishmanial activities (see above), with
immune response inducing compounds might en-
hance the activity of piperine against Leishmania.
Hence, the induction of immune response based on
increased levels of NO, TNF-α, and IFN-γ, for example,
is of great importance for the treatment of Leishmania
infections. A few more plant products including
compounds with immuno-modulatory activities will be
described in the synergy effects section below.

4. Synergy Effects of Natural Extracts, Oils and
Isolates in Combination with Approved Drugs

The promising effects of natural products in combina-
tion with currently approved antileishmanial drugs are
briefly described in this section. For instance, the
combination of natural products with antimonials can
lead to synergy effects and improved treatment out-
comes. Meglumine antimoniate in combination with
the well-known plant spices capsaicin (29, ex. Cap-
sicum sp., Solanaceae) and piperine (5, Piperaceae, see
Figure 1) led to enhanced antileishmanial in vitro
activities of both natural compounds against L.
infantum promastigotes and amastigotes.[69] In addi-
tion, a clinical study with patients suffering from CL
using glucantime plus ozonated olive oil exhibited
synergy effects leading to distinct lesion size

Figure 3. Structures of antileishmanial natural products from plants with immuno-modulatory activities (piperine 5 is shown in
Figure 1).
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reductions.[70] Such combination strategies can also be
suitable options in order to reduce the systemic
toxicity of antimonials in case that lower effective
antimonial doses can be administered.

Although very efficient, amphotericin B is an
expensive antileishmanial drug having side-effects and
so synergy effects of natural products with amphoter-
icin B were studied in order to find ways to reduce the
necessary amphotericin B doses for leishmaniasis treat-
ments. A study of the ethanolic leaf extract of the
African medicinal plant Moringa oleifera (Moringaceae)
showed its activity against L. major promastigotes
(IC50=6.87 μg/mL) and amastigotes (IC50=9.31 μg/
mL) and revealed a considerable antileishmanial
synergy effect in combination with amphotericin B
(fractional inhibitory concentration/FIC=0.375). The
active principles of M. oleifera leaf extract were
identified as resorcinol (30, IC50=3.79 μg/mL,
34.4 μM), luteolin 7-O-glucoside (31, IC50=10.7 μg/mL,
23.9 μM) and syringic acid (32, IC50=13.4 μg/mL,
67.6 μM).[71] Already two decades ago, the aglycone
luteolin (isolated from Vitex negundo, Lamiaceae) and
its structurally related flavonoid quercetin (isolated
from Fagopyrum esculentum, Polygonaceae) were
shown to reduce splenic parasite load in hamsters
infected with L. donovani by 80% (luteolin, 3.5 mg/kg)
and 90% (quercetin, 14 mg/kg) while luteolin re-
mained non-toxic to human cells.[72]

Various propolis extracts, oils and compounds
showed distinct in vitro and in vivo activities against
Leishmania strains and infections.[73] The essential oil
of Tunisian propolis, which was made by bees (Apis
mellifera) in a region where various Citrus plants
(Rutaceae) grow, exhibited strong activities against L.
major and L. infantum promastigotes (IC50=5.3 μg/mL

and 3.7 μg/mL) and amastigotes (IC50=7.4 μg/mL and
5.0 μg/mL), it activated macrophages by NO formation,
and it displayed synergy effects when combined with
amphotericin B (FIC=0.37).[74] Cadambine acid (33)
isolated from the Naucleas diderichii (Rubiaceae)
medicinal plant growing in West and Central Africa
was active against and selective for L. infantum
amastigotes (IC50=1.2 μM, SI>209) by induction of
NO formation, and it acted synergistically in concert
with amphotericin B.[75] Flavolignans were isolated
from milk thistle (Silybum marianum, Asteraceae), and
although dehydroisosilybin A (34) showed only low
activity against L. donovani and L. infantum promasti-
gotes (IC50=90.2 μM), it exhibited a moderate synergy
effect together with amphotericin B, which made it
possible to reduce the applied dose of dehydroisosily-
bin A by a factor of more than 4 and the dose of
amphotericin B by a factor of 2.[76]

Taken together, there is a well-equipped arsenal of
natural products, which were successfully combined
with approved antileishmanial drugs such as antimo-
nials and amphotericin B. Quite a few of them such as
piperidine, capsaicin, resorcinol, syringic acid, luteolin,
olive oil, and propolis are easily available and, thus,
can be suitable additives for currently applied treat-
ments in order to reduce costs and side-effects/
toxicities. Structures of natural products with synergy
effects when combined with clinically approved drugs
are shown in Figure 4.

5. Conclusions

This review underlines the great potential of natural
products as valuable drug candidates for the treat-

Figure 4. Structures of antileishmanial natural products with synergy effects in combination with approved antileishmanial drugs
(piperine 5 is shown in Figure 1).
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ment of leishmaniasis. Nature can provide many
possible treatment options for various forms of
leishmaniasis. This review does not include bacterial
sources, yet, a considerable number of antileishmanial
plant, fungal and algae products. These natural
sources are already being applied by traditional
healers in tropical and sub-tropical regions as treat-
ments for various infectious diseases. A good deal of
the described extracts and natural products was
derived from plants. Medicinal plant products can
enhance the effects of conventional antileishmanials
such as antimonials and amphotericin B, which can
decrease treatment costs and improve the quality of
life of patients due to reduced side-effects. Various
products of algae and fungi also revealed promising
antileishmanial activities not inferior to nor less
promising than those effects of the plant-based
products. Several extracts and natural products
showed excellent in vitro and/or in vivo antileishmanial
activities, which warrant further in-depth studies. The
immuno-modulating properties of certain compounds
and fractions are particularly interesting since they
have the potential to lead to an immunization against
Leishmania infection and, thus, they can also be of
relevance for other human diseases including infec-
tious diseases such as viral infections.

This review is intended to show the potential of
nature-derived antileishmanials and to encourage
readers either to start or to continue research in the
field of nature-inspired drugs against NTDs such as
leishmaniasis. These efforts can comprise the exploita-
tion of currently known plants, fungi, and algae
products with known antileishmanial effects, as well as
the identification of new natural sources with anti-
leishmanial activities in order to develop cost-effective
and easily accessible therapies, which can add to or
even replace current standard therapies for leishma-
niasis diseases. In addition, chemists can provide
synthetic approaches to the described highly active
natural products in order to achieve an easier access
to these molecules and to generate new (semi-
)synthetic derivatives with improved biological proper-
ties.

Acknowledgements

Open Access funding enabled and organized by
Projekt DEAL.

Author Contribution Statement

Waleed S. Koko carried out the literature search on
plants, Ibrahim S. Al Nasr wrote the manuscript and
revised the manuscript, Tariq A. Khan carried out the
literature search on fungal and animal sources.
Bernhard Biersack carried out the literature search on
natural products and wrote the manuscript. Rainer
Schobert revised and proofread the manuscript.

References
[1] P. J. Hotez, D. H. Molyneux, A. Fenwick, J. Kumaresan, S. E.

Sachs, J. D. Sachs, L. Savioli, ‘Control of neglected tropical
diseases’, New Engl. J. Med. 2007, 357, 1018–1027.

[2] http://www.who.int/mediacentre/factsheets/fs375/en/; Ac-
cessed November 12, 2020.

[3] K. van Bocxlaer, D. Caridha, C. Black, B. Vesely, S. Leed, R. J.
Sciotti, G.-J. Wijnant, V. Yardley, S. Braillard, C. E. Mowbray,
J.-R. Ioset, S. L. Croft, ‘Novel benzoxaborole, nitroimidazole
and aminopyrazoles with activity against experimental
cutaneous leishmaniasis’, IJP: Drugs Drug Resist. 2019, 11,
129–138.

[4] M. Vermeersch, R. I. da Luz, K. Toté, J.-P. Timmermans, P.
Cos, L. Maes, ‘In vitro susceptibilities of Leishmania
donovani promastigote and amastigote stages to antileish-
manial reference drugs: practical relevance of stage-
specific differences’, Antimicrob. Agents Chemother. 2009,
53, 3855–3859.

[5] G. De Mulder, K. K. H. Ang, S. Chen, M. R. Arkin, J. C. Engel,
J. H. McKerrow, ‘A screen against Leishmania intracellular
amastigotes: comparison to a promastigote screen and
identification of a host cell-specific hit’, PLoS Neglected
Trop. Dis. 2011, 5, e1253.

[6] M. Butler, ‘The role of natural product chemistry in drug
discovery’, J. Nat. Prod. 2004, 67, 2141–2153.

[7] H. Yuan, Q. Ma, L. Ye, G. Piao, ‘The traditional medicine and
modern medicine from natural products’, Molecules 2016,
21, 559.

[8] B. Saad, ‘Greco-Arab and Islamic herbal medicine: a review’,
Eur. J. Med. Plants 2014, 4, 249–258.

[9] A. Fournet, A. A. Barrios, V. Muñoz, ‘Leishmanicidal and
trypanocidal activities of Bolivian medicinal plants’, J.
Ethnopharmacol. 1994, 41, 19–37.

[10] Atta-ur-Rahman, M. I. Choudhary, ‘Recent studies on
bioactive natural products’, Pure Appl. Chem. 1999, 71,
1079.

[11] T. J. Schmidt, S. A. Khalid, A. J. Romanha, T. M. Alves, M. W.
Biavatti, R. Brun, F. B. Da Costa, S. L. de Castro, V. F. Ferreira,
M. V. G. Lago, L. L. Leon, N. P. Lopes, R. C. das Neves Amor-
im, M. Niehues, I. V. Ogungbe, A. M. Pohlit, M. T. Scotti,
W. N. Setzer, M. de N. C. Soeiro, M. Steindel, A. G. Tempone,
‘The potential of secondary metabolites from plants as
drugs or leads against protozoan neglected diseases –
part I’, Curr. Med. Chem. 2012, 19, 2128–2175.

[12] T. J. Schmidt, S. A. Khalid, A. J. Romanha, T. M. Alves, M. W.
Biavatti, R. Brun, F. B. Da Costa, S. L. de Castro, V. F. Ferreira,
M. V. G. de Lacerda, M. V. G. Lago, L. L. Leon, N. P. Lopes,

Chem. Biodiversity 2022, 19, e202100542

www.cb.wiley.com (12 of 15) e202100542 © 2021 The Authors. Chemistry & Biodiversity Published by Wiley-VHCA AG

Wiley VCH Donnerstag, 13.01.2022

2201 / 230692 [S. 36/39] 1

www.cb.wiley.com


R. C. das Neves Amorim, M. Niehues, I. V. Ogungbe, A. M.
Pohlit, M. T. Scotti, W. N. Setzer, M. de N. C. Soeiro, M.
Steindel, A. G. Tempone, ‘The potential of secondary
metabolites from plants as drugs or leads against proto-
zoan neglected diseases – part II’, Curr. Med. Chem. 2012,
19, 2176–2228.

[13] L. F. D. Passero, M. D. Laurenti, G. Santos-Gomes, B. L. S.
Campos, P. Sartorelli, J. H. G. Lago, ‘Plants used in tradi-
tional medicine: extracts and secondary metabolites exhib-
iting antileishmanial activity’, Curr. Clin. Pharmacol. 2014, 9,
187–204.

[14] H. S. Camargos, R. A. Moreira, S. A. Mendanha, K. S. Fer-
nandes, M. L. Dorta, A. Alonso, ‘Terpenes increase the lipid
dynamics in the Leishmania plasma membrane at concen-
trations similar to their IC50 values’, PLoS One 2014, 9,
e104429.

[15] I. A. Rodrigues, A. M. Mazotto, V. Cardoso, R. L. Alves,
A. C. F. Amaral, J. R. de Andrade Silva, A. S. Pinheiro, A. B.
Vermelho, ‘Natural products: insights into leishmaniasis
inflammatory response’, Mediat. Inflamm. 2015, 2015,
835910.

[16] A. F. Kiderlen, O. Kayser, D. Ferreria, H. Kolodziej, ‘Tannins
and related compounds: killing of amastigotes of Leishma-
nia donovani and release of nitric oxide and tumor necrosis
factor α in macrophages In Vitro’, Z. Naturforsch. 2001, 56c,
444.

[17] M. Elamin, E. Al-Olayan, R. Abdel-Gaber, R. S. Yehia, ‘Anti-
proliferative and apoptosis induction activities of curcumin
on Leishmania major’, Rev. Argent. Microbiol. 2021, 53,
240–247.

[18] B. P. Awasthi, M. Kathuria, G. Pant, N. Kumari, K. Mitra,
‘Plumbagin, a plant-derived naphthoquinone metabolite
induces mitochondria mediated apoptosis-like cell death
in Leishmania donovani: an ultrastructural and physiolog-
ical study’, Apoptosis 2016, 21, 941.

[19] I. S. Al Nasr, J. Jentzsch, A. Shaikh, P. S. Shuveksh, W. S.
Koko, T. A. Khan, K. Ahmed, R. Schobert, K. Ersfeld, B.
Biersack, ‘New pyrano-4H-benzo[g]chromene-5,10-diones
with antiparasitic and antioxidant activities’, Chem. Bio-
diversity 2021, 18, e2000839.

[20] I. Al Nasr, J. Jentzsch, I. Winter, R. Schobert, K. Ersfeld, W. S.
Koko, A. A. H. Mujawah, T. A. Khan, B. Biersack, ‘Antipar-
asitic activities of new lawsone Mannich bases’, Arch.
Pharm. Chem. Life Sci. 2019, 352, 1900128.

[21] S. Bhattacharya, P. Ghosh, T. De, A. Gomes, A. Gomes, S. R.
Dungdung, ‘In vivo and in vitro antileishmanial activity of
Bungarus caeruleus snake venom through alteration of
immunomodulatory activity’, Exp. Parasitol. 2013, 135,
126–133.

[22] A. B. Kahla-Nakbi, N. Haouas, A. El Ouaer, H. Guerbej, K. B.
Mustapha, H. Babba, ‘Screening of antileishmanial activity
from marine sponge extracts collected off the Tunisian
coast’, Parasitol. Res. 2010, 106, 1281–1286.

[23] K. C. Rangel, H. M. Debonsi, L. C. Clementino, M. A. S.
Graminha, L. Z. Vilela, P. Colepicolo, L. R. Gaspar, ‘Anti-
leishmanial activity of the Antarctic red algae Iridaea
cordata (Gigartinaceae; Rhodophyta)’, J. Appl. Phycol. 2019,
31, 825–834.

[24] A. O. Dos Santos, E. A. Britta, E. M. Bianco, T. Ueda-
Nakamura, B. P. Dias Filho, R. C. Pereira, C. V. Nakamura, ‘4-
Acetoxydolastane diterpene from the Brazilian brown alga

Canistrocarpus cervicornis as antileishmanial agent’, Mar.
Drugs 2011, 9, 2369.

[25] S. Mallick, A. Dutta, S. Dey, J. Ghosh, D. Mukherjee, S. S.
Sultana, S. Mandal, S. Paloi, S. Khatua, K. Acharya, ‘Selective
inhibition of Leishmania donovani by active extracts of wild
mushrooms used by the tribal population of India: an
in vitro exploration for new leads against parasitic proto-
zoans’, Exp. Parasitol. 2014, 138, 9–17.

[26] S. Martínez-Luis, G. Della-Togna, P. D. Coley, T. A. Kursar,
W. H. Gerwick, L. Cubilla-Rios, ‘Antileishmanial constituents
of the Panamanian endophytic fungus Edenia sp’, J. Nat.
Prod. 2008, 71, 2011–2014.

[27] M. J. Balunas, R. G. Linington, K. Tidgewell, A. M. Fenner, L.-
D. Urena, G. D. Togna, D. E. Kyle, W. H. Gerwick, ‘Dragona-
mide E, a modified linear lipopeptide from Lyngbya
majuscula with antileishmanial activity’, J. Nat. Prod. 2010,
73, 60–66.

[28] S. S. Sultana, J. Ghosh, S. Chakraborty, D. Mukherjee, S.
Dey, S. Mallick, A. Dutta, S. Paloi, S. Khatua, T. Dutta,
‘Selective in vitro inhibition of Leishmania donovani by a
semi-purified fraction of wild mushroom Grifola frondosa’,
Exp. Parasitol. 2018, 192, 73–84.

[29] E. M. d. S. Fagundes, B. B. Cota, L. H. Rosa, Á. J. Romanha,
R. C. d. Oliveira, C. A. Rosa, C. L. Zani, A. T. d. Carvalho, O. A.
Martins Filho, ‘In vitro activity of hypnophilin from Lentinus
strigosus: a potential prototype for Chagas disease and
leishmaniasis chemotherapy’, Braz. J. Med. Biol. Res. 2010,
43, 1054–1061.

[30] S. Kaul, S. Gupta, M. Ahmed, M. K. Dhar, ‘Endophytic fungi
from medicinal plant: a treasure hunt for bioactive
metabolites’, Phytochem. Rev. 2012, 11, 487–505.

[31] N. Fatima, S. A. Muhammad, A. Mumtaz, H. Tariq, I.
Shahzadi, M. S. Said, M. Dawood, ‘Fungal metabolites and
leishmaniasis: a review’, Br. J. Pharm. Res. 2016, 12, 1–12.

[32] I. Al Nasr, ‘In vitro anti-leishmanial assessment of some
medicinal plants collected from Al Qassim, Saudi Arabia’,
Acta Parasitol. 2020, 65, 696–703.

[33] N. A. Shah, M. R. Khan, A. Nadhman, ‘Antileishmanial,
toxicity, and phytochemical evaluation of medicinal plants
collected from Pakistan’, BioMed Res. Int. 2014, 2014,
384204.

[34] B. Joshi, S. Hendrickx, L. B. Magar, N. Parajuli, P. Dorny, L.
Maes, ‘In vitro antileishmanial and antimalarial activity of
selected plants from Nepal’, Molecules 2016, 5, 383–389.

[35] T. A. Khan, I. S. Al Nasr, A. H. Mujawah, W. S. Koko, ‘Assess-
ment of Euphorbia retusa and Pulicaria undulata activity
against Leishmania major and Toxoplasma gondii’, Trop.
Biomed. 2021, 38, 135–141.

[36] A. Fournet, A. Angelo, V. Muñoz, F. Roblot, R. Hoquemiller,
A. Cavé, ‘Biological and chemical studies of Pera benensis, a
Bolivian plant used in folk medicine as a treatment of
cutaneous leishmaniasis’, J. Ethnopharmacol. 1992, 37,
159–164.

[37] A. Fournet, A. A. Barrios, V. Muñoz, R. Hoquemiller, A. Cavé,
‘Effect of natural naphthoquinones in BALB/c mice infected
with Leishmania amazonensis and L. venezuelensis’, Trop.
Med. Parasitol. 1992, 43, 219–222.

[38] K. Mori-Yasumoto, R. Izumoto, H. Fuchino, T. Ooi, Y.
Agatsuma, T. Kusumi, M. Satake, S. Sekita, ‘Leishmanicidal
activities and cytotoxicities of bisnaphthoquinone analogs

Chem. Biodiversity 2022, 19, e202100542

www.cb.wiley.com (13 of 15) e202100542 © 2021 The Authors. Chemistry & Biodiversity Published by Wiley-VHCA AG

Wiley VCH Donnerstag, 13.01.2022

2201 / 230692 [S. 37/39] 1

www.cb.wiley.com


and naphthol derivatives from Burman Diospyros burman-
ica’, Bioorg. Med. Chem. 2012, 20, 5215–5219.

[39] L. S. Morais, R. G. Dusi, D. P. Demarque, R. L. Silva, L. C.
Albernaz, S. N. Báo, C. Merten, L. M. R. Antinarelli, E. S.
Coimbra, L. S. Espindola, ‘Antileishmanial compounds from
Connarus suberosus: metabolomics, isolation and mecha-
nism of action’, PLoS One 2020, 15, e0241855.

[40] C. Ferreira, D. C. Soares, C. B. Barreto-Junior, M. T. Nasci-
mento, L. Freire-de-Lima, J. C. Delorenzi, M. E. F. Lima, G. C.
Atella, E. Folly, T. M. U. Carvalho, E. M. Saraiva, L. H. Pinto-
da-Silva, ‘Leishmanicidal effects of piperine, its derivatives,
and analogs on Leishmania amazonensis’, Phytochemistry
2011, 72, 2155–2164.

[41] E. C. Torres-Santano, D. L. Moreira, M. A. Kaplan, M. N.
Meirelles, B. Rossi-Bergmann, ‘Selective effect of 2’,6’-
dihydroxy-4’-methoxychalcone isolated from Piper adun-
cum on Leishmania amazonensis’, Antimicrob. Agents Che-
mother. 1999, 43, 1234–1241.

[42] H. S. S. G. Bodiwala, R. Singh, C. S. Dey, S. S. Sharma, K. K.
Bhutani, I. P. Singh, ‘Antileishmanial amides and lignans
from Piper cubeba and Piper retrofractum’, J. Nat. Med.
2007, 61, 418–421.

[43] A. M. Marquez, A. L. S. Barreto, J. A. d. R. Curvelo, M. T. V.
Romanos, R. M. d. A. Romanos, R. M. d. A. Soares, M. A. C.
Kaplan, ‘Antileishmanial activity of nerolidol-rich essential
oil from Piper claussenianum’, Rev. Bras. Farmacogn. 2011,
21, 908–914.

[44] M. do Socorro S. Rosa, R. R. Mendonca-Filho, H. R. Bizzo, I.
de Almeida Rodrigues, R. M. A. Soares, T. Souto-Padrón,
C. S. Alviano, A. H. C. S. Lopes, ‘Antileishmanial activity of
linalool-rich essential oil from Croton cajucara’, Antimicrob.
Agents Chemother. 2003, 47, 1895–1901.

[45] A. Amin, E. Tuenter, P. Cos, L. Maes, V. Exarchou, S. Apers,
L. Pieters, ‘Antiprotozoal and antiglycation activities of
sesquiterpene coumarins from Ferula narthex exudate’,
Molecules 2016, 21, 1287.

[46] I. G. Demarchi, M. V. Thomazella, M. de Souza Terron, L.
Lopes, Z. C. Gazim, D. A. G. Cortez, L. Donatti, S. M. A.
Aristides, T. G. V. Silveira, M. V. C. Lonardoni, ‘Antileishma-
nial activity of essential oil and 6, 7-dehydroroyleanone
isolated from Tetradenia riparia’, Exp. Parasitol. 2015, 157,
128–137.

[47] N. Tan, M. Kaloga, O. Radtke, A. F. Kiderlen, A. Ulubelen, H.
Kolodziej, ‘Abietane diterpenoids and triterpenoic acids
from Salvia cilicica and their antileishmanial activities’,
Phytochemistry 2002, 61, 881–884.

[48] T. G. Ribeiro, M. A. Chávez-Fumagalli, D. G. Valadares, J. R.
Franca, P. S. Lage, M. C. Duarte, P. H. R. Andrade, V. T.
Martins, L. E. Costa, A. L. A. Arruda, ‘Antileishmanial activity
and cytotoxicity of Brazilian plants’, Exp. Parasitol. 2014,
143, 60–68.

[49] J. V. Anyam, P. E. Daikwo, M. A. Ungogo, N. E. Nweze, N. P.
Igoli, A. I. Gray, H. P. de Koning, J. O. Igoli, ‘Two new
antiprotozoal diterpenes from the roots of Acacia nilotica’,
Front. Chem. 2021, 9, 624741.

[50] G. Schmeda-Hirschmann, I. Razmilic, M. Sauvain, C. Moretti,
V. Munoz, E. Ruiz, E. Balanza, A. Fournet, ‘Antiprotozoal
activity of jatrogrossidione from Jatropha grossidentata
and jatrophone from Jatropha isabellii’, Phytother. Res.
1996, 10, 375–378.

[51] A. M. M. Nour, S. A. Khalid, M. Kaiser, R. Brun, E. A. Wai’l,
T. J. Schmidt, ‘The antiprotozoal activity of sixteen Aster-
aceae species native to Sudan and bioactivity-guided
isolation of xanthanolides from Xanthium brasilicum’,
Planta Med. 2009, 75, 1363–1368.

[52] H. Ganfon, J. Bero, A. T. Tchinda, F. Gbaguidi, J. Gbenou, M.
Moudachirou, M. Frederich, J. Quetin-Leclerq, ‘Antiparasitic
activities of two sesquiterpenic lactones isolated from
Acanthospermum hispidum D. C.’, J. Ethnopharmacol. 2012,
141, 411–417.

[53] C. B. de Sousa, J. H. G. Lago, J. Macridachis, M. Oliveira, L.
Brito, C. Vizetto-Duarte, C. Florindo, S. Hendrickx, L. Maes,
T. Morais, M. Uemi, L. Neto, L. Dionísio, S. Cortes, L. Barreira,
L. Custódio, F. Alberício, L. Campino, J. Varela, ‘Report of
in vitro antileishmanial properties of Iberian macroalgae’,
Nat. Prod. Res. 2019, 33, 1778–1782.

[54] A. J. Mbekeani, R. S. Jones, M. B. Llorens, J. Elliot, C.
Regnault, M. P. Barrett, J. Steele, B. Kebede, S. K. Wrigley, L.
Evans, ‘Mining for natural product antileishmanials in a
fungal extract library’, Int. J. Parasitol.: Drugs Drug Resist.
2019, 11, 118–128.

[55] G. H. Braun, H. P. Ramos, A. C. B. B. Candido, R. C. N.
Pedroso, K. A. Siqueira, M. A. Soares, G. M. Dias, L. G.
Magalhaes, S. R. Ambrosio, A. H. Januário, R. C. L. R. Pietro,
‘Evaluation of antileishmanial activity of harzialactone a
isolated from the marine-derived fungus Paecilomyces sp’,
Nat. Prod. Res. 2021, 35, 1644–1647.

[56] H. Kolodziej, O. Kayser, A. F. Kiderlen, H. Ito, T. Hatano, T.
Yoshida, L. Y. Foo, ‘Antileishmanial activity of hydrolysable
tannins and their modulatory effects on nitric oxide and
tumor necrosis factor-α release in macrophages in vitro’,
Planta Med. 2001, 67, 825–832.

[57] A. Puri, R. P. Saxena, Sumati, P. Y. Guru, D. K. Kulshreshtha,
K. C. Saxena, B. N. Dhawan, ‘Immunostimulant activity of
picroliv, the iridoid glycoside fraction of Picrorhiza kurroa,
and its protective action against Leishmania donovani
infection in hamsters’, Planta Med. 1992, 58, 528–532.

[58] S. Kumar, V. Singhal, R. Roshan, A. Sharma, G. W.
Rembhotkar, B. Ghosh, ‘Piperine inhibits TNF-α induced
adhesion of neutrophils to endothelial monolayer through
suppression of NF-кB and IкB kinase activation’, Eur. J.
Pharmacol. 2007, 575, 177–186.

[59] R. N. Davidson, V. Yardley, S. L. Croft, P. Konecny, N.
Benjamin, ‘A topical nitric oxide-generating therapy for
cutaneous leishmaniasis’, Trans. Royal Soc. Trop. Med.
Hygiene 2000, 94, 319–322.

[60] H. Nahrevanian, M. Jalalian, M. Farahmand, M. Assmar, A. E.
Rastaghi, M. Sayyah, ‘Inhibition of murine systemic leish-
maniasis by acetyl salicylic acid via nitric oxide immuno-
modulation’, Iran. J. Parasitol. 2012, 7, 21–28.

[61] M. Ikram, S. Rehman, Q. Jamal, A. Shah, ‘Activity on
Leishmania tropica of metal complexes with NNOO
tetradentate Schiff base ligand: kinetic and thermodynamic
studies from TG-DTA analysis’, J. Chem. Soc. Pak. 2015, 37,
869–878.

[62] M. K. Singh, S. K. Bhaumik, S. Karmakar, J. Paul, S. Sawoo,
H. K. Majumder, A. Roy, ‘Copper salisylaldoxime (CuSAL)
imparts protective efficacy against visceral leishmaniasis by
targeting Leishmania donovani topoisomerase IB’, Exp.
Parasitol. 2017, 175, 8–20.

Chem. Biodiversity 2022, 19, e202100542

www.cb.wiley.com (14 of 15) e202100542 © 2021 The Authors. Chemistry & Biodiversity Published by Wiley-VHCA AG

Wiley VCH Donnerstag, 13.01.2022

2201 / 230692 [S. 38/39] 1

www.cb.wiley.com


[63] A. Ukil, A. Biswas, T. Das, P. K. Das, ‘18β-glycyrrhetinic acid
triggers curative Th1 response and nitric oxide upregula-
tion in experimental visceral leishmaniasis associated with
the activation of NF-кB’, J. Immunol. 2005, 175, 1161–
1169.

[64] T. S. Tiuman, T. Ueda-Nakamura, D. A. G. Cortez, B. P. D.
Filho, J. A. Morgado-Díaz, W. de Souza, C. V. Nakamura,
‘Antileishmanial activity of parthenolide, a sesquiterpene
lactone isolated from Tanacetum parthenium’, Antimicrob.
Agents Chemother. 2005, 49, 176–182.

[65] B. H. B. Kwok, B. Koh, M. I. Ndubuisi, M. Elofsson, C. M.
Crews, ‘The anti-inflammatory natural product partheno-
lide from the medicinal herb feverfew directly binds to and
inhibits IкB kinase’, Chem. Biol. 2001, 8, 759–766.

[66] D. Granados-Falla, C. Coy-Barrera, L. Cuca, G. Delgado,
‘Seco-limonoid 11α,19β-dihydroxy-7-acetoxy-7-deoxoi-
changin promotes the resolution of Leishmania panamensis
infection’, Adv. Biosci. Biotechnol. 2013, 4, 304–315.

[67] M. G. M. Danelli, D. C. Soares, H. S. Abreu, L. M. T. Pecanha,
E. M. Saraiva, ‘Leishmanicidal effect of LLD-3 (1), a nor-
triterpene isolated from Lophanthera lactescens’, Phyto-
chemistry 2009, 70, 608–614.

[68] S. Dey, D. Mukherjee, S. Chakraborty et al., ‘Protective
effect of Croton caudatus Geisel leaf extract against
experimental visceral leishmaniasis induces proinflamma-
tory cytokines in vitro and in vivo’, Exp. Parasitol. 2015,
151–152, 84–95.

[69] F. M. Vieira-Araújo, F. C. M. Rondon, I. C. P. Vieira, F. N. P.
Mendes, J. C. G. de Freitas, S. M. de Morais, ‘Sinergism
between alkaloids piperine and capsaicin with meglumine
antimoniate against Leishmania infantum’, Exp. Parasitol.
2018, 188, 79–82.

[70] M. Aghaei, S. Aghaei, F. Sokhanvari, N. Ansari, S. M.
Hosseini, M.-A. Mohaghegh, S. H. Hejazi, ‘The therapeutic

effect of ozonated olive oil plus glucantime on human
cutaneous leishmaniasis’, Iran. J. Basic Med. Sci. 2019, 25–
30.

[71] K. M. Hammi, R. Essid, O. Tabbene, S. Elkahoui, H. Majdoub,
R. Ksouri, ‘Antileishmanial activity of Moringa oleifera leaf
extracts and potential synergy with amphotericin B’, S. Afr.
J. Bot. 2020, 129, 67–73.

[72] B. Mittra, A. Saha, A. R. Chowdhury, C. Pal, S. Mandal, S.
Mukhopadhyay, S. Bandyopadhyay, H. K. Majumder, ‘Luteo-
lin, an abundant dietary compound is a potent anti-
leishmanial agent that acts by inducing topoisomerase II-
mediated kinetoplast DNA cleavage leading to apoptosis’ ,
Mol. Med. 2000, 6, 527–541.

[73] L. A. de Lima Paula, A. C. B. B. Candido, M. F. C. Santos, C. R.
Caffrey, J. K. Bastos, S. R. Ambrósio, L. G. Magalhaes,
‘Antiparasitic properties of propolis extracts and their
compounds: a review’, Chem. Biodiversity 2021, 18,
e2100310.

[74] A. Jihene, E. Rym, K. J. Ines, H. Majdi, T. Olfa, M.
Abderrabba, ‘Antileishmanial potential of propolis essential
oil and its synergistic combination with amphotericin B’,
Nat. Prod. Commun. 2020, 15, 1–8.

[75] C. Di Giorgio, M. Lamidi, F. Delmas, G. Balansard, E. Ollivier,
‘Antileishmanial activity of quinovic acid glycosides and
cadambine acid isolated from Nauclea diderrichii’, Planta
Med. 2006, 72, 1396–1402.

[76] A. I. Olías-Molero, M. D. Jiménez-Antón, D. Biedermann,
M. J. Corral, J. M. Alunda, ‘In-vitro activity of silybin and
related flavonolignans against Leishmania infantum and L.
donovani’, Molecules 2018, 23, 1560.

Received July 9, 2021
Accepted November 25, 2021

Chem. Biodiversity 2022, 19, e202100542

www.cb.wiley.com (15 of 15) e202100542 © 2021 The Authors. Chemistry & Biodiversity Published by Wiley-VHCA AG

Wiley VCH Donnerstag, 13.01.2022

2201 / 230692 [S. 39/39] 1

www.cb.wiley.com

