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Leishmaniasis is considered as an emerging, uncontrolled disease and is endemic in 98
countries. Annually, about 2 million cases of cutaneous and 500000 cases of visceral-
type leishmaniasis are recorded and 60000 persons died from the disease. In Mexico,
cutaneous leishmaniasis is known as chiclero's ulcer and is reported in 22 states, it is
considered as a health problem. For its treatment, pentavalent antimonial drugs are
administered. These drugs cause severe side effects, are costly. Drug-resistant cases have
been reported and have been developing for over 70 years. One alternative to the drugs
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Acfive . that are currently available is to find active molecules in medicinal plants. Dihydrocor-
. . ynantheine, corynantheine and corynantheidine are active against Leishmania major,

Leishmaniasis

while harmane, pleiocarpin, buchtienin, luteolin and quercetin are active against Leish-
mania donovani. In Mexico, about 20 medicinal plants have been evaluated against
Leishmania mexicana, among which the most active are Tridax procumbens, Loncho-
carpus xuul and Pentalinon andrieuxii. From these plants, active compounds with
IC50p < 30 pg/mL or UM have been isolated, such as 3(S)-16,17-didehydrofalcarinol or
Oxylipin, cholestra-4,20,24-trien-3-one or pentalinosterol, 24-methylcholest-4-24(28)-
dien-3-one, cholest-4-en-3-one, 6,7-dihydroneridie-none, neridienone, cholest-5,20,24-
trien-3B-ol, and isocordoin. Today, only pentalinonsterol has been synthesized and
assayed in the visceral leishmaniasis experimental model using BALB/c mice infected
with Leishmania donovani. Liposome formulation of this compound administered by
intravenous route at 2.5 mg/kg showed a significant reduction of parasite load in mouse
liver and spleen.

Antileishmanicidal activity
Natural compounds
Mexican medicinal plants

1. Introduction manifestations. It is endemic in 98 developing countries (tropical

and subtropical regions), and is more frequent in males. Today, it

Leishmaniasis is caused by about 20 species of Leishmania,
and is classified by the World Health Organization as an emergent
category one, uncontrolled disease. It is one of the six most
important tropical diseases. The Leishmania infection exhibits
several manifestations, such as cutaneous, diffuse cutaneous or

disseminated, mucocutaneous, visceral, and recidivans
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is estimated that there are 12 million infected persons (all forms),
350 million of people are at risk, and an incidence of 1.5-2.0
million new cutaneous cases has been reported annually [1-4].
Each year, 500000 cases of the visceral type are reported and
50000 individuals died from the recidivans [4]. In Mexico, its
presence has been reported in 22 states and it is considered
endemic in the states of Coahuila, Nuevo Ledn, Tamaulipas,
Veracruz, Tabasco, Campeche, Yucatin, Quintana Roo,
Chiapas, Oaxaca, Guerrero, Michoacan, Jalisco, Nayarit, San
Luis Potosi, Morelos, Puebla and Hidalgo, where it is
commonly known as chiclero's ulcer [5-8]. For example, in one
municipality of the state of Campeche, over 2-year period, 76%
of persons had skin lesions and were diagnosed with cutaneous
leishmaniasis. In this study, about 89% of cutaneous leishmaniasis
is caused principally by Leishmania mexicana (L. mexicana) [91.
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Recently, cases of leishmaniasis co-infection with HIV/AIDS
have been reported, which have a poor prognosis. This co-
infection has worldwide distribution and has been recorded in
35 countries. Infection by this parasite depends in great measure
on the state of the host's immune system. Other risk factors that
favor its dissemination are socioeconomic condition, migration,
deforestation, and urbanization [3.8].

Currently, treatment of leishmaniasis employs first-line drugs,
such as sodium stibogluconate, commercially known as pentos-
tam, and meglumine antimoniate (commercially known as glu-
cantime), and other options (second-line drugs) are pentamidine
isothionate (commercially known as pentamidine), amphotericin
B, (Fungizone or ambisome), miltefosine, and paromomycin
sulfate (Aminosidine), although this latter option is not widely
utilized in Mexico and is not effective when administered orally
[10]. Even when administered in combination, the effectiveness of
the drugs is less than optimal effect [11.12].

Antimonial pharmaceuticals (Pentostan, glucantime, and
pentamidine) were developed over 70 years ago, and continue to
be used to treat leishmaniasis. Some of these have not been
effective due to the drug-resistance developed by the parasite
[2,8.13,14], in addition to the scarce development of this drug type.
These substances have severe side effects, such as kidney failure,
acute pancreatitis, myalgia, teratogenic, peripheral neuropathy,
hepatotoxicity, and cardiotoxicity (cardiac arrhythmia), in
addition to the fact that treatment is prolonged over 30 d that
depends on the patient's evolution. Drug is administrated by
parenteral route. Some of these drugs are expensive, and they
are not always effective due to the parasite's resistance.
Sometimes, the patient has no access to health systems, and
these drugs cannot be utilized in patients with kidney, hepatic or
cardiac failure, or in those with tuberculosis [8]. An alternative
for the treatment of leishmaniasis is to find molecules active in
medicinal plants that serve as active principles for the
development of new pharmaceutical preparations.

2. Methods

In the present paper, an exhaustive search (from 2001 to
2017) was carried out on antileishmanicidal activity from the
extracts and/or compounds which were obtained from Mexican
medicinal plants against several Leishmania spp. in vivo and
in vitro assays. The main scientific consulted sources were the
Scopus and PubMed databases. This review does not describe
patient data, and this manuscript is a review and no persons or
animals were used.

3. Overview of antileishmanicidal potential of
medicinal plants and their isolated compounds

The development of drugs to treat parasitic diseases such as
leishmaniasis has been scarce, due to the fact that these diseases
are more often presented in developing countries, because the
pharmaceutical industry does not receive high profits. It must
develop low-cost medication that will be accessible to a popu-
lation with a low socioeconomic condition [7.14]. In this regard,
the World Health Organization has emphasized the urgency that
needs to develop new drugs for the treatment of leishmaniasis
[4]. An alternative to synthetic drugs is the search for active
molecules from natural sources, such as the medicinal plants
which were used in the treatment of leishmaniasis in ancient
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times. In this regard, medicinal plants biosynthesize several
secondary metabolites, which constitute an important source of
leishmanicidal agents [7.15].

Natural products have been an important role in current
therapy, the years between 1981 and 2006, 1184 novel drugs
with a natural origin were obtained, and 28% of these derived
from plants. On the other hand, 24% of the new synthetic drugs
have as base molecule, or are derived from, active molecules
which were obtained from medicinal plants [8-16]. Another
report stated that the years between 2000 and 2005, 23 new
natural-origin drugs were introduced into the market, all of
which exhibited structural and biological diversity. Therefore,
natural products constitute an immeasurable wealth of chemical
structures that has been and continues to be an important source
of new drugs and that constitutes prototype molecules for the
development of new active substances [17-19]. Some examples of
the active agent obtained from medicinal plants utilized in
current therapy are paclitaxel (isolated from Taxus brevifolia),
camptothecin  (isolated acuminata),
vinblastine and vincristine (isolated from Catharanthus roseus)
and artemisinin (isolated from Artemisia annua), and this
compound is employed in malaria treatment.

Regarding the development of active compounds against
Leishmania spp., to date only four molecules are potential
candidates for the development of antileishmanial drugs (these
substances are in phase I/II research) and include the following:
Miltefosine (an alkylphospholipid) that has been used in India
since 2002, which was authorized for use in Colombia in 2005,
and is in clinical-phase research to determine its possible global
use [2]; Paromomycin (an aminoglycoside); 8-aminoquinoline;
sitamaquine, and berberine (the latter, an alkaloid of vegetable
origin, isolated from Berberis vulgaris). This latter compound
has been utilized against this disease for over 50 years and has
demonstrated its activity both in vitro and in vivo [8,19-23].

Recently, some secondary metabolites, such as quinones,
naphthoquinones, lignans, neolignans, alkaloids (quinolines, iso-
quinoline, steroidal and indole analogs), phenolic derivatives
(chalcones and flavonoids), and terpenes (iridoids, sesquiterpenes,
diterpenes, triterpenoids, and saponins) have been reported to
possess leishmanicidal activity [22.24-27]. Among these, some
alkaloids isolated from plant species have exhibited significant
in vitro leishmanicidal activity. Some examples of these are
isoguattouregidine, an indole alkaloid isolated from Guatteria
foliosa, with a mean inhibitory concentration (ICsg) = 100 pg/mL
against Leishmania donovani (L. donovani) and Leishmania
amazonensis (L. amazonensis), and coronaridine (isolated from
Peschirea australis), which an ICs50 = 12 pg/mlL against
L. amazonensis. In addition, indole alkaloids (dihydrocorinanteine,
corinanteine, and corinanteidine), which were isolated from
Corynanthe pachyceras, were active against Leishmania major
(L. major) with an ICsop = 30 pM. Other indole alkaloids,
including harmane, pleiocarpin and buchtienin, which are isolated
from the bark and leaves of Kopsia griffithii, were active against
promastigotes of L. donovani, demonstrating ICsg = 6.25 pg/mL,
25.00 pg/mL and 1.56 pg/mlL, respectively [25-28]. The main
disadvantage is that these alkaloids have been evaluated in
different strains of Leishmania and in different growth stages, and
none of these compounds, to our knowledge, is currently under
clinical investigation. Other active alkaloids, such as ramiflorines
A and B (isolated from Aspidosperma ramiflorum) showed a
median lethal dose (LDsp) = 16.3 ng/mL and 4.9 pig/mL against
L. amazonensis promastigotes, respectively [25]. The alkaloid

from  Camptotheca
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4-hydroxy-1-tetralone (isolated from Ampelocera edentula bark)
was active against Leishmania braziliensis (L. braziliensis),
L. amazonensis, and L. donovani promastigotes, with an
IC50 =10 p,g/mL [29].

In addition, the in vitro activity of other medicinal plant ex-
tracts, such as Ambrosia miratima and Acacia nilotica with
ICs¢p < 8 pg/mL [30]; however, no compounds responsible for
activity have been isolated from these active species. The ethanol
extract and the dichloromethane and chloroform (CHCls)
fractions from the leaves of Azadirachta indica presented
ICsp = 38.0 pg/mL, 3.9 pg/ml, and 1.2 pg/mL against
promastigotes of L. amazonensis, respectively, and against
amastigotes, IC5o was 9.8 pg/mL, 1.1 pg/mL, and 0.6 pg/mL [15].

The tormentic acid-rich fraction, 2¢.,3B-dihydroxyursan-12-
in-28-oic acid, 2a,3B-dihydroxyolean-12-in-oic acid, ursolic
acid, and oleanolic acid from Pourouma guianensis were active
against L. amazonensis  promastigotes, showing an
ICsp = 100 pg/mL; in addition, ursolic acid and oleanolic acid
were also very active against intracellular amastigotes
(ICsp = 27 pg/mL and 11 pg/mL, respectively). These com-
pounds were more active than glucantime (ICsp = 83 pg/mL)
[22]. An additional review described that the flavones luteolin
and quercetin (isolated from Vitex negundo and Fagopyrum
esculentum, respectively) were active against L. donovani
amastigotes, with ICsg = 12.5 UM and 45.5 uM; the chalcone
identified as licochalcone A (isolated from Glycyrrhiza spp.)
showed an ICsy = 0.9 pg/mL (2.7 pM) against L. donovani
amastigotes and against L. major promastigotes, demonstrating
an ICs5g = 7.2 pg/mL (21 pM). Also, 2/,6'-dihydroxy-4’-
methoxychalcone (isolated from Piper aduncum) inhibited the
growth of promastigotes and intracellular amastigotes of
L. amazonensis; median effective doses were 0.5 pg/mL
(1.9 uM) and 24 pg/mL (89 pM), respectively. The
nanoparticle polymeric formulation of this compound (440 pg)
was administered during 42 d to BALB/c mice infected with
L. amazonensis; the results revealed that this formulation
reduced their skin ulcers by 53%, while the pure compound
reduced these by only 23% 126311, A glucosecoiridoid,
identified as amarogentin (isolated from Swertia chirata), was
tested in an in vivo model (hamster), together with two
formulations (liposomal and niosomal) in mice infected with
L. donovani; the niosomal-amarogentin formula reduced the
parasitic load by 90% in the spleen of the treated animals and
was more efficacious than the liposomal amarogentin. Both of
these formulations can be good candidates for developing anti-
leshmanicidal drugs [26.32].

Plumbagin, a naphthoquinone isolated from the bark of Pera
benensis and from some species of the genus Plumbago, resulted
active against L. donovani promastigotes and intracellular
amastigotes (ICso = 0.21 uM); also, against intracellular amas-
tigotes of L. donovani and L. amazonensis,
ICsp = 0.42 pg/mL and 1.10 pg/mL, respectively. In vivo studies
have demonstrated that plumbagin delayed the development of
L. amazonensis and Leishmania venezuelensis infection and
exhibited good activity at 2.5 mg/kg/d and 5 mg/kg/d, respec-
tively. Local treatment of a simple lesion with 8,8'-biplumbagin
resulted a better treatment than that of Glucantime (reference
drug). In addition, plumbagin and 8,8'-biplumbagin were very
active in vitro against L. amazonensis amastigotes and against
L. braziliensis (2903), L. amazonensis (PH8, H-142), and
L. donovani (2682 and HS70) promastigotes, demonstrating
values of ICgg = 5 pg/mL [26.33-36].

it showed

1107

Saponins mesabalide III and mesabalide VI (obtained from
Maesa balansae), were very active against intracellular amasti-
gotes of Leishmania infantum (ICsgp = 7 ng/mL and 14 ng/mL,
respectively), but, despite exhibiting significant leishmanicidal
activity, these compounds are highly cytotoxic; thus, they are
not candidates for continued research. The steroidal saponin
Racemoside A (isolated from Asparagus racemosus) induced
apoptosis in L. donovani promastigotes and amastigotes and
showed values of ICsyp = 1.31 pg/mL and 0.61 pg/mL, respec-
tively [26]. o- and [P-Hederine and Hederacholchiside A
(obtained from Hedera helix) demonstrated leishmanicidal
activity; Hederacholchiside A was more active, with an
ICsp = 1.200 pM and 0.053 pM against Leishmania infantum
promastigotes and intracellular amastigotes, respectively [26].
Diospyrin (isolated from Euclea natalensis) was active against
L. donovani promastigotes at 0.1 pg/mL. This compound is a
specific inhibitor of the parasitic topoisomerase [37.38].

4. Extract and pure compounds obtained from
Mexican medicinal plants active against Leishmania

SppPp.

In Mexico, some unconventional treatments are routinely
used to treat leishmaniasis. For example, cauterization with
copper sulfate, and thermotherapy is also employed; in this case,
hot automobile-engine oil, red-hot coins, red metal utensils, hot
animal bones, or a hot light bulb are directly applied on the
ulcer. Also, cryotherapy which consists of placing ice on the
wound is used. Both therapies are used in Mexico and in some
regions worldwide [21]. On some occasions, Penicillin powder or
antifungal creams (such as Miconazole, Ketoconazole, or
Itraconazole) are applied on the lesion. Mexican patients have
also used acetic acid, boric acid, sulfuric acid (car battery
acid), formalin, alcohol, hydrogen peroxide, wire and copper
sulfate, among other remedies [21.39.40]. While these methods
only deform, and accentuate the inflammation, patients
continue to employ these approaches without knowing that
they are dealing with a parasitosis, which requires professional
medical care.

On the other hand, some plants are routinely used in Mexico to
treat the skin lesions caused by Leishmania (21.40,41]. To date, there
are scarce studies that explore their in vitro and/or in vivo
leishmanicidal activity. Peraza-Sanchez et al. described an
in vitro evaluation of the methanolic (MeOH) extracts from 18
medicinal plants from the southeastern state of Yucatdn, Mexico
against L. mexicana promastigotes; these authors found that the
extracts of Aphelandra scabra (leaves), Byrsonima bucidaefolia
(bark), Byrsonima crassifolia (bark), Clusia flava (leaves),
Cupania dentata (bark), Diphysa carthagenensis (leaves),
Dorstenia contrajerva (complete plant), Milleria quinqueflora
(root), Tridax procumbens (complete plant), and Vitex gaumeri
(bark) were the most active, exhibiting ICso values of <50 ng/
mL [40]. The same investigation group assayed 15 samples
(extracts, fractions, and some pure compounds) obtained from
Urechites andrieuxii [syn. Pentalinon andrieuxii (P. andrieuxii)],
greggii, contrajerva, and Tridax
procumbens (T. procumbens). One compound, identified as
NCG-5C, and the fraction DCG-3A (with low polarity) obtained
from C. greggii and the low-polarity fraction TPZ-24 obtained
from T. procumbens, were the most active against Leishmania
aethiopica  promastigotes; these samples demonstrated
LDsg = 624 pg/mL, 7.2 pg/mL, and 18.5 ng/mL, respectively,

Colubrina Dorstenia
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while LDs( against amastigotes was 94.2 pg/mL, 27.1 pg/mL, and
95.2 pg/mL, respectively. In this study, these authors also evalu-
ated the same extracts and pure compounds against L. major and
Leishmania tropica, but these samples exhibited poor activity [2].
The MeOH extract of T. procumbens and the compound
identified as 3(S)-16,17-didehydrofalcarinol or oxylipin (1)
inhibited the growth of L. mexicana promastigotes, showing
ICsp = 3.000 pg/mL and 0.478 pg/mL, respectively. In addition,
pure oxylipin (1) was active against the intracellular amastigotes of
L. mexicana [42.43]. Recently, Gamboa-Leo6n et al. [44] described
that the MeOH extract of the 7. procumbens (complete plant)
mixed with the lyophilized aqueous extract of Allium sativa
(bulbs) significantly reduced skin lesions which caused by
L. mexicana promastigotes (Hd18-MHET/MX/97/Hd18) in fe-
male CD-1 mice treated during 2 wk with this mixture. Individu-
ally, these extracts also reduced the formation of lesions in a lower
percentage than the mixture. These authors also described that the
MeOH extract from U. andrieuxii (syn. P. andrieuxii) leaves and
roots which were collected in Champoton, Mexico (Collection I),
was the most active against promastigotes of L. braziliensis, of
L. amazonensis, and of L. donovani [40] and was also active against
L. mexicana promastigotes [45.46]. The hexanic fraction obtained
from the MeOH extract of P. andrieuxii roots was evaluated in
an in vivo model for cutaneous leishmaniasis in male C57BL/6
mice infected with L. mexicana promastigotes. Topical
application of 10 pg of the hexanic fraction for 6 wk significantly
reduced the size of the lesions with respect to the vehicle. This
fraction also inhibited the growth in vitro of L. mexicana,
showing an ICsg = 43.04 pg/mL, while in macrophages infected
with L. mexicana amastigotes, it exhibited an IC5y = 4.10 pg/mL,
and in dendritic cells infected with L. mexicana amastigotes the
ICs value was 11.06 pg/mL [471.

From the active hexanic fraction (obtained by partition from
active MeOH extract) of the U. andrieuxii roots (syn.
P. andrieuxii), the following compounds were isolated: Cholestra-
4,20,24-trien-3-one or pentalinosterol (2), 24-methylcholest-4-
24(28)-dien-3-one 3), cholest-4-en-3-one @), 6,7-
dihydroneridienone (5), and neridienone (6). All compounds (2—
6) inhibited the growth of L. mexicana promastigotes, showing an
ICs¢p of <30 uM; Pentostam was used as positive control
(IC5p=346.1 uM). All of these compounds, together with cholest-
5,20,24-trien-3B-ol (7), were active against L. mexicana amasti-
gotes (ICsg < 14.5 pg/mL) in the in vitro assay [48]. The most
active compound was cholest-4-en-3-one (4), which exhibited an
ICsq value of 0.03 uM; all active compounds were non-cytotoxic
in healthy bone marrow-derived macrophages (C57BL16 mice),
demonstrating an ICsg of >100 pg/mL [48]. In addition, recently,
pentalinonsterol (2) was synthesized and was tested in the
visceral leishmaniasis experimental model using BALB/c mice
infected with L. donovani. Pentalinonsterol (2.5 mg/kg) was
administered by intravenous (i.v.) route in liposome formulation;
this compound showed a significant reduction of parasite load in
mouse liver and spleen, and it is a candidate for the
development of a new leishmanicidal drug [49]. In addition,
betulinic acid (7) has been isolated from the ethanol extract of
P. andrieuxii leaves, but this was inactive against L. amazonensis
and L. braziliensis, exhibiting an ICsg of >200 uM [11.

The hexanic extract from P. andrieuxii roots at 10 pg/mL
was very active against L. mexicana promastigotes (MHOM/
MX/84/ISETGS). The effect observed was similar to that of
Glucantime (positive control); the parasites were completely
destroyed after 100 h of exposure (LDs5y = 6.1 pg/mL vs.
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173.9 pg/mL, respectively). In addition, the extracts of EtOAc
and EtOH of this medicinal plant were also tested against
L. mexicana but were inactive [50].

The flavone 5,4-dimethoxy-(6,7)-2’,2'-dimethyl-pyrano-
favone [9, isolated from Lonchocarpus xuul (L. xuul) and Lon-
chocarpus yucatanensis leaves] was active against promasti-
gotes of L. braziliensis (MHOM/BR/75/M9203), L. donovani
(MHOMY/BR/74/PP75), and L. amazonensis (IFLA/BR/67/PHS8),
showing the similar value, an ICs5y = 5.6 pg/mL. Also, 30,4f-
dihydroxy-5-methoxy-(7,6)-2,2-dimethylpyranoflavan (10) was
isolated from both Lonchocarpus spp. and was tested against
promastigotes of same Leishmania strain. Compound (10) was
less active that compound (9), it showed a ICsg = 26.7 pg/mL
and 40.0 pg/mL against L. braziliensis and L. amazonensis,
respectively and was inactive against L. donovani. From L. xuul
roots was isolated 2’,4’-dihydroxy-3’-(3-methyl-but-2-enyl) chal-
cone or isocordoin (11), this compound was active against pro-
mastigotes of the same Leishmania strains (L. braziliensis,
L. donovani, and L. amazonensis), showing ICsg values of 10.0 g/
mL, 40.0 pg/mL, and 26.7 pg/mL, respectively; also, this com-
pound was active against the P-388 cell line with IC50 = 34 uM and
57 uM 511, Isocordoin (11) and 2',4'-dihydroxy-3'-(Y,Y-
dimethylallyl)-dihydrochalcone or dihydroisocordoin (12),
isolated from L. xuul roots were tested against L. mexicana
promastigotes. These compounds showed an ICs5p = 7.7 UM and
66.5 UM, respectively. In this study, some semisynthetic
derivatives of these natural compounds were tested; the
acetylated and methoxylated derivative[2',4'-diacetoxi-3'-(3-
methylbut-2-enyl)-chalcone (13) and 2',4’-dimethoxy-3'-(3-
methylbut-2-enyl)-chalcone (14)] were the most active, exhibit-
ing an ICsp=3.1 pM and 11.7 pM against L. mexicana promasti-
gotes, these semisynthetic derivates were more active than natural
compounds [52].

On the other hand, the CHCI;3 and aqueous extracts (successive
extracts) from Laennecia confusa aerial parts and the primary
fraction from the CHCls extract demonstrated leishmanicidal
properties. These extracts and fraction presented good activity on
L. donovani promastigotes, with ICsg = 20 pg/mL, 20 pg/mL, and
200 pg/mL, respectively, after 72 h of exposure. However, these
samples (the aqueous and CHCI; extracts and the primary fraction
from CHCl; extract) exhibited a cytotoxic effect on human-
derived monocyte (THP-1) cells, with ICsy values of 24.8 g/
mL, 25.0 pg/mL, and 24.2 pg/mL, respectively [53]. The CHCI3
extract from Lopezia racemosa (aerial parts) and the hexanic
and MeOH fractions demonstrated good activity against
L. donovani promastigotes after 72 h of incubation. The extract
and hexanic and MeOH fractions reduced parasitic growth by
approx. 88% (1 x 10° promastigotes/well). In addition, the
CHCI; extract was cytotoxic in macrophages (THP-1) cells,
showing an ICsg = 28.58 pg/mL [54]. The author did not
describe the active compounds.

The primary fractions (HE 5 and HE 14b) obtained from the
hexanic extract from the aerial parts of Gallium mexicanum were
active against L. donovani promastigotes (1 x 10° promastigotes/
well). The HE 5 sample inhibited the growth of the parasites at
333 pg/mL after 72 h of exposure, and HE 14b was active at
999 pg/mL. The HE 5 fraction was not cytotoxic
(ICsp = 1398 pg/mL) and the HE 14b fraction was cytotoxic
(ICs50 = 228.5 pg/mL) on the THP-1 cell line [55].

The CHCI; and MeOH extracts from Echeveria leucotricha
reduced the growth of L. donovani promastigotes in 64% and
52%; however, these extracts were toxic in the human-derived
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monocyte-cell line THP-1. It is important to mention that the
author did not describe the concentration of the extracts that they
evaluated or their LDsq values [56].

5. Conclusions

To date, there are few medicinal species in Mexico that have
been evaluated to determine their leishmanicidal potential;
among the studies performed, only three medicinal species
(T. procumbens, L. xuul, and P. andrieuxii) have demonstrated
significant activity in vivo against L. mexicana and can be
considered potential candidates as leishmanicidal sources. From
these active species, eight active compounds have been isolated
[Oxylipin, Isocordoin, 2’,4’-dihydroxy-3’-(y,y-dimethylallyl)-
dihydrochalcone, cholestra-4,20,24-trien-3-one or pentalinos-
terol, 24-methylcholesta-4-24(28)-dien-3-one, cholest-4-en-3-
one, 6,7-dihydroneridienone, neridienone, and cholest-5,20,24-
trien-3B-ol], which have shown an ICsg of >30 pg/mL against
L. mexicana; however, the real potential of these are not known,
because only pentalinosterol has been synthesized and was
tested in an in vivo experimental model using BALB/c mice
infected with L. donovani. In addition, some organic extracts
have been described that demonstrated activity against other
species of Leishmania (L. braziliensis, L. donovani, and
L. amazonensis), but the compounds responsible for this activ-
ity, to our knowledge, have not been reported. Leishmaniasis is a
global health problem, coupled with drug-resistance and the side
effects caused by current drugs, which makes it necessary to
redouble efforts to continue investigating other medicinal spe-
cies, in order to find active compounds that contribute to the
treatment of the disease or that serve as prototype molecules to
develop drugs with different mechanism of actions from those
currently employed.

Conlflicts of interest statement
The authors declare that they have no conflict of interests.
References

[1] Dominguez-Carmona DB, Escalante-Erosa F, Garcia-Sosa K,
Ruiz-Pinell G, Gutiérrez-Yapu D, Chan-Bacab MJ, et al. Anti-
protozoal activity of betulinic acid derivatives. Phytomedicine
20105 17(5): 379-382.
Getti G, Durgadoss O, Dominguez-Carmona D, Martin-Quintal Z,
Peraza-Sanchez S, Pefia-Rodriguez LM, et al. Leishmanicidal activity
of Yucatecan medicinal plants on Leishmania species responsible for
cutaneous leishmaniasis. J Parasitol 2009; 95(2): 456-460.
[3] Oryan A, Akbar M. Worldwide risk factors in leishmaniasis. Asian
Pac J Trop Med 2016; 9(10): 925-932.
[4] World Health Organization. Fact sheet no. 375, update. Geneva:
‘World Health Organization; September 2016. [Online] Available from:
http://www.who.int/mediacentre/factsheets/fs375/en/ [Accessed on
3rd November, 2016]
Arjona-Jiménez G, Villegas N, Lopez-Céspedes A, Marin C,
Longoni SS, Bolio-Gonzalez ME, et al. Prevalence of antibodies
against three species of Leishmania (L. mexicana, L. braziliensis,
L. infantum) and possible associated factors in dogs from Mérida,
Yucatan, Mexico. Trans R Soc Trop Med Hyg 2012; 106(4): 252-258.
[6] Bero J, Hannaert V, Chataigné G, Hérent MF, Quetin-Leclercq J.
In vitro antitrypanosomal and antileishmanial activity of plants used
in Benin in traditional medicine and bio-guided fractionation of the
most active extract. J Ethnopharmacol 2011; 137(2): 998-1002.
Varela-M RE, Villa-Pulgarin JA, Yepes E, Miiller I, Modolell M,
Muiioz DL, et al. In vitro and in vivo efficacy of ether lipid

[2

—

[5

—_

[7

—

1109

edelfosine against Leishmania spp. and SbV-resistant parasites.
PLoS Negl Trop Dis 2012; 6(4). e1612.

[8] Wink M. Medicinal plants: a source of antiparasitic secondary
metabolites. Molecules 2012; 17(11): 12771-12791.

[9] Hernandez-Rivera MP, Hernandez-Montes O, Chifias-Pérez A,
Batiza-Avelar JM, Sanchez-Tejeda G, Wong-Ramirez C, et al.
Study of cutaneous leishmaniasis in the State of Campeche
(Yucatan Peninsula), Mexico, over a period of two years. Salud
Publica Mex 2015; 57(1): 58-65.

[10] Bhattacharya P, Ali N. Treatment of visceral leishmaniasis:
anomalous pricing and distribution of AmBisome and emergence
of an indigenous liposomal amphotericin B, fungisome. J Parasit
Dis 2015; 40(3): 1094-1095.

[11] Wasunna M, Njenga S, Balasegaram M, Alexander N, Omollo R,
Edwards T, et al. Efficacy and safety of AmBisome in combination
with sodium stibogluconate or miltefosine and miltefosine mono-
therapy for African visceral leishmaniasis: phase II randomized
trial. PLoS Negl Trop Dis 2016; 10(9). e0004880.

[12] Pérez-Franco JE, Cruz-Barrera ML, Robayo ML, Lépez MC,
Daza CD, Bedoya A, et al. Clinical and parasitological features of
patients with American cutaneous leishmaniasis that did not
respond to treatment with meglumine antimoniate. PLoS Negl Trop
Dis 2016; 10(5). e0004739.

[13] Basselin M, Denise H, Coombs GH, Barrett MP. Resistance to
pentamidine in Leishmania mexicana involves exclusion of the
drug from the mitochondrion. Antimicrob Agents Chemother 2002;
46(12): 3731-3738.

[14] Chow LM, Volkman SK. Plasmodium and leishmania: the role of
MDR genes in mediating drug resistance. Exp Parasitol 1998;
90(1): 135-141.

[15] Carneiro SM, Carvalho FA, Santana LC, Sousa AP, Neto JM,
Chaves MH. The cytotoxic and antileishmanial activity of extracts
and fractions of leaves and fruits of Azadirachta indica (A Juss).
Biol Res 2012; 45(2): 111-116.

[16] Newman DJ, Cragg GM. Natural products as sources of new drugs
over the last 25 years. J Nat Prod 2007; 70(3): 461-477.

[17] Balunas MJ, Kinghorn AD. Drug discovery from medicinal plants.
Life Sci 2005; 78(5): 431-441.

[18] Chin YM, Balunas MJ, Chai HB, Kinghorn AD. Drug discovery
from natural sources. AAPS J 2006; 8(2): E239-E253.

[19] Félix MB, de Souza ER, de Lima M do C, Frade DK, Serafim V de
L, Rodrigues KA, et al. Antileishmanial activity of new Thiophene-
indole hybrids: design, synthesis, biological and cytotoxic evalu-
ation, and chemometric studies. Bioorg Med Chem 2016; 24(18):
3972-3977.

[20] Galdo A. A propésito de un caso de Boton de Oriente en primera
infancia. Med Rev Mex 1934; 14: 388-396.

[21] Chan-Bacab MJ, Pefia-Rodriguez LM. Plant natural products with
leishmanicidal activity. Nat Prod Rep 2001; 18(6): 674-688.

[22] Sundar S, Singh A. Recent developments and future prospects in
the treatment of visceral leishmaniasis. Ther Adv Infect Dis 2016;
3(3—4): 98-109.

[23] Chacko A, Joseph M, Feltis T, Morris SK. Successful treatment of
cutaneous leishmaniasis with topical paromomycin in a child after
treatment failure with systemic fluconazole. Am J Trop Med Hyg
2016; 95(4): 793-794.

[24] Torres-Santos EC, Lopes D, Oliveira RR, Carauta JP, Falcao CA,
Kaplan MA, et al. Antileishmanial activity of isolated triterpenoids
from Pourouma guianensis. Phytomedicine 2004; 11(2-3): 114-120.

[25] Mishra BB, Kale RR, Singh RK, Tiwari VK. Alkaloids: future pro-
spective to combat leishmaniasis. Fitoterapia 2009; 80(2): 81-90.

[26] Polonio T, Efferth T. Leishmaniasis drug resistance and natural
products (Review). Int J Mol Med 2008; 22(3): 277-286.

[27] Singh N, Mishra BB, Bajpai S, Singh RK, Tiwari VK. Natural
product based leads to fight against leishmaniasis. Bioorg Med
Chem 2014; 22(1): 18-45.

[28] Mishra BB, Singh RK, Srivastava A, Tripathi VJ, Tiwari VK. Fighting
against leishmaniasis: search of alkaloids as future true potential anti-
leishmanial agents. Mini-Rev Med Chem 2009; 9(1): 107-123.

[29] Fournet A, Barrios AA, Muiioz V, Hocquemiller R, Roblot F,
Cavé A. Antileishmanial activity of a tetralone isolated from


http://refhub.elsevier.com/S1995-7645(17)30065-2/sref1
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref1
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref1
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref1
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref1
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref2
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref2
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref2
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref2
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref2
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref3
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref3
http://www.who.int/mediacentre/factsheets/fs375/en/
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref5
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref5
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref5
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref5
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref5
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref5
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref5
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref5
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref5
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref5
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref5
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref6
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref6
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref6
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref6
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref6
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref6
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref7
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref7
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref7
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref7
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref7
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref8
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref8
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref9
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref9
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref9
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref9
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref9
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref9
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref9
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref9
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref9
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref10
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref10
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref10
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref10
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref11
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref11
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref11
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref11
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref11
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref12
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref12
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref12
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref12
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref12
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref12
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref12
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref13
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref13
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref13
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref13
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref14
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref14
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref14
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref15
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref15
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref15
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref15
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref16
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref16
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref17
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref17
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref18
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref18
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref19
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref19
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref19
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref19
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref19
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref19
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref20
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref20
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref20
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref20
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref21
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref21
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref22
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref22
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref22
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref23
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref23
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref23
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref23
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref24
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref24
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref24
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref25
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref25
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref26
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref26
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref27
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref27
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref27
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref28
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref28
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref28
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref29
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref29
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref29

1110

Ampelocera edentula, a Bolivian plant used as a treatment for
cutaneous leishmaniasis. Planta Med 1994; 60(1): 8-12.

[30] Eltayeb A, Ibrahim K. Potential antileishmanial effect of three
medicinal plants. Indian J Pharm Sci 2012; 74(2): 171-174.

[31] Torres-Santos EC, Rodrigues JM Jr, Moreira DL, Kaplan MA,
Rossi-Bergmann B. Improvement of in vitro and in vivo anti-
leishmanial activities of 2’,6'-dihydroxy-4'-methoxychalcone by
entrapment in poly(D,L-lactide) nanoparticles. Antimicrob Agents
Chemother 1999; 43(7): 1776-1778.

[32] Medda S, Mukhopadhyay S, Basu BK. Evaluation of the in vivo
activity and toxicity of amarogentin, an antileishmanial agent, in
both liposomal and niosomal forms. J Antimicrob Chemother 1999;
44(6): 791-794.

[33] Fournet A, Barrios AA, Muiioz V, Hocquemiller R, Cavé A. Effect
of natural naphthoquinones in BALB/c mice infected with Leish-
mania amazonensis and L. venezuelensis. Trop Med Parasitol
1992; 43(4): 219-222.

[34] Fournet A, Angelo A, Muiioz V, Roblot F, Hocquemiller R,
Cavé A. Biological and chemical studies of Pera benensis, a
Bolivian plant used in folk medicine as a treatment of cutaneous
leishmaniasis. J Ethnopharmacol 1992; 37(2): 159-164.

[35] Hazra B, Saha AK, Ray R, Roy DK, Sur P, Banerjee A. Antiprotozoal
activity of diospyrin towards Leishmania donovani promastigotes
in vitro. Trans R Soc Trop Med Hyg 1987; 81(5): 738-741.

[36] Awasthi BP, Kathuria M, Pant G, Kumari N, Mitra K. Plumbagin,
a plant-derived naphthoquinone metabolite induces mitochondria
mediated apoptosis-like cell death in Leishmania donovani: an
ultrastructural and physiological study. Apoptosis 2016; 21(8):
941-953.

[37] Ray S, Hazra B, Mittra B, Das A, Majumder HK. Diospyrin, a
bisnaphthoquinone a novel inhibitor of type I DNA topoisomerase
of Leishmania donovani. Mol Pharmacol 1998; 54(6): 994-999.

[38] Lall N, Meyer JJ. Inhibition of drug-sensitive and drug-resistant
strains of Mycobacterium tuberculosis by diospyrin, isolated from
Euclea natalensis. J Ethnopharmacol 2001; 78(2-3): 213-216.

[39] Lopez-Carvajal L, Cardona-Arias JA, Zapata-Cardona MI,
Sanchez-Giraldo V, Vélez ID. Efficacy of cryotherapy for the
treatment of cutaneous leishmaniasis: meta-analyses of clinical
trials. BMC Infect Dis 2016; 16: 360.

[40] Peraza-Sanchez SR, Cen-Pacheco F, Noh-Chimal A, May-Pat F,
Sima-Polanco P, Dumonteil E, et al. Leishmanicidal evaluation of
extracts from native plants of the Yucatan peninsula. Fitoterapia
2007; 78(4): 315-318.

[41] Chan-Bacab MJ, Balanza E, Deharo E, Munoz V, Garcia RD,
Pena-Rodriguez LM. Variation of leishmanial activity in four
population of Urechites andrieuxii. J Ethnopharmacol 2003;
86(3): 243-247.

[42] Martin-Quintal Z, Moo-Puc R, Gonzailez-Salazar F, Chan-
Bacab MJ, Torres-Tapia LW, Peraza-Sanchéz SR. In vitro activity
of Tridax procumbens against promastigotes of Leishmania mex-
icana. J Ethnopharmacol 2009; 122(3): 463-467.

[43] Martin-Quintal Z, Garcia-Miss del R, Mut-Martin M, Matus-
Moo A, Torres-Tapia LW, Peraza-Sanchez SR. The leishmanicidal
effect of (3S)-16,17-didehydrofalcarinol, an oxylipin isolated from

Gabriel Alfonso Gutiérrez-Rebolledo et al./Asian Pacific Journal of Tropical Medicine 2017; 10(12): 1105-1110

Tridax procumbens, is independent of NO production. Phytother
Res 2010; 24(7): 1004-1008.

[44] Gamboa-Ledén R, Vera-Ku M, Peraza-Sanchez SR, Ku-Chulim C,
Horta-Baas A, Rosado-Vallado M. Antileishmanial activity of a
mixture of Tridax procumbens and Allium sativum in mice.
Parasite 2014; 21(15): 1-7.

[45] Viscencio GS, Tamay PM, Issac AP, Lezama CM. Toxicidad
in vitro de extractos de Urechites andrieuxii Muell-Arg, en contra
de L. mexicana. Memorias de la III Reunién de Investigacion
Quimica en el Sureste de México, Mérida, Yucatan. Rev Lat Quim
1995; 21(Suppl 1): 93.

[46] Adebayo OL, Suleman D, Samson AA. Natural products in anti-
leishmanial drug discovery: a review. J Asian Sci Res 2013; 3(2):
157-173.

[47] Lezama-Davila CM, Pan L, Isaac-Marquez AP, Terrazas C,
Oghumu S, Isaac-Marquez R, et al. Pentalinon andrieuxii root extract
is effective in the topical treatment of cutaneous leishmaniasis caused
by Leishmania mexicana. Phytother Res 2014; 28(6): 909-916.

[48] Pan L, Lezama-Davila CM, Isaac-Marquez AP, Calomeni EP,
Fuchs JR, Satoskar AR, et al. Sterols with antileishmanial activity
isolated from the roots of Pentalinon andrieuxii. Phytochemistry
2012; 82: 128-135.

[49] Gupta G, Peine KJ, Abdelhamid D, Snider D, Shelton AB, Rao L,
et al. A novel sterol isolated from a plant used by Mayan traditional
healers is effective in treatment of visceral leishmaniasis caused by
Leishmania donovani. ACS Infect Dis 2015; 1(10): 497-506.

[50] Lezama-Davila CM, Isaac-Marquez AP, Zamora-Crescencio P, Uc-
Encalada M del R, Justiniano-Apolinar SY, del Angel—Robles L,
et al. Leishmanicidal activity of Pentalinon andrieuxii. Fitoterapia
2007; 78(3): 255-257.

[51] Borges-Argaez R, Balnbury L, Flowers A, Giménez-Turba A,
Ruiz G, Waterman PG, et al. Cytotoxic and antiprotozoal activity
of flavonoids from Lonchocarpus spp. Phytomedicine 2007; 14(7—
8): 530-533.

[52] Borges-Argaez R, Vela-Catzin T, Yam-Puc A, Chan-Bacab MJ,
Moo-Puc RE, Ciceres-Farfan M. Antiprotozoal and cytotoxic
studies on some isocordoin derivatives. Planta Med 2009; 75(12):
1336-1338.

[53] Martinez Ruiz MG, Richard-Greenblatt M, Judrez ZN, Av-Gay Y,
Bach H, Hernandez LR. Antimicrobial, anti-inflammatory, anti-
parasitic, and cytotoxic activities of Laennecia confusa. Sci World
J 2012; 2012. 263572; https://doi.org/10.1100/2012/263572.

[54] Cruz Paredes C, Bolivar-Balbas P, Gémez-Velasco A, Judrez ZN,
Sanchez-Arreola E, Hernandez LR, et al. Antimicrobial, antipara-
sitic, anti-inflammatory, and cytotoxic activities of Lopezia race-
mosa. Sci World J 2013; 2013. 237438; https://doi.org/10.1155/
2013/237438.

[55] Bolivar P, Cruz-Paredes C, Hernandez LR, Juarez ZN, Sanchez-
Arreola E, Av-Gay Y, et al. Antimicrobial, anti-inflammatory,
antiparasitic, and cytotoxic activities of Gallium mexicanum.
J Ethnopharmacol 2011; 137(1): 141-147.

[56] Martinez-Ruiz MG, Gomez-Velasco A, Judrez ZN, Herndandez LR,
Bach H. Exploring the biological activities of Echeveria leuco-
tricha. Nat Prod Res 2013; 27(12): 1123-1126.


http://refhub.elsevier.com/S1995-7645(17)30065-2/sref29
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref29
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref30
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref30
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref31
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref31
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref31
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref31
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref31
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref31
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref31
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref31
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref32
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref32
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref32
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref32
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref33
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref33
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref33
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref33
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref33
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref34
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref34
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref34
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref34
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref34
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref35
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref35
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref35
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref36
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref36
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref36
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref36
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref36
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref37
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref37
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref37
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref38
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref38
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref38
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref39
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref39
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref39
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref39
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref39
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref39
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref39
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref39
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref40
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref40
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref40
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref40
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref40
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref40
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref41
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref41
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref41
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref41
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref42
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref42
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref42
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref42
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref42
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref42
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref42
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref43
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref43
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref43
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref43
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref43
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref43
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref44
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref44
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref44
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref44
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref44
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref44
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref45
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref45
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref45
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref45
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref45
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref45
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref45
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref45
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref45
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref45
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref46
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref46
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref46
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref47
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref47
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref47
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref47
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref47
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref47
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref47
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref48
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref48
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref48
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref48
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref48
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref48
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref49
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref49
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref49
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref49
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref50
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref50
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref50
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref50
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref50
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref50
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref50
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref51
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref51
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref51
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref51
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref51
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref51
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref52
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref52
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref52
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref52
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref52
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref52
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref52
https://doi.org/10.1100/2012/263572
https://doi.org/10.1155/2013/237438
https://doi.org/10.1155/2013/237438
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref55
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref55
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref55
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref55
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref55
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref55
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref55
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref56
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref56
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref56
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref56
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref56
http://refhub.elsevier.com/S1995-7645(17)30065-2/sref56

	Natural compounds and extracts from Mexican medicinal plants with anti-leishmaniasis activity: An update
	1. Introduction
	2. Methods
	3. Overview of antileishmanicidal potential of medicinal plants and their isolated compounds
	4. Extract and pure compounds obtained from Mexican medicinal plants active against Leishmania spp.
	5. Conclusions
	Conflicts of interest statement
	References


