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1. Introduction

   Leishmania is a tropical neglected disease caused by single cellular, 
haemoflagellate protozoan parasites of the genus Leishmania (family 
Trypanosomatidae) transmitted by the bite of an infected female 
sandfly Lutzomyia or Phlebotomus[1]. Sandflies are the vectors of 
Leishmania parasites that are distributed throughout intertropical and 
temperate regions of the world. Only 60 of about 600 sandflies species 
are vectors for Leishmania around which 20 Leishmania species 
are described as human pathogens. Leishmaniasis depends on the 
Leishmania spp. involved, site of bite, number of bites, type of sandfly, 
genus of parasite and genetic potential[2]. Several major risk factors 
are involved in the emergence and spread of leishmaniasis worldwide: 
treatment failure and drug resistance, human-made environmental 
changes and acute predisposition of host immune status[3]. Other 
factors include: HIV epidemic, inadequate vector or reservoir control, 
lack of vaccines, international travels and international conflicts, 
urbanization and deforestation, movement of non-immune persons 
to endemic regions, massive migration from rural to urban areas, 
decline in social and economic circumstances[4]. Consolidated data 
are frequently not available, only estimates have been provided. 
Worldwide prevalence is about 12 million, endemic in 90 tropical and 
subtropical countries threatening approximately 350 million people 

each year and approximately 90% of which occurs in the Sudan and 
Indian subcontinent[3]. In most countries, the incidence numbers are 
probably highly underestimated, since many cases are not recognized 
and there is no obligation to report the disease. Categorically, 
leishmaniasis is classified into three different clinical forms: cutaneous 
leishmaniasis (CL), mucocutaneous leishmaniasis and visceral 
leishmaniasis (VL)[5]. CL is a dermal manifestation representing up 
to 75% of all the new cases within 1–1.5 million annual incidences 
commonly caused by Leishmania major (L. major), Leishmania 
tropica, Leishmania aethiopica, Leishmania mexicana (L. mexicana), 
Leishmania amazonensis (L. amazonensis), and Leishmania 
braziliensis (L. braziliensis) in many parts of the world, particularly 
in sub-continent and Middle East[6]. CL is characterized by a small 
red papule which becomes darker and turns into ulcer with raised 
edges after several weeks. Ulcers can be moist and exude pus with a 
crusted scab; sores usually appear on exposed body parts of the skin, 
especially on the face and extremities[2]. Although CL is not lethal, but 
it can cause significant morbidity and the course of the disease is often 
accompanied by psychological and social repercussion, stigmatization, 
painful disfiguration and severe secondary dermal manifestations 
neoplasms and sarcoidosis. Localized CL is characterized by lesions 
on face, nose, forehead, and lower limbs that usually heal naturally. 
Another type of CL is the diffuse cutaneous leishmaniasis that 
produces symptoms like nodules, plates or lumps on the face, arms 
and legs never heal spontaneously and relapse after treatment[7]. 
Mucocutaneous leishmaniasis (espundia) is characterized by nasal 
obstruction and bleeding, disfiguration and generation of painful 
mucosal lesions and cartilage of the mouth, ear and pharynx. VL or 
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kala-azar is a kind of systemic disease caused by Leishmania donovani 
(L. donovani), Leishmania infantum (L. infantum) and Leishmania 
donovani (L. chagasi). Typical symptoms of the disease are irregular 
fever, weight loss, hepatosplenomegaly, invasion of bone-marrow, skin 
pigmentation, oral mucosa, and sex cells[2]. 

2. Chemotherapy

   The currently used treatment regimen for leishmaniasis is primarily 
based on pentavalent antimonial drugs, such as sodium stibogluconate 
and meglumine antimonate. However, use of these drugs has been 
limited and linked with perilous side effects, high cost, variable 
degree of efficacy under same doses and the emergence of drug-
resistant. Alternatively, miltefosine, pentamidine, amphotericin B and 
paromomycin can be used[4].

2.1. Miltefosine

   M i l t e f o s i n e  i s  a n  a l ky l p h o s p h o c h o l i n e  a n a l o g u e 
(hexadecylphosphocholine) that was originally developed as an 
oral antineoplastic agent but later proved to be a novel oral drug for 
treatment of VL with successful results in immunocompetent and 
immunocompromised patients. The antileishmanial mechanism 
of action of this compound can be extrapolated from its effect on 
mammalian cells, where it causes modulation of cell surface receptors, 
inositol metabolism, phospholipase activation, protein kinase C and 
other mitogenic pathways, eventually culmination in apoptosis[8]. 
Adverse effects of miltefosine include reversible gastrointestinal 
disturbances, renal toxicity and teratogenic in nature[9].

2.2. Pentamidine

   Pentamidine is an aromatic derivative of diamidine which was 
chemically defined as 4-[5-(4-carbamimidoyl-phenoxy) pentoxy] 
benzenecarboximidamide, originally synthesized as hypoglycemic 
drugs and later its activity was demonstrated against Leishmania 
infections particularly VL. Pentamidine acts on the genome of parasite 
by hampering replication and transcription at the mitochondrial 
level[10]. In addition, pentamidine interferes with the reception or the 
function of polyamines. Commonly, the treatment with pentamidine 
causes pain at the site of injection, nausea, headache, burning sensation 
and hypotension in addition to skin eruptions, abnormal liver, renal 
dysfunctions and rarely diabetes mellitus[9]. 

2.3. Amphotericin B

   Amphotericin B is a macrolide polyene antifungal agent, which 
was discovered from a bacterium Streptomyces nodosus and is 
recommended as a second line drug therapy against all forms of 
leishmaniasis[11]. The antileishmanial activity of amphotericin B is 
attributed to binding to its selectivity for 24 substituted sterols, namely, 
ergosterol fraction of the cell membrane of the parasite thus increasing 
its permeability and so its selectivity towards the microorganism[12]. 
However, this pharmaceutical product is also associated with 
serious side effects including fever accompanied by rigor and chills, 
thrombophlebitis, toxicities like myocarditis, severe hypokalaemia, 
renal dysfunction and even death[10]. Currently, toxic effects of 
amphotericin B have been largely improved with the advancement 
of lipid formulations fungizone (micellar AmBisome and sodium 
deoxycholate) resulting in increased efficacy and reduced toxicity as 
compared to the parent drug formulation. Advantages of this route of 
administration include targeting higher drug concentrations to the site 
of infection, lowering systemic toxicity, decreasing cost and fastening 
healing time[13]. 

2.4. Paromomycin

   Paromomycin (aminosidine) is an aminoglycoside aminocyclitol 
produced by Streptomyces rimosus var. It is an effective remedy against 
several bacterial, protozoal and leishmanial spp.[14]. The mechanism 
of action of paromomycin in Leishmania is believed to be associated 
with the inhibition of protein synthesis by binding to the 30S ribosomal 
subunit at the start codon of mRNA, leading of accumulation of 
abnormal initiation complex[15]. In parallel, paromomycin promoted 
ribosomal subunit association of both cytoplasmatic and mitochondrial 
forms following low Mg2+ concentration, induced dissociation and also 
caused dysfunction in respiratory systems experimental models. Side 
effects associated with the ointment formulation are the ototoxicity, 
liver dysfunction, skin rashes and local pruritus[16].

3. Plant products with antileishmanial activity

   The fascination and use of potential natural plants for the treatment 
of various ailments based on traditional practice with known medicinal 
properties have been used for centuries[17]. However, rapid advances 
in synthetic organic chemistry and advent of high screening techniques 
have made the process of finding new drugs and plant metabolites 
focus on bulk screening faster and easy. The discovery of pure 
compounds in plants as active principles and the art of exploring 
natural products has become a major part of the molecular sciences. 
Early studies on plant products were followed by an era of organic 
chemistry that led to the development of antimonial and arsenical 
(sodium stibogluconate, melarsoprol) and diamidine (pentamidine) 
antiprotozoal drugs. Plants are an important source for drug candidates, 
particularly against leishmaniasis because of their long association 
with parasites. More than hundred plants have been known to be 
active against various forms of leishmanial parasites[18,19]. With the 
objective of contributing to these studies, a literature search on the use 
of natural products (crude plant extracts, semi-purified fractions and 
chemically defined molecules) which have already been evaluated 
against leishmaniasis has been carried out. Several studies have been 
reported and carried out as described below on antileishmanial activity 
of crude extracts and/or chemically defined compounds derived from 
plants in vitro against promastigotes and amastigotes or in vivo against 
Leishmania infected animals. 
   Sesquiterpene lactone isolated from the leaves of Munnozia maronii 
(Asteraceae) inhibited the growth of eleven species of Leishmania 
promastigotes at concentrations between 2.5 and 10.0 μg/mL. 
Diterpenoids isolated from Euphorbiaceae species possessed toxic 
activity against the promastigote forms of L. braziliensis and L. 
amazonensis at concentrations IC100 (0.75 and 5 μg/mL respectively)
[20]. Fournet et al. also demonstrated berberine, a quaternary 
isoquinoline alkaloid with highest leishmanicidal activity as it 
effectively eliminated L. major parasites at a concentration of 10 μg/
mL in peritoneal mice macrophages[21]. Jonathan et al. evaluated 
activity of berberine and several of its derivatives for efficacy against L. 
donovani and Leishmania brazliensis panamensis in golden hamsters. 
Tetrahydroberberine was less toxic and more potent than berberine 
against L. donovani but was less potent to meglumine antimonate. Only 
berberine and 8-cyanodihydroberberine showed significant activity 
(increase in 50% suppression of lesion size) against Leishmania 
brazliensis panamensis[22].
   Luize et al. studied antileishmanial effect of several plants including 
Baccharis trimera, Cymbopogen citratus, Matricaria chamomela, 
Mikania glomerata, Ocimum gratissimum, Piper regnelli, Prunus 
demestica, Psium guajava, Sambucus canadensis, Stryphnodendron 
adstringens, Tanacetum parthenium and Tanacetum vulgare and 
showed significant inhibitory growth effects (49.5%–99.0%) on 
promastigote and axenic amastigote forms of L. amazonensis in vitro 
at 100 μg/mL with no haemolytic effect observed[23]. Antileishmanial 
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activity of xantholides isolated from Xanthium macrocarpum 
(Asteraceae) was evaluated on L. infantum and L. mexicana 
promastigotes in vitro. The compounds had growth inhibitory activities 
ranging from 3.6% ± 0.7% to 40% ± 8%[24]. A study carried out 
by Khalid et al. on Allium sativum and Azadirachta indica revealed 
antileishmanial effect with IC50 of 4.94 μg/mL and 10.2 μg/mL 
respectively[25]. Antileishmanial activity of methanolic extract of 
Vernonia amygdalina (Asteraceae) was studied in vitro with a 50% 
effective dose of 13.3–18.5 μg/mL against promastigote and 45.8–
74.4 μg/mL against amastigote forms of Leishmania aethopica[26]. 
Similarly, ethanolic extracts of medicinal plants Vernonia polyanthes 
and Ocimum gratissimum used in treatment of infectious and 
inflammatory disorders in Brazil were evaluated on L. amazonensis 
and L. chagasi promastigotes. Extracts were most active against L. 
amazonensis at IC50 (4 μg/mL) and L. chagasi at IC50 (71 μg/mL)[27]. 
Methanolic extracts of Gongronema latifolia, Dorstenia multiradiata, 
Picralima nitida, Cola attiensis and Desmodium gangeticum against 
VL isolate were tested and were found active at concentration of 50 
mg/mL[28]. Other plants with marked activity against L. donovani 
were Khaya senegalensis and Anthostema senegalense with IC50 

values of 9.8 and 9.1 mg/mL respectively[29]. The ethanolic extract of 
Yucca filamentosa showed potent activity against L. amazonensis at a 
concentration of 5 mg/mL[30]. 
   The dichloromethane extracts of Eryngium ternatum, Origanum 
dictamnus and Origanum microphyllum and the methanol extracts of 
Eryngium amorginum had IC50 < 10 μg/mL with no cytotoxicity[31]. 
A study carried out on methanolic extracts of the leaves of Polyalthia 
suaveolens, Dioscorea preussii, Augouardia letestui and stem bark 
of Cola lizae plants on L. infantum showed the highest effect (IC50 
< 5 μg/mL)[32]. The antileishmanial activity of plants extracts from 
Sarcocephalus latifolius, Zanthoxylum zanthoxyloides, Entada 
africana, Bobgunnia madagascarensis, Pseudocedrela kotschyi and 
Psorospermum guineense used in traditional management of parasitic 
infections in Mali had significant effects against promastigote and 
amastigote forms of L. major[33]. Mori et al. screened the effect of 
crude methanol extract isolated from Cordia fragrantissima wood 
against Leishmania species. The crude extract had minimal inhibitory 
concentration of 12.5 μg/mL against L. major promastigotes[34].
   Le et al. revealed the search of new products in microorganism 
or marine sources, such as a glycoprotein isolated from the sponge 
Pachymatisma johnstonii, which showed a high activity in vitro against 
L. donovani, L. braziliensis and L. mexicana and aphidicolin, a fungal 
metabolite isolated from nigrospora sphaerica, which inhibited the 
growth of promastigotes and amastigotes of L. donovani[35].
   Anigorufone, an antifungal phenyl–phenalenone phytoalexin, 
isolated from the banana plant (Musa acuminata) and synthesis is 
triggered by infection caused by a saprophytic pathogenic fungus, 
Fusarium oxysporum, which causes Panama’s disease in the banana 
plant, shows antibiotic activity against the fungus and leishmanicidal 
activity on L. donovani promastigotes and L. infantum amastigotes 
with 50% lethal concentration at 12 µg/mL and supports the use of 
plant extract enriched in antifungal phytoalexins as a more rationale 
for a new antileishmanial drug or leismanicidal drug[36]. Kayser et 
al. identified that monomeric and dimeric naphthoquinones against 
extracellular promastigotes of L. donovani, L. infantum, Leishmania 
enriettii and L. major using a direct cytotoxicity assay with potent in 
vitro leishmanicidal activity in the range of EC50 0.9–17.0 µg/mL[37]. In 
vitro leishmanicidal activity of aqueous extract of Syagrus coronata on 
L. amazonensis was evaluated with minimal inhibitory concentration of 
8.3 μg/mL and observed by light microscopy with no cytotoxic effect 
as well as no allergic reactions in mammalian cells, suggesting good 
prospects for the development of new antileishmanias drugs[38]. Juliana 
et al. also evaluated in vitro activity of the crude hydroalcoholic extract 
of the aerial parts of Miconia langsdorffii against the promastigote 
forms of L. amazonensis in humans and displayed moderate activity 

with an IC50 value of 175.4 μg/mL[39].
   Moheb et al. evaluated the efficacy of 25% and 40% hydroalcoholic 
extract of Cassia fistula against CL ulcers in small white mice 
and caused significant reduction of CL ulcers as compared with 
the control group. Combination of 75% Cassia fistula plus 2% 
dimethyl-sulfamide also significantly reduced diameter of ulcers as 
compared with glucantime for the treatment of CL in mice[40]. The 
combination of traditional drugs Euphorbia milli, Aloe vera with 
animal fat and turmeric exhibited considerably good antilieshmanial 
activity representing more efficient therapy leading to tissue softening 
and lesion and wound healing ulcer in comparison to chemical 
drug glucantime in mice model[41]. Efficacy of herbal extracts of 
Thymus vulgaris (thyme) and Achillea millefolium (yarrow), propolis 
hydroalcoholic extract were found more effective than systemic 
glucantime or alcohol against CL in BALB/c mice under trial for six 
weeks causing the reduction of the mean of ulcer size. The highest 
efficacy was observed for propolis, followed by Achillea millefolium 
and then Thymus vulgaris[42].
   Maesabalide III (MB-III), an oleate triterpene saponin isolated from 
the Vietnamese plant Maesa balansae was studied against L. donovani 
in golden hamsters after administration of a single subcutaneous dose 
prophylactically against liposomal amphotericin B, administered 
intravenously at 5 mg/kg of body weight. Prophylactic administration 
of MB-III at 0.2 mg/kg reduced liver amastigote burdens by 99.8% 
within 7 days. Both MB-III at 0.8 mg/kg and liposomal amphotericin 
B were 100% effective against liver stages. It is concluded that 
administration of a single dose of MB-III at 0.8 mg/kg has efficacy 
potentially comparable to that of a single dose of liposomal 
amphotericin B at 5 mg/kg and is, therefore, considered a promising 
new antileishmanial lead compound[43]. The antileishmanial activity 
of several plants Alstonia scholaris, Swertia chirata, Tibouchina 
semidecandra, Tinospora cordifolia and Nyctanthes arbortristis from 
India were carried out against L. donavani infected hamsters and 
showed more than 75% inhibition of parasites on day 7 and/or 28 post 
treatment with an increased survival period[44].
   The crude extract Teucrium stocksianum and its subsequent organic 
fractions showed that ethyl acetate fraction was found slightly more 
effective than the parent extract at lower concentrations which further 
gave a clue that leishmanicidal constituents of Teucrium stocksianum 
were concentrated in ethyl acetate fraction[45]. Antileishmanial dose 
dependant antipromatigote activity of Aloe vera leaf and Tamarix 
aphylla bark against Leishmania tropica has been investigated with 
statistically highly significant effect on motility of the parasites[46]. 
   A preliminary examination of the crude methanol extracts of plant 
species collected from the Sudan, viz. Azadirachta indica, Maytenus 
senegalensis and Eucalyptus globulus showed IC50 values of 11.5, 
55 and 78 mg/mL, respectively exhibited considerable in vitro 
antileishmanial activity on L. major promastigotes at a concentration of 
0.5 mg/mL[47]. 
   Arabino-galactins isolated from Echinacea purpurea showed 
preventative effect against the promastigotes in mice infections. Later 
it was shown that the LD50 antileishmanial activity was based on 
the immunostimulatory function and macrophage activation of the 
Echinacea purpurea used both orally (for immunostimulation) and 
topically (for wound healing) in leishmaniasis[48].
   Keeping in view the significance of this knowledge and the art 
of exploring natural products will lead to the discovery of the pure 
compounds as active principles in plants with antileshmanial activity 
and will provide new impetus to obtain rational drug design at low cost 
and plans of new drugs.

4. Topical formulations

   Topical treatments are an attractive alternative recommended choice 
for localized, self-limiting form of the disease and offer significant 
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advantages, such as ease of administration, more patient-compliance 
and fewer adverse effects with perceived efficacy at low cost over 
systemic therapy. A combination of 15% paromomycin sulfate plus 
12% methyl benzethonium chloride in paraffin ointment results in 
reduced ulcer size of L. major and L. mexicana in BALB/c mice. 
In a parallel study, paromomycin in combination with quaternary 
ammonium disinfectants and/or dimethyl sulfoxide in paraffin 
showed significant level of antileishmanial activity[49]. A topical 
formulation of miltefosine comprised of 3-propyloxypropylene 
glycol, 3-hexylpropylene glycol and 3-nonylpropylene glycol has 
been under trial in Syria and Colombia for the treatment of nodular 
cutaneous malignancies. The response of CL in patients with miltex 
has been reported in experimental studies that using L. mexicana- 
and L. major-infected BALB/c mice has reduced and healed 
lesion size. A study was carried out on the formulation of 15% 
aminosidine and 10% urea in white soft paraffin in experimental 
models. Experimental studies with L. amazonensis-infected BALB/
c mice proved the phenothiazine chlorpromazine and the tricyclic 
antidepressant amitriptyline, as 10% ointments in petroleum, to be 
ineffective[50]. However, the antimycobacterial drug clofazimine 
and the naphthoquinone plumbagin had a suppressive effect on 
lesion growth. Elsewhere, the dinitroaniline herbicide trifluralin, a 
compound with proven in vitro antileishmanial activity in a 15% 
topical formulation, had suppressive effects on L. major and L. 
mexicana lesions in BALB/c mice[51]. Other topical formulations 
have been in clinical trials, but many results have been equivocal 
and no major breakthroughs have been achieved. Studies are being 
designed to investigate other topical treatments of leishmaniasis 
including quinacrine, miconazole, clotrimazole, chlorpromazine, 
amphotericin and garlic cream. 

5. Vaccine development 

   Studies are being carried out that to improve the understanding of 
the immune response to leishmania in particular and to rationalize 
vaccine development. The rationale for vaccine development 
is provided by the evidence that most individuals who had 
leishmaniasis are resistant to subsequent clinical infections[52]. 
Various types of vaccines (e.g., killed or attenuated whole parasites, 
synthetic or recombinant peptides, or recombinant live vaccine 
vectors), with or without cytokines or other adjuvants, are being 
investigated. Substantial effort has been spent in developing a 
Leishmania vaccine; so far, inspite of extensive knowledge, progress 
in developing a protective vaccine has been limited. New approaches 
are now being investigated in the experimental models with several 
Leishmania species and sandfly saliva proteins[53]. Coler et al. 
give a useful update of work on killed or live attenuated vaccines, 
recombinant vaccines, synthetic peptides, nonprotein antigens, and 
‘naked’ DNA vaccine. Simple nature of the parasite lifecycle and 
no reoccurrence of infection after healing in experimental models 
have shown that protection and possibility to develop a vaccine 
against leishmniasis could be achieved by using parasite-specific 
proteins, DNA or genetically attenuated parasites. In early trials, the 
Mayrink’s vaccine was a mixture of killed, sonicated promastigotes 
of L. amazonensis, L. braziliensis, and unknown Leishmania species. 
Although tested vaccines were safe and immunogenic significant, 
yet long-lasting protection could not be shown[54]. The immune 
response and protective efficacy of volunteers vaccinated with BCG 
plus killed promastigotes of L. mexicana of commercially available 
vaccine against CL have been claimed maximum in Eucador[55]. 
However, for several basic and logistic reasons, like difficulties in 
maintaining parasite virulence, risk of unacceptable lesions in some 
recipients, vaccination is not currently recommended by World 
Health Organization[56].

6. Conclusions and recommendations

   This study emphasized on the extensive review of identified 
commercial and herbal products which were used for the treatment 
of leishmaniasis to synthesize modified compounds by using rational 
drug design. The potential efficacy of antileishmanial plant extracts 
needs to be evaluated and analyzed in all forms of leishmaniasis, which 
is irrespective of the species. The potent leishmanicidal activities of 
certain chemically defined molecules isolated from natural origins 
represent an exciting advance in the search for novel antileishmanial 
agents. Future development of topical drugs must employ rational drug 
design to take account of physicochemical properties and their effect 
on percutaneous absorption. This leads to the identification of several 
scaffolds for the future synthesis of second-generation compounds with 
optimized pharmacological profile for the treatment of leishmaniasis. 
Further enhancement in the control of leishmaniasis can be conducted 
through knowledge about the genome of parasite, information of drug 
used for other infection or pathologies and compounds isolated from 
new natural sources. 
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