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INTRODUCTION 

 

The advent of discernable abrasions alike to cutaneous 

leishmaniasis happened since the seventh century BCE on 

tablets from King Ashurbanipal (some of which might have 

started from significantly before texts from 1500 to 2500 BCE). 

In the 10th century CE, Persian physicians such as Avicenna 

described the balkh sore in detail (Cox 2002). Alexander 

Russell transcribed one of the most extensive clinical 

elucidations of the condition in 1756 after seeing a Turkish 

patient. Kala-azar (black fever) is the term used by specialists 

on the Indian subcontinent to describe it. Pre-Inca pottery 

portraying distorted faces and skin lesions from the first 

century CE in Ecuador and Peru shows indication of the 

cutaneous manifestation of the ailment. In the Americas, pre-

Inca pottery portraying distorted faces and skin lesions from 

the first century CE in Ecuador and Peru marks confirmation 

of the cutaneous manifestation of the disease. Some Inca 

documents from the 15th and 16th centuries, as well as Spanish 

colonial texts, reference "valley sickness," "Andean sickness," 

or "white leprosy," all of which are liable to allude to the 

cutaneous variety (World Health 2010).  

However, it is assumed that Surgeon David Douglas 

Cunningham (Major of the British Indian armed force) may have 

perceived it in 1885 but was unable to link it to the sickness 

(Cunningham 1885; Cox 2002). Peter Borovsky, (a Russian 

military specialist) positioned in Tashkent, investigated the 

cause of "oriental sore," which is also termed as sart sore and 

issued the very first precise explanation of the pathogen in 

1898, appropriately describing the organism's relationship 

specifically towards host tissues and decorously stating it to the 

protozoa. However, because his findings were published in a 

low-circulation journal based in Russia, they were not widely 

recognized during his era (Hoare 1938). In 1901, in smears 

taken from the spleen of a patient who passed on from "dum-

dum fever" (Dum Dum is a neighborhood near Calcutta), 

Leishman detected organisms and hypothesized that they were 

trypanosomes, which had been discovered for the first time in 

India (Leishman 1903). Shortly after that, Commander Charles 

Donovan (1863–1951) set up the discovery of Leishman-

donovan in smears from the individuals in Madras (southern 

India) (Donovan 1903). Therefore, Ronald Ross was the one 

who suggested Leishman-Donovan bodies as intracellular phases 

of a novel parasite and accordingly termed as Leishmania 

donovani (Ross 1903). Charles Donovan first postulated the 

relationship with the ailment kala-azar, and Charles Bentley's 

detection of L. donovani in kala-azar patients proved it firmly 

(Gibson 1983). Ernest Struthers and Lionel Napier of the 

School of Tropical Medicine in Calcutta hypothesized sandfly 

transmission, which was later confirmed by his colleagues 

(Gewurtz 2017). Allied forces fighting in Sicily during WWII 

faced a large outbreak of the disease and Leonard Goodwin’s 

findings revealed pentostam an effective treatment (Goodwin 

2009).  

 

Parasite Cell Morphology 

 

Leishmania parasites have a variety of cell types (developmental 

forms) and cell morphologies that are specific to the host or 

vector. Some of these developmental forms are proliferative 

while others are quiescent and pre-adapted for transmission to 

the next host as found in other parasites like Plasmodium and 

Trypanosomes (Sinden et al. 1978; Shapiro et al. 1984; Bates 

1994; Matthews 2011). Leishmania possess two different types 

of cellular shape and form including the promastigote 

morphology in the sand fly and the amastigote morphology in 

the mammalian host.  

The fundamental cellular architecture is defined by cross-linked 

sub-pellicular corset microtubules and is however conserved 

between the two leishmania cell forms (Ogbadoyi et al. 2003). 

Cell division is dependent upon microtubules addition and 

extension into the prevailing assortment which is maintained 

all over the cell cycle. The nucleus along with the collection of 

single-copy organelles including the Golgi apparatus and the 

mitochondrion are found within the cell. At the anterior 

portion of the nucleus there is a mass of concatenated 

mitochondrial DNA called as kinetoplast that is directly related 

to the basal body from which the flagellum prolongs (Ogbadoyi 

et al. 2003; Wheeler et al. 2016). There is a vase like structure 

at the foundation of flagellum formed by an inward folding of 

cell membrane called as flagellar pocket which plays significant 

role in these parasites being the only site of various processes 

such as endocytosis and exocytosis and ultimately a critical 

contact between both parasite and its host environment 

(Lacomble et al. 2009). 
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Leishmania cell is comprised of a series of few modular 

structures including the basal body–mitochondrial kinetoplast 

unit, flagellum, and Golgi–flagellar pocket neck (Ogbadoyi et al. 

2003). These modular pieces are subsequently arranged in 

relation to one another resulting in the various cell 

morphologies observed (Hayes et al. 2014; Sunter and Gull 

2016).  

 

Epidemiology 

 

Leishmaniasis is a tropical illness that affects the poorest people 

in more than 90 countries across Africa, Central and South 

America, Asia, and the Middle East. Ongoing approximations of 

prevalence of cutaneous leishmaniasis range from 700,000 to 

1.2 million cases annually (Thakur et al. 2020), by roughly 95 

percent of cases happening in the Central Asia, Mediterranean 

basin, Americas, and the Middle East (Mohammed and Al-

khafaji 2021), despite the fact that it is likely underreported. 

Visceral leishmaniasis (VL) cases are estimated to be less than 

100,000 annually, (down from 400,000 in previous estimates) 

(Servadio et al. 2020) over 95% cases conveyed to the WHO 

particularly from India, Somalia, Ethiopia, Kenya, Nepal, Brazil, 

China and Sudan (Pandian et al. 2021). An 

immunocompromised state poor hygiene, population 

morbidity, malnutrition and poverty are all risk factors for 

leishmaniasis (Alves et al. 2020). 

The leishmania parasite has been identified in over 20 species 

and is spread by over 70 diverse varieties of phlebotomine sand 

flies subdivided into Lutzomyia in the New World in addition 

to Phlebotomus in the Old World (Rodriguez et al. 2018). 

Because of the enormous number of species, leishmaniasis has 

been alienated into double geographical areas: the New World 

and the Old World. Southern Europe, Africa, the Middle East, 

and Asia belong to Old World, which refers to the Eastern 

Hemisphere. While, the Western Hemisphere, notably United 

States, Central America, South America, and Mexico referred 

as the New World (Moreira et al. 2019).  

Mostly, sandflies are nocturnal marking their presence all over 

the world (Pan American Health 2019). Additionally, 

subtropical species complete their life cycle during the summer 

(Pan American Health 2019). On the other hand, tropical 

species complete their life cycle all year long.  

Although the bulk of cutaneous leishmania victims in the United 

States are allied to travel or colonization (Samarasinghe et al. 

2018), the WHO designated the country as leishmaniasis 

prevalent in the year 2015. Furthermore, in a recent 

investigation, 69 new instances of leishmaniasis were reported 

in Texas. Among these, 41 (59%) were found to be the case of 

autochthonous CL without any set of experience of movement 

outside the United States (McIlwee et al. 2018). The rate of 

recurrence and topographic dissemination of leishmaniasis are 

projected to rise because of climate change (Zhao et al. 2021). 

The genus leishmania contains 22 species, which are further 

classified into the subgenera viannia and leishmania based on 

their proliferate mode in the sandfly's digestive tract. Host 

variables, symptom features and geographical preferences vary 

per parasite species. In East Africa (Ethiopia, Sudan, Kenya and 

Somalia) and South Asia (Nepal, India-Bangladesh), L. donovoni 

appears as VL spares mature adults owing to developed 

immunity and commonly predominates among younger 

persons (Bern et al. 2006). On the other hand, L. infantum (also 

known as L. chagasi in the regions of Latin America) occurs 

predominantly in Pakistan, Brazil, Iran, Middle East and 

Mediterranean. Whereas L. mexicana (CL) was responsible to 

be the cause of all endemic cases of leishmaniasis in Texas 

(McIlwee et al. 2018).  

 

Life Cycle 

 

Leishmania, resembling many protozoan parasites, possess 

eugenic life cycle that comprises a mammalian host along with 

an insect vector. The leishmaniasis parasite is transferred to 

various animals or humans by the female phlebotomine sand 

fly, which is usually active at night ("from dusk till dawn"). The 

life cycle of leishmania sp. is divided into two phases including 

promastigote and amastigote (Pan American Health 2019; 

Gurel et al. 2020). The promastigote form contains a flagellum 

that allows it to move around in the intestines of the sand fly 

(Pan American Health 2019, Kipp et al. 2020). When the sand 

fly feeds on the host's blood (mammalian), promastigote form 

is introduced into the epidermis, this is immediately 

phagocytized by the host's mononuclear cells, changing it into 

the amastigote form, commonly recognized as the leishman-

donovan body. (Fig. 1) (Pan American Health 2019; Kipp et al. 

2020). After that, amastigotes proliferate inside the he host's 

reticulo-endothelial system and grow generating asymptomatic 

or symptomatic sickness depending on the circumstances 

underlying the host and parasite species (Pan American Health 

2019). Amastigotes can spread through the bloodstream and 

lymphatic system, causing visceral and mucosal illness (Pan 

American Health 2019). It has been revealed that the 

LRV1(Leishmania RNA Virus) infects both L. Viannia (V.) 

braziliensis and L. Viannia (V.) guyanensis triggering a 

hyperimmune response via toll-like receptors, and mucosal 

obliteration and metastatic infection (Hartley et al. 2012). 

Although L. major (LRV2) has been found to have LRV 

separately of the Viannia subspecies, no link has been found 

between clinical phenotype and severity (Scheffter et al. 1995). 

Leishmania sp. transmission is primarily compelled by 

symptomatic infection followed by post-kala-azar dermal 

leishmaniasis (PKDL) (asymptomatic cases are assumed not to 

infect sandflies) (Mondal et al. 2019, Le et al. 2019). In some 

locations, humans are prerequisite for anthroponotic 

transmission in order to sustain the life cycle as is the case with 

L. donovani (which causes visceral leishmaniasis in India) and L. 

tropica (which causes cutaneous leishmaniasis in the New 

World) (Burza et al. 2019; Pan American Health 2019). 

Whereas Animals can continue to live their lives and may or 

may not show signs or symptoms of sickness. Susceptible hosts 

include edentates, monkeys, marsupials, rodents and dogs. 

Dogs have been considered as the most important L. infantum 

animal reservoir (Faye et al. 2010; Burza et al. 2019).  

 

Pathogenesis 

 

Leishmaniasis is traditionally assumed to be caused by a 

discrepancy of CD4+ helper cells between TH1 and TH2 

(Scott and Novais 2016). Those with a main TH1 response 

possess exceptional parasite management and trivial intensities 

of parasitemia; nevertheless, due to hyperactive cellular 

immunity and cellular damage, they are predisposed to 

mucocutaneous illness (Scott and Novais 2016, Bennett et al. 

2015). Antibody neutralization is ineffectual towards the 

intracellular parasite, hence those having a TH2 response holds 

greater parasite load (Scott and Novais 2016). Disseminated 

infection,  leading  to  visceral  ailment and DCL (disseminated 
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cutaneous leishmaniasis) in the New World, is more common 

in TH2 responders (Scott and Novais 2016). DCL manifests 

itself clinically as a slew of lesions all over the body. 

 

Clinical Symptoms 

 

Leishmaniasis can exhibit itself in a variety of ways, the three 

most common phenotypic groups are visceral leishmaniasis 

(VL), cutaneous (CL) and mucosal (ML). These categories can 

be further subdivided to include ML of the Americas, VL, CL of 

the New World, CL of the Old World, post-kala-azar CL, 

Leishmania recidivante, diffuse CL, and disseminated CL 

(Bennett et al. 2014) Infection might be asymptomatic or 

subclinical in some people, but it can also manifest as chronic, 

acute, or subacute disease in others. 

CL lesions usually appear as a single non-suppurative papule on 

the spot at which vector, sand fly bite (often on unprotected 

regions including extremities and face), though numerous 

lesions can arise. CL can be included in New World forms (L. 

viannia, L. amazonesis, L. venezuelensis and the L. mexicana, 

subgenus, which comprises L. V. guyanesis, panamensis and 

braziliensis) as well as Old World forms (L. tropica, L. major, L. 

aethiopica and generally L. donovani and L. infantum) (Herwaldt 

et al. 1992; Bennett et al. 2014). The papules develop into 

painless ulcers with heaped-up edges over weeks to months, 

which might naturally heal over the period of months to years 

or leave blemishes and deformities (Berman and Neva 1981). 

Atypical cutaneous signs include disseminated, zosteriform, 

verrucous, psoriasiform, sporotrichoid, nodular, eczematous, 

and/or erysipeloid (Ortiz et al. 2016; Pan American Health 

2019). Insignificant satellite abrasions external to the 

plaque/ulcer (nodular lymphangitis) are another unusual 

appearance. A naso-oropharyngeal exam should be performed 

proceeding all patients with CL as a proof of mucosal lesions  

(Aronson et al. 2017). Recidivins of Leishmaniasis (most 

typically associated with L. tropica) appear as satellite lesions 

encircling existing blemishes and are frequently misdiagnosed 

as cutaneous tuberculosis (Burza et al. 2019).  

ML (alias espundia in Latin America) is the greatest damaging 

form of the ailment, causing facial abnormalities ages after the 

first cutaneous symptoms have fixed. The parasite propagates 

to the nasopharyngeal mucosa from amastigotes on the 

epidermis through lymphatic and hematogenous systems, 

which is frequently produced by the L. Viannia subgenus 

(Herwaldt et al. 1992). Mucosal lesions can co-occur with 

cutaneous symptoms, albeit this is less common. Patients 

frequently describe chronic nasal symptoms such as discharges, 

epistaxis, and pain, and physical examination commonly reveals 

ulceration, bleeding, and inflammation (Weller et al. 2005). 

Mucosal involvement of the mouth and nose occurs first, 

followed by laryngeal and oropharyngeal involvement later in 

the ailment. ML does not heal on its own, unlike cutaneous 

illness (Berman and Neva 1981). Damage of the nasal septum 

can take place after the cartilaginous septum classified 

anteriorly is affected. Other issues include the anterior nose 

collapsing and the nose and mouth being destroyed (Walton et 

al. 1973; Marsden 1986).  

VL (alias kala-azar, which refers black fever in Hindi) is the most 

fatal form of leishmaniasis and can induce broad-spectrum 

infection distressing the hematogenous, spleen, lymphatic 

systems, liver, and L. chagasi (alike L. infantum but established in 

the New World). On the other hand, L. donovani and L. infantum 

(in the old World), are the species most commonly associated 

with visceral disease (Herwaldt et al. 1992). Other species 

linked to visceral sickness include L. tropica from Old World, 

which usually causes dermatologic indications the discovery 

related to this happened in the total of seven servicemen 

suffering from visceral symptoms in the 1990s during the 

Persian Gulf conflict. Cases of visceral illness have also been 

linked to L. amazonensis (Herwaldt et al. 1992). Fever, 

pancytopenia, hypergammaglobulinemia and 

hepatosplenomegaly are described as severe signs of the 

condition in a report from Sudanese patients (Seaman et al. 

1996). Fatigue, stomach pain, and unintentional weight loss are 

common subjective symptoms documented in the past of 

individuals with VL. VL is an unscrupulous infection in HIV 

patients, accounting for 25–70% of HIV co-infections known in 

Europe (World Health 1994). Following the first VL syndrome, 

post-kala-azar dermal leishmaniasis causes macular 

hypopigmentation and cutaneous nodules and papules on the 

face (Mukhopadhyay et al. 2014). 

 

Diagnosis 

 

Although government and individual efforts can be beneficial in 

reducing disease risk even then persistent investment is 

required to lower infection threat for native individuals, 

therefore prompt identification is correspondingly critical in 

great-prevalent areas. In the case of VL, microscopy of surgery 

or aspirate models is the gold standard while in the case of CL, 

histology/direct microscopy is the gold standard (Srivastava et 

al. 2011, Vega et al. 2009). Other methods, majorly profligate 

diagnostic antibody/antigen testing, PCR and latex agglutination 
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are becoming more popular (Thakur et al. 2020, Sundar and 

Singh 2018). These possibilities are particularly appealing to 

rural medical centers looking for decentralized point-of-care 

options although antibody testing, specifically, has inadequate 

efficacy for recurrent infections (van Griensven and Diro 

2019). Furthermore, PCR is becoming increasingly crucial for 

identifying specific species of infection to provide patients with 

personalized treatment (Moreira et al. 2018). 

 

Therapeutic Agents against Leishmaniasis  

 

Treatment for leishmaniasis has a number of difficulties after 

diagnosis. Unfortunately, the WHO-recommended 

pentavalent antimonial combination regimen, despite its low 

cost, can have serious impediments such as renal, heart and 

liver toxicity (van Griensven and Diro 2019, Aronson et al. 

2016). Furthermore, treatment effectiveness contrasts through 

region on account of parasite resistance towards first line 

antimonial, stated to be as great as 40%–60% in India's Bihar 

and Algeria (World Health 2015). The most notable 

development from this standard in contemporary years has 

been intravenous injection of liposomal amphotericin B, which 

might abolish all systemic leishmaniasis with short intensities of 

toxicity — but at a significantly higher cost (Aronson et al. 

2017; Shirzadi 2019; van Griensven and Diro 2019). Surgery 

(Azab et al. 1983), cryosurgery (Panagiotopoulos et al. 2005), 

heat therapy (Bumb and Satoskar 2011; David 2018), and a 

range of localized drug-delivery techniques for localized lesions 

(Handler et al. 2015) have all been investigated as additional 

treatment options. Finally, plastic surgery can be used to 

correct disfiguring scars that commonly persist after CL and 

MCL clearing (Frolich and Kaplan 1967). 

 

Chemotherapeutics  

 

Pentavalent antimony was once the first-line medicine for 

leishmaniasis treatment; however, it has been linked to 

cardiotoxicity (Sundar et al. 1998), cirrhosis, pancreatic toxicity 

(Gasser Jr et al. 1994) and the risk of resistance (Thakur et al. 

1998). Amphotericin B (and lipid formulations) became 

second-line treatments as a result. Miltefosine has since been 

used in VL and CL; it has the benefits of being an oral medicine 

with good efficacy and a short course, but it also has the 

drawbacks of teratogenicity and drug resistance.  

Amphotericin B, miltefosine, paromomycin, and petamidine are 

examples of existing medications that have been repurposed 

treating leishmaniasis. Antifungal azoles have also been 

explored for leishmaniasis, with itraconazole outperforming 

ketoconazole and fluconazole in suppressing the growth of 

most leishmania strains (Croft and Yardley 2002). 

Paromomycin was found to be effective in Indian patients with 

VL in a multicenter trial, but less so in a Sudanese group 

(Sundar and Singh 2018). Pentamidine is administered 

intramuscularly or intravenously, although there is no oral 

formulation. It has the advantage of being a quick treatment, 

although its efficacy varies depending on the leishmania species, 

and its use has been linked to dysglycemia and other adverse 

effects. 

 

Combination Chemotherapy 

 

Combination chemotherapy has been created to minimize drug 

resistance, shorten treatment duration, enhance compliance, 

and hence lower therapeutic costs. Liposomal amphotericin B 

plus miltefosine, liposomal amphotericin B plus paromomycin, 

miltefosine plus paromomycin, and sodium stibogluconate/ 

meglumine antimoniate plus paromomycin are among the 

different combinations (Sundar et al. 2008; World Health 2010; 

Omollo et al. 2011).  

 

Local Therapeutic Remedies  

 

To avoid toxicity from systemic drug use, local treatments for 

restricted CL have been developed. CL has attempted 

photodynamic treatment (PDT), cryotherapy and 

thermotherapy as explained below.  

 

Photodynamic Therapy 

 

Photodynamic therapy (PDT) comprises the application of 

aminolaevulinic acid (ALA) or methyl-aminolaevulinate to the 

skin, followed by laser or strong pulsed light irradiation. The 

principles underpinning the use of PDT for the treatment of CL 

have been studied in a few mechanistic studies (Akilov et al. 

2007; Kosaka et al. 2007). ALA-PDT did not show any 

antileishmanial effects in mechanistic and in vitro investigations 

(Akilov et al. 2007). Topical ALA-PDT, on the other hand, 

caused substantial tissue damage and a considerable reduction 

in parasite load in vivo trials. Infected skin had a lower number 

of macrophages and a higher amount of interleukin-6. The 

destruction of host cells is the mechanism via which ALA-PDT 

for CL has antileishmanial effects. Topical ALA-PDT is not 

advised in clinical practice due to a lack of data. 

 

Cryotherapy 

 

At temperatures below freezing, the production of intracellular 

and extracellular ice crystals, as well as alterations in cell 

membrane, causes damage to infected cells and the killing of 

amastigotes. Cryonecrosis causes the release of antigenic 

chemicals, which trigger an immune response and allow other 

lesions to heal. Cryotherapy may be a viable treatment option 

for CL, especially given the numerous drawbacks of 

chemotherapy. It has demonstrated excellent results in 

individuals with skin lesions ranging in size from 10 to 30 mm, 

those with fewer lesions, and those who have had their lesions 

for less than three months (Salmanpour et al. 2006). 

Cryotherapy combined with intralesional sodium 

stibogluconate was shown to be quite effective, with CL lesions 

healing completely (El Darouti and Al Rubaie 1990). Another 

study found that combining itraconazole with cryotherapy 

improved CL lesions by 80.9%, and the risk of liver toxicity was 

minimized since the itraconazole dose could be reduced (Al‐
Mutairi et al. 2009).  

 

Thermotherapy 
 
Heat-sensitive leishmania species that cause cutaneous illness 
cannot survive in temperatures in more than 39°C (Berman 
and Neva 1981; Sacks et al. 1983). As a result, thermotherapy 
has been proposed as a treatment for cutaneous leishmaniasis 
lesions. In individuals with CL, RF (radiofrequency) therapy, a 
type of thermotherapy, has been tested. In a trial from 
Guatemala, patients with CL had a cure rate of 73%, which was 
similar to the rates acquired with a complete pentavalent 
antimonial medication (Navin et al. 1990). Heat penetrates 
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uniformly to a profundity of 4 mm in radiofrequency, warming 
and killing amastigote forms of leishmania in the upper dermis 
while causing little damage to the surrounding skin. RF 
thermotherapy had been proved to possess a bit lesser cure 
frequency than systemic pentavalent antimonial medicines in 
two randomized investigations, but it was more cost-effective 
and had fewer adverse effects (Vega et al. 2009; López et al. 
2012). The cure rate of once-every-three-weeks 
thermotherapy was 73%, whereas once-weekly thermotherapy 
boosted the cure rate to 81 %(Sadeghian et al. 2007). 
 
Immunotherapy 
 
Immunotherapy is based on the manipulation of the immune 
response for preventative and/or therapeutic aims using 
organic molecules (Roatt et al. 2014). Immunotherapy, either 
directly or indirectly, enhances the natural host defense, 
restores compromised effector functions, or reduces the 
host's excessive response (Okwor and Uzonna 2009). 
Interferons (IFNs), vaccines, and protein immunomodulators, 
or a combination of these are used to treat leishmaniasis. It 
was shown that the immunomodulator protein aggregation 
magnesium–ammonium phospholinoleate-palmitoleate 
anhydride improved clinical symptoms in canine VL and greatly 
reduced parasite burden in the skin (Santiago et al. 2013). 
Immunotherapeutic and chemotherapeutic medicines are 
combined to have a synergistic effect in activating the immune 
system, as well as direct pharmacological action on the 
infectious agent (Roatt et al. 2014).  
 
Interferons 
 
IFNs are cytokines that are generated commercially using 
recombinant DNA technology. They have a variety of biological 
effects, including immunosuppressive effects. The cytokine 
IFN- may cause macrophages to destroy leishmania 
intracellularly (Murray et al. 1983). Sodium antimony gluconate 
is used to deliver IFN-1b protein. In patients with VLs who 
were resistant to monotherapy with pentavalent antimonial 
treatment, it was found to be well tolerated and efficacious 
(Badaro 1988; Sundar et al. 1994). In untreated instances of VL, 
the use of IFN- resulted in quicker parasitological control 
(Squires et al. 1993; Sundar and Murray 1995). as well as 
improved clinical efficacy of pentavalent antimonial therapy 
(Sundar and Murray 1995). Squires et al. 1993 found that a 
month of combined IFN- and pentavalent antimonial therapy 
resulted in a negative spleen culture more quickly in individuals 
with VL (Squires et al. 1993).  
 
Phytochemical Agents 
 
Plant-based conventional treatments have been employed in 
the treatment of infectious diseases since ancient times. Plant 
extracts and specific bioactive compounds isolated from plants 
are being used to treat leishmaniasis and other microbial 
infections as either direct medicinal sources or as herbal 
medications developed from them (Oryan 2015). NTDs, along 
with further ailments including protozoan (and their vectors), 
helminth (and their vectors), fungal, bacterial (and their 
vectors), ectoparasitic, and finally the viral infections have been 
treated with herbal medications derived from plants for 
millennia (and their vectors). Attributable to their innocuous, 
environmentally approachable, and lucrative features, medicinal 
plants become more favorable than other chemotherapies. 

Furthermore, natural chemicals derived from plants are 
regarded as a safe and effective treatment for leishmaniasis 
(Silveira et al. 2020). Leishmanicidal effects were seen in 
Ageratum conyzoides, Bidens pilosa, and Eugenia uniflora. 
When compared to other plant species, Bidens pilosa (root) 
exhibits the lowest IC50 value (1.5 g/ml) for antileishmanial 
characteristics (against L. amazonensis, promastigote) (Metwally 
et al. 2016; Rossi et al. 2017) Eugenia uniflorae essential oils 
have been shown to avert the progression of together the 
parasitic forms of L. amazonensis, the promastigote and 
amastigote, while Ageratum conyzoides has been used to treat 
infection caused by L. donovani (amastigote form) (Silveira et al. 
2020). The major component of Melampodium divaricatum and 
Casearia sylvestris essential oils, E-caryophyllene, has been 
reported to have a promising antileishmanial (Coutinho De 
Oliveira et al. 2020) reaction against L. amazonensis (IC50 
values of 10.7, 10.7, and 14.0 g/ml) (Moreira et al. 2019). 
Furthermore, the active components 1,8-cineole, -pinene, and 
p-cymene from Protium altsonii and P. hebetatum 
(Burseraceae) showed dose-dependent amastigote inhibition, 
with IC50 values of 48.4, 37, and 46 g/ml, respectively (Moreira 
et al. 2019). The butanol fraction of K. odoratissima displayed 
antileishmanial activities against L. major promastigote and 
amastigote with an IC50 value of 154.1 g/ml (Mirzaei et al. 2020).  
 
Use of Vaccines  
 
Whole-killed parasites (Coutinho De Oliveira et al. 2020, 
Nagill and Kaur 2011). fractionated leishmania antigen (Giraud 
et al. 2019; Coutinho et al. 2020) recombinant proteins (made 
by genetically engineered cells) (Kumar and Samant 2016; 
Duthie et al. 2018; Hobernik and Bros 2018) and live-
attenuated pathogens (Karmakar et al. 2021; Soto et al. 2021) 
are among the vaccines that have been synthesized and are 
under clinical trials. Third-generation vaccinations are being 
researched. 
 
Future Perspectives 
 
In certain species of leishmania, endochin-like quinolones are 
competitive inhibitors of the cytochrome bc1 complex which 
might influence the mitochondrial electron transport chain 
(ETC). Hydroxynaphthoquinone–buparvaquone works by 
decreasing adenosine triphosphate (ATP) levels in amastigotes, 
causing ETC inhibition (Ortiz et al. 2016). 
New bisphosphonium salts produced from benzophenone are 
leishmanicidal, causing the parasite to die by targeting complex 
II of the parasite's respiratory chain. Artemisinin inhibited the 
growth of leishmania parasites by causing cell cycle arrest and 
apoptosis (Sen et al. 2007). 
Tafenoquine affect leishmania promastigote's bioenergetic 
metabolism, resulting in a rapid decline in intracellular ATP levels, 
apoptosis, and so mitochondrial failure (Carvalho et al. 2010). 
Ergosterol and 24-methyl sterol are the primary sterols 
required for trypanosomatid growth and viability; thus, the 
sterol and fatty acid metabolic pathway could be a potential 
therapeutic target in leishmaniasis. Simvastatin, atorvastatin, 
and resveratrol were reported to decrease the growth of 
Leishmania donovani promastigotes in experiments (Dinesh et 
al. 2014). Antileishmanial medicines could possibly target other 
enzymes involved in sterol production. 
Recently, alkylphospholipid analogues have been shown to be 
potential target medicines. In lab tests, edelfosine destroyed 
both promastigotes and amastigotes of leishmania (Villa-
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Pulgarín et al. 2017). Polyamines have an important role in cell 
survival, growth, and proliferation. Antileishmanial activity can 
be triggered by a variety of enzymes involved in polyamine and 
folate metabolism. 
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