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Abstract: 

Background: Visceral leishmaniasis (VL), the deadliest form of leishmaniasis, remains endemic in 
tropical/subtropical regions. Conventional treatments are limited by toxicity, high cost, and emerging drug 
resistance. Objective: This review synthesizes recent advances in herbal and synthetic therapeutics, with an 
emphasis on nanotechnology-based drug delivery systems. Methods: Studies published between 2000–2024 on the 
antileishmanial efficacy of herbal extracts, synthetic drugs, and nanoformulations (liposomes, polymeric 
nanoparticles, metallic nanocarriers) were analyzed using databases including PubMed, Scopus, and Web of 
Science, following PRISMA guidelines. Results: Gold-standard therapies like liposomal amphotericin‑B 
(AmBisome®) remain vital but require improved targeting and reduced toxicity. Phytocompounds from Azadirachta 
indica, Curcuma longa, and Withania somnifera exhibit significant in vitro/in vivo antileishmanial activity. 
Nanocarriers—liposomes, solid-lipid NPs, polymeric dendrimers, metallic nanoparticles—enhance bioavailability, 
reduce off‑target effects, and support targeted macrophage uptake. Patents focus on curcumin‑PLGA systems, 
dendrimer‑mediated combination therapies, and ligand-targeted delivery. Conclusion: Integrating low‑toxicity 
phytochemicals with nanotechnology platforms offers a promising, next-generation approach to treat VL. Future 
preclinical standardization and clinical trials are urgently needed. 
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1. Introduction 

Leishmaniasis is a serious neglected tropical disease caused by protozoan parasites of the 
Leishmania genus and spread via the bite of infected female phlebotomine sandflies. The disease 
appears in three clinical forms: (1) cutaneous leishmaniasis (CL), which is the most common and 
causes skin ulcers; (2) mucocutaneous leishmaniasis, which affects mucous membranes; and (3) 
visceral leishmaniasis (VL), also known as kala-azar, which is the most severe and fatal form. 
Untreated, VL causes fever, weight loss, anemia, and enlargement of the liver and spleen, with a 
death rate exceeding 95% 1,2 

Leishmaniasis is a protozoan parasitic illness transmitted through the bites of female sandflies, 
often presenting with lesions that can be cutaneous, mucosal, or visceral. Leishmania parasites 
mainly target mononuclear phagocytes located near the bite site made by the sandflies, with the 
potential for opportunistic spread throughout the body2–4. Leishmaniasis, caused by over 20 
species of Leishmania, is endemic in 70+ countries, primarily affecting India, Brazil, Ethiopia, 
Kenya, Somalia, Sudan, and South Sudan. It consists of Old World leishmaniasis in the Eastern 
Hemisphere and New World leishmaniasis in the Americas 4–6. 

Since 2016, global cases of visceral leishmaniasis have decreased by over 30%. The WHO aims 
to eradicate neglected tropical diseases by 2030, targeting less than 1% mortality in 64 endemic 
countries. In 2018, East Africa reported 45% of all cases worldwide 7–9. 

 
Fig. 1 - Global distribution of leishmaniasis and countries reporting HIV/Leishmaniasis 

coinfection which is given by the World Health Organization (WHO) 
 

Over 89 countries face leishmaniasis, affecting 350 million people, with 12 million reported 
cases and an estimated 2 to 2.5 million underreported annually. The main types are cutaneous 
and visceral leishmaniasis 8,10,11. 
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Fig. 2 – Leishmaniasis disease around the world including affected people, reported cases and 

death caused by leishmaniasis 
 

 
Fig. 3 - Global distribution of cutaneous leishmaniasis (CL) which is given by the World 

Health Organization (WHO) 
 
Leishmaniasis, a neglected tropical disease, affects around 12 million people in nearly 100 
countries, with 1.5 to 2 million new cases each year. It leads to 20,000 to 30,000 deaths annually 
and is caused by various Leishmania protozoan species. Symptoms range from self-healing skin 
lesions to severe visceral diseases, with mucosal tissue damage also occurring 1,10–14. 

90%

8%

2%

Leishmaniasis Disease around the world (Every Year)

Affected people (12
millions)

Reported Cases (1 millions)

Death (30000)

22

https://jprims.in/


J. Pharm. Res. Integr. Med. Sci.                                                                                                                               Sahu et. al.          

 
 
 
 
 

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS) 
 ISSN: 3049-1681 | Vol. 03, Issue-09, September -2026 | pp. 20-57 

J. Pharm. Res. Integr. Med. Sci.                             https://jprims.in/  

 

 

 

 

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS) 
ISSN: 3049-1681 | Vol. 03, Issue-09, September-2026 | pp.-20-57 

 

 
Fig. 4 - The World Health Organization (WHO) reports the global distribution of visceral 

leishmaniasis (VL) 

1.1 Types & Causes 
At least 20 different species of the genus Leishmania include the protozoan parasites that cause 
visceral leishmaniasis (VL) and tegumentary leishmaniasis (TL), with new species being 
discovered every ten years. Female phlebotomine sandflies are the vectors via which these 
parasites spread among mammalian hosts 1,15,16. 
Leishmaniasis is a long-lasting infectious disease caused by various protozoan species belonging 
to the Leishmania genus. In Brazil, the most common species responsible for cutaneous 
infections are L. (V.) braziliensis and L. (L.) amazonensis. The next most frequently encountered 
species include Guyanensis, Lainsoni, Shawi, Naiffi, and Lindberg, with the latter being the least 
common 13,17. 

Table No. 1 Difference between CL, MCL and VL 

Characteristic 
/ Feature 

Cutaneous 
Leishmaniasis 

(CL) 

Visceral 
Leishmaniasis (VL) 

or Kala-azar 

Mucocutaneous 
Leishmaniasis 

(MCL) 
References 

Definition 
Affects the skin, 
causing localized 
sores or ulcers. 

Impacts internal 
organs such as the 

bone marrow, 
spleen, and liver. 

Impacts the throat, 
mouth, and nose 

mucous 
membranes. 

1,5,13,18 

Cause/ 
Causative 
Species 

Leishmania 
tropica, L. major, 
L. mexicana, etc. 

Leishmania 
donovani, L. 
infantum (L. 

Related species 
and Leishmania 

braziliensis 

19–21 
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chagasi) 

Transmission 
Vector 

Sandflies 
(Phlebotomus or 

Lutzomyia). 

Sandflies 
(Phlebotomus or 

Lutzomyia). 

Sandflies 
(Phlebotomus or 

Lutzomyia). 

22–24 

Target Organs/ 
Affected Area 

Skin only/ Skin 
(localized to bite 

site). 

Internal organs: 
spleen, liver, bone 

marrow 

throat, mouth, and 
nose mucous 
membranes 

1,25–27 

Primary 
Symptoms 

Skin ulcers or 
sores, often 

painless 

Fever, weight loss, 
hepatosplenomegaly, 
anemia, and fatigue 

Nasal congestion, 
nosebleeds, ulcers, 
and destruction of 

mucosal tissue 

1,2,28 

Onset/ 
Incubation 

Period 

Weeks to months 
after infection 

Months to years 
after infection 

Months to years 
after initial 

cutaneous lesion 
29–31 

Severity 
Generally mild, 
may self-heal 

Severe, potentially 
fatal if untreated 

Deforming and 
disabling but 
rarely fatal 

19,20,31 

Geographic 
Distribution 

Worldwide: 
Mediterranean, 
Middle East, 

Americas, Central 
Asia 

Endemic to India, 
East Africa, Brazil, 
and Mediterranean 

Central and South 
America 

1,10,15,32 

Immune 
Response 

Localized immune 
reaction 

Systemic immune 
suppression 

Hyperactive 
immune response 

with localized 
tissue destruction 

12,13,33 

Diagnosis 
Skin biopsy, 
culture, PCR 

Bone marrow or 
spleen aspirate, 
serological tests, 

PCR 

Biopsy of affected 
mucosal tissue 

1,34–36 

Treatment 

Topical or 
systemic 

antimonials, 
miltefosine 

Liposomal 
amphotericin B, 

miltefosine, 
antimonials 

Systemic treatment 
with antimonials 

or amphotericin B 

1,19,35,37 

Complications Scarring from 
healed lesions 

Fatal if untreated 
due to organ damage 

and immune 
suppression 

Significant facial 
and respiratory 

deformities 

23,30,31,38 

Spread from 
Initial Site 

Localized to the 
skin 

Disseminates 
through the 
bloodstream 

Spreads from skin 
to mucosal tissues 

23,25,39,40 
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Prognosis 
Good, with 

minimal medical 
intervention 

Poor if untreated, 
high mortality rate 

Disfiguring but 
treatable; early 

intervention 
crucial 

1,41–44 

 
1.2 Symptoms 
The symptoms of all forms of leishmaniasis are marked by the appearance of lesions on the skin 
(which can occur as one or multiple, dispersed or scattered) and/or on mucous membranes 
(including areas such as the mouth, throat, or nose). These lesions appear as ulcers with raised 
borders and a granular base, typically painless, and are often found in exposed areas of the skin, 
ranging in shape from oval to rounded and measuring a few millimeters to even several 
centimeters 1,3,4,9,36,45,46. 

 
Fig. 5 – Symptoms of Leishmaniasis 

 
Current leishmaniasis treatments, such as miltefosine and amphotericin B, face challenges like 
drug resistance and high costs. Herbal remedies like neem and turmeric show potential but have 
limitations due to poor solubility. Nanotechnology may enhance their effectiveness 
6,12,17,31,35,38,41,45,47 
Nanotechnology-based drug delivery systems, such as liposomes and nanoparticles, have been 
developed to enhance drug delivery to infected macrophages, improve pharmacokinetics, and 
reduce toxicity. These systems, including mannosylated nanoparticles and phyto-nano 
formulations, show promise in targeting Leishmania-infected macrophages and overcoming drug 
resistance. 

In summary, the integration of Phytotherapeutics and synthetic drugs with nanotechnological 
carriers offers a strategic multidisciplinary approach for more effective visceral leishmaniasis 
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treatment. The following sections explore the detailed biology and immunopathogenesis of VL, 
diagnostic challenges, and current therapeutic developments—highlighting the evolving role of 
nano‑enabled drug delivery in advancing both treatment and drug discovery 48–52. 

2. Pathogenesis & Immunology 

Leishmania spp. employs intricate strategies to survive and proliferate within the host, 
subverting both innate and adaptive immune defenses. 

The Leishmania parasite has two lifecycle stages: motile promastigotes in the sandfly vector and 
immotile amastigotes in host macrophages. It’s transmitted via sandfly bites, multiplying in the 
female’s digestive system and infecting vertebrates during blood meals. 3,49,52–55 

 
Fig. 6 - Leishmaniasis pathogenesis consists of two phases. 

 

2.1 Early Infection and Phagocyte Hijacking 

Promastigotes enter host neutrophils and monocytes via sandfly bites, where neutrophils delay 
apoptosis and recruit more phagocytes to aid in parasite persistence. The promastigotes then 
transform into amastigotes in macrophages, using surface molecules to disrupt phagosome 
maturation and neutralize host oxidative defenses. 26,46,49,53,56,57 

2.2 Cytokine Modulation & Chemokine Dysregulation 

Leishmania suppresses pro-inflammatory cytokines (IL-12, TNF-α, IFN-γ) and up-regulates 
anti-inflammatory ones (IL-10, IL-4, IL-13), promoting its growth. It hinders Th1 differentiation 
by lowering IL-12 in macrophages and reduces CCL2, impacting macrophage chemotaxis while 
enhancing Th2-recruiting chemokines (e.g., CCL7) for immune evasion 2,11,31,44,47 

2.3 Macrophage Polarization (M1 vs. M2) 
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Macrophages in VL polarize into M1 or M2 states. M1 polarization (driven by IFN-γ, IL-12) 
promotes parasite control through NO and ROS production, relying on glycolytic metabolism. In 
contrast, M2 polarization (driven by IL-4, IL-10, TGF-β) supports parasite survival via arginase 
pathways and reduced microbicidal activity 31,38,58–60 

Leishmania also exploits host lipid metabolism, inducing the formation of lipid bodies near 
parasitophorous vacuoles. Through Rab18 and Rab5a activation, the parasite commandeers fatty 
acids and glycerol for replication and enhances macrophage longevity 31,58,61 

2.4 Adaptive Immune Responses 

T Lymphocytes 

Successful anti-Leishmania immunity relies on a Th1 response, driven by IFN-γ from CD4⁺ and 
CD8⁺ T cells, activating macrophages to produce leishmanicidal NO. In contrast, Th2 responses, 
marked by IL-4, IL-5, and IL-13, promote disease progression. Leishmania can also activate the 
NLRP3 inflammasome, leading to IL-18 production and worsening outcomes 56,57,62,63 

Regulatory Cells 

Regulatory T and B cells (Tr1, Treg, Breg) secrete IL‑10 and other immunosuppressive 
cytokines to control inflammation. However, excessive regulatory activity is linked to T-cell 
anergy, persistent infection, and relapse 2,9,64 

2.5 Dendritic Cells and NK Cells 

Dendritic cells (DCs) are critical in antigen presentation and Th1 induction. Leishmania impairs 
DC maturation by disrupting MHC-II loading and antigen presentation via lipid raft disruption. 
NK cells contribute early IFN‑γ but can be directly targeted and neutralized by promastigotes 
through gp63-mediated mechanisms 39,65 

3. Diagnostic Techniques 

Serum and biochemical profiles aren't effective for diagnosing leishmaniasis but are important 
for monitoring infected animals and identifying its causes 1,66 
Leishmaniasis can be diagnosed using lateral flow biosensors, immunological tests (like 
ELISA), parasitological exams, and molecular methods (such as PCR). Antigen detection assays 
are crucial for monitoring persistent infections 39,46,67 
Leishmaniasis is typically diagnosed through bone marrow aspirates, but low protozoa densities 
may be overlooked. Clinical detection is common in endemic areas, though symptoms can be 
unclear and resemble other diseases 49,50 
Serological techniques like the Enzyme-Linked Immunosorbent Assay (ELISA) and the indirect 
immunofluorescence assay (IFA) require the identification of specific antibodies in serum 
samples 53,65,68,69 
A rapid test based on the rK39 antigen is used in East Africa to diagnose visceral leishmaniasis 
in cases that are clinically suspected. Due to the mediocre sensitivity of this test (around 85%), 
additional diagnostic testing is often necessary. Amastigotes are found by the direct agglutination 
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test, bone marrow or spleen aspirates, and stained smears from lymph node punctures under a 
microscope 21,70–72 
The most reliable and precise methods for diagnosing ACL depend on molecular testing (real-
time PCR), which is currently accessible only in specialized laboratories that require costly 
equipment and trained professionals. This study showcases the accuracy of an affordable DNA 
extraction method that facilitates the direct amplification of Leishmania using portable PCR 
devices (miniPCR™) 21,67 
For the condition to be effectively treated and managed, a timely and accurate diagnosis is 
essential. Clinical signs of CL might be confused with eczema, leprosy, bacterial and fungal 
infections, cutaneous tuberculosis, and other skin conditions 1,46,56,64,71. In the parasite cultures, 
bacterial and fungal contamination is also a possibility. Most significantly, these conventional 
techniques are unpleasant and intrusive, which may increase the chance of co-infection, 
especially in young patients 42,46,48 
4. Current Therapeutics 
Effective management of leishmaniasis requires attention to the clinical presentation, 
Leishmania species, and patient health. Traditional treatments like sodium stibogluconate are 
being replaced by safer options such as liposomal amphotericin B and miltefosine for visceral 
leishmaniasis. Cutaneous leishmaniasis treatment varies from localized approaches (cryotherapy, 
topical paromomycin) to systemic options for severe cases. Personalized strategies are vital to 
address drug resistance and individual factors like age and co-infections, ensuring effective 
treatment and minimizing public health impacts 7,52,55,64,73–75 

4.1 Synthetic Drugs 

Therapeutic medications for visceral leishmaniasis, such as antimonials and Amphotericin B, 
have become less effective due to toxicity and drug resistance. Sodium antimony gluconate 
(SAG) has been the main treatment since the 1940s, but its cure rate is only 60%, and clinical 
resistance has been a concern in India since the late 1990s 76–78 
 

Table No. 2. Available drugs for the treatment of leishmaniasis 
S. 

No. Drug Disease References 

01 Paromomycin CL 1,4,75,78 
02 Pentavalent antimonial (Sodium stibogluconate) VL, CL 1,2,7,14,17,20,39 
03 Miltefosine  VL, CL, MCL 6,52,64,68,79–81 
04 Amphotericin B VL 1,55,59,64,73,76,77,82–84 
05 Pentamidine  VL 40,52,55,56,85,86 
06 imiquimod CL 33,73,87 
07 Nitazoxanide CL 5,9 
08 Quercetin  CL 5,88 
09 Amodiaquine  VL 1,64,68,89 
10 d,l-glyceraldehyde CL 64,68 
11 Isopentyl caffeate CL, VL, MCL 4,68,90,91 
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12 Phthalocianato silicon CL 1,4,68

13 2 – substituted quinolines CL, VL 92,93

14 Magnesium oxide CL & VL 1,58,68,94

15 Rifampicin VL 4,68,95

16 Meglumine Antimoniate VL 35,41,96

17 Oleanolic acid VL 35,45,97

18 Buparvaquone CL 4,68,98

19 Maghemite CL 1,35,68

20 Vorinostat VL 35,68,99

4.2 Phyto-therapeutics 

Recent studies have found that certain herbal remedies, like extracts from Croton pullei, Lippia 
sidoides, and Valeriana wallichii, can effectively inhibit the growth of leishmaniasis-causing 
parasites in experimental models1,30,100,101. Essential oils from plants like Artemisia show 
leishmanicidal properties, but more research is needed to evaluate their efficacy and safety in 
clinical use 100–103 

Table No. 3. Available herbal drugs for the treatment of leishmaniasis 
S. 
No. 

Herbal plant Family Disease References 

01. Foeniculum vulgare Apiaceae CL 104

02. Linum usitatissimum Linaceae CL 105

03. Curcuma longa Zingiberaceae CL, VL 75,88,106

04. Thymus vulgaris Lamiaceae CL 107

05. Berberis vulgaris (macrophage target) Berberidaceae CL 61

06. Galipea longiflora (macrophage target) Rutaceae CL 61,108,109

07. Artemisia Annua,dracunculus Asteraceae VL 102,103,110

08. Cinnamomum zeylanicum Lauraceae CL 111,112

09. Zingiber officinale Zingiberaceae CL 52,113

10. Zataria multiflora Lamiaceae CL 1,7

11. Mentha piperita, arvensis Lamiaceae CL 64,100,114

12. Anethum graveolens Apiacceae CL 7,68,109

13. Citrus limon Rutaceae CL 7,115

14.  Mangifera indica (pulp) Anacardiaceae CL 16,116,117

15. Duguetia furfuracea Annonaceae CL, MCL, VL 4,7,52
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5. Nanotechnology-Based Delivery 

The utilization of Nano formulations with antileishmanial medications for enhanced delivery 
began in 199255. Since that time, numerous novel formulations, including both pharmaceuticals 
and vaccines, have been developed and evaluated in preclinical studies for leishmaniasis14,55,68,116 
. 
Nanotechnology is important due to its ability to modify materials at the nanoscale (1 to 1000 
nm). Natural materials like plants and microbes are increasingly used to create nanoparticles, 
such as gold and silver, which exhibit enhanced antimicrobial properties and lower toxicity 
compared to chemically produced ones. Additionally, nanoparticles can be embedded in textiles, 
creating self-cleaning antimicrobial fabrics4,103,115,116 . 
Nanocarrier systems offer transformative advantages for antileishmanial therapies—they enable 
specific targeting of infected macrophages in organs like the liver and spleen, improve 
pharmacokinetics, reduce systemic toxicity, and overcome issues like poor solubility and drug 
resistance 14,52,118–120. 

5.1 Lipid-Based Systems 

• Liposomes 

These are spherical vesicles made from natural/synthetic phospholipids and cholesterol that 
encapsulate either hydrophilic or hydrophobic drugs 16,85. Liposomes tend to gather in areas 
with a lot of macrophages, which are the main cells that host the Leishmania parasite 17,59,94. 
By applying surface modifications like PEGylation, we can significantly enhance the half-
life of compounds. Imagine adding mannose or sugar moieties to facilitate targeted uptake 
through receptors, boosting both precision and circulation time. It’s all about tailoring 
solutions for optimal performance. Clinical Application of Liposomal amphotericin B 
(AmBisome®) represents a gold standard, significantly reducing nephrotoxicity and 
demonstrating high efficacy. Yet, liposomes can face stability issues and drug leakage in 
circulation 16,17,85 

• Nanostructured Lipid Carriers (NLCs) & Solid Lipid Nanoparticles (SLNs) 

NLCs improve on SLNs by mixing solid and liquid lipids, preventing drug expulsion and 
increasing loading107,121–123 . Having Preclinical Evidence like SLN-loaded amphotericin B 
outperforming AmBisome® in efficacy and safety, and paromomycin-loaded SLNs that 
suppressed L. tropica more effectively and promoted Th1 immune responses in 
mice107,122,124,125. SLNs are lipid-core particles (<1000 nm) stabilized with surfactants, 
offering controlled release and biodegradability. Advantages include protecting payloads 
from degradation, scalable production, and good biocompatibility. It has Limited drug 
loading and risk of burst release due to crystalline matrix 122,123,125–127. 

5.2 Polymeric Carriers 

30

https://jprims.in/


J. Pharm. Res. Integr. Med. Sci.                                                                                                                               Sahu et. al.          

 
 
 
 
 

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS) 
 ISSN: 3049-1681 | Vol. 03, Issue-09, September -2026 | pp. 20-57 

J. Pharm. Res. Integr. Med. Sci.                             https://jprims.in/  

 

 

 

 

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS) 
ISSN: 3049-1681 | Vol. 03, Issue-09, September-2026 | pp.-20-57 

 

• Polymeric Nanoparticles 

Constructed from biodegradable polymers like PLGA, chitosan, PCL, PEG, and PLA. It has 
High stability, tuneable size and surface properties, controlled payload release, low 
immunogenicity, and biodegradability81,108 . Also having Macrophage Targeting as Surface 
modifications (e.g., mannose-conjugated or chitosan-coated) enhance uptake by 
macrophages81,106,108,128 . Consisting the Efficacy that Studies show amphotericin B–PLGA 
and berberine-PLGA nanoparticles outperform free drug and AmBisome® with lower 
cytotoxicity129–132 . Applications of Paromomycin and pentamidine encapsulated in PLGA 
nanoparticles improved oral bioavailability and antileishmanial activity 129,131 

• Dendrimers 

Branching macromolecules with high drug-loading capacity and functionalization potential. 
Enable enhanced solubility, stability, and potential for targeted delivery, though their use in 
leishmaniasis is still exploratory14,75,95 

5.3 Metallic Nanoparticles 

• Gold (AuNPs), Silver (AgNPs), Zinc Oxide, Titanium Dioxide 

Metallic NPs are synthesized using chemical or green methods, offering easy surface 
modifications and dual therapeutic/diagnostic (“theranostic”) functions57,133 . Mechanisms of 
activities of Metallic nanoparticles are Produce reactive oxygen species (ROS), disrupt 
parasite membranes, release metal ions, and activate immune pathways 4,64,68,83,132. Silver 
NPs are the most studied class in cutaneous leishmaniasis; show strong in vitro and in vivo 
efficacy. Gold NPs are demonstrated oxidative stress–mediated Leishmania killing and used 
in conjugation with amphotericin B or drug-silencers for improved efficacy 3,57,134–136. 
Metallic Strategies: Manganese NPs show apoptotic effects in promastigotes; while 
antimony sulfide and gold–AmB conjugates are emerging as innovative therapies 
3,57,106,134,136 

Table No. 4. Summary of Various Nano Formulation 
System Key Benefits Limitations 

Liposomes 
Dual drug loading, modifiable surface, 

proven clinical success 
Stability issues, potential 

drug leakage 

SLNs/NLCs Biocompatible, scalable, protect 
payloads, improved loading (NLCs) 

Lower drug load (SLNs), 
potential burst release 

Polymeric NPs Biodegradable, customizable release, 
stable, targeted 

Synthesis complexity, 
regulatory hurdles 

Dendrimers 
High payload capacity, targeted 

delivery potential 
Still early-stage in 

leishmaniasis 
Metallic NPs Multi-modal activity, surface Toxicity concerns, limited in 
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functionalization, theramostics 
potential 

vivo testing 

 

In essence, nanotechnology platforms are unlocking new therapeutic avenues for leishmaniasis 
by enhancing drug delivery precision, efficacy, and safety. Lipid-based systems are clinically 
validated, polymeric carriers offer sustained and targeted release, and metallic systems introduce 
novel mechanisms of action. Continued optimization and clinical validation will pave the way 
for more effective, patient-friendly treatments—especially when combining these platforms with 
herbal or synthetic antileishmanial compounds4,20,68,98,103,137. 

Table No. 5. Available Nano formulations of some synthetic drugs 
S. 

No. 
Drug Formulation Disease References 

01 Paromomycin Nanoparticles CL 40,73,78,138 

02 
Pentavalent 

antimonial (Sodium 
stibogluconate) 

cationic nanovesicles, nano-
elastic liposomes, 

Intramuscular, 
intravenous, 
intralesional 

VL, CL 16,17,39,139 

03 Miltefosine 

Polymeric micelles & 
hydrogels, cationic 
nanovesicles, Nano 

transferosomes, 
Nanocochleates, NLC, 

VL, CL, 
MCL 

6,79–81,140 

04 Amphotericin B 

Liposomal, NPs 
encapsulated, nanofibers, 

micelles, SLNs, 
Transferosome, Carbon 

nanotubes, nanocochletes, 
mannosylated Gelatin NPs, 

Gold NPs, 

VL 59,76,77,82,83 

05 Pentamidine Liposomes VL 16,85 
06 imiquimod cationic nanovesicles CL 33,139 
07 Nitazoxanide Nano-transfersomal gel CL 5 
08 Quercetin Nano-transfersomal gel CL 5 
09 Amodiaquine Microparticles VL 89 
10 d,l-glyceraldehyde Intranasal CL 7,100 

11 Isopentyl caffeate  
CL, VL, 

MCL 
90,141 

12 Phthalocianato 
silicon Polyelectrolyte Gelatine NPs CL 142 
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13 2 – substituted 
quinolines 

Oral (synthesis) CL, VL 92,93 

14 Magnesium oxide Metal NPs CL & VL 20,58 

15 Rifampicin 
Nanoparticles, 

Nanotransferosomal gel. VL 95,128 

16 Meglumine 
Antimoniate Nanoparticles (suspension) VL 96 

17 Oleanolic acid NPs VL 97 
18 Buparvaquone Nano-enabled Hydrogels CL 98 
19 Maghemite Nano-Leish-IL CL 99 
20 Vorinostat Gold NPs VL 99 

 

6. In – Silico Approaches  

The molecular docking method simulates interactions between proteins and ligands, revealing 
intermolecular forces like hydrogen bonds and electrostatic attractions that influence binding 
stability and biological functions 90,100,143 
Molecular docking is a computational technique used in drug development to predict how well a 
ligand binds to a receptor by exploring various interactions and conformations 144,145 
Proteins essential to the parasite's development, survival, or virulence are the main targets of 
leishmaniasis treatments. These crucial proteins include transporters, surface receptors, signaling 
proteins, and enzymes involved in metabolic pathways 30,128,146,147 
Mannose receptors bind fructose and mannose on pathogens to promote endocytosis. Mannose-
binding proteins aid in cytoskeleton reshaping during this process. Scavenger receptors, which 
can bind various ligands like phosphatidylserine and LDL, are classified as SR-A and SR-B 145–

148 
Table no. 6. Some receptors/targets for treating leishmaniasis disease 

S. 
No. 

Name of 
receptors/ 
targets 

Targeting 
For 

Functions References 

01. Toll-like receptor 
(TLR) 

CL, MCL, 
VL, 

I. Recognition of PAMPs / 
DAMPs. 

II. Recruitment of adaptor 
proteins. 

III. Activation of a signalling 
pathway. 

IV. Immune response. 

146,149,150 

02. 
Fc gamma 
receptor 

CL, MCL, 
VL, 

I. Phagocytosis by macrophage. 
II. Cytokine production. 

III. Regulation of adaptive 
immunity. 

IV. Influence on disease outcome. 

46,143–145,151 
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03. Mannose CL, MCL, 
VL, 

I. Leishmanial adhesion - The 
mannose residues on the 
leishmaniasis parasite's surface 
bind to the mannose receptor 
on the host macrophage. 

II. Drug targeting - By blocking 
the parasite from attaching 
itself to host cells, the 
medications hope to avoid 
infection and possibly enhance 
the effectiveness of treatment. 

30,31,38,106,128,152 

04. 
Mitogen-

activated protein 
kinase (MAPKs) 

CL, MCL, 
VL, 

I. Host immune response - 
MAPKs are activated in 
response to leishmanial 
infection playing a role in both 
innate & adaptive immune 
response. 

II. Leishmanial survival – 
Leishmanial parasite may 
inhibit the activation of certain 
MAPKs that They may 
activate MAPKs that promote 
their growth and survival. 

III. Potential therapeutic targets – 
The importance of MAPKs in 
both host immunity & 
leishmaniasis survival 
targeting these enzymes has 
been explored as a potential 
therapeutic strategy for 
leishmaniasis. 

62,65,71,153 

05. Pannexin 
CL, VL, 

MCL 

I. The pathophysiology of 
parasite diseases is 
significantly influenced by 
pannexins. 

II. These facilitate the release of 
ATP which acts as a danger 
signal & recruits immune cells 
to the site of infections. 

III. These might also be involved 
in the development of cell 
membrane holes that permit 
the flow of ions and chemicals. 

23,31,44,78,130,154 
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06. 
Dihydrofolate 

reductase 
(DHFR) 

CL, VL, 
MCL 

I. Essential for growth & 
proliferation – 

a. Most of living organisms 
requires a constant supply of 
DHF for its growth & 
development. 

b. DHFR catalyzes the reduction 
of dihydrofolate to 
trihydrofolate, ensuring a 
steady supply of this essential 
cofactor. 

II. Target for antiparasitic drugs – 
DHFR is now a popular target 
for anti-parasitic drugs. drug 
development, compounds that 
inhibit DHFR can disrupt the 
parasite’s metabolic pathways, 
leading to death or impaired 
growth. 

 

51,78,94,130,143–145 

07. Pteridine 
Reductase (PTR) 

CL, VL, 
MCL 

I. PTR is essential for 
leishmaniasis to produce 
folate, which is vital for their 
growth and replication. 

II. Toxicity – Ensuring the 
selectively of the PTR 
inhibitors is crucial to 
minimize potential side effects. 

III. Unique to parasite – This 
difference offer a potential 
therapeutic window, as drugs 
targeting. the parasite’s PTR 
could selectively kill the 
parasite without harming 
human cells. 

20,31,33,51,59,78,87,130,155–

157 

 

7. Patents & Innovation 

Patents on leishmaniasis reflect ongoing research to combat this serious parasitic infection from 
the Leishmania genus, which affects millions in tropical areas. Studies are evaluating new 
therapeutics, while counting parasites with a hemacytometer remains a laborious method for 
assessing anti-leishmanial drug efficacy.  
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7.1 Patents  

Leishmaniasis research focuses on new therapies for this parasitic infection affecting millions, 
but counting parasites with a hemacytometer is a time-consuming process. 

Table No. 7. Some International patents on leishmaniasis which help treat leishmaniasis - 
S. 

No. Patent Patent No. 
Date of 
Patent Title of Patent 

01 Brazil BR102020
009366B1 

2024-01-02 Kit and ELISA method for immunodiagnosis of 
human visceral and cutaneous leishmaniasis 
and canine visceral leishmaniasis using new 
synthetic peptide antigen psli409 

02 European EP3902788
B1 

2024-02-21 Naphthalimide derivatives as anti-parasitic 
agents for the treatment of leishmaniasis as well 
as viral, bacterial and neoplastic diseases 

03 Russia RU281610
9C1 

2024-03-26 Fluorine-containing triaryl antimony (v) 
dicarboxylates, having antileishmanial activity 

04 Russia RU281624
0C2 

2024-03-27 Nanostructured lipid carriers and stable 
emulsions and applications thereof 

05 France FR3081870
B1 

2024-04-19 Epitopes, mono-or multiepitopic peptide 
compounds and vaccines against leishmania 

06 Brazil BR132017
028144E8 

2023-03-07 Recombinant protein, kit for diagnosis of 
human and canine visceral leishmaniasis, 
vaccination composition against leishmaniasis 
and uses 

07 United 
State 

US1183319
7B2 

2023-12-05 Immunotherapy of leishmaniasis 

08 China CN110368
384B 

2023-05-12 Use of dihydroartemisinin and quinolone 
conjugates in preparation of anti-leishmania 
drugs 

09 United 
state 

US1121967
7B2 

2022-01-11 Immunotherapy of canine leishmaniasis 

10 Brazil BR102020
015591A2 

2022-03-08 Recombinant chimeric protein, kit, and method 
for diagnosis of tegumentary leishmaniasis and 
uses 

11 Brazil BR102012
030066B1 

2022-07-19 Process for production of recombinant 
leishmania peroxiredoxin and use in the 
diagnosis of leishmaniasis 

12 Brazil BR102021
000794A2 

2022-07-26 Chimeric protein, kit, method for diagnosing 
leishmaniasis, use of a chimeric protein, 
vaccine composition against visceral 
leishmaniasis, and, use of a vaccine 
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composition 
13 Brazil BR102020

021166A2 
2022-05-10 Pharmaceutical and/or immunogenic 

compositions against visceral leishmaniasis and 
use 

14 Spain ES2795149
B2 

2022-07-04 Synthetic multiepitopic chimera as a vaccine 
and treatment against leishmaniosis in 
mammals 

15 Brazil BR102018
016046A2 

2021-11-16 Vaccine compositions against tegumentary and 
visceral leishmaniasis and use 

16 Brazil BR102018
070807A2 

2021-11-16 Recombinant chimeric protein, vaccine against 
tegumentary and visceral leishmaniasis and 
uses 
 

17 China CN113337
542A 

2021-09-03 Human replication-defective recombinant 
adenovirus vector for efficiently expressing 
Leishmania PEPCK 

18 United 
State 

US1089846
0B1 

2021-01-26 Leishmania inhibitors 

19 Spain  ES2875862
T3 

2021-11-11 Monovalent and polyvalent vaccines against 
Leishmania 

20 European  EP2637687
B1 

2021-01-06 Vaccines comprising non-specific nucleoside 
hydrolase and sterol 24-c-methyltransferase 
(smt) polypeptides for the treatment and 
diagnosis of leishmaniasis 

21 World 
Intellectu
al 
Property 
Organisa
tion 
(WIPO) 

WO202016
8402A1 

2020-08-27 Chimeric protein, method of production and use 
thereof, and also a nucleic acid molecule, 
expression cassette, expression vector, host cell, 
composition for the diagnosis of leishmaniasis, 
kit for the diagnosis of leishmaniasis and 
method of diagnosis of leishmaniasis in vitro 

22 United 
State 

US2020026
1558A1 

2020-08-20 Vaccines against leishmania infection 

23 World 
Intellectu
al 
Property 
Organisa
tion 
(WIPO) 

WO201904
3212 

2019-04-25 Topical compositions for the treatment of 
cutaneous leishmaniasis 
 

24 Japan JP2019517 2019-06-24 Animal and human anti-trypanosoma and anti-
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500A leishmania drugs 
 

25 United 
State 

US1011185
4B2 

2018-10-30 Synthesis and use of amine-containing 
flavonoids as potent anti-leishmanial agents 
 

26 China CN103890
004B 

2018-02-02 The chimeric molecule being made up of the 
Leishmania infantum PFR1 protein fragments 
with specific immunodominant epitopes can be 
used for the immunotherapy of leishmaniasis 

27 United 
State 

US9872849
B2 

2018-01-23 Diterpenoid membranolide compounds having 
anti-leishmania activity and uses thereof 

28 Spain ES2566228
B1 

2017-02-08 Use of proton-ionizable pyrazole-derived esters 
and their corresponding salts for the treatment 
of Chagas disease and leishmaniasis 

29 United 
state  

US 
9562037 

2017-02-07 Synthesis and use of amine-containing 
flavonoids as potent anti-leishmanial agents 

30 World 
Intellectu
al 
Property 
Organisa
tion 
(WIPO) 

WO201611
6550  

2016-07-28 An immunotoxin for use in the treatment of 
leishmaniasis 
 

31 World 
Intellectu
al 
Property 
Organisa
tion 
(WIPO) 

WO201611
6563 

2016-07-28 Pyrazolo[3,4-d] pyrimidine derivative and its 
use for the treatment of leishmaniasis 

32 China CN102811
992B 

2015-06-17 Anti-leishmania compound and anti-leishmania 
drug 

33 Spain  ES2528928
T3 

2015-02-13 Recombinant polyprotein vaccines for the 
treatment and diagnosis of leishmaniasis 

34 United 
state 

US2015030
6035  

2015-10-29 Pharmaceutical composition containing 
conventional liposomes and prolonged-
circulation liposomes for the treatment of 
visceral leishmaniasis 
 

35 World 
Intellectu

WO201517
7820 

2015-11-26 Nanoparticulate systems for vehiculating drugs 
for the treatment of leishmania infection-related 
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al 
Property 
Organisa
tion 
(WIPO) 

pathologies 

 

7.2 Clinical Trials 

In India, liposomal amphotericin B is the primary medication used for treating VL. Nevertheless, 
anti-leishmanial vaccines have failed repeatedly in clinical trials.  
Table No. 8. Clinical Trials of some antileishmanial drugs (At: http://clinicaltrials.gov/ (accessed 

03.07.13)) 
S. 
No. 

Phases Objectives Drugs Referen
ce 

01. Phase 3 1. to determine a 
combination that is both safe 
and successful for treating 
visceral leishmaniasis in a 
short amount of time while 
lowering the likelihood of 
parasite resistance.  

• Miltefosine + AmBiosome 
• Paromomycin sulfate with 

AmBiosome 
• Paromomycin sulfate with 

miltefosine 
• Deoxycholate of 

Amphotericin B 
  

158 

2. To evaluate the safety and 
effectiveness of treating 
patients with visceral 
leishmaniasis with sodium 
stibogluconate alone for 30 
days, paromomycin sulfate 
alone for 21 days, and 
sodium stibogluconate and 
paromomycin sulfate 
together for 17 days. 

• Stibogluconate of sodium 
• Sulfate of paromomycin 
• Paromomycin sulfate with 

sodium stibogluconate  
 

 

3. The purpose is to evaluate 
the standard treatment 
utilizing a total dosage of 15 
mg/kg of AmBisome to 
determine the safety and 
efficacy of various 
combinations of the three 
drugs—AmBisome, 
paromomycin, and 

• - AmBisome   
• - AmBisome in combination 

with Miltefosine   
• - AmBisome in combination 

with Paromomycin   
• - Miltefosine in combination 

with Paromomycin   
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miltefosine—at a reduced 
overall dosage. 

02. Phase 2 1. In Eastern Africa, to 
evaluate the efficacy of 
miltefosine with single dose 
AmBisomeW, sodium 
stibogluconate plus single 
dosage AmBisomeW, and 
miltefosine alone in treating 
visceral leishmaniasis 

• Both sodium stibogluconate 
and amBisome  

• Miltefosine + AmBisome. 
• Miltefosin 

158 

2. Miltefosine and 
AmBisome are combined 
in varying doses using a 
sequential strategy. 

Both AmBisome and 
Miltefosine 

 

3. After six months of 
consecutively 
administering both 
medications, the final 
cure is evaluated. 
Miltefosine will be 
administered for 14 days 
after AmBisome on day 
1. 

Miltefosine with AmBisome   

4. To describe the safety and 
acceptability of oral 
sitamaquine as well as its 
pharmacokinetic profile 

Sitamaquine  

 

8. Challenges in Treatment and Future Directions for Disease Control 
The protozoan parasite's transmission cycle in humans, as well as its vectors, reservoirs, and 
different social and environmental elements, provide substantial obstacles to disease control 159–

161 
The main challenge in treating Leishmania is the limited therapies targeting the parasites' 
intracellular locations. Activated macrophages initiate an oxidative burst during phagocytosis, 
but Leishmania uses redox signaling pathways to resist oxidative stress and conventional 
treatments38,42,58–60,152. 
Leishmania parasites evade macrophage destruction and grow in hosts by neutralizing reactive 
oxygen species. Their treatment resistance stems from drug removal and reduced cellular uptake. 
Targeting macrophages with surface-modified nanocarriers can enhance drug delivery and 
improve treatment outcomes 91,103,115. 
Managing leishmaniasis is challenging due to the diversity of Leishmania species, drug 
resistance, and adverse effects of current treatments like pentavalent antimonials and 
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amphotericin B. High treatment costs also limit accessibility in endemic regions, highlighting the 
need for safer, more effective alternatives 59,95,99,162 

 
Fig. 7 - Challenge ratio during leishmaniasis therapy 

 
The treatment of leishmaniasis faces several significant challenges, including: 

1. Drug Resistance: Recent studies highlight increasing resistance of Leishmania parasites to 
standard treatments, complicating leishmaniasis management and leading to longer recovery 
times and higher mortality rates. There is a pressing need for innovative treatments and 
deeper insight into the resistance mechanisms 96,163 

2. Toxicity and Side Effects: Treatment options for fungal infections include amphotericin B 
and its liposomal formulations, but they often come with significant side effects and toxicity. 
This is especially challenging for patients in rural areas with limited healthcare access. 
Adverse effects can lead to poor adherence to treatment, complicating health outcomes 
7,103,164,165 

3. Complex Treatment Regimens: Current treatment recommendations often require long-term 
medication use, posing challenges for patient adherence. This is particularly evident in under-
resourced settings, where limited access to medications, financial constraints, and inadequate 
healthcare resources impede effective treatment compliance 7,100,165 

4. High Cost of Treatment: The high cost of leishmaniasis treatments limits access for patients 
in endemic regions, where healthcare resources are scarce. This economic barrier impacts 
health outcomes and disease transmission, making affordable treatments essential for 
effective care 20,35,68,134,166 

5. Co-infections: Co-infections like HIV complicate leishmaniasis management, leading to 
altered immune responses and more severe cases. Standard treatments may be less effective, 
requiring tailored approaches and careful attention from healthcare professionals for optimal 
care 54,167,168 

6. Lack of Vaccines: At present, there is no effective vaccine to stop leishmaniasis, a disease 
transmitted by sandflies. Therefore, the battle against this condition should focus mainly on 

Challanges in 
treatment of 
leishmaniasis

Lack of 
Vaccine

Complex 
treatment 
Regimens 

High Cost 
of 

treatment 

Difficulties 
in Drug 
Delivery

Co-
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controlling the vectors that spread it and implementing robust public health measures. These 
strategies are essential for reducing the risk of infection and protecting at-risk populations in 
impacted regions 4,35,36,41,45,169 

7. Difficulties in Drug Delivery: Leishmania parasites reside within macrophages, presenting a 
significant barrier to the effective administration of therapeutic medications to these immune 
cells. To tackle this issue, scientists are currently investigating novel nanoparticle-based drug 
delivery systems with the goal of greatly improving the bioavailability and overall 
effectiveness of leishmaniasis treatments 7,40,129,138,170 

8. High Toxicity of Existing Treatments: Many treatments today are associated with higher 
toxicity levels, posing significant risks of side effects, particularly for vulnerable groups such 
as the elderly, children, or those with pre-existing health conditions. These risks can limit 
treatment options, making careful selection of therapy essential 68,83,106,116,164,165 

9. Low Investment in Drug Development: Insufficient investment in the exploration and 
development of new pharmaceutical treatments for leishmaniasis greatly hampers progress in 
discovering more effective and safer therapeutic alternatives for this condition. This 
deficiency not only restricts the possibility of innovative solutions but also obstructs the 
overall advancement in meeting the medical needs of individuals impacted by leishmaniasis 
77,161,171 

9. Conclusion  
Available literature and ethnomedical surveys have highlighted the use of various plants in 
traditional medicine as effective and safe anti-leishmanial agents. This review is a summary of 
the research that shows how important natural herbal remedies are for treating leishmaniasis. 
Nowadays, the significance of herbal medicines has increased significantly due to their fewer 
side effects compared to conventional drugs. As a result, the demand for herbal formulations is 
growing daily. It will be crucial in the future to identify lead compounds and comprehend the 
molecular mechanisms underlying these plant-based medications. This will help meet the 
demand for high-potency options and facilitate the development of superior herbal formulations 
that can replace or complement currently available synthetic medications. The research provides 
a platform for exploring innovative targeting techniques aimed at reducing the morbidity and 
mortality rates associated with the leishmanial parasite in the lymphatic system. The 
development of novel lead molecules may potentially improve the safety and effectiveness of 
treatments for various types of leishmaniasis.  
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