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Abstract 
Background:
Leishmaniasis is a disease with wide epidemiological and clinical diversity caused by protozoan parasite. An estimated 1-2 million new cases and 26-65 thousand deaths occur annually. In terms of mortality, the disease is second next malaria worldwide, third most common cause of morbidity after malaria and schistosomiasis. Emergence of drug resistance to antimonial is a major obstacle for the control this parasitic disease, since vaccines are not yet applicable, there is an urgent need to develop new and better drugs.
Main text: Emerging drug resistance is an interplay between uptake, efflux, and sequestration. Overexpression of ABC transporter protein, diminished biological reduction of SbV to SbIII, overexpression of MRPA (multi drug resistance protein A), overexpression of tryparedoxin peroxidase, increased levels of trypanothione, downregulation of aquaglyceroporins, and gene amplification are speculated mechanism of emerging drug resistance in leishmaniasis. Combination therapy, free distribution of drugs, monitoring drug resistance, diagnostic methods, resistance reversal agent, treatment based on guideline, new drug-new target, management of co-infections and monitoring therapy are also some of the mechanisms to control the emergency of drug resistance in leishmaniasis.
Conclusions: Emergency of drug resistance is the main challenges for control of the disease. Overall, drug resistance in leishmaniasis is multifactorial. So, researchers and scholars should be initiated to develop newer molecules with lower toxicity, and short duration of oral antileishmanial activity. 
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1. Introduction 
[bookmark: _Hlk75131984][bookmark: _Hlk74992450]Parasitic diseases have immense health, social, and economic impacts, especially in tropical countries. Protozoan and helminthic diseases have resulted in almost 1.1 million deaths[1]. Globally, protozoan parasites lead to high disability-adjusted life years. Due to vaccines and effective drugs, the burden of parasitic diseases increases regularly. Moreover, the emergency of drug resistance is a danger in a place where medication is available. Accordingly, there exists an emerging need for novel drugs for the effective treatment of protozoal diseases, particularly for malaria, and leishmaniasis. There is still no effective Leishmaniasis vaccine despite enormous investment in money and effort over many years[1,2]. It is still spreading throughout the world. 
[bookmark: _Hlk75132037][bookmark: _Hlk75132459][bookmark: _Hlk75132698]Leishmaniasis is a group of disease with wide epidemiological and clinical diversity caused by protozoan parasite, the genus Leishmania. The disease is endemic in at least 98 countries and an estimated  1-2 million new cases and 26 to 65 thousand deaths occur annually[3]. Mortality caused by leishmaniasis is second important vector borne protozoal disease worldwide only to malaria and in terms of disability-adjusted life years (DALYs), the third most common cause of morbidity after malaria and schistosomiasis [4], one of the neglected tropical poverty diseases. Pentavalent antimonials (Sb(V)) were the standard treatment for leishmaniasis worldwide for almost 100 years, despite its requirement of long courses of parental administration[5]. However, their clinical action is compromised due to the emerged drug resistance [6]. Resistance is an interplay between uptake, efflux, and sequestration[7].
[bookmark: _Hlk75132488]Though, control of this parasitic disease is relied on two traditional arms: control of the vectors through removal of breeding sites, use of insecticides, and prevention of contact with humans; and effective case management [1]. Emergence of drug resistance is a major obstacle to the above control arms, since vaccines are not yet in sight for this parasitic disease, there is an urgent need to develop new and better drugs[8].
2. Speculated mechanism of Resistance 
2.1. [bookmark: _Hlk75132923]Overexpression of ABC transporter protein 
The ABC (ATP-binding cassette) transporter proteins is a transmembrane protein found in all life kingdoms from bacteria to humans. ABC proteins are responsible for the export and import of molecules in prokaryotes, while in eukaryotes, these transporters have only export functions [6]. It mediate the movement of molecules through the membranes in an ATP dependent process; specifically the P-glycoprotein MDR1 (ABCB subfamily) is able to export a wide range of hydrophobic drugs from the cell, decreasing their intracellular concentration and preventing their cytotoxic activity, thus conferring a multidrug resistance (MDR) phenotype [4]. so overexpression of these protein’s involve a decreased accumulation of the drug, either by decreasing its uptake or by increasing its efflux[9].
2.2. [bookmark: _Hlk75133011]Diminished biological reduction of SbV to SbIII
Antimonial drugs are administered as pentavalent antimony [Sb [V]), a prodrug requiring conversion to the trivalent form [Sb (III)]. However, the site of reduction (host macrophage, amastigote, or both) and mechanism of reduction (enzymatic or nonenzymatic) remain unclear. Sb (III) interferes directly with thiol metabolism, decreasing thiol-buffering capacity in drug-sensitive Leishmania by inducing rapid efflux of intracellular T[SH] 2 and GSH. Sb (III) also inhibits T[SH] 2 reductase in intact cells, resulting in the accumulation of the disulfide forms of both T[SH] 2 (T[S] 2) and GSH[10].
2.3. [bookmark: _Hlk75133031]Overexpression of MRPA (multi drug resistance protein A) an ABC transporter
Mechanisms of drug resistance are often associated with decreased uptake of the drug into the parasite, poor drug activation, physiological alterations in the drug target, and overexpression of drug transporter proteins. P-glycoprotein (Pgp)-like transporters, belonging to the ATP-binding cassette (ABC) superfamily of proteins, play an important role in inhibiting intracellular drug accumulation by decreasing antimony influx[11]. The inhibition of the function of these proteins represents an attractive way to control drug resistance in clinical environments.
2.4. [bookmark: _Hlk75133057]Overexpression of tryparedoxin peroxidase
Leishmania donovani, the causative agent of visceral leishmaniasis, uses a cascade of enzymes that include cytosolic tryparedoxin peroxidase (cTXNPx) for detoxification or withstand exposure of peroxides such as nitic oxide and hydrogen peroxides[12,13].
2.5. [bookmark: _Hlk75133085]Increased levels of trypanothione
[bookmark: _Hlk75133117]Increased levels of trypanothione (TSH) have been observed in some lines selected for resistance to Sb (III). This is due to increased levels of the rate-limiting enzymes involved in the synthesis of glutathione (glutamyl cysteine synthetase, GCS) and polyamines (ornithine decarboxylase, ODC) the two precursor metabolites to trypanothione[14]. The biologically active drug react with parasitic thiol but in case of overproduction of this molecule leads to sequestration of the drug by ABC transporter multidrug resistance protein A (MRPA) into intracellular organelles or can be directly pumped out by an uncharacterized transporter[14].
2.6. Downregulation of AQP1
aquaglyceroporins (AQPs) are known to transport trivalent metalloids or the biological active form of antimonials. Antimonial-containing drugs are the first line of treatment against leishmaniasis. Resistance to antimonials in leishmania is proposed to be due to reduced uptake of trivalent antimony (SbIII) through the aquaglyceroporin (AQP1)[15]. 
2.7. [bookmark: _Hlk75133152]Gene amplification
Gene amplification is an important step in the development of drug resistance. one mechanism of resistance is the overproduction of the target gene product in the resistant parasite. Overexpression of genes as a consequence of gene amplification has been reported in several. often amplified gene occur after antimonial selection and both amplicons can be found in the same cell[16].
3. Factors contributing for drug resistance
Poor compliance, expensive treatment, availability of antileishmanial drugs over the counter, and limited access to healthcare facilities for early diagnosis and treatment are some of the significant determinants responsible for the emergence of drug resistance in leishmaniasis[11].
4. Control of resistant parasite: 
4.1. [bookmark: _Hlk75133544]Combination therapy: have proven to be an essential phenomenia to increase activity through use of compounds with synergistic or additive activity, prevent the emergence of drug resistance, lower required doses, reducing chances of toxic side effects and cost, or increase the spectrum of activity, for example, the use of an antileishmanial with either an anti-inflammatory or immunodulator in cutaneous leishmaniasis[17,18].
4.2. Free distribution of drugs: Considering the cost of drugs antimonial drugs should be affordable. Antimonials, which are being used extensively in the private sector, is 6 times more expensive and it is not mandatory to buy the full course. This is likely to result in widespread underdosing, sharing of doses among patients, and ultimately emergence of resistance to this important antileishmanial compound[19].
4.3. Monitoring drug resistance: Improved methods to monitor drug resistance that determine either the phenotypic sensitivity of parasite isolates or molecular changes that indicate alterations in either the drug target or mechanisms that alter the intraparasite level of active drug are required. There are problems with both approaches[20].
4.4. Diagnostic methods: The improvement of diagnostic methods with high sensitivity and specificity are a major advance in the control of leishmaniasis[21].
4.5. Resistance reversal agent: It is a strategy of inhibition of thiol or other mechanism of antimonial resistance levels by coadministration of antimony with an inhibitor of glutathione biosynthesis[22].
4.6. Treatment should be based on guideline: In order to enhance compliance, directly observed therapy for antileishmanial should be implemented[22,23].
[bookmark: _Hlk75133627]Besides, new drug-new target, management of co-infections and monitoring therapy are also some of the mechanisms to control the emergency of drug resistance in leishmaniasis. 
5. [bookmark: _Hlk75133740]Conclusions: Leishmaniasis is a vector-borne neglected tropical disease that have a considerable health, social, and economic impacts. Emergency of drug resistance is the main hinderance for control of the disease. The overall drug resistance is multifactorial. The emergence of drug resistance and toxicity of the available drugs should initiate the researchers and scholars to develop newer molecules with antileishmanial activity. 
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