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Abstract

 Leishmaniasis is a common parasitic disease in tropical 
and subtropical regions of the world that is caused by about 
21 species and subtypes of Leishmania parasites [1]. Leish-
mania species are present on all continents except Australia 
and Antarctica. The disease is found in 98 countries except 
for South Asia. The disease is transmitted through the bite 
of sandflies and infects humans and other mammals. It is 
estimated that 12 million people are infected with the para-
site and the annual incidence is 0.2 to 0.4 million visceral 
cases and 0.7 to 1.2 million skin and 350 million people are 
at risk [2,3]. Various forms of the disease including cutane-
ous, mucocutaneous, and visceral form which can be fatal if 
left untreated or improperly treated [4].

Introduction and classification of leishmania parasite

The Leishmania parasite belongs to the Trypanosomatidae 
family and belongs to the Protista family. The classification of 
parasites (position of parasites in the animal hierarchy) is as fol-
lows:

Table 1: Classification of Leishmania parasite.

Kingdom Protista Haekel, 1866

Subkingdom Protozoa Goldfuss, 1817

Phylum: Sarco  astigophora Honigberg and Balamuth, 1963

Subphylum:   Mastigophora Diesing, 1866

Class:	 Zoo mastigophora Calkins, 1909

Order: Kinetoplastida Honigberg1963, Emend Vickerman 1976

Suborder: Trypanosomatina Kent, 1880

Family: Trypanosmatidae Doflein, 1901, Emend Grobben, 1905

Genus: Leishmania Ross, 1903

genus and species and the immune status of the host, clinical 
forms may take many forms. For example, “species that cause 
cutaneous leishmaniasis cause visceral form, or species that 
cause visceral leishmaniasis may cause skin damage. Leishma-
nia infantum reports of skin forms in Mediterranean countries 
such as Italy, Tunisia, Turkey, etc. There have also been reports 
of Leishmania tropica developing visceral form [5]. Some spe-
cies of Leishmania in endemic regions of the world are pre-
sented simultaneously so that clinical findings alone cannot be 
relied on for species-specific diagnosis [6].

Treatment methods for various types of leishmaniasis 

Before explaining the treatment of leishmaniasis, we sum-
marize the potential drug targets that are important in design-
ing anti-leishmania drugs. 

Design of anti-leishmaniasis drugs

The first step in achieving new anti-leishmania compounds is 
to identify the drug targets. For this purpose, it is necessary to 
know the biological pathways in the parasite. Fortunately, the 
Trypanosomatidae family is phylogenetically isolated from high-
er cells, so their cell configuration is distinctly different from that 
of mammalian cells, making it easy to find unique drug targets 
in them. It is important to consider the targets, to consider the 
biochemical properties of the protein molecules, and specific 
inhibitors can be designed if the target is a protein enzyme so 
that inhibition of the relevant enzyme kills the parasite. 

Different forms of leishmaniasis

Leishmaniasis occurs in humans in three main forms, includ-
ing the skin, mucous membranes, and viscera. Different forms 
of the disease are classically caused by a wide variety of Leish-
mania species. Depending on the specific characteristics of the 
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Sterol biosynthesis pathway 

Sterols are important constituents of cell membranes and 
are crucial for maintaining cell structure. Unlike mammalian 
cells, where cholesterol is the major component of cell mem-
branes, Trypanosomatide produces ergosterol and other 24 
methyl sterols that are essential for their growth and develop-
ment. These sterols are not present in mammalian cells. An im-
portant enzyme in this pathway is Squalene Synthetase (SQS) 
(EC 2.5.1.21), which performs the first step in sterol synthesis 
by pairing two molecules of franyl and squalene synthesis. Zara-
gonic acid and quinoclidines inhibit this enzyme. Terbinafine 
and allylamine inhibit squalene epoxy. Squalene is converted 
to 2 and 3 oxidoqualene by the enzyme squalene epoxide. The 
enzyme converts squalene chains into the tetracyclic skeleton 
of sterols. Terbinafine has been shown to inhibit the growth 
of amastigotes and promastigotes of the Leishmania parasite, 
which is caused by the altered mitochondrial structure. This ef-
fect has a synergistic effect in combination with Ketoconazole, 
which is an inhibitor of ergosterol biosynthesis. An important 
and well-known drug target in the pathway of ergosterol biosyn-
thesis is delta 24 and 25 Sterol Methyl Transferase (SMT), which 
is present only in the Trypanosomatide family and is not present 
in mammals, so it can be a suitable drug target in leishmaniasis. 
Azoestrols inhibit the enzyme and exert their inhibitory effect 
by changing the mitochondrial membrane and its swelling and 
loss of matrix contents. The combination of azoestrol with other 
azoles causes a synergistic effect and should be considered in 
combination therapy.

Enzyme lanosterol 14-alpha dimethylase

Azole compounds that inhibit sterol biosynthesis by inhib-
iting the enzyme lanosterol 14-alpha-demethylase have been 
shown to potentially inhibit the growth of leishmaniasis in the 
body. The enzyme lanosterol 14-alpha-demethylase or CYP51 is 
a key enzyme in the sterol biosynthesis of plasma membranes 
of the eukaryotic cells. This enzyme removes the methyl carbon 
group of 14 lanosterol molecules, which is an important step 
in the conversion of lanosterol to sterol for the plasma mem-
brane. Accordingly, compounds that can inhibit this enzyme 
and this stage of the sterol production pathway can potentially 
prevent membrane formation and ultimately parasite growth. 
At present, the nucleotide sequences of the genomes of 13 spe-
cies of the genus Leishmania are being identified, and the ge-
nome sequences of several species, including L. braziliensis, L. 
infantum and L. major, have been completed. Studies of these 
sequences have shown that this parasite has the necessary 
genes for sterol biosynthesis, including the lanosterol 14-alpha 
dimethylase enzyme gene [7]. However, for the design and syn-
thesis of lanosterol-14-alpha-demethylase inhibitor molecules, 
the structural form and three-dimensional structure of this 
enzyme are absolutely essential. On the other hand, to date, 
the three-dimensional structures known for the enzyme lanos-
terol 14-alpha-demethylase is belonging to fungi. Fortunately, 
in 2011 the crystallographic structure of the enzyme lanosterol 
14-alpha-demethylase was identified by L. parantum, but a 
comparison of the initial sequence of this enzyme in L. infan-
tum and L.major reveals important differences in the structure 
of this enzyme. Conclusion: The susceptibility of the species is 
different due to the difference in the activity of C14α-lanosterol 
demethylase due to the enzymatic structure. Similarly, flava-
nones exhibit a wide range of activities against enzymes [8]. 
Glycolytic pathway: The metabolism of the Trypanosomatidae 
family relies heavily on the carbon sources present in the host. 

Glycolytic enzymes are located in proximal-like organelles. Due 
to the phylogenetic distance of the Leishmania parasite and 
mammals, this structure is quite unique. This property can be 
considered in the design of inhibitors of these enzymes as anti-
leishmaniasis compounds. Adenosine is a weak inhibitor of the 
enzyme, but its analogue affects its anti-enzymatic effects by 
being substituted at the 2-position of ribose or at the 6-nitro-
gen position of adenosine. One of the adenosine analogues, 
N6- (1-naphthalenemethyl) -20- (3-methoxybenzamido) inhib-
its the growth and proliferation of Leishmania mexicana at a 
concentration of 0.28 μM [9]. This study shows that the energy 
uptake pathway through glycolytic enzyme inhibitors can be 
blocked. Because this pathway is the only way to receive energy, 
this method can lead to the destruction of the parasite. Purine 
Receipt Path: Because the Trypanosomatidae family is unable 
to make the purine nucleotides they need; they receive these 
substances from their mammalian host. Purine bases are trans-
ported through the parasite membrane by transporter nucleo-
tides. These transporters are involved in transmitting purines 
through parasite membranes, and two types, including LdNT1 
in promastigotes and amastigotes and LdNT2 in amastigotes, 
are specific to Leishmania parasites [10]. LdNT1 is responsible 
for the transport of adenosine and pyrimidine nucleosides, and 
LdNT2 is responsible for the transport of pyrine nucleosides. 
The function of these transporters is essential for parasite sur-
vival within human macrophages. Because there are different 
pathways for purines to be obtained, it is very difficult for the 
inhibitor to target them. However, they are pharmacologically 
important because they absorb toxic nucleoside analogs that 
inhibit cell growth [10].

Glycosyl Phosphatidyl Inositol (GPI) pathway 

This compound is a component of the Leishmania parasite 
that acts as an anchor for surface glycoproteins. Leishmania 
promastigotes are coated with glycocalyx, which contains GPI-
linked glycoproteins and GPI-linked lipophosphoglycans, and 
a group of free GPIs called high-density Glycinoinositol Phos-
pholipids (GIPLs). The role of these compounds is to protect the 
parasite from the complement pathway and external hydrolase. 
Lipophosphoglycan is essential for the infectivity of Leishmania 
major promastigotes in both mammalian and insect cells [11]. 
The first step in GPI synthesis is the formation of GlcNAc-PI by 
the transfer of N-acetylglucosamine from UDP-GlcNAc to UPN-
acetylglucosamine and binding to the phosphatidyl inositol PI. 
The reaction is catalyzed by the protein transferase complex: 
(GPI-GnT) GPI-N-Acetylglucosaminyl transferase then GlcNAc-
PI is obtained by the desaccation of GlcN-PI by the enzyme 
decylase. This pathway is essential for GPI biosynthesis, and 
in trypanosomes a zinc metalloenzyme is involved in the reac-
tion [11,12]. As in Trypanosoma brusei and Leishmania major, a 
subtle specificity has been observed in the substrate, which is of 
a specific mammalian type [13]. The difference between GPI of 
parasites and mammals in the time of acylation and deacylation 
of inositol is between them. The next step in GPI biosynthesis 
in parasites is mannosylation of GlcN-PI and continues with ino-
syl acylation, while in yeasts and humans inosyl acylation pre-
cedes mannosylation. The nucleus of the three mannosyl GPIs is 
amplified in three steps and involves three different Mannosyl 
Transferase (MT) enzymes. Type III of this enzyme (MT III) has a 
specific substrate and the structure of this substrate is different 
in humans and trypanosomatidae parasites and a specific in-
hibitor of the species can be synthesized for inhibitory purposes 
[14]. Thiolactomycin is an inhibitor of fatty acid synthesis in the 
parasite Leishmania and leads to parasite death. Myristate-



42Animal science

MedDocs eBooks

specific deformation has also been reported for parasitic GPIs 
[15]. Protein kinases: Cyclin Dependent Kinases (CDKs) play an 
important role in cell division. It has been observed that abnor-
mal regulation of this enzyme occurs in cancer cells and serves 
as a drug target. In the Leishmania parasite, the Cdc2-Related 
Kinase (CRK) family has received a great deal of attention as a 
drug target. These are homologues of CDKs and are essential 
for the continued life cycle of the parasite. Two types of these 
CDKs have been identified in Leishmania, Mexico, called Lmex-
CRK1 and LmexCRK3, which are essential for the parasitic stage 
of the parasite. Attempts to create null mutants from CRK3 have 
led to changes in the parasite ploidy [13]. Inhibition of CRK3 in 
Leishmania donovani inhibits parasite growth and proliferation 
within peritoneal macrophages. These compounds also cause 
abnormal DNA and abnormal cell morphology, which has been 
proven by flow cytometry [16]. MAP kinases Mitogen-Activated 
Protein (MAP) kinases are mediators of message transmission 
and play an important role as regulators in the proliferation 
and differentiation of eukaryotic cells. Ten of these kinases 
have been identified in Leishmania, Mexico, where LmxMKK, 
LmxMPK, LmxMPK9 have been well studied [17], of which only 
LmxMPK can be a drug target [24].

Proteinases The four most important types of this enzyme 
are cystine, serine, aspartate, and metalloproteins. In parasit-
ic protozoa, Cystine Proteinase (CPs) is the most well-known, 
which is homologous to mammalian cathepsin. For several 
reasons, cysteine ​​proteinases have attracted much attention 
as drug targets: Significance of parasite-host interaction 2. Ap-
proved virulence factor and 3. Separate mammalian type [15]. 
Folate biosynthesis. The folate route is of interest to researchers 
as a drug target and has been used in anti-cancer and anti-ma-
larial therapies. Folate is an important cofactor used in a wide 
range of metabolic pathways such as DNA and RNA synthesis 
and amino acid metabolism. Because the enzymes involved 
in their synthesis are vital for growth, they are considered as 
medicinal targets There have been many, especially Thymidine 
Synthetase (TS) and Dihydrofolate Reductase (DHFR), which 
convert dihydrofolate to tetrahydrofolate (an important cofac-
tor for thymine synthesis). These two enzymes are present in 
trypanosomatidae. In studies of Leishmania major, some inhibi-
tors inhibited these two enzymes and prevented the growth of 
the parasite. These studies have shown that these two are ef-
fective inhibitors and inhibit both enzymes simultaneously [18].

Glyoxalase system: This system is necessary for the removal 
of toxins and mutagenic and methylglyoxal intermediates (gly-
colysis by-products). This system has two important enzymes: 
glyoxalase I (lactoyl glutathione lyase) and Glyoxalase II (hy-
droxyacyl glutathione hydroxylase), which use glutathione as 
a cofactor. Trypanosomatida uses its own Glyoxalase system 
and relies on it, which is unique to these parasites. glyoxalase 
I is known in Leishmania donovani [19] and Leishmania major 
[20]. The enzyme has its own substrate and is dependent on try-
panothione as a substrate while in the mammalian host it relies 
on glutathione. Glyoxalase II has been identified in Leishmania 
donovania [21]. Due to its unique properties as a possible drug 
target, this system has attracted more attention and research.

Trypanothione route

In the metabolism of Leishmania and Trypanosoma para-
sites, spermidine (trypanothione bis- glutathionyl) is a key 
molecule in the oxidative stress pathway, a parasite-specific en-
zyme that is critical to its survival, so this pathway is a promising 
drug target [20].

Topoisomerases

DNA topoisomerases are unique enzymes that play a key role 
in some essential steps such as DNA replication, translation, 
synthesis, and regeneration. They are divided into two impor-
tant groups, type I and type II, which separate single-stranded 
and double-stranded DNA. These enzymes have been used for 
medicinal purposes in bacteria and parasites. Topoisomerase I 
in the parasite Leishmania donovani and Trypanosoma cruzi is 
known and not dependent on ATP [22]. This enzyme is present 
in Leishmania donovani in kintoplasts and nuclei (23). Topoi-
somerase I inhibitors in Leishmania parasitic drugs are sodium 
leishmaniasis, acetaminophen and acetaminophen. A plant al-
kaloid called Camptothecin, which inhibits topoisomerase I in 
eukaryotes, also has an inhibitory effect on the parasites T. bru-
cei, T. cruzi and L. donovani.

Topoisomerase II in T. brucei, T. cruzi and L. donovani para-
sites has been identified [25,26]. Topoisomerase II in Leishma-
nia and Trypanosoma products is strongly inhibited by 9-anilin-
oacridine, which is anti-cancer, and all acridines [27]. The three 
isoflavanoids 8-prenylmucronulatol, lyasperin H and smiranicin 
have anti-leishmaniasis activity that kill the parasite by prevent-
ing kDNA linearization and inhibition of topoisomerase II [28]. 
Structural analysis of these enzymes can lead to an understand-
ing of their catalytic mechanisms and ultimately the design of 
new anti-Leishmania drugs.

Hypusine pathway

Hypusine (Ne- (4-amino-2-hydroxybutyl) lysine) is an un-
usual amino acid derived from polyamine spermidine present 
in all eukaryotes. Its synthesis occurs during a post-translational 
process exclusively in a cellular protein called eukaryotic initia-
tion factor 5A (eIF5A) in two enzymatic steps. Hypocyanation of 
eIF5A is essential for cell function and survival. Recently, “hy-
posin biosynthesis has been identified in Leishmania donovani 
[29]. This pathway can be considered as a drug target.

Treatment of cutaneous leishmaniasis: Cutaneous leishmani-
asis caused by Leishmania major sometimes resolves spontane-
ously and even preferably is not “treated” to provide long-term 
immunity. Leishmania tropica infections usually require treat-
ment. Among the traditional treatments that can be mentioned 
are the use of the kernel of the plant Floss and Enzrut, burnt 
cotton bolls, cherry and date kernel ash, burnt hair, dandruff ink 
(nitric acid) and hell stone in Iran. The World Health Organiza-
tion does not recommend the treatment of wet forms unless 
the lesions are more than 2, the size of the lesion is more than 
5 cm, or in the face and near vital organs of the body. Of course, 
this advice is not practical in most cases because the patient 
or his parents want to treat the disease [30]. In general, three 
methods have been suggested for the treatment of cutaneous 
leishmaniasis: physical methods, topical drugs, systemic drugs 
Physical methods: Among the physical methods used to treat 
leishmaniasis are: Lesion curettage: In this method, an attempt 
is made to shave the entire lesion to its bed and completely 
“separate” it, but today, due to the scar, this method is almost 
“left out”. Radiation therapy: In some areas, including Palestine, 
granz rays have been used to treat cutaneous leishmaniasis, but 
given the risks of tumorigenesis, this radiation is not very suit-
able for benign lesions and is mostly used for large and resistant 
lesions [31].

Thermotherapy: Thermotherapy is a simple and cost-effec-
tive method that can increase the effectiveness of antimony 
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compounds and improve treatment outcomes. The potential 
mechanism in this method is to increase the activity of mac-
rophages and lymphocytes at a temperature of 37-40 ⁰C to kill 
parasites and direct destruction of parasites by heat. Leishmania 
parasites are said to lose their ability to reproduce at tempera-
tures above 39⁰C; There are also other reports that support the 
proper effectiveness of this treatment. There are many different 
treatments for thermotherapy in studies, including the topical 
application of a pad soaked in hot water with a temperature of 
39-41 degrees on the lesions, the use of infrared waves for 6- 
He mentioned 5 weeks to stimulate the immune response, cre-
ate hyperthermia with ultrasound waves and use direct current. 
But arguably the biggest breakthrough in thermotherapy came 
with the introduction of local current field radiofrequency de-
vices. These devices were approved in 2558 by the US Food and 
Drug Administration (FDA) for the treatment of leishmaniasis. 
Disadvantages of thermotherapy include the need for local an-
esthesia, the high cost of devices, and side effects such as grade 
2 superficial burns, painless edema and blisters for a week, and 
secondary bacterial infections [32-34].

Cryotherapy: Cryotherapy is not a new treatment for cuta-
neous leishmaniasis. In a study in 1892, cryotherapy using CO2 
in 85 patients improved 100% without any scarring. It was later 
found that liquid nitrogen had similar effects. For cryotherapy, 
cotton swabs should be prepared according to the size of the le-
sions before treatment, and the therapist must wear gloves and 
glass to protect himself; then pour enough liquid nitrogen into a 
disposable glass and hold a cotton swab for a few seconds until 
completely soaked. Then, swap quickly on the lesion and press 
for 15 seconds until the lesion turns white. This should be done 
on the entire surface of the lesion up to a millimeter of healthy 
skin around it to whiten the entire lesion. This method is supe-
rior to cryospray. In the cryospray method, with the help of a 
spray device, liquid nitrogen is sprayed on the lesion from a dis-
tance of 1 to 2 cm, so that, like the previous method, the entire 
lesion is whitened with a margin of 2 mm from the surrounding 
healthy skin for 10 seconds. This method is more effective on 
primary papular lesions and has little effect on inflammatory 
and wound lesions, and in addition, the presence of specialized 
staff is essential in this case [35].

laser therapy: The first report of laser treatment of cutane-
ous leishmaniasis was published in Russia in 1970. Although the 
use of destructive lasers, especially CO2 and non-destructive 
lasers such as erbium glass, in the treatment of leishmaniasis 
scars has been relatively successful, the CO2 laser has been used 
many times for topical treatment of leishmaniasis and rarely 
causes complications in patients.

CO2 laser kills tissues and thermophilia (thermolysis) kills 
macrophages and parasites. Various reports have been pub-
lished on the effectiveness of this method. For the treatment 
of dry cutaneous leishmaniasis, CO2 laser has shown higher ef-
ficiency and faster healing rate in just one treatment session 
compared to the combined method of cryotherapy with intral-
esional injection of glucantime [36].

Photodynamic therapy: Elimination of amastigote and pro-
mastigote forms of Leishmania parasite with the help of light 
is a new technique for the treatment of cutaneous leishmani-
asis. Use of photosensitizers such as aluminum phthalocyanine 
chloride Aluminum phthalocyanine chloride (can make photo-
dynamic therapy more effective. It seems that the high adsorp-
tion of the negatively charged parasite membrane and the high 
amount of single oxygen along with the immunomodulatory 

effects can be the main factors in increasing the effectiveness 
of photodynamic therapy in the presence of photosensitizing 
drugs [36].

Topical chemical treatments for cutaneous leishmaniasis: 
The most important topical treatments used in this disease are:

Interferon-gamma: Interferon-gamma injections have been 
used to treat leprosy, some cancers, AIDS, and Granulomatous 
Chronic Disease (CGD). In laboratory studies, the use of this 
compound has been shown to increase the lethal capacity of 
the leishmaniasis parasite in human monocytes in vitro. Compli-
cations of interferon include injection site pain, which is mostly 
mild, and headache has been reported [36].

Metronidazole: Intralesional metronidazole was the first line 
of treatment for trichomoniasis and was later used for ambiosis 
and giardiasis.

Intralesional injection of 5-valent antimony: This method of 
treatment has been proposed by the World Health Organiza-
tion. In this procedure, 1-3 ml of glucantime is injected around 
the wound 2-3 times a week, depending on the extent of the 
lesion. The drug should be injected into the dermis so that the 
area around the lesion is completely white. The drug should be 
applied in different directions to the wound margin with a fine 
needle number 27 or 85 at an angle (at a 45-degree angle) so 
that the tip of the needle is up and The center of the lesion is 
intact, at the border of the healthy west and at the beginning 
of induration at the periphery of the lesion. It is injected into 
the upper-middle area of ​​the lesion dermis. “The effectiveness 
of this treatment depends on the therapist’s technical skill, and 
one of the main causes of treatment failure is incomplete in-
filtration of the lesion during injection. Therefore, the Dermo-
jet device, which is an efficient and safe method, can be used 
to inject these drugs into the lesion. Symptoms improve after 
3-4 injections, but treatment may be continued for 7-10 weeks, 
which firstly “shortens the course of the disease and secondly” 
reduces the leishmaniasis in the lesion. This method can be 
used to treat non-injured nodular lesions. It is difficult to inject 
medicine with this method in children, as well as injections in 
the nose and eyelids. The first complication of topical treatment 
with pentavalent derivatives of antimony is that direct injection 
of these drugs into the lesion and its infiltration leads to severe 
pain and can even lead to vasovagal shock. Infusion pain and 
itching, itching and inflammation, other complications of injec-
tion treatment. They are inside the lesion. In 15% of cases, local 
tenderness is seen at the injection site and significant edema 
and erythema develop at the site. In this case it is recommend-
ed to stop the injection [37].

Topical paromomycin ointment: Paromomycin, or aminoci-
din, is a broad-spectrum aminoglycoside derivative (AML) that 
has no antiparasitic effects on other aminoglycosides. Paramo-
mycin inhibits protein synthesis by binding to 16S rRNA in Ke-
nya in 1990 against visceral type and in 1996 in the treatment 
of cutaneous type. The required dose of the drug for topical 
treatment varies between two to three times a day for 10 to 
30 days. Although topical paromomycin may be effective in the 
treatment of ulcerative lesions caused by L. Major, its topical 
forms have shown different therapeutic results in terms of im-
provement in cutaneous leishmaniasis. There was a position. 
The use of an ointment containing 15% paramomycin sulfate 
in 12% methyl benzotonium chloride dissolved in white Vase-
line based on the treatment of skin lesions caused by Leishma-
nia infantum, Leishmania mexicanana, Leishmania enriettii (L. 
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Enriettii) and to a lesser extent is effective against Leishmania. 
However, it is recommended to use topical parmomycin as an 
acceptable alternative treatment in cases where glucantime 
cannot be used. In another study, paramomycin ointment and 
metronidazole cream were used [37]. Recently, 15% paramo-
mycin ointment and 0.5% gentamicin ointment have been 
shown to be effective in treating the skin form caused by Leish-
mania major [38]. Researchers also believe that topical appli-
cation of the liposomal form of paromomycin, which has been 
tested experimentally in vivo It can promise effective treatment 
for cutaneous leishmaniasis [36]. Side effects and side effects 
of paromomycin treatment have been reported to be mild and 
tolerable in all studies, and have been most common in most 
studies of erythema and redness. Adverse effects of this drug 
in studies include: inflammation, itching, burning, edema, dis-
charge and local pain, which has a very low prevalence and is 
mild and tolerable. Miconazole ointment: It is a group of imid-
azole compounds that has recently been used in the treatment 
of cutaneous leishmaniasis, 2% cream of this drug has been 
used twice a day for two weeks in the treatment of cutaneous 
leishmaniasis, which has had good results [39]. Chlorpromazine 
ointment: This drug has been used in the treatment of diffuse 
leishmaniasis. The only possible complication of this method is 
photosensitivity, which can also be prevented by closing the le-
sion [40]. 

Quinacrine Solution (Atebrin): Infiltrates around the wound 
as a 5-10% solution. This is done every 3 to 5 days with a total 
of three injections [41].

Imiquimod: It is one of the regulatory factors of the immune 
system. It is a potent inducer of cytokines, INF_ɣ and TNF. It 
also kills the leishmaniasis parasite by activating macrophages 
and releasing nitric oxide. 5% ointment under the brand name 
Aldaras®, which is also used in the treatment of genital warts, 
has been used daily for 20 days on skin leishmaniasis lesions, 
but due to its high cost, it cannot be used in poor countries [37]. 
A randomized controlled clinical trial conducted for New World 
leishmaniasis found that in all patients treated with Imiqui-
mod alone, the disease recurred after discontinuation of the 
disease, but in all patients combined with Imiquimod topical 5 
Percentage and systemic glucantime were treated, the disease 
was completely cured. However, reports on the performance of 
this drug do not seem to be sufficient to reach a comprehen-
sive conclusion and further studies are needed. Injection of in-
tramuscular injection of leukemia [42] Berberine acid sulphate 
alkaloid: Concentration of 1.8000 This alkaloid kills Leishmania 
parasite [43].

Systematic treatments in cutaneous leishmaniasis

Antimony salts (antimonials): pentavalent compounds of 
antimony, glucantime (meglumine antimonate), pentostam (so-
dium acetylgluconate), methylgluclemine antimonate, fuadine 
and tartaramatic, etc. are among the best drugs for us so far. 
Have been identified and used. Two important drugs in this cat-
egory include:

Glucantime: It is one of the 5 valence compounds of antimo-
ny and is the most common drug used today in the treatment 
of cutaneous and even visceral leishmaniasis. The pentavalent 
antimony salt (Sb) v in these drugs has a more lethal effect on 
amastigotes compared to the sugar part of these drugs, but 
the mechanism of this effect and its biochemical activity are 
not fully understood [44]. Pentavalent antimony compounds. 
They should be reduced to a trivalent form to have a toxic effect 

against the parasite. Glucantime is in the form of 5 ml ampoules 
containing 1.5 g of the active substance (methylglucamine an-
timony). 4 to 3 mg/kg body weight) daily or every other day 
for 10 to 15 doses, in which case the treatment program can 
be repeated after a break of two to four weeks. In the form of 
leishmaniasis tuberculosis, a mixture Glucantime and cortico-
steroids (5 to 15 mg prednisolone acetate) are used as topical 
injections. The total frequency of these drugs is 10 to 15 injec-
tions, which are given once or twice a week. Prednisolone ac-
etate may cause atrophy. When taking Glucantime, care should 
be taken that the drug is fresh and that its original color is z 
The trace of amber is not lost or discolored [37,45,46]. In the 
human body, antimony compounds are reduced to a trivalent 
form that inactivates enzymes with the sulfhydryl group pres-
ent in the parasite. In vitro studies have shown that exposure to 
L. tropica promastigotes by trivalent antimony reduces glucose 
uptake into the Krebs cycle, leading to the accumulation of gly-
colysis by-products and some end products that may prevent 
the activity of enzymes in the krebs cycle, therefore, it seems 
that antimony salts prevent the first stages of glycolysis and in-
terrupt the activity of some enzymes in the Krebs cycle, which 
ultimately reduces energy production by the parasite (Also, the 
use of pentostam on mouse macrophages infected with Leish-
mania tropica parasite has been shown to have an effect on the 
mitochondrial membrane of the cell and prevent the proper 
functioning of the macrophage cell membrane by affecting 
macrophages infected with the parasite [47].

Side effects reported so far include allergies, localized muscle 
aches, and changes in the electrocardiogram. This drug should 
be avoided in people with myocarditis, nephritis and hepatitis 
[46,48]. Of course, at present, this drug is widely used in our 
country. According to some reports, after taking this drug, the 
recovery was up to 94% in patients [49]. Generally, people who 
suffer from chronic forms of ulcers that do not respond to treat-
ment, as well as patients with visceral leishmaniasis, respond 
less to this drug and it is better to use it in combination with 
other drugs to get better results. Pentostam: It is one of the 
compounds that is more common in American countries. The 
drug is in the form of a white powder containing 36% of pen-
tavalent antimony, which is completely soluble in water and 
stable in the dark, but decomposes due to light and loses its 
effect. The drug is in solution, inside the ampoule, and Each 
ampoule contains 190 mg, which is less toxic than other pen-
tavalent substances recently used to treat leishmaniasis [50]. 
The mechanism of action of pentostam on Leishmania tropica 
is not exactly known, and in visceral form it appears to have a 
direct toxic effect on macrophages that carry the parasite [47]. 
Recently, when liposome beads have been used to deliver drugs 
to different parts of the body, liposome attachment to antimy-
cotic drugs has been used in the treatment of leishmaniasis. Is 
alon [37]. Dosage and method of injection: The maximum dose 
is 600 mg daily for 10 days as an intramuscular injection. The 
manufacturer also recommends a dose of 17-28 mg per kilo-
gram of body weight daily for 10 days and, if necessary, repeat 
it after a rest period of 15 days [47]. Although the drug can be 
administered intramuscularly, it may be locally painful and the 
intravenous route is preferred when the volume to be injected 
is large. Intravenous thrombosis has been reported during in-
travenous injection of pentostam, which may be reduced by 
more precise intramuscular injection. There have been reports 
of bursitis following intravenous injection of pentostam at 17 
mg/kg [50]. If the skin lesion due to leishmaniasis is small, it 
can be used as a topical injection. Some believe that the use 
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of pentostam in higher doses and for a longer time or with or 
without allopurinol or cold therapy may be effective in treating 
lupus type leishmaniasis. It is given in successive doses: 20 days 
for cutaneous leishmaniasis, 28 days for visceral and mucosal 
leishmaniasis, and in cases of recurrence the same dose should 
be repeated twice as long as the previous treatment [50]. Side 
effects of the drug: Although at first there are few side effects, 
but the likelihood of side effects increases with the accumula-
tion of doses. The most common effects are gastrointestinal 
symptoms, fever, rash, hemolytic anemia. Liver, kidney and 
heart damage are rare [51].

Glucantime treatment failure: Although there are no epide-
miological studies on the susceptibility of strains of the para-
site, failure to treat leishmaniasis, especially L. infantum, is very 
common. For example, in a report from Spain, more than 50% 
of patients had the first failed treatment. The causes of treat-
ment failure are: 3- Host safety response 2- Differences in the 
activity of the compound or drug used 2- There is a difference 
in the susceptibility of the parasite strains [52]. Tartarmatic: In 
1995, the Brazilian scientist Gaspar Vienna determined the po-
tential value of the drug against leishmaniasis, and despite its 
toxicity, tartarmetic was considered the standard drug for the 
treatment of all forms of leishmaniasis. Tartaramethic has also 
been widely used in the treatment of Leishmania infantum in-
fections and Leishmania tropica wounds [53,54]. Stibofen: The 
pronounced toxicity of tartaramethics led to research into low-
risk derivatives, and acetaminophen, a trivalent antimony, was 
widely used until the advent of pentavalent compounds, and its 
greater effectiveness in the treatment of cutaneous leishmani-
asis than visceral leishmaniasis was determined. However, its 
side effects are major forms and are currently rarely used de-
spite pentavalent antimonial [54,55]. Neostasis: It is a derivative 
of estibanilic acid and is relatively non-toxic and has been used 
in the treatment of leukemia and visceral leishmaniasis caused 
by Leishmania infantum [56]. Fouadin: It is one of the trivalent 
compounds of antimony, which is less used today due to its high 
toxicity. This drug is used in the form of a 5 ml ampoule contain-
ing 8.5 mg of active ingredient in 1.1 ml. This compound is also 
used in the treatment of trypanosomiasis. It has been reported 
that regular use of this drug in the amount of 8-10 injections in 
the treatment of leishmaniasis has not had satisfactory results 
in more than 40% of cases [53].

Miltefosine or (hexadecylphosphocholine): It is an anti-can-
cer drug that was introduced in 1980 and was discarded very 
quickly due to its high toxicity to blood cells. It was tested in 
1992 as an anti-leishmaniasis drug and had excellent results. 
Then it was prescribed in the amount of 50-100 mg/body 
weight/day for 28 days for the treatment of cutaneous leish-
maniasis. Despite side effects such as gastrointestinal problems, 
increased transaminases and creatinine, spelling problems, and 
eventually miscarriage, the drug was well tolerated by the pa-
tient. This drug was tested as a 6% topical ointment in Iran and 
showed 90% improvement in cutaneous leishmaniasis caused 
by Leishmania major [37]. Aromatic diamides These drugs are 
derivatives of benzoic acid and their use shows different results 
in success in the treatment of leishmaniasis. Pentamidine iso-
thionate: Pentamidine is an aromatic diamidine prepared in the 
form of isothionate and methane sulfonate salts and is used as 
a second-line drug in the treatment of leishmaniasis. Also, dif-
fuse ethiopic skin leishmaniasis responds better to pentamidine 
[53]. It is given as an injection because it is not well absorbed 
from the gastrointestinal tract. It rapidly leaves the blood-
stream and binds with high affinity to fetuses, especially the 

liver, spleen, and kidneys. The mechanism of action of pentami-
dine and its antiparasitic function are not well understood. In 
vitro studies show The drug may interfere with the production 
of DNA, RNA, phospholipids, and proteins, causing its effect on 
kinetoplast DNA to be broken down, two important compounds 
of which are pentamidine isothionate and pentamidine dimeth-
ane sulfate. For sodium acetylgluconate in the treatment of sev-
eral forms of leishmaniasis [37]. Acetylpamidine isothionate: 
The use of this drug as the last resort treatment for antimony-
resistant harassment products. Other drugs: In the treatment of 
cutaneous leishmaniasis, drugs such as anti-malarial drugs, an-
tibiotics, some imidazole compounds and purinol compounds 
are used when necessary. Antimalarial drugs: Chloroquine: 600 
mg daily for 2 days and then 300 mg daily for 2-3 weeks [49]. 
Quinacrine (Atabrine): 91% improvement was shown by con-
suming 10% quinacrine solution in a group of 206 people. Ka-
mular (cyclooganyl pamoate): In a study of 30 patients treated 
for cutaneous leishmaniasis, the cure rate was up to 77%. The 
dose of the drug, depending on the age of the patient, is be-
tween 1.2-2 ml as a single injection. The following antibiotics 
have been used to treat leishmaniasis of the skin and have had 
promising results.

Monamycin: This drug is second only to antimony in effec-
tive cases. It is structurally similar to paramomycin and has 
been particularly effective in wet skin leishmaniasis. It is admin-
istered at a dose of 500 units per kilogram of body weight three 
times a day for three weeks and intramuscularly. The results 
were satisfactory. Side effects of this drug appear as autotoxic-
ity and nephrotoxicity [53]. Tetracycline: orally at a dose of one 
gram per day for three weeks, which helps control secondary 
infections and heal the lesion. Rifampicin: A class of antibiot-
ics that affect the parasitic kinetoplast RNA of the parasite and 
cause the parasite to die. Although this drug is better known 
as an anti-tuberculosis drug, it is an effective and low-compli-
cation drug for the treatment of cutaneous leishmaniasis on 
fresh Leishmania major wounds and old Leishmania tropica 
wounds. The therapeutic effect of rifampicin depends on the 
type of leishmaniasis parasite. Side effects include renal failure, 
hepatitis, and impaired blood coagulation [57]. Amphotericin B: 
It is a type of macronutrient, the first of which is the effective 
antifungal drug B amphotericin, which is still widely used. This 
drug has the effect of inhibiting the growth and development 
of fungi in normal concentrations. By binding to cell membrane 
sterols, the drug alters cell membrane permeability and leaks 
some intracellular contents. It has common side effects such as 
headache, chills, fever, hypotension, slow breathing, lethargy, 
pain, weight loss, nausea and anorexia, and sometimes aller-
gies to the drug that can interfere with its use. Show. Recently, 
the use of this drug against leishmaniasis has shown acceptable 
effects and is used as the second drug of choice in the treat-
ment of antimony-resistant leishmaniasis. The mechanism of its 
antiparasitic effect is related to the action of voltage-dependent 
channel formation in The liposomal form of this drug is almost 
100% effective in treating skin lesions. Amphotericin B is inject-
ed slowly intravenously over 6 hours every day or every other 
day. The initial dose is increased from 0.25 to 0.5 and then to 
1 mg per kg of body weight daily and continues until the total 
dose is approximately 30 mg / kg body weight. Patients should 
be closely monitored in the hospital as side effects of the drug 
may be severe. Less common side effects of the drug include 
thrombophlebitis, vomiting and severe nephrotoxicity in addi-
tion to the common side effects and show that unfortunately 
the drug is very toxic and Arrives
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Dapsone (Diaminophenyl Sulfonone) (DDS) is a drug from 
the group of sulfonates used in the treatment of leprosy. It is 
used to treat cutaneous leishmaniasis at a dose of 21 mg/kg 
body weight for about three weeks [58].

Emtin: Intra lesion injection has been used in the treatment 
of cutaneous leishmaniasis, but today this drug is not used in 
the treatment of leishmaniasis due to its high toxicity and the 
presence of other drugs [58]. Allopurinol: The mechanism of ac-
tion of this drug by acting on parasite enzymes inhibits the ac-
tivity of adenyl succinate synthetase and adenine phosphoribo-
syl transferase and ultimately causes the death of the parasite. 
Because allopurinol is an extremely weak substrate for mam-
malian hypoxanthine, guanine phosphoribosyl transferase, it 
has selective anti-leishmaniasis effects in vitro and is specifi-
cally non-toxic to the mammalian host. After being used as the 
purine substrate for the parasite phosphoribosyl transferase, it 
is converted to allopurinol ribotide, which accumulates in the 
parasite and is amino, converted to triphosphate, and eventu-
ally inserted into RNA. This abnormal RNA apparently does not 
contribute to the growth of the parasite. Allopurinol also ex-
acerbates the anti-leishmanic effects of sodium stibucluconate 
[37,59]. Berberine Chloride: There is little information on the 
use of this plant alkaloid derivative. However, several successes 
have been reported after injection of the drug in and around 
Leishmania tropica lesions [60]. Azoles: and their mecha-
nism of action: Azoles act by inhibiting the enzyme lanosterol 
14-α-dimethylase dependent on cytochrome 450-P (P-450DM). 
These enzymes catalyze various biological reactions. In this way, 
these enzymes bind to oxygen and in stages, by breaking its 
double bond, introduce an oxygen atom into the inactive C-H 
bond. Some enzymes of the 450-P subgroup (especially aroma-
tase and lanosterol 14-α-demethylase) can catalyze a series of 
reactions that result in the breakdown of the C-C bond by hy-
droxylation and oxygenation. P450-DM catalyzes the first step 
in the conversion of lanosterol to cholesterol (mammals) or 
ergosterol (fungi) and parasites by removing the 14-α-methyl 
lanosterol group and converting it to unsaturated sterol 15-14. 
Cholesterol and ergosterol are essential components of the cell 
wall of mammals and fungi, respectively. Figure 1 shows this 
process and the steps of ergosterol biosynthesis.

Demylation reactions at C-14 of sterol nucleus has three 
stages, the most important of which is the inhibition of demeth-
ylation at C-14 as a result of the binding of heterocyclic nitrogen 
of the azoles to the protohem iron atom, which prevents oxy-
gen activity. Non-heterocyclic moieties of anti-parasitic and an-
tifungal compounds bind to cytochrome 450-P lipophilic sites. 
The different inhibition of cytochrome 450-P enzyme between 
fungi and parasites of pathogens and humans is the main rea-
son for the clinical use of antifungal azoles and also due to the 
differentiation of the inhibitory effect of azoles on fungal and 
plant enzymes, they can be used as antifungals [61-63].

Types of azoles Azoles are divided into two groups based on 
their structure: imidazole and triazole derivatives. 1- Imidaz-
oles: Imidazoles, or azoles, are relatively new drugs that have 
been around for almost four decades and are now widely used. 
They are mainly used to treat fungal infections and their use in 
the treatment of leishmaniasis is limited. The first azole drugs 
included imidazoles, of which chlorobenzyl imidazole was the 
first azole to be used as a 5% topical cream and was effective 
against many gram-positive fungi and bacteria. Also in 1969, 
with the introduction of three combinations of clotrimazole, 
miconazole and econazole, the importance of antifungal imid-
azoles became apparent, and finally, with the introduction of 
ketoconazole (the only oral drug in the group of imidazoles), it 
developed significantly [64]. Drugs such as Oxyconazole, Thio-
conazole, Sulconazole, Butoconazole, etc. are also among the 
imidazoles. The effectiveness of these drugs on Leishmania pro-
mastigotes has been proven in laboratory studies. Some azoles 
have been used systematically in the treatment of leprosy in 
the Old World and have had successful results. However, the 
topical use of these compounds in the treatment of leishmani-
asis is not yet widespread and few studies have been done in 
this regard. Ketoconazole: This drug and other non-toxic imid-
azole compounds that inhibit synthase ergosterol are effective 
against Leishmania tropica amastigotes in human macrophages 
in vitro, but have severe hepatotoxicity effects. Ketoconazole is 
an imidazole [8]. Due to the appropriate antifungal response, 
some azoles such as Miconazole, Ketoconazole, Econazole and 
Clotrimazole appear to be effective on a wide range of infec-
tious agents. As mentioned earlier, the antifungal analogue im-
idazole Clotrimazole has an inhibitory effect on the growth of 
Leishmania parasite. This compound has better effects when 
combined with metal ions [64]. In vitro studies on Leishmania 
major parasite in the form of pro-mastigot and amastigote have 
been very effective. Other analogues, namely miconazole and 
econazole, along with a number of synthetic azoles on Leish-
mania donovani parasite have been studied in vitro and their 
good effect has been observed in intracellular amastigotes, 
which caused 100-94 % of the parasite eradication. For ex-
ample, two compounds in this category of synthetic azole in 
hamsters reduce parasitism by 52-60 % and indicate their po-
tentially beneficial effect on the parasite [65]. Levamisole: This 
drug improves with two mechanisms. In the first mechanism, 
it destroys it by acting on intracellular metabolism, and in the 
second mechanism, it strengthens the immune system by act-
ing on T lymphocytes [66-69]. Metronidazole: This drug is used 
to treat protozoa such as Giardia and Entamoeba histolytica. In 
the treatment of cutaneous leishmaniasis, and especially in the 
treatment of cutaneous leishmaniasis with Mexican leishmani-
asis, a 78% improvement has been reported. It seems that tak-
ing this drug is effective in accelerating healing in the late period 
of the wound [37].

2- Tri azoles in the structure of azoles, due to the replace-
Figure 1: Ergosterol biosynthesis steps.
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ment of imidazole ring with triazole, major changes were made 
and also the presence of tri azole ring led to improved solubil-
ity, increased polarity and reduced binding to plasma proteins. 
Replacing the imidazole ring with a triazole due to the lower 
nucleophilic properties of the triazole ring, this increases the 
drug’s resistance to metabolism, and ultimately the triazole ring 
increases the specificity and affinity of these drugs for the enzy-
matic systems of parasites and fungi and increases its potency 
[8,65]. The first triazole to be used topically to treat vaginal can-
didiasis and dermatomycosis was turconazole. Fluconazole, Vori-
conazole, Itraconazole and Terconazole are among the triazole 
drugs that have a special place in treatment [65]. The effective-
ness of the combined use of azoles and anti-leishmaniasis drugs 
and their effect on the pharmacokinetics and pharmacodynam-
ics of these drugs have been investigated, which in some cases 
has a significant increase in half-life and plasma concentration 
compared to antimonials. Azoles also affect some parasitic pro-
tozoa such as Toxoplasma, Giardia, Naegleria, Trypanosoma and 
inhibit the growth of the parasite [70,71]. The anti-leishmania-
sis effect of this group of compounds in very low concentrations 
confirms their suitable effectiveness in this field and introduces 
them as low-harmful compounds. Azole antifungals selectively 
inhibit cytochrome 450-P (P-450DM) -dependent lanosterol 
14-α-demethylase enzyme and bind N3 or N4 nitrogen atoms 
(in the N3 atom region on the imidazole ring and in the N4 atom 
region on the triazole ring, respectively). They also act on the 
enzyme CYP51 with ring iron [65].

Pharmacophoric structure of azoles the structure of N-
phenethyl azole is the main pharmacophore for azole antifun-
gal compounds whose phenyl ring is attached to the nitrogen 
of the azole ring by an ethyl chain. Having a weak imidazole or 
1,2,4-triazole ring is one of the most important structural re-
quirements for antifungal azoles that bind to the rest of the 
molecule structure through nitrogen [73]. After the discovery 
of the first imidazole compounds, many studies were conducted 
on the Structure-Activity (SAR) relationship of antifungal azoles, 
which led to the achievement of compounds with more effec-
tive biological or pharmacological properties. Figure 10-1 shows 
an overview of the structural changes of azoles in which the 
pharmacophore consists of the following sections: a. (4) 3-N 
azole ring B. A phenyl ring centroid attached to the azole ring 
nitrogen by a carbon bridge. In the 2-C ethyl chain, there are 
often substituents such as the ether group (miconazole and 
econazole) or the 1,3-spiro dioxalane ring (ketoconazole and 
itraconazole) or the oxime group (oxiconazole) or the methyl 
triazolyl and hydroxyol groups (hydroxy) has.

Compounds with higher potencies often have fluorine or 
chlorine substitution at 2,4 positions in the phenyl ring attached 
to the 2-C ethyl chain, and this non-polar structure can produce 
high lipophilicity in the compound [73].
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Figure 2: The process of binding nitrogen atoms of azoles.

In the past few years, in order to achieve new azole com-
pounds, several studies have been conducted in the Faculty of 
Pharmacy of Mazandaran University of Medical Sciences by Dr. 
Emami and his colleagues. An interesting group of these com-
pounds that have been designed and synthesized are deriva-
tives of azole flavanone. The pharmacophore required for its 
antiparasitic and antifungal effect is the skeleton of phenethyl 
azole, which has these compounds on both sides, while their 
structure is rigid. The study of antifungal effects of these com-
pounds has proven their effectiveness in comparison with fluco-
nazole on different fungi [72,73]. The general formula of these 
compounds with imidazole substitution is as follows, and the 
difference between these categories of derivatives is related to 
the substitution of different functional groups (X, R).

Figure 3: SAR studies of antifungal azoles.

Figure 4: Structure of more azolyl flavanone compounds.
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Other treatments for leishmaniasis Transfer factors: The re-
sults show that if factor transfer is obtained from people who 
have recently had “leishmaniasis and recovered”, it has a bet-
ter therapeutic effect. They are used in blood banks that are 
injected into the skin and around the lesion after dissolving the 
extract in one milliliter of normal saline. Because it is expensive, 
it is used in special cases such as immunosuppressed patients 
[74]. Immunotherapy: This method has received a lot of atten-
tion due to factors such as the high cost of 3 and 5 valent anti-
mony drugs, high side effects and drug resistance [37]. In immu-
notherapy with the use of immune system boosters, the period 
of Leishmania infection can be altered by non-specific activa-
tion of macrophages. In this method, two general programs 
are followed: one is the stimulation of specific and non-specific 
immune responses using antigens mixed with b. (As a helper 
and modulator) and the use of cytokines derived from Th1 lym-
phocyte cells, especially interferon-gamma, TNF-α and IL-12 
[37]. Creating resistance to disease: Protecting healthy people 
from infection has not yet become practical. Older methods in-
clude leishmaniasis, in which a new culture is inoculated from 
the leishmaniasis parasite at a fixed stage in a covered area of ​​
the body. At the site of inoculation, the scar remains, so there 
is no longer a risk of spreading a part of the face or nose or 
ears. This program should be considered a successful program 
in spite of the side effects that in some cases cause large and 
long wounds. Permanent immunity against re-infection after re-
covery, prevention by leishmaniasis and various other reasons 
encourage researchers to find an effective vaccine has fought 
against this disease. Currently, there are two categories of vac-
cines designed against leishmaniasis: the first group consists of 
the whole body of the Leishmania parasite or part of it, most 
of which are vaccines, and the second group has no direct rela-
tionship with the Leishmania parasite. Of this group, only sand 
fly saliva has been evaluated as an immunogen in the animal 
model. It should be noted that despite many efforts in the field 
of leishmaniasis vaccine in Iran and the world, but so far the 
ideal vaccine for this disease has not entered the market, but 
according to the available evidence and information, it is not 
impossible to prepare such a vaccine. And we will see such 
progress in the near future [75,76].

Method of sampling lesions suspected of leishmaniasis and 
smear preparation and parasitological examination in humans: 
Inflamed and swollen sides of the skin lesion are the most 
important part with the highest density of amastigotes. The 
important point is that the more samples are taken from the 
tissue, the more likely the parasite is in the sample (Figure 1). 
Because skin lesions may be secondary to bacterial or fungal 
infections, it is necessary to thoroughly clean the area of ​​the 
lesion from which the sample is intended to be taken and, if 
necessary, change the cotton swab several times. Sampling and 
staining is done as follows: 1. Wear gloves every time sampling 
2- Harvesting cobras on the lesion and any pus on it 3- Selecting 
a suitable place for sampling, including the outer edge of the 
swollen and inflamed part of the lesion, and avoiding sampling 
from open and injured areas of the lesion. 4. Using ethanol 70 to 
sterilize and wash the lesion, wait until the alcohol dries before 
sampling. The use of substances such as mercurocorum at the 
site of the lesion should be avoided as it may cause the death of 
amastigotes or their deformation. If iodinated compounds are 
used to disinfect the lesion, the lesion should be cleaned with 
an alcohol swab before sampling. 6. The site of the lesion to be 
sampled should be held firmly with two thumbs and forefinger. 
7- Using a sterile vaccine and a sterile scalpel of the tip of the 

load, make a gap of 1 mm in the area taken with the fingers. 8- 
With the sharp edge of a scalpel or vaccinosteel, a few scratches 
should be given from the depth of the split site to the surface 
and center of the lesion to remove the appropriate amount of 
tissue and blood. 9- Remove the scalpel and prepare at least 3 
smears from the materials on it and engrave the patient’s speci-
fications with a diamond pen on the lambs (if culture is needed, 
transfer the sample to the culture medium next to the flame).

How to paint with Giemsa: Giemsa paint is sold as a concen-
trated commercial solution. This product can be completely dif-
ferent, so each sample should be tested before use. Normally, 
if the staining of white and red blood cells is sufficient, it can 
be assumed that the dye is suitable for the parasite. The paint-
ing method is as follows: 1- Allow the samples to dry without 
using a flame and in room air. 2- Then pour on 70% methanol 
on slide for 30 - 60 seconds. 3- Dry the slide in air. 4- Depend-
ing on the type of Giemsa, dilute it in a ratio of 1: 30 to 1 to 50 
with water with a pH set of 7.2. 5- Place the slide on the paint 
bridge and pour the prepared Giemsa solution on it for 30 to 
50 minutes or immerse it in it for the same time. 6-Slides are 
immersed in water with a set pH of 7.2 for a short time and is 
quickly removed and dried in the presence of air. 7- Using ocu-
lar lens 10 and object lens 10, 40 and then 100 and immersion 
oil and without using a lamellar is studied under a microscope. 
Positive diagnosis includes seeing Leishmania parasite clearly. 
In each slide, until the Leishman body is observed, at least 30 
suitable fields are examined and seen. If the sample is negative, 
the second or third slide is examined. If you see a lot of red 
blood cells and you do not see macrophage cells and you do not 
see Leishman’s body, this sample is not suitable for evaluation 
and the sampling place is pressed with cotton and alcohol to 
clean the blood and the new sample is free of blood from this or 
another area. Sampling must be prepared again [77]. Methods 
of culturing parasites in vitro Leishmania parasites need spe-
cial substances and minerals to grow and multiply naturally in 
mammals. In order for Leishmania to grow and multiply in the 
laboratory, it is necessary to provide the required materials by 
parasite-specific culture media. In this chapter, we examine the 
parasite culture media.

Types of leishmania culture media

Leishmania culture media environments include two-phase 
and single-phase environments, which we examine the compo-
nents and how to build them.

NNN Novy-Mac Neal-Nicolle medium (the most well-known 
two-phase culture medium for the parasite, abbreviated to 3N 
medium) consists of a solid phase containing blood and a liquid 
phase which can be RPMI-1640 liquid medium, physiological se-
rum and to prepare the solid phase, mix 1.4 g of agar with 0.6 g 
of NaCl and 90 ml of distilled water in an Erlenmeyer flask and 
put it on heat and stir regularly until the melting agar is uniform 
and clear, then close the Erlenmeyer flask and autoclave for 15 
minutes at 121⁰C and 15 Ib / in2 pressure. After autoclaving, 
set the Ben Marie at 50⁰C and Place the Erlenmeyer agar to 
cool to 50⁰C, then aseptically prepare the rabbit defibrillation 
blood, add 15% of the final concentration to the agar and stir 
until blood Spread evenly in the medium, add 100 g of Iu/ml 
penicillin and 100 g/ml of streptomycin to the medium and stir, 
then add the blood-containing medium to a volume of 1.3 ml in 
the end tubes. Pour the icing and place on a ramp to harden the 
agar, then place them upright in the refrigerator. The prepared 
medium can be used for up to 4 weeks and is ready for patient 
sample transfer. To check the non-contamination of the culture 
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Figure 5: Two-phase environment 3N.
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medium, incubate a number of tubes for 24 hours at 37⁰C (Fig-
ure 2.1).

Biopsy specimens of lesions, peripheral blood, bone mar-
row, or specimens prepared from the margins of the lesions 
and even aspirated material from the skin lesion bed can be cul-
tured in this suitable medium. The samples enter the food agar 
to a depth of 2 mm from the lowest slope. After transferring the 
samples, the medium is kept in an incubator at a temperature 
of 22 to 25⁰C. The parasites accumulate and grow in the liquid 
phase at the bottom of the sloping part of the environment. The 
tubes are examined once a week for a month and are consid-
ered negative if no parasites are observed under phase contrast 
microscopy. But if the parasite is rare, it needs more time to 
grow. In case of contamination with bacteria or fungi, the para-
site is not able to grow in the environment.

How to prepare rabbit defibrillation blood?

Blood is collected directly from the rabbit heart by observ-
ing sterile conditions and disinfecting the blood collection site. 
Transfer the prepared blood into a sterile Erlenmeyer flask con-
taining 20-30 glass beads. Shake the Erlenmeyer continuously 
to rotate the fibrin fibers from the blood to obtain defibrillated 
blood. Anticoagulants such as heparin can also be used, but due 
to the inhibitory effect of these substances, they are less used 
[77].
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