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ABSTRACT

Zoonotic cutaneous leishmaniasis caused by Leishmania major is the most common type of disease in Iran. Conventional
anticoagulants have been used in the treatment of cutaneous leishmaniasis for a long time, but drug resistance and some serious side
effects have been reported. Therefore, the discovery and development of new therapeutic candidates is needed. Peptide CM11 is one
of these peptides whose antibacterial activity has been proven. This peptide is a short cecropin-melittin hybrid peptide obtained
through a hybrid sequencing method. The aim of this study is to evaluate the anti-leishmanial activity of CM11 platelets against
amastigote forms of Leishmania major. In this research, amastigote forms of Iranian garlic L. major (MRHO/IR/75/ER) were
cultured in the presence of different molar concentrations of methylantimony (glucanthium) to find the most suitable concentration of
glucanthium in comparison with L. major amastigotes, then the anti-leishmania activity Different concentrations of CM11 peptide (8,
16, 32 and 64 uM) for 24, 48 and 72 hours were examined by DAPI staining. In addition, MTT was used to determine the cytotoxiC
effects of CM11 peptide on mouse fibroblast cells. The results showed that CM11 peptide has an antimicrobial effect against the
Iranian isolate of L. major in laboratory conditions. CM11 peptide seems to have significant potential as a new anti-leishmanial
agent.
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INTRODUCTION

Leishmaniasis is an infectious disease of humans and animals caused by different species of the genus Leishmania and transmitted
by the sting of female bees [1]. Cutaneous Leishmaniasis (CL) is one of the important health problems in tropical and subtropical
countries around the world as Iran [2]. Iran is one of the 10 countries in the world with the most cases of CL [3]. CL is clinically
seen in two types, including the rural type (wet wound) and the urban type (dry wound). Intestinal cutaneous leishmaniasis caused by
L. major is considered as Zoonotic Cutaneous Leishmaniasis (ZCL). ZCL is endemic in northeastern, southern, and central Iran, and
approximately 75.00% of CL reported in Iran have a zoonotic type [4,5]. The most common treatment is based on the use of anti-
inflammatory compounds, including methylmolar antimony (glutamine) and sodium acetobogluconate (Pentostam).®) which is
recognized as the first-line treatment in most parts of the world. However, in recent years, the effectiveness of these drugs has
decreased by 20.00 to 50.00% and the emergence of strains resistant to these drugs is one of the main problems of treatment.
Therefore, the discovery of new anti-leishmanial drugs and treatment strategies are needed Antimicrobial Peptides (AMP) are an
important component of the innate immune system and resilience of humans and animals, which have been identified in various
sources such as bacteria, 12 plants, 13 insects 13, 14 and mammals [6-9]. The effects of different peptides including scropin A and
melittin (based on insects) have been evaluated against L. donovani. In addition, the effect of peptides such as histidine-5, skin
polypeptide YY (of mammalian origin) has been reported in comparison with L. donovani and L. major. Considering the strong
antimicrobial activity of AMPs, in this study the antimicrobial activity Leishmania in vitro of a short cationic peptide (CM11) was
investigated against the amatisgote forms of L. major. This peptide is an amphiphatic hybrid peptide derived from 2-8 residues of
cropin A and 6-9 residues of malatin consisting of a very basic N-term domain of cropin A and a relatively hydrophobic C-terminal

domain of malatin [10].

MATERIALS AND METHODS

Peptide Synthesis CM11 peptide was synthesized by solid phase synthesis using standard protocols. 21 peptides were immobilized
on C18 by semi-preparative high-performance liquid chromatography. The purity of the synthesized peptide was more than 95%
[11].

Culture of Leishmania major

Iran University of Medical Sciences, Tehran, Iran. Promastigotes were cultured in RPMI 1640 Glutamax medium (Gibco, San
Francisco, USA), 10.00% fetal bovine serum (FBS, Gibco), 100 mg ml-1 streptomycin and 100 IU ml-1 penicillin (Thermo Fisher
Scientific Inc, Waltham, USA) at 25.00 £ 1.00°C. Stable growth factor from promastigote culture was used to infect RAW264.7

macrophage cells [12].

Macrophage cell culture

Macrophage cell RAW264.7 macrophage (ATCC number TIB-71) was obtained from Iran Biological Resources Center, Tehran.
Adherent macrophages were cultured in RPMI 1640 medium containing 10.00% FBS and penicillin-streptomycin at 37°C with 5.00%
CO,. Macrophages were collected with a reduction of approximately 80.00% [13-16].

Determination of the effective concentration of glucantim against L. major amastigote. Glucantim® (Rorer Rhone-Poulenc Specia,
Paris, France) was received from the Faculty of Public Health, Tehran University of Medical Sciences, Tehran. RAW264.7
macrophage cells (2 x 104 cells per cycle) were cultured in RPMI medium containing 10.00% FBS in 8-well slides (SPL Life
Sciences Co., Gyeonggi-do, Korea) and incubated at 37°C with 5.00% CO, for 6 hours, then macrophages dependent on stationary

phase promastigotes of L. major were incubated at a ratio of 10 per infected macrophage at 37°C for 18 hours. After 18 hours of
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incubation, each kilo was washed three times with cutting RPMI to isolate parasites caused by contraction. Then they were treated for
24, 48 and 72 hours with different concentrations (30.87, 61.75, 123.50 and 247.00 uM) with Glucantim® solution [15]. No drugs
were added to the control wells. Finally, the chamber slides were fixed in absolute methanol and stained with Giemsa 10.00%. The
percentage of infected macrophages was evaluated by counting the number of amastigotes per infected macrophage by examining 100
macrophages compared to control wells [16]. Effect of CM11 peptide on L. major amastigote with DAPI staining. Briefly, RAW264.7
cells (2 x 104 cells per layer) were seeded in 8-well chamber slides and incubated at 37°C with 5.00% CO, for 6 h. Then, hair major
macrophages were usually infected with a ratio of 10:1 (parasite:macrophage) and incubated for 18 hours at 37 degrees celsius, and
then after 18 hours of incubation, washing was done three times with RPMI medium. CM11 peptide solutions were used in contrast
[17-21].

RESULTS

Determining the effective concentration of Glucantim® against L. major amastigote. To find the most suitable concentration of
Glucantim® with the highest effect and the lowest cytotoxicity, different concentrations of this drug were prepared and prepared at 24,
48 and 72 hours after exposure to the in vitro test. There was no statistically significant difference between the concentrations of 30.87
and 61.75 pM mL-1 compared to the negative control after 24 and 48 hours, but after 72 hours, these Glucantim® concentrations
showed a statistically significant difference (p 0.05<). The results showed that 123.50 uM ml glucantim was the best time to inhibit
the growth of L. amastigote (Figure 1). Anti-amastigote effect of CM11 peptide. The effect of different concentrations of CM11
peptide against L. major amastigotes was investigated by DAPI staining [22]. All concentrations of CM11 peptide and Glucantim® as
a positive control statistically significantly reduced the number of amastigotes per infected macrophage compared to the negative
control (Figure 2). The IC50 of the CM11 peptide was against amestigote forms 48 hours after 48 hours. Statistical analysis showed
that the anti-Leishmania activity was dose dependent of CM11 peptide [23-26].

Amastigote count

Tame (hr)

Fig. 1: Common effective concentration with low toxicity of glucantim® against Leishmania amastigotes after in vitro tests after 24,
48 and 72 hours. The level of significance (**) is p < 0.01 and (***) p < 0.001, and the error bar indicates the standard error of the
mean Note: (IE=3) Control; (F=3) 30.87 pM; () 61.75; (EE) 123.5; (W) 247
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Fig. 2: Effect of CM11 peptide on Leishmania major amastigote after DAPI staining. Glucantime® was used as a control. The level
of significance (a) is p < 0.001. DAPI: 4°, 6-diamidine-2-phenylinol Note: (=) Control; (mm) Glucantime; (==3) 8; (&3) 16;
(=) 32; (=) 64
Cytotoxic effect of CM11 on rat fibroblasts. The results of MTT test at 24, 48 and 72 hours are shown in Figure 3. A concentration of
8 uM CMI11 peptide showed no toxicity at all-time points, while fibroblast lifespan was decreased at 16, 32, and 64 pM. Also,
Glucantime® showed a higher toxic effect than the negative control group. The results showed that CM11 reduces the stability of

fibroblasts with an IC50 value of 36.57 uM after 48 hours [27-30].
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Fig. 3: Cytotoxic activity of CM11 peptide on fibroblast cells after MTT test at 24, 48 and 72 hours. Inhibitory concentration at
50.00% (1C50) was checked using GraphPad Prism. MTT: 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide Note:
(%) 24 hr; (=) 45; (*) 72

DISCUSSION

According to the reports of the World Health Organization, leishmaniasis is one of the most important parasitic diseases, and its
treatment is a research priority. Leishmaniasis is still one of the health threats in Iran, so controlling this disease is very important
[31]. Therefore, the vaccine for this disease has been found and the challenges to develop an effective vaccine are still ongoing [32].
In this regard, the removal of reservoirs and drug treatment are the most important methods of disease control and prevention. Sodium
stibogluconate (Pentostam) and the antibiotic Meglumine (Glucantime®) have been used to treat leishmaniasis for years and are still
the first-line drugs. However, in recent years, drug-resistant Leishmania has appeared in endemic areas such as Iran [33]. Therefore, it
is necessary to investigate a new group of anti-Leishmania compounds. Based on this, various types of anti-leishmania agents such as

plant extracts, nanomaterials and antimicrobial peptides have been investigated recently [34].

One of the most attractive anti-leishmania agents is AMP, which has recently been evaluated for therapeutic strategies. It should be
noted that secondary infection by bacteria or fungi is one of the main problems in the treatment of leishmaniasis. Due to the
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antibacterial and antifungal effects of AMPs, the use of these peptides can also be effective in removing bacteria and fungal
contamination from waste. However, the size of natural AMPs and some side effects such as toxicity in eukaryotic cells at high doses
are a major problem. To overcome these problems, hybrid and short peptide analogs with more antimicrobial activity and cytotoxicity
have been designed [35]. One of these peptides is CM11, a short amphiphatic cationic peptide with antimicrobial effects against a
wide range of pathogenic bacteria. Based on this, in the present study, the effect of CM11 peptide against Leishmania amastigote type
was investigated. For this purpose, we first determined the dose of glutamine as a positive control through an in vitro test. Based on
the results, 123.50 uM mL-1 of Glucantim® was the most suitable concentration that inhibited the growth of L. major amastigote
forms in culture medium. In addition, DAPI staining microscopy and immunofluorescence showed that the concentration of 8 uM
CM11 peptide after 24 hours without toxic effect on fibroblast cells. However, the 1C50 value of the peptide after 48 hours was 9.58
puM (13.50 pg/mL) [36].

It should be noted that all concentrations of CM11 peptide and Glucantime® (123.50 uM mL-1) lead to a decrease in the number of
amastigote forms per infected macrophage compared to the negative control. Our findings showed that CM11 peptide is effective
against L. major due to metabolism. Recently, several studies have been conducted to evaluate the antiparasitic activity of different
peptides against Leishmania species. It should be noted that these studies show promastigote sensitivity to AMP more than
amastigotes; This can be attributed to the morphology of the life cycle and biochemical differences of the two stages of the
Leishmania prostate parasite and their location in the macrophage phagolysosome. Although many studies have shown the anti-
Leishmania activity of peptides or other compounds, evaluation methods. They have been different. Therefore, their performance is

unlikely to be properly compared. However, an attempt has been made to address some of these studies [37].

A study has proposed Nitroimidazolyl-1,3,4-thiadiazole as an antiparasitic agent with an IC50 value of 9.35 £ 9.67 mm against
promastigote forms of L. major without cytotoxicity in host cells. However, compared to the CM11 peptide, the effective

concentration of this compound is much higher.

Another study has shown that different concentrations of nanosilver can reduce the large production of L. large amastigotes. However,
different concentrations of nanosilver significantly reduced lesions and the number of amastigotes in Balb/c mice.22 It has previously
been shown that treatment with 0.10% nanosilver for two weeks has therapeutic potential in L. major ( MRHO/IR/75/ER) in infected

Balb/c mice, but compared to AMP such as peptide CM11, this compound is highly toxic.

In general, the nature of antimicrobial peptides varies; So; Each peptide can have different functions and effects such as antimicrobial
activity or toxicity. According to many studies, these effects are dependent on hydrophobicity, amphiphilicity, charge, stretchability,
the tendency of the peptide to form a barrel, types of target cells, and amino acid properties. On the other hand, the sensitivity to
AMPs and the difference in the viability of eukaryotic cells are also dependent on membrane lipid composition, cell membrane
hydrophobicity and cell metabolic activities. Therefore, it should be noted that the parasitic type of Leishmania will also be effective

in the anti-Leishmania effect of the CM11 peptide due to the composition and structure of the cell membrane [38].

Regarding the use of anti-leishmania drugs on the skin, the toxic effects of the peptide on mouse fibroblasts were investigated. The
MTT results showed that the CM11 peptide, after 48 hours of incubation, reduced the IC50 value to 36.50 uM (51.60 pg/ml), which is
much higher than the anti-Leishmania peptide concentration. In the study of Moghadam, it has been shown that the CM11 peptide can
lead to the death of 50.00% of some eukaryotic cells at a dose of 12.00 uM (16.00 ug mL-1) after 48 hours, while the survival of

macrophages is about 70.00 33%. Some differences in the findings can be influenced by the type of target pathogen (bacteria or
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parasite) or host cells, the research method and the presence of stimulators and inhibitors.

Also, a similar study has investigated the cytotoxic effect of BP100 peptide (an analogue of CM11 peptide). Based on the results, this
peptide had a cytotoxic effect in the concentration range of 51.00 to 63.00 uM, but its evaluation in the mouse model showed that the

peptide is non-polar for mice up to a dose of 1000 to 2000 mg per kilogram of body weight.

CONCLUSION

By comparing the studies done in this field and the current study, it can be concluded that the CM11 peptide has the potential to treat
infections without harming living cells, however, further studies on animal models are needed. This research was the first step in
determining the anti-leishmania effect of CM11 peptide as a new drug candidate. The results showed that CM11 peptide has
significant anti-leishmania activity in laboratory conditions compared to the negative control group. Also, between the 1C50 values of
CM11 peptide for amestigote forms (28.58 uM) and fibroblast cells (57.36 uM) after 48 hours was affected, and the low cytotoxic

effect of the peptide was observed in the concentration of bacterial anti-amestigote in the experiment.
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