
Introduction

o Leishmania species are intracellular parasites that survives within cells of the reticulo-endotheilal

system, macrophages, dendritic cells and neutrophil granulocytes [1]. This pathogen causes one of the

most problematic infection in the tropical areas as well as in the Mediterranean region. Visceral form of

leishmaniasis caused (among other species) by Leishmania (L.) donovani is fatal if left untreated [2].

o Leishmaniasis is treated by chemotherapy, though resistance against the chemotherapeutic agents

(e.g. Antimony (V) derivatives, amphotericin B or miltefosine) frequently occurs [3].

o Methotrexate (MTX), a folate antagonist that inhibits the folate metabolism and thymidine and

methionine synthesis of the parasite is a promising drug candidate against Leishmania [4].

o Branched polymeric polypeptides containing polylysine backbone (poly[L-Lys(Xi-DL-Alam)], XAK)

conjugated with MTX were tested as anti-parasitic compounds in the experimental model of visceral

leishmaniasis. The most effective compound against L. donovani was MTX attached to ALK

(poly[Lys(MTXj-DL-Alam-Leui)]) polypeptide. This conjugate considerably decreased the number of

parasites in infected peritoneal macrophages in vitro, as well as the parasite load in the liver of L.

donovani infected Balb/c mice [5].

Aims

Study of the effect of free MTX, free branched polypeptide carriers and their MTX conjugates,

• on the long term survival of L. donovani promastigotes and L. pifanoi amastigotes

• on the survival of intracellular L. donovani in infected bone marrow derived macrophages

Methods

Synthesis of polypeptides containing a hydrophobic amino acid or Arg [6]

Coupling the Z protected active ester form of the amino acids (Z-Arg(Pmc)-OH, Z-Arg(Z2)-OSu, Z-Leu-OPcp, Z-Ile-OSu, Z-

Nle-OPcp or Z-Val-OPcp ) to the AK (poly[Lys(DL-Alam)]) with 1.5 eq. HOBt in the presence of 1.5 eq. DIEA. The protecting

groups were cleaved by 33% HBr/acetic acid, purified (24 h dialysis against distilled water) and isolated by lyophilization.

Synthesis of MTX conjugates

The conjugation of the drug was carried out with free MTX, with BOP and HOBt coupling agents in the presence of DIEA in

DMF solvent. The mixture was stirred 2 hours at room temperature. The conjugates were purified by dialysis for 24 h against
distilled water and isolated by lyophilization (Figure 1., Table 1.)

Culturing of L. donovani/pifanoi parasites

L. donovani promastigotes were grown at 26°C in RPMI medium supplemented with 10% FCS, gentamycin or streptomycin,

penicillin, and 2 mM glutamine. L. pifanoi amastigotes were cultured in MI199 medium supplemented with 10% FCS. Cells

were harvested at late exponential phase and washed twice in Hanks balanced salt solution buffer supplemented with 10 mM

D-glucose (pH 7.2) (HBSSGlc) before each experiment.

Viability assay

Viability of L. donovani promastigotes and L. pifanoi amastigotes were measured by MTT assay. Cell were treated with the

compounds at 50 µg/ml for 4 hours in 10% HANK’s buffer and 90% RPMI-1640 medium without phenol red or in amastigote

medium and then cultured for further 72 hours. Cells were incubated with MTT solution at 27°C or 32°C (for promastigotes or

amastigotes, respectively) at c=0.5 µg/ml for 30 minutes. Formazan crystals were solubilized with 10% (w/v) SDS solution;

absorbance was detected at 595 nm.

Isolation, culturing and infection of murine bone marrow derived macrophages (BMDM)

Bone marrow cells were isolated from the femur and tibia of female Balb/c mice at 6-8 weeks of age. Cells were maintained in

10 cm bacteriological Petri dishes in RPMI 1640 medium supplemented with 10% FCS, 10 mM HEPES, 50 IU/ml penicillin and

50 g/ml streptomycin 10 ng/ml rMu M-CSF. Cells were differentiated for 10-14 days. The macrophages were harvested with

PBS (0.1M, pH 7.4) containing 10 mM EDTA and plated on 24-well tissue culture plates 24 hours prior to the experiment

Infection of macrophages were performed with L. donovani promastigotes in BMDM:parasite=1:10 ratio for 24 hours. Non-

internalized parasites were removed by 3 following washing steps. Following that, MTX was added to the wells at c=25 µg/ml;

conjugates at c=25 µg/ml MTX content and each polypeptide at the same concentration as their concentration in the

conjugates. Cells were fixed with methanol at 4°C for 5 minutes, followed by staining the nuclei with DAPI (4’,6-Diamidino-2-

phenylindole) (Sigma Aldrich). Parasite/macrophage ratio were determined by counting the nuclei in fluorescence microscope.

Statistical analysis was performed by Student’s t-test.

Figure 1. Polypeptide-MTX conjugates containing branched chain polymeric polypeptide carrier with hydrophobic amino acid or 

Arg in the side chains

Polypeptide Code
MTX-content of the 

conjugates (mol/mol %)*

Poly[Lys(Leu0.92)] LiK 17.5

Poly[Lys(Leu0.86-DL-Ala3.68)] LAK 3.8

Poly[Lys(Ile0.79-DL-Ala4.06)] IAK 2.5

Poly[Lys(Val0.82-DL-Ala3.57)] VAK 15.6

Poly[Lys(Nle0.72-DL-Ala3.24)] NleAK 6.5

Poly[Lys(Arg0.61-DL-Ala3.15)] RAK 16.3

Table 1. Chemical composition of the polypeptides and MTX conjugates containing a hydrophobic amino acid (Leu, Ile, Val, or 

Nle) or Arg in the side chains. Amino acid composition of the polypeptides was determined by amino acid analysis following to

hydrolysis in the presence of 6M HCl at 105°C, *MTX content of the conjugates was determined by UV spectroscopy at =300 nm.
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Results

Effect of MTX, branched polypeptides and MTX-conjugates on long term survival of BMDM, L.

donovani promastigotes and L. pifanoi amastigotes (Figure 2.)

•Cationic polypeptides LiK and RAK as well as all MTX conjugates decreased cell viability of BMDM after

24 hour treatment.

•Interestingly, all polypeptides reduced the viability of L. donovani promastigotes; on the other hand,

except NleAK polypeptide, none of the polypeptides influenced the survival of L. pifanoi amastigotes.

•Among the methotrexate conjugates, MTX-LiK, MTX-IAK and MTX-NleAK were effective against L.

donovani promastigotes, and MTX-LiK and MTX-NleAK elicited an anti-proliferative effect on L. pifanoi

amastigotes too.

•MTX exhibited anti-parasitic effect on L. pifanoi amastigotes.

Infection of macrophages

•Macrophages were infected with L. donovani promastigotes for 24 hours (BMDM:parasite=1:10). In the

control cells only the nuclei of macrophages could be observed (Figure 3A). In the infected cells smaller

nuclei of the parasites also can be observed. Typically, not all macrophages internalized the parasites,

and more (even 5-10) parasites could be detected in one macrophage (Figure 3B) (parasite/macrophage

ratio= 0.740.2 in case of infected control.

Anti-leishmanial effect of MTX, polypeptides and MTX-conjugates on intracellular parasites

•Three polypeptides and their conjugates were selected for studying effectivity against intracellular

parasites. (LiK and MTX-LiK that were toxic on BMDM and had an anti-proliferative effect on Leishmania;

LAK polypeptide decreased the survival only of L. donovani promastigotes and NleAK and MTX-NleAK,

which were moderately toxic on macrophages, but elicited an anti-parasitic effect on both Leishmania

species). We found that while the free polypeptides had essentially no effect on the survival of

intracellular parasites, all the MTX-conjugates (MTX-LiK, MTX-LAK, MTX-NleAK) and free MTX

decreased similarly the parasite number in the infected macrophages (Figure 4.).

Figure 2. Effect of MTX, polylysine based polypeptides and MTX-polypeptide conjugates on the long term survival of bone marrow derived

macrophages (c=100 µg/ml, 24 h), L. donovani promastigotes (c= 50 µg/ml, 72h) and L. pifanoi amastigotes (c= 50 µg/ml, 72h). Cell viability was

determined by MTT assay.

Figure 3. Non-infected control (A) and infected (B) bone marrow macrophages after 24 h. Cells were fixed with methanol for 5 minutes at 

4°C, nuclei were stained with DAPI
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Figure 4. Anti-parasitic effect of MTX, polypeptides and MTX-conjugates after 96h.

Parasite/macrophage ratio was determined by counting the nuclei in fluorescence microscope.

Statistical analysis was performed by Student’s t-test, *: p<0.05
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