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Abstract 

Visceral leishmaniasis caused by Leishmania donovani is still a 

life-threatening disease with limited therapeutic options. The 

poly(A)-binding protein (PABP) is essential for post-

transcriptional gene regulation in trypanosomatids and represents 

a parasite-privileged drug target. To comparatively evaluate two 

mechanistically distinct PABP-targeting ssDNA aptamers, AP-11 

(poly(A)-competitive) and AP-7 (non-competitive), complexed 

with Lipofectamine 2000 against L. donovani amastigotes. Growth 

inhibition was assessed by MTT assay in amastigotes at 24 and 48 

hours. Cytotoxicity was determined for selectivity index 

calculation in the RAW 264.7 cell line (Macrophage). PABP 

expression was demonstrated by western blot in both axenic 

culture and intracellular amastigote models. AP-11/LF 

demonstrated 4-6-times greater potency than AP-7/LF (IC₅₀: 

130/80 nM versus 550/460 nM at 24/48 h). Both complexes 

exhibited favorable selectivity indices (47-84). AP-11/LF depleted 

PABP by >93% in axenic culture and about 80% in intracellular 

amastigotes (p < 0.01), whereas AP-7/LF produced moderate, 

inconsistently significant reductions (45-50%).  Functional 

disruption of the PABP–poly(A) interaction, rather than binding 

affinity alone, determines antiparasitic potency, validating PABP 

as a pharmacologically tractable antileishmanial target. 

Remarkably, this is the first in vitro experimental study to 

demonstrate that aptamers targeting the PABP complexed with 

lipofectamine 2000 exert direct anti-leishmanial activity at both the 

axenic culture and intracellular levels. 

 

Keywords: Poly(A)-binding protein, ssDNA aptamers, Visceral 
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Introduction  

Visceral leishmaniasis (VL), officially well-known as kala-azar, is 

one of the most lethal parasitic infections with an enormous effect 

on human well-being (Al Nasser et al., 2024; Zhang et al., 2025). 

Bone marrow, spleen, and liver are the most commonly infected 

organs having parasitized mononuclear phagocyte system (MPS), 

with hallmark symptoms of persistent fever, weight reduction, pan-

cytopenia, and hepatosplenomegaly (Wamai et al., 2020; Kumar 

et al., 2022) . The World Health Organization (WHO) addressed 

VL as one of the Neglected Tropical Diseases (NTD) in 2015 due 

to poor social awareness and continuous shortage of research 

funding for its therapies. WHO has reported that approximately 

700,000 to 1,000,000 new cases of leishmaniasis occur each year, 

with more than 350 million individuals at risk of infection (Berry 

& Berrang-Ford, 2016; Knight et al., 2023; Huata-Panca et al., 

2025). It carries a case-fatality rate of more than 95% when 

medical management is delayed, rendering it one of the most fatal 

parasitic diseases (Uliana et al., 2018). The current 

pharmacological management relies on a small number of 

chemotherapeutic reagents, with significant serious clinical 

limitations for each one. This treatment dilemma underscores the 

urgent need for new medications to avoid the well-known 

resistance while maintaining an acceptable safety profile (Pokharel 

et al., 2021; Pacheco-Fernandez et al., 2023; Alqara et al., 2024).  

Trypanosomatid protozoans, such as leishmania, are characterized 

at the molecular level by their dependence on post-transcriptional 

regulatory mechanisms in controlling genetic expression. This is 

because conventional transcriptional regulation is absent, with the 

PABP playing a central role in this regulatory framework 
(Martínez-Calvillo et al., 2010; De Gaudenzi et al., 2011; Thuy et 

al., 2023). In leishmania, three different PABP homologues have 

been characterized. PABP1 is the primary cytoplasmic isoform that 

mediates cap-dependent translation through its preferential 

association with the eIF4E4/eIF4G3 initiation complex (Zinoviev 

& Shapira, 2012; Assis et al., 2021; Pham, 2024). Guerra et al. 

(2011) have cloned and functionally characterized the first PABP 

homologue from L. infantum (LiPABP), showing that this 65 kDa 

protein retains conserved RNA recognition motifs while harboring 

species-specific sequence divergences that differentiate it from 

mammalian analogs, positioning it as a possible diagnostic marker 

and therapeutic target (Guerra et al., 2011; Berzal-Herranz & 

Romero-López, 2024). According to the comparative sequence 
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analyses, PABP in Leishmania exhibits only 30-40% amino acid 

identity with the human counterpart. This level of structural 

variation could represent an adequate molecular base for parasite-

selective pharmacological targeting (Bates et al., 2000; da Costa 

Lima et al., 2010). 

Aptamers are single-stranded oligonucleotide sequences that are 

DNA- or RNA-structured. It is usually isolated through a specific 

method known as "Systematic Evolution of Ligands by 

Exponential enrichment (SELEX)" (Sola et al., 2020; Al-Sudani et 

al., 2023; Patricia & Hailemeskel, 2024). By adopting stable, 

sequence-dependent three-dimensional conformations, these 

molecular recognition elements (Heo et al., 2016). Concerning 

leishmaniasis, aptamer-based molecular tools have been 

progressively developed against several Leishmanial-specific 

protein targets, including aptamer populations recognizing L. 

infantum kinetoplast membrane protein KMP-11 (Moreno et al., 

2003), histone H2A (Ramos et al., 2007; Martín et al., 2013; 

Padma et al., 2023) and histone H3 (Ramos et al., 2010; Frezza et 

al., 2020), each showing nanomolar affinity and high specificity 

using ELONA, slot blot, and Western blot platforms (Brosseau et 

al., 2023; Bona et al., 2025).  

Using SELEX against recombinant LiPABP, Guerra-Perez et al. 

(2015) (Prada et al., 2024) extended this pattern to PABP and 

isolated three high-affinity ssDNA aptamers: ApPABP#3, 

ApPABP#7, and ApPABP#11 (Kd = 5.4±1.1, 6.0±2.6, and 

10.8±2.7 nM, respectively). Poly(A)-Sepharose competition 

assays revealed a crucial functional difference: ApPABP#11 

specifically interrupted the LiPABP–poly(A) interaction, 

decreasing binding by about 30% for endogenous protein and 80% 

for recombinant LiPABP, whereas ApPABP#3 and ApPABP#7 

showed no measurable impact on this interaction (Guerra-Pérez et 

al., 2015).  

A crucial obstacle to aptamer-based intracellular pharmacological 

intervention is their intrinsic resistance to membrane penetration 

(Qusay et al., 2020). The negatively charged sugar-phosphate 

backbone of unmodified DNA prevents spontaneous cellular 

uptake, while extracellular nucleases degrade unprotected 

oligonucleotides within a few minutes (Balasegaram et al., 2012; 

Yoon & Rossi, 2018; Sakhnenkova et al., 2023). Both challenges 

can be simultaneously addressed by the liposomal reagents such as 

Lipofectamin®. Because of the high Transfection Efficiency (TE) 

for DNA, siRNA, and miRNA across several cell lines, especially 

those with poor transfection efficacy, Lipofectamine has been 

considered the "gold-standard" of transfection reagents, along with 

its ability to prolong the half-life of aptamers (Cao et al., 2009; 

Cardarelli et al., 2016; Saadati et al., 2024). 

Despite these fundamental properties, the possible anti-leishmanial 

activity of PABP-targeting aptamers has not yet been thoroughly 

investigated in leishmania. No previous experimental study has 

examined whether molecular disruption of PABP activity by 

aptamers results in quantifiable growth suppression or alters 

protein expression in the parasite's clinically significant amastigote 

stage.  

Therefore, the present study has investigated this point by 

evaluating the anti-leishmanial effects of lipofectamine-

complexed ApPABP#7 and ApPABP#11 against L. donovani 

amastigotes.  

Materials and Methods 

This evaluation includes the use of MTT cytotoxicity assays to 

determine half-maximal inhibitory concentrations (IC50) at 24 and 

48 hours, and Western blot analysis to quantify PABP protein 

expression under two aptamer treatments (AP-7/LF and AP-

11/LF) compared to untreated, lipofectamine-only, and free-

aptamer controls. 

 Materials 

aptamers oligonucleotides with a sequence of AP#7 (5'-

CCAGAGTGAACACAAAGAAATTGAAATACGTAA 

GCTCCGG-3') and AP#11 (5'-

GGCCCCCTCCTCCCTCCCCCACCCGACACTATTCCCCCC

C-3') (Guerra-Pérez et al., 2015) were obtained from Macrogn®, 

South Korea. Lipofectamine® 2000 was obtained from 

Invitrogen® Life Technologies, USA. Sodium Stibogluconate 

(SSG) (CAS NO. 16037-91-5) was obtained from Sigma Aldrich, 

Germany. L. donovani isolate (MHOM/IQ/2005/MRU15) was 

obtained by the Department of Biology/ College of Science/ 

University of Baghdad, which had been specifically characterized 

by PCR (Al-Halbosiy et al., 2020). RAW 264.7 Cell Line was 

obtained from the American Type Culture Collection (ATCC) 

(Nahi et al., 2025). 

Aptamer Preparation 

Lyophilized aptamers (AP#7 and AP#11) were first reconstituted 

to 100 µM stock solutions using nuclease-free water, then 

aliquoted and stored at -20°C for future use (Henri et al., 2019). 

On the day of the experiment, an aptamer working solution was 

prepared and folded to promote secondary/tertiary structure 

formation before application to the cells (Mayer & Menger, 2019; 

Tang et al., 2025). 

Aptamer Transfection with Lipofectamine®2000 

Aptamer was complexed with Lipofectamine®2000 (LF) according 

to the manufacturer's guidance for Lipofectamine®2000 complex 

formation. Briefly, three sterile tubes, Tube A (diluted 

Lipofectamine), Tube B (aptamer working solution), and Tube C 

(AP/LF complex) were prepared and labeled. The LF vial (1.5 ml 

kept at 4°C) was mixed gently and left for 5 minutes at room 

temperature (25°C) before use.  

In Tube A, 1.5 µL LF was diluted in 125 µL Opti-MEM® (serum-

free medium), mixed gently, and incubated 5 min at room 

temperature. In tube B, the aptamer working solution was prepared 

and folded as described above at double the desired final 

concentration. Then, in Tube C, equal volumes from Tube A and 

Tube B were combined, mixed gently, and incubated for 20 min at 

room temperature to allow the lipid–aptamer complex formation 

(Weissig, 2010; Technologies, 2000; Hussein et al., 2024).  

Parasite Culture 
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L. donovani Promastigotes were cultured in RPMI-1640 medium 

(Capricorn Scientific®) supplemented with 10% heat inactivated 

fetal bovine serum (HIFBS) (Capricorn Scientific®), 100U/ml 

penicillin, and 100µg/ml streptomycin (Capricorn Scientific®), 

and incubated at 26°C. Amastigotes were differentiated in 

Modified Acidic Medium (MAA/20) by increasing the HIFBS to 

20%, adjusting the pH to 5.5, and shifting the temperature to 37°C. 

Briefly, promastigotes at the stationary phase of growth, obtained 

after 8 days of incubation at 26°C and pH 7, were harvested and 

resuspended in prewarmed (37°C) modified MAA/20 medium. 

The amastigotes were obtained after 5 days of incubation. Cell 

counting was performed using the automated dual counting slide 

chambers (Bio-Rad, USA) (Clos, 2019) 

 Culturing of RAW 264.7 Cells 

The RAW 264.7 cells were maintained in complete DMEM 

supplemented with 10% heat-inactivated fetal bovine serum (HI-

FBS) and 1% penicillin/streptomycin (100 U/mL penicillin, 100 

µg/mL streptomycin) at 37°C in a humidified incubator containing 

5% CO₂.  

RAW 264.7 Cells Infection with L. Donovani Parasites 

When the culture of RAW 264.7 cells reached approximately 80% 

confluency, cells were harvested by trypsinization, re-suspended 

in complete DMEM, and counted using an automated cell counter. 

Then, cells are seeded at a concentration of 5×104/ well (2 ml) in 

a sterile 6-well plate previously supplemented with 2 mL of 

complete DMEM per well, incubated overnight at 37°C, 5% CO₂ 

to allow cell adherence and spread. Promastigotes of L. donovani 

were cultured in RPMI 1640, supplemented with 10% HIFBS and 

1% penicillin-streptomycin at 26°C. Then, they were allowed to 

grow for 6 days until reaching the late stationary phase (metacyclic 

infective promastigotes).  

On the day of infection, stationary-phase promastigotes were 

harvested by centrifugation at 1500g for 10 minutes at room 

temperature. To remove residual culture medium and dead 

parasites, the supernatant was discarded, and the parasite pellet was 

washed twice with sterile PBS. The washed pellet was then 

resuspended in pre-warmed (37°C) complete DMEM. Viable 

promastigotes are counted using an automated counter. Then the 

volume that needed to achieve a multiplicity of infection (MOI) of 

10 parasites per macrophage cell (10/ 1) was calculated, which is 

equal to 5 × 105/ well.  

Infection Procedure 

The culture medium of the RAW 264.7 cells monolayer in the 6-

well plate was replaced by 2mL of fresh, pre-warmed complete 

DMEM containing the calculated number of stationary phase 

promastigotes (5×105 parasites/well) in each well. Then, the plate 

was swirled gently to distribute the parasites evenly across the 

macrophage monolayer, and the plate was incubated at 37°C, 5% 

CO₂ for 6 hours to allow phagocytosis of promastigotes by the 

macrophages. After the infection period, the medium containing 

non-internalized (extracellular) promastigotes was carefully 

aspirated, followed by 3 gentle washes with 2 mL of pre-warmed 

sterile PBS; after the last wash, 2 mL of fresh complete DMEM 

(37°C) was added to each well. The plate was then incubated at 

37°C, 5% CO₂ incubator for 24 hours to allow complete 

transformation of internalized promastigotes into the amastigote 

form within the phagolysosome compartment of the macrophages. 

Twenty four hours post-infection, the medium was discharged 

from the wells and replaced with fresh complete DMEM 

containing the aptamer/lipofectamine complexes (AP-7/LF and 

AP-11/LF) at the IC50 concentrations of 460 and 80nM, 

respectively, along with the control groups (untreated cells, 

lipofectamine-only, and free aptamer) and the plate was incubated 

at 37°C, 5% CO₂ for 48 hours post-treatment, then proceeded to 

total protein extraction and western blot assay.  

MTT Assay 

The antileishmanial activity of the AP-11/LF complex was 

assessed using a colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide MTT cell proliferation and 

cytotoxicity as-say kit (Elabscience®). Briefly, log-phase 

amastigotes were seeded into 96-well plates (Nest, USA) at 1×10⁶ 

parasites/mL (100 µL per well) in RPMI-1640 supplemented with 

10% fetal bovine serum (FBS). Five experimental conditions were 

evaluated: (i) AP-11/LF complexes prepared as two-fold serial 

dilutions (1600, 800, 400, 200, 100, 50, 25, and 12.5 nM); (ii) LF-

free aptamer (FAP) comprising AP-11 alone (1600 nM); (iii) LF-

only carrier control consisting of diluted Lipofectamine without 

aptamer; (iv) sodium stibogluconate (SSG) as the positive control; 

and (v) untreated para-site cultures as the negative control. The 

FAP and LF-only groups were included to verify that ob-served 

effects were specifically attributable to the formulated AP-11/LF 

complex. 20 µL of each of the first four groups was added to their 

corresponding wells. After 24 and 48 hours of incubation at 37°C, 

the plates were ready for the MTT assay. A 0.5 mg/ml of MTT 

reagent was applied to each well of the five groups and incubated 

for 4 hours at 37°C, then dimethyl sulfoxide (DMSO) was added 

at a concentration of 0.5 % v/v to dissolve the formazan crystals 

after the medium containing the MTT solution was disposed of. 

The plate was shaken for 5 minutes, and cell viability was analyzed 

by plotting absorbance against concentration using the microplate 

reader (Bio-Rad, USA) at 570nm (with a 630nm reference 

wavelength); IC50 was calculated after 24 and 48 hours by plotting 

growth inhibition against log concentration. The compounds and 

controls were examined in triplicate for every assay. Parasite 

viability was calculated according to the equation:   

To assess the selectivity of the aptamer/LF complexes, the 

cytotoxic effect on uninfected host cells was evaluated using the 

same MTT assay procedure. Briefly, RAW 264.7 macrophages 

were seeded into 96-well plates at 1×10⁴ cells/well in 100 µL of 

complete DMEM and incubated overnight at 37°C with 5% CO₂ to 

allow adherence. Cells were then treated with AP-7/LF and AP-

11/LF complexes across extended two-fold serial dilution ranges 

(625–80000 nM for AP-7/LF and 100–12800 nM for AP-11/LF) 

to ensure that the half-maximal cytotoxic concentration (CC₅₀) 

could be reached. LF-free aptamer, LF-only, and untreated groups 

were included as controls. After 24 and 48 hours of incubation, the 

MTT reagent was applied, and the assay was developed identically 

to the antiparasitic procedure described above. Macrophage 

viability was calculated using the same equation, and the CC₅₀ was 



63                                                                                                                                                        J Biochem Technol (2026) 17(2): 60-70 
 

 

 

determined by nonlinear regression (4PL model) in GraphPad 

Prism 8.0.2. If viability remained above 50% at the highest tested 

concentration, CC₅₀ was reported as greater than that 

concentration. The selectivity index (SI) was calculated for each 

aptamer at each time point according to the following equation 

(Nahi et al., 2025):  

SI =
CC₅₀ (RAW 264.7)

IC₅₀ (𝐿. 𝑑𝑜𝑛𝑜𝑣𝑎𝑛𝑖 amastigotes)
 (1) 

SI > 10 was considered indicative of acceptable selective toxicity 

toward the parasite over the host cell.  

Total Protein Extraction  

Total protein was extracted from axenic and intracellular 

amastigotes using a bicinchoninic acid (BCA) total protein assay 

kit (Elabscience Biotec., USA). Briefly, harvested amastigote 

parasites were washed three times with ice-cold 1×PBS and 

resuspended in freshly prepared RIPA lysis buffer (working 

solution). The resulting lysates were sonicated for 30 min in an ice-

cooled water bath sonicator and subsequently clarified by 

centrifugation at 12,000g for 10 min at 4 °C. Protein concentration 

in the collected supernatants was quantified using the BCA assay 

by measuring absorbance at 562 nm, and concentrations calculated 

from a bovine serum albumin (BSA) standard curve .  

For the extraction of the total protein from the amastigotes 

phagocytized inside the macrophage cells (intracellular 

amastigotes), additional steps were performed to ensure complete 

disruption of the additional walls surrounding the amastigote cells. 

Using a pre-chilled plastic cell scraper, the cell monolayer was 

thoroughly scraped from the surface of each well while keeping the 

plate on ice. The lysate was then transferred into a correspondingly 

labeled, pre-chilled 1.5 mL microcentrifuge tube and submerged 

completely in a dry ice/ethanol bath (approximately -80°C) for 2 

minutes. The tubes were then removed and transferred to a 37°C 

water bath for about 2 minutes until the contents are fully thawed, 

and once fully thawed, it is vortexed vigorously for 15 seconds, 

then returned to the ice and this cycle repeated 2 times again, 

followed by 15 minutes sonication in an ice-cooled water bath 

sonicator and finally clarified by centrifugation at 12,000g for 10 

min at 4 °C (Fernandez‐Becerra et al., 2023). 

Western Blot Analysis 

Using a Western blot detection kit (Elabscience Biotec., USA), 

equal amounts of protein were combined with 5× SDS loading 

buffer and denatured at 95°C for 5 min using a dry heating block. 

Samples were loaded on 4-12% NZY Bis-Tris precast gels (12-

well format; NZY Tech, Portugal) alongside a pre-stained protein 

ladder. Proteins were subsequently transferred to a 0.45 µm 

Poyvinylidene difluoride (PVDF) membrane and blocked with 5% 

(w/v) skimmed milk in Tris-buffered saline containing 0.1% 

Tween-20 (TBST) for 90 min at room temperature. Membranes 

were incubated overnight at 4° C on a rocker with the primary 

antibody against PABPC1 (Elabscience Bio-Tec., USA) diluted 

1:1000 in 5% skimmed milk/TBST, followed by three washes with 

1× TBST. The membranes were then incubated for 60 min with 

HRP-conjugated anti-rabbit IgG secondary antibody (Elabscience 

Biotec., USA) diluted in 2% skimmed milk/TBST. After three 

additional TBST washes, immunoreactive bands were detected 

using enhanced chemiluminescence (ECL substrates A and B 

mixed 1:1). Signal intensities were quantified by band 

densitometry using the imaging system Molecular Imager® 

ChemiDocTM XRS+ (Bio-Rad Laboratories, France). Relative 

PABP expression was calculated following normalization to 

GAPDH and expressed as fold-change relative to untreated 

controls. Band intensities were quantified using ImageJ® software 

(Talib et al., 2020; Fernandez‐Becerra et al., 2023). 

Statistical Analysis 

GraphPad Prism® version 8.0.2 was used for data analysis. All data 

were represented as the mean±standard error of means (SEM). The 

percentage of growth inhibition was derived from triplicate 

viability values (n=3) at each concentration and time point. The 

value of half-maximal inhibitory concentration (IC50) was 

determined by the "nonlinear regression analysis" of the dose-

response curve, while one-way ANOVA with Tukey post hoc test 

was used for group comparisons (all pairwise comparisons). P < 

0.05 was considered statistically significant.  

Results and Discussion 

Dose-Dependent Growth Inhibition of Amastigotes 

AP-11/LF yielded IC50 values of 130 nM at 24 hours and 80 nM at 

48 hours across the tested concentration range of 12.5-1600 nM 

(Figures 1a and 1b).  

 

a) 

 

b) 

Figure 1. Dose-response inhibition curve of L. donovani 

amastigotes by Aptamer-11 complexed with lipofectamine 

2000 (AP11/LF). Growth inhibition % was calculated using 
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the MTT assay after being incubated with (12.5-1600 nM) 

doubling down dilution of AP-11/LF for 24 hours (a) and 48 

hours (b). Nonlinear regression (4PL variable slope model) 

was used for Curves fitting. IC₅₀ values were approximately 

130nM (24 h) and 80nM (48 h). Data represent mean±SEM (n 

= 3). 

In contrast, AP-7/LF required markedly higher concentrations to 

achieve growth suppression, with IC50 values of 550 nM at 24 

hours and 460 nM at 48 hours across the range of 78.125-10000 

nM (Figures 2a and 2b). 

 
a) 

 
b) 

Figure 2. Dose-response inhibition curves of L. donovani 

amastigotes treated with AP-7 complexed with Lipofectamine 

2000 (AP-7/LF). Growth inhibition (%) was determined by 

MTT assay following incubation with two-fold serial dilutions 

of AP-7/LF (78.125–1000 nM) for 24 hours (a) and 48 hours 

(b). Curves were fitted by nonlinear regression (4PL variable 

slope model). IC₅₀ values were approximately 550 nM (24 h) 

and 460 nM (48 h). Data represent mean±SEM (n = 3). 

 

Host-Cell Cytotoxicity and Selectivity Indices 

The CC50 values for AP-7/LF on macrophages were 40000 nM 

(40 µM) at 24 hours and 21500 nM (21.5 µM) at 48 hours (Figures 

3a and 3b), while those for AP-11/LF were 8330 nM (8.3 µM) at 

24 hours and 6725 nM (3.8 µM) at 48 hours (Figures 3c and 3d).  

 
a) 

 
b) 

 
c) 

 
d) 

Figure 3. Cytotoxicity of PABP-targeting aptamer/LF 

complexes on uninfected RAW 264.7 macrophages. 

Macrophage viability (%) was determined by MTT assay 
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following incubation with two-fold serial dilutions of AP-7/LF 

(625–80000 nM) for 24 hours (a) and 48 hours (b), and AP-

11/LF (100–12800 nM) for 24 hours (c) and 48 hours (d). 

Curves were fitted by nonlinear regression (4PL variable slope 

model). CC₅₀ values for AP-7/LF were approximately 40000 

nM (24 h) and 21500 nM (48 h); CC₅₀ values for AP-11/LF 

were approximately 8330 nM (24 h) and 6725 nM (48 h). 

Selectivity indices (SI = CC₅₀/IC₅₀): AP-7/LF, SI = 72.7 (24 h) 

and 46.7 (48 h); AP-11/LF, SI = 64 (24 h) and 84 (48 h); All 

SI values exceeded the accepted threshold of 10 for selective 

antiparasitic activity. Data represent mean±SEM (n = 3). 

 

The selectivity indices (SI = CC50 [RAW 264.7] / IC50 [L. 

donovani amastigotes]) calculated for each aptamer at each time 

point were as follows: AP-7/LF, SI = 72.7 (24 h) and 46.7 (48 h); 

AP-11/LF, SI = 64 (24 h) and 84 (48 h).  

PABP Expression in Amastigotes 

In the AP-7/LF-treated amastigotes, PABP expression was reduced 

to approximately 0.55 compared to the control, representing a 

moderate reduction of approximately 45% (Figures 4a and 4b). 

This reduction reached statistical significance compared with both 

the LF-only carrier (p < 0.05) and the free aptamer FAP-7 (p < 

0.05), although the magnitude of the effect was substantially 

smaller than that observed with AP-11/LF. Neither the LF-only nor 

the FAP-7 group differed significantly from the untreated control.  

 
a) 

 
b) 

Figure 4. Effect of AP-7/LF on PABP protein expression in L. 

donovani amastigotes. (a) Representative western blot 

showing PABP and GAPDH expression in untreated control, 

LF-only, FAP-7, and AP-7/LF-treated group. (b) 

Densitometric quantification of PABP normalized to GAPDH 

and expressed compared to untreated control. AP-7/LF 

reduced PABP expression to approximately 0.55 (~45% 

reduction). Data represent mean±SEM of independent 

experiments. Statistical significance was determined by one-

way ANOVA followed by Tukey post-hoc test. ns: not 

significant; *: p < 0.05. 

 

In amastigotes treated with AP-11/LF, PABP band intensity was 

dramatically reduced to approximately 0.07 compared to the 

untreated control following GAPDH normalization (Figure 5a 

and 5b).  

 
a) 

 

b) 

Figure 5. Effect of AP-11/LF on PABP protein expression in 

L. donovani amastigotes. (a) Representative western blot 

showing PABP and GAPDH (loading control) expression in 

untreated control parasites, Lipofectamine carrier alone (LF), 

LF-free aptamer-11 (FAP-11), and AP-11/LF-treated group. 

(b) Densitometric quantification of PABP band intensity 

normalized to GAPDH and expressed compared to untreated 

control (set to 1.0). AP-11/LF reduced PABP expression to 

approximately 0.07 (>93% reduction). Data represent 

mean±SEM of independent experiments. Statistical 

significance was determined by one-way ANOVA followed 

by Tukey post-hoc test. ns: not significant; *: p < 0.05; **: p < 

0.01. 

 

This reduction, corresponding to a greater than 93% depletion of 

detectable PABP protein, was highly significant when compared 
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with the untreated control (p < 0.01), the LF-only group (p < 0.01), 

and the LF-free aptamer group FAP-11 (p < 0.01). Neither the LF-

only nor the FAP-11 control groups exhibited statistically 

significant changes in PABP expression compared to untreated 

parasites. 

PABP Expression in Intracellular Amastigotes 

For AP-7/LF in the intracellular setting, PABP expression was 

reduced to approximately 0.5 compared to control, a magnitude 

comparable to that observed in the axenic experiment (Figures 6a 

and 6b). However, in contrast to the axenic results, this reduction 

did not reach statistical significance for any pairwise comparison. 

All comparisons between the AP-7/LF group and the control, LF-

only, and FAP-7 groups were non-significant. AP-11/LF reduced 

PABP expression to approximately 0.2 compared to the untreated 

infected control (Figures 7a and 7b), representing an 

approximately 80% reduction. This effect was statistically 

significant compared with the untreated control (p < 0.01), the LF-

only group (p < 0.05), and the FAP-11 group (p < 0.05). As in the 

axenic model, neither the LF-only nor the FAP-11 control groups 

showed significant alterations in PABP expression.  

 
a) 

 
b) 

Figure 6. Effect of AP-7/LF on PABP protein expression in 

intracellular L. donovani amastigotes within RAW 264.7 

macrophages. (a) Representative western blot showing PABP 

and GAPDH expression in untreated infected macrophages 

(Control), LF-only, FAP-7, and AP-7/LF-treated groups. 

Infected macrophages were treated at the 48-hour amastigote 

IC₅₀ concentration. (b) Densitometric quantification of PABP 

normalized to GAPDH and expressed compared to untreated 

infected control. AP-7/LF reduced PABP expression to 

approximately 0.5 (~50% reduction); however, none of the 

pairwise comparisons reached statistical significance. Data 

represent mean±SEM of independent experiments. Statistical 

significance was determined by one-way ANOVA followed 

by Tukey post-hoc test. ns: not significant. 

 

AP-11/LF reduced PABP expression to approximately 0.2 relative 

to the untreated infected control (Figures 7a and 7b), representing 

an approximately 80% reduction. This effect was statistically 

significant compared with the untreated control (p < 0.01), the LF-

only group (p < 0.05), and the FAP-11 group (p < 0.05). As in the 

axenic model, neither the LF-only nor the FAP-11 control groups 

showed significant alterations in PABP expression.  

 
a) 

 

b) 

Figure 7. Effect of AP-11/LF on PABP protein expression in 

intracellular L. donovani amastigotes within RAW 264.7 

macrophages. (a) Representative western blot showing PABP 

and GAPDH expression in untreated infected macrophages 

(Control), LF-only, FAP-11, and AP-11/LF-treated groups. 

Infected macrophages were treated at the 48-hour amastigote 

IC₅₀ concentration. (b) Densitometric quantification of PABP 

normalized to GAPDH and expressed compared to untreated 

infected control. AP-11/LF reduced PABP expression to 

approximately 0.2 (~80% reduction). Data represent 

mean±SEM of independent experiments. Statistical 

significance was determined by one-way ANOVA followed 

by Tukey post-hoc test. ns: not significant; *: p < 0.05; **: p < 

0.01. 

Among the spectrum of challenges in people infected with visceral 

leishmaniasis, the treatment of the disease still constitutes a distinct 

obstacle, as it still has limited options due to resistance, toxicity, 
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and parenteral administration (Ponte-Sucre et al., 2017; Zurlo et 

al., 2025). Recent studies have called for alternative therapeutic 

means, especially those with novel molecular targets, including 

nucleic acid targeting modules (Sujith et al., 2024). Accordingly, 

the current study presents the first trial in this context as it 

evaluated two ssDNA aptamers targeting the PABP of Leishmania 

donovani, converting them to an attractive experimental validated 

antileishmanial therapy.  

The cytotoxicity test disclosed a potency gap between the two 

aptamer complexes across all tested concentrations. In the infected 

macrophage cells, the AP-11/LF inhibited the growth of the 

amastigotes with an IC50 4-times lower at 24 hours and around 6-

times lower at 48 hours than that of AP-7/LF complex. Whereas in 

the cultured promastigote, the gap increased to about 8 times at 24 

hours and 7 times at 48 hours, respectively. These disparities 

reflect the differences in affinity of the aptamers for protein PABP, 

as determined by Guerra-Perez et al. (2015); (Jegede, 2024). The 

fact that aptamers with low affinity stimulate a stronger biological 

effect suggests that the functional consequence of binding, 

specifically the disruption of interaction between the poly(A) and 

its binding protein (PABP), is the critical determining step of the 

antiparasitic activity, and not the binding strength alone. This is 

consistent with Guerra-Perez et al. (2015), where they claimed that 

Ap-11 was the only aptamer that decreased the poly(A) binding by 

30% for the endogenous and 80% for the recombinant PABP, 

while AP-7 had no detectable effect on this interaction. 

Additionally, when comparing the range of IC50 nanomolar values 

of AP-11/LF with the recorded values of the traditional 

antileishmanial drugs, the observed values of the current study 

represent a favorable range of reported values. Miltefosine, for 

example, has been reported to inhibit L. donovani amastigotes with 

an IC50 of 0.4-3.8 μM. (Yoon & Rossi, 2018). Other recently 

identified synthetic flavonoid compounds 7, 11, and 14 against L. 

donovani produce IC50 values of 1.7 to 3.6 μM with selectivity 

indices of 29.9 for compound 14 (Callahan et al., 1997). Another 

antileishmanial compound, the enantiomer of lycorine, BMD-NP-

00820, showed anti-amastigote activity with an IC50 value of 

1.74±0.27 μM and a SI > 29. This result, thus, represents a 

noticeable potency for AP-11/LF against other reagents (Phan et 

al., 2024). 

The results of the western blot also differentiate between two 

different modes of PABP modification. The semi-total depletion of 

the detectable protein produced by AP-11/LF (93% and 80% in and 

intracellular amastigotes, respectively) represents a degree of 

reduction that is incompatible with the simple steric blockade, as 

the PABP will remain physically intact and detectable at control 

levels (Bag & Bhattacharjee, 2010) . Displacement from poly(A) 

substrate could trigger an active degradation pathway. Regarding 

AP-7/LF, it reduced PABP expression by 45-50% without 

significant results in the intracellular model, which is consistent 

with the fact that binding at a topographically distant site from the 

poly(A) recognition domain (Guerra-Pérez et al., 2015) leads to a 

non-significant destabilization by allosteric disruption without 

significant triggering of protein loss associated with poly(A)-

competitive antagonism.  

On the other hand, AP-11/LF still has the activity of PABP 

depletion within the infected macrophages (p < 0.01 vs. control), 

demonstrating that Lipofectamine can penetrate the macrophage 

plasma membrane and the parasitophorous vacuole membrane to 

reach the intracellular targets at a functionally effective 

concentration (Al-Halbosiy et al., 2020). However, AP-7/LF was 

not statistically significant, which may be caused by the intrinsic 

variability of the intracellular system that complexed with the 

moderate biological effect, which aligns with the hypothesis that 

poly(A) competitive disruption represents the mechanistically 

decisive step. This differential response between the two aptamers 

supports the fact that PABP stability in Leishmania is directly 

related to the integrity of its poly(A) binding function (Vinet et al., 

2009; Bag & Bhattacharjee, 2010). Regarding the role of the 

formulation controls FAP and LF, neither one of them has 

produced a significant reduction in any experimental model, 

indicating that the observed effects are strictly attributed to the 

intracellular delivered aptamers binding their target. Failure of the 

free aptamers to affect the protein confirms the delivery barriers 

and that aptamers cannot access their intracellular target without 

the Lipofectamine, regardless of their binding affinity  (Chandola 

et al., 2016; Barreiro-Costa et al., 2022).  

Conclusion 

This study establishes, through direct comparative analysis, that 

the antiparasitic potency of PABP-targeting aptamers against L. 

donovani is directed principally by their capacity to disrupt the 

PABP-poly(A) interaction rather than by binding affinity alone. 

AP-11, the sole poly(A)-competitive antagonist, produced dose-

dependent growth inhibition at nanomolar concentrations, near-

complete PABP protein depletion in amastigotes, and statistically 

significant PABP reduction in the intracellular macrophage model, 

all with selectivity indices exceeding 84. AP-7, which binds a 

functionally silent PABP epitope with high affinity, produced 

weaker and less consistently significant effects across all 

endpoints. Together, these findings validate PABP as a 

pharmacologically tractable target in leishmania, specify the 

mechanistic requirements for effective PABP-directed therapy, 

and provide a rational foundation for the development of optimized 

aptamer-based antileishmanial agents. 
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