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Abstract 
Objective: This study evaluated the anti-amoebic, anti-virulence, 

and cytotoxic effects of pterostilbene (PS), alone and combined 

with metronidazole (MZ), against Entamoeba histolytica 

trophozoites. 

Materials and Methods: Trophozoite viability was quantified 

using the WST-1 assay, and synergistic interactions between agents 

were assessed via the fractional inhibitory concentration index 

(FICI). Cytotoxicity was evaluated in FHC intestinal epithelial 

cells, with selectivity indices calculated. Intracellular reactive 

oxygen species (ROS) generation was measured using the DCFH-

DA assay, and qPCR analyzed expression of key virulence genes 

(EhCP1, EhCP5, and hgl). Trophozoite adhesion capacity was also 

examined. 

Results: PS significantly reduced trophozoite viability dose-

dependently, with IC50 values of 37.1 µM for PS, 28.6 µM for MZ, 

and 12.7 µM for the combination. A pronounced synergistic effect 

was observed, with FICI ranging from 0.342 to 0.444. Selectivity 

indices were 10.71 for PS, 10.18 for MZ, and 14.14 for the 

combination. ROS levels rose 1.79-fold with PS and 3.62-fold with 

combination therapy. Virulence gene expression was significantly 

downregulated, particularly in the combination group, with relative 

levels of 0.21 (EhCP1), 0.16 (EhCP5), and 0.19 (hgl). Adhesion 

decreased significantly to 44.6% and 22.7% with PS alone and the 

combination, respectively. 

Conclusion: PS exhibits anti-amoebic activity against E. histolytica 

and enhances MZ efficacy under experimental conditions. These 

effects were associated with increased intracellular ROS, reduced 

expression of virulence-related genes, and impaired parasite 

adhesion. Although altered redox homeostasis may contribute to 

these effects, further in vivo and mechanistic studies are required to 

confirm PS therapeutic potential. 
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Introduction 
Amoebiasis, an intestinal infection 

caused by the protozoan parasite 

Entamoeba histolytica, continues to pose a 

significant clinical and public health 

concern, particularly in low- and middle-

income countries (Danish et al. 2023). The 

primary mode of transmission is fecal–oral, 

occurring through the ingestion of mature 

cysts present in contaminated water, food, 

or fomites, as well as via direct person-to-

person contact in environments with poor 

sanitation. Upon excystation in the small 

intestine, trophozoites colonize the large 

intestine where they may either remain 

asymptomatic or invade the colonic 

mucosa, resulting in clinical manifestations 

(Nasrallah et al. 2022). Although global 

epidemiological data estimate that 

approximately 50 to 100 million individuals 

are infected annually, leading to an 

estimated 70,000 to 100,000 deaths each 

year, the actual disease burden is likely 

underestimated due to diagnostic 

challenges and frequent misidentification 

with morphologically indistinguishable 

non-pathogenic species such as E. dispar 

(Nasrallah et al. 2022; Suleiman and Azlan 

2025). 

The pathogenic process of E. histolytica 

is orchestrated by a precisely regulated 

array of virulence factors that facilitate 

adhesion, cytolysis, and tissue invasion 

(Guillén 2023). Notably, the Gal/GalNAc 

lectin complex is critical for the parasite’s 

attachment to intestinal epithelial cells and 

mucus layers, constituting the initial and 

indispensable step in colonization. 

Following this, cysteine proteases, 

especially EhCP1 and EhCP5, are pivotal 

in degrading extracellular matrix 

components, compromising epithelial 

barriers, and modulating host immune 

responses (Samie et al. 2012). Recent 

transcriptomic and functional analyses have 

demonstrated a strong correlation between 

the upregulation of these virulence genes 

and invasive disease phenotypes (Samie et 

al. 2012). 

Despite significant progress in the field 

of molecular parasitology, existing 

therapeutic approaches for amoebiasis 

remain constrained (Morán et al. 2023). 

The primary treatment modality involves 

the use of nitroimidazole agents, notably 

metronidazole (MZ), which demonstrate 

efficacy against the trophozoite stage of the 

parasite. However, these compounds 

present several notable limitations 

including adverse gastrointestinal and 

neurological effects, limited efficacy 

against cystic forms, and emerging 

concerns regarding decreased susceptibility 

in certain clinical scenarios (Morán et al. 

2023). These challenges underscore the 

critical need to develop alternative anti-

amoebic interventions, with an emphasis on 

targeting parasite virulence factors rather 

than exclusively focusing on parasite 

viability. 

In recent years, there has been a 

growing interest in natural products and 

plant-derived polyphenols as potential anti-

parasitic agents, attributed to their multi-

target biological activities, favorable safety 

profiles, and capacity to modulate host–

pathogen interactions (Alnomasy et al. 

2021; Chaachouay and Zidane 2024). 

Pterostilbene (trans-3,5-dimethoxy-4-

hydroxystilbene, PS) is a naturally 

occurring dimethylated analog of 

resveratrol, which is present in blueberries, 

grapes, and various other berries. PS has 

gained attention as a promising candidate 

due to its superior lipophilicity, enhanced 

bioavailability, and greater stability relative 

to structurally related stilbenes (Estrela et 

al. 2013). PS has exhibited anti-

inflammatory, antioxidant, and 

antimicrobial effects across various 

biological systems (Estrela et al. 2013; 

Kosuru et al 2016; Obrador et al. 2021). 

Nonetheless, despite these encouraging 

biological properties, the anti-amoebic 

potential of PS remains inadequately 

explored, and its influence on the molecular 

determinants of E. histolytica virulence has 

yet to be comprehensively characterized. 

Furthermore, although prior investigations 



Pterostilbene against Entamoeba histolytica 

Epub ahead of print                                                  3 

have assessed plant-derived compounds or 

polyphenols against amoebic trophozoites, 

most studies have been confined to general 

viability assays, with limited examination 

of specific virulence-associated gene 

regulation and underlying mechanistic 

pathways (Bharti et al. 2018; Martínez-

Castillo et al. 2018). This constitutes a 

notable gap in the extant literature, 

particularly regarding the linkage between 

natural compounds and the molecular 

attenuation of pathogenicity. Accordingly, 

the present study aims to assess the in vitro 

anti-amoebic activity of PS against E. 

histolytica, with a specific focus on its 

effects on key virulence genes, including 

the Gal/GalNAc lectin complex and 

cysteine proteases (EhCP1 and EhCP5). 

This investigation endeavors to elucidate 

the mechanistic basis by which PS may 

disrupt parasite adhesion and tissue 

invasion, thereby exploring its potential as 

a novel natural agent targeting virulence 

pathways in amoebiasis. 

 

 

Materials and Methods 
Chemicals 

PS (C16H16O3, Figure 1) purity >97%, 

Cell Proliferation Reagent WST-1 suitable, 

bovine serum, Fetal Bovine Serum (FBS), 

Dulbecco's Modified Eagle Medium 

(DMEM), dimethyl sulfoxide (DMSO), 

penicillin and streptomycin were procured 

from Sigma-Aldrich, USA.  

 

 

Figure 1. Chemical (A) and 3D (B) structure of pterostilbene 

 

Parasite strain 

E. histolytica HM-1: IMSS trophozoites 

were maintained under axenic conditions at 

37°C using TYI-S-33 medium enriched 

with 10% bovine serum. After 48 hr. of 

incubation, corresponding to the late 

logarithmic phase of growth, the cultures 

were cooled to 4°C to facilitate trophozoite 

detachment and collection. The harvested 

cells were then pelleted by centrifugation at  

 

 

300 × g for 5 min, concentrated, and 

promptly utilized for subsequent 

experimental procedures. 

 

Cell culture 

The FHC cell line, derived from the 

large intestine of a healthy donor, was 

obtained from the American Type Culture 

Collection (ATCC, CRL-1831). Cells were 
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cultured in DMEM medium improved with 

10% FBS and 1% antibiotic solution 

comprising penicillin (10,000 U/mL) and 

streptomycin (10 mg/mL). The cultures 

were maintained at 37°C in a humidified 

atmosphere containing 5% CO₂ to ensure 

optimal cellular growth conditions. 

 

Cell viability assay on E. histolytica 

trophozoites 

To evaluate the impact of PS on the 

viability of E. histolytica trophozoites, the 

tetrazolium-based WST-1 assay was 

utilized as an indicator of cell viability. For 

the experimental procedure, 2×104 

trophozoites were seeded into each well of 

a 96-well plate containing 200 μL of sterile 

TYI-S-33 medium. The cells were then 

exposed for 24 hr to varying concentrations 

of PS and MZ (Sanofi, México) ranging 

from 10 to 200 μM, as well as the 

combination of MZ + PS (at IC50 

concentration). To evaluate the interaction 

between PS and MZ, each compound was 

first tested individually to determine its IC50 

against E. histolytica trophozoites. The 

individual IC50 values were 37.1 μM for PS 

and 28.6 μM for MZ. Subsequently, PS 

(2.5-100 µM) and MZ (2.5-100 µM) were 

evaluated in combination, and the 

inhibitory effect of the combined treatment 

was used to determine the corresponding 

combination IC50. Trophozoites maintained 

in complete TYI-S-33 medium 

supplemented with DMSO served as the 

negative control. Post-incubation, the 

culture supernatant was carefully removed, 

and the trophozoites were washed three 

times with phosphate-buffered saline 

(PBS). Subsequently, the WST-1 reagent 

was prepared by mixing 95 μL of PBS with 

5 μL of WST-1 solution, and 100 μL of this 

mixture was added to each well. The plates 

were incubated in the dark at 37°C for 30 

min. Following incubation, 50 μL of the 

supernatant from each well was transferred 

to a fresh 96-well plate and absorbance was 

measured at 450 nm using an ELISA plate 

reader. Data are presented as mean values ± 

standard deviation. The half-maximal 

inhibitory concentration (IC50) values were 

calculated using the Probit statistical 

analysis (Cruz-Baquero et al. 2023). 

 

Assessment of combined drug 

interactions 

To further characterize the interaction 

between PS and MZ when administered 

simultaneously, the fractional inhibitory 

concentration (FIC) index for each drug 

was determined by dividing its IC50 value in 

the combination assay by its IC50 value 

when tested individually (Masoori et al. 

2024). The overall interaction was 

quantified by calculating the sum of the FIC 

indices (ΣFIC). Interactions were 

categorized as "synergistic" if ΣFIC was 

less than or equal to 0.5, "additive" if ΣFIC 

ranged from 0.5 to 1.0, and "indifferent" if 

ΣFIC was greater than 1.0 but less than or 

equal to 4.0 (Odds 2003). The interaction 

between PS and MZ was preliminarily 

interpreted using the FICI, a widely 

recognized approach for assessing 

synergistic effects in antimicrobial and 

antiparasitic drug combinations. 

 

Cell cytotoxicity assay 
Approximately 1 × 10⁴ FHC cells were 

seeded into each well of 96-well culture 

plates and allowed to adhere before 

treatment. Cells were subsequently exposed 

to different concentrations of PS and MZ 

for 24 hr. The concentration range used for 

each compound was identical to that 

employed in the corresponding dose–

response experiments. For the combination 

treatment, PS and MZ were applied 

simultaneously at the concentrations 

specified for the combination assay. A 

vehicle control containing the 

corresponding concentration of DMSO 

without PS or MZ (100, 200, 300, and 400 

μM) was included. The final volume in each 

well was adjusted to 200 μL. For the 

viability assay, 95 μL of PBS was combined 

with 5 μL of WST-1 reagent and added to 

100 μL of the treated cell suspension in 

each well. Following incubation at 37°C for 

30 min in the dark, 50 μL of the resulting 
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supernatant was carefully transferred to a 

fresh 96-well plate. Absorbance was then 

recorded at 450 nm using an ELISA plate 

reader. Cell viability was expressed as a 

percentage relative to untreated control 

cells, and a dose-response curve was 

constructed to determine the half-maximal 

cytotoxic concentration (CC₅₀) of the 

compound (Cruz-Baquero et al. 2023; 

Cheraghipour et al. 2024; Mahmoudvand et 

al. 2016). The selectivity index (SI) was 

computed to assess the specificity of the 

evaluated compounds for Entamoeba 

parasites in comparison to host cells. The SI 

values were derived using the following 

equation:   

SI = CC₅₀ (FHC cells) / IC₅₀ 

(trophozoites),   

Elevated SI values reflect increased 

selectivity toward the parasites alongside 

reduced cytotoxicity to host cells 

(Mahmoudvand et al. 2022). 

 

Adhesion assay 

The influence of PS on the adhesive 

capacity of E. histolytica trophozoites was 

assessed through a monolayer adhesion 

assay (Petri et al. 1987). In brief, 

trophozoites in the logarithmic phase of 

growth were treated with sublethal 

concentrations of PS (IC50), MZ (IC50), and 

PS+MZ both in IC50 concentrations for 24 

hr at 37°C. Post-treatment, trophozoites 

were collected by incubation on ice, washed 

twice with PBS (pH 7.2), and adjusted to a 

concentration of 1 × 105 cells/mL. FHC cell 

lines were cultured in 24-well plates until a 

confluent monolayer was established. 

Subsequently, both treated and untreated 

trophozoites were introduced to the 

epithelial monolayers and incubated at 

37°C for 60 min under standard culture 

conditions. Following incubation, non-

adherent trophozoites were removed by 

gently washing the wells three times with 

PBS. The adherent trophozoites were then 

detached by chilling the plates on ice and 

quantified using a hemocytometer under 

light microscopy. The adhesion percentage 

was determined by comparing the number 

of adherent trophozoites to the initial 

number of trophozoites added per well. All 

assays were conducted in triplicate. Data 

are presented as mean ± standard deviation 

(SD) and were statistically compared to the 

untreated control group. 

 

Intracellular reactive oxygen species 

(ROS) assay 

The generation of intracellular ROS in 

E. histolytica trophozoites following 

treatment with PS (IC50), MZ (IC50), and 

PS+MS both in IC50 concentrations was 

assessed utilizing the fluorescent probe 

2′,7′-dichlorofluorescin diacetate (DCFH-

DA). In brief, trophozoites were seeded into 

96-well plates at a density of 1 × 105 cells 

per well and subjected to varying 

concentrations of PS for 24 hr at 37°C. 

Untreated trophozoites served as the 

negative control, whereas menadione (25 

μM, Sigma-Aldrich, USA) was employed 

as the positive control. Post-treatment, the 

trophozoites were washed twice with PBS 

and incubated with DCFH-DA at a final 

concentration of 10 μM in the dark at 37°C 

for 30 min. Excess probe was subsequently 

removed by washing the cells with PBS. 

Fluorescence intensity was quantified using 

a microplate reader with excitation and 

emission wavelengths set at 485 nm and 

530 nm, respectively. Intracellular ROS 

levels were expressed as relative 

fluorescence intensity normalized to the 

untreated control group. All experiments 

were conducted in triplicate, and results are 

presented as mean ± standard deviation. An 

increase in fluorescence intensity was 

interpreted as an elevation in intracellular 

ROS production induced by PS treatment 

(Wang and Joseph 1999). 

 

Assessment of the expression gene level 

of virulence factors 

E. histolytica trophozoites (2×104) were 

initially treated with PS or MZ individually 

at their respective IC50 concentrations, as 

well as with combined treatments of PS or 

MZ, each at their IC50 values, for a period 

of 48 hr. 
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RNA extraction 

Total RNA was isolated from collected 

specimens using a silica membrane-based 

commercial extraction kit (Qiagen, 

Germany). The procedure was conducted in 

full compliance with the manufacturer's 

recommendations to preserve RNA quality 

and yield. Quantification of the extracted 

RNA was performed using a Nanodrop 

spectrophotometer, whereas sample purity 

was determined from the absorbance ratios 

at 260/280 nm and 260/230 nm. To prevent 

contamination by genomic DNA during 

downstream analyses, RNA preparations 

were treated with RNase-free DNase I 

(Fermentas, USA). 

 

Reverse transcription 

First-strand complementary DNA 

(cDNA) was generated from purified RNA 

using a Qiagen reverse transcription kit and 

a programmable thermal cycler. The 

synthesis protocol was carried out 

according to the supplier’s instructions to 

ensure efficient conversion of RNA 

templates into cDNA suitable for 

quantitative gene expression analysis. 

 

Primer validation and design 

Specific primer sets targeting EhCP1, 

EhCP5, Gal/GalNAc lectin (hgl), and the 

housekeeping gene Actin (EhActin) were 

designed and are listed in Table 1 (Olivos-

García et al. 2020; Thibeaux et al. 2013). 

Primer specificity and amplification 

performance were assessed during assay 

validation. Amplification efficiencies were 

determined using standard curves generated 

from a five-step serial dilution series (1:5) 

of pooled cDNA and were within the 

recommended range of 90–110%. 

Amplicon specificity was assessed by 

melting-curve analysis which showed a 

single distinct peak for each target. The 

stability of EhActin expression was 

evaluated across the experimental groups 

and showed minimal variation. Three 

independent biological replicates were 

analyzed, with each biological sample 

evaluated in duplicate technical reactions 

(Supplementary Table S1). 

 
Table 1. Characteristics of the virulence-related genes and primer sequences used for quantitative 

real-time PCR in Entamoeba histolytica.  
Primer Sequence (5'–3') Size (bp) 

 

EhCP1 F: TGGGAGTTGATGTTGATGGC 

R: CCTTCTTGTTGTTGCCCTTG 

125 

EhCP5 F: TGGTGGTGTTCAAGGATGAG 

R: CAGCATAGGTTGTTGGTGGT 

120 

hgl F: GCTGTTGTTGCTGTTGCTGT 

R: AGTTGTTGCGGTTGATGGTT 

136 

EhActin 
F: TGTTCCAATCTATGAGGGATACAC 

R: TTGAAGGTAGTTTCGTGGATGC 

142 

Quantitative real-time PCR 

Relative transcription levels of the 

selected inflammatory genes were 

quantified using SYBR Green-based real-

time PCR. Each reaction was prepared in a 

final volume of 20 μL containing cDNA 

template, gene-specific primers, and SYBR 

Green Master Mix (Qiagen, Germany). β-

actin served as the internal normalization 

control. Thermal cycling conditions 

consisted of an initial denaturation step at 

95°C for 8 min, followed by 40 

amplification cycles comprising 

denaturation at 95°C for 10 sec, annealing 

at 60°C for 10 sec, and extension at 73°C 

for 5 sec. A final extension step was 

performed at 75°C for 1 min. At the 

conclusion of each run, melting-curve 

analysis was conducted to verify 

amplification specificity and exclude 

primer-dimer formation. Relative gene 

expression was calculated using the 2−ΔΔCt 

method, with results expressed as fold 

changes relative to the non-treated control 

group (Control group expression was set to 

1.0.). Data processing and Ct value analysis 
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were carried out using the Bio-Rad iQ5 

Optical System software. All assays 

included three independent biological 

replicates, with each sample analyzed in 

duplicate technical replicates. Consistent β-

actin expression was observed across all 

experimental groups, supporting its use as 

the normalization gene. Both intra-assay 

and inter-assay variability remained below 

10% for all investigated transcripts, 

demonstrating the reliability and 

reproducibility of the RT-qPCR 

measurements. 

 

Statistical analysis   

All experiments were performed using 

three independent biological replicates 

unless otherwise stated by means of SPSS 

software Version 26.0. For assays involving 

technical replication, each biological 

sample was measured in the indicated 

number of technical replicates, and 

technical replicates were averaged before 

statistical analysis. For RT-qPCR, three 

independent biological samples were 

analyzed, with each sample assessed in 

duplicate technical reactions. Statistical 

analyses were performed using the 

biological replicate values rather than 

treating technical replicates as independent 

observations. Results are presented as mean 

± standard deviation (SD). Differences 

among treatment groups were evaluated 

using one-way analysis of variance 

(ANOVA), followed by Tukey’s multiple-

comparison test. A p value <0.05 was 

considered statistically significant.  

 

 

Results 

E. histolytica trophozoite viability   

In WST-1 assay, treatment with PS 

resulted in a significant, dose-dependent 

reduction in the viability of E. histolytica 

trophozoite (Figure 2A). Furthermore, the 

concurrent administration of MZ and PS 

exhibited a more pronounced inhibitory 

effect on the viability of E. histolytica 

trophozoite compared to the effects 

observed with either compound alone 

(p<0.001). The calculated IC50 values for 

PS, MZ, and the combined MZ+PS 

treatment were 37.1, 28.6, and 12.7 μM, 

respectively.   

 

 
Figure 2. Anti-amoebic (A) and cytotoxicity (B) activity of pterostilbene (PS), metronidazole 

(MZ), and their combination against Entamoeba histolytica trophozoites and in FHC cells. 

Trophozoite viability was assessed using the WST-1 assay following 24 hr. of treatment PS and 

MZ reduced parasite viability in a dose-dependent manner, while the combination treatment 

exhibited significantly greater inhibitory activity compared with either monotherapy. Data are 

presented as mean ± SD of three independent experiments (N=3). 
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Synergistic interaction between PS and 

MZ   

Evaluation of the synergistic interaction 

demonstrated that the combination of PS 

and MZ yielded FICI values of 0.342 for PS 

and 0.444 for MZ. Both values fall below 

the established threshold for synergy, 

indicating a strong cooperative interaction 

between these two agents. 

 

Cytotoxic effects and SI  

As illustrated in Figure 2B, treatment of 

FHC cells with PS, MZ, and their 

combination induced a dose-dependent 

reduction in cell viability, as measured by 

the WST-1 assay. The CC50 values were 

determined to be 397.6 μM for PS, 291.2 

μM for MZ, and 179.6 μM for the combined 

treatment. Additionally, the SI values were 

calculated as 10.71 for PS, 10.18 for MZ, 

and 14.14 for the combination. Notably, the 

PS–MZ combination exhibited the lowest 

CC50 and the highest SI values among the 

treatments evaluated. 

 

Effect on the adhesion of E. histolytica 

trophozoites 

The administration of PS led to a 

statistically significant decrease in the 

adhesion capacity of E. histolytica 

trophozoites relative to the untreated 

control group (p<0.01). Specifically, the 

percentage of adhered trophozoites 

declined from 70.1 ± 4.33% in the control 

group to 44.6 ± 2.86% following PS 

treatment. Notably, the combined 

application of MZ and PS produced the 

most pronounced inhibitory effect on 

parasite adhesion, reducing the adhesion 

rate to 22.7 ± 2.13%, which was 

significantly lower than the reductions 

observed with either agent alone (p<0.001) 

(Figure 3). 

 
Figure 3. Effect of pterostilbene (PS), metronidazole 

(MZ), and their combination on the adhesion 

capacity of Entamoeba histolytica trophozoites. 

Adhesion ability was assessed after 24 hr of 

treatment and is expressed as the percentage of 

adherent trophozoites relative to the total cell 

population. The combination treatment produced the 

greatest reduction in parasite adhesion compared 

with either agent alone. Results are shown as mean 

± SD of three independent experiments. Statistical 

significance was evaluated using one-way ANOVA 

followed by Tukey’s post hoc test (**p<0.01 and 

***p<0.001 versus control; &p<0.05 versus 

monotherapy groups). 

 

Effect on intracellular ROS generation 

ROS levels were measured using the 

DCFH-DA fluorescence assay following 

treatment with PS, MZ, and their 

combination. As depicted in Figure 4, 

treatment with PS induced a statistically 

significant increase in ROS production in 

trophozoites compared to the untreated 

control group (p<0.05), corresponding to a 

1.79-fold rise in fluorescence intensity. 

Notably, trophozoites exposed to the 

combined treatment exhibited the highest 

intracellular ROS accumulation, with a 

3.62-fold increase relative to control values, 

which was significantly greater than the 

increases observed with either PS or MZ 

alone (p<0.05). 
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Figure 4. Effect of pterostilbene (PS), metronidazole 

(MZ), and their combination on intracellular 

reactive oxygen species (ROS) generation in 

Entamoeba histolytica trophozoites. Intracellular 

ROS levels were quantified using the DCFH-DA 

fluorescence assay following 24 hr. of treatment. 

Results are expressed as relative fluorescence 

intensity (RFU) and presented as mean ± SD from 

three independent experiments. Statistical 

significance was determined by one-way ANOVA 

followed by Tukey’s post hoc test (*p<0.05 and 

***p<0.001 versus control; &&p<0.05 versus 

monotherapy groups). 

 

Effect on the expression of virulence 

genes 

The administration of PS markedly 

influenced the expression patterns of 

virulence-associated genes in E. histolytica. 

As depicted in Figure 5, the relative mRNA 

levels of EhCP1, EhCP5, and hgl were 

significantly downregulated following PS 

treatment in comparison to the untreated 

control group (p<0.05). Specifically, 

EhCP1 expression was reduced to 0.46-

fold, while EhCP5 expression decreased to 

0.34-fold in the PS-treated samples. 

Similarly, hgl expression showed a 

significant reduction to 0.42-fold relative to 

controls. Notably, the combined treatment 

with PS and MZ elicited the most 

substantial inhibitory effect, exhibiting a 

synergistic downregulation across all 

evaluated virulence genes. In this group, 

EhCP1 expression declined to 0.21-fold, 

EhCP5 to 0.16-fold, and hgl to 0.19-fold, 

all of which were significantly lower than 

the levels observed with either 

monotherapy alone (p<0.05). 

 

 

Figure 5. Effect of pterostilbene (PS), metronidazole (MZ), and their combination on the expression of 

virulence-associated genes in Entamoeba histolytica trophozoites. Relative mRNA expression levels of (A) 

EhCP1, (B) EhCP5, and (C) hgl were determined by quantitative real-time PCR following 48 hr of 

treatment. Gene expression levels were normalized to the housekeeping gene EhActin and calculated using 

the 2−ΔΔCt method. Data are presented as mean ± SD from three independent experiments. Statistical 

significance was analyzed by one-way ANOVA followed by Tukey’s post hoc test (*p<0.05, **p<0.01 and 

***p<0.001 versus control; &p<0.05 and &&p<0.01 versus monotherapy groups). 
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Discussion 
Despite the widespread use of 

metronidazole for amoebiasis, treatment-

related limitations have encouraged the 

search for alternative or adjunctive anti-

amoebic agents (Danish et al. 2023; 

Nasrallah et al. 2022). PS, a bioactive 

stilbene with well-documented 

antimicrobial and anti-inflammatory 

properties, has recently attracted attention 

as a potential antiparasitic compound. 

However, its activity against E. histolytica 

has not been previously investigated. 

Therefore, the present study aimed to 

address this important gap by evaluating the 

anti-amoebic efficacy of PS alone and in 

combination with MZ. 

In the current investigation, PS 

demonstrated significant anti-amoebic 

activity against E. histolytica trophozoites 

and notably augmented the therapeutic 

efficacy of MZ when administered 

concomitantly. This observed synergistic 

interaction is of particular importance, as 

combination therapy is increasingly 

acknowledged as an effective approach to 

enhance antiparasitic outcomes, mitigate 

drug-associated toxicity, and potentially 

delay the development of resistance. The 

capacity of PS to potentiate MZ activity 

implies that these compounds may act upon 

distinct yet complementary biological 

pathways within the parasite. Although data 

concerning the anti-protozoal effects of PS 

remain limited, several studies have 

substantiated its potential as an antiparasitic 

agent (Mahmoudvand et al. 2011). For 

instance, Ferreira et al. (2011) assessed PS 

alongside other resveratrol analogues 

against Leishmania amazonensis using both 

promastigote and intracellular amastigote 

models, revealing that PS exerted 

pronounced leishmanicidal effects while 

exhibiting relatively low cytotoxicity 

toward host macrophages. The authors 

posited that the physicochemical properties 

of PS, particularly its enhanced 

lipophilicity relative to resveratrol, may 

facilitate cellular uptake and thereby 

improve antiparasitic efficacy. These 

findings align with the anti-amoebic 

activity documented in the present study 

and suggest that PS antiparasitic properties 

may extend across diverse protozoan 

species.  

The biological activity of PS may be 

partially attributed to its structural features. 

Compared to resveratrol, PS exhibits 

increased membrane permeability, greater 

metabolic stability, and superior 

bioavailability, characteristics that likely 

promote intracellular accumulation and 

interaction with critical parasitic targets. 

Prior research on stilbene-derived 

compounds has demonstrated their capacity 

to disrupt cellular homeostasis, interfere 

with energy metabolism, alter membrane 

function, and induce oxidative stress in 

protozoan parasites (Ferreira et al. 2015; 

Ferreira et al. 2014). Although the precise 

mechanisms underlying the anti-amoebic 

effects observed herein remain to be fully 

elucidated, existing evidence suggests that 

PS may influence multiple pathways 

essential for trophozoite survival and 

proliferation. An additional salient finding 

of this study was the synergistic interaction 

between PS and MZ. Comparable 

advantages of combination therapy have 

been reported in various parasitic diseases, 

wherein concurrent targeting of distinct 

cellular processes yielded enhanced 

antiparasitic efficacy relative to 

monotherapy (Mutiso et al. 2011). Such 

synergistic interactions are particularly 

advantageous in the context of amoebiasis, 

as reducing MZ dosage may diminish 

adverse effects and improve patient 

adherence. 

In addition to its direct anti-amoebic 

effects, PS significantly increased 

intracellular ROS levels in E. histolytica 

trophozoites, with the combined treatment 

producing the most pronounced oxidative 

response. Oxidative stress is known to 

influence parasite survival and virulence, 

and disruption of redox homeostasis has 

been proposed as a potential strategy for 

antiparasitic intervention (Pineda and 

Perdomo 2017; Rastew et al. 2012; Guillén 
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2023). In the present study, the increased 

ROS levels following PS treatment were 

associated with reduced trophozoite 

viability; however, the present 

experimental design does not establish a 

direct causal relationship between ROS 

generation and the anti-amoebic effect of 

PS. Therefore, the observed increase in 

intracellular ROS should be considered a 

potential contributor to, rather than 

definitive evidence of, the biological 

activity of PS. Further studies using ROS 

scavengers or antioxidant rescue 

experiments will be required to determine 

whether oxidative stress is causally 

involved in PS-mediated parasite killing. 

Beyond its impact on trophozoite 

viability, PS markedly downregulated the 

expression of critical virulence-associated 

genes, including EhCP1, EhCP5, and hgl. 

Cysteine proteases are recognized as 

principal virulence factors in E. histolytica, 

playing essential roles in tissue invasion, 

degradation of the extracellular matrix, 

immune evasion, and host cell destruction 

(Moncada et al. 2006; Siqueira-Neto et al. 

2013; Guillén et al. 2012). Notably, EhCP5 

has been extensively characterized as a 

major pathogenic determinant, with prior 

studies demonstrating a strong correlation 

between its expression and parasite 

virulence (Moncada et al. 2006; Siqueira-

Neto et al. 2013). Therefore, the observed 

suppression of EhCP1 and EhCP5 suggests 

that PS may attenuate the parasite’s 

invasive capacity in addition to diminishing 

trophozoite survival. The heavy subunit of 

the hgl is another well-established virulence 

factor that facilitates trophozoite adherence 

to intestinal epithelial cells and components 

of the extracellular matrix (Petri et al. 2002; 

Singh et al. 2024). Given that adhesion is a 

prerequisite for colonization, cytotoxicity, 

and tissue invasion, disruption of lectin-

mediated attachment has long been 

regarded as a viable anti-virulence strategy 

(Petri et al. 2002; Singh et al. 2024). 

Consistent with this notion, the 

transcriptional downregulation of hgl 

observed in this study was accompanied by 

a significant reduction in trophozoite 

adhesion, indicating a functional link 

between decreased expression of this 

adhesin and impaired parasite attachment. 

Prominently, the combination of PS and 

MZ consistently exerted the most potent 

inhibitory effects on ROS homeostasis, 

virulence gene expression, and trophozoite 

adhesion. These results suggest that the 

synergistic interaction between these agents 

extends beyond mere parasite eradication, 

potentially targeting molecular pathways 

integral to parasite pathogenicity. 

The safety profile of prospective anti-

amoebic agents represents a crucial 

consideration in the drug development 

process. In the present study, PS, 

administered both as a monotherapy and in 

combination with MZ, exhibited reduced 

cytotoxic effects on normal FHC cells 

relative to its activity against E. histolytica 

trophozoites, thereby demonstrating a 

favorable selectivity index. Notably, the 

selectivity indices obtained across all 

treatment regimens fell within the range 

conventionally regarded as indicative of 

promising antiparasitic drug candidates 

(Katsuno et al. 2015). The selectivity index 

is a key parameter for assessing the 

therapeutic potential of novel antiparasitic 

compounds, as it reflects their preferential 

cytotoxicity toward parasitic cells 

compared to host cells (Katsuno et al. 2015; 

Peña-Morán et al. 2016). The advantageous 

selectivity profile observed in this 

investigation suggests that the anti-amoebic 

activity of PS is unlikely to result from 

nonspecific cytotoxic effects. Furthermore, 

although combination therapy enhanced 

antiparasitic efficacy, it maintained an 

acceptable safety margin and exhibited the 

highest selectivity among the evaluated 

treatments. These findings are consistent 

with previous studies reporting the 

relatively low toxicity and favorable safety 

characteristics of PS in mammalian cell 

models (McCormack and McFadden 2013; 

Kapetanovic et al. 2011). Collectively, the 

current results indicate that PS possesses 

both potent anti-amoebic activity and a 



Al-Aredhi H.S. 

Epub ahead of print                                                                12 

desirable selectivity profile, thereby 

justifying further exploration of its potential 

as an adjunctive agent in the management 

of amoebiasis. 

The present study has several 

limitations that should be acknowledged. 

First, all experiments were conducted under 

in vitro conditions; therefore, the observed 

anti-amoebic effects may not fully reflect 

the complexity of host–parasite interactions 

in vivo. Second, although the results 

suggest that oxidative stress and 

suppression of virulence-associated genes 

contribute to the activity of PS, the precise 

molecular mechanisms underlying these 

effects remain to be elucidated. 

Additionally, only a limited number of 

virulence markers were investigated, and 

other pathways potentially involved in 

parasite survival and pathogenicity were 

not assessed. Despite these limitations, the 

findings provide the first evidence of the 

anti-amoebic and anti-virulence activities 

of PS against E. histolytica. Future studies 

should evaluate the efficacy and safety of 

PS in experimental models of amoebiasis, 

investigate its pharmacokinetic and 

pharmacodynamic properties, and further 

characterize the molecular pathways 

involved in its antiparasitic action. 

Moreover, given the promising synergistic 

interaction observed with MZ, additional 

studies are warranted to optimize 

combination regimens and explore their 

potential to improve therapeutic outcomes 

while reducing drug-associated toxicity. 

PS exhibits significant anti-amoebic 

activity against E. histolytica and enhances 

the activity of MZ under the experimental 

conditions investigated. These effects were 

accompanied by increased intracellular 

ROS levels, downregulation of virulence-

associated gene expression, and reduced 

parasite adhesion. However, the present 

findings demonstrate associations rather 

than definitive causal mechanisms. 

Therefore, further mechanistic and in vivo 

studies are warranted to determine the 

contribution of oxidative stress and 

virulence-related pathways to the anti-

amoebic activity of PS. 
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