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Abstract
Cystic echinococcosis (CE) is a neglected zoonotic disease that causes significant economic losses in livestock 
and poses health risks to humans, necessitating improved diagnostic and therapeutic strategies. This study 
investigates CE in donkeys using a multifaceted approach that includes molecular identification, gene expression 
analysis, serum biochemical profiling, histopathological and immunohistochemical examination, and in vitro 
drug efficacy evaluation. Molecular analysis of hydatid cyst protoscolices (HC-PSCs) from infected donkey livers 
and lungs revealed a high similarity to Echinococcus equinus (GenBank accession: PP407081). Additionally, gene 
expression analysis indicated significant increases (P < 0.0001) in interleukin 1β (IL-1β) and interferon γ (IFN-γ) 
levels in lung and liver homogenates. Serum biochemical analysis showed elevated aspartate transaminase (AST), 
alkaline phosphatase (ALP), and globulin levels, alongside decreased albumin compared to non-infected controls. 
Histopathological examination revealed notable alterations in pulmonary and hepatic tissues associated with 
hydatid cyst infection. Immunohistochemical analysis showed increased expression of nuclear factor kappa B (NF-
κB), tumor necrosis factor-α (TNF-α), and toll-like receptor-4 (TLR-4), indicating a robust inflammatory response. In 
vitro drug evaluations revealed that Paroxetine (at concentrations of 2.5, and 5 mg/mL) demonstrated the highest 
efficacy among repurposed drugs against HC-PSCs, resulting in the greatest cell mortality. Colmediten followed 
closely in effectiveness, whereas both Brufen and Ator exhibited minimal effects. This study identifies Paroxetine 
as a promising alternative treatment for hydatidosis and provides a framework for investigating other parasitic 
infections and novel therapies.
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Introduction
Hydatidosis, also known as cystic echinococcosis (CE), 
is a significant yet neglected zoonotic disease that poses 
a global public health and economic burden. This para-
sitic infection originates from the larval stage of the Echi-
nococcus species and is mainly transmitted through the 
consumption of food or water contaminated with para-
site eggs. These eggs are excreted in the feces of infected 
dogs, which serve as the definitive hosts [1]. Humans 
and various intermediate hosts, including livestock 
and equines, can become accidentally infected. Once 
ingested, the parasite develops into cystic lesions, known 
as hydatid cysts, which predominantly form in the liver 
and lungs but may also affect other tissues. These cysts, 
characterized by their slow growth over months or years, 
can lead to significant inflammation and clinical compli-
cations, potentially threatening the host’s health [1].

The complexity of hydatid cysts extends beyond their 
location and growth patterns. They can be classified into 
two types based on their contents: fertile cysts, which 
contain protoscolices (PSCs) capable of developing into 
adult tapeworms, and sterile cysts, which lack viable 
PSCs. The structure of the cyst wall reflects the dynamic 
interaction between the parasite and the host’s immune 
system. It includes a tough fibrous pericyst, formed as a 
result of the host’s inflammatory response, followed by a 
laminated layer produced by the parasite, and an inner-
most germinal layer, which is responsible for producing 
PSCs [2]. Understanding this intricate structure is essen-
tial for deciphering the parasite’s survival mechanisms 
within the host and developing targeted therapeutic 
approaches.

Adding to the complexity of hydatidosis is the genetic 
diversity within Echinococcus granulosus sensu lato 
(s.l.). Molecular studies based on mitochondrial gene 
sequences, such as cytochrome C oxidase subunit I 
(COX1) and nicotinamide adenine dinucleotide dehy-
drogenase subunit I (ND1), have identified ten genotypes 
(G1–G10) within the E. granulosus s.l. complex. These 
genotypes have been reclassified into five distinct spe-
cies: E. granulosus sensu stricto (s.s.) (G1-G3), E. equi-
nus (G4), E. ortleppi (G5), E. canadensis (G6-G10), and 
E. felidis [3, 4]. This genetic variability underscores the 
need for precise identification of strains to better under-
stand their epidemiology, pathogenicity, and treatment 
implications.

The intricate relationship between the parasite and 
host is further demonstrated by the evolving immune 
response to hydatid cysts over the course of infection. 
During the early stages, a strong T helper 1 (Th1)-medi-
ated immune response is typically activated, which can 
eliminate many invading parasites and establish protec-
tive immunological memory. However, as the disease 
progresses, the parasite employs sophisticated immune 

evasion strategies, leading to a shift toward a T helper 
2 (Th2)-dominated response [5]. This Th2 response is 
characterized by the production of cytokines such as 
IL-4, IL-13, IL-5, and IL-10, along with the recruitment 
of eosinophils, alternatively activated macrophages, mast 
cells, plasma cells, and lymphocytes. This altered immune 
environment enables the parasite to persist chronically, 
often with minimal or vague clinical symptoms and a 
subdued inflammatory response [6–8]. Understanding 
these immune dynamics is crucial for developing effec-
tive therapeutic and preventive strategies.

Given the complex nature of hydatidosis, diagnos-
ing the condition requires a multifaceted approach that 
combines imaging studies with serological and biochemi-
cal evaluations. Biochemical parameters, including liver 
function tests (aspartate transaminase [AST], alanine 
transaminase [ALT], alkaline phosphatase [ALP], and 
creatine kinase [CK]), kidney function tests (creatinine, 
urea), serum electrolytes (calcium, sodium, potassium, 
and phosphorus), and serum glucose levels, are rou-
tinely used to assess disease progression and the host’s 
response to treatment [9]. These diagnostic tools provide 
valuable insights into the systemic effects of hydatid cysts 
and their impact on organ function.

Once diagnosed, treatment of hydatidosis typically 
involves a combination of surgical intervention and 
pharmacotherapy. Surgical options include open or 
laparoscopic surgery and the percutaneous aspiration-
injection-reaspiration (PAIR) technique. While surgery 
remains a cornerstone of treatment, it carries inherent 
risks, including high morbidity and mortality, cyst rup-
ture, and the potential for anaphylaxis and recurrence 
[10]. To complement surgical approaches, Albendazole 
(ABZ) is widely regarded as the primary pharmacological 
agent for hydatidosis. ABZ can be used as a standalone 
treatment or in combination with surgery [11]. However, 
its therapeutic use requires prolonged high-dose regi-
mens, which are associated with significant side effects, 
including hepatotoxicity [12, 13]. These limitations high-
light the urgent need for alternative treatment options.

The search for new treatments is hampered by the 
exorbitant costs of drug discovery and development, 
ranging from $500  million to $2  billion per drug. To 
address these financial and logistical barriers, drug repo-
sitioning or repurposing has emerged as a promising 
strategy. This approach involves identifying new thera-
peutic applications for already approved drugs, offer-
ing a cost-effective and time-efficient alternative to de 
novo drug development [14]. Drug repositioning has the 
potential to accelerate the availability of effective treat-
ments for hydatidosis, thereby improving outcomes for 
affected populations.

In light of these challenges and opportunities, the cur-
rent study aims to address critical gaps in understanding 
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and treating hydatidosis by pursuing two key objectives. 
The first objective is to conduct a comprehensive analysis 
of hydatid cyst protoscolices (HC-PSCs) from Egyptian 
donkeys. This analysis will focus on three main aspects: 
phylogenetic characterization to understand the genetic 
diversity of the parasite strains; immunological and bio-
chemical profiling of infected donkeys to elucidate host 
responses; and histopathological and immunohistochem-
ical examination of liver and lung tissues to assess the 
local impact of infection.

The second objective is to evaluate the in vitro efficacy 
of four repurposed drugs—atorvastatin, Paroxetine, Col-
mediten, and ibuprofen—against hydatid PSCs, com-
pared to the current gold-standard anti-hydatid drug, 
Albendazole. By addressing these objectives, this study 
seeks to provide novel insights into the pathophysiol-
ogy of hydatidosis in equines and explore cost-effective 
treatment strategies, ultimately contributing to the global 
effort to combat this neglected zoonotic disease.

Materials and methods
Samples collection and protoscolices (PSCs) separation
In rural Egypt, donkeys play a crucial role in transporting 
people and goods, especially in areas without vehicular 
access. They also support agriculture by moving water, 
fertilizers, and crops. However, donkeys unable to per-
form these tasks due to untreated injuries or deformities 
are often sold for slaughter, where they become food for 
carnivorous animals in zoos or circuses.

From December 2023 to April 2024, the donkeys 
were acquired from private individuals who transferred 
ownership to the Giza National Zoo, where they were 
intended for use in the zoo’s feeding programs. Selection 
was not based on infection status since infection could 
only be confirmed post-mortem. Instead, donkeys were 
included in the study based on their availability from pri-
vate sellers and their eligibility for the zoo’s programs. 
All selected donkeys were over five years old, reflecting a 
mature population often discarded from labor-intensive 
tasks due to age-related physical limitations. Upon arrival 
at the Giza National Zoo, these donkeys underwent ini-
tial medical examinations to assess their overall health. 
The investigated animals underwent multiple diagnostic 
techniques for various diseases as part of several ongo-
ing studies in our department. Only animals with a con-
firmed history of hydatid cyst infection were selected for 
inclusion in this study. Following euthanasia, a thorough 
post-mortem examination was conducted, during which 
hydatid cyst infection was diagnosed through palpation 
and incision. Since infection status was unknown prior 
to euthanasia, the study represents a random sampling 
of donkeys entering the zoo, making the findings relevant 
for understanding the natural prevalence of the disease in 
this population [15].

Healthy controls were defined as donkeys that showed 
no visible hydatid cysts upon thorough post-mortem 
examination, including palpation and incision of the liver 
and lungs. To rule out infection, macroscopic inspec-
tion was performed, and serum biochemical parameters 
were analyzed to confirm the absence of systemic dis-
ease. Additionally, histopathological examination of liver 
and lung tissues was conducted to ensure the absence 
of hydatid cysts or inflammatory lesions associated 
with Echinococcus infection. To verify that elevations in 
inflammatory cytokines were specifically due to hydatid-
osis, cytokine levels in infected donkeys were compared 
with those in these rigorously screened healthy controls. 
Furthermore, no clinical signs or histopathological evi-
dence of concurrent infections were observed, reducing 
the possibility of confounding factors affecting cytokine 
levels.

Blood samples were collected at slaughter, and post-
mortem inspections included palpation and incision to 
diagnose and extract any HC present in the carcass and 
organs. Additionally, representative tissue samples from 
the lungs and liver were collected from each animal. The 
collected materials were stored in separate polyethylene 
bags and promptly transferred to the Parasitology Labo-
ratory at the Faculty of Veterinary Medicine, Cairo Uni-
versity, under strict hygienic conditions and preserved on 
ice. In the laboratory, tissues surrounding hydatid cysts 
were carefully removed to prevent rupture. To evaluate 
the presence of calcification in hydatid cysts, a macro-
scopic examination was performed to assess their tex-
ture, firmness, and structural characteristics. Calcified 
cysts were identified based on their small size, increased 
firmness, and gritty consistency upon palpation. To fur-
ther confirm calcium deposition, Alizarin Red staining 
was applied, which selectively binds to calcium, allowing 
for its visualization. Cysts were washed with phosphate-
buffered saline (PBS) at pH 7.4, followed by aspiration of 
hydatid fluid using a sterile needle. The aspirated fluids 
were examined microscopically, and cysts were identified 
morphologically according to Manterola et al. 2023 [16]. 
Fertile cystic fluid containing PSCs was collected from 
each cyst; the PSCs were allowed to settle by gravity, 
discarding the upper fluid. The sedimented PSCs were 
washed three times with PBS at 37  °C [4, 17]. Samples 
were stored in RPMI-1640 medium (Gibco Laborato-
ries, Grand Island, NY, USA), including media contain-
ing active PSCs for genotyping identification sent to the 
Department of Biotechnology at Cairo University [4].

Hydatid cyst genotyping and sequencing
Protoscolices were genotyped against reference samples 
using conventional PCR following the method by Was-
sermann et al. 2015 [18]. Nucleic acid sequences from 
25 positive samples were extracted immediately after 
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collection using a QIAamp DNA Mini Kit (Qiagen, 
Hilden, Germany), strictly following the manufacturer’s 
protocol. PCR was performed to identify Echinococcus 
equinus (G4) using specific primers: forward: TTA CTG 
CTA ATA ATT TTG TGT CAT; reverse: GCA TGA 
TGC AAA AGG CAA ATA AAC.

The EmeraldAmp GT PCR master mix (Takara, Japan) 
was used in a reaction volume of 25 µL, incorporating 
5 µL of sample DNA as a template and 10 pmol of each 
primer (Metabion, Germany). The amplification condi-
tions included an initial denaturation step at 94  °C for 
3 min, followed by 25 cycles of denaturation at 94 °C for 
30  s, annealing at 56  °C for 30  s, extension at 72  °C for 
30 s, and a final extension step at 72 °C for 5 min. Specific 
bands at 1075 bp were confirmed through electrophore-
sis on a 1.5% agarose gel.

After amplification, PCR products were isolated from 
agarose gels and purified using the GeneiPureTM Quick 
PCR Purification Kit (Bangalore Genei). The refined 
PCR products were sequenced using a Rikakan DNA 
sequencer (Rikakan, Japan), employing both forward 
and reverse primers for two COXI mitochondrial genes. 
DNA sequencing was conducted in both orientations. 
Nucleotide sequences were analyzed using Finch TV 
v1.4.0 (Geospira Inc.) to ensure the quality of electrophe-
rograms. The extracted sequences were aligned with con-
firmed Echinococcus equinus strains from GenBank using 
BLAST [19]. Phylogenetic analysis was performed using 
“Mega 11” software via a neighbor-joining procedure 
with 1000 bootstrapping replicates. The phylogenetic 
matrix (phylogenetic identity and phylogenetic distance) 
is based on the multiple alignment of the PP407081.1 
sequence and other related E. equinus COXI mitochon-
drial genes with the Tamura Nei model. The analyzed 
sequences from this study were deposited in GenBank 
under accession number PP407081.

Immuno-expression of cytokines by real-time PCR (RT-PCR)
Total RNA was extracted from lung and liver samples 
of infected and non-infected donkeys using the RNeasy 
Mini Kit (Qiagen, Venlo, The Netherlands), following 
the manufacturer’s instructions. cDNA was synthesized 
using the QuantiTect Reverse Transcription Kit (Qia-
gen). The reaction mixture consisted of 10 µL of Sybr 

Green Master Mix 2X (Bio-Rad), 0.4 µL of primers listed 
in Table  1 (1 µM) and 1 µL of cDNA template (1  µg), 
adjusted to a final volume of 20 µL.

Samples were run in duplicate on a 96-well real-time 
PCR plate (Bio-Rad) using a CFX96 Touch Real-Time 
PCR machine (Bio-Rad). The cycling profile included 
an initial step at 50  °C for 2  min, followed by 95  °C for 
10 min, then 40 cycles of denaturation at 95  °C for 15 s 
and annealing/extension at 60  °C for 1 min. Quantifica-
tion was performed using the comparative ∆∆ cycle 
threshold method with normalization to glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) mRNA lev-
els. Results are expressed as fold changes relative to the 
healthy control group.

Analysis of biochemical parameters
Blood samples were collected from the jugular veins of 
the donkeys and immediately transported to the labo-
ratory on ice for analysis. The serum was separated by 
centrifugation at 3000  g for ten minutes and preserved 
at − 20 °C until further analysis. Biochemical parameters 
such as ALP, aspartate aminotransferase (AST), albumin, 
and globulin levels were measured using commercially 
available kits [23].

Histopathological, histochemical and 
immunohistochemical investigation
Specimens from the lungs and liver of both infected and 
uninfected donkeys were collected and preserved in 10% 
neutral buffered formalin. The specimens underwent 
routine processing using a tissue processor (HistoCore 
PEARL, Leica, Germany) and were embedded in paraf-
fin blocks before being sectioned at a thickness of 4 μm. 
Tissue sections received standard Hematoxylin and Eosin 
(H&E) staining as well as Masson trichrome staining 
(MTC) following Bancroft and Layton, 2018 [24].

For immunological staining, sections measuring 5 μm 
in thickness were prepared on adhesive slides, rehy-
drated, and rinsed in PBS before incubation with pri-
mary monoclonal antibodies against TNF-α (sc-52746; 
Santa Cruz Biotechnology), TLR4 antibody (sc-293072; 
Santa Cruz Biotechnology), and nuclear factor-κB (NF-
κB) (sc-8008; Santa Cruz Biotechnology), diluted at 1:200 
overnight at 4 °C in a humid chamber. Endogenous per-
oxidase activity was blocked using hydrogen peroxide 
before applying an HRP-labeled detection kit (Bio SB, 
USA) according to the manufacturer’s instructions for 
developing positive reactions.

Drug repurposing against HC-PSCs in vitro
Tested drugs and their doses
For drug repurposing against HC-PSCs in vitro, four 
drugs were evaluated for their efficacy against PSCs. 
Atorvastatin was administered orally as Ator (Egyptian 

Table 1  Oligonucleotide primers utilized in real-time PCR
Equine 
gene target

Primer sequence Ref-
er-
ence

INF-γ Forward: TCTTTAACAGCAGCACCAGCAA
Reverse: GCGCTGGACCTTCAGATCAT

 [20]

IL-1β Forward: AGTCTTCAGTGCTCAGGTTTCTGA
Reverse: TGCCGCTGCAGTAAGTCATC

 [21]

GAPDH Forward: GGCGTGAACCACGAGAAGTATAA
Reverse: CCCTCCACGATGCCAAAGT

 [22]
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International Pharmaceutical Industries Co.) at a dos-
age of 20 mg/70 kg body weight and tested in solution at 
concentrations of 20  mg/mL and 40  mg/mL. Ibuprofen 
was provided as Brufen 400  mg tablets by Abbott Drug 
Company and administered orally at doses of 4–10 mg/
kg body weight; it was tested at concentrations of 20 mg/
mL and 40  mg/mL. Paroxetine was supplied as film-
coated tablets by EVA Pharma Company with a daily oral 
dose not exceeding 50 mg; it was tested at concentrations 
of 1.25  mg/mL, 2.5  mg/mL, and 5  mg/mL. Colchicine 
was provided as Colmediten tablets by Kahira Pharma-
ceuticals and tested at concentrations of 100 µg/mL and 
200 µg/mL. Albendazole (ABZ) was used as a drug con-
trol at a concentration of 100  µg/mL [25], provided in 
suspension form by Pharma Cure Pharmaceuticals Com-
pany, Egypt. All drugs were diluted to the desired con-
centrations in RPMI-1640 medium [26].

Experimental design
Fresh PSCs were harvested from fertile hydatid cysts 
containing clear cystic fluid and examined microscopi-
cally before being directly transferred into RPMI media 
maintained at 37  °C for drug exposure studies. Drug 
concentrations were adjusted within warm RPMI-1640 
medium in test tubes before being added to sterile Petri 
dishes containing approximately 103 viable PSCs per mL 
(viability > 90%) [27]. A PSC suspension in a sterile RPMI 
medium served as the negative control.

Three replicates per drug concentration were prepared 
simultaneously, with dishes incubated at 37  °C during 
exposure periods ranging from 6 to 72 h. Following each 
exposure time point, media containing drugs were dis-
carded; precipitated PSCs underwent three washes with 
warm RPMI-1640 medium free from drugs before re-
incubation for an additional 48 h at 37 °C.

To evaluate drug efficacy, the viability of settled PSCs 
was assessed based on contractility and developmental 
stage. A methylene blue exclusion test using a solution of 
methylene blue at a concentration of 0.1% differentiated 
between living and dead PSCs. Drug efficacy was calcu-
lated according to Salama et al. 2012 [28]:

Mortality % = (Mean Survived PSCs in Control - Mean 
Survival in Exposed) / Mean Survival in Control × 100.

Additionally, lethal concentrations causing death in 
50% (LC50) and 100% (LC100) of PSCs were determined 
following methodologies outlined by Farhadi et al. 2021 
[29].

Statistical analysis
Statistical analyses were conducted using both SPSS 
and GraphPad Prism software. An unpaired t-test was 
employed for the biochemical and gene expression data, 
with significance defined as a P-value < 0.001 [30, 31]. 
For LD50 evaluation, a nonlinear regression model was 

utilized. Additionally, a one-way ANOVA followed by 
multiple comparison Fisher’s LSD test was applied to 
compare differences between groups [32, 33].

Results
Prevalence and genetic characterization of Echinococcus 
equinus
Of the 65 donkeys examined at Egypt’s Giza National 
Zoo, 25 (38.46%) were infected with HC. These cysts 
were predominantly found in both the lungs and liver 
of the infected animals (Fig. 1). Most cysts (> 25) varied 
in size from 2 to 7 cm in diameter and contained viable 
protoscolices (PSCs), indicating fertility. However, three 
cysts were sterile (lacking PSCs), and four were small and 
calcified.

To further characterize the parasite, we conducted a 
genetic analysis. The cytochrome c oxidase subunit I 
(COXI) sequence from the isolate (GenBank accession: 
PP407081) revealed high homology to E. equinus. The 
phylogenetic analysis tree and matrix table displaying 
genetic identity and distance are shown in Figs.  2 and 
3. The phylogenetic analysis revealed 100% similarity 
to the reference sequence EF143834, with a genetic dis-
tance of 0.000. It showed 99.77% similarity to sequences 
MN787562, PP504258, and KY766905, and 99.43% 
homology with KP101615.1 (see Figs.  2 and 3). This 
genetic characterization not only confirms the presence 
of E. equinus in Egyptian donkeys but also provides cru-
cial epidemiological data for future control strategies.

Immunological and biochemical profiles
Building on our genetic findings, we next investigated 
the impact of HC infection on host physiology through 
cytokine gene expression and serum biochemistry. We 
observed significant elevations in IFN-γ and IL-1β mRNA 
levels in both liver and lung tissues of infected animals 
compared to healthy controls (P < 0.0001) (Fig.  4). Spe-
cifically, IFN-γ mRNA levels showed a 3.33-fold increase 
in the liver and a 5.54-fold increase in the lung, while 
IL-1β mRNA levels exhibited a 2.73-fold increase in the 
liver and a 4.10-fold increase in the lung. This substan-
tial increase in pro-inflammatory cytokines indicates a 
robust immune response to the parasite.

Concurrently, serum biochemical analysis revealed 
marked alterations in liver function parameters. Infected 
donkeys showed significantly increased ALP and AST 
enzyme activities and higher globulin levels, while albu-
min levels decreased significantly compared to healthy 
controls (P < 0.0001) (Fig.  5). These changes reflect the 
systemic impact of hydatidosis on host metabolism and 
liver function, underscoring the complex host-parasite 
interaction.
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Histopathological and immunohistochemical findings
To further elucidate the effects of hydatid infection at the 
tissue level, we conducted a microscopic examination of 
infected tissues. This analysis revealed distinct character-
istics of hydatid cysts in the lungs and liver. Pulmonary 
cysts exhibited numerous scolices in brood capsules, 
thin germinal layers, and thick laminated and adventi-
tial layers with minimal inflammation, indicating fertility 
(Fig.  6A-B). The surrounding lung tissue showed alveo-
lar collapse, bronchiolar epithelial hyperplasia, vascular 
congestion, edema, and inflammatory cell infiltration 
(Fig. 6C-F).

In contrast, hepatic lesions were more pronounced, 
with cysts displaying thicker laminated and adventitial 
layers interconnected with dense collagen fibers (Fig. 7A-
C). The liver parenchyma exhibited portal fibrosis, 
ductular reaction, steatosis, and hemosiderin-laden mac-
rophages (Fig. 7D-F).

To gain deeper insights into the inflammatory 
response, we performed immunohistochemical analy-
sis. This revealed increased expression of inflammatory 
markers. TNF-α expression was elevated in both pul-
monary and hepatic tissues, with higher intensity in the 
liver. NF-κB showed marked nuclear translocation in 

hepatocytes, while TLR-4 expression was detected in the 
alveolar epithelium, hepatocytes, and inflammatory cells 
(Fig. 8). These findings underscore the complex and tis-
sue-specific inflammatory response to hydatid infection.

Efficacy of repurposed drugs
Comparative effectiveness of paroxetine, colmedetin, brufen, 
and ator on E. equinus: an analysis of dose and concentration
The efficacy of four pharmacological agents—Paroxetine, 
Colmedetin, Brufen, and Ator—was evaluated against E. 
equinus by assessing the percent mortality of PSCs across 
varying concentrations and time points. Distinct patterns 
in the time and concentration-dependent effectiveness 
of these drugs are noted in Fig.  9. Paroxetine demon-
strated a progressive increase in PSC mortality with ris-
ing concentrations (1.25 mg/mL, 2.5 mg/mL, and 5 mg/
mL) and extended exposure durations. At a concentra-
tion of 1.25  mg/mL, significant yet minimal mortality 
was observed at early time points (1 to 6 h), with substan-
tial increases after 24  h, reaching peak efficacy at 72  h. 
Higher concentrations (5  mg/mL) showed accelerated 
effects, with notable mortality as early as 12 h.

Additionally, the mortality rate of PSCs caused 
by Colmedetin increased significantly with higher 

Fig. 1  A and B. Freshly collected hydatid cyst in the lung of slaughtered donkeys (≥ 5 cm); C and D. Hydatid cyst found in the liver of slaughtered donkeys 
(2–4 cm)
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concentrations, particularly noticeable at 6 and 12  h, 
reaching optimal levels beyond 24  h. The 200  µg/mL 
concentration consistently outperformed the 100 µg/mL 
across all time points.

Brufen, evaluated at concentrations of 20  mg/mL and 
40  mg/mL, showed minimal cytotoxic effects on PSCs. 
The 40  mg/mL concentration exhibited a more signifi-
cant mortality rate than 20 mg/mL. While both concen-
trations showed time-dependent increases, the higher 
concentration achieved more efficacy, indicating a dose-
dependent response. However, its effect was still not 
great.

Ator, similar to Brufen, was assessed at 20 mg/mL and 
40 mg/mL. Ator’s mortality impact was significant from 

12 h onwards, with the 40 mg/mL concentration yielding 
superior effects compared to the 20  mg/mL. The most 
pronounced effect was observed at the 72-hour mark for 
both concentrations but was still low compared to ABZ, 
Paroxetine, and Colmedetin.

Our data (Fig.  10) indicate a significant variation in 
the effectiveness of the four drugs against E. equinus. 
Paroxetine demonstrated the highest mortality rates at 
lower concentrations over time, particularly at 5 mg/mL, 
achieving nearly 100% mortality at 72 h. Colmedetin also 
showed promising results, particularly at higher concen-
trations (200 µg/mL), with mortality rates exceeding 90% 
after 48 h. Brufen exhibited moderate effectiveness with a 
gradual increase in mortality that plateaued around 40% 

Fig. 2  The phylogenetic tree created using the neighbor-joining method and E. equinus COXI mitochondrial genes, including the new sequence with 
accession number PP407081 and other related sequences downloaded from GenBank
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at its highest concentration (40 mg/mL) after 72 h. Ator 
showed the least efficacy among the tested drugs, with 
maximum mortality rates reaching only about 50% at the 
highest concentration after 72 h.

Lethal dose 50% (LD50%)
Given the significant pathological effects of hydatid 
infection, we next explored potential therapeutic inter-
ventions through drug repurposing. In vitro testing of 
repurposed drugs against E. equinus PSCs yielded vary-
ing results. Brufen and Atorvastatin (Ator) showed poor 
efficacy, with maximum mortality rates of 34.6% and 
21%, respectively, after 72 h at the highest concentrations 
tested (Figs. 9, 10, 11, 12 and 13).

Colchicine (Colmediten) demonstrated moderate effi-
cacy, with LC50 reached at 100 µg/mL after 72 h and at 
200  µg/mL after 48  h. Notably, Paroxetine emerged as 
the most promising candidate, showing potent scolicidal 
activity. Its LC50 was observed at 2.5 mg/mL after 24 h 
and at 5 mg/mL after 6 h, with 100% mortality achieved 

at 5 mg/mL after 72 h (Table 2; Figs. 9, 10, 11, 12 and 13). 
Expanded LD50 for all four drugs was demonstrated in 
all the different time points in Fig. (12).

For comparison, we tested the reference drug, Alben-
dazole (ABZ), which showed the highest efficacy, achiev-
ing 100% PSCs mortality after 36  h. Importantly, there 
was no significant difference between the efficacy of Par-
oxetine at 5  mg/mL and ABZ, suggesting Paroxetine’s 
potential as an alternative treatment for hydatidosis.

These results highlight the potential of drug repurpos-
ing in developing new treatments for hydatidosis, with 
Paroxetine emerging as a promising candidate for fur-
ther investigation. The varying efficacies observed among 
the tested drugs underscore the importance of targeted 
screening in the search for novel anti-parasitic agents.

Discussion
Hydatidosis, also known as CE, is a significant zoonotic 
disease with severe implications for human and animal 
health worldwide [4]. The disease is characterized by the 
development of large cysts, ranging in size from a hen’s 
egg to a child’s head, which can form in various organs, 

Fig. 5  Biochemical Parameter Levels in Healthy Control Donkeys and 
Donkeys Infested with E. equinus. This figure illustrates the differences in 
key biochemical parameters between healthy control donkeys and those 
affected by E. equinus: (A) aspartate aminotransferase (AST), (B) alkaline 
phosphatase (ALP), (C) albumin, and (D) globulin. ****P < 0.0001 indicates 
significant differences between the groups

 

Fig. 4  Gene expression of different cytokines in liver and lung tissues 
infected with HC. This figure illustrates the differences in key cytokines 
parameters between healthy control donkeys and those affected by E. 
equinus: (A) Interferon gamma (IFN-γ) in the liver, (B) Interleukin 1 beta 
(IL-1β) in the liver (C) IFN-γ in the lung, and (D) IL-1β in the lung. Statisti-
cally significant differences between the control and CE-infested groups 
were determined using a two-tailed T-test and are marked by asterisks 
(****P < 0.0001)

 



Page 10 of 19Taha et al. BMC Veterinary Research          (2025) 21:178 

causing pressure on surrounding tissues and carrying the 
risk of rupture and subsequent anaphylaxis [34]. Under-
standing the epidemiology and genetic characteristics 
of the parasite is crucial for developing effective control 
strategies.

Genetic characterization and epidemiology
In equine hosts, infection occurs when animals graze on 
pastures contaminated with dog and fox feces containing 
parasite eggs. Donkeys and horses serve as intermediate 
hosts, developing viable hydatid cysts with protoscolices 
primarily in their lungs and liver. In Egypt, infected don-
keys, particularly when their carcasses are improperly 
disposed of near canals or agricultural lands, become a 
significant source of infection for the primary hosts of 
Echinococcus equinus, namely dogs and foxes [3].

Our genetic characterization of hydatid cyst proto-
scolices revealed that the cytochrome oxidase subunit I 
sequence was closely related to E. equinus. The sequence 
was deposited in GenBank under accession number 
PP407081, showing 100% homology with the sequence 
reported by Varcasia et al. 2008 in Italy [35], 99.77% 

homology with those reported by Kinkar et al. 2017, 
Alvarez Rojas et al. 2020, and Wang et al. 2023 in Estonia, 
Switzerland, and China, respectively [36–38], and 99.44% 
homology with that reported by Aboelhadid et al. 2013 
in Egypt [3]. This genetic identification of the echinococ-
cosis strain in Egyptian donkeys provides valuable infor-
mation for disease control strategies and sets the stage 
for understanding the host-parasite interactions at the 
molecular level.

Immunological and biochemical profile
Building on the genetic characterization, our study 
aimed to further elucidate the immunological cytokine 
and cellular inflammatory profile in the lungs and liver 
of chronic equine CE and their relationship with cyst 
fertility. We observed significant increases in IFN-γ and 
IL-1β mRNA levels in both lungs and liver with fertile 
and sterile hydatid cysts, characteristic of the inflamma-
tory response against the metacestode. IL-1β is widely 
produced by WBCs in CE-infected intermediate hosts, 
especially close to the metacestode, and is assumed to 
play a crucial immune-modulatory function in ensuring 

Fig. 6  Photomicrograph of pulmonary tissue reveals a hydatid cyst with a thick adventitial layer compressing the underlying alveoli (star), along with 
parasitic stages present in the bronchiolar lumen (arrow) (A). The cyst contains many scolices (arrows) within the brood capsule, featuring a thin germinal 
layer (GL) and a thick laminated layer (LY) (B). The bronchiolar wall shows hyperplastic proliferation of epithelium with parasites in their lumina (C). The 
alveolar wall exhibits necrosis of the alveolar epithelium, edema, capillary congestion, and inflammatory cell infiltration (D). The alveolar epithelium shows 
necrosis with the attachment of a parasite scolex to the alveolar wall, accompanied by capillary congestion and inflammatory cell extravasation (arrow) 
(E). Alveolar fibroplasia is observed, with the formation of a hyaline membrane associated with mononuclear cell infiltration (F) and hemosiderin pigment 
deposition (insert box)
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parasite persistence [19]. IFN-γ inhibits the development 
and function of parasitic helminths by stimulating mac-
rophages to produce nitric oxide (NO) [39]. These find-
ings align with observations from previous studies [20, 
40–42]. However, our results differ from those reported 
by [6, 39], who observed no variations in gene expression 
between normal and infected animals.

Complementing the immunological findings, our bio-
chemical analysis revealed significant elevations in serum 
AST and ALP activities in infected donkeys compared 
to healthy controls, consistent with previous findings in 
donkeys infected with E. equinus [43]. This elevation in 
enzyme activities may be explained by damage to liver 
cells triggered by hypoxia associated with anemia. We 
also observed increased globulin levels and decreased 
albumin levels in infected animals. The increased globu-
lin fraction is attributed to chronic inflammation and 
responses to antigenic stimulation in the hepatic tis-
sue, while decreased albumin levels may be due to acute 
phase reactions and hepatic dysfunction [44]. These bio-
chemical changes further underscore the systemic impact 
of hydatidosis and highlight the need for effective treat-
ment strategies.

Current treatment approaches and limitations
Given the complex host-parasite interactions and 
systemic effects of hydatidosis, current treatment 
approaches face significant challenges. Surgical interven-
tions and PAIR technique are associated with complica-
tions such as cyst rupture, anaphylaxis, recurrence, and 
toxicity from scolicidal agents [13]. Albendazole (ABZ) 
remains the primary pharmacological treatment but 
requires high doses for extended periods, leading to seri-
ous side effects, including hepatotoxicity [12, 45]. The 
need for safer, effective anti-hydatidosis drugs is evident, 
but the high cost of developing new anti-helminthic com-
pounds, estimated at $500 million to $2 billion per drug, 
presents a significant challenge [14, 46]. These limitations 
in current treatment options motivated our exploration 
of drug repurposing as a potential solution.

Evaluation of repurposed drugs
In response to the challenges associated with current 
treatments, our study evaluated the efficacy of four 
repurposed drugs (Atorvastatin, Paroxetine, Colchicine, 
and Ibuprofen) against hydatid protoscolices in vitro, 
compared to ABZ. Albendazole (ABZ) is widely regarded 

Fig. 7  Photomicrograph of hepatic tissue showing the presence of hydatid cyst with a marked thick wall (double arrowhead) with the interconnec-
tion of the adventitial layer of the parasitic wall into the hepatic bridging fibrosis (yellow arrow) and marked hepatic hemorrhage underneath the cyst 
wall (A). The cyst wall consists of thin germinal layer (GL) with no noticed scolices, thick laminated layer (red double head arrow, LY), and an extremely 
hyalinized collagenous adventitial wall (AL, double black head arrow) (B) The collagenous adventitial layer replacing the host tissue and showed marked 
angiogenesis (black thick arrows) with mononuclear cells infiltration that laden with hemosiderin pigment (black thin arrows) with extensive necrosis of 
hepatocytes (yellow arrows) (C). Severe portal fibrosis and ductular reaction with lymphocytic infiltration (D). Bridging fibrosis with oval cell proliferation 
in interlobular areas (E). Marked inflammatory reaction comprising the hepatic parenchyma (F)
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as the primary pharmacological treatment for different 
parasites, as it disrupts parasite microtubule formation, 
leading to impaired glucose uptake and eventual parasite 
death [47]. We utilized extracted live PSCs derived from 
fresh uncalcified cysts through aspiration.

Paroxetine, a selective serotonin reuptake inhibitor 
(SSRI), is widely used for managing anxiety disorders 
and other conditions like diabetic neuropathy, chronic 
headaches, and menopausal symptoms [48]. It also 
shows potential as an antiparasitic agent. Our study 

demonstrated Paroxetine’s efficacy with an LC50 at 
2.5  mg/mL after 24  h and at 5  mg/mL in less than 6  h, 
reaching an LC100 at 5  mg/mL after 72  h. This aligns 
with its known effectiveness against parasites such as 
Caenorhabditis elegans, Trichuris muris, Ancylostoma 
caninum, and Schistosoma mansoni [49].

These effects are linked to Paroxetine’s influence on the 
serotonergic system, which is crucial for the nervous sys-
tem of Echinococcus multilocularis, impacting prolifera-
tion, vesicle integrity, and parasite stem cell viability [50, 

Fig. 8  Photomicrograph of liver and lung tissues, intense blue staining of the adventitial layer of cyst wall with MTC in liver and lung tissues. There is 
positive TNF-α expression in the Kupffer cells and hepatocellular cytoplasm, with moderate expression in the cytoplasm of macrophages infiltrating the 
alveolar wall. There is marked nuclear NF-κB translocation in hepatocytes and alveolar macrophages. The immunophenotyping of TLR-4 is observed in 
HSCs, hepatocellular cytoplasm and alveolar macrophages
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51]. Serotonin transport is highly essential for Echinococ-
cus vesicle development and parasite growth in the liver, 
aiding metacestode re-differentiation. Disrupting this 
pathway has been shown to reduce metacestode viabil-
ity and compromise parasite stem cell integrity. Previous 
research has demonstrated that serotonin modulation 
can impair the proliferation of E. multilocularis vesi-
cles, significantly affecting parasite survival [50]. Similar 
effects have been reported in other helminths, such as C. 
elegans, T. muris, and A. caninum, where SSRIs interfere 
with neuromuscular function, leading to reduced motility 
and viability [49]. These findings align with our results, 
suggesting that Paroxetine may exert its anti-parasitic 
effects through serotonin transporter inhibition, thereby 
disrupting key developmental processes in Echinococcus 
equinus. 

Colchicine (Colmediten) demonstrated notable anti-
protoscolicidal efficacy, achieving LC50 values at concen-
trations of 100 µg/mL and 200 µg/mL after 72 and 48 h, 
respectively. This efficacy is attributed to colchicine’s 
ability to inhibit tubulin polymerization, a mechanism 
shared with some anti-helminthic drugs [52, 53]. Colchi-
cine and related compounds target microtubules, which 
are essential for parasite cytoskeleton integrity, cellular 

division, and motility. The efficacy of tubulin-targeting 
drugs in helminthic infections has been well established, 
with benzimidazole derivatives such as Albendazole act-
ing through a similar mechanism [52]. The competitive 
inhibition of tubulin polymerization by Colmediten is 
comparable to the mode of action of mebendazole, which 
binds to helminth β-tubulin and disrupts microtubule 
formation [54]. Further supporting colchicine’s potential 
in anti-helminthic therapy, Köhler and Bachmann (1981) 
showed that mebendazole competitively inhibits colchi-
cine’s attachment to tubulin in Ascaris suum, highlight-
ing tubulin as a target for helminth chemotherapy [53]. 
Additionally, Ranjan et al. (2017) identified key pharma-
cophore points in the colchicine binding domains of hel-
minth β-tubulin in Haemonchus contortus, which serve 
as effective targets for anti-helminthic drugs. Recent 
studies on colchicine-based de novo prodrugs revealed 
significant efficacy against C. elegans after 22 h of incuba-
tion, suggesting promising potential for developing effec-
tive anti-helminthic compounds [54]. 

Ibuprofen (Brufen) exhibited poor protoscolicidal effi-
cacy, with a mortality of 34.6% at the highest used dose 
after 72 h of incubation. However, it is worth noting that 
ibuprofen has shown protective effects against chicken 

Fig. 9  Dose-dependent and duration effectiveness of compounds against E. equinus. (A) Paroxetine effectiveness at concentrations of 2.5 mg/mL and 
5 mg/mL. (B) Colmediten effectiveness at concentrations of 100 µg/mL and 200 µg/mL. (C) Brufen effectiveness at concentrations of 20 mg/mL and 
40 mg/mL. (D) Ator effectiveness at concentrations of 20 mg/mL and 40 mg/mL. RPMI was used as the negative control, and ABZ served as the positive 
control. The mortality percentage was calculated using the formula: Mortality Percentage = [(Number of Non-Viable PSCs) / (Total Number of PSCs)] × 
100. Different letters indicate statistically significant differences (p < 0.05)
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coccidiosis, both alone and when combined with clo-
pidol. These effects are attributed to ibuprofen’s ability 
to block COX2 activity through nitric oxide inhibition, 
decreasing prostaglandins and augmenting IL-2 secre-
tion [55]. Furthermore, ibuprofen has demonstrated 
potential synergistic therapeutic efficacy when combined 
with vitamin E and selenium in managing coccidiosis in 
broilers [56]. Atorvastatin (Ator) also showed poor pro-
toscolicidal efficacy, with 21% mortality at the highest 
used dose after 72 h of incubation. Despite these results, 
atorvastatin and other statins have shown efficacy against 
various parasites in previous studies. These include dose-
dependent effects against S. mansoni[57], reduction of 
inflammatory reactions in cerebral malaria models [58, 
59], inhibition of Toxoplasma growth and invasion [60, 
61], efficacy against Leishmania [62, 63], and synergis-
tic effects with Nitazoxanide against Cryptosporidium 
in immunosuppressed animals [14]. These outcomes 
are attributed to statins’ ability to inhibit the mevalon-
ate pathway, thereby decreasing isoprenoid produc-
tion, which not only improves endothelial function and 
reduces inflammation through mechanisms like COX2 
nitrosylation but also enhances their potential as thera-
peutic agents beyond cholesterol-lowering, particularly 
when combined with other treatments [60, 61, 63, 64].

ABZ showed significant dominance over all repurposed 
drugs except Paroxetine (5 mg/mL), with slight or no sig-
nificant difference recorded between ABZ and Paroxetine 
in mortality percentage. Previous studies indicate that 
ABZ is highly effective against hydatid cysts, with about 
70% mortality after one hour at 20 mg/cm³ [65] and 99% 
mortality after two hours at 10 µg/mL [25].

Our comprehensive analysis of the genetic, immuno-
logical, and biochemical aspects of hydatidosis in equine 
hosts, coupled with the evaluation of repurposed drugs, 
provides valuable insights into this complex disease. 
While Paroxetine and Colchicine showed promising 
results, further in vivo studies are warranted to validate 
their efficacy and safety as potential treatments for hyda-
tidosis. This research contributes to the ongoing efforts to 
develop more effective and safer therapeutic options for 
both human and veterinary medicine in the fight against 
this globally neglected zoonotic disease. A more inten-
sive investigation into the efficacy of the tested drugs is 
required using an experimental animal model to evaluate 
their impact on the general health condition, ensuring a 
comprehensive assessment of their therapeutic potential 
and safety profile. This will form the basis for advancing 
research through preclinical and clinical investigations. 
Additionally, more detailed mechanistic studies are war-
ranted to further elucidate Paroxetine’s mode of action, 

Fig. 10  Comparative effectiveness of Paroxetine, Colmedetin, Brufen, and Ator against Echinococcus equinus as measured by percent mortality of PSCs. 
The graph presents data across varying concentrations (1.25 mg/mL, 2.5 mg/mL, 5 mg/mL for Paroxetine; 100 µg/mL, 200 µg/mL for Colmedetin; 20 mg/
mL, 40 mg/mL for Brufen and Ator) and multiple time points (1 h, 3 h, 6 h, 12 h, 18 h, 24 h, 36 h, 48 h, and 72 h)
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which remains an important area for future research, 
while comprehensive pharmacokinetic and pharmacody-
namic studies specific to CE treatment will also be essen-
tial in this process. The use of Paroxetine in combination 

with existing therapeutic approaches, such as the PAIR 
(puncture, aspiration, injection, re-aspiration) technique, 
will require collaborative efforts with tropical medicine 
specialists and careful consideration of patient safety. 

Fig. 12  Determination of LD50 and LD100 for Paroxetine (1.25, 2.5 and 5 mg/mL), Colmediten (100 and 200 µg/mL), Brufen (20 and 40 mg/mL), Ator (20 
and 40 mg/mL), Albendazole (ABZ, 100 µg/mL), with RPMI serving as the negative control

 

Fig. 11  (A) Hydatid cyst freshly collected from slaughtered Equine. (B) Viable E. equinus PSCs after 72 h of incubation showing maturation (suckers de-
velopment and primitive strobili) and refractile granules. (C) Viable (Black arrow) and dead (Red arrows) PSCs. (D) Dead PSCs showing no maturation. (E) 
Unstained viable (Red arrows) and stained dead (Black arrow) PSCs using MB exclusion test. (F) Stained dead PSCs using MB exclusion test
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These efforts will be critical to validating the efficacy and 
safety of Paroxetine in living systems, ultimately ensur-
ing its suitability as a potential therapeutic option for CE. 
As part of a future outlook, combining Paroxetine with 
albendazole (ABZ), a widely used anti-parasitic drug, 
represents an exciting avenue for further exploration. The 
synergistic potential of this combination could enhance 
therapeutic efficacy, particularly in resistant or difficult-
to-treat cases of CE. This combined approach could also 
address the limitations of monotherapy and improve 
treatment outcomes, warranting focused studies to eval-
uate their efficacy and safety in both preclinical and clini-
cal settings.

Conclusion
Our comprehensive analysis of hydatid cyst protoscolices 
(HC-PSCs) from Egyptian donkeys has yielded significant 
insights into the genetic, immunological, and biochemi-
cal aspects of hydatidosis, as well as potential alternative 
treatments. The BLAST analysis of the cytochrome c 
oxidase subunit I (COX1) sequence extracted from HC-
PSCs revealed a close relation to Echinococcus equinus, 
with the sequence deposited in GenBank under accession 
number PP407081. This genetic foundation provides two 
key advantages: (i) it contributes valuable information to 
the understanding of the epidemiology of hydatidosis in 
equine hosts in Egypt, and (ii) it establishes a genetic ref-
erence for future studies aiming to track and control the 
disease in this region.

Moving from genetics to physiological impacts, infec-
tion by hydatid cysts was found to cause significant alter-
ations in the biochemical profile of infected animals, as 
evidenced by changes in serum parameters. Furthermore, 
we observed increased gene expression of inflamma-
tory cytokines in lung and liver homogenates, reflecting 
the host’s immune response to the parasite. These find-
ings highlight three important insights: (i) the significant 
physiological burden hydatid cysts impose on equine 
hosts, (ii) the critical role of inflammatory cytokines in 

Table 2  In vitro LC50 and LC100 values of repurposed 
drugs against E. equinus PSCs recorded LC50 and LC100 of the 
repurposed drugs against E. equinus PSCs in vitro
Investigated Drug LC50 LC100

Colmediten 100 µg/mL 100 µg/mL / 72 h --
Colmediten 200 µg/mL 200 µg/mL / 48 h --
Paroxetin 2.5 mg/mL 2.5 mg/mL / 24 h --
Paroxetin 5 mg/mL 5 mg/mL / < 6 h 5 mg/ml / 72 h
ABZ 100 µg/mL 100 µg/mL / < 6 h 100 µg/ml / 36 h

Fig. 13  Further Determination of LD50 for Paroxetine (2.5 and 5 mg/mL), Colmediten (100 and 200 µg/mL), Brufen (20 and 40 mg/mL), Ator (20 and 
40 mg/mL), Albendazole (ABZ, 100 µg/mL), with RPMI serving as the negative control based on non-linear regression model in different time points
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shaping the host-parasite interactions, and (iii) the poten-
tial for these biochemical and immunological parameters 
to serve as diagnostic or therapeutic targets in chronic 
hydatidosis. Taken together, these data bridge the gap 
between genetic and clinical manifestations of the disease 
and lay the groundwork for more targeted interventions.

In light of these insights, we turned our attention to 
potential treatments. In our evaluation of repurposed 
drugs as potential anti-helminthic treatments, Par-
oxetine at 5  mg/mL demonstrated promising efficacy 
against hydatid disease, with no significant difference 
observed between its effects and those of the currently 
used drug, Albendazole (ABZ). This result suggests two 
crucial advantages: (i) Paroxetine could serve as a viable 
alternative treatment for hydatidosis, potentially offering 
improved safety or cost-effectiveness, and (ii) it expands 
the therapeutic landscape for hydatid disease, particu-
larly in cases where ABZ may not be suitable. Similarly, 
Colchicine (Colmediten) also showed potential as a pro-
toscolicidal agent, warranting further investigation. In 
contrast, Ibuprofen (Brufen) and Atorvastatin (Ator) 
exhibited poor scolicidal efficacy under the tested con-
ditions, underscoring the importance of targeted drug 
selection and the specificity of anti-helminthic effects 
among repurposed drugs.

Expanding on the significance of our drug repurposing 
approach, it is noteworthy that this study represents the 
first investigation of these repurposed drugs against E. 
equinus genotype 4 of hydatid cysts in Egypt. This novel 
approach offers two critical advantages: (i) it opens new 
avenues for treatment development for hydatidosis, and 
(ii) it potentially reduces the time and cost associated 
with bringing new therapies to market. These findings 
underscore the value of drug repurposing in address-
ing neglected zoonotic diseases and provide a promising 
path forward in the fight against hydatidosis.

While our findings are promising, it is important to 
acknowledge several limitations and future directions. 
First, in vivo studies are needed to confirm the efficacy 
and safety of Paroxetine and Colchicine as treatments 
for hydatidosis, bridging the gap between in vitro results 
and clinical application. Second, the poor efficacy of Ibu-
profen and Atorvastatin in our study does not preclude 
their potential effectiveness at different doses or in com-
bination therapies, which could be explored in future 
research. Lastly, the genetic and immunological data 
gathered in this study could inform the development of 
more targeted therapies or diagnostic tools for hydatido-
sis in equine hosts, paving the way for personalized treat-
ment approaches.

Collectively, this study provides a multi-faceted 
approach to understanding and addressing hydatidosis 
in Egyptian donkeys by combining genetic character-
ization, immunological profiling, and drug repurposing 

strategies. Our findings contribute to the growing body 
of knowledge on this neglected zoonotic disease and 
offer potential new avenues for its treatment. As we con-
tinue to face the challenges posed by parasitic infections 
worldwide, such integrated approaches will be crucial in 
developing effective, safe, and accessible interventions 
for both human and veterinary medicine. By bridging the 
gaps between genetic insights, immunological responses, 
and therapeutic interventions, we move closer to com-
prehensive solutions for combating hydatidosis and simi-
lar parasitic diseases.
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