
Introduction
Cystic echinococcosis (CE), also known as hydatidosis, is a 
major zoonotic infection that is caused by the larval stage 
of Echinococcus granulosus, with a high prevalence rate 
particularly in regions with extensive livestock farming (1, 
2). Humans acquire the infection by ingesting eggs excreted 
in the feces of canids, primarily through the fecal-oral route. 
It should be noted that the liver is the most commonly 
affected organ (3, 4). The global economic burden of CE 

is estimated at approximately USD 3 billion annually, 
accounting for both medical expenses and substantial losses 
in the livestock sector (5, 6). In Iran, an estimated USD 
232.25 million is annually spent on CE, with a significant 
portion attributed to livestock-related losses (7). Surgery 
remains the basis of CE treatment; however, it carries a 
couple of risks, such as cyst content leakage and disease 
recurrence. Moreover, the success of surgical interventions 
depends on the cyst’s stage, size, location, and associated 

 © 2026The Author(s); Published by Hamadan University of Medical Sciences. This is an open-access article distributed 

under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0), which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Enhanced Protoscolicidal Activity of Pulsed Electric Fields 
Combined With Albendazole: An in Vitro Study
Bahman Maleki1,2,3 ID , Zeinab Shankayi4,5, Abolfazl Salehi1,2, Seyed Mahmoud Sadjjadi6, Hasanali Mohebbi7,
Mohammad Saeed Tahmasbi Somar8, Tahereh Mohammadzadeh1,4* ID

1Department of Parasitology and Mycology, School of Medicine, Baqiyatallah University of Medical Sciences, Tehran, Iran
2Student Research Committee, Baqiyatallah University of Medical Sciences, Tehran, Iran
3Skin Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran
4Radiation Sciences Research Center, System Biology Poisonings Institute, Baqiyatallah University of Medical Sciences, 
Tehran, Iran
5Department of Physiology, School of Medicine, Baqiyatallah University of Medical Sciences, Tehran, Iran
6Department of Parasitology and Mycology, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran
7Department of Surgery, School of Medicine, Baqiyatallah University of Medical Sciences, Tehran, Iran
8Department of Medical Parasitology and Mycology, School of Medicine, Guilan University of Medical Sciences, Rasht, Iran

Original Article

AJCMI
Avicenna Journal of Clinical Microbiology and Infection

Avicenna J Clin Microbiol Infect 2026;13(3):174-180. doi:10.34172/ajcmi.3800

http://ajcmi.umsha.ac.ir

Please cite this article as follows: Maleki B, Shankaii Z, Salehi A, Sadjjadi SM, Mohebbi H, Tahmasbi Somar MS et al. Enhanced protoscolicidal 
activity of pulsed electric fields combined with albendazole: an in vitro study. Avicenna J Clin Microbiol Infect 2026;13(3):174-180. 
doi:10.34172/ajcmi.3800

Article history:
Received: September 21, 2025
Revised: May 9, 2026
Accepted: June 3, 2026
ePublished: September 29, 2026

*Corresponding author: 
Tahereh Mohammadzadeh,
Email: yasint80@yahoo.com

Abstract
Introduction: Cystic echinococcosis (CE), caused by the metacestode stage of Echinococcus 
granulosus, remains a significant zoonotic disease with serious health and economic 
burden worldwide, especially in endemic regions. Despite the availability of surgical and 
pharmacological treatments, complications such as cyst content leakage and recurrence are 
prevalent, necessitating novel and more effective therapeutic approaches. Accordingly, this 
study aimed to evaluate the synergistic protoscolicidal effects of pulsed electric fields (PEF) and 
albendazole (ALB).
Methods: Protoscoleces were aseptically extracted from hydatid cysts in sheep livers and 
exposed to PEF at intensities of 70, 150, and 1300 V/cm for 15–60 minutes. Experimental groups 
included (1) PEF alone, (2) PEF combined with ALB, and (3) ALB alone. Moreover, viability of 
protoscoleces was assessed using the standard eosin exclusion assay.
Results: PEF alone increased mortality in a time-dependent and intensity-dependent manner, 
reaching 100% at 60 minutes. In addition, PEF+ALB (100 μg/mL) and ALB alone (100 μg/
mL) achieved 100% mortality at 30–45 and 60 minutes, respectively. Nonetheless, PEF+ALB 
significantly outperformed PEF alone at early time points: 70 V/cm/15 minutes (72.03% vs. 
87.6%, P < 0.01), 1300 V/cm/15 minutes (86.79% vs. 95%, P < 0.05), and 1300 V/cm/30 minutes 
(94.3% vs. 100%, P < 0.01).
Conclusion: While these findings provide preliminary in vitro proof-of-concept for a synergistic 
effect, clinical application remains premature. Thus, further investigations must prioritize 
experiments with clinically relevant ALB concentrations, ex vivo studies on intact cysts, and in 
vivo validation. The clinical applicability of PEF in CE management requires extensive further 
research.
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complications. Likewise, alternative therapies, including 
chemotherapy with benzimidazoles, such as mebendazole 
and albendazole (ALB), as well as the puncture, aspiration, 
injection, and re-aspiration technique, have limitations. 
They encompass biliary tract complications and challenges 
in managing multiple cysts concurrently (8, 9). Despite 
the availability of alternative treatments, surgery remains 
the most effective approach, provided that potent 
protoscolicidal agents are used to prevent recurrence. The 
intraoperative leakage of viable protoscoleces is a major 
factor that contributes to its recurrence (10). Although 
recurrence occurs in approximately 6.5% of cases, its 
impact can be serious, frequently requiring prolonged 
recovery and follow-up care (11, 12). The injection of 
protoscolicidal agents into hepatic CE is a critical step in 
surgery aimed at minimizing the risk of viable protoscolex 
leakage. Commonly used protoscolicidal agents (e.g., 
hypertonic saline, mannitol, ALB, silver nitrate, hydrogen 
peroxide, ethyl alcohol, cetrimide, and some plant extracts) 
are often associated with adverse effects, limiting their 
clinical applicability (13-15). This situation highlights the 
urgent need for novel protoscolicidal agents that are fast-
acting, effective at low doses, stable in cystic fluid, and 
resistant to dilution. Additionally, these agents should be 
capable of rapidly eliminating protoscoleces within the 
cyst. As a result, the management of CE remains both 
costly and complex, frequently necessitating extensive 
surgical interventions or long-term pharmacological 
treatments (16). The development of innovative and 
effective therapies is essential due to increasing resistance 
to traditional treatments, the complications related to 
these treatments, high rates of disease recurrence, and 
the limited efficacy of some current methods (17). Pulsed 
electric fields (PEF) represent an emerging technology 
capable of altering intracellular calcium concentrations and 
modulating critical cellular processes, such as apoptosis 
and cell proliferation. Evidence suggests that the increase 
in intracellular Ca²⁺ concentration may result from the 
formation of membrane pores; however, the exact location 
and mechanisms involved in this process remain under 
investigation and debate (18). During electroporation, 
cells exhibit increased uptake of drugs, genetic materials, 
proteins, and other biomolecules. According to research, 
adjusting key parameters, such as pulse number, peak 
voltage, and pulse frequency, can significantly affect 
membrane permeability. Consequently, PEF has been 
effectively applied in biomedical fields, including targeted 
drug delivery, gene therapy, and cancer treatment (19-
22). In the context of electroporation applications in 
parasitology, a number of researchers have demonstrated 
that PEFs are effective in inactivating Anisakis spp. 
larvae in fish and Trichinella spp. larvae in pigs (23-25). 
Furthermore, some studies have investigated the effect 
of PEF on CE and its protoscoleces, demonstrating the 
potential effectiveness of PEF in parasite inactivation 
(26-28). Therefore, this study seeks to investigate the in 
vitro effects of combined PEF and ALB to evaluate their 

protoscolicidal efficacy.

Materials and Methods
Collection of Protoscoleces
Protoscoleces were collected from the livers of sheep 
naturally infected with Echinococcus granulosus sensu 
stricto (genotype G1), which is the predominant strain 
in Iranian sheep. The infected livers were obtained from 
slaughtered animals at the Rasht abattoir in northern Iran. 
After sedimentation, the supernatant was carefully removed 
from the CE fluid, which had previously been aseptically 
transferred into 50 mL Falcon tubes. Subsequently, the 
sedimented protoscoleces were washed three times with 
normal saline. In addition, their viability was assessed by 
staining them with a 0.1% eosin solution and examining 
them under a light microscope (29). A stock suspension 
of viable protoscoleces was then prepared at a density of 
100,000 protoscoleces/mL (10,000 protoscoleces in 100 µL). 
For PEF treatment, 50 protoscoleces were taken from this 
stock and suspended in 500 µL of normal saline.

Evaluation of Protoscolicidal Effects
This study utilized PEF with a square wave shape 
generated by a Pars Tarava device. Parameters were 70 
V/cm and 150 V/cm (100 µs pulse width, 4000 pulses, 5 
kHz each), and 1300 V/cm (100 µs pulse width, 8 pulses, 
1 Hz). Furthermore, 50 protoscoleces were placed in 
each well to evaluate the protoscolicidal efficacy of PEF, 
and all experiments were performed in triplicate. The 
experimental groups included (1) protoscoleces exposed 
to PEF, (2) protoscoleces exposed to PEF immediately 
followed by the addition of ALB directly to the same cuvette 
(final concentration: 100 μg/mL), (3) positive control: 
protoscoleces exposed to ALB alone (100 μg/mL), and (4) 
negative control: untreated protoscoleces.

Staining and Morphological Analysis
A 0.1% eosin solution was used to assess the viability of 
the protoscoleces in the experimental groups. Non-viable 
protoscoleces absorbed the eosin dye and appeared red. 
In contrast, viable protoscoleces remained unstained 
and showed muscular movement and flame cell activity. 
Finally, the viability and mortality rates of the protoscoleces 
were recorded at 15 minutes, 30 minutes, 45 minutes, and 
60 minutes following exposure to PEF and ALB in the 
experimental groups.

Statistical Analysis
The obtained data were statistically analyzed using 
GraphPad Prism, version 9.0. For each treatment group 
(PEF alone and PEF+ALB separately), two-way analysis 
of variance (ANOVA) was used to evaluate the effects of 
pulse intensity (70 V/cm, 150 V/cm, and 1300 V/cm) and 
exposure time (15 minutes, 30 minutes, 45 minutes, and 60 
minutes), as well as their interaction. Additionally, Tukey’s 
HSD post-hoc test was applied for multiple pairwise 
comparisons. All data are presented as means ± standard 
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deviations (SD), and a P-value < 0.05 was considered 
statistically significant.

Results
Microscopic analysis of protoscoleces exposed to different 
PEF intensities revealed a progressive increase in mortality 
rates over time (Figure 1). At 70 V/cm, mortality rates 
reached 72.03%, 83.07%, 90.76%, and 100% at 15 minutes, 
30 minutes, 45 minutes, and 60 minutes, respectively. At 
150 V/cm, these rates were 79.62%, 88.8%, 96.29%, and 
100% at the corresponding time points. At the highest 
intensity (1300 V/cm), mortality reached 86.79% at 15 
minutes, 94.3% at 30 minutes, and 100% at both 45 minutes 
and 60 minutes. The findings demonstrated that increased 
pulse intensity reduces protoscolex viability more rapidly, 

with higher intensities achieving complete mortality 
sooner (Table 1, Figure 2). In the combined treatment 
group (PEF followed by ALB at a final concentration 
of 100 μg/mL), mortality rates were markedly higher. 
Likewise, mortality reached 87.6%, 90.7%, and 100% at 
15 minutes, 30 minutes, and 45–60 minutes, respectively, 
following 70 V/cm pulses. The corresponding rates were 
89.8%, 93.2%, and 100% at 150 V/cm. Notably, at 1300 
V/cm, mortality reached 95% within 15 minutes and 
100% thereafter (Table 2, Figure 3). Based on the results, 
combining PEF with ALB could significantly enhance 
protoscolex mortality compared to PEF alone. In the group 
treated with ALB alone (100 μg/mL), complete mortality 
was achieved within 60 minutes, confirming the drug’s 
efficacy. Two-way ANOVA performed for each treatment 

Table 1. Mortality Rates of Protoscoleces Exposed to PEF at 70, 150, and 
1300 Intensities During 15–60 Minutes

Exposure
Time 

(Minute)

Mortality Rate 
(%) at 70 PEF 

Intensity

Mortality Rate 
(%) at 150 PEF 

Intensity

Mortality Rate 
(%) at 1300 PEF 

Intensity

15 72.03 79.62 86.79

30 83.07 88.8 94.3

45 90.76 96.29 100

60 100 100 100

Note. PEF: Pulsed electric field

Figure 1. Microscopic Visualization of Dead Protoscoleces Stained With 0.1% Eosin Following PEF Exposure After 1 Hour (Left) and PEF Exposure Combined 
With ALB After 45 Minutes (Right)
Note. PEF: Pulsed electric field; ALB: Albendazole

Figure 2. Mortality Rates of Protoscoleces Exposed to PEF at 70, 150, and 
1300 Intensities During 15–60 Minutes
Note. PEF: Pulsed electric field; ALB: Albendazole

Figure 3. Mortality Rates of Protoscoleces Exposed to PEF at 70, 150, and 
1300 Intensities Plus ALB (100 µg/mL) During 15–60 Minutes
Note. PEF: Pulsed electric field; ALB: Albendazole

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Table 2. Mortality Rates of Protoscoleces Exposed to PEF at 70, 150, and 
1300 Intensities Plus and ALB (100 μg/mL) During 15–60 Minutes

Exposure 
Time (Minute)

Mortality Rate (%) 
at 70 PEF Intensity 

Mortality Rate (%) 
at 150 PEF Intensity

Mortality Rate 
(%) at 1300 PEF 

Intensity

15 87.6 89.8 95

30 90.7 93.2 100

45 100 100 100

60 100 100 100

Note. PEF: Pulsed electric field
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group confirmed the significant effects of pulse intensity 
[PEF alone: F (2, 24) = 34.67, P < 0.0001; PEF+ALB: F (2, 
24) = 28.94, P < 0.0001] and exposure time [PEF alone: F 
(3, 24) = 42.35, P < 0.0001; PEF+ALB: F (3, 24) = 38.23, 
P < 0.0001]. Similarly, remarkable interactions were 
observed between intensity and time [PEF alone: F (6, 
24) = 6.78, P < 0.001; PEF+ALB: F (6, 24) = 5.92, P < 0.01]. 
Tukey’s HSD post-hoc test revealed that mortality in the 
PEF+ALB group was significantly higher than in the PEF 
alone group at 15 minutes with 70 V/cm (72.03% vs. 87.6%, 
P < 0.01), at 15 minutes with 1300 V/cm (86.79% vs. 95%, 
P < 0.05), and at 30 minutes with 1300 V/cm (94.3% vs. 
100%, P < 0.01). However, at 45 minutes and 60 minutes, 
no significant differences were found between the two 
groups at any intensity, as both reached 100% mortality. 
Overall, both longer exposure duration and higher pulse 
intensity substantially enhanced protoscolex mortality, 
underscoring the synergistic potential of combining 
physical and pharmacological treatments.

Discussion
CE is a zoonotic disease and is recognized as a major clinical 
issue in animals and humans worldwide, especially in 
regions where subsistence farming and animal husbandry 
form essential parts of the community (30, 31). Due to 
the low success rate of chemotherapy, surgery remains 
the preferred treatment for CE (9, 32-34). However, this 
treatment also poses certain challenges, and post-surgical 
medication is typically used to prevent complications 
(35). The pathological significance of CE has consistently 
driven researchers to explore effective methods for its 
control and treatment. To this end, different researchers 
have investigated the efficacy of various protoscolicidal 
agents, including hypertonic saline (36, 37), cetrimide (38, 
39), chlorhexidine gluconate (40, 41), plant extracts (15, 
42), and synthetic pharmaceuticals, such as ALB. In most 
studies, the viability of protoscoleces was evaluated using 
eosin staining; nonetheless, other methods (e.g., differential 
interference contrast/Nomarski microscopy) have also been 
utilized to improve assessment accuracy (43). Despite the 
potential of different protoscolicidal agents, the application 
of these compounds is constrained by various limitations, 
such as side effects from prolonged use, the emergence 
of drug resistance, ALB-associated toxicity, and ongoing 
debates regarding their overall effectiveness (44, 45). 
Therefore, the development of new protoscolicidal agents 
with no local or systemic side effects and higher efficacy is 
an urgent need for surgeons in order to ensure successful 
CE surgeries. PEF employs ultra-short electric pulses 
to interact with biologically active cells, affecting their 
membrane structure. The application of PEF causes charge 
imbalances on both sides of the cell membrane, leading 
to its deformation (43, 46-48). It should be noted that the 
effects of PEF on cells depend on pulse duration, electric 
field intensity, and pulse frequency, resulting in various 
intracellular biological responses (18). CE provides a closed 
system for studying the biological effects of PEF (26). 
Nonetheless, the application of PEF to various stages of CE 

requires further extensive research. According to studies, 
PEF exerts its effects through disrupting the inner layers 
of the cyst, inducing an inflammatory zone around the 
cyst, promoting protoscolex death within the cyst, altering 
membrane permeability to facilitate drug penetration, 
detaching the germinal layer from the stratum corneum, 
and modifying the cyst’s internal composition. Notably, 
PEF offers several advantages, including the preservation 
of the cyst’s outer layer integrity, minimal damage to 
surrounding tissues, reduction of secondary infections, 
and the ability to be applied multiple times. Consequently, 
the use of PEF in the treatment of CE can contribute to 
the development of therapeutic strategies for this disease 
(20, 22, 26-28). Previous studies on nanosecond PEF have 
shown its scolicidal effect on human protoscoleces at 21–29 
kV/cm and 100 pulses, causing membrane damage and 
enzyme leakage. In comparison, using conventional PEF 
(70–1300 V/cm), our study demonstrated that combining 
PEF with ALB achieves 100% mortality more rapidly (30–
45 minutes) than PEF alone (45–60 minutes), confirming 
a synergistic effect even at lower field strengths (28). The 
exposure of protoscoleces to PEF at intensities of 70 V/cm, 
150 V/cm, and 1300 V/cm revealed a clear dose-response 
relationship and a time-dependent increase in mortality. 
Mortality rates increased from 72.03% at 15 minutes 
to 100% at 60 minutes for 70 V/cm, from 79.62% at 15 
minutes to 100% at 60 minutes for 150 V/cm, and from 
86.79% at 15 minutes to 100% at 45 minutes for 1300 V/
cm. Nevertheless, it is recommended that further studies 
perform safety evaluation for the 1300 V/cm parameter 
before intraoperative application, unlike 70 V/cm and 
150 V/cm, which are within commonly reported safe 
ranges. These findings are consistent with those of prior 
research, emphasizing the ability of PEF to impair cellular 
membranes, induce irreversible electroporation, and 
increase cellular susceptibility to subsequent therapeutic 
interventions (27, 49, 50). In contrast, the second group 
(PEF+ALB) achieved mortality rates of 87.6% at 15 
minutes to 100% at 45 minutes for 70 V/cm, 89.8% at 15 
minutes to 100% at 45 minutes for 150 V/cm, and 95% 
at 15 minutes to 100% at 30 minutes for 1300 V/cm. 
Accordingly, the findings from the second group of this 
study underscore the potential of combining PEF with ALB 
as an effective strategy to enhance protoscolex mortality. 
The results also demonstrated a synergistic interaction 
between the two treatments, leading to significantly 
higher mortality rates compared to PEF treatment alone 
in the first group. Likewise, this combined approach 
proved particularly effective at higher pulse intensities, 
resulting in a shorter time to achieve complete protoscolex 
mortality. Furthermore, the increased efficacy observed 
in the combined treatment group suggests that PEF may 
function as a sensitizing agent by enhancing cell membrane 
permeability and facilitating the uptake of ALB (20-22). 
Our findings indicated that the second group performed 
significantly better than the first, representing a dose-
dependent and time-dependent enhancement in efficacy 
due to the synergistic effect of the combined therapy.
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The synergistic interaction detected in this study can 
be attributed to PEF’s ability to induce structural and 
functional disruptions in the membrane of protoscoleces. 
Such disruptions likely enhance the penetration and 
intracellular action of ALB within the protoscoleces, 
thereby enhancing its parasiticidal efficacy. Furthermore, 
the rapid achievement of complete mortality in the 
combined treatment group implies that integrating physical 
and chemical interventions can overcome the potential 
limitations of each approach when used independently. 
From a practical perspective, the combination of PEF and 
ALB offers several advantages, including allowing lower 
drug concentrations or shorter treatment durations, 
potentially reducing the development of drug resistance 
and the occurrence of side effects. In addition, the rapid 
and effective mortality rates observed in this study 
suggest that this approach can be particularly beneficial 
in clinical settings where timely and effective treatment 
is critical. Hence, future studies should focus on further 
elucidating the mechanisms underlying the observed 
synergy between PEF and ALB. Moreover, investigating 
the effects of varying PEF parameters (e.g., pulse duration, 
frequency, and field strength) on protoscolex mortality can 
provide valuable insights into optimizing this treatment 
strategy. Additionally, evaluating the combined approach 
in vivo will be essential for translating these findings into 
clinical applications. In the third group, ALB demonstrated 
complete efficacy against protoscoleces, achieving 100% 
mortality within 60 minutes of exposure. This finding 
underscores ALB’s role as a highly effective agent against 
protoscoleces. However, evidence from randomized clinical 
trials indicates that benzimidazole derivatives (e.g., ALB 
and mebendazole) are insufficient to completely eradicate 
CE. This discrepancy between our findings and those of 
clinical trials may be explained by three factors. First, the 
structural characteristics of the cyst wall significantly differ 
from those of free protoscoleces. Second, the concentration 
of ALB used in this study (100 µg/mL) is not an oral or 
systemic therapeutic concentration. This concentration 
was directly injected into the involved tissue during 
electroporation solely to eliminate protoscoleces at the 
local site and was washed away after 60 minutes; therefore, 
no systemic exposure to such a high concentration occurs 
in the body. Accordingly, comparing this local, transient, 
and washable concentration with the achievable plasma 
levels of oral ALB (1–2 µg/mL) is not methodologically 
appropriate. Third, the protective barrier of the cyst wall 
prevents adequate penetration of benzimidazoles into 
the cyst, whereas free protoscoleces lack this barrier and 
are directly exposed to the drug (51). Thus, combining 
pharmacological therapy with other approaches (e.g., 
surgery and complementary interventions) can lead to 
more effective and sustained clinical outcomes. Eventually, 
evidence from multiple studies reveals that the combination 
of ALB therapy and surgical intervention sharply reduces 
the risk of recurrence compared to surgery alone (9, 52).

Conclusion 
Our findings demonstrated that PEF significantly increases 

the mortality of protoscoleces of Echinococcus granulosus, 
with mortality rates rising as pulse intensity and exposure 
time increase. Additionally, the combination of PEF 
with ALB could further enhance protoscolex mortality, 
showing higher efficacy compared to single treatments. 
Overall, these findings underline the importance of 
combining physical and chemical therapies to improve the 
protoscolicidal effect. These findings present preliminary 
proof-of-concept for the synergistic effect of PEF and 
ALB; however, clinical application remains premature and 
requires extensive research. Hence, further investigations 
are warranted to optimize PEF parameters and evaluate the 
combined treatment in vivo in order to better understand 
its mechanisms and facilitate its translation into clinical 
practices for the effective management of CE. Finally, 
future researchers must prioritize (a) experiments using 
clinically relevant ALB concentrations, (b) ex vivo studies 
on whole, isolated cysts, and (c) in vivo validation in 
appropriate animal models, respectively. 

Acknowledgements
This study was conducted as part of a research project by Bahman 
Maleki at the Department of Parasitology and Mycology, School 
of Medicine, Baqiyatallah University of Medical Sciences, Tehran, 
Iran. It was supported by Health Research center, Life style Institute, 
Baqiyatallah University of Medical Sciences, Tehran, Iran.

Authors’ Contribution
Data Curation: Bahman Maleki, Tahereh Mohammadzadeh
Formal Analysis: Bahman Maleki, Tahereh Mohammadzadeh, Zeinab 
Shankayi
Investigation: Bahman Maleki, Tahereh Mohammadzadeh, Abolfazl 
Salehi, Mohammad Saeed Tahmasbi Somar, Zeinab Shankayi
Methodology: Zeinab Shankayi, Tahereh Mohammadzadeh, Hasanali 
Mohebbi
Project Administration: Tahereh Mohammadzadeh
Resources: Bahman Maleki, Tahereh Mohammadzadeh, Seyed 
Mahmoud Sadjjadi
Software: Bahman Maleki
Supervision: Tahereh Mohammadzadeh
Validation: Bahman Maleki, Tahereh Mohammadzadeh, Seyed 
Mahmoud Sadjjadi
Visualization: Bahman Maleki, Tahereh Mohammadzadeh, Abolfazl 
Salehi
Writing–Original Draft: Bahman Maleki
Writing–Review & Editing: Tahereh Mohammadzadeh

Competing Interests
The authors declare that there is no conflict of interests regarding 
the publication of this paper.

Ethical Approval
Ethical approval for this study was issued by the Ethics Committee 
of Baqiyatallah University of Medical Sciences: IR.BMSU.
BLC.1402.038.

Funding
The authors declare that they have received no financial support 
for this study.

References
1.	 Grosso G, Gruttadauria S, Biondi A, Marventano S, Mistretta 

A. Worldwide epidemiology of liver hydatidosis including the 
Mediterranean area. World J Gastroenterol 2012;18(13):1425-
37. doi:10.3748/wjg.v18.i13.1425

2.	 Gessese AT. Review on epidemiology and public health 

https://doi.org/10.3748/wjg.v18.i13.1425


Avicenna J Clin Microbiol Infect 2026;13(3) 179

Protoscolicidal effects of PEF and albendazole

significance of hydatidosis. Vet Med Int 2020;2020:8859116. 
doi:10.1155/2020/8859116

3.	 Bourée P. Hydatidosis: dynamics of transmission. World J Surg 
2001;25(1):4-9. doi:10.1007/s002680020001

4.	 Pal M, Alemu HH, Marami LM, Garedo DR, Bodena EB. 
Cystic echinococcosis: a comprehensive review on life cycle, 
epidemiology, pathogenesis, clinical spectrum, diagnosis, 
public health and economic implications, treatment, and 
control. Int J Clin Exp Med Res 2022;6(2):131-41. doi:http://
dx.doi.org/10.26855/ijcemr.2022.04.005 

5.	 Narayan KG, Sinha DK, Singh DK. Hydatidosis. In: Narayan 
KG, Sinha DK, Singh DK, eds. Handbook of Management 
of Zoonoses. Singapore: Springer; 2024. p. 971-86. 
doi:10.1007/978-981-99-9885-2_99

6.	 Wang W, Wang L, Han X. Echinococcosis in China: 
epidemiology, burden of disease, and economic impacts. In: 
Li J, Wang W, Mehlhorn H, eds. Echinococcus: Control and 
Elimination of Echinococcosis with a Focus on China and 
Europe. Cham: Springer; 2024. p. 67-82. doi:10.1007/978-3-
031-54479-8_4

7.	 Fasihi Harandi M, Budke CM, Rostami S. The monetary 
burden of cystic echinococcosis in Iran. PLoS Negl Trop Dis 
2012;6(11): e1915. doi:10.1371/journal.pntd.0001915

8.	 Papaconstantinou I, Kontos M, Prassas E, Karavokyros J, 
Bakoyiannis C, Pikoulis E, et al. Radio frequency ablation 
(RFA)-assisted pericystectomy for hepatic echinococcosis: an 
alternative technique. Surg Laparosc Endosc Percutan Tech 
2006;16(5):338-41. doi:10.1097/01.sle.0000213702.56569.3f

9.	 Gomez IG, López-Andújar R, Belda Ibáñez T, Ramia Ángel 
JM, Moya Herraiz Á, Orbis Castellanos F, et al. Review of 
the treatment of liver hydatid cysts. World J Gastroenterol 
2015;21(1):124-31. doi:10.3748/wjg.v21.i1.124

10.	 Mansourian S, Sadjjadi SM, Hosseini SV, Barzin Z, Mehrabani 
D, Tanideh N, et al. Evaluation of different chemical agents on 
the germinative layer of sheep hydatid cyst after implantation 
to peritoneal cavity of BALB/c. J Invest Surg 2009;22(3):183-7. 
doi:10.1080/08941930902866238

11.	 Jerraya H, Khalfallah M, Osman SB, Nouira R, Dziri C. 
Predictive factors of recurrence after surgical treatment for 
liver hydatid cyst. Surg Endosc 2015;29(1):86-93. doi:10.1007/
s00464-014-3637-0

12.	 Prousalidis J, Kosmidis C, Anthimidis G, Kapoutzis K, Karamanlis 
E, Fachantidis E. Postoperative recurrence of cystic hydatidosis. 
Can J Surg 2012;55(1):15-20. doi:10.1503/cjs.013010

13.	 Sharafi SM, Rafiei Sefiddashti R, Sanei B, Yousefi M, Yousofi 
Darani H. Scolicidal agents for protoscolices of Echinococcus 
granulosus hydatid cyst: Review of literature. J Res Med Sci 
2017;22:92. doi:10.4103/jrms.JRMS_1030_16

14.	 Tale S, Bannoth S, Meitei PS, Hanumanthappa MK, Kolli M. 
Scolicidal agents, and secondary cholangitis. Int J Res Rev 
2019;6(2):186-91.

15.	 Rostami A, Taheri M, Gholizadeh M, Seyyedtabaei SJ, Raeghi 
S, Fallahi S. Scolicidal effect of some herbs on Echinococcus 
granulosus protoscoleces: a systematic literature review. Herb 
Med J 2016;1(1):53-9. doi:10.22087/hmj.v1i1.565

16.	 Ün M, Yaman SS, Erbaş O. Hydatid cyst and treatment. 
Demiroglu Science University Florence Nightingale Journal of 
Transplantation 2020;5(2):70-8. doi:10.5606/dsufnjt.2020.018

17.	 Eckert J. Guidelines for treatment of cystic and alveolar 
echinococcosis in humans. Bull World Health Organ 
1996;74(3):231-42. 

18.	 Ruiz-Fernández AR, Campos L, Gutierrez-Maldonado SE, 
Núñez G, Villanelo F, Perez-Acle T. Nanosecond pulsed electric 
field (nsPEF): opening the biotechnological Pandora’s box. Int J 
Mol Sci 2022;23(11):6158. doi:10.3390/ijms23116158

19.	 Xu W, Xie X, Wu H, Wang X, Cai J, Xu Z, et al. Pulsed 
electromagnetic therapy in cancer treatment: progress and 
outlook. View (Beijing) 2022;3(5):20220029. doi:10.1002/
VIW.20220029

20.	 Weaver JC, Powell KT. Theory of electroporation. In: Neumann 
E, Sowers AE, Jordan CA, eds. Electroporation and Electrofusion 
in Cell Biology. Boston, MA: Springer; 1989. p. 111-26. 
doi:10.1007/978-1-4899-2528-2_7

21.	 Weaver JC. Electroporation of biological membranes from 
multicellular to nano scales. IEEE Trans Dielectr Electr Insul 
2003;10(5):754-68. doi:10.1109/TDEI.2003.1237325

22.	 Weaver JC. Electroporation of cells and tissues. IEEE Trans 
Plasma Sci 2000;28(1):24-33. doi:10.1109/27.842820

23.	 Martínez JM, Abad V, Quílez J, Reina D, Pérez-Martin JE, Raso 
J, et al. Inactivation of Trichinella spp. in naturally infected boar 
meat after pulsed electric field (PEF) treatments. Food Control 
2024;163:110482. doi:10.1016/j.foodcont.2024.110482

24.	 Chen T. Pulsed Electric Fields: A Potential Alternative 
Technology for Parasite Control in Fish. Vancouver, BC: 
National Collaborating Centre for Environmental Health; 2023.

25.	 Abad V, Martínez JM, Mañas MP, Raso J, Cebrián G, Álvarez-
Lanzarote I. Inactivation by pulsed electric fields of Anisakis 
in naturally infected hake meat. LWT 2024;208:116714. 
doi:10.1016/j.lwt.2024.116714

26.	 Chen X, Zhang R, Aji T, Shao Y, Chen Y, Wen H. Novel 
interventional management of hepatic hydatid cyst with 
nanosecond pulses on experimental mouse model. Sci Rep 
2017;7(1):4491. doi:10.1038/s41598-017-04873-5

27.	 Chen X, Zhang R, Wen H. Experimental nanopulse ablation of 
multiple membrane parasite on ex vivo hydatid cyst. Biomed 
Res Int 2018;2018:8497283. doi:10.1155/2018/8497283

28.	 Zhang R, Aji T, Shao Y, Jiang T, Yang L, Lv W, et al. Nanosecond 
pulsed electric field (nsPEF) disrupts the structure and 
metabolism of human Echinococcus granulosus protoscolex 
in vitro with a dose effect. Parasitol Res 2017;116(4):1345-51. 
doi:10.1007/s00436-017-5412-3

29.	 Barzin Z, Sadjjadi SM, Panjehshahin MR. Protoscolicidal effects 
of the garlic chloroformic extract on the protoscolices of hydatid 
cyst at a short exposure time, up to five minutes. Iran J Med Sci 
2019;44(1):28-34. 

30.	 Hassan MF, Soomro H, Soomro MA, Rajput ZI, Junejo GA, 
Khanzada M, et al. Hydatid cyst and one health approach: 
endangering human and animal health. In: Khan A, Abbas 
RZ, Hassan MF, Aguilar-Marcelino L, Saeed NM, Mohsin M, 
eds. Zoonosis. Vol 2. Faisalabad, Pakistan: Unique Scientific 
Publishers; 2024. p. 101-12. doi:10.47278/book.zoon/2023.55

31.	 Mandal S, Mandal MD. Human cystic echinococcosis: 
epidemiologic, zoonotic, clinical, diagnostic and therapeutic 
aspects. Asian Pac J Trop Med 2012;5(4):253-60. doi:10.1016/
s1995-7645(12)60035-2

32.	 Sokouti M, Sadeghi R, Pashazadeh S, Eslami Hasan Abadi S, 
Sokouti M, Rezaei-Hachesu P, et al. A systematic review and 
meta-analysis on the treatment of liver hydatid cyst: comparing 
laparoscopic and open surgeries. Arab J Gastroenterol 
2017;18(3):127-35. doi:10.1016/j.ajg.2017.09.010

33.	 Balouti Dehkordi A, Sanei B, Yousefi M, Sharafi SM, 
Safarnezhad F, Jafari R, et al. Albendazole and treatment of 
hydatid cyst: review of the literature. Infect Disord Drug Targets 
2019;19(2):101-4. doi:10.2174/1871526518666180629134
511

34.	 Kapan S, Turhan AN, Kalayci MU, Alis H, Aygun E. Albendazole 
is not effective for primary treatment of hepatic hydatid cysts. 
J Gastrointest Surg 2008;12(5):867-71. doi:10.1007/s11605-
007-0458-7

35.	 Arif SH, Bari S, Wani NA, Zargar SA, Wani MA, Tabassum 
R, et al. Albendazole as an adjuvant to the standard surgical 
management of hydatid cyst liver. Int J Surg 2008;6(6):448-51. 
doi:10.1016/j.ijsu.2008.08.003

36.	 Karayalçin K, Besim H, Sonisik M, Erverdi N, Korkmaz A, 
Aras N. Effect of hypertonic saline and alcohol on viability 
of daughter cysts in hepatic hydatid disease. Eur J Surg 
1999;165(11):1043-4. doi:10.1080/110241599750007865

37.	 Kayaalp C, Balkan M, Aydin C, Ozgurtas T, Tanyuksel M, 

https://doi.org/10.1155/2020/8859116
https://doi.org/10.1007/s002680020001
http://dx.doi.org/10.26855/ijcemr.2022.04.005
http://dx.doi.org/10.26855/ijcemr.2022.04.005
https://doi.org/10.1007/978-981-99-9885-2_99
https://doi.org/10.1007/978-3-031-54479-8_4
https://doi.org/10.1007/978-3-031-54479-8_4
https://doi.org/10.1371/journal.pntd.0001915
https://doi.org/10.1097/01.sle.0000213702.56569.3f
https://doi.org/10.3748/wjg.v21.i1.124
https://doi.org/10.1080/08941930902866238
https://doi.org/10.1007/s00464-014-3637-0
https://doi.org/10.1007/s00464-014-3637-0
https://doi.org/10.1503/cjs.013010
https://doi.org/10.4103/jrms.JRMS_1030_16
https://doi.org/10.22087/hmj.v1i1.565
https://doi.org/10.5606/dsufnjt.2020.018
https://doi.org/10.3390/ijms23116158
https://doi.org/10.1002/VIW.20220029
https://doi.org/10.1002/VIW.20220029
https://doi.org/10.1007/978-1-4899-2528-2_7
https://doi.org/10.1109/TDEI.2003.1237325
https://doi.org/10.1109/27.842820
https://doi.org/10.1016/j.foodcont.2024.110482
https://doi.org/10.1016/j.lwt.2024.116714
https://doi.org/10.1038/s41598-017-04873-5
https://doi.org/10.1155/2018/8497283
https://doi﻿.org/10.1007/s00436-017-5412-3
https://doi.org/10.47278/book.zoon/2023.55
https://doi.org/10.1016/s1995-7645(12)60035-2
https://doi.org/10.1016/s1995-7645(12)60035-2
https://doi.org/10.1016/j.ajg.2017.09.010
https://doi.org/10.2174/1871526518666180629134511
https://doi.org/10.2174/1871526518666180629134511
https://doi.org/10.1007/s11605-007-0458-7
https://doi.org/10.1007/s11605-007-0458-7
https://doi.org/10.1016/j.ijsu.2008.08.003
https://doi.org/10.1080/110241599750007865


Avicenna J Clin Microbiol Infect 2026;13(3)180

Maleki et al

Kirimlioglu V, et al. Hypertonic saline in hydatid disease. World 
J Surg 2001;25(8):975-9. doi:10.1007/s00268-001-0065-9

38.	 Balkan M, Balkan A, Kilciler G, Mentes O, Aydin A, Oner 
K. The evaluation of the effects of cetrimide-clorhexidine and 
hypertonic sodium chloride combination on liver, lung, and 
biliary tract in hydatid disease. Balk Mil Med Rev 2007;10:127-
31.

39.	 Al-Aquli HA. In vitro evaluation of protoscolicidal effects of 
cetrimide and povidone-iodine in hydatid cyst disease. Am J 
Biomed 2019;7(1):24-36. doi:10.18081/2333-5106/016-1/11-
18

40.	 Topcu O, Sumer Z, Tuncer E, Aydin C, Koyuncu A. Efficacy of 
chlorhexidine gluconate during surgery for hydatid cyst. World 
J Surg 2009;33(6):1274-80. doi:10.1007/s00268-009-9971-z

41.	 Puryan K, Karadayi K, Topcu O, Canbay E, Sumer Z, Turan 
M, et al. Chlorhexidine gluconate: an ideal scolicidal agent 
in the treatment of intraperitoneal hydatidosis? World J Surg 
2005;29(2):227-30. doi:10.1007/s00268-004-7587-x

42.	 Kohansal MH, Nourian A, Rahimi MT, Daryani A, Spotin 
A, Ahmadpour E. Natural products applied against hydatid 
cyst protoscolices: a review of past to present. Acta Trop 
2017;176:385-94. doi:10.1016/j.actatropica.2017.09.013

43.	 Karpisheh E, Sadjjadi SM, Nekooeian AA, Sharifi Y. Evaluation 
of structural changes of Echinococcus granulosus protoscoleces 
following exposure to different protoscolicidal solutions 
evaluated by differential interference contrast microscopy. J 
Parasit Dis 2023;47(4):850-8. doi:10.1007/s12639-023-01632-
4

44.	 Hemphill A, Müller J. Alveolar and cystic echinococcosis: 
towards novel chemotherapeutical treatment options. 
J  Helminthol 2009;83(2):99-111. doi:10.1017/
s0022149x0928936x

45.	 Besim H, Karayalçin K, Hamamci O, Güngör C, Korkmaz 

A. Scolicidal agents in hydatid cyst surgery. HPB Surg 
1998;10(6):347-51. doi:10.1155/1998/78170

46.	 Mehdizad Bakhtiar N, Spotin A, Mahami-Oskouei M, 
Ahmadpour E, Rostami A. Recent advances on innate immune 
pathways related to host-parasite cross-talk in cystic and 
alveolar echinococcosis. Parasit Vectors 2020;13(1):232. 
doi:10.1186/s13071-020-04103-4

47.	 Spotin A, Mokhtari Amir Majdi M, Sankian M, Varasteh A. 
The study of apoptotic bifunctional effects in relationship 
between host and parasite in cystic echinococcosis: a new 
approach to suppression and survival of hydatid cyst. Parasitol 
Res 2012;110(5):1979-84. doi:10.1007/s00436-011-2726-4

48.	 Mahmoodpour H, Spotin A, Hatam GR, Pourmahdi 
Ghaemmaghami A, Sadjjadi SM. In vitro and ex vivo 
protoscolicidal effects of hydroalcoholic extracts of Eucalyptus 
microtheca on protoscoleces of Echinococcus granulosus 
sensu stricto: a light and scanning electron microscopy 
(SEM) study. Exp Parasitol 2023;251:108553. doi:10.1016/j.
exppara.2023.108553

49.	 Yadollahpour A, Rezaee Z. Electroporation as a new cancer 
treatment technique: a review on the mechanisms of action. 
Biomed Pharmacol J 2015;7(1):53-65. doi:10.13005/bpj/452 

50.	 Batista Napotnik T, Polajžer T, Miklavčič D. Cell death 
due to electroporation - a review. Bioelectrochemistry 
2021;141:107871. doi:10.1016/j.bioelechem.2021.107871

51.	 Vahidirad A, Mansouri M, Shamshirian A, Berenji F, Motie MR. 
Efficacy of preoperative albendazole on protoscoleces viability 
in hydatid cyst of the liver. Iran J Parasitol 2022;17(4):483-7. 
doi:10.18502/ijpa.v17i4.11274

52.	 Franchi C, Di Vico B, Teggi A. Long-term evaluation of patients 
with hydatidosis treated with benzimidazole carbamates. Clin 
Infect Dis 1999;29(2):304-9. doi:10.1086/520205

https://doi.org/10.1007/s00268-001-0065-9
https://doi.org/10.18081/2333-5106/016-1/11-18
https://doi.org/10.18081/2333-5106/016-1/11-18
https://doi.org/10.1007/s00268-009-9971-z
https://doi.org/10.1007/s00268-004-7587-x
https://doi.org/10.1016/j.actatropica.2017.09.013
https://doi.org/10.1007/s12639-023-01632-4
https://doi.org/10.1007/s12639-023-01632-4
https://doi.org/10.1017/s0022149x0928936x
https://doi.org/10.1017/s0022149x0928936x
https://doi.org/10.1155/1998/78170
https://doi.org/10.1186/s13071-020-04103-4
https://doi.org/10.1007/s00436-011-2726-4
https://doi.org/10.1016/j.exppara.2023.108553
https://doi.org/10.1016/j.exppara.2023.108553
https://doi.org/10.13005/bpj/452
https://doi.org/10.1016/j.bioelechem.2021.107871
https://doi.org/10.18502/ijpa.v17i4.11274
https://doi.org/10.1086/520205

