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ABSTRACT 

Hydatidosis is an important zoonotic disease due to treatment difficulties. Recent 

studies have explored alternative treatments, including plant extracts and 

nanoparticles to enhance drug delivery and efficacy.  

This study investigated the lethal effects of different concentrations (1000, 500 and 

125 μg/mL) of ivermectin (IVM) and ivermectin-loaded silver nanoparticles 

(AgNPs), in addition to different concentrations (100, 50 and 12.5 mg/mL) of 

extract (EXT) and extract-loaded AgNPs against hydatid cyst protoscoleces (PSCs). 

AgNPs were characterized by UV-visible, X-ray diffraction (XRD), field emission 

scanning electron microscopy (FESEM), Fourier transform infrared spectroscopy 

(FTIR) and transmission electron microscopy (TEM). Gene expression was 

assessed by semi-quantitative RT-PCR after 12 and 24 hours of exposure. 

We evaluated the therapeutic effects by quantifying calmodulin and caspase-3 gene 

expression. In vitro, AgNPs showed scolicidal effects against PSCs by activating 

calmodulin and caspase-3 gene expression. The gene expression in PSCs treated 

with IVM-loaded AgNPs and EXT-loaded AgNPs Was higher (P≤0.05) than that of 

PSCs treated with IVM and extract. These data suggest that IVM-loaded AgNPs 

and EXT-loaded AgNPs may be a promising alternative to current treatments. 
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جينات   على  النانوية  الفضة  دقائق  على  المحملة  الشفلح  اوراق  ومستخلص  الايفرمكتين  تأثيرات 

calmodulin وcaspase-3 في الرؤيسات الاولية للمشوكة الحبيبية في الزجاج  
 علي محمد عبد  ،رائد صباح رضوان

 العراقة تكريت، تكريت،  ، جامعالعلوم، كلية علوم الحياةقسم 

 

 الملخص 

ي  يُعد داء الاكياس المائية من الأمراض الحيوانية المنشأ المهمة، نظرًا لصعوبة علاجه. وقد استكشفت دراسات حديثة علاجات بديلة، بما ف

 ذلك استخدام المستخلصات والدقائق النانوية لتعزيز توصيل الدواء وفعاليته.  

( ميكروغرام/مل( من الايفرمكتين المحمل على دقائق    125و  500و  1000أُجريت هذه الدراسة لايجاد التأثيرات المميتة لتركيزات مختلفة 

( ملغم/مل( من المستخلصات المحملة على دقائق الفضة النانوية ضد    12.5و  50و  100الفضة النانوية، بالإضافة إلى تركيزات مختلفة 

فوق البنفسجية    الرؤيسات الأولية. وُصفت دقائق الفضة النانوية باستخدام ،  (XRD)  الاشعة السينيةحيود  ،  UV-visibleحيود الاشعة 

وتم تقييم التعبير الجيني    .(TEM)، والمجهر الالكتروني النافذ  (FTIR)   الاشعة تحت الحمراء  ،(FESEM)المجهر الالكتروني الماسح  

تأثيرات العلاجات من خلال تحديد ك  24و  12بعد    semi-qRT-PCRباستخدام تفاعل   تقييم  التعبير عن  ساعة من التعرض. وتم  مية 

 . 3-جينات الكالموديولين والكاسبيس

للكالموديولين   الجيني  التعبير  تنشيط  خلال  من  الأولية  الرؤيسات  ضد  الفضية  النانوية  للدقائق  قاتلة  تأثيرات  المخبرية  التجارب  وأظهرت 

في الرؤيسات الأولية المعالجة بالايفرمكتين المحمل على دقائق الفضة النانوية والمستخلص النباتي  3-والكاسبيس . وكان التعبير الجيني 

 وتشير(.  P ≤ 0.05المحمل على دقائق الفضة النانوية أعلى منه في الرؤيسات الأولية المعالجة باـلايفرمكتين والمستخلص النباتي لوحدها )

 .الحالية للعلاجات واعداً  يلاً بد تكون  قد النانوية بالدقائق المحملة النباتي والمستخلص الايفرمكتين أن إلى البيانات هذه

 

INTRODUCTION 

Cystic Echinococcosis (CE) is one of the most 

common and important parasitic diseases caused 

by infection with the larval stage (metacestode) of  

E. granulosus (1). This disease leads to many 

medical, veterinary and economic problems, 

especially affecting Rural and poor communities, 

where people raise livestock that come into contact 

with dogs (2). In humans, cystic echinococcosis is 

typically the result of accidental ingestion of E. 

granulosus eggs and initiates detrimental effects on 

the liver and lungs. In humans, most cases of 

hydatid cysts occur in childhood and may continue 

for many years without being detected 

(asymptomatic). Clinical signs are directly related 

to the location, number and size of hydatid cysts (3).  

Calmodulin is an important genes, it works to bind 

with the Ca2+ and conversion of the signals of the 

Ca2+ though down-stream proteins for the 

regulation of a variety of the physiological 

procedures, like muscle contraction, cell motility 

and metabolism (4, 5). Many studies have shown 

that the expression of caspase-3 mRNA is 

significantly higher in protoscoleces (PSCs) treated 

with certain agents, the activation of caspase-3 in 

E. granulosus PSCs is part of a broader mechanism 

of regulated cell death, which includes necrosis, 

apoptosis and autophagy (6, 7).  

Ivermectin (IVM) is an antiparasitic agent, a 

broad-spectrum drug primarily used to fight 

parasitic worms in human and veterinary medicine. 

https://doi.org/10.25130/tjps.v31i4.2026
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This unmatched compound has fundamentally been 

used in humans as an oral remediation for treating 

filarial aliments but is also effective versus other 

contagious-related worms. It could be used against 

nematodes, as well as increased Cl- permeability in 

the parasite’s muscle cells, resulting in parasite 

paralysis (8, 9).  

Caper (Capparis spinosa), an evergreen perennial 

spiny shrub, is classified among plants that have 

various medicinal effects; it belongs to the 

Capparaceae family, genus Capparis and species 

spinosa. This medicinal plant is used widely since 

ancient times to treat various diseases affect human 

and animals, because this plants contain effective 

substances capable of treating many parasitic 

diseases without side effects (10, 11). This plant 

contains many effective components such as rutin 

glycosides, myronase enzyme, caproic acid, pectic 

acid, saponins, alkaloids and flavonoids (12).  

Nanoparticles properties include large surface area 

in relation to its volume, its ability to enter and 

penetrate physiological barriers and play an 

important role in infection resistance (13). 

Nanoparticles produced from plant extract, because 

of their medicinal properties, could be used in 

drugs, targeted drug delivery and cosmetic 

applications (14). Recent research has focused on 

using nanoparticles carriers to improve the delivery 

and efficacy of IVM and EXT against E. 

granulosus PSCs and indicating a potential for 

drug development against the parasites (15). 

Numerous studies have examined the effect of 

metal nanoparticles such as silver nanoparticles 

against PSCs of hydatid cysts in vivo and in vitro 

(16). The current study aimed to detect effects of 

IVM and C. spinosa EXT-Silver nanoparticles 

(AgNPs) against calmodulin and caspase-3 gens of 

hydatid cyst PSCs.  

MATERIALS AND METHODS  

Sheep hydatid cysts of E. granulosus were 

collected since February 2024 till March 2025.  

Collection and preparation of plant extract (C. 

spinos): 

C. spinosa L. leaves were collected from different 

areas in Kirkuk, brought to the laboratory of the 

college of science college/ University of Tikrit for 

botanical identification.  

50 grams from air-dried and crushed C. spinosa 

leaves were put into a whipping of cellulose and 

extracted in a Soxhlet extractor (Germany) with 

250 mL alcohol (ethanol 96%). Using a rotary 

evaporator at 45 Co, the solvent was evaporated 

until the experiment was finished. The extract was 

lyophilizd by a Lyophilizer (KARL KOLB, Alpha 

1-2 LD plus, Germany) (Freeze drying), the 

residues were kept at 4 Co (17).  

Diagnosis of active compounds ethanolic plant 

EXT of C. spinosa leaves was performed using 

GC-MS technology in Samarra University/ College 

of Applied Sciences/ Central Laboratory.  

Biosynthesis of silver nanoparticles (green 

synthesis) and IVM-loaded AgNPs 

Silver nanoparticles of C. spinosa plant EXT were 

prepared according to the method by (18) with some 

modifications. By stirring 400 mL of the silver 

nitrate in 1L flask on the hot plate and adding 100 

mL of alcoholic plant EXT gradually, and noted 

the color of the solution was changed during the 

addition. The solution was centrifuged (4000 rpm) 

for 30 minutes. The sediment was collected, then 

washed with deionized distilled water more than 

once, then dried in the oven under vacuum pressure 

at 60 C° to obtain a powder form of silver 

nanoparticles. Mixture of IVM with silver 

nanoparticles was prepared in the same method 

according to  (18). 

Characterization and Diagnosis of AgNPs 

Methods used to diagnose hybrid nanoparticles 

included: UV-Visible Analysis, the color change 

can be checked using a UV-visible 

spectrophotometer and the UV-visible spectrum of 

the green AgNPs displayed a characteristic peak at 

423 nm (fig.1). 

 Fourier transform infrared (FT-IR) spectrum of the 

green AgNPs (fig.2), FT-IR spectrum of the IVM 

compound (fig.3). X-ray diffraction (XRD) 

spectrum: The XRD analysis were used to examine 

https://doi.org/10.25130/tjps.v31i4.2026
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the crysallisation level of silver nanoparticles and 

represents the XRD pattern of green AgNPs (fig.4).  

Field Emission Scanning Election Microscope 

(FESEM, Quanta 600 Feg, FEI Co., France): The 

C. spinosa EXT from the FESEM analysis 

revealed a heterogeneous crystalline surface with 

an average size of (23.67 – 99.03) nm (Fig.5). The 

green AgNPs FESEM analysis revealed irregularly 

formed cubical crystals, spherical shape and fused 

cubical shape with an average size of (21.39-96.50) 

nm (Fig.6), this result was agreed with (19, 20). 

FESEM analysis showed that the IVM and green 

AgNPs had an irregular, fused spherical shape on 

the surface of the AgNPs (Fig. 7). TEM imaging of 

the green AgNPs and IVM with green AgNPs (Fig. 

8) further revealed a particle size of approximately 

35-90 nm, which aligns with findings from (21, 22). 
 

 

Fig. 1: UV-visible spectrum of the green AgNPs. 
 

 

Fig. 2: FT-IR spectrum of the green AgNPs. 
 

 

Fig. 3: FT-IR spectrum of the IVM. 
 

 

Fig. 4: XRD pattern of green AgNPs. 
 

 

Fig. 5: FESEM of the C. spinosa EXT. 
 

 

Fig. 6: FESEM of the Green AgNPs. 
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Fig. 7: FESEM of the IVM and green AgNPs. 

 

Fig. 8: TEM of the of the IVM and green AgNPs. 
 

Preparation of protoscoleces with viability 

determination 

 PSC samples were collected and prepared using 

the method described by (23). These were obtained 

from naturally infected sheep livers sourced from 

the Kirkuk slaughterhouse in Iraq. The infected 

livers were then transported to the parasitological 

laboratory at the College of Science, University of 

Tikrit, for further analysis. 

The eosin dye assay was used to assess the 

viability of PSCs (24) (Figure 9b). A 10 μL solution 

of pooled PSCs was transferred onto a slide, mixed 

with 10 μL of aqueous eosin dye, and examined 

under a light microscope. Live PSCs did not absorb 

the dye, appearing green, while dead PSCs 

absorbed eosin dye, appearing red (25). 

Treatment of PSCs in vitro  

A total of 42 tubes were selected and divided into 4 

groups (IVM, IVM-loaded AgNPs, the alcoholic 

EXT, the alcoholic EXT-loaded AgNPs). Each 

group used 9 tubes for different concentration: 

IVM and IVM-loaded AgNPs groups with 

concentrations of 1000, 500 and 125 μg/mL, while 

the alcoholic EXT, the alcoholic EXT-loaded 

AgNPs groups with concentrations 100, 50 and 

12.5 mg/mL. In addition, it is used to control 

medium (3 tubes) and control DMSO (3 tubes). 

After adding EXT or the IVM at each stage, the 

tubes are placed in the incubator at 37°C.  

In this study, to evaluate the protoscolicidal 

activity of IVM, initially, 0.5 mL of IVM or IVM-

AgNPs with concentrations of 1000, 500 and 125 

μg/mL was added to 0.5 mL from the hydatid fluid 

containing PSCs into the tubes. Similarly, added 

0.5 mL the EXT or the EXT-AgNPs of C. spinosa 

at concentrations of 100, 50 and 12.5 mg/mL was 

added to 0.5 mLof the hydatid fluid containing 

PSCs for 1, 3, 6, 12, 24 and 48 hours of incubation, 

and some samples of PSCs treated and untreated 

(control) were isolated after 12 and 24 hours of 

exposure to RT-PCR. 

Separation of total RNA and synthesis of 

complementary DNA (cDNA) 

The total cellular RNA was separated from the 

processed and not processed PSCs after 12 and 24 

hours of exposure time. RT-PCR was applied to 

estimate the level of gene expression by using 

Transzol Up plus RNA extraction kit. posteriorly, 

RNA was inverse-transcribed into cDNA and 

utilized as the template for PCR amplification 

using an adverse transcriptase kit (Easy Script 

First-Strand cDNA Synthesis).  

Primers designing and qRT-PCR  

The total RNA of treated PSCs after 12 and 24 

hours of exposure time was extracted using the 

Transzol Up plus RNA Kit in order to effects of 

IVM, AgNPs-loaded IVM, EXT and AgNPs- 

loaded EXT on the cultured PSCs. The specific 

primers of E. granulosus calmodulin (caM) and 

caspase-3 genes sequences and cycling conditions 

have been described (26). Real-time PCR was 

performed to determine the level of caM 

messenger RNA expression. The cDNA played the 

role of the templates for the qRT-PCR that has 

been carried out with employ of SYBR-Green PCR 

essence reagents. The calmodulin and caspase-3 

https://doi.org/10.25130/tjps.v31i4.2026
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genes, as well as β-actin (housekeeping gene) used 

the primers in Table1 (27). The caspase-3 primer 

was designed using Primer3 Program 

(www.neb.com) in the molecular laboratory at 

college of science-Anbar University. 

 

Fig. 9: a- Liver of sheep infected naturally with fertile hydatid cysts. b- Live (green) and death (red) protoscoleces 

(PSCs) (10X).  c- PSCs treated with IVM (10X). d- PSCs treated with IVM loaded-AgNPs (10X). e- PSCs treated with 

EXT (10X). f- PSCs treated with EXT loaded-AgNPs (10X). 
 
 

Table1: Genes and correspondent primers for the gene expression analyses of E. granulosus. 

Gene Name Symb. Sequence (5′-3′) References 

calmodulin F GAAGGATACCGATAGTGAGGAAGA (28)  

R ATCATTTCGTCAACCTCCTCGTC 

caspase-3 F GAAATGGTTGGTTGGTGGTT In this study (29) 

(www.neb.com) R CAATTGCAACTACCTGACTGGA 

β-actin (ACTB) 

(Housekeeping) 

F ATGGTTGGTATGGGACAAAAGG (28)  

R TTCGTCACAATACCGTGCTC 

 

a b 

C D 

E F 

https://doi.org/10.25130/tjps.v31i4.2026
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Level Calculation of Gene Expression 

The level of gene expression for all genes has been 

calculated using the Livak approach (30). 

ΔCT infection = CT target gene – CTHK gene  

ΔCT control = CT target gene – CTHK gene  

ΔΔCT = ΔCT infection – ΔCT control  

Gene expression € = 2^- ΔΔCT 

ΔCT infection =ΔCT of infected group  

ΔCT control = ΔCT of control group  

CT (HK gene) = values of CT of housekeeping 

(ACTB)  

CT (target gene)= values of CT of target genes 

(caM)  

Fold change = Exp. Of infection / Exp. Of control 

Statistical analysis of data 

Statistical analysis was performed by GraphPad 

PRISM (GraphPad Software, La Jolla, CA, USA; 

http://www.graph pad.com) P-value (P≤ 0.05) was 

utilized as statistically meaningful and data were 

determined as the mean ± standard error. 

RESULTS  

Gene expression of E. granulosus PSCs in vitro 

The caspase-3 and calmodulin gene expression 

levels in the PSCs processed with compounds 

(IVM, IVM-loaded AgNPs at concentrations 1000, 

500 and 125 μg/mL, and EXT and EXT-loaded 

AgNPs at concentrations 100, 50 and 12.5 mg/mL) 

at were assessed by the qRT-PCR after 12 and 24 

hours of exposure. 

Caspase-3 gene expression in vitro 

The expression of the caspase-3 gene (Fig. 10) was 

low at both the 12- and 24-hour, with a slight 

increase observed at 24 hours ،Significant 

differences (P˂0.001) were noted following 

treatment with IVM (1000 µg/mL). The gene 

expression of caspase-3 with 100 mg/mL of EXT 

was lower after 12 hours compared to 24 hours, 

with no significant difference observed (P=0.450). 

In contrast, PSCs treated with IVM-AgNPs at a 

concentration of 1000 µg/mL showed a significant 

increase in gene expression (P˂0.001). Meanwhile, 

EXT-AgNPs at 100 mg/mL did not significantly 

increase expression compared to EXT alone, with 

no statistically significant difference observed 

(P=0.955) between the 12- and 24-hour marks. 

The gene expression levels of caspase-3 were 

increased in the PSCs treated with IVM at 500 

µg/mL (P=0.055), and in plant EXT at 50 mg/mL 

(P=0.075) after 24 hours compared with 12 hours 

exposure time. While the gene expression levels of 

PSCs treated with IVM-AgNPs at 500 µg/mL, and 

EXT-AgNPs at 50 mg/mL of were decreased after 

24 hours compared with 12 hours, indicating 

significant difference (P=0.005, P=0.002), 

respectively (Fig.11).  

The gene expression levels of caspase-3 were 

increased in PSCs treated with EXT-AgNPs with 

12.5 mg/mL at 24 hours, indicating a statically 

significant (P˂0.001), and the caspase-3 gene 

expression of PSCs treated with EXT were 

recorded statistically significant (P=0.002). In 

other groups (IVM, IVM-AgNPs) no significant 

difference, P-vales (0.802 and 0.784, respectively) 

(Fig. 12). 

Calmodulin gene expression in vitro 

The gene expression levels of calmodulin were 

increased in the PSCs treated with IVM at 1000 

µg/mL, and EXT-AgNPs at 100 mg/mL after 24 

hours compared with 12 hours. While the gene 

expression was decreased in the PSCs treated with 

IVM- AgNPs at 1000 µg/mL after 24 hours 

compared with 12 hours. The gene expression 

levels didn’t change in PSCs treated with EXT 100 

mg/mL, there is no significant difference 

(P˃0.999) between 12- and 24-hours exposure 

times. While statistical values in: IVM (P=0.833), 

IVM-AgNPs (P=0.602), and EXT-AgNPs 

(P=0.178) indicating no statistically significant 

differences (Fig. 13).  

The gene expression levels of calmodulin has been 

increased in the PSCs treated with (IVM-AgNPs at 

500 µg/mL, and the EXT-AgNPs at 50 mg/mL) 

after 24 hours compared with 12 hours, reported 

significant difference (P=0.026 and P=0.002) 

respectively. While the gene expression levels of 

PSCs treated with IVM at concentrations 500 

µg/mL and EXT at 50 mg/mL exhibited a little 

https://doi.org/10.25130/tjps.v31i4.2026
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change after 24 hours of exposure compared with 

12 hours (Fig. 14).  

The gene expression levels of calmodulin showed 

remarkably decrease in the PSCs treated with IVM 

at 125 µg/mL and EXT at 12.5 mg/mL after 24 

hours compared with 12 hours of exposure. While 

the gene expression of PSCs treated with IVM-

AgNPs at 125 µg/mL and EXT- AgNPs at 12.5 

mg/mL were increased after 24 hours for all 

compounds compared with 12 hours (Fig. 15).  

DISCUSSION  

 At present, the application of nanoparticle goods 

in biomedical sciences highlights the need for 

efficient approaches in addressing parasites. 

Nanoparticle’s functional important role in drug 

delivery, diagnosis, and gene therapy. The 

biosynthesis of nanoparticles by the medical plants 

are cost effective and environmentally pal, that did 

not require using energy, temperature, and toxic 

chemicals. These features are considered useful 

compared with physical and chemical methods (31). 

The C. spinosa has many medicinal properties, one 

of the remarkable reasons of this exchanging is 

fewer side effects of grassy drugs than chemical 

medicines (32). 

 A variety of natural extracts can effectively 

eliminate protoscolices (PSCs) at high 

concentrations within a short period, making them 

useful as protoscolicidal agents to minimize the 

risk of PSC spillage during hydatid cyst surgery (33, 

34). If a cyst ruptures, PSCs may be released and 

lead to secondary hydatid cyst formation in the 

intermediate host (35). This study demonstrates that 

the extract of Capparis spinosa (EXT of C. 

spinosa) induces PSC death in a concentration- and 

time-dependent manner, which aligns with findings 

from (34). 

 The prepared AgNPs using biotechnological 

methods can be considered as an effective 

scolicidal agent that could be applied for 

pharmaceutical applications, because of the 

mentioned eco-friendly process is likely to be cost 

effective, safe which requires non-toxic materials 

compared to existing chemical methods (16). The 

main mechanisms identified of nanoparticles in the 

biological response are the production of ROS and 

oxidative stress, DNA damage, cell cycle effects, 

and potential interference (36).  

 Ultra structural changes in the tegument are 

attributed to the effectiveness of the nanoparticles 

affecting the tegument of parasite and inhibit the 

synthesis of proteins (37).  

In this study various concentrations (1000, 500 and 

125 mg/mL) of IVM of biosynthesized Ag-NPs 

with different exposure times (1, 3, 6, 12, 24, 48 

hours) were employed for scolicidal assessment. 

The results of current study clarified the fast 

tegument change of the PSCs by IVM and EXT 

loaded with silver nanoparticles are important to 

support and estimation of the protoscolicidal 

efficacy of these compounds, this agreement 

with(38). 

The plants, especially medicinal plants are an 

important source of many organic and inorganic 

compounds of pharmaceutical and medicinal 

importance, that can treat many diseases, bacterial 

and parasitic infections(39). In vitro scolicidal 

effects of gold nanoparticles against PSCs of 

hydatid cyst was reported by provoking the 

apoptosis process of caspase-3 was changing and 

activation the PSCs ultrastructure with no 

significant cytotoxicity against the normal cells of 

human (40).  

In this study various concentrations of IVM and 

IVM-loaded AgNPs, the alcoholic EXT and EXT-

loaded AgNPs groups with concentrations at 

different exposure times were employed for 

scolicidal assessment and caused many effects on 

PSCs gene expression of hydatid cysts. The 

caspase-3 expression of PSCs in control, and PSCs 

treated with IVM, IVM-AgNPs, EXT, and EXT-

AgNPs after 12 and 24 hours exposure. The 

caspase-3 expression was more in each PSCs 

processed with IVM-loaded AgNPs and PSCs 

processed with EXT-loaded AgNPs than IVM, 

plant EXT and the groups of control after 12 hours 

of exposure time. A convenient protoscolicidal 

factor must have certain characters, like ability to 
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little doses, the great effect at the short time. The 

ability to maintain the effect of the cyst dilute 

liquid, increased availability, decreased toxicity 

and the possibility of rapid preparation as 

mentioned in previous studies (33, 41, 42).  

 In this study noted that the gene expression levels 

of calmodulin were increased after exposed 

treatments. Calmodulin protein link with calcium, 

which is important for cellular signs. This linkage 

was changes the protein form and associated with 

other proteins, such as (kinase, Protein 

phosphatases and phosphodiesterases). That is 

necessary to organize physiological operations, 

like contractions of muscles and metabolism (43, 44).    

Previous studies have confirmed that silver 

nanoparticles exhibit cytotoxic effects on hydatid 

cysts by inducing oxidative stress and activating 

apoptosis (45), the researchers reported that AgNPs 

enhanced the expression of apoptosis-related 

genes, such as caspase-3, supporting the current 

findings (40), it has demonstrated that combining 

AgNPs with other chemical agents enhances the 

therapeutic efficacy against hydatid cysts. 

Some studies were disagree with the current study 

(46), who observed the effect of AgNPs alone may 

be not significant at lower concentrations, which 

aligns with the reduced caspase-3 expression at 

lower concentrations.  

Previous studies have confirmed that AgNPs 

affected parasites by inducing oxidative stress, 

which affects vital processes, such as the gene 

expression of calcium-related proteins, including 

calmodiulin, this study agree with D’Elia and 

Weinrauch (47) who reported that EXT-AgNPs 

decreased calmodulin expression at low 

concentrations. Many studies confirm the extracts 

with nanoparticles have a stronger common effect, 

this treatments enhance the anti-parasitic effects 

(48), and other studies have highlighted to AgNPs 

can enhance apoptosis responses by increasing 

oxidative stress and activating caspase-3 (49). 

Several studies have confirmed the role of IVM in 

inducing apoptosis by multiple pathways (50). 
 

 

Fig. 10: The caspase-3 gene expression in PSCs 

processed with (1000 µg/mL of IVM and IVM+AgNPs 

and 100 mg/mL of EXT and EXT+AgNPs) after 12, 24 

hours. 
 

 

Fig. 11: The caspase-3 gene expression in PSCs 

processed with (500 µg/mL of IVM and IVM+AgNPs 

and 50 mg/mL of EXT and EXT+AgNPs) after 12, 24 

hours. 

 

 
Fig. 12: The caspase-3 gene expression in PSCs 

processed with (125 µg/mL of IVM and IVM+AgNPs 

and 12.5 mg/mL of EXT and EXT+AgNPs) after 12, 24 

hours. 
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Fig. 13: The calmodulin gene expression in PSCs 

processed with (1000 µg/mL of IVM and IVM+AgNPs 

and 100 mg/mL of EXT and EXT+AgNPs) after 12, 24 

hours. 
 

 

Fig. 14: The calmodulin gene expression in PSCs 

processed with (500 µg/mL of IVM and IVM+AgNPs 

and 50 mg/mL of EXT and EXT+AgNPs) after 12, 24 

hours. 
 

 

Fig. 15: The calmodulin gene expression in PSCs 

processed with (125 µg/mL of IVM and IVM+AgNPs 

and 12.5 mg/mL of EXT. and EXT.+AgNPs)  after 12, 

24 hours. 
 

 

 

CONCLUSION 

This study demonstrates that IVM, IVM-AgNPs, 

EXT, and EXT-AgNPs modulate the expression of 

caspase-3 and calmodulin genes in E. granulosus 

PSCs in a concentration and a time-dependent 

manner, may be a promising alternative to current 

treatments. The caspase-3 expression exhibited 

significant difference between 12 and 24 hour 

exposure across different treatments. Higher 

concentrations of loaded-AgNPs increased 

caspase-3 expression. Calmodulin expression was 

generally stable across treatments, with fewer 

statistically significant changes than caspase-3. 

These therapeutic nanoparticles can be utilized as a 

substitute in hydatid cyst treatment to overcome 

the disadvantages of chemical treatments, 

particularly their side effects. 

Conflict of interests: The authors declare no 

conflict of interests. 

Sources of funding: This research received no 

specific grant from funding agencies in the public, 

commercial, or profit sectors. 

Author contribution: Authors contributed equally 

in this Acknowledgement should be added. 

REFERENCES 

1. Abdel-Baki A-AS, Almalki E, Al-Quarishy S. 

Prevalence and characterization of hydatidosis in 

Najdi sheep slaughtered in Riyadh city, Saudi 

Arabia. Saudi Journal of Biological Sciences. 

2018;25(7):1375-9.  

https://doi.org/10.1016/j.sjbs.2018.04.011 

2. Guduro GG, Desta AH. Cyst viability and 

economic significance of Hydatidosis in southern 

Ethiopia. Journal of parasitology research. 

2019;2019(1):2038628. 

https://doi.org/10.1155/2019/2038628 

3. Radhwan RS, Al-Nasiri FS. Detection of 

infection with hydatid cysts in abattoirs animals at 

Kirkuk governorate, Iraq. Tikrit Journal of Pure 

Science. 2021;26(4):24-32. 

https://doi.org/10.25130/tjps.v26i5.170 

4. Tai L, Li B-B, Nie X-M, Zhang P-P, Hu C-H, 

Zhang L, et al. Calmodulin is the fundamental 

regulator of NADK-mediated NAD signaling in 

https://doi.org/10.25130/tjps.v31i4.2026
https://doi.org/10.1016/j.sjbs.2018.04.011
https://doi.org/10.1155/2019/2038628
https://doi.org/10.25130/tjps.v26i5.170


Tikrit Journal of Pure Science Vol. 31 (4) 2026 

 DOI:https://doi.org/10.25130/tjps.v31i4.2026 

 

19 

plants. Frontiers in Plant Science. 2019;10:681. 

https://doi.org/10.3389/fpls.2019.00681 

5. Zhang X, Connelly J, Levitan ES, Sun D, 

Wang JQ. Calcium/calmodulin–dependent protein 

kinase II in cerebrovascular diseases. Translational 

stroke research. 2021;12:513-29. 

https://doi.org/10.1007/s12975-021-00901-9  

6. Jalil PJ, Shnawa BH, Hamad SM. Silver 

Nanoparticles: Green Synthesis, Characterization, 

Blood Compatibility and Protoscolicidal Efficacy 

against Echinococcus granulosus. Pakistan 

Veterinary Journal. 2021;41(3). 

http://dx.doi.org/10.29261/pakvetj/2021.039 

7. Bakhtiar NM, Akbarzadeh A, Ahmadpour E, 

Mahami-Oskouei M, Casulli A, Norouzi R, et al. 

In vitro efficacy of albendazole-loaded β-

cyclodextrin against protoscoleces of 

Echinococcus granulosus sensu stricto. 

Experimental Parasitology. 2022;243:108428. 

https://doi.org/10.1016/j.exppara.2022.108428 

8. Kandeel M, Akhtar T, Zaheer T, Ahmad S, 

Ashraf U, Omar M. Anti-parasitic Applications of 

Nanoparticles: A Review. Pakistan Veterinary 

Journal. 2022;42(2). 

http://dx.doi.org/10.29261/pakvetj/2022.040 

9. Kassaee SN, Richard D, Ayoko GA, Islam N. 

Lipid polymer hybrid nanoparticles against lung 

cancer and their application as inhalable 

formulation. Nanomedicine. 2024;19(25):2113-33. 

https://doi.org/10.1080/17435889.2024.2387530 

10. Maurya S, Cornejo X, Lee C, Kim S-Y, Van 

Hai D, Choudhary RK. Molecular phylogenetic 

tools reveal the phytogeographic history of the 

genus Capparis L. and suggest its reclassification. 

Perspectives in Plant Ecology, Evolution and 

Systematics. 2023;58:125720. 

https://doi.org/10.1016/j.ppees.2023.125720 

11. Alzamel NM. Bioactive compounds in some 

medicinal plants from different habitats in KSA. 

Pakistan Journal of Medical & Health Sciences. 

2022;16(02):1085. 

https://doi.org/10.53350/pjmhs221621085 

12. Annaz H, Sane Y, Bitchagno GTM, Ben 

Bakrim W, Drissi B, Mahdi I, et al. Caper 

(Capparis spinosa L.): an updated review on its 

phytochemistry, nutritional value, traditional uses, 

and therapeutic potential. Frontiers in 

pharmacology.  2022;13:878749. 

https://doi.org/10.3389/fphar.2022.878749. 

13. Medici S, Peana M, Coradduzza D, Zoroddu 

MA, editors. Gold nanoparticles and cancer: 

Detection, diagnosis and therapy. Seminars in 

cancer biology; 2021: Elsevier. 

https://doi.org/10.1016/j.semcancer.2021.06.017 

14. Rahman HS, Othman HH, Hammadi NI, 

Yeap SK, Amin KM, Abdul Samad N, et al. Novel 

drug delivery systems for loading of natural plant 

extracts and their biomedical applications. 

International journal of nanomedicine. 2020:2439-

83. http://dx.doi.org/10.2147/IJN.S227805  

15. Cusioli LF, Mariane de Souza R, Beltran LB, 

Bergamasco R. Use of low-cost adsorbent 

functionalized with iron oxide nanoparticles for 

ivermectin removal. South African Journal of 

Chemical Engineering. 2024;47(1):142-9. 

https://hdl.handle.net/10520/ejc-chemeng-v47-n1-

a16  

16. Shakibaie M, Khalaf AK, Rashidipour M, 

Mahmoudvand H. Effects of green synthesized 

zinc nanoparticles alone and along with 

albendazole against hydatid cyst protoscoleces. 

Annals of Medicine and Surgery. 2022;78. 

https://doi.org/10.1016/j.amsu.2022.103746 

17. Taheri F, Sepehri G, Sheibani V, Sharififar F. 

Amelioration of prenatal lead-induced learning and 

memory impairments by methanolic extract of 

Zataria multiflora in male rats. Basic and Clinical 

Neuroscience. 2019;10(2):175. 

http://dx.doi.org/0.32598/bcn.10.2.1104.1 

18. Duman H, Eker F, Akdaşçi E, Witkowska 

AM, Bechelany M, Karav S. Silver nanoparticles: 

A comprehensive review of synthesis methods and 

chemical and physical properties. Nanomaterials. 

2024;14(18):1527. 

https://doi.org/10.3390/nano14181527 

19. Venugopal K, Ahmad H, Manikandan E, Arul 

KT, Kavitha K, Moodley M, et al. The impact of 

anticancer activity upon Beta vulgaris extract 

https://doi.org/10.25130/tjps.v31i4.2026
https://doi.org/10.3389/fpls.2019.00681
https://doi.org/10.1007/s12975-021-00901-9
http://dx.doi.org/10.29261/pakvetj/2021.039
https://doi.org/10.1016/j.exppara.2022.108428
http://dx.doi.org/10.29261/pakvetj/2022.040
https://doi.org/10.1080/17435889.2024.2387530
https://doi.org/10.1016/j.ppees.2023.125720
https://doi.org/10.53350/pjmhs221621085
https://doi.org/10.3389/fphar.2022.878749
https://doi.org/10.1016/j.semcancer.2021.06.017
http://dx.doi.org/10.2147/IJN.S227805
https://hdl.handle.net/10520/ejc-chemeng-v47-n1-a16
https://hdl.handle.net/10520/ejc-chemeng-v47-n1-a16
https://doi.org/10.1016/j.amsu.2022.103746
http://dx.doi.org/0.32598/bcn.10.2.1104.1
https://doi.org/10.3390/nano14181527


Tikrit Journal of Pure Science Vol. 31 (4) 2026 

 DOI:https://doi.org/10.25130/tjps.v31i4.2026 

 

20 

mediated biosynthesized silver nanoparticles (ag-

NPs) against human breast (MCF-7), lung (A549) 

and pharynx (Hep-2) cancer cell lines. Journal of 

Photochemistry and Photobiology B: Biology. 

2017;173:99-107. 

https://doi.org/10.1016/j.jphotobiol.2017.05.031 

20. Vijayan R, Joseph S, Mathew B. Anticancer, 

antimicrobial, antioxidant, and catalytic activities 

of green-synthesized silver and gold nanoparticles 

using Bauhinia purpurea leaf extract. Bioprocess 

and biosystems engineering. 2019;42:305-19. 

http://dx.doi.org/10.1007/s00449-018-2035-8 

21. Qahtan Adnan Q, Bashar Sadiq N, Reyam 

Faris S. Antibacterial effect of biosynthesis silver 

nanoparticles on Pseudomonas aeruginosa. Tikrit 

Journal of Pure Science. 2021;26(5):22-6. 

https://doi.org/10.25130/tjps.v26i5.172 

22. Nawab R, Ali M, Haroon U, Kamal A, Akbar 

M, Anwar F, et al. Calotropis procera (L.) 

mediated synthesis of AgNPs and their application 

to control leaf spot of Hibiscus rosa-sinensis (L.). 

Brazilian Journal of Biology. 2022;84:e261123. 

https://doi.org/10.1590/1519-6984.261123  

23. Hemphill A, Stettler M, Walker M, Siles-Lucas 

M, Fink R, Gottstein B. In vitro culture of 

Echinococcus multilocularis and Echinococcus 

vogeli metacestodes: studies on the host–parasite 

interface. Acta tropica. 2003;85(2):145-55. 

https://doi.org/10.1016/S0001-706X(02)00220-6 

24. Moazeni M, Borji H, Darbandi MS, Saharkhiz 

MJ. In vitro and in vivo antihydatid activity of a 

nano emulsion of Zataria multiflora essential oil. 

Research in veterinary science. 2017;114:308-12. 

https://doi.org/10.1016/j.rvsc.2017.06.003 

25. Mahmoudvand H, Pakravanan M, Aflatoonian 

MR, Khalaf AK, Niazi M, Mirbadie SR, et al. 

Efficacy and safety of Curcuma longa essential oil 

to inactivate hydatid cyst protoscoleces. BMC 

Complementary and Alternative Medicine. 

2019;19:1-7. https://doi.org/10.1186/s12906-019-

2527-3 

26. Abdullah HH, Muhammad MJ, Hassan ZI. 

Multiplex PCR Technique for Simultaneous 

Detection and genotyping of E. granulosus, E. 

multilocularis, and other Taeniidae in some 

intermediate hosts in Erbil Province. Tikrit Journal 

of Pure Science. 2024;29(2):1-6. 

https://doi.org/10.25130/tjps.v29i2.163 

27. Naseri M, Akbarzadeh A, Spotin A, Akbari 

NAR, Mahami-Oskouei M, Ahmadpour E. 

Scolicidal and apoptotic activities of albendazole 

sulfoxide and albendazole sulfoxide-loaded PLGA-

PEG as a novel nanopolymeric particle against 

Echinococcus granulosus protoscoleces. 

Parasitology research. 2016;115:4595-603. 

https://doi.org/10.1007/s00436-016-5250-8 

28. Dakllaoe A, Ahmed S, Kareem Z. Molecular 

analysis of gene expression using qPCR in insect 

models. Journal of Molecular Entomology. 

2021;12(3):101-10.  

29. Biolabs NE. Caspase-3 Primer Sequences. 

[cited 2025 Jun 17] ed: NEB; 2025. 

30. Livak KJ, Schmittgen TD. Analysis of 

relative gene expression data using real-time 

quantitative PCR and the 2− ΔΔCT method. 

methods. 2001;25(4):402-8. 

https://doi.org/10.1006/meth.2001.1262 

31. Gudkov SV, Burmistrov DE, Serov DA, 

Rebezov MB, Semenova AA, Lisitsyn AB. A mini 

review of antibacterial properties of ZnO 

nanoparticles. Frontiers in Physics. 2021;9:641481. 

https://doi.org/10.3389/fphy.2021.641481 

32. Zhang H, Ma ZF. Phytochemical and 

pharmacological properties of Capparis spinosa as 

a medicinal plant. Nutrients. 2018;10(2):116. 

https://doi.org/10.3390/nu10020116 

33. Fabbri J, Maggiore MA, Pensel PE, Denegri 

GM, Elissondo MC. In vitro efficacy study of 

Cinnamomum zeylanicum essential oil and 

cinnamaldehyde against the larval stage of 

Echinococcus granulosus. Experimental 

Parasitology. 2020;214:107904. 

 https://doi.org/10.1016/j.exppara.2020.107904 

34. Yan M, Li J, Liu H, Yang N, Chu J, Sun L, et 

al. In vitro efficacy of Capparis spinosa extraction 

against larvae viability of Echinococcus granulosus 

sensu stricto. Journal of Veterinary Medical 

Science. 2022;84(3):465-72. 

https://doi.org/10.25130/tjps.v31i4.2026
https://doi.org/10.1016/j.jphotobiol.2017.05.031
http://dx.doi.org/10.1007/s00449-018-2035-8
https://doi.org/10.25130/tjps.v26i5.172
https://doi.org/10.1590/1519-6984.261123
https://doi.org/10.1016/S0001-706X(02)00220-6
https://doi.org/10.1016/j.rvsc.2017.06.003
https://doi.org/10.1186/s12906-019-2527-3
https://doi.org/10.1186/s12906-019-2527-3
https://doi.org/10.25130/tjps.v29i2.1638
https://doi.org/10.1007/s00436-016-5250-8
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.3389/fphy.2021.641481
https://doi.org/10.3390/nu10020116
https://doi.org/10.1016/j.exppara.2020.107904


Tikrit Journal of Pure Science Vol. 31 (4) 2026 

 DOI:https://doi.org/10.25130/tjps.v31i4.2026 

 

21 

https://doi.org/10.1292/jvms.21-0609 

35. Lupia T, Corcione S, Guerrera F, Costardi L, 

Ruffini E, Pinna SM, et al. Pulmonary 

echinococcosis or lung hydatidosis: a narrative 

review. Surgical Infections. 2021;22(5):485-95. 

https://doi.org/10.1089/sur.2020.197  

36. Siddiqui MA, Wahab R, Saquib Q, Ahmad J, 

Farshori NN, Al-Sheddi ES, et al. Iron oxide 

nanoparticles induced cytotoxicity, oxidative 

stress, cell cycle arrest, and DNA damage in 

human umbilical vein endothelial cells. Journal of 

Trace Elements in Medicine and Biology. 

2023;80:127302. 

https://doi.org/10.1016/j.jtemb.2023.127302 

37. Barabadi H, Honary S, Ali Mohammadi M, 

Ahmadpour E, Rahimi MT, Alizadeh A, et al. 

Green chemical synthesis of gold nanoparticles by 

using Penicillium aculeatum and their scolicidal 

activity against hydatid cyst protoscolices of 

Echinococcus granulosus. Environmental Science 

and Pollution Research. 2017;24:5800-10. 

https://doi.org/10.1007/s11356-016-8291-8 

38. Shiee MR, Kia EB, Zahabiun F, Naderi M, 

Motevaseli E, Nekoeian S, et al. In vitro effects of 

tropisetron and granisetron against Echinococcus 

granulosus (ss) protoscoleces by involvement of 

calcineurin and calmodulin. Parasites & Vectors. 

2021;14:1-12. https://doi.org/10.1186/s13071-021-

04691-9 

39. Mohammed HA-hS, Binsaad AJA. EFFECT 

OF ALCOHOLIC EXTRACT OF CLOVE 

(SYZYGIUM AROMATICUM) ON VIABILITY 

OF PROTOSCOLICES OF SHEEP HYDATID 

CYSTS IN VITRO. Electronic Journal of 

University of Aden for Basic and Applied 

Sciences. 2023;4(1):99-105. 

https://doi.org/10.47372/ejua-ba.2023.1.226 

40. Raziani Y, Shakib P, Rashidipour M, 

Cheraghipour K, Ghasemian Yadegari J, 

Mahmoudvand H. Green synthesis, 

characterization, and antiparasitic effects of gold 

nanoparticles against Echinococcus granulosus 

protoscoleces. Tropical medicine and infectious 

disease. 2023;8(6):313. 

https://doi.org/10.3390/tropicalmed8060313 

41. 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 tropica. 

2017;176:385-94. 

https://doi.org/10.1016/j.actatropica.2017.09.013 

42. Ahmadpour E, Godrati-Azar Z, Spotin A, 

Norouzi R, Hamishehkar H, Nami S, et al. 

Nanostructured lipid carriers of ivermectin as a 

novel drug delivery system in hydatidosis. 

Parasites & vectors. 2019;12:1-9. 

https://doi.org/10.1186/s13071-019-3719-x 

43. Wang N, Zhong X, Song X, Gu X, Lai W, 

Xie Y, et al. Molecular and biochemical 

characterization of calmodulin from Echinococcus 

granulosus. Parasites & vectors. 2017;10:1-9. 

https://doi.org/10.1186/s13071-017-2545-2 

44. Gao H-J, Sun X-D, Luo Y-P, Pang H-S, Ma 

X-M, Zhang T, et al. Anti-echinococcal effect of 

verapamil involving the regulation of the 

calcium/calmodulin-dependent protein kinase II 

response in vitro and in a murine infection model. 

Parasites & Vectors. 2021;14:1-10. 

https://doi.org/10.1186/s13071-021-04618-4 

45. Alshehri ZS, Alanazi AD, Baghdadi H. 

Therapeutic Effects of Green Synthesized Copper 

Nanoparticles Against Hydatid Disease Through 

Inhibiting Inflammation, Oxidative Stress, and 

Apoptosis. Acta Parasitologica. 2025;70(2):1-12. 

https://doi.org/10.1007/s11686-025-01013-2 

46. Ahmed S, Ahmad M, Swami BL, Ikram S. A 

review on plants extract mediated synthesis of 

silver nanoparticles for antimicrobial applications: 

a green expertise. Journal of advanced research. 

2016;7(1):17-28. 

https://doi.org/10.1016/j.jare.2015.02.007 

47. D’Elia JA, Weinrauch LA. Role of Divalent 

Cations in Infections in Host–Pathogen Interaction. 

International Journal of Molecular Sciences. 

2024;25(18):9775. 

https://doi.org/10.3390/ijms25189775 

48. Obaid HM, Shareef HA. Evaluation of the 

inhibitory impact of biosynthesized silver 

https://doi.org/10.25130/tjps.v31i4.2026
https://doi.org/10.1292/jvms.21-0609
https://doi.org/10.1089/sur.2020.197
https://doi.org/10.1016/j.jtemb.2023.127302
https://doi.org/10.1007/s11356-016-8291-8
https://doi.org/10.1186/s13071-021-04691-9
https://doi.org/10.1186/s13071-021-04691-9
https://doi.org/10.47372/ejua-ba.2023.1.226
https://doi.org/10.3390/tropicalmed8060313
https://doi.org/10.1016/j.actatropica.2017.09.013
https://doi.org/10.1186/s13071-019-3719-x
https://doi.org/10.1186/s13071-017-2545-2
https://doi.org/10.1186/s13071-021-04618-4
https://doi.org/10.1007/s11686-025-01013-2
https://doi.org/10.1016/j.jare.2015.02.007
https://doi.org/10.3390/ijms25189775


Tikrit Journal of Pure Science Vol. 31 (4) 2026 

 DOI:https://doi.org/10.25130/tjps.v31i4.2026 

 

22 

nanoparticles using Bacillus cereus and 

Chromobacterium violaceum bacteria on some 

intestinal protozoa. Annals of Parasitology. 

2022;68(4). https://doi.org/10.17420/ap6804.484 

49. Tabandeh MR, Samie KA, Mobarakeh ES, 

Khadem MD, Jozaie S. Silver nanoparticles induce 

oxidative stress, apoptosis and impaired 

steroidogenesis in ovarian granulosa cells of cattle. 

Animal reproduction science. 2022;236:106908. 

https://doi.org/10.1016/j.anireprosci.2021.106908 

50. Lotfalizadeh N, Gharib A, Hajjafari A, Borji 

H, Bayat Z. The anticancer potential of ivermectin: 

Mechanisms of action and therapeutic 

implications. Journal of Lab Animal Research. 

2022;1(1):52-9. 

https://doi.org/10.58803/jlar.v1i1.11 

 

https://doi.org/10.25130/tjps.v31i4.2026
https://doi.org/10.17420/ap6804.484
https://doi.org/10.1016/j.anireprosci.2021.106908
https://doi.org/10.58803/jlar.v1i1.11

