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Abstract
Objectives  Fasciolosis is of significant economic and public health importance worldwide. The lack of a 
successful vaccine and emerging resistance in flukes to the drug of choice, triclabendazole, has initiated the 
search for alternative approaches. In recent years, metallic nanoparticles have been extensively investigated for 
their anthelmintic effects. This study investigates the in vitro anthelmintic activity of copper oxide and zinc oxide 
nanoparticles against Fasciola hepatica.

Methods  The in vitro study was based on egg hatchability test (EHA), adult motility inhibition tests, DNA 
damage, ROS levels, as well as several biomarkers of oxidative stress, including glutathione peroxidase (GSH) and 
glutathione S-transferase (GST), superoxide dismutase (SOD) and malondialdehyde (MDA). For this purpose, different 
concentrations of copper oxide nanoparticles (CuO-NPs) and Zinc oxide nanoparticles (ZnO-NPs) (1, 4, 8, 12, and 
16 ppm) were used to evaluate the anthelmintic effect on different life stages, including egg and adults of Fasciola 
hepatica, over 24 h.

Results  In vitro treatment of F. hepatica worms with both CuO-NPs and ZnO-NPs could significantly increase ROS 
production and oxidative stress induction (decreased SOD, GST and GSH and increased MDA) compared to control 
group.

Conclusions  Based on the results, it seems that CuO-NPs and ZnO-NPs may be effective in the control and treatment 
of F. hepatica infection. Further research is needed to investigate their potential for in vivo use in the treatment of 
parasitic infections.

Keywords  Copper oxide nanoparticles, DNA damage, Fasciola hepatica, In vitro, Anthelmintic activity, Oxidative 
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Introduction
Fasciolosis is an emerging zoonosis disease caused by the 
leaf-shaped trematode called Fasciola hepatica. Although 
human cases were rare in the past, they are now increas-
ingly reported on five continents. According to the World 
Health Organization, at least 2.4  million people are 
infected in over 70 countries worldwide [1]. F.hepatica 
affects the biliary ducts of animals such as cattle, sheep, 
and goats, leading to significant economic losses [2].

Currently, the use of anthelmintics is the main method 
of controlling this disease [3]. Triclabendazole (TCBZ) is 
the drug of choice for treating infected animals. However, 
there are concerns about increasing reports of drug resis-
tance to TCBZ and other anthelminticdrugs in flukes, 
necessitating the search for alternative treatment meth-
ods [4].

Nanoparticles are used in various scientific fields such 
as cancer therapy, drug delivery, and medicine due to 
their nanoscale size and significant properties [5] They 
are suitable for a variety of biomedical applications due 
to their ability to produce reactive oxygen species (ROS) 
makes them an effective means of eliminating infectious 
agents [6, 7]. Due to their small size, nanoparticles can 
easily pass through membrane barriers and cause higher 
reactivity [8]. Many environmentally friendly and effec-
tive nanoparticles have been successfully prepared for the 
elimination of intestinal parasites [9–13].

Copper is a widely used element in various industries, 
including electrical, due to its affordability. Recently, 
copper oxide nanoparticles (CuO-NPs) and other metal 
nanoparticles have been used to prevent and control par-
asites such as mosquito larvae and Giardia duodenalis 
due to their powerful effects [14, 15].

Zinc is an essential element for human health but can 
be toxic to microorganisms [16]. Zinc oxide (ZnO) is a 
mineral found in zincite that is non-toxic and is often 
used for skin conditions in humans [17]. Zinc oxide 
nanoparticles (ZnO-NPs) have received increasing atten-
tion due to their safety for humans and animals, as well 
as their stability under various conditions [11]. These 
nanoparticles possess various physicochemical proper-
ties that make them highly effective as antibacterial and 
antiparasitic agents [10, 11, 18].

The current study hypothesized that copper oxide and 
zinc oxide nanoparticles can be used as anthelmintics by 
inducing DNA damage and oxidative stress due to the 
ability of metallic nanoparticles to cause oxidative stress 
and form free radicals inside biological systems [12]. 
Therefore, this study aims to evaluate the anthelmintic 
effects of CuO-NPs and ZnO-NPs by measuring various 
parameters, such as egg hatching and adult worm motil-
ity. Furthermore, the study investigates the effect of CuO-
NPs and ZnO-NPs on the generation of oxidative stress 
by measuring several biomarkers of oxidative stress, 

including ROS, SOD, GSH, MDA, GST, and DNA dam-
age, using in vitro approaches.

Materials and methods
Ethics approval and consent to participate
All of the protocols were approved by the Faculty of Vet-
erinary Medicine’s Committee on the Ethics of Animal 
Experiments at Urmia University (IR-UU-AEC-3/62).

Nanoparticles (NPs)
Copper oxide nanoparticles (CuO-NPs; stock # us3070; 
size = 10–40 nm) and zinc oxide nanoparticles (ZnO-NPs; 
stock # us3590; size = 10–30 nm) were purchased from a 
commercial supplier (purchased from Iranian Nanoma-
terials Pioneers Company, NANOSANY; Mashhad, Iran). 
These nanoparticles were originally manufactured by US 
Research Nanomaterials, Inc. USA. To obtain a homoge-
neous suspension, the nanoparticles were dispersed in 
highly pure water and sonicated at 100 W and 40 kHz for 
40 min. The ZnO-NPs were then serially diluted in ster-
ile ultrapure water and additionally sonicated for 40 min. 
During dilution, magnetic bars were added to the suspen-
sions to prevent particle aggregation or deposition [19].

CuO-NPs and ZnO-NPs suspension preparation
To prepare the nanoparticle suspensions with different 
concentrations, previously described procedures were 
followed [13]. CuO-NPs and ZnO-NPs stock suspen-
sions were prepared in PBS (pH = 7.4). An ultrasonic 
probe (Branson Sonifier, USA) was used intermittently 
for 10 min at 30 W to sonicate the solution and prevent 
agglomeration while achieving uniform dissolution. By 
diluting the stock solution, different concentrations of 
CuO-NPs (1, 4, 8, 12, and 16 ppm) and ZnO-NPs (1, 4, 
8, 12, and 16 ppm) were prepared in RPMI 1640 (Sigma-
Aldrich Chemie GmbH, Germany) medium supple-
mented with 5% (/v) fetal bovine serum (FBS; Sigma, 
USA) and 10 mL/L penicillin-streptomycin solution 
(Sigma, USA) [11] .

Parasite collection
The adult flukes of F. hepatica were collected from the 
bile duct and gallbladder of cattle slaughtered at the local 
slaughterhouse in Urmia city, Iran. The flukes were thor-
oughly washed in Hanks’ balanced salt solution and then 
incubated separately in RPMI 1640 medium containing 
different concentrations of CuO-NPs and ZnO-NPs [3]. 
Only completely intact and actively motile worms were 
used for the study.

Collection and extraction of F. hepatica eggs
The technique used by Moazeni and Khademolhoseini 
(2016) [20] was used to extract F. hepatica eggs from the 
gallbladder of cattle naturally infected with F. hepatica. 
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The bile was transferred to glass cylinders in an aseptic 
environment and allowed to solidify for 30 min. The eggs 
settled at the bottom of the cylinders, and the remaining 
liquid was removed. The eggs were then washed several 
times with normal saline and finally stored in a dark glass 
container with normal saline at 4 °C for later use.

Egg hatch test
In this study, F. hepatica eggs were exposed to different 
concentrations of CuO-NPs and ZnO-NPs (1, 4, 8, 12, 
and 16 ppm) for different time periods (24, 48, and 72 h). 
For each test, a drop of egg-rich sediment containing at 
least 1,500 eggs was placed in a test tube filled with 10 
mL of each NPs. The exact number of eggs was counted 
using an optical microscope. The tubes were incubated at 
37 °C for 24, 48, and 72 h. Afterwards, 9 mL of the upper 
part of the solution was removed, avoiding the settled 
eggs. The eggs were then washed and transferred to small 
plastic containers containing 5 mL of dechlorinated tap 
water. The containers were incubated at 28  °C. At the 
same time, one container containing at least 3,000 eggs 
with no exposure to NPs was also incubated at 28 °C as a 
control group. After 14 days of incubation, the eggs were 
streaked on a manually scaled glass slide, covered with a 
coverslip, and examined under a light microscope. The 
potential inhibitory effect of CuO-NPs and ZnO-NPs on 
F. hepatica egg hatching was determined by counting at 
least 1,000 eggs by microscopic inspection in each exper-
iment. The experiment was repeated three times for each 
concentration [20].

In vitro treatment of parasites
To study the in vitro effect of NPs on adult F. hepatica 
worms, a total of 10 worms were cultured in triplicate 
in 5 mL of RPMI medium supplemented with 5% (v/v) 
fetal bovine serum containing different concentrations of 
NPs and incubated for 24 h at 37 ± 1 °C. Triclabendazole 
(TCBZ 20 µg/mL) and PBS were included in the assay as 
positive and negative controls, respectively. After incu-
bation, the adult F. hepatica was thoroughly rinsed with 
phosphate-buffered saline. Parasites were homogenized 
in 100 mM Tris-HCl buffer, pH 7.4, centrifuged at 10,000 
× g for 30 min at 4 °C, and the supernatant was collected 
and stored at − 80 °C until use [3].

Observation on parasite mortality and mobility
In this study, parasite mortality and mobility were moni-
tored every 4  h for up to 24  h after incubating them in 
different NP concentrations. The mobility of control 
worms (without NPs) was also recorded. Using a dissect-
ing microscope (SMZ1270, Nikon, Tokyo, Japan), at 2x 
magnification, the number of live and dead worms was 
counted and recorded separately for each concentration. 
A 5-point qualitative scale was used to assess parasite 

mobility [12, 19]. The experiment was repeated three 
times before the results were presented as a percentage of 
mortality. The percentage of mortality was calculated for 
each concentration using the following formula [10]:

	

Mortality (%) = (number of deadworms
/ total number of worms per test)

Reactive oxygen species estimation
To determine the amount of superoxide anions gener-
ated during treatment with CuO-NPs and ZnO-NPs, the 
method described by Sim Choi et al. (2006) was used [21] 
The treated and untreated samples were incubated in a 
2% nitroblue tetrazolium (NBT) solution at 37 ± 1  °C for 
2  h. The resulting formazan crystals were dissolved in 
DMSO, and the absorbance was measured at 620 nm.

Glutathione peroxidase assay
To determine GSH activity, we used the GSH detection 
kit (Ransel, RanDox Co., UK). The measurement method 
recommended by the manufacturer was followed and the 
absorption reduction was measured spectrophotometri-
cally (Shimadzu AA-6800; Kyoto, Japan) at 340 nm using 
a blank sample [22]. The protein content of the superna-
tant was measured using the Lowry colorimetric method, 
using bovine serum albumin (BSA) as a standard. The 
units are classified based on the protein content of the 
parasite homogenate [19].

Glutathione-S-transferase assay
The GST assay was carried out according to the method 
described by Habig et al. (1974) [23]. The assay used 10 
mM GSH and 1 mmol CDNB (1-chloro-2,4-dinitroben-
zene) as substrates. To start the assay, 50 µL of protein 
sample was added to 100 mM potassium phosphate buf-
fer (pH 6.5). Enzyme activity was calculated as nmol of 
CDNB conjugate per minute per milligram of protein 
using a molar extinction coefficient of 9.6 × 103 M/cm.

Estimation of superoxide dismutase (SOD) activity
A standard commercial kit (Randox Laboratories Ltd., 
Crumlin, UK) was used to determine the SOD activity 
according to the xanthin-xanthine oxidase assay [24]. The 
activity of SOD was measured at a wavelength of 505 nm 
using a standard curve.

Assessment of lipid peroxidation (MDA)
To determine MDA as a biomarker of lipid peroxida-
tion, we used the method described by Buege and Aust 
[25]. To do this, we mixed one volume of homogenate 
with two volumes of a stock solution containing 15% 
v/v trichloroacetic acid, 0.375% v/v thiobarbituric acid, 
and 0.25 mol/L hydrochloric acid. After the heating and 
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cooling periods, the resulting solution was centrifuged at 
1000 rpm for 10 min to obtain a clear solution. We then 
determined the absorbance at 535  nm and calculated 
the MDA content using 1.56 × 105 mol/cm as the molar 
absorption coefficient. The MDA content was recorded 
in nmol per mg of protein.

DNA damage assessment
A modified version of the alkaline comet assay [26] was 
used to assess DNA damage in F. hepatica. The non-inva-
sive extrusion method was employed to collect the coe-
lomocytes of the worms after incubation [27]The comets 
were visually inspected and scored based on the amount 
of DNA in their tails [28]The images were grouped 
based on the fluorescence intensity in the comet tail 
and assigned a score of 0, 1, 2, 3, or 4. Total scores were 
expressed in arbitrary units ranging from 0 to 400 [12].

Statistical analysis
Statistical analysis was performed using SPSS software 
(version 26, Chicago, IL, USA). The homogeneity of vari-
ances was tested using the Levene test. To compare the 
analyzed parameters between control and treatment 
groups, one-way and two-way ANOVA as well as the 
Bonferroni post hoc test were used. The Shapiro-Wilk 
test was performed to check for normality. Data were 
presented as mean ± SD (standard deviation) and a p 
value less than 0.05 (p ≤ 0.05) was considered statistically 
significant.

Results
Physicochemical characterization of CuO and ZnO 
nanoparticles
The crystalline nature of CuO-NPs was determined by 
X-ray diffraction (XRD) patterns. The XRD pattern of 
CuO-NPs was obtained at room temperature with a 
PANalytical X’Pert ProTM X-ray diffractometer equipped 
with a nickel filter using Cu Kα radiation (l = 1.54056 A°) 
as the X-ray source. The transmission electron micro-
scope (TEM) diameter of CuO-NPs was calculated to be 
20 nm on average. Furthermore, TEM characterization of 
ZnO-NPs with an X-ray diffractometer showed that the 
highest diffraction points could be attributed to the hex-
agonal phase of ZnO-NPs with a crystallite size of 212 Å. 
The spherical structure of ZnO-NPs was visualized using 
a transmission electron microscope, and the diameters of 
the spherical structures were 20–30 nm.

The crystalline nature of CuO-NPs was determined 
by X-ray diffraction (XRD) patterns. The XRD pattern 
of CuO-NPs was obtained at room temperature with a 
PANalytical The diameter of CuO-NPs determined by 
transmission electron microscopy (TEM) was calculated 
to be 20 nm on average. Furthermore, TEM characteriza-
tion of ZnO-NPs with an X-ray diffractometer showed 

that the highest diffraction points could be assigned to 
the hexagonal phase of ZnO-NPs with a crystallite size of 
212 Å. The ball-like structure of ZnO-NPs was observed 
by a transmission electron microscope, and the diameters 
of the ball-like structures were 20–30 nm.

Adult worm motility test
Exposure to different concentrations of CuO-NPs and 
ZnO-NPs (1, 4, 8, 12, and 16 ppm) for 24 h resulted in a 
significant decrease in the motility of adult worms. The 
inhibition rate was higher in the treated worms than in 
the negative controls (Table  1). In this study, 16 ppm 
of both NPs completely inhibited the motility of adult 
worms during the first 12 h of observation (Table 1).

Adult worm mortality test
In the adult worm mortality test, increasing the concen-
tration of CuO-NPs and ZnO-NPs and the exposure time 
resulted in the destruction of adult worms. Adult worms 
exposed to lower concentrations (1 ppm) showed no 
adverse effects in the first 4 h interval. However, higher 
concentrations were able to destroy adult worms within 
4 h. The study found that the highest concentration (16 
ppm) of both NPs caused 100% mortality within the first 
12  h of observation. In this study, 100% mortality was 
observed in the positive controls within 20 h of the start 
of observation. In contrast, the mortality rate for negative 
control was approximately 7.87% after 24 h (Table 2).

Egg hatching test
Table  3 shows that CuO-NPs and ZnO-NPs have a sig-
nificant effect on preventing egg hatching. CuO-NPs 
showed a higher percentage of inhibition (100%) at 12 
and 16 ppm during 24 h observation (Table 3). The study 
results after 48 h showed that 8, 12 and 16 ppm CuO-NPs 
and 12 and 16 ppm ZnO-NPs prevented egg hatching by 
100% (Table 3). Furthermore, the results showed that 4, 
8, 12, and 16 ppm CuO-NPs and 8, 12, and 16 ppm ZnO-
NPs prevented egg hatching even 72  h after the experi-
ment (Table 3).

Generation of ROS
To measure ROS generation in the worms, the amount of 
superoxide anions generated upon treatment with CuO-
NPs and ZnO-NPs was measured. The worms treated 
with 8, 12, and 16 ppm CuO-NPs and ZnO-NPs showed 
a concentration-dependent increase in cellular ROS pro-
duction. This was evidenced by increased absorption val-
ues ​​compared to control worms (Table 4).

Superoxide dismutase activity
It was found that the activity of SOD, the main anti-
oxidant enzyme of F. hepatica worms, was significantly 
reduced. The higher concentrations of 16 ppm of the 
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CuO-NPs and ZnO-NPs produced a maximum inhibi-
tory effect, while the lowest concentration (4.8 ppm) 
caused an increase in SOD activity (Table 4).

Measurement of GSH activity
The concentration of GSH was significantly reduced 
upon treatment with CuO-NPs and ZnO-NPs. As shown 
in Table  4, the activity of GSH decreased significantly 
(p ≤ 0.05) after exposure to different concentrations of 
CuO-NPs and ZnO-NPs.

Glutathione-S-transferase activity
The specific activity of GST was significantly reduced 
when the worms were treated with higher concentrations 
of 12 and 16 ppm CuO-NPs and ZnO-NPs (Table 4).

Assessment of lipid peroxidation
The content of MDA, a major end product of the lipid 
peroxidation process under oxidative stress, was found to 
increase in a concentration-dependent manner. Although 
there was no significant change in MDA values at the 
lowest concentration (1 ppm), a significant increase in 
MDA values was associated with an increase in the con-
centration of CuO-NPs and ZnO-NPs compared to con-
trol worms (Table 4).

DNA damage
The study examined the extent of DNA damage caused 
by F. hepatica in tail DNA. The results showed that the 
concentration of CuO-NPs and ZnO-NPs had a signifi-
cant effect on DNA damage compared to the negative 
controls. At the highest NPs concentration (16 ppm), 
damage increased fivefold compared to negative controls.

Discussion
NPs are effectively used to control a variety of para-
sitic diseases. However, it must be taken into account 
that they can also potentially lead to harmful biological 
effects at the cellular level. Therefore, after establishing 
non-cytotoxicity and clinical studies, the NPs can find 
extensive applications as antiparasitic agents among con-
sumers [29]. They target parasite viability, reduce worm 
burden, inhibit egg production, and alter the levels of 
antioxidant enzymes in the worms. In addition, they 
induce apoptosis in the worms [19, 30, 31].

This study investigated the potential inhibitory effect 
of CuO-NPs and ZnO-NPs on F. hepatica eggs hatch-
ing. The study found that 4, 8, 12, and 16 ppm CuO-
NPs and 8, 12 and 16 ppm ZnO-NPs could inhibit egg 
hatching. Other studies have also reported the ovicidal 
effect of NPs against worm eggs. In an in vitro study, 
Jalali et al. (2021) [19] showed that CuO-NPs and ZnO-
NPs had ovicidal effects on Marshallagia marsalli eggs. 
Their study found that 8, 12 and 16 ppm CuO-NPs and Ta
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16 ppm ZnO-NPs could inhibit egg hatching. Baghbani 
et al. (2020) [12] reported the anthelmintic activity of 
ZnO-NPs on the eggs of Teladorsagia circumcincta at 
different concentrations and times, while Esmaeilnejad 
et al. (2018) [11] found that ZnO-NPs at the doses used 
showed high effectiveness in controlling egg hatching in 
Haemonchus contortus eggs.

Worm motility has long been considered an impor-
tant factor in testing the effectiveness of anthelmintics 
because worms must move to find suitable microhabi-
tats and obtain food from the host [32]. In the current 
study, exposure to the highest concentration (16 ppm) of 
both NPs for 16 h can affect the motility of the adult F. 
hepatica. It is important to note that the inhibition rate 
depends on the exposure time and NP dose. Similarly, 
in other studies, exposure to different doses of Ag-NP 
strongly affected the motility of Gigantocotyle explana-
tum in a time-dependent manner [30]. Similar results 
were showed in a study conducted by Jalali et al. [19] in 
which the motility of M. marshalli vanished after 12  h 
of exposure to 16 ppm concentrations of CuO-NPs and 
ZnO-NPs. Bioengineered silver nanoparticles also dem-
onstrated anthelmintic effects on H. contortus at various 
stages of its life cycle, including eggs and adult parasites 
[33]. By targeting different stages of worm development, 
the use of nanoparticles can limit the development of 
resistance and improve the effectiveness of anthelmintic 
treatment [34].

Oxidative stress is harmful to worms. It can alter the 
normal function of important enzymes and proteins, 
alter cellular macromolecules, and promote cell death 
[35]. Under normal conditions, ROS levels are usually 
constant, but factors such as medications, stress, and ill-
ness can increase ROS levels. ROS mainly target DNA, 
proteins, and lipids [36, 37]. A variety of drugs and nano-
material products have been shown to stimulate ROS 
production and induce apoptosis [19, 30, 38].

ROS-mediated apoptosis has recently been used as an 
effective strategy to combat parasitic infections, includ-
ing helminth parasites [35, 39]. Among the various drug 
and vaccine targets, the glutathione-dependent detoxi-
fication system involving glutathione peroxidase (GSH) 
and glutathione S-transferase (GST) has emerged as a 
promising candidate. These key enzymes help conjugate 
reduced glutathione (GSH) to xenobiotics, increasing 
water solubility and ultimately facilitating their excretion 
from the flukes [40, 41]. These molecules could be used 
to validate the effectiveness of new compounds/drugs, as 
enzymatic and non-enzymatic molecules of the glutathi-
one family play a key role in the survival of flukes due to 
their involvement in antioxidant and detoxification pro-
cesses [3].

Treatment of flukes with CuO-NPs and ZnO-NPs 
dose-dependently increased ROS levels in the worms Ta
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while reducing their GSH and GST activity compared to 
untreated controls. This could affect the worms’ ability 
to defend themselves against oxidative stress. The NBT 
calorimetric assay showed that both CuO-NPs and ZnO-
NPs stimulated the production of ROS, which is consis-
tent with previous studies on the treatment of liver fluke 
Fasciola gigantica with curcumin and thymoquinone [3].

GSH plays multiple roles in the cellular antioxidant 
defense mechanism, including maintaining the redox 
state by scavenging ROS. It was observed that a decrease 
in GSH levels leads to an imbalance in the redox pro-
cess within the parasites [42], which also applies to the 
flukes treated with CuO-NPs and ZnO-NPs in our stud-
ies as well as in other reported studies [3]. This ultimately 
disrupts intracellular redox homeostasis and impairs 
the worms’ ability to scavenge free radicals and electro-
philic xenobiotics. The reduction in GSH activity after 
exposure to different concentrations of CuO-NPs and 
ZnO-NPs could be due to the destruction of antioxidant 
enzymes or the degradation of minerals or vitamins [12]. 
Studies have also shown that during oxidative stress, 
GSH-related enzymes consume glutathione to detoxify 
peroxides caused by excessive ROS production, leading 
to depletion of its substrate [43].

GST, along with its phase II detoxification function, 
has been reported to help parasites develop resistance to 
commonly used anthelmintics by catalyzing the conjuga-
tion of reduced glutathione via a sulfhydryl group to elec-
trophilic sites of a range of substrates [3]. This prompted 
us to investigate the effect of Cuo-NPs and ZnO-NPs 
on the GST molecule. In contrast to the dose-depen-
dent decrease in GSH levels, we observed a significant 
decrease in GST activity in worms treated with CuO-
NPs and ZnO-NPs, as also reported in the liver fluke F. 
gigantica [3]. The present study showed that the activi-
ties of GST and GPX decreased in worms incubated with 
CuO-NPs and ZnO-NPs. Previous studies have shown 
that CuO-NPs and ZnO-NPs cause oxidative/nitrosative 
damage to biomolecules [11, 12, 19].

The study found that treating F. hepatica with different 
concentrations of CuO-NPs and ZnO-NPs had different 
effects. The use of NPs appeared to have caused oxidative 
stress in the parasites through the production of ROS. As 
a result, the flukes increased the activity of antioxidant 
enzymes such as SOD to scavenge the ROS generated by 
NPs treatment. The SOD enzyme helps convert O2

·− to 
H2O2 [44], along with other antioxidants that form an 
effective system against ROS. However, this protective 
system appeared to be disrupted when the worms were 
treated with the highest concentrations (12 and 16 ppm) 
of CuO-NPs and ZnO-NPs. The study found a significant 
degree of inhibition of SOD activity in F. hepatica after 
treatment with the highest NPs concentration. This inhi-
bition may be due to the saturation of enzymes resulting Ta
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from the overproduction of hydroxyl ions and ROS, 
rendering the detoxification mechanism ineffective in 
F. hepatica, as has been reported in other liver flukes G. 
explanatum (Khan et al., 2015).

The assessment of genotoxic influences in living organ-
isms can be supported by the quantitative and qualita-
tive analysis of oxidative DNA damage. Reinecke and 
Reinecke (2004) [45] suggested using the comet assay as 
a biomarker for genotoxic influences on invertebrates. 
The results of our study suggest that DNA damage by F. 
hepatica occurs in a concentration-dependent manner. 
Our results are consistent with the study by Jalali et al. 
(2021) [19], which showed that adult Marshallagia mar-
shalli exposed to CuO-NPs and ZnO-NPs can result in 
DNA damage. Furthermore, the studies by Esmaeilnejad 
et al. (2018) [11] and Baghbani et al. (2020) [12] con-
cluded that ZnO nanoparticles can cause DNA damage 
in H. contortus and T. circumcincta.

Conclusion
In conclusion, CuO-NPs and ZnO-NPs showed prom-
ising in vitro fascioliscide efficacy against adults and 
eggs of fluke. Furthermore, the study suggests that both 
compounds have anthelmintic effects on F. hepatica via 
oxidative damage to biomolecules. The study highlights 
that the effects are concentration dependent and higher 
concentrations of CuO-NPs and ZnO-NPs can impair 
the antioxidant systems of F. hepatica and damage lipids, 
proteins, and DNA. Therefore, the study suggests that 
both compounds could be further explored to develop 
innovative drug formulations for the control of helminth 
infections. It should be noted that nanoparticles can have 
harmful biological effects at the cellular level. Therefore, 
it is important to establish non-cytotoxicity and conduct 
clinical studies before using them as antiparasitic agents 
in consumers. However, further studies are required to 
gain more insight into the functional significance of these 
compounds and to find out to what extent they influence 
parasites under in vivo conditions and thus lead to sus-
tainable control of liver fluke infections.

Abbreviations
CuO-NPs	� copper oxide nanoparticles
ZnO-NPs	� Zinc oxide nanoparticles
EHA	� egg hatchability test
GSH	� glutathione peroxidase
GST	� glutathione S-transferase
SOD	� superoxide dismutase
MDA	� malondialdehyde
NBT	� nitroblue tetrazolium
BSA	� bovine serum albumin

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12917-024-03994-0.

Ta
bl

e 
4 

Th
e 

eff
ec

t o
f v

ar
io

us
 c

on
ce

nt
ra

tio
ns

 o
f C

uO
-N

Ps
 a

nd
 Z

nO
-N

Ps
 o

n 
ox

id
at

iv
e 

st
re

ss
 p

ar
am

et
er

s a
nd

 D
N

A 
da

m
ag

e 
af

te
r 2

4 
h

Te
st

Co
nt

ro
l (

-)
Cu

O
-N

Ps
Zn

O
-N

Ps
P 

va
lu

e
1 

pp
m

4 
pp

m
8 

pp
m

12
pp

m
16

 p
pm

1 
pp

m
4 

pp
m

8 
pp

m
12

 p
pm

16
 p

pm
SO

D
 (U

/m
g 

Pr
o)

1.
54

 ±
 0

.5
2 

D
1.

97
 ±

 0
.4

3 
BC

2.
53

 ±
 1

.3
2 

A
2.

11
 ±

 0
.1

6 
B

1.
51

 ±
 0

.4
3 

D
1.

13
 ±

 1
.2

1 
E

1.
85

 ±
 1

.7
6 

C
2.

41
 ±

 0
.6

5 
B

2.
03

 ±
 1

.8
1 

B
1.

48
 ±

 0
.7

5 
D

1.
09

 ±
 1

.7
6 

E
p 

<
 0

.0
01

RO
S 

(a
bs

or
-

ba
nc

e@
62

0 
nm

)

1.
07

 ±
 0

.0
5 

C
1.

13
 ±

 0
.3

2 
C

1.
26

 ±
 1

.0
8 

C
1.

38
 ±

 0
.3

2 
B

1.
68

 ±
 1

.4
3 

AB
1.

87
 ±

 0
.5

2 
A

1.
11

 ±
 1

.3
7 

C
1.

20
 ±

 0
.6

8 
E

1.
37

 ±
 1

.5
3 

BC
1.

61
 ±

 0
.8

7 
B

1.
83

 ±
 1

.4
4 

A
p 

<
 0

.0
01

G
SH

 (U
/m

g 
Pr

o)
27

.3
5 

±
 0

.7
6 

A
26

.5
5 

±
 0

.3
2AB

23
.3

2 
±

 0
.1

6BC
20

.6
5 

±
 0

.3
2CD

17
.2

3 
±

 0
.4

9 
D

15
.3

4 
±

 0
.4

3 
D

26
.4

3 
±

 0
.7

5AB
22

.2
5 

±
 1

.4
5AB

19
.4

3 
±

 0
.6

5CD
16

.0
6 

±
 1

.1
8 

D
15

.0
9 

±
 0

.1
2 

D
p 

<
 0

.0
01

M
D

A 
(n

m
ol

/m
g 

Pr
o)

0.
39

 ±
 0

.0
7 

D
0.

41
 ±

 1
.2

2 
D

0.
49

 ±
 0

.8
4D

0.
73

 ±
 1

.4
5 

C
0.

86
 ±

 0
.3

2 
B

0.
97

 ±
 1

.6
5 

A
0.

40
 ±

 0
.2

4 
D

0.
48

 ±
 1

.6
7 

D
0.

71
 ±

 0
.8

9 
C

0.
83

 ±
 1

.7
5 

B
0.

94
 ±

 1
.0

9 
AB

p 
<

 0
.0

01

G
ST

 (U
/m

g 
Pr

o)
35

.7
6 

±
 1

.0
8 

A
34

.7
8 

±
 0

.3
6 

A
32

.4
 ±

 0
.4

8 
AB

29
.8

 ±
 2

.7
6 

BC
27

.9
 ±

 1
.4

3 
C

23
.4

 ±
 1

.7
6 

E
33

.7
6 

±
 1

.6
5AB

31
.0

9 
±

 1
.9

4BC
28

.4
 ±

 1
.7

4 
CD

25
.7

6 
±

 1
.3

2D
E

22
.8

 ±
 0

.2
2 

E
p 

<
 0

.0
01

D
N

A 
da

m
-

ag
e 

(n
m

ol
/

m
g 

Pr
o)

4.
78

 ±
 0

.6
5 

E
5.

23
 ±

 1
.6

5 
D

E
8.

06
 ±

 0
.6

5 
D

15
.5

 ±
 1

.7
6 

BC
18

.4
5 

±
 1

.4
7 

B
22

.8
7 

±
 1

.6
5 

A
5.

05
 ±

 1
.3

5 
D

7.
45

 ±
 0

.7
6 

D
E

14
.0

5 
±

 1
.8

5 
C

17
.6

5 
±

 1
.1

3BC
21

.7
6 

±
 0

.4
5 

A
p 

<
 0

.0
01

-S
O

D
: S

up
er

ox
id

e 
di

sm
ut

as
e;

 G
SH

: G
lu

ta
th

io
ne

 p
er

ox
id

as
e;

 M
D

A
: M

al
on

di
al

de
hy

de
; R

O
S:

 R
ea

ct
iv

e 
O

xy
ge

n 
Sp

ec
ie

s;
 G

ST
: G

lu
ta

th
io

ne
-S

-t
ra

ns
fe

ra
se

. D
iff

er
en

t s
up

er
sc

rip
ts

 (A
-H

) w
ith

in
 t

he
 s

am
e 

ro
w

 in
di

ca
te

 a
 s

ig
ni

fic
an

t 
eff

ec
t

https://doi.org/10.1186/s12917-024-03994-0
https://doi.org/10.1186/s12917-024-03994-0


Page 9 of 10Ravvaz et al. BMC Veterinary Research          (2024) 20:137 

Supplementary Material 1

Acknowledgements
This paper has been extracted from the thesis of Doctor of Veterinary 
Medicine (DVM) of Dr. Amirhassan Ravvaz carried out at Urmia University 
and the authors would like to sincerely thank the members of the Faculty of 
Veterinary Medicine and Urmia University Research Council for the approval 
and support of this research.

Author contributions
Farnaz Malekifard, Bijan Esmaeilnejad, and Amirhassan Ravvaz contributed 
to conception, design, data collection, statistical analysis and drafting of the 
manuscript. All authors approved the final version for submission.

Funding
This research has been financially supported by the Research Council of Urmia 
University.

Data availability
This article contains all the data that were created or evaluated during the 
research.

Declarations

Ethics approval and consent to participate
All of the protocols were approved by the Faculty of Veterinary Medicine’s 
Committee on the Ethics of Animal Experiments at Urmia University (IR-UU-
AEC-3/62). Every procedure was carried out in accordance with the relevant 
laws and standards. The study was conducted in compliance with the ARRIVE 
standards. The owner(s) of the animals gave their informed consent for us to 
use them in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests. We want to declare that the work 
described is original research that has not been published previously and is 
not under consideration for publication elsewhere. All the authors listed wish 
to be considered for publication in BMC Veterinary Research. No conflict of 
interest exists in submitting this manuscript; all authors have approved the 
paper for publication.

Received: 24 January 2024 / Accepted: 27 March 2024

References
1.	 Opio LG, Abdelfattah EM, Terry J, Odongo S, Okello E. Prevalence of fasciolia-

sis and associated economic losses in cattle slaughtered at lira municipality 
abattoir in northern Uganda. Animals. 2021;11:681.

2.	 Lima W dos, Soares S, Barçante LRM, Guimaraes TA, Barçante MP. De P. occur-
rence of Fasciola hepatica (Linnaeus, 1758) infection in Brazilian cattle of 
Minas Gerais, Brazil. Revista Brasileira De Parasitol Veterinária. 2009;18:27–30.

3.	 Rehman A, Ullah R, Gupta D, Khan MAH, Rehman L, Beg MA, et al. Genera-
tion of oxidative stress and induction of apoptotic like events in curcumin 
and thymoquinone treated adult Fasciola gigantica worms. Exp Parasitol. 
2020;209:107810.

4.	 Kelley JM, Elliott TP, Beddoe T, Anderson G, Skuce P, Spithill TW. Current 
threat of triclabendazole resistance in Fasciola hepatica. Trends Parasitol. 
2016;32:458–69.

5.	 Nair S, Sasidharan A, Rani VVD, Menon D, Nair S, Manzoor K, et al. Role of size 
scale of ZnO nanoparticles and microparticles on toxicity toward bacteria 
and osteoblast cancer cells. J Mater Sci Mater Med. 2009;20:235.

6.	 Bhardwaj R, Saudagar P, Dubey VK. Nanobiosciences: a contemporary 
approach in antiparasitic drugs. Mol Cell Pharmacol. 2012;4:97–103.

7.	 Butkus MA, Labare MP, Starke JA, Moon K, Talbot M. Use of aqueous silver 
to enhance inactivation of coliphage MS-2 by UV disinfection. Appl Environ 
Microbiol. 2004;70:2848.

8.	 Adeyemi OS, Faniyan TO. Antioxidant status of rats administered silver 
nanoparticles orally. J Taibah Univ Med Sci. 2014;9:182–6.

9.	 Rashid MMO, Ferdous J, Banik S, Islam MR, Uddin AHMM, Robel FN. Anthel-
mintic activity of silver-extract nanoparticles synthesized from the combina-
tion of silver nanoparticles and M. Charantia fruit extract. BMC Complement 
Altern Med. 2016;16:1–6.

10.	 Tomar RS, Preet S. Evaluation of anthelmintic activity of biologically synthe-
sized silver nanoparticles against the gastrointestinal nematode, Haemon-
chus Contortus. J Helminthol. 2017;91:454.

11.	 Esmaeilnejad B, Samiei A, Mirzaei Y, Farhang-Pajuh F. Assessment of oxidative/
nitrosative stress biomarkers and DNA damage in Haemonchus Contortus, fol-
lowing exposure to zinc oxide nanoparticles. Acta Parasitol. 2018;63:563–71.

12.	 Baghbani Z, Esmaeilnejad B, Asri-Rezaei S. Assessment of oxidative/nitrosative 
stress biomarkers and DNA damage in Teladorsagia circumcincta following 
exposure to zinc oxide nanoparticles. J Helminthol. 2020;94.

13.	 Khan YA, Singh BR, Ullah R, Shoeb M, Naqvi AH, Abidi SMA. Anthelmintic 
effect of biocompatible zinc oxide nanoparticles (ZnO NPs) on Giganto-
cotyle Explanatum, a neglected parasite of Indian water buffalo. PLoS ONE. 
2015;10:e0133086.

14.	 Malekifard F, Tavassoli M, Vaziri K. In Vitro Assessment Antiparasitic Effect of 
Selenium and Copper nanoparticles on Giardia Duodenalis Cyst. Iran J Parasi-
tol. 2020;15:411.

15.	 Ramyadevi J, Jeyasubramanian K, Marikani A, Rajakumar G, Rahuman AA, 
Santhoshkumar T, et al. Copper nanoparticles synthesized by polyol process 
used to control hematophagous parasites. Parasitol Res. 2011;109:1403–15.

16.	 Chitra K, Annadurai G. Antimicrobial activity of wet chemically engineered 
spherical shaped ZnO nanoparticles on food borne pathogen. Int Food Res J. 
2013;20.

17.	 Kalpana VN, Devi Rajeswari V. A review on green synthesis, biomedical appli-
cations, and toxicity studies of ZnO NPs. Bioinorg Chem Appl. 2018;2018.

18.	 Liu Y, He L, Mustapha A, Li H, Hu ZQ, Lin M. Antibacterial activities of zinc 
oxide nanoparticles against Escherichia coli O157: H7. J Appl Microbiol. 
2009;107:1193–201.

19.	 Jalali TS, Malekifard F, Esmaeilnejad B, Rezaie SA. Toxicities of the copper and 
zinc oxide nanoparticles on Marshallagia marshalli (Nematoda: Trichostron-
gylidae): evidence on oxidative/nitrosative stress biomarkers, DNA damage 
and egg hatchability. J Helminthol. 2021;95:e70.

20.	 Moazeni M, Khademolhoseini AA. Ovicidal effect of the methanolic extract 
of ginger (Zingiber officinale) on Fasciola hepatica eggs: an in vitro study. J 
Parasitic Dis. 2016;40:662–6.

21.	 Sim Choi H, Woo Kim J, Cha Y, Kim C. A quantitative nitroblue tetrazolium 
assay for determining intracellular superoxide anion production in phago-
cytic cells. J Immunoass Immunochem. 2006;27:31–44.

22.	 Nazarizadeh A, Asri-Rezaie S. Comparative study of antidiabetic activity 
and oxidative stress induced by zinc oxide nanoparticles and zinc sulfate in 
diabetic rats. AAPS PharmSciTech. 2016;17:834–43.

23.	 Habig WH, Pabst MJ, Fleischner G, Gatmaitan Z, Arias IM, Jakoby WB. The 
identity of glutathione S-transferase B with ligandin, a major binding protein 
of liver. Proceedings of the National Academy of Sciences. 1974;71:3879–82.

24.	 McCord JM, Fridovich I. Superoxide dismutase: an enzymic function for 
erythrocuprein (hemocuprein). J Biol Chem. 1969;244:6049–55.

25.	 Buege JA, Aust SD. [30] microsomal lipid peroxidation. Methods in enzymol-
ogy. Elsevier; 1978. pp. 302–10.

26.	 Singh NP, McCoy MT, Tice RR, Schneider EL. A simple technique for 
quantitation of low levels of DNA damage in individual cells. Exp Cell Res. 
1988;175:184–91.

27.	 Eyambe GS, Goven AJ, Fitzpatrick LC, Venables BJ, Cooper EL. A non-invasive 
technique for sequential collection of earthworm (Lumbricus terrestris) leuko-
cytes during subchronic immunotoxicity studies. Lab Anim. 1991;25:61–7.

28.	 Azqueta A, Meier S, Priestley C, Gutzkow KB, Brunborg G, Sallette J, et al. The 
influence of scoring method on variability in results obtained with the comet 
assay. Mutagenesis. 2011;26:393–9.

29.	 Khezerlou A, Alizadeh-Sani M, Azizi-Lalabadi M, Ehsani A. Nanoparticles and 
their antimicrobial properties against pathogens including bacteria, fungi, 
parasites and viruses. Microb Pathog. 2018;123:505–26.

30.	 Rehman A, Ullah R, Uddin I, Zia I, Rehman L, Abidi SMA. In vitro anthelmintic 
effect of biologically synthesized silver nanoparticles on liver amphistome, 
Gigantocotyle Explanatum. Exp Parasitol. 2019;198:95–104.



Page 10 of 10Ravvaz et al. BMC Veterinary Research          (2024) 20:137 

31.	 Tomar RS, Preet S. Evaluation of anthelmintic activity of biologically synthe-
sized silver nanoparticles against the gastrointestinal nematode, Haemon-
chus Contortus. J Helminthol. 2017;91:454–61.

32.	 Abidi SMA, Nizami WA. Monoamine oxidase in amphistomes and its role in 
worm motility. J Helminthol. 2000;74:283–8.

33.	 Preet S, Tomar RS. Anthelmintic effect of biofabricated silver nanoparticles 
using Ziziphus jujuba leaf extract on nutritional status of Haemonchus Contor-
tus. Small Ruminant Res. 2017;154:45–51.

34.	 Hounzangbe-Adote MS, Paolini V, Fouraste I, Moutairou K, Hoste H. In vitro 
effects of four tropical plants on three life-cycle stages of the parasitic nema-
tode, Haemonchus Contortus. Res Vet Sci. 2005;78:155–60.

35.	 de Paula Aguiar D, Brunetto Moreira Moscardini M, Rezende Morais E, Gra-
ciano de Paula R, Ferreira PM, Afonso A, et al. Curcumin generates oxidative 
stress and induces apoptosis in adult Schistosoma mansoni worms. PLoS ONE. 
2016;11:e0167135.

36.	 Marnett LJ. Oxyradicals and DNA damage. Carcinogenesis. 2000;21:361–70.
37.	 Stadtman ER, Levine RL. Protein oxidation. Ann N Y Acad Sci. 

2000;899:191–208.
38.	 Ullah R, Rehman A, Zafeer MF, Rehman L, Khan YA, Khan MAH, et al. Anthel-

mintic potential of thymoquinone and curcumin on Fasciola gigantica. PLoS 
ONE. 2017;12:e0171267.

39.	 Nayak A, Gayen P, Saini P, Mukherjee N, Sinha Babu SP. Molecular evidence of 
curcumin-induced apoptosis in the filarial worm Setaria Cervi. Parasitol Res. 
2012;111:1173–86.

40.	 LaCourse EJ, Perally S, Morphew RM, Moxon JV, Prescott M, Dowling DJ, et al. 
The Sigma class glutathione transferase from the liver fluke Fasciola hepatica. 
PLoS Negl Trop Dis. 2012;6:e1666.

41.	 Fernandez V, Cadenazzi G, Miranda Miranda E, Larsen KE, Solana HD. A 
Multienzyme response is involved in the Phenomenon of Fasciola hepatica 
Resistance to Triclabendazole. 2015.

42.	 Circu ML, Aw TY. Reactive oxygen species, cellular redox systems, and apop-
tosis. Free Radic Biol Med. 2010;48:749–62.

43.	 Cathcart IIIRF. Vitamin C: the nontoxic, nonrate-limited, antioxidant free radi-
cal scavenger. Med Hypotheses. 1985;18:61–77.

44.	 Cord MJM, Fridovich I. Superoxide dismutase: an enzymatic function for 
erythrocuperin. J Biol Chem. 1969;244:6049–55.

45.	 Reinecke SA, Reinecke AJ. The comet assay as biomarker of heavy metal 
genotoxicity in earthworms. Arch Environ Contam Toxicol. 2004;46:208–15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿In vitro assessment of the anthelmintic activity of copper oxide and zinc oxide nanoparticles on egg and adult stages of ﻿Fasciola hepatica﻿: evidence on oxidative stress biomarkers, and DNA damage
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Ethics approval and consent to participate
	﻿Nanoparticles (NPs)
	﻿CuO-NPs and ZnO-NPs suspension preparation
	﻿Parasite collection
	﻿Collection and extraction of ﻿F. hepatica﻿ eggs
	﻿Egg hatch test
	﻿In vitro treatment of parasites
	﻿Observation on parasite mortality and mobility
	﻿Reactive oxygen species estimation
	﻿Glutathione peroxidase assay
	﻿Glutathione-S-transferase assay
	﻿Estimation of superoxide dismutase (SOD) activity
	﻿Assessment of lipid peroxidation (MDA)
	﻿DNA damage assessment
	﻿Statistical analysis

	﻿Results
	﻿Physicochemical characterization of CuO and ZnO nanoparticles
	﻿Adult worm motility test
	﻿Adult worm mortality test
	﻿Egg hatching test
	﻿Generation of ROS
	﻿Superoxide dismutase activity
	﻿Measurement of GSH activity
	﻿Glutathione-S-transferase activity
	﻿Assessment of lipid peroxidation
	﻿DNA damage

	﻿Discussion
	﻿Conclusion
	﻿References


