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Spillage of protoscoleces within hydatid fluid during surgery for hydatid cyst is the
main reason for its recurrence. Therefore, to inactivate the protoscoleces, various
scolicidal substances have been tested. However, novel and more efficient agents
are needed owing to several associated complications. This study focused on the
effects of green synthetic Silver Nanoparticles (AgNPs) from Zizyphus spina-
christi leaves on Echinococcus granulosus protoscoleces. Also, to evaluate the
blood compatibility of Ag NPs. The Ag NPs were identified by ultraviolet-visible
(UV-Visible) spectrophotometer, X-ray diffraction (XRD), Scanning electron
microscopy imaging, and Energy-dispersive X-ray spectroscopy (EDX). Hydatid
fluid was aspirated aseptically from cysts of infected sheep liver. The
protoscoleces were exposed to Ag NPs at several concentrations. Also, scanning
electron microscopy for ultrastructural changes and in vitro erythrocytes lysis was
performed. The Ag NPs were spherical; the particles' size reached 50 nm, and
presented a surface plasmon peak around 460 nm. The current study's findings
indicated the powerful in vitro scolicidal efficacy of the green biosynthesized
AgNPs. Several morphological alterations were observed on the protoscoleces by
optical and scanning electron microscopy. Lysis of RBCs at different doses of Ag
NPs was significantly (P<0.05) less than the positive control value, thus proposing
its biocompatibility. This work suggests that chemicals like polyphenols present in
the extract of Z. spina- christi act as reducing and stabilizers agents to create Ag
NPs Nevertheless, further investigations are needed to investigate the Ag NPs
scolicidial effects in animal models.
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INTRODUCTION

Cystic  echinococcosis (CE) is a worldwide
distributed parasitic disease resulted from the hydatid cyst
of Echinococcus granulosus. It is also described as a
zoonotic disease referred to as hydatid disease, or
hydatidosis (Kern et al.,, 2017). The World Health
Organization classified it with neglected tropical
infections (WHO, 2010). The infection is naturally
transmitted between canids as definitive and livestock as
intermediate hosts, including humans. The highest
prevalence is recorded from sheep-raising areas where
many stray dogs exist and consume the infected animals'
organs. In Irag, hydatidosis is considered hyperendemic. It
is also one of the countries’ significant helminthic
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infections with socioeconomic impacts targeting humans
and their livestock (Benyan et al., 2013).

However, surgical operation remains the chief
therapeutic method; nevertheless, other techniques also
have an essential role in CE control. Leakage of cyst fluid
is the primary cause for the recurrence of the infection
during surgery. Therefore, killing the protoscoleces within
the cyst during the surgical procedure is essential. All of
the scolicidal agents have adverse effects (Shi et al.,
2016). For instance, the WHO recommended
Benzimidazole as a medication for human infection. This
drug is known to possess parasitostatic rather than
parasiticidal effects. Low water solubility and low
absorption of Benzimidazole may be responsible for its
treatment failure. Also, it has many severe side effects on


mailto:bushra.shnawa@soran.edu.iq
http://pvj.com.pk/pdf-files/41_3/393-399.pdf
https://pubmed.ncbi.nlm.nih.gov/?term=Kern+P&cauthor_id=28212790

CE patients' life-span and prognosis. These facts underline
the need for new drugs (Siles-Lucas et al., 2018).
Therefore, researchers have achieved several attempts to
increase the compound's solubility, absorption, and
bioavailability. Among these trials that improved the drug
efficiency is the addition of NPs, which results in
increasing the intra-cystic permeability for the curing
compound (Siles-Lucas et al., 2018). Recently, Shnawa
(2018) reviewed many published articles investigating the
protoscolicidal impacts of green synthetic NPs against
protoscoleces of E. granulosus. Two previous researches
investigated the green synthesized silver and gold
nanoparticles' activity from Penicillium aculeatum against
the protoscoleces of E. granulosus. The authors stated that
these NPs could be a potential scolicidal agent for CE
therapy (Rahimi et al.,2015; Barabadi et al., 2017). More
recently, Salih et al. (2020) concluded that the
biosynthesized Ag NPs from some plant extracts showed
remarkable effects against E. granulosus, particularly
Eucalyptus globulus extract.

The present work aimed to investigate the effect of
green synthesis AgNPs by Z. spina christi extract against
E. granulosus protoscoleces and assess the produced
nanoparticles’ hemolytic ability on human erythrocytes.

MATERIALS AND METHODS

Preparation of the Zizyphus spina - christi Leaves
Extract: Fresh leaves of the Z. spina- christi were
brought from Erbil city, Irag. The plant extracts were
prepared by weighing 25 gm of leaves, which were cut
into small parts, added to 100 mL of double-distilled
water, and heated to 90°C for 40 min. The contents were
then filtered and kept at 4°C for nanoparticle synthesis
(Halawani, 2017).

Synthesis and Description of Ag Nanoparticles: The 10
mL of prepared Z. spina christi leaves extract was added
to 100 mL silver nitrate (ImM), which was dropped at
80°C for 1 hour until the mixture's color is changed and
the production of dark brown precipitation. This
indicating the formation of silver nanoparticles. The
precipitation was centrifuged at 7000 rpm. Finally, Ag
NPs were annealed using a Bunsen burner (Fig. 1).

The morphology of the synthesized Ag NPs was
examined by Fast Emission SEM (FE-SEM, Quanta
4500). The optical absorptions of Ag NPs were recorded
using double-beam UV-Visible spectra (Super Aquarius
spectrophotometer). Also, the chemical composition of
the material was measured by EDX. The nanoparticles'
crystal arrangement was studied by X-ray diffraction
(XRD) by PAN-analytical X' Pert PRO (Cu Ko = 1.5406
A®). The scanning rate was | °/min in the 26 range from
20° to 80° (Oluwaniyi et al., 2016). All experiments were
performed in the scientific research center of Soran
University, Iraq.

Collection of Protoscoleces: The parasite was collected
from hepatic cysts of naturally infected sheep slaughtered
at the abattoir in Soran city-Erbil. The protoscoleces were
harvested by aspirating the hydatid fluid. The
protoscoleces' viability was evaluated by 0.1% eosin dye
(Smyth and Barrett, 1980). Colorless protoscoleces were
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considered as viable, whereas red-colored protoscoleces
were recorded as dead.

In vitro Protoscolicidal Effect of Ag NPs

In vitro Protoscolicidal Effect of Ag NPs by Light
Microscopy: Different concentrations of Ag NPs
including 0.05, 0.1, 0.2, 0.3 and 0.4 mg/mL were
prepared. To all concentrations, an amount of 100 ul of
protoscoleces was added. Subsequently, the test tubes
were kept at 37°C for different times. The protoscoleces'
viability was determined by 0.1% eosin. Also, the
percentage of mortality was estimated by counting a
minimum of 200 protoscoleces from each treatment.
Hydatid fluid was considered a negative control, and 5%
NaCl was positive. The experiments were repeated
triplicate times (Shnawa et al., 2017).

In vitro Protoscolicidal Effect of Ag NPs by Scanning
Electron Microscopy: Ultrastructure examination with
SEM was performed. Protoscoleces were immersed in pH
7.2 phosphate-buffered 2.5% glutaraldehyde for 24 h at
4°C for fixation. Serial incubations in ethanol (30, 50, 70,
90, and 100%) were done. Finally, they were dried and
sputter-coated with a gold sputtering device (Desk Sputter
Coater), and it was inspected by FESEM (Quanta 4500)
SEM operating at 15 kV (Elissondo et al., 2006; Shi et al.,
2016).

Hemolysis test: The hemolysis test of AgNPs was
performed according to Huang et al. (2016) and
Mesdaghinia et al. (2019). In brief, fresh blood was
collected in a tube with EDTA. Amount of the diluted
RBCs suspension was added to AgNP in PBS from
different concentrations, include 0.05, 0.1, and 0.2, beside
0.3 mg /ml. RBCs suspensions were incubated at 37°C for
one hour. Finally, the absorbance of the supernatants was
estimated using UV-visible spectrophotometer at 570nm.
Erythrocytes incubated in sterile PBS were considered a
negative control. Another sample was treated with
deionized distilled water, representing positive control.
The following equation was used to calculate the
percentage hemolysis of the erythrocytes.

Hemolysis percentage = [(specimens absorbance-
negative control absorbance)/(positive control
absorbance-negative control absorbance)] x 100 (Chen et
al., 2015; Oves et al., 2018).

Statistical analysis: The results were analyzed by Graph
pad Prism software version 8. The two-way ANOVA and
Tukey’s test were applied. A p-value less than 0.05
(<0.05) is statistically significant.

RESULTS

Silver NPs were produced by leaves extract of Z.
spina - christi. The visual inspection confirmed Ag
Nanoparticles' formation by changing the mixture's color
from greenish-yellow to dark brown.

The optical absorption of Ag NPs dispersed in water
was recorded. Reduction of AgNO3 to Ag was
documented with UV-Vis instrument. The specimens
exhibited UV absorption spectra with a peak at 460nm
owing to surface plasmon resonance (Fig. 2A). During the
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Fig. 2: A. The UV-Vis spectrum of synthesized Ag NPs using the
extract of Z. spina- christi. B. The UV-Vis absorption spectrum from Z.
spina- christi leaves extract. C shows the X-ray diffraction pattern from
synthesized Ag NPs. D. illustrates the EDX spectrum synthesized Ag
NPs.

biosynthesis of Ag NPs, changing the color of the mixture
is the primary signal that appeared, confirming Ag NPs
production.

Regarding the results of the spectroscopic analysis of
the Z. spina- christi extract, represented two signals at
320nm (the band 1) and 266nm (bond I1), are assigned to
the cinnamoyl and benzoyl phenolic systems (Fig. 2B).
These signals are linked to transitions from 7 to «* that
indicate phytochemicals from the leaf extraction. They
would be a source for the green synthesis of metallic and
metal oxide nanoparticles.

Fig. 2C shows the X-ray diffraction pattern from Ag
NPs prepared by the green synthesized method; it
approves the face-centered cubic structure. The dominant
reflection peaks are 111, 200, and 220, corresponding
with the scattering angles at 38.037°, 44.205° and
64.344°, respectively. The resulted peaks equal with the
JCPDS: No0.36-1451, indicating the purity of the Ag NPs
crystal.

Fig. 2D illustrates the EDX analysis of Ag NPs,
which is formed using the bioreduction technique. It
assured the existence of the Ag NPs. The other peaks
besides Ag related to Au element in the EDX analysis
resulted from using a gold coating to show better SEM
images.
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Fig. 3: A and B show the typical FE-SEM images of the Ag NPs
synthesized using aqueous Z. spina - christi extract at different

magnifications. The synthesized Ag NPs had spherical shapes, and the
size of the particles was measured between 50 to 80 nm. C. The
elemental mapping of the Ag NPs.

Fig. 4: Heavily infected liver of sheep. L, live protoscolex, and D dead
protoscolex assessed by 0.1% eosin staining.

Fig. 3A and 3B present the typical FE-SEM images
of the Ag NPs morphology at different magnifications.
The identical distribution can be seen from the SEM
micrographs. To some extent, Ag NPs are spherical-
shaped, with some agglomerations of nanoparticles, and
the average size was ranged between 50-80 nm. The
elemental mapping analysis of the green synthesized
metallic Ag NPs verified Ag Nanoparticles' constant
presence on Ag Nanoparticles' surface, which indicates
the creation of the Ag NPs (Fig. 3C).

Viability of the Protoscoleces: The protoscoleces were
harvested from hydatid cysts of heavily infected sheep
liver. Protoscoleces viability was assessed with eosin dye.
Viable protoscoleces seemed to be colorless compared to
dead ones that absorbed the stain and appeared red, the
percentage of in vitro viability was 97% (Fig. 4), so it is
appropriate for the subsequent experiments.

Scolicidal Efficiency of Ag NPs: The current study's
findings indicated the powerful in vitro scolicidal efficacy
of the biosynthesized Ag NPs. It showed that no viable
protoscoleces was noticed after 2hr of incubation with Ag
NPs at a 0.4 mg/ml concentration as in Fig. 5B. On the
other hand, the control group's protoscoleces seemed
colorless and viable during the experiment. They appeared
to be morphologically intact with clear and bright
calcareous corpuscles (Fig. 5A). The mortality within the
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Fig. 5: A represents live untreated protoscoleces of the control. B
shows dead protoscoleces after 2 hr. of incubation with Ag NPs ata 0.4
mg/ml concentration. C. In vitro protoscolicidial effect of Ag NPs at
different incubation times.

Fig. 6: Treated protoscoleces with Ag NPs absorbed the Eosin stain. B,
C & D illustrate protoscoleces that partially absorbed the stain. A & E
show the tegumental digitiform extensions at the outer tegument of
protoscoleces (arrow). F shows separated hooks and corpuscles.

protoscoleces, which were incubated with different
concentrations of Ag NPs compared to untreated control
protoscoleces, as illustrated in Fig. 5C. The highest
protoscolicidal activity was recorded at 0.4 mg/ml,
followed by 0.3 mg/ml, 0.2 mg/ml, 0.1 mg/ml, and 0.05
mg/ml. In contrast, the protoscoleces of the control remain
viable and seemed to be colorless. These outcomes
indicated the dose-dependent activity of Ag NPs against
protoscoleces. The mortality percentages were increased
with time in all concentrations of Ag NPs, which point out
that the mortality percentage was also time-dependent.

Morphological Effects of Ag NPs against E. granulosus
Protoscoleces: The recent study revealed some
protoscoleces after incubation with Ag NPs absorbed the
eosin dye, indicating their death (Fig. 6). Tegument of the
parasite is the first part affected. Most of the protoscoleces
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Fig. 7: A and B show normal control protoscoleces. C treated
protoscoleces with Ag NPs show the presence of Ag NPs and the
formation of a bleb. D, E, & F show different morphological changes,
with the Ag NPs accumulation as white structures on the protoscoleces.

were invaginated. They exhibited several alterations;
include tegumental damage, disorganization of rostellar
hooks, loss of calcareous corpuscles, and bleb appearance
(Fig. 6B, C and E). Fig. 6A & E show the tegumental
digitiform extensions at the outer tegument of
protoscoleces. Also, Fig. 6C and D show an evaginated
protoscoleces. They partially absorbed the eosin that
indicates the initiation of their death, a group of separated
hooks, as shown in Fig. 6F.

The Ultrastructural Alteration of the Treated
Protoscoleces with Ag Nanoparticles: To characterize
the structural effects in the protoscoleces induced by Ag
NPs, they were prepared for SEM. No changes were
detected in the ultrastructure of the protoscoleces of the
control group. They remained viable after 3hr of
incubation during the experimental period (Fig. 7A and
B). The outcomes of the viability experiment compatible
with the destruction noticed at the ultrastructural
examination. The prominent location of injury was the
tegument of the protoscoleces. At one hour after
incubation, several blebs in the tegument of treated
samples with 0.2 mg/ml were observed by SEM (Fig. 7C).
These results confirmed the Ag NPs stimulate
morphological destruction in the parasite. At half an hour
post-incubation, symbols of ultrastructural modification
were prominent: the soma part was shrunken. The
evagination of protoscolex with rostellar distortion and
disorganization was also detected (Fig. 7 E and F).
Moreover, (Fig. 8A, B, C and D) illustrated the
aggregation and the loss of the typical morphology of the
treated protoscoleces with the Ag NPs. Several
protoscoleces exhibited rostellar disorder, shedding of
hooks and destruction of microtriches. Also, loss of hooks



Fig. 8: Micrographs illustrate the ultrastructural damage of the treated
protoscoleces with Ag NPs. A, B, C, and D show aggregation of
distorted protoscoleces and the Ag NPs as white color. E and F
illustrate the damaged protoscoleces with hooks (arrow). G,
Corresponding mapping images of Ag Nps. Orange Nanoparticles'
accumulation on two evaginated protoscoleces (arrow) with oxygen
and gold as green and red.
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Fig. 9: Effect of different concentrations of Ag NPs on RBCs lysis
compared to the positive (A) and negative controls (B).

has occurred, and it accumulated with the damaged
parasite, as shown in Fig. 8 E and F. Finally, Fig. 8G
shows two evaginated protoscoleces covered with Ag
NPs, which appeared as orang color, while oxygen and
gold expressed green and red color, respectively.

Hemolysis test: The biocompatibility of the synthesized
Ag Nps was tested by performing RBCs lysis test. The
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incubation of the Ag NPs with RBCs showed little
toxicity and caused limited RBCs lysis. This lysis of
RBCs at the doses of 0.05, 0.1, 0.2, and 0.3 mg/ml of
AgNPs was detected as 4.2, 7.9, 15.6, and 29%,
respectively, which were showed statistically significant
decreases (P<0.05) compared with the positive control,
thus proposing its biocompatibility. Nevertheless, with
increasing concentration, erythrocytes viability was
proportionally decreased (Fig. 9).

DISCUSSION

Because of the medical applications, Nanoparticles of
many metals, like, Au, Ag, Pt, and ZnO are widely tested.
The green manufactured NPs are more stable, rapidly
synthesized, and vastly diverse in morphology and size
than those made by other organisms (Iravani, 2011). The
biological synthesis of NPs has described a clean, non-
toxic, and environmental-friendly technique compared to
the other physical and chemical methods (Mittal et al.,
2013).

In the present study, silver NPs were produced using
leaves extract of Z. spina- christi. The visual inspection
proved the formation of Ag NPs. The color was changed
from greenish-yellow to intense dark brown, confirming
Ag NPs production. The presence of electron-rich
functional groups in the plant is proposed to be
accountable for Ag NPs formation. It is suggested that the
plant materials serve as a reducing and stabilizing agent
for Ag NPs production. The extracts' phytochemical
composition was phenolic content, cardiac glycosides,
polyphenols, saponins, and tannins (Abalaka et al., 2010;
Khaleel et al., 2016; EL-Hefny et al., 2018).

The UV-Vis spectroscopy technique is broadly
performed for the structural categorization of NPs. The
reduction of AgNO3 to Ag NPs is checked by double-
beam UV-Vis spectrum. The samples showed UV
absorption spectra with a peak at 460nm owing to the
surface plasmon resonance (Fig. 1A). During the
biosynthesis of Ag NPs, changing the color of the mixture
is the primary signal that appears due to the surface
plasmon resonance proving the release of Ag NPs. The
obtained results of the Ag NPs had a perfect agreement
with the previously reported literature. Arreche et al.
(2018) described the silver nanoparticles as spherical,
hexagonal, and triangular, with a particle size of 50nm. It
presents a surface plasmon peak of about 460nm. The
surface plasmon resonance band of Ag NPs was
documented within a value between 452-465nm in a
study by Faried et al. (2016). Hassan et al. (2020) also
observed the UV-Vis spectrum for AgNPs prepared using
Z. spina-christi at 423-441 nm. The peak was amplified
with increasing concentration of extract.

The present findings of EDX, X-ray diffraction and
SEM imaging confirmed the green synthesis of Ag NPs
by the plant extract.

Treatment of hydatid cyst disease is complex, and
there are several methods worldwide. Including
chemotherapy, surgical removal, watch and wait, and
Percutaneous management of hepatic cyst with scolicidal
material under ultrasound instrument or the Percutaneous-
Aspiration-Injection  Re-Aspiration or (PAIR) are
considered as the primary management options (Giorgio
et al., 2009).



The superior method for hydatidosis treatment is
surgery. However, leakage of hydatid fluid with
protoscoleces during the operation is the significant cause
of its secondary recurrence infection. Also, it may cause a
fatal anaphylactic reaction (Ye et al., 2016). Therefore,
the injection of the cyst with protoscolicidal agents is an
integral part of the surgery. Till now, there is no effective
and safe agent. Consequently, new efficient scolicidal
material with low side effects is highly recommended for
urgent demand.

The current results demonstrated that the Ag NPs
exhibited considerable protoscolicidal activity, which was
time and dose-dependent. The maximum effect was
observed at 0.4 mg/ml after 120 min of incubation as
100% mortality. This finding approximately complies
with that of Norouzi et al. (2020), who found maximum
scolicidal activity of Ag NPs was at 1 mg/mL after one
hour of treatment, which expressed an 80% mortality
percentage. Several alterations were detected in the
protoscoleces' tegument exposed to Ag NPs that appeared
dead as they absorbed the eosin stain.

The present findings agree with Xing et al. (2016),
who revealed that the protoscoleces' tegument was the
primary drug damage site. It exhibited several ultra-
structural alterations when exposed to sodium arsenite
within in vitro; this phenomenon may be attributed to
stress responses. The cestodes' tegument is a cellular
structure that has an essential role in the parasite's
physiology. It is associated with nutrient absorption,
protection from enzymatic and immunological effects of
the host excretion, and ion exchange. Also, several
essential enzymes are embedded in the protoscoleces
tegument (McManus and Barret, 1985).

The alteration in the protoscoleces involved
tegumental alteration, rostellar disorder, loss of rostellar
hooks, the formation of several blebs on the tegument.
The same finding was previously observed in the
protoscoleces treated with different chemical substances
such as flubendazole (Elissondo et al., 2006) and thymol
(Elissondo et al., 2008). In this aspect, Pérez-Serrano et
al. (1994) concluded that loss of hooks and appearance of
blebs are "stress responses” that occurred in the parasite
by exposure to a harmful environment. Furthermore, the
tegument's alteration affects the tegumental microtrichea,
which is perhaps related to parasite nutrition because
microtrichea is related to nutrition absorption. The
protoscoleces' death may be attributed to apoptosis or
programmed cell death as a common reason for
eukaryotic cell death.

Moreover, apoptosis has been recorded in hydatid
cysts of E. granulosus Paredes et al., 2007; Spotin et al.,
2012; Shi et al., 2016). Also, Bakhtiar et al. (2020)
proposed that apoptosis has a role in the host-
Echinococcus metabolic interactions in suppressive and
survival actions of cystic echinococcosis. The formation
of digitiform projections on protoscoleces' tegument layer
was documented in this study, leading to osmoregulatory
damage into the parasite’s tegumental layers. This
osmoregulation impairment leads to the loss of turgidity
due to leakage of cell contents, which might be the
primary reason for the mortality in treated parasites
(Verma et al., 2014).
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The results of the in vitro hemolytic ability of Ag NPs
towards the human RBCs revealed that the percentage of
hemolysis increased as the concentration of Ag NPs
raised. However, it significantly differed from that of the
positive control group. This proposition relies on the
formation of AgCl by binding the Ag+ ions with free
chloride ions, reduced surface area owing to particle
aggregation, and the appearance of a protein corona on
particles. Therefore, the amount of unbound Ag* is
limited in the Ag NPs -blood mixture that may destruct
the erythrocytes. Moreover, direct particle interaction with
the RBC membrane may also lead to hemolysis (Choi et
al., 2011). Also, RBCs' nonspecific uptake of
nanoparticles was happened in an unclear mechanism
according to particle size (just particles <200nm can enter
the erythrocytes) (Rothen-Rutishauser et al., 2006). The
explanation for the hemolytic effect by Ag NPs proved in
this work may be attributed to Ag* production, particle
interaction with the RBCs, and particle uptake by the
erythrocytes; nevertheless, the responsibility of each one
is vague (Choi et al., 2011). Nanoparticles can adsorb
proteins to produce corona in the biological environment
as a result of their high energy. Therefore, this altered
surface affects its bioactivity and toxicity (Treuel et al.,
2015). Choi et al. (2011) pointed out that Ag NPs showed
high hemolytic effect than Ag micron-sized ones,
attributed to the large surface area, Ag+ production, or the
contact between the particles and the RBCs.

It has been mentioned that Ag nanoparticles express
hemolysis via altering membrane integrity and surface
features. Therefore, the erythrocyte's hemolysis is not just
dependent on size. Osmotic lysis of the RBCs may result
from the pore formed on its membrane by the NPS. Still,
the real cause for erythrocyte membrane destruction is not
identified. Moreover, reduced availability of Ag+ could
stimulate erythrocytes death in vitro, probably related to
reactive oxygen species (Huang et al., 2016).

Conclusions: Green synthesis of Ag NPs using Z. spina-
christi leaves extracts was achieved in this work. This
technique was environment friendly, non-toxic, cost-
effective, and single-stepped. The synthesized Ag NPs
were spherical and showed a characteristic UV-Vis
absorption peak at 460 nm. XRD analysis also revealed
the hexagonal wurtzite structure. The Ag NPs were
characterized by EDS equipped with SEM, which
confirmed the presence of NPs with an average size of 50-
80 nm. The synthesized Ag NPs exhibited excellent
efficiency as protoscolicidal agents.

Z. spina-christi could have a promising source of
antioxidants for further pharmaceutical applications. Also,
this paper investigated the hemolytic activity of Ag NPs
as a model for cytotoxicity. The present findings showed
no significant toxic effect of Ag NPs at low
concentrations against RBCs. It may be emphasized that
they are biocompatible for use as safe protoscolicidal
agents at low doses.

Authors contribution: PJJ conducted the experiments,
drew graphs, and wrote the draft of the manuscript. BHS
and SMH designed and supervised the project and
reviewed the article.
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