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Abstract

Helminth infections are a worldwide problem that affects both humans and animals in developing countries. The common
pinworm Syphacia muris frequently infects lab rats and can obstruct the creation of unrelated biological experiments. The
objective of this study was to examine the in vivo efficacy of silver nanoparticles against S. muris infected Wistar rats. Trans-
mission electron microscopy and X-ray diffraction examinations of silver nanoparticles revealed highly pure polycrystals
with a mean size of 4 nm. Rats were divided into group I, the control: received distilled water; groups II and III, the treated:
received 2, 4 mg/kg b.w. of Ag NPs, respectively. At the end of the experimental period, all rats were euthanized and dis-
sected for collecting worms. The surface topography of the recovered worms was displayed using light and scanning electron
microscopy, and their physiological status was determined using oxidative stress biomarkers. The histological changes in
the rat liver, kidney, and spleen were also examined. In the current study, Ag NPs administration revealed substantial altera-
tions in worms collected from treated rats, including shrinkage of lips, peeling and rupture of body cuticles, and disruption
of surface annulations. Also, induced a significant increase in malondialdehyde and nitric oxide levels, as well as a decrease
in reduced glutathione, glutathione peroxidase and catalase levels compared to control group. Moreover, sections of treated
rats' liver, kidney and spleen displayed normal cellular appearance. In conclusion, this is the first in vivo study to evaluate
Ag NPs efficacy against S. muris in laboratory rats without significant toxicity.
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Introduction

Helminthic infections are found all over the world, affecting
both humans and animals, causing harm and economic loss,
particularly in tropical and subtropical climates (Khan et al.
2015). Multiple species infections with parasitic helminths,
including nematodes, are common in wild rodent popula-
tions (Behnke et al. 2001). Syphacia muris, an interesting
oxyurid species, infects laboratory rats at a high rate even
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in well-managed conditions (Pinto et al. 1994). Rodents
are used to assess the safety of medications intended for
human use (Ayinmode et al. 2015). Pinworm infestations are
undesirable due to the possible negative effects on research
activities; these parasites might impede the development of
protocols and outcome evaluations (Pinto et al. 2001). For
example, altered growth of certain strains of rats and mice
(Meade and Watson 2014). In addition, Syphacia infections
can affect a host's humoral response to nonparasitic antigenic
stimuli (Sato et al. 1995). Furthermore, rodent pinworms can
promote myelopoiesis and erythropoiesis as well as change
bone marrow reactivity (Ilic et al. 2010). Additionally,
these worms have the potential to induce zoonotic illnesses
(Okorafor et al. 2012; Khalil et al. 2014). Although these
worms' infections are less harmful to humans than other
infectious agents, cases of heavy worm burdens frequently
result in malnutrition, anaemia, stunted growth, and other
intestinal diseases in infected hosts (Sueta et al. 2002).
Chemotherapy is the main effective tool to resist and con-
trol helminth parasites which has a severe adverse impact on
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host animals (Wang et al. 2015). Furthermore, drug resist-
ance to anthelminthic drugs is a widespread issue, defined as
a heritable decrease in the sensitivity of a parasite population
to the action of a medicine (Gang and Hallem 2016). As a
result of the health risks connected with the use of chemo-
therapy to inhibit helminth parasites, the development of
nanoparticle-based medicinal formulations as feasible alter-
natives to anthelmintic drugs has been encouraged (Wang
et al. 2015). Nanoparticles (NPs) have unique features due
to their small size, shape, and morphology, making them
extremely effective against a wide range of parasites (Ali
et al. 2014; Delavari et al. 2014). They are also easily gener-
ated in large quantities using various methods and are highly
biodegradable and biocompatible (Bhatia et al. 2016). Metal
nanoparticles (NPs) have recently found numerous appli-
cations in the medical field (Zhang et al. 2016). Among
metal and metal oxides, Ag NPs and ZnO are a well-known
example of nano-sized materials that have been applied as a
means of controlling human pathogenic microbes possess-
ing antimicrobial effects and have been frequently used in
the field of medicine (Xiang et al. 2017) due to their unique
physical, chemical, and biological characteristics (Zhang
et al. 2018).

Silver nanoparticles have potent antiparasitic and anti-
bacterial properties. Ag NPs' antiparasitic activity was dem-
onstrated by the inhibition of metabolic activities and cell
proliferation in Leishmania spp. promastigotes. Antiviral
activities of Ag NPs have also been demonstrated to impede
viral replication and prevent virus particles from binding
to host cell receptors. These nanoparticles have promis-
ing efficacy as anticancer agents and could be a reason that
they have attracted more attention as an anthelmintic agent
(Wei et al. 2015). Nanoparticles were commonly evaluated
in vitro, with only a few studies reporting in vivo effective-
ness of various nanoparticles (Ali et al. 2021). It is well
known that silver nanoparticles with their unique proper-
ties have a wide range of biological uses both in vitro and
in vivo. Thus, the goal of this study was to evaluate the
anthelmintic potential of silver nanoparticles against Sypha-
cia muris infected Wistar rats through assessing the oxida-
tive stress, morphological changes in the studied worm as
well as its impact on host tissues.

Material and methods
Synthesis of silver nanoparticles

Silver nanoparticles were synthesized at the Nanotechnology
Center, Cairo University, El-Sheikh Zayed, Egypt. Chemi-
cals used for silver nanoparticle production were silver
nitrate (AgNO;) and trisodium citrate (Na;C4H;0O,). The
method was based on co-precipitation to form silver colloid

structures. Fifty ml of 0.001 M AgNO3 was heated to boil-
ing, followed by dropwise addition of 5 ml of 1% trisodium
citrate solution. The suspension was mixed and heated until
the color changed to pale yellow, then was cooled at room
temperature, and kept in the dark until use (Youssef et al.
2020). The reaction is based on the following equation:

4Ag* + C¢H50,Na, + 2H,0 — 4Ag0
+ CgH;0,H; +3Na* + H* + 0, 1.

Characterization of silver nanoparticles
Transmission electron microscopy (TEM)

Morphology and particle size of Ag NPs were examined
using TEM (EM-2100 High-Resolution-Japan) at a magni-
fication 20X and an accelerating voltage 200 kV to assess
2D shape and size. A drop from a dilute sample solution was
deposited on an amorphous carbon coated-copper grid and
left to dry at room temperature. The resulting monolayer
of particles was analyzed using the Image J software pro-
gramme, and several TEM images were taken (Ross and
Dykstra 2003).

X-ray diffraction

Samples were air-dried, powdered, and used for analysis
using an XRD Model D8 Discover instrument manufactured
by the Bruker Company. The light source was Cu Ka radia-
tion with a current of 35 mA at a voltage of 40 kV. The 26
angles ranged from 5° to 80° with a scan speed of 0.3°/min.
Mean crystal size was estimated from the full width at half
maximum (FWHM) and the Scherrer formula according to
the following equation:

D = 0.891/Bcosd

where D is the mean crystal size, A is the X-ray wavelength,
0.89 is the shape factor, f is the line broadening at half maxi-
mum intensity (FWHM) in radians, and 0 is the Bragg angle.

Experimental design

Twenty-one Wistar rats weighing 120-130 g, were pur-
chased from the National Organization for Drug Control and
Research, and were transferred to the Laboratory of Parasi-
tology, Zoology Department, Faculty of Science, Cairo Uni-
versity. The experimental animals were kept at room tem-
perature with a 12 h light/dark cycle and were fed standard
rodent feed and water ad libitum. Natural S. muris infections
were identified in rats after 7 days of acclimatization using
perianal cellophane tape, as described by Meade and Watson
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(2014) to confirm the infection. Rats were divided into three
groups (n=7); group I, untreated control: received distilled
water; groups II and III were treated with 2, 4 mg/kg body
weight of Ag NPs, respectively, by El Mahdy et al. (2014)
intraperitoneal injections daily for 14 days. Syphacia muris
were recovered from the caecum and colon of all tested rats
after necropsy. All procedures using animals were compliant
with the requirements of the Animal Ethics Committee, Fac-
ulty of Science, Cairo University, Egypt (Ethical Approval
Number: CUIF7519).

Microscopic examination

Parasites were cleared with glycerol for light microscopy
examination in temporary mounts as described by Pritchard
and Kruse (1982). The recovered nematodes were classified
according to Pinto et al (1994). Images were obtained by a
LEICA DM 750 microscope equipped with a LEICA ICC
50 HD camera.

Worms were fixed for SEM in a solution of 3% glutar-
aldehyde, washed in 0.1 M sodium cacodylate buffer (pH
7.4), dehydrated through a graded ethanol series (50%, 60%,
70%, 80%, 90% and 100%), and dried at 30 °C for 30 min
using a critical point drier (LEICA, EM CPD300). Dried
specimens were mounted on SEM stubs, coated with gold,
and examined with a JEOL JSM-5200 SEM (Tokyo, Japan)
using an accelerating voltage 25 kV. All body measurements
are presented as means in mm + SD in parentheses.

Determination of oxidative stress biomarkers

Seven worms were homogenized in 50 mM Tris—HCI, pH
8.0 and centrifuged at 3000 rpm for 10 min at 4 °C. Super-
natants were kept at —20 °C until they were used. Levels
of malondialdehyde (MDA), a marker for lipid peroxida-
tion, were measured as described by Buege and Aust (1978);
reduced glutathione (GSH), the major intracellular thiol uti-
lized by cells for antioxidant protection and an important
biochemical marker of oxidative stress was evaluated fol-
lowing Caito and Aschner 2015); catalase activity (CAT),
an important enzyme for protection against H,O,-induced
stress, was measured as described by Kotze (2003); nitric
oxide (NO) was assessed according to Massetti et al. (2004).
All oxidative biomarkers were assessed using reagent kits
obtained from Bio Diagnostic (Egypt).

Histopathological studies

Host tissues (kidney, liver, and spleen) were isolated and
fixed in 10% buffered formalin after being washed with
saline. Samples were dehydrated in ascending grades of
alcohol, cleared with xylene, and embedded in paraffin. Five
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um sections were cut and stained with hematoxylin and eosin
(H& E). Sections were examined and photographed using a
LEICA DM 750 microscope equipped with a LEICA ICC
50 HD camera.

Statistical analysis

Data were analyzed by one-way ANOVA using Statistical
Processor Systems Support, SPSS software, version 20,
followed by Least Significant Difference post hoc tests to
compare group means. Data are presented as mean + SE,
and p <0.05 was considered significant.

Results
Characterizations of Ag NPs

The XRD curve of Ag NPs showed an amorphous state (zero
peaks) without any additional peaks, indicating homogene-
ous chemical composition (Fig. 1). The pattern illustrates
the presence of four characteristic peaks for silver nanopar-
ticles at 20=38.3°, 44.5°, 64.8° and 77.8°. Crystallite size,
calculated using the Debye—Scherrer equation, was 4 nm;
crystallinity was high, and particles displayed a cubic lattice
structure. TEM images (Fig. 2) confirmed a spherical outline
with a homogenous shape without aggregation or lattices.
These images illustrate nano-scale crystallinity.

Anthelmintic effects of Ag NPs

As shown in Table 1, silver nanoparticles administration
resulted in a significant decrease in the worm burden in
treated rats received 2 mg/kg b.w. (n=48) and 4 mg/kg b.w.
(n=26) with a mean intensity of infection was 6.85+0.46
and 3.71 +0.42, respectively, compared to those col-
lected from untreated rats (n=74, 10.57 +1.13). Regard-
ing the worm count, Ag NPs induced significant reduction
(P<0.001) of 35.13% in treated rats receiving 2 mg/kg b.w.
and 64.86% in the group receiving 4 mg/kg b.w.
Microscopic examination (based on 5 mature specimens).
Worms collected from untreated (control) rats displayed
typical S. muris characteristics. bodies were 3 to 5 mm long
and 0.12 to 0.15 mm wide, with colorless to creamy bodies
and narrow posterior extremities. Heads were bulbous with
triradiate small mouth openings surrounded by three equal,
well-developed fleshy lips (one dorsal and two ventrolateral)
that lacked labial papillae (Figs. 3a—c, 5a, b). The vulva is
located at the anterior part of the body (Fig. 3a, b). Buccal
cavities led to short esophagi which were further subdivided
into anterior cylindrical and globular bulbs (Fig. 3b, d). The
latter led to simple tubular intestines via intestinal valves
(Fig. 3d). The body cuticle was found to be transversally
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Fig. 1 XRD pattern of Ag NPs shows a cubic lattice structure of polycrystals

Fig.2 TEM image of Ag NPs

Table 1 Reduction percentages of S. muris naturally infected Wistar
rats (n="7) after Ag NPs treatment

Groups Worm count Intensity of infection Percent of
reduction

Untreated (infected) 74 10.57+1.13 0

2 mg/kg Ag NPs 48 6.85+0.46% 35.13%

4 mg/kg Ag NPs 26 3.71£0.42%* 64.86%

Data are presented as mean=+SE; One-way ANOVA followed by
least significant difference post hoc tests to compare group means and
p <0.05 was considered significant

annulated (Figs. 3e, f, 5e). The uterus nearly occupies the
entire body, is densely filled with eggs (Fig. 3f, g), and ends
with a pointed tail measuring 0.57-0.69 mm long (Figs. 3g,
5j) with anal opening (Fig. 3h). The ova were elliptical, flat-
tened on one side, and surrounded with egg sheathes meas-
uring 70 x 32 pm in length (Fig. 3i). All the collected worms
were female.

In contrast, nematodes collected from treated rats revealed
morphological changes following Ag NPs administration.
Worms isolated from treated rats received 2 mg/kg b.w. of
Ag NPs had wrinkled and shrunken cephalic region with
completely indistinguishable lips (Figs. 4a—c, 5¢). In addi-
tion, the cuticle was disrupted and damaged (Fig. 5f) with
conspicuous pits on body surfaces (Fig. 5g). The cephalic
region of worms retrieved from treated rats received 4 mg/kg
b.w. Ag NPs revealed complete deformation (Fig. 5d), and
body cuticles showed significant surface injury with cuticle
layers bursting in some areas (Figs. 4g—I, 5h, i). Further-
more, several nematodes had severely damaged uteri and
egg release (Fig. 4i).

Oxidative stress biomarkers

Worms that were retrieved from rats given 2 and 4 mg/
kg of Ag NPs for 14 days showed different effects on the
levels of oxidative stress indicators when compared with
those collected from untreated rats. Level of antioxidant
enzymes, catalase (CAT) (3.37+0.079; 3.04 +0.051) and
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Fig.3 Photomicrographs of
female Syphacia muris isolated
from control rats cleared

with lactophenol. a whole
worm showing oesophagus

(E), oesophageal bulb (EB),
intestine (I), vulva opening

(V), eggs (EG) and pointed

tail (T); b, ¢ high magnifica-
tion of anterior region showing
mouth (M) surrounded by three
lips (L), oesophagus (E), body
covered by cuticle (C) with
transverse striations (TS) and
vulva opening (V); d fore-body
region showing oesophageal
bulb (EB), intestinal valve (IV)
lead to intestinal caeca (IC); e, £
mid-body region showing uterus
(U), folds containing eggs (EG);
g, h posterior end of female
worm showing anal opening (A)
and terminated with tail tip (T) i
high magnification of eggs (EG)
surrounded by egg sheath (ES)

glutathione peroxidase (GPx) (115.14+0.94; 55.80+1.7)
were significantly (p <0.05) decreased as well as a sig-
nificant decline (p <0.05) in GSH content (53.38 +3.13;
41.04+1.71) was observed in worms recovered from
treated rats received low and high doses respectively,
compared to those collected from untreated rats as
shown in Fig. 6a—c. Furthermore, Ag NPs triggered lipid
peroxidation in S. muris, as evidenced by a significant
(p <0.05) increase in malondialdehyde (MDA) level
(156.67 +£0.35; 180.29 + 1.0). Also, nitric oxide (NO)
concentration (441.78 £22.8; 632.91 £0.01) exhibited a
significant increase (p < 0.05) in worms collected from
treated rats in a dose-dependent manner as shown in
Fig. 6d, e. Thus, nematodes recovered from treated rats
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suffering nitro-sative stress compared to worms collected
from untreated rats.

Ag NPs impact on host tissues

Sections from uninfected rats demonstrated normal his-
tological architecture. Liver displayed a well-organized
lobular appearance, including healthy polygonal hepato-
cytes with homogenous cytoplasm and randomly distrib-
uted sinusoids (Fig. 7a). The kidneys showed regularly
formed, convoluted tubules with normal hematopoietic
tissues and numerous renal corpuscles with well-devel-
oped glomeruli (Fig. 7b). Spleens exhibited typical red
pulp and dark patches of white pulp structures reflecting
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Fig.4 Photomicrographs of
Syphacia muris isolated from
treated rats a, b, ¢, e, f worms
isolated from treated rats
received 2 mg/kg b.w. Ag NPs
displaying a, b, ¢ shrunken
cephalic region with com-
pletely indistinguishable lips;

e wrinkled body surfaces f
cuticle striation becomes rigid
with appearance of conspicuous
pits on body surfaces; d, g, h, i
worms recovered from treated
rats received 4 mg/kg b.w. Ag
NPs showing d deformation of
cephalic region g, h, i transverse
annulations of body cuticle are
peeled off and eggs become free

predominant small lymphocytes and lymphoid follicles
(Fig. 8a, b). Also, sections of treated rats’ tissues showed
regular architecture with a normal cellular appearance of
the liver (Fig. 7b, c), kidney (Fig. 7e, f) and spleen tissues

(Fig. 8c-f).

Discussion

Helminth resistance to multiple anthelmintic drugs is rapidly
increasing, raising serious public health concerns (Torres-
Acosta et al. 2012). Nanoparticles are arising as leading
candidates for the development of new anthelmintic drugs
due to their small size, remarkable surface reactivity, and
biomedical applications (Adeyemi and Whiteley 2013).
They have the ability to cross membranes and generate reac-
tive oxygen species (ROS), resulting in high reactivity and,
eventually, the death of infectious agents (Bhardwaj et al.
2012). So, the anthelmintic potential of nanoparticles has
been constantly evaluated for parasitic infection control (Ali
et al. 2014; Esmaeilnejad et al. 2018).

Silver nanoparticles are a well-known nano-material that
displays useful physicochemical characteristics (Zhang et al.
2016). These particles are noted for their impact on bacteria,
fungi, viruses, and insects (Franci et al. 2015; Govindarajan
and Benelli 2015; Lara et al. 2015; Aderibigbe 2017) as
well as their anthelminthic capabilities (Meyer et al. 2010;
Lim et al 2012). The present investigation revealed that Ag
NPs are effective against Syphacia muris, as evidenced by
a significant reduction in worm count (35.13% and 64.86%
in treated rats received 2, 4 mg/kg of Ag NPs, respectively),
which is consistent with Tomar and Preet (2016), who found
that Ag NPs caused 87% mortality in adult Haemonchus
contortus. On the same line, Pillai et al. (2012) reported sig-
nificant anthelmintic activity of Ag NPs causing paralysis as
well as death of Pheretima posthuma in a time comparable
to the standard drugs, Albendazole and piperazine citrate.
Similarly, Roh et al. (2009) showed that Ag NPs exerted con-
siderable toxicity in Caenorhabditis elegans. Also, Allahver-
diye et al. (2011) reviewed an inhibition in the proliferation
of parasites following metal nanoparticles treatment.
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Fig.5 Scanning electron
micrographs of female Syphacia
muris a, b, e, j worms isolated
from control rats a, b cephalic
region showing three well-
developed lips (L), one dorsal
and two submedial ventral; e
regular transverse striations
(TS) of cuticle. j posterior
extremity with a sharp tail
region (T); ¢, f, g worms recov-
ered from treated rats received

2 mg/kg Ag NPs; ¢ wrinkling of
cephalic region; f disruption and
damage of cuticle striations; g
appearance of conspicuous pits
(P) on the body surface; d, h, i
worms recovered from treated
rats received 4 mg/kg b.w. Ag
NPs; d complete deformation
and erosion of the head region;
h, i deep injury of the body
surface with burst cuticle

Light and scanning electron microscopic examination
showed deformation of surface topography of worms col-
lected from treated rats with extensive damage of the cuti-
cle, deeply injured regions, and bursting of cuticle along
the entire worm body. In agreement with Barbosa et al.
(2019) who reported that Ag NPs exhibited nematicidal
activity, being the only ones able to penetrate the lar-
val’s cuticle, alter in the tegmentum, and consequently,
the death of the infecting larvae of Ancylostoma caninum
(L3). Also, Chisholm and Xu (2012) showed the toxic-
ity effect of NPs on the normal morphology of parasitic
nematode. Similarly, Song et al. (2014) mentioned that
during the chronic metal treatment of the nematode Cae-
norhabditis elegans, the front and the rest of the body were
severely wrinkled from vulva to tail compared with the
control group which may be related to the direct interac-
tion and absorption of the metal with the body of worms.
Moreover, Khan et al. (2015) showed a severe damage in
the cuticle of the worms during the study of ZnO NPs on
Gigantocotyle explanatum. Furthermore, Dorostkar et al.
(2017) showed structural damage of cuticle and hypoder-
mis of Toxocara vitulorum caused by zinc oxide and iron
oxide nanoparticles. Because the cuticle is the tough extra-
cellular surface of the worm, which protects the animal
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from the environment and maintains the morphology and
integrity of the body, any changes could result in worm
death (Song et al. 2014). This might be because NPs trig-
ger the production generation of hydroxyl ions and ROS,
which cause membrane damage of pathogens (Li et al.
2011; Yu et al. 2013).

The antioxidant system was developed to combat the
negative impacts of free radicals, such as protein, lipid, and
DNA oxidation (Omar et al. 2023). An imbalance between
the production of free radicals and the antioxidant system
can result in cell death and tissue malfunction (Adefegha
et al. 2022). In the current study, following Ag NPs admin-
istration, the levels of oxidative stress markers in worms
isolated from treated rats were altered. Malondialdehyde
(MDA) is an end product of lipid peroxidation that has been
used as an indicator of oxidative stress (Jabir and Shaker
2020). Level of MDA was increase in worms recovered from
treated rats compared to those from control rats. On the same
line, Ahamed et al. (2010) showed that Ag NPs increased
MDA levels and altered membrane structure by promoting
lipid peroxidation. Also, Zhang et al. (2020) found that the
exposure of Caenorhabditis elegans to silica nanoparticles
produced an increase of free radicals, including peroxide
(H,0,), superoxide anion (O,), and hydroxyl radicals (OH),
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Fig.6 Anthelminthic effects of Ag NPs on oxidative stress markers of Syphacia muris isolated from untreated (control) and treated groups a
catalase (CAT); b glutathione peroxidase (GPx); ¢ reduced glutathione (GSH); d malondialdehyde (MDA); e nitric oxide (NO)

resulting in elevated MDA levels. Nitric oxide is extremely
reactive, with several oxidative molecules producing a vari-
ety of reactive nitrogen species (RNS). This has the poten-
tial to attack biological systems, causing severe irreversible
destruction of biomolecules as well as cellular damage to

many organs (Hsieh et al. 2014). In this study, both con-
centrations of Ag NPs caused a significant increase in nitric
oxide (NO) levels in worms collected from treated rats.
Excess NO reacts with superoxide to form peroxynitrite, a
powerful oxidant linked to a variety of diseases (Lotfy et al.
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Fig.7 Photomicrographs of
liver and kidney tissues of
Wistar rats. a liver tissues

from untreated rats showing
normal hepatic architecture with
healthy polygonal hepatocytes
(H), well organized hepatic
sinusoids (S), Kuppfer cells (K)
and central vein (CV); b, ¢ liver
section of treated rats received
2.4 mg/kg b.w. Ag NPs show-
ing relatively normal hepatic
architecture; d kidney tissues of
untreated rats showing regular
architecture with typical appear-
ance of glomeruli (G) with
abundant Bowman’s capsules
(BC), and distal (DT) and proxi-
mal tubules (PT); e, f kidney
section of treated rats received
2,4 mg/kg b.w. Ag NPs display-
ing normal cellular distribution.
All sections stained with H&E.
scale bars =50 um

2022; Salt et al. 2003). This is consistent with the findings of
Dorostkar et al. (2017), who found an increase in NO levels
in Toxocara vitulorum after treatment with zinc oxide and
iron oxide nanoparticles. Furthermore, Unfried et al. (2007)
found that increasing NO levels destroy subcellular architec-
ture, resulting in worm paralysis, which is supported by our
microscopic findings.

Helminth parasites have a potent antioxidant system,
including CAT and GPx enzymes, to protect themselves
from oxidative stress caused by the host (Khan et al. 2015).
The most crucial defense antioxidants are catalase and GPx,
which turn existing free radicals into less dangerous mole-
cules that assist the body fight them and limit the generation
of new free radical species, and their absence is highly reac-
tive and toxic to the parasite (Chiumiento and Bruschi 2009).
In accordance with previous studies by Brophy et al. (1995)
we found that S. muris collected from treated rats had a con-
siderable decline in the activity of both antioxidant enzymes,
CAT and GPx. Furthermore, it was noted by Mamdoubh et al.
(2022) and Youssef et al. (2022) that reduced antioxidant
enzyme activities were indicators of oxidative stress brought
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on by excessive ROS formation. As a result, suppressing or
disrupting this parasite defense system would be an effective
target that could aid in the eradication of the infection. Also,
GSH is the most abundant non-enzymatic molecule and a
primary component of detoxification pathways, shields the
cell from the harmful effects of endogenous and external
oxidants (Kiran et al. 2019). Concentrations of GSH were
significantly decreased in S. muris collected from treated
rats, which is consistent with Xiong et al. (2011) and Ali
et al. (2012) who suggested that a decrease in GSH content
may be a common response to metal nanoparticle exposure.

In the present study, sections of liver, kidney, and
spleen of Ag NPs treated rats appeared normal with
typical cellular architecture as seen in untreated rats.
According to previous research, nanoparticles enter the
systemic circulation of mammals with low toxicity and
risk (Hillyer and Albrecht 2001; Lansdown 2006). On the
same line, Kuhnel and Nickel (2014) stated that silver
nanoparticles revealed little health effects. Similarly, Ste-
bounova et al. (2011) reported minimal adverse effects of
silver nanoparticles. Additionally, recent research on the
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Fig.8 Photomicrographs of
splenic sections of Wistar rats.
a, b spleen section of untreated
rats showing well defined
splenic architecture, including
healthy lymphoid cells, sinuses
and central artery (CA); c—f
spleen section from treated rats
received 2,4 mg/kg b.w. Ag
NPs showing normal histol-
ogy of both red (RP) and white
pulp (WP). All sections stained
with H&E. scale bars a, ¢,
e=200 um, b, d, f=50 um

toxicity of nano-silver in human tissues has shown that
it can be used as a safe pharmaceutical agent (Hussein
et al. 2020). Moreover, neither Ji et al. (2007) nor Sung
et al. (2011) discovered any evidence of harm caused by
silver nanoparticles. Also, Hagiu et al. (2015) discussed
the use of silver nanoparticles in reconstructive surgery,
degenerative disorders, and anti-aging therapy. Further-
more, Mclaughlin et al. (2016), Urie et al. (2018) and
El-Aassar et al. (2020) reported that metallic nanopar-
ticles facilitate tissue repair and regeneration. Overall,
Ag NPs exhibit anthelmintic effects on S. muris infected
laboratory Wistar rats via oxidative/nitrosative stress and
morphological alterations with no evidence of an adverse

?‘ £ "3“1
5 S
d

impact on host tissues as suggested by Cromwell et al.
(2014) who reported that Ag NPs possess nematicidal
activity that may provide an alternative to high-risk syn-
thetic nematicides.

Conclusion

The current study revealed that Ag NPs possessed poten-
tial anthelmintic activity against Syphacia muris inducing
irreversible damage to the structural architecture of the
cuticle, which might disrupt its physiological processes
and integrity of the body and caused an overproduction of
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reactive oxygen species and a deficiency in the antioxidant
defense system, and offering an alternative for the classi-
cal anthelmintic drugs. This is the first study introduces
in vivo evaluation of Ag NPs efficacy against S. muris
without notable toxicity in laboratory rats. Thus, we can
say that Ag NPs is a promising anthelminthic drug against
infectious agents.
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