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Abstract: Background: Mebendazole is one of the Benzimidazole drugs that are used for treatment of
trichinellosis, but they have a restricted effect against encysted Trichinella spiralis (T. spiralis) larvae in muscles.
Aim: Our aim wasto improve the anthelminthic effect ofmebendazole; so we used mebendazole loaded to silver
nano particles (AgNPs) to evaluate its effect on encysted T. spiralislarvae in muscles compared to the treatment with
mebendazole alone and AgNPs alone. Methods: Thirty (30) female Swiss albino micewereused in this study &
equally divided into five groups. Groupl (G1): served as control negative group (non infected non treated), while the
other 4 groups (G2, G3, G4 & G5) were infected with 400T. spiralislarvae. G2: served as control positive group
(infected non treated), G3: treated with mebendazole (50mg /kg / day), G4: treated with AgNPs (50mg / kg / day) &
G5: treated with mebendazole (20mg / kg / day) loaded to AgNPs. Treatment of mice in G3, G4 & G5 started on
35™day post infection for 5 consecutive days. The duration of the experiment was 40days All mice were sacrificed at
the end of the experiment. Evaluation of the treatment was done by counting T. spiralis larvae, histological
examination of skeletal muscle tissue using Hx& E and Mallory stains, immunohistochemical staining of muscle
tissue using cyclooxygenase-2 (COX-2), scanning electron microscopic study and biochemical measuring of serum
aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatinine and creatinine phosphokinase (CPK).
Results: Our results revealed that each of the three lines of treatment (mebendazole alone, AgNPs alone and
mebendazole loaded to AgNPs) showed significant (p<0.001) reduction in the mean larval count compared to the
infected control. There was significant (p<0.001) reduction in the mean larval count with mebendazole loaded to
AgNPs comparing with the other treated groups. The percentage of reduction was (40.18%,38.46%,92.25%)
respectively. Inthe present work treatment with mebendazole 20mg loaded to AgNPsshowed restoration of nearly
normal appearance of skeletal muscle fibers with marked reduction of inflammatory reaction and COX-2 expression.
while treatment with mebendazole alone showedmoderate damage and necrosis ofmuscle fibers, moderate
inflammatory reaction and COX-2 expression. In AgNPstreated group there wasmild damage and necrosis of
skeletal muscle fibers and mildinflammatory reaction and COX-2 expression. Biochemical results showeda highly
significant (p<0.0001) reduction of AST, ALT, creatinine and CPK levels in all treated mice compared to infected
control group, with highly significant reduction (p<0.0001) in mebendazole loaded AgNPs treated group compared
to the other treated groups. Conclusion: AgNPs improves the anthelminthic effect of mebendazole in treatment of
muscular phase of experimental trichinellosis.
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1-Introduction response. Muscle weakness and myalgia are the

Trichinellosis is a zoonotic disease that common manifestations resulting from muscle damage
transmitted through ingestion of incompletely cooked due to nurse cell formation by the infecting larvae (3).
pork meat containing infective T. spiralis larvae (1) It Benzimidazole drugs are anthelmintic drugs for the
has 2 phases in life cycle the intestinal phase (enteral treatment of trichinellosis (4). However, they have a
phase)where the adults reside in the small intestine limited effect against encapsulated larval stages of T.
while inmuscular phase (parenteral phase)the larvae spiralis (5). Nevertheless, benzimidazole derivatives
encysted in skeletal muscle forming nurse cells have alimited effect by poor water solubility and the
complex) within the same host (2). Subsequently, consequent low bioavailability, (6). Therefore, a high
migrating larvae and their metabolites provokean dose of mebendazole (MBZ) is used for helminthic
immediate reaction, with an inflammatory and allergic infections with many adverse effects. Hepatic and
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haematologic toxicities are the most common severe
side effects. Several studies have shown evidence of
teratogenic effects of MBZ in rats and mice (7). So it
becomes mandatory the development of new
pharmaceutical formulations. Recent advances in
nanoscience and nanotechnology improve the way we
diagnose, treat, and prevent various diseases be causet
hey have characteristic biological effects depends on
the structure and size (8). Silver nanoparticles
(AgNPs) are one of the most important nanomaterials
that are involved in nanomedicine (9). They have been
widely used as antibacterial agents, biomedical
applications, and also as antiangiogenic (10) and
anticancer agents (11) (12). AgNPs achieved a great
attention in biomedical applications due to their
unique physicochemical properties (13). So in the
current work we selected AgNPsto assess its effect in
combination with mebendazole on the muscular phase
of trichinellosis to improve drugabsorbance and
reduce drug toxicity. We evaluate its effect through
parasitological, histological, immunohistochemical,
scanning electron microscopic and biochemical
studies.

2-Material & methods:
2.1.-Experimental animals & infection

Thirty (30) female Swiss albino mice 7-8 weeks
age weighting about 20-25gm. were obtained from
Theodor Bilharz Research Institute (Giza, Egypt).
They were laboratory bred. All animals received
human care in compliance with the Public Health
Service Policy on Human Care and Use of Laboratory
Animals, published by the National Institutes of
Health and were approved by the Ethical Committee
of the College of Medicine, Menoufiya University,
Egypt. They were divided into equally five groups (6
mice / group). The experiment lasted 40 days. T.
spiralis strain was previously genotyped as T. spiralis
by the European Union Reference Laboratory for
Parasites. Superior Institute of Health, Rome, Italy
was obtained from Tanta faculty of medicine by
consecutive passages through rats and mice. The
infected skeletal muscles takenfrom the diaphragm
muscle were cut excised (~2 cm), then digested with
pepsin solution (Pepsin 1g / HCI 1ml / distilled water
to 100ml) for 12 hours (14). The freshly isolated T.
spiralis larvae were counted under a stereomicroscope.
Each mouse in the control positive & experimental
(infected) groups was infected with400 T. spiralis live
larvae per oral feeding gavage tube (14).
Animal groups:

G1: non infected non treated (control negative)

G2: infected non treated (control positive)

G3: infected & treated with mebendazole 50
mg/kg/day for 5 days (15).
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G4: infected & treated with AgNPs50mg/kg/day
for 5 days (16).

G5: infected & treated with mebendazole 20
mg/kg loaded to AgNPs for 5 days.

2.2 Drug:

Mebendazole: was purchased as tablets
(Alexandria CO. for pharmacuticals & chemical
industries. Alexandria-Egypt.). One tablet (100 mg)
was dissolved in 50ml distilled water and given orally
in a dose of 50 mg/kg/day for 5consecutive days
staring on the 35th day post infection (dpi) (15).

2.3. Synthesis of Silver Nanoparticles

The synthesis procedure was done at Theodor
Bilharz Research Institute (Giza, Egypt) using
chemical reduction method according to (17). Briefly,
30 mL of 0.002M sodium Borohydride (NaBH4)
(Sigma-Aldrich) were added in an Erlenmeyer flask
with magnetic stir bar. The flask was putin an ice bath
on a stir plate for about 20 minutes. 2mL of 0.001M
silver nitrate (AgNO3) (Sigma-Aldrich) was added
into the stirring NaBH4 solution. Few drops of 1.5 M
sodium chloride (NaCl) were dripped to the solution.
A small portion of the solution was transferred to a
test tube. A drop of 0.3% PVP (Sigma-Aldrich) was
added. The sample was transferred to toaster oven for
30 minutes. The morphology and UV-absorbance of
AgNPs was analyzed by using transmission electron
microscopy (JEOL, Japan). UV/Visible spectroscopy
(Labomedspectro UV-VIS 2700, USA)was used for
structural characterization of silver nanoparticles. The
particle size was in the range of (~40nm) and spherical
in shape.

2.4. Mebendazole loaded to AgNPS: (18)

Mebendazole 20 mg was loaded into silver
nanoparticles by swelling equilibrium method. After
removing the nanoparticles from the drug solution.
The loading efficiency of drug in the nanoparticles is
monitored spectrophotometrically, at kmax 491.2 nm.
2.5. Counting Trichinella spiralis larvae:

Mice were sacrificed and larvae were obtained
fromskeletal muscle biopsy usingl % pepsin/1 % HCI
for digestion (19). larvae were collected after artificial
digestion of muscles, the collected larvae were washed
two to three times with tap water and suspended in a
conical flask for half an hour to help sedimentation.
Supernatant fluid was discarded and sediment larvae
were microscopically counted using stereomicroscope.
The total number of the larvae were counted for every
mouse.

2.6. Histological & immunological examination:

For light microscopic examination the specimens
were fixed in 10% formalin and processed to prepare 5
um thick paraffin sections for H&E staining, Mallory
trichrome staining, immunchistochemical stain for cox
2 (20) (21). For preparation of semi thin sections,
small pieces of skeletal muscles of each group were
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fixed immediately in 5% gluteraldehyde for 24h. The
specimens were processed and semithin sections were
prepared and stained with toluidine blue stain (22).
2.7. Scanning Electron microscopic (SEM)
examination:

(SEM) processing and examination were carried
out at electron microscopy unit. Faculty of Medicine,
Tanta University, using electron microscope (JEOL,
Japan). according to (23) (24).

Photographs were recorded on Kodak electron
image plates (25).

2.8. Biochemical study:

Blood samples were withdrawn at the end of the
of experiment in plain tubes. They were left at room
temperature for 30 minutes, then centrifuged at 3000
rpm for 15 min. aliquoted and stored at — 20 °C.
Alanine transaminase (ALT),aspartate transaminase
(AST), creatinephosphokinas (CPK) and lactate
dehydogenes (LDH) enzymes were measured by
spectrophotometic methods by using Cobas-C while
total immunoglobin E was measured by automated
immunoassay analyzer Cobas e 411 (Rochecompany —
USA).

2.9. Statistical analysis

Data were analyzed and compared by student's t-
test. The p-value was used to test the significant
change in the experimental animals among the
different groups. The data collected were tabulated as
mean * SD and analyzed using statistical package for
the Social Science Software (SPSS) software (version
17.0 on an IBM compatible computer; SPSS Inc.,
Chicago, Illinois, USA). P value was set at 0.05,
P>0.05 non-significant, P value<0.05 significant and P
value <0.001 highly significant (26).

3-Results:
Parasitological results:
Larval count:
Coiled larvae were seen in the different groups
after digestion of skeletal muscles (Fig.1).
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Fig (1): Trichenilla spiralis larvae after muscle
digestion X 100
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The mean number of totallarvae countin the
treated groups (G3, G4, G5) was significantly (p<
0.001) reduced comparing to the infected non treated
group G2.

While G5 showed asignificant (p<0.001
)reduction in the mean larval count compared to the
other treated groups (G3, G4). The percentage of
reduction in the meanlarval count in (G3, G4, G5) was
40.18%,38.46% and92.25%respectively (Graph.1).
Histological results:

Haematoxylin and Eosin stain

Haematoxylin and Eosin stained sections of
skeletal muscle of G1 showed elongated skeletal
muscle fibers with acidophilic cytoplasm, multiple
peripheral basophilic nuclei and transverse striations
(Fig.2. A &Fig 3. A). Sections of G2 showed heavy
infestation by T. spirallis encapsulated larvae, necrosis
of muscle fibers with loss of striation and nuclei,
heavy lymphocytic infiltration (Figs.2. B & 3. B).
Sections of G3showed also multiple encapsulated
larvae  with thickened capsule with partial
fragmentation of its internal structure, heavy
lymphocytic infiltration, loss of striation and nuclei of
most of fibers with vaculation (Fig. 2. C & Fig 3.
C1,C2), while sections of G4 showed thinning of
larvae capsule, more necrosis of larvae internal
structure, less lymphocytic infiltration around larvae
and less area of necrosis of muscle fibers (Fig.2. D &
Fig. 3. D1, D2). Sections of G5 showed marked
improvement in the form of marked thinning and
destruction of larvae capsule with decrease in size of
larvae, destruction and lysis of larvae's internal
structure, empty spaces at site of dead larvae, more or
less nearly normal skeletal muscle fibers with
peripheral nuclei and striation & no lymphocytic
infiltration (Fig.2. E & Fig 3. E1, E 2).

Graph.1l: The mean number of totallarvae in
muscles ofinfected&treated groups
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SD= the standard deviation. ** Highly significant
(p<0.001).

Histological results:
Haematoxylin and Eosin stain

Haematoxylin and Eosin stained sections of
skeletal muscle of G1 showed elongated skeletal
muscle fibers with acidophilic cytoplasm, multiple
peripheral basophilic nuclei and transverse striations
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(Figs.2. A &Fig.3. A). Sections of G2 showed heavy
infestation by T.spirallis encapsulated larvae, necrosis
of muscle fibers with loss of striation and nuclei,
heavy lymphocytic infiltration (Figs.2. B &Fig.3. B).
Sections of G3showed also multiple encapsulated
larvae  with thickened capsule with partial
fragmentation of its internal structure, heavy
lymphocytic infiltration, loss of striation and nuclei of
most of fibers with vaculation (Fig.2. C &Fig. 3. C1,
C2), while sections of G4 showed thinning of larvae
capsule, more necrosis of larvae internal structure, less
lymphocytic infiltration around larvae and less area of
necrosis of muscle fibers (Fig.2. D & Fig. 3 (D1, D2).
Sections of G5 showed marked improvement in the
form of marked thinning and destruction of larvae
capsule with decrease in size of larvae, destruction and
lysis of larvae's internal structure, empty spaces at site
of dead larvae, more or less nearly normal skeletal
muscle fibers with peripheral nuclei and striation & no
lymphocytic infiltration (Fig.2. E & Fig. 3 E1, E2).
Mallory trichrome stain:

Mallory trichrome stained Sections of G1lshowed
minimal amount of collagen fibers between skeletal
muscle fibers (Fig.4. A). G2 & G3 showed excessive
deposition of collagen fibers around larvae and
between muscle fibers (Figs.4. B & C), whileG4
showed moderate deposition of collagen fibers (Fig.4.
D). G5 showed deposition of mild amount of collagen
fibers around empty spaces of dead larvae and
between muscle fibers (Fig.4. E).
Immunohistochemical stain (COX-2):

Cox 2 stained sections of G1 showed weak
reaction (Fig.5. A) while G2 showed strong positive
reaction around heavy infested larvae and between
muscle fibers (Fig.5. B). G3 showed moderate positive
reaction around capsule and larvae and between
muscle fibers (Fig.5. C), G4 showed mild reaction of
the stain (Fig.5. D)& G5 showed mild to weak
reaction between muscle fibers and around empty
spaces of dead larvae (Fig.5. E).

Toluidine blue stain (Semithin sections)

Semithin sections of G1 stained with toluidine
blue revealed normal skeletal muscle fibers (Fig.6.
A).Sections of G2 revealed part of larvae with thick
capsule, part of its internal structure, congested blood
vessels, hemorrhage with extra vasation of RBCs,
inflammatory cells, adjacent muscle fibers showed
degeneration of some nuclei, some nuclei were
hyperchromatic, other nuclei show karyolysis (Fig.6.
B). Sections of G3showed picture more or less near to
G2with fragmentation of internal structure of larvae
(Fig.6. C), while sections of G4 showed marked
thinning of larvae capsule with decrease of size of its
internal structure with some inflammatory cells (Fig.6.
D) and degeneration of muscles in both groups (Fig.6.
C & D). On the other hand, G5 revealed marked
improvement with destruction and lamination of
capsule of larvae andlysis of its internal structure, less
inflammatory cells & skeletal muscle fibers appeared
within normal (Fig.6. E1 , E2).

Scanning Electron microscope (SEM) results:

Scanning electron microscope of T.spiralislarvae
of G2 showed normal cuticle with transverse creases
and longitudinal ridges ((Fig.7. B1-B2). There was
marked morphological changes in the larvae of treated
groups . The larvae in G3 showed multiple vesicles
and blebs on the cuticle ((Fig.7. C1, C2). while the
larvae in G4 showedsloughing of some areas of the
cuticle with fissures and small blebs ((Fig.7. D1, D2).
On the other hand the larvae in G5 showed destruction
and deformity of the cuticle with formation of a
cauliflower masses ((Fig.7. E1, E2).

Biochemical results:

Revealed that there was a highly (P<0.0001)
significant decrease in serum levels of, ALT, AST,
CPK, Creatinine and LDH in the serum of the treated
groups G3, G4, G5 compared to the infected control
G2. There was a highly significant (P<0.0001)
reduction in the mean levels of AST, ALT, CPK,
Creatinine and LDH in G5 as compared with their
levels in G2, G3, G4 (Table 1).

Table 1: Serum biochemical parameters in the different groups

Gl G2 G3 G4 G5 F P. value
ALT: (U/ml) 30.35+0.65 |69.67+2.66 57.27+3.88 58.71+4.66 47.1+4.1 284.3 |0.000
AST: (U/ml) 121.64+1.34 |170.55+4.72 |160.15+5.20 |160.54+6.70 |147.9+¥11.53 |227.8 |0.000
CPK: (IU/L) 52.58+1.16 |500.30+14.27 |384.50+21.67 |210.00+64.17 |94.6%16.2 421.5 10.000
Creat: (mg/dl) |1.53+0.13 2.96+0.28 2.75+0.45 2.50+0.14 1.97+0.19 56.3 0.000
LDH: (mg/dl) |151.2+3.6 455.6+5.68 397.7+11.9 204.948.3 165.5+8.3 3072.1 10.001

Highly significant (p<0.001).
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Fig (2): A) photomlcrograph of Hx & E stained Sectlon of skeletal muscle of (A): (G1) showmg normal elongated skeletal
muscle fibers (arrow) with acidophilic cytoplasm, multiple peripheral basophilic nuclei and transverse striations. (B): (G2)
showing heavy infestation of Trichinella spiralis encysted larvae (arrow). Area of necrosis of muscle tissue (curved arrow) &
heavy lymphocytic infiltration (I): (C) (G3) showing multiple encysted larvae with partial necrosis (arrow), heavy lymphocytic
infiltration (1), area of necrosis in muscle (curved arrow). (D): (G4) showing few larvae with mild necrosis (arrows), mild
lymphocytic infiltration (I) & minimum degeneration in muscle fibers (curved arrow). (E): (G5) showing very few small larvae
(arrow), nearly normal skeletal muscle flbers (curved arrow) & no Iymphocytlc infiltration (H & E x100).

Fig 3: A photomlcrograph of Hx & E stained sections of skeletal muscle of: (Gl A) showmg normal elongated skeletal muscle
fibers (F) with acidophilic cytoplasm, multiple peripheral basophilic nuclei and transverses striations. (G2: B) showing complete
encysted larva (arrow), with thick wall (curved arrow), ghosts of necrotized tissue (N)&congested blood vessels (C). (G3: C1,
C2) showing: Larva with thickened capsule and fragmentation of its internal structure (arrow), lymphocytic infiltration (1),
necrotized tissue (curved arrow), loss of nuclei (asterisk). (C2): showing larvae with thickened capsule (arrow), loss of striations
and nuclei of muscle fibers (curved arrow) & vacuolation of some muscle fibers (V).(G4: D1, D2) (D1): showing thinking of
larvae capsule (curved arrow), partial necrosis of larva (arrow), heavy lymphocytic infiltration around larvae (I)&areas of
necrosis in muscle fibers (asterisk). (D2): showing larva with some necrosis () arrow) & thinned capsule(curved arrow), moderate
lymphocytic infiltration (I)&mild degradation in some muscle fibers (F). (G5: E1, E2, E3). (E1): showing larvae with very thin
partially destructed capsule (curved arrow), marked lysis of larvae (arrow), empty spaces at site of dead larvae (asterisk), muscle
fibers more or less near normal & nuclei start to appear (F). (E2): showing small size larva (curved arrow) with marked lysis of
its internal structure (arrow) and more or less normal skeletal muscle fibers with peripheral nuclei & striations (F). (E3): showing
very small shrunken larva with very thin capsule (arrow), muscle fibers appear nearly normal & nuclei starts or appear (F)
(Hz&Ex400).
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Fig. (4): A photomicrograph of Mallory trichrome stained sections of skeletal muscle of (G1: A): showing normal
elongated skeletal muscle fibers (red) with minimal amount of blue collagen fibers between the muscle fibers
(curved arrows). (G2: B): showing massive deposition of blue collagen fibers around larvae and between muscle
fibers (arrows) (G3: C): showing marked deposition of collagen fibers around larvae (arrows) and between muscle
fibers (curved arrows). (G4: D): showing moderate deposition of collagen fibers around larvae (arrows)&in between
muscle fibers (curved arrows)/(G5: E): showing mild amount of collagen fibers around empty larvae (arrow) and in
between muscle fibers (curved arrows) (Mallory x200)
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Fig. (5): A photomicrograph of COX2 immunohistochemical stained sections of skeletal muscle of (G1: A): showing weak
reaction between muscle fibers (curved arrow). (G2 B): showing strong reaction around larvae (arrows) and between nuclei fibers
(curved arrows). (G3: C): showing moderate reaction around capsule and no larvae (arrows) and between muscle fibers (curved
arrow). (G4: D): showing mild reaction around larvae (arrows) and between muscle fibers (curved arrows). (G5: F): showing
mold to weak reaction around empty larvae (arrow) and between muscle fibers (curved arrows) (COX2x400).
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Fig (6) A photomicrograph of toludine blue stained sections of skeletal muscle of: (G1: A): showing skeletal muscle
fibers with striations (arrow) & peripheral nuclei (N). (G2: B): showing part of larvae with thick capsule (arrow),
elongated blood vessels (C), extra vasated RBCs (R), inflammatory cells (1), hyper chromatic nuclei (N), karolytic
nuclei (curved arrow), degenerated muscle fibers (asterisks). (G3: C) showing larva with thickened capsule (arrow,
small sized internal structure (curved arrow) & inflammatory cells (). (G4: D): showing larvae with markedly
thinned capsule (arrow) and small sized internal structure (curved arrow) & degenerated muscle fibers (asterisks).
(G5: E1, E2): (E1): showing partial destruction of larval capsule (arrow), fragmentation of its internal structures
(curved arrow), nearly skeletal muscle fibers with normal striations (F) and few inflammatory cells (I). (E): showing
destruction of the wall of the capsule (arrow, marked lysis of the internal structure (curved) & nearly normal skeletal
muscle fibers (F) (Toludine blue x1000).
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Fig (7): Scanning electron microscope of Trichinella spiralis larva:(G2 B1&B?2): showing normal cuticle with
transverse creases (blue arrow) and longitudinal ridges (yellow arrow). (G3: C1&C2): showing multiple vesicles
(yellow arrow) and blebs (blue arrow). (G4: D1&D2): showing sloughing of some areas of the cuticle (red arrow)
with fissures (blue arrow) and blebs (yellow arrow). (G5: E1&E?2): (E1) there are large cauliflower masses (yellow
arrow) on the cuticle and fissures (blue arrows). (E2) there are fissure with loss of normal annulation, destruction of
the cuticle (yellow) and multiple vesicles (blue arrows).
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4. Discussion

Trichinellosis is a worldwide zoonotic disease,
affects mainly muscles, butit can be a serious disease
with fatal complications such as myocarditis and
encephalitis (27). The classical medical treatment
includes mebendazole or albendazole had a limited
effect in treating the muscular phase of T. spiralis (28)
(29 & 24). Application of mebendazole at the early
stage of infection may be effective but unluckily, for
most cases it is diagnosed several weeks after
infection, when the larvae have already established
themselves in the muscles. In the current study we
tried to investigate the therapeutic effect of
mebendazole 50mg/kg/day, AgNPs50mg/kg/day and
mebendazole20mg/kg loaded to AgNPs on encysted T.
spiralis larvae. The better outcome of mebendazole
loaded AgNPs has been proved by our results. We
demonstrated that each of the three lines of treatment
reduced the number of T. spiralis larvae in muscles
but using mebendazole20 mg/kg loaded to AgNPs
gave significant reduction in the mean larval count of
T. spiralis compared to the effect of mebendazole
50mg/kg alone or AgNPs50mg/kg alone. Our results
were in accordance with (30) who observed that there
was improvement in pharmacological properties and
therapeutic effect of an albendazolenano-particles in
dogs. Similarly (31) found that brain-eating amoebae,
which are almost always deadly, killed by AgNPs
coated with anti-seizure drugs .

Thehistological results revealed that treatment
with mebendazole alone showed mild reduction in
number of larvae, with heavy lymphocyitic
infiltaration, necrosis and persistent damage of skeletal
muscle fibers with loss of striations and lysis of the
nuclei. The results were in agreement with (32) who
stated that mebendazole is unable to kill encapsulated
larvae of experimentally infected mice because of their
low water solubility that limits its absorption. This
also in agreement with (28) who gave mebendazole to
92 infected individual and revealed that the parasite
was surrounded by inflammatory cells, no
degeneration or calcifications of larvae and the capsule
is markedly thickened after treatment. While in
AgNPs treated group there was mild reduction in
larvae count and thinning of larvae capsule, more
necrosis of larvae internal structure, less lymphocytic
infiltration around larvae and less area of necrosis of
muscle fibers. Our results were in accordance with
others (8) concluded that AgNPs and Chitosan NPs are
considered potent therapies in the treatment of
toxoplasmosis and giardiasis. (33) found that AgNPs
has antileshmanial effect (34) also found
antifascioliasis effect to AgNPs. Nanosilver also has
antifilarial activity (35) (36)&(37) through reduction
in ATP content of the cell, causing damage to
mitochondria and increased production of Reactive
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Oxygen pecies (ROS). Our results revealed decrease
in the amount of collagen fibers in the group treated
with mebendazole loaded AgNPs compared with the
other groups this was in agreement with (38) who
revealed increase in the amount of collagen fibres due
to the presence of the larvae in muscles. Death of
larvae with our treatment explained the reduction of
collagen fibres. Also imunohistochemical results
showed that there was marked reduction in COX-
2expression with mebendazole loaded to AgNPs in
comparison to the other groups as COX-2 increased
with infection due to damage of muscle fibers and
release of prostaglandins from archidonic acid by
cyclooxoginase  enzyme.  COX-2increased in
inflammation and its reduction indicates decrease of
inflammatory process within the muscles (39).
Semithin sections and scanning electron microscope
(SEM) showed pronounced thinning of the capsular
wall, blebing and damage to the wall of the encysted
larvae that was treated with mebendazoleloaded
AgNPs. One of the hallmark effects of any
anthelmintic drug was the destruction of the worm's
surface (40). The blebbing is an attempt by the
parasite to replace damaged surface membrane in
response to drug action (41). The released positive
silver ions can bind negatively charged cell membrane
to interfere membrane integrity (42). Ag+ ions may
also adhere to the membrane wall, causing holes
through which they also can penetrate inside the
organism (43). This was in agreement with (44) who
foundmarked destruction of the cuticle of T. spiralis
adult treated with chitosan loaded to albendazole. In a
similar way (34) observed perforations on the egg
surface of Fasciola treated in vitro with the
triclabendazole and AgNPs. Also (45) reported that
Schistosoma manson icercariae treated with Ag NPs
(10 pg/ml) 30 min after exposure showed; thinning of
tegument with focal loss of spines and edematous
swelling of the muscle layer. So AgNPs empower and
accentuate the action of mebendazole.

In the present study, biochemical results showed
a significant increase in levels of AST, ALT,
Creatinine, CPK and LDH in infected control group as
compared with non-infected group. This change is due
to hepatic and renal damage caused by the migrating
larvae (46). Increased levels of these enzymes were
related to the number of larvae inoculated (47). This
agreed with (48) (2). On the other hand, there was
improvement of biochemical parameters in all treated
groups. This was in agreement of (49) (2) who
reported highly significant reduction in AST&ALT,
decrease in urea and creatinine levels after the early
treatment of trichinellos is with ivermectin. Our study
revealed marked improvement of the biochemical
parameters in G5 that received mebendazoleloaded to
AgNPs compared to the other groups which attributed
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to the potent larvicidal effect of the drug combination
as AgNPs accentuate the larvicidal effect of
mebendazoleby means of alteration in the enzyme
activity of the parasite resulting in parasitic death (50).
(51) observed no significant changes in ALT &
creatinine levels after using AgNPs in rats from the
control mice On the other hand, (52)found a
significant increase in LDH after AgNPs
administration to mice in a dose of 1gm/kg/day for 30
days. Also, (16) observed the increasing levels of
AST, ALT, ALK with AgNPs in a dose of1 mg/kg for
24 days. The difference from our results may be due to
the difference in the dose and duration of AgNPs used.
(42) stated that several investigators (53) (54)&(55)
studied the levels of (AST) and (ALT), the markers for
hepatotoxicity, in plasma after oral exposure of
AgNPs and demonstrated that AST and ALT levels do
not increase despite the higher oral exposure
(>500mg/kg bw) of AgNPs (~60nm) for 28-day except
mild enhancements of alkaline phosphatase and
cholesterol levels signifying no indication of acute
hepatotoxicity. The properties of AgNPs improve the
effect of the antiparasitic drugsin both the systemic
and local route controlling tissue distribution, cellular
uptake and penetration through biological barriers (56
& 57).

Finally, we concluded that mebendazole loaded
to AgNPs has a novel therapeutic effect in treatment of
the muscular phase of trichinellosis. This was proved
through its significant reduction in the mean number
of larval count & its effect on the cuticle of T. piralis
larvae causing its damage as evidenced by E/M.
Additionally the marked improvement in the affected
muscle in the form of its ability to reduce the
expression of the inflammatory marker COX-2in
muscle and decrease of collagen fibers around empty
spaces of dead larvae and between muscle fibers.
Further studies are required to fully understand their
possible toxicity and to investigate the molecular basis
for the mechanism of action.

The present study had some limitations. As, we
did not evaluate the effect of this combination on the
functional activity of affected skeletal muscles.

Acknowledgment

We are grateful to Professor Ibrahim Shalash of
Theodor Bilharz Research Institute for his guidance
andinvaluable insights in AgNPs preparation.

References:

1. Sun, G. G, Liu, R. D., Wang, Z. Q.,, Jiang,
P., Wang, L., Liu, X. L. et al. New diagnostic
antigens for early trichinellosis: The
excretory-secretory antigens of Trichinella
spiralis intestinal infective larvae. Parasit.
Res. 114(12):4637+644. (2015).

43

10.

11.

Nada, S. M., Mohammad, S. M., Moad, H. S.
F., El-Shafey, M. A., Ghandour, A. M. F,,
Ibrahim, N.2018: Therapeutic effect of
nigella sativa and ivermectin  versus
albendazole on experimental trichinellosis in
mice. J. Egypt. Soc. Parasitol. (JESP), 48(1),
85 —92. (2018)

Kyung Park, M., Jeong Kang, Y, Ok Jo, J.,
Wan Baek, K., Sun Yu, H., Hyun Choi., Jae
Cha, H., Sun Ock, M.: Effect of Muscle
Strength by Trichinella spiralis Infection
during Chronic Phase. Int. J. Med. Sci. 15(8):
802-807. (2018)

Gottestein, B., Pozio, E., Nockler, K.:
Epiolemiology, diagnosis, treatment and
control of tri-chinellosis. Clin. Microbiol.
Rev. 22:127-45. (2009)

AbouRayia, D. M., Saad,, A. E., Ashour, D.
S., Oreiby, R. M.: Implication of
artemisininnematocidal activity on
experimentaltrichinellosis: In vitro and in
vivo studies Parasitology International 66 56—
63. (2017)

Codina, AV., Garcia, A., Leonardi, D.,
Vasconi, M. D., Di Masso, RJ. et al. ()
Efficacy of albendazole: B-cyclodextrin
citrate in the parenteral stage of
Trichinellaspiralis infection. Int J
BiolMacromol 77: 203-206. (2015).

de la Torre-Iglesias, P. M., Garcia-Rodriguez,
J. J.,, Torrado, G., Torrado, S., Torrado-
Santiago, S., Bolas-Fernandez, F. Enhanced
bioavailability and anthelmintic efficacy of
mebendazole in redispersiblemicroparticles
with low-substituted hydroxypropylcellulose
Drug Design, Development and Therapy »
818) 1467-1479. (2014).

Abaza, S. M.: Applications of nanomedicine
in parasitic diseases Parasitol. Unit. J. 9:1-6.
(2016)

Zhang, X. F., Guo Liu, Z., Shen, W and Bing
Yan, S. G: Silver Nanoparticles: Synthesis,
Characterization, Properties, Applications,
and Therapeutic Approaches Int J Mol Sci.
17(9): 1534. (2016)

Gurunathan, S., Lee, K. J., Kalishwaralal, K.,
Sheikpranbabu, S., Vaidyanathan, R., Eom, S.
H.: Antiangiogenic properties of silver
nanoparticles. Biomaterials. 30(31):6341—
6350. (2009)

Sriram, M. I., Kanth, S. B. M., Kalishwaralal,
K., Gurunathan, S.: Antitumor activity of
silver nanoparticles in Dalton’s lymphoma
ascites tumor model. Int J Nan. Med. 5:753—
762. (2010)



Journal of American Science 2019;15(5)

http://www.jofamericanscience.org

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

Gurunathan, S., Han, J. W., Eppakayala, V.,
Jeyaraj, M., Kim, J. H.: Cytotoxicity of
biologically synthesized silver nanoparticles
in MDA-MB-231 human breast cancer cells.
Biomed Res Int. 2013:535796. (2013)
Venkatesan, J., Singh, SK., Anil, S., Kim,
SK.,, and Shim. MS.: Preparation,
Characterization and Biological Applications
of Biosynthesized Silver Nanoparticles with
Chitosan-Fucoidan Coating (2018).
Molecules, 12;23(6).1429

Siriyasatien, P., Yingyourd, P., Nuchprayoon,
S.: Efficacy of albendazole against early and
late stage of Trichinellaspiralis infection in
mice. J Med Assoc Thai 86 Suppl2: S257-62.
(2003)

McCracken RO20- Efficacy of mebendazole
and albendazole against Trichinellaspiralis in
mice J Parasitol. 64(2):214-9. (1978)
Cameron, S. J., Hosseinian, F. and Willmore,
W. G.: A Current Overview of the Biological

and Cellular Effects of Nanosilver. Int. J.
Mol. Sci.19, 2030. (2018)
Solomon, S. D., Bahadory, M.,

Jeyarajasingam, A. V., Rutkowsky, S. A,
Boritz, C. and. Mulfinger, L. Synthesis of
Silver Nanoparticles J. Chem. Edu., 84, 322-
325, (2007).

Ravindra, S., Mulaba-Bafubiandi, A. F.,
Rajinikanth, V., Varaprasad, K., Narayana
Reddy, N.: Development and
Characterization of Curcumin Loaded Silver
Nanoparticle Hydrogels for Antibacterial and

Drug Delivery Applications J
InorgOrganometPolym 22:1254-1262K.
(2012).

DUNN, I. J., WRIGHT, K. A.: Cell injury
caused by Trichinellaspiralis in the mucosal
epithelium of B10 A mice. J. Parasitol., 71:
757 — 766. (1985)

Kiernan JA. Histological and histochemical
methods: theory and practice. 3"d. London,
New York & New Delhi: Hodder Arnold;
2001.

Bancroft J, Gamble A. Theory and practice of
histological techniques. 6th ed. New York,
London: Churchill Livingstone; 2008. pp.
165-175.

Hayat MA. Chemical fixation, chapter 2. In:
Hayat MA., Principles and techniques of
electron microscopy: biological applications.
4th ed. UK: Cambridge University Press;
2000. pp. 4-85.
Lichtenfels LR, Murrell
Comparison  of three

KD, Pilitt PA.
subspecies  of

44

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Trichinellaspiralis by scanning electron
microscopy. JSTOR.69(6):1131-1140 (1983).
Othman, A. A. and Shoheib Z. S.:
Detrimental effects of geldanamycin on
adults and larvae of
TrichinellaspiralisHelminthol., 53, 2: 126 —
132(2016)

MOLLENHAUER, H. H.: Plastic embedding
mixtures for use inelectron microscopy. Stain
Technol., 39: 111 — 114. (1964)-.

Peat, J, and Barton, B.: Medical statistics. A
Guid to data analysis and critical appraisal.
First  Edition.  Wiley-Blackwell.113-19.
(2005)

Bai, X., Hu, X., Liu, X., Tang, B. and Liu,
M.: Current Research of Trichinellosis in
China Front. Microbiol., 2;8:1472. (2017)
Pozio, E., Sacchini D.,. Sacchi L, Tamburrini,
A. Alberici, F: Failure of Mebendazole in the
Treatment of Humans with Trichinellaspiralis
Infection at the Stage of Encapsulating
Larvae. Clin. Infec. Dis., 32, ( 4), 15;638—
642. (2001).

McCarthy, J. S. and Moore, T. A. in Mandell,
Douglas, and Bennett's Principles and
Practice of Infectious Diseases (Eighth
Edition), Drugs for Helminths. (2015).
Paredesa, A. J., Litteriob, N., Dibc, A,
Allemandia, D. A., Lanussed, C., Brunid, S.
S., and Palmaa, S. D.: A nanocrystal-based
formulation improves the pharmacokinetic
performance and therapeutic response of
albendazole in dogs. J. Pharm. and
Pharmacol., 70, 51-58. (2018).

Anwar, A., Rajendran, K., Siddiqui, R., Shah,
M. R., and Khan, N. A.: Clinically-approved
drugs against CNS diseases as potential
therapeutic agents to target brain-eating
amoebae. ACS Chem. Neuro. (2018).
Prichard, R. K.: Markers for benzimidazole
resistance in human parasitic nematodes,
Parasitology 134 (8) 1087-1092. (2007).
Allahverdiyev, A. M., Abamor, E. S,
Bagirova, M., Ustundag, C. B., Kaya, C.,
Kaya, F., Rafailovich, M.: Antileishmanial
effect of silver nanoparticles and their
enhanced  antiparasitic  activity  under
ultraviolet light. Int J Nanomedicine.
6(3):2705-14. (2011).

Gherbawy YA, Shalaby IM, Abd El-sadek
MS, Elhariry HM and Banaja AA,: The anti-
fasciolasis properties of silver nanoparticles
produced by Trichodermaharzianum and their
improvement of the anti-fasciolasis drug
Triclabendazole. Int J MolSci 14:21 887-21
898 (2013).



Journal of American Science 2019;15(5)

http://www.jofamericanscience.org

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

Saini, P., Saha, S. K., Roy, P., Chowdhury,
P., SinhaBabu, S. P.: Evidence of reactive
oxygen species (ROS): mediated apoptosis in
Setariacervi induced by green silver
nanoparticles from Acacia auriculiformis at a
very low dose. Exp. Parasitol. 160, 39-
48(2016).

Satyavani, K. Gurudeeban, S. Ramanathan, T.
and Balasubramanian, T.: Toxicity Study of
Silver  Nanoparticles Synthesized from
Suaedamonoica on Hep-2 Cell Line Avicenna
J Med Biotechnol. 4(1): 35-39.2012.

Zhang X and Gurunathan. S: Combination of
salinomycin  and  silver  nanoparticles
enhances apoptosis and autophagy in human
ovarian cancer cells: an effective anticancer
therapy. Int J Nanomedicine. 11: 3655-367.
(2016).

J. Xu, X. Bai, L. B. Wang, H. N. Shi, J. W. B.
VAN DER Giessen, P. Boireau, M. Y. Liu,
X. L. Liu: Immune responses in mice
vaccinated with a DNA vaccine expressing
serine protease-like protein from the new-
born larval stage of Trichinellaspiralis,
Parasitology 144 (2017) 712—719.

Bondesen, B. A., Mills, S. T., Kegley, K. M.
and Pavlath, G. K.: The COX-2 pathway is
essential during early stages of skeletal
muscle Regeneration. Am J Physiol Cell
Physiol 287: C475-C483, (2004).

Xiao, S. H., Guo, J., Cholle, T. J., Wu, J,,
Tanner, M., Utzinger, J.: Effect of artemether
on  Schistosomajaponicum:  dose-efficacy
relationship, and changes in  worm
morphology and histopathology, Chin. J.
Parasitol. Parasit. Dis. 22,148-153. (2003).
Stitt, A. W. and Fairweather, I.: Fasciola
hepatica: tegumental surface changes in adult
and juvenile flukes following treatment in
vitro with the sulphoxide metabolite
oftriclabendazole (Fasinex), Parasitol. Res.
79, 529-536(1993).

Marambio-Jones, C. and Hoek, E. M. V.: A
review of the antibacterial effects of silver
nanomaterials and potential implications for
human health and the environment. J Nano
Res 12(5):1531-15. (2010)

Mandal, A. K.: Silver Nanoparticles as Drug
Delivery Vehicle against Infections Mini
Review Volume 3 Issue 2 — 2017Glob J
Nano. 3(2): 555607. (2017).

Nassef, N. E., Moharram, I, M., Atia, A. F.,
Barakat, R. M., AbouHussien, N. M.,
Mohamed, A. S.: Theraputic efficacy of
chitosan nano particles and albendazole in

45

45,

46.

47,

48.

49,

50.

51.

52.

53.

54,

intestinal murine trichinellosis.
JEPS.48(3):394-502. (2018).

Moustafa, M. A., Mossalem., H. S., Sarhan,
R. M., Abdel-Rahman. A., AHassan, E. M.:
The potential effects of silver and gold
nanoparticles as  molluscicides  and
cercaricides on  Schistosoma  mansoni.
Parasitol. Res.117, (12), 3867—-3880. (2018).

Gamble, H, Wisnewski, N, Wasson, L.:
Diagnosis of trichinellosis in swine by
enzyme immunoassay using a synthetic
glycan antigen. Am. J. Vet. Res. 58:1417-21.
(1997).

Ribicich, M., Gamble, H. R., Rosa, A,
Sommerfelt, 1., Marquez, AMira, G,
Cardillo, N., Cattaneo, M. L., Falzoni, E.,
Franco, A.,. Clinical, haematological,
biochemical and economicimpacts of
Trichinellaspiralis infection in pigs Vet.
Parasitol. 147265-270. (2007).

Mikhail, E.: The occurrence of T. spiralis
larvae in tissues other than skeletal muscles.
J. Egypt. Soc. Parasitol. 9, 1:269-72. (1979).

Soliman, G. A., Taher, E. S., Mahmoud, M.
A.. Therapeutic effects of Dormectin,
ivermectin and levamisole against different
stages of Trichinellaspiralis in rats. Turk.
Parasitol. Deg. 35:86-91. (2011)

Rashid, M. M., Ferdous, J., Banik, S., Islam,

M. R., Uddin, A. M. Robel, F. N.:
Anthelmintic activity of silver extract
nanoparticles  synthesized  from  the

combination of silver nanoparticles and M.
Charantia. Fruit extract. BMC Complement.
Altern. Med. 16, 242 (2016).

Hendi,A.: Silver nanoparticles mediate
differential responses in some of liver and
kidney functions during skin wound healing
J.K.S. U. Sci. 23, (1), 47-52. (2011).

Yousef, J., Hendi, H., Hakami, F. S., Awad,
M. A., Alem, A. F., Hendi, A. A., Khaled
Ortashi, K. and Al- Mrshoud, M. F.: Toxicity
of Silver Nanoparticles after Injected
Intraperitoneally in Rats. J. Amer. Sci.8(3)
(2012).

Aleman. C. L., Mas, R. M., Rodeiro, 1., Noa,
M., Hemandez, C., et al.: Reference database
of the main physiological parameters in
Sprague-Daw-ley rats from 6 to 32 months.
Lab. Anim. 32: 457-466. (1998).

Petterino, C. and Argentino, S. A.: Clinical
chemistry and haematology historical data in
control Sprague-Dawley rats from pre-
clinical toxicity studies. Exp. Toxicol. Pathol.
57(3): 213-219. (2006).



Journal of American Science 2019;15(5)

http://www.jofamericanscience.org

55. Kim, Y.S., Kim,J.S., Cho, H. S., Rha, D. S,,
Kim, J. M. et al.. Twenty-eight-day oral
toxicity, genotoxicity and gender-related
tissue distribution of silver nanoparticles in
Sprague-Dawley rats. InhalToxicol 20(6):
575-583. (2008).

56. Jo, D. H., Kim, J. H., Lee, T. G., Kim, J. H.:
Size, surface charge, and shape determine

5/15/2019

46

57.

therapeutic effects of nanoparticles on brain
and retinal diseases. Nanomedicine 11:1603-
1611. (2015).

Della Pepa, M. E., Martora, F., Finamore, E.,
Vitiello, M., Galdiero, M., Franc, G.: Role of
Nanoparticles in Treatment of Human
Parasites. Nanotech. Appl. Pharmac. Technol.
307-333. (2017).



