
Introduction

Trichinellosis is a global serious zoonotic
parasitic disease induced by the genus Trichinella.
Different developmental stages of Trichinella

spiralis, adult, migratory and encysted larvae are
found in the same host and affects a wide diversity
of mammal as well as human, so this parasite has
been commonly used as an experimental model to
evaluate the effect of many anthelmintic agents [1].
Human infections occur mainly through the
consumption of infective larvae found in
undercooked pork meat products [2]. Benzimidazole
derivatives such as albendazole, flubendazole and
mebendazole are the main anthelmintic drugs used

for  the treatment of trichinellosis [3]. Nevertheless,
they have restricted bioavailability with  the risk of
resistance and weak activity against encapsulated
muscle larvae [4]. Additionally, some of these drugs
are contraindicated in pregnant women and children
under three years old [1], while others are supposed
to be carcinogenic [5]. Consequently, efforts to
recover safe and effective antitrichinellosis drugs
are required, especially those derived from
medicinal plants [1], as they have less toxicity and
are free from adverse effects [6].

Myrrh, resinous exudate, derived from the stem
of Commiphora species and comprises gum,
volatile oil and resin. It is one of the most
commonly used plant exudates in traditional
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medicine as it retains antipyretic, analgesic,
antibacterial and antifungal properties [7]. Moreover,
myrrh possesses fasciolocidal, schistosomicidal,
insecticidal, molluscicidal activities and an effective
activity against both intestinal and muscular stages of
T. spiralis [6].

Synthesis of metal nanoparticles (NPs) is a
growing research area due to the extensive
applications in several fields such as medicine,
electronics, and energy [8]. Noble metals such as
gold (Au), silver (Ag) and platinum (Pt) are
considered as the most important classes of metal
NPs [9]. Among the noble metal NPs, AgNPs have
emerged as one of the fastest growing materials
owing to their unique physical, chemical and
biological properties. The small sized particles and
the large surface area of AgNPs are the main
features responsible to their potent antimicrobial
activity against a wide range of pathogenic
microorganisms [10].

The production of significant amounts of AgNPs
is attained with several physical and chemical
techniques comprising laser ablation, lithography
and the photochemical reduction [11]. Nevertheless,
synthesis techniques remain relatively expensive
and sometimes require the consumption of some
hazardous moieties  [12]. Biosynthesis of AgNPs
using biological sources such as bacteria, fungi
[13], yeast [14] and plants has been investigated for
the green synthesis of AgNPs due to the major
advantage of this synthesis procedure in protecting
the environment (eco-friendly) [15]. Several plant
species have been used in this regard, however, only
few available reports concerning the antiparasitic
activity of metal nanoparticles have been reported.
For example,  Marimuthu et al. [16]  studied the
efficiency of AgNPs against larvae of Anopheles

subpictus, Rhipicephalus microplus and Culex

quinquefasciatus. Said et al. [17] validated the
antigiardial activity of silver, chitosan and curcumin
nanoparticles. Kar et al. [18] studied the
effectiveness of gold nanoparticles derived from a
Nigrospora oryzae fungus against Raillietina sp.
Karamustafa et al. [19] examined in vitro effect of
myrrh extract on the viability of Schistosoma

mansoni cercariae. 
However, to the best of our knowledge, no

reports related to in vitro AgNPs anthelminthic
effect against T. spiralis larvae are accessible.

In this study, new series of stable densely
discrete AgNPs were produced via a green synthesis
approach using the natural non-toxic extract of

myrrh as well as the common chemical approach.
Myrrh extract has been employed as reducing and
capping agent for the synthesis of AgNPs. In
addition, in vitro anthelmintic properties of
chemical and biosynthesized AgNPs on Trichinella

spiralis muscle larvae have been investigated. 

Materials and Methods

Silver nitrate (AgNO3) and sodium borohydride
(NaBH4, 99.99%) were purchased from Sigma-
Aldrich (MO, USA). Polyvinyl pyrrolidone (PVP,
M. wt 25K) was obtained from Fisher Scientific
(NJ, USA). The myrrh used in this study was
purchased from a local commercial store in Assiut
city, Egypt.

The strain of Trichinella spiralis isolated from a
naturally infected pig were obtained from El-
Bassatine Abattoir, Cairo, Egypt.

Infectivity of mice with Trichinella spiralis 

T. spiralis strains were maintained by consecutive
in vivo passages in BALB/c mice at the animal
house of Assiut University (Assiut, Egypt) under
specific pathogen-free conditions in accordance
with the institutional and national guidelines.
Animals were fed on a standard diet and tap water.
Stool examination of the mice was performed prior
to the study to ensure the absence of any possible
parasitic infection. Mice were orally infected with
300 T. spiralis larvae/mouse [20]. Larvae were
obtained by enzymatic digestion of skeletal muscle
from mice 30 to 90 days post infection (pi) as
previously described [21].

Preparation of myrrh methanolic extract

The myrrh used in this study was purchased
from a local commercial store in Assiut city, Egypt.
It is the oleo-gum resin exudate of Commiphora

myrrha imported from Somalia. Its identity was
confirmed through examining its organoleptic and
chemical properties [22]. A specific weight (250 g)
was pulverized to fine powder and macerated in 1 l
of methanol for 24 h. Ultrasonication for 1 h was
applied, to speed up the extraction process and
enhance the yield thereof, then the attained extract
was filtered. The aforementioned procedure was
repeated five times. All methanolic extracts were
collected together and evaporated by means of a
rotary evaporator under reduced pressure at 40ºC to
obtain a dried residue (59.5 g) representing the
alcohol-soluble portion of the used exudate
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(namely, the essential oil and the alcohol-soluble
resins). 

Green synthesis (biosynthesis) of silver

nanoparticles (AgNPs) using myrrh extracts

Silver nanoparticles (AgNPs) at a concentration
of 100 µg/ml were prepared via green biosynthesis
approach as previously described with some
modification [23]. In brief, 5 g of myrrh extract was
added to 100 ml distilled water in an Erlenmeyer
flask and allowed to heat at 80ºC for 3 h (to make a
final concentration of 5% w/v). Afterwards, the
aqueous myrrh extract was set aside to cool down
and then, filtered using Whatman filter paper.

In a round bottom flask, 1.1 mM AgNO3
solution in 20 ml distilled water was added to 20 ml
of the previously prepared myrrh extract. The
mixture was vigorously stirred on a magnetic stirrer
with a hot plate for one hour. The formation of
AgNPs was indicated by changing of interaction
solution into yellow and then green.

Chemical synthesis of AgNPs using sodium

borohydride (NaBH4)
AgNPs were synthesized, at a concentration of

100 µg/ml, according to previously reported method
[24]. In brief, 4 mM of freshly prepared sodium
borohydride (NaBH4) were dissolved in 20 ml
distilled water to which 20 ml aqueous 1.1 mM
silver nitrate (AgNO3) solution was added in a drop
wise manner. The mixture was placed in an ice bath
and stirred for 30 min. Yellow discoloration of the
solution reaction indicating occurrence of reduction
interaction with spherical AgNPs formation.
Polyvinyl pyrrolidone (PVP) was used as a
stabilizer in order to prevent AgNPs aggregation. 

Characterization of AgNPs

The synthesis of AgNPs was confirmed with the
help of multiple techniques. The reduction of pure
Ag+ ions was confirmed by recording the absorbance
(A) on a UV-vis spectrophotometer (double beam
spectrophotometer, UV-160 Shimadzu co., Japan) in
a wavelength ranged from 200 to 800 nm [25]. In
addition, infrared spectra of chemically and
biosynthesized AgNPs were recorded using Nicolet
iS10 FT-IR Spectrometer (Thermo Fisher Scientific,
NJ, USA) over the frequency range 4000-700 cm–1

at 4 cm–1 resolution. Each sample was prepared by
mixing with potassium bromide (KBr) and
compressed under hydraulic pressure [25]. Further,
the size and morphology of both chemically and

biosynthesized AgNPs were observed using TEM
(JEOL model, JEM-100 CXII, Tokyo, Japan) with
an accelerating voltage of 200 kV.

Antiparasitic activity of AgNPs 

Preparation of AgNPs suspension: the
suspension of nanoparticles was prepared in five
different concentrations (1, 5, 10, 15, 20 μg/ml).
Collection of T. spiralis larvae: muscular larvae
were obtained from experimentally infected mice.
The larvae were recovered from carcasses of
infected mice 30 days pi by artificial digestion
method according to slandered procedures [21] The
larvae were washed several times in PBS and
diluted in Rapid Prototyping and Manufacturing
Institute (RPMI)-1640 medium that containing 10%
fetal calf serum and antibiotics (200 U/ml penicillin
and 200 μg/ml streptomycin).

Incubation of the parasite with chemically and
biosynthesized AgNPs: a total of 1 ml of each
concentration of AgNPs mentioned above was
mixed with 50 μl from larval suspension containing
nearly about 100 larvae (counted by light
microscope) in 6-well plates which sealed and
incubated at 37°C in an atmosphere containing 5%
CO2 for 1, 4, 24, 48, 72 and 96 h. Untreated larvae
incubated with the appropriate volume of PBS and
submitted to the same conditions used as controls.
There were three replicates for each concentration
and control. 

At the end of each incubation period, the larvae
(both dead and living) in each well were collected,
washed with PBS several times to remove adherent
particles and counted under stereo-microscope. The
viability rates of the parasite were calculated as
follows: Viability rate % = the number of viable
parasite/total parasite × 100

Electron microscope scanning of the parasite  

As previously described by Bughdadi [26] the
ultrastructural changes of the treated larvae and
controls were investigated by SEM. The larvae were
gently washed several times with PBS to remove
adherent AgNPs and fixed in 2.5% glutaraldehyde
solution for 24 h. Then, the fixed larvae re-washed
again in PBS for 5 min and post fixed with a solution
of 2% osmium tetroxide in sodium cacodylate buffer
for 1 h. The specimens were then dehydrated in
increasing alcohol concentrations (30%, 50%, 70%,
90% and then 100%) and dried in air then mounted
on sputter coated with gold and scanned by SEM
(Jeol Jsm-5400, Tokyo, Japan) [26].
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Assessment of the effects on the chemically and

biosynthesized AgNPs on the ability of T. spiralis

larvae to produce infection in experimental

animals  

A sub-lethal dose of chemically and myrrh
AgNPs were used to detect their effect on the
infectivity of T. spiralis larvae [27]. Three replicates
were prepared by adding larval suspension
containing about 300 larvae to 1 ml of 1 μg/ml
concentration of chemically and biosynthestized
nanoparticles. Controls included larvae incubated
with the appropriate volume of PBS. The larval
suspensions were incubated at 37°C and 5% CO2
for 24 h. The viability of the larvae and its
appearance were observed using a light dissecting
microscope. Thereafter, the larvae were collected
and used to orally infect 6 Swiss female mice, 8
weeks of age for each treated and control groups.
The infected mice were sacrificed 5 days pi, their
small intestines removed, cut into small pieces and
washed to remove intestinal contents. Then, the
intestinal pieces were slit longitudinally and the
mucosa was gently scraped and incubated in PBS
for 4 h at 37°C. Afterwards, the adult worms were
collected and counted by stereo-microscope. After
30 days, 3 mice were sacrificed for muscular larvae
detection. Regarding the muscular larvae, the other
3 mice were sacrificed 30 days pi for recovery of the
larvae.

Statistical analysis

The collected data were analyzed by Statistical
Package for Social Sciences v.20 for Windows
(SPSS). The significance of differences between the
groups were calculated using the Chi-square test for
trend analysis to compare the proportion of viable
larvae in relation to control group (P-value of <
0.001 considered significant). The correlation
coefficient (r) was calculated to estimate the degree
of similarity in the response of larvae to chemically
and biosynthesized AgNPs.

Ethical consideration

The experimental animal studies were conducted
in accordance with the international valid guide
lines and were maintained under convenient
conditions at the Animal House, Faculty of
Medicine, Assiut University. The protocol was
approved by “The Committee of Medical Ethics” of
the Faculty of Medicine, Assiut University
(Protocol Number: 17300257). The mice were
anesthetized before cervical dislocation of mice to

minimize suffering.

Results

Silver nanoparticles synthesis and characterization

A distinct shifting in color to yellow was
observed in reaction solution of AgNO3 on adding
NaBH4 indicating the AgNPs formation. At the
same time, biosynthesis of AgNPs was detected
during the manufacture process via the color change
of the myrrh extract from yellow into brown. The
obtained UV-vis spectrophotometry spectrum
confirmed the formation of the AgNPs as it showed
an intense band around 430 nm. This peak is
correspondent to surface plasmon resonance (SPR)
band which is attributed to the excitation of free
electrons in the nanoparticles (Fig. 1).

FT-IR spectroscopy analysis was also used to
identify the possible functional groups of
methanolic myrrh extract involved in the green
synthesis of AgNPs. The obtained pattern showed
bands around 1445, 1438, 1635, and 3440 cm−1. A
total disappearance of the peaks at ~1455 cm−1 and
~1377 cm−1 and a slight shift of the peak at ~1700
cm−1 to ~1650 cm−1 were observed in the
methanolic myrrh extract after the bio-reduction
process. In addition to OH broad peak at 3450 cm−1,
in the extract was compared with 3435 cm−1 band in
AgNPs. Interestingly, this band showed a shift to a
lower frequency, which suggests a contribution to
the reduction and capping process of the
biosynthesized AgNPs. This finding is in agreement
with previous reports [28]. In conclusion, these
changes in peaks may prove that polyols and
phenols in aqueous myrrh extract were mainly
responsible for the reduction of Ag+ ions into
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Figure 1. UV-vis spectrum of biosynthesized AgNPs
using myrrh extract



colloidal Ag (Fig. 2). 
TEM images of the chemically synthesized

AgNPs showed uniform spherical particles in the
nano-range (average 20 nm). Likely, TEM
micrographs of the biosynthesized AgNPs exhibited
particles with uniform shape and in the nano-range
(10–25 nm). It is clear that there was no distinct
difference between the chemically and biologically
synthesized AgNPs. Besides, the TEM image
demonstrated absence of aggregates which suggests
the stability of the biosynthesized AgNPs by myrrh
extract. Moreover, AgNPs morphology was
consistent and did not exhibit any changes after 6
months storage at room temperature (Fig. 3).

The in vitro effect of chemically and biosynthesized

AgNPs on the viability of the muscular larvae of T.

spiralis

Over the course of AgNPs incubation, the larvae
were directly observed under a light microscope; the
untreated larvae isolated from striated mouse
muscle tissue display the typical coiling behavior of
this stage when removed from the nurse cell. On the
other hand, the larvae exposed to AgNPs showed
slow motility, loss of coiling behavior followed by
death (Fig. 4).

The chemically and biosynthesized nanoparticles
showed remarkable effects on the viability of larvae.
The larvicidal effect was dose and time dependent, in
both AgNPs there was no obvious effect at 1st and
4th h of exposure in all concentrations.
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Figure 2. FT-IR spectrum of biosynthesized AgNPs (blue color) myrrh methanolic extract (red color) 

Figure 3. TEM micrographs of chemically (A) and biosynthesized AgNPs (B)



In relation to chemically synthesized AgNPs, a
100% mortality rate was observed after 2 days of
exposure at concentrations of 10, 15 and 20 μg/ml,
while the viability rates of larva reduced with
prolonged exposure at lower concentrations 5 and 1
μg/ml where the death occurred on the 3rd and 4th
day of exposure respectively. As compared with

controls, the larvicidal effects of chemically
synthesized AgNPs were significantly higher
starting from 1st day (P < .001) (Tab. 1).

Concerning biosynthesized AgNPs, a 100%
mortality rate occurred after 2 days of exposure to
concentrations of 5, 10, 15 and 20 μg/ml, whereas
the viability rates of larva decreased with prolonged
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Figure 4. A: encysted larvae in muscle of diaphragm ×100;  B: typical coiled larvae ×100; C: active motile larvae ×100;
D: weak larvae after treatment by silver nanoparticles ×100; E: muscular larvae after complete death ×100

Table 1. Effects of chemically synthesized silver nanoparticles on viability of muscular larvae of Trichinella spiralis

*Chi-square for trend analysis was used to compare the proportion of viable larvae.

P < .001, compared with the corresponding parasite controls; there is decrease in viability rate by time P < .001.

Dose 1st hour 4th hour 1st day 2nd day 3rd day 4th day 5th day 6th day 7th day P-value*  

1 μg/ml  95 95 71.4 47.9 20.5 0 0 0 0 <.001  

5 μg/ml  95 80 38.5 15.38 0 0 0 0 0 <.001  

10 μg/ml  95 77.5 17.14 0 0 0 0 0 0 <.001  

15 μg/ml  95 70.33 5.3 0 0 0 0 0 0 <.001  

20 μg/ml  95 60 3.33 0 0 0 0 0 0 <.001  

Control
group 

95 95 90 85 85 70 50 35.29 20 <.001  

P-value* =1.000 =0.925 <.001 <.001 <.001 <.001 <.001 <.001 <.001



exposure at a concentration of 1 μg/ml where the
death occurred in third day. There was a significant
difference in the mortality rate between all
concentrations of green synthesized AgNPs and the
control group starting from 1st day (P < .001) (Tab.
2).

Effects of AgNPs on the morphology of muscular

larvae by SEM

Analysis of the effects of AgNPs on the cuticle
of T. spiralis larvae was conducted using the images
obtained by SEM (Figs 5–7). The results of SEM
revealed marked tegmental deformation in larvae
exposed to 20 μg/ml of chemically and bio -
synthesized AgNPs for 24 h when compared to
untreated control. The cuticle of the treated larvae

turned opaque and showed areas with multiple
blebs, vesicles and loss of normal creases. The
sloughing of some areas of cuticle was observed.
Scanning electron microscope of T. spiralis larvae
of the control group showed normal cuticle with
transverse creases and longitudinal ridges.

Effects of AgNPs on the ability of larvae to

produce infection in experimental animals

Larvae were exposed to a sub-lethal dose of
AgNPs suspension (1 μg/ml) for one day. The
suspension containing larvae were then used orally
to infect mice to study the ability of larvae to
develop into an adult (intestinal phase) and to
produce muscular larvae (larval phase). Results
showed that no adult worms and no muscular larvae

Table 2. Effects of silver nanoparticles derived from myrrh on viability of muscular larvae of Trichinella spiralis

*Chi-square for trend analysis was used to compare the proportion of viable larvae.

Significant difference between different concentrations and parasite controls starting from 2nd day P < .001; there is decrease in
viability rate by time P < .001

Dose 1st hour 4th hour 1st day 2nd day 3rd day 4th day 5th day 6th day 7th day P-value*

1 μg/ml  95 95 71.5 42.1 18.5 0 0 0 0 <.001  

5 μg/ml  95 95 56.92 0 0 0 0 0 0 <.001  

10 μg/ml  95 95 40 0 0 0 0 0 0 <.001  

15 μg/ml 95 95 38.5 0 0 0 0 0 0 <.001  

20 μg/ml 95 95 32.22 0 0 0 0 0 0 <.001  

Control
group 

95 95 90 85 85 70 50 35.29 20 <.001  

P-value* =1.000 =1.000 =0.002 <.001 <.001 <.001 <.001 <.001 <.001   

Figure 5. SEM showing normal cuticle of control ML with transverse creases (short arrow) and longitudinal ridges (long
arrow)
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were detected in the intestines and muscles of mice
infected with treated larvae. While in the control
group, examination of the intestine revealed the
presence of adult s= 228.33 ± 10.3 adult worm.
Meanwhile, larvae were also recovered from the
muscles mice infected by the control group =

269.3×103 ± 35.9×103. There were significant
differences in the infectivity of T. spiralis larvae
treated with AgNPs and control groups (P-value <
.001).

Based on the obtained data, no significant
difference was observed in larvicidal effect between
chemically and biosynthesized AgNPs and
auspiciously the correlation coefficient between the
two treatments was highly positive significant
which means that, both treatments have
approximately the same lethal effect on T. spiralis

larvae (Fig. 8). 

Discussion

There is currently a broad consensus that silver
nanoparticles have inhibitory effects on many
infective agents. Therefore, silver nanoparticles
have been used as an alternative treatment against
various emerging microbial resistance [29]. Myrrh
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Figure 6. SEM showing ML treated with silver nanoparticles showing blebs (red arrow)

Figure 7. SEM showing ML treated with silver nanoparticles prepared with myrrh; vesicles (orange arrow), blebbing
(red arrow) and pores (blue arrow)

Figure 8. Correlation coefficient (r) between the effect of
chemical and biosynthesized AgNPs on the viability of T.

spiralis ML



extract has been employed as a reducing and
capping agent for the synthesis of AgNPs which is
more favorable than the microbial synthesis as there
is no requirement of the particularized process of
culturing and maintaining the cells [23].

The physicochemical characterization of
nanoparticles is essential for better interpretation of
results. The nanoparticle characterization of
chemically and green synthesized AgNPs was done
using a combination of UV-Vis, FT-IR and TEM
analysis in order to provide clear insight into
crystalline nature, chemical composition, surface
property morphology and the particle size. The UV-
vis spectroscopy spectrum showed a distinct
absorption peak at 430 nm, this might be attributed
to the excitation of surface plasmon resonance
(SPR) of the synthesized AgNPs [30]. Many
investigators indicated that AgNPs exhibited UV-vis
absorption spectra which ranged between 410 and
440 nm which were also assigned to other different
metal nanoparticles [31,32].

Shift of peak position were observed in FTIR
spectrum of both AgNPs also showed intense
absorption bands at 1445, 1438, 1635, and 3440
cm−1 The band around 1650 cm−1 corresponds to
aromatic rings. Moreover, the strong broad band
appearing at about 3440 cm–1 in both FT-IR spectra
can be assigned to the stretching vibrations of O-H
groups in alcohol and phenols [33]. This band
assures the presence of several O-H groups in the
myrrh extract which is anticipated to play a major
role in the reduction process of Ag+ ions into
AgNPs [23]. The TEM images of the chemically
synthesized AgNPs showed uniform spherical
particles in the nano-range (about 20 nm). At the
same time, TEM micrographs of the biosynthesized
AgNPs revealed uniform nano particles and in the
range of (10–25 nm). This result comes in
agreement to some extent, with the finding of
previous study conducted by El-Sherbiny et al. [23]
which showed that, the average particle diameters
of myrrh AgNPs ranged from 40 to 100 nm. This
particle size range was decreased to 10 to 50 nm by
increasing the AgNO3 concentration to 6 mM
followed by 60 min of UV irradiation.

In the current study, AgNPs showed antiparasitic
activity whereas, T. spiralis larvae recorded high
mortality rates after 2 days of exposure time at
concentrations of 10, 15, 20 μg/ml. Compared with
previous studies, the results agreed with Tomar and
Preet [34]  who revealed the lethal effect of AgNPs
against Haemonchus contortus adult worm at

different concentrations ranged from 1–25 μg/ml.
Moreover, AgNPs significantly decrease oocyst
viability of Cryptosporidium parvum in a dose-
dependent manner, between concentrations of 0.005
and 500 μg/ml [35]. Additionally, AgNPs at a
concentration of 1 ppm for 30 min and 0.1 ppm for
1 h reduced the viability of Cryptosporidium

oocysts by 97.2 and 94.4%, respectively [36].
Myrrh-biosynthesized AgNPs showed the

highest lethal effect after 2 days of exposure at 5,
10, 15, 20 μg/ml. These results were in harmony
with Barbosa et al. [37] who showed that the green
synthesis of AgNPs from nematophagous fungus
exhibited a lethal effect on the infecting 3rd stage
larvae of Ancylostoma caninum. In the same way
Rahimi et al. [38]  observed that, AgNPs derived
from the aqueous aerial extract of Penicillium

aculeatum had high scolicidal effects against
protoscolices of hydatid cyst concentrations of 0.1
and 0.15 mg/ml after 120 min of exposure. The high
mortality rate of larvae following AgNPs treatment
could be attributed to the extremely small size of the
nanoparticles, (10–25 nm), which probably
permitted transcuticular absorption of AgNPs by the
parasite causing the death of muscular larvae.

One of the hallmark effects of any anthelmintic
agents was the destruction of the worm’s surface
[39]. In the current study, destruction of the cuticle
of Trichinella muscular larvae by AgNPs and
myrrh-biosynthesized AgNPs was obvious in the
form of loss of striation, multiple vesicles, pores,
sloughing of some areas and blebs on the cuticle.
These findings were in agreement with the results of
the previous study, which recorded the same forms
of the cuticle destruction of T. spiralis muscular
larvae when treated with AgNPs [40]. Furthermore,
Othman and Shoheib [41] revealed degenerative
changes in the body wall of larvae and adults of T.

spiralis under the influence of geldanamycin. Also,
several studies were carried out to detect the effect
of AgNPs on different parasites in vitro and reported
that Schistosoma mansoni cercariae treated with
AgNPs showed thinning of tegument with focal loss
of spines and edematous swelling of the muscle
layer [42]. Gherbawy et al. [43] observed
perforations on the egg surface of Fasciola on in

vitro exposure to AgNPs. The blebbing is an attempt
by the parasite to replace damaged surface
membrane in response to drug action [40]. Silver
nanoparticles caused destruction of the cuticles
through binding of the released positive silver ions
to negatively charged cell membrane and interfere
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with membrane integrity [44].  Silver ions may also
adhere to the membrane wall, causing holes through
which they also can penetrate inside the organism
[45].

Chemically synthesized and myrrh-
biosynthesized AgNPs nearly exhibit the same
influence on the ability of the treated ML to cause
infection. They cause 100% reduction in adult and
larval stages development in infected mice at sub-
lethal dose. These results come in line with Bolás-
Fernandez [27]  who studied the ability of
Trichinella spiralis muscular larvae to survive in
different cell culture media and showed the
dramatical reduction in larval infectivity when
incubated under 5% CO2 and microaerobic
conditions. Also, these findings agreed with the
results of the study Cheng et al. [46] who recorded
complete block of cercarial infectivity on exposure of
S. japonicum cercariae to AgNPs at conc. of 120
µg/ml for 30 min. Liao et al. [47]  revealed that
treatment of C. parvum oocysts with AgNPs prevent
the infection outbreak. Su et al. [48]  used in vitro

excystation assays to examine disinfection
capabilities of AgNPs on C. parvum oocysts and
validated their results by in vivo animal infectivity
assays. A marked reduction in oocyst shedding
among mice infected with AgNPs treated oocyst in
comparison to controls.

In conclusion, this study revealed that AgNPs
possess marked antiparasitic activity on T. spiralis

larvae. Also, the current study verified that the
myrrh extract can be used as green reducing and
capping agent for the biosynthesis of AgNPs with
less hazardous effects on the environment. The
developed AgNPs showed good stability with
visible changes were observed even after 6 months.
Moreover, the larvicidal effectiveness of chemically
and green synthesized AgNPs against Trichinella

larvae is almost the same with no significant
difference, however, biosynthesis approach is more
favorable because of its safety to humans and
environment and easier method of preparation.
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