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Parasiticidal Efficacy of a New Formulation of Silver Nanoparticles 
on Trichinella spiralis In vitro

This research illustrates the development of a new sliver nanoparticle (Ag-NPs) formulation. Its shape, size, 
solubility, and stability were characterized using Scanning Electron Microscope (SEM 3D), Transmission 
Electron Microscope (TEM 2D), Atomic Force Microscope (AFM), and Zeta size and Zeta potential. Expo-
sure of Trichinella spiralis adult worms to 3, 6, 9 and 12 ppm of Ag-NPs each for 3,6,12 and 24 h. In vitro 
revealed a direct relation between mortalities and the tested drug concentration and exposure time. Anti- T. 
spiralis effect of Ag-NPs was evaluated by assessing mortality rate and damage in DNA by comet assay and by 
SEM analysis. Mean mortalities increased from 6.66% after exposure to 3.0 ppm/1 h to 100% after exposure 
to 12.0 ppm/12 h. The calculated LC50 was 3.0 ppm/10 h, 6 ppm/6 h, 9.0 ppm/4 h and 12.0 ppm/ 3.30 h, while 
LC100 was 9.0 ppm/24 h and 12.0 ppm/12 h. DNA genotoxic damage of dead worms was directly related to 
Ag-NPs concentrations for 12h using comet assay as expressed by variations in the percentage of DNA in the 
tail segment, tail length (μm), tail moment (μm), and olive tail moment. No significant difference (p ≤ .05) 
between the recorded mortalities and DNA damage between that obtained using the Ag-NPs LC100 and that 
recorded using Albendazole (50 mg/kg B.W.) for 12 h. SEM images on dead worms revealed clear morpho-
logical alteration, multiple vesicles, and blebs, detachment of the epidermis and the sub-epidermal layer with 
partial sloughing of the cuticle, and loss of normal creases, ridges, and annulations. These morphological alter-
ations were directly related to the concentration of the tested Ag-NPs. The tested new formulation of Ag-NPs 
appears to be effective in the control of Trichinellosis as an alternative to other resistant drugs.
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INTRODUCTION

Trichinellosis is an emerging and re-emerging foodborne 
zoonotic disease all over the world. It is caused by the aphas-
mid nematode worm Trichinella spp. It can infect a wide range 
of mammals, reptiles, and birds. The adult worm lives in the in-
testine while its laid larvae migrate to form cysts in different ac-
tive body muscles especially those of the diaphragm (Taher et al., 
2017). Humans acquire infection through ingestion of improperly 
cooked pork,  horses, or bear meat containing the active encyst-
ed larvae (Rostami et al., 2017). Trichinellosis carries a worldwide 
threat to human and animal health. The estimated number of 
infected patients with trichinellosis reached up to 11 million all 
over the world (Zhang et al., 2018). 

Unfortunately, the currently available drugs that are com-
monly used for the treatment of trichinellosis have limited bio-
availability, little ability to kill encysted larvae, and numerous ad-
verse effects. Thus, the need for safer and more effective drug 
becomes mandatory (Fahmy et al., 2020). 

Silver nanoparticles (Ag-NPs) have unique physical, biologi-
cal and chemical features. They have small-sized particles and a 
large surface area, so they are found to be potent antimicrobi-
al against a wide range of microorganisms (Klaine et al., 2008). 
Ag-NPs show antiparasitic activity against larvae of mosquitoes, 
Rhipicephalus ticks (Marimuthu et al., 2010), and Giardia (Said et 
al., 2012).  Ag-NPs were investigated on T. spiralis larvae. Differ-
ent concentrations of Ag-NPs showed marked larvicidal effects 
in the form of degeneration of the larvae cuticle with inhibited 
their ability to infect animal models (Abd-Elrahman et al., 2021). 

In vitro studies are considered the first step to evaluating 
any drug material before in vivo application. In vitro experiments 
have many benefits being low cost and simple. Also, they are 
considered a rapid tool for exploring the properties of the prod-
uct and facilitate screening of a variety of doses till the determi-
nation of one or more lethal doses; providing a core for in vivo 
studies. (Fahmy et al., 2020).

For this reason, the current study was carried out to assess 
the parasiticidal effects of a new formulation of Ag-NPs against T. 
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spiralis adult worms In vitro. Mortalities were estimated depend-
ing on depression in motility rates, damage in DNA after comet 
assay as well as destruction in the exposed worms using Scan-
ning Electron Microscope (SEM) and Transmission Electron Mi-
croscope (TEM) in comparison with control non-exposed worms.

MATERIALS AND METHODS

Ethical approval

The Declaration of Helsinki’s principles guided the conduct of 
this study. Procedures for handling and sample collection from 
mice were approved by the institutional review board of the In-
stitutional Animal Care and Use Ethical Committee (CU-IACUC) 
of Cairo University. The study was conducted during the period 
from February to June 2022 in the Department of Parasitology, 
Faculty of Veterinary Medicine, Cairo University, Egypt.

Tested Drugs

New formulation of Ag-NPs

Synthesis of Ag-NPs

Synthesis of Ag-NPs was carried out at Egypt’s national re-
search institution as previously described by Youssef et al. (2020). 
Silver nitrate and trisodium citrate (lab grade, Sigma, USA) were 
used as precursor materials. The silver colloid was synthesized by 
using the co-precipitation method as follows; 50 ml of 0.001 M 
AgNO3 were boiled then 5 mL of 1 % trisodium citrate solution 
were added drop by drop with vigorous agitation and heating 
until a change of their color to pale yellow according to the fol-
lowing equation (4Ag+ + C6H5O7Na3 + 2H2O → 4AgO + C6H5O7H3 
+ 3Na+ + H+ + O2↑). The product was then removed from the 
heating device, stirred, and left to cool at room temperature then 
collected in dark bottles.

Characterization of the produced Ag-NPs

Characterization of silver nanoparticles was performed at 
Nawah Scientific and included the aspects of index, identification, 
and morphology, which was done to determine its physio-chem-
ical qualities and bioactivity. The measurement conditions were 
40 KV and 40 AM (1600W) at a speed scan of 0.02 and a 2-theta 
range of 5 to 80. To avoid burning the material, a 532 nm He-
Cd edge laser line with grating 1800 (450-850 nm) and a 3.2% 
ND filter were utilized. The acquisition period was 10 seconds. 
Examination using TEM (model EM-2100 High-Resolution-Japan) 
with a magnification of 20X and a voltage of 200 kV to confirm 

2D shape and size was used. In addition, SEM was used to check 
2D shape using the Jol 2000, Japan. The suspension was applied 
to a mica slide under measurement conditions (size 500 X 500 
nm, in contact mode, speed is 0.5 inch/sec). The Malvern, UK-
made Nano Sight NS500 was used to detect zeta potential (to 
assess whether a sample is colloidal or not) and DLS carried out 
the size sector with the help of Malvern Instruments Ltd. Finally, 
the produced Ag-NPs were prepared as a water-soluble material 
containing 100 ppm/ml for experimental use.

Antioxidant Activity of the produced Ag-NPs

According to the procedure described by Bhakya et al. (2016), 
and with the aid of the stable radical of 2, 2-diphenyl-1-picrylhy-
drazyl (DPPH), the free radical scavenging activity of Ag-NPs and 
conventional vitamin C were measured.  Briefly, 1.0 ml of Ag-NPs 
at variable concentrations (10, 20, 30, 40, 50, 75, and 100 mg/ml) 
were centrifuged with 1.0 ml of DPPH (1.0 ml.M in methanol), 
then, after 30 min incubation at room temperature in dark, A UV-
Vis spectrophotometer was used to measure absorbance at 517 
nm (Systronics, AU-2701). As a control, DPPH (all reagents ex-
cept the sample) were utilized, and methanol was used as a blank 
solution. The free radical scavenging activity was calculated as a 
percentage of inhibition using the following formula:

Percentage of scavenging = Pc- Ps *100  
                                            Pc
Where Pc = control absorbance and Ps = Ag-NPs/Vitamin C 

absorption.

Reference drug

Albendazole 2.5 % solution: (Pharma Swede). An oral solution 
was used (each 1.0 ml contain 25 mg). The dose of 50 µg/ kg.B.W. 
was adjusted to the required volume of the used RPMI media 
(Fahmy et al., 2020). 

Parasiticidal efficacy of the produced Ag-NPs

Tested Worms

T. spiralis encysted larvae (Fig. 1-a) were collected from highly 
naturally infected diaphragmatic muscles of pigs that were fresh-
ly slaughtered in Cairo abattoir, Egypt. Muscles were examined in 
the Department of Parasitology, Faculty of Veterinary Medicine 
Cairo University, the infected muscles were dissected into small 
pieces and re-inspected using a trichinoscope. The examined lar-
vae were extracted by digestion in pepsin-HCL as described by 
Taher et al., (2017). After removal of the digestive solution by 
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Fig. 1. (a) Fresh T. spiralis muscle cysts in naturally infected slaughtered pig’s muscle (under trichinoscope glass slides). (b): Living 7 days old T. spiralis worms directly extracted from 
experimentally infected mice.
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washing in PBS, the obtained larvae were identified according 
to Walden (2013) and then counted using McMaster counting 
chambers according to IQACA (2012).  The number of larvae/ml 
solutions were adjusted. T. spiralis larvae (n.=200) were orally in-
oculated to 6–8 weeks old male Swiss albino mice. The animals 
were kept in proper cages supplied by commercial rodent feed 
and water ad-libitum, following the national guidelines. After 7 
days post-inoculation (dpi), mice were sacrificed, their small in-
testines were dissected, and the remaining intestinal contents 
were removed by washing with warm sterile phosphate-buffered 
saline (PBS, pH 7.4). After that, the small intestines were cut into 
small pieces and kept in clean sterile suitable petri-dish immersed 
in warm (37 °C) saline. The dish was incubated for 3 h at 37 °C 
so that all worms migrated to the warm buffer solution (Fig.1-b). 
The worms were collected using suitable pipettes under a stereo-
microscope and transferred directly to warm (37°C) incubation 
media (Fahmy et al., 2020). 

In vitro experiment

The effect of the newly formulated Ag-NPs was evaluated 
versus adult T. spiralis worms.  The previously extracted worms 
were kept in a sterile RPMI-1640 medium (Gibco Laboratories, 
Grand Island, NY, USA) (supplemented by 200 μg/ml streptomy-
cin, 200 U/ml penicillin, and 20% fetal calf serum) (Huanga et al., 
2020) at 37°C. Fifteen active worms were transferred into 6 cm 
diameter sterile Petri-dishes. Concentrations of 3.0 ppm, 6.0 ppm, 
9.0 ppm, and 12.0 ppm of the tested Ag-NPs were adjusted in a 
suitable amount of the previous RPMI-1640 medium (5.0 ml/pe-
tri-dish). The worms were still under exposure each for 1h, 3 h, 6 
h, 12 h and 24 h in an incubator at 37°C. At the end of each expo-
sure time, the media containing the drug were removed, washed 
with warm PBS, then kept in media without drugs to evaluate the 
mortality percentage.  Worms in blank controls RPMI media and 
Albendazole (50 mg/kg) as reference drugs were set simultane-
ously. Each concentration was tested in triplicate. The mortalities 
in the summation of the three trials were calculated. The mortali-
ty in each case was calculated using the following equation:

            
Mortality % =Survival% of the control- Survival% in exposedX 100

                          Survival% of the control 

Lethal concentrations of 50% (LC50) and 100% (LC100) were 
calculated after this according to Salama et al. (2012). The via-
bility of the exposed worms was assessed under the microscope 
from the aspect of their shape and mobility. The dead worms 
appeared un-motile with fixed C-shaped or linear bodies. The de-
structive effect of the tested Ag-NPs on the DNA of the exposed 
worms was measured using comet assay according to Singh et al. 
(1988). Moreover, samples of dead and living worms were pro-
cessed for SEM.

Evaluation of DNA Damage by Comet assay

Comet assay was adopted to analyze the damage in DNA of 
the worms according to Singh et al. (1988). DNA damage was 
visualized in the exposed and control T. spiralis worms in Ethid-
ium bromide-stained DNA by fluorescent microscope (40x ob-
jective) using comet 5 image analysis software (Kinetic Imaging, 
Ltd. Liverpool, UK). Connected with a CCD camera as it can as-
sess the quantitative and qualitative DNA damage in the cells 
by measuring the length and the percentage of DNA migration. 
The program calculated the damage to DNA as it was measured 
by the percentage of DNA in a tail segment (% DNA in the tail), 

variations in the tail length (μm), tail moment (μm), and Olive 
tail moment. Analysis was done on a number of 100 random-
ly selected cells per treatment. The Comet score was calculated 
according to the formula of Singh et al. (1988) In the range of 
0- 400 arbitrary units.

SEM Examination

Destructive effects of Ag-NPs on the ultrastructure of the ex-
posed worms and controls were investigated using SEM. At the 
end of the exposure time, the adherent nanoparticles were re-
moved from the dead worms by gentle washing several times 
with PBS (pH 7.2). The worm samples were then fixed in 2.5% 
glutaraldehyde solution at 4°C for 24 h. After washing by PBS 
for 5 min, the fixed worms were re-washed again in PBS for 5 
min, post-fixed with a solution of 2% osmium tetroxide in sodium 
cacodylate buffer for 1 h. The specimens were then dehydrated 
in ascending concentrations of alcohol and dried in the air then 
mounted on sputter-coated with gold and scanned by SEM (Hi-
tachi SU8040, Japan). Photos were recorded on electron images.

Statistical analysis

The illustrated data are expressed as mean ± standard devi-
ation (mean ± SD). Graph drawings were performed using Excel 
Software 2013, The data were statistically analyzed by using anal-
ysis of variance (ANOVA), The difference was considered signif-
icant when P < 0.05) using SPSS 27 (IBM. NY, USA) (Petrie and 
Watson, 1999).

RESULTS

Morphological characterization of the produced Ag-NPs

SEM and TEM data of the prepared Ag-NPs were depicted 
in TEM 2D and SEM 3D images (Fig. 2). The spherical structure 
of the produced Ag-NPs in nano-sized form was cleared by SEM 
photographs, then confirmed by TEM images. The creation of 
nanocomposite was confirmed by SEM and TEM pictures (Fig. 2).

Atomic Force Microscope (AFM)

To corroborate the shape, size, concentration, and agglom-
eration discovered in the TEM and SEM data, Ag-NPs underwent 
AFM testing. Ag-NPs with a maximum thickness of less than 40 
nm were shown to have a spherical structure in AFM images as 
shown in (Fig. 3). The image made it obvious that Ag-NPs do not 
typically form agglomerations in one particular place (Fig. 3).
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Fig. 2. Silver Nanoparticles (Ag-NPs) SEM and TEM images.
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Zeta size and zeta potential

Zeta size and potential were measured for the produced Ag-
NPs to determine their size and stability in aqueous media. The 
produced Ag-NPs have a particle size of 25 nm and zeta potential 
of 35 mV. The obtained size was matching with the size given by 
TEM, SEM, and zeta potential values demonstrating that these 
particles have excellent stability in aqueous conditions (Fig. 4).

Antioxidant Activity 2,2-diphenyl-1-picrylhydrazyl (DPPH method)

Evaluating the antioxidant properties of the produced Ag-
NPs revealed that they possess a marked antioxidant activity 
reaching up to 32.45 %, which was superior to that calculated for 
vitamin C which has 25.36 % activity, under the same conditions. 
These outcomes supported the scavenging behavior of these 
new formulated Ag-NPs in comparison to vitamin C, as it had a 
strong hydrogen peroxide scavenging capacity (Fig. 5).

Parasiticidal efficacy of Ag-NPs against T. spiralis

Exposing active T. spiralis adult worms to 3.0, 6.0, 9.0, and 12.0 
ppm of Ag-NPs in warm RPMI for 1 h, 3 h, 6 h, 12 h and 24 h as 
described in Table 1 and Fig. 6, revealed a direct relationship be-
tween the increase in the rate of mortality of the exposed worms 
and the increase in the Ag-NPs concentration and exposure time. 
Exposing the worms to 3.0 ppm induced 6.66% mortalities after 
one-hour exposure and increased gradually to 88.88% after 24h 
exposure time.  Exposure to 6.0 ppm of the product for 1h caused 
mortality of 8.88% after 1 h and increased to 93.33% after 24h ex-
posure time. Exposure to 9.0 ppm revealed 13.33% after 1h expo-
sure time while the death of all of the exposed worms (100%) was 
recorded after 24 h exposure to this concentration. Increasing the 
concentration to 12.0 ppm caused the death of all the exposed 
worms after 12 h exposure. At the same time, the used reference 
drug killed all the exposed worms when used at a dose of 50mg/
kg B.W. for 12 h, as well as three worms (6.66%) died in the con-
trol group after 24 h in media without drugs (Table 1 and Fig. 6).

Demonstration of the data present in Table 2 and in the histo-
gram (Fig. 6) facilitate determination of the effective Ag-NPs le-
thal concentration (LC) LC50% and LC100 for each tested concen-
tration. The LC50 was 3.0 ppm for 10h exposure time, 6.0 ppm/ 
6h, 9.0 ppm / 4 h and 12.0 ppm/for 3.30 h exposure time. The 
LC100 was recorded as 9.0 ppm /24 h and 12.0 ppm/ after 12h 
exposure time (Table 2 and Fig. 6).  

DNA damage in Exposed and control T. spiralis (Comet assay)

Analysis of DNA damage in dead T. spiralis worms exposed to 
different concentrations of Ag-NPs after 12 h and to the control 
worms in blank RPMI media were visualized using Comet assay. 
The data (Table 3 and Fig. 7) showed the presence of a direct 
relationship between the increase in the dose of Ag-NPs and the

Fig 3. AFM image of the produced Ag-NPs.

Fig. 4. Zeta size and zeta potential of the produced Ag-NPs.

Fig. 5. Antioxidant (DPPH) efficacy of the produced Ag-NPs in comparison to Vitamin C.

Tested conc.
Number and mortality % in 45 adult worms after being exposed to

1 h 3 h 6 h 12 h 24 h

3.0 ppm 3/ 6.66 d 7/15.55 d 11/24.44 c 26/57.77 c 40/88.88 b

6.0 ppm 4/8.88 d 12.26.66 c 23/51.11 bc 33/73.33 b 42/93.33 a

9.0 ppm 6/13.33 c 17/37.77 c 30/66.6 b 42/93.33 a 45/100 a

12.0 ppm 9/20.0 c 19/42.22 bc 38/84.44 ab 45/100 a -

Albendazole (50mg/kg) - - 42/93.33 a 45/100 a -

Control in blank RPMI 0 0 2/4.44 d 3/6.66 d 3/6.66 d

- Concentration before these concentrations did not induce any mortalities.
- Data represented as mean, a column with different letters are statistically significant at p-value ≤ 0.05 (One Way ANOVA)

Table 1. Number and mortality percentage in T. spiralis worms exposed to different concentrations of Ag-NPs
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degree of DNA genotoxic damage. This damage was represented 
also by variations in % of DNA in the tail segment, tail length 
(μm), tail moment (μm), and olive tail moment by investigating 
the migration of DNA fragments by agarose gel electrophore-
sis. With the increase in the % of worm mortalities from 57.77%, 
73.33%, 93.33, to 100% with increasing the Ag-NPs dose from 
3.0 ppm to 12.0 ppm respectively, a significant increase (p ≤ 
.005) in the % of DNA damage that increased from 10,11±0.20 to 
13.30±0.28, the mean tail length (μm)  increased also from  8.80 
±0.20 to 10.09±0.17, the percentage of DNA in the tail was also 
increased from 8.36±0.06 to 10.77±0.25, the olive tail moment 
differed from  1.38±0.22 to 1.81±0.19 and finally the tail moment 
(μm) increased also from 0.87±0.01 to 1.10±03 corresponding to 
the increase of the material concentration from 3.0 ppm to 12.0 
ppm respectively. The data demonstrated that there is no signifi-
cant difference (p ≤ .005) between the recorded values using the 
high Ag-NPs concentration (12.0 ppm) with that recorded using 
Albendazole (50 mg/kg. B.W.). Moreover, a significant difference 
was recorded in comparing the obtained values with that of the 
living worms incubated in blank RPMI media (Table 3 and Fig. 7).

SEM results

The effects of Ag-NPs on the morphology of T. spiralis adult 
worms after exposure to different concentrations of Ag-NPs for

12 h on the cuticle of the dead worms were conducted using the 
images obtained by SEM (Fig. 8). The results of SEM revealed 
marked morphological changes, multiple vesicles and blebs, 
sloughing and destruction of some areas of the cuticle with fis-
sures and loss of normal annulations in the epidermal and cutic-
ular layer of the dead worms. This morphological alteration was 
directly related to the concentration of the tested Ag-NPs after 
12 h exposure time. 

Dead worms in the group exposed to 3.0 ppm of Ag-NPs 
showed a mild degree of collapse and contraction without de-
struction in the epidermal layer of the worm cuticle (Fig. 8-B). 
The alteration and destruction in the morphological characters 
increased with the increase in the concentration to 6.0 ppm 
showing mild focal destruction in the epidermis of the wall with 
a mild degree of carrion, also, the cuticle appeared opaque and 
showed areas with multiple blebs, vesicles, and loss of normal 
creases with focal sloughing of some areas of the cuticle (Fig. 
8-C). Exposure to 9.0 ppm Ag-NPs showed the disappearance 
of the intact annuli with corrugation and shrinking in the sur-
face epidermal layer. The cuticle showed multiple degenerative 
changes, the appearance of blebs, multiple vesicles, and focal 
sloughing (Fig. 8-D). Serious alterations were observed in the 
epidermis and cuticular layer of the dead worms exposed to 12.0 
ppm. The cuticle of the dead worms showed marked swellings, 
with numerous large blebs, fissures, and vesicles associated with 
loss of the normal creases, ridges, and annulations. Detachment 
of the epidermis and the sub-epidermal layer which appeared 
irregularly arranged with partial sloughing of the cuticle was ob-
served (Fig. 8-E and F). At the same time, the control worms in 
blank RPMI still saved the normal morphology of the epidermis 
and cuticle layer as it appears intact, smooth, and non-wrinkled 
(Fig. 8-A and B).

Table 2. The calculated LC50 and LC 100 of Ag-NPs versus T. spiralis adult 
worms

LC50 LC100  

3.0 ppm/ 10 h --

6.0 ppm/ 6 h --

9.0 ppm/ 4 h 9.0 ppm/ 24 h

12.0 ppm /3.30 h 12.0 ppm / 12 h

Fig. 6. Mortality % in T. spiralis adult worms exposed to different concentrations of Ag-NPs 
after different exposure times with determination to LC50% and LC100.

Fig. 7. Comet assay demonstrating the damage in DNA, (AandB) are the control non-ex-
posed worms showing sound un-destructed DNA, (CandD), showing low level of damaged 
DNA in worms exposed to low doses (3 and 6 ppm/12 h), while (EandF) demonstrated a 
high level of DNA damage in worms exposed to 9 and 12 ppm/24 h

Table 3.  Comet parameters and level of damage in DNA of T. spiralis exposed for 12 h to different concentrations of Ag-NPs and control non-exposed worms

Tested concentration
Mortalities DNA damage Tail length DNA in tail Tail moment 

Olive tail moment
(%) (%) (μm) (%) (μm)

3.0 ppm/12h 57.77 c 10.11± 0.20b 8.80 ± 0.20c 8.36 ± 0.06c 0.87 ± 0.01b 1.38 ± 0.22b

6.0 ppm/12h 73.33 b 11.22 ± 0.15b 9.20 ± 0.32b 9.72 ± 0.24b 0.92 ± 0.41b 1.47 ± 0.18b

9.0 ppm/12h 93.33 a 12.28 ± 0.14a 9.17 ± 0.21 b 10.12 ± 0.36a 0.98 ± 0.38ab 1.77 ± 0.22a

12.0 ppm/12h 100 a 13.30 ± 0.28a 10.09 ± 0.17 a 10.77 ± 0.25a 1.10 ±.03a 1.81 ± 0.19a

Albendazole 50mg/kg/12h 100 a 12.20 ± 0.20a 9.45 ± 0.21 a 10.11 ± 0.25 a 1.02 ± 0.02a 1.75 ± 0.12a

Control in blank RPMI 0 5.4 ± 18 c 7.82 ± 0.28 d 8.25 ± 0.18 c 0.65 ± 0.33c 1.17 ± 0.12c

Data represented by mean ± SD, a column with different letters is statistically significant at P ≤ 0.05 (One Way ANOVA).
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DISCUSSION

Trichinellosis is a worldwide foodborne zoonotic disease 
caused by T. spiralis affecting different mammals including hu-
mans causing serious public health problems (Malak and Ab-
del-Radi 2021). Treatment of the infection with commercially 
available drugs has not been satisfactory due to the rapid devel-
opment of drug resistance. For this reason, there is an increasing 
need to discover and develop alternative anti-helminthic agents 
(Youssef et al., 2019). Since 1974, nanotechnology has been re-
garded as a new promising field for developing effective novel 
materials with dimensions ranging from 1.0 to 100 nanometers 
(Elgadir et al., 2015). 

In the present study, an original new formulation of highly 
purified effective Ag-NPs was developed in the Department of 
Pharmacology, Faculty of Veterinary Medicine Cairo University, 
by an easy, simple, and cheap sonochemical method. Character-
ization of the product using SEM and TEM images, confirmed 
its spherical shape and suitable size of Ag-NPs while zeta size 
and potential evaluated its size as 25 nm. and its zeta potential 
as -35 mV. This is agreed with previous work in the same field 
done by one of the authors of this work (Youssef et al., 2020). 
Moreover, the product has a considerable antioxidant activity 
that confirmed the potential antioxidant activity of Ag-NPs with 
high scavenging % (32.45%) in comparison with those of Vit. C 
as a reference. These results agree with Keshari et al. (2020), who 
previously characterized the antioxidant activity of Ag-NPs and 
reported that Ag-NPs at nano-size 20 nm showed potential an-
tioxidant activities with high scavenging % (29.55). Nanomaterial 
proved by several others that it is more potent and effective in 
comparison with other mass materials. In the author’s opinion, 
this was related to its special innovative physicochemical qualities 
such as their enormous surface to volume extent, higher reactivi-
ty, steadiness, controlled molecule size, bioactivity, bioavailability, 
and controlled arrival of stacked medications to the special target 
site (Youssef et al., 2020; Youssef et al., 2021). The proven high an-
tioxidant efficacy of the obtained Ag-NPs add more advantages 
for the efficacy of this material, using antioxidant in association 
with parasiticidal drugs enhance the immunity of the animal as its 
deficiency may affect Reactive Oxygen pieces (ROS) production 
which are essential factors of cell division, and growth. Moreover, 
combinations of antioxidants and specific drugs are usually more 
effective than applying larger quantities of the drug alone (Ab-
del-Rahman and Abdel-Radi, 2022; Abou-Okada et al., 2021). 

According to Fahmy et al. (2020), In vitro studies are essential 
for the primary evaluation of any new formulation before test-
ing a similar product in vivo. In vitro experiments are useful easy, 

have low cost, simple and rapid tools for exploring the effective 
dose level for application of the drug in vivo. For this reason, the 
present study screened different upgrading doses of the locally 
produced Ag-NPs. Exposing active T. spiralis adult worms to 3.0, 
6.0, 9.0, and 12.0 ppm for 1 h, 3 h, 6 h, 12 h, and 24 h revealed that 
the effect of the product appears of dose- and exposure time-de-
pendent as there is a direct relationship between the increase in 
the rate of mortality of the exposed worms and the increase in 
the Ag-NPs concentration and exposure time.  These facts agreed 
with El-Banna et al. (2005) and Fahmy et al. (2020). Moreover, the 
relation is indirect between the increase in the concentration of 
the tested dose and the exposure times concerning the values of 
LC50% and LC100% of the exposed worms (Salama et al., 2012) as 
it increased from 3.0 ppm/for 10h exposure time, to 12.0 ppm/for 
3.30 h for LC50% and it was 9.0 ppm /24h and 12.0 ppm/ 12h for 
LC100%.  These facts support the value of Ag-NPs as an effective 
anti-T. spiralis drug.  These results have no significant difference 
(P <0.05) from that obtained using Albendazole 50mg/kg B.W. 
as a reference drug. In the author’s opinion and agreement with 
Saini et al. (2016) Ag-NPs are considered a potent parasiticide, 
they affected the worm through a reduction in ATP content of 
the cell, causing damage to mitochondria and increased pro-
duction of ROS. Moreover, nanoparticles have potentially useful 
biomedical effects when applied in vivo or In vitro (Youssef et al., 
2020; Youssef et al., 2021). Also, EL-Melegy et al. (2019) worked 
on other Ag-NPs in combination with Mebendazole on T. spiralis 
encysted larvae and concluded that Ag-NPs improved the ther-
apeutic effect of Mebendazole treatment during the muscular 
phase of experimental trichinellosis. 

Analysis of DNA damage in dead T. spiralis exposed to Ag-
NPs at different concentrations for 12 h and the control worms 
was visualized using Comet assay. The assay demonstrated a 
direct relationship between the increase in the dose of Ag-NPs 
and the degree of DNA genotoxic damage. The damage was rep-
resented in the form of variations in % of DNA in the tail seg-
ment, tail length (μm), tail moment (μm), and olive tail moment 
by investigating the migration of DNA fragments by agarose gel 
electrophoresis.  There was a significant increase (p ≤ 0.05) in the 
% of DNA damage with an increase in the % of worm mortalities. 
At the same time, there was no significant difference (p ≤ 0.05) 
between the recorded values using the high Ag-NPs concen-
tration with that recorded using Albendazole (50 mg/kg. B.W.). 
Moreover, a significant difference was recorded in comparing the 
obtained values with that of the living worms incubated in blank 
RPMI media. The value of comet assay to estimate damage in 
DNA in the exposed worms was previously described by Kumar 
et al. (2015) and Attaullah et al. (2020) as they demonstrated that 
this degree of variations in different measured DNA parame-
ters was reflecting the damage in DNA and this damage was in-
creased by the increase in the concentration of tested materials. 

SEM examination of dead T. spiralis worms after exposure to 
different concentrations of Ag-NPs for 12 h, revealed variable ir-
reversible destructive effects on the worm epidermal and cutic-
ular layer. There were marked morphological changes, multiple 
vesicles, and blebs, sloughing and destruction of some areas of 
the cuticle with fissures, and loss of normal annulations in the 
epidermal and cuticular layer of the dead worms. This morpho-
logical alteration was directly related to the concentration of the 
tested Ag-NPs after 12h exposure time. Without no marked dif-
ference between the recorded changes that occurred in worms 
exposed to lethal dose levels and those dead after exposure 
to the reference drug. These recorded changes were previous-
ly mentioned by several authors on the same parasites such as 
Huanga et al. (2020) and by Fahmy et al. (2020) after exposing 
them to different concentrations of clove oil. Moreover, the same 
morphological changes were recorded on the T. spiralis muscle 
larvae exposed to - by Abd-Elrahman et al. (2021).

CONCLUSION

The tested Ag-NPs was proved to be promising In vitro an-

Fig. 8. SEM image to investigate the effect of Ag-NPs on T. spiralis adults. (A) Control in 
blank RPMI showing worm body with intact smooth non-wrinkled epidermis. (B) 3.0ppm 
Ag-NPs treatment group showing adult skin with a mild degree of collapse and contrac-
tion without destruction. (C) 6.0ppm exposed worm showing mild focal destructions in 
the epidermis of the wall with a mild degree of carrion. (D) group exposed to 9.0ppm Ag-
NPs showing the disappearance of the intact annuli, with corrugation and shrinking in the 
surface epidermal layer. (E and F) group exposed to 12.0ppm showing serious alterations 
in the worm cuticle that was severely damaged and detachment of the epidermis and the 
sub-epidermal layer which appeared irregularly arranged.
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ti-Nematodal agent that can be accepted as effective and safe 
alternative drug against adult T. spiralis worms. The newly formu-
lated Ag-NPs possesses other advantages as it is antioxidant and 
able to induce irreversible damage in the parasite morphology 
and cause severe genotoxic damage on the DNA level. An in vivo 
study is running now depending on the data obtained from this 
In vitro study to evaluate the efficacy of this product as a promis-
ing parasiticidal material.
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