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Background: Trichinosis is acquired through ingesting the infective larvae in 

pork meat. Drugs employed for the treatment of trichinosis have a limited 

bioavailability in addition to the adverse side effects. In the current work, the 

therapeutic effect of ivermectin against experimental muscle trichinosis was 

evaluated using solid lipid nanoparticles with and without albendazole. 

Methods: Seven groups of ten albino mice each were created from the 70 total. 

(GI): normal control, (GII): infected, non-treated, and (GIII): infected treated 

with albendazole, (GIV): infected treated with ivermectin. (GV) infected treated 

with solid lipid nanoparticles, (GVI): infected treated with ivermectin loaded on 

solid lipid nanoparticles, and (GVII): infected and received a combination of 

albendazole and solid lipid nanoparticles loaded with ivermectin. For the seven-

day intestinal phase and the 49-day muscle phase, each group was split into two 

subgroups of five mice each. The focus of this study is the muscular phase. The 

mean number of encysted larvae in the muscle tissue was counted for a 

parasitological evaluation. Using feulgen and hematoxylin and eosin (H&E) 

stains, all groups were assessed histopathologically and histochemically, 

respectively. Liver and kidney parameters were also assessed biochemically.  

Results: The treatment that combined the use of albendazole and ivermectin 

loaded on solid lipid nanoparticles (GVII) produced the greatest decrease in the 

count of encysted muscle larvae (92.16%). The improvement in histological, 

histochemical, and biochemical markers supported these findings. 

 Conclusion: Ivermectin loaded on solid lipid nanoparticles (SLNPS) could be 

an additional or synergistic therapeutic agent in treating trichinosis. 

Keywords: Albendazole; Ivermectin; Muscular disease; Solid lipid 

nanoparticles; Trichinella spiralis. 

 

INTRODUCTION 
he nematode parasites from the genus 

Trichinella are the source of the food-borne 

helminthic infection known as trichinosis. 

Trichinella spiralis, or T. spiralis, is the most 

prevalent and harmful to humans. Intestinal 

symptoms are the first signs of trichinosis brought 

on by adults living in the small intestine. Larvae are 

then laid and move through the circulation. The 

most common manifestations of the parenteral 

phase are myalgia and periorbital edema. Finally, 

larvae settle and encyst in the active striated 

muscles of the host [1]. Trichinosis is commonly 

treated with traditional benzimidazoles like 

mebendazole and albendazole, although these 

drugs have limited absorption, no effect on the 

encapsulated larva, and are becoming increasingly 

resistant to treatment [2]. In addition, certain 

medications were shown to be carcinogenic [3]. 

Ivermectin (IVM) is a strong macrolytic lactone 

T 
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that paralyzes worms and arthropods by allowing 

chloride ions to permeate the cell membrane [4]. In 

parasite nerve and muscle cells, it attaches itself to 

a glutamate-gated chloride channel receptor, thus 

impairing neurotransmission regulated by these 

channels. Loghry et al. (2020) examined the impact 

of IVM as an anti-filarial medication on 

extracellular vesicle secretion (EV). They also 

investigated motility and protein secretion and 

discovered that one characteristic of IVM that 

significantly inhibited nematode life stages and 

species (except for male parasites) was the 

inhibition of (EV) secretion. They deduced that part 

of the mechanism of action of IVM might be 

explained by inhibiting the secretion of (EVs). [5]. 

Although IVM effectiveness against trichinosis 

was reported, its effect was restricted to encysted 

muscle larvae [6]. This may be related to its poor 

water solubility, which results in reduced oral 

bioavailability. [7]. Therefore, improving IVM's 

effectiveness is essential, especially against 

encysted and migrating T. spiralis larvae [8]. The 

characteristic feature of nanomaterials is their 

dimension, which is less than 100 nanometers [9]. 

Nanotechnology's use in biological sciences aims 

to develop nano-carriers for sufficient and specific 

delivery of therapeutic agents [10]. Most employed 

NPs in drug delivery are liposomes and polymers 

[11]. Solid lipid nanoparticles, also known as 

SLNs, are a type of lipid nanoparticle that can serve 

as an alternate carrier for typical colloidal 

nanoparticles because of their diverse therapeutic 

uses. Drug distribution is greatly enhanced by 

liposomes, which are tiny solid particles suspended 

in a fluid phase [12]. The continuous release of a 

drug's contents and its stability at the nanoscale are 

essential for its effective delivery [13]. The purpose 

of our study was to evaluate the possible 

therapeutic impact of ivermectin-loaded solid lipid 

nanoparticles (IVM-SLNs) single or combined 

with albendazole against experimental muscular 

trichinosis. 

METHODS 

The study was conducted at Theodor Bilharz 

Research Institute (TBRI) in Giza, Egypt, during 

the period from May 2022 to May 2023.    

            Experimental animals and study groups: 
Seventy laboratory-bred parasite-free Swiss albino 

mice obtained from the animal house of TBRI, 

aging 5 weeks, weighing 20-25gm. Stool 

examination was done by direct smear and 

concentration techniques for 3 consecutive days to 

exclude any parasitic infections. Mice were divided 

into seven groups, 10 mice each. Group (I): 

negative control, group (II): infected, non-treated, 

group (III): infected and treated with albendazole, 

and group (IV): infected and treated with 

ivermectin. Group (V): infected and treated with 

solid lipid nanoparticles, group (VI): infected and 

treated with ivermectin loaded on solid lipid 

nanoparticles, and group (VII): infected and treated 

with a combination of albendazole and ivermectin 

loaded on solid lipid nanoparticles. Each group was 

subdivided into two subgroups (5 mice each) for 

the intestinal phase (7 days pi) and the muscular 

phase (49 days pi) that was included in our study. 

For parasitological, histopathological, and 

histochemical assessments, muscular specimens 

were collected from mice sacrificed on the 49th day 

PI.  

The parasite and infection: The strain of 

Trichinella spiralis was isolated from infected mice 

in the animal house of Theodor Bilharz Research 

Institute (TBRI), Giza, Egypt. Sixty mice were 

infected orally with 200-250 larvae per mouse 

according to Wassom et al. [14].   

Preparation of IVM-SLNs: By hot 

homogenization followed by ultrasonication 

method according to (Venkateswarlu 

&Manjunath,2004) [15]. The lipid phase consisted 

of IVM, lipid, and lipophilic surfactant; each 

weighed with an electronic balance (Shimadzu, 

Kyoto, Japan) and dissolved in a mixture of 

chloroform and methanol (2:1). The mixture was 

then transferred to a rota evaporator (IKA RV 10, 

Staufen, Germany) to remove organic solvents and 

obtain a thin lipid layer. Nitrogen was blown on the 

lipid layer to remove traces of vapors of organic 

solvents. The hot aqueous phase was heated to the 

same temperature as the molten lipid phase, added 

to the thin lipid layer, and hydrated for 30 min. 

Homogenization was carried out with the help of 

Ultra-turrax (IKA T 25, Staufen, Germany). The 

temperature was maintained at 5˚ C above the 

melting point of the lipid to prevent 

recrystallization. The obtained hot o/w emulsion 

was sonicated (13 mm probe) using UP200H 

ultrasonic homogenizer (Hielscher Ultrasonics 

GmbH, Teltow, Germany). The obtained hot 

nanoemulsion was quickly poured into 200 mL of 

cold water to get IVM-incorporated SLNs. The 

SLNs were collected by centrifugation at 15,000 g 

(Cooling Centrifuge, C-24 BL, REMI Ins. Ltd., 

Mumbai, India) for 90 min at 4˚ C and washed three 

times with purified water. The SLNs were 

suspended in purified water and kept under −40˚C 
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for 12 hrs. The samples were lyophilized for 48 h 

(Lyophilizer, Decibel, India) at - 40˚ C to remove 

water to keep them stable throughout storage.  

Mannitol (5% w/v) was used as a lyoprotectant. 

The obtained SLN powders were stored at 4˚ C. The 

control SLNs were prepared similarly without 

adding the IVM. 

Characterization of nano-carriers: Scanning 

electron microscopy (SEM) was performed using 

SEM (SU1510 model; Hitachi Ltd., Tokyo, Japan) 

to study the morphological characteristics of 

prepared IVM-SLNs. Zeta sizer Nano Series 

(Malvern Instruments, UK) equipment was used to 

measure the zeta potential. Fourier transform 

infrared (FT-IR) (Thermo Scientific Nicolet 7199 

FTIR spectrometer). Ultraviolet-visible (UV-VIS) 

spectra analysis (UV/VIS Spectrophotometer BK-

UV1000G BK-V1000G). 

Treatment Schedule & Dose: Ivermectin tablet 

(Iverzine 6mg ® UNI Pharma, Egypt) was given at 

a dose of 0.25 mg/kg body weight. on 35th days 

post-infection (dpi) single oral dose for the 

muscular phase [6]. Albendazole was available as 

Alzental suspension (EIPICO, Egypt), containing 

20 mg/ml and given in a dose of 50 mg/kg orally 

for 7 successive days post-infection starting from 

31st dpi for the muscular phase [16]. SLNPS 

suspension prepared by dissolving 5mg of SLNPS 

powder in 1ml of phosphate buffer saline (PBS) 

was administered in a single oral dose of 

1.25mg/mouse [17] on 35th dpi for the muscular 

phase.  Groups treated with ivermectin loaded on 

SLNPS and a combination of albendazole with 

ivermectin loaded on SLNPS were given the total 

dose of drugs on the same days.  

 Parasitological assessment: 
For muscular encysted larval count, the entire 

diaphragm was dissected after scarification of mice 

on the (49th day PI), and then larvae were 

sedimented by centrifugation after digestion. The 

supernatant fluid was discarded and larvae in the 

sediment were counted using a McMaster counting 

slide to count the viable larva burden /mouse [18] 

according to this equation: 

 
 Therapeutic effect assessment:  
Drug efficacy (%) = [(A – B)/A] ×100, where A = 

the counted larvae of infected control mice, and B 

= the counted larvae from treated mice [19]. 

 Histopathological assessment: 

Mice were sacrificed on the 49th day post-infection 

(PI), and muscle specimens were taken from the 

diaphragm [20].  In 10% formalin, the specimens 

were fixed. dehydrated in increasing alcohol 

grades, cleared in xylol, implanted in paraffin 

blocks, sectioned at a thickness of 5 μ, stained with 

hematoxylin and eosin (H&E), and inspected under 

the microscope [3].  

Histochemical study:  
Feulgen stain was used to identify changes 

resulting from the hydrolysis of nuclear DNA acid 

due to apoptosis in the muscle tissues. Stained 

tissues were fixed avoiding strong acid application 

to prevent unnecessary de-staining. DNA stains 

bright red, and the background counterstains green. 

Apoptosis was classified according to changes in 

nuclear DNA coloration as light red, slight red, and 

less bright red representing extreme, moderate, and 

mild apoptosis, respectively. In contrast, bright red 

nuclei represent regular nuclei [21]. 

 Biochemical assessment: 

 Blood samples were obtained from the retro-

orbital vein of mice groups (II, III, IV, V, VI, and 

VII) using a disposable capillary tube at 30 dpi. 

Sera were isolated and utilized to assess the effect 

of drugs in treated mice groups on serum 

biochemical parameters, including liver parameters 

(total protein, albumin, globulin, AST & ALT), and 

renal parameters (urea, creatinine).  

Ethical considerations:  
 Mice were maintained according to the research 

guidelines for the care and use of Laboratory 

Animals. Approval number: ZU-

IACUC/3/F/91/2023. 

STATISTICAL ANALYSIS 
Data were analyzed by Statistical Package for 

Social Sciences (SPSS), windows version 20. 

Student (t) test and analysis of variance (ANOVA) 

test were performed for the probable differences 

among the studied groups. The P-value < 0.05 is 

considered significant. While <0.001 for highly 

significant results.  

RESULTS 
Characterization of SLNPS: Morphology analysis 

by SEM is shown in FS 1. The majority of particles 

were spherical and had smooth surfaces with a 

homogeneous polydispersity. The mean diameter 

obtained by SEM is smaller and ranges from 40 – 

60 nm. The mean zeta potential of the synthesized 

NPs (FS 2) showed good stability with 52.3mV at 

25.1°C with a conductivity of 0.127mS /cm. The 

mean particle size distribution of the NPs ranged 

from 20 – 60 nm the majority of particle size was 

60 nm at 90° scattering angle under monodisperse 

form with total count ranging from 20000-640000 
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particles/ml. The Fourier transform infrared (FTIR) 

spectra of SLNP are presented in FS 3, the SLN 

nanoparticles spectrum represented by absorption 

peaks ranging from 350–1750 cm− 1. Five 

characteristic absorption peaks of SLNP are 

observed at 350, 650, 750, 900, 1560, and 1750 cm-

1 representing the different main structures of 

SLNP. The Fourier transform infrared (FTIR) 

spectra of IVM loaded with SLN (SLNP-IVM) are 

presented in FS 4 that showed seven characteristic 

absorption peaks of SLNP-IVM at 150, 790,1200, 

1550, 1760, 2000, and 2400 cm−. FS 5 showed a 

characteristic single absorbance peak observed at 

520nm showing the optical surface plasmon 

resonance (SPR) activity of the synthesized nano-

particles. Loading IVM into the SLN nanoparticles 

caused characteristic absorbance peaks that were 

observed at 220 nm and 600 nm showing the optical 

surface plasmon resonance (SPR) activity of the 

synthesized nanoparticles loaded with IVM (FS 6). 

Parasitological results: 

Results of the muscular phase as shown in Tables 

(1,2) revealed that combined therapy (GVII) had 

the highest reduction in T.spiralis larvae number 

among the treated groups followed by GIII 

(albendazole alone) then GVI (treated with 

ivermectin loaded on solid lipid nanoparticles) with 

percentage reductions of 92.16%,90.11%, and 

64.15%  respectively with a high significant 

difference in between groups. The difference in 

larval count was significant among the studied 

groups except between control positive (GII) and 

(GV) treated with solid lipid nanoparticles. 

Insignificant differences also existed between GIII 

(treated with albendazole) and GVII (treated with a 

combination of albendazole and ivermectin loaded 

on solid lipid nanoparticles). 
  Histopathological results: 
GI showed no histopathological changes (Fig. 1A). 

The control positive GII (Fig. 1B) muscle section 

showed infection by T spiralis intact encysted larva 

with no capsule surrounded by marked chronic 

lymphocytic infiltration. The muscle section of 

albendazole-treated mice (GIII) showed a shrunken 

T. spiralis encysted larva surrounded by mild 

chronic lymphocytic infiltration, one of the larvae 

is necrotic indicating moderate improvement (Fig. 

1C). Muscle section of ivermectin-treated mice 

(GIV) showed multiple T. spiralis encysted larvae 

surrounded by moderate chronic lymphocytic 

infiltration (Fig. 1D). GV (Fig. 1E) treated with 

solid lipid nanoparticles showed massive 

infestation by T.spiralis larvae, surrounded by 

intense inflammatory reaction. The muscle section 

of GVI (infected and treated with SLNP 

+ivermectin) showed a moderate number of T. 

spiralis shrunken larvae surrounded by mild 

chronic lymphocytic infiltration (Fig. 1F). GVII 

that received mixed ivermectin loaded on solid 

nanoparticles and albendazole (Fig. 1G), showed 

normal muscle fibers with one T. spiralis larva 

which is necrotic and fibrosed and minimal 

inflammatory infiltration detected only by x400 

power indicating best improvement. 

Histochemical reactions: 

GI (Fig. 2A) showed no histochemical changes 

while severe apoptosis was detected in GII (Fig. 

2B) and GV (Fig. 2E). Moderate apoptosis was 

detected in GIV (Fig. 2D) and GVI (Fig. 2F). While 

G III (Fig.2C) and G VII showed mild apoptosis 

(Fig. 2G). 

Biochemical results: 

Biochemical study at 30dpi of all treated groups 

showed a highly significant decrease in serum 

activities of AST, ALT, urea, creatinine, and 

globulin when compared with their corresponding 

infected control group (P<0.001) (Table 3). A 

highly significant serum level elevation of the total 

protein and albumin (P<0.001) was noticed in all 

treated groups as compared with the corresponding 

infected control. 

 

Table (1): The mean larval count of T. spiralis in the muscular phase in control and tested groups. 

Group Description 
Larval count in the muscular phase 

Mean ± SD Range R% 

G II Infected, non-treated (Positive control) 8925 ± 1100 7700 - 10200  

G III Infected and treated with albendazole 882 ± 259 642 - 1246 90.11% 

G IV Infected and treated with ivermectin 4325 ± 350 3900 - 4700 51.54% 

G V 
Infected and treated with solid lipid 

nanoparticles 
8600 ± 1309 7600 - 10500 3.64% 
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G VI 
Infected and treated with ivermectin 

loaded on solid lipid nanoparticles 
3200 ± 216 3000 - 3500 64.15% 

G VII 

Infected and treated with albendazole 

and ivermectin loaded on solid lipid 

nanoparticles 

700 ± 183 500 - 900 92.16% 

 F-test 98.666 

 P-value <0.001** 

F: ANOVA test, P: Probability, R%: Reduction percentage **: Highly significant difference  

 

 

Table (2): Least significant difference (LSD) test for comparison of mean number of T. spiralis encysted larva 

among control and other tested groups. 

Post hoc test (LSD test) 

T.spiralis larval count in the muscular phase 

Groups G II G III G IV G V G VI G VII 

G II       

G III 0.000**      

G IV 0.000** 0.000**     

G V 0.537 0.000** 0.000**    

G VI 0.000** 0.000** 0.043* 0.000**   

G VII 0.000** 0.728 0.000** 0.000** 0.000**  

 

Table (3): Comparison between the mean level of biochemical parameters in the muscular phase of T. spiralis in 

the control and tested groups. 

Groups 

Total 

protein 

(g/dl) 

Albumin 

(g/dl) 

Globulin 

(g/dl) 

Albumi

n/Glob

ulin 

Ratio 

AST 

(U/l) 

ALT 

(U/l) 

Creatinine 

(Mg/dl) 

Urea 

(Mg/dl) 

G I 
Mean 5.42 3.96 3.16 1.25 124.98 30.86 1.61 48.26 

S. D 0.17 0.17 0.17 0.01 15.11 2.44 0.18 4.75 

G II 
Mean 3.64 2.14 4.34 0.49 190.70 76.75 2.92 81.32 

S. D 0.50 0.05 0.25 0.02 9.47 5.93 0.18 3.99 

G III 
Mean 4.61 3.23 3.57 0.92 149.95 39.22 2.09 69.12 

S. D 0.29 0.10 0.39 0.14 4.47 3.46 0.39 7.06 

G IV 
Mean 4.01 2.87 3.90 0.74 173.30 57.51 2.54 74.72 

S. D 0.34 0.65 0.05 0.17 6.81 3.60 0.16 0.71 

G V 
Mean 3.75 2.65 4.00 0.66 177.29 68.51 2.73 76.72 

S. D 0.31 0.31 0.21 0.09 8.03 3.62 0.16 7.28 

G VI 
Mean 4.41 3.02 3.87 0.79 157.22 43.39 2.40 70.49 

S. D 0.21 0.37 0.65 0.12 16.49 0.97 0.06 6.50 

G VII 
Mean 5.10 3.53 3.41 1.04 142.72 32.67 1.92 54.60 

S. D 0.19 0.19 0.21 0.05 12.32 3.42 0.19 2.32 

F-Test 24.42 16.86 7.15 30.34 20.38 123.37 24.52 26.95 

P-value 
<0.001** <0.001** <0.001** 0.944 <0.001*

* 

<0.001*

* 

<0.001** <0.001*

* 
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Figure (1A): Control-negative mice (GI) showed normal muscle fibers (M) with no parasitic infection and no 

inflammatory infiltration (H&Ex200). 

 

 
Figure(1B): Muscle section (M) of positive control (GII) showed infection by T spiralis intact encysted larva with 

no capsule (arrowhead) bisecting muscle layer and surrounded by marked chronic lymphocytic infiltration (red 

star) (H&Ex200). 

 

 
Figure (1C): The muscle section of albendazole-treated mice (GIII) showed shrunken T. spiralis encysted larva 

(arrowheads) bisecting muscle fibers (M) and surrounded by mild chronic lymphocytic infiltration (red star). 

One of the larvae is necrotic (red arrow) indicating moderate improvement (H&Ex200). 
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 Figure (1D): Ivermectin-treated mice (GIV) showed a section in the muscle infected by multiple T. spiralis 

encysted larvae (arrowheads) bisecting muscle fibers (M) and surrounded by moderate chronic lymphocytic 

infiltration (red star). (H&Ex200). 

 

 
 Figure (1E): Section in the muscle of GV (infected+ treated with SLNPS) infected by multiple T. spiralis 

encysted larvae (arrowhead) bisecting muscle fibers (M) and surrounded by marked chronic lymphocytic 

infiltration (red star) and areas of muscle necrosis (N). (H&Ex200). 

 

 
Figure (1F): Section in the muscle of GVI (infected treated with SLNP +ivermectin) showed a moderate number 

of T. spiralis shrunken larva (arrowhead) bisecting muscle fibers (M) and surrounded by mild chronic 

lymphocytic infiltration (red star). (H&Ex200). 
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Figure (1G): GVII (infected and treated with ivermectin SLNPS +albendazole) showed normal muscle fibers with 

one T. spiralis larva (arrowhead) which is necrotic and fibrosed and minimal inflammatory infiltration indicating 

the best improvement (H&Ex200). 

 

 
Figure (2A): Feulgen staining reaction of non-infected control mice (GI) showing normal muscular tissue (yellow 

arrow) X 100. 
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Figure (2B): Feulgen stain of control positive mice (GII) showing intact Trichinella larva (red arrow) surrounded 

by dense inflammatory reaction (green arrows) with the presence of a huge number of apoptotic cells with 

fragmented nuclei (light blue arrows) X 400. 

 

 
Figure (2C): Fuelgen stain of albendazole-treated mice (GIII) showing damaged Trichinella larva with the 

presence of mild inflammatory reaction including few apoptotic nuclei (light blue arrows). X 400. 

 

 
Figure (2D): Feulgen stain diaphragmatic muscle of ivermectin-treated mice (GIV) showing moderate 

inflammatory reaction with the presence of moderate apoptotic nuclei (light blue arrow) and fragmented nuclei 

(green arrow). X 400. 
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Figure (2E): Feulgen stain the diaphragmatic muscle of solid lipid nanoparticles treated mice (GV). Showing a 

nearly intact Trichinella larva, enclosed by a capsule (red arrow) surrounded by dense inflammatory reaction with 

the presence of many apoptotic cells (light blue arrows). X 200. 

 

 
Figure (2F): Feulgen stain of the diaphragmatic muscle of GVI mice treated with ivermectin loaded on solid lipid 

nanoparticles showing partially destructed larvae of Trichinella (red arrows) with the presence of moderate 

inflammatory reaction including some apoptotic nuclei.( light blue arrows) X 400. 
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Figure (2G): Feulgen stain the diaphragmatic muscle of mixed ivermectin loaded on solid nanoparticles and 

albendazole-treated mice (GVII) showing destructed Trichinella larva surrounded by moderate inflammatory 

reaction including a few apoptotic nuclei. (Light blue arrows) .X 200. 

 

DISCUSSION 

The difficulty of treatment of T.spiralis infection is a 

leading cause for increasing the global burden of 

infection in addition to the limited bioavailability of 

specific drugs used for the treatment of trichinosis 

especially against the migrating and encysted larvae. 

Ivermectin is a broad-spectrum safe and tolerable 

antiparasitic drug but with low bioavailability after 

oral administration, because it is metabolized by the 

liver's cytochrome P450 system and it has a high 

affinity for plasma proteins (93.2 %) [22], this made 

the search for alternate methods for increasing the 

oral bioavailability of the drug and hence its 

therapeutic efficacy an urgent demand. SLNPs were 

offered as an alternative carrier to colloidal drug 

carriers [23]. The size of SLNs, are ranging from 50 

to 1000 nm [24]. The large surface area, high drug 

loading properties, and higher stability enable the 

SLNPs to enhance the efficacy of the drugs [25]. The 

lipid matrix structure of solids (which is made of 

physiological lipids) reduces the toxicity of SLNPs 

and improves the absorption of water-insoluble drugs 

in the intestine [26]. 

The current study evaluated the therapeutic efficacy 

of ivermectin loaded on solid lipid nanoparticles with 

and without albendazole on experimental muscular 

trichinosis. The parasitological results revealed the 

highest reduction in the mean number of T.spiralis 

larval count was in GVII that received combination 

therapy of albendazole and ivermectin loaded on 

solid lipid nanoparticles, followed by GIII (treated 

with albendazole alone)  with percentage reductions 

of  92.16%  and  90.11%   respectively. These results 

were similar to that recorded by Elmehy et al. (2021) 

[27] who tested the anti-trichinosis activity of a 

single oral dose of 200 μg/kg of niosomal IVM as 

compared to nano-crystalline form on both adult and 

larval counts when administered on 1st, 10th, and 

30th dpi, respectively. This also agreed with Soliman 

et al. (2011) [6] as they showed that a single 

subcutaneous dose of 0.2mg/kg IVM at 10th dpi 

reduced the larvae in diaphragms of infected rats, 

while unsuccessful in reduction of larval counts 

occurred when injected at 35 dpi because it cannot 

cross the capsule of the nurse-cell complex and kill 

the parasites inside. Basyoni and El-Sabaa (2013) 

[28] tested IVM administration on 0 and 5 dpi and 

reported high efficacy of IVM in killing adult T. 

spiralis (98.5% and 80%) respectively, while drug 

efficacy against encysted muscle larvae decreased as 

the treatment given 15 dpi and 35 dpi (76.5% and 

54%). The mechanism of action of IVM depends on 

interference with the nervous system and muscle 

functions by improving inhibitory neurotransmission 

[29]. Ivermectin paralyzes worms and arthropods by 

allowing chloride ions to permeate the cell 

membrane [4] by binding to a glutamate-gated 

chloride channel receptor in parasite nerve and 

muscle cells resulting in impairing 

neurotransmission regulated by these channels. The 

ability of ivermectin loaded on solid lipid 

nanoparticles to attack the adults and the larvae with 

high efficacy can be explained by the enhanced oral 

bioavailability that solid lipid nanoparticles induce 

with the resulting increase in drug plasma 

concentration. Lipid nano-carrier showed similar 

https://doi.org/10.21608/zumj.2024.279448.3283
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/antiparasitic-agent
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results regarding drug enhancing effect with Ibrahim 

et al. (2024) [30]. They assessed the effect of 

chitosan-coated lipid nano-combination with 

albendazole and miltefosine (MFS) in treating 

experimental murine trichinosis and found that the 

most effective drug was nanostructured lipid carriers 

(NLCs) loaded with ABZ which showed the most 

significant reduction in adults and larval count 

(100% and 92.39%, respectively). 

In the present study, the histopathological findings in 

diaphragmatic muscle sections from the positive 

control mice (GII) showed massive infestation by 

Trichinella spiralis larvae surrounded by intense 

inflammatory reaction. These findings agreed with 

[31] and [32]. Trichinella spiralis larvae produce 

high levels of oxygen-reactive species that induce 

inflammation in addition to mechanical damage to 

myocytes. After that, a collagen capsule is formed to 

support the larvae inside its muscle niche for a long 

time and is the cause of decreased efficacy trichinosis 

trichinosis-specific drugs against the encysted larvae 

[33]. In the present study, the muscle tissue of all 

treated mice groups showed fewer T.spiralis larvae, 

most of them are destructed and surrounded by a thin 

destructed capsule and mild inflammatory reaction. 

Marked improvement was noticed in the group 

treated with the combination of ivermectin loaded on 

solid nanoparticles and albendazole (GVII). The 

present findings were supported by those recorded by 

Basyoni and El-Sabaa (2013) [28] who noticed that 

muscular tissue degenerative alterations decreased 

while fragmentation of larva was augmented on 

administration of IVM 15 dpi compared to less t 

effects induced by IVM 35 dpi because of their low 

water solubility that limits its absorption. [34] also 

supported the current results, they revealed a 

decrease in the amount of collagen fibers around 

encysted larvae in muscles of mice treated with 

mebendazole-loaded silver nanoparticles. Our results 

agreed also that obtained by [27] and they concluded 

that niosomal IVM could be an effective new therapy 

for trichinellosis.  

Apoptosis is a method for programmed cell death 

that controls cell proliferation [35]. Parasites might 

induce apoptosis directly through active mediators or 

indirectly through inflammatory mediators [36]. 

Our histochemical results in the muscle phase 

revealed severe apoptosis in the positive control GII 

and GV that received only solid lipid nanoparticles. 

Moderate apoptosis was observed in groups 

receiving treatment with ivermectin single and 

loaded on SLNP (GIV and GVI). Meanwhile, G III 

and G VII, treated with albendazole single and 

combined with IVM loaded on SLNPs, showed mild 

apoptosis. These results were consistent with [32] 

(Sarhan et al. 2021), who noted marked apoptosis in 

the muscle tissue of the positive control group, which 

displayed nuclear disintegration and a light red 

coloring of the muscle cell nuclei next to the larvae. 

In addition, Etewa et al. 2018 [37] reported marked 

apoptosis in experimental trichinosis in the positive 

control group, demonstrating the parasite's 

destructive effect on the muscle cells. Apoptosis 

associated with experimental trichinosis was 

reported by [38]. They added that apoptotic cells in 

the inflammatory infiltration were noted much more 

frequently in the muscular phase than in the small 

intestine's lamina propria. Muscle cell necrosis 

happens when there is significant damage. Because 

of this damage, cells cannot be repaired, and 

scavenger cells eliminate the necrotic region by 

phagocytosis. Apoptosis is a process that muscle 

cells might go through, or they can self-repair after 

being exposed to little damage. [39]. Matsuo et al. 

(2000) [40] reported different features of basophilic 

cytoplasm in muscle cells which are characteristic of 

apoptosis. 

Concerning the biochemical assessment, all treated 

mice groups showed an increase in total proteins and 

a significant decrease in AST and ALT, urea, and 

creatinine levels with a highly significant difference 

compared to the positive control group. Soliman et 

al. (2011) reported similar results [6] after treatment 

of T.spiralis - infected rats with a single dose of 

ivermectin 0.2mg/kg S.C. on the 4th dpi. They 

attributed the results to drug larvicidal activity. 

Basyoni and El-Sabah (2013) [28] investigated the 

possibility of using ivermectin and myrrh as 

treatments for experimental trichinosis and they 

found similar biochemical results. This also agreed 

with Nada et al. (2018) [31], who reported reductions 

in the levels of urea, creatinine, AST, ALT, and CPK 

but a rise in total proteins in mice treated with Nigella 

sativa, ivermectin versus albendazole compared to 

the infected non-treated group.  

The present study's findings demonstrated that 

ivermectin loaded on solid lipid nanoparticles 

achieved better results during the treatment of 

muscular trichinellosis especially when combined 

with albendazole.  

CONCLUSIONS 

Our study results suggest that ivermectin loaded on 

solid lipid nanoparticles alone or combined with 

albendazole could be used with high efficacy as a 

synergetic or new therapeutic agent against 

trichinosis infection. Further research is needed with 

https://doi.org/10.21608/zumj.2024.279448.3283
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trials of different doses, routes of administration, and 

different nanocarriers. Testing the effect of 

ivermectin on certain parasite targets like parasite 

extracellular vesicles may be searched. 
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SUPPLEMENTARY FIGURES  

  

FS 1: SLN morphology analysis by SEM, the majority of particles were spherical and had smooth surface with a 

homogeneous polydispersity. The mean diameter obtained by SEM is smaller and ranged from 40 – 60 nm.  

 

FS 2: The mean zeta potential of the synthesized NPs. 
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 FT-IR analysis. 

FS 3: FTIR spectra of SLN (SLNP) Five characteristic absorption peaks of SLNP are observed at 350, 650, 750, 

900, 1560, and 1750 cm− 1 representing the different main structure of SLNP. 

 

FS 4: The Fourier transform infra-red (FTIR) spectra of IVM loaded with SLN (SLNP-IVM) Seven characteristic 

absorption peaks of SLNP-IVM are observed at 150, 790 , 1200, 1550, 1760, 2000 and 2400 cm− 1 . 
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FS 5: A characteristic single absorbance peak observed at 520nm showing the optical surface plasmon resonance 

(SPR) activity of the synthesized nanoparticles. 

 

 

FS 6: A characteristic absorbance peaks was observed at 220nm and 600 nm showing the optical surface plasmon 

resonance (SPR) activity of the synthesized nanoparticles loaded with IVM . 
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