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A B S T R A C T   

Trichinellosis is a food-borne parasitic infection causing muscle damage. This study aimed to 
detect the potential therapeutic effect of platelet-rich plasma (PRP) alone or in combination with 
albendazole (ALB) on the muscular phase of experimental Trichinella infection in rats. The study 
was conducted on 70 rats divided into four main groups: healthy non-infected non-treated rats, 
non-infected rats treated with PRP, infected untreated rats (seven rats in each group), and an 
infected group of 49 rats. The infected group was further subdivided based on the drug therapy 
received. The effects of drug therapy were evaluated using parasitological and histopathological 
analyses. 

The percent reduction in the number of Trichinella spiralis larvae per gram of muscle in the PRP- 
treated groups (one, two, and three doses) was 43.1%, 78.8%, and 86.1%, respectively. Groups 
treated with combined therapy of ALB & PRP (one, two, and three doses) showed overall 
reduction percentages of 87.7%, 90.9% and 95.2%, respectively. In contrast, the ALB-treated 
group showed a 69.4% reduction. All results of the abovementioned groups were statistically 
significant compared to the control-infected non-treated group. 

The findings of the histopathological analysis were consistent with the parasitological results. 
Groups receiving combined therapy showed the most significant improvement in terms of the 
degree of inflammation and fibrosis. It can be concluded that PRP has a modulatory effect on the 
pathology caused by T. spiralis larvae in the muscular phase of trichinellosis. 

To our knowledge, this is the first study to investigate the effect of PRP on the muscular phase 
of T. spiralis infection.   

1. Introduction 

Trichinella spiralis is a zoonotic nematode that causes trichinellosis. It is a worldwide food-borne parasitic disease caused by infection 
with nematode worms of the genus Trichinella. These parasites are a public health hazard with a particular concern over food safety. A 
large number of human cases occur annually by eating raw or undercooked pork or its products containing infective Trichinella larvae 
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(Han et al., 2019; Xu et al., 2021; Basso et al., 2022). 
The course of human infection with T. spiralis consists of three phases: an intestinal phase, a migratory phase, and a muscular phase. 

The parasite’s entry into muscle cells causes inflammation in the host’s muscle. These muscle larvae become encapsulated and are the 
primary cause of morbidity (Fabre et al., 2009; Bruschi and Chiumiento, 2011; Bruschi and Dupouy-camet, 2014). 

The goal of treating trichinellosis is to alleviate muscular damage. Albendazole (ALB) and mebendazole are the main anti- 
helminthic drugs used to treat trichinellosis but low water solubility limits drug absorption. Accordingly, alternative safe and effec
tive drugs are required (Caner et al., 2008; Gottestein et al., 2009; Nada et al., 2018). Several studies have reported the effective use of 
platelet-rich plasma (PRP) injections for various tendinopathies and muscle injuries. PRP is an autologous blood-derived product with 
elevated platelet concentrations compared to baseline as well as platelet-related growth factors (Gupta et al., 2012; Seow et al., 2021). 

Several in vitro and in vivo studies have recently supported the use of PRP to treat muscle injury. PRP not only contains various 
cytokines and growth factors that may be beneficial to the healing of injured muscle but also plays a role in responding to pathogens 
through mechanisms including pattern recognition, early trafficking to sites of infection, direct antimicrobial functions, and poten
tiation of innate and adaptive immune mechanisms (Tsai et al., 2018; Yeaman, 2019). To our knowledge, the effect of PRP on 
trichinellosis, particularly in the muscular phase, has not yet been determined. Further studies are needed to assess the potential 
therapeutic effect of PRP as an alternative or adjuvant therapy. 

2. Material & methods 

2.1. Ethical considerations 

The study protocol was approved by the ethical committee of Kasr Al-Ainy Faculty of Medicine and the Institutional Animal Care 
and Use Committee (IACUC), Cairo University. All experiments were carried out in accordance with the Clinical and Laboratory 
Standards Institute (CLSI) guidelines and approved by the institution for animal ethics concerning care for animals and safe disposal of 
their wastes at Theodor Bilharz Research Institute (TBRI). 

2.2. Experimental animals 

The current study was carried out on 70 laboratory-bred albino rats (Rattus norvegicus), 12–16 weeks old and weighing 150–200 g. 
The animals were purchased from the European Country Farms in Egypt and were housed in TBRI throughout the study on a standard 
diet containing 24% protein, 4% fat, and approximately 4–5% fibre and water at a temperature of 24 ◦C. 

2.3. T. spiralis strain 

The T. spiralis strain (Istituto Superiore di Sanità code: ISS6158) used in this study was granted by the Department of Medical 
Parasitology, Tanta Faculty of Medicine. Rats tested by stool examination, to exclude intestinal parasitic infection, were used to 
propagate T. spiralis at the Department of Medical Parasitology, TBRI. The infected rats were killed five weeks postinoculation and the 
skeletal muscle was removed, chopped and processed by the standard pepsin-HCl artificial digestion method to recover T. spiralis 

Fig. 1. Experimental design.  
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muscle larvae (Kapel et al., 2005; Shalaby et al., 2010). The larvae were sieved and washed by repeated sedimentation in distilled 
water and then counted in a cell counting chamber. 

2.4. Experimental design 

The sample size was calculated using the G*Power program (University of Düsseldorf, Düsseldorf, Germany), and information 
reported by Shalaby et al., 2010 justified the use of five rats in each group or subgroup. The 70 albino rats were divided into four main 
groups. Group I: infected untreated (positive control) rats; Group II: infected treated; Group III: non-infected treated rats; Group IV: 
non-infected non-treated (negative control) rats (Fig. 1). Each rat in Groups I and II was orally inoculated with 500 T. spiralis larvae 
(Soliman et al., 2011). 

2.5. Administration of therapeutic agents 

Therapeutic agents were administered 35 days post-inoculation during the chronic phase of the infection, according to Fahmy and 
Diab (2021). The time of inoculation and therapeutic agent administration are shown in Table 1. 

Five weeks post-inoculation, ALB (Bendex) treatment was started. ALB (Bendex) 200 mg tablets manufactured and provided by 
Sigma-Egypt were used. Tablets were crushed, the powder was weighed and dissolved in distilled water, and the rats were intubated 
into the oesophagus at 50 mg/kg body weight for five consecutive days (Chung et al., 2001). 

PRP was prepared using autologous rat plasma to minimize risk of cross-reaction or immune reactivity (Delos et al., 2014). From 
each rat, 3.14 mL of blood was transferred into anticoagulated blood sampling tubes with an equal volume of sterile saline injected as a 
fluid replacement (Messora et al., 2011). PRP was prepared according to Salarinia et al. (2017). The sediment (PRP) volume was 
adjusted to 0.5 mL with 10% calcium chloride solution and injected intramuscularly into the outer aspect of the right thigh in the same 
rat (Rtail et al., 2020). PRP was administered immediately after preparation instead of storage and delayed usage to avoid any effects 
that may result from prolonged storage or freeze/thaw cycles (Delos et al., 2014). PRP was freshly prepared following the above- 
mentioned procedure for the second and third doses of PRP that were administered to groups IIb2, IIb3, IIc2 and IIc3. Elapsed time 
between the first and second dose and between the second and third dose was two weeks. 

2.6. Euthanasia 

All rats were euthanized using intraperitoneal anaesthesia. Rats received anaesthetic–anticoagulant solution (500 mg/kg thio
pental and 100 units/mL heparin) by intraperitoneal injection (Liang et al., 1987). Rats in Group IIa were sacrificed 45 days post- 
inoculation (Shalaby et al., 2010). Two weeks after PRP injection, rats in groups IIb, IIc, and III were sacrificed according to Con
treras-Muñoz et al. (2017). Rats in Groups I and IV were sacrificed at the end of the experiment as shown in Table 1. 

Samples of the diaphragm muscles, thoracic muscles, and thigh muscles were removed and samples from all groups were histo
pathologically examined (Shalaby et al., 2010). Additional samples of these three muscles were examined to detect and count T. spiralis 
larvae (Basyoni and El-Sabaa, 2013; Muñoz-Carrillo et al., 2016). 

Table 1 
The time of inoculation, therapeutic agent administration and euthanasia of all groups.  

Groups Time of inoculation Time of therapeutic agent 
administration 

Time of euthanasia 

Infected untreated 
(group I) 

All rats from all infected group were 
infected at the same time 

Not treated At the end of the experiment 
(69 days post infection) 

Infected treated with ALB 
(group IIa) 

All rats from all infected group were 
infected at the same time 

Five weeks post infection 5 days post treatment 
(45 days post infection) 

Infected treated with single dose of PRP 
(group IIb1) 

All rats from all infected group were 
infected at the same time 

Five weeks post infection 2 weeks post PRP treatment 
(49 days post infection). 

Infected treated with two doses of PRP 
(group IIb2) 

All rats from all infected group were 
infected at the same time 

Five weeks post infection 2 weeks post second PRP dose 
(59 days post infection). 

Infected treated with three doses of PRP 
(group IIb3) 

All rats from at infected group were 
infected at the same time 

Five weeks post infection 2 weeks post third PRP dose treatment 
(69 days post infection). 

Infected treated with ALB and single 
dose of PRP (group IIc1) 

All rats from all infected group were 
infected at the same time 

Five weeks post infection 2 weeks post treatment 
(49 days post infection). 

Infected treated with ALB and two doses 
of PRP 
(group IIc2) 

All rats from all infected group were 
infected at the same time 

Five weeks post infection 2 weeks post treatment 
(59 days post infection). 

Infected treated with ALB and three 
doses of PRP 
(group IIc3) 

All rats from all infected group were 
infected at the same time 

Five weeks post infection 2 weeks post treatment 
(69 days post infection). 

Non-infected treated with PRR (group 
III) 

Not infected At beginning of the 
experiment 

2 weeks post treatment 
(49 days post infection). 

Healthy control group (group IV) Not infected Not treated At the end of the experiment 
(69 days post infection).  
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2.7. Drug effects evaluation 

2.7.1. Counting the larvae in muscles 
The excised muscle was weighed and digested by pepsin-HCl artificial digestion to release larvae, which were then counted using a 

stereomicroscope at 40× magnification. The larval load was calculated as the total number of larvae per gram of muscle and compared 
between groups to determine the percentage of reduction in larval load in the treated group as described by García et al. (2013). The 
pepsin-HCl artificial digestion method was the method of choice instead of ISO 7218:2007, as it is the standard in validation studies 
(Wojtkowiak-Giera et al., 2012). 

2.7.2. Histopathological examination 
Excised diaphragm muscles, thoracic muscles, and thigh muscles from each rat in all groups were fixed and processed by standard 

histological methods. Sections were stained with haematoxylin and eosin (H&E) to assess inflammatory infiltration by the number of 
white blood cells and picrosirius red to evaluate the collagen content by the area of new collagen fibres (Rtail et al., 2020). Inflam
matory cellular infiltration was split into 5 grades: no inflammation, minimal (1% to 15% increase in inflammatory cellular infil
tration), mild (16% to 35% increase in inflammatory cellular infiltration), moderate (36% to 65% increase in inflammatory cellular 
infiltration) and severe (66% to 100% increase in inflammatory cellular infiltration) compared to the control group. Additionally, 
fibrosis was split into 5 grades: no fibrosis, minimal (1% to 15% increase in fibrosis), mild (16% to 35% increase in fibrosis), moderate 
(36% to 65% increase in fibrosis) and severe (66% to 100% increase in fibrosis) compared to the control group. 

2.8. Statistical analysis of data 

Data were coded and analysed with the statistical analysis software package for the Social Sciences (SPSS) version 26 (IBM Corp., 
Armonk, NY, USA). Data were expressed using the mean and standard deviation for quantitative variables and frequencies (number of 
cases) and relative frequencies (percentages) for categorical variables. Comparisons between groups were made using analysis of 
variance (ANOVA) with multiple comparisons post hoc test in normally distributed quantitative variables, while nonparametric 
Kruskal–Wallis test and Mann–Whitney test were used for nonnormally distributed quantitative variables. P values <0.05 were 
considered statistically significant (Chan, 2003). 

3. Results 

3.1. Parasitological assessment of treatment groups 

3.1.1. The effect of ALB, PRP, and combined ALB/PRP treatments compared to the infected untreated group 
No larvae were detected in the non-infected treated control groups in the thigh, thoracic muscles, or diaphragm that were taken 

after euthanasia and artificially digested. The mean numbers of larvae per gram of muscle in the infected untreated group and all the 
infected treated groups are shown in Table 2. 

As depicted in Table 2, the maximum reduction in the number of larvae was detected in the infected treated group with ALB & three 
doses of PRP, which was found to be statistically significant. In addition to the infected untreated group, the infected group treated 
with ALB alone had the highest mean numbers, with a statistically significant difference. It was also noted that the mean numbers of 
larvae in the infected untreated group were significantly different compared to all infected treated groups. The only exception was with 
results of diaphragm muscles of the group infected and treated with a single dose of PRP, which had no statistical significance. 

In all groups, the mean number of larvae per gram of diaphragm muscle was higher than that in thoracic muscles. The lowest mean 
numbers of larvae were detected in thigh muscles, with no statistically significant difference compared to the diaphragm and thoracic 
muscles. 

Table 2 
Comparison between the infected untreated group and infected treated groups regarding the number of larvae per gram of muscles (LPG) expressed as 
the mean ± SD.    

Mean number of larvae (± SD) per gram 

Thigh muscles Thoracic muscles Diaphragm 

Group I Infected untreated group 210 ± 25.5 338 ± 54.04 945 ± 33.17 
Group IIa Infected treated with ALB 52.86 ± 19.86* 115.96 ± 15.65 * 306.62 ± 82.56 * 
Group IIb1 Infected treated with single dose of PRP 23.01 ± 14.8* 218.82 ± 23.92 * 897.5 ± 162.85 
Group IIb2 Infected treated with two doses of PRP 9.76 ± 5.37* 29.74 ± 8.4* 473.06 ± 106.45* 
Group IIb3 Infected treated with three doses of PRP 5.5 ± 3.71* 22.44 ± 2.78 * 307.1 ± 92.97 * 
Group IIc1 Infected treated with ALB and single dose of PRP 10.27 ± 7.09* 43.95 ± 39.52* 180.31 ± 13.78* 
Group IIc2 Infected treated with ALB and two doses of PRP 3.68 ± 2.18* 23.17 ± 9.73* 177.18 ± 37.7* 
Group IIc3 Infected treated with ALB and three doses of PRP 2.38 ± 2.3* 12.04 ± 2.75* 91.8 ± 27.33* 

p-value < 0.05. 
* Statistically significant compared to corresponding value in infected untreated group (Group I). 
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3.1.2. Reduction in the average number of larvae in muscle samples in the infected treated group, according to the treatment regimen 
The percentages of reduction in the mean numbers of larvae among the infected treated group compared to the infected untreated 

group were calculated and are presented in Table 3 and Fig. 2. 
The results revealed that the highest reduction percentages were achieved by combined treatment with ALB & three doses of PRP, 

as reduction percentages were 98.9% in thigh muscles, 96.4% in thoracic muscles, and 90.3% in muscles of the diaphragm. The 
reduction percentages in thigh muscles, thoracic muscles, and diaphragm in the ALB and two doses of PRP-infected treated groups 
were 98.3%, 93.2% & 81.3% in thigh muscles thoracic muscles, and diaphragm, respectively. In contrast, the lowest reduction per
centages were in the PRP-infected group’s single dose, 89% in thigh muscles, 35.3% in thoracic muscles, and 5% in the diaphragm. 

All the above-mentioned differences were statistically significant compared to the control infected group. 

3.2. Histopathological assessment of therapeutic effect 

In the non-infected non-treated control group (Group IV), histopathological examination of muscle sections revealed normal 
muscle appearance with regular muscle bundles and peripherally located bland nuclei separated by thin fibrous stroma. In all 
examined muscles, the histopathology of Group I (the infected untreated rats) revealed moderate inflammatory cellular infiltration 
with severe fibrosis (Fig. 3). In contrast, no pathological changes were detected in Group III (the non-infected rats treated with PRP), as 
the muscle sections demonstrated regular bundling with peripherally located bland nuclei that were separated by thin fibrous stroma. 

Examination of muscle sections from the infected group treated with ALB (Group IIa) demonstrated moderate inflammatory 
cellular infiltration and moderate to severe fibrosis with granuloma formation (Fig. 4). Examination of muscle sections from the groups 
infected with PRP demonstrated mild inflammatory cellular infiltration and moderate fibrosis with granuloma formation in Group IIb1 
(infected rats treated with a single dose of PRP), showed mild inflammatory cellular infiltration with mild fibrosis in Group IIb1 
(infected rats treated with a single dose of PRP) and mild inflammatory cellular infiltration with minimal fibrosis in Group IIb3 
(infected rats treated with three doses of PRP) (Fig. 5). 

In contrast, examination of muscle sections from groups that received combined drug therapy of ALB and PRP showed mild in
flammatory cellular infiltration with mild fibrosis with granuloma formation in Group IIc1 (infected treated with ALB and a single dose 
of PRP) and no inflammatory cellular infiltration with minimal fibrosis in both Group IIc2 (infected treated with ALB and two doses of 
PRP) and Group IIc3 (infected treated with ALB and three doses of PRP) (Fig. 6). 

4. Discussion 

In experimentally infected rats, two therapeutic agents (ALB and PRP) were tested on the muscular phase of trichinellosis. The 
effects of these two agents were studied separately and in combination. The number of rats in each group and subgroup increased to 
seven instead of five rats, as recommended by Shalaby et al. (2010), to account for potential losses during breeding. The therapeutic 
effect of each treatment model was assessed and included parasitological assessment via mean numbers of larvae per gram of thigh 
muscles, thoracic muscles, and diaphragm muscles and histopathological assessment for inflammatory infiltration and fibrosis in 
muscle biopsies from the same muscles. 

Regarding the parasitological assessment, the highest larval load was observed in the diaphragm in all infected rats, which aligns 
with the findings of Kapel et al. (2005), who stated that the highest load of larvae was in the tongue, followed by the diaphragm, and 
then other striated muscles. They illustrated that predilection sites were determined mainly by host species and the age and level of 
infection. 

All treatment models demonstrated a significant decrease in the mean numbers of T. spiralis larvae compared to the infected un
treated group but none achieved complete eradication of larvae. 

In this study, ALB treatment at a dose of 50 mg/kg/day for five consecutive days showed a 74.83% reduction in the number of 
larvae in thigh muscles, 65.69% reduction in the number of larvae in thoracic muscles, and 67.55% reduction in the number of larvae 
in the diaphragm, an overall average reduction of 69.36%, compared to the infected untreated group, with statistically significant 
differences. 

Table 3 
Percentages of reduction of larvae in the muscles of all infected treated groups, compared to the infected untreated group.    

Percentage of reduction (%) in 

Thigh muscles Thoracic muscles Diaphragm Average 

Group IIa Infected treated with ALB 74.83* 65.69* 67.55* 69.36 * 
Group IIb1 Infected treated with single dose of PRP 89.04* 35.26* 5.027 43.1 * 
Group IIb2 Infected treated with two doses of PRP 95.35* 91.2* 49.94* 78.83 * 
Group IIb3 Infected treated with three doses of PRP 97.38* 93.36* 67.5* 86.08 * 
Group IIc1 Infected treated with ALB and single dose of PRP 95.11* 87* 80.92* 87.68 * 
Group IIc2 Infected treated with ALB and two doses of PRP 98.25* 93.15* 81.25* 90.88 * 
Group IIc3 Infected treated with ALB and three doses of PRP 98.87* 96.44* 90.29* 95.2 * 

p-value<0.05. 
* Statistically significant compared to corresponding value in infected untreated group (Group I). 
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Fig. 2. Percentages of larval reduction expressed as the mean number of larvae per gram of muscle in all infected treated groups.  

Fig. 3. Skeletal muscle sections from the healthy control group and infected untreated group. 
(A (Longitudinal section) & B (Transverse section): H&E, 100×) (C: Picrosirius, 100×) of skeletal muscle section from the healthy control group 
showing regular muscle bundles with peripherally located bland nuclei separated by thin fibrous stroma. 
(C &D): Skeletal muscle section from the infected untreated group showing multiple T. spiralis larvae (arrow) associated with moderate inflam
matory cellular infiltration (C: H&E, 200×) and severe fibrosis (Red color) (D: Picrosirius, 100×). 
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Fig. 4. Skeletal muscle section from the infected group that was treated with ALB. 
(A: H&E, 100×) showing moderated inflammatory cellular with granuloma formation (arrow) associated with moderate to severe fibrosis (Red 
color) (B: Picro-sirius, 200×). 

Fig. 5. Skeletal muscle section from the infected group that was treated with PRP. 
(A&B): Skeletal muscle section from the infected group that was treated with a single dose of PRP showing a T. spiralis larva (arrow) associated with 
mild inflammatory cellular infiltration (A: H&E, 200×) and moderate fibrosis (Red color) (B: Picrosirius, 200×). 
(C&D): Skeletal muscle section from the infected group that was treated with two doses of PRP showing two T. spiralis larvae (arrows) associated 
with mild inflammatory cellular infiltration (C: H&E, 200×) with mild fibrosis (Red color) (D: Picrosirius, 200×). (E &F): Skeletal muscle section 
from the infected group that was treated with three doses of PRP showed two T. spiralis larvae (arrows) associated with mild inflammatory cellular 
infiltration (E: H&E, 100×) and minimal fibrosis (Red color) (F: Picrosirius, 100×). 
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Similarly, McCracken (1978) demonstrated that ALB resulted in a 67% reduction when used at a dose of 50 mg/kg/day for five days 
as treatment for T. spiralis infection in mice. Several studies have investigated the efficacy of albendazole treatment. Reduction per
centages in the number of T. spiralis larvae ranged from 28% to 98% (Bany et al., 1992; Lopez-Garcia et al., 1997; Nassef et al., 2019). 

Diversity in ALB treatment protocols, including dosage and period of administration, resulted in diversity in reduction percentages 
of larvae count. In addition, the efficacy of ALB in treating trichinellosis is strictly related to the administration time. Indeed, it is more 
effective in the early stages of infection when the worms are still present in the intestinal mucosa or newborn larvae are migrating from 
intestinal vessels to muscles. Its relatively weaker effect on the extraintestinal phase encountered in this study could be due to its low 
gastrointestinal absorption and systemic bioavailability, as well as poor tissue levels (Kazura, 2014; Cohen et al., 2017; Long et al., 
2017; Priotti et al., 2017). 

In the current work, PRP revealed that a single dose of 0.5 mL/kg resulted in 89.04%, 35.26% and 5.027% reductions in the mean 
numbers of larvae per gram of thigh muscles, thoracic muscles, and diaphragm, respectively, with an average reduction of 43.1%. This 
reduction percentage increased to 95.35%, 91.2% and 49.94% using double doses on the same muscles, respectively, with an average 
reduction of 78.83%. However, compared to the infected untreated group, the use of three doses showed high percentages of 
reduction: 97.38%, 93.36% and 67.5%, with an average of 86.08%, with a statistically significant difference. 

Fig. 6. Skeletal muscle section from the infected group that was treated with combined therapy ALB and PRP. 
A, B& C: Skeletal muscle section from the infected group that was treated with ALB and a single dose of PRP showing one viable (black arrow) and 
one degenerated (blue arrow) T. spiralis larvae surrounded with granuloma associated with mild inflammatory cellular infiltration (A: H&E, 200× & 
B: H&E, 100×) and mild fibrosis (Red color) (C: Picrosirius, 100×). 
D&E: Skeletal muscle section from the infected group that was treated with ALB and two doses of PRP showing multiple T. spiralis larvae (arrows) 
with no inflammatory cellular infiltration (D: H&E, 100×) and associated with minimal fibrosis (Red color) (E: Picrosirius, 100×). 
F&G: Skeletal muscle section from the infected group that was treated with ALB and three doses of PRP showing one viable (black arrow) and one 
degenerated (blue arrow) T. spiralis larvae with no inflammatory cellular infiltration (F: H&E, 100×) and associated with minimal fibrosis (Red 
color) (G: Picrosirius, 100×). 
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These promising PRP treatment results revealed that a single dose of PRP has less effect than ALB therapy. Nonetheless, double 
doses and three doses have a more significant effect than ALB alone. The use of ALB and three doses of PRP was the most effective 
therapeutic combination in the current study, with the highest percentage of larval muscle reduction. To our knowledge, this study 
may be the first to study the effect of PRP on the muscular phase of T. spiralis infection. 

This promising anti-Trichinella effect appears consistent with findings that PRP has antimicrobial properties, particularly when 
combined with conventional therapy (Andia and Abate, 2013; Zhang et al., 2019). When activated, PRP produces several antimicrobial 
proteins. These bioactive molecules are responsible for PRP’s ability to kill pathogens by interacting with the outer cell membrane and 
increasing its permeability, thereby influencing protein synthesis. Additionally, these molecules may also target intracellular proteins 
that affect DNA synthesis or inhibit the activity of enzymes (Yeaman and Bayer, 1999; Tang et al., 2002; Ho et al., 2016; Bechinger and 
Gorr, 2017; Zhang et al., 2019). 

Based on the current study findings, PRP has a synergistic effect with ALB. Similarly, Zhang et al. (2019) stated that PRP displays a 
synergistic effect with antibiotics, and this unique advantage provides a promising outcome in treating antibiotic-resistant bacteria. 

It is important to note that in the current work, all muscles receiving local PRP injection (thigh muscles) demonstrated the highest 
reduction percentage in both PRP-treated groups and groups of combined therapy. PRP administration as a therapy in Group III 
(noninfected rats treated with PRP) did not result in any complications. Similarly, Grassi et al. (2018) did not detect any complications 
of IM injection of PRP aside from discomfort at the injection site, haematoma or hyperesthesia, or pain. 

Regarding the histopathological assessment in the present study, examination of muscle sections from non-infected rats showed 
regular muscle bundles with peripherally located nuclei separated by thin fibrous stroma. Nevertheless, examining muscle sections 
from infected untreated rats showed moderate inflammatory cellular infiltration with severe fibrosis and heavy invasion with T. spiralis 
encysted larvae. 

Similar results were reported by Shalaby et al. (2010), who discovered that muscle sections from infected untreated rats revealed a 
focus of inflammation surrounding the infected muscle cells. Furthermore, Attia et al. (2015) and Eid et al. (2020) reported that muscle 
sections from infected untreated mice showed massive inflammatory cellular infiltration around larvae. Li and Ko (2001) explained the 
variable histopathological findings with different cellular responses due to using different strains of mice during the muscular phase of 
T. spiralis. This finding may explain the diversity in the degree of inflammatory infiltration between the current study and other studies. 

In the current work, ALB treatment relatively improved the pathological findings compared to the infected untreated group, as an 
examination of muscle sections from ALB-treated rats showed moderate inflammatory cellular infiltration and moderate to severe 
fibrosis with granuloma formation. Likewise, Attia et al. (2015) and Eid et al. (2020) stated that muscles from ALB-treated mice 
showed massive inflammatory infiltration. Similarly, Nassef et al. (2019) reported that ALB-treated mice showed inflammatory 
cellular infiltrate surrounding the larvae, which is consistent with the findings of Salama et al. (2022). In contrast, the muscle sections 
from mice treated with ALB and prednisolone showed mild to moderate inflammatory infiltration around larvae. 

Conversely, Shalaby et al. (2010) previously stated that ALB-treated rats showed only a few local inflammatory infiltrations in the 
examined muscle sections compared to the infected untreated group in their experimental study. Likewise, Nada et al. (2018) reported 
that muscle sections from mice treated with ALB showed mild inflammatory infiltrate around larvae in their study. 

Similarly, Huang et al. (2020) illustrated that inflammatory cellular infiltration around the larvae in ALB-treated mice was 
significantly reduced, in addition to the pathological damage of muscle cells compared to the infected untreated control group. 

Concerning PRP therapy, the current study results revealed that PRP significantly improved the degree of inflammation and 
reduced fibrosis. Examination of muscle sections from rats receiving a single dose of PRP showed mild inflammatory cellular infil
tration and moderate fibrosis. The muscle sections from rats receiving two doses of PRP showed mild inflammatory cellular infiltration 
with mild fibrosis. In contrast, the muscle sections of rats receiving three doses of PRP showed mild inflammatory cellular infiltration 
with minimal fibrosis. This anti-inflammatory and antifibrotic effect of PRP is probably due to the release of various growth factors 
upon platelet activation, acting as anti-inflammatory agents by blocking the production of monocyte chemotactic protein-1 (MCP-1) 
and decreasing fibrosis by suppressing collagen production, as reported by El-Sharkawy et al. (2007) and Kodama et al. (2010). 

Regarding the combined therapy, the results of this study demonstrated that the use of ALB combined with PRP resulted in sub
stantial improvement in inflammation and fibrosis, which was established in the muscle sections of rats receiving a single dose of PRP 
and ALB showing mild inflammatory cellular infiltration with mild fibrosis. Furthermore, muscle sections from rats receiving ALB with 
two or three doses of PRP demonstrated no inflammatory cellular infiltration with minimal fibrosis. 

In addition, it is noteworthy that PRP alone was more effective than ALB alone. Muscle sections from PRP-treated groups showed 
minimal inflammatory cellular infiltration with minimal fibrosis, and those treated with ALB demonstrated moderate inflammatory 
infiltration and moderate to severe fibrosis. 

However, to our knowledge, no previous studies have investigated the histopathological effects of PRP against T. spiralis infection. 
Nevertheless, El-Aswad et al. (2018) stated that PRP has an anti-fibrotic effect against S. mansoni-induced liver fibrosis in experi
mentally infected mice, associated with improving liver enzymes, particularly when combined with praziquantel. In addition, they 
recommended combining praziquantel and PRP as a therapy for treating S. mansoni liver fibrosis and confirmed its applicability in the 
case of human liver fibrosis caused by schistosomiasis mansoni. 

Finally, the histopathological assessment results in the current study are consistent with the parasitological assessment results, as 
the groups treated with combined ALB and PRP demonstrated significant improvement in inflammation and fibrosis. 

In conclusion, the present study revealed that PRP has a modulatory effect on the pathogenesis effects caused by T. spiralis larvae on 
the muscular phase of trichinellosis in experimentally infected rats, which was evident with two & three doses of PRP, proving it more 
effective than conventional ALB treatment. However, this was not observed with a single PRP dose. Various studies using more or 
higher doses of PRP are recommended to investigate its utmost effective treatment potential as a single therapy for the muscular phase 

F.M.A. Eissa et al.                                                                                                                                                                                                     



Food and Waterborne Parasitology 28 (2022) e00180

10

of trichinellosis. 
Furthermore, when compared to using each PRP and ALB therapy separately, the combined PRP and ALB therapy resulted in the 

highest percentages of larval reduction with significant improvement in inflammation and fibrosis. Therefore, this combination may be 
a very promising treatment option, given their synergistic effect. Additional studies with different PRP and ALB doses are recom
mended to achieve the best treatment outcomes. 

Finally, even though PRP was injected intramuscularly into the thigh muscles, there was a reduction in the mean number of larvae 
in the thoracic and diaphragm muscles, indicating a systemic effect of PRP therapy. Hence, studies investigating the potential ther
apeutic effect of PRP in the migratory phase of T. spiralis may be recommended. 

The current study expands the therapeutic use of PRP alone and in combination with the standard chemotherapeutic agents 
currently used to treat T. spiralis infection, potentially as a treatment for other parasitic diseases, particularly those affecting the 
muscles. 
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