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Abstract 

   Trichinellosis is a worldwide risky parasitic zoonosis caused by a nematode of the genus 

Trichinella. Anthelmintic such as albendazole and mebendazole commonly used to treat trichi-

nellosis are badly water soluble and exhibit unfavorable bioavailability after oral administra- 

tion increasing need for effective and safe drug. This study evaluated the therapeutic efficacy 

of lactoferrin loaded on silver nanoparticles in treating T. spiralis infection in mice by parasito-

logical, immunological, and histopathological parameters. Forty albino mice were classified in-

to 8 groups of 5 mice. G1: Non-infected non-treated (normal), (G2): Infected non-treated (in-

fected control). G3: Infected and treated with albendazole, G4: Infected and treated with lac-

toferrin, G5: Infected and treated with silver nanoparticles, G6: Infected and treated with lac-

toferrin loaded on silver nanoparticles, G7: Infected and treated with albendazole in combina-

tion with lactoferrin, & G8: Infected and treated with albendazole in combination with lactofer-

rin loaded on silver nanoparticles.  

   The results revealed a significant decline in all treated mice with the highest reduction rate of 

T. spiralis adult count in G8 treated with a combination of albendazole and lactoferrin loaded 

on silver nanoparticles (98.59%), followed by G7 treated with albendazole and lacto-ferrin 

(95.77%), G3 treated with albendazole (90.38%), G6 treated with lactoferrin loaded on silver 

nanoparticles (84.27%), G4 treated with lactoferrin (59.86%), and lowest reduction rate 

(22.3%) was in G5 treated with nanoparticles. Also, there was a significant decline in TNF- α 

& IL-10 levels and an improvement of the intestinal histopathological changes in mice treated 

with a combination of albendazole and lactoferrin loaded on silver nanoparticles. 

Keywords: Trichinella spiralis, Lactoferrin, Silver nanoparticles, Histopathology, TNF, IL-10. 

Introduction 
    Trichinosis is a globally food-borne paras-

itic disease (Thanchomnang et al, 2021), and 

considered an emerging or re-emerging infe-

ctious disease in several regions due to chan-

ging diets and cooking habits (Yang et al, 

2020), categorized among top of ten food-

borne parasites (Abdelrahman et al, 2020). 

Globally, 10,000 people were estimated to 

be Trichinella spp infected annually (Allam 

et al, 2021). Human infections occur by acc-

idental ingestion of raw or undercooked po-

rk containing infectious T. spiralis encysted 

larvae (Yang et al, 2020). Adults reside in 

the intestinal mucosa and last for 10–20 days 

in mice and rats or 4–6 weeks in humans. 

but larvae encapsulated in muscle fibers re-

main for months to years (Sun et al, 2015). 

Trichinella spiralis life cycle consists of two 

 

phases, enteral and muscular (Abou Rayia et 

al, 2017). Enteral one is manifested by abdo- 

minal symptoms, gastroenteritis with diarrh-

ea and abdominal pain (Wilson et al, 2015), 

and usually misdiagnosed as botulism (El-

Bahnasawy et al, 2014). Muscular phase is 

manifested by periorbital edema, myalgia, & 

muscle weakness (Yu and Qi, 2015). Low 

infection intensity remained asymptomatic 

but, heavy one caused severe muscle pain 

and complications (Nassef et al, 2018). Tri-

chinellosis led to risky inflammatory reacti-

ons in the heart, lungs, and CNS up to death 

(Elmehy et al, 2021).   

    Anthelmintic such as albendazole and me-

bendazole are poor water soluble and exhibit 

unfavorable bioavailability after oral admin-

istration (Nasser et al, 2018). They were 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Yang+Y&cauthor_id=32595641
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Yang+Y&cauthor_id=32595641
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contraindicated in pregnancy and children 

<3 years; others are carcinogenic (Salama et 

al, 2021). 

    Lactoferrin is an iron-binding glycoprot-

ein found in most body fluids, high concent-

rations in mammalian milk and in bovine 

milk and isolated from human milk that ki-

lled certain protozoa, such as Toxoplasma, 

Entamoeba, & Giardia (Chang et al, 2020).  

The anti-inflammatory treatment during tric- 

hinellosis by steroids has many side effects 

that limit as they mainly suppress the immu-

ne response increasing parasite burden and 

survival in host tissue (Balaha et al, 2020). 

But, the anti-inflammatory and immunomo-

dulatory roles of lactoferrin have increasing 

scientific interest (Chang et al, 2020). Nano- 

medicine improved oral delivery by bioavai-

lability enhancement with minimize adverse 

effect (Hassan et al, 2021). Their excellent 

antibacterial action, high surface-to-volume 

ratio, and good chemical stability, silver na-

noparticles have gained a lot of popularity 

among nanomaterials. (Majumdar and Kar, 

2023), and also proved to be safe anti-

parasitic agent (Dkhil et al, 2023). 

   This study aimed to evaluate the therapeut-

ic efficacy of lactoferrin loaded on silver na-

noparticles in the treatment of the intestinal 

phase of Trichinella spiralis infection in mi-

ce by parasitological, immunological, and 

histopathological assessment. 
 

Materials and Methods 
   This experimental study was carried out at 

Department of Parasitology, Faculty of Me-

dicine, Benha University, & Biological Unit, 

Theodor Bilharz Research Institute (TBRI), 

from February 2022 to November 2023.   

   Parasite: Trichinella spiralis strain of was 

obtained from laboratory-bred infected albi-

no mice in TBRI. 

   Isolation and preparation of inoculum: Inf- 

ected mice were sacrificed five weeks post-

infection (PI), and dissected, and their musc-

es were digested in 1% pepsin and 1% HCl 

in 200ml distilled water. Mixture was incub 

ated at 37°C for two hours with continuous 

agitation by an electric stirrer. The digested 

product was passed through a 50-mesh/inch 

sieve to remove coarse particles. Encysted 

larvae were collected on a 200-mesh/inch si-

eve, washed twice with tap water, and then 

suspended in 150ml of tap water in a conical 

flask. The supernatant fluid was discarded 

and sediment larvae were counted, by taking 

three samples, each of 20µm from the sedi-

ment, spread on a slide and counting larvae 

under a binocular microscope (Nada et al, 

2018). Mice were infected orally with 300la- 

rvae/mouse (Hassan et al, 2021).  

   Drugs: 1-Albendazole suspension was obt-

ained from the Sigma Pharmaceutical Co., 

Egypt, and was administered at a dose of 

50mg/kg. 2- Lactoferrin was prepared at 

TBRI, Giza, Egypt, and was administered in 

a dose of 50mg/kg, which was prepared by 

hydrophobic interaction chromatogramphy 

from milk acid (Yoshida, 1989). 3- Silver 

nanoparticles were prepared at TBRI, Giza 

and was given in a dose of 50mg/kg (El-Me-

legy et al, 2019), prepared by using chemi-

cal reduction method (Solomon et al, 2007). 

   Experimental design: Forty laboratory br-

ed adult Swiss Albino mice weighed 20-30 

gm were classified into 8 groups of 5 mice 

each: G1: Neither infected nor treated (nega-

tive normal), G2: Infected non-treated (posi-

tive control), G3: Infected and treated with 

albendazole in a dose of 50 mg/kg, G4: In-

fected and lactoferrin in treated in a dose of 

50mg/ kg, G5: Infected and silver nanoparti-

cles treated in a dose of 50mg/kg, G6: Infe-

cted and lactoferrin loaded on silver nano-

particles treated in a dose of 50mg/kg, G7: 

Infected and albendazole treated in a dose of 

50mg/kg in combination with lactoferrin in a 

dose of 50mg/kg,  and G8: Infected and alb-

endazole treated in a dose of 50mg/kg in co-

mbination with lactoferrin loaded on silver 

nanoparticles in a dose of 50mg/kg.  

   Treatment started on the 3
rd

 day PI for 

three sequential days. Mice were sacrificed 

by cervical dislocation on the 7
th

 day PI to 

evaluate drugs effect on Trichinella adults.    

   The drugs' efficacy was assessed: I- Paras- 

itological by counting of T. spiralis adults in 
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sacrificed mice. Mice were opened longitu-

dinally intestine was dissected out and, cut 

into small pieces, washed, incubated in 10ml 

normal saline at 37℃ for 2hr to allow them 

to be free in the container, and washed seve-

ral times till it became clear. Fluid was coll- 

ected, centrifuged at 1,500rpm for 5 min., 

supernatant was decanted; sediment was re-

constituted in a few saline drops and exam-

ined drop by drop under dissecting micros-

cope to count adults (Basyoni and El-Sabaa, 

2013).  

   II- Immunological by measuring systemic 

TNF-α & IL-10 levels in blood samples tak-

en from a retro-orbital vein from mice of on 

7
th

 day PI (El-Melegy et al, 2019). Sera were 

separated by centrifugation and TNF-α level 

and IL-10 level was determined by ELISA 

(Kits USA & Canada, R&D Systems, Inc. 

and Abcam respectively). 

   III- Histopathological by examining serial 

sections of small intestine of all mice sacri-

ficed (1cm at junction of first 1/3 and second 

2/3), fixed in 10% formalin, dehydrated, cle-

ared, embedded in paraffin blocks, sectioned 

5µ thickness, stained in hematoxylin and eosin 

(Shalaby et al, 2010). 

   Ethical consideration: The protocol was 

approved by the Research Ethical Committ- 

ee, Faculty of Medicine, Benha University 

(No. MD 5-2-2022), that followed Helsinki 

Declaration Guidelines (2008). 

   Statistical analysis: Data were tabulated 

and analyzed using program SPSS (Statisti-

cal Package for Social Science) version 20. 

Descriptive data were calculated as mean 

and ±SD). ANOVA test compared the mean 

of more than two groups of data where P 

value <0.05 was considered significant (*) 

and P value <0.01 was considered highly 

significant (**). Reduction rate (R) was cal-

culated between infected treated and infected 

non-treated mice as follows: R = [(A-B)/A] 

×100 % Where A= mean number recovered 

from infected non treated mice and B= mean 

number recovered from infected treated ones 

((Feldman et al, 2003). 

Results 
  Details were given in tables (1, 2 & 3) and 

figures (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 & 12). 
 

Table 1: Comparison between different groups regarding Trichinella spiralis adult count (n=5). 

Groups Mean ±SD R  P2 

G1: Negative control   0.0 ±0.0 No  

G2: Positive control   85.20 ±6.65 0%  

G3: Albendazole   8.20 ±1.92 90.38% <0.001** 

G4:  Lactoferrin 34.20 ±4.76 59.86% <0.001** 

G5:  Silver nanoparticles  66.20 ±3.56 22.3% <0.001** 

G6:  Lactoferrin loaded on silver nanoparticles  13.40 ±2.07 84.27% <0.001** 

G7:  Albendazole and Lactoferrin) 3.60 ±1.52 95.77% <0.001** 

G8:  Albendazole and Lactoferrin  loaded on silver nanoparticles  1.20 ±0.84 98.59% <0.001** 

ANOVA 470.16 

P value <0.001** 

   P = significance between different groups, . P2= significance between G2 & and other infected treated groups.  

**= highly significant (P <0.01). 
 

Table 2: Comparison between different groups as to TNF- α (Pg/ml) level. 

Groups Mean ±SD R  P1 P2 

G1 6.8±0.90    

G2 47.40±4.16  <0.001**  

G3 16.03±1.01 66.18% <0.001** <0.001** 

G4 27.60±1.71 41.77% <0.001** <0.001** 

G5 23.77±0.60 49.85% <0.001** <0.001** 

G6 21.07±1.03 55.55% <0.001** <0.001** 

G7 10.93±2.49 76.94% 0.019* <0.001** 

G8 10.83±0.40 77.15% 0.021* <0.001** 

ANOVA 135.36 

P value <0.001** 
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Table 3: Comparison between different groups as to IL-10 (Pg/ml) level. 

Groups Mean ± SD R  P1 P2 

G1 10.67 ± 0.55    

G2 147.03 ± 5.51  <0.001**  

G3 30.77 ± 1.95 79.07% <0.001** <0.001** 

G4 130.10 ± 2.41 11.51% <0.001** <0.001** 

G5 126.47 ± 6.14 13.98% <0.001** <0.001** 

G6 94.17 ± 3.77 35.95% <0.001** <0.001** 

G7 14.80 ± 1.31 89.93% 0.16 <0.001** 

G8 13.23 ± 0.42 91.0% 0.373 <0.001** 

ANOVA 896.96 

P value <0.001** 

   Parasitological showed a significant decre-

ase in adult count in all treated mice com-

pared to positive control (P2<0.001**). Mi-

ce treated with a combination of albendazole 

and lactoferrin loaded on silver nanoparti-

cles gave lowest value (1.20±0.84) as com-

pared to positive control (85.20±6.65). Mice 

treated with silver nanoparticles gave high-

est value (66.20±3.56) as compared with po-

sitive control one (85.20± 6.65). The highest 

reduction rate (98.59%) was in mice treated 

with a combination of albendazole and lact-

oferrin loaded on silver nanoparticles, follo-

wed by mice treated with albendazole and 

lactoferrin (95.77%), mice treated with albe- 

ndazole (90.38%), mice treated with lacto-f-

errin on silver nanoparticles (84.27%), mice 

treated with lactoferrin (59.86%), and least 

one (22.3%) was in mice treated with silver 

nanoparticles. 

   Immunologically showed that TNF-α level 

significantly decreased in treated mice as co-

mpared positive control (P2<0.001**). Mice 

treated with a combination of albendazole 

and lactoferrin loaded on silver nanopa-

rticles gave least value (10.83±0.40) as com-

pared to positive control (47.40 ±4.16). Mice 

treated with lactoferrin gave highest value 

(27.60±1.71) as compared to positive control 

(47.40±4.16). IL-10 level showed a signifi-

cant reduction in all treated mice compared 

positive control (P2<0.001**). Mice treated 

with a combination of albendazole and lac-

toferrin loaded on silver nanoparticles gave 

lowest value (13.23±0.42) as compared to 

positive control (147.03±5.51). Mice treated 

with lactoferrin gave highest value (130.10± 

2.41) as compared to the positive control 

(147.03±5.51). 

   Histopathology showed normal intestinal 

architecture, while sections of positive con-

trol showed some scattered adults, severely 

distorted villous pattern and sever inflamma-

tory cellular infiltrate. Intestine of albendaz-

ole treated mice showed occasional adults, 

mostly preserved villous pattern, and moder-

ate inflammatory cellular infiltrate. But, in-

testine of lactoferrin treated mice showed a 

mostly preserved villous pattern, mild infla-

mmatory cellular infiltrate, and intestine of 

silver nanoparticles treated mice showed oc-

casional degenerated adults, moderate disto-

rted villous pattern, and mild inflammation. 

Intestine of lactoferrin loaded on silver nan-

oparticles treated mice showed mostly pre-

served villous pattern, and mild inflammat-

ion. Treatment with albendazole in combina-

tion with lactoferrin was better than albend-

azole as intestine of the former treated mice 

showed mostly preserved villous pattern and 

mild inflammation. The best result was with 

combination of albendazole and lactoferrin 

loaded on silver nanoparticles that showed 

mostly preserved villous pattern, and few 

inflammations. 
 

Discussion 
    

   In the current study, there was a significant 

reduction in the recorded T. spiralis adult 

count in all infected treated mice as compa-

red positive control mice. 

   The present study showed that adult count 

in mice treated with albendazole had a high 

reduction rate (90.38%). This agreed with 

Nassef et al. (2018), who found that albend-

azole-treated in murine trichinellosis gave a 

reduction of 90.2%. Also, it agreed with Na-

da et al. (2018) and Fahmy and Diab (2021), 
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they reported a reduction of 83.6% and 

88.7%, respectively in albendazole-treated 

mice. 

   In the present study, T. spiralis adult count 

in mice treated with lactoferrin had a reduc-

tion of (59.86%). This agreed with Mossall-

am. (2009), they reported that lactoferrin re-

duced tachyzoites, without parasite burdens 

in mice with acute toxoplasmosis.  Also, it 

agreed with León-Sicairos et al. (2012), they 

reported that orally administered of bovine 

lactoferrin in mice amoebiasis and 20mg 

lactoferrin/kg orally administered daily for a 

week eliminated infection in 63% of tropho-

zoites in cecum, and others (37%) showed a 

decrease in trophozoite numbers. 

   In the present study, adult count in mice 

treated with silver nanoparticles had a reduc-

tion of (22.3%). This agreed with Taha et al. 

(2022), who reported that in vitro exposure 

of adults to silver nanoparticles, mortality 

was 100%, treated with 12.0ppm for 12hr. 

   In the current study, adult count in lacto 

ferrin loaded on silver nanoparticles-treated 

mice had a reduction of (84.27%) that was 

higher than in those treated with lactoferrin 

alone. This agreed with Anand et al. (2015), 

who reported that nano-formulation increa 

sed activity of lactoferrin protein against To-

xoplasma gondii infected mice, as compared 

to native lactoferrin degraded by intestine. 

   The current study showed that T. spiralis 

adult count in mice treated with a combinat-

ion of albendazole and lactoferrin had a re-

duction of (95.77%) that was higher than in 

those treated with albendazole alone due to 

synergistic action. This agreed with Salama 

et al. (2021), who reported a reduction of 

93.5% in albendazole and prednisolone trea-

ted in T. spiralis infected mice. Also, adult 

count in mice treated with a combination of 

albendazole and lactoferrin loaded on silver 

nanoparticles gave maximum reduction of 

(98.59%). This agreed with Nassef et al. 

(2018), who reported that the highest T. spi-

ralis reduction of (99.1%) was in mice treat-

ed by nanoparticles loaded with a full dose 

of albendazole.  

   The immune response against T. spiralis 

depends on T-helper cells stimulating cells 

of both Th1 & Th2 with an initial predomin-

ance of Th1 type and response of Th2 to 

cause protection and parasite expulsion (Ilic 

et al, 2012). This was done by secretion of 

cytokines (IL4, IL5, IL10, & IL13), and IgE 

(Bruschi and Chiumiento, 2012). The IL4 

and IL13 activity causes TNF-α and INF-γ, 

release by activating intestinal mucosal mast 

cells resulting in local inflammation caused 

by TNF-α enhanced T. spiralis enteropathy 

development (Balaha et al, 2020). In helmi-

nthes-induced immunoregulation increased 

synthesis of IL-10 recurred feature of host's 

immunological response (Ilic et al, 2021). 

IL-10 plays a crucial role in Trichinella im-

mune response and immunoregulation by 

intestinal immune system (Bruschi and Du-

pouy-Camet, 2014).  

   In the present study, there was a signifi-

cant elevation in TNF-α level in positive 

control mice as compared to negative ones, 

but treated mice showed a significant reduc-

tion in TNF-α level as emulated by infec-

tion. The TNF- α level in mice treated with 

albendazole was reduced (16.03±1.01). This 

agreed with Jari and Yousif (2020), who re-

ported a significant decrease in TNF-α level 

(13.7±-0.6) in albendazole treated mice as 

compared to hydatidosis infected ones. Also, 

TNF- α level in mice treated with lactoferrin 

was reduced (27.60±1.71). This agreed with 

Siqueiros-Cendón et al. (2014), who report-

ed that lactoferrin csuppressed pro-inflamm-

atory cytokines preventing excessive infla- 

mmatory responses. Also, it agreed with Ya-

nagisawa et al. (2022), who found that bov-

ine lactoferrin markedly prevented rheuma-

toid arthritis pathogenicity by suppressing 

TNF-α production. Also, the present TNF-α 

level in mice treated with silver nanopartic-

les was reduced (23.77±0.60). This agreed 

with Wong et al. (2009), who found that sil-

ver nanoparticles decreased TNF-α formati- 

on of lipopolysaccharides stimulated macro- 

phages by anti-inflammatory properties of 

silver nanoparticles by decreasing inflamma-
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tion in peritoneal adhesions without side eff-

ects. Also, this agreed with Abdullatif et al.  

(2021), who reported that silver nano-partic- 

les inhibited TNF-α formation. Besides, Jari 

and Yousif, (2020), reported that TNF-α lev-

el in silver nanoparticles treated mice hydat-

idosis was reduced (12.3±1.6).  

   The present study showed that TNF-α lev-

el in mice lactoferrin loaded on silver nano-

particles treated was reduced (21.07±1.03) 

indicating more reduction in TNF-α level 

than in those treated only with lactoferrin. 

This agreed with Jari and Yousif (2020), 

who reported that nanocomposites were sm-

art therapeutic carried chemical drugs to bio- 

logical target capacity to absorb and thigh 

control of treatment release in inflammation 

areas protecting tissue damaged. 

   In the present study, the TNF- α level in a 

combination of albendazole and lactoferrin 

treated mice was reduced (10.93±2.49) indi-

cating more reduction in TNF-α level than in 

those albendazole only treated. This agreed 

with Salama et al. (2021), who found that 

albendazole and prednisolone treatment sig-

nificantly reduced TNF-α (51.5%) in murine 

trichinellosis.  

   In the present study, least TNF-α decrease 

in level was in mice treated with combina-

tion of albendazole and lactoferrin loaded on 

silver nanoparticles (10.83±0.40). This agre-

ed with Jari and Yousif (2020) , who report-

ed that the least decrease in TNF-α level was 

in albendazole and silver nanoparticles treat-

ed hydatidosis infected mice. 

   In the present study, there was significant 

elevation in IL-10 level in positive control 

mice as compared to negative ones. This ag-

reed with Ding et al. (2017), reporting that 

Th2 cytokine IL-10 was markedly up-regul-

ated in intestinal phase with a mixed system-

ic Th1/Th2 response in infected mice, with 

predominating Th2 response, with a signific-

ant reduction in IL-10 levels in all infected 

treated mice as compared to positive contr-

ol. This agreed with Jari and Yousif (2020), 

who reported that echinococcosis treatment 

reduced IL-10level, and agreed with Amri et 

al. (2009), who reported high levels of cyto-

kines IL-10 in patients who didn't respond to 

treatment. 

   In the present study, in albendazole treated 

mice IL-10 level was reduced (30.77±1.95). 

This agreed with Soliman et al. (2023), who 

showed that in T. spiralis infected mice, IL-

10 level in albendazole treated mice was re-

duced (60.40±14.98). Also, IL-10 level in 

lactoferrin treated mice was reduced (130.1± 

2.41) and IL-10 level in silver nanoparticles 

treated mice was reduced (126.47±6.14). 

This agreed with Margaroni et al. (2017), 

who showed a decrease in IL-10 level in 

visceral leishmaniasis infected mice treated 

with nanoparticles. But, it disagreed with 

Mohamed et al. (2019), who found a signifi-

cant increase IL-10 level within 3 weeks in 

L. donovani infected mice were treated with 

silver nanoparticles compared to Pentostam.    

   The present study showed that IL-10 level 

in lactoferrin loaded on silver nanoparticles 

treated mice was reduced (94.17±3.77) with 

more reduction in IL-10 level than in those 

lactoferrin treated with only, which agreed 

with Halder et al. (2018), who found that IL-

10 was decreased in Leishmania donovani-

infected macrophages by lactoferrin-modifi-

ed betulinic acid-loaded nanoparticles. 

   In the present study, IL-10 level in combi-

nation of albendazole and lactoferrin treated 

mice was reduced (14.80±1.31) than in mice 

treated with albendazole only due to syner-

gistic action. This agreed with Yun et al. 

(2018), who found level of IL-10 in sera de-

creased in albendazole and IFN-α-treated 

mice than untreated in cystic echinococcosis 

ones. But, it disagreed with Palomares-Alo-

nso et al. (2020), who found that IL-10 level 

didn't significantly change in albendazole 

and dexamethasone treated mice compared 

to cysticercosis infected ones.  

   In the present study, the least decrease in 

IL-10 level was in combination of albend-

azole and lactoferrin loaded on silver nano-

particles treated mice (13.23±0.42). This ag-

reed with Jari and Yousif (2020), who found 

least decrease in IL-10 level was in albenda-
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zole and silver nanoparticles as compared to 

hydatidosis treated mice. 

  In the current study, intestine of positive 

control mice showed some scattered adults, 

sever distorted villous pattern and inflamma-

tory cellular infiltrate. But intestine of albe-

ndazole treated mice occasional showed ad-

ults preserved villous pattern with moderate 

inflammatory cellular infiltrate. This agreed 

with Balaha et al. (2020), who showed that 

small intestine of infected albendazole treat-

ed mice with moderately elongated villi, 

moderate edema and inflammatory cellular 

infiltrate. Also, it agreed with Fahmy and 

Diab (2021), who found that infected mice 

treated with albenazole had mild inflamma-

tory infiltrates, primarily in villi core with 

seemingly undamaged intestinal epithelial li-

ning and finger-like villi. The present study 

showed that intestine of lactoferrin treated 

mice mostly preserved villous pattern, mild 

inflammatory cellular infiltrate due to antiin- 

flammatory properties of lactoferrin and re-

duction of proinflammatory by TNF-α. This 

agreed with Liu et al. (2020), who reported 

that lactoferrin down regulated inflammation 

and up-regulated proliferation in intestinal 

epithelium in necrotizing enterocolitis inju-

ry. Also, it agreed with Liu et al. (2019), 

who reported that lactoferrin reduced infla-

mmation and induced cell proliferation by 

potential pharmacological interventions. The 

intestine of silver nanoparticles treated mice 

sometimes showed degenerated adults, mod-

erate distorted villous pattern and mild infla- 

mmatory cellular infiltrate. This agreed with 

Hassan et al. (2021), who found that mice 

given nano-particles didn't significantly dif-

fered in intestinal inflammatory changes as 

positive control. 

   In the present study, intestine of lactoferrin 

loaded on silver nanoparticles treated mice 

showed preserved villous pattern, and mild 

inflammation. This agreed with Gupta et al. 

(2015), who reported that after two days up to 

six days post-Salmonella treatment, the sm-

all intestine, liver, spleen, and brain in nano- 

formulated lactoferrin-treated mice were no- 

 rmal.  

   In the present study, intestine of mice tre-

ated with combination of albendazole and 

lactoferrin preserved villous pattern with mi-

ld inflammation. This agreed with Balaha et 

al. (2020), who found that albendazole and 

resiniferatoxin infected treated mice showed 

mild inflammation with normal intestinal ep-

ithelium. The present study showed that int-

estine of a combination of albendazole and 

lactoferrin loaded on silver nanoparticle tre-

ated mice gave the least inflammation inten-

sity and mostly preserved villous pattern. 

This agreed with Hassan et al. (2021), who 

found that infected mice given ivermectin 

with nitazoxanide loaded on nanoparticles 

showed a marked reduction in inflammatory 

infiltrates with a mild increase in goblet cells 

and infection clearance. 

 Conclusion 
   Lactoferrin had a good effect on Trichinel-

la spiralis infected mice as a promising trea-

tment, especially when loaded on silver na-

noparticles that improved its efficacy by inc-

reasedits delivery to tissues.  

   Also, lactoferrin treatment (either alone or 

loaded on silver nanoparticles) in combina-

tion with albendazole improved its efficacy 

as a good T. spiralis treatment. 

   Authors' declaration: They declared that 

they neither have conflict of interest nor re-

ceived any funds 
 

References  

Abou Rayia, DM, Saad, AE, Ashour, DS, Or- 

eiby, RM, 2017: Implication of artemisinin ne- 
matocidal activity on experimental trichinellosis: 

In vitro and in vivo studies. Parasitol. Int. 66, 2: 

56-63. 

Abd-Elrahman, SM, Dyab, AK, Mahmoud, A 

E, Mostafa, SM, Elossily, NA, 2020: Anti-para- 

sitic activity of myrrh crude extract and myrrh 

volatile oil compared to albendazole against Tri-

chinella spiralis muscular larvae in vitro. J. 

Egypt. Soc. Parasitol. 50, 2:307-14. 

Abdullatif, AA, Alsharidah, M, Al Rugaie, O, 

Tawfeek, HM, Tolba, NS, 2021: Silver nanopa-

rticle-coated ethyl cellulose inhibits tumor necr- 

osis factor-α of breast cancer cells. Drug Des. 

Devel. Ther. 15:2035-46. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-proliferation


 

526 

 

Allam, AF, Mostafa, RA, Lotfy, W, Farag, H 

F, Fathi, N, et al, 2021: Therapeutic efficacy of 

mebendazole and artemisinin in different phases 

of trichinellosis: A comparative experimental 

study. Parasitology 148, 5:630-5.   

Amri, M, Mezioug, D, Touil-Boukoffa, C, 

2009: Involvement of IL-10 and IL-4 in evasion 

strategies of Echinococcus granulosus to host 

immune response. Eur. Cytokine Network 20, 2: 

63-8. 

Anand, N, Sehgal, R, Kanwar, RK, Dubey, 

ML, Vasishta, RK, et al, 2015: Oral admnist-

ration of encapsulated bovine lactoferrin protein 

nanocapsules against intracellular parasite Toxo-

plasma gondii. Int. J. Nanomed. 10:6355-69.   

Balaha, DA, Ismail, HI, Risk, OM, Gamea, G 

A, 2020: Effect of Resiniferatoxin as an anti-inf-

lammatory drug on experimental trichinellos-

is. Int. J. Curr. Microbiol. Appl. Sci. 9, 7:2906-

22. 

Basyoni, MM, El-Sabaa, AA, 2013: Therapeut-

ic potential of myrrh and ivermectin against exp- 

erimental Trichinella spiralis infection in mi- 

ce. Korean J. Parasitol. 51, 3:297-304. 

Bruschi, F, Chiumiento, L, 2012: Immunomo-

dulation in trichinellosis: does Trichinella really 

escape the host immune system? Endocr. Metab. 

Immune Disord. Drug Targets 12, 1:4-15. 

Bruschi, F, Dupouy-Camet, J, 2014: Trichinel-

losis. In: Helminth Infections and Their Impact 

on Global Public Health. First Edition: Springer 

International Publishing.  

Chang, R, Ng, TB, Sun, WZ, 2020:  Lactoferr- 

in as potential preventative and adjunct treatme-

nt for COVID-19. Int. J. Antimicrob. Agents 56, 

3:106-18. 

Dkhil, MA, Thagfan, FA, Morad, MY, Al-Sh-

aebi, EM, Elshanat, S, et al, 2023: Bio-synth-

esized silver nanoparticles have anticoccidial & 

jejunum-protective effects in mice infected with 

Eimeria papillata. Environ. Sci. Pollut. Res. 30, 

15:44566-77. 

Ding, J, Bai, X, Wang, X, Shi, H, Cai, X, et al, 

2017: Immune cell responses and cytokine pro-

file in intestines of mice infected with Trichinel-

la spiralis. Front. Microbiol. 8:206-9.   

El-Bahnasawy, MM, Aly, NZ, Abdel-Fattah, 

MA, Morsy, T.A, 2014: Botulism as a food 

poisoning: What is it? JESP 44, 1:211-20. 

Elmehy, D, Saad, M, El Maghraby, G, Arafa, 

M, Soliman N, et al, 2021: Niosomal versus na-

no-crystalline ivermectin against different stages 

of Trichinella spiralis infection in mice. Parasit- 

 ol. Res. 120, 7:2641-58. 

El-Melegy, MA, Ghoneim, NS, El-dien, NM, 

Rizk, MS, 2019: Silver nanoparticles improve 

the therapeutic effect of mebendazole treatment 

during the muscular phase of experimental tri-

chinellosis. Am. J. Sci. 15, 5:34-46.  

Fahmy, AM, Diab, TM, 2021: Therapeutic effi- 

cacy of Albendazole and Mefloquine alone or in 

combination against early and late stages of infe-

ction in Trichinella spiralis infected mice. Hel-

minthologia 58, 2:179-87.   

Feldman, D, Ganon, J, Haffman, R, Simpson, 

J, 2003: The Solution for Data Analysis and Pr-

esentation Graphics. The 2
nd

 Ed., Abacus Lan-

cripts, Inc., Berkeley, USA. 

Gupta, I, Sehgal, R, Kanwar, RK, Punj, V, 

Kanwar, JR, 2015: Nanocapsules loaded with 

iron-saturated bovine lactoferrin have antimicro-

bial therapeutic potential and maintain calcium, 

zinc and iron metabolism. Nanomedicine 10, 8: 

1289-314.   

Halder, A, Shukla, D, Das, S, Roy, P, Mukhe-

rjee, A, et al, 2018: Lactoferrin-modified Betul-

inic Acid-loaded PLGA nanoparticles are strong 

anti-leishmanials. Cytokine 110:412-5.   

Hassan, MM, El-Rahman, A, Mostafa, E, El-

Hamed, A, Fakhry, E, et al, 2021: The impact 

of nitazoxanide loaded on solid lipid nanopartic- 

les on experimental trichinellosis. Zagazig Univ. 

Med. J. 27, 6:1074-84.   

Ilic, N, Gruden-Movsesijan, A, Sofronic-Milo-

savljevic, L, 2012:   Trichinella spiralis: Shapi- 

ng the immune response. Immunol. Res. 52: 

111-9. 

Ilic, N, Kosanovic, M, Gruden-Movsesijan, A, 

Glamoclija, S, Sofronic-Milosavljevic, L, et al, 

2021: Harnessing immunomodulatory mechan-

isms of Trichinella spiralis to design novel nan- 

omedical approaches for restoring self-tolerance 

in autoimmunity. Immunol. Lett. 238:57-67. 

Jari, SD, Yousif, JJ, 2020: The Effectiveness of 

silver nanoparticles loaded with albendazole, 

mebendazole drugs in the level of some immun- 

ological markers in male albino mice infected 

with hydatid cyst. Biochem. Cell. Arch. 20, 2: 

34-9 

León-Sicairos, N, Martínez-Pardo, L, Sánch-

ez-Hernández, B, de la Garza, M, Carrero, J 

C, 2012:  Oral lactoferrin treatment resolves am-

oebic intracecal infection in C3H/He mice. J. Bi-

ochem. Cell Biol. 90, 3:435-41.  

Liu, J, Li, B, Lee, C, Zhu, H, Zheng, S, et al, 
2019: Protective effects of lactoferrin on inju- 



 

527 

 

red intestinal epithelial cells. J. Pediatr. Surg. 54, 

12:2509-13.   

Liu, J, Zhu, H, Li, B, Robinson, SC, Lee, C, et 

al, 2020: Lactoferrin reduces necrotizing entero- 

colitis severity by upregulating intestinal epithel- 

ial proliferation. Eur. J. Pediatr. Surg. 30, 1:90-

5.   

Majumdar, R, Kar, PK, 2023: A facile green 

synthesis approach to silver nanoparticles using 

calyx from Abelmoschus esculentus and its anth-

elmintic activity. Bio-Rxiv. 23:3-8.   

Margaroni, M, Agallou, M, Athanasiou, E, 

Kammona, O, Kiparissides, C, et al, 2017: Va-

ccination with poly (D, L-lactide-coglycolide) 

nanoparticles loaded with soluble Leishmania 

antigens and modified with a TNF-α mimicking 

peptide or monophosphoryl lipid A confers prote 

ction against experimental visceral leishmanias-

is. Int. J. Nanomed. 12:6169-84. 

Mossallam, SF, 2009:  Prophylactic effect of 

bovine lactoferrin against acute toxoplasmosis in 

immunocompetent and immunosuppressed mi-

ce. J. Egypt. Soc. Parasitol. 39, 3:1033-47. 

Mohamed, ST, Sulaiman, HH, Kamal, SB, 

Aja, HA, 2019: Effect of Fusarium gramin-

arum silver-nanoparticles on IL-10 and INF-γ 

cytokines levels in the mice by Leishmania don-

ovani in vivo. I. J. B. 18, 2:106-15. 

Nada, S, Mohammad, SM, Moad, HS, El-Sh-

afey, MA, al-Ghandour, AM, et al, 2018: Th-

erapeutic effect of Nigella sativa and ivermectin 

versus albendazole on experimental trichinellos- 

is in mice. JESP 48, 1:85-92.  

Nassef, NE, Moharm, I M, Atia, AF, Brakat, 
RM, Hussein, NM, et al, 2018: Therapeutic ef-

ficacy of chitosan nanoparticles and albendazole 

in intestinal murine trichinellosis.  JESP 48, 3: 

493-503.  

Palomares-Alonso, F, Toledo, A, Hernández, 
GP, Jung-Cook, H, Fleury, A, 2020: Effect of 

dexamethasone on albendazole cysticidal activi-

ty in experimental cysticercosis by Taenia crass-

iceps in BALB/c mice: In vitro and in vivo eval-

uation. Exp. Parasitol. 208:107801-8.   

Salama, MA, Mostafa, NE, Abdel-Aal, NF, 

Mostafa, EM, Hammad, SK, et al, 2021: Cap-

sicum frutescens and Citrus limon: A new take 

on therapy against experimental trichinellos-

is. J. Helminthol. 95:e26-30.  

Shalaby, MA, Moghazy, FM, Shalaby, HA, 

Nasr, SM, 2010: Effect of methanolic extract of 

Balanites aegyptiaca fruits on enteral and paren-

teral stages of Trichinella spiralis in rats. Parasi- 

ol. Res. 107, 1:17-25. 

Solomon, SD, Bahadory, M, Jeyarajasingam, 

AV, Rutkowsky, SA, Boritz, C, et al, 2007: 
Synthesis of silver nanoparticles. J. Chem. Educ. 

84:322-5. 

Soliman, NA, Omar, RE, Nasr, HE, Eltanta-

wy, AF, Salama, AM, 2023: Antacids as alumi- 

num hydroxide and magnesium hydroxide effect 

on trichinosis: Experimental study. JESP 53, 1: 

115-22.   

Siqueiros-Cendón, T, Arévalo-Gallegos, S, Ig-

lesias-Figueroa, BF, García-Montoya, IA, Sa-

lazar-Martínez, J, et al, 2014:  Immunomodul-

atory effects of lactoferrin. Acta Pharmacol. Sin. 

35, 5:557-66.   

Sun, GG, Wang, ZQ, Liu, CY, Jiang, P, Liu, 

RD, et al, 2015: Early serodiagnosis of trichi-

nellosis by ELISA using excretory-secretory 

antigens of Trichinella spiralis adult worms. Pa-

rasit. Vectors 8:484-9. 

Taha, NM, Abdel-Radi, S, Youssef, FS, Auda, 

HM, El-Bahy, MM, et al, 2022: Parasiticidal 

efficacy of a new formulation of silver nanopart-

icles on Trichinella spiralis in vitro. J. Adv. Vet. 

Res. 12, 4:379-85. 

Thanchomnang, T, Sadaow, L, Sanpool, O, 

Intapan, P, Rodpai, R, et al, 2021: Develop-

ment of an immunochromatographic point-of-ca-

re test for detection of IgG antibody in serodiag-

nosis of human trichinellosis. Int. J. Infect. Dis. 

111:148-53.  

Wong, KK, Cheung, SO, Huang, L, Niu, J, 

Tao, C, et al, 2009: Further evidence of the anti‐
inflammatory effects of silver nanoparticles. Ch-

em. Med. Chem. 4, 7:1129-35. 

Wilson, NO, Hall, RL, Montgomery, SP, Jon- 

es, JL, 2015: Trichinellosis Surveillance-United 

States, 2008-2012. MMWR. Surveill. Summ. 

64:1-8. 

Yang, Y,  Liu, L,  Liu, X,  Zhang, Y,  Shi, 

H, et al,
 
2020: Extracellular vesicles derived 

from Trichinella Spiralis muscle larvae amelio-

rate tnbs-induced colitis in mice. Front. Immun- 

ol. 11:1174-8. 

Yanagisawa, S, Nagasaki, K, Chea, C, Ando, 

T, Ayuningtyas, et al, 2022: Oral administ-

ration of bovine lactoferrin suppresses the progr-

ession of rheumatoid arthritis in an SKG mouse 

model. Plos One 17, 2:e0263254.    

Yoshida, S, 1989: Preparation of lactoferrin by 

hydrophobic interaction chromatography from 

milk acid whey. J. Dairy Sci. 72, 6:1446-50.  

Yu, YR, Qi, YF, 2015: Progress in treatment 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Yang+Y&cauthor_id=32595641
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Liu+L&cauthor_id=32595641
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Liu+X&cauthor_id=32595641
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Zhang+Y&cauthor_id=32595641
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Shi+H&cauthor_id=32595641


 

528 

 

and prevention of trichinellosis. J. Infect. Dis. 

Ther. 3: 251-6.  

Yun, ZL, Zhou, YS, Zhang, Y, Li, B, 2018: In 

vivo therapeutic effects of albendazole in combi-

nation with IFN-α on cystic echinococcosis in 

mice. Chin. J. Zoonoses 34, 2:133-8. 
 

Explanation of figures 
Fig. 1: Comparison between different groups regarding T. spiralis adult count. 
Fig. 2: Comparison between different groups regarding reduction rate of T. spiralis adult count. 

Fig. 3: Comparison between different groups regarding TNF- α(Pg/ml) level. 

Fig. 4: Comparison between different groups regarding IL-10 (Pg/ml) level. 
Fig. 5: Sections in negative control intestine stained with H&E, showed normal intestinal architecture (x 400). 

Fig. 6: Sections in positive  control  intestine stained with H&E, showing some T. spiralis adults sections (red arrow) and a distorted villous 

pattern (black arrow), dense inflammation (yellow arrow) (x 400). 
Fig. 7: Sections in albendazole treated mice intestine stained with H&E, showing occasional T. spiralis adults sections (red arrow) and a 

mostly preserved villous pattern, moderate inflammation (yellow arrow) (x 400). 
Fig. 8: Sections in lactoferrin treated intestine mice stained with H&E, showed mostly preserved villous pattern (black arrow), and mild 

inflammation (yellow arrow) (x 400). 

Fig. 9: Sections in silver nanoparticles treated intestine mice stained with H&E, showed occasional degenerated T. spiralis adults sections 
(red arrow) moderate distorted villous pattern (black arrow), mild inflammation (yellow arrow) (x 400). 

Fig. 10: Sections in lactoferrin loaded on silver nanoparticles treated intestine mice stained with H&E, showed mostly preserved villous 

pattern (black arrow), mild inflammation (yellow arrow) (x 400). 
Fig. 11: Sections in albendazole and lactoferrin treated intestine mice stained with H&E, showed mostly preserved villous pattern (black 

arrow), mild inflammation (yellow arrow) (x 400). 

Fig. 12: Sections in albendazole and lactoferrin loaded on silver nanoparticles treated intestine mice stained with H&E, showed  mostly pre-
served villous pattern (black arrow), few inflammations (yellow arrow) (x 400). 
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