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ABSTRACT 
 

Trichinellosis is a zoonosis acquired by the ingestion of undercooked meat containing 

the infective larvae of Trichinella spiralis (T. spiralis). Despite veterinary public 

health efforts to control it, re-emergence of the disease has been observed in many 

areas of the world in the past 10–20 years. Although ivermectin (IVM) achieved high 

efficacy as larvicidal in trichinellosis, the possibility of disease transmission to other 

hosts is still present that will hinder the eradication of that serious disease. Therefore, 

our goal is to determine the efficacy of IVM on the subsequent infectivity of T. spiralis 

larvae in experimental animals through parasitological and biochemical studies of 

the intestinal phase. We found that the proinflammatory cytokine; interleukin-1β   (IL-

1β) and epithelial neutrophil activating peptide 78 (ENA-78) mRNA expression were 

decreased in group II which was infected by IVM- treated T. spiralis larvae on the 5
th

 

day post infection, also the same group showed the lowest levels of vasoactive 

intestinal peptide (VIP) and protein carbonyl (PCO) as well as the lowest activities of 

myeloperoxidase (MPO) and superoxide dismutase (SOD) enzymes. The lowest adult 

and larval counts were observed in group II at the 5
 th

 day post infection with highly 

significant differences in comparison to other groups. In conclusion, IVM appears to 

affect the infectivity of T. spiralis larvae with subsequent decrease of T. spiralis adults 

and total larval count. These effects were more pronounced when IVM was given 

early in the infection. IVM is feasible and useful drug in the treatment of current 

infection and control of subsequent infections with T. spiralis. 

Keywords: Trichinella spiralis, ivermectin (IVM), larval infectivity, proinflammatory 

cytokines, vasoactive intestinal peptide (VIP), protein carbonyl (PCO), superoxide 

dismutase (SOD). 

 

INTRODUCTION 
 

Trichinellosis is a zoonosis 

acquired by the ingestion of 

undercooked meat containing the 

infective larvae of Trichinella spiralis 

(T. spiralis). Trichinellosis continues 

to be a public health concern 

throughout the world. It has been 

estimated that 11 million people 

worldwide could be infected 
(1)

. 

Despite veterinary public health 

efforts to control and eradicate the 

parasite, re-emergence of the disease 

has been observed in many areas of 

the world in the past 10–20 years. 
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Therefore, appropriate control for this 

zoonotic disease should always be 

maintained in all districts 
(2)

. 

Ivermectin (IVM) is a broad-

spectrum antiparasitic drug widely 

used to control a wide range of 

gastrointestinal helminthes
(3)

. IVM 

acts by binding to a glutamate-gated 

chloride channel receptor (GluCls) in 

nematode and arthropod nerve cells, 

and also increases the release of 

gamma-aminobutyric acid (GABA) 

from synaptosomes of the nervous 

system and blocks the transmission of 

nervous stimuli to muscles resulting in 

flaccid paralysis of the affected 

parasites, followed by their death or 

expulsion
(4)

.  Although IVM achieved 

high efficacy as larvicidal in 

trichinellosis reaching about 83 %, the 

possibility of T. spiralis transmission 

to other hosts is still present that will 

hinder the control and eradication of 

trichinellosis
 (5)

.  

Epithelial cells are the first site of 

entry for invasive intestinal pathogens 

and may provide early signals for the 

acute mucosal inflammatory response 

via the release of proinflammatory 

cytokines and inflammatory 

mediators
(6)

. The prototypic 

proinflammatory cytokine; 

interleukin-1β (IL-1β) is released by 

activated immune cells and it was 

found to be increased in the mucosa of 

patients with inflammatory bowel 

disease
(7)

 and in the inflamed intestine 

in animals
(8)

. Epithelial neutrophil-

activating peptide 78 (ENA-78) is one 

of the chemokines which are a family 

of small cytokines, or proteins 

secreted by cells. They induce 

directed chemotaxis in nearby 

responsive cells, and their expression 

has been shown to be highly inducible 

in endothelial and vascular smooth 

muscle cells by IL-1β and tumor 

necrosis factor-alpha
(9)

. 

Both the central nervous system 

(CNS) and the enteric nervous system 

(ENS) can amplify or modulate 

aspects of intestinal inflammation 

through secretion of neuropeptides 

that serve as a link between the ENS 

and CNS. Neuropeptides are defined 

as any peptide released from the 

nervous system that serves as an 

intercellular signaling molecule. They 

include substance P, corticotropin-

releasing hormone, neurotensin, 

vasoactive intestinal peptide (VIP), 

mucopioid receptor agonists, and 

galanin
(10)

. VIP exhibits broad 

significance in intestinal physiology 

because of its potent vasodilator 

actions
(11)

. It also govern regulation of 

motility, inhibit the peristaltic reflex 

in the circular smooth muscle layer, 

control intestinal blood flow, and 

modulate the immune system
(12)

. This 

VIP is released from nerve terminals 

with enzymes of the nitric oxide (NO) 

synthesis cascade in the myenteric 

plexus
 (13)

. 

The biological damage caused by 

free-radical-mediated mechanisms can 

be prevented by specific chemical 

scavengers which trap the specific 

radicals, as well as by protective 

antioxidant enzymes including 

superoxide dismutase (SOD) 
(14)

. SOD 

catalyzes the dismutation of 

superoxide into oxygen and hydrogen 

peroxide. Hence, it acts as a 

cornerstone antioxidant defense 

mechanism in nearly all cells exposed 

to oxygen oxidative stress 
(15)

. Protein 

carbonyl (PCO) groups formation is 

generated by covalent modification of 

a protein either directly by reactive 

http://www.news-medical.net/health/What-are-Cytokines.aspx
http://en.wikipedia.org/wiki/Tumor_necrosis_factor-alpha
http://en.wikipedia.org/wiki/Tumor_necrosis_factor-alpha
http://en.wikipedia.org/wiki/Dismutation
http://en.wikipedia.org/wiki/Superoxide
http://en.wikipedia.org/wiki/Antioxidant
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oxygen species (ROS) or indirectly by 

reaction with secondary by-products 

of oxidative stress, the usage of PCO 

as biomarkers of oxidative stress has 

some advantages in comparison with 

the measurement of other oxidation 

products because of the relative early 

formation and the relative stability of 

carbonylated proteins
(16)

. 

Myeloperoxidase (MPO) is found 

predominantly in neutrophils used as a 

quantitative index of inflammation 

due to the correlation between MPO 

activity and neutrophil infiltration in 

the intestine
(17)

. Therefore, MPO 

activity has been widely used to detect 

and follow intestinal inflammatory 

processes, and a reduction in its 

activity can be interpreted as a 

manifestation of the anti-

inflammatory activity of a given 

drug
(18)

. 

The goal of the present study is to 

compare the efficacy of IVM, given 

on two different periods post T. 

spiralis infection, on the subsequent 

infectivity of T. spiralis-treated larvae 

in experimental animals as a possible 

method for T. spiralis control in pig 

farms. This effect on infectivity was 

assessed by both parasitological and 

biochemical studies of the intestinal 

phase.   

 

MATERIAL & METHODS 
 

Animals and T. spiralis infection:  
Laboratory-bred parasite free, 

Swiss albino mice weighing 18-20 

grams each, were used in the present 

study. Experimental animals were 

obtained from the animal house of 

Theodore Bilharz Research Institute 

(TBRI), Giza, Egypt. Mice were fed 

on a standard pellet diet containing 24 

% protein, 4% fat and about 4-5% 

fiber in addition to water ad libitum, 

in accordance with the institutional 

and national guidelines. The isolate of 

T. spiralis used was originally 

obtained from infected pork meat 

from Cairo abattoir and maintained in 

the laboratory of Medical Parasitology 

Department, Tanta Faculty of 

Medicine by consecutive passages 

through rats and mice. Mice were 

infected with T. spiralis larvae in a 

dose of 250 larvae/ mouse orally 

according to Dunn and Wright [Dunn 

et al., 1985]
(19)

. All animal procedures 

reported herein were reviewed and 

approved by the Research Ethics 

Committee, Quality Assurance Unit, 

Faculty of Medicine, Tanta 

University. 

Drug administration: Ivermectin 

(Iverzine 
®
, UNI Pharma) was used in 

a single oral dose of 0.2 mg/kg body 

weight, using distilled water as a 

solvent.  

Experimental design and sampling: 
The experiment was done in two 

phases:  

Phase 1: included 3 groups of animals 

(10 mice each) infected by T. spiralis 

larvae; group A: infected untreated, 

group B: infected and treated with 

IVM on the 5
th

 day post infection 

(d.p.i.), and group C: infected and 

treated with IVM on the 10
th

 d.p.i. 

Phase 2: the larvae obtained from 

each of the previous groups on the 

35
th

 d.p.i. were used to infect another 

three groups of mice (45 mice each);   

group I: included mice infected with 

larvae from T. spiralis infected 

untreated mice (group A in phase 

1), group II: included mice infected 

with larvae from T. spiralis infected 

mice that were treated with IVM on 
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the 5
th

 d.p.i. (group B in phase 1), 

and group III: included mice 

infected with larvae from T. spiralis 

infected mice that were treated with 

IVM on the 10
th

 d.p.i (group C in 

phase 1). All mice were infected by 

250 larvae/ mouse. On the 5
th

 and 12
th

 

d.p.i., 15 mice from each infected 

group were sacrificed by cervical 

dislocation. Those represent 

subgroups: a, b respectively according 

to time of scarification. The small 

intestine of each mouse was removed, 

opened longitudinally, washed and 

one piece of the middle third was 

stored at -80°C for biochemical 

studies.  T. spiralis adult count was 

done in the rest of the small intestine. 

On 35
th

 d.p.i. the remaining 15 mice 

from each group were sacrificed and 

their muscles were digested for larval 

count (subgroup c). Another 15 

uninfected untreated mice were used 

in the 2
nd

 phase to serve as the 

negative control group (group IV), 

which were sacrificed once at the end 

of the experiment.  

T. spiralis adult count in the 

intestine: The washed intestine was 

cut into small pieces 1 cm. each, and 

then incubated at 37°C in 10 ml. 

saline for 2 hours to allow the worms 

to migrate and collect in the container. 

The saline was pipetted and the 

intestine was washed several times 

with saline. All of the fluid was 

collected in tubes and centrifuged at 

1500 rpm for 5 minutes. The 

supernatant was decanted and the 

sediment reconstituted in 3-5 drops of 

saline to be examined drop by drop at 

a magnification of X 20 and the adult 

worms were counted
 (20)

.  

 T. spiralis encysted larval count 

in the muscles: Each mouse was 

dissected and digested in 1% pepsin 

and 1% concentrated HCl in 200 c.c. 

distilled water. The mixture was 

incubated at 37°C for one hour under 

continuous agitation using an electric 

stirrer. The digested product was 

passed through a 50-mesh/ inch sieve 

to remove the coarse particles. 

Encysted larvae were collected on a 

200-mesh/ inch sieve, washed twice 

with tap water and then suspended in 

150 c.c. of tap water in a conical flask. 

The supernatant fluid was then 

discarded and the larvae in the 

sediment were counted 

microscopically using a McMaster 

counting chamber 
(21)

.  

Estimation of levels of IL-1β and 

ENA-78 mRNA expression by semi-

quantitative real-time PCR: Parts of 

intestinal tissue samples were 

processed for total RNA extraction, 

(MagNA Pure compact Nucleic Acid 

isolation kit I, Roche Diagnostics, 

GmbH, Mannheim, Germany) 

according to the manufacturer's 

recommendations. First strand cDNA 

was synthesized from total RNA using 

Transcriptor First Strand cDNA 

Synthesis Kit (Roche, Germany) 

according to the manufacturer's 

instructions. IL-1β and ENA-78 

mRNA transcripts were quantified, 

relative to the house-keeping gene; 

glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) using the 

Roche LightCycler® FastStart DNA 

MasterPLUSSYBR Green I kits 

(Roche Diagnostics, Mannheim, 

Germany) following manufacturer's 

instructions. The primer sequences for 

IL-1β, ENA-78, and GAPDH used in 

the study were as follows: IL-1β 

(sense 5'- CTC CGG GAC TCA CAG 

CAA AAA -3'), IL-1β (antisense 5'- 
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GGG GAA CTG GGC AGA CTC A-

3'), ENA-78 (sense 5'- TGT TGG 

TGC TGC TGC TG-3'), ENA-78 

(antisense 5'- ACA AAT TTC CTT 

CCC GTT CTT-3'), GAPDH (sense 

5'- GGT GAA GTT CGG AGT CAA 

CGG A-3'), GAPDH (antisense 5'- 

GAG GGA TCT CGC TCC TGG 

AAG A-3'). The optimal conditions 

for PCR amplification were: an initial 

incubation at 95 °C for 10 minutes, 45 

cycles of denaturation at 95°C for 15 

seconds, annealing at 55°C for 20 

seconds, and extension at 72°C for 20 

seconds. The values of the target gene 

under investigation and the value of 

the house-keeping gene (GAPDH) 

were calculated for each sample using 

a standard curve. 

Estimation of MPO and SOD activity 

as well as PCO content in intestinal 

tissue homogenate: Intestinal 

specimens were weighed and 

homogenized in 10 volumes 

phosphate buffer saline 50 mM, pH 7. 

The crude homogenate was 

centrifuged in a cooling centrifuge at 

7700 x g for 30 minutes at 4
o
C, and 

the resultant supernatant (free of 

insoluble materials), was assayed for 

protein content
(22)

, MPO
(23,24)

, SOD 

activity
 (25)

 and PCO content 
(26)

.. 

Measurement of the tissue VIP assay 

by ELISA technique: Intestinal 

tissues were rinsed in ice-cold PBS 

(0.02 mol/l, pH 7.0-7.2) to remove 

excess blood thoroughly and weighed 

before homogenization. The tissues 

were minced to small pieces and 

homogenized in 5-10 ml of PBS with 

a glass homogenizer on ice. The 

resulting suspension was subjected to 

two freeze-thaw cycles to further 

break the cell membranes. After that, 

the homogenates were centrifuged for 

5 minutes at 5000 ×g. Remove The 

supernatant was removed, aliquoted 

and store at -20
o
C.till assayed for VIP 

using commercial kit supplied by 

USCN Life Science Inc, USA, 
 (27)

. 

Statistical Analysis:  

Quantitative values of the 

measured parameters were expressed 

as mean± standard deviation (S.D.). 

Efficacy (%) =100× (mean number 

recovered in controls- mean number 

recovered in treated mice)/ mean 

number recovered in controls. The 

data were analyzed by One Way-

ANOVA to detect significance in 

between groups using Statistical 

Package for Social Sciences (SPSS), 

version 14.0 for windows. The 

difference was considered statistically 

significant when P <0.05. 

 

RESULTS 
 

T. spiralis adult count in the 

small intestine (mean± SD):  The 

highest count was recorded in 

subgroup Ia where mean value of total 

adult count/ mouse was (110±2.74). 

On the other hand the least count was 

that of subgroup IIb with mean value 

of adult count/ mouse (5.8±1.48). 

Differences between all the subgroups 

infected by treated larvae and their 

time corresponding non-treated ones 

(subgroups IIa and IIIa vs Ia and 

subgroups IIb and IIIb vs Ib) were 

found to be statistically highly 

significant (P values were <0.001for 

each). Comparison between the two 

groups infected by treated larvae 

(groups II and III) revealed 

statistically significant differences in 

both scarification times. It is to be 

mentioned that the highest percentage 

reduction of the adult count was 
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recorded in subgroup IIa (89.1%), 

whereas subgroup IIIb showed the 

lowest percentage reduction (73.7%) 

(Table 1). 

 

 

Table 1. T. spiralis adult count (Mean± S.D.) in small intestine in the infected 

groups 5 and 12 d.p.i. 
Groups 
 

Group I (infected by 
non- treated larvae) 

Group II (infected by 
ivermectin treated 
larvae 5 d.p.i.) 

Group III (infected by 
ivermectin treated 
larvae 10 d.p.i.) 

Subgroups & 
scarification 
times 

Ia 
5d.p.i. 
(n=15 ) 

Ib 
12d.p.i. 
(n=15 ) 

IIa 
5d.p.i. 
(n=15) 

IIb 
12d.p.i. 
(n=15) 

IIIa 
5d.p.i. 
(n=15) 

IIIb 
12d.p.i. 
(n=15) 

Adult count/ 
mouse 

110±2.74 41.8±2.39 12±2.12 5.8±1.48 19.6± 
1.14 

11±2.12 

P1   <0.001** <0.001** <0.001** <0.001** 
P2     <0.001** <0.05* 
% reduction   89.1 86.1 82.2 73.7 

P value<0.05 means that difference is statistically significant*. 
P value<0.001 means that difference is statistically highly significant**. 
P1: comparison between subgroups II and subgroups III vs. their corresponding subgroups I. 
P2: comparison between subgroups II vs. their corresponding subgroups III. 

 

T. spiralis encysted larval count 

in the muscles (mean± SD):  The 

mean number of total larvae/ mouse 

recorded its highest levels in subgroup 

Ic (23992±712.86), on the other hand 

the lowest mean larval count was that 

of subgroup IIc (1068±164.07). 

Comparing the two groups infected by 

treated larvae with each other and 

with their corresponding groups 

infected by non-treated larvae, 

revealed statistically highly significant 

differences (P values were <0.001). 

As regards to the percentage of total 

larval count reduction, group II was 

superior to group III, where mean 

values were 95.5% and 77.3%, 

respectively (Table 2). 

 

 

Table 2. T. spiralis total larval count (Mean± S.D.) in muscles of the infected 

groups 35 d.p.i. 
Groups 
 

Group I: (infected  
by non- treated  
larvae) 

Group II (infected  
by ivermectin 
treated larvae 5 d.p.i.) 

Group III (infected 
by ivermectin treated 
larvae 10 d.p.i.) 

Subgroups Ic 
35d.p.i. , (n=15 ) 

IIc 
35d.p.i. , (n=15) 

IIIc 
35d.p.i. , (n=15) 

Adult count/ 
mouse 

23992±712.86 1068±164.07 5452±292.87 

P1  <0.001** <0.001** 
P2   <0.001** 
% reduction  95.5 77.3 

P value<0.001 means that difference is statistically highly significant**. 
P1: comparison between group IIc and group IIIc vs group Ic. 
P2: comparison between group IIc versus group IIIc. 
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Levels of IL-1β mRNA 

expression in intestinal tissue 

(mean± SD): Infection with T. 

spiralis (group I), caused a 

statistically highly significant increase 

in the mRNA expression of IL-1β at 5 

d.p.i. (0.583± 0.24) and at 12 d.p.i. 

(0.443± 0.19) in comparison to the 

control non-infected mice (group IV) 

(0.201± 0.14) where P values were 

<0.001 for each. The same findings 

were present in group III (0.376± 0.20 

and 0.373± 0.16) at 5 and 12 d.p.i., 

respectively. On the other hand, in 

group II, mRNA expression of IL-1β 

represented the lowest values of all 

infected groups (0.243± 0.14 and 

0.208± 0.10) at 5 and 12 d.p.i., 

respectively, yet its increase was 

statistically significant when 

compared to non-infected mice (group 

IV), where P values were <0.05. All 

the infected groups (I, II and III) 

showed non- significant increase in 

the expression of IL-1β (0.318± 0.18, 

0.210± 0.16 and 0.314± 0.18), 

respectively, in comparison to the 

non-infected group at 35 d.p.i.. It is to 

be mentioned that differences in the 

levels of IL-1β mRNA expression 

between groups II and III, were 

statistically significant at 5 and 12 

d.p.i. (Fig. 1). 

 

 

Figure 1. mRNA expression (Mean± S.D.) of IL-1β in the intestinal tissue of all 

studied groups 5, 12 and 35 days post infection d.p.i. 

 

Levels of ENA-78 mRNA 

expression in intestinal tissue 

(mean± SD): Comparison between 

group Ia, b and c (0.574± 0.22, 0.329± 

0.18 and 0.072± 0.02), respectively 

and the non-infected control group 

(group IV) (0.011± 0.008), revealed 

highly significant increase in the 

mRNA expression of ENA-78 where 

P values were <0.001 in all 

scarification times. In both groups II 

and III, the differences in the mRNA  
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expression of this  parameter were 

statistically highly significant in the 

1
st
 scarification time only (0.531± 

0.20 and 0.551± 0.29), respectively, in 

comparison to group IV, where P 

values were <0.001. The expressions 

were then reduced with subsequent 

significant differences in the 2
nd

 

(0.322± 0.16 and 0.386± 0.27), 

respectively and 3
rd

 scarification 

times (0.039± 0.01 and 0.052± 0.02), 

respectively where P values were 

<0.05. Statistical significant 

differences in the mRNA expression 

of ENA-78 were documented during 

the whole study when comparing both 

groups II and III with group I. 

Moreover, differences in the levels of 

ENA-78 mRNA expression between 

groups II and III, were statistically 

significant throughout the whole work 

(5, 12 and 35 d.p.i.) (Fig. 2). 

 
 

 

Figure 2. mRNA expression (Mean± S.D.) of ENA-78 in the intestinal tissue of all 

studied groups 5, 12 and 35 days post infection d.p.i. 

 

 

Levels of VIP and PCO as well 

as MPO and SOD activity in the 

intestinal tissue homogenate (mean± 

SD): As regards VIP and PCO levels 

as well as MPO activity, there was a 

statistically significant increase in 

group 1 (infected non-treated mice) 

compared to control group (group IV) 

as well as infected treated groups 

(group II and III) at 5 and 12 d.p.i. 

(P< 0.05). Meanwhile, VIP and PCO 

levels as well as MPO activity 

significantly reduced in group II 

compared to group III at 5 and 12 

d.p.i. (P < 0.05). For SOD activity 

there was a significant increase in its 

activity in group I and group III in 

comparison with each of group II and 

group IV at 5, 12 d.p.i. (P < 0.05). 

Moreover, at 35 d.p.i., all the studied 

biochemical parameters showed no 

significant difference between all 

infected groups in comparison to 

group IV (Table 3 and 4). 
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Table 3. Levels of VIP and PCO in the intestinal homogenates of all  studied groups 5, 12 and 35 d.p.i. 

P value <0.05 means that difference is statistically significant*     NS means not significant 
P1 comparing subgroups I, II and III Vs group IV.   P2  comparing subgroups II and III Vs  their corresponding subgroups I. 
P3 comparing subgroups II Vs their corresponding subgroups III. 
 

Groups/ 

 

Parameters 

 

Group I (infected by non- treated 

larvae) 

Group II (infected by ivermectin 

treated larvae 5 d.p.i.) 

Group III (infected by ivermectin 

treated larvae 10 d.p.i.) 

Group IV 

(non-

infected 

mice) 

Ia 

 
Ib Ic IIa 

 
IIb IIc IIIa 

 
IIIb IIIc  

VIP level  

(pmol/mg 

protein) 

 

Mean± 

S.D. 

3.1±0.91 2.9±0.45 2.5±0.88 2.7±0.75 2.3±0.75 2.1±0.62 2.8±0.84 2.65±0.71 2.2±0.53 2± 0.42 

P1 < 0.05* <0.05* NS < 0.05* < 0.05* 

 

NS < 0.05* < 0.05* 

 

NS  

t1 3.660 

 

3.110 2.003 2.600 1.996 1.522 1.886 2.413 1.104 

P2    < 0.05 * < 0.05* 

 

NS < 0.05* < 0.05* 

 

NS 

t2    2.658 4.325 1.441 3.252 2.692 1.263 

P3       < 0.05* < 0.05* NS 

t3       4.159 3.225 1.444 

PCO 

level 

(nmol/mg 

protein) 

Mean± 

S.D. 

15.3±3.61 14.1±2.41 12.1±2.74 13.5±3.88 12.65±4.62 11.5±1.55 13.93±3.11 13.1±2.97 11.92±42.20 10.9±2.58 

P1 < 0.05* 

 

< 0.05* NS < 0.05* < 0.05* NS < 0.05* < 0.05* NS  

t1 2.996 3.110 1.528 2.253 2.996 0.352 1.998 2.996 0.796  

P2    < 0.05* < 0.05* NS < 0.05* < 0.05* NS  

t2    2.152 2.536 0.854 2.225 2.158 0.635  

P3       < 0.05* < 0.05* NS  

t3       2.320 2.358 0.685  
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Table 4. Activity of MPO and SOD in the intestinal homogenates of all the studied groups 5, 12 and 35 d.p.i. 
Group IV 
(non-infected 
mice) 

Group III Group II Group I Groups/ 
 
Parameters 
  IIIc 

35 d.p.i. 
IIIb 
12 d.p.i. 

IIIa 
5 d.p.i. 

IIc 
35 d.p.i. 

IIb 
12 d.p.i. 

IIa 
5 d.p.i. 

Ic 
35 d.p.i. 

Ib 
12 d.p.i. 

Ia 
5 d.p.i. 

0.9±0.07 1.15±0.41 1.54±0.58 1.7±0.36 1±0.42 1.3±0.35 1.5±0.51 1.23±0.52 1.69±0.36 1.90±0.46 Mean± 
S.D. 

MPO 
activity 
(ng/mg 
protein)  

 NS < 0.05* < 0.05* NS < 0.038* < 0.05* NS < 0.05* < 0.05* P1 
1.220 3.240 2.463 1.449 2.117 4.318 10225 3.100 2.811 t1 
NS < 0.05* < 0.05* NS < 0.05* < 0.05*    P2 
1.225 3.201 2.014 2.110 2.663 1.859    t2 
NS < 0.05* < 0.05*       P3 
1.741 2.528 1.889       t3 

1.95±0.93 2.1±0.47 2.81±0.68 2.5±0.47 1.99±0.62 2.64±0.85 2.4±0.41 2.3±0.32 2.92±0.58 2.7±0.60 Mean± 
S.D. 

SOD 
activity 
(U/mg 
protein) 

 NS < 0.05* < 0.05* NS < 0.05* < 0.05* NS < 0.05* <0.001** P1  
1.159 3.212 4.152 1.885 3.260 4.250 1.332 4.253 5.418 t1  
NS NS NS NS < 0.05* < 0.05*    P2  
0.332 0.355 0.765 0.472 2.623 2.140    t2  
NS < 0.05* < 0.05*       P3  
0.783 2.581 2.418       t3  

P value <0.05 means that difference is statistically significant*                       NS means not significant 

P1 comparing subgroups I, II and III Vs group IV. P2  comparing subgroups II and III Vs  their corresponding subgroups I.  

P3 comparing subgroups II Vs their corresponding subgroups III. 
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DISCUSSION 
 

Trichinellosis is a disease that not 

only represents a public health hazard 

by affecting human but also causes an 

economic problem in porcine animal 

production. It is responsible for re-

emerging zoonoses threatening 

millions of people all over the 

world
(28,29)

. Moreover, the effects of 

globalization exacerbate the risk of 

spreading trichinellosis which may be 

related mainly to a reduced efficacy of 

the veterinary control on susceptible 

animals. This represents a serious 

problem for the meat trade
(30)

. 

Therefore, the main efforts in many 

countries have focused on the control 

or elimination of Trichinella from the 

food chain
 (31)

. The need for effective 

compounds for the prevention and 

treatment of trichinellosis in humans 

and animals has led to the testing of 

several drugs which are clinically 

effective against other nematodes 
(5)

. 

The present work has studied the 

effect of in vivo exposure of T. 

spiralis newborn and migrating larvae 

to IVM on their subsequent invasive 

power and their ability to establish a 

new infection in experimental 

animals.  

IVM is a drug which elicits a 

potent and persistent paralysis of 

nematode musculature
(32)

. IVM 

primarily targets cys-loop receptors 

called GluCls
(33) 

and possibly GABA 

receptors as a secondary target
(34)

. 

IVM  is believed  to act on susceptible  

nematodes by potentiating the release  

and  binding  of  GABA  in  certain  

nerve  synapses,  and thus blocking 

GABA-mediated  transmission  of 

nerve  signals. While paralysis is the 

most evident effect, suppression of 

reproductive processes has been 

observed. IVM is active against 

immature as well as mature worms
(35)

. 

In the early intestinal stage of 

infection with T. spiralis, there are 

alterations in expression of 

proinflammatory cytokines and 

chemical code of enteric neurons as 

well as the antioxidant capacity of the 

small intestine
(36)

. Thus, the present 

study was designed to characterize the 

changes in the expression pattern of 

IL-1β and ENA-78 and estimation of 

VIP level and MPO as well as SOD 

activities and PCO content in tissue 

homogenate of the small intestines of 

mice. 

During the intestinal phase of 

infection, T. spiralis adults localize to 

the crypt-villus junction, establishing 

an intra-multicellular niche. The 

parasites migrate in the epithelium, 

continually invading and occupying 

the cytoplasm of new epithelial cells, 

and do not appear to cross the 

basement membrane. The invasion of 

host intestinal epithelium by the 

infective larvae is the first step during 

T. spiralis infections
(37)

. Parasite 

invasion relies on determined 

characteristics of the enterocytes and 

the parasite must receive chemical 

signals from the cells to initiate the 

invasive process
(38)

. T. spiralis 

appears to secrete excretory–secretory 

proteins, e.g. serine proteases, 

cysteine proteases, and 

metalloproteases, during penetration 

of the intestinal mucosa in order to 

invade the columnar epithelial cells 

and to induce fusion of the cell 

membranes, which gives rise to the 

formation of the syncitium in which 

the larvae live and molt 
(39)

. 



 

 

Bull. Egypt. Soc. Physiol. Sci. 33 (2) 2013                                     Soliman et al.                                              

 
48 

Mucosal inflammatory response 

appears through the release of 

proinflammatory cytokines and 

inflammatory mediators. However, the 

patterns of epithelial cytokine 

response vary with the site of 

infection and type of pathogen
(40)

. It is 

noteworthy that the cytokines released 

from the intestinal epithelial cells 

(IEC) with their subsequent 

inflammatory infiltrates were 

implicated in exacerbating the 

underlying disease
(41)

.  IEC respond to 

the T. spiralis infection with early and 

transient release of proinflammatory 

cytokines as IL-1β and ENA-78
 (42)

. 

In the present work, there was a 

significant increase in mRNA 

expression of IL-1β and ENA-78 in 

group of mice infected by non-treated 

larvae (group I) more than that in 

groups infected by treated larvae; 

group II (infected by larvae treated 5 

d.p.i.) and group III (infected by 

larvae treated 10 d.p.i.) as compared 

to negative control group (group IV). 

These parameters showed a significant 

reduction in their expression under the 

effect of ivermectin in group II more 

than group III at both 5 and 12 d.p.i.. 

As regard to IL-1β mRNA expression 

at 35
th

 d.p.i., there was no significant 

difference between all studied groups, 

unlike ENA-78 mRNA expression 

where there was a significant 

difference between all studied groups. 

These results could be explained by 

the findings of Yang et al.
(43)

 and 

Stadnyk and waterhouse
(44)

.  They 

reported that ENA-78 expression was 

long lasting but delayed in onset while 

IL-1 β is known to attract and activate 

macrophages, NK cells, and T and B 

cells and has been found in primary 

epithelial cells from rats even after 2 

days of infection with T. spiralis. 

Therefore, up-regulation of these pro-

inflammatory cytokines may 

contribute to the initiation of acute 

inflammatory responses 
 (6)

. 

Our study indicated that the 

inflammatory changes decreased in 

the group of mice infected with IVM 

treated larvae on the 5
th

 more than the 

10
th

 d.p.i.. This correlation between 

IL-1β and inflammatory changes was 

clearly stated by Stadnyk and 

waterhouse
(44)

. They proved that IL-

1β increased during the time of 

infection when the greatest cellular 

and pathological changes are 

occurring in the T. spirals infected 

gut. Recently, an experimental model 

of intestinal T. spiralis infection 

documented high levels of intestinal 

IL-1β mRNA expression in lamina 

propria- associated inflammatory cells 

compared to the non- infected 

mice
(45)

. Moreover, Despommier
(46)

 

reported that IL-1β may serve directly 

as a neutrophil chemoattractant or 

facilitate leukocyte emigration by 

inducing adhesion molecule 

expression on endothelial cells and 

stimulating chemokine production for 

example ENA-78. Therefore, IL-1β 

was proved to be a crucial mediator in 

the establishment of the inflammatory 

reactions in response to infection
(47)

.  

In the same context, Jackson et al.
(48)

 

reported that IEC are sources of 

cytokines in various gastrointestinal 

inflammatory conditions, including 

infections and inflammatory bowel 

diseases, in which neutrophil 

infiltrates are implicated in 

exacerbating the underlying disease.  

Shen et al.
(49) 

reported that neutrophil 

migration into the T. spiralis-infected 

rodent intestine has been examined by 
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increased expression of epithelial 

neutrophil activated peptide and 

increased transcriptional activation of 

ENA-78.  

Li et al.
(6)

 demonstrated that 

invasion by T. spiralis caused an 

elevation of mRNA of IL-1β and 

ENA-78 in the IEC. The observed 

increase was dose dependent. Levels 

of IL-1β and ENA-78 were increased 

even when 1000 larvae were used, but 

much greater increases were observed 

when 5000 larvae were used. So, our 

results confirm that finding and reflect 

the effect of attenuating larvae by 

IVM in reduction of IL-1β and ENA-

78 mRNA expressions. 

Concerning the VIP in the small 

intestine, it exhibits a broad 

significance in intestinal physiology. 

Functionally, VIP was originally 

identified in the gastrointestinal tract 

and named for its potent vasodilator 

actions. It is also known to govern 

regulation of motility, inhibit the 

peristaltic reflex in the circular 

smooth muscle layer, control 

intestinal blood flow, and modulate 

the immune system. VIP is released 

from nerve terminals with enzymes of 

the nitric oxide (NO) synthesis 

cascade in the myenteric plexus and, 

together, these peptides are believed 

to be the primary components of 

nonadrenergic and noncholinergic 

nerve transmission in the gut. Several 

types of immune cells, including T 

lymphocytes may function as local 

VIP sources in the lymphoid 

microenvironment 
(13,50)

. 

Our results showed significant 

increase of VIP level in all infected 

groups in comparison to non-infected 

group at both 5 and 12 d.p.i.. There 

was a significant reduction in its level 

under the effect of IVM treatment in 

group II more than group III at both 5 

and 12 d.p.i.. At  35 d.p.i.,  there was 

no significant difference between all 

infected groups which reflect an 

understanding of the putative changes 

in the innervation pattern of the 

intestine in long-lasting trichinellosis 

when infection has progressed to the 

muscle phase and adult worms found 

in the intestine is limited
(51)

. 

Inflammation of the bowel leads to 

release of proinflammatory mediators, 

which act on the enteric nervous 

system (ENS) resulting in activation 

of enteric neurons, suppression of 

neurotransmitter release, and altered 

receptor expression
(52)

. Palmer and 

Koch
(53)

 indicated that activation of 

enteric neurons is an important 

component of an intricate defense 

process against T. spiralis in the 

gastrointestinal tract lumen.  

Furness 
(54)

 stated that the ENS 

regulates and coordinates almost all 

aspects of intestinal function including 

gut motility, the transport of fluid and 

electrolytes, the secretion of mucin, 

the production of cytokines, and the 

regulation of epithelial barrier 

function. Also, Ganea
(58)

 1996 

reported that cytokine neuroendocrine 

network have a significant impact on 

cytokine production and function. 

Therefore, the immunomodulatory 

activities of VIP could be mediated, at 

least partially, through effects on the 

production of cytokines as IL-1β and 

ENA-78.  

Infections with T. spiralis 

stimulate proliferation of mast cells
(56)

 

and the necrotic epithelial cells release 

a key danger signal capable of 

activating mast cells
(57)

. Wood
(58)

 

showed that several mast cell-derived 
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mediators have neuropharmacological 

actions on the electrical and synaptic 

behavior of neurons in the ENS 

including histamine, IL-6, and platelet 

activating factor, mast cell proteases, 

IL-1β, and prostaglandins. This 

coincides with our results that both 

proinfammatory cytokines and VIP 

control the level of each other by 

indirect mechanisms. Pozo and 

Delgado
(59)

 reported that VIP in the 

jejunum during the early enteric phase 

of T. spiralis-infection undergoes up-

regulation., Therefore, it is possible 

that regulation of VIP in the jejunum 

is a long term effect and this confirm 

our results as the level of VIP became 

nearly normal at day 35 post infection 

in all infected groups.  

Myeloperoxidase (MPO) is a 

lysosomal protein secreted by white 

blood cells.  It is used as a 

biochemical index of neutrophil 

infiltration to assess intestinal 

inflammation because there is a close 

correlation between the increase in 

MPO activity and the extent of 

mucosal damage in the jejunum
(60)

. 

Our results showed significant 

increase in MPO activity in all 

infected groups in comparison to non-

infected group at both 5 and 12 d.p.i. 

There was a significant reduction of 

its activity in group II more than 

group III at 5, 12 d.p.i. At 35
th

 d.p.i., 

there was no significant difference 

between all infected groups that again 

reflect the role of IVM in attenuation 

of larvae and reduction of its 

inflammatory effect on intestinal 

mucosa.  

Derda et al.
(61)

 and Stadnyk et 

al.
(42)

 stated that neutrophil migration 

parallels the cytokine expression by 

IEC and that cytokine levels are 

diminished when neutrophils are 

prevented from reaching the 

epithelium. Thus proinflammatory 

cytokine production is directly 

proportion to MPO activity in 

inflammatory conditions as nematode 

infection. They reported that T. 

spiralis-infected rodent intestine 

showed increase of neutrophil 

migration with significantly increased 

MPO in gut samples. So the reduced 

MPO activity in IVM-treated groups 

indicates the decrease in magnitude of 

intestinal inflammation and neutrophil 

infiltration especially in group II 

(Histopathological data not shown). 

Bercik et al.
(62)

 reported that the 

activity of MPO in the jejunums of T. 

spiralis-infected mice was increased 

on the 7 d.p.i., remained elevated on 

days 14 and 21, and normalized after 

28 d.p.i. The observed changes 

correspond to the infiltration of 

neutrophils and esinophils that run 

hand in hand with our results as MPO 

activity was normalized by 35 d.p.i. in 

all infected groups. 

Oxidative stress arises when there 

is a marked imbalance between the 

production of ROS and their removal 

by antioxidants. In reaction to mild 

oxidative stress, tissues often respond 

by producing more antioxidants; 

however, severe persistent oxidative 

stress depletes body antioxidant 

resources and overtakes its ability to 

produce more antioxidants, leading to 

lower antioxidant levels and injury in 

the tissues
(63)

. ROS may seriously 

damage all types of biological 

molecules, including proteins, lipids, 

or DNA. However, proteins are 

possibly the most immediate vehicle 

for inflicting oxidative damage on 

cells. Carbonylated proteins tend to 
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form high-molecular-weight 

aggregates that are resistant to 

degradation and accumulate as 

damaged proteins
(64)

. Detection of 

increased level of PCO has proposed 

as a sign of disease associated 

dysfunction 
(65)

.  

During trichinellosis, pathological 

changes in various tissues, including 

the epithelium of the small intestine 

and the skeletal muscles, are 

observed. It is possible that this tissue 

damage is mediated by free radicals, 

generated both by the host and by the 

parasite 
(66)

. Therefore, the present 

study was undertaken to examine the 

changes in the activity of the 

antioxidant enzymes SOD as well as 

PCO content as a part of the 

biochemical defense mechanisms of 

the host during trichinellosis.  

As regard to SOD activity in 

intestinal tissue homogenate, there 

was a significant increase in its 

activity in group I and group III in 

comparison with each of group II and 

group IV at 5 and 12
th

 d.p.i. This 

reflects the importance of the early 

treatment of larvae by ivermectin to 

minimize the severity of oxidative 

stress reaction. Both SOD activity and 

PCO level return quiet nearly normal 

as there was no significant difference 

between infected and non-infected 

groups at day 35 d.p.i.  

To our knowledge, there is no 

study which evaluates the antioxidant 

status as regard to SOD activity and 

PCO content in intestinal tissue of T. 

spiralis infected mice under the effect 

of IVM. However, our results showed 

no significant difference between 

group I and III as regard to SOD 

activity. So, they are considered as 

weak biomarkers for follow up of the 

efficacy of IVM and the power of 

invasion of treated larvae. This may 

be due to the fact reported by Derda 

et al.
(66)

 that the generation of oxygen-

derived free radicals may be an initial, 

nonspecific defense reaction of the 

host toward parasitic infection. 

The efficacy of IVM in reducing 

the infectivity of T. spiralis larvae was 

estimated by T. spiralis adult and its 

effect on the fecundity was assessed 

by larval counts and their percentages 

of reduction. It was found that the  

least adult count was observed in  

group II at both scarification times 

with statistically highly significant 

differences when compared to both 

group I and group III (P<0.001 for 

each). Also, the highest percentage 

reduction of the T. spiralis adult count 

was recorded in subgroup IIa (89.1%). 

As regard the total larval counts, they 

were greatly reduced in groups 

infected with treated larvae with the 

lowest larval counts in group II with 

statistically highly significant 

differences when compared to both 

group I and group III (P <0.001 for 

each). The highest percentage larval 

reduction was recorded in group II 

(95.5%).  Soliman et al., 
(7) 

and El-

Azzouni 
(67)

 reported that IVM was 

most effective when administered as 

early as possible after infection, its 

effect diminished progressively 

thereafter and this agreed with our 

results as T. spiralis adults and larval 

counts as well as inflammatory 

cytokine expressions were reduced 

when infection was established using 

larvae treated by IVM 5 d.p.i., more 

than those treated 10 d.p.i.. 

The same findings were found in 

other nematodes treated by IVM. Fu 

et al.
(68)

 found that IVM was more 
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efficacious for migrating larvae of 

Baylisascaris transfuga than for 

encapsulated larvae because 

encapsulation of the larva may block 

the infiltration of drug. Similarly, 

Satou et al.
(69)

 assessed the effect of 

IVM against Strongyloides larvae. 

They found that IVM caused an 

adequate decrease in their viability. 

This raises the concept that T. spiralis 

larvae in the IVM-treated mice have 

been adversely affected by treatment 

with subsequent effect on their 

infectivity. 

In the same context, Klager et 

al.,
70)

 demonstrated that IVM 

impaired both development and 

fecundity of adult O. volvulus. 

Similarly, Ottesen et al.
(71)

 and Yates 

et al.
(72)

 demonstrated that IVM 

treatment of filariasis produced an 

initial dramatic drop in the levels of 

circulating microfilariae, followed by 

long-term suppression of their 

production. Beech et al.
(73) 

reported 

that another possibility is that IVM 

disrupts filarial processes that 

modulate the host immune system. 

The immunomodulatory ability of 

filarial nematodes is characterized by 

suppression of Th1 and Th2 

responses, impaired proliferation of T 

cells, increased production of the 

regulatory cytokine IL-10 and 

suppression of releasing 

proinflammatory cytokines. Hence, 

IVM was supposed to be an effective 

health strategy for filarial control
 (74)

. 

Satou et al., 2001
(69)

 stated that 

the larvae had been weakened to a 

certain extent with IVM treatment (as 

in phase 1 of our study). Linking 

together with the findings of 

Andronicos et al., 
(75)

 should explain 

our results of decreased inflammation 

in the intestine with IVM treated 

larvae. They found that intestinal 

epithelial cells affected usually as a 

result of tissue trauma induced by 

motile T. colubriformis larvae but not 

IVM-paralyzed larvae indicating that 

the plasma membrane integrity of 

epithelial cells was compromised by 

the motility of the parasite. Necrosis 

of intestinal epithelial cells may be 

fundamental to initiation of an 

appropriate host response against 

gastrointestinal nematodes.  

In conclusion, IVM has not only a 

great role in the treatment of T. 

spiralis infection but also has an 

impressive effect as a control agent. It 

appears to affect the subsequent 

infectivity of T. spiralis larvae beside 

its effect on decreasing the number of 

T. spiralis adults and encysted larvae 

later on. These effects were more 

pronounced when IVM was given 

early in the infection. So, in the 

absence of a completely effective 

treatment for trichinellosis, an early 

chemotherapy using IVM is feasible 

and useful in the treatment of current 

infection and control of subsequent 

infections with T. spiralis.  Therefore, 

IVM can help us to achieve a meat 

production system with a negligible 

risk for Trichinella and on the long 

run may eliminate this parasite and 

reduce the global cost of controlling 

this infection.  
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 في لاللتهاتات وتعض عىامل االلتهاب  السيتىكيىات المىالية تعض التعثير عه

 الشعريىة الحلسووية مه الىمىذج التجريثي
 

 ‘وعمة علي سليمان♣
 اشىر*داليا صالح ع‘  زيىة صالح شهية* ‘وهي محمد شفيق♣

قسؤ
♣
 جبهعخ طٌطب -كل٘خ الطت الك٘و٘بء الحْ٘ٗخ الطج٘خ ّ*الطف٘ل٘بد الطج٘خ ـ 

 

 

الزرٖ رحزرْٕ  غ٘ر  الوطجْةرخ ج٘ر ا اللحْم اثزالع الزٖ حصل علِ٘ب حْ٘اًٖ الوٌشأ ُْ الخ٘ط٘بد

قر  ،للسر٘ط ح علِ٘ب العبهرخ الج٘ط ٗرخ الشع ٌٗخ الحلزًّ٘خ. رغرن جِرْا الصرحخ هي ال٘ قبد الوع ٗخ علٔ

 رغرن نىّ .الوبضر٘خ 01-01 العربلن فرٖ السرٌْاد هٌربط  كي٘ر ح هري فرٖ الور   عرْاح هِرْر لرْح 

الور     ررزا  هْجرْاح ّ  اًزقرب  ، لكري مهكبً٘رخ فرٖ العرال   فعبل٘خ عبل٘رخ حق  (IVM) اإلٗف هكز٘ي

 فعبل٘رخ ُرْ رح ٗر  ، كربى ُر فٌبلرال  .ُراا الور   الخط٘ر  القضربء علرٔ رعرْ  هري أرأًِب نى الزرٖ

 ال راسربد هري ةرال  حْ٘اًربد الزاربرة فٖ الحلزًّ٘خ الشع ٌٗخ هي الالحقخ الع ّٓ علٔ ٗف هكز٘ياإل

ّالجْ٘ك٘و٘بئ٘خ ّ الزٖ رزويل فٖ الزعج٘  الازٗئٖ  ا ًز لْكي ّاح  ث٘زب ّكال  الجر ّر٘ي الوٌشرظ  الطف٘ل٘خ

كسرر٘ ا  ّ كرال  ر ك٘ررز ّ الو٘لْث٘ اّ اٗسرو٘زب  هعرر   ًشربط اًزٗورربد السرْث  اّكسرر٘ ‘  87للٌ٘ز ّف٘رل 

 .الوعْٗخ للع ّٕ الج ّر٘ي كبرثًْ٘ل فٖ الو حلخ

 ّ اج ٗذ ُاٍ الزا ثخ علٖ ه حلز٘ي :

هي الفئ اى ثن رقس٘وِن الٖ ثالثخ هاوْعبد ف ع٘خ ) ا ّلٖ لن رزلقٖ  54الو حلخ ا ّلٖ روذ ع ّح -0

ثعر  العر ّٕو ّررن اةرا  01زرَ فرٖ ال٘رْم ثع  الع ّٕ ّ اليبليرَ رلق 4ّ اليبً٘خ رلقزَ عٌ  الْ٘م  اإلٗف هكز٘ي

  54ال٘ قبد الوع ٗخ فٖ الْ٘م 

ثرن رقسر٘وِن  54هي الفئ اى ثبل٘ قبد الوع ٗخ الزٖ رن اةراُب فرٖ ال٘رْم  54الو حلخ اليبً٘خ روذ ع ّح -0

الررٖ ثالثررخ هاوْعرربد ف ع٘ررخ علررٖ حسررت الواوْعزررذ الف ع٘ررخ فررٖ الو حلررخ ا ّلررٖ ّرررن اةررا ع٘زرربد 

 و.54-00-4وْعبد الف ع٘خ للو حلخ اليبً٘خ فٖ الْ٘م )لالهعبء هي الوا

الزعج٘رر  الازٗئررٖ  ا ًز لررْكي ّاحرر  ث٘زررب ّكررال  الجرر ّر٘ي الوٌشررظ ّقرر  نسررف د ال راسررخ عرري قلررخ       

 87للٌ٘ز ّف٘ل  

 ّ الو٘لْث٘ اّكس٘ ا  ّر ك٘ز الجر ّر٘ي كبرثًْ٘رل اٗسو٘زب  اًزٗوبد السْث  اّكس٘ ّ كال  هع   ًشبط 

وْعخ الزرٖ رورذ فِ٘رب العر ّٕ ثبل٘ قربد الوعبلارخ فرٖ ال٘رْم الخربهح. كورب لرْح  قلرخ فرٖ عر ا فٖ الوا

 ال٘ قبد فٖ اغش٘خ ا هعبء فٖ ُاٍ الو حلخ ثبلوقبرًخ ثجق٘خ الواوْعبد.

كعال  ّ ذل  عٌ  اسزخ اهَ فرٖ ه احرل هزق هرخ هري  اإلٗف هكز٘يُاٍ الٌزبئج رعكح ه ٕ فبعل٘خ ّ ق رح 

 العال .


