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Summary

Idiopathic Parkinson’s (IP) is a neurodegenerative disease that is suspected to be due to exposure to 
infections during early life. Toxoplasmosishas been the only suspected parasitic infection in IP (Celik 
et al., 2010). Recently, some non-central nervous system bacterial and viral infections have been 
incriminated in IP (Çamcı & Oğuz, 2016). So in the current study, we tried to explore if the systemic 
infl ammatory reactions  triggered by some helminths like Trichinella spiralis can induce Parkinsonian 
lesions in the brain, especially that the cerebral complications have been reported in 10-20% of 
Trichinella spiralis infected patients . An experimental study was designed to assess the neurode-
generative and biomolecular changes that may occur in Trichinella spiralis infected BALB/C mice in 
comparison to rotenone induced PD model and apparently healthy ones. The motor affection was 
signifi cantly lesser in the Trichinella infected mice  than the Parkinson’s model, but when the catalep-
sy score was calculated (through the grid and bar tests) it was found to be signifi cantly higher in the 
infected mice than in the healthy ones. A signifi cant increase in the blood advanced oxidative protein 
products (AOPP), IFN-γ, TGF-β, and brain DNA fragmentation was also detected in the Trichinella 
spiralis infected mice. After histopathological examination, a signifi cant increase in the cortical apop-
totic neurons and Lewy’s body were observed in the Trichinella infected and the rotenone induced 
Parkinson’s model sections. A signifi cant decrease in the immunohistochemical expression of the 
tyrosine hydroxylase expression in the brain sections and the ELISA measured dopamine level in the 
brain homogenate was also reported in the infected mice group. This study  fi ndings may collectively 
suggest that the systemic infl ammatory reactions and the oxidative stresses associated with some 
systemic helminthic infections like trichinellosis are possible to precipitate neurodegenerative lesions 
and biomolecular changes in the brain , and manifest with IPD later in life.
Keywords: Trichinella spiralis, Idiopathic Parkinson’s,Lewy’s bodies, Tyrosine hydroxylase, DNA 
fragmentation, proinfl ammatory cytokines IFN-γ & TGF-β

Introduction

The brain is considered the most defended organ in the human 
body. However, this doesn’t prevent the continuous trials of some 
parasites to invade it or to initiate a status of cerebro-vascular and 
 meningeal irritation (Filiano et al., 2015). Trichinella spiralis (T. spi-
ralis) is a nematodal helminth that can cause systemic infl amma-

tory manifestations all over the body before habituating their fi nal 
destination in the striated muscles. Infection with T. spiralis basi-
cally starts with ingestion of the encysted larvae in the infected 
undercooked pork meat. Afterward, the larvae mature into adult 
worm in the small intestine, and then fertilization takes place while 
the worms are stitched to the intestinal mucosa (Dupouy-Camet, 
2000). Such location allows the newborn larvae to be spelled out 
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directly into the circulation to initiate the migratory phase. The lar-
val migratory phase is considered the most dangerous phase of in-
fection. During such phase there is a generalized intense immune 
infl ammatory reaction due to the high antigenicity of larvae (Pozio, 
2007). Cardiac and cerebral affections are of the most dangerous 
complications in this phase (Hall et al., 2012). Within three to four 
weeks, most of the larvae in the circulation fi nally habituate the 
moderately active striated muscles all over the body where the 
chronic phase of infection will start (Gottstein et al., 2005).
Parkinson’s disease (PD) is considered the second most frequent 
neurodegenerative cerebral disease all over the world (Tabrez et 
al., 2012). It gradually occurs after the death of the dopaminergic 
neurons, especially those located in the substantia nigra (Braak et 
al., 2007). Manifestations of PD are mainly motoric e.g. akinesia, 
muscular rigidity, resting tremors, motion slowness and walking 
diffi culties. Psychological problems, autonomic dysfunction, and 
dementia may also occur but to a less extent (Branchi et al., 2008; 
Jillinger, 2009). A considerable number of PD patients fall under 
the category of idiopathic Parkinson’s (IP) in which there is no 
clear reason for the death of the dopaminergic neurons (Barbe et 
al., 2017). There is growing evidence that exposure to high levels 
of injurious agents like the proinfl ammatory cytokines and oxida-
tive stress product from the circulation may end with dopaminergic 
neurons apoptosis (Kang et al., 2012). Hence, early exposure to 
systemic pathogens and injurious environmental agents like insec-
ticides has been incriminated in precipitating IP (Liu et al., 2003). 
The dopaminergic neurons death results in a marked decrease 
in the brain dopamine level, which is one of the major catechola-
mine neurotransmitters. Moreover, any dysfunction in the tyrosine 
hydroxylase (TH) enzyme, which is responsible for the fi rst step 
of dopamine synthesis, also results in a decrease in the brain do-
pamine level and the development of IP. Hence, TH expression 
and dopamine level in the brain are considered the most important 
diagnostic markers for PD (Daubner et al., 2011).
Unexplained mitochondrial dysfunction and active oxidative stress 
reactions products are frequently recorded before the death of do-
paminergic neurons in IPD (Perfeito et al., 2013; Medeiros et al., 
2016). Moreover, advanced oxidation protein products (AOPPs) 
are considered of the novel oxidative stress infl ammatory biomark-
ers that enjoy high stability in the circulation after release. They are 
easily detected in the circulation. Hence, and can be good indica-
tor for the incidence of oxidative stress reactions (Gonzalez et al., 
2015; Qian et al., 2015).
Since T. spiralis triggers an aggressive infl ammatory reaction with 
the release of a massive amount of pro-infl ammatory cytokines 
and oxidative stress products, and has been also reported as a 
cerebro-vascular disease in 10 – 20 % of patients; we tried to ex-
plore if T. spiralis infection can precipitate Parkinsonian like lesions 
in the brain. For this purpose, an experimental study was designed 
using BALB/c mice to explore if any motor dysfunction and/or brain 
biomolecular and histopathological changes may occur after the 
migratory phase of trichinellosis. 

The rotenone induced Parkinson’s disease model was chosen 
as a reference for the motor dysfunction and the brain changes 
in BALB/c mice. Rotenone is a highly lipophilic insecticide that 
is famous for its high accessibility through the blood brain barri-
er,andits accumulation in the brain mitochondria create a marked 
oxidative stress condition (Sherer et al., 2003; Tansey et al., 2010; 
Pringsheim et al., 2014).

Material and Methods

Animals and Grouping
Thirty laboratory bred BALB/C male mice (about 8weeks old and 
25 ± 5 grams) were brought from the University Laboratory Ani-
mal House. The mice were housed in polypropylene cages with 
wire-mesh fl oors (ten per cage). Temperature was maintained at 
25°C, with a standard 12-hour light/dark cycle. The animals were 
allowed to access food and water ad libitum, and the cages were 
cleaned daily.
After one week of acclimatization; the mice were randomly and 
equally divided into three groups. Ten mice were left to represent 
the apparently healthy control group I. Another ten mice received 
the rotenone drug regimen to induce the Parkinson’s disease mod-
el (group II). The remaining ten mice were prepared to receive 
a moderate dose of the infective T. spiralis larvae to induce a T. 
spiralis infection model (group III). 

Induction of Parkinson’s disease 
Rotenone was purchased from Sigma (St. Louis, MO-USA), and 
suspended in 0.5 % carboxy methyl cellulose sodium salt. Each 
mouse in this group received 30 mg/kg/day by oral gavage for 
28 days (Inden et al., 2009). The development of PD was con-
fi rmed by observing the development tremors, bradykinesia and 
rigidity in mice. 

Induction of T. spiralis Infection 
T. spiralis larvae were recovered from the muscles of the previous-
ly T. spiralis infected BALB/c mice that were bred in Tanta Medical 
Parasitology Department T. spiralis Life Cycle Maintenance Unit. 
The used strain had been previously genotyped and proved to be 
“T. spiralis” species by the European Union Reference Laborato-
ry for Parasites in August 2015. The muscles of the euthanized 
infected mice were enzymatically digested and suspended in a 
measured inoculum of phosphate buffer solution (PBS) (Gamble, 
1996). Each mouse in the infection group was left starving one 
night prior to the infection day, and then received on the next morn-
ing 0.25 ml of PBS loaded with 200 living muscle larvae by gastric 
gavage (Wang et al., 2011). After four weeks the experiment was 
terminated to combine between the presence of adult worms rem-
nants in the intestine, and the larvae whether the migrating new-
born ones in the circulation or the incompletely encapsulated nse 
in muscles  to measure the changes after exposure to the maximal  
circulatory infl ammatory products (Bruschi & Murell, 2002).
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Behavioural Tests (Grid and bar tests)
By the end of the experiment, behavioural tests were done for each 
mouse in the three groups. Each test was repeated three times to 
record the average score. Afterward the animals were prepared 
for samples collection and scarifi cation. Bar test was done where 
the mouse was placed with both fore paws on a bar 9 cm above 
and parallel from the base, then the time needed for removal of 
the paw was recorded. Grid test was done by hanging the mouse 
by its paws on a vertical grid 25.5 cm wide and 44 cm high with as 
pace of 1 cm between each wire), and then the time needed by the 
mouse to move its paws or any sort of fi rst movement was record-
ed. Catalepsy score was calculated according to the time scale as 
follows: score 0: 0-10 sec, 0.5: 11 – 30 sec, 1: 31 – 60 sec, 1.5: 61 
– 90 sec, 2: 91 – 120 sec, 3: 121 – 150 sec, 3.5: 151 – 180 sec, 4: 
181 – 210 sec, 4.5: 211 – 240 sec, and 5: >240 sec. Each test was 
measured for 4 min and each animal underwent three consecutive 
trials with 5 – 10 min interval between the tests. Catalepsy score 
of the test (mobility time in seconds) was done by calculating the 
sum of the score of the ten animals for one trial in each group, then 
calculating the mean for the 3 trials (Alam & Schmidt, 2004; Ghosh 
et al., 2011; Makhija & Jagtap, 2014).

Samples collection
Plasma
After the induction of general anaesthesia by halothane, the ven-
tral chest area was cleaned with 70 % ethanol. Afterward, blood 
was slowly aspirated by intracradiac puncture (Parasuraman et al., 
2010) and sample was collected in sodium citrate treated tubes to 
be centrifuged at 2,000 x g. The resultant supernatant was equal-
ly divided and transferred into three clean eppendorf tubes to be 
stored at -20°C till use.

Brain extraction
While still under anaesthesia, each mouse was euthanized by cer-
vical dislocation. First, the head was sprayed with 70 % ethanol, 
and then decapitation was done at the base of the brain stem. The 
head was held at the base of the skull, and then a cut was done be-
tween the two olfactory bulbs by placing one blade of a small pair of 
scissors into each eye cavity and cutting coronally. Another two lat-
eral cuts were done at the base of the skull, followed by a longitudi-
nal one along the sagittal suture. The brain was exposed by peeling 
back the skull with a pair of curved forceps, and then the brain was 
freed by using a small spatula. The brain was  immediately placed 
in cold PBS to be rinsed and then transferred in 10 cm plastic Petri 
dish containing PBS. Each brain was positioned on its ventral sur-
face and divided longitudinally into two halves (Walker & Kemper-
mann, 2014). One half was wrapped in foil paper to be preserved 
under -20°C till homogenization, and the other half was preserved 
in 10 % formaldehyde for histopathological examination.

Biochemical study
Detection of advanced oxidation protein products (AOPPs) in plasma 
AOPPs levels were determined spectrophotometrically accord-
ing to Witko-Sarsat et al. (1996) by semi-automated method on 
 micro-plate reader (Model MR 5000; Dynatech, France). A volume 
of 200 μl of plasma diluted 1:5 in 50 mM Phosphate buffer saline 
PBS, pH: 7.4 was placed in test wells, followed by the addition 
of 10 μL of 1.16 M potassium iodide (KI) to each well, and then 
20 μl of absolute acetic acid 2 min later. In standard wells, 10 μl 
of 1.16 M KI were added to 200 μl of chloramine-T solution 0 – 
100 μmol/liter (Sigma, St, Louis, MO) followed by 20 μl of acetic 
acid. The absorbance of the reaction mixture was immediately 
read at 340 nm against a blank containing 200 μl of PBS, 20 μl of 
acetic acid and 10 μl of KI.

IFN-γ and TGF-β detection in plasma 
IFN-γ was detected by Mouse IFN Gamma PicoKine™ ELISA kits 
purchased from Boster biological technology,California, USA, Cat-
alog Number: EK0375. TGF-β was detected by Mouse TGF-beta1 
Platinum ELISA kits purchased from e-bioscience, Vienna, Austria, 
Catalog Number: BMS608/4. Procedures were done according to 
the manufacturer’s protocol for each kit.

Detection of DNA fragmentation in brain samples 
DNA fragmentation was measured by the diphenylamine (DPA) 
method described by Zhu et al. (1998). Briefl y, 20 mg of brain tis-
sue was cut and lysed in 250 μl of the lysis buffer Tris/HCl 5 mM 
pH 8.0, Triton X-100 0.5 % and EDTA 20 mM with vigorous stirring, 
and then the mixture was incubated for 10 min at 4°C. After cen-
trifugation at 10,000 x g for 20 min at 4°C fragmented the intact 
chromatin pellet (by centrifugation at 10,000xg for 20 min at 4°C) 
was transferred into a new clean tube. The pellet was dissolved 
in 500 μl TEX buffer, treated with 500 μl 10 % trichloroacetic acid 
(TCA), then centrifuged at 5000 x g for 10 min at 4°C. The su-
pernatant was discarded and the precipitated DNA pellet was re-
suspended in 250 μl of 5 % trichloroacetic acid and boiled for 15 
min. Twenty μl of 6M perchloric acid was added to both the lysate 
supernatant and the treated pellet sample, in addition to 500 μl of 
a freshly prepared diphenylamine reagent 1.5g diphenylamine, 1.5 
ml concentrated sulfuric acid and 19 μl acetaldehyde dissolved in 
100 ml glacial acetic acid). The reaction mixture was incubated for 
18 h at 37°C. Absorbance was measured by a semi-automated-
spectrophotometer (Robonik-Prietest-Touch, India) at 600 nm, 
against freshly prepared diphenylamine reagent as a blank. The 
percentage of fragmented DNA was calculated as follows:

Amount of fragmented DNA in supernatant X 100Fragmented DNA 
Amount of fragmented DNA in supernatant + amount of DNA in pellet


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Dopamine level in brainby ELISA 
The Dopamine Research ELISA kit (Rocky Mountains Diagnostics, 
Inc., Colorado Springs, CO) was used to detect the dopamine level 
in the brain homogenate according to the manufacturer protocol. 
Each sample was divided and processed in duplicates (Ustione & 
Piston, 2012). The dopamine concentration range in the standard 
curve was 36 – 3600 pg.

Histopathological study
Histopathological staining by H&E and evaluation by image 
J-analyzer
Formalin fi xed brain samples were processed, and embedded in 
paraffi n blocks. Tissue sections of 4 μm thick were prepared for 
the hematoxylin and eosin (H&E) and the immunohistochemical 
staining. First, the sections were blindly examined by two pathol-
ogists to observe any neuronal loss, apoptotic neurons, cytoplas-
mic vacuolation, and detect Lewy’s body formation in the infected 
and healthy sections and compare them to the typically detected 
changes in the brain sections etrieved from the rotenone induced 
Parkinson’s model (Westin et al., 2010). Apoptotic neurons were 
counted on images from 10 random fi elds per slide using image-J 
software (Java image processing program inspired by National in-
stitute of health NIH, USA) (Schneider et al., 2012). 

Immunohistochemical staining for Tyrosine Hydroxylase
The previously prepared brain sections were deparaffi nised in 
xylene, rehydrated in descending concentrations of alcohol then 
washed in PBS phosphate buffer saline. After antigen retrieval 
by boiling in 10 mmol/L citrate buffer pH 6.0) for 10 minutes in a 
microwave, slides were immersed in 3 % hydrogen peroxide in 
order to block endogenous peroxidase. Background staining was 
blocked by placing slides in Ultra V Block Labvision, TA-015-UB, 
USA) for 5 minutes. Afterward, the slides were incubated with 
anti-tyrosine hydroxylase rabbit monoclonal antibody (Abcam, 
ab75875, EP1533Y, UK) in 1/200 dilution for 10 minutes at room 
temperature. Ultravision detection kits (TA-015-HD) were used, 

Table 1. Catalepsy score of Grid & Bar tests in the study groups.
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Fig. 1. A fi gure collects the bar charts that illustrate the statistical analysis for 
the AOPP (part A), IFN-γ (part B) and TGF-β (part C) levels in the different 
study groups. A – AOPP mean±SD reached 78.300±7.7331 μmol/L in the 

Trichinella infected group, 44.529±6.867 μmol/L in the healthy control group and, 
86.543±9.416 μmol/L in the Parkinson’s model. B – IFN-γ mean ±SD reached 

477.69±33.73 pg/ml in the Trichinella infected group, 331.73±16.87 pg/ml in the 
healthy control group and, 432.30±45.43 pg/ml in the Parkinson’s model. 

C – TGF-β mean±SD reached 1589.6±115.7 pg/ml in the Trichinella infected 
group, 1143.5±50.9 pg/ml in the healthy control group and, 1480.0±100.5 pg/ml 

in the Parkinson’s model.

Grid test

Mean SD Kruskal-Wallis Test Dunn's Multiple Comparisons Test
f P-value G: I & II G: I & III G: II & III

G-I (N=10) 6.27 0.96
17.818 0.0001 <0.001 >0.05 >0.05G-II (N=10) 41.55 3.44

G-III (N=10) 25.49 2.24
Bar test

Mean SD Kruskal-Wallis Test Dunn's Multiple Comparisons Test
f P-value G: I & II G: I & III G: II & III

G-I (N=10) 7.06 1.18
17.818 0.0001 <0.001 >0.05 >0.05G-II (N=10) 37.9 3.07

G-III (N=10) 22.99 1.6
N= number, G-I: healthy control, G-II= Rotenone induced Parkinson’s model, G-III= T. spiralis infected group
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after incubating slides with biotinylated goat anti-polyvalent and 
then streptavidin peroxidase for 10 minutes with each of them. The 
DAB (diaminobenzidine) tetrachloride was used as a chromogen 
and the slides were counter stained with Meyer’s haematoxylin.
Tyrosine hydroxylase immunoreactivity was determined as brown-
ish staining on neurons and fi bers. Image-J software was used 
to determine the number of TH immune reactive neurons and 
percentages of TH-stained tissue. For each slide, 10 random 
fi elds were captured then opened by image-J software. Mean 
area of all tissue included as well as TH-stained tissue were 
 measured, and then the percentage of TH-stained tissue was cal-
culated. The TH-stained neurons were counted as described by 
Fuduka et al. (1999).

Statistical analysis
Statistical analysis was performed using GraphPad prism 7. Data 
were expressed in terms of means±standard deviation) for conti-
nuous variables. Kruskal – Wallis test was performed to compare 

between groups followed by Dunn’s multiple comparisons post-
test. P value less than 0.05 was considered statistically signifi cant.

Ethical Approval and/or Informed Consent

All procedures were performed according to the standards guide-
lines for researches on experimental animals, and after taking per-
mission from Tanta University Faculty of Medicine Ethical Commit-
tee for Researches (permission code 31273/12/16).

Results

Induction of Parkinson’s disease in group II was confi rmed by the 
motor changes and the behavioural tests scores, while infection of 
group II mice was confi rmed by visualization of Trichinella larvae 
in diaphragms specimens pressed between two glass slides and 
checked under microscope.

B

A

Fig. 2. H&E stained brain section (x400) from the rotenone induced Parkinson’s model (group II) demonstrates the shape of Lewy’s bodies that were used as a reference 
during examination of the other groups sections. By higher magnifi cation (x1000 in A & B) Lewy’s bodies appear as homogeneous eosinophilic cores 

surrounded by pale eosinophilic halos.
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Behavioural Test
As demonstrated in Table1; the mean score of rotenone induced 
Parkinson’s group was signifi cantly higher than in healthy and 
Trichinella infected groups. Still, the latter group showed a higher 
mean score in both tests (25.49 and 22.99) when compared with 
control (healthy) mice.

Biochemical study
AOPPs in plasma 
AOPPs level was signifi cantly elevated in Trichinella infected group 
III (78.300±7.7331) than in healthy control group I (44.529±6.867). 
No signifi cant variation in AOPPs was recorded between rotenone 
induced Parkinson’s model samples and Trichinella infected mod-
el mice (P>0.05).

IFN-γ and TGF-β in blood
IFN-γ showed a signifi cant variation among the three groups 
(p=0.0006), with the highest level detected in Trichinella infected 
group (477.69 ± 33.73), followed by IPD (432.30 ± 45.43). IFN-γ 

was signifi cantly higher in Trichinella infected group than healthy 
group (331.73 ± 16.87). Groups II and III also showed a signif-
icantly higher levels of TGF-β; 1480.0 ± 100.5, 1589.6 ± 115.7, 
respectively) than healthy control group (1143.5 ± 50.9), with no 
signifi cant difference between them.
Figure 1 demonstrates bar charts for the statistical analysis of bio-
chemical parameters measured in blood (AOPP, IFN-γ and TGF-β). 

DNA fragmentation detection in brain tissue
There was a signifi cant difference in brain DNA fragmentation 
among the study groups (p<0.001). It was signifi cantly elevated 
inboth the Parkinson’s and Trichinella infected groups, with no sig-
nifi cant difference between them.

Dopamine level in brain homogenate
A marked reduction of dopamine level was detected in the brain  
samples from both the Trichinella infected mice and Rotenone 
induced Parkinson’s groups. Still, the latter group showed a sig-

Table 2. Brain DNA fragmentation and dopamine level.

Table 3. Number of apoptotic neurons and Tyrosine hydroxylase (TH) immunoreactive neurons.

Percentage of DNA fragmentation

Mean SD ANOVA Dunn's Multiple Comparisons Test
f P-value G: I & II G: I & III G: II & III

G-I (N=10) 5.96 1.117
13.900 0.001 <0.01 <0.05 >0.05G-II (N=10) 21.634 6.088

G-III (N=10) 17.633 5.001
Tissue dopamine level ng/l

Mean SD ANOVA Dunn's Multiple Comparisons Test
f P-value G: I & II G: I & III G: II & III

G-I (N=10) 1.066 0.026
14.542 0.0007 <0.001 <0.05 >0.05G-II (N=10) 0.419 0.037

G-III (N=10) 0.463 0.050
N= number, G-I: healthy control, G-II= Rotenone induced Parkinson’s model, G-III= T. spiralis infected group

Apoptotic neurons

Mean SD Kruskal-Wallis Test Dunn's Multiple Comparisons Test
f P-value G: I & II G: I & III G: II & III

G-I (N=10) 26.86 3.04
14.74 <0.0001 0.029 0.001 0.734G-II (N=10) 79.14 10.19

G-III (N=10) 89.29 11.44
TH-immunoreactive neurons

Mean SD Kruskal-Wallis Test Dunn's Multiple Comparisons Test
f P-value G: I & II G: I & III G: II & III

G-I (N=10) 18.71 3.15
14.38 <0.0001 0.001 0.019 0.999G-II (N=10) 3.86 1.46

G-III (N=10) 2.71 1.03
N= number, G-I: healthy control, G-II= Rotenone induced Parkinson’s model, G-III= T. spiralis infected group
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nifi cantly lower level. The results of brain DNA fragmentation and 
dopamine level are illustrated in Table 2. 

Histopathological results
H&E
Sections from healthy control group showed apparently normal tis-
sue that consists of large neurons with pale nuclei and promi nent 
nucleoli. Sections from Rotenone group and Trichinella infected 
group revealed cortical atrophy with neuronal loss, increased ap-

optotic neurons and cytoplasmic vacuolation. Scattered Lewy’s 
bodies, as exemplifi ed in Figure 2, were detected in both 
groups. The number of apoptotic neurons in groups II and III 
(Mean+SD=79.14 ± 10.19, 89.29 ± 11.44, respectively)were sig-
nifi cantly higher than in healthy mice (26.86 ± 3.04) as compared 
in Figure 3. 

Tyrosine hydroxylase expression
Tyrosine hydroxylase (TH) immune reactivity was determined 

A

B

C

A-J

B-J

C-J

Fig. 3. A plate of H&E stained cortical sections (x400) from the different study groups (A, B &C) and the 8-bit images of the same sections (A-J, B-J & C-J) that show 
the outlined apoptotic neurons counted by image-J analyzer after normal neurons nuclei subtraction. A – section from cortical tissue of healthy control mouse (group I), 
showing normal neurons with round nuclei and prominent nucleoli.  B – a section of cortical tissue from rotenone induced Parkinson’s model mouse (group II), showing 
high density of the darkly stained pyknotic nuclei (arrow), cytoplasmic vacuolation, (CV), and Lewy’s bodies (LB). C – a section from cortical tissue of Trichinella spiralis 
infected mouse (group III), showing higher number of the darkly stained pyknotic nuclei (arrow), cytoplasmic vacuolation, (CV), and Lewy’s bodies (LB) in comparison 

to the section from the healthy group.
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as brownish staining in cortical neurons as well as in cortical 
fi bers. A signifi cant decrease in thepercentage of TH reactive 
neurons was detected in the cortical areas of Trichinella infected 
group (mean  % III= 24.29 ± 2.19), in comparison to healthy one 
(mean  % I= 73.71 + 6.45). No signifi cant difference was observed 
between groups II and III in the percentage of reactive neurons 
(mean % II= 21.43 + 2.13). Tyrosine hydroxylase expression in 
the different study groups is exemplifi ed in comparative sections in 

Figure 4. TH immunoreactivity was highly expressed in brain sec-
tions from the healthy group (Mean±SD=18.71+3.15). The least 
expression of TH reactive neurons was observed in Trichinella in-
fected mice (2.71+ 1.03). The mean expression in the Parkinson’s 
model mice was 3.86 ± 1.46, which is in between the expression 
in the control and the T. spiralis infected model.
The numerical data of the histopathological study are  demonstrated 
in Table 3.

A

B

C

Fig. 4. Tyrosine hydroxylase immuno stained sections (x400) from cortical tissue of the different study groups. The yellow arrow heads are pointing at the neuron heads, 
while the red arrows at the fi bers. A – a section from healthy control (group-I) with strong immune positivity of TH in both cortical neurons and fi bers. B – a section from 
cortex of a Rotenone induced Parkinson’s model mouse (group-II) with marked loss of TH immune stained neurons and fi bers. C – a sections from cortex of a T. spiralis 

infected mouse (group-III) with marked loss of TH immune stained neurons and fi bers in comparison to the healthy group.
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Discussion

Idiopathic Parkinson’s (IP) is a neurodegenerative disease that 
develops after an unexplained death of the dopaminergic neu-
rons. Many researchers have linked between IP and exposure to 
infectious agents during early life. Interestingly, some of the in-
criminated organisms are not brain pathogens e.g. Helicobacter 
pylori (Çamcı & Oğuz, 2016), H5N1 infl uenza virus and Hepatitis 
C virus (Jang et al. 2009; Wu et al., 2015). The mechanisms in-
volved in the development of IP by these organisms vary between 
neurotoxins production (Schulz et al. 2006), microglial activation, 
phosphorylation of the presynaptic neuronal protein “α-Synuclein” 
(Senzolo et al., 2011), and the release of a massive amount of 
proinfl ammatory cytokines and oxidative stress products (Arai et 
al., 2004). 
Regarding the relation between parasitic infections and IP; Toxo-
plasma gondii has been the only suspected parasite because of its 
ability to disrupt the dopaminergic neurotransmission, and the re-
ported high anti-Toxoplasma gondii seropositivity in IP patients in 
previous studies (Celik et al., 2010; Cook et al., 2015; El Gendy et 
al., 2017). The current study is considered the fi rst to explore if the 
infl ammatory reactions induced by a systemic helminth like “Trich-
inella spiralis” can trigger Parkinson’s like lesions in the brain. Ac-
tually the brain can be affected by the parasites in two ways; fi rst 
by the establishment of parasitic niches, cysts or granulomatous 
lesions within its tissue as occurs in neurocysticercosis, amoebic 
encephalitis and toxoplasmosis (Masocha & Kristensson, 2012), 
and second by the generalized infl ammatory reactions that some 
parasitic infections can induce like malaria, schitososmiasis and 
visceral larva migrans (Pittella, 2013).
Regarding our study fi ndings of the behavioural motor affection; the 
catalepsy score of the grid and bar tests was higher in the Trich-
inella infected mice than in the healthy group, but lesser than in the 
Parkinson’s group. In fact, various neurological manifestations like 
behavioural disorders, tetraparesis and oculomotor paralysis have 
been previously reported in T. spiralis infected patients. However, 
these are considered uncommon manifestations in trichinellosis, 
and the mechanisms involved in pathogenesis are not clearly elu-
cidated yet (Compton et al., 1993; Neghina et al., 2012).
A signifi cant increase in the apoptotic dopaminergic neurons and 
a signifi cant decrease in both the brain dopamine level and the 
tyrosine hydroxylase (TH) expression were observed in the brain 
samples from the T. spiralis infected group of mice. The detected 
lesions in the infected mice were mainly cortical. In fact, cortical 
dopaminergic neurons apoptosis has been previously reported in 
Parkinson’s and dementia patients (Fukuda et al., 1999; Marui et 
al., 2003). According to Asmus et al. (2008) there is a subpopu-
lation of cortical interneurons that can produce TH. A little is still 
known about these cortical cells despite of their potential rele-
vance to the dopaminergic cortical circuit across the mammalian 
species (Benavides-Piccione & DeFelipe, 2007). 
In 1999 Olson documented that in cerebral trichinellosis the le-

sions can be limited to neurons apoptosis, non purulent meningitis, 
and cellular infi ltration. The tight junctions of the blood brain barrier 
(BBB) prevent the passage of larvae from the circulation (Ginhoux-
et al., 2013). This may explain why no larvae or granuloma were 
detected in the brain sections retrieved from the infected group 
of the current study. According to Kristensson et al. (2015) only 
severe endothelia irritation, arachnoidal vasculitis and microglial 
activation can be seen in CNS trichinellosis. In the other hand, 
Lewy’s bodies (LB) were signifi cantly detected in the cortical areas 
of the infected mice. They are considered a major parkinsonian 
histopathological fi nding that was observed in the brain sections 
from the infected mice (Filiano et al., 2015). The LB formation 
is caused by accumulation of insoluble fi brils of phosphorylated 
α-synuclein within the cytoplasm of the nerve cells (Prandovszky 
et al., 2016). α-synuclein is an important protein for the mainte-
nance of the synaptic vesicles supply in the presynaptic terminals 
and regulation of dopamine release (Burn et al., 2004). Normally, 
a small fraction of α-synuclein (<4 %) becomes phosphorylated 
in healthy brains (Caggiu et al., 2016). In PD, neurons start to re-
lease small amounts of α-synuclein by exocytosis and the majority 
remains accumulated in the cytoplasm. Such abnormal accumula-
tion of α-synuclein elicits a vigorous immune response (Lee et al., 
2014). Interestingly, cross-reactivity between human α-synuclein 
peptides and some infectious agents like HSV1 is now suspected 
after the detection of high amounts of antibodies against HSV1 
homologous polypeptides in PD patients (Caggui et al., 2016). 
Hence, the potentiality of the presence of a similar cross-reactivity 
between α-synuclein proteins and T. spiralis (or other parasitic) 
polypeptides (e.g. the somatic antigens and the secretory-excre-
tory products of the adult worms and larvae) can’t be excluded, 
especially after the detection of brain lesions in the Trichinella in-
fected mice. 
According to Allen Reish and Standiert (2015) both the innate and 
adaptive immunity are prominently activated in PD that even the 
interactions between them can modify the pathological process. In 
an experimental study on Parkinsonian monkeys; IFN-γ was doc-
umented as the most persistently high pro-infl ammatory cytokine 
in the circulation (Mizuta et al., 2001). Also in clinical studies on 
the sera of PD patients; high IFN-γ level was reported (Barcia et 
al., 2011; Abdeldayem et al., 2014). Such elevation was explained 
as the result of glial cells activation by some infectious agents and 
the subsequent trials of infl ammatory cells to pass the blood brain 
barrier and attack them (Banks, 2005; Mount et al., 2007). Accord-
ing to Perry (2004) IFN-γ is very injurious to the sensitively packed 
dopaminergic neurons. In the current study, IFN-γ blood level was 
signifi cantly higher in the T. spiralis infected group in comparison 
to the healthy and the Parkinson’s mice. In fact; IFN-γ is crucially 
related to the immune response against Trichinella larvae (Helmby 
& Grencis, 2003). According to Dvorožňáková et al. (2011) the in-
crease in the circulatory IFN-γ becomes prominent two weeks af-
ter T. spiralis infection, which coincides with giving birth to newborn 
larvae and the beginning of the migratory phase (Dvorožňáková 
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et al., 2005 and 2012). The increase in IFN-γ level during trich-
inellosis has been even proved to persist from day 10 to day 45 
post-infection (i.e. during the phase of larval encapsulation in the 
muscles) even in the presence of a small number of larvae (Ven-
turiello et al., 1995; Dvorožňáková et al., 2013). Moreover, Barbe 
et al. (2017) confi rmed that the death of the encapsulated larvae 
can also enhance IFN-γ production. 
TGF-β is another pro-infl ammatory cytokine that strongly disturbs 
the function and decreases the number of the tyrosine hydroxy-
lase (TH) immunoreactive neurons (Roussa et al., 2004). In 1996 
Vawter et al. documented a signifi cant elevation of TGF-β in the 
cerebrospinal fl uid of the IP patients, which was explained by the 
reported elevation of TGF-β in the circulation of the studied co-
hort. In the current study; the Trichinella infected mice showed the 
highest TGF-β blood level, and the least TH expression. During 
trichinellosis, high level of TGF-β was proved that it helps in the 
down-regulation of the post enteric infl ammation, and facilitates 
tissue invasion by the circulating larvae. TGF-β-1 receptors were 
observed to become up regulated in some of the organs that are 
not commonly invaded by T. spiralis (Toms & Powrie, 2001). Bliss 
et al. (2003) also confi rmed this observation when they recorded 
an increase in the larval capability to invade the liver in the pres-
ence of a high TGF-β level. However, despite the high TGF-β-1 
level that was detected in the infected mice in the current study; no 
brain invasion by the T. spiralis larvae was recorded. 
During the circulatory phase of T. spiralis infection; the Th1 im-
mune response predominates and promotes the classical path-
way of macrophage activation and nitric oxide (NO) production 
(Cunningham, 2013). The high IFN-γ production in trichinellosis 
is responsible for the activation of NOS-2 enzyme that transforms 
L-arginine into nitric oxide to destroy the circulating larvae (Fabre 
et al., 2009). In the current study, the plasma advanced oxidation 
protein products (AOPPs) were signifi cantly higher in the Trich-
inella infected mice. According to Capeillere-Blandin et al. (2004) 
on exposure of blood albumin to oxidative and carbonyl stresses 
products AOPPs become generated. AOPPs have a pro-infl am-
matory character, and act as infl ammatory mediators that stimu-
late the recruitment of more neutrophils and monocytes and acti-
vate the T-lymphocytes oxidative ignition and dendritic cells (Cakir 
et al., 2016). 
With the continuous trials of the migrating nematodal larvae 
to leave the circulation, and pass to the surrounding tissues by 
crossing the blood tissue barriers a massive amount of INF-γ is 
released. Subsequently, a cyclic infl ammatory process of oxida-
tive tissue damage, excitotoxicity, mitochondrial dysfunction, and 
proteolysis starts. In such case; areas nearby the blood tissue 
barriers show the highest tissue damage (Bruschi & Chiumiento, 
2011). This can be an explanation for the signifi cant high number 
of apoptotic dopaminergic neurons that were detected in the cor-
tex. They are considered the nearest dopaminergic neurons to the 
highly vascular arachnoid matter and choroid plexus (Venditti et 
al., 2013). In addition, once the balance between the ROS produc-

tion and cellular antioxidant activity is disturbed; massive tissue 
damage occurs in the brain areas that exhibit the highest level of 
oxidized lipids, proteins and DNA like the cerebral cortex (Alam et 
al., 1997; Badie et al., 2000; Niedzielska et al., 2016). 
With the presence of a high and sustained IFN-γ production in 
the circulation the microglial cells and astrocytes become activat-
ed. The role of the astroytes in the BBB is mainly to encounter 
the passage of larvae and blood-derived leukocytes into the brain 
(Glass et al., 2010). In the presence of a neuroinfl ammatory con-
dition as occurs in infections, the integrity and function of the BBB 
becomes modifi ed to enable the passage of leukocyte to the CNS 
(Lee, & MacLean, 2015). Though this is important to help in elim-
ination of the invading pathogens; it will trigger the release of two 
types of infl ammatory molecules by the microglia; the anti- and the 
pro-infl ammatory factors (Le et al., 2016). The fi rst is benefi cial 
and occurs soon after the CNS insult, while the second (which 
persists) occurs later, and is very notorious as it inhibits the neu-
ronal regeneration, and establishes a sustained status of CNS 
infl ammation and glial scar formation. Since in trichinellosis there 
is a persistent elevation of blood IFN-γ along the different phases 
of infection (McGeer et al., 2003), sustained activation of the mi-
croglia can be expected. The chronically activated microglia and 
astrocytes will release reactive oxygen intermediates, nitric oxide, 
infl ammatory cytokines, and activate the Jak/STAT pathway with 
“Fas” death receptor and its ligand “FasL” up regulation (Badie et 
al., 2000; Hayley et al., 2004). These infl ammatory products will 
be all toxic to the sensitively packed dopaminergic neurons. In ad-
dition, the dopaminergic neurons are very rich in ROS-generating 
enzymes like monoamine oxidase, which makes them more prone 
to damage and oxidative stress generation (Bruschi et al., 2013; 
Hwang, 2013). 
A signifi cantly higher level of DNA fragmentation was detected in 
the Trichinella infected mice. With massive ROS production the 
sensors of irreversible DNA damage response and protein kinases 
become activated, and DNA fragmentation occurs (Chen et al., 
2012). Persistent DNA damage is considered one of the main 
pathogenic sign in the human neurodegenerative diseases since 
DNA integrity plays a cardinal role in the maintenance of the brain 
cells growth and regeneration (Andersen, 2004). According to 
Quian and Flood (2008) the accumulating brain insults due to the 
sustained microglial activation echoes with the slowly progressive 
destruction of the dopaminergic neurons that characterizes the de-
velopment of idiopathic Parkinson’s. Thus, there is a growing body 
of evidence that the presence of a pathogen in the circulation may 
initiate a ststus of microglial activation and neuroinfl ammation that 
will contribute IP development (Subramaniam & Federoff, 2017).

Conclusion

According to the previous fi ndings; Trichinella spiralis infection 
was associated with signifi cant brain DNA fragmentation, cortical 
neurodegenerative lesions in the form of Lewy’s bodies, dopamin-
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ergic neurons apoptosis and a signifi cant decrease in TH activity 
and brain dopamine level. These fi ndings are all documented as 
pathognomonic signs for the neurodegenerative diseases general-
ly and Parkinson’s disease specifi cally. The reported brain chang-
es may be explained by the signifi cant increase in AOPP, and the 
proinfl ammatory cytokines “IFN-γ and TGF-β”, which result from 
Trichinella spiralis infection. In the migratory phase of trichinello-
sis an intense immune stimulation is triggered by the presence of 
adult worms’ traces in the intestine and the larvae (whether the 
free ones in the circulation or the incompletely encapsulated ones 
in the muscles). The localization of the brain lesions in the cortical 
areas of the dopaminergic circuit can be explained by being the 
closest to the meninges and the parasite induced infl ammatory 
reactions in the circulation, and the richness of the cortical neurons 
with oxidized lipids, proteins and DNA. Generally, further studies 
are warranted to demonstrate the brain changes after different 
parasitic infections, infectious doses and longer duration; since 
Parkinson’s disease is a long term disease with accumulative le-
sions and a progressive course. Moreover, cross-antigenecity be-
tween the different brain proteins and parasitic polypeptides must 
be investigated to discover any potentiality of cross-reactivity and 
autoimmune reaction, as was previously discovered with some 
viruses. 
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