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the generalized inflammatory reaction and the excessive 
immune stimulation associated with larval migration [1, 
2]. Severe trichinosis can result in multi-organ involve-
ment including the heart, lungs and brain. Brain affection 
during trichinellosis can present either as a diffuse cere-
bral affection or focal neurological deficit, and mortal-
ity rates reaching up to 50% have been reported [3]. The 
pathology of brain affection in neurotrichinosis includes 
vascular changes such as blood vessel obstruction, vascu-
litis, thrombosis and hemorrhage, in addition to granulo-
matous and allergic inflammatory reactions [4].

The immune response to T. spiralis infection results 
in the formation of free radicles, which are released 
by activated phagocytes. Reactive oxygen species 
(ROS) target the parasite in both its intracellular and 
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extracellular niches. The resulting oxidative stress, how-
ever, is an important contributor to T. spiralis induced 
pathology [5].

Dopamine metabolism contributes significantly to oxi-
dative stress, due to the production of cytotoxic dopa-
mine and dopamine quinones, which harbor highly 
reactive hydroxyl residues [6]. T. spiralis is reported to 
induce apoptosis of dopaminergic neurons and affect 
central dopamine levels [2]. Since dopamine does not 
cross the blood brain barrier, plasma dopamine is of 
peripheral origin. It is synthesized mainly in sympathetic 
nerves and is transported to various effector sites inside 
platelets. It also acts as an autocrine or paracrine mes-
senger and exerts neuroregulatory and immunoregula-
tory actions [7]. Moreover, peripheral dopamine released 
from synaptic neurons interferes with mesenchymal cell 
migration through acting on the dopamine D2 receptor, 
thus opposing angiogenesis and wound repair [8].

Benzimidazole derivatives are the main anthelmin-
thics used in the management of T. spiralis infection. The 
most famous member of this drug family is albendazole, 
which disrupts the structure of the parasite by binding 
to cuticular tubulin [9]. Natural herbs such as curcumin, 
are effective therapeutic agents against parasitic dis-
eases, including trichinosis [10]. Curcumin, a member 
of the family Zingiberaceae, genus Curcuma, contains 
active polyphenolic curcuminoids, which include diferu-
loylmethane and curcumin [11]. Curcumin has a rapid 
intestinal and hepatic metabolism which results in the 
fecal excretion of 60–70% of oral doses [12]. In addition, 
intestinal cells conjugate curcumin into the metabolite 
tetrahydrocurcumin. Despite of its low oral bioavailabil-
ity, the lipophyllic nature of curcumin favors its transport 
through the blood brain barrier, making it a promis-
ing therapeutic agent in nervous system diseases. It was 
observed, however, that curcumin efficiently crosses the 
blood brain barrier in its parent form rather than its con-
jugated form, which favors the parenteral rather than 
the oral administration of curcumin [13]. The effects of 
curcumin include the enhancement of anti-oxidant pro-
tein expression, the scavenging of free radicles, and the 
selective inhibition of cyclooxygenase-2 (COX-2) mRNA, 
a key mediator of inflammatory pathways [14, 15]. Cur-
cumin also inhibits angiogenesis either directly or by 
targeting factors such as fibroblast growth factor (FGF), 
vascular endothelial growth factor (VEGF), and matrix 
metalloproteinases (MMPs) [16]. Angiogenesis is a cru-
cial hallmark of T. spiralis infection, which induces the 
up-regulation of VEGF [17]. Microvessel density (MVD) 
reflects the degree of angiogenesis and is determined by 
the intercapillary space, which is influenced by the bal-
ance between anti- and pro-angiogenic factors [18]. MVD 
can be assessed by CD34 and CD105, both of which are 
endothelial markers [19]. CD34 is a highly glycosylated 

sialomucin located on the surface of cells. It is an impor-
tant effector in cell adhesion and trafficking [20].

In the current study, we studied the effect of albenda-
zole and the benefit of curcumin as an adjuvant therapy 
on experimental neurotrichinosis regarding angiogenesis, 
inflammation, oxidative stress and peripheral dopamine 
level. GSH was measured as an indicator for oxidative 
stress, while dopamine was measured due to its impact 
on immnue cell function, trafficking and angiogenesis. 
Brain tissue expression levels of COX-2 and CD34 were 
assessed to evaluate the effect of these therapeutic agents 
on inflammation and angiogenesis.

Methods
Parasite and animals
The T. spiralis strain was provided from the department 
of Medical Parasitology, Faculty of Medicine, Cairo Uni-
versity. The experiment was conducted in the animal 
house of the Faculty of Pharmacy, Modern University for 
Technology and Information, Cairo, Egypt.

Adult male Swiss albino mice, each weighing 25–30 g, 
were bred under standard conditions (12-hour light/dark 
cycle, 25 ± 2℃ room temperature, and ad libitum access 
to water and standard pellet diet). Each mouse received 
an infective dose of 200+/- 10 T. spiralis larvae by gastric 
feeding, after being starved for 12 h [21].

Drugs
Both drugs were administered intra-peritoneally (IP) 
after dissolution in Tween 80 and dilution in normal 
saline [22]. Curcuma longa -derived pure curcumin pow-
der was purchased from Sigma-Aldrich, USA, assay: ≥ 
65% curcumin (HPLC), [CAS: 458-37-7; MW: 368.38 g/
mol; C21H20O6]. Each mouse received a daily dose of 
150  mg/kg [23]. Albendazole powder (Sigma pharma-
ceutical industries – Egypt) was given at a daily dose of 
50 mg/kg [24–28].

Study groups
Five animal groups of 7 mice each were included in this 
study. All animals were sacrificed after 4 weeks of the 
start of the experiment marked by the infection of ani-
mals with T. spiralis larvae.

Group 1 Comprised the control non-infected mice.

Group 2 Comprised the infected non-treated mice. Ani-
mals received saline and Tween 80 1 week PI for 3 weeks.

Group 3 Comprised infected mice receiving curcumin 
starting 1 week PI for 3 weeks.

Group 4 Comprised infected mice receiving albendazole 
starting 1 week PI for 3 weeks.
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Group 5 Comprised infected mice receiving albendazole 
combined with curcumin starting 1 week PI for 3 weeks.

Sample collection and experimental procedures
Mice were euthanized by cervical dislocation under 
anaesthesia. After completion of the drug regimen, mus-
cle larval count was determined per gram muscle tissue 
by digestion of the recti abdominis muscles in 1% HCl 
and 1% pepsin followed by repeated sieving and micro-
scopic counting of larvae after sedimentation [21]. Blood 
samples were collected to estimate reduced glutathione 
(GSH) and dopamine levels. Brain tissue was preserved 
for histopathological and immunohistochemical studies.

Colorimetric assessment of plasma glutathione (GSH) 
levels
Plasma GSH level was evaluated as described in the 
reduced Glutathione kit (BIOACTIVIA DIAGNOSTIC 
test kit, Egypt), which is based on the reduction of 5,5’ 
dithiobis (2-nitrobenzoic acid) (DTNB) with glutathione 
(GSH) to produce a yellow compound. The reduced chro-
mogen showed a direct proportional relation to the GSH 
concentration. Its absorbance was measured at 405  nm 
[29]. GSH level was expressed in mg/dl, where the refer-
ence value provided in the kit was 4 mg/dl.

Measurement of dopamine level in plasma by enzyme 
linked immunosorbent assay (ELISA)
Plasma dopamine level was estimated according to the 
dopamine ELISA kit (Labor Diagnostika Nord GmbH 
&Co.KG test kit, Germany). Dopamine was detected 
by an anti-rabbit IgG-peroxidase conjugate. This was 
achieved by using 3,3’,5,5’-tetramethylbenzidine (TMB) 
as a substrate. The reaction was observed at 450  nm. 
Absorbance was compared with a reference curve pre-
pared with known standard concentrations. Dopamine 
level was expressed in pg/ml [30].

Histopathological examination of the brain
Fixation of brain tissue was done in 10% formalin. Tissue 
samples were then dehydrated, cleared, and embedded 
in paraffin blocks. These were cut into 5  μm thick sec-
tions, mounted and stained with haematoxylin and eosin 
(Hx&E). Examination for histopathological changes was 
done in 10 high power fields (HPF, x 400) in each tissue 
Sects [31, 32].

Assessment of COX-2 and CD34 expression by 
immunohistochemical (IHC) staining
Primary anti-cyclooxygenase-2 antibody (COX-2) 
(ab15191, 1/100, rabbit polyclonal antibody, Abcam, 
USA) and anti-CD34 antibody (ab185732, 1/50, rab-
bit polyclonal antibody, Abcam, USA, species specific-
ity including mice) were used for immunohistochemical 

staining. Heat-mediated antigen retrieval and standard 
labeled streptavidin–biotin immunoenzymatic anti-
gen detection procedures were performed according to 
Aboulhoda & Abd el Fattah [33]. Counterstaining of tis-
sue sections with Mayer’s hematoxylin was performed. 
Immunostaining of mouse liver tissue provided the posi-
tive control according to the manufacturer’s protocol, 
while the negative control was obtained by the omission 
of incubation with the primary antibody in the auto-
mated staining protocol.

The count of CD34 immunoreactive cells and the area 
percentage of COX-2 immunohistochemical expres-
sion were assessed via the optical ImageJ image analyzer 
Computer software program (ImageJ analysis system, 
version 1.53 MD, USA) affixed to a computer in six fields 
(x40) with a standard measuring frame of 85,550 µm2 
using a Leica Qwin 500 Ltd microscope digital camera 
(Leica Microsystems, Wetzlar, Germany).

Statistical analysis
Data was expressed as means and standard deviations 
(SD). Group comparisons were done using analysis of 
variance (ANOVA), followed by Tukey Kramer post-
hoc test. P-values < 0.05 were considered statistically 
significant.

Results
Effect of drug regimen on larval muscle count
Muscle larval count in the infected non-treated group 
was 17.6 ± 0.9/gm. Curcumin administration lead to a sig-
nificant reduction in larval load (13.5 ± 1.1gm; p < 0.05). 
The most efficient reduction in the number of larvae was 
observed in mice receiving albendazole only (7.7 ± 0.8/
gm) and combined albendazole and curcumin (7.3 ± 0.8/
gm) (p < 0.05 when compared to non-treated and cur-
cumin-treated mice).

Effect of the different drug regimens on plasma reduced 
glutathione level (GSH) expressed in mg/dl
GSH level in the negative control group was 
11.29 ± 0.88  mg/dl. Plasma level of GSH was 4.67 ± 0.49 
md/dl in the infected non-treated group, which was sig-
nificantly lower than the rest of the study groups. Con-
sumption of GSH occurs during oxidative stress. Plasma 
samples from albendazole-treated mice showed a GSH 
level of 13.03 ± 2.14 mg/dl. GSH levels in mice receiving 
a combination of albendazole and curcumin had a mean 
value of 12.58 ± 1.97 mg/dl. Both groups showed signifi-
cantly higher GSH levels as compared to levels from mice 
receiving curcumin alone (9.15 ± 0.29 mg/dl).
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Effect of different drug treatments on plasma dopamine 
expressed in pg/ml
The mean value of dopamine levels in the negative con-
trol group was 42.45 ± 0.36 pg/ml. Dopamine levels in the 
plasma of infected non-treated mice had a mean level of 
32.25 ± 0.89 pg/ml, which was significantly lower than the 
dopamine level observed in the rest of the study groups 
(P < 0.05). Dopamine level in mice receiving curcumin 
was 40.65 ± 0.25 pg/ml, which was significantly lower 
than that detected in samples from albendazole-treated 
mice (42.81 ± 1.03 pg/ml), and mice receiving dual cur-
cumin and albendazole therapy (42.79 ± 0.57 pg/ml) 
(P < 0.05).

Histopathological examination of the brain tissue
Numerous darkly degenerated neurons with pyknotic, 
shrunken and deeply stained nuclei and peri-neuronal 
halos were observed in the cerebral cortex of the Trichi-
nella spiralis-infected group. Improvement of these path-
ological changes was observed in all study groups, being 
most prominent in the combined albendazole and cur-
cumin treatment group (Fig. 1).

Effect of the different drug regimens on COX-2 expression 
in brain tissue
Marked expression of COX-2 was detected in the cerebral 
cortex of T. spiralis-infected mice. Moderate cytoplasmic 
expression of COX-2 was observed in the albendazole-
treated group, while weak cytoplasmic expression with 
statistically-significant reduction in the area percentage 
of COX-2 immunoreactivity (p < 0.05) was noticed in the 
dual curcumin and albendazole therapy group (Fig. 2).

Effect of the different drug regimens on CD34 expression 
in brain endothelium
A strong expression of CD34 was observed in the brain 
endothelium and inflammatory cells of the T. spira-
lis-infected group. Mild to moderate expression was 
observed in the curcumin-treated group, while moder-
ate protein expression was noticed in the albendazole-
treated group. Statistically-significant reduction in the 
count of CD34 immunoreactive cells (p < 0.05) was 
observed in the combined curcumin and albendazole 
therapy group (Fig. 3).

Discussion
Herbal remedies, including the Curcuma longa extract 
curcumin, show potent anti-parasitic effects [11, 21, 
34]. Curcumin was found to be effective in reducing the 
parasite burden during T. spiralis infection as demon-
strated by Elguindy et al. [35]. The reduction of intesti-
nal worm count and muscle larval count was associated 
with increased expression of nuclear factor kappa B (NF-
κB), an important immune regulator during infection. 

Curcumin was also found to have neuroprotective effects 
mediated through its antioxidant and anti-inflammatory 
capacities. In addition, it modulates central neurotrans-
mitters and prevents neural apoptosis and has thus been 
studied as a candidate agent against a variety of neuro-
degenerative disorders [36]. Moreover, it has anti-protein 
aggregation properties, which protect the brain against 
amyloid degenerartion [37]. Curcumin also as acts as an 
epigenetic regulator of cell signaling pathways that are 
involved in cellular proliferation and death. It enhances 
the effects of Ach by potentiating the function of its 
receptor through its effect on Calcium fluxes. Moreover, 
it protects iron-induced dopaminergic neuronal damage 
observed during Parkinson’s disease by its iron-chelating 
properties [38].

Trichinella infection of the CNS is a serious complica-
tion that results in focal neurological affection or diffuse 
pathology [39]. Autopsy and biopsy studies showed vari-
ous pathological findings including infiltrates of endo-
thelial cells, lymphocytes, eosinophils and glial cells, in 
addition to cerebral hemorrhage and meningeal conges-
tion [3]. In the current research, we studied the effect of 
curcumin and albendazole on the inflammatory response 
and local brain tissue expression of COX-2 and CD34 
expression in T. spiralis-infected mice. We also studied 
systemic factors affecting the immune response such as 
peripheral oxidative stress and dopamine level.

Histopathological sections of the brain of infected non-
treated mice showed cortical changes including numer-
ous darkly degenerated neurons with pyknotic, shrunken 
deeply stained nuclei and peri-neuronal halos. Improve-
ment of the cerebral cortical architecture occurred in 
all drug-treated groups and was most notable in the 
combined albendazole and curcumin regimen, where 
most of the neurons exhibited rounded to oval vesicular 
nuclei with prominent nucleoli. In addition to the histo-
pathological changes, blood GSH level was significantly 
decreased in the infected non-treated group. GSH is the 
most important low molecular weight antioxidant pro-
duced intracellularly [40]. Curcumin administration was 
effective in improving GSH levels, however, better results 
were obtained when it was combined with albendazole, 
and the highest effect was achieved when albendazole 
was given alone. In a study by Saad et al. [2], Trichinella 
infection was associated with increased plasma levels of 
pro-inflammatory cytokines and advanced oxidative pro-
tein products. Local brain pathology was characterized 
by tissue degeneration, neural apoptosis, especially of 
cortical dopaminergic neurons, with decreased tyrosine 
hydroxylase activity and brain dopamine levels. These 
findings were similar to pathological changes occurring 
in an experimental Parkinson’s disease model developed 
by the authors.
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Fig. 1 H&E-stained sections of the brain cortical tissue of the various study groups. [a] Group 1 (non-treated non-infected group) showing normal brain 
tissue. [b] Group 2 (infected non-treated group) showing numerous darkly-degenerated neurons with pyknotic, shrunken deeply-stained nuclei (D), 
perineuronal halos (arrow heads) and multiple neuroglia (g); [c] Group 3 (albendazole-treated group); [d] Group 4 (curcumin-treated group); [e] Group 
5 (dual curcumin and albendazole therapy). All treated groups showed improvement in the cerebral cortical architecture (being most prominent in the 
dual therapy groups), where most of the neurons are seen exhibiting rounded to oval vesicular nuclei with prominent nucleoli (V). Very few dark neurons 
(D) can be observed. (Abbreviations: D: Darkly-degenerated neurons, V: vesicular neurons, g: neuroglial cells, c: capillaries, BV: Blood vessel with widened 
perivascular space (Virchow-Robin space).
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Pathological changes during parasitic infections are 
in part the result of immune-mediated oxidative dam-
age. Free radicles generated by immune cells contribute 
to their cytotoxic effect against parasites [41]. Increased 
antioxidant enzyme activity was reported during experi-
mental murine trichinosis. Encysted T. spiralis larvae 
elicit the release of reactive oxygen species (ROS) by 
phagocytes, which explains the exaggerated action of 

antioxidant enzymes during the muscular phase of infec-
tion [5]. The present study results demonstrated a sig-
nificant reduction in the plasma level of GSH in infected 
nontreated mice. The increase of GSH level after cur-
cumin administration can be explained by both the 
antioxidant effect of the drug and the decrease in worm 
burden. Curcumin was reported to improve hepatic 
GSH content and reduce hepatic oxidative stress [42]. 

Fig. 2 Expression of COX-2 in the cerebral cortex by IHC: [a] Group 1 (non-infected group); [b] Group 2 (infected non-treated group); [c] Group 3 (al-
bendazole therapy group); [d] Group 4 (curcumin therapy group); [e] Group 5 (dual curcumin and albendazole therapy group). Strong positive COX-2 
immune-reactivity in the brain tissue of infected non-treated mice and moderate immune-reactivity in the albendazole and curcumin-treated groups 
can be observed. Weak COX-2 expression is noticed in the combined dual curcumin and albendazole therapy group; scale bar 50 μm. (f) Area percentage 
of COX-2 immunohistochemical expression in the different study groups; a: Significant versus negative control, b: Significant versus positive control, c: 
Significant versus curcumin group, d: Significant versus Albendazole group at P < 0.05 using Tukey Kramer post-Hoc comparison test
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As for albendazole, it has been shown to induce the gen-
eration of reactive oxygen and nitrogen species, which 
is suggested to be one of the mechanisms underlying its 
anthelminthic activity [43]. The increase in GSH level 
after albendazole administration can therefore be attrib-
uted to the decrease in worm burden.

The antioxidant capacity of curcumin was reported to 
be beneficial in the management of both protozoal and 
helminthic infections [15, 41–45]. Likewise, the antioxi-
dants resveratrol and selenium proved beneficial in the 
management of experimental trichinosis [46, 47]. The 
cerebral tissue is particularly sensitive to oxidative stress 
due to its high oxygen consumption and richness in fatty 

Fig. 3 CD34 immune-expression in the cerebral cortex by IHC: [a] Group 1 (non-infected group); [b] Group 2 (infected non-treated group); [c] Group 3 
(albendazole-treated group); [d] Group 4 (curcumin-treated group); [e] Group 5 (dual curcumin and albendazole therapy group). Strong positive CD34 
protein expression can be observed in the brain endothelium and inflammatory cells of the infected group. Mild to moderate expression is observed in 
the curcumin-treated group, while moderate protein expression can be noticed in the albendazole-treated group. Very few inflammatory cells weakly 
expressing CD34 expression can be observed in the dual curcumin and albendazole therapy group; scale bar 50 μm. [f] Count of CD34 immune-reactive 
cells in the different study groups; a: Significant versus negative control, b: Significant versus positive control, c: Significant versus curcumin 150 group at 
P < 0.05 using Tukey Kramer post-Hoc comparison test. at P < 0.05 using Tukey Kramer post-Hoc comparison test
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acids that form lipid peroxides and iron that can generate 
hydroxyl residues upon oxidation. In addition, the anti-
oxidant capacity of the brain is low as compared to other 
organs. Hence, peripheral biomarkers of oxidative stress 
have been associated with aging and neurodegenerative 
disorders such as Alzheimer’s disease [48].

Since the presence of Trichinella larvae in the CNS is 
not a consistent finding in cases of neurotrichinosis [3], 
we included systemic factors such as oxidative stress and 
dopamine level in our study to explore the link between 
infection-induced systemic biochemical changes and 
brain pathology. As dopamine does not cross the blood 
brain barrier, plasma dopamine is only of peripheral 
source, originating to a great extent from sympathetic 
neurons. The low plasma levels of dopamine previously 
intrigued researchers into the assumption that plasma 
dopamine serves only as a precursor for norepinephrine 
[49]. However, emerging studies have reported several 
important functions of peripheral dopamine such as 
regulation of recruitment and migration of immune cells 
and mesenchymal cells, regulation of glucose homeosta-
sis and body weight, and control of angiogenesis. In addi-
tion, dopamine metabolism is an important contributor 
to oxidative stress [50, 51].

We also assessed COX-2 expression in brain tissue dur-
ing T. spiralis infection and the effect of conventional 
albendazole therapy and adjuvant curcumin administra-
tion on its expression level by IHC. COX-2 expression 
was highest in brain sections from infected non-treated 
mice. Both albendazole and curcumin induced a sig-
nificant decrease in local COX-2. The lowest COX-2 
expression level was observed in mice receiving both 
albendazole and curcumin. El-Aswad et al. [52] investi-
gated the expression of COX-2 in muscle tissue of T. spi-
ralis-infected mice in addition to measuring serum levels 
of IL-23, IFN-γ, IL-4 and IL-10 cytokines at different time 
points PI. The authors observed an enhanced expression 
of serum IL-23 and local COX-2 in the infected muscles 
peaking on the 35th day PI. Additionally, a mixed Th1/
Th2 immune response was detected with a predominance 
of Th2 cytokines towards later stages of infection. Under 
physiological conditions, COX-2 enzyme plays an impor-
tant role in several brain functions such as functional 
hyperemia, synaptic transmission, anxiety and behaviour, 
and memory consolidation [53, 54]. Overexpression of 
COX-2 enzyme has been implicated in the pathogenesis 
of neurodegenerative disorders through the production 
of prostaglandin E2 (PGE2), which leads to the release of 
mediators of apoptosis by microglia. Moreover, neuronal 
cell death can occur under the effect of cytotoxic reactive 
oxygen species, such as dopamine quinone, which are 
produced by the catalytic action of COX-2 [55]. Besides 
being involved in inflammation, COX-2 was positively 
correlated with the expression of CD34 in hepatocellular 

carcinoma, denoting its potential implication in tumour 
angiogenesis [56]. We have studied the role of angiogen-
esis in T. spiralis-induced brain pathology by evaluating 
the local expression of CD34 on the surface of endothelial 
cells in histopathological sections of the brain. Infected 
non-treated mice showed a significantly elevated level of 
CD34 expression. Significant reduction of CD34 expres-
sion was recorded in mice receiving curcumin either 
alone or in combination with albendazole. T. spiralis 
up-regulates VEGF by stimulating thymosin β4 [17, 57]. 
In Ibrahim et al. [58] study on experimental muscular 
trichinosis, enhanced CD34 expression in myoendothe-
lial cells was observed around the encysted larvae, which 
was subsequently reduced following administration of 
artemether. While in Fu et al. [59] research, curcumin 
was reported to interfere with VEGF – VEGF receptor 2 
signaling pathway resulting in reduced VEGF expression. 
Angiogenesis is not just crucial for nurse cell formation 
in muscular trichinosis, it is a prominent feature in intes-
tinal inflammation proposing an equally important role 
in intestinal trichinosis. Angiogenesis is essential for oxy-
gen and nutrient supply, cell recruitment and tissue heal-
ing. For instance, an increase in MVD has been described 
in inflammatory bowel diseases [60].

Curcumin has been demonstrated as an effective treat-
ment, and/or adjunct option against a number of para-
sitic infections [15, 61, 62]. Curcumin seems to provide 
an anti-inflammatory and vasculo-protective effect. The 
anti-inflammatory action is most likely due to its regula-
tory effect on the transcription and post-transcription of 
cyclooxygenase and lipoxygenase enzymes that mediate 
inflammatory processes [63–65].

We have faced several challenges during the design of 
this experiment. For example, experimental models of 
neurotrichinosis are not abundant in literature, let alone 
researches investigating specifically the effects of cur-
cumin and albendazole during cerebral murine Trichi-
nella spiralis infection. In addition, curcumin has a rapid 
intestinal and hepatic metabolism which results in the 
fecal excretion of 60–70% of oral doses [12]. Moreover, 
intestinal cells conjugate curcumin into the metabolite 
tetrahydrocurcumin. Despite of its low oral bioavailabil-
ity, the lipophyllic nature of curcumin favors its transport 
through the blood brain barrier, making it a promis-
ing therapeutic agent in nervous system diseases. It was 
observed, however, that curcumin efficiently crosses 
the blood brain barrier in its parent form rather than 
its conjugated form [13]. Additionally, nervous system 
involvement during trichinosis occurs as early as 2 weeks 
post-infection during the stage of larval migration even 
before their establishment in skeletal muscles [66]. Since 
there was no previous clear model in literature to follow, 
we tried to tailor our own experimental model to achieve 
an effective regimen drug during the proper of time of 
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infection. Our approach was based on similar research 
involving experimental murine trichinosis, other para-
sitic brain infections, and studies on the used therapeutic 
agents.

Conclusion
Involvement of the central nervous system during T. 
spiralis infection is a serious complication that is often 
under-diagnosed. It involves the interaction between sys-
temic immune factors and local inflammatory and vas-
cular changes as reflected by the increased expression of 
COX-2 and CD34. The effect of T. spiralis on effectors 
such as peripheral dopamine is an interesting aspect, due 
to its impact on immune regulation and oxidative status. 
Both curcumin and albendazole were found to be effec-
tive in improving cerebral pathology, reducing oxidative 
stress, suppresssing local COX-2 expression and inflam-
mation, and angiogenesis. Finally, it can be a valuable 
supplement combined to conventional anti-parasitic 
drugs to reduce brain inflammation, and improve disease 
outcome.

Author contributions
M. A., A. M. and (A) H. contributed to the study conception and design. 
Material preparation, data collection and analysis were performed by I. A., (B) 
A., A. M., and A. H. The first draft of the manuscript was written by M. A. and all 
authors commented on previous versions of the manuscript. All authors read 
and approved the final manuscript.

Funding
Not applicable.
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethical approval
The experimental design and methods were implemented in accordance 
with ARRIVE guidelines and institutional guidelines. The study was approved 
by the Research Ethics Committee for experimental studies at the Faculty of 
Pharmacy, Modern University for Technology and Information, Egypt, (Permit 
number: ES (881), 2020).

Consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 30 August 2023 / Accepted: 13 February 2024

References
1. Gottstein B, Pozio E, Nöckler K. Epidemiology, diagnosis, treatment, and 

control of trichinellosis. Clin Microbiol Rev. 2009;22(1):127–45.
2. Saad MH, Safwat O, El-Guindy D, Raafat R, Elgendy D, Hasby E. Biomolecu-

lar changes and cortical neurodegenerative lesions in Trichinella Spiralis 
infected BALB/c mice: a preliminary study elucidating a potential relationship 
between systemic helminthic infections and idiopathic Parkinson’s. Helmin-
thologia. 2018;55(4):261–74.

3. Rosca EC, Tudor R, Cornea A, Simu M. Central nervous system involvement in 
trichinellosis: a systematic review. Diagnostics. 2021;11:954.

4. Nikolic S, et al. Neurologic manifestations in trichinosis [Neuroloske mani-
festacije u toku trihinoze]. Srp Arh Celok Lek. 1998;126(5–6):209–13.

5. Derda M, Wandnrska-Nowak E, Hadaś E. Changes in the level of antioxi-
dants in the blood from mice infected with Trichinella Spiralis. Parasitol Res. 
2004;93(3):207–10.

6. Miyazaki I, Asanuma M. Dopaminergic neuron-specific oxidative stress 
caused by dopamine itself. Acta Med Okayama. 2008;62(3):141–50.

7. Arreola R et al. 2016. Immunomodulatory Effects Mediated by Dopamine. J 
Immunol Res 2016:3160486.

8. Shome S, Dasgupta PS, Basu S. Dopamine regulates mobilization of mesen-
chymal stem cells during wound angiogenesis. PLoS ONE. 2012;7(2):e31682.

9. Pozio E, Sacchini D, Sacchi L, Tamburrini A, Alberici F. Failure of mebendazole 
in the treatment of humans with trichinella spiralis infection at the stage of 
encapsulating larvae. Clin Infect Dis. 2001;32(4):638–42.

10. Ullah F, et al. Potential role of plant extracts and phytochemicals against 
foodborne pathogens. Appl Sci. 2020;10(13):4597.

11. Cheraghipour K, Marzban A, Ezatpour B, Khanizadeh S, Koshki J. Antiparasitic 
properties of curcumin: a review. AIMS Agric Food. 2018;3(4):561–78.

12. Bansal SS, Goel M, Aqil F, Vadhanam MV, Gupta RC. Advanced drug delivery 
systems of curcumin for cancer chemoprevention. Cancer Prev Res (Phila). 
2011;4(8):1158–71. https://doi.org/10.1158/1940-6207.CAPR-10-0006. Epub 
2011 May 5. PMID: 21546540; PMCID: PMC3151314.

13. Begum AN, Jones MR, Lim GP, Morihara T, Kim P, Heath DD, Rock CL, Pruitt MA, 
Yang F, Hudspeth B, Hu S, Faull KF, Teter B, Cole GM, Frautschy SA. Curcumin 
structure-function, bioavailability, and efficacy in models of neuroinflam-
mation and Alzheimer’s disease. J Pharmacol Exp Ther. 2008;326(1):196–208. 
Epub 2008 Apr 16. PMID: 18417733; PMCID: PMC2527621.

14. Goel A, Boland CR, Chauhan DP. Specific inhibition of cyclooxygenase-2 
(COX-2) expression by dietary curcumin in HT-29 human colon cancer cells. 
Cancer Lett. 2001;172(2):111–8.

15. Mallo N, Lamas J, Sueiro RA, Leiro JM. Molecular targets implicated in the 
antiparasitic and anti-inflammatory activity of the phytochemical curcumin 
in Trichomoniasis. Molecules. 2020;25(22):5321.

16. Wang TY, Chen JX. Effects of curcumin on vessel formation insight into the 
pro-and antiangiogenesis of curcumin. Evidence-based Complement Altern 
Med. 2019;2019:1390795.

17. Kang YJ, Jo JO, Cho MK, Yu HS, Ock MS, Cha HJ. Trichinella spiralis infec-
tion induces angiogenic factor thymosin β4 expression. Vet Parasitol. 
2011;181(2–4):222–8.

18. Hlatky L, Hahnfeldt P, Folkman J. Clinical application of antiangiogenic 
therapy: Microvessel density, what it does and doen’t tell us. J Natl Cancer 
Inst. 2002;94(12):883–93.

19. Goldiş D, Sferdian M, Tarţă C, Fulger L, Totolici B, Neamţu C. Comparative 
analysis of microvessel density quantified through the immunohistochemis-
try expression of CD34 and CD105 in rectal cancer. Rom J Morphol Embryol. 
2015;56(2):419–24.

20. Grassl GA, et al. CD34 mediates intestinal inflammation in Salmonella-
infected mice. Cell Microbiol. 2010;12(11):1562–75.

21. Attia RAH, Mahmoud AE, Farrag HMM, Makboul R, Mohamed ME, Ibraheim Z. 
Effect of myrrh and thyme on Trichinella Spiralis enteral and parenteral phases 
with inducible nitric oxide expression in mice. Mem Inst Oswaldo Cruz. 
2015;110(8):1035–41.

22. Carvalho D, de Takeuchi M, Geraldine KP, Moura RM, de Torres CJ. MCL. 
Production, solubility and antioxidant activity of curcumin nanosus-
pension. Food Sci Technol [Internet]. 2015Jan;35(1):115–9. https://doi.
org/10.1590/1678-457X.6515.

23. Wang BF, Cui ZW, Zhong ZH, Sun YH, Sun QF, Yang GY, Bian LG. Curcumin 
attenuates brain edema in mice with intracerebral hemorrhage through inhi-
bition of AQP4 and AQP9 expression. Acta Pharmacol Sin. 2015;36(8):939–48.

24. Siriyasatien P, Yingyourd P, Nuchprayoon S. Efficacy of albendazole against 
early and late stage of Trichinella spiralis infection in mice. J od Med Assoc 
Thail. 2003;86(Suppl 2):257–S262.

https://doi.org/10.1158/1940-6207.CAPR-10-0006
https://doi.org/10.1590/1678-457X.6515
https://doi.org/10.1590/1678-457X.6515


Page 10 of 10Abdeltawab et al. BMC Complementary Medicine and Therapies           (2024) 24:99 

25. Zhu L, Yang Q, Hu R, et al. Novel therapeutic strategy for melanoma based 
on albendazole and the CDK4/6 inhibitor palbociclib. Sci Rep. 2022;12:5706. 
https://doi.org/10.1038/s41598-022-09592-0.

26. Cowan N, Meier C, Neodo A, Keiser J. Exposure of Heligmosomoides polygy-
rus and Trichuris muris to albendazole, albendazole sulfoxide, mebendazole 
and oxantel pamoate in vitro and in vivo to elucidate the pathway of drug 
entry into these gastrointestinal nematodes. Int J Parasitol Drugs Drug Resist. 
2017;7(2):159–73. Epub 2017 Mar 24. PMID: 28371660; PMCID: PMC5377441.

27. de Andrade Picanço G, Ferreira de Lima N, Cristina Gomes T, de Sousa 
Mendes Moreira Alves D, Luísa da Costa T, Vinaud MC. Intraperitoneal 
and intracranial experimental cysticercosis present different metabolic 
preferences after treatment with isolated or combined albendazole 
and nitazoxanide. Acta Trop. 2022;226:106264. Epub 2021 Dec 14. PMID: 
34919953.

28. Choi EK, Kim SW, Nam EJ, et al. Differential Effect of Intraperitoneal Albenda-
zole and Paclitaxel on ascites formation and expression of vascular endothe-
lial growth factor in Ovarian Cancer Cell-Bearing athymic nude mice. Reprod 
Sci. 2011;18:763–71. https://doi.org/10.1177/1933719111398142.

29. Beutler E, Duron O, Kelly BM. Improved method for the determination of 
blood glutathione. J Lab Clin Med. 1963;61:882–8.

30. Tietz NW. Textbook of Clinical Chemistry. 1st ed. Philadelphia: Saunders; 1986.
31. Cormack DH. Essential histology. 2nd ed. Lippincott Williams & Wilkins; 2001.
32. Ashour DS, Abou Rayia DM, Saad AE, El-Bakary RH. Nitazoxanide anthelmintic 

activity against the enteral and parenteral phases of trichinellosis in experi-
mentally infected rats. Exp Parasitol. 2016;170:28–35.

33. Aboulhoda BE, Abd el Fattah S. Bone marrow-derived versus adipose-derived 
stem cells in wound healing: value and route of administration. Cell Tissue 
Res. 2018;374(2):285–302.

34. Basyoni MMA, El-Sabaa AAA. Therapeutic potential of myrrh and ivermectin 
against experimental Trichinella spiralis infection in mice. Korean J Parasitol. 
2013;51(3):297–304.

35. Elguindy D, Ashour D, Shamloula M, Aboul Assad I. Preliminary study on the 
role of toll-like receptor-4 antagonist in treatment of Trichinella spiralis infec-
tion. Tanta Med J. 2019;47(2):52–61.

36. Kulkarni SK, Dhir A. An overview of curcumin in neurological disorders. Indian 
J Pharm Sci. 2010;72(2):149–54.

37. Cole GM, Teter B, Frautschy SA. Neuroprotective effects of curcumin. Adv Exp 
Med Biol. 2007;595:197–212. https://doi.org/10.1007/978-0-387-46401-5_8. 
PMID: 17569212; PMCID: PMC2527619.

38. Nebrisi EE. Neuroprotective activities of Curcumin in Parkinson’s disease: 
a review of the literature. Int J Mol Sci. 2021;22(20):11248. https://doi.
org/10.3390/ijms222011248.

39. Rosca EC, Simu M. Border Zone brain lesions due to neurotrichinosis. Int J 
Infect Dis. 2018;67:43–5.

40. Forman HJ, Zhang H, Rinna A. Glutathione: overview of its protective roles, 
measurement, and biosynthesis. Mol Aspects Med. 2009;30(1–2):1–12.

41. Abd Ellah MR. Involvement of free radicals in parasitic infestations. J Appl 
Anim Res. 2013;41(1):69–76.

42. Lee HY, Kim SW, Lee GH, et al. Turmeric extract and its active compound, 
curcumin, protect against chronic CCl4-induced liver damage by enhanc-
ing antioxidation. BMC Complement Altern Med. 2016;16:316. https://doi.
org/10.1186/s12906-016-1307-6.

43. Locatelli C, Pedrosa RC, De Bem AF, Creczynski-Pasa TB, Cordova CA, Wilhelm-
Filho D. A comparative study of albendazole and mebendazole-induced, 
time-dependent oxidative stress. Redox Rep. 2004;9(2):89–95. https://doi.
org/10.1179/135100004225004751. PMID: 15231063.

44. Puente V, Demaria A, Frank FM, Batlle A, Lombardo ME. Anti-parasitic effect of 
vitamin C alone and in combination with benznidazole against Trypanosoma 
Cruzi. PLoS Negl Trop Dis. 2018;12(9):e0006764.

45. Gouveia MJ, Brindley PJ, Azevedo C, Gärtner F, Da Costa JMC, Vale N. The 
antioxidants resveratrol and N-acetylcysteine enhance anthelmintic activity 
of praziquantel and artesunate against Schistosoma mansoni. Parasit Vectors. 
2019;12:309.

46. Gabrashanska M, Petkova S, Teodorova SE. The antioxidant status in Trichinella 
Spiralis -infected rats, improved by selenium supplementation. Open J Chem. 
2019;5(1):001–8.

47. Elgendy DI, Othman AA, Hasby Saad MA, Soliman NA, Mwafy SE. Resveratrol 
reduces oxidative damage and inflammation in mice infected with Trichinella 
Spiralis. J Helminthol. 2020;94:e140.

48. Marcourakis T, Camarini R, Kawamoto EM, Scorsi LR, Scavone C. Peripheral 
biomarkers of oxidative stress in aging and Alzheimer’s disease. Dement 
Neuropsychol. 2008;2(1):2–8.

49. Blaschko H. The activity of l(—)-dopa decarboxylase. J Physiol. 
1942;101(3):337–49.

50. Tóth BE, Vecsernyés M, Zelles T, Kádár K, Nagy GM. Role of peripheral and 
brain-derived dopamine (DA) in immune regulation. Adv Neuroimmune Biol. 
2012;3(2):111–55.

51. Meiser J, Weindl D, Hiller K. Complexity of dopamine metabolism. Cell Com-
mun Signal. 2013;11:34.

52. El-Aswad BEW, Ammar AI, Mahmoud SF, Soliman SS, Abd El-Atty AF. Immuno-
histochemical evaluation of interleukin-23 and cyclooxygenase-2 in the mus-
cles of mice infected with Trichinella Spiralis. Trop Biomed. 2020;37(1):75–88.

53. Minghetti L. Cyclooxygenase-2 (COX-2) in inflammatory and degenerative 
brain diseases. J Neuropathol Exp Neurol. 2004;63(9):901–10.

54. López DE, Ballaz SJ. The role of Brain Cyclooxygenase-2 (Cox-2) beyond 
neuroinflammation: neuronal homeostasis in memory and anxiety. Mol 
Neurobiol. 2020;57(12):5167–76.

55. Teismann P, et al. Cyclooxygenase-2 is instrumental in Parkinson’s disease 
neurodegeneration. Proc Natl Acad Sci USA. 2003;100(9):5473–8.

56. Cervello M, Foderà D, Florena AM, Soresi M, Tripodo C, D’Alessandra N, 
Montalto G. Correlation between expression of cyclooxygenase-2 and the 
presence of inflammatory cells in human primary hepatocellular carcinoma: 
possible role in tumor promotion and angiogenesis. World J Gastroenterol. 
2005;11(30):4638–43.

57. Ock MS, Cha HJ, Choi YH. Verifiable hypotheses for thymosin β4-dependent 
and -independent angiogenic induction of Trichinella spiralis-triggered nurse 
cell formation. Int J Mol Sci. 2013;14(12):23492–8.

58. Ibrahim S, Sarhan M, Farag T, Mohamed A. Apoptotic and vascular changes 
in Trichinella spiralis-infected mice after parenteral artemether treatment. J 
Egypt Soc Parasitol. 2019;49(1):17–27.

59. Fu Z, Chen X, Guan S, Yan Y, Lin H, Hua ZC. 2015. Curcumin inhibits angio-
genesis and improves defective hematopoiesis induced by tumor-derived 
VEGF in tumor model through modulating VEGF-VEGFR2 signaling pathway. 
Oncotarget. 6(23):19469–19482.

60. Alkim C, Alkim H, Koksal AR, Boga S, Sen I. 2015. Angiogenesis in inflamma-
tory bowel disease. Int J Inflam. 2015:970890.

61. Novaes R, Vinicius M, Sartini P, Lopes R, Souza M, Caldas IS. Curcumin 
enhances the anti- Trypanosoma cruzi activity of benznidazole-based 
chemotherapy in acute experimental. Antimicrob Agents Chemother. 
2016;60(6):3355–64.

62. Hernández M, Wicz S, Santamaría MH, Corral RS. Curcumin exerts anti-inflam-
matory and vasoprotective effects through amelioration of NFAT-dependent 
endothelin-1 production in mice with acute Chagas cardiomyopathy. Mem 
Inst Oswaldo Cruz. 2018;113(9):e180171.

63. Menon VP, Sudheer AR. Antioxidant and anti-inflammatory properties of 
curcumin. In: Aggarwal BB, Surh YJ, Shishodia S, editors. Advances in Experi-
mental Medicine and Biology. The molecular targets and therapeutic uses of 
Curcumin in Health and Disease. Boston: Springer; 2007. pp. 105–25.

64. Rao CV. Regulation of COX and LOX by curcumin. In: Aggarwal BB, Surh YJ, 
Shishodia S, editors. Advances in Experimental Medicine and Biology. The 
molecular targets and therapeutic uses of Curcumin in Health and Disease. 
Boston: Springer; 2007. pp. 213–26.

65. Wal P, Saraswat N, Pal RS, Wal A, Chaubey MA. Detailed insight of the 
anti-inflammatory effects of curcumin with the assessment of parameters, 
sources of ROS and associated mechanisms. Open Med J. 2019;6:64–76.

66. Rosca EC, Tudor R, Cornea A, Simu M. Central nervous system involvement 
in trichinellosis: a systematic review. Diagnostics (Basel). 2021;11(6):945. 
https://doi.org/10.3390/diagnostics11060945. PMID: 34070586; PMCID: 
PMC8227095.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1038/s41598-022-09592-0
https://doi.org/10.1177/1933719111398142
https://doi.org/10.1007/978-0-387-46401-5_8
https://doi.org/10.3390/ijms222011248
https://doi.org/10.3390/ijms222011248
https://doi.org/10.1186/s12906-016-1307-6
https://doi.org/10.1186/s12906-016-1307-6
https://doi.org/10.1179/135100004225004751
https://doi.org/10.1179/135100004225004751
https://doi.org/10.3390/diagnostics11060945

	The neuroprotective potential of curcumin on T. Spiralis infected mice
	Abstract
	Background
	Methods
	Parasite and animals
	Drugs
	Study groups
	Sample collection and experimental procedures
	Colorimetric assessment of plasma glutathione (GSH) levels
	Measurement of dopamine level in plasma by enzyme linked immunosorbent assay (ELISA)
	Histopathological examination of the brain
	Assessment of COX-2 and CD34 expression by immunohistochemical (IHC) staining
	Statistical analysis

	Results
	Effect of drug regimen on larval muscle count
	Effect of the different drug regimens on plasma reduced glutathione level (GSH) expressed in mg/dl
	Effect of different drug treatments on plasma dopamine expressed in pg/ml
	Histopathological examination of the brain tissue
	Effect of the different drug regimens on COX-2 expression in brain tissue
	Effect of the different drug regimens on CD34 expression in brain endothelium

	Discussion
	Conclusion
	References


