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Abstract

Trichinella spiralis can cause systemic inflammatory manifestations all over the body before
habituating their destination in the striated muscles. Its new borne larvae (NBL) most dangerous
phase go via bloodstream of different organs during migration.

This study explored the anti-inflammatory, antioxidant and anti-apoptotic effects of Curcumin
(Cur) and Curcumin nanoparticles (Cur-Nano) on inflammatory and pathological changes oc-
curred in different organs in murine trichinellosis during larval migratory phase.

Forty (40) male Swiss albino mice were divided into four groups of ten mice each. GI: mice
infected and treated with Cur, GII: mice infected and treated with Cur-Nano, GIII: infected non-
treated mice (positive control) and GIV: non-infected non-treated (negative control). Mice were
infected orally with 200 7. spiralis larvae per mouse. GI & GII received treatment on 13" day
post infection (dpi) for 5 successive days. All mice were sacrificed on the 30™ dpi. Effects of Cur
& Cur-Nano were evaluated by counting 7. spiralis encysted larvae in muscle by light micro-
scope. Frozen sera (-20°C) were used for quantitative estimation of ALT, AST, TNFa, trans-
forming growth factor-f (TGF-f) and Troponin (Trop). Specimens of lung, liver, brain and heart
were fixed in neutral buffered formalin for H&E and immunohistochemical staining.

The results showed that number of encysted 7. spiralis larvae in GI & GII was significantly
reduced compared to GIII. In both treated groups (GI & GII), there was a significant reduction in
mean levels of AST, ALT, TNFa, TGF-B, & Trop. There was significant improvement of bile
duct injury and proliferation, alveolar and pleural inflammation, and bronchial epithelial prolife-
ration, as well as improvement of degenerative changes in brain and heart. The infected non-
treated group (GIII) showed significant overexpression of Cyclooxygenase-2 (COX;), caspase 3,
glial fibrillary acidic protein (GFAP), arginase and granzyme b, with a significant low express-
ion of peroxisome proliferator-activated receptors (PPARS) as compared to treated groups.
Keywords: Curcumin, Curcumin-nanoparticles, Trichinella spiralis, Migrating NBL, Anti-infla-

mmatory, Antioxidant, Antiapoptotic.
Introduction

Trichinellosis is a cosmopolitan zoonotic
infectious disease caused by Trichinella spi-
ralis, with economic problem in swine pro-
duction and food safety (Bruschi et al,
2019). Infection occurs after ingestion of
infected undercooked pork meat. Stomach
acidity causes ex-cystation of the ingested
larvae that invade the epithelial lining of the
upper part of the small intestine to mature
into adult worms. Within 2-3 weeks, ferti-
lized females produce NBL that are carried
out via blood and lymphatic systems to in-
vade different organs and later encapsulate

239

in the cardiac and skeletal striated muscles
(Saad et al, 2016). Trichinellosis was divid-
ed into 3 clinical phases, intestinal invasion
by the adult worms in the enteral phase, mi-
gration of NBL in the migratory phase and
encystment of larvae in the parenteral phase
(Despommier, 1993).

Trichinella spiralis NBL migration is con-
sidered the most dangerous phase of infec-
tion, during which there is a generalized ex-
tensive immune-inflammatory reaction re-
sulting from the high antigenicity of the lar-
vae (Pozio, 2007). They can cause systemic
inflammatory manifestations all over the



body before habituating their final destina-
tion (Saad et al, 2018).

The lung is one of the main organs for the
retention and destruction of NBL (Bruschi et
al, 1992). Larval migration through the lung
provokes an inflammatory allergic response
together with bronchus associated-lymphoid
tissue (BALT) and goblet cell hyperplasia
(Venturiello et al, 2007). Farid et al. (2019)
observed acute hepatitis in response to infec-
tion with 7. spiralis in rats. Saad et al.
(2018) reported that trichinellosis caused a
cerebrovascular disease in 10-20% of pa-
tients. Moreover, cardiac and cerebral affec-
tions are the most fatal complications in this
phase (Pozio ef al, 2019).

Upon infection with 7. spiralis, mice
showed an innate and adaptive immune re-
sponse to limit tissue injury and to reduce
immune-mediated inflammation caused by
migrating NBL, however, this response fa-
cilitates the intracellular infection by 7. spi-
ralis (Huang et al, 2014). In the migratory
phase of trichinellosis, a severe immune
stimulation is triggered by the presence of
adult worms in the intestine and the larvae
(whether the free NBL in the circulation or
the incompletely encysted larvae in the mus-
cles) leading to the release of a large amount
of pro-inflammatory cytokines and oxidative
stress products (Saad et al, 2018). Moreover,
activation of macrophages during 7. spiralis
infection may lead to the production of
TNF-a and IFN-y, which has been reported
to be effective for killing some parasites,
such as Leishmania (Lopes et al, 2014). In a
reverse action, TNF-o in combination with
IFN-y can activate murine macrophages for
the elimination of parasitic infections (Farid
etal,2019).

Benzimidazole derivatives (albendazole &
mebendazole), are the drugs used in the
treatment of trichinellosis which have the
characteristics of being broad-spectrum and
highly efficient (Priotti et al, 2017). Never-
theless, they have a limited effect due to
poor water solubility, low bioavailability
and long-term application that may lead to
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drug resistance (Codina et al, 2015).

Curcumin is an important bioactive com-
pound of Curcuma longa with medicinal
value such as anti-inflammatory, anticancer,
antioxidant, anti-atherosclerotic, antibacteri-
al, antiviral, antifungal, and wound healing
(Moghadamtousi et al, 2014; Hussein et al,
2021), as well as anti-protozoal activity as
Trypanosoma brucei (Gressler et al, 2015),
Giardia lamblia (Pérez-Arriaga et al, 2006),
Leishmania donovani (Cheikh-Ali et al,
2015), and significant effect on experimental
cerebral malaria (Waknine-Grinberg et al,
2010) and Schistosoma mansoni (Hussein et
al, 2017). Moreover, Cur had a beneficial
role in animal models of liver toxicity, in-
flammation and cirrhosis (Lee et al, 2017)
and multiple cardiovascular protective ef-
fects (Zeng et al, 2015). Also, Curcumin
regulates TNFa production through down-
regulation of the pro-inflammatory tran-
scription factors (Liu et al, 2013).

Curcumin has a modulatory impact on
TGF-p in different diseases; e.g., it protects
liver cells against toxic agents by inhibition
of TGF-p (Ashrafizadeh et al, 2020). Most
studies clarified the proinflammatory role of
TGF-B and its association with organ dam-
age. This pro-inflammatory role was in favor
of disease development and progression
(Fionda et al, 2020). So, down-regulation of
TGF-B is important in suppressing inflamm-
ation-mediated disease development (Maz-
ala et al, 2020). Also, Cur eliminated lipids
in the cell membrane and reduced lipid pe-
roxidation and serum cholesterol (Varatha-
rajalu et al, 2016). Because of its antiapop-
totic, antioxidative and anti-inflammatory
abilities; Cur was widely used for preventing
or treating a variety of diseases other than
inflammation (Jiang et al, 2017).
Unfortunately, the therapeutic abilities of
Cur are limited because of its poor solubility
or stability in aqueous media and body flu-
ids, high metabolic rate, fast clearance and
low bioavailability (Tiwari et al, 2017). This
was overcome by nanotization of Cur; which
improved water solubility, bioavailability,



plasma concentration, cellular permeability
and enhances its activity against various mi-
crobial pathogens and parasites (Mokbel et
al, 2020).

This study aimed to explore the anti-in-
flammatory, antioxidant, and anti-apoptotic
effects of Cur and Cur-Nano in modulation
of inflammatory and pathological changes in
different organs in murine trichinellosis.

Material and Methods

Animals and Parasite: Forty laboratory
bred Swiss Albino male mice (about &
weeks old and 25+5 grams) were obtained
from the Laboratory Animal House in Theo-
dore Bilharz Research Institute, Giza, Egypt.
All mice were housed and fed according to
the national guidelines and were approved
by the Ethical Committee of the Faculty of
Medicine, Menoufia University, Egypt.

Trichinella spiralis strain was kindly ob-
tained from Medical Parasitology Depart-
ment, Tanta University, Egypt. This strain
was previously genotyped by the European
Union Reference Laboratory for Parasites as
it was maintained in the laboratory of Tanta
University by consecutive passages through
rats and mice.

Experimental design: Mice were randomly
and equally divided into four groups (ten
mice per group). GI: mice infected and tre-
ated with Cur, GII: mice infected and treated
with Cur-Nano, GIII: infected non-treated
mice (positive control) and GIV: non-infect-
ed non-treated mice (negative control). Mice
were orally infected with 7. spiralis larvae
(200 larvae/ mouse)

Drugs: Curcumin from Curcuma longa
(Sigma-Aldrich) dissolved in dimethylsul-
foxide (DMSO, Sigma-Aldrich).

Curcumin nanoparticles were prepared by
solvent-antisolvent precipitation (Devara et
al, 2015). Briefly, Cur (100mg/ml) was dis-
solved in ethanol (Vetec, 99.8%), and then
distilled water was used as antisolvent in the
ratio of 1:10 and mixed well. The solution
was sonicated for about 30 min. After soni-
cation, the mixture was stirred at 800 rpm
for about 20 min till the orange-colored pre-
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cipitate was obtained, and solution was kept
at 25°C-40°C under a nitrogen atmosphere
and high pressure into 0.1%-10%. The parti-
cle size was analyzed by Horiba SZ-100 (Ja-
pan), particle size analyzer, and the final
product consisted of Curcumin nanoparti-
cles.

Dosage: Both Cur and Cur-Nano were used
at a dose of 50mg/kg for 5 days by oral route
(Tiwari et al, 2017), who observed 90.85%
parasite inhibition at this dose. The same
dose was used to compare the potency of
both drugs. The treatment was started on the
13™ dpi (Huang et al, 2020).

Mice scarifications and sample collection
On the 30" dpi, all mice were euthanized by
cervical dislocation. Blood samples were
withdrawn in plain tubes and were left at
room temperature for 30 minutes, then cen-
trifuged at 3000 rpm for 15 min and serum
was aliquoted. The serum was stored at -20
°C for subsequent biochemical measurement
of ALT and AST and quantitative estimation
of TNFa, TGFp and Trop. Lung, liver, brain
(both cerebrum and hippocampus) and heart
specimens were fixed in neutral buffered
formalin (pH 7.2) for further H&E and im-
munohistochemical staining.

Counting T. spiralis larvae: To evaluate the
effect of the treatment against migrating lar-
vae, the mice were sacrificed on 30" dpi.
Mice carcasses were shredded and weighed,
muscle encysted larvae were obtained by the
pepsin digestion method and their number
was calculated by microscopy. The worm
reduction rate = [(average number of para-
sites in the control group minus the average
number in the treatment group) /average
number of parasites in the control group]
%100%.

Measurement of ALT & AST: To assess
hepatotoxicity, we measured the serum ac-
tivity of ALT and AST using spectrophoto-
metric diagnostic kits (Sigma-Aldrich) ac-
cording to the manufacturer’s recommenda-
tions (Lee et al, 2004).

Quantitative Estimation of TNFa, TGF-, &
Trop by ELISA in mice sera were performed



by validated manual microplate ELISA kits
following manufacturer instructions. TNFa
& TGF-B Kits were purchased from Abcam,
Catalogue No ab208348 & ab119557 res-
pectively. Troponin supplied by LifeSpan
BioSciences, Catalogue No LS-F55154. Ac-
cording to standards’ concentration and the
corresponding optical density (OD=450nm)
values, the standard curve linear regression
equation was calculated out and the OD val-
ues of the sample were applied to the regres-
sion equation to calculate the corresponding
sample’s concentration.

Microscopic examination: Lung, liver, br-
ain and heart specimens were fixed in neut-
ral buffered formalin (pH 7.2). Sections
were processed as usual at Pathology Dep-
artment, National Liver Institute, Menoufia
University before embedding in paraftin and
mounted on glass slides. Sections (Spum
thick) were immersed in xylene and graded
alcohol followed by H&E staining (Bancroft
and Gamble, 2008).

Immunohistochemical (IHC) studies: Im-
munoassay of streptavidin-biotin-amplified
system was used. The primary antibodies
used were anti-mouse caspase 3 diluted as
1:500 (Cat. #9662), GFAP diluted as 1:100
(Cat.#80788) obtained from Cell Signaling
Technology, Massachusetts, USA, PPARs
diluted as 1:200 (Cat.#MBS2534561) obta-
ined from MyBioSource, Southern Califor-
nia, San Diego (USA), arginase diluted as 1:
50 (Cat.#2-AR007-12) obtained from Quar-
tett, Berlin, Germany, COX,; diluted as 1:100
(Cat.#187379) obtained from Invitrogen,
California and granzyme b diluted as 1:200
(Cat.#sc-8022) obtained from Santa Cruz
Bio-technology, Texas, United States. After
deparaffinization and rehydration of tissue,
the antigen was retrieved using high pH
EDTA solution followed by cooling at room
temperature. The slides were incubated
overnight at 4°C with primary antibodies.
Secondary antibody using Ultravision detec-
tion system anti-polyvalent HRP/DAB, rea-
dy-to-use, Neomarker was applied, and sta-
ining was visualized using DAB chromogen
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substrate and Mayer's hematoxylin as a cou-
nterstain. Positive staining and negative con-
trols were used in each run. Each antibody
was assessed using histoscore (H-score) as
follows: Strong intensity; 3x%, moderate
intensity; 2x%, mild intensity; 1x%, nega-
tive staining; 0x%. A final score ranged
from 0-300 (Kim et al, 2016).

Histopathological & IHC analysis: 20 non-
overlapping represented high-power (400x)
were examined for the number of inflamma-
tory cells & degenerative changes as fol-
lows:

Lung sections were assessed to detect
bronchial epithelial proliferation, mucin se-
cretion and goblet cells hyperplasia, in-
flammatory response, distribution, and type
of infiltrating, (lymphocytes, plasma cell,
eosinophils, macrophages and neutrophils
(Gentilini et al, 2011). In addition, COX,
was assessed in the inflammatory infiltrate.
Furthermore, the role of M2 macrophages in
the inflammatory response against 7. Spi-
ralis was evaluated by assessing arginase
expression (Kang et al, 2019), and the role
of cytotoxic T cells and natural killer (NK)
cells in host defense against 7. spiralis by
evaluation of granzyme b expression.

Liver sections were assessed for severity,
distribution and type of inflammatory resp-
onse (lymphocyte, neutrophil and eosinophil
infiltration), bile duct affection, and hepato-
cytes' degenerative changes. The expression
of PPARs was assessed as a multirole in
preventing the oxidative stress, metabolic
abnormalities, inflammation and fibrosis in-
duced by T. spiralis, and a possible associa-
tion of PPARs and paraoxonases (PONs)
was supported. PON is a marker regulating
the metabolic changes induced by T. spiralis
infection (Camps et al, 2012). COX, and
granzyme b expression was assessed using
[HC.

Brain specimens were examined for in-
flammatory aggregates in meningeal layer,
neuronal loss, neural cytoplasmic vacuola-
tion and reactive gliosis. Lewy’s body for-
mation was also assessed. In addition, the



hippocampus was examined for the thick-
ness of the dentate gyrus pyramidal zone and
neural apoptosis to predict the possibility of
association of T. spiralis with epilepsy.
Lewy’s body formation was also assessed in
the infected and treated groups because the
association of 7. spiralis and Parkinson’s
disease was postulated (Saad et al, 2018).
The apoptosis of neurons was detected using
anti-cleaved caspase 3IHC staining in paren-
chyma and hippocampus. Reactive astrocy-
tes and gliosis were highlighted by GFAP.

Heart tissue was assessed for degenerative
changes in cardiomyocytes in the form of
hyper-eosinophilic fibers, fatty infiltration,
interstitial fibrosis, fibrosis and necrosis.
Grading of myocardial injury was made as
follows: grade 1; intact and homogenous
cardiomyocytes, grade 2; focal myocardial
necrosis, grade 3; focal myocardial necrosis
associated with edema and inflammation and
grade 4; extensive or multifocal myocardial
necrosis and inflammation (Boarescu et al,
2019). Masson trichrome stain was used to
assess fibrosis. To assess necrosis and apop-
tosis of cardiomyocytes; an anti-cleaved cas-
pase 3 antibody was used in IHC.

Statistical analysis: Data were tabulated as
mean, Median, and range and analyzed by a
statistical package for the Social Science
Software (SPSS) software (version 17.0 on
an IBM compatible computer; SPSS Inc.,
Chicago, Illinois, USA). Kruskal-Wallis test
was used for comparison between three or
more groups having not normally distributed
quantitative data. While, Mann Whitney test
was used when 2 sets of quantitative data
were not normally distributed. Spearman's
correlation was used to study correlation be-
tween two quantitative variables. P-value
was used to test significance in experimental
animals among the different groups. P-value
was set at 0.05, P>0.05 non-significant, P
<0.05 significant and P <0.001 highly signif-
icant (Peat and Barton, 2005).

Results
Number of T. spiralis larvae in treated GI
& GII was significantly reduced (P<0.001)
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compared with that in parasite control, GIII.
Larval reduction rate of Cur and Cur-Nano
was 62.19 & 41.06 respectively.

There was a highly significant (P<0.001)
decrease in serum levels of AST & ALT in
GI & GII compared to positive control
(GIII), but without significant (P1=0.03) re-
duction in the mean levels of AST & ALT
between mice treated by Cur and Cur-Nano.

Mean levels of TNFo, TGF-B, & Trop in
positive control were 179.45, 505.9, & 12.65
respectively, with a significant increase as
compared to negative control. Mean levels
of TNFa, TGF-f & Trop in Cur and Cur-
Nano treated groups were 100.3, 167.7 &
43 & 130.3, 319.4 & 6.95 respectively.
There was a significant reduction in mean
levels of TNFa, TGF-p, & Trop in both tre-
ated mice as compared to positive control.

Significant lung damage was observed in
positive control in form of substantial bron-
chial epithelial proliferation, mucin secretion
and goblet cell hyperplasia. Also, a signifi-
cant inflammatory response is widely dis-
tributed throughout lung tissue in form of
BALT, perivascular, parenchymal and pleu-
ral lymphoid tissue. Localization of the in-
flammatory infiltrates differed with a promi-
nent perivascular and peri-bronchial eosino-
philic infiltrate, while macrophage and lym-
phocytes dominated the parenchymal and
pleural regions. There was a significant im-
provement (P<0.001) of bronchial epithelial
proliferation in both treated groups when
compared to infected group.

The burden of eosinophils significantly
declined in both treated groups compared to
infected group (P<0.001); median eosino-
phils count was 61.5 in infected group vs. 18
& 9 eosinophils/10 high power field (HPF)
in Cur and Cur-Nano treated groups, respec-
tively. There was a significant improvement
of inflammatory injury in GII compared to
GI (P<0.001), and improvement of alveolar
& pleural inflammation (P<0.001) in GI &
GII compared to GIII.

There was a significant over-expression of
COX; in GII (median COX; H. score 82.5);



compared to both treated groups (P<0.001).
The expression of COX, was significantly
low in the Cur-Nano treated group compared
to the Cur treated group, with median H
score of 20 & 25 respectively (P<0.001).

The significant overexpression (P<0.001)
of macrophage arginase activity was in GIII
with median H. score 125 compared to GI &
GII with median H. score of 50 & 35, respe-
ctively. A significant low expression of gra-
nzyme b secreting neutronphils (P<0.001)
was in Cur & Cur-Nano treated groups com-
pared to infected one with median H. score
of 65 in GIII vs. 45 & 5 in GI & GII, respec-
tively. There was a positive correlation be-
tween both sera of TGFa, TNF-f & COX;
expression in lung tissue (P<0.001).

In positive control group; liver tissue sho-

wed bile duct injury and proliferation com-
pared to both treated groups. Eosinophil-
based portal tract inflammation was signifi-
cantly marked in GIII compared to GI & GII
with median of eosinophils of 57.5 in GIII
compared to 22 &16/10 HPF in GI & GII
respectively (P<0.001). Perivenular inflam-
mation was significantly in GIII compared
to GI & GII (P<0.001).
There was a significant overexpression of
COX; in the inflammatory infiltrate in in-
fected group with median H. score of 72.5
compared to both treated groups with medi-
an COX; H. score of 47.5 & 5 in Cur treated
& Cur-Nano treated groups, respectively
(P<0.001). A significantly low expression of
PPAR was in GIII with median H score of
2.5 compared to GI & GII (P<0.001). PPAR
was significantly overexpressed in Cur-Na-
no treated group with median H score of 60
compared to Cur treated group with median
H score of 20 (P<0.001).

Protein expression of granzyme b as a sur-
rogate marker of cell-mediated cytotoxicity
against trichinellosis was high in infected gr-
oup with median H score of 90 compared to
both treated groups (P<0.001). Expression
was subsequently significantly decreased in
the Cur-Nano treated group with median H
score of 7.5 compared to Cur treated group
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with median H score of 45 (P<0.001).

There was a positive correlation between
serum TGFa, TNF-f and COX, expression
in liver tissue (P<0.001). The positive corre-
lation between serum ALT and granzyme b
hepatic expression (r=0.911, P<0.001) was
found. Also, there was a positive correlation
between serum ALT and hepatic COX; ex-
pression (r=0.58, P=0.07). There was an in-
verse correlation between serum ALT &
PPAR expression (r=-0.922, P<0.001).

Brain specimens of infected group showed
significant thinning of the dentate gyrus' py-
ramidal zone due to neural loss in hippocam-
pus compared to treated groups (P=0.001).
There was a thickening of the meningeal la-
yer by prominent lymphocytic inflammation
in GIII compared to GI & GII. Inflammation
was significantly declined in Cur treated gr-
oup to complete absent in Cur-Nano treated
group (P=0.02). GIII showed degenerative
changes in form of neural cytoplasmic vacu-
olization, smudge hyperchromatic nuclei, pr-
ominent neural loss and reactive gliosis. De-
generative changes were improved in GI &
GII. Lewy’s bodies were counted in GIII co-
mpared to GI & GII (median Lewy's bodies
5/HPF in GIII vs. 3 &1/HPF in GI & GII,
respectively).

The highest expression of GFAP was in
infected group with median H. score of 75
compared to both treated groups (P<0.001).
GFAP was low expressed significantly in
Cur-Nano treated group with median H. sco-
re of 22.5 compared to Cur treated group
with median H. score of 50 (P<0.001). The
neural apoptosis showed that Caspase 3 ex-
pression was marked in GIII (caspase 3 H.
score 107) compared to GI & GII (P<0.001).
Low expression of caspase 3 was significant
in Cur-Nano treated group with median H.
score of 5 compared to Cur treated ones with
median H score of 30 (P<0.001).

Histopathological changes of heart in infe-
cted group were in the form of fibrotic cha-
nges of cardiomyocytes rather than inflamm-
atory injury, which was absent in both treat-
ed groups. Grade of injury varied from se-



vere damage in form of multifocal necrosis,
fat infiltration and fibrotic changes in GIII
compared to GI & GII. Cardiomyocytes of
infected group showed a high apoptotic ac-
tivity highlighted by caspase 3 ICH study
with median H. score of 152.5 compared to
treated groups (P<0.001). Apoptotic activity
was significantly low in Cur-Nano treated

group with median H. score of 15 compared
to Cur treated ones with median H. score of
65 (P<0.001). A positive correlation was
between serum Trop level & expression of
caspase 3 in heart samples (=0.73, P=0.01,
r=0.74 and P=0.01, respectively).

Details were given in tables (1, 2, & 3) and
figures (1, 2, 3, & 4).

Table 1: Comparison between all infected groups regarding larva count and reduction rate

Studied variable GI (N=10) GII (N=10) GIII(N=10) p- value | Post hoc
Larva count *<0.00

Mean 29800.0 19080.0 50660.0 1 P1=<0.001
Median 29900.0 18900.0 50900.0 P2=<0.001
Min-max 28200.0-31000.0 18000.0- 20400.00 48600.0-52800.0 P3=<0.001
Reduction (%)

Mean 41.15 62.32 - **<0.0 | ---
Median 41.06 62.19 01

Min-max 39.18-  43.60 59.20-  65.52

P- value of Kruskal-Wallis test, **P- value of Mann Whitney test, P1= +ve control& Infected TTT by Cur, P2= +ve con-
trol& Infected ttt by Cur-Nano. P3= Infected TTT by Cur & Infected TTT by Cur-Nano

Table 2: Serum biochemical markers (ALT & AST) comparison between all groups:

Studied variable GI (N=10) GII (N=10) GIII (N=10) | GIV (N=10) *p- value | Post hoc
AST IU/L <0.001 P1=0.03
Mean 30.84 29.15 65.0 243 P2=<0.001
Median 30.90 29.20 65.0 245 P3=<0.001
Min-max 30.20- 31.30 28.50-29.80 61.0-69.0 21.0-28.0 P4=<0.001
P5=<0.001
P6=<0.001
ALT IU/L <0.001 P1=0.03
Mean 41.83 38.56 85.1 359 P2=<0.001
Median 41.15 38.65 87.0 358 P3=0.001
Min-max 39.5-49.7 37.4-39.7 80.0-89.0 35.1-36.5 P4=<0.001
P5=<0.001
P6=<0.001

NB: *P- value of Kruskal-Wallis test
Table 3: Correlation between serology and IHC in lung, liver and heart tissues

Correlation between serum TGF, TNFa, and COX, expression in lung and liver tissues

COX, LUNG

COX, LIVER
TGFB = 0.93, (P=<0.001)
TNFa = 0.87, (P=<0.001)

= 072, (P=<0.001)
1= 0.69, (P=<0.001)

Correlation between serum ALT & THC expression of granzyme b, COX,, and PPAR in liver tissue

ALT

Granzyme b r=0.91, (P=<0.001)
COX, r=0.58, (P=0.07)
PPAR r=-0.92, (P=<0.001)

Correlation between serum Trop and IHC expression of Caspase3 in heart tissue

Trop

Caspase3 |

= 0.74, (P=0.01)

*Significant at 0.05 level (2-tailed). **Significant at 0.01 level (2-tailed),

Discussion

In the present study, there was anti-77i-
chinella effect by Cur and Cur-Nano. Numb-
er of larvae in both treated groups was signi-
ficantly reduced compared to control group.
The worm reduction rates of Cur and Cur-
Nano were 40.06 & 62.19, respectively. This
agreed with Mokbel et al. (2020). Magalha-
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es et al (2009) reported that Cur treatment
modulated humoral and cellular immune res-
ponses of Schistosoma mansoni-infected mi-
ce and led to a significant reduction of para-
site burden and liver pathology. Tiwari et al.
(2017) found that Nano-formulation of Cur
alone or in combination with miltefosine ca-
used significant in vitro & in vivo leishmani-



cidal activity, increased toxic reactive oxyg-
en/nitrogen metabolites, and enhanced lymp-
hocyte proliferation and phagocytosis.

In the present study, biochemical results
showed a significant increase in levels of
AST & ALT in the infected control group as
compared with the non-infected group. This
change is due to hepatic damage caused by
migrating NBL (Gamble et al, 1997). Also,
there was an improvement in biochemical
parameters in both treated groups, which ag-
reed with Nada et a/ (2018). There was a re-
markable improvement of the biochemical
parameters in GII that received Cur-Nano
compared to GI received Cur. This was attri-
buted to the increased solubility, bioavaila-
bility and efficiency of nanoparticles. Den-
de et al. (2017) reported the same results in
experimental cerebral malaria.

The present results showed that Cur reduced

TGF-B, TNFa, COX,, & NF-kB, the import-
ant inflammation primary mediators. This
proved the Cur protective/meliorative effect
on murine trichinellosis in migratory phase
in lung, liver, brain and heart. The results
also agreed with the concept that sera TGF-§
& TNFa were a useful parameter to evaluate
therapeutic effects of Cur and Cur-Nano in
murine trichinellosis. Besides, both Cur &
Cur-Nano induced a significant immunolog-
ical alteration in infected mice. This agreed
with Hernandez er al. (2018), Aliet al.
(2019); Asadi et al. (2020). A high level of
TGF-pB was proved to help in the downregu-
lation of the parenteral phase inflammation
and facilitated tissue invasion by NBL.
TGF-B1 receptors proved to be upregulated
in some organs not commonly invaded by T.
spiralis (Toms and Powrie, 2001). Bliss et
al, (2003) also recorded an increase in the
larval capability to invade liver in the pres-
ence of a high TGF-f level. But, in the pre-
sent study, despite high TGF-p level detect-
ed in infected mice, there was no T. spiralis
larvae organ invasion.

In the present study, lung tissues were sig-
nificant damaged in the infected non-treated
group in the form of substantial bronchial
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epithelial proliferation, mucin secretion and
goblet cell hyperplasia. Also, there was a si-
gnificant inflammatory response widely dist-
ributed via lung tissue in the form of bronch-
ial associated lymphoid tissue, perivascular,
parenchymal and pleural. This agreed with
Gentilini ef al. (2011). Trichinellosis rapidly
induced lung inflammatory response to hel-
minthocytotoxic activity. lerna et al. (2009)
found that inflammatory process during tric-
hinellosis in the lung resulted from a signal
originated in the gut due to larval penetra-
tion into its epithelium with development of
an inflammatory process with the rejection
of the adult worms from such mucosa.

In the present study, there was significant
improvement of bronchial epithelial prolife-
ration and lung injury in both treated groups
compared to infected ones. This agreed with
Huang et al. (2019) who found that Cur re-
duced the lung damage (induced by air-
borne particles), and increased heme oxyge-
nase expression in lung tissue, the endoge-
nous active enzyme widely distributed in da-
maged organs and played a role in protecting
tissues and organs by anti-oxidation, anti-in-
flammation and anti-apoptosis. Also, Alma-
troodi et al. (2020) reported that Cur had a
protective role against benzopyrene-induced
lung damage, where the Cur attenuated lung
inflammation and decreased inflammatory
mediators as TNFa, oxidative stress and ap-
optosis in epithelial cells by improving cell
proliferation and antioxidants level.

In the present study, there was significant
overexpression of COX; in infected group
compared to both treated ones. This agreed
with Shaikh and Bhandary (2020) who repo-
rted that Cur blocked expression of COXj,
the critical role in the emergence of pulmo-
nary fibrosis, indicating the potentials of Cur
as an adjuvant anti-inflammatory therapeutic
agent for treating lung injury. Besides, there
was a positive correlation between sera of
TGFa, TNF-B, & Iung COX, expression.
This agreed with Lee et al. (2005) who rep-
orted that Cur inhibited IFNa-induced COX,
expression in lung A549 cells. In addition,



there was a significant overexpression of
macrophage arginase activity. Highest TGF-
B level was recorded in infected group com-
pared to Cur and Cur-Nano treated ones.
This agreed with Falduto et al. (2015) who
found the immunomodulatory properties ex-
erted by NBL during passage via lung tissue.
Also, there was a significant low expression
of granzyme b secreting neutrophils in both
treated groups compared to the infected one.
This agreed with Boussoffara et al. (2018)
who reported the presence of high levels of
granzyme b in endemic foci of Leishmania
major with previous contact with the para-
site compared to the healthy ones. Granzyme
b produced stimulation with Leishmania-an-
tigens in CD4+ T cells; including T regulat-
ory cells; as a good marker of immunity and
cytotoxicity in cutaneous leishmaniasis.

In the present study, Cur & Cur-Nano cau-
sed hepatoprotective effect against ischemia/
reperfusion promoted liver injury. This went
with Farzaei et al. (2018) who found that
Cur reduced some liver injuries as inflamm-
atory responses and oxidative stress during
reperfusion-induced hepatic injury. Besides,
Cur treated damages of opisthorchiasis infe-
cted hamsters by reduced inflammatory cell
aggregation surrounding hepatic bile ducts
and reduced cholangiocarcinoma risk (Boo-
njaraspinyo et al, 2009).

TGF-B is one of the signaling pathways
downregulated by Cur in alleviation of liver
fibrosis (Abo-Zaid et al, 2020). Chen and
Fu (2018) reported that Cur supplementation
decreased paraquatmediated liver injury by
TGF-B downregulation signaling pathway,
and inhibited TGF-f, and protected liver ce-
1ls against toxic agents, and incorporation of
Cur into polymeric nanoparticles significant-
ly enhances its bioavailability and therapeu-
tic impacts, leading to amelioration of liver
injury (El-Naggar et al, 2019).

In this study, marked improvement of hep-
atic inflammation and decreased expression
of COX; occurred in both treated groups.
This agreed with Nagajyothi et al. (2012)
who found a significant reduction in macro-
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phage infiltration and inflammation in heart
and liver of T. cruzi-infected mice after Cur
treatment with significant decrease in COX-,
mRNA levels and infection-induced inflam-
mation by anti-inflammatory property.

In the present study, there was a positive
correlation between sera TGFa, TNF-f & li-
ver COX, expression. This agreed with Do-
mitrovi¢ et al (2011). The proinflammatory
effects of TNFa were primarily due to its ab-
ility to activate NF-kB, the important patho-
physiology of inflammatory response (Dob-
rovolskaia and Kozlov, 2005) and led to the
expression of inflammatory genes such as
COX,, inflammatory cytokines, chemokin-
es and induced nitric oxide synthase (Shis-
hodia, 2013). In the present study, there was
a positive correlation between sera ALT &
hepatic COX, expression, which agreed with
Hwang et al. (2011) and Neamatallah et a/
(2018). Also, there was a significantly low
expression of PPAR in the infected group
compared to treated ones. This agreed with
Farid et al. (2017). These changes decreased
hepatic paraoxonase-1 (PON1) responsible
for metabolism of toxic oxidized lipids (Avi-
ram et al, 2000). Besides, there was signifi-
cant overexpression of PPAR in liver tissue
in both treated groups. PPAR possessed a
potent anti-inflammatory efficacy (Ricote et
al, 1999) and suppressed TGF-B1/Smad3 si-
gnaling (Lin et al, 2011).

In the present study, expression of granz-
yme b as marker of cell-mediated cytotoxici-
ty against trichinellosis was high in infected
mice compared to treated ones. This agreed
with Ahn et al. (2016). Also, there was a po-
sitive correlation between serum ALT & he-
patic expression of granzyme b, which agre-
ed with Stout-Delgado et al (2007). There
was an inverse correlation between sera
ALT & PPAR expression. This agreed
with Mahmoud et al. (2019) Granzyme b re-
leased by activated Treg cells induced apop-
tosis of naive B cells (Shevach et al, 2006).
Therefore, T. spiralis is assumed to activate
Treg cells leading to suppression of the host
Th2 anti-Trichinella immune response.



In the present study, there was effect of T.
spiralis infection in brain tissue. This agreed
with Saad et al. (2018) who found cortical
atrophy with neuronal loss, increased apopt-
otic neurons, cytoplasmic vacuolation and
scattered Lewy’s bodies in 7. spiralis infect-
ed mice.

In the current study, there was high mean
level of TGF-p in the infected control group.
Piera-Velazquez et al (2016) reported that
TGF-p has a potent profibrogenic growth fa-
ctor involved in the regulation of the brain’s
response to inflammation and injury. The
increased levels of TGF- in GIII were con-
venient with the deposition of scar tissue and
gliosis in specimens. This agreed with Bes-
hay et al (2020). The assessment of reactive
astrocytes and density of gliosis was perfor-
med using GFAP which was significantly
low expressed in both treated groups. This
agreed with Bondan et a/ (2017) who found
that Cur reduced glial scar development and
decreased GFAP expression. The glial scar
acted as a physical barrier between the inju-
red and normal cells, paved the way to res-
tore an intact blood-brain barrier (Rohl et al,
2007). Daverey et al (2016) found that Cur
has bifunctional antioxidant properties; by
removing reactive oxygen species and simu-
Itaneously induction of antioxidant response.
Curcumin led to the induction of cytoprotec-
tive enzymes, the reversion of mitochondrial
dysfunctions in astrocytes and the inhibition
of mitochondria-dependent and -independent
apoptosis caused by oxidative damage.

In the present study, there was marked im-
provement of degenerative changes and low
expression of caspase 3 in GI & GII comp-
ared to GIII. Zaki et al. (2020) reported im-
provement of apoptotic changes with the
Cur as compared to control group. Caspase-
3 is the most abundant of the recognized
caspases in the brain (Kuida et al, 1999).
The vital structural and functional proteins
of cell led to apoptosis (Li et al, 2015). Ols-
on (1999) found that in cerebral trichinello-
sis lesions were limited by neurons apoptos-
is, non-purulent meningitis and cellular infil-
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tration. The tight junctions of blood-brain
barrier prevented larval passage from circu-
lation (Ginhoux et al, 2013). This may exp-
lain why no larvae or granuloma were dete-
cted in brain sections of the present infected
group.

In the present study, there was marked im-
provement of the degenerative changes in
cardiac muscles in both treated groups, with
best improvement in Cur-Nano treated group
compared to Cur-treated one. This agreed
with Boarescu et al. (2019) who found that
all doses of cur and Cur-Nano offered a car-
dioprotective effect by preventing creatine
kinase-MB leakage from cardiomyocytes,
with the best result for Cur-Nano. Thus, im-
proving the bioactivity of Cur by nanotech-
nology may help limit cardiac injury after
myocardial infarction. The beneficial effects
of Cur in heart diseases proved the role of
Cur in regulating cardiac homeostasis, pre-
vented and reversed cardiac hypertrophy and
failure in animal models (Ghosh et al, 2010).

In the present study, mean value of Trop
decreased in both treated groups compared
to control positive one. This agreed with Na-
har and Akhter (2018) who found that the
cardioprotective effect of Cur in isoprotere-
nol-induced myocardial infarction in Wistar
albino rats, as it decreased Trop level.

In the present study, there was lowest me-
an value in Cur-Nano treated group than
Cur-treated one. This agreed with Boares-
cuet al (2019). Also, Cur protected reperfu-
sion injury-induced cardiac dysfunction and
myocardial injury in rats, and pretreatment
improved the myocardial injury by decreas-
ing serum levels creatine kinase-MB level &
Trop I (Chen et al, 2013).

In the present study, cardiomyocytes of the
infected group showed a high apoptotic ac-
tivity manifested by caspase 3 overexpress-
ion compared to treated groups. Apoptotic
activity was significantly low in Cur-Nano
treated group compared to Cur-treated one.
Besides, there was a positive correlation be-
tween serum Trop & cardiac expression of
caspase 3. This agreed with Yeh et a/ (2005)



and Liu et al (2017). Liu et al (2019) found
that Cur effectively reduced myocardial inj-
ury, inhibited myocardial apoptosis and im-
proved cardiac functions.

Conclusion

Curcumin is a plant with a remarkable non-
toxic bioactive agent with medical proper-
ties. It improved the pathological changes
and inflammatory induced in 7. spiralis infe-
cted mice. Cur therapeutic effects were me-
diated in part by anti-inflammatory, antioxi-
dant & anti-apoptotic activities. Cur-Nano
gave more significant effects. Thus, Cur-Na-
no activity versus Cur-based interventions in
amelioration of pathogenesis and inflamma-
tion was in trichinellosis different organs.
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Explanation of graphs
Graph 1: Comparison of mean serum TNF-o Pg/ml among groups.

Graph 2: Comparison of mean serum TGF-$ Pg/ml among groups
Graph 3: Comparison of mean serum Troponine ug/m among groups

Explanation of figures
Fig.1: Inflammatory reparative response of lung tissue in infected T spiralis & treated groups. a- A prominent bronchial epithelial prolifera-
tion and mucin secretion (arrows) in infected group. b- Mild restoration of the bronchial epithelial number in the Cur-treated group. c- Comp-
lete restoration of bronchial epithelial number in Cur-Nano treated group (H&E 200x). d- Marked BALT (asterisks) in infected group. e- Mo-
derate BALT in Cur-treated group. f- Mild BALT in Cur-Nano treated group (H&E 400x). g- Severe pleural and alveolar inflammatory infil-
trate in infected group. h- Mild pleural and alveolar inflammatory infiltrate in Cur-treated group. i- No pleural & alveolar inflammatory infil-
trate in Cur-Nano treated group (H&E 200x). j- Arginase expression in macrophages diffusely expressed in infected group. k-Moderate ar-
ginase expression in macrophages in Cur-treated group. 1- Mild arginase expression in macrophages in Cur-Nano treated (asterisks; IHC,
200x). m- Granzyme b expression in T cells diffusely expressed in infected group. n- Moderate granzyme b expression in T cells in Cur-trea-
ted group. 0-Mild granzyme b expression in T cells in Cur-Nano treated (rectangles; IHC, 400x). p- Diffuse COX; expression in infected lung
group. q- Moderate COX; expression in lung on Cur-treated group. r- Mild COX; expression in lung on Cur-Nano treated group (IHC, 400x).
Fig. 2: Inflammatory reparative response of the liver tissue in infected 7. spiralis & treated groups. a- A prominent bile duct & ductular pro-
liferation in infected group. b- Minimal ductal proliferation in Cur-treated group. c- No bile duct proliferation in Cur-Nano treated group
(asterisks) (H&E 200x). d- Marked portal tract rich eosinophilic infiltrate in infected group. e- Moderate portal tract inflammation in Cur gr-
oup. f- Minimal portal tract inflammation in Cur-Nano treated group (rectangles; H&E 400x). g- Moderate perivenular (zone III) inflammat-
tion in infected group. h- Mild perivenular (zone III) inflammation in Cur-treated group. i- Minimal perivenular (zone III) inflammation in
Cur-Nano treated group (H&E 200x). j- Diffuse COX; expression in inflammatory infiltrate on infected group. k- Moderate COX, expression
in the inflammatory infiltrate on infected group. 1-Mild COX, expression in inflammatory infiltrate on infected group (IHC, 400x). m- Low
PPAR expression in infected group. n- Mild PPAR expression in Cur-treated group. o- Strong PPAR expression in Cur-Nano treated group
(IHC, 200x). p- Granzyme b expression in T cells diffusely expressed in the infected group. q- Moderate granzyme b expression in T cells in
Cur-treated group. r- Mild granzyme b expression in T cells in Cur-Nano treated (rectangles; IHC, 400x).
Fig. 3: Inflammatory reparative response of brain tissue in infected 7. spiralis & treated groups. a-A prominent thinning of dentate gyrus
pyramidal layer (PL) & neural loss in hippocampus in infected group. b- Mild thinning of dentate gyrus (PL) and neural loss in hippocampus
in Cur-treated group. c- No thinning of dentate gyrus (PL) & neural loss in hippocampus in Cur-Nano treated group (black bidirectional
arrows) (H&E 200x). d- Marked meningeal lymphocytic inflammation in infected group. e- Mild meningeal lymphocytic inflammation in
Cur-treated group. f- No meningeal lymphocytic inflammation in Cur-Nano treated group (arrows; H&E, 200x). g- Marked degenerative
neural changes (arrow) and numerous Lewy's bodies (asterisks) in infected group. h- Moderate degenerative neural changes (arrow) and
numerous Lewy's body (asterisks) in the Cur-treated group i- Mild degenerative neural changes (arrow) and numerous Lewy's body (aster-
isks) in Cur-Nano treated group (H&E 200x). j- Strong diffuse GFAP IHC expression in the infected group. k- Moderate GFAP IHC expres-
sion in Cur-treated group. 1- Mild GFAP THC expression in Cur-Nano treated group (IHC, 200x). m- Strong caspase 3 expression in infected
group. n- Moderate caspase 3 expression in Cur-treated group. o- Mild caspase 3 expression in Cur-Nano treated group (arrows; IHC, 200x)
Fig. 4: Inflammatory reparative response of heart tissue in infected T spiralis & treated groups. a- Marked degenerative changes in heart
muscle with fat between infected group. b- Moderate degenerative changes in Cur-treated group. c- Mild degenerative changes in Cur-Nano
treated group (arrows; H&E, 200x). d- Strong caspase 3 expression in infected group. e- Moderate caspase 3 expression in Cur-treated group.
f- Mild caspase 3 expression in Cur-Nano treated group (arrows; IHC, 200x).
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