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Background: Toxoplasmosis is a parasitic disease caused by Toxoplasma gondii that infects humans and many types of mammals and
birds.

Objective: To investigate the effect of selenium nanoparticles (SeNPs) and Phoenix dactylifera (Pd) extracts loaded on SeNPs as
a new agent to combat chronic 7. gondii infections in murine model as an alternative method to standard Spiramycin drug therapy.
Methods: A total of 64 female mice were randomly divided into eight groups: GI: Normal control, GII: Positive control, GIII:
infected and treated with Spiramycin, GIV: infected and treated with SeNPs, GV: infected and treated with aqueous extract of Pd, GVI:
infected and treated with methanolic extract of Pd, GVII: infected and treated with aqueous extract of Pd loaded on SeNPs, GVIII:
infected and treated with methanolic extract of Pd loaded on SeNPs. Date palm (P. dactylifera) fruits were identified and collected
from the farms of Saudi Arabia. Preparation and characterization of SeNPs were done. The parasitological, histopathological
examinations and biochemical changes were evaluated in all groups.

Results: Parasitological results showed significant differences in GVII in comparison to GII while GVIII showed significant
differences in comparison to GII and GIII. The histopathological section of the cerebral cortex showed obvious alterations in the
infected compared with untreated control groups. Aqueous and methanolic extracts of P. dactylifera loaded on SeNPs treatment
showed improvement that indicated by few perivascular cuffing with few inflammatory cell infiltrations. Few granule cells with mild
intracellular vacuolation and edema few deformed neurons with deep pyknotic nuclei. Microglia cells expression of Iba-1 and
inflammatory cytokines (IL-4, IL-10 and INF-y) in serum of all groups was higher in GII and lowest in GVIII followed by GVII.
Conclusion: SeNPs and P. dactylifera extracts loaded on SeNPs could be a potent agent to combat 7. gondii infections.

Plain Language Summary: Toxoplasma gondii is a parasite, causing toxoplasmosis, has a sexual life cycle, which takes place in the
small intestine of cats, and an asexual cycle that takes place in warmed animals and humans. It is a neurotropic obligate intracellular
parasite. The pyrimethamine and sulfadiazine are the preferred treatment for toxoplasmosis. Recent studies have indicated adverse side
effects such as osteoporosis and teratogenic effects, mostly in immunocompromised individuals. The authors hypothesized there is an
urgent need to discover new natural products or biosynthetic agents with fewer side effects and higher efficacy. Dates are rich in
dietary fiber, vitamins, fatty acids, and amino acids and play a key role in the neutralization of free radicals, which inhibits the onset
and progression of several disorders. As selenium is essential for both innate and adaptive immune responses against bacterial and
parasite infections. Moreover, nanoparticles have a large surface-volume ratio and numerous biological benefits such as their
convenient entry into the cell compared to other particles. So, the authors reported that selenium nanoparticles and palm dates extracts
loaded on them could be a potent agent to combat Toxoplasma infections and verifications were performed in the study.
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Introduction

Toxoplasmosis is a parasite illness produced by Toxoplasma gondii that affects humans and many types of mammals and
birds. This parasite has a sexual life cycle, which takes place in the small intestine of cats, and an asexual cycle that takes
place in warmed animals and humans.'* Humans become infected by eating raw and undercooked meat and through the
ingestion of contaminated vegetables and fruits. The other possible routes of transmission can be from the placenta to the
embryo during pregnancy in humans, which can cause serious health problems.’> The symptoms of toxoplasmosis are
diverse, although immunocompetent patients may have light symptoms such as fever, headache, and muscle pain or be
asymptomatic. However, serious clinical manifestations involving the central nervous system (CNS) may also be
observed in immunocompromised patients.*” 7. gondii is a neurotropic obligate intracellular parasite.® By infiltrating,
reproducing in, and lysing endothelial cells, 7. gondii tachyzoites are able to cross the blood-brain barrier (BBB) and get
access to the brain.” The BBB failure is then further exacerbated by the activated microglia emit pro-inflammatory
cytokines.®

Ionized calcium-binding adapter molecule 1 (Ibal) is a 147-amino acid calcium-binding protein whose expression is
restricted to macrophages/microglia. It is involved in the rearrangement of the actin cytoskeleton (cytoplasmic actin
cross-linking activity) during cell movement and phagocytosis; in membrane ruffling and in the building of phagocytic
cups.’

Pierezan et al (2014)'° demonstrated that Ibal is marker is well conserved between different species, and have used
the Ibal antibody to detect normal, inflammatory, and neoplastic cells of the monocyte/macrophage lineage in different
tissues from different species, including horses, sheep, cattle, mice, hamsters, and kangaroos. This immunohistochemical
is a useful marker for the identification of inflammatory, proliferative, and neoplastic disorders. Previous studies reported
that Ibal is a specific cytoplasmic protein marker to microglia and macrophages.'"'?

Also, Ide et al (2011)"? found that normal epidermal LCs and dermal histiocytes also express Ibal. In contrast, all
melanomas, plasmacytomas, cutaneous lymphomas and mast cell tumors did not express Ibal, highlighting its specificity
for cells of the monocyte/macrophage lineage. Ibal has been previously recognized as a pan-macrophage marker’, being
expressed by almost all subpopulations of cells of the monocyte/macrophage lineage in several organs of mice including
the spleen, lymph nodes, thymus, bone marrow, heart, lung, kidney, intestines, skin, and histiocytic sarcomas in the
central nervous system.

The prescribing concurrently of pyrimethamine and sulfadiazine is the preferred treatment for toxoplasmosis. Recent
studies have indicated adverse side effects such as osteoporosis and teratogenic effects, mostly in immunocompromised
individuals, when treated with this combination.'* Therefore, there is a need for further research aiming to discover new
agents from natural products or biosynthetic agents with fewer side effects and higher efficacy for the treatment of
toxoplasmosis. Dates are rich in dietary fiber, vitamins, fatty acids, and amino acids. They also include large concentra-
tions of carbohydrates, salts, and minerals. Finally, they also play a key role in the neutralization of free radicals, which
inhibits the onset and progression of several disorders.'> According to Al-Qarawi et al (2004),'® the palm date is very
effective in neutralizing free radicals.

Selenium is an essential element for human health. In the case of deficiency of this element in the human body, some
severe complications, such as insufficiency and impairment of the immune system, can occur.>'” This element also exists
in some beneficial proteins that have anticancer, antioxidant, and antimicrobial properties.”'® Moreover, nanoparticles
(NPs) have numerous biological benefits due to having a large surface-volume ratio. One such biological benefit is their
convenient entry into the cell compared to other particles.>'® Recent research has shown that selenium nanoparticles
(SeNPs) may prevent growth of several pathogens, including Staphylococcus aureus, Escherichia coli and Leishmania
spp.2*° Although the precise antimicrobial mechanisms of this element have not yet been determined, some studies
reported that the inorganic types of this element are able to affect membrane peroxidases to produce oxygen-free radicals,
including superoxide anion. Nevertheless, other studies have revealed that SeNPs can stimulate apoptosis in various
eukaryotic cells.?!

As selenium is essential for both innate and adaptive immune responses against bacterial and parasite infections,
selenium deficiency has been shown to impair both types of immunity and increase susceptibility to a broad variety of
parasitic illnesses (Trypanosoma cruzi, Nippostrongylus brasiliensis, Heligmosomoides bakeri infection), bacterial
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(Listeria monocytogenes, Mycobacterium tuberculosis infection) and viral (Hepatitis C virus and HIV infection) infec-
tions. Recent studies have shown that treatment with SeNPs increases the cellular immunomodulatory cytokines such as
IL-12, IFN-y, TNF-0, IL-2 and some inflammatory mediators such as nitric oxide (NO). Many intracellular bacteria,
including 7. gondii, elicit a Thl immune response via the synthesis of IL-12 and IFN-, and rats lacking either IL-12 or
IFN- are unable to clear an infection with 7. gondii.*>

The ideal treatment for toxoplasmosis would be safe for human use, effective against the parasite, and able to
eliminate even the dormant illness.*®> According to some studies, NPs for biomedical reasons might make up most future
treatment solutions for various ailments since there is growing interest in utilizing nanotechnology.** NPs are now used
in a wide range of biological applications because of their nanoscale dimensions and other advantageous surface
reactivity. Additionally, due to their small size and ability to cross membrane barriers, NPs may form free radicals
that have the ability to destroy infectious pathogen.”> Additionally, NPs may accumulate in tissues, providing cysts in
host tissues with a powerful platform.”® Antimicrobial metal NPes such as silver and gold are of relevance for this
purpose,'>*” anti-parasitic** as well as other bioactivities and specific suppression of certain enzyme activities. Thus, the
adaptability of metal NPs makes them an attractive option for future examination as anti-parasitic drugs, particularly
against toxoplasmosis.*®

Based on this knowledge and the documented antimicrobial and immune-modulating effect of selenium, we
hypothesize that SeNPs could be a potent agent to combat 7. gondii infections. In the present study, SeNPs and
Phoenix dactylifera loaded on SeNPs were screened in a mouse model infected with 7. gondii. The therapeutic efficacy

provided by the different designs against the chronic strain of 7. gondii in a mouse model were evaluated.

Materials and Methods

It is a prospective analytical comparative study. The experimental animals were managed in accordance with the
guidelines of the Declaration of Helsinki after approval by the Research and Ethics Committee of the Faculty of
Medicine for girls in Al Azhar University (FMG-IRB), number 202107933. Animal care followed the National
Institute of Health (NIH) Guide for care and use of laboratory animals.

Animals

Sixty-four female mice (six to eight weeks old) weighing 20-25 g were supplied by Schistosome Biological Supply
Center (Theodor Bilharz Research Institute (TBRI)). They were maintained in conditioned rooms (24+2°C) in a good-
ventilated plastic cage, freely access to ad libitum (water and food). The investigation was carried out at the TBRI at
Parasitology Department.

Animal Infection

Me49 strain of T. gondii was obtained from TBRI's animal house. It was regularly maintained by repeated oral
inoculation through an esophageal tube of Swiss albino mouse with 100 uL of brain homogenate of formerly infected
mice containing ~1x10? tissue cysts/mouse every 8 weeks.?’

Drugs

Spiramycin (3 M.I.U) as a positive control drug was manufactured and provided by Pharaonia Pharmaceuticals, Egypt in
the form of 1.5 mg tablet that was crushed and dissolved in one mL distilled water. It was given orally to mice (dose
200 mg/kg/body weight/mouse daily) for 7 consequent days.'*

The Date Fruits (P. dactylifera) Preparation

The date palm (P. dactylifera) was identified and gathered from Saudi Arabian fields. In the date and palm center at
Jeddah University in Saudi Arabia, all the date samples were taken in the edible stage and recognized by specialists and
taxonomists. Specimens were then placed in the herbarium of the same institution. The powder was divided into
a methanolic and aqueous extract.
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Following a thorough washing to remove any clinging debris, 500 g of samples were dried by air before being further
dried in a 60 °C air oven. To create date palm fruit powder, the dried date palm fruits were broken into small pieces and
put through a heavy-duty grinder with 1-2 mm screens. This powder was then stored at —20°C until needed. 100 mL of
boiling distilled water was used to soak 500 g of date fruit powder overnight. To get the first extract, fruit powder was
boiled in distilled water at a temperature between 80 and 100°C. After the extract had reached room temperature, it was
filtered. According to,’® the extract was then lyophilized and stored at —20°C until future usage. Powdered fruits (500gm)
were extracted for methanolic extracts by soaking them in methanol 98% (10L) six times at room temperature, followed
by a further extraction using methanol. The extract was collected and then condensed to dryness using a rotary evaporator
at 45°C under vacuum and decreased pressure to produce the dried methanol extract,®' which was maintained at 4°C until
further studies.

Preparation of SeNPs

With a few changes, the modified method of Li et al, (2010),>> was used to create and characterize SeNPs. Sodium
selenite and ascorbic acid were generated by reacting them in a 1:3 sodium selenite to ascorbic acid ratio from a stock
solution. Dropwise additions of ascorbic acid were made during a 30-min period with magnetic stirring at 600 rpm at
room temperature. The mixture then allowed to interact with one another in concentrated form until a color shift from
colorless to orange was seen. After the color shift is visible, the mixture was diluted to a dextrin solution concentration of
20 mL, and finally a further 10 min stirring.

Characterization of SeNPs
SeNPs average size (Z-average) besides polydispersity index (PDI) were evaluated using Zetasizer Nano ZS analyzer
(Malvern Instruments, Malvern, UK) and evaluated by dynamic light scattering (DLS) technique.

SeNPs surface charge, being expressed as zeta potential (ZP) which detects the vesicles’ electrophoretic mobility in
an electric field, was estimated in the same apparatus besides the same dilution in DW.

Morphology of SeNPs was conceived on transmission electron microscope (TEM) (JEOL JEM-2100, Tokyo,
Japan). After adequate dilution with DW besides sonication, the carbon-coated copper grid was evenly covered with
SeNPs dispersion, air-dried at room temperature and finally examined at 160 kV. Digital Micrograph (V 2.11.1404.0)
and Soft Imaging Spectator software were utilized to complete the image capture, analysis process, besides particle
sizing.

Study Design

Sixty-four female mice were split into eight different groups. GI: normal control; GII: positive control; GIII: infected and
treated with Spiramycin (Spirex treated); GIV: infected and treated with SeNPs (SeNPs treated); GV: infected and treated
with aqueous extract of P. dactylifera (P-Aque treated); GVI: infected and treated with methanolic extract of
P. dactylifera (P-Meth treated); GVII: infected and treated with aqueous extract of P. dactylifera loaded on SeNPs
(P-Aque with SeNPs treated); GVIII: infected and treated with methanolic extract of P. dactylifera loaded on SeNPs
(P-Meth with SeNPs treated).

The Effect of Herbal Extracts on T. gondii Infection in vivo
Serum was collected for blood tests and biochemical changes. Brains were collected for parasitological, histological, and
immunohistochemical assay.

Parasitological Examination

The sacrificed-mice brains were homogenized individually in one mL saline and sieved. The tissue cysts number/mouse
brain was counted in brain homogenate (10 uL) utilizing light microscopy %40 objective. The 3 counts average was
multiplied by 100 to get the tissue cysts number per one mL of brain suspension.”’ In each group, the cysts number
mean/brain was estimated.
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Serum Preparation

After the animals’ scarification, with and without the use of an anticoagulant, serum samples were collected in sterile
vacuum tubes (EDTA). After centrifuging the blood at 3000 rpm for 20 min at 4°C, the serum was collected and kept
at —20°C.

Immunological Analysis for IL-4, IL-10, and IFN-y

Quantitative sandwich enzyme immunoassay measurements of IL-4, IL-10 and IFN-y, using enzyme-linked immuno-
sorbent assay (ELISA) kits designed for mice (Cat. No: MBS0430070, MBS704754 48T and MBS2500105 96T/48T/24T
respectively), following the procedure supplied with each kit. A reader for ELISA that can measure absorbance at 450

nm.*?

Histological Section Assay

Different groups’ samples of brain tissue were initially fixed in buffered formalin at a 10% (v/v) concentration before
being processed to become paraffin blocks. Hematoxylin and eosin (H & E) stains were used to stain tissue, which were
cut into sections of around 5-m thickness.>* The stained sections were then examined by light microscopy.

Immunohistochemical Staining and Analysis

This was performed according to the procedures and recommendations of the manufacturer. Antigen retrieved after
treating brain tissue slices with hydrogen peroxide (H,O,, 0.3%) for 15 min to inactivate endogenous peroxidase. After
that, the slices were incubated with the anti-Ibal antibody (ab108539 - Abcam - 1:100) overnight at 4°C, then washed
with PBS, incubated with the secondary antibody labelled with horseradish peroxidase (HRP) (DAKO EnVision kit) for
20 min. After PBS washing, the slices were incubated with diaminobenzidine tetrahydrochloride (DAB) for 10 min.
Finally, tissue slices underwent dehydration and xylene cleaning before being counter-stained with hematoxylin, then
examined under a light microscope.

Immunohistochemical Quantitative Analysis

Leica Application system modules for histological analysis (Leica Microsystems GmbH, Wetzlar, Germany), was used.>”
Each immunostained tissue slice was scanned, segmented, and processed to determine the average positive area
percentage of IbA-1++ reactive microglia in the cerebral cortices.

Iba-1 immunohistochemistry staining was performed on cortical brain tissue slices from frozen mouse brains. Eight
thick sections were fixed with pre-cooled absolute methanol for 20 min and then blocked for 1 h at room temperature
with 5% BSA and 0.3% Triton X-100 in PBS. The sections were treated overnight at 4°C with Iba-1-specific primary
antibodies, rinsed with PBS, and incubated for 1 h at room temperature with Alexa Fluor® 488 donkey anti-goat IgG (H
+L) to localize Iba-1. The paraffin was removed, and the sections were boiled in 10 mM citrate buffer (Lab Vision), pH
6.0, for 4 min to remove the antigen masking. Non-specific binding sites were treated with 10% natural goat serum for 60
min after treatment with 15% H,O, for 10 min. Then came a series of PBS washes. In addition to the primary antibodies,
polyclonal rabbit anti-human Ib2a (DAKO, Glostrup, Denmark), we also used HRP-linked antibodies against rabbit
immunoglobulin (each diluted 1:2000). Semi-quantitative assessment-of immunoreactive cells from each brain. Light
microscopy with a grading system of 0 = no cells, 1 = few cells (low densities), and 2 = numerous cells (high densities),
were used to examine the brain slices.*®

Statistical Analysis

The independent samples #-test was used to evaluate the data, indicates that there is a significant difference between each
treatment group and the control group. This data was examined using SPSS 16.0 for Windows (SPSS Inc.). Depending on
the results of the One-Way ANOVA test, the p-value compared across groups is substantially different. Based on a post
hoc test, the p-value is substantially different across the groups (Tukey HSD). Initial p-values of less than 0.05 and less
than 0.01 are both significant.
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Table | SeNPs Size
Distr./nm | Mean/nm | Amount | Freq.
30-325 31.25 2 12.50%
35-375 36.25 2 12.50%
37.540 38.75 2 12.50%
40425 41.25 4 25.00%
42.5-45 43.75 2 12.50%
50-52.5 51.25 2 12.50%
Results

Characterization of SeNPs

The mean size of SeNPs was 31-51 nm, and it is noted that the size of the most frequent particles ranges between 40—

42.5 nm (Table 1).

The values of Z-average, PDI, and ZP of SeNPs were found to be 65.18 nm, 0.293, and —22.0 mV, respectively.
Imaging of the freshly prepared delicate NLPs dispersions were obtained using an ultra-high resolution electron

microscope of the JEOL TEM microscope. Such images depicted the spherical morphology of the SeNPs with no

aggregation observed (Figure 1).

Parasitological Results

Parasitological results (Table 2) showed that the number of Toxoplasma cysts in 0.01 gram of mice brain were
significantly reduced in GIII, GV, GVI, VII and GVIII in comparison to GII with efficacy of 70%, 60%, 65%, 71%,

and 83% respectively.
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Table 2 ME49 T. gondii Strain Brain Cysts Count in Different Groups

GlIl Infected Treated Groups
Gllil GIvV GV GVI GVvil GVl
Mean £ SE 4374269 | 131.842.2 | 416+22.7 | 1754+10.3 | 154+3.7 | 125.8434 | 72.8+5.7
Efficacy (%) - 70% 5% 60% 65% 71% 83%
p-value * 0.001 0.001 0.6 0.001 0.001 0.001 0.001
ANOVA (F-test) p-value ® = 0.001
Post-Hoc test | GlI - 0.001 0.9 0.001 0.001 0.001 0.001
Tukey HSD
c Glll - - 0.001 0.3 0.9 | 0.08
p-value
GIV - - - 0.001 0.001 0.001 0.001
GV - - - - 0.9 0.2 0.001
GVI - - - - - 0.8 0.001
GVl - - - - - - 0.2

Notes: ME49 T. gondii strain brain cysts count, is represented as Mean + SE, While the % of Efficacy is calculated depending on the
following low % of Efficacy = [(Mean count in infected untreated control group — Mean count in experimental group) / Mean count in
infected untreated control group] x 100. a, Independent samples t test: p-value is significantly different comparing each treated group
with the control; b, One Way ANOVA test: p-value is significantly different comparing between groups; ¢, Tukey HSD: p-value is
significantly different comparing between groups.

Histopathological Results

Histopathological sections of the cerebral cortex of GII (infected non treated) showed obvious alterations compared with
normal control group, the molecular layer of the cerebral cortex showed 7. gondii cysts embedded in the tissue and
massive deformed neurons surrounded by haloes. The external granular layer of the cerebral cortex of GIII (Spiramycin
treated) showed few granule cells with mild intracellular vacuolation and edema associated with proliferation of glia cells
and few neuropils appeared vacuolated. While, aqueous and methanolic extracts of P. dactylifera loaded on SeNPs
treated groups showed improvement that indicated by few perivascular cuffing with few inflammatory cell infiltrations.
Also, few granule cells with mild intracellular vacuolation and edema few deformed neurons with deep pyknotic nuclei
were noticed. Most of the neurons appear with normal with central vesicular nucleus and few deformed neurons with
deep pyknotic nuclei (Figure 2).

Immunological Results

The levels of IL-4, IL-10 and INF-y were assessed in serum of all mice groups where GVIII mice exhibited lowest levels
of detectable serum cytokines followed by GVII, whereas GII mice exhibited highest production of both cytokines
(Table 3 and Figure 3).

Immunohistochemical Results
Normal control (GI) has low expression of Ibal level, while GII and GIV revealed an increased expression of Ibal level.
The remaining treated groups revealed reduced expression of Ibal level (Table 4, Figures 4 and 5).

Discussion

The apicomplexan parasite 7. gondii causes toxoplasmosis, which is often asymptomatic. Until now, it can be severe and
even fatal in immunocompromised people and fetuses. There is a tremendous incentive to discover innovative therapies
because there are not many therapy choices currently available. T. gondii is highly resistant to a variety of inhibitors, even
those that patients use the most frequently.>” Moreover, the development of drug-resistant parasite results in clinical
failure from prolonged medication therapy.*® Adversely, the high cost and limited availability of drugs for treatment of
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Figure 2 (A) A section of Gll showed the molecular layer (M) with deformed neurons surrounded by haloes (dot arrow). The external granular layer (GI) showed granule
cells with deeply stained pyknotic nuclei (red arrow). In the external pyramidal layer (Pl), deformed neurons with deeply stained nuclei, surrounded by haloes (yellow arrow)
are seen. Neuropil appears vacuolated (n) and dilated blood vessels (v) with wide perivascular spaces (H & E, x20). (B) The molecular layer (M) of the cerebral cortex in Gll
shows T. gondii cysts (black arrow) embedded in the tissue and massive deformed neurons surrounded by haloes (dot arrow). The external granular layer (G1) shows granule
cells with deeply stained pyknotic nuclei (red arrow) (H & E, x400). (C) A section of Glll showed the external granular layer with few granule cells with mild intracellular
vacuolation and edema (red arrow) associated with proliferation of glia cells (curved arrow). Few neuropils appear vacuolated (n) (H & E, x40). (D) A section of GIV showed
perivascular cuffing with marked inflammatory cell infiltration (*) and marked deformed neurons with deep pyknotic nuclei (yellow arrow) (H & E, x20). (E) Higher
magnification showed most of the neurons appear deformed surrounded by haloes (red arrow) and neuropil appears vacuolated (n) (H & E, x40). (F) A section of GV
showed few granule cells with mild intracellular vacuolation, edema (red arrow) and few deformed neurons with deep pyknotic nuclei (yellow arrow). Notice neuropil
appears vacuolated (n) (H & E, x40). (G) A section of GVI showed few perivascular cuffing with few inflammatory cell infiltration (¥). Few granule cells with mild intracellular
vacuolation and edema (red arrow) few deformed neurons with deep pyknotic nuclei (yellow arrow). Notice neuropil appears vacuolated, and few deformed neurons in the
internal granular layer surrounded by haloes (bifid arrow) are seen (H & E, x20). (H) A section of GVII with the frontal lobe of cerebral cortex showed perivascular cuffing
with marked inflammatory cell infiltration (*) and nearly return of the lamellar pattern. Few neuropils appeared vacuolated (n). Molecular (M), external granular (Gl),
external pyramidal (P1), internal granular (G2), internal pyramidal (P2), and polymorphic layer (PL), which is the deepest layer (H & E, x10). (I) Higher magnification of the
previous section showing perivascular cuffing with marked inflammatory cell infiltration (*). Marked granule cells with deep pyknotic nuclei and marked vacuolation (red
arrow) in the external granular layer (G1), and (thick red arrow) in the internal granular layer (G2) associated with proliferation of glia cells (curved arrow) in all layers. In the
external pyramidal layer (P1), deformed neurons with deeply stained nuclei, surrounded by haloes (yellow arrow) are observed. Similarly (dot arrow) in the molecular layer
(M). Notice vacuolated neuropil (n). (H & E, x20). (J) A section of GVIII showed few perivascular cuffing with few inflammatory cell infiltration (*). Few granule cells with mild
intracellular vacuolation and edema (red arrow) few deformed neurons with deep pyknotic nuclei (yellow arrow). Notice neuropil appears vacuolated (H & E, x20). (K)
Higher magnification of the previous section showed most of the neurons appear with normal with central vesicular nucleus (black arrow) and few deformed neurons with
deep pyknotic nuclei and marked vacuolation (red arrow) (H & E, x40).
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Table 3 Serum Level of IL-4, IL-10, and INF-y of Different Groups

Group IL-4 Pg/mL (Mean % SD) IL-10 Pg/mL (Mean % SD) INF-y Pg/imL (Mean £ SD)
Gl 14.05+0.52* 9.94+0.68* 6.81£0.27*
Gl 28.71%1.94° 48.62%1.34° 33.37+0.68°
Glil 14.78+1.327¢ 25.0741.58° 22.4840.64°
GIV 21.00%1.57¢ 39.48+2.01¢ 31.54+0.68¢
GV 16.81£1.30¢ 34.84+0.61° 39.2540.92°
GVI 23.27%1.62° 45.31%0.90° 42.14%0.83
GVII 10.671.03° 25.25%0.98° 23.60%0.64°
GVl 7.110.778 14.30£0.638 18.41£0.678
Significance F=192.2 F=969.7 F=189.0
(ANOVA test) p-value <0.001 p-value <0.001 p-value <0.001

Notes: NB. The values with same superscript letter *8 in a column are not significantly different (p>0.05), while the values with different
superscript letters % are significantly different (p<0.05). According to that, all groups are significantly different.

Toxoplasma, particularly in developing nations, results in a rise in the prescription of conventional drugs. Using in vivo
and in vitro assays, researchers have recently started to systematically examine the effectiveness of herbal medicines and
their mechanisms of action. Both conditions have been utilized in several studies.*

Although normal metabolic processes continuously produce free radicals, their rate of generation rises during some
parasitic diseases. Hence, the transition of Toxoplasma between its tachyzoite and bradyzoite stages is accompanied by
morphological and molecular biological variations, such as changes in host metabolism and the expression of stage-
specific antigens.*® Chemicals that alter redox status can decrease parasite viability and, as a result, have potential as anti-
Toxoplasma medications. On the other hand, host cells may suffer certain negative effects from the oxidative stress
brought on by the activation of the inflammatory response. In this regard, the prospective utilization of natural
antioxidants as potential cutting-edge anti-Toxoplasma treatments is worthwhile to examine. Animal research and
in vitro results are encouraging. However, it was shown that supplementing with specific antioxidants encouraged
a rise in parasitism, and the disease took a milder course as a result. Without a doubt, research in this field may have
a big impact on how to treat toxoplasmosis in the future.*' It was reported that medical plants’ demonstrated anti-
Toxoplasma effects, including survival rates, reduced cell damage, parasite loads, and burdens of brain cysts.** Because
they have fewer side effects, are more readily available, and are more widely accepted by society than the chemical drugs
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Figure 3 Serum level of IL-4, IL-10, and INF-y of different groups.
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Table 4 The Area Percent of
Immunohistochemical Expression of
Ibal in Brain Tissues of the Studied

Groups
Groups | Mean £ SD ANOVA
test
Gl 2.1 £0.2 p-value 0.001
Gl 11.5+04
Glill 78+02
GIV 9+0.2
GV 7.1 £0.1
GVI 7+0.1
GVIl 6.7+02
GVl 59 +0.1

currently in use, natural compounds would help researchers develop new and more effective therapeutic applications for
toxoplasmosis. Authors also stated that type I (RH strain) tachyzoite was the most frequently used strain to assess the
effects of medicinal herbs.

Several studies indicated that endogenous and dietary antioxidants both demonstrated a key role as preventative
agents through the neutralization of the reactive oxygen species (ROS), and that P. dactylifera fruits employed in the
management of diseases actively promote the role of ROS in cancer.***® The effectiveness of plant phenolic chemicals,
particularly flavonoids, as antioxidants with documented antimutagenic and anticarcinogenic activities was subsequently
demonstrated.*” In addition, flavonoids have a wide range of desirable qualities, including antibacterial, antiparasitic,
antifungal, antiviral, antiapoptotic and anti-inflammatory activity.**>°

The concentration of components is significantly affected by the extraction technique. The primary hydrophobic
component of plant root extracts is alkamides, and ethanol extraction increases alkamide concentrations while retaining
the more hydrophilic polysaccharides in aqueous extracts.”’ Alcoholic and aqueous extracts were employed more
frequently than other kinds of extracts.*?

The black seed oil from Nigella sativa was able to considerably protect mice infected with the ME49 Toxoplasma
strain against death and brain cyst loads as compared to the infected untreated animals.’> The presence of various
phenolics and alkaloids in this plant may be responsible for its antiprotozoal properties. Also, Zingiber officinale (ginger)
was employed as a natural remedy.’® The primary antioxidant components in ginger are its volatile oil, phenolic
derivatives (zingerone), and oleoresin (gingerols and shogaols). In vitro and in vivo tests were conducted to assess the
antiparasitic activity of ginger root extract against 7. gondii.>* The researchers demonstrated that anti-Toxoplasma effects
are due to inactivation of apoptotic proteins in infected host cells.

The cerebral cortex of GII (infected non-treated) was examined using histological sections, which revealed notable
differences from the normal control group. The molecular layer of the cerebral cortex revealed embedded 7. gondii cysts
as well as massively damaged neurons surrounded by haloes. Also, the exterior granular layer of the GIII (Spiramycin
treated) cerebral cortex revealed few granule cells with minor intracellular vacuolation and edema linked to glia cell
growth, and few neuropils seemed vacuolated. Although P. dactylifera aqueous and methanolic extracts put on SeNPs
treated groups demonstrated improvement as evidenced by a reduction in perivascular cuffing and inflammatory cell
infiltration. Moreover, a few malformed neurons with deeply pyknotic nuclei and a few granule cells with minor internal
vacuolation and edema.
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Figure 4 Immunohistochemical expression of Ibal in the brain of mice. (A) Gl (normal control) have low expression of Ibal. (B) Gll and (C) GIV revealed an increase in
Ibal level. (D-H) represent the remaining treated groups, which revealed reduced expression in Ibal level.

Our findings are consistent with Alajmi et al (2019),' who examined the anti-Toxoplasma effects of silver
nanoparticles (AgNPs) synthesized in combination with extracts of natural plants (P. dactylifera and Ziziphus spina-
christi) as a substitute for conventional sulfadiazine drug therapy and demonstrated distinct alterations of histological
examinations in the infected compared with untreated control groups. On the other hand, pretreatment with NPs
improved the histological traits represented by minimal pleomorphism, reduced hepatocyte degradation, and mild
infiltration and fibrosis.

Additionally, the findings of the current study are consistent with GabAllah et al (2021),>> who demonstrated that the
inflammatory responses of the brain, liver, and spleen tissues were reduced in the AuNPs-treated group in comparison to
the Spiramycin-treated group and the non-treated mice with statistically significant decreases in the mean cyst count and
size in the brain, liver.
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Figure 5 The area percent of immunohistochemical expression of Ibal in brain tissues of the studied groups.

Previous study found varying degrees of perivascular and interstitial inflammatory infiltrates, astrocytosis, degenerat-

ing neurons, and meningitis.>®

Microglia and occasional encysted bradyzoites were observed pathologically.
Parenchymal infiltrates of inflammatory cells, primarily lymphocytes, were found to be mild, moderate, and intense
and to progress with time. The majority of Toxoplasma cysts in infected mouse brains were found in the cortex and
striatum regions, which were segregated from perivascular and intra-parenchymal inflammation and far from areas of
inflammation. On the other hand, the brains of the infected mice displayed generalized inflammation and perivascular
cuffing, lesions with vascular dilatation, congestion, and lymphocytes concentrated around small blood vessels.

Wang et al (2019) found that infected mice’s brain sections revealed varying degrees of perivascular and interstitial
inflammatory infiltrates, astrocytosis, degenerating neurons, and meningitis, as well as mild parenchymal infiltrates of
inflammatory cells that grew more severe over time with a focus on lymphocytes as the main inflammatory cell type.’’
The majority of Toxoplasma cysts in infected mouse brains were found in the cortex and striatum regions, which were
segregated from perivascular and intra-parenchymal inflammation and far from areas of inflammation. On the other hand,
the brains of the infected mice displayed generalized inflammation and perivascular cuffing, lesions with vascular
dilatation, congestion, and lymphocytes concentrated around small blood vessels.

The brain parenchyma has historically been thought of as an immune privileged organ due to the absence of
a traditional lymphatic system that drains the CNS antigens, the close capillary junctions of the BBB that limit immune
cell entry, and the astrocyte end-feet systems that connect the cells to the outside of capillary walls.”® As a result,
microglia are more crucial to the host’s defense than other cell types like astrocytes.”

The primary immune cells or resident macrophages in CNS are microglia generated from the monocyte/macrophage
lineage.®® Toxoplasma parasite prefers neurons over local glial cells, where bradyzoites encysted in CNS and creates
a latent or persistent infection.®’ Using primary cells from murine and human fetal brains, a study found that as
Toxoplasma infection progressed, astrocytes and microglia were able to successfully reduce the multiplication and the
proliferation of the parasite, while bradyzoite were found in parasitophorous vacuoles in neuronal cells.®?

There is some debate regarding certain brain cells’ capacity to contract cysts and catch infections, although it is

generally agreed that neurons are the most important host cell,®***

infection of microglia and astrocytes can also
contribute to the development of tissue cysts.®> According to studies on the neurochemistry of chronic toxoplasmosis,

the parasite alters the amounts, precursors, and metabolites of neurotransmitters.®® The injection of Toxoplasma rhoptries
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effector proteins into both parasite-invaded and uninvaded cells are one of the potential ways for influencing neuronal
activity.®” T. gondii therefore has complete control over not just the cells it infects, but also the surrounding cells.®®

In addition, T gondii -infected microglial cells can regulate aminobutyric acid levels to alter neuronal activity in
addition to inducing hypermigration to aid parasite dispersion in the brain parenchyma.®

According to previous studies, aberrant inflammatory processes and higher levels of microglial activation are present
in patients with depression. These factors may be important in the pathophysiology of depression.’””" The morphology,
phenotype, and function of microglia are considerably altered by parenchymal injury, degeneration, or infection,”
changing from ramified to amoeboid forms and exhibiting greater expression levels of the particular microglial marker
Iba-1."

Due to the fact that prior research has shown that after 5 days of infection with the RH strain of T. gondii, the brain’s
cortical tissue exhibits a severe inflammatory infiltration and an infiltration of pseudocysts populated by tachyzoites.”*
Therefore, limiting 7. gondii development in microglia is a more urgent concern than limiting growth in other brain
cells.”

We further studied the status of microglia cells (expression of Iba-1) and the content of inflammatory cytokines (IL-4,
IL-10 and INF-y) in serum of all mice groups and found that GVIII mice exhibited lowest levels of detectable serum
cytokines followed by GVII, whereas GII mice exhibited highest production of both cytokines. While expression of Iba-1
was higher in GII and lowest level in GVIII followed by GVII.

In agreement with Alajmi et al (2019)," the results showed significant increase for the effect of AgNPS on hepatic
TNF-o and IFN-y in the level of the untreated infected group while showing a significant decrease in sulfadiazine groups
compared with the control group. But this further was inhibited in AgNPs groups. Moreover, AgNPs in combination with
extracts of natural plants (P. dactylifera L and Z. spina-christi) were more effective than the sulfadiazine groups.

Our findings are in line with those of Hwang et al (2018),”® who demonstrated that acute 7. gondii infection similarly
boosted the expression of pro-inflammatory cytokines (IFN- and TNF-), in addition to Iba-1, in microglia. Intriguingly,
a more recent study found that 7 gondii can activate microglia to induce neuronal death in an in vitro co-culture of
microglia and neurons.”” Treatment with sertraline, a microglia inhibitor, was able to undo this change and lessen the
neuronal damage that 7oxoplasma-infected animals experienced in their cortex and hippocampus. The increased micro-
glial activation, neuronal injury, and inflammatory reactions brought on by acute toxoplasmosis are thought to be
mitigated by sertraline.

The combination of numerous medicinal compounds in the plant extracts (like amino acids, polysaccharides, proteins,
alkaloids, phenolics, enzymes and vitamins) affect the reduction and stabilization of silver ions.”” In line with that, our
study showed that plant extracts loaded on SeNPs revealed better results than NPs alone. Plant extracts can be employed
in the production of metallic nanomaterials in addition to microbiological species.’®

Conclusions

Our data reported the anti-toxoplasmosis effect of P. dactylifera fruits extracts loaded on SeNPs that could be due to its
immunomodulatory and anti-inflammatory effects against 7. gondii. However, future research is needed to detect the
effective phyto-constituents of P. dactylifera fruits and its potential therapeutic capacities on various parasitic infections.
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