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INTRODUCTION                                                                 

The protozoan parasite T. gondii is the cause of 
toxoplasmosis, a very common illness that affects 
many people globally. There are numerous routes via 
which this zoonosis is spread, rendering it of great 
medical and veterinary significance[1]. It is estimated 
that the parasite infects over two billion people 
worldwide. The prevalence of the illness varies 
depending on location, weather, dietary habits, past 
cat ownership, levels of education, and sanitation 
standards. Contaminated food or water is the main 
cause of human infection[2,3].

Although toxoplasmosis typically causes only 
mild illness in healthy individuals, it poses a 
significant risk of death to immunocompromised 
patients due to reactivation in the CNS[4]. Nearly 
30% of people have toxoplasmosis, which can be 
fatal for immunocompromised individuals. The most 
associated condition with toxoplasmosis is HIV/
AIDS[5]. 

For years, there has been hardly any change in 
the treatment of individuals with toxoplasmosis. For 
treatment of symptomatic toxoplasmosis, prescribed 
combinations of pyrimethamine and sulfadiazine 
in addition to folinic acid, or pyrimethamine with 
lincosamide or macrolide antimicrobial agents, 
are prescribed. Despite significant side effects, 
the folate pathway-targeting combination therapy 
of pyrimethamine and sulphadiazine is still the 
gold standard for treating acute toxoplasmosis[5,6]. 
Pregnant women typically receive Spiramycin 
medication to prevent the spread of T. gondii 
through the placenta. While Spiramycin is safe for 
the treatment of infected mothers, it is ineffective 
in treating infected children. The prescribed 
medications prevent T. gondii from replicating, but 
there may be several serious side effects. Spiramycin 
has a low blood-brain barrier penetration efficacy 
and low bioavailability. Therefore, a combination of 
pyrimethamine and sulphadiazine, clindamycin and 
atovaquone, or clindamycin and pyrimethamine is 
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ABSTRACT
Background: Since current therapies for toxoplasmosis are only effective against tachyzoites in acute 
infections, and the occurrence of drug resistance, researches are directed to use natural products in the 
treatment of chronic toxoplasmosis. 
Objective: To investigate the potential efficacy of metal-organic framework (MOF) loaded coconut oil 
(CO) and ginger oil (GO) nanoparticles (NPs) in the treatment of chronic murine toxoplasmosis. 
Material and Methods: Ninety laboratory bred Swiss Albino mice were divided into 8 groups (10 mice 
each); GI (negative control), GII (infected control), GIII-GVIII (infected with Me49 strain of T. gondii 
and treated with MOFs-NPs, Spiramycin, Spiramycin loaded on MOFs-NPs, CO-MOF-NPs, GO-MOF-NPs, 
and CO+GO-MOFs-NPs, respectively). Parameters used for evaluation included brain cyst count, tissue 
pathology, and CD8+ infiltration of the liver. 
Results: A statistically significant difference was observed in the number of brain cysts between all 
infected groups receiving treatment, and GII; and GV showed the lowest count of brain cysts with a 60.8% 
reduction. Histopathological examination showed that loading CO and GO separately or combined with 
MOFs-NPs significantly restored the normal architecture of all examined tissues, i.e., brain, eye, liver, and 
kidney. Using immunohistochemical (IHC) staining, high-density CD8+ infiltration was recorded in the 
liver section of both GI and GII. While GIII, GIV, and GVI displayed low-density CD8+ infiltration, GV, GVII, 
and GVIII showed intermediate-density. 
Conclusion: Loading on MOFs-NPs, CO, and GO offered promising phytotherapy against chronic 
toxoplasmosis.
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used to treat Toxoplasma encephalitis. When these 
drug combinations are used over extended periods, 
serious side effects may occur[7]. Furthermore, it was 
demonstrated that ciprofloxacin was effective against 
acute toxoplasmosis and that loading it on silver 
nanoparticles increased its efficiency[8]. However, it 
has been demonstrated that ciprofloxacin increases 
the risk of foetal malformations, abortion, and preterm 
infants[9,10]. Furthermore, medications do not affect the 
parasite's tissue cysts, which are mostly found in the 
muscles and brain. Therefore, it is imperative to create 
new medications and "gold standard" treatments[6].

Coconut palm plantations was used for centuries in 
African nations as a natural medicinal therapy. Using 
a coconut leaf extract, amyloid-β1–42 aggregation and 
paralysis were decreased in C. elegans[11]. Leaf extract 
of coconut plant was reported to have antiparasitic 
activity against P. falciparum[12]. It was demonstrated 
that CO significantly inhibits Cryptosporidium spp., 
and it may also be able to decrease the frequency of 
oncogenic changes in chronic cryptosporidiosis[13,14].

Zingiberaceae is a perpetual herb that includes Z. 
officinale, a strong aromatic spice used worldwide[15,16]. 
Considerable anti-helminthic actions were recorded 
against H. nana[17], hydatid cysts either in vitro or in 
vivo[18], and T. canis[19]. Besides, it exhibits an anti-
protozoal impact on T. brucei brucei[20], G. lamblia[21], 
Blastocystis spp.[22], and Babesia[23]. 

Nanoparticles (NPs) are categorized differently 
depending on their traits, forms, or dimensions; among 
them are metal, ceramic, and polymeric. Due to their 
minute size, vast surface area, and unique structure, 
NPs have special physical and chemical characteristics 
suitable for a range of domestic and commercial 
applications[24]. On the other hand, MOFs are a subclass 
of remarkably porous substances in which the metal 
or organic linker can be easily changed to modify the 
drug-loading potential[25]. It was reported that MOFs 
were utilized as therapeutic agents against bacteria, 
systems for administering drugs, pharmaceutical 
substances, phototherapies, nanozymes, and the 
creation of sensors for assays that identify certain 
infections[26]. A novel, experimental structure known as 

nano-curcumin@MOFs was utilized for the treatment 
of chronic infection with T. gondii[27].

In light of the prior layout, this study evaluated 
the efficacy of CO and GO loaded MOFs-NPs for the 
treatment of mice with chronic toxoplasmosis using 
parasitological, histopathological, and IHC parameters. 

MATERIAL AND METHODS                                                                 

This experimental case-control study was conducted 
at the National Research Centre (NRC) during the 
period from December 2022 to December 2023.

Study design: Mice were infected with Me49 non-
virulent strain of T. gondii. At 8 wpi, different animal 
groups were treated with MOFs-NPs, Spiramycin, 
Spiramycin loaded MOFs-NPs, CO loaded MOFs-NPs, 
GO loaded MOFs-NPs, and CO combined with GO loaded 
MOFs-NPs. Parasitological, histopathological, and 
immunohistochemical studies were performed.

Animals: The NRC's animal house was the source 
for 90 male laboratory bred Swiss albino mice. When 
the mice were 45 d, i.e., 20-25 gm, every 10 mice 
were kept in a plastic cage. The cages were provided 
with the following accommodation conditions: white 
wood chips for bedding; a commercial complete food 
mixture; tap water; 12 h light alternate with 12 h dark; 
and temperature of 25±2oC. The stools of the mice 
under study were examined to exclude any parasitic 
infection[28].

Animal groups: Table (1) describes the study groups.

Parasite and experimental infection: Every eight 
weeks, mice in the study were given 0.1 ml of ground 
homogenous brain tissue having approximately 10 
cysts from formerly infected mice through a gastric 
tube. This was performed to repeatedly maintain the 
Me49 non-virulent strain of T. gondii and cause chronic 
toxoplasmosis. Cerebral tissues of mice brains were 
pulverized by a sterile pestle and mortars, and the 
resulting suspension of cerebral cysts was obtained by 
diluting the mixture with saline to a concentration of 

Table 1. Study groups.

Group number
(10 mice each)

Infection 
status

Treatment
Drug Dose Reference

GI 
GII 
GIII
GIV
GV
GVI
GVII
GVIII

Not infected
Infected
Infected
Infected
Infected
Infected
Infected
Infected

Not treated
Not treated
MOFs-NPs *
Spiramycin *
Spiramycin loaded MOFs-NPs (SL-MOFs-NPs) *
CO-loaded MOFs-NPs *
GO-loaded MOFs-NPs *
CO + GO-loaded MOFs-NPs *

100 mg/kg/day
100 mg/kg/ day

A
0.2 mg/kg/day
20 mg/kg/day

B

[29]

[30]

[14]

[31]

GI: Negative control; GII: Positive control; GIII-GVIII: Infected, treated with (GIII: MOF-NPs; GIV: Spiramycin; GV: SL-MOFs-NPs; GVI: 
CO-MOF-NPs; GVII: GO-MOFs-NPs; GVIII: CO+GO-MOF-NPs); *: The beginning of drug administration was at 8 wpi for 2 w by gavage 
using an oesophageal tube[32]; A: GV gets the same dose as GIV and GIII; B: GVIII gets the same doses as GVI and GVII.
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100 cysts/ml by a hemocytometer[33]. The discovery 
of T. gondii brain cysts in a Giemsa-stained cerebral 
tissue homogenate two months after infection proved 
that infection was established.

Spiramycin® (Spirex 3 M.I.U): It was purchased 
from Medical Union Pharmaceuticals as film-coated 
tablets. The tablets were ground, and the daily dosage 
of Spiramycin for each mouse was determined to be 
100 mg/kg. The tablets were then diluted in 100 μl of 
saline and administered orally for two w, beginning 
at 8 wpi[30]. 

Preparation of CO and GO: We bought mature 
coconuts (Cocos nucifera L.) from a store in the 
Egyptian province of Giza. To obtain a concentrated 
water extract, coconuts were dehusked and cracked 
manually. The extract was then precisely filtered 
using a membrane filter and then concentrated by 
a rotary evaporator (Rotatory evaporator, Buchi, 
Switzerland) with pressure application[14]. We bought 
dried Z. officinale rhizomes from a nearby herbal store 
in Cairo, Egypt. For the extraction procedure, the 
plant samples were pulverized in an electric mill to a 
fine powder. The plant extraction procedure: 500 gm 
of dried Z. officinale were steeped in 85% methanol 
for a week, filtered many times through Whatman 
No. 1 filter paper, and then concentrated using a 
Buchi rotatory evaporator at 4000C to eliminate all 
methanol[31].

Preparation of NH2-MIL-125 NPs: To create NH2-
MIL-125, 1 ml (3.38 mmol) of titanium isopropoxide 
and 1 g (5.5 mmol) of 2-amino terephthalic acid were 
dissolved in a room-temperature combination of 
dimethylformamide (DMF) and methanol (2:1 v/v). 
After obtaining the slurry, it was sealed and baked 
for 20 h at 150°C. Eventually, a pale yellow substance 
was acquired. After filtering off the product and 
washing it with DMF to get rid of the organic ligand 
that hadn't reacted, it was rinsed with methanol once 
more to replace DMF[34,35].

Drug loading: To load the medication onto NH2-
MIL-125 nanoparticles, 100 ml of ethanol was 
used to dissolve coconut and ginger at various 
concentrations (100–1000 ppm). A magnetic stirrer 
set at 600 rpm was used to mix medication solutions 
containing 1 g of NH2-MIL-125 nanoparticles for 90 
min at room temperature. The solution was left for 
the entire night, then centrifuged for five minutes 
at 5,000 rpm. The precipitate and supernatant were 
separated. By comparing the concentration of ginger 
and coconut in the solution before and after drug 
loading, the amount of loaded drug was ascertained. 
The following formula was used to determine the 
proportion of medication loading: Drug loading 
percentage = [(A-B)/A] ×100, where A and B stand 
for the start and end drug concentrations of the drug 
solution[36,37].

Characterization of MOFs: X-ray diffraction (XRD) 
patterns were performed to demonstrate the phase 
purity and crystallinity of the produced materials 
(using an X'Pert MPD Philips diffractometer; Cu 
Kα was the monochromated material). Using a 
transmission electron microscope and a scanning 
electron microscope (SEM: Hitachi SU-70, JP), the 
nanostructure morphology of MOFs was examined[38]. 

Parasitological examination: After 10 wpi, the 
scarification of all mice was done by euthanasia using 
the behead technique[39]. Every removed brain was 
split lengthwise into 2 parts. One of the 2 parts was 
preserved in 10% formalin for histological analysis 
followed by staining with haematoxylin and eosin 
(H&E) and the other was used for parasitological 
counting of brain cysts. The latter was homogenized 
in sterile saline solution. Subsequently, 50 ul of 
cerebral tissue homogenate was allowed to air dry, 
fixed with methanol, stained for 30 min with 10% 
Giemsa stain, washed with water, and left to dry at 
room temperature. Coverslips were affixed using a 
DPX mounting solution. Ultimately, the cysts were 
counted using a compound microscope. The total 
count of cysts in every brain was calculated, and the 
mean for different groups was estimated[40,41]. Count 
of cerebral cysts/ml = Number of cysts in 50 ul (0.05 
ml)/0.05. Count of cerebral cysts in the entire brain = 
cysts /ml x volume of brain homogenate x 2.

Histopathological examination: At 10 wpi, all 
animals were sacrificed, and the cerebral, ocular, 
hepatic, and renal tissue were excised and kept 
in a 10% buffered formalin solution before being 
sectioned. In the NRC pathology laboratory, sectioned 
paraffin wax blocks were used for tissue embedding, 
and the pathological alterations and effects of 
different drugs on the infected animals were assessed 
by staining them with H&E[42].

Immunohistochemical examination: Paraffin slices 
were applied on positively charged slides using the 
avidin-biotin-peroxidase complex (ABC) method. 
After sections from each group were subjected to 
mouse CD4+ monoclonal antibody (Elabscience, Cat# 
E-AB-22098, Dil.: 1:100) and mouse CD8+ monoclonal 
antibody (Elabscience, Cat# PA5036, Dil.: 1:50), the 
reagents needed for the ABC technique were added 
(Vectastain ABC-HRP kit, Vector laboratories). 
Markers were produced, labelled, and colored with 
peroxidase, and diaminobenzidine (DAB, Sigma), 
respectively to identify antigen-antibody complexes. 
As a negative control, non-immune serum was 
utilized rather than primary or secondary antibodies. 
Slices stained with IHC were examined by an Olympus 
microscope (BX-53)[43,44].

Statistical analysis: Data analysis was performed by 
ANOVA and the Post hoc Tukey test. The significance 
was considered if P<0.05.
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Ethical consideration: The experiment was carried 
out in compliance with the NRC's Animal Research 
Committee institutional norms, using protocol 
authorization number 147910221.

RESULTS                                                                 

Characterization of MOFs-NPs: NH2-MIL-125 is 
a yellow powder, that shows peaks at 6.7, 9.7, 11.6, 
15.2, 16.6, 17.9, 19.5, 21.5, 22.6, and 25.3 aligned to 
a great extent with the simulated PXRD patterns of 
MIL-125 (Fig. 1). The SEM photos of NH2-MIL-125 
before and after loading are shown in (Fig. 2). They 
can be demonstrated through the SEM photos of NH2-
MIL-125 before and after loading the dispersed drug 
on the external surface of NH2-MIL-125. Significantly, 
there are no nanoparticles visible in NH2-MIL-125 after 
loading that is different from the initial NH2-MIL-125 
material, demonstrating that the insertion of the drug 
hasn’t affected the NH2-MIL-125 morphology and the 
interaction between the drug and NH2-MIL-125 can be 
established through chemical bonding.

Drug loading: The competency for drug loading 
of NH2-MIL-125 was evaluated. It is related to the 
concentration of the drug and the ratio of NH2-MIL-125 
NPs. The drug loading capacity rose with the elevation 
in these parameters. It rose to reach a plateau at a 
special value (Fig. 3a). The loading amount in Qm was 
equal to 271.2 mg/g with 100 ppm drug concentration 
and stirring at different times. A direct relation between 
time and drug loading was noted. The greatest drug 
loading was reported at 90 min (Fig. 3b).

Brain cyst count: Statistically significant differences 
were recorded (P<0.001) between the different 
infected treated groups and GII. The lowest number of 
cerebral cysts was noted in GV (infected, treated with 
SL-MOFs-NPs) with a statistically significant difference 
(P<0.001) from other study groups. GIV is second to 
GV with a reduction of brain cyst count by (56.4%) 
followed by GVI, GVIII, GVII, and lastly GIII respectively 
(Table 2).

Fig. 1. X-ray diffraction patterns of NH2-MIL-125 before 
and after loading.

NH2-MIL-125 before loading

NH2-MIL-125 After loading

5           10           15        20          25         30          35         40          45         50
2 Theta degree

(a)                                                                 (b)

Fig. 2. Micrographs for NH2-MIL-125; (a) before loading 
with the drug, (b) after loading with the drug.

Fig. 3. The balance between the various drug concentrations 
and the loading dose (a). Impact of contact time (b).
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Table 2. Differentiation between the animal groups for the count of brain cysts.

Animal group
(n=10)

Brain cysts count
Mean±SD Reduction % Statistical analysis@

GII
GIII
GIV 
GV 
GVI 
GVII
GVIII

738.5 ± 31.86
461.9 ± 24.04a

322.3 ± 14.11ab

289.7 ± 11.63abc

325.2 ± 11.00abd

540.3 ± 20.34abcde

389.1 ± 18.30abcdef

26.8%
56.4%
60.8%
56.0%
37.5%
47.3%

F = 633.3
P <0.001*

GII: Positive control; GIII-GVIII: Infected, treated with (GIII: MOF-NPs; GIV: Spiramycin; GV: SL-MOFs-NPs; GVI: CO-MOF-NPs; GVII: 
GO-MOFs-NPs; GVIII: CO+GO-MOF-NPs); a: Significant versus GII, b: Significant versus GIII, c: Significant versus GIV, d: Significant 
versus GV, e: Significant versus GVI, f: Significant versus GVII. @: ANOVA test with post-hoc Tukey HSD test. F: F value of ANOVA 
test, *: Significant (P<0.001).
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Histopathological examination
Brain sections: GI showed normal architecture of 
the brain (Fig. 4A). GII, GIII, GIV, GV, and GVII showed 
necrosis in the neurons with vacuolar degeneration 
in the cytoplasm and pyknosis of nuclei (Fig. 4B, 4C, 
4D, 4E1,2, and 4G) respectively. Axonal degeneration 
was noted in GIII, and GVII, focal gliosis in GIV, and 
prevascular edema in GV. GVI showed nearly normal 
appearance of brain tissue, except for mild apoptosis, 
and nuclear pyknosis (Fig. 4F). GVIII showed nearly 
normal appearance of cerebral tissue, except for few 
vacuoles in the cytoplasm, mild apoptosis in few cells, 
and pyknosis of nuclei (Fig. 4H).

Eye sections: GI displayed normal architecture of the 
ocular tissue (Fig. 5A), and GII-GVIII displayed the 
disruption of photoreceptor cells and the invasion of 
mononuclear inflammatory cells into the vitreous (Fig. 
5B-5H). The pathologic picture was more prominent in 
GII and milder in the other study groups.

Liver sections: GI showed normal liver tissue structure 
(Fig. 6A). GII showed eosinophilic cytoplasm, necrotic 
regions linked to focal invasion of mononuclear 
cells, profoundly pyknotic nuclei with dilated blood 
sinusoids, and slight Kupffer cell reactivity (Fig. 6B). 
GIII showed minimal degenerations and Kupffer cell 
activation, with sinusoidal enlargement (Fig. 6C). 
GIV displayed pyknotic nuclei, degeneration, minor 
necrosis, inflammatory cell invasion, sinusoidal 
expansion, and mild Kupffer cell reactivity (Fig. 6D). 
GV revealed hepatocytes with pyknosis of their nuclei 
and localized infiltration of mononuclear inflammatory 
cells between them (Fig. 6E). GVI and GVII showed 
ameliorative effects with sinusoids expansion, and 
minimal Kupffer cells activity (Fig. 6F, G). GVIII showed 
more or less similar to normal architecture with few 
changes like necrosis, sinusoidal expansion, and mild 
Kupffer cell activity with nuclei pyknosis (Fig. 6H).

Kidney sections: GI displayed a picture of normal 
kidney tissue (Fig. 7A). GII, GIII, and GV revealed 

localized invasion of mononuclear inflammatory cells 
among the renal tubules (Fig. 7B, C, E). In addition, 
GII displayed an enlargement of urinary space and 
congested peritubular blood vessels (Fig. 7B), GIII and 
GVI displayed necrosis in many renal tubules with 
nuclear pyknosis in the epithelium of the renal tubules 
(Fig. 7C, F), GIV showed degeneration, pyknosis in 
the epithelium of renal tubules (Fig. 7D), GV revealed 
an enlargement of urinary space and congested 
peritubular blood vessels with nuclear pyknosis in the 
epithelium of the renal tubules (Fig. 7E), GVII as well as 
GVIII revealed improvement of renal tissue pathology 
with minimal necrosis and nuclear pyknosis of the 
renal tubular epithelium (Fig. 7G, H).

Immunohistochemical examination of liver tissues: 
High-density CD8+ infiltration was noted in GI and GII, 
intermediate-density in GV and GVII, and low-density 
CD8+ infiltration in GIII, GIV, and GVI (Fig. 8 A-H).

Fig. 5. Histopathologic examination of eye sections (H&E) 
from different groups. (A): GI shows normal  architecture 
of the eye tissue; (B): GII shows severe disruption of 
photoreceptor cells (D) and the invasion of mononuclear 
inflammatory cells into the vitreous (I); (C-H): GIII-GVIII 
show milder disruption of photoreceptor cells (D) and the 
invasion of mononuclear inflammatory cells into the vitreous 
(I). (A-E and G: X40, F and H: X100).

  (A)                                       (B)                                                 (C)

(D)                                        (E)                                                  (F)

(G)                                        (H)

Fig. 4. Histopathologic examination (H&E) of brain sections from 
different groups. (A): GI shows normal architecture of the cerebral 
tissue; (B): GII shows necrosis in the neurons with vacuolar 
degeneration in the cytoplasm (V) and pyknosis of nuclei (P); (C): 
GIII shows necrosis in the neurons with vacuolar degeneration in the 
cytoplasm (V) and pyknosis of nuclei (P) with evident degeneration 
of neuronal axons (A); (D): GIV shows focal gliosis (G) and necrosis 
in the neurons with vacuolar degeneration in the cytoplasm (V) 
and pyknosis of nuclei (P); (E1 and E2): GV shows necrosis in 
the neurons with vacuolar degeneration in the cytoplasm (V) and 
pyknosis of nuclei (P) with evident prevascular edema (E); (F): GVI 
shows a nearly normal appearance of brain tissue, except for a few 
apoptosis (A), and nuclear pyknosis (P); (G): GVII shows necrosis 
in the neurons with vacuolar degeneration in the cytoplasm (V) and 
pyknosis of nuclei (P) with evident degeneration of neuronal axons 
(A); (H): GVIII shows a nearly normal appearance of cerebral tissue, 
except for mild vacuolation in the cytoplasm (V), few apoptosis of 
neuronal axons (A), and nuclear pyknosis (P). (A-H: X100).

  (A)                                       (B)                                               (C)

(D)                                        (E1)                                             (E2)

(F)                                        (G)                                                (H)
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Fig. 6. Histopathologic examination of liver sections (H&E) 
from different groups. (A): GI shows normal  liver tissue 
structure; (B): GII shows eosinophilic cytoplasm, necrotic 
regions (arrowhead) linked to focal invasion of mononuclear 
cells (arrow), profoundly pyknotic nuclei with dilated blood 
sinusoids (S), and slight Kupffer cell reactivity (K); (C): GIII 
shows minimal degenerations and Kupffer cell activation (K), 
with sinusoidal enlargement (S); (D): GIV displays nuclear 
pyknosis (P), degeneration, minor necrosis (arrowhead), 
inflammatory cell invasion, sinusoidal expansion, and mild 
Kupffer cell reactivity (K); (E): GV reveals hepatocytes with 
pyknosis of their nuclei (red arrow) and local invasion of 
mononuclear inflammatory cells between them (black arrow); 
(F,G): GVI and GVII show remarkable improvement with 
sinusoid expansion (S), and minimal Kupffer cells activity (K); 
(H): GVIII show more or less similar to normal architecture with 
few changes like necrosis (arrowhead), sinusoidal expansion, 
and mild Kupffer cell activity (K) with nuclei pyknosis (P). (A-
H: X100).

Fig. 8. IHC results for liver sections of different study groups 
(IHC- peroxidase-DAB). High-density CD8+ infiltration was 
noted in GI and GII, intermediate-density in GV and GVII and 
low-density in GIII, GIV, and GVI. (A-H: X400).

DISCUSSION                                                                 

Drugs currently used for the treatment of 
toxoplasmosis either have several negative adverse 
reactions or are useless when the disease is in its 
chronic stage[45]. In the present study, CO and GO 
were used against murine toxoplasmosis. Medicinal 
plants were successfully examined against coccidian 
parasites. Coconut oil[13,14], Verbena officinalis[46], wheat 
germ oil[47,48], and Asafoetida[49] were successfully 
investigated against C. parvum. Several studies reported 

that various botanical extracts revealed therapeutic 
activities against toxoplasmosis like N. sativa[32], Z. 
officinale[50], and F. asafetida[51].

In  this  study, the antiparasitic effects of various drugs 
and medicinal plants were evaluated by quantifying 
cerebral cysts of T. gondii. Our results are consistent 
with a study that revealed a considerable ability of T. 
gondii to infect the brains of man and other vertebrates  
with the establishment of latent infection[52]. There 
were statistically significant variations (P<0.001) 
regarding the number of cerebral cysts between the 
infected groups that received different remedies and 
the positive control group. Moreover, GV revealed 
the lowest number of cerebral cysts with a significant 
difference (P<0.001) from other groups with a 60.8% 
reduction compared to GIII (positive control). Group 
IV is second to GV with reduction of brain cyst count 
by (56.4%) followed by groups GVI, GVIII, GVII, and 
lastly GIII in which the percentages of reduction of 
brain cysts were 56%, 47.3%, 37.5%, and 26.8%, 
respectively. Our results are also comparable with El 
Naggar et al.[53] who recorded the highest percentage of 
cerebral cyst reduction (53.6%) in GV (infected treated 

  (A)                                    (B)                                            (C)

(D)                                     (E)                                             (F)

(G)                                     (H)

 (A)                                        (B)                                             (C)

(D)                                         (E)                                              (F)

(G)                                          (H)

 (A)                                    (B)                                            (C)

(D)                                     (E)                                            (F)

(G)                                    (H)

Fig. 7. Histopathologic  examination  of kidney sections 
(H&E) from different groups. (A): GI shows normal 
architecture of the renal tissue with glomerulus (G), urinary 
space (US), and tubules (T); (B): GII shows localized invasion 
of mononuclear inflammatory cells among the renal tubules 
(star), enlargement of urinary space (red arrow), and 
congested peritubular blood vessels (black arrow); (C): GIII 
shows localized invasion of mononuclear inflammatory cells 
among the renal tubules (star) necrosis in the epithelium 
of many renal tubules (red arrow) with nuclear pyknosis 
(black arrow); (D): GIV shows degeneration (arrowhead), 
and pyknosis (P) in the epithelium of renal tubules; (E): 
GV shows localized invasion of mononuclear inflammatory 
cells among the renal tubules (black arrow), enlargement 
of urinary space (red arrow), and congested peritubular 
blood vessels (star) with nuclear pyknosis (green arrow) in 
the epithelium of the renal tubule; (F): GVI shows necrosis 
and nuclear pyknosis in the epithelium of the renal tubules; 
(G,H): GVII, and GVIII show improvement of renal tissue 
pathology with minimal necrosis (arrowhead) and nuclear 
pyknosis (P) of the renal tubular epithelium. (A-H: H&E 
X100).
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with honeybee venom (BV)-MOF-NPs, followed by 
the infected groups treated with [GVIII (Ciprofloxacin 
alone), GIX (ciprofloxacin- MOF-NPs), GVII (Spiramycin- 
MOF-NPs), GIV (BV alone), GVI (Spiramycin-MOFs-
NPs) and lastly GIII (MOF-NPs alone)] in which the 
percentages of reduction of brain cysts were (50.4%, 
50%, 49.6%, 49%, 48.5%, and 22.8%), respectively. 
EL-Ashkar et al.[54] found that the group treated with 
Spiramycin-metronidazole had fewer brain cysts 
compared to the infected control group. 

Moreover, this aligns with Mohammad et al.[32] who 
found statistically significant differences (P<0.001) 
between the study groups and the positive control 
group. The study groups receiving N. sativa oil 
(NSO) treatment after loading on copper-benzene 
tricarboxylic acid metal-organic frameworks (NSO@
Cu-BTC MOF) had the lowest brain cyst count. 
This group was followed by a group treated with a 
combination of NSO and wheat germ oil (WGO) loaded 
on Cu-BTC MOF (WGO+NSO@Cu-BTC MOF) and then 
WGO@Cu-BTC MOF, which resulted in a significant 
decrease in the burden of cerebral cysts (64.3%, 51.4%, 
and 49.5%, respectively). Moderate percentages of the 
decline of cerebral cyst count were noted in the groups 
that received Spiramycin separately and after loading 
on Cu-BTC-MOF (42.4%, 41.8%, respectively). The 
group that received Cu-BTC-MOF alone showed the 
least reduction percentage (24.4%) among the infected 
groups. Our study followed the same time regimen 
for drug application in addition to the scarification of 
animals. Infection was established by the ME49 strain 
of T. gondii, then treatment by Spiramycin separately 
and after loading on Cu-BTC MOF in a dose of 200 mg/
kg body weight/day that is double the dose used to 
treat GIV and GV in this experiment. This may indicate 
more efficiency of NH2-MIL-125 when loaded with 
Spiramycin than Cu- BTC MOF. This aligns also with 
Karimi et al.[55] who proved the lethal impact of ginger 
extract-based silver NPs on T. gondii and their induction 
of apoptosis. Our results could be supported by El-Kady 
et al.[50] who showed that administering ginger extract 
to T. gondii-infected mice brains dramatically decreased 
the number of cysts present, markedly reduced oedema 
and inflammation, and reversed neuronal damage. 
Additionally, the administration of ginger extract 
lowered lung and liver inflammation and shielded 
hepatocytes from infection-related deterioration. 

In our experiment, testing the cerebral, 
hepatic, renal, and eye tissues of mice with chronic 
toxoplasmosis showed evident effect of CO and GO 
when loaded alone on MOFs-NPs or in combination. 
They notably decreased fibrous tissue accumulation, 
tissue damage, and inflammatory responses. Ginger 
was proved to have protective properties for the liver, a 
stimulatory effect on the immune system with cytotoxic 
activities, a defensive impact against oxidative stress, 
with antagonizing effects against oncogenic and 
inflammatory processes[56]. This is in congruence with 

a study demonstrating the coconut palm's (C. nucifera) 
significant alleviation of the inflammatory response[57]. 
When CO was previously tested in immunosuppressed 
chronically infected mice with cryptosporidiosis, the 
pathological changes were dramatically improved with 
the preservation of the intestinal villous pattern. The 
CO-treated group also showed very mild villous core 
inflammation, which appeared to be greater than the 
healing effect of nitazoxanide[13].

Furthermore, IHC assessment of hepatic tissue 
showed high-density CD8+ infiltration in GI and GII. The 
same pattern of infiltration was also noted near the T. 
gondii cerebral cysts[53,58]. Many studies highlighted the 
significance of CD8+ T-cells in combating Toxoplasma 
cyst formation in different issues[59]. It is worth 
mentioning that maintaining the function of CD8+ 

T-cells is crucial for reducing the chronic prevalence 
of parasites[60]. Moreover, GIII showed low-density 
CD8+ T-cell infiltration. This aligns with El Naggar et 
al.[53] who reported a low density of CD8+ T-cells when 
MOF-NPs were used alone. This may elucidate the poor 
activity of MOF-NPs as an immunostimulant. Besides, 
GIV as well as GV showed low and intermediate-density 
CD8+ infiltration. This aligned with Almurshidi et al[51] 
who recorded a reduction of both CD4+ and CD8+ 
T-cells in the cerebral tissues of chronically infected 
mice treated with a combination of Spiramycin and 
Ferula asafetida. GVII and GVIII showed intermediate 
expression while GVI showed low expression of CD8+ 
T-cells. These results are supported by a study that 
proved the immunostimulant activity of ginger[64]. Also, 
CO was recorded to stimulate cytotoxic responses[61].

In conclusion, CO and GO are promising 
phytotherapies against chronic toxoplasmosis. When 
loaded on MOF-NPs, they exhibit significant effects 
against chronic murine toxoplasmosis in the form of 
reduction of tissue cysts numbers, and improvement of 
tissue inflammation, degeneration, and fibrosis. Future 
studies are recommended to identify their optimum 
dose, and mechanism of action.
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