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INTRODUCTION                                                                 

Toxoplasmosis is a worldwide infection caused 
by T. gondii, which is an obligate intracellular 
protozoan[1]. Although most cases of toxoplasmosis 
are asymptomatic or mild in immunocompetent 
individuals, infection could be life-threatening in 
immunocompromised conditions, such as HIV, 
cancer, and organ transplantation, i.e., receiving 
immunosuppressive drugs[2]. Reactivation of 
latent infection could progress to lethal diseases, 
e.g., encephalitis, pneumonitis, and myocarditis[3]. 
Besides, toxoplasmosis during pregnancy can cause 
abortion, stillbirths, and dangerous neonatal and 
fetal complications. Among them, encephalitis, 
pneumonitis, chorioretinitis, epilepsy, psychomotor 
or mental retardation were the most reported[1]. 

Toxoplasmosis is treated with commercial 
medications; however, these have serious side 
effects if administered for long durations, are poorly 
tolerated, and cannot go beyond biological barriers[3]. 
Th reported mechanism of action is inhibition of 
folate metabolism, with subsequent arrest of DNA 
synthesis[4]. Unfortunately, available therapeutics 
have limited activity against encysted bradyzoites[5]. 
The first-line treatment is the combination of 
pyrimethamine-sulfadiazine and folinic acid to 
avoid hematological damage. In patients allergic to 
sulfa medications, or intolerance to pyrimethamine, 
trimethoprim-sulfamethoxazole offered a satisfactory 
alternative[6]. On the other hand, atovaquone or 
azithromycin are also therapeutic alternatives; 
however, their use accounted for some clinical 
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ABSTRACT
Background: Nowadays, interest in the use of herbs for medical purposes is increasing. The most 
frequently used chemotherapeutics for treating chronic toxoplasmosis showed a variety of side effects. 
Therefore, it is crucial to discover new alternative therapy from natural products.
Objective: To evaluate the in vivo effect of Eugenia caryophyllata aqueous extract alone or combined with 
Spiramycin© against chronic toxoplasmosis.
Material and Methods: The study utilized 50 mice, equally divided into five groups. They included the 
normal control group (GI), infected control group (GII), Spiramycin©-treated group (GIII), E. caryophyllata-
treated group (GIV), and Spiramycin© combined with E. caryophyllata treated group (GV). Treatment 
started six weeks after the infection and continued for 15 d. Parameters used for evaluation included 
parasitological, and histopathological assessments. As well, an immunohistochemical study was conducted 
to measure expression levels of tumor growth factor-β (TGFβ), inducible nitric oxide synthase (iNOS), and 
phosphorylated signal transducer and activator of transcription 1 (pSTAT-1). Interleukins 10 and 12 (IL-
10, IL-12), and liver enzymes (ALT and AST) were also measured. 
Results: Brain cyst counts significantly decreased in all treated groups. Combined treatment was better 
than Spiramycin© alone. Mice receiving E. caryophyllata alone or combined with Spiramycin© showed 
improvement in the histopathological changes in all examined tissues, with decreased expression levels 
of TGFβ, iNOS, and pSTAT-1. Additionally, there was an increase in IL-12 level in the combined treatment 
group, and a decrease in the IL-10 level. Moreover, combined treatment reduced the high levels of liver 
enzymes (ALT and AST).
Conclusion: E. caryophyllata extract exhibited promising potential in vivo activity against chronic 
toxoplasmosis. 
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conditions[7]. Spiramycin©, a macrolide antibiotic, is 
the first choice for treating acute toxoplasmosis. It is 
less risky and can reach high levels in the placenta. 
Despite its great tissue diffusion, it has low blood-brain 
barrier penetration and does not achieve effective 
concentrations in brain tissue[5]. 

As a result, there is an urgent need for the 
development of novel, effective, and safe medications 
with less toxicity[4]. Since herbal extracts contain 
a variety of bioactive components, they are now 
potential resources for developing novel drugs, i.e., 
possible alternatives for many synthetic drugs[8]. 
Notably, herbs utilize flavonoids, alkaloids, saponins, 
tannins, quinones and phenolic compounds to defend 
against microbial activities[9]. Multiple natural products 
were assessed for their efficacy against toxoplasmosis. 
Cuminum cyminum (L.) seed oil[10], and Azadirachta 
indica (Neem) extract[11] proved to be useful as a 
natural safe therapy for acute toxoplasmosis. Coconut 
and ginger oils also exhibited promising therapeutic 
efficacy against chronic toxoplasmosis[12]. 

For ages, E. caryophyllata, or cloves were used in 
folk medicine due to their antioxidant properties[13], 
anesthetic, antiseptic, antiviral, antibacterial, 
and antifungal potential activities[14]. Besides, its 
extract displayed anti-parasitic properties against 
Trypanosoma spp.[15,16], and T. spiralis[17]. Moreover, it 
was reported to decrease hepatic fibrosis potentiating 
the role of eugenol compound constituent in cloves, 
as a promising anti-S. mansoni agent[18]. Cloves 
supplementation also decreased gastrointestinal 
egg shedding of several nematodes in sheep such as 
H. contortus as well as species of Trichostrongylus, 
Ostertagia, and Cooperia[19].

Various cytokines  were associated with host 
immune response against toxoplasmosis. In fact, 
TGF-β promotes immune reactions against T. gondii 
by activating Th17 and eliminating toxoplasmosis. 
However, its beneficial  effects are limited to T. 
gondii pre-infection. Research suggests that TGF-β 
could inhibit the immune system's response to T. 
gondii after infection, worsening the pathogenesis of 
toxoplasmosis[20]. Nitric oxide (NO), a pro-inflammatory 
agent produced by the enzyme iNOS, is released by 
macrophage cells. It increases the permeability of 
vessels, and triggers macrophages to produce different 
pro-inflammatory cytokines and mediators[21]. Besides, 
IFN-γ-STAT-1 signaling is required to activate anti-T. 
gondii programs by monocyte-derived cells, such as NO 
and antigen presentation molecules for T cell activation 
and IFN-γ production[22]. Finally, IL-12 is a key cytokine 
for the generation of IFN-γ-producing natural killer 
(NK) cells as well as the CD4 and CD8 T cells, which are 
critical for adaptive immunity against parasites[23]. 

Accordingly, the current investigation was designed 
to assess the therapeutic efficacy of E. caryophyllata 

aqueous extract alone and in combination with 
Spiramycin© against chronic toxoplasmosis in an 
animal model. 

MATERIAL AND METHODS                                                                 

This experimental case-control study was conducted 
at the Medical Parasitology Department, National 
Liver Institute (NLI), Menoufia University, Shebin El-
Kom, and Theodor Bilharz Research Institute (TBRI), 
Giza, Egypt during the period from September 2021 to 
January 2022.

Study design: Mice were divided into five groups 
to evaluate  the potential efficacy of E. caryophyllata 
aqueous extract in comparison to Spiramycin©. 
Treatment started 6 w post-infection (pi), and continued 
for 15 d. Mice were sacrificed at 60 dpi, and blood 
samples were collected from each mouse. Parameters 
used for evaluation included parasitological, 
histopathological studies, and measurement of ILs 
10 and 12 levels. Drug toxicity was also evaluated by 
measuring liver function enzymes.

Sample size calculation: Using G power, a confidence 
interval of 95% and a power of 80%[24], the sample size 
was calculated = nine rats in each group to be increased 
to ten rats in each group.

Experimental animals: Fifty laboratory-bred 
pathogen-free Swiss female albino mice 6–8 w 
weighing ~20±2 g, were obtained from TBRI, Giza, 
Egypt. Mice were housed under standard conditions 
with a controlled room temperature of 25oC, a humidity 
of 70%, a 12-hour light and 12-hour dark cycle, free 
access to water, and a rodent diet in accordance. 

Toxoplasma strain and maintenance: The ME49 T. 
gondii strain was kindly obtained from TBRI. To sustain 
the infection, mice were administered every 8 w 100 
µl of brain suspension containing ~100 cysts obtained 
from previously infected animals via an esophageal 
tube[25]. 

Drugs, extract preparation and doses: Spiramycin© 
tablets were purchased from Pharo Pharma in Egypt. 
After six weeks of infection, Spiramycin© pills were 
fragmented and diluted in distilled water to form a 
suspension, which was then delivered orally at a dosage 
of 200 mg/kg for 15 d[26]. Clove buds were purchased 
from a nearby herbal store in Shebin El-Kom, Egypt. 
They were separately reduced to coarse forms using a 
mortar and pestle and slowly evaporated to dryness in 
a hot water bath (100oC) to prepare an aqueous extract 
with a concentration of 50 mg/ml. The extract was 
given at a dose of 200 mg/kg orally for 14 d[15]. Fresh 
drug solutions were prepared every day.

Determination of the active ingredients for 
E. caryophyllata extract: A spectrophotometer 
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(LaboMed Metertek sP850) was used to measure the 
concentrations of alkaloids[27], tannins[27,28], phenols[29], 
and falvonoids[30]. All concentrations were expressed 
as mg/100 g extract. 

Experimental groups: The experimental mice were 
divided into five groups as follows: normal control 
(GI), infected control (GII), infected and treated 
with Spiramycin© (GIII), infected and treated with 
E. caryophyllata aqueous extract (GIV), infected and 
treated with combined therapy (GV).

Mice infection: Each mouse was inoculated by oral 
gavage with 100 µl of brain suspension containing 
~100 cysts[25].

Mice sacrifice and samples collection: The 
experiment was terminated at 60 dpi. All mice 
surviving the infection period and treatment were 
anaesthetized with chloroform. Mice were sacrificed 
by cervical dislocation, and the brain was dissected to 
count Toxoplasma cysts, and for immunocytochemical 
staining. Besides, brain, liver, lungs, and spleen were 
used for histopathological examination. Blood samples 
were collected, and sera were separated and kept at 
-20oC to measure IL-10, and IL-12, and evaluate drug 
toxicity by measurement of liver function enzymes. 

Mortality rate: Mice were checked twice daily, and the 
mortality rate was recorded for each group.

Brain cysts count: At necropsy of each mouse, brains 
cysts were counted by a light microscope[31].

Histopathological study: Parts of the brains and 
different organs from all studied groups were fixed 
in neutral buffered formalin (10%) and processed 
into blocks. Serial sections of five µm thickness were 
cut, then stained with H&E[32]. Representative images 
were taken using an Olympus microscope CX41 and an 
Olympus camera DP26 in Shinjuku, Tokyo, Japan.

Immunohistochemical (IHC) study: Immunostaining 
was performed using the streptavidin-biotin-amplified 
technique[33]. Sections of 5 µm thickness from mouse 
brain tissue in all groups were cut and processed. 
Slides were stained for TGF-β (Santa Cruz, Texas, 
USA), the inducible form of iNOS (Santa Cruz, Texas, 
USA), and pSTAT-1 (ABclonal, Woburn, USA). Each 
run contained a negative control that did not contain 
the main antibody. A positive control (as preferred 
per the antibody's datasheet) was included in each 
run. The data of IHC were evaluated using a semi-
quantitative visual technique. Coding the slides helped 
to reduce unintentional bias. The expression of TGF-β 
was regarded as positive when cytoplasmic staining 
was observed in any number of cells[34]. The positive 
expression of iNOS was evaluated when cytoplasmic 
staining was observed in any number of cells[35]. The 

positive expression of pSTAT-1 was regarded when 
nuclear or cytoplasmic staining was observed in any set 
of cells[36]. The histoscore (H-score) system was used 
as a common method of assessment of all the studied 
markers. The H-score was assessed by calculating 
the percentage of cells at each staining intensity 
level. A final score was assigned using the following 
formula: [(1 X (% of cells with mild staining) + 2 X (% 
of cells with moderate staining) + 3 X (% of cells with 
strong staining)]. Then a final score of 0 to 300 was 
assigned[35,36].

Cytokines’ analysis: According to Engvall[37], IL-
10 (Abcam ab100697-Mouse ELISA Kits) and IL-12 
(Abcam ab171179-IL-12 p40 Mouse ELISA Kits) were 
measured in serum samples from mice by ELISA. 
The values of IL-10 and IL-12 in serum samples were 
measured and expressed as pg/ml using the BioTeK 
ELx808 ELISA reader at the Clinical and Molecular 
Parasitology laboratory, National Liver Institute. 

Biochemical study: For the assessment of drug 
toxicity, hepatic enzymes [aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT)] activities in 
the serum were determined using an automated Cobas 
C 502 (Roche, Switzerland) at the Clinical Pathology 
laboratory, National Liver Institute. The enzyme 
activity was represented as IU/l.

Statistical analysis: The acquired data was tabulated 
and analyzed using the statistical software IBM SPSS 
Statistics for Windows, Version 23 (Armonk, NY: 
IBM Crop). Descriptive statistics were reported using 
percentage (%), mean, and standard deviation (SD). 
An analysis of variance (ANOVA) test was performed 
to compare the means of continuous quantitative 
parametric parameters. Results with a P<0.05 were 
regarded as statistically significant.

Ethical considerations: The scientific research ethics 
committee authorized the procedures, National Liver 
Institute (NLI), Menoufia University, with IRB NO. 
0003413. The animal experiment was conducted 
according to the criteria and principles of the Institute 
of Laboratory Animal Resources Commission (ILARC) 
for treating and utilizing laboratory animals.

 RESULTS                                                                 

Active ingredients in E. caryophyllata extract: The 
concentrations (mg/100 g) of the active ingredients 
of E. caryophyllata extract were 581.8, 339.3, 10.7, and 
49.6 for alkaloids, tannins, phenols and flavonoids, 
respectively.

Mortality rate: The present study recorded a 10% 
mortality rate in in the infected non-treated group (GII) 
and 0% in all treated groups. 
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Cyst count: Brain cyst count was significantly reduced 
in all treated groups (P<0.001). The highest reduction 

in brain cyst count was found in GV, followed by GIII 
(Table 1). 

Fig. 2. a) Liver tissue of GI showing normal parenchyma (H&E, 
100x). PT: Portal tract, CV: Central vein. b-f) Liver tissue from 
infected mice stained with H&E showing b) GII: marked portal tract 
inflammation (lymphocytes, plasma cells, and eosinophils) (box); 
c) GII: degenerated T. gondii cyst within the hepatic parenchyma 
(circles); d) GIII: mild portal tract inflammation (lymphocytes, 
and eosinophils) (arrows); e) GIV: mild/moderate portal tract 
inflammation (lymphocytes and eosinophils) (arrows); f) GV: mild 
portal tract inflammation (lymphocytes, and eosinophils) (arrows). 
[b, d, e, f (100x), c (200x)].

Table 1. Comparison between cysts counts in brain tissues among the different studied groups.

Study groups Brain cyst count (Mean±SD) ANOVA text P value POST HOC test
GII (n=9)
GIII (n=10)
GIV (n=10)
GV (n=10)

34.6 ± 3.17
9.8 ± 1.54
17.6 ± 1.71
7.4 ± 1.07

525.036 <0.001*
P5<0.001*
P6<0.001*
P7<0.001*

P8<0.001*, P9=0.005*, P10<0.001*
GII: Positive control; GIII: Spiramycin© therapy; GIV: E. caryophyllata extract therapy; GV: Combined therapy; P5: GII vs GIII; P6: GII 
vs GIV; P7: GII vs GV; P8: GIII vs GIV; P9: GIII vs GV; P10: GIV vs GV. *: Significant (P<0.05).

Histopathological results
•	Brain: The present study recorded marked meningeal 

inflammation, perivascular hypertrophy, and gliosis 
in the brain tissue of GII with lymphocyte infiltration. 
The degree of inflammation decreased in GV, GIII, and 
GIV (Fig. 1). 

•	Liver: Stained sections showed marked portal 
inflammation, central venous necrosis, and vascular 
congestion with infiltration of lymphocytes and 
eosinophils in the liver tissues of GII. Compared to 
GII, GV and GIII demonstrated marked improvement 
in liver tissue pathology, followed by GIV (Fig. 2).

•	Spleen: There was marked white pulp atrophy 
and congestion of red pulp with megakaryocyte 
infiltration in the spleen of GII. The degree of white 
pulp atrophy and red pulp congestion improved in all 
treated groups, especially GV (Fig. 3).

•	Lung: There was marked peri bronchial inflammation 
with lymphocytes, macrophages, and eosinophils 
infiltration and alveolar occlusion by inflammatory 
cells and hemorrhage in lung tissues of GII. GV and 
GIII significantly ameliorated inflammation and 
hemorrhage, followed by GIV (Fig. 4).

Fig. 1. a) Brain homogenate from mice of GII showing T. gondii  cysts (black arrows) (Giemsa stain, ×40). b) Brain tissue from mice 
of GI with normal histology (100x). c-g) Brain tissue from infected mice stained with H&E showing c) GII: abnormal prominent 
vasculature and congestion (black arrows); d) GII: perivascular inflammation with infiltration of inflammatory cells (black arrows) 
around blood vessels; e) GIII: mild perivascular inflammation (arrows), and mild gliosis with abnormal glial cells; f) GIV: moderate 
meningeal irritation, inflammation (arrows) and gliosis; g) GV: mild vascular hypertrophy, and mild gliosis (arrows). [c, d (200x), e, 
f, g (100x)].
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Fig. 3. a) Spleen tissue of GI with normal histology; b-e) Spleen tissue from infected mice stained 
with H&E showing b) GII: atrophy of white pulp and marked congestion of red pulp; c) GIII: 
moderate atrophy of white pulp and marked congestion of red pulp; d) GIV: moderate atrophy of 
white pulp and moderate congestion of red pulp with diffuse giant cells; e) GV: mild atrophy of 
white pulp and mild congestion of red pulp (H&E, 100x).

Fig. 4. a) Lung tissue of GI with normal histology; b-f) Lung tissue 
from infected mice stained with H&E showing b) GII: marked peri 
bronchial inflammation (lymphocytes, macrophages, and eosinophils) 
(asterisks); c) GII: hemorrhage with lung congestion (asterisk) 
and inflammation (lymphocytes, macrophages, and eosinophils) 
(arrows); d) GIII: showing moderate peri bronchial inflammation 
(lymphocytes, macrophages, and eosinophils) (arrows) and moderate 
congestion (asterisks); e) GIV: showing moderate peri bronchial and 
alveolar inflammation (lymphocytes, macrophages, and eosinophils) 
(arrows) with mild congestion (asterisk); f) GV: mild peri bronchial 
inflammation (lymphocytes, macrophages, and eosinophils) and 
alveolar inflammation (arrows) (H&E, 100x).

Immunohistochemistry: The present study 
demonstrated that brain tissues of GII exhibited 
cytoplasmic staining with a high TGF-β H-score. Low 
to moderate TGF-β, H-score cytoplasmic staining,  was 
seen in GV, GIII and GIV (Fig. 5). The brain tissue of GII 
had a high iNOS H-score and cytoplasmic staining. In 
every treatment group, the iNOS H-score cytoplasmic 
staining ranged from low to moderate (Fig. 6). Brain 

tissue of GII showed high pSTAT-1 H-score cytoplasmic 
and nuclear staining. GV, GIII, and GIV groups showed 
low to moderate pSTAT-1 H-score cytoplasmic and 
nuclear staining (Fig. 7). 

Cytokines: A significant difference regarding serum 
IL-10 among the infected untreated group and treated 
groups (P<0.001) was noted. All the treated groups 

Fig. 5. TGF-β IHC in brain tissue showing a) GI: low TGF-β 
staining; b) GII: high TGF-β cytoplasmic expression; c) GIII: 
low TGF-β staining; d) GIV: low/moderate TGF-β staining; 
e) GV: low TGF-β staining (×100); f) IHC H-score of TGF-β 
staining.95
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Fig. 6. iNOS IHC in brain tissue showing a) GI: low iNOS 
staining; b) GII: high iNOS cytoplasmic expression; c) GIII: 
low iNOS staining; d) GIV: low/moderate iNOS staining; 
e) GV: low iNOS staining (×100); f) IHC H-score of iNOS 
staining.95
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Fig. 7. pSTAT-1 IHC in brain tissue showing a) GI: low 
pSTAT-1 staining; b) GII: high pSTAT-1 cytoplasmic and 
nuclear expression; c) GIII: low pSTAT-1 staining; d) GIV: 
low/moderate pSTAT-1 staining; e) GV with low pSTAT-1 
staining (×100); f) IHC H-score of pSTAT-1 staining.95
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showed significant reduction. The highest IL-10 was 
in GII, while the lowest was observed in GIV (Fig. 
8). Regarding serum IL-12, there was a significant 
difference among the infected untreated group and 
treated groups (P<0.001). The highest IL-12 was 
found in GV (Fig. 8).

Biochemical results: A statistically significant 
difference (P<0.05) was detected in ALT and AST levels 
between the infected control and treatment groups. A 
distinct improvement in ALT levels was observed in 
all treated groups compared to GII. Levels of AST were 
slightly improved in GIII and GV (Fig. 9).

Fig. 8. Comparison between serum IL-10 and IL-12 among 
the study groups (P<0.001).

Fig. 9. Comparison of the measured serum ALT and AST 
among the study groups (P<0.05).
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DISCUSSION                                                                 

As far as we know, no prior research has been 
conducted to assess the effects of E. caryophyllata 
on experimental toxoplasmosis. Our study evaluated 

its isolated impact and its combined effect with 
Spiramycin© in vivo. Regarding mortality rates in T. 
gondii-infected mice, the findings are in harmony with 
Castaño Barrios et al.[38] who demonstrated that the 
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survival rate of the infected mice was 100% up to 60 
dpi, and 83% survival at 90 dpi when compared to 
100% survival in the non-infected control group.

For the mean brain cyst count, Castaño Barrios et 
al.[38] estimation agreed with our results as they found 
that the number of cysts decreased at the early 30 dpi 
chronic infection course up to the long-term chronic 
infection at 60 dpi and at 90 dpi, suggesting gradual 
control of infection. A similar significant reduction 
was noticed by Peyvandi et al.[39], when Urtica dioica L. 
aqueous extract decreased cyst burden to 88.2% and 
83.4% for intraperitoneal and intragastric treatments, 
respectively. For treatment of other parasites, eugenol 
caused massive destruction of T. spiralis larvae[17]. 
El-Kady et al.[18] recorded significant amelioration of 
liver enzymes and hepatic fibrosis, which potentiated 
eugenol’s role as a promising antifibrotic and 
complementary anti-Schistosoma agent. These data 
indicate the potential use of E. caryophyllata as a herbal 
and safe antiparasitic therapy. This impact is attributed 
to the presence of bioactive phytochemicals like 
alkaloids, phenols, flavonoids, and tannins with their 
antimicrobial activity.

The brain meningeal inflammation, perivascular 
hypertrophy, and gliosis changes were consistent with 
Castaño Barrios et al.[38] who reported that infected 
mice had meningoencephalitis and perivascular 
inflammatory cuffs composed of mononuclear 
inflammatory cells in all examined parts of the CNS. 
Furthermore, Nurinasari et al.[40] demonstrated that 
administering Spiramycin© and an ethanol extract 
from Moringa leaves effectively repaired gliosis in 
neurons and neuroglia of toxoplasmosis rat fetuses. 
Inflammatory changes detected in the liver, lung, and 
spleen agreed with El-Kady et al.[18] who discovered 
that PZQ or eugenol therapy in S. mansoni-infected 
mice reduced collagen accumulation in the portal 
tract and inside granulomas, resulting in considerable 
reduction of granuloma volume, particularly in the 
eugenol-treated group. This could be explained by the 
anti-inflammatory and antioxidant properties of the 
bioactive phytochemicals found in E. caryophyllata 
extract.

The IHC expression of TGF-β in brain tissues 
was consistent with Zare-Bidaki et al.[20] who found 
that it inhibited the immune system's response in 
post T. gondii infection, worsening the pathogenesis 
of toxoplasmosis. On  the contrary, Xu et al.[41] 
demonstrated that Inonotus obliquus polysaccharide 
enhanced the production of the anti-inflammatory 
cytokine TGF-β in pregnant T. gondii infected mice. 
The iNOS expression in brain tissues was consistent 
with Kang et al.[21], who discovered that Spiramycin© 
had a strong inhibitory effect on iNOS expression. 
Their findings showed that Spiramycin© effectively 
reduces the expression of pro-inflammatory mediators, 
preventing the onset of inflammatory illness or treating 

aggravated inflammation[21]. On the contrary, Omar et 
al.[42] studied IHC labelling of iNOS in brain, liver, and 
heart tissues from various experimental groups. The 
enzyme was strongly expressed in both the infected 
untreated and Spiramycin©-treated groups. Our results 
of the pSTAT-1 expression in infected animal brain 
tissues contrasted with Cowan et al.[43] who stated that 
pSTAT-1 reduction in microglia causes higher brain 
parasite load and mortality in mice infected with T. 
gondii, despite immune cell activation and migration 
from bloodstream to brain tissues during infection. 
The IFN-γ-STAT1 signaling in monocyte-derived cells 
has a role in upregulating anti- T. gondii programs, 
e.g., NO and antigen presentation substances needed 
for stimulation of T cells and IFN-γ secretion from T 
cells. The reduction of pSTAT-1 IHC expression upon 
treatment in our study can be explained by the parasite 
burden's reduction following therapy, and by the 
inflammatory reaction.

Regarding serum IL-10 levels, Meira et al.[44] previous 
report agreed with our results which revealed that 
an alteration to the Th2 immune response, including 
the release of anti-inflammatory cytokines such as 
IL-10, could increase parasite persistence, resulting 
in tissue immunological damage. Production of IL-
10 in T. gondii-infected brains may enhance parasite 
survival by suppressing the intracerebral immune 
response. Xu et al.[41] disagreed with our current results 
and showed that I. obliquus polysaccharide increased 
the production of the anti-inflammatory cytokine IL-
10 in T. gondii-infected pregnant mice. Anti-IL-10 
treatment of infected severe-combined-immune 
-deficiency (SCID) mice delayed death and increased 
IFN-γ production in splenocyte cultures. For serum IL-
12, the observed results were consistent with Jiang et 
al.[45] who observed that IL-12 production decreased 
for the first 24 h following infection with T. gondii but 
then reactivated. Other investigations revealed that 
the proliferation of CD8+ T cells, double-negative T 
cells, and NK cells by S4B6 IL-2 complex pre-treatment 
enhanced the longevity rates of infected mice relying 
on IL-12, IL-18, and IFN-γ[46]. Mahmoudzadeh et al.[23] 
identified IL-12 as a significant activator of IFN-γ 
release in NK cells. Directory factors are required to 
regulate and inhibit the immune system from being 
excessively stimulated. Excess stimulation of the 
immune system, and production of IFN-γ and IL-12 
may cause harmful effects Therefore, regulating and 
controlling the immune response by IL-10 is essential 
due to its inhibition of macrophages to produce IL-12 
and other cytokines[47].

In the present study, results of ALT and AST 
agreed with Niazi et al.[48] who reported that eugenol 
protected the liver from damage in a rat model of 
fructose-induced metabolic syndrome by enhancing 
antioxidant status and lowering oxidative stress 
and lipoperoxidation. It also decreased hepatic 
inflammation, fat accumulation, and liver cell fibrosis. 
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Similarly, Tiwari et al.[49] discovered that N. sativa 
supplementation can considerably lower liver enzymes 
while also improving mitochondrial activity and ATP 
generation. Furthermore, Zhang et al.[50] discovered 
that toxoplasmosis resulted in elevated blood levels 
of ALT and AST activity, indicating liver injury. In 
comparison to the levels of ALT and AST in the control 
group, Hederagenin-treated mice and infected animals 
treated with Spiramycin© had considerably lower 
levels of these enzymes.

In conclusion, our investigation revealed that the 
aqueous extract of E. caryophyllata possesses anti-
inflammatory and immunomodulatory activities 
rendering it efficacious in combating chronic 
toxoplasmosis. Furthermore, a combination of E. 
caryophyllata and Spiramycin© demonstrated a 
significant efficacy in reducing T. gondii cysts in the 
brain and promoting significant histopathological 
improvement in various tissues. The accuracy of our 
findings was corroborated using IHC stain and cytokine 
measurements. The current findings offer novel 
insights into the creation of new therapeutic targets to 
combat chronic toxoplasmosis, potentially mitigating 
the adverse effects associated with existing chemical 
medications.
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