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ABSTRACT 
Background: Toxoplasmosis is a worldwide parasitic disease infecting 

about one third of human population. With rising prevalence of drug-

resistant strains, new therapies for toxoplasmosis are urgently required. 

Little studies have been managed to evaluate the effect of iron and iron 

chelators in experimental toxoplasmosis. Therefore, we investigated if the 

iron chelator, Deferoxamine can affect T.gondii infection outcome in 

experimentally infected mice.  

Methods: Eighty Swiss albino mice were classified into four groups (20 

mice each) as follows: (GI): Healthy control group; (GII): infected non-

treated control; (GIII): infected iron supplemented group; (GIV): infected 

deferoxamine treated group. Scarification of mice was performed on day 8 

post infection for measuring the serum iron level and for histopathological 

analysis of intestinal tissue samples.   

Results: Our data indicated that infected-iron supplemented group (GIII) 

was associated with more increase in the mean serum iron level (150μg/dl).  

However, the mean serum iron level in deferoxamine treated group (GIV) 

decreased (77.2μg/dl) with highly statistically significant difference 

(p<0.001). Those findings were confirmed by histopathological 

assessment; the infected iron supplemented group (GIII) exhibited marked 

histopathological changes in the intestinal tissues of experimentally 

infected mice that were greatly improved in GIV after chelation of iron 

using deferoxamine treatment.  

Conclusions: Finally, the present work showed that the acquisition of host 

iron by T.gondii is a critical step in the progression of 

infection and is determinant in its outcome. Therefore, 

deferoxamine could be a promising drug to control acute 

T.gondii infection due to the limitation of iron availability, 

and further research is necessary to elucidate these points.   
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INTRODUCTION 

oxoplasma gondii is an obligate intracellular 

protozoa parasite that infects most warm-blooded 

animals [1]. Toxoplasmosis is an important health 

problem worldwide, it is one of the principal reasons of 

foodborne illness in the United States [2]. Nearly, 15-

85% of individuals in the world are infected with 

toxoplasmosis [3]. It is well known that Africa and 

South America contain a greater number of 

pathogenic T. gondii genotypes [4]. 

Ingestion of raw or undercooked infected meat, 

consumption of mature oocysts from the environment, 

T 
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congenital, blood transfusion, and organ 

transplantation are considered the main routes of 

infection with the T.gondii parasite [5].  

In healthy people, toxoplasmosis is generally 

asymptomatic, but it can result in serious illness in 

pregnant women, immunosuppressed individuals, and 

recipients of organ transplants [6]. Notably, different 

studies have revealed a strong correlation between the 

prevalence of suicide, schizophrenia, Alzheimer’s and 

Parkinson’s disorders and toxoplasmosis [7].  

The approved medications for the treatment or 

prevention of toxoplasmosis include pyrimethamine 

and sulfadiazine. However, they have negative side 

effects. Other toxoplasmosis medications are poorly 

tolerated [8]. It is urgently necessary to find novel 

medications that inhibit T. gondii tachyzoites and 

prevent their spread to all organs and their 

transformation into bradyzoites within tissue cysts [9]. 

Iron is necessary for growing of approximately all 

living organisms, from prokaryotes to humans. 

Numerous biological functions, including DNA 

synthesis and oxygen transport, depend on iron. 

During infection whenever microorganisms and 

humans interact, the shared requirement for iron forms 

these interactions [10]. As a result, there is an ongoing 

competition for iron throughout infection between the 

host and the invader, for example, the parasite seeks 

to access the host's iron, while the host sets up 

sophisticated iron-withholding systems to fight the 

iron stealing [10]. 

Deferoxamine (DFO) is used in clinical practice to 

remove iron from patients with iron storage diseases. 

DFO prevents or counteracts the consequences of free 

radical generation by rendering the iron that it binds, 

metabolically inactive. Therefore, reduces oxidative 

damage in vital organs and it may even lead to 

improved survival in in vivo and in vitro studies [11].  

Little is known about how DFO affects T.gondii 

development and few studies have been done to assess 

the effect of iron and iron chelators in experimental 

toxoplasmosis [12, 13].  

Therefore, the aim of the current work is to evaluate 

the effect of addition or deprivation of iron on 

T.gondii infection outcome in mice by serum iron 

analysis and histopathological study.  

METHODS 

This case control experimental study was carried 

out from June 2021 to July 2022 at the Parasitology 

Department, Faculty of Medicine, Zagazig 

University, Egypt. 

Avirulent (ME49) T.gondii strain:  

Avirulent chronic Toxoplasma strain was provided 

from the Medical Parasitology Department, Faculty 

of Medicine, Zagazig University, Egypt. Regular oral 

administration of the mice with diluted brain 

suspension of previously infected mice containing 

around (25 cysts in 0.1 ml) every 45 - 60 days 

allowed us to maintain the strain in our department 

[14]. 

Experimental animals 
In this experiment, eighty free laboratory-bred 

swiss albino mice of both sex weighing 20-25 gm and 

aged 3-4 weeks. Mice were classified into four 

groups; 20 mice each (GI): Healthy control group. 

(GII): Infected control group injected 

intraperitoneally (I.P) with vehicle (0.1 ml phosphate 

buffered saline) (PBS) one day before infection and 

for an additional seven days post infection. (GIII): 

Infected-iron sucrose supplemented group. (GIV): 

Infected-Deferoxamine treated group. 

Mice were housed in well-ventilated cages (20 

mice per cage) with daily bedding changes, fed a 

conventional pelleted food with unrestricted access 

to water and maintained according to the research 

protocols following the recommendations of the 

National Institutes of Health Guidelines for Animal 

Experimentation. The Zagazig University Faculty of 

Medicine's ethical committee provided its approval 

to the experimental protocol.  ZU-

IACUC/3/F/34/2021.  

Drugs 

Iron sucrose )iron saccharate ) 

(C12H29Fe5Na2O23): Scrofer ampoules, 

manufactured and provided by Amoun 

pharmaceutical company, Egypt. The selected dose 

for the present work was 80mg/kg/day [15]. 

Deferoxamine mesylate (C26H52N6O11S ): 

Desferal vials, provided by Novartis, Egypt. The 

chosen dosage for this study was 300mg/kg/day [12]. 

Both drugs were administered intraperitoneally one 

day before infection and for an additional seven days 

post infection, according to the drug table of Paget 

and Barnes [16]. 

Experimental infection and design    

Mice were infected by giving them 25 cysts in 0.1 

ml of diluted brain solution orally. The infection was 

obtained from the brain tissues of another mouse, 

which was infected 45-60 days earlier. The mouse 

was sacrificed and the brain was taken, and it was 

sterilely homogenized in 1ml of saline.  Tissue cysts 

were released by homogenizing glass. A slide was 

covered with one drop (25μl) of the brain 

https://doi.org/10.21608/zumj.2023.190273.2738
https://pubchem.ncbi.nlm.nih.gov/#query=C26H52N6O11S


https://doi.org/10.21608/zumj.2023.190273.2738                                           Volume 30, Issue 1, January 2024 

Elbahaie, E., et al                                                                                                                                             243 | P a g e  
 

homogenate for microscopic analysis. To quantify 

tissue cysts in one ml of the brain suspension, tissue 

cysts were first counted in four drops and multiplied 

by 10 [17]. The infective dose was determined to be 

25 cysts in 0.1 ml of the brain suspension [14]. All of 

the mice from the four groups were cervical 

dislocated-sacrificed on day 8 after infection, and 

small intestine tissues were removed for 

histopathological analysis and blood samples were 

taken to check the serum iron level. 

I. Serum iron levels assessment  

In non-hemolyzed serum samples, serum iron 

levels were determined by spectrophotometric 

measurement using a commercial kit (IRON-CAP, 

chromazurol B method, for in vitro determination of 

serum iron, Quimica Clinica Aplicada S.A). 

Following the manufacturer's instructions, a 

colorimetric assay was used to measure the iron 

concentration. 

II. Histopathological assessment  

Intestinal samples were preserved in 10% formalin 

for 24 h, rinsed in water for 12 h, and then dried out 

in ascending ethanol concentrations (70% ethanol for 

120 min, then 90% ethanol for 90 min, and finally 

100% ethanol (two cycles) for 1 h per cycle. Samples 

were then cleared by submerging them in a mixture 

of 50% ethanol and 50% xylene for 1 h, followed by 

pure xylene for 1.5 h. After that, paraffin wax was 

used to embed the samples. Paraffin sections (4–

5μm) were stained with haematoxylin and eosin [18]. 

The extent of inflammatory cell infiltrates within 

intestinal tissue was evaluated. Five histological 

sections from each animal were examined. The 

average score of ten low-power fields (100×) from 

each of the examined sections was then calculated 

(+1 = mild reaction; +2 = moderate reaction; and +3 

= intense reaction) [19]. 

STATISTICAL ANALYSIS 

Quantitative values of the measured parameters 

were expressed as mean ± standard deviation (SD). 

Statistical Package for Social Sciences (SPSS), 

version 25.0, was used to analyze the data using the 

ANOVA test to determine the significance of 

differences between studied groups, version 25.0. All 

statistical tests were considered significant at p ≤ 0.05 

and highly significant at p ≤ 0.01.  

RESULTS 

I. Serum Iron samples results  

In the present study, the mean serum iron in the non-

infected control group (GI) was 49.3μg/dl. While we 

found that the mean serum iron increased in infected 

control group (GII) (100.5μg/dl). It was observed that 

infected-iron supplemented group (GIII) is associated 

with more increase in the mean serum iron level 

(150μg/dl).  However, the mean serum iron level in 

deferoxamine treated group (GIV) decreased 

(77.2μg/dl) with highly statistically significant 

difference (p<0.001*) between the different study 

groups as shown in Table (1), Fig. (1).  

II. Histopathological results 

Group I (GI) showed normal small intestinal 

villous, mucosal, submucosal and muscular coat 

structures. However, GII showed intestinal lesions, 

which were represented by moderate to marked 

lympho-plasmocytic mucosal infiltration, submucosal 

aggregations and peyer’s patches hyperactivation. 

Some of the mucosal cells were necrotic and or 

degenerated and sloughed (Fig. 2). On the other hand, 

the intestinal lesion of GIII were represented by 

villous degenerative, necrotic and desquamative 

changes associated with marked lymphoplasmacytic 

infiltration, focal epithelial stratification, hyperplastic 

peyer's patches, focal villous and glandular 

regenerative changes with presence of many mitotic 

figures and presence of inter-epithelial large 

basophilic ovoid structures. Paneth cells were hyper-

reactive. Interestingly, lesions of GIV were 

recognized by mild villous degenerative changes with 

partial sloughing.  Mild lymphoplasmacytic 

infiltration of the mucosa and hyperplastic peyer's 

patches were encountered. Villous and glandular 

mucinous degeneration, focal regeneration and paneth 

cells hyperactivation were seen (Fig. 3). 

 

Table 1: Serum iron levels among the different studied groups: 

Serum iron 

in μg\dl 

GI (healthy 

control) 

GII (infected 

control) 

GIII (iron 

treated) 

GIV(DFO 

treated) 
F P value 

Mean±SD 

 
49.3±15.57 100.5±24.08 150±26.51 77.2±15.48 

41.239 <0.001* 

Range 
29.90 –

70.80 
72.60 –143.30 

103.90-

186.50 
52.40 – 96.30 
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SD: Standard deviation   F: ANOVA test  *: highly significant (P<0.001) , GI: Healthy control group, GII: 

infected, non- treated control group, GIII: infected-iron supplemented group, GIV: infected-DFO treated group.   

 

 

 

Fig. 1: Comparison between the different study groups as regard serum iron level. 

  

 

 

 

 

 

 

 

 

 

 

Fig. 2: Photo-micrograph from intestine of GI (a, b) showed normal small intestinal villous (blue arrow), mucosal 

(red arrow), submucosal and muscular coat structures (yellow arrow). Intestinal sections of GII (c, d) showed 

submucosal aggregations and peyer’s patches hyperactivation (blue arrow). lympho-plasmocytic mucosal 

infiltration (red arrow),  H&E ×200, ×400. 
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Fig. 3: Photo-micrograph of the intestinal section of GIII (e,f) showed lymphoplasmacytic infiltration (blue and 

red arrows). Focal epithelial stratification is also seen (white circle).  Intestinal sections of GIV (g,h)  showed 

hyperplastic Peyer’s patches are seen (blue arrow). Paneth cells hyperactivation is seen (white circle). Large ovoid 

basophilic structures with ill-distinct internal details are seen among cells of the intestinal glands (red arrow) H&E 

×200, ×400. 

DISCUSSION 

Toxoplasma gondii is an intracellular parasite of 

humans and animals which produces life-threatening 

conditions in immunocompromised people [20]. 

Current therapeutics are associated with numerous 

side effects [21]. Additionally, because of the 

parasite's developing resistance, the current anti-

Toxoplasma medications have become less effective 

due to the evolving genetic mutations [22].   

Numerous biological activities involve iron. For 

instance, proteins necessary for redox processes, 

mitochondrial respiration, and the production of 

nucleic acids. All forms of life, from single-celled 

organisms to humans, retain these evolutionary 

conserved functions. Additionally, experimental 

research has shown that a greater availability of iron 

promotes the proliferation of a number of pathogenic 

protozoa [23].   

Deferoxamine is effective in treating a variety of 

protozoa infections, including Plasmodium berghei 

[24], Leishmania infantum [25] and Trypanosoma 

cruzi [26] due to limitation of iron availability. Few 

studies have been reported to determine the 

interactions between iron metabolism and the 

pathogenesis of T.gondii [12, 13, 27].  

In the present study, serum iron levels of all mice 

were measured on day 8 after infection to determine 

the role of iron in parasite growth during oral 

Toxoplasma infection. In relation to serum iron, it 

was discovered that there was a statistically 

significant difference between all of the studied 

groups (Table 1). When T.gondii infection was 

treated with iron saccharate (C12H29Fe5Na2O23) or 

phosphate buffer saline, it was found that the iron 

serum levels in the treated mice were higher than 

those in the uninfected animals. The fact that 

deferrioxamine mesylate (C26H52N6O11S) therapy 

was able to reduce the iron levels systemically (p < 

0.001) suggesting that iron is a nutrient that T. gondii 

needs for growth and reproduction. Additionally, a 

rise in iron was also noted by Oliveira et al. [12] and 

Rishi et al. [28]  as well as an accumulation of iron in 

the intestinal epithelium, lung, and liver was detected 

on day 8 of the infection when mice were orally 

infected with T. gondii. 

Regarding histopathological examination, intestinal 

lesions in GII were represented by moderate lympho-

plasmocytic mucosal infiltration submucosal 

aggregations and Peyer’s patches hyperactivation 

(Fig.2 c,d). Trevizan et al. [28] found that acute 

T.gondii infection resulted in morphological changes 

in the intestinal wall and epithelial cells of the 

duodenum of rats, including an increase in villi and 

crypt width, an increase in goblet cell number, and an 

increase in intraepithelial lymphocyte number. 

Additionally, the infected groups demonstrated 

atrophy in the submucosa, muscle layers, and the 

whole wall.  

On the other hand, in GIII, pathological changes in 

intestinal sections showed higher degree of 

inflammatory infiltration and degenerative changes 

compared to GII (Fig.3 e,f).  In comparison to other 

groups, the infected-iron supplemented group is 

associated with greater inflammatory reactions, 

according to Olivera and his colleagues [12]. 

T.gondii needs iron for survival and multiplication in 

the host cells, according to Dziadek et al. [29]. 

Furthermore, a variety of evidence may point to the 

existence of particular parasite receptors for human 

lactoferrin that are involved in delivering host iron to 

the tachyzoites. As regard, DFO-treated mice (GIV), 

inflammatory and degenerative changes were 

significantly lower in the small intestine (Fig.3 g,h) 

when compared with infected control group (GII). 

Our findings are supported with that of Olivera et al. 

[12], who mentioned that DFO is associated with 

decreasing inflammatory score in experimentally 

infected mice with T.gondii. Interestingly, Dimier 

and Bout [30] stated that by employing the iron 

chelator, deferoxamine, the parasite's intracellular 

growth was inhibited due to a lack of iron availability, 

which was then overcome by the addition of iron 

saturated transferrin, holotransferrin. Also, Almeida 

et al. [13] stated that deferoxamine improve the 

cellular viability.  They added that DFO controls 

T.gondii proliferation in human trophoblastic cells as 

well as villous explants. 

Finally, the present work showed that the 

acquisition of host iron by T.gondii is a critical step 

in the progression of infection and is determinant in 

its outcome.  The chelation of iron using 

https://doi.org/10.21608/zumj.2023.190273.2738


https://doi.org/10.21608/zumj.2023.190273.2738                                           Volume 30, Issue 1, January 2024 

Elbahaie, E., et al                                                                                                                                             246 | P a g e  
 

deferoxamine treatment showed histopathological 

improvement in intestinal tissues of experimentally 

infected mice with T.gondii parasite. Therefore, 

deferoxamine could be a promising drug to control 

acute T.gondii infection due to the limitation of iron 

availability and additional experiments are necessary 

to clarify these points.   
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