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ABSTRACT 

Aim of the work: To evaluate the histopathological alterations and immuno-

histochemical pattern in chronic Toxoplasma gondii infection, and to evaluate 

the role aminoguanidine in chronic experimental toxoplasmosis.  

Subjects and methods: This study was carried out on 48 laboratory-bred male 

Swiss albino mice which were divided into 4 groups (non-infected control; 

infected control; infected and treated with spiramycin; infected and treated with 

aminoguanidine). The effect of the used drugs was assessed using 

parasitological, histopathological and immunohistochemical approaches.  

Results: There was highly significant (P<0.001) reduction in the number of 

brain cysts in spiramycin treated group. On the other hand, after the 

administration of aminoguanidine, the number of brain cysts significantly 

increased (P<0.001). The lethal effect of spiramycin on Toxoplasma gondii 

helped to reduce the pathological changes associated with the presence of the 

parasite in both cerebral and cardiac tissues. However, there was a difference in 

the effect of aminoguanidine on the infected organs. In cerebral tissues, 

aminoguanidine caused a marked increase in inflammatory infiltration, as well as 

the persistence of brain gliosis. Yet, in the cardiac tissues, it induced resolution 

of various pathological changes. Although spiramycin didn’t affect inducible 

nitric oxide synthase (iNOS) expression, weak expression of the enzyme was 

exhibited after aminoguanidine treatment.  

Conclusion: Nitric oxide is essential for understanding the host-parasite 

relationship. It has important immunomodulatory roles in chronic Toxoplasma 

gondii infection. The use of iNOS selective inhibitors like AG helps to reduce 

the pathological changes heart tissues but not in brain tissues in Toxoplasma 

infection. 

Keywords: Toxoplasmosis, Aminoguanidine, Histopathology, 

Immunohistochemical, Spiramycin, iNOS. 

INTRODUCTION 

oxoplasmosis is a cosmopolitan zoonosis, 

approximately one-third of the world's 

population is infected with Toxoplasma gondii, 

and thus this parasite is one of the best adapted 

to infect humans [1].  Man gets infection by 

ingesting undercooked meat containing tissue 

cysts or from contamination with oocysts in 

faeces of cats [2]. Although 90% of cases are 

asymptomatic or benign, it is regarded as an 

important health problem in pregnant women 

due to complications of transmitting the 

parasite to the fetus. Also, in 

immunocompromised patients, primary or 

reactivated toxoplasmosis can cause serious 

health problems and risk of death [3].   

A balance between oxidants and antioxidant 

exists under physiological conditions. However, 

even small changes in oxidant or/and 

antioxidant levels may interrupt its balance and 

lead to oxidative stress [4]. The central nervous 

system is particularly susceptible to oxidative 

T 
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stress (OS) [5]. Toxoplasma-mediated oxidative 

stress (OS) is suggested to take part in the 

mechanisms of neuropathology and 

neurodegeneration [6].   

Reactive oxygen species (ROS) can be used by 

the immune system as a way to attack and kill 

the pathogen. However, their production can 

cause severe damage to biological molecules 

such as carbohydrates, nucleic acid, lipid and 

protein [7]. The functional role of nitric oxide 

(NO) in the immune system is controversial. 

Therefore, the involvement of NO in parasitic 

infections is currently under debate and still 

requires more investigations [8].     

Aminoguanidine (AG) is an inducible nitric 

oxide synthase (iNOS) inhibitor [9].     It has 

been used in many experimental studies to 

evaluate its effect upon the parasitic load and 

the inflammatory process, it was used in 

toxocariasis, filariasis, hymenolepiasis and 

strongyloidiasis to investigate the influence of 

the inhibition of the NO production [10].       

Immuno-histochemistry is widely used in basic 

research to understand the distribution and 

localization of biomarkers and differentially 

expressed proteins in different parts of 

biological tissues. Visualizing an antibody-

antigen interaction can be accomplished in 

several ways. In the most common instance, an 

antibody is conjugated to an enzyme, such 

as peroxidase, that can catalyze a colour-

producing reaction [11].  In this research, we 

aimed to evaluate the role of aminoguanidine in 

chronic experimental Toxoplasma gondii 

infection, through the study of histopathological 

alterations and immuno-histochemical patterns. 

MATERIALS AND METHODS 

The current study was carried out at the 

Parasitology Department, Faculty of Medicine, 

Zagazig University, Egypt. The study was 

approved by the research ethical committee of 

Faculty of Medicine, Zagazig University. The 

whole experiment complied with the ARRIVE 

guidelines (Animal Research: Reporting of In 

Vivo Experiments) and was carried out in 

accordance with the U.K. Animals. 

Fourty eight laboratory-bred male Swiss albino 

mice, 10 weeks old, each weighing 20-25 g 

were selected from the animal house of the 

Faculty of Science, Zagazig University. They 

were housed in plastic cages with white wood 

chips for bedding, fed by commercial complete 

food mixture and tap water for drinking, and 

maintained under controlled conditions of 

lighting and temperature. Four groups of mice 

(12 mice each) were included in the study: 

➢ Group (I): non- infected control group. 

➢ Group (II): infected control group.  

➢ Group (III): infected and treated with 

spiramycin at a dose of 12.5 mg/ kg/ day [12].  

The drug was provided in powder form and 

prepared daily as liquid suspensions; after half 

an hour of sonication, the homogenized 

suspensions were administered orally to mice 

via tube feeding. It was administrated daily at a 

fixed hour for 10 days. 

➢ Group (IV): infected and received 

aminoguanidine at a dose of 50 mg/kg/ day 

orally [13].  Aminoguanidine in the form of 

aminoguanidine bicarbonate as a white powder 

(Sigma Aldrich, Cairo, Egypt) was dissolved in 

saline and administrated orally for two weeks. 

The study groups were given the drugs 8 weeks 

post-infection. 

Infection with avirulent strain of T. gondii 

(Me49) was initiated by oral administration of 

10 cysts in 0.1 ml of diluted brain suspension 

using a 19-gauge gavage needle. The mice were 

sacrificed 10 weeks after the infection by 

cervical dislocation. The abdominal skin was 

sterilized by 70% methyl alcohol, then incised, 

the peritoneum was grasped by multi-toothed 

sterile forceps and opened for obtaining the 

heart.  The head was opened to get the brain 

which was removed under sterile conditions 

and homogenized with 1ml of normal saline by 

passing through 23 gauge needle. The effect of 

the used drugs was evaluated using 

parasitological, histopathological and 

immunohistochemical measures: 

1- Parasitological assessment. 

Quantification of Brain Cysts:  

One half of the brain from each of the 

experimentally infected mice was used for 

evaluation of the cyst burden. The total number 

of cysts per mouse brain was determined by 

https://zumj.journals.ekb.eg/issue_20082_26062_.html
http://en.wikipedia.org/wiki/Peroxidase
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placing 2 drops (20 µl each) of brain 

homogenate onto microscopic slides and 

counted under light microscopy at X40 

magnification. The count was then multiplied 

by 25 to obtain the number of tissue cysts per 1 

ml (1000 µl) of brain suspension [14]. Then, the 

mean cysts number in each group was 

calculated. 

 

2- Histopathological assessment: 

Cerebral and cardiac tissues were fixed in 10% 

neutral buffered formalin solution. Then stained 

with hematoxylin and eosin and examined 

under light microscopy for histopathological 

studies [15].  

3-Immunohistochemical assessment [16]: 

Serial sections from the cerebral and cardiac 

blocks were submitted for immune 

histochemical staining with antibodies used 

against iNOS; anti-iNOS (dilution 1: 50; Santa 

Cruz Biotechnology). The indirect streptavidin-

biotin immunoperoxidase staining technique 

was used in this study. Cytoplasmic 

immunostaining for iNOS was used to measure 

the expression of iNOS marker. It was semi-

quantitatively scored as follows: 0, negative; 1, 

weak (<10% expression of cells); 2, moderate 

(10–20% expression of cells); and 3, strong 

(expression in >50%). 

Ethical consideration: Mice were reared and 

sacrificed according to the protocol of The 

Institutional Animal Care and Use Committee 

according to Zagazig University (ZU-IACUC) 

for Animal Use in Research and Teaching. 

Statistical methods: The data were entered, 

checked, verified and analyzed using Statistical 

Package for the Social Sciences "SPSS version 

22 [17].   

RESULTS 

I.Parasitological results: 

There was highly significant (P<0.001) 

reduction in the number of brain cysts in 

spiramycin treated group (GIII), when 

compared to infected control group (GII) (Table 

1). On the other hand, in (GIV), after 

administration of aminoguanidine, the number 

of brain cysts significantly increased (P<0.001) 

(Table 2). 

2. Histopathological results: 

I. Brain Sections: 

Various pathological changes were reported in 

the infected group (GII). Inflammatory 

infiltration of meninges and gliosis were 

reported in (GII) as shown in Figures (1) and 

(2) respectively. Resolution of pathological 

changes was noticed after treatment with 

spiramycin in (GIII). For example, 

inflammatory infiltration decreased. Moreover, 

there was reduction of cyst number with 

degeneration of existing cysts (Fig. 3). After 

treatment with AG in (GIV), inflammatory 

infiltration markedly increased and gliosis was 

not improved. 

II. Heart sections: 

In infected group (GII) mice, several 

pathological changes were reported like; 

lymphocytic infiltration (Fig. 4) and inter-

fibrillar oedema (Fig. 5). Resolution of 

pathological changes was observed in (GIII) 

and (GIV) after administration of spiramycin 

and AG respectively. In both groups (GIII) and 

(GIV), there was reduction of inflammatory 

infiltration (Figs. 6 and 7). 

3. Immunohistochemical results: 

I. Brain Sections: 

In infected groups (treated and control), iNOS 

expression was observed with different 

intensities. In (GII), iNOS expression was 

moderate (Fig. 8). After administration of 

spiramycin in (GIII), iNOS expression was 

similar to that of infected group (GII), (Fig.9). 

In (GIV) after aminoguanidine administration, 

weak iNOS expression was demonstrated (Fig. 

10). 

II. Heart sections: 

Moderate iNOS expression was reported in 

heart tissues of the infected group (GII) (Fig. 

11).  In G (III) after spiramycin administration, 

iNOS expression was similar to that of the 

infected group. On the other hand, (GIV) 

exhibited weak iNOS expression (Fig. 12). 

 

https://zumj.journals.ekb.eg/issue_20082_26062_.html
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Table (1): Comparison between mean values of brain cysts number in (GII) and (GIII): 

Parameter Group II Group III T-Test P-value 

Cyst number: 

 

Mean ± SD 

Range 

  

 

420 

420±15 

400-470 

  

 

200 

200±10 

180-220 

 

 

 

29 

 

 

 

0.000* 

Table (2): Comparison between mean values of brain cysts number in (GII) and (GIV): 

Parameter Group 

II  

Group 

IV  

T-

Test 

P-value 

Cyst number: 

 

Mean ± SD 

Range 

 

 

420 

420±15 

400-470 

 

 

550 

550±20 

500-620 

 

 

-12 

 

 

0.000* 

 

 
Fig. (1): Brain section of infected group (GII) showing inflammatory infiltration of meninges (H&E 

stain, X 400). 

 
Fig. (2):  Brain section of infected group (GII) showing gliosis 

(H&E stain, X 400). 

https://zumj.journals.ekb.eg/issue_20082_26062_.html
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Fig. (3): Brain section of spiramycin treated group (GIII) showing mild inflammatory infiltrate (black 

arrows) and degenerated Toxoplasma cyst (yellow arrow)  (H&E stain, X 400). 
 

 
Fig. (4): Heart section of infected group (GII) showing moderate inflammatory cellular infiltration 

(black arrow) (H&E stain, X 400). 
 

 
Fig. (5): Heart section of infected group (GII) showing inter-fibrillar oedema 

(H&E stain, X 400). 

https://zumj.journals.ekb.eg/issue_20082_26062_.html
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Fig. (6): Heart section of spiramycin treated group (GIII), showing mild inflammatory cellular 

infiltration (black arrows) (H&E stain X 400). 

 

 
Fig. (7): Heart section of aminoguanidine treated group (GIV) showing mild lymphocytic 

inflammatory cellular infiltration (black arrows) (H&E stain, X 400). 

 

 
Fig. (8): Brain section of infected group (GII) showing moderate iNOS 

expression (IHC stain, X 400). 

https://zumj.journals.ekb.eg/issue_20082_26062_.html
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Fig. (9): Brain section of spiramycin treated group (GIII) showing moderate iNOS expression (IHC 

stain, X 400). 

 
Fig. (10): Brain section of aminoguanidine treated group (GIV) showing weak iNOS expression (IHC 

stain, X 400). 

 

 
Fig. (11): Heart section of the infected group (GII) showing moderate iNOS expression 

(IHC stain,  X 400). 

 

https://zumj.journals.ekb.eg/issue_20082_26062_.html
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Fig. (12): Heart section of aminoguanidine treated group (GIV), showing weak Inos expression (IHC 

stain, X 400). 

 

DISCUSSION 

Toxoplasma gondii is an important intracellular 

parasite of humans and animals which causes 

life threatening condition in 

immunocompromised persons [18].   About 30–

50% of the world population is infected with 

the parasite, and it is the most prevalent 

infection among humans [19].  It is transmitted 

predominantly by ingestion of oocysts from 

contaminated food or water, ingestion of the 

tissue cysts or congenitally from mother to 

foetus. Other methods of transmission include 

blood transfusion and haematopoietic stem cell 

or solid organ transplantation [20].    

In the present study, there was highly 

significant (P<0.001) reduction in the mean 

number of Toxoplasma cysts in brains of mice 

treated with spiramycin (GIII) compared with 

infected untreated group (GII) as shown in 

(Tables 1). These observations are in agreement 

with Grujić et al. [21] who proved that 

spiramycin reduced cyst numbers in both acute 

and chronic murine infections. On the other 

hand, in (GIV) after intake of aminoguanidine, 

mean number of brain cyst increased compared 

to infected control group (GII) with highly 

significant difference (P<0.001) (Tables 2). 

These finding were consistent with that of 

Schlüter et al. [22] who found that AG 

treatment markedly increased the number of 

brain cysts in T. gondii infected mice. 

In the current work, brain tissues of infected 

group (GII) showed presence of inflammatory 

cellular infiltrate in meninges and gliosis (Figs. 

1 and 2). These observations are in agreement 

with El-Temsahy et al. [23] who observed that 

brains of untreated infected mice in chronic 

stage showed toxoplasma cysts enclosed with 

chronic inflammatory cells. In (GIII), after 

administration of spiramycin, resolution of 

pathological changes was noticed besides 

degeneration of the existing cysts (Fig. 3). On 

the other hand, in (GIV), after treatment with 

AG, the degree of inflammatory infiltration 

increased. Similar results were demonstrated by 

Scharton-Kersten et al. [24] who found that in 

mice chronically infected with Toxoplasma 

gondii, iNOS inhibitor L-NMMA (NG-

mononomethyl-L-arginine) showed reactivation 

of infection with increased inflammatory 

changes in brain tissues.  In contrast to previous 

observation, Kro¨ncke et al. [25] observed that 

the control of intra-cerebral persisting 

toxoplasmosis in the latent phase of the 

infection does not require iNOS activity. 

In the heart sections of (GII) mice, there were 

remarkable pathological changes like; 

lymphocytic infiltration (Fig. 4) and inter-

fibrillar edema (Fig. 5). Improvement of such 

pathological changes was observed in (GIII) 

and (GIV) after administration of spiramycin 

and AG respectively (Figs. 6 and 7). Cigremis 

https://zumj.journals.ekb.eg/issue_20082_26062_.html
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et al. [26] confirmed that aminoguanidine has 

beneficial role in reducing the degree of 

inflammatory cellular infiltration and in 

reversing severe myocardial fibrosis.  

In the brain sections of the infected group (GII), 

iNOS expression was moderate (Fig. 8). In 

(GIII), after spiramycin administration iNOS 

expression was similar that of infected group 

(GII) (Fig. 9). Labro [27] demonstrated that 

spiramycin does not modify oxidant production 

by neutrophils. On the other hand, in (GIV), 

weak iNOS expression was detected (Fig.10). 

Similar results were obtained by Schlüter et 

al.[22] who observed that mice infected with 

toxoplasmosis and treated with l-N6-

iminoethyl-lysine (l-NIL) iNOS inhibitor, 

showed suppressed iNOS expression in brain 

tissues. In our research, the heart sections of 

(GII) mice, exhibited moderate iNOS 

expression (Fig. 11). After AG administration, 

iNOS expression was markedly lowered (Fig. 

12). The effect of aminoguanidine in reducing 

iNOS expression was in agreement with Kang 

et al. [28]   

CONCLUSION 

Spiramycin was effective in treatment of 

toxoplasmosis as it caused marked reduction in 

brain cysts number. On the other hand, AG 

significantly increased the number of brain 

cysts. Spiramycin had no effect on iNOS 

expression while, AG had a role in inhibiting 

the enzyme. 
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