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Evaluation of the oxidative stress in liver of mice 
vaccinated with gamma radiation-attenuated 

Toxoplasma gondii 

INTRODUCTION 

Toxoplasma gondii is a zoonotic protozoan 
parasite that can cause morbidity and mortality 
in humans as well as in domestic animals.              
Infection occurs as a result of drinking or eating 
vegetables washed with water from faucets (1, 2). 

In acute infection, the parasite metabolizes 
glucose for energy production and its growth, so 
oxidative stress and free radicals production  

occur (3). Oxidizing radicals leading to                  
pathological processes can directly damage 
those free radicals. Immune system is stimulated 
resulting in defense mechanisms to limit free 
radical production. These mechanisms employ 
antioxidant enzymes as SOD and GSH which are 
inducible by oxidant stress (4).  

SOD is a first line of defense antioxidant, as it 
prevents formation of new free radical and            
converts the existing into less harmful                     
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ABSTRACT 

Background: Researches on attenuated Toxoplasma gondii vaccine have 
shown its protective effect against challenged infection in addition to its 
therapeutic rather than preventative activity against some autoimmune and 
malignant diseases. Rise in oxidative stress is one of the most common signs 
of toxoplasmosis; hence this study aims to determine local oxidative stress on 
hepatocytes as well as associated immune variations in mice vaccinated with 
gamma radiation-attenuated Toxoplasma gondii. Materials and Methods: 
Thirty female Swiss albino mice are divided into: normal control; mice 
infected with T. gondii cysts (infected control) and mice vaccinated with the 
same infective dose attenuated with 0.4 KGy of gamma radiation (vaccinated 
group). Results: Hepatic superoxide dismutase (SOD), Malondialdehyde 
(MDA) and inducible nitric oxidase (INOs) levels were significantly increased 
with a significant decrease in reduced glutathione (GSH) in liver tissues of 
infected control mice. Besides, serum levels of interlekin-10 (IL-10) and tumor 
necrosis factor-α (TNF-α) were significantly elevated. Moreover, 
histopathological examinations revealed distinct alterations with decreased 
nuclear expression of DNA in hepatocytes. Conversely, vaccinated group 
exhibited an improvement in oxidative stress and elevation in nuclear 
expression of DNA in hepatocytes collimated with an amelioration of the 
histopathological alterations. Furthermore, reduced serum IL-10 and TNF-α 
level were detected. Conclusion: It is concluded that attenuation of 
Toxoplasma gondii with gamma radiation exerted protective effect in liver 
tissues against oxidative stress and DNA damages of hepatocytes with an 
improvement of host´s immune response.  
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molecules. It catalysis the dismutation of               
superoxide radical into hydrogen peroxide (H2 
O2) and molecular oxygen participates in                  
deletion and neutralization of toxic reactive           
oxygen species (ROS). Glutathione is the most 
abundant non-protein thiol source in the cell. It 
acts as a substrate for several enzymes,                 
including glutathione peroxidase. It plays an  
important role in counteracting oxidative             
damage and maintaining cell health (5-7).  

Lipid peroxidation is a degenerative process 
that alters the fluidity of biological membranes 
and then causes cell degradation. It causes             
production and propagation of free radical              
reactions that involve membrane                              
polyunsaturated fatty acids and damages the 
enzyme system as well as nuclear DNA (8). 

Inducible nitric oxidase is an inducible                
immune inflammatory factor expressed in               
response to interferon gamma (IFN-γ) which is 
an important cytokine that eliminate                          
intracellular Toxoplasma gondii. This enzyme 
can be found in activated macrophages and 
hepatocytes that generate NO during infection 
and thereby contributes to control replication or 
killing of pathogens. It was identified as an              
anti-Toxoplasma host factor in mice and its               
genetic deletion or inhibition from the beginning 
of infection increased the number of T. gondii 
cysts in the brain (9-11).  

Host’s immune reaction against                             
toxoplasmosis depends on cellular immunity 
through secretion of cytokines such as                        
interleukin-12 (IL-12), IFN- γ, IL-10 and TNF-α 
which are key regulator of immune response 
cascade (12). However, T. gondii can manipulate 
this host immunity through deregulation of               
signaling pathways and controlling host gene 
transcription by the parasite effector proteins 
secreted from rhoptries (13). It was reported that 
TNF- α is a proinflammatory cytokine involved 
in mediating the pathology and makes up the 
acute phase reaction of toxoplasmosis. While             
IL-10 counters the harmful inflammatory effect 
as a result of type-1 immune response (14, 15). 

Vaccination of animals with gamma radiation
-attenuated Toxoplasma not only protects 
against challenged infection but it circumvents 
the danger of un-irradiated vaccine that remains 
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life-threatening (16). Non replicating Toxoplasma 
strain is capable of preventing development of 
some autoimmune diseases as lupus nephritis 
and arthritis in experimental animals (17, 18).   
Furthermore, its antitumor activity against  
ovarian carcinoma, leukemia, sarcoma, Lewis 
lung and melanoma had been demonstrated (19-

21).  
Attenuation of T. gondii with radiation                    

induces marked morphological changes such as 
decrease in rhoptries, disappearance of golgi 
complex and mitochondria in addition to                  
decreased number of electron dense granules. 
Severe damage to various intracellular                     
organelles including the nucleus occurs so the 
parasites lose their reproductive ability while 
still maintaining immunogenicity (22).  

Based on previous studies that reported the 
immunoprotective effect of gamma                            
radiation-attenuated Toxoplasma vaccine (23) 
and our recent model demonstrated that using 
this vaccine produced immune protection 
against ovarian infiltration in Ehrlich ascites  
carcinoma-bearing mice  (24), this study is             
undertaken to spot the light on the effect of              
vaccination  on hepatic oxidative stress and the 
host's immune response.  
 
 

MATERIALS AND METHODS 
 

Thirty Swiss albino female mice 8-10               
weeks-old with 22-25g weight were used in the 
current study. They were obtained from the 
breeding unit of the Egyptian Organization for 
Biological Products and Vaccines, housed in            
cages (5 animals/cage) and maintained on a 
commercial standard pellet diet and tap water 
ad libitum. They were also maintained under 
standard environmental conditions, continually 
monitored for survival and clinical condition till 
the end of experiment. Low virulence T. gondii 
Me49 cysts, which were harvested from the 
brain of mice that had been intraperitonealy  
inoculated according to Atmaca et al. (25) were 
used to induce acute infection. Ten mice were 
orally infected with ten T. gondii cysts (20) as         
infected group. The second group was                      
vaccinated with the same dose of T. gondii cysts 
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that were exposed to attenuating dose (0.4 KGy) 
of gamma radiation (26) as vaccinated group and 
the third group was used as normal control. The 
study was conducted in the National Center for 
Radiation Research and Technology (NCRRT) 
Cairo, Egypt and the animal care was taken in 
accordance with the recommendations of the 
Scientific Research Ethical Committee.  

Three weeks post infection, the experiment 
was terminated by anaesthetizing the animals 
with ether. Liver tissue samples were collected 
half of them were fixed in 10% phosphate 
buffered formalin (pH 7.4), embedded in              
paraffin wax and sections of 5-micrometer 
thickness were cut. Slides were stained with 
Haematoxylin and eosin for histological              
examination (27) and with Feulgen’s stain for 
histochemical demonstration of DNA (28). The 
other half of liver tissues of each group were 
weighted and placed on PBS buffer (1:1) and 
subsequent homogenization was done then            
centrifuged at 4000g for 20 minutes. The              
supernatant was collected for biochemical study. 
Blood samples were collected, centrifuged and 
sera were separated for determination of TNF-α 
and IL-10. 

Chemicals and reagent in this study were  
obtained from Sigma-Aldrich Chemical Co., St. 
(Louis, MO, USA). All ELISA assays for SOD, GSH, 
MDA and iNOs levels were performed according 
to the manufacturer's instructions of                        
commercial kit (Bio-diagnostic, Dokki, Giza, 
Egypt) and serum cytokines according to               
MyBioSource kit (Glory Science Co., Ltd, USA).  

 
Determination of SOD activity 

 The assay for super oxide dismutase activity 
involved inhibition of nitroblue tetrazolium 
(NBT) reduction, with xanthine oxidase. One 
unit SOD was defined as the amount of protein 
that inhibits the rate of NBT reduction by 50%. It 
was determined at 560 nm and expressed as U/g 
(30).  

 
Determination of GSH 

 Reduced glutathione was determined as              
previously described by Beutler (31). The method 
based on the reduction of 5.5- dithiobis-2-
nitrobenzoic acid (DTNB) with glutathione to 

produce a yellow compound. The reduced              
chromogen was directly proportional to GSH 
concentration and its absorbance was                   
determined at 405 nm and expressed as mmol/g 
tissue.  

 

Determination of lipid peroxidation 
Levels of thiobarbituric acid reacting         sub-

stance (TBARS) as a marker of lipid                   
peroxidation were determined according to the 
method described by Ohkawa et al. (29). The              
formation of pink color, as a result of the            
reaction was measured at 535 nm and expressed 
as nmol/g liver tissue. 

 

Inducible Nitric oxidase measurement 
INOs in the crude liver tissue homogenate 

was determined using a commercial kit (Bio            
diagnostic, Egypt). 

 

Determination of serum TNF-α and IL-10 
Serum levels of TNF-α and IL-10 were                  

assayed by Enzyme linked-Immunosorbent               
Assay (ELISA) using the MyBioSource kit.                 
Measurements were done according to methods 
of Sutterwala et al. (32).  

 

Statistical analysis 
All data were expressed as mean ±SE 

(standard error). Data were assessed by using a 
one- way ANOVA using SPSS 15.0 program and 
p<0.05 was considered statistically significant.  
 
 

RESULTS 
 

Histopathological findings 
Figure 1 represents H&E stained liver                   

sections where normal control group exhibited 
average central veins surrounded by                      
hepatocytes arranged in single-cell cords with 
intervening blood sinusoids, and normal portal 
tracts with average bile ducts and portal veins 
(figure 1, a, a1). Liver sections of infected control 
group showed portal tract with markedly dilated 
portal veins and inflammatory cellular                    
infiltration around the portal area. Dilated            
central vein with detached lining and                 
peri-venular inflammatory infiltrate can be also 
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detected (figure 1, b, b1). Vaccinated group               
revealed average central veins and mild                    
intra-lobular inflammatory infiltrate. Also,                
dilated congested portal veins with average 
hepatocytes in peri-portal area were clearly 
seen (figure 1, c, c1).  

 
Histochemical expression of DNA Feulgen's 
stain  

Expression of hepatic DNA content was 
shown in figure 2, table 1. Normal group                         
revealed marked positivity for Feulgen 
(14.5±1.2), average DNA distribution and intact 
nuclear membrane in most of hepatocytes.               
Toxoplasma-infected group revealed mild               
positivity for Feulgen (2.9±0.6) with loss of           
nuclear membrane in most of hepatocyte nuclei 
in peri-venular area and high significant          
decrease (P<0.001) compared to normal control. 
Moderate positivity for Feulgen (9±0.8) with few 
reduction of DNA in hepatocyte nuclei and                
significant decrease was detected in vaccinated 
group compared to normal (P<0.01) and high 
significant increase compared to infected group 
(P<0.001). 

Biochemical analysis of oxidative stress in 
liver tissues of infected control group showed 
significant increase in SOD levels compared to 
normal control while vaccinated mice group 
revealed significant decrease compared to              
infected control (figure 3a). GSH levels were 
significantly decreased in infected control mice 
group compared to normal control however; 
their levels were significantly increased in              
vaccinated group (figure 3b). A significant             
increase in MDA was detected in infected            
control group compared to the normal group 
on contrary to vaccinated group showed a              
significant decreased compared to infected 
control one (figure 3c) (P<0.001).  

Regarding INOs, the mean±SE was 94.8±3.8 
in infected group while it was 43.6±0.9 in               
normal control with high significant increase 
(P<0.001). In vaccinated group it was 64.2±1.4 
showing high significant decrease versus               
infected control group (P<0.001) and significant 
increase (P<0.01) versus normal one (table 1). 

To gain insight into the immunological mode 
of action of irradiated T. gondii, we next                

examined the influence of vaccination on the  
serum inflammatory cytokines (table 2). TNF- α 
and IL-10 levels were 42.3±0.8 and 67.8±4.9  
respectively in infected control group while they 
were 9.8±0.5 and 140.2±3 respectively in normal 
control with high significant increase as P<0.001. 
On contrary, they were 18.4±0.7 and 409.2±5.3 
respectively in vaccinated group showing high 
significant decrease (P<0.001) versus infected 
control one.  
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Figure 1. Liver section of normal group showing average  
portal tract with average portal vein (PV), average bile duct 
(black arrow), average central vein (red arrow) and average 

hepatocytes (blue arrow) (a, a1). Infected group showed             
expanded portal tract with portal inflammatory infiltrate (black 
arrow) and markedly dilated portal veins (PV). Dilated central 
vein (CV) with detached lining (blue arrow) and peri-venular 
inflammatory infiltrate (red arrow) can be detected (b, b1). 

Vaccinated-group showed portal tract with dilated congested 
portal vein (PV), average central veins (black arrow), and mild 

intra-lobular inflammatory infiltrate (blue arrow), markedly 
dilated portal vein (PV), and average hepatocytes in peri-portal 

area (red arrow) (c, c1) (a-c X200, a1-c1 X400). 

Table 1. Expression of INOs and DNA in hepatocytes of          
experimental groups. 

Data are expressed as mean ± SE.  
* Significant compared to normal group P < 0.01.  
** High significant compared to normal group P < 0.001.   
++ High significant compared to infected group P<0.001.  

Parameters 
Groups 

INOs DNA 

Normal control 43.6±0.9 14.5± 1.2 

Infected control 94.8±3.8 ** 2.9± 0.6 ** 

Vaccinated group 64.2±1.4 *, ++ 9 ± 0.8 *, ++ 

 [
 D

O
I:

 1
0.

52
54

7/
ijr

r.
19

.2
.1

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
25

-1
2-

21
 ]

 

                             4 / 10

http://dx.doi.org/10.52547/ijrr.19.2.12
https://mail.ijrr.com/article-1-3657-en.html


Hazel et al. / Irradiated toxoplasma vaccine improves oxidative stress  

343 Int. J. Radiat. Res., Vol. 19  No. 2, April 2021 

Figure 2. Normal control group showing 
marked positivity for Feulgen (+++) with            

average DNA distribution in most of rounded 
hepatocyte nuclei with intact nuclear                

membrane in peri-venular area (red arrows) 
(a, a1). Infected group showed mild positivity 
for Feulgen (+) with marked reduction of DNA 

and loss of nuclear membrane in most of 
hepatocyte nuclei in peri-venular area (red 
arrows) (b, b1). Vaccinated group showed 
moderate positivity for Feulgen (++) with          

reduction of DNA in few of hepatocyte nuclei 
with loss of nuclear membrane in peri-portal 
area (red arrows) (c, c1) (Feulgen stain a-c X 

400, a1-c1X1000). 

Figure 3. Levels of oxidative stress markers in  
different studied groups. (a) level of SOD, (b) level of 
GSH and (c) level of MAD. Each value represents the 
mean ± S.E. ** Significant difference versus normal 

control group. ++ Significant difference versus          
infected control group at P < 0.001. 

a b 

c 

** 
**, ++ 

** 

**, ++ 

** 

**, ++ 

Parameters 
Groups 

TNF-α pg/ml IL-10 pg/ml 

Normal control 9.8±0.5 140.2±3 

Infected control 42.3±0.8 * 678.2±4.9 * 

Vaccinated  group 18.4±0.7 *, + 409.2±5.3 *, + 

Table 2.  Mean±SE of IL-10 and TNF-α 
in the sera of experimental mice. 

Data are expressed as mean ± SE.  
* Significant compared to normal group. 
+ Significant compared to infected group.  

P < 0.001  

MDA levels 
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DISCUSSION 

Most of previous studies have focused on the 
attenuation of Toxoplasma gondii by radiations 
that help maintaining their integrity,                           
antigenicity while increasing immunogenicity so 
eliciting an immune-protective effect. For                
instance, it has been previously reported that 
vaccination with gamma radiation-attenuated 
Toxoplasma tachyzoites resulted in an                          
amelioration of histopathological changes in  
liver, lung, kidney, spleen and testis of                     
experimentally infected mice (22). Recently, using 
gamma radiation-attenuated T. gondii cysts              
vaccine has demonstrated immune protection 
against ovarian infiltration in mice-bearing             
Ehrlich ascites carcinoma (24). As one of the most 
common signs of toxoplasmosis is a rise of             
hepatic oxidative stress, hence the aim of the 
present study is to determine the impact of  
gamma irradiated Toxoplasma cyst vaccine on 
hepatic oxidative stress, INOs and immune               
response in mice.  

The data of this study demonstrated a                 
significant decrease level of GSH in infected 
group compared to normal. This is in agreement 
with previous reports that revealed a decrease 
of GSH and increase of GPX activity in different 
tissues of Toxoplasma-infected hosts (33-35). A 
significant increase of SOD in the infected group 
was noted, which is in accordance to the study of 
Turkoglu et al. (36) who reported an increase of 
SOD in liver tissues of the infected mice thirty 
days post infection. In the literature, SOD level 
was reported to be increased several weeks post
-infection with other parasites as Fasciola              
hepatica, Trichinella spiralis, Schistosoma               
mansoni and Trypanosoma cruzi several weeks 
post-infection (37-39).  

Lipid peroxidation, determined by MDA             
concentration, was significantly increased in  
infected group. In accordance of these results is 
the previous works which reported higher level 
of MDA in liver of infected rats (33, 36). Significant 
increase of INOS expression in hepatocytes was 
detected in our study. This is compatible with 
the previous study of Dincel and Atmaca (40) who 
reported a remarkable increase of it during T. 
gondii encephalitis in mice 74 days after                

inoculation. It was reported to be strongly              
stimulated by IFN-γ produced by                          
parasite-infected monocytes (41). In agreement to 
our results, another study reported a significant 
increase of hepatic lipid peroxidation and NO 
and decrease in GSH activity in liver                      
homogenates of control infected group (42).  

In Toxoplasma-vaccinated group, a high               
significant increase in GSH with decrease of SOD, 
MDA and INOs levels were detected compared to 
infected group. Similar to mice vaccinated with 
gamma radiation-attenuated Toxoplasma, rats 
vaccinated with gamma radiation-attenuated 
Toxocara canis larvae revealed a significant            
decrease in SOD and MDA with increase of GSH 
in kidney tissues compared to infected control 
group (43). 

Regarding histopathological changes and  
histochemical expression of nuclear DNA,               
dilated central and portal veins with                      
inflammatory cellular infiltrate were clearly        
observed in infected group. Furthermore, mild 
positivity for Feulgen´s stain with marked                 
reduction of DNA and loss of nuclear membrane 
in most of hepatocyte nuclei in peri-veinular  
area was also detected. It has been shown that 
free radicals from peroxidase in Kupffer cells 
play a predominant role in hepatic pathogenesis 
and the decrease in the levels of liver SOD may 
lead to excess superoxide radicals which may 
interact with hydrogen peroxides and organic 
peroxides with generation of highly reactive  
entities that can attack DNA (44). 

In the present study, vaccinated group               
revealed an amelioration of these                                
histopathological changes and increased                  
expression of nuclear DNA in hepatocytes               
compared to infected group. This was in                  
consistence with previous study by Amin and 
Hafez (2015) who reported minimal                             
histopathological alterations with normal                
architecture of the hepatic lobules and minimal 
degeneration of nuclear DNA in mice vaccinated 
with either gamma or UV radiation-attenuated 
Toxoplasma. This was explained by the direct         
effect of radiations that weaken the parasites 
and induce changes leading to decreased or 
abolished reproduction by damaging of the DNA 
molecules. However irradiated parasite            
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maintains viability, a respiratory response and 
preserved protein and nucleic acid synthesis so, 
it present antigens to the host’s immune system 
and elicit cellular immunity and cytokine                
responses in a highly similar way to natural              
infection (22, 45). 

In current study, an increasing level of TNF-α 
was recorded in infected group compared to 
normal one. This proapoptotic molecule and 
others as nitric oxide (NO) are produced by  
macrophages as a result of invasion with              
Toxoplasma parasite to maintain the viability of 
the cell during its residence (46). Also, an                
elevation of IL-10 level was detected which was 
in line with Mammari et al. (47) who reported 
that ROP16, a molecule secreted by rhoptries, 
stimulates IL-10 expression and induces                 
activation of macrophages thus promoting Th-2 
response. Likewise, previous studies reported a 
significant increase of TNF-α and IL-10 in T. 
gondii-infected patients compared with healthy 
control (48, 49).  

On the other hand, vaccinated group showed 
a significant decrease of their levels compared to 
infected group and significant increase                  
compared to normal control one which may be 
due to the immunogenic effect of living                   
attenuated parasite that can be recognized as 
protein antigen. Similar results were recorded 
by Moawad et al. (16) who reported a significant 
decrease in serum levels of IL-10 and TNF-α in 
mice vaccinated with either UV or                           
gamma-radiation attenuated Toxoplasma 
tachyzoites compared to infected control.  

 
 

CONCLUSION 
 

From the results obtained, it is concluded 
that gamma radiation-attenuated version of  
Toxoplasma that cannot replicate within the host 
exerts an alleviated oxidative stress activity. 
Furthermore, it induces immunomodulatory  
effects with significant decrease of promoting 
inflammatory cytokines. This was collimated 
with an amelioration of histopathological  
changes and DNA depletion in hepatocytes. 
Therefore, further studies are required to        
elucidate the beneficial effect of using selective 

radiation-attenuated non replicating vaccine to 
exclude the delirious effects of imposing                
infection by using live one. 
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