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Summary: The aim of the present study was to investigate the alterations of oxidative stress, hematological and biochemical 

parameters in experimental infection caused by Toxoplasma gondii in gerbil. A total of 16 gerbil, 8 of which were control and 8 was 

infection group, were used in the study. The gerbils were infected by intraperitoneal inoculation of 5000 T. gondii RH strain 

tachyzoites. In group of, the gerbil were sacrificed at 7th day after inoculation. At the end of this period, blood samples collected and 

erythrocyte malondialdehyde (MDA) concentrations, superoxide dismutase (SOD), catalase (CAT) activities, plasma aspartat 

aminotransferase (AST) and alanine aminotranspherase (ALT) activities, total protein, albumin, globulin were determined. Besides, 

hematological parameters were analysed in whole blood. Aspartat aminotransferase and ALT activities and MDA concentrations and 

neutrophil percentage and total leukocyte counts increased significantly in infected group when compared to control. In infected 

group, SOD activities, albumin concentrations and lymhocyte percentage decreased when compared to control. The results of this 

study suggest that oxidative stress, hematological and biochemical alterations may contribute to the pathogenesis of toxoplasmosis in 

gerbils. 
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Gerbillerde Toxoplasma gondii enfeksiyonu süresince oksidatif stres, hematolojik ve biyokimyasal 

parametrelerin değerlendirilmesi 

Özet: Bu çalışma Toxsoplasma gondii (T.gondii) ile deneysel olarak enfekte edilmiş gerbillerde oksidatif stres ile hematolojik 

ve biyokimyasal parametrelerde meydana gelen değişikliklerin araştırılması amacıyla yapıldı. Çalışmada kontrol grubunda 8, 

enfeksiyon grubunda 8 olmak üzere toplam 16 tane gerbil kullanıldı. Gerbiller 5000 T. gondii RH takizoiti ile intraperitoneal yolla 

enfekte edildi. İnokülasyon sonrası 7. günde gerbiller sakrifiye edildi. Daha sonra kan örnekleri toplandı ve eritrosit malondialdehit 

(MDA) konsantrasyonu, süperoksit dismutaz (SOD) ve katalaz (CAT) aktiviteleri, plazma aspartat aminotransferaz (AST) ve alanin 

aminotransferaz (ALT) aktiviteleri, total protein, albumin ve globin düzeyleri belirlendi. Bunun yanısıra, tüm kanda hematolojik 

parametlerin analizi yapıldı. Kontrol ile karşılaştırıldığında enfekte grupta, AST ve ALT aktiviteleri ve MDA konsantrasyonu, 

nötrofil oranı ve toplam akyuvar sayısında anlamlı bir artış bulundu. Enfekte grupta, SOD aktivitesi, albumin konsantrasyonu ve 

lenfosit oranında kontrol ile karşılaştırıldığında düşme belirlendi. Bu çalışmanın sonuçlarına göre, gerbillerde toksoplazmozisin 

patogenezinde oksidatif stresin, hematolojik ve biyokimyasal değişikliklerin katkısının olduğu söylenebilir. 

Anahtar sözcükler: Gerbil, kan parametreleri, oksidatif stres, Toxoplasma gondii. 

 
 

 

Introduction 

Toxoplasmosis is a parasitic disease caused by 

Toxoplasma gondii (30). Toxoplasma gondii is an 

obligate intracellular parasite that frequently infects 

warm-blooded animals, including humans (9, 11, 18). 

Toxoplasma gondii is one of the most common parasites 

throughout the world (18) which can cause either acute 

or chronic infection (36). Cats are the only known 

definitive hosts of T. gondii and excrete environmentally 

resistant oocysts in their feces (18, 35). Hosts may 

become infected by ingesting food or drinks 

contaminated with oocysts, or by ingesting undercooked 

meat infected with T. gondii (18, 38). Toxoplasma gondii 

can be located in every vital organ, and especially in 

acute stage it can be seen in blood, cerebrospinal fluid, 

semen, tears, saliva and urine. It is a zoonotic disease that 

causes abort and fetal destruction due to placental 

transmission (30).  

Infections can cause harmful effects on healthy 

hosts and stimulate the infected host’s immune system. 

In response, the immune system generates toxic oxidants 

known as free radical species (43). Reactive oxygen 

species degrade polyunsaturated lipids to form MDA 

(42), a reactive aldehyde that causes oxidative stress in 
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tissue and cells (26). Malondialdehyde damages proteins 

by generating covalent adducts, the accumulation of 

which likely participates in tissue damage (48). 

Malondialdehyde is used as a biomarker to measure lipid 

peroxidation in an organism (2, 39). 

Free radicals are highly reactive chemical species, 

and antioxidant defense systems enable tissues to 

detoxify these toxic oxidants. Superoxide dismutase is an 

important antioxidant enzyme that is present in all 

aerobic cells. This enzyme catalyzes the dismutation of 

superoxide into oxygen and hydrogen peroxide, which, in 

turn, is reduced to water by the antioxidant enzymes 

catalase and glutathione peroxidase (2, 31). Catalase is a 

naturally occurring enzyme present in all living, and it 

protects cells from oxidative damage by preventing the 

formation of hydroxyl radicals by detoxifying hydrogen 

peroxide molecules (2). 

There is some evidence that oxidative stress is 

involved in the pathogenesis of toxoplasmosis in infected 

animals (4, 5, 19, 23, 28) and humans (3, 10, 33). 

However, such evidence is sparse, and no studies on 

oxidative stress have been conducted in T. gondii-

infected gerbils. Therefore, the main objective of this 

study was to determine the effects of toxoplasmosis on 

lipid peroxidation, antioxidant defense systems, 

hematological and biochemical parameters in gerbils. 

Results were compared to those obtained with uninfected 

animals for a better understanding of toxoplasmosis 

pathogenesis. 

 

Materials and Methods 

Acute infection was induced in sixteen 1-2 month-

old Mongolian gerbil were used to study. Only 8 gerbils 

were used to acute Toxoplasma gondii infections. The 

virulent T. gondii RH strain, which is maintained in the 

Parasitology Laboratory of the Turkish Public Health 

Institution by continuous passage every 3–4 days in 

gerbils, was used to induce acute infection. Eight gerbils 

were infected by intraperitoneal inoculation of 5000 T. 

gondii RH tachyzoites. In group of, the gerbils were 

sacrificed at 7. day after inoculation. Another healthy 8 

gerbils sacrificed at the beginning of study. 

This study was conducted in University of 

Kirikkale, Faculty of Veterinary Medicine. The animal 

care and use protocol was reviewed and approved by the 

Ethics Committee of the Kirikkale University. 

Collection of blood samples and preparing for 

analysis: At the end of the experiment, blood samples 

were collected into evacuated tubes containing EDTA 

solution as anticoagulant by the cardiac puncture to 

determine some hematological and biochemical 

parameters, MDA, indicator of lipid peroxidation, some 

enzymatic antioxidants such as SOD and CAT. Whole 

blood samples were centrifuged at 1600x g for 10 min at 

4ºC to separate the plasma. Following separation of 

plasma, the upper layer of the erythrocyte pellet that 

contains the buffy coat was removed. Erythrocytes 

hemolysates and plasma were stored at -80°C and -30
ο
C 

respectively until analysis.  

Hematological and biochemical analysis: 

Anticoagulated blood samples were used to determine 

total leukocyte counts, erythrocyte counts, concentration 

of blood hemoglobin (Hb), packed cells volume (PCV), 

percentages of each of the five basic leukocytes were 

measured on hematology analyzer (Abacus Junior Vet 5, 

Austria). All samples were evaluated on the same day. 

Plasma aspartate aminotransferase (AST) (EC 

2.6.1.1), alanine aminotransferase (ALT) (EC 2.6.1.2) 

activities, total protein, albumin concentrations were 

determined using commercial test kits (Biolabo, France) 

by spectrophotometer (Shimadzu UV-1700, Japan). The 

plasma globulin concentrations were calculated by 

subtracting the albumin values from the total protein 

values. 

Analysis of oxidative stress markers: The erythrocytes 

were washed three times with ice cold saline solution 

(0.9 % NaCl). The erythrocyte pellet hemolyzed with ice-

cold bidistilled water. The hemolysates were used for the 

determination of the hemoglobin (Hb) and MDA 

concentrations, SOD and CAT activities.  

Determination of hemoglobin in erythrocyte: The 

concentration of blood hemoglobin was determined by 

the cyanomethemoglobin method which is based on the 

measurement of cyanmethemoglobin at 540 nm in a 

spectrophotometer. Results were expressed as g/dl Hb 

(25). 

Determination of lipid peroxidation: Lipid 

peroxidation in erythrocytes was estimated by the thio-

barbituric acid (TBA) method that determines aldehyde 

formed by degradation of hydroperoxide, including 

MDA. The absorbance of the reaction product between 

MDA and TBA was measured spectrophotometrically at 

536 nm. The data were expressed as nmol/g Hb of 

erythrocyte hemolysate (15) 

Determination of SOD activity: The activity of SOD 

(EC 1.15.1.1) was determined in erythrocyte hemolysates 

according to the method described by Sun et al. (46). 

This method provides that the rate of nitroblue 

tetrazolium (NBT) reduction to blue formazan by the 

superoxide anion generated by the xanthine oxidase 

(XOD) reaction is monitored spectrophotometrically at 

560 nm. One unit of SOD was considered a 50% 

inhibition of reduction of NBT under the condition of the 

assay. The results were expressed as U/g Hb. 

Determination of CAT activity: Catalase (EC 

1.11.1.6) activity was assayed by the method of Aebi (1) 

in erythrocyte hemolysate. Decomposition of H2O2 was 

followed directly by monitoring the reduction of 

absorbance at 240 nm. Enzyme activity was calculated as 

catalytic content of a sample. The data were expressed as 

k/g Hb. 
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Statistical analysis: Statistical analysis was performed 

with SPSS software package (Version 15.0 for 

Windows). Data were expressed as mean±standard error 

(SE). For comparison of two groups of continuous 

variables, independent samples t-test was used. A 

probability value of P<0.05 were considered as significant 

difference for all statistical calculations.  

 

Results 

Evaluation of lipid peroxidation and antioxidant 

enzymes activity: Table 1 shows the erythrocyte MDA 

concentrations and some enzymatic antioxidants in 

gerbils infected toxoplasmosis. Gerbils infected with 

Toxoplasma gondii had significantly higher (P<0.05) 

erythrocyte MDA concentrations and lower SOD activity 

(P<0.01) in comparison to control gerbils. There was no 

significant difference in erythrocyte CAT activity 

between control and infected gerbils (P>0.05). 

 

Table 1. Erythrocyte lipid peroxidation and some enzymatic 

antioxidant parameters in gerbils infected toxoplasmosis 

Tablo 1. Toksoplazma enfekte gerbillerde eritrosit lipit peroksi-

dasyon ve bazı enzimatik antioksidant parametreler 

Parameters  Control 

(n=8) 

Infected 

(n=8) 

P value 

MDA (nmol/gHb) 119.76±17.09 198.89±20.30* P<0.05 

SOD ( U /gHb) 1.46 ± 0.16 0.73 ± 0.14** P<0.01 

CAT (k /gHb) 19.17 ± 1.57 16.82 ± 0.91 P>0.05 

 

 

Table 2. Some hematological parameters in gerbils infected 

toxoplasmosis 

Tablo 2. Toksoplazma enfekte gerbillerde bazı hematolojik 

parametreler 

Parameters Control 

(n=8) 

Infected 

(n=8) 

P-value 

Erythrocyte (x106) 8,51±0,22 9,12±0,32 P>0.05 

Lymphocyte (%) 62,44±4,29 32,60±4,64*** P<0.001 

Monocyte (%) 5,03±1,73 7,07±1,2 P>0.05 

Neutrophil (%) 32,53±3,46 57,62±5,16*** P<0.001 

Hb (g/dl) 13,23±0,33 14,04±0,54 P>0.05 

PCV (%) 42,17±1,18 44,05±1,67 P>0.05 

Total leukocyte 

(x103) 

3,90±0,79 6,52±0,88* P<0.05 

 
 

Hematological and biochemical analysis: The 

hematological findings in control and infected gerbils are 

presented in table 2. Neutrophils percentage (P≤0.001) 

and total leukocyte counts (P<0.05) gerbils infected with 

Toxoplasma gondii were increased, while lymphocytes 

percentage (P<0.001) were decreased significantly 

compared to control gerbils. There was no significant 

difference in RBC, monosit, Hb, Htc levels between 

control and infected gerbils (P>0.05). 

Table 3 shows the plasma ALT and AST activities, 

total protein, albumin, globulin concentrations in gerbils 

infected toxoplasmosis. The activities of plasma AST 

(P<0.001), ALT (P≤0.01) were significantly increased, 

while the concentrations of plasma albumin (P< 0.001) 

were significantly decreased in infected gerbils when 

compared to control gerbils. No change was detected in 

the concentrations of plasma total protein and globulin 

between control and infected gerbils (P>0.05). 

 
Table 3. Plasma liver enzyme activities and protein concentrations 

in gerbils infected toxoplasmosis 

Tablo 3. Toksoplazma enfekte gerbillerde plazma karaciğer enzim 

aktiviteleri ve protein konsantrasyonları 

Parameters Control 

(n=8) 

Infected 

(n=8) 

P-value 

Liver enzymes    

ALT (IU/L) 57.84 ± 7.95 207.75 ± 38.48** P<0.01 

AST (IU/L) 140.85 ± 13.77 410.13 ± 33.36*** P<0.001 

Protein concentrations   

Total protein 

(g/dl) 

7.35 ± 0.79 6.19 ± 0.49 P>0.05 

Albumin (g/dl) 3.31 ± 0.13 2.01 ± 0.21*** P<0.001 

Globulin (g/dl) 4.03 ± 0.82 4.18 ± 0.62 P>0.05 

 

 

Discussion and Conclusion 

This study showed that T. gondii infection exert 

significant effects on erythrocyte MDA concentrations, 

SOD activities, plasma AST and ALT activities, albumin 

concentrations, total leukocyte counts, neutrophils and 

lymphocyte percentages 

Lipid peroxidation, which generates free radical 

species, plays a role in the pathogenesis of many parasitic 

and protozoan infections (7, 34). Lipid peroxidation, as 

determined by erythrocyte MDA concentrations in the 

present study, was significantly increased due to 

toxoplasma infection. This may have resulted from the 

excess production of free radicals and oxidants following 

infection. Free radicals can react with DNA, resulting in 

genetic mutations or cytotoxicity. They also can bind to 

erythrocyte membranes, which are rich in polyunsaturated 

fatty acids (27), thereby causing membrane destruction 

and cellular damage (29). Karaman et al. (33) reported 

that serum MDA concentrations were significantly 

increased in T. gondii-infected humans, and Yang et al. 

(50) showed that serum concentrations of free oxygen 

radicals (NO, -OH, O2-) increased in T. gondii-infected 

mice. Our results are in accordance with Karaman et al. 

(33), which suggested that erythrocyte MDA concentrations 

were significantly increased by T. gondii infection. In 

contrast, Engin et al. (23) found no change in serum 

MDA concentrations of mice infected with T.gondii. 

Preventing lipid peroxidation is essential in biological 

systems. To counteract the harmful effects of ROS, all 
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oxygen-metabolizing cells are equipped with cellular 

antioxidant defense systems (2). Superoxide dismutase is 

an important physiological antioxidant defense 

mechanism in aerobic organism. This enzyme prevents 

the formation of the hydroxyl radical by detoxifiying 

hydrogen peroxide (31). The decrease in SOD activity 

observed in our study may be related to the increasing the 

severity of parasitemia and oxidative stress (7). 

Moreover, erythrocytes infected with various protozoan 

parasites show decreased SOD activity (7, 22). 

The assessment of the severity of disease and the 

prognosis of recovery of affected animals can only be 

made on the basis of clinical and laboratory data such as 

hematological and biochemical blood parameters (37). 

Polymorphonuclear leukocytes are one of the first cell 

types to arrive at a site of infection (32). Neutrophils are 

the first cells to be elicited during an inflammatory 

response and appear within minutes of chemokine release 

from the site of tachyzoite infection (17). Previous 

studies have suggested that neutrophils are important for 

controlling toxoplasmosis in mice (13, 16) and humans 

(12). With the T. gondii-infected group, our data showed 

that neutrophil percentage and the total leukocyte counts 

was increased compared to the control group. In contrast, 

the lymphocytes percentage was decreased in infected 

gerbils. Considering the lymphocyte cell types that are 

predominant in gerbils (45), the reason of the high 

percentage of neutrophil is probably an inflammatory 

response to the tachyzoite proliferation during infection. 

However, Tonin et al. (47) reported that the numbers of 

circulating lymphocytes were increased in T. gondii-

infected rats. Tonin et al. (47) found that the number of 

lymphocytes was higher in toxoplasma-infected rats 

however in this study neutrophil percentage was found to 

be higher in toxoplasma-infected gerbils. This discrepancy 

can be related to the different sampling period of these 

studies. 

Toxoplasmosis causes severe and progressive 

damage to the liver (8, 9, 40), resulting in alterations in 

liver metabolism (40). We found that plasma AST and 

ALT activities were increased in T. gondii-infected 

gerbils, consistent with previous studies conducted on 

rats (14, 41). Several studies have also demonstrated 

increased serum AST and ALT activities in T. gondii-

infected mice, dogs and goats (6, 20, 51). Increased 

plasma AST and ALT activities reflects impairment of 

the liver. When the liver is impaired the liver cells 

release the enzymes into the blood raising the enzyme 

activities (44). However, these data conflict with the 

findings of studies by El-Shazly et al. (21) and Ustun et 

al. (49), who reported non-significant differences in the 

severity of liver damage between infected and non-

infected rats. Boothroyd et al. (14) observed that 

toxoplasmosis led to an increase in serum protein and 

globulin concentrations and a decrease in serum albumin 

concentrations during the acute stage. Yarim et al. (51) 

reported that T. gondii infection causes hypoalbuminemia 

in dogs. Our results are consistent with those of previous 

studies (6, 14, 51), except for the globulin and total 

protein concentrations measured. The reduction in 

plasma albumin concentrations in the present study may 

be explained by disturbances in liver function (24) or 

increase protein catabolism (14) 

In conclusion, this study showed that toxoplasmosis 

induces lipid peroxidation, decreases superoxide 

dismutase activity and albumin concentrations, increases 

hepatic enzymes activities, such as AST and ALT. The 

neutrophil percentage was increased during immune 

responses in gerbils with acute toxoplasmosis. These 

findings showed that oxidative stress and blood 

parameters can be used to study the pathogenesis of 

toxoplasmosis in gerbils. 
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