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Abstract
To assess the antioxidant status and oxidative stress in bovine theileriosis due to Theileria annulata blood samples were collected

from 35 clinically affected cattle referred to Veterinary Teaching Hospital, School of Veterinary Medicine, Urmia University,

Urmia, Iran. Complete blood count, piroplasm parasitemia percentage, erythrocyte glutathione peroxidase, superoxide dismutase,

catalase and glucose-6-phosphate dehydrogenase activities, malondialdehyde concentration, osmotic fragility test and median

corpuscular fragility were determined and the results were compared with those of 50 healthy controls. Of 35 affected cattle, 12

(34.28%) had severe anemia and 23 had mild to moderate anemia and parasitemia varied from 5 to 40%. The activities of

erythrocyte glutathione peroxidase, superoxide dismutase and glucose-6-phosphate dehydrogenase were significantly lower

(P < 0.0001) and the activity of catalase was significantly higher in the affected cattle than in healthy ones (P < 0.001).

Malondialdehyde concentration in erythrocytes of affected cattle was significantly more than those of healthy cattle (P < 0.001).

The affected cattle showed increased fragility of erythrocytes, so that median corpuscular fragility (MCF) in affected group was

significantly lower than those of healthy group (P < 0.0001). Median corpuscular fragility showed a positive correlation with the

severity of parasitemia (r = 0.81, P < 0.0005) and a negative correlation with the activities of GSH-Px (r = �0.78, P < 0.0001),

SOD (r = �0.71, P < 0.0005), catalase (r = �0.53, P < 0.018) and G6PD (r = �0.58, P < 0.0005). The results of this study

suggest that oxidative damage to RBCs may contribute to the pathogenesis of anemia in bovine theileriosis.
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1. Introduction

Tropical theileriosis is a progressive lymphoproli-

ferative disease of cattle caused by protozoan parasite

Theileria annulata (Omer et al., 2003a,b; Taylor et al.,

1992). The parasite acts as a serious constraint to cattle

production in endemic areas, causing lethal infections
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in exotic cattle and considerable mortality in indigenous

and crossbred stocks (Forsyth et al., 1997).

The significant feature of the disease is hemolytic

anemia (Gill et al., 1977; Aulakh et al., 1998; Omer

et al., 2002), caused by an immune-mediated hemolysis

which indicated by the presence of a hemagglutinin

(Hooshmand-Rad, 1976). Although, various evidences

have been presented to explain the mechanism of the

anemia, but the exact underlying mechanism is

currently unknown (Shiono et al., 2004). Some

hematological changes in red blood cells (RBCs)

including, increased osmotic fragility of RBCs,

acceleration of erythrocytes clearance and the presence
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of hemolytic activity in highly infected cattle are some

of the suggested possible mechanisms in inducing

anemia (Shiono et al., 2003b).

There are some evidences that oxidative stress and

lipid peroxidation incorporate in pathogenesis of

anemia in theileriosis. Lipid peroxidation is a general

mechanism whereby free radicals induce tissue

damages, and implicated under several diverse patho-

logical conditions (Halliwell and Gutteridge, 1999;

Knight, 1995). Malondialdehyde (MDA), an end

product of polyunsaturated fatty acid oxygenation, is

a reliable and commonly used biomarker for assessing

lipid peroxidation (Moore and Roberts, 1998). In recent

years, using MDA as a marker of lipid peroxidation,

there has been growing interest in studying the role

played by lipid peroxidation in various kinds of diseases

(Sheu et al., 2003).

Grewal et al. (2005) showed increased oxidative

stress and a significant increase in lipid peroxidation in

erythrocytes of cattle infected with T. annulata. They

concluded that this might be the cause of increased

erythrocyte fragility due to membrane lysis. Recently,

it has been documented that the levels of methemo-

globin, used as an index of erythrocytes oxidation,

markedly increase at the onset of anemia in experi-

mental Theileria sergenti infection (Shiono et al.,

2003a) and an inverse relationship has been observed

between methemoglobin levels and PCV (Shiono et al.,

2001). In addition, increased oxidation of proteins in

the membrane of erythrocytes at the advanced stage of

anemia in T. sergenti-infected cattle has been reported

(Yagi et al., 2002). Shiono et al. (2003b) indicated that

the levels of antioxidants in RBC decreased during the

progression of anemia in cattle infected with T.

sergenti. They suggested that oxidative damage of

RBC has a close relationship with the onset of anemia

in bovine theileriosis. These results strongly support

the hypothesis that oxidative changes in erythrocytes

are closely related to the pathogenesis of anemia in

theileriosis.

Tropical theileriosis caused by T. annulata is one

of the most prevalent and fatal diseases of cattle in

Iran. The work described here was undertaken to

determine the activities of erythrocyte glutathione

peroxidase, superoxide dismutase and glucose-6-

phosphate dehydrogenase as important profiles of

the antioxidant status and the level of malondialde-

hyde, as a biomarker of oxidative damage to

erythrocytes in cattle clinically affected with theiler-

iosis. In addition, the interrelationship of these

markers with degree of parasitemia and anemia has

been evaluated.
2. Materials and methods

2.1. Source of animals and samples

The study was carried out in the north west of Iran

(west Azerbaijan), in a region where theileriosis due to

T. annulata is very prevalent during warm seasons. Data

were from an observational clinical study conducted in

the Veterinary Teaching Hospital, School of Veterinary

Medicine, Urmia University, Urmia, Iran. The study

group was comprised of 35 crossbred cattle (Holstein

Friesian X local native breeds) clinically affected with

theileriosis caused by T. annulata. Cattle included in the

study ranged from 1 to 5 years old (mean � S.D.

3.6 � 1.21 years old) of both sexes. As a control group,

50 clinically healthy cattle from several farms in the

region of study during the peak period of theileriosis

occurrence were also sampled.

2.2. Blood sampling and routine hematological

examination

Blood samples were collected from jugular vein, in

evacuated tubes contaminated ethylenediamine-tetra-

acetic acid dipotassium salt (EDTA-K2) for routine

blood tests and into heparinized glass-stoppered tubes

for other analysis. Complete blood count including,

RBC and WBC counts, differential WBC counts, PCV

values, and hemoglobin concentration were made by

automated hematology analyzer (Autolyser AL 820,

Swiss) (Schalm et al., 1986). Thick and thin blood

smears from the ear veins and enlarged lymph nodes

aspirates were prepared for confirmation of the disease

in the basis of observation of piroplasms in erythrocytes

and schizonts in lymphocytes. Piroplasm parasitemia

(parasitized RBC rate) was quantified by microscopic

examination of blood films stained with giemsa, as the

number of piroplasm-infected erythrocytes in 100 cells

and expressed as the percentage of parasitized RBCs,

according to Shiono et al. (2003b).

For evaluation of MDA and estimation of antioxidant

enzymes, blood samples were centrifuged at 700 � g

for 15 min, plasma separated and packed cells was

washed three times with normal saline solution and then

haemolysate prepared by adding cold distilled water.

2.3. Osmotic fragility test (OFT)

The osmotic fragility of freshly taken erythrocytes

reflects their ability to absorb water without rupturing

and lysis. This test was done according to Chanarin

(1989). Briefly, washed erythrocytes incubated with
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saline buffer in a series of hypotonic solutions ranging

in concentration from 1.0 g/L (0.1%) to 9.0 g/L (0.9%)

sodium chloride. The percentage of haemolysis at each

concentration of NaCl was calculated and a graph of

haemolysis percent against concentration of NaCl was

plotted. The results were expressed as the concentration

of NaCl causing 50% haemolysis, i.e. the median

corpuscular fragility (MCF).

2.4. Biochemical assays and analysis

The activities of erythrocyte glutathione peroxidase

(GSH-Px, EC 1.11.1.9.) and superoxide dismutase (SOD,

Ec 1.15.1.1) were determined in washed red blood cells

obtained immediately after sampling from heparinized

blood. Hemolyzed cells were stored frozen at �70 8C
awaiting analysis. Glutathione peroxidase activity was

measured according to Paglia and Valentine (1967) by

commercially available kits (Ransel test kit, Randox

Laboratories Ltd. G.B.). For evaluation of activity of

superoxide dismutase, superoxide radicals generated by

the xanthine oxidase reaction convert 1-(4-iodophenyl)-

3-(4-nitrophenol)-5-phenyltetrazolium chloride quanti-

tatively to a formazan dye (Ransod test kit, Randox

Laboratories Ltd. G.B.). Conversion of superoxide

radicals to hydrogen peroxide by superoxide dismutase

inhibits dye formation and serves as a measure of

superoxide dismutase activity.

The activity of catalase (EC 1.11.1.6) was deter-

mined by colorimetric method, described by (Slaughter

& O’brien 2000), that involves two steps. Since the rate

of dismutation of hydrogen peroxide to water and

oxygen is proportional to the concentration of catalase,

samples were first incubated with a known amount of

hydrogen peroxide. The remaining hydrogen peroxide,

following a fixed incubation period, was then deter-

mined by the oxidative coupling reaction of 4-

aminophenazone (4-aminoantipyrene, AAP) and 3,5-

dichloro-2-hydroxy-benzenesulfonic acid (DHBS) in

the presence of H2O2 and catalyzed by horseradish

peroxidase. The resulting quinoneimine dye was

measured at 520 nm (Catalase Assay Kit, Oxford

Biomedical Research, Inc., USA). Activities of the

enzymes were expressed as U/mg Hb.

The activity of glucose-6-phosphate dehydrogenase

activity (EC 1.1.1.49) was determined according to

reaction described by Beutler (1984). In this reaction,

glucose-6-P is oxidized to gluconate-6-P and NADP+ is

reduced to NADPH + H+. The NADPH production in this

reaction was determined by spectrophotometerically at

340 nm at 37 8C and was expressed as international

units per gram of hemoglobin (IU/g Hb). Hemoglobin
determination was carried out by the cyanomethemo-

globin method (Chanarin, 1989).

Modified HPLC method based on Lykkesfeldt (2001)

and Suttnar et al. (2001) was used to assess malondial-

dehyde (MDA). The measurement was based on MDA

reaction with thiobarbituric acid (TBA) to form a colored

MDA–TBA adduct (Sheu et al., 2003; Fukunaga et al.,

1998). For determination of MDA in RBCs, erythrocytes

were washed with phosphate-buffered saline (�25%

hematocrite) and then 40-mL sample was diluted with

100 mL of H2O and mixed with 20 mL of 2.8 mmol/L

butylated hydroxytoluene (BHT) in ethanol, 40 mL of

81 g/L sodium dodecyl sulfate and 600 mL of TBA

reagent consisting of 8 g/LTBA diluted 1:1 with 200 ml/

L acetic acid adjusted to pH 3.5 with NaOH. The mixture

was immediately heated (60 min at 95 8C) and cooled

with running water; 200 mL of H2O and 1000 mL of

butanol–pyridine (15:1, v/v) were then added. After

vigorous mixing, the organic layer was separated by

centrifugation (3 min at 16,000 � g). 1,1,3,3-Tetraethox-

ypropane was used as a standard, and malondialdehyde–

thiobarbituric acid reactive substances (MDA–TBARS)

values were expressed as MDA nanomoles per grams of

hemoglobin (nmol/g Hb). The HPLC system used consi-

sted of a solvent delivery pump (JASCO 980-PU, Tokyo,

Japan), a reversed-phase column (Luna C18, 250 mm

� 4.6 mm, Phenomenex, CA, USA), and a UV–vis det-

ector (Jasco, UV-975, Tokyo, Japan) operated at 532 nm.

2.5. Statistical analysis

The results were analyzed by one way analysis of

variance (ANOVA) followed by pair-wise comparisons

using the Duncan tests. The relationship between

antioxidant enzymes, MDA, severity of the parasitemia

and anemia were assessed by using Peareson’s

correlation coefficient. Differences were considered

significant when P < 0.05. The computer software,

SPSS Version 9.0 for Windows (SPSS Inc., Chicago, IL,

USA) was used for analysis.

3. Results

3.1. Parasitological and hematological findings

The statistics of the measured parameters in healthy

and affected cattle are presented in Table 1. Based on

reference values for the PCV, affected cattle with

PCV � 12 were considered as severely anemic and

those with PCV 13–24 were considered as mild to

moderately anemic (Carlson, 1990; Schalm et al.,

1986). Of 35 affected cattle 12 (34.28%) had severe and
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Table 1

Statistics (mean � S.E.M.) of hematocrite (L/L), level of malondialdehyde (nmol/g Hb), activities of glutathione peroxidase (GSH-PX) (U/mg Hb),

catalase (katal/g Hb), superoxide dismutase (SOD) (U/mg Hb), glucose-6-phosphate dehydrogenase (G6PD) (U/mg Hb), median corpuscular

fragility (MCF) (g/dL NaCl causing 50% hemolysis of RBC) in healthy and affected cattle with theileriosis

Parameter Group I (n = 50) Group II (n = 23) Group III (n = 12)

Hematocrite (L/L) 30.86 � 0.52a 14.44 � 0.58b 9.75 � 0.25c

MDA (nmol/g Hb) 25.47 � 0.59a 95.78 � 5.80b 138.81 � 2.62c

GSH-PX (IU/mg Hb) 64.09 � 1.39a 26.17 � 1.00b 19.96 � 0.94c

Catalase (katal/g Hb) 26.69 � 0.58a 30.62 � 0.97b 26.65 � 1.36a

SOD (IU/mg Hb) 8.99 � 0.17a 7.72 � 0.22b 6.55 � 0.18c

G6PD (IU/g Hb) 22.19 � 0.34a 20.65 � 0.70a 15.28 � 0.60b

MCF (gr/dL) 0.49 � 0.0018a 0.57 � 0.007b 0.61 � 0.006c

Group I, healthy cattle; Group II, affected cattle with mild to moderate anemia (PCV = 13–24); Group III, affected cattle with sever anemia

(PCV � 12); means within a row with different superscript letters (a–c) denote significant differences (P < 0.01).
23 had mild to moderate anemia. An average of one to

five piroplasmic forms was observed in erythrocytes of

affected cattle with a range of 5–40% parasitemia.

Schizont parasitosis in lymph nodes was generally high

(more than 15%). There was a negative significant

correlation (r = �0.83, P < 0.001) between degree of

parasitemia and hematocrite (Table 2).
Table 2

Correlation between activities of antioxidant enzymes, oxidative stress ma

Parameter PCV Parasitemia MDA GSH-P

PCV

PCa 1.000 �0.940 �0.924 0.750

P-value – <0.0005 <0.0005 <0.000

Parasitemia

PC 1.000 0.980 �0.838

P-value – <0.0005 <0.000

MDA

PC 1.000 �0.831

P-value – <0.000

GSH-PX

PC 1.000

P-value –

Catalase

PC

P-value

SOD

PC

P-value

G6PD

PC

P-value

MCF

PC

P-value

PCV, packed cell volume; MDA, malondialdehyde; GSH-PX, erythrocyte g

phosphate dehydrogenase; MCF, median corpuscular fragility.
a Pearson correlation.
3.2. Evaluation of lipid peroxidation and

antioxidant enzymes activity

MDA evaluation indicated that lipid peroxidation in

erythrocytes of affected cattle was significantly more

than those of healthy cattle. In addition, in severely

affected cattle the levels of MDA were significantly
rkers and parasitemia in cattle affected with theileriosis

X Catalase SOD G6PD MCF

0.249 0.720 0.703 �0.781

5 0.149 <0.0005 <0.0005 <0.0005

�0.219 �.0795 �0.769 0.813

5 0.207 <0.0005 <0.0005 <0.0005

�0.232 �0.794 �0.791 0.833

5 0.179 <0.0005 <0.0005 <0.0005

0.322 0.718 0.619 �0.782

0.059 <0.0005 <0.0005 <0.0005

1.000 0.167 0.177 �0.532

– 0.366 0.308 0.018

1.000 0.662 �0.706

– <0.0005 <0.0005

1.000 �0.583

– <0.0005

1.000

–

lutathione peroxidase; SOD, superoxide dismutase; G6PD, glucose-6-
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more than those of mild to moderately affected cattle

(P < 0.01; Table 1). There was a positive significant

correlation (r = 0.98, P < 0.0005) between degree of

parasitemia and MDA levels in the erythrocytes

(Table 2). It seems that, T. annulata stimulates oxidative

stress and induces malondialdehyde production.

As Table 1 shows, the activities of erythrocyte

glutathione peroxidase (P < 0.0005) and superoxide

dismutase (P < 0.0005) were significantly lower in the

affected cattle than those of the healthy ones, and the

activities showed significant decrease in severely

anemic cattle in comparison with the mildly to

moderately anemic cattle (P < 0.01).

There was no significant difference (P > 0.05) in

erythrocyte catalase activity between healthy and

severely anemic cattle, but the activity in mild to

moderately anemic cattle was significantly (P < 0.01)

more than those of healthy and severely anemic cattle

(Table 1).

There was a significant inverse relationship of

severity of parasitemia with activity of erythrocyte

glutathione peroxidase (r = �0.838, P = 0 < 0.0005)

and superoxide dismutase (r = �795, P < 0.0005)).

There was also an inverse relationship between the

activities of these antioxidant enzymes and MDA levels

(r = �0.831, P < 0.0005; r = �0.794, P < 0.0005,

respectively, for erythrocyte glutathione peroxidase

and superoxide dismutase, Table 2).

A significant reduction (P < 0.01) in the activity of

erythrocytes glucose-6-phosphate dehydrogenase was

only detected in the severely anemic cattle (Table 1).

G6PD as a major enzyme of hexose monophosphate

pathway is involved in production of NADPH + H+

(Beutler, 1966), needed directely for the activity of SOD

and indirectly for GSH-Px activity. Decreased activity

of G6PD in affected erythrocytes results in a reduction

in the activities of the NADPH + H+-dependent SOD

and GSH-Px. The results also showed a negative

significant correlation (r = �0.77, P < 0.0005) between

G6PD activity and severity of parasitemia (Table 2).

3.3. Osmotic fragility of erythrocyte

The median corpuscular fragility (MCF) in affected

cattle was significantly (P < 0.01) lower than those of

health cattle and severely anemic cattle showed

significantly (P < 0.01) increased erythrocytes fragility

in comparison with mild to modernly anemic cattle

(Table 1). This finding shows that erythocytes from

theileriosis-affected cattle are more susceptible to

hemolysis. Furthermore, median corpuscular fragility

showed a significant positive correlation with severity of
parasitemia (r = 0.81, P < 0.0005) and a negative

correlation with activities of GSH-Px (r = �78,

P < 0.0005), SOD (r = �0.71, P < 0.0005), catalase

(r = �0.53, P < 0.018) and G6PD (r = �0.58,

P < 0.0005) (Table 2).

4. Discussion

The goal of this study was to evaluate the

cytochemical alteration of RBCs in anemic cattle

suffering from bovine theileriosis. Our findings showed

that oxidative damage to RBCs may be involved in the

pathogenesis and onset of anemia in theileriosis caused

by T. annulata.

In accordance with the findings from other studies

(Naziroglu et al., 1999; Saluja et al., 1999; Grewal et al.,

2005), our results indicated that the lipid peroxidation in

erythrocytes of affected cattle increases MDA produc-

tion. Increased MDA concentration in erythrocytes of

affected cattle may be an indication of elevated

oxidative stress in theileriosis. Oxidative stress results

when the production of the free radicals and reactive

metabolites of oxygen exceeds their safe disposal by

antioxidant mechanisms. Free oxygen radicals cause

lipid peroxidation and the end product of lipid

peroxidation is MDA. Determination of MDA allows

detection of the degree of lipid peroxidation and level of

free oxygen radicals indirectly (Esterbauer, 1996; Yagi,

1998; Owen, 1996). The erythrocytes membrane is rich

in polyunsaturated fatty acids, a primary target for

reactions involving free radicals, and is very susceptible

to lipid peroxidation (May et al., 1998; Devasena et al.,

2001).

Of interest in connection with increased MDA

production, was the relationship between erythrocytes

infection rate with T. annulata and the severity of

anemia. A similar finding has been reported in

theoleriosis caused by T. sergenti. Shiono et al.

(2003a) reported that in cattle with T. sergenti during

the onset of anemia, levels of MDA began to increase

remarkably in proportion to the decrease of packed cell

volume and increase of parasitemia. During the serious

stage of anemia, this oxidative index reached to its

maximum value. They concluded that oxidative damage

to the RBCs might play an important role in the

pathogenesis of anemia in bovine theileriosis. Based on

results of the present study, we would suggest that same

pathogenic mechanism may also be involved in cattle

infected with T. annulata.

Increased median corpuscular fragility in erythro-

cytes of affected cattle indicates injury to erythrocytes’

membrane and consequently altered permeability of
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these cells. Such alteration can results from oxidative

stress and lipid peroxidation. A positive correlation of

the MCF with the rate of parasitemia and MDA

concentration; and a negative correlation with the

activities of GSH-Px, SOD, catalase and G6PD may

suggest contributory role of oxidative stress in

development of hemolytic anemia in affected cattle.

These results are in accordance with the findings of Yagi

et al. (1989) and Haider (1992) in calves infected with T.

sergenti. They reported that, as parasitemia progressed,

the osmotic fragility of erythrocytes increased sig-

nificantly. Loss of membrane stability leading to

increased RBC osmotic fragility, because of morpho-

logical changes in the cell surface of erythrocytes

(Wagner et al., 1988; Saluja et al., 1999). These

morphologically altered erythrocytes are removed from

the body by macrophages through a process of

erythrophagocytosis, which commonly results in severe

anemia Winterbourn (1990).

The significant decrease in the activity of G6PD in

affected cattle suffering from severe anemia

(PCV < 12%) is an indicator of a metabolic disturbance

in the erythrocytes. This enzyme has a key role in the

pentose phosphate pathway, which has critical signifi-

cance in the survival of erythrocytes (Beutler, 1984).

G6PD enzyme is the principal source of NADPH, which

helps in maintaining glutathione in the reduced state, thus

protecting erythrocytes from oxidative stress. G6PD

serves as an antioxidant enzyme and decreased activity of

G6PD has been associated with increased hemolysis in

buffaloes affected with theileriosis (Singari et al., 1991)

and increased oxidative stress in endothelial cells

(Leopold et al., 2003). In the present study, the significant

decrease in G6PD activities was not in agreement with

the findings of Grewal et al. (2005). They reported a

significant increase in the activity of this enzyme in cattle

naturally infected with T. annulata and concluded that

such an increase could be due to a safeguard mechanism

to protect the erythrocytes from oxidative stress in

response to increased lipid peroxidation in erythrocytes.

The different results of the two studies regarding G6PD

activities may be related to the grouping of the affected

animals by severity of the anemia in the present study. It

should be noted that decreased activity of G6PD was only

observed in affected cattle with PCV less than 12%.

Decreased G6PD activity can be followed by

reduced activities of SOD and GSH, because of

dependence of the activities of these enzymes to

NADPH + H levels in the cell. In agreement with Agar

and Board (1983) we also found a direct relationship

between erythrocyte G6PD activity and the activities of

GSH-Px and SOD in infected cattle Also to be
considered was the significant decrease in the activity

of GSH-Px in affected cattle, which is in agreement

with the findings of Ozan and coworkers (1999) in cattle

naturally infected with T. annulata. However, in

contrast with our results, Grewal et al. (2005) Grewal

and colleagues (2005) reported a significant rise in the

activity GSH-Px in infected cattle. GSH-Px activity is a

major mechanism for intracellular decomposition of

lipid peroxides (Christophersen, 1966; Flohe, 1971).

Hafeman and colleagues (1974) also proposed that

GSH-Px plays a crucial role in preventing membranes

from peroxide damage induced by lipid peroxides.

Reduced glutathione is required for the disposal of

H2O2 from erythrocytes by a reaction catalyzed by

GSH-Px. This reaction is important because accumula-

tion of H2O2 might decrease the lifespan of erythrocytes

by increasing the rate of oxidation of hemoglobin to

methemoglobin (Winterbourn, 1985).

According to the results of this study, catalase

activity in erythrocytes of mildly to moderately anemic

cattle increased significantly, while there was a

significant decrease in the activity of this enzyme in

the erythrocytes of cattle with severe anemia. It has been

reported that catalase is of equal importance to GSH-Px

in the defense of human erythrocytes against H2O2

generating reactions (Harvey, 1989). However, the

results of the present study indicated that catalase might

be acting in concert with GSH-Px to scavenger H2O2 for

the protection of erythrocytes infected by theileria.

Evaluation of SOD activity in affected cattle showed

that by increasing the severity of parasitemia and

oxidative stress in parasitemized erythrocytes

(increased MDA concentration), activity of this enzyme

significantly reduced. Reduced SOD activity was

accompanied by decreased G6PD activity in infected

erythrocytes. It appears that, during theileriosis, SOD

similar to GSH-Px, playes an important role in

protection of erythrocytes against oxidative stress.

Similar findings were reported in other parasitic

infections. It has been reported that Plasmodium-

infected erythrocytes show decreased capacity of their

antioxidant enzymes, including superoxide dismutase

(Friedman, 1979; Wozencraft, 1986; Erel et al., 1997),

catalase, glutathione peroxidase (Greve et al., 1999),

G6PD (Roth et al., 1988), methemoglobin reductase

(Stocker et al., 1985) and antioxidant substances such as

Vitamin E (Griffiths et al., 2001).

In conclusion, the results of the present study showed

significant increase in lipid peroxidation of the

membrane of erythrocytes of cattle suffering from

theileriosis. The levels of the antioxidant enzymes in the

erythrocytes of affected cattle decreased as severity of
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the anemia and parasitemia increased. It seems that

antioxidant mechanisms of erythrocytes that protect

them against oxidative damage may be disturbed by

Theileria infection.
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