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INTRODUCTION 

A vast literature is available on the oxidative 

stress which arises due to the imbalance 

between the oxidants and antioxidants at the 

cellular or individual level and its role in the 

development of various pathological 

conditions
1
. Oxidants refer to any endobiotic 

or xenobiotic that induces oxidative stress 

either by generation of free radicals or by 

inhibiting antioxidant system. It includes all 

reactive, free radicals containing molecules in 

cells or tissues. The free radicals produced in 

the tissues can inflict direct damage to 

macromolecules, such as lipids, nucleic acids 

and proteins
2
. Antioxidant system involves 

various enzymatic and non-enzymatic 

molecules that are usually distributed within 

the cytoplasm and various cell organelles. 

Non-enzymatic components include 

glutathione, selenium, vitamin C and vitamin 

E. The antioxidant enzymes glutathione 

peroxidase (GPx), superoxide dismutase 

(SOD) and catalase are the major enzymes 

which are capable of minimizing the oxidative 

stress in the cell organelles
3
. These enzymatic 

and non enzymatic antioxidant systems are 

necessary for sustaining life by maintaining a 

delicate intracellular redox balance and 

minimizing undesirable cellular damage 

caused by free radicals
4
. 
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ABSTRACT 

Oxidants are the compounds which are capable of oxidising target molecules. Oxidants are 

produced from various endobiotic and xenobiotic sources. Oxidants oxidises the target molecules 

and leads to damaging effects on various cellular components e.g. lipid, proteins and DNA. To 

counteract the harmful effects of oxidants, the antioxidant system plays an important role in 

individual. Antioxidant system comprises the non enzymatic components and a series of 

antioxidant enzymes. Enzymatic components mainly include glutathione, vitamin C and vitamin 

E. Major antioxidant enzymes include superoxide dismutase, glutathione peroxidase and 

catalase. Imbalance between oxidants and antioxidants in favour of oxidants leads to oxidative 

stress. This review aims to focus on the various aspects of the oxidative stress and the 

involvement of the oxidative stress in an important haemoprotozoan disease, bovine tropical 

theileriosis.  
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In animals the oxidative stress has been 

reported in various pathological conditions 

which are relevant for the animal production, 

sufferings from such diseases results in huge 

economic losses. One of important disease 

among these is bovine tropical theileriosis 

(BTT). BTT is caused by the parasite Theileria 

annulata, the disease causes heavy economic 

losses due to extensive death losses, decreased 

milk and meat production and increased risk of 

secondary infections
5,6

. The bovine mortality 

rate is up to 40 per cent to 60 per cent in 

infected animals
7
. The infection is widespread, 

particularly in the Mediterranean Europe, 

Middle East, India, middle Asia and China
8
. 

This disease is characterised by the superficial 

lymph nodes enlargement, pallor mucous 

membrane and pyrexia. Atypical clinical 

markers are inappetance, coughing, respiratory 

distress, lacrymation, exophthalmia, cutaneous 

lesions and nervous symptoms
9
. Progressive 

anaemia is the main pathological feature of 

theileriosis. Anaemia occurs due to various 

factors viz. destruction of haematopoietic 

precursor cell destruction
10

, activation of 

complement products
11

 and removal of the 

infected and non-infected erythrocytes by 

phagocytosis
12

. Also there are evidence which 

suggest that anaemia occurs due to the damage 

of the erythrocytes caused by oxidative 

stress
13,14

. Buparvaquone is the drug of choice 

for the treatment of theileriosis. It has been 

reported that after administration of 

buparvaquone oxidative stress increases in the 

bovine tropical theileriosis. Therefore there is 

need of administration of antioxidants as a 

supportive therapy in the animals infected with 

bovine tropical theileriosis for fast and better 

recovery from bovine tropical theileriosis
15

. 

The aim of this review is to focus on the 

oxidative stress which arises through the 

imbalance between the oxidants and 

antioxidants at the cellular or individual level, 

and to provide an overview on the 

involvement of oxidative stress in theileriosis. 

OXIDANTS AND THEIR EFFECTS ON 

CELLULAR COMPONENTS 

Oxidants are the compounds which can oxidise 

the target molecules. The mechanism of 

oxidation occurs mainly through three 

processes: a) abstraction of a hydrogen atom 

b) abstraction of an electron and c) the 

addition of the oxygen. The oxidants can be 

classified on the basis that whether they 

contain free radicals i.e. an unpaired electron 

in their outer orbit or not. Due to the presence 

of free radical in the outer orbit these 

molecules are unstable. Species containing the 

free radicals in the outer orbit are:  hydroxyl 

radical (HO
∙
), nitric oxide (NO

∙
) and 

superoxide (O2
-
). Compounds which do not 

contain free radical in their orbit are: 

peroxynitrite (ONOO
-
), hydrogen peroxide 

(H2O2) and hypochlorous acid (HOCl) 
16

. The 

free radicals are generated as a by product of 

normal aerobic metabolism, but under stressful 

conditions their levels increases beyond the 

optimum levels which proves to be a basic 

health hazard. The immune defense 

mechanism uses the lethal effects of oxidants 

in a beneficial manner and with the use of 

oxidants phagocytes kills the pathogens by 

using the enzyme nicotinamide adenine 

dinucleotide phosphate (NADPH) oxidase
17,18

. 

This leads to the production of free radicals 

after an immune challenge. To respond the 

immune challenge phagocytes increase their 

oxygen uptake as much as 10–20 folds, which 

is called as respiratory burst. The mechanism 

of respiratory burst leads to the production of 

various highly reactive free radicals. As 

because these free radicals are non specific in 

their function, therefore along with killing of 

pathogens, the cytotoxic effects of free 

radicals also injures the host tissue
19

. 

Mitochondrion is the major cell organelle 

which is responsible for the production of free 

radicals
20,21

. During generation of ATP, free 

radicals are produced by the mitochondria due 

to leakage of electron from the respiratory 

chain when the reduction of molecular oxygen 

to water occurs.  

 The free radical causes the direct 

damage to macromolecules of individuals, 

such as lipids, nucleic acids and proteins. The 

poly unsaturated fatty acids are the primary 

oxidation targets. The free radicals, 

particularly superoxide anion radical (O2
∙−

), 

hydroxyl radical (OH
∙−

), and alkyl peroxyl 

radical (
∙
OOCR), are potent initiators of lipid 
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peroxidation. The end products of lipid 

peroxidation, such as malondialdehyde (MDA) 

and F2-isoprostanes are accumulated in body. 

Oxidation of DNA bases can cause mutations 

and deletions in both nuclear and 

mitochondrial DNA. Mitochondrial DNA is 

more prone to oxidative damage because it is 

near to the production site of the free radicals. 

The oxidative change in DNA leads to 

functional changes in various types of 

proteins, which is evident by the altered 

physiological functions
22

. Along with it 

initiation of protein modification is started by 

hydroxyl radicals, which leads to the oxidation 

of side chains of amino acid, cross linkage of 

protein and finally fragmentation of protein
23

.  

ANTIOXIDANTS 

To counteract the harmful effects taking place 

in the cell due to free radicals, the aerobic 

organisms system has evolved with some 

strategies like repair mechanism to alleviate 

the oxidative damages, physical protection 

mechanism against damage, and the final most 

important is the antioxidant defense 

mechanisms
16

. The antioxidants are 

synthesised in vivo or these can be taken in 

diet
24

.  The antioxidants are the first line of 

choice to take care of the oxidants and these 

are very efficient in removing the free radicals, 

thus protecting cells from the harmful effects 

of the free radicals. In healthy aerobic 

organisms, production of free radicals is 

approximately balanced with antioxidant 

defense system
25

. The antioxidant system 

includes a network of antioxidant enzymatic 

and non enzymatic molecules which are 

usually distributed within the cytoplasm and 

various cell organelles. Enzymatic 

antioxidants act as primary defense 

mechanism whereas non enzymatic 

antioxidants act as secondary against defense 

mechanism against the oxidants. The 

enzymatic antioxidant system includes SOD, 

catalase and peroxidases (glutathione 

peroxidase). The SOD is first line of defense 

against free radicals. GPx is mainly a cytosolic 

selenoenzyme (selenium containing) and 

attack hydroperoxides with the aid of reduced 

glutathione (GSH) to form oxidized 

glutathione (GSSG) and the reduction product 

of the hydroperoxide
 26

. Catalase decomposes 

the H2O2 to water and O2 , thus protecting the 

cell against oxidative stress induced by 

H2O2 or consequently formed OH
• 27

. Non-

enzymatic components of antioxidant system 

involve vitamin E, vitamin C, selenium and 

glutathione. α-tocopherol (vitamin E) and 

ascorbic acid (vitamin C)  acts as cellular 

antioxidant vitamins which are present in the 

cell membrane and plasma lipoproteins
28

. 

Vitamin E is a family of lipid-soluble 

vitamins, among which α-tocopherol is the 

most active form and is a powerful biological 

antioxidant. Vitamin E effectively minimizes 

oxidative stress, lipid peroxidation and toxic 

effects of free radicals in the biological 

system
29

. Main function of vitamin E is the 

protection of cell and cellular components 

against lipid peroxidation
30

, and there are also 

evidences that suggest that α-tocopherol and 

ascorbic acid function together in a cyclic-type 

of process. The antioxidant mechanisms of 

ascorbic acid are based on the properties of 

donation of hydrogen atom to lipid radicals, 

quenching of singlet oxygen, and removal of 

molecular oxygen
31

. Selenium (Se) is 

component of some proteins and enzymes 

present in blood and tissues and acts as a 

potent antioxidant as well as potent 

immunomodulator. These protective effects of 

Se (as co-antioxidant) seem to be primarily 

associated with its presence in the seleno-

enzymes, which are known to protect DNA 

and other cellular components from oxidative 

damage
32

. 

MARKERS OF OXIDATIVE STRESS 

For measurement of oxidative stress various 

methods including direct and indirect 

measures of oxidants and antioxidants are 

there. But these methods often need 

specialized equipments and considerable 

experience. The action of oxidants and 

antioxidants can be monitored in situ by 

electron spin resonance, but these methods are 

not suitable for routine analysis. (Lykkesfeldt). 

The methods for measurement of oxidative 

stress viz. MDA and the natural antioxidants, 

metalloenzymes Cu, Zn-superoxide dismutase 

(Cu, Zn-SOD), and selenium dependent 

glutathione peroxidase (GPx), are currently 
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considered to be the most important, which are 

suitable for routine analysis
33,34

. MDA (three-

carbon compound) which is an end product of 

lipid peroxidation, formed from peroxidized 

polyunsaturated fatty acids, mainly 

arachidonic acid is considered as an important 

biomarker of lipid peroxidation. It is Since 

MDA levels are increased in various diseases 

with excess of oxygen free radicals, many 

relationships with free radical damage were 

observed. Cu, Zn-SOD which is an 

intracellular enzyme, responsible for 

dismutation of extremely toxic superoxide 

radical into potentially less toxic hydrogen 

peroxide is widespread in nature, but being a 

metalloenzyme, its activity depends upon the 

free copper and zinc reserves in the tissues. 

GPx is an intracellular enzyme and this 

belongs to several proteins in mammalian cells 

that can metabolize hydrogen peroxide and 

lipid hydroperoxides
22

.  

OXIDATIVE STRESS IN THEILERIOSIS 

Oxidative stress in the haemoprotozoan 

disease BTT has been studied and reported by 

many workers. The schizont stage of the 

parasite infects the leucocytes and the 

piroplasmic stage infects the erythrocytes. The 

progressive anaemia in this disease is the 

characteristics feature of the disease, it has 

been reported that erythrocytes are very prone 

to oxidative stress. 

 Grewal et al.,
35

 monitored the levels of 

antioxidant enzymes and assayed the lipid 

peroxidation and osmotic fragility of 

erythrocytes in cattle naturally infected with 

Theileria annulata and reported the significant 

erythrocytic fragility and lipid peroxidation. 

The activities of antioxidant enzymes Glucose-

6-phosphate dehydrogenase (G6PD) and GPx 

were significantly increased. They suggested it 

as that there was increase in the oxidative 

stress and the significant rise in the activities 

of antioxidant enzymes G6PD and GPx could 

not lower the oxidative stress. Due to the 

oxidative stress the lysis of erythrocytic 

membrane and lower values of haemoglobin 

occurred. The increased activities of 

antioxidant enzymes indicated towards the 

body’s defence mechanism towards the 

oxidative stress but could not lower it. Other 

workers
13,14,36,37,38 

reported the decreased levels 

of SOD and GPx, indicating the increased 

exposure of erythrocytes to the oxidative 

stress. Due to severe damage to the antioxidant 

system in BTT there is need of antioxidative 

therapy in theileriosis. But the studies on 

antioxidative therapy in theileriosis has not 

fully explored.  

 However there is extensive literature 

available on theileriosis, but scanty literature is 

available on the involvement of oxidative 

stress in bovine tropical theileriosis. Morever, 

it has reported that the specific drug 

(buparvaquone) used for theileriosis also 

causes the oxidative stress, perhaps it kills the 

parasite through formation of free radicals. 

McHardy, 1989 
39

 reported that buparvaquone 

persists for a long time in plasma. Kumar et 

al.,
15

 reported that oxidative stress in theileria 

infected animal increases with administration 

of buparvaquone (drug of choice) alone. Along 

with buparvaquone, the administration of 

vitamin C (antioxidant therapy) for three days 

in theileriosis revealed the significant 

reduction in oxidative stress level, however, 

when the vitamin C administration was 

stopped after three days, there was again 

increase in oxidative stress level beyond 

normal values, when the therapeutic evaluation 

was done on day fourteen. Therefore, another 

study for therapeutic evaluation of 

antioxidants as supportive therapy was done, 

along with the administration of specific drug 

i.e. buparvaquone
40

. The antioxidant therapy 

comprising the vitamin C was prolonged 

(administered of vitamin C every day for nine 

days, at recommended dose) and it was 

compared it with antioxidant therapy 

comprising vitamin E and selenium 

combination (administered on day 0, 3 and 6 at 

recommended dose) and the therapeutic 

evaluation was done on day 0, 3, 6 and 9 of 

therapy for the oxidative stress indices in 

blood. We found that the oxidative stress 

indices in blood showed significant 

improvement in antioxidants supplemented 

groups; however, more improvement was 

observed in animals which were supplemented 
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with vitamin E and selenium combinations as 

compare to the animals which were 

supplemented with vitamin C. Thus, our 

findings suggest that vitamin E and selenium 

combination as better adjunct antioxidant 

therapy as compare to vitamin C in cases of 

bovine tropical theileriosis.  

 

CONCLUSION 

Oxidative stress is an imbalance between 

oxidants and antioxidants in favour of 

oxidants. Various enzymatic and non 

enzymatic components of the antioxidant 

system are involved to counteract the harmful 

effects which arise due to the oxidation of the 

cellular components due to oxidants. There are 

strong evidences that suggest that the dynamic 

balance between the oxidation and the 

antioxidation process in theileriosis is severely 

damaged. Therefore, there is need of 

antioxidant therapy for faster and better 

recovery of theileria infected animals. Vitamin 

E and selenium preparation given three times 

at three days interval proved to better 

antioxidant therapy as compared to Vitamin C 

given every day for nine days. 
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