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Abstract

This report describes the effects of therapeutic doses of coccidiocid sulphachloropyrazine on 
enzymatic and non-enzymatic antioxidative systems in haemolysed blood and liver homogenate 
from broilers (glutathione, glutathione-reductase, glutathione-peroxidase, peroxidase, superoxide-
dismutase, xantine-oxidase and lipid peroxidation). The in vivo investigation was carried out 
on 120 heavy-line broilers (Arbor acres) of both sexes. One-day-old broilers were randomly 
distributed into 2 groups, each numbering 60 individuals of both sexes: Group 1 - control group; 
Group 2 - group of broilers inoculated with laboratory derived coccidia species on the 21st day-of-
age. When symptoms of coccidiosis appeared (30th day-of-age), blood sampling and decapitation 
of 20 chickens were carried out (Group 2a). The remaining broilers were treated with therapeutic 
doses of sulphachloropyrazine (60 ppm). Decapitation of 20 chickens was carried out after the 
therapy was concluded (38th day-of-age – Group 2b). Infection of broilers with coccidia intensified 
free radical processing in haemolysed blood and liver homogenate. This was evident from the 
increased levels of lipid peroxidation and the catalytic activity of almost all examined enzymes 
(SOD, GSHPx and Px). Therapeutic doses of sulphachloropyrazine inhibited free-radical activity 
induced by disease and establishing of physiological values of lipid peroxidation and catalase 
activity of examined enzymes.
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Coccidiosis is an infectious disease of the digestive tract which is most frequent in 
poultry, causing prolonged fattening, slower feed conversion and increased mortality 
(Jenkins et al. 2008). The disease is caused by protozoas from the genera of Eimeria, 
Isospora and Cryptospora, and it is manifested by damage of the intestinal epithelial cells, 
less frequently the bile duct and renal tubuli (Perry and Long 1987). If coccidiosis is 
manifested in its clinical form, the sulphonamide-based derivatives, i.e. the derivatives 
of p-aminobenzolsulphonic acid are used for treatment (Arakawa et al. 1991; Katzung 
1995). Sulphachloropyrazine-4-amino-N(choropyrazinyl)-monosodium monohydrate 
(active substance of the drug “Esb3 30%”) is a sulphonamide of a wide spectrum of action, 
(Bevill 1988).

For the diagnostics of blood and organ diseases, catalytic activity of enzymes in 
erythrocytes and liver is most commonly monitored. Erythrocytes are directly exposed 
to molecular oxygen; their plasma membrane has high concentrations of polyunsaturated 
fatty acids and an anionic channel specific for single oxygen. Furthermore, erythrocytes 
contain a high concentration of haemoglobin that is exposed to antioxidation. Erythrocytes 
have a highly effective system of protection from free radicals: they contain all the 
enzymes of antioxidative protection and a high level of glutathion (Jovanović 1993). 
The liver is an organ with a central metabolic role in the organism, often referred to as 
“the main laboratory” since it performs major detoxification functions. For this reason the 
liver is the prime target for the study of the metabolism of xenobiotics (Popović 1988). 
Antioxidant enzymes counteract exessive formation and harmful effects of reactive oxygen 
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metabolites (Cotgreave et al. 1988). For example, superoxide-dismutase (SOD) catalyzes 
the conversion of superoxide anion radical to H2O2, catalase reduces H2O2 to water, while 
gluthatione-peroxidase (GSH-Px) acts in conjuction with other enzymes to reduce H2O2 
and to terminate lipid peroxidation. The interaction of lipid peroxidation and activity of 
superoxide dismutase has been studied by some authors in houseflies (Allen et al. 1983; 
Sohal et al. 1984), Drosophila and mice (Miquel 1983), frogs (Lopez-Torres et al. 
1993) and in broiler chickens (Kostadinović et al. 2001). Enkvetchakul et al. (1995) 
analysed the age relationship for hepatic and whole blood gluthatione in male broiler 
chickens.

The aim of this study was to determine the effect of therapeutic doses of coccidiostat 
sulphachloropyrazine on the catalytic activity of the important enzyme of oxidative 
protection in blood haemolysates and liver homogenates of healthy and artificially infected 
broilers. Examination of the catalytic activity of oxidative defense enzymes in blood 
and liver of broilers and assessment of their physiological values can be used for early 
diagnostics of coccidiosis.

Materials and Methods

Experiments in vivo were performed on 120 broilers of the heavy line Arbor Acres, of both sexes. One-day-old 
broilers, randomly selected, were divided into two groups of 60 individuals. One group of broilers uninfected 
with coccidia was used as control (Group 1). Blood sampling and decapitation of 40 chickens was carried out on 
the 42nd day-of-age.

The second group of broilers was inoculated with laboratory strains of coccidia. Inoculation of 21-day-old 
broilers was performed by oral application of 1cm3 of coccidial suspension containing the mixture of newly 
isolated oocysts of E. tenella (5000 oocysts), E.mitis (5000 oocysts), and E. necatrix genus (10 000 oocysts). Nine 
days later (30th day-of-age), first clinical signs of disease appeared, chickens were bristling, showed decreased 
food conversion, white mucous and later bloody diarrhea appeared and appetite decreased etc. Blood sampling 
and decapitation of 20 chickens were carried out (Group 2a). The remaining broilers were subsequently treated 
with therapeutic doses of anticoccidial preparation based on sulphachloropyrazine (active component of the drug 
Esb3 30%): 20 g of the drug per 100 dm3 of drinking water (which corresponds to 60 ppm of sulphachloropyrazine) 
for 8 days (3 days therapy, 2 days break, 3 days therapy). Blood sampling and decapitation of other 20 chickens 
were carried out after the therapy was finished at 38th day-of-age (Group 2b). During the experiments, chickens 
were regularly observed, autopsies were performed and all findings were carefully recorded. Concentrations of 
haemoglobin, necessary for the expression of the enzymatic activities in haemolysed blood, were determined 
using commercial test (“Dialab”, Vienna, Austria) on a spectrophotometer (Multiscan MCC 340, Finland). The 
protein content was determined by the modified method of Gornall and Bardwall (1949). In haemolysed blood 
and homogenized liver, glutathione content, products of lipid peroxidation and the activities of anti-oxidant 
enzymes (SOD, GSHR, GSHPx, Px and XOD) were determined.

Preparation of blood haemolysate 
Blood was collected by heart puncture of broilers into heparinized test tubes. After centrifuging (10 min at 

1372 g and 277 K) and plasma removal, the erythrocytes were rinsed 3 × in saline. The resulting erythrocyte 
pellet was suspended in an equal volume of double distilled water and vortexed. After incubation for 1 h at room 
temperature, the haemolysate was centrifuged for 15 min at 1372 g and supernatant aliquoted for further analysis 
(Kostadinović 1998).

Preparation of liver homogenate
The excised liver was perfused to eliminate blood and total mass was determined. One gram of the tissue was 

minced with scissors and homogenized in an ultraturax in 3 volumes of isotonic buffer (0.05 mol·dm-3 tris-HCl, 
0.25 mol·dm-3 sucrose, pH = 7.5). The homogenate was filtered through gauze into ice-cold tubes and aliquoted 
for further analysis (Kostadinović 1998). 

Sample preparation for glutathione (GSH) determination
In freshly prepared haemolysate, proteins were separated by adding half the volume of 10% sulphosalicylic 

acid and centrifugation at 2800 g, for 5 min, at 277 K. The supernatant was stored at 277 K, without freezing, and 
GSH determined within 24 h. The same procedure was applied for liver homogenate.

Determination of enzymatic activity
The superoxide dismutase (SOD) activity was determined by the spectrophotometric method based on the 

inhibition of adrenaline reduction to adrenochrome at pH = 10.2 (Kostadinović et al. 2001).
The glutathione peroxidase (GSH Px) activity was determined by spectrophotometric measurement of 

absorbance at 412 nm with cumenhydroperoxide as the substrate (Chin et al. 1976). Based on the method of 
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Glatzle et al. (1974), the glutathione reductase (GSHR) activity was determined from the rate of NADPH 
oxidation, monitored by the absorbance at 340 nm.

Lipid peroxidation (LPx) was determined by thiobarbituric acid (TBA-test). The oxidation of cellular membrane 
lipids was measured via reaction of lipid peroxides with thiobarbituric acid (Buege and Aust 1978).

The determination of peroxidase (Px) activity was based on the catalytic oxidation of guayacole by hydrogen 
peroxide as an electron acceptor (Simmon et al. 1974).

The reaction of xanthine oxidation touric acid was used for determination of XOD activity (Bergmayer 1974). 
Spectrophotometric measurement was performed in 0.1 mmol·dm-3 phosphate buffer, pH = 7.5, at 295 nm.

The glutathione (GSH) content in the blood haemolysate and the liver homogenate was determined from the 
amount of sulphhydryl residues by means of Ellmann’s reagent (Rollinger et al. 2004). The erythrocyte content 
of GSH was determined by the modified method of Beutler et al. (1963) and in the liver homogenates by the 
modified method of Ellmann (Rollinger et al. 2004).

Statistics
Differences between means were evaluated at different levels of significance (p < 0.05, p < 0.01, p < 0.001) 

using repeated measures analysis of variance (Sokal and Rohlf 1981). 

Results

The GSH and LPx concentrations and enzymatic activity found in blood haemolysates 
from the control group (42nd day-of-age) and the experimental group (2a - 30th day-of-
age and 2b - 38thday-of-age) are shown in Table 1. Significant increase in the content of 
GSH and higher catalytic activity of almost all examined enzymes (GSHPx and Px) in 
blood haemolysates of infected broilers (Group 2a) was found, while the increase in the 
content of LPx and SOD activity was highly significant (p < 0.001). The only exception 
was the catalytic activity of XOD which showed a significant reduction in group of 
infected broilers (Group 2a) compared to the control (Group 1). Sulphachloropyrazine 
therapy (Group 2b) resulted in significant induction of GSHPx and Px catalase activity, as 
well as significant inhibition of GSHR and XOD catalase activity in blood haemolysates 
of infected and consequently treated broilers compared to the control group. A tendency 
for establishing physiological values of LPx content and catalase activity of SOD was 
observed in blood haemolysates of broilers after sulpachloropyrazine therapy.

The content of GSH and LPx and the catalytic activity of selected enzymes of  
the anti-oxidative defense system found in the liver homogenates of the control  
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Table 1. Glutathione(GSH) and lipid peroxidation (LPx) content and the activity of glutathione peroxidase 
(GSHPx), peroxidase (Px), superoxide dismutase (SOD), glutathione reductase (GSHR) and xanthine oxidase 

(XOD) in blood haemolysates obtained from chicken broilers

		  Experimental groups
Indicator		  Group 1 - Control	 2a - infected, prior to 	 2b – after sulphachloropyrazine
			   therapy (30th day-of-age)  	 therapy (38th day-of-age)

GSH (μmol/g Hb)	 8.13 ± 1.97	 6.72 ± 2.11c	 9.31 ± 1.61C

LPx (μmol/g Hb)	 0.22 ± 0.06	 5.34 ± 0.19a	 0.30 ± 0.13A

GSHPx (μmol/g Hb min)	 6.72 ± 2.08	 12.92 ± 6.75	 14.14 ± 2.10b

Px (μmol/g Hb min)	 82.92 ± 2.39	 95.17 ± 5.78	 99.53 ± 18.39b

SOD (μmol/g Hb min)	 24.72 ± 5.83	 61.35 ± 20.27a	 20.67 ± 3.80A

GSHR (μmol/g Hb min)	 16.04 ± 6.40	 15.92 ± 6.08	 10.12 ± 2.80b,B

XOD (μmol/g Hb min)	 20.29 ± 9.35	 14.96 ± 6.58b	 10.93 ± 2.97a,B

Data are mean values ± SD for 40 determinations for the control group and 20 determinations for groups 2a and 
2b of broilers
Significance of difference between groups: a,A p < 0.001; b,B p < 0.01; c,C p < 0.05
a,b,c – Significance of difference between the control group (1) and experimental group of broilers (2a and 2b)
A, B, C - Significance of difference between groups of infected broilers before (2a) and after treatment with 
sulphachloropyrazine (2b).
Hb - Haemoglobine



(Group 1) and experimental groups (2a - 30th day-of-age and 2b - 38thday-of-age) are 
shown in Table 2.

In the liver homogenates of infected broilers (before sulphachloropyrazyne therapy -  
group 2a) the contents of GSH and catalytic activity of GSHPx were significantly higher 
than control values, whereas the activities of Px and GSHR were reduced. 

Comparison of the results from Table 1 and 2 showing the anti-oxidative protection in 
haemolysed blood and liver homogenates of infected broilers (before sulphachloropyrazyne 
therapy- Group 2a) indicates good correlation in terms of the content of GSH and the 
catalytic activities of GSHR and XOD. Reduction of the catalytic activity of GSHR in the 
liver homogenates of infected chickens was significant, whereas the slight reduction of this 
activity in the blood haemolysates was without significance. The reduction of the activity 
of XOD in blood haemolysates and liver homogenates of infected chickens was significant 
only in the blood haemolysates. 

Mortality rate in the control group up to the 42nd day-of-age was 6.6%. In the experimental 
group, the mortality rate of 6.0% was till the 21st day-of-age. None of the therapeutically 
treated broilers died.

Discussion

The most likely explanation for the observed phenomena presented in Table 1 is that 
the pathological alterations intensify free radical processes by stimulating catalytic 
activities of enzymes involved in the anti-oxidative protection, Px and SOD. However, 
during the disease, lipolysis from the lipid depots is increased due to smaller food intake 
and exhaustion of the organism by diarrhea, which leads to intensification of free radical 
processes and formation of larger quantities of lipid peroxides in blood. Newly formed 
lipid peroxides and their degradation products are transported by blood stream to inactive 
organs and tissues having a toxic effect on them and generating cellular membrane 
damages. The organism then activates its antioxidative protection system. Induction of 
catalytic activity of superoxide dismutase is expected and in agreement with literature 
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Table 2. Glutathione (GSH) and lipid peroxidation (LPx) content and the activity of glutathione peroxidase 
(GSHPx), peroxidase (Px), superoxide dismutase (SOD), glutathione reductase (GSHR) and xanthine oxidase 

(XOD) in liver homogenates

Indicator		  Group 1 - Control	 Group 2a  	 Group 2b – after
			   - infected, prior to	 sulphachloropyrazine
			   therapy (30th day-of-age)  	 therapy (38th day-of-age)
GSH (nmol/mg protein)	 0.97 ± 0.25	 1.28 ± 0.21b	 1.66 ± 0.13A

LPx (nmol/mg protein)	 0.31 ± 0.06	 0.35 ± 0.19	 0.25 ± 0.05
GSHPx (nmol/mg protein min)	 4.40 ± 3.13	 7.58 ± 2.58a	 11.61 ± 3.17a,A

Px (nmol/mg protein min)	 6.67 ± 2.09	 2.79 ± 0.89a	 1.75 ± 0.49c,A

SOD (nmol/mg protein min)	 14.98 ± 6.66	 9.78 ± 3.98b	 3.18 ± 0.77a,A

GSHR (nmol/mg protein min)	 34.59 ± 2.01	 21.50 ± 5.19b	 10.12 ± 2.80a,A

XOD (nmol/mg protein min)	 29.18 ± 10.4	 18.63 ± 2.99b	 10.93 ± 2.97a,B

Data are mean values ± SD for 40 determinations for the control group and 20 determinations for groups 2a and 
2b of broilers
Significance of difference between groups: a,A p < 0.001; b,B p < 0.01; c,C p < 0.05
a,b,c – Significance of difference between the control group (1) and experimental groups of broilers (2a and 2b)
A, B, C - Significance of difference between groups of infected broilers before (2a) and after treatment with 
sulphachloropyrazine (2b).
Hb: Haemoglobine



data (Mezes et al. 1992). Simultaneously with the increased risk of peroxidation of 
lipids in blood, there is an increase in the enzymatic activity of GSHPx.

When Eimeria enter the digestive system, different developmental stages secrete specific 
metabolites that may be absorbed and induce changes in the enzymatic activity of the anti-
oxidative protective system in a variety of tissues. 

Inhibition and induction of enzyme activity in liver homogenates of infected and 
sulphachloropyrazine-treated broilers tended to eliminate harmful free-radical activity 
induced by the disease and to establish physiological values characteristic for the untreated 
group of broilers. Observed changes showed positive therapeutic effects of the administered 
coccidiocid sulphachloropyrazine. 

Sulphachloropyrazine has a greater positive effect on the antioxidative system of 
erythrocytes. This may be caused by producing more significant changes of these 
biochemical indicators compared to liver homogenates, which can be explained by larger 
antioxidative capacity of liver and larger exposure of erythrocytes to the oxidative stress 
(Hunter and Mohamed 1986).

Investigation of catalase activity of enzymes responsible for the antioxidative protection 
of broilers, and application of simple and fast biochemical analyses can lead to correct and 
early diagnosis of coccidiosis.
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