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Abstract 

 In equine field, respiratory affections are common diagnostic problems, strangles is a bacterial 

disease causing airway affection in young horses. This study aimed to evaluate oxidant/antioxidant 

status in strangles affected horses. Fifteen horses (15) were evaluated in this study, the levels of SOD, 

GPx, Catalase, MDA, hydrogen peroxide and antioxidant trace minerals (Zn and Cu) were estimated. 

Significant decrease in SOD, GPx, Zn along with significant increase in MDA and hydrogen peroxide 

levels were recorded. Oxidative process has been associated with strangles infection in horses leading 

to oxidant-antioxidant imbalance and its effect extends to associate antioxidant trace minerals, thus, a 

future thinking of adding antioxidant supplementation to regular treatment regimen may be rewarding. 
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Introduction 
 Respiratory affections are considered a main cause of morbidity and even fatality in foals 

(Carr, 2007). Streptcoccus equi is organism known to cause upper respiratory affections in foals 

worldwide (Waller and Jolley, 2007).  One of the most important respiratory affection of young horses 

is strangles, a gram positive cocci (Sweeney, 1996). Strangles is also known as equine distemper 

(Arias, 2013) is characterized of variety of respiratory signs including pyrexia, muco-purulent to 

purulent nasal discharge and abscessiated lymph nodes (Sweeney et al., 2005). With diagnosis depends 

basically on detection of micro-organism in pus of affected lymph nodes via bacteriological culture, 

strangles came as one of the most feasible diagnostic affection in horses (Sweeney et al., 2005; Laus et 

al., 2007). 

 The consequence of creating imbalance between reactive oxygen species (ROS) generation 

and scavenging mechanism is the oxidative stress (Sikka 2001), these modifications apt injuries 

outcomes (Mandelker and Vojdovich, 2011).  More than a few mechanisms are intricate in protection 

against devastating nature of oxidants, Glutathione peroxidase, Superoxide dismutase (among several) 

are two of them (Aviram, 2003). The enzymatic antioxidant system actions banks on certain trace 

minerals (Kleczkowski et al., 2004), Cu and Zn play a major role in body antioxidant mechanism by 

averting radical-induced injury (Nazifi et al., 2011). 

 In equine practice, correlation between oxidant/antioxidant balances has been discussed in 

heaves (Deaton et al., 2005), however, studies regarding them in other topics including strangles are 

limited (Hassanpour, 2013). The present study was performed on foals with confirmed strangles 

affection to evaluate oxidant/antioxidant status in the affected patients. 

Material and Methods 
Fifteen Arabian horses (15) with age range from 4 month to 7 month old were evaluated in 

this study. The study was performed in Giza government; all the fifteen horses were previously 

confirmed positive to have strangles on basis of history, clinical and bacteriological means within 2-3 

days after appearance of clinical signs. 

From each horse a blood sample was taken from jugular vein and divided into EDTA-tube, 

heparin containing tube and plain tube to collect RBCs lysate, heparinized plasma and serum 

respectively (Weiss and Wardrop 2010). The blood from EDTA containing tubes was used to prepare 

erythrocytes lysates for estimation levels of glutathione peroxidase (GPX) and superoxide dismutase 

(SOD) enzymes using respective test kits (Bio-Diagnostic Company-Egypt) according to manufacture 

instructions, the resultant erythrocyte lysate was stored in -80ºC till use. Heparinized plasma samples 

were used for estimation of catalase, Malondialdehyde "MDA" and Hydrogen peroxide, using 

respective test kits (Bio-Diagnostic Company-Egypt), the parameters were estimated immediately after 

plasma separation. The collected sera were used to estimate anti-oxidant trace minerals "copper and 

zinc" levels using respective test kits (Spectrum Diagnostic-Egypt). Cu and Zn were estimated 

immediately. All parameters were evaluated colorimetrically (APEN , PD-303S, Japan). 

Control animal were used to establish control data, criteria for inclusion were: the same age 

and breed group, apparently healthy animal, fecal samples were examined for exclusion of parasitic 

infestation and nasal swap were taken to confirm they are strangles-free. 

Data of diseased horses were compared with data of control horses using student T-test for 

Calculation of mean ± SE, p≤0.05 considered significant. 

Results 
The alterations in antioxidant agents and antioxidant trace minerals are recorded in table 1 and 

graph 1. Significant decrease in SOD and GPx were observed in diseased animals compared to control 

group. Though catalase enzyme showed decrease in activity in diseased group compared to control 

group, this difference is considered to be not quite statistically significant. 

 Trace minerals activity, namely Zn and Cu showed significant decrease in zinc activity in 

diseased group while Cu level showed an increase in activity however this increase is considered not 

statistically significant. 

 The variations in non-enzymatic oxidant parameters are shown in Table 1. Both 

Malondialdehyde "MDA" and Hydrogen peroxide showed significant increase in their activities in 

diseased animals compared to control group. 
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       Table 1. Oxidative stress biomarkers in diseased and control horses 

Parameters Control horse 

(A) 

Diseases horses 

(B) 

P value 

Enzymatic anti-
oxidant 

SOD (u/ml) 235.190±11.34 166±9.04 0.002 

GPx(mu/ml) 159.75±12.22 73.34±16.20 0.0049 

Catalase(u/l) 482.00±58 284.038± 71 0.0793 

Non-Enzymatic  Cu (umol/l) 21.300±1.96 24.76±1.63 0.2 

Zn (ug/dl) 64.084±2.23 45.983±2.23 0.043 

Non enzymatic 
oxidant system 

MDA (nmol/ml) 1.426±0.171 3.188±0.58 0.0266 

Hydrogen 
Peroxide(mM/l)  

0.0075±0.00623 0.0180±0.00229 0.0228 

 

     
 

 

Discussion 
 In recent years, studying oxidant-antioxidant mechanisms have increased popularity and focus 

in both human and veterinary medicine (Ayala et al., 2014). In equine practice, oxidative biomarkers 

gained attention especially in topics dealt with anemia (Deger et al., 2009, Bolfă et al., 2012). 

 In the current study significant decrease in both SOD and GPx activities with slight decrease 

in Catalase activity were observed, these results were recorded in other equine diseases (Bolfă et al., 

2012). These decreased activities may indicate disruption in oxidant/antioxidant equilibrium, these 

enzymes poses the ability to transform anions into H2O2 and water making them easily removed 

(Kirschvink and Lekeux 2008).  In a study dealt with bacterial infection to reproductive tract in mares, 

infection appears to have a direct effect on both SOD and MDA in affected mares (Abo-Maaty et al., 

2014). Increase lipoperoxide products and decreased enzymatic antioxidant activities were recorded in 

the blood of race horses following strenuous exercise (Maranon et al., 2008). Loss of enzymatic 

antioxidant components may weaken the cellular defenses and buildup of ROS is expected 

(Kolodziejczyk et al., 2005). It seems like first role of GPx is to detoxify the "organic peroxides" 

(Johnson et al., 2000). Catalase is vital enzyme in antioxidant cycle, its importance come from the role 

it plays in destruction of H2O2 (Kirkman and Gaetani, 2007), aid in protection of somatic cells 

especially in inflammation sites against damaging effect of H2O2 (Agar et al. , 1986). 

 Cu and Zn play a major role in body antioxidant mechanism by averting radical-induced 

injury (Nazifi et al., 2011). Zinc plays an important role in formation of SOD and Cu in the structure of 

ceruloplasmin (Ciftci et al., 2003).Significant decrease in zinc activities accompanied with non-

significant increase in Cu levels  were observed, similar findings were recorded in strangles affected 

foals in Iran (Rad et al., 2013), also the same observation were reported in T.equi infected horses 

(Salem and El-sherif, 2015), however in a study dealt with EHV-1, a significant reduction in both Cu 
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and Zn were recorded (Yeter et al., 2007). The decrease in zinc level may affect the immune system 

(Shankar and Prasad, 1998), because body requires zinc to activate T-lymphocytes (Wintergerst et al., 

2007). It has been postulated that in inflammatory process, level of ceruloplasmin "an acute phase 

protein" increased and consequently, leads to increase Cu levels (Healy and Tipton, 2007). 

 Lipid peroxidation process produced by free radicals in body, the peroxidation of 

polyunsaturated fatty acids results in MDA, a widely used marker for oxidative stress (Gawel et al., 

2004). Significant increase in MDA level was recorded, estimation levels of MDA permits detection of 

lipid peroxidation and the indirect determination of free oxygen radicals' levels (Esterbauer, 1996). 

When the free radical levels exceed the counter antioxidant enzymes, these radicals assault cells and 

membrane, it has been concluded that measurement of MDA is highly substantial in oxidative stress 

pathology (Grotto et al., 2009). Significant increase in levels of hydrogen peroxide was observed in the 

diseased horses, in animals, a level of 50µM or higher considered cytotoxix (Halliwell and Gutteridge, 

1999), therefore, enzymes like catalase and GPx are employed for the elimination (Halliwell et al., 

2000). In human study, it has been hypothesized that high plasma level H2O2 can be detected if 

condition for removal was prohibited (Varma and Devamanoharan, 1991).  

 In conclusion, oxidative process has been associated with strangles infection in horses leading 

to oxidant-antioxidant imbalance and its effect extends to associate antioxidant trace minerals, thus, a 

future thinking of adding antioxidant supplementation to regular treatment regimen may be rewarding. 

 

References 

1) Abo-Maaty MAE, El-moez SIA, Abdelmonem MA, Shata FYH, 2014. Microbiological 

Investigations of Equine Infections in Relation to Oxidative Stress Markers. Global veterinaria 

13(5):877-888. doi:10.5829/idosi.gv.2014.13.05.86237. 

2) Agar NS, Sadrzadeh SMH, Hallaway PE, Eaton JW, 1986. Erythrocyte catalase: A somatic oxidant 

defense. Journal of Clinical Investigation .77:319-321. 

3) Ayala A, Muñoz MF, and Argüelles S, 2014. Lipid Peroxidation: Production, Metabolism, and 

Signaling Mechanisms of Malondialdehyde and 4-Hydroxy-2-Nonenal. Oxidative Medicine 

and Cellular Longevity, vol. 2014, Article ID 360438, 31 pages, 2014. 

doi:10.1155/2014/360438 

4) Arias MP, 2013. Strangles: The most prevalent infectious respiratory disease in horses worldwide. 

Revista CES Medicina Veterinaria y Zootecni. 8 (1): 143-159. 

5) Aviram, M., 2003. Lipid peroxidation and atherosclerosis: the importance of selected patient group 

analysis. Israel Medical Association Journal. 5: 734-735. 

6) Bolfă PF, Leroux C, Pintea A, Andrei S, Cătoi C, Taulescu M, Tăbăran F, Spînu M. 2012. Oxidant-

Antioxidant Imbalance in Horses Infected with Equine Infectious Anaemia Virus. Veterinary 

Journal. 192 (3): 449–54. doi:10.1016/j.tvjl.2011.08.029. 

7) Carr EA, 2007. Respiratory Diseases of the Foal. McGorum BC, Dixon P M, Robinson NE and 

Schumacher J. (eds). Equine Respiratory Medicine and Surgery. Elsevier Limited, chapter 45. 

8) Ciftci TU, Ciftci B, Yis O, Guney Y, Bilgihan A, Ogretensoy M. 2003. Changes in serum selenium, 

copper, zinc levels and Cu/Zn ratio in patients with pulmonary tuberculosis during therapy. 

Biological Trace Element Research. 95:65–71 

9) Deaton CM, Marlin DJ, Smith NC, Roberts CA, Harris PA, Schroter RC and Kelly FJ, 2005. 

Antioxidant and inflammatory responses of healthy horses and horses affected by recurrent 

airway obstruction to inhaled ozone. Equine Veterinary Journal. 37:243-249. 

10) Deger S, Deger Y, Bicek K, Ozdal N and Gul A, 2009. Status of lipid peroxidation, antioxidant and 

oxidation products of nitric oxide in equine babesiosis: Status of antioxidant and oxidant in 

equine babesiosis. Journal of Equine Veterinary Science 29: 743-747. 

11) Esterbauer H, 1996. Estimation of peroxidative damage: a critical review. Pathologie Biologie 

(Paris) 44:25–28. 

12) Gaweł S, Wardas M, Niedworok E, Wardas P, 2004. Malondialdehyde (MDA) as a lipid 

peroxidation marker. Wiadomosci lekarskie. 57(9-10):453—455. 

13) Grotto D, Maria LS, Valentini J, Paniz C, Schmitt G, Garcia SC, Pomblum VJ , T. Rocha JB and 

Farina M,  2009, Importance of the lipid peroxidation biomarkers and methodological aspects 

FOR malondialdehyde quantification. Química Nova. [Online] 32:169–74. Available from: 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S010040422009000100032&nrm=iso 

14) Hassanpour A. 2013. Correlation of malondialdehyde and antioxidants of serum in the horses with 

strangles. Indian Journal of Fundamental and Applied Life Sciences 3 (3):327-334. 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S010040422009000100032&nrm=iso


Yehia et al. 2016/ J. Livestock Sci. 7: 260-264 
 

264 
 

15) Halliwell B, Clement MV, Long LH, 2000. Hydrogen peroxide in the human body. Federation of 

European Biochemical Societies  Letters. 486(1):10–3. 

16) Halliwell B and Gutteridge JMC, 1999. Free Radicals in Biology and Medicine, 3rd edition, 

Clarendon Press, Oxford. 

17) Healy J and Tipton K, 2007. Ceruloplasmin and what it might do. Journal of Neural Transmission. 

114(6):777–781. 

18) Johnson RM, Goyette G Jr, Ravindranath Y, and Ho YS, 2000. Red cells from glutathione 

peroxidase-1-deficient mice have nearly normal defenses against exogenous peroxides. Blood. 

96: 1985 – 1988. 

19) Kleczkowski M, Kluciński W, Sikora J, Zdanowicz M, 2004. Role of antioxidants in the protection 

against oxidative stress in cattle--trace elements and enzymatic mechanisms (Part 3). Polish 

Journal of Veterinary Sciences. 7(3):233—240. 

20) Kirkman HN and Gaetani GF, 2007. Mammalian catalase: a venerable enzyme with new mysteries. 

Trends in Biochemical Science 32: 44 – 50. 

21) Kirschvink N and Lekeux P, 2008. The oxidant / antioxidant equilibrium in horses. The Veterinary 

Journal 177:178-191. 

22) Kolodziejczyk L, Siemieniuk E, Skrzydlewska E, 2005. Antioxidant potential of rat liver in 

experimental infection with Fasciola hepatica. Parasitology Research. 96:367–372. 

23) Laus F, Preziuso S, Spaterna A, Beribè F, Tesei B, Cuteri V, 2007. Clinical and epidemiological 

investigation of chronic upper respiratory diseases caused by beta-haemolytic Streptococci in 

horses. Comparative Immunology Microbiology and Infectious Diseases. 30(4):247-260. 

24) Mandelker L and Vajdovich P, 2011. Studies on veterinary medicine. New York, USA: Humana 

Press; pp. 19–50. 

25) Maranon G, Munoz-Escassi B, Manley W, Garcia C, Cayado P, de la Muela MS, Olabarri B, Leon 

R, Vara E, 2008. The effect of methyl sulphonyl methane supplementation on biomarkers of 

oxidative stress in sport horses following jumping exercise. Acta Veterinaria Scandinavica 50, 

45. 

26) Nazifi S, Razavi SM, Kianiamin P, Rakhshandehroo E, 2011. Evaluation of erythrocyte antioxidant 

mechanisms: antioxidant enzymes, lipid peroxidation, and serum trace elements associated 

with progressive anemia in ovine malignant theileriosis. Parasitology Research. 109(2):275-

281. 

27) Rad PA, Hassanpour A, Mashayekhi M, 2013. Comparative study of serum zinc, copper and 

selenium in horses with strangles and healthy horses, European Journal of Zoological 

Research 2(5):67-74. 

28) Salem NY and El-sherif MA, 2015. Malondialdehyde Status, Trace Minerals and Hematologic 

Results of anemic-T. equi infected Egyptian Horses International Journal of Veterinary 

Science 4(3):118-122. 

29) Shankar AH and Prasad AS, 1998. Zinc and immune function: the biological basis of altered 

resistance to infection. American Journal of Clinical Nutrition. 68: 447-463. 

30) Sikka SC, 2001. Relative impact of oxidative stress on male reproductive function. Current 

Medical Chemistery.8: 851-862. 

31) Sweeney C, 1996. Strangles: Streptococcus equi infection in horses. Equine Veterinary Education 

8:317–322. 

32) Sweeney CR, Timoney JF, Richard Newton J, and Hines MT, 2005. Streptococcus equi Infections 

in Horses: Guidelines for Treatment, Control, and Prevention of Strangles. Journal of 

Veterinary Internal Medicine. 19:123–134. 

33) Varma SD and Devamanoharan PS, 1991. Hydrogen peroxide in human blood. Free Radical 

Research Communication. 14: 125-131. 

34) Waller AS and Jolley KA, 2007. Getting a grip on strangles: recent progress towards improved 

diagnostics and vaccines. Veterinary Journal. 173(3):492-501. 

35) Weiss DJ and Wardrop KJ, 2010 .Schalms Veterinary Haematology.6th ed. Wiley-Blackwell-USA. 

P. 821–28.  

36) Wintergerst ES, Maggini S, Hornig DH, 2007. Contribution of selected vitamins and trace elements 

to immune function. Annals of Nutrition and Metabolism. 51: 301-323. 

37) Yeter YE, Handan D, Nihat M, Ataseven M, 2007. Serum Concentration of Copper, Zinc, Iron, and 

Cobalt and the Copper/Zinc Ratio in Horses with Equine Herpesvirus-1. Biological Trace 

Element Research 118:38–42 

 


