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•-
), hydroxyl 

radical (OH
•
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•
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(1)

 (oxidative damage)

(2)
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 (1.1) 

(auto-oxidation)
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 (oxidative stress)  
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 (polyunsaturated 

fatty acids) 

 (lipid peroxidation) 

 (malondialdehyde, 

MDA)  thiobarbituric 

acid reactive substances (TBARS) 

 MDA 

-

-

(1,7)

 (  6 )  MDA 

 (  3 -6 )
(8)

carbonylated protein 

(carbonyl group) 

 protein carbonylation 

 protein carbonylation 

Alzheimer’s disease 

 carbonylated protein 

(9,10)

 8-hydroxyguanosine (8-OHG) 

nucleoside

 guanosine  8-OHG 

(11,12)

 (anti-oxidant) 

 glutathione 

(GSH), ubiquinol, ceruloplasmin 

transferrin

 glutathione peroxidase

(GPx), superoxide dismutase (SOD) 

catalase (CAT)
(13)

(14)

co-factor  antioxidant enzyme 

 Cu-Zn 

Superoxide dismutase
(15)

 bilirubin, transferrin  urate 
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 (Glutathione) 

 thioltripeptide 

-

(16)

(17)

(18)
 retrovirus

(13)

(19)
 GSH 

(20)
-

(21,22)

 GSH 

 GPx
(23)

(cardiovascular disease) 

(diabetes mellitus)
(2 )

(Alzheimer’s disease)
(24)

 (neurodegenerative disorders) 

 (cancer) 

(25,26)

 (gas t r i c  d i l a ta t i on - 

vo l vu lus )
( 2 7 )

( l ymphoma)
( 2 8 )

(mammary carcinoma)
(29)

(demodicosis)

(generalized demodicosis) 

 (localized demodicosis) 

 reduced GSH 

CAT

(30)

(sarcoptic mange) 

 MDA 

 SOD  CAT 

(31)

 (canine 

atopic dermatitis) 

(32)

 MDA 

 (canine 
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atopic dermatitis extent and severity 

index)

(33)

 (Babesiosis) 

Babesia 

canis, Babesia gibsoni

(acute hemolytic anemia) 

superoxide anion
(34)

 lipid 

peroxide

(35)

 Apicomplexa 

 (Canine hepatozoonosis) 

(Rhipicephalus sanguineus)

Hepatozoon canis

gametocytes Hepatozoon canis

 GSH, MDA  nitric 

oxide

(36)

 (copper 

toxicosis)

 (extrahepatic 

cholestasis)

(chronic hepat i t is)  

a l k a l i n e  p h o s p h a t a s e ,  a l a n i n e 

aminotransferase  plasma bile acid 

 3 

 reduced GSH  oxidized GSH 

(GSH/GSSG)
(37)

 thiol 

 cysteine  GSH 

glutathione disulfide 

(necroinflammatory liver disease) 

 GSH 
(38)

 (mammary tumor) 
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 SOD, CAT, 

r e d u c e d  G S H ,  G P x ,  g l u t a t h i o n e 

S-transferase
(29, 39)

 (canine 

parvovirus)

 (hemorrhagic 

enter i t is)  (bloody 

diarrhea)

 (myocarditis) 

MDA, CAT  SOD
(40)

 CAT,

SOD  GPx 

 MDA 

 MDA 

MDA

 renal 

azotemia  blood urea 

nitrogen  creatinine 

 MDA 

 creatinine (U-MDA/Cr) 

(41)

 (congestive 

heart failure) 

 (dilated 

cardiomyopathy)

 (chronic valvular disease) 

 8-F
2

-isoprostanes

 GSH:GSSG 
(25)

 (idiopathic dilated cardiomyopathy) 

 GPx -

(26,42)
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 (cardiac arrest) 

 (resuscitation) 

(mild hypothermia) 

(43)

 (cataract) 

-

 peroxide
(44)

 (lens) 

 SOD  CAT 

 (aqueous

humor)
(45)

 (canine motor neuron disease) 

 (heredi tary  canine spinal 

muscular atrophy) 

(46)

-

 (Alzheimer’sdisease, AD) 

 beta-amyloid (A ) peptide 

 gray matter 

 A  senile plaques 

-

 (AD-like neuropathology) 

 (cognit ive 

dysfunction)

AD-like neuropathology 

 A
(24,47)

 MDA  H
2
O

2

 sulfhydryl -

 (denature) 

 (Heinz bodies)
(48)
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-

 reduced GSH 

thiol  cysteine 

 70% 

115
(49)

 (methaemo-

globin)

 (hemolysis) 
(35)

(13)

 MDA, SOD, CAT  GPx 

 GSH 

 antioxidant 

enzymes

up-regulation  antioxidant enzymes 

 1 

 GSH 

(50)
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Fe, Zn, Cu 



175

1. Winter JL, Barber LG, Freeman L, 

 Griessmayr PC, Milbury PE, Blumberg 

 JB. Antioxidant status and biomarkers 

 o f  ox idat ive s t ress in  dogs wi th 

 lymphoma. J Vet Intern Med. 2009; 

 23(2): 311-6. 

2. Valko M, Leibfritz D, Moncol J, Cronin

 MT, Mazur M, Telser J. Free radicals 

 and antioxidants in normal physiologi- 

 cal functions and human disease. Int 

 J Biochem Cell Biol. 2007; 39(1): 

 44-84. 

3. , . -

 : -

. . 2542; 53(3): 

 196-8. 

4. Cowley HC, Bacon PJ, Goode HF, 

 Webs te r  NR,  Jones  JG,  Menon 

 DK. Plasma antioxidant potential in 

 severe sepsis :  a  compar ison of 

 survivors and nonsurvivors. Crit Care 

 Med. 1996; 24(7): 1179-83. 

5. Nathens AB, Neff MJ, Jurkovich GJ, 

 Klotz P, Farver K, Ruzinski JT, et al. 

 Randomized, prospective tr ial of 

 an t iox idant  supp lementa t ion  in 

 critically ill surgical patients. Ann Surg. 

 2002; 236(6): 814-22. 

6. Vajdovich P, Gaál T, Szilágyi A,

 Harnos A. Changes in Some Red

 Blood Cell and Clinical Laboratory

 Parameters in Young and Old Beagle

 Dogs. Vet Res Commun. 1997; 21(7):

 463-70.

7 .  E s m a e i l n e j a d  B ,  T a v a s s o l i  M , 

 Asri-Rezaei S, Dalir-Naghadeh B. 

 Evaluation of antioxidant status and 

 oxidative stress in sheep naturally 

 i n fec ted  w i th  Babes iaov i s .  Ve t 

 Parasitol. 2012; 185(2–4): 124-30. 

8. , ,

. -

. -

. 2548(3): 15-20. 

9. Madian AG, Regnier FE. Proteomic 

 Identification of Carbonylated Proteins 

 and Their Oxidation Sites. Journal of 

 Proteome Research. 2010; 9(8): 

 3766-80. 

10. Dalle-Donne I, Giustarini D, Colombo

 R ,  R o s s i  R ,  M i l z a n i  A .  P r o t e i n 

 carbonylation in human diseases. 

 Trends in Molecular Medicine. 2003; 

 9(4): 169-76. 

11. Sova H, Jukkola-Vuorinen A, Puistola

 U, Kauppila S, Karihtala P. 8-Hydro- 

 xydeoxyguanosine: a new potential 

 independent prognostic factor in 

 breast cancer. Br J Cancer. 2010; 

 102(6): 1018-23. 



176

12. Maes M, Mihaylova I,  Kubera M, 

 Uytterhoeven M, Vrydags N, Bosmans 

 E. Increased 8-hydroxy-deoxyguano- 

 sine, a marker of oxidative damage 

 to DNA, in major depression and 

 myalgic encephalomyelitis / chronic 

 fatigue syndrome. Neuro Endocrinol 

 Lett. 2009; 30(6): 715-22. 

13. Willcox JK, Ash SL, Catignani GL. 

 Antioxidants and prevention of chronic 

 disease. Crit Rev Food SciNutr. 2004; 

 44(4): 275-95. 

14. Evans P, Halliwell B. Micronutrients:

 oxidant/antioxidant status. Br J Nutr. 

 2001; 85 Suppl2: S67-74. 

15. Halliwell B. Free radicals, antioxidants,

 and  human  d i sease :  cu r i os i t y , 

 cause, or consequence? Lancet. 

 1994; 344(8924): 721-4. 

16. Jones DP. Redox potential of GSH/ 

 GSSG couple: assay and biological 

 significance. Methods Enzymol. 2002; 

 348: 93-112. 

17. Kretzschmar M, Pfeiffer L, Schmidt C,

 Schirrmeister W. Plasma levels of 

 glutathione, alpha-tocopherol and lipid 

 peroxides in polytraumatized patients; 

 evidence for a stimulating effect of 

 TNF alpha on glutathione synthesis. 

 ExpToxicolPathol. 1998; 50(4-6): 

 477-83. 

18.  Ong-awyooth L,  Ong-ajyooth S, 

 Tiensong K, Nilwarangkur S. Reduced 

 free radical scavengers and chronic 

 renal failure. J Med Assoc Thai. 1997; 

 80(2): 101-8. 

19. Rahman SH, Ibrahim K, Larvin M, 

 Kingsnorth A, McMahon MJ. Associa- 

 t ion of  ant ioxidant enzyme gene 

 polymorphisms and glutathione status 

 with severe acute pancreatitis. Gastro- 

 enterology. 2004; 126(5): 1312-22. 

20. Alonso de Vega JM, Diaz J, Serrano E,

 Carbonell LF. Plasma redox status 

 relates to severi ty in cr i t ical ly i l l 

 patients. Crit Care Med. 2000; 28(6): 

 1812-4. 

21. Townsend DM, Tew KD, Tapiero H. 

 The importance of glutathione in 

 human disease. Biomed Pharmaco- 

 ther. 2003; 57(3-4): 145-55. 

22. Lomaestro BM, Malone M. Glutathione

 in health and disease: pharmacothera- 

 peutic issues. Ann Pharmacother. 

 1995; 29(12): 1263-73. 

23. , ,

,

.

, -

.

. 2548; 3: 21-9. 



177

24. Dowling AL, Head E. Antioxidants in

 the canine model of human aging. 

 Biochim Biophys Acta. 2012; 1822(5): 

 685-9. 

25. Freeman LM, Brown DJ, Rush JE. 

 Assessment of degree of oxidative 

 stress and antioxidant concentrations 

 in dogs with idiopathic dilated cardio- 

 myopathy. J Am Vet Med Assoc. 

 1999; 215(5): 644-6. 

26. Freeman LM, Rush JE, Milbury PE, 

 Blumberg JB. Antioxidant status and 

 biomarkers of oxidative stress in dogs 

 with congestive heart failure. J Vet 

 Intern Med. 2005; 19(4): 537-41. 

27. Walker TG, Chan DL, Freeman LM, 

 Milbury PE, Blumberg JB. Serial deter- 

 mination of biomarkers of oxidative 

 stress and antioxidant status in dogs 

 with naturally occurring gastric dilata- 

 tion-volvulus. J Vet EmergCrit Car. 

 2007; 17(3): 250-6. 

28. Hahn KA, Barnhill MA, Freeman KP,

 Shoieb AM. Detection and clinical sig- 

 nificance of plasma glutathione-S- 

 transferases in dogs with lymphoma. 

 In Vivo. 1999; 13(2): 173-5. 

29. Szczubial M, Kankofer M, Lopuszyn-

 ski W, Dabrowski R, Lipko J. Oxidative 

 stress parameters in bitches with 

 mammary gland tumours. J Vet Med 

 A Physiol Pathol Clin Med. 2004; 51 

 (7-8): 336-40. 

30. Dimri U, Ranjan R, Kumar N, Sharma

 MC, Swarup D, Sharma B,  et  a l . 

 Changes in oxidative stress indices, 

 zinc and copper concentrations in 

 blood in canine demodicosis. Vet 

 Parasitol. 2008; 154(1-2): 98-102. 

31. Singh SK, Dimri  U, Sharma MC, 

 Swarup D, Sharma B. Determination of 

 oxidative status and apoptosis in 

 peripheral blood of dogs with sarcop- 

 tic mange. Vet Parasitol. 2011; 178 

 (3-4): 330-8. 

32. Ol ivry T, DeBoer DJ, Gri f f in CE, 

 Halliwell RE, Hill PB, Hillier A, et al. 

 The ACVD task force on canine atopic 

 dermatitis: forewords and lexicon. Vet 

 ImmunolImmunopathol. 2001; 81(3-4): 

 143-6. 

33. Kapun AP, Salobir J, Levart A, Kotnik

 T, Svete AN. Oxidative stress markers 

 in canine atopic dermatitis. Res Vet 

 Sci. 2012; 92(3): 469-70. 

34. Otsuka Y, Yamasaki M, Yamato O, 

 Maede Y. Increased generation of 

 superoxide in erythrocytes infected 

 with Babesiagibsoni. J Vet Med Sci. 

 2001; 63(10): 1077-81. 

35. Chaudhuri S, Varshney JP, Patra RC.

 Erythrocytic antioxidant defense, lipid 



178

 peroxides level and blood iron, zinc 

 and copper concentrations in dogs 

 naturally infected with Babesiagibsoni. 

 Res Vet Sci. 2008; 85(1): 120-4. 

36. Kiral F, Karagenc T, Pasa S, Yenisey

 C, Seyrek K. Dogs with Hepatozoon- 

 canis respond to the oxidative stress 

 by increased production of glutathi- 

 one and nitric oxide. Vet Parasitol. 

 2005; 131(1-2): 15-21. 

37. Spee B, Arends B, van den Ingh TS,

 Penning LC, Rothuizen J. Copper 

 metabolism and oxidative stress in 

 chronic inflammatory and cholestatic 

 liver diseases in dogs. J Vet Intern 

 Med. 2006; 20(5): 1085-92. 

38. Center SA, Warner KL, Erb HN. Liver

 glutathione concentrations in dogs 

 and cats with naturally occurring liver 

 disease. Am J Vet Res. 2002; 63(8): 

 1187-97. 

39. Kumaraguruparan R, Balachandran C,

 Manohar  BM,  Nagin i  S .  A l te red 

 oxidant-antioxidant profile in canine 

 mammary tumours. Vet Res Commun. 

 2005; 29(4): 287-96. 

40. Panda D, Patra RC, Nandi S, Swarup

 D .  O x i d a t i v e  s t r e s s  i n d i c e s  i n 

 gastroenteritis in dogs with canine 

 parvoviral infection. Res Vet Sci. 2009; 

 86(1): 36-42. 

41. Buranakarl C, Trisiriroj M, Pondeenana

 S, Tungjitpeanpong T, Jarutakanon P, 

 Penchome R. Relationships between 

 oxidative stress markers and red 

 blood cell characteristics in renal 

 azotemic dogs. Res Vet Sci.. 2009; 

 86(2): 309-13. 

42. Freeman LM, Brown DJ, Rush JE. 

 Ant iox idant  s ta tus  in  dogs w i th 

 idiopathic dilated cardiomyopathy. J 

 Nutr. 1998; 128(12Suppl): 2768S-70S. 

43. Lei B, Tan X, Cai H, Xu Q, Guo Q. 

 Effect of moderate hypothermia on 

 l ipid peroxidation in canine brain 

 tissue after cardiac arrest and resusci- 

 tation. Stroke. 1994; 25(1): 147-52. 

44. Babizhayev MA, Deyev AI, Yermakova

 VN, Brikman IV, Bours J. Lipid peroxi- 

 dation and cataracts: N-acetylcarno- 

 sine as a therapeutic tool to manage 

 age-related cataracts in human and in 

 canine eyes. Drugs R D. 2004; 5(3): 

 125-39. 

45. Barros PS, Safatle AM, Queiroz L, 

 S i lva  VV,  Bar ros  SB.  B lood and 

 aqueous humour ant ioxidants in 

 cataractous poodles. Can J Ophthal- 

 mol. 2004; 39(1): 19-24. 

46. Green SL, Bouley DM, Pinter MJ, Cork

 LC, Vatassery GT. Canine motor 

 neuron disease: clinicopathologic 

 features and selected indicators of 

 oxidative stress. J Vet Intern Med. 

 2001; 15(2): 112-9. 

47. Opii WO, Joshi G, Head E, Milgram 



179

 NW, Muggenburg BA, Klein JB, et al. 

 Proteomic ident i f icat ion of brain 

 proteins in the canine model of human 

 aging following a long-term treatment 

 with ant ioxidants and a program 

 of behavioral enrichment: relevance 

 to Alzheimer’s disease. Neurobiol 

 Aging. 2008; 29(1): 51-70. 

48. Rettig MP, Low PS, Gimm JA, Mohan-

 das N, Wang J, Christian JA. Evalu- 

 ation of biochemical changes during 

 in vivo erythrocyte senescence in the 

Oxidative stress and diseases in dog

Wasan Tangphokhanon

Department of Veterinary Biosciences and Veterinary Public Health, 

Faculty of Veterinary Medicine, Chiang Mai University

Abstract  Metabolism causes the production of reactive oxygen species and other free 

radicals thus the endogenous antioxidant system is crucial in controlling free radicals. 

Nevertheless, excess free radicals can accumulate regarding to environmental factors, 

pathological conditions and diseases resulting in oxidative stress. Oxidative stress has 

been related to many diseases that contribute to the death. Reduction of free radicals, 

which result in the products from oxidative processes are reduced and the oxidative 

processes are hindered, is the major mechanism of antioxidants and thereby delay or 

prevent oxidative stress. This article described oxidants formation, antioxidants, 

oxidative stress and the roles of both endogenous and exogenous antioxidants in 

controlling oxidative stress including changes of dog’s antioxidants and oxidative stress 

indices level in different diseases. 

Keywords: Oxidants, antioxidants, oxidative stress, diseases, dog

 dog. Blood. 1999; 93(1): 376-84. 

49. Tang X, Xia Z, Yu J. An experimen- 

 tal study of hemolysis induced by 

 onion (Allium cepa) poisoning in dogs. 

 J Vet PharmacolTher. 2008; 31(2): 

 143-9. 

50. Viviano KR, Lavergne SN, Goodman

 L, Vanderwielen B, Grundahl L, Padilla 

 M, et al. Glutathione, cysteine, and 

 ascorbate concentrations in clinically 

 ill dogs and cats. J Vet Intern Med. 

 2009; 23(2): 250-7. 


