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Abstract
The aim of this study was to determine changes in total sialic acid (TSA), malondialdehyde (MDA), nitric oxide (NO), inducible nitric oxide synthase (iNOS) 
and endothelial nitric oxide synthase (eNOS) levels on sera and CSF and reduced glutathione (GSH) levels on blood in cattle with Malignant Catarrhal Fever 
(MCF). For this purpose 17 cattle which clinically diagnosed “head-eye form” of MCF and clinically healthy 10 cattle were evaluated. Blood and cerebrospinal 
fluid (CSF) were taken from the animals on the MCF diagnosed group MDA, GSH, NO, eNOS, iNOS, and TSA values were 25.65±0.42 µmol/L, 37.21±1.12 
mg/dL, 30.61±0.41 µmol/L, 4.05±0.09 U/L and 10.98±0.35 U/L, 88.33±1.03 mg/dL, on the control group 13.77±0.55 µmol/L, 60.06±1.73 mg/dL, 11.27±0.4 
µmol/L, 3.12±0.18 U/L, 5.55±0.3 U/L and 63.60±1.86 mg/dL respectively, and all parameter changes between the groups were determined to be statistically 
significant (P<0.001). On the CSF, no statistically significant difference between taken from MCF diagnosed group and healthy group. NO value and iNOS 
activity obtained from control groups CSF were relatively higher than the same group’s serum whereas eNOS activities were found to be low. The study group 
consisting of MCF diagnosed cattle’s serum were found to have NO value, eNOS and iNOS activities relatively higher than the same group’s CSF values. As a 
result, it was concluded that there is a need for more comprehensive studies for better understanding the reason of failure to obtain the significant changes 
of animals diagnosed MCF that determine in blood but not in CSF.
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Koriza Gangrenosa Bovum Baş-Göz Formlu Sığırlarda Serum, Kan ve 
BOS’ta Bazı Oksidatif Stres ve İnflamasyon Belirteçlerinin Tespiti

Özet
Bu çalışmanın amacı Koriza Gangrenosa Bovum’lu sığırlarda serum ve beyin omurilik sıvısı (BOS), total sialik asit (TSA), malondialdehit (MDA), nitrik oksit (NO), 
indüklenebilir nitrik oksit sentetaz (iNOS)  ve endotelyal nitrik oksit sentetaz (eNOS) ile kan redükte glutatyon (GSH), düzey değişikliklerinin belirlenmesidir. Bu 
amaçla klinik olarak Coryza Gangrenosa Bovum’un (CGB) “Baş-Göz Formu” teşhisi konulan 17 adet ve kontrol amacı ile klinik olarak sağlıklı sığırlardan oluşan 
10 adet sığır değerlendirildi. Hasta ve kontrol gruplarındaki hayvanlardan kan ve BOS alındı. CGB teşhisi konulan grupta MDA, GSH, NO, eNOS, iNOS ve TSA 
değerlerinin sırası ile 25.65±0.42 µmol/L, 37.21±1.12 mg/dL, 30.61±0.41 µmol/L, 4.05±0.09 U/L ve 10.98±0.35 U/L, 88.33±1.03 mg/dL kontrol grubunda ise 
13.77±0.55 µmol/L, 60.06±1.73 mg/dL, 11.27±0.4 µmol/L, 3.12±0.18 U/L, 5.55±0.3 U/L ve 63.60±1.86 mg/dL olduğu ve tüm parametre değişikliklerinin gruplar 
arasında istatistiksel olarak önemli (P<0.001) olduğu belirlendi. Sağlıklı ve CGB teşhisi konulan gurubun BOS’larından elde edilen değerler arasında istatistiksel 
olarak önemli bir farkın bulunmadığı tespit edildi. Kontrol grubunun BOS’undan elde edilen NO değeri ve iNOS aktivitesinin aynı grubun serumlarından 
elde edilen değere göre nispeten yüksek, eNOS aktivitesinin ise düşük olduğu, CGB’li sığırlardan oluşan çalışma grubunun serumlarından elde edilen NO 
değeri, eNOS ve iNOS aktivitelerinin ise aynı grubun BOS’larından elde edilen değerlerden nispeten yüksek olduğu belirlendi. Sonuç olarak CGB’li hayvanlarda 
yangısal süreç ve oksidatif strese bağlı olarak kanda ortaya çıkan anlamlı değişikliklerin BOS’ta elde edilememesinin daha iyi anlaşılabilmesi için yeni ve daha 
kapsamlı çalışmalara ihtiyaç olduğu kanısına varıldı.

Anahtar sözcükler: Koriza Gangrenosa Bovum, GSH, Nitrik oksit, eNOS, iNOS, Sığır

 İletişim (Correspondence)
 +90 532 2757135
 euzlu@hotmail.com

KafKas Universitesi veteriner faKUltesi Dergisi

JoUrnal Home-Page: http://vetdergi.kafkas.edu.tr
online sUbmission: http://vetdergikafkas.org

Research Article
Kafkas Univ Vet Fak Derg
23 (4): 515-519, 2017
DOI: 10.9775/kvfd.2016.17166



516
Determination of some Oxidative ...

INTRODUCTION 

Malignant catarrhal fever (MCF) is usually fatal lympho- 
proliferative disorder of cattle and other hoofed 
animals [1-3]. Disease is caused by alcelaphine herpes virus-I 
(circumstances-I) and Ovine herpesvirus-II (OHV-II) carried 
by sheep as reservoir [4,5]. Agents located on Macavirus 
genus [6]. OHV-II leads to subclinical infection in sheep and 
sheep serves as the reservoir for the disease occurring 
in cattle [1]. Clinically fever, muco-purulent rhinorrhea, 
corneal opacity [7,8], erosive stomatitis (especially erosion 
of the buccal papillae ends) and gastroenteritis, tear 
flows, blepharospasm, upper respiratory tract erosion, 
encephalitis, cutaneous exanthema and enlarging 
in lymph nodes were observed. The reservoir sheeps 
infect environment with agent with nasal discharge. The 
maximum virus excretion to environment takes place 
when the sheeps are 6-9 months of age. Contact with 
sheeps should be prevented through the control of the 
disease [9].

Sialic acid (SA), increases quickly after the inflammation 
and injury process [10,11]. Until today, some researchers 
reported increased serum SA concentrations during the 
course of many diseases [12-19].

Malondialdehyde (MDA) content increases due to the 
induction of lipid peroxidation. This process activates 
antioxidant defense mechanisms [20]. Reduced glutathione 
(GSH) and MDA concentrations can be used as indicators 
of oxidative stress in some diseases but no studies 
determined the oxidative stress in MCF on sera or CSF  
previously [21,22]. In inflammations, via stimulation of 
inducible nitric oxide synthase (iNOS), nitric oxide (NO) 
production increases. This situation leads to NO mediated 
tissue injury [23].

On many physiological and pathological processes 
nitric oxide acts as a biologically active molecule with 
different effects [24]. Nitric oxide is a cytotoxic factor which 
is generated from the terminal guanidine nitrogen atom 
of L-arginine by NO synthase and released by a variety 
of cells [25-28]. Its plays a primary defence against some 
pathogens [29,30]. But it has also been reported to be 
immunosuppressive [31,32]. 

A large spectrum of pathologic events cause oxidative 
stress in farm animals [33]. Oxidative stress and lipid 
peroxidation may end up with cellular and tissue damage  
if the production of reactive oxygen species are  
excessive [34,35]. Both enzymatic and non-enzymatic anti-
oxidative mechanisms used in the elimination of these 
reactive oxygen species [34,36,37].

This study was therefore designed to determine changes  
in TSA, MDA, NO, iNOS and eNOS levels on sera and CSF  
and GSH levels on blood in cattle with MCF. 

MATERIAL and METHODS

Animals

A total of 27 animals, age 2-4 years used in the study, 
consisting of 17 patients with clinically diagnosed MCF, 
which were referred to the clinic of the Internal Medicine 
Department of Kafkas University, Faculty of Veterinary 
Medicine and 10 healthy cattles. In this study, control group 
were provided from the faculty farm animals which found 
to be healthy during routine examination. The study was 
approved from the Kafkas University Animal Experiments 
Local Ethics Committee (KAÜ-HADYEK/2016-137).

Blood (n=27) and CSF (n=17) samples were taken 
from all the animals. Blood samples were taken from vena 
jugularis and CSF were taken from L6-S1 intervertebra 
with Tuohy epidural needle® (Perican epidural needle, 
18G-80 mm. Braun, Germany). The blood samples were 
centrifuged 3.000 rpm x 10 min and serum was obtained. 
The whole blood samples with EDTA were taken for GSH 
analyses. The obtained samples stored at -20°C until 
analyses are done. 

NO, MDA, iNOS, eNOS, TSA and GSH Analysis

Serum TSA levels were measured by the method of 
Sydow [38], serum MDA concentrations were determined by 
the method of Yoshoiko et al.[39], serum NO was determined 
according to the method of Miranda et al.[40]. Also levels 
of GSH was measured according to the method of Beutler 
et al.[41] iNOS and eNOS activities were determined 
commercial ELISA kits (MyBiosource®). Same procedures 
(excluding GSH) were performed during the measurement  
of the CSF and serum samples.

Statistical Analysis

The data obtained in this study were evaluated by 
SPSS® (SPSS 20, USA) programme using the t test.

RESULTS

The serum MDA, NO, eNOS, iNOS and TSA levels and 
whole blood GSH levels are shown in Table 1, CSF; MDA,  
NO, TSA levels and eNOS, iNOS activities are shown in Table  
2 which are obtained form study. 

Clinical Examination Findings

In the clinical examination of the group consisting of 
diseased animal, typical clinical symptoms; keratitis on the 
cornea which starts from periphery and directs to center, 
keratoconjunctivitis and increased opacity, photophobia, 
mukoprulent lacrimation and nasal discharge, high fever 
(40-41°C), redness of the mouth and nasal mucosa, necrosis 
and erosive lesions in the mouth and buccal papillae, 
growth in all lymph nodes that are palpable, dysphagia  
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and the findings which are reported by researchers. Clinical 
symptoms associated with encephalitis such as somnolence, 
staying head put on a place, staggering gait, indifference  
to the environment were not evident in patients which 
were clinically diagnosed with head-eye form of MCF. 

In addition, from anamnesis received from animal 
owners, it was determined as infected animals are being 
hosted along with sheep.

Biochemical Findings

The serum levels of MDA, NO, eNOS, iNOS and TSA were 
significantly higher (P<0.001) in animals with MCF than 
control group animals and whole blood GSH values were 
detected significantly lower (P<0.001) (Table 1).

On the animals with MCF, levels of MDA and iNOS in 
CSF were detected high whereas levels of NO, eNOS ve 
TSA were detected low than control group animals. This 
changings were not statistically significant (P>0.05) (Table 2).

DISCUSSION 

This study aimed to demonstrate on sera, blood and  
CSF some indicators of oxidative stress and inflammation, 
which were determined different bacterial and viral 
diseases, in cases of MCF in cows that parameters are not  
fully investigated yet. 

Clinical symptoms determined in this study like keratitis  
on the cornea which starts from periphery and directs to 
center, keratoconjunctivitis, corneal opacity, photophobia, 
high/acute fever (39.5-41.0ºC), disphagie, redness of the 

mouth and nasal mucosa, necrosis and erosive lesions in the 
mouth and buccal papillae, growth in the lymph nodes of 
infected animals with consequent excessive mucopurulent 
lacrimation and nasal discharge in agreement with those 
reported for MCF but clinical symptoms associated with 
encephalitis were not determined in patients [1-3,7-9]. Further- 
more from anamnesis taken from animal owners, it was 
determined as infected animals are being hosted along 
with sheep which are involved in the occurrence of the 
disease in cattle as reservoir [1,4,5].

In this study, serum TSA level in MCF cases was found 
higher than the control animals as reported previously 
by some researchers in different diseases [15-19]. Increased 
sialic acid levels are reported in mammals during different 
pathological situations [11]. SA is present in all biological 
membranes. When the pathological situations mentioned 
above occur, SA is released from the cell membrane to 
circulation and rise in SA is observed [11,13,42,43]. TSA changes  
in CSF were not statistically significant. This is may be due  
to that symptoms of encephalitis do not occur sufficiently  
in patients.

Another indicator of cellular damage and lipid per-
oxidation during the course of MCF may be increased 
MDA, and decreased GSH. The MDA results of our study 
are similar to foot and mouth disease in recent years [19,44]. 
According the present study finding that MCF causes 
tissue damage in various organs and systems. Lower GSH 
levels on the animals with MCF than healthy animals is 
thought to be caused by oxidative stress on the animals  
due to disease, similar to the previous reports on oxidative 
stress situations [45,46].

NO is a free radical which is produced via inducible 
nitric oxide synthase (iNOS) from activated leukocytes by 
pro-inflamatuary cytokins [47-50]. It is known that NO plays an 
important role in the primary defense mechanism against 
several pathogens and NO production can be induced 
by various viruses which inhibit virus replication [44,51,52]. 
In present study, NO levels in MCF cases was determined 
higher than control animals in serum samples, therefore 
our study results indicate that herpesvirus can induce the 
production of NO.

NO level and iNOS activity obtained from the control 
group’s CSF were relatively high compared to the serum 
levels of the same group and eNOS activity was low. NO 
level, eNOS and iNOS activities obtained from study group’s 
serum with MCF detected relatively higher than the same  
group’s CSF levels. Serum levels of NO, eNOS and iNOS were 
found to increase significantly in the cattles diagnosed 
MCF’s head and eye form compared to healthy animals, 
this situation were found to be consistent with the studies 
reported for these markers in pathological events [53-56]. 
Besides all these on the MCF group, iNOS, induced by such 
situations like inflammation, and eNOS, known to locate  
in vascular endothelia, were not observed as the expected 

Table 1. Analysis results of serum and blood in control and amimals with 
MCF

Parameter Control 
(mean±std error)

MCF 
(mean±std error) P

MDA µmol/L 13.77±0.55 25.65±0.42 P<0.001

GSH mg/dL 60.06±1.73 37.21±1.12 P<0.001

NO µmol/L 11.27±0.4 30.61±0.41 P<0.001

eNOS U/L 3.12±0.18 4.05±0.09 P<0.001

iNOS U/L 5.55±0.3 10.98±0.35 P<0.001

TSA mg/dL 63.60±1.86 88.33±1.03 P<0.001

Table 2. Analysis results of CSF in control and animals with MCF

Parameter Control 
(mean±std.error)

MCF 
(mean±std.error) P

MDA µmol/L 19.38±0.43 19.48±0.69 P>0.05

NO µmol/L 21.22±0.58 20.84±0.69 P>0.05

eNOS U/L 1.95±0.07 1.93±0.07 P>0.05

iNOS U/L 7.71±0.26 8.07±0.26 P>0.05

TSA mg/dL 104.15±1.88 102.55±1.85 P>0.05
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increased level in CSF. At this point, it was concluded that 
there is a need for new studies for a better understanding 
that blood-brain barrier, or a different mechanism may 
be effective and why statistically significant changes on 
the blood of animals with MCF caused by inflammatory 
processes and oxidative stress were not seen on the 
CSF. Changes in the inflammatory and oxidative stress 
parameters observed in the serum, are not observed in 
CSF of animals diagnosed with head eye form may suggest 
that the encephalitis did not developed/occured.

This is the first study to our knowledge in which some 
oxidative and inflammation parameters was evaluated 
on sera, blood and CSF in the MCF. In this study some 
oxidative stress parameters can significantly increased in 
the serum, but not in the CSF, produced from diseases and 
oxidative damage to tissues along with other mechanisms 
might have taken part in the pathogenesis of CSF and 
further detailed studies at cellular level are needed to fully 
understand the pathogenesis and clinical expression of 
the disease in cattle, an important source of infection. 

REFERENCES

1. Masters AM, Galvin DA, Cousins DV: Sequence variation at a BmyI/ 
RsaI restriction site in ovine herpes virus 2. Mol Cell Probes, 17, 211-214, 
2003. DOI: 10.1016/S0890-8508(03)00055-0

2. Russell GC, Stewart JP, Haig DM: Malignant catarrhal fever: A review.  
Vet J, 179, 324-335. 2009. DOI: 10.1016/j.tvjl.2007.11.007

3. Headley SA, Pimentel LA, Oliveira VH, Toma HS, Alfieri AF, Carvalho 
AM, dos Santos MD, Alfieri AA: Transplacental transmission of ovine 
herpesvirus 2 in cattle with sheep-associated malignant catarrhal fever.  
J Comp Pathol, 153, 206-211, 2015. DOI: 10.1016/j.jcpa.2015.10.175

4. Roizman B: The family herpesviridea: An update. The Herpesvirus 
Study Group of the International Committee on Taxonomy of Viruses. Arch 
Virol, 123, 425-449, 1992. 

5. Muller-Doblies UU, Li H, Hauser B, Adler H, Ackerman M: Field 
validation of laboratory tests for clinical diagnosis of sheep associated 
malignant catarrhal fever. J Clin Microbiol, 36 (10): 2970-2972, 1998.

6. Davison A, Eberle R, Ehlers B, Hayward G, McGeoch D, Minson A, 
Pellett P, Roizman B, Studdert M, Thiry E: The order Herpesvirales. 
Arch Virol, 154, 171-177, 2009. DOI: 10.1007/s00705-008-0278-4

7. Cunha CW, Gailbreath KL, O’Toole D, Knowles DP, Schneider DA, 
White SN, Taus NS, Davies CJ, Davis WC, Li H: Ovine herpesvirus 2 
infection in American bison: Virus and host dynamics in the development  
of sheep-associated malignant catarrhal fever. Vet Microbiol, 159, 307-
319, 2012. DOI: 10.1016/j.vetmic.2012.04.021

8. Lankester F, Russell GC, Lugelo A, Ndabigaye A, Mnyambwa N, 
Keyyu J, Kazwala R, Grant D, Percival A, Deane D, Haig DM, Cleaveland 
S: A field vaccine trial in Tanzania demonstrates partial protection against 
malignant catarrhal fever in cattle. Vaccine, 34, 831-838, 2016. DOI: 
10.1016/j.vaccine.2015.12.009

9. Radostits OM, Gay CC, Hinchcliff KW, Constable PD: Diseases 
associated with viruses and chlamydia-I. In, Radotits OM (Ed): Veterinary 
Medicine, Texbook of the Disease of Cattle, Horses, Sheep, Pigs and Goats. 
10th edn., 1245-1248 Saunders Elsevier, Philadelphia, 2006.

10. Schauer R: Chemistry, metabolism and biological functions of sialic 
acid. Adv Carbohydr Chem Biochem, 40, 131-234, 1982. DOI: 10.1016/
S0065-2318(08)60109-2

11. Haq M, Haq S, Tutt P, Crook M: Serum total sialic acid and lipid-
associated sialic acid in normal induvals patients with myocardial infarction 
and their relationship to acute phase proteins. Ann Clin Biochem, 30, 383-
386, 1993. DOI: 10.1177/000456329303000406

12. Singh B, Choudhuri PC, Joshi HC: Serum mucoprotein and sialic 
acid enzootic bovine haematuria. Zentralbl Veterinarmed A, 27, 678-681, 
1980. DOI: 10.1111/j.1439-0442.1980.tb01889.x

13. Stefenelli N, Klotz H, Engel A, Bauer P: Serum sialic acid in malignant 
tumors, bacterial infections and chronic liver diseases. J Cancer Res Clin 
Oncol, 109 (1): 55-59, 1985. DOI: 10.1007/BF01884255

14. Sydow G, Wittmann W, Bender E, Starick E: Der Sialinsäuregehalt 
im Serum von mit bovine leukose virus infizierten Rindern. Arch Exp 
Veterinarmed, 42 (2): 194-197, 1988.

15. Citil M, Gunes V, Karapehlivan M, Atalan G, Maraslı S: Evaluation 
of serum sialic acid as an inflammation marker in cattle with traumatic 
reticulo peritonitis. Revue Med Vet, 155, 389-392, 2004.

16. Gunes V, Karapehlivan M, Citil M, Atalan G, Maraslı S: Relationship 
between serum sialic acid levels and eye lesions in calves with infectious 
bovine keratoconjunctivitis. Revue Med Vet, 155, 508-511, 2004.

17. Keleş İ, Ertekin A, Karaca M, Ekin S, Akkan HA: Studies on serum 
sialic and lipid-bound sialic acid in cattle with leptospirosis. YYU Vet Fak 
Derg, 11 (1): 121-122, 2000.

18. Erdogan HM, Karapehlivan M, Citil M, Atakisi O, Unver A, Uzlu E: 
Serum sialic acid and oxidative stress parameters changes in cattle with 
leptospirosis. Vet Res Commun, 32, 333-339, 2008. DOI: 10.1007/s11259-
008-9036-z

19. Uzlu E, Karapehlivan M, Erdoğan HM, Kızıltepe Ş, Erkılıç EE, 
Deveci HA, Gökçe E, Kaya I, Çitil M: Serum and saliva sialic acid and 
oxidative stress parameters changes in bulls with foot and mouth 
disease. Kafkas Univ Vet Fak Derg, 22, 321-325, 2016. DOI: 10.9775/
kvfd.2015.13114

20. Frei B, Stocker R, Ames BN: Antioxidant defences and lipid per-
oxidation in human blood plasma. Proc Natl Acad Sci USA, 85 (24): 9748-
9752, 1988.

21. Kalaiselvi T, Panneersalvam C: Effect of L-carnitine on the status of 
lipid peroxidation and antioxidants in aging rats. J Nutr Biochem, 9, 575- 
581, 1998. DOI: 10.1016/S0955-2863(98)00052-7

22. Nath R, Prasad RI, Sarma S: Oxidative stress biomarkers in cross bred 
cows affected with foot and mouth disease. Indian J Anim Res, 48, 628- 
632, 2014. DOI: 10.5958/0976-0555.2014.00045.4

23. Carrillo-Vico A, Lardone PJ, Naji L, Fernandez-Santos JM, Martin-
Lacave I, Guerrero JM, Calvo JR: Beneficial pleiotropic actions of 
melatonin in an experimental model of septic shock in mice: Regulation  
of pro-/anti-inflammatory cytokine network, protection against oxidative 
damage and anti-apoptotic effects. J Pineal Res, 39, 400-408, 2005. DOI: 
10.1111/j.1600-079X.2005.00265.x

24. Hofseth LJ, Hussain SP, Wogan GN, Harris CC: Nitric oxide in cancer  
and chemoprevention. Free Radic Biol Med, 34, 955-968, 2003. DOI: 
10.1016/S0891-5849(02)01363-1

25. Stuer JD: Mammalian nitric oxide synthases. Biochim Biophys Acta, 
1411 (2-3): 217-230, 1999. DOI: 10.1016/S0005-2728(99)00016-X

26. Griffith OW: Nitric oxide synthase inhibitors: Mechanisms of action 
and in vivo studies. In, Weisman BA, Allon N, Shapira S (Eds): Biochemical, 
Pharmacological and Clinical Aspects of Nitric Oxide. 21-36, Plenum 
Press, New York, 1995.

27. Groves JT, Wang C: Nitric oxide synthase: Models and mechanisms.  
Curr Opin Chem Biol, 4 (6): 687-695, 2000. DOI: 10.1016/S1367-5931 
(00)00146-0

28. Feldman PL, Stuehr DJ, Griffith OW: Mechanisms of mammalian  
nitric oxide biosynthesis. In, Weisman BA, Allon N, Shapira S (Eds): 
Biochemical, Pharmacological and Clinical Aspects of Nitric Oxide. 14-20, 
Plenum Press, New York, 1995.

29. Akaike T, Noguchi Y, Ijiri S, Setoguchi K, Suga M, Zheng YM, 
Dietzschold B, Maeda H: Pathogenesis of influenza virus-induced 
pneumonia: Involvement of both nitric oxide and oxygen radicals. Proc  
Natl Acad Sci USA, 93 (6): 2448- 2453, 1996.

30. James SL: Role of nitric oxide in parasitic infection. Microbiol Rev,  
59 (4): 533-547, 1995.

31. Albina JE, Abate JA, Henry WL: Nitric oxide production is required 



519

for murine resident peritoneal macrophages to suppress mitogen-
stimulated T cell proliferation: Role of IFN-γ in the induction of the nitric 
oxidesynthesizing pathway. J Immunol, 147 (1): 144-148, 1991. 

32. Rockett KA, Awburn MM, Rockett EJ, Cowden WB, Clark IA: Possible 
role of nitric oxide in malarial immunosuppression. Parasite Immunol,  
16 (5): 243-249, 1994. DOI: 10.1111/j.1365-3024.1994.tb00346.x

33. Lykkesfeldt J, Svendsen O: Oxidants and antioxidants in disease: 
Oxidative stress in farm animals. Vet J, 173, 502-511, 2007. DOI: 10.1016/j.
tvjl.2006.06.005

34. Erel O: A novel automated direct measurement method for total 
antioxidant capacity using a new generation, more stable ABTS 
radical cation. Clin Biochem, 37, 277-285, 2004. DOI: 10.1016/j.
clinbiochem.2003.11.015

35. Halliwell B, Gutteridge JMC: Free Radicals in Biology and Medicine.  
3rd edn., Oxford University Press, New York, 1999.

36. Koracevic D, Koracevic G, Djordjevic V, Andrejevic S, Cosic V: Method 
for the measurement of antioxidant activity in human fluids. J Clin Pathol,  
54, 356-361, 2001. DOI: 10.1136/jcp.54.5.356

37. Somogyi A, Rotsa K, Pusztai P, Tulassay Z, Nagy G: Antioxidant 
measurements. Physiol Meas, 28, 41-55, 2007. DOI: 10.1088/0967-
3334/28/4/R01

38. Sydow G: A simplified quick method for determination of sialic 
acid in serum. Biomed Biochim Acta, 44 (11-12): 1721-1723, 1985.

39. Yoshioka T, Kawada K, Shimada T, Mori M: Lipid peroxidation in 
maternal and cord blood and protective mechanism against actived-
oxygen toxicity in the blood. Am J Obstet Gynecol, 135 (3): 372-376, 1979. 
DOI: 10.1016/0002-9378(79)90708-7

40. Miranda KM, Espey MG, Wink DA: A rapid, simple spectrophotometric 
method for simultaneous detection of nitrate and nitrite. Nitric Oxide,  
5, 62-71, 2001. DOI: 10.1006/niox.2000.0319

41. Beutler E, Duron O, Kelley BM: Improved method for determination  
of blood glutathione. J Lab Clin Med, 61, 882-888, 1963.

42. Taniuchi K, Chifu K, Hayashi N, Nakamachi Y, Yamaguchi N, 
Miyamoto Y, Doi K, Baba S, Uchida Y, Tsukada Y, Sugimori T: A new 
enzymatic method for the determination of sialic acid in serum and its 
application for a marker of acute phase reactants. Kobe J Med Sci, 27  
(3): 91-102, 1981.

43. Thougaard AV, Hellmen E, Jensen AL: Total serum sialic acid is 
a general disease marker rather than a specific tumour marker in dogs. 
Zentralbl Veterinarmed A, 45, 471-479, 1998. DOI: 10.1111/j.1439-0442.1998.
tb00850.x

44. Bozukluhan K, Atakisi E, Atakisi O: Nitric Oxide levels, total 

antioxidant and oxidant capacity in cattle with foot-and-mouth-disease. 
Kafkas Univ Vet Fak Derg, 19, 179-181, 2013. DOI: 10.9775/kvfd.2012.7244

45. Nakamura Y, Shimetani A, Fujii H, Amano O, Sakagami H, 
Takahashi K: Glutathione can efficiently preventdirect current-induced 
cytotoxicity. J Endod, 34, 693-697, 2008. DOI: 10.1016/j.joen.2008.02.021

46. Jones DP: Radical-free biology of oxidative stress. Am J Physiol Cell 
Physiol, 295, C849-C868, 2008. DOI: 10.1152/ajpcell.00283.2008

47. Alves VAF, Gayotto LCC, Yasuda PH, Wakamatsu A, Kanamura CT,  
Brito T: Leptospiral antigens (L. interrogans sero group ictero-haemorrhagiae) 
in the kidney of experimentally infected guinea pigs and their relation to  
the pathogenesis of the renal injury. Exp Pathol, 42 (2): 81-93, 1991.

48. Werts C, Tapping RI, Mathison JC, Chuang TH, KravchenkoV, Saint 
Girons I, Haake DA, Godowski PJ, Hayashi F, Ozinsky A, Underhill 
DM, Kirschning CJ, Wagner H, Aderem A, Tobias PS, Ulevitch RJ:  
Leptospiral lipopolysaccharide activates cells through a TLR2-dependent 
mechanism. Nat Immunol, 2, 346-352, 2001. DOI: 10.1038/86354

49. Yang CW, Wu MS, Pan MJ: Leptospirosis renal disease. Nephrol Dial 
Transplant, 16 (Suppl. 5): 73-77, 2001. DOI: 10.1093/ndt/16.suppl_5.73

50. Marangoni A, Accardo S, Aldini R, Guardigli M, Cavrini F, 
Sambri V, Montagnani M, Roda A, Cevenini R: Production of reactive 
oxygen species and expression of inducible nitric oxide synthase in rat 
isolated Kupffer cells stimulated by Leptospira interrogans and Borrelia 
burgdorferi. World J Gastroenterol, 12, 3077-3081, 2006. DOI: 10.3748/wjg.
v12.i19.3077

51. Croen KD: Evidence for an antiviral effect of nitric oxide. Inhibition of 
herpes simplex virus type 1 replication. J Clin Invest, 91, 2446-2452, 1993.  
DOI: 10.1172/JCI116479

52. Schoedon G, Schneemann M, Walter R, Blau N, Hofer S, Schaffner  
A: Nitric oxide and infection: Another view. Clin Infect Dis, 21 (Suppl.  
2): 152-157, 1995. DOI: 10.1093/clinids/21.Supplement_2.S152

53. Zeng H, Spencer NY, Hogg N: Metabolism of S-nitrosoglutathioneby 
endothelial cells. Am J Physiol Heart Circ Physiol, 281, H432-H439, 2001.

54. Zahner H, Schmidtchen D, Mutasa JA: Ivermectin induced killing of 
microfilariae in vitro by neutrophils mediated by NO. Exp Parasitol, 86,110-
117, 1997. DOI: 10.1006/expr.1997.4160

55. Kröncke KD, Fehsel K, Kolb-Bachofen V: Inducible nitric oxide 
synthase and its product nitric oxide, a small molecule with complex 
biological activities. Biol Chem Hoppe Seyler, 376, 327-343, 1995. DOI: 
10.1515/bchm3.1995.376.6.327

56. Vincent VA, Tilders FJ, Van Dam AM: Production, regulation and 
role of nitric oxide in glial cells. Mediators Inflamm, 7, 239-255, 1998. DOI: 
10.1080/09629359890929

ERKILIÇ, ÖĞÜN, KIRMIZIGÜL, ADALI, ERMUTLU
EROĞLU, KÜKÜRT, ÇİTİL, UZLU


