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Summary: The objective of this study was to determine serum nitric oxide (NO) and malondialdehyde (MDA) levels in cattle 
infected with Brucella abortus (B. abortus). Study cohort was comprised of 30 cattle aged between 2-3 years; 20 infected with B. 
abortus and 10 healthy cattle. B. abortus infection was determined in the animals by Serum Agglutination Test and Multiplex PCR 
assay. Serum NO level was determined by enzymatic Greiss reaction and MDA level by Yoshioka method. Mean serum NO and 
MDA levels of cases with confirmed B. abortus were 58.20 ± 6.50 µmol/L and 2.25 ± 0.10 nmol/ml, respectively whereas those of 
the controls were 38.07 ± 2.40 µmol/L and 1.74 ± 0.25 nmol/ml, respectively. We found that serum NO and MDA levels in infected 
cattle were significantly higher than healthy control cattle (p < 0.05 and p < 0.01, respectively). In conclusion, the increase in NO 
level in cattle infected with B. abortus is a result of stimulation of NO synthesis in macrophages by bacterial lipopolysaccharides, and 
the increase in MDA level is a result of excessive radical production due to brucellosis acting upon membrane lipids and can be used 
as an indicator of tissue damage.   
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Brucella abortus ile enfekte sığırlarda serum nitrik oksit ve malondialdehit düzeylerinin araştırılması 

Özet: Bu çalışmanın amacı Brucella abortus (B. abortus) ile enfekte sığırlarda serum nitrik oksit (NO) ve malondialdehit 
(MDA) düzeylerini belirlemektir. Çalışmanın materyalini 20 adet B. abortus ile enfekte ve 10 adet sağlıklı olmak üzere 2-3 
yaşlarında 30 adet sığır oluşturdu. B. abortus infeksiyonunun tespiti Serum Aglutinasyon Testi ve Multipleks PCR ile gerçekleştirildi. 
Serum NO düzeyi enzimatik Greiss reaksiyonu ile MDA düzeyi Yoshioka metodu ile belirlendi. B. abortus ile enfekte sığırlarda 
serum NO ve MDA düzeyleri sırası ile 58.20 ± 6.50 µmol/L ve 2.25 ± 0.10 nmol/ml, kontrol sığırlarda ise 38.07 ± 2.40 µmol/L ve 
1.74 ± 0.25 nmol/ml bulundu. Enfekte sığırlarda serum NO ve MDA düzeylerinin sağlıklı kontrollerden istatistik olarak önemli 
oranda yüksek olduğu belirlendi (sırası ile, p < 0.05 ve p < 0.01). Sonuç olarak, NO düzeyindeki artışın bakteriyel lipopolisakkaridler 
ile makrofajlardan NO sentezinin uyarılmasının ve MDA düzeyindeki artışın da brusellozis enfeksiyonunun membran lipidlerini 
etkileyerek aşırı radikal üretimine neden olmasının sonucu olabileceği ve doku hasarının bir göstergesi olarak kullanılabileceği 
kanaatine varıldı. 

Anahtar sözcükler: Brucella abortus, malondialdehit, nitrik oksit, sığır. 
 

 

 
Introduction 

Brucellosis, caused by bacteria of the genus 
Brucella, is a zoonotic infection with acute or chronic 
course and characterized by late-term abortions 
infertility, mastitis, orchitis and arthritis (16, 18). Among 
Brucella (B.) species the ones important for humans and 
animals are B. abortus, B. melitensis and B. suis (4, 33). 
The disease has considerable economic consequences for 
every country where stockbreeding is a significant means 
of subsistence secondary to abortions due to B. abortus, 
and reduced milk production. When the effects of the 
disease on public health are considered, the importance 
of the disease becomes more pronounced (3, 11). Free 
radicals, produced continuously as by-products during 
many normal cellular reactions can cause various 

damages in the organisms (27). Nitric oxide (NO) is a 
free radical molecule generated in biological systems by 
nitric oxide synthases (NOS). Because of its effect on 
neurotransmission, vasodilatation and immune response 
(7, 28). NO plays an important role in physiology, 
pathology, and pharmacology, which has stimulated 
extensive research interest (22, 35). In macrophages, NO 
production resulting from inducible NO synthase (iNOS) 
expression has been proposed as a host anti-microbial 
effector system, displaying activity against fungi, 
bacteria and parasites (12). NO is a cytotoxic effector 
molecule, a regulator of apoptosis and lymphocyte 
migration, it modulates the Th1/Th2 balance and is 
involved in the regulation of vascular tone, wound repair 
and other processes (26). Nitric oxide is produced by 
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constitutive endothelial or neural NO synthesis, or in 
higher concentrations, by inducible NO synthase (NOS2), 
through the 5-electron oxidation of the terminal 
guanidine-N2 of the amino acid L-arginine (20, 26). NO 
is an innate immune component with anti-Brucella 
activity (32). 

  Lipid peroxidation is known to have a role in 
aging, cancer and many infectious diseases. The 
mechanism of damage involves lipid peroxidation, which 
destroys cell memberanes with the release of intracellular 
components, such as lysosomal enzymes, leading to 
further tissue damage (10). Malondialdehyde (MDA) is a 
by-product of lipid peroxidation and used as an index of 
the rate of tissue reaction chain. In addition, MDA used 
as an indicator of oxidative stress in cells and tissues (5, 
17, 23). In this study we aimed to investigate the changes 
in NO and MDA levels in cattle infected with B. abortus. 

 
Materials and Methods 

Animals  
The study is carried out on a total of 30 cattle. 

Infected and control groups were comparable with 
respect to age and sex. Twenty cattle that showed clinical 
signs of Brucellosis comprised the experiment group 
while 10 clinically healthy cattle comprised the control 
group. None of the members of the control group had a 
history of fever, loss of appetite, fatigue, abortus and 
physical examination was normal. None of the animals 
were immunized. Venous blood samples were taken from 
patients and healthy bovines. Blood samples were 
centrifuged at 3000 rpm for 10 minutes. Serum samples 
were stored at -20 ºC until analysis. 

Serological diagnosis of brucellosis 
Serologic diagnosis of brucellosis in blood was 

made by Serum Agglutination Test (SAT) (16). Sera 
samples were double diluted with saline (pH 7.2) to give 
a range from 1/10 to 1/640; 0.5 ml of brucellosis antigen 
(Pendik Research and Control Institute, Istanbul) was 
added onto them and incubated at 37 °C for 20 hours. 
Results were compared to positive and negative control 
sera and a serum titer of (++) reaction at ≥1/40 dilution 
was evaluated as positive for brucellosis. 

Multiplex PCR assay  
DNeasy Tissue Kit (Qiagen) was used for 

preperation of genomic DNA from sera. DNA extraction 
was made according to the manufacturer’s instructions. 
PCR assay conditions were determined according to 
Bricker and Halling (6). The reaction mixture consisted 
of 60 mM Tris-HCl (pH 9.0), 15 mM (NH4)2SO4, 1.5 
mM MgCl2, 250 μM each of the for deoxynucleoside 
triphosphates (dNTPs), and the five primer coctail (0.2 
μM each B. abortus-, B. melitensis-, B.ovis-, and B. suis-

specific primers and 1 μM IS711-specific primer). One 
unit of Taq polymerase per 45-ml reaction mixture was 
added before the reaction mixture was dispensed on the 
microeppendorf tubes. For assays involving extracted 
DNAs, 5 μl per 50 μl reaction mixture of target DNA 
was added. The samples were cycled (1.15 min at 95 oC, 
2.0 min at 55.5 oC, 2.0 min at 72oC) 35 times in a 
thermalcycler. After the last cycle, the reaction mixtures 
were incubated for an additional 5 min at 72 oC before 
they were stored at 4 oC. the products ere analyzed by 
electrophoresis through a 1.5% agarose gel, after which 
the gel was stained with ethidium bromide and 
photographed. 

Serum MDA and NO measurements 
Serum NO levels of the cattle were measured by 

enzymatic Greiss reaction (7). Serum lipid peroxide 
levels (MDA) were determined according to the method 
described by Yoshioka et al. (36).  

Statistical evaluation of the data  
One- way ANOVA test was used to assess 

statistical differences between infected and control group 
(29). Data are expressed as 

XSX ± . P values <.05 were 

considered to be significant. 
 

Table 1. Serum MDA (A) and NO (B) levels in infected with 
Brucella abortus and healthy cattle. 
Tablo 1. Brucella abortus ile enfekte ve sağlıklı sığırlarda 
serum MDA ve NO  düzeyleri. 

 Infected 
(n = 20) 

Control 
(n = 10) 

P 
Value 

NO (µmol/L) 58.20 ± 6.50 38.07 ± 2.40 < 0.05 

MDA (nmol/ml) 2.25 ± 0.10 1.74 ± 0.25 < 0.01 

 
Results 

Serological findings 
Decision on whether or not cattle were infected 

based on antibody titers determined by SAT. SAT titers 
of 1/40 (++) and over was taken as positive for the non-
immunized cattle.  

Multiplex PCR (M-PCR) findings  
A total of 30 serum samples were analyzed with 

Multiplex PCR assay. The samples of healthy cattle 
showed no band on M-PCR. The DNA’s of the other 20 
samples showed band on 498-bp and were identified as 
B. abortus. 

MDA and NO levels 
 Figure 1 shows the data comparing the serum NO 

and MDA levels of patient and control groups. Mean 
serum NO and MDA levels of animals infected with B. 
abortus were 58.20 ± 6.50 µmol/l and 2.25 ± 0.10 
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nmol/ml, respectively compared to 38.07 ± 2.40 µmol/l 
and 1.74 ± 0.25 nmol/ml, respectively, of the control 
group. Mean NO and MDA levels of the patients were 
significantly higher than the control group (p < 0.05 and 
p < 0.01, respectively) (Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Serum MDA and NO levels in infected with Brucella 
abortus and healthy cattle. 
Şekil 1. Brucella abortus ile enfekte ve sağlıklı sığırlarda serum 
MDA ve NO  düzeyleri. 

 
Discussion and Conclusion 

The importance of this disease increases when the 
consequences on public health is considered in addition 
to the economic losses incurred by sending the infertile 
animals for breeding for slaughter and decrease in milk 
production (4, 11). These factors ascertain the 
importance of early diagnosis. Various clinical and 
experimental studies have tried to elucidate the role of 
oxidative stress in the pathogenesis of many diseases (10, 
20). There is a balance between reactive oxygen species 
(ROS) produced in human and animal bodies and 
antioxidant defense (14). In case of an increase in ROS 
production in aging, cancer and various infections or 
decrease in antioxidant defense, free oxygen radicals 
react with macromolecules that contain protein, lipid and 
DNA and cause oxidative damage (32). ROS released 
from phagocytes alters the function of amino acids 
present in enzymes and kinases such as methionine, 
thyrosine and cysteine and causes tissue and cell damage 
(14, 27, 37). 

Nitric oxide plays an important role in macrophage-
mediated cytotoxic activity against a variety of 
pathogenes, including bacteria, viruses, fungi and 
protozoa (12, 17, 32). Nitric oxide causes inhibition of 
certain enzymes responsible in oxidative phosphorylation 
through which ATP is synthesized; glycolysis and TCA 
cycle of the pathogens and tumor cells (31). On the other 
hand, by blocking the ribonucleotide reductase during 
DNA synthesis in these cells it exerts cytostatic effects 
on pathogen cells (21). In some research studies using 
NO inhibitors revealed functional impairment and 
damage in certain tissues whereas others found beneficial 
effects. Different results are due to the fact that NO is an 
antioxidant that inactivates superoxide and it produces 
radicals such as peroxynitrite (20). NO synthesis in 
macrophages is the first response to bacterial infections. 
In addition to its antibacterial efficacy, NO can exert 
effect by altering the immunity of the host depending on 
the concentration as well (1). Nitrite level is closely 
related to the endotoxin level and increased nitrite is a 
sign of poor prognosis (7, 20). In a study by Kubes and 
Mccafferty (19) have reported that when NO synthesis is 
inhibited in the first few hours after the endotoxin 
administration unfavorable effects have been observed on 
the small intestine and NOS inhibitors administered at 4th 
hour had protective effects against endotoxin-induced 
damage.  

Control Brucellosis 

2,5 
 

2 
 

1,5 
 

1 
 

0,5 
 

0 

Control      Brucellosis 

M
D

A
 (n

m
ol

/m
l) 

** 

70 
 

60 
 

50 
 

40 
 

30 
 

20 
 

10 
 

0 

N
O

 (u
m

ol
/L

) 

Control      Brucellosis 

Control Brucellosis Experimental and clinical studies carried out in 
recent years reported an increase in serum NO and MDA 
levels (7, 22). Serum NO levels of the infected cattle 
have been found significantly higher than the control 
group (p < 0.05). This increase suggests that the increase 
may be a result of the response of phagocytic cells to 
infection. Urrutia et al. (32) carried out a study in which 
they induced experimental Brucella infections with 
B.abortus and B. melitensis and reported that NO levels 
were increased. Kandemir et al. (17) argued that nitrate 
was a sign of NO in some infections such as in gastro-
enteritis, septic shock and brucellosis. Same authors 
reported that nitrate levels in cases with Brucella 
infection were high and the level did not change after 
treatment (17). It has been sugested that high NO 
production would benefit the host by increasing Brucella 
killing during the early phase of infection. However, NO 
may not play a role in eliminating brucellosis during the 
late phase of infection and may favor bacterial growth 
(26). On the other hand, serum levels of nitrate and 
nitrite, NO products, in patients with cirrhosis were more 
increased compared to the control group and this increase 
showed parallelism with endotoxemia (13). In mice, NO 
production is a crucial component in the elimination of 
Brucella in vivo infections and the control of Brucella 
development by NO was confirmed in in vitro infections 
of mouse macrophages treated by IFN-γ (11). Pfister et 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kubes+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22McCafferty+DM%22%5BAuthor%5D
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al. (28) investigated expression of iNOS and synthesis of 
NO was studied in listeric encephalitis of cattle, sheep, 
and goats. The level of iNOS expression and the density 
of cells per lesion expressing iNOS was highest in cattle, 
intermediate in sheep, and lowest in goats.  

It has been reported that overproduction of free 
oxygen radicals that is related to antioxidant 
consumption causes oxidative stress (9). Increased free 
radical production and malondialdehyde (MDA) due to 
lipid peroxidation react with biological structures such as 
proteins, lipids, carbohydrates and DNA and cause 
damage (2, 25). One of the major products of lipid 
peroxidation, MDA has been reported to promote cross-
linking bonds in the cell membrane and leads to 
unfavorable effects such as changes in ion permeability 
and enzyme activity (24). Lipid peroxidation is also 
responsible from tissue damage which causes ailments 
such as cancer, aging inflammatory diseases and 
atherosclerosis (15, 24). In the present study we looked 
into the MDA levels to evaluate lipid peroxidation 
induced by free radicals acting upon membrane lipids. 
MDA levels in cattles infected with brucellosis were 
significantly higher than the control group (p < 0.01). 
This shows that the balance of antioxidant enzymes is 
shifted in favor of free radicals and damage of the tissues 
may be induced in response to it. Many researchers (1, 7, 
28) have reported that numerous pathogens suppress the 
immune system by promoting free radical production and 
cause tissue damage. Madebo et al. (23) reported an 
increase in MDA levels in tuberculosis patients. In a 
similar study to ours, the authors reported that MDA 
levels were high in Brucellosis cases and that it dropped 
down to normal levels during recuperation after the 
treatment (17). Demir et al. (10) showed that MDA levels 
in patients with gastritis due to Helicobacter pylori was 
higher than the control group. It has been reported that in 
patients with pulmonary tuberculosis lipid peroxidation 
is increased and antioxidant enzymes are increased in 
response to it (30). 

In conclusion, the increase in serum NO levels in 
cattle infected with B. abortus is due to the increased NO 
synthesis in the macrophages by bacterial 
lipopolysaccharides. On the other hand, increased MDA 
may be a result of excessive production of radical 
secondary to brucellosis itself acting upon membrane 
lipids. The results have lead to us believe that these can 
be used as indicators of tissue damage.  
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