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It is known that inflammatory organ damages due to various agents, such
as microorganisms including mycoplasmas, lead to oxidative stress. Nitric oxide
(NO) functions as an antimicrobial agent, and arginase decreases proinflammatory
cytokine release. There are very few studies on arginase activity, NO level and
oxidative stress status in mycoplasmal infections. Therefore, the aim of this study
was to evaluate erythrocyte arginase activity, plasma NO level and oxidative
stress status in sheep with contagious agalactia. The study material consisted of
10 healthy sheep and 14 sheep with contagious agalactia characterised by mastitis,
arthritis and keratoconjunctivitis. Erythrocyte arginase activity, plasma NO,
malondialdehyde (MDA), total oxidant capacity (TOC) and total antioxidant capacity (TAC) levels were measured. Significant decreases in erythrocyte arginase
activity and plasma TAC level (P < 0.001), and significant increases in plasma
NO, MDA and TOC levels (P < 0.001) were found in the diseased sheep as compared with the healthy animals. This study suggests that contagious agalactia may
cause oxidative stress due to increased plasma MDA and TOC levels and decreased plasma TAC levels, and that the decrease in erythrocyte arginase activity
and increase in plasma NO level may contribute to the elimination of mycoplasmal agents causing contagious agalactia.
Key words: Contagious agalactia, oxidative stress, arginase activity, nitric
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Contagious agalactia occurs worldwide, especially in southern Europe and
the Middle East, with significant economic losses (Scott, 2007). Mycoplasma
agalactiae is a major causative agent responsible for contagious agalactia (CA)
in sheep. The occurrence of clinical CA in sheep herds is often attributable to the
entry of infected animals or to diminished herd immunity (Gomez-Martin et al.,
2013). The causative agent is transmitted by direct contact, aerosol transmission,
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ingestion, and contaminated fomites. CA causes septicaemia, arthritis, mastitis,
conjunctivitis, pneumonia, and abortion (Bergonier et al., 1997; Radostits et al.,
2006; Kumar et al., 2014). The diagnosis of CA is made by culture, PCR and
ELISA tests (Radostits et al., 2006). Antibiotic treatment reduces the severity of
clinical signs but leads to a carrier state (Nicholas, 2002).
Mycoplasma agalactiae causes inflammatory organ damages, especially
severe diffuse purulent mastitis, characterised by lymphoplasmacytic infiltration
as shown by experimental infection in goats (Castro-Alonso et al., 2009). Immune reactions, in particular infections, may produce considerable amounts of
oxidants (reactive oxygen species, ROS) released from inflammatory cells that
target microorganisms and also cause tissue injury (Lykkesfeldt and Svendsen,
2007). In addition, inducible nitric oxide synthase (iNOS) is induced by lipopolysaccharide (LPS) and various cytokines (Wu and Morris, 1998), and it produces
superoxide and nitric oxide (NO) (Lykkesfeldt and Svendsen, 2007). NO functions as an antimicrobial agent against intracellular pathogens (Chakravortty and
Hensel, 2003). Arginase competes with nitric oxide synthase (NOS) for L-arginine
(Wu and Morris, 1998). Arginase converts L-arginine to urea and ornithine (Mori,
2007). LPS and type 2 cytokines cause arginase I expression in macrophages,
while type 1 cytokines induce NO production by iNOS. The polyamines produced in the arginase pathway decrease the release of proinflammatory cytokines
(Das et al., 2010).
Antioxidants play a role in making oxidants harmless to cellular molecules. Enzymatic and nonenzymatic antioxidants protect cells from oxidants. Excess oxidants may damage the cells and induce programmed cell death (Lykkesfeldt and Svendsen, 2007).
It is recognised that inflammatory organ damages due to various agents,
such as microorganisms including mycoplasmas, lead to oxidative stress. NO
functions as an antimicrobial agent and arginase decreases the release of proinflammatory cytokines (Chakravortty and Hensel, 2003; Castro-Alonso et al.,
2009; Das et al., 2010). There are very few studies on arginase activity, NO level
and oxidative stress status in mycoplasmal infections. Therefore, the aim of this
study was to evaluate erythrocyte arginase activity, plasma NO level and oxidative stress status in sheep with contagious agalactia.
Materials and methods
Animals
The study material consisted of 10 healthy sheep and 14 sheep with contagious agalactia characterised by mastitis, arthritis, and keratoconjunctivitis. The
sheep were 1–2 years old and kept on a private farm in Erzurum province. They
were examined for clinical signs and the diagnosis was made by ELISA test at
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the Veterinary Control and Research Institute. Blood samples were obtained
from the jugular vein of healthy and diseased sheep and centrifuged at 3000 × g
for 10 min. NO, malondialdehyde (MDA), total oxidant capacity (TOC) and total
antioxidant capacity (TAC) levels were measured in the plasma while erythrocyte arginase activities were measured in erythrocytes.
The study was approved by the Ethics Committee of Ataturk University.
Erythrocyte arginase activity analysis
The spectrophotometric analysis of erythrocyte arginase activity was performed by the thiosemicarbazide–diacetyl monoxime–urea method (Geyer and
Dabich, 1971). Diacetyl monoxime was hydrolysed to diacetyl and hydroxylamine via the effect of heat in an acidic medium. Diacetyl was converted to diazine, a compound of yellow colour, through condensation reaction with urea in
acidic solution. Diazine formation is directly proportional to the amount of arginase. The formed yellow colour was stabilised by the use of thiosemicarbazide
and Fe+2 (Kaplan, 1987). Haemoglobin was measured by the Drabkin method
(Fairbanks and Klee, 1986).
Plasma nitric oxide (NO) analysis
An NO detection kit (Enzo Life Science) was used for measuring plasma
total NO level. The plasma NO measurement is based on the enzymatic conversion of nitrate to nitrite and the colorimetric detection of nitrite, a coloured azo
dye product of the Griess reaction.
Plasma malondialdehyde (MDA) analysis
Plasma MDA levels were measured spectrophotometrically using the
method of Placer et al. (1966). In this method, 250 μl of plasma and 2.25 ml of
colouring agent (a mix of three parts of trichloroacetic acid and one part of thiobarbituric acid) were mixed in the sample tube, and 250 μl of normal saline and
2.25 ml colouring reagent were mixed in the blank tube. The sample and blank
tubes were heated in boiling water bath for 20 min. Then the tubes were cooled,
centrifuged at 2500 rpm for 5 min, and measurements were made at 532 nm
against the blank.
Plasma total oxidant capacity (TOC) analysis
Plasma TOC levels were measured using a novel automated method developed by Erel (2005) (TOC assay kit, Rel Assay Diagnostic). Oxidants in the
plasma sample convert the ferrous ion-O-dianisidine complex to ferric ion. The
oxidation reaction is increased by glycerol molecules abundantly present in the
reaction medium. The ferric ion forms a coloured complex with xylenol orange
in an acidic medium. The colour intensity is measured spectrophometrically.
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Plasma total antioxidant capacity (TAC) analysis
The plasma TAC levels were measured using a novel automated method
developed by Erel (2004) (TAC assay kit, Rel Assay Diagnostic). The oxidative
reactions started by hydroxyl radicals in the reaction mixture are inhibited by the
antioxidant components in the sample, and inhibition of the colour change and
TOC are measured in the plasma sample.
Statistical analysis
Statistical analysis was performed to compare the diseased and the healthy
group. The Kolmogorov–Smirnov test was used for the test of normality, followed by an independent samples t-test. P values less than 0.05 were considered
significant.
Results
The diseased sheep had normal respiratory and pulse rates and their heart
and lung auscultation findings were unchanged. Defects and vascularisation of
the cornea were detected. The carpal and tarsal joints were slightly swollen.
There was a significant loss of milk production, and milk samples from the udder
of diseased sheep showed watery yellow or grey discolouration and clot formation. The diseased sheep revealed complications including mastitis, arthritis and
keratoconjunctivitis specific for contagious agalactia. The diseased sheep herd
was culled by the owner because of the positive ELISA test result and clinical
findings specific for contagious agalactia.
A significant decrease in erythrocyte arginase activity and plasma TAC
levels (P < 0.001) as well as a significant increase in plasma NO, MDA, and TOC
levels (P < 0.001) were determined in the diseased sheep having complications
such as mastitis, arthritis and keratoconjunctivitis as compared with the healthy
sheep (Table 1).
Table 1
Erythrocyte arginase activity, nitric oxide, malondialdehyde, total oxidant capacity and total antioxidant capacity levels in healthy and diseased sheep
Parameters

Arginase activity (U/g haemoglobin)
NO (μmol/l)
MDA (nmol/ml)
TOC (μmol H2O2 equivalent/l)
TAC (mmol Trolox equivalent/l)

Healthy sheep
(mean ± SD)

54.57 ± 5.22
41.51 ± 3.11
3.72 ± 0.24
1.62 ± 0.06
1.11 ± 0.11

Diseased sheep
(mean ± SD)

29.54 ± 5.85
50.06 ± 3.03
5.17 ± 0.48
1.94 ± 0.15
0.89 ± 0.10

P

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

NO: Nitric oxide; MDA: Malondialdehyde; TOC: Total oxidant capacity; TAC: Total antioxidant
capacity
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Discussion
Sheep with contagious agalactia exhibited major clinical signs including
severe mammary infection with loss of milk, watery yellow or grey discolouration of milk flow, lameness, carpal or tarsal joint swelling, and corneal vascularisation. Mycoplasma agalactiae can disseminate from the site of infection to
various internal organs (Hedge et al., 2014). In this study, the diseased sheep revealed complications such as mastitis, arthritis and keratoconjunctivitis specific
for contagious agalactia. The affected sheep herd was culled by the owner since
persistent chronic infections occur in animals infected with contagious agalactia.
Chronic persistent infections can be associated with the ability of M. agalactiae to enter the host cells and to exit the cells to propagate in the extracellular
environment through variable surface components by escaping the host immune
cells and antibiotic action (Chopra-Dewasthaly et al., 2012; Hedge et al., 2014)
and to produce peroxiredoxins which significantly contribute to their resistance
against oxidative and nitrosative stress produced by the natural immune response
(Jaeger et al., 2004).
Mycoplasma lipoproteins are potent immunogens (Chambaud et al.,
1999). Serum antibody increase, lymphoplasmacytic inflammatory reaction and
the increase in macrophage numbers indicate the humoral and cellular immune
response against M. agalactiae (Castro-Alonso et al., 2009, 2010). Activation of
macrophages reduces the number of mycobacterial organisms by producing ROS
and reactive nitrogen intermediates (RNI) (Morris et al., 2013). In this study, a
significant increase in MDA and TOC levels and a significant decrease in TAC
levels were found in sheep with contagious agalactia compared with healthy
sheep, in accordance with the findings of Kızıl et al. (2007) who reported that a
significant increase in MDA and a significant decrease in GSH-Px, GSH, vitamins E and C and β-carotene were found in goats infected with M. agalactiae
compared with healthy goats. Thus, this study has suggested that oxidative stress
can occur in sheep with contagious agalactia due to increased MDA and TOC
levels as a marker of increased oxidants and decreased TAC levels as a marker of
decreased antioxidants.
Reactive nitrogen intermediates are important antimicrobial molecules and
induce more innate immunity than ROS against microbial infections. NO is an
important member of RNIs, inhibiting the growth of mycobacterial organisms
(MacMicking et al., 1997; Bogdan, 2001; Chan et al., 2001; Pieters, 2008; Morris et al., 2013).
iNOS is induced by LPS and type 1 cytokines such as interferon gamma
(IFNγ), tumour necrosis factor alpha (TNF-α), interleukin 1 (IL-1) and IL-2. The
production of NO by iNOS is required for an efficient immune response killing
the invading pathogens in macrophages (Das et al., 2010; Luiking et al., 2010).
NO is also reported to be an effective antimicrobial agent against intracellular
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pathogens (Chakravortty and Hensel, 2003). If NO production is decreased and
arginase 1 activity is increased in the macrophages, mycobacteria can evade the
host immune response (Qualls et al., 2010).
Arginase can be produced in monocytes and macrophages (Mori, 2007).
The production of arginase enzyme in macrophages is induced by LPS and type
2 cytokines such as IL-4, IL-13 and TGF-β. Type 2 cytokines inhibit iNOS and
induce arginase activity (Das et al., 2010). Arginase activity provides tissue repair through polyamine synthesis (Shearer et al., 1997). On the other hand, arginase activity can contribute to the growth of bacterial pathogens (Das et al.,
2010). In this study, a significant increase in plasma NO levels and a significant
decrease in erythrocyte arginase activity were demonstrated in the diseased sheep
compared with the healthy animals, suggesting that in sheep with contagious
agalactia there is a response that attempts to kill M. agalactiae by increasing
plasma NO levels and decreasing erythrocyte arginase activities.
In conclusion, this study suggests that contagious agalactia may cause
oxidative stress, and that decreased erythrocyte arginase activity and increased
plasma NO level may contribute to the elimination of mycoplasmal agents causing contagious agalactia. Future studies should be conducted to evaluate the antimicrobial efficacy of high NO production via nitric oxide donors as part of CA
treatment.
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