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Nitric Oxide Molecule as A Potential Target of Alternative Strategies for the Diagnosis of
Subclinical Mastitis in Cows

Canan GULMEZY, Onur ATAKISI?

ABSTRACT: The mastitis is an important disease affecting daily milk yield and quality in lactating
cows, it negatively affects both animal welfare and economic income. The aim of this study is to
investigate the effect of subclinical mastitis on nitric oxide (NO), total antioxidant capacity (TAC), total
oxidant capacity (TOC), albumin, total protein, globulin, glucose and gamma glutamyl transpeptidase
activity (GGT) levels in plasma. The research was carried out in Brown Swiss and Holstein cows. The
mammary lobes of the animals were scanned with the California Mastitis Test (CMT) and those with
subclinical mastitis were identified. Samples with CMT (-) were classified as healthy (n = 10) and those
with CMT (+) were classified as subclinical mastitis group (n = 10). The study presented is a basic
feature and results clearly showed that significant amounts of NO was released in plasma during
subclinical mastitis. There was no statistically significant difference between cows with or without
subclinical mastitis for plasma TAC, TOC, albumin, total protein, globulin, glucose, albumin/globulin
levels and GGT activity. Consequently, nitric oxide is an important mediator in subclinical mastitis as a
potential target of therapeutic strategies and can be evaluated in alternative diagnosis.
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INTRODUCTION

Mastitis, defined as an “inflammation of the mammary gland”, decreases milk yield and quality in
lactating cows. Since mastitis is an important disease affecting daily milk yield, it negatively affects both
animal welfare and economic profit. Also, it has a high treatment cost and high culling rate (Seegers et
al., 2003) While clinical mastitis is easily identified (changes in milk visible in the dark-bottomed mug
test), subclinical mastitis is diagnosed with California Mastitis Test (CMT) as well as somatic cell counts
in milk (Brito et al., 2006).

Currently, there are limited number of effective treatment options involving the use of antibiotics,
and most bacteria (Escherichia coli, staphylococci, and streptococci etc.) that causes mastitis have been
found to be resistant to drugs used in farms. In two different studies using ceftiofur hydrochloride in the
treatment of clinical and subclinical mastitis, 70% and 65.8% of the cows recovered, respectively
(Cortinhas et al., 2016; Regev et al., 2018; Zdunczyk and Janowski, 2020). In most countries, milk is
allowed to sell when antibiotic residues are zero or too low. When the literature is examined, antibiotic
residues were found in milk for a certain period of time after ceftiofur application (Neto et al., 2015;
Cristina et al., 2010). The duration of antibiotic therapy, along with the milk withdrawal period, can
cause milk loss for about 6-10 days and worsen economic losses (Bhosale et al., 2014; Conzuelo et al.,
2013).

Excessive amounts of neutrophils, macrophages, lymphocytes and eosinophils are produced in
milk as a response of mammary tissue to microorganisms. Increased levels of tumor necrosis factor-
alpha, interleukin-1p, interleukin 6, interleukin 8 (TNF-a, IL-1p, IL-6, IL-8) and nitric oxide (NO) have
been reported during infection. Nitric oxide is a signaling molecule that has important roles in biological
systems. It has been shown to act as an endocrine molecule in recent years (Simontacchi et al., 2013).
NO produce in higher amount during inflammation by inducible nitric oxide synthase (iNOS) and
activated by cytokines, known as primer defense system (Lee et al., 2017). During inflammation, NO
increases and reacts with superoxide anions leading to formation of peroxinitrite radical (Beckman et
al., 1990) and free radicals (Pryor and Squadrito, 1997). Oxidative stress occurs when the balance
between antioxidant and oxidant system changes in favor of oxidants. The oxidative stress has been
observed in pneumonia, sepsis and mastitis diseases in farm animals and rodents. Free radicals that
causes oxidative stress are produced in inflammation and oxidative reactions and accumulate in cells
and tissues, thereby causing injury (Lykkesfeldt and Svendsen, 2007; Basu and Eriksson, 2001; llgun et
al., 2016). In this sense, early diagnosis and treatment of mastitis is important as it will minimize
economic losses. The aim of this study is to investigate the effect of subclinical mastitis on some
biochemical parameters including NO, total antioxidant capacity (TAC), total oxidant capacity (TOC),
albumin, total protein, globulin, glucose and gamma glutamyl transpeptidase activity (GGT) in
circulating blood and to evaluate the potential of these parameters to be a marker for the early diagnosis
of mastitis in cows.

MATERIAL AND METHODS

The research was carried out in Brown Swiss and Holstein cows, which were housed under the
same feeding and stable conditions at Atatiirk University, Veterinary Faculty, Research and Training
Farm. First, the mammary lobes of the animals were scanned with the California Mastitis Test (CMT)
and those with subclinical mastitis were identified. Samples with CMT (-) were classified as healthy (n
=10) and those with CMT (+) were classified as subclinical mastitis group (n = 10). Blood samples were
taken from the animals into EDTA tubes and their plasma was obtained by centrifugation at 3000 rpm
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for 15 minutes. Samples were stored at -20°C until to be assayed. Total antioxidant and total oxidant
capacity levels, albumin, total protein, glucose and NO levels and GGT activity were determined
calorimetrically in the plasma samples. All chemicals and reagent were analytical grade products from
Sigma (St. Louis, MO, USA).

Biochemical analysis

Determination of total antioxidant (TAC) and total oxidative capacity (TOC) levels

The TAC and TOC in the samples were determined as colorimetric (PowerWave XS, BioTek,
Instruments, USA) with the commercial kit (Rel Assay, Mega Tip San.Tic.Ltd.Sti., Gaziantep, Turkey).
The principle of total antioxidant capacity measurement is based on the decolorization of the 2,2’-azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) in the dark green color of the
antioxidant substances present in the samples. The absorbance change of the samples at 660 nm varies
in proportion to the concentration of antioxidants. The principle of total oxidant capacity measurement
is based on the oxidation of the oxidant molecules in the samples to the ferrous ion-chelate complex to
the ferric ion and measuring the color formed at 530 nm. Trolox and hydrogen peroxide in total oxidant
capacity was used as standard for total antioxidant capacity in (Erel, 2015).

Nitric oxide (NO) assay

Plasma NO levels, Miranda et al. (2001) measured colorimetrically. Firstly, the samples were
treated with 10% zinc sulfate and proteins were removed. The nitrate contained in the samples was
converted to nitrite with vanadium (111) chloride. It is based on the principle of the formation of the
diazonium compound, based on the color formed by the reaction of sulfanilamide with N- (1-Naphtyl)
ethylenediamine dihydrochloride in acidic medium. Different concentrations of nitrate and nitrite were
used as standard in the measurements.

Determination of levels of plasma glucose, total protein, aloumin, globulin and gamma glutamyl
transpeptidase activity

The glucose, total protein, albumin levels and gamma glutamyl transpeptidase activity in plasma
samples were determined using commercial kits via colorimetrically (TML®, Ankara, Turkey). The
globulin concentration was calculated by subtraction of the albumin value from the total protein value.

Statistical analysis

Statistical analyses were performed in triplicate and average values with standard deviation (mean
+ SD) are reported. Biochemical parameters were analyzed by ANOVA followed by post hoc Tukey test
using SPSS 16.0 software package (SPSS ver. 16.0 for windows professional edition). Values were
considered statistically significant if P value was less than 0.05.

RESULTS

The NO, TAC, TOC, albumin, total protein, glucose levels and GGT activity in plasma samples
were investigated (Table 1). There was no statistically significant difference between plasma total
antioxidant and total oxidant capacity, albumin, total protein, globulin, glucose and albumin/globulin
levels and GGT activities of healthy and with subclinical mastitis cows. Nitric oxide levels were
significantly (P < 0.05) higher in plasma samples with subclinical mastitis group compared to healthy
group. It was 9.32 umol L? in the healthy group and 14.54 pmol L in subclinical mastitis.
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Table 1. Plasma NO, TAC, TOC, albumin, total protein, globulin, glucose levels and GGT activity in
healthy cows and cows with subclinical mastitis.

Parameters Healthy Subclinical mastitis P
Nitric oxide (umol L) 9.32+1.30 14.54+1.94 P<0.05
TAC (mmol Trolox Equiv. L) 0,519+0,11 0,464+0.057 Ns
TOC (umol H202 Equiv. L) 0,215+0,045 0,185+0,053 Ns
GGT (U LY 15,84+0.507 16.0+1.15 Ns
Albumin (g dL?) 3,81+0.056 3,69+0.77 Ns
Total Protein(g dL?) 6,66+0.12 6,91+0.14 Ns
Globulin (g dL?) 2.97+0.13 3.10+0.17 Ns
Albumin/Globulin (g dL™?) 1.27+0.082 1,26+0.078 Ns
Glucose (mg dL™?) 56.77+1.18 55.74+1.79 Ns

Ns: Non significant

DISCUSSIONS

We used the subclinical mastitis model to investigate the possibility that nitric oxide acts as an
inflammatory mediator in this disease (Ingman et al., 2014). Also, the effects of subclinical mastitis in
cows on some biochemical parameters were examined. The study presented is a basic feature and results
clearly showed that 1) significant amounts of NO are released during subclinical mastitis; 2) subclinical
mastitis did not cause a change in levels of plasma TAC, TOC, albumin, total protein, globulin, glucose
and GGT activity.

Nitric oxide is a molecule that is produced significantly from mammary gland epithelial cells and
macrophages during inflammation and regulates many biological processes. In the endotoxin-induced
mastitis model, an increased nitric oxide level in milk was noted as the response of the mammary gland
to inflammation. The NO was reported to affect the release of prostaglandin and leukotrienes by bovine
mammary gland during experimentally induced mastitis in vivo and in vitro (Piotrowska-Tomala et al.,
2015) It has been stated that nitric oxide production increases in cows (n = 15) with endotoxin-induced
mastitis and this increase is due to the activity of the inducible form of nitric oxide synthase in the
inflammatory response process (Bouchard et al., 1999). In the study in which 15 cows with clinically
mastitis and 25 cows subclinical mastitis were examined, it was observed that milk IL-6, lysozyme and
nitric oxide levels increased in both groups compared to the control. The milk nitric oxide levels of
control, subclinical and clinical mastitis groups was 5.59, 6.23 and 11.51 uM mL?, respectively (Osman
etal., 2010).

Silanikove et al. (2014) reported that milk nitrite, nitrate and S-nitrosamine levels increased
significantly in goats (n=15) with subclinical mastitis compared to control. In another study, production,
composition and milk quality of healthy and with subclinical mastitis was investigated. It was recorded
that milk nitrite/nitrate levels increased in sheep with mastitis. (Alba et al., 2019). Atakisi et al. (2010)
found that milk NO level and TOC increased in Brown Swiss and Holstein breed cows with subclinical
mastitis (n=35). The milk nitric oxide levels were determined 3.96 and 8.89 umol L* in healthy and
subclinical mastitis cows, respectively. In the current study, it was reported that plasma nitric oxide
levels increased significantly in cows with subclinical mastitis. These levels for control and subclinical
mastitis groups were 9.32 and 14.54 umol L, respectively. In this sense, changes in nitric oxide level
have the potential for alternative diagnosis of subclinical mastitis during inflammation.

During inflammation, NO reacts with superoxide ions, which leads to the formation of
peroxynitrile radicals, and these radicals cause lipid peroxidation and formation of free radicals. Acute
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phase response is a response to inflammation, tissue injury and immunological disorders in an organism
and is characterized by many physiological processes including metabolic and systemic changes. Acute
phase proteins, which are the most important components in the response, are very important in the
diagnosis, evaluation, treatment and prognosis of various diseases, including inflammation-related
diseases. The function of the acute phase proteins (APPS) released in response to inflammation is to
prevent free radical scavenging, oxidation of lipids, binding bacterial components and preventing
microbial growth. Total protein, albumin, and globulin are some of the APPs (Tuthova et al., 2014). The
inflammation profile of cows with subclinical and clinical mastitis was characterized by an increase in
acute phase proteins (Serum amyloid A, haptoglobin, complement C3, serpin A3-1, vitronectin) and a
decrease in antioxidative and anti-inflammatory proteins (PON1, PAF-AH, apoA-1, complement factor
H, C4b-binding protein alpha chain) (Turk et al., 2012). Recently, the active immune response has been
recognized to increase glucose demand by the immune system., During mastitis, the use of glucose for
both immune system functions (production of reactive oxygen species (ROS) and antibodies) and milk
synthesis in the activated immune cells reduces the amount of substrate (glucose, amyloid A). Substrate
competition is an important mechanism that reduces milk yield in mastitis (Enger 2019).

It was recorded that milk ROS levels increased in mastitis group. There was no statistically
significant difference between serum glucose, total protein, globulin, albumin and ROS levels in control
and mastitis groups (Alba et al., 2019). Nedic et al. (2019) show that TAC levels were lower in blood
serum and milk serum of cows from subclinical mastitis group (n=55) compared to control group. It has
been reported that mastitis also causes changes in saliva biomarkers of cows that reflect inflammation
and oxidative stress in animals. When the control and mastitis groups were compared, it was shown that
FRAP (ferric reducing ability of plasma) and CUPRAC (cupric reducing antioxidant capacity) methods,
which are the methods of determining total antioxidant capacity, did not change salivary levels, while
the serum CUPRAC level was low in the mastitis group. In addition, there was no statistically significant
difference in total protein levels between both groups (Contreras-Aguilar et al., 2019). In this study,
there was no statistically significant difference between plasma total antioxidant and total oxidant
capacity, albumin, total protein, globulin, glucose and albumin/globulin levels of healthy and with
subclinical mastitis cows. Usually, alanine aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP) and GGT enzymes are used to evaluate the functions of the liver. The levels
of these enzymes are used as an indicator of damage in a spectrum ranging from inflammation to necrosis
rather than indicating liver function (Giannini et al., 2005). In the presented study, there was no
statistically significant difference between plasma GGT activity levels of healthy and with subclinical
mastitis cows.

In three different in vitro and in vivo (cows and cattle) experiments, where nitric oxide-releasing
solution (NORS) can be used as a potential antimicrobial treatment tool for bovine mastitis, NORS was
lowered the bacterial concentration in all infected samples, in a time and milk-diluted dependent fashion.
Also, the blood and milk nitrite concentrations was increased initially but, during the next 24 h, returned
to normal range. They suggested that NORS may have more than one effect as an alternative to
antibiotics. It is effective against NORS drug-resistant mastitis infections and reaches shorter cleaning
times. Therefore, it has been reported that its use can be safe (Regev et al., 2018). Cardozo et al. (2014)
were prepared NO-releasing polymeric particles composed or alginate/chitosan or chitosan/sodium
tripolyphosphate against Staphylococcus aureus and Escherichia coli and used to encapsulate
mercaptosuccinic acid (MSA), which is a thiol-containing molecule. The results show that NO-releasing
polymeric particles might be used to combat bacteria in treating and preventing bovine mastitis.
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CONCLUSION

Subclinical mastitis negatively affected milk production, composition and milk quality in cows
and cause significant economic losses. To reduce these negative effects of mastitis, it is necessary to
understand inflammation reactions and identify and target the mediators involved in inflammation. In
this sense, the study presented is a basic feature and it has been observed that NO levels change without
changing the acute phase proteins and oxidant and antioxidant capacity levels. Consequently, NO is an
important mediator in subclinical mastitis as a potential target of therapeutic strategies and can be
evaluated in alternative diagnosis in plasma.
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