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ABSTRACT
The aim of this trial was to investigate the production of the pro-inflammatory cytokines interleukin 1beta (IL-1β) and interferon gamma
(IFN-γ) produced by bovine mammary gland leukocytes following lipopolysaccharide (LPS) challenge (5 µg LPS of Escherichia coli in
20 ml of PBS) or PBS (20 ml) as a control. The leukocytes were obtained by mammary gland lavage 1, 2, 3, and 7 days following the
stimulation. The concentration levels of these cytokines were analyzed by sandwich ELISA. Eight clinically healthy crossbred heifers
(Holstein x Czech Pied) were selected for this study. The heifers were group housed in a tie-stall barn and fed a total mixed diet. Higher
average number of leukocytes (P<0.01) was recorded for LPS than for PBS stimulation on day 1. The production of IL-1β increased
following the stimulation on day 1. After that gradual decline was detected. The IFN-γ production showed a similar trend. Positive
correlation between IL-1β and IFN-γ increased level was found.
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INTRODUCTION

MATERIAL AND METHODS

Mastitis could be generally defined as an inflammation of mammary gland and
considered as a costly and multifactorial disease. Its gravity depends on the
environment, the pathogen and the host (De Vliegher et al., 2012). Mastitis are
often caused by many kinds of bacteria such as Gram-positive bacteria like
staphylococci (Staphylococcus aureus), coagulase-negative staphylococci
(Staphylococcus chromogenes, Staphylococcus simulans, Staphylococcus
epidermis), streptococcus (Streptococcus agalactiae, Streptococcus uberis,
Streptococcus dysgalactiae, Streptococcus bovis), and other Gram-positive
bacteria (Actinomyces pyogenes, Corynebacterium bovis, Enterococcus faecium,
Enterococcus faecalis, Bacillus pumilus, Bacillus licheniformis, Mycobacterium
tuberculosis). When talking about Gram-negative bacteria, mastitis could be
triggered by Escherichia coli, Pasteurella, Proteus, Pseudomonas, and Serratia
species (Contreras and Rodriguez, 2011). Although, there are many kinds of
bacteria causing mastitis the most important originators are Staphylococcus
aureus and E. coli (Sutra and Poutrel, 1994). The major pathogenic component
of Staphylococcus aureus is lipoteichoic acid (LTA) occured in cell wall (Van
Amersfoort et al., 2003). The main endotoxin of E. coli is lipopolysaccharide
(LPS) fulfilling as a component of the outer membrane of cell wall of Gramnegative bacteria (Rietschel et al., 1994). There is an analogy between the LPS
of Gram-negative bacteria and LTA of Gram-positive bacteria (Van Amersfoort
et al., 2003).
Cytokines are water-soluble regulatory peptides which are produced throughout
inflammation (Taniguchi, 1995). Their concentration could be elevated because
of mastitis (Trinchieri, 1997). Interleukin-1 (IL-1) plays an important role in the
host defense (Pruitt et al., 1995). It is also known to be one of the most effective
endogenous fever inductor (Dinarello, 1998). This cytokine is produced by
monocytes, lymphocytes, macrophages, dendritic cells, endothelial and epithelial
cells, and fibroblasts (Barksby et al., 2007). Interferon gamma (IFN-γ) has
multiple functions in innate and adaptive immune responses (Bao et al., 2013)
and regulation of early gene expression of Th2 (Torres et al., 2004). It is also
known to be important in activation of immune responses against viruses (Presti
et al., 1998).
The aim of the study was to investigate the effect of LPS on production of
selected cytokines as the simulation of serious inflammation of mammary gland.
Cytokine network is very complicated and new knowledge about these proteins is
important to develop better system of prevention, diagnosis and therapy of
mastitis.

Animal selection and trial design
The study procedures were focused on the analysis of the inflammatory cytokines
IL-1β and IFN-γ. The cytokine detections were determined using ELISA method.
Eight clinically healthy crossbred heifers (Holstein x Czech Pied) aged 16 to 18
months were selected for this study. The heifers were group housed in a tie-stall
barn and fed a total mixed diet.
The inflammatory response was conducted by LPS of E. coli, serotype 0128:B12
(Sigma, USA). The concentration used was 5 µg in 20 ml of phosphate buffered
saline (PBS) per a mammary gland. PBS (Sigma, USA) was used as a control.
All mammary glands were rinsed with PBS to obtain a cell suspension.
Sample collection procedures
The first sample of cells was obtained by PBS lavage of right-front quarter on
day 1, right-rear quarter on day 2, left-front quarter on day 3, and left-rear quarter
on day 7 following LPS or PBS challenge. It was used 20 ml of PBS for each
mammary gland to stimulate and rinse them all.
The cell concentration was counted in a Bürker chamber in 20 large squares. The
cells were smeared on glass slides and stained (Pappenheim). At least 200
leukocytes on each glass slide were counted to determine the differential cell
count. The cytokines were determined by sandwich ELISA.
ELISA
The following kits were used to determine the cytokines: Bovine IL-1 beta
Screening Set (Thermo Scientific), and Bovine IFN-γ Screening Set (Thermo
Scientific). There was used ELISA reader Sunrise (Tecan, Austria).
Statistical analysis
The total leukocyte count, differential leukocyte count and the concentration
level of the cytokines were expressed as arithmetic mean (x) ± standard deviation
(SD). Data were analyzed using statistical software program STATISTICA 8.0
(StatSoft, 2007). The paired t-test was used.
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RESULTS
Prior to the mammary gland stimulation, the total leukocyte count obtained by
the mammary gland lavage was 0.8 ± 0.2 x 106/ml. The difference between the
total mammary gland leukocytes count following PBS or LPS stimulation on day
1 and 2 was statistically highly significant (P<0.01). The difference was not
statistically significant on day 3 and 7 (figure 1).
Differential cell count of mammary gland leukocytes
The differential cell count was counted using light microscopy. At least 200
leukocytes on each glass slide were counted. The difference between using PBS
or LPS as an inductor was statistically highly significant (P<0.01) for all kinds of
leukocytes in all time points following the mammary gland stimulation (figure 2).

Figure 1 The total mammary gland leukocytes count

Figure 2 Differential cell count of mammary gland leukocytes
Concentration level of IL-1β
The mammary gland leukocytes concentration level of IL-1β was determined
following 1, 2, 3, and 7 days in vivo incubation with LPS or PBS. The difference
between PBS and LPS in IL-1β concentration level on day 1 and 2 following the
stimulation was statistically highly significant (P<0.01). The highly significant
difference was found in all time points following the stimulation by LPS (figure
3).

Figure 4 Mammary gland leukocytes concentration level of IFN-γ following
incubation with LPS or PBS
DISCUSSION
The objective of this trial was to study the pro-inflammatory cytokines IL-1β, and
IFN-γ in vivo which are produced by bovine mammary gland leukocytes.
Total cell count and differential cell count of mammary gland leukocytes
Figure 3 Mammary gland leukocytes concentration level of IL-1β following
incubation with LPS or PBS
Concentration level of IFN-γ
The mammary gland leukocytes concentration level of IFN-γ was determined
following 1, 2, 3, and 7 days in vivo incubation with LPS or PBS. The difference
between PBS and LPS in IFN-γ concentration level on day 1 and 2 following the
stimulation was statistically highly significant (P<0.01). The highly significant
difference was found in all time points following the stimulation by LPS (figure
4).

The total count of leukocytes and the differential cell count of mammary gland
leukocytes obtained by lavage of the mammary gland following the mammary
gland stimulation by PBS or LPS agree well with other published results (Sladek
and Rysanek, 2009). In spite of Sladek and Rysanek (Sladek and Rysanek,
2009) used two times higher LPS concentration level to stimulate the mammary
glands we obtained similar values of the total count and the differential cell count
of mammary gland leukocytes.
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Concentration level of IL-1β
The production of IL-1β was analyzed 1, 2, 3, and 7 days following the
stimulation by LPS and PBS. It was higher following the stimulation by LPS than
by PBS. The production of IL-1β started immediately following the LPS
stimulation. The highest concentration was reached throughout the initiation
phase of the inflammatory response. Particularly, the concentration level was
1890.76 pg/ml following 1 day stimulation. Thereafter it was dropping down.
Two days after, the concentration of IL-1β was approximately half as it used to
be at the beginning (954.87 pg/ml). The difference between the production level
of IL-1β following the LPS or the PBS stimulation was statistically highly
significant (P˂0.01). Also Winter and Colditz (Winter and Colditz, 2002)
studied the production level of IL-1β. Staphylococcus epidermis was used as
inflammatory inductor in sheep in their study. Similarly, the IL-1β concentration
level was highest 24 hours following the mammary gland stimulation. In our
previous in vitro study (Kabourkova et al., 2016), we have found production of
IL-1β two hours from the start of incubation of mammary gland leukocytes with
LPS. Studies focused on IL-1β are important because this cytokine may have
many functions in mastitis. Xu et al. (Xu et al., 2018) referred about the effect of
IL-1β on tight junction permeability in bovine mammary epithelial cells. IL-1β
messenger RNA expression was induced by LPS and its enrichment is involved
in multiple inflammatory signal pathways. Exogenous IL-1β treatment damaged
the integrity of the blood-milk barrier, as indicated by the increased bovine
mammary epithelial cells tight junction permeability. IL-1β-induced increase in
the bovine mammary epithelial cells tight junction permeability was mediated by
the IL-1β-ERK1/2-MLCK axis pathway. It is not clear whether IL-1β is also
produced by Gram-positive bacteria (Kim et al., 2011).
Concentration level of IFN-γ
Similar results were found in case of the production level of both observed
cytokines. The production level of IFN-γ was higher following the stimulation by
LPS than by PBS. The difference was statistically highly significant (P˂0.01).
The highest IFN-γ level was reached 1 day following the stimulation where the
concentration was 745.78 pg/ml. Then it was decreasing. Two days after, the
concentration of the cytokine was approximately quarter as it used to be at the
beginning (205.88 pg/ml). The production level of IFN-γ was higher for LPS than
for PBS. The difference between the production level of IFN-γ following the LPS
or the PBS stimulation was statistically highly significant (P˂0.01).
Agreeably with these results, Bannerman et al. (Bannerman et al., 2004)
confirmed higher IFN-γ level throughout initial inflammation phase and then
return to the original IFN-γ values. These data correspond to the statement that
IFN-γ improves the microbicidal ativity of neutrophils by increasing of
phagocytosis (Ellis and Beaman, 2004; Schroder et al., 2004) because in the
initial phase of mastitis there are highest number of neutrophils which was
mentioned in this study above.
CONCLUSION
In this trial, we studied the pro-inflammatory cytokines (IL-1β, IFN-γ) in vivo
which are produced by bovine mammary gland leukocytes. The production of IL1β started 1 day following the stimulation with LPS or PBS. The difference
between the production level of IL-1β following the LPS or the PBS stimulation
was statistically highly significant. The higher production of IL-1β was reached
by LPS stimulation. The difference between the production of IFN-γ following
the stimulation by LPS or by PBS was statistically highly significant. It was
higher following the stimulation by LPS than by PBS. Both cytokines showed
higher concentration level following the stimulation by LPS than by PBS. Based
on the fact that IL-1β and IFN-γ concentration levels were elevated during the
initial phase of the inflammation response, we assume both of them could be used
as early stage mastitis markers. However, a cheap and fast detection method is
required.
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