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ABSTRACT

Bacterial ~mastitis causes pathogen-dependent
changes of the blood-milk barrier, and these changes
can influence the differential transfer of blood com-
ponents to milk. It is well known that gram-negative
pathogens such as Fscherichia coli can cause a greater
activation of the immune system and thus a more
comprehensive transfer of blood components including
IgG than gram-positive pathogens such as Staphylococ-
cus aureus. Supraphysiological doses of oxytocin (OT)
have been shown to increase the permeability of the
blood-milk barrier; however, the effect of OT during
experimentally induced mastitis has not been inves-
tigated. Therefore, the objective of this study was to
examine if intravenous administration of OT during
lipopolysaccharide (LPS)- or lipoteichoic acid (LTA)-
induced mastitis could influence the transfer of blood
components to milk. The hypothesis was that OT could
induce a greater transfer of blood components during
mastitis. Twenty-seven dairy cows were injected via the
teat canal with LPS, LTA, or a saline control followed
by an intravenous injection of OT 2 h following intra-
mammary challenge. Milk samples were collected every
half hour and analyzed for somatic cell count (SCC),
IgG, lactate dehydrogenase (LDH), and serum albumin
(SA). Due to the chosen dosage of LPS and LTA, there
was no difference in SCC between quarters challenged
with only LPS or LTA. Quarters challenged with LPS
and OT had a higher SCC and a greater transfer of
IgG, LDH, and SA compared with quarters challenged
with only LPS. Quarters challenged with LTA and OT
had a greater transfer of IgG, LDH, and SA, whereas
the SCC increase did not differ from quarters only
treated with LTA. In quarters treated only with OT,
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SCC, LDH, and SA increased, but no difference was
observed in IgG concentration from untreated control
quarters. In conclusion, there are pathogen-specific
changes in the blood-milk barrier and OT can induce
a greater transfer of blood components to milk in both
LPS- and LTA-induced mastitis. Oxytocin could have
implications for use as a mastitis therapy, as there was
an increased transfer of IgG into the milk.

Key words: mastitis, blood-milk barrier, endotoxin,
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INTRODUCTION

Mastitis is usually caused by bacterial pathogens
invading the mammary gland and these bacteria cause
a pathogen-specific activation of the immune system
and influence permeability of the blood-milk bar-
rier (Wellnitz and Bruckmaier, 2011). Clinical mastitis
cases, such as quarters infected with the gram-negative
pathogen FEscherichia coli, have a greater transfer of
various blood proteins including IgG, and a greater
stimulation of the immune system. This is compared
with subclinical mastitis, which is often associated with
gram-positive pathogens such as Staphylococcus aureus
(Bannerman et al., 2004; Wellnitz et al., 2013). These
findings could relate to the mostly chronic infections
associated with S. aureus, as infections with this bac-
terium generally do not induce a pronounced immune
response that is mirrored by a moderate upregulation
of pro-inflammatory cytokines in the mammary gland
(Sutra and Poutrel, 1994; Wellnitz and Bruckmaier,
2011).

Bacteria have specific endotoxins embedded in the
cell wall: LPS on E. coli and lipoteichoic acid (LTA) on
S. aureus. Intramammary injection of these 2 proteins
can be used to induce and mimic the inflammation that
occurs during mastitis. When dosages of LPS and LTA
are chosen to induce equal SCC increases, it has been
shown that LPS can induce a greater transfer of blood-
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derived proteins to the milk than LTA (Wellnitz et al.,
2013).

Oxytocin (OT) is a hormone that causes contraction
of myoepithelial cells surrounding the alveoli that leads
to milk ejection. Exogenous OT administered in supra-
physiological concentrations was previously shown to
increase the permeability of the blood-milk barrier (Al-
len, 1990). The mechanism of action for OT is not fully
understood, but it can be speculated that mammary
epithelial tight junction integrity is compromised from
the mechanical stress of inducing maximum alveolar
contraction (Stelwagen and Singh, 2014).

Increased permeability of the blood-milk barrier is
characterized by the appearance of blood constituents
in milk because of the paracellular diffusion of blood and
milk components during mastitis (Nguyen and Neville,
1998). These constituents include the proteins serum
albumin (SA) and lactate dehydrogenase (LDH; Stel-
wagen et al., 1994; Lehmann et al., 2013; Wall et al.,
2015) as markers, as well as immunoglobulins, which
have functional properties during an intramammary
immune response (Burton and Erskine, 2003).

The aim of the present study was to examine if in-
travenous OT administration at a supraphysiological
dosage would influence the transfer of IgG and other
markers of barrier integrity to milk during LPS- or
LTA-induced mastitis. Furthermore, this may indicate
a basis for the potential use of OT in mastitis therapy.
The hypothesis was that OT induces a greater transfer
of blood components, including IgG, that may have a
functional role in the mammary immune response.

MATERIALS AND METHODS
Animals

All animal trials were approved by the Cantonal
Committee of Animal Experiments, Fribourg, Swit-
zerland, and all experimental procedures followed the
Swiss law of animal protection. Twenty-seven dairy
cows [Holstein (n = 20), Swiss Fleckvieh (n = 7)] in
mid-lactation (mean DIM = 199 + 22) were enrolled.
Parities of experimental cows ranged from 1 to 5 (aver-
age parity = 2) and cows were producing >15 L of
milk/d (mean milk yield = 20.0 = 0.6). All cows had
a SCC <200 x 10° cells/mL in all 4 quarters during
the 3 d before the experiment and showed no signs of
clinical mastitis. Sterile milk samples for bacteriologi-
cal culture were collected aseptically from all quarters
and processed according to Hogan et al. (1999), and
all cows were negative for mastitis-causing pathogens.
Cows were housed at the Agroscope research station
(Posieux, Switzerland) in straw and sawdust bedded
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tie-stalls for the duration of the experiment. Cows were
fed roughage ad libitum and energy concentrate accord-
ing to their individual production levels. Water was
available ad libitum. Cows were machine milked twice
daily at 0530 and 1600 h.

Experimental Procedures and Treatments

The day before the experiment, jugular catheters
(105 mm long, internal and external diameters of 1.9
and 2.4 mm, 13 gauge, Vygon, Ecouten, France) were
inserted and immediately flushed with 0.9% sterile
saline and 5,000 IU of heparin (Laboratoire Dr. G.
Bichsel SA, Interlaken, Switzerland) to prevent blood
clotting overnight.

On the day of the experiment, cows were randomly
allocated to 4 treatment groups (LPS, n = 7; LTA, n
= 6; LPS+OT, n = 7; LTA+OT, n = 7). Immediately
following the morning milking, 2 quarters from each
cow (one treatment, one control) were injected with the
treatment by sterilizing each teat with gauze soaked
in 70% ethanol and inserting a sterilized teat cannula.
An upward massage of 15 s was performed immedi-
ately after injection to move the injection fluid into the
parenchymal tissue. Injected quarters were randomly
assigned for each cow to avoid sampling bias. Treat-
ments were prepared as follows: 0.2 pg of LPS (from FE.
coli serotype 026:B6, Sigma-Aldrich, St. Louis, MO)
was diluted in 10 mL of 0.9% sterile saline; 20 pg of
LTA (from S. aureus, Sigma-Aldrich) was diluted in
10 mL of 0.9% sterile saline; control treatment was 10
mL of 0.9% sterile saline. Each cow served as its own
control as each cow had one treatment and one control
quarter. Quarters were considered independent for this
study because previous research showed no differences
in control quarters from cows that had an adjacent
quarter challenged with LPS, LTA, or saline control
(Wall et al., 2016). Time of injection was designated as
time 0 h. At 2 h postinjection, either 100 TU of OT (10
IU/mL; Werner Stricker AG, Zollikofen, Switzerland)
or 10 mL of 0.9% sterile saline (control) was injected
through the jugular catheter. Dosages of endotoxin
were chosen to induce similar SCC increases and were
based on previous experiments from our group (Wall
et al., 2016). Oxytocin dosage was chosen according to
previous research by Allen (1990).

Sampling Procedures: Temperature
and Milk Samples

The rectal temperature of each cow was measured
immediately before injection and every hour until 8 h
postchallenge. Milk samples were taken every 30 min
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between 0 and 8 h. Milk samples were processed im-
mediately for SCC, then stored at —20°C until analysis.

Laboratory Analyses

Somatic Cell Count. Milk samples were processed
for SCC using a DeLaval cell counter (DeLaval, Tumba,
Sweden) according to the manufacturer’s protocol.
Samples were diluted 1:10 in commercially available
milk if the cell count was >3 x 10° because the de-
tection limit for the cell counter is between 3 x 10°
and 4 x 10° cells/mL. Tt was previously confirmed that
the dilution of the samples did not have any falsifying
matrix effects.

Lactate Dehydrogenase Activity. For LDH mea-
surement, milk serum was obtained by a 2-step process
(centrifugation at 4,000 x g for 15 min at 4°C, then
14,000 x ¢ for 30 min at 4°C). Lactate dehydrogenase
activity was measured in milk serum by a commercial
kit (AxonLab AG, Baden, Switzerland, cross-reacts
with bovine LDH) using the COBAS MIRA automated
analyzer (Roche Diagnostics, Basel, Switzerland) ac-
cording to the manufacturer’s instructions. The limit of
detection was 0.01 mmol/L.

Immunoglobulin G. The concentration of total IgG
in milk was analyzed by ELISA using a bovine-specific
commercial kit (Bethyl Laboratories, Montgomery, TX)
according to the manufacturer’s instructions with slight
modifications (Lehmann et al., 2013). In brief, samples
were diluted in wash buffer (50 mM Tris, 0.14 M NaCl,
0.05% Tween 20, adjusted to pH 8.0) to ensure the sam-
ples were in range of the standards. The primary and
secondary antibodies were diluted 1:200 and 1:100,000,
respectively. The standard curve was adjusted to 400,
300, 150, 75, 37.5, 18.75, and 9.375 (ng/mL). Samples
were blocked in blocking buffer containing 5% fish
skin gelatin (Sigma-Aldrich, St. Louis, MO) diluted in
double-distilled water. Absorbance measurements were
read on the Synergy Mx plate reader (BioTek Instru-
ments, Winooski, VT). The limit of detection was 9.375
ng/mL. The inter- and intraassay coefficients of varia-
tion were 5.61 and 7.89%, respectively. All analyses
were assayed in duplicate.

Serum Albumin. The concentration of SA in milk
samples was analyzed by ELISA using a bovine-specific
commercial kit (Bethyl Laboratories, Montgomery,
TX) according to the manufacturer’s instructions.
Milk samples were diluted in wash buffer (50 mM Tris,
0.14 M NaCl, 0.05% Tween 20, adjusted to pH 8.0)
to ensure the samples were in range of the standards.
Absorbance measurements were read on the Synergy
Mx plate reader (BioTek Instruments). The standard
curve was 400, 200, 100, 50, 25, 12.5, 6.25 (ng/mL),
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and the limit of detection was 6.25 ng/mL. The in-
ter- and intra-assay coefficients of variation were 4.58
and 6.99%, respectively. All analyses were assayed in
duplicate.

Statistical Analysis

All results are presented as means + SEM. Statistical
analysis of SCC (at a logarithmic scale, log,g), IgG, SA,
LDH, and rectal temperature was performed using a
mixed model ANOVA with the MIXED procedure of
SAS (version 9.4; SAS Institute Inc., Cary, NC) with
Tukey-Kramer adjustment. The model included time,
treatment, and the interaction between both (time X
treatment) as fixed effects and cow as the repeated sub-
ject. Values were considered significant when P < 0.05.

RESULTS
Rectal Temperature

Rectal temperature in all cows ranged from 37.7 to
39.8°C. No differences were found between treatment
groups at any time point and temperature did not
change during the experiment for any group (data not
shown).

Somatic Cell Count

Somatic cell count was higher in quarters challenged
with LPS and LTA than in control quarters beginning
at 3 h and 3.5 h postchallenge until the end of experi-
ment, and no statistical differences were found between
LPS- and LTA-challenged quarters throughout the
experiment (data not shown). Somatic cell count was
higher in LPS4+OT quarters than LPS quarters from
6 h until the end of the experiment (Figure 1A). The
LTA+OT quarters had higher SCC than LTA quarters
at 0, 0.5, 1.5, and 2.5 h (Figure 1B). Control+OT quar-
ters had higher SCC than control quarters at 4 h and
then from 5 h until the end of the experiment (Figure
10).

Somatic cell count in LPS and LPS+OT quarters
was elevated compared with time 0 h from 3 h until
the end of the experiment. The LTA quarters had el-
evated SCC compared with time 0 h from 3.5 h until
the end of the experiment, and LTA+OT quarters were
elevated compared with time 0 h only at 6.5 and 7
h. Control4+OT quarters had elevated SCC compared
with time O h at 4 h then from 5.5 h until the end of
experiment. No significant elevation occurred in SCC in
the control quarters.
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Figure 1. Somatic cell count (presented in log scale) in LPS and
LPS+OT quarters (A), LTA and LTA+OT quarters (B), and con-
trol and control+OT (C). Data are presented as means + SEM. For
graph A, ® mean SCC in LPS quarters, O mean SCC in LPS+OT
quarters. For graph B, ® mean SCC in LTA quarters, O mean SCC
in LTA+OT quarters. For graph C, ® mean SCC in control quarters,
O mean SCC in control+OT quarters. *Indicates significance between
groups. +Indicates significant elevation compared with time point 0
for LPS, LTA, or control. #Indicates time point of significant elevation
compared with time point 0 for LPS+OT, LTA+OT, or control+OT.
LTA = lipoteichoic acid, OT = oxytocin.
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Immunoglobulin G

Immunoglobulin G concentrations were higher in
LPS quarters than LPS+OT quarters only at 2.5 h, but
were higher in LPS+OT quarters than LPS quarters
from 6 h until the end of the experiment (Figure 2A).
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Figure 2. Immunoglobulin G concentration in LPS and LPS+OT
quarters (A), LTA and LTA+OT quarters (B), and control and
control+OT (C). Data are presented as means + SEM. For graph
A, ® mean SCC in LPS quarters, O mean SCC in LPS+OT quar-
ters. For graph B, ® mean SCC in LTA quarters, O mean SCC in
LTA+OT quarters. For graph C, ® mean SCC in control quarters, O
mean SCC in control+OT quarters. *Indicates significance between
groups. +Indicates significant elevation compared with time point 0
for LPS, LTA, or control. #Indicates time point of significant elevation
compared with time point 0 for LPS+OT, LTA+OT, or control+OT.
LTA = lipoteichoic acid, OT = oxytocin.
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Immunoglobulin G concentrations were higher in the
LTA+OT quarters compared with the LTA quarters
from 6.5 h until the end of the experiment (Figure 2B).
Immunoglobulin G concentrations were higher in the
control+OT quarters only at 7 h (Figure 2C).

Immunoglobulin G concentrations were elevated
compared with time 0 h in the LPS quarters only at 2.5
and 4 h and elevated in the LPS+OT quarters from 5.5
h until the end of the experiment. Quarters challenged
with LTA4+OT exhibited elevated IgG compared with
time 0 h from 6.5 h until the end of the experiment,
but there was no significant elevation of IgG compared
with time 0 h in LTA quarters. There was no significant
elevation of IgG compared with time 0 h in control
quarters and control+OT quarters.

Lactate Dehydrogenase

Lactate dehydrogenase was higher in LPS+OT quar-
ters than LPS quarters from 0 to 2 h and at 3, 3.5, 4.5,
6.5, 7, and 7.5 h (Figure 3A). The LTA+OT quarters
had elevated LDH compared with LTA quarters from
2.5 to 3.5 h and from 6.5 h until the end of the experi-
ment (Figure 3B). Control+OT quarters had higher
LDH than control quarters at 1 and 1.5 h then from 2.5
h until the end of the experiment (Figure 3C).

The LPS and LPS+OT quarters had elevated LDH
compared with time 0 h from 5 and 5.5 h until the end of
the experiment. The LTA quarters were elevated com-
pared with time 0 h only from 4 to 6 h, and LTA4+OT
quarters were elevated from 2.5 h until the end of the
experiment. Control+OT quarters had elevated LDH
from 2.5 h until the end of the experiment. There was
no elevation from time 0 h in the control quarters.

Serum Albumin

Serum albumin concentrations were higher in
LPS+OT quarters compared with LPS quarters from 6
h until the end of the experiment (Figure 4A). Serum
albumin concentrations were higher in LTA+OT quar-
ters than LTA quarters at 1, 1.5, and 3.5, and 5.5 h,
then from 6.5 h until the end of the experiment (Figure
4B). Serum albumin concentrations were higher in the
control+OT quarters than the control quarters from
6.5 h until the end of the experiment (Figure 4C).

Quarters challenged with LPS had elevated SA con-
centrations compared with time 0 h at 2.5, 3, and 4 h
and LPS+OT quarters had an elevation in SA from 5.5
h until the end of the experiment. Serum albumin con-
centrations were elevated from time 0 h in LTA4+OT
quarters at 5.5 h until the end of the experiment and
there was no elevation compared with time 0 h in LTA
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Figure 3. Lactate dehydrogenase (LDH) in LPS and LPS+OT
quarters (A), LTA and LTA+OT quarters (B), and control and
control+OT (C). Data are presented as means + SEM. For graph
A, ® mean SCC in LPS quarters, O mean SCC in LPS+OT quar-
ters. For graph B, ® mean SCC in LTA quarters, O mean SCC in
LTA+OT quarters. For graph C, ® mean SCC in control quarters, O
mean SCC in control+OT quarters. *Indicates significance between
groups. +Indicates significant elevation compared with time point 0
for LPS, LTA, or control. #Indicates time point of significant elevation
compared with time point 0 for LPS+OT, LTA4+OT, or control+OT.
LTA = lipoteichoic acid, OT = oxytocin.

quarters. Serum albumin concentrations were elevated
compared with time 0 h in the control+OT quarters
from 6 h until the end of the experiment. There was
no elevation of SA from time 0 h in control quarters
throughout the experiment.
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DISCUSSION

Bacteria invading the mammary gland can cause
pathogen-specific differential permeability of the epi-
thelial barrier (Wellnitz et al., 2016) and the differential
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Figure 4. Serum albumin (SA) concentration in LPS and LPS+OT
quarters (A), LTA and LTA+OT quarters (B), and control and
control+OT (C). Data are presented as means + SEM. For graph
A, ® mean SCC in LPS quarters, O mean SCC in LPS+OT quar-
ters. For graph B, ® mean SCC in LTA quarters, O mean SCC in
LTA+OT quarters. For graph C, ® mean SCC in control quarters, O
mean SCC in control+OT quarters. *Indicates significance between
groups. +Indicates significant elevation compared with time point 0
for LPS, LTA, or control. #Indicates time point of significant elevation
compared with time point 0 for LPS+OT, LTA+OT, or control+OT.
LTA = lipoteichoic acid, OT = oxytocin.
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transfer of blood components (Wellnitz and Bruckma-
ier, 2011). Pathogens like E. coli have a greater effect
on the blood-milk barrier, and consequently, a larger
transfer of blood proteins to milk in comparison to
mastitis caused by S. aureus (Bannerman et al., 2004).
Specifically, our group has previously shown that IgG is
increased in the milk only in quarters challenged with
LPS compared with quarters challenged with LTA at
the same level of SCC increase (Wellnitz et al., 2013).
The transfer of IgG is assumed to be of particular im-
portance as it is the major opsonin for phagocytosis in
the mammary gland if specific antibodies against the
invading pathogen are present (Burton and Erskine,
2003).

In previous studies in our group, cell wall compo-
nents LPS and LTA were used to mimic the inflam-
mation during mastitis and the dosages of LPS and
LTA were chosen to standardize the immune response
based on a similar SCC increase. This allows for the
quantitative comparison of additional factors (Wellnitz
and Bruckmaier, 2011). This similar SCC increase was
also accomplished in the current study. Relatively low
doses of LPS and LTA were chosen to induce a moder-
ate response in the mammary gland allowing for the
optimal investigation of differences in blood-milk bar-
rier permeability.

In the present study, to examine the effect of OT on
the blood-milk barrier and the transfer of blood com-
ponents, several proteins that can be used as markers
for barrier permeability were measured. Results showed
that OT increased the concentration of IgG in LPS and
LTA treated quarters compared with cows that were
not treated with OT. However, there was only a single
time point where IgG concentrations were increased in
response to OT injection in the control quarters. Oxy-
tocin increased SA concentration and LDH in quarters
treated with LPS and LTA, but also in control quarters.
Both SA and LDH have no known immune function in
the mammary gland; however, both proteins undergo
paracellular transport when the blood-milk barrier is
leaky (Stelwagen et al., 1994; Lehmann et al., 2013;
Wall et al., 2015). Lactate dehydrogenase has been pro-
posed as a good indicator of IgG concentration in milk
during mastitis (Lehmann et al., 2013) as LDH and
IgG are typically both increased during infections and
due to the practicality of this measurement on farm.
The increase in concentrations of IgG, SA, and LDH,
in both challenged and unchallenged quarters, demon-
strates that OT can increase permeability of the mam-
mary epithelial barrier. Interestingly, it was observed
that OT induced an increase in IgG concentration in
only LPS and LTA quarters, but not control quarters.
Nevertheless, IgG may need a stimulus, such as a mas-
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titis-causing pathogen or immunostimulatory protein,
to be transferred to the milk. Notably, although OT
caused an increased transfer of blood proteins in both
LTA and control quarters, they still did not reach the
levels of quarters treated only with LPS.

The pattern of increase in IgG and SA in LPS-
challenged quarters was different between cows that
were treated with OT compared with those that were
not. In LPS-treated quarters without OT administra-
tion, significant increases occurred between 2 and 4 h,
whereas cows that received the OT treatment did not
exhibit increases until around 5 h postchallenge. These
differences could be due to the milk ejection induced by
the OT administration at 2 h. It was previously shown
that concentrations of SA and IgG decrease after just
120 s of first contact with the udder; therefore, it is
likely that SA and IgG were diluted due to alveolar
milk ejection (Lehmann et al., 2015).

The intermittent increases in SA and IgG in the LPS
quarters without OT administration between 2 and 4
h could also be due to previous exposure to mastitis
pathogens. Records for previous mastitis or vaccination
against mastitis-causing pathogens of the cows were
not available. This could have influenced the immune
competency of the cows’ mammary glands, as cows can
have an increased immune response to antigens after
first contact (Rainard and Paape, 1997). In addition,
the intermittent increases could be due to the low dose
of LPS and individual variation between cows. Indi-
vidual susceptibility to low doses has been previously
shown in the response of bovine dermal fibroblasts
during experimentally induced FE. coli mastitis (Kan-
dasamy et al., 2011).

Lipopolysaccharide typically induces a pronounced
SCC increase (Wellnitz and Bruckmaier, 2011; Well-
nitz et al., 2015), but in the present study, OT in-
duced an additional increase in SCC between 6 and 8
h. Oxytocin also induced an SCC increase in control
quarters; however, this increase was not seen in LTA-
treated quarters. The baseline SCC of the LTA+OT
quarters before treatment was already significantly
higher than LTA quarters at the beginning of the ex-
periment, which could have masked any effects that
the OT treatment would have on the SCC. Although
quarters from cows in both groups were considered
healthy, some cows in the LTA group had very low
SCC. Increased SCC in the LPS and control quarters
could indicate increased permeability of the blood-
milk barrier by OT, though migrating immune cells
can enter the milk following several different pathways
including paracellular or transcellular transport (Mc-
Donald and Kubes, 2011) or migrating cells can push
mammary epithelial cells off the basement membrane
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creating a gap where more cells can enter (Akers and
Nickerson, 2011). The increase in SCC observed in
the control quarters is consistent with Allen (1990)
who also observed an increase in SCC when cows were
treated with 100 IU of OT, indicating an opening of
the blood-milk barrier.

Oxytocin could likely be used in mastitis cases, such
as subclinical infections, where there is lessened or no
transfer of IgG. Mastitis caused by S. aureus is usually
subclinical and can become chronic (Sutra and Poutrel,
1994). Currently, S. aureus mastitis is difficult to treat
as cows infected with this bacterium do not respond
well to antibiotic therapies and there is typically only
a 35% cure rate (Pyorala and Pyorald, 1997; Sol et al.,
1997). This could be due to the fact that Staphylococcus
aureus has evolved mechanisms to evade the host im-
mune system, such as invading host immune cells and
mammary epithelial cells and persisting as an intracel-
lular pathogen (Hébert et al., 2000). In addition, this
bacterium can cause abscesses and scar tissue in the
mammary gland that block the antibiotic from reach-
ing the pathogen (Nickerson, 1993). However, inducing
the opening of the blood-milk barrier and in turn, a
transfer of IgG, could likely result in a better cure rate
for these infections.

The effects of an increased transfer of immune pro-
teins and PMN in clinical mastitis cases, due to treat-
ments such as OT, is not yet known, but it can be
speculated that it could cause additional damage to
the mammary gland due to the bacterial killing mecha-
nisms of PMN (Wellnitz and Bruckmaier, 2012). Ad-
ditionally, the binding capability of IgG to pathogens
in the mammary gland needs to be examined to see
if a greater transfer of IgG to the milk is an effective
treatment for mastitis.

Oxytocin is known to decrease the integrity of the
blood-milk barrier (Allen, 1990), but the mechanism is
undetermined. It is likely that OT opens the barrier by
compromising the integrity of the mammary tight junc-
tions (Stelwagen and Singh, 2014) that are part of the
junctional complexes between epithelial cells (Tsukita
et al., 2001). In the present study, it was observed that
LDH was significantly increased 30 min after OT in-
jection in control and LTA-treated quarters. This was
different compared with other parameters. Lactate de-
hydrogenase is mainly transferred from blood to milk;
however, some LDH can be released by damaged cells
(Bogin et al., 1977). This increase of LDH at 2.5 h after
the start of experiment (i.e., 30 min after OT injec-
tion) could indicate that the high dose of OT induces a
further opening of tight junctions or these results could
indicate the OT is causing some damage to mammary
epithelial cells.
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Oxytocin has been described as a mastitis therapy in
several papers; however, this is the first study examin-
ing the permeability of the blood-milk barrier and the
transfer of blood components under simulated mastitis
conditions. Knight et al. (2000) experimentally infected
quarters with a low virulence strain of S. aureus and
observed that intramuscular OT could significantly
reduce the amount of bacteria and OT did not differ
in efficacy from an antibiotic. Furthermore, Guterbock
et al. (1993), who also used intramuscular OT to treat
naturally occurring mastitis, showed no differences in
clinical or bacterial cure rates between antibiotic treat-
ment and OT treatment. Knight et al. (2000) hypoth-
esized that OT is effective as a mastitis therapy by
inducing milk ejection that promotes the emptying of
the udder and in turn the removal of the pathogen.
However, it is possible that the increased IgG in the
present study could additionally explain the efficacy of
the OT treatment in both experimentally induced and
naturally occurring mastitis.

CONCLUSIONS

The results of the present study show that supraphysi-
ological OT can open the blood-milk barrier and even
enhance the opening that occurs during LPS-induced
mastitis. These results also confirm the hypothesis that
OT can induce a greater transfer of blood components
to milk. Although SA and LDH have no known immune
function in the mammary gland, the increased concen-
tration of IgG shows that OT could have implications
in increasing the cure rate of subclinical infections if
antibodies against the mastitis-causing pathogen are
available in the blood (i.e., after vaccination). In addi-
tion, further studies on the binding of IgG to pathogens
in the mammary gland are also needed to support this
hypothesis. Oxytocin treatment is likely most effective
when there is little or no transfer of IgG, such as in sub-
clinical mastitis cases. Therefore, the mastitis-causing
pathogen should be considered when using OT as a
treatment.
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