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Abstract
Antibiotic dry-cow treatment contributes a major part to the total use of antibiotics in
dairy herds. Enterococcus faecium strain SF68 (SF68) was of human origin but has been
authorized in EU as probiotic feed additive. In the present study, one of the front and rear
quarters of twelve late lactation Holstein-Friesian cows were infused once with a
commercial antibiotic dry-cow formula (antibiotics quarter) on the first milk-stasis day
(d 1), when the contrallateral quarters were infused with 5 × 108-CFU SF68 plus half-dose
antibiotic dry-cow formula (SF68/antibiotics quarter) meanwhile. Gelatinase level and
cellular reactive oxygen species (ROS) production capacity were measured for blood and
quarter secretion. The results showed that the count of blood total leukocytes minorly
decreased on d 3 only but the microscopic somatic cell count (MSCC) continuously
increased up to d 7, especially in SF68/antibiotics quarters. Plasma level of gelatinase A
remained similar up to d 7 but gelatinase B was not detectable in plasma throughout the
study. The level of gelatinase A in quarter secretion increased up to d 7 but gelatinase B
increased even more drastically, especially in SF68/antibiotics quarters. The ROS
production capacity of blood leukocytes increased temporarily only on d 3, but that of milk
cells continuously increased up to d 7, especially in SF68/antitiotics quarters. Overall, late
lactation Holstein-Friesian cows were systemically adaptable to the combined antibiotics
and SF68 dry-cow treatment, while the local bactericidal potentiality in mammary gland
was actively responsive to additional SF68 intramammary treatment.
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Introduction
Phagocytic cells, notably neutrophils in
circulation and macrophages in infected tissues,
are armed with an array of highly microbicidal
weapons such as proteolytic enzymes and free
radicals. Microbial pathogens are taken up into
the phagosome of phagocytes and into which
microbicidal agents are released. Gelatinase,
elastase, cathepsin G, and myeloperoxidase are
contained in the azurophilic and/or specific
granules of neutrophils which fuse with the
phagosome to perform the intracellular degradation
of microbes3). Degranulation in neutrophils
accounts for the rapid elevation of gelatinase B
level within 15-30 min exposure to TNF-α, IL-8,
or G-CSF30). Engulfed microbes could also be
destroyed in phagosome by the reactive oxygen
species (ROS) produced from the NADPH
oxidase20,21,23) through reducing oxygen molecules.
The bactericidal activity of ROS is related to
their reactions with unsaturated carbon bounds
that may lead to toxic lipid peroxidation,
sulphydryl groups that may lead to the
inactivation of sulphydryl containing enzymes,
amino group and possibly peptide bounds that
may lead to their breakage, as well as the
destruction of nucleic acids. The capacities of
degranulation and ROS production represent the
most powerful efferent arms of innate immune
systems for further cascades of innate and
adaptive immune responses.
Probiotic bacteria could elicit moderate
systemic immune responses in human and
animals through gut-associated immune
system2,11,29,37) where the probiotic bacteria or their
fragments passed the epithelial cells of the Peyer’s
patches in a paracellular way and activated the
surveillance immune cells18). The beneficial
effects of probiotic bacteria on both systemic and
local immune systems support their use in
improving animal health and as an alternative to
antibiotics in protection against infectious
agents. Most of the probiotics applied to animals
are members of the indigenous microbiota of host

intestine. Enterococcus faecium strain SF68
(SF68) is a gram-positive endospore-forming
bacteria originally isolated from a healthy
Swedish baby, but its dietary supplementation
benefited the general immunity of pets6,38,40) and
pigs4,34,35) and has been authorized as one of the
probiotic feed additives in EU.
The practice of a dry period in late lactation
has increased the risk of mastitis in dairy cows21).
Consequently, systematic drying-off with
antibiotics has become the major part of the total
use of antibiotics in dairy herds in many areas of
the world including Taiwan. The efficacy of
intramammary probiotic application in the
prevention and treatment of mastitis so far
has been investigaed for bovine udder-derived
Lactococcus and Lactobacillus species1,8,10,16).
Despite exogenous to bovine, SF68 dry-cow
treatment has expressed potential local benefits
to Holstein-Friesian cows25,39). The purpose of the
current study was to further evaluate the systemic
immune status, in addition to local immune
status, of late lactation cows following a SF68
dry-cow treatment. We estimated the gelatinase
level of plasma and mammary secretion and the
ROS production capacity of blood leukocytes and
milk cells as indicators of the general bactericidal
potential of cows.

Materials and Methods
Experimental cows: Twelve Holstein-Friesian
cows over 220 day-in-milk, between 32 and 56
mo in age, less than 10 kg/d in milk yield, and
within the last two months of the second or third
pregnancy were selected from the dairy farm of
National Chung Hsing University (Taichung,
Taiwan). All experimental cows have complete
DHI production records and were free of previous
mastitis or other helath problems. They were
maintained on a commercial dry-cow ration
(3000 kcal/kg metabolic energy, 16% crude
protein) (Lee Han Co. Ltd., Kao Hsiung, Taiwan)
with free accessible pangola hay and water since
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one wk prior to drying-off and throughout the
entire dry period. The experimental treatment
and sampling protocols were approved by the
committee of Care and Use of AgricultureAnimals
of National Chung Hsing University.
Preparation of SF68 dry-cow solution: The current
SF68 dosage was 2 × 108 CFU/ml with an
infusion volume of 2.5 ml per quarter, equivalency
of a 5 × 108 CFU SF68 per quarter. This SF68
dosage was 2.5-fold of that used by Peng et al.25)
and Tiantong et al.39) with the intend to
exaggerate possible effects. The SF68 working
solution was diluted from the stock solution of
5 × 108 CFU/ml prepared by dissolving the
commercial micro-solid SF68 product (1 × 109
CFU/g, Cylactin_ME10; Cerbios-Pharma, Barbengo,
Switzerland) in 20-ml endotoxin-free PBS (SigmaAldrich, St. Louis MO, USA). A 20-min
intermittent ultrasonication (Vibra cell, Model
VC 50T, Sonics & Materials Inc.) was then
applied under ice bath to the stock solution
before further dilution to 50 ml with endotoxinfree PBS. Syringes (2.5 ml) were loaded with the
SF68 working solution and stored under －20°C
until use. Same batch of SF68 working solution
was used for all experimental cows.
Dry-cow treatment: A balanced dry-cow treatment
was applied across the four quarters of each
experimental cow to reduce the error related to
individual variation. Dry-cow treatment was
performed immediately following the final
morning milking. One of the front and rear
quarters were randomly assigned to a full dose of
commercial antibiotic dry-cow formula (antibiotics
quarter), while the contralateral quarters were
assigned to the SF68 dry-cow treatment
supplemented with half-dose of commercial
antibiotics dry-cow formula (SF68/antibiotics
quarter). Quarters were firstly disinfected
externally with 75% ethanol, then a blunt-end
cannula (length 11/3”, J-12; Jorgenson
Laboratories, Inc. Loveland, CO, USA) was fitted
to the teat opening, and either the Cepravin Dry
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Cow (250 mg, Intramammary Suspension, Schering
Plough Animal Health Ltd., Uxbridge, UK) or a
syringe of SF68 working solution was infused
accompanying with upward massages on the
exterior of quarters. An additional half-dose of
Cepravin Dry Cow was immediately supplemented
to the quarters just infused with SF68 working
solution.
Sampling: Blood samples (10 ml) were collected
from tail vein immediately prior to dry-cow
treatment (d 1in experiment), and same time of
the day on d 3 and d 7 in experiment.
Meanwhile, samples (25 ml) of mammary
secretion were manually collected from the
individual quarters of each cow and those from
the two SF68/antibiotics quarters and the two
antibiotics quarters were pooled, respectively,
within cows before further processing.
Sample preparation: Blood samples in heparinized
tubes were centrifuged by 1000 ×g at 4°C for
30 min to separatethe plasma and the particulate
fraction. Plasma was stored in aliquots under
－20°C for assays within two mo. Red blood cells
in the particulate fraction was lysed (BioLegend,
San Diego, Ca, USA) and the remaining leukocytes
were washed with ice cold Dulbecco’s PBS (DPBS,
without Ca＋2/Mg＋2; Sigma-Aldrich), and then
suspended in Hanks’ balanced salt solution
(HBSS, enriched with 0.25 mM Ca＋2/Mg＋2; SigmaAldrich). The HBSS leukocyte suspension was
enumerated under microscope, and the volume of
HBSS suspension necessary for immediate assay
of ROS production capacity of blood leukocytes
was calculated.
Quarter secretion was processed following
that of Peng et al.25) by firstly skimming by
400 ×g at 4°C for 20 min to recover the clear
supernatant and then the supernatant was
stored in aliquots under －20°C for assays within
two mo. The bottom pellet was washed three
times with DPBS, reconstituted in HBSS, and
enumerated under microscope. The obtained
microscopic somatic cell count (MSCC) was used
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to calculate the volume of HBSS suspension
necessary for immediate assay of ROS production
capacity of milk cells.
The protein content of plasma and skimmed
supernatant of mammary secretion were
determined using a dye-binding reagent (Bio-Rad
Laboratories, Hercules, CA, USA) in a microplate
format (Multiskan Ascent, ThermoLabsystems,
Helsinki, Finland) and were used to calculate the
volume necessary for gelatin zymography.
Gelatin zymography for gelatinase assay: Gelatin
zymography was a derivation of native SDS-PAGE
in which gelatin was incoorated into the resolving
gel as a substrate. Gelatinases A and B were
identified based on molecular size of the digested
band after overnight gelatinolysis at 37°C28,30,39,42)
and gelatinase level was expressed as the area of
the digested band after scanning. In brief, aliquot
of plasma or skimmed quarter secretion
containing 20-μg protein was first mixed (1 : 1)
with a sample buffer of pH 6.8 consisting
62.5 mM Tris-HCl, 25% glycerol, 4% SDS, and
0.01% bromophenol blue (Bio Rad), and then was
subjected to 7.5% native SDS-PAGE (Minigel,
Bio-Rad)17) containing 0.1% bovine gelatin (SigmaAldrich) in the resolving gel. Afterwards, the gels
were incubated in the renaturing solution of 2.5%
(v/v) Triton-X100 at room temperature for 30 min,
fully dripped with distilled H2O, and then
incubated overnight at 37°C in 50-mM Tris-base
buffer, pH 7.4, containing 200-mM NaCl, 0.02%Brij-35, and 5-mM CaCl2 for gelatinolysis. The
next day, gels were stained for 30 min with 0.1%
coomassie blue R-250 (Sigma-Aldrich) in methanol/
glacial acetic acid/distilled water (400/100/500),
then destained for 30 min in methanol/glacial
acetic acid/distilled water (300/75/625), the
destining solution was replaced and destained for
another 30 min, and finally preserved in distilled
water. Gelatinases were visualized as clear bands
against the blue background. The level of
gelatinase was expressed as area of the band
captured using Epson Stylus TX130 (Seiko Epson
Corporation, Nagano, Japan) and integrated

using software Image J, version 1.45 (National
Institutes of Health, 2013) (Bethesda, MA, USA).
Plasma of clinically healthy volunteers was used
as a reference19) and for normalization, samples
collected at different experimental days from the
same cow were resolved on the same gel in
parallel with the reference.
Chemiluminescence assay for the ROS production
capacity of cells: The phorbol 12-myristate
13-acetat (PMA)-stimulated, luminol-enhanced
chemiluminescence assay21,25,41) was an ex vivo
assay for the ROS production capacity of cells. In
brief, an aliquot of fresh HBSS cell suspension
containing 2 × 106 blood leukocytes or milk cells
was first maintained at 37°C for 10 min, then
300-μl of 1 mM luminol (Sigma-Aldrich) in 0.1 M
DMSO/0.05 M Na2CO3/1.5 mM CuSO4 was added.
The chemiluminescence assay was initiated by
inclusion 50 μl of the PMA working solution (1 μg/
ml) diluted from the PMA stock solution (200 μg/
ml DMSO) with HBSS, and then the reaction
volume was made up to 1000 μl with HBSS. The
emission counts per second (CPS) was recorded
instantly every min for 20 min in luminometer
(Triathler, type 425-014, Hidex, Turku, Finland).
The ROS production capacity of cells was defined
as the net response to ex vivo PMA stimulation
which was expressed as the area under CPS-time
curve (AUC) after adjusting for the starting CPS
value.
Statistical analyses: Data was analyzed using the
GLM procedure and Duncan’s new multiple
range test33) with days in experiment and dry-cow
treatments as the major factors. All results were
presented as mean and SE.

Results
Clinical observation
Fever, redness, swellness, or pain was not
observed in experimental cows during the one-week
experimental period, except on d 3 when the
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secretion from SF68/antibiotics quarters appeared
slightly yellowish and colloidal in contrast to the
normal whitish and watery secretion from
antibiotics quarters. But on d 7, secretions fromf
all quarters appeared normal again.
Blood total leukocyte count and MSCC
The means and SE of blood total leukocyte
count (Fig. 1A) and MSCC of quarter secretion
(Fig. 1B) were shown. Blood total leukocyte
counts were not significantly different (P ＞ 0.05)
among d 1, d 3, and d 7 despite the slightly lower
counts on d 3 compared to d 1 and d 7. The MSCC
in secretions from both antibiotics and SF68/
antibiotics quarters were significantly (P ＜ 0.05)
higher on d 3 than on d 1. Furthermore, the
MSCC of secretion from antibiotics quarters was
significantly (P ＜ 0.05) higher on d 7 than on d 3,
which was not observed for SF68/antibiotics
quarters. On the other hand, the MSCC of
secretion on d 1 were not significantly different
(P ＞ 0.05) between antibiotics and SF68/
antibiotics quarters, but the MSCC of secretions
from SF68/antibiotics quarters were significantly
(P ＜ 0.05) higher on both d 3 and d 7 compared
to that of antibiotics quarters.
Gelatinase level in plasma and quarter secretion
Representative gelatin zymogram of plasma
and skimmed quarter secretion supernatant was
shown, respectively, in Fig. 2. The plasma
zymogram (Fig. 2A) was absent in gelatinase B
during the experimental period, whereas both
gelatinases A and B were detectable in the secretion
zymogram for antibiotics and SF68/antibiotics
quarters despite of the low level on d 1 (Fig. 2B).
The means and SE of gelatinase levels in
plasma indicated similar (P ＞ 0.05) gelatinase A
level and no gelatinase B during the experimental
period (Fig. 2A).
The means of gelatinase A level in secretions
from both antibiotics and SF68/antibiotics quarters
were significantly (P ＜ 0.05) higher on d 3 than
on d 1 and higher on d 7 than on d 3 and d 1. On
the other hand, the level of gelatinase A in

Fig. 1. The means and SE of blood total leukocyte
count (A) and microscopic somatic cell count
(MSCC) of quarter secretion (B) for late lactation
Holstein cows received antibiotics and SF68
dry-cow treatment.  Experimental cows received
dry-cow treatment on the first milk stasis day (d 1)
when antibiotics quarters received one dose of Cepravin
Dry Cow (250 mg, Intramammary Suspension, Schering
Plough Animal Health Ltd., Uxbridge, UK) and SF68/
antibiotics quarter received 5 × 108 cfu-SF68 plus halfdose Cepravin Dry Cow.
a,b,c
 Values with different superscripts differ significantly
(P ＜ 0.05) among days in experiment within the same
quarter treatment.
x,y Values with different superscripts differ significantly
(P ＜ 0.05) between antibiotics and SF68/antibiotics
quarters within the same day in experiment.

secretions were not significantly (P ＞ 0.05)
different between antibiotics and SF68/antibiotics
quarters during the experimental period (left
panel, Fig. 2B)
The means of gelatinase B level in secretions
from both antibiotics and SF68/antibiotics quarters
were significantly (P ＜ 0.05) higher on d 3 than
on d 1, but only in antibiotics quarters was the
level of gelatinase B in secretion higher (P ＜ 0.05)
on d 7 than on d 3 and d 1. On the other hand,
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Fig. 2. Typical gelatin zymogram and the means and SE of gelatinase level in plasma (A) and quarter
secretion (B) for late lactation Holstein cows following antibiotics and SF68 dry-cow treatment.
Experimental cows received dry-cow treatment on the first milk stasis day (d 1) when antibiotics quarters received
one dose of Cepravin Dry Cow (250 mg, Intramammary Suspension, Schering Plough Animal Health Ltd., Uxbridge,
UK) and SF68/antibiotics quarter received 5 × 108 cfu-SF68 plus half-dose Cepravin Dry Cow.
a,b,c
 Values with different superscripts differ significantly (P ＜ 0.05) among days in experiment within the same
quarter treatment.
x,y
 Values with different superscripts differ significantly (P ＜ 0.05) between antibiotics and SF68/antibiotics
quarters within the same day in experiment.

the level of gelatinase B in secretions from SF68/
antibiotics quarters were significantly (P ＜ 0.05)
higher on d 3 and d 7 compared to antibiotics
quarters (right panel, Fig. 2B).
ROS production capacity of blood leukocytes and
milk cells
The means and SE of the CPS time curves of

2-million blood leukocytes and milk cells were
displayed in Fig. 3A. Different CPS scales were
used for blood leukocytes and milks cells due to
the much greater peak CPS value of blood
leukocytes on d 3, compared to the relatively
lower peak CPS value of milk cells during the
experimental period. The CPS value at 1 min
recorded for milk cells from SF68/antibiotics
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Fig. 3. The means with SE of counts per second (CPS) time curves (A) and the corresponding area
under the CPS time curve (AUC) after adjusting for the different starting CPS value at 1 min (B) for
blood leukocytes and milk cells from quarters of late lactation Holstein cows following antibiotics and
SF68 dry-cow treatment.  Experimental cows received dry-cow treatment on the first milk stasis day (d 1) when
antibiotics quarters received one dose of Cepravin Dry Cow (250 mg, Intramammary Suspension, Schering Plough
Animal Health Ltd., Uxbridge, UK) and SF68/antibiotics quarter received 5 × 108 cfu-SF68 plus half-dose Cepravin
Dry Cow.
a,b,c
 Values with different superscripts differ significantly (P ＜ 0.05) among days in experiment within the same
quarter treatment.
x,y
 Values with different superscripts differ significantly (P ＜ 0.05) between antibiotics and SF68/antibiotics
quarters within the same day in experiment.

quarters tended to be higher on d 3 and d 7 than
on d 1, but less so for blood leukocytes or milk
cells from antibiotics quarters.
The means of adjusted AUC for blood
leukocytes were significantly (P ＜ 0.05) greater on

d 3 than on d 1 and d 7 but that on d 7 was not
significantly (P ＞ 0.05) different from d 1 (left
panel, Fig. 3B). The means of adjusted AUC for
milk cells were significantly (P ＜ 0.05) greater
on d 7 than on d 3 in both antibiotics and SF68/

146

Antibiotics/probiotics dry-cow treatment

antibiotics quarters, but the means of adjusted
AUC for milk cells were significantly (P ＜ 0.05)
greater on d 3 than on d 1only in SF68/antibiotics
quarters. On the other hand, the means of
adjusted AUC for milk cells were not different
(P ＞ 0.05) on d 1 and d 7 between antibiotics and
SF68/antibiotics quarters, but the means of
adjusted AUC for milk cells was significantly
greater (P ＜ 0.05) on d 3 for SF68/antibiotics
quarters than for antibiotics quarters.

Discussion
We have previously reported potential
benefis of SF68 dry-cow treatment in local innate
immune function25) and the involution of dairy
cows39). The current study further examined the
systemic immune status, in addition to local
immune status, of late lactation Holstein-Friesian
cows during the week following a combined
antibiotics and SF68 dry-cow treatment. Our
study was the first to examine the overall
tolerance of dairy cows towards intramammary
probiotics treatment and we found that
intramammary probiotics treatment seemed elicit
differential bactericidal potentialities in systemic
and local systems and there were some likely
mutal interactions.
We firstly noticed a seemingly reversal
change in cell counts between blood leukocytes
and milk cells (Fig. 1) and similar observation
has been reported for the model of LPS-challenged
cows20). Mehrzad et al.20) interperlated this
phenomenon as the result of massive influx of
circulating leukocytes into mammary gland. It is
generally aware that the production and
destruction of circulatory leukocytes is tightly
regulated so that their counts in blood could be
maintained in a relatively narrow range. The
blood total leukocyte counts of healthy adult
bovine range from 4.5 to 10/ml, more than 60%
being neutrophils20,21). The mean total leukocyte
count of our experimental cows was within this
normal range, although that on d 3 was at the

lower edge (Fig. 1A). Neutrophils are the most
actively extravasated phagocytic cells5,21,24) due to
its multilobulated nucleus that could line up in a
thin line, permitting rapid migration between
endothelial cells. Other leukocytes, on the other
hand, are more difficult to migrate between
endothelial cells because of the large, horseshoe
shaped nucleus. Neutrophils also dynamically
diapedesis across the blood-milk barrier27) and
the prevalence of neutrophils in somatic cells of
dairy cows increased faster than other cell types
during mammary gland inflammation and early
dry period26,41). Similar mechanism might have
occurred following the current intramammary
SF68 infusion. Chemotactic factors, endogenous
or exogenous, are, at least partly, responsible to
the continuous influx of immune cells into
mammary gland. Nevertheless, although the
presence of chemotactic factors in inflammatory
mammary gland is indisputable27), the presence
of strong chemotactic factors in non-inflamed
udders, such as in our study, is still disputable.
Secondly, stable but low level of plasma
gelatinase A was observed throughout the
current experimental period (Fig. 2A), in contrast
to the extremely high gelatinase B level in SF68/
antibiotics quarters (Fig. 2B). Systemic and local
gelatinase level has been used as a supportive
diagnostic tool in human diseases30), so as in
horse arthritis15) and cow mastitis32). Plasma
gelatinases A is recognized mainly derived from
stromal cells such as fibroblasts, endothelial
cells, and osteoblasts12) and plasma gelatinase B
mainly from polymorphonuclear leukocytes9). As
for the source of milk gelatinase, results of
immunohistochemical methodology has found
high expression of gelatinase A, besides MMP-1,
MMP-14, MMP-19, TIMP-1 and TIMP-2, in
involuting mammary gland compared to lactating
mammary gland, while no expression of gelatinase
B was found in mammary gland at either stage31).
The observed high gelatinase B level in the
mammary secretions of our study was apparently
not synthesized by mammary tissue. We have
previously reported a close association between
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milk gelatinase B level and MSCC7,39) and
suggested that the high gelatinase B level in dry
secretion was not because of the concentrating
effect associated with yield reduction but was
mainly related to increased neutrophil influx and
degranulation. Much higher gelatinase B level in
SF68/antibiotics quarters compared to antibiotics
quarters is presumably related to the faster
neutrophil influx and, consequently, degranulation
following SF68 infusion. We considered this
higher milk gelatinase level advantageous for
involution cows in terms of both defense and
remodeling of mammary gland.
Chemiluminescence assay has indicated
decreasing functionality of bovine blood leukocytes
during transition from pregnancy to lactation14)
and during coliform mastitis13). Also, neutrophils
isolated from infected cow quarters had lower
chemiluminescence response than that from
uninfected quarters20). Therefore, PMA-stimulated
chemiluminescence assay is a reliable tool that
could estimate in real-time the defense function
of phagocytes. In the current study, we noticed
transitory, compared to the LPS-challenged cow
model20), elevation of the ROS production capacity
in blood leukocytes on d 3 (Fig. 3). We suggest
this observation evident of physiological response
compared to the more pathological response in
cows received LPS challenge. Based on the AUC
results, we were able to confirm that milk
neutrophils were less efficient in ROS production
than their blood counterparts, besides other
phagocytic activity20,22). For milk cells, we noticed
apparently higher CPS value at 1 min on d 3 and
d 7 in relative to d 1, especially for SF68/
antibiotics quarters. Although no statistical test
was applied to individual recording time, we
suspect that milk cells in SF68/antibiotics quarter
might have been pre-activated by SF68 before
the ex vivo PMA-stimulated luminol-enhanced
ROS production measurement. Therefore, in our
AUC calculation, the different CPS starting
values were adjusted by zeroing and thus
obtained adjusted AUC represented only the part
of ROS production that was stimulated by PMA.
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We found genearlly greater ROS production by
milk cells from SF68/antibiotics quarter than
those from antibiotics quarters (Fig. 3B),
suggesting that SF68 treatment might have
primed the milk cells. On the other hand, as the
ROS production by milks cells from antibiotics
quarters also slightly increased during the
experimental period, it is likely that milk somatic
cells might be spontaneously activated during
dry period, likely by the presence of milk
components. We also noticed apparently greater
variations in the ROS production of milk cells
from SF68/antibiotics quarters than antibiotics
quarters and we regard this a confirmation that
there is great individual difference in the
immune responses to foreign objects.
The blind alveolar architecture of mammary
gland is different from the tube-like intestines.
We propose that, following milk stasis and
intramammary SF68 infusion, the transmigration
of circulatory neutrophils into mammary lumen
is facilitated by the leakyness of barrier resulting
from both pressure build-up and gelatinase B
degradation. As neutrophil influx and gelatinase
B degraduation perpetuate, cytokines are also
released, and some probiotic bacteria and their
fragments, together with cytokines, pass through
the parecellular space. The neighboring surveillance
plasma cells are eventually activated, thereby,
more cytokines are released, and they are
presumably the biological signals that modify the
systemic immune status (Fig. 4).
In conclusion, we used the level of gelatinase
in plasma and quarter secretion and the ROS
production capacity of blood leukocytes and milk
cells as a measure of the bactericidal potentialities
of systemic and local mammary gland in
responsive to SF68 dry-cow treatment. Our
observations suggest that SF68 dry-cow treatment
seems to be systemically tolerable to late
lactation Holstein-Friesian cows when the local
mammary gland were relatively more responsive
to it in terms of bactericidal potentiality.
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Fig. 4. The proposed pathways for SF68 dry-cow treatment-mediated local and systemic immune
reactions.  Following milk stasis and intramammary SF68 infusion, the transmigration of circulatory neutrophils
into mammary lumen is facilitated by the leakyness of barrier resulting from both pressure build-up and gelatinase
B degradation. As neutrophil influx and degraduation perpetuate, cytokines are released, and some probiotic
bacteria and their fragments, together with cytokines, pass through the parecellular space. The neighboring
surveillance plasma cells are eventually activated, thereby, more cytokines are released, and they are presumably
the biological signals that modify the systemic immune status.
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