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Abstract

The lactation capacity of dairy cows is critical to the productivity of the animals. Mastitis is a disease that directly
affects the lactation capacity of cows. Staphylococcus aureus (S. aureus) is one of the most important pathogens that
causes mastitis in dairy cows. The anti-inflammatory effect of Salvia miltiorrhiza polysaccharides (SMPs) has been
demonstrated in mice and chickens. However, the effectiveness of SMPs in preventing and treating mastitis is unclear.
Therefore, the purpose of this study was to explore the protective effect and mechanism of SMPs on mastitis caused
by S. aureus. S. aureus was used to induce mastitis in rats, and three doses of SMPs (87.5, 175, 350 mg/kg, BW/d)

were administered as treatments. The bacterial load, histopathology, and myeloperoxidase (MPO) and N-acetyl-3-D-
glucosaminidase (NAGase) activities of mammary glands were observed and measured. Cytokines, including interleu-
kin (IL)-13, interleukin (IL)-6, and tumor necrosis factor a (TNF-a), were examined by gRT-PCR and ELISA. Key proteins
in the NF-kB and MAPK signaling pathways were analyzed by Western blotting. The results showed that SMP supple-
mentation could significantly reduce the colonization of S. aureus and the recruitment of inflammatory cells in mam-
mary glands. S. aureus-induced gene transcription and protein expression of IL-1, IL-6, and TNF-a were significantly
suppressed in mammary glands. In addition, the increase in NF-kB and MAPK protein phosphorylation was inhibited
by SMPs. These results revealed that supplementation with SMPs protected the mammary gland of rats against dam-
age caused by S. aureus and alleviated the inflammatory response. This study provides a certain experimental basis for
the treatment of S. aureus-induced mastitis with SMPs in the future.
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Introduction

Mastitis is defined as an inflammatory reaction caused by
infection of mammary gland tissue. Mastitis is one of the
most common diseases in dairy cows and is a serious dis-
ease [1] that is prevalent worldwide, severely constrain-
ing the development of the global dairy industry. This
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disease reduces milk production, reduces quality, and
increases treatment costs [2]. Mastitis is an economically
important disease and is one of the most costly diseases
in the dairy industry [3]. Individual cow fitness, envi-
ronmental factors, and pathogenic microorganisms are
the causes of mastitis in dairy cows [4]. S. aureus, Strep-
tococcus dysgalactiae, and Streptococcus uberis are the
main factors associated with the occurrence of mastitis in
dairy cows [5]. S. aureus is a significant pathogenic agent
in the development of mastitis in dairy cows worldwide
[6]. Mastitis caused by S. aureus is typically treated with
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antibiotics, but the therapeutic effect is not satisfactory
[7]. Dairy farmworkers often increase the dose of anti-
biotics to cure cows with inflammation, which can lead
to the development of resistance in S. aureus, rendering
many antibiotics ineffective and causing drug residues in
cattle byproducts [8], which has implications for human
health. However, the search for new therapeutic alterna-
tives that are effective in controlling and treating bovine
mastitis is urgent [9].

Previous authors have conducted extensive research on
the defense mechanisms of mammary tissue. Pathogen-
associated molecular patterns (PAMPs) of S. aureus can
be recognized by pattern recognition receptors (PRRs)
in cells. The downstream nuclear factor kB (NF-kB) and
mitogen-activated protein kinase (MAPK) signaling
pathways are activated [10]. Cytokines recruit leukocytes
to the site of infection, which is crucial in the early stages
of inflammation [11].

Chinese herbal medicines have immunomodulatory
effects [12]. Low toxicity, low residue and no drug resist-
ance are characteristics of these treatment. Many dairy
farms in China are using herbal remedies to treat mas-
titis in cows [13]. Salvia miltiorrhiza is a traditional Chi-
nese herbal medicine that can activate blood flow and
remove the blood stasis effect caused by dextran and is
the main ingredient in prescription drugs for treating
mastitis in cows [14]. Salvia miltiorrhiza extract includes
tanshinone and SMPs. One study showed that TBF had
an obvious effect against acute inflammation and chronic
inflammation in mice and suppressed pathogenic bacte-
ria in vitro and in vivo [15]. Yang found that tanshinone
I or tanshinone IIA/B significantly inhibited activation
of the NF-kB signaling pathway after LPS stimulation
of mammary epithelial cells in mice, thereby attenuat-
ing the inflammatory response [16]. SMPs is another
extract of Salvia miltiorrhiza that has anti-inflammatory
effects. SMPs can improve the liver index, spleen index
and thymus index, reduce the serum levels of alanine
aminotransferase, aspartate aminotransferase and nitric
oxide, restore liver levels of TNF-a and IL-1f, and ame-
liorate immunological liver injury induced by Bacille-
Calmette-Guerin (BCG) and lipopolysaccharide (LPS) in
mice [17]. Geng found that SMPs may alleviate florfen-
icol-induced liver injury in broilers by inhibiting activa-
tion of the PPAR and MAPK signaling pathways [18].
However, the therapeutic effect and mechanism of SMPs
on mastitis in dairy cows have not been reported. In this
study, a rat mastitis model was established. Pathological
changes in the mammary gland were observed by histo-
pathology. qRT-PCR, ELISA and Western blotting were
used to analyze inflammatory factors. Various experi-
mental techniques were used to verify whether SMPs
could exert anti-inflammatory effects by regulating the
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activation of the NF-kB and MAPK signaling pathways.
This study is valuable for the development of SMPs as
immunomodulatory drugs to treat animals.

Results

Effects of SMPs on bacterial load in mammary tissue

As shown in Fig. 1, mammary tissue was collected 24-h
after infection, and S. aureus colonization was analyzed.
No bacterial colonization was observed in the control
group. Compared with the S. aureus group, the SMP
treatment groups had a significantly reduced bacterial
loads in mammary tissue (P < 0.01). There was no sig-
nificant difference between the medium- and high-dose
groups (P > 0.05).

Effect of SMPs on histopathological changes

As shown in Fig. 2, the control group had an intact glan-
dular follicular structure in mammary tissue, milk filling,
and no histopathological changes (Fig. 2A). However,
significant inflammatory changes were observed in the
mammary tissue of the S. aureus group, and inflamma-
tory cells such as neutrophils and macrophages infil-
trated the acinar chamber, mammary ducts, perivascular
and connective tissues (Fig. 2B). Inflammatory cell infil-
tration and mammary tissue damage were significantly
reduced in each SMP group (Fig. 2C-E). Pathological
histological scoring was performed, and the S. aureus
group scored significantly higher than the control group
(p < 0.01). After pretreatment with SMPs, the score of
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Fig. 1 S. aureus load in mammary tissue. The data are expressed as
the mean Log,,CFU/g = SD of mammary glands (n = 8). ##p < 0.01
vs. control. **p < 0.01 vs. S. aureus
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inflammatory cell infiltrates and ruptured mammary epithelial cells

groups (87.5, 175, 350mg/kg). F Mammary injury score. ##p < 0.01 vs. control. **p < 0.01 vs. S. aureus. The black arrows represent the presence of

Mammary injury score

Control S.aureus _87.5 175 350

ek S.aureus+SMPs(mg /kg)

(H&E 100x). A Control group. B S. aureus group. C-E S. aureus + SMP

3120

E

on

£ ##
> 80+

=

.g ** sk *k
= 40+

S

e

A

= 0-

Control S.aureus 87.5 175 350
S.aureus+tSMPs(mg /kg)

Fig. 3 MPO expression levels in mammary tissues. The data are the
mean = SD (n = 8), ##p < 0.01 vs. control. **p < 0.01 vs. S. aureus

the SMP group was significantly lower than that of the S.
aureus group (p < 0.01) (Fig. 2F).

Effect of SMPs on MPO expression levels in mammary
tissues

As shown in Fig. 3, the MPO expression level was higher
in the S. aureus group than in the control group (P <
0.01). Compared with that in the S. aureus group, supple-
mentation with SMPs effectively inhibited MPO activity,

and the most pronounced effect was observed in the
medium- and high-dose groups, in which MPO expres-
sion was significantly reduced (P < 0.01). The difference
was not significant (P > 0.05) between the medium- and
high-dose groups.

Effect of SMPs on NAGase expression levels in mammary
tissues

As shown in Fig. 4, the NAGase expression level was
higher in the S. aureus group than in the control group
(P < 0.01). Compared to that in the S. aureus group, sup-
plementation with SMPs effectively inhibited NAGase
activity. The decline was more pronounced in the mid-
dle- and high-dose groups than in the low-dose group (P
< 0.01). The effect was not significant (P > 0.05) between
the medium- and high-dose groups.

Effect of SMPs on inflammatory cytokine mRNA expression
The mRNA expression levels of IL-1pB, IL-6, and TNF-a
in mammary tissues were measured using qRT-PCR. As
shown in Fig. 5, the mRNA expression levels of IL-1f,
IL-6 and TNF-a were higher in the S. aureus group than
in the control group (P < 0.01). The expression levels of
IL-1B, IL-6 and TNF-a were lower in the SMP pretreat-
ment group than in the S. aureus group (P < 0.01). The
medium dose group had more obvious improvements
than the other groups.
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Fig. 4 NAGase expression levels in mammary tissues. The data are
the mean 4 SD (n = 8), ##p < 0.01 vs. control. **p < 0.01 vs. S. aureus

Effect of SMPs on inflammatory cytokine expression levels
IL-1B, IL-6, and TNF-a expression levels in mammary
tissues were examined by ELISA. As shown in Fig. 6, the
expression levels of IL-1p, IL-6 and TNF-a were higher
in the S. aureus group than in the control group (P <
0.01). The expression levels of IL-1B, IL-6 and TNF-a
were lower in the SMP pretreatment group than in the
S. aureus group (P < 0.01). The medium dose group had
more obvious improvements than the other groups. The
ELISA and qRT-PCR results were consistent.

Effect of SMPs on NF-kB signaling pathway activation

As shown in Fig. 7, the phosphorylation levels of p65
and IkB-a were significantly elevated in the S. aureus
group compared to the control group (P < 0.01). The
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phosphorylation of p65 and IkB-a was significantly
inhibited by different doses of SMP (P < 0.01), and the
best effect was observed in the medium-dose group.

Effect of SMPs on MAPK signaling pathway activation

As shown in Fig. 8, the phosphorylation levels of p38,
ERK, and JNK were significantly increased in the S.
aureus group compared to the control group (P < 0.01).
The phosphorylation of p38, ERK, and JNK was signifi-
cantly inhibited by different doses of SMP (P < 0.01), and
the best effect was observed in the medium-dose group.

Discussion

Mastitis is one of the most serious diseases in dairy cows
and severely restricts the development of the dairy indus-
try [19]. S. aureus is one of the main pathogens associ-
ated with mastitis in dairy cows, and S. aureus is easily
resistant to antibiotics, making treatment difficult. Dairy
farm employees often use large amounts of antibiotics in
their daily treatments, which causes antibiotics to accu-
mulate in the animals. This accumulation leads to health
risks for human. Therefore, it is urgent to find drugs with
low toxicity and low residue to treat mastitis in dairy
cows. SMPs could inhibit activation of the NF-«B sign-
aling pathway and thus attenuate liver injury caused by
lipopolysaccharide (LPS) in mice [20]. Han found that
administered 5g/L SMPs to chicks for five consecu-
tive days beginning on the first day after hatching could
effectively increase the blood antibody titer and immu-
noglobulin levels of broilers [21]. However, it is not clear
whether SMPs can relieve mastitis caused by S. aureus.
The rat, as a standard test animal, can perfectly simulate
bovine mastitis, which is also very common in scientific
research. Therefore, the present study was conducted to
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evaluate the anti-inflammatory effect of SMPs on an S.
aureus-induced mastitis rat model.

During bacterial infections, reducing bacterial coloni-
zation is essential to controlling the infection [22]. In this
study, we found that mammary tissue was heavily colo-
nized with bacteria, which was similar to the findings of
previous studies [23]. Supplementation with SMPs effec-
tively reduced bacterial colonization. This result suggests
that SMPs enhance the phagocytic ability of macrophages
and improve the immune response in the body [24]. His-
topathological examination showed many infiltrating
inflammatory cells and necrotic detached mammary epi-
thelial cells in severely damaged mammary tissue after S.
aureus infection, which is consistent with previous stud-
ies [25]. However, supplementation with SMPs reduced
inflammatory cell infiltration and mitigated tissue dam-
age. MPO is a marker of neutrophil infiltration [26]. MPO
was increased in mammary tissue after S. aureus infec-
tion [27], but MPO activity was significantly inhibited by
supplementation with SMPs. Therefore, supplementation
with SMPs can reduce inflammatory cell infiltration to
alleviate the inflammatory response. It was found that
NAGase activity was significantly increased in rat mam-
mary tissue after infection with S. aureus [28]. NAGase
is mainly derived from mammary epithelial cells, and
NAGase is released when mammary epithelial cells are
destroyed. This factor is a marker of the degree of mam-
mary epithelial cell damage [29]. The level of NAGase in
mammary tissue is directly proportional to the severity of
mastitis. In this study, we found that NAGase activity in
mammary tissue was significantly reduced after supple-
mentation with SMPs. This result suggested that SMPs
reduced the infiltration of inflammatory cells, attenuated
the inflammatory response, and prevented the destruc-
tion of mammary epithelial cells.

The proinflammatory cytokines IL-1p, IL-6, and TNF-«
are important in mastitis. IL-1p can be produced by a
variety of cells, and it can be involved in the recruitment
of neutrophils to control S. aureus infection [30]. IL-6
is a proinflammatory cytokine that is increased rapidly
in response to acute inflammation and is proportional
to the degree of injury and infection. TNF-« is a proin-
flammatory cytokine released by macrophages that plays
an important role in regulating the early inflammatory
response. Adequate production of cytokines follow-
ing bacterial infection is vital for host immune defense.
However, continued production of cytokines can also
lead to cellular damage, which can lead to mastitis. Our
study found a significant decrease in the expression lev-
els of IL-1B, IL-6 and TNF-a after supplementation with
SMPs. This suggests that SMPs can inhibit the expres-
sion of pro-inflammatory cytokines. Gilbert found no
change in the protein levels of IL-1p and TNF-« after S.
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aureus infection of bovine mammary epithelial cells [31].
Wellnitz found that TNF-a and IL-1p mRNA expres-
sion showed an increase in milk cells and that LPS was
a stronger inducer than LTA [32]. Bannerman found a
significant increase in IL-1p levels in milk after S. aureus
infection, while TNF-a levels did not change, so the
authors suggested that the limited cytokine response to
S. aureus may contribute to the well-known ability of
the bacterium to establish chronic intramammary infec-
tion [33]. There is no doubt that S. aureus causes per-
sistent infections. However, whether S. aureus infection
affects cytokine expression is a question that needs to
be explored. We examined the expression of IL-1p, IL-6
and TNF-a after infection with S. aureus. It was found
that the expression levels of IL-1§3, IL-6, and TNF-a were
significantly increased after S. aureus infection in rat
mammary glands. For the two different conclusions we
reviewed the literature and found that S. aureus was able
to cause an increase in pro-inflammatory cytokines in
rat and mouse mastitis [28, 34—37]. We consider that the
reason for the two different results may be related to dif-
ferences in species and sample collection. Cytokine levels
may be more easily detected in mammary tissue com-
pared to milk. Whether there are differences between
bovine and rat mastitis caused by S. aureus? This reminds
of the shortcomings in our study and there it is necessary
to compare the differences between mastitis induced by
S. aureus in cows, rats, and mice in future studies.

NF-kB is widely present in various eukaryotic cells
and can regulate the transcription of various inflamma-
tion-related factors [38]. Moreover, the NF-kB signaling
pathway can be activated by various cytokines, including
IL-1B, IL-6, and TNF-a [39]. NF-«kB contains the subu-
nits p50/p65, which form a heterodimer in the cell [40].
Under normal physiological conditions, IkB and NF-«xB
interact so that NF-«kB is present in an inactive state [41].
External stimuli induce the ubiquitination of IkB-a in
cells, thereby causing the degradation of IkB-a by pro-
teases [42]. Correspondingly, NF-«kB is activated. The p65
subunit enters the nucleus, and cytokines are transcribed
[43]. Gunther et al. found that S. aureus will slowly elicit
a much weaker inflammation and immune response,
frequently resulting in chronic infections. And failure
to activating IkB/NF-«B signaling [44]. Schukken et al.
reported that S. aureus impaired NF-«kB activation in
MEC:s resulted in a very low cytokine expression as meas-
ured by mRNA quantity [45]. But Liu found that S. aureus
significantly increased the phosphorylation of IkB-a and
p65 in mammary tissue [23]. The present study obtained
similar results, suggesting that NF-kB is involved in the
inflammatory response. We performed pre-experiments
before the experiment. Mammary tissues of rats were
infected with different concentrations of S. aureus. The
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phosphorylation level of NF-kB p65 was examined by
Western blot. The experimental results showed that the
phosphorylation levels increased with increased bacterial
concentrations. Therefore, we consider that the concen-
tration of bacterial infection is an important factor affect-
ing the inflammatory response. Wang found that SMPs
could alleviate lipopolysaccharide/d-galactosamine-
induced liver injury in mice by inhibiting the activa-
tion of the NF-kB signaling pathway [46]. In the present
study, supplementation with SMPs significantly inhibited
the phosphorylation of IkB-a and p65 in rat mammary
glands after infection with S. aureus. Combined with the
inhibitory effect of SMPs on the mRNA expression of
inflammatory cytokines, SMPs can negatively regulate
the NF-«B signaling pathway to attenuate the inflamma-
tory response.

The MAPK signaling pathway also has an important
role in the inflammatory response. MAPK is involved
in several cellular inflammatory responses, and it is
closely associated with cell proliferation, differentiation,
and apoptosis [47]. MAPK, similar to NF-kB, can posi-
tively regulate the transcription of cytokines [48]. MAPK
consists of four major signaling pathways: p38MAPK,
extracellular signal-related kinase (ERK), Jun N-termi-
nal kinase (JNK), and big MAPK (BMK) [49]. The most
widely studied kinases are p38, ERK, and JNK. These fac-
tors are phosphorylated by MKKK and MKK kinase cas-
cades [50]. The p38, ERK, and JNK pathways are involved
in the inflammatory response by regulating the expres-
sion of inflammatory cytokines [51]. Zhang showed that
S. aureus could induce the phosphorylation of p38, ERK,
and JNK in mouse mammary tissue [37]. In this study,
the same results were obtained as in the previous study.
Significant upregulation of p38, ERK, and JNK phospho-
rylation after S. aureus infection was observed. MAPK is
a classic inflammatory pathway, and this study showed
that SMPs could control the inflammatory response by
inhibiting MAPK signaling pathway activation. Supple-
mentation with SMPs significantly downregulated the
levels of S. aureus-induced p38, ERK, and JNK phospho-
rylation. SMPs could alleviate mastitis in rats by regulat-
ing the MAPK signaling pathway.

Conclusions

Supplementation with SMPs can reduce bacterial colo-
nization, inhibit MPO and NAGase activity, and reduce
the infiltration of inflammatory cells, thus protecting
mammary tissue of rats from damage caused by exces-
sive inflammatory responses. The anti-inflammatory
effect of SMPs on S. aureus-induced mastitis in rats may
be related to suppressing inflammatory cytokine gene
expression by inhibiting the activation of the NF-«xB and
MAPK signaling pathways. It found that the immune
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response of mammary glands during S. aureus mastitis
in dairy cows and rats differs significantly. However, this
study has some theoretical guidance for the alleviative
effect of SMPs on S. aureus-induced mastitis. Then, we
will choose dairy cows as test animals to study the ther-
apeutic effect of SMPs on S. aureus-induced mastitis in
the future.

Materials and methods

Reagents

The isolation and purification of SMPs from the roots
of Salvia miltiorrhiza have been reported in our previ-
ous work [52]. S. aureus was isolated and identified from
dairy cows with mastitis and stored in the Preventive
Veterinary Laboratory of Hebei Agricultural University.
Myeloperoxidase assay kits (01/2021), an N-acetyl-p-D-
glucosaminidase assay kit (01/2021), an interleukin-1
kit (01/2021), an interleukin-6 kit (01/2021), and a
tumor necrosis factor-alpha kit (01/2021) were obtained
from Mlbio Technology Co., Ltd. (Shanghai, China).

Primary antibodies against IkB-a (BA04157935),
p-IkB-a  (AB01305600), p65 (BJ10155935), p-p65
(AHO04238120), p38 (BA03091093), p-p38 (BJ14306511),
ERK1/2  (BA13042500), p-ERK1/2 (BJ11066246),

JNK (AB00086503), p-JNK (BJ08063309), and Gapdh
(AH10017731) were provided by Bioss Technology Co.,
Ltd. (Beijing, China).

Animal treatment

Thirty 8-week-old pregnant Wistar rats (weight: 190—
210g) were obtained from SPF Biotechnology Co. Ltd.
(Beijing, China). The rats were reared in standard plastic
cages with a 12-hour light/dark cycle. Room temperature
was maintained at 23 £ 2°C, and the relative humidity
was 55 £ 5%. Standard chow and water were freely avail-
able. The rats were randomly divided into the follow-
ing five groups (n = 8): (A) control group, (B) S. aureus
group, and (C-E) S. aureus + SMPs low-, medium-, and
high-dose groups (87.5, 175, 350 mg/kg body weight/day,
dissolved in distilled water). The SMP dose group under-
went seven consecutive days of gavage starting from the
first day of delivery. On the 8th day after delivery, the rats
were anesthetized with ether. The rats were washed and
disinfected. L4 and R4 mammary glands in Groups B-E
were injected with 100 pL of a S. aureus suspension (2 x
108CFU/ml) using a microinjector through the nipple
catheter. The rats in the control group were injected with
the same amount of physiological saline. All rats were
euthanized by cervical dislocation after ether anesthesia
24h after infection. The mammary tissue was collected
aseptically and divided into three parts. One part was
used to analyze bacterial load, one part was fixed in 4%
formaldehyde, and the rest was stored at — 80°C.
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Bacterial load in the mammary glands

A 10-fold serial dilution method was used to calculate
the number of colonies of S. aureus in mammary tis-
sues to evaluate bacterial colonization in mammary tis-
sues. Using a tissue homogenizer, 0.1 g of the mammary
gland was homogenized in 1ml of phosphate-buffered
saline (PBS). The homogenate was diluted by a 10-fold
serial dilution method. Then, 100 uL of homogenate
was pipetted onto LB agar plates and incubated at 37°C
for 12h. The number of S. aureus colonies was calcu-
lated. SPSS one-way ANOVA was used to analyze the
differences between groups.

Histopathological observations

The mammary tissue was trimmed into small pieces and
fixed with 10% formalin. Mammary tissue was dehydrated
in gradient alcohol, followed by clearing using xylene and
paraffin-embedding. The prepared paraffin sections were
stained using hematoxylin and eosin (H&E). Histopatho-
logical changes were imaged and analyzed under a light
microscope. The extent of damage to mammary tissue
was assessed using a scoring system based on a previ-
ous study [53]. Three analysts scored the sections. The
degree of damage to the mammary tissue was used as the
basis for scoring. Each section was divided into five fields
of view. A score of 0—4 represents no impairment, mild
impairment, moderate impairment, severe impairment,
and very severe impairment, respectively.

Myeloperoxidase expression levels in mammary glands
Myeloperoxidase (MPO) expression levels in mammary
tissue were assayed using a commercial kit. Specifically,
mammary tissue was mixed with PBS 1:9 (w/v). The
tissue was homogenized using a homogenizer, and the
supernatant was obtained by centrifugation at 30001/
min for 20 min. The enzymatic activity was calculated
by measuring the absorbance at 450 nm.

N-acetyl-B-D- glucosaminidase expression level

in mammary glands

A commercial kit was used to determine N-acetyl-p-D-
glucosaminidase (NAGase) activity in mammary tis-
sue. Specifically, mammary tissue was mixed with PBS
1:9 (w/v). The tissue was homogenized using a homog-
enizer, and the supernatant was obtained by centrifuga-
tion at 3000 r/min for 20 minutes. The enzymatic activity
was calculated by measuring the absorbance at 450 nm.

Determination of inflammatory cytokine gene
transcription by qRT-PCR

Total RNA was extracted from mammary tissue using a
Total RNA Extraction Kit. (Shanghai Promega Biotech
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Co., Ltd., China). The concentration and purity of RNA
were measured using a JENWAY GENOVA NANO
spectrophotometer (Bibby Scientific Co., Ltd., UK).
RNA samples with an A260/280 ratio of 1.90-2.0 were
selected. cDNA synthesis was performed using the Pri-
meScript RT reagent kit with gDNA Eraser (TaKaRa
Biotech Co., Ltd., China). Based on the gene sequences
provided by NCBI, TaKaRa Biotech Co., Ltd. was com-
missioned to design and synthesize the primers. The
primer sequences are shown in Table 1. qRT-PCR was
performed using a Roche LightCycler96 real-time fluo-
rescent quantitative PCR instrument. Relative mRNA
expression levels were calculated using the 244Ct
method with B-actin as the reference gene.

Determination of inflammatory cytokines by ELISA

The expression levels of cytokines in mammary tis-
sues were measured using ELISA. The mammary tis-
sue was homogenized with PBS at a ratio of 1:9 (w/v)
and then centrifuged at 2000 r/min for 20 min at 4°C to
obtain the supernatant. Interleukin (IL)-1f, IL-6, and
tumor necrosis factor (TNF)-a levels were measured
using enzyme-linked immunosorbent assay (Mlbio
Technology Co., Ltd., Shanghai, China). The OD value
of each well was measured on a microplate reader at
a wavelength of 450 nm. The standard curve was plot-
ted according to the instructions. To prepare the cor-
responding curve, the OD value of the absorbance was
the vertical coordinate (Y), and the concentration of
the corresponding substance to be measured was the
horizontal coordinate (X). SPSS one-way ANOVA was
used to analyze the differences between groups [54].

Determination of key proteins by Western blotting

Mammary tissue was homogenized using RIPA lysis
buffer containing protease and phosphatase inhibitors,
and the supernatant was obtained after centrifugation at

Table 1 Primer sequences for qRT-PCR

Gene Primer Length (bp)

IL-13 sense 5-AAAAATGCCTCGTGCTGTCT-3/ 118
antisense  5-TCGTTGCTTGTCTCTCCTTG-3/

IL-6 sense 5/- AGTTGCCTTCTTGGGACTGA-3/ 102
antisense  5- ACTGGTCTGTTGTGGGTGGT-3!

TNF-a  sense 5'- GTCGTAGCAAACCACCAAGC-3/ 147
antisense  5-GAAGAGAACCTGGGAGTAGATAAG

G-3'

B-Actin sense 5/- GCTCTCTTCCAGCCTTCCTT-3/ 101

antisense  5'- AGGTCTTTACGGATGTCAACG-3/
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12,000 rpm for 17 minutes at 4°C. Protein concentrations
were measured using a BCA Protein Assay Kit (Shang-
hai Beyotime Biotechnology Co., Ltd., China). The pro-
tein concentrations in the samples were adjusted to be
consistent. The proteins in the samples were separated
in 8-12% SDS-polyacrylamide gels and transferred to
nitrocellulose membranes. Subsequently, skim milk pow-
der was diluted to a concentration of 5% using TBST.
The membrane was blocked for 2h at room temperature
in 5% skim milk. The membranes were incubated with
IkB-a, p-IkB-a, p65, p-p65, p38, p-p38, ERK, p-ERK,
JNK, p-JNK and GAPDH primary antibodies (all diluted
1:1000 in 5% BSA) overnight at 4°C. GAPDH was used
as an internal reference. Subsequently, the membranes
were incubated with secondary antibodies conjugated
with horseradish peroxidase for 2h at room temperature.
The secondary antibodies (1:1000) was diluted in 5% BSA
according to the manufacturer’s instructions. Finally, the
blots were exposed using DAB Chromogenic kit. Bands
were quantified and analyzed by Image J.

Statistical analysis

All data were analyzed using SPSS 19.0 software (IBM,
USA), and the data are expressed as the mean =+ standard
deviation (SD). Statistical significance was assessed by
one-way analysis of variance (ANOVA) and the least sig-
nificant difference (LSD) t test for differences. ##p < 0.01
vs. control. *p < 0.05 vs. S. aureus. **p < 0.01 vs. S. aureus.
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