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Oxymatrine Lightened the Inflammatory Response
of LPS-Induced Mastitis in Mice Through Affecting NF-«xB

and MAPKSs Signaling Pathways
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Zhicheng Liu,' Yongguo Cao,' and Naisheng Zhang"*

Abstract—Mastitis, an inflammatory reaction of the mammary gland, is recognized as one of the most
costly diseases in dairy cattle. Oxymatrine, one of the alkaloids extracted from Chinese herb Sophora fI-
avescens Ait, has been reported to have many biological activities, such as anti-inflammatory, anti-virus,
and anti-hepatic fibrosis properties. The aim of this study was to investigate the protective effect and the
anti-inflammatory mechanism of oxymatrine on lipopolysaccharide (LPS)-induced mastitis in mice. The
mouse mastitis was induced by 10 pg of LPS for 24 h. Oxymatrine was intraperitoneally administered with
the dose of 30, 60, and 120 mg/kg 1 h before and 12 h after LPS induction. The results showed that ox-
ymatrine significantly attenuated the damage of the mammary gland induced by LPS. Oxymatrine inhi-
bited the phosphorylation of NF-kB p65 and IkB in NF-«B signal pathway and reduced the phosphory-
lation of p38, ERK, and JNK in mitogen-activated protein kinase (MAPKSs) signal pathway. The results
showed that oxymatrine had a protective effect on LPS-induced mastitis, and the anti-inflammatory me-
chanism of oxymatrine was related to the inhibition of NF-kB and MAPKSs signal pathways.
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INTRODUCTION

Mastitis, a highly prevalent and costly infectious dis-
ease mainly caused by bacteria, is defined as an inflamma-
tion of the mammary gland [1]. Escherichia coli is one of
the most important pathogens that often causes clinical
mastitis [2]. Although the efficacy of antibiotic treatment
in mastitis is remarkable, the residues of antibiotic in the
milk and meat are harmful to the health of human.

Sophora flavescens Ait is a traditional Chinese medi-
cine, and it has been used for the treatment of many diseases
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for thousands of years [3]. Oxymatrine (Fig. 1), the main
component of Chinese herb Radix S. flavescens Ait, had
been reported to have many pharmacological effects, such
as anti-inflammation, protecting hepatocytes, and inhibiting
immune reaction [4]. In previous studies, the protective
effects of oxymatrine on traumatic rat brain injury, colitis
of rats, acute pancreatitis in rats, and acute lung injury in
mice have been confirmed [5—7]. Considering the extensive
effects of oxymatrine, we investigate whether oxymatrine
has a protective effect on mastitis in a lipopolysaccharide
(LPS)-induced mouse mastitis model and elucidates the
potential anti-inflammatory mechanism.

MATERIALS AND METHODS

Reagents

Oxymatrine was purchased from the National
Institute for the Control of Pharmaceutical and Biological
Products. LPS (Escherichia coli 055:B5) was purchased
from Sigma (St. Louis, MO, USA). Mouse TNF-«
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Fig. 1. The chemical structure of oxymatrine.

enzyme-linked immunosorbent assay (ELISA) kit was
purchased from Biolegend (USA), IL-13 and IL-6
ELISA kits were obtained from eBioscience (USA). All
the monoclonal antibodies which were used in Western
blot were obtained from Cell Signaling Technology Inc
(Beverly, MA, USA).

Animals

Seventy-two female and 36 male BALB/c mice (6-
8w; the Center of Experimental Animals of the Baigiuen
Medical College of Jilin University) were used in the
present study. All female and male mice were housed
together respectively for 7 days to adapt themselves to
the surroundings. Then, two female and one male mice
were randomly divided in each cage supplied with suffi-
cient water and forages. All cages had been washed care-
fully and conducted with autoclave sterilization. The house
had been sterilized thoroughly with disinfectants. When
female mice were pregnant, they were separated from
others, and every pregnant mouse was housed in a single
cage. All experiments are in accordance with the
Guidelines for the Care and Use of Laboratory Animals
published by the US National Institutes of Health.

Experiment Model and Experimental Protocol

The LPS-induced mouse mastitis model was
established as described in our previous research [8].
Briefly, the teat duct was infused with 50 puL of 20 %
LPS made up of 10 pug of LPS and 40 pL of nonpyrogenic
phosphate-buffered saline (PBS) by a 100-uL syringe
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equipped with a 30-gauge blunt needle. The female mice
after parturition were divided into six groups, including
blank control group, LPS group, LPS + oxymatrine groups
(30, 60, 120 mg/kg) group. Each group contains 12 mice.
The treatment groups were respectively administered
intraperitoneally with 30, 60, 120 mg/kg of
oxymatrine at 1 h before and 12 h post LPS infusion
based on our preliminary experiment. The blank con-
trol group and LPS group were supplied with an
equal volume of PBS i.p. At a 24-h post LPS inoc-
ulation, the mice were killed with CO, inhalation,
and then the 4 th pairs of MGs were collected and
stored at —80 °C until analysis.

Histopathologic Analysis

After 24 h of LPS induction, the mammary tissues
were collected and immediately fixed into 10 % formalde-
hyde solution for 48 h. Then the mammary tissues were
dehydrated through gradients of ethanol. Through a series
of processing, the mammary tissues were embedded in
paraffin. The sections were stained with hematoxylin and
eosin. The histopathologic changes were examined under
light microscopy.

MPO Immunohistochemistry

Five-micrometer thick paraffin-embedded sections
were cut for myeloperoxidase (MPO) immunohistochem-
istry. The sections were treated with 3 % H,O, for 10 min
to block the endogenous peroxidase and then incubated
into the rabbit anti-mouse MPO antibody (1:200, Thermo,
RB 373-A0) at 4 °C overnight after washing with PBS
three times. The sections were washed three times and
incubated with HRP-conjugated secondary antibody. All
the sections were analyzed after diaminobenzidine (DAB)
staining.

Detection of the Levels of Inflammatory Cytokines
in the Homogenate of the Mammary Gland

The mammary gland tissues were weighted and ho-
mogenized with PBS (1:9, w/v). The homogenates were
centrifuged twice. The supernatants were collected. All the
processes were operated as described in our previous re-
search [8]. The levels of TNF-«, IL-1(3, and IL-6 in the
homogenate of the mammary gland were measured by
ELISA in accordance with the instructions of the
manufacturer.
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Western Blot Analysis

The proteins were extracted from the mammary
gland tissues using the T-PER Tissue Protein
Extraction Reagent (Thermo, 78510). Protease inhib-
itors and protein phosphatase inhibitors were added
in the protein extraction buffer. Concentrations of the
protein were assayed by BCA protein assay kit. The
activation of NF-kB and MAPKs signal pathways
were analyzed through measuring the phosphoryla-
tion of NF-kB p65 and IkB in NF-kB signal path-
way and p38, ERK, and JNK in MAPKs signal
pathway. Proteins 60 pg were subjected to 10 %
SDS-PAGE. The nitrocellulose membranes were
blocked with 5 % (w/v) BSA in Tris—Tween-buffered
saline (TBST) for 2 h followed by transferred the
proteins. The membranes were incubated into anti-
bodies (1:1,000) overnight at 4 °C and then washed
with TBST three times. The membranes were incu-
bated into the second antibodies for 1 h. These
proteins were detected by Super-Signal West Pico
Chemiluminescent Substrate after another three-time
wash.
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Statistical Analysis

All of the data in this study were expressed as means
+ SEM and analyzed by one-way ANOVA. A value of
P<0.05 was considered significant (P<0.05, P<0.01).

RESULT

Oxymatrine Improved the LPS-Induced
Histopathologic Changes

Histopathologic changes of the mammary gland tis-
sues from each experimental group were examined after
hematoxylin and eosin staining. There is no inflammatory
reaction in the control group (Fig. 2a). Compared with the
control group, apparent histopathologic changes could be
seen in the LPS group, represented by the thickening of the
alveolus’ wall, interstitial patchy hemorrhage, hyperemia,
edema, and the extensive existence of inflammatory cells
in alveolus spaces (Fig. 2b). In the LPS + oxymatrine
groups with the dose of 30 (Fig. 2d), 60 (Fig. 2e), and
120 mg/kg (Fig. 2f), the LSP-induced histopathologic

AN (A e

Fig. 2. Effect of oxymatrine on mammary gland tissue damage in mice at 24 h after LPS induction. Representative photomicrographs showing hematoxylin
and eosin staining: a the black control group, b the LPS group, d the LPS + oxymatrine (30 mg/kg) group, e the LPS + oxymatrine (60 mg/kg) group, f the
LPS + oxymatrine (120 mg/kg) group.
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changes were markedly attenuated in a dose-dependent
manner.

Oxymatrine Reduced the Activity and Distribution
of MPO

The activation of MPO, reflected the level of inflam-
mation and oxidative stress, is a functional biomarker of
neutrophils. The results of immunohistochemistry were
shown in Fig. 3, LPS challenge resulted in a significant
increase of the activity and distribution of MPO in the LPS
group (Fig. 3b) compared with the control group (Fig. 3a).
Treatment with oxymatrine at the dose of 30 (Fig. 3d), 60
(Fig. 3e), and 120 mg/kg (Fig.3f) markedly reduced the
LPS-induced increases of MPO activity and distribution in
the mammary gland tissues.

Oxymatrine Decreased the Levels of Pro-inflammatory
Cytokines

The levels of pro-inflammatory cytokines TNF-c, IL-
13, and IL-6 were measured by ELISA. As shown in
Fig. 4, compared with the control group, LPS instillation
significantly increased the levels of TNF-«, IL-13, and IL-

&

Fig. 3. Effect of oxymatrine on immunohistochemistry of MPO in mammary gland tissues. At 24 h after LPS induction, the activity and distribution of MPO
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6. In contrast, these increases induced by LPS were signif-
icantly decreased in LPS + oxymatrine groups.

Oxymatrine Downregulated the Activation of NF-xB
and MAPKSs Signal Pathways

To investigate the possible molecular mechanism of
oxymatrine inhibiting the LPS-induced inflammatory re-
sponse, the activation of NF-kB and MAPKs signal path-
ways were evaluated. The levels of the phosphorylation of
NF-kB p65 and 1kB in NF-«kB signal pathway and p38,
ERK, and JNK in MAPKSs signal pathway were markedly
increased after LPS induction compared with the control
group. However, treatment with oxymatrine significantly
inhibited these upregulations by LPS. All the results were
shown in Figs. 5 and 6.

DISCUSSION

Bovine mastitis, an inflammation reaction of the
mammary gland, is one of the most costly diseases in dairy
industry. Despite the intensive research and prevention
measures have been carried out for decades, the mastitis
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significantly increased in the LPS group (b) than the black control group (a). The LPS + oxymatrine groups with the dose of 30 mg/kg (d), 60 mg/kg (e),

120 mg/kg (f) markedly decreased the activity and distribution of MPO.
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Fig. 4. Effects of oxymatrine on the levels of TNF-« (a), IL-1f (b) and IL-6 (¢) in the homogenate of LPS-induced mice mammary gland tissues. The levels
of TNF-«, IL-13, and IL-6 were determined by ELISA. Compared with the black control group, the levels of TNF-«, IL-1f3, and IL-6 were significantly
increased compared with the LPS group; levels of TNF-«, IL-13, and IL-6 were declined in a dose-dependent manner. The data was expressed as means +
SEM. #P<0.01 versus the control group. *P<0.05, **P<0.01 versus the LPS group.
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Fig. 5. Effect of oxymatrine on the levels of the phosphorylation of NF-kB p65 and IkB in NF-«B signal pathway. The levels of the phosphorylation of
NF-kB p65 and IkB were increased in the LPS group, P<0.01, versus the black control group. Oxymatrine inhibited the LPS-induced increase of the
phosphorylation of NF-kB p65 and IkB. *P<0.05, **P<0.01 versus the LPS group.

is still an intractable disease. Approximately 80 % of all
intramammary infections by coliform bacteria result in
clinical mastitis [9, 10]. LPS is the main component of
the cell wall of Gram-negative bacteria such as E. coli.
LPS-induced mastitis model in mice was considered as a
valuable tool to study the effects of mastitis without bacte-
ria infection [11].

Oxymatrine, which has been used to treat chronic
hepatitis B patients for decades in China, is an alkaloid
compound extracted from the root of S. flavescens Ait [12].
It has been proven that oxymatrine has many pharmaco-
logical activities, such as protecting ischemic and reperfu-
sion injury in the liver, intestine, and heart via anti-inflam-
mation and anti-apoptosis [13—15]. Many previous re-
searches have confirmed that there is no toxic effect with
an intraperitoneal injection of oxymatrine at a dose of
120 mg/kg [16]. In order to find the better compound to

treat mastitis, we detected the effects of emodin,
salidroside, curcumin, cyaniding-3-f3-glucoside, and
glycyrrhizin on LPS-induced mastitis in mice in our previ-
ous studies [17-21]. In this study, we investigated the
effects of oxymatrine in LPS-induced mouse mastitis.
The results of our study showed that oxymatrine could
reduce the inflammatory response of LPS-induced mastitis
in mice.

Histopathologic changes were an index of the re-
sponse to the inflammation reactions. Polymorphonuclear
neutrophilic leukocytes (PMN) are the most important
natural defense mechanism against the acute bacterial in-
fection of mastitis [22]. Leukocytes transmigrated from
circulating pool into the mammary gland was a striking
feature of acute mastitis [23]. In this study, there is no
histopathologic change that can be seen in the black control
group. However, lots of PMN were present in mammary
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Fig. 6. Effect of oxymatrine on the levels of the phosphorylation of p38, ERK, and JNK in MAPKs signal pathway. The levels of the phosphorylation of p38,
ERK, and JNK were increased in the LPS group, “P<0.01 versus the black control group. Oxymatrine inhibited the LPS-induced increase of the
phosphorylation of p38, ERK, and JNK. *P<0.05, **P<0.01 versus the LPS group.
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alveolus; the walls of mammary alveolus were edematous, histopathologic changes induced by LPS. The activity
interstitial patchy hemorrhage in LPS group. As shown in and distribution of MPO, which reflects the number and
Fig. 2, treatment with oxymatrine reduced the distribution of neutrophils in the tissue, were significantly
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elevated after LPS induction. Administered with
oxymatrine markedly decreased the activity and distribu-
tion of MPO in the mammary gland. The data was consis-
tent with the histopathologic changes.

Furthermore, mastitis is associated with the in-
creased secretion of pro-inflammatory cytokines.
Significant productions of TNF-«, IL-13, and IL-6
have been observed in many different types of in-
flammatory processes, including mastitis [24]. An
increase of TNF-«, IL-13, and IL-6 were also de-
tected in the infected bovine mammary gland [25].
Many previous researches have suggested that pro-
inflammatory cytokines, such as TNF-o« and IL-1,
might play an important role in the pathogenesis of
mastitis [26, 27]. Moreover, TNF-«, IL-1f3, and IL-6
are pro-inflammatory cytokines which also have been
improved directing the migration of neutrophils
(PMNs) to the site of infection [24]. In the current
study, we found that oxymatrine inhibited TNF-«,
IL-13, and IL-6 production induced by LPS.

To further illuminate the possible molecular
mechanism of oxymatrine suppressing the production
of pro-inflammatory cytokines, the activations of NF-
kB and MAPKs signal pathways were detected. NF-
kB is a pleiotropic regulator of many genes involved
in immunity and inflammation [28]. NF-kB is se-
questered in the cytoplasm through physical associa-
tion with inhibitory proteins of the IkB family, which
maintains the transcription factor in an inactive state
[29]. The MAPKs signal pathway, another extracel-
lular signal transduction pathway stimulated by in-
flammatory mediators, includes three members: p38§,
ERK, and JNK. The results of Western blot suggested that
the activation of NF-kB and MAPKs signal pathways were
augmented by increasing the levels of phosphorylation of
p65, IkB, p38, ERK, and JNK. However, treatment with
oxymatrine could significantly inhibit the activations of
NF-kB and MAPKSs signal pathways.

In conclusion, our study revealed that treatment
with oxymatrine significantly ameliorated the histo-
pathologic changes, the activity and distribution of
MPO, and the production of pro-inflammatory cyto-
kines TNF-«, IL-1$3, and IL-6 in the mammary gland
tissues which is possibly linked with the inhibition of
the activations of NF-kB and MAPKs signal path-
ways. Therefore, these data strongly suggested that
oxymatrine could be a promising therapeutic medi-
cine in the treatment of mastitis. To clarify the exact
target of oxymatrine as well as further molecular
mechanism, more work should be done.
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