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Salvianolic acid B attenuates the
inflammatory response in atherosclerosis
by regulating MAPKs/ NF-kB signaling
pathways in LDLR-/- mice and RAW264.7

cells
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Abstract

Objectives: Salvianolic acid B (Sal B) is the main effective water-soluble component of Salvia miltiorrhiza. In this study, the
anti-inflammatory effect of Sal B was explored in high-fat-diet (HFD)-induced LDLR-/- mice and oxidized low-density-
lipoprotein (ox-LDL)-induced or lipopolysaccharide (LPS)-induced RAW264.7 cells.

Methods: The LDLR-/- mice were randomly divided into four groups after 12 weeks of high-fat diet. Then, the mice were
administrated with 0.9% saline or Sal B (25 mg/kg) or Atorvastatin (1.3 mg/kg) for 12 weeks. RAW 264.7 cells were induced
with ox-LDL/LPS, or ox-LDL/LPS plus different concentrations of Sal B (1.25 pg/mL, 2.5 pg/mL, 5 pg/mL), or ox-LDL plus
Sal B plus MAPKs activators. ELISA was used for detecting serum lipid profiles and inflammatory cytokines, RT-qPCR used
for gene expression, Oil Red O used for plaque sizes, and immunofluorescence staining used for NF-kB p65 and TNF-a
production. Inflammation-related proteins and MAPKs pathways were detected by Western Blot.

Results: The results showed that Sal B decreased the levels of serum lipids (TC, TG, and LDL-C), attenuated in-
flammatory cytokines, and improved lipid accumulation in the aorta. Sal B also attenuated the elevation of inflam-
matory cytokines induced by ox-LDL or LPS in RAW264.7 cells, and the phosphorylation of MAPKs/NF-kB pathways
in the aorta and RAW?264.7 cells, resulting in a significant decrease in the contents of p-JNK, p-ERK 1/2, p-P38, p-IxB,
and p-NF-xB p65.

Conclusions: Sal B could exert anti-inflammatory effects on atherosclerosis via MAPKs/NF-«kB signaling pathways in
vivo and in vitro.
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Introduction

Cardiovascular diseases (CVDs) are an array of chronic

diseases in the heart and circulatory system' and a leading
cause of premature mortality and disability across the
world.” The culprit of CVDs is atherosclerosis (AS).” In the
case of AS, lipids deposit in the intima of large and mid-
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sized arteries, leading to the formation of atherosclerotic
plaques.*

AS also involves lipid-driven inflammatory pro-
cesses.” Lipid accumulation induces inflammation and
subsequent atherosclerotic changes.* Studies have shown
that dyslipidemia leads to the accumulation of LDL that
can be oxidized into ox-LDL.® Ox-LDL is immunogenic
and activates endothelial cells, monocytes/macrophages,
and T cells.” Ox-LDL activates Toll-like receptors
(TLRs) and inflammasomes to induce the release of
proinflammatory factors (such as interleukin-1 (IL-1), IL-6,
TNF-0, and MCP-1), thereby initiating/enhancing an in-
flammatory response.” Therefore, inhibiting lipid accumu-
lation and related inflammation may serve as a strategy to
prevent AS.

Salvianolic acid B (Sal B) is an active ingredient of Salvia
miltiorrhiza, with antioxidative effects® (Figure 1). Previous
studies have shownthe pharmacological effects of Sal B, such
as inhibiting inflammation, apoptosis and fibrosis, and pro-
moting stem cell proliferation and differentiation.”"" Tt also
protects against cardiovascular and cerebrovascular diseases,
aging, and liver fibrosis.'*"'® Sal B inhibits TNF-o/NF-kB and
TLR4/NF-kB signaling pathways to repress the expression of
proinflammatory factors IL-1p and TNF-o.'®'” Sal B also
reduces the production of ox-LDL and its uptake by mac-
rophages.'® However, the anti-inflammatory effects of Sal B
on AS have been rarely reported. This study was designed to
clarify these effects using ox-LDL/LPS-induced RAW264.7
cells and HFD-induced LDLR-/- mice.

Materials and methods

Materials

Salvianolic acid B was extracted from PP (purity: 98.28%,
available at: http:/www.cdmust.com) by Mansite Bio-
logical Company (Chengdu, China). The high-fat diet
(HFD, 78.85% normal diet+21% lard +0.15% cholesterol)
was bought from SYSE Biotechnology Co., Ltd.
(Changzhou, China); atorvastatin calcium tablets from
Pharmacy of Longhua Hospital Affiliated to Shanghai
University of Traditional Chinese Medicine; the Dulbec-
co’s modified Eagle’s medium (DMEM) and fetal bovine
serum (FBS) from Gibco (Gibco-BRL, Gaithersburg, MD,
USA); ox-LDL from Yeasen Biotech Co., Ltd. (Shanghai,
China); enzyme immunosorbent assay (ELISA) kits for
mouse IL-1B, IL-6, and TNF-a from Shanghai XiTang
Biological Technology Co., Ltd. (Shanghai, China); oil red
O staining kit from Jiancheng Bioengineering Institute of
Nanjing (Nanjing, China); primary antibodies against
ERK, p-ERK, P38 MAPK, p-P38 MAPK, JNK, p-JNK,
IkB, p-IkB, NF-kB, p-NF-kB, and GAPDH from Cell
Signaling Technology Inc. (Beverly, Massachusetts, USA).
ECL Star kit was from Beyotime Biotechnology

Figure 1. The chemical structure of Salvianolic acid B.

(Shanghai, China); primers for IL-1B, IL-6, and TNF-a
from Sangon Biotech Co., Ltd. (Shanghai, China); pri-
meScript RT Reagent Kit for RT-PCR amplification and TB
Green Premix EX Taq from TAKARA Biomedical Tech-
nology Co., Ltd. (Beijing, China); RNA Purification Kit
from EZBioscience (Shanghai, China); ERK activator
LM22B-10, JNK activator anisomycin, and p38MAPK
activator asiatic acid from Sellect (Shanghai, China); li-
popolysaccharide (LPS), 4’,6-diamindino-2-phenylindole
(DAPI), Triton X-100, radio immunoprecipitation assay
(RIPA), and BCA protein assay kit from Beyotime Bio-
technology (Shanghai, China).

Animals and treatment

Six-week-old LDLR-/- male mice (18-22g) were obtained
from the GemPharmatech Co., Ltd. (Nanjing, Jiangsu,
http://www.gempharmatech.com) (SCXK 2018-0008). All
mice were housed in the Animal Center of Longhua
Hospital Affiliated to Shanghai University of Traditional
Chinese Medicine. After 1 week of environmental adap-
tation, LDLR-/- mice were randomly assigned to four
groups: control group (CON), model group (MOD), Sal-
vianolic acid B group (Sal B, 25 mg/kg), and Atorvastatin
group (Ato, 1.3 mg/kg). Studies have found that atorvas-
tatin has significant effects of lowering lipids, anti-
inflammation, and increasing plaque stability.'*° There-
fore, this study chose atorvastatin as the positive control
drug. The mice in CON group were fed with normal diet for
24 weeks, and other groups with HDF. After the mice were
fed for 12 weeks, the LDLR-/- mice in Sal B group were
intraperitoneally injected with Sal B, and Ato group
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received oral atorvastatin for 12 weeks. CON and MOD
groups were injected with the same volume of 0.9%
saline. After a 12-h fasting, all the mice were sacrificed
via carbon dioxide asphyxiation. The Ethics Committee
of Longhua Hospital Affiliated to Shanghai University of
Traditional Chinese Medicine approved the animal
welfare application (No. 2019-N002, shown in supple-
mentary information).

Cells and culture

RAW264.7 cells (Cat. No. SCSP-5036) were purchased
from Shanghai Cell Bank Type Culture Collection
Committee (Shanghai, China), and cultured in DMEM
with 10% FBS. The cells were divided into five groups:
control group (CON), ox-LDL (100 pg/mL) group, and
ox-LDL plus Sal B (1.25 pg/mL, 2.5 pg/mL, and 5 pg/mL)
groups (Sal B-L, Sal B-M, and Sal B-H). The cells were
also induced by LPS and divided into five groups: control
group (CON), LPS (100 pg/mL) group, and LPS plus Sal
B (1.25 pg/mL, 2.5 pg/mL, and 5 pg/mL) groups (Sal B-L,
Sal B-M, and Sal B-H). The cells were seeded into 6-well
plates. At 70% confluence, Sal B groups were treated with
various concentrations of Sal B for 0.5 h. After that, MOD
and Sal B groups were stimulated with ox-LDL/LPS for
24 h, and control group was given fresh DMEM. To
explore the effect of Sal B on MAPKSs signaling pathway,
the activators (LM22B-10, anisomycin, and asiatic acid)
were used in the cell culture. The cells were divided into
six groups: control group, ox-LDL (100 ug/mL) group,
ox-LDL plus Sal B (5 pg/mL) group, ox-LDL plus Sal B
(5 pg/mL) plus LM22B-10 group, ox-LDL plus Sal B
(5 pg/mL) plus anisomycin group, and ox-LDL plus Sal
B (5 pg/mL) plus asiatic acid group. The activators were
treated at 0.5 h before the addition of ox-LDL. Super-
natant was harvested for ELISA. Cells were collected for
protein and mRNA detection. In vitro experiment was
repeated 3 times.

Determination of serum lipids

Total cholesterol (TC), triglyceride (TG), and low-density
lipoprotein cholesterol (LDL-C) levels in the blood serum
were analyzed in the Clinical Laboratory Department of
Longhua Hospital Affiliated to Shanghai University of
Traditional Chinese Medicine.

Determination of cytokine

The concentrations of IL-1f, IL-6, and TNF-a in the serum
and RAW264.7 supernatant were detected by ELISA kits
according to the manufacturer’s instructions. The final
concentrations of IL-1f, IL-6, and TNF-a were calculated
in accordance with corresponding standard curves.

Histopathological analysis

The aortic roots were fixed in 4% paraformaldehyde for 48
h. The aortic roots were embedded in the optimal cutting
temperature (OCT) compound and cut into circular sec-
tions (10 pm) with a microtome. The sections of aortic root
were stained with Oil Red O solution. The lipid-rich plaque
areas were observed under the microscope and analyzed by
image J software.

Western blotting

The thoracic aorta was placed in liquid nitrogen till it
becomes brittle and grounded into pieces. Then, the tho-
racic aorta or cultured cells were lysed in RIPA lysis so-
lution for 30 min. The supernatant was collected after
centrifugation for 10 min. The total protein was quantified
using BCA kit, separated on 10% SDS-PAGE and trans-
ferred onto the PVDF membranes. The PVDF membranes
were immersed in 5% BSA in Tris-buffered saline with
Tween-20 (TBST) for 1 h. The blocked PVDF membranes
were incubated with primary antibodies (ERK, p-ERK, P38
MAPK, p-P38 MAPK, INK, p-JNK, IkB, p-IkB, NF-kB,
p-NF-kB, and GAPDH) diluted with 5% BSA in TBST at
4°C overnight. Having been washed with TBST, the
membranes were immersed in secondary antibodies for 1
h. The contents of proteins were imaged using ECL
reagent and photographed using the ChemiScope 6000.
Finally, the density of protein bands was analyzed with
image J software. The obtained images were converted to
8-bit format, background value subtracted, and optical
density value detected.”’

Real-Time Quantitative PCR (RT-qPCR) assay

Total RNA was extracted from the aorta tissue and cells
using RNA Purification Kit, and reverse-transcribed into
cDNA using PrimeScript RT Reagent Kit following the
standard protocol. The Real-Time Quantitative PCR (RT-
qPCR) assay was conducted using TB Green PremixEX
Taq with the Applied Biosystems 7500 Real-Time PCR
System. The amplification parameters were set at 95°C for
1 min, followed by 40 cycles of 95°C for 5 s and 58°C for
15 s, 72°C for 30 s, and 95°C for 15 s. The relative ex-
pression of mRNA was normalized to that of B-actin. The
following primers were used for PCR analysis: Bp-Actin
forward, 5‘“-GAGACCTTCAACACCCCAGC-3’ and re-
verse, 5°-ATGTCACGCACGATTTCCC-3’; IL-1B for-
ward, 5‘-GCTTCAGGCAGGCAGTATCA-3’ and reverse,
5“TGCAGTTGCTAATGGGAACG -3’; IL-6 forward,
5°-AAAGCAGCAAAGAGGCACTG-3’ and reverse,
5°-TACCTCAAACTCCAAAAGACCAG-3’; TNF-a for-
ward, 5°-CCCTCCAGAAAAGACACCATG-3’ and re-
verse, 5°-CACCCCGAAGTTCAGTAGACAG-3’.
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Figure 2. Effect of Sal B on serum lipid profiles and atherosclerotic lesion area in aortic sinus of mice. (a)—(c) TC, TG, and LDL levels of
serum were detected, n = 8. (d) Oil Red O staining was used to detect the progress of lipid-rich plaques, magnification x40. (e) The
areas of lesion were calculated, respectively, by Image] analysis software, n = 8. RATIO = plaque area/aortic sinus lumen area x100%. (f)
Immunofluorescence staining of NF-kB p65 at the aortic roots, magnification %X200. (g) The areas of NF-kB p65 stained lesion were
calculated, respectively, by Image] analysis software, n = 3. CON, control group; MOD, model group; Sal B, Salvianolic acid B group;
Ato, Atorvastatin group. TC, total cholesterol; TG, triglyceride; LDL-C, low density lipoprotein cholesterol; ND, not detected. Data are
expressed as mean + SD. *p < 0.01 vs CON group; *p < 0.01 vs MOD group.

Immunofluorescence study

Frozen slices of aortic sinus were made as mentioned
before. RAW264.7 cells were cultured and treated as in-
dicated. Having been fixed with 4% paraformaldehyde for
15 min and permeabilized by 0.1% Triton X-100 for
10 min, the cells were blocked with PBS containing 5%
BSA for 1 h. Then, the cells or frozen slices were in-
cubated with anti-TNF-o or anti-NF-xB p65 at 4°C
overnight. On the following day, the cells were washed
with PBS and incubated with goat anti-rabbit IlgG H&L
for 1 h. Finally, the cells and frozen slices were treated
with DAPI. All images were captured with a fluores-
cence microscope.

Statistical analyses

All experimental results were shown as the mean + stan-
dard deviation (SD). The statistical analyses were ac-
complished with GraphPad Prism 7.0. software and SPSS
21.0. First, the data were tested for normality and

homogeneity of variance. If the data met the above con-
ditions, one-way ANOVA was used; if the data did not meet
the above conditions, the nonparametric statistical tests
were used. p < 0.05 was considered statistically significant.

Results

Effect of Sal B on serum lipid profiles and
atherosclerotic lesions in the aortic sinus of mice

To explore the effect of Sal B on blood lipids in AS mice,
the serum levels of TC, TG, and LDL-C were detected. As
shown in Figures 2(a)—(c), TC, TG, and LDL-C serum
levels were lower in CON group. The TC, TG, and LDL-C
serum levels were higher in MOD group than in CON
group (p < 0.01); while after 12 weeks’ intervention of Sal
B or Ato, all the three indexes were lower, compared to
those in MOD group (p < 0.01). The above results showed
that Sal B could reduce serum TC, TG, and LDL-C levels
and improve lipid metabolism in AS mice.
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Figure 3. Effect of Sal B on inflammatory cytokine expression in mice. (a)—(c) Aorta gene expression of IL-18, IL-6, and TNF-a was
detected by RT-qPCR method, n = 8. (d)—(f) Production of IL-1f, IL-6, and TNF-a in plasma was measured by ELISA kit, n = 8. (g)
Protein was extracted from mice aorta. Then iINOS and VCAM were tested by Western Blotting assay. (h)—(i) The quantitative
results were calculated, respectively, by Image] analysis software, n=3. CON, control group; MOD, model group; Sal B, Salvianolic
acid B group; Ato, Atorvastatin group. Data are expressed as mean % SD. *p < 0.01 vs CON group; #p < 0.05, *p < 0.01 vs MOD

group.

Lipid plaques in the aorta were observed by Oil Red O
staining. As shown in Figures.2(d)—(e), the lipid accu-
mulation in the aortic roots was more significant in MOD
group, but not detected in CON group (p < 0.01). In
contrast, the atherosclerotic lesion reduced in Sal B-treated
and Ato-treated groups (p < 0.01), compared to MOD
group. The above results suggested that Sal B could reduce
AS plaques in HFD-induced-LDLR-/- mice.

Effect of Sal B on inflammatory cytokine expression
in the mice

In order to explore the effect of Sal B on the inflam-
mation of atherosclerotic plaques, immunofluorescence
staining was performed. As shown in Figures 2(f) and (g),
the expression level of NF-kB p65 was significantly in-
creased in atherosclerotic lesions of MOD group. Sal B

and Ato inhibited the increase of NF-kB p65. Then, the
mRNA levels of inflammatory cytokines, IL-1p, IL-6, and
TNF-a in the aorta were detected by RT-qPCR. As shown
in Figures 3(a)—(c), the mRNA levels of IL-1p, IL-6, and
TNF-0 in MOD group increased compared with CON
group (p <0.01). After 12 weeks’ intervention with Sal B
or Ato, the levels of IL-1B, IL-6, and TNF-o mRNA
expression significantly decreased (p < 0.01). These re-
sults were consistent with the changes in the serum levels
of inflammatory cytokines, IL-1f, IL-6, and TNF-a (p <
0.01), as revealed by ELISA results (Figures 3(d)—(f)).
The protein levels of iNOS and VCAM in the aorta were
also detected by Western Blot assays. As shown in Figures
3(g)—(1), the protein levels of iNOS and VCAM expres-
sion significantly increased in MOD group, compared to
CON group (p <0.01). These changes were reversed by Sal
B or Ato (p < 0.05). The above results showed that Sal B
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Figure 4. Effect of Sal B on MAPKs/NF-«xB pathway expression in mice. (a) Protein was extracted from mice aorta. Then the total
and phosphorylated levels of JNK, ERK1/2, p38, IkB, and NF-kB were determined by Western Blotting assay. (b)—(f) The
quantitative results were calculated, respectively, by Image] analysis software, n = 3. CON, control group; MOD, model group; Sal
B, Salvianolic acid B group; Ato, Atorvastatin group. Data are expressed as mean  SD. *p < 0.05 vs CON group; #p < 0.05 vs MOD

group.

could inhibit the inflammatory response in AS through in-
flammatory factors.

Effect of Sal B on MAPKs/NF-xB pathways in the
mice

To testify whether the increased inflammation was related
to MAPKs/NF-kB pathways, phosphorylation of JNK,
ERK1/2, p38, IkB, and NF-kB protein in the aorta was
examined by Western Blot assays (Figure 4). Compared
with that in CON group, MAPKs/NF-kB pathways were
activated. The levels of phosphorylated JNK, ERK1/2,
p38, IkB, and NF-kB proteins were higher in MOD
group (p < 0.05), but lower than those in Sal B and Ato
groups (p < 0.05). The results showed that Sal B could
mitigate the activation of MAPKs/NF-kB and AS damage
in the mice.

Effect of Sal B on inflammatory cytokine expression

in RAW264.7 cells

The mRNA levels of inflammatory factors in RAW264.7
cells were detected (Figures 5(a)—(c)). Compared with

CON group, ox-LDL significantly increased the mRNA
levels of IL-1f, IL-6, and TNF-a expression (p < 0.01).
After pretreatment with Sal B (1.25 pg/mL, 2.5 pg/mL,
and 5 pg/mL), the mRNA levels of IL-1f, IL-6, and TNF-
a expression were obviously inhibited (p < 0.05). These
results were consistent with the changes in the protein
levels of IL-1B, IL-6, and TNF-a in RAW264.7 cell
supernatant (p < 0.05) (Figures 5(d)—(f)). Moreover,
immunofluorescence staining revealed that TNF-a pro-
tein level increased in ox-LDL group, compared to CON
group (Figure 5(g)). After Sal B intervention, TNF-a
level decreased, suggesting that Sal B had anti-
inflammatory effects. We also detected the protein
levels of iNOS and VCAM by Western Blot assays. As
showed in Figures 5(h) and (i), the protein levels of INOS
and VCAM expression increased in ox-LDL group,
compared to CON group (p < 0.05). And Sal B inter-
vention decreased the expression levels of those proteins
(p <0.05). The results showed that Sal B could reduce the
mRNA levels of IL-1B, IL-6, and TNF-a and the protein
levels of iINOS and VCAM. To further illustrate the anti-
inflammatory effect of Sal B, which did not depend on
lipid-lowering effect, LPS was used to induce RAW264.7
cells. As showed in Figures 5(j) and (k), the protein levels



Zhang et al. 7

B
.
.,
¥
C
3

P

220

o
n

=
4

IL-1f mRNA relative expression
@
IL-6 mRNA relative expression

o

TNF-u mRNA relative expression
- m @
s
“
[ hs
4
S

(d)

IL-1p (pg/ml)
8 g8 &
8 8 8

=
=

CON

ox-LDL

SalB-L | o : 3 et N Ay
o - - -
(i)

3 coN
B ox-LDL
=3 salB-L
3 salB-M
* w B Sal B-H

N
=3

-

@

iNOS

> >

s

@
w

Relative protein expression

e

TNF-a

; i Y o o 3 K

[0)] c,dt 39 @$6 g’f (‘?\% (k)
g 3 CON
:"' (3 SalB-L

:
3 ‘f_ B SalB-H

E

- i

GAPDH - e w o

& M
& P &

Figure 5. Effect of Sal B on inflammatory cytokine expression in RAW264.7 cells. (a)—(c) Gene expression of IL-1f, IL-6, and TNF-o. was
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+ SD. *p < 0.05, ®p < 0.01 vs CON group; #p < 0.05, *p < 0.01 vs ox-LDL group or LPS group.

of iNOS, IL-6, and TNF-a expression increased in LPS
group, compared to CON group (p < 0.05). Sal B in-
tervention decreased the expression levels of those
proteins (p < 0.05).

Effect of Sal B on MAPKs/NF-xB pathways in
RAW264.7 cells

The MAPKSs/NF-«B pathways can be activated by a variety
of inflammatory factors. To testify the effect of Sal B on
MAPKSs/NF-kB pathways, the expression levels of key
proteins in MAPKs/NF-kB pathways in RAW264.7 cells
were detected (Figure 6). The levels of p-JNK, p-ERK1/2,
p-P38, p-IkB, and p-NF-kB in RAW264.7 cells increased
significantly after ox-LDL or LPS stimulation (p < 0.05).

The phosphorylation levels of these proteins were reduced
after Sal B challenge (p < 0.05). These results indicated that
Sal B could inhibit the activation of MAPKs/NF-xB
pathways induced by ox-LDL or LPS.

Effect of Sal B on inflammatory cytokine levels through
the MAPKSs signaling pathway in RAW264.7 cells

To investigate the role of MAPKs in the anti-inflammatory
performance of Sal B, three specific activators (asiatic acid,
a p38 activator; anisomycin, a JNK activator; LM22B-10,
an ERK1/2 activator) were pretreated. As shown in Figure
7, after treatment with ox-LDL, activators, and Sal B in
RAW264.7 cells, the concentrations of cytokines (IL-1p,
IL-6, and TNF-a) were obviously up-regulated, compared
to those in ox-LDL plus Sal B group (p < 0.05). These
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Figure 7. Effect of Sal B on inflammatory cytokine levels through the MAPKSs signaling pathway in RAW264.7 cells. Cells were
pretreated with 10 uM asiatic acid, 10 uM anisomycin, or 10 uM LM22B-10 for 0.5 h, then treated with ox-LDL for 24 h. (a)—(c) The
production of IL-1p, IL-6, and TNF-o was measured by ELISA kits, n = 3. Data are expressed as mean * SD. **p < 0.0l vs the control
group; *#p < 0.01 vs ox-LDL group; *p < 0.05, AAp < 0.0l vs ox-LDL plus Sal B group.

results suggested that the MAPKs pathway may be one of
the mechanisms of Sal B regulating the expression of
inflammatory factors in ox-LDL-induced RAW264.7 cells.

Discussion

AS has been considered as a chronic, lipid-driven inflam-
matory disease of the arterial wall.”*** Total cholesterol
(TC), triglycerides (TG), and low-density lipoprotein cho-
lesterol (LDL-C) concentrations associate with the risk of
atherosclerotic events.>*** Consistent exposure to LDL-C
remains a principal trigger of AS.?**” LDL can be oxidized
into 0x-LDL.*® Ox-LDL can bind to pattern recognition
receptors, such as scavenger receptors and TLRs, contrib-
uting to foam cell formation and inflammatory cytokine
secretion.””*° Therefore, lipid-lowering therapy remains the
cornerstone in the management of atherosclerotic disease. In
recent decades, statins have been used to treat AS, with
many side effects, such as myopathy, rhabdomyolysis, and
acute renal failure.’! Thus, more effective methods are
needed for treating AS. The results of in vivo experiments
showed that serum TC, TG, and LDL-C levels in MOD
group were significantly different from those in CON group.
Meanwhile, in MOD group, the aortic roots showed evident
oil red O stains. In contrast, in Sal B groups, serum lipid
levels and plaque accumulation in the aortic roots were
significantly decreased.

Lipid metabolism interacts with inflammation in various
diseases.’ In AS, monocytes/macrophages, smooth muscle
cells, and lymphocytes cluster within the arterial wall.
Monocytes and macrophages are key factors involved in the
inflammatory response that drives atherogenesis.** In early-
stage lesions, macrophages clear away lipoprotein particles
and apoptotic cells. Lipid uptake quickens the differentiation
of macrophages into foam cells, producing excess ROS and
pro-inflammatory cytokines.>**> In progressive lesions,
macrophages fail to engulf all dead cells. The uncleared
apoptotic cells then aggravate inflammatory response; thus,
accelerating the progression of atherosclerosis.® Therefore,

anti-inflammatory management would enhance the treat-
ment of atherosclerosis. Our experiments demonstrated a
reduction in the levels of inflammatory cytokines in Sal B-
treated LDLR-/- mice. Additionally, in ox-LDL-stimulated
RAW264.7 cells, Sal B effectively suppressed the levels of
pro-inflammatory factors, IL-1f, IL-6, and TNF-o. Studies
have found that Sal B could reduce the expression of
inflammation-related molecules induced by LPS.*’>® In
order to better illustrate that the anti-inflammatory effect of
Sal B is independent of the lipid-lowering effect, we used
LPS to induce RAW264.7 cells, and the results showed that
Sal B could reduce the expression of iNOS, IL-6, and TNF-
a.

MAPKSs signaling pathway is a key regulator in AS.*°
MAPKSs are activated by various inducers, including ox-
idative stress, cytokines, and growth factors, all of which
are abundant in atherosclerotic and aortic valve sclerotic
lesions.* Several studies have investigated that MAPKs
activation induces the expression of pro-inflammatory
cytokines incubated with ox-LDL or LPS.*'*** Re-
pressing MAPKSs pathway may attenuate inflammation and
AS.** We thus investigated the effects of Sal B on
MAPKSs phosphorylation. As the results showed, the ex-
pression levels of phosphorylated ERK1/2, INK, and p38
in the aorta of MOD group and ox-LDL-induced or LPS-
induced RAW264.7 cells were higher than those in CON
group. After Sal B intervention, the phosphorylated ex-
pression of these proteins was significantly reduced. In-
terestingly, the results showed that three MAPK activators
(asiatic acid, anisomycin, and LM22B-10) weakened the
anti-inflammatory effect of Sal B, suggesting that Sal B
plays an anti-inflammatory and anti-atherosclerotic role via
inhibiting the activation of MAPKs signaling pathway in
vivo and in vitro.

NF-kB, a transcription factor regulating inflammatory
responses, can be activated to promote atherosclerosis and
thrombosis.”**® Upon inflammation and oxidative damage,
IB is activated to promote the phosphorylation of NF-xB.*’
Activated NF-«xB translocated into the nucleus serves as a
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Figure 8. Schematic diagram of the protective mechanism of Salvianolic acid B against atherosclerosis.

transcription factor for inflammatory genes.*® NF-kB acti-
vation increases inducible nitric oxide synthase (iNOS) and
vascular cell adhesion molecule (VCAM), consequently
activating atherosclerotic development.**° The activation
of iNOS promotes inflammatory processes within the vas-
cular wall and atherosclerotic progresses.”’ VCAM is
considered as an activator of early atherosclerosis.”? Thus,
the inhibition on [kB/NF-kB pathway is also a treatment
option of AS. Our data showed that Sal B suppressed the
phosphorylated expression of IkB and NF-«kB, and the
expression of iNOS and VCAM, suggesting that Sal B plays
an anti-inflammatory role by countering IxkB/NF-xB sig-
naling pathway.

There also have some limitations in this study. First, the
sample size of mice was limited. A more in-depth study of
the mechanism of Sal B requires a larger sample size of
mice. And in vivo and primary cell experiments are needed
to confirm the underlying mechanism. In addition, we did
not explore the effect of Sal B on the transcription of some
growth factors through MAPK signaling pathways. New
explorations can help to further clarify the mechanism of
Sal B in atherosclerosis.

Conclusion

Sal B showed anti-inflammatory effect in HFD-induced
LDLR-/- mice and ox-LDL or LPS-induced RAW264.7
cells. In the mice, Sal B decreased the levels of TC, TG, and
LDL-C and the expression of IL-1B, IL-6, and TNF-a to
alleviate inflammation. In the cells, Sal B also reduced the

expression of IL-1f, IL-6, and TNF-a. More importantly,
Sal B inhibited the activation of MAPKs/NF-kB pathways
in both aorta and RAW264.7 cells, which might be used to
explain the anti-atherosclerotic effect of Sal B (Figure 8).
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