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Salidroside prevents tumor necrosis factor-o-induced vascular
inflammation by blocking mitogen-activated protein kinase and
NF-kB signaling activation
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Abstract. Vascular inflammation is a key factor in the patho-
genesis of atherosclerosis. Salidroside is an important active
ingredient extracted from the root of the Rhodiola rosea plant,
which has been reported to have antioxidative, anti-cancer,
neuroprotective and cardioprotective effects. However, the
effects of salidroside on vascular inflammation have not been
clarified. The purpose of the present study was to investigate
the protective effects of salidroside against tumor necrosis
factor (TNF)-a-induced vascular inflammation in cardiac
microvascular endothelial cells (CMECs), a specific cell type
derived from coronary micro-vessels. Over a 24-h period, sali-
droside did not exert any significant cytotoxicity up to a dose
of 100 M. Additionally, salidroside decreased the expression
levels of the cell adhesion molecule vascular cell adhesion
molecule-1 (VCAM-1) in TNF-a-stimulated CMECs, thus
suppressing monocyte-to-CMEC adhesion. Salidroside also
decreased the production of inflammatory cytokines such as
interleukin (IL)-1p, IL-6 and monocyte chemotactic protein
1 (MCP-1) in TNF-a-induced CMECs, as well as suppressing
TNF-a-activated mitogen-activated protein kinase (MAPK)
and NF-«B activation. Since MAPKs and NF-xB both serve
notable roles in regulating the expression of VCAM-1, IL-1f,
IL-6 and MCP-1, the present study provided a preliminary
understanding of the mechanism underlying the protective
effects of salidroside. Overall, salidroside alleviated vascular
inflammation by mediating MAPK and NF-«kB activation in
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TNF-a-induced CMECs. These results indicated that salidro-
side may have potential applications as a therapeutic agent
against vascular inflammation and atherosclerosis.

Introduction

As a barrier between the vessel lumen and the surrounding
tissue, the vascular endothelium is the primary participant in,
and regulator of, vascular inflammatory reactions (1). Vascular
inflammation has been shown to be involved in the progression
of various cardiovascular diseases, including atheroscle-
rosis (2). Tumor necrosis factor (TNF)-a is a pleiotropic,
pro-inflammatory cytokine. It serves a critical role in the
disruption of vascular function and subsequent inflammatory
responses by triggering several intracellular signaling path-
ways; this may ultimately stimulate the expression of adhesion
molecules, particularly vascular cell adhesion molecule-1
(VCAM-1) and cytokines such as interleukin (IL)-1p, IL-6
and monocyte chemotactic protein 1 (MCP-1) (3-5). These
molecules recruit monocytes to the endothelial cell surface,
resulting in inflammation and, ultimately, atherosclerosis (6).
NF-kB and mitogen-activated protein kinases (MAPKs)
serve pivotal roles in the progression of vascular inflam-
mation by mediating the expression of adhesion molecules
and chemokines in vascular endothelial cells (7,8). Both are
essential for the transcriptional regulation of factors induced
by TNF-a (9); therefore, compounds that can suppress
TNF-a-induced MAPK and NF-kB activation represent
promising candidates for the treatment and prevention of
vascular endothelial dysfunction and inflammation.
Salidroside, a principal active ingredient isolated from
the root of the Rhodiola rosea plant, has been reported to
exert various physiological and pharmacological effects.
A review summarized that salidroside was of benefit to
patients with diabetes mellitus, as it was able to regu-
late 5'-AMP-activated protein kinase pathway-mediated
glycolipid metabolism, oxidative stress and inflammatory
responses (10). A previous study also demonstrated that sali-
droside retarded the proliferation of breast cancer cells by
inhibiting MAPK pathway activation (11). In terms of cardiac
protection, one report confirmed that salidroside alleviates
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lipopolysaccharide (LPS)-induced cardiac injury by regulating
the PI3K/AKT/mTOR pathway (12). Notably, salidroside has
been shown to possess strong anti-inflammatory properties. A
previous study proposed that salidroside exerts anti-inflamma-
tory effects on macrophages by blocking MAPK and NF-kB
activation, and subsequently reducing the secretion of inflam-
matory cytokines (13). However, the effect of salidroside
against TNF-a-stimulated vascular inflammation in CMECs
remains to be elucidated. The present study details an inves-
tigation into the protective effects of salidroside on CMECs
by regulating the production of pro-inflammatory cytokines
and adhesion molecules. The results may provide novel ideas
and intervention targets for the recognition and treatment of
pathogenesis associated with vascular inflammation.

Materials and methods

Reagents.Salidroside was purchased from Yuanye Biotechnology
Co., Ltd. Recombinant rabbit TNF-a was purchased from
Novoprotein. High-glucose DMEM, RPMI 1640 medium, FBS
and trypsin were purchased from Thermo Fisher Scientific, Inc.
The primary antibody against factor VIII (cat. no. sc-14014)
was purchased from Santa Cruz Biotechnology, Inc., and
anti-VCAM-1 (cat. no. ab134047) was obtained from Abcam.
Antibodies against p38 (cat. no. 8690), phospho-p38 (cat.
no. 4511), p44/42 (cat. no. 4695), phospho-p44/42 (cat. no. 4370),
stress-activated protein kinase (SAPK)/JNK (cat. no. 9252),
phospho-SAPK/INK (cat. no. 9255), inhibitor of NF-kB (IxB)
a (cat. no. 4814), phospho-IkBa (cat. no. 2589), NF-kB p65 (cat.
no. 8242) and phospho-NF-kB p65 (cat. no. 3033) were obtained
from Cell Signaling Technology, Inc. The PrimeScript™ RT
Reagent kit and SYBR® Premix Ex Taq™ kit were purchased
from Takara Bio, Inc. The ELISA kits were purchased from
MultiSciences Biotech Co., Ltd. All other chemicals were of
analytical grade.

Isolation and culture of CMECs. The isolation and primary
culture of CMECSs were performed as previously described (14).
All experiments related to animals were conducted in accor-
dance with the Guidelines to Laboratory Animal Research
of Fudan University and were approved by the Institutional
Animal Care and Use Committee of Fudan University. A
total of 50 2-week-old Sprague Dawley rats were purchased
from Shanghai Jiesijie Experimental Animal Co., Ltd., and
were housed under a 12:12 h light: Dark cycle with controlled
temperature (21-25°C), humidity (50+5%) and free access
to food and water in the Department of Laboratory Animal
Science at Fudan University. Animal health and behavior were
monitored every day. The 2-week-old male Sprague Dawley
rats (30-40 g) were sacrificed by cervical dislocation after
anesthesia with 5% isoflurane, and the heart was immedi-
ately excised and rinsed with PBS pre-cooled to 4°C. After
removal of the atrial tissues, great vessels, epicardium and
endocardium, the remaining ventricular tissues were cut into
I-mm? pieces and plated in a 10-cm culture dish pre-coated
with 1 ml FBS. The tissues were then incubated at 37°C
(5% CO,) for 4 h, and for an additional 48 h in high-glucose
DMEM (10% FBS). After a further 48 h, when the cells had
reached a confluence of 80%, the tissue pieces were removed
and the cells were passaged using trypsin (0.25%). The second
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generation of cells was used for subsequent experimentation.
THP-1 monocytic cells (American Type Culture Collection)
were cultured in RPMI-1640 containing 10% FBS, and main-
tained in conditions identical to those of the CMECs.

Cell viability assay. The Cell Counting Kit-8 (CCK-8;
Beyotime Institute of Biotechnology) was used to determine
cell viability. Briefly, CMECs (1x10* cells/well) were seeded
into a 96-well plate and incubated with 10, 50 or 100 uM
salidroside for 24 h. Following salidroside treatment, CCK-8
reagent was added to each well and the plate was incubated for
2 h at 37°C. The optical density was measured at 450 nm using
a microplate reader (Synergy™ H4; BioTek Instruments, Inc.).

Monocyte adhesion assay. To determine the degree of monocyte
THP-1 cell adhesion to CMECs, CMECs (1x10° cells/well) were
seeded into 6-well plates, treated with salidroside (according
to the aforementioned protocol) and 10 ng/ml TNF-a for
12 h, and incubated until 100% confluence is achieved.
THP-1 cells were labeled with 5 M 1,1'-dioctadecyl-
3,3,3'3"-tetramethylindocarbo-cyanine perchlorate for 10 min
and resuspended in high-glucose DMEM (1% FBS); the cells
were then added to the confluent CMECs and incubated for
1 h. The cells were washed in PBS to remove non-adherent
THP-1 cells, and the adherent monocytes were visualized using
a fluorescence microscope at x200 magnification (Olympus
Corporation).

Western blot analysis. Total protein was extracted from
the CMECs using RIPA buffer (Beyotime Institute of
Biotechnology), and the protein concentration was determined
using the Bradford method. Equal amounts (30 pg) of total
protein were separated by SDS-PAGE using a 10% gel,
and transferred onto PVDF membranes (EMD Millipore).
After being blocked with 5% non-fat dry milk for 1 h at
room temperature, the membranes were incubated with the
following primary antibodies at a 1:1,000 dilution, overnight
at 4°C: VCAM-1, p38, phospho-p38, p44/42, phospho-P44/42,
SAPK/INK, phospho-SAPK/INK, IkBa, phospho-IkBa,
NF-xB p65 and phospho-NF-kB p65. A further incubation
with a horseradish peroxidase-conjugated secondary antibody
(cat.no. 31460; Invitrogen; Thermo Fisher Scientific, Inc.; dilu-
tion, 1:5,000) was then conducted at room temperature for 2 h.
The bands were visualized using the Gel Doc™ XR+System
(Bio-Rad Laboratories, Inc.), and the band intensity was
quantified using ImageJ 1.6.0 software (National Institutes of
Health).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from the CMECs using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) and 1 pg/sample of
total RNA was reverse transcribed using the PrimeScript™ RT
Reagent kit. The reverse transcribed conditions were as follows:
37°C for 15 min, 85°C for 5 sec and 4°C for 5 min. The resulting
cDNA was then amplified using the SYBR® Premix Ex Tag™ kit
on a CFX Connect™ Real-Time System (Bio-Rad Laboratories,
Inc.). The thermal cycler conditions were as follows: Initial
denaturation at 95°C for 30 sec, followed by 40 cycles at 95°C
for 5 sec and 60°C for 30 sec. The relative quantification of the
mRNA expression levels was normalized to that of the f-actin
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endogenous control, and calculated using the PCR system
software via the 2"44% relative quantification method (15). The
primers used for PCR were as follows: Rat VCAM-1 forward,
5-GCTGCTGTTGGCTGTvGACTCTC-3' and reverse, 5'-GCT
CAGCGTCAGTGTGGATGTAG-3"; rat IL-6 forward, 5'-AGA
CTTCCATCCAGTTGCCTTCTTG-3' and reverse, 5'-CAT
GTGTAATTAAGCCTCCGACTTGTG-3'; rat IL-1f forward,
5-AACTGTGAAATAGCAGCTTTCG-3' and reverse, 5-CTG
TGAGATTTGAAGCTGGATG-3"; rat MCP-1 forward, 5'-GCA
GGTCTCTGTCACGCTTCTG-3' and reverse, 5'-GAATGA
GTAGCAGCAGGTGAGTGG-3" rat (-actin forward, 5-TAC
AACCTTCTTGCAGCTCC-3' and reverse, 5-ATCTTCATG
AGGTAGTCTGTC-3".

Immunocytochemistry. CMECs were cultured on glass
coverslips and exposed to TNF-a (10 ng/ml) and salidroside
(10, 50 and 100 M), before being washed with PBS and fixed
in 4% paraformaldehyde for 10 min at room temperature. The
cells were incubated in 3% bovine serum albumin (Beyotime
Institute of Biotechnology)-PBS blocking solution for 30 min at
room temperature, with anti-factor VIII (1:250), anti-VCAM-1
(1:700) and anti-p65 (1:800) antibodies, overnight at 4°C, and
then with a secondary antibody labeled with Alexa Fluor 488
(dilution, 1:200; cat. no. A11034; Invitrogen; Thermo Fisher
Scientific, Inc.) for 2 h at room temperature. Cell nuclei were
stained with DAPI (Sigma-Aldrich; Merck KGaA) for 10 min
at room temperature, and all samples were observed under
a fluorescence microscope at x400 magnification (Olympus
Corporation).

ELISA. CMECs, seeded into 6-well plates at 1x10° cells/well,
were pre-treated with 10, 50 or 100 uM salidroside for 12 h,
followed by 10 ng/ml TNF-a for a further 12 h in a 37°C ther-
mostatic cell incubator. The cell supernatants were collected,
and IL-1p (cat. no. KGERC007-1), IL-6 (cat. no. KGERC003-1)
and MCP-1 (cat. no. KGERC113-1) secretion was quantified
using the corresponding ELISA kits (Nanjing KeyGen Biotech
Co., Ltd.), according to the manufacturer's instructions.

Statistical analysis. All data are expressed as the
mean + standard deviation. Each experiment was repeated at
least 3 times. The data were analyzed using SPSS 19.0 software
(SPSS, Inc.). The differences between groups were determined
using one-way ANOVA and Tukey's test, and P<0.05 was
considered to indicate a statistically significant difference.

Results

Isolation and identification of CMECs. After incubation
in vitro for 24-48 h, primary rat CMECs of the ventricular
tissue were spindle-like or polygonal in shape. After 72-96 h
incubation, when the CMECs had reached 95-100% conflu-
ence, a ‘cobblestone’ appearance was observed. Most of the
CMECs were positively stained with the microvascular endo-
thelial cell specific anti-factor VIII antibody (Fig. 1).

Salidroside inhibits TNF-a-induced binding of monocytes
to CMECs. To ensure that a non-cytotoxic concentration of
salidroside was used, a CCK-8 assay was performed at three
predetermined concentrations of salidroside (10, 50 and
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Figure 1. Morphological and immunological identification of CMECs.
Cultures were identified by their morphological features and the expression
of factor VIlI-related antigen. (A) Primary CMECs possessed a spindle
or polygonal shape after 24 h incubation, and a ‘cobblestone’ appearance
after 96 h incubation (magnification, x200). (B) Most of the CMECs were
positively stained with a microvascular endothelial cell specific anti-factor
VIII antibody (magnification, x400). CMECs, cardiac microvascular
endothelial cells.

100 xM) in TNF-a-stimulated CMECs. Since cell viability
was not affected by up to 100 xM salidroside (Fig. 2A),
CMEC:s were treated with 10,50 and 100 zM in the subsequent
experiments. Considering that monocyte-to-endothelial cell
adhesion is an essential step in the development of atheroscle-
rosis (6), the inhibitory effects of salidroside on the adhesion of
THP-1 monocytes to TNF-a-stimulated CMECs were further
investigated. As indicated, 100 #M salidroside did not alter the
number of THP-1 cells adhering to the CMECs, and 10 ng/ml
TNF-a significantly increased these numbers; however, sali-
droside pretreatment prior to TNF-a administration decreased
the degree of monocyte adhesion to TNF-a-treated CMECs in
a concentration-dependent manner (Fig. 2B and C).

Salidroside suppresses TNF-a-induced VCAM-I1 protein
expression. To determine whether VCAM-1 was involved
in the salidroside-associated inhibition of TNF-a-induced
monocyte-to-CMEC binding, the VCAM-1 mRNA expres-
sion level was quantified, and protein abundance and
immunofluorescence intensity were determined. According
to the observed results, treatment of CMECs with 10 ng/ml
TNF-a strongly induced VCAM-1 gene expression (Fig. 3A).
By contrast, pretreatment with salidroside inhibited the induc-
tion of VCAM-1 by TNF-a. In accordance with these results,
western blot analysis and immunocytochemistry revealed that
salidroside treatment also decreased the protein expression
levels of VCAM-1 in CMECs, compared with a single dose of
TNF-a (Fig. 3B and C).

Salidroside reduces the production of pro-inflammatory
cytokines in CMECs. In order to identify the effect of salidro-
side on the production of TNF-a-induced pro-inflammatory
cytokines, the expression levels of IL-1f3, IL-6 and MCP-1 in
CMECs were measured. After a 12-h incubation with 10, 50 or
100 uM salidroside, CMECs were treated with 10 ng/ml TNF-a.
for a further 12 h. RT-qPCR analysis and ELISA revealed that
the TNF-a-induced mRNA expression levels and secretion of
IL-1pB, IL-6 and MCP-1 were reduced by salidroside treatment
in CMECs (Fig. 4).
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Figure 2. Effect of salidroside on the adhesion of THP-1 monocytes to TNF-o-activated CMECs. (A) The cytotoxic effects of salidroside were determined
using the Cell Counting Kit-8 assay. (B) CMECs were pretreated with salidroside and stimulated with 10 ng/ml TNF-a for 12 h each, then co-cultured
with 1,1'-dioctadecyl-3,3,3',3"-tetramethylindocarbo-cyanine perchlorate-labeled THP-1 cells for 1 h. (C) Adherent cell numbers were quantified (magnifica-
tion, x40). Values are shown as the mean = standard deviation from three independent experiments. “"P<0.01 vs. the control group; "P<0.05 and “"P<0.01 vs. the
TNF-a-only group. CMECs, cardiac microvascular endothelial cells; TNF-a, tumor necrosis factor a.
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Figure 3. Effect of salidroside on TNF-a-induced VCAM-1 expression in CMECs. (A) Reverse transcription-quantitative PCR analysis of VCAM-1 in CMECs
treated with 10 ng/ml TNF-o for 12 h, after treatment with the indicated concentrations of salidroside for 12 h. (B) Western blot analysis of VCAM-1 in CMECs
treated with 10 ng/ml TNF-a for 12 h after treatment with the indicated concentrations of salidroside for 12 h. (C) CMECs pretreated with 100 #M salidroside
for 12 h were stimulated with TNF-a for a further 12 h. VCAM-1 (green) was detected by immunofluorescence using an anti-VCAM-1 antibody and the nuclei
were stained with DAPI (magnification, x200). Values are shown as the mean + standard from three independent experiments. “/P<0.01 vs. the control group;
“P<0.05 and “P<0.01 vs. the TNF-a-only group. CMECs, cardiac microvascular endothelial cells; VCAM-1, vascular cell adhesion molecule-1; TNF-a, tumor

necrosis factor a.
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Figure 4. Effect of salidroside on TNF-a-induced proinflammatory cytokine expression in CMECs. (A) Reverse transcription-quantitative PCR analysis and
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chemotactic protein 1.

R

A p-P38 “ L S NP, B p-P65 - - .“. Ab-n; e

_ i ”“‘4
T R — vres :
p-lxBo i+ “ m " a_., ;

P
p-Jdnk

ab G &5 e CIBo - v come " —
t-Jnk :gzga B-aclin  u S— — — —
TNF-o. (10 ng/ml) - + + + +
p-Erk S Salidroside (um) - = 10 50 100
— -
5 -
_T 4r I p-IBKa
) = " B9 t-IBKa
f-actn > GBS GNP SEIP G :1_:> s 3} " 1 s
= @ *k
TNF-o. (10 ng/ml) ~ — + - + + 22 o} . - 1
Salidroside (um) - - 10 50 100 a e |
0
301 4 TNF-o (10 ng/ml) - + + + +
@ p-P38/t-P38  Salidroside (um) — - 10 50 100
= p-Jdnk/t-dnk
TS mm p-Erk/t-Erk
Lo P65
3
[e]
ig 10
DAPI
0
TNF-0. (10 ng/ml) - + + + +
Salidroside (um) - - 10 50 100 Merged

TNF-o (10 ng/ml)
Salidroside (100 um) -

Figure 5. Effect of salidroside on TNF-a-induced MAPK and NF-«B activation in CMECs. (A) Western blot analysis of the phosphorylation of p38, Jnk, Erk and
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Erk phosphorylation were markedly upregulated following
TNF-a treatment. However, salidroside effectively suppressed
the TNF-a-induced activation of p38, Jnk and Erk, as indi-
cated by a reduction in the phosphorylation of these proteins
(Fig.5A). Also, the effect of salidroside on NF-kB nuclear accu-
mulation was detected by p65 immunostaining. Salidroside
was demonstrated to strongly suppress the degradation and
phosphorylation of IkBa, and the phosphorylation of NF-kB
p65, in a concentration-dependent manner (Fig. 5B and C).

Discussion

Endothelial dysfunction is the cause of a number of cardio-
vascular diseases (16). Oxidative and endoplasmic reticulum
stress, unfolded endothelial cell protein responses and
various other factors may lead to endothelial dysfunc-
tion (17), and vascular inflammation serves a key role in the
pathogenesis of endothelial dysfunction and associated cardio-
vascular diseases (18,19). Attenuating endothelial inflammatory
responses alleviates endothelial dysfunction and reduces the
incidence of cardiovascular disease. Previous studies have
demonstrated that activation of the endothelium at sites of
inflammation results in the expression of a series of adhesion
molecules, including VCAM-1, and cytokines such as IL-1§,
IL-6 and MCP-1 (20,21). The present study demonstrated that
salidroside significantly reduced TNF-a-induced monocyte
adherence to CMECs by downregulating the expression of
VCAM-1, as well as IL-1p, IL-6 and MCP-1. Furthermore, it
was indicated that these pharmacological properties of sali-
droside were associated with its inhibitory effects on MAPK
and NF-«B activation.

VCAM-1 is an immunoglobulin-like adhesion molecule
expressed on activated endothelial cells. It is able to recruit
leukocytes and promote their infiltration into injured arteries;
this initiates atherosclerotic plaque development via its inter-
action with a4f1 integrin, which is constitutively expressed on
lymphocytes, monocytes and eosinophils (6). Under normal
physiological conditions, VCAM-1 is not usually expressed,
but is rapidly induced by stimuli such as cytokine secretion and
TLR activation (22). TNF-a is a pleiotropic pro-inflammatory
cytokines (5) and was used to induce vascular inflammation
in the present study. The results demonstrated that salidroside
attenuated the TNF-a-induced expression of VCAM-1 in
a concentration-dependent manner at both the mRNA and
protein levels. Additionally, the secretion of pro-inflammatory
cytokines (IL-1p, IL-6 and MCP-1) by CMECs was decreased
in a concentration-dependent manner following salidroside
treatment. Furthermore, salidroside significantly inhibited
THP-1-to-CMEC adhesion. Previous studies have demon-
strated that a reduction in the overexpression of VCAM-1 and
other inflammatory cytokines serves a preventative role in the
development of inflammatory diseases, resulting in improved
patient prognosis (23-26). Thus, the present study revealed that
salidroside modulates vascular inflammation by suppressing
inflammatory responses in TNF-a-activated CMECs.

The MAPK and NF-«kB pathways are indispensable for
the activation of TNF-a-stimulated endothelial cells (27).
Specifically, NF-kB is a major transcription factor which
participates in the inflammatory regulation of endothelial
cells by responding to pro-inflammatory stimuli (28). During
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endothelial inflammation, NF-kB regulates the expression of
VCAM-1 and numerous inflammatory cytokines (29-31). In
the cytoplasm, NF-kB exists in its inactive form associated
with the inhibitory protein IxB via its IkBa subunit. Once
stimulated by cytokines, IkBa becomes phosphorylated and
degraded, which creates the optimal conditions for NF-kB
translocation into the nucleus, triggering gene transcrip-
tion (32). Also, the MAPK signaling pathway is known to
crucially regulate endothelial inflammation, and serves
an important role in the induction of pro-inflammatory
mediators (p38, Jnk and Erk) in endothelial cells after
stimulation with TNF-a. The MAPKs primarily constitute
a highly-conserved serine/threonine protein kinase family,
which is important for signal transduction from the cell
surface to the nucleus. MAPKs regulate cell growth, differ-
entiation, environmental stress adaptation, inflammatory
responses, and other important physiological and pathological
processes within the cell (33). It has been shown that MAPKs
also regulate the expression of VCAM-1 and inflammatory
cytokines (8,34,35). A previous study indicated that salidro-
side reduces cell mobility by regulating NF-xB and MAPK
signaling in LPS-treated-microglial cells (36). The present
study revealed that salidroside significantly suppressed the
TNF-a-induced phosphorylation and degradation of IkBa,
and the subsequent nuclear translocation of NF-kB in
CMECs. Simultaneously, salidroside was observed to inhibit
TNF-a-induced p38, Erk and Jnk1/2 phosphorylation in
CMECs. These data suggest that salidroside may suppress
TNF-a-induced endothelial cell inflammation by inhibiting
NF-kB and MAPK activation.

In conclusion, the present study revealed the suppressive
effects of salidroside on TNF-a-induced CMEC activation,
which effectively inhibited TNF-a-induced monocyte/CMEC
interactions and the release of proinflammatory mediators,
including VCAM-1, IL-1f IL-6 and MCP-1. Such suppressive
effects are likely to have resulted from MAPK and NF-kB
restriction. These results provide novel insights into the
therapeutic potential of salidroside in preventing vascular
inflammatory diseases, including atherosclerosis.
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