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Abstract

Objective: Atherosclerosis is a pathological condition of fat deposition in the arteries, which causes cardiovascular disorders.
Management of atherosclerosis remains a challenge and conventional drugs used for its management have several limitations. This
study evaluated the protective effect of tabersonine against atherosclerosis and assessed its molecular mechanism of action.

Methods: Atherosclerosis was induced by feeding apolipoprotein E (ApoE)-deficient mice a high-fat diet. Mice were treated with
20 or 40 mg/kg of tabersonine intraperitoneally for the 12-week duration of the study. Atherosclerosis markers and nitric oxide
were measured in the sera of ApoE-deficient mice. Mediators of inflammation and markers of oxidative stress were assessed using
enzyme-linked immunosorbent assays. Western blotting, quantitative reverse transcriptase polymerase chain reaction, and
immunohistochemistry analyses were conducted to determine the protein expression in aortic tissue.

Results: The tabersonine-treatment groups had an improved lipid profile and enhanced liver function, compared to the ApoE
treatment group. Tabersonine treatment resulted in reduced levels of nitric oxide, cytokines, and oxidative stress, compared to
the ApoE group. The altered expression levels of protein inhibitor activated STAT-3 (PIAS3), signal transducer and activator of
transcription-3 (STAT-3), and nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha (IkBa) in ApoE-
deficient mice were ameliorated by tabersonine treatment. Moreover, cAMP-response-element-binding (CREB) expression was
elevated in aortic tissue of tabersonine treatment groups, compared to the ApoE group.

Conclusion: These results suggested that tabersonine ameliorates the expression of STAT-3 by activating CREB protein
in atherosclerotic ApoE-deficient mice.
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this modification leads to further stimulation of the immune
response, cell survival, and cell proliferation through activation
of gene expression.® Previous studies have reported elevated

Introduction

Atherosclerosis is a pathological condition of fat or atheroma
deposition in the arteries, which causes cardiovascular disor-
ders." Inflammation reportedly plays an important role in the

initiation and development of atherosclerosis.? Several inflam-
matory mediators, such as interferon-y and interleukin 6 (IL-6),
have been shown to increase the incidence of aortic lesions.’
The results of prior studies suggest that these inflammatory
cytokines stimulate the JAK/STAT pathway, which promotes
the migration, proliferation, inflammation, and adhesion of
vascular cells.* Several factors including inflammatory media-
tors, mechanical stress, vascular stress, and angiotensin II acti-
vate the JAK/STAT pathway.® In the presence of elevated
levels of IL-6, JAK is activated and phosphorylates STATS3;
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levels of IL-6 among patients with inflamed myocardial tissue.’
In addition, vascular smooth cells, endothelial cells, T cells,
and macrophages exhibit elevated levels of IL-6.

Several factors contribute to the formation and progression
of atherosclerotic plaques, including oxidized low-density lipo-
protein (ox-LDL), which causes smooth muscle cell prolifera-
tion and migration, foam cell formation, and inflammation.’
The results of prior studies suggest that ox-LDL causes altera-
tions in the levels of growth factors and cytokines, which acti-
vate STAT1 and STAT3.'" Activation of the JAK/STAT
pathway induces inflammatory damage and causes immune
disorders. Activation of cAMP-response-element-binding
(CREB) protein contributes to the regulation of immunological
functions through inhibition of the STAT3 pathway.''

Tabersonine is a terpene indole alkaloid present in several
plants, including Catharanthus roseus (Apocynaceae).'* Cath-
aranthus roseus is used as a traditional Chinese medicine for
the management of various conditions, such as cancer, malaria,
and diabetes."? Tabersonine has been reported to exhibit strong
anticancer and neuroprotective effects.'® Previous studies have
shown that tabersonine has strong anti-inflammatory properties
and protects against lung injury by regulation of the nuclear
factor (NF)-kB and p38/MK2 pathways.'* Building on these
prior findings, this study investigated the protective effects of
tabersonine against ox-LDL-induced cell responses during
atherosclerosis and examined the underlying molecular
mechanism of action.

Materials and Methods

Animals

Eight-week-old, genetically modified (apolipoprotein E
[ApoE]~'") C57BL/6 J male mice were housed under the stan-
dard conditions of 12-hour light/dark cycles at 25°C + 3°C and
60% + 5% humidity. The study protocol was approved by the
Institutional Animal Ethical Committee of Affiliated Hospital
of Southwest Medical University, China (approval no. IAEC/
AH-SMU/2018/09).

Chemicals

Tabersonine was purchased from Sigma-Aldrich (St. Louis,
Missouri) and enzyme-linked immunosorbent assay kits were
purchased from R&D Systems, Inc (Minneapolis, Minnesota).
Antibodies for Western blotting were obtained from Abcam
(Cambridge, Massachusetts). Kits used for the measurement
of serum concentrations of aspartate transaminase (AST), ala-
nine transaminase (ALT), LDL, high-density lipoprotein
(HDL), and total cholesterol were purchased from Roche Diag-
nostics (Shanghai, China).

Experimental Protocol

Animals were fed a high-fat chow diet (21% fat and 0.15%
cholesterol, wt/wt) for the 12-week study duration. Animals
were separated into 4 separate groups of 10 animals per group:

(1) a control group; (2) an ApoE group, in which animals
received ApoE in a saline solution; (3) a 20 mg/kg tabersonine
group; and (4) a 40 mg/kg tabersonine group. Tabersonine was
administered intraperitoneally for 12 weeks. After 12 weeks,
mice were killed by decapitation. Blood samples were col-
lected and aortas were isolated for analysis.

Assessment of serum markers. Mice were anesthetized and blood
samples were collected from the retro-orbital plexus. Serum
was isolated by centrifugation at 13 000 rpm for 10 minutes
at 4°C. An auto-analyzer was used to measure the serum con-
centrations of AST, ALT, LDL, HDL, and total cholesterol.

Assessment of nitric oxide. A nitrite/nitrate assay kit was used to
investigate nitric oxide (NO) metabolites in plasma, in accor-
dance with the experimental protocol provided by the kit
manufacturer.

Assessment of cytokines. The levels of inflammatory mediators
(ie, NF-xB, IL-1B, IL-6, and TNF-a) in aortic tissue homoge-
nate were measured using enzyme-linked immunosorbent
assays, in accordance with kit protocols.

Assessment of oxidative stress. The riboflavin sensitized method
was used to assess the activity of superoxide dismutase and the
absorbance was measured at 460 nm. The levels of lipoperox-
idation in aortic tissue were determined using the method
developed by Ohkawa. Malondialdehyde levels in aortic tissue
were measured at 523 nm.

Assessment of immunohistochemical and histopathology analysis.
Aortic tissue was isolated from each animal and fixed in for-
malin solution (4%) at 4°C for 24 hours. The tissue was sec-
tioned at a thickness of 7 pm and neutral lipids in the plaques
were detected using 0.5% Oil Red O stain. For immunohisto-
chemical analysis of aortic tissue, samples were stained with
primary antibodies and incubated for 12 hours, prior to incuba-
tion with secondary antibodies. A light microscope was used to
analyze the stained sections.

Western blotting. Western blotting was used to investigate the
expression levels of inducible nitric oxide synthase (iNOS)
(1:200 dilution), p65 (1:500 dilution), protein inhibitor acti-
vated STAT-3 (PIAS3) (1:500 dilution), signal transducer and
activator of transcription-3 (STAT-3) (1:200 dilution), nuclear
factor of kappa light polypeptide gene enhancer in B-cells
inhibitor, alpha (IkBa) (1:500 dilution), extracellular signal-
regulated kinase 1/2 (ERK1/2) (1:200 dilution), p-ERK1/2
(1:1000 dilution), CREB (1:200 dilution), p-CREB (1:1000
dilution), a-tubulin (1:500 dilution), and B-actin (1:500 dilu-
tion) in isolated aortic tissue. Protein content in tissue homo-
genate was determined using a bicinchoninic acid assay kit, and
protein separation was achieved by 10% sodium dodecyl sul-
fate—polyacrylamide gel electrophoresis. The proteins were
transferred to blotting membranes and 5% blocking reagent
was applied to prevent nonspecific binding. Membranes were
incubated with primary antibodies overnight at 4°C. After
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Table |. Tabersonine Attenuates Serum Markers of Atherosclerosis in ApoE-Deficient Mice.?

Sr No Group HDL (mg/dL) LDL (mg/dL) T-Cholesterol (mg/dL) AST (U/L) ALT (U/L)

I Control 178 + 1.04 764 + 4.2 5039 + 148 114.6 + 427 3872 + 1.63
2 ApoE 8.46 + 0.86° 251.9 + 10.5° 1206 + 37.1° 239.3 + 861° 107.4 + 3.82°
3 Tabersonine 20 mg/kg 1.5 + 0.92° 171 + 82° 901.5 + 20.9° 186.4 + 6.92° 71.37 £ 3.16°
4 Tabersonine 40 mg/kg 149 + 0.63° 96.2 + 6.8° 6584 + 17.3° 137.1 + 4.95° 51.69 + 2.03¢
Abbreviations: ApoE, apolipoprotein E; ALT, alanine transaminase; AST, aspartate transaminase; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
T, total.

?Mean + standard error of the mean (n = 12).

bp < 01 compared to control group.
‘P < .0l compared to ApoE group.

membranes had been washed with phosphate-buffered saline,
they were incubated with goat secondary antibodies conjugated
to horseradish peroxidase. A chemiluminescence kit was used
to assess protein expression.

Quantitative reverse transcriptase polymerase chain reaction.
SYBR green-based quantitative reverse transcriptase polymer-
ase chain reaction (QRT-PCR) was used to determine the mes-
senger RNA (mRNA) expression levels of STAT-3, IL-6,
PIAS3, and Monocyte chemoattractant protein-1 (MCP-1).
Total RNA was isolated using TRIzol reagent and mRNA lev-
els were analyzed using TagMan MicroRNA assays. Moloney
murine leukemia virus reverse transcriptase was used to
synthesize the complementary DNA, applying 2 pg of total
RNA to the reverse transcriptase reaction (20 pL). Primers
(listed below) were mixed with reverse transcriptase 2 SYBR
Green Mastermix and gene expression was determined using
the Quantitative SYBR Green PCR assay. The relative target
gene expression levels were determined using the 2244
equation.

Primer Forward Reverse

PIAS3  AGAAGGAGGCATCAGAGGTTTG  AAGGAGGCATCCGAGGTTTG
IL-6 GACAACCACGGCCTTCCCTACTTC TCATTTCCACGATTTCCCAGAGA
STAT-3 CTTGTCTACCTCTACCCCGACAT GATCCATGTCAAACGTGAGCG
MCP-1 GAAGGAATGGGTCCAGACAT ACGGGTCAACTTCACATTCA
MCP-I AGTGTGACGTTGACATCCGTA GCCAGAGCAGTAATCTCCTTCT

Statistical analysis. The results were expressed as means + stan-
dard errors of the mean (n = 12). All statistical analyses were
performed using Prism 5.0 software (Graph Pad, La Jolla, Cali-
fornia). Experimental groups were compared using Dunnett post
hoc test. P values <.05 were considered statistically significant.

Result

Tabersonine Improved the Levels of Serum Markers

Serum markers of atherosclerosis including ALT, AST, total
cholesterol, LDL, and HDL were measured in ApoE-deficient
mice (Table 1). In the ApoE group, the total serum levels of
cholesterol and LDL increased to 251.9 and 1206 mg/dL,
respectively; the serum HDL levels decreased to 8.46 mg/dL.
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Figure |. Tabersonine attenuates the level of nitric oxide (NO) in the
plasma of apolipoprotein E (ApoE)-deficient mice. Mean + standard
error of the mean (n = 12); *P < .0l compared to control group;
*#P < .0l compared to ApoE group.

Moreover, AST and ALT activities in the ApoE group
increased relative to those activities in the control group. The
tabersonine treatment groups had reduced total cholesterol and
LDL levels, as well as elevated HDL levels, compared to the
ApoE group. Tabersonine treatment resulted in statistically
significant dose-dependent reductions in ALT and AST activ-
ities, compared to the ApoE group.

Tabersonine Improved the Level of NO

The effects of tabersonine on plasma NO levels in ApoE-
deficient mice are shown in Figure 1. The ApoE group exhib-
ited elevated plasma levels of NO, compared to the control
group. Tabersonine treatment significantly reduced the plasma
levels of NO, compared to the ApoE group.

Tabersonine Improved Levels of Inflammatory Mediators

Cytokine levels were measured in aortic tissue homogenate of
ApoE-deficient mice by enzyme-linked immunosorbent assay.
The ApoE group had elevated cytokine levels in aortic tissue,
compared to the control group. Tabersonine treatment improved
the altered cytokine levels in ApoE-deficient mice (Figure 2).
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Tabersonine Improved Markers of Oxidative Stress

Markers of oxidative stress, including superoxide dismutase
activity and malondialdehyde levels, were assessed in aortic
issue homogenate of ApoE-deficient mice. Aortic tissue of
ApoE-deficient mice exhibited elevated malondialdehyde levels
(8.5 uM/mg) and reduced superoxide dismutase activity (0.3 U/
mg). Tabersonine treatment improved markers of oxidative
stress in aortic tissues of ApoE-deficient mice (Figure 3).

Tabersonine Improved Histopathological
and Immunohistochemical Alterations

The effects of tabersonine were studied with respect to the
histopathology and expression of iNOS in aortic tissue of
ApoE-deficient mice (Figure 4A and B). The ApoE group had
elevated lipid deposition in the aorta, compared to the control
group. Tabersonine treatment reduced the level of lipid deposi-
tion in aortic tissue of ApoE-deficient mice (Figure 4A). In

 Control

= ApoE

B Tabersonine 20 mg/kg
H Tabersonine 40 mg/kg

1200 q

Lid

L

1000 4

400 4

Levelof infammatory mediators (pg/ml)

IL-1p TNF-a NF-kB

Figure 2. Tabersonine attenuates the level of cytokines in the aortic
tissue homogenate of apolipoprotein E (ApoE)-deficient mice.
Mean + standard error of the mean (n = 12); #P < .0l compared
to control group; *P < .0l compared to ApoE group.
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Figure 3. Tabersonine attenuates the markers of oxidative stress in the aortic tissue homogenate of apolipoprotein E-deficient mice. Mean +
standard error of the mean (n = 12); P < .01 compared to control group; *P < .0l compared to ApoE group.
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Figure 4. Tabersonine attenuates histopathological changes in aortic tissue homogenate of apolipoprotein E-deficient mice. (A) Histopathology
of aortic tissue; (B) Expression of iNOS in aortic tissue (immunohistochemical analysis). Mean + standard error of the mean (n = 12).
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Figure 5. Tabersonine attenuates expression of iNOS, p65, PIAS3, STAT-3 and IkBa protein in aortic tissue homogenate of apolipoprotein E
(ApoE)-deficient mice. Mean + standard error of the mean (n = 12); #P < .01 compared to control group; **P < .0l compared to ApoE group.

addition, aortic tissue of the ApoE group exhibited elevated
iNOS expression, compared to the control group. The taberso-
nine treatment groups had reduced iNOS expression in aortic
tissue, compared to the ApoE treatment group (Figure 4B).

Tabersonine Improved Protein Expression Levels of iNOS,
pé5, PIAS3, STAT-3, and IkBa.

The protein expression levels of iNOS, p65, PIAS3, STAT-3,
and IkBao were measured in aortic tissue of ApoE-deficient
mice by Western blotting. The ApoE group had elevated pro-
tein expression levels of iNOS, p65, PIAS3, STAT-3, and
IkBo, compared to the control group. The tabersonine treat-
ment groups showed dose-dependent reductions in protein
expression levels of iNOS, p65, PIAS3, STAT-3, and IkBa,
relative to the ApoE group (Figure 5).

Tabersonine Improved mRNA Expression Levels of STAT-
3, IL-6, PIAS3, and MCP-1

The effects of tabersonine on mRNA expression levels of
STAT-3, IL-6, PIAS3, and MCP-1 in aortic tissue of ApoE-
deficient mice were evaluated by qRT-PCR. In the ApoE
group, mRNA expression levels of STAT-3, IL-6, PIAS3, and
MCP-1 were elevated (P < .01), compared to the control
group. Tabersonine treatment resulted in dose-dependent
reductions in mRNA expression levels of STAT-3, IL-6,
PIAS3, and MCP-1 (Figure 6).

Tabersonine Improved the Expression of CREB Protein

Both CREB and ERKI1 protein expression levels were mea-
sured in aortic tissue of ApoE-deficient mice. The ApoE
group had reduced protein expression levels of p-CREB/
CREB and p-ERKI1/ERKI1, compared to the control group.
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Figure 6. Tabersonine attenuates mRNA expression of iNOS, pé5,
PIAS3, STAT-3, and IkBa in aortic tissue homogenate of apolipopro-
tein E (ApoE)-deficient mice. Mean + standard error of the mean
(n = 12); P < .0l compared to control group; *P < .0l compared
to ApoE group. mRNA, messenger RNA.

The tabersonine treatment groups exhibited dose-dependent
increases in protein expression levels of p-CREB/CREB and
p-ERK1/ERK1, compared to the ApoE group (Figure 7).

Discussion

Atherosclerosis is a pathological condition of fat deposition in
the arteries, which causes cardiovascular disorders. Inflamma-
tion reportedly plays an important role in the initiation and
development of atherosclerosis.” The management of athero-
sclerosis remains a challenge and conventional atherosclerosis
therapies have several limitations. This study evaluated the
protective effect of tabersonine against atherosclerosis and
investigated its molecular mechanism of action.
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Figure 7. Tabersonine attenuates expression of CREB and ERK | protein in aortic tissue homogenate of apolipoprotein E (ApoE)-deficient mice.
Mean + standard error of the mean (n = 12); #P < .01 compared to control group; **P < .0l compared to ApoE group. CREB indicates cAMP-

response-element-binding.

Atherosclerosis was induced by feeding a high-fat diet to
ApoE-deficient mice. Subsets of mice were treated with taber-
sonine 20 or 40 mg/kg intraperitoneally for the 12-week dura-
tion of the study. Markers of atherosclerosis were measured in
the sera of ApoE-deficient mice. Markers of inflammation and
oxidative stress were assessed by enzyme-linked immunosor-
bent assays. Western blotting, qRT-PCR, and immunohisto-
chemistry analyses were conducted to assess expression
levels of mRNA and protein in aortic tissue.

Atherosclerosis is often associated with changes in lipid
profile and liver function, because lipid deposition in arteries
leads to atherosclerosis.'® This study revealed that tabersonine
treatment ameliorated the alterations in lipid profile and liver
function. Furthermore, mediators of inflammation and oxida-
tive stress are considered important in the development of
atherosclerosis.'® Previous studies have shown that cytokines
(eg, IL-1B and IL-6) are elevated following aortic tissue injury,
thereby leading to further arterial fat deposition.'” These
changes in cytokine levels occur due to the degradation of IkBa.
and activation of NF-kB.'® The results of this study showed
that tabersonine treatment reduced cytokines levels and NF-kB
in aortic tissue.

Previous studies have shown that elevated NO levels reduce
the expression of PIAS3, thus promoting atherosclerosis.'® In
addition, oxidative stress is higher in atherosclerosis, which
leads to increased protein expression levels of iNOS and
p65.2° This study demonstrated that tabersonine treatment
resulted in reduced levels of NO. Tabersonine ameliorated the
altered protein expression levels of iNOS and p65 in ApoE-
deficient mice. The results of prior studies suggest that STAT3
mediates IL-6 expression by downregulation of NF-xB in
atherosclerosis.?' The present study showed that tabersonine
treatment reduced PIAS3 expression, thereby negatively regu-
lating the JAK/STAT pathway.

Lastly, the ERK-CREB signaling pathway is involved in
several vascular disorders. Given the role of CREB protein in
regulation of immunological function, the findings in previous
studies suggested that this protein may constitute a novel target
for the treatment of atherosclerosis.?* Several factors, including

inflammation mediators and CREB inhibition, contribute to the
development of atherosisclerosis.”> This study showed that
tabersonine treatment activates CREB protein in aortic tissue
of ApoE-deficient mice.

Conclusion

This study showed that treatment with tabersonine ameliorated
the expression of STAT3 by activation of CREB protein in
atherosclerotic ApoE-deficient mice. In addition, treatment
with tabersonine reduced cytokine levels and oxidative stress
markers associated with atherosclerosis in aortic tissue of
ApoE-deficient mice. Based on these findings, tabersonine is
a potential treatment for atherosclerosis.

Acknowledgments

All the authors of this manuscript are thankful to National Natural
Science Foundation of China, China (grant no: 81500643) for provid-
ing funding to conduct this work.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: Received
financial support for this work from National Natural Science Foun-
dation of China, China (grant no. 81500643).

ORCID iD
Sen Shi (® https://orcid.org/0000-0002-1623-339X

References

1. Lusis AJ. Atherosclerosis. Nature. 2000;407(6801):233-241.

2. Conti P, Shaik-Dasthagirisaeb Y. Atherosclerosis: a chronic
inflammatory disease mediated by mast cells. Cent Eur J
Immunol. 2015;40(3):380-386.

3. Galkina E, Ley K. Immune and inflammatory mechanisms of
atherosclerosis (*). Annu Rev Immunol. 2009;27:165-197.


https://orcid.org/0000-0002-1623-339X
https://orcid.org/0000-0002-1623-339X
https://orcid.org/0000-0002-1623-339X

Shi et al

4.

11.

12.

13.

14.

Sprague AH, Khalil RA. Inflammatory cytokines in vascular dys-
function and vascular disease. Biochem Pharmacol. 2009;78(6):
539-552.

. Wagner MA, Siddiqui MA. The JAK-STAT pathway in hyper-

trophic stress signaling and genomic stress response. JAKSTAT.
2012;1(2):131-141.

. Rébé C, Végran F, Berger H, Ghiringhelli F. STAT3 activation: a

key factor in tumor immunoescape. JAKSTAT. 2013;2(1):e23010.

. Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation,

immunity, and disease. Cold Spring Harb Perspect Biol. 2014;
6(10):a016295.

. Didion SP. Cellular and oxidative mechanisms associated with

interleukin-6 signaling in the vasculature. Int J Mol Sci. 2017,
18(12):2563.

. Singh RB, Mengi SA, Xu YJ, Arneja AS, Dhalla NS. Pathogen-

esis of atherosclerosis: a multifactorial process. Exp Clin Cardiol.
2002;7(1):40-53.

. Zhang SS, Liu MG, Kano A, Zhang C, Fu XY, Barnstable CJ.

STATS3 activation in response to growth factors or cytokines par-
ticipates in retina precursor proliferation. Exp Eye Res. 2005;
81(1):103-115.

Wen AY, Sakamoto KM, Miller LS. The role of the transcription
factor CREB in immune function. J Immunol. 2010;185(11):
6413-6419.

Almagro L, Fernandez-Pérez F, Pedrefio MA. Indole alkaloids
from Catharanthus roseus: bioproduction and their effect on
human health. Molecules. 2015;20(2):2973-3000.

Nejat N, Valdiani A, Cahill D, Tan YH, Maziah M, Abiri R.
Ornamental exterior versus therapeutic interior of Madagascar
periwinkle (Catharanthus roseus): the two faces of a versatile
herb. Sci World J. 2015;2015:982412.

Zhang D, Li X, Hu Y, et al. Tabersonine attenuates
lipopolysaccharide-induced acute lung injury via suppressing

15.

16.

18.

19.

20.

21.

22.

23.

TRAF6 ubiquitination. Biochem Pharmacol. 2018;154:
183-192.

Choy PC, Siow YL, Mymin D, O K. Lipids and atherosclerosis.
Biochem Cell Biol. 2004;82(1):212-224.

Yang X, Li Y, Li Y, et al. Oxidative stress-mediated
atherosclerosis: mechanisms and therapies. Front Physiol.
2017;8:600.

. Du B, Ouyang A, Eng JS, Fleenor BS. Aortic perivascular

adipose-derived interleukin-6 contributes to arterial stiffness in
low-density lipoprotein receptor deficient mice. Am J Physiol
Heart Circ Physiol. 2015;308(11):H1382-H1390.

Hayden MS, Ghosh S. Regulation of NF-xB by TNF family cyto-
kines. Semin Immunol. 2014;26(3):253-266.

Wang R, Zhang Y, Xu L, et al. Protein inhibitor of activated
STAT3 suppresses oxidized LDL-induced cell responses during
atherosclerosis in apolipoprotein E-deficient mice. Sci Rep. 2016;
6:36790.

Gu L, Bai W, Li S, et al. Celastrol prevents atherosclerosis via
inhibiting LOX-1 and oxidative stress. PLoS One. 2013;8(6):
e65477.

LouL, Zhou J, Liu Y, et al. Chlorogenic acid induces apoptosis to
inhibit inflammatory proliferation of IL-6-induced fibroblast-like
synoviocytes through modulating the activation of JAK/STAT
and NF-kB signaling pathways. Exp Ther Med. 2016;11(5):
2054-2060.

Koga Y, Tsurumaki H, Aoki-Saito H, Sato M, Yatomi M, Take-
hara K, Hisada T. Roles of cyclic AMP response element binding
activation in the ERK1/2 and p38 MAPK signalling pathway in
central nervous system, cardiovascular system, osteoclast differ-
entiation and mucin and cytokine production. Int J Mol Sci. 2019;
20(6):1346.

Shah PK, Lecis D. Inflammation in atherosclerotic cardiovascular
disease. F1000Res. 2019;8:F1000. Faculty Rev-1402.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


