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This study investigated whether Panax notoginseng saponins (PNS) reduced atherosclerotic lesion formation in apolipoprotein E
knockout (ApoE-KO) mice and illustrated the potential mechanism for a network pharmacology approach. Pharmacodynamics
studies on ApoE-KO mice with atherosclerosis (AS) showed that PNS generated an obvious anti-AS action. Then, we explored the
possible mechanisms underlying its anti-AS effect using the network pharmacology approach. The main chemical components
and their targets of PNS were collected from TCMSP public database and SymMap. The STRING v11.0 was used to establish the
protein-protein interactions of PNS. Furthermore, the Gene Ontology (GO) function and KEGG pathways were analyzed using
STRING to investigate the possible mechanisms involved in the anti-AS effect of PNS. The predicted results showed that 27
potential targets regulated by DSLHG were related to AS, including ACTA2, AKT1, BCL2, and BDNF. Mechanistically, the anti-
AS effect of PNS was exerted by interfering with multiple signaling pathways, such as AGE-RAGE signaling pathway, fluid shear
stress and atherosclerosis, and TNF signaling pathway. Network analysis showed that PNS could generate the anti-AS action by
affecting multiple targets and multiple pathways and provides a novel basis to clarify the mechanisms of anti-AS of PNS.

1. Introduction

Atherosclerosis (AS) is a multifactorial disease that develops
over many years, with clinical symptoms becoming obvious
in the late stages of many diseases. Inflammation [1] and
decompensation of lipid metabolism [2] are associated with
the pathogenesis of AS. The results of population studies
suggest that adopting traditional Chinese medicine (TCM)
could protect against cardiovascular disease [3-5]. Panax
notoginseng saponins (PNS) are one of the most important
compounds stemming from the roots of the Panax noto-
ginseng, which has been traditionally used as a blood-

supplementing and hemostatic medicine in China for
thousands of years.

To date, at least twenty-seven saponins in PNS have been
identified and notoginsenoside R1, ginsenoside Rbl, gin-
senoside Rgl, ginsenoside Re, and ginsenoside Rd (structure
in Figure 1) are the major effective constituents and have
been the topic of much research in the area of cardiovascular
disease [6]. Previous studies have indicated that PNS may
ameliorate myocardial ischemia injury by decreasing oxi-
dative stress and repressing the inflammatory cascade [7].
Another study demonstrated that PNS attenuated the injury
of human umbilical vascular endothelial cells (HUVECs)
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FIGURE 1: Main compound structure of Panax notoginseng saponins: (a) ginsenoside Rb1; (b) ginsenoside Rgl; (c) notoginsenoside R1; (d)

ginsenoside Re; (e) ginsenoside Rd.

induced by oxidized low-density lipoprotein (ox-LDL) [8].
ApoE is an important ligand for the uptake of lipoproteins
by many receptors in the LDLR gene family, and deficiency
of ApoE leads to the accumulation of cholesterol ester-
enriched particles [9]. ApoE-KO mice develop severe ath-
erosclerosis on a fat-containing diet, shortly became a
powerful tool in atherosclerosis research [10]. Given the
concern about the bioavailability of PNS in vivo, we ex-
amined if PNS prevented or reduced the formation of
atherosclerotic lesions in ApoE-KO mice, investigated the

mechanisms by which PNS exerted its anti-AS effects, and
built a network of interactions among related targets.
Moreover, we conducted GO function analysis and relevant
pathway enrichment analysis for the potential mechanism.

2. Methods

2.1. Drugs and Antibodies. PNS were purchased from
Kunming Pharmaceutical Corporation (KPC) Pharmaceu-
ticals, Inc. (Item. no. SKQ2017001; Kunming Yunnan
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Province, China). Notoginsenoside R1 (percentage: 9.8%;
PubChem CID: 441934), ginsenoside Rbl (percentage:
32.1%; PubChem CID: 9898279), ginsenoside Rgl (per-
centage: 30.8%; PubChem CID: 441923), ginsenoside Re
(percentage: 4.3%; PubChem CID: 441921), and ginsenoside
Rd (percentage: 8.3%; PubChem CID: 11679800) are the
major effective constituents (Figure 1). The total concen-
tration of these main constituents is 85.3% (Supplementary
Materials). Simvastatin (Zocor; 20 mg/pill) was purchased
from Merck Pharmaceutical Co., Ltd. (Hangzhou, Zhejiang
Province, China). Goat anti-rabbit IgG H&L (Item. no.
ab6721) was purchased from Abcam (Cambridge, MA,
USA). The secondary antibodies used were part of a general-
purpose two-step immunohistochemical kit (Item. no. PV.
6000; ZSGB Biological Technology; OriGene Technologies,
Inc., Rockville, MD, USA). The DAB kit was also purchased
from ZSGB Biological Technology. The mouse IL-13 ELISA
Kit (Item. no. EM001-48) was purchased from ExCell
(Shanghai, China). The mouse matrix metalloproteinase
MMP-9, ELISA kit (Item. no. MU30613), and mouse tissue
inhibitors of metalloproteinase-1, and the TIMP-1 ELISA
Kit (Item. No. MU30070) were purchased from BiosWamp
(Beijing, China). Oil red O solution was purchased from
Sigma Chemical (St Louis, MO, USA).

2.2. Animal Grouping and Treatment. The present study was
approved by the Animal Care and Use Committee of Xiyuan
Hospital of the China Academy of Chinese Medical Sciences
(Beijing, China). A total of 15 male apolipoprotein E
knockout (ApoE-KO) mice and 3 male wild-type mice
(strain: C57BL/6]; weight: 22+2.5g; age: 8 weeks) were
purchased from Changzhou Cavens Bioscience Co., Ltd.
(Changzhou, Jiangsu, China). The mice were housed in
humidity-controlled rooms (60 +10%) at 24 +1°C with a
12 h light/dark cycle. After a 7-day adaptation period, fifteen
ApoE-KO mice were fed with an atherogenic high-fat diet
(HFD; normal diet supplemented with 0.5% cholesterol, 10%
yolk powder, and 5% pork lard) for 12 weeks. After that,
these animals were randomized to receive simvastatin
(20 mg/kg/d, n=5), PNS (60 mg/kg/d (according to the
literature [11] and preliminary experimental results), n =5),
or no drug (n=5) for 8 weeks. The mice received the HFD
until the end of the study. The C57BL/6] male mice were
used as a control group (n=3) and received a normal chow
diet. Both diet and water were available ad libitum. Amounts
of PNS were prepared as previously described [12]. At the
end of the experiment, animals were fasted overnight and
sacrificed. Blood samples were collected by removing the
eyeball, and tissue samples from the aortic valve were
obtained.

2.3. Histopathological Analysis. Parts of the aortic root were
fixed in 10% buffered formalin at room temperature for 48 h,
embedded in parafin, and sliced into 3 ym thick sections.
Sections were processed for hematoxylin-eosin (H&E)
staining and oil red O staining. Histological images were
recorded with an Olympus (CX31) microscope. Quantitative
morphometric analysis was conducted using Image Pro Plus

(version 4.5) to determine plaque area and intima-media
thickness (IMT).

2.4. Serum Lipid Measurement and Enzyme-Linked Immu-
nosorbent Assay (ELISA) Test. Blood samples were left at
room temperature for 30min and then centrifuged at
1000 xg for 10 min at 4°C prior to storage at —70°C for later
biochemical analysis. Blood was obtained to determine total
cholesterol (TC), triacylglycerides (TG), LDL-C, and high-
density lipoprotein cholesterol (HDL-C) levels using a
Roche Cobas 800 automatic biochemical analyzer (Roche
Diagnostics GmbH, Mannheim, Germany). Levels of in-
terleukin-1 beta (IL-1p), matrix metallopeptidase 9 (MMP-
9), and tissue inhibitor of metalloproteinase-1 (TIMP-1)
were measured using commercially available assay Kkits
according to the manufacturer’s protocol.

2.5. Network Pharmacology Analyses. The main chemical
components and their targets of PNS were obtained from a
Traditional Chinese Medicine Systems Pharmacology Da-
tabase (TCMSP) and Analysis Platform (http://Isp.nwu.edu.
cn/tcmsp.php) and SymMap (http://www.symmap.org/).
The protein-protein interaction network database (STRING
v11.0, https://string-db.org/) was used to establish the
protein-protein interactions of PNS and generate a visual-
ization figure. Then, the Gene Ontology (GO) function and
KEGG pathways of 32 common targets were analyzed using
the STRING resource.

2.6. Statistical Analysis. Statistical analysis was performed
using SPSS version 20.0 (SPSS Inc., Chicago).

One-way analysis of variance with a post hoc Bonferroni
test was used to compare treatments. Data were expressed as
the mean + standard deviation, and P < 0.05 was considered
to indicate a statistically significant difference.

3. Results
3.1. Animal Experiments

3.1.1. Effect of PNS on Atherosclerotic Lesions. As demon-
strated in Figure 2, atherosclerotic changes were evaluated
using H&E and oil red O staining. Compared with the model
(untreated) group, PNS and simvastatin treatments ame-
liorated atherosclerotic lesions in ApoE-KO mice. The
plaque area and IMT in the untreated group increased
significantly compared with the control group (P <0.01,
Figure 3). In the PNS and simvastatin groups, the plaque
area and IMT were significantly decreased compared with
the untreated group (P <0.01, Figure 3). These results
demonstrated that PNS inhibited plaque area, IMT, and lipid
deposition in atherosclerotic lesions.

3.1.2. Effect of PNS on Serum Lipids. As demonstrated in
Figure 4, TC, TG, and LDL-C levels in the untreated group
increased significantly compared with the control group
(P <0.01). Compared with the untreated group, the PNS and
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FIGURE 2: Effect of PNS on atherosclerotic lesion. Atherosclerotic lesion pathological changes in each group were observed using light

microscopy (magnification, x100) (N =3-5).
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FiGure 3: Effect of PNS on plaque area and IMT. Notes: data are expressed as the mean + standard deviation (model, simvastatin, and PNS
groups; control group). **P <0.01 vs. the control group; ##P <0.01 vs. the model group (N=3-5).

simvastatin groups exhibited significantly decreased levels of
TC, TG, and LDL-C (all P<0.01). Furthermore, levels of
HDL-C in the untreated group decreased significantly
compared with the control group (P <0.05; Figure 4).
Compared with the untreated group, PNS and simvastatin
significantly increased the HDL-C levels (both P <0.05).
There was no significant difference between simvastatin and
PNS. These results indicated that PNS ameliorated

atherogenic HFD-induced changes in TC, TG, LDL-C, and
HDL-C levels.

3.1.3. Effect of PNS on Levels of MMP-9, TIMP-1, and IL-1p.
The plaque fibrous cap factors, MMP-9 and TIMP-1, seem to
play critical roles in the stages of plaque rupture and erosion
[13]. As demonstrated in Figure 5, MMP-9, TIMP-1, and IL-
18 levels in the untreated group increased significantly
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FIGURE 4: Effect of PNS on serum lipid. Notes: data are expressed as the mean + standard deviation (model, simvastatin, and PNS groups;
control group). **P <0.01 vs. the control group; ##P <0.01 vs. the model group; #P <0.05 vs. the model group (N=3-5).

30 2000
* %
* %
1500
2
## &b
&
~ 1000 — i
& ##
=
|l
500 —
0
[=9 =9 o o o =9 =9 o
=1 =1 =1 =1 = =1 =1 =1
o ] o o o o ] o
b b - ~ - b - -
o0 e1s] bo o0 o0 oo bo bo
—_ — = o —_ — = »
£ 2 g zZ £ 2 g z
=1 S = S
5] 3 Q 3
5 = Z S = g
£ £
w w
(a) (b)

Ficure 5: Continued.



600 —

IL1-B(ng/L)

o [=9
=] =1
o o
- -
1) 13
o T
= o
= o
5 =
&)

(c)

Evidence-Based Complementary and Alternative Medicine

PNS group

Simvastatin group

FiGure 5: Effect of PNS on levels of MMP-9, TIMP-1, and IL-1f. Data are expressed as the mean + standard deviation (model, simvastatin,
and PNS groups; control group). **P <0.01 vs. the control group; ##P <0.01 vs. the model group (N=3-5).

compared with the control group (P < 0.01). Compared with
the untreated group, the PNS and simvastatin groups
exhibited significantly decreased levels of MMP-9, TIMP-1,
and IL-1p (all P <0.01). There was no significant difference
between simvastatin and PNS. These data indicated that PNS
could have an anti-inflammatory role and regulate the
plaque fibrous cap factors.

3.2. Network Pharmacology Results

3.2.1. Compounds-Targets-Disease ~and PPl Network
Construction. As shown in Figure 6, based on the analysis of
the network, six ingredients including notoginsenoside R1,
ginsenoside Rgl, ginsenoside Rbl, ginsenoside Rd, ginse-
noside Re, and ginsenoside Rg2, associated with 54 drug
targets, were selected. Totally, this compounds-targets-dis-
ease network is composed of 54 active drugs and 517 disease
targets. Then, 27 target genes associated with active ingre-
dients and AS were imported into the STRING database for
PPI network construction (Figure 7).

3.2.2. Gene Ontology and Kyoto Encyclopedia of Genes and
Genomes Signaling Pathway Analysis. Furthermore, Gene
Ontology (GO) analysis of the 27 targets was performed. The
results of GO analysis of the predicted key targets of PNS are
shown in Figure 8, which lists the GO terms with low P
values and increased target enrichment. The results showed
that these targets were mainly related to physiological
mechanisms, such as cytokine receptor binding, cytokine
activity, and protease binding. To determine the relevant
signaling pathways, we conducted pathway enrichment
analysis using KEGG pathways. A total of 126 KEGG sig-
naling pathways were significantly enriched (P < 0.05). The
top 10 pathways with lower P values and increased gene
enrichment are listed in Figure 9 and include AGE-RAGE

signaling pathway, fluid shear stress and atherosclerosis, and
the TNF signaling pathway. The results indicated multiple
channels and mechanisms of PNS against AS.

4. Discussion

Our study showed that PNS significantly attenuated AS
lesion formation, decreased blood lipids, and inhibited in-
flammatory factors in ApoE-KO mice. In conclusion, PNS
inhibited the development of atherosclerosis. On this basis,
we explored the possible mechanisms underlying its anti-AS
effect using the network pharmacology approach.

Simvastatin is a lipid-lowering agent used to treat hy-
percholesterolemia and to reduce the risk of heart disease.
Studies [14, 15] reported that simvastatin inhibits AS in mice
mainly through the inhibition of cholesterol syntheses. In
the present study, the plaque formation, IMT, and lipid
content in the aortas of ApoE-KO mice were promoted by an
HFD. PNS treatment, similar to simvastatin, attenuated
atherosclerotic lesions, which was demonstrated by the
significant reduction in the atherosclerotic plaque area and
IMT. Numerous studies have established the essential re-
lationship between hyperlipidemia and AS for more than a
century [16, 17]. High levels of TC, TG, and LDL-C are
thought to contribute to the development of atherogenic
properties [18]. Currently, studies have demonstrated that
AS could be markedly alleviated by reducing TC, TG, and
LDL-C levels [19, 20]. In addition, increased expression of
the main HDL protein might mediate protection from AS
[21, 22]. Therefore, low levels of TC, TG, and LDL-C and
high levels of HDL would ameliorate AS. Previous studies
have reported that PNS have been reported to prevent AS by
regulating lipid profiles [23]. The results of the present study
are consistent with previous studies, indicating that PNS
reduced plaque formation and lipid modulation.
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As a family of zinc-dependent endopeptidases, matrix
metalloproteinases (MMPs) are responsible for tissue
remodeling by cleaving all structural elements of the ex-
tracellular matrix (ECM) and activating cytokines [24].

Clinical research showed that serum MMP-9 levels could be
an early marker of plaque rupture contributing to acute
coronary syndrome [25]. The pathological plaque rupture
process that involves inflammation and fibrosis in AS could
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F1GUre 8: GO function analysis. (a) Bubble chart. (b) Bar graph.

be regulated by MMP-9 and TIMP-1 [26]. In the present
study, the expression of MMP-9 and TIMP-1 was regulated
by PNS, illuminating plaque vulnerability to its products.
Opver the last two decades, growing evidence has revealed the
main mechanism in the pathogenesis of AS, a chronic in-
flammatory disease [27], is inflammation [28, 29]. Cytokines
are known to have pivotal roles in the complex inflammatory
response involved in all steps of the formation of an ath-
erosclerotic plaque [30]. IL-1f3, one of the proatherogenic
cytokines, promotes the migration of macrophages and
influences almost all cells involved in AS [31]. Experimental
studies have shown that proatherogenic cytokine knockout
mice showed decreased atherogenesis [32, 33]. The present

study revealed that PNS attenuated the expression of IL-1f,
suggesting that PNS played an anti-inflammatory role in AS.

Through the analysis of a PNS compound-target-pathway
network, we found that the main components of PNS could
act on multiple pathways. Vascular endothelial cells are ex-
posed to fluid shear stress, which modulates vascular path-
ophysiology. It has been suggested that regions of low flow
magnitude, various metrics of flow disturbance, and the flow
direction have the best correlation with atherosclerosis [34].

Our finding that PNS could regulate fluid shear stress
and the atherosclerosis pathway is consistent with these
results. These will lay the foundation for improving the
clinical applications of blood circulation-activating
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Figure 9: KEGG pathway enrichment analysis for core targets of PNS acting on AS. (a) Bubble chart. (b) Bar graph.

decoctions and can help provide strategies and methods for ~ anti-AS effects of PNS in the future. Thus, this study
clinical studies of TCM in atherosclerotic treatment. enhanced the therapeutic potential of PNS in athero-
sclerotic disease.

5. Conclusion
Data Availability

PNS could attenuate atherosclerotic lesions. The network
pharmacology-predicted signaling pathways provide  The data used to support the findings of this study are included
ideas for experiments to verify the key mechanisms of the ~ within the article and the supplementary information files.



10

Conflicts of Interest

There are no conflicts of interest to declare.

Authors’ Contributions

Fu CG and Gao ZY conceived and designed the study. Long
LZ, Yu ZK, Qu H, Wang N, Guo M, Zhou XZ, Fu CG, and
Gao ZY performed the experiments. Long LZ, Yu ZK, and
Qu H wrote the paper and contributed equally to this work.
The experimental work was completed in the laboratory of
Pullo Biotechnology Company.

Acknowledgments

This work was financially supported by the Youth Fund of
the National Natural Science Foundation Project (nos.
81603483 and 81303150) and the Nursery Program of China
Academy of Chinese Medical Sciences (no. XYKY-MP-
2013-31).

Supplementary Materials

Supplementary 1: certificate of Chromatogram and Analysis.
(Supplementary Materials)

References

[1] S. Taleb, “Inflammation in atherosclerosis,” Archives of
Cardiovascular Diseases, vol. 109, no. 12, pp. 708-715, 2016.

[2] F. Maria, P. David, and L. Roy, “CD36: a class B scavenger
receptor involved in angiogenesis, atherosclerosis, inflam-
mation, and lipid metabolism,” Journal of Clinical Investi-
gation, vol. 108, no. 6, pp. 785-791, 2001.

[3] Z. Lu, W. Kou, B. Du et al., “Effect of Xuezhikang, an extract
from red yeast Chinese rice, on coronary events in a Chinese
population with previous myocardial infarction,” The
American Journal of Cardiology, vol. 101, no. 12, pp. 1689—
1693, 2008.

[4] H.-y. Liu, W. Wang, D.-z. Shi et al,, “Protective effect of
Chinese herbs for supplementing qi, nourishing yin and
activating blood circulation on heart function of patients with
acute coronary syndrome after percutaneous coronary in-
tervention,” Chinese Journal of Integrative Medicine, vol. 18,
no. 6, pp. 423-430, 2012.

[5] Q.-y. He, J. Wang, Y.-l. Zhang, Y.-l. Tang, F.-y. Chu, and
X.-j. Xiong, “Effect of Yiqi Yangyin decoction on the quality of
life of patients with unstable angina pectoris,” Chinese Journal
of Integrative Medicine, vol. 16, no. 1, pp. 13-18, 2010.

[6] X.Yang, X. Xiong, H. Wang et al., “Protective effects of panax
notoginseng saponins on cardiovascular diseases: a com-
prehensive overview of experimental studies,” Evidence-Based
Complementary and Alternative Medicine, vol. 2014, Article
ID 204840, 13 pages, 2014.

[7] S.-Y. Han, H.-X. Li, X. Ma et al., “Evaluation of the anti-
myocardial ischemia effect of individual and combined ex-
tracts of Panax notoginseng and Carthamus tinctorius in rats,”
Journal of Ethnopharmacology, vol. 145, no. 3, pp. 722-727,
2013.

[8] M.-m. Wang, M. Xue, Y.-g. Xu et al., “Panax notoginseng
saponin is superior to aspirin in inhibiting platelet adhesion to
injured endothelial cells through COX pathway in vitro,”
Thrombosis Research, vol. 141, pp. 146-152, 2016.

Evidence-Based Complementary and Alternative Medicine

[9] R. Ohashi, H. Mu, Q. Yao, and C. Chen, “Cellular and mo-
lecular mechanisms of atherosclerosis with mouse models,”
Trends in Cardiovascular Medicine, vol. 14, no. 5, pp. 187-190,
2004.

[10] A. S. Plump, J. D. Smith, T. Hayek et al., “Severe hyper-
cholesterolemia and atherosclerosis in apolipoprotein E-de-
ficient mice created by homologous recombination in ES
cells,” Cell, vol. 71, no. 2, pp. 343-353, 1992.

[11] Y. Qiao, P.-j. Zhang, X.-t. Lu et al., “Panax notoginseng sa-
ponins inhibits atherosclerotic plaque angiogenesis by down-
regulating vascular endothelial growth factor and nicotin-
amide adenine dinucleotide phosphate oxidase subunit 4
expression,” Chinese Journal of Integrative Medicine, vol. 21,
no. 4, pp. 259-265, 2015.

[12] Y. Liu, F. Hao, H. Zhang, D. Cao, X. Lu, and X. Li, “Panax
Notoginseng saponins promote endothelial progenitor cell
mobilization and attenuate atherosclerotic lesions in apoli-
poprotein E knockout mice,” Cellular Physiology and Bio-
chemistry, vol. 32, no. 4, pp. 814-826, 2013.

[13] N. Nasiri-Ansari, G. K. Dimitriadis, G. Agrogiannis et al.,
“Canagliflozin attenuates the progression of atherosclerosis
and inflammation process in APOE knockout mice,” Car-
diovascular Diabetology, vol. 17, no. 1, pp. 1-12, 2018.

[14] M. Yin, Q. Liu, L. Yu et al., “Downregulations of CD36 and
Calpain-1, Inflammation, and atherosclerosis by Simvastatin
in apolipoprotein e knockout mice,” Journal of Vascular
Research, vol. 54, no. 3, pp. 123-130, 2017.

[15] F.T. Tang, S. R. Chen, X. Q. Wu et al., “Hypercholesterolemia
accelerates vascular calcification induced by excessive vitamin
D via oxidative stress,” Calcified Tissue International, vol. 79,
no. 5, pp. 326-339, 2006.

[16] S.J.Nicholls, A. D. Pisaniello, Y. Kataoka, and R. Puri, “Lipid
pharmacotherapy for treatment of atherosclerosis,” Expert
Opinion on Pharmacotherapy, vol. 15, no. 8, pp. 1119-1125,
2014.

[17] D. Steinberg and A. M. Gotto Jr., “Preventing coronary artery
disease by lowering cholesterol levels,” Jama, vol. 282, no. 21,
p. 2043, 2003.

[18] F. Bian, X. Yang, F. Zhou et al., “C-reactive protein promotes
atherosclerosis by increasing LDL transcytosis across endo-
thelial cells,” British Journal of Pharmacology, vol. 171, no. 10,
pp. 2671-2684, 2014.

[19] J. Xu, C. Ma, M. Chen et al., “Lipingshu capsule improves
atherosclerosis associated with lipid regulation and inflam-
mation inhibition in apolipoprotein E-deficient mice,” Lipids
in Health and Disease, vol. 17, no. 1, pp. 1-6, 2018.

[20] J. Xu, Z. Xia, S. Rong et al., “Yirui capsules alleviate ath-
erosclerosis by improving the lipid profile and reducing in-
flammation in apolipoprotein E-deficient mice,” Nutrients,
vol. 10, no. 2, 2018.

[21] J. E. Feig, B. Hewing, J. D. Smith, S. L. Hazen, and E. A. Fisher,
“High-density lipoprotein and atherosclerosis regression,”
Circulation Research, vol. 114, no. 1, pp. 205-213, 2014.

[22] A. R. Tall, “Plasma high density lipoproteins: therapeutic
targeting and links to atherogenic inflammation,” Athero-
sclerosis, vol. 276, pp. 39-43, 2018.

[23] K. Chester, S. Zahiruddin, A. Ahmad et al., “Bioautography-
based identification of antioxidant metabolites of Solanum
nigrum L. And exploration its hepatoprotective potential
against D-galactosamine-induced hepatic fibrosis in rats,”
Pharmacognosy Magazine, vol. 13, no. 62, pp. 179-188, 2017.

[24] A. Yabluchanskiy, Y. Ma, R. P. Iyer, M. E. Hall, and
M. L. Lindsey, “Matrix metalloproteinase-9: many shades of


http://downloads.hindawi.com/journals/ecam/2020/8574702.f1.pdf

Evidence-Based Complementary and Alternative Medicine

[25]

(26]

(27]

(28]

(29]

(30

(31]

(32]

(33]

(34]

function in cardiovascular disease,” Physiology, vol. 28, no. 6,
pp. 391-403, 2013.

G. M. Hamed and M. F. A. Fattah, “Clinical relevance of
matrix metalloproteinase 9 in patients with acute coronary
syndrome,” Clinical and Applied Thrombosis/Hemostasis,
vol. 21, no. 8, pp. 750-754, 2015.

T. B. Opstad, I. Seljeflot, E. Bohmer, and S. Arnesen, “MMP-9
and its regulators TIMP-1 and EMMPRIN in patients with
acute ST-elevation myocardial infarction: a NORDISTEMI
substudy,” Cardiology, vol. 139, no. 1, pp. 17-24, 2018.

E. Matsuura, F. Atzeni, P. Sarzi-puttini et al., “Is athero-
sclerosis an autoimmune disease,” BMC Medicine, vol. 12,
no. 1, 2014.

M. M. Kavurma, K. J. Rayner, and D. Karunakaran, “The
walking dead,” Current Opinion in Lipidology, vol. 28, no. 2,
pp. 91-98, 2017.

P.J. H. Kusters, E. Lutgens, and T. T. P. Seijkens, “Exploring
immune checkpoints as potential therapeutic targets in ath-
erosclerosis,” Cardiovascular Research, vol. 114, no. 3,
pp. 368-377, 2018.

D. Tousoulis, E. Oikonomou, E. K. Economou, F. Crea, and
J. C. Kaski, “Inflammatory cytokines in atherosclerosis:
current therapeutic approaches,” European Heart Journal,
vol. 37, no. 22, pp. 1723-1732, 2016.

A. Tedgui and Z. Mallat, “Cytokines in atherosclerosis:
pathogenic and regulatory pathways,” Physiological Reviews,
vol. 86, no. 2, pp. 515-581, 2006.

H. Ohta, H. Wada, T. Niwa et al., “Disruption of tumor
necrosis factor-a gene diminishes the development of ath-
erosclerosis in ApoE-deficient mice,” Atherosclerosis, vol. 180,
no. 1, pp. 11-17, 2005.

H. Kirii, T. Niwa, Y. Yamada et al., “Lack of interleukin-1
decreases the severity of atherosclerosis in ApoE-deficient
mice,” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 23, no. 4, pp. 656-660, 2003.

N. Baeyens, C. Bandyopadhyay, B. G. Coon, S. Yun, and
M. A. Schwartz, “Endothelial fluid shear stress sensing in
vascular health and disease,” Journal of Clinical Investigation,
vol. 126, no. 3, pp. 821-828, 2016.

11



