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Background: Combination of Panax quinquefolium L and Salvia miltiorrhiza Bunge. (PS) has been widely used in the clinical
treatment of ischemic heart disease. The purpose of this study was to explore the therapeutic effect and mechanism of PS on
angiogenesis in rats after acute myocardial infarction (AMI).

Methods: A rat model of AMI was established by ligating the left anterior descending (LAD) artery. The grouping and administration
scheme were as follows: sham group, model group, PS low-dose (PS-L) group, PS high-dose (PS-H) group, PX-478 group and
angiotensin converting enzyme inhibitor (ACEI) group. After 28 days of treatment, echocardiography, myocardial infarct size, some
angiogenesis markers and the miR-155-5p/HIF-10/VEGF axis were measured.

Results: PS improved cardiac structure and function, reduced infarct size, and alleviated myocardial fibrosis and inflammatory cell
infiltration in AMI rats. Mechanistically, PS enhanced the expression of HGF and bFGF in serum, increased the levels of MVD and
CD31 in myocardial tissues, and inhibited the activation of the miR-155-5p/HIF-10/VEGF pathway, which ultimately promoted
angiogenesis. In addition, the regulatory effect of PS on angiogenesis was partly abolished by PX-478.

Conclusion: PS increased the expression of MVD and CD31 in the myocardium and stimulated angiogenesis. The above effects of
PS may be associated with the inhibition of the miR-155-5p/HIF-1a/VEGF axis.

Keywords: Panax quinquefolium L, Salvia miltiorrhiza Bunge, angiogenesis, acute myocardial infarction, miR-155-5p/HIF-1a0/VEGF

Introduction
Cardiovascular disease (CVD) is the main cause of death worldwide, leading to 17.8 million global deaths in 2017, which
contributes obviously to the global health burden.' Acute myocardial infarction (AMI) is one of the most fatal CVDs and
is caused by a sudden disruption of blood flow to the myocardium, with high rates of morbidity and mortality.” Since the
pathological feature of AMI is poor cardiac blood perfusion, restoring blood flow is the most effective means to limit the
damage to ischemic tissues. Currently, surgical techniques for restoring blood circulation reconstruction and catheter-
based interventions have become increasingly prevalent, but a proportion of patients are ineligible for such treatment.’
Thus, how to effectively achieve the goal of reducing myocardial injury after AMI, relieving symptoms, restoring cardiac
function and reducing mortality has faced severe challenges.

Angiogenesis plays an important role in restoring blood supply to ischemic tissues and has taken on the emerging
research area of treatment for ischemic myocardial injury after AML* Enhancing angiogenesis to improve myocardial

ischemia after AMI can improve cardiac function and reduce major adverse cardiac events.” The enhancement of
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myocardial angiogenesis through therapeutic angiogenesis is a pivotal treatment strategy after AMI. Microvascular
density (MVD) and CD31 are useful metrics for quantifying the extent of angiogenesis in ischemic myocardium.®’

MicroRNA (miRNA) is reported to be involved in cell division, differentiation and survival.*° As a multifunctional
miRNA, miR-155 has been proved to be significantly upregulated in the ischemic area of AMI and involved in the
pathophysiological process of angiogenesis.'® Hypoxia inducible factor (HIF) is a transcription factor that responds to
hypoxia in the cell environment.'' HIF-1 signaling cascade mediates the effect of hypoxia on cells and plays the role of
angiogenesis, in which HIF-1a is its active subunit.'* HIF-1a maintains low concentration in cells under normal oxygen
concentration due to degradation by 26S proteasome' and keeps stable and not be degraded by proteasome, thus
activating downstream gene transcription in hypoxia.'* Additionally, vascular endothelial growth factor (VEGF) and
fibroblast growth factor (FGF) are genes that induce angiogenesis in ischemic tissues.'> miR-155 is an upstream
regulatory gene of HIF-1, which directly affects the activation of HIF-1 and regulates endothelial cells proliferation
and angiogenesis.'® '® The miR-155/HIF-1/VEGF pathway is reported to play an important role in myocardial angiogen-
esis, which may contribute to vascular repair after AML."’

The traditional Chinese medicine (TCM) formula of Panax quinquefolium L and Salvia miltiorrhiza Bunge. (PS) has
an effect of replenishing Qi and activating blood, and has been widely used to treat CVD. Our previous studies revealed
that PS in a ratio of 1:3 not only inhibited carotid artery thrombosis model in rats but also stabilize vulnerable
atherosclerotic plaques by inhibiting inflammatory reaction, improving oxidative stress, reducing endothelial damage

and reducing lipid deposition and plaque area.? >* In parallel, our network pharmacology study showed that HIF-1 is the
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main pathway of PS in treating coronary heart disease, and VEGF is the key target, which is related to promoting
angiogenesis.”* We thereby proposed a hypothesis that PS may promote angiogenesis by regulating miR-155-5p/HIF-1a/
VEGF pathway, reduce myocardial infarct size, and improve cardiac function in AMI rats.

Materials and Methods

Materials

Perindopril was bought from Servier (Tianjin) Pharmaceuticals Ltd. (H20034053). PX-478 was purchased by Shanghai
Haoyuan Biotechnology Co., Ltd (685898-44-6). ELISA Kit HGF (EK3HO01) was purchased from Multisciences (China),
and bFGF from Elabscience (China). Antibodies HIF-1lo (ab179483-10), VEGF (EPR20705), MVD (ab198823) and
CD31 (ab222783) were available from Abcam (Cambridge, United States). Anti-B-actin (sc-47778) was issued from
Santa Cruz Biotechnology (Santa Cruz, California). Trizol (10296028) was offered by Invitrogen (USA). UltraPure
Agarose (16500100), SuperScript III RT kit (11752050) and SYBR gpcr mix (4472920) were obtained by ABI-invitrogen
(USA). Radioimmunoprecipitation (RIPA) (MDL91201), phenylmethanesulfonyl fluoride (PSMF) (MD912893) and
bicinchoninic acid assay (BCA) protein assay kit (MD913053) were purchased from Medical Discovery Leader
(China). The polyvinylidene difluoride membrane (PVDF) (ISEQ00010) was provided by Millipore (USA). 1%
2,3,5-triphenyltetrazolium chloride (TTC) (G1017-100 ML) was offered by Servicebio Biotechnology Co., Ltd
(China). The acetonitrile (75-05-8) was obtained from Thermo (USA). The formic acid (64-18-6) was acquired from
Tokyo Chemical Industry (Japan). The ammonium formate (540-69-2) was obtained from Sigma (Germany).

Methods

Preparation of PS

Panax quinquefolium L (Lot no. 22020061) and Salvia miltiorrhiza Bunge. (Lot no. 22025671) were recruited from
Beijing Kangrentang Pharmaceutical Co., Ltd. (Beijing, China). One dosage of PS is composed of Panax quinquefolium
L. 10 g and Salvia miltiorrhiza Bunge. 30 g. PS were extracted by decoction and prepared via concentration and dryness
into granules. This scheme was applied by the Pharmacy Department of Dongfang Hospital, Beijing University of
Chinese Medicine (Beijing, China) with reference to Good Manufacturing Practice for Drugs to guarantee the quality.

Identification of Major Chemical Components in PS
Ultra-high-performance liquid chromatography tandem mass spectrometry (UHPLC-MS/MS) was used to determine the
chemical components of PS. UHPLC was made on Vanquish system (Thermo Fisher Scientific, USA). For UHPLC-ESI
(+)-MS analysis, the mobile phase consists of A (acetonitrile with 0.1% formic acid) and B (H,O with 0.1% formic acid).
The elution process was as follows: 0—1 min, 2% A and 98% B; 1-9 min, 50% A and 50% B; 9—12 min, 60% A and 40%
B; 12-13.5 min, 98% A and B; 13.5-14 min, 98% A and 2% B; 14-20 min, 2% A and 98% B. For UHPLC-ESI (-)-MS
analysis, the analytes were carried out with (A) acetonitrile and (B) ammonium formate (SmM). The elution process was
as follows: 0—1 min, 2% A and 98% B; 1-9 min, 50% A and 50% B; 9-12 min, 60% A and 40% B; 12—13.5 min, 98%
A and 2% B; 13.5-14 min, 98% A and 2% B; 14-17 min, 2% A and 98% B.

MS was conducted on Q Exactive (Thermo Fisher Scientific, USA) with ESI ion source according to certain
conditions and parameters.

Animals

Sprague-Dawley (SD) rats (200 + 20 g, male) were obtained by Beijing Vital River Laboratory Animal Technology Co.
Ltd. (License No. SCXK, 2016-0011, Beijing). These animals were housed in specific-pathogen-free (SPF) environment
during a 12:12 h light/dark cycle, controlled temperature of 22 + 1°C, and humidity of 50 + 10%. Our experiment was
subject to approval by the Animal Ethics Committee of Dongfang Hospital, Beijing University of Chinese Medicine
(DFYY202221R) and adhered to the National Institutes of Health Guidelines on Laboratory Research.

Establishment of AMI Models
The AMI rat models were established through ligating the left anterior descending (LAD) after 7 days of adaptive
feeding.® Briefly, rats were anesthetized with 1% pentobarbital sodium and ventilated with ventilator. A left thoracotomy
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was performed along the third and fourth intercostals to expose the heart, then LAD was ligated with suture. After
operation, 60,000 U/d penicillin was injected intramuscularly for 3 days to avoid infection. Sham surgery experienced the

same process except for LAD ligation.

Animal Grouping and Intervention

Rats were randomly divided into six groups (n=12 per group): (a) sham group: distilled water, intragastric administration,
once daily; (b) model group: distilled water, intragastric administration, once daily; (c¢) PS low-dose (PS-L) group: Panax
quinquefolium L. 1.5 g/kg/d, Salvia miltiorrhiza Bunge. 4.5 g/kg/d, intragastric administration, once daily; (d) PS high-
dose (PS-H) group: Panax quinquefolium L. 3 g/kg/d, Salvia miltiorrhiza Bunge. 9 g/kg/d, intragastric administration,
once daily; (e) PX-478 group: Panax quinquefolium L. 3 g/kg/d, Salvia miltiorrhiza Bunge. 9 g/kg/d, intragastric
administration, once daily; PX-478 2.5 mg/kg/d, intraperitoneal injection, once a week; (f) angiotensin converting
enzyme inhibitor (ACEI) group: Perindopril 0.84 mg/kg/d, intragastric administration, once daily. The intervention
was initiated on the second day after operation for 4 weeks in each group. In this study, the experimental doses were
calculated based on body surface area.

Echocardiography

After 4 weeks of treatment, all rats were anesthetized for echocardiography. M-mode echocardiography was used to
evaluate the heart movement after positioning the rat heart with high-frequency probe, and the average value of 3 cardiac
cycles was taken for each rat. Left ventricular ejection fraction (LVEF), left ventricular fractional shortening (LVFS), left
ventricular anterior wall in diastole (LVAWdJ), left ventricular anterior wall in systole (LVAWSs), left ventricular end-
diastolic inner diameter (LVIDd), left ventricular end-systolic inner diameter (LVIDs), left ventricular posterior wall in
diastole (LVPWd) and left ventricular posterior wall in systole (LVPWs) were detected to assess cardiac structure and
function.

Sample Collection

After 4 weeks of intervention and echocardiography, blood and the heart were gathered in rats. Blood samples were
harvested from abdominal aorta and centrifuged to obtain serum (3000 rpm, 15 min, 4°C). The serum was kept at —80°C.
Then the heart was immediately extracted. The complete heart was only used for TTC experiments. A portion of the
marginal zone of myocardial infarction was fixed with 4% paraformaldehyde for histopathological examinations. The
remaining ischemic myocardial tissue was minced by scissors and stored at —80°C for further molecular biological

experiments.

Histological Analysis
After dewaxing and dehydration, the heart paraffin sections were stained with hematoxylin/eosin (H&E) or Masson
staining kit to measure pathological changes. Finally, the sections were sealed with neutral gum and photographed under
an optical microscope.

The hearts were derived from rats and immediately rinsed in phosphate-buffered saline (PBS). Afterwards, the hearts
were stored at —80°C for 30 min and cut into 5 slices below the ligature. The prepared sections were incubated with TTC
at 37°C and avoided light for 20 min, and then fixed with 10% formalin for 4 h. The infarcted area was white and
quantified using Image J software.

Immunohistochemistry

The expression of CD31 and MVD in ischemic myocardial tissues of AMI rats were monitored by immunohistochem-
istry. The prepared heart paraffin sections were dewaxed by gradient ethanol to water (the same as histopathological
staining). Subsequently, the sections were submitted to antigen repair, blocked using serum, and incubated with primary
and secondary antibody, and then observed under the optical microscope. Finally, the image J software was used for

quantization.
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Enzyme-Linked Immunosorbent Assay

Enzyme-linked immunosorbent assay (ELISA) were used to evaluate the levels of HGF and bFGF in the serum of rats.
After sample addition, incubation, plate washing, incubation of primary and secondary antibodies, coloration and
termination, the optical density (OD) of each sample was immediately measured with the microplate reader at 450
nm. The sample concentration was estimated according to the OD value and standard curve.

Real-Time Quantitative PCR

Total mRNA of myocardial tissue was extracted by Trizol method. The qualified mRNA was reverse transcription into
c¢DNA with SuperScript III RT kit. Then, cDNA amplification was done with SYBR gpcr mix. The RT-qPCR conditions
were as follows: 95°C for 5 min, then 40 cycles of 95°C for 10s, 20s at 58°C and 72°C for 20s, subsequent 95°C for 10s
and 60°C for 60s. Finally, it ends at 95°C for 15s. The mRNA levels of miR-155-5p, HIF-1a and VEGF in myocardial
tissue of rats were detected by Real-time quantitative PCR (RT-qPCR). The relative mRNA levels for miR-155-5p, HIF-
la and VEGF was analyzed by the 2~ **“* method. Primers are given in Table 1.

Western Blot Assay

Myocardial tissues were lysed in RIPA buffer with PMSF to produce the homogenate. Total protein levels were
quantified by BCA kit. The protein samples were loaded and electrophoresed on 10% sodium dodecyl sulfate-
polyacrylamide gel (SDS-PAGE) and transferred to a PVDF. After sealing, incubation of primary and secondary
antibodies and exposure, the protein levels of HIF-1a and VEGF were detected.

Statistical Analysis

GraphPad Prism 7.0 (Graph-Pad Software Inc., La Jolla, CA, USA) was utilized to perform statistical analyses. The
difference between groups was analyzed by one-way analysis of variance (ANOVA) or Student’s #-test. P < 0.05 were
considered significant.

Results
Identification of Major Chemical Components in PS by UHPLC-MS/MS Analysis

A total of 223 compounds were identified in this study, including 147 compounds identified by positive spectrum and 76
compounds identified by negative spectrum. The total ion chromatograms (TICs) are shown in Figure 1A (positive ion
mode) and 1B (negative ion mode). According to the similarity score of the spectrum, oral bioavailability (OB) > 30%,
and drug resistance drug-likeness (DL) > 0.18, 28 main chemical components were finally screened. The detailed
information of 28 compounds were shown in Table 2.

PS Improved Cardiac Structure and Function in AMI Rats

The study protocol is described in Figure 2A. To gain insights into the effects and mechanisms of PS against AMI, a rat
model of AMI was established by ligating the LAD. Rats were treated continuously with the corresponding drugs
according to the scheme for 4 weeks from the first day after surgery. Perindopril (0.84 mg/kg/d) was used as a positive
drug control. At the same time, PX-478, an inhibitor of HIF-10, was used to clarify the role of the miR-155/HIF-10/

Table | Primer Sequences

Gene Symbol Forward Reverse
ué CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
miR-155-5p TCGGCAGGTTAATGCTAATTGTGAT CTCAACTGGTGTCGTGGAGT
GAPDH CGGAGTCAACGGATTTGGTCGTAT AGCCTTCTCCATGGTGGTGAAGAC
HIF-la TGCTGGCTCCCTATATCCCA TGCTGGCTCCCTATATCCCA
VEGF AGGGCAGAATCATCACGAAGT AGGGTCTCGATTGGATGGCA
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Figure | TICs of PS by UHPLC-MS/MS. (A) TIC of PS in positive ion mode. (B) TIC of PS in negative ion mode.

VEGF signaling pathway in the pro-angiogenic effect of PS in post-AMI rats. At the end of the study, 12 of 12 rats
(100%) in the sham group survived, while 8 (66.67%), 9 (75%), 10 (83.33%), 10 (83.33%) and 11 (91.67%) rats in the
model, PS-L, PS-H, PX-478 and ACEI groups survived respectively (Figure 2B).
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Table 2 The Major Components of Panax Quinquefolium L. and Salvia Miltiorrhiza Bunge
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ID Name Class Chemical Chemical Structure Pos/
Formula Neg
M785T554_| Ginsenoside F2 CyH72013 . Pos
JC
M287T808 Luteolin Flavonoids C5H 00 Pos
o |
M287T481 Fisetin Ci5H 1006 Pos
M303T508 Quercetin CisH,007 Pos
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E |
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S ee
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Table 2 (Continued).
ID Name Class Chemical Chemical Structure Pos/
Formula Neg
M291T924 Sclareol Prenol lipids CyoH30, Pos
n | :
M303T578 Hesperetin Flavonoids C6H 404 Pos
Ol
[ ]
M336T622 Berberine Protoberberine alkaloids and CyoH gNOy Pos
derivatives N0
M373T751 Sinensetin Flavonoids CyoH007 Pos
| o
] f
¢ T
M383T977_3 Campesterol Steroids and steroid C,gH4g0 Pos
derivatives I o
~Y 1
b
M403T793 Nobiletin Flavonoids C,1H,08 Pos
o J o
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¢ I
(Continued)
3256 | "tes Drug Design, Development and Therapy 2023:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Li et al

Table 2 (Continued).

ID Name Class Chemical Chemical Structure Pos/
Formula Neg
M395T871 Alpha- Steroids and steroid CyoH4gO Pos
Spinasterol derivatives
D
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SO Y
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(Continued)
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Table 2 (Continued).
ID Name Class Chemical Chemical Structure Pos/
Formula Neg
M286T707 Kaempferol Flavonoids C5H 00 Neg
(L, ;
(T
i \
M283T604 Rhein Anthracenes C,5HgO¢ Neg
‘ | ~ ‘
L,
M283T628 Glycitein Isoflavonoids C¢H 205 Neg
\ I
[ ] f
M267T655 Formononetin Isoflavonoids CieH 204 Neg
e
M269T608 Baicalein Flavonoids C5H00s Neg
[
Y
M289T432 Catechin Flavonoids CisH 140 Neg
RGP
N ‘ i
(Continued)
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Table 2 (Continued).

ID Name Class Chemical Chemical Structure Pos/
Formula Neg
M353T907 Yohimbine Yohimbine alkaloids C,1H26N,03 Neg
1 N
Ll -
Oy”
M269T371 Norizalpinin Flavonoids C5H00s Neg
@ :
]
Ol
M269T633 Imperatorin Coumarins and derivatives Ci6H 1404 Neg
|
[ ]
M593T608 Poncirin Flavonoids CoygH340,4 Neg
Ll o
[ |

Echocardiography was used to assess cardiac structure and function, as described in Figure 2C, D. The echocardio-
graphic parameters in the model group were characterized by lowered LVEF, LVFS, LVAWd, LVAWs, LVPWd and
LVPWs and enlarged LVIDd and LVIDs, which indicated abnormal heart function and cardiac remodeling in contrast
with the sham group (P < 0.05). As expected, both PS and ACEI markedly increased the LVEF, LVFS, LVAWd, LVAWs
and LVPWs of AMI rats and decreased LVIDd and LVIDs (P < 0.05). Conversely, the function of PS mentioned above
was strongly impaired by PX-478.

PS Reduced Myocardial Infarct Size in Rats with AMI

To observe the effect of PS on myocardial infarct size, the myocardial infarct area was evaluated by TTC staining
(Figure 3A). The results demonstrated an obviously larger infarcted area in the model group than in the sham group (P <
0.05), and the above phenomena were partially reversed by PS and perindopril (P < 0.05). Moreover, the cardioprotective
effects of PS were diminished by PX-478 in rats after AMI (Figure 3B).
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Figure 2 PS improved cardiac structure and function in AMI rats. (A) The study protocol of animal experiments; (B) The survival of experimental animals during the study
period; (C) Representative echocardiographic images of rats in each group; (D) Quantification of cardiac function and structure. Data were expressed as the mean * SEM,
n=8. *P < 001, ¥ < 0.001, vs sham group; P < 0.05, 4P < 0.01, 44 4P < 0.001, vs model group.

PS Relieved Histopathological Changes in Myocardial Tissues

H&E staining further revealed a reduced number of myocardial cells, hypertrophic and edematous cardiomyocytes, indistinct
cytoplasmic borders and nuclei, and inflammatory cell infiltration in the model group in comparison to the sham group on day
28 post-AMI. However, when treated with PS, not only the number, shape and size of myocardial cells but also the infiltrated
inflammatory cells were reversed by PS and perindopril compared with the model group (Figure 4A).
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Likewise, Masson examination at 28 days after AMI suggested that collagen fiber deposition was significant in the
model group compared with the sham group, and PS and perindopril further reduced AMI-induced collagen deposition in
infarcted myocardium (P < 0.05) (Figure 4B and C). More intuitively, PX-478 reversed the effects of PS and perindopril
on myocardial pathological changes.

PS Promoted Angiogenesis in Rats After AMI

Both MVD and CD31 are important proteins reflecting tissue angiogenesis. To identify the localization and expression of
MVD and CD31, the marginal zone of myocardial infarction in rats after AMI was measured by immunohistochemical
analysis. Representative images and quantitative results for each group are illustrated in Figure 5A and B. MVD and CD31
were localized in the nucleus and cytoplasm, and their expression was dark brown in immunohistochemical staining. The
sham group and the model group showed significant differences in the expression levels of MVD and CD31 protein (P <0.05).
The levels of MVD and CD31 were appreciably increased in the PS-L, PS-H and ACEI groups compared with the model
group (P < 0.05). However, the increase in MVD and CD31 induced by PS was partly inhibited by PX-478.

PS Increased the HGF and bFGF Levels in Serum

Angiogenic markers genes, such as HGF and bFGF are necessary for angiogenesis after AMI.? Therefore, we observed
the effects of PS on the expression of these key cytokines involved in the activation of angiogenesis. As shown in
Figure 6A, the high dose of PS and Perindopril administration markedly upregulated the level of HGF (P < 0.05).
Moreover, this function of PS was weakened by PX-478. Regrettably, no significant difference was observed in the
promoting effect of PS on bFGF (Figure 6B).

PS Inhibited the miR-155-5p/HIF-10/VEGF Signaling Pathway in AMI Rats

Our previous work has shown that the mechanism of PS in treating coronary heart disease is related to angiogenesis
in vivo, in which the HIF-1 signaling pathway and VEGF are key targets.>* In addition, as an upstream regulatory gene of
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Figure 5 PS promoted the expression levels of MVD and CD31 in the marginal zone of myocardial infarction. (A) The expression of MVD. (B) The expression of CD31.

Scale bar = 100 um, data were expressed as the mean + SEM, n=3. *P < 0.01, vs sham group; 4P < 0.05, vs model group.
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Figure 6 PS increased the expression level of HGF and bFGF in rats following an AMI. (A) The HGF level in serum, (B) The bFGF level in serum. Data were expressed as
the mean + SEM, n=8. *P < 0.05, vs sham group; Ap< 0.05, vs model group.

HIF-1, miR-155 regulates endothelial cell proliferation and angiogenesis.'” We speculated that the role of PS in
promoting angiogenesis in rats after AMI was related to regulating the miR-155-5p/HIF-1o0/VEGF signaling pathway.
Thus, it is of great interest to identify whether PS is a potential regulator of the miR-155-5p/HIF-1a/VEGF axis. To this
end, the mRNA and protein levels of HIF-1a and VEGF in the myocardial tissue of rats were detected (Figure 7).

We found that, as expected, PS significantly reduced the levels of miR-155-5p (P < 0.05) (Figure 7A). Then, when
compared with the sham group, the mRNA and protein expression levels of HIF-1a were significantly elevated, while the
mRNA and protein levels of VEGF were obviously decreased in the AMI group (P < 0.05) (Figure 7B—E). Instead, PS and
perindopril inhibited the mRNA and protein expression levels of HIF-1a and enhanced the levels of VEGF (P < 0.05)
(P < 0.05) (Figure 7B—E). Moreover, the HIF-1a inhibitor PX-478, was used to further clarify whether the effect of PS on
promoting angiogenesis is mediated by HIF-1o/VEGF. Excitingly, PX-478 partially reversed the above regulatory effects of
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Figure 7 PS inhibited the miR-155-5p/HIF-1 o/VEGF signaling pathway in AMI rats. (A) The relative mRNA expression of miRNA-155-5p in myocardial tissues, (B) The
relative mRNA expression of HIF-1 o in myocardial tissues, (C) The relative mRNA expression of VEGF in myocardial tissues, (D) Representative immunoblot band diagram
immunoblots against HIF-1 o and VEGF in myocardial tissues, (E) Quantitative values of HIF-1 o and VEGF relative protein expression in myocardial tissue. Data were
expressed as the mean * SEM, n=3. *P < 0.05, **P < 0.01, **P < 0.001, vs sham group; 4P < 0.05, 4P < 0.01, vs model group.
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PS. The inhibitory effect of PS on promoting angiogenesis was mediated by the miR-155-5p/HIF-10/VEGEF signaling pathway
in rats after AMIL.

Discussion

This study presented several novel findings. First, PS reduced the myocardial infarction area and improved cardiac
function in rats with AMI. Second, PS promoted angiogenesis in post-AMI rats, and its mechanism was related to
regulating the miR-155-5p/HIF-10/VEGF pathway. Third, PX-478, an inhibitor of HIF-1a, weakened the effect of PS
above. PS may be an attractive drug candidate for the treatment of AMI.

TCM has a long history in treating various diseases. Qi deficiency and blood stasis are accepted as the main
pathogenesis in ischemic heart disease according to TCM theories.”” PS is a compatibility scheme of TCM for
tonifying qi and activating blood. Modern pharmacological studies have revealed that PS and their active ingre-
dients promoted angiogenesis in rats with AMI, which may be related to the upregulation of VEGF and bFGF.**-*°
Through network pharmacology, we also found that PS regulated angiogenesis of coronary heart disease and is
related to HIF-1/VEGF pathway.”* Based on the above analysis, the role and mechanism of PS on angiogenesis
after AMI are of great importance. In the present study, an AMI rat model was established by ligation of the LAD.
Rats in the model group exhibited ventricular remodeling, which was characterized by the enlargement of the
ventricular cavity and the thinning of the ventricular wall. Then, the model group showed a remarkable elevation in
myocardial infarction area. In addition, histopathology was suggestive of extensive myocyte necrosis, intense
inflammatory cell infiltrates and abundant collagen fibers in the model group. However, PS improved cardiac
structure and function, reduced infarct size, and alleviated myocardial fibrosis and inflammatory cell infiltration in
rats following AMI.

The term “angiogenesis” was originally introduced by the British surgeon John Hunter in 1787,>° which is a process of
generating new capillaries from preexisting vessels in the form of budding or nonbudding by the proliferation and migration
of vascular endothelial cells based on the original vascular bed.>'** Therapeutic angiogenesis promotes angiogenesis of
ischemic myocardium, and establishing effective collateral circulation are critical for the recovery of cardiac function after
AMI.** Thus, proangiogenesis is generally considered to be an effective therapeutic strategy for treating AMI. FGF and
bFGF are known as powerful angiogenesis factors, which increases the proliferation and migration of endothelial cells.>**
MVD refers to the number of microvessels per unit of tissue volume, or the number of microvessels per unit of tissue cross-
sectional area.*® Furthermore, CD31 is a specific marker of angiogenesis.’” In the current study, AMI-induced impaired
angiogenesis was confirmed by the marked elevation of MVD and CD31 in myocardial tissues, as well as HGF and bFGF in
serum. However, PS reversed the above changes and promoted angiogenesis.

miRNA is a class of noncoding small RNA molecules consisting of 21-23 nucleotides, and a key inhibitor of
gene expression by binding to the 3'- untranslated region (UTR) of target mRNA.*® miR-155-5p inhibition
rejuvenates aged mesenchymal stem cells and enhances angiogenesis, thus playing a cardioprotective role after
AMI.*° HIFs have been identified as a group of highly conserved factors that control the expression of many
angiogenesis genes.*’ VEGF is an effective mitogen and important proangiogenic factor.*' It promotes an increase
in vascular permeability, degeneration of extracellular matrix, vascular endothelial cell migration and proliferation,
and induction of angiogenesis.** It has been proven to promote angiogenesis in vivo models.** Indeed, HIF-1a is
induced in endothelial cells, resulting in the activation of VEGF and its receptor gene transcription.** In this study,
we explored the role and mechanism of the miR-155/HIF-1a/VEGF pathway in mediating the effect of PS on
angiogenesis in the ischemic myocardium following an AMI. To better clarify this mechanism, PX-478, a HIF-1a
inhibitor, was used. The mRNA level of miR-155-5p was enhanced in the model group and was reduced by PS.

Moreover, after continuous treatment with PS throughout the process, the mRNA and protein levels of HIF-la
significantly decreased, while those of VEGF increased compared with those in the model group. The above regulatory
effects of PS on the miR-155-5p/HIF-10/VEGF pathway were reversed by PX-478. Considering these results, we inferred
that PS could regulate the miR-155-5p/HIF-1a/VEGF axis, promoting angiogenesis, which is an effective drug for AMI.
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Figure 8 PS enhances angiogenesis by regulating the miR-155-5p/HIF-1a/VEGF axis in acute myocardial infarction.

Conclusion

In brief, our study indicated that PS promoted angiogenesis by inhibiting the miR-155-5p/HIF-1a/VEGF signaling pathway,
thereby reducing the myocardial infarction area and improving cardiac function in rats following AMI. These results not only
from our deeper understanding of the mechanism of PS in the treatment of AMI but also offer laboratory evidence for
optimizing innovative drug candidates based on PS and using them as the main or adjuvant therapy for AMI (Figure 8).
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