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A B S T R A C T   

Increased level of Angiotensin II (Ang II) contributes to hypertensive heart failure via -hemodynamic and non- 
hemodynamic actions. Ginsenoside Rg5 (Rg5) occurs naturally in ginseng, which has shown various benefits 
for cardiovascular diseases. This study evaluated Rg5′s effects on Ang II-caused cardiac remodeling and heart 
failure. C57BL/6 mice developed hypertensive cardiac failure after four weeks of Ang II infusion. The mice were 
administered Rg5 via oral gavage for the last two weeks to investigate the potential mechanism of Rg5. RNA 
sequencing of heart tissues was performed for mechanistic studies. It was discovered that Rg5 inhibited cardiac 
inflammation, myocardial fibrosis, and hypertrophy, and prevented cardiac malfunction in mice challenged with 
Ang II, without altering blood pressure. RNA sequencing showed that Rg5′s cardioprotective effect involves the 
JNK/AP-1 signaling pathway. Rg5 diminished inflammation in mice hearts and cultured cardiomyocytes by 
blocking Ang II-activated JNK/AP-1 pathway. In the absence of JNK or AP-1 in cardiomyocytes, the anti- 
inflammatory effects of Rg5 were nullified. The study found that Rg5 preserved the hearts of Ang II-induced 
mice by reducing JNK-mediated inflammatory responses, suggesting that Rg5 is an effective therapy for hy
pertensive heart failure.   

1. Introduction 

Among adults, more than 30 percent have hypertension, making it a 
significant contributor to the prevalence of such devastating diseases as 
myocardial infarction, stroke, and heart failure [1]. A high concentra
tion of angiotensin II (Ang II) activates the local renin-angiotensin sys
tem (RAS) and has detrimental consequences on the heart, containing 
cardiac remodeling and hypertrophy [2]. Ang II is a multifunctional 
cytokine that causes oxidative stress and inflammation, which damage 
the blood arteries and hearts [3]. Cardiomyocytes are induced to adopt 
an inflammatory phenotype by Ang II, which has been linked to cardiac 

fibrosis and remodeling, according to studies [4]. Because hypertension- 
targeting RAS blockers cannot completely reverse the cardiac remod
eling and dysfunction in clinical management [5], from a non- 
hemodynamic perspective, it is beneficial to pursue drugs that can 
counteract the effects of Ang II, like Ang II-induced chronic 
inflammation. 

Natural therapies have been used to treat and prevent diseases for 
millennia. Undoubtedly, Traditional Chinese medicine (TCM) is the 
safer treatment in modern medicine, while Ginseng has been used for a 
long time as a natural medicine, such as anti-cancer, anti-inflammation, 
anti-diabetes, anti-obesity, neuroprotection, and cardioprotection [6]. 
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Ginsenoside Rg5 (Rg5) has demonstrated excellent pathological effects, 
including anticancer, antiallergy, anti-inflammatory, immune-boosting, 
and hypoxia resistance, and a preventive role in cardiovascular diseases 
(CVDs) [7–9]. Rg5 (shown in Fig. 1A), a minor ginsenoside synthesized 
during steaming of ginseng, has better medicinal activities compared 
with major ginsenosides. Rg5 prevented cell apoptosis with increased 
HK-II binding and reduced Drp1 recruitment to mitochondria in 
isoproterenol-induced ischemic heart of mice [10]. Rg5 significantly 
inhibited hypoxia-induced NRMs apoptosis, decreased the expression 

pro-apoptotic protein Bax, increased the expression of anti-apoptotic 
protein Bcl-2 ratio and the level of cleaved caspase 3. Akt signaling 
activation was found to be the mechanism of Rg5′s protective effect on 
hypoxia-induced NRMs apoptosis, as an Akt inhibitor eliminated the 
anti-apoptotic effects of Rg5. Rg5 suppressed hypoxia-induced apoptosis 
in NRMs via activation of the Akt signaling [8]. However, the value of 
Rg5 in the treatment of hypertensive heart failure remains uncertain. 

In the present work, cardioprotective characteristics of Rg5 in hy
pertension were studied. Rg5′s ability to diminish the activation of c-Jun 

Fig. 1. Rg5 prevents Ang II-induced cardiac 
remodeling and dysfunction in mice. Mice 
were treated as described in Methods. (A) 
Chemical structure of Ginsenosides Rg5 
(Rg5). (B) Periodic systolic blood pressure 
measurement as determined by non-invasive 
tail-cuff Pressure Analysis System weekly. 
(C) Ang II levels in mouse serum were 
determined by ELISA kit. (D) Cardiac func
tion in mice was determined by noninvasive 
echocardiography. (E-F) EF and FS of mice 
measured by ultrasonic scanning image sys
tem. (G-H) CK-MB and ANP levels in mice 
serum were determined using Biochemical 
kit and ELISA kit respectively. (I) Represen
tative fresh heart images in white back
ground. (J) Representative wheat germ 
agglutinin (WGA) staining of heart tissues 
[scale bar = 100 μm]. (K) Quantitative 
analysis of myocyte area. A minimum of 100 
cells were measured from different visual 
fields of 6 samples per group. (L) Represen
tative hematoxylin-eosin (H&E) staining 
image of heart tissues [scale bar = 200 μm], 
black arrows indicating myocardial fiber 
arrangement disorder (n = 6, data were 
presented as mean ± SEM. *p < 0.05, **p <
0.01 vs. CON group; #p < 0.05, ##p < 0.01 
vs. Ang II-treated group).   
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N-terminal kinase (JNK) and the resultant activator protein 1 (AP-1) 
prevented Ang II–induced cardiac inflammation, fibrosis, and hyper
trophy both in vivo and in vitro. Thus, Rg5 was identified as a potential 
novel treatment drug for hypertensive heart failure due to our research. 

2. Materials and methods 

2.1. Reagents 

The reagents and antibodies used in this study are listed in the 
Supplemental Table S1. 

2.2. Cell culture 

Immortalized rat cardiomyocyte-like H9c2 cell line was purchased 
from the Shanghai Institute of Biochemistry and Cell Biology (Shanghai, 
China). The H9c2 cells were cultured in Dulbecco’s modified Eagle 
medium (DMEM, cat no.11995040, Gibco; Eggenstein, Germany), with 
10% fetal bovine serum (cat no.14160063, Gibco; Eggenstein, Germany) 
and 1% penicillin/streptomycin in an incubator that was humidified and 
contained 5% carbon dioxide. The temperature was 37 degrees Celsius 
(Invitrogen; CA, USA). As was discussed earlier, the medium used to 
cultivate the cells was DMEM. 

2.3. Animal experiment 

18 six-week-old male C57BL/6 mice, weighing 16–17 g, were pro
vided by the Animal Center of Wenzhou Medical University. All animal 
care and experimental procedures in this study were approved by the 
Wenzhou Medical University’s Animal Policy and Welfare Committee 
(Approval Document No. wydw2021-1031). All animals were treated 
humanely, per the guidelines set by the National Institutes of Health 
(USA). Before beginning in vivo tests, mice were given at least two 
weeks to acclimatize to their surroundings. Mice were placed in a 
controlled setting with a 12:12 light/dark cycle and typical rodent food. 

To promote hypertensive cardiac damage, as previously described, 
mice were infused with Ang II via a micro-osmotic pump (catalog 
number Alzet MODEL 1004, Alzet, CA) [11]. The pump supplied 1 ng/ 
kg/min Ang II for four weeks after being implanted in the back of mice. 
After pump implantation, mice received 1 g/L neomycin in their 
drinking water to keep wound disinfection. As mentioned earlier, the 
systolic blood pressure was monitored weekly using telemetric blood 
pressure equipment and a tail cuff (BP-2010A, Softron Biotech, Tokyo, 
Japan) [12]. After starting Ang II treatment, mice received intragastric 
injections of Rg5 that had been dissolved in 0.5% CMC-Na solution two 
weeks later. Previous research served as the basis for the selection of the 
Rg5 dosage, which were set at 50 mg/kg/d [13,14]. The groups will be 
divided using randomization this time. Mice were separated into the 
following four groups at random: (i) non-treated animals given a 0.5% 
CMC-Na vehicle solution (CON, n = 6); (ii) Mice that had been injected 
with Ang II and were given a 0.5% CMC-Na vehicle solution (Ang II; n =
6); (iii) Mice injected with Ang II and given Rg5 at 50 mg/kg daily (Ang 
II + 50 mg/kg Rg5; n = 6). 

During the duration of the animal experiment, all mice survived. 
After the investigation, animals were slaughtered under the influence of 
sodium pentobarbital. After killing, the cardiac tissues and blood were 
collected. The weight of the heart, total body mass, and tibia length were 
measured and recorded. Serum biomarkers, including Ang II, CK-MB, 
and ANP, were assessed using the commercial kits, respectively. For 
gene and protein expression investigations, the tissues of mouse heart 
were snap-frozen in liquid nitrogen, and for histological examination, 
they were treated with 4% paraformaldehyde. 

2.4. Cardiac functional tests 

Transthoracic echocardiography was used to measure noninvasively 

systolic and diastolic heart function in sedated mice a day before sac
rifice. Under the influence of isoflurane, 18 mice underwent echocar
diography analysis using the SONOS 5500 ultrasonography with a 15- 
MHz linear array ultrasound transducer (Philips Electronics, Amster
dam, Netherlands). 

2.5. WGA-FITC staining 

Frozen sections of cardiac tissue were used for the immunofluores
cence staining procedure. Analysis of frozen tissue sections with a 
thickness of 5 μm was performed after a permeabilization step of 0.1% 
Triton X-100 for ten minutes, followed by a blocking step of bovine 
serum albumin (5%) for thirty minutes. At 37  degreesC, a 1:200 solution 
of WGA-FITC dye was applied and stained for 30 min. Images were 
captured using a Nikon fluorescent microscope at 40 × magnification 
(Nikon, Tokyo, Japan). 

2.6. Heart histology 

The cardiac tissues were immersed in paraffin and sliced to a 
thickness of 5 µm. The amount of collagen in the cardiac tissues was 
determined using the Sirius red, H&E, and Masson’s trichrome staining. 
A light microscope at 200 × magnification was used to record the 
stained sections (Nikon, Tokyo, Japan). Image J (NIH) was utilized to 
quantify collagen deposition using a single-blinded approach. 

2.7. Rhodamine phalloidin staining 

After treatment, H9c2 cells were fixed in 4% paraformaldehyde, 
permeabilized in Triton X-100 solution (0.1%), and then stained with 
rhodamine-conjugated phalloidin at 50 ng/ml for 30 min in order to 
examine hypertrophic changes in the cells. DAPI was utilized as a 
staining for the cell nuclei at room temperature. For the purpose of 
observing and documenting immunofluorescence, an epifluorescence 
microscope manufactured by Nikon (400 × magnification; Tokyo, 
Japan: Nikon) was used. 

2.8. Cell viability assay 

Three thousand H9c2 cells per well were grown and cultured onto a 
96-well plate overnight. These cells were then subjected to increasing 
concentrations of Rg5, including 0.1, 0.5, 1, 2.5, 5, 10, 20, 40, and 80 
μM. The vehicle for the control cells was DMSO. Following an incubation 
period of 24 h, each well was supplemented with methyl thiazolyl 
tetrazolium (MTT). After incubating the cells for four hours, DMSO was 
added. SpectraMax M5 microplate reader recorded absorbance at 570 
nm (Molecular Devices, CA, USA). The proportion of viable cells was 
compared to the control group. 

2.9. RNA transcriptome sequencing 

Purified total RNA of mouse heart tissues was extracted using the 
TRIzol reagent (Invitrogen, CA, USA) according to the manufacturer’s 
guidelines. Using NanoDrop ND-1000, the amount and purity of RNA in 
each cardiac sample were measured (NanoDrop, DE). The integrity of 
the RNA was examined by a Bioanalyzer 2100 (Agilent, CA) and then 
validated by electrophoresis assay on a denaturated agarose gel. Uti
lizing Dynabeads Oligo (dT)25–61005 (Thermo Fisher, CA), poly (A) 
RNA is isolated from 1 μg total RNA. The magnesium RNA Fragmenta
tion Module (NEB, cat. e6150, MA) was then utilized to fragment poly 
(A) RNA into small fragments. SuperScriptTM II reverse transcriptase 
was then used to convert the cleaved RNA fragments into cDNA (Invi
trogen, cat. 1896649, CA, USA). As per the manufacturer guidelines, the 
sequencing analysis was completed using an Illumina NovaseqTM 6000. 
After the whole transcriptome generation, all transcripts’ expression 
levels were quantified. mRNAs with differential expression were 
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identified utilizing the following criteria: fold change < 0.5 or fold 
change greater than 2, with p-value < 0.05. 

2.10. Real-time qPCR (RT-qPCR) 

Using Trizol Reagent, total RNA was isolated from the cells or tissues. 
1 μg total RNA was reverse-transcribed utilizing PrimeScriptTM RT re
agent Kit (cat. no. DRR037A, Takara Bio Inc., Kusatsu, Japan). Using the 
CFX96 Touch Real-Time PCR Detection System, TB Green® Premix Ex 
TaqTM II (RR820B, Takara Bio Inc., Kusatsu, Japan) and particular 

primers were subsequently added and utilized for real-time qPCR assay 
(Bio-Rad; CA, USA). Normalization of the gene expression levels relative 
to that of the housekeeping gene β-actin. The primers used in this study 
were provided in Table S2 of the Supplement. 

2.11. Western blot analysis 

Using 10% SDS-PAGE, homogenates of the lysates of cells or tissues 
were divided and electrotransferred onto PVDF membranes. 1.5 h were 
spent blocking membranes in Tris-buffered saline, which contains 
Tween20 (0.05%) and non-fat milk (5%). Then, the specific primary 
antibodies were incubated with the PVDF membranes. Immunoreactive 
bands were observed using secondary antibodies coupled to improved 
chemiluminescence reagent and horseradish peroxidase (Bio-Rad; CA, 
USA). Using the 1.38e version Image J analysis software, densitometric 
measurements were standardized to their corresponding controls. 

2.12. Statistical analysis 

The GraphPad Prism v8.0 software (San Diego, CA) was utilized for 
statistical analysis. A one-way analysis of variance (ANOVA) was con
ducted, followed by a multiple comparisons test with Bonferroni 
correction. The outcomes are presented as the mean ± SEM and p-value 
< 0.05 was deemed substantial. 

3. Results 

3.1. Rg5 inhibits cardiac remodeling and dysfunction produced by Ang II 
infusion in mice 

We first examined whether Rg5 prevents cardiac damage caused by 
Ang II in mice. As depicted in Fig. 1B, the systolic blood pressure was 
raised in mice with Ang II infusion, and the Rg5 therapy did not affect 
blood pressure. As anticipated, Ang II infusion boosted serum Ang II 

Table 1 
Biometric and Echocardiographic Measurements in Experimental Mice.   

CON Continuous Ang II Pump Infusion  

Rg5 (50 mg/kg) 
n = 6 n = 6 n = 6 

EF, % 83.30 ± 2.77 70.27 ± 4.26** 77.83 ± 1.33## 
FS, % 44.65 ± 2.81 34.26 ± 3.18** 40.35 ± 1.22## 
LVIDd, mm 2.1 ± 0.26 3.08 ± 0.40** 2.77 ± 0.34 
IVSD, mm 0.63 ± 0.08 0.7 ± 0.09 0.67 ± 0.05 
PWD, mm 0.62 ± 0.08 0.68 ± 0.04 0.65 ± 0.05 
E wave, m/s 0.67 ± 0.06 0.56 ± 0.05** 0.69 ± 0.07## 
Tei Index 0.69 ± 0.17 0.77 ± 0.14 0.75 ± 0.08 
IRT, ms 17.17 ± 5.53 16.67 ± 1.51 15.67 ± 3.01 
HR, bpm 535.67 ± 22.16 522 ± 39.14 537 ± 20.73 
HW/BW, mg/g 5.51 ± 0.26 6.21 ± 0.49* 5.67 ± 0.41# 
HW/TL, mg/mm 6.11 ± 0.47 8.39 ± 0.54** 7.21 ± 0.73## 

Transthoracic echocardiography was performed on mice at the end of the animal 
study. Ang II, angiotensin II; BW, body weight; CON, control; EF, ejection 
fraction; E wave, peak mitral E velocity; FS, fractional shortening; HR, heart 
rate; HW, heart weight; IRT, isovolumic relaxation time; IVSD, diastole inter
ventricular septal thickness; LVIDd, diastole left ventricle internal dimension; 
PWD, diastole posterior wall thickness; Rg5, Ginsenoside Rg5; Tei index, a 
myocardial performance index designed by Dr. Chuwa Tei. Data presented as 
mean ± SEM. *p < 0.05, **p < 0.01 compared with CON group; #p < 0.05, ##p 
< 0.01 compared with Ang II Pump. 

Fig. 2. Rg5 prevents Ang II-induced heart fibrosis and 
inflammation in mice. Mice were treated as described in 
Methods. (A) Representative micrographs of cardiovascular 
Sirius Red staining. (B) Quantification of Picro Sirius Red 
staining of heart tissues in plane A. (C) Representative mi
crographs of Masson trichrome staining. [scale bar = 200 
μm]. (D) Quantification of Masson trichrome staining of 
heart tissues in plane C. (E) Representative Western blot 
analysis of β-MyHC, COL-1, and TGF-β1 in heart tissues. 
GAPDH was used as the loading control. (F) Quantitative 
data of the blot intensity of corresponding proteins deter
mined by Image J software in plane E (G) The mRNA levels of 
myh7, Col1a, and Tgfb1 were detected by RT-qPCR in the 
heart tissues. (H) The mRNA levels of Il1b, Il6 and Tnf were 
detected by RT-qPCR in the heart tissues. (n = 6, data were 
presented as mean ± SEM. *p < 0.05, **p < 0.01 vs. CON 
group; #p < 0.05, ##p < 0.01 vs. Ang II-treated group). (For 
interpretation of the references to color in this figure legend, 
the reader is referred to the web version of this article.)   
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concentrations. However, Rg5 did not affect this increase in mice 
(Fig. 1C). These outcomes demonstrate that Rg5 is devoid of hypotensive 
properties. Intriguingly, noninvasive echocardiography revealed that 
Rg5 ameliorated Ang II–induced heart dysfunction, as demonstrated 
primarily by the reversal of fractional shortening (FS) and ejection 
fraction (EF) percentage values in Rg5-treated hypertensive mice 
(Fig. 1D–F, and Table 1). Moreover, medication with Rg5 reduced serum 
CKMB and ANP levels in Ang II-treated animals (Fig. 1G–H). Next, we 
evaluated Rg5′s influence on heart morphological deterioration. Gross 
examination and WGA staining revealed hypertrophic alterations in 
hearts of Ang II-challenged mice, whereas Rg5 significantly decreased 
cardiac hypertrophy in Ang II-challenged mice (Fig. 1I–K). Comparable 
outcomes were seen when comparing mice’s heart weight/tibia length 
and heart weight/body weight ratios (Table 1). Ang II-induced histo
logical alterations in the hearts of mice treated with Rg5-showed 
considerable improvement when examined with H&E staining, which 
revealed these modifications (Fig. 1L). Based on these results, Rg5 
proved to be highly effective in shielding the hearts of study mice from 
the hypertrophy and functional impairment that are typically caused by 
Ang II. 

3.2. Rg5 protects mice against Ang II-induced cardiac inflammation and 
fibrosis 

Heart inflammation and fibrosis are examined in mice. We found that 
Rg5 remarkably inhibits Ang II-induced cardiac fibrosis as evidenced by 
Masson’s trichrome staining and Sirius Red staining (Fig. 2A–D). The 
cardiac fibrosis and hypertrophy in Ang II-infused mice were further 
confirmed by elevated β-MyHC, TGF-β1, and COL-1 protein and mRNA 
levels. These changes were significantly reversed by Rg5 therapy 
(Fig. 2E–G). In addition, the mRNA levels of inflammatory genes 
including interleukin 1β (Il1b), interleukin 6 (Il6), and tumor necrosis 
factor (Tnf) were dramatically elevated in the Ang II-infused mice’s 
hearts, while administration of Rg5 almost completely reversed these 
increases (Fig. 2H). 

3.3. The cardioprotection of Rg5 is associated with JNK and AP-1 
inhibition 

We sequenced the RNA extracted from the hearts of mice to explore 
the probable mechanism by which Rg5 protects the heart from the 
damage caused by Ang II. There were a total of 203 genes in the Ang II- 
challenged group that were significantly different from those in the 
control mice, with 133 upregulated and 70 downregulated (Fig. 3A). 

Fig. 3. The cardioprotection of Rg5 is associated with 
inhibiting JNK and AP-1. Mice were treated as 
described in Methods. (A-B) Volcano map of differ
entially expressed genes between Ang II-treated group 
and control group (A); Volcano map of differentially 
expressed genes between Ang II-treated group and 
Rg5 pretreatment + Ang II-treated group (B); Red 
color indicates upregulation of genes while blue color 
indicates downregulation, and the grey color in the 
middle were the genes have no difference. (C) Venn 
diagram of up-regulated genes of in Ang II-treated 
group vs control group and Ang II-treat group vs 
Rg5 pretreatment + Ang II-treated group. (D) The list 
of BioPlanet 2019 pathway analysis followed by 
expression analysis of intersecting genes in plane C. 
(E) Representative Western blot analysis of p-JNK and 
JNK in the heart tissues. GAPDH was used as the 
loading control. (F) Quantitative data of the blot in
tensity of corresponding proteins determined by 
Image J software in plane E. (G) Representative 
Western blot analysis of AP-1 in the heart tissues. 
GAPDH and Lamin B1 was used as the loading control. 
(H) Quantitative data of the blot intensity of corre
sponding proteins determined by Image J software in 
plane G. (n = 6, data were presented as mean ± SEM. 
*p < 0.05, **p < 0.01 vs. CON group; #p < 0.05, ##p 
< 0.01 vs. Ang II-treated group). (For interpretation of 
the references to color in this figure legend, the reader 
is referred to the web version of this article.)   
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Furthermore, there were a total of 79 genes in the Rg5 + Ang II group 
that were significantly different from those in the control mice with 30 
upregulated and 49 downregulated (Fig. 3B). Sixteen genes were found 
to be controlled by Rg5 in the Ang II environment (Fig. 3C). Analysis of 
the expression of these 16 genes using BioPlanet 2019 revealed the 
probable participation of the JNK/ MAPK pathway (Fig. 3D). The MAPK 
signaling pathway has been considered to be critical for controlling 
inflammation[15]. JNK belongs to the MAPK family and is triggered by a 
variety of ambient stressors, growth regulators, and inflammatory cy
tokines. It has been suggested that JNK activation contributes to hy
pertensive heart failure[16]. In addition, Western blot assay indicated 
that JNK phosphorylation was elevated in the hearts of Ang II- 
challenged mice. At the same time, Rg5 therapy dramatically 
decreased JNK phosphorylation in the hearts (Fig. 3E–F). Immunoblot
ting was done to examine if Rg5 influenced Ang II-induced activation of 
AP-1. Ang II stimulation increased AP-1 nuclear translocation in the 
hearts of wild-type mice, whereas Rg5 abolished this effect dose- 
dependently (Fig. 3G–H). 

3.4. Rg5 protects H9c2 cells from Ang II-induced fibrosis, hypertrophy, 
and inflammation 

As a cellular model to evaluate if Rg5 cardioprotection is achieved by 
direct targeting of cardiomyocytes, H9c2 cells were employed. Accord
ing to a methyl thiazolyl tetrazolium test, Rg5 concentrations ranging 
from 0.1 to 80 μM were not harmful to H9c2 cells (Supplementary 
Figure S1). Rg5 suppressed Ang II-increased mRNA and protein 
expression of β-MyHC, TGF-β1, and COL-1 in a dose-dependent manner, 
as shown by western blotting and quantitative RT-qPCR (Fig. 4A–B and 
Supplementary Figure S2). Rg5 also blocks Ang II-induced hypertrophy 
of H9c2 cells, as shown by rhodamine phalloidin labeling (Fig. 4C–D). 
Moreover, RT-qPCR assay demonstrated that Ang II enhanced the mRNA 
expression of inflammatory genes Tnf, Il1b, and Il6 in H9c2 cells, 

whereas Rg5 significantly prevented these alterations (Fig. 4E). These 
findings imply that Rg5 inhibits the hypertrophy, fibrosis, and inflam
mation caused by Ang II in cardiomyocytes. 

3.5. Rg5 protects cardiomyocytes by inhibiting JNK/AP-1 activation 

Then, we investigated whether the cardioprotective effects of Rg5 
are related to JNK suppression in H9c2 cells activated by Ang II. 
Immunoblot analysis of the JNK pathway revealed enhanced phos
phorylation of JNK in Ang II-treated H9c2 cells. However, p-JNK levels 
were significantly reduced by Rg5 therapy (Fig. 5A-B). As seen in 
Fig. 5C–H, treatment with the JNK inhibitor decreased the Ang II- 
induced mRNA expression of pro-inflammatory (Tnf, Il6, and Il1b), 
pro-fibrotic (Col1a1 and Tgfb1), and pro-hypertrophic (Myh7) genes in 
H9c2 cardiomyocytes. SP600125′s suppression of JNK removed the 
intrinsically preventative effects of Rg5 on Ang II-induced mRNA 
expression of indicated genes (Fig. 5C–H). We then confirmed that AP-1 
nuclear translocation was also inhibited following JNK inhibition by 
measuring the nuclear AP-1 levels in the H9c2 cells (Fig. 5I–J). These 
findings indicate that Rg5 suppresses JNK to prevent Ang II-induced 
cardiomyocyte damage. 

4. Discussion 

This work demonstrated that therapy with Rg5 prevents hyperten
sive heart failure by suppressing the JNK/AP-1-mediated cardiac 
inflammation. In a mouse model challenged by Ang II, Rg5 decreased 
heart fibrosis and hypertrophy and reduced cardiac dysfunction. The 
Rg5 therapy effectively reduced Ang II’s activation of JNK/AP-1 in 
mouse hearts and cultured cardiomyocytes. The pathological damages 
caused by Ang II and the pharmacological effects of Rg5 were reduced 
when MAPK was suppressed using commercially available small- 
molecule inhibitors. According to these findings, Rg5 is a promising 

Fig. 4. Rg5 prevents Ang II-induced hypertrophy, 
fibrosis, and inflammation in H9c2 cells. H9c2 cells 
were pretreated with 5 or 10 μM Rg5 for 1 h and then 
exposed to Ang II (1 μM) for 8 or 24 h. Protein and 
RNA were extracted to perform immunoblotting and 
qPCR respectively. (A) Representative Western blot 
analysis of β-MyHC, COL-1 and TGF-β1 in the H9c2 
cells. GAPDH was used as the loading control. (B) RT- 
qPCR showing mRNA levels of myh7, Col1a and Tgfb1 
in the H9c2 cells. (C) TRITC phalloidin (red) staining 
of H9c2 cells showing the effect of Rg5 on Ang II- 
induced hypertrophic responses. Slides were coun
terstained with DAPI (blue). (D) Quantification of cell 
size increase in H9c2 cells in response to Ang II and 
the effect of Rg5 on such increases. A minimum of 100 
cells were measured from different visual fields of 3 
samples per group [scale bar = 100 μm]. (E) RT-qPCR 
showing mRNA levels of Il1b, Il6, and Tnf in the H9c2 
cells. (n = 3, data were presented as mean ± SEM. *p 
< 0.05, **p < 0.01 vs. CON group; #p < 0.05, ##p <
0.01 vs. Ang II group). (For interpretation of the ref
erences to color in this figure legend, the reader is 
referred to the web version of this article.)   
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drug choice for treating hypertensive heart failure, and JNK and AP-1 
are prospective targets for decreasing cardiac inflammation and patho
logical remodeling. The key findings of the current study are depicted 
graphically in Graphic Abstract. 

Blood pressure control is an effective therapy for hypertensive car
diac remodeling, a globally significant cause of cardiovascular mortal
ity. However, no effective medication exists to slow the growth of 
cardiac enlargement and fibrosis. In a pig model, dapagliflozin may slow 
the progression of left ventricular (LV) concentric hypertrophy by sup
pressing the inflammatory reaction[17]. Here, we discovered that Rg5, a 
ginsenoside, might lessen the aforementioned negative qualities without 
influencing blood pressure. Rg5 has anti-inflammatory properties that 

protect mice hearts against pathological remodeling caused by cardiac 
fibrosis and hypertrophy. Recently, some ginsenosides, such as ginse
noside Rg3, ginsenoside Rb1 and ginsenoside Rg2, avoiding myocardial 
fibrosis and hypertrophy induced by Ang II has also been demonstrated 
[18–20]. Thus, ginsenosides may serve as a source of treatment for heart 
failure caused by Ang II. 

Ginseng is a common herbal remedy that has been found to have 
several medicinal effects. Rg5 has substantial potential activity for use as 
a broad-spectrum anticancer and anti-inflammatory drug. Rg5 has been 
reported to exert several positive effects on the nervous system, which 
potentiate the clinical applications of Rg5 in the treatment of neurode
generative diseases. Additional studies have investigated other 

Fig. 5. Rg5 protects cardiomyocytes through 
inhibiting AP-1 and JNK signaling pathway 
activation. H9c2 cells were pretreated with 
5 μM or 10 μM Rg5 with or without the 
presence of SP-600125 (5 μM, SP-600125: 
JNK inhibitor). After 1-h pre-treatment, 
cells were exposed to Ang II (1 μM) for 2 h. 
Then RNA and protein were extracted to 
perform immunoblotting and qPCR respec
tively. (A) Representative Western blot 
analysis of p-JNK, JNK in the H9c2 cells. 
GAPDH was used as the loading control. (B) 
Quantitative data of the blot intensity of 
corresponding proteins determined by Image 
J software in plane A. (C-E) RT-qPCR showed 
the mRNA levels of inflammatory factors 
(Il1b, Il6, and Tnf) in H9c2 cells. (F-H) RT- 
qPCR showed the mRNA levels of fibrosis- 
related genes (β-MyHC, COL-1 and TGF-β1) 
in H9c2 cells. (n = 3, data were presented as 
mean ± SEM. *p < 0.05, **p < 0.01 vs. CON 
group; #p < 0.05, ##p < 0.01 vs. Ang II- 
treated group). (I) Representative Western 
blot analysis of AP-1 in the H9c2 cells. 
GAPDH was used as the loading control. (J) 
Quantitative data of the blot intensity of 
corresponding proteins were determined by 
Image J software in plane I.   
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pharmacological properties, such as cardioprotective, anti-OA, anti-OP, 
antidiabetic and anti-obesity effects [6]. Recent research indicates that 
Rg5 may ameliorate renal injury by regulating c-jun and then alleviating 
inflammation and apoptosis[18]. Morever, Rg5 acts primarily by tar
geting the NF-κB, TGF-β/Smad, PI3K/Akt/mTOR, and JNK pathways to 
reduce pneumonia, fibrosis, and suppress tumor progression, resulting 
in improved respiratory disease[19]. Rg5 is a minor ginsenoside syn
thesized during ginseng steaming treatment that exhibits superior 
pharmaceutical activity compared with major ginsenosides. Rg5 has the 
potential to act as a potential therapeutic candidate for diverse diseases 
[6]. To our knowledge, the present investigation was the first to 
demonstrate that Rg5 significantly suppressed cardiac remodeling and 
dysfunction caused by Ang II by exerting an anti-inflammatory effect. 

One of the intersecting pathways is the JNK/MAPK signaling 
pathway, as revealed by our RNA-sequencing data. The JNK signaling 
pathway is implicated in several diseases, from cancer to neurological 
and immunological/inflammatory disorders [20]. JNK kinases have 
been involved in various cardiomyocyte development and fibrosis- 
related pathways. JNK activation is raised in failing human hearts 
[21], and the expression of MLK, an upstream JNK activator, is elevated 
in individuals with end-stage heart failure[22]. Experiments revealed 
that Ang II enhanced phosphorylated JNK activation in cardiac tissue 
and cultured cardiomyocytes, substantially reduced by Rg5 therapy. 
JNK inhibition by SP600125 reversed Rg5′s effects on cardiomyocytes, 
demonstrating that JNK regulates the cardioprotective and anti- 
inflammatory actions of Rg5. 

We concentrated on the putative transcriptional component involved 
in the cardioprotective activities of Rg5. AP-1 is a canonical transcrip
tional factor downstream of JNK. Following phosphorylation by kinases 
such as PI3K/Akt and JNK, the transcriptional factor AP-1 translocates 
to nuclei from the cytosol to regulate target gene expression [23,24]. AP- 
1 has been reported to directly regulate the heart fibrosis-related genes 
(such as Tgfb1 and Col1) that exhibit a fetal phenotype[25]. Studies have 
shown that transient activation of AP-1 transcription factors enhances 
cardiomyocyte development in response to numerous stimuli, including 
fatty acid and adrenergic signals[26]. In wild-type mice, we discovered 
that Ang II boosted AP-1 nuclear translocation but that Rg5 could 
counteract this effect. The same pattern of findings was seen in cultured 
cardiomyocytes. Ang II-induced AP-1 overexpression was substantially 
attenuated by inhibition of JNK with either Rg5 or SP600125. Based on 
these findings, we know that Ang II activates the JNK/AP-1 axis, leading 
to cardiac hypertrophy and fibrosis. 

Rg5 may protect the heart by modulating signaling pathways other 
than the JNK/AP-1 axis. Recent research has connected these pathways 
to the etiology of hypertensive heart failure. Research is needed to 
evaluate the relative importance of each route in explaining the phar
macological actions of Rg5. Additionally, further research is needed to 
elucidate the direct interaction between Rg5 and JNK or to demonstrate 
the molecular targets by which Rg5 suppresses JNK activation. In 
conclusion, inhibition of JNK-mediated cardiac inflammation by Rg5 is 
reported to safeguard the heart in Ang II-induced hypertension mice, 
suggesting Rg5 as a treatment possibility for hypertensive heart failure. 
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