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Background: In China, Shen’ge formula (SGF), a Traditional Chinese Medicine blend crafted from ginseng and gecko, holds
a revered place in the treatment of cardiovascular diseases. However, despite its prevalent use, the precise cardioprotective mechan-
isms of SGF remain largely uncharted. This study aims to fill this gap by delving deeper into SGF’s therapeutic potential and
underlying action mechanism, thus giving its traditional use a solid scientific grounding.

Methods: In this study, rats were subjected to abdominal aortic constriction (AAC) to generate pressure overload. Following AAC,
we administered SGF and bisoprolol intragastrically at specified doses for two distinct durations: 8 and 24 weeks. The cardiac function
post-treatment was thoroughly analyzed using echocardiography and histological examinations, offering insights into SGF’s influence
on vital cardiovascular metrics, and signaling pathways central to cardiac health.

Results: SGF exhibited promising results, significantly enhanced cardiac functions over both 8 and 24-week periods, evidenced by
improved ejection fraction and fractional shortening while moderating left ventricular parameters. Noteworthy was SGF’s role in the
significant mitigation of myocardial hypertrophy and in fostering the expression of vital proteins essential for heart health by the 24-
week mark. This intervention markedly altered the dynamics of the Akt/HIF-1a/p53 pathway, inhibiting detrimental processes while
promoting protective mechanisms.

Conclusion: Our research casts SGF in a promising light as a cardioprotective agent in heart failure conditions induced by pressure
overload in rats. Central to this protective shield is the modulation of the Akt/HIF-1a/p53 pathway, pointing to a therapeutic trajectory
that leverages HIF-1a promotion and p53 nuclear transport inhibition.
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Introduction

Heart failure (HF) is a worldwide disease with high morbidity, rehospitalization, and mortality. Between 2013 and 2016, there
were approximately 6.2 million HF patients >20 years of age in the USA.' The ESC-HF pilot study showed that the annual all-
cause mortality rates were 17 and 7%, in hospitalized and stable HF patients, respectively, with corresponding annual
hospitalization rates of 44 and 32%, respectively.” In China, approximately 13.7 million patients aged >35 years have HF,
accounting for an incidence of approximately 1.3%.> Consequently, there is an urgent need to identify cardioprotective
medicines for HF.

Myocardial hypertrophy and angiogenesis play essential roles in maintaining cardiac homeostasis. Pathological hyper-
trophy occurring in HF is accompanied by angiogenic dysfunction, which in turn leads to further heart remodeling.* Studies
have shown that effective inhibition of myocardial pathological hypertrophy and promotion of angiogenesis will help improve
ventricular remodeling.®” Apoptosis also plays a key role in the complex mechanisms of HF. The inhibition of apoptotic

pathways can improve left ventricular remodeling in the progression of HE,® and the apoptotic protein p53 plays an essential
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role in this process.’ p53 cannot only regulate caspase 3, Bax, and Bcl-2 to regulate apoptosis,'” but is also closely related to
myocardial apoptosis, hypertrophy, and angiogenesis in the progression of HF.!'*'?

Shen’ge formula (SGF), a traditional Chinese medicine (TCM) formula consisting of ginseng and gecko in a 3:1
weight ratio, has a long clinical application history of more than 700 years in China. We found SGF effective in HF in
our previous clinical studies, including ameliorating patients clinical symptoms,'* strengthen cardiac systolic function,'*
and inhibiting brain natriuretic peptide or N-terminal pro B type natriuretic peptide.'’

Another previous study indicated that Gu Ben Pei Yuan San, another TCM formula containing ginseng, gecko, and
other herbs, could improve cardiac function and repair the myocardium in adult mice after apical resection or myocardial
infarction.'® In addition, the TCM Qishenkeli, which contains ginseng, has also been shown to play an anti-heart failure
role by improving heart function and having anti-apoptosis properties.'” However, whether SGF has a cardioprotective
function has not been clarified, and the underlying mechanism has not been elucidated.

In this study, we investigated the effect of SGF on an HF model induced by abdominal aorta constriction (AAC) in
rats and tested Akt, p5S3, HIF-1a, VEGF, Bax, bcl-2, and caspase-3 to explore the possible mechanisms involved.

Materials and Methods

Sample Preparation

Ginseng (lot #180702) was purchased from Shanghai Shangyao Shenxiang Health Pharmaceutical Co., Ltd, and gecko
(lot #190812) was purchased from Shanghai Lei Yun Shang Pharmaceutical Co., Ltd, China. Chinese herbal medicine
was identified by Longhua Hospital Professor Xin Zhou, according to the 2015 Pharmacopoeia of the People’s Republic
of China (Chinese Pharmacopoeia; Table 1). Ginseng was powdered using a pulverizer and then collected after No.10
filter selection. According to the Chinese Pharmacopoeia, the gecko was removed without squama, head, and paws and
then collected using the same method as that used for ginseng. SGF powder mixture was then made up by mixing
Ginseng powder and gecko powder with weight ratio of 3:1.
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Table | Ingredients of SGF Used with English Translations

Latin Scientific Name | English Name Name | Herb Name Name | Herb Parts

Panax ginseng C.A.Mey. Ginseng Renshen Roots and rhizomes

Gekko gecko Linnaeus Gecko Gejie Body without squama, head, and paws

Abbreviation: SGF: Shen’ge formula.

Chemical Analysis of SGF

Chemical analysis of SGF was conducted using high-performance liquid chromatography (HPLC). Since most of the
ingredients in geckos are trace elements and amino acids without characteristic components, we selected four major
representative saponins in ginseng as reference substances. A quadrupole-electrostatic field orbitrap high-resolution mass
spectrometry system (Q Exactive, Thermo Fisher, USA) and an ultra-performance liquid chromatography system
(Dionex Ultimate 3000, Thermo Fisher, USA) were used for chemical analysis. SGF (0.10286 and 0.10591 g) was
extracted with 5 mL methanol by ultrasound for 30 min. The concentrations of the SGF samples were 205.72 and 211.82
pg/mL. The reference substances (ginsenoside Rbl, Rb3, Rc, and Rd) were diluted with methanol to 1 pg/mL for the
following detection. Chromatographic analysis was performed using a chromatographic column (ACQUITY UPLC HSS
T3, 2.1 x 100 mm, 1.8 pm, Waters, USA) using 0.1% formic acid in aqueous solution (C) and acetonitrile (D) for
gradient elution (0—1 min, 40% D; 1-4 min, 40—65% D; 4—6 min, 65-70% D; 6—7 min, 70% D; 7-8 min, 40% D; flow
velocity, 0.3 mL/min; temperature, 45°C). Mass spectrum parameters were as follows: Ion Max Heated Electrospray
spray voltage: +3.2KV/-2.8 KV; sheath gas pressure: 35arb; auxillary gas pressure: 10arb; capillary temperature: 320°C;
heater temperature: 300°C; scan mode: Full MS (resolution 70,000); scan range: m/z 80-1200.

Reagents

Bisoprolol (BSP; lot # 07002070) was purchased from Merck Pharmaceutical Co., Ltd. Chromatographic methanol (lot #
196565) and grade acetonitrile (lot # 203025) were acquired from Thermo Fisher Scientific Inc. Ginsenoside Rb1 (lot#
110,704-202,028) was obtained from the China Institute for Food and Drug Control, while ginsenoside Rb3 (lot # 6108),
ginsenoside Rc (lot # 3508), and ginsenoside Rd (lot # 5826) were purchased from Shanghai Nature Standard Technical
Service Co., Ltd. Chloral hydrate (lot # FC25BA0008) was obtained from Sangon Biotech (Shanghai) Co., Ltd. Tissue
RNA Purification Kit PLUS (lot # RN1P190906), 4 x EZscript Reverse Transcription Mix II (lot # R2GQ200309) and 2
x Color SYBR Green qPCR Master Mix (lot # A1IR2191219) were acquired from ZScience Biotechnology Co., Ltd.
Hoechst (lot # 022519191104) and fluorescence primary antibody (lot # 329C031) were obtained from Beyotime
Technology Co., Ltd. VEGFR2 (lot # 4), a-SMA (lot # 3), GAPDH (lot # 14), PCNA (lot # 14), p-p53 (lot # 21), p53
(lot # 15), p-Akt (lot # 14), Akt (lot # 28), HIF-1a (lot # 3), anti-rabbit (lot # 29) and anti-mouse (lot # 35) were all
purchased from Cell Signaling Technology Inc.

Experimental Animals and Protocols

Male Wistar rats (weight: 180-200g) were purchased from Vital River (Shanghai, China, No. 11100111911058728). All
animals were housed in specific pathogen-free (SPF) conditions under a 12 h light/dark cycle with a temperature of 23 +
3°C and a relative humidity of approximately 50%. The HF model was established by partial AAC according to an
established procedure.'®'® Briefly, rats were anesthetized with 3% pentobarbital sodium (40 mg/kg) via intraperitoneal
injection, and the abdominal aorta was partially ligated by a 60 suture banded between the two renal arteries over a 23-
gauge needle. Needle was removed immediately after the surgery. This experimental protocol was approved by the
Animal Research Ethics Committee of Shanghai University of TCM (Approval no.: PZSHUTCM191108013). All the
animal care and experimental procedures follow the Guidelines for the Care and Use of Laboratory Animals developed
by the Ministry of Science and Technology of China, and the Animal Research Ethics Committee of Shanghai University
of TCM, and all methods are reported in accordance with ARRIVE guidelines for the reporting of animal experiments.
As 3g/day clinical use of SGF in one adult, rats in SGF group were treated with SGF 1.89g/kg day through intragastric
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administration according to experimental methodology of pharmacology®® and our previous study.?' Bisoprolol was

intragastrically administrated 1 mg/kg day.?***

Echocardiography

Transthoracic echocardiography was performed using a small animal B ultrasound instrument (VisualSonics, Canada)
after anesthesia with pentobarbital sodium at 8 and 24 weeks of treatment. All measurements were presented as the mean
of three consecutive cardiac cycles. The left ventricular ejection fraction (EF), fractional shortening (FS), left ventricular
internal diameter (LVID), interventricular septum (IVS), and left ventricular volume (LVVOL) were measured using
computer algorithms by a 20MHz transducer probe from the long-axis view. After echocardiography, rat heart tissues
were preserved in liquid nitrogen and paraformaldehyde.

Hematoxylin-Eosin and Immunofluorescent Staining

After ultrasonic examination, the heart was separated and removed without the major vessels, atria, or right ventricle.
The heart was fixed in 4% paraformaldehyde, embedded in paraffin, and stained with hematoxylin and eosin (HE) and
immunofluorescence to evaluate cardiac status. Pictures were acquired by microscopy, and seven fields of each section
were captured. The cardiomyocyte cross-sectional area was measured by software Imagel.”* VEGFR2 and a-SMA
were observed by immunofluorescence staining to measure the degree of myocardial angiogenesis in cardiac
myocytes. In brief, after dewaxing and rehydration of myocardial tissue, antigen repair was performed, and non-
immune serum was closed, followed by 12 h fluorescence primary antibody diluent with a-SMA or VEGFR2 (1:400)
at 4°C and secondary antibody for another 1.5 h at 25°C. Hoechst was used to stain the nuclei, and the slices were
sealed. Images were observed and taken under a fluorescence microscope, and seven fields of each section were
captured.

TUNEL Assay

The heart sections were fixed in 4% paraformaldehyde (Beyotime, China) and were incubated with 50 uLL TUNEL
reaction mixture (Promega, USA) and 0.3% Triton X-100 in the dark (37 °C) for 1 h. After washing three times with
PBS, Nuclei were labelled with the DAPI (Beyotime, China) after 5 min. The heart sections were then observed under
a confocal microscope (Leica, Germany) under each experimental condition.

Quantitative Real-Time Polymerase Chain Reaction
Total RNA was isolated using an EZBioscience reagent and reverse transcribed into cDNA. Quantitative real-time
polymerase chain reaction (QPCR) was performed under the following conditions: 95°C for 10 min, followed by 40

Z*AACT

cycles at 95°C for 10s and 60°C for 30s. B-actin was used as an internal reference and the method was employed

to analyze the relative results. The primers are described in Table 2.

Western Blot Analysis

The heart tissues were cut into small fragments. A total of 100 pL of lysate were added to 10 mg of each tissue, and
tissues were homogenized until completely lysed. The supernatant was collected after centrifugation (10,000 g for 5 min
at 4°C). The proteins were then extracted, separated, and transferred onto polyvinylidene difluoride membranes, blocked
with 5% nonfat milk overnight at 4°C. The blots were incubated with antibodies (1:1000) to p-p53, p53, p-Akt, Akt, HIF-
la, and VEGFR2, and then with secondary antibody (1:2000; anti-rabbit and anti-mouse at 25°C for 1 h). Grayscale
scanning analysis was performed using an electrochemiluminescence (ECL) detection kit to determine protein content.
GAPDH (glyceraldehyde-3-phosphate dehydrogenase) was used as an internal reference for total cell and cytoplasmic
proteins, while PCNA (proliferating cell nuclear antigen) was used as a nuclear protein.

Statistical Analysis
All analyses were performed using SPSS 25.0. Data are expressed as mean + standard deviation (SD) when normally
distributed, while the median (interquartile spacing) is used for non-normal distribution. Differences among groups were
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Table 2 Forward and Reverse Primer Sequences for qPCR

Gene Forward Primer Reverse Primer

a-MHC TCCAAGGGCATCTTCCTAGA | CAGGCAAAGTCAAGCATTCA
S-MHC TCAAGCTGGAGCAGCAAGT TCATCCAACTGCTGCTTGTC
VEGF GCCCTGAGTCAAGAGGACAG | CAGGCTCCTGATTCTTCCAG
HIF-1a TCAAGTCAGCAACGTGGAAG | TATCGAGGCTGTGTCGACTG
Caspase3 | TCCTTCAGTGGTGGACATGA | TCAACAATTTGAGGCTGCTG
b53 GTCTACGTCCCGCCATAAAA | AGGCAGTGAAGGGACTAGCA
Bax CGAGCTGATCAGAACCATCA | CTCAGCCCATCTTCTTCCAG
Bcl-2 GGGATGCCTTTGTGGAACTA | CTCACTTGTGGCCCAGGTAT
[S-Actin ATGACGATATCGCTGCGCTC CCCATACCCACCATCACACC

analyzed using one-way analysis of variance (ANOVA), and the least significant difference (LSD) test was performed

between groups. Statistical significance was set at p < 0.05.

Results

Chemical Identification and Content Determination of SGF

Figure 1 presents the HPLC chromatogram alongside the chemical structure of SGF. Ginsenosides Rb1, Rb3, Rc, and Rd
exhibited retention times of 2.55, 3.19, 2.89, and 3.79 min, respectively. In SGF, the concentrations of ginsenoside Rb1,
Rb3, Re, and Rd were measured at 17.58, 6.01, 6.02, and 1.94 ng/g, correspondingly. Notably, ginsenoside Rbl emerged
as the predominant chemical component within SGF, surpassing the quantities of the other constituents.
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Figure | Chromatograms of reference substances (A), the total ion chromatograms of SGF (B), and chromatograms of reference substances in SGF (C). The retention
times in (A) were: 2.56 min, ginsenoside Rbl; 3.27 min, ginsenoside Rb3; 2.92 min, ginsenoside Rc; 3.80 min, ginsenoside Rd. The retention times in (C) were: 2.55 min,
ginsenoside Rbl; 3.19 min, ginsenoside Rb3; 2.89 min, ginsenoside Rc; 3.79 min, ginsenoside Rd. SGF, Shen’ge formula.
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SGF Improves Pressure Overload-Induced Ventricular Remodeling
SGF Ameliorates Cardiac Function

To investigate the impact of SGF on ventricular remodeling induced by pressure overload, AAC surgery was conducted,
with cardiac function assessed via echocardiography (Figure 2A and B). At 8- and 24-weeks post-gavage, AAC rats showed
a noticeable deterioration of heart function and cardiac structural change, indicated by decreased EF, FS, and IVS and
increased LVID and LVVOL during systole (s) and diastole (d). Compared with the AAC group, treatment with SGF and
BSP improved EF and FS and reduced LVIDs, LVIDd, LVVOLs, and LVVOLd (p < 0.05). Additionally, while IVS was
diminished in the AAC group, it showed improvement following SGF or BSP administration (Figure 2C—J and K—R).

SGF Inhibits Cardiac Hypertrophy

The Heart Weight/Body Weight ratio (HW/BW) and HE staining were then used to assess cardiac hypertrophy. HW/BW,
calculated at 24 weeks post oral gavage, increased obviously in AAC group, comparing with Sham group but decreased
significantly in SGF group, compared to AAC group (p < 0.05, Table 3).

Heart tissue samples for HE staining were selected at 8 and 24 weeks post oral gavage. HE staining results showed
that, compared with Sham group, myocardial fibers in the AAC group were disordered, the myocardial intercellular space
was enlarged, and the transverse diameter of the myocardium increased. SGF usage apparently resulted in the alleviation
of these pathologic alterations (Figure 3A—F).

SGF Promotes Angiogenesis in Heart Failure

As heart function worsened at 24 weeks post-gavage, immunofluorescent staining was used to assess the function of SGF
in myocardial angiogenesis in HF rats. Rat myocardial nuclei were stained blue by Hoechst staining, while a-SMA and
VEGFR2 were highlighted green by fluorescence. Quantitative fluorescence results showed that, compared with Sham
group, a-SMA was significantly increased (p < 0.001), while VEGFR2 was significantly decreased in the AAC group (p
< 0.001), which significantly improved after the intervention with SGF and BSP (p < 0.05; Figure 4A-D). These results
indicated that SGF inhibited a-SMA and promoted VEGFR2 expression in AAC rats.

SGF Downregulates the Expression of Apoptosis-Associated Molecules and Improves

anti-HF-Associated Molecules

Given the observed improvements in heart function and the inhibition of cardiac hypertrophy afforded by SGF, we further
explored its influence on the mRNA expression of heart failure (HF)-related molecules, including a-MHC, S-MHC, p53,
Caspase-3, Bax, Bcl-2, VEGF, and HIF-1a, at 8 (Figure SA-H) and 24 weeks (Figure 51-P) post-gavage. At the 8-week
mark, the AAC group exhibited significantly elevated mRNA levels of a-MHC, f-MHC, HIF-1o, Caspase-3, and Bcl-2
compared to the sham group. These increases were notably reduced following the administration of SGF. Similarly, eight
weeks after gavage, the apoptosis was significantly higher in the AAC group than sham group through TUNEL assay;
however, SGF effectively reduced the apoptosis (Supplementary Figure 1A and 1B). VEGF levels were significantly higher

in SGF than in AAC, and p53 was higher in the AAC group than sham group, but it was not significantly downregulated by
SGF. Further analysis showed that after 24 weeks of gavage, there were new changes in the expression of molecular mRNA.
The mRNA levels of a-MHC, HIF-10, VEGF, and Bcl-2 were significantly higher in SGF than in AAC, while mRNA levels
of f-MHC, p53, Caspase-3, and Bax were significantly lower in SGF than in AAC.

SGF Upregulates Akt, HIF-1a and Inhibits p53

To further identify underlying mechanism of SGF in HF-associated molecule modulation, we detected total protein levels
of p-Akt, Akt, p-p53, p53 and HIF-1a at 8 (Figure 6A—F) and 24 weeks (Figure 6G-L) post-surgery and cytoplasmic
(Figure 6M-0), nuclear (Figure 6P—R) protein levels of p53, and HIF-1a were also detected at 24 weeks post-surgery.
Data showed that, at both 8- and 24-weeks post-gavage, p-Akt, Akt, and HIF-1a decreased obviously in AAC group and
distinctly increased in SGF group. p-p53 and p53 both increased following AAC, which was significantly inhibited by
SGF (p < 0.01; Figure 6A—L). Results of cytoplasmic protein detection showed that, compared to AAC group, SGF
apparently reduced p53 level (p < 0.05). Although the trend that SGF increased HIF-1a in cytoplasm compared to AAC
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Figure 2 SGF protects rat heart function and cardiac remodeling after AAC. Echocardiography of pressure overload-induced HF rats after 8 (A) and 24 weeks (B) oral
gavage. (C-J) and (K-R) were the corresponding results of A and B, following EF, FS, LVID, IVS, and LVVOL in each group. ns p > 0.05; * p < 0.05, ** p < 0.01; *** p < 0.001.
Data are presented as mean * standard deviation and were collected from 10 rat in Sham group, 8 rat in AAC group, 7 rat in BSP group, 7 rat in SGF group after 8 weeks
oral gavage and 9 rat in Sham group, 7 rat in AAC group, 9 rat in BSP group, 7 rat in SGF group after 24 weeks oral gavage.

Abbreviations: SGF, Shen’ge formula; AAC, abdominal aortic constriction; BSP, bisoprolol; HF, heart failure; EF, left ventricular ejection fraction, FS, fractional shortening;
LVID, left ventricular internal diameter; IVS, interventricular septum; LVVOL, left ventricular volume.
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Table 3 Tissue Characteristics of Rats After 24 Weeks of Oral Gavage

Heart Weight (mg) | Body Weight (g) | HW/BW (mg/g)

Sham 1485.71+55.03 617.00£21.95 2.41+0.06
AAC 1492.86+93.76 559.43+32.82%* 2.68+0.27*
BSP 1470.00£124.10 594.43+33.00 2.47+0.17
SGF 1390.00£128.19 572.17+45.73* 2.44£0.22%

Notes: Data are presented as mean * standard deviation and collected from 9 rat in Sham
group, 7 rat in AAC group, 9 rat in BSP group, 7 rat in SGF group. SGF, Shen’ge formula;
AAC, abdominal aortic constriction; BSP, bisoprolol; HW, Heart Weight; BW, Body
Weight. *p < 0.05 and **p < 0.01 compared to Sham, #p < 0.05 compared to AAC.

group, no significance existed in HIF-1a between AAC and SGF group (Figure 6M—0O). The detection of nuclear protein
showed that SGF evidently increased HIF-1a level (p < 0.05) and reduced p53 level in nucleus (p < 0.001; Figure 6P—R).
These results demonstrate that SGF could promote HIF-la and inhibit p53 transportation into nucleus probably by
upregulating and phosphorylating Akt in pressure-overload HF induced by AAC.

Discussion

Long-term myocardial damage and cardiac overload lead to decrease cardiac contractility. Ventricular remodeling with
myocardial hypertrophy and apoptosis is a typical pathological feature of the development of HF. In this study, we explored
pressure overload-induced heart failure (HF) using abdominal aorta constriction (AAC) models in rats. The AAC rats exhibited
clear indications of HF progression, including diminished cardiac function, myocardial hypertrophy, and increased apoptosis.
This model is extensively utilized for investigating pharmacological interventions in cardiac remodeling associated with heart
dysfunction and hypertrophy.?>® Chinese herbal medicines (CHM), which are beneficial for HF patients and beneficial for their
life quality,”” have been used in various heart diseases in China for thousands of years. CHM is offered as a complementary or
alternative treatment for primary and secondary prevention of heart diseases.”® SGF, as one kind of CHM, is composed of
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Figure 3 HE staining of cardiac tissue. (A) is the rat heart section after 8 weeks of gavage, (B) is the corresponding enlarged images, (C) is the section after 24 weeks of
gavage, and (D) the corresponding enlarged images. (E) is cardiomyocyte cross sectional area after 8 weeks of gavage. (F) is cardiomyocyte cross sectional area after 24
weeks of gavage. The white ruler in (A) and (C) is 2mm, and the black ruler in (B) and (D) is 100 um. ns p > 0.05; * p < 0.05, ** p < 0.01; *** p < 0.001. Data are presented
as mean * standard deviation (n = 5 for HE staining, n = 25 for myocyte cross sectional area).

Abbreviations: HE, hematoxylin and eosin; SGF, Shen’ge formula; AAC, abdominal aortic constriction; BSP, bisoprolol.
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Figure 4 Immunohistochemical detection of a-SMA and VEGFR2 expression. The bright blue spot is the nucleus stained by Hoechst, and the highlighted green pointed by
the white arrow is the expression of a-SMA (A) or VEGFR2 (B). (C) and (D) are the semi-quantitative fluorescence analysis results corresponding to (A) and (B) by Image].
The scale is 100um. ns p > 0.05; * p < 0.05; ** p < 0.01; *** p < 0.001. Data are presented as mean * standard deviation (n = 5).

Abbreviations: SGF, Shen’ge formula; AAC, abdominal aortic constriction; BSP, bisoprolol.
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Figure 5 The expression of a-MHC, f-MHC, VEGF, HIF-l0, Caspase-3, p53, Bax, and Bcl-2 was analyzed by performing qPCR after 8 (A-H) and 24 weeks (I-P) of oral
gavage. ns p > 0.05; * p < 0.05; ** p < 0.01; *** p < 0.00]. mRNA expression data were normalized with the reference mRNA expression, B-Actin. Data are presented as
mean * standard deviation (n = 5).

Abbreviations: qPCR, quantitative real-time polymerase chain reaction; SGF, Shen’ge formula; AAC, abdominal aortic constriction; BSP, bisoprolol.

ginseng and gecko. Ginseng is the root of Panax ginseng, which has a long history of medical use in Asia. It is increasingly used
in health maintenance and cardiovascular disease treatment in the United States,29 Canada,30 and Europe.3 ! Presently, there are
few studies available on the modern pharmacology of geckos. In the Chinese Pharmacopoeia, geckos are reported to nourish the
lungs and kidneys, absorb qi, relieve asthma, and exert symptomatic effects on chest tightness and shortness of breath caused by

cardiac insufficiency.
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Figure 6 SGF upregulates Akt, HIF-la and inhibits p53 protein expression. The total protein levels of p-Akt, Akt, p-p53, p53, and HIF-la in each group are shown at 8
(A-F) and 24 weeks (G-L) post-gavage. The protein levels of HIF-la and p53 in the cytoplasm (M—O) and nucleus (P-R) are shown at 24 weeks post-gavage.
Quantitative analysis of the bands was calculated by Image]. ns p > 0.05; * p < 0.05; ** p < 0.01; ***p < 0.001. Data are presented as mean * standard deviation (n = 5).
Abbreviations: SGF, Shen’ge formula; AAC, abdominal aortic constriction; BSP, bisoprolol.
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Considering the complex composition of herbs, we identified extracts in SGF using the Q Exactive analysis system.
Given that the primary constituents of geckos are trace elements and amino acids, lacking distinctive components,
analyzing their composition holds limited value. Chemical profile and quality control methods of SGF were established
by content detection of several chemical standards, including ginsenoside Rb1, Rb3, Re, and Rd. These constituents were
considered active components of SGF, and the amount of ginsenoside Rb1 was significantly higher than that of the other
compounds. The administration of ginsenoside Rbl improves cardiac function and remodeling following abdominal
aortic coarctation.>? In a high-load-induced model of HF in rats, ginsenoside Rbl exhibits a cardioprotective role by
inhibiting myocardial autophagy through the Rho/ROCK and PI3K/mTOR pathways.>® Ginsenoside Rb3** has been
found to protective benefits against isoproterenol-induced heart impairment in rats. The impacts of other components
found in ginseng and gecko on heart health are still to be determined. This underscores the need for further research into
the cardioprotective elements present in SGF to fully understand their potential benefits.

In this research, BSP, a beta-blocker endorsed for heart failure (HF) treatment, served as the positive control against
which SGF’s effects were compared. Numerous extensive trials involving HF patients have confirmed that oral
administration of beta-blockers can significantly reduce all-cause mortality and enhance both symptoms and quality of
life.*>*® Moreover, beta-blockers improve cardiac muscle performance in patients with HF.>” Our research shown that
SGF exerted an effect on cardiac function similar to that by BSP. Both BSP and SGF elevated EF and FS and alleviated
LVID and LVVOL. These results suggested that SGF could protect the structure and function of heart. Moreover, SGF
not only improved heart function but also inhibited myocardial hypertrophy. AAC-induced pressure overload would lead
to cardiomyocyte hypertrophy and myocardial thickening, which ultimately progress to HF.>® f-MHC, one molecular
marker of cardiac hypertrophy, was markedly increased in AAC group, but significantly attenuated by SGF. Additionally,
HE staining also showed that SGF obviously reduced cardiac myocyte cross-sectional area. Consequently, SGF could
reduce cardiac hypertrophy.

Hypertrophic hearts have been reported to have inhibited angiogenesis and endothelial dysfunction.**** The patho-
logical overload of the myocardium leads to the hypertrophic response, which increases the oxygen consumption of the
myocardium and induces angiogenesis to maintain cardiac pump function in the hypoxic state. Consequently, a beneficial
approach to treating heart failure involves the use of medications that both counteract hypertrophy and promote
angiogenesis.” During myocardial ischemia and hypoxia, activation of HIF-la can be mediated by vascular
remodeling,*' and VEGF positively contributes to the maintenance of angiogenesis.*> We then examined the expression
of VEGFE, VEGFR2, and HIF-1o to further clarify the pro-angiogenesis effect of SGF in HF rats. Molecular detection
demonstrated that SGF could upregulate VEGF and HIF-Ia in rats with pressure overload. Immunofluorescence

manifests that expression of VEGFR2 and a-SMA, which was often used to label myocardial microvessel,*****

was
both increased in cardiac muscle tissue after using BSP and SGF. Therefore, we concluded that SGF provided
cardioprotection to HF also by increasing myocardial angiogenesis.

In addition to cardiac hypertrophy and angiogenesis, cardiomyocyte apoptosis is considered the key factor for the
progression of HF from compensation to decompensation. Accordingly, to identify potential therapeutic targets of SGF
for apoptosis, Akt and p53 were detected by Western blotting, and the relevant apoptotic genes were detected by qPCR.
PI3K/Akt signaling pathway actively participates in and mediates the apoptosis process,** by regulating various apoptotic
factors, such as Caspase-3, Bax, Bcl-2, p53, and other apoptotic factors.***” As apoptosis is an orderly regulated process,
early intervention may effectively block the apoptosis process.*® In this study, we found that SGF markedly upregulated
and phosphorylated Akt and reduced p53 in AAC-induced HF. Additionally, SGF and BSP apparently downregulated
pS53, caspase-3, Bax, and upregulated Bcl-2 levels. This indicated that SGF could downregulate apoptosis-related factors
in pressure overload HF.

Mechanistically, both HIF-1a and p53 are involved in the hypoxic cell response and interact with each other.* In
moderate hypoxia, HIF-1o activation promotes vascular growth and protein phosphatase 1 nuclear-targeting subunit
induced p353 accumulation, promoting apoptosis and Mdm2-dependent degradation of HIF-10.°%>" To further clarify the
role of SGF, we detected the expression of HIF-1a and p53 in the cytoplasm and nucleus. Although SGF effected no
significance on cytoplasmic HIF-1la expression, it significantly enhanced nuclear HIF-1a expression. Meanwhile, SGF
reduced nuclear and cytoplasmic p53 levels, which were more prominent in nucleus. These data indicated that SGF plays
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Figure 7 Mechanistic diagram of SGF in preserving cardiac function against AAC-induced heart failure. SGF, Shen’ge formula; AAC, abdominal aortic constriction.

a cardioprotective role probably by promoting HIF-I/a and inhibiting p53 transport to the nucleus. Thus, comprehen-
sively, SGF exerts cardioprotective effect, including anti-hypertrophy, anti-apoptosis, and pro-angiogenesis, by upregu-
lating and phosphorylating Ak#, which then facilitating HIF-lo nucleus transportation and inhibiting p53 nucleus
transportation (Figure 7).

Conclusion

In conclusion, our study investigated the protective effects of SGF in an animal model of HF and might provide a new
strategy for the treatment of HF. We confirmed that SGF could prevent ventricular remodeling by inhibiting cardiac
hypertrophy and apoptosis and promoting angiogenesis. In addition, our findings demonstrated that SGF might confer
protection against pressure overload-induced HF through the Akt/HIF-10/p53 signaling pathway, which is involved in
promoting HIF-1a and inhibiting p53 transport to the nucleus. The observed benefits could stem from the synergistic
combination of diverse chemical constituents in SGF. Being a TCM formulation with multiple components, SGF has the
potential to offer enhanced synergy across various targets to curb ventricular remodeling. This aspect merits deeper
exploration. Future research should concentrate on identifying the active ingredients within SGF and assessing their
potential for synergistic interactions.

Abbreviations
AAC, abdominal aortic constriction; BSP, Bisoprolol; SGF, Shen’ge formula; SPF, specific pathogen-free; HF, heart failure;
HPLC, high-performance liquid chromatography; TCM, traditional Chinese medicine; EF, ejection fraction; FS, fractional
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shortening; LVID, left ventricular internal diameter; IVS, interventricular septum; LVVOL, left ventricular volume; HE,
hematoxylin and eosin; gPCR, quantitative real-time polymerase chain reaction; ECL, electrochemiluminescence; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase; PCNA, proliferating cell nuclear antigen; SD, standard deviation; ANOVA,
analysis of variance; LSD, least significant difference; CHM, Chinese herbal medicines.
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