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Yigi Fumai lyophilized injection (YQFM) is the recombination of Sheng mai san (SMS).YQFM
has been applied clinically to efficaciously and safely treat chronic heart failure (CHF).
However, the mechanism of YQFM is still not fully elucidated. The purpose of our study
was to investigate the protective mechanism of YQFM against abdominal aortic coarctation
(AAC) in rats by proteomic methods. After YQFM treatment, the cardiac function were
obviously meliorated. One hundred and fifty-seven important differentially expressed proteins
(DEPs) were identified, including 109 in model rat compared with that in control rat (M:C) and
48 in YQFM-treated rat compared with that in model rat (T:M) by iTRAQ technology to analyze
the proteomic characteristics of heart tissue. Bioinformatics analysis showed that DEPs was
mainly involved in the body’s energy metabolism and was closely related to oxidative
phosphorylation. YQFM had also displayed efficient mitochondrial dysfunction alleviation
properties in hydrogen peroxide (HoOo)-induced cardiomyocyte damage by Transmission
Electron Microscope (TEM), Metabolic assay, and Mitotracker staining. What's more, the
levels of total cardiomyocyte apoptosis were markedly reduced following YQFM treatment.
Furthermore, Western blot analysis showed that the expressions of peroxisome proliferator
activated receptor co-activator-1a(PGC-1a) (o < 0.01 or p < 0.001), perixisome proliferation-
activated receptor alpha (PPAR-a) (p < 0.001)and retinoid X receptor alpha (RXR-a) were
upregulated (p < 0.001), PGC-1a as well as its downstream effectors were also found to be
upregulated in cardiomyocytes after YQFM treatment(p < 0.001).These results provided
evidence that YQFM could enhance mitochondrial function of cardiomyocytes to play a role in
the treatment of CHF by regulating mitochondrial biogenesis-related proteins.

Keywords: chronic heart failure, Yiqi Fumai lyophilized injection, oxidative phosphorylation, mitochondrial

Han X, Zhang Y, Qiao O, JiH, Zhang X, biogenesis, perixisome proliferation-activated receptor alpha

Wang W, LiX, Wang J, LiD, JuA, LiuC
and Gao W (2021) Proteomic Analysis
Reveals the Protective Effects of Yiqgi
Fumai Lyophilized Injection on Chronic
Heart Failure by Improving Myocardial
Energy Metabolism.

Front. Pharmacol. 12:719532.

doi: 10.3389/fphar.2021.719532

Abbreviations: AAC, Abdominal aortic coarctation; Bax, Bcl-2-associated X protein; Bcl-2, B-cell lymphoma-2; CHF, Chronic
heart failure; DEPs, Differentially expressed proteins; GO, Gene Ontology; HE, hematoxylin and eosin; H,0,, hydrogen
peroxide; KEGG, Kyoto Encyclopedia of Genes and Genome; LVEEF, left ventricular rejection fraction; LVFS, left ventricular
fractional Shortening; NRF-1, nuclear respiratory factor 1; PAS, Periodic Acid Schiff; PGC-1a, Peroxisome proliferator-
activated receptor-y coactivator-1a; PPAR-a, perixisome proliferation-activated receptor alpha; RXR-a, retinoid X receptor
alpha; SMS, Sheng mai san; TCM, Traditional Chinese medicine; TEM, Transmission Electron Microscope; Tfam, mito-
chondrial transcription factor A; TMT, tandem mass tags; YQFM, Yiqi Fumai lyophilized injection.

Frontiers in Pharmacology | www.frontiersin.org 1 September 2021 | Volume 12 | Article 719532


http://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2021.719532&domain=pdf&date_stamp=2021-09-21
https://www.frontiersin.org/articles/10.3389/fphar.2021.719532/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.719532/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.719532/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.719532/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.719532/full
http://creativecommons.org/licenses/by/4.0/
mailto:pharmgao@tju.edu.cn
https://doi.org/10.3389/fphar.2021.719532
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2021.719532

Han et al.

BACKGROUND

Chronic heart failure is myocardial damage caused by various
reasons, resulting in injures the function and structure of the
myocardium, and finally resulting in low ventricular pumping or
filling function (Mosterd and Hoes, 2007). The mortality rate of
patients with CHF(4-year) is up to 50%, and the mortality rate of
patients (1-year) with severe heart failure is as high as 50% (Heo
etal., 2008; Yancy et al., 2013; Wang et al., 2017). Therefore, CHF
is an important challenge facing the cardiovascular field in the
21st century. With the deepening of the understanding of the
pathogenesis of heart failure, Western medicine’s treatment of
CHF has gradually shifted from a cardiotonic, diuretic, and
vasodilator-based ~cardiac circulation model to prevent
ventricular remodeling, improve prognosis, and recover.
Targeting the synchrony of ventricular function, these drugs
can alleviate patient mortality and relieve symptoms with
advantage. However, there are some adverse events that may
limit the use of TCM (Fu et al., 2010; Faris et al., 2012; Wang et al.,
2015a), so conventional treatment of western medicine is often
combined with TCM syndrome differentiation and treatment,

YQFM and Chronic Heart Failure

and the advantages of Chinese and Western medicine are
complemented.

YQFM derives from the classic name “Sheng Mai SAN,” made
by Radix of Panax ginseng C.A. Mey. (Araliaceae), Fructus of
Schisandra chinensis (Turcz.) Baill (Schisandraceae), and Radix
of Ophiopogon japonicus (L.f) Ker-Gawl. YQFM is a TCM
powder injection produced by Tasly Pharmaceutical Co., Ltd.,
It is mainly used for coronary heart disease fatigue angina pectoris
syndrome of Qi and Yin deficiency, and chronic left ventricular
insufficiency caused by coronary heart disease II and III Qi and
Yin deficiency. Since its official launch in 2007, the quality is
stable and the curative effect is accurate, and it has been wide-
ranging recognized by doctors and patients. Past studies have
shown that its active ingredients could melioration HF by
inhibiting the activity of NF-kB (Xing et al., 2013), and reduce
hypoxia-induced myocardial injury (Feng et al., 2016; Li et al.,
2016). In addition, YQFM can regulate MAPKs and alleviate
myocardial remodeling and heart failure caused by coronary
artery ligation (CAL) (Pang et al,, 2017). Many components of
YQFM show mitochondrial regulation (Zheng et al, 2018),
including ginsenosides Rb1, Rb3, Rgl, Rg3, Schisandra B, and
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ophiopogon D (Chiu et al.,, 2007; Chen and Ko, 2010; Sun et al.,
2013; Mu et al., 2015; Dong et al.,, 2016; Chen et al., 2019; Park
et al, 2019; Li et al.,, 2021). Nevertheless, the mechanism of
YQFM in treating chronic heart failure remains to be further
elucidated. Differential proteomics is a method to clarify the
pathological changes of diseases or the mechanism of therapeutic
intervention through differential expression analysis of proteins
(Wilhelm et al.,, 2014), to obtain “panoramic information” about
life activities within a short period. Differential proteomics
analyzes the dynamic evolution process of protein expression
in the body under different conditions from a holistic perspective.
Its research method is very consistent with the method of TCM
syndrome differentiation and treatment, and the comprehensive
regulation of TCM prescriptions. With the help of the
development and breakthrough of proteomics technology, it is
now possible to study the changes in the overall protein
expression of various organs in the organism under different
internal and external interventions and influences, such as in the
onset of cardiovascular disease, and to detect the changes in the
cell The composition, expression and regularity of this protein
(Suo et al., 2016; Wei et al., 2019). The application of proteomics
to the research of TCM can effectively help researchers to find the
targets of TCM compounds, analyze the biological processes
involved in the pharmacological effects of TCM, and further
explain the mechanism of TCM from the perspective of
molecular biology.

This study was aimed to explore the therapeutic effect and
mechanism by which YQFM attenuates AAC-induced CHF in
rats and H,0,-induced cardiomyocyte damage in HoC, cells.
However, due to the complexity of TCM prescriptions and various
causes of CHF, the mechanism of the optimized prescription is not
very clear. Therefore, this experiment used differential proteomics to
investigate the targets protein regulated by YQFM in treating CHF
rats, and combined with biological function analysis to explore the
possible biological basis of the therapeutic effect of the formula.
Western blot verification were used to confirm that the
mechanism of YQFM in the treatment of CHF.

MATERIALS AND METHODS

Chemicals and Materials

YQFM was donated by Tasly Pride Pharmaceutical Company
Limited. Lactate dehydrogenase (LDH) assay Kkit, rat cardiac
troponin-T (cTnT) and creatine kinase isoenzyme-MB (CK-
MB) ELISA kits were obtained from Nanjing Jiancheng
Bioengineer Institute. Antibodies against cleaved cTnT, Bax,
Bcl-2, PGC-la, PPAR-a, RXR-a, Tfam and NRF-1 and
secondary anti-rabbit antibodies were purchased from Abcam,
(Cambridge, United Kingdom). Hydrogen peroxide (H,O,,
Aladdin®, 700 umol/L).

HPLC-QQQ-MS/MS Analysis Condition

Sample solutions for qualitative analysis. 2.60 g of YQFM was
accurately weighed and dissolved in 30% methanol (10 ml). Sample
solution was added into C8 solid-phase extraction (SPE). The
samples were eluted in turn with the following solutions: 30%

YQFM and Chronic Heart Failure

methanol solution containing 2 ml sodium hydroxide (0.5 mol/L),
30% methanol (5ml) and 100% methanol (5ml). The 100%
methanol eluent was collected and diluted to 5 ml. The obtained
test solution should be filtered through a 0.22 mm syringe filter.
Accurately weigh the ginsenosides Rbl, Rf, Re, Rc, Rb2, Rb3, Rgl,
Rhl, Re, Rd, Rf2, Rg2, Schisandrin A, Schisandrin B, Schisandrin
A, and Schisandrin B reference substance, add 50% Methanol is
dissolved, and the mass concentration of ginsenoside Rbl, Rf, Re,
Rc, Rb2, Rb3, Rgl, Rhl, Re, Rd, Rf2, Rg2, schisandrin A, and
schisandrin B are each 20 ug/ml. A mixed reference solution of
ethyl alcohol and schisandrin A 10 pg/ml.

Sample solutions for qualitative analysis. Chemical analysis
was performed on high performance liquid chromatography
(HPLC) system. Two mobile phases were used for
chromatographic separation on kromasil 100-5-C18 column
(5pum, 46 mm X 250 mm): Phase A is ultrapure water with
0.1% formic acid and Phase B is acetonitrile. Gradient elution
program: 0-8 min, 20-30% B; 8-10 min, 30-32% B; 10-15 min,
32-35% B; 15-26 min, 35-35% B; 26-35min, 35-40% B;
35-40 min, 40-45% B; 40-50 min, 45-55% B; 50-60 min,
55-70% B; 60-65min, 70-95% B; 65-72min, 95-98% B;
72-81 min, 98-20% B. When the injection volume was 10 pl,
the flow rate: 1 ml/min, and the column temperature was 28°C.

Model Establishment
Sprague-Dawley (SD) male rats weighing (220-240) g were
obtained from the Beijing HFK Biotechnology Co., Ltd
(SCXK-2018-0004). All the rats were then subjected to 1 week
of domestication before experiment. The rats were kept in a 22 +
2°C cage with light/dark circulation for 12 h and humidity of 40 +
5%. In addition, the rats were fed rat chow and given free water.
Abdominal aortic coarctation (AAC) establishes a pressure
overload CHF model. Its mechanism is that by narrowing the
abdominal aorta, aortic pressure increases, cardiac afterload
increases, myocardial compensatory hypertrophy, ventricular
volume increases, heart expands, cardiac decompensation in the
later stage, resulting in myocardial function and structural damage,
and finally heart failure. AAC model in rats was established by
referring to the reference method (Cops et al., 2019). The steps were as
follows. After intraperitoneal injection of 2% sodium pentobarbital at
02ml/100 g (Sigma-Aldrich, St. Louis, MO, United States) and
preparation of the skin (shaved), the rat was fixed on the
operating table supine. The abdominal aorta above the renal artery
branch was blunt dissociated. The needle of No. 7 syringe was parallel
to the abdominal aorta, and No. 4 non absorbable surgical silk thread
was used to connect the abdominal aorta and syringe. The needle was
ligated together, and then the syringe was slowly withdrawn, the
abdomen was closed, and layered sutures were used to narrow the
diameter of the rat’s abdominal aorta to 0.7 mm, and then 0.1 ml of
penicillin was injected into the abdominal cavity to prevent infection.

Animal Grouping and Administration

Except for 10 rats in the blank control group, 55 of the 70 rats were
made into AAC models. They were then grouped randomly into
control, AAC, AAC+YQFM low-dose (YQFM-L, 20 mg/kg/d) arms,
AAC+YQFM medium-dose (YQFM-M, 40 mg/kg/d) arms,
AAC+YQFM high-dose (YQFM-H, 80mg/kg/d) arms and
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FIGURE 1 | Comparison of the liquid chromatogram of the mixed reference substance and YQFM sample. (A) Standard solution and (B) Sample solution: 1:
ginsenoside Rg1, 2: ginsenoside Rf, 3: ginsenoside Rb1, 4: ginsenoside Rc, 5: ginsenoside Rb2, 6: ginsenoside Rb3, 7: ginsenoside Re, 8: ginsenoside Rd, 9:
schizandrol A, 10:20(S)-ginsenoside F2, 11: schizandrol B, 12: ginsenoside Rg2, 13: schisandrin A, 14: schisandrin B, 15: ginsenoside Rh1.

captopril (Capt., 40 mg/kg/d) group. The dose of rats in the middle
group received an adult equivalent dose of 70 kg, the dose of rats in
the high group received twice the adult equivalent dose, and the dose
of rats in the low group received half of the adult equivalent dose.

After 4 weeks of intervention, the rats were anesthetized. 2%
sodium pentobarbital (Shanghai, China) (0.2 ml/100g) was
injected intraperitoneally. The blood was gathered from the
femoral artery, centrifuged and stored at —80°C for analysis.
After perfusing the heart with cold PBS to remove blood, filter
paper was used to remove free PBS. The heart tissue was
immersed with 4% paraformaldehyde (Google Biotechnology,
Wuhan, China), and a biopsy was performed to monitor the
morphology of the myocardial tissue. The remaining heart tissue
was saved in liquid nitrogen for 1 h and stored at —80°C before
proteomics and Western blot analysis.

Echocardiography

Four weeks after administration, the rats were anesthetized with 2%
sodium pentobarbital and underwent echocardiography on an
ultrasound machine. Left ventricular posterior wall thickness
(LVPWd, LVPWs) during diastolic and systolic periods was recorded
in M mode to examine left ventricular thickening (Luo et al,, 2015).

Biochemical Parameters

¢TnT, LDH and CK-MB in serum are unique biomarkers of
myocardial injury after heart failure (Bertinchant et al., 2000;
Giannitsis and Katus, 2013). After 28 days, the serum CK-MB
and LDH were detected by blood biochemical examination to

evaluate the cardiomyocyte repair. Quantitative examination of
c¢Tn T and CK-MB and LDH analysis on serum samples from
different research groups using assay kits.

Cardiac Histopathological Examination

The left ventricular region of each group was fixed in 4%
paraformaldehyde for 24 h. After fixation, it was embedded with
paraffin and stained with hematoxylin and eosin (HE), Masson and
Periodic Acid Schiff (PAS) respectively.The pathological changes of
myocardial fibers in each group of rat were observed by an optical
microscope (JEOL, Tokyo, Japan).

Immunohistochemical Measurement of

cTnt

Immunohistochemical analysis of c¢Int expression in the heart.
Paraffin-embedded tissue was sectioned continuously at 4 pm,
dewaxed with xylene and hydrated with gradient alcohol. The
sections were incubated with goat serum (10%) for 1h, then
combined with primary antibody and incubated overnight at 4°C.
Follow the instructions in the manufacturer’s agreement for subsequent
procedures. The Image Pro Plus software was used to evaluate images.

Protein Extraction and Tandem Mass Tags

Protein Labelling
Randomly collect rat myocardial tissue, three samples in control
arm, three samples in model arm, and three samples in the
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FIGURE 2| The effect of YQFM on cardiac function in CHF rat after being treated for 28 days. (A) Representative echocardiograph from the various groups. (B) Left
ventricle ejection fraction (LVEF) (n = 6 animals/group). (C) Left ventricle fractional shortening (LVFS) (n = 6 animals/group). Data are means + SD. #p < 0.05, *#p < 0.01,
##p < 0.001 vs the Control group, *p < 0.05, **p < 0.01, ***p < 0.001 vs the Model group.
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YQFM-H treatment group. All frozen samples were took out and
ground them with liquid nitrogen. Then the same amount of
samples was transferred to MP shaker tubes, and moderate dose
of protein lysis solution (1% SDS + 8 M urea, containing protease
inhibitors) was added. FastPrep®-24 instrument (MP
Biomedicals, OH, United States) was used to homogenize
heart tissue samples in pyrolysis buffer (TEAB, 25mM
Triethylammonium bicarbonate, 2% sodium dodecyl sulfate
(SDS)). The protein was quantified according to the BCA kit
instructions. Samples from each animal in the group were then
divided into equal groups. Tissue samples, 50 pg of reference cell
containing the same amount of all samples and 50 pg of total
protein in each combination group, were reduced by DL-
Dithiothreitol and then trypsin was digested using the
membrane assisted sample preparation method modified by
Wisniewski et al. (2009).The sample diluted with 8 M urea
was used to filter (Nanosep 30 k Omega, Pall Life Sciences,
Washington, New York, United States), and the SDS was
washed repeatedly with 8 M urea.

Methyl methane thiosulfonate diluted in digestion buffer (20 mM
TEAB, 1% sodium deoxycholate (SDC)) was used for alkylation, and
the membrane was washed repeatedly with digestion buffer. Trypsin
was added to 25 mM TEAB at a ratio of 1:100 relative to protein
mass, and the samples were incubated overnight at 37°C. The next
morning, another portion of trypsin was added and the samples were
incubated at 37°C for 4 h (Boersema et al., 2009; Xu et al., 2014; Liu

et al, 2017). According to the manufacturer’s instructions, the
peptide was labeled with isobaric mass labeling reagent TMT®.
In one group, each reference and sample were labelled with a unique
label from the TMT 6 plex or 10 plex isobaric mass labelling kit. After
TMT labeling, a set of samples were combined, concentrated and
acidified to about pH 2 to precipitate SDC.

High Performance Liquid Chromatography

Fractionation

Trypsin samples were separated into fractions by high-pH reverse
HPLC with ACQUITY UPLC BEH C18 (1.7 um particles, 2.1 mm
ID, and 250 mm length) (Wang et al., 2010; Song et al., 2011). The
procedure was as follows: Within 48 min, a gradient of 0-100%
acetonitrile (pH = 10.0) was used to separate peptides. According
to the time and peak type, 20 fractions were collected for each
group, and they were combined into 10 fractions. After vacuum
centrifugation, they were dissolved in mass spectrometry loaded
buffer for two-dimensional analysis.

LC-MS/MS Analysis

Tryptic peptide was dissolved in 0.1% (V/V) formic acid, and then
9RKFSG2_NCS-3500RS (Thermo, United States) Ultra High
Performance Liquid System was used for separation (Motoyama
and Yates, 2008). 0.1% formic acid and 2% acetonitrile were
contained in Solvent A, while 0.1% formic acid and 80%
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FIGURE 4 | The effect of YQFM on Cardiac Morphology in CHF rat after being treated for 28 days. (A,B) Immunohistochemistry analysis of cTnt expression in heart
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vs the Control group.
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acetonitrile were contained in solvent B. Gradient elution: 0-6 min,
0-7% solvent B; 7-68 min, 7-24% solvent B; 69-80 min, 24-29%
solvent B; 80-90 min, 29-39% solvent B; 90-94 min, 39-52% solvent
B; 94-97 min, 52-100% solvent B; 97-105 min, 100-100% solvent B;
and 105-106 min, 0% solvent B. The flow rate was kept at 300 nl/min.

The peptides has passed a nano-electrospray ionization source and
then analyzed by Q-Exactive Plus(Thermo, United States)mass
spectrometry.The resolution of the primary mass spectrometer is
70,000, AGC target 3e6, the fragmentation method was HCD, and
maximum injection time is 20 ms; the secondary resolution was
35,000, AGC target le5, the maximum injection time was 50 ms.
In the MS investigation scan, the first 20 precursor ions above the
threshold ion count 5E4 were scanned once, and then the alternate
data dependence program between 20 ms/MS scans was performed,
and 18.0 s was excluded dynamically. Automatic gain control was used
to prevent the ion trap from being over full. m/z scan range: 350-1300.

Database Search

The software version used by the database was Proteome
Discoverer "™ Software 2.2. When searching the database, the
original file has been submitted to the Proteome Discoverer
server, and then the database was searched in the established
database.

Bioinformatics Analysis
Gene Ontology (GO) annotated proteome comes from Genebank

database. Then, through GO annotation, proteins were classified
according to biological process, cell composition and molecular
function. The KEGG database was accustomed to explain the
pathways of identified proteins.

Cell Culture and Treatment

H9C2 cells were obtained from the Chinese Academy of
Sciences (Shanghai, China). Dulbecco’s modified eagle’s
medium (DMEM) containing 10% (v/v) FBS, 1% (V/V)
penicillin-streptomycin solution was used for cell culture,
and placed in the incubator at 37°C with a humidified 5%
CO,. To stimulate cardiomyocyte injury, HO, was used to
stimulate HoC, cells. HoC, cells were treated with 45 pg/ml
(YQFM-L), 90 pg/ml (YQFM-M) or 180 pg/ml (YQFM-H)
YQFM for 24 h.

Transmission Electron Microscopy

HIC2 cells were inoculated on 6-well plates and H,O, was used to
cause myocardial cell damage. After 24 h, the cells were treated
with YQFM (90 pg/ml) for 24 h. The cultured cells were fixed on
2.5% glutaraldehyde for 1h respectively with glutaraldehyde,
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FIGURE 6 | The differentially abundant proteins (DEPs) in serum between Model:Control and Treatment: Model. (A) Volcano Plots of DEPs of Model:Control. (B)
Volcano Plots of DEPs of Treatment:Model. (C) Venn-diagram showing the overlap of all DEPs. (D) DEPs involved in Model:Control. (E) DEPs involved in Treatment:
Model. Red or Green represents the numbers of upregulated and downregulated proteins, respectively.

dehydrated, critical-point dried, metal sputtering, and analyzed
by TEM at 6,000 x magnification.

Metabolic Assay

HIC2 cells were inoculated in 96-well plates. Except for control
group, H,O, was used to simulate myocardial cell injury in other
groups. After 24 h, cells were treated with different dose of YQFM
(45, 90, and 180 pg/ml) for 24 h. DMEM medium was replaced
with 100 ul XF containing 4,500 mg/L glucose. The cells were
then incubated in the absence of CO, at 37°C for 1 h. According to
the manufacturer’s agreement, oxygen consumption rate (OCR)
was measured by SeaHorse XF96 Extracellular Analyzer as a
measure of oxidative metabolism.

Immunofluorescence Staining

After the indicated treatments, HoC, cells were seeded in chamber
slides at a density of 1 x 10° cells/well. Take a slice of
cardiomyocytes that have been cultured for 24 h. After treated
with or without YQFM for 24 h, immunostaining of the cells was
carried out with Mitotracker (Thermo Fisher Scientific, Waltham,
MA, United States). Incubate with DAPI staining solution for
10 min, and wash with PBS three times; immediately after

mounting with anti-fluorescence quenching solution, observe
under a confocal microscope.

Apoptosis Assay

FITC-labeled annexin V and propidium iodide staining were used
to evaluate the apoptosis of the treated cells, and FACS calibur
flow cytometry (Becton Dickinson, United States) was used to
examine the level of apoptosis. The cell cycle was subsequently
checked using FlowJo software.

Western Blot Analysis

The left ventricular protein was extracted with RIPA lysate
containing protease inhibitors, and the protein concentration
was determined by BCA method. The SDS-PAGE was performed,
electrophoresed to nitrocellulost membrane, and blocked with 5%
bovine serum albumin for 1 h. Next, antibodies and dilutions as
follows: Bax (Abcam, ab32503, rabbit), Bcl-2 (Abcam, ab182858,
rabbit), PGC-1a (Abcam, ab176328, rabbit), PPAR-a (Abcam,
ab245119, rabbit), RXR-a (Abcam, ab125001, rabbit), NRF-1
(Abcam, ab55744, rabbit) and Tfam (Abcam, abl176558,
rabbit).The fluorescently labeled secondary antibodies are then
conjugated by incubation. The blotted proteins were examined
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FIGURE 7 | Cluster analysis of differentially expressed proteins among

the three groups. Color changes with protein expression, blue indicates
negative correlation, red indicates positive correlation, the stronger the color,
the strongest correlation.

and quantified on the Odyssey Infrared Imaging system. The ratio
of the target protein to the internal reference protein P-actin
reflects the relative expression of the protein.

Statistical Analyses

All data are expressed as the means + SD. GraphPad Prism
statistical software was used for analysis, and one-way analysis of
variance was used for comparison between groups; p < 0.05 was
considered statistically significant.

YQFM and Chronic Heart Failure

RESULTS

Analysis of Chemical Components of Yiqi
Fumai Lyophilized Injection

In order to detect the chemical constituents of YQFM, an HPLC
method was established. After analyzing the HPLC of YQFM
standard solution and sample solution (Figures 1A,B). A total of
14 compounds were identified from YQFM.

Effects of Yiqi Fumai Lyophilized Injection
on Cardiac Dysfunction in Chronic Heart

Failure Rat

As indicated on the Figure 2A, echocardiography was used as a
method to assess cardiac function. Compared with the control
group, the titers of left ventricular rejection fraction (LVEF) and
left ventricular shortening fraction (LVFS) in the model group
were significantly decreased by 30 and 23%, respectively,
indicating that the AAC model was successfully constructed.
Notably, in CHF rat administered YQFM LVEF% and LVFS%
were effectively restored to normal levels, respectively
(Figures 2B,C).

Effects of Yiqi Fumai Lyophilized Injection
on Cardiac Morphology in Chronic Heart

Failure Rat

In order to examine the therapeutic efficiency of YQFM against
CHEF in vivo, we applied YQFM to rats with cardiac dysfunction. At
28 days after treatment, the effect of YQFM was examined by
histological evaluation of cardiac tissue. After YQFM treatment,
myocardial cell interstitial edema, intracellular space enlargement
and vacuolization, and inflammatory cell infiltration were
alleviated (Figures 3A,B). Compared with the model group and
captopril group, less sedimentary fiber was observed in LV as a
result of YQFM treatment. It demonstrates a significantly reduced
level of scar tissue (Figures 3A,C). PAS staining was consistent
with Masson’s results (Figures 3A, D). Less sedimentary collagen
was observed in LV after YQFM treatment.

Effects of Yigi Fumai Lyophilized Injection
on the Biochemical Parameters of Chronic
Heart Failure Rat

To elucidate cardiac function, the cTnt titer was determined by
immunohistochemical evaluation. The results are indicated in
Figures 4A,B, indicating that the model groups treated by
YQEM show a significant reduction. Considering the absolutely
heart tissue specificity, cTnt, CK-MB, and LDH were used as the
primary biometric characteristics for the diagnosis of cardiac
damage. Changes in the concentrations of cTnt, CK-MB and
LDH can describe the severity of myocardial injury. Our data
show that cTnt, CK-MB and LDH concentrations were lower in
the YQFM processing arm than in the model (AAC) group (Figures
4C-E). It implied that YQFM treatment could reduce the degree of
damage and the necrosis of myocardial tissue in rats with heart
failure.
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LC-MS/MS Clustering Analysis

In this study, iTRAQ technology was used to analyze the  The results of hierarchical clustering were shown in a heat map,
proteomic characteristics of heart tissue. 9,066 proteins in  where blue means down regulation and red means up regulation.
total were identified (Figure 5A). The quality control of  The difference in protein expression observed between the groups
protein data revealed that the molecular weight of the  were displayed in Figure 7. It was clear that the overall protein
protein was in the range of 1-100kDa (Figures 5B,C), and  expression pattern in the model and treatment groups was different
many peptides were between 7 and 14 amino acids in length ~ from that in the control group. In the model group, many proteins
(Figure 5D). showed a down regulated expression pattern (blue band), while in

the control and treatment groups, many proteins were up regulated.

Identification of Differentially Expressed

Proteins in Heart Tissue of Yigi Fumai Function Notes and Categories of
Lyophilized Injection-Treated Rat Differentially Expressed Proteins

To probe the mechanisms of YQFM, the MaxQuant was used to ~ To better explore the biological correlation of protein expression
obtain the general summary of proteomics change in Model: ~ changes and retrieve information about biological processes or

Control and Treatment: Model. The ratio of Model: Control and ~ pathways, the identified DEPs have been analyzed by
Treatment: Model was compared to probe changes in key protein ~ bioinformatics methods. From the GO analysis results (Figures
expression among the three groups (Figures 6A,B) (p <0.05).148  8A,B), it can be seen that in the biological process analysis, 157
DEPs are displayed in a Venn diagram (Figure 6C). At the same  differentially expressed proteins were mainly distributed in the
time, 109 differentially accumulated proteins were explicated in ~ metabolic process, cellular process and single-organism process.
Model: Control, 84 of which were down regulated and 24 wereup  In the cell location analysis among them, most proteins were
regulated. 48 proteins were explicated in Treatment: Model, of = mainly concentrated in the three types of cells, cell parts and
which 11 were down regulated and 37 were up-regulated  organelles. As far as molecular functions were concerned,
(Figures 6D,E). proteins related to catalytic activity and binding dominate most.
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FIGURE 9 | YQFM ameliorated the mitochondrial dysfunction induced by H,O, in vitro. (A) TEM images of the ultrastructural morphology of HgC, cells
mitochondria. (B) Oxygen consumption rates (OCR) in HgCo cells treated with YQFM-L, YQFM-M& YQFM-H. (C) HgC> cells were subjected to Mitotracker red staining.
The model group refers to HgCo cells induced by HoO,.

In order to further explore the biological pathway in response to
YQEM protection, KEGG pathway annotation was used to explore
all DEPs (Figures 8C,D). The results showed that most proteins
were enriched in energy metabolism pathway. Metabolic pathway
analysis was performed on the proteins in the obtained energy
metabolism pathway. As shown in the figure, the oxidative
phosphorylation pathway apparently plays a very important role
in treatment.

Effects of Yigi Fumai Lyophilized Injection
on H,0, Induced Mitochondrial Dysfunction

In Vitro

Next, we investigated effects of YQFM on the mitochondrial
dysfunction by using TEM, Metabolic assay, and Mitotracker
staining. The ultrastructural morphology of mitochondria in
H9C2 cells was observed by conventional TEM (Figures 9A,B).
After hypoxia, the mitochondria of cardiomyocytes swelled, the
number of mitochondria decreased, and the mitochondrial matrix

appeared cristae and vacuole-like phenomena. After YQFM
treatment, the damage of cardiomyocyte mitochondria was
significantly reduced. We detected the effect of YQFM on OCR
in HoG, cells with H,O, stimulation. OCR was significantly reduced
in HoGC,; cells stimulated by H,O,, all of which were ameliorated by
YQFM. We also found that mitochondrial content of HgC, cells was
increased significantly after 24 h of YQFM treatment with 180 pg/
ml, determined by the red fluorescence intensity and mitochondrial
size of the mitotracker (Figure 9C). All of these results implied that
YQFM ameliorated mitochondrial function in HyC, cells stimulated
by H,0,.

Effect of Yiqi Fumai Lyophilized Injection on
Apoptosis of Cardiomyocytes Induced by
H,0, In Vitro

In the process of oxidative phosphorylation, the imbalance of
intracellular ROS levels will lead to oxidative stress and
ultimately lead to cell apoptosis. Therefore, we hypothesized
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FIGURE 10 | YQFM suppressed cardiomyocyte apoptosis caused by H»O,. (A,B) Flow cytometric measurement of HIC2 cells apoptosis caused by H202. (C)
The amount of Bax and Bcl-2 from HIC2 cells lysate was examined by Western blot analysis. (D,E) Relative protein levels were measured by densitometry for Bax and
Bcl-2 (n = 3 per group). Data are means + SD. *p < 0.05, *p < 0.01, **p < 0.001 vs the Model group, o < 0.05, *#p < 0.01, #¥p < 0.001 vs the Control group.

that YQFM may improve mitochondrial function by inhibiting
apoptosis. In this study, the flow cytometry and Western blot
were used to evaluate the effect of YQFM on cell apoptosis.
Research results indicated that YQFM significantly inhibited
H202 induced apoptosis (Figure 10A), accompanied by
decreased Bax cleavage and increased bcl-2 expression
(Figures 10B-D).

Effects of Yiqgi Fumai Lyophilized Injection
on Mitochondrial Biogenesis-Related

Proteins In Vitro

To determine the molecular mechanisms of mitochondrial
dysfunction enhancement through YQFM treatment, we
detected the expression of mitochondrial biogenic related
proteins by Western blot (Figure 11A). Since previous studies
have described the key role of PGC-1 a in regulating
mitochondrial biogenesis, the 24-hour treatment with YQFM
of 180 pg/ml can lead to a significant increase the expression of
PGC-1 a. Western blot analysis further corroborated the
regulatory effect of YQFM on PGC-1 a (Figure 11B). PGC-1a
and PPAR-o/RXR-a jointly regulate the increase of
mitochondrial activity to coordinate mitochondrial biogenesis,
so YQFM-treated cardiomyocytes displayed significant increase
in all of these proteins (Figures 11C,D).

In HoC, cells treated with 180 ug/ml YQFM, NRF-1, the
downstream target of PGC-1 a, was also increased at 24h,
while Tfam, the downstream target of NRF-1 and
mitochondrial DNA expression regulator, had similar changes
with NRF-1 (Figure 11H). These results revealed that YQFM
treatment increased mitochondrial content by activating PGC-1 a
and activating mitochondrial biogenesis related proteins.

DISCUSSION

The incidence of CHF greatly increased with the aging of the
world population. (Yancy et al., 2013) Hence, seeking safe and
effective therapy has become a common concern in the global
medical community and has been widely concerned. Current
clinical studies have indicated that YQFM could availably
alleviate the clinical symptoms of CHF patients (Nie et al,
2020). At the same time, studies have shown that YQFM can
improve heart failure through a variety of ways (Li et al., 2019;
Zhang et al,, 2019). Notwithstanding, the exact mechanism of
action remains to be explored in depth. In this research, we used a
proteomic based method to investigate the mechanism of YQFM
in ACC model rats and on HyC, cells, and developed a better
understanding of YQFM.

CHEF is a syndrome caused by the inability of the heart pump
to meet the body’s energy needs (Bertero and Maack, 2018).
Despite a lot of work, the pathogenesis of cardiomyocyte
abnormalities caused by CHF is still not fully understood.
Factors that cause abnormal contraction and relaxation of
heart failure include abnormal metabolic pathways that lead to
energy production, energy transfer, and reduced energy
utilization (Zhou and Tian, 2018). CHF also affects the
surroundings. Early muscle fatigue and motor intolerance are
always present in CHF patients, in which the reduction of
mitochondrial ATP production and energy transfer through
phosphotransferase kinase play an important role.

Yiqgi Fumai for injection is mainly extracted from the
traditional Chinese medicine red ginseng, Ophiopogon
japonicus and Schisandra. Its active ingredients are diverse,
and it has the advantages of multiple pathways, multiple
targets, and safety and effectiveness. Therefore, YQFM may
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FIGURE 11 | YQFM upregulated mitochondrial biogenesis-related genes with PGC-1a activation. (A) The amount of PGC-1a,PPAR-a and RXR-a from HIC2 cells
lysate was examined by Western blot analysis. (B-D) Relative protein levels were measured by densitometry for PGC-1a,PPAR-a and RXR-a. (E) The amount of NRF-1
and Tfam from HIC2 cells lysate was examined by Western blot analysis. (F,G) Relative protein levels were measured by densitometry for NRF-1 and Tfam (n = 3 per
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also have a certain regulatory effect on myocardial energy. Studies
have shown that YQFM ginsenoside Rbl, ginsenoside Rb3,
ginsenoside ~ Rgl, ginsenoside Rg3, Schizandrin B,
Ophiopogonin D and other natural products can regulate
energy metabolism by increasing the activity of mitochondria.
In 3T3-L1 mature adipocytes, ginsenoside Rb1 can activates the
mRNA expression of PGC-1a, UPC-1 and PRDM16, which in
turn increased basal glucose uptake and promoted browning (Mu
et al,, 2015; Park et al,, 2019). Ginsenoside Rb3 can regulates
energy metabolism and apoptosis of cardiac myocytes by
activating PPAR a pathway (Chen et al., 2019).

Ginsenoside Rgl can protect cardiomyocytes from
Hypoxia/reperfusion (H/R) by regulating GDH and MFN2
to maintain mitochondrial dynamics (Dong et al., 2016).
Ginsenoside Rg3 activates PGC-la and Nrf2 in rat
myocardium, and the mRNA levels of Tfam and NRF-1
downstream of PGC-la are enhanced (Sun et al., 2013).
Schizandrin B improves mitochondrial function in
damaged myocardium (Chiu et al., 2007; Chen and Ko,
2010). Ophiopogonin D intervention can reduce lipid

accumulation and mitochondrial damage of heart and
cardiomyocytes stimulated by palmitic acid in diabetic
mice (Li al., 2021). The enhanced mitochondrial
function of these natural products is helpful to support the
protective effect of YQFM on CHF.

It is well known that ¢TnT is the main feature of myocardial
injury in CHF (Barberi and van den Hondel, 2018). The results
of heart histopathology and c¢Tn t showed that YQFM could
reverse myocardial injury and alleviate CHF. In proteomics
analysis, 157 DEPs was identified. GO clearly confirmed that the
DEPs of Model: Control and Treatment: Model participated in
various biological processes. KEGG pathway results showed that
most proteins were significantly enriched in the energy
metabolism pathway, especially in oxidative phosphorylation
pathway.

In the process of oxidative phosphorylation, the electrons
escaping from the mitochondrial electron transport chain react
with oxygen to form O, (Saybasili et al., 2001).Convert it into
hydrogen peroxide and other reactive oxygen species (ROS).The
imbalance of intracellular ROS levels can cause oxidative stress,

et
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leading to DNA damage and eventually apoptosis. And our
results demonstrate that YQFM inhibited cardiomyocyte
apoptosis, improved the vacuolation state of mitochondria in
cardiomyocytes, examined oxidative metabolism, and HoC, cells
mitochondrial content was significantly increased. This result
further shows that YQFM can improve mitochondrial function
through oxidative phosphorylation.

Mitochondria are cardinal for the survival of cardiomyocytes
and the maintenance of normal heart function (Hammerling
and Gustafsson, 2014). More and more evidences show that
mitochondrial dysfunction can cause CHF, which indicates that
there is a close relationship between mitochondrial biology and
heart function (Aubert et al., 2013; Wang et al., 2015b; Tao et al.,
2015). Studies have shown that PGC-1a is a key molecule of
mitochondria, and PGC-1a is involved in mitochondrial energy
metabolism and plays a key role in oxidative stress and
inflammation (Jeganathan et al., 2017). PGC-la is an
important synergistic factor of PPAR/RXR (Warren et al,
2018), which regulates the metabolism of lipids and sugars
by acting with PPAR/RXR. In addition to its action with PPARs,
PGC-1la mainly binds to two other transcription factors to
regulate the function of cardiac mitochondria. That is,
activation of PGC-la protein can activate downstream
transcription factors like NRFs and Tfam, thereby promoting
mitochondrial biosynthesis. At the same time, it promotes
physiological processes such as glucose utilization and fatty
acid oxidation (Huang et al, 2017). In our study, the
expressions of PGC-la, PPAR-a and RXR-a were up
regulated in cells treated with YQFM for 180 pg/ml for 24 h,
and PGC-1 a and its downstream effectors, including NRF-1
and TFAM, were also found to be up regulated in cardiac
myocytes.

These results provide evidence that YQFM could enhance
mitochondrial function and improve mitochondrial energy
metabolism of cardiomyocytes by regulating PGC-1a and its
related proteins.

CONCLUSION

In summary, we performed proteomic characteristics of heart
tissue analysis of protein expression in heart tissue of AAC rats
treated with YQFM using an iTRAQ technology. A total of 157
important DEPs were identified, including 109 in M: C and 48 in
T: M. Intensive bioinformatics analysis identified metabolic
process, cellular process and single-organism process as
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