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Introduction: Qishen Granule (QSG), a clinically approved traditional Chinese
medicine, has been researched for treating heart failure (HF) for many years.
However, the effect of QSG on intestinal microecology remains unconfirmed.
Therefore, this study aimed to elucidate the possible mechanism of QSG regulating
HF in rats based on intestinal microecological changes.

Methods: A rat model with HF induced by myocardial infarction was
prepared by left coronary artery ligation. Cardiac functions were assessed
by echocardiography, pathological changes in the heart and ileum by
hematoxylin—eosin (HE) and Masson staining, mitochondrial ultrastructure by
transmission electron microscope, and gut microbiota by 16S rRNA sequencing.

Results: QSG administration improved cardiac function, tightened
cardiomyocytes alignment, decreased fibrous tissue and collagen deposition,
and reduced inflammatory cell infiltration. Electron microscopic observation
of mitochondria revealed that QSG could arrange mitochondria neatly, reduce
swelling, and improve the structural integrity of the crest. Firmicutes were
the dominant component in the model group, and QSG could significantly
increase the abundance of Bacteroidetes and Prevotellaceae_NK3B31_group.
Furthermore, QSG significantly reduced plasma lipopolysaccharide (LPS),
improved intestinal structure, and recovered barrier protection function in rats
with HF.

Conclusion: These results demonstrated that QSG was able to improve cardiac

function by regulating intestinal microecology in rats with HF, suggesting
promising therapeutic targets for HF.

KEYWORDS

Qishen granule (QSG), heart failure, cardiac functions, intestinal microecology, traditional
Chinese herbs

1. Introduction

Heart failure (HF) can arise from structural or functional abnormalities of the heart due
to various reasons and is the final stage of multiple cardiovascular diseases (Mcmurray et al.,
2012).

With improvements in global economic levels, changes in human dietary structures,
and poor lifestyle habits, HF has become a worldwide public health issue. A systematic
review by Askoxylakis et al. revealed that the 5-year mortality rate of chronic heart failure is
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essentially equal to that of cancer (Askoxylakis et al., 2010). Studies
indicate that there are approximately 26 million heart failure
patients globally, with a prevalence of 1.5% to 2.0% in developed
countries, and over 10% among individuals aged 70 and above
(Mosterd and Hoes, 2007).

With the development of modern medicine, researchers have
deepened their understanding of HE leading to changes in
concepts, innovations in methods, and updates in guidelines. While
the in-hospital fatality rate of HF patients has shown a clear
downward trend, it is worth noting that the re-hospitalization rate
continues to increase (Hu, 2021). Therefore, it is still a hot and
difficult topic in clinical research to improve the quality of life,
reduce the fatality and re-hospitalization rate, and thus promote the
long-term prognosis (Mao et al., 2021).

The intestine, also known as the second brain, is the body’s
largest digestive and excretory organ (Mayer, 2011). The intestinal
microbiota primarily consists of Firmicutes, Bacteroidetes,
Proteobacteria, Actinobacteria, and Verrucomicrobia (Eckburg
et al., 2005), with over 90% of bacteria in a healthy gut classified
as Bacteroidetes and Firmicutes (Gill et al., 2006). Under
normal physiological conditions, the host provides a suitable
environment and necessary nutrition for gut microbiota, which
in turn participate in various biological functions, such as
nutrient metabolism and absorption, energy balance, neural
development, immune regulation, and maintenance of intestinal
mucosal barrier defense (Everard and Cani, 2014). This creates
a balanced, symbiotic, and ecological environment, leading to
the gut microbiota gene being referred to as the second genome
(Mayer, 2011). In an unbalanced state, gut microbiota dysbiosis
can impact the hosts growth, development, health and disease,
and drug treatment (Hooper and Gordon, 2015). The disorder is
closely related to the onset and progression of various diseases,
including those in the digestive system (Larsson et al., 2012),
mental system (Wang B. et al., 2017), endocrine system (Béickhed
et al., 2004; Qin et al., 2012; Tremaroli and Bickhed, 2012), and
autoimmune system (Tremaroli and Bickhed, 2012), as well as
some infectious diseases (Wang et al., 2014). Gut microbiota
dysbiosis and its metabolites play a vital role in the occurrence
and development of HF (Sandek et al., 2007a; Andreas et al,
2014). Therefore, interventions targeting gut microbiota dysbiosis,
improving intestinal membrane barrier function and intestinal
wall permeability, and reducing endotoxin absorption and

Abbreviations: DNA, Deoxyribonucleic acid; LVEF, Left ventricular ejection
fraction; LVFS, Left ventricular fractional shortening; HE, Hematoxylin; HF,
Heart failure; LAD, Left anterior descending; LEfSe, Linear discriminant
analysis effect size; LPS, Lipopolysaccharide; LVAW;d, Left ventricular anterior
wall; diastolic; LVAW:s, Left ventricular anterior wall; systolic; LVID;d,
Left ventricular internal end-diastolic diameter; LVID;s, Left ventricular
internal end-systolic diamete;r LVPW;d, Left ventricular posterior wall;
diastolic; LVPW;s, Left ventricular posterior wall; systolic; OUT, Operational
taxonomic units; PBS, Phosphate-buffered saline; PLS-DA, Partial least
square-discriminant analysis; PRRs, Pattern recognition receptors; QSG,
Qishen granule; rRNA, Ribosomal RNA; SCFAs, Short-chain fatty acids; SEM,
Standard error; SRA, Sequence read archive; TLR4, Toll-like receptor 4;
TMAO, Trimethylamine N-oxide; TMZ, Trimetazidine; TNF-a, Tumor necrosis

factor-A.
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inflammation may alleviate myocardial damage, suggesting a new
direction for HF treatment in the future.

Qishen granule (QSG), a clinically approved traditional
Chinese medicine, has been researched for treating HF for many
years (Wang J. etal., 2017). QSG is composed of six botanical drugs,
including Astragalus camptoceras Bunge (Fabaceae), Aconitum
carmichaelii Debeaux (Ranunculaceae), Salvia miltiorrhiza Bunge
(Lamiaceae), Scrophularia ningpoensis Hemsl. (Scrophulariaceae),
Lonicera japonica Thunb. (Caprifoliaceae), and Glycyrrhiza
uralensis Fisch. ex DC. (Fabaceae) (30: 9: 15: 10: 10: 6) (Chen et al,,
2022; Li et al,, 2022). Our previous study detailed its preparation
process and composition identification (Wang et al., 2012; Xia
etal., 2017).

However, the effect of QSG on intestinal microecology remains
unconfirmed. Therefore, this study aimed to elucidate the potential
mechanism of QSG regulating HF in rats, based on intestinal
microecological changes.

2. Materials and methods

2.1. Experimental animals and Ethics
Statement

Male Sprague-Dawley rats (180 & 10g) were provided by
the Vital River Laboratory Animal Technology Co. Ltd. (Beijing,
China). The animal housing conditions were maintained at 23 &
2°C, 40 £ 5% relative humidity, and 12:12 h light-dark cycles.
Rats were adaptively fed for 1 week. All experimental procedures
were conducted and supervised by the Animal Care Committee
of Beijing University of Chinese Medicine, in accordance with
the National Institute of Health Guide for the Care and Use of
Laboratory Animals.

2.2. Drugs

Qishen Granule is composed of six botanical drugs,
including Astragalus camptoceras Bunge (Fabaceae), Aconitum
carmichaelii Debeaux (Ranunculaceae), Salvia miltiorrhiza Bunge
(Lamiaceae), Scrophularia ningpoensis Hemsl. (Scrophulariaceae),
Lonicera japonica Thunb. (Caprifoliaceae), and Glycyrrhiza
uralensis Fisch. ex DC. (Fabaceae) (30: 9: 15: 10: 10: 6) (Chen
et al,, 2022; Li et al,, 2022), and its composition was identified by
high-performance liquid chromatography (Wang et al., 2012; Xia
etal., 2017).

Trimetazidine, used as the positive drug, was purchased
from Servier (Tianjin) Pharmaceutical (National drug approval
number H20055465).

2.3. HF model induction and
Electrocardiogram

As previously described (Gao et al, 2020), ligation surgery
of the left anterior descending (LAD) coronary artery was
performed on anesthetized rats using intraperitoneal injection of
1% pentobarbital sodium (45 mg/kg). Briefly, a left thoracotomy
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was performed between the third and fourth intercostal spaces
in the rats. After exposing the cardiac tissues, the LAD was
ligated with a sterile suture (Shuangjian, Shanghai, P. R. China)
1 mm below the left atrium. The thorax was then closed layer by
layer. After thoracotomy, rats were warmed on a heated blanket.
Sham-operated rats underwent the same procedure without LAD
ligation. On the third day after surgery, the rats were anesthetized
by intraperitoneal injection of 1% pentobarbital sodium at 40
mg/kg, and the presence of 6-8 pathological Q-waves in the
electrocardiogram indicated successful surgical ligation (result
shown in Supplementary Figure 1).

2.4. Animal grouping and drug
administration

Rats with successful HF models were randomly divided into
the Model group (Model), Qishen granule group (QSG), and
trimetazidine group (TMZ), with 12 animals in each group. As
previously described (Gao et al., 2020), rats were treated with
intragastric administration at a daily dose of 18.66 g/kg for 28
days. Rats in the TMZ group received 6.3 mg/kg of TMZ. Rats in
the sham operation group and model group were administered an
equal volume of normal saline intragastrically for 28 days.

2.5. Assessment of cardiac functions by
echocardiography

2020), M-mode
echocardiography was used to measure the internal diameter

As previously described (Gao et al,

of the left ventricle at the end of systolic/diastolic periods and
the thickness of the anterior/posterior left ventricle. Then left
ventricular ejection fraction (LVEF), Z left ventricular fractional
shortening (LVES), left ventricular anterior wall; diastolic
(LVAW;d), left ventricular anterior wall; systolic (LVAW;s),
left ventricular internal end-diastolic diameter (LVID;d), left
ventricular internal end-systolic diameter (LVID;s), left ventricular
posterior wall; diastolic (LVPW;d), and left ventricular posterior
wall; systolic (LVPW;s) were calculated to evaluate the cardiac
systolic function and myocardial hypertrophy.

2.6. Hematoxylin—eosin (HE) and Masson
staining

The heart and ileum tissues were fixed in 4% paraformaldehyde
for more than 48 h, embedded in paraffin, and sectioned at 5 pum
thickness for further histological analysis. Hematoxylin—eosin (HE)
staining was performed for the heart and ileum tissues, and
Masson staining was performed for the heart tissues to visualize
tissue architecture.
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2.7. Mitochondrial ultrastructure
observation using transmission electron
microscopy

Cardiac tissues from the infarct border zone of the left
ventricle (1 mm x 1 mm x 2 mm) were fixed in 4% glutaraldehyde
(2h), in 1% osmic acid (2h), and then washed with phosphate-
buffered saline (PBS) solution three times (5 min). Ultrastructural
alterations were observed using a transmission electron microscope
(Hitachi, Tokyo, Japan) after dehydration, permeation, embedding,
and ultrathin sections were cut.

2.8. LPS detection

Lipopolysacchride detection was measured following the
instructions of the test kit (20152400090, Fuzhou Xinbei
Biochemistry Industry Co., Ltd).

2.9. Detection of gut microbiota

Fresh fecal samples (1 g) were collected from rats and placed in
a 30 ml sterile tube containing 15 ml of phosphate-buffered saline
(pH 7.2). The samples were mixed and centrifuged at 200 RPM
for 10 min. After removing the sediment, 200 ul of suspension
was obtained after oscillation. DNA extraction, PCR amplification,
Mlumina MiSeq sequencing, and processing of sequencing data
are described in detail in the Supplementary Material. The alpha
diversity indexes, including species rarefaction curve, richness
index (Sobs index), and diversity index (Shannon index), were
analyzed using Mothur (Schloss et al., 2011) (version v.1.30.1), and
the similarity level of operational taxonomic units (OTUs) for index
evaluation was 97% (0.97). Beta diversity analysis was performed to
compare differences among different groups, including partial least
squares discriminant analysis (PLS-DA) and linear discriminant
analysis effect size (LEfSe).

The raw reads were deposited into the NCBI Sequence Read
Archive (SRA) database (Accession Number: SRP431350).

2.10. Statistical analysis

Data are presented as the mean =+ standard error (X & SEM).
One-way ANOVA or Kruskal-Wallis H analysis of variance were
used to detect statistically significant differences (P < 0.05) among
groups. A community histogram was drawn using GraphPad Prism
(version 9.0), and Venn diagrams, heatmaps, and PLS-DA plots
were created using R packages.

3. Experimental results

3.1. QSG improved cardiac functions in HF
rats

Echocardiography results (Figure 1) demonstrated significant
downregulation of LVEF, LVFS, LVAW;d, LVAW;s, LVPW;d, and
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LVPW;s (P < 0.001, P < 0.01) and upregulation of LVID;d and
LVID;s (P < 0.001, P < 0.01) in the model group compared to the
sham group. QSG and TMZ significantly increased LVEE, LVES,
and LVAW;d (P< 0.01, P < 0.05), while QSG also significantly
improved LVID;s (P < 0.05).

3.2. QSG reduced pathological changes in
HF rats

Based on HE staining (Figures 2A-D), cardiomyocytes in the
sham group were tightly arranged and orderly, while those in the
model group were loosely arranged with obvious inflammatory cell
infiltration and pyknotic dark-staining nuclei. Compared with the
model group, QSG and TMZ attenuated these pathological changes.

Masson staining (Figures 2E-H) showed that, compared to the
sham group, the cardiomyocytes in the model group were necrotic
and replaced by extensive collagen fibrous tissues with diffuse
and infiltrating distributions. Both QSG and TMZ significantly
inhibited collagen deposition.

3.3. QSG improved the structure of
mitochondria

Transmission electron microscopy results (Figure 3) revealed
that in the sham group, mitochondria with a complete membrane
structure were round or oval and densely and orderly arranged. The
mitochondrial cristae and matrix were arranged evenly and clearly
(Figure 3A). In contrast, the model group exhibited scattered
arrangement, obvious swelling, a loose matrix, and evident partial
fracture cristae (Figure 3B). QSG and TMZ significantly improved
the structure of mitochondria.

3.4. QSG reduced pathological changes in
the ileum

Compared to the sham group, the model group exhibited
significantly lower epithelium and ileum villi heights. The
ileum villi in the sham group were neatly ordered and tightly
arranged, whereas in the model group they were rough, swollen,
and irregularly arranged. QSG and TMZ improved the above
pathological changes (Figure 4).

3.5. OTUs, Venn, and alpha microbial
analysis

A total of 2,732,663 raw reads were obtained from intestine
microbiota by 16S rRNA Illumina sequencing, with an average
of 53,457 clean reads per sample after quality control and read
assembly. The amount of sequencing data was sufficient.

In total, 999 OTUs were identified, with the Venn diagram
showing that 578 (57.86%) ere shared among the four groups and
118 (11.8%) OTUs were unique to each group (Figure 5A). On
the genus level, after matching and identification, 999 OTUs were
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mapped to a total of 213 genera, with 139 (65.26%) shared among
the four groups and 21 (9.86%) unique to each group (Figure 5B).
Although there was no significant difference in community
(Figure 5D),
community richness (Sobs) was increased in the model, QSG,

diversity (Shannon) among the four groups
and TMZ groups compared to the sham group (Figure 5C). The
rarefaction curve, constructed by community richness (Sobs), is

shown in Supplementary Figure 3.

3.6. PLS-DA and percent of community
abundance among the four groups

PLS-DA analysis of the phylum level showed that the sham,
QSG, and TMZ groups were clustered together, separated from the
model group (Figure 6A), and that the main phyla were Firmicutes
and Bacteroidetes (Figure 6C). PLS-DA analysis of the genus level
showed that samples from the four groups were separated from
others (Figure 6B), indicating that QSG and TMZ influenced the
community composition. The main genus is shown in Figure 6D.

3.7. LEfSe and phenotype prediction
among the four groups

LEfSe analysis was used to screen microbes differentially among
species. The bar chart indicated that 25 specific taxa were identified
(threshold value of LDA = 3), with 1 in the sham group, 4
in the model group, 8 in the QSG group, and 12 in the TMZ
group (Figure 7A). Furthermore, according to BugBase phenotype
prediction, there was no significant difference in the composition
of gram-negative or gram-positive bacteria among the four groups
(Figures 7B, D). The determination of plasma LPS showed that
QSG and TMZ significantly reduced LPS caused by HF (Figure 7C).

4. Discussion

Previous studies have shown that QSG is effective in treating
HF (Wang B. et al., 2017; Chen et al., 2022; Li et al.,, 2022).
However, the effect of QSG on intestinal microecology has not been
confirmed. Therefore, this study aimed to elucidate the possible
mechanism of QSG regulating HF in rats based on intestinal
microecological changes. The findings can be summarized as
follows: (1) QSG administration improved cardiac function,
tightened cardiomyocytes alignment, decreased fibrous tissue and
collagen deposition, and reduced inflammatory cell infiltration,
basically consistent with previous study conclusions (Li et al,
2016). (2) The results of electron microscopic observation of
mitochondria showed that QSG could arrange mitochondria
neatly, reduce swelling, and improve the structural integrity
of the crest. (3) Firmicutes were the dominant component in
the model group, and QSG could significantly increase the
abundance of Bacteroidetes and Prevotellaceae_NK3B31_group.
(4) Furthermore, QSG significantly reduced plasma LPS, improved
intestinal structure, and recovered barrier protection function in
rats with HF.
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The gastrointestinal barrier consists of mechanical, immune,
chemical, and biological barriers. In a normal state, harmful
intestinal substances, such as bacteria and their related endotoxins,
are prevented from entering other host body tissues and the
bloodstream through the intestinal mucosa (Sandek et al., 2007b;
Lozupone et al., 2012). In recent years, an increasing number of
studies have supported the role of the gut in the pathogenesis of
HE known as the “gut hypothesis of HFE.” The hypothesis suggests
that reduced cardiac output and increased systemic congestion
may lead to ischemia and/or edema of the intestinal muscles
with HF (Sandek et al., 2007a), characterized by hypoperfusion,

Frontiersin Microbiology

ischemia, hypoxia of the intestinal mucosal, congestion, increased
permeability, and reduced absorption of nutrients such as sugars,
proteins, and fats. These factors can change the abundance and
composition of gut microbiota, leading to increased bacterial
translocation and circulating endotoxin, such as LPS (Andreas
etal.,, 2014). Translocated microbiota and increased LPS exacerbate
intestinal barrier function damage, stimulate an inflammatory
response, and accelerate the pathological development of HF
(Organ et al., 2016).

Bacteroidetes are absolutely dominant in gut microbiota,

participating in the metabolism of various substances, fermenting
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FIGURE 2
HE (A—D) and Masson (E—H) staining. (A/E) Sham group. (B/F) Model group. (C/G) Qishen granule group. (D/H) Trimetazidine group. Blue
arrowheads indicate the intercellular space and green arrowheads indicate inflammatory infiltration (A—D). Blue-stained fiber indicates collagen

deposition (E-H). Scale bar = 100 pm.
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FIGURE 3
Transmission electron microscopy of myocardial tissue. (A) Sham group. (B) Model group. (C) Qishen granule group. (D) Trimetazidine group.

FIGURE 4
HE staining of ileum tissue. (A) Sham group. (B) Model group. (C) Qishen granule group. (D) Trimetazidine group. Blue arrowheads indicate the
epithelium and green arrowheads indicate the ileum villi. Scale bar = 200 um.
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OTUs, Venn, and alpha microbial analysis. (A) Venn result of microbial analysis on the level of OTUs. (B) Venn result of microbial analysis on the level
of genus. (C) Community richness. (D) Community diversity. N = 10 per group; QSG, Qishen granule; TMZ, trimetazidine.

carbohydrates, polysaccharides, steroids and bile acids, promoting
the formation of intestinal mucosa vessels, preventing intestinal
inflammation (Brown et al, 2019), maintaining intestinal
physiological functions, and exerting a significant influence on
hosts’ health (Yu et al., 2015). Compared to healthy individuals,
the abundance of Bacteroidetes (the genera Bacteroides and
Prevotella) in patients with coronary heart disease was significantly
decreased, and the ratio of Firmicutes/Bacteroidetes was increased
(Emoto et al., 2017), which was associated with many potential
cardiovascular diseases. Jie conducted a whole-genome study on
fecal samples of 218 patients with coronary heart disease and 187
healthy individuals, showing that the abundance of Bacteroides
and Prevotella was relatively reduced in the former group (Jie
et al, 2017). Tan sequenced the gut microbiota of 36 patients
with ischemic cardiomyopathy with different cardiac function
levels and found that the proportion of Firmicutes was closely
related to the occurrence of ischemic cardiomyopathy, with HF
severity increasing alongside Firmicutes abundance (Tan, 2018).
In Li’s study on individuals over 60 years old, LEfSe analysis
showed that Bacteroidetes were more abundant in the healthy
group, while Firmicutes and Enterobacterium were more abundant
in the HF group (Li, 2019). Romano identified eight intestinal
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bacteria belonging to Firmicutes, which significantly decomposed
choline and produced trimethylamine (Romano et al., 2015),
and then trimethylamine oxide (TMAO) promoted myocardial
microangiopathy in non-ischemic HF patients. Elevated TMAO
predicted adverse events in both non-ischemic and ischemic HF
patients (Rhee et al.,, 2013). Yu found that the average abundance
of Bacteroidetes was 66.23 & 5.11% in the clinically healthy control
group, 45.69 £ 4.63% in the coronary heart disease group, and
27.89 & 2.39% in the coronary heart disease combined with the HF
group (Yu etal., 2021).

Hypertension (Marques et al., 2017), hyperlipidemia (Suparna,
2015), and obesity (Rastmanesh, 2011) are common risk factors
for HE and the ratio of Firmicutes/Bacteroidetes increases with the
worsening of adverse degree.

In this study, Firmicutes abundance was the dominant
component in the model group, and QSG significantly increased
the abundance of Bacteroidetes, which might be one of the targets
of QSG for cardiac protection.

Purushe et al. stated that Prevotella was related to the
biosynthesis of short-chain fatty acids (SCFAs), which could
supply nutrients for intestinal epithelial cells and maintain the
intestinal mucosal barrier and an acidic pH environment to
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prevent the invasion of related pathogenic microorganisms. A
lack of SCFAs might reduce the protective effect of the intestinal
mucosal barrier and lead to increased levels of enterotoxin
(Purushe et al., 2010; Shen et al, 2017). Tang et al. (2018)
found that dietary supplements provided with SCFAs within
24h after myocardial infarction significantly reversed the high
mortality and ventricular rupture rates caused by broad-spectrum
antibiotics. Kovatcheva et al. found that sugar metabolism
could be improved by supplementing with prebiotics containing
Prevotella (Petia et al, 2015). In a study of patients with
chronic renal failure, Xie et al. found that the abundance of
Prevotellaceae belonging to Bacteroidetes decreased significantly
(Xie, 2014). In the mouse model of ulcerative colitis induced
by glucan sodium sulfate, disturbed gut microbiota might
aggravate intestinal mucosal barrier damage by reducing the
thickness of the intestinal mucus layer. Huangqin Decoction
could significantly improve the abundance of Prevotellaceae and
maintain the function of the intestinal mucosal barrier (Xu, 2018).
According to Liu et al. (2018) and Smith et al. (2019), the
abundance of Muribaculaceae and Prevotellaceae_NK3B31_group
was closely related to the generation of SCFAs. Additionally,
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the reduced abundance of the Prevotellaceae_NK3B31_group
was associated with inflammation (Wu, 2018). A study on
Lingguizhugan Decoction showed that the herbs group could
increase the abundance and diversity of gut microbiota in mice
with HE regulate the disorder, and increase the abundance
of gut microbiota associated with SCFAs production, such
as norank_f Muribaculaceae and Prevotellaceae_ NK3B31_group
(Zhang et al., 2023). In this research, QSG significantly increased
the abundance of Prevotellaceae_ NK3B31_group.

Treg cells transcribe Forkhead box protein3 (Foxp3)
and maintained human immune tolerance (Figueiredo and
Schumacher, 2016), and the expression level was positively
correlated with the relative abundance of Izimaplasmatales (Zhang,
2021). Izimaplasmatales were significantly underrepresented in the
diabetes model (Niu et al., 2022) and obesity group (Zhang, 2021).
Turicibacter was associated with the production of butyric acid
(Zhong et al., 2015), and the colonization of Turicibacter sanguinis
could reduce the overall triglyceride level and groin fat cell size
of the host (Wu et al, 2020). In this study, the abundance of
Izimaplasmatales and Turicibacter was the dominant composition
in the TMZ group.
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Pasini et al. (2016) compared 60 HF patients with healthy
individuals and found that intestinal permeability in patients
increased by 78.3%, and the number of patients with cardiac
function grades III and IV (NYHA grade) was higher than those
with grades I and II. SandeKs team showed that, compared
to the healthy control group, intestinal arterial blood flow in
patients with HF was reduced by 30% to 43%, and the decreased
intestinal arterial blood flow was correlated with the severity of
HF (Sandek et al., 2014). Intestinal transport function was reduced
by 54% in patients with HE and it was more notable in HF
patients with edema (Sandek et al., 2012). These data imply that
the assessment of intestinal barrier function may contribute to
the understanding of the gut-directed treatment of HF. In this
research, QSG could improve the intestinal morphology of rats
with HF.

Gut microbiota participates in food digestion through
two major metabolic pathways, including sugar and protein
decomposition (Sekirov et al., 2010). Meanwhile, gut microbiota
can affect the host in various ways. To associate with other organs,
the gut microbiota needs to release signaling molecules, which
in some cases are microbial physical compositions, such as LPS.
LPS typically interacts with host cells’ surfaces through pattern
recognition receptors (PRRs) (Larsson et al., 2012). PRRs recognize
pathogen-related molecular and can stimulate immune responses
(Brown and Hazen, 2014).
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The relationship between inflammation and

associated bacterial migration in HF has been observed and

systemic

documented. Specifically, elevated levels of endotoxins, particularly
LPS, in HF patients initiated signaling cascades that increased
the production of cytokines, such as tumor necrosis factor-a
(TNF-a) and aggravated HF (Niebauer et al., 1999; Sandek et al,
2007a). Moreover, LPS levels in the hepatic veins of HF patients
were significantly higher than those in other circulatory sites,
including the left ventricle and pulmonary artery, suggesting
that HF exacerbation might result from excessive endotoxin
influx from the gut into the bloodstream (Peschel et al., 2003),
preliminarily confirming the link between gut microbiota
and HF.

LPS induces pro-inflammatory damage by binding its lipid
moiety, lipid A, to Toll-like receptor 4 (TLR4) (Poltorak et al,
1998). This binding leads to the recruitment of the adaptor protein
myeloid differentiation primary response protein 88 (MyD88) to
the cytoplasmic domain of TLR4, resulting in the activation of the
transcription factor NF-kB (Liu et al., 2017) and the expression
of NLRP3, GSDMD, and IL-1 in downstream inflammatory
pathways, ultimately promoting HF development (Violi et al,
2023). Interestingly, lipid A exhibits structural variation. Lipid A
in Bacteroides LPS is penta- or tetra-acylated, which reduces TLR4
responses (Vatanen et al., 2016; d' Hennezel et al., 2017; Wexler and
Goodman, 2017).
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In this research, QSG improved intestinal morphology and
reduced serum LPS content in HF rats. In previous QSG studies
(Chen et al, 2022; Li et al,, 2022), GSG protected the heart by
inhibiting the TLR4/NF-kB pathway in both rat and mouse models.

Astragalus camptoceras Bunge (Fabaceae) was one of the
main herbs in QSG, and other drugs in it demonstrated
therapeutic effects on the intestine and gut flora. On the basis
of conventional anti-inflammatory drugs, Astragalus granules
combined with Bifidobacterium quadruple viable tablets effectively
treated ulcerative colitis patients, improving T lymphocyte subset
levels, reducing inflammation, and inhibiting disease activity, with
good safety (Zhu, 2022). Astragalus polysaccharide increased the
abundance of Bifidobacteria and lactobacilli, while decreasing
enterobacteria and enterococci in the stool of rats with ulcerative
colitis, thereby improving intestinal flora imbalance (Liang et al.,
2012).

5. Conclusion

The holistic view of traditional Chinese medicine posits that
the host and its environment are inseparable, and although gut
microbiota reside within the host’s body, they also belong to
the “external environmental conditions” (Gao, 2004). A dynamic
balance between the host and gut microbiota is required for
maintaining normal physiological functions.

HF pathogenesis is complex, involving various physiological
reactions, metabolic pathways, and signaling pathways, and
results from comprehensive functional disorders. Gut microbiota
dysbiosis and its metabolites play crucial roles in the occurrence
and development of HF. Interventions targeting gut microbiota
dysbiosis, improving intestinal barrier function and permeability,
and reducing endotoxin absorption and inflammation may alleviate
myocardial damage, suggesting a novel approach to HF treatment.
The data presented here demonstrate that QSG improves cardiac
function by regulating intestinal microecology in HF rats,
highlighting promising therapeutic targets for HF.

However, it is important to recognize that the disease
mechanisms caused by gut microbiota dysbiosis have not been
fully elucidated and targeted interventions for gut microbiota in
treating cardiovascular diseases, such as HE, have not been widely
implemented in clinical practice. Therefore, the causal relationship
and more detailed mechanisms between gut microbiota, their
metabolites, and HF require further investigation.

Data availability statement

The datasets presented in this study can be found in
online repositories. The names of the repository/repositories

References

Andreas, K, Richartz, B. M., Anja, G., Kasia, G., Ulrich, L., Anker, S. D,, et al.
(2014). Studies on intragastric PCO 2 at rest and during exercise as a marker of

Frontiers in Microbiology

10.3389/fmicb.2023.1202768

and accession number(s) can be found in the

article/Supplementary material.

Ethics statement

The animal study was reviewed and approved by Beijing
University of Chinese Medicine.

Author contributions

KG, RY, and CW conceived this research. KG, XY, FL, YH, JL,
and SL contributed to the process of experiment, sample collection,
and data analysis. The first version of the article was written by
KG and revised by XY. FL and LL performed the final review and
contributed to the project administration. All authors contributed
to the article and approved the submitted version.

Funding

This research was supported by the National Natural Science
Foundation of China (81973680 and 81903950) and Scientific
Launching Research Foundation of Beijing University of Chinese
Medicine (2022-JYB-XJSJJ008).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmicb.2023.
1202768/full#supplementary-material

intestinal perfusion in patients with chronic heart failure. Eur. J. Heart Fail. 6, 403-407.
doi: 10.1016/j.ejheart.2004.03.002

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1202768
https://www.frontiersin.org/articles/10.3389/fmicb.2023.1202768/full#supplementary-material
https://doi.org/10.1016/j.ejheart.2004.03.002
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Gao et al.

Askoxylakis, V., Thieke, C., Pleger, S. T., Most, P., Tanner, J., Lindel, K., et al.
(2010). Long-term survival of cancer patients compared to heart failure and stroke:
a systematic review. BMC Cancer 10, 105. doi: 10.1186/1471-2407-10-105

Bickhed, F., Ding, H., Wang, T., Hooper, L. V., Gou, Y. K., Nagy, A., et al. (2004).
The gut microbiota as an environmental factor that regulates fat storage. Proc. Natl.
Acad. Sci. U.S.A. 101, 15718-15723. doi: 10.1073/pnas.0407076101

Brown, E. M., Ke, X., Hitchcock, D., Jeanfavre, S., Avila-Pacheco, J., Nakata,
T, et al. (2019). (2019). Bacteroides-derived sphingolipids are critical for
maintaining intestinal homeostasis and symbiosis. Cell Host Microbe 25, 668-680.
doi: 10.1016/j.chom.2019.04.002

Brown, J. M., and Hazen, S. L. (2014). The gut microbial endocrine organ: bacterially
derived signals driving cardiometabolic diseases. Annu. Rev. Med. 66, 343-359.
doi: 10.1146/annurev-med-060513-093205

Chen, X, Li, Y, Li, J, Liu, T, Jiang, Q. Hong, Y. et al. (2022). Qishen
granule (QSG) exerts cardioprotective effects by inhibiting NLRP3 inflammasome
and pyroptosis in myocardial infarction rats. J. Ethnopharmacol. 285, 114841.
doi: 10.1016/j.,jep.2021.114841

d’Hennezel, E., Abubucker, S., Murphy, L. O., and Cullen, T. W. (2017). Total
lipopolysaccharide from the human gut microbiome silences toll-like receptor
signaling. mSystems 2, 17. doi: 10.1128/mSystems.00046-17

Eckburg, P. B,, Bik, E. M., Bernstein, C. N., Purdom, E., Dethlefsen, L., Sargent, M.,
etal. (2005). Diversity of the human intestinal microbial flora. Science 308, 1635-1638.
doi: 10.1126/science.1110591

Emoto, T., Yamashita, T., Kobayashi, T., Sasaki, N., Hirota, Y., Hayashi, T., et al.
(2017). Characterization of gut microbiota profiles in coronary artery disease patients
using data mining analysis of terminal restriction fragment length polymorphism: gut
microbiota could be a diagnostic marker of coronary artery disease. Heart Vessels 32,
39-46. doi: 10.1007/s00380-016-0841-y

Everard, A., and Cani, P. D. (2014). Gut microbiota and GLP-1. Rev. Endocr. Metab.
Disord. 15, 189-196. doi: 10.1007/s11154-014-9288-6

Figueiredo, A. S., and Schumacher, A. (2016). The T helper type 17/regulatory T cell
paradigm in pregnancy. Immunology 148, 13-21. doi: 10.1111/imm.12595

Gao, K., Zhang, J., Gao, P., Wang, Q,, Liu, Y., Liu, J., et al. (2020). Qishen granules
exerts cardioprotective effects on rats with heart failure via regulating fatty acid and
glucose metabolism. Chin. Med. 15, 21. doi: 10.1186/s13020-020-0299-9

Gao, R. Y. (2004). The cultural connotation of the holistic view of Nature and man
in TCM. Chin. Med. Forum 19, 11-12. doi: 10.3969/j.issn.1002-1078.2004.03.011

Gill, S. R., Pop, M., DeBoy, R. T., Eckburg, P. B., Turnbaugh, P. J., Samuel, B. S.,
et al. (2006). Metagenomic analysis of the human distal gut microbiome. Science 312,
1355-1359. doi: 10.1126/science.1124234

Hooper, L. V., and Gordon, J. I. (2015). Commensal host-bacterial relationships in
the gut. Science 292, 1115-1118. doi: 10.1126/science.1058709

Hu, S. S. (2021). China cardiovascular health and disease report 2020 summary.
Chin. J. Circ. 36, 521-545.

Jie, Z., Xia, H., Zhong, S. L., Feng, Q., and Kristiansen, K. (2017). The
gut microbiome in atherosclerotic cardiovascular disease. Nat. Commun. 8, 1.
doi: 10.1038/s41467-017-00900-1

Larsson, E., Tremaroli, V., Ying, S. L., Koren, O., Nookaew, L, Fricker, A., et al.
(2012). Original article: analysis of gut microbial regulation of host gene expression
along the length of the gut and regulation of gut microbial ecology through MyD88.
Gut 61, 1124-1131. doi: 10.1136/gutjnl-2011-301104

Li, C, Wang, J., Wang, Q., Zhang, Y., Zhang, N., Lu, L., et al. (2016). Qishen

granules inhibit myocardial inflammation injury through regulating arachidonic acid
metabolism. Sci. Rep. 6, 36949. doi: 10.1038/srep36949

Li, F. F. (2019). Characterization of Intestinal Flora in Elderly Patients With Coronary
Heart Disease and Heart Failure. Master Thesis. ZhengZhou: Zhengzhou University.

Li, Y., Li, X,, Chen, X, Sun, X,, Liu, X., Wang, G., et al. (2022). Qishen granule (QSG)
Inhibits monocytes released from the spleen and protect myocardial function via the
TLR4-MyD88-NF-kB p65 pathway in heart failure mice. Front. Pharmacol. 13, 850187.
doi: 10.3389/fphar.2022.850187

Liang, J. H., Zheng, K. W, and Jin, D. W. (2012). Regulation effect of Astragalus
Polysaccharide on intestinal flora in ulcerative colitis rats. Chin. Med. Sci. Technol.
19, 331-332. doi: 10.3969/j.issn.1005-7072.2012.04.028

Liu, B., Wang, W., Zhu, X,, Sun, X,, Xiao, J., Li, D, et al. (2018). Response of Gut
Microbiota to Dietary Fiber and Metabolic Interaction With SCFAs in Piglets. Front.
Microbiol. 9, 2344. doi: 10.3389/fmicb.2018.02344

Liu, T., Zhang, L., Joo, D., and Sun, S. C. (2017). NF-kB signaling in inflammation.
Signal Transduct. Target Ther. 2, 17023. doi: 10.1038/sigtrans.2017.23
Lozupone, C. A., Stombaugh, J. I, Gordon, J. I, Jansson, J. K., and Knight, R. (2012).

Diversity, stability and resilience of the human gut microbiota. Nature 489, 220-230.
doi: 10.1038/nature11550

Mao, J., Zhang, J., and Zhu, M. (2021). Clinical application Guide of Chinese
patent medicine in treating heart failure. Chin. J. Int. Trad. Western Med. 3, 1-15.
doi: 10.7661/j.cjim.20211119.225

Frontiersin Microbiology

10.3389/fmicb.2023.1202768

Marques, F. Z., Nelson, E., Chu, P. Y., Horlock, D., Fiedler, A., Ziemann, M., et al.
(2017). High-fiber diet and acetate supplementation change the gut microbiota and
prevent the development of hypertension and heart failure in hypertensive miceclinical
perspective. Circulation 135, 964-977. doi: 10.1161/CIRCULATIONAHA.116.024545

Mayer, E. A. (2011). Gut feelings: the emerging biology of gut-brain
communication. Nat. Rev. Neurosci. 12, 453-466. doi: 10.1038/nrn3071

Mcmurray, J. J., Adamopoulos, S., Anker, S. D., Auricchio, A., Bshm, M., Dickstein,
K., et al. (2012). ESC guidelines for the diagnosis and treatment of acute and chronic
heart failure 2012: the task force for the diagnosis and treatment of acute and chronic
heart failure 2012 of the European society of cardiology. Developed in collaboration
with the Heart. Eur. Heart J. 11, 110-110.

Mosterd, A., and Hoes, A. W. (2007). Clinical epidemiology of heart failure. Heart
93, 1137-1146. doi: 10.1136/hrt.2003.025270

Niebauer, J., Volk, H. D., Kemp, M., Dominguez, M., Schumann, R. R., Rauchhaus,
M., et al. (1999). Endotoxin and immune activation in chronic heart failure: a
prospective cohort study. Lancet 353, 1838-1842. doi: 10.1016/50140-6736(98)09286-1

Niu, M., Zhao, Y., Xiang, L., Jia, Y., Yuan, J., Dai, X, et al. (2022). 16S. rRNA gene
sequencing analysis of gut microbiome in a mini-pig diabetes model. Animal Model
Exp. Med. 5, 81-88. doi: 10.1002/ame2.12202

Organ, C. L., Otsuka, H., Bhushan, S., Wang, Z., Bradley, J., Trivedi, R, et al.
(2016). Choline diet and its gut microbe-derived metabolite, trimethylamine n-oxide,
exacerbate pressure overload-induced heart failure. Circul. Heart Failure 9, ¢002314.
doi: 10.1161/CIRCHEARTFAILURE.115.002314

Pasini, E., Aquilani, R., Testa, C., Baiardi, P., Angioletti, S., Boschi, F., et al. (2016).
Pathogenic gut flora in patients with chronic heart failure. Jacc Heart Fail. 4, 220-227.
doi: 10.1016/j.jchf.2015.10.009

Peschel, T., Schénauer, M., Thiele, H., Anker, S. D., Schuler, G., Niebauer, J., et al.
(2003). Peschel T, Schonauer M, Thiele H, et al. Invasive assessment of bacterial
endotoxin and inflammatory cytokines in patients with acute heart failure. Eur. J. Heart
Fail. 5, 609-614. doi: 10.1016/S1388-9842(03)00104-1

Petia, K. D., Anne, N., Rozita, A., Shiuan, L. Y., Filipe, D. V., Tulika, A., et al. (2015).
Dietary Fiber-Induced Improvement in Glucose Metabolism Is Associated with Increased
Abundance of Prevotella. Available online at: https://www.sciencedirect.com/science/
article/pii/S1550413115005173%via%3Dihub

Poltorak, A., He, X., Smirnova, L., Liu, M. Y., Van Huffel, C., Du, X,, et al. (1998).
Defective LPS signaling in C3H/HeJ and C57BL/10ScCr mice: mutations in Tlr4 gene.
Science 282, 2085-2088. doi: 10.1126/science.282.5396.2085

Purushe, J., Fouts, D. E., Morrison, M., White, B. A., Mackie, R. L., Coutinho,
P. M, et al. (2010). Comparative genome analysis of Prevotella ruminicola and
Prevotella bryantii: insights into their environmental niche. Microb. Ecol. 60, 721-729.
doi: 10.1007/s00248-010-9692-8

Qin, J., Li, Y., Cai, Z,, Li, S, Zhu, J., Zhang, F., et al. (2012). A metagenome-
wide association study of gut microbiota in type 2 diabetes. Nature 490, 55-60.
doi: 10.1038/nature11450

Rastmanesh, R. (2011). High polyphenol, low probiotic diet for weight loss
because of intestinal microbiota interaction. Chem. Biol. Interact. 189, 1-8.
doi: 10.1016/j.¢bi.2010.10.002

Rhee, E. P., Clish, C. B., Ghorbani, A., Larson, M. G., Elmariah, S., Mccabe, E.,
et al. (2013). A combined epidemiologic and metabolomic approach improves CKD
prediction. J. Am. Soc. Nephrol. Jasn 24, 1330-1338. doi: 10.1681/ASN.2012101006

Romano, K. A, Vivas, E. I, Amador-Noguez, D., and Rey, F. E. (2015). Intestinal
microbiota composition modulates choline bioavailability from diet and accumulation
of the proatherogenic metabolite trimethylamine-N-oxide. mBio 6, €02481-02414.
doi: 10.1128/mBi0.02481-14

Sandek, A., Bauditz, J., Buhner, A., Weber-Eibel, S., and Von-Haehling, J. S., et al.
(2007a). Altered intestinal function in patients with chronic heart failure. J. Am. Coll.
Cardiol. 50, 1561-1569. doi: 10.1016/j.jacc.2007.07.016

Sandek, A., Bauditz, J., Swidsinski, A., Buhner, S., Weber-Eibel, J., Haehling, S. V.,
et al. (2007b). Altered intestinal function in patients with chronic heart failure. J. Am.
Coll. Cardiol. 50, 1561-1569.

Sandek, A., Bjarnason, I, Volk, H. D, Crane, R., Meddings, J. B., Niebauer, ., et al.
(2012). Studies on bacterial endotoxin and intestinal absorption function in patients
with chronic heart failure. Int. J. Cardiol. 157, 80-85. doi: 10.1016/j.ijcard.2010.12.016

Sandek, A., Swidsinski, A., Schroedl, W., Watson, A., Valentova, M., Herrmann, R,
et al. (2014). (2014). Intestinal blood flow in patients with chronic heart failure: a link
with bacterial growth, gastrointestinal symptoms, and cachexia. J. Am. Coll. Cardiol.
64, 1092-1102. doi: 10.1016/j.jacc.2014.06.1179

Schloss, P. D., Gevers, D., and Westcott, S. L. (2011). Reducing the effects of PCR
amplification and sequencing artifacts on 16S rRNA-based studies. PLoS ONE 3, 7310.
doi: 10.1371/journal.pone.0027310

Sekirov, L, Russell, S. L., Antunes, L. C. M., and Finlay, B. B. (2010). Gut microbiota
in health and disease. Physiol. Rev. 90, 859-904. doi: 10.1152/physrev.00045.2009

Shen, F., Zheng, R., Sun, X., Ding, W., Wang, X, Fan, ], et al. (2017). Gut microbiota
dysbiosis in patients with non-alcoholic fatty liver disease. HBPD INT 16, 375-381.
doi: 10.1016/S1499-3872(17)60019-5

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1202768
https://doi.org/10.1186/1471-2407-10-105
https://doi.org/10.1073/pnas.0407076101
https://doi.org/10.1016/j.chom.2019.04.002
https://doi.org/10.1146/annurev-med-060513-093205
https://doi.org/10.1016/j.jep.2021.114841
https://doi.org/10.1128/mSystems.00046-17
https://doi.org/10.1126/science.1110591
https://doi.org/10.1007/s00380-016-0841-y
https://doi.org/10.1007/s11154-014-9288-6
https://doi.org/10.1111/imm.12595
https://doi.org/10.1186/s13020-020-0299-9
https://doi.org/10.3969/j.issn.1002-1078.2004.03.011
https://doi.org/10.1126/science.1124234
https://doi.org/10.1126/science.1058709
https://doi.org/10.1038/s41467-017-00900-1
https://doi.org/10.1136/gutjnl-2011-301104
https://doi.org/10.1038/srep36949
https://doi.org/10.3389/fphar.2022.850187
https://doi.org/10.3969/j.issn.1005-7072.2012.04.028
https://doi.org/10.3389/fmicb.2018.02344
https://doi.org/10.1038/sigtrans.2017.23
https://doi.org/10.1038/nature11550
https://doi.org/10.7661/j.cjim.20211119.225
https://doi.org/10.1161/CIRCULATIONAHA.116.024545
https://doi.org/10.1038/nrn3071
https://doi.org/10.1136/hrt.2003.025270
https://doi.org/10.1016/S0140-6736(98)09286-1
https://doi.org/10.1002/ame2.12202
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002314
https://doi.org/10.1016/j.jchf.2015.10.009
https://doi.org/10.1016/S1388-9842(03)00104-1
https://www.sciencedirect.com/science/article/pii/S1550413115005173?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1550413115005173?via%3Dihub
https://doi.org/10.1126/science.282.5396.2085
https://doi.org/10.1007/s00248-010-9692-8
https://doi.org/10.1038/nature11450
https://doi.org/10.1016/j.cbi.2010.10.002
https://doi.org/10.1681/ASN.2012101006
https://doi.org/10.1128/mBio.02481-14
https://doi.org/10.1016/j.jacc.2007.07.016
https://doi.org/10.1016/j.ijcard.2010.12.016
https://doi.org/10.1016/j.jacc.2014.06.1179
https://doi.org/10.1371/journal.pone.0027310
https://doi.org/10.1152/physrev.00045.2009
https://doi.org/10.1016/S1499-3872(17)60019-5
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Gao et al.

Smith, B. J., Miller, R. A., Ericsson, A. C., Harrison, D. C., Strong, R., Schmidt,
T. M., et al. (2019). Changes in the gut microbiome and fermentation products
concurrent with enhanced longevity in acarbose-treated mice. BMC Microbiol. 19, 130.
doi: 10.1186/s12866-019-1494-7

Suparna, M. (2015). In silico analyses of metagenomes from human atherosclerotic
plaque samples. Microbiome. 3, 100. doi: 10.1186/s40168-015-0100-y

Tan, S. (2018). Relationship Between Intestinal Flora and Ischemic Cardiomyopathy.
Master thesis. Tianjin: Tianjin Medical University.

Tang, T. W. H., Chen, H., Chen, C,, Yen, C. Y. T., and Hsieh, P. C. H. (2018). Loss of
gut microbiota alters immune system composition and cripples post-infarction cardiac
repair. Circulation 139, 5235. doi: 10.1161/CIRCULATIONAHA.118.035235

Tremaroli, V., and Bickhed, F. (2012). Functional interactions between the gut
microbiota and host metabolism. Nature 71, 242-249. doi: 10.1038/nature11552

Vatanen, T., Kostic, A. D., dHennezel, E., Siljander, H., Franzosa, E. A., Yassour,
M, et al. (2016). Variation in microbiome lps immunogenicity contributes to
autoimmunity in humans. Cell 165, 842-853. doi: 10.1016/j.cell.2016.04.007

Violi, F., Cammisotto, V., Bartimoccia, S., Pignatelli, P., Carnevale, R., Nocella,
C., et al. (2023). Gut-derived low-grade endotoxaemia, atherothrombosis and
cardiovascular disease. Nat. Rev. Cardiol. 20, 24-37. doi: 10.1038/s41569-022-00737-2

Wang, B., Yao, M, Lv, L., Ling, Z., and Li, L. (2017). The human microbiota in health
and disease. Engineering 3, 71-82. doi: 10.1016/].ENG.2017.01.008

Wang, J., Shi, J., Wei, J., Wang, J., Gao, K., Li, X., et al. (2017). Safety and efficacy of
Qishen granules in patients with chronic heart failure: study protocol for a randomized
controlled trial. Trials 18, 468. doi: 10.1186/s13063-017-2193-z

Wang, W., Chen, L., Zhou, R.,, Wang, X., Song, L., Huang, S., et al. (2014). Increased
proportions of Bifidobacterium and the Lactobacillus group and loss of butyrate-
producing bacteria in inflammatory bowel disease. J. Clin. Microbiol. 52, 398-406.
doi: 10.1128/JCM.01500-13

Wang, Y., Liu, Z, Li, C, Li, D.,, Ouyang, Y., Yu, J., et al. (2012). Drug
target prediction based on the herbs components: the study on the multitargets
pharmacological mechanism of gishenkeli acting on the coronary heart disease. Evid.
Based Compl. Alternat. Med. 2012, 698531. doi: 10.1155/2012/698531

Wexler, A. G., and Goodman, A. L. (2017). An insider’s perspective: bacteroides as a
window into the microbiome. Nat Microbiol 2, 17026. doi: 10.1038/nmicrobiol.2017.26

Frontiersin Microbiology

13

10.3389/fmicb.2023.1202768

Wu, S. Q. (2018). Preventive Effect of Lactobacillus Plantarum Zhang-LL on Chronic
Ulcerative Colitis Induced by DSS in Rats. Doctor thesis. Beijing: Beijing University
of Agriculture.

Wu, X, Cao, J., Li M., Yao, P, Li, H, Xu, W, et al. (2020). An
integrated microbiome and metabolomic analysis identifies immunoenhancing
features of Ganoderma lucidum spores oil in mice. Pharmacol. Res. 158, 104937.
doi: 10.1016/j.phrs.2020.104937

Xia, K., Wang, Q., Li, C., Zeng, Z., Wang, Y., Wang, W, et al. (2017). Effect of QSKL
on MAPK and RhoA pathways in a rat model of heart failure. Evid. Based Complement.
Alternat. Med. 2017, 3903898. doi: 10.1155/2017/3903898

Xie, S. (2014). Study on the Relationship Between Intestinal Flora Structure
and Development of Chronic Renal Failure. Doctor Thesis. Guangzhou: Southern
Medical University.

Xu, H. Y. (2018). Effect of Huangqin Decoction on Intestinal Flora and Protective
Mechanism of Intestinal Mucosal Barrier in Mice With Ulcerative Colitis. Master Thesis.
Beijing: China Academy of Chinese Medical Sciences.

Yu, H,, Dong, A. Q., Zhao, Y., Zhao, L. S., and Lu, J. Y. (2021). Changes of intestinal
flora in patients with coronary heart disease complicated with heart failure and the
effect of probiotics intervention. J. Military Med. 45, 6. doi: 10.1155/2021/1620891

Yu, T. Y., Jee, J. H, Bae, J. C, Jin, S. M., Baek, J. H., Lee, M. K., et al. (2015). Serum
uric acid: a strong and independent predictor of metabolic syndrome after adjusting for
body composition. Metabol. Clin. Exp. 65, 432-440. doi: 10.1016/j.metabol.2015.11.003

Zhang, H., Chen, Y., Zhao, X., Qiu, X, and Li, Y. (2023). Effects of Lingguizhugan
Decoction on cardiac function, intestinal barrier and microflora in heart failure mice
induced by stress load. Infor. Trad. Chin. Med. 40, 8.

Zhang, Y. X. (2021). The Characteristics of Vaginal and Gut Microbiome
Inspontaneous Abortion Women and Effect of Modified ShoutaiWan on Microbiome-
Metabolites-Immune Regulation. Doctor thesis. Guangzhou: Guangzhou University of
Traditional Chinese Medicine. doi: 10.19656/j.cnki.1002-2406.20230205

Zhong, Y., Nyman, M., and Fak, F. (2015). Modulation of gut microbiota in rats fed
high-fat diets by processing whole-grain barley to barley malt. Mol. Nutr. Food Res. 59,
2066-2076. doi: 10.1002/mnfr.201500187

Zhu, D. H. (2022). Effects of Astragalus granules combined with Bifidobacterium
quadruple viable tablets in adjuvant treatment of ulcerative colitis. Med. J. Chin. People’s
Health 34, 91-100. doi: 10.3969/j.issn.1672-0369.2022.06.031

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1202768
https://doi.org/10.1186/s12866-019-1494-7
https://doi.org/10.1186/s40168-015-0100-y
https://doi.org/10.1161/CIRCULATIONAHA.118.035235
https://doi.org/10.1038/nature11552
https://doi.org/10.1016/j.cell.2016.04.007
https://doi.org/10.1038/s41569-022-00737-2
https://doi.org/10.1016/J.ENG.2017.01.008
https://doi.org/10.1186/s13063-017-2193-z
https://doi.org/10.1128/JCM.01500-13
https://doi.org/10.1155/2012/698531
https://doi.org/10.1038/nmicrobiol.2017.26
https://doi.org/10.1016/j.phrs.2020.104937
https://doi.org/10.1155/2017/3903898
https://doi.org/10.1155/2021/1620891
https://doi.org/10.1016/j.metabol.2015.11.003
https://doi.org/10.19656/j.cnki.1002-2406.20230205
https://doi.org/10.1002/mnfr.201500187
https://doi.org/10.3969/j.issn.1672-0369.2022.06.031
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

	Qishen granules regulate intestinal microecology to improve cardiac function in rats with heart failure
	1. Introduction
	2. Materials and methods
	2.1. Experimental animals and Ethics Statement
	2.2. Drugs
	2.3. HF model induction and Electrocardiogram
	2.4. Animal grouping and drug administration
	2.5. Assessment of cardiac functions by echocardiography
	2.6. Hematoxylin–eosin (HE) and Masson staining
	2.7. Mitochondrial ultrastructure observation using transmission electron microscopy
	2.8. LPS detection
	2.9. Detection of gut microbiota
	2.10. Statistical analysis

	3. Experimental results
	3.1. QSG improved cardiac functions in HF rats
	3.2. QSG reduced pathological changes in HF rats
	3.3. QSG improved the structure of mitochondria
	3.4. QSG reduced pathological changes in the ileum
	3.5. OTUs, Venn, and alpha microbial analysis
	3.6. PLS-DA and percent of community abundance among the four groups
	3.7. LEfSe and phenotype prediction among the four groups

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


