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modulating gut microbiota
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ABSTRACT
In this study, we make an elucidation toward both the therapeutic effect and the mechanism of 
Shenqi Yanshen Formula (SQYSF) to chronic kidney disease (CKD). CKD mouse model was 
established and achieved in a way of adenine (200 mg/kg) perfusion. Six weeks later, those 
mice in the model group were fed with SQYSF (3.60 g/kg/day) every day (the captopril group 
was given 12.5 mg/kg/day by gavage every day, and control group and the model group were 
both given the gavage of equal volumes of normal saline); 4 weeks after the administration, we 
had our detection to physiological indicators of mice, performed ELISA assay to detect inflamma-
tory factor expressions, then assay of 16S sequencing was used to reveal the difference of 
intestinal flora. Our results showed that after SQYSF treatment, both the expressions of serum 
creatinine (Scr) and blood urea nitrogen (BUN) came with a significant decline, indicating the 
outstanding performances of SQYSF in alleviating impairment in renal function and elevating 
mice’s physiological function. SQYSF significantly reduced the degree of renal fibrosis in CKD 
mice, and remarkably down-regulated the expressions of toll-like receptor 5 (TLR5), nuclear factor- 
kappaB (NF-κb), p65, tumor necrosis factor (TNF)-α, interleukin (IL)-1β and IL-6. Additionally, 
SQYSF has more than ability in significantly changing the composition in mice’s intestinal flora, 
but also in greatly increasing the abundance of Succinivibrionaceae and Aeromonadales in the 
mouse intestine. This study clarified the therapeutic effect of SQYSF on CKD and regulation of 
inflammatory factors and intestinal flora, and provided new ideas for treatment on CKD.
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Introduction

Chronic kidney disease (CKD) conventionally 
refers to the heterogeneous disorders impairing 
renal structure and function. Definition and clas-
sification of CKD continues to evolve and change 
over time; however, regardless of the root cause, 
current international guidelines define this condi-
tion as a decline in renal function, which is man-
ifested as a glomerular filtration rate lower than 
60 mL/min/1.73 m2, or a marker of kidney injury, 
or both, for at least 3 months [1]. In developed 
countries, CKD is usually associated with old age, 
diabetes, hypertension, obesity and cardiovascular 
disease [2]. CKD involves the accumulation of 
uremic toxins/metabolites, systemic inflammation 
and immune deficiency, and plays an important 
role in the pathogenesis of severe cardiovascular 
diseases and other CKD-related complications [3].

In the last decades, it was gradually realized that 
the profound impingement of microbiome is 
greatly associated with human physiology. The 
human gut is teeming with microbes, mainly anae-
robic bacteria. These internalized ‘microbial 
organs’ are not coded in the host genome. They 
are made from at least 1013 dwellers and 500–1000 
different species, and their collective genomes pos-
sibly have 100 times more genes than human own 
genome. Numerous evidence has shown that 
intestinal flora imbalance is associated with CKD 
[4,5]. Imbalance of the intestinal flora would pro-
duce excessive uremic toxins, and the damaged 
intestinal barrier fails to prevent these toxins 
from being transferred to the systemic circulation 
in this context [6,7]. It turns out that in many 
cases the accumulation of toxins in uremia is 
related to the progression of CKD risk.
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According to improve the prognosis of 
Kidney Disease worldwide organization 
(Kidney diseases: Improving Global Outcomes, 
KDIGO) working group statistics, CKD is one 
of the most expensive chronic diseases and sig-
nificantly reduce the patient’s life expectancy, 
although CKD5 needs dialysis and/or renal 
transplantation treatment period in patients 
with stage (i.e., uremia and end-stage CKD 
only 1%, but it consumes more than 5% of 
health budget) [8–10]. How to further delay 
the progression of the disease, extend the life 
span of the patients and achieve a higher qual-
ity of life is still an urgent problem to be 
solved. Clinical practices have shown that tradi-
tional Chinese medicine is effective in treating 
CKD. Chinese herbal medicine, the Shenqi 
Yanshen Formula (SQYSF), is composed of 
seven kinds of medicinal materials, red ginseng, 
astragalus root, raw rhubarb, herb epimedium, 
ligusticum wallichii, rehmannia root, vinegar- 
processed carapax trionycis, which is inherited 
from the experience of Professor Xin Zheng, 
a master of Chinese medicine, in treating 
chronic kidney disease. And it has achieved 
satisfactory results in many years of clinical 
treatment of CKD patients [11]. Chongqing 
Hospital of Traditional Chinese Medicine has 
developed SQYSF, which has the function of 
improving kidney function and eliminating tox-
ins [11,12]. In recent years, modern medicine 
has also confirmed that Rehmannia glutinosa 
alleviates the level of renal interstitial fibrosis 
by down-regulating the levels of transforming 
growth factor (TGF)-β1, alpha-smooth muscle 
actin (α-SMA) and type I collagen [13,14].

Therefore, we established a CKD mouse model, 
where our evaluation to SQYSF’s efficiency on 
renal function and intestinal flora was carried 
out. We used network pharmacology tools in 
order to explore the therapeutic mechanism of 
SQYSF on CKD, and experimentally confirmed 
the fact that SQYSF reduces the expression of 
TLR5. We have designed the present study to 
verify the hypothesis of the good SQYSF therapeu-
tic efficiency on CKD mouse model and the mod-
ulation on intestinal flora with the prospect of 
supporting the basic information of TCM, espe-
cially SQYSF in treating CKD patients.

Materials and methods

SQYSF

In this study, SQYSF consisted of seven natural herbs: 
red ginseng, astragalus root, raw rhubarb, herb epi-
medii, ligusticum wallichii, rehmannia root, vinegar- 
processed carapax trionycis (Table 1). SQYSF powder 
was prepared and standardized in Chongqing 
Institute of Traditional Chinese Medicine. The 
Chinese herbal medicines used in this study were 
prepared in accordance with the established guide-
lines of the 2010 edition of the Pharmacopoeia of the 
People’s Republic of China. Briefly, the herbs were 
boiled into decoction with water, filtering, concentrat-
ing, drying, pulverizing, and passing through a mesh 
to produce a powder for subsequent administra-
tion [15].

Table 1. SQYSF composition was listed by Chinese name, 
English name, Latin name; and each herb’s function was 
introduced.

Chinese name English name Latin name Function

Hongshen Red ginseng Ginsen Radix 
Et Rhizoma 
Rubra

Invigorating vitality, 
replenishing qi 
and invigorating 
blood

Huangqi Astragalus 
root

Hedysarum  
Multijugum 
Maxim.

Enhancing the qi of 
spleen and 
kidney, improving 
renal function 
and pathological 
changes of kidney 
tissue [16]

Dahuang Raw rhubarb Radix Rhei Et 
Rhizome

Relieving diarrhea 
and turbidity and 
promoting blood 
circulation and 
removing blood 
stasis [17]

Yinyanghuo Herb  
epimedium

Epimrdii Herba Warming yang and 
nourishing the 
liver and kidney 
[18]

Chuanxiong Ligusticum 
wallichii

Chuanxiong 
Rhizoma

Enriching blood and 
promoting blood 
circulation [19]

Shengdihuang Rehmannia 
root

Rehmanniae 
Radix

Regulating 
immunity and 
delay kidney 
fibrosis [20,21]

Biejia Vinegar- 
processed 
carapax 
trionycis

Trionycis 
Carapax

Anti-liver fibrosis, 
anti-cancer 
effects, and can 
enhance the 
immunity of 
experimental 
animals [22,23]
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Animal

C57BL/6 mice were obtained from the Animal 
Resource Center of Chongqing Medical University 
(Chongqing, China). Mice were given a standard 
diet, housed in a 12 h light/dark cycle. Mice with 
their weights of 16–20 g were utilized in all our 
experiments. All of the experiments were run in 
accordance with the guidelines for the care and use 
of experimental animals and the procedures for care 
and use of animals were approved by the Institutional 
Animal Care and Use Committee of Chongqing 
Medical University (Chongqing, China).

Experimental design

The mice were kept under controlled humidity 
(55 + 15%) and temperature (23 + 2°C), 12 hours 
light/12 hours dark cycle. These mice were also 
allowed free access to standard laboratory food 
and water. Mice were randomized into 4 groups 
as follows:(1) control group; (2) CKD model 
group; (3) SQYSF treated group; (4) captopril 
treated group. CKD model group was given saline 
by intra-gastric gavage, SQYSF treated group was 
given SQYSF by intra-gastric gavage (3.6 g/kg/ 
day); captopril treated group was given captopril 
by intra-gastric gavage (12.5 mg/kg/day) as posi-
tive control for its efficacy on CKD has been con-
firmed before [24–26]. Four weeks after the 
treatment, we collected blood and tissues for our 
next analysis. On the basis of previous clinical 
studies and standard conversion formulas below, 
we determined that the effective dose of SQYSF in 
mice was 3.6 g/kg/day [27].

Human equivalent doseðmg=kgÞ ¼ Animal mg=kgð Þ

� Weightanimal kg½ �=Weigththuman kg½ �ð Þ
ð1� 0:67Þ

Induction of chronic kidney disease

In this study, 48 C57BL/6 mice were selected, and 
after 7 days adaptive feeding, they were randomly 
divided into 12 blank groups and 36 model 
groups. Model group was given 2.5% adenine by 
intra-gastric gavage (250 mg/kg/day); blank groups 
were given equivalent saline by intra-gastric 
gavage. Two groups of mice were given continu-
ous gavage 21 days once a day [28,29].

Antibody

Antibody against TLR5 was purchased from Thermo 
Fisher (MA, USA). TNF-α, IL-1β, and IL-6 were 
purchased from Cell Signaling Technology (MA, 
USA). GAPDH was used as the antibodies reference 
in Western blotting analysis (1:1000 dilution, Abcam, 
UK). Goat anti-mouse secondary antibody and goat 
anti-rabbit secondary antibody were purchased from 
Santa Cruz Biotechnology (CA, USA).

Histopathological staining analysis

In the histological analysis, we fixed the kidney tissue 
in 4% paraformaldehyde for at least 24 hours. After 
the tissues were sectioned (5 μm thick), embedded in 
paraffin. We used hematoxylin-eosin staining (HE) 
and Masson’s trichrome to observe the pathological 
changes and collagen deposition of kidney tis-
sues [30].

Assessment of kidney function

We used an intracardiac puncture method to take 
blood samples and centrifuged the samples at 
3000 rpm for 15 minutes. The biochemical para-
meters of the kidney were obtained by measuring 
serum samples. The blood urea nitrogen and 
serum creatine levels were evaluated on the 
Hitachi 747 automatic analyzer (Hitachi Co., Ltd, 
Tokyo, Japan) platform.

Western blotting

Cell lysis buffer (Beyotime Biotechnology, Jiangsu, 
China) was used to add 1 mM phenylmethanesul-
fonyl fluoride (Beyotime Biotechnology, Jiangsu, 
China) to extract protein lysates from kidney tis-
sue. We used membrane and cytosolic protein 
extraction kit (Cat# P0033; Beyotime) to extract 
the cell membrane and cytoplasm. Equal amounts 
of protein samples were separated by 10% SDS/ 
PAGE and transferred into polyvinylidene difluor-
ide membranes (Millipore, Billerica, MA) [31]. 
The immunoblots were probed with primary anti-
bodies (1:1000 dilution). Protein bands were visua-
lized with Ultra-Sensitive Chemiluminescence kits 
(10,300, New Cell & Molecular Biotech Co., Ltd., 
Suzhou, China).
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Real-time PCR analysis

Specific TaqMan primers and probes for TLR5, 
TNF-α, IL-1β, IL-6 were obtained from Applied 
Biosystems. Specific TaqMan primers and probes 
for TLR5 (forward, 5ʹ-GCCCAGTGAGAACAGA 
AAGG-3ʹ, reverse,5ʹ-AAGGGAAAGGAAGGAAA 
CAT-3ʹ), TNF-α(forward,5ʹ-AAGCCTGTAGCCC 
ACGTCGTA-3ʹ, reverse,5ʹ-GGCACCACTAGTTG 
GTTGTCTTTG-3ʹ), IL-1β(forward,5ʹ-CTCTGAC 
AGGCAACCACTTAC-3ʹ, reverse,5ʹ-GTCCAAA 
TTCAATTCATCCC-3ʹ), IL-6(forward,5ʹ-TTGCC 
TTCTTGGGACTGATG-3ʹ, reverse,5ʹ-ACTGGTC 
TGTTGTGGGTGGT-3ʹ) were designed using 
Primer Express Software (Applied Biosystems). 
According to the manufacturer’s instructions, we 
used gene-specific primers and probes on the ABI 
Prism 7700 Sequence Detection System (Applied 
Biological System) to amplify cDNA in 1 × 
Universal Master Mix (Applied Biological 
System). The PCR condition was set to: 94°C for 
30 s, 55°C for 30 s, 72°C for 30 s, 35 cycles. Our 
analysis of the data obtained was commenced by 
Sequence Detector V1.9 analysis software (Applied 
Biosystems) [32]. The expression of each gene was 
standardized with the mRNA expression of the 
housekeeping gene β-actin.

ELISA

TNF-α, TGF-β, and TLR5 in serum were measured 
using the specific ELISA kits (R&D Co., Ltd, MN, 
USA) according to the manufacturer's protocol. In 
short, the supernatant or controls were added to 
a 96-well plate coated with coated antibodies, 
which was then incubated at room temperature 
for 2 hours. Plates were washed five times, after 
that a detecting antibody was added to each well. 
Plates were incubated at room temperature for 2 h 
and 100 μL solution was added to each well. After 
incubation for 90 min, 100 μL stop solution was 
added to each well. The absorbance was measured 
at 450 nm [32].

DNA extraction

This section contains 16S Ribosomal RNA (rRNA) 
Gene Sequencing, and Microbial Analysis of Fecal 
Samples. Fecal samples were frozen at −80°C for 3 

hours after collection. QIAamp Fast DNA Stool Mini 
Kit (Qiagen, California, USA) was used to extract 
DNA samples. We then determined the purity of the 
DNA samples and calculated their concentration. 
Bacterial 16S rRNA gene V3 region was amplified 
by using PCR. The bacterial genomic DNA was 
amplified by PCR with forward primer (5-TCGTC 
GGCAGCGTCAGATGTGTATAAGAGACAGCC-
TACGGGNGGCWGCAG) and reverse primer 
(5-GTCTCGTGGGCTCGGAGATGTGTATAAG-
AGACAGGACTACHVGGGTATCTAATCC) for 
the V3 hypervariable region. Purified amplicons 
were pooled into equimolar concentrations, and 
paired end sequencing was performed using an 
Illumina MiSeq instrument (Illumina, San Diego, 
California, USA). Representative sequences of 
OTUs are used to analyze diversity based on their 
relative abundance (Chao index and Shannon diver-
sity index). R software was used to generate heat 
maps based on the relative abundance of OTUs 
(https://www.R-project.org). We used the represen-
tative sequence of each sample OTUs to measure 
the phylogenetic diversities, such as unweighted 
UniFrac significance test, principal coordinate ana-
lysis and non-metric multidimensional scale analysis 
to analyze the community and phylogeny. We used 
a ribosomal database project classifier with a 60% 
bootstrap score to perform taxonomy-based analyses 
on taxonomic classification.

Network pharmacology

On the basis of the network pharmacology princi-
ples, the main target of Shenqi Yanshen Formula is 
predicted, paving the way for further experiments 
for exploring its mechanism of action. Retrieve the 
effective active ingredients and relevant targets of 
Shenqi Yanshen Formula from TCMSP (https:// 
tcmspw.com/tcmsp.php), and select chronic kid-
ney disease according to the Genecards (https:// 
www.genecards.org/) disease database (CKD) 
related genes, upload the obtained common target 
to the String website (https://string-db.org/) to 
obtain the protein–protein interaction network 
(PPI); upload the core target to DAVID (https:// 
david.ncifcrf.gov/home.jsp), limited species ‘Homo 
sapiens’, use the drawing software Cytoscape 3.6.1 
to analyze the GO biological process and KEGG 
pathway enrichment analysis of key targets [33].
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Statistical analysis

All of our data were shown in a manner of mean + 
standard deviation. We had our statistical analysis 
with the help of SPSS 13.0 software. Analyses of the 
statistical distinctions amid the experiment and the 
control groups were accomplished by the method of 
least significant difference (LSD); method of t-test 
was used for two groups, whereas that of one-way 
analysis of variance (ANOVA) for multiple groups. 
P values <0.05 were deemed statistically significant.

Result

Traditional Chinese medicine treatment has unique 
advantages in delaying the progression of CKD and 
improving the quality of life, especially for the pre-
vention and treatment of chronic kidney disease 
stage 3–4. Due to its multi-target and synergistic 
characteristics, traditional Chinese medicine can 
delay the progression of renal failure, reduce com-
plications, and delay the entry of renal replacement 
therapy. In this study, a CKD mouse model was 
induced by adenine (200 mg/kg), and the therapeu-
tic effect and mechanism of SQYSF on CKD were 
detected and analyzed. ELISA was used to detect the 
expression of inflammatory factors, 16S sequencing 
was used to reveal the difference of intestinal flora, 
and the effect of SQYSF on kidney fibrosis in CKD 
mice was also tested. As a traditional Chinese med-
icine, SQYSF has the effects of invigorating the kid-
ney, promoting blood circulation, detoxification and 
reducing turbidity, and could exhibit a significant 
therapeutic effect in the CKD mouse model.

SQYSF alleviated renal functional damage in 
CKD mice

In order to study the effect of SQYSF on the renal 
function of CKD mice, we detected the body weight, 
hemoglobin (Hb), serum creatinine (Scr) and blood 
urea nitrogen (BUN) of each mouse. Compared with 
model group, SQYSF group and Captopril group, 
body weight and hemoglobin increased significantly, 
and SQYSF significantly improved the physiological 
functions of mice (Figure 1(a,b)). Compared with 
control group, the expressions of Scr and BUN in 
model group increased significantly, indicating that 
the renal function of CKD was severely decreased. 

Compared with model group, SQYSF group and 
Captopril group, expressions of Scr and BUN 
decreased significantly, indicating that SQYSF can 
effectively alleviate the damage to renal function. 
There is no significant difference between SQYSF 
group and Captopril group (Figure 1(c,d)).

SQYSF alleviated renal inflammation and fibrosis 
in CKD mice

To investigate the effects of SQYSF on inflamma-
tion and fibrosis in CKD mice, we observed the 
changes of renal tissue structure in four groups of 
mice with HE staining and Masson staining, and 
detected the level of TLR5, NF-κb p65, TNF-α, IL- 
1β and IL-6 in mice. Outcomes of HE staining 
revealed that control group was normal renal tis-
sue, and the model group mice were glomerulo-
sclerosis, renal tubular dilatation, epithelial cell 
necrosis and inflammatory cell infiltration 
(Figure 2(a)). The results of Masson staining 
showed that large area of blue stained collagen 
fiber was found in model group, and the area of 
fibrosis in SQYSF group and captopril group was 
significantly lower than that in the same group and 
moreover no significant difference between SQYSF 
group and captopril group (Figure 2(a,b)). When 
compared with model group, the level of TLR5, 
NF-κb p65, TNF-α, IL-1β and IL-6 down- 
regulated significantly in SQYSF group and capto-
pril group, while it does not totally restore as the 
controls (Figure 2(c,g)). Collectively, SQYSF alle-
viated renal inflammation and fibrosis in CKD 
mice.

The core components and mechanism of SQYSF 
was investigated in the treatment of CKD by 
using network pharmacology

After network pharmacological analysis, it was found 
that SQYSF has a total of 772 molecular targets, of 
which 684 are related to CKD, and there are 128 
intersecting targets between the two (Figure 3(a)). 
The relationship network of SQYSF-monomer- 
target is shown in Figure 3(b). Through GO analysis, 
it is found that SQYSF has a greater impact on low- 
density lipoprotein particle remodeling and positive 
regulation of protein-containing complex disassembly 
in the biological process (Figure 3(c)). The results 
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showed that the relevant pathways of SQYSF in the 
treatment of CKD include Tyrosine metabolism, 
Calcium signaling pathway, mTOR signaling path-
way, AMPK signaling pathway, PD-L1 expression 
and PD-1 checkpoint pathway in cancer, Toll-like 
receptor signaling pathway, HIF-1 signaling pathway. 
By analyzing the component-target map and KEGG 
pathway, we believe that the main mechanism of 
SQYSF treatment may be that the kaempferol, eupa-
tin, beta-sitosterol, and myricanone components act 
on HIF-1 signaling pathway, mTOR signaling path-
way, Toll-like receptor signaling pathway, indicating 
the treatment characteristics of SQYSF with multiple 
components, multiple targets and multiple pathways 
(Figure 3(d)).

SQYSF inhibited the TLR5 Signaling Pathway in 
the kidney of CKD mice

Western blot and qPCR results showed that TLR5 
expression level and TNF-α, IL-1β and IL-6 levels in 

model group were greatly up-regulated compared 
with control group, indicating activation of TLR5 
signaling pathway in CKD mice. TLR5, TNF-α, IL- 
1β and IL-6 levels were significantly decreased in 
SQYSF group and Captopril group compared with 
model group. And SQYSF group has a comparable 
effect compared with Captopril group (Figure 4), sug-
gesting that the TLR5 signaling pathway was inhibited 
in SQYSF and Captopril treated CKD mice.

SQYSF therapeutic effects on the Gut Microbiota 
Composition of CKD mice

Next, in order to clarify the effect of SQYSF on the 
intestinal flora after 4 weeks of treatment of CKD 
mice. We collected the feces in the intestines of 
mice in the normal and the SQYSF groups for 16S 
DNA sequencing. The abundance of the sequen-
cing data for the two sets of samples is shown in 
Figure 5(a). According to the OTU analysis of the 
sequencing data, 51 species were significantly 

Figure 1. SQYSF alleviated renal functional damage in CKD mice. (a) The body weights of modeling 1 week, 3 weeks, 5 weeks, 
7 weeks and 1 week, 2 weeks, 3 weeks and 4 weeks after administration were measured respectively. (b) Detect the Hb content after 
4 weeks of administration. (c) Detect the Scr content after 4 weeks of administration. (d) Detect the BUN content after 4 weeks of 
administration. ##, p < 0.01, compared with the model group.
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expressed in the normal group, and 36 species 
were notably expressed in the SQYSF group 
(Figure 5(b)). Then, α-diversity and β-diversity of 
gut microbiota analysis in normal and SQYSF 
groups was performed. After SQYSF treatment, 
the Shannon index decreased, and the species 
diversity of the flora reduced (Figure 5(c)). And β- 
diversity analysis showed SQYSF treatment 
affected the composition of the fecal gut micro-
biota (Figure 5(d)). Furthermore, we use LDA 
Effect Size (LEfSe analysis) to estimate the size 
of the influence that different strains’ abundance 
on the difference effect, and find the colonies 
that have a significant difference in the sample 
division. It was found that after SQYSF treatment, 
f_Succinivibrionaceae and o_Aeromonadales were 
the most significant. It indicates that these two 

strains are likely to participate in the regulation 
pathway of CKD (Figure 5(e–g)).

Discussion
CKD is a disease that changes the structure and 
function of the kidney, and is a typical predictor of 
end-stage kidney disease [34]. In developed coun-
tries, chronic kidney disease is usually closely 
related to cardiovascular disease, diabetes, hyper-
tension, and obesity, but the mechanism of CKD 
has not yet been clearly studied [35,36]. In this 
study, the CKD mouse model was constructed, 
and SQYSF was added to detect the protective effect 
of SQYSF on the kidneys of CKD mice, the expres-
sion of inflammatory factors, and the difference of 
intestinal flora. The results show that SQYSF can 

Figure 2. SQYSF alleviated renal inflammation and fibrosis in CKD mice. (a) HE staining to detect kidney morphology in each group, 
Masson staining to detect kidney fibrosis in each group. (b) Masson staining statistical results. (c–g) ELISA to detect the contents of 
TLR5, NF-κb, p65, TNF-α, IL-1β and IL-6 in each group of serum samples. ##, p < 0.01, which were compared with model group. ns, 
p > 0.05, **, p < 0.01, SQYSF compared with captopril group.
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effectively reduce renal fibrosis in CKD mice, sig-
nificantly reduce the expression of inflammatory 
factors TNF-α, IL-1β and IL-6, and can significantly 
change the composition of the mouse intestinal 
flora. And we found that SQYSF significantly 
increase the abundance of f_Succinivibrionaceae 
and o_Aeromonadales in the mouse intestine. 
This study preliminarily analyzed the therapeutic 
effect of SQYSF on CKD and some molecular 
mechanisms, and provided new ideas for better 
treatment of CKD.

The current mainstream view is that CKD is 
related to uremic toxin/metabolite accumulation, 
systemic inflammation and immune deficiency 
[37,38]. Recent studies pointed out that the intest-
inal microbiota plays a key role in symptoms, such 
as chronic inflammation [39–41]. In the digestive 
tract of healthy people, there are a large number of 
bacteria. The density of these bacteria in the ileum 
reaches 106–108 /mL, and the density in the colon 
is as high as 1012/mL. Among these intestinal 
bacteria, more than 90% of bacteria can be classi-
fied into the phylum Bacteroides and Hard-walled 

bacteria [42,43]. There are both ‘probiotics’ that 
are beneficial to the body like bifidobacteria, and 
there are also a large number of ‘saprobiotics’ that 
are harmful to the body [44–46]. The gut micro-
biome of CKD was characterized by Zhigang Ren 
et al., and was classified by microbial markers. It 
was found that compared with healthy controls, 
CKD gut microbial diversity was significantly 
reduced, and the microbial community is distinct 
to HC [6]. Also, several studies have indicated the 
changes in the quantification and quality of gut 
microbiota in patients with CKD [47]. A large 
number of studies have found that intestinal 
microbes mainly affect CKD through different 
pathways through uremic toxins (indoxyl sulfate, 
sulfuric acid, and trimethylamine-N-oxide) [48– 
50]. The hormone-angiotensin-aldosterone system 
or the mechanism that promotes oxidative stress 
aggravates the kidney damage in CKD patients. In 
this study, after SQYSF treated CKD mice for 4 
weeks, the stools in the intestine were collected for 
16S DNA sequencing. In the normal group, 51 
species were significantly expressed, and 36 species 

Figure 3. Network pharmacological analysis of SQYSF. (a) SQYSF and CKD target intersection gene Venn diagram. (b) drug-active 
ingredient-target network diagram. SQYSF represents the drug Shenqi Yanshen Formula; HQ, BJ, CX, SDH, HS, DH, and YYH represent 
the 7 single-drugs of Shenqi Yanshen Formula: Astragalus, Biejia, Chuanxiong, Rehmannia, Red Ginseng, Rhubarb and Yin Sheep 
Huo. (c) Intersection gene GO analysis BP bubble chart. The Y-axis on the left is the name of the GO pathway, and the abscissa is the 
p value. (d) Signal pathway enrichment map. The larger the circle, the more the number of genes compared to the pathway, and the 
darker the color indicates the higher the proportion of the compared genes in the pathway. KEGG pathway enrichment analysis 
circle picture. The right side of the outermost circle is the name of the signal pathway, and the left side is the gene. The inner circle 
on the left indicates the significance p value of the corresponding pathway of the gene.

5632 L. ZHANG ET AL.



were significantly expressed in the SQYSF group. 
And we found that after SQYSF treatment, 
f_Succinivibrionaceae and o_Aeromonadales were 
the most significant. It indicates that these two 
strains are likely to participate in the regulation 
of CKD. Studies have compared the difference in 
intestinal flora between non-survivor and survi-
vor with CKD, and found that the abundance of 
Succinivibrionaceae and Anaerostipes producing 
short-chain fatty acid is higher in the survivor 
group, which has been shown to have a wide 
range of effects on host physiology, including 
anti-inflammatory effects and maintaining intest-
inal integrity [51]. Aeromonadales is classified as 

aerobic and facultative anaerobes, which can 
cause many diseases such as enteritis and sepsis, 
and is also related to kidney and cardiovascular 
problems [52,53].

CKD would cause the imbalance within differ-
ent intestinal floras and damage the intestinal 
epithelial barrier by destroying the tight junctions 
of the colonic epithelium and reducing the survival 
rate of the epithelium [54,55]. Loss of the integrity 
of the intestinal epithelial barrier leads to bacterial 
and lipopolysaccharide translocations, disrupts 
immune responses, and inflammatory responses. 
Lipopolysaccharide can activate natural killer cells 
by activating TLR5-dependent and NF-KB path-
ways [56]. Pathogenic bacteria stimulate dendritic 
cells to activate Th17/Th1 T cells, increase the 
production of inflammatory factors, carbohy-
drates, bile acids and proteins in the intestine are 
fermented by intestinal pathogenic bacteria to pro-
duce indoxyl sulfate, trimethylamine-N-oxide and 
other harmful substances [57,58]. A decrease in 
probiotics, particularly bifidobacteria, leads to 
a decrease in short-chain fatty acids. Gram- 
negative bacilli in the intestine proliferate in large 
numbers produce a large amount of endotoxin, 
and enter the blood through the intestinal epithe-
lial barrier, relying on TLR5 to activate various 
downstream inflammatory cascades. In this study, 
in an experiment to study the effect of SQYSF on 
inflammation and fibrosis in CKD mice, HE stain-
ing and Masson staining showed that after SQYSF 
treatment, the area of kidney fibrosis in CKD mice 
was significantly reduced, and the content of 
inflammatory factors was significantly reduced. 
In addition, after SQYSF treatment, the levels of 
Scr and BUN decreased significantly, indicating 
that SQYSF can effectively reduce the damage to 
renal function and significantly improve the phy-
siological functions of mice.

Our study had other analyses to SQYSF network 
pharmacology, and then the outcomes pinpointed 
those pathways relevant to SQYSF within CKD 
treatment, which are the signaling pathways of 
Tyrosine metabolism, Calcium, mTOR, AMPK, 
Toll-like receptor, HIF-1 and the pathways of the 
PD-L1 expression and PD-1 checkpoint in cancer. 
By analyzing the component-target map and 
KEGG pathway, we believe that the pharmacolo-
gical mechanism of SQYSF is mainly accomplished 

Figure 4. SQYSF inhibited the TLR5 Signaling Pathway in the 
kidney of CKD mice. (a) Western blot detection on the protein 
expressions of TLR5 and TNF-α, IL-1β and IL-6. (b–e) qPCR 
detection on the mRNA expressions of TLR5 and TNF-α, IL-1β 
and IL-6. ##, p < 0.01, which was compared with model group. 
ns, p > 0.05, SQYSF compared with captopril group.
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through the efficiency of kaempferol, eupatin, 
beta-sitosterol, and myricanone components onto 
the signaling pathways of HIF-1, mTOR, Toll-like 
receptor, indicating the characteristics of SQYSF’s 
multi-component, multi-target, and multi-channel 
treatment. Through GO analysis, it is found that 
SQYSF has a greater impact on low-density lipopro-
tein particle remodeling and positive regulation of 
protein-containing complex disassembly in the bio-
logical process. Of course, this study fails to include 
all the many databases in the statistical scope, which 
may lead to certain limitations in the prediction 

results, which still need to be further verified by 
basic research. The joint analysis of network phar-
macology, intestinal flora, metabolome, and tran-
scriptome, and drawing a more comprehensive and 
in-depth network of SQYSF regulating CKD will be 
the direction of our next research.

Conclusion

SQYSF has a significant therapeutic effect on renal 
fibrosis in mice, which is manifested in the signifi-
cant inhibition to the expression of inflammatory 

Figure 5. 16s sequencing analysis of SQYSF’s regulatory effect on mouse intestinal flora. (a) Sequencing data abundance of normal 
group and SQYSF group. (b) Venn diagram shows the difference in flora between the two groups. (c) α-diversity of gut microbiota 
(Shannon index) and (d) β-diversity of gut microbiota using Bray-Curtis distance. (e) LEfSe analysis estimates the influence of the 
abundance of different strains on the difference effect. (f) relative Succinivibrionaceae abundance in two groups. (g) relative 
abundance of Aeromonadales in the two groups.
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factors (TNF-α, IL-1β and IL-6), in addition to sig-
nificantly changing mice’s composition intestinal 
flora; moreover, SQYSF is capable of greatly improv-
ing the abundance of Succinivibrionaceae and 
Aeromonadales in the mouse intestine.

Highlights

● SQYSF alleviates the impairment in renal 
function and renal fibrosis in CKD mice.

● SQYSF decreases serum inflammation factors 
expression in CKD mice.

● SQYSF can change the composition of gut 
microbiota in CKD mice.
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