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Taohe-Chengqi decoction (THCQ), a classical traditional Chinese medicinal (TCM)
formula, has been extensively used for treating chronic kidney disease (CKD). However,
the biological activity and mechanisms of action of its constituents against renal fibrosis
have not yet been investigated thoroughly. This study was aimed at devising an integrated
strategy for investigating the bioactivity constituents and possible pharmacological
mechanisms of the n-butanol extract of THCQ (NE-THCQ) against renal fibrosis. The n-
butanol extract of THCQ was prepared by the solvent extraction method. The
components of NE-THCQ were analyzed using UPLC-Q/TOF-MS/MS techniques and
applied for screening the active components of NE-THCQ according to their oral
bioavailability and drug-likeness index. Then, we speculated the potential molecular
mechanisms of NE-THCQ against renal fibrosis through pharmacological network
analysis. Based on data mining techniques and topological parameters, gene ontology,
and pathway enrichment, we established compound-target (C-T), protein-protein
interaction (PPI) and compound-target-pathway (C-T-P) networks by Cytoscape to
identify the hub targets and pathways. Finally, the potential molecular mechanisms of
NE-THCQ against renal fibrosis, as predicted by the network pharmacology analyses,
were validated experimentally in renal tubular epithelial cells (HK-2) in vitro and against
unilateral ureteral obstruction models in the rat in vivo. We identified 26 components in NE-
THCQ and screened seven bioactive ingredients. A total of 118 consensus potential
targets associated with renal fibrosis were identified by the network pharmacology
approach. The experimental validation results demonstrated that NE-THCQ might
inhibit the inflammatory processes, reduce ECM deposition and reverse EMT via PI3K/
in.org April 2020 | Volume 11 | Article 4251
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AKT/mTOR and HIF-1a/VEGF signaling pathways to exert its effect against renal fibrosis.
This study identified the potential ingredients of the NE-THCQ by UPLC-Q/TOF-MS/MS
and explained the possible mechanisms of NE-THCQ against renal fibrosis by integrating
network pharmacology and experimental validation.
Keywords: n-butanol extract of Taohe-Chengqi decoction, traditional Chinese medicine, renal fibrosis, network
pharmacology, mechanism
INTRODUCTION

Renal fibrosis is the final pathway common to various chronic
and progressive nephropathies to end-stage renal disease
(ESRD). Renal fibrosis indicates the morphological
manifestation of a continuous coordinated response of
glomerulus, renal tubules, blood vessels, and renal interstitium
during chronic injury (Benjamin, 2018). Actually, cortical
interstitial dilation reflects the renal prognosis and dysfunction
in chronic kidney disease (CKD) (Risdon et al., 1968; Karl, 1992).
During chronic injury in CKD, the continuous and uninhibited
deposition of the fibrous matrix decelerates the tissue repair and
local blood supply, finally destroys the tissue structures and
functions and eventually leads to kidney failure. Chronic
kidney diseases affect 10% of the global population, and 11% of
patients with stage 3 CKD ultimately progress to ESRD and
require dialysis or kidney transplantation (Thomas et al., 2010).
CKD is the biggest risk factor of cardiovascular diseases (Marcos
et al., 2017; Vasiliki et al., 2018; Júlia et al., 2019). Presently, the
in.org 2
most common therapies for CKD recommend angiotensin-
converting enzyme inhibition (ACEI) and angiotensin receptor
blockers (ARB) for controlling blood pressure and sodium
bicarbonate for rectifying metabolic acidosis. Despite these
treatments, the prognosis of CKD is still poor, which warrants
targeted drugs for treating CKD. Therefore, scientists now focus
on exploring the mechanisms of renal fibrosis and developing
new drugs and effective treatments to reduce the incidence of
ESRD and mortality.

Traditional Chinese medicine (TCM) can provide an
alternative approach for treating renal fibrosis. Many Chinese
herbal medicines (e.g. Salvia miltiorrhiza Bunge, Astragalus
mongholicus Bunge, and Rheum palmatum L.) and active
components (e.g. tanshinone, salvianolic acid, and emodin)
reportedly possess antirenal fibrosis effect (Wang et al., 2015;
Ma et al., 2017; Zhang et al., 2018). Unlike the one drug-one
target concept of Western medicine, TCM emphasizes that the
human body is an organic whole. In TCM formula, multiple
herbal ingredients and bioactive components target multiple
GRAPHICAL ABSTRACT | The graphical abstract of this study.
April 2020 | Volume 11 | Article 425

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Zhou et al. The Pharmacological Mechanisms of NE-THCQ
receptors and produce synergistic or antagonistic effects
(Zhou et al., 2019). The conventional pharmacological
methods are incapable to elucidate the underlying therapeutic
mechanisms of TCM.

Taohe-Chengqi decoction (THCQ), a famous formula
recorded in “Treatise on Febrile Diseases” by Zhongjing Zhang
in the Han Dynasty, has been listed in the first “Catalogue of
ancient classical TCM formulas” issued by the State
Administration of TCM of the People’s Republic of China.
THCQ consists of five Chinese medicines, including Prunus
persica (L.) Batsch or P. davidiana Franch., Rheum palmatum
L., Cinnamomum cassia (L.) J. Presl, Glycyrrhiza glabra L., and
Sodium sulfate. Clinically, THCQ is prescribed for different
chronic kidney diseases, including chronic renal failure,
chronic pyelonephritis, and diabetic nephropathy. Numerous
clinical studies have demonstrated that THCQ can effectively
treat chronic kidney diseases due to its antiinflammatory, lipid
regulating and renal function improving properties (Zhao et al.,
2012; Zhang et al., 2016; Zhang et al., 2019). However, the
bioactive components of THCQ and their pharmacological
mechanisms remain relatively unclear.

With the rapid development of bioinformatics, network
pharmacology has emerged as a powerful tool to explore TCM
(Cao et al., 2018; Ma et al., 2018; Yu et al., 2018). Based on
system-biology, multi-directional pharmacology, and high-
throughput analysis, network pharmacology can thoroughly
explain the complicated relationship between drugs and
diseases by constructing biological network and network
visualization analysis of the potential active ingredients, hub
targets, signaling pathways and diseases (Yuan et al., 2017; Ning
et al., 2018; Huang et al., 2019). Therefore, network
pharmacology can effectively explore the multi-components,
multi-targets, and multi-pathways of TCM.

In the current study, a comprehensive method was used to
illustrate the molecular mechanisms of THCQ. Briefly, we used
UPLC-Q/TOF-MS/MS to analyze the bioactive components of the
n-butanol extract from THCQ (NE-THCQ), and then network
pharmacology was applied to further investigate the correlations
among the active ingredients of NE-THCQ, the potential protein
targets and hub signaling pathways associated with renal fibrosis.
Moreover, the molecular mechanisms of NE-THCQ predicted by
network pharmacology approach against renal fibrosis were
validated by in vitro and in vivo experiments. The graphical
abstract of this study is shown in Graphical Abstract.
MATERIALS AND METHODS

Reagents and Materials
All medicinal plants were purchased from Hubei Tianji
Traditional Chinese Medicine Pieces Co., Ltd (Wuhan, China).
Fetal bovine serum (FBS) was purchased from BI (USA).
Phosphate buffer saline (PBS) and Dulbecco’s modified Eagle
medium (DMEM) was procured from Gibco (USA); penicillin-
streptomycin mixture and Cell Counting Kit-8 (CCK-8) from
Beijing Suolaibao Technology Co. LTD. (Beijing, China);
dimethyl sulfoxide (DMSO) from Sigma (Missouri, USA);
Frontiers in Pharmacology | www.frontiersin.org 3
trypsin−EDTA from Thermo Fisher Scientific (USA);
recombinant human TGF-b1 from Peprotech (USA).The
ELISA assay kits for interleukin (IL)-6, IL-1b were all obtained
from Cusabio (Beijing, China); phosphorylated (p)- AKT, AKT,
and HIF-1a from Affinity Biosciences (OH, USA); COL-I, a-
SMA from Boster (CA, USA); COL-III, E-cadherin, FN, p-PI3K
from Abcam (MA, USA); VEGF, PI3K, mTOR, p-mTOR from
Proteintech Group, Inc (Wuhan China).
Preparation of Extracts and Subfractions
For preparing THCQ extracts, four of Chinese herbal medicines
(Prunus persica (L.) Batsch, Rheum palmatum L., Cinnamomum
cassia (L.) J. Presl, Glycyrrhiza glabra L.) were homogenized and
extracted with eightfold of 70% ethanol for 2 h. The ethanol extracts
were concentrated to dryness under vacuum, diluted with water and
then partitioned by petroleum ether, chloroform, ethyl acetate, and
n-butanol successively. Sodium sulfate was directly treated as an
extracted part. The entire solvent was evaporated under reduced
pressure to obtain petroleum ether extract, chloroform extract, ethyl
acetate extract, n-butanol extract.
UPLC-Q/TOF-MS/MS Method for
Component Analysis
UPLC-Q/TOF-MS/MS analysis was performed using a Waters
Xevo G2 Q/TOF (Waters, USA), including an autosampler, a
diode-array detector (DAD), a micro TOF-Q mass spectrometer
(Waters, USA) and an Apollo electrospray ionization (ESI)
source. The analysis was conducted using an analytical Welch
Ultimate TM UPLC XB-C18 column (100 mm × 2.1 mm,
1.8 µm). The mobile phase A consisted of 0.1% formic acid in
H2O, and mobile phase B consisted of acetonitrile; the solvent
gradient varied from 5% B in the first 25 min to 95% B up to 40
min at a flow rate of 0.3 ml/min; the column oven temperature
was 40°C. The detection was performed at 210 nm. The
acquisition of high-resolution mass spectra was conducted in
the positive and negative ion modes at the dry gas flow rate of
800 L/h and the gas temperature of 200°C. The capillary voltage
was 30 kV; the analysis was carried out using a scan from m/z 50
to 1,500.
Analysis of N-Butanol Extract of THCQ
(NE-THCQ) by Network Pharmacology
Prediction of Bioactive Ingredients in NE-THCQ
The ingredients identified by UPLC-Q/TOF-MS/MS analysis of
NE-THCQ were considered as candidate compounds. The
pharmacological information of the compounds was retrieved
from the TCM systems pharmacology (TCMSP) database
(http://tcmspw.com/) (Ru et al., 2014). Oral bioavailability
(OB) and drug-like quality (DL) were selected as parameters
for the preliminary screening of the collected compounds. OB
denotes the percentage of an orally administered dose of
unchanged drug that reaches the systemic circulation. It
represents the convergence of the processes of absorption,
distribution, metabolism, and excretion (ADME) (Xu et al.,
April 2020 | Volume 11 | Article 425

http://tcmspw.com/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Zhou et al. The Pharmacological Mechanisms of NE-THCQ
2012). A high OB value is often a key indicator in determining
the DL of bioactive molecules as therapeutic agents. DL is a
qualitative concept used in drug design to estimate the “drug-
like” qualities of a prospective compound. The DL index can be
useful in optimizing pharmacokinetic and pharmaceutical
properties, such as solubility and chemical stability
(Christopher et al., 1997). Herein, we assigned an OB value of
≥ 30% or a DL value of ≥ 0.18, as criteria to identify the potential
active ingredients (Cao et al., 2018).

Potential Targets Intersection of NE-THCQ With
Disease
The protein targets of the active substances in NE-THCQ were
searched from two databases, namely, the Swiss target prediction
(SIB) and the similarity ensemble approach (SEA). The renal
fibrosis-related genes were collected from the DisGeNet database
and the NCBI database. The keywords, “renal fibrosis” and
“chronic kidney disease,” were used, and the targets were
human genes enrolled in this study. Then, the interaction of
those targets collected from above was considered as potential
therapeutic targets. To obtain the interaction relationship
between target proteins, the STRING database was used.

Pathway and Functional Enrichment Analysis
The representative pathways associated with NE-THCQ against
renal fibrosis was analyzed by ClueGO (Version 2.5.4) (Mikail
and Olaf, 2010). The gene ontology (GO) function enrichment
analysis was conducted using the database for annotation,
visualization, and integrated discovery (DAVID, version 6.8)
(Da et al., 2008). The analysis was based on the screened
potential therapeutic targets.

Network Construction and Analysis
Compound-target (C-T), protein-protein interaction (PPI),
compound-target-pathway (C-T-P) networks were constructed
using the Cytoscape 3.6.0 software, a popular bioinformatics
software package for biological network visualization and data
integration (Smoot et al., 2010). In the graphical network, nodes
indicate targets, compounds and pathways, and edges indicating
C-T, PPI, and C-T-P interactions.
Experimental Verification
Cell Line and Culture
The human proximal renal tubular epithelial (HK-2) cell line was
purchased from the Wuhan Academy of Life Sciences (Wuhan,
China). The cells were incubated in DMEM supplemented with
10% FBS,100 U/ml penicillin and 100 µl/ml streptomycin. The
cells at approximately 60%–70% confluency were digested with
0.05% trypsin−EDTA and seeded in 96-well, 12-well, or 6-well
plates (Corning, NY, USA). The cells were then cultured in a
serum-free medium for 12 h and stimulated with TGF-b1 (10 ng/
ml) in the absence and presence of NE-THCQ.

CCK-8-Based Cytotoxicity Assay
The cytotoxicity of NE-THCQ was determined by CCK-8 assay.
Briefly, the cells were seeded onto 96-well plates and cultured
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until they adhered completely. Then, cells were treated with NE-
THCQ at different concentrations (0 µg/ml, 100 µg/ml, 200 µg/
ml, 400 µg/ml, 600 µg/ml) for 12 h, 24 h, 48 h and 72 h, and then,
10 µl of CCK-8 was added and incubated for another 4 h. The
absorbance was recorded at 450 nm, and experiments were
performed parallelly in triplicate.

Cytoskeleton Assay
To examine cytoskeleton assembling, cultured HK-2 cells on 10
mm coverslips were fixed in a 4% formaldehyde solution for 10
min at room temperature and then permeated in 0.1% Triton X-
100 in PBS for 5 min. After washing with PBS, the cells were
incubated in the staining solution, containing Alexa Fluor-488
phallotoxins at 1:50 dilution for 20 min at room temperature.
The samples were mounted in the antifading mounting medium,
and F-actin distribution was captured under an inverted laser
confocal microscope (Zeiss, Germany).

Establishment and Grouping of the Unilateral
Ureteral Obstruction Rat Model
Male Wistar rats (n = 36), weighing 180–220 g, were purchased
from the Hubei Provincial Center for Disease Control and
Prevention (Wuhan, China). All animals were kept under
appropriate conditions at 24°C ± 1°C temperature, 60%–70%
relative humidity, and 12-h light/dark cycle. After an
environmental adaptation period of 7 days, the rats were
randomly divided into three groups, namely, the sham-
operation group (Sham), UUO group (UUO), and UUO + NE-
THCQ treatment group (NE-THCQ, 80 mg/kg, p.o.), 18 rats in
each group. The UUO rats were anesthetized with chloral
hydrate (30 mg/kg), and then the left ureter was exposed and
ligated with 4-0 silk sutures (Ucero et al., 2013). The animals of
the sham operation group were treated identically to the UUO
group, except the ureters were not ligated. The rats were killed on
the 7th and 14th day, respectively after UUO induction to
prepare serum samples and kidney tissue specimens for further
experiment. All animal experiments were conducted in
accordance with the Animal Care and Use Committee of the
Institute of Materia Medica, P.R. China.

ELISA Assay
The rats were intraperitoneally anesthetized by chloral hydrate
(30 mg/kg), and the blood samples were collected from the
abdominal aorta on the 7th and 14th day after UUO operation.
The blood samples were kept at room temperature for 12 h, and
then 3500 r centrifuged for 15 min (4°C). The supernatants were
collected and stored at −80°C until used. According to the
manufacturer’s protocols, the levels of IL-6 and IL-1b were
detected by commercial ELISA kits.

Renal Pathological Examination
The obstructed kidney was fixed with paraformaldehyde (4%)
(Sigma-Aldrich) and then, dehydrated in ethanol, embedded in
paraffin. The 4-µm paraffin sections were prepared for the
hematoxylin-eosin (H&E) and Masson’s trichrome staining.
The extent of the renal injury was graded on a scale from 0 to
3 by examining tubular atrophy and necrosis, lymphocyte
April 2020 | Volume 11 | Article 425
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infiltration and interstitial fibrosis. Each criterion was scored as
follows: 0 = none; 1 = mild (< 25%); 2 = moderate (25% to 50%);
3 = severe (> 50%) (Zhao et al., 2016). The degree of fibrosis was
assessed by optical microscopy (Olympus) according to the
quantity of collagen deposited in the renal interstitium (stained
blue within the whole cortical area). The collagen was quantified
using Image-Pro Plus 6.0 software (Media Cybernetics, Inc.,
Rockville, MD, USA). For H&E staining and Masson’s
trichrome, five fields were selected from each group and
observed under a magnification of 200 ×.
Immunohistochemistry
The paraffin-embedded kidney sections were deparaffinized in
xylene and rehydrated through a descending gradient of ethanol.
The sections were subsequently immersed in EDTA antigen
repair buffer (pH 8.0) and then boiled for 10 min at high
power in a microwave oven. After cooling naturally, the
specimens were washed three times in PBS (pH 7.4), for 3 min
on each occasion. The slices were incubated in 3% H2O2 at room
temperature under dark conditions for 25 min and then washed
in PBS (pH 7.4) three times, for 5 min on each occasion.
The sections were then incubated in primary antibody
overnight at 4°C and then washed three times in PBS (pH 7.4)
for 5 min on each occasion. The primary antibodies used in the
analysis were as follows: anti-E-cadherin (1:200 dilution), anti-a-
SMA (1:100), anti-collagen-I (1:100), and anti-collagen-III
(1:200). An appropriate secondary antibody (antimouse or
antirabbit) was incubated with the slides at 37°C for 20 min
and then washed four times in PBS for 3 min on each occasion.
The sections were immunostained with 3,3-diaminobenzidine
(DAB) and counterstained with hematoxylin then sealed using
neutral gum. Optical microscopy (Olympus BX 41, Japan) was
employed for image acquisition, and Image-Pro Plus 6.0 software
was used for analysis. Brown staining was considered positive.
The staining intensity was calculated from the optical density of
each image.
Immunofluorescence study
The HK-2 cells, cultured on coverslips, were washed with PBS
three times and fixed in paraformaldehyde (4%) for 15 min. After
extensively washing three times with PBS, the cells were
permeated with 0.5% TritonX-100 for 15 min. The cells were
then blocked with goat serum for 30 min at room temperature
and incubated with primary antibody FN (1:100), E-cadherin
(1:100), a-SMA (1:100) overnight at 4°C. Then, the cells were
stained with Cy3-labeled goat antirabbit IgG (H + L) (1:200) for
60 min at 37°C. After washing with PBS, the cells were
counterstained with DAPI to visualize the cell nuclei and
analyzed under a fluorescence microscope (Olympus, BX
53, Japan).

Transmission Electron Microscope (TEM)
The samples were fixed in 4% paraformaldehyde and 1% osmium
tetroxide. After washing in double-distilled water for three times,
the samples were stained with uranyl acetate and lead citrate at
Frontiers in Pharmacology | www.frontiersin.org 5
room temperature. After air-drying, the sections were examined
under a transmission electron microscope (TEM) (FEI, USA).

Western Blot Analysis
The kidney tissue and HK2 cells were lysed by RIPA buffer
(Beyotime Institute of Biotechnology, China), containing
cocktail protease inhibitors for 30 min on ice. The total protein
concentration was determined by BCA protein assay kit
(Beyotime). An equal amount of protein (30 µg) was separated
using 10% SDS-PAGE and then electrophoretically transferred
onto PVDF (Millipore. Billerica, MA, USA). The membranes
were blotted with 5% fat-free milk in TBST buffer for 2 h at room
temperature and then incubated at 4°C overnight with primary
antibodies: anti-FN (1:1,000), anti-E-cadherin (1:5,000), anti-a-
SMA (1:2,000), anti-PI3K (1:1,000), anti-p-PI3K (1:800), anti-
AKT (1:1,000), anti-p-AKT (1:1,000), anti-mTOR (1:1,000),
anti-p-mTOR (1:1,000), anti-HIF-1a (1:1,000) and anti-VEGF
(1:1,000). Then, the membranes were incubated with HRP-
conjugated anti-rabbit/mouse IgG. The blots were imaged
under an enhanced chemiluminescence (ECL) system. The
target band molecular weights and net optical density were
analyzed using AlphaEase FC software (Alpha Innotech, USA).

Statistical Analysis
All data were expressed as the mean ± standard deviation (SD).
Graphpad Prism 7 software was used to ascertain statistically
significant differences. The differences among multiple groups
were evaluated using the one-way analysis of variance
(ANOVA). The difference between the means was considered
statistically significant at P < 0.05.
RESULTS

Identification of Bioactive Components in
NE-THCQ
The phytochemical composition of NE-THCQ was evaluated
using UPLC-Q/TOF-MS/MS, and the total ion chromatogram is
showed in Supplementary Figure 1. In Table 1, approximately
26 chromatographic peaks were identified in the chemical profile
of NE-THCQ. The physicochemical characteristics of the
compounds analyzed by UPLC-Q/TOF-MS/MS were obtained
from the TCMSP database. Among the 26 compounds in NE-
THCQ (Table 1), 7 met the requirements of OB ≥ 30% and DL
index ≥ 0.18; they were 7, 2′, 4′-trihydroxy-5-methoxy-3-
arylcoumarin (NE-THCQ-1), licorice glycoside E (NE-THCQ-
2), liquiritin (NE-THCQ-3), gallic acid-3-O-(6′-O-galloyl)-
glucoside (NE-THCQ-4), hederagenin (NE-THCQ-5), beta-
sitosterol (NE-THCQ-6), and 18a-hydroxyglycyrrhetic acid
(NE-THCQ-7). Those components were selected as the
potential bioactive components for further analysis; their
molecular structures are shown in Figure 1.

Compound-Target Network Construction
Among the seven compounds, 484 targets were retrieved from
SIB and SEA databases. A total of 931 candidate targets of renal
fibrosis were obtained from NCBI and DisGeNet databases.
April 2020 | Volume 11 | Article 425
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Considering the intersection of the 931 candidate targets related
to renal fibrosis and the 484 putative targets of the seven
compounds in NE-THCQ, a total of 118 common targets were
identified as potential therapeutic targets of NE-THCQ against
renal fibrosis for constructing the compound-target (C-T)
network. The C-T network was constructed using Cytoscape
(Figure 2A), which included 125 nodes (seven for potential
bioactive components and 118 for protein targets). Among these
bioactive components, 7, 2′, 4′-trihydroxy-5-methoxy-3-
arylcoumarin (NE-THCQ-1, degree = 43) exhibited the highest
correlation with renal fibrosis targets, and the rest were licorice
glycoside E (NE-THCQ-2, degree = 38), hederagenin (NE-
THCQ-5, degree = 31), beta-sitosterol (NE-THCQ-6, degree =
30), liquiritin (NE-THCQ-3, degree = 30), gallic acid-3-O-(6′-O-
galloyl)-glucoside (NE-THCQ-4, degree = 25), and 18a-
hydroxyglycyrrhetic acid (NE-THCQ-7, degree = 19).
PPI Network Analysis
The 118 potential therapeutic target genes were uploaded to the
STRING database, which provided the information on predicted
interaction, and they were imported in Cytoscape 3.6.0 for
analyzing and constructing the PPI network (Figure 2B). In
the PPI network, targets with a higher degree played an
important role in the central correlation. In Figure 3, top 16
genes, ranked by degree value, were collected to be the hub
targets, namely, ALB, IL6, AKT1, VEGFA, MAPK3, EGFR, TNF,
CASP3, SRC, PTGS2, MAPK8, FN1, MMP9, JUN, KDR,
and IL1B.
Frontiers in Pharmacology | www.frontiersin.org 6
GO Enrichment Analysis
GO enrichment analysis of the 118 potential therapeutic targets
was performed for identifying the relevant biological functions of
NE-THCQ against renal fibrosis. The top 10 significantly
enriched terms with a greater number of involved targets in
biological process (BP), cellular component (CC), and molecular
function (MF) categories are shown in Figure 3A, which
indicates that NE-THCQ may regulate cell proliferation,
apoptosis, and migration via transition metal ion binding,
nucleoside and nucleotide binding to the plasma membrane,
extracellular region, and cytosol to exert its therapeutic effects
against renal fibrosis.
Pathway Enrichment and Compound-
Target-Pathway Network Construction
To explore the potential pathways of NE-THCQ on renal fibrosis,
the pathway enrichment of the 118 potential therapeutic targets was
performed. The top 20 significantly enriched pathways are shown in
Figure 3B. Among these potential pathways, PI3K/AKT signaling
was the most prominently enriched pathway according to the gene
numbers; HIF-1a, TNF, VEGF, and mTOR signaling pathways
were also included, which were categorized for inflammation,
hypoxia and angiogenesis, proliferation, and migration. As genes
cannot exhibit their biological and pharmacological activities
independently, a compound-target-pathway network was
established based on the top 20 signaling pathways and the
involved targets and compounds to further elucidate the
molecular mechanism of NE-THCQ against renal fibrosis
TABLE 1 | Information of 26 components of n-butanol extract of Taohe-Chengqi decoction (NE-THCQ) determined by UPLC-Q/TOF-MS/MS.

No. tR (min) Compound Molecular formula Parent (m/z) Polarity Classification OB (%) DL

1 5.708 Amygdalin C20H27NO11 456.1502 Negative Persicae Semen 4.42 0.61
2 9.311 Liquiritin C21H22O9 417.1194 Negative Licorice 65.69 0.74
3 9.709 Rheochrysin C22H22O10 445.0759 Negative Radix Rhei Et Rhizome 18.31 0.82
4 12.569 Schaftoside C26H28O16 595.1627 Negative Licorice 7.88 0.75
5 12.933 18a-Hydroxyglycyrrhetic acid C30H46O4 417.1194 Negative Licorice 41.16 0.71
6 15.294 Catechin-pentaacetate C25H24O11 499.0830 Negative Radix Rhei Et Rhizome 27.58 0.77
7 15.672 Chrysophanol glucoside C21H20O9 415.1021 Negative Radix Rhei Et Rhizome 20.06 0.76
8 15.672 Gallic acid-3-O-(6′-O-galloyl)-glucoside C20H20O14 483.0894 Negative Radix Rhei Et Rhizome 30.25 0.67
9 20.536 2-Methyl-5-carboxymethyl-7-hydroxychromanone C12H12O5 235.9244 Negative Radix Rhei Et Rhizome 14.80 0.12
10 20.536 1,8-Dihydroxy-3-methoxy-2,6-dimethyl-9,10-anthraquinone C17H14O5 297.0393 Negative Radix Rhei Et Rhizome 5.53 0.29
11 22.034 Glycyram C42H62O16 822.3981 Negative Licorice 19.62 0.11
12 24.880 Licorice glycoside E C35H48O14 692.3702 Negative Licorice 32.89 0.27
13 5.985 1-O-Galloylpedunculagin C41H28O26 937.3089 Positive Radix Rhei Et Rhizome 38.09 0.04
14 12.623 Licuraside C26H30O13 551.1746 Positive Licorice 5.25 0.77
15 13.399 Syringaldehyde C9H10O4 182.9843 Positive Cinnamomi Ramulus 67.06 0.05
16 13.467 7,2′,4′-Trihydroxy-5-methoxy-3-arylcoumarin C16H12O6 301.1410 Positive Licorice 83.71 0.27
17 14.485 Hispaglabridin B C25H26O4 391.0491 Positive Licorice 22.94 0.88
18 15.295 3-Hydroxy-25-norfriedel-3,1(10)-dien-2-one-30-oic acid C28H54O4 455.0935 Positive Radix Rhei Et Rhizome 18.40 0.78
19 15.673 18beta-glycyrrhetinic acid C30H46O4 471.0323 Positive Licorice 22.05 0.74
20 18.243 4,2′,4′, Alpha-Tetrahydroxydihydrochalcone C15H14O5 275.2786 Positive Licorice 2.45 0.16
21 19.086 Glabrolide C30H44O4 469.1114 Positive Licorice 17.46 0.61
22 21.569 Licoricesaponin G2 C42H62O17 840.4093 Positive Licorice 6.39 0.11
23 22.553 Glycyrrhizin C42H62O16 824.4168 Positive Licorice 9.06 0.11
24 24.638 Artonin E C25H24O7 437.1929 Positive Licorice 11.38 0.8
25 24.760 Beta-sitosterol C29H50O 415.2216 Positive Licorice 36.91 0.75
26 25.036 Hederagenin C30H48O4 415.2116 Positive Persicae Semen 36.91 0.75
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(Figure 3C). After integrating drug target prediction, pathway and
function enrichment, and network analyses, we identified AKT1,
VEGFA, TNF, IL6, HIF-1a, IL-1b, mTOR, and FN1 as relatively
high-relevant targets in inflammation, ECM deposition, hypoxia, and
angiogenesis. Also, they were considered as the key markers for
studying the antirenal fibrosis effects of NE-THCQ. Thus, we
speculated that the antirenal fibrosis effect of THCQ might be
associated with its regulation of inflammation, hypoxia and ECM
deposition by targeting TNF, IL-6, IL-1b and PI3K/AKT/mTOR and
HIF-1a/VEGF signaling pathways with their relevant activators.
Frontiers in Pharmacology | www.frontiersin.org 7
Experimental Validation
Cytotoxicity Study of NE-THCQ in HK-2 Cells
The viability of HK-2 cells was inhibited dose- and time-
dependently after incubating with NE-THCQ at the
concentrations of 0, 100, 200, 400, and 600 µg/ml for 12 h,
24 h, 48 h and 72 h (Figure 4A). The cell viability was
significantly inhibited after NE-THCQ treatment at the
concentration of 400 µg/ml for 24 hours (P < 0.01), and when
the duration of incubation was increased (48 h, 72 h), the cell
viability was significantly inhibited (P < 0.01). When 100 µg/ml
FIGURE 1 | The molecular structures for bioactive components of n-butanol extract of Taohe-Chengqi decoction (NE-THCQ).
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NE-THCQ cultured for 72 hours, the cell viability was
significantly inhibited (P < 0.01), and with the increase of
concentration (200, 400, 600 µg/ml), the inhibitory effect of the
cell viability was more obvious (P < 0.01). Thus, NE-THCQ was
used at the concentration of 200 µg/ml for 12 h, 24 h, and 48 h for
investigating its antirenal fibrosis effect.
NE-THCQ Inhibits ECM Synthesis and EMT Induced
by TGF-b1 in HK2 Cells
To determine whether NE-THCQ affects the conversion of tubular
epithelial cells into myofibroblasts and inhibits ECM synthesis in
vitro, we used TGF-b1 (a well-characterized profibrogenic
cytokine) to stimulate HK-2 cells, and a-SMA, E-cadherin, FN
were also studied. Considering the cytotoxicity, 200 µg/ml
concentration of NE-THCQ was selected as a suitable
intervention concentration for subsequent experiments. Western
blot analysis indicated that expression levels of a-SMA and FN
were significantly increased, whereas those of E-cadherin was
significantly decreased in the TGF-b1-treated cells (P < 0.01)
(Figure 4B). NE-THCQ abrogated the TGF-b1-induced
expression of a-SMA and FN, and simultaneously restored E-
cadherin expression in HK-2 cells (P < 0.01 or P < 0.05)
(Figure 4B). When the treatment time was prolonged, the effect
of NE-THCQ on these genes was more significant at 48 h (P <
0.01). Thus, NE-THCQ (200 µg/ml) was treated for 48 h in further
experiments. Immunofluorescent staining confirmed that the
expression of a-SMA and FN were significantly increased, while
E-cadherin was decreased in TGF-b1-induced cells, compared to
the control group (P < 0.01). NE-THCQ treatment for 48 h in
TGF-b1-induced HK-2 cells successfully reduced a-SMA and FN
expression (P < 0.01) and upregulated the expression of E-
cadherin (P < 0.05) (Figure 4C).
Frontiers in Pharmacology | www.frontiersin.org 8
NE-THCQ Decreases the Expression of TNF-a in
TGF-b1-Stimulated HK-2 Cells
Immunofluorescence study was used to measure the
proinflammatory factor TNF-a. Compared to the control group,
the expression of TNF-a was significantly increased in TGF-b1
induced HK-2 cells (P < 0.01), while the expression level of TNF-a
in NE-THCQ treatment group was decreased (P < 0.01)
(Figure 4D).

The Effect of NE-THCQ on TGF-b1-Induced F-Actin
Assembling of HK-2 Cells
During fibrosis, TGF-b1 can rearrange F-actin into parallel stress
fibers, which promote EMT and myofibroblast activation. After
phalloidin staining in Figure 5, TGF-b1 treatment induced a
change in F-actin morphology and assembling in HK-2 cells.
After treating NE-THCQ for 48 h, F-actin rearrangement was
significantly reduced in TGF-b1 induced cells.

NE-THCQ Repressed PI3K/AKT/mTOR Signalling
Along With HIF-1a/VEGF Signalling In Vitro
Network pharmacological analysis predicted that the molecular
mechanism of the antirenal fibrosis effect of NE-THCQ might be
highly associated with the pathways, including PI3K/AKT,
mTOR and HIF-1a, VEGF signaling. We further validated the
hypothesis of those potential targets and signaling pathways.
According to Figure 6A, PI3K/AKT/mTOR signaling pathway
was activated in TGF-b1 stimulated HK-2 cells. Compared to the
control group, the protein levels of phosphorylated PI3K/AKT/
mTOR were significantly increased (P < 0.01), but they were
significantly repressed after NE-THCQ treatment for 48 h (P <
0.05 or P < 0.01). Likewise, HIF-1a and VEGF expression levels
significantly increased after TGF-b1 stimulation (P < 0.01), and
NE-THCQ treatment reduced the levels of HIF-1a (P < 0.01)
and VEGF (P < 0.05) (Figure 6B)
A B

FIGURE 2 | The networks of n-butanol extract of Taohe-Chengqi decoction (NE-THCQ) on antirenal fibrosis. (A) The compound-target network of NE-THCQ. The
orange nodes represent active compounds and the blue nodes represent targets. Nodes size and color depth are proportional to their degree. Edge widths are
proportional to the edge betweenness. (B) The protein-protein interaction (PPI) network of protein targets obtained from STRING database and constructed by
Cytoscape. The colors of the nodes are illustrated from dark orange to yellow to blue in descending order of degree values.
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The Effect of NE-THCQ on Renal Histopathology
After UUO
We determined the impact of NE-THCQ on renal injury and
fibrosis after UUO induction in vivo. H&E staining revealed that
the kidneys of rats represented diffuse inflammatory cell
infiltration and interstitial edema on the 7th day after UUO
induction. Fibrotic changes began on the 7th day after exposure
to UUO, and severe renal interstitial fibrosis was noticed on the
14th day after UUO induction (P < 0.01) (Figures 7A, B). NE-
Frontiers in Pharmacology | www.frontiersin.org 9
THCQ could protect the UUO-injured kidney tissue from the
inflammatory damage and progressive fibrosis on the 7th and
14th day, compared to the UUO group (P < 0.05 or P < 0.01).
Similarly, Masson’s trichrome staining indicated that with
prolonged obstruction period, UUO group exhibited a
gradually increased content of collagen fibers (P < 0.01), while
the extracellular matrix (ECM) deposition was significantly
reduced by the NE-THCQ treatment on the 7th and 14th day
(P < 0.01) (Figures 7A, B).
A B

C

FIGURE 3 | (A) The gene ontology (GO) enrichment analysis for key targets. (B) The KEGG pathway enrichment analysis of key targets. (C) The component-target-
pathway network constructed by Cytoscape. The yellow nodes represent active components in n-butanol extract of Taohe-Chengqi decoction (NE-THCQ), the blue
nodes represent putative targets, the red nodes represent the signaling pathways. Nodes size and color depth are proportional to their degree.
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NE-THCQ Reduces the Releases of IL-6 and IL-1b in
UUO Rats
Inflammation triggers renal fibrosis. Using the preliminary
data analyses, we examined the proinflammatory cytokines
selected from Figure 3C, including IL-6 and IL-1b. As
predicted, with the prolongation of obstruction time, IL-6
and IL-1b levels were increased gradually in comparison with
Frontiers in Pharmacology | www.frontiersin.org 10
the Sham group (P < 0.01) (Figure 7C), while the increased
levels were decreased after NE-THCQ treatment (P < 0.05).

NE-THCQ Attenuates ECM Deposition and EMT
Induced by UUO
After confirming the positive effect of NE-THCQ on EMT and
ECM synthesis in vitro, we performed a further in vivo validation. In
A

B

C

D

FIGURE 4 | N-butanol extract of Taohe-Chengqi decoction (NE-THCQ) reversed epithelial-mesenchymal transformation (EMT) and inhibited extracellular matrix
(ECM) accumulation and inflammation in TGF-b1-stimulated HK-2 cells. (A) NE-THCQ treatment cytotoxicity in HK-2 cells. The cytotoxicity of NE THCQ was
determined by CCK-8 assay. (B) Effect of NE-THCQ on the expressions of FN, E-cadherin, and a-SMA. (C) The representative images and statistical graph of
immunofluorescence staining for FN, E-cadherin, and a-SMA (400 ×). Bar = 20 mm. (D) The representative images and statistical graph of immunofluorescence
staining for tumor necrosis factor-a (TNF-a) (400 ×). Bar = 20 mm. Data were presented as mean standard deviation (SD) of three independent experiments. *P <
0.05, **P < 0.01.
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Figure 8, the expression levels of Col-I, Col-III, and a-SMA, as
determined by immunohistochemical analysis, demonstrated
gradual increases with the prolonged obstruction time, but E-
cadherin expression decreased in the UUO group (P < 0.01). The
semi-quantitative analysis showed that compared to the UUO
group, Col-I, Col-III, and a-SMA levels were significantly reduced
by the NE-THCQ treatment on the 7th and 14th day after
modeling, while E-cadherin increased (P < 0.01 or P < 0.05).
Frontiers in Pharmacology | www.frontiersin.org 11
NE-THCQ Improved the UUO-Induced Mitochondrial
Morphological Injury
NE-THCQ improved the mitochondrial morphological injury in
vivo, as observed under a TEM, where the mitochondria were
vacuolated and swollen in UUO treated rats compared to the Sham
group (Figure 9). After treating NE-THCQ for 14 days, fewer
mitochondrial swelling or accumulation of disrupted cristae
architectures was noticed.
FIGURE 5 | Representative images of F-actin assembling (400 ×). Phalloidin Alex-488 (green) staining showed the F-actin morphology and distribution in HK-2 cells.
Bar = 20 mm.
A

B

FIGURE 6 | Experimental validation of the key signaling pathways in vitro. N-butanol extract of Taohe-Chengqi decoction (NE-THCQ) repressed the PI3K/AKT/
mTOR (A) and HIF-1a/VEGF (B) signaling pathways in HK-2 cells induced by TGF-b1. Data were presented as mean standard deviation (SD) of three independent
experiments. *P < 0.05, **P < 0.01.
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NE-THCQ Inhibits PI3K/AKT/mTOR and HIF-1a/
VEGF Signalling Pathways in UUO Rats
As the target signaling pathways were verified in vitro, we carried
out further in vivo validation. In Figure 10, Western blot analysis
indicated that the level of phosphorylated PI3K/AKT/mTOR and
the expression of HIF-1a and VEGF were upregulated in the
UUO group than the Sham group (P < 0.01). After NE-THCQ
treatment for 14 days, PI3K/AKT/mTOR signaling pathways
were significantly suppressed compared to the UUO group (P <
0.01 or P < 0.05). Likewise, the expression levels of HIF-1a and
VEGF was significantly reduced by the NE-THCQ treatment
(P < 0.01).
DISCUSSION

Progressive renal fibrosis directly leads to ESRD. Because of the
complex mechanisms, multiple protein targets, and pathways
Frontiers in Pharmacology | www.frontiersin.org 12
involved during the development and progression of renal
fibrosis, a single targeted drug cannot achieve the desired
therapeutic effect. The multicomponent-multitarget approach
of TCM formula offers diverse therapeutic activities, but an in-
depth study of the potential mechanisms of TCM formula is
quite challenging. Although the chemical compositions of TCM
are complex, not all compounds are pharmacologically active.
TCM also contains toxic compounds, nonpharmacological
compounds, and some impurities, while the contents of
pharmacologically active compounds are generally low.
Actually, TCM exerts its therapeutic effects through the
synergistic effect of many pharmacologically active compounds
(Li, 2017). Therefore, we resorted to the solvent extraction
method to efficiently extract and separate the THCQ and
finally obtained different polar fractions of THCQ. Sodium
sulfate is prone to thermal decomposition; it is not decocted in
the clinic but taken directly after dissolving. Sodium sulfate is
soluble in water but insoluble in ethanol. Hence, we treated
A

B

C

FIGURE 7 | (A) Representative renal histopathological sections on the 7th and 14th day after unilateral ureteral obstruction (UUO) induction (200 ×). Renal tubular
injury was assessed by hematoxylin-eosin (H&E) staining. Formation of fibrosis in kidney tissue was ascertained from Masson’s trichrome stained. (B) Kidney tubular
injury scores based on H&E staining and relative fibrotic area (%) based on Masson’s trichrome staining. (C) Serum interleukin-1b (IL-1b) and IL-6 concentrations
were tested by ELISA on 7th and 14th day after UUO. Data were presented as mean standard deviation (SD), n = 6 rats per group on the 7th or 14th day after
UUO. *P < 0.05, **P < 0.01.
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Sodium sulfate directly as an extracted part. Compared to other
extraction methods, the solvent extraction method is simpler and
more precise.

Our previous studies have found that n-butanol extract was
the effective fraction in THCQ on antirenal fibrosis. In this study,
we aimed at elucidating the material basis of antirenal fibrosis
and the mechanism of the n-butanol extract of THCQ.
Additionally, we integrated UPLC-Q/TOF-MS/MS analysis,
network pharmacology analysis, and experimental verification
to systematically elaborate the pharmacological mechanisms of
NE-THCQ against renal fibrosis.

We first analyzed the compounds of NE-THCQ using UPLC-
Q/TOF-MS/MS, which showed 26 ingredients from Glycyrrhiza
glabra L., Rheum palmatum L., and Prunus persica (L.) Batsch;
some of these components exhibited therapeutic effect against
chronic kidney diseases. Especially, some active components of
Frontiers in Pharmacology | www.frontiersin.org 13
Rheum palmatum L. and Prunus persica (L.) Batsch exhibited
antiinflammatory properties in patients with renal fibrosis (Li
et al., 2011; Xiang et al., 2015). Glycyrrhetic acid from
Glycyrrhiza glabra L. exerts a nephroprotective effect through
reducing the serum creatinine level and decreasing the interstitial
fibrosis in animal models (Wang et al., 2007). Instead of herb
databases, these 26 ingredients, identified by UPLC-Q/TOF-MS/
MS analysis, were selected as the potential candidates for
network pharmacology analysis.

We screened the active ingredients using ADME simulation
parameters, especially the OB and DL parameters as the
important evaluation indexes. Among the 26 ingredients, those
with OB values ≥ 30% and DL values ≥ 0.18 were considered as
pharmacologically active. In the compound-target network, the
compounds with a higher degree were considered to be more
significant. In this study, 7, 2′, 4′-trihydroxy-5-methoxy-3-
FIGURE 8 | N-butanol extract of Taohe-Chengqi decoction (NE-THCQ) inhibited extracellular matrix (ECM) accumulation and epithelial-mesenchymal transformation
(EMT) in the kidneys of unilateral ureteral obstruction (UUO) rats. The representative images and statistical graph of immunofluorescence staining for COL-I, COL-III,
E-cadherin and a-SMA (400 ×). Bar = 20 mm. Data were presented as mean standard deviation (SD), n = 6 rats per group. For the NE-THCQ group vs. the UUO
group on the 7th day, * indicates P < 0.05, ** indicates P < 0.01. For the NE THCQ group vs. the UUO group on the 14th day, ## indicates P < 0.01.
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arylcoumarin represented the highest degree accounting for the
major therapeutic component in NE-THCQ, followed by licorice
glycoside E, hederagenin, beta-sitosterol, liquiritin, gallic acid-3-
O-(6′-O-galloyl)-glucoside, and 18a-hydroxyglycyrrhetic acid.

Integrating the network topological parameters with all the
network analyses, we exhibited that NE-THCQ acted at multiple
Frontiers in Pharmacology | www.frontiersin.org 14
targets and multiple signaling pathways. We determined the hub
targets of the active compounds, namely, AKT1, VEGFA, TNF,
IL6, HIF-1a, IL-1b, mTOR, and FN1. These genes are associated
with inflammation, ECM, hypoxia, and angiogenesis. Many
studies confirmed that inflammatory response and ECM
deposition could be the crucial mechanistic pathways for
FIGURE 9 | N-butanol extract of Taohe-Chengqi decoction (NE-THCQ) protected the mitochondrial structure in unilateral ureteral obstruction (UUO)–induced
kidneys. Representative images of transmission electron microscopy (5000 ×). Bar = 1 mm.
A

B

FIGURE 10 | Experimental validation of the key signaling pathways in vivo. N-butanol extract of Taohe-Chengqi decoction (NE-THCQ) inhibited PI3K/ AKT/mTOR
(A) and HIF-1a/VEGF (B) signaling pathways in the kidneys of unilateral ureteral obstruction (UUO) rats. Data were presented as mean standard deviation (SD) of
three independent experiments. *P < 0.05, **P < 0.01.
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developing renal fibrosis and hypoxia injury (Fredrik and Lina,
2011). Thus, NE-THCQ may exert its antirenal fibrosis effect by
inhibiting ECM deposition, reducing inflammation and
regulating hypoxia via PI3K/AKT/mTOR and HIF-1a/VEGF
signaling pathways. To further validate this postulation, we
investigated the therapeutic effects of NE-THCQ on renal
tubular epithelial cells in vitro and unilateral ureteral
obstruction (UUO) model in rats in vivo. UUO animal model
is a classic model to investigate renal fibrosis (Yu et al., 2020). In
the present study, we ligated the left ureter of rats to establish
UUO rats and chose 80 mg/kg NE-THCQ for animal study based
on the preexperiment (Supplementary Figure 2).

The pathological characteristics of renal fibrosis include
inflammatory infiltration, the disappearance of renal intrinsic
cells and excessive deposition of the ECM. During the persistent
renal injury, renal tubular epithelial cells display myofibroblast-
like phenotype through multiple biological changes; this process
is called epithelial-mesenchymal transformation (EMT). Once
EMT is activated, the cells start to lose their epithelial markers
(such as E-cadherin) and acquire the mesenchymal markers
(such as a-SMA) and then promote ECM secretions (such as
collagen and fibronectin) (Nieto et al., 2016; Attila et al., 2019).
The in vitro Western blotting assay showed that NE-THCQ
dramatically inhibited the expressions of FN and a-SMA and
upregulated the E-cadherin level in TGF-b1 induced cells time-
dependently. Then, we incubated with NE-THCQ for 48 h in
further experiments. Immunofluorescence staining confirmed
the same results. Cytoskeletal reorganization and increased
mobility are the characteristics of EMT (Yu et al., 2019). We
also identified that NE-THCQ could restrain actin fibers
assembling and regulate the actin cytoskeleton. In vivo, we
found that NE-THCQ attenuated renal fibrosis after UUO
surgery, and this conclusion was supported by less pathological
alterations in Masson’ s stain, lower expression of a-SMA, Col-I
and Col-III and higher expression of E-cadherin in the NE-
THCQ group compared to the UUO group. Inflammation is an
early response to kidney injury. However, persistent
inflammation promotes the synthesis of fibrogenic factors, thus
leading to renal fibrosis (Xiao et al., 2014). Inflammatory
cytokines, such as tumor necrosis factor-a (TNF-a),
interleukin-1b (IL-1b), and IL-6, can directly mediate renal
fibrosis through inflammatory infiltration, fibroblast activation
and synthesis and degradation of ECM (Andrade et al., 2019;
Gorjipour et al., 2019; Shrikant, 2019). Our results showed that
NE-THCQ inhibited inflammatory infiltration in H&E staining
analysis and reduced the levels of serum IL-1b and IL-6 in vivo.
In vitro studies, immunofluorescence staining demonstrated that
the TGF-b1 induced excessive production of TNF-a was
repressed by NE-THCQ in HK-2 cells. Thus, as predicted by
network pharmacology analyses, we validated that NE-THCQ
could inhibit ECM synthesis, reverse EMT and repress
inflammatory response in vitro and in vivo.

PI3K/AKT/mTOR signaling pathway is a crucial pathway in
renal fibrosis. Phosphoinositide 3-kinase (PI3K) (a lipid kinase)
can specifically catalyze the phosphorylation of phosphatidyl
inositol-3 hydroxyl and produce inositol lipid with the second
Frontiers in Pharmacology | www.frontiersin.org 15
messenger effect (Manoj and John, 2019). PI3K primarily
phosphorylates PIP2 to yield PIP3 and then activates AKT.
Activated AKT can cause a series of phosphorylation cascade
reactions and regulate vital downstream effector molecules, like
mTOR to exert its biological effect (Dirk et al., 2018; Li et al.,
2019). PI3K/AKT/mTOR signaling pathway controls cell
growth, proliferation, cell polarity and cytoskeleton, and EMT
and angiogenesis (Peng et al., 2014; Arash and Amirhossein,
2017; Falguni et al., 2018). Recent studies have shown that
activated PI3K/AKT/mTOR signaling pathway can induce
EMT process, especially E-cadherin level and inhibit matrix
metalloproteinases (MMPs) (Karimi et al., 2019). MMPs can
degrade almost all ECM components and E-cadherin, except
polysaccharide (Oskar et al., 2019). Thus, the expression of
MMPs can be upregulated by suppressing the PI3K/AKT/
mTOR signaling pathway, which would inhibit the
pathological deposition of ECM and EMT extension. Also,
many animal experiments have proved that inhibition of
mTOR signaling can markedly ameliorate renal interstitial
inflammation, renal dysfunction and renal fibrosis associated
with CKD (Wilfred and Jerrold, 2009). Additionally, mTOR can
change the PKC phosphorylation state, then directly
phosphorylate and activate AKT to regulate the cell’s actin
skeleton and promote the EMT process (Wilfred and Jerrold,
2009; Maggie et al., 2018). Interestingly, our in vitro and in vivo
studies demonstrated that NE-THCQ could inhibit the
expression of the PI3K/AKT/mTOR signaling pathway.

Hypoxia injury is a common pathway of CKD and an initial
factor of renal fibrosis (Liu et al., 2017). Fibrosis causes
microvasculature injury and inflammatory stimulation
decreases oxygen permeation and increases renal tubular
epithelial cells metabolism, which can lead to the persistent
hypoxic condition of renal tissue. Conversely, hypoxia can
trigger the apoptosis of renal tubular epithelial cells and
stimulate the phenotype transformation from renal tubular
cells to myofibroblasts (Hu et al., 2017; Liu et al., 2018; Shu
et al., 2019). Hypoxia could also promote the expression of
tissue inhibitors of metalloproteinases (TIMPS), which would
inhibit the degradation of ECM, reduce the blood flow of
capillaries around renal tubules and damage the diffusion of
oxygen, thus aggravating the local hypoxia (Volker, 2009).
Among the various response pathways activated by hypoxia,
the most important steps are mediated by hypoxia-inducible
factors (HIFs). HIFs also upregulate the expression of
proangiogenesis genes, especially VEGF. However, a dual
role of VEGF has been proved in renal injury (Mayer, 2011).
Conver se l y , the upregu la t ion o f VEGF promote s
neovascularization to protect local renal tissue in the early
stage of kidney hypoxia injury. The inflammatory response of
continuous hypoxia injury in the renal interstitium of CKD
might be associated with an increase in VEGF accompanied by
the overgeneration of new blood vessels. HIF-1a, an active
subunit of HIF-1, is mainly expressed in the cytoplasm and
regulated by oxygen concentration. Therefore, we investigated
the role of the HIF-1a/VEGF signaling in the pathogenesis of
NE-THCQ against renal fibrosis. Our studies demonstrated
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that NE-THCQ also inhibited the HIF-1a/VEGF signaling
pathway in vitro and in vivo. The TEM images demonstrated
swelling and vacuolation in the morphology of mitochondria
af ter UUO injury ; NE-THCQ could at tenuate the
morphological changes in mitochondria by inhibiting HIF-
1a/VEGF pathway to adapt to hypoxia injury. Interestingly,
some studies suggest that HIF-1a is regulated by the mTOR
signaling pathway, and mTOR increases the cellular levels of
HIF-1a, which in turn stimulates the expression of angiogenic
factors, such as VEGF, PDGF-A, and TNF-a (Wilfred and
Jerrold, 2009). Finally, our findings suggest that NE-THCQ
may inhibit renal fibrosis progression mainly by regulating the
inflammatory process, reversing EMT and decreasing ECM
deposition through PI3K/AKT/mTOR and HIF-1a/VEGF
signaling pathways. However, further experiments should be
conducted to investigate whether NE-THCQ could inhibit
HIF-1a/VEGF pathway in PI3K/AKT/mTOR pathway-
dependent manners.
CONCLUSION

In this study, the active components and molecular mechanisms
of NE-THCQ against renal fibrosis were illustrated by adopting
an integrated strategy, which employed UPLC-Q/TOF-MS/MS
analysis, network pharmacological analysis, and experimental
validation. A total of 26 components of NE-THCQ was identified
by UPLC-MS/MS study and adopted for further network
pharmacology analysis. Seven active components were
identified by simulating the ADME process. Through
experimental validating the hub targets and hub signaling
pathways by network pharmacological analysis , we
demonstrated that NE-THCQ could suppress inflammatory
and EMT processes and decrease abnormal ECM deposition
through PI3K/AKT/mTOR and HIF-1a/VEGF signaling
pathways for exerting its antirenal fibrosis effect. Additionally,
our study also suggested that the combination of network
pharmacology prediction and experimental validation
effectively elucidated the multi-target and multilink
pharmacological mechanisms of TCM formula.
Frontiers in Pharmacology | www.frontiersin.org 16
DATA AVAILABILITY STATEMENT

The data used to support the findings of this study will be
available from the corresponding author upon request.
ETHICS STATEMENT

The animal study was reviewed and approved by the Ethics
Committee of Hubei University of Traditional Chinese Medicine
(Hubei, China). All experiments of animals were conducted in
conformity with the Animal Care and Use Committee of
Institute of Materia Medica, P.R. China.
AUTHOR CONTRIBUTIONS

SZ and ZA designed and conducted the study with equal
contribution. SZ drafted the original manuscript. YB revised
the manuscript. PY, CW, and YB supervised the study. WL, LL,
and YH contributed to the formal analysis and data curation. All
authors approved the final manuscript.
FUNDING

This study was supported by Academic Experience Inheritance
of the Sixth National Group of Old Chinese Medicine Experts of
the State Administration of Traditional Chinese Medicine (No.
2017 [29]) and the key projects of Hubei Provincial Department
of Health (No. JX6A09).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2020.
00425/full#supplementary-material

FIGURE S1 | Total ion chromatogram of n-butanol extract of THCQ.

FIGURE S2 | Pictures and datas of preexperiment.
REFERENCES

Andrade, O. V., Foresto, N. O., Watanabe, I., Zatz, R., and Câmara, N. (2019).
Inflammation in Renal Diseases: New and Old Players. Front. Pharmacol. 10.
1192, 1–19. doi: 10.3389/fphar.2019.01192

Arash, S., and Amirhossein, B. (2017). Therapeutic potency of mTOR signaling
pharmacological inhibitors in the treatment of proinflammatory diseases, current
status, and perspectives. J. Cell. Physiol. 233.6, 4783–4790. doi: 10.1002/jcp.26276

Attila, F., Ákos, G. L. R., and Attila, S. (2019). Thearapeutic targeting of fibrotic
epithelial mesenchymal transition-an outstanding challenge. Front. Pharmacol.
10.338, 1–11. doi: 10.3389/fphar.2019.00388

Benjamin, D. H. (2018). Mechanisms of renal fibrosis. Annu. Rev. Physiol. 80.1,
309–326. doi: 10.1146/annurev-physiol-022516-034227

Cao, H., Li, S., Xie, R., Xu, N., Qian, Y., Chen, H., et al. (2018). Exploring the
mechanism of dangguiliuhuang decoction against hepatic fibrosis by network
pharmacology and experimental validation. Front. Pharmacol. 9.187, 1–14.
doi: 10.3389/fphar.2018.00187

Christopher, A., Lipinski, F. L., Beryl, W. D., and Paul, J. F. (1997). Experimental
and c omputational approaches to estimate solubility and permeability in drug
discovery and development settings. Adv. Drug Deliv. Rev. 23.1-3, 3–25.
doi: 10.1016/S0169-409X(96)00423-1

Da, W. H., Brad, T. S., and Richard, A. L. (2008). Systematic and integrative
analysis of large gene lists using DAVID bioinformatics resources. Nat. Protoc.
4.1, 44–57. doi: 10.1038/nprot.2008.211

Dirk, M., Sujin, P., and Michael, N. H. (2018). mTOR signalling and cellular
metabolism are mutual determinants in cancer. Nat. Rev. Cancer 18.12, 744–
757. doi: 10.1038/s41568-018-0074-8

Falguni, D., Nandini, G. C., and Doug, Y. L. (2018). Akt2 causes TGFb-induced deptor
downregulation facilitating mTOR to drive podocyte hypertrophy and matrix
protein expression. PloS One 13.11, e0207285. doi: 10.1371/journal.pone.0207285
April 2020 | Volume 11 | Article 425

https://www.frontiersin.org/articles/10.3389/fphar.2020.00425/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2020.00425/full#supplementary-material
https://doi.org/10.3389/fphar.2019.01192
https://doi.org/10.1002/jcp.26276
https://doi.org/10.3389/fphar.2019.00388
https://doi.org/10.1146/annurev-physiol-022516-034227
https://doi.org/10.3389/fphar.2018.00187
https://doi.org/10.1016/S0169-409X(96)00423-1
https://doi.org/10.1038/nprot.2008.211
https://doi.org/10.1038/s41568-018-0074-8
https://doi.org/10.1371/journal.pone.0207285
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Zhou et al. The Pharmacological Mechanisms of NE-THCQ
Fredrik, P., and Lina, N. (2011). Renal tubulointerstitial hypoxia: cause and
consequence of kidney dysfunction. Clin. Exp. Pharmacol. Physiol. 38.7, 474–
480. doi: 10.1111/j.1440-1681.2011.05532.x

Gorjipour, F., Totonchi, Z., Gholampour, D. M., Hosseini, S., Tirgarfakheri, K.,
Mehrabanian, M., et al. (2019). Serum levels of interleukin-6, interleukin-8,
interleukin-10, and tumor necrosis factor-a, renal function biochemical
parameters and clinical outcomes in pediatric. Perfusion 34.8, 651–659.
doi: 10.1177/0267659119842470

Hu, J., Wang, W., Zhang, F., Li, P. L., Boini, K. M., Yi, F., et al. (2017). Hypoxia
inducible factor-1a mediates the profibrotic effect of albumin in renal tubular
cells. Sci. Rep. 7.15878, 1–11. doi: 10.1038/s41598-017-15972-8

Huang, P., Ke, H., Qiu, Y., Cai, M., Qu, J., and Leng, A. (2019). Systematically
characterizing chemical profile and potential mechanisms of Qingre Lidan
decoction acting on cholelithiasis by integrating UHPLC-QTOF-MS and
network target analysis. Evid. Based Complement Altern. Med. 2019,
2675287. doi: 10.1155/2019/2675287

Júlia, S. A., Cândido, L. V., Camelo, J. G. M., Paulo, A. L., Antonio, L. P. R., Bruce,
B. D., et al. (2019). Greater aortic stiffness is associated with renal dysfunction
in participants of the ELSA-Brasil cohort with and without hypertension and
diabetes. PloS One 14.2, e0210522. doi: 10.1371/journal.pone.0210522

Karimi, R. M., Soltani, A., Soleimani, A., Rezaie, K. K., Afshari, A. R., and
Soukhtanloo, M. (2019). Role of AKT and mTOR signaling pathways in the
induction of epithelial-mesenchymal transition (EMT) process. Biochimie 165,
229–234. doi: 10.1016/j.biochi.2019.08.003

Karl, A. N. (1992). Tubulointerstitial changes as a major determinant in the
progression of renal damage. Am. J. Kidney Dis. 20.1, 1–17. doi: 10.1016/
S0272-6386(12)80312-X

Li, X. B., Bian, Z., Lan, P., and Liu, Y. (2011). Influnence of Persicae Semen on
epithelial-mesenchymal transdifferentiation of renal tubular in rats with
unilateral ureteral obstruction. Chin. J. Exp. Tradit. Med. Formulae 17 (13),
189–191. doi: 10.3969/j.issn.1005-9903.2011.13.057

Li, Q. Z., Juan, N. Z., Yin, K. F., and Ya, L. (2019). Antiproliferative Activity of
Carnosic Acid is Mediated via Inhibition of Cell Migration and Invasion, and
Suppression of Phosphatidylinositol 3-Kinases (PI3K). Med. Sci. Monitor. 25,
7864–7871. doi: 10.12659/msm.917735

Li, C. (2017). Multi-compound pharmacokinetic research on Chinese herbal
medicines: approach and methodology. China J. Chin. Mater. Med. 42 (4),
607–617. doi: 10.19540/j.cnki.cjcmm.2017.0016

Liu, M., Ning, X., Li, R., Yang, Z., Yang, X., Sun, S., et al. (2017). Signalling
pathways involved in hypoxia-induced renal fibrosis. J. Cell. Mol. Med. 21.7,
1248–1259. doi: 10.1111/jcmm.13060

Liu, L., Zhang, P., Bai, M., He, L., Zhang, L., Liu, T., et al. (2018). p53 upregulated
by HIF-1a promotes hypoxia-induced G2/M arrest and renal fibrosis in vitro
and in vivo. J. Mol. Cell Biol. 11.5, 371–382. doi: 10.1093/jmcb/mjy042

Ma, L., Li, H., Zhang, S., Xiong, X., Chen, K., Jiang, P., et al. (2017). Emodin ameliorates
renal fibrosis in rats via TGF-b1/Smad signaling pathway and function study of
Smurf 2. Int. Urol. Nephrol. 50.2, 373–382. doi: 10.1007/s11255-017-1757-x

Ma, Q., Li, P. L., Hua, Y. L., Ji, P., Yao, W. L., Zhang, X. S., et al. (2018). Effects of
Tao-Hong-Si-Wu decoction on acute blood stasis in rats based on a LC-Q/
TOF-MS metabolomics and network approach. Biomed. Chromatogr. 32,
e4144. doi: 10.1002/bmc.4144

Maggie, K. M., Ma, S. Y., and Tak, M. C. (2018). mTOR inhibition and kidney
diseases. Transplantation 102, S32–S40. doi: 10.1097/TP.0000000000001729

Manoj, K. R., and John, E. B. (2020). Class I phosphoinositide 3-kinase (PI3K)
regulatory subunits and their roles in signaling and disease. Adv. Biol. Regul.
75. 100657, 1–9. doi: 10.1016/j.jbior.2019.100657

Marcos, E. G., Geelhoed, B., Van, D. H. P., Bakker, S. J. L., Gansevoort, R. T.,
Hillege, H. L., et al. (2017). . Relation of renal dysfunction with incident atrial
fibrillation and cardiovascular morbidity and mortality: The PREVEND study.
EP Europace 19.12, 1930–1936. doi: 10.1093/europace/euw373

Mayer, G. (2011). Capillary rarefaction, hypoxia, VEGF and angiogenesis in
chronic renal disease. Nephrol. Dialysis Transplant. 26.4, 1132–1137.
doi: 10.1093/ndt/gfq832

Mikail, R., and Olaf, S. (2010). Complex network measures of brain connectivity:
uses and interpretations. NeuroImage 52.3, 1059–1069. doi: 10.1016/
j.neuroimage.2009.10.003

Nieto, M. A., Huang, R. Y., Jackson, R. A., and Thiery, J. P. (2016). EMT: 2016. Cell
166.1, 21–45. doi: 10.1016/j.cell.2016.06.028
Frontiers in Pharmacology | www.frontiersin.org 17
Ning, Z., Wang, C., Liu, Y., Song, Z., Ma, X., Liang, D., et al. (2018). Integrating
strategies of herbal metabolomics, network pharmacology, and experiment
validation to investigate frankincense processing effects. Front. Pharmacol. 9,
1482. doi: 10.3389/fphar.2018.01482

Oskar, Z., Marta, K., Tomáš , Z., and Vladimír, T. (2019). Matrix
Metalloproteinases in Renal Diseases: A Critical Appraisal. Kidney Blood
Pressure Res. 44.3, 298–330. doi: 10.1159/000499876

Peng, D. L., Zhi, W. W., and Wen, Y. W. (2014). Phosphorylation of Akt at the C-
terminal tail triggers Akt activation. Cell Cycle 13.14, 2162–2164. doi: 10.4161/
cc.29584

Risdon, R. A., Sloper, J. C., and Wardener, H. E. D. (1968). Relationship between
renal function and histological changes found in renal-biopsy specimens from
patients with persistent glomerular nephritis. Lancet 292.7564, 363–366.
doi: 10.1016/S0140-6736(68)90589-8

Ru, J., Li, P., Wang, J., Zhou, W., Li, B., Huang, C., et al. (2014). TCMSP: a
database of systems pharmacology for drug discovery from herbal
medicines. J. Cheminformatics 6. 13, 1–6. doi: 10.1186/1758-2946-6-13

Shrikant, R. M. (2019). Multifactorial functions of the inflammasome component
NLRP3 in pathogenesis of chronic kidney diseases. Kidney Int. 96.1, 58–66.
doi: 10.1016/j.kint.2019.01.014

Shu, S., Wang, Y., Zheng, M., Liu, Z., Cai, J., Tang, C., et al. (2019). Hypoxia and
Hypoxia-Inducible Factors in Kidney Injury and Repair. Cells 8.3, 207.
doi: 10.3390/cells8030207

Smoot, M. E., Ono, K., Ruscheinski, J., Wang, P. L., and Ideker, T. (2010).
Cytoscape 2.8: new features for data integration and network visualization.
Bioinformatics 27.3, 431–432. doi: 10.1093/bioinformatics/btq675

Thomas, J. H., John, S. W., Joel, E. S., Nilka, R. B., Kumiko, I., Paul, E., et al. (2010).
A health policy model of CKD: 1. Model construction, assumptions, and
validation of health consequences. Am. J. Kidney Dis. 55.3, 452–462.
doi: 10.1053/j.ajkd.2009.11.016

Ucero, A. C., Benito, M. A., Izquierdo, M. C., Sanchez, N. M. D., Sanz, A. B., Ramos, A.
M., et al. (2013). . Unilateral ureteral obstruction: beyond obstruction. Int. Urol.
Nephrol. 46.4, 765–776. doi: 10.1007/s11255-013-0520-1

Vasiliki, K., Cherine, B., Julien, H., Claire, D., André, P. D., and Georges, D. (2018).
Early cardiovascular manifestations in children and adolescents with
autosomal dominant polycystic kidney disease: a single center study. Pediatr.
Nephrol. 33.9, 1513–1521. doi: 10.1007/s00467-018-3964-9

Volker, H. H. (2009). Oxygen regulates epithelial-to-mesenchymal transition:
insights into molecular mechanisms and relevance to disease. Kidney Int. 76.5,
492–499. doi: 10.1038/ki.2009.222

Wang, H. L., Zhang, J. Y., and Huang, J. (2007). Effects of Glycyrrihizic Acid and
Prednisone on Pathological and Ultrastructural Changes of Kidney in Rats
with Chronic Aristolochic Acid Nephropathy. Chin. J. Integr. Tradit. West.
Med. 27 (1), 45–49. doi: 10.3321/j.issn:1003-5370.2007.01.011

Wang, D. T., Huang, R. H., Cheng, X., Zhang, Z. H., Yang, Y. J., and Lin, X. (2015).
Tanshinone IIA attenuates renal fibrosis and inflammation via altering expression
of TGF-b/Smad and NF-kB signaling pathway in 5/6 nephrectomized rats. Int.
Immunopharmacol. 26.1, 4–12. doi: 10.1016/j.intimp.2015.02.027

Wilfred, L., and Jerrold, S. L. (2009). The role of the mammalian target of
rapamycin (mTOR) in renal disease. J. Am. Soc. Nephrol. 20.12, 2493–2502.
doi: 10.1681/ASN.2008111186

Xiang, Z., Sun, H., Cai, X., Chen, D., and Zheng, X. (2015). The study on the
material basis and the mechanism for anti-renal interstitial fibrosis efficacy of
rhubarb through integration of metabonomics and network.Mol. Biosyst. 11.4,
1067–1078. doi: 10.1039/c4mb00573b

Xiao, M. M., David, J. N., and Hui, Y. L. (2014). Inflammatory processes in renal
fibrosis. Nat. Rev. Nephrol. 10.9, 493–503. doi: 10.1038/nrneph.2014.114

Xu, X., Zhang, W., Huang, C., Li, Y., Yu, H., Wang, Y., et al. (2012). A novel
chemometric method for the prediction of human oral bioavailability. Int. J.
Mol. Sci. 13.6, 6964–6982. doi: 10.3390/ijms13066964

Yu, G., Wang, W., Wang, X., Xu, M., Zhang, L., Ding, L., et al. (2018). Network
pharmacology-based strategy to investigate pharmacological mechanisms of
Zuojinwan for treatment of gastritis. BMC Compl. Altern. Med. 18 (1), 292.
doi: 10.1186/s12906-018-2356-9

Yu, J., Yu, C., Feng, B., Zhan, X., Luo, N., Yu, X., et al. (2019). Intrarenal
microRNA signature related to the fibrosis process in chronic kidney
disease: identification and functional validation of key miRNAs. BMC
Nephrol. 20. 336, 1–13. doi: 10.1186/s12882-019-1512-x
April 2020 | Volume 11 | Article 425

https://doi.org/10.1111/j.1440-1681.2011.05532.x
https://doi.org/10.1177/0267659119842470
https://doi.org/10.1038/s41598-017-15972-8
https://doi.org/10.1155/2019/2675287
https://doi.org/10.1371/journal.pone.0210522 
https://doi.org/10.1016/j.biochi.2019.08.003
https://doi.org/10.1016/S0272-6386(12)80312-X
https://doi.org/10.1016/S0272-6386(12)80312-X
https://doi.org/10.3969/j.issn.1005-9903.2011.13.057
https://doi.org/10.12659/msm.917735
https://doi.org/10.19540/j.cnki.cjcmm.2017.0016
https://doi.org/10.1111/jcmm.13060
https://doi.org/10.1093/jmcb/mjy042
https://doi.org/10.1007/s11255-017-1757-x
https://doi.org/10.1002/bmc.4144
https://doi.org/10.1097/TP.0000000000001729
https://doi.org/10.1016/j.jbior.2019.100657
https://doi.org/10.1093/europace/euw373
https://doi.org/10.1093/ndt/gfq832
https://doi.org/10.1016/j.neuroimage.2009.10.003
https://doi.org/10.1016/j.neuroimage.2009.10.003
https://doi.org/10.1016/j.cell.2016.06.028
https://doi.org/10.3389/fphar.2018.01482 
https://doi.org/10.1159/000499876
https://doi.org/10.4161/cc.29584
https://doi.org/10.4161/cc.29584
https://doi.org/10.1016/S0140-6736(68)90589-8
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1016/j.kint.2019.01.014
https://doi.org/10.3390/cells8030207
https://doi.org/10.1093/bioinformatics/btq675
https://doi.org/10.1053/j.ajkd.2009.11.016
https://doi.org/10.1007/s11255-013-0520-1
https://doi.org/10.1007/s00467-018-3964-9 
https://doi.org/10.1038/ki.2009.222
https://doi.org/10.3321/j.issn:1003-5370.2007.01.011
https://doi.org/10.1016/j.intimp.2015.02.027
https://doi.org/10.1681/ASN.2008111186
https://doi.org/10.1039/c4mb00573b
https://doi.org/10.1038/nrneph.2014.114
https://doi.org/10.3390/ijms13066964
https://doi.org/10.1186/s12906-018-2356-9
https://doi.org/10.1186/s12882-019-1512-x
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Zhou et al. The Pharmacological Mechanisms of NE-THCQ
Yu, B., Wei, W., Ping, Y., Jian, G., Lei, N., Yu, S., et al. (2020). Ruxolitinib Alleviates Renal
Interstitial Fibrosis inUUOMice. Int. J. Biol. Sci. 16.2, 194–203. doi: 10.7150/ijbs.39024

Yuan, H., Ma, Q., Cui, H., Liu, G., Zhao, X., Li, W., et al. (2017). How can
synergism of traditional medicines benefit from network pharmacology?
Molecules 22, 1135. doi: 10.3390/molecules22071135

Zhang, X. K., Su, M. L., Wei, M. H., and Zhuang, X. H. (2016). Effect of Taohe Chengqi
decoction on micro-inflammatory state of chronic renal failure rats. J. Yunnan Univ.
Tradit. Chin. Med. 39 (3), 1–2. doi: 10.19288/j.cnki.issn.1000-2723.2016.03.002

Zhang, H. F., Wang, Y. L., Gao, C., Gu, Y. T., Huang, J., Wang, J. H., et al. (2018).
Salvianolic acid A attenuates kidney injury and inflammation by inhibiting NF-
kB and p38 MAPK signaling pathways in 5/6 nephrectomized rats. Acta
Pharmacol. Sin. 39.12, 1855–1864. doi: 10.1038/s41401-018-0026-6

Zhang, X. K., Chen, Q. W., Lin, Y. L., Lin, Y. Y., Wang, X. L., Li, L. H., et al. (2019).
Effect of Taohe Chengqi Decoction on Wnt related cytokines in renal tissue of
rats with chronic renal failure. Lishizhen Med. Mater. Med. Res. 30 (05), 1032–
1035. doi: 10.3969/j.issn.1008-0805.2019.05.003

Zhao, Y. M., Ji, B. H., and Fu, Q. (2012). Effects of Taohechengqi decoction on
renal function in rat model of glomerulosclerosis. J. Emergency Tradit. Chin.
Med. 3, 390–391. doi: 10.3969/j.issn.1004-745X.2012.03.027
Frontiers in Pharmacology | www.frontiersin.org 18
Zhao, J., Wang, L., Cao, A. L., Jiang, M. Q., Chen, X., Wang, Y., et al. (2016).
HuangQi decoction ameliorates renal fibrosis via TGF-b/Smad signaling
pathway in vivo and in vitro. Cell. Physiol. Biochem. 38.5, 1761–1774.
doi: 10.1159/000443115

Zhou, X., Li, C. G., Chang, D., and Bensoussan, A. (2019). Current status and
major challenges to the safety and efficacy presented by Chinese herbal
medicine. Medicines (Basel) 6, 14. doi: 10.3390/medicines6010014

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.

Copyright © 2020 Zhou, Ai, Li, You, Wu, Li, Hu and Ba. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.
April 2020 | Volume 11 | Article 425

https://doi.org/10.7150/ijbs.39024
https://doi.org/10.3390/molecules22071135
https://doi.org/10.19288/j.cnki.issn.1000-2723.2016.03.002
https://doi.org/10.1038/s41401-018-0026-6
https://doi.org/10.3969/j.issn.1008-0805.2019.05.003
https://doi.org/10.3969/j.issn.1004-745X.2012.03.027
https://doi.org/10.1159/000443115
https://doi.org/10.3390/medicines6010014
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Deciphering the Pharmacological Mechanisms of Taohe-Chengqi Decoction Extract Against Renal Fibrosis Through Integrating Network Pharmacology and Experimental Validation In Vitro and In Vivo
	Introduction
	Materials and Methods
	Reagents and Materials
	Preparation of Extracts and Subfractions
	UPLC-Q/TOF-MS/MS Method for Component Analysis
	Analysis of N-Butanol Extract of THCQ (NE-THCQ) by Network Pharmacology
	Prediction of Bioactive Ingredients in NE-THCQ
	Potential Targets Intersection of NE-THCQ With Disease
	Pathway and Functional Enrichment Analysis
	Network Construction and Analysis

	Experimental Verification
	Cell Line and Culture
	CCK-8-Based Cytotoxicity Assay
	Cytoskeleton Assay
	Establishment and Grouping of the Unilateral Ureteral Obstruction Rat Model
	ELISA Assay
	Renal Pathological Examination
	Immunohistochemistry
	Immunofluorescence study
	Transmission Electron Microscope (TEM)
	Western Blot Analysis

	Statistical Analysis

	Results
	Identification of Bioactive Components in NE-THCQ
	Compound-Target Network Construction
	PPI Network Analysis
	GO Enrichment Analysis
	Pathway Enrichment and Compound-Target-Pathway Network Construction
	Experimental Validation
	Cytotoxicity Study of NE-THCQ in HK-2 Cells
	NE-THCQ Inhibits ECM Synthesis and EMT Induced by TGF-β1 in HK2 Cells
	NE-THCQ Decreases the Expression of TNF-α in TGF-β1-Stimulated HK-2 Cells
	The Effect of NE-THCQ on TGF-β1-Induced F-Actin Assembling of HK-2 Cells
	NE-THCQ Repressed PI3K/AKT/mTOR Signalling Along With HIF-1α/VEGF Signalling In Vitro
	The Effect of NE-THCQ on Renal Histopathology After UUO
	NE-THCQ Reduces the Releases of IL-6 and IL-1β in UUO Rats
	NE-THCQ Attenuates ECM Deposition and EMT Induced by UUO
	NE-THCQ Improved the UUO-Induced Mitochondrial Morphological Injury
	NE-THCQ Inhibits PI3K/AKT/mTOR and HIF-1α/VEGF Signalling Pathways in UUO Rats


	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions 
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


