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ABSTRACT
Context: Cichorium intybus L. (Asteraceae) formula (CF) has been applied as a folk medicine to treat
hyperuricemic nephropathy (HN). However, the exact mechanism remains unclear.
Objective: To explore the therapeutic effect and mechanism of CF on HN.
Materials and methods: Through network pharmacological methods, the targets of the active component
of CF against HN were obtained. Subsequently, Male Wistar rats were divided into control, HN, allopurinol
(50mg/kg), CF high-dose (8.64 g/kg) and CF low-dose (2.16 g/kg) groups. The HN model was induced via
intragastric administration of adenine (100mg/kg) and ethambutol hydrochloride (250mg/kg) for 3 weeks.
After CF treatment, biochemical indicators including UA, UREA and CREA were measured. Then, HE stain-
ing, qRT-PCR and gut microbiota analysis were conducted to further explore the mechanism.
Results: The network pharmacology identified 83 key targets, 6 core genes and 200 signalling pathways
involved in the treatment of HN. Compared to the HN group, CF (8.64g/kg) significantly reduced the lev-
els of UA, UREA and CREA (from 2.4 to 1.57lMol/L, from 15.87 to 11.05mMol/L and from 64.83 to
54.83lMol/L, respectively), and mitigated renal damage. Furthermore, CF inhibited the expression of IL-6,
TP53, TNF and JUN. It also altered the composition of gut microbiota, and ameliorated HN by increasing
the relative abundance of some probiotics.
Conclusions: This work elucidated the therapeutic effect and underlying mechanism by which CF pro-
tects against HN from the view of the biodiversity of the intestinal flora, thus providing a scientific basis
for the usage of CF.
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Introduction

The prevalence of hyperuricaemia (HUA) is increasing dramatic-
ally in the United States and worldwide due to an ageing popula-
tion, comorbidities and other lifestyle factors (Roman 2019).
Hyperuricemic nephropathy (HN) is considered to be the most
frequent complication of HUA other than gout (Johnson et al.
2013). Recently, several longitudinal and cross-sectional studies
have proposed a strong correlation between serum uric acid (UA)
levels and the occurrence and progression of chronic kidney dis-
ease (CKD) (Li et al. 2017; Liu et al. 2018). Some investigations
even suggest elevated UA levels are a risk factor for kidney disease
(Chou et al. 2015). Of note, UA is correlated with other risk fac-
tors for the progression of renal diseases, such as metabolic syn-
drome, microalbuminuria and hypertension (Fathallah-Shaykh and
Cramer 2014; Yan et al. 2015). The pathogenesis of HN is highly
sophisticated and has multiple pathways, including intrarenal
inflammation, oxidative stress, induction of renal tubular damage,
and endothelial dysfunction (Sharaf El Din et al. 2017).

Nonetheless, the pathophysiological mechanisms of HN have not
been entirely elucidated due to the complexity of its pathogenesis.

In Traditional Chinese Medicine (TCM) theory, the term
‘HUA’ did not exist. According to the symptoms and characteris-
tics of complicated gout, HUA disease belongs to the category of
‘blockage syndrome’, ‘Lijie’ and gout in TCM, and the kidney dis-
eases induced by HUA are referred to as ‘edoema’, ‘low back
pain’, ‘asthenia’, etc. With the continuous advancement in the
understanding of HUA in Chinese medicine, it has been acknowl-
edged that phlegm dampness is the fundamental pathogenesis of
HUA. Phlegm is generally divided into two types: one is tangible
phlegm, which refers to the visible and accessible phlegm; The
other is invisible phlegm, which mostly refers to the phlegm flow-
ing in various viscera, meridians, skin, and other parts. Dampness
is hydration, diffuse, without obvious form and quality. Phlegm
and dampness are synonymous and similar, both due to abnor-
malities in water metabolism. Generally, it is considered that
dampness condenses into phlegm, which is often referred to as
phlegm dampness. Therefore, the treatment should emphasize
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tonification and purgation in combination, and adhere to the
essential treatment of resolving phlegm and dehumidification. To
attack the evil, we must give the devil a way out, the approach to
dispel phlegm and dampness is to expel it through sweat, urine
and stool. To tonifying deficiency, it is vital to regulate and tonify
the lung, spleen, and kidney, enhance the energy of transportation
and gasification, and block the source of phlegm and dampness,
thus reducing the endogenous pathological products.

Uyghur medicine with a centuries-old history and an inde-
pendent and complete theoretical system is an inseparable part
of the treasure-house of TCM. The formula of Cichorium intybus
L. (Asteraceae) originated from the Valuable Prescriptions for
Emergency written by Sun Simiao. Cichorium intybus (CF) con-
sisted of five herbs including Cichorii radix (the root of
Cichorium intybus, Juju), Gardeniae fructus (the ripe fruit of
Gardenia jasminoides J.Ellis [Rubiaceae], Zhizi), Lilii bulbus (the
fleshly scale leaf of Lilium brownii F.E.Br. ex Miellez [Liliaceae],
Baihe), Mori folium (the folium of Morus alba L. [Moraceae],
Sangye) and Puerariae lobatae radix (the root of Pueraria lobata
(Willd.) Ohwi [Fabacea], Gegen). Among them, Cichorii radix is
the traditional medicinal material of Uygur people, which was
considered a diuretic and cholagogue and is frequently used in
the treatment of jaundice, edoema and oliguria (Rolnik and Olas
2021). Previous articles have demonstrated that chicory or chicory
extract can decrease serum UA levels and ameliorate the progres-
sion of renal injury in HUA (Bian et al. 2018; Jin et al. 2018).
Likewise, studies have assessed the uricosuric and nephroprotec-
tive effects of Fructus Gardenia extract (Hu et al. 2013). It has
been indicated that the new water-soluble carbon dots of Pueraria
lobata radix can lower the blood UA concentration and improve
the degree of swelling and pathological damage in gouty arthritis
by inhibiting the activity of xanthine oxidase (XO) in model rats
(Wang X et al. 2019). And (Wan et al. 2018) have demonstrated
the antioxidant activity and XO inhibitory effect of mulberry leaf
ethanolic extract, indicating the potential future of mulberry leaves
as a natural anti-hyperuricaemia drug. Although CF is typically
prescribed for the treatment of gout, little is known about its effect
on HN, or its potential mechanism of action.

Due to the multi-component, multi-target and multi-pathway
synergistic effects of TCM, there is a lack of effective research
methods to elucidate their molecular mechanisms. In recent
years, network pharmacology has been used increasingly in the
study of herbal prescriptions. Network pharmacology is an
emerging interdisciplinary and frontier discipline that analyzes
the association patterns between drugs and therapeutic diseases
from a holistic perspective of systems and biological networks
(Yuan et al. 2017; Luo et al. 2020). To investigate the mechanism
of action of TCM at the molecular level, network pharmacology

has upgraded the research protocol from the current ‘one-target-
one-drug’ model to a novel ‘network target, multi-component’
model (Li and Zhang 2013).

The body excretes UA predominantly through the kidneys
and intestines, with about 70% of UA excreted through the kid-
neys and most of the rest excreted in the faeces or further bro-
ken down and metabolized by the intestinal flora (de Oliveira
and Burini 2012). The intestine is not only one of the excretory
channels for UA but also a place where intestinal bacteria live
and where intestinal flora and metabolites of HUA are interre-
lated. This means that an increase in soluble serum UA may alter
the optimal physiological environment of the intestinal flora. And
the composition of the gut microbiota in patients with gout has
been clinically certificated to be distinct from that of healthy indi-
viduals (Guo et al. 2016). Intestinal bacteria and humans have
co-evolved in symbiosis and play an essential role in maintaining
normal physiological functions of the human body by influencing
the nutrition, metabolism and immunity of the host. Intestinal
bacteria constantly communicate with the host’s vital organ sys-
tems (e.g., brain, bone marrow, vascular constriction, kidney
organs, immune system and autonomic nervous system) to regu-
late human health (Bravo et al. 2011; Jandhyala et al. 2015). There
is now increasing evidence that the gut microbiota of patients
with CKD is associated with the pathophysiological state and
microenvironment of the host. Metabolites in the gut flora have
also been linked to HUA. The ‘intestinal-renal axis’ theory well
illustrates the bidirectional communication between intestinal flora
and CKD (Evenepoel et al. 2017).

Therefore, in this study, to study the therapeutic effect of CF
on HN and its mechanism of action, first of all, the active com-
ponents of CF in the aqueous extracts were determined by ultra-
performance liquid chromatography coupled with quadrupole
time of flight mass spectrometry (UPLC/Q-TOF MS) analysis.
Network pharmacology was then employed to capture the bio-
active constituents and potential targets of CF for the treatment
of HUA, which was further experimentally validated with aden-
ine and ethambutol hydrochloride to construct the HN model.
Ultimately, the impact of CF on intestinal microbiota was
detected by high-throughput 16S rRNA sequencing.

Materials and methods

Preparations of CF, reagents, and instrument

All CF herbs (Table 1) were purchased from Xinjiang Madison
Pharmaceutical Co., Ltd. (Xinjiang, China) and appraised by Dr
Jiachuan Li, a professor at the College of Pharmacy, Southwest
Minzu University (Chengdu, China). Voucher specimens are

Table 1. Composition of the Cichorium intybus formula (CF) and the properties of each crude drug.

English name Latin name
Medicinal
parts

Dosage
used (g)

Channel
tropism Medicinal efficacies

Cichorii Radix Cichorium intybus L. Radix 15 liver, gallbladder,
stomach

Clear liver and gallbladder, strengthen stomach
and digestion, diuretic and decongestant

Mori Folium Morus alba L. Folium 10 lung, liver Course wind and dissipate heat, clearing lung-heat
and moistening dryness, remove liver-fire for
improving eyesight

Gardeniae
Fructus

Gardenia jasminoides
J.Ellis

Ripe fruit 10 heart, lung, triple
energiser meridian

Purge fire eliminates irritation, clear heat and
promoting diuresis, clear heat and
promoting diuresis

Lilii Bulbus Lilium brownii F.E.Br.
ex Miellez

Fleshly scale
leaf

8 heart, lung Moistening Lung, clear heart and tranquilisation

Puerariae Lobatae
Radix

Pueraria lobata
(Willd.) Ohwi

Radix 5 Spleen, stomach,
lung

Relieving muscles to expel heat, engender liquid
and allay thirst, Shengyang Zhixie, clear and
activate the channels and collaterals
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stored in the herbarium of the College of Pharmacy, Southwest
Minzu University (No. 20208110201 J). All accurately weighed
herbs were extracted twice at 100 �C with deionised water reflux
for 2 h each time. The aqueous solution obtained twice was
mixed, filtered and concentrated in a rotary evaporator into a
decoction. The decoction of the CF was stored at 4 �C for fol-
low-up dosing experiments, and lyophilized in a freeze-dryer.
Allopurinol tablets required in this study are purchased from
Hefei Jiulian Pharmaceutical Co., Ltd. (Anhui, China). The aden-
ine used in this study was bought from Shanghai Aladdin
Biochemical Technology Co., Ltd. (Shanghai, China). Ethambutol
hydrochloride tablets were obtained from Chengdu Jinhua
Pharmaceutical Co., Ltd. (Chengdu, China). UPLC/Q-TOF MS
analysis was performed on the quadrupole Orbitrap mass spec-
trometer (Q-Exactive, Thermo Scientific, USA).

UPLC/Q-TOF MS analysis

The chromatographic separation was carried out on a Hypersil
GOLD C18 reversed-phase column (100mm � 2.1mm, 3lm).
The mobile phase was acetonitrile (A) and 0.1% (V/V) aqueous
formic acid (B). Gradient elution with a flow rate of 0.3mL/min
was implemented as follows: 2%–5% A at 0–2min; 5%–10% A at
2–5min; 10%–16% A at 5–12min. The column temperature was
set at 30 �C, the detection wavelength was 254 nm, and the injec-
tion volume was 10 lL each time. Heated Electron Spray
Ionization (HESI) source was used for mass spectrometry ana-
lysis in both positive and negative ion modes, and nitrogen is
used as the carrier gas. The sheath gas pressure and the auxiliary
gas pressure were set to 3.5MPa and 1.0MPa in positive and
negative ion modes, respectively. The spray voltage in positive
ion mode is 3.80 kV, while in negative ion mode is 3.00 kV. The
capillary temperature was 350 �C and the auxiliary heating tem-
perature was 200 �C. The scan range was set to m/z 100-1500.
Full Mass resolution was 70000 and the dd-MS2 resolution was
17500. The collision energy is 20, 30 and 40 eV, respectively.

Animals and preparation of HN animal model

Thirty SPF male Wistar rats aged from 7� 8weeks, weighing
200� 220 g were purchased from Chengdu Dashuo Experimental
Animal Co., Ltd. (Chengdu, China). The rats were raised in SPF
animal laboratory, College of Pharmacy, Southwest Minzu
University, which was housed 5 per cage under 12 h light/dark
cycle and provided with ad libitum access to deionized water and
feed, and maintained at a temperate of 20–24 �C with 45–65%
humidity, and rats were acclimatized for one week. All animal
procedures were approved by the Ethics Committee of Southwest
Minzu University (Approval No. 2019-12).

Thirty male rats were randomly split into five groups (n¼ 6),
as follows: control group (CG), hyperuricemic nephropathy group
(HNG), allopurinol group (AG), high-dose formula group (FHG)
and low-dose formula group (FLG). Adenine and ethambutol
hydrochloride were dissolved in deionized water to form a suspen-
sion of 1% adenine and 2.5% ethambutol hydrochloride for the
induction of HN in rats (Kang et al. 2020). Gavage suspension
(10mL/kg) was given to all groups except the rats in the CG, once
per day for 3weeks consecutively. At the beginning of the second
week of modelling, rats in the FHG and FLG were i.g 8.64 and
2.16 g/kg CF decoction, respectively. Rats in the AG were adminis-
tered with 50mg/kg 0.5% allopurinol solution by gavage. Rats in
the CG and HNG were given an equal volume of normal saline.
All drugs were administered once daily for 2 weeks (Figure 1A).

During the experiment, the changes in body mass and mental sta-
tus of the rats were observed and recorded. After 3 weeks of
administration, all rats were fasted without water for 12 h and then
collected faeces under sterile conditions. Rats were euthanized by
intraperitoneal injection of sodium pentobarbital to minimize suf-
fering. Blood and kidney samples were collected and serum, kidney
and faeces were stored at �80 �C for further analysis.

Network pharmacology profiling

The main chemical components of CF were retrieved using the
TCMSP (http://lsp.nwu.edu.cn/tcmsp.php), a database of sys-
tematic pharmacological analysis platforms for TCM (Ru et al.
2014). In consideration of the sophistication of the chemical
composition of TCM formula, the oral bioavailability (OB) �
30% and drug similarity (DL) � 0.18 were employed as refer-
ences for screening active ingredients, and the targets name of
each active ingredient were collated. UniProt (http://www.uni-
prot.org/) is an internationally renowned protein database,
which consists of UniRef, UniProtKB and UniParc (The
UniProt 2017). In this study, the UniProtKB knowledge base
was applied to convert the candidate compound target name to
the corresponding human gene name. The HUA-related targets
were searched in DisGeNET (https://www.disgenet.org),
Genecard (http://www.genecards.org) and DrugBank (https://
go.drugbank.com) databases, respectively, and then merged,
de-duplicated and integrated. Using the ‘Draw Venn Diagram’
(bioinformatics.PSB.ugent.be/webtools/Venn) to draw a Venn
diagram, to derive the potential target genes of the active
ingredient in CF against HUA. Import the active ingredient of
CF and target information into Cytoscape 3.8.0 to build a
drug-potential active ingredient-target network. Constructed
protein–protein interaction (PPI) network using STRING 11.0
(https://string-db.org/cgi/input.pl) and Cytoscape software for
further network analysis, calculation and map of key genes in
R. The Gene Ontology (GO) and Kyoto Encyclopaedia of
Genes and Genomes (KEGG) pathway enrichment analysis
were executed by loading the ‘clusterProfiler’ package in the R
language for the potential targets of CF active ingredients. A
threshold value of p< 0.05 was used to statistically screen out
the biological processes and pathways with significant differen-
ces, and dot plots were performed.

Component–target molecular docking

The PDB ID of the core target proteins obtained above was
searched in UniProt. The three-dimensional structure files of
core target proteins were retrieved and downloaded in PBD for-
mat via the RSCB PBD database (https://www.rcsb.org/), and the
MOL2 structure of the core components was downloaded from
the TCMSP database. The downloaded target proteins were pre-
processed using AutoDockTools-1.5.6 and PyMOL software for
removing water molecules, separating proteins, adding non-polar
hydrogens, calculating the Gasteiger charges for the structure,
and saving them as PDBQT files (Morris et al. 2009). AutoDock
is a prevalent receptor-ligand docking simulation programme. In
this study, the target protein was the receptor and the active
ingredient was the ligand. AutoDock was also used to evaluate
the binding affinity of the protein to the ligand and to choose
the lowest energy conformation in the docking simulation
(Bitencourt-Ferreira et al. 2019). Ultimately, Autodock Vina was
adopted for molecular docking, and it is commonly believed that
the lower the binding energy of the receptor to the ligand, the
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higher the affinity and the greater the likelihood of binding
occurring. The conformation with the lowest affinity was opted
as the superior docking conformation and visualized in Pymol.

Serological measurements and histopathological
observation

Extracting the blood, and serum is obtained by a centrifuge
(Cence, Hunan, China) which is set at 3000 rpm and 4 �C for
15 min to obtain serum and do the biochemistry measurement.
The levels of UA, creatinine (CREA) and urea (UREA) in serum
samples were determined using an automated biochemical ana-
lyzer (Roche, China). Take the rat kidneys to fixed in 4% poly-
formaldehyde, and use the gradient ethanol to dehydrate and
paraffin embedding. Cut the wax blocks into 4lm thick slices,
stain them with haematoxylin and eosin (HE), and observation
of renal tissue with an upright optical microscope (Eclipse E100,
Nikon Instruments Inc., Japan).

Quantitative Real-Time polymerase chain reaction

Total RNA from the kidney samples of rats was extracted with
AxyPrepTM Multisource Total RNA Maxiprep Kit (Corning,
Jiangsu, China) according to the manufacturer’s instructions, and
then reverse transcribed using PrimeScriptTM RT reagent Kit
with gDNA Eraser (Takara Bio, Beijing, China). And
Quantitative PCR experiments were carried out using iTaqTM

Universal SYBRVR Green Supermix (Bio-Rad, Shanghai, China).
The expression levels were normalized to the reference gene
GAPDH and analysed by the 2–DDCT method. And the qRT-PCR
primer sequences are listed in Table 2.

Gut microbiota analysis

DNA purification
Appropriate and equal amounts of faeces were collected from
each group of rats, and use a faecal genomic DNA extraction kit
to extract rat faecal cDNA. Use the Zymo Research BIOMICS
DNA Microprep Kit (Cat# D4301) (ZYMO Research, California,
USA) to depuration the sample gDNA, and detected the integrity
of gDNA by 0.8% agarose electrophoresis, followed by nucleic
acid concentration detection using Tecan F200.

PCR amplification
Based on the sequenced region, specific primers with index
sequences were synthesized to amplify the V4 region of the sam-
ple, and the amplified primer sequences were as follows: Primer
50-, �30: 515 F (50-gtgyCAGCMGCCGCGGTAa-30) and 806R (50-
ggactachvGGGTWTCTAat-30). PCR test was conducted under
the action of TOYOBO KOD-Plus-Neo DNA Polymerase (KOD-
401B), which was performed on Applied BiosystemsVR PCR
System 9700. The entire PCR system was listed in Table 3. PCR
expansion conditions are as follows: pre-generation in 94 �C for
1min in 1 cycle; transgender 94 �C for the 20 s, and then anneal-
ing 54 �C last 30 s and extension to 72 �C for 5min in 1 cycle;
and insulation thermal in 4 �C. Repeat the PCR technology 3
times per sample, and collect the equivalent mixture of linear
PCR products used for subsequent library construction.

Detection, purification and quantification of PCR products
PCR product was mixed with 6 times upper sample buffer, and
then 2% agarose gel was used for target fragment electrophoresis
detection. The qualified samples were recovered from the target
bands, which used Zymoclean Gel Recovery Kit (D4008), use
Qubit@2.0 Fluorometer (Thermo Fisher Scientific, USA) to
quantify, and finally make the equimolar mixing. Use the
NEBNext Ultra II DNA Library Prep Kit for Illumina
(NEB#E7645L) (NEW ENGLAND BioLabs, Ipswich, MA, USA)
to build the library. Then use PE250 sequencing to sequence,
sequencing kit used Hiseq Rapid SBS Kit v2(FC-402-4023 500
Cycle) (Illumina, San Diego, CA, USA) following the manufac-
turer’s guidelines. Alpha diversity analysis, beta diversity analysis,
community composition analysis, and Lefse analysis were per-
formed successively.

Statistical analysis

Statistical analysis of the data and Graphics was performed using
GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA, USA).
Data are represented as mean ± standard deviation (SD) for each
group of six rats. One-way analysis of variance (ANOVA) was
applied for multiple comparisons between groups. p< 0.05 indi-
cates that the difference is statistically significant.

Results

Identification of the main components of CF based on UPLC/
Q-TOF-MS analysis

Ten major compounds were identified using UPLC/Q-TOF-MS
analysis, which would be classified into four categories, including
five phenylpropanoids (chlorogenic acid, cryptochlorogenic acid,
isochlorogenic acid B, isochlorogenic acid A and isochlorogenic
acid C), two iridoids (shanzhiside, genipin 1-gentiobioside), one

Table 2. Primer sequences used for quantitative real-time polymerase chain
reaction expression analysis.

Gene Sequence (50-30)
IL6-F CCAGTTGCCTTCTTGGGACT
IL6-R CTGGTCTGTTGTGGGTGGTA
TP53-F CCCCTGAAGACTGGATAACTGT
TP53-R CAACTCTGCAACATCCTGGG
TNF-F CATCCGTTCTCTACCCAGCC
TNF-R AATTCTGAGCCCGGAGTTGG
VEGFA-F CTGGACCCTGGCTTTACTGC
VEGFA-R AATAGCTGCGCTGGTAGACG
CASP3-F CGGACCTGTGGACCTGAAAA
CASP3-R TAACCGGGTGCGGTAGAGTA
JUN-F GCACATCACCACTACACCGA
JUN-R TATGCAGTTCAGCTAGGGCG
GAPDH-F GAAGGTCGGTGTGAACGGAT
GAPDH-R CCCATTTGATGTTAGCGGGAT

Table 3. The composition of the PCR system.

Composition
Addition

volume (ll)
Final

concentration

10X PCR Buffer for KOD-Plus-Neo 5 1X
2mM dNTPS 5 0.2mM
25mM MgSO4 3 1.5mM
U515F 1.5 0.3lM
U806R 1.5 0.3lM
KOD-Plus-Neo(1U/ll) 1 1U/50ll
Template DNA 2 20ng/ll
H2O 31 —
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glycoside (capparoside A) and two flavonoids (puerarin 600-O-
xyloside and daidzin). Detailed descriptions of these compounds
are listed in Table 4. The total ion chromatograms of CF in posi-
tive and negative ion modes were shown in Figures 2A–B.

Effect of CF on serological changes in rats with HN

The body weight changes and food intake of the rats during the
experiment were shown in Figure 1B–C. After 3 weeks of con-
secutive modelling, the results of the blood biochemical index
showed that the concentration of serum UA, UREA and CREA
in the HNG were higher than that in the CG, marking the suc-
cessful construction of the HN model. The serum UA concentra-
tion in the CG was 2.25lMol/L, whereas it increased to
2.40 lMol/L in the HNG group. After allopurinol treatment,
there was a significant decrease in UA concentration in the AG
to 0.52lMol/L (p< 0.05). Also, the serum UA levels of rats in
FHG and FLG showed a decrease compared with the HNG,
which was consistent with the impact of allopurinol intervention
(Figure 1D). As shown in Figure 1E, The UREA level increased
from 6.75mMol/L in CG to 15.87mMol/L in HNG (p< 0.001).
Under pathophysiological conditions, drastic UREA level
increases provide key information on renal function and the
diagnosis of various kidney disorders (Pundir et al. 2019). After
intervention with CF, the concentration of UREA declined to
11.05mMol/L in FHG (p< 0.05). Likewise, the serum CREA
level in the CG was 38.5 lmol/L, whereas, in HN rats, it
increased to 64.83 lmol/L, which suggests the presence of kidney
dysfunction induced by HUA. CREA levels in the AG, FHG and
FLG groups were notably lower than those in the HN group
after administration of the corresponding drugs (Figure 1F).

Effect of CF on histopathological changes of renal tissue in
rats with HN

The results of HE staining revealed that the kidney structure in
CG rats was normal and no urate crystallization was observed
while rats in HNG had irregular distortion, glomerulosclerosis,
interstitial fibrosis and renal arteriolosclerosis in the kidney.
Even crystal deposition in the renal papillary collecting duct and
inflammatory reactions in the renal interstitium of HNG rats
were observed (Figures 1G–J). Histological alterations in glom-
erular and tubular structures were blocked to some extent among
FHG, FLG and AG (Figures 1K–P).

Network pharmacology-based analysis

We have conducted network pharmacology to investigate the
potential components and molecular targets of CF that have a

therapeutic impact on HUA. A total of 65 potentially active com-
pounds conforming to the screening criteria of OB � 30% and
DL � 0.18 and 246 active ingredients-related targets correspond-
ing to these compounds were identified by the TCMSP database
for the chemical composition of CF which is composed of five
herbal medicines. We also searched for HUA-related genes using
the keyword ‘HUA’, and identified 15 targets in the OMIM data-
base, 196 in the DisGeNet database, 35 in the Drugbank database
and 759 in the GeneCards database, and ultimately obtained a
total of 777 HUA-related targets after de-duplication. Drug-dis-
ease Venn diagrams were created, leading to the identification of
83 overlapping targets (Figure 3A).

The PPI network of CF for the treatment of HUA was con-
structed with common targets, as shown in Figure 3B, we were
amazed to find that IL6 (interleukin 6), TP53 (tumor protein
P53), TNF (tumor necrosis factor), VEGFA (vascular endothelial
growth factor A), CASP3 (caspase-3) and MAPK1 (mitogen-
activated protein kinase 3) were located at the centre of the net-
work. R language was used to calculate the core genes, and the
top 30 genes were shown in Figure 3C. Most of all, to compre-
hensively investigate the mechanism of action of CF on HUA,
Figure 3D presented the drug- potential active ingredient-target
network of CF, which consists of 371 nodes (42 compounds and
329 candidate targets) and 818 edges, and indicated that each
active ingredient act on multiple targets.

To further reveal the molecular mechanism of CF anti-HUA,
GO analysis and KEGG pathway enrichment of the above 83
common targets were conducted with the ‘clusterProfiler’ in R
language, and a total of 103 significantly enriched GO terms
were identified (p< 0.05). The top five enriched GO entries
included cytokine receptor binding, cytokine activity, steroid
hormone receptor activity, nuclear receptor activity, transcription
factor activity and direct ligand regulated sequence-specific DNA
binding, and the top 20 terms were displayed in Figure 3E. In
addition, 97 KEGG pathways conformed to the requirement of
p< 0.05, and bubble maps of the top 20 KEEG signalling path-
ways were constructed based on p values, in which AGE-RAGE
signalling pathway in diabetic complications, lipid and athero-
sclerosis, hepatitis B, Kaposi sarcoma-associated herpesvirus
infection, IL-17 (interleukin-17) signalling pathway were deter-
mined to be the dominant pathways (Figure 3F). To ascertain
whether the active ingredients of CF in HUA treatment would
interact directly with the core target, we assessed their binding
affinity with the help of molecular docking analysis to verify the
accuracy of network pharmacological predictions. Six central
core proteins including IL6, TP53, TNF, VEGFA, CASP3 and
JUN were selected as receptors, and the active components of
CF, which ranked among the top four in the degree value in the
drug-potential active ingredient-target network, including quer-
cetin, kaempferol, luteolin, 3-epioleanolic acid were chosen as

Table 4. Characterization of chemical constituents of Cichorium intybus formula (CF) by UPLC/Q-TOF-MS.

No. tR (min) [M-H]- m/z Error Formula MS/MS fragment ions Identification Category

1 2.558 391.1250 1.02 C16H24O11 229.0718, 185.0815, 167.0707, 149.0610 Shanzhiside Iridoids
2 5.363 353.0882 1.13 C16H18O9 339.0500, 229.0137, 191.0557, 179.0345, 161.0238, 135.0444 Chlorogenic acid Phenylpropanoids
3 5.903 353.0883 1.42 C16H18O9 339.0500, 229.0137, 191.0557, 179.0345, 161.0238, 135.0444 Cryptochlorogenic acid Phenylpropanoids
4 6.420 515.1199 0.78 C25H24O12 461.5775, 353.0881, 191.0557, 179.0344, 161.0237, 135.0443 Isochlorogenic acid B Phenylpropanoids
5 6.537 515.1199 0.78 C25H24O12 461.5775, 353.0881, 191.0557, 179.0344, 161.0237, 135.0443 Isochlorogenic acid A Phenylpropanoids
6 6.661 515.1199 0.78 C25H24O12 461.5775, 353.0881, 191.0557, 179.0344, 161.0237, 135.0443 Isochlorogenic acid C Phenylpropanoids
7 8.103 549.1826 0.18 C23H34O15 517.1625, 225.0767, 207.0661 Genipin 1-gentiobioside Iridoids
8 9.367 433.1351 0.00 C18H26O12 387.2018, 343.6566, 225.0768 Capparoside A Glycosides
9 9.990 547.1465 1.46 C26H28O13 325.0717, 295.0618, 267.0667 Puerarin 60’-O-xyloside Flavonoids
10 11.337 415.1037 0.48 C21H20O9 349.0692, 307.0618, 295.0615, 267.0666, 191.0561,

161.0246, 133.0289
Daidzin Flavonoids
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ligands for molecular docking. The binding energy is below
0 kcal/mol indicating that these ligands and receptors have affin-
ity and could bind spontaneously. As can be seen from Table 5,
the molecular binding affinities of the selected active compounds
to the core target proteins were all < �5.0 kcal/mol, suggesting
that the ligands had an excellent affinity for the receptors and
that they readily form a stable binding conformation (Hsin et al.
2013). Figures 4A–L demonstrated the docking pattern of the
core target proteins to the active ingredient, as well as the bind-
ing sites of the top three target proteins including TP53, VEGFA

and CASP3 were visualised according to their average binding
energy to the active ingredient, respectively.

qRT-PCR analysis

Based on the Prediction of network pharmacology, we chose IL6,
TP53, TNF, VEGFA, CASP3 and JUN to investigate the mechan-
ism of CF to ameliorate HN. As shown in Figure 5, the expres-
sion levels of IL6, TP53 and TNF mRNA were significantly

Figure 1. Effect of CF on serological changes and histopathological changes of renal tissue in HN rats. (A)Processing of the whole experiment. (B) Food intake of rats.
(C) Body weight changes of rats. (D–F) Effects of CF on the level of UA, UREA and CREA. (G–P) HE staining result of kidney tissue in each group. Data are presented
as mean± SD (n¼ 6). G, I, K, M and O tissues were observed under an upright optical microscope (�10.0); H, J, L, N and P tissues were observed under an upright
optical microscope (�40.0). �p< 0.05; ��p< 0.01; ���p< 0.001, compared with the CG. #p< 0.05, compared with the HNG. The black arrows point to the renal
tubules and their epithelial cell lesions.

PHARMACEUTICAL BIOLOGY 2343



higher in the HNG compared with the CG (p< 0.05), while the
expression levels of VEGFA, CASP3 and JUN mRNA were
decreased. Compared with the HNG, the expression levels of
IL6, TP53, TNF and JUN mRNA were significantly decreased in
the AG, FHG and FLG (p< 0.05), while the expression levels of
VEGFA and CASP3 mRNA were increased.

Effects of CF on intestinal microbiota in HN rats

Quality evaluation of sequencing data
First, all data should be quality assessed by statistical methods.
Quality control is required to obtain high-quality sequences. The
UCHIME algorithm was used to remove chimaeras and obtain
effective tags. The results were evaluated by calculating raw PE,
raw tags, clean tags, effective tags, effective rates (%), average
length (nt) and Q30 (%) for each sample, and the results showed
that all data fulfilled the quality evaluation requirements
(Table 6).

Operational taxonomic units (OTUs) are hypothetical taxa for
sequence clustering that facilitate the study of sample species
composition and diversity information. In general, OTU cluster-
ing analysis is usually performed at a 97% similarity level, with
each OTU representing a set of similar sequences. The represen-
tative sequences of OTUs are annotated taxonomically by the
UCLUST classification (Edgar 2010). The evolutionary tree
composed of the top 50 OTUs in abundance was performed in
Figure 6A, primarily for the calculation of subsequent a-diver-
sity and b-diversity analyses. Venn diagrams (Figure 6B) visu-
alize the similarity of OTUs composition between groups. The
overlapping part of the petal is the OTUs shared by adjacent
groups, and each colour represents a group. A total of 4851
OTUs were generated from the five groups, and there were
615 unique OTUs in CG, 205 in HNG, 536 in AG, 245 in
FHG and 183 in FLG, five groups with 1008 OTUs
in common.

Alpha diversity analysis
Alpha diversity refers to diversity within a particular region or
ecosystem. Commonly used alpha diversity indices include

Chao1, PD, Simpson and Shannon, where Chao1 reflects the
total number of species, PD value is calculated by summing all
branch lengths of the evolutionary tree, and Simpson and
Shannon can indicate the diversity and homogeneity of microor-
ganisms. As shown in Figures 7A–D, the values of Chao1, PD,
Simpson and Shannon indexes were reduced in the HNG com-
pared to the CG, with the decrease in Simpson being statistically
significant (p< 0.05), suggesting that the handling of adenine
and ethambutol hydrochloride disturbed the balance of the intes-
tinal microbiota. In contrast, after gavage CF treatment, the FHG
produced higher community richness and diversity than the
HNG, and likewise, the increase in Simpson values was statistic-
ally significant (p< 0.05). The effect of high-dose CF and allo-
purinol on the diversity of the flora was approximately identical,
while the FLG group did not create such a pattern, implying that
the high-dose of CF was more conducive to the development of
intestinal flora than the low-dose. The detailed results of the
alpha diversity index were shown in Table 7.

Furthermore, the results of the alpha diversity index could be
further validated by the rarefaction curve (Figure 7E) and the
rank-abundance curve (Figure 7F). The rarefaction curves eventu-
ally tended to be relatively smooth, which illustrated that the quan-
tity of sequencing data was adequate to represent most of the
microbial information in the samples, i.e., the sequencing data
were reasonable and the sampling depth was reliable (Figure 7E).
In addition, rank-abundance curves could interpret both species
abundance and species evenness (Figure 7F). In the horizontal dir-
ection, the abundance of species is captured by the width of the
curve; the higher the abundance of species, the greater the extent
of the curve on the horizontal axis. On the other hand, the shape
of the curve (smoothness) reflects the evenness of the species in
the sample; the flatter the curve, the more evenly distributed the
species are. Thus, high-dose of CF had a more significant back
regulatory effect on bacterial diversity.

b-Diversity analysis
b-Diversity is a comparative analysis of the microbial community
structure of different samples (Anderson et al. 2011). As seen
from Principal Component Analysis (PCA), Non-metric Multi-

Figure 2. The major chemical components of CF. (A) UPLC/Q-TOF MS total ion chromatogram of CF in positive ion mode. (B) UPLC/Q-TOF MS total ion chromatogram
of CF in negative ion mode. 1, Shanzhiside (Zhang et al. 2018); 2, Chlorogenic acid (Wang et al. 2015); 3, Cryptochlorogenic acid (Wang et al. 2015); 4, Isochlorogenic
acid B (Tian et al. 2020); 5, Isochlorogenic acid A (Tian et al. 2020); 6, Isochlorogenic acid C (Tian et al. 2020); 7, Genipin 1-gentiobioside (Li et al. 2016); 8,
Capparoside A (Luecha et al. 2009); 9, Puerarin 600-O-xyloside (Yu et al. 2012); 10, Daidzin (Gaya et al. 2016).
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Dimensional Scaling (NMDS) and Co-ordinates Analysis (PCoA)
analysis (Figures 8A–C), the community composition of micro-
organisms in CG was different from that of the HNG, AG, FHG
and FLG, indicating that low- and high-doses of CF intake

altered the composition of the entire intestinal flora. PCoA based
on Bray–Curtis distance with the confidence ellipses was per-
formed in Figure 8D. And the confidence ellipses represented the
95% confidence intervals for each group. The PCoA based on the

Figure 3. Network pharmacology-based analysis. (A) The Venn diagram of CF-HUA. (B) The protein–protein interaction (PPI) network of CF in the treatment of HUA.
(C) Top 30 key targets of CF for HUA. (D) The drug-potential active ingredient-target network. (E) Gene Ontology (GO) function analysis of common targets. (F) Kyoto
Encyclopaedia of Genes and Genomes (KEGG) pathway enrichment analysis of common targets.
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Bray–Curtis plot portrayed that CG and HNG can be completely
separated, indicating that HN contributed to alterations in the
structure of the intestinal flora. Lastly, clustering analysis based
on Unweighted UniFrac distance was performed on the samples
using hierarchical clustering methods to explore the similarity of
community composition. As shown in Figure 8E, the samples of
each group are quite close together indicating that the community
structure within the group is extremely similar.

Analysis of differences in the composition of intestinal flora
A total of 22 bacterial species were found in the intestinal flora
at the phylum level, and sequence analysis of CG, HNG, AG,
FHG and FLG identified 20, 15, 17, 14 and 18 phyla, respect-
ively. From the phylum-level analysis (Figure 9A), there were
certain differences in the composition of intestinal flora between
the groups. It can be concluded that 90% of the intestinal flora
mainly consisted of Firmicutes, Bacteroidetes and Proteobacteria.
The relative abundance of Firmicutes in CG, HNG, AG, FHG
and FLG were 48.3%, 44.5%, 49.9%, 45.8% and 52.9%, respect-
ively. The relative abundance of Bacteroidetes in CG, HNG, AG,
FHG and FLG were 35.4%, 39.2%, 35.9%, 39.0% and 30.7%,
respectively. As shown in Figure 9B, the relative abundance of
Firmicutes in the HNG was lower than that in CG, but it

increased after CF administration. Meanwhile, as can be dis-
cerned from Figure 9C, the relative abundance of Bacteroidetes
in the HNG was higher than that in CG, AG, FHG and FLG.
These differences are not statistically significant. The ratio of
Firmicutes to Bacteroidetes was lowest in the HNG group, and it
increased after the administration of CF.

At the genus level, a total of 293 genera were obtained from
five groups and 214, 200, 213, 176 and 195 genera were
obtained from CG, HNG, AG, FHG and FLG, respectively. It
can be seen that the intestinal flora in the five groups was
mainly composed of Lactobacillus, Ralstonia and
Lachnospiraceae NK4A136 group (Figure 9D). The relative
abundances of Lactobacillus in CG, HNG, AG, FHG and FLG
were 19.6%, 23.6%, 28.8%, 21.9% and 30.5%, respectively. And
the relative abundances of Ralstonia in CG, HNG, AG, FHG
and FLG were 12.0%, 13.0%, 10.0%, 12.2% and 10.0%, respect-
ively. As shown in Figure 9E, the relative abundance of
Ruminococcaceae UCG-014 in the CG was significantly higher
than that in the HNG (p< 0.01), AG (p< 0.05), FHG
(p< 0.01) and FLG (p< 0.01), and the relative abundance of
Ruminococcaceae UCG-014 was increased after treating with
CF and allopurinol. As shown in Figure 9F, the relative abun-
dance of Bifidobacterium in the CG (p< 0.01), AG (p< 0.05)
and FHG (p< 0.05) were significantly lower than that in the
FLG. The cumulative histogram of the top 10 species generated
at the taxonomic level of relative abundance for class, order
and family were shown in Figures 9G–I.

LEfse analysis
In our study, LEfse analysis (Segata et al. 2011) was adopted to
seek biomarkers with statistically significant differences (LDA score

Table 5. The molecular docking result of major active components of Cichorium
intybus formula (CF) with core target proteins.

Molecule name

Binding Energy/ (kcal�mol �1)

IL6 TP53 TNF VEGFA CASP3 JUN

Quercetin –7.1 –7.4 –6.6 –7.3 –7.7 –5.9
Kaempferol –7.2 –7.0 –8.0 –7.3 –7.6 –5.8
Luteolin –7.0 –7.5 –7.1 –7.5 –8.3 –6.0
3-Epioleanolic acid –8.0 –8.2 –7.3 –9.0 –8.4 –6.5

Figure 4. Molecular docking diagram and visualisation of the major active ingredients of CF and the core targets.
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> 4). As shown in Figure 10A, the main microbial species that dif-
fered between CG and other groups were Ruminococcaceae,
Ruminococcaceae_UCG_005, Ruminococcaceae_UCG_014, Clostri
diales and Clostridia. The main microbial species that differed

between FHG and other groups were Bacteria. The main microbial
species that differed between FLG and other taxa were
Allobaculum, Erysipelotrichaceae, Bifidobacteriales, Bifidobacteri
aceae, Erysipelotrichales, Erysipelotrichia, Catenibacterium,

Figure 5. Effect of CF on the mRNA expression of IL-6, TP53, TNF, VEGFA, CASP3 and JUN. (A) The relative mRNA expression of IL-6. (B) The relative mRNA expression
of TP53. (C) The relative mRNA expression of TNF. (D) The relative mRNA expression of VEGFA. (E) The relative mRNA expression of CASP3. (F) The relative mRNA
expression of JUN. Data were presented as mean± SD (n¼ 6). �p< 0.05; ��p< 0.01; ���p< 0.001, compared with the CG. #p< 0.05; ##p< 0.05, compared with
the HNG.

Table 6. The quality assessment of sequencing date.

Sample ID Raw PE Raw tags Clean tags Effective tags Effective rates (%) Average length (nt) Q30(%)

CG1 39025 37619 36938 35471 90.89 291 93.07
CG2 42773 39612 38926 37439 87.53 291 94.28
CG3 33716 31883 31430 30329 89.95 291 94.79
CG4 35735 34949 34365 33007 92.37 291 93.68
CG5 34275 31471 30866 29862 87.12 291 93.93
CG6 40598 39086 38319 37161 91.53 291 94.26
HNG1 31895 30213 29753 28952 90.77 291 94.98
HNG2 36599 34668 33985 32948 90.02 291 94.44
HNG3 36470 35588 35214 34224 93.84 291 93.22
HNG4 40271 37375 36653 35571 88.33 291 94.06
HNG5 36300 35219 34747 33805 93.13 291 94.69
HNG6 41978 38267 37869 36891 87.88 291 94.74
AG1 43101 39637 38875 37615 87.27 291 93.73
AG2 36305 35552 34997 33621 92.61 291 94.50
AG3 38268 37302 36876 35456 92.65 291 93.41
AG4 33702 31148 30652 29560 87.71 291 94.97
AG5 34707 31769 31451 30337 87.41 291 94.42
AG6 33836 30909 30327 29317 86.64 291 94.51
FHG1 38966 37069 36427 35341 90.70 291 93.82
FHG2 32793 30111 29734 28616 87.26 291 94.62
FHG3 42303 38925 38442 37404 88.42 291 93.14
FHG4 40841 37711 37247 35887 87.87 291 94.25
FHG5 35330 32753 32359 31524 89.23 291 93.19
FHG6 32423 31315 30842 29808 91.93 291 94.08
FLG1 31912 31089 30762 29786 93.34 291 93.58
FLG2 39164 37778 37082 35691 91.13 291 94.72
FLG3 36616 34382 33828 32532 88.85 291 93.06
FLG4 31944 30182 29813 28984 90.73 291 94.94
FLG5 34969 33235 32596 31575 90.29 291 93.85
FLG6 33388 30759 30432 29564 88.55 291 94.50
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Bifidobacterium, Actinobacteria, Actinobacteria. An evolutionary
diagram was shown in Figure 10B to demonstrate the distribution
patterns of phylogenetic relationships for species that play an
important role in each group. The functional prediction results of
enrichment at three different levels of the ko metabolic pathway
were shown in Figures 10C–E.

Discussion

Clinical research indicated that HUA belongs to the damp-heat
constitution in the TCM constitution type (Liang et al. 2020). CF
is a typical prescription used by the Uighurs to control the
symptoms of gout and lower uric acid levels. Chicory is an

Figure 6. (A) Phylogenetic tree of high abundance OUT. (B) Venn diagram analysis of differences in OTU distribution in each group.

Figure 7. The Alpha diversity analysis. (A–D) The Chao1, PD, Simpson and Shannon index of each group. (E) The Rarefaction Curve of each sample. (F) OTU Rank
abundance curves of each group. �p< 0.05; ��p< 0.01; ���p< 0.001.

2348 N. LI ET AL.



essential supplement of bioactive components for humans,
including carbohydrates (inulin), volatile compounds, phenolic
compounds (phenolic acids), amino acids and proteins, fatty
acids and derivatives, sesquiterpene lactones, vitamins and

minerals. The important nutritional properties of chicory indi-
cated its different biological activities: anti-hepatotoxic activity,
anti-diabetic effect, antimicrobial effect, antioxidant activity and
other bioactivities (Perovic et al. 2021). One of the chicory
extracts, inulin, is Generally Regarded as Safe (GRAS) by the
FDA and makes an appearance on the list of Everything Added
to Food in the United States (EAFUS) (Coussement 1999).
Gardeniae fructus was initially documented in Sheng Nong’s
herbal classic, which was used extensively as a traditional herb
for its effectiveness in clearing away heat evil and promoting
diuresis, cooling the blood detoxification, reducing fire except
vexed (Liu et al. 2014). A review has summarized the pharmacol-
ogy of Gardeniae fructus including hepatoprotective and choler-
etic effects, anti-inflammation, treatment of nervous system-
related diseases, diabetes, treatment of cardiovascular diseases,
antitumor and anti-apoptotic effects, etc. (Tian et al. 2022).
Geniposide is the main active component of Gardeniae fructus
(Lee et al. 2014), previous studies have established that could
effectively modulate the development of diabetic nephropathy
(Hu et al. 2017; Li et al. 2020). Mulberry leaves have been the
primary diet of silkworms and are also utilized as animal live-
stock feed. Mulberry leaves are principally composed of flavo-
noids, which have various biological activities such as
antioxidant, antibacterial, antidiabetic and antihyperlipidemic
(Chan et al. 2016). Pueraria lobata (Willd.) Ohwi (Fabaceae) has
been conventionally used to treat cardiovascular disease, acute
dysentery, deafness and diarrhoea (Zhang et al. 2013). Puerariae
lobatae Radix is a popular Chinese herb used to treat a variety of
diseases (Wu et al. 2012). Lilii Bulbus is worldwide prevalent
folk medicine, mainly used for the treatment of anti-respiratory
diseases. It has been demonstrated that the bioactive polysacchar-
ides of Lilii Bulbus participated in anti-tumour effects by

Table 7. A summary of the a-diversity index for all samples.

Sample ID Observed Chao1 ACE Shannon Simpson Coverage PD

CG1 1250 1512.29 1558.25 4.74 0.97 0.99 68.37
CG2 912 1139.68 1178.21 4.05 0.95 0.99 56.08
CG3 1218 1371.39 1395.09 4.61 0.96 0.99 69.39
CG4 1127 1318.35 1348.27 4.40 0.96 0.99 66.06
CG5 1104 1269.17 1297.25 4.84 0.97 0.99 64.31
CG6 903 1151.79 1165.08 4.03 0.93 0.99 56.94
HNG1 1018 1185.25 1223.56 4.21 0.94 0.99 57.67
HNG2 902 1084.70 1121.21 4.13 0.93 0.99 54.36
HNG3 861 1015.89 1056.49 4.04 0.93 0.99 51.15
HNG4 1262 1468.08 1532.62 4.35 0.95 0.99 67.99
HNG5 1019 1267.95 1296.99 4.20 0.93 0.99 60.74
HNG6 903 1111.52 1158.71 3.96 0.94 0.99 56.19
AG1 975 1207.49 1240.48 4.21 0.95 0.99 59.43
AG2 934 1160.79 1184.66 4.10 0.94 0.99 56.52
AG3 1008 1193.11 1234.57 4.11 0.94 0.99 59.22
AG4 1380 1486.88 1528.42 4.74 0.96 0.99 78.49
AG5 941 1008.17 1026.42 4.13 0.94 0.99 56.83
AG6 860 1024.23 1068.16 3.59 0.90 0.99 51.98
FHG1 1114 1368.38 1413.31 4.31 0.95 0.99 60.71
FHG2 988 1157.81 1207.26 4.38 0.97 0.99 56.26
FHG3 870 1104.26 1128.54 4.12 0.96 0.99 50.34
FHG4 1078 1290.56 1325.27 4.34 0.96 0.99 60.43
FHG5 1028 1257.65 1273.01 4.25 0.95 0.99 57.98
FHG6 971 1205.08 1247.69 4.35 0.96 0.99 55.15
FLG1 838 992.52 1029.05 3.87 0.93 0.99 52.54
FLG2 748 937.62 966.42 3.57 0.91 0.99 46.31
FLG3 1086 1289.78 1341.10 4.22 0.96 0.99 59.76
FLG4 880 1038.89 1073.55 3.88 0.93 0.99 51.71
FLG5 1071 1255.69 1289.78 4.39 0.96 0.99 60.85
FLG6 862 1066.48 1073.35 3.90 0.93 0.99 53.54

Figure 8. b-Diversity analysis. (A) The OUT-based Principal Component Analysis (PCA). (B) Non-metric Multi-Dimensional Scaling (NMDS) based on Jaccard distance.
(C) Principal Co-ordinates Analysis (PCoA) based on Bray-Curtis distance. (D) PCoA based on Bray-Curtis distance with ellipses. (E) Clustering Dendrogram based on
Unweighted UniFrac distance. Confidence ellipses represented the 95% confidence interval of each group.
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inhibiting the growth of Lewis lung carcinoma, increasing the
phagocytosis of macrophages, the proliferation of splenocytes,
and the production of cytokines (Sun et al. 2014). From UPLC/
Q-TOF-MS analysis, the major components of CF included
shanzhiside, chlorogenic acid, cryptochlorogenic acid, isochloro-
genic acid B, isochlorogenic acid A, isochlorogenic acid C, geni-
pin 1-gentiobioside, capparoside A, puerarin 600-O-xyloside,
daidzin. Zhou et al. (2021) proposed that chlorogenic acid sup-
plementation could ameliorate HUA, alleviate kidney inflamma-
tion, and regulate homeostasis in the intestine. This result will
contribute to the quality control of CF and facilitate further
pharmacodynamic studies.

The above experiments were inclined to demonstrate the
effectiveness of each of the herbs in CF on gout and HUA.
However, there is little known about the effectiveness of the CF
in HN, and the underlying mechanisms. Therefore, we estab-
lished a rat model of HN with a suspension composed of aden-
ine and ethambutol hydrochloride to evaluate the effect of CF on
HN and to ascertain the mechanism of action. The pathological
basis of HN is the overproduction or overexcretion of UA result-
ing in the deposition of uric acid crystals in the kidney with an
inflammatory response that impairs renal function. Purines are
natural substances that are contained in almost all foods, it has
been reported that high consumption of purine-rich diets
increases serum UA levels, which could result in gout and

Figure 9. Analysis of differences in the composition of intestinal flora. (A) Barplot of top 10 relative abundance at the phylum level. (B-C) The relative abundance of
Firmicutes and Bacteroides in each group, the data were subjected by one-way ANOVA. Data are presented as mean±SD (n¼ 6). (D) Barplot of top 10 relative abun-
dance at the genus level. (E-F) The relative abundance of Ruminococcaceae UCG-014 and Bifidobacterium in each group, the data were subjected by one-way ANOVA.
Data are presented as mean± SD (n¼ 6). (G-I) Barplot of top 10 relative abundance at class, order and family level. �p< 0.05; ��p< 0.01; ���p< 0.001. Others repre-
sent the sum of the relative abundance of all species other than 10 and species without annotation information.
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become a risk factor for cardiovascular disease, kidney disease
and metabolic syndrome (Kaneko et al. 2014). Adenine is one of
the purines that is normally used to supplement exogenous UA
and generally be viewed as a precursor of UA, which can lead to
the ascend of serum UA level and eventually induce HN. While,
ethambutol hydrochloride could inhibit the excretion of uric acid
and increase the accumulation of uric acid in the body, thus ele-
vating the concentration of UA, contributing to HUA-induced
renal impairment (Postlethwaite and Kelley 1972). The combin-
ation of adenine with ethambutol hydrochloride to construct a
model of HUA-induced renal damage has been reported in sev-
eral articles (Feng et al. 2017; Kang et al. 2020). In this study, we
induced HN in rats by gavage of suspension for 3 consecutive
weeks to enhance the severe histopathological damage inflicted
on the kidney, and corresponding drugs were given for two con-
secutive weeks starting from the second week, AG i.g. allopur-
inol, HFG i.g. high-dose of CF, HLG i.g. low-dose of CF,
simultaneously CG and HNG were given equal volumes of saline.
Allopurinol is a XO inhibitor that prevents the conversion of
hypoxanthine and xanthine to uric acid, causing a decrease in
uric acid synthesis and thus reducing urate deposition in the
bones, joints and kidneys, which is universally adopted for the
treatment of gout (Chen et al. 2016). The results of serology
revealed that the serum concentrations of UA, CREA and UREA
were the highest in the HNG, indicating that the model of HN

was successfully established. The levels of UREA and CREA in
the serum are consistently regarded as common indicators of
kidney function (Xu et al. 2017). Nevertheless, the levels of UA,
CREA and UREA in the FHG and FLG were decreased to differ-
ent degrees compared to the HNG, which was consistent with
those in the AG. However, irregular distortion, glomerulosclero-
sis and interstitial fibrosis were observed in the HN from histo-
pathology, whereas in FHG, FLG and AG, histological alterations
in glomerular and tubular structures were somewhat blocked.
Hence, these results suggested that CF has anti-HUA activity and
could protect against HUA-induced renal injury.

To further investigate the mechanism of action of CF on the
prevention and treatment of HUA at the molecular level, net-
work pharmacology was used to construct the drug-potential
active ingredient-target network, and molecular docking techni-
ques were adopted to verify the binding ability of active ingre-
dients and core targets protein. In this study, 65 active
ingredients and 246 predicted targets of CF were obtained
through database screening. 777 targets related to HUA were
detected, and 83 common targets were derived by taking the
intersection, among which six key targets were screened, includ-
ing IL-6, TP53, TNF, VEGFA, CASP3 and JUN as key targets of
CF for the treatment of HUA. And the qRT-PCR assay indi-
cated that CF significantly decreased the mRNA expression of
inflammatory cytokines (i.e., TNF and IL-6) and increased the

Figure 10. The result of LEfse analysis and functional enrichment of the ko metabolic pathway at 3 different levels. (A) LDA score of Lefse. (B) Cladogram of Lefse. (C)
ko analysis of level 1. (D) ko analysis of level 2. (E) ko analysis of level 3.
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mRNA expression of CASP3 and VEGFA the in renal tissues.
Numerous studies have suggested that the development and
progression of HN is closely correlated with elevated levels of
inflammatory factor expression (Chen et al. 2020; Ren et al.
2021). Other studies reported that these cytokines are related to
disturbances of intestinal flora, intestinal immunity and intes-
tinal inflammation (Xuan-Qing et al. 2021). For instance, it was
shown that Saccharomyces boulardii attenuated the carcinogen-
icity of ulcerative colitis in mice by reducing TNF-a and IL-6
levels and function, and by rebalancing intestinal flora (Wang C
et al. 2019). IL-6 is generally recognized as a marker of systemic
activation of pro-inflammatory cytokines (Barton 1997). In com-
mon with many other cytokines, IL-6 has both pro-inflamma-
tory and anti-inflammatory properties (Opal and DePalo 2000).
It has been established that UA has a direct pro-inflammatory
effect and that there is a certain relationship between serum UA
and IL-6 production, with high serum UA causing elevated IL-6
levels (Cris,an et al. 2016; Tanaka et al. 2017). Furthermore, it
has been proved that allopurinol treatment in mice with potas-
sium oxonate-induced HUA decreased serum UA levels and sig-
nificantly lowered serum IL-6 levels (Liang et al. 2019). TP53 is
an essential anti-oncogene, and mutations of the gene are asso-
ciated with a variety of human cancers, including hereditary
cancers, such as Li-Fraumeni syndrome (Olivier et al. 2010).
TNF-a is also an inflammatory biomarker. TNF-a levels in syn-
ovial fluid are elevated in gout patients. Thus, UA crystal depos-
ition induces TNF-a release and IL-1b production. UA could
induce TNF-a expression in vascular smooth muscle cells via
the ROS-MAPK-NF-jB signalling pathway, which provided new
evidence for the pro-inflammatory and pro-atherosclerotic
effects of UA (Tang et al. 2017). Studies have reported satisfac-
tory efficacy of TNF-a antagonist (etanercept) in the treatment
of refractory gout (Zhang et al. 2020). Yu et al. (2015) proposed
that in the presence of UA, downregulation of miR-92a
increased KLF2 expression and consequently inhibited VEGFA,
leading to a decrease in angiogenesis. Thus miR-92a-KLF2-
VEGFA axis might be a potential target for the treatment of
HUA. CASP3 plays a crucial role in the execution phase of
apoptosis. UA induces apoptosis in Min6 cells and enhances the
expression of CASP3, decreasing the level of insulin secretion
(Zhang and Qiu 2020). From the drug-potential active ingredi-
ent-target network, it can be concluded that quercetin, kaemp-
ferol, luteolin and 3-epioleanolic acid are the major active
ingredients of CF. Quercetin inhibits xanthine oxidoreductase
in vitro. Clinical trials have revealed that supplementation with
quercetin significantly lowered plasma UA concentrations in
healthy men (Shi and Williamson 2016). Some papers even
pointed out that quercetin plays an influential role in the preser-
vation of renal organs (Yao et al. 2011; Hu et al. 2012).
Kaempferol inhibited XO activity, where the mechanism may be
that kaempferol inserts into the active site of XO that occupies
the catalytic centre of the enzyme to avoid substrate entry and
induce conformational changes in XO (Wang et al. 2015).
Similarly, molecular docking results showed that luteolin inter-
acts with major amino acid residues located within the active
site pocket of XO (Yan et al. 2013). The results of the enrich-
ment analysis indicated that a multitude of signalling pathways
is involved, including the IL-17 signalling pathway, TNF signal-
ling pathway, and so on. IL-17 is a characteristic cytokine
secreted by TH17 cells, which is involved in inflammatory and
immune responses in vivo. Studies have illustrated that IL-17
binding to its receptor can activate downstream pathways such
as NF-jB and MAPK, thereby inducing the expression of pro-

inflammatory cytokines such as IL-6 and TNF-a, and ultimately
inducing an inflammatory response (Xu and Cao 2010).
Research indicates that the differentiation of cytokines linked to
the IL-17 signalling pathway is associated with the colonisation
of intestinal flora and may be engaged in intestinal immune
homeostasis (Wang Y et al. 2019).

Intestinal flora is intimately related to human health, and
an increase in soluble UA may alter the optimal physiological
environment for intestinal flora, consequently affecting intes-
tinal flora composition and function. Bian et al. (2020) sub-
stantiated that chicory could improve HUA by regulating the
intestinal flora and inhibiting the inflammatory response of the
LPS/TLR4 axis in quail. According to the analysis of a-diver-
sity, b-diversity and species composition analysis, it can be
found that CF could significantly regulate the richness and
diversity of intestinal microflora in adenine and ethambutol-
induced HN rats and achieve the reconstruction of intestinal
microecology. Emerging literature revealed that the ratio of
Firmicutes to Bacteroidetes is strongly associated with various
metabolic diseases. Intriguingly, the reverse trend has also
been confirmed in obese animal experiments. One possible
interpretation is that metabolic and ecological dysregulation
may interact, leading to different effects of microbiota on dif-
ferent diseases (Magne et al. 2020). The ratio evolved at different
life stages. For infants, adults and the elderly, the measured ratios
were 0.4, 10.9 and 0.6, respectively (Mariat et al. 2009). The results
indicated that the abundance of Rumenococcus UCG-014 and
Bifidobacterium increased after CF treatment. Ruminococcaceae
UCG-014 are known to participate in the production of short
chain fatty acids (SCFAs), and their relative abundance is associ-
ated with improved host health (Lee et al. 2018). Bifidobacterium
is a beneficial bacterium that acidifies the intestinal environment,
inhibits spoilage and the growth of pathogenic bacteria, protects
the intestinal barrier, and reduces the entry of botulinum toxin
into the blood (Salminen et al. 1998). Likewise, Lactobacillaceae,
Bifidobacteriaceae, and Rikenellaceae can modulate pro-inflamma-
tory pathways by reducing cytokines such as IL-6 and TNF-a,
inducing immune tolerance, and inhibiting T-cell effectors (Abdel-
Gadir et al. 2019).

To the best of our knowledge, our current study is the first to
suggest a nephroprotective role of CF in a rat model of HN. We
determined the main chemical substances in CF, but the chem-
ical components may have changed during the decoction process.
In our study, because the relevant targets for HN cannot be
retrieved at present, that network pharmacology studied the anti-
HUA therapeutic effect of CF, while intestinal flora studied the
nephroprotective effect of CF on nephropathy induced by HUA.
This limitations and defects need to be explored in
future studies.

Conclusions

Administration of 2.16 and 8.64 g/kg of CF for 2 weeks to rats
with adenine and ethambutol-induced HN significantly amelio-
rated physiological and serological imbalances as well as renal
injury. Network pharmacology indicated that the key targets of
CF treatment for HUA included IL-6, TP53, TNF, VEGFA and
CASP3. Intestinal flora analysis revealed that CF improves HN
through alteration of bacterial diversity, community structure
and species composition. Our study could provide a solid theor-
etical basis for CF in the prevention and treatment of HUA
and HN.
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