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Background: Renal fibrosis is a common pathological outcome of chronic kidney diseases 
(CKD) that is considered as a global public health issue with high morbidity and mortality. 
The dry corolla of Abelmoschus manihot (L.) Medik. (AMC) has been used for chronic 
nephritis in clinic and showed a superior effect in alleviating proteinuria in CKD patients to 
losartan. However, the effective components and underlying mechanism of AMC in the 
treatment of renal fibrosis have not been systematically clarified.
Methods: Based on drug-likeness evaluation, oral bioavailability prediction and compound 
contents, a systematic network pharmacology analysis was conducted to predict the active 
ingredients. Gene Ontology, Kyoto Encyclopedia of Genes and Genomes pathway analysis 
and protein–protein interaction analysis were applied to predict the potential pathway and 
target of AMC against renal fibrosis. The formula of component contribution index (CI) 
based on the algorithm was used to screen the principal active compounds of AMC in the 
treatment of renal fibrosis. Finally, pharmacological evaluation was conducted to validate the 
protective effect and primary predicted mechanism of AMC in the treatment of renal fibrosis 
on a 5/6 nephrectomy mice model.
Results: Fourteen potential active components of AMC possessing favorable pharmacoki
netic profiles and biological activities were selected and hit by 17 targets closely related to 
renal fibrosis. Quercetin, caffeic acid, 9.12-octadecadienoic acid, and myricetin are recog
nized as the more highly predictive components as their cumulative contribution rate reached 
85.86%. The AMC administration on 5/6 nephrectomy mice showed a protective effect on 
kidney function and renal fibrosis. The hub genes analysis revealed that AMC plays a major 
role in inhibiting epithelial-to-mesenchymal transition during renal fibrosis.
Conclusion: Our results predicted active components and potential targets of AMC for the 
application to renal fibrosis from a holistic perspective, as well as provided valuable direction 
for further research of AMC and improved comprehension of renal fibrosis pathogenesis.
Keywords: Abelmoschus manihot (L.) Medik., network pharmacology, renal fibrosis, 5/6 
nephrectomy, active components

Introduction
Chronic kidney disease (CKD) has increasingly become a global public health issue 
with high morbidity and mortality.1 The alarming epidemiological data indicate CKD 
affects nearly 7~12% of the adult population worldwide.2 Progressive development of 
CKD results in renal fibrosis, a situation characterized by inflammatory cell infiltration, 

Correspondence: Chengzhi Chai; 
Boyang Yu  
Jiangsu Provincial Key Laboratory for 
TCM Evaluation and Translational 
Development, China Pharmaceutical 
University, Nanjing, Jiangsu 211198, 
People’s Republic of China  
Tel +86 25 86185955  
Fax +86 2586185158  
Email chengzhichai@cpu.edu.cn; 
boyangyu59@163.com

Drug Design, Development and Therapy                                               Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Drug Design, Development and Therapy 2020:14 4053–4067                                            4053

http://doi.org/10.2147/DDDT.S264898 

DovePress © 2020 Gu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

mailto:chengzhichai@cpu.edu.cn
mailto:boyangyu59@163.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


tubular atrophy, as well as extracellular matrix production 
and deposition, which resulted in more serious renal function 
loss and kidney tissue deterioration.3,4 Current treatment 
strategies can hardly reverse the progression of renal fibrosis. 
Accordingly, to seek for potential therapeutic drugs to slow 
or halt the development of renal fibrosis is urgently needed in 
this field. Recently, numerous cases demonstrated that nat
ural products have been increasingly recognized as an alter
native source for delaying the progress of renal fibrosis on 
account of the conventional experience and the multi-target 
characteristics.5,6

Abelmoschus manihot (L.) Medik. (A. manihot) is an 
annual or perennial herbal plant of folk medicine from the 
Malvaceae family. It was firstly recorded in Jiayou Materia 
Medica and has been used to treat inflammation-related 
diseases, including inflammation of the urinary system dat
ing back to the Song dynasty. The extract of the dry corolla 
of A. manihot (AMC) is the main ingredient of Huangkui 
capsule, which is a Chinese patent medicine widely used for 
chronic nephritis in China. A prospective, multicenter ran
domized, controlled clinical trial has confirmed that AMC is 
effective in patients with CKD of stages 1–2, and shows 
better anti-proteinuria efficacy than losartan.7,8 

Pharmacological studies accordingly revealed the effective
ness of AMC on decreasing albuminuria, alleviating early 
glomerular injury9 and inhibiting renal tubular epithelial- 
mesenchymal transition (EMT)10 in different animal mod
els like diabetic nephropathy rats, adriamycin-induced renal 
injury mice, etc. However, the underlying mechanism of 
AMC against renal fibrosis has not been clarified.

Network pharmacology is a new strategy based on the 
theory of systems biology, network analysis of biological 
systems, and the selection of specific signal nodes for 
multi-target drug molecule design.11,12 It can save the 
research and development costs of drugs, and is increas
ingly becoming a novel research method commonly 
applied in traditional Chinese medicines (TCMs).13,14 

A number of reports have shown network pharmacology 
is a suitable method for the prediction of active compo
nents, molecular mechanisms, potential targets, and phar
macological interaction analysis of TCMs from a system 
perspective.15

Our study is the first to identify potential bioactive 
compounds in AMC and elucidate its mechanisms in 
renal fibrosis treatment by using the network pharmacol
ogy approach. We respectively collected the information 
of targets from active ingredients in AMC and targets of 
renal fibrosis from several databases. Furthermore, 

experiments in vivo were performed to confirm the pro
tective effect of AMC on kidney function and renal fibro
sis in the 5/6 nephrectomy mice model. Our results 
clarified the anti-fibrosis effect of AMC on a canonical 
CKD model and might provide a potential candidate for 
the treatment of renal fibrosis.

Materials and Methods
Chemical Components Database 
Construction
The chemical constituents of the AMC were systemati
cally isolated and identified by our group in a previous 
study,16 and then wide-scale text mining of PubMed 
(https://www.ncbi.nlm.nih.gov/pubmed/) and CNKI 
(http://www.cnki.net/) databases was performed to collect 
reported components in AMC.

Active Components Screening
An absorption, distribution, metabolism, and excretion 
(ADME) system was employed to select active compo
nents with favorable pharmacokinetics properties. In order 
to obtain compounds with higher oral absorption, utiliza
tion, and biological properties for further analysis, the 
active components from AMC were mainly filtered by 
integrating oral bioavailability (OB)17 and drug-likeness 
(DL).18 Based on the literature, OB≥30% and DL≥0.18 
were set as the threshold values.19,20 Besides, owing to the 
profound pharmacological effects and high contents, some 
compounds with high content and profound pharmacolo
gical effects were supplemented as the candidate com
pounds for further analysis.21,22 Details of the selected 
components are summarized in Supplementary Table S1.

Component Targets of AMC
All active components were put into the PubChem Database 
(http://pubchem.ncbi.nlm.nih.gov/), a public repository for 
information on chemical substances and their biological 
activities,23 to acquire the PubChem CID and canonical 
SMILES. The PubChem CID list was imported into 
BATMAN-TCM databases (http://bionet.ncpsb.org/batman- 
tcm/), which is a bioinformatics analysis tool for molecular 
mechanism of TCM to acquire predicted drug targets of each 
compound with scores no smaller than 20.24 The canonical 
SMILES of active components were sent to the Swiss Target 
Prediction database (http://www.swisstargetprediction.ch/ 
index.php) to predict protein targets of active components 
of AMC.25 Then, duplications were removed from the 
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targets obtained from the above tools. Noteworthy, unified 
targets of Homo sapiens were kept for further study 
(Supplementary Table S2).

Renal Fibrosis Targets Predicting
Pathological targets for renal fibrosis were downloaded from 
GeneCards (https://www.genecards.org/). GeneCards is an 
online catalog of human genes and genetic diseases, which 
enables us to effectively navigate gene–disease linkages.26 

We got 197 genes with a relevance score more than 20, and 
details are described in Supplementary Table S3. All renal 
fibrosis-related genes provided by the GeneCards were then 
overlapped with identified putative targets of AMC and 
obtained 17 genes (Supplementary Table S4).

Construction of Compound-Target 
Network and Pathway Enrichment 
Analyses
The compound-target network was visualized using 
Cytoscape 3.7.2, an open source software platform for 
molecular interaction visualization (https://cytoscape. 
org/).27 In the network diagram, nodes represent compo
nent, targets or pathways, and edges indicate the interac
tions among them. To further explore the functional 
annotation and signaling pathways that contributed to 
AMC in the treatment of renal fibrosis, gene ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichments of the obtained target net
works were calculated by DAVID Bioinformatics 
Resources 6.8 (https://david.ncifcrf.gov/tools.jsp).28

Anti-Renal Fibrosis Targets of AMC and 
Function-Related Protein Interaction 
Network
The Search Tool for the Retrieval of Interacting Genes 
(STRING) database (https://string-db.org/) was employed 
to seek for the protein–protein interaction (PPI) data. 
“Multiple proteins” column was selected; the species was 
limited to “Homo sapiens”. The proteins with high levels 
of connection were regarded as the important proteins for 
renal fibrosis treatment.

Contribution Indexes Calculation
The contribution index (CI) and network based efficacy 
(NE) were calculated to assess the contribution of each 
active component to the anti-renal fibrosis effect of 
AMC.29 Equations are as follows:

NEðjÞ ¼ ∑n
i¼1di 

CIðjÞ ¼
Cj � NEðjÞ

∑n
i¼1Ci � NEðiÞ

In equation (a), j represents component, n is the number of 
targets connected with component j in component-target 
network (C-T network), di is the degree of target 
i connected with component j in target-pathway network 
(T-P network), and NE is the sum of component 
j connected with all targets’ degree. In equation (b), ci is 
the number of renal fibrosis-related articles of ingredient 
i and all papers are obtained from PubMed Database. If the 
sum of CI for the top N components was more than 85%, 
these relevant N components were regarded as primary 
active components.

Reagents
Serum creatinine (Scr) and blood urea nitrogen (BUN) assay 
kits were purchased from Nanjing Jiancheng Biotech Co., 
Ltd. (Nanjing, Jiangsu, China). Enzyme-linked immunosor
bent assay (ELISA) kit to determine the concentration of 
urinary albumin (UAlb) was purchased from JinYiBai 
Biological Technology Co., Ltd. (Nanjing, Jiangsu, China). 
Enhanced BCA Protein Assay Kit was obtained from 
Beyotime Institute of Biotechnology (Nanjing, Jiangsu, 
China). Anti-α-smooth muscle actin (α-SMA) antibody 
(ab32575) was purchased from Abcam (Cambridge, UK). 
Anti-vimentin (5741) antibody and anti-eNOS antibody 
(32,027) were obtained from Cell Signaling Technology 
(Beverly, MA, USA). Anti-collagen I (AF7001) was 
obtained from Affbiotech (Cincinnati, OH, USA). Anti- 
GAPDH (MB001) was purchased from Bioworld 
Technology (St. Louis Park, MN, USA). The IRDye 
(680RD or 800CW)-labeled secondary antibodies were pur
chased from LI-COR Biotechnology (Lincoln, NE, USA). 
ChamQ SYBR qPCR Master Mix (Low ROX Premixed) 
(Q331-02) and RNA isolater Total RNA Extraction 
Reagent (R401-01) were purchased from Vazyme Biotech 
Co., Ltd. (Nanjing, Jiangsu, China). All the inorganic che
micals were from Sigma-Aldrich (St. Louis, MO, USA).

Preparation of AMC
AMC was kindly provided by Jiangsu Suzhong 
Pharmaceutical Group Co., Ltd. Briefly, the dried corolla 
of A. manihot was extracted by 18-fold volumes of 75% 
ethanol (w/v) under reflux successively for 1 hour. The 
extract was filtered and then evaporated to produce a dry 
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extract powder under vacuum at 60°C. Ethanol extract 
powder was dissolved in ddH2O to the desired concentra
tions before each experiment.

5/6 Nephrectomy and AMC 
Administration
The investigation was executed in accordance with the 
guidelines for the care and use of laboratory animals, 
after approval of the protocol by the Animal Ethics 
Committee of China Pharmaceutical University. Male 
Institute of Cancer Research (ICR) mice (body weight 
22~26 g) purchased from the Comparative Medicine 
Center, Yangzhou University were housed in vivarium 
with controlled temperature (22±2°C) and humidity (50 
±10%), 12/12 hour light/dark cycle provided, with ad 
libitum access to food and water.

After arrival and acclimatization for a week, mice were 
anesthetized with pentobarbital sodium (70 mg/kg) and 
subjected to subtotal nephrectomy, ie, ablation of 2/3rds of 
renal parenchyma of the left side. One week later, right 
sided uninephrectomy was performed. Sham mice were 
operated on in parallel. On day 3 after the second operation, 
the mice with remnant kidneys were randomized into four 
groups: receiving vehicle (ddH2O, n=10) or AMC (dis
solved in ddH2O at three doses of 0.15, 0.5, and 1.5 g/kg, 
for each dosage n=10). The dosage of AMC was normalized 
by body surface area to approximate human equivalence.30 

At the end of week 8, mice were housed in metabolic cages 
for 24 hours to collect urine and the blood was sampled 
from the ophthalmic veins. All of the animals were killed by 
cervical dislocation and the remnant kidneys were har
vested, and processed for histological, Western blotting 
evaluation, or RNA isolation.

Scr, BUN, and UAlb Assay
Scr and BUN levels were quantitatively examined using 
Scr and BUN assay kits according to the manufacturer’s 
instruction. UAlb was determined by an ELISA assay 
using a mouse UAlb quantification kit according to the 
manufacturer’s instruction.

Histologic Examination of Renal Tissues
For the evaluation of renal histology, kidneys were perfused 
with ice-cold PBS and then stored in 10% phosphate buffered 
formalin. After embedding in resin, 4-μm thick sections were 
cut and stained with hematoxylin and eosin (H&E) or 
Masson’s trichrome. Light microscope images were 

photographed using a Nanozoomer whole slide scanner 
(NanoZoomer 2.0 RS, Hamamatsu, Japan). Kidney injury 
score was graded on a scale from 0–4, as described 
previously.31 In short, the glomerular number, tubular atrophy 
and degeneration, interstitial inflammation, and fibrous hyper
plasia were semiquantitatively scored by pathologists who was 
blind with respect to the experimental data as follows: 0=none, 
1=10%, 2=11–25%, 3=26–45%, 4=46–75%.

Western Blotting Analysis
Snap-frozen renal samples were homogenized in RIPA 
Lysis Buffer including 100 mg/mL PMSF. After incubation 
for 30 minutes on ice, the samples were centrifuged for 15 
minutes at 12,000 rpm, and the supernatants were collected 
and assayed for protein content using Enhanced BCA 
Protein Assay Kit. An equal amount of protein extracts 
(40 μg) was analyzed by standard SDS-PAGE, transferred 
onto a nitrocellulose membrane, blocked with 5% milk and 
incubated with anti-α-SMA antibody (1:1000, Abcam), 
anti-collagen I antibody (1:1000, Affbiotech), anti- 
vimentin antibody (1:1000, Cell Signaling Technology), 
anti-PI3K antibody (1:1000, Cell Signaling Technology), 
anti-phospho-PI3K antibody (1:1000, Bioworld 
Technology), anti-Akt antibody (1:1000, Cell Signaling 
Technology), anti-phospho-Akt antibody (1:1000, Cell 
Signaling Technology), and anti-GAPDH (1:10,000, 
Bioworld Technology) overnight at 4°C. After several 
washes, membranes were incubated with the IRDye 
(680RD or 800CW)-labeled secondary antibodies 
(1:10,000) for 1 hour at room temperature, washed, and 
visualized using the LI-COR Odyssey Infrared Imaging 
System (LI-COR Biotechnology, Lincoln, NE, USA). 
Densitometry was carried out using LI-COR Odyssey 
Infrared Imaging System application software (version 
2.1, LI-COR Biotechnology).

RNA Extraction and Analyses
Total RNA was extracted from renal tissues using RNA 
isolater Total RNA Extraction Reagent (Vazyme Biotech) 
according to the manufacturer’s instructions. The concen
tration and the purity of RNA were measured spectropho
tometrically using Nano-100 (Allsheng, Hangzhou, 
Zhejiang, China). mRNA transcript levels of α-SMA, col
lagen I, and vimentin were amplified with ChamQ SYBR 
qPCR Master Mix (Low ROX Premixed) (Vazyme 
Biotech). GAPDH was used as the endogenous control to 
normalize the amount of cDNA added to each reaction 
(ΔCT), and the mean ΔCT of control samples was used as 
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the calibrator to calculate the ΔΔCT. Quantitation of each 
transcript was by the comparative CT method. In this 
method, the relative quantity of target mRNA, normalized 
to the endogenous control and relative to the calibrator, is 
equal to 2−ΔΔCT. Each experiment was carried out in tri
plicate at least twice; the results are expressed as means 
±SEM of representative triplicates. Primer sequences were 
as follows: α-SMA, forward 5′-GTGATCACCATCGG 
GAATGA-3′, reverse 5′-CAGCAATGCCTGGGTACATG 
-3′; vimentin, forward 5′-GATCGATGTGGACGTTTC 
CAA-3′, reverse 5′-ATACTGCTGGCGCACATCAC-3′; 
collagen, forward 5′-AACCCCAAGGAGAAGAAGCA 
-3′, reverse 5′-AGCGTGCTGTAGGTGAATCG-3′, GAP 
DH, forward 5′- CAGGGCTGCCTTCTCTTGTG-3′, 
reverse 5′-GATGGTGATGGGTTTCCCGT-3′.

Statistical Analysis
Statistical significance was evaluated by the One-way 
ANOVA and, where appropriate, a Dunnett′s multiple 
comparison test. For all analyses, values of P<0.05 were 
regarded as statistically significant. Results were expressed 
as the mean±SEM.

Results
Potential active components and targets 
of AMC against renal fibrosis
In this work, caffeic acid, quercetin, stigmasterol, α- 
spinasterol, 9.12-octadecadienoic acid, and β-sitosterol 
are selected with OB≥30% and DL≥0.18. In addition, 
myricetin, quercetin-7-O-β-D-glucoside, quercetin- 
3-O-robinobioside, hyperoside, isoquercitrin, gossypetin- 
8-O-β-D-glucuronide, quercetin-3′-O-β-D-glucoside, and 
rutin are manually supplemented through a text-mining 
so that they are regarded as the main components in 
AMC with high content and superior pharmacological 
activity (Supplementary Table S1).21,22 The 14 compo
nents from AMC result in 671 targets. After removing 
the duplicate targets, 248 non-repetitive potential targets 
were identified (Figure 1 and Supplementary Table S2).

The abovementioned targets were intersected with 197 
target genes for renal fibrosis obtained in GeneCards (rele
vance scores more than 20). In the end, 17 genes were 
identified as targets of 14 components from AMC against 
renal fibrosis, including MET, ACE, TNF, TERT, IL6, 
VEGFA, PIK3CA, MMP1, MMP9, EGFR, TLR4, IL2, 
FGF2, HNF4A, NR3C2, INSR, and ELANE 
(Supplementary Table S4). These 17 identified target 

genes were used for further enrichment calculation and 
protein interaction analysis.

Enrichment Analysis of Candidate Targets 
for AMC Treating Renal Fibrosis
GO function and KEGG pathway enrichment analysis were 
carried out using the 17 recognized targets. The results 
revealed that AMC acted on renal fibrosis by regulating multi
ple biological processes (BP) (P<0.01), and the top five of 
them were positive regulation of nitric oxide biosynthetic 
process, MAP kinase activity, smooth muscle cell prolifera
tion, ERK1 and ERK2 cascade and protein kinase B signaling, 
respectively (Figure 2A and Supplementary Table S5). 
Depending on the outcomes of cellular component (CC) ana
lysis, extracellular region, extracellular space, cell surface, 
external side of plasma membrane, and receptor complex are 
the main terms (Figure 2B and Supplementary Table S6). As 
shown in Figure 2C and Supplementary Table S7, the top five 
molecular function (MF) included endopeptidase activity, 
cytokine activity, protein tyrosine kinase activity, growth fac
tor activity and transmembrane receptor protein tyrosine 
kinase activity. KEGG pathway enrichment results revealed 
that the top five relevant pathways involved in AMC protec
tion against renal fibrosis was proteoglycans in cancer, PI3K- 
Akt signaling pathway, HIF-1 signaling pathway, Chagas 
disease and pathways in cancer (Figure 2D and 
Supplementary Table S8).

Function-Related Protein Interaction 
Network
The highest 10 target genes with a high degree of connectiv
ity (score≥10) were selected as the hub genes for AMC 
treating renal fibrosis (Figure 3). The hub genes, which 
might play critical roles in the progression of renal fibrosis, 
were growth factors (VEGFA, FGF2, EGFR, and MET), 
inflammatory factors (IL6, TNF, and IL2), and fibrotic matrix 
protein (MMP9). In the hub genes, VEGFA is considered as 
the most important one, which has 15 edges connected to 
other genes. The connectivity degrees of FGF2, IL6, EGFR, 
and MMP9 are 14, 14, 12, and 12, respectively (Figure 3B).

Component-Target-Pathway Network 
Analysis
A component-target-pathway network was conducted to 
visualize the complex relationship among all bioactive com
ponents, targets, and enriched signal pathways (Figure 4). All 
components are interconnected with multiple targets, 
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especially caffeic acid (degree=8), quercetin (degree=6), 9.12- 
octadecadienoic acid (degree=4), and myricetin (degree=5). 
All targets were mapped to 40 enriched KEGG pathways. The 
results indicated that the PI3K-Akt signaling pathway exhib
ited the highest number of target connections (degree=9).

Based on the component-target-pathway network and 
literature, a CI of every active component was calculated 
to further screen the active components. The sum of CIs of 
quercetin, caffeic acid, 9.12-octadecadienoic acid, and 
myricetin are 85.86%, that is more than 85% (Figure 5 

and Supplementary Table S9). So, these four components 
are recognized as the main effective compounds to the 
anti-renal fibrosis effect of AMC.

AMC Ameliorated Renal Function and Renal 
Fibrosis in the Remnant Kidney Model
Scr, BUN, and UAlb are the key markers indicating the kidney 
injury/dysfunction. 3 days after 5/6 nephrectomy, the levels of 
Scr, BUN, and UAlb significantly increased compared to the 

Figure 1 The compound-target network for AMC active components and corresponding targets. The green circles represent components, while the yellow triangles 
represent gene targets. A component and a target node are linked if the protein is targeted by the corresponding component.
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sham group. The changes of these physiological indexes indi
cated the impaired glomerular filtration function which 
demonstrated the 5/6 nephrectomy model was successfully 

established. Compared to the model group, AMC administra
tion for 8 consecutive weeks dose-dependently decreased the 
levels of Scr, BUN, and UAlb, respectively (Figure 6).

Figure 2 GO and KEGG analyses of targets from bioinformatics data. (A) Biological process analysis of targets; (B) Cell component analysis of targets; (C) Molecular 
function analysis of targets; (D) KEGG pathways of target genes. Database showed the remarkably enriched terms (P˂0.01). The x-axis values were calculated as –log(P).

Figure 3 Protein–protein interaction (PPI) network of AMC for the treatment of renal fibrosis. (A) Network nodes represent proteins, and edges represent protein– 
protein associations. (B) The score of genes in PPI network, the higher the score, the more important the protein.
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Histopathological examination of the remnant kidney was 
evaluated by H&E staining and Masson’s trichrome staining, 
and the results showed that 5/6 nephrectomized mice devel
oped significant inflammation infiltration, mesangial expan
sion, tubular atrophy and dilatation, glomerular sclerosis, and 
moderate interstitial fibrosis (Figure 7). The semi- 
quantification score of kidney injury showed 5/6 nephrectomy 
increased the score from 0.08±0.20 to 3.00±0.84 (P<0.001, 
n=4), and after administration of AMC, the scores significantly 
decreased to 1.83±0.26 (0.5 g/kg, P<0.05, n=4), and 1.20±0.57 
(1.5 g/kg, P<0.01, n=4), respectively. Masson’s trichrome 
staining demonstrated a visible increase of collagen deposition 

areas in the remnant kidney model (Figure 7). AMC treatment 
significantly alleviated the severity of glomerular sclerosis and 
interstitial fibrosis (Figure 7). In accordance with the histo
pathological results, Western blotting analysis revealed that 5/6 
nephrectomized mice displayed 1.8-, 2.4-, and 12.6-fold 
increases in protein expressions of α-SMA, vimentin, and 
collagen I, respectively, which were markedly attenuated by 
AMC treatment in a dose-dependent manner (Figure 8 and 
supplementary figure). Consistent with the protein expression 
levels, 5/6 nephrectomy significantly increased the mRNA 
levels of α-SMA, vimentin, and collagen I to 2.2-, 2.4-, and 
2.8-fold of their respective sham controls, and AMC adminis
tration reversed the 5/6 nephrectomy induced changes 
(Figure 8). Taken together, these data demonstrated that 
AMC displayed a protective effect against kidney fibrosis in 
5/6 nephrectomized mice.

AMC Suppressed the PI3K-Akt-eNOS 
Signaling Pathway and ERK1/2 Target in 5/ 
6 Nephrectomized Mice
KEGG pathway enrichment analysis and GO enrichment 
analysis predicted that the PI3K-Akt-eNOS signaling path
way was involved in AMC protection against renal fibro
sis. We therefore investigated the key proteins expressions 
of the PI3K-Akt-eNOS pathway in 5/6 nephrectomized 
mice. The total expression levels of Akt and PI3K 
remained almost the same while the phosphorylated levels 
of PI3K and Akt were significantly increased to 1.61- and 
3.67-fold of their respective sham controls after 5/6 

Figure 4 The component-target-pathway network for AMC against renal fibrosis. Green circles represent active ingredients in AMC. Yellow triangles represent common 
targets of AMC and renal fibrosis. Red arrows represent KEGG enriched signaling pathways.

Figure 5 The CI and accumulative CI of active components in AMC. The sum of CIs 
for the top four components including AMC2 (quercetin), AMC1 (caffeic acid), AMC5 
(9,12-octadecadienoic acid), and AMC7 (myricetin) was more than 85%. AMC3 (stig
masterol), AMC4 (α-spinasterol), AMC6 (β-sitosterol), AMC8 (quercetin-7-O-β- 
D-glucopyranoside), AMC9 (quercetin-3-O-robinobioside), AMC10 (hyperoside), 
AMC11 (isoquercitrin), AMC12 (gossypetin-8-O-β-D-glucuropyranoside), AMC13 
(quercetin- 3′-O-β-D-glucoside), and AMC14 (rutin).
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nephrectomy (Figure 9A and B). In addition, 5/6 nephrect
omy markedly increased the expression of eNOS to 2.03- 
fold of the sham group mice (Figure 9C). AMC treatment 
significantly attenuated 5/6 nephrectomy induced phos
phorylation levels of PI3K and Akt and the eNOS expres
sion (Figure 9A–C and supplementary figure). The GO 
enrichment analysis for biological process revealed that 
MAP kinase activity and ERK1 and ERK2 cascade were 
related to a reno-protective effect of AMC. Therefore, the 
expressions of ERK1/2 were detected. Total expression 

level of ERK1/2 showed a slight increase after 5/6 
nephrectomy compared to the sham group (P>0.05). The 
phosphorylation level of ERK1/2 was significantly 
increased to 1.7-fold of the sham group after 5/6 nephrect
omy, and AMC administration reversed the change of the 
expression level of p-ERK1/2 (Figure 9D).

Discussion
Renal fibrosis is the common outcome of most progressive 
kidney diseases, irrespective of the causes, and closely 

Figure 6 Experimental procedure, confirmation of kidney injury, and AMC administration. (A) Schema of mouse two-stage reduction in renal mass model (5/6 
nephrectomy) and AMC administration protocol; (B–D) 5/6 nephrectomy increased the levels of Scr, BUN, and UAlb levels at 3 days after the second surgery (day 17). 
(E–G) Effects of AMC treatment on levels of Scr, BUN, and UAlb in 5/6 nephrectomized mice. #P<0.05, ##P<0.01, ###P<0.001, model group versus sham group; *P<0.05, 
**P<0.01, AMC group versus model group, data are presented as means ± SEM (n=10).
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correlates with the deterioration of kidney function.32 

Reduction of renal mass by 5/6 nephrectomy effectively 
decreased the nephron number, and resulted in elevated 
pressure, permeation, and filtration for remnant nephrons. 
The persistent overload caused the remaining 1/6 kidney to 

be unable to maintain a homeostasis of internal environment, 
and eventually led to an ongoing loss of normal tissue 
structure.33 Currently, the 5/6 nephrectomized model, char
acterized by gradual renal function loss and progressive renal 
scarring, has been recognized as a classic model with the 

Figure 7 AMC suppressed inflammation filtration and collagen deposition in mice after 5/6 nephrectomy. (A) Representative images of H&E staining and the Masson’s 
trichrome staining at 50× and 200× magnifications. Yellow arrows indicated the inflammatory infiltration or swelling of the kidney tissues. Yellow asterisks indicated the 
fibrotic tissues. Scale bar=100 μm for sections. (B–C) Quantitative analysis of H&E staining and Masson’s trichrome staining. ##P<0.01, ###P<0.001, model group versus sham 
group; *P<0.05, **P<0.01, AMC group versus model group, data are presented as means±SEM (n=4).

Figure 8 AMC suppressed renal fibrosis in mice after 5/6 nephrectomy. (A–C) Note representative immunoblots and quantification of the levels of α-SMA, vimentin, and 
collagen I. (D–F) mRNA levels of α-SMA, vimentin, and collagen I on week 8 after 5/6 nephrectomy determined by quantitative reverse transcriptase polymerase chain 
reaction. #P<0.05, ##P<0.01, ###P<0.001, model group versus sham group; *P<0.05, **P<0.01, AMC group versus model group, data are presented as means±SEM (n=3).
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optimal relevance to human CKD. It has been widely used to 
investigate the efficacy and mechanism of the test drug on 
CKD.34,35 In the present study, we used a 5/6 nephrectomized 
mice model to observe the therapeutic effect and explore the 
potential mechanism of AMC against 5/6 nephrectomy- 
induced renal fibrosis combined with a network pharmacol
ogy approach.

First, Scr, BUN, and UAlb concentrations are measured 
as biomarkers for detecting renal injury. The appearance of 
excessive protein in urine was mainly due to negative charge 
barrier destruction.36 Decreased glomerular filtration rate 
caused by macromolecular proteins filtration resulted in 
decreased filtration of Scr and BUN. In this study, oral 
administration of AMC for 8 consecutive weeks dose- 

dependently decreased the levels of Scr, BUN, and UAlb, 
respectively, indicating the protective effect on kidney injury/ 
dysfunction in 5/6 nephrectomized mice.

Second, histologic examination revealed that 5/6 
nephrectomized mice with AMC treatment exhibited signifi
cant improvement of renal fibrosis as evidenced by the 
reduced deposition of extracellular matrix (α-SMA, vimen
tin, and collagen I). Based on the histological structure, renal 
fibrosis usually divided into glomerulosclerosis, interstitial 
fibrosis, and arteriosclerosis.37 In the diabetic nephropathy 
model and adriamycin nephropathy mice, podocytes are the 
primary targets and glomerular fibrosis is a common 
feature.38,39 Our results indicated that collagen deposition is 
found in glomerular, tubulointerstitial, and perivascular at 8 

Figure 9 AMC treatment regulates PI3K-Akt-eNOS signaling pathway and ERK1/2 target in 5/6 nephrectomy induced renal fibrosis mice. Representative western blots and 
quantification of the levels of total and phosphorylated PI3K (A), Akt (B), and ERK1/2 (D) expression and the expression of eNOS (C) in sham, model and AMC treated 
groups. #P < 0.05, ##P < 0.01, model group versus sham group; *P < 0.05, **P < 0.01, AMC group versus model group, data are presented as means ± SEM (n = 3).
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weeks after 5/6 nephrectomy. Therefore, AMC had 
a comprehensive protection effect on renal fibrosis.

Third, In order to explore the bioactive components and 
potential pharmacological mechanisms of AMC in treating 
renal fibrosis, network pharmacology, as a novel research 
method for Chinese herbal formulas, was applied.13,14 In this 
work, all targets of reported compounds from AMC were 
intersected with renal fibrosis associated genes, resulting in 
17 potential targets, mainly from flavonoids and organic acids. 
According to the contribution indexes calculation results, 
quercetin, caffeic acid, 9.12-octadecadienoic acid, and myri
cetin are identified as the key active components. It is reported 
that quercetin could largely ameliorate the progression of 
kidney interstitial fibrosis and prevent the EMT of renal tub
ular proximal epithelial cells.40,41 Caffeic acid possesses anti- 
fibrotic effects possibly through inhibiting AngII, TGF-β, and 
Smad3 signaling pathways.42,43 9.12-octadecadienoic acid, 
also named linoleic acid, is the most highly consumed poly
unsaturated fatty acid found in the human diet, and showed 
a superior effect on modulating inflammation, fibrosis, and 
oxidative stress following obstructive renal injury.44,45 In addi
tion, myricetin was reported to inhibit diabetes-induced renal 
dysfunction and fibrosis.22,46

GO enrichment analysis revealed a nitric oxide biosyn
thetic process, MAP kinase activity, smooth muscle cell pro
liferation, as well as ERK1 and ERK2 cascade are the main 
biological process of AMC in the treatment of renal fibrosis. 
EMT of renal tubular proximal epithelial cells and prolifera
tion and activation of resident fibroblasts remains the major 
route for the generation of myofibroblasts in renal fibrosis.32 

AMC was predicted to possess a protective effect on both 
myofibroblast resources. Reduced synthesis of endothelial 
nitric oxide synthase and NO result in endothelial cells impair
ment and excessive fibrosis.47 In an adriamycin-induced renal 
injury model, total extracts of A. manihot flower showed 
potent suppression of activated ERK1/2 compared with 
MAPK activity,48 which are consistent with our predicted 
results. As for KEGG pathway enrichment analysis, proteo
glycans in cancer, the PI3K-AKT signaling pathway, and the 
HIF-1 signaling pathway are closely related to AMC in the 
application of renal fibrosis. It is known that EMT plays an 
important role in the development of both cancer and renal 
fibrosis, so the predicted result, proteoglycans in cancer, indi
cated that endothelial cells may be the effective cell. 
Phosphatidylinositol-3 kinases (PI3Ks) constitute a lipid 
kinase family and generate phosphatidylinositol-3,4,5-trispho
sphate (PI(3, 4, 5)P3), which is a second messenger essential 
for the translocation of Akt from the cytoplasm to the inner 

surface of the cell membrane.49 Akt, the serine/threonine 
kinase, is a well-characterized effector of PI3K and its dereg
ulation plays a crucial role in the pathogenesis of renal 
fibrosis.50 Increased activation of the PI3K-Akt pathway was 
detected in obstructed kidneys with an increased amount of 
interstitial extracellular matrix deposition.51,52 High glucose/ 
hypoxic-induced EMT of tubular epithelial cells also accom
panied an increased level of Akt phosphorylation.53 Our 
results indicated that the levels of p-PI3K and p-Akt, as well 
as the expression of eNOS were significantly increased in 
remnant kidneys. Oral administration of AMC markedly 
decreased 5/6 nephrectomy induced the phosphorylation 
levels of PI3K, Akt, ERK1/2, and the expression of eNOS 
along with the decrease in fibrosis markers α-SMA, vimentin, 
and fibronectin. And those data are in accordance with pub
lished results that Huangkui capsule inhibited the phosphor
ylation of Akt and alleviates the early glomerular pathological 
changes in diabetic nephropathy.9,21

Last, the hub genes, including growth factors (VEGFA, 
FGF2, EGFR, and MET), inflammatory factors (IL6, TNF, 
and IL2), and fibrotic matrix protein (MMP9), selected 
from the PPI network, exhibited high correlation with 
AMC against renal fibrosis. VEGF is a key mediator of 
normal and abnormal angiogenesis. The loss of tubular 
VEGF expression closely correlated with the severity of 
tubular cells loss.54 FGF2 displays a potent capacity to 
induce tubulo-epithelial cell plasticity and its expression is 
significantly increased in fibrotic kidney.55 EGFR is acti
vated after renal damage, and plays a role in regulating 
renal inflammation, cell growth, and fibrosis.56 MET is 
a hepatocyte growth factor receptor (HGF). The decrease 
in endogenous HGF augments susceptibility to the onset of 
renal tubular cells fibrosis.57 IL6, TNF, and IL2 are impor
tant inflammatory factors during renal fibrosis.32 MMP-9 
is detrimental in renal interstitial fibrogenesis through 
digesting tubular basement membrane and in turn to pro
motion of EMT.58 Above all, these hub genes are asso
ciated EMT and AMC plays a major role in inhibiting the 
EMT process of renal fibrosis.

Conclusions
In summary, we demonstrated the protective effect of 
AMC in a 5/6 nephrectomy model using ICR mice. 
Integrated network pharmacology analysis and pharmaco
logical evaluation were applied to predict and verify the 
mechanism of Abelmoschus manihot (L.) Medik on 5/6 
nephrectomy induced kidney fibrosis, possibly through 
inhibiting the PI3K-Akt-eNOS signaling pathway and 
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targeting ERK1/2. This study might provide a candidate 
from natural products for the treatment of renal fibrosis.
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