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Hypertensive nephropathy is a common complication of hypertension. Traditional Chinese medicine has been used in the clinical
treatment of hypertensive nephropathy for a long time, but the commonly used prescriptions have not been summarized, and the
basic therapeutic approaches have not been discussed. Based on data from 3 years of electronic medical records of traditional
Chinese medicine used at the Affiliated Hospital of Shandong University of Traditional Chinese Medicine, a complex network and
machine learning algorithm was used to explore the prescribed herbs of traditional Chinese medicine in the treatment of
hypertensive nephropathy (HN). In this study, complex network algorithms were used to describe traditional Chinese medicine
prescriptions for HN treatment. The Apriori algorithm was used to analyze the compatibility of these treatments with modern
medicine. Data on the targets and regulatory genes related to hypertensive nephropathy and the herbs that affect their expression
were obtained from public databases, and then, the signaling pathways enriched with these genes were identified on the basis of
their participation in biological processes. A clustering algorithm was used to analyze the therapeutic pathways at multiple levels.
A total of 1499 prescriptions of traditional Chinese medicines used for the treatment of hypertensive renal damage were identified.
Fourteen herbs used to treat hypertensive nephropathy act through different biological pathways: huangqi, danshen, dangshen,
fuling, baizhu, danggui, chenpi, banxia, gancao, qumai, cheqianzi, ezhu, qianshi, and niuxi. We found the formulae of these herbs
and observed that they could downregulate the expression of inflammatory cytokines such as TNF, IL1B, and IL6 and the NF-«xB
and MAPK signaling pathways to reduce the renal inflammatory damage caused by excessive activation of RAAS. In addition,
these herbs could facilitate the deceleration in the decline of renal function and relieve the symptoms of hypertensive nephropathy.
In this study, the traditional Chinese medicine approach for treating hypertensive renal damage is summarized and effective
treatment prescriptions were identified and analyzed. Data mining technology provided a feasible method for the collation and
extraction of traditional Chinese medicine prescription data and provided an objective and reliable tool for use in determining the
TCM treatments of hypertensive nephropathy.

1. Introduction increases the prevalence of CKD (corrected odds ratio (OR)

1.68, 95% confidence interval (CI) 1.60-1.76). The blood
HN caused by hypertension commonly damages the kidneys  pressure control goal of HN remains the focus of discus-
[1]. The International Cross-Sectional Study [2] of Chronic sions. According to the current guidelines [1, 3], the target
Kidney Disease (CKD) published by the International So-  blood pressure of CKD patients is set to less than 130/
ciety of Nephrology Kidney Disease Data Center (ISN- 80 mmHg, but there is not enough strong evidence from
KDDC) in 2016 showed that hypertension significantly  controlled randomized trials of nondiabetic nephropathy to
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support this view [4]. The African-American Study of
Kidney Disease and Hypertension (AASK) showed that
lower blood pressure targets do not confer greater benefit
than conventional 140/90 mmHg targets. The Ramipril Ef-
ficacy in Nephropathy (REIN-2) trial also showed that in-
tensive hypotension does not decrease until end-stage renal
disease (ESRD). The Modification of Diet in Renal Disease
Study (MDRD) did not address the end point of deterio-
ration of renal function, such as ESRD, and there was a
difference in the proportion of angiotensin-converting-en-
zyme (ACE) inhibitor use between the lower blood pressure
group and the usual care group of patients, which limited the
observations of the results [5].

Glomerulosclerosis is the most common pathological
change associated with hypertension. Long-term hyper-
tension leads to thickening of the renal artery intima, hyaline
changes in afferent glomerular arterioles and interlobar
arterioles, increased renal vascular resistance, and induced
inflammatory reactions and renal tubulointerstitial fibrosis
at the same time [6]. First, patients show increased
microalbuminuria. After ischemia is aggravated and there is
glomerulotubular imbalance, proteinuria, increased serum
creatinine levels and urination, loss of appetite, headache,
and other signs and symptoms sequentially appear. Albumin
excretion greater than 30-299mg/d or 20-200 yug/min is
defined as microalbuminuria (MA), reflecting glomerular
endothelial dysfunction and declining nephron filtration
function, which is the main marker of HN [4, 7, 8]. Reducing
proteinuria is a therapeutic goal in HN [6]. Data from
randomized controlled trials showed that lowering blood
pressure while inhibiting renin-angiotensin-aldosterone
system (RAAS) reduced the severity of proteinuria, showing
an additional benefit compared with only a reduction in
blood pressure in patients with advanced nephropathy and
albuminuria with albumin excretion levels greater than
33.9mg/mmol [9]. An increase in proteinuria was signifi-
cantly associated with poor cardiovascular and renal out-
comes (adjusted hazard ratio (HR) 1.40, 95% CI 1.11-1.78)
[10].

In HN cases, complementary therapies can be good
choices for timely intervention and protection against renal
damage in the early stage of HN. As a supplementary means
of modern medicine, traditional Chinese medicine (TCM)
has received increasing attention, and it is one of the most
widely used complementary therapies in the world. TCM has
clear advantages in the treatment of HN [11-14]; TCM
formulae are enriched with active components and are di-
rected toward a variety of targets; therefore, their regulation
of a disease network is complex. TCM herbs act on the
interaction nodes in the disease biomolecule network, affect
component expression or activity, and regulate the imbal-
ance in the disease network [15]. HN involves a number of
complex pathological changes; therefore, patients present
with a variety of symptom and sign combinations.

In this study, complex networks were used to collect
relevant information about TCM prescriptions and disease
symptoms from electronic medical records (EMRs) and
biological databases, which were used to analyze the pre-
scription network as generated by doctors using herbs in the
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real world, discuss the topological characteristics of the
network, and find the core nodes and connection charac-
teristics of the network, which can be used to mitigate the
difficulty posed by the diverse clinical manifestations of this
disease. This approach allows the rapid and accurate iden-
tification of the common herb combinations used for HN
and other diseases and specific symptoms by making effi-
cient use of real-world data [16-18]. When combined with
machine learning algorithms, the potential relationships
between herbs and diseases as identified in the databases can
be used to evaluate and predict the efficacy of traditional
Chinese medicine and to infer its mechanisms of action.
Previously, the effective herb combinations were condensed,
and the disease phenotype and drug chemical properties
were integrated at the levels of pharmacology and protein
interaction to show the effect of TCM formulae on disease
biomolecule networks and to explain biomolecule action
mechanisms [19].

Currently, specific prescriptions for the treatment of HN
are lacking. Under real-world conditions, the advantages
and characteristics of syndrome differentiation for use of
TCM treatment can be fully implemented [20] to obtain
effective herbal combinations for the treatment of HN and to
analyze the mechanism of these herbal combinations in
relieving symptoms, protecting the kidneys, and lowering
blood pressure. We used TCM EMRs of 1499 prescriptions
to mine HN treatment TCM formulae. Through the complex
network analysis of these EMRs, 14 herbs used in the
treatment of HN were identified. Then, the compatibility of
these medicinal herbs was analyzed by the Apriori algo-
rithm, and a clustering algorithm was used to analyze the
herbs on the basis of symptoms, targets, and signaling
pathway enrichment to determine their therapeutic effects.

2. Materials and Methods
2.1. Herbs for the Treatment of HN

2.1.1. Setting and Preprocessing of the EMR Data. We col-
lected the EMRs of 30695 anonymous patients diagnosed
with hypertension at the Affiliated Hospital of Shandong
University of Traditional Chinese Medicine between July 1,
2014, and May 31, 2017, including the diagnosis, demo-
graphic characteristics (such as age and sex), chief complaint
recorded, and formulae in the TCM prescription. We
extracted data on 2055 patients diagnosed with HN and used
common terms to identify the signs and symptoms of the
HN patients on the basis of the chief recorded complaint and
manually referred to the NLM Medical Subject Heading
(MeSH) database. Combined with its medical history, other
related diseases that can lead to hypertension and CKD were
deleted, and the quality was controlled by 2 doctors with
over 10 years’ experience in the treatment of cardiovascular
and renal diseases.

2.1.2. Identifying Combinations of Herbs for the Treatment of
HN. We extracted a list of herbs from the formulae of HN
patients and set up the herb network with herbs as nodes and
the occurrence frequency of the use of two herbs in different
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formulae as weights. Then, we ran the hierarchical network
extraction algorithm to extract herb pairs from the weighted
herb network on the basis of the degree coefficient « =2.4.
The compatibility relationship of the main herb shell was
satisfied with the formula

% * %2 1, (1)
where N is the number of all herbs in the data, Sy is the
frequency set of all herb pairs, and Sy represents the total
frequency of the first K herb pairs. The main herb combi-
nation structure was extracted iteratively for the analysis of
multilayer main herb compatibility. The algorithm was run
with LiquoRice software [21].

We used the relative risk (RR) to find highly sensitive
herbs between HN patient formulae and non-HN patient
formulae. We used the HN patient formulae as the exposure
group and the non-HN patient formulae as the nonexposure
group, and single herbs used in each group were the
outcomes.

n,-j/ni
(nj - nij)/ (N - ni)’

where #; is the sum of the frequency of the herbs in HN
patient formulae, n; is the total frequency of herb;, and n;; is
the frequency of herb; in the HN patient formulae. N is the
frequency of all herbs. We retained the herbs with RR > 1.
Then, we established a 2 x 2 joint table based on these data,
calculated the chi-square value, and selected the significant

herbs (P <0.05) for further study.

RR =

(2)

2.2. Compatibility of the Herbs. We analyzed the compati-
bility of the herbs by using the HN prescription of associ-
ation rules, which are often used to find the conditional
dependencies between tuples. We used the classical Apriori
algorithm [22] to calculate the herbal association with the
arules package (version 1.6-6) in R 3.6.1, where the support
degree (Support), confidence (Confidence), and promotion
degree (Lift) retain Support>0.2 and Confidence > 0.5.

2.3. Collection of TCM Symptoms of Herbs. Observing the
symptoms of the disease is an important link between
disease diagnosis and treatment with TCM. Under the
guidance of TCM theory, different herbs can be aimed at
different TCM symptoms. The SymMap database contains
the TCM symptoms corresponding to herbal medicine that
have been agreed upon by experts. The TCM symptoms for
which these herbs were used to treat HN were retrieved one
by one in the SymMap database.

2.4. Identification of Compounds and Targets of Herbal
Medicine. We identified compounds and targets of the
herbs for the treatment of HN from online databases:
Traditional Chinese Medicine Systems Pharmacology Da-
tabase and Analysis Platform (TCMSP) [23], SymMap [24],
the Encyclopedia of Traditional Chinese Medicine (ETCM)

[25], and published biomedical literature in PubMed and
CNKI databases. The compound and target information
were unified into a general format by using the PubChem
and UniProt databases, respectively. The data were then
organized into an herb-target relationship data set for the
herbs. The targets of various herbs were introduced into the
STRING database. We retained Homo sapiens protein-
protein interaction network (PPIN) data with a con-
fidence > 0.9 to establish the PPIN, and the MCODE plug-in
of Cytoscape was used to determine the core targets of each
herbal medicine.

2.5. Collection of HN-Related Genes. The HN gene expres-
sion data were retrieved from the NCBI GEO database and
analyzed by the GEO2R online analysis tool. The GSE99325
data set contained 20 HN samples and 4 control samples.
The genes with Q <0.05 and adj. P <0.05 were regarded as
differentially expressed genes in HN.

In addition, we used disease terms in several established
databases of human disease-related genes, including Online
Mendelian Inheritance in Man (OMIM) [26], DisGeNET
[27] and Malacards [28] to identify genes related to HN.

2.6. Evaluation of the Importance of Compounds. The human
biological functions cannot be realized by individual genes
but require ubiquitous interactions between different genes.
In this study, we combined the compounds and targets of
various herbs with the PPIN we had established to create a
biological network. The key compounds in the biological
network were calculated by restarting the random walk
(RWR) algorithm to measure the closeness between each
node and seed node. We used HN-related targets as seed
nodes, and the restart probability was 0.75 [21]. The RWR
operation was carried out to obtain the stability probability
CRWR of diffusion of the compounds to measure their im-
portance, which was performed with the pyrwr package
(version 1.0.0) in Python 3.7.5.

2.7. Biological Process Analysis

2.7.1. Gene Annotation and Enrichment Analysis. Using the
clusterProfiler package [29] (version 3.14.3) in R 3.6.1 and
org.Hs.eg.db (version 3.10.0) for gene annotation, we carried
out a KEGG enrichment analysis of HN and related genes
affected by various herbal treatments. Based on the hyper-
geometric distribution, Q < 0.05 was considered an indicator
of a significantly enriched pathway, and the same method
was used for GO enrichment analysis, with Q < 0.05 and adj.
P <0.05 as the levels indicating significant enrichment. In
addition, we introduced each group of genes into Metascape
[30] for multigene list meta-analysis, including functional
proteomics, gene screening, and metabolomics.

2.7.2. Hierarchical Clustering. Through GO and KEGG
enrichment analyses, the direction of each herb’s biological
function was determined. To systematically evaluate the
similarities and differences of each herb’s biological



function, we carried out hierarchical clustering according to
the number of enriched genes in each KEGG signaling
pathway profile and the GO terms for each herb. Moreover,
we carried out hierarchical clustering of the collected herbal
medicine-related symptoms and targets.

Hierarchical clustering is an unsupervised machine
learning method. Initially, a single sample was regarded as a
class, and the distance between each class was calculated. The
data were merged according to specific rules.

(1. Distance Calculation. In this study, Euclidean distance
D;; was used to calculate the distance between herbs and
TCM symptoms, targets, or biological processes with the
proxy package (version 0.4-24) in R.

Dy=(s-x) sli-n) O

(2) Hierarchical Clustering. We used the clustering
method of Ward, which is based on analysis of variance. If a
classification is reasonable, the error sum of squares (ESS)
among the same kinds of herbs should be relatively small,
and the ESS between classes should be relatively large [31].

2
v Uy
ESS = ;xi —n<2xi> . (4)

i=1

Initially, we regarded a single TCM symptom, target, or
biological process as a class, calculated the ESS of each pair of
classes after merging, determined the combination with the
least increase in total ESS after merging, and then iterated
the process until all objects formed a large class with the
flexclust package (version 1.4-0) in R 3.6.1.

3. Results

3.1. Herbs Used for the Treatment of HN. We selected 1449
prescriptions of traditional Chinese medicine from the EMR
data of 2055 patients with HN, and these prescriptions
included 425 herbs used 35734 times, and each prescription
contained, on average, 23.84 +3.88 herbs. The core tradi-
tional Chinese medicines used in the treatment prescriptions
for HN were obtained by hierarchical extraction algorithm:
Radix Astragali (huangqi), Radix Salviae liguliobae
(danshen), Radix Codonopsis pilosulae (dangshen), Poria
(fuling), Rhizoma Atractylodis macrocephalae (baizhu),
Radix Angelicae sinensis (danggui), Pericarpium Citri
Reticulatae (chenpi), Rhizoma Pinelliae (banxia), and Radix
Glycyrrhizae (gancao). After comparing the RR values,
herba Dianthi (qumai), Semen Plantaginis (cheqianzi),
Rhizoma Curcumae (ezhu), Semen Euryales (gianshi), and
Radix Achyranthis bidentatae (niuxi) were determined to be
specific traditional Chinese medicines used for the treatment
of HN.

3.2. Genes Related to HN. We obtained 179 differentially
expressed genes related to HN from the GSE99325 data set.
As shown in Figure 1, the main upregulated genes were
LTN1, GPX2, COL4A5, CBX5, MTMR6, RETREGI,
NR1H4, RCOR1, LPGATI, and IMPA1, and downregulated
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were CHCHD2, KCNJ16, AKR7A3, SIVA1l, BARDI,
BCATI1, RPL23, AMH, DCT, and RPS20. In addition, we
obtained 43 HN genes from the OMIM, DisGeNET, and
Malacards databases, and a total of 219 HN-related genes
were identified.

3.3. Compatibility of Herbs. We found 41 important asso-
ciation rules, as shown in Figure 2, and 14 herbs are generally
compatible with other drugs, and the 10 rules for maximum
lift values (Table 1) were related to them. For example,
banxia-chenpi, chenpi-fuling, baizhu-fuling, chuanxiong-
danshen, danggui-huangqi, banxia-fuling, banxia-dangshen,
and danghen-huanggqi were found through a visual analysis
of all prescriptions based on a simultaneously generated
grouping matrix, and K-means clustering was used to
classify LHS and RHS into one statistical category. More-
over, although Rhizoma Imperatae (baimaogen), Rehman-
nia glutinosa (shengdihuang), Ophiopogon japonicus
(maidong), and Coptidis Rhizoma (huangliang) are used in
low frequency; in general, they were used in combination
with the 14 identified traditional Chinese medicines in
clinical applications to treat HN.

3.4. Multilevel Comparison of the 14 Traditional Chinese
Herbs. Fourteen kinds of traditional Chinese herbs are used
in the clinical treatment of HN, according to their com-
patibility characteristics, targets, signal pathways, and other
information, as determined using MCODE, hierarchical
clustering, and other methods for comparative analysis to
determine the potential biological mechanism of herbal
medicines in the treatment of HN.

3.4.1. TCM Symptom Level. Using the SymMap database,
we found a total of 68 effective TCM symptoms treated by
the 14 herbs, and we established a 14 x 68-dimensional
symptom profile in which an herbal medicine that was
directed toward a symptom was given a value of 1; oth-
erwise, it was given a value of 0. Then, we used the Ward
clustering algorithm for hierarchical clustering in which
the similarity between herbs was measured by Euclidean
distance. Figure 3(a) shows that the 14 herbs were divided
into 4 groups, and it was found that most herbs could be
clustered into one group, and the symptoms include
cardiovascular symptoms and humoral metabolic ab-
normalities such as swelling, dizziness, headache, palpi-
tations, bloating, stomachache, and chest tightness. But
individual herbs exhibited obvious effects; for example,
tuling can treat the symptoms of body fluid retention
caused by renal insufficiency such as difficulty in urination
and edema; danggui can treat head discomfort caused by
hypertension such as dizzy and tinnitus; and huangqi and
dangshen can be used to treat digestive discomfort such as
anorexia, thirst, vomiting, and nausea. Overall, the reg-
ulation of symptoms by thel4 herbs is in line with the
common diagnosis and treatments of HN as indicated by
TCM theory.
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Ficure 1: Differentially expressed genes in HN: a blue dot indicates a downregulated gene, and a red dot indicates an upregulated gene.

3.4.2. Target Level. After introduction into the STRING
database, a total of 58 targets for the 14 herbs were retained,
and we established a 14 x 58-dimensional target profile for
hierarchical clustering. Figure 3(b) shows that the 14 herbs
were divided into 3 groups. To show more specific biological
characteristics of each herbal medicine, we used the
MCODE algorithm to identify the core target among the
targets.

3.4.3. Pathway Level. We analyzed the pathway enrichment
of various herbs and HN-related genes and retained the
pathways in which the number of enriched genes for each
herb treatment in a significantly enriched HN pathway was
greater than the quartile of enriched genes expressed upon
herbal treatment, and these retained pathways were con-
sidered the core pathways for hierarchical clustering.
Figures 3(c) and 3(d) show 26 core GO terms, and 33 core
KEGG signaling pathways were identified; and 14 x 26-di-
mensional and 14 x 33-dimensional feather profiles of the
core pathways were established. The GO terms and KEGG
signaling pathways were divided into 4 categories, and the
herbs were divided into 4 categories or 5 categories. Figure 4
shows that all kinds of herbs have regulatory pathways
related to HN. Figure 5 shows that although the correlation
between herbal targets and HN was limited, according to the
results of the GO enrichment analysis, a large number of
HN-related biological processes could be regulated by these
herbs.

3.4.4. Cluster Summary of Herbal Medicines at Different
Levels. The table shows that the 14 herbs could be divided
into 3 or 4 groups in terms of TCM symptoms, targets, GO

enrichment terms, and KEGG enrichment terms (Table 2).
The cluster grouping of these 14 herbs was different at
different levels, but they could be used to treat HN through
various biological pathways.

In terms of TCM symptoms and according to TCM
theory, the 14 herbs can be aimed at HN or symptoms
related to essential kidney deficiency, such as edema, diar-
rhea, fatigue, sore waist and knees, fatigue, and diarrhea.
Symptoms such as turbid urination, oliguria, and obvious
decline of renal function can be specifically treated by fuling.

3.5. Identifying Effective Compounds. According to the RWR
algorithm, compounds with values in the upper quartile of
the RWR were retained as the core effective compounds.
Ultimately, 241 effective core compounds were retained, of
which the ten compounds with the highest C*"WR in each
group are shown in Table 3. 2-Azaniumylacetate mainly
exists in danshen, baizhu, banxia, and qianshi. Quercetin
and kaempferol mainly exist in huanggqi, danshen, gancao,
and niuxi. Myristicin and apigenin mainly exist in dangshen.
(25,3S)-2-Ammonio-3-methylpentanoate and beta-carotene
mainly exist in gianshi. Scopoletin was mainly found in
baizhu, danggui, and gancao.

4, Discussion

Studies have shown that a variety of traditional Chinese
medicine prescriptions exhibit clear efficacy in the treatment
of HN [11, 12]. Traditional Chinese medicine emphasizes
dialectical diagnosis and treatment, but the commonly used
treatment with traditional Chinese medicine and its un-
derlying biological basis have not been systematically ex-
amined and studied. In this study, 1499 prescriptions of
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TaBLE 1: Ten rules for maximum lift values.

LHS RHS Support Confidence Coverage Lift Count
Chenpi => Banxia 0.258 0.701 0.368 1.939 387
Banxia => Chenpi 0.258 0.714 0.362 1.939 387
Chenpi => Fuling 0.294 0.799 0.368 1.337 441
Baizhu => Fuling 0.261 0.795 0.328 1.330 391
Chuanxiong => Danshen 0.203 0.540 0.376 1.301 304
Danggui => Huanggqi 0.388 0.758 0.511 1.285 581
Huangqi => Danggui 0.388 0.656 0.590 1.285 581
Banxia => Fuling 0.273 0.755 0.362 1.262 409
Banxia => Dangshen 0.201 0.555 0.362 1.256 301
Dangshen => Huangqi 0.324 0.733 0.442 1.242 486

traditional Chinese medicine were identified in EMRs by
using complex networks and machine learning algorithms.
Fourteen kinds of traditional Chinese medicine were found
to be effective in treating HN, and their mechanisms were
systematically compared and studied at many levels.

From the perspective of target and pathway enrichment,
14 herbs were involved with 25 core targets, and CHRM2,
ADRB2, CXCL8, GCG, TNF, and CXCL10 were the most
frequently identified targets. These herbs, particularly
danshen, niuxi, cheqianzi, huanggqi, and gancao, could act on
inflammatory factors, which can be significantly enriched in
inflammatory-related pathways such as the HIF-1 signaling
pathway, TNF signaling pathway, NOD-like receptor sig-
naling pathway, and NF-«B signaling pathway. These herbs

can regulate fibrotic pathways such as the MAPK signaling
pathway and PI3K-Akt signaling pathway and vascular
endothelial hyperplasia pathways such as the VEGF sig-
naling pathway. Among these herbs, the enrichment of
danshen is the most obvious. In addition, danshen can
regulate the cAMP signaling pathway, cGMP-PKG signaling
pathway, mTOR signaling pathway, Ras signaling pathway,
and Rapl signaling pathway to mediate cell proliferation and
differentiation. On the other hand, baizhu and gianshi can
participate in the metabolism of amino acids such as glycine,
serine, threonine, alanine, aspartate, and glutamate to reg-
ulate the cellular processes. Huangqi shows the most ex-
tensive regulation cellular life processes, including the
regulation of DNA transcription factors and a variety of
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FIGURE 3: Multilevel comparison of the 14 traditional Chinese herbs. (a) Heat map and hierarchical clustering in target level. (b) Heat map
and hierarchical clustering in target level. (c) and (d) Heat map and hierarchical clustering are biological signal pathway results at KEGG
signal pathways and GO terms.
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FIGURE 4: Network of enriched terms represented as pie charts, where pie pieces are color-coded based on the identities of the gene in the
herbs and HN. The thicker the line is, the more common the targets of the nodes and the closer their interaction.

amino acid metabolic pathways, and it shows a variety of
regulatory effects on the function of the kidney and heart. It
is suggested that these herbs can produce synergistic and
complementary effects in the treatment of HN.

HN is one of the main causes of chronic nephropathy.
Arteriosclerosis and hyaline degeneration caused by hy-
pertension are the main pathological changes in HN and are
closely related to inflammation and tubulointerstitial fibrosis
[6]. Under physiological conditions, the intraglomerular
pressure is relatively constant, and when the blood pressure
increases, the glomerular arterioles contract properly and
reduce the pulse pressure difference. When the self-regu-
lation of renal microcirculation is weakened, the afferent
arterioles dilate abnormally, and the intraglomerular pres-
sure increases. At the same time, hypertension and high
pulse pressure differences of the large arteries affect the
glomerulus, resulting in internal pulsation, stretching, and
endothelial injury [32]. These hemodynamic changes acti-
vate the RAAS system and aggravate the renal tissue in-
flammatory response, interstitial fiber hyperplasia, arteriole
thickening, and oxidative stress, resulting in impaired
nephron function.

The herbs obtained by data mining in this study can
inhibit kidney injury with Ang II. The targets of dangfui,
niuxi, chenqianzi, huangqi, gancao, dangshen, chenpi, and
banxia are significantly related to cAMP signaling pathway,
mTOR signaling pathway, and c¢GMP-PKG signaling
pathway. These herbs can inhibit the activity of CHRM1
receptor and GCG on the cell membrane and reduce the
activation of cAMP signaling pathway and mTOR signaling
pathway, thus inhibiting NF-«B signaling pathway, PI3K-
Akt signaling pathway, and other inflammatory-related
pathways, degrading secretion of inflammatory factors such
as TNF and IL-6. At the same times, it can combat the early
renal injury and the inflammatory response caused by Ang II
[33], alleviating glomerulosclerosis and epithelial-interstitial
transition caused by oxidative stress [34, 35]. Podocyte
damage is also a core kidney injury caused by HN. The Ang
IT receptor was overexpressed in podocytes, which induced
the foot process to disappear [36], and vascular endothelial
inflammatory factors were upregulated, activating the PI3K/
Akt and MAPK signaling pathway to promote vascular
endothelial proliferation, thus inducing recombination of
the podocyte cytoskeleton [37]. Chenpi, qumai, fuling,



Evidence-Based Complementary and Alternative Medicine

. umai
e

FiGure 5: The overlap between the herbs and HN: includes the shared term level, where blue curves link genes that to which the same
enriched ontology term is attributed. The inner circle represents gene lists, where hits are arranged along the arc. Genes that were hits in
multiple lists are colored in dark orange, and genes unique to a list are shown in light orange.

TaBLE 2: Clusters of the herbs at different levels.

KEGG signal

Levels TCM symptom Target GO term pathway
. Gancao, cheqianzi, niuxi, Danggui, baizhu, danshen, Danshen, chenpi,
1 Fuling . . S . . .
huanggqi fuling, qumai, gianshi, banxia banxia
) Danggui qianshi, ban).na, danshen, Ezhu, chenpi Qumalf ezhu,
fuling danggui, fuing
Clusters . S . > . L
Qumai, gancao, chenpi, baizhu, ezhu,  Qumai, chenpi, dangui, Dangshen, cheqianzi, niuxi, . Co
. R . Qianshi, baizhu
danshen, banxia, qianshi, niuxi dangshen, ezhu, baizhu gancao
. . Niuxi, cheqianzi,
4 Huangji, dangshen — Huangqi huanggi, gancao
TasLE 3: The top 10 compounds with the highest CRWR.
PubChem CID Compound Formula RWR
5257127 2-Azaniumylacetate C,HsNO, 1.82E-04
5280343 Quercetin Cy5H,00, 1.40E - 04
5281708 Daidzein Ci5H100y4 1.01E - 04
5280460 Scopoletin C,oHgOy4 7.49E - 05
4276 Myristicin C;1H 1,03 7.46E - 05
5280443 Apigenin C15H1005 6.45E — 05
177 Acetaldehyde C,H,O 6.03E - 05
7043901 (25,3S)-2-Ammonio-3-methylpentanoate CgH3NO, 5.87E-05
5280863 Kaempferol C5H,006 5.44E - 05
5280489 Beta-carotene CyoHse 4.30E-05

gancao, niuxi, danshen, and huangqi can directly or indi-
rectly affect inflammatory factors such as TNF, affect
MAPKS activity, and regulate the MAPK signaling pathway.
In addition, chenpi can suppress ADIPOQ and mitigate the
phosphorylation levels of AMPK, and the AMPK and mTOR
signaling that controls the cytoskeleton was reduced,
resulting in decreasing podocyte injury [38].

HN is also a long-term cause of nephron damage. A
previous study showed that the pathological renal changes
caused by HN were progressive, with glomerular damage
appearing first and renal tubular atrophy and interstitial
fibrosis appearing as late manifestations in an SHR model
[39]. Inflammatory cytokines such as IFN y, IL-6, and TNF
overactivated STATI1, STAT3, and NF-«xB transcription
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factors to promote glomerulosclerosis and renal interstitial
fibrosis [40-42]. NF-xB/p65 has been identified as the key
factor mediating renal damage induced by Ang II [43].
Qianshi, huanggqi, dangshen, chenpi, and banxia can act on
PRKCB to inhibit the production of NF-xB transcription
factors and reduce the renal inflammation and injury in-
duced by Ang II, downregulate the expression levels of TNF,
IL-6, and IL-8 in the kidney, and reduce the mRNA and
protein levels of type I and IV collagen [44]. According to the
enrichment results in this study, gianshi, baizhu, and
huangqi can regulate the levels of serine and other amino
acids and nuclear factors, slow nephron damage, and protect
renal vessels damaged by long-term hypertension.

The therapeutic effects of these herbs on HN are mainly
the deceleration of the renal damage caused by hypertension,
protection of nephrons and podocytes, reduction in blood
pressure and the amount of protein in urine, and slowing
renal interstitial fibrosis and maintaining nephron function,
but the effect of a single herbal medicine is often limited. To
achieve the expected therapeutic effects, these herbs need to
be combined. These herbs are often used in the clinic. This
finding is consistent with the results in this study, showing
that these herbs fall under the important compatibility rules
identified by the Apriori algorithm. To some extent, the
results of the multilevel analysis indicated the possible ef-
fective pathway of these traditional Chinese medicine
combinations, which is consistent with the mechanism of
renal injury caused by HN, but this study also has many
limitations. First, the compound information, targets, and
disease-related genes were all identified in open databases,
and there is still a lack of experimental studies on proteomics
and metabonomics. Second, the effects of these herbs on the
NF-«B signaling pathway, cAMP signaling pathway, mTOR
signaling pathway, and other pathways need to be further
studied.

5. Conclusions

Based on the traditional Chinese medicine prescription data
of HN treated in the Affiliated Hospital of Shandong Uni-
versity of Traditional Chinese Medicine from 2014 to 2017,
traditional Chinese medicine for HN treatment was found
by using a complex network algorithm and calculating the
relative risk. Fourteen herbs were compared and analyzed at
multiple levels with a clustering algorithm. Through the
clustering results obtained for different levels of analysis,
these herbs were found to play multilevel roles in the bio-
logical regulation of HN. This study also showed that the use
of a data mining algorithm can be used to summarize the
TCM treatment prescription of HN accurately and with high
reliability and can provide a direction for clinical practice
and future experimental research.
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