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Abstract
Background: Hypertension is considered the major risk factor for human health in the world. Songling Xuemaikang
Capsule (SXC) is clinically used as a medicine for the prevention and treatment of cardiovascular and
cerebrovascular diseases such as hypertension and hyperlipidemia. However, the underlying mechanisms have yet
to be fully identi�ed. Methods: Valsartan, as a positive control drug, high- and low-dose of SXC were orally
administration with for 28 days to investigate the anti-hypertensive effect of SXC in spontaneously hypertensive
rats (SHRs). The serum levels of aldosterone and Angiotensin II (Ang II) were detected. The gene expression
pro�ling was performed in the thoracic aorta of SHRs using the Whole Rat Genome Oligo nucleotide Microarray.
The integrated causal network analysis was performed to understand the mechanism of antihypertensive effect of
SXC. Results: The results shown that the systolic and diastolic blood pressure were signi�cant decreased in SXC
low-dosage group and high-dosage group compared with the control group respectively. SXC low and high-dosage
treatment decreased serum aldosterone levels signi�cantly but increased serum Ang II compared with the control
group respectively. Causal network analysis shown that treatment with SXC reversing the vascular remodeling
process, inhibiting vascular in�ammation and atherosclerosis, reversing endothelial cells dysfunction and likely
reducing peripheral vascular resistance by down-regulated processes related to vascular remodeling, dyslipidemia,
the complement system, leukocyte rolling, and endothelial dysfunction. In addition, SXC treatment may also
activate �brinolysis and regulate lipid and glucose metabolism. Conclusions: Those obtained data could help our
understanding and potential utilization of SXC in the treatment or prevention of hypertension

Introduction
Hypertension, a critical public health problem worldwide, is considered the major risk factor for ischemic and
hemorrhagic stroke, myocardial infarction, heart failure, chronic kidney disease, peripheral vascular disease (PVD),
cognitive decline, and premature death. Hypertension is the leading modi�able risk-factor for cardiovascular
disease, which represents the top cause of death in China1,2. Hypertensive patients’ blood pressure (BP) needs be
controlled, to decrease the incidence of adverse sequelae. In China, the weighted prevalence of hypertension has
been rising, with rates increasing from 18% in 2002 to 23.2% in 20153,4. Among those with hypertension, 46.9%
were aware of their condition, 40.7% were taking prescribed medication to lower their BP, but only 15.3% achieved
BP control 4.

Conventional antihypertensive agents ranging from diuretics, angiotensin-converting enzyme (ACE) inhibitors,
angiotensin receptors blockers, sympathoplegic agents, calcium channel blocker, α-adrenergic blockers and β-
adrenergic blockers others are performed to control blood pressure levels in hypertensive patients5. Those agents
are usually associated with many adverse effects such as hypokalemia, hyponatremia, severe dry cough, ankle
edema, headache, facial �ushing, polyuria and allergy. Traditional medicine is widely used, and is of increasing
health and economic importance and often termed alternative or complementary medicine in many countries6. In
some countries, the majority of the population continue to use traditional medicine to meet their health needs. This
may, in part, be attributed to increasing concerns about the safety and approaches of Western medicine6. Overall,
this may explain the increasing interest in panning out the bene�cial health effects of various plants and herbs in
different diseases including hypertension 7.

Songling Xuemaikang Capsule (SXC) is a traditional Chinese patent medicine which has been authorized
recommended by Chinese Pharmacopoeia. Three widely used traditional herbal medicines, Puerariae Lobatae
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Radix., Pine needles (Pinus densi�ora Lamb.), and powdered nacre are containing in SXC. Puerarin extracted from
Puerariae Lobatae Radix. possesses effects of antihypertension and stroke prevention by improved
microcirculation in spontaneously hypertensive rats (SHRs) through increasing in cerebral blood perfusion both by
arteriole relaxation and p42/44 MAPKs-mediated angiogenesis 8 and protecting against endothelial dysfunction
and end organ damage by anti-oxidant and upregulation of phosphor-eNOS 9. Some components extracted from
pine needle have been proved to have vasorelaxant effects by blocking the voltage-operated Ca2+ channel (VOCC)
and inhibiting Ca2+ in�ux to the cytoplasmic10 and play an important role in the prevention of oxidative damage in
vascular endothelial cells in hypertension patients via the PI3K/Akt/Bad signaling pathway11. Powdered nacre,
mother of pearl, from Pinctada maxima, was showed the effect of reducing body weight, visceral fat amount, and
blood triglyceride level without in�uencing the food intake, body length, or amount of muscular tissue12.

SXC has been widely used to treat hypertension and hypertension related symptoms in China. Preliminary clinical
studies demonstrated that SXC could contribute to BP control and slow the progression of end-organ damage in
hypertension13–16.

However, the molecular mechanisms involved in SXC treated hypertension remain largely unde�ned. Therefore, this
study was carried out to investigate the antihypertensive effect of SXC in SHRs established animal model of
essential hypertension. Furthermore, to elucidate its underlying mechanism, DNA microarray analyses were
performed to obtain gene expression pro�les in thoracic aorta tissue of SHRs after repeated oral administration of
high- or low-dose of SXC and valsartan.

The aim of this study was to identify target genes which expression were markedly changed after oral
administration of SXC in an established animal model of essential hypertension, and reconstructed a causal
network to understand the molecular mechanism of in vivo antihypertensive activities of SXC.

Methods

SHRs and Measurement of BP
All the experiments were conducted in accordance with the National Institutes of Health Guide for the Care and Use
of Laboratory Animals (NIH publication 85–23, revised 1996), and the experimental protocols were approved by the
Institutional Animal Care and Use Committee (IACUC) of WuXi AppTec (Protocol Number: 27–2956). All surgery
was performed under sodium pentobarbital anesthesia, and all efforts were made to minimize suffering.

SHRs (8–10 weeks old, male, SPF, 280–330 g body weight) were purchased from Beijing Vital River Laboratory
Animal Technology Co., Ltd. (Beijing, China). The animals are kept in an animal breeding room where the
environmental conditions are strictly controlled. The temperature in the rearing room is maintained at 20 to 24 ° C,
and the humidity is maintained at 30 to 70%. The daylighting of the animal husbandry is controlled by an electronic
timed lighting system that turns off the lights for 12 hours every day and on for 12 hours. During the experiment,
the animals were kept in single cages. They were fed with standard laboratory diet and guaranteed free drinking
water.

The rats were acclimatized in the above conditions for about a week before the experiment. Compound anesthesia
was performed with 3% sodium pentobarbital solution (60 mg•kg–1, i.p.). HD-S10 Small Animal Implant (Data
Sciences International, New Brighton, MN, USA) was implanted on Day–3 ~ Day–4. The procedure was as follows:
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the incision was performed on the abdomen of the rat. The catheter of the implant was inserted into the separated
abdominal aorta. Bio-gel was used to stop bleeding. The implant was �xed on the abdominal wall. Then, the
muscle and skin were sutured and sterilized. Subcutaneous injection of ibuprofen for analgesia. Gentamicin (8
mg•kg–1•day–1, i.p.) was intraperitoneally administered three days after surgery to prevent infection.

SHRs were randomly divided into three groups: model group (n = 8), rats were orally administered with saline
(7.5mL•kg–1) for 4 weeks; SXC low-dose group(n = 6), rats were orally administered with SXC (236.25 mg•kg–1) for
4 weeks; SXC high-dose group (n = 6), rats were orally administered with SXC (708.75 mg•kg–1) for 4 weeks; the
positive group (n = 6), rats were orally administered with valsartan (21.6mg•kg–1) for 4 weeks. The SXC was orally
administered at 9:00–10:00 and 12:00–13:00 every day and the valsartan was administered at 14:00–15:00 every
day. The BP of each rat was measured at 15:00–17:00 on every Thursday via implantable telemetry technology
with Dataquest ART system (Data Sciences International., New Brighton, MN, USA). Ten BP readings were obtained
for each rat and averaged.

Isolation of Animal Tissue

At 28 days, all rats were killed with intraperitoneal injection of 3% sodium pentobarbital solution (60mg•kg–1), and
3 mL blood samples were collected from the heart. These blood samples were transferred immediately into aseptic
capped tubes and centrifuged at 3000 g for 4 min at 4℃. The plasma supernatant was collected and stored at –
80℃ until further analysis. The thoracic aorta dissected from each rat was shredded and immediately stored in
liquid nitrogen. The thoracic aorta of all animals was collected for DNA microarray analyses from each group. The
levels of Angiotensin II (Ang II), Aldosterone in serum of SHRs from different groups were separately determined by
the enzyme-linked immunoassay kit (Mybiosource, San Diego, CA, USA).

DNA Microarray Analysis
The following procedures for sample preparation and microarray analysis were done at Agilent Whole Genome
Oligo Microarrays (Agilent, Santa Clara, CA, USA). Total RNA was extracted and puri�ed from thoracic aorta tissue
separately by TRIzol® Reagent (Invitrogen life technologies, Carlsbad, CA, USA) and Cleaned-up by RNasey Mini Kit
(Qiagen, Valencia, CA, USA). Then, the Cy3-labeled cRNA was transcribed from 1 μg of RNA of each group using the
Quick Amp Labeling Kit, One-Color (Agilent, Santa Clara, CA, USA). Cy3-labeled cRNA was hybridized to the Whole
Rat Genome Oligonucleotide Microarray ver. 3.0 (4×44k, G2505C–028282) (Agilent Technologies), following the
manufacturer’s hybridization protocol. After the washing step, the microarray slides were scanned using Agilent
Microarray Scanner (Agilent G2505C, Agilent Technologies, Santa Clara, CA, USA) according to the manufacture’s
protocol. Microarray expression data were analyzed using Agilent Feature Extraction software (Agilent
Technologies, Santa Clara, CA, USA) with the default settings for all parameters. The raw data were �rstly
normalized with the quantile algorithm, and the probes that at least one out of all samples had �uorescence
signals in detection were chosen for further analyses.

Pre-processing of microarray data and identi�cation of differential
expression genes
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The microarray data was processed using the R statistical language (R version 3.4.2) and the limma package17.
Beginning from the raw Agilent data �les, we background-corrected and normalized between arrays using the
quantile normalization method18. The normalized log2 intensities were visualized using principal components
analysis (PCA) and hierarchical clustering. Limma package was used to performed the differential expression
analysis. The differential expression genes (DEGs) fold-changes, P-values, and adjusted P-values were calculated
for multiple testing by using the Benjamini-Hochberg method 19. Gene lists �ltered for padj (adjusted p-value) <
0.01 were used for further analysis.

Gene ontology and pathway enrichment analyses
For those genes which were differently expressed among group, enrichment analysis was performed by using a
hypergeometric test to compare the gene list with several functional ontologies available in MetaBase (Thomsan
Reuters, New York, NY, USA). The ontologies of interest are Clarivate Pathway Maps, Gene Ontology (GO) Biological
Processes and GO Molecular Functions. The signi�cance of enrichment of the list genes in functional ontologies in
MetaCore (Thomsan Reuters, New York, NY, USA) is de�ned by P-values of hypergeometric distribution.

Integration of Causal Network Model analysis
The topologically signi�cant genes (TSGs) were identi�ed by overconnection, hidden nodes, and causal reasoning
tests. An overconnectivity test20,21 identi�es regulators of a DEG list that are directly connected and statistically
overconnected to these DEGs. Hidden nodes analysis, the second network analysis method, is applied to identify
genes with a high level of connectivity within an unlimited number of steps away from the data. The score is
calculated using a conditionspeci�c network that joins all of the differentially expressed genes together via shortest
paths 21,22. Causal Reasoning is a shortest-path search based method which predicts upstream regulators causal
for gene expression changes observed in experimental data 23. The method prioritizes nodes in a molecular
network that are likely responsible for the observed modulations in an experiment.

A hypergeometric test was performed for the gene list of DEGs and TSGs for enrichment analysis. Pathway maps
simultaneously enriched with both the DEGs and the corresponding TSGs (P < 0.05. The pathways from the step
above are tested for “synergistic” behavior of the DEGs and the TSGs with enrichment synergy method24. Then, the
�nale key pathways are those which are enriched not only with DEGs but also with their regulators and where these
two enrichments are synergistic. All the causal networks were constructed through MetaCore (Thomsan Reuters,
New York, NY, USA)

Statistical analysis
Data was analyzed using GraphPad Prism 5.0 software (GraphPad Software, Inc., La Jolla, CA, USA). One-way
analysis of variance followed by Tukey’s post hoc test was used for comparisons among multiple groups. A value
of P<0.05 was considered statistically signi�cant.

Results

SXC can lower blood pressure in SHRs
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Systolic BP and diastolic BP of SHRs were measured on every Thursday, at 2 hours after SXC treatment and
valsartan for 4 weeks before DNA microarray analyses. As the results shown in table 1, both the systolic BP and
diastolic BP were well controlled both in SXC high- and low-dose groups from the beginning to the end of
experiment. Valsartan treated group dramatic decreased the systolic BP and diastolic BP from the 1st week (Table
1). While compared to the rats in the control group, the systolic BP and diastolic BP were signi�cant decreased in
the rats of SXC high- and low-dose groups from the 3rd week (Table 1). At the end of the experiment, the systolic BP
and diastolic BP were signi�cant decreased by 13.50%, 29.57% in SXC low-dosage group and 6.82%, 26.82% in SXC
high-dosage group compared to the control group respectively (Table 1). These results demonstrated SXC could be
potentially used in the treatment of hypertension.

SXC reduces serum aldosterone content
The content of AngII and aldosterone in serum were detected via ELISA. Valsartan and two dosage SXC treatment
all increased serum Ang II levels (Fig 1A). As the results shown in Fig 1B, the serum aldosterone levels were
signi�cantly decreased by 12.66% and 41.86% in SXC low and high-dosage administrated groups compared with
the control group respectively, while those in valsartan group was increased by 74.03% compared with the control
group.

Identi�cation and Hierarchical Clustering of DEGs
We used 44K gene chip microarray to identify differentially expressed genes in the thoracic aorta of SHRs treated
with SXC low-dose, SXC high-dose and valsartan compared with control SHRs respectively. Limma was used to
calculate fold-changes, P-values, and adjusted P-values for each comparison. The PCA plot of all samples shows
much more robust clustering by sample group (Fig 2A). The volcano plots shown below in summarize the corrected
p-values and log2 fold-changes that were calculated for each treatment (Fig 2B-D). Compared with model group,
there are 6403 (2688 up-regulated & 3715 down-regulated), 5144 (2783 up-regulated & 2361 down-regulated) and
6285 (2760 up-regulated & 3525 down-regulated) genes altered expression in valsartan group, SXC low-dose group
and SXC high-dose group respectively (FDR<0.05). These altered expression genes represented 1133 (364 up-
regulated & 769 down-regulated), 706 (548 up-regulated & 158 down-regulated) and 920 (367 up-regulated & 553
down-regulated) unique genes in valsartan group, SXC low-dose group and SXC high-dose group respectively. When
the fold change threshold was set as 2.0, a total of 2790 (1218 up-regulated & 1572 down-regulated), 1679 (893 up-
regulated & 786 down-regulated) and 2600 (1168 up-regulated & 1432 down-regulated) genes were identi�ed as
DEGs in valsartan group, SXC low-dose group and SXC high-dose group compared with the control rats respectively
(FDR<0.05). Additional information on all DEGs is listed in Table S1-S3. The rank top 500 DEGs in a heatmap was
shown in Fig. 3. Their expression patterns presented similar functions, suggesting that the DEGs were clustered.
The results precisely distinguished the DEGs of drug treated samples (valsartan, SXC low-dose and SXC high-dose)
and the control group. Moreover, the expression patterns of the DEGs were predominantly downregulated in the
SXC treated samples.

Enrichment analysis
GO analysis was performed on for the top 500 up-regulated and down-regulated DEGs ranked by FDR. This
analysis consists of three parts: GO biological processes, GO molecular functions, GO cellular compartments. Top 5
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GO enrichment terms in every category were selected and shown in Fig 4. We found the frequency of down-
regulated genes were involved in GO cellular compartments terms related to the extracellular region which highly
overlapped between the three treatments. Synapse, up-regulated GO cellular compartment was commonly enriched
in valsartan and SXC high-dose treated groups. Up-regulated GO cellular compartments potassium channel
complex was mostly enriched only when treated with valsartan while high-density lipoprotein particle was enriched
only when treated SXC low-dose. For the biological process, the enriched down-regulated GO Biological processes
included metabolic processes and leukocyte mediated immunity.

When treated with SXC high-dose and valsartan synaptic signaling was the up-regulated GO biological processes.
Regulation of Wnt signaling was the up-regulated GO biological processes only in SXC high-dose treated group.
The down-regulated GO molecular functions were signi�cantly ascribed to oxidoreductase activity, likely related to
lipid metabolism in all the three treatment. The up-regulated GO molecular functions were primarily ascribed to
gated channel activity in SXC high-dose and valsartan treated groups, but mostly enriched in molecular function
regulator in SXC low-dose treated group.

After the Go enrichment analysis, to overview the function of differential expressed genes in three treatment, these
DEGs were utilized in the focused analysis to identify the Clarivate pathways in the three treatments compared to
the control group. These results are shown in Fig 5. The up-regulated enriched Clarivate pathway maps were not
signi�cant after multiple comparison correction. The top 5 up-regulated Clarivate pathway maps were related to
cardiac myogenesis in SXC high-dose and valsartan treated groups. The top 5 down-regulated Clarivate pathway
maps were more ascribed in Peroxisome proliferator-activated receptors (PPAR) regulation of lipid metabolism and
complement system induced immune response in valsartan treated group. In SXC high-dose and low dose treated
group, the top 5 down-regulated Clarivate pathways were related to PPAR regulation of lipid metabolism,
complement system induced immune response, in�ammation and vascular and endothelial dysfunction.

Identi�cation of topologically signi�cant genes
To identify topologically signi�cant genes (Ts genes), network-based analyses including: overconnectivity test,
hidden nodes analysis, and causal reasoning analysis were performed. The overconnected nodes, acted as
upstream regulators of differential expression were tested in each sample group independently by an
overconnectivity test which identi�es regulators of a DEGs list that are directly connected and statistically
overconnected to these DEGs. As shown in Table 2, SP1 is the top ranked overconnected gene for all treatments,
which involved in many cellular processes, including cell growth and differentiation, apoptosis, immune responses,
DNA damage response, and chromatin remodeling 25. PPAR-alpha and PPAR-gamma, and HIF1A were also
identi�ed as the overconnected transcription factors for all the three treatment. PPARs, a steroid hormone receptor,
is a member of the nuclear receptor superfamily. Isomers of PPARs include PPAR-alpha, PPAR-beta, and PPAR-
gamma, regulating metabolic processes including lipid and glucose homeostasis, and in�ammatory responses 26–

28.HIF1A, a master transcriptional regulator of the adaptive response to hypoxia, has a key role in cellular response
to hypoxia, including the regulation of genes involved in energy metabolism, vascular remodeling, and
atherosclerosis29.

Hidden nodes analysis is based on shortest-path method that identi�es genes with a high level of connectivity
within an unlimited number of steps away from the data. Highly signi�cant genes from this analysis are likely to be
functionally involved in the molecular changes, including a driver role, despite not being differentially expressed at
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the transcriptional level themselves. PLAUR (uPAR) was identi�ed as the top hidden node for both doses of SXC
treatments. This gene codes for the plasminogen activator, which is involved in blood coagulation, cell adhesion,
and in�ammation via the JAK-STAT pathway. Fibronectin, ADAM12, and c-Fos were also highly ranked hidden
nodes for both doses of SXC treatments. Fibronectin and ADAM12 are both involved in cell adhesion and
extracellular matrix, while c-Fos is a transcription factor that participates in many signaling transduction cascades,
including some related to in�ammation and immune response (Table 2).

Causal reasoning analyses, another shortest-path search-based method, predicts upstream regulators causal for
gene expression changes observed in experimental data. Causal reasoning analyses prioritizes nodes in a
molecular network that are likely responsible for the observed modulations in an experiment and takes the
directionality of the edges into account as well as the biological effects (activation or inhibition).

CNOT3 was a top-ranked causal reasoning regulator for all three treatments. This gene is a general transcription
regulator and is involved in bulk mRNA degradation, miRNA-mediated expression, and translational repression 30

(Table 2).

Causal network models demonstrated the molecular mechanism of SXC for
control blood pressure
While DEGs and functional pathways affected in the thoracic aortas of SHRs with different treatment were
identi�ed, the complex nature of hypertension makes it impossible to elucidate whether these changes are directly
contributed to the therapeutics treatment or simply a re�ection of individual differences or loss of critical regulatory
signals. To our best knowledge, this is the �rst attempt applying causal network models to analyses transcriptional
changes present in the therapeutics treatment of hypertension thoracic aortas tissues. To shed light on the causal
processes underlying the expression changes observed in SHRs thoracic aortas regions, affected genes which
either differentially expressed or topologically signi�cant were searched among triggers of the signaling pathways
on the key maps. Next, signal transduction pathways were selected that were downstream of affected triggers and
contained consecutive signaling molecules belonging to affected genes. The identi�ed pathways down to the
topologically signi�cant transcription factors (TFs) and/or cellular functional effects were traced and shown on the
map. Causal models reconstructed with such a procedure illuminate mechanisms linking the different levels of cell
regulation into a meaningful integrated system and provide a roadmap to the relevant signaling mechanisms. As
shown in Table 3, the top 10 enriched key maps in the SXC high dose compared to control group involve mostly
immune response, cell adhesion, vascular damage and lipid metabolism processes. These maps, along with others
including enriched pathway maps and maps related to vascular cells and smooth muscle contraction were used to
reconstruct a causal network model. The network model is divided into 2 maps (Fig 6 A and B). Several functional
areas are highlighted on the maps: Lipid metabolism, Dyslipidemia and In�ammation, Complement System and
Immune Response, Leukocyte Rolling and Endothelial Dysfunction and Vascular Remodeling. As shown in Table 4,
the top 10 enriched key maps in the valsartan treated group compared to control group involve mostly in lipid
metabolism processes. These maps, along with others including enriched pathway maps and maps related to G-
protein coupled receptor signaling cascades, were used to reconstruct a causal network model. The network model
is divided into 2 maps (Fig 7 A and B). Several functional areas are highlighted on the maps: Vascular remodeling,
smooth muscle relaxation and lipid metabolism.

The comparison of key pathways different therapy treatment
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In order to identify the difference between SXC high-dose treatment and valsartan treatment in SHRs, all the
dysregulated key pathways in both two treatment were compared. In the analysis of key pathway maps, 16 maps
were found to be shared between the SXC high-dose and valsarta treatments. These key pathway maps are shown
below in Table 5, with the p-values from the hypergeometric test performed. The overlapping maps describe
processes related to lipid metabolism and dyslipidemia, endothelial dysfunction, in�ammation, and platelet
activation. All processes seem equally distributed between the two drugs, except for endothelial dysfunction such
as role of cell adhesion in vaso-occlusion in sickle cell disease and vascular endothelial cell damage in systemic
lupus erythematosus (SLE), which perhaps shows a small trend toward being more enriched in SXC treatment. In
both groups, the treatment down-regulates the immune response and associated in�ammatory processes, as well
as dyslipidemia and lipid metabolism processes. Both treatments also play a role in reversing the effects of the
vascular remodeling that takes places during hypertension.

There are 30 key pathways that are unique to the SXC high dose group are shown below in Table 6. These maps
relate mostly to the immune response triggered by complement system, in�ammatory cytokines, and detailed
pathway maps involving platelet activation, leukocyte rolling and cell adhesion processes that play a role in
vascular remodeling and cardiovascular disorders. In the case of valsartan treated groups, the 31 unique key maps,
shown below in Table 7, relate mostly to the angiotensin system, further dyslipidemia, lipid-related maps and
oxidative stress.

Discussion
Elucidating the mechanism of action of drugs especially the Traditional Chinese medicine (TCM) and the causal
events after drug treatment are challenging, but they are one of the primary goals of medical research.
Understanding the mechanism of action of a drug can prioritize drug candidates or help identify novel indications
for existing drugs. Because the direct target of the SXC treatment for hypertension is unknown, understanding the
physiological effects of the treatment provides further insights into disease pathways and how they can be
rescued. Microarrays provides high-resolution data that can reveal much about the state of the cell, tissue, and
organism during treatment. Clarivate Analytics performed differential expression analysis on microarray data
obtained from thoracic aorta samples in SHR rats treated with valsartan, SXC high-dose, SXC low-dose or
appropriate vehicle controls.

The microarray data was high quality and thousands of differentially expressed genes were identi�ed in each drug-
control comparison. There was a high degree of overlap in gene expression, both between valsartan and SXC high-
dose, and the two SXC dosages. GO analysis and the Clarivate pathways were performed to overview the function
of differential expressed genes in three treatment. The up-regulated ontologies were not signi�cant after corrected
multiple testing for GO cellular compartments, GO biological processes and GO molecular functions. The down-
regulated ontologies were signi�cantly ascribed to oxidoreductase activity, likely related to lipid metabolism for GO
molecular functions, metabolic processes and leukocyte mediated immunity for GO biological processes and
extracellular region for GO cellular compartments in all the three treatment. The up-regulated enriched Clarivate
pathway maps were also not signi�cant after multiple comparison correction. The down-regulated Clarivate
pathway maps were more ascribed in PPAR regulation of lipid metabolism and immune response in valsartan
treated group. The previous studies demonstrated valsartan therapy signi�cantly lowered total- and LDL-cholesterol
levels and had signi�cant anti-in�ammatory e�cacy in hypertensive diabetic patients with enhanced in�ammatory
burden31,32. The enrichment analysis indicated that SXC treated SHRs down-regulated Clarivate pathways not only
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including PPAR regulation of lipid metabolism, complement system induced immune response but also including
in�ammation and vascular and endothelial dysfunction in SXC high-dose and low dose treated group.

Additionally, common transcript changes with different treatment were assessed using causal network analyses.
Mechanism reconstruction through causal network models provides an integrated view of how a drug effects the
cell and insight into previously unrecognized therapeutic mechanisms of the drug. In-depth investigation revealed
several common molecular drivers down-regulated in both SXC high-dose treated group and valsartan treated
group. These changes were integrated and comprised our causal map. The causal maps re�ected some functional
areas were shared between SXC treatment and valsartan treatment but through differing pathways in each
treatment. Those common functional areas including “lipid metabolism, dyslipidemia and in�ammation” and
“Vascular remodeling” are detailed below.

Multiple cohort studies have strongly indicated a causal relationship between dyslipidemia and risk of developing
hypertension. One possible explanation for this relationship is that hypertension and dyslipidemia share common
pathophysiological etiologies, such as obesity and the resulting dysregulation of adipocytokine release from
adipose tissue. Furthermore, dyslipidemia adversely affects functional and structural arterial properties and
promotes atherosclerosis. These changes may impair BP regulation, which, in turn, predisposes individuals with
dyslipidemia to development of hypertension33. AGTR1 mediates the predominant actions of angiotensin II on
blood pressure, and it is the target of a widely used class of antihypertensive drugs: the angiotensin receptor
antagonists34. This is in line with multiple studies which show an association between AGTR1 blocker treatment
and downregulated lipid metabolism35–37. In our results, lipid metabolism, dyslipidemia and in�ammation are
down-regulated processes both upon treatment with valsartan and high dose SXC. HIF1A and PPAR-gamma appear
to act as transcriptional regulators of the process which both down-regulated in both two treatment. Angiotensin II,
acting through AGTR1, increases HIF–1A nuclear localization and activity. However, AGTR1 is downregulated in
valsartan treated group, thereby down-regulating HIF–1A and its downstream effects on lipid metabolism. Both two
treatment down-regulated LPL, VLDLR, ABCG1 and ABCA1 which lead to decreased dyslipidemia. Low levels of
adiponectin are associated with endothelial dysfunction, hypertension and cardiovascular disease 38–40. Curiously,
adiponectin is downregulated in both two treatment but with different regulators. Downregulated HIF–1A is the
main in�uence factor of down-regulated adiponectin which also leads to downregulated PPCKC playing a role in
gluconeogenesis in treatment with valsartan. It seems that more than one regulator changed caused adiponectin
down-regulated when treated with SXC high dose. It is possible that this is explained by the fact that treatment with
high dose SXC causes downregulation of BMP4, which through SMAD and PPAR-gamma regulates the
transcription of A-FABP, LPL, Perilipin, CIDEC and Factor D which down-regulated contributing for decreased
expression and differentiation of white fat genes and release of adiponectin.by downregulated HIF–1A. Additional,
high dose SXC treatment also downregulated perilipin, PGAR and PPARGC1 by decreasing lipolysis. Upon SXC high
dose treatment, HIF1A also down-regulates the expression of various genes that are known to play a role in
in�ammation: IL–1 beta, PAI–1, PBEF and IL–6, the latter doing so through the JAK/STAT and ERK/MEK cascades.
Heme oxygenase 1, however, was also downregulated.

Vascular remodeling is an active process of structural modi�cation that involves changes in at least four cellular
processes: cell growth, cell death, cell migration, and the synthesis or degradation of extracellular matrix. Vascular
remodeling is dependent on dynamic interactions between local growth factors, vasoactive substances, and
hemodynamic stimuli and is an active process that occurs in response to long-standing changes in hemodynamic

http://adiponectin.by/
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conditions; however, it may subsequently contribute to the pathophysiology of vascular diseases and circulatory
disorders. Likewise, vascular �brosis entails accumulation of collagen, �bronectin, and another extracellular matrix

components in the vessel wall and is an important aspect of extracellular matrix remodeling in hypertension41,42.
Treatment with valsartan and high dose SXC appears to induce changes in vascular remodeling through different
regulatory pathways. Actomyosin, responsible for cytoskeleton remodeling and regulation of smooth muscle
contraction, is highly upregulated via MRLC upon both treatment. In treatment with valsartan, downregulated
AGTR1 caused a series of G protein-coupled receptors (GPCRs) regulated vascular tone was down-regulated which
up-regulated actomyosin through Gq/G11/LARG/RhoA/ROCK/MRLV pathway, whereas in treatment with high dose
SXC actomyosin was up-regulated by RhoA/ROCK/MRLV and Rac/PAK/MRLV pathways. Phosphorylation of
myosin light chains by MLCK triggers cross-bridge cycling between actin (downregulated) and myosin
(upregulated) �laments 43. Down-regulation of PLC leads to a decrease in IP3 production, which reduces the release
of calcium ions from the endoplasmic reticulum into the cytoplasm reducing the expression of calmodulin and
thus reducing the activation of MLCK in treatment with valsartan. Likewise, several channel pumps (TRPC1, NCX1
and MaxiK) are deregulated upon treatment with valsartan, generating an exchange of calcium, sodium and
potassium ions between the various compartments and contributing to smooth muscle contraction regulation.
Hypertension-induced mitochondrial structural abnormalities are often accompanied by alterations in
mitochondrial metabolic and bioenergetic functions. Valsartan also downregulated mitochondrial biogenesis by
down-regulated PPAGC1 which played a central role in the regulation of mitochondrial biogenesis. It could be
explained by the down-regulated eNOS and VEGF-A by valsartan44,45. Mitochondrial biogenesis and oxygen
consumption increase markedly during adipogenic differentiation, and reducing mitochondrial respiration by
hypoxia or by inhibition of the mitochondrial electron transport chain signi�cantly suppresses adipogenic
differentiation46. In treatment with high dose SXC, cytoskeletal actin is slightly downregulated. Treatment with high
dose SXC also alters vascular remodeling through other pathways. In vascular structures some results suggest that
actin polymerization increases as vasoconstriction is prolonged 47. Treatment with high dose SXC also regulated
IL–6 /JAK/STAT pathway which regulating the secretion of growth and migration factors like VEGF-A, Cathepsin B
(both downregulated in this dataset), MMP–9 (regulator)/collagen and Stromelysin–2/Nidogen pathways which
are involved in extracellular matrix and cytoskeleton remodeling. TGF-α release by ADAM–17 has also been
implicated in hypertension-induced vascular remodeling in mouse carotid arteries48. Treatment with high dose SXC
down-regulates ADAM–17, and there is evidence that ADAM–17 binds glycoprotein VI and triggers platelet
aggregation and thrombus formation. Increased plasminogen activator inhibitor type 1 (PAI–1) levels and
decreased tissue plasminogen activator activity resulting impaired �brinolytic function have been found in patients
with hypertension and may account in part for the increased risk of atherosclerosis49. Treatment with high dose
SXC appears to activate of �brinolysis via downregulated PAI–1 and upregulated plasminogen and �brinogen.
Downregulated PAI–1 also leaves thrombin to exert its �brinolytic function via cleavage of �brinogen in treatment
of high dose SXC. Epithelial-to-mesenchymal transition (EMT) leading to �brosis and vascular alterations appears
to play a role in numerous chronic cardiovascular disease states such as heart failure, pulmonary hypertension and
various forms of chronic vasculopathy50. Treatment with high dose SXC appears to down-regulate this process via
IL–6/JAK/STAT pathway, N-cadherin and vimentin.

The mostly interesting �nding in our study is that high dose of SXC treatment has more altered the complement-
mediated immune response in vascular and reduced the enrichment of lymphocytes in hypertensive injured
vascular. Treatment with high dose of SXC causes downregulation of the complement system. Tissue injury, the
primary signal for launching the innate immune response and in�ammation, initiates several signaling cascades



Page 12/28

that regulate changes in the microvasculature, including the activation of complement. Complement activation
may drive the pathology of hypertension and hypertensive injury through its impact on innate and adaptive
immune responses. In addition to the proin�ammatory properties of complement, complement cleavage fragments
of C3 and C5 (the latter upregulated in this dataset) can exert anti-in�ammatory effects that dampen the
in�ammatory response to injury. Complement components are engaged in the regulation of multiple phases of an
in�ammatory reaction, including changes in vascular �ow, increase in vascular permeability, extravasation of
leukocytes, and chemotaxis51,52. IL–6 and C-reactive protein (CRP) are regulators of the complement system. IL–6
produces in�ammatory effects by inducing the transcription of factors in multiple pathways of in�ammation such
as JAK/STAT pathway, which is downregulated upon treatment with high dose of SXC. Treatment with high dose of
SXC causes downregulation of the leukocyte rolling and ultimately intima hyperplasia and endothelial dysfunction.
A wealth of evidence indicates a fundamental role for in�ammation in the pathogenesis of cardiovascular disease
(CVD), contributing to the development and progression of atherosclerotic lesion formation, plaque rupture, and
thrombosis. An increasing body of evidence also supports a functional role for complement activation in the
pathogenesis of CVD through pleiotropic effects on endothelial and hematopoietic cell function and hemostasis.
Complement activation contributes to endothelial cell activation; leukocyte and vascular smooth muscle cell
(VSMC) migration; platelet adhesion, activation and aggregation; activation of coagulation; and impaired
�brinolysis 53,54. Treatment with high dose SXC appears to inhibit all these processes. In particular, platelet
activation and aggregation are inhibited via C1q/PKC/P-selectin and collagen I/collagen III/FC gamma/RII alpha
receptor. Also inhibited by treatment are platelet-neutrophil-endothelial cell aggregations within the vasculature,
which are otherwise increased in CVD and even in risk factors such as hypertension and dyslipidemia. Binding of
ICAM1 with alpha M/beta–2 integrin receptor (also downregulated in this dataset) permits interactions to occur
between neutrophils and endothelial cells, which in turn cause leukocyte rolling, adhesion, and �nally
transmigration to the intima layer of the vasculature. Eosinophil-platelet adhesion, which occurs during thrombosis,
is also downregulated.

Taken together we used SHRs to analyze the hypotensive effects of SXC and valsartan in vivo, and reported the
overall gene expression pro-�les from thoracic aorta of SHRs orally treated with SXC for the �rst time. Our results
suggest that dietary intake of SXC had mild BP lowering effect. Both valsartan and SXC high-dose down-regulated
processes related to vascular remodeling and dyslipidemia. Smooth muscle relaxation was unique key pathway to
valsartan due to its action as an angiotensin receptor antagonist, while down-regulation of the complement system,
leukocyte rolling, and endothelial dysfunction was unique key pathway to SXC. The effects of SXC high-dose
treatment appear to be broader than valsartan and the bene�ts could be summarized as follows. SXC high-dose
treatment reverses the vascular remodeling process, it inhibits vascular in�ammation and atherosclerosis by
inhibiting platelet activation, adhesion and activation, as well as adhesion between platelets, endothelial cells, and
leukocytes, thus reversing endothelial dysfunction and likely reducing peripheral vascular resistance. It also
appears to activate �brinolysis thereby inhibiting thrombus formation. In addition, it regulates the metabolism of
lipids and glucose, which are associated with multiple conditions such as obesity, diabetes, metabolic syndrome,
and cardiovascular disorders.

Conclusions
Those results provided valuable information for our understanding of the molecular mechanisms that underlie the
potential antihypertensive activities of SXC, and will contribute towards increased value-added utilization of SXC.
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Tables

Table 1. The systolic blood pressure (SBP) diastolic blood pressure (DBP) of the rats in different groups (mean±SE,

mmHg,)

  Groups Animal
number

Weeks
  0 1 2 3 4

SBP Control group 8 186.04±4.19 198.83±3.57 207.58±4.85 205.08±4.89 210.38±2.40
Valsartan
group

6 193.43±2.23 170.21±2.68*** 164.00±2.96*** 168.40±2.89*** 168.39±3.89***

SXC low-dose
group

6 186.46±4.97 186.33±5.04 182.68±4.01** 183.72±3.50** 181.98±3.77***

SXC high-dose
group

6 193.24±3.13 190.20±4.75 190.95±7.06 185.85±1.45** 196.04±5.38*

DBP Control group 8 138.88±5.13 156.67±4.01 156.79±8.51 164.63±4.54 172.58±2.60
Valsartan
group

6 134.31±3.81 111.02±2.62*** 107.46±1.67*** 103.27±1.63*** 113.46±3.79***

SXC low-dose
group

6 126.70±5.23 122.58±6.43*** 121.51±4.71*** 123.32±4.45*** 121.54±3.73***

SXC high-dose
group

6 130.39±1.94 127.24±4.43*** 121.86±4.52*** 122.88±0.82*** 126.30±2.72***

 P values werer calculated using the Two-way ANOVA, *P<0.05 **P<0.01 ***P<0.001 vs. control group.

 

Table 2. Topologically significant genes (TSGs ) for each sample group, ranked by adjusted P value.
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TSGs Category Rank Valsartan   SXC low-dose   SXC high-dose  
    Name Adjusted   

P value
Name Adjusted   

P value
Name Adjusted    P

value
Overconnected 1 SP1 1.23E-12 SP1 7.37E-13 SP1 2.37E-05

2 PPAR-alpha/RXR-
alpha

6.93E-11 GCR 9.21E-09 HIF1A 4.25E-05

3 PPAR-
gamma/RXR-
alpha

1.34E-07 PPAR-
alpha/RXR-
alpha

1.64E-07 HNF3-beta 6.56E-05

4 PPAR-gamma 2.71E-07 GATA-2 4.24E-07 HIF-1 9.44E-05
5 ERR3 1.83E-06 PPAR-

gamma/RXR-
alpha

1.31E-06 PPAR-
gamma/RXR-
alpha

0.000130829

Hidden nodes 1 PPAR-gamma 3.72E-12 PLAUR(uPAR) 9.81E-15 PLAUR(uPAR) 7.27E-15
2 MEF2D 3.15E-10 c-Fos 1.60E-12 ADAM12 1.63E-13
3 LXR-alpha 3.66E-10 Fibronectin 1.98E-12 Fibronectin 4.48E-13
4 SP1 5.32E-10 ADAM12 1.78E-11 c-Fos 1.06E-10
5 NF_AT1(NFATC2) 3.75E-09 L-selectin 1.81E-11 MMP-13 3.38E-10

Causal
reasoning
hyotheses

1 MEK1(MAP2K1) 1.91E-08 Thrombospondin
2

5.77E-07 ZNF706 2.97E-07

2 CNOT3 1.23E-07 PRK1 3.09E-06 SP1/SP3
complex

3.18E-07

3 PRC(PGC-1
related)

1.87E-07 SSPH1 3.87E-06 TLE2 4.43E-07

4 HES1 2.67E-07 CNOT3 4.01E-06 ARR19 7.07E-07
5 DSIPI(GILZ) 3.52E-07 Dynamin-3 4.02E-06 CNOT3 7.07E-07

 

Table 3. Top 10 key pathway maps for SXC high-dose treatment

Key Mpas ID Genelist TSgenes Union
Putative pathways of activation of classical complement system in major depressive
disorder

4.02E-05 0.000965477 9.91E-06

Role of iNKT and B cells in T cell recruitment in allergic contact dermatitis 0.000567424 2.02E-08 8.19E-09
Development_Role of G-CSF in hematopoietic stem cell mobilization 0.0007310930.000293084 7.88E-07
Role of cell adhesion in vaso-occlusion in Sickle cell disease 0.00077053 0.000903643 2.11E-06
Regulation of lipid metabolism_G-alpha(q) regulation of lipid metabolism 0.0009716280.0066373350.000118804
Immune response_Regulatory role of C1q in platelet activation 0.001226119 7.51E-05 1.20E-05
Role of adipose tissue hypoxia in obesity and type 2 diabetes 0.002240057 2.03E-05 2.26E-08
Vascular endothelial cell damage in SLE 0.0025199130.0168298920.000405042
Pioglitazone and Rosiglitazone in treatment of type 2 diabetes and metabolic
syndrome X

0.002665178 1.92E-05 2.12E-06

Neutrophil adhesion and transendothelial migration in asthma 0.0032731910.0278034230.000506431

Genelist, P value fro enrichment with DEGs; Tsgenes, P value for enrichment with topologically significant genes; Union, P
value for enrichment with DEGs & Tsgens

 

Table 4. Top 10 key pathway maps for valsartan treatment
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Key Mpas ID Genelist TSgenes Union
Pioglitazone and Rosiglitazone in treatment of type 2 diabetes and metabolic
syndrome X

9.70E-06 0.0017434854.43E-06

Role of cell adhesion in vaso-occlusion in Sickle cell disease 0.0003076960.0053493288.79E-05
Development_Beta adrenergic receptors in brown adipocyte differentiation 0.0007950329.48E-06 1.30E-07
Lipoprotein metabolism 0.0009148450.0004468351.60E-05
VLDL, LDL dyslipidemia in type 2 diabetes and metabolic syndrome X 0.0012367130.0234759420.000203458
Regulation of lipid metabolism_G-alpha(q) regulation of lipid metabolism 0.0013955590.0005324556.12E-05
Development_Transcriptional regulation of megakaryopoiesis 0.0014027340.0124586010.000400422
Transport_HDL-mediated reverse cholesterol transport 0.0026251040.0014442610.00018817
Role of adipose tissue hypoxia in obesity and type 2 diabetes 0.0029944690.0280615060.000497865
Regulation of IGF family activity in colorectal cancer 0.0034459840.0096850750.000195788

Genelist, P value fro enrichment with DEGs; Tsgenes, P value for enrichment with topologically significant genes; Union, P

value for enrichment with DEGs & Tsgens

Table 5 Overlapping pathways between SXC and valsartan treatment.

Key pathway ID PCD SXC high-dose
Genelist Tsgenes Union Genelist Tsgenes Union

Regulation of lipid metabolism_G-alpha(q)
regulation of lipid metabolism

0.0013955590.0005324556.12E-05 0.0009716280.0066373350.000118804

Role of cell adhesion in vaso-occlusion in
Sickle cell disease

0.0003076960.0053493288.79E-05 0.00077053 0.0009036432.11E-06

Role of iNKT and B cells in T cell
recruitment in allergic contact dermatitis

0.0100123480.0138360170.0006120860.0005674242.02E-08 8.19E-09

Lipoprotein metabolism 0.0009148450.0004468351.60E-05 0.0047864083.09E-05 8.38E-07
Development_Transcriptional regulation of
megakaryopoiesis

0.0014027340.0124586010.0004004220.0046350580.0091036360.000889546

Aminoglycoside- and cisplatin-induced hair
cell death

0.0317022218.18E-05 1.55E-05 0.0424967470.0003073712.52E-05

Stem cells_TGF-beta family mediated
differentiation of embryonic stem cells

0.0458179930.02602198 0.0019499710.0370934720.0002211236.58E-05

VLDL, LDL dyslipidemia in type 2 diabetes
and metabolic syndrome X

0.0012367130.0234759420.0002034580.0307671910.0004240760.000118927

Immune response_IL-10 signaling pathway 0.0059645820.0485424390.0012867470.0307334420.0347271250.001595638
Pioglitazone and Rosiglitazone in treatment
of type 2 diabetes and metabolic syndrome
X

9.70E-06 0.0017434854.43E-06 0.0026651781.92E-05 2.12E-06

Role of Diethylhexyl Phthalate and
Tributyltin in fat cell differentiation

0.0059512664.78E-05 1.60E-05 0.02582707 0.0003104937.24E-05

Vascular endothelial cell damage in SLE 0.0251609220.0003611760.0001415410.0025199130.0168298920.000405042
Role of adipose tissue hypoxia in obesity
and type 2 diabetes

0.0029944690.0280615060.0004978650.0022400572.03E-05 2.26E-08

Development_Differentiation of white
adipocytes

0.0079277453.88E-09 2.32E-09 0.0178711090.0001099051.19E-05

Transport_HDL-mediated reverse
cholesterol transport

0.0026251040.0014442610.00018817 0.0140205410.00106627 0.000115123

Main genetic and epigenetic alterations in
lung cancer

0.0398177370.0063270180.0013589190.0102761750.0150249710.002217789

Genelist, P value fro enrichment with DEGs; Tsgenes, P value for enrichment with topologically significant genes; Union, P

value for enrichment with DEGs & Tsgens
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Table 6. Key pathway maps unique to SXC high-dose treatment group.

Key pathway ID Genelist Tsgenes Union
Putative pathways of activation of classical complement system in major
depressive disorder

4.02E-05 0.0009654779.91E-06

Development_Role of G-CSF in hematopoietic stem cell mobilization 0.0007310930.0002930847.88E-07
Immune response_Regulatory role of C1q in platelet activation 0.0012261197.51E-05 1.20E-05
Neutrophil adhesion and transendothelial migration in asthma 0.0032731910.0278034230.000506431
Transcription_HIF-1 targets 0.0049652793.05E-05 1.49E-07
IGF signaling in lung cancer 0.0072570250.0006821977.95E-05
Eosinophil adhesion and transendothelial migration in asthma 0.0099570341.38E-07 1.19E-08
Immune response_Role of integrins in NK cells cytotoxicity 0.0128649790.00026858 8.89E-05
Immune response_IL-5 signaling via PI3K, MAPK and NF-kB 0.0140855863.00E-07 9.14E-09
Stem cells_NOTCH1-induced self-renewal of glioblastoma stem cells 0.0145821899.35E-06 1.05E-06
Development_Astrocyte differentiation from adult stem cells 0.0145821890.0066373350.00047126
Th17 cells in CF 0.0167744360.0066197670.001358136
Autocrine production of eosinophil pro-survival cytokines in asthma 0.0184960710.0021337790.000205287
Cell adhesion_PLAU signaling 0.0207063 0.00246708 0.00026588
Inflammatory factors-induced expression of mucins in normal and asthmatic
epithelium

0.0207063 0.0096328640.000961138

Retinoic acid regulation of oligodendrocyte differentiation in multiple sclerosis 0.02582707 0.0156692440.000500631
Epithelial cell apoptosis in COPD 0.0261232960.0106989430.001143086
Role of CD8+ Tc1 cells in COPD 0.0263452528.62E-06 2.11E-06
IL-6 signaling in tumor-associated monocytes/macrophages in breast cancer 0.0331934120.0002303838.89E-05
Immune response_Role of HMGB1 in dendritic cell maturation and migration 0.0333185450.0172725230.000836226
Role of B cells in SLE 0.0365341830.0364254670.004832008
Development_Leptin signaling via JAK/STAT and MAPK cascades 0.0383059920.0049297 0.00027204
Hypertrophy of  asthmatic airway smooth muscle cells 0.0386670570.0001252980.000110628
Breast cancer (general schema) 0.0411315540.0216234030.004471035
Mechanisms of CAM-DR in multiple myeloma 0.0414554750.0060822960.003861679
Neuroendocrine transdifferentiation in Prostate Cancer 0.0414554750.02027822 0.010563399
Proinflammatory cytokine production by Th17 cells in asthma 0.0472398370.0021864610.000555421
Role of IL-6 in obesity and type 2 diabetes in adipocytes 0.0484628944.54E-06 3.54E-06
IL-6 signaling in breast cancer cells 0.0492214580.0076267130.001894012
Transcription_Role of the non-genomic action of Retinoic acid and
phosphorylation of Retinoic acid receptors in the initiation of transcription

0.0492214580.0244197 0.001894012

Genelist, P value fro enrichment with DEGs; Tsgenes, P value for enrichment with topologically significant genes; Union, P
value for enrichment with DEGs & Tsgens

 

Table 7. Key pathway maps unique to valsartan treatment group.
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Key pathway ID Genelist Tsgenes Union
Development_Beta adrenergic receptors in brown adipocyte differentiation 0.000795032 9.48E-06 1.30E-07
Regulation of IGF family activity in colorectal cancer 0.0034459840.0096850750.000195788
Adiponectin in pathogenesis of type 2 diabetes 0.0042922020.011559631 5.09E-05
Role of ZNF202 in regulation of expression of genes involved in atherosclerosis 0.0042922020.000339496 5.09E-05
Aberrant lipid trafficking and metabolism in age-related macular degeneration
pathogenesis

0.004763555 1.85E-05 9.43E-06

Immune response_HSP60 and HSP70/ TLR signaling pathway 0.005254697 4.01E-05 2.93E-06
Oxidative stress in adipocyte dysfunction in type 2 diabetes and metabolic
syndrome X

0.0081647720.0286729860.001013013

Development_Neural stem cell lineage commitment (schema) 0.0083939350.0162369210.000174023
Protein folding and maturation_Angiotensin system maturation \ Rodent version 0.0092519560.0214936770.004577634
Stem cells_BMP signaling in cardiac myogenesis 0.0097342180.0047306020.000236524
NETosis in SLE 0.0113142340.0274309350.002853749
Development_Oligodendrocyte differentiation from adult stem cells 0.015393263 4.91E-07 4.28E-07
Maturation and migration of dendritic cells in skin sensitization 0.0153932630.0019268670.000149353
Development_Retinoic acid and retinoic acid receptors in regulation of
oligodendrocyte differentiation

0.0166770230.001743485 3.19E-05

Fenofibrate in treatment of type 2 diabetes and metabolic syndrome X 0.0166770230.0002567210.000195788
CREB1-dependent transcription deregulation in Huntington's Disease 0.0197732280.011559631 0.00143771
Protein folding and maturation_Angiotensin system maturation \ Human version 0.0197732280.0115596310.006033284
TNF-alpha, IL-1 beta induce dyslipidemia and inflammation in obesity and type 2
diabetes in adipocytes

0.0212213490.000636714 8.30E-05

Transport_Low density lipoproteins assembly and remodeling 0.0227267670.0158560440.003336313
LRRK2 and immune function in Parkinson's disease 0.0259587590.0034476550.000537509
Effect of H. pylori infection on apoptosis in gastric epithelial cells 0.0259797770.0037423480.001520347
Th1 cells in dry eye 0.0294694320.000355774 6.46E-05
Regulation of lipid metabolism_Regulation of fatty acid synthesis: NLTP and
EHHADH

0.0297833050.0023905290.000702703

Development_Beta-adrenergic receptors signaling via Cyclic AMP 0.0313689350.0047635780.002224803
iNKT cell-keratinocyte interactions in allergic contact dermatitis 0.0370040560.001245507 7.50E-05
Reactive oxygen and nitrogen species production in eosinophils in asthma 0.0370040560.0207400630.004091714
Macrophage and dendritic cell phenotype shift in cancer 0.0397418390.002490069 0.00093147
Niacin-HDL metabolism 0.0425429840.0053286390.001738605
Regulation of metabolism_Role of Adiponectin in regulation of metabolism 0.0458179930.0072890750.000550557
SHH signaling in oligodendrocyte precursor cells differentiation in multiple
sclerosis

0.0469193170.0333309460.002120527

Stem cells_NODAL signaling in early mesendoderm formation 0.04944411 0.0065830150.000484669

Genelist, P value fro enrichment with DEGs; Tsgenes, P value for enrichment with topologically significant genes; Union, P

value for enrichment with DEGs & Tsgens

Figures
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Figure 1

The content of angiotensin II and aldosterone in rats serum. (A) The serum angiotensin II levels in different groups;
(B) The serum aldosterone levels in different groups. Control group (n=8), the model group rats were orally
administered with saline (7.5mL•kg-1) for 4 weeks; valsartan group (n=6), rats were orally administered with
valsartan (21.6mg•kg-1) for 4 weeks; SXC low-dose group (n=6), rats were orally administered with SXC (236.25
mg•kg-1) for 4 weeks; SXC high-dose group (n = 6), rats were orally administered with SXC (708.75 mg•kg-1) for 4
weeks. (Compared with control group, **P<0.01, ***P<0.001).
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Figure 2

Identi�cation and hierarchical clustering of DEGs. (A).Principal components analysis plot of samples,colored by
sample group (PCD group: valsartan treated group). Volcano plot of DEGs in valsartan group compared to model
group (B), SXC low-dose group compared to model group (C) and SXC high-dose group compared to model group
(D). The cut-off criteria were │log2FC│>1 and P<0.05. The red dots represented the up-regulated genes, and the
green dots denoted the down-regulated genes. The gray dots indicated the genes with a │log2FC│<1 and/or
P>0.05. (E) Heat map of the top 20% DEGs. Horizontal band with the cluster tree at the top: green, control group
samples; red, treated group samples. Each row represented a single gene: green, downregulated DEGs; red,
upregulated DEGs. The depth of the color denoted the change degree.

Figure 3
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Heat map of the top 500 DEGs in different treatment groups compared to the control group. Horizontal band with
the cluster tree at the top: Blue, control group samples; pink treatment group. Each row represented a single gene:
green, down-regulated DEGs; red, up-regulated DEGs. The depth of the color denoted the change degree.

Figure 4

Signi�cant enriched GO terms of the DEGs. The vertical iterms were the name of the name of the GO terms. The
horizontal and the length of the graph represented the gene numbers. The color in the graph denoted the different
GO categories: blue, molecular functions; green, cellular compartments; peach, biological process. The number on
the bar chart are adjusted P values.
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Figure 5

Identi�cation of pathways dysregulated in valsartan, SXC low-dose and SXC high-dose treatment. The top 5
pathways most enriched for DEGs in vassartan, SXC low-dose and SXC high-dose treatment group compared to
control as measured by microarray. P value and adjusted P value were shown in right column.
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Figure 6

Causal network model for SXC high-dose treatment compared to control. (A) Complement system, immune
response, leukocyte rolling and vascular remodeling processes of the proposed causal net work for SXC high-dose
VS. Control. (B) Lipid metabolism, dyslipidemia and in�ammatory processes of the proposed causal network model
for TCM high dose VS. Control. Blue thermometers indicate downregulated genes while red are upregulated genes.
Thermometer numbers represent dataset: 1, differentially expressed genes; 2, toplogically signi�cant genes (show
in yellow).
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Figure 7

Causal network model for valsartan treatment compared to control. (A) Vascular remodeling and smooth muscle
relaxation processes of the proposed causal network model for valsartan VS. Control. (B) Lipid metabolism
processes of the proposed causal network model model for valsartan VS. Control. Blue thermometers indicate
downregulated genes while red are upregulated genes. Thermometer numbers represent dataset: 1, differentially
expressed genes; 2, toplogically signi�cant genes (show in yellow).
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