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Tengfu Jiangya Tablet (TJT) is a well accepted antihypertension drug in China and its major active components were Uncaria total
alkaloids and Semen Raphani soluble alkaloid. To further explore treatment effects mechanism of TJT on essential hypertension,
a serum proteomic study was performed. Potential biomarkers were quantified in serum of hypertension individuals before and
after taking TJT with isobaric tags for relative and absolute quantitation (iTRAQ) coupled two-dimensional liquid chromatography
followed electrospray ionization-tandem mass spectrometry (2D LC-MS/MS) proteomics technique. Among 391 identified proteins
with high confidence, 70 proteins were differentially expressed (fold variation criteria, >1.2 or <0.83) between two groups (39
upregulated and 31 downregulated). Combining with Gene Ontology annotation, KEGG pathway analysis, and literature retrieval,
5 proteins were chosen as key target biomarkers during TJT therapeutic process. And the alteration profiles of these 5 proteins were
verified by ELISA and Western Blot. Proteins Kininogen 1 and Keratin 1 are members of Kallikrein system, while Myeloperoxidase,
Serum Amyloid protein A, and Retinol binding protein 4 had been reported closely related to vascular endothelial injury. Our
study discovered 5 target biomarkers of the compound Chinese medicine TJT. Secondly, this research initially revealed the

antihypertension therapeutic mechanism of this drug from a brand-new aspect.

1. Introduction

Characterized by functional and structural vascular abnor-
malities, essential hypertension (EH) is a global noncommu-
nicable epidemic disease. EH always results in complications
of various organ systems [1, 2]. Currently, the incidence of
EH was found increasing year by year [3]. For this reason,
development of new antihypertension drugs attracted much
attention from global researchers.

Characterized by “multiple-effects, multiple-targets, and
multiple-compounds,” Traditional Chinese medicine (TCM)
was widely accepted in eastern countries [4]. Tengfu Jiangya
Tablet (T]T) is a registered TCM (number Z20110021, Shan-
dong provincial food and Drug Administration). This Chi-
nese patent medicine was developed on the basis of TCM

theory and modern preparation technologies. TJT is one of
the best selling drugs which was taken daily by many patients
for controlling hypertension. TJT has been widely applied
in China and well accepted for its excellent bioactivities and
efficacy in clinical practices. The main raw materials of TJT
were Uncaria rhynchophylla and Semen Raphani. Previous
studies have revealed that main effective components of
TJT were Uncaria total alkaloids (including Rhynchophylline
and Isorhynchophylline) and Semen Raphani soluble alkaloid
(mainly sinapine thiocyanate) [5]. Pleiotropic effects of TJT
included improved endothelial function, antioxidant and
anti-inflammatory [6-8].

TJT was found lacking systemic pharmacomechanism,
a problem with the application. Although previous studies
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FIGURE 1: Overview of the workflow for exploring and verifying target biomarkers. In the discovery section, the two groups were randomly
divided into two subgroups for biological repetition (EH1, n = 15; EH2, n = 15; TJT1, n = 15; TJT2, n = 15). Then, in verification section, the
remaining 17 samples and 13 samples involved in the discovery section were applied in verification.

revealed that high blood pressure (BP) was improved with
TJT, no definite evidence was found with such molecular
mechanism as hypertension associated target biomarkers
in blood circulation. Proteins are direct executors in vital
activities, and the expression level of proteins varies in all
stages of life activities. Proteomics could dynamically reveal
genetic manipulation, endogenous changes, and exogenous
stimuli [9]. Fortunately, based on modern systematic theory,
proteomics allows for an integrity identification of physiolog-
ical variations. The specific target biomarkers in proteomics
were associated with pathogenesis process, which was varied
in individuals with different disease development stages or
after drug intervene [10, 11].

In this study, it was to screen out the effective target pro-
teins, through which TJT made effects on protecting vascular
endothelial function and modulating BP. This study consists
of two parts: discovery section and verification section, and
the workflow is demonstrated in detail in Figure 1. Firstly,
in the discovery section, quantitative proteomic technique
(iTRAQ coupled 2D-LC-MS/MS) was employed to identify
and quantify the expression level of proteins between EH
individuals before and after TJT treatment. Gene Ontology

(GO) analysis, KEGG, and literature retrieval were employed
to select out candidate target proteins closely related to blood
pressure regulation. Secondly, in the verification section, can-
didate target proteins were validated by ELISA and Western
Blot.

2. Material and Methods

2.1. Preparation of Drugs. Tengfu Jiangya Tablet (TJT) was
provided by Pharmacy Department of the Affiliated Hospital
of Shandong University of Traditional Chinese Medicine
(Jinan, Shandong). The main effective components in TJT
were quantitatively determined according to the quality
standard established in previous studies. The content of Rhyn-
chophylline was determined to be higher than 1.182 mg while
less than 1.444 mg in each piece; the content of sinapine
thiocyanate was more than 6.001 mg and less than 7.335 mg

[5].

2.2. Patient Groups and Drug Treatment. EH patients were
recruited from the Outpatient department of Cardiology in
the Affiliated Hospital of Shandong University of Traditional
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Chinese Medicine (Shandong, China). It was reviewed and
approved by the Ethics Committee of the Affiliated Hospital
of Shandong University of Traditional Chinese Medicine.
The protocol was approved by institutional review board and
written informed consent was obtained from all patients. All
EH patients were defined and screened following the criteria
of Hypertension Prevention and Cure Guideline (in Chinese,
2010). 47 patients (age range: 43-62, average 55.87 + 8.41) met
the BP criteria (140 mmHg < SBP < 179 mmHg or 90 mmHg
< DBP <109 mmHg) after a washout period of two weeks.

Patients were treated with TJT orally (taking 2 tablets
three times per day) for 4 weeks. Such clinical parameters
as systolic blood pressure and diastolic blood pressure (Sup-
plementary Figure 1 in Supplementary Material available
online at https://doi.org/10.1155/2017/7594805) were deter-
mined before and after T)T treatment. The morning fasting
venous blood of all included patients was obtained before (EH
group) and after TJT treatment for 4 weeks (TJT group).

Patients with secondary hypertension, diabetic mellitus,
uncontrolled hypertension, heart failure, mental disorder,
renal dysfunction, or liver disease and women with preg-
nancy and breastfeeding and planning to be pregnant were
excluded in this study as well.

2.3. Sample Preparation and Distribution. Blood samples
were collected and allowed to clot in vacuum tubes without
anticoagulant. Samples were centrifuged at 4000 rpm for
10 min under 4°C to separate serum. Serum samples were
immediately dispensed into the sterile EP tubes and stored at
—-80°C. Hemolysis was eliminated in the samples as well [12].

Serum samples of 30 patients were randomly selected out
from 47 patients for the discovery section. The remaining 17
patients and 13 patients involved in the discovery section were
jointly analyzed in verification section. In verification section,
on the one hand, the remaining 17 patients were tested to
confirm the generalizability of previous result. On the other
hand, we tested the 13 patients again to prove the previous
result was not accidental.

Clinical parameters of EH patients between discovery
section (n = 30) and verification section (n = 30) were listed
in Supplementary Table 1. To minimize the interferences
from complex samples, the highly abundant proteins were
depleted with ProteoMinerTM Kits (Bio-Rad Laboratories,
Hercules, CA, USA).

2.4. Trypsin Digestion, ITRAQ Labeling, and SCX Fractiona-
tion. To reduce individual differences, a pooled sample was
prepared from the mixture of 15 samples (with the equal
amount) in groups EH and TJT, respectively. Thus, there were
4 pooled samples (Groups EHI, EH2, TJT1, and TJT2) which
would be analyzed in following experiment. The pooled
samples were reduced with DTT (10 mmol/L) and alkylated
with IAM (55 mmol/L). Then, samples were precipitated by
cold acetone at —20°C overnight. After centrifugation at
30,000g under 4°C, the pellet was dissolved in 0.5 M TEAB
(Applied Biosystems, Milan, Italy) and sonicated in ice. After
centrifuging, total protein concentration of the supernatant
was measured with Bradford method (Solarbio, Beijing,
China) [13]. Proteins (with the amount of 100 ug) of each

sample were digested with trypsin and labeled with iTRAQ
reagents (Applied Biosystems, USA). EH1 and EH2 were
labeled with iTRAQ 113 and 115 reagent, respectively; TJT1
and TJT2 were each labeled with iTRAQ 114 and 116 reagent.

The labeled samples were resolved into 20 fractions
with an Ultremex SCX column containing 5pum particles
(Phenomenex, USA). The eluted fractions were then desalted
with a Strata X CI8 column (Phenomenex, USA) and dried
under vacuum [14].

2.5. LC-ESI-MS/MS Analysis Based on Q EXACTIVE. Each
20 SCX separated fraction was resuspended in buffer A
(5% ACN, 0.1% FA). After mixing, solution was centrifuged
and precipitation was collected. The supernatant was con-
tinually separated by LC-20AD nano HPLC (Shimadzu,
Kyoto, Japan). Fractions were transferred into CI8 column
for gradient elution. Samples were first loaded at 8 yL/min
for 4 min, followed by a gradient elution program: 0-4 min,
5% B (98% ACN, 0.1% FA); 4-48 min, 2%-35% B; 48-50 min,
35%-80% B; 50-54 min, 80% B; 54-55min, 80%-5% B; the
running speed was 300 nL/min.

The obtained peptides were subjected to nanoelectro-
spray ionization followed by tandem mass spectrometry
(MS/MS) in an Q EXACTIVE (Thermo Fisher Scientific, San
Jose, CA) coupled online to the HPLC. Program settings:
peptides detect resolution, 70000; collision energy, 27 V;
ion fragments detect resolution, 17500; electrospray voltage,
1.6 kV; m/z scan range for MS, 350 to 2000 Da; m/z scan
range for MS2, 100-1800 Da.

2.6. Database Screening. Raw data was acquired from the
Orbitrap and converted into MGF files with Proteome Dis-
coverer 1.2 (PD 1.2, Thermo). The data was searched in
MGEF file. Proteins identification was performed with Mascot
search engine (Matrix Science, London, UK; version 2.3.02)
against database including 143,397 sequences (Homo sapiens,
release-2014_12).

The Mascot search criteria were set with following
criteria: precursor mass tolerance: 20 ppm; fragment ions
tolerance: 0.05Da; enzyme: trypsin; fixed modifications:
Carbamidomethyl (C), iTRAQ 8plex (N-term), iTRAQ 8plex
(K); variable modifications: Gln- >pyro-Glu (N-term Q),
Oxidation (M), Deamidated (NQ); maximum missed cleav-
age sites: 1; instrument type: default. The decoy database
search was set to avoid false positives in Mascot searches.
Only peptides with Mascot probability analysis greater than
“identity” (95% confidence interval) were counted as identi-
fied. And at least one unique peptide was involved in each
confidently identified protein.

Only protein with fold change meeting the criteria (>1.2
or <0.83) and p values < 0.05 was considered as protein with
significant expression differences.

2.7. Informatics Analysis. After proteins were identified, the
functional classifications (molecular function, cellular com-
ponent, and biological process) were annotated by GO data-
base. The pathway annotation was performed with KEGG
database. Protein interaction network mode was created with
the String database.
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2.8. ELISA and Western Blot. To confirm the identification
and variation of candidate proteins, ELISA was employed to
quantify the concentrations of these candidates. The remain-
ing 17 samples and 13 samples involved in the discovery
section were included in this verification section. Human
Retinol binding protein 4 (RBP4), Kininogen 1 (KNGI),
Keratin 1 (KRT1) ELISA kit (Cusabio Biotech, Wuhan, Hubei,
China), Human Serum amyloid protein A (SAA) ELISA kit
(Abcam, Cambridge, MA, USA), and Human Myeloperox-
idase (MPO) ELISA kit (Uscn Life Science, Wuhan, Hubeli,
China) were applied to determine the concentration of
proteins in each serum sample in validation set (30 samples
in EH group and 30 samples in TJT treated group). Mea-
surements of each sample were performed in duplicate
according to manufacturer’s instructions. The concentration
of bradykinin, which was the downstream product of KNGI,
was also detected with ELISA kit (Cusabio Biotech, Wuhan,
Hubei, China). Different expressed proteins KNGI1 and RBP4
were closely related to EH; thus the two proteins were also
verified by Western Blot to confirm the results obtained by
iTRAQ proteomic analysis.

50 ug serum protein of each group was separated in
15% w/v SDS-PAGE and transferred to PVDF membrane
(0.22 ym) with semidry transfer system (BIO-RAD Trans-
Blot Turbo, US). After blocking and washing, membranes
were incubated with antibody (1:1000) (Abcam, Cambridge,
UK) overnight at 4°C. Then the membranes were washed and
incubated with second antibody (1:20000, HRP labeled goat
anti-rabbit IgG) (ZSGB-BIO, China) at room temperature for
2h. After washing, the blots were detected with ECL solution
(Millipore, GER). Transferrin was chosen as internal marker
(Rabbit anti-Transferrin antibody, bs-2052R, Beijing, China)
[15]. Finally, the intensity of protein bands was analyzed by
Quantity One software (Bio-Rad, USA). The experiment was
performed in triplicate.

2.9. Statistical Analysis. All the measurement data were
expressed as Mean + SD. Statistical analysis was performed
with SPSS16.0 statistical package. For comparisons between
groups, all comparative data was analyzed with independent
T-test or Chi-square test. A threshold of p < 0.05 indicated
significant difference.

3. Results

3.1 Protein Quantification and Candidate Proteins Identifica-
tion. In the discovery section, serum proteins were analyzed
and compared in EH and TJT treatment groups. A total of
2305 peptides were identified with a false discovery rate of 1%,
while 391 proteins were identified with 95% confidence
interval (Supplementary Table 2). All of these proteins were
reliably quantified. Among them, 70 proteins (Supplementary
Table 3) were identified to be differentially expressed, with
statistical significance (p < 0.05). With a fold change thresh-
old of 20% (ratios > 1.20 or <0.83), 31 proteins were upregu-
lated (EH-Vs-TJT) and 39 proteins were downregulated.

In the discovery section of this study, one biological
repetition was designed to reduce individual differences and
enhance the confidence of this study. In sample preparation,
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the serums in each group were randomly divided into two
subgroups. Then the samples in each subgroup were pooled
and 4 subgroups were obtained: EH1 (iTRAQ labeled 113),
EH2 (iTRAQ labeled 115), TJT1 (iTRAQ labeled 114), and
TJT2 (iTRAQ labeled 116). The results of both intragroup
replicate and repetitive assessment between comparison
groups showed a good repeatability (Figure 2). There were
only two groups involved in our study, we set up a replication
to eliminate random difference and enhance the credibility of
this study. Fortunately, the mean error within group is only
8.6% (EH1/EH2) and 8.4% (TJT1/TJT2). Meanwhile in both
two comparable groups, the variation range of more than 95%
identified proteins was below 30%. And the CV values were
below 30% (coverage ratio > 95%). All the replication data
proved that the quantification and comparison results were
reliable and repeatable in this experiment.

3.2. Bioinformatics. The datasets of identified proteins were
searched for exploring potential relevant biomarkers. Firstly,
the bioinformation function of 70 differentiated proteins
was analyzed. GO functional annotation was employed
to determine the cellular component, molecular function,
and biological process of these proteins (Figure 3). The
cellular component annotation showed that most of the
differentiated proteins were located in extracellular region
(19.40%), extracellular region part (15.72%), cell (11.04%), and
cell part (11.04%). Molecular function annotation revealed
that the dominant functions of these proteins were bind-
ing (43.27%), catalytic activity (14.42%), enzyme regulator
activity (13.46%), and transporter activity (9.62%). However,
the biological process of these proteins was differed. The
major biological processes of these proteins were biological
regulation (8.65%), response to stimulus (8.65%), metabolic
process (8.15%), and regulation of biological process (7.99%).

The candidate target biomarkers should be associated
with the regulation of vascular function. Thus, the candidates
must be secretary proteins with regulation functions, acting
as binding receptors or catalyst in relevant biological process.
In addition, meanwhile, KEGG database and pertinent liter-
ature were searched for these differentiated proteins. Finally,
20 candidate proteins (Table 1) were selected out as they
were closely associated with vascular endothelial function or
reported to make effects in EH pathological mechanism.

In order to explore the interactions of these 20 differ-
entiated proteins during TJT treatment, String database was
also searched for the protein-protein interaction network.
String map (Figure 3(d)) displayed the genetic constitution,
physical, and functional interaction among these proteins,
from which 5 proteins (proteins KNGI1, KRT1, MPO, RBP4,
and SAA) were located in central of the network and they
were selected as target candidates in TJT treatment process.

3.3. Validation of Candidate Proteins. All of these 5 can-
didate proteins were verified individually with ELISA. The
concentrations of KNGI in the EH and TJT group were
11743 + 33.61ug/ml and 208.57 + 41.19 ug/ml, respectively.
The concentrations of KRT1 in the EH and T]T group were
0.53 £+ 0.13ng/ml and 1.16 = 0.33 ng/ml, respectively. The
concentrations of MPO in the EH and TJT group were
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FIGURE 2: Reproducibility of proteomic analysis. Abscissa represented different variation levels, the left ordinate represented the number
of quantitative proteins at different variation level, and the right ordinate represented the accumulation ratio of total quantitative protein at
different variation level. (a and b) indicated comparison of intragroup (EHI/EH2, TJT1/TJT2), while (c) indicated the reproducibility between

two comparison groups (EHI versus TJT1/EH2 versus TJT2).

91.91 + 27.65ng/ml and 35.14 + 9.33 ng/ml, respectively. The
concentrations of RBP4 in the EH and TJT group were 18.51
+ 3.60 ug/ml and 12.42 + 1.78 ug/ml. The concentrations of
SAA in the EH and TJT group were 36.38 + 5.54 ng/ml and
28.20 +3.97 ng/ml.

In this study, the levels of serum protein KNG1 and KRT1
were increased after T]JT treatment. Meanwhile, both KEGG
analysis and literature retrieval revealed that the two proteins
were involved in kallikrein-kinin system (KKS). KNGl is the
precursor of bradykinin, while KRTI is an assistant protein
during the production of bradykinin. So it is supposed that
the level of bradykinin could be raised by TJT treatment,
resulting in lowered blood pressure through KKS pathway. In
addition, to further verify our speculation, the levels of
bradykinin in two groups were tested with ELISA. The
concentrations of bradykinin in EH and TJT individuals were
1526.29 + 332.35 pg/ml and 4329.18 + 635.16 pg/ml. After TJT
treatment, it was actually increased.

The variations of serum KNGI (48 KDa) and RBP4
(23KDa) were verified with Western Blot. It aimed to

demonstrate a visible expression profile. The intensity image
and grayscale histogram of two proteins in EH and TJT
group were provided (Figure 4). The verification results on
both ELISA and Western Blot were consistent with iTRAQ
proteomics obtained in discovery section.

4. Discussion

Tengfu Jiangya Tablet (TJT) is a well accepted and widely
applied traditional Chinese compound prescription. The
present study has demonstrated that it was effective in treat-
ing essential hypertension (Supplementary Figure 1). To gain
insights into the antihypertension therapeutic mechanism of
TJT, it analyzed the proteomic variation of EH patients
before and after TJT intervention with iTRAQ quantita-
tive proteomic technique. Then, five target proteins were
identified to be closely related to EH pathogenesis, which
were also verified with immunology validation. Finally, the
correlated function pathways involving those target proteins
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FIGURE 3: Bioinformatics analysis of differentially expressed proteins. GO analysis results showed cellular component (a), molecular function
(b), and biological process (c). STRING analysis indicated visualization of protein-protein interactions for 20 candidate proteins (d). The
notes for different color lines were in the bottom of (d). In addition, 5 candidate biomarkers verified by ELISA and Western Blot were marked
with *.
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FIGURE 4: Validation of Kininogen-1, Keratin 1, Myeloperoxidase, Retinol binding protein 4, Serum amyloid A protein, and bradykinin in
serum. (a) Levels of these candidate biomarkers and downstream substance were measured by ELISA in serum of EH patients (n = 30) and
TJT treated patients (n = 30). p values were calculated with ANOVA test ("p = 0.000). (b) With Western Blot results, the expression of
Kininogen 1 and Retinol binding protein 4 was significantly differentiated between two groups. Transferrin was applied as loading control.



10

KNG1 /T MPO
Kallikreirx /
KrT1 L
l J eNOS H,0,
BK
PGI, NO HOCI

PGE
Vascular permeab:

vasodilation, diu
muscle contr:

EI

Evidence-Based Complementary and Alternative Medicine

RBP, 1],

oxidase
activation

NF-«xB
signaling

~, 7

dothelial dysfunction,
elial inflammation
therogenesis

™
l

SAA D]
e |

FIGURE 5: This map directly summarized the pathway of 5 target proteins (green ovals). The arrowheads represented variation trends of target
protein after TJT treatment. KNGI, KRT1, and MPO were involved in bradykinin production; meanwhile MPO and RBP4 played vital role
in vascular oxidative and inflammatory injury. SAA was an acute-phase marker for vascular injury.

were recognized as pharmacomechanism pathways (Figure 5)
for high blood pressure treatment efficacy of TJT.

In our study, iTRAQ proteomic analysis was employed
to explore and quantify dysregulated proteins. It has been a
mature and high-throughput proteomic technique compar-
ing to other proteomic methods [16]. The relative quantifica-
tion of eight groups could be achieved simultaneously; thus
the requirement of repeat could also be fulfilled in the analysis
of less than four groups. The simultaneous analysis would
result in better repeatability. The results of both intragroup
replicate and repetitive assessment between comparisons in
our results showed a good repeatability.

During these years, basing on the antihypertension effect
of TJT, our research team has been dedicated to studying
the pharmacological of TJT on molecular biological and
metabonomics. We have verified that TJT can decrease serum
endothelin (ET-1) and increase the level of NO; to some
extent, it also could reduce serum rennin and angiotensin
II [7, 8]. The metabonomics displayed TJT could achieve
antihypertension function by improving NO production and
an extra cardiovascular role by amelioration of inflammatory
state and vascular remodeling [5]. In this study, we discovered
key five target biomarkers that TJT directly made effect on,
which were KNG 1, KRT1, MPO, SAA, and RBP4.

KNGl was a precursor of vasoactive kinins-high-
molecular-weight kininogen (HMWK) and low-molecular-
weight Kininogen (LMWK), which could release bradykinin
from plasma or kidney glandular tissues [17, 18]. These
cytokines were major components of kallikrein-kinin system
(KKS), which were recognized as a key part in maintaining
the homeostasis of normal blood pressure [19, 20]. In our

previous study, KNGI-deficiency was identified as a key
factor involved in the development of EH.

As we know, bradykinin would be released from KNGI
after the action of plasma Kallikrein; however, it should be
noticed that bradykinin would only be completely released
into blood or tissues by KNG 1 after binding to endothe-
lium. Keratin 1 (KRT1), the highest-molecular-weight ker-
atin (67 KDa), was an integral component of the multipro-
tein KNG receptor in endothelial cells. In blood vessels,
bradykinin delivery must be regulated by the binding of
KNGI and endothelium, which largely depended on the
binding function of KRT1 [21, 22]. It suggested that the
bradykinin delivery would be influenced by level variation of
KNGI and KRT1 to a great extent.

In our study, a significant increase profile was observed
in both KNGI and KRT1 after T]JT treatment. Meanwhile, the
verification section further confirmed that the concentration
of not only the two serum proteins but also bradykinin was
raised after oral administration of TJT. Therefore, T]T would
make antihypertension function through elevating the serum
level of KNGI and KRT1 or stimulating the activity of these
two proteins.

Myeloperoxidase (MPO), a leukocyte-derived enzyme,
was considered as an independent risk biomarker for indicat-
ing cardiovascular inflammation [23]. According to previous
studies, vascular endothelial function could be damaged
by MPO from three aspects: Firstly, normal EC function
would be directly undermined by neutrophil MPO through
oxidative stress (OS) [24]. Secondly, MPO would adhere to
EC surface and serve as a major target-antigen for antineu-
trophil cytoplasmic autoantibodies [25]. But most of all, MPO
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would consume NO, which was the major dilating molecule
produced by endothelium [26]. All the above factors have
demonstrated the adverse influence of MPO on endothelial
function.

Our research showed that the serum MPO before TJT
treatment was significantly higher than that of after treat-
ment. It implied that vascular could be protected for allevi-
ating inflammatory injury and oxidative lesion. Astern et al’s
research indicated that MPO could cooperatively bind with
KRTI thus blocking the plasma Kallikrein cleavage site on
KNGl [27]. And our study shows that TJT could result in
increased level of KNGI1 and KRT1 and decreased production
of MPO. Then the activation of the plasma KKS would be
restored.

RBP4 is a 23 KDa protein and it was expressed in skel-
etal muscles and white adipose tissues [28]. Many studies
suggested that RBP4 may be involved in the pathogenesis of
early vascular damage during EH occurrence by participat-
ing in modulation of the atherosclerotic process [29]. The
pathogenesis relationship between RBP4 and cardiovascular
diseases was also studied. They found that insulin action
would be inhibited by RBP4 in endothelial cells, leading to
the damage of NO-dependent vasodilation [30]. Likewise, in
our study, it showed that RBP4 level could be significantly
decreased in serum after TJT treatment. It indicated potential
protection effects on cardiovascular function in EH patients.

SAA belongs to apolipoprotein family, and it is mainly
produced and stored in liver as well as adipose tissues.
Once there was an infection or inflammation, SAA would be
instantly released from hepatocytes to central venules [31].
Recently, many studies reported that inflammation plays
critical pathogenetic roles in EH [32]. Besides, significant
increased levels of SAA were observed in both SHR and EH
patient serums [33]. In our study, serum SAA level in EH
patients was significantly reduced after TJT treatment. This
result was consistent with previous study that cardiovascular
inflammation could be decreased after TJT treatment.

The TJT involved basic pharmacological pathway map in
antihypertension process was provided (Figure 5), including
classical Kallikrein system, vascular oxidative stress, and
inflammation injury pathway. As shown in this map, the level
of KNGI could be increased by TJT, which competitively
bound to KRT1 to improve the production of bradykinin. In
addition, the level of MPO was decreased by TJT, alleviating
the inhibition effects on both bradykinin and NO production.
Meanwhile, the declined level of MPO and RBP4 after T]T
treatment would make effects on antioxidative stress and anti-
inflammation. Further in-depth study will be performed to
study the mechanism and pathways through which TJT
makes effects on these targets, respectively.

5. Conclusion

Based on iTRAQ proteomic analysis and immunological
verification methods, five serum proteins were screened out
as target biomarkers through which TJT made effects on
EH. TJT could effectively improve vascular permeability and
vasodilatation, while decreasing vascular inflammation. The

1

potential mechanism may be increased bradykinin produc-
tion and reduced vascular oxidative lesion. The quantitative
proteomics provide an integrity view for disease pathogenesis
and drug efficacy study.
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