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Proteomics analysis of the hypothalamus in spontaneously
hypertensive rats treated with twirling reinforcing manipulation,
twirling reducing manipulation or electroacupuncture
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Abstract. Hypertension is one of the primary risk factors
for cardiovascular diseases. Numerous proteins serve a
critical role in hypertension. Acupuncture has been widely
used as a treatment for hypertension in China. The results
of the current study suggested that electroacupuncture (EA),
twirling reinforcing manipulation (TRFM) and twirling
reducing manipulation (TRDM) may be useful in the treat-
ment of hypertension. Additionally, proteome analysis of
spontaneously hypertensive rats treated with EA, TRFM
and TRDM was performed. There were 117 (EA group), 61
(TRFM group) and 86 (TRDM group) differentially expressed
proteins (DEPs) identified in the respective experimental
groups compared with the model group. Moreover, parallel
reaction monitoring assays were used to validate the reliability
of the DEPs. The majority of the results were consistent with
previous proteomics results, in particular that for expression of
neudesin neurotrophic factor (NENF). NENF may potentially
represent an antihypertensive drug target.

Introduction

Hypertension is a major public health issue, affecting >1.3
billion people worldwide (1) and >90% of patients with
hypertension exhibit essential hypertension (EH) (2). EH is
a multifactorial chronic disease that is influenced by genetic
factors, obesity, stress, diet and other factors (3-6). The
primary regions affected by hypertension are the heart, brain,
kidneys and blood vessels (7). Effective and stable control

Correspondence to: Professor Qingguo Liu, School of
Acupuncture-Moxibustion and Tuina, Beijing University of Chinese
Medicine, 11 Beisanhuan Dong Lu, Beijing 100029, P.R. China
E-mail: liugingguo888@vip.sina.com

Key words: proteomics, spontaneously hypertensive rats, acupuncture,
hypothalamus, parallel reaction monitoring

of blood pressure is urgently required for public health.
Hypertension is primarily treated with drugs (8), which have
certain disadvantages, including poor patient compliance (9),
adverse reactions (10) and unstable curative effects (11).

Numerous studies have demonstrated that acupuncture
lowers blood pressure (12-14). Acupuncture has been practiced
in China for >3,000 years and spread to Europe and North
America between the 16 and 19th centuries (15). Huang
Di Nei Jing (Huangdi's Inner Classic), an ancient Chinese
medical book, recorded the use of acupuncture treatment for
hypertension 2,000 years ago (16). Acupuncture treatment
has been reported to have a therapeutic effect on various
diseases, particularly hypertension (17,18). Previous studies
have demonstrated that reinforcing and reducing manipulation
was able to decrease blood pressure via multiple biological
processes, including upregulation of nitric oxide synthase and
cyclic guanosine monophosphate in arterial tissues (19), the
brain network (20) and cell signal transduction pathways (21).
Positron emission tomography functional imaging the brains
of rats who had receiving twirling reinforcing and reducing
manipulation indicated that these acupuncture manipulations
had central effects on mechanisms such as cerebral glucose
metabolism (22). Different acupuncture manipulations activate
different brain areas and these areas produce neurotrans-
mitters that regulate blood pressure (22). These results
indicated that the brain exhibited core response to acupuncture
manipulations and that neural protein expression, including
the expression of related neurotransmitters, was impacted.
These neurotransmitters acted on target organs to reduce
blood pressure. A previous proteomics study demonstrated
that the expression of various proteins other than neurotrans-
mitters was altered in rat medullas following acupuncture
treatment (23). Furthermore, a previous study reported that
acupuncture affects multiple systems and targets, including
the renin-angiotensin-aldosterone system, the neuroendocrine
system, the vascular endothelium and oxidative stress (24). The
cross-effect of these targets may be the mechanism involved in
lowering blood pressure (25).

Twirling reinforcing manipulation, twirling reducing
manipulation and electroacupuncture are different acupuncture
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techniques and may produce effects on the brain (26). The
hypothalamus serves an important role in the development
and maintenance of hypertension (27). Taichong (LR3) is
located between the first and the second metatarsal bone of
dorsal foot (28) and is the most commonly used acupuncture
point in acupuncture for hypertension (29). The current study
hypothesized that electroacupuncture, twirling reinforcing
manipulation and twirling reducing manipulation may activate
the hypothalamus to release neurotransmitters by influencing
protein expression profile, thus regulating blood pressure and
that different acupuncture manipulations have different protein
expression patterns, leading to differences in the effects on
blood pressure. Spontaneously hypertensive rats (SHRs)
were established as an essential hypertension animal model
by inbreeding of Wistar-Kyoto (WKY) rats, as previously
described (30). The aim of the current study was to determine
the potential antihypertensive effect of different acupuncture
manipulations in lowering blood pressure.

Materials and methods

Animals. All animal experimental procedures were conducted
in accordance with the World Health Organization's
International Guiding Principles for Biomedical Research
Involving Animals (31) and were approved by the Animal Care
and Use Committee of Beijing University of Chinese Medicine,
Beijing, China (permit no. BUCM-3-2016090301-3003). All
rats were housed with 4 individuals per clean cage, with free
access to water and food on a 12 h light/dark cycle at a humidity
of 50-60% and at a temperature of 18-22°C during the process.
A total of 32 SHR and 8 WKY male rats (age, 9 weeks; weight,
215+20 g) were obtained from Beijing Vital River Laboratory
Animal Technology Co., Ltd. SHRs were randomly divided
into the model (M), twirling reinforcing manipulation
(TRFM), twirling reducing manipulation (TRDM) and
electroacupuncture (EA) groups (n=8/group). In order to
establish the model male WKY rats with continuous systolic
blood pressures of 150-175 mmHg were mated with female
WKY rats with systolic blood pressures of 130-140 mmHg
by Beijing Vital River Laboratory Animal Technology Co.,
Ltd. Offspring with systolic blood pressures >150 mmHg
were obtained. Rats with high blood pressure were selected
for inbreeding and the stable inheritance of hypertension was
obtained by selective inbreeding for 20 generations and the
SHR model was established (30,32). WKY rats were used as
the normotensive control group of SHR and the control strain
of hypertensive rats, as previously described (33).

Sample preparation. All acupuncture manipulations were
performed following 1 week of adaptation. The blood pressure
of the WKY rats was relatively stable. SHRs were easily
irritated and hyperactive; however, they were relatively quiet in
the morning. The systolic blood pressure in the caudal artery
was measured by two experienced technicians at a controlled
temperature of (20+2°C). Each rat was gently placed in a
restrainer and its tail was fixed using the rat-tail fixing facility.
The ventral portion of each rat was placed on a heat pad, while
the blood pressure measurement cuffs were put in place. Once
a batch of 2 rats was in place, calm rats were preheated at
36°C for 10 min, after which their systolic blood pressure

was measured with a non-invasive blood pressure instrument
(BP-6; Chengdu TME Technology Co., Ltd.) and recorded
by the pulse recording sensor while the rats were quiet and
conscious. Each rat was measured three times and the mean
value of the three times was taken as the systolic pressure. The
systolic blood pressure of the rats was measured between 8:00
and 12:00 a.m. every two days between day 1 (one day prior the
acupuncture experiment) and day 15. Acupuncture at Taichong
(LR3) was performed between 2:00 and 4:00 p.m. every day
for 2 weeks. The 8 WKY (group WKY) and 8 SHRs (group
M) did not undergo acupuncture; however, they were handled
and held for 20 min in the same restrainer. Acupuncture on
the SHRs in group TRFM , TRDM and EA was performed
according to previous published studies (22,33). Briefly,
acupuncture needles were inserted to LR3 loci with respective
acupuncture manipulations. For TRFM, the manipulation
was performed with the forward thumb exerting heavy force,
while the backward thumb exerted light force; meanwhile, for
TRDM, the manipulation was conducted with the forward
thumb exerting light fore with the backward thumb exerting
with heavy force. The frequency and angle used were the
same as a previous study (34). EA was conducted according
to another previous study (35). The rats were treated once
per day for 14 days. The same acupuncturist performed all
acupuncture and sham treatments.

Hypothalami were collected for proteomics analysis.
All experimental rats were sacrificed following anesthesia
with an intraperitoneal injection of 3% pentobarbital sodium
(30 mg/kg). The anesthetic regimen resulted in adequate
anesthesia (Pinna reflex and pedal reflex were tested.) in all
rats within 10 min (36,37). Rats were sacrificed by cervical
dislocation (38). The hypothalamus was isolated from each
rat brain using tweezers and transferred to liquid nitrogen for
preservation.

Protein extraction and digestion. Hypothalami were homoge-
nized three times at speed 6 for 40 sec in 8 M urea supplemented
with cOmplete™ protease inhibitor cocktail (Roche Diagnostics)
using a FastPrep instrument (MP Biochemicals, Inc.; Thermo
Fisher Scientific, Inc.). The supernatant containing total
protein was collected following centrifugation at 13,000 x g
for 30 min at 4°C. Concentrations were determined using a
BCA assay kit (Thermo Fisher Scientific, Inc.) according to
the manufacturer's protocol. A total of 150 ug of protein from
each sample was reduced with 10 mM Tris-(2-carboxyethyl)
phosphine (Thermo Fisher Scientific, Inc.) at 37°C for 60 min
and alkylated with 40 mM iodoacetamide (cat. no. A3221;
Sigma-Aldrich; Merck, KGaA) in the dark at room tempera-
ture for 30 min. Protein samples were collected using acetone
precipitation. A volume of 400 pl acetone was added to each
sample which was then stored at -20°C for 2 h. Proteins was
collected by centrifugation at 16,000 x g at 4°C for 20 min.
Then the protein samples were digested with trypsin (Promega
Corporation) at 37°C overnight. The peptides were desalted on
Sep-Pak tC18 cartridges (Waters Corporation), according to the
manufacturer's protocol.

Label-free proteomics analysis. Tryptic peptides were
analyzed on a Q-Exactive mass spectrometer (Thermo Fisher
Scientific, Inc.) coupled to an Easy-nLC 1200 nanoflow
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liquid chromatography system (Thermo Fisher Scientific,
Inc.). The dried peptides were redissolved with Solvent A
[2% acetonitrile (ACN) and 0.1% trifluoroacetic acid (TFA;
cat. no. 28903; Thermo Fisher Scientific, Inc.) in water] and
2 ug was loaded onto a C18 column (1.9 ym; 75x25 cm;
Thermo Fisher Scientific, Inc.) and separated with a gradient
of 5-38% Solvent B (80% ACN and 0.1% formic acid at a flow
rate of 300 nl/min. The data-dependent acquisition mode was
used for the mass spectrometry (MS) for 120 min at room
temperature. Full mass scans (350-1800 m/z) were acquired at
a resolution of 70,000 and the top 20 most abundant precursor
ions were selected for higher-energy collisional dissociation
fragmentation at a resolution of 17,500. The dynamic exclusion
was 18 sec.

Proteome Discoverer software (version 2.2; Thermo
Fisher Scientific, Inc.) was used for protein identification
against the Rattus norvegicus UniProt database (https:/www.
uniprot.org/uniprot/?query=reviewed:yes%20taxonomy:10114;
28-08-2018). Cysteine reduced with iodoacetamide was set as
the static modification and the oxidation of methionine and
acetylation of the protein N-terminus were set as the dynamic
modifications. The maximum missed cleavage sites and the
precursor mass tolerance were set to 2 and 10 ppm, respectively.
The cutoff of the global false discovery rate was set to 0.01 at
the peptide level.

Parallel reaction monitoring (PRM)-MS validation. Protein
abundance differences obtained in the label-free proteomics
analysis were confirmed using PRM assays. Independent
retention time peptides (Biognosys AG) were added to the
samples, according to the manufacturer's protocol. The
scheduled PRM assays were conducted on the Q-Exactive
HF coupled Easy-nLC 1,200 nanoflow liquid chromatog-
raphy system (Thermo Fisher Scientific, Inc.). SpectroDive
9 software (version SW-3002; Biognosys AC) was used to
develop the inclusion list (Table SI) and perform data analysis
using the default parameters.

Statistical analysis. Mixed ANOVA and the Bonferroni's
post-hoc test was performed to detect differences in blood
pressure. Label-free and PRM data were analyzed using
one-way ANOVA followed Tukey's post-hoc test. The Venn
diagram was drawn using R version 3.6.3 (VennDiagram
package). Gene ontology (GO) annotation was performed using
Blast2GO® (www.blast2go.com) and GOATOOLS (v0.6.10;
https://github.com/tanghaibao/goatools/releases/tag/v0.6.10)

was used to run the GO enrichment analysis. P-values were
assessed using Fisher's exact test and adjusted following the
Benjamini-Hochberg method. Qiagen Ingenuity Pathway
Analysis (IPA) software (version 2019; QIAGEN, Inc.) was
used for the function and network analyses of the differen-
tially expressed proteins (DEPs, P<0.05; fold change =1.3).
A z-score algorithm was used to predict the function of the
DEPs. A size of 35 focus molecules, both direct and indirect
relationships with Fisher's exact test were applied to run the
network analysis (score=-logP-value). One-way ANOVA
and Bonferroni's post-hoc test was performed for PRM data
analysis. Graphs of PRM data were prepared using GraphPad
Prism (version 6; GraphPad Software, Inc.). All statistical
analysis was performed using SPSS (version 22; IBM Corp.)

Results

Multiple acupuncture manipulations lower blood pressure
in SHRs. To study the antihypertensive effects of different
acupuncture manipulations, TRFM, TRDM and EA was
performed on SHRs. The systolic blood pressure of all
experimental rats was measured regularly (Table I). The
results demonstrated that there was no significant difference
in the blood pressure measurements between the acupuncture-
treated groups (TRDM, TRFM and EA) and group M (all,
P>0.05) on day O (one day prior to acupuncture manipulation).
However, the blood pressure measurements of the M, TRDM,
TRFM and EA groups were significantly higher compared
with group WKY at all time points (all P<0.05). The blood
pressure measurements of the TRDM, TRFM and EA groups
decreased significantly compared with the M group on days 8,
13 and 15 (all, P<0.05). All three acupuncture manipulation
groups exhibited attenuated blood pressures following 15 days
of treatment; however, the blood pressure measurements of
the TRDM, TRFM and EA groups were reduced by varying
degrees. The blood pressure measurements of the TRDM
group were lower compared with the TRFM and EA groups
on day 15; however, the differences were not significant (both,
P>0.05). These results indicated that the acupuncture manipu-
lations had a positive effect in lowering the blood pressure
measurements of the SHR groups, with TRDM possibly being
the most effective treatment. The blood pressure measure-
ments of the TRDM group declined over time and there was
a significant difference at day 15 vs. day 3(P<0.05). There
was a slight decrease in the blood pressure measurements in
the TRDM and EA groups; however, P>0.05 in all cases (all
the others days vs. day 0). These data indicated that TRDM,
TRFM and EA lowered the blood pressures of the SHRs by
varying degrees. Furthermore, the data revealed an instant and
long-term protective effect of TRDM and an instant effect of
TRFM and EA in SHRs.

Analyses of the proteomics data. To investigate the effect
of acupuncture treatment on the central nervous system,
proteomics analysis on the hypothalami of the SHRs was
performed. Hypothalami from all rats were subjected to
proteomics analysis through a label-free technique to obtain
profiling data. The results identified 4,483 proteins (Fig. 1A,
Table SII). Following this, four comparisons (M/WKY,
TRFM/M, EA/M and TRDM/M) were performed to identify
altered proteins. A total of 241 (M/WKY), 61 (TRFM/M),
117 (EA/M) and 86 (TRDM/M) proteins were identified as
DEPs (P<0.05; fold change =1.3). Further comparisons were
performed to investigate the differences and overlaps in the
DEPs induced by the TRDM, TRFM and EA manipula-
tions via Venn analysis (Fig. 1B), indicating the presence of
numerous rescue effect-related proteins. GO enrichment anal-
ysis of DEPs in the M group compared with the WKY group
was performed (Fig. 1C). The dysregulated proteins in groups
TRFM, EA and TRDM were compared with the M group.
Following this, GO enrichment analyses of these proteins was
conducted. Extracellular exosome, Golgi apparatus and endo-
plasmic reticulum membrane were among the top 5 most highly
enriched (P<0.05) terms in all of the GO enrichment analyses
(Fig. 1C and D), indicating that hypertension and acupuncture
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Table I. Systolic blood pressure measurements in the rats.

Group Day 0 Day 3 Day 8 Day 13 Day 15
WKY 110.12+1.46 111.62+2.07 112.75+£2.38 112.25+3.24 112.50+3.66
M 165.13+1.46* 165.25+2.25* 170.38+2.00%<¢ 173.38+3.34%¢4 174.00+2 7324
TRFM 164.63+2.20° 164.50+1.93* 163.63+3.38%° 162.62+3.74° 162.50+3.36*°
TRDM 164.88+2.70* 163.75+2.60* 161.38+3.54° 159.88+2.53*¢ 158.13+£3.04*¢
EA 165.00+2.00* 163.88+3.76* 163.38+3.024° 162.75+3.77*° 162.25+4.83*°

1P<0.05 vs. the WKY group. "P<0.05 vs. the M group. ‘P<0.05 vs. Day 0. “P<0.05 vs. Day 3. Day 0 denotes 1 day prior to acupuncture
manipulation. Days 3, 8, 13 and 15 denote the 3rd, 8, 13 and 15th days of acupuncture manipulation. WKY, Wistar-Kyoto; M, model; TRFM,
twirling reinforcing manipulation; TRDM, twirling reducing manipulation; EA, electroacupuncture.
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Figure 1. Bioinformatics analyses of label-free proteomics data. (A) Heatmap of differentially expressed proteins in the four comparison groups (M/WKY,
TRFM/M, EA/M, TRDM/M). (B) Venn diagram of the comparison groups. (C) Top 10 GO terms in the GO enrichment analysis of DEPs in the M groups
compared with the WKY group. (D) Top 10 GO terms in the GO enrichment analysis of all DEPs in the acupuncture groups (TRDM, TRFM and EA)
compared with the M group. M, model; WKY, Wistar-Kyoto; TRFM, twirling reinforcing manipulation; EA, electroacupuncture; TRDM, twirling reducing
manipulation; GO, gene ontology; DEPs, differentially expressed proteins.

manipulations affected the expression of secreted proteins in
the hypothalami of the SHRs. Furthermore, other cell compo-
nent terms, including symmetric synapses, and biological

process terms, including endosome organization, were also
significantly enriched (Table SIII). In total 11 neuron devel-
opment and neuritogenesis-related proteins were identified:
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Figure 2. IPA analyses of the differentially expressed proteins. (A) Heatmap of the function and disease analysis of all differentially expressed genes (TRFM/M,
EA/M, TRDM/M). Colors were defined by the z-scores, with orange representing upregulation and blue downregulation. Size was defined by the-log(P-value).
(B) The increased effects on the cytoplasm organization, cytoskeleton organization, microtubule dynamics, neuron development and neuritogenesis, the red
symbols indicate upregulated genes and green symbols downregulated genes. (C) An IPA network involved in cell morphology (Cell Morphology, Digestive
System Development and Function, RNA Post-Transcriptional Modification; (D) An IPA network involved in nervous system (Nervous System Development
and Function, Neurological Disease, Tissue Morphology). TRFM, twirling reinforcing manipulation; M, mode; EA, electroacupuncture; TRDM, twirling
reducing manipulation. Further details of specific genes may be found in Table SIV.

A2MG, NENF, ACY2, DVL1, DYRI1A, FNTA, KCJ10, KDIS,
COLI, RABI0 and SNXI1 (Table SIII). In summary, these
results may elucidate the effect of acupuncture manipulation
on the central nervous system in the SHRs.

IPA function and network analysis of the DEPs associated
with acupuncture manipulation. The function and network
of all the dysregulated proteins in the acupuncture-treated
SHRs were evaluated using IPA software. The acupuncture
manipulation-affected genes were significantly associated
with multiple physiological processes (Fig. 2A), including
‘increased neuronal development activity’ and ‘decreased
neurological disease tremor and movement disorder activity’
(Fig. 2B, Table SIV). The top 5 activated functions (‘cyto-
plasm organization’, ‘cytoskeleton organization’, ‘microtubule
dynamics’, ‘neuron development’ and ‘neuritogenesis’) are
presented. Considering these functions contained numerous
overlapping genes, the functions were merged to produce a
broader view of the genes involved. Furthermore, to examine
the networks associated with acupuncture manipulation, IPA
network analysis of the dysregulated genes in the hypothalami
of the TRDM, TRFM and EA groups was performed. The
analysis identified two networks: Cellular Assembly and
Organization, Nervous System Development and Function,

Neurological Disease (CNN) with 24 focus genes (Fig. 2C,
Table SIV) and Cellular Assembly and Organization, Cellular
Function and Maintenance, Molecular Transport (CCM) with
19 focus genes (Fig. 2D, Table SIV) were identified. The
CNN network was modulated by c-Jun, insulin, p38 mitogen-
activated protein kinase, PI3K complex and cytokine, while
the CCM network was modulated by Akt, AMPK, MTORC,
PP2A, mTOR and STAT. Networks including ‘Psychological
Disorders’, ‘Nervous System Development and Function’
and ‘Neurological Disease’ were assessed (Table SV).
Multiple disease-related functions and networks affected by
acupuncture treatments were identified.

Validation of the dysregulated proteins via PRM. Several
proteins, including pre-mRNA-processing factor 6 (PRP6),
heme binding protein 2 isoform CRA b (D3ZHC4),
glucose-fructose oxidoreductase domain-containing 1
(D3ZR63), cell adhesion molecule L1-like (MORC17), protein
O-linked-mannose (3-1,4-N-acetylglucosaminyltransferase 2
(PMGT2), RABI0 member RAS oncogene family (QSRKJ9),
dual specificity tyrosine-phosphorylation-regulated kinase 1A
(DYR1A), neudesin (NENF), sorting nexin-1 (SNX1), phos-
phoserine phosphatase (SERB) and NADH dehydrogenase 1
a-subcomplex assembly factor 4 (NDUF4) selected from the
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Figure 3. Protein expression profile of the protein candidates was
validated by parallel reaction monitoring. "P<0.05 vs. the WKY group.
"P<0.05 vs. the M group. WKY, Wistar-Kyoto; M, model; TRDM, twirling
reducing manipulation; TRFM, twirling reinforcing manipulation; EA,
electroacupuncture; PRP6, pre-mRNA-splicing factor 6; D3ZHC4, Heme
binding protein 2 (Predicted), isoform CRA_b; D3ZR63, glucose-fructose
oxidoreductase domain-containing 1; MORC17, cell adhesion molecule
Ll1-like, PMGT2, protein O-linked-mannose f3-1,4-N-acetylglucosaminy
Itransferase 2; QSRKJ9, RAB10 member RAS oncogene family; DYRIA,
dual specificity tyrosine-phosphorylation-regulated kinase 1A; NENF,
neudesin neurotrophic factor; SNX1, sorting nexin-1; SERB, phosphoserine
phosphatase; NDUF4, NADH dehydrogenase [ubiquinone] 1 o subcomplex
assembly factor 4.

GO enrichment and IPA analyses were subjected to valida-
tion by PRM (Fig. 3). D3ZHC4, MORC17, PMGT?2, Q6IURS,
QI9NQRS and Q5M819 in the hypothalami of the M group
were significantly downregulated compared with the WKY
group. EA manipulation rescued the expression of D3ZHC4,
MORCI17, PMGT2, Q6IURS and QI9NQRS to varying
extents. The TRFM group rescued Q6IURS5 and Q5MS819.
Furthermore, Q63470 was significantly upregulated in the M
group compared with the WKY group and significantly down-
regulated in the TRFM and EA groups compared with Group
M. However, NENF, a neurotrophic factor in neurons (39),
was significantly upregulated in both TRFM and EA group
compared with M group, indicating that acupuncture
manipulation had an effect on the central nervous system.

Discussion

Numerous experimental and case studies have indicated that
acupuncture manipulation lowered the blood pressure measure-
ments of SHRs and patients with hypertension (23,40,41)
and LR3 was the most frequently used location in clinical
trials (42,43). In previous studies, TRDM, TRFM and EA at
the LR3 location lowered the blood pressure measurements of
SHRs and affected vascular smooth muscle through a central
mechanism involving activated key brain regions (35,44).
Several studies have demonstrated that LR3 affects biological
processes via the hypothalamus (5-47). Acupuncture
manipulation on LR3 has been reported to inhibit the hyper-
active hypothalamic-pituitary-adrenal axis in depression
treatments (45). Luo et al (46) demonstrated that needling at
LR3 may reduce blood pressure in renal canaliculi by altering
the number of cells in the hypothalamus and the expression

of glucose transporter 1. The twirling reinforcing-reducing
manipulation (TRRM) treatment in LR3 significantly lowered
the blood pressure and protected hypothalamic neurons by
positively regulating the expression of the hypothalamic
renin-angiotensin system (RAS) components of SHRs, which
may be one of the central mechanisms by which TRRM
induces antihypertensive effects (47).

In the present study, the antihypertensive effects of three
acupuncture manipulations (TRDM, TRFM and EA) on LR3
were compared. To further reveal the central mechanism under-
lying the antihypertensive effect of acupuncture treatments,
proteomics analysis was performed to examine the protein
expression in the hypothalamus, followed by a PRM experi-
ment for validation. The results demonstrated that different
acupuncture treatments lowered blood pressure to varying
degrees and multiple dysregulated proteins and potential
networks associated with acupuncture stimuli were identified.

A series of blood pressure tests demonstrated that all three
acupuncture manipulations used in the current study exhibited
antihypertensive effects to varying degrees. The blood pres-
sure measurements of the SHRs constantly rose compared
with WKY rats. As indicated in Table I, TRFM and EA
stimuli of SHRs reduced the blood pressure in comparison to
that of the M group from day 8. A continuous decline trend
in the blood pressure of TRDM group was identified and
the blood pressure measurements in the TRDM group were
the lowest of all groups (M, EA and TRFM) at the end of
the experiment, indicating that stimulating LR3 by TRDM
exhibited the highest efficacy. The decreased blood pressure
by acupuncture manipulations varied with the acupuncture
methods and, for the LR3 loci, TRDM was the most effec-
tive in reducing blood pressure. Furthermore, the LI11
(Quchi), GB20 (Fengchi), ST36 (Zusanli), ST40 (Fenglong),
LI4 (Hegu) and ST9 (Renying) points have been used in the
clinical treatment for hypertension (48,49). Further studies are
required to investigate the antihypertensive effects of different
acupuncture manipulations on different acupuncture points.

The central nervous system, particularly the hypothal-
amus, influences the regulation of the cardiovascular system
and the hypertension development (27). Gene expression,
including expression of mRNAs and microRNAs, in response
to acupuncture therapy has been previously studied (28,50).
Furthermore, it has been hypothesized that protein expression
levels are partially associated with transcript levels (51). A
previous study has indicated that acupuncture manipulation at
LR3 influences cerebral glucose metabolism in multiple brain
regions, including the cerebellum, hypothalamus, midbrain
and hippocampus (34). To further investigate the effect of
acupuncture manipulation at LR3 on hypothalamus, the
protein expression profiles in the hypothalamus were exam-
ined and GO and IPA were used for data mining. The results
demonstrated that numerous secreted proteins participated in
the antihypertensive mechanism in the hypothalamus and that
certain secreted proteins (Table SV). The results also revealed
that NENF, was downregulated in the hypothalamus of the
SHRs compared with the WKY rats and that SHRs receiving
acupuncture treatments exhibited reversal of the downregu-
lation of NENF. NENTF, a secreted protein, serves a role in
the development of obesity, diabetes and melanoma (52-55),
and may therefore represent a potential drug target. While
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it has been demonstrated that the neurotrophic mechanism
of NENF is dependent on heme binding activity, the exact
pathway remains to be elucidated (54). A previous study
reported that NENF is associated with protein deglycase
DJ-1 and PTEN-induced kinase 1 (PINK1) and that this
association may promote neurotrophic activity and neuronal
survival (55). Additionally, NENF has been reported to serve
as an anorexigenic factor in the hypothalamus (56). Due to
this, NENF may represent a potential target for drugs to treat
hypertension. Furthermore, 10 more neuron development-
and neuritogenesis-related proteins were identified; A2MG,
ACY2,DVL1, DYRIA, FNTA, KCJ10, KDIS, COLI, RAB10
and SNX1 (Table SIII). Further research is required to address
the association between NENF and these proteins, with
regards to neurotrophic activity. In future studies the expres-
sion of DJ-1 and PINK1 will be analyzed in the hypothalami
of acupuncture-treated SHRs to evaluate the antihypertensive
effect of hypothalamic DJ-1 and PINKI. To fully elucidate
the mechanism of the antihypertensive effect of acupuncture
manipulation, further research on protein expression analysis
in the hypothalamus and other brain regions is required.

In conclusion, the results of the current study demonstrated
that TRDM, TRFM and EA manipulations at the LR3 point
reduced blood pressure measurements and that TRDM was
the most effective of the techniques used. The hypothalamic
protein expression profiles of the SHRs were altered following
acupuncture therapy. Furthermore, multiple networks and
proteins, particularly NENF, were identified and they may
represent potential antihypertensive drug targets.
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