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Notoginsenoside R1 reduces blood pressure in
spontaneously hypertensive rats through a
long non-coding RNA AK094457

Ying Yang, Peng Xi, Yuan Xie, Cuimei Zhao, Jiahong Xu, Jinfa Jiang

Department of Cardiology, Shanghai Tongji Hospital, Xincun Road 389th, Shanghai 200065, China
Received January 12, 2015; Accepted February 28, 2015; Epub March 1, 2015; Published March 15, 2015

Abstract: Notoginsenoside R1 (NR1) is the main bioactive component in panaxnotoginseng, an old herb medicine
widely used in Asian countries in the treatment of microcirculatory diseases. However, little is known about the ef-
fect of NR1 on antihypertension and the underlying mechanisms are still not clear. This study is aim to investigate
the effect and elicit the mechanism of NR1 in antihypertension. Firstly, to assess the ability of NR1 in antihyper-
tension, NR1 was injected in spontaneously hypertensive rats (SHR) via the vena caudalis. Then we examined the
rats systolic blood pressure and inducible nitric oxide synthase (iNOS) activation in rats thoracoabdominal aortic.
To further investigate the molecular mechanism of NR1 reduce blood pressure, primary SHR and WYK rat vascular
endothelial cells (RVECs) were used for next study. LncRNAs related to hypertension were gained from bioinformat-
ics analysis. The role of LncRNAs was finally characterized in RVECs by siRNA. Our results showed that NR1 signifi-
cantly reduce blood pressure in SHR and induce nitric oxide (NO) generation through increasing the phosphorylation
of iNOS. Through bioinformatics analysis and knockdown LncRNA AK094457 in RVECs, we also found LncRNA
AK094457 promoted iNOS expression and NO concentration. Thus, we conclude that NR1 reduces the caudal blood
pressure of SHR through induction of iNOS regulated by long non-coding RNA AK094457. These findings may have
important implications for understanding the mechanisms of NR1 regulation blood pressure.

Keywords: Spontaneously hypertensive rats, notoginsenoside R1 (NR1), bioinformatics analysis, long non-coding
RNA AK094457, nitric oxide synthase (iNOS)

Introduction an urgent necessity to improve the molecular
characterization of hypertension, in order to
facilitate understanding of hypertension patho-
genesis and improvement on diagnostic and

therapeutic efficiency.

Hypertension is a major public health challenge
due to its high prevalence and concomitant
increase in the risk for cardiovascular disease
(CVD) and all-cause mortality. As a complex

trait, hypertension is influenced by multiple
environmental and genetic determinants, such
as nitric oxide (NO) [1] and is characterized by
impaired vascular endothelial function. Disru-
ption of endothelial cell function is character-
ized by impaired bioavailability of NO [2] and
induces vascular disease. At present, despite
the considerable advances in diagnosis and
adjuvant therapy, the clinical outcome of hyper-
tension patients has not been improved mark-
edly. Thus, pathogenesis, diagnosis and medi-
cal treatments of hypertension still are sub-
stantial clinical challenges. Accordingly, there is

Panax notoginseng, one of the most frequently
used traditional Chinese medicine, is well
known for its efficacy in promoting blood circu-
lation, ameliorating pathological hemostasis,
alleviating pain [3-6]. It is one of the famous tra-
ditional medicinal herbs that have been used
for hundreds of years in many East Asian coun-
tries [7]. P.N consists of two major ingredients:
The first is the panaxadiol group, which includes
R1, Rb2, Rb3, Rc, Rd, Rg3, Rh2, and Rsl1. The
second is the panaxatriol group, which includes
Re, Rf, Rg1, Rg2, and Rhl. Individual ginsen-
osides exert different effects via different
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mechanisms in various tissues. The combina-
tion of ginsenosides in ginseng extracts may be
important for providing more powerful thera-
peutic and pharmacological effects [8-10].
Clinical reports suggest that P.N plays an impor-
tantrole in the treatment of inflammation, coro-
nary heart disease, stroke and immunological
disease [11-13].

Abnormalities in nitric oxide (NO) play an impor-
tant role in the pathophysiology of hyperten-
sion [14-16] and are related to resistant hyper-
tension [17]. Therefore its relationship to
essential hypertension has been the subject of
intense investigation. As with coronary artery
disease and diabetes initial evidence suggest-
ing a NO-dependent component of the disease
came from studies assessing endothelium-
dependent vasodilatation. A number of studies
have demonstrated the impairment of NO-me-
diated vasodilatation in brachial [18], coronary
[19] and renal arteries [20] in patients with
essential hypertension compared to controls.
In addition to the involvement of NO during the
process of inflammation, the vascular hemody-
namics is greatly affected by NO production.
However, many aspects of the development of
hypertension at the molecular level are still
unknown.

Long non-coding RNA (LncRNA) is a class of
new found non-coding RNAs that longer than
200 nucleotides in length. LncRNAs remain
nearly completely unexplored in hypertension
research. However, emerging evidence indi-
cates IncRNAs may have functional significance
in the development, physiology or diseases of
the heart and the vasculature [21, 22]. The sig-
nificance of non-protein-coding RNA in general
is being increasingly recognized in hyperten-
sion research [23-25]. Therefore, identifying
the relationship between LncRNAs regulated by
NR1 may help to understand the function of
NR1 in pathogenesis of Hypertension.

In the present study, we sought to examine the
functional role of NR1 in antihypertension. We
also found that iINOS protein is highly expressed
in rats thoracoabdominal aortic and in rats vas-
cular endothelial cells after treated with noto-
ginsenosideNR1 than non-treatment group. In
order to understand the mechanism of NR1
regulates hypertension, we further compare
the LncRNA expression profile difference bet-
ween hypertension patients and control groups.
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Finally, we also investigated the impact of
altered LncRNA AK094457 levels, the most
obvious change LncRNA, on the phenotypes of
rat vascular endothelial cells (RVECs) in vitro.
To our knowledge, our findings for the first time
revealed the mechanism of NR1 in antihyper-
tension through regulation of LncRNAs.

Material and methods
Materials

P. notoginseng (P.N., Sanchi in Chinese, Yunnan,
China) was collected and subjected to ethanol
extraction. The yield rate of notoginsenosides
R1 from P. notoginseng (P.N.) was around 10%.
Antibodies against iNOS and GAPDH were pur-
chased from Cell Signaling technologies (Da-
nvers, MA). Rabbit antibodies conjugated with
horseradish peroxidase (HRP) and sheep anti-
mouse-HRP were purchased from Zhong San
Jin Qiao (Bei Jing, China). All others chemical
reagents were purchased from Sinopharm
Chemical Reagent Co., Ltd (Shanghai, China).

Cell culture

Primary SHR and WYK rat vascular endothelial
cells (RVECs) were purchased from Pricells Co.
Ltd. (Wuhan, China). Cells were cultured in
M199 medium with 2 mM L-glutamine, 100 U/
mL penicillin-streptomycin, 100 ug/mL hepa-
rin, 30 ug/mL endothelial cell growth supple-
ment and 10% FBS in 75 cm? tissue culture
flasks at 37°C in a humidified atmosphere of
5% CO,,.

Animals and measurement of blood pressure

Male 11-week-old SHR and Wistar Kyoto (spon-
taneously hypertensive rats, WKY) rats weigh-
ing 250 to 320 g were purchased from Beijing
Vital Laboratory Cell culture and drug treat-
ment. Technology (Beijing, China) and housed
under standard conditions at 25°C with a
12/12-hour light-dark cycle. SHR and WKY rats
were randomly divided into 4 groups, weighed,
and the conscious animals’ blood pressures
were measured on a rat tail-cuff (Model RBP-1)
for 30 min, followed by administration of P.N.
extracts (100 mg/kg) through the caudal vein
compared with the clinical dose of the frozen
dried powder of NR1 is 400 mg/day. Final BP
measurements were the mean of 5-6 determi-
nations for each individual animal. All animal
care and experimental protocols conform to the
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Guide for the Care and Use of Laboratory
Animals published by the US National Institutes
of Health, and approval was granted by the
IACUC of PKU (approval reference number
IMM-LiJ-1).

NO production assay

Various concentrations of NR1 were prepared
in phenol red-free DMEM medium to reduce
assay interference by phenol red. Cell culture
supernatants were collected after treatment
with different compounds (or PBS in the con-
trols) for 3 h. NO production was detected spec-
trophotometrically by measuring its final stable
equimolar degradation products, nitrite and ni-
trate, by using nitrate reductase (Assay Design
Inc.) and the acid-catalyzed diazotation reac-
tion by using sulfanylamide and naphtylethyl-
enediamine (Griess reaction). Total nitrite was
quantified after the reduction of all nitrates
with nitrate reductase. Nitrite levels in culture
supernatants were within the linearity range of
calibration curves that were generated from a
solution of sodium nitrite. Total nitrite concen-
tration was calculated from a standard curve
constructed over the linear range of the assay
and expressed as 100 pmol per 10° cells.

Choice of differentially expressed LncRNAs list
using heat map analysis

We obtained the microarray date from Gene
Expression Omnibus (GEO, http://www.ncbi.
nim.nih.gov/geo/), and the GEO accession
number is GSE38783. The date was generated
using the genechipAffymetrix Human Genome
U133 Plus 2.0 Array GPL570 (HG-U133_PI-
us_2), which completely coverage Human Gen-
ome U133 Set plus 6500 additional genes for
analysis of over 47,000 transcripts. Observa-
tions with adjusted p-values >0.05 were re-
moved, and thus excluded from further analy-
sis. The heat map of the 50 LncRNAs most
obvious differences was created using a meth-
od of hierarchical clustering by GeneSpring GX,
version 7.3 (Agilent Technologies, California,
United States).

Chosen LncRNAs were finally confirmed for
altered transcription level using qRT-PCR
between WKY and SHR rat thoracoabdominal
aortic tissues. Primers used in qRT-PCR were
as follows: AK094457: 5'-tggctttagggaaacat-3’
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(forward probe); 5-aagatccaagaaccgatg-3’ (rev-
erse probe). GAPDH: 5'-ggaccaatacgaccaaatc-
cg-3' (forward probe), 5-agccacatcgctcaga-
cac-3’ (reverse probe). Other LncRNAs primer
sequences are available upon request.

Quantitative real-time PCR

The regulation of INOS mRNA expression by
NR1 was determined by gRT-PCR analysis.
Total RNA was isolated using an RNA miniprep
kit according to the manufacturer’s instructions
(Stratagene, CA, USA). gRT-PCR was carried out
using the selective primers for the LncRNA
AK094457 and iNOS genes. Primers specific
for iNOS: 5’-caacctgcacgccaagaac-3’ (forward
probe); 5’-tccacaactcgctccaagatg-3’ (reverse
probe) was used, PCR were performed for 30
cycles using the following conditions: denatur-
ation at 95°C for 0.5 min, annealing at 49°C for
0.5 min and elongation at 68°C for 1.5 min.

Western blot

The mouse thoracoabdominal aortic and RVECs
were lysed in RIPA buffer (Boston Bioproducts,
MA) with protease inhibitors, and proteins were
resolved by SDS/PAGE gel and transferred to a
PVDF membrane (Millipore, MA). After being
blocked for 1 h in TBS-T with 5% nonfat milk,
the PVDF membrane was then probed with pri-
mary antibodies polyclonal rabbit anti-iNOS
(1:2000) and anti-GAPDH (1:2000, Cell Sig-
naling), at 4°C overnight and then incubated (1
hour) in TBST/2.0% BSA containing horseradish
peroxidase-conjugated anti-rabbit or anti-
mouse antibodies (1:5000). The proteins were
visualized with an ECL detection system
(Amersham). Semi-quantifications were per-
formed with densitometric analysis by Meta-
morph software.

Transfections of small interfering RNA (siRNA)

Non-targeting siRNA (siNT) and siLncRNA-AK-
094457 (Invitrogen), at a concentration of 10
nM, were transfected into RVECs using RN-
AIMAX reagent (Invitrogen) following the manu-
facturer’s instructions. After 24 h, cells were
seeded onto chambered slides or 24-well
plates, and allowed to grow for another 24-48 h
prior to RNA isolation or the start of experi-
ments. Knockdown of gene expression was
confirmed by qRT-PCR. The sequences of siR-
NAs were as follows: si-AK094457-1: ccgggec-
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Figure 1. The effect of notoginsenoside R1 on rats systolic blood pres-
sure (SBP). WYK, Wistar-Kyoto rats; SHR, spontaneously hypertensive
rats; NR1, notoginsenoside R1. A. Blood pressures were measured on a
rat tail-cuff (Model RBP-1). Data are expressed as means + SD from five
rats in each group and analyzed by one-way ANOVA. B. Western blotting
analysis for iNOS expression in four groups, GAPDH was used as an inter-
nal control. C. Quantification of iINOS was normalized to GAPDH and the

results are expressed as means + SD, n=3.

gtcatatattggtcttga; si-AK094457-2: cgggecgt-
catatattggtctttgat; si-AK094457-3: ggccgtca-
tatattggtcttgatgt; si-Scramble: ccgccgtcatata-

ttggtetggtga.
Statistic analysis

All values are expressed as mean = SD.
Relaxation in response to herbs is presented as
percent change in tension from pre-constric-
tion levels. When multiple vessel rings were
studied from one rat, responses were aver-
aged, and n represents the number of rats per
group. Comparisons were made by using a one-
way ANOVA with repeated measures, followed
by the Student-Newman-Keuls test to detect
individual differences. P<0.05 was considered
as statistically significant.
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Results

NR1 reduces blood pressure of
spontaneously hypertensive rats

To determine the activity of NR1
in  hypertension suppression,
P.N. extract was injected into the
tail of SHRs (n=9) and WKY (n=9)
rats at the dosage of 100 mg/kg
and a fall in the tail blood pres-
sure in SHRs was noticed at6
weeks post-injection. There was
a significant change in the NR1-
treated SHRs (201+8.3 vs.
169+7.8 mmHg, P<0.05) after
treatment of 6 weeks (Figure
1A). However, the same dosage
of NR1 did not significantly alter
blood pressure in WKY rats
(12549.1 vs. 123+9.2 mmHg,
P>0.05). These data indicated
that NR1 can significantly reduce
blood pressure of Spontaneously
Hypertensive Rats.

To evaluate the molecular mech-
anism of NR1 in hypertension
suppression, the expression lev-
els of INOS in NR1-treated groups
were determined by gRT-PCR and
Western Blot. As shown in Figure
1B, after NR1 treatment, the
expression of iINOS was signifi-
cantly increased in SHR rats tho-
racoabdominal aortic tissues
compared to non-treated group. As shown in
Figure 1C, the level of INOS mRNA was also
increased approximately 4.0-fold in rats thora-
coabdominal aortic compare to non-treated

group.

Effect ofNR1 on the expression of iINOS and
NO production in RVECs

To further investigate the molecular mecha-
nism of NR1 reduce blood pressure, primary
SHR and WYK rat vascular endothelial cells
(RVECs) were used for next study. After NR1
treatment, the expression of iNOS in RVECs of
SHR was significantly increased, but also lower
than in WYK control group (Figure 2A). We also
examined NO levels in the culture medium
using the NO production assay kit. We found
that the NO production was increased after
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Figure 2. The effect of notoginsenoside R1 on iNOS
protein expression and NO concentration in rats vas-
cular endothelial cells. WYK, Wistar-Kyoto rats cells;
SHR, spontaneously hypertensive rats cells; NR1,
notoginsenoside R1. A. Western blotting analysis for
iNOS expression in three group cells, GAPDH was
used as an internal control. B. NO concentration was
measured by NO assay kit from Beyotime (China).

treatment of NR1 in SHR RVECs (Figure 2B).
These results show that NR1 stimulates the
expression of iINOS and NO production in rat
endothelial cells.

Choice of differentially expressed LncRNAs list
using heat map analysis between hyperten-
sion patients and control groups

We used the Arraystar Human LncRNA Array
v2.0, submitted to the Gene Expression
Omnibus (GEO) by Varambally at Sep 17, 2005
and last update at Nov 26, 2014, to analyze dif-
ferential LncRNAs expression between hyper-
tension patients and control groups. Firstly,
hierarchical clustering analysis was used to
compare differential LncRNA expression of the
top 50 LncRNAs. The clustered heat map of 50
LncRNAs for v2.0 is shown in Figure 3A. Then,
we further confirmed the selected 10 up-regu-
lation of LncRNAs in rat vascular endothelial
cells through qRT-PCR. As shown in Figure 3B,
comparing to WYK, the expression of LncRNA
AK094457 was significantly increased about
5.4-fold in SHR rats. However, all other 9
LncRNAs have a weak up-regulation. Our data
indicated that LncRNA AK094457 was aber-
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rant high expression in SHR vascular endothe-
lial cells.

It is interesting that the expression of LncRNA
AK094457 was down-regulated by NR1 (Figure
3C). And the effect of regulation is a dose-
dependent manner. This data suggest that long
non-coding RNA AK094457 may play an impor-
tant role in the effect of NR1 anti-hyper-
tension.

Knockdown of LncRNA AK094457 in RVECs
cells results in enhancement of iNOS expres-
sion and NO concentration

In order to investigate the functional role of
LncRNA AKO94457 in anti-hypertension, siRNA
experiment was used to silence LncRNA
AK094457 in RVECs. As shown in Figure 4A,
the mRNA level of LncRNA AK094457 in siR-
NAs transfected cells down to 0.8-fold, 0.2-fold
and 0.4-flod respectively, comparing with
scramble group. These results indicated that
LncRNA AK094457 was efficiently silenced in
RVECs by si-AK094457-2. Therefore si-AKO-
94457-2 was used for all subsequent LncRNA
AK094457 silencing experiments.

To explore the effect of LncRNA AK094457
regualted NO concentration, si-AK094457-2
was transfected into RVECs and NO concentra-
tion was measured by NO assay kit from
Beyotime (China). As shown in Figure 4B, data
shows a notable increase of NO concentration
in SHRRVECs after si-AK094457-2 transfection
(P<0.01).

We also investigated the influence of INOS
expression caused by silencing of LncRNA
AK094457. The iNOS expression was mea-
sured by Western blot. As shown in Figure 4C, a
marked increase of iNOS in SHRRVECs also
observed. These results showed that silencing
LncRNA AK094457 up-regulated the expres-
sion of iINOS and increase NO generation in
RVECs.

Discussion

In the present study, we report a novel finding:
Notoginsenoside R1 (NR1) reduces the caudal
blood pressure of SHR through induction of
iNOS regulated by long non-coding RNA
AK094457.

Previous studies suggest that Ginsenosides
from P. ginseng decrease the blood pressure in
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Figure 3. Heatmap analysis of the LncRNA expression of hypertension patients and control groups. A. The heat
map analysis of known hypertension related marker genes was created using a method of hierarchical clustering by
GeneSpring GX, version 7.3. Rows: samples; Columns: LncRNAs; Color key indicates LncRNA expression value, red:
highest, blue lowest. B. Chosen LncRNAs was finally confirmed for altered transcription level using gRT-PCR. C. The

expression of LncRNAAKO94457 was concentration-dependently regulated by NR1.
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Figure 4. The effect of LncRNA AK094457 on iNOS expression and NO concentra-
tion in rats vascular endothelial cells was detected using siRNA assay. A. Silenc-
ing efficiency of AKO94457 was verified by gRT-PCR. *P<0.05, **P<0.01 vssi-
Scramble group. B. iINOS expression was detected by Western blotting analysis,
GAPDH was used as an internal control. C. NO concentration was measured by
NO assay kit from Beyotime (China). Values represent mean + SD of three inde-
pendent experiments. ¥P<0.05, #P<0.01 vssi-Scramble group.

eNOS/NO pathways, as
well as increased cationic
amino acid transporter
expression. These obser-
vations provided addition-
al evidences to previous
reports that suggest an
Rgl-induced increase of
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vascular endothelial growth factor in endothe-
lial cells through theactivation of a PI3K/Akt
pathway [30, 31].

Although clinical trials are lacking, in vitro stud-
ies using P. Notoginseng do suggest possible
cardiovascular effects. One study that used
purified notoginsenoside R4, extracted from P.
notoginseng, on human umbilical vein endothe-
lial cells showed a dose- and time-dependent
synthesis of tissue-type plasminogen activator
without affecting the synthesis of plasminogen
activating inhibitor, thus enhancing fibrinolytic
parameters [32]. Another study suggests that
P. notoginsengsaponins may inhibit atherogen-
esis by interfering with the proliferation of
smooth muscle cells [33]. According to a recent
study, it appears that P. notoginseng exerts its
therapeutic effects on atherosclerosis through
an anti-inflammatory action and regulation of
the blood lipid profile [12]. Although many stud-
ies suggest that the protective effects of gin-
senosides have been widely studied and shown
to have new beneficial effects on hypertension
[28] and various diseases, such as atheroscle-
rosis, cancer, and thrombosis [12, 34-36], the
role of P. notoginseng in the treatment of hyper-
tension is less certain, since it causes vasodila-
tion or vasoconstriction depending on concen-
tration and the target vessel.

NO is crucial to the maintenance of normal
blood pressure [37] and therefore its relation-
ship to essential hypertension has been the
subject of intense investigation. Several stud-
ies have demonstrated impaired endothelial
dysfunction in essential hypertension, which is
associated with a blunted response to NO-
mediated effects. Although it is unclear wheth-
er this represents reduced synthesis or in-
creased consumption of NO. The vasodilator
effects of the NO-donor sodium nitroprusside,
was identical in both hypertensive and normo-
tensives [38], suggesting that the cGMP-signal-
ling pathway in smooth muscle cells is normal.
Interestingly, hypertensive subjects have defec-
tive vascular responses to acetylcholine, but
normal responses to B-adrenergic stimulation
by bradykinin. These findings suggested that
endothelial dysfunction associated with essen-
tial hypertension is due to a selective abnor-
mality of the signalling pathways leading to
NOS activation. Indeed, the hypotensive effects
of angiotensin-converting enzyme (ACE) inhibi-
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tors in hypertensive subjects, has been shown
to occur through increased formation of brady-
kinin and leading to enhanced NO formation.
Another study has suggested that the de-
pressed levels of basal NO in hypertensive sub-
jects could be due to increased circulating lev-
els of ADMA [39], although this has not been
confirmed. Thus the reduced effect of NO is
probably due to a variety of contributing
factors.

The nitric oxide pathway is thought to be
involved in the regulation of vascular tone in
hypertension and stoke [40]. NO is produced
from the guanidino group of L-arginine in an
NADPH-dependent reaction catalyzed by a fam-
ily of NOS enzymes [41]. Recent reports indi-
cate that NO production is dependent on the
availability and delivery of extracellular L-ar-
ginine that can be mediated by several differ-
ent classes of cationic amino acid transporters,
which have been characterized in terms of their
ion dependency, substrate specificity, and rela-
tive affinity [42]. In endothelial cells, the deliv-
ery of extracellular L-arginine is mediated by
the Na+-independent system y+ carrier [43].

Long noncoding RNAs have been found play
widespread roles in many tumor cellular pro-
cesses, including regulation cell proliferation,
apoptosis and cell cycle arrest in recent years.
LncRNAs remain nearly completely unexplored
in hypertension research. However, emerging
evidence indicates INcRNAs may have function-
al significance in the development, physiology
or diseases of the heart and the vasculature.
LncRNA-ANRIL plays a pivotal role in regulation
of cardiac Cdkn2a/b expression and suggests
that this region affects CAD progression by
altering the dynamics of vascular cell prolifera-
tion [44]. ANRIL expression levels were directly
correlated with the severity of atherosclerosis
and Chr9p21 genotype in a large cohort [45]
LncRNA NPPA codes for a precursor of atrial
natriuretic peptide (ANP) that protects the car-
diovascular system from the volume and pres-
sure overload by decreasing vascular smooth
muscle tone, which suggested that it may par-
ticipate the occurrence and development of
hypertension [46]. The significance of non-pro-
tein-coding RNA in general is being increasingly
recognized in hypertension research.

In this study, we found that NR1 is apparent, as
evidenced by significant lowering of the caudal
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blood pressure (Figure 1A), this implies that
NR1 may also play a role in treatment of hyper-
tension. Hence, in the present study, using
spontaneously hypertensive rats (SHR), after
NR1 treatment, we found NO production and
induce iNOS expression increases in rats thora-
coabdominal aortic and in rats vascular endo-
thelial cells. Thus, we ensure NR1 is critical in
maintaining blood pressure. Furthermore, we
demonstrated that the expression level of
LncRNAAKO94457is upregulated in hyperten-
sion rat tissue (Figure 3A). Moreover, silencing
AK094457 by siRNA could induce higher
expression of iINOS and concentration of NO
compared with the control group in RVECs
(Figure 4B, 4C). Our data identified an impor-
tant role for AKO94457 in antihypertension.

However, there are several limitations in our
study that should be mentioned. For example,
in this study we do not use clinical samples, we
use animal models. Although we found LncRNA
AK094457 expression is related to expression
of iINOS and concentration of NO, the detailed
regulation mechanisms are not understood.
The mechanism how NR1 regulates LncRNA
AK094457 is still unknown.

In conclusion, we have described a new role for
NR1 in antihypertension, stimulating NO rele-
ase in rat vein endothelial cells. We also pro-
vided a systematic characterization of IncRNAs
and identified several IncRNAs that might be
involved in hypertension. Our data indicated
that NR1 reduces blood pressure in spontane-
ously hypertensive rats through the long non-
coding RNA AK094457. These findings provide
a new foundation for IncRNA research in hyper-
tension and expand current understanding of
the effect of NR1 antihypertension, which could
improve the therapeutic approaches for hy-
pertension.
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