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Enhanced vasoconstriction and decreased vasodilatation due to endothelial dysfunction contribute to the pro-
gression of hypertension. Angiotensin (Ang)-(1-7) plays important roles in regulating the cardiovascular activity.
The current study aimed to investigate the roles of Ang-(1-7) in modulating blood pressure, vascular tension and
its signal pathway in spontaneously hypertensive rats (SHR). The effects of intravenous injection of drugs were
determined in rats with anesthesia in vivo. Mesenteric artery (MA), coronary artery (CA) and pulmonary artery
(PA) were isolated from rats and isometric tension measurements in arteries were performed. Compared with
Wistar-Kyoto rats (WKY), the high K* induced vasoconstriction was enhanced and acetylcholine-induced va-
sodilatation were attenuated in the MA, CA and PA in SHR. Intravenous injection of Ang-(1-7) decreased, while
A-779 increased mean arterial pressure and abolished the hypotensive effect of Ang-(1-7) in SHR. Ang-(1-7)
caused dose-dependent relaxation in MA, CA and PA in SHR, which was inhibited by pretreatment with Mas
receptor antagonist A-779, nitric oxide (NO) synthase inhibitor .-NAME, guanylate cyclase inhibitor ODQ and
protein kinase G (PKG) inhibitor DT-2. The Mas receptor expression, NO, cGMP and PKG levels of the three
above arteries of SHR were lower than that of WKY. Ang-(1-7) increased the NO, cGMP and PKG levels in arteries
from SHR, which was blocked by A-779. Activation of the Mas receptor by Ang-(1-7) relaxes the MA, CA, and PA
through the NO-cGMP-PKG pathway, which contributes to the decrease of arterial pressure in SHR.

1. Introduction further progression of organ damage [11].

Enhanced vasoconstriction and attenuated vasodilatation especially

Micro- and macrovascular complications contribute to mortality and
morbidity in patients with hypertension [1]. Numerous studies have
shown that endothelial dysfunction of small arteries occurs in patients
with essential [2,3] or secondary hypertension [4,5], and in the early
stage of various hypertensive models [6]. Normally, endothelial cells
release nitric oxide (NO) [7,8], and NO then induces the vascular
smooth muscle cells (VSMC) relaxation, through the intracellular
c¢GMP-protein kinase G (PKG) signal pathway [9]. Decreased NO gen-
eration induced by endothelial dysfunction of small arteries, and im-
paired NO-dependent vascular relaxation are implicated in the devel-
opment and progression of hypertension [7,10] and contribute to

in the mesenteric artery (MA) resulted in increased total peripheral
resistance, and sustained high blood pressure in hypertension [12].
Coronary artery (CA) disease is one usual cause of mortality, due to
attenuated vasodilatation and sustained coronary arterial contraction in
hypertensive patients [13,14]. Endothelial dysfunction induces im-
paired coronary arterial relaxation, reduces the blood supply to the
heart and subsequently causes myocardial ischemia and angina [15].
Although pulmonary arterial endothelial dysfunction in hypertensive
patients is not common, there are still occurrences of pulmonary hy-
pertension in hypertensive patients [16,17], and in hypertensive
models [18,19]. Attenuated pulmonary arterial relaxation increases

Abbreviations: SHR, spontaneously hypertensive rats; WKY, Wistar-Kyoto rats; MA, mesenteric artery; CA, coronary artery; PA, pulmonary artery; Ang-(1-7),
angiotensin-(1-7); A-779, p-Alanine-Ang-(1-7); PKG, protein kinase G; NO, nitric oxide
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pulmonary vascular resistance and the risk of pulmonary hypertension
[20].

Angiotensin (Ang)-(1-7) is accepted as one important biologically
active peptide in the renin-angiotensin system (RAS) family to adjust
cardiovascular activity [21,22]. Ang-(1-7) is generated from the hy-
drolysis of Ang II or Ang I catalyzed by angiotensin converting enzyme
2 (ACE2) [23]. Most of its effects are mediated by the Mas receptor
[24]. The Mas receptor expresses abundantly in the vessel endothelial
cell and is selectively blocked by its specific antagonist p-Alanine-Ang-
(1-7) (A-779) [25-27]. Our recent studies found that microinjection of
Ang-(1-7) into either paraventricular nucleus (PVN), or rostral ven-
trolateral medulla (RVLM) increases arterial blood pressure and sym-
pathetic activity in renovascular hypertensive rats or chronic heart
failure rats [28-30]. While some studies show the opposite effect of
Ang-(1-7) in peripheral tissues on modulating arterial blood pressure. It
has been reported that intravenous injection of Ang-(1-7) decreases
blood pressure [31] and induces the mesenteric arterial relaxation in
normal rats [32]. Ang-(1-7) prevented Ang I- and Ang II-mediated
changes in vascular resistance more potently in SHR-stroke prone than
in WKY [33]. Ang-(1-7) improves endothelial function and delays the
development of cardiac remodeling and heart failure in rats with
myocardial infarction [34]. These findings suggest the probable bene-
ficial effect of Ang-(1-7) on endothelial function and vascular tension.
However, whether Ang-(1-7) induces MA, CA, and pulmonary artery
(PA) relaxation, and decreases blood pressure in hypertension, is still
unclear. Whether NO and the downstream ¢cGMP-PKG signal pathway
mediate the Ang-(1-7) effects on arteries is also unclear.

The present study was designed to determine whether Ang-(1-7), by
means of the NO-cGMP-PKG signal pathway, decrease blood pressure,
and induce MA, CA, and PA relaxation in spontaneously hypertensive
rats (SHR).

2. Materials and methods

The experiments were carried out in male adult Wistar-Kyoto rats
(WKY) and SHR at an age of 13 weeks old (Vital River Laboratory
Animal Technology Co. Ltd, Beijing, China). The procedures were ap-
proved by Nanjing Medical University Experimental Animal Care and
complied with the Guide for the Care and Use of Laboratory Animals
published by the US National Institutes of Health (NIH publication, 8th
edition, 2011). The rats were kept in a temperature-controlled at 22 °C
room on a 12 h-12 h light-dark cycle with free access to standard chow
and tap water.

2.1. Systolic blood pressure measurements

The tail artery systolic blood pressure was measured in conscious
rats with a noninvasive computerized tail-cuff system (NIBP,
ADInstruments, Australia). The rats were warmed for 10-20 min at
28 °C before the measurements to allow for detection of tail arterial
pulsations and to achieve the steady pulse. The systolic blood pressure
was obtained by averaging 10 measurements.

2.2. Mean arterial pressure and heart rate recording

Each rat was intraperitoneally anesthetized with urethane (800 mg/
kg) and a-chloralose (40 mg/kg). An appropriate level of anesthesia
was maintained by supplemental doses of anesthetic. A rodent venti-
lator (model 683, Harvard Apparatus Inc., USA) was used for me-
chanical ventilation with room air. The right carotid artery was can-
nulated and connected to a pressure transducer (MLTO0380,
ADInstruments, Australia) to record continuous arterial blood pressure,
mean arterial pressure and heart rate.
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2.3. Intravenous injection

External jugular vein catheterization was performed for intravenous
injection of Ang-(1-7) and A-779. The injection rate was controlled by a
dual-channel microdialysis infusion syringe pump (53101V, Stoelting
Co., Illinois, USA) and the microinjection volume was 100 uL; an ap-
plication lasting for 10 min.

2.4. Renal sympathetic nerve activity recording

The left renal sympathetic nerve was isolated after a retroperitoneal
incision was made as we previous reported [30]. To eliminate its af-
ferent activity, the renal nerve was cut distally. The nerve was then
placed on a pair of silver electrodes and immersed in warm mineral oil.
The nerve signals were amplified and recorded by a 4-channel AC/DC
differential amplifier (DP-304, Warner Instruments, Hamden, CT, USA)
with a high pass filter at 10 Hz and a low pass filter at 3,000 Hz. The
renal sympathetic nerve activity was integrated at a time constant of
100 ms. At the end of each experiment, the background noise was de-
termined after sectioning the central end of the nerve and subtracted
from the integrated values of the renal sympathetic nerve activity. The
raw and integrated renal sympathetic nerve activity, arterial blood
pressure, mean arterial pressure and heart rate were simultaneously
recorded with a PowerLab data acquisition system (8SP, ADInstru-
ments, Australia). The renal sympathetic nerve activity change was
expressed as the percent change from the values before chemical in-
tervention.

2.5. Isometric tension measurements in arteries

Isometric tension was measured to evaluate vascular function as
previously described [35]. Third-order coronary arteries, pulmonary
arteries or mesenteric arteries were isolated from rats and put into
Krebs-Henseleit solution (containing (in mmol/L) 118.0 NaCl, 25.0
NaHCOs3, 1.2 NaH,POy, 1.2 MgS0O,, 1.8 CaCl,, 4.7 KCl and 11.1 glucose
and equilibrated with carbogen (95% O5+5% CO,)). Arteries were
then cleaned of any adherent connective tissues and cut into 1- to 1.2-
mm segments (1 arterial ring/rat was used). Arterial rings were
mounted in a four-chambered myograph (620M, DMT, Denmark) with
20-um wires and set at a resting tension of 0.1 g. All rings were equi-
librated for 45 min with intermittent washes every 15 min. After equi-
libration, each arterial ring was contracted first by high K* solution
((containing in mmol/L) 122.6 KCl, 1.09 CaCl,7H,0, 1.21
MgS047H20, 1.117 KH,PO,4, 24.9 KHCO3; and 11.1 glucose) to eval-
uated rings functionality and then washed. Without contracting re-
sponse to high K* solution, arterial ring was not used for further ex-
periments. In the following steps, prostaglandin F2a (PGF 2a) was used
to induce arterial ring contraction, and then 6 doses of acetylcholine
(ACh) (107°~10"*mol/L) or 6 doses of Ang-(1-7) (10~°~10~*mol/
L) were administrated in a dose-dependent manner to induce vasodi-
latation. The degree of relaxation is shown as a percentage of PGF 2a-
induced contraction. For the pretreatment with chemicals, the chemi-
cals were added 20 min before the contraction induced by PGF 2a.

2.6. Arteries sample preparation

MA, CA and PA were isolated from rats and flash-frozen in liquid
nitrogen and stored at —70 °C, prepared to detect Mas receptor protein
expression or immunohistochemistry. For the purpose of detecting the
effects of Ang-(1-7) or A-779 on NO, cGMP and PKG levels, CA, MA or
PA were isolated from rats and incubated in Krebs-Henseleit solution
added with different chemicals for 20 min. These arteries were then
quickly removed from the solution and flash-frozen in liquid nitrogen
and stored at —70 °C. Lastly, the artery tissues were homogenized in
RIPA lysis buffer and centrifuged. The total proteins in the homogenate
supernatant were extracted and measured using a protein assay kit
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(BCA, Pierce, USA).
2.7. Measurement of Mas receptor protein expression of arteries

The Mas receptor protein expressions in arteries were determined by
western blotting as described in previous reports [36,37]. Briefly,
proteins in the artery tissues homogenate supernatant were separated
by a 10% SDS-PAGE gel and transferred to a nitrocellulose membrane.
The membrane was then probed with Mas receptor antibody (1:200,
Alomone Labs, Israel), followed by incubation with horseradish per-
oxidase—conjugated goat anti-rabbit IgG (1:5000; Immunology Con-
sultants Lab, Portland, OR, USA). The bands were visualized by en-
hanced chemiluminescence using the ECL system (Pierce Chemical,
Rockford, IL, USA). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (1:5000; Bioworld Technology Inc., Louis, MN, USA) protein
was used as the loading control. The total amount of the Mas receptor
protein levels were normalized to the GAPDH protein level.

2.8. Mas receptor immunohistochemistry

Mas receptor immunohistochemistry of the arteries was performed
with an immunohistochemistry kit (Abcam, MA, USA) as our previous
report [29]. Briefly, the arteries were processed into coronal sections
(5um) and were incubated with rabbit polyclonal Mas receptor anti-
body (1:200, Alomone Labs, Israel) at 4 °C overnight. After washing,
sections were incubated with biotinylated goat anti rabbit IgG for 1 h
and then stained with DAB according to the manufacturer's instructions.
Sections were covered with mounting medium and Mas receptor im-
munoreactivity was observed under a light microscope (DP70,
Olympus, Tokyo, Japan).

2.9. Measurement of NO, cGMP and PKG levels

NO production of arteries was evaluated based on the detection of
the concentration of its stable metabolites nitrate and nitrite using a
Nitrate/Nitrite Colorimetric Assay Kit (Cayman Chemical Co., Ann
Arbor, MI, USA). The cGMP level and PKG protein level of arteries were
determined by enzyme immunoassay kits (Cayman Chemical Co., Ann
Arbor, MI, USA & Yi Fei Xue Biotechnology, Nanjing, China) following
the manufacturer's instruction.

2.10. Chemicals

Ang-(1-7) and p-Alanine-Ang-(1-7) (A-779, an antagonist of Mas
receptors) were obtained from Bachem (Bubendorf, Switzerland). N®-
nitro-l-arginine methyl ester (.-NAME, a nitric oxide (NO) synthase
inhibitor), 8-Bromoguanosine 3’,5’-cyclic monophosphate (8-Bromo-
c¢GMP, an cGMP analogue), 1H- [1,2,4]oxadiazole [4,3-alquinoxalin-1-
one (ODQ, a guanylate cyclase (GC) inhibitor), DT-2 (a protein kinase G
(PKG) inhibitor), Prostaglandin F2a (PGF 2a) and acetylcholine (ACh)
were purchased from Sigma Chemical Co (St. Louis, MO, USA). The
chemicals were dissolved in normal saline, except ODQ which was
dissolved in DMSO.

2.11. Protocols

Protocol 1: The effects of intravenous injection of saline, Ang-(1-7)
(10~ *mol/L), A-779 (10~ * mol/L), A-779 + Ang-(1-7) on mean arterial
pressure, renal sympathetic nerve activity and heart rate were de-
termined in 4 groups of WKY and 4 groups of SHR (n = 6 for each
group).

Protocol 2: The high K* solution induced arterial ring constriction,
ACh induced dose-dependent vasodilatation, the effects of pretreatment
with saline, A-779 (10~ *mol/L), -NAME (10 ®mol/L), DT-2
(10~ *mol/L), 0.1% DMSO, ODQ (10~ *mol/L) and 8-Bromo-cGMP
(10"*mol/L) on Ang-(1-7) induced dose-dependent vasodilatation
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were determined in 7 groups of WKY and 7 groups of SHR (n = 6 for
each group).

Protocol 3: Mas receptor protein expression detected by western
blotting and Mas receptor immunohistochemistry of MA, CA and PA
were determined in 1 groups of WKY and 1 groups of SHR (n = 6 for
each group).

Protocol 4: The effects of saline, Ang-(1-7) (10~ *mol/L), A-779
(10~ * mol/L) and A-779+ Ang-(1-7) on NO, cGMP and PKG levels of
CA, MA or PA were detected in 4 groups of WKY and 4 groups of SHR
(n = 6 for each group). CA, MA or PA were isolated from rats and
incubated in Krebs-Henseleit solution added with Ang-(1-7) or A-779
for 20 min. A-779 pretreatment was administered 20 min before Ang-
(1-7) treatment.

2.12. Statistical analysis

Data are expressed as the mean *+ S.E. One-way or two-way
ANOVA was used, followed by the Bonferroni test, for post-hoc analysis
when multiple comparisons were made. P < 0.05 was considered
statistically significant.

3. Results
3.1. General data in WKY and SHR

The systolic blood pressure measured in conscious state and the
mean arterial pressure measured under anesthesia were significantly
increased in SHR, while body weight or heart rate between WKY and
SHR had no significant difference (Table 1). Compared with WKY, the
high K" solution induced vasoconstriction in MA, CA and PA was en-
hanced significantly in SHR (Table 2). ACh-induced dose-dependent
relaxations in MA, CA and PA in SHR were attenuated significantly
compared with WKY (Fig. 1).

3.2. Effects of Ang-(1-7) on baseline renal sympathetic nerve activity, mean
arterial pressure and heart rate

Intravenous injection of Ang-(1-7) decreased mean arterial pressure
(Fig. 2A) but had no significant effect on renal sympathetic efferent
nerve activity (Fig. 2B) and heart rate (Fig. 2C) in both WKY and SHR.
This hypotensive effect of Ang-(1-7) lasted for at least 1h, and was
blocked by Mas receptor antagonist A-779 pretreatment. Intravenous
injection of A-779 alone, increased mean arterial pressure, and had no
significant effect on renal sympathetic nerve activity and heart rate in
both WKY and SHR (Fig. 2).

3.3. Ang-(1-7) induced relaxation in MA, CA and PA

Ang-(1-7) dose-dependently caused MA, CA and PA relaxation in
both WKY and SHR (Fig. 3).

Table 1
Body weight, SBP, MAP and HR in one representative group of WKY and SHR.
WKY SHR
Body Weight, g 318.7 + 4.2 313.5 + 3.0
SBP, mm Hg 112.6 = 5.1 192.2 + 46 *
MAP, mm Hg 90.8 + 3.8 137.3 £ 49~
HR, beats/min 352.3 = 10.1 349.6 = 14.4

Systolic blood pressure (SBP) of tail artery was measured in conscious state by
use of a noninvasive computerized tail-cuff system, mean arterial pressure
(MAP) and heart rate (HR) were measured with a pressure transducer in the
right carotid artery under anesthesia. Values are expressed as mean =+ SE.
*P < 0.05 compared with the WKY. n = 6 for each group.
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Table 2
The high K* induced contraction (mg/mm) in MA, CA and PA in one group of
WKY and SHR.

WKY SHR
MA 432.7 £ 63.2 1042.1 + 80.8*
CA 82.3 + 12.5 191.8 + 32.7*
PA 111.6 = 15.5 163.0 + 9.5%

Values are mean + SE.*P < 0.05 compared with WKY. n = 6 for each group.

3.4. Effect of A-779, .--NAME, DT-2, ODQ and 8-Bromo-cGMP on Ang-(1-
7) induced vascular relaxation

Compared with saline or 0.1% DMSO, pretreatment with Mas re-
ceptor antagonist A-779 (Fig. 3A), endothelial NO synthase (eNOS)
inhibitor .-NAME (Fig. 3B), PKG inhibitor DT-2 (Fig. 4A) or GC in-
hibitor ODQ (Fig. 4B) significantly inhibited the Ang-(1-7) induced MA,
CA and PA relaxation in both WKY and SHR. Conversely, 8-Bromo-
c¢GMP, a ¢cGMP analogue, enhanced the Ang-(1-7) induced vascular
relaxation in MA in WKY or SHR (Fig. 4C). Saline, A-779, 0.1% DMSO,
ODQ, and 8-Bromo-cGMP had no significant influence on basal vascular
tension in WKY or SHR, while L-NAME increased basal vascular tension
in MA, CA and PA in SHR, and DT-2 increased basal vascular tension in
CA in SHR, respectively (Table 3).

3.5. Mas receptor expression of arteries

Compared with WKY, the Mas receptor protein expressions in MA,
CA, and PA of SHR detected by either western blotting (Fig. 5A) or
immunohistochemistry (Fig. 5B) were lower than that of WKY.

3.6. NO, cGMP and PKG levels in MA, CA, and PA

The NO (Fig. 6A), cGMP (Fig. 6B) and PKG protein levels (Fig. 6C)
in MA, CA, and PA in SHR were much lower than WKY. Ang-(1-7) in-
creased or normalized NO, cGMP and PKG levels in MA, CA, and PA in
SHR. The effect of Ang-(1-7) was abolished by pretreatment with A-779
on arteries. However treatment with A-779 alone on arteries had no
significant effect on NO, cGMP and PKG levels in both WKY and SHR
(Fig. 6).

4. Discussion

Numerous studies have shown that endothelial dysfunction is a
hallmark of hypertension. Enhanced vasoconstriction and attenuated
vasodilatation due to the endothelial dysfunction of MA, results in in-
creased total peripheral resistance and sustained high blood pressure in
hypertension [38]. Endothelial dysfunction induced impaired coronary
arterial relaxation reduces the blood supply to the heart and
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subsequently causes myocardial ischemia and angina in hypertension
[11,39,40]. Attenuated pulmonary arterial relaxation increases pul-
monary vascular resistance and increases the risk of pulmonary hy-
pertension [19,20]. The present study demonstrates new findings: 1)
High K* solution induced vasoconstriction were enhanced and acet-
ylcholine-induced dose-dependent relaxations in MA, CA and PA in SHR
were attenuated significantly in SHR compared with WKY; 2) Ang-(1-7)
caused dose-dependent relaxation in MA, CA, and PA, and this relaxa-
tion was blocked by pretreatment with Mas receptor antagonist (A-
779), NO synthase inhibitor (1--NAME), GC inhibitor (ODQ), and PKG
inhibitor (DT-2); 3) Ang-(1-7) decreased, while A-779 increased arterial
blood pressure and abolished the effect of Ang-(1-7); 4) The Mas re-
ceptor expression, NO, cGMP and PKG levels of the arteries of SHR
decreased compared with WKY; 5) Ang-(1-7) increased NO, cGMP and
PKG levels of arteries of SHR, which was blocked by A-779. These re-
sults indicate that exogenous Ang-(1-7) improved the endothelial dys-
function in SHR. Activation of Mas receptor by Ang-(1-7) relaxes MA,
CA and PA of SHR through the NO-cGMP-PKG pathway, which con-
tributes to the decrease of arterial blood pressure induced by in-
travenous injection of Ang-(1-7) in SHR.

In the present study, we found that the SBP and the mean arterial
pressure were significantly increased in SHR compared with WKY. High
K* solution induced vasoconstriction was enhanced significantly in
SHR. Acetylcholine stimulates the endothelial cells to release NO and
then induces vasodilatation. Therefore, acetylcholine-induced vasodi-
latation was most often used to evaluate arterial endothelial function.
We found that acetylcholine-induced endothelium-dependent relaxa-
tion in MA, CA, and PA of SHR was impaired significantly compared
with that in WKY. These results indicate endothelial dysfunction in
small arteries, thus initiating enhanced vasoconstriction and attenuated
vasodilatation in SHR. Finding a way to improve endothelial function is
important for inhibition of the development and progression of hy-
pertension and organ damage.

The discovery of Ang-(1-7) in the last two decades adds a new im-
portant component to the RAS family. Ang-(1-7) has been found to play
important roles in the regulation of cardiovascular activity [23,41].
Dense Mas receptors are found in vascular endothelial cells [42],
VSMCs [43], and many sites of brain [44]. Within vascular tissue, the
Mas receptors are more concentrated in the endothelium [42]. Some
studies have shown that Ang-(1-7) infusion decreases blood pressure
[45] and induces the mesenteric arterial relaxation in normotensive rats
[46,47]. Ang-(1-7) improves endothelial function and delays the de-
velopment of cardiac remodeling and heart failure in rats with myo-
cardial infarction [48]. We found that Ang-(1-7) in different parts of
body has different effects on modulating the blood pressure and sym-
pathetic activity. Our recent studies have found that microinjection of
Ang-(1-7) into either PVN or RVLM, two important sites in central
nervous system for regulating sympathetic outflow and blood pressure,
increases renal sympathetic nerve activity and mean arterial pressure in
renovascular hypertensive rats [28,29]. In the present study, we

MA CA PA
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Fig. 1. Dose-response curves of ACh-induced relaxation in MA, CA and PA in WKY and SHR. Values are mean * SE. *P < 0.05 compared with WKY. n = 6 for each

group.
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Fig. 2. Effects of intravenous injection of saline, Ang-(1-7) (10" *mol/L), A-779 (10~ * mol/L), A-779 +Ang-(1-7) on the mean arterial pressure (MAP) (A), baseline
renal sympathetic nerve activity (RSNA) (B) and heart rate (HR) (C) in WKY and SHR. Values are mean * SE. *P < 0.05 compared with Saline. {P < 0.05

compared with WKY. P < 0.05 compared with Ang-(1-7) alone. n =

reported that intravenous injection of Ang-(1-7) decreased mean ar-
terial pressure, while Mas receptor antagonist, A-779, increased mean
arterial pressure, and that neither had a significant effect on renal
sympathetic nerve activity, in either SHR or WKY. Ang-(1-7) caused
dose-dependent vascular relaxation in MA, CA and PA in SHR and WKY.
The effects of Ang-(1-7) on blood pressure and vascular tension were
blocked by pretreated arteries with A-779. These findings indicate a
beneficial effect of Ang-(1-7) on the Mas receptor functions within ar-
teries in states of hypertension, by decreasing vascular tension and
blood pressure. Ang-(1-7) decrease mean arterial pressure by means of
its capacity to induce MA relaxation, thereby decrease the total per-
ipheral resistance in hypertension. Ang-(1-7) induces coronary arterial
relaxation, possibly increases the blood supply to the heart and im-
proves myocardial ischemia in hypertension. Ang-(1-7) also induces
pulmonary arterial relaxation, which decreases pulmonary vascular
resistance and lower the risk of pulmonary arterial hypertension in
cases of hypertension. In addition, we found that the Mas receptor ex-
pressions in MA, CA, and PA in SHR were much lower than that in WKY.
We speculate that Ang-(1-7)/Mas receptor activity was impaired by
some unknown mechanisms which inhibited the synthesis of Mas re-
ceptor in arteries, which would be studied in the future. Impaired Ang-
(1-7)/Mas receptor activity may be an important cause of endothelial

6 for each group.

dysfunction and subsequent enhanced vasoconstriction and attenuated
vasodilatation in hypertension. Therefore, to improve Ang-(1-7)/Mas
receptor activity should be beneficial for inhibiting the development
and progression of hypertension.

It has been reported that NO mediates some effects of Ang-(1-7) via
Mas receptors in some tissues. Ang-(1-7) induces relaxation of canine
middle cerebral arteries through NO from endothelial cells [49]. The
Ang-(1-7)/Mas axis stimulates eNOS activation and NO production in
human aortic endothelial cell and in Mas-transfected Chinese hamster
ovary cells [50] and in cardiomyocytes [51]. We know that, endothelial
cells release NO, and NO then induces VSMC relaxation through the
intracellular cGMP-PKG signaling pathway. However, whether the NO-
c¢GMP-PKG signal pathway mediates the effects of Ang-(1-7) on arteries
in SHR remain uncertain. The present study found that pretreating ar-
teries with the eNOS inhibitor .-NAME, significantly blocked the Ang-
(1-7)-induced vascular relaxation in MA, CA, and PA in WKY and SHR.
Pretreatment with GC inhibitor ODQ or PKG inhibitor DT-2 on arteries,
also inhibited the Ang-(1-7)-induced MA, CA, and PA relaxation, while
8-Bromo-cGMP, a ¢cGMP analogue, enhanced the Ang-(1-7)-induced
vascular relaxation in MA in both WKY and SHR. Both NO level and
cGMP level of MA, CA, and PA in SHR were much lower than that in
WKY, further suggesting the presence of endothelial dysfunction in

MA CA PA
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Fig. 3. Effects of saline, A-779 (10~ *mol/L) and .-NAME (10 ~> mol/L) on Ang-(1-7)-induced dose-dependent relaxation in MA, CA and PA in WKY and SHR. Values

are mean =+

SE. *P < 0.05 compared with Saline. P < 0.05 compared with WKY. n = 6 for each group.
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Fig. 4. Effects of saline, DT-2 (10~ *mol/L), 0.1% DMSO, ODQ (10~ *mol/L) and 8-Bromo-cGMP (10~ % mol/L) on Ang-(1-7)-induced dose-dependent relaxation in
MA, CA and PA in WKY and SHR. Values are mean + SE. *P < 0.05 compared with Saline or 0.1% DMSO. P < 0.05 compared with WKY. n = 6 for each group.

SHR. Ang-(1-7) increased or normalized the NO and cGMP levels in MA,
CA, and PA in SHR, which was abolished by A-779. These results sug-
gest that the NO-cGMP-PKG signal pathway in endothelial cell and
VSMC is an important signaling mechanism mediating the effects of
Ang-(1-7) on vascular tension. Activation of Mas receptors on the en-
dothelial cell membrane by Ang-(1-7), first stimulated NO generation,
which then relaxed the VSMC through the intracellular cGMP-PKG
signal pathway.

In conclusion, enhanced vasoconstriction and attenuated vasodila-
tation due to the endothelial dysfunction occurred and the activity of

Table 3

the Ang-(1-7)/Mas receptor was impaired in SHR. Exogenous Ang-(1-7)
improved the endothelial dysfunction in SHR. Activation of Mas re-
ceptors by Ang-(1-7) relaxes MA, CA, and PA through the NO-cGMP-
PKG pathway, contributing to a drop in blood pressure in SHR. A
summary flow diagram showing the role and mechanisms of Ang-(1-7)
in vasodilatation was shown in Fig. 7. Impaired Ang-(1-7)/Mas receptor
activity inside of artery might be an important reason for the persis-
tence of high blood pressure in SHR. Improvement of arterial Ang-(1-
7)/Mas receptors activity might be a therapeutic strategy for treating
cardiovascular diseases hypertension.

Influences of saline, A-779 (10 ~*mol/L), .-NAME (10~ 3 mol/L), DT-2 (10~ *mol/L), 8-Bromo-cGMP (10~ *mol/L), 0.1% DMSO and ODQ (10~ *mol/L) on the basal

vascular tension (mg/mm) in WKY and SHR.

Saline A-779 L.-NAME DT-2 8-Bromo-cGMP 0.1% DMSO OoDQ
WKY MA 1.39 + 3.33 —2.40 = 1.44 —0.50 + 3.35 2.70 = 2.57 1.15 = 1.60 -0.23 = 3.79 —-1.08 + 1.73
CA 5.35 = 4.65 3.40 = 2.81 4.38 = 3.29 4.35 = 1.80 —3.66 = 1.94 2.11 + 5.03 2.82 = 1.26
PA 5.95 = 4.25 5.77 = 3.02 2.77 = 2.87 —0.47 = 2.23 —3.33 = 2.63 4.34 = 3.85 8.83 = 1.14
SHR MA 4.99 = 241 391 *= 3.23 24.82 = 2.17%j 14.88 + 4.79 4.23 = 2.46 1.76 + 4.13 6.62 = 3.34
CA 2.80 = 4.62 8.18 = 3.24 46.53 = 4.98*7 49.33 * 5.52*f 0.40 = 5.83 —1.80 = 5.11 10.59 *= 6.40
PA 211 = 5.16 4.96 = 2.19 49.46 £ 6.61*7 11.43 + 5.40 —-1.26 = 6.27 3.49 = 4.77 9.19 = 4.28

Data showed the changes (mg/mm) of vascular tension from the values before chemical intervention. Values are expressed as mean *

or 0.1% DMSO, P < 0.05 vs. WKY. n = 6 for each group.

SE. *P < 0.05 vs. the Saline
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Fig. 7. A summary flow diagram showing the role and mechanisms of Ang-(1-7) in vasodilatation.
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