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Angiotensin-converting enzyme/angiotensin II/type 1 
angiotensin receptors (ACE/AngII/AT1) axis of the rennin–
angiotensin system plays an integral role in maintaining 
vascular tone, salt and water homeostasis, as well as cardiac 
function in humans. Chronic activation of AngII/AT1 causes 
hypertension accompanied by cardiac, renal, and vascular 
injury with remodeling that eventually leads to end-organ 
damage, such as renal failure, heart failure, and coronary 
artery disease.1

During the last decade, classical view of the rennin–
angiotensin system has been challenged by the discovery of 
ACE2. This membrane-bound enzyme has been identified in 
rodents and humans, and is found mainly in the heart and 
kidney.2 The major role of ACE2 is to cleave AngII to generate 
Ang1-7. The biological effects of Ang1-7 in the kidney 
are primarily mediated by interaction with the G-protein-
coupled receptor Mas. However, other complex effects 
have been described that may involve receptor–receptor 
interactions with AT1 or type 2 angiotensin receptors 

(AT2) receptors, as well as nuclear receptor binding.3 The 
ACE2/Ang1-7/Mas axis counterbalances the role of ACE/
AngII/AT1 axis, thus imparting broader influences on the 
cardiovascular system, including vasodilatation, myocardial 
protection, antiarrhythmic effects, and inhibition of 
pathological cardiac remodeling.4 Furthermore, a number 
of experimental findings suggest that Ang1-7 also plays a 
protective role in the kidney.5,6

Hypertensive kidney disease is a clinical condition that 
causes damage to the kidney because of chronic high blood 
pressure. The renal pathological changes are gradual and 
progressive, characterized by glomerular damage, followed 
by glomerular sclerosis and interstitial fibrosis.7 The intensity 
of fibrosis correlates with the degree of glomerular filtration 
deficit. Multiple factors, including Ang1-7, have been shown 
to contribute to the renal pathological changes. Ang1-7 is 
reported to attenuate fibrosis in liver, skeletal muscle, and 
heart.8 A  growing body of evidence supports a role for 
endogenous or exogenous Ang1-7 serving as a protectant 

© American Journal of Hypertension, Ltd 2019. All rights reserved. For 
Permissions, please email: journals.permissions@oup.com

1Division of Cardiovascular Diseases, Department of Medicine, 
University of Tennessee Health Science Center, Memphis, Tennessee, 
USA. 

Correspondence: Yao Sun (yasun@uthsc.edu)

Initially submitted April 23, 2018; date of first revision July 25, 2018; 
accepted for publication January 15, 2019; online publication January 
29, 2019.

Molecular and Cellular Effect of Angiotensin 1–7 on 
Hypertensive Kidney Disease
Yuanjian Chen,1 Wenyuan Zhao,1 Chang Liu,1 Weixin Meng,1 Tieqiang Zhao,1 Syamal K. Bhattacharya,1 
and Yao Sun1,

BACKGROUND
Studies implicate that angiotensin 1–7 (Ang1-7) imparts protective 
effects in the kidney. However, its relevance in hypertensive kidney 
disease is not fully understood. The purpose of this study was to explore 
the role of Ang1-7 on renal damage/remodeling during hypertension 
and its potential underlying molecular–cellular mechanisms.

METHODS
Hypertension was induced in adult Sprague–Dawley rats by infusion 
of aldosterone (ALDO; 0.75  μg/hour) for 4 weeks with or without 
co-treatment of Ang1-7 (1 mg/kg/day). Untreated rats served as controls. 
Systolic blood pressure was monitored by tail-cuff technique. Renal fibrosis 
was evaluated by picrosirius red staining and renal collagen volume 
fraction was quantitated using imaging analyzing system. The expression 
of profibrotic factors [transforming growth factor-β1 (TGF-β1), platelet-
derived growth factor-D (PDGF-D), fibroblast growth factor-1 (FGF-1), 
vascular endothelial growth factor-D (VEGF-D), and tissue inhibitors 
of metalloproteinases (TIMPs)] and free radical producing enzymes 
(inducible nitric oxide synthase and nicotinamide adenine dinucleotide 
phosphate [NADPH] oxidase) in the kidney were examined by reverse 
transcription–polymerase chain reaction and western blot. Renal 
oxidative stress was assessed by malondialdehyde (MDA) measurement.

RESULTS
Chronic ALDO infusion caused hypertension and hypertensive 
renal disease represented as glomerular damage/sclerosis. Ang1-7 
co-treatment did not affect blood pressure in ALDO-treated rats, 
but significantly attenuated the glomerular damage/fibrosis. ALDO 
treatment significantly elevated renal expression of profibrogenic 
factors, including TGF-β1, TIMP-1/TIMP-2, FGF-1, PDGF-D, and VEGF-D, 
whereas Ang1-7 co-treatment significantly reduced renal TGF-β1, 
TIMP-1/TIMP-2, and FGF-1, but not PDGF-D and VEGF-D. Furthermore, 
ALDO infusion elevated NADPH oxidase (gp91phox) and MDA in the 
kidney, which was attenuated by Ang1-7 co-treatment.

CONCLUSIONS
Ang1-7 plays a protective role in the hypertensive kidney disease 
independent of blood pressure. The beneficial effects of Ang1-7 are 
likely mediated via suppressing TGF-β/FGF-1 pathways and oxidative 
stress.
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against nephron injury in certain experimental conditions.3 
Using a well-established hypertensive rat model, the first 
objective of this study was to determine whether Ang1-7 
exerts an effect on hypertensive kidney disease.

The development of tissue fibrosis, including hypertensive 
kidney disease, is a complex process with tight regulation of 
extracellular matrix synthesis and degradation. Transforming 
growth factor-β (TGF-β) is the most well-characterized 
profibrotic mediator for the fibrous tissue formation.9 Other 
growth factors, including platelet-derived growth factor 
(PDGF), fibroblast growth factor (FGF), vascular endothelial 
growth factor (VEGF), and connective tissue growth factor, 
also promote fibrosis in the damaged tissue.10,11 These 
fibrotic mediators initiate signal transduction pathways that 
ultimately lead to the proliferation/activation of fibroblasts 
and extracellular matrix deposition. Ang1-7 has been reported 
to reduce collagen deposition in the infarcted heart through 
suppressing TGF-β.12 Moreover, Ang1-7 is shown to play 
a protective role in the kidneys of diabetes and liver fibrosis 
through suppressing oxidative stress-mediated signaling 
pathway.13,14 Further studies are needed to elucidate the 
regulatory mechanisms of Ang1-7 in hypertensive kidney 
disease. The second objective of the study was to determine the 
potential molecular–cellular mechanisms responsible for the 
role of Ang1-7 in renal fibrosis of hypertensive kidney disease.

METHODS

Animal experiment

Eight-week-old male Sprague–Dawley rats were used in 
the study. Three animal groups (n = 6/group) were studied: 
(i) untreated and unoperated rats, which served as controls; 
(ii) uninephrectomized rats receiving aldosterone (ALDO; 
0.75  μg/hour), administered subcutaneously via implanted 
minipump, together with 1% sodium chloride in drinking 
water, causing hypertension15; and (iii) ALDO-treated rats 
receiving Ang1-7 (1mg/kg/day) given subcutaneously by 
implanted minipump.16 At the end of 4 weeks of treatment, 
kidneys were harvested, frozen in isopentane with dry ice, 
and kept at −80  °C for the following studies. This study 
protocol was approved by the University of Tennessee Health 
Science Center Animal Care and Use Committee.

Systolic blood pressure

Systolic blood pressure was monitored at the end of 
animal experiment by tail-cuff technique as we reported 
previously.15 Briefly, rats were placed in plastic restrainers. 
A cuff with a pneumatic pulse sensor was attached to the tail. 
Rats were allowed to accustom to this procedure for a week 
before blood pressure were recorded and were averaged 
from 8–10 consecutive readings from each rat.

Morphology

Cryostat sections (6 μm) of frozen kidney were prepared 
to evaluate renal morphology by hematoxylin/eosin and the 
fibrillar collagen accumulation (fibrosis) by collagen-specific 

picrosirius red staining as previously reported.17 Collagen 
volume fraction (CVF) in the kidney was quantitated using a 
computer image analysis system (NIH image, 1.60) and was 
calculated as the sum of connective tissue areas, divided by 
the sum of connective tissue area and nonconnective tissue 
area in all fields of the kidney section (3 sections/kidney).

Reverse transcription–polymerase chain reaction

The total RNA was extracted from the kidney. Gene 
expression of renal type 1 collagen, TGF-β1, tissue inhibitors 
of metalloproteinase-1 (TIMP-1), TIMP-2, PDGF-D, PDGF 
receptor- β (PDGFR-β), FGF-1, FGF receptor-1 (FGFR-
1), VEGF-D, VEGF receptor-3 (VEGFR-3), gp91phox (a 
subunit of nicotinamide adenine dinucleotide phosphate 
[NADPH] oxidase), and inducible nitric oxide synthase 
(iNOS) was deduced by reverse transcription–polymerase 
chain reaction as previously reported.18 Fold changes were 
used to compare the difference among groups.

Western blotting

Growth factor protein levels in the kidney were measured 
by western blot. Briefly, the renal tissue was homogenized 
and the supernatant was collected and separated by 10% 
sodium dodecyl sulfate–polyacrylamide gel electrophoresis. 
After electrophoresis, samples were transferred to 
polyvinylidene difluoride membranes and incubated with 
antibody against TGF-β1, TIMP-1, FGF-1, and gp91phox 
(Invitrogen, Carlsbad, CA; Sigma, St. Louis, MO). Blots 
were subsequently incubated with peroxidase-conjugated 
secondary antibody (Sigma). After washing, the blots were 
developed with an enhanced chemoluminescence method. 
The amount of protein detected was assessed by means of 
quantitative densitometry analysis with a computer image 
analyzing system. Fold changes were used to compare the 
statistical difference among groups.18

Measurement of MDA

Malondialdehyde (MDA) results from lipid peroxidation 
and polyunsaturated fatty acids that serve as a marker of 
oxidative stress. Renal tissue was homogenized (1:10 w:v) in 
ice-cold phosphate-buffered saline (pH 7.4) containing 5 mM 
butylated hydroxytoluene, sonicated, and centrifuged at 
3000×g for 10 minutes. MDA concentration in the supernatant 
was determined colorimetrically using a commercially 
available kit (Oxis Research, Portland, OR). Briefly, duplicate 
aliquots of supernatant were incubated at 45 °C with 7.7 mM 
N-methyl-2-phenylindole in acetonitrile/methanol (75:25 
v:v) and 15.4 mM methanesulfonic acid. After clarification 
by centrifugation at 15000×g for 15 minutes, absorbance was 
measured at 586 nm using 1,1,3,3-tetramethoxypropane as a 
standard. The MDA content of the renal tissue was expressed 
as nanomol per milligram protein.19

Statistical analysis

Statistical analyses of systolic blood pressure, renal CVF, 
reverse transcription–polymerase chain reaction, western 
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blot, and MDA data were performed using analysis of 
variance. The values were expressed as mean ± SEM, with P 
< 0.05 considered significant. Multiple group comparisons 
among the controls and each group were made by the Scheffe 
F test.

RESULTS

Systolic blood pressure

In this study, uninephrectomized rats receiving ALDO/
salt treatment significantly increased systolic blood pressure 
compared to untreated control rats. However, co-treatment 
with Ang1-7 did not alter the blood pressure in rats with 
ALDO infusion (Figure 1a).

Collagen synthesis in the kidney

Collagen is the main structural protein in the extracellular 
space of the connective and fibrous tissue. Type 1 collagen 
is the major component of fibrous tissue. As assessed by 
reverse transcription–polymerase chain reaction, renal type 

1 collagen was significantly elevated in rats receiving ALDO 
treatment. However, Ang1-7 co-treatment significantly 
suppressed renal type 1 collagen mRNA in rats receiving 
ALDO (Figure 1b).

Detected by collagen-specific picrosirius red staining and 
image analyzing system, we observed very low levels of renal 
CVF in the normal rat kidney. Renal CVF was significantly 
increased in ALDO-treated rats compared to controls, 
whereas Ang1-7 co-treatment significantly suppressed renal 
CVF in ALDO-treated rats (Figure 1c).

Kidney morphology

Chronic hypertension leads to hypertensive kidney 
disease, characterized as glomerular damage, followed 
by glomerular sclerosis. Renal damage was evident in 
rats receiving chronic ALDO infusion. As detected by 
hematoxylin/eosin and picrosirius red staining, glomeruli 
exhibited fibroid necrosis (Figure 1e) and sclerosis (Figure 
1h) compared to the normal kidney (Figure 1d, g), whereas 
ALDO-induced renal injury and fibrosis were markedly 
reduced by Ang1-7 co-treatment (Figure 1f, i).
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Figure 1. Blood pressure, renal collagen synthesis and morphology in rats received aldosterone (ALDO) with/without angiotensin 1–7 (Ang1-7) 
co-treatment. ALDO infusion significantly elevated blood pressure in rats, which was not affected by Ang1-7 co-treatment (a). Type 1 collagen (Col-
1) mRNA (b) and CVF (c) in the kidney were significantly increased in ALDO-treated rats, which was significantly suppressed by Ang1-7. Compared to 
the control kidney (d and g), glomerular damage/necrosis (arrow, e) and sclerosis (h) appeared in ALDO-treated rats. Ang1-7 co-treatment improved 
glomerular injury () and fibrosis (i). Panels a–c: *P < 0.05 compared to control group (CTL); #P < 0.05 compared to ALDO group (n = 6/group); Panels d–f: 
×400.
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Gene expression of renal TGF-β and TIMPs

Tissue collagen synthesis is primarily regulated by 
profibrogenic cytokines and growth factors. TGF-β is a 
multifunctional cytokine belonging to the TGF superfamily. 
TGF-β1 is a key modulator of tissue fibrosis by stimulating 
fibroblast proliferation and collagen synthesis. Renal TGF-
β1 expression has been shown to be upregulated in the 
hypertensive kidney disease.20 Our data revealed that renal 
TGF-β1 mRNA levels were significantly increased in ALDO-
treated rats, whereas Ang1-7 co-treatment significantly 
attenuated the pathogenic upregulation (Figure 2a).

Collagen synthesis and degradation coexist in the 
remodeling tissue and their temporal equilibrium 
determines the collagen volume in tissue. Elevated collagen 
synthesis and/or suppressed collagen degradation lead to 
excessive accumulation of collagen in tissue undergoing 
remodeling. Matrix metalloproteinases are responsible for 
collagen degradation and matrix metalloproteinase activity is 
intrinsically regulated by TIMPs. Our study revealed that the 
expressions of renal TIMP-1 and TIMP-2 were significantly 
elevated in ALDO-treated rats, which was significantly 
attenuated in those co-treated with Ang1-7 (Figure 2b, c).

Gene expression of gp91phox and iNOS in the kidney

Oxidative stress is involved in the pathogenesis of various 
diseases and plays a role in the development of tissue 
fibrosis.21 Specifically, NADPH oxidase is a multiprotein 
complex and is a major contributor of reactive oxygen 
species.22 In this study, we observed markedly increased 
expression of gp91phox, a subunit of NADPH oxidase, in 

the kidney of ALDO-treated rats, which was significantly 
attenuated by Ang1-7 co-treatment (Figure 2d).

Nitric oxide is a free radical, primarily generated by 
nitric oxide synthase. Induction of the activated iNOS 
state usually occurs in an oxidative environment, and thus 
higher levels of nitric oxide have the greater propensity to 
react with superoxides leading to formation of peroxynitrite, 
causing cellular toxicity. It has been suggested that 
pathologic generation of nitric oxide through increased 
iNOS production may stimulate tissue fibrosis.23 Our study 
revealed that iNOS expression in the kidney was significantly 
increased in ALDO-treated rats compared to their controls, 
which, however, was not altered by Ang1-7 co-treatment 
(Figure 2e).

MDA levels in the kidney

MDA is a marker of oxidative stress. Our study showed 
that compared to the control rats, renal MDA levels were 
elevated in ALDO-treated rats, which was significantly 
suppressed by Ang1-7 co-treatment (Figure 2f).

Gene expression of fibrotic mediators in the kidney

It has been known that multiple growth factors, including 
FGF, PDGF, and VEGF, contribute to the development of 
tissue fibrosis. FGF-1 is a member of the FGF family, which 
possesses broad mitogenic activity, and is involved in a variety 
of biological processes, including tissue repair and fibrosis. 
We observed markedly increased renal expression of FGF-1 
in ALDO-treated rats, which was significantly suppressed by 
Ang1-7 co-treatment (Figure 3a). Cellular actions of FGF-1 

Figure 2. Transforming growth factor-β1 (TGF-β1), tissue inhibitors of metalloproteinase-1/-2 (TIMP-1/-2), gp91phox and inducible nitric oxide 
synthase (iNOS) mRNA, and malondialdehyde (MDA) levels in the kidney. Compared to controls, TGF-β1 (a), TIMP-1 (b) and TIMP-2 (c), and gp91phox (d) 
mRNA and MDA levels (f) were significantly elevated in aldosterone (ALDO)-treated rats, which was significantly attenuated by angiotensin 1–7 (Ang1-
7) co-treatment. However, renal iNOS mRNA level was significantly increased in rats receiving ALDO, which was not altered by Ang1-7 co-treatment (e). 
*P < 0.05 compared to control group (CTL); #P < 0.05 compared to ALDO group (n = 6/group).
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are mediated by FGFR. However, our study showed that 
renal FGFR-1 expression was not altered by ALDO infusion 
with or without Ang1-7 co-treatment (Figure 3b).

PDGF-D is a crucial mediator of fibrous tissue formation 
and its cellular actions are mediated by PDGFR-β. Our study 
revealed that renal expression of PDGF-D and PDGFR-β 
was significantly increased in ALDO-treated rats. However, 
the elevated expressions of PDGF-D and PDGFR-β in 
the hypertensive kidney were not affected by Ang1-7 
co-treatment (Figure 3c, d).

VEGF is a subfamily of growth factors consisted of its 5 
members: VEGF-A, VEGF-B, VEGF-C, VEGF-D, and the 
placental growth factor. VEGFs are important signaling 
proteins involved in angiogenesis. VEGF-C and VEGF-D 
also serve as profibrogenic mediators that promote tissue 
fibrosis.24,25 In this study, we observed significantly increased 
expression of VEGF-D (Figure 3e) and VEGFR-3 (Figure 
3f) in the kidney of ALDO-treated rats. However, Ang1-7 
co-treatment did not modify renal gene expression of 
VEGF-D and VEGFR-3 in ALDO-treated rats.

Protein levels of profibrogenic factors in the kidney

Detected by western blot, we observed elevated renal TGF-
β1, FGF-1, TIMP-1, and gp91phoxlevels in ALDO-treated rats 
compared to control rats, which were significantly reduced 
by Ang1-7 co-treatment (Figure 4).

DISCUSSION

This study explored the role of Ang1-7 on hypertensive 
kidney disease and its underlying molecular and cellular 
mechanisms. Our results demonstrated that Ang1-7 plays 

a protective role in the hypertensive kidney via multiple 
pathways.

The kidney is one of the major sources of Ang1-7 
production.26 ACE2 protein is increased in kidneys from 
diabetic mice.27 By contrast, other studies reported that 
ACE2 expression in the kidney was significantly decreased 
in hypertensive, diabetic, and pregnant rats.28 Our previous 
study showed that renal ACE2 and Mas levels remained 
unchanged in ALDO-induced hypertensive rats.15 Although 
the reported difference in ACE2 expression in kidney 
diseases remains hitherto unidentified, it is likely related to 
the varied stages of renal damage and repair.

Experimental findings on the effects of Ang1-7 on blood 
pressure have been controversial. It is reported that systemic 
infusion of Ang1-7 to hypertensive rats lowered the blood 
pressure,29 whereas others indicated it had no effect.30 This 
study also revealed that Ang1-7 did not alter blood pressure 
in hypertensive rats induced by ALDO infusion. In humans, 
Ang1-7 infusion induced noticeable vasodilatory effects in 
individuals with normal blood pressure and hypertension.31 
Furthermore, Ang1-7 infusion leads to renal vasodilation 
in hypertensive individuals.32 However, another study 
reported that Ang1-7 treatment did not change the blood 
pressure in subjects with normal blood pressure.33 Thus, the 
therapeutic relevance of Ang1-7 on blood pressure remains 
to be confirmed.

Chronic hypertension leads to multiple-organ injury, 
including kidneys. High blood pressure can damage blood 
vessels by scaring and weakening the vessel wall. In rats 
receiving chronic ALDO infusion, we observed glomerular 
damage and sclerosis, which were improved by co-treatment 
with Ang1-7. Quantitative studies further indicated that 
Ang1-7 significantly attenuated type 1 collagen mRNA and 
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Figure 3. Gene expression of fibroblast growth factor-1/FGF receptor-1 (FGF-1/FGFR-1), platelet-derived growth factor-D/PDGF receptor-β (PDGF-D/
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and Ang1-7 (b). Renal expression of PDGF-D (c), PDGFR-β (d), VEGF-D (e), and VEGFR-3 (f) were significantly increased in ALDO-treated rats, but was not 
altered by Ang1-7 co-treatment. *P < 0.05 compared to control group (CTL) #P < 0.05 compared to ALDO group (n = 6/group).
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collagen volume in the hypertensive kidney. A  protective 
role for Ang1-7 in hypertension-induced renal injury 
has been strongly supported by other studies. In rats with 
hypertension because of renal wrap, chronic treatment with 
Ang1-7 prevented glomerulosclerosis and tubulointerstitial 
fibrosis without lowering blood pressure.34 However, 
in diabetic spontaneous hypertensive rats with Ang1-7 
improved renal function without lowering blood pressure.35 
Taken together, these findings suggest that Ang1-7 plays a 
protective role in hypertensive kidney disease independent 
of blood pressure.

We further investigated the potential mechanisms 
responsible for the protective role of Ang1-7 on hypertensive 
kidneys. Fibrosis is initiated when macrophages release 
profibrogenic cytokines and growth factors that stimulate 
fibroblasts for laying down extracellular matrix at the sites 
of injury. The most well-characterized profibrotic mediator 
is TGF-β. This study shows that TGF-β1 expression 
was upregulated in the hypertensive kidney, which was 
significantly suppressed by Ang1-7 co-treatment. Other 
studies have also evaluated the role of Ang1-7 in modifying 
the expression of TGF-β and key components of the TGF-β 
pathway. Ang1-7 was reported to decrease TGF-β1 mRNA 
levels in cultured cardiac fibroblasts36 and improved 
vascular remodeling through downregulation of TGF-β 
and inhibition of the Smad2 pathway.37 Ang1-7, therefore, 
participates in renal fibrosis by regulating TGF-β synthesis.

Other growth factors that stimulate tissue fibrosis 
include FGF, PDGF, and VEGF. These profibrotic mediators 
initiate signal transduction pathways that ultimately lead 
to the proliferation and activation of fibroblasts, which, 
in turn, deposit extracellular matrix. This study revealed 
upregulation of FGF-1/FGFR1, PDGF-D/PDGFR-β, and 
VEGF-D/VEGFR-3 in the hypertensive kidney. Our study 
further demonstrated that Ang1-7 treatment significantly 
attenuated FGF-1, but not PDGF-D and VEGF-D and their 
respective receptors, suggesting that in addition to TGF-β, 
the antifibrotic role of Ang1-7 in the hypertensive kidney is 
also mediated through FGF-1 pathway.

Collagen synthesis and degradation coexist in the 
repairing tissue and its equilibrium dictates tissue collagen 
volume. Enhanced collagen production and reduced 
collagen degradation facilitate tissue collagen deposition. 
The function of TIMP is to inhibit metalloproteinase activity 
and promote collagen accumulation. This study showed that 
TIMP-1 and TIMP-2 are upregulated in the hypertensive 
kidney, which was significantly attenuated in Ang1-7-
treated rats. These findings implicate that Ang1-7 can 
promote collagen degradation by suppressing TIMPs, thus 
attenuating fibrosis in the hypertensive kidney.

Oxidative stress often occurs in the injured tissue, which 
plays an important role in inflammatory and fibrogenic 
responses.38 In this study, we observed elevated expression 
of NADPH oxidase subunit, gp91phox, and iNOS in the 
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hypertensive kidney, which contributes to the activation 
of local oxidative stress. In addition, Ang1-7 significantly 
suppressed renal gp91phox expression. Other study has 
reported that recombinant human ACE2 significantly blunts 
AngII infusion–induced NADPH oxidase and reactive 
oxygen species production in the heart.39 These results 
suggest that Ang1-7 confers antioxidant property in the 
hypertensive kidney.

Although our work has achieved its primary objectives, 
there were some unavoidable limitations. First, blood 
pressure was measured by tail-cuff method in the study, 
which may be influenced by stress. The direct method using 
catheter technique can overcome the problem. However, 
the technique requires general anesthesia, which can 
significantly increase or drop blood pressure. Therefore, 
it is not an ideal method to measure blood pressure. Tail-
cuff method is currently the best way to monitor the blood 
pressure when rats are well trained to reduce the stress 
level before measurement. Second, circulating Ang1-7 
levels following Ang1-7 treatment were not measured in 
the study, because the previous study revealed that Ang1-7 
infusion increased plasma Ang1-7 level.40 Third, Ang1-7 
has been shown to reduce plasma renin and subsequent 
ALDO endogenous release. This effect of Ang1-7 was not 
addressed in this study, because when exogenous ALDO was 
introduced by a minipump, circulating renin and AngII were 
significantly suppressed and the potential effect of Ang1-7 
on renin and ALDO could be considered negligible.

In summary, this study demonstrated the protective effect 
of Ang1-7 in the hypertensive kidney disease. However, 
the beneficial role of Ang1-7 on the hypertensive kidney is 
independent of blood pressure but is mediated via multiple 
mechanisms. Ang1-7 improves renal injury and fibrosis by 
suppressing the expression of TGF, FGF, and TIMP as well 
as reactive oxygen species production.
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