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INTRODUCTION
Arterial pressure, or blood pressure (BP), consisting of the pres-
sure that is generated by blood flow over the blood vessel wall, 
is determined by the volume that is ejected from the heart into 
the arteries during cardiac systole and arterial elastance and the 
rate in which blood flows out of the arteries. This generated 
pressure, in ideal values, guarantees the supply of oxygen and 
nutrients to the tissues1. BP control occurs through the syn-
ergistic interaction between various systems, through hemo-
dynamic, neural, humoral, and renal processes2. Changes in 
these regulatory systems can lead to the development of sys-
temic arterial hypertension (SAH)3.

Systemic arterial hypertension (SAH) is one of the lead-
ing chronic diseases that affect individuals worldwide. When 
uncontrolled, it can dramatically increase the risk of compli-
cations such as stroke, coronary artery disease, and kidney and 
heart failure4, in addition to representing the primary risk fac-
tor for death worldwide5.

In the pathophysiology of SAH, several mechanisms may 
be related to its development and progression, such as oxida-
tive stress, increased activity of matrix metalloproteinases6, 
inflammation, expression and activation of nicotinamide ade-
nine dinucleotide phosphate (NADPH) oxidase subunits7, 
increased baroreflex sensitivity8, and increased activity of the 
sympathetic nervous system and the renin-angiotensin-aldo-
sterone system (RAAS)3.

Renin-angiotensin-aldosterone system (RAAS) is one of 
the main components of fluid and electrolyte volume con-
trol and BP. The cascade of reactions leads to angiotensin II 
(Ang-II), an octapeptide that promotes vasoconstriction, stim-
ulates the release of aldosterone, and promotes an increase in 
sodium and water reabsorption, generating an increase in BP8,9. 
Overactivation of this system, mainly through type I angio-
tensin receptors (AT1), can result in deleterious effects on the 
cardiovascular and renal systems9.

Recent evidence has shown that in addition to the pathways 
related to the classical RAAS pathway, there are other compo-
nents with opposite activities. These include angiotensin 1-9, 
alamandine, and angiotensin 1-7 [Ang-(1-7)], the latter being a 
product of the conversion of Ang-II by the converting enzyme-
type II angiotensin (ACE-2) (Figure 1), related to an axis of 
beneficial activities and opposite to the classic RAAS pathway, 
and mediated by the action of its binding on MAS receptors9,10. 
MAS receptor agonists have been used in studies as a possible 
alternative for SAH treatment due to their vasodilatory activi-
ties, among them AVE 0991, a synthetic non-peptide agonist 
of this receptor, which showed cardiorenal protective effects in 
diabetic rats11,12. Hence, the objective of this study was to eval-
uate the effect of the agonist AVE 0991 on the cardiovascular 
system of hypertensive and normotensive rats, specifically if it 
promotes cardioprotective and antihypertensive effects and by 
what mechanisms these effects are generated.
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METHODOLOGY
This is an integrative literature review study with a qualitative 
and descriptive character. The research brought together inter-
national studies to assess the effects of binding a non-peptide 
MAS receptor agonist and its effects on the cardiovascular 
system. The elaboration of this integrative review, as recom-
mended, followed six steps13:

•	 Identification of the theme and selection of the guid-
ing question

•	 Establishment of inclusion and exclusion criteria for studies
•	 Extraction of information to be extracted and catego-

rization of selected studies
•	 Evaluation of included studies
•	 Interpretation of results
•	 Presentation of the review/synthesis of knowledge

Formulation of the review question
The following questions generated led to the review: Does the 
binding of the non-peptide agonist AVE 0991 to the MAS 
receptor promote cardioprotection and BP reduction in rats? 
And what are the actions related to the cardioprotective and 
antihypertensive effect of the interaction between AVE 0991 
and the MAS receptor?

Literature search strategy
The bibliographic survey was developed through the electronic 
databases National Library of Medicine (PubMed), Medical 
Literature Analysis and Retrieval System Online (MEDLINE), 
and Elsevier Database (Scopus). The search terms used during 

the survey were as follows: “Hypertension,” “Renin-Angiotensin 
System,” “Angiotensin 1-7,” and “AVE0991.” The combination 
of terms was performed using the Boolean connector “AND.”

Inclusion and exclusion criteria
The inclusion criteria were as follows: studies that addressed the 
effects generated by AVE 0991 on the cardiovascular system of 
hypertensive or normotensive rats; studies published in full, in 
English; and titles published in the period it comprises (2002–
2022). Duplicate studies, clinical studies, and gray literature 
materials, such as theses, dissertations, course conclusion works, 
and studies published in event proceedings, were excluded.

Search and selection process
The literature search was performed in December 2021. To assist 
in identifying and selecting studies, the Statement for Reporting 
Systematic Reviews and Meta-Analyses of Studies (PRISMA) 
flowchart was used (Figure 1).

Data extraction and analysis
From the selection of the studies, a thorough analysis of the studies 
was carried out. The studies were characterized in author/year of 
publication, title, experimental model, and cardioprotective and 
antihypertensive actions generated by the treatment with AVE 
0991 through a standardized data form as shown in Figure 2.

Figure 2. Flowchart of the article selection process.

Figure 1. Actions generated by the ligation of AVE 0991 on the MAS 
receiver. Ang-II is converted to Ang-(1-7) by ACE2. Binding of Ang-(1-
7) or other agonists, such as AVE 0991, on MAS receptors, generates 
effects contrary to those of binding of Ang-II on AT1 receptor. 
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RESULTS
The titles identified by searching the PubMed, MEDLINE, and 
Scopus databases corresponded to 108 articles. After excluding 
duplicates, 31 articles returned, of which, after reading the texts 
and abstracts applying the inclusion criteria, 5 articles remained 
for reading the entire text in full, as shown in Figure 1. 

The results of this integrative review summarize the 
cardioprotective and antihypertensive effects generated by 
treatment with a non-peptide agonist of the MAS recep-
tor, i.e., AVE 0991, in rats with and without hypertension. 
The summary of the studies included in this review is shown 
in Table 1, which is characterized and described according 
to the author, year of publication, article title, experimental 
model, and cardioprotective and antihypertensive actions 
induced by AVE 0991. 

This brief review had numerous limitations. A limited 
number of studies were identified that addressed the use of 
AVE 0991 and its effects on the cardiovascular system. Given 
the limited number of studies found, the time interval used 
was 20 years to enhance the search for studies and provide as 
much evidence as possible. However, the results obtained were 
enough to show that using AVE 0991 plays beneficial actions 
on the cardiovascular system, such as those already described 
related to Ang-(1-7). 

DISCUSSION
The RAAS cascade consists of converting angiotensinogen into 
Ang-I by an enzyme released by the juxtaglomerular cells of 
the kidney, renin. Ang-I, in turn, is enzymatically converted by 
the ACE into Ang-II. When Ang-II binds to the AT1 recep-
tor, it promotes various activities, including vasoconstrictor, 
proliferative, pro-inflammatory, pro-fibrotic, and pro-throm-
botic effects8,14. On the other hand, Ang-II can be converted 
to Ang-(1-7) through ACE-2. Through its binding to MAS 
receptors, Ang-(1-7) promotes effects contrary to Ang-II, such 
as vasodilator, anti-thrombotic, antihypertensive, and anti-fi-
brotic (Figure 2)14.

Although Ang-(1-7) supplementation seems promising 
for the treatment of cardiovascular diseases, including SAH, 
by reducing the contractile response of Ang-II and in the long 
term attenuating vascular remodeling and BP15, there are lim-
itations; the peptide has a short biological half-life and is not 
helpful for oral ingestion16. With a longer half-life and stability, 
these peptide analogs, such as AVE 0991, have drawn research 
attention11. AVE 0991 is a selective non-peptide agonist of the 
MAS receptor. MAS is a G-protein-coupled receptor discov-
ered in the 1980s, but its binding relationship with Ang-(1-7) 
was only discovered in the 2000s17. The MAS receptor, Ang-
(1-7), and ACE-2 form the so-called ACE2-Ang-(1-7)-Mas 

Table 1. Distribution of articles included in the review, according to author, year, experimental model, and AVE 0991 action.

Author/year Title Experimental model
Cardioprotective and antihypertensive 

action induced by AVE 0991

Cunha et al., 201312

The non-peptide Ang-(1-7) mimic AVE 
0991 attenuates cardiac remodeling 
and improves baroreflex sensitivity in 
renovascular hypertensive rats

Fischer rats with renovascular 
hypertension 2 kidneys 1 clip

Treatment with AVE 0991 reduced 
fibrosis, inflammation, and increased 
cardiac weight, in addition to improving 
baroreflex sensitivity and blood pressure.

Ferreira et al., 200721

Isoproterenol-induced impairment 
of heart function and remodeling are 
attenuated by the non-peptide Ang-(1-7) 
analog AVE 0991

Normotensive Wistar rats 
treated with isoproterenol

Treatment with AVE 0991 in rats 
undergoing chronic isoproterenol 
treatment prevented muscle hypertrophy 
and collagen fiber deposition in the heart, 
in addition to improving cardiac function.

Raffai and Lombard, 
201623

Ang-(1-7) selectively induces relaxation and 
modulates endothelium-dependent dilation 
in mesenteric arteries of salt-fed rats

Sprague-Dawley rats fed a 
high-salt diet

Oral treatment with AVE 0991 promotes 
vascular relaxation and improves 
relaxation of other vasodilators such 
as bradykinin and acetylcholine and 
promotes vasoprotective effect.

Zeng et al., 201022

Impairment of cardiac function and 
remodeling induced by myocardial 
Infarction in rats are attenuated by the 
non-peptide Ang-(1-7) analog AVE 0991

Normotensive Sprague-
Dawley rats with coronary 
artery ligation

Treatment with AVE 0991 was able to 
attenuate hypertrophy and increase in 
cardiac weight, in addition to improving 
cardiac function after myocardial infarction.

Carvalho et al., 
200724

Evidence for MAS-mediated 
bradykinin potentiation by the Ang-
(1-7) non-peptide mimic AVE 0991 in 
normotensive rats

Normotensive Wistar rats

Treatment with AVE 0991 improved the 
action of bradykinin through a mechanism 
related to the activity mediated by the 
MAS receptor and potentiated the 
release of nitric oxide.
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axis, with actions supporting and regulating the traditional 
ACE-Ang II-AT1 axis18,19.

A study carried out in hypertensive animals with two 
kidneys one clip treated for 28 days with AVE 0991 showed 
that the treatment was able to reduce collagen deposition 
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AUTHORS’ CONTRIBUTIONS
MVBS: Conceptualization, Writing, Formal Analysis, 
Methodology. CPSJ: Data curation. FIMF: Data curation. AOB: 
Supervision. HVCS: Visualization, Supervision, Edition. VMS: 
Visualization, Supervision, Edition. JACRTM: Visualization, 
Supervision, Edition.

8. Queiroz TM, Monteiro MMO, Braga VA. Angiotensin-II-
derived reactive oxygen species on baroreflex sensitivity during 
hypertension: new perspectives. Front Physiol. 2013;4:105. https://
doi.org/10.3389/fphys.2013.00105

9. Paz Ocaranza M, Riquelme JA, García L, Jalil JE, Chiong M, 
Santos RAS, et al. Counter-regulatory renin–angiotensin system 
in cardiovascular disease. Nat Rev Cardiol. 2019;17(2):116-29. 
https://doi.org/10.1038/s41569-019-0244-8

10. Lautner RQ, Villela DC, Fraga-Silva A, Silva N, Verano-Braga T, 
Costa-Fraga F, et al. Discovery and characterization of alamandine. 
Circ Res. 2013;112(8):1104-11. https://doi.org/10.1161/
circresaha.113.301077

11. Singh K, Sharma K, Singh M, Sharma P. Possible mechanism 
of the cardio-renal protective effects of AVE-0991, a 
non-peptide Mas-receptor agonist, in diabetic rats. J Renin 
Angiotensin Aldosterone Syst. 2012;13(3):334-40. https://doi.
org/10.1177/1470320311435534

12. Cunha TMB, Lima WG, Silva ME, Souza Santos RA, Campagnole-
Santos MJ, Alzamora AC. The nonpeptide ANG-(1–7) mimic AVE 
0991 attenuates cardiac remodeling and improves baroreflex 
sensitivity in renovascular hypertensive rats. Life Sci. 2013;92(4-
5):266-75. https://doi.org/10.1016/j.lfs.2012.12.008

13. Ercole FF, de Melo LS, Alcoforado CLGC. Integrative review versus 
systematic review. Rev Min Enferm. 2014;18(1):9-12. https://doi.
org/10.5935/1415-2762.20140001 

https://doi.org/10.1186/s13054-018-2171-1
https://doi.org/10.3238/arztebl.2018.0557
https://doi.org/10.3238/arztebl.2018.0557
https://doi.org/10.20452/pamw.3971
https://doi.org/10.25318/82-003-x201900200002
https://doi.org/10.25318/82-003-x201900200002
https://doi.org/10.3390/biom11040585
https://doi.org/10.3390/biom11040585
https://doi.org/10.1016/j.cjca.2020.02.081
https://doi.org/10.1016/j.cjca.2020.02.081
https://doi.org/10.3389/fphys.2013.00105
https://doi.org/10.3389/fphys.2013.00105
https://doi.org/10.1038/s41569-019-0244-8
https://doi.org/10.1161/circresaha.113.301077
https://doi.org/10.1161/circresaha.113.301077
https://doi.org/10.1177/1470320311435534
https://doi.org/10.1177/1470320311435534
https://doi.org/10.1016/j.lfs.2012.12.008
https://doi.org/10.5935/1415-2762.20140001
https://doi.org/10.5935/1415-2762.20140001


Evaluation of the cardioprotective and antihypertensive effect of AVE 0991 in rats

972

Rev Assoc Med Bras 2022;68(7):968-972

14. Thiruvenkataramani RP, Abdul-Hafez A, Gewolb I, Uhal B. Mas 
receptor Agonist AVE0991 increases surfactant protein expression 
under hyperoxic conditions in human lung epithelial cells. J Lung 
Pulm Respir Res. 2020;7(4):85-91.  PMID: 34414259

15. Freitas A. Angiotensin (1-7) inhibits Ang II-mediated ERK1/2 
activation by stimulating MKP-1 activation in vascular smooth 
muscle cells. Int J Mol Cell Med. 2020;9(1):50-61. https://doi.
org/10.22088/IJMCM.BUMS.9.1.50

16. Yamada K, Iyer SN, Chappell MC, Ganten D, Ferrario, CM. Converting 
enzyme determines plasma clearance of angiotensin-(1–7). Hypertension. 
1998;32(3):496-502. https://doi.org/10.1161/01.hyp.32.3.496

17. Bader M, Alenina N, Young D, Santos RAS, Touyz RM. The meaning 
of Mas. Hypertension. 2018;72(5):1072-5. https://doi.org/10.1161/
hypertensionaha.118.10918

18. Santos RAS, e Silva ACS, Maric C, Silva DMR, Machado RP, Buhr I, 
et al. Angiotensin-(1–7) is an endogenous ligand for the G protein-
coupled receptor Mas. Proc Natl Acad Sci USA. 2003;100(14):8258-
63. https://doi.org/10.1073/pnas.1432869100

19. Santos RAS, Ferreira AJ. Pharmacological effects of AVE 0991, 
a nonpeptide angiotensin-(1-7) receptor agonist. Cardiovasc 
Drug Rev. 2006;24(3-4):239-46. https://doi.org/10.1111/j.1527-
3466.2006.00239.x

20. Ma Y, Huang H, Jiang J, Wu L, Lin C, Tang A, et al. AVE 0991 
attenuates cardiac hypertrophy through reducing oxidative stress. 

Biochem Biophys Res Commun. 2016;474(4):621-5. https://doi.
org/10.1016/j.bbrc.2015.09.050

21. Ferreira AJ, Oliveira TL, Carolina M, Almeida AP, Castro CH, Caliari 
MV, et al. Isoproterenol-induced impairment of heart function and 
remodeling are attenuated by the nonpeptide angiotensin-(1-7) 
analogue AVE 0991. Life Sci. 2007;81(11):916-23. https://doi.
org/10.1016/j.lfs.2007.07.022

22. Zeng W, Chen W, Leng X, Tang L, Sun X, Li C, et al. Impairment of 
cardiac function and remodeling induced by myocardial infarction 
in rats are attenuated by the nonpeptide angiotensin-(1-7) analog 
AVE 0991. Cardiovasc Ther. 2010;30(3):152-61. https://doi.
org/10.1111/j.1755-5922.2010.00255.x

23. Raffai G, Lombard JH. Angiotensin-(1-7) selectively induces 
relaxation and modulates endothelium-dependent dilation in 
mesenteric arteries of salt-fed rats. J Vasc Res. 2016;53(1-2):105-
18. https://doi.org/10.1159/000448714

24. Carvalho MBL, Duarte FV, Faria-Silva R, Fauler B, da Mata Machado 
LT, de Paula RD, et al. Evidence for Mas-mediated bradykinin 
potentiation by the angiotensin-(1-7) nonpeptide mimic AVE 0991 
in normotensive rats. Hypertension. 2007;50(4):762-7. https://
doi.org/10.1161/hypertensionaha.107.094987

25. Zhang Z, Chen L, Zhong J, Gao P, Oudit GY. ACE2/Ang-(1–7) signaling 
and vascular remodeling. Sci China Life Sci. 2014;57(8):802-8. 
https://doi.org/10.1007/s11427-014-4693-3

https://doi.org/10.22088/IJMCM.BUMS.9.1.50
https://doi.org/10.22088/IJMCM.BUMS.9.1.50
https://doi.org/10.1161/01.hyp.32.3.496
https://doi.org/10.1161/hypertensionaha.118.10918
https://doi.org/10.1161/hypertensionaha.118.10918
https://doi.org/10.1073/pnas.1432869100
https://doi.org/10.1111/j.1527-3466.2006.00239.x
https://doi.org/10.1111/j.1527-3466.2006.00239.x
https://doi.org/10.1016/j.bbrc.2015.09.050
https://doi.org/10.1016/j.bbrc.2015.09.050
https://doi.org/10.1016/j.lfs.2007.07.022
https://doi.org/10.1016/j.lfs.2007.07.022
https://doi.org/10.1111/j.1755-5922.2010.00255.x
https://doi.org/10.1111/j.1755-5922.2010.00255.x
https://doi.org/10.1159/000448714
https://doi.org/10.1161/hypertensionaha.107.094987
https://doi.org/10.1161/hypertensionaha.107.094987
https://doi.org/10.1007/s11427-014-4693-3

