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Angiotensin 1‑7 Receptor and Angiotensin II Receptor 2 Blockades Prevent the 
Increased Serum and Kidney Nitric Oxide Levels in Response to Angiotensin II 
Administration: Gender‑Related Difference

Tahereh Safari, Mehdi Nematbakhsh

ABSTRACT

Background: The angiotensin II (Ang II) receptor 2 (AT2R) 
and angiotensin 1‑7 receptor (masR) expression in the kidney are 
gender‑related. We attempted to compare the response of  nitric oxide 
(NO) production to Ang II administration, with and without AT2R and 
masR blockades, using A‑779 and PD123319 in male and female rats.
Methods: Anesthetized and catheterized male and female Wistar 
rats were subjected to one‑hour continuous infusion of  Ang II 
(~20 µg/kg/hour), with and without masR and AT2R blockades. The 
level of  the NO metabolite (nitrite) was measured before and after the 
experiment in rat serum and in the homogenized kidney tissue.
Results: The basal data indicated that no sex difference in the serum 
level of  nitrite could be detected before Ang II infusion. However, 
administration of  Ang II in male and female rats caused a gender 
difference in the nitrite level, which resulted in the serum level of  
the nitrite significantly increasing in males (P < 0.05) when compared 
with the females. In addition, masR blockade or co‑blockade of  masR 
and AT2R in male rats abolished the gender difference related to the 
effect of  Ang II on nitrite production. In the presence of  masR and 
AT2R, or when masR alone was blocked, the level of  nitrite in the 
kidney, in response to the Ang II infusion was not significantly different 
between the two sexes. On the contrary, masR and AT2R co‑blockades 
significantly decreased the kidney nitrite concentration response to Ang 
II administration in both male and female rats (P < 0.05), but no sex 
difference was detected.
Conclusions: The renal vasculature of  male rats may provide more 
response to Ang II administration‑induced NO, which is dependent on 
masR and AT2R. During dual masR + AT2R blockades, the kidney NO 
formation wasreduced in a non‑gender related manner.
Keywords: Angiotensin II receptor 2, angiotensin II, angiotensin1‑7 
receptor, nitric oxide, rat

INTRODUCTION
The renin‑angiotensin system (RAS) has an important role in 

modulating kidney function and blood pressure. Overactivity of  
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RAS has been involved in the pathophysiology of  
diseases, such as, heart failure, myocardial infarction, 
and hypertension.[1] The angiotensin‑converting 
enzyme (ACE) hydrolyzes Ang I to Angiotensin 
II (Ang II).[2] The active homolog of  ACE, 
angiotensin‑converting enzyme2 (ACE2), degrades 
Ang II to Ang1‑7 and Ang I to Ang1‑9.[3]

There are two AngII receptors; AT1R and 
AT2R, and one receptor for Ang1‑7 called the mas 
receptor (mas R). AT1R activation elicits some 
biological functions, such as, sodium retention, 
vasoconstriction, a decreased glomerular filtration 
rate, increased mesangial cell hypertrophy, and renal 
injury.[4,5] AT2R and masR antagonize the effects of  
AT1R via nitric oxide (NO) formation;[6] thus leading 
to vasodilation, which improves the renal blood 
flow and enhances pressure natriuresis.[7,8] Ang1‑7 
stimulates NO and prostaglandin production[9] 
and it is the physiological antagonist for Ang 
II.[10] Estradiol increases the vasodilator effect of  
Ang1‑7[11] and there is a gender difference in the 
vascular response to Ang II and AT2R expression.[4]

Nitric oxide is formed from L‑arginine by NO 
synthase, and it is important for the control of  renal 
vascular tone and renal hemodynamics.[12] The renal 
vascular resistance is increased by NO synthase 
inhibition, which results in hypertension and 
decreased renal plasma flow.[13,14] Kidney diseases 
in male patients are accompanied by reduction of  
NO.[15,16] Considering NO and gender, the female 
sex hormones stimulate NO production.[17,18] In this 
regard, the NO synthase activity and the NO‑releasing 
response of  acetylcholine is higher in females,[19] 
and the tissue response to Ang II administration is 
attenuated by female sex hormones.[20] In addition, 
estradiol administration enhances the vasodilator 
effects of  Ang1‑7.[11] On the other hand, the kidney 
vessels in males are more dependent on NO than 
in females.[21‑25] Accordingly, it seems that Ang 
II‑induced NO in the kidney may be related to 
gender. Therefore, we hypothesized that Ang 
II‑induced NO is gender‑related and dependent on 
mas R or AT2R. We also attempted to find the role 
of  gender on Ang II‑induced NO in the kidney, in 
the presence and absence of  masR, or a combination 
of  masR and AT2R in male and female rats.

METHODS
Male and female Wistar rats were used in this 

research study. The rats were housed at a temperature 
of  23‑25°C with a 12‑hour light/dark cycle, and they 
had free access to water and rat chow. The rats were 
anaesthetized with Inactin (Sigma, St. Louis, USA), 
and the trachea was isolated to insert a air ventilation 
tube. A catheter was implanted into the jugular vein.

In both male and female rats, the effects of  (a) a saline 
vehicle and (b) masR or (c) AT2R + masR blockade 
were tested. A779 (Bachem, King of  Prussia, MO, 
USA) and PD123319 (Sigma, St. Louis, MO, USA) 
were used to block masR and AT2R, respectively. 
After the equilibration period, the rats received either 
a saline vehicle (0.9% saline; 1 ml bolus plus 1 ml/
hour — group I) or A779 (50 µg kg−1 plus 50 µg kg−1 
h−1 from a stock of  20 µg/ml — group II) or A779 
plus PD123319 (1 mg kg−1 plus 1 mg kg−1 h−1 from a 
stock of  0.5 mg/ml — group III). The antagonist and 
saline infusions continued during the experiment. 
Thirty minutes after commencing the vehicle or 
antagonist treatments, intravenous (via jugular vein) 
infusions of  Ang II (~20µg/kg in 60 minutes) were 
administered. The rats were sacrificed by the end 
of  the experiments, and the kidneys were weighed, 
homogenized (in 2 ml of  saline), and centrifuged; 
and the supernatant was collected for nitrite (stable 
NO metabolite) measurement. The blood samples 
were also obtained before and after the experiment 
for determination of  the nitrite concentration.

The level of  nitrite was measured using a 
colorimetric assay kit (Promega Corporation, USA) 
that involved the Griess reaction. Briefly, after 
adding sulfanilamide solution and after incubation, 
N‑(1‑Naphthyl) ethylenediamine solution was added. 
Next, the absorbance in the samples was measured 
by a microreader in the wavelength of  540 nm. The 
nitrite concentration of  samples was determined by 
comparison with the nitrite standard reference curve.

Statistical analysis
Data were expressed as mean ± SEM. For the 

antagonists or vehicle, the comparison between 
male and female rats was performed using the 
unpaired t‑Student test. Values of P < 0.05 were 
considered statistically significant.

RESULTS

Effect of mas R or AT2R blockades on serum 
nitrite concentration

With regard to the baseline data, no significant 
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difference was observed in the serum nitrite 
level between male and female rats in each 
group [Figure 1]. However, after Ang II infusion, 
the serum level of  nitrite increased significantly 
in males (P < 0.05), and a significant difference 
was observed between the two genders (male, 
8.31 ± 2.05; female; 4.62 ± 0.68 µmole/l, P < 0.05). 
The masR or masR plus AT2R blockades abolished 
the Ang II‑induced NO [Figure 1].

Effect of masR or AT2R blockades on kidney 
nitrite concentration

In the presence of  masR and AT2R and also 
when masR was blockaded, the level of  nitrite 
in the kidney in response to Ang II was not 
significantly different in male and female rats. 
However, a significant reduction was observed in 
the kidney tissue nitrite level in both sexes when 
the masR and AT2R were blocked [Figure 2].

DISCUSSION
In this study, we have made three observations. 

(1) The serum nitrite level, after Ang II 
administration, in the vehicle group, increased 
significantly in males, but not in females. The 
difference was abolished by masR or combination 
of  masR and AT2R blockades. (2) In the 
presence of  the masR blockade, the kidney nitrite 
concentration response to Ang II infusion did not 
change significantly in both sexes, as compared to 
the control group, however, (3) the kidney nitrite 
level responses to Ang II administration in male 
and female rats was reduced significantly by the 
co‑blockading of  masR and AT2R.

The response to Ang II has been reported 
to be gender‑related. In an earlier study, it has 
been shown that the number of  AT1R is higher 
in males than in females, which is related to the 
effect of  estradiol.[26] Other reports indicate that 

blood pressure elevation in response to chronic 
administration of  Ang II occurs more often in 
males,[27‑29] and this response is probably related 
to the presence of  testosterone.[30] In addition, by 
increasing the cGMP levels, Ang II enhances NO 
production.[31] Reckelhoff  et al. have reported that 
the mRNA and protein levels of  eNOS are higher in 
the kidneys of  females, but the functional response 
to NO synthase inhibition is more prominent 
in the kidneys of  males,[22] and increasing of  the 
serum level of  NO in response to Ang II may relate 
to vasoconstriction, which activates eNOS and 
cyclooxygenase pathways.[32,33] Accordingly, due to 
gender‑related Ang II response, which is higher in 
males and a direct relationship between Ang II and 
NO formation via increasing cGMP, a higher Ang 
II‑induced NO in males can be expected.

Our findings supported this expectation and 
Ang II‑induced NO was higher in males. This sex 
difference was abolished by the masR blockade 
or by co‑blockading of  masR and AT2R, which 
suggested the important meditative role of  masR 
for Ang II‑induced NO in males; but not in females.

The AT2R expression in females is higher,[6,34] 
and masR or AT2R stimulation may both promote 
NO production,[31,32,35,36] and administration of  
PD123319 inhibits cGMP production and decreases 
NO formation.[31] Therefore, the blockade of  the 
receptors possibly reduces NO production by 
different mechanisms. However, this phenomenon 
is more effective in males than in females because of  
the higher response to Ang II by males. Therefore, 
due to the functional role of  RAS and its receptors 
in the kidney function and renal circulation, which 
is reported to be gender‑related,[37‑39] our finding 
may be evidenced for the importance of  RAS 
receptors in Ang II‑induced NO formation.

With regard to kidney NO, no sex difference 
was obtained, and a significant reduction in kidney 
nitrite level was detected during dual masR + AT2R 

Figure 1: The	 serum	 level	 of	 the	 nitrite	 in	 the	 three	 experiment	 groups	 before	 and	 after	 angiotensin	 II	 administration.	
A	significant	difference	was	observed	in	the	vehicle‑treated	males	(P < 0.05)
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blockades in both sexes. This finding suggested the 
important role of  AT2R in Ang II‑induced kidney 
NO in both sexes, in spite of  the higher expression 
of  AT2R in females. However, this paradoxical 
response also suggested a complex interaction 
between masR and AT2R

CONCLUSIONS
It seems that masR involves Ang II‑induced 

NO more in males. However, during dual 
masR + AT2R blockades, kidney NO formation 
in response to Ang II administration reduced in a 
non‑gender‑related manner.

ACKNOWLEDGMENTS
This research was supported by the Isfahan 

University of  Medical Sciences (grant # 189021). The 
authors thank Dr. Alireza Rezaei for his assistance.

REFERENCES
1. De Mello WC, Danser AHJ. Angiotensin II and the heart: 

On the intracrine renin‑angiotensin system. Hypertension 
2000;35:1183‑8.

2. Eriksson U, Danilczyk U, Penninger JM. Just the 
beginning: Novel functions for angiotensin‑converting 
enzymes. Curr Biol 2002;12:R745‑52.

3. Skeggs LT, Lentz KE, Kahn JR, Hochstrasser H. Kinetics 
of the reaction of renin with nine synthetic peptide 
substrates.	J	Exp	Med	1968;128:13.

4. Silva‑Antonialli MM, Tostes RC, Fernandes L, 
Fior‑Chadi DR, Akamine EH, Carvalho MH, et al. 
A lower ratio of AT1/AT2 receptors of angiotensin II is 
found in female than in male spontaneously hypertensive 
rats. Cardiovasc Res 2004;62:587‑93.

5. Touyz RM, Schiffrin EL. Signal transduction mechanisms 

mediating the physiological and pathophysiological 
actions of angiotensin II in vascular smooth muscle cells. 
Pharmacol Rev 2000;52:639‑72.

6. Sullivan JC, Bhatia K, Yamamoto T, Elmarakby AA. 
Angiotensin (1‑7) receptor antagonism equalizes 
angiotensin II‑induced hypertension in male and 
female spontaneously hypertensive rats. Hypertension 
2010;56:658‑66.

7. lyre SN CM, Avirill DB, Diz DL, Ferrario CM., 
Vasopresure actions angiotensin‑(1‑7) unmasked 
during combined treatment with lisinopril and losartan. 
Hypertention 1998;31:699‑705.

8. Carey RM, Wang ZQ, Siragy HM. Novel actions of 
angiotensin II via its renal type‑2 (AT 2) receptor. Curr 
Hypertens Rep 1999;1:151‑7.

9. Santos RA, Ferreira AJ, Pinheiro SV, Sampaio WO, 
Touyz R, Campagnole‑Santos MJ. Angiotensin‑(1‑7) and 
its receptor as a potential targets for new cardiovascular 
drugs. Expert	Opin	Investig	Drugs	2005;14:1019‑31.

10. Oudit GY, Herzenberg AM, Kassiri Z, Wong D, Reich H, 
Khokha R, et al. Loss of angiotensin‑converting enzyme‑2 
leads to the late development of angiotensin II‑dependent 
glomerulosclerosis. Am J Pathol 2006;168:1808‑20.

11. Brosnihan KB, Li P, Ganten D, Ferrario CM. Estrogen 
protects transgenic hypertensive rats by shifting the 
vasoconstrictor‑vasodilator balance of RAS. Am J 
Physiol 1997;273:R1908‑15.

12. Romero JC, Lahera V, Salom MG, Biondi ML. Role of 
the	endothelium‑dependent	relaxing	factor	nitric	oxide	
on renal function. J Am Soc Nephrol 1992;2:1371‑87.

13. Lahera V, Salom MG, Miranda‑Guardiola F, Moncada S, 
Romero JC. Effects of NG‑nitro‑L‑arginine methyl ester 
on renal function and blood pressure. Am J Physiol Renal 
Physiol 1991;261:F1033‑7.

14. Reckelhoff JF, Manning RD Jr. Role of endothelium‑ 
derived	nitric	oxide	in	control	of	renal	microvasculature	
in aging male rats. Am J Physiol 1993;265:R1126‑31.

15. Hannedouche T, Chauveau P, Kalou F, Albouze G, 
Lacour B, Jungers P. Factors affecting progression 
in advanced chronic renal failure. Clin Nephrol 
1993;39:312.

16. Jungers P, Chauveau P, Descamps‑Latscha B, Labrunie M, 
Giraud E, Man N, et al. Age and gender‑related 
incidence of chronic renal failure in a French urban 
area: A prospective epidemiologic study. Nephrol Dial 
Transplant 1996;11:1542‑6.

17. Darblade B, Pendaries C, Krust A, Dupont S, Fouque MJ, 
Rami J, et al.	Estradiol	 alters	 nitric	 oxide	 production	
in the mouse aorta throughthe α‑, but not β‑, Estrogen 
Receptor. Circ Res 2002;90:413‑9.

18. Hishikawa K, Nakaki T, Marumo T, Suzuki H, Kato R, 
Saruta	T.	Up‑regulation	 of	 nitric	 oxide	 synthase	 by	

Figure 2:	The	kidney	level	of	nitrite	in	the	three	experiment	
groups.	 A	 significant	 difference	 was	 observed	 between	
A779 + PD and the other groups (P < 0.05)



Safari and Nematbakhsh: Nitric oxide and angiotensin II receptors

315International Journal of Preventive Medicine, Vol 4, No 3, March, 2013

estradiol in human aorticendothelial cells. FEBS lett 
1995;360:291‑3.

19. Kauser K, Rubanyi GM. Gender difference in bioassayable 
endothelium‑derived	nitric	oxide	from	isolated	rat	aortae.	
Am J Physiol 1994;267:H2311‑7.

20. Nickenig G, Baumer AT, Grohe C, Kahlert S, Strehlow K, 
Rosenkranz S, et al. Estrogen modulates AT1 receptor 
gene	 expression	 in vitro and in vivo. Circulation 
1998;97:2197‑201.

21. Moroi M, Zhang L, Yasuda T, Virmani R, Gold HK, 
Fishman MC, et al.	 Interaction	 of	 genetic	 deficiency	
of	 endothelial	 nitric	 oxide,	 gender,	 and	 pregnancy	
in vascular response to injury in mice. J Clin Invest 
1998;101:1225.

22. Reckelhoff JF, Hennington BS, Moore AG, Blanchard EJ, 
Cameron J. Gender differences in the renal nitric 
oxide	 (NO)	 system:	Dissociation	 between	 expression	
of endothelial NO synthase and renal hemodynamic 
response to NO synthase inhibition. Am J Hypertens 
1998;11:97‑104.

23. Ahmed SB, Fisher ND, Hollenberg NK. Gender and the 
renal	nitric	oxide	synthase	system	in	healthy	humans.	
Clin J Am Soc Nephrol 2007;2:926‑31.

24. Wangensteen R, Moreno JM, Sainz J, Rodriguez‑Gomez I, 
Chamorro V, Luna JD, et al. Gender difference in the role 
of	endothelium‑derived	relaxing	factors	modulating	renal	
vascular reactivity. Eur J Pharmacol 2004;486:281‑8.

25. Yoshida I, Bengal R, Torres VE. Gender‑dependent effect 
of L‑NAME on polycystic kidney disease in Han: SPRD 
rats. Am J Kidney Dis 2000;35:930‑6.

26. Nickenig G, Baumer AT, Grohe C, Kahlert S, Strehlow K, 
Rosenkranz S, et al. Estrogen modulates AT1 receptor 
gene	 expression	 in vitro and in vivo. Circulation 
1998;97:2197‑201.

27.	 Tatchum‑Talom	R,	 Eyster	KM,	Martin	DS.	 Sexual	
dimorphism in angiotensin II‑induced hypertension 
and vascular alterations. Can J Physiol Pharmacol 
2005;83:413‑22.

28. Xue B, Pamidimukkala J, Lubahn DB, Hay M. Estrogen 
receptor‑alpha mediates estrogen protection from 
angiotensin II‑induced hypertension in conscious female 
mice. Am J Physiol Heart Circ Physiol 2007;292:H1770‑6.

29. Yanes LL, Romero DG, I les  JW, I l iescu R, 
Gomez‑Sanchez	C,	Reckelhoff	JF.	Sexual	dimorphism	
in the renin‑angiotensin system in aging spontaneously 
hypertensive rats. Am J Physiol Regul Integr Comp 
Physiol 2006;291:R383‑90.

30. Song J, Kost Jr CK, Martin DS. Androgens augment 

renal vascular responses to ANG II in New Zealand 
genetically hypertensive rats. Am J Physiol Regul Integr 
Comp Physiol 2006;290:R1608‑15.

31. Siragy HM, Carey RM. The subtype‑2 (AT2) 
angiotensin receptor regulates renal cyclic guanosine 
3’, 5’‑monophosphate and AT1 receptor‑mediated 
prostaglandin E2 production in conscious rats. J Clin 
Invest 1996;97:1978‑82.

32. Patzak A, Mrowka R, Storch E, Hocher B, Persson PB. 
Interaction	of	angiotensin	II	and	nitric	oxide	in	isolated	
perfused afferent arterioles of mice. J Am Soc Nephrol 
2001;12:1122‑7.

33. Mehta PK, Griendling KK. Angiotensin II cell 
signaling: Physiological and pathological effects in 
the cardiovascular system. Am J Physiol Cell Physiol 
2007;292:C82‑97.

34. Sampson AK, Moritz KM, Jones ES, Flower RL, 
Widdop RE, Denton KM. Enhanced angiotensin II 
type 2 receptor mechanisms mediate decreases in arterial 
pressure attributable to chronic low‑dose angiotensin II 
in female rats. Hypertension 2008;52:666‑71.

35. Li P, Chappell MC, Ferrario CM, Brosnihan KB. 
Angiotensin‑(1‑7) augments bradykinin‑induced 
vasodilation by competing with ACE and releasing nitric 
oxide.	Hypertension	1997;29:394‑8.

36. Sampaio WO, Souza dos Santos RA, Faria‑Silva R, 
da Mata Machado LT, Schiffrin EL, Touyz RM. 
Angiotensin‑(1‑7) through receptor Mas mediates 
endothelial	 nitric	 oxide	 synthase	 activation	 via	
Akt‑dependent pathways. Hypertension 2007;49:185‑92.

37. Hilliard LM, Nematbakhsh M, Kett MM, Teichman E, 
Sampson AK, Widdop RE, et al. Gender differences 
in pressure‑natriuresis and renal autoregulation: Role 
of the Angiotensin type 2 receptor. Hypertension 
2011;57:275‑82.

38. Brown RD, Hilliard LM, Head GA, Jones ES, 
Widdop	RE,	Denton	KM.	Sex	differences	in	the	pressor	
and tubuloglomerular feedback response to angiotensin 
II. Hypertension 2012;59:129‑35.

39. Hilliard LM, Jones ES, Steckelings UM, Unger T, 
Widdop	 RE,	 Denton	 KM.	 Sex‑specific	 influence	
of angiotensin type 2 receptor stimulation on renal 
function: A novel therapeutic target for hypertension. 
Hypertension 2012;59:409‑14.

Source of Support: Nil, Conflict of Interest: None declared.


