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Role of angiotensin II on protein expression of renal
nitric oxide synthase in unilateral ureteral obstructive
rat
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Background: In the kidney, angiotensin II (ANG II) and nitric oxide (NO) can stimulate each other. Unilateral
ureteral obstruction (UUO) activates both substances, where ANG II is stimulated first and NO is augmented
later.
Objective: Investigate the role of ANG II on renal nitric oxide synthase (NOS) protein expression in UUO.
Methods: Male Wistar rats were divided into sham and UUO. The UUO rats were treated separately with water,
angiotensin converting enzyme inhibitor (ACEI), or angiotensin receptor type 1 blocker (ARB) for one day before
UUO and continuously for one or seven days after the operation. The endothelial NOS (eNOS) and inducible NOS
(iNOS) protein expressions were examined in histology.
Results: By immunohistochemistry, renal eNOS protein expression in the sham group showed staining in glomerulus
and tubular epithelial cells in the cortex and medulla. UUO for one or seven days increased eNOS protein
expression. ACEI or ARB reduced the heightened expression caused by UUO in 1-day group. However, in 7-day
group, the elevated expression was maintained in the cortex, but was further increased in the medulla after ACEI
or ARB administration. Both 1-day and 7-day UUO, with or without angiotensin blockade agents, caused no
change in iNOS protein expression. One-day UUO resulted in mild tubular dilatation and cell infiltration. ACEI or
ARB could attenuate structural alterations. The 7-day UUO rats demonstrated progressively morphological
changes. ACEI was more effective than ARB in reducing tissue destruction.
Conclusion: In UUO, angiotensin blockade could attenuate renal eNOS protein expression in 1-day UUO group
but not in 7-day UUO animals. The inhibition of angiotensin system ameliorates nephropathy induced by UUO.
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Increasing evidence has suggested an intricate
interaction between angiotensin II (ANG II) and nitric
oxide (NO) [1]. Acute and prolonged infusion of ANG
II could up-regulate nitric oxide synthase (NOS)
levels in renal tissues [2]. Administration of NO donor
induces a 4.5 fold increase in basal renin secretion
rate in isolated perfused kidney [3]. In addition,
NO could stimulate renin secretion in conscious

animals [4].
Unilateral ureteral obstruction (UUO) increases

various mediators including ANG II and NO [5].
Besides vasoconstrictory effects that could deteriorate
renal hemodynamics, ANG II plays a central role in
the initiation and progression of tubulointerstitial fibrosis
in UUO by increasing several growth factors and
cytokines [6]. Angiotensin converting enzyme inhibitor
(ACEI) and angiotensin receptor blocker (ARB)
blunts the expression of such substances in
concomitant with amelioration of histological
changes [7].
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NOS protein expression and urinary NO excretion
were elevated in UUO [8]. NO could abrogate the
alteration in renal hemodynamics induced by ANG II
[6]. Apart from vasodilatory effect, NO could also
attenuate tubulointerstitial fibrosis [9]. L-arginine
administration in UUO animals could restore renal
function and improve nephropathy [10]. By contrast,
treatment with NOS inhibitor results in sustained renal
damage caused by ureteral obstruction [11]. During
UUO, it is likely that ANG II is stimulated first and
then NOS is activated later. However, this contention
is still unclear. To date, there are no available data
showing the effect of ANG II blockade on renal eNOS
and iNOS protein expressions during UUO.

In the present study, we investigate the role of
ANG II and angiotensin receptor type 1 (AT1) on renal
NOS protein expressions in UUO using ACEI and
ARB.

Material and methods
Experimental animals

The study was approved by the Ethics Committee
of Research, Faculty of Medicine, Chulalongkorn
University. Male Wistar rats, weighing 220 to
250 grams, were used for this study. The animals were
housed with controlled temperature (23-25°C) and
12 hours of controlled light-dark time. The animals
were given free access to laboratory chow and water
as assigned in the experimental protocols.

Experimental procedure
The experimental protocol was performed as

described previously [12]. Briefly, the animals
were divided into two groups, sham and UUO. The
serum creatinine of each animal should be less than
1 mg/dL. In UUO group, the left ureter was ligated
with a silk suture at a point one-third the distance from
the renal pelvis. In sham group, the left ureter was
only wiped without ligation. The UUO rats were
treated separately with water, ACEI (Enalapril
200 mg/L, Biolab, Bangkok, Thailand), or ARB
(Losartan 500 mg/L; MSD, Hertfordshire, UK) for
one day before UUO and continuously for one or
seven days after the operation (n = 8/group). The
doses of ACEI and ARB had no hypotensive effects
[13].

One day before the experiment, the animals were
placed in metabolic cages for twenty-four hour urine
collection. On the experimental day, the animals
of the respective groups were re-operated under

anesthesia. Blood sample was collected from the
abdominal aorta, and was centrifuged at 1,000 g for
15 minutes. Serum was stored at -80οC until use for
measuring blood chemistry using ISE (ion selection
electrode) indirect method (Model CX3, Beckman
Instrument INC, Deutschland, Germany). The kidneys
were removed and fixed in 10% paraformaldehyde
overnight, and embedded in paraffin for immuno-
histochemical detection of endothelial NOS (eNOS)
and inducible NOS (iNOS) protein expressions as well
as histological evaluation.

Immunohistochemical examination
The detection of protein localization was

performed as described previously [14]. Briefly, the
sections were incubated in monoclonal antibody against
eNOS or iNOS (BD Transduction, Franklin Lakes,
USA) at concentrations of 1:100 and 1:200,
respectively. Then, the sections were rinsed, incubated
with biotinylated anti-mouse immunoglobulin (H+L)
(Vector, Burlingame, USA), and reacted with ABC-
streptavidin horseradish peroxidase complex (Vector,
USA). The sections were reacted for peroxidative
activity in a solution containing 0.025% 3, 3-
diaminobenzidine (DAB, Sigma, St Louis, USA),
washed, and counterstained with haematoxylin (CV
Laboratories, Bangkok, Thailand).

Areas of staining were identified and semi-
quantitatively scored by three pathologists in a blinded
fashion. The intensity of staining was scored from 0
to 3 as described previously [14].

Histopathological examination
Renal tissue injury was examined by the Periodic

Acid-Schiff (PAS) reaction and scored in a semi-
quantitative manner from 0 to 5 as described previously
[15].

Statistical analysis
The intensity scores of renal NOS protein

expressions and renal pathological scores were present
in descriptive statistics by measuring the central
tendency (mode). The results of blood and urine
parameters were expressed as mean ± SD. Statistical
differences among groups were assessed by ANOVA
(analysis of variance) with post hoc comparison by
Tukey’s test where appropriate. A p-value of <0.05
was considered statistically significant. The statistical
calculations were performed using the statistical
package SPSS for Window 16.
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Results
Renal NOS protein expression

Figure 1 shows immunohistochemical images to
demonstrate the renal eNOS protein expression in the
cortex and medulla from the left (obstructed) kidney

of rats in sham, UUO, UUO+ACEI, and UUO+ARB
for one or seven days after UUO. The intensity scores
of renal eNOS protein expression are shown in
Table 1.

Figure 1. Representative immunohistochemical staining of renal eNOS protein expression in the cortex (A, C) and medulla
(B, D) from one-day (A, B) and seven-day (C, D) UUO groups (a-d: original magnification: 200x). (a): sham,  (b):
UUO, (c): UUO+ACEI, (d): UUO+ARB.



 340 J. Tanyong, et al.

In the sham group, the eNOS protein expression
was detected in glomeruli and renal tubular epithelium.
The staining was present in the cortex and medulla
(see A(a) and B(a)). The intensity score was 1 in
both areas (Table 1). One-day UUO caused an
increase in eNOS protein expression in both regions
(see A(b) and B(b)) with the intensity scores of  3.
This enhancement in eNOS protein expression was
still observed in 7-day UUO and the scores were 2
(see C(b) and D(b) and Table 1). In the 1-day UUO
group, ACEI or ARB could attenuate eNOS protein
expression in the cortex (see A(c) and A(d)) and
medulla (see B(c) and B(d)). The intensity scores
were 2 (Table 1). In 7-day UUO rats, ACEI or ARB
had no effect on the expression in the cortex area
(see C(c) and C(d)). Interestingly, in the medulla,
ACEI or ARB augmented eNOS protein expression.
The scores were enhanced from 2 to be 3 (see D(c)
and D(d) and Table 1).

The non-obstructed right kidney showed
comparable intensity score of eNOS protein
expression with the sham group (Table 1).

One-day and 7-day UUO, with or without
angiotensin blockade agents, had no influence on iNOS
protein expression (data not shown).

Histopathological study
In 1-day UUO, the kidney showed moderate

tubular dilatation with a few cast formation and mild
brush border membrane loss (scores 2-3, Table 2).
In addition, some interstitial fibrosis and cell infiltration
also occurred in the cortex and medulla. Treatments
with ACEI or ARB in 1-day UUO rats could reduce
the pathological changes (scores 1-2, Table 2).

In 7-day UUO, progressive morphological
changes were observed (scores 3, Table 2). There
was more dilatation of Bowman’s capsule space with
a mild glomerular damage. The glomeruli were
compressed while the collecting ducts and distal
tubules were much more expanded. Interstitial fibrosis
and cell infiltration were prominent. ACEI had more
effectiveness in attenuating tissue damage than ARB
(scores 1-2; Table 2).

The non-obstructed right kidney of UUO rats had
normal histological study at both periods after UUO
(Table 2).

Blood and urine parameters
The renal function and serum electrolytes in all

UUO groups were not significantly different from the
sham group (data not shown). Urine flow rate and
fractional excretion of electrolyte were comparable
among the studied groups (data not shown).

Table 1. The intensity scores of renal eNOS protein expression in the cortex and medulla from left
(obstructed) and right (non-obstructed) kidney of rats in sham, UUO, UUO+ACEI, and
UUO+ARB for one or seven days after UUO (Mode, n = 8/group).

                                                                                                  Duration period after UUO
                     1 day                                                 7 days
Cortex Medulla  Cortex   Medulla

sham Lt 1 1 1 1
Rt 1 1 1 1

UUO Lt 3 3 2 2
Rt 1 1 1 1

UUO+ACEI Lt 2 2 2 3
Rt 1 1 1 1

UUO+ARB Lt 2 2 2 3
Rt 1 1 1 1

UUO = unilateral ureteral obstruction, ACEI = angiotensin converting enzyme inhibitor, ARB = angiotensin
receptor type 1 blocker, Lt = left (obstructed) kidney, Rt = right (non-obstructed) kidney.
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Discussion
The present results showed that eNOS protein

expression was normally expressed constitutively in
the cytoplasmic area of renal tubular epithelial cells
and glomerulus. One day after UUO markedly
enhanced renal eNOS protein expression in both
cortical and medullary regions. Following seven days
after UUO, eNOS protein expression was still higher
than the sham group while the magnitude of increase
was less than the 1-day UUO group.

UUO increases eNOS protein expression, eNOS
activity, and eNOS mRNA level [10, 13]. The increase
in ANG II during UUO has been shown to activate
Ca2+-dependent NOS activity and protein expression
[2, 10]. Ureteral obstruction causes increased renal
vascular resistance, declined renal blood flow, and
reduced oxygen consumption in the renal tissue [16].
During obstruction, the ureteral pressure is
progressively elevated, leading to increased tubular
wall tension and renal tissue stresses, both of which
can cause hypoxia [6].  A previous cell culture study
using non-UUO model by Arnet et al. [17] has shown
that hypoxia enhanced the amount of eNOS mRNA
and protein. In addition, rats subjected to hypoxia (9-
10% oxygen exposure) have increments in both eNOS
mRNA and protein expression in various tissues
including kidney [18]. Thus, the induction of eNOS
expression in the UUO model may be partly mediated
by a decrement in renal tissue perfusion.

The present study is the first to demonstrate that
ACEI and ARB decreased renal eNOS protein
expression in 1-day UUO rats. This would underscore
an essential role of the heightened ANG II levels in
the above mechanisms involving in the stimulation of
eNOS in UUO. In 7-day UUO groups, eNOS protein
expression was progressively increased although
the animals still received either ARB or ACEI. The
mechanisms for this alteration are still unclear.
Regarding ARB, the inhibition of AT1 receptor would
result in stimulation of angiotensin receptor type 2
(AT2) which exerts opposite effects against AT1
receptor [19]. Previous studies showed that AT2
receptor mediates the production of NO in renal
interstitial cells in ureteral obstruction and non-
obstructive model [20]. It has been demonstrated that
the antifibrotic effect of AT2 activation was induced
during obstructive nephropathy [21]. The findings in
7-day ARB-treated UUO animals may be caused by
the more binding of ANG II to AT2 receptor, leading
to sustained activation of nitric oxide pathway.

The increase in eNOS protein expression by ACEI
in 7-day UUO was observed in the present study as
shown in Figure. 1(C, D) and Table 1. Besides
enhancing bradykinin concentrations, ACEI can
activate bradykinin B1 receptor, leading to elevated
intracellular calcium and NO release [22]. ANG II
can stimulate the synthesis and release of endothelin-
1 (ET-1) in endothelial cells [23]. In ureteral obstruction,

Table 2. The pathological scores of renal cortex and medulla from left (obstructed) and right (non-
obstructed) kidney of rats in sham, UUO, UUO+ACEI, and UUO+ARB for one or seven days
after UUO (Mode, n = 8/group).

                                                                                                   Duration period after UUO
                       1 day                 7 days
Cortex Medulla Cortex Medulla

sham Lt 0-1 0-1 0-1 0-1
Rt 0-1 0-1 0-1 0-1

UUO Lt 2-3 2-3 3 3
Rt 0-1 0-1 0-1 0-1

UUO+ACEI Lt 1-2 1-2 1-2 1-2
Rt 0-1 0-1 0-1 0-1

UUO+ARB Lt 1-2 1-2 2-3 2-3
Rt 0-1 0-1 0-1 0-1

UUO = unilateral ureteral obstruction, ACEI = angiotensin converting enzyme inhibitor, ARB = angiotensin
receptor type 1 blocker, Lt = left (obstructed) kidney, Rt = right (non-obstructed) kidney.
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the expressions of renal endothelin converting enzyme-
1 and endothelin A (ETA)-receptor mRNA in rats are
enhanced [24]. ACEI has an inhibitory effect on
endothelin and its receptor expression [25]. ACEI
could ameliorate the increased expression of ET-1
mRNA in the obstructed kidney but unalters ETA
mRNA expression. Interestingly, ACEI could
markedly increase endothelin B (ETB) - receptor
mRNA and protein expression in the obstructed kidney
[25]. In endothelial cell culture, ETB receptor agonist
stimulates the production of NO and cGMP [26].
Therefore, the increased eNOS protein expression
during ACEI treatment in the present study may be
mediated, in part, via activation of ETB receptor.

In the present experiment, both one and seven
days after UUO had no effect on iNOS protein
expression. These data concur with the result by Knerr
et al. [27] who showed comparable iNOS mRNA
levels between patients with congenital ureteropelvic
junction obstruction and control. Indeed, the results
related to iNOS expression in ureteral obstruction have
yielded controversial data. Upregulation in iNOS is
mainly mediated via ANG II activated cytokine-
stimulated NO synthesis, leading to an increase in the
magnitude of iNOS mRNA accumulation [28]. On
the contrary, transforming growth factor β (TGF-β)
induced by ANG II and mechanical stretch could
reduce iNOS expression as well as NO production
[29].

The present study is the first to compare the
effectiveness in reducing UUO-induced renal tissue
damage between ACEI and ARB.  Of interest, the
treatment with ACEI was more effective than ARB
as shown in Table 2. However, the superiority
of ACEI is not related to the NOS levels since
both agents had comparable effects on NOS. The
underlying mechanisms of this finding are still
unestablished. One possible mechanism might be that
bradykinin is more available during ACEI treatment.
Besides B1 receptor, the heightened bradykinin could
also bind to B2 receptor leading to decreased ureteral
obstruction-induced renal fibrosis [30].

In conclusion, angiotensin blockade could
attenuate renal eNOS protein expression one day after
UUO but not seven days after UUO. The inhibition
of angiotensin system ameliorates nephropathy
induced by UUO. The ANG II-NO interactions
in UUO are more subtle and complex. The
counterbalancing effects of ANG II and NO could
regulate both renal function and renal tissue integrity.

Acknowledgement
This study was supported by The Research Grant,

Graduate School, Chulalongkorn University. The
authors have no conflict of interest to report.

References
1. Hennington BS, Zhang H, Miller MT, Granger JP,

Reckelhoff JF. Angiotensin II stimulates synthesis of
endothelial nitric oxide synthase. Hypertension. 1998;
3:283-8.

2. Moreno C, Lopez A, Llinas MT, Rodriguez F, Lopez-
Farre A, Nava E, et al. Changes in NOS activity and
protein expression during acute and prolonged ANG
II administration. Am J Physiol. 2002; 282:R31-7.

3. Kurtz A, Gotz K, Hamann M, Wagner C. Stimulation
of renin secretion by NO doners is related to the cAMP
pathway. Am J Physiol. 1998; 274:F709-12.

4. Persson PB, Baumann JE, Ehmke H, Hackenthal E,
Kirchheim HR, Nafz B. Endothelium-derived NO
stimulates pressure-dependent renin release in
conscious dogs. Am J Physiol. 1993; 264:F943-7.

5. Manucha W. Biochemical-molecular markers in
unilateral ureteral obstruction. Biocell 2007; 31:1-12.

6. Klahr S, Morrissey J. Obstructive nephropathy and
renal fibrosis. Am J Physiol. 2002; 283:F861-75.

7. Ishidoya S, Morrissey J, McCracken R, Reyes A,
Klahr S. Angiotensin receptor antagonist ameliorates
renal tubulointerstitial fibrosis caused by unilateral
ureteral obstruction. Kidney Int. 1995; 47:1285-94.

8. Ito K, Chen J, El Chaar M, Stern JM, Seshan SV,
Khodadadian JJ, et al. Renal damage progresses
despite improvement of renal function after relief of
unilateral ureteral obstruction in adult rats. Am J
Physiol. 2004; 287:F1283-93.

9. Chang B, Mathew R, Palmer L, Valderrama E, Trachtman
H. Nitric oxide in obstruction uropathy: Role of
endothelial nitric oxide synthase. J Urology. 2002; 168:
1801-14.

10. Hegarty NJ, Young LS, Kirwan CN, O’Neill AJ,
Bouchier-Hayes DM, Sweeney P,  et al. Nitric oxide
in unilateral ureteral obstruction: Effect on regional
renal blood flow. Kidney Int. 2001; 59:1059-65.

11. Chevalier RL, Thornhill BA, Gomez RA. EDRF
modulates renal hemodynamics during unilateral
ureteral obstruction in the rat. Kidney Int. 1992; 42:
400-6.

12. Eiam-Ong S, Udom J, Sueblinvong T, Eiam-Ong S.
Apoptosis of circulating lymphocyte in rats with
unilateral ureteral obstruction: Role of angiotensin II.
Nephrology. 2005; 10:464-9.



     343Angiotensin and nitric oxide in unilateral ureteral obstructionVol. 5 No. 3
June 2011

13. Manucha W, Oliveros L, Carrizo L, Seltzer A, Valles P.
Losartan modulation on NOS isoforms and COX-2
expression in early renal fibrogenesis in unilateral
obstruction. Kidney Int. 2004; 65:2091-107.

14. Eiam-Ong S, Jerawatana R, Kittikowit W, Mannontarat
R, Tirawatnapong T, Eiam-Ong S. Effects of vanadate
and potassium depletion on renal H,K-ATPase protein
expression. Asian Biomed. 2009; 3:517-23.

15. Seujang Y, Kittikowit W, Eiam-Ong S, Eiam-Ong S.
Lipid peroxidation and renal injury in renal ischemic
reperfusion: Effect of angiotensin inhibition. J Med
Assoc Thai. 2006; 89:1686-93.

16. Kurokawa K. Renal metabolism in obstructive
nephropathy. Semin Nephrol. 1982;2:31-9.

17. Arnet UA, Mcmillan A, Dinerman JL, Ballermann B,
Lowenstein CJ. Regulation of endothelial nitric oxide
synthase doing hypoxia. J Biol Chem. 1996; 271:
15069-73.

18. Le Cras TD, Xue C, Rengasamy A, Johns RA. Chronic
hypoxia upregulates endothelial and inducible NOS
synthase gene and protein expression in rat lung.
Am J Physiol. 1996; 270:L164-70.

19. Arima S, Ito S. New insights into actions of the renin-
angiotensin system in the kidney: concentrating on
the Ang II receptors and the newly described Ang-
(1-7) and its receptor.  Semin Nephrol. 2001; 21:535-43.

20. Siragy MH, Carey MR. The subtype 2 (AT2)
angiotensin receptor mediates renal production of
nitric oxide in conscious rats. J Clin Invest. 1997; 100:
264-9.

21. Morrissey J, Klahr S. Effect of AT2 receptor blocker
on the pathogenesis of renal fibrosis. Am J Physiol.
1999; 276:F39-45.

22. Ignjatovic T, Tan F, Brovkovych V. Activation of
bradykinin B1 receptor by ACE inhibitors. Int
Immunopharmacol. 2002; 2:1787-93.

23. Ferri C, Desideri G, Baldoncini R, Bellini C, Valenti M,

Santucci A, et al. Angiotensin II increases the release
of endothelin-1 from human cultured endothelial cells
but does not regulate its circulation levels. Clin Sci.
1999; 96:261-70.

24. Feldman DL, Mogelesky TC, Chou M, Jeng AY.
Enhanced expression of renal endothelin converting
enzyme-1 and endothelin-A-receptor mRNA in rats
with interstitial fibrosis following ureter ligation. J
Cardiovasc Pharmacol. 2000; 36:S255-9.

25. Moridaira K, Morrissey J, Fitzgerald M, Guo G,
McCracken R, Tolley T, et al. ACE inhibition increases
expression of the ETB receptor in kidneys of mice
with unilateral obstruction. Am J Physiol. 2003; 284:
F209-17.

26. Karaki H, Sudjarwo SA, Hori M, Takai M, Urade Y,
Okada T. Induction of endothelium-dependent
relaxation in the rat aorta by IRL 1620, a novel and
selective agonist at the endothelin ETB receptor.   Br J
Pharmacol. 1993; 109:486-90.

27. Knerr I, Dittrich K, Miller J, Kummer W, R�sch W,
Weidner W, et al. Alteration of neuronal and endothelial
nitric oxide synthase and neuropeptide Y in congenital
ureteropelvic junction obstruction. Urol Res. 2001; 29:
134-40.

28. Nakayama I, Kawahara Y, Tsuda T, Okuda M, Yokoyama
M. Angiotensin II inhibits cytokine-stimulated iNOS
expression in vascular smooth muscle cell. J Biol Chem.
1994; 269:11628-33.

29. Miyajima A, Chen J, Kirmman I, Poppas DP, Darracott
Vaughan E JR, Felsen D. Interaction of nitric oxide and
transforming growth factor -b1 induced by angiotensin
II and mechanical stretch in rat renal tubular epithelial
cells. J Urology. 2000; 164:1729-34.

30. Schanstra JP, Neau E, Drogoz P, Arevalo Gomez MA,
Lopez Novoa JM, Calise D, et al. In vivo bradykinin
B2 receptor activation reduces renal fibrosis. J Clin
Invest. 2002; 110:371-9.


