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Differing Anti-Proteinuric Action of Candesartan and
Losartan in Chronic Renal Disease
Hiroto MATSUDA＊,＊＊, Koichi HAYASHI＊＊, Koichiro HOMMA＊＊, Kyoko YOSHIOKA＊＊,
Takeshi KANDA＊＊, Ichiro TAKAMATSU＊＊, Satoru TATEMATSU＊＊,
Shu WAKINO＊＊, and Takao SARUTA＊＊

It has becoming clear that angiotensin receptor blockers (ARBs) show varying levels of angiotensin II type 1
(AT1) receptor blocking activity. Although the duration of activity and the efficacy on blood pressure of ARB
are reported to vary, depending on the agents used, it has not been examined whether the effects on proteinuria and urinary nitrite/nitrate (NOx) excretion differ in hypertensive patients with chronic renal disease.
In the present study, patients with hypertension (＞140 and/or 90 mmHg) and chronic renal disease (proteinuria ＞0.5 g/day; serum creatinine ＜265μmol/l or creatinine clearance ＞30 ml/min/1.72 m2) were randomly
assigned to perindopril- (n＝15), trandolapril- (n＝15), candesartan- (n＝17), and losartan-treated groups (n＝
15), and were followed up for 96 weeks. All agents decreased blood pressure to the same level, and none of
them had any effect on creatinine clearance. Candesartan, perindopril, and trandolapril reduced proteinuria
markedly (from 3.0±0.6 to 1.8±0.5 g/day, 2.7±0.5 to 1.6±0.4 g/day, and 2.7±0.5 to 1.7±0.4 g/day, respectively) at 12 weeks, and the beneficial effect persisted throughout the study. The effect of losartan, however,
diminished over the study period. Whereas perindopril, trandolapril, and candesartan markedly increased
urinary NOx excretion (from 257±23 to 1,011±150μmol/day, 265±70 to 986±130μmol/day, and 260±62 to
967±67μmol/day at 12 weeks, respectively), a relatively blunted increase was observed with losartan (from
309±42 to 596±64μmol/day). In conclusion, renal action of ARB varies, with relatively less proteinuriasparing, as well as NOx -enhancing, effects observed with candesartan showing the greatest reduction of
proteinuria and greatest enhancement of NOx. Furthermore, renal nitric oxide may contribute to the renal
protective action of these agents when administered to patients with chronic renal disease.
(Hypertens Res 2003; 26: 875– 880)
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Introduction
Since the recognition of the intrarenal renin-angiotensin system as a determinant of the progression of renal injury (1),
there has been a growing body of evidence that angiotensin
(ANG) converting enzyme inhibitors (ACE-Is) exert beneficial actions on both diabetic and non-diabetic renal disease
(2–4). Furthermore, a new tool for the blockade of ANG II
activity, the ANG receptor blocker (ARB), has become

available for clinical use, and has recently been demonstrated to be effective in retarding the progression of renal injury
in type II diabetic renal disease (5, 6). With the further development of ARBs, it has become clear that these agents
show differential levels of activity on the vascular tissue.
Thus, in a study examining the pharmacological properties
of the ARB, losartan was shown to bind to ANG II type
1 (AT1) receptors in a surmountable fashion, whereas
candesartan showed stronger binding to AT1 receptors (7) and
manifested insurmountable affinity (7, 8). These differential
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activities of ARBs in vitro suggest that the agents will show
similarly heterogeneous actions in vivo. Indeed, in a report by
Hansson, candesartan was shown to be more potent than other
ARBs in reducing systemic blood pressure (9). Nevertheless,
the effects of losartan and candesartan on proteinuria and the
progression of non-diabetic renal disease remain undetermined.
Several lines of evidence have demonstrated that the pharmacological action of ARB can be attributed in part to the
bradykinin-nitric oxide (NO) pathway (10–12). In cardiac
muscles, the AT1 blockade by losartan is reported to stimulate bradykinin production (10), which is thought to cause
NO production (11). Furthermore, Siragy et al. (12) demonstrated that during the pretreatment with losartan, the administration of ANG II elicited an increase in intrarenal cyclic
guanosine monophosphate (cGMP) contents. These findings
suggest that NO makes a substantial contribution to the action of ARBs, and that intrarenal NO might potentiate the renal vasodilator action of ARBs, just as demonstrated with
ACE-Is (13, 14). Nevertheless, although such a contribution
of NO to the action of ARBs appears possible, it has not
been determined whether ARBs alter the NO production in
patients with renal disease.
In the present study, we evaluated the effect of candesartan and losartan on the development of proteinuria for a period of 96 weeks. Furthermore, whether the effect of these
agents on urinary excretion of NO metabolites differs was
examined.

Methods
The inclusion criteria for entry into the study were hypertension (＞140 and/or 90 mmHg) and proteinuria (＞0.5 g/day).
Serum creatinine level ＜265 µmol/l or creatinine clearance
＞30 ml/min/1.72 m2 was confirmed before entry into this
protocol. The underlying renal diseases were proliferative
glomerulonephritis (n＝58), membranous nephropathy (n＝
2), or focal segmental glomerulosclerosis (n＝2). Patients
with diabetic nephropathy, polycystic kidney disease, or
chronic pyelonephritis were excluded from this study. The
patients had been educated on dietary therapy, including the
importance of low protein (0.8 g/kg/day) and low sodium intake (7 g/day) for at least 3 months before entry into this
study. Adherence to the dietary restrictions was evaluated by
measuring daily urinary sodium and urea nitrogen excretion.
The study was approved by the institutional ethical committee, and informed consent was obtained from all patients.
At entry, the patients were randomly assigned to ACE-Itreated and ARB-treated groups. After the 4-week observational period, either perindopril (2 mg/day), trandolapril
(0.5 mg/day), losartan (25 mg/day), or candesartan cilexetil
(4 mg/day) was administered once a day, and the doses were
titrated to achieve systemic blood pressure of less than
135/85 mmHg. Of 62 patients, 14 patients had received antiplatelet therapy (dipyridamole or dilazep dihydrochloride),
and these drugs were continued throughout the protocol.

Laboratory Procedures

On every visit, systolic (SBP) and diastolic blood pressure
(DBP) were measured twice after the 5-min sedentary position in the morning (during 9:00 to 12:00 AM). Twenty-four
hour creatinine clearance was used for evaluation of renal
function and was evaluated during the control period and
treatment periods (12, 24, 48, 72, and 96 weeks). Laboratory
examinations, including assays of blood chemistry (serum
creatinine and potassium) and daily urinary protein excretion, were made at 12, 24, 48, 72, and 96 weeks. Urinary
protein was measured at a central laboratory (Laboratory Division, Ashikaga Red Cross Hospital, Ashikaga, Japan) using a standard method (the pyrogallol red molybdate
method; Micro TP-Test, Wako, Tokyo, Japan), and daily urinary protein excretion was determined by collecting 24-h
urine samples.
Daily excretions of urinary metabolites of NO (i.e., nitrate
and nitrite) were assessed by Griess reaction (14, 15), and
the sum of these values (NOx) was used as a marker of urinary excretion of NO. The intra-assay coefficient of variation
for NOx was less than 6%.
Data Analysis

Results are expressed as the mean±SEM. Statistical analysis was performed with two-way analysis of variance with
repeated-measures, followed by Fisher’s post hoc test.
Values of p＜0.05 were considered to indicate statistical significance.

Results
Effects of ACE-I and ARB on Systemic and Renal
Function

The baseline profiles in each group are shown in Table 1.
There was no difference in age, SBP, DBP, serum creatinine,
creatinine clearance, serum potassium, or urinary protein excretion among these groups.
Figure 1 illustrates the changes in SBP and DBP in patients treated with an ACE-I (left) or an ARB (right). ACE-Is
caused marked reductions in SBP (perindopril, from 155±3
to 136±3 mmHg, p＜0.01, n＝15; trandolapril, from 154±
6 to 132±4 mmHg, p＜0.01, n＝15) and DBP (perindopril,
from 91±4 to 78±5 mmHg, p＜0.01; trandolapril, from
90±3 to 79±3 mmHg, p＜0.01) at 12 weeks. In the patients
treated with an ARB, baseline blood pressures did not differ
between the candesartan- (152±2/93±2 mmHg, n＝17)
and losartan-treated groups (150±4/93±3 mmHg, n＝15).
Twelve-week treatment with an ARB also caused significant
reductions in SBP (candesartan, 138±3 mmHg, p＜0.05;
losartan, 134±3 mmHg, p＜0.05) and DBP (candesartan,
79±3 mmHg, p＜0.05; losartan, 83±3 mmHg, p＜0.05),
and these reductions were sustained throughout the study.
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Table 1.
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Baseline Characteristics of Patients with Proteinuria
ACE-I

N (male/female)
Age (y/o)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Serum creatinine ( µmol/l)
Creatinine clearance (ml/min/1.72 m2)
Serum potassium (mEq/l)
Urinary protein excretion (g/day)

ARB

Perindopril

Trandolapril

Candesartan

Losartan

15 (8/7)
51±4
155±30
91±4
79.6±8.0
98±10
4.1±0.1
2.7±0.5

15 (9/6)
50±5
154±60
90±3
79.6±8.7
115±18
04.3±0.1
02.7±0.5

17 (9/8)
58±5
152±20
93±2
88.5±8.2
102±18
04.3±0.1
03.0±0.6

15 (7/8)
51±30
150±400
93±30
97.3±17.1
89±15
4.0±0.2
2.5±0.4

ACE-I, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers.

Fig. 1. Changes in systemic blood pressure by angiotensin converting enzyme inhibitors (ACE-Is) and angiotensin receptor
blockers (ARBs) in patients with proteinuria. Circles, perindopril; squares, trandolapril; triangles, candesartan; inverted triangles, losartan. Results are the means±SEM. ＊ p＜0.05 vs. 0 week.

Fig. 2. Changes in creatinine clearance by angiotensin converting enzyme inhibitors (ACE-Is) and angiotensin receptor blockers (ARBs) in patients with proteinuria. Circles, perindopril; squares, trandolapril; triangles, candesartan; inverted triangles,
losartan. Results are the means±SEM.

There were no significant differences in blood pressure or in
the changes in blood pressure between these treatment
groups at any period. The final doses of the agents used were
6.6 mg/day, 1.8 mg/day, 7.8 mg/day, and 81 mg/day for
perindopril, trandolapril, candesartan, and losartan, respectively.

The changes in creatinine clearance are shown in Fig. 2.
Neither ACE-I nor ARB had any effect on creatinine clearance throughout the study protocol. Serum potassium levels
were also unaltered throughout the protocol in all groups
(data not shown).
The effects of ACE-Is and ARBs on urinary protein excre-
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Fig. 3. Effects of angiotensin converting enzyme inhibitors (ACE-Is) and angiotensin receptor blockers (ARBs) on urinary protein excretion in patients with proteinuria. Circles, perindopril; squares, trandolapril; triangles, candesartan; inverted triangles, losartan. Results are the means±SEM. ＊ p＜0.05 vs. 0 week. † p＜0.05.

Fig. 4. Effects of angiotensin converting enzyme inhibitors (ACE-Is) and angiotensin receptor blockers (ARBs) on urinary nitrite/nitrate (NOx) excretion in patients with proteinuria. Circles, perindopril; squares, trandolapril; triangles, candesartan; inverted triangles, losartan. Results are the means±SEM. ＊ p＜0.05 vs. 0 week. † p＜0.05.

tion are summarized in Fig. 3. At 12 weeks, both perindopril
and trandolapril elicited 42±6% (from 2.7±0.5 to 1.6±
0.4 g/day, p＜0.05, n＝15) and 37±6% (from 2.7±0.5 to
1.7±0.4 g/day, p＜0.05, n＝15) reductions in proteinuria,
and the decreases in proteinuria reached 60±7% (1.0±
0.4 g/day) and 53±7% (1.3±0.4 g/day) at 96 weeks, respectively. Candesartan also produced a marked (i.e., 38±4%)
decrease in proteinuria (from 3.0±0.6 to 1.8±0.5 g/day,
n＝17) at 12 weeks, and exerted a sustained anti-proteinuric
action throughout the study. In contrast, the ability of losartan to decrease proteinuria was diminished compared with
that of candesartan. Thus, proteinuria was reduced by 12±
3% at 12 weeks (from 2.6±0.4 to 2.3±0.4 g/day, p＜0.05,
n＝15), and the diminished action was observed throughout
the protocol ( p＜0.05). At 96 weeks, losartan caused a 36±
4% decrease in proteinuria, a value significantly less than
that by candesartan (49±5% decrement, p＜0.05).

urinary NOx excretion in patients with proteinuria (Fig. 4). In
both the perindopril and trandolapril groups, urinary NOx excretion was markedly increased at 12 weeks (perindopril,
from 257±23 to 1,011±150 µmol/day, p＜0.01, n＝15;
trandolapril, from 265±70 to 986±130 µmol/day, p＜0.01,
n＝15), and the augmented excretion persisted throughout
the study. Candesartan elicited increases in urinary NOx excretion comparable to those observed with the ACE-Is. Thus,
at 12 weeks, urinary NOx excretion increased markedly from
260±62 to 967±67 µmol/day (i.e., a 272±31% increment,
p＜0.01, n＝17), and remained elevated throughout the
study. In contrast, losartan caused 93±34% increments
(from 309±42 to 596±64 µmol/day, p＜0.05, n＝15) at
12 weeks ( p＜0.05 vs. candesartan). At 96 weeks, the urinary NOx excretion (617±60 µmol/day) was less than that
observed with candesartan (1,002±89 µmol/day, p＜0.05).

Discussion
Link between NO and Urinary Protein Excretion in Patients with Moderate Proteinuria

We further examined the effects of ACE-Is and ARBs on

Despite the recognition that chronic renal injury relentlessly
progresses to end-stage renal disease requiring dialysis therapy, specific treatment modalities that consistently retard the
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progression of non-diabetic renal disease have only recently
become available. Since the discovery of the renal protective
action of benazepril (4), however, there has been a growing
body of evidence that ACE-Is exhibit renal protective action
in non-diabetic renal disease (16, 17). Similarly, it has recently been demonstrated that the progression of renal injury
in diabetic nephropathy is prevented by the inhibition of
ANG II activity by ARBs (5, 6, 18). Although these observations clearly indicate the renal protective action of ARBs,
there exists some heterogeneity in their antagonistic activity
on AT1 receptors (7, 9, 19, 20). Furthermore, it has been
demonstrated ARBs, like ACE-Is, enhance the production of
NO via AT1 receptor blockade (10, 21). Thus, it remains to
be clarified whether all of the ARBs have similarly potent
antiproteinuric activity in chronic renal disease. Furthermore, it has not been examined whether NO production differs among ARBs.
In the present study, we have demonstrated that in patients
with proteinuria, all of the ACE-I and ARB studied reduce
blood pressure by a similar magnitude (Fig. 1). Similarly,
creatinine clearance was unaltered by 96-week treatment
with any of the ACE-Is or ARBs (Fig. 2). However, these
agents showed varying effects on proteinuria (Fig. 3). Both
ACE-I and candesartan decreased proteinuria at 12 weeks,
and elicited a sustained anti-proteinuric action thereafter. In
contrast, losartan induced much smaller decreases in proteinuria. These observations indicate heterogeneity in the renal
action of these agents, and further suggest that the divergent
temporal profiles of proteinuria are attributable to the renal
action of these agents per se. However, a caveat is in order
here, since in the present study the blood pressure was measured at the clinic after 2–5 h of administration of the antihypertensive agents. It has been demonstrated that candesartan
possesses a longer blocking activity on AT1 receptors than
losartan (7, 9, 20, 22). Thus, although the clinic blood pressure was nearly identical, the trough level of blood pressure
may have differed between these treatment groups (22). Apparently, the heterogeneity in the activity of these agents
may affect the proteinuria-sparing effect. Of interest, the decreased proteinuria returned to the pre-treatment level at the
end of the protocol in 3 patients of the trandolapril-treated
group, whereas no such escape was observed in the other
groups. Whether this phenomenon is associated with aldosterone escape (23) requires additional evaluation.
Whereas it has been established that the action of ACE-Is
involves multiple mechanisms, including ANG inhibition
and bradykinin accumulation, the effect of ARBs on renal
NO production remains undetermined. In the present study,
we demonstrated that ACE-Is caused prominent increases in
urinary NOx excretion at 12 weeks, and the increased levels
persisted until the end of the study (Fig. 4). These effects
were expected due to the NO synthase stimulation by the
ACE-I-mediated bradykinin accumulation. In contrast, candesartan and losartan elicited distinct actions on the urinary
NOx excretion. Candesartan enhanced the urinary NOx excre-
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tion to nearly the same level as ACE-Is, whereas the ability
of losartan to increase the NOx excretion was diminished,
particularly in the earlier periods. Although the mechanism
responsible for this differential action on urinary NOx excretion was not readily apparent, ARBs have been reported to
stimulate bradykinin production in the systemic vasculature
(24, 25), cardiac muscles (10), and renal parenchyma (11,
12). Since ARBs preferentially antagonize AT1 receptors,
leaving ANG II type 2 (AT2) receptors relatively unblocked,
and chronic ARB administration is expected to elevate plasma
ANG II levels (26), the bradykinin-induced NO may play a
substantial role in mediating the increase in urinary NOx
excretion during treatment with an ARB. In addition, the fact
that candesartan exhibits more beneficial effects than losartan
may be related, at least in part, to the fact that the former
drug shows greater selectivity for the blocking of AT1 receptors over the blocking of AT2 receptors, which could affect
the NO production (7). Alternatively, it has recently been
demonstrated that the AT1 receptor blockade per se elicits
NO production (27).
The role of NO in mediating the antiproteinuric action of
ARB merits comment. The present study demonstrated an
inverse relationship between the changes in urinary NOx excretion and those of proteinuria (Figs. 3 and 4). Although there
is still controversy regarding the origin of urinary NOx, urinary NOx reflects, at least in part, the renal production (28,
29). Since renal NO is assumed to protect against the progression of renal injury (30, 31), the enhanced renal NO, in
addition to ANG blockade, teleologically would contribute
to the reduction in proteinuria. Furthermore, bradykinin, which
stimulates NO production (12, 14), elicits predominant
dilation of the efferent arterioles (13, 32), and therefore would
reduce glomerular capillary pressure. Alternatively, the
elevation in urinary NOx may simply be a consequence of the
renal protection conferred by long-term treatment. Clearly,
further studies will be needed to clarify the mechanism of
the heterogeneity in the renal protective action of ACE-I and
ARB. Whether candesartan confers better renal protection
than losartan remains to be determined.
In conclusion, the present study showed that blockade of
ANG activity by ACE-Is (perindopril and trandolapril) and
ARBs (candesartan and losartan) decreased blood pressure
and urinary protein excretion in patients with proteinuria.
The ability of these agents to reduce proteinuria differs,
however, with losartan showing the lesser ability to decrease
proteinuria compared with candesartan and the ACE-Is.
Furthermore, the changes in proteinuria paralleled those of
urinary NOx excretion. The heterogeneity in the ability to
reduce proteinuria and enhance NOx excretion among these
agents may represent agent-specific characteristics, and
could be related to differences in the drugs’ ability to block
ANG activity.

880

Hypertens Res Vol. 26, No. 11 (2003)

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Anderson S, Rennke HG, Brenner BM: Therapeutic advantage of converting enzyme inhibitors in arresting progressive renal disease associated with systemic hypertension in
the rat. J Clin Invest 1986; 77: 1993–2000.
Taguma Y, Kitamoto Y, Futaki G, et al: Effect of captopril
on heavy proteinuria in azotemic diabetics. N Engl J Med
1985; 313: 1617–1620.
Lewis EJ, Hunsicker LG, Bain RP, Rohde RD: The effect
of angiotensin-converting enzyme inhibition on diabetic
nephropathy. N Engl J Med 1993; 326: 1456–1462.
Maschio G, Alberti D, Janin G, Locatelli F, Mann JFE,
AIPRI Study Group: Effect of the angiotensin-converting
enzyme inhibitor benazepril on the progression of chronic
renal insufficiency. N Engl J Med 1996; 334: 939–945.
Brenner BM, Cooper ME, de Zeeuw D, et al: Effects of
losartan on renal and cardiovascular outcomes in patients
with type 2 diabetes and nephropathy. N Engl J Med 2001;
345: 861–869.
Lewis EJ, Hunsicker LG, Clarke WR, et al, Collaborative
Study Group: Renoprotective effect of the angiotensin-receptor blocker irbesartan in patients with nephropathy due
to type 2 diabetes. N Engl J Med 2001; 345: 851–860.
Fabiani ME, Dinh DT, Nassis L, Casley DJ, Johnston CI:
In vivo inhibition of angiotensin receptors in the rat kidney
by candesartan cilexetil: a comparison with losartan. Am J
Hypertens 2000; 13: 1005–1013.
Ojima M, Inada Y, Shibouta Y, et al: Candesartan (CV11974) dissociates slowly from the angiotensin AT1 receptor. Eur J Pharmacol 1997; 319: 137–146.
Hansson L: The relationship between dose and antihypertensive effect for different AT1-receptor blockers. Blood
Press 2001; 10 (Suppl 3): 33–39.
Liu Y-H, Yang X-P, Sharov VG, et al: Effects of angiotensin-converting enzyme inhibitors and angiotensin II
type 1 receptor blockers in rats with heart failure: role of
kinins and angiotensin II type 2 receptors. J Clin Invest
1997; 99: 1926–1935.
Siragy HM, de Gasparo M, Carey RM: Angiotensin type 2
receptor mediates valsartan-induced hypotension in conscious rats. Hypertension 2000; 35: 1074–1077.
Siragy HM, Jaffa AA, Margolius HS, Carey RM: Renin-angiotensin system modulates renal bradykinin production.
Am J Physiol 1996; 271: R1090–R1095.
Kon V, Fogo A, Ichikawa I: Bradykinin causes selective efferent arteriolar dilation during angiotensin I converting enzyme inhibition. Kidney Int 1993; 44: 545–550.
Matsuda H, Hayashi K, Arakawa K, et al: Zonal heterogeneity in action of angiotensin-converting enzyme inhibitor on renal microcirculation: role of intrarenal bradykinin. J Am Soc Nephrol 1999; 10: 2272–2282.
Ohta K, Araki N, Shibata M, et al: A novel in vivo assay
system for consecutive measurement of brain nitric oxide
production combined with the microdialysis technique.
Neurosci Lett 1994; 176: 165–168.
The GISEN Group (Gruppo Italiano di Studi Epidemiologici in Nefrologia): Randomised placebo-controlled trial of
effect of ramipril on decline in glomerular filtration rate and

17.

18.

19.
20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

risk of terminal renal failure in proteinuric, non-diabetic
nephropathy. Lancet 1996; 349: 1857–1863.
Wright JT Jr, Agodoa L, Contreras G, et al: African American Study of Kidney Disease and Hypertension Study
Group: successful blood pressure control in the African
American Study of Kidney Disease and Hypertension. Arch
Intern Med 2002; 162: 1636–1643.
Kuriyama S, Tomonari H, Tokudome G, et al: Antiproteinuric effects of combined antihypertensive therapies in patients with overt type 2 diabetic nephropathy. Hypertens
Res 2003; 25: 849–855.
Gradman AH: AT1-receptor blockers: differences that matter. J Hum Hypertens 2002; 16: S9–S16.
Unger T: Pharmacology of AT1-receptor blockers. Blood
Press 2001; 10 (Suppl 3): 5–10.
Carey RM, Jin X, Wang Z, Siragy HM: Nitric oxide: a
physiological mediator of the type 2 (AT2) angiotensin receptor. Acta Physiol Scand 2000; 168: 65–71.
Lacourciere Y, Asmar R: A comparison of the efficacy and
duration of action of candesartan cilexetil and losartan as
assessed by clinic and ambulatory blood pressure after a
missed dose, in truly hypertensive patients: a placebo-controlled, forced titration study: Candesartan/Losartan study
investigators. Am J Hypertens 1999; 12: 1181–1187.
Sato A, Suzuki Y, Shibata H, Saruta T: Plasma aldosterone
concentrations are not related to the degree of angiotensinconverting enzyme inhibition in essential hypertensive patients. Hypertens Res 2000; 23: 25–31.
Sosa-Canache B, Cierco M, Gutierrez CI, Israel A: Role of
bradykinin and nitric oxide in the AT2 receptor-mediated
hypotension. J Hum Hypertens 2000; 14: S40–S46.
Siragy HM, de Gasparo M, Carey RM: Angiotensin type 2
receptor mediates valsartan-induced hypotension in conscious rats. Hypertension 2000; 35: 1074–1077.
Weir MR, Henrich WL: Theoretical basis and clinical evidence for differential effects of angiotensin-converting enzyme inhibitors and angiotensin II receptor subtype 1
blockers. Curr Opin Nephrol Hypertens 2000; 9: 403–411.
Kalinowski L, Matys T, Chabielska E, Buczko W, Malinski
T: Angiotensin II AT1 receptor antagonists inhibit platelet
adhesion and aggregation by nitric oxide release. Hypertension 2002; 40: 521–527.
Adler L, Mathew R, Futterweit S, Frank R, Gauthier BG,
Kashtan CE, Trachtman H: Angiotensin converting enzyme
inhibitor therapy in children with Alport syndrome: effect
on urinary albumin, TGF-β, and nitrite excretion. BMC
Nephrol 2002; 3: 2.
Rahma M, Kimura S, Yoneyama H, et al: Effects of furosemide on the tubular reabsorption of nitrates in anesthetized
dogs. Eur J Pharmacol 2001; 428: 113–119.
Kang DH, Nakagawa T, Feng L, Johnson RJ: Nitric oxide
modulates vascular disease in the remnant kidney model.
Am J Pathol 2002; 161: 239–248.
Rangan GK, Wang Y, Harris DC: Pharmacologic modulators of nitric oxide exacerbate tubulointerstitial inflammation in proteinuric rats. J Am Soc Nephrol 2001; 12: 1696–
1705.
Edwards RM: Response of isolated renal arterioles to
acetylcholine, dopamine, and bradykinin. Am J Physiol
1985; 248: F183–F189.

