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ABSTRACT

Introduction: The objective of this study was to 
compare the effect on ankle edema of adding val-
sartan (V) or olmesartan (O) to amlodipine (A) in 
the treatment of hypertension. Methods: After a 
4-week placebo period, 74 adult outpatients with 
essential hypertension (diastolic blood pressure 
[DBP] >90 and <110 mmHg, and systolic blood 
pressure [SBP] >140 mmHg) were treated with A 
10 mg once daily for 4 weeks. Thereafter, non- 
responder patients (DBP >90 mmHg and/or SBP 
>140 mmHg; n=51) were randomized to receive 
additional V 160 mg once daily or O 20 mg 
once daily for 8 weeks in two crossover peri-
ods, each separated by a 4-week placebo period. 
Clinic blood pressure (BP), heart rate, and 
ankle/foot volume (AFV) were evaluated and 
blood samples were drawn to evaluate plasma 
norepinephrine (NE) levels. Results: Both V/A 
and O/A induced a greater SBP/DBP reduction 
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than A monotherapy (–26.4/–20.8 mmHg and  
–24.4/–19.1 mmHg, respectively; all P<0.001 
vs. baseline and P<0.01 vs. A). A monotherapy 
increased AFV by 24%, P<0.001 vs. baseline, 
while the addition of either V or A reduced such 
increases. However, with V/A the AFV increase 
(+9.7%, P<0.05 vs. baseline, P<0.01 vs. A) was 
lower than with O/A (+16.7%, P<0.01 vs. base-
line, P<0.05 vs. A); the difference between 
the two combinations was significant. Plasma 
NE levels were significantly increased by 
A (+44.6%) and values did not change with the 
addition of V (+35.2%) or O (+33.7%). Plasma 
active renin (PAR) was unchanged by A but 
increased by V/A (+214.4%, P<0.05 vs. base-
line) and further by O/A (+325.6%, P<0.01 vs. 
baseline; difference between the 2 combin- 
ations: P<0.05). An inverse correlation was found 
between the AFV decrease and PAR increase 
(r=–0.31, P<0.05). Conclusion: Adding V or O to 
A reduced ankle edema, but this effect was more 
pronounced with V. The greater degree of renin-
angiotensin system activation observed with O 
could be related to such a difference.
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INTRODUCTION

Peripheral edema, particularly of the lower 
limbs, has been reported to occur in as many 
as 35% of patients receiving a dihydropyri-
dine calcium channel blocker (CCB) for hyper-
tension in clinical trials1-3 and it is a common 
cause of treatment discontinuation.1,4 The mech- 
anisms put forward to explain the formation of 
edema during CCB treatment include arteriolar 
vasodilation, impairment of the local vascular 
autoregulation, and impaired protection against 
hydrostatic load.5-9 In particular, the importance 
of a relatively more pronounced vasodilation in 
precapillary, rather than postcapillary, resistance 
vessels with consequent transcapillary fluid loss 
has been demonstrated.2,5,7,9 Differences in reac-
tive sympathetic activation after arterial vaso- 
dilation by different dihydropyridine CCBs have 
been shown to be related to differences in ankle 
edema rates, as lower sympathetic activation 
could induce less venoconstriction, and then 
less discrepancy between arteriolar dilatation 
and venular constriction.10,11

Upon recognition of CCB-induced edema, 
solutions include switching drug classes,  
modifying dosage, and/or adding complemen-
tary agents that are able to reduce this side- 
effect. Diuretics, either loop or thiazide, are  
usually poorly effective in alleviating CCB-
induced ankle edema, as they reduce fluid 
retention but do not influence the vasodilatory 
mechanism of the edema.1,12 By contrast, angio-
tensin converting enzyme inhibitors (ACEI) have 
been shown to counteract the microcirculatory 
changes responsible for CCB-induced edema 
formation.9,12-16 In particular, the ACEI’s ability 
to dilate venous capacitance vessels seems to 
play a major role, by normalizing intracapillary 
pressure and reducing fluid exudation from the 
intracapillary space into the interstitium.9,12,16 
A lower incidence of edema formation was also 

reported when a CCB was combined with an 
angiotensin receptor blocker (ARB).16,17

In a prospective study by our group, con-
ducted in 80 hypertensive patients random-
ized to receive amlodipine (A), valsartan (V), or 
their combination, we observed a 70% edema 
reduction, assessed by both ankle/foot volume 
(AFV) and pretibial subcutaneous tissue pressure  
measurements, in patients undergoing combin- 
ation treatment.18 With this background, the 
present study was undertaken to evaluate 
whether the ability to attenuate CCB-induced 
edema observed with V extends to some other 
ARBs, like olmesartan (O); and whether the  
edema-attenuating effect by ARBs may be 
related to a possible interference with the sym-
pathetic nervous system activation induced by 
CCBs or to the degree of reactive activation of 
the renin-angiotensin system (RAS) consequent 
to angiotensin II type 1 (AT1) receptor block-
ade. Therefore, we evaluated AFV (an objective 
measure of edema formation), plasma norep- 
inephrine (NE) levels (assessed as a parameter 
of sympathetic nervous activity),19 and plasma 
active renin (PAR) levels (an indicator of RAS 
activation)20 in hypertensive patients treated 
with A monotherapy, A plus V, or A plus O.

MATERIALS AND METHODS

This was a prospective, randomized, open-
label, blinded endpoint (PROBE),21 crossover 
study design.

Study Population

Male and female outpatients, aged 
30-75 years, with uncomplicated grade 
1-2 essential hypertension (diastolic blood pres-
sure [DBP] >90 mmHg and <110 mmHg, and 
systolic blood pressure [SBP] >140 mmHg after 
4-week placebo period) were eligible. Patients 
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with evidence of significant cardiac, renal, 
hepatic, endocrine, or hematologic disease, preg-
nancy, or known hypersensitivity to the drugs 
used in the study were excluded, as were those 
with signs of venous insufficiency. No patients 
using statins were enrolled as such drugs have 
been reported to increase the venoconstrictive 
response to angiotensin II;22 none of the female 
patients were using oral contraceptives, which 
are known to affect subcutaneous tissue pressure 
and water retention.

Study Protocol

At the end of an initial 4-week wash-out 
period, during which time other antihyperten-
sive drugs were discontinued and placebo was 
administered, patients fulfilling the inclusion 
criteria were treated with A 10 mg once daily for 
4 weeks. Thereafter, the nonresponder patients 
(DBP >90 and/or SBP >140 mmHg) were ran-
domized to receive either additional V 160 mg 
or additional O 20 mg, each given once daily at 
the same hour in the morning (approximately 
08.00), for 8 weeks in two 4-week crossover 
periods, with each period being separated by a 
4-week placebo washout period.

Patients were checked at the end of the  
placebo wash-out period and at the end of each 
active treatment period. At each visit, clinic blood 
pressure (BP), heart rate (HR), and AFV were eval-
uated, and a venous blood sample was drawn 
to evaluate plasma NE levels and PAR levels.  
BP was measured in the morning before daily 
drug intake (ie, 24 hours after dosing, at trough) 
by using a standard mercury sphygmoman- 
ometer (Korotkoff I and V), after the patients 
were seated for 5 minutes in a quiet room. Three 
consecutive measurements that were taken at 
1-minute intervals were averaged and used as 
the clinic BP value. HR was measured by pulse 
palpation at the level of the radial artery.

Ankle/Foot Volume Measurements

AFV was measured using the principle of 
water displacement. For each measurement, a 
Perspex water bath (Meditec, Pavia, Italy) with 
a 15 L maximum capacity was filled with a fixed 
quantity of water and the level marked. Patients 
were seated on a stable chair with adjustable 
height and patients maintained a rigidly stan-
dardized seated position with the thigh hor- 
izontal and the lower leg vertical. Subsequent 
immersion of the foot induced water displace-
ment that equaled the immersed volume, and 
this displaced water volume was collected and 
measured. Three successive recordings were 
performed within 5 minutes and the values 
averaged. Between recordings, the foot was 
withdrawn from the water bath and dried care-
fully. The water lost by removal of the foot was 
replaced to the marked base level before the 
next recording. Using this method, foot volume 
recordings proved highly reproducible (coeff- 
icient of variation: 0.30%).

Plasma Norepinephrine and Plasma Active 
Renin Evaluation

An intravenous line was positioned in the 
patient’s antecubital vein and venous blood 
samples were drawn after the patients were 
supine for 1 hour. Blood was collected into pre-
chilled tubes containing sodium heparin and 
centrifuged immediately at 4°C for 20 minutes 
at 3000 revs per minute. Plasma samples were 
stored at –80°C until assayed in tubes contain-
ing 40 µL of preservative solution (composed 
of 95 mg of ethylenediaminetetraacetic acid 
and 60 mg of glutathione in 10 mL of water 
adjusted to pH 7.0). For determination of plasma  
NE levels by high-performance liquid chro-
matography, a modification of the method of 
Remie and Zaagsma,23 described by Hjemdahl,24 
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was used. The detection limit was 10 pg/mL; 
the recovery in plasma was 98%; and the inter-
assay variability was 4%. PAR was measured 
by radioimmunoassay.

Ethics

The local ethics committee approved the 
study protocol and written informed consent 
was obtained from each patient at the time 
of screening.

Statistical Analysis

Data are given as mean ± standard deviation. 
The statistical analysis of the data was performed 
by the statistical analysis software (SAS) system, 
version 6.12 (SAS Institute, Inc., Cary, North 
Carolina, USA). For SBP, DBP, plasma NE levels, 
and PAR levels, the treatment effects were evalu-
ated by the PROC GLM (procedure: general linear 
models) program: variability sources considered 
were “treatment” and “patients.” The treat-
ment effects on changes in AFV were evaluated 
by nonparametric Wilcoxon’s test. Spearman’s 
rank test was also used for correlation analysis 
between these variables. In addition, the 95% 
CI for mean and differences between treatments 

were calculated. Observed differences in data 
were considered significant if P<0.05.

RESULTS

A total of 80 consecutive outpatients with 
grade 1-2 essential hypertension were referred 
to the hypertension center of our clinic and 
screened for eligibility. At the end of the pla-
cebo wash-out period, 74 patients (35 males 
and 39 females), aged 30-75 years (mean age: 
63.3±8.1 years) and fulfilling the inclusion  
criteria, were admitted to the study and treated 
with A 10 mg once daily (which normalized BP 
in 24 patients). The remaining patients with 
uncontrolled BP were then randomized to the 
crossover study. A total of 47 of the 50 enrolled 
patients completed the study. Three patients 
withdrew after randomization owing to side-
effects (one patient), uncontrolled BP (one 
patient), or personal reasons (one patient). The 
main results of the study are shown in Table 1.

Both combinations induced a significantly 
greater reduction in BP values than did A mono-
therapy. The mean decrease in SBP from baseline 
was 26.4 mmHg with V/A and 24.4 mmHg with 
O/A (both P<0.001 vs. baseline, P<0.01 vs. A 
monotherapy, and P=0.047 vs. O/A). The mean 

Table 1. Mean changes in blood pressure, ankle/foot volume (AFV), plasma norepinephrine (NE), and plasma active renin 
(PAR) levels for the three treatment groups.

Parameter Baseline
Amlodipine 10 mg 

monotherapy
Olmesartan 20 mg/
amlodipine 10 mg

Valsartan 160 mg/ 
amlodipine 10 mg

SBP (mmHg), mean ± SD 162.7±8.8 146.8±6.4† 138.3±5.6‡ 136.3±5.8‡^

DBP (mmHg), mean ± SD 102.2±5.9 90.1±4.8† 83.1±3.8‡ 81.4±3.9‡^

AFV (mL), mean ± SD 1297.7±155.8 1609±198.5‡ 1514.8±182.6†§ 1424.4±161.1*¶^

NE (pg/mL), mean ± SD 215.6±63.5 311.7±69.8† 291.4±66.9† 288.2±65.7†

PAR (pg/mL), mean ± SD 35.5±15.1 53.3±27.9 151.1±53.4† 111.6±48.4*^

*P<0.05 vs. baseline; †P<0.01 vs. baseline; ‡P<0.001 vs. baseline; §P<0.05 vs. amlodipine; ¶P<0.01 vs. amlodipine; 
^P<0.05 vs. olmesartan/amlodipine.
DBP=diastolic blood pressure; SBP=systolic blood pressure.
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decrease in DBP was 20.8 mmHg with V/A and 
19.1 mmHg with O/A (both P<0.001 vs. base-
line, P<0.01 vs. A monotherapy, and P=0.048 
vs. O/A).

Monotherapy A significantly increased 
AFV (+24%, P<0.001 vs. baseline), while the  
addition of V or O produced a significant reduc-
tion of this increase: with the V/A combin- 
ation, the mean AFV increase was 9.8% (P<0.05 
vs. baseline, P<0.01 vs. A monotherapy, P<0.05 
vs. O/A). With the O/A combination, the mean 
AFV increase was 16.7% (P<0.01 vs. baseline and 
P<0.05 vs. A monotherapy); the mean difference 
between the two combinations was also statist- 
ically significant (90.4 mL, 95% CI: 33.4, 150.1) 
(Figure 1).

Plasma NE levels were significantly increased 
by A monotherapy (+44.6%, P<0.01) and this 
increase did not show any significant reduction 
with the addition of O (+35.2%) or V (+33.7%).

PAR levels were unchanged by A alone 
(+50.1%, P=NS), while it was increased by both 
V/A (+214.4%, P<0.05 vs. baseline) and O/A 
(+325.6%, P<0.01 vs. baseline), the increase 

being significantly greater with O/A than with 
V/A (P<0.05).

The AFV decrease and the PAR level increase 
induced by the addition of V and O to A showed 
a weak but significant inverse correlation 
(r=–0.31, P<0.05) (Figure 2). Ankle edema was 
complained of by, or was clinically evident in, 
13 patients with A monotherapy, in six patients 
with the V/A combination, and in nine patients 
with the O/A combination.

DISCUSSION

The results of this study demonstrate that in 
patients with grade 1-2 hypertension, the add- 
ition of either V or O to A significantly atten-
uated the increase in AFV, an objective  
measure of ankle edema. This finding sug-
gests that, similar to what was observed with 
ACEIs,9,12-17 blockade of the RAS by ARB is likely 
to result in venous capacitance vessel vaso- 
dilation with consequent intracapillary pressure 
reduction and reduced fluid exudation from the 
intracapillary space into the interstitium. In this 
study, the reduction in A-induced AFV increase 
was significantly more pronounced with the 
addition of V compared with the addition of O. 
This finding is in agreement with the observ- 

Figure 1. Changes in ankle/foot volume with amlodipine 
alone and with the combinations of amlodipine with 
olmesartan and valsartan. The thick line is the median, 
the upper and lower limits of the rectangle represent 
the standard deviation, and the thin bars represent the 
upper and the lower limits of the range. A=amlodipine; 
O=olmesartan; V=valsartan
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ation of other authors, which is that drugs may 
be different with respect to pharmacology and 
clinical effects even when they belong to the 
same class of drugs.25 The greater attenuation 
of peripheral edema by V treatment compared 
with O treatment did not appear to be related to 
BP reduction. Both ARBs, when combined with 
A, were similarly effective in further reducing 
SBP and DBP levels compared with A monother-
apy, with only a very small difference observed 
between the two combination treatments in 
favor of V/A. No correlation was found between 
the AFV decrease and the reduction in BP levels 
produced by the two combinations.

The less-marked effect of O on edema form- 
ation did not seem to be related to pharmaco- 
kinetic interactions between A and O. Based on 
the results of a previous study by our group,26 we 
considered that possible pharmacokinetic inter-
actions occurred between O and hydrochloro- 
thiazide (HCTZ) resulting in reduced bioavail-
ability of HCTZ due to O. This hypothesis could 
explain the lower BP reduction observed with 
the addition of low-dose HCTZ to O that was 
not seen with V. The results of a further series 
of studies indicated that, from a pharmaco- 
kinetic prospective, A and O are well suited for 
use together and no negative pharmacokinetic 
interactions were observed.27

The different degree of edema attenuation by 
addition of V to A compared with addition of O 
did not seem to be related to the differing effects 
of the two ARBs on the reflex sympathetic activ- 
ation induced by A. In this study, plasma NE  
levels, assessed as a parameter of sympathetic 
nervous activity,19 were significantly increased 
by A monotherapy, but values were not signif-
icantly modified with the addition of V or O. 
Given the limitations of the plasma NE tech-
nique to assess sympathetic activity,28 these find-
ings suggest that the two ARBs did not affect the 
sympathetic activation induced by A.

Blockade of the AT1 receptors is known to be 
accompanied by a reactive increase in PAR and 
angiotensin II levels.20,29 This, in turn, may pro-
duce stimulation of AT2 receptors, whose pre-
cise function is not yet known, although they 
are recognized to oppose several AT1-mediated 
effects and to play a role in the promotion of 
cell differentiation and apoptosis.30,31 In this 
study, PAR levels showed a significantly greater 
increase with O than with V treatment, which 
suggests a greater reflex activation of the RAS by 
O. Reasons for this different degree of RAS activ- 
ation are unclear, but different ARB-AT1 recep-
tor interactions could play a role. All ARBs com-
petitively block the access of the AT1 receptors 
to angiotensin II but in vitro studies have shown 
that, when preincubated, they act surmountably 
or insurmountably.32 In this regard, the degree of 
insurmountability of O was about twofold higher 
than that of V. Insurmountable behavior reflects 
the formation of tight ARB-AT1 receptor com-
plexes and might translate into a greater reflex 
activation of the RAS, with consequent greater 
increase in PAR and angiotensin II in order to 
overcome the receptor binding.

Interestingly, in the present study, a sig- 
nificant inverse correlation was found between 
the PAR level increase and the AFV decrease 
induced by the addition of V and O to A. 
Although the role of AT1 and AT2 receptors in 
regulating venous tonus remains unclear, data 
from experimental studies have shown that 
in some venular beds angiotensin II-induced 
venoconstriction was mediated by both AT1 
and AT2 receptors.33,34 In particular, 75% of 
the contractile effect of angiotensin II in both 
mesenteric venules and the circular muscle of 
the portal vein was mediated by AT1 recep-
tors and 25% by AT2 receptors.34 Thus, despite 
the opposing effects of AT1/AT2 that occur in 
the arterial wall, angiotensin II-induced effects 
in venules and veins appear to depend on an  
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integrated action of both receptors. Consequently, 
higher levels of angiotensin II resulting from 
greater RAS reflex activation by ARBs could pro-
duce greater stimulation of unblocked venous 
AT2 receptors and, thus, maintain higher venous 
tonus, which favors net capillary filtration.35,36 
This mechanism might explain the lower AFV 
decrease observed in the presence of greater RAS 
activation after treatment with O.

CONCLUSION

The results of this study indicate that the add- 
ition of either V or O to A treatment was able to 
reduce ankle edema formation compared with A 
monotherapy, but this edema-attenuating effect 
was more pronounced with V than with O. The 
greater degree of RAS activation observed with 
O could be related to such a difference. Further 
studies, however, are needed to confirm the clin-
ical relevance and the therapeutic advantage of 
preferring V over O as A add-on treatment with 
respect to AFV increase.

ACKNOWLEDGMENTS

The authors wish to thank Oxford 
PharmaGenesis Inc., for providing editorial sup-
port in the development of this manuscript. 
Editorial support was funded by Novartis Pharma 
AG, Basel, Switzerland. The authors had full con-
trol over the content of the manuscript.

REFERENCES

Weir MR. Incidence of pedel edema formation 1. 
with dihydropyridine calcium channel blockers: 
issues and practical significance. J Clin Hyper-
tens. 2003;5:330-335.

Fogari R. Ankle edema and sympathetic activation. 2. 
Drugs. 2005;65(suppl. 2):21-27.

Chrisant SG. Proactive compared with passive  3. 
adverse event recognition: calcium channel blocker- 

associated edema. J Clin Hypertens. 2008;10:716-
722.

Sica DA. Pharmacotherapy review: calcium chan-4. 
nel blockers. J Clin Hypertens. 2006;8:53-56.

Gustafsson D. Microvascular mechanisms involved 5. 
in calcium antagonist edema formation. J Cardiovasc  
Pharmacol. 1987;10(suppl. 1):S121-S131.

Gustaffson D, Grande PO, Borgstrom P, Lindberg L.  6. 
Effects of calcium antagonists on myogenic and 
neurogenic control of resistance and capacitance 
vessels in cat muscle. J Cardiovasc Pharmacol. 
1988;12:413-422.

Salmasi AM, Belcaro G, Nicolaides AN. Im-7. 
paired venoarteriolar reflex as a possible cause for 
nifedipine-induced ankle edema. Int J Cardiol. 
1991;30:303-307.

Pedrinelli R, Dell’Olmo G, Melillo E, Mariani M. 8. 
Amlodipine, enalapril and dependent leg edema 
in essential hypertension. Hypertension. 2000;35: 
621-625.

Messerli FH. Vasodilatory edema: a common side 9. 
effect of antihypertensive therapy. Am J Hypertens. 
2001;14:978-979.

Fogari R, Malamani GD, Zoppi A, et al. Compar- 10. 
ative effect of lercanidipine and nifedipine gastro-
intestinal therapeutic system on ankle volume and 
subcutaneous interstitial pressure in hypertensive 
patients: a double-blind, randomized, parallel-
group study. Curr Ther Res Clin Exp. 2000;61:850-
862.

Fogari R, Mugellini A, Zoppi A, et al. Differential 11. 
effects of lercanidipine and nifedipine GITS on 
plasma norepinephrine in chronic treatment of 
hypertension. Am J Hypertens. 2003;16:596-599.

Weir M, Rosenberg C, Fink JC. Pilot study to eval- 12. 
uate a water displacement technique to compare 
effects of diuretics and ACE-inhibitors to alleviate 
lower extremity edema due to dihydropyridine 
calcium antagonists. Am J Hypertens. 2001;14: 
963-968.

Messerli FH, Oparil S, Feng Z. Comparison of the 13. 
efficacy and side-effects of combination ther- 
apy of angiotensin converting enzyme inhibitor 
(benazepril) with calcium antagonist (either nifed- 
ipine or amlodipine) versus high dose calcium  
antagonist monotherapy for systemic hyperten-
sion. Am J Cardiol. 2000;86:1182-1187.

Fogari R, Malamani GD, Zoppi A, et al. Effect of 14. 
benazepril addition to amlodipine on ankle edema 



Adv Ther (2010) 27(1):48-55. 55

and subcutaneous tissue pressure in hypertensive 
patients. J Hum Hypertens. 2003;17:207-212.

Fogari R, Malamani GD, Zoppi A, et al. Effect on 15. 
the development of ankle edema of adding delapril 
to manidipine in patients with mild to moderate 
essential hypertension: a three-way crossover study. 
Clin Ther. 2007;29:413-418.

Philipp T, Smith TR, Glazer R, et al. Two multi-16. 
center, 8-week, randomized, double-blind, placebo-
controlled, parallel-group studies evaluating the 
efficacy and tolerability of amlodipine and valsar-
tan in combination and as monotherapy in adult 
patients with mild to moderate essential hyperten-
sion. Clin Ther. 2007;29:563-580.

de la Sierra A. Mitigation of calcium channel  17. 
blocker-related oedema in hypertension by antag- 
onists of the renin-angiotensin system. J Hum  
Hypertens. 2009;23:503-511.

Fogari R, Zoppi A, Derosa G, et al. Effect of val-18. 
sartan addition to amlodipine on ankle oedema 
and subcutaneous tissue pressure in hypertensive  
patients. J Hum Hypertens. 2007;21:220-224.

Rea RF, Eckberg DL, Fritsch JM, Goldstein DS.  19. 
Relation of plasma norepinephrine and sym- 
pathetic traffic during hypotension in humans. Am 
J Physiol. 1990;258:R982-R986.

Abdelrahman AM, Burrel LM, Johnston CI. Block-20. 
ade of the renin-angiotensin system at different 
sites: effect on renin, angiotensin, and aldosterone. 
J Hypertens. 1993;11(suppl. 3):S49-S52.

Hansson L, Hedner T, Dahlof B. Prospective, ran-21. 
domised, open, blinded end-point (PROBE) study: 
a novel design for intervention trials. Blood 
Press. 1992;1:113-114.

Schindler C, Brosnihan KB, Ferrario CM, et al. Com-22. 
parison of inhibitory effects of irbesartan and atorv-
astatin treatment on the Renin Angiotensin System 
(RAS) in veins: a randomized double-blind cross-
over trial in healthy subjects. J Clin Pharmacol.  
2007;47:112-120.

Remie R, Zaagsma J. A new technique for the study 23. 
of vascular presynaptic receptors in freely moving 
rats. Heart Circ Physiol. 1986;251:4463-4467.

Hjemdahl P. Plasma catecholamines as mark-24. 
ers for sympathoadrenal activity in human pri- 
mary hypertension. Pharmacol Toxicol. 1988;63 
(suppl. 1):S27-S31.

Bramlage P, Schindler C. Differences in pharma-25. 
cology and their translation into differences in 

clinical efficacy—a comparison of the renin angio- 
tensin blocking agents irbesartan and losartan.  
Expert Opin Pharmacother. 2009 Dec 23 [Epub 
ahead of print].

Fogari R, Zoppi A, Mugellini A, et al. Hydro- 26. 
chlorothiazide added to valsartan is more effec-
tive than when added to olmesartan in reducing 
blood pressure in moderately hypertensive patients 
inadequately controller by monotherapy. Adv 
Ther. 2006;23:680-695.

Rohatagi S, Lee J, Shenouda M, et al. Pharmaco- 27. 
kinetics of amlodipine and olmesartan after admin-
istration of amlodipine besylate and olmesartan 
medoximil in separate dosage forms and as a fixed-
dose combination. J Clin Pharmacol. 2008;48: 
1309-1322.

Grassi G, Esler M. How to assess sympathetic activ-28. 
ity in humans. J Hypertens. 1999;17:719-734.

Fogari R, Mugellini A, Zoppi A, et al. A double-29. 
blind, crossover study of the antihypertensive  
efficacy of angiotensin II-receptor antagonists and 
their activation of the renin-angiotensin system. 
Curr Ther Res. 2000;61:669-679.

Fogari R, De Gasparo M. Addressing those two 30. 
that go together: the angiotensin II receptors 
and their role in blood flow regulation. Blood 
Press. 2001;10:6-15.

Burnier M. Angiotensin II type 1 receptor blockers. 31. 
Circulation. 2001;103:904-912.

Van Liefde I, Vauquelin G. Sartan-AT1 receptor  32. 
interactions: in vitro evidence for insurmountable 
antagonism and inverse agonism. Mol Cell Endo-
crinol. 2009;302:237-243.

Fernandes L, Loiola RA, Tostes RCA, Nigro D, Fortes 33. 
ZB, De Carvalho MHC. Angiotensin II-induced 
venoconstriction involves both AT1 and AT2 re-
ceptors and is counterbalanced by nitric oxide. 
Peptides. 2005;26:2458-2463.

Pelet C, Mironneau C, Rakotoarisoa L, Neuilly G. 34. 
Angiotensin II receptor subtypes in portal vein 
smooth muscle. Eur J Pharmacol. 1995;279:15-24.

Tabizchi R, King KA, Pang CC. Direct and indirect 35. 
effects of angiotensin II on venous tone in con-
scious rats. Eur J Pharmacol. 1992;219:141-145.

Rothe CF, Maass-Moreno R. Active and passive 36. 
liver microvascular responses from angiotensin, 
endothelin, norepinephrine and vasopressin. Am J 
Physiol. 2000;279:H1147-H1156.


