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Renin- angiotensin system in control of vascular reactivity 
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ABSTRACT 

This paper aimed to present recent knowledge of the role of the renin-angiotensin system (RAS) in the control of 
vascular relaxation mechanisms and the relation to development and maintenance of hypertension. The empha-
sis is given on the role of oxidative stress and NO – dependent and prostanoid - dependent vascular relaxation 
mechanisms that are impaired in SS salt-sensitive rat strain (that exhibit chronically low plasma renin activity), 
and restored in consomic SS.13BN rats (that have chromosome 13, containing renin gene, introgressed from BN 
rat into SS genetic background). In conclusion, results of numerous experimental studies suggest that hypoactive 
(as well as hyperactive) RAS may contribute to development and maintenance of hypertension due to the effects 
of angiotensin II on vascular reactivity. 
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Dietary salt intake and role of the RAS in regula-
tion of vascular reactivity

 It is well recognized that the endothelium is an important 
regulator of vascular tone through the release of different 
relaxing and contracting factors that modulate the activ-
ity of the underlying smooth muscle (1, 2, 3-5). Altered 
responses to vasoactive stimuli have been reported in 
numerous studies of human hypertension (6-10), and in 
animal models of hypertension (11, 12).  Early in experi-
mental hypertension, increased responsiveness to nore-
pinephrine (13,14), enhanced constriction in response 
to elevated PO2 (15-17), increased myogenic tone (18), 
and impaired flow-dependent dilation (19) have been re-
ported in various models of hypertension, including Dahl 
salt-sensitive rats on high salt diet (12,20).  The altered 
balance between augmented vasoconstriction and attenu-
ated vasodilation of hypertrophied resistance vessels is 
a characteristic feature of established hypertension (21). 
Abnormal function of resistance arteries in hypertension 
may increase peripheral resistance by reducing vessel lu-
menal diameter, owing to enhanced constriction or im-
paired dilation. 
Numerous studies have demonstrated that patients with es-
sential hypertension have impaired endothelium-depend-
ent vasodilation (6-8, 22-25), presumably because of a re-
duced synthesis, release, or bioavailability of nitric oxide 
to the vascular smooth muscle. Two possible pathophysio-

logical mechanisms could explain endothelial dysfunction 
in patients with essential hypertension. The first is that en-
dothelial dysfunction is a primary phenomenon and plays 
a causal role in the hypertensive process. An alternative 
explanation is that hypertension injures the endothelium 
and thereby causes endothelial dysfunction as a second-
ary process (8). The vasodilator response to ACh and the 
resulting decrease in vascular resistance are significantly
reduced in patients with essential hypertension compared 
to normotensive control subjects (7). The magnitude of the 
changes in blood flow and vascular resistance with nitric
oxide synthase inhibitor, L-NMMA, are also significantly
greater in normal control subjects than in hypertensive pa-
tients, indicating that the basal and stimulated release of 
nitric oxide by the endothelium of hypertensive arteries is 
diminished and therefore is less affected by inhibition of its 
synthesis (7). Administration of L-arginine (the substrate 
for NO synthesis) significantly augmented the vasodilator
response to ACh in normotensive subjects, but did not al-
ter the blunted response to ACh in hypertensive subjects, 
suggesting that availability of substrate for production of 
nitric oxide is a rate limiting step for endothelium-depend-
ent vascular relaxation in normotensive humans, but not in 
hypertensive individuals (7). 
There is an increasing body of evidence that normal regu-
lation of the RAS plays an important role in the regulation 
of the vascular relaxation mechanisms that are impaired 
in hypertension and could contribute to maintenance of 
the high blood pressure via an elevated total peripheral 
resistance. The renin-angiotensin system (RAS) is a ma-
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jor homeostatic system that controls body fluid volume,
electrolyte balance, blood pressure, and neuronal and en-
docrine functions related to cardiovascular control. The 
RAS is a key factor in many cases of essential hyper-
tension, as indicated by the successful treatment of high 
blood pressure with ACE inhibitors and ANG II receptor 
blockers. The RAS exhibits its effects through its effector 
molecule, angiotensin II (ANG II), which binds to specif-
ic membrane-bound angiotensin receptors (AT) located 
in multiple tissues, including the vasculature (26,27). 
Dietary salt intake is a known risk factor for hyperten-
sion. Despite substantial efforts to elucidate the role of 
dietary salt-intake in the development (and maintenance) 
of hypertension, the underlying mechanisms of salt 
loading that lead to impairment of endothelial function 
in salt-sensitive hypertension have not been identified.
Salt-sensitive patients display baseline RAS suppression 
and a blunted RAS response to high salt intake, which 
is inversely correlated with the blood pressure response 
(28, 29).  Similar to studies by Panza and coworkers (6-
8) on endothelial dysfunction in essential hypertension, 
involvement of the NO system in the pathogenesis of 
salt-sensitive hypertension has been demonstrated in re-
cent study by Bragulat et al (22). That study showed a 
greater impairment of ACh-induced vasodilation and a 
reduced effect of L-NMMA on this response in salt-sen-
sitive essential hypertensive patients compared to salt-
resistant hypertensive patients. However, other authors 
have failed to demonstrate an influence of increased di-
etary salt intake on NO–dependent vascular endothelial 
function. For example, forearm blood flow in response
to ACh did not differ significantly between salt-sensi-
tive and salt resistant patients (30).  Similarly, a study 
by Dishy et al (31) on normotensive subjects has shown 
that high salt diet leads to a significant decrease in the
level of NO degradation products (nitrite and nitrate). 
Although blood pressure significantly increased with
salt loading, changes in blood pressure from low- to 
high-salt diet did not correlate with changes in plasma 
nitrite and nitrate. Those authors concluded that the in-
creased blood pressor response to salt loading may occur 
through mechanisms other than changes in nitric oxide, 
or that salt-sensitive individuals are more sensitive to 
the reduced nitric oxide production that occurs after salt 
loading in both salt-sensitive and salt-resistant subjects. 
A well known physiological effect of elevated salt in-
take is the suppression of the RAS, which results in de-
creases in circulating angiotensin II levels. This mecha-
nism is suggested to be the major contributing factor to 

the changes in vascular structure and function that occur 
in normotensive animals during exposure to a high salt 
(HS) diet (32-35). Interestingly, a high salt diet alone 
can lead to alterations in vascular reactivity in the ab-
sence of an elevated blood pressure, as demonstrated in 
a number of studies (36-40). For example, the responses 
of skeletal muscle resistance arteries and middle cere-
bral arteries to prostacyclin, acetylcholine and hypoxia 
(40-42) and the relaxation of in situ pial arterioles to 
acetylcholine and prostacyclin (38) are all impaired by 
a high salt intake. Taken together, these findings suggest
that suppression of the RAS may be responsible for the 
impaired response of resistance arteries to vasodilator 
stimuli in animals eating a high salt diet (36).
Recent studies have suggested that angiotensin II has 
an important role in maintaining the normal relaxa-
tion response to hypoxia and the prostacyclin analog 
iloprost (36, 40, 42). Prostacyclin is a crucial mediator 
of hypoxic dilation of MCA of rats on normal salt diet 
(43), which occurs because of vascular smooth muscle 
(VSM) hyperpolarization mediated by prostacyclin-
induced activation of glibenclamide-sensitive (ATP-
sensitive) K+ channels (44,43). In one series of studies, 
animals on a low salt diet (0.4% NaCl) exhibited va-
sodilation, vascular smooth muscle cell hyperpolariza-
tion, and increased production of cAMP in response to 
hypoxia, iloprost and Gsα protein activator cholera toxin 
(42). In contrast, animals on high salt diet (4% NaCl) 
exhibited paradoxical constriction and vascular smooth 
muscle cell depolarization in response to hypoxia and 
iloprost, and failed to dilate and exhibited no change in 
membrane resting potential (Em) in response to chol-
era toxin (42). In addition, cAMP production did not 
increase in response to hypoxia, iloprost and cholera 
toxin in animals on HS diet, in contrast to low salt con-
trols (35). However, cAMP production and dilator re-
sponses to forskolin, a direct stimulator of adenylyl-cy-
clase, were still preserved in animals on a high salt diet, 
suggesting that high salt diet leads to an alteration of 
signal transduction mechanisms upstream in the pros-
tacyclin signaling pathway (e.g. G-protein or receptor) 
(35,42). Furthermore, the paradoxical constriction in 
response to reduced PO2 in cerebral arteries of Sprague-
Dawley rats on HS diet is mediated through changes 
in the balance between prostacyclin and thromboxane 
A2 released in response to reduced PO2. In support of 
this hypothesis, hypoxia-induced constriction of MCA 
from animals on HS diet is blocked by the thromboxane 
synthase inhibitor dazoxiben, and can be eliminated by 
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removal of endothelium (42). Continuous i.v. infusion 
of subpressor dose of ANG II restores hyperpolariza-
tion of the vascular smooth muscle cell membrane and 
normal vasodilator responses to hypoxia and iloprost 
which are AT-1 receptor mediated since the protec-
tive effect of a continuous i.v infusion of a low dose 
of angiotensin II to restore vasodilator responses in rat 
skeletal muscle resistance arteries could be prevented 
by coinfusion of the AT-1 receptor antagonist losartan 
(34). The latter observation suggests that ANG II medi-
ates its protective effect by preserving the normal elec-
trophysiological responses of the smooth muscle cells 
to hypoxia and prostacyclin (42). This restoration of 
vascular relaxation does not occur when angiotensin II 
is added acutely to an isolated vessel in the tissue bath 
(34), but instead depends upon the lasting presence of 
angiotensin II in the circulation suggesting that angi-
otensin II exerts its effect by modulating the expression 
of specific genes that are important in the maintenance
of vascular relaxation mechanisms, rather than by an 
acute synergistic activation of AT-1 receptors with oth-
er receptors. This hypothesis is supported by several 
other studies in which angiotensin II has been shown 
to increase COX 2 expression and function (45-47) in 
vascular endothelial cells, with subsequent prostaglan-
din production (46,48) and eNOS stimulation by angi-
otensin II led to an increase  in NO production (49,50)

Identification of the specific relaxation mechanisms
important in vascular responses to dilator stimuli; 
consomic rat models

Dahl salt-sensitive rats (SS) rats are a well recognized 
model of low-renin, salt sensitive hypertension, and 
exhibit impaired regulation of their renin angiotensin 
system (RAS) so that they are exposed to low levels of 
circulating ANG II, and SS rats eventually develop hy-
pertension, even when they are maintained on a low salt 
diet. SS rats demonstrate striking impairment of vascu-
lar relaxation to ACh and hypoxia even when fed low 
salt diet (51). This impairment can be prevented by the 
introgression of chromosome 13 that contains a normal-
ly functioning renin gene from the BN rat into the ge-
netic background of the SS rat, as done in SS.13BN con-
somic rat strain (51).  Recent studies have demonstrated 
that normalization of the RAS in the consomic SS.13BN 
rat strain leads to a restoration of vascular relaxation 
mechanisms that are important in ACh and hypoxia-in-
duced dilation and are similar to those in normotensive 

BN rats (51-53). In those studies, middle cerebral arter-
ies (MCA) of SS rats on LS diet exhibited a paradoxi-
cal constriction in response to acetylcholine (ACh) that 
was eliminated by COX inhibition, while ACh-induced 
dilation was completely NO dependent in SS.13BN rat 
strain, which have normal RAS function. Normalization 
of RAS regulation causes a switch from the production 
of COX derived vasoconstrictor metabolites (in SS rats) 
toward NO-dependent relaxation in response to ACh and 
prostaglandin-dependent relaxation in response to hy-
poxia in the consomic rats. Blockade of AT-1 receptors 
with losartan in SS.13BN rats on LS diet and suppression 
of circulating angiotensin II by HS diet in SS.13BN rats 
and BN rats significantly impaired dilation in response
to ACh and hypoxia, providing additional evidence that 
normalization of circulating angiotensin II is important 
for the maintenance of vascular relaxation mechanisms 
(53). Taken together, it is possible to hypothesize that 
blunted NO production contribute to impaired vascular 
relaxation to ACh in this strain of rats due to lack of a 
crucial stimulus for NOS expression/activity, because of 
the chronic low levels of plasma renin and angiotensin 
II in this strain of rats. 
Previous findings on angiotensin II increasing expres-
sion of COX2 and subsequent production of vasodila-
tor prostaglandins (45-48) raise the question whether 
change in RAS control may be associated with altera-
tions in the production of COX dependent metabolites 
of arachidonic acid in the SS rats that exhibit paradoxi-
cal constriction in response to hypoxia. Paradoxical 
constriction in response to hypoxia is converted to re-
laxation in SS.13BN rats that have normal regulation of 
the RAS (52). Measurements of the stable prostacyclin 
metabolite 6-keto-PGF1αand TXB2, a stable metabolite 
of thromboxane A2 supported the results of experiments 
on the isolated vessels. Vessels of all strains of rats ex-
hibited a significant increase in the production of 6-keto
PGF1α in response to reduced PO2. Interestingly, vessels 
from all rat strains showed a reduction in TXA2 produc-
tion in response to hypoxia. Taken together, these data 
suggest that the sensitivity to prostacyclin is decreased in 
SS rats, since 6-keto-PGF1α levels increased when ves-
sels of SS rats were exposed to reduced PO2. The pos-
sibility that some other vasodilator metabolite of COX 
mediates the restored vasodilation to hypoxia in con-
somic SS.13BN rats is supported by the measurements of 
PGE2 production in response to reduced PO2 in cerebral 
arteries of SS.13BN rats. In those experiments, vessels 
from consomic SS.13BN rats showed an increased pro-
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duction of PGE2 in hypoxia, supporting the hypothesis 
that restored vasodilation in this rat strain is mediated by 
a vasodilator prostanoid other than prostacyclin (52).  
A major mechanism by which a hyperactive RAS may 
exert its detrimental effects on cardiovascular function 
is by an increase in oxidative stress (54,55). However, 
the results of the recent study on isolated perfused ves-
sels support the role of oxidative stress in contributing 
to the impaired relaxation of MCA in SS rats that have 
low renin and angiotensin II levels. Addition of the su-
peroxide dismutase mimetic TEMPOL (100 μM) to the 
vessel chamber converted the vasoconstriction in re-
sponse to ACh and hypoxia in MCA of SS rats to vascu-
lar relaxation.  In contrast, MCA of SS.13BN rats treated 
with TEMPOL did not exhibit a significant change in
their responses to hypoxia and acetylcholine, suggest-
ing that oxidative stress is present in SS rats on low salt 
diet, and could modify vascular reactivity (56).
One important question regarding oxidative stress, vas-
cular relaxation, and angiotensin II still remains to be an-
swered. Specifically, what are the mechanisms by which
normalization of angiotensin II eliminates oxidative stress 
and restores vascular relaxation? This question is especial-
ly intriguing in the light of the clearly documented action 
of angiotensin II to increase oxidative stress by stimulating 
membrane bound NADP(H) oxidase in vascular endothe-
lial cells and smooth muscle cells (54,57). 
A possible clue to answer that question was found in the 
results of a recent study by Fukai et al (58), which dem-
onstrated that angiotensin II increases extracelullar super-
oxide dismutase (ecSOD) expression via an increase in 
ecSOD transcription and stabilization of ecSOD mRNA. 
Importantly, the induction of ecSOD is an NAD(P)H-
independent phenomenon. These effects were inhibited 
by losartan, an AT-1 receptor antagonist, suggesting that 
angiotensin II can stimulate antioxidant defense mecha-
nism under conditions of increased oxidative stress.  An 
additional explanation is provided in a study by Cai et al 
(59), which provided direct evidence that angiotensin II, 
in addition to stimulating production of superoxide can, 
via stimulation of NAD(P)H oxidase, stimulate the pro-
duction of H2O2. Subsequently H2O2 mediates endothelial 
production of NO (59).  The effect of hydrogen peroxide 
is exerted via a pathway that depends upon Ca2+/calmod-
ulin-dependent protein kinase II/Janus kinase II. Under 
disease conditions, this response may represent a com-
pensatory mechanism maintaining normal vascular func-
tion. TEMPOL, as an SOD mimetic, catalyses the conver-
sion of superoxide to hydrogen peroxide, which has been 

previously shown to have signaling properties. For ex-
ample, H2O2 induces eNOS gene expression (59,60) and 
stimulates tetrahydrobiopterin synthesis and eNOS activ-
ity (61).  It is possible that in SS rats TEMPOL scavenges 
excess superoxide, increasing NO bioavailability, and si-
multaneously increases the amount of hydrogen peroxide 
that can stimulate NO production and normalize dilation 
in response to ACh. Restoration of ACh relaxation can be 
achieved with i.v. infusion of a low dose angiotensin II in 
SS rats on LS diet, as discussed earlier. Hypothetically, 
a mechanism similar to the one just discussed could me-
diate the restoration of ACh-induced dilation in vessels 
from SS rats on low salt diet. Furthermore, a recent study 
showed that exogenous NO upregulates ecSOD expres-
sion in human aortic smooth muscle cells (62).
It is known that superoxide reacts with NO to form perox-
ynitrate, which has been shown to decrease prostacyclin 
synthase protein expression in endothelial cells (63). This 
would presumably lead to an attenuated dilation in re-
sponse to hypoxia that is similar to the one observed in SS 
rats before treatment with TEMPOL. TEMPOL restored 
dilation in response to hypoxia in SS rats, unmasking a 
vascular relaxation that was similar to the one observed 
in SS.13BN rats. It is well documented that hypoxia dila-
tion of skeletal muscle resistance arteries (64) and mid-
dle cerebral arteries of Sprague-Dawley rats on normal 
salt diet is mediated by prostacyclin, via the activation 
of KATP channels (64). In addition, hydrogen-peroxide 
acts as a KATP channel opener and induces vasorelaxation 
by directly acting on vascular smooth muscle cells (65). 
Taken together, these observations suggest that TEMPOL 
may restore dilation in response to hypoxia in MCA of 
SS rats via combined effects on PGI2 synthase and an 
effect of hydrogen peroxide on KATP channels.  Addition 
of TEMPOL to MCA from SS.13BN rats does not signifi-
cantly affect the restored dilation in response to ACh and 
hypoxia. A possible explanation for that observation is 
that normalization of circulating angiotensin II by intro-
gression of BN chromosome 13 into SS background in 
SS.13BN rats increases the expression of the antioxidant 
enzyme SOD, possibly decreasing oxidative stress in the 
cell. This would subsequently restore vascular relaxation 
in response to ACh and hypoxia. Overall, the results of 
this study support the hypothesis that oxidative stress has 
an important role in contributing to the impaired vascu-
lar relaxation of MCA from SS rats on low salt diet. In-
fusion with low dose angiotensin II of SS.13BN rats on 
high salt diet led to complete restoration of vascular re-
laxation in response to ACh and hypoxia, providing addi-
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tional evidence that the restoration of vascular relaxation 
mechanisms in SS.13BN rats occurs due to restoration of 
normal regulation of the RAS (56). In other experiments, 
the paradoxical constriction of MCA of SS rats on low 
salt diet in response to ACh and hypoxia was converted 
to a relaxation by a continuous i.v. infusion of low dose 
of angiotensin II (3 ng/kg/min for 3 days). The results of 
a number of recent studies have shown that consomic 
SS.13BN rats generally have the same profile of vascu-
lar responses to different dilator stimuli as normotensive 
animals on a normal salt diet (51-53,56). In addition, a 
recent study by Amaral et al has demonstrated that ang-
iogenesis in the skeletal muscle circulation depends upon 
the normal function of the RAS (66). In those studies, 
angiogenic responses of RGRR congenic rats are again 
similar to the angiogenic profile seen in high salt fed and/
or hypertensive animals. Since high salt is a well known 
stimulus for suppression of angiotensin II, which is the 
effector molecule in the renin-angiotensin system axis, 
utilization of consomic and congenic genetic models is 
clearly justifiable and represents an appropriate continu-
ation and a logical extension of many studies exploring 
the permissive role of the RAS in determining vascular 
responses to vasodilator stimuli. Nonetheless, the pos-
sibility that other genes contribute to impaired vascular 
reactivity still needs to be recognized.   

Hyperactive RAS as one of the cause of hyperten-
sion in humans: application of studies on vascular 
reactivity

The hypothesis that the RAS is crucial in maintaining nor-
mal vascular relaxation in response to different vasodila-
tor stimuli is highly controversial. The results of numer-
ous studies in experimental animal models and several 
clinical trials have shown beneficial effect of blockade of
the RAS in the control of the blood pressure and a reduc-
tion in mortality from the complications of cardiovascular 
diseases. Activation of the RAS could have a detrimen-
tal role in various cardiovascular diseases that could be 
prevented by drugs interfering with the RAS function 
(55,69,70,71,72). This beneficial effect of RAS inhibition
is especially interesting in the prevention of the compli-
cations related to impaired vascular function and meta-
bolic diseases. For example, inhibition of the RAS could 
contribute to a reduced incidence of the thrombotic car-
diovascular events by inhibiting the direct interaction of 
the RAS with fibrinolytic system (70). Treatment with the
AT-1 receptor blocker losartan increases forearm blood 

flow in response to ACh in diabetic humans (74), and im-
proves endothelial function in atherosclerosis (69), and in 
hypertension (72,75). A study by Schiffrin et al demon-
strated that inhibition of angiotensin converting enzyme 
(ACE) with cilazapril (75) and blockade of AT-1 recep-
tors with losartan (72) significantly reduce remodeling
of gluteal subcutaneous resistance arteries from patients 
with essential hypertension and improved endothelium-
dependent dilation of the vessels. This beneficial effect on
vascular structure and function was specific to suppres-
sion of the function of the RAS, since the beta adrenergic 
receptor blocker atenolol did not significantly affect vas-
cular structure and function (72). In addition, introduction 
of AT-1 antisense cDNA has been reported to prevent de-
velopment of hypertension in offspring of SHR rats (76).  
In contrast, a growing body of evidence suggests that 
the normally functioning RAS has a protective effect in 
the maintenance of vascular structure and function (34,
36,77,78,79,80,81,82,83), with a possible beneficial im-
pact of the RAS on ability of the cardiovascular system 
to resist different stressors (58,59,84,85), such as oxida-
tive stress and, paradoxically, hypertension. The stud-
ies of Hansen-Smith et al have shown that a reduction 
in microvessel density can develop after only 3 days of 
high-salt diet or hypertension, with significant ultrastruc-
tural changes in the vessels, including both endothelial 
and smooth muscle cells. Importantly, these structural 
changes occur in the microvessels of both hypertensive 
and normotensive animals on HS diet (33,81,86-88), and 
in individual vessels independent of hypertension (33, 
32,89,90). The latter changes can be attributed to de-
creased ANG II levels. The finding of structural changes
in normotensive rats during ACE inhibition (77, 78,79), 
and high salt diet (33) provides striking evidence for a 
role of the RAS in the maintenance of normal vascular 
structure. This is further supported in the renin-congenic 
rat (RGRR), which exhibits normal regulation of renin-
angiotensin system. In RGRR rats the restored angio-
genesis in electrically stimulated muscle of RGRR rats 
on LS diet is eliminated by HS diet and by ACE inhibitor 
lisinopril, which suppresses plasma renin activity (66). 
A recent review of large clinical trials (HOPE, CAPPP 
and STOP) evaluating angiotensin-converting enzyme 
inhibitors (ACEI) in primary and secondary prevention 
of cardiovascular incidents (i.e. stroke and myocardial in-
farction) by Fournier (85) suggested that ACEI provided 
protection only in a high-risk population where patients 
already have significant complications (e.g. atherosclero-
sis). However, in hypertensive patients without complica-
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tions, the incidence of stroke is lower when angiotensin 
II synthesis is stimulated (85). Furthermore, ACEI may 
even be deleterious since, in the case of arterial occlusion, 
the recruitment of collateral circulation could be delayed, 
as shown in a gerbil model of brain ischemia (91). In that 
study, infusion of angiotensin II decreased mortality and 
increased cerebral blood flow recovery, while pre-infu-
sion of enalaprilat increased mortality. In another study, 
inhibition of ACE with captopril and nonspecific inhibi-
tion of angiotensin II receptors with saralasin attenuated 
cerebral vasodilation in response to systemic hypoxia in 
rabbits, suggesting that angiotensin II has a protective ef-
fect on cerebral blood flow regulation in response to re-
duced oxygen availability (84). 
Taken together, it is possible to speculate that the benefi-
cial effects of ACE inhibition and angiotensin receptor 
blockers are achieved due to blockade of a hyperactive 
RAS (e.g elimination of the effect of RAS on vascular 
structure and a reduction of oxidative stress arising from 
elevated angiotensin II levels), while in conditions were 
RAS function is normal, suppression of the RAS results in 
impaired vascular function and potentially detrimental ef-
fects on the overall control of the circulation. The discrep-
ancy between clinical data and experimental studies could 
be also explained by the different approaches utilized to 
evaluate the effects of the RAS on the circulation. Future 
human studies or clinical trials evaluating the role of RAS 
in the control of vascular reactivity and blood flow should
be conducted on a group of subjects with well character-
ized RAS activity and, in the case of hypertensive patients, 
with defined salt-sensitivity of blood pressure.
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