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           The Renin-Angiotensin System 

 Angiotensin II (Ang II) was discovered in 1940 
and described as a peripheral hormone. Later its 
synthesis and metabolism were characterized, 
currently known as the renin angiotensin system 
(RAS) [ 1 ]. The precursor molecule is the angio-
tensinogen synthesized in the liver and cleaved 
by a renal protease, giving an inactive decapep-
tide, angiotensin I. This is converted into the 
active octapeptide ANG II, by action of a circu-
lating enzyme called angiotensin converting 
enzyme (ACE), which is also responsible for 
inactivating bradykinin. The octapeptide hor-
mone was subsequently found to be produced in 
numerous tissues, including the adrenal glands, 

heart, kidney, vasculature, adipose tissue, gonads, 
pancreas, prostate, eye, placenta. and brain [ 2 ]. 

 The principal actions related to Ang II are 
vasoconstriction, aldosterone release, sodium 
retention, and a key role in blood pressure control 
and fl uid homeostasis. 

 All the components of the RAS, including the 
receptors, have been found in brain tissue, indi-
cating a role as a hormone or neuromodulator in 
the central nervous system [ 2 ,  3 ]. Ang II exerts its 
principal known effects acting through the AT1 
receptor. The actions of Ang II related to AT2 
receptors are controversial and associated with 
AT1 opposite effects, although there is evidence 
showing cross-talk between both receptors.  

    Angiotensin II Receptors 

 It has been initially described that there are two 
principal subtypes of Ang II receptors named 
AT1 and AT2. The characterization was fi rst 
made based on their affi nity to specifi c ligands 
and later by molecular cloning. The AT1 recep-
tors were designed AT1A after the discovery of 
other subtype of receptor designed as AT1B 
cloned in rats [ 4 ,  5 ], mice [ 6 ], and humans [ 7 ]. 
Although the isoform AT1A is responsible for the 
associated functions of the brain Ang II system 
[ 8 ,  9 ], we will refer to it as AT1 receptor. The AT1 
receptor is a typical heptahelical G protein- 
coupled receptor and is made up of 359 amino 
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acids with an unmodifi ed molecular weight of 
41,000 [ 10 ]. AT1 receptor stimulation induces 
multiple cellular responses, predominantly via 
coupling to Gq/11 stimulates phospholipases A2, 
C, and D and activates inositol trisphosphate/
Ca2+ signalling, protein quinase C isoforms, and 
mitogen-activated protein kinases (MAPKs), as 
well as several tyrosine kinases (Pyk2, Src, Tyks, 
Fak), scaffold proteins (G protein-coupled recep-
tor kinase-interacting protein 1, p130Cas, paxil-
lin, vinculin), receptor tyrosine kynases, and the 
nuclear factor-κB pathway. The AT1 receptor 
also signals via G12/13 proteins, and Gi/o in 
rodents and stimulates G protein-independent 
signalling pathways, such as β arrestin-mediated 
MAPK activation and the janus kinase/signal 
transducer and activator of transcription [ 11 ,  12 ]. 
The AT1 receptor is responsible for most of the 
known biologic effects of Ang II, including those 
of the central nervous system [ 13 ,  14 ]. Alterations 
in homo- or heterodimerization of the AT1 recep-
tor may also contribute to its pathophysiological 
roles. Many of the deleterious actions of AT1 
receptors are initiated by locally generated, rather 
than circulating Ang II [ 12 ]. The AT1 and AT2 
receptors have a similar binding affi nity for Ang 
II although they only share a 32–34 % identity at 
the amino acid level [ 15 ,  16 ].  

    Brain Ang II 

 It is generally accepted that the Ang II from the 
periphery does not cross the blood–brain barrier 
(BBB) but stimulates the AT1 receptors located in 
the circumventricular organ outside the BBB [ 8 ]. 
This stimulation increases the intake of fl uids and 
salt. The brain RAS generates the Ang II which 
stimulates receptors inside the BBB [ 17 ]. The 
neuroanatomical localization of Ang II, AT1, and 
AT2 receptors has been precisely described in dif-
ferent brain areas placed on neurons, astrocytes, 
and oligodendrocytes [ 8 ,  18 ,  19 ]. It has also 
described the presence of components of RAS in 
glial cells suggesting a more important role for 
these that was previously postulated [ 20 ]. 

 Both subtypes of receptors were found to have 
a similar, but not identical, distribution in all the 

mammalian species studied, including humans 
[ 8 ]. While AT1 receptors predominate in adult 
animals, AT2 are expressed in the developing 
brain [ 8 ]. AT1 receptors are located in brain areas 
related with the control of neuroendocrine func-
tions and the autonomic regulation of limbic and 
cardiovascular systems, while AT2 receptors are 
involved in organogenesis and in the functions of 
motor and sensorial systems [ 21 ]. 

 The role of brain Ang II is complex and is 
related by control of the autonomic, hormonal 
system, and sensorial and cognitive processes 
including regulation of cerebral blood fl ow [ 16 ].  

    AT1 and AT2 Receptors 
in Stress- Involved Brain Areas 

 The AT1 receptors are distributed throughout the 
brain, including the key areas regulating stress 
response such as the hypothalamus–pituitary–
adrenal (HPA) axis [ 22 ]. The medial, basomedial, 
lateral, and basolateral nuclei of amygdala con-
trol the emotional responses such as fear condi-
tioning and adaptation to danger, and these nuclei 
are enriched with AT1 receptors [ 23 ,  24 ]. The 
other stress responsive brain regions include 
the cortex, hippocampus, locus coerulus (LC), 
median eminence (ME), subfornical organ 
(SFO), dorsomedial hypothalamus (DMH), and 
nucleus tractus solitarius (NTS), and are also 
enriched with Ang II and its receptors. The differ-
ent sections of cortex such as the prefrontal cor-
tex, entorhinal, piriform cortex and neocortex 
control cognition and emotional behavior [ 22 , 
 25 ]. The hippocampus is an important structure 
for storing memory processes during stress. The 
LC region is located in the pons (a part of the 
brainstem). It is actively involved in controlling 
the physiological response to stress. Additionally, 
LC is a site of origin of sympathetic innervations 
to the cortex involved in stress-induced central 
sympathetic stimulation. The DMH is a nucleus 
of the hypothalamus that regulates panic-like 
responses [ 26 ,  27 ]. The paraventricular nucleus 
(PVN) of the hypothalamus is also an important 
stress-involved brain region; it is activated by a 
variety of stressful and/or physiological changes. 
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The SFO is a sensory circumventricular organ 
and is also involved in regulating the stress 
response. NTS is a group of cells in the brainstem 
that receive viscera sensory information and send 
it to the basal forebrain, actively involved in regu-
lating cortical processing of anxiogenic stimuli. 
Moreover, additional nerve projections from the 
NTS to the LC, the bed nucleus of stria terminalis 
and the amygdaloid structures, infl uence the pro-
cessing of anxiogenic stimuli [ 28 ]. The ME is an 
integral part of the hypophyseal portal system, 
which connects the hypothalamus to the pituitary 
gland. The projections of neurons from median 
preoptic hypothalamic nucleus to the ME regu-
late the stress response by controlling the release 
of stress hormones [ 29 – 31 ]. 

 Functional and anatomical studies have shown 
the abundant presence of AT2 receptors in neo-
nates, where these are involved in the develop-
ment of central nervous structures [ 8 ,  22 ]. 
Although, their number is signifi cantly reduced 
in the adult tissues, including the brain [ 32 ], and 
is restricted to the inferior olivary complex, tha-
lamic nuclei and LC to control sensory, motor, 
and behavioral functions [ 22 ]. Interestingly, it 
has been proposed that the AT2 receptors exhibit 
their functional role only after their up-regulation 
under pathologic conditions [ 33 ], but it has been 
found a physiological role in mice lacking AT2 
receptors (knock out), suggesting that these 
receptors are also functional during normal non-
pathological conditions [ 28 ,  34 ,  35 ].  

    Ang II as a Stress Mediator 

 There is a large body of evidence at pharmaco-
logical, neuroanatomical, and physiological levels, 
supporting a key role for Ang II in the stress 
response, including regulation of the sympathetic 
and neuroendocrine systems [ 16 ,  36 – 38 ]. The 
presence of AT1 receptors has been shown at all 
levels of the HPA axis, with a higher concentra-
tion in key areas for the control of stress response, 
such as the PVN [ 39 ], ME, anterior pituitary, 
zona glomerulosa, and adrenal medulla [ 40 ]. 
Exposure to stress induces an increase in circu-
lating and brain Ang II levels [ 41 ,  42 ]. Brain Ang 

II stimulates local receptors in the PVN and LC, 
among other nuclei, while circulating Ang II also 
stimulates the AT1 receptors in the subfornical 
organ, to which it is connected through the ME 
and PVN [ 40 ,  43 ]. 

 Castren and Saavedra found that exposure to 
acute stress induced an increase in AT1 receptor 
density in the anterior pituitary, although expo-
sure to repeated stress sessions increased AT1 
receptor density in the PVN [ 44 ], expressed in 
the cellular body of neurons that synthesize corti-
cotrophin releasing hormone (CRH) [ 40 ,  43 ]. 
In agreement with this, it has been found that 
AT1 receptor stimulation by Ang II induced an 
increase in the production of CRH [ 45 ,  46 ]. CRH 
is a hormone released to the circulation that 
increases adrenocorticotropic hormone (ACTH) 
release from the pituitary. It has been found that 
due to stress, high levels of adrenal glucocorti-
coids induced an increase in the expression of 
AT1 receptors in the PVN [ 45 ]. Moreover, there is 
local production of Ang II in the anterior pituitary 
which, acting together with circulating Ang II, 
induces an increase in ACTH secretion [ 38 ]. 

 The PVN is an important area in the process-
ing and integration of many different stress sig-
nals [ 47 ]. This nucleus receives noradrenergic 
input from the LC and serotoninergic input from 
the dorsal raphe nucleus, and there are reciprocal 
interactions between these two regions and the 
PVN [ 48 ,  49 ]. In addition, there are reciprocal 
neural connections between CRH neurons from 
the PVN and noradrenergic neurons from the LC. 
It has been shown that both adrenergic receptor 
subtypes regulate the ACTH secretion, and CRH 
controls central noradrenergic activity. Most of 
the available evidence suggests that CRH acts as a 
neurotransmitter in the LC modulating the norad-
renergic activation in response to stress [ 50 ]. 

 Exposure to one session of social isolation for 
24 or 2 h of cold restraint induced an increase in 
the enzyme tyrosine hydroxylase (TH) mRNA in 
the LC and, in both cases, this increase was pre-
vented by previous administration of an AT1 
receptor blocker (ARB) [ 31 ,  51 ]. This evidence 
suggests that AT1 receptors are involved in the 
control of central sympathetic activity through the 
regulation of TH transcription. However, it should 
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be taken in consideration that infl uences of AT2 
receptor activation in the LC respect the TH regu-
lation. This last is based on results showing dual 
control by AT1 and AT2 receptors in TH tran-
scription and in the synthesis of catecholamine at 
the adrenal medulla [ 52 ]. 

 The evidence obtained using ARBs gives sup-
port for a key role for Ang II in the stress response. 
It is important to highlight that their actions may 
not be limited to the HPA axis only [ 16 ,  30 ,  31 , 
 51 ,  53 ]. Supporting the extra-hypothalamic infl u-
ence of Ang II in the stress response are the 
results obtained with candesartan, an ARB, 
showing a prevention of isolation-induced 
decrease in CRH1 receptors and the GABAA 
complex in the brain cortex [ 51 ]. Moreover, when 
the animals were tested in the plus maze they 
exhibited an increase in the parameters associ-
ated with anxiolytic effects. Altogether, this 
strongly suggests a role for AT1 receptors not 
only in autonomic and hormonal response, but 
also in behavioral response to stress [ 51 ,  54 ].  

    Ang II and Stress-Related Disorders 

    Anxiety 

 The HPA axis has a major role in stress response 
being mediated by CRH, although the behavioral 
stress response mediated by CRH occurs in a 
manner independent of the HPA axis. This is 
based, among other evidence, on the fact that 
hypophysectomy and the blockade of the HPA 
axis response with dexametaxone do not alter the 
stress response induced by brain CRH adminis-
tration. This strongly suggests a central action 
responsible for the coordination of stress-related 
behaviors [ 55 ]. 

 It has been found that isolation stress [ 51 ], 
electric shock [ 56 ], and chronic unpredictable 
stress [ 57 ] produce, among others, a decrease in 
brain CRH1 density. This can be reproduced in 
the prefrontal cortex by intracerebral CRH 
administration, and a decrease in mRNA levels 
of CRH1 receptors has been shown in vitro in a 
cell line derived from CRH neurons incubated 
with CRH. These results support the idea of 

down- regulation induced by the CRH increase 
[ 58 ]. Interestingly, candesartan, an ARB that 
crosses the BBB was found to prevent a decrease 
in brain cortex CRH1 induced by isolation stress 
[ 51 ], indicating that cortical CRH activation is 
positively regulated by AT1 receptors, similar to 
what occurs at the hypothalamic level. Even so, 
the presence of AT1 receptors has been deter-
mined in the piriform and entorhinal cortex [ 22 ] 
but only of the mRNA of AT1 receptors in the 
neocortex [ 25 ]. This suggests that AT1 receptor 
blockade could reduce the decrease in cortical 
CRH1 receptors [ 51 ]. There is reciprocity between 
CRH and noradrenergic systems during stress: the 
LC is activated by CRH [ 27 ] and stress induces an 
increase in CRH in this brain area [ 59 ]. In this 
sense, it has been found that CRH injected into the 
LC induced behavioral activation and noradrena-
line release in the prefrontal cortex and these two 
responses were blocked by a CRH receptor antag-
onist [ 60 ]. However, the AT1 receptors seem to 
modulate only the CRH1 receptors because there 
is no evidence showing any action on the CRH2 
receptors [ 51 ]. 

 The CRH is also related to the GABA system 
because GABAA receptors are located in CRH 
neurons. In this respect, it has been shown that 
the exposure to different kinds of stressors 
induced a decrease in the benzodiazepine binding 
in the frontal cortex, increasing the anxiety 
behavior [ 61 ,  62 ]. The administration of ARBs 
decreased the CRH release, and this could explain 
the prevention of the GABAA binding decrease 
in animals exposed to isolation stress [ 51 ]. 

 There is much evidence showing the anxio-
lytic effect of ARBs described by different 
authors, administered orally or intracerebrally 
[ 16 ,  24 ,  63 ,  64 ].  

    Gastric Ulcerations 

 Gastric ulcerations are largely associated with 
stress exposure through the development of gastric 
ulcers or ulcerations [ 65 ] as a result of complex 
psychological factors infl uencing individual vul-
nerability, the stimulation of brain specifi c path-
ways regulating autonomic function, decreased 
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blood fl ow to the mucosa, increase in muscular 
contractility, mast cell degranulation, leukocyte 
activation, and increased free radical generation, 
resulting in increased lipid peroxidation [ 65 – 68 ]. 

 The events association with gastric lesion for-
mation are sudden blood fl ow reduction to the 
gastric mucosa and increased free radical forma-
tion [ 67 ]. For this reason, the maintenance of gas-
tric blood fl ow is important to protect the mucosa 
from endogenous and exogenous damage factors. 
It has been described that Ang II levels increase 
during stress in plasma and tissues, including the 
stomach tissue [ 41 ]. The role of Ang II in the 
stomach is the regulation of gastric vascular tone 
though AT1 receptor stimulation [ 69 ]. It is already 
known that Ang II generates reactive oxygen spe-
cies with cellular damage and infl ammation 
[ 70 ]. The mucosal vasoconstriction and proin-
fl ammatory effects of Ang II could contribute to 
the production of stress-induced gastric ulcers. 

 An experimental model commonly used to 
induce acute gastric damage is cold-restraint 
stress, which is also clinically relevant [ 71 ]. 
Using this stress model in male spontaneously 
hypertensive rats (SHRs), it was found that AT1 
receptor inhibition prevented gastric lesions by 
combined local and systemic mechanisms, 
including gastric blood fl ow maintenance, inhibi-
tion of proinfl ammatory cascade activation, pre-
venting the gastric ischemia and infl ammation 
characteristic of a major stress response, and 
resulting in the protection of the gastric mucosa 
from stress-induced ulcerations [ 53 ]. The experi-
ment was carried out in SHRs because these ani-
mals have an increased expression of the brain 
RAS components and have been described as 
stress-prone animals. More specifi cally it was 
found that blood fl ow to the stomach was signifi -
cantly increased in animals treated with the ARB 
compared with vehicle-treated controls [ 53 ]. 
Interestingly, the maintenance of a normal pitu-
itary–adrenal response to stress is a phenomenon 
that runs parallel with protection from gastric 
injury. This view is supported by the fact that 
endogenous corticoids contribute to protect the 
gastric mucosa from ulceration during stress, 
probably by contributing to an increase in blood 
fl ow and bicarbonate secretion [ 72 ]. 

 The presence and density of Ang II receptors 
in the stomach was analyzed by autoradiography 
and showed the presence of AT1 receptors and a 
lower number of AT2 receptors, in all layers of 
the stomach and furthermore, the ARB treatment 
decreased the AT1 receptor binding [ 53 ]. This 
last could be the result of receptor occupancy 
with the insurmountable antagonist candesartan 
or of receptor down regulation [ 73 ]. Therefore, 
the decreased number of gastric AT1 receptors 
after stress may be related to receptor occupancy 
by the increased Ang II levels or to a receptor 
compensatory mechanism due to Ang II increased 
stimulation [ 37 ]. 

 The exposure to cold restraint in rats induced a 
marked increase in the expression of the intercel-
lular adhesion molecule 1 (ICAM-1), the proin-
fl ammatory cytokine tumor necrosis factor alpha 
(TNF-α), and the number of infi ltrating neutro-
phils in the gastric mucosa [ 53 ] and it is known 
that these components play crucial roles in the pro-
gression of gastric injury [ 74 ]. It is also known that 
activated neutrophils release infl ammatory media-
tors, capable of damaging endothelial cells and 
inhibition of neutrophil infi ltration prevents the 
stress-induced reduction of mucosal blood fl ow 
and the production of gastric lesions [ 75 ]. 
Likewise, it has been described that Ang II pro-
motes tissue infl ammation through AT1 receptor 
stimulation, enhancing neutrophil infi ltration 
[ 76 ,  77 ], increasing the expression of TNF-α 
[ 76 ,  78 ,  79 ] and ICAM-1 [ 80 ]. It was reported that 
TNF-α down regulated AT1 receptors [ 81 ,  82 ], and 
that TNF-α, acting with other proinfl ammatory 
cytokines, up regulated AT1 receptors and 
increased the profi brotic effects induced by Ang II 
[ 83 ,  84 ]. The increase of TNF-α and neutrophil 
infi ltration in the gastric mucosa induced by cold 
restraint was prevented by ARB [ 53 ]. 

 The increased ICAM-1 expression induced by 
cold restraint exposure in the endothelium of 
arteries of the gastric mucosa and submucosa, and 
in venules of the submucosa (where AT1 recep-
tors are located), was also prevented by the AT1 
receptor blockade [ 53 ]. The anti- infl ammatory 
effects of AT1 receptor blockade could thus be 
important for protection against stress-induced 
gastric ulcers.  
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    Posttraumatic Stress Disorder 

 Posttraumatic stress disorder (PTSD) is a debilitat-
ing stress-related illness associated with exposure 
to trauma. The peripheral and central mechanisms 
mediating stress response in PTSD are incom-
pletely understood. The renin- angiotensin pathway 
is essential to cardiovascular regulation but as it 
was described above is also involved in mediating 
stress and anxiety. Based on these data, Khoury 
et al. examined the relationship between active 
treatment with blood pressure medication, includ-
ing ACE inhibitors and ARBs, and PTSD symptom 
severity within a highly traumatized civilian medi-
cal population [ 85 ]. This study was a larger study 
performed in patients recruited from Grady 
Memorial Hospital’s outpatient population from 
2006 to November 2010. Multivariable linear 
regression models were fi t to statistically evaluate 
the independent association of being prescribed an 
ACE inhibitor or ARB with PTSD symptoms, 
using a subset of patients for whom medical infor-
mation was available ( n  = 505). Categorical PTSD 
diagnosis was assessed using the modifi ed PTSD 
Symptom Scale (PSS) based on Diagnostic and 
Statistical Manual of Mental Disorders (DSM-IV) 
criteria, and PTSD symptom severity (the primary 
outcome of interest) was measured using the PSS 
and Clinician-Administered PTSD Scale [ 85 ]. The 
authors found a signifi cant association between 
presence of an ACE inhibitor/ARB medication and 
decreased PTSD symptoms. Meanwhile, other 
blood pressure medications, including β-blockers, 
calcium channel blockers, and diuretics were not 
signifi cantly associated with reduced PTSD symp-
toms. The authors provide the fi rst clinical evidence 
supporting a role for the renin-angiotensin system 
in the regulation of stress response in patients diag-
nosed with PTSD. Further studies need to examine 
whether available medications targeting this path-
way should be considered for future treatment and 
potential protection against PTSD symptoms.  

    Drug Abuse 

 The hormonal changes, involving increased 
peripheral glucocorticoid levels and CRH release in 
different brain sites, initiate a cascade of biological 

responses to counteract the altered homeostatic 
balance of the organism in response to stress. The 
modifi cation in the brain physiology induced by 
stress triggers the release of neuroactive hormones 
such as biogenic amines and adrenal steroids, 
which activate the same neuronal circuit as the 
psychostimulant drugs, cocaine or amphetamine. 
Many years ago, clinical studies of methadone-
treated heroin addicts [ 86 ] showed atypical stress 
response in both active and long- term abstinent 
heroin addicts, similar to the atypical stress 
response of the HPA axis that has been found in 
abstinent cocaine addicts [ 87 ]. Thus, it has been 
hypothesized that an atypical response to stressors 
may contribute to compulsive drug use [ 88 ]. 
Furthermore, it have been demonstrated in a series 
of studies that rats with higher levels of behavioral 
and neuroendocrine response to stress develop 
psychostimulant drug self- administration more 
rapidly than low responders [ 89 ,  90 ]. In conjunc-
tion with other evidence, this supports a major role 
for stress in individual vulnerability to self-admin-
ister drugs of choice for abuse. In addition, corti-
costerone, the major glucocorticoid end-product 
of HPA axis activation in rodents, was shown to 
be self-administered in rats [ 90 ], and pharmaco-
logical manipulation of the circulating corticoste-
rone levels altered cocaine self-administration 
behavior [ 91 ]. These results and many others 
suggest that the activity of the HPA axis may play 
a role in different phases of drug addiction. 

 Brain Ang II was found to regulate some 
responses induced by drugs of choice for abuse 
such as cocaine and amphetamine, among others 
[ 92 – 95 ]. The presence of Ang II AT1 receptors 
has been described in pre- and postsynaptic CPu 
dopaminergic neurons [ 96 ], which are involved 
in the motor and behavioral responses induced by 
psychostimulants, as well as their modulatory 
action on noradrenergic [ 97 ], serotoninergic [ 98 ], 
glutamatergic, and gabaergic neurotransmission 
[ 99 ,  100 ]. It has been described that Ang II 
modulates the neuronal response to glutamate via 
both AT1 and AT2 receptors possibly at the post-
synaptic level in the superior colliculus, locus 
coerulus, and dorsal lateral nucleus in addition to 
other areas [ 101 – 103 ]. 

 There is indirect evidence of RAS involve-
ment in neuroadaptative changes induced by 
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psychostimulant drugs. In this sense, a history 
of sodium depletion, which activates RAS and 
Ang II synthesis, was found to develop cross- 
sensitization effects leading to enhanced locomo-
tor activity responses to amphetamine or cocaine 
[ 104 ,  105 ]. Evidence was recently found in our 
laboratory involving the activation of brain AT1 
receptors in the development [ 93 ,  94 ] and expres-
sion [ 106 ] of behavioral and neurochemical neu-
roadaptations induced by amphetamine in rats.  

    Hypertension 

 It has been found that repeated stress in rats sig-
nifi cantly increased blood pressure and noradren-
aline and adrenaline levels, and these effects 
were attenuated by adrenalectomy [ 107 ]. 

 The stress response increases sympathetic ner-
vous activity, which can adversely affect the car-
diovascular system [ 108 ]. Cardiovascular disease 
is in part a result of stress-induced mechanisms 
mediated primarily through increased adrenergic 
stimulation. These stress-induced mechanisms 
include elevation in serum lipid levels, alterations 
in blood coagulation, atherogenesis, vascular 
changes in hypertension, and myocardial isch-
emia. Stress management interventions for hyper-
tension are controversial; however, interventions 
for coronary heart disease-prone behavior pat-
terns have proved successful. Stress management 
interventions have also reduced cardiovascular 
events, mortality, and coronary atherosclerosis. 
Assessment of stress includes individual inter-
views which can be complemented by informa-
tion derived from questionnaires and mental stress 
testing. Educational and relaxation strategies can 
prepare patients to understand and cope with 
stress. These approaches will hopefully decrease 
the occurrence of stress and, ultimately, the risk 
for cardiovascular disease [ 109 ]. 

 Circulating and locally formed Ang II controls 
cerebral blood fl ow by AT1 receptor stimulation in 
cerebral vessels and sympathetic nerves. Brain 
Ang II and sympathetic systems are stimulated in 
spontaneous hypertensive rats, producing 
increased vasoconstrictor tone and arterial thick-
ness with smooth muscle proliferation, decreased 
vascular compliance, and decreased ability of 
cerebral vessels to dilate during hypoperfusion. 
Blockade of Ang II formation by ACE inhibitors 
inhibits cerebrovascular tone, and cerebral blood 
fl ow is maintained by compensatory small resis-
tance artery vasoconstriction, improving tolerance 
to hypotension and increasing adaptation to the 
reduction in blood fl ow during stroke. In this 
sense, it was found the protective effect of chronic 
administration of candesartan during ischemia and 
the improvement of cerebral blood fl ow in sponta-
neous hipertensive rats by chronic pretreatment 
with candesartan [ 110 ]. Moreover, Ang II system 
inhibition protected against neuronal injury more 
effectively than other antihypertensive drugs such 
as calcium channel blockers. The protection after 
AT1 receptor blockade is not directly correlated 
with blood pressure reduction but with normaliza-
tion of middle cerebral artery media thickness, 
leading to increased arterial compliance and 
reduced cerebral blood fl ow decrease during isch-
emia at the periphery of the lesion [ 110 ].   

    Conclusions 

 The results presented from studies on the physio-
logical and pathological role of brain Ang II aim 
to encourage the study of this system in the con-
text of the search for new pharmacological tools 
in the treatment of stress-related disorders 
(Fig.  8.1 ). Moreover, the advantage of the avail-
able compounds that interfere with the RAS, ACE 
inhibitors and ARBs, is that they are tolerated well 

Central

TH Sympathetic
over stimulation

Peripheral

Corticosterone

Stress Anxiety

Locus coerulus AT2

Adrenal medulla AT2

AT1 Blockade

  Fig. 8.1    Events related 
with stress response 
involving the central and 
peripheral angiotensin II 
AT1 receptor activation       
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and widely used in the treatment of hypertension. 
Interestingly, the ARBs do not modify the blood 
pressure in normotensive individuals.
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