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Renin angiotensin system (RAS) is an endocrine system widely known for its physiological roles in elec-
trolyte homeostasis, body fluid volume regulation and cardiovascular control in peripheral circulation.
However, brain RAS is an independent form of RAS expressed locally in the brain, which is known to
be involved in brain functions and disorders. There is strong evidence for a major involvement of exces-
sive brain angiotensin converting enzyme (ACE)/Angiotensin II (Ang II)/Angiotensin type-1 receptor
(AT-1R) axis in increased activation of oxidative stress, apoptosis and neuroinflammation causing neu-
rodegeneration in several brain disorders. Numerous studies have demonstrated strong neuroprotective
effects by blocking AT1R in these brain disorders. Additionally, the angiotensin converting enzyme 2
(ACE2)/Angiotensin (1–7)/Mas receptor (MASR), is another axis of brain RAS which counteracts the dam-
aging effects of ACE/Ang II/AT1R axis on neurons in the brain. Thus, angiotensin II receptor blockers
(ARBs) and activation of ACE2/Angiotensin (1–7)/MASR axis may serve as an exciting and novel method
for neuroprotection in several neurodegenerative diseases. Here in this review article, we discuss the
expression of RAS in the brain and highlight how altered RAS level may cause neurodegeneration.
Understanding the pathophysiology of RAS and their links to neurodegeneration has enormous potential
to identify potentially effective pharmacological tools to treat neurodegenerative diseases in the brain.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Renin angiotensin system (RAS) is an endocrine system widely
known for its physiological roles in electrolyte homeostasis, body
fluid volume regulation and cardiovascular control in peripheral
circulation. Renin, an enzyme produced from the kidney, acts on
angiotensinogen (AGT), a liver-precursor, to release an inactive
decapeptide, angiotensin I (Ang I). Another enzyme, angiotensin
converting enzyme (ACE) cleaves Ang I to the active octapeptide
Ang II, the effector peptide of RAS, which is important for various
physiological functions. However, chronic activation of RAS and
the increase in Ang II level may act on AT1R, leading to various
pathophysiological processes, including inflammation, vasocon-
striction, fibrosis, increased renal sodium absorption, aldosterone
and arginine vasopressin (AVP) release (de Morais et al., 2018;
Gao et al., 2014; Sparks et al., 2014; Hua et al., 2011). Apart from
systemic RAS, local independent RAS has been reported in various
tissues such as heart, kidney, lung, liver and retina (Ola et al., 2013,
2017). Although, relatively less information is available on both the
expression and regulation of RAS in the brain (Stornetta et al.,
1988; Lavoie et al., 2004), widespread distribution of angiotensin
receptors (Angiotensin type-2 receptor [AT2R] and AT1R) has been
found in the central nervous system. Interestingly, AGT, the precur-
sor of Ang I, is mostly produced within astrocytes where it consti-
tutively secretes various neuroactive peptides (Bodiga and Bodiga,
2013). In addition, renin, an enzyme, which cleaves AGT into Ang I,
has been found to be expressed within neurons and astrocytes. ACE
converts Ang I into Ang II, which binds to both the AT1R and AT2R
that are expressed in neurons, astrocytes, oligodendrocytes and
microglia of various sections of brain (Labandeira-Garcia et al.,
2017).

A number of studies have reported that dysregulated brain RAS
may be implicated in neurodegeneration due to neuroinflamma-
tion, oxidative stress and aging-related pathophysiological changes
(Labandeira-Garcia et al., 2017). Altered RAS plays a key role in
numerous degenerative diseases of the brain including parkinson
disease (PD), alzheimer’s (AD), huntington disease, dementia, amy-
otrophic lateral sclerosis, Multiple sclerosis, Traumatic brain injury
and Stroke (Takane et al., 2017; Mogi and Horiuchi, 2013; Wright
and Harding, 2013). Several studies have established the fact that
activation of local RAS in the brain influences pathological pro-
cesses in damaging the neurons. For example, elevated Ang II
decreases cognitive function since ACE inhibitors (ACEIs) improve
cognition by crossing the blood brain barrier (BBB), independent
of blood pressure [BP] (Rygiel, 2016). High levels of Ang II are
found to increase oxidative stress and promote neuroinflammation
while ARBs prevent many risk factors for AD and protect neurons
(Saavedra, 2016; Liu et al., 2015). Activation of AT1R by Ang II
due to increased expression of ACE is known to play important role
in vasoconstriction in the brain and impairs cognition (Ahmed
et al., 2018.), cell death (Zhang et al., 2012) and inflammation
(Labandeira-Garcia et al., 2017).
2. The components of brain renin angiotensin system

The brain RAS is an independent system involved in different
brain physiological functions and disorders (Ganten et al., 1971;
Labandeira-Garcia et al., 2017; Wright and Harding, 2013). Differ-
ent components of RAS in the brain have been identified (Grobe
et al., 2010; Grobe et al., 2011; Saavedra, 1992). Cellular and
molecular studies have reported that all RAS genes and their pro-
moter regions are active in the brain, while other evidences also
revealed the de novo production of RAS components in the brain
(Hermann et al., 1987; Fuxe et al., 1980). The establishment of
brain RAS is also supported by several pharmacological inhibition
studies (Shinohara et al., 2016, 2017). Similarly, it has been found
that all the components required for the synthesis of angiotensin
peptides are synthesized locally within the brain (Harding et al.,
1988). Surprisingly, peripheral angiotensins may also interact with
the brain RAS at the circumventricular organs which lacks BBB (Fry
and Ferguson, 2007). As a result, they might control certain phys-
iological functions although only the brain angiotensins execute
central activities (Ferguson et al., 1999; Ferguson et al., 2001).
Thus, there is complex interplay between the tissue and peripheral
systemic RAS that makes the whole system difficult to understand
(de Morais et al., 2018).
2.1. Brain renin/pro-renin

Angiotensinogen (AGT) is cleaved by renin enzyme to form Ang
I peptide. Renin is abundant in blood circulation while present at
low levels in the brain (Bodiga and Bodiga, 2013; Grobe et al.,
2008). Several reports suggested that both renin and AGT are co-
expressed in many parts of the brain (Lavoie et al., 2004). Within
neuronal cells, expression of renin was found both intracellularly
and in secreted form in the form of pro-renin (Grobe et al.,
2008). The pro-renin in the brain binds with higher affinity to
pro-renin receptors (PRRs) compared to renin, leading to AGT
cleavage. Thus, stimulation of renin/pro-renin signaling causes
cognitive impairment by activating the angiotensin receptors
(Wright and Harding, 2013). However, van Thiel et al suggested
that intracellular renin could be the key to generation of angioten-
sins in the brain, and coordinate other non-RAS functions (van
Thiel et al., 2017). In addition, the impaired activity or expression
of the brain renin may cause neurogenic hypertension, altering
drinking and metabolism (Shinohara et al., 2016, 2017). Few stud-
ies though still suggest that the expression of renin is controversial
in the brain (Nakagawa and Sigmund, 2017).
2.2. Brain angiotensin converting enzymes (ACE/ACE2)

Angiotensin converting enzyme (ACE) is the major component
of RAS in the brain. Predominantly, it is localized in the endothelia
of cerebral vasculature, although its highest expression has been
found in choroid plexus (CP), organum vasculosum of the lamina
terminalis (OVLT), subfornical organ (SFO) and area postrema
(AP) (Bodiga and Bodiga, 2013). ACE activity is found in the areas
of brain that lacks BBB, such as the SFO and pineal gland [PG]
(Saavedra, 1992; Chai et al., 1987). Even inside the BBB surpris-
ingly, ACE activity has been found in rats and humans (Saavedra,
1992). Evidence from clinical studies revealed ACE involvement
in cognitive dysfunction, since its inhibitors reduced the onset of
dementia in AD (Jouquey et al., 1995). ACEIs might reduce cogni-
tive dysfunction through anti-inflammatory actions, indepen-
dently from BP lowering effects (Rygiel, 2016). Several studies
found a correlation between hypertension and central ACE expres-
sion/activity, although the underlying mechanism remains elusive.
In vivo transfection of human ACE into neuronal cells cleaved Ang I
to Ang II in cerebrospinal fluid and increased sympathetic nervous
activity, which were all reversed by ACEIs (Tani 1991).
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ACE2 is an enzyme expressed virtually throughout the brain
and specifically in the areas controlling central BP (Tota et al.,
2012; Nakamura et al., 1999). Even though, it exists as a trans-
membrane protein, there is evidence for its globular nature,
although in a truncated form (Doobay et al., 2007). Proteolytically,
ACE2 cleaves Ang II to Ang (1–7), a ligand for the Mas receptor
(MASR). This signaling pathway has been shown to produce body
functions that negate the effects of Ang II. Aside from Ang II sub-
strate, ACE2 also acts on Ang I, releasing Ang (1–9). The action of
ACE or other peptidases can then regenerate Ang (1–7) (Xia and
Lazartigues, 2010; Tipnis et al., 2000; Xu et al., 2011). Several stud-
ies have revealed that brain ACE2 has been involved in the progres-
sion of neurogenic hypertension (Xu et al., 2017; Santos et al.,
2003; Xia et al., 2009; Feng et al., 2010; Yamazato et al., 2007;
Feng et al., 2008; Xia et al., 2015; Sriramula et al., 2011;
Sriramula et al., 2015). As a result, ACE2 gene therapy has been
proposed as a potential antihypertensive strategy, as it activates
mechanisms of BP reduction. (Tipnis et al., 2000). The ACE2/Ang
(1–7)/MASR axis, is highly distributed in almost all cells of the
brain and exerts protection by counteracting the ACE/Ang II/AT1R
axis (Doobay et al., 2007; Gallagher et al., 2006; Hamming et al.,
2004; Jiang et al., 2013). In ischemic stroke, Ang-(1–7) injection
in intracerebroventricular showed beneficial effects in neuropro-
tection (Mecca et al., 2011; Jiang et al., 2012). In addition, activa-
tion of ACE2/Ang(1–7)/MASR axis has also been shown to
improve neurological deficits through its antioxidative and anti-
inflammatory effects in ischemic insult. Thus, ACE2/Ang(1–7)/
MASR axis is considered to play a protective role in the treatment
of ischemic stroke, as well as other cerebrovascular diseases.

2.3. Brain angiotensinogen

Angiotensinogen (AGT) is a fatherly precursor peptide of RAS
where other angiotensin peptides originate from. A wealth of evi-
dence has shown that the 485 amino acid long AGT molecule exists
in the brain even though the precise cellular location of its origin is
still unknown (Grobe et al., 2008). Several studies reported that
more than 90% of AGT peptides are produced in the astrocytes
(Milsted et al., 1990; Grobe et al., 2008; Sherrod et al., 2005) and
partly, their synthesis have also been reported in neurons (Lavoie
et al., 2004; Agassandian et al., 2017; Stornetta et al., 1988; Yang
et al., 1999) and glial cells (Lavoie et al., 2004; Morimoto et al.,
2001). In addition, the mRNA (Uijl et al., 2018, Nguyen et al.,
2002) and intracellular forms of the peptides have been detected
in several brain regions (Bodiga and Bodiga, 2013; Sherrod et al.,
2005). The function of AGT is obscure in the brain. However, few
studies reported that hypertension and fluid balance are regulated
by AGT modulation in rats and mice (Lavoie et al., 2004; Morimoto
et al., 2001). This may be explained by the localization of AGT in the
brain areas mediating cardiovascular functions (Uijl et al., 2018).

2.4. Angiotensin peptides and receptors

Angiotensin I (Ang I), a physiologically inactive peptide has
been found in the brain, although at reportedly low levels
(Nguyen et al., 2002). In addition, existence of Ang II and its recep-
tors have also been confirmed in brain (Nakagawa and Sigmund,
2017; Schinke et al., 1999; Schelling et al., 1983). Furthermore,
AT1R is found to be expressed in abundance while AT2R expression
is restricted and lower in the brain (Guimond and Gallo-Payet,
2012). AT1R facilitates most of the damaging effects of Ang II while
AT2R counters the action of the former. Infusion of Ang II in the
brain increases AT1R expression thereby regulating the brain RAS
activity (Wei et al., 2009). The cellular damaging effects of the acti-
vation of AT1R is mediated by signaling through mitogen-activated
protein kinase (MAPK) and c-Jun N-terminal kinase (JNK) stimula-
tion. (Wei et al., 2008). Ang II regulates the neurophysiology of sev-
eral regions of the brain, including cardiovascular centres, probably
by binding to neurons in the GABAergic and glutamergic pathways
of the hypothalamus (Mascolo et al., 2017). Mogi and colleagues
observed that Ang II signaling via AT1R led to neurotoxicity and
BBB damage (Millan et al., 1991), while another study implicated
the angiotensin peptide in the progression of AD (Iwai and
Inagami, 1992). Conversely, Ang II acting along AT2R axis facili-
tated increase in brain mass and neuronal sprouting (Kakar et al.,
1992). Ang II can be converted to another angiotensin peptide,
angiotensin III (Ang III) by an enzyme, aminopeptidase (AMN) via
the removal of aspartic acid residue at the amino terminal. It has
also been demonstrated that Ang III binds to AT1R, AT2R and non
AT-receptors (Mogi et al., 2006; Mogi and Horiuchi, 2013; Miners
et al., 2010; Goel et al., 2017). Ang III has been shown to be an
important peptide in BP regulation, even more than Ang II (Gao
et al., 2014). Ang III can also form angiotensin IV (Ang IV) when
acted upon by AMN, although ang IV can be formed from ang II
directly via the action of dipeptidyl aminopeptidase (de Morais
et al., 2018). Ang IV acts via angiotensin receptor type-4 to mediate
protective mechanisms in neurodegenerative diseases (Llorens-
Cortes and Mendelsohn, 2002).
3. Brain RAS mediated mechanisms of neurodegeneration and
neuroprotection

3.1. Oxidative stress

Excessive levels of oxidative stress have been reported to be an
underlining factor in several neurodegenerative diseases (Wright
et al., 2012; Tota et al., 2012). Brain RAS could be a risk factor for
oxidative stress that mediates neuronal dysfunction (de Morais
et al., 2018). Accumulating evidences suggest that ang II plays a
vital role in this process while the role of other components of
RAS involved in neurodegeneration remains elusive (Comoglio
et al., 2008). Through the AT1R, ang II activates the production of
reactive oxygen species (ROS) mediated by nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase (NOX), an enzyme found
in several regions of the brain (Fernando et al., 2005; Wright and
Harding, 2011; Solleiro-Villavicencio and Rivas-Arancibia, 2018;
Su et al., 2016).

Ang II induction of NOX complex stimulates superoxide gener-
ation by inflammed cells causing death of dopaminergic neurons
(Chan et al., 2005). In addition, induction of AT1R also stimulates
nuclear factor kappa -light-chain-enhancer of activated B cells
(NF-kB) signal pathway that may contribute to neuronal death as
reported in case of PD. (Joglar et al., 2009). Furthermore, ang II
influences neuronal N-methyl-D aspartate (NMDA) currents, lead-
ing to increased NOX-2 dependent generation of ROS (Wang et al.,
2013). Studies have shown that superoxide produced by NOX, acti-
vates NF-kB and the RhoA/Rho kinase pathway in microglial cells,
which promotes NOX stimulation via p38 mitogen-activated pro-
tein kinase (Rodriguez-Perez et al., 2015). Angiotensin II may also
influence nitric oxide (NO) production through mechanisms
involving AT2R subtypes (Labandeira-Garcia et al., 2017). Nitric
oxide is produced by brain-type NO-synthase (bNOS) present in
many neurons of various brain regions (Iwase et al., 1998). In the
brain, some studies indicate that NO might participate in some
ang II-regulated processes including development of stroke in
spontaneously hypertensive rats [SHRs] (Ahmad 1997). Further-
more, stimulation of brain RAS by increased production of ang II
in hypertensive rats caused higher levels of superoxide and malon-
dialdehydes, and lower levels of antioxidant enzymes such as
superoxide dismutase and glutathione (Qing et al., 2017). Thus,
these studies provide a strong evidence of the activation of RAS
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system in oxidative damage that may trigger apoptosis and gener-
ation of intracellular ROS in neurodegenerative diseases of brain.

3.2. Neuro-inflammation

Both circulatory and local RAS components have been reported
to play key roles in neuroinflammation-neurodegeneration path-
way, with ang II suggested as the main neuroinflammatory trigger
(Chen et al., 2016). Peripheral RAS components do not have total
access to the brain due to the blockage effect of the BBB. However,
in a disease state, the integrity of this barrier may be affected,
allowing hormonal RAS components entry into the cerebral
regions, especially the cardiovascular regulatory areas (Palmer
et al., 2013). Studies have shown that brain RAS triggers chronic
inflammation leading to the release of ROS and inflammatory
mediators through activating glial cells (Carvalho and Moreira,
2018). Uncontrolled effects of these mediators upregulate various
inflammatory cascades resulting in cognitive dysfunction and neu-
rodegeneration (Sun et al., 2018; Martire et al., 2015).

In a recent review, O’Connor and colleagues reported that
excessive ang II generated due to astrocyte dysfunction resulted
in neuroinflammation and loss of neuronal activity (Amin et al.,
2016). In Addition, inflammation and other abnormal neurovascu-
lar alterations resulting from the effect of RAS along the AT1R axis
have been linked to AD, although detailed mechanisms are still
elusive (Carvalho and Moreira, 2018). Ang II treatment of mesen-
cephalic cultures, caused activation of the microglial RhoA/ROCK
pathway and the upregulation of microglia tumor necrotic factor,
TNF a, a proinflammatory cytokine that facilitate dopaminergic
neurodegeneration (Labandeira-Garcia et al., 2017; Saavedra,
2012). Torika and colleagues reported abnormal amounts of ACE
and ang II found in neuroinflammation predisposed alzheimer
model (Torika et al., 2016). According to in vivo studies, induction
of a-synuclein, a pro-microglial inflammatory molecule, also
resulted in death of dopaminergic neurons in substantia nigra
(Barkholt et al., 2012; Rodriguez-Perez et al., 2018). This trend of
neuroinflammation in the brain has also been demonstrated in var-
ious pharmaco-inhibition studies. The use of perindopril, a potent
ACEI, in combating neuro-cognition associated pathologies is
reported and supported by Perindopril Protection Against Recur-
rent Stroke Study (Tzourio et al., 2003). Interestingly, oral adminis-
tration of perindopril in SHRs improved memory and reduced
neurodegeneration by lowering NF-kB pathway, possibly by lower-
ing the level of ang II (Goel et al., 2015). A similar anti-
inflammatory effect was observed in 5X familial AD mice after
intranasal application of telmisartan [ARB] and perindopril [ACEI]
(Torika et al., 2016). Other research groups have reported that can-
desartan and other potent AT1R blockers successfully attenuated
death of dopaminergic neurons induced by the a-synclein. They
reported that the blockade of the Ang II/AT1R axis and upregula-
tion of peroxisome proliferator-activated receptor gamma might
reduce inflammation by modulating neurotrophic factors (NFs)
that activate neuroprotective pathways (Wang et al., 2014;
Sathiya et al., 2013; Tong et al., 2016). In addition, telmisartan
was found to attenuate lipopolysaccharide induced NO, TNF-a,
interleukin 1 beta (IL1-b) as a possible novel neuroprotective
mechanism, reinforcing the hypothesis that brain RAS may regu-
late memory via neuroinflammation (Montgomery et al., 2012,
Nakamura and Lipton, 2011; Goel et al., 2015).

3.3. Apoptosis

The concept that brain RAS stimulates apoptosis mediated neu-
ronal cell death has been well reported and ang II is recognized as
the major component acting via AT1R. Ang II induced oxidative
stress mediated by NOX may trigger apoptosis (Zhao et al., 2015;
Yamamoto et al., 2008). Ang II could also facilitate apoptosis via
mitochondrial ROS mediated upregulation of both adenosine
monophosphate activated protein kinase and peroxisome
proliferator-activated receptor coactivator 1a cascades, thereby
stimulating Bax, a pro-apoptotic protein that causes the death of
neuronal cells (Kim et al., 2017). In a study when ang II was admin-
istered in PD rat model, caspase 3 levels increased abruptly leading
to the death of dopaminergic neurons due to cleavage of neuronal
membrane proteins (Gao et al., 2017). Additionally, AT1R regulated
autophagy stimulation and mitochondrial mediated cell death cas-
cades were also reported as separate mechanisms that may cause
ang II induced dopaminergic cell death (Gao et al., 2016; Ou
et al., 2016). Apoptosis induced phosphoinositol 3 kinase/protein
kinase B (P13K/Akt) signaling cascade might also be one of the fun-
damental mechanisms responsible for neurodegeneration as
reported in postnatal brain of rats (Auladell et al., 2017).

3.4. Neurotrophic factors

Neurotrophic factors (NFs) are proteins with a wide range of
functions spanning across central and peripheral nervous system.
Centrally, they play diverse functions including resuscitation of
dying neurons, synaptic plasticity, axonal development and growth
of dendrites. On theotherhand, their distorted regulation represents
a threat to the neuroprotective and cognitive roles they play thereby
implicating them in a number of neurodegenerative diseases,
including AD and PD (Ledda and Paratcha, 2016; Sampaio et al.,
2017). Generally,NFshavebeen classified into 3 groupsnamelyneu-
rotrophins, glial cell line derived neurotrophic factors and neurocy-
tokines (Ibáñez and Andressoo, 2017). Although few others with no
particular group have also been reported, including mesencephalic
astrocyte-derived neurotrophic factor and cerebral dopamine neu-
rotrophic factor (Lindahl et al., 2017). Because amodulatory connec-
tion exists between NFs and brain RAS, several studies have
suggested the use of brain angiotensin peptides as potential novel
compounds tomodulate brain functions such as in improving cogni-
tion (Jackson et al., 2018). The neurotrophins are made up of five
classes, including nerve growth factor, brain-derived neurotrophic
factor (BDNF) and neurotrophin-3, 4, 6 (NT-3, -4, -6) (Skaper
2018). The most widely studied neurotrophin 3 and BDNF cascades
have been reported to be regulated by ang II (Schaich et al., 2016).

3.5. Neuroprotection

Oxidative stress has been reported to be an underlying factor
that mediates neuronal dysfunction in the brain (de Morais et al.,
2018; Comoglio et al., 2008). Ang II is considered as the main insti-
gator that leads to the release of ROS and inflammatory mediators
in neurodegenerative diseases (Chen et al., 2016). Ang II induced
inflammatory cascades result in cognitive dysfunction and neu-
rodegeneration in the brain (Sun et al., 2018; Martire et al.,
2015). On the other hand, decreased amount of ACE2 and Ang
(1–7) damages cells in cerebral arteries and enhances the level of
oxidative stress (Peña Silva et al., 2012). Activation of ACE 2/Ang
(1–7)/MASR axis is considered as a novel approach for neuropro-
tection, since it suppresses NF-kB signaling pathway and reduces
oxidative stress. In cerebral ischemia, ang(1–7) showed anti-
inflammatory effects to protect brain ischemia (Jiang et al.,
2012). In addition, ang IV is reported to be the natural inhibitor
of the insulin-regulated aminopeptidase receptor and used as a
neuroprotective agent (Naveri et al., 1994). The ARBs could repre-
sent another class of drugs that safeguards the neurophysiological
milieu from various cognitive defects (Villapol and Saavedra,
2015). ARBs have been shown to reduce brain disorders via several
mechanisms, including reducing neuroinflammation and hypoxia
(Saavedra et al., 2011). The two well-known ARBs, irbesartan and



Fig. 1. Potential links between brain renin angiotensin system, neurodegeneration and neuroprotection.
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telmisartan have been reported to significantly reduce the produc-
tion of ROS in the retina and retinal explants (Ola et al., 2013;
White et al., 2015). Moreover, few studies reported neuroprotec-
tion by inhibition of NOX due to antioxidant effect of ARBs. It is
also established that ARBs protected the cerebral vasculature and
reversed other cerebrovascular pathologies (Farag et al., 2017).
Thus, ARBs’ treatment of several neurodegenerative brain disorders
in humans might be the new therapeutic intervention to protect
physiological and pharmacological insults.

4. Conclusions

As evidenced from literature, enzymes and peptides related to
RAS are expressed and interact with other RAS components (Renin,
Ang I, ACE, Ang II, AT1R and AT2R) in the brain. There is strong evi-
dence for the activation of AngII/AT1R axis in initiating a cascade of
events leading to increase in oxidative stress, apoptosis, and neu-
roinflammation causing neurodegeneration in the several brain
disorders as depicted in Fig. 1. A number of studies demonstrated
strong neuroprotection by blocking the activation of ACE/AngII/
AT1R axis using ARBs and also by activation of ACE2/Ang (1-7)/
MASR axis. However, few scientists still argue the local expression
of the components of RAS especially in the specific cell types
within the brain mainly due to poorly characterized commercially
available antibodies. The exact physiological and pathological roles
of RAS are not evident in the brain and require more studies to elu-
cidate their functions. The improved knowledge of RAS in the brain
would open new approaches, novel methods and promising targets
to protect several neurodegenerative disease of the brain.
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