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Abstract
The Renin-Angiotensin (Ang) System (RAS) is pleotropic machinery, contains members with
different activities. New substrates, such as Ang-(1-7) and Ang-(3-7), of vascular and tissue source
are being added to RAS. These new comers counter balance/oppose the effects of the traditional
previously identified Ang I & II. Ang-(1-7) is identified as a biologically active member of RAS. Ang(1-7) is synthesized from Ang II by the action of angiotensin converting enzyme ACE2, and acts on
its G protein-coupled Mas receptors (MasR) and Mas-related G-protein-coupled receptor (Mrg-D)
forming its own ACE2/Ang-(1-7)/Mas Axis (AAMA). This axis counteracts many of the Ang II-AT1
activities, especially vasoconstriction, inflammation and proliferation. A growing body of evidence
supports AAMA presence in brain, and the role it plays in conditions other than the renal and
cardiovascular diseases, such as Alzheimer’s disease, Parkinson’s disease, ageing, menopause etc.
There are different and even conflicting results reported acceleratory or preventive effects of RAS
components, angiotensin receptor antagonists (ARB) and ACE Inhibitors (ACEI) in AD. Moreover,
there is also a difference between ARBs and ACEIs in this regard. Here, we review the importance
of the AAMA axis and other protective arms of RAS with emphasis on the role of this axis in brain
function, various neurodegenerative diseases and patients receiving ACEIs and ARBs.
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General-Synthetic Pathways of RAS Components
The Renin-Angiotensin System (RAS) is a potent regulator of blood pressure, body fluid and
electrolyte homeostasis. RAS has long been considered as a linear system starts from a serpin family α2globulin, Angiotensinogen (AGT). Plasma AGT level is increased by plasma corticosteroid, estrogen,
thyroid hormone, and angiotensin II. At least twelve products derived from AGT had already been
detected, with several new comers are still expected. AGT is hepatically synthesized, cleaved by
renin to angiotensin-(1-10) (Ang I) which is further processed to the biologically active peptides
Ang-(1-8) (Ang II) by Angiotensin Converting Enzyme (ACE) and Ang-(1-7) by endopeptidases
such as neprilysin, NEP (Figure 1). Moreover, AGT could also be directly converted to Ang I by a
non-renin pathway (cathepsin, tonin, and tissue plasminogen). Ang I is cleaved to Ang II by ACE.
Ang I is also concerted to Ang II by a non-ACE pathway (chymase, cathepsin). Ang II undergoes
further processing at the carboxyl terminus by ACE2 and Prolyl Carboxypeptidase (PCP) to yield
Ang-(1-7). Low level PCP in the first 24 hour after stroke onset is associated with stroke severity
and an unfavorable short-term stroke outcome [1]. Ang-(1-7) undergoes Decarboxylation (DC)
of the aspartic acid residue to form Ala1-Ang-(1-7) (Ala1-Ang 7: alamandine). Ang I is also
cleaved by Aminopeptidase A (APA) to Ang-(2-10) which acts on AT1R. Ang III/I could also be
generated from Ang-(2-10) by ACE hydrolysis [2]. The dodecapeptide Ang-(1-12) is derived from
the hydrolysis of the Tyr12-Tyr13 bond of angiotensinogen by an unknown (may be hydrolysis)
enzymatic pathway. Ang-(1-12) could be cleaved to Ang-(1-7) by NEP, and it is a source for tissue
Ang II (by ACE or chymase) formation. The divergency of Ang-(1-12) metabolic pathways might
be highly tissue specific. The amino acid sequence of this novel peptide is similar to the sequence of
Ang I plus –Leu11-Tyr12 (rodent) or Val11-Ile12 humans [3]. Ang-(1-12) at a concentration higher
than that of Ang II acts directly on AT1 albeit [4]. Recent studies shed new light on renin production
and release. The main source of renin is the Juxtaglomerular Cells (JGCs), which release renin from
storage granules. JGCs originate in situ within the metanephric kidney from mesenchymal cells
that are not related to smooth muscle lineages. The previous notion that JGCs stem from vascular
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Figure 1: Synthetic cascade and metabolism of the deleterious and protective angiotensin peptides. ACE2: Angiotensin-Converting Enzyme type 2; APA/APM/
APN: Aminopeptidase A/M/N; AT1R, AT2R, AT3R, AT4R: angiotensin receptor type 1, 2, 3 and 4, respectively. DC: Decarboxylase; IRAP: Insulin-Regulated
Aminopeptidase or AT4 receptor; MLDAD: Mononuclear Leukocyte-Derived Aspartate Decarboxylase; Mrg-D: Mas-related G-protein–coupled receptor, member
D; NEP: Neprilysin; PCP: Prolyl-Carboxy-Peptidase (PCP); PEP: Prolyl-Endo-Peptidase. Prorenin is activated to renin by convertase. Ang-(1-7) and Ang II are
also converted to Ang-(3-7).

smooth muscle cells may be explained by JGC differentiation: they
acquire smooth muscle markers that are maintained throughout
adulthood. It has become clear that AT1 receptors and increasing
intracellular free [Ca2+] inhibits renin secretion in JGCs. In contrast,
cAMP stimulates renin release [5]. The essential component of the
RAS is depicted in (Figure 1).

oxytocin interaction has been shown to be involved in reversion or
reduction of immobility time induced by oxytocin during the test
for antidepressive property using forced swim test [10]. This study
suggested that the proteolytic conversion of oxytocin into active
metabolites, which possibly bind to receptors other than the oxytocin
receptor, could be responsible for the reduced immobility time [11].

Ang II is converted to Ang A (1-8) under the effect of
Mononuclear
Leukocyte-Derived
Aspartate
Decarboxylase
(MLDAD). The amino acid sequence of Ang A (A stands for alanine)
(Ala–Arg–Val–Tyr–Ile–His–Pro–Phe) differs from Ang II only in
one amino acid: Ala1 instead of Asp. Ang A acts on AT1R. Ang A is
converted to alamandine by hydrolysis and by ACE2. Alamandine
can alternatively be formed by decarboxylation of the Asp residue
of angiotensin-(1-7). It is physiologically found in human plasma
at concentrations lower than 20% of normal Ang II concentrations.
However, the Ang A/Ang II ratio is significantly increased in endstage renal disease patients [6-8]. RAS interacts with various other
systems with important clinical outcomes. Prostaglandin increases
renin release and Ang II formation. There is a beneficial interaction
between thromboxane synthesis inhibitors and ACE inhibitors due
to reduction of renal vascular resistance by redirecting prostaglandin
endoperoxide synthesis toward prostacyclin by the former, and
prevention of Ang II synthesis by the latter (Figure 1) [9].

Angiotensin Converting Enzymes (ACEs)
ACE is type I integral membrane protein of M2 family zinc
metallopeptidase. Its activity depends on chloride anion [12]. ACE
can be inhibited by metal-chelating agents [13]. Under physiological
conditions, the enzyme reaches about 60% of its maximal activity
toward Ang I while it reaches its full activity toward bradykinin.
ACE is located mainly in the capillaries of the lungs but can also be
found in endothelial and renal epithelial cells. There are two isoforms
of ACE in humans: somatic ACE (sACE) and germinal (testicular)
ACE (gACE). Somatic ACE is found in many types of endothelial and
epithelial cells. The gACE is present exclusively in germinal cells in the
male testis. ACE can be released as a soluble enzyme into extracellular
fluids, such as plasma and seminal and cerebrospinal fluids, following
post-translational proteolytic cleavage by a membrane protein
sheddase or secretase. ACE may be involved in the functioning of
the brain and nervous system. ACE hydrolyzes neuropeptides such
as enkephalin, substrate P, neurotensin and LH-RH. Several subtypes
of ACE are involved in derivation of Ang subtypes from Ang I. It also
degrades BK (1-9), a vasodilator, to its inactive metabolite [14,15].
ACE degrades Aβ and converts Aβ1-42 to Aβ1-40 chronic inhibition
of ACE with captopril enhances predominant Aβ1-42 deposition.
ACE exhibits polymorphic variation, Deletion (D) and Insertion (I).
These different genotypes are important in athletism: blood pressure
of D carriers increase soon and have increased risk of cardiovascular
diseases. The major function of ACE2 is to counter-regulate ACE
activity by reducing Ang II bioavailability and increasing Ang-(1-7)
formation. The main ACE responsible for emergence of Ang-(1-7) is
ACE2 [16]. ACE2 could either directly convert Ang II to Ang-(1-7),
or by acting firstly on Ang I and converting it to Ang1-9, which latter
converts to Ang-(1-7) under the influence of ACE. Ang-(1-7) could
also be directly derived from Ang I under the effect of neprilysin and

The other important interaction is that with endocrine system.
RAS is involved in estrogen-vascular health maintenance. Although
estrogen increases AGT and Ang I, it reduces hypertension. This
activity could be attributed to reduction of ACE by estrogen with
consequent elevation of AGT and Ang I, reduction of Ang II
production, and shift towards Ang-(1-7). At the same time estrogeninhibition of ACE reduces conversion of Ang-(1-7) to Ang-(1-5),
and bradykinin metabolism. Because ACE reduction also leads to
less degradation of bradykinin, another aspect of estrogens action
would be enhanced vasodilation by both Ang-(1-7) and bradykinin,
and reduced Ang II-vasoconstriction. This activity may provide the
rationality for the use of estrogen to prevent cardiovascular disease
in postmenopausal women who are at increased cardiovascular risk.
Another interaction is that with oxytocin. An angiotensin IV and

Remedy Publications LLC.

2

2018 | Volume 1 | Issue 1 | Article 1001

Y Matsunaga, et al.,

American Journal of Pharmacology

Figure 2: Schematic representation of the cellular signaling pathways and the clinical impact for the protective arm components of RAS. ANP: Atrial Natriuretic
Peptide; COX2: Cyclooxygenase 2; MAPK: Mitogen-Activated Protein Kinase; Mrg-D: Mas-related G-protein coupled receptor membrane D; PTP: Protein
Phosphatase; + and – stand for stimulation and inhibition respectively.

Prolyl-Endo-Peptidase (PEP) (Figure 1). ACE2 is primarily epithelial
and is developmentally regulated in the mouse lung [17]. ACE2 activity
increases with increased [Cl-]. An increase in [Cl-] above 100 mm,
which is the physiological concentration in human plasma, increases
Ang I and decreases Ang II cleavage by ACE2. The latter effect has an
effect on the localized concentration of Ang II in the kidney, where
ACE2 has a high level of expression and extracellular chloride ion
levels fluctuate. It is assumed that the function of the anion, chloride
activation in ACE provides high substrate specificity ACE2 functions
predominantly as a monocarboxypeptidase [18]. ACE2 activity is
unaffected by inhibitors of ACE (captopril, lisinopril and enalaprilat)
or carboxypeptidase A (benzylsuccinate and potato carboxypeptidase
inhibitor) [19]. ACE2 improves endothelial function [20].

Growth Factor (PIGF), soluble fraction of Vascular Endothelial
Growth Factor (VEGF) receptor 1 (sFlt-1), MMP2/9, MAPK/ERK,
HAC1. Increase FOXO1.
e) Metabolism: Increase insulin, glucose uptake and lipolysis.
Decrease insulin resistance and dyslipidemia.
f) Brain: Increase LTP, decrease ischemia-infarct. Improve
behavioral deficits.
Ang II could influence the vascular contractility/relaxation by two
ways: after conversion to Ang-(1-7), the latter produces endotheliumdependent vasodilation. This pathway becomes prominent at high
Ang II levels or following ACE inhibition. On the other hand,
activation of AT1 receptors by low concentrations of angiotensin
II causes vasoconstriction. As could be seen from Figure 1, Ang II
stimulates AT2R in addition to AT1R. Stimulation of AT2R leads
to intracellular acidification, which together with MasR stimulation
by Ang-(1-7) increase kininogenase and bradykinin synthesis.
Bradykinin stimulates its B2 receptors. The B2 receptors are localized
differentially in different parts of the cardiovascular system: the
arterioles have smooth muscle-localized B2 receptors, and large
elastic vessels have endothelium-localized receptors. Stimulation of
the B2 receptors by bradykinin produces vasorelaxation, which in
turns results in the activation of the NO-cGMP pathway, vasodilator
cyclooxygenase product(s), and voltage dependent and Ca2+-activated
large-conductance K+ channels [29]. The Prorenin Receptors (PRR)
is increasingly gaining significance. They are involved in cardiac
and renal fibrosis and hypertrophy. It has been suggested that
blocking the PRR may be a new target for renal and cardiac endorgan protection. PRRs activate renin. Antagonists of PRRs, known
as Hand region peptide, act as decoy receptors and prevent binding
of prorenin and renin to PRR. Renin bound to the PRR displays an
increased catalytic efficiency of AGT conversion to Ang I compared
with free renin [18]. The G-protein coupled MasR is the functional
receptor for Ang-(1-7) and its derivative Ang-(1-5) [30]. Thus, Ang(1-7) is now considered a biologically active member of the RAS.
Ang-(1-7) is both a substrate and an inhibitor of ACE. Ang-(17) is derived directly from Ang II by the action pf ACE2. It is also
derived from Ang I either directly (by NEP and PEP) or indirectly
after conversion of Ang I to Ang1-9 (ACE2) and the latter to Ang(1-7) (by ACE/NEP). It has been reported that combination of ACE
inhibition and low sodium diet appeared to shift the balance between
Ang-(1-7) and Ang II towards Ang-(1-7), which in turn might
contribute to the therapeutic benefits of ACEIs [31]. However, MasR
undergoes endocytosis on stimulation with Ang-(1-7), and this event
may explain the desensitization of MasR responsiveness [32]. Ang-

RAS Receptors and Their Cellular Signals
RAS is found in the JGCs, and exists as local RAS in various
tissues. Ang II produces its effects via its several receptors. Ang II
could directly recognize two GPCRs-dependent receptor type 1
(AT1R) and type 2 (AT2R) forming the ACE/Ang II/AT1 receptor
axis that is implicated in a variety of diseases such as vasoconstriction,
inflammation, proliferation, angiogenesis, fibrosis, cellular growth
and migration and fluid retention [21,22]. The Ang II-AT1R axis
may attenuate ACE2 expression but increase A Disintegrin and
Metalloproteinase (ADAM) levels. Moreover, AT2R is predominantly
expressed in fetal tissues. Ang II binding increases apoptosis causes
vasodilation and is involved in fetal tissue development [23]. Ang II
under the effect of APA is converted to Ang III which latter cleaves
to Ang IV. Ang IV evokes hypertrophy, vasodilatation and vascular
inflammatory response. It binds to AT1R and AT2R with low affinity,
but binds with high affinity and acts on its own specific receptor AT4R.
AT4R expression has been localized in both endothelial and smooth
muscle cells [24,25]. AT4Rs regulate blood flow via a mechanism
mediated by AT4R and nitric oxide and play an important role in
normal pregnancy [26,27]. Metabolically stable Ang IV had been
found to significantly improve motor performance [28].
Multi-system effects of Ang-(1-7) via Mas receptors
a) Anti-inflammation: Decrease TNF-α, RAGE, neutrophil and
macrophage. Increases RAGE.
b) Anti-fibrosis: Increase apoptosis, decrease collagen deposition,
hydroxyproline and TGF-β.
c) Reproduction: Increase ovulation, spermatogenesis and sex
steroid synthesis.
d) Anti-cancer: Decrease tumor cell proliferation, Placental
Remedy Publications LLC.
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Figure 3: Schematic representation of the cellular signaling pathways and the clinical impact for the deleterious arm components of RAS. AT1R inhibits ACE2,
but increases ADAM (A Disintegrin and Metalloproteinase). CTGF: connective tissue growth factor; DAG: Diacyl Glycerol; Glut: Glucose Transporter; IKK-β:
Inhibitor of Nuclear Factor-Kappa-B Kinase; IP3: Inositol Triphosphate; JNK: c-Jun N-terminal Kinases; MAPK: Mitogen-Activated Protein Kinase; MMPs: Matrix
Metalloproteinases; MR: Mineralocorticoid Receptor; NOS: Nitric Oxide Synthase; NOX: NADPH Oxidase; PAI-1: Plasminogen Activator Inhibitor-1; PI3K:
Phosphoinositide 3-Kinase; PKC: Protein Kinase C; PLC: Phospho Lipase C; PRR: Prorenin Receptor; ROS: Reactive Oxygen Species; TNF-α: Tumor Necrosis
Factor Alpha.

(1-7) and alamandine act on Mrg-D receptors Mrg-D receptors are
positively modulated by Beta alanine, GABA, Beta-aminoisobutyric
acid. Mrg-D regulates two intracellular regulatory pathways via Gi
and Gq: activity via Gi decreases adenylate cyclase and cyclic AMP,
whereas that via Gq increases Ca2+ influx in response to beta-alanine.
Mrg-D also mediates mechanic (not cold/heat) pain [33,34]. Ang(1-7) is converted to Ang-(1-5) by the activity of ACE. Ang-(1-5)
increases Atrial Natriuretic Peptide (ANP) secretion via MasR and
PI3K-Akt-NOS pathway [35]. Ang-(1-7) metalloendopeptidase in
Cerebrospinal Fluid (CSF) and brain medulla metabolizes Ang-(1-7)
to Ang-(1-4) [36]. Gi/o coupling links MR-G to KCNQ2/3 channels,
and inhibition of KCNQ2/3 activity is mainly responsible for the
MR-G-inhibition of noninactivating potassium currents, M-currents
and enhanced neuronal activity [37,38]. The other receptor type is the
Insulin Regulated Amino Peptide (IRAP)/AT4 receptors. The ligands
that act on these receptors display their effects via either one of these
mechanisms: (1) The peptides bind to the catalytic site of IRAP and
inhibit its enzymatic activity thereby prolonging the half-life of its
neuropeptide substrates with memory-enhancing properties, or (2)
Upon binding to IRAP, the AT4 ligands regulate the level of GLUT4
expressed at the cell surface resulting in an increase in glucose uptake
into neurons [39].

its translocation to the nucleus of endothelial and tumor cells [43].
FOXO1 is responsible for triggering the activation of genes involved
in apoptosis, cell-cycle arrest and oxidative stress resistance [44].
Ang-(1-7) has been detected in retinal glial cells [45]. Mast cells in eye
mediate the diminution of intraocular pressure without modifying
aqueous humor outflow, and conferring protection against diabetic
retinopathy [46,47].
The Deleterious Angiotensins (Figure 3): Ang II acts directly on
vascular smooth muscle as a potent vasoconstrictor. It affects cardiac
contractility and heart rate through its action on the sympathetic
nervous system, and alters renal sodium and water absorption
through its ability to stimulate the zona glomerulosa cells of the
adrenal cortex to synthesize and secrete aldosterone. Ang II stimulates
aldosterone release, with subsequent fluid and salt retention and
volume increase. Moreover, Ang II stimulates sympathetic outflow
(increase norepinephrine). In the cardiovascular system, it induces
hypertrophy (heart) with remodeling in both heart musculature and
vascular bed (Figure 3).

Role of RAS in CNS Function
Neurodegenerative Disorders

In addition to the role played by RAS in a variety of physiological
and pathological conditions in renal system and cardiovascular
system, leukocyte recruitment and activation, fibrogenesis and
remodeling, the paracrine RAS takes place within the CNS [48]. It
has been reported that Signaling of the renin receptor via ERK1/2
activation is important for brain development and maintenance
of normal function of CNS [49]. The central RAS could act largely
independently of the peripheral one. Whereas peripheral angiotensin
regulates blood pressure, thirst, and secretion of antidiuretic and
adrenocorticotropic hormones, accumulating evidence implicates
the central brain angiotensin system operating independently of
the circulating renin–angiotensin system in regulation of the abovementioned activities [50]. It is now well established that brain
possesses all the required substrates and the enzymes required for
synthesis of various components of RAS including Ang II, Ang III,
Ang IV, Ang-(1-7), Ang-(3-7). However, various members could
produce effects opposing those of some others. Ang II activates two
types of receptors, AT1R (vasoconstriction, endothelial dysfunction,
and vascular remodeling) and AT2R (vasodilatation, neuronal

Physiological and Health Impact of RAS
The protective angiotensins: Ang-(1-7) and other components
(Figure 2): Ang-(1-7) is the endogenous substrate for Mas-R [28].
Ang-(1-7) reduces hypertrophy and ERK [40]. Ang-(1-7), has
vasodilator, antidiuretic antithrombotic effects that involve MAS1mediated release of nitric oxide from platelets. Moreover, it has
been reported that Ang-(1-7) increase ovulation, spermatogenesis,
glucose uptake, lipolysis while decreases insulin resistance and
dyslipidemia [41]. We have also reported that Ang-(1-7) reversed
the effect of adjuvant-arthritis; it decreased aortic RAGE and TNF-α
(but not IL-1β) expression, but increased the sRAGE in blood. Ang(1-7) also decreased phenylephrine and KCl contractility, especially
in the endothelial-denuded aorta, whereas increased acetylcholine
relaxation in the endothelial-intact aorta [42].
Ang-(1-7) activates the molecular mechanisms that inhibit
angiogenesis and tumerogenesis. It inactivates histone deacetylase 1,
while activates the transcriptional factor FOXO1 and consequently
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differentiation, decreased inflammation, and axonal regeneration).
Ang II impairs memory and LTP [51]. The ARBs block the AT1R,
but not AT2R, whereas centrally active ACEIs decrease activation of
both receptors [52]. It has been suggested that blockade of AT1R by
the ARBs allows greater AT2R binding, thus exerting their effects by
both interrupting AT1R activity and promoting AT2R activity [53].
Moreover, it has been reported that centrally active ACEIs and ARBs
might lower dementia risk, independently of their blood pressure
lowering properties [54]. Ang-(1-7) is the main angiotensin peptide
in the CNS. It is expressed in different regions of the brain, including
the hypothalamus, hippocampus, amygdala and many others [5557]. Ang-(1-7) influences different non-cardiovascular functions in
the brain such as learning, memory and provides cerebroprotection
against ischemia [58]. The strongest Mas protein expression had
been detected in the dentate gyrus of the hippocampus and within
the piriform cortex [59]. Ang-(1-7) has been shown to facilitate
hippocampal LTP [60]. Ang-(1-7) reduces not only the anxiety per se,
but also the cardiovascular risks consequent to the emotional stress
[61]. We have also found a memory improving activity of Ang-(17) in an amyloid peptide-induced Alzheimer’s disease model (data
not published). Although the exact mechanism of the memory
improving effect of Ang-(1-7) has not yet been pinpointed, several
possible mechanisms had been put forward: increased eNOS/nNOS
contributing to protection against cerebral ischemia, reducing iNOS
leading to decrease in ischemia-infarct size and improving the
behavioral deficits [40,62]. The other mechanism is proposed to be
mediated by the anti-inflammatory effects of Ang-(1-7) through a
reduction of oxidative stress and pro-inflammatory cytokines and
suppression of NF-κB [63]. Moreover, it has also been reported
that NO together with COX mediate the jejunal water absorption
induce by Ang-(1-7) [64]. Other members of RAS are also detected
in brain. Of these, Ang-(3-7) is formed in brain from Ang II, Ang IV,
and Ang-(1-7) [65]. Ang-(3-7) induces dopamine release in dorsal
striatum and it may be involved in the dopamine release induce by
Ang-(1-7). Moreover, Ang-(3-7) exerts a neuromodulator effect
in the rostral ventrolateral medulla by activity displayed on AT4R
[66,67]. The other member Ang IV is also found in brain. It has
been localized in structures known to mediate cognitive processing
including the neocortex, hippocampus, and basal nucleus of Meynert
[68]. Ang IV improves memory and learning, facilitates LTP and
reverses scopolamine-induced amnesia [69,70]. The RAS in brain is
implicated in processes of learning and memory [71]. The Centrally
active ACEIs regulate cerebral blood flow independently from the
peripheral RAS. They play a key role in linking arterial hypertension
to cognitive functions [51]. AT1R blockade has been shown to
influence the Hypothalamic-Pituitary-Adrenal (HPA) axis [72].
ACEI/ARB decrease symptoms in patients with Post-Traumatic
Stress Disorder, PTSD. This property could enhance the extinction
of fear memory and therefore might be involved in the therapeutic
efficacy of ACEI/ARBs in PTSD patients, who have impairments in
extinction of aversive memories [73,74].

been shown to disrupt learning and memory, while Ang-(1-7) and
Ang IV facilitates memory acquisition and consolidation. Moreover,
the effect of ACE’s on AD is still highly debated. Both ACE itself and
its inhibitors had been reported to exert beneficial effects in brain.
Although these effects seem contradictory, they could be attributed to
medication in patients with different genetic traits. In individuals with
the ApoE4 allele, ACE inhibitor use may accelerate or poorly delay
AD development compared with ApoE2 or ApoE3; if an individual
is an ApoE4 non-carrier, an ACE inhibitor may effectively delay AD
development [75]. AD usually show higher ACE levels in their brain.
Higher levels of ACE can prevent AD proportionally to the cerebral
load of amyloid beta [76]. Moreover, ACE is increased in brain areas
responsible for memory, cognitive, and executive functions, and
primarily affected in patients with AD [77].
ARBs improve memory by

•
CBF improvement, protection against inflammation and
ischemia, Improvement of neuronal function
•
Structural protection by preserving frontal-subcortical
connections,
•
Stymieing effects of cerebral small vessel disease and/or
Alzheimer’s disease pathology
Anti-inflammatory activity and free radical scavenging,

•

AT2 receptors Blockade, promoting AT1 receptors

•

Increased n/e NO, decrease iNOS.

•

Others (AChR, Glutamate)?

It is assumed that ACE can degrade beta-amyloid in brain blood
vessels and therefore help prevent the digression of the disease
[78]. However, the ACEIs enhance cognitive processing in humans
and animals [79,80]. c-ACEI potentiates acetylcholine esterase
inhibitors-produced-cognition-improvement in AD [81]. Some
studies suggest that c-ACE inhibitors could enhance the activity of
major amyloid-beta peptide degrading enzymes like neprilysin in
the brain resulting in a slower development of AD. More recent
research suggests that ACE inhibitors can reduce risk of AD, but
in the absence of apolipoprotein E4 alleles (ApoE4), but will have
no effect in ApoE4- carriers [74]. However it should be noted that
ACE converts Aβ1-42 to Aβ40. Since Aβ1-42 is responsible for brain
amyloid deposition, long treatment with ACEI could, overtime, result
in greater accumulations of amyloid plaques [82]. The ARBs confer
protective effects on cognition in hypertensive patients to a greater
extent than the other antihypertensives, including ACE inhibitors
[83]. This may be attributed to the fact that while ACEIs reduce the
amount of free angiotensin II and decrease damaging angiotensin II
receptor type 1 (AT1) receptor activity, they also reduce beneficial
angiotensin II receptor type 2 (AT2) receptor activities. On the other
hand, given that ARBs block AT1 receptors and not the production
of angiotensin II, they promote AT2 receptor activity and are ACEsparing,” in theory allowing ACE to continue its suggested Aβdegrading function, unlike ACEIs [84], or itself (as reported for
valsartan) decrease amyloid β-mediated cognitive dysfunction [85].
Moreover, ıt has been reported that when ARB users were combined
with users of ACEIs, beneficial effects on memory and WMH volume
disappeared [86]. The anti-inflammatory properties of ARBs could
also contribute to their beneficial therapeutic activity in lowering
incidence and progression of Alzheimer's disease [87]. The efficacy of

RAS and alzheimer’s disease: The cholinergic and amyloidogenic
hypotheses only partially describe the main cause of AD, and the drugs
effective on either one are only of partial benefit. One very attractive
potential upstream contributor to dementia is the brain RAS. Various
components of RAS are either primarily involved in, or contribute to
a possible connection between the blood vessel functional condition
and AD pathology. However, the precise role(s) played by the
members of RAS are overlapping and even contradictory: Ang II has
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ARBs is related to the capacity of the medications to cross blood brain
barrier [52,88,89]. The blood brain barrier crossers and centrally
acting ARBs (valsartan, telmisartan, and candesartan) and ACE
inhibitors (captopril, fosinopril, lisinopril, perindopril, Ramipril,
trandolapril, or zofenopril) display more cognition improving
activities than non-crosser ARBs (irbesartan, olmesartan, losartan,
and eprosartan) and ACE inhibitors (benazepril, enalapril, imidapril,
moexepril, quinapril, and ramipril).

2014;81:267-73.
5. Persson PB. Renin: origin, secretion and synthesis. J Physiol. 2003;552:66771.
6. Jankowski V, Vanholder R, van der Giet M, Tölle M, Karadogan S, Gobom
J, et al. Mass-spectrometric identification of a novel angiotensin peptide in
human plasma. Arterioscler. Thromb Vasc Biol. 2007;27(2):297-302.
7. Lautner RQ, Villela DC, Fraga-Silva RA, Silva N, Verano-Braga T, CostaFraga F, et al. Discovery and characterization of alamandine: a novel
component of the renin-angiotensin system. Circ Res. 2013;112(8):110411.

RAS and parkinson’s disease: ACE is present in the nigrostriatal pathway and basal ganglia structures. Patients who are
poor responders to neuroleptic treatment have high activity ACE
phenotype [90]. There is a negative correlation between RAS activity
and Dopaminergic neuronal degeneration. This may confer the
significance of RAS in other neurodegenerative disorders such as
Parkinson’s disease. ACEIs increase striatal dopamine synthesis and
release. It has been reported that Parkinson’s disease patients treated
with the ACEI perindopril revealed elevated striatal dopamine
levels and improved motor activity [91]. Treatment with ACEI
improves response to dopamine precursors, reduces AT1-induced
Nicotinamide Adenine Dinucleotide Phosphate (NADPH)-ROS,
migration of inflammatory cells and chemokine, and provides
protection for the dopaminergic neurons. Although ARBs share
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