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SUMMARY

The renin — angiotensin system is a major contributor to both hypertension and associated
pathophysiologic changes in the heart and cardiovascular wall (The target organ). Major basic and
clinical trials have shown that ACE inhibitor and ARB are the main renin- angiotensin system blockers
in use assist in controlling hypertension and reducing target organ damage, thus they should be used
as a first-line treatment for hypertension. Moreover, ARBs specifically reduces the frequency of atrial
fibrillation and stroke, thus it has emerged as a new preventive and therapeutic strategy for these
conditions.

In theory, combining ACE inhibitor and ARBs maximizes benefits because it offers more complete
RAS blockage but this expectation was not confirmed by most recent clinical trials and was not
translated into real patients benefits. Renin inhibition was introduced as a better step for reducing
angiotensin Il, because it offer complete blockage of the whole system. Early studies confirmed that
renin inhibitors reduced blood pressure better than ACE inhibitors but further large clinical trials have
been started and therefore in the near future, further clinical evidences will be available to confirm the
antihypertensive, anti-inflammatory and antiatherosclerotic effects of renin inhibitor.

List of abbreviations: RAS (renin — angiotensin system), ACE (angiotensin converting enzyme),
ARB (angiotensin receptor blocker), AT, (angiotensin Il receptor type 1), AT, (angiotensin Il receptor
type 2), AT, (angiotensin Il receptor type 4), LVH (Left ventricular hypertrophy), AF (atrial fibrillation),
CCF (Congestive heart failure).
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direct, continuous and independent

relation between blood pressure and the
incidence of various cardiovascular events,
such as stroke and myocardial infarction is
well accepted. This increase in risk can be
attributed to structural and functional changes
in target organs. Central to many of these
pathophysiologic process is the renin —
angiotensin  system  "RAS"  specifically
angiotensin Il. In fact, the RAS is a major
regulatory system of cardiovascular and renal
function, and is a major contributor to both
hypertension and associated pathophysiologic
changes in the heart and vascular wall.
Accordingly, the renin — angiotensin system
has been at the center of intensive research
activities for several decades.
Accordingly, in the last twenty years, growing
evidence has clearly pointed out that RAS
activity may represent an ideal target for
pharmaceutical treatment in a number of
cardiovascular diseases, including
hypertension, atherosclerosis, congestive
heart failure, renal diseases, stroke,
myocardial infarction and others. In fact,
evidences provided by major clinical trials and
the continuously increasing use of ACE
inhibitors in the clinical practice as well as of
RABs has confirmed the value of inhibiting the
RAS as an effective approach to reduce
cardiovascular risk and cardiovascular and
renal complications associated with major
diseases ",
Thus, blockade of RAS is now evidence
based strategy for the protection of
cardiovascular, cerebrovascular and renal
systems. This article reviews the current views
on the biophysiology of RAS, its link to
pathophysiology of hypertensive disease, and
discuss the outcomes of its inhibition in this
condition.

Biophysiology of RAS

The RAS comprises a cascade of enzymatic
reactions resulting in the formation of
Angiotensin Il, which is the effective molecule
of the RAS and can act as a systemic
hormone "Endocrine" or as a locally generated
factor "paracrine". Figure 1 @3 Renin is a
proteolytic enzyme that is produced and stored
in the granules of the juxtaglumerular cells
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surrounding the afferent arterioles of the
glomeruli in the kidney. Renin acts on the
basic substrate angiotensinogen (a circulating
a2-globulin made in the liver) to form the

decapeptide angiotensin | (figure1).
Angiotensin | is then enzymatically
transformed by angiotensin converting

enzyme "ACE", which is present in many
tissues particularly pulmonary  vascular
endothelium, to the octapeptide angiotensin Il
by removing of the two c-terminal amino acids.

ACE-independent
| ANG Il formation =

| \T | -

Figure (1): Simplified overview of RAS
pathway. Reproduced with permission from
Prof. T. Unger, the role of the renin-
angiotensin system in the development of
cardiovascular disease. AMJ card. V.

Regardless of the pathway by which it is
formed, angiotensin Il is a potent pressor
agent and mediate its physiologic effects by a
final common step: binding to highly specific
receptors located on the cell membrane. In
humans two main types of angiotensin Il
receptor subtypes have been characterized:
angiotensin Il type 1 (AT4) and angiotensin I
type 2 (AT,) which differ markedly in their
biological activities “ .

The angiotensin type -1 receptor (ATy)
The AT, receptor is a 7-transmembrane
domain receptor, coupled to a guanosine
triphosphate — binding protein "G-protein”. It is
located primarily in the adrenal glands,
vascular smooth muscle cells, kidney, and
heart .
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Virtually all of the known regulatory actions of

angiotensin Il on blood pressure and
osmoregulation have been attributed to AT,
receptor. These include vasoconstriction,
aldosterone and vasopressin release, renal
tubular sodium reabsorption, and decreased
renal blood flow (table 1). Although these
effects on blood pressure and electrolytes
homeostasis played an essential physiologic
role at an earlier point in human evolution to
maintain adequate organ perfusion at times of
acute volume loss, they are now largely
redundant in modern civilization. More
important are the pathophysiologic
consequences arising from AT, receptor
activation.

Table (1): Differential effects mediated by AT,
and AT, receptors.

AT, receptor AT, receptor

» VVasoconstriction

¢ Aldosterone synthesis and o Fetal tissue
secretion development

¢ Renal tabular sodium e Inhibition of cell
reabsorption growth/proliferation

e Increased vasopressin secretion e Vasodilation

e Decreased renal blood flow o Modulation of

¢ Renal renin inhibition extracellular matrix

e Cardiac hypertrophy o (Neuronal)

e Cardiac contractility regeneration

e Vascular smooth muscle cell o Cell differentiation
proliferation * Apoptosis

* Augmentation of peripheral
noradrenergic activity

e Modulation of central
sympathetic nervous system
activity

e Central osmocontrol

o Extracellular matrix formation

Reproduced with permission from Prof. T.
Unger, the role of the renin-angiotensin system
in the development of cardiovascular disease.
AMJ card. @,

In this regard AT,, receptor stimulation has
been shown to mediate cell growth and
proliferation of vascular smooth muscle cells ©
cardiomyocytes ™ and coronary endothelial
cells & 9. Accordingly, the AT, receptor has
been implicated in various cardiovascular,
renal and cerebral pathologies, such as left
ventricular  hypertrophy, vascular media
hypotrophy, cardiac arrhythmias,
atherosclerosis, glomerulosclerosis, stroke and
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dementia @ '%. Inhibition of these effects by

specific AT, receptor blockade can be
expected to offer therapeutic benefit in certain
pathologic condition e.g. hypertension, to
inhibit vasoconstriction and prevent vascular
and cardiac hypertrophy.

The angiotensin type -2 receptor (AT,)

The AT, receptor is also a 7-transmembrane
glycoprotein and has approximately 34%
amino acid sequence homology to that of the
AT, receptor. Less is known about its signaling
pathways. They are present at a high density
in all tissues during fetal development, but
they are much less abundant in adult tissue,
being expressed at high concentration only in
the adrenal medulla uterus, ovary, vascular
endothelial and specific areas of brain ™.
Expression is also upregulated under certain
condition, such as in heart failure, post
infarction repair, and skin and nervous system
lesions %13,

AT, receptors thus appear to be involved in
the control of cell proliferation, cell
differentiation and development, angiogenesis,
wound healing, tissue regeneration, and even
apoptosis (table 1), namely, biologic processes
that counteract the trophic responses
mediated through AT, receptors ie. AT,
receptor opposes AT, receptor — mediated
effects 1.

Speculation suggests that, in a milieu of
selective AT, receptor blockade, circulating
angiotensin 1l would act only at unopposed
AT, receptors, thereby amplifying the
vasodilator component of the biphasic arterial
blood pressure response to angiotensin Il. By
the same inference, AT, receptor blockade
would be expected to preserve "or even
augment" the favorable effects of angiotensin
Il on cell growth and proliferation mediated
through the AT, receptor.

Other enzymes and receptors

In 2000, a new enzyme associated with the
generation of angiotensin peptides was
identified ACE2, a carboxy peptidase similar to
ACE "®. ACE2 does not generate angiotensin
Il but increases the formation of angiotensin
(1-7) (figure 2). This heptapeptide causes
vasodilatation and growth inhibition A0 but
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ACEZ2 has several function that are not yet fully

understood ¢ 9,

ACE2 Angiotensin (1-10) (Ang ) AR
g ACE, chymase, cathepsins : r
AT1

Angiotensin (1-8) (Ang Il

Angiotensin (1-9)
neprilysin v
aminopeptidase A

ACE, neprilysin ACE2

Angiotensin (2-8) (Ang Ill) -
Angiotensin (1-7) aminopetidases A M
ACE, aminopeptidases, endopeptidases Angiotensin (3-8) (AngIV) ----- »AT4

Inactive fragments aminopetidases, endopeptidases

Inactive fragments

Figure (2): Expanded overview of RAS
pathway. Reproduced with permission from
Prof. R. F. Schmieder. Renin—angiotensin
system and cardiovascular risk. Lancet
2007,

Table (2): Cell surface receptors of the RAS.

The effects of all angiotensin peptides are
mediated through specific cell surface
receptors (table 2). AT, & AT, already has
been mentioned. An AT, receptor for
angiotensin IV was found recently to affects
kidney tubular function and improves the
memory of Rodents @0 A renin - prorenin
receptor was described by Nguyen and
colleagues in 2002 “". Work in animals
support notion that over expression of the
renin - prorenin receptor increase blood
pressure ®. but the role of this receptor in
human beings remain to be established (23),
but might of particular importance for the
effects of renin inhibitors.

Full name Ligand(s)

Function

Vasoconstriction, stimulation of aldosterone release

AT Angiotensin Il type 1 receptor Ang!otens!n I, and sympathetic nerve activity, promotion of cell
Angiotensin llI . e .
growth, matrix deposition, inflammation
Antagonism of the effects of AT4, promotion of
AT, Angiotensin Il type 2 receptor Angiotensin Il apoptosis, protection of neural tissue, possible

synergism with AT4 in promoting inflammation

Angiotensin IV,

ATy Angiotensin IV receptor L\VV-haemorphin 7

Vasodilatation, decrease tubular sodium transport,
improved memory, possibly promoting inflammation

Increase of angiotensin  generation, further

R/P-R  Renin/prorenin receptor Renin and prorenin independent promotion of matrix deposition
Antagonism of the effects of AT, antidivretic, inhibits
mas mas oncogene Angiotensin (1-7) cell growth. Not yet clear whether or not all actions

of angiotensin (1-7) are mediated by mas oncogene

Reproduced with permission from Prof. R. F. Schmieder. Renin — angiotensin system and

cardiovascular risk. Lancet 2007 ©.

Angiotensin Il and atherosclerosis
At the beginning of the nineties, Dzau and
Braunwald proposed the concept of the
cardiovascular continuum in humans (figure 3)
4 Accordingly, the onset and progression of
cardiovascular disease can be regarded as a
continuum of events, according to this
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concept, the presence of risk factors, such as
hypertension, dyslipidemia, or diabetes
mellitus and smoking, initially predisposes to
the development of endothelial disfunction,
atherosclerosis and target organ damage.
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Progression to overt coronary artery disease
can cause clinical syndrome of myocardial
ischaemia, whereas thrombus formation at the
sites of an atherosclerotic plaque may occlude
a coronary artery and results in myocardial
infarction. Sequelae of myocardial infarction
include cardiac arrhythmias and loss of cardiac
muscle, potentially culminating in sudden
death. However, if the individual survives the
acute event, post infraction remodeling will
occur, leading to ventricular dilatation, heart
failure, and ultimately, end-stage heart
disease, and eventually death.
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Figure (3): The cardiovascular continuum.
Reproduced with permission from Prof. T.
Unger, the role of the renin-angiotensin system
in the development of cardiovascular disease.
AMJ card. @7,

Central to all these pathways is the activation
of the renin — angiotensin system with
angiotensin Il binding to AT, receptor as a
major effector, producing acute
vasoconstriction, leading to an increase in
blood pressure and independently to chronic
disease pathology by promoting vascular
growth and proliferation, and endothelial
dysfunction, i.e.,  atherosclerosis  ®.
Experimental evidence clearly suggests a key
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role of the RAS and the induced inflammatory
processes at all stages of this continuum and
consequently a strong rational for its blockade
in order to prevent cardiovascular events.
Inhibition of the system has a potent anti
atherosclerotic effect which is mediated by
their  antihypertensive,  anti-inflammatory,
antiproliferative, and oxidative stress lowering
properties. The possibility of a positive effect of
the RAS blockade at the early stages of
cardiovascular continuum, that is, the
endothelial  dysfunction was specifically

addressed by some clinical studies®.

Inhibition of the RAS

Because angiotensin Il has a pivotal role in
the sequence of events constituting the
cardiovascular continuum, and the implication
of chronic RAS activation as a major factor
contributing to progressive dysfunction of
target organs, it would seems logical to target
the RAS in therapeutic strategies aimed at
reducing the overall cardiovascular risk-factor
profile of an individual. Identification of this link
between angiotensin Il and the
pathophysiologic changes associated with
various cardiovascular conditions prompted
the development of pharmaceutical agents,
capable of blocking the actions of angiotensin
Il and reducing the associated pathologies.
Firstly, the ACE inhibitors were available, and
more recently, the selective AT; receptor
antagonists.

Proven cardiovascular  benefit  from
angiotesin-converting enzyme (ACE)
inhibitions is a cornerstone of evidence—based
medicine®”. The first study to show dramatic
benefits from ACE inhibition was the
Cooperative North  Scandinavian Enalpril
Survival Study (CONSENSUS-1), in which a
31% decrease in the rate of death was
observed in patients with severe heart failure
at the end of 1 year of enalpril treatment “.
(figure 4).
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Figure (4): Kaplan-Meier curve from the
Cooperative North Scandinavian  Enalapril
Survival Study (CONSENSUS-1). Reproduced
with permission from Prof. T. Unger, the role of
the renin-angiotensin  system in the
development of cardiovascular disease. AMJ
card. ®".

Other studies SAVE & AIRE “* verified that
ACE inhibition decrease heart failure,
myocardial infarction, and mortality, and that
striking benefit could be observed within 30

days. The Heart Outcomes Prevention
Evaluation (HOPE) study conclusively
demonstrated that ramipril  angiotesin-

converting enzyme (ACE) inhibitor reduces the
risk of a primary cardiovascular event (death,
stroke, or acute M [) in high-risk patients by
22% @0 (figure 5)

Theoretically, AT, receptor antagonists might
offer even greater improvements in clinical
outcomes than ACE inhibitors because they
selectively block the negative actions of
angiotensin Il that are mediated through AT,
receptors yet preserve (and potentially amplify)
the favorable effects mediated by through AT,
receptors ®". A growing body of data indicates
that ARBs can improve cardiovascular
outcomes in patients with hypertension as well
as in patients with related conditions such as
heart failure ®" *?. Accordingly it has been
used in patient intolerant to ACE inhibitor with
equal efficacy and of course with fewer side
effect (cough and angioedema).

© 2009 Mosul College of Medicine

Figure (5): Kaplan-Meier estimates of the
primary composite outcome of my myocardial
infarction , stroke or death from cardiovascular
causes from the Hypertension Outcomes
Prevention  Evaluation = (HOPE)  study.
Reproduced with permission from Prof. T.
Unger, The Role of thr renin-angiotensin
system in the development of cardiovascular
disease. AMJ card. V.

In theory also, more complete RAS blocked
using a combination of an ACE inhibitor and
an AT, receptor antagonist should provide
even greater attenuation of the deleterious
angiotensin Il-induced local tissue effects ®V,
because it produces more complete blockade
of the RAS, while preserving the beneficial
effects mediated by AT, receptor stimulation
and increased bradykinin levels which
possesses vasodilatory and tissue — protective
properties. (table 3). The randomized
evaluation of strategies for left ventricular
dysfunction (RESOLVD) study indicated that
combining an ACE inhibitor with an ARB
decreases blood pressure and improved the
ejection fraction more than treatment with
either drug alone in patient with heart failure
34 and the valsartan in heart failure trial (Val-
Heft) showed that the combination of an ACE
inhibitor and an ARB reduces hospitalization

for heart failure in patients with CCF by 27.5%
(35)
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Table (3): The Potential Overall Effects of ACE inhibitors and ARBs Combination.

" AT, Receptor ACE Inhibitor + AT
ACE Inhibitor A:wtagon?st Receptor Antagonis1t
AT, stimulation l U 1
AT, stimulation l ™ 1
Plasma rennin activity | 1 0 )
Angiotensin Il levels ! 1 =/t
Bradykinin levels T = 1

Reproduced with permission from Prof. T. Unger, the role of the renin-angiotensin system in the
development of cardiovascular disease. AMJ card. @1,

But, unfortunately, these theoretical
expectations could not be confirmed by the
most recently published clinical trials. In
TRANSCEND study ©® which compared
(telmisartan) an ARB to placebo, the result
have shown that the active treatment
(telmisartan) was not superior to placebo in the
prevention of cardiovascular events, primary
composed end point represented by
cardiovascular death MI, stroke, or admission
to the hospital for heart failure events. The
ONTARGET trial (published recently, a very
large multicenter randomized ftrial) in which the
patients were treated with an ACE inhibitor
(ramipril), an ARB (telmisartan), or the
combination of the two drugs @0 After a
medium follow up of 56 months the occurrence
of the primary outcomes, consisting of death
from cardiovascular causes, MI, stroke, or
hospitalization for heart failure, was not
significantly different in the ramipril and
telmisartan groups, though the ARB was better
tolerated. However, there were trends slightly
favoring the ACE inhibitor for MI prevention
and the ARB for stroke prevention, but these
differences did not reach  statistical
significance. The other important issue
addressed by the ftrial, the clinical role of the
combined renin-angiotensin blockade, brought
a word of caution about this strategy since
more adverse events were observed. Ripley &
Harison suggested that these unexpected data
could be explained by the differences in
patients number, event rate and the use of
other life saving drugs between these studies
and HOPE studies ©®®. However, these results
confirmed the difficulty to the demonstrate a
significant effect of the renin-angiostensin
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blockade in the cardiovascular prevention
beyond the blood pressure control.

In addition, Skeggs et al., suggested another
possible approach to inhibit the RAS which is
renin inhibition® . Renin inhibitors are under
investigation and phase Il trials have shown
their effectiveness at lowering blood pressure
#4041 Compared with the ACE inhibitors, renin
inhibitors have few side effects and may be
indicated in combination of drugs such as
diuretics, ACE inhibitors, and ARBs which
increase plasma renin through feed-back
loops. They are illuminated via the liver with
little interaction with other drugs and may be
useful in patient with concomitant renal
disease “?. Of course, renin inhibitors offer the
potential to inhibit the entire cascade of the
system. Although the results from AGELESS
study showed the first — in — class direct renin-
inhibitor aliskiren provides significantly greater
blood pressure reduction compared to ACE
inhibitor ramipril “3 put at present, the effects
independent of antihaypertensive activity of
aliskiren have been shown by one clinical trial
focused on end — organ damage. In aliskiren
in the evaluation of proteinuria in diabetes
(AVOID) trial, the treatment with aliskiren
reduced proteinuria independently of blood
pressure “Y. Other clinical trials have been
started to investigate the possible benefit of
aliskiren in cardiac remodeling after
myocardial infarction (AVANT GARDE-
ASPIRE) and diabetic nephropathy
(ALTITUTE) “°). Therefore, in the next future,
further clinical evidence will be available to
confirm these preliminary anti-inflammatory
and anti-atherosclerotic effects of renin-
inhibitors in humans.
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RAS and hypertensive disease
Patients with hypertension die prematurely,
the most common cause of death is heart
disease, followed by stroke and renal failure.
The excess morbidity and mortality related to
hypertension are progressive over the whole
range of systolic and diastolic blood pressures,
the risk approximately doubles for each 6
mmHg increased in diastolic blood pressure
“8) " Cardiac complications are the major
causes of morbidity and mortality due to target
— organ damage caused by hypertension and
prevention of this damage should be a major
goal of therapy. The most important
cardiovascular target-organ damage caused
by hypertension are: left ventricular
hypertrophy, atrial fibrillation and stroke.

Left ventricular hypertrophy

It is one of the early organ damage caused
by hypertension which by itself increases the
risk of major cardiovascular event 2-5 folds “”.

Angiotensin Il, acting through the AT, receptor,

is involved in virtually every step along the

cardiovascular continuum. Consequently, any
intervention that specifically blocks these
actions can be expected to have a significant
impact on cardiovascular morbidity and
mortality by retarding the succession of events

(figure 4). Evidences for an association

between the RAS and L. V. H. stem from:

1. Left ventricular hypertrophy has been
shown to be high in patient with renal
artery stenosis, a stage characterized by
the system activation compared with
patients with primary hypertension at
similar levels of blood pressure “®).

2. In a study cohort of untreated hypertensive
people  “?  high "angiotensin Il
concentrations were closely associated
with high left ventricular mass (figure 6)
subsequent analysis revealed that
increased  activity and  insufficient
suppression of the RAS corresponds to
inadequately high left ventricular mass in
relation to the 24 hr ambulatory blood

pressure load (50.51)
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Figure (6): Box plot of left ventricular mass in
never treated patients, according to
angiotensin 11 concentrations in relation to
urinary sodium excretion. Reproduced with
permission from Prof. R. F. Schmieder. Renin
— angiotensin system and cardiovascular risk.
Lancet 2007 ©°.

3. Further evidence of an association
between RAS and LVH stem from
therapeutic trials of the five
antihypertensive agents recommended as
first — line treatment, calcium antagonists,
ACE inhibitors, and ARBs reduce left
ventricular mass to a greater extent than

do B-blockers and diuretics (figure 7) ©*
53)

Reduction in left ventricular mass (%)
=
S

0 T T T T
Diuretics B blockers Calcium ACE inhibitors ARBs
antagonist

Figure (7): Reduction of left ventricular mass
stratified according to various antihypertensive
regimens. Reproduced with permission from
Prof. R. F. Schmieder. Renin — angiotensin

system and cardiovascular risk. Lancet 2007
(65)
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In addition, in a prospective trial "LIFE study"”
®4 with hypertensive patients who had L.V.H.
at baseline the investigators consistently
reported that reduction of L.V.H. was greater
with the ARB Losartan than with the B-blocker
atenelol, and this effect was maintained at
similar blood pressure levels throughout the
whole follow-up of 5 years ®°. Thus, it is not
only a question of treatment duration or
achieved blood pressure, but the choice of
drug is also of clinical relevance to the
treatment of L.V.H. In addition many clinical
trials ®® have clearly shown that reduction of
L.V.H. ftranslates in to a reduced rate of
cardiovascular complications and improved
prognosis. Accordingly, reduction of L.V.H.
appears as a therapeutic goal in primary
hypertension that should be taken seriously.

Atrial fibrillation

Atrial fibrillation is the most common
sustained cardiac arrhythmia, affecting roughly
1% of people younger than 65 years. The
incidence and prevalence of atrial fibrillation
steeply rises with advancing age affecting 5%
of individuals older than 65 years ©” and 9%
of those aged over 80 years of note, 70% of
atrial fibrillation patients are aged between 65
and 85 years, and overall 84% are older than
65 years 8 Atrial fibrillation increases the risk
of cardiovascular mortality by two-fold and it is
the cause of up to 15% of all strokes ©% .

Hypertension is the most important risk factor
for atrial fibrillation on a population basis, and
in hypertensive patients, age, left atrial
chamber diameter, and left ventricular mass
have been identified as independent risk

features for the development of atrial fibrillation
(61)

The rule of renin-angiotensin system in the
pathogenic mechanism of atrial fibrillation
stemmed from many therapeutic trials. In
hypertensive patients with atrial fibrillation at
baseline, the LIFE study findings suggested
that treatment based on ARBs was more
effective than that based on B-blockers in
reducing the risk of the composite
cardiovascular endpoint, stroke and death ©2.
Similarly, treatment with ARBs reduced the
frequency of atrial fibrillation in patients without
atrial fibrillation at baseline by 21% ©*, and in
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VALUE study, new atrial fibrillation onset was
less frequent in those on ARBs than in those
on calcium antagonists ©4) Accordingly, renin-
angiotensin system blockade has emerged as
a new preventive and therapeutic strategy for
atrial fibrillation ©°.

Stroke

Stroke is the third most common cause of
death in the developed world after cancer and
ischemic heart disease, and is the most
common cause of severe physical disability
©8) " About one-fifth of patients with an acute
stroke will die within a month of the event, and
at least half of those who survive will be left
with physical disability ®®. The incidence and
prevalence of stroke increases linearly with
age and blood pressure ©®”, accordingly the
most crucial factor in stroke prevention is best
possible blood pressure control 2.

Meta-analysis suggest that ARBs (but not
ACE inhibitors) are effective in stroke
prevention beyond blood pressure control ©8)
The explanation of this result came from
animal studies ©® treatment with ARBs
improved neurological outcome of focal central
ischemia and protected brain tissue against
ischemic injury. Stimulation of the AT, receptor
induces vasodilatation because it potentiates
locally  synthesized nitric  oxide and
prostacycline, which in turn could improve
cerebral blood flow by collateral circulation 7.
In the brain region adjacent to the infarct area,
AT, receptor density remained unaltered but
AT,-receptors were upregulated in neurons o,
™ and selective blockade of central AT,
abolished the neuroprotective effect of ARBs
79 Thus experiments have shown that
cerebral AT, receptors exert neuroprotective
effects in response to ischemia induced
neuronal injury 7.

These new experimental findings helped to
explain the results of several clinical trials. In a
trial of hypertensive patients aged 35-64
years, diuretics that activate the RAS
prevented substantially more stroke than did
B-blockers, which suppress the system activity
by equal blood pressure reductions 2. In
hypertensive patients with stroke, the PPARS
study ™ showed that the ACE inhibitor
resulted in 5% stroke reduction, compared with

81



Annals of the College of Medicine

Vol. 35 No. 1, 2009

a 43% stroke reduction if the diuretic
indapamide was added. In hypertensive
patients with LVH but without previous stroke,
the LIFE study showed a 25% reduction in
strokes with ARB based regimen that the
blocker one “" similar results were reported in
patients with isolated systolic hypertensive
(40% & 24% stroke reduction) in LIFE study
and SCOPE respectively " ™). In these trials
with ARBs, control of blood pressure was
much the same, suggesting that the recorded
difference in stroke frequency could be
attributed specifically to treatment with ARBs.
Finally in a meta-analysis, calcium antagonists
that do not affects the RAS reduced the risk of
stroke better than did ACE inhibitors ©®.

In summary, the most important factor in
stroke prevention is good blood pressure
control, and the control of systolic blood
pressure might be of particular importance ®
and the cerebroprotective effects of the AT,
receptor stimulaton by ARBs " have
emerged as an important clinical means to
reduce the serious target-organ damage of
hypertension namely the ischemic stroke.

Conclusion

The renin-angiotensin system (RAS) is a
major contributor to both hypertension and
associated pathophysiologic changes in the
heart and vascular wall (the target organ).
Major clinical trials have shown that
angiotensin converting enzyme and
angiotensin receptor blockers assist in
controlling hypertension and reducing target
organ damage.

To advance clinically, it is important to
optimize treatment directed at the RAS, i.e.,
more complete RAS blockade wusing a
combination of an ACE inhibitors and RABs to
maximize patients benefit. Theoretically, it
seems logical but, results of the recent clinical
trials did not confirm this expectation and
appear to be associated with little more
adverse effect. Renin inhibitors are other
advances because they offer the potential of
inhibiting the entire cascade of the system.
Clinical trials have been started to investigate
this possibility and the results are awaited in
the near future.

© 2009 Mosul College of Medicine
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