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The contribution of the renin–angio-
tensin–aldosterone system (RAS) to cen-

tral nervous system (CNS) disorders has been
studied extensively. Because all components
of the RAS exist in the CNS, angiotensin
(Ang) II is produced and functions as a
local RAS. Therefore, the central action of
Ang II is considered to be induced by gener-
ated brain Ang II. Central Ang II controls not
only water and sodium intake but also the
pathophysiology of CNS diseases, such as
stroke and neurodegenerative diseases. Block-
ade of RAS by Ang II type-1 (AT1) receptor
blockers (ARBs) or angiotensin-converting
enzyme (ACE) inhibitors has been widely
used as an antihypertensive treatment and is
expected to protect target organs, including
the brain. Because oral administration of
ARBs prevents the central effect of Ang II
through hypothalamic-pituitary-adrenal sti-
mulation and modulation of the sympatho-
adrenal response, the benefits of ‘oral’ admin-
istration of ARBs are considered to be partly
due to its penetration through the blood–
brain barrier (BBB). However, a direct brain-
protective effect of ARBs across the BBB is
not totally clear because there are no remark-
able differences in brain-protective effects
among ARBs in spite of the different abilities
of ARBs to cross the BBB. Moreover, the
relationship between Ang II levels in the
plasma and in the brain tissue is also enig-
matic. Mikami et al.1 reported 24 years ago
that intravenous Ang II infusion significantly
augmented Ang II immunoreactivity in
plasma but had no effect in cerebrospinal
fluid, indicating that regulation of local RAS

is independent of the circulating Ang II level
by the BBB. Moreover, the change in Ang II
levels in the brain after systemic administra-
tion of ARBs has not been thoroughly inves-
tigated.

The study by Pelisch et al.2 demonstrates
that systemic treatment with ARB candesar-
tan reduces brain Ang II levels with a local
brain RAS activity. The authors measured
brain and plasma Ang II levels by the radio-
immunoassay method originally generated by
their group.3 Similar to the previous study,
Ang II-infused mice demonstrated an
increase in plasma Ang II, but not in brain
Ang II. In contrast, systemic candesartan
treatment remarkably reduced brain Ang II
levels without any change in plasma Ang II.
Previously, their research group also demon-
strated that systemic treatment with another
ARB, olmesartan, reduced the reactive upre-
gulation of brain Ang II in Sprague–Dawley
rats after middle cerebral artery occlusion.4

However, the mechanism leading to reduced
brain Ang II after ARB treatment has not
been investigated. In this issue, Pelisch et al.2

indicate that systemic treatment with ARB
remarkably attenuates the mRNA expression
of both angiotensinogen and ACE in the
brain. BBB permeability with or without
Ang II infusion was also investigated using
horseradish peroxidase-conjugated tetra-
methylbenzine. The authors considered the
fact that candesartan does not penetrate into
the brain. These findings reveal the important
result that systemic treatment with ARB
remotely regulates brain Ang II. However,
several questions are raised and should be
resolved in the future. (1) Does candesartan
penetrate into the brain at all? Pelisch et al.2

used an Ang II-infused model to assess the
penetration of this ARB; however, its
penetration is unknown in other models,

such as mice with diabetes mellitus, a high-
salt diet or obesity. Moreover, candesartan
could modulate the brain RAS even at a
level undetectable by this method. Therefore,
it remains unclear whether candesartan
needs to cross the BBB to exert its action.
(2) Was this effect specific to candesartan, or
was it a class effect for ARBs in general?
Considering the results of their previous
report using olmesartan,4 ARBs may reduce
brain Ang II levels as a class effect. However,
comparisons of drug-specific effects among
different ARBs should be investigated. (3)
What is the detailed mechanism of the
reduction of brain RAS by candesartan?
Is it actually remotely controlled? Otherwise,
AT1 receptor blockade in the cerebrovascula-
ture by candesartan may induce a decrease
in expression of angiotensinogen and
ACE in brain tissue. Furthermore, a regional
analysis of Ang II distribution is also
expected. The answers to these questions
would clarify the beneficial role of ARBs in
CNS disorders.

Finally, this study provides us with a new
mechanistic insight into antihypertensive
treatment by RAS blockade. Brain Ang II
regulates blood pressure and circulating Ang
II through the sympathetic nerve system. This
finding indicates that systemic treatment with
ARBs caused reduced brain RAS activity. In
the future, new approaches to study the
relationship between brain RAS and regula-
tion of blood pressure by RAS blockade will
be expected.
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