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What can we expect from the binding characteristics
of azilsartan, a newly available angiotensin II blocker,
in hypertension?
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Hypertension is highly prevalent world-
wide and is one of the major risk

factors for cardiovascular and renal diseases.
In Japan, the first-line antihypertensive drugs
are calcium channel blockers, angiotensin II
(Ang II) type 1 receptor (AT1R) blockers
(ARBs), angiotensin-converting enzyme
(ACE) inhibitors, diuretics and b-blockers
(including a/b-blockers), according to the
2009 Japanese Society of Hypertension
Guidelines for the Management of Hyperten-
sion.1 Experimental and clinical evidence has
indicated that activation of the renin–
angiotensin system (RAS) is involved in the
pathogenesis of hypertension and the related
target organ damage, and multiple studies
have proven the usefulness of RAS blockade
induced by ACE inhibitor and ARB for the
management of hypertension. In the US, a
newly developed ARB, azilsartan medoxomil,
a prodrug that is quickly hydrolyzed to the
active moiety azilsartan, a potent, insur-
mountable, and highly selective ARB with
estimated bioavailability of 60% and elimina-
tion half-life of 11 h, was approved by the
FDA in 2011. In 2012, the active moiety
azilsartan has been approved for treatment of
hypertension as the seventh clinically avail-
able ARB in Japan and also in Europe.
Although the sartan family of preceding

ARBs have a common pharmacophore

structure, their clinical therapeutic effectiveness
is reported to differ. Although their efficacy
may be related to their binding strength, this
notion has changed with a better understand-
ing of the molecular mechanism of AT1R
activation.2–5 Therefore, it is plausible that
each ARB differs with regard to its molecular
interactions with AT1R in inducing inverse
agonism.6 One of the features of azilsartan
reported to date is its ability to remain tightly
bound to AT1R for very long periods of time
after drug washout. Previous results of time
course studies of the ability of various ARBs to
persistently block Ang II binding to AT1R after
drug washout have shown that azilsartan
dissociates from AT1R slower than other
ARBs.7 In relation to the binding of ARBs to
the AT1R, a series of studies by Miura’s
laboratory showed that small differences in
the chemical structures of ligands affect the
ligand-specific changes in the receptor
conformation and have an influence to exert
agonism, neutral antagonism or inverse
agonism toward the AT1R, thereby indicating
that the ligand-induced specific action on the
receptor conformation with respect to the
stabilization around transmembrane (TM)3
in the AT1R is involved to induce agonist,
neutral antagonist or inverse agonist activities.5

In the current issue of Hypertension
Research, to elucidate the plausible molecular
interactions of azilsartan with AT1R, which is
relevant to the strong blood pressure (BP)-
lowering effect of azilsartan, Miura et al.8

analyzed the characteristics of the molecular
mode of binding of azilsartan to the AT1R.
Azilsartan is structurally similar to a
preceding ARB cadesartan, except that it
bears a 5-oxo-1,2,4-oxadiazole moiety in

place of the tetrazole ring. Like candesartan,
azilsartan also has a carboxyl group at the
seventh position of the benzimidazole ring,
which is the group that is reported to be
associated with the insurmountable receptor
antagonistic activity of candesartan.7 There-
fore, it should be interesting whether the
5-oxo-1,2,4-oxadiazole moiety newly added
to azilsartan is related to the molecular mode
of binding to the AT1R and thus to the
pharmacological and clinical effects of
azilsartan. According to the results of
molecular docking models by Miura et al.8,
although both azilsartan and candesartan
interact with the same sites in the AT1R
(Tyr113 in TM3, Lys199 in TM5 and Gln257 in
TM6), the binding of the 5-oxo-1,2,4-
oxadiazole moiety of azilsartan to Gln257 of
the AT1R is stronger, with appearance of the
letter ‘S’ on the molecular model, than the
binding of the tetrazole ring of candesartan
to Gln257 of the receptor. They also showed
that the binding of the 5-oxo-1,2,4-
oxadiazole moiety of azilsartan to Gln257 of
the AT1R is important for azilsartan to exert
the inverse agonist activity.
Then, our next interest is whether this

strong binding of azilsartan to AT1R is
clinically relevant in certain pathological
conditions. With respect to the BP-lowering
effect of azilsartan, recent studies in the US
and Japan showed that azilsartan medoxomil
and azilsartan have superior efficacy to
other preceding ARBs, including candesartan
without increasing adverse events.9–13

Presently, hypertensive patients with chronic
kidney disease (CKD) and diabetes are
increasing in number, and cardiovascular
and renal complications are the most
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common cause of death in these patients.
The BP control is an important issue in
cardiovascular and renal protection in these
hypertensive patients. Accumulated evidence
has shown that target organ damage and
prognosis are more closely associated with
ambulatory BP than with office BP.
Ambulatory BP monitoring can also
provide information on circadian BP
variation and short-term BP variability,
which is suggested to be associated with
cardiovascular and renal morbidity and
mortality.14 The probable sustained BP-
lowering effects of azilsartan would be
important, because the circadian pattern of
BP in hypertensive patients with CKD and
diabetes has been found to exhibit a blunted
nocturnal decrease in BP, which is associated
with autonomic neuropathy and nephro-
pathy in these hypertensive patients. The
loss of nocturnal BP dipping has been
considered to be a risk factor for the
progression of nephropathy and to be of
prognostic value with respect to the target
organ damage and cardiovascular morbidity
in these CKD patients.15,16

With respect to the therapeutic effects of
azilsartan on ambulatory BP profile, the
results of a recent clinical study, which
compared the BP-lowering effects of azilsar-
tan and candesartan with ambulatory BP
monitoring in Japanese grade I and II
hypertensive patients, are interesting.13 After
14 weeks of treatment period, the decrease
in systolic and diastolic BP were significantly
greater with azilsartan than candesartan
over a 24-h period, and during the daytime,
nighttime and early morning, with greater
trough to peak ratios for systolic and
diastolic BP in the azilsartan group (systolic
BP, 0.97; diastolic BP, 0.95) than in the
candesartan group (systolic BP, 0.82;
diastolic BP, 0.75).13 This result suggests the
possibility that the superior BP-lowering
effects of azilsartan over candesartan may
become more apparent towards the end of
the 24-h dosing interval. Further clinical
studies to examine therapeutic effects of
azilsartan on circadian BP variation and
short-term BP variability in high-risk
hypertensive patients such as those with
CKD and/or diabetes, as well as beneficial
pleiotropic effects on cellular mechanisms of
cardiometabolic and renal disease through
actions that could involve more than potent
AT1R blockade of AT1R and/or strong BP
lowering, are warranted17,18 (Figure 1).
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Figure 1 Is strong binding of azilsartan to AT1R is clinically relevant in high-risk hypertensive
patients? Clinical studies to examine therapeutic effects of azilsartan on circadian BP variation and

short-term BP variability, as well as beneficial pleiotropic effects on cellular mechanisms of

cardiometabolic and renal disease in high-risk hypertension, are warranted.
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