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JADOBEEZIERT S & bz, #Migk, =8, HEo
THART7 VAT T —PHERANTODRZHE
THIELIZEY, FIURHERAEZRET L Z L RHES
NTW5. F70, BRI RIS IR EE M
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T OF 8 i R ek A B EGE BT & B BF R e
DEFe b & BT, JEREMERE IR 2 EE LM
B (MZET, EEIREE) B L OBEE (BFR4) oM
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Abstract: Presently hypertensive patients with chronic kidney disease (CKD) particularly diabetic nephropathy are
increasing in number, and cardiovascular and renal complications are the most common cause of death in these
patients. The control of blood pressure (BP) is an important issue in cardiovascular and renal protection in hyperten-
sive patients with CKD. Although hypertension is usually diagnosed based on measurements of BP recorded during a
visit to a physician, that is, office BP, several studies have shown that target organ damage and prognosis are more
closely associated with ambulatory BP than with office BP. It should be important to achieve the target absolute BP
levels in hypertensive patients obtained either by office or home measurements or by ambulatory recordings for the
cardiovascular and renal protection. Noninvasive techniques for measuring ambulatory BP have allowed BP to be
monitored during both day and night. Additionally, ambulatory BP monitoring can provide information on circadian BP
variation and short-term BP variability, which is suggested to be associated with cardiovascular and renal morbidity
and mortality. This review will briefly summarize the emerging concept of anti-hypertensive therapy based on ambula-
tory BP profile in hypertensive patients with CKD.

Keywords: Blood pressure variability, diabetic nephropathy, hypertension, chronic kidney disease, renin-angiotensin
system.

Introduction factor for the progression of nephropathy and to
be of prognostic value with respect to target

Presently hypertensive patients with CKD and organ damage and cardiovascular morbidity in

diabetes are increasing in number, and cardio-
vascular complications are the most common
cause of death in these hypertensive patients.
Thus, it would be of considerable value to iden-
tify the mechanisms involved in the cardiovas-
cular events associated with hypertension com-
plicated by CKD and diabetes. Ambulatory blood
pressure (BP) monitoring has allowed an easier
and more accurate determination of the cir-
cadian rhythm of BP under different pathophysi-
ological conditions. 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 auto-
nomic neuropathy and nephropathy in these
hypertensive patients [1]. The loss of nocturnal
BP dipping has been considered to be a risk

these CKD patients [2-4].

Estimation of ambulatory short-term BP
variability

Ambulatory BP monitoring allows the acquisition
of valuable information on not only the average
24-h BP, but also the variations in the BP values
that happen during the course of daily life.
Among the information obtained by ambulatory
BP monitoring, previous studies have shown
that BP variability is a complex phenomenon
that involves both short- and long-lasting
changes [5]. Thus the 24-h BP varies not only
because of a reduction in BP during nighttime
sleep and increase in the morning, but also be-
cause of sudden, quick, and short-lasting
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changes that occur both during the daytime
and, to a lesser extent, at nighttime. This phe-
nomenon, short-term BP variability, has been
shown to depend on sympathetic vascular
modulation and on atherosclerotic vascular
changes [6,7]. Several previous animal studies
showed that exaggerated short-term BP variabil-
ity without significant changes in mean BP in-
duced chronic cardiovascular inflammation and
remodeling [8,9]. Short-term BP variability is
also suggested to be clinically relevant by the
fact that hypertensive patients with similar 24-h
mean BP values exhibit more severe organ
damage when the short-term BP variability is
greater [7,10-16].

Home-measured BP variability and CKD

On the other hand, several clinical studies have
provided epidemiological basis for supporting
the greater accuracy of home BP monitoring
compared with clinic pressures for prognosis of
fatal and nonfatal cardiovascular disease in
long-term follow-up surveys and in cross-
sectional studies. There is a general consensus
that home BP monitoring is more convenient,
available, and less costly than ambulatory BP
monitoring, but the superiority of ambulatory BP
monitoring for special clinical problems (i.e., 1)
detection of non-dippers or need for sleep pres-
sures in chronic renal disease, autonomic neu-
ropathies, and sleep apnea; 2) estimation of
short-term BP variability) is also clearly recog-
nized [17]. Surveys of both physicians and pa-
tients suggest that home BP monitoring is both
appreciated and recognized as a valuable strat-
egy. Several experts in the field of hypertension
research and care have published appeals to
expand the use of home BP monitoring for rou-
tine care and to have it supported by health
care systems.

Concerning home-measured BP variability, a
previous study showed that high day-by-day BP
variability is associated with increases in total,
cardiovascular, and stroke mortality, independ-
ently of BP value and other cardiovascular risk
factors in the general population of Ohasama
study [18]. In the state of type 2 diabetes, while
high short-term BP variability on ambulatory BP
monitoring is reported to be associated with
atherosclerosis and proteinuria in hypertensive
patients with type 2 diabetes [11,19,20], the
recent study by Ushigome et al. adds further
information on the clinical relevance of home-
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measured BP variability in the pathophysiology
of diabetic nephropathy [21]. Although the hy-
pothesis that home-measured BP variability
favors the development of nephropathy in type
2 diabetes is appealing, the cross-sectional na-
ture of this study makes it impossible to evalu-
ate the causal relationships between day-by-day
BP variability and diabetic nephropathy. Further
studies, such as outcome studies focusing on
whether a therapeutic intervention reducing day
-by-day BP variability also carries additional
prognostic benefit by a concomitant suppres-
sion of the development of diabetic nephropa-
thy, are warranted to confirm the prognostic
value of home-measured BP variability.

Effects of Ang Il type 1 receptor-specific block-
ers (ARB) on ambulatory short-term BP variabil-
ity in diabetic nephropathy patients

Presently, inhibitors of renin-angiotensin system
(RAS), such as ARB and angiotensin-converting
enzyme inhibitors (ACEl) are recommended as
the firstline anti-hypertensive medication to
treat hypertensive patients with CKD, patrticu-
larly those with albuminuria. Inhibitors of RAS
exerts the BP lowering effects through the sup-
pression of circulating and tissue RAS and the
additional anti-proteinuric effect through the
inhibition of intra-glomerular hypertension. With
respect to effects of RAS inhibitors on ambula-
tory BP profile in hypertensive patients with
CKD, we performed a series of clinical studies
by administrating ARB to hypertensive CKD pa-
tients including those on dialysis therapy.

We examined whether ARB would improve am-
bulatory short-term BP variability in hypertensive
patients with diabetic nephropathy. A total of 30
patients with type 2 diabetes along with hyper-
tension and overt nephropathy were enrolled in
this randomized, two-period, crossover trial of
12 weeks of treatment with losartan and telmis-
artan [11]. After 12 weeks of treatment, 24-h,
daytime, and nighttime short-term BP variability,
assessed on the basis of the coefficient of varia-
tion of ambulatory BP, was significantly de-
creased by telmisartan. Both of losartan and
telmisartan reduced urinary protein excretion
and baPWV. However, compared with losartan,
telmisartan significantly decreased urinary pro-
tein excretion, baPWV, and low frequency (LF)-to
-high frequency (HF) ratio, an index of sym-
pathovagal balance. Multiple regression analy-
sis showed significant correlations between
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urinary protein excretion and baPWV, 24-h LF-to
-HF ratio, nighttime systolic BP, and 24-h short-
term systolic BP variability. Although the results
of AMADEO study showed that telmisartan was
more effective than losartan in reducing protein-
uria in hypertensive patients with diabetic neph-
ropathy at levels of office BP that were not dif-
ferent between the telmisartan and losartan
treatment groups, the possible mechanisms
involved in this difference in antiproteinuric ef-
fect were not elucidated [22]. The results of this
study suggest that ARB, particularly telmisartan,
is effective in reducing proteinuria in hyperten-
sive patients with overt diabetic nephropathy,
partly through inhibitory effects on ambulatory
short-term BP variability and sympathetic nerve
activity, in addition to its longer duration of ac-
tion on nighttime BP reduction.

Accumulating evidence has shown that CKD
patients with diabetes are increasing in number,
and renal and cardiovascular complications are
the most common cause of death in these pa-
tients. Thus, it is important to identify the
mechanisms involved in the progression of re-
nal impairment and cardiovascular injury associ-
ated with diabetic nephropathy. Recent evi-
dence also indicated that multifactorial inter-
vention is able to reduce the risk of cardiovas-
cular disease and death among patients with
diabetes and microalbuninuria [23]. Thus, in
another study we examined the effects of inten-
sified multifactorial intervention, with tight glu-
cose regulation and the use of valsartan and
fluvastatin, on ambulatory BP profile, estimated
glomerular filtration rate (eGFR), and urinary
albumin to creatinine ratio (UACR), in hyperten-
sive patients with type 2 diabetes mellitus and
overt nephropathy [20]. In this study we showed
that the intensified multifactorial intervention
including the use of valsartan and fluvastatin is
able to improve ambulatory BP profile, preserve
renal function, and reduce urinary albumin ex-
cretion in type 2 diabetic hypertensive patients
with overt nephropathy.

Effects of ARB on ambulatory short-term BP
variability in hemodialysis patients

Although cardiovascular disease is the leading
cause of mortality in CKD patients on dialysis
therapy, ARB is reported be effective in reducing
cardiovascular events in patients undergoing
hemodialysis [24,25]. Thus, we examined
whether ARB would improve ambulatory short-
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term BP variability in hypertensive patients on
hemodialysis [12]. In this study hypertensive
patients on hemodialysis therapy were randomly
assigned to the losartan treatment group or the
control treatment group. After 6- and 12-months
of treatment, nighttime short-term BP variability,
assessed on the basis of the coefficient of varia-
tion of ambulatory BP, was significantly de-
creased in the losartan group, but remained
unchanged in the control group. Compared with
the control group, losartan significantly de-
creased left ventricular mass index (LVMI),
baPWV, and the plasma levels of brain natri-
uretic peptide and advanced glycation end prod-
ucts (AGE). Furthermore, multiple regression
analysis showed significant correlations be-
tween changes in LVMI and changes in night-
time short-term BP variability, as well as be-
tween changes in LVMI and changes in the
plasma levels of AGE. These results suggest
that ARB is beneficial for the suppression of
pathological cardiovascular remodeling though
its inhibitory effect on ambulatory short-term BP
variability during nighttime. A recent study also
shows that a direct renin inhibitor aliskiren was
effective for BP control and may have cardiovas-
cular protective effects in hypertensive CKD
patients on hemodialysis [26].

Effects of ARB on ambulatory short-term BP
variability in peritoneal dialysis patients

Among CKD patients on peritoneal dialysis, we
examined whether addition of ARB, including
high-dose ARB, to conventional anti-
hypertensive treatment could improve BP vari-
ability in hypertensive patients [15]. Hyperten-
sive patients on chronic peritoneal dialysis ther-
apy were randomly assigned to the ARB treat-
ment groups either by candesartan or valsartan,
or the control group. After the 6-months treat-
ment, 24-h ambulatory BP values were similarly
decreased in both the control group and ARB
groups. However, short-term BP variability as-
sessed on the basis of the standard deviation of
24-h ambulatory BP was significantly decreased
in the ARB groups, but remained unchanged in
the control group. Furthermore, parameters of
cardiovascular remodeling assessed by natri-
uretic peptides, echocardiography, and baPWV
were significantly improved in the ARB groups
but not in the control group. These results indi-
cate that ARB treatment is beneficial for the
suppression of pathological cardiovascular re-
modeling with a decrease in BP variability in

Am J Cardiovasc Dis 2011;4(3):236-243
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Figure 4. Schema showing the proposed strategy of RAS inhibitor-based combination therapy for hypertensive pa-
tients with CKD. ACEI, angiotensin-converting enzyme inhibitor; ARB, Ang Il type 1 receptor-specific blocker; BP, blood
pressure; CKD, chronic kidney disease; CCB, calcium channel blocker; DRI, direct renin inhibitor; RAS, renin-

angiotensin system.

hypertensive patients on peritoneal dialysis
RAS inhibitor-based combination therapy in CKD

Although clinical guidelines specify that inhibi-
tors of RAS are the drugs of choice for the treat-
ment of hypertension in patients with CKD, the
results of previous meta-analysis indicate that
the benefits of RAS inhibitors on renal out-
comes in clinical trials mainly result from a BP-
lowering effect [27]. Thus, present guidelines
also recommend RAS inhibitors-based combina-
tion therapy to achieve the target office BP
level. The results of GUARD study showed that
combination therapy with a RAS inhibitor and
thiazide diuretic resulted in a greater reduction
in albuminuria compared to that with a RAS
inhibitor and calcium channel blocker (CCB)
[28]. Previous studies showed that in CKD pa-
tients who have a sodium-sensitive type of hy-
pertension, BP failed to fall during the night,
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thereby exhibiting non-dipper or riser types of
ambulatory BP profile which correspond to ab-
normality of circadian BP rhythm. Although the
sodium sensitivity of BP with non-dipper or riser
types of ambulatory BP profile contributes as an
independent risk factor for cardiovascular mor-
bidity, both sodium restriction and thiazide diu-
retics are able to shift circadian BP rhythm from
riser or non-dipper to dipper. Thus, RAS inhibi-
tors-based combination therapy with thiazide
diuretics may have an additional therapeutic
advantage to relieve the renal and cardiovascu-
lar risks by different ways: systemic BP reduc-
tion and normalization of circadian BP rhythm.

On the other hand, the results of ACCOMPLISH
study showed that combination therapy with a
RAS inhibitor and CCB slows progression of
nephropathy and inhibits cardiovascular death
to a greater extent with a better preservation of
eGFR, compared to combination therapy with a

Am J Cardiovasc Dis 2011;1(3):236-243
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Figure 2. Increasing importance of clinical studies examining effects of various therapeutic intervention such as anti-
hypertensive medication and anti-dyslipidemia agent on altered ambulatory BP profile in hypertensive patients with

CKD. BP, blood pressure; CKD, chronic kidney disease.

RAS inhibitor and thiazide diuretic in high-risk
hypertensive patients with CKD [29]. Although
the detailed mechanistic basis for this differ-
ence in cardiorenal protection, in spite of similar
mean 24-hour systolic and diastolic BP patterns
by combination therapy [30], should be resolved
by future studies, combination therapy with a
RAS inhibitor and CCB is reported to effectively
decrease central aortic pressure and ambula-
tory short-term BP variability with a preventive
effect on the progression of arterial stiffness
[31,32].

The direct renin inhibitor aliskiren is available as
alternative or complementary approaches to
pharmacological RAS blockade. Direct renin
inhibitors constitute a novel class of RAS an-
tagonists that block the conversion of angio-
tensinogen to angiotensin I. Aliskiren, the first
approved compound of this class, reduces BP
levels with similar potency as ACE inhibitor and
ARB. Aliskiren as add-on treatment to standard
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therapy including the optimal dose of losartan,
in the AVOID study, reduced albuminuria and
slowed development of renal dysfunction more
than placebo across different levels of eGFR in
patients with type 2 diabetes, hypertension, and
nephropathy [33-35]. The long-term nephropro-
tective potential of aliskiren-based therapy and
its superiority over existing therapies as a possi-
ble first-line regimen remains to be elucidated.

Chronotherapy as a possible another therapeu-
tic option in CKD

Finally, given that nocturnal BP non-dipping is a
potential independent risk factor for CKD pro-
gression and development of cardiorenal syn-
drome, the timing of administration of anti-
hypertensive drugs may be of relevance. Even
compounds with recommended once-daily ad-
ministration based on their pharmacokinetic
properties may reduce nocturnal BP level more
efficiently when applied in the evening, thereby

Am J Cardiovasc Dis 2011;1(3):236-243



Ambulatory BP profile and therapy in CKD

achieving partial restoration of the physiological
nocturnal BP dipping pattern and exerting effi-
cient cardiovascular and renal protection [36].
Although antihypertensive “chronotherapy” has
not been formally demonstrated to affect CKD
progression, that the anti-proteinuric efficacy of
the ARB valsartan or candesartan was associ-
ated with an increased day:night BP-level ratio
on ambulatory or home BP monitoring induced
by evening dosing is noteworthy [37,38].

The proposed strategy of anti-hypertensive ther-
apy in hypertensive patients with CKD is sum-
marized as schema (Figure 4). In conclusion,
employing anti-hypertensive therapy based on
ambulatory BP profile in the management of
hypertensive patients with CKD may be effective
to slow the progression of renal impairment and
suppress the development of cardiovascular
disease in these patients. Further clinical stud-
ies to confirm of the prognostic value of ambula-
tory BP profile, particularly ambulatory short-
term BP variability, would need to be provided
by outcome studies focusing on whether a
therapeutic intervention improving ambulatory
BP profile such as reducing BP variability also
carries additional prognostic benefit, by con-
comitantly reducing also the rate of renal dete-
rioration and cardiovascular events (Figure 2).
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Prepubertal angiotensin blockade exerts long-term
therapeutic effect through sustained ATRAP activation in

salt-sensitive hypertensive rats
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Objective We previously showed that the molecule
interacting with Ang Il type 1 receptor (AT1R), ATRAP,
promotes AT1R internalization and attenuates AT1R-
mediated pathological responses. In this study we
examined whether the regulation of renal ATRAP
expression is related to the development of salt-induced
hypertension and renal injury as well as to the beneficial
effects of AT1R blockade.

Methods and results Dahl lwai salt-sensitive hypertensive
and Dahl lwai salt-resistant rats were divided into six groups
for the administration of vehicle or olmesartan either
continuously from 3 to 16 weeks, or transiently from
weaning to puberty (3-10 weeks), and fed high salt diet
from 6 to 16 weeks. In Dahl lwai salt-sensitive rats, not only
continuous, but also prepubertal olmesartan treatment
improved hypertension at 15 weeks. Renal ATRAP
expression was suppressed in vehicle-treated

Dahl lwai salt-sensitive rats, concomitant with up-regulation
of renal oxidative stress, inflammation and fibrosis-related
markers such as p22phox, TGF-B, fibronactin, monocyte
chemotactic protein-1 and type 1 collagen. However,
prepubertal as well as continuous olmesartan treatment
recovered the suppressed renal ATRAP expression and
inhibited the renal activation of p22phox, TGF-B, fibronectin,
MCP-1 and type 1 collagen. In Dahl lwai salt-resistant rats,
such suppression of renal ATRAP expression or induction of
renal pathological responses by salt loading was not
observed.

Introduction

Previous epidemiological studies showed that dietary salc
intake during the prepubertal period affects the blood
pressure profile after adolescence [1,2], and animal
studies using salt-sensitive hypertension models, includ-
ing Dahl Iwai salt-sensitive rats, also showed that high
salt intake at a young age promotes the development of
hypertension and ussue injury later in life {3-5]. On
the contrary, activation of the renal renin—angiotensin
system plays a critical role in overall renal pathophysio-
logy via the development of sale-sensitive hypertension
and diabetic nephropathy. In Dahl Iwai sale-sensitive
racs, high salt loading results in the development of
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Conclusions These resulls indicate that prepubertal
transient blockade of AT1R signaling exerts a long-term
therapeutic effect on salt-induced hypertension and renal
injury in Dahl lwai salt-sensitive rats, partly through a
sustained enhancement of renal ATRAP expression, thereby
suggesting ATRAP a novel molecular target in salt-induced
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severe hypertension as well as extensive cardiovascular
and renal damage. In Dahl Iwai salt-sensitive rats, high
salt loading decreases the activity of the circulating
renin—angiotensin system, but previous studies have
shown significant increases in components of the tissue
renin—angiotensin system at local tissue sites such as the
brain, heart, vessel wall and kidney [6-8].

The pathophysiological effects of the tissue renin—-angio-
tensin system are mainly mediated by the activarion of the
Ang II type 1 receptor (AT1R). The carboxyl-terminal
portion of ATIR is involved in the control of ATIR
internalization independent of G-protein-coupling, and

DOL10.1097/HIH.0b013e32834a5a46
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plays an important role in linking receptor-mediated
signal transduction to specific pathophysiological res-
ponses through the promotion of oxidative stress and
inflammatcory responses at local tissue sites [9-12]. The
AT1R-associated protein (ATRAP), which is a molecule
specifically interacting with the carboxyl-terminal domain
of ATIR, was cloned using a yeast-two hybrid screening
system [13,14]. The results of previous in-vitro studies
showed that ATRAP suppresses Ang Il-mediated patho-
logical responses in cardiovascular cells by promoting
AT1R internalization and decreasing the cell surface
ATIR number [15,16], thereby suggesting ATRAP is an
endogenous inhibitor of AT1R signaling [17,18].

With respect to the tissue distribution and regulation of
ATRAP expression iz vivo, ATRAP is broadly expressed
in many tissues [13]. We showed that there is a tissue-
specific regulatory balancing of the expression of ATRAP
and AT1R during the development of hypertension in
spontaneously hypertensive rats (SHRs) [19]. The acu-
vation of ATRAP in transgenic-models in which ATRAP
expression was increased beyond baseline promoted Ang
II-mediated AT1R internalization and inhibited renal
angiotensinogen production and cardiac hypertrophy in
response to Ang IT stimulation [20].

The development of interventional approaches to pre-
venting the excessive activation of the renin—angiotensin
system and attenuating oxidative stress, inflammation and
fibrosis at local tissue sites is crucial for achieving the
ultimate goal of preventing hypertension and renal injury.
The feasibility of transient inhibition of the renin—angio-
tensin system to prevent the development of hypertension
in humans was reported in the Trial of Preventing Hyper-
tension (TROPHY) study [21], and the results of animal
studies also showed that transient blockade of the renin—
angiotensin system during a prepubertal critical period
resulted in an attenuation of hypertension and renal injury
in genetically hypertensive rats [22,23]. Thus, in this
study, we examined renal ATRAP modulation in salt-
induced hypertension as well as in the therapeutic effects
of the AT1R-specific blocker (ARB) olmesartan on high
blood pressure and renal damage, including oxidative
stress, inflammation and fibrosis in Dahl Iwai salt-sensitive
rats, a representative animal model of human salt-sensitive
forms of hypertension and renal injury.

Methods

The study was performed in accordance with the
National Institutes of Health guidelines for the use of
experimental animals. All of the animal studies were
reviewed and approved by the Animal Studies Commit-
tee of Yokohama City University.

Materials
Ang I was purchased from Sigma. The ARB olmesarcan
(RINH6270) was supplied by Daiichi-Sankyo Pharma-
ceuticals.

Animals and treatments

Male Dahl Twai salt-sensitive rats (3 weeks of age) were
purchased from SLC (Shizuoka), fed a normal salt diet
containing 0.3% NaCl (Oriental Yeast Kogyo), and
randomly divided into four groups (groups 1-4; »=06
per group) for the dictary high salt loading and oral
administration of vehicle or olmesartan (RNH6270;
Daiichi-Sankyo Pharmaceuticals). Male Dahl Iwai salt-
resistant rats (3 weeks of age) were also divided into two
groups (groups 5 and 6; # =06 per group) for the dietary
high salt loading.

Whereas the Dahl Iwai salt-sensitive rats in group 1 and
Dahl Twai sale-resistant rats in group 5 were fed a normal
salt diet (0.3% NaCl) and treated with vehicle through-
out the experimental period from 3 to 16 weeks of age,
Dahl Twai sale-sensitive rats in groups 2, 3, and 4 and Dahl
Twai salt-resistant rats in group 6 were initially fed a
normal salt diet and then fed a high salt diet (8% NaCl)
from 6 to 16 weeks. The Dahl Twai salt-sensitive rats
in group 2 were treated with vehicle throughout the
experimental period untl 16 weeks. The Dahl Iwai
salt-sensitive rats in group 3 were transiently treated
with olmesartan (8 mg/kg per day) in drinking water
during the prepubertal period from 3 to 10 weeks.
The Dahl Iwai salt-sensitive rats in group 4 were con-
tinuously treated with olmesartan (§ mg/kg per day) in
drinking water throughout the experimental period from
3 to 16 weeks. The olmesartan dosage was determined
from previous studies [19].

SBP was measured by the tail cuff method (BP-monitor
MK-2000; Muromachi Kikai Co) at the age of 3,7, 11 and
15 weeks [19]. The rats were anesthetized and the tissues
were placed into liquid nitrogen at the end of the experi-
mental period (16 weeks of age). Plasma renin activity
was measured by radioimmunoassay as described pre-
viously [24].

Western blot analysis

The characterization and specificity of the anti-A'T'RAP
antibody and the antd-AT1R antibody (sc-1173; Santa
Cruz Biotechnology Inc., Santa Cruz, California, USA)
were described previously [19,20,25,26]. The anti-
p22phox antibody (sc-20781; Santa Cruz Biotechnology
Inc.), anti-p47phox antibody (sc-14015; Santa Cruz Bio-
technology, Inc.), anti-Racl antibody (DAM1522857;
Millipore) and anti-Ang IT type 2 receptor (AT2ZR) anti-
body (sc-9040; Santa Cruz Biotechnology Inc.) were also
used in this study. Western blot analysis was performed
essentially as described [19,20,25,26].

Immunohistochemical analysis

The 4-pm thick sections were blocked for endogenous
biotin activity using peroxidase blocking reagent
(DAKO, Tokyo, Japan) and were incubated with either
anti-ATRAP antibody diluted at 1:100; anti-AT1R anti-
body diluted at 1:100; anti-p22phox antibody diluted at
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1:100; or anuaquaporin 1 (AQP1) antibody (ab9566,
Abcam) diluted at 1:100, essentially as described pre-
viously [25,27].

Real-time quantitative RT-PCR analysis

Real-time quantitative RT-PCR was performed by incu-
bating the R'I" product with TagMan Universal PCR
Master Mix and a designed TagMan probe (Applied
Biosystems, Foster Cicy, California, USA), essentially
as described previously [20,26,28]. The RNA quantity
was expressed relative to the 185 rRNA endogenous
control.

Statistical analysis

Data are expressed as mean = SEM. Sradstical sig-
nificance was determined by unpaired Student’s /~test,
with P less than 0.05 being deemed statistically sig-
nificant. ‘

Results

Effects of prepubertal treatment with olmesartan on
blood pressure in Dahl lwai salt-sensitive rats

SBP did not differ among the six groups of Dahl Twai salt-
sensitive and Dahl Twai salt-resistant rats at 3 weeks of
age (Fig. 1). SBP of the Dahl Iwai salt-resistant rats in
group 5 (normal salt loading) and group 6 (high salc
loading) did not show any significant changes during
the experimental period. Also, SBP of the Dahl Twai
sale-sensitive rats in group 1 (normal salt loading) remained
normotensive at 15 weeks (12842 mmHeg). In contrast,
the group 2 Dahl Iwai sale-sensitive rats (high salt loading)
showed a progressive increase in SBP at 11 weeks
(174 £9mmHg) and 15 weeks (199415 mmHg). On
the contrary, the Dahl Iwai sale-sensitive rats in group
4 (Olm3-16) exhibited a significant suppression of the
increase in SBP at 15 weeks (150 &= 6 mmHg). Further-
more, the group 3 Dahl Iwai sale-sensitive rats (Olm3-10)
also exhibited a (comparably) significant suppression of the
increase in SBP at 15 weeks (143 &= 7 mmHg).

Effects of prepubertal ireatment with olmesartan on
development of renal oxidative stress, inflammation and
fibrosis in Dahl lwai salt-sensitive rats

Since the salt-induced hypertension was observed only in
Dahl Twai salt-sensitive rats, we next examined effects of
high salt loading and olmesartan treatment on the renal
pathological responses in Dahl Iwai salt-sensitive rats at
16 weeks. The resules of real-time R'T-PCR analysis
showed that high salt loading increased the renal cortical
TGFE-, fibronectin and type 1 and type 3 collagen mRNA,
compared with normal sale loading (Fig. 2a—d). Among
these upregulated mRNA levels in response to high salt
loading, the mRINA expression of TGF-B, fibronectin and
type 1 collagen was significantly suppressed by continuous
treatment with olmesartan (Olm3-16). Furthermore, pre-
pubertal transient treatment with olmesartan comparably

Renal ATRAP inhibits salt hypertension Dejima et al. 1921
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Effects of prepubertal transient olmesartan treatment on salt-induced
hypertension in Dahl lwai salt-sensitive rats. Male DS and DR rats

(3 weeks of age) were randomly divided into six groups for dietary high
salt loading and oral administration of vehicle or olmesartan. Normal salt
loading (NS), DS and DR rats fed a normal salt diet (0.3% NaCl); high
salt loading, DS and DR rats fed a high salt diet (8% NaCl) from 6 to
16 weeks and treated with vehicle throughout the experimental period
until 16 weeks; Olm 3-10, DS rats fed a high salt diet (8% NaCl) from
8 to 16 weeks and transiently treated with olmesartan (8 mg/kg per
day) during the prepubertal period from 3 to 10 weeks; Olm 3-16, DS
rats fed a high salt diet (8% NaCl) from 6 to 16 weeks and continuously
treated with olmesartan (8 mg/kg per day) throughout the experimental
period from 3 to 16 weeks. The values of the SBP measured by the tail
cuff method are expressed as the mean =+ SE (n=6 in each group).
*P<0.05 vs. NS. DR, Dahl lwai salt-resistant; DS, Dahl lwai salt-
sensitive.

inhibited the up-regulation of TGF-8, fibroncetin and
type 1 collagen mRINA levels induced by high salt loading
(Olm3-10).

In order to investigate the mechanisms involved in the
prepubertal olmesartan reatment-mediated suppression
of renal damage in response to high salt loading, we
analyzed the renal cortical expression of oxidative
stress-related proteins, including Racl, p47phox and
pZZphox, at 16 weeks (Fig. 2e—g). Although neither
high salc loading nor olmesartan treatment affected
Racl or pd47phox expression, high salt loading sig-
nificantly increased the renal cortical p2Zphox expres-
sion compared with normal salt loading. On the contrary,
continuous olmesartan reatment (Olm3-16) completely
abolished the high salt loading-mediated increase in
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