Effect of Central Losartan on DOCA—Salt Hypertension Rats
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ABSTRACT

Background: The purpose of this study was to investigate whether brain AT1 receptor stimulation contributes as
a hypertensive mechanism to deoxycorticosterone acetate (DOCA)-salt hypertension. Methods: 1) Acute
injection: Losartan (1 mg/4 uL) or artificial cerebrospinal fluid (aCSF) was injected into the lateral cerebral
ventricle (icv) of conscious control uninephrectomized Wistar rats or rats with DOCA-salt at 2 or 4 weeks, and
mean arterial pressure (MAP) and heart rates (HR) were recorded. 2) Chronic injection: Using osmotic minipump,
losartan (1 mg/kg/d) or aCSF was injected to a sham group or three DOCA-salt rat groups [icv-aCSF, icv-losartan,
sc-losartan (subcutaneous) groups] for 4 weeks, after which the MAP and HR were recorded in addition to the
weights of the left (LV) and right ventricles (RV) and kidneys. Results: 1) Acute injection: In rats treated with
DOCA-salt, resting MAP significantly increased compared to the control group [144 &6 mmHg (2 weeks), 170+
5 mmHg (4 weeks) vs 115-120 mmHg (controls) ]. MAP decreased significantly (2 weeks, 4 weeks) at 4, 8, 24
hours after icv injection of losartan to the level of the control group. 2) Chronic injection: The general trend
showed that MAP decreased more in the icv-losartan group than in the icv-aCSF group (127+15.2 mmHg vs
141.1£5.5 mmHg, p=0.0578). In all DOCA-salt groups, no differences in RV weight were found. In the icv-
aCSF and sclosartan groups, the kidney weight increased compared to the control group, but there was no difference
in LV and kidney weight between the icv-losartan group and the control group. Conclusions: Normalization of
MAP after acute or chronic icv administration of the AT receptor antagonist suggests that the stimulation of the
brain AT, receptor plays a significant role in the development and maintenance of hypertension in the DOCA-
salt hypertensive rat model. Losartan icv injection appeared to have a protective effect on the heart and kidney.
(Korean Circulation J 2004:34(1):84-91)
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Introduction

In deoxycorticosterone acetate (DOCA)-salt hype-
rtensive rats the development and maintenance of hype-
rtension is considered to be independent of the renin-
angiotensin system because plasma renin in this model
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is low,” and peripheral administration of angiotensin
converting enzyme (ACE) inhibitors® or angiotensin
(Ang) I receptor antagonists® have no effect on blood
pressure (BP).

However, there is some evidence of a role of the brain
renin-angiotensin system in the pathogenesis of DOCA-
salt hypertension in rats. DOCA-salt-treated rats show
higher Ang II receptor density in brain areas involved in
cardiovascular regulation, such as the nucleus of the
solitary tract, area postrema, median preoptic nucleus,
subfornical organ, and solitary vagal area,*® and have
elevated levels of renin and Ang II in the hypothalamus

and brain stem nuclei.”®



Acute intracerebroventricular (icv) administration of
captopril decreases the blood pressure of DOCA-salt hy-
pertensive rats.” Chronic icv administration of captopril
attenuates the development of hypertension in DOCA-
salt hypertensive rats.'” However, the interpretation of
these findings is complicated because ACE is involved
in the metabolism of various peptides that may participate
in regulating BP, including bradykinin, enkephalin, and
substance P.')

Three studies assessed the effects of icv Ang II receptor
antagonists on BP in DOCA-salt hypertensive rats. Acute
icv administration of salarasin did not lower BP during
30 min of follow-up.'® In contrast, injection of losartan
icv into the rostral part of the third ventricle did lower
BP for more than 1 h in DOCA-salt hypertensive rats at
4 weeks.'? Moreover, continuous icv infusion of CV-
11974 (active metabolite of candesartan) for 7 days lo-
wered BP from the fourth day after infusion.'"? However,
because hemodynamic measurements in these studies
were done under anesthesia in DOCA-salt hypertensive
rats at 4 or 6 weeks, the role of brain Ang II in the deve-
lopment of hypertension in the DOCA-salt hypertensive
rat model is not yet known.

The aim of the present study was to determine the
acute and chronic central effects of the type 1 Ang II
(AT)) receptor antagonist losartan in the development
and mai-ntenance of hypertension in conscious DOCA-
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salt hype-rtensive rats.
Methods

Animals

Male Wistar rats aged 5 weeks, weighing 140—170 g,
were purchased from Charles River, Montreal, Canada
and housed two per cage at 24°C on a 12 hour light/
dark cycle. They were allowed normal rat chow and tap
water ad libitum for at least 5 days prior to entering the
study. All experimental procedures were approved and
carried out in accordance with the guidelines of the Uni-
versity of Ottawa Animal Care Committee for the use and

care of laboratory animals.

DOCA-salt hypertension

After 5—7 days of acclimatization, under halothane
anesthesia, all rats underwent left nephrectomy. After
surgery, they were randomly assigned to either the control
or DOCA-salt group. Twenty-four hours after surgery,
the rats in the DOCA-salt group received the first inje-
ction of DOCA (25 mg/kg s.c. in 0.1 mL sesame 0il/100
g body weight) and 1% NaCl as drinking water. The rats
in the control group (Control) received sesame oil only
and distilled water as drinking water. Treatments conti-
nued at 3 x/week for 2 or 4 weeks in two separate expe-

riments. In acute injection, for the 2-week treatment ex-

Protocol 1 (Acute injection) 2wk

4wk

Uninephrectomy

Control+ aCSF (n=6)
Control+ losartan (n=9)
DOCA+ aCSF (n=7)
DOCA+ losartan (n=8)

Control+ aCSF (n=7)
Control+losartan (n=6)
DOCA+ aCSF (n=6)
DOCA+ losartan (n=8)

‘ MAP and HR at base and 1, 2, 4, 18, 24 hr aftericv losartan (1 mg) or aCSF

‘ icv guide cannula placement

Control: sesame oil sc (3/wk) +distiled water
DOCA-salt: DOCA 25 mg/kg sc (3/wk) +1% NaCl

0 1 2

3 4wk

Figure 1. Protocol 1 (acute injection). To evaluate the effect of losartan in the development and maintenance of
DOCA-salt hypertensive rats, the study group was divided info 2-week and 4-week groups. DOCA: deoxycorticoste-
rone acetate, aCSF: artificial cerebral space fluid, MAP: mean arterial pressure, HR: heart rate.
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periment, the following groups were studied: Control+
icv aCSF (n=6), Control+icv losartan (n=9), DOCA+
icv aCSF (n=7), and DOCA +icv losartan (n=8). For
the 4-week treatment, the groups studied were Control +
icv aCSF (n=7), Control+icv losartan (n=6), DOCA+
icv aCSF (n=6), and DOCA+icv losartan (n=8) (Fig-
ure 1). In chronic injection (4 week), Control (n=8),
DOCA+icv aCSF (n=8), DOCA+sc losartan (n=7),
and DOCA +icv losartan (n=7) were studied (Figure 2).

Intracerebroventricular cannulation

Intracerebroventricular cannulation was performed at
least 1 week before arterial cannulation. A guide cannula
(23 gauge, stainless steel tubing) was implanted just
above the left lateral cerebroventricle and fixed on the
skull of the rat. The cannula was located 0.5-mm pos-
terior and 1.4-mm lateral to the bregma, and its lower
end was about 0.3 mm above the ventricle as previously
described.™

Direct blood pressure measurement and icv injection
About 2 or 4 weeks after nephrectomy, in the early

morning under halothane anesthesia, the right carotid

artery was cannulated with PE-50 polyethylene tubing

Protocol 2 (Chronic injection)

Male Wistar Rats aged 5 wks
i\\ Left nephrectomy

\ @
\
\

Osmotic minipump

Control (n=8): sham surgery only

DOCA+ icv aCSF (n=8): ICV aCSF infusion

DOCA+ sc losartan (n=7): not connected to icvcannula
(1 mg/kg/d)

DOCA+ icvlosartan (n=7): connected to icv cannula
(1 mg/kg/d)

Figure 2. Protocol 2 (chronic injection) . After 4 weeks of
injection, the resting BP and HR and the weights of the
kidneys and the right and left ventricles of each group
were recorded. DOCA : deoxycorticosterone acetate,
aCSF: artificial cerebral space fluid, ICV: intracerebro-
ventricle, BP: blood pressure, HR: heart rate.
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filled with heparinized saline. After recovering from the
anesthesia for 4—35 hrs, the intra-arterial catheter was co-
nnected to a pressure transducer to record mean arterial
pressure (MAP) and heart rate (HR) . The output signals
of the transducer were amplified and fed to an IBM-
compatible computer with a data acquisition program
(Dataquest Labpro; Data Science International, St. Paul,
MN) that allowed on-line analysis of the pulsatile blood
pressure signal and storage of data.

For icv injection, a 26-gauge stainless cannula was in-
serted into the guide cannula so that its tip protruded
0.8—1.0 mm into the lateral ventricle. In acute injection,
a 20-uL volume Hamilton microsyringe was used for icv
injections. Injections consisted of a volume of 4-uL
delivered manually over a period of 2 min (losartan 1
mg dissolved in 1 mL aCSF, or 1 mL aCSF). Each rat
received only a single injection. In chronic injection, an
osmotic minipump was implanted subcutaneously and co-
nnected to the icv cannular to allow continuous injection
(1 mg/kg/day for 4 weeks) in the DOCA+icv losartan
group. In the DOCA +sc losartan group, the osmotic mi-
nipump was not connected to the icv cannular;
instead, losartan was injected subcutaneously (1
mg/kg/day for 4 weeks) (Figure 2).

The resting BP and HR were taken at baseline, and at
1, 2, 4, 18, and 24 hours after acute icv injection. The
accuracy of the icv cannulation was checked at autopsy
with an icv injection of methylene blue. In the chronic
injection study, after 4 weeks of injection, the resting BP
and HR were recorded and the weights of the right and
left ventricles and kidneys were measured.

All data are expressed as means £ SEM. One-way AN-
OVA was used to analyze MAP and HR responses to icv
losartan, followed by a Newman-Keuls’ to compare indi-
vidual readings to the baseline. Values of p<0.05 were

considered statistically significant.
Results

Acute injection
After 2 and 4 weeks of treatment, the average resting
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mean arterial pressure (MAP) of the 2 DOCA-salt hype-
rtensive groups increased significantly compared to that
of the 2 control groups (144+6 mmHg versus 1185
mmHg and 170+ 5mmHg versus 115+ 3 mmHg, p<0.01
for both). No significant difference in resting basal HR
was detected between the two groups. Body weight in
DOCA-salt hypertensive rats was similar to that in the

Table 1. Resting mean arterial pressure, heart rate, and
body weight in rats 2 or 4 weeks on DOCA-salt in acute
injection study

MAP (mmHg) HR (bpm) BW (gm)

2 week
Control
aCSsF (n=6) 110£5 387+£13 301+£12
Losartan (n=9) 12246 415+ 7 302+10
DOCA-salt
aCsF (n=7) 142+8* 392+16 303+ 8
Losartan (n=8) 146+9* 418+£18 284+ 8
4 week
Control
aCsF (n=7) 115+3 383+ 8 342+ 9
Losartan (n=7) 115+3 390+16 357+ 9
DOCA-salt
aCSsF (n=6) 163+8" 403+ 4 301+£12*
Losartan (n=8) 174+77 405+20 289+ 6

Values are expressed as mean+SEM. #: p<0.05 and t:
p<0.01 when compared to the control group freated
with icv aCSF or losartan. BW: body weight, MAP: mean
arterial pressure, HR: heart rate, DOCA: deoxycortico-
sterone acetate, bpm: beats per minute
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controls after 2 weeks, but was significantly less after 4
weeks (Table 1).

In rats with DOCA-salt for 2 weeks, MAP did not
show a significant change at 1 and 2 hours after icv inje-
ction of losartan, but started declining at 4 hours, and
significant decreases in MAP were found at 18 and 24
hours after icv losartan. In hypertensive rats with DOCA-
salt for 4 weeks, MAP decreased significantly at 4, 18
and 24 hours. BP reached that of control rats at 18 and
24 hours at both 2 and 4 weeks (Figure 3). There was
no significant change of HR (Figure 4).

In control rats, icv losartan had no effect on BP and
HR. Icv aCSF did not significantly change MAP and HR
in either the DOCA-salt hypertensive rats or the control
rats (Figure 3).

Chronic injection

After 4 weeks of treatment, the resting MAP was hi-
gher in the DOCA +icv aCSF group than in the control
(141.1%£5.5 mmHg vs 112.8 £5.6 mmHg, p=0.0028),
and the resting MAP was higher in the DOCA +sc losa-
rtan group than in the control, but not statistically signi-
ficant (132.4*8.6 mmHg vs 112.825.6 mmHg, p=
0.0725) . However, the resting MAP of the DOCA +icv
losartan group was not significantly different from that
of the control (127 £15.2 mmHg vs 112.8 £5.6 mmHg,
p=0.373). A strong trend marked the decrease of MAP
in the DOCA +icv losartan group, which was more than

-@- Control+ aCSF
-O- DOCA+ aCSF

i Control+losartan
-1 DOCA+ losartan

-@- Control+ aCSF
-O- DOCA+ aCSF

- Control+losartan
- DOCA+ losartan

2 weeks DOCA-salt

160
4ol
2
€ 120[
£

100~
< $ + T
3 ool icv injection

60
Basal 1 hr 2hr 4hr 18hr 24 hr

4 weeks DOCA-salt
2001

180[~
S 160~ *
I
£ 140
§120*
S0 4 t t
80 icv injection

60

Basal 1 hr 2hr 4hr 18 hr
Time affer injection

24 hr

Figure 3. Acute injection. Time course of changes in mean arterial pressure (MAP) after injection of losartan 1 mg/4 uL
or artificial CSF info the lateral ventricle of the brain. Values represent mean=SEM. Asterisks below the line designate
difference from basal in DOCA+losartan group. DOCA: deoxycorticosterone acetate, aCSF: artificial cerebral space

fluid, CSF: cerebral space fluid. *: p<0.05, T:p<0.01.
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—- Control+losartan
- DOCA+ losartan

-@- Control+ aCSF
-O- DOCA+ aCSF
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Figure 4. Acute injection. Time course of changes in heart rate (HR) after injection of losartan 1 mg/4 uL or artificial
CSF into the lateral ventricle of the brain. Values represent mean =SEM. bpm: beats per minute, DOCA: deoxycorti-
costerone acetate, aCSF: artificial cerebral space fluid, CSF: cerebral space fluid.
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Figure 5. Changes in mean arterial pressure (MAP) after
4 weeks of chronic injection. The DOCA+icv losartan
group showed no significant increase in MAP versus the
control (p=0.373), but the DOCA+sc losartan group sho-
wed a frend of increasing MAP versus the control (p=
0.0725). NS: not significant, DOCA: deoxycorticosterone
acetate, aCSF: artificial cerebral space fluid. *: p<.05 vs
control, 1:p=.578 vs DOCA+aCSF.
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Figure 7. Changes in LV and RV weight after 4 weeks of
chronic injection. The DOCA+aCSF group showed a
significant increase in LV weight compared with the co-
ntrol, but the LV weights of both the DOCA+sc losartan
or DOCA+icv losartan groups were not different from
the control. LV: left ventride, RV: right ventride, DOCA:
deoxycorticosterone acetate, aCSF: artificial cerebral
space fluid. *: p<.05 vs control.
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Figure 6. Changes in heart rate (HR) after 4 weeks of
chronic injection. No significant difference was found in
all study groups. DOCA: deoxycorticosterone acetate,
aCSF: artificial cerebral space fluid, bpm: beat per
minute.
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Figure 8. Changes in kidney weight affer 4 weeks of
chronic injection. In contrast to the other groups, which
showed significant increases in kidney weight compa-
red the control, the DOCA+icv losartan group showed
no significant increase in kidney weight. DOCA: deo-
xycorticosterone acetate, aCSF: artificial cerebral space
fluid. *: p<.05 vs control.
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that of the DOCA +icv aCSF group (127+15.2 mmHg
vs 141.1£5.5 mmHg, p=0.0578) (Figure 5) . Resting
HR did not differ in all groups (Figure 6). LV and kidney
weight increased significantly in the DOCA+icv aCSF
group compared with the control group, but in the DOCA
+icv losartan group, LV and kidney weight did not inc-
rease compared with the control. RV weight was the same
in all groups (Figure 7, 8).

Discussion

The major parts of the brain relating to circulatory
regulation include periventricular tissues, hypothalamic
nuclei, periaqueductal gray matter of the midbrain, and
nuclei of the medulla oblongata. These areas have AT,
receptors that can be activated by angiotensin II (Ang II)
and can induce hemodynamic change. Most of the brain
tissues have the blood-brain barrier (BBB) separated
from the circulatory system, but some circumventricular
organs (CVO) and area postremia (AP) of the medulla
oblongata have no BBB. These can be directly affected
by circulatory active substances.

The brain renin-angiotensin system (RAS) contributes
to the development and maintenance of certain forms of
salt-sensitive hypertension. Chronic blockade of brain AT,
receptors by icv losartan prevents both the sympathetic
hyperactivity and exacerbation of hypertension in SHR
on high sodium.'® Chronic icv infusion of the AT,
receptor blocker CV-11974 (active metabolite of cande-
sartan) or losartan prevents the development of hyperte-
nsion in Dahl-Iwai salt-sensitive rats'® and Dahl S rats.'”
Therefore, activation of the brain AT receptors seems to
be essential for the development of salt-sensitive hyper-
tension in SHR and Dahl S rats.

In unilaterally nephrectomized rats, blood pressure rose
between 1—2 weeks after beginning DOCA-salt treat-
ment.'3?> After 4 weeks, blood pressure further increased
and remained elevated even after stopping steroid treat-
ment (post-DOCA-salt hypertension) .** Depending on
the dose of steroid and sodium intake, rats with systolic
blood pressure in excess of 200 mmHg entered a mali-
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gnant phase and died with brain, vascular, and renal
lesions as well as weight loss. In the present study, 1
among 15 rats after 2 weeks and 11 among 14 rats after
4 weeks of DOCA-salt treatment had systolic blood
pressures over 200 mmHg. We used the 2-week rats to
assess the role of Ang II in the development of DOCA-
salt hypertension and the 4-week rats to evaluate the role
of Ang II in the maintenance of DOCA-salt hypertension.

From a biochemical point of view, there is evidence
for increased activity of the brain RAS during the deve-
lopment of DOCA-salt hypertension. After DOCA-salt
treatment for 1 month, renin-like activity and Ang II in
the hypothalamus and brain stem nuclei increased, while
plasma renin activity was very low.”® In rats with
DOCA-salt hypertension for 4—8 weeks, angiotensin II
receptor binding on autoradiography was also elevated
in selected brain areas involved in cardiovascular regu-
lation, such as the nucleus of the solitary tract, area po-
strema, median preoptic nucleus, subfornical organ, and
solitary vagal area.*® Moreover, BP responses to cen-
trally administered Ang II were significantly augmented
after 3 and 8—10 weeks of DOCA-salt treatment in
rats. ¥

However, acute icv infusion of the Ang II antagonist
saralasin led to a significant dose-dependent increase in
BP 30 min after infusion in DOCA-salt hypertensive
rats.'? This pressor response might be due to partial
agonist activity of saralasin®® in conjunction with incre-
ased number and sensitivity of brain Ang II receptors.
Since nonpeptide AT, receptor blockers such as losartan
lack agonist activity, they may be used to specifically exa-
mine the functional role of AT, receptors. In the present
study, after 2 weeks of DOCA-salt treatment losartan
decreased the MAP to control levels at 18 and 24 h after
the injection. The decrease in BP developed slowly and
did not occur until 4 h postinjection. These data indicate
that brain AT receptor stimulation plays a major role in
the development of hypertension in DOCA-salt rats. Since
icv injection of losartan also normalized the MAP once
the hypertensive state is established (4 weeks of DOCA-
salt), the brain RAS continues to play a major role in the
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maintenance of DOCA-salt hypertension.

Injection of losartan into the lateral ventricle or the
rostral parts of the third ventricle decreased BP in 4-
week DOCA-salt hypertensive rats by 10—17 mmHg.")
These depressor responses to losartan began within 1min,
reached a plateau within 20 min and lasted for more than
1 h."® In contrast, in the current study icv losartan
decreased arterial pressure until 4 hours after injection,
and control levels of BP were reached at 18—24 hours
after injection. Others also observed delayed BP respo-
nses to AT, receptor blockers after icv administration.
Continuous icv infusion of the AT receptor blocker CV-
11974 for 7 days lowered the BP only from the fourth
day after the start of the infusion in 6-week DOCA-salt
treated rats.'¥ Pare et al. demonstrated that in SHR, losa-
rtan induced long-lasting (days) BP reductions (<40
mmHg), only at 18 h after icv injection, but not EXP-
3174, an active metabolite of losartan. They hypothesized
that the slow development of BP reduction and its persi-
stence might be due to the formation of an active meta-
bolite, different from EXP-3174.2” However, these studies
used rats under general anesthesia, which decreases
vascular sympathetic tone and derange blood pressure;
so studies using unconscious rats cannot reflect the pre-
cise effect of a drug. We used conscious rats to avoid this
unexpected bias. In chronic injection study, but not in
acute injection study, we observed some leakage from
the icv cannulation site connected to the osmotic mini-
pump in several rats during 4 weeks active ambulation.
It might be less significant MAP decrease in the chronic
DOCA +icv losartan group compared to the acute inject-
ion study. The chronic study showed no significant incr-
ease in the MAP of the DOCA +icv losartan group versus
the control (p=0.373). In contrast, DOCA+sc losartan
group, showed a statistically insignificant but slight inc-

rease in MAP versus the control (p=0.0725) (Figure 5).

This indicates that blocking the peripheral AT1 receptors
by subcutaneous injection of losartan is not sufficient to
decrease MAP and that intracerebroventricular injection
of losartan is more potent in blocking the central AT,
receptor. The protective effect on the heart and kidneys
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observed in the DOCA +icv losartan group can also be
explained by this MAP drop effect (Figure 7, 8).

Besides Ang II, vasopressin, endothelin,®®** and the
sympathoadrenal system®” may also contribute to the
development and maintenance of DOCA-salt hyperte-
nsion in rats. Central pathways involving stimulation of
AT, receptors may contribute to increases in arginine
vasopressin (AVP) and sympathetic activity, which con-
tribute to the rise in BP of DOCA-salt rats.” Acute icv
injection of CV-11974 decreased the plasma concentra-
tion of AVP, and urinary excretion of AVP decreased
from the fourth day of continuous icv infusion of CV-
11974."Y Therefore, it is possible that inhibiting the
brain AT, receptor results in reduced release of AVP and,
consequently, BP with some latency due to yet unclear
reasons. Recent reports suggest that vasopressin stimu-
lates arterial ET-1 production, resulting in increased supe-
roxide levels in DOCA-salt hypertension. Vasopressin
induces O,- production via its V1 receptors, and the effect
is ET-1 dependent.*" ET-1 augments vascular superoxide
production at least in part via an ET,/NADPH oxidase
pathway.*® It is known that circulating ET-1 level is
increased in patients with low-renin essential hyperte-
nsion.

In summary, centrally administered losartan norma-
lized BP in DOCA-salt hypertensive rats. These results
support the concept that the brain RAS and, specifically,
stimulation of the brain AT, receptor contribute to the
development and maintenance of hypertension in this
model and also suggests that the brain AT receptor blo-
cker has a protective effect on cardiovascular regulatory

organs, such as the heart and kidney.

B Acknoewledgments
This work was supported by operating grant SanHak-2000-
10 from the Korean Society of Circulation.

REFERENCES

1) Gavras H, Brunner HR, Laragh JH, Vaughan ED Jr, Koss M,
Cote LJ, et al. Malignant hypertension resulting from deo-
xycorticosterone acetate and salt excess. Circ Res 1975:36:
300-9.

2) Trippodo NC, Robl JA, Asaad MM, Bird JE, Panchal BC,
Schaeffer TR, et al. Cardiovascular effects of the novel dual

Korean Circulation J 2004;34(1):84-91



inhibitor of neutral endopeptidase and angiotensin-converting
enzyme BMS-182657 in experimental hypertension and heart
failure. J Pharmacol Exp Ther 1995;275:745-52.

3) Lacour C, Canals F, Galindo G, Cazaubon C, Segondy D,
Nisato D. Efficacy of SR 47436 (BMS-186295), a non-peptide
angiotensin AT receptor antagonist in hypertensive rat mo-
dels. Eur J Pharmacol 1994,264:307-16.

4) Wilson KM, Sumners C, Hathaway S, Fregly MJ. Minera-
locorticoids modulate central angiotensin Il receptors in rats.
Brain Res 1986;382:87-96.

5) Gutkind JS, Kurihara M, Saavedra JM. Increased angiote-
nsin 1l receptors in brain nuclei of DOCA- salt hypertension
in rats. Am J Physiol 1988,;255: H646-50.

6) Healy DP, Zhang N. Angiotensin II receptors in the solitary-
vagal area of hypertensive rats. Hypertension 1992,19:
355-61.

7) Weyhenmeyer JA, Meyer M. Angiotensin Il in the brain
and brainstem of the DOCA-salt hypertensive rat. Clin Exp
Hypertensions A 1985,7:73-92.

8) Basso N, Ruiz P, Mangiarua E, Taquini AC. Renin-like
activity in the rat brain during the development of DOC-
salt hypertension. Hypertension 19813 (Suppl I1):1114-7.

9) Pochiero M, Nicoletta P, Losi E, Bianchi A, Caputi AP.
Cardiovascular responses of conscious DOCA- salt hype-
rtension rats to acute intracerebroventricular and intravenous
administration of captopril. Pharmacol Res Commun 1983,
15:173-82.

10) Itaya Y, Suzuki H, Matsukawa S, Kondo K, Saruta T. Central
renin-angiotensin system and the pathogenesis of DOCA-
salt hypertension in rats. Am J Physiol 1986;251:H261-8.

11) Unger T, Becker H, Petty M, Demmert G, Schneider B,
Ganten D, et al. Differential effects of central angiotensin II
and substance P on sympathetic nerve activity in conscious
rats. Circ Res 1985:56:563-75.

12) Mann JF, Phillips MI, Dietz R, Haebrara H, Ganten D.
Effects of central and peripheral angiotensin blockade in
hypertension rats. Am J Physiol 1978,234:H629-37.

13) Kubo T, Yamaguchi H, Tsujimura M, Hagiwara Y, Fuku-
mori R. Blockade of angiotensin receptors in the anterior
hypothalamic preoptic area lowers blood pressure in DOCA-
salt hypertensive rats. Hypertens Res 2000,23:109-18.

14) Nishimura M, Ohtsuka K, Sakamoto M, Nanbu A, Taka-
hashi H, Yoshimura M. Roles of brain angiotensin II and C-
type natriuretic peptide in deoxycorticosterone acetate-salt
hypertension in rats. J Hypertens 1998;16:1175-85.

15) Huang BS, Leenen FH. Brain ouabain and angiotensin Il in
salt-sensitive hypertension in spontaneously hypertensive rats.
Hypertension 1996;28:1005-12.

16) Teruya H, Muratani H, Takishita S, Sesoko S, Matayoshi R,
Fukiyama K. Brain angiotensin II contributes to the deve-
lopment of hypertension in Dahl-Iwai salt-sensitive rats. J
Hypertens 1995, 13:883-90.

17) Huang BS, Leenen FH. Both brain angiotensin II and ou-

Seung Jin Lee, et al

abain contribute to sympathoexcitation and hypertension
in Dahl S rats on high salt intake. Hypertension 1998,32:
1028-33.

18) Liu DT, Birchall I, Kincaid-Smith P, Whitworwrth JA. Effect
of dietary sodium chloride on the development of renal glo-
merular and vascular lesions in hypertensive rats. Clin Exp
Pharmacol Physiol 1993,20:763-72.

19) Haddy F, Pamnani M, Clough D. The sodium-potassium
pump in volume expanded hypertension. Clin Exp Hypertens
1978-79:1:295-336.

20) Wauquier I, Pemollet MG, Delva P, Lacour B, Devynck MA.
High sodium diet and circulating digitalis-like compound in
the rat. J Hypertens 1986,4:463-9.

21) Kojima I, Yoshihara S, Ogata E. Involvement of endogenous
digitalis-like substance in genesis of deoxycorticosterone-salt
hypertension. Life Sci 1982;30:1775-81.

22) Nakamura T, Ichikawa S, Sato K, Tajima Y, Fujita H, Mu-
rata K. Time-related alterations in an endogenous digitalis-
like factor in the development of DOCA-salt hypertension in
rats. Clin Exp Hypertens A 1987;9:1733-44.

23) Vargas F, Casanova I, Haro JM, Luna JD, Garcia del Rio C.
Urinary excretion of digoxin-like factor (DLF) and ADH
during DOCA-salt and Goldblatt 2 kidnery-1 clip hyperte-
nsion development. Horm Metab Res 1990;22:352-5.

24) Morton JJ, Kenyon CJ, Beattic EC. Hormone and electrolyte
changes in post-deoxycorticosterone salt hypertension in rats.
J Hypertens 1990;8:1021-6.

25) Matsuguchi H, Sharabi FM, O’Connor G, Mark AL, Schmid
PG. Central mechanisms in DOC- salt hypertensive rats. Clin
Exp Hypertens A 1982;4:1303-21.

26) Brunner HR, Laragh JH. Saralasin in human hypertension:
the early experience. Kidney Int Suppl; 1979. p.S36-43.

27) Pare MC, Maltais S, Escher E. The neurogenic origin of
hypertension in SHR may be mediated by angiotensin 1l
through a receptor different from AT1 and AT2. Regul Pept
1993:47:81-6.

28) Lariviere R, Thibault G, Schiffrin EL. Increased endothelin-
1 content in blood vessels of deoxycorticosterone acetate-
salt hypertensive but not in spontaneously hypertensive rats.
Hypertension 1993;21:294-300.

29) Lariviere R, Day R, Schiffrin EL. Increased expression of
endothelin-1 gene in blood vessels of deoxycorticosterone
acetate-salt hypertensive rats. Hypertension 1993,21:916-20.

30) Reid JL, Zivin JA, Kopin 1. Central and peripheral adre-
nergic mechanisms in the development of deoxycorticoste-
rone-saline hypertension in rats. Circ Res 1975:37:569-79.

31) Li L, Galligan JJ, Fink GD, Chen AF. Vasopressin induces
vascular superoxide via endothelin-1 in mineralocorticoid
hypertension. Hypertension 2003,41:663-8.

32) Li L, Fink GD, Watts SW, Northcott CA, Galligan JJ, Pagano
PJ, et al. ET-1 increases vascular superoxide via ETA-NADPH
oxidase pathway in low renin hypertension. Circulation 2003,
107:1053-8.

91




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


