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Augmented Expression of Cardiac Atrial Natriuretic Peptide System

in Hypertensive Rats

The present study was aimed at investigating the regulation of atrial natriuretic
peptide (ANP) system in association with either enhanced or attenuated activity
of the renin-angiotensin system (RAS). The cardiac tissue mRNA and peptide
levels of ANP were measured in rats with two-kidney, one clip (2K1C) or deoxy-
corticosterone acetate (DOCA)-salt hypertension. Plasma renin concentration
was increased in 2K1C hypertension along with increases of renin mRNA and
protein contents in the clipped kidney. On the contrary, it was suppressed in
DOCA-salt hypertension along with decreases of renin mRNA and protein
contents in the remaining kidney. The plasma ANP concentration was similarly
increased in both models of hypertension. The cardiac tissue ANP contents
were not significantly changed, but the tissue ANP mRNA levels were upre-
gulated in the hypertrophied heart in these two models of hypertension. It is
suggested that the cardiac ANP system is transcriptionally enhanced by cardiac
hypertrophy associated with hypertension, independent of the systemic RAS.
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INTRODUCTION

Atrial nattiuretic peptide (ANP) is produced mainly in
the cardiac atria (1). It has been vatiously suggested to
act as an endogenous antagonist to the renin-angiotensin
system (RAS). It inhibits renin secretion, suppresses aldo-
sterone release, and attenuates the vasoconstrictor effect
of angiotensin (Ang) II (2, 3).

The direct effect of RAS on ANP system has been also
suggested. Infusion of subpressor doses of Ang II in-
creases ANP secretion (4) or Ang IT stimulates ANP gene
expression in cultured cardiomyocytes (5). In addition,
catdiac ANP gene expression is enhanced duting the
activation of systemic RAS by dipping the unilateral
renal artery (6). Although these findings suggest a role
for an enhanced activity of RAS to regulate ANP system,
it has not been established to what extent an attenuated
activity of RAS modifies ANP system.

The present study was aimed at investigating the in-
teraction of ANP system with RAS. To enhance or di-
minish the activity of RAS, two-kidney, one clip 2K10)
ot deoxycorticosterone acetate (DOCA)-salt hypertension
was induced in rats, and the expression of renal renin
and cardiac ANP genes was determined.
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MATERIALS AND METHODS

Animal preparation

Experiments were done using male Sprague-Dawley
rats weighing 150-200 g. They wete kept in accordance
with the Institutional Guidelines for Expetimental Ani-
mal Cate and Use. 2K1C hypertension was induced by
partial constriction of the left renal artetry with a silver
clip, having an internal diameter of 0.2 mm under keta-
mine anesthesia. The contralateral kidney was left un-
touched. Animals subjected to sham-operation served as
control.

To develop DOCA-salt hypertension, one week after
the left unilateral nephrectomy, rats wete subcutaneously
implanted with silastic DOCA (Sigma; St. Louis, MO,
US.A,; 200 mg/kg body weight) strip. They wete then
supplied with 1% saline for drinking water. The control
group was treated the same as the expetrimental group
except that DOCA strip was not implanted.

Four weeks after inducing hypertension, systolic blood
pressute was measuted by means of a tail-cuff method
without anesthesia. The rats were then decapitated, and
their trunk blood was collected to determine renin and
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ANP in the plasma. Kidneys and hearts were rapidly
removed, frozen in liquid nitrogen, and stored at -70C
undl use.

Radioimmunoassay of renin and ANP

The renal tissue homogenates were prepared as de-
sctibed previously (7). The concentrations of renin in the
plasma and cortical tissue homogenates were determined
by the amounts of Ang I generated in the presence of
excess renin substrate using radioimmunoassay (RIA) kit
(New England Nuclear; Boston, MA, US.A)).

The plasma was extracted with Sep-Pak Cyg cartridges
(Watets Associates; Milford, MA, U.S.A.). The atria or
ventricles were boiled in 0.1 N acetic acid for 10 min,
homogenized, centtifuged, and the supernatant was col-
lected. Concentrations of ANP in the plasma and tissue
homogenates were determined by RIA (Research & Diag-
nostic Antibodies; Berkely, CA, US.A.).

RNA extraction and Northern blot analysis

Total RNAs were isolated from the kidney, atrium,
and ventricle using Ultraspec™ RNA isolation system
(Biotecx Laboratories; Houston, TX, U.S.A.) according to
the single-step method of Chomczynski and Sacchi (8).
The RNA samples were tesolved by electrophotesis
through 8% formaldehyde-1.4% agarose denaturing gel
buffered with 20 mM 3-N-motpholinoptropane sulfonic
acid and 1 mM ethylenediaminetetraacetic acid, pH 7.4.
They were then transferred overnight from gels to nylon
membrane (Boehtringer Mannheim Biochemicals; Man-
nheim, Germany) in 20 XSSC (1 XSSC contains 150 mM
NaCl and 15 mM sodium citrate), and baked at 80T

Table 1. Characteristics of 2K1C and DOCA-salt rats
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for 2 hr under vacuum.

To determine renin mRNA, “P-labeled RNA tran-
scribed from plasmid containing ¢cDNA sequence for
renin gene, linearized with BamH1, was used. The probe
used to detect ANP mRNA was 600 bp EcwR1 insert
of rat ANP ¢cDNA generated with Prime-a Gene® label-
ing system (Promega; Madison, WI, US.A.) in the pte-
sence of [“P]-dCTP. The filters were prepared as pre-
viously desctibed (9), and exposed to X-ray films (O-
MAT™, Kodak). The mRNA levels for renin and ANP
wete determined by densitomettic analysis of Notthern
blot autoradiograms, which wete normalized with 188
rRNA.

Data were expressed as means =SEM. For statistical
analysis of differences between the groups, unpaired t test
was used.

RESULTS

Blood pressure and cardiac tissue weights

Systolic blood pressure and cardiac tissue weights are
summarized in Table 1. Four weeks after inducing hypet-
tension, ventricles but not atria wete significantly greater
in 2K1C hypertensive rats than in theit control. Both
ventticles and attia were significantly greater in DOCA-
salt hypertensive rats compared with those in theit con-
trol.

Renin

Table 2 shows the renin levels in the plasma and renal
tissue. Renin mRNA data are also shown in Fig. 1 and

2K1C DOCA-salt
Contral Hypertensive Control Hypertensive
SBP (mmHg) 113+5 186+19* 121+3 217+11%
Atria (ug/g BW) 223+9 236+11 154+6 233+9*
Ventricles (ug/g BW) 3637155 4117 +95% 2974+83 3981 +47*

Tissues were blotted dry and weighed.

SBP, systolic blood pressure; BW, body weight; n=9, number of rats in each group; * p<0.05, compared with control

Table 2. Plasma renin concentration (PRC) and renal renin contents (RRC) in 2K1C and DOCA-salt rats

Control Hypertensive

2K1C PRC (ng/mL/hr) 380+3.7 74.7+10.4%
RRC (vg/mg/r)-Clipped 7.56+2.69 15.47+1.15*

-Contralateral 10.03+0.63 2.50+0.25%

DOCA-salt PRC (ng/mL/hr) 71+05 3.1+0.3*
RRC (ug/mg/hr) 1.48+0.11 0.23+0.07*

n=6, number of rats in each group; * p<0.05, compared with control
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Fig. 1. Autoradiograms show Northern blot analysis for renin
mMRNA and 18S rRNA in clipped (CLK) and contralateral kidneys
(COK) of 2K1C and remaining kidney (RK) of DOCA-salt rats
at four weeks after inducing hypertension. The size of rat renin
mRNA was approximately 1.6 kb. Bar graphs represent relative
renin MRNA levels, which were measured with an Image
Analyzer and normalized to the signal for 183 rRNA. n=3-6.
*0<0.05, Control (C, open bar) vs 2K1C hypertensive group
(HT, closed bar).

2. Plasma renin concentration (PRC) was significantly
highet in 2K1C hypertensive tats, and lower in DOCA-
salt hypertensive rats than in their respective controls
(Table 2). In 2K1C hypertensive rats, renin mRNA and
protein contents in the clipped kidney were significantly
increased, whereas those in the contralateral kidney were
decreased (Table 2, Fig. 1). In DOCA-salt hypettensive
rats, renin mRNA and protein contents in the remaining
kidney wete significantly decreased (Table 2, Fig. 1).

ANP
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Fig. 2. Autoradiograms show Northem blot analysis of total
RNA (5 and 20 pg, respectively) extracted from atrium and
ventricle of 2K1C rats at four weeks after renal artery clipping
to measure ANP mRNA and 18s rRNA. Bar graphs represent
relative ANP mRNA levels. n=6. *p<0.05, Control (C, open bar)
vs 2K1C hypertensive group (HT, closed bar).

Plasma ANP levels were similatly increased in both
2K1C and DOCA-salt hypertensive rats compared with
those in their corresponding controls (Table 3). Atrial
and ventticular ANP contents were not significantly
changed either in 2K1C or DOCA-salt rats (Table 3).
However, atrial and ventricular ANP mRNA levels wete
significantly increased both in 2K1C (Fig. 2) and DOCA-
salt hypertensive rats (Fig. 3).

DISCUSSION

Hypertension induced by constricting the unilateral
renal artery was associated with increases of renin mRNA

Table 3. Plasma and cardiac tissue ANP levels in 2K1C and DOCA-salt rats

2K1C DOCA-salt
Control Hypertensive Contral Hypertensive
Plasma (pg/mL) 268+38 436 +57* 250+23 409+60*
Atria (ng/mg) 1256+79 123.8+122 1329+7.0 136.1+15.6
Ventricles (pg/mg) 1.75+017 1.81+0.40 457+0.53 5.01+0.31

n=6, number of rats in each group; * p<0.05, compared with control
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Fig. 3. Autoradiograms show Northem blot analysis of total
RNA (5 and 20 ug, respectively) extracted from afrium and
ventricle of DOCA-salt rats at four weeks after DOCA implant-
ation and drinking of 1% NaCl to measure ANP mRNA and
18s rRNA. Bar graphs represent relative ANP mRNA levels.
n=6. *p<0.05, Control (C, open bar) vs DOCA-salt hyperten-
sive group (HT, closed bar).

and protein levels in the clipped kidney, and hence, of
circulating renin. In contrast, tenin mRNA and protein
levels in the contralateral kidney were matkedly de-
creased. The supptessed renin in the contralateral kidney
has been attributed ptimarily to elevated levels of citcu-
lating Ang II and/or the resultant increases in artetial
ptessute (10, 11). On the other hand, DOCA-salt hypet-
tension has been chatacterized by extracellular volume
expansion and suppressed renin (12, 13). We also ob-
served decreased renin content and renin gene exptession
with concomitant changes in PRC.

However, the plasma ANP was similatly increased in
2K1C and DOCA-salt hypertension. Since the increased
plasma ANP level was accompanied by increases of cat-
diac tissue ANP mRNA levels in both models of hypet-
tension, an incteased synthesis is suggested. This may be
in line with previous obsetvations which showed an in-
creased attial specific granule formation in DOCA-salt
rats (14, 15). However, neither atrial nor ventricular
ANP content was significantly altered by the hyperten-
sion in the present study. Sato et al. (16) also failed to
observe any significant alterations in cardiac ANP con-
tents despite the increased plasma levels in DOCA-salt
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hypertension. No increase of tissue peptides in the pre-
sence of the increased tissue mRNA may indicate a stim-
ulated release, so that the newly synthesized ANP would
not be piled up as such.

The mechanism by which cardiac ANP gene expres-
sion is stimulated in hypertension has not been estab-
lished. It has been suggested that Ang II plays a role
in the stimulation of ANP gene exptession, i.e., Ang con-
verting enzyme inhibitors ot Ang receptor antagonists
blunted the gene exptession and promoted regression of
ventticular hypertrophy during unilateral tenal artety
clipping (6, 17, 18). In contrast, the stimulation of RAS
by loop diutetic furosemide or calcium antagonist amlo-
dipine did not influence or decrease cardiac ANP mRNA
levels (6). Taken together, an increase of systemic tenin
and Ang II levels per se has no ditect effect on cardiac
ANP gene expression.

On the other hand, ANP mRNA was increased in
dexamethasone-induced hypettrophied ventricles, and in
the ventricles of spontaneously hypertensive rats (19, 20).
In addition, ventricular ANP is synthesized and secreted
into the citculation in proportion to its degree of hypet-
trophy (17). A significant cotrelation has been also noted
between the degree of ventricular hypertrophy and plas-
ma ANP levels (19, 21, 22). The prolonged stenosis of
unilateral renal artery results in severe hypertension and
cardiac hypertrophy (23). We also observed cardiac hy-
pettrophy in both models of hypertension. It is likely that
the cardiac hypertrophy associated with hypertension re-
presents a majot factor stimulating ANP gene expression.
The augmented synthesis and release of ANP may then
serve to counteract the high blood pressute.

In summary, our study demonstrated an altered reg-
ulation of ANP system in both 2K1C and DOCA-salt
hypertension, in which plasma ANP levels were similatly
increased along with augmented ANP gene expression in
the hypertrophied heatt. It is suggested that the cardiac
hypertrophy associated with hypettension is causally re-
lated with the enhanced cardiac ANP gene expression,
independent of the activity of systemic RAS.
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