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= Abstract =

Responses of atrial natriuretic peptide (ANP), aldosterone and renin release to acute volume
expansion were compared in normotensive Wistar and spontaneously hypertensive rat (SHR) fed low-
or high-sodium diet (2 or 25 mmol Na/100 g diet). Experimental diets were fed for 6 weeks from
7-week-old and the growth rate was similar in all groups. In the morning of the experiment, catheters
were inserted under ether anesthesia in femoral artery for pressure recording and blood collection,
femoral vein for saline infusion, and bladder for urine collection. Then, the rats were placed in
restraining cages. When the rats were recovered from anesthesia and the arterial pressure became
stabilized, control urine and blood samples were collected. Then, 0.99% saline was infused for 30 min
for volume expansion (3% BW).

Arterial pressure was significantly higher in the high-sodium SHR but there was no difference
between the two groups of Wistar rats. Control plasma levels of Na, K, ANP, renin activity, and
hematocrit were not different among the 4 groups. However, plasma aldosterone level was significantly
higher in the low-sodium groups. Wistar low-sodium rats showed .approximately two times higher
plasma aldosterone level than the SHR counterpart. Volume expansion produced a marked increase in
plasma ANP level, especially in the high-sodium groups. The low-sodium groups of both strains showed
approximately two-fold increase in plasma ANP level. Following a volume expansion plasma aldoster-
one level and renin activity decreased in all groups. There was a significant logarithmic positive
correlation between plasma renin activity and aldosterone concentration. The low-sodium rats
produced a greater increase in aldosterone release by small increase in plasma renin than did the
high-sodium rats. The low- and high-sodium rats produced a similar degree of diuresis and natriuresis
after volume expansion. However, SHR produced a greater natriuresis than did the Wistar rats.

The above results indicate that regulatory mechanisms of ANP, aldosterone and renin release are

different between the normotensive and hypertensive rats, and between the low- and high-sodium

groups.
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body fluid volumes are under the influence of a

INTRODUCTION variety of hormonal control systems such as the
Homeostatic regulation of sodium balance and renin-angiotensin system (Hall et al, 1980; Laragh &
TR AT AT Y A S48y E4 Sealey, 1973) and aldosterone (de Wardener, 1973).
A A Fu| R o] Fof HE, Recently, it has been shown that cardiac atria from a
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variety of mammalian species contain a peptide
hormone which may play a role in the regulation of
sodium balance and extracellular fluid volume (de
Boid, 1979; Burnett et al, 1984; Needleman et al,
1985). This hormone, atrial natriuretic peptide
(ANP,

released from the atrial myocytes in response to

atriopeptin, auriculin, cardionatrin), is
stimuli such as acute volume expansion (Lang et al,
1985; Sagnella et al, 1985) or increased heart rate
(Tikkanen, 1985). Mechanical stretching of the atria
induces release of ANP in animals (Dietz, 1984).

In human, plasma ANP level is higher than nor-
mal in states of volume overloading such as renal
failure and congestive heart failure (Hasegawa et al,
1986; Shenker et al, 1985). Specific renal, vascular
and adrenal receptors for ANP have been identified
(Needleman et al, 1985; Maak et al, 1985). ANP
injection produces very prompt and potent diuretic
and natriuretic effects both in animals and man (de
Bold 1985; Freeman et al, 1985). ANP has also been
shown to reduce blood pressure, and inhibit synthesis
and release of renin and aldosterone (Maak et al,
1985; Burnett et al, 1984).

These observations have led to the suggestion that
ANP may be an important humoral mechanism in
the regulation of sodium balance and extracellular
fluid volume by linking a pressure-sensitive mecha-
nism in the atria with the control of body fluid
volume by the kidney (de Bold, 1985; Maak et al,
1985; Needleman et al, 1985).

Some evidences suggest differences between nor-
motensive and hypertensive rats in circulating levels
of hormones (renin, aldosterone and ANP) regulat-
ing sodium balance and body fluid volume (Koletsky
et al, 1970; Kim et al, 1988).

However, it is poorly understood on the role of
these hormones in short-term and long-term regula-
tion of sodium balance in normotensve and hyperten-
sive rats. The present study was designed to compare
the responses of ANP, aldosterone and renin releases

to acute volume expansion in normotensive and

hypertensive rats fed low- or high-sodium diet for 6
weeks. In addition, diuretic and natriuretic responses
to chronic and acute changes in sodium loading were

compared in the same rats.

METHODS

Male Wistar and spontaneously hypertensive (SH)
rats at 7 weeks of age were randomly placed in the
low or high Na diet (2, 25mmol Na/100g diet,
respectively). Rats had free access to food and water.
Body weight and food intakes were measured every
week.

After 6 weeks on the low or high Na diet, rats were
anesthetized with ether and catheters (pulled PE 50,
Clay Adams) were placed in left femoral artery for
blood pressure measurement and femoral vein for
saline infusion. The free ends of the catheters filled
with heparinized saline (50 U/ml) were exteriorized
at the back and secured. Then the urinary bladder
was exposed via a median abdominal incision and
cannulated (PE 100 with a flared tip) for urine
collection. The rats were placed-in restraining cages
and arterial catheters were connected to a Statham
P50 transducer for the recording of the blood pres-
sure (Narco, MK-IV-P).

When arterial pressure had been stabilized, the
venous catheter was connected to a infusion pump
(Sage, 341-A) and 0.99% saline was infused at a rate
of 1.0ml/hr for 90 min and control urine was col-
lected for the last 30 min. Then 2.5 ml of control
blood were taken slowly into a plastic syringe
containing 50 gl aprotinin (1 mg/ml) and 50 gl
EDTA (50 mg/ml) with soybean trypsin inhibitor (3
mg/ml). The same volume of donor blood was given
simultaneously through the venous catheter during
the arterial blood sampling period of approximately
one min. Donor blood was obtained just prior to the
experiment from the trunk of rats after decapitation

under light ether anesthesia (Lee-Kwon et al, 1984).

— 254 —



—Ae Ra Kim, et al. | Dietary Sodium Effect on Hormone Responses to Volume Expansion in SHR—

Donor blood was divided into 2.5 ml aliquots in
plastic syringes and kept at room temperature. The
blood was warmed to 37 C right before use.

For acute volume expansion, 0.9% saline was
infused over a period of 30 min (3% body weight),
starting at the end of the control sample collections.
Arterial blood sample was collected immediately
after the saline infusion by the same method as
described.

Hematocrit was measured by a microhematocrit
procedure and plasma was separated by centrifuga-
tion at 2000 rpm for 20 min at 4 C. One ml of plasma
was extracted freshly on C,3 Sep-Pak cartridge
(Waters Inc.) for ANP measurement with the method
of radioimmunoassay (RIA) described by Kim et al.
(1988). Rest of the plasma was stored at —20 °C for
measurement of aldosterone by using RIA kit (Diag-
nostic Inc.), and renin with RIA method described by
Kim and Cho (1986). Plasma and urinary Na and K
were measured with flame phetometer (Beckman).
Osmolality was measured with osmometer
(Advanced, 3dII).

RESULTS

Growth rate was similar in Wistar and SHR fed
low- or high-salt diet for 6 weeks. Plasma levels of
hormones and electrolytes are shown in Table 1.
Control plasma Na and K concentrations and
hematocrit were not different among 4 groups. Acute
volume expansion produced approximately 10%
decrease in hematocrit.

Plasma ANP level was not different between the
low and high salt groups of Wistar and SH rats (Fig.
1). Acute volume expansion produced a marked
increase in plasma ANP level. Low salt groups of
both Wistar and SHR showed approximately 2-fold
increase in ANP level. High salt groups showed a
greater increase in ANP than the low salt groups:
300% increase in Wistar rats and 1609 increase in
SHR. Wistar rats showed a greater ANP response to
volume expansion than SHR.

Plasma aldosterone level was significantly higher

in low salt groups than in high salt groups (Fig. 1).

Table 1. Control values for mean arterial blood pressure (MABP), plasma levels of atrial natriuretic peptide (ANP),

aldosterone, renin, sodium and potassium, and hematocrit obtained before volume expansion in conscious
Wistar and SHR fed low- or high-sodium diet for 6 weeks

Wistar SHR

Low-Na High-Na Low-Na High-Na
MABP, mmHg 1132+ 3.3 110.0+1.7 141.6+ 1.7*# 148.9+ 2.3**
ANP, pg/ml 47.0+12.5 41.6+7.7 37.1+ 8.1 50.4+14.3
Aldosterone, ng/dl 207.3+19.0 59.4+7.2* 117.1 +13.3% 53.6+ 4.9*
Renin, ng AI/ml. hr 235+ 4.7 27.4+5.7 13.0+ 25°7 16.7+ 2.7
Na, mEq/L 1410+ 1.2 143.5+1.0 142.5+ 0.5 1445+ 3.7
K, mEq/L 47+ 03 48+0.2 45+ 0.2 44+ 0.2
Hematocrit, % 455+ 0.7 43.8+2.8 441+ 0.7 455+ 0.6
n 6 7 9 11

Values are means+SEM.
*p<0.01, low-Na vs. high-Na rats.
*p<0.05, #*p<0.01, Wistar vs. SHR.
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Fig. 1. Changes in plasma atrial natriuretic peptide (ANP), aldosterone, renin concentration (PRC) following acute
volume expansion (VE: 39 BW) in Wistar (W) and SHR (S) fed low (L) or high (H) sodium diet for 6 weeks.
Numbers in the parenthesis are 9% changes from the pre values. @ p <0.01, low-sodium vs. high-soldium rats,

*p<0.05, Wistar vs. SHR.
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Fig. 2. Relationship between plasma renin concentra-
tion and aldostcrone Wister (W) and SHR (S)

fed low (L) or high (H) sodium diet for 6 weeks
(WL--0--,WH —@—,SL —-2a—-,SH—a—).

Wistar low salt rats showed about 2 times higher
plasma aldosterone levels than SH low salt rats.
Volume expansion produced approximately 30%
decrease in plasma aldosterone levels in all groups.
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Fig. 3. Effects of volume expansion (VE) on urine flow

and urinary solute excretion in Wistar and SHR
fed low or high sodium diet for 6 weeks. VE-15:
the first 15 min of VE, VE-30: the second 15 min
of VE, post: 15 min after VE.
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Control plasma renin concentration (PRC) was
slightly lower in low salt rats than in high salt rats
(Fig. 1). SHR showed significantly lower control PRC
than Wistar rats. Volume expansion produced a
significant decrease in PRC in all groups. When all
hormone data were analyzed, only aldosterone and
renin showed a significant logarithmic correlation
(Fig. 2). The relationship between PRC (X) and
aldosterone (Y) can be described:

Wistar
low salt Y=>54.8 In X+31.6 (r=0.64, p<0.05)
high salt Y=29.5 In X—41.6 (r=0.75, p<0.01)
SHR :
low salt Y=56.8 In X—36.0 (r=0.51, p<0.05)
high salt Y=12.8 In X4-17.2 (r=0.52, p<0.05)
Acute volume expansion produced a marked
diuresis and natriuresis (Fig. 3). The low and high
salt rats showed no difference in urine flow or urinary
excretion rates of Na and K. However, SHR
produced a greater diuresis and natriuresis after

volume expansion than the Wistar rats.

DISCUSSION

The development and maintenance of hyperten-
sion in SHR can be influenced by the level of dietary
sodium intake (Pettinger et al, 1982; Winternitz &
Oparil, 1982). The present study also shows that
young SHR given a high sodium diet developed a
higher blood pressure than SHR maintained on a low
sodium diet. This exacerbating effect of high salt
intake on hypertensior. may be related to an in-
creased sympathetic activity, because young SHR
maintained on a high-sodium diet from 7 to 10 weeks
had elevated plasma and urinary norepinephrine
concentrations associated with elevated pressure
(Winternitz & Oparil, 1982).

ANP has been suggested to play an important role
in the acute and chronic regulation of sodium excre-
tion and extracellular fluid volume (Needleman et al,

1985). A variety of experimental maneuvers that lead

to acute central volume expansion, such as acute
saline loading, water immersion, and postural
change, result in signiﬁcant‘increases in circulating
levels of ANP (Hall et al, 1980; Sagnella et al, 1985;
Salazar et al, 1986). In the present study, acute saline
loading resulted in marked elevation in circulating
levels of ANP. However, chronic high sodium intake
did not result in any significant increase in circulating
level of ANP.

Results from recent human and animal studies
examined the effects of chronic changes in dietary
sodium intake on plasma ANP are contradictory.
Shenker et al (1985) and Sagnella et al (1985) report-
ed that increases in dietary sodium intake were
associated with increase in circulating levels of ANP.
In contrast, other studies reported no significant
changes in plasma levels of ANP during changes in
dietary sodium intake (Raine et al, 1985; Salazar et
al, 1986). The reason for these discrepancies are not
clear but may be related to experimental protocol
such as duration of dietary regimen and sampling
time. Ogihara et al (1988) observed in patients with
essential hypertension that during 2 weeks of high
salt intake, the circulating ANP level increased grad-
ually, reached a maximum on the day 7 and de-
creased thereafter. The same pattern of changes in
plasma ANF level during long-term sodium loading
was observed in rats. During high-sodium diet in
rats, circulating ANP level was elevated after 1 week,
but returned to the control level after 3 weeks (Luft et
al, 1986; Lattion et al, 1988). This phasic change in
circulating ANP level during chronic high-sodium
intake in man and animal suggests that the ANP
system is activated primarily during short-term adap-
tation to high solium intake. In the present study,
plasma ANP levels after 6 weeks on the low- or
high-sodium diet were not different. This is in accord
with the above result of the lack of sustained effect of
the high-sodium diet on ANP release (Raine et al,
1985; Salazar et al, 1986). Taken together, ANP does

not seem to be responsible for the long-term regula-
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tion of sodium and volume homeostasis.

Although chronic sodium intake had no sustained
effect on ANP release, chronic elevation of sodium
intake continuously altered the activity of the renin-
angiotensin system and aldosterone (Hall et al, 1980;
Laragh & Sealey, 1973; Salazar et al, 1986; Ogihara
et al, 1988). These marked changes in the activity of
the renin-angiotensin-aldosterone system suggest
that these systems are probably more important in
the maintenance of sodium balance during chronic
changes in sodium intake than ANP. The present
study also showed that the circulating aldosterone
level was markedly suppressed by the high sodium
intake. However, on the contrary to the other reports,
the plasma renin level of the high sodium groups was
rather higher than that of the low sodium groups.
The reasons for the discrepancy are not clear, but the
method of blood sampling might affect the renin
level.

There were strain differences in the circulating
levels of aldosterone and renin: SHR showed lower
levels than Wistar rats. This result is in accord with
other reports (Koletsky et al, 1970; Freeman et al,
1975; Kim et al, 1988). However, it is not clear
whether these differences ian hormonal levels between
normotensive and hypertensive rats result in differ-
ences in regulating salt and body fluid balance.

As shown in the present study, volume expansion
induces an elevation of ANP release and a reduction
in release of renin and aldosterone. Although the
plasma levels of aldosterone and renin before the
saline loading were significantly different among the
low- and high-sodium groups of Wistar and SHR
(Fig. 1), percent decrease in hormonal levels after
volume expansion were similar. Further studies are
required to understand the relative importance of the
increased levels of ANP in relation to the reduction in
renin and aldosterone in controlling the sodium
excretion in different physiological conditions of
normotensive and hypertensive subjects.

In our study we found out that response of ANP

release to acute volume expansion is different not
only between the low- and high-salt groups, but also
between SHR and Wistar rats. The rise in plasma
ANP during acute volume expansion was smaller in
the SHR than in Wistar rats. Other investigators also
observed the blunted ANP response to acute volume
expansion in the SHR (Gradin et al, 1987; Pettersson
et al, 1988; Jin et al, 1988). During the 10% and 20%
volume load, central venous pressure, central blood
volume and cardiac output increased relatively more
in the SHR compared with the WKY rats (Pettersson
et al, 1988). Despite of the increased centralization of
the volume load in SHR, ANP release was blunted in
SHR. Furthermore, there is an evidence that the
responses of natriuresis and diuresis to ANP infusion
are lower in SHR than in WKY (Marsh et al, 1985).
These dysfunction of ANP system in SHR might be
related to the development or maintenance of high
blood pressure. However, pathophysiological signifi-
cances of the ANP system in SHR remains to be
resolved.

The present result shows that about 15-week-old
SHR tends to excrete a sodium load more quickly
than do normotensive rats. Even with the low sodium
intake, SHR showed the enhanced diuresis and
natriuresis during the acute volume expansion. This
is in agreement with other reports on hypertensive
animals (Willis et al, 1976; DiBona & Rios, 1978;
Ledinghan & Simpson, 1984) and men (Baldwin et al,
1958; Buckalew et al, 1969). However, some investi-
gators have failed to confirm this (Farman &
Bonvalet, 1975; Beierwaltes & Arendshorst, 1978;
Kim et al, 1988). The reasons for these conflicting
results are not clear, but they might be related to
many factors such as the age of rats tested, heter-
ogeneity of renal function in SHR strain and experi-
mental procedures like anesthesia, restraint or exten-
sive surgical cannulation. Mullins & Banks (1976)
evaluated the renal function of SHR of different age
groups to excrete an acutely administered isotonic

saline load. SHR from two different colonies were
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also compared. The fraction of administered sodium
load excreted by SHR was lower than normotensive
rats at age 6 week, but was similar at age 12 week.
However, at age 16 week, one colony of SHR excret-
ed significantly more sodium than the other colony of
SHR and normotensive rats. Therefore, when we
compare renal function, we have to be cautious about
the age and colony of SHR.

Mechanisms of enhanced diuresis and natriuresis
in hypertensive disorders are not clear. Some studies
indicate that diminished reabsorption in the loop of
Henle results in the exaggerated diuresis and natriur-
esis of the SHR (Stumpe et al, 1970; DiBona & Rios,
1978). Some investigators have suggested that exag-
gerated natriures is a blood pressure-related event
(pressure diuresis) (Hall et al, 1986). However, ele-
vated pressure, per se, cannot be the sole factor.
Additional experiments will be required to determine
the factors involved in the e ihanced natriuresis

observed in hypertensives.
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