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Abstract. In 1967, Guyton and Coleman modeled pressure diuresis as the underlying,
essential, long-term mechanism that regulates arterial pressure when sodium Intake
changes. Other mechanisms that influence renal function interact with pressure di-
uresis to achieve sodium balance and determine the blood pressure. Increases in
sodium intake suppress sodium conserving mechanisms and activate natriuretic
mechanisms; decreases in sodium intake have the opposite effect. If the Guyton-
Coleman model is correct, then pressure diuresis should be more readily detected in
animals on a high-salt diet than in animals on a low-salt diet. We measured sponta-
neous changes in arterial pressure and urine flow in conscious rats fed low-salt (0.4%
NaCI)and high-salt (8.0% NaCI) chow. For 10 rats fed a high-salt diet, arterial pressure
and urine flow were positively correlated in 19 of 32 (59%) trials. In 10 rats fed a
low-salt diet, a positive correlation was observed In 10 of 33 (30%) trials. Chi-square
analysis revealed that differences In Na+content of the diet were significantly asso-
ciated with the probability of a positive relationship between blood pressure and urine
flow. These results support the hypothesis that the expression of pressure diuresis
across time is dependent on the state of sodium balance.

[P.S.E.B.M. 2000. Vol 224:109-115)

T
he direct influence of arterial pressure on urine flow
is known as pressure diuresis (I), a phenomenon
probably first described by Ludwig in 1843 (2). In

1967, Guyton and Coleman (3) created a computer model of
the circulation to examine arterial pressure control. Pressure
diuresis was placed at the center of their model for the
regulation of steady-state arterial blood pressure. Their
model predicted that pressure diuresis is essential in pres-
sure regulation by the following sequence: i) an increase in
arterial pressure produces an increase in urine flow; and ii)
the resultant loss of water and salt reduces the blood volume

Dr. Janet E. Steele was supportedby a fellowship from the Departmentof Medicine
(Division of Nephrology)at the Medical College of Ohio. This work was supported
by a grant from the American Heart Association.
I To whom requests for reprints should be addressed at Physiology and Molecular
Medicine. Medical College of Ohio. 3035 Arlington Avenue. Toledo. OH 43614-
5804. E-mail: pbrand@mco.edu
'Current address for J. E. Steele: Departmentof Biology. University of Nebraska at
Kearney. Kearney. NE 68S49.

Received September 20. 1999.[P.S.E.B.M. 2000. Vol 224J
Accepted January 28. 2000.

0037-9727I0OI2242-0109$15.0010
Copyrighl e 2000 by the Society for ExperimenlalBiology and Medicine

and thus restores arterial pressure. The Guyton-Coleman
model has endured because numerous experiments support
its validity (4-12) and because it is difficult to find data or
design experiments that disprove its essential elements.

Pressure diuresis is intrinsic to the kidney and can be
observed in the functionally isolated kidney (9). However,
in the intact organism, pressure diuresis acts in concert with
all the other mechanisms that restore sodium balance in
response to changes in dietary sodium content. Thus the
activity of the pressure diuresis mechanism in the intact
organism is masked by changes, for example, in autonomic
activity (13) that may act on the kidney both via influencing
renal hemodynamics and via changes in renin secretion.
Therefore, in the intact organism, the expression of pressure
diuresis might be expected to be state-dependent. That is,
conditions that suppress sodium-conserving mechanisms
(for example, an increase in Na" intake) should expose the
intrinsic effect of arterial pressure on urine flow, and con-
ditions that increase the activity of sodium-conserving
mechanisms should have the opposite effect. If this hypoth-
esis is correct, then a high-salt diet should: increase the
relative amount of time that spontaneous pressure diuresis
occurs unopposed by sodium conserving mechanisms, be-
cause a high-salt diet decreases the operation of antidiuretic
mechanisms that act superimposed .. on pressure diuresis.
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That is, changes in salt-retaining mechanisms accompany-
ing a high-salt diet should cause the influence of spontane-
ous changes in arterial pressure on urine flow to be ex-
pressed more frequently and therefore to be more easily
detected. Conversely, decreasing dietary salt intake should
increase the activity of antidiuretic mechanisms and de-
crease the activity of diuretic mechanisms, making sponta-
neous pressure diuresis more difficult to detect. The purpose
of this study was to evaluate the contribution of the short-
term pressure diuresis mechanism to the regulation of urine
formation in the intact conscious rat ingesting a high- or
low-sodium diet. For this purpose, we used a recently de-
veloped model for determining the effects of spontaneous
changes in arterial blood pressure on urine flow in con-
scious, unrestrained rats (14) and tested the effects of in-
gesting a high- or low-sodium diet on spontaneous pressure
diuresis.

Materials and Methods
Animal Preparation. All surgical and experimental

procedures in this study were in accordance with u.s. ani-
mal protection laws and were approved by the Institutional
Animal Care and Use Committee of the Medical College of
Ohio (Toledo, OH). Twenty male Sprague-Dawley rats
(Harlan Sprague-Dawley, Inc., Indianapolis, IN) with body
weights between 400 and 600 g were randomly divided
into two experimental groups. Ten animals were placed on
high-salt chow (8% NaCl; Teklad, Harlan Industries, Madi-
son WI) (high-salt group). Ten animals were fed low-salt
chow (0.4% NaCl; Teklad) (low-salt group). The animals
received water ad libitum and were maintained on a 12:12-
hr lightdark cycle.

After 2 weeks on the assigned diets, each rat was anes-
thetized with a mixture of ketamine (Aveco Co., Inc., Fort
Dodge, IA; 100 mg/kg ip) and xylazine (Mobay Corp.,
Shawnee, KS; 20 mg/kg ip). Normal body temperature was
maintained by placing the rat on a heating pad. A midab-
dominal incision was made, and the ureters were exposed.
Catheters (0.01" ID x 0.03" OD Tygon tubing; Norton Plas-
tics and Synthetics, Akron, OH) were inserted into the ure-
ters with the tips placed just distal to the renal pelvis. The
catheters were secured to the ureters with 3-0 silk ties and
to the underlying psoas muscle with 5-0 silk sutures. A
7-cm trocar, fashioned from 16-gauge stainless steel tubing,
was used to tunnel the ureteral catheters through the dorsal
wall of the abdomen. The catheters were then tunneled sub-
cutaneously to exit separately at the base of the tail. The
abdominal incision was closed with 5-0 and 3-0 silk inter-
rupted sutures. Each exteriorized end of the ureteral catheter
was inserted into a 2-cm section of 18-gauge stainless steel
tubing. To stabilize the catheters, the sections of steel tubing
were inserted> 1 em underneath the skin, and the catheters
were secured to the steel tubing with Super Glue (alpha
cyanoacrylate; International Adhesives Corp., Pembroke,
FL). The exteriorized portions of the steel tubing were se-
cured to the skin of the tail with cranioplastic cement (Plas-

tics One, Roanoke, VA) such that e 1 cm of the steel tubing
protruded from the base of the tail. The ends of the exteri-
orized catheters were cut flush with the tip of the steel
tubing.

The left femoral artery was isolated and cannulated
with a catheter that was constructed from a 6-cm segment of
Teflon tubing (0.015" ID; Small Parts, Inc., Miami, FL)
inserted into a 25-cm segment of Tygon tubing (0.02" ID).
The catheter was secured to the artery with 3-0 silk ties,
tunneled dorsally beneath the animal's skin, and exited at
the nape of its neck. The arterial catheter was secured to the
animal's skin with Super Glue. Following surgery, the ani-
mal was returned to its home cage, provided with rat chow
at the appropriate salt content and water ad libitum, and
weighed daily. All animals were given at least 3 days to
recover from surgery before being studied.

Experimental Setup. During the experiments, the
rats were housed individually in a polycarbonate cage iden-
tical in size and shape to their home cage. A siphoning
system and an analytical balance were employed to con-
tinuously collect and weigh the urine produced throughout
the experiment (15). In brief, Tygon extension tubing was
connected to the ureteral catheters to establish a continuous
column of fluid from the urine in each ureteral catheter to a
collection reservoir on the pan of the balance. The extension
tubing exited the cage via a 38 x 14-cm, T-shaped, 5-mm
wide slot in the floor of the cage. The center of the "T' was
at the center of the floor, and each arm reached close to the
side of the cage. By this arrangement, movement of the
animals within the cage was minimally restricted during
data collection. Water was available throughout the duration
of the recording period.

Experimental Protocol. All recording sessions
were conducted in a quiet, well-lighted, 22°C room during
the animals' light cycle (between 9 AM and 3 PM). This
period was selected so that animals would be relatively
quiet during the recording sessions. The rats were prepared
for continuous recording of arterial pressure and urine flow,
and a recording of approximately 2 hr duration was made
from each animal on a daily basis as long as the animal
remained healthy, and the catheters remained patent. The
goal was to obtain uninterrupted recording of spontaneous
changes in arterial pressure and urine flow from healthy,
relatively undisturbed animals. Therefore, changes in body
weight, normal grooming behavior, and normal arterial
pressure were criteria used as indications of possible dete-
rioration in the animal's health. Any animal whose health
was questionable was removed from the study. The record-
ing session was interrupted only if the arterial catheter ex-
tension tubing became excessively tangled or crimped, or if
the animal bit through the arterial or ureteral tubing. The
situation was corrected immediately, and the recording ses-
sion then resumed. If the recording session had to be inter-
rupted more than three times within a 30-min period, the
session was terminated. Usable sections of data from ses-
sions that were terminated early were included in analysis as
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Urine Flow VB. Arterial Pressure
Rat J2 High Salt Diet

Urine Flow and Arterial Pressure vs. Time
Rat J2 High Salt Diet

mmHg

Figure 2. A rat on the high-salt diet: correlation between urine flow
and blood pressure. Data are for the same recording session as
shown in Figure 1. The 10-sec average values for blood pressure
and urine flow are graphed.
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low-salt group. Each rat participated in from one to six of
these sessions. Of these 65 sessions, 11 ended prematurely
due to the rat repeatedly chewing through its ureteral cath-
eters. The briefest recording session was 45 min long. Table
I compares the mean duration of recording sessions, body
weight (at the time of surgery), mean of all the arterial
pressure values, and urine flow for the two groups of rats.
As can be seen in the table, the only significant difference
between the groups was for body weight. After 2 weeks on
their respective diets, the high-salt group was « 10% lighter
than the low-salt group. This difference in body weight may
be due to differences in palatability of the two diets (16).
For each rat in each recording session, the linear regression
of urine flow on arterial pressure was calculated. For rats on
high-salt chow, 19 slopes of the linear regressions showed a
significant positive correlation, 6 were positive but not sig-
nificant, and 7 of the slopes were negative (Table II). In

100 +-r-,-r-r-"T""T-,-r-r--'-"-'-"""""-'-"-'-"""""-'-"""'-T""T"....-r-r-,...,..-r-r

minutes 10 20 30 40 50 60 70 80 90 100

Figure 1. A rat on the high-salt diet: spontaneous changes in urine
flow and blood pressure. Results of a single recording session. One
minute moving averages of urine flow and blood pressure are shown.
To facilitate comparison between the blood pressure and urine flow,
110 has been added to the urine flow values.

Results
The spontaneous changes with time in urine flow and

arterial blood pressure during a 104-min recording session
in a rat on the high-salt diet are shown in Figure I. These
same data are presented in Figure 2 showing the correlation
between urine flow and blood pressure. For this session,
there was a significant positive correlation between urine
flow and arterial blood pressure (P < 0.001, R = 0.44).
Sixty-five recording sessions were made in all; 32 from the
10 rats in the high-salt group and 33 from the 10 rats in the

long as data collection was able to proceed for at least 20
min without interruption. Following the recording session,
the animal was returned to its home cage. After completing
the study, all rats were euthanized with 150 mg/kg ip so-
dium pentobarbital.

Measurements. The arterial catheter was connected
to a Gould-Statham P23Db pressure transducer (Gould,
Medical Products Division, Oxnard, CA), and the signal
was amplified with a SensorMedics Dynograph Recorder
R611 (Anaheim, CA). Mean arterial pressure was obtained
by damping the analog pressure signal electronically (time
constant = 0.78 sec). The voltage output was led to a Tek-
tronix 503 I dual beam oscilloscope (Tektronix, Inc., Bea-
verton, OR) for display and to a DT 2801 analog-to-digital
converter (Data Translation, Marlboro, MA) housed within
an AST 386/33 computer (modelS Y, AST Research, Inc.,
Taiwan, R.O.C.). The damped arterial pressure signal was
digitally sampled at 20 Hz and then averaged every 10
sec to obtain a O. I-Hz signal. Communication between the
analytical balance and the computer was established via an
RS232 data interface. Data were collected to an ASCII
file (Po-Ne-Mah Digital Acquisition Analysis and Archive
Systems, Po-Ne-Mah, Inc., Storrs, CT) at 0.1 Hz. Urine
flow was calculated from the change in weight of the
urine reservoir every 10 sec and was expressed in ul/min.
These paired arterial pressure and urine flow measurements,
which covered the same lO-sec intervals, were used for data
analysis.

Data Analysis. The data were examined, and obvi-
ously aberrant values were discarded. Aberrant values were
defined as those that occurred sporadically and differed by
more than 50% from preceding or following values. Obser-
vation suggested that these aberrant values arose from rapid
positional changes by the animal that distorted the arterial
and ureteral catheters. These discarded data represented less
than 2% of the total observations. A linear regression analy-
sis of urine flow on arterial pressure was performed on the
data from each recording session. The slope of the regres-
sion line, the correlation coefficient (R), and the signifi-
cance of the slope were determined. In addition, the Chi-
squared statistic was calculated to compare the distribution
of positive, nonsignificant, and negative slopes of the re-
gression lines in the high-salt versus low-salt groups. Data
were expressed as the mean ± SEM. Significance was as-
cribed if P < 0.05.
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Table I. Comparison Between High and Low Salt
Groups

High salt Low salt
(8% NaCI) (0.4% NaCI) Probability

Number of
sessions 32 33

Mean duration of
sessions, min 59.6 ± 33.7 64.2 ± 28.8 NS

Body weight, g 419 ± 3.59 466±19.6 p:: 0.038a

Arterial pressure,
mmHg 123 ± 1.75 124 ± 1.54 NS

Urine flow, lJl/min 27.6 ± 2.22 30.1 ± 2.2 NS

a Two-tailed t test.

Table II. Slopes of Regression Lines Relating Urine
Flow to Blood Pressure

High-Salt Chow Low-Salt Chow

Session Slope PValue Session Slope PValue

D2 1.1 0.0001 03 3.38 0.0001
J2 0.89 0.0001 G2 2.01 0.0001
C3 0.81 0.0001 C2 0.99 0.0001
Dl 0.79 0.0001 F4 0.71 0.0001
J6 0.67 0.0001 84 0.67 0.0011
F2 0.66 0.0006 01 0.64 0.0009
A1 0.45 0.0126 El 0.46 0.0001
82 0.43 0.0001 A1 0.42 0.0005
C2 0.37 0.0001 F2 0.38 0.0001
H3 0.35 0.0001 11 0.15 0.0001
A3 0.34 0.0001
J1 0.34 0.0001 Cl 0.24 0.0921
J5 0.3 0.0001 J1 0.14 0.0992
A4 0.27 0.0167 C3 0.08 0.4598
A2 0.26 0.0001 H2 0.08 0.5974
81 0.22 0.0006 81 0.02 0.6677
H4 0.22 0.0059 F3 0.02 0.7778
13 0.15 0.0022
12 0.08 0.0001 85 -0.09 0.2704

83 -0.14 0.5558
F1 0.43 0.0585 H5 -0.15 0.0628
G3 0.2 0.1768 A2 -0.16 0.1004
G1 0.2 0.1703 02 -0.21 0.2738
J4 0.19 0.098 Gl -0.16 0.0058
El 0.1 0.5183 C5 -0.28 0.0001
J3 0.01 0.8507 Fl -0.31 0.0001

82 -0.32 0.0212
11 -0.26 0.0146 H3 -0.32 0.0024
Cl -0.28 0.0139 C4 -0.35 0.0001
H1 -0.46 0.0059 F5 -0.42 0.0001
F4 -0.81 0.0001 H4 -0.48 0.0001
H2 -0.97 0.0001 E2 -0.59 0.0001
F3 -1.13 0.0001 H1 -0.62 0.0001
G2 -1.43 0.0001 J2 -0.86 0.0001

A3 -1.36 0.0001

Note. Dataare separatedby the sign of the slope.

contrast, for the rats on the low-salt chow, 10 slopes were
significantly positive, 11 were either positive or negative
but not statistically significant, and 12 were negatively cor-
related. This distribution of slopes between high- and low-
salt groups was compared by Chi-square analysis; X

2 =

10.0, 0.001 P < 0.005. This significant difference in the
distribution of slopes between the low- and high-salt
groups, with more positive and significant slopes in the
high-salt than the low-salt group, is consistent with the hy-
pothesis that pressure diuresis is expressed to a greater ex-
tent in animals on a high-salt intake when antidiuretic
mechanisms are suppressed and diuretic mechanisms acti-
vated. These observations are graphically depicted in Figure
3 (high-salt group) and Figure 4 (low-salt group), with the
slope of the regression line drawn over the actual arterial
pressure range for each individual animal in each recording
session.

In contrast to the greater number of recording sessions
with positive correlations in the rats on high-salt chow, the
opposite was true for significant negative correlations. From
the rats on low-salt chow, there were 12 recording sessions
in which the slope was negative and significantly different
from zero, compared with 7 sessions with negative slopes
for the rats on high-salt chow (Table I).

For rats on the high-salt diet, mean arterial pressure was
higher (P = 0.0112) during recording sessions in which the
slope of the regression line was significantly positive (126.8
± 2.0 mmHg) than during sessions in which the slope was
negative (116.4 ± 2.3 mmHg). However, urine flow was not
significantly different between these two groups. For rats on
the low-salt chow, the significance and direction of the
slope of the regression line between arterial pressure and
urine flow was not associated with any significant differ-
ences in mean arterial pressure or mean urine flow.

Discussion

This study is the first attempt to determine whether
expression of pressure diuresis is dependent upon the state
of sodium balance in conscious, unrestrained rats respond-
ing to spontaneous changes in blood pressure during normal
operation of all of the mechanisms regulating renal function.
The results supported the hypothesis that spontaneous pres-
sure diuresis is expressed more frequently when sodium-
conserving mechanisms are suppressed by high-salt intake
than when these mechanisms are activated by low-salt in-
take. Rats on a high-salt diet displayed pressure diuresis as
indicated by a positive correlation between urine flow and
blood pressure in 19 out of 32 (59%) recording sessions. In
contrast, rats on a low-salt diet displayed pressure diuresis
in only 10 of 33 sessions (30%). (Although only urine flow
was measured in this study, we assume that Na+excretion is
proportional to urine flow during pressure diuresis (9, 10).)

Based on Guyton's concept that pressure diuresis is a
long-term mechanism, the logical view has developed that
changes in arterial pressure that result from changes in
blood volume probably require hours or days to develop, so
that pressure diuresis is postulated to act long-term rather
than in response to moment-to-moment changes in arterial
pressure. How may this view be reconciled with the present
study showing significant correlations between moment-to-
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moment changes in arterial pressure and urine flow in rela-
tively brief recordings from conscious animals?

For pressure diuresis to act on a moment-to-moment
basis, changes in pressure must be accompanied promptly
by changes in urine flow. Our laboratory previously dem-
onstrated that induced changes in arterial pressure in the
anesthetized rat are followed by parallel changes in urine
flow within 6 sec (17). Additional studies in conscious rats
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also demonstrated moment-to-moment coupling between
arterial pressure and urine flow (14). In conscious dogs,
Brand et al. (13) demonstrated that changes in arterial pres-
sure induced by behavioral arousal were correlated short-
term with directionally similar changes in urine flow. Nafz
et al. (2) showed reductions in urine flow in conscious dogs
within 10 sec following a change in renal perfusion pres-
sure. These results supported the hypothesis that pressure
diuresis is sensitive to short-lived, moment-to-moment
changes in arterial pressure that produce short-term but sig-
nificant changes in salt and water excretion. According to
this model, the long-term nature of the pressure diuresis
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Figure 4. Low-salt group: spontaneous blood pressure and urine
flow. Each line represents the linear regression for one recording
session comparing the urineflow for each10-seccollection with the
average damped arterial pressure signalfor thesame1O-sec interval
(seeMaterials andMethods). The linesare extended overthe actual
arterial pressure range for the session. Results are sorted according
to the sign of the slope.
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Figure 3. High-salt group: spontaneous blood pressure and urine
flow. Each line represents the linear regression for one recording
session comparing the urineflow for each to-sec collection with the
average damped arterial pressure signalfor thesame1o-secinterval
(seeMaterials andMethods). The linesare extended overlhe actual
arterial pressure rangefor the session. Results are sortedaccording
to the sign of the slope.
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mechanism is presumably the cumulative summation of
many short-term changes in urine flow influencing blood
volume and thus arterial pressure.

Although pressure diuresis may act on a moment-to-
moment basis, in the intact animal it also operates in concert
with all the other mechanisms that induce changes in renal
function in response to changes in dietary Na+ intake. (For
the sake of this discussion, we take "pressure diuresis" to
mean the direct effect of arterial pressure on Na+ excretion
and urine flow as can occur, for example, in the functionally
isolated kidney (9).) These mechanisms include the renin-
angiotensin-aldosterone system, sympathetic effects on re-
nal hemodynamic and tubular function, and urodilatin. The
antinatriuretic effects of all of these mechanisms are sup-
pressed by increased dietary Na" intake and activated by
decreased sodium intake (18). Thus these mechanisms will
act with varying time courses to oppose the expression of
pressure diuresis when Na" intake is low, but will be sup-
pressed and allow pressure diuresis to be detected when Na"
intake is high. This model explains our observations that
moment-to-moment spontaneous changes in pressure pro-
duce significant, parallel changes in urine flow more fre-
quently in rats on a high-Na" intake than in rats on a low-
Na+ intake.

The extent to which the pressure diuresis mechanism is
masked by other mechanisms may be estimated by compar-
ing the slope of the isolated, intrinsic pressure diuresis
mechanism to the slope of the relationship between arterial
pressure and urine flow in the intact, conscious animal. We
previously estimated that the slope of the isolated pressure
diuresis mechanism in the rat kidney is 100 times greater
than the slope of the arterial pressure-urine flow relationship
in the conscious dog (9, 13). In the present study, the slope
of the arterial pressure-urine flow relationship in intact rats
on a high-salt diet was 0.00025 mllmmHg. Roman and
Cowley (9) observed a slope of 0.002 ml-min'v-mmrlg'v-g
kidney"! for the functionally isolated pressure-diuresis
mechanism in anesthetized rats subject to renal denervation
and infusion of saturating levels of vasopressin, aldosterone,
corticosterone, and norepinephrine. Thus, in the intact rat
the slope of the arterial pressure-urine flow relationship was
8-fold less than the slope of the isolated pressure diuresis
curve. The lower slope for the arterial pressure urine flow
relationship in the intact state compared with the isolated
pressure diuresis mechanism presumably results from the
interaction of pressure diuresis with all the other mecha-
nisms that affect urine flow. These other mechanisms have
the effect of dampening the activity of the intrinsic pressure
diuresis mechanism.

The arterial pressure urine flow slope was lOO-fold less
in the intact dog than in the isolated rat kidney, whereas the
slope was only 8-fold less in the intact rat than in the iso-
lated kidney. These differences in slopes between rat and
dog may be due to species differences, or may be explained
by a greater activation of antinatriuretic and antidiuretic

mechanisms in the dog than in the rat due to a lower NaCI
intake in the dog (the daily NaCI intake of the dogs was 12.6
mEq/kg/day, and in the present study the NaCI intake of the
rats was « 93 mEq/kg/day). The higher level of NaCl intake
in the rats likely suppressed antinatriuretic mechanisms to a
greater extent than in the dog, allowing a greater degree of
expression of pressure diuresis in the rat than the dog.

Another aspect of the interaction of intrinsic pressure
diuresis with other mechanisms influencing renal function
may be revealed by the greater frequency of recording ses-
sions with negative arterial pressure-urine flow slopes in
the rats ingesting low-salt chow compared with those on
high-salt chow (Table II). The greater frequency of negative
slopes in rats on low-salt chow may indicate a greater de-
gree of sympathetic activation in these rats compared with
those on high-salt chow. Increased sympathetic activity can
simultaneously increase arterial pressure and decrease urine
flow, resulting in a negative relationship between pressure
and urine flow (19).

We are aware of only one other study of the relation-
ship between spontaneous changes in blood pressure and
urine flow, that by Nafz et at. (2). These authors found no
correlation between spontaneous changes in renal perfusion
pressure and urine flow in conscious dogs. One possible
explanation for these differing results is that Nafz et at. (2)
calculated 60-sec average values for urine flow and blood
pressure. Urine flow changes within 6 sec after an induced
change in arterial pressure (17) and spontaneous variations
in blood pressure occurred at frequencies up to 6 cycles/min
(20). Consequently averaging blood pressure and urine flow
over 60 sec may have obscured a correlation between the
two signals.

In summary, we have presented evidence that the ex-
pression of spontaneous pressure diuresis in the intact, con-
scious rat is state-dependent. Increased NaCI intake in-
creases the frequency of expression of pressure diuresis, and
decreased NaCI intake has the opposite effect. Our obser-
vation that urine flow changes in response to moment-to-
moment spontaneous changes in arterial pressure is com-
patible with a model in which the long-term nature of the
pressure diuresis mechanism is explained as the cumulative
summation of many short-term changes in urine flow gradu-
ally influencing blood volume and thus arterial pressure.

In hypertensive animals in which the pressure diuresis
curve is shifted toward higher pressures, a normal or in-
creased salt intake will lead to increased blood pressure as
small increases in body NaCI content act in a cumulative
manner on the circulation. Thus further study of the expres-
sion of spontaneous pressure diuresis in hypertensive ani-
mals on high- and low-NaCl diets may show even greater
differences in the state-dependent expression of pressure
diuresis than we have observed in these normotensive rats.

The authors are grateful for the excellent secretarial assistance of
Judy Suleski.

114 SALT INTAKE AND SPONTANEOUS PRESSURE DIURESIS



I. Selkurt EE. Effect of pulse pressure and mean arterial pressure modi-
fication on renal hemodynamics and electrolyte and water excretion.
Circulation 4:541-551, 1951.

2. Nafz B, Ehmke H, Wagner CD, Kirchheim HR, Persson PB. Blood
pressure variability and urine flow in the conscious dog. Am J Physiol
274:F680-F686, 1998.

3. Guyton AC, Colemen TG. Long-term regulation of the circulation:
Interrelationship with body fluid volumes. In: Reeves EB, Guyton AC,
Eds. Physical Bases of Circulatory Transport: Regulation and Ex-
change. Philadelphia: W. B. Saunders, pp179-201, 1967.

4. Guyton AC, Coleman TG, Cowley AW Jr., Scheel KW, Manning RD
Jr., Norman RA. Arterial pressure regulation: Overriding dominance
of the kidneys in long-term regulation and in hypertension. Am J Med
52:584-594, 1972.

5. Guyton AC, Coleman TG, Young DB, Lohmeier TE, DeClue JW. Salt
balance and long-term blood pressure control. Annu Rev Med 31:15-
27.1980.

6. Hall JE, Granger JP. Hester RL. Coleman TG. Smith MJ. Cross RB.
Mechanisms of escape from sodium retention during angiotensin II
hypertension. Am J Physiol 246:F627-F634, 1984.

7. Hall JE. Control of sodium excretion by angiotensin II. Intrarenal
mechanisms and blood pressure regulation. Am J Physiol
2S0:R960-R972. 1986.

8. Hall JE. Mizelle HL. Woods LL, Montani JP. Pressure natriuresis and
control of arterial pressure during chronic epinephrine infusion. J Hy-
pertens 6:723-731, 1988.

9. Roman RJ, Cowley AW Jr. Characterization of a new model for the
study of pressure-natriuresis in the rat. Am J Physiol248:FI90-FI98,
1985.

10. Roman RJ, Cowley AW Jr. Abnormal pressure-diuresis-natriuresis

response in spontaneously hypertensive rats. Am J Physiol
248:FI99-F205, 1985.

II. Woods LL, Mizelle HL, Hall JE. Control of sodium excretion in NE-
ACTH hypertension: Role of pressure natriuresis. Am J Physiol
25S:R894-R900, 1988.

12. Guyton AC. The surprising kidney-fluid mechanism for pressure con-
trol-its infinite gain! Hypertension 16:725-730. 1990.

13. Brand PH, Coyne KB, Kostrzewski KA. Shier D, Melling PJ. Britton
SL. Pressure diuresis and autonomic function in conscious dogs. Am
J Physiol 261:R802-R81O. 1991.

14. Steele JE, Brand PH, Melling PJ. Britton SL. Spontaneous pressure
diuresis in conscious rats. Trans Nebr Acad Sci 24:71-80, 1997.

15. Steele JE, Skarlatos S, Brand PH, Metting PJ. Britton SL. Gravimetric
method for the dynamic measurement of urine flow. Proc Soc Exp Bioi
Med 204:70-74. 1993.

16. Qi N, Rapp JP. Brand PH, Metting PJ, Britton SL. Body fluid expan-
sion is not essential for salt-induced hypertension in SS/Jr rats. Am J
Physiol 277:RI392-RI400, 1999.

17. Steele JE. Brand PH. Melling PJ, Britton SL. Dynamic. short-term
coupling between arterial pressure and urine flow. Am J Physiol
265:F717-F722. 1993.

18. Koeppen B. Solute and water transport along the nephron: Tubular
function. In: Berne RM, Levy MN. Eds. Physiology. SI. Louis, MO:
Mosby. pp710-713, 1998.

19. Lundin S. Thoren P. Renal function and sympathetic activity during
mental stress in normotensive and spontaneously hypertensive rats.
Acta Physiol Scand 115:115-124. 1982.

20. DeBoer RW, Karemaker JM. Strackee J. Hemodynamic fluctuations
and baroreflex sensitivity in humans: A beat-to-beat model. Am J
PhysioI253:H680-H689, 1987.

SALT INTAKEAND SPONTANEOUS PRESSURE DIURESIS 115


