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A Specific Role for Saline or the Sodium Ion

in the Regulation of Renin and Aldosterone Secretion

MIcHAEL L. TuCK, ROBERTG. DLUHY, and GORDONH. WILLIAMS

From the Endocrine-Metabolic Unit, Peter Bent Brigham Hospital, and the
Department of Medicine, Harvard Medical School,
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A B S T R A CT It is well established that in normal man
the renin-angiotensin-aldosterone system is responsive to
changes in volume. The present study was performed to
determine whether sodium has an action apart from vol-
ume in the regulation of the secretion of renin and al-
dosterone. Acute volume expansion was induced either
by saline, dextran, or glucose infusion in supine, nor-
mal subjects in balance on a 10 meq sodium/100 meq
potassium diet. Plasma renin activity (PRA), angio-
tensin II (A II), aldosterone (PA), cortisol, serum
sodium, and potassium were measured every 10 min for
the first 30 min and then at 1, 2, 4, 6, and 8 h.

During saline infusion (500 cm3/h for 6 h) mean
PRA and A II levels declined very rapidly, falling sig-
nificantly below control at 10 min (P <0.01) and by
50% at 60 min. Thereafter, the rate of fall was more
gradual, reaching a nadir at 360 min (70-80% below
control). PA declined in a parallel pattern except that
a significant fall did not occur until 30 min.

In contrast to saline, dextran infusion (250 cm'/h for 4
h) did not produce a significant fall in PRA, A II, or
PA until 4 h after the start of the infusion despite
equivalent volume expansion. On the other hand, the in-
fusion of 5% glucose and water (500 cm3/h for 6 h) did
not produce a significant decline in PRA, A II, or PA
over the first 6 h of the study. Although the response
rate of PRA, A II, and PA was different in each of
the three infusion studies, these parameters were signifi-
cantly correlated within each study. Serum sodium and
potassium levels did not change during any study ex-
cept dextran infusion, where a significant fall in both
occurred at 120 min. In all the infusion studies, plasma
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cortisol levels gradually declined during the 8-h study
period consistent with its expected rhythm of diurnal
secretion.

These results demonstrate that rate of response of the
renin-angiotensin-aldosterone system to acute volume
expansion with saline differed from that with dextran
and glucose infusion in sodium-depleted man. The data
support a specific role for volume expansion with saline
or the sodium ion per se in the regulation of renin and
aldosterone.

INTRODUCTION

In normal man, volume expansion after sodium load-
ing has been demonstrated to suppress the secretion
of renin and aldosterone (1-5). A recent study, dem-
onstrating a rapid suppression of blood levels of renin,
angiotensin, and aldosterone after infusions of small
volumes of saline, suggested a specific role for the so-
dium ion in the regulation of the renin-aldosterone axis
(5).

To examine a role for the sodium ion per se, the
renin, angiotensin, and aldosterone levels were measured
after comparable volume expansion with saline and dex-
tran. A possible difference in response between orally
and intravenously administered sodium chloride was
also investigated.

METHODS

Protocols. 19 normal subjects (13 men, 6 women) rang-
ing in age from 21 to 33 yr, were studied in The Clinical
Research Center of the Peter Bent Brigham Hospital. All
subjects had a normal physical examination and routine
laboratory tests, and denied use of medications. Written,
informed consent was obtained in all cases. During hos-
pitalization, they were maintained on a constant activity
pattern simulating normal daily activity and were fed a
constant 10 meq sodium/100 meq potassium, and a 2,500 cm'
isocaloric diet divided into three meals daily, and a small
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snack at bedtime (5-7). Studies were performed after the
subject had achieved metabolic balance, usually on the 5th
or 6th day of dietary sodium restriction. 24-h urines were
collected daily and analyzed for sodium, potassium, and
creatinine. All studies were begun at 8 a.m. after an over-
night fast and supine position for at least 12 h. During
infusion studies subjects remained fasting while blood
samples were obtained every 10 min for 30 min and then
at 1, 2, 4, 6, and 8 h. Most subjects received a single
study, but in four, both saline and dextran infusions were
performed. Samples were assayed for renin activity by
radioimmunoassay and bioassay of angiotensin II (A II),'
aldosterone, cortisol, sodium and potassium. In addition,
the degree of volume expansion during saline and dextran
infusion was assessed by changes in hematocrit levels at
each time interval.

Intravenous saline infusion. Seven subjects (four men,
three women) were given normal saline intravenously. 3
liters of 0.9% sodium chloride were infused at a constant
rate of 500 ml/h for 6 h between 8 a.m. and 2 p.m.

Intravenous glucose infusion. Three male patients re-
ceived intravenous glucose as a sham sodium infusion.
3 liters of 5% dextrose and water were infused at a con-
stant rate of 500 ml/h for 6 h from 8 a.m. to 2 p.m. in a
manner identical to that used for the intravenous saline
study. Plasma determinations were the same except A II
levels were not measured.

Intravenous dextran infusion. Five subjects (four men,
one woman) received an intravenous infusion of low
molecular weight dextran (average mol wt, 40,000). Dex-
tran 40 in 5% dextrose and water (Rheomacrodex, Phar-
macia Laboratories Inc., Piscataway, N. J.) was infused
at a constant rate of 250 ml/h for. 4 h (8 a.m.-12 noon).
The volume of dextran infused was calculated to give
an intravascular volume expansion comparable to the nor-
mal saline. This calculation was based on their relative
volumes of distribution (8). Since dextran also causes
water to migrate into the intravascular space, the amount
of intravascular volume expansion was probably greater
with dextran, a fact supported by the greater fall in
hematocrit with dextran than with saline infusion. Only
a 4-h infusion of dextran (1,000 cm8) was given, in com-
pliance with the recommendation of the manufacturer. In
addition, subjects with a history of allergy were not used,
and all were constantly monitored by a physician, who
was in attendance during the infusions. To assess the
possibility of variation in patient response, four subjects
received both a saline and dextran infusion. At least 5-6
days were used between studies to reestablish metabolic
balance.

Oral sodium loading. Five subjects (two men and 3
women) ingested sodium chloride in an amount equivalent
to that administered in the intravenous saline study. 3
liters of bouillon (150 meq sodium, 2 meq potassium/liter)
were ingested at a rate of 500 ml/h for 6 h (8 a.m.-2 p.m.).
All subjects were encouraged to ingest the bouillon at a
steady rate and all tolerated the procedure without side
effects.

Laboratory procedures. All blood samples were immedi-
ately spun and the plasma was separated and frozen until
time for assay. The samples for plasma renin activity
(PRA) and A II levels were drawn with EDTA as the
anticoagulant; cortisol and aldosterone samples were col-
lected with heparin as the anticoagulant. Diisofluorophos-

"Abbreviations used in this paper: A II, angiotensin II;
PA, plasma aldosterone; PRA, plasma renin activity.

phate was also added to the samples for A II assay. So-
dium and potassium in urine and blood were measured by
flame photometry with lithium as an internal standard.

Plasma aldosterone (PA) and cortisol were measured
by displacement analysis techniques as previously described
(9). A II values were measured by a double antibody
radioimmunoassay method (10). This assay was sensitive
to a level of 7 pg/ml with a coefficient of variation at the
20 pg/ml level of 6.8%. Recoveries of added A II at three
different levels ranged from 88 to 108%. PRA was
measured both by a modification of the Boucher method
as previously described (11) and by a radioimmunoassay
procedure (10).

Statistical evaluation. Responses were analyzed statisti-
cally by computing a t value for the response at each time
interval compared with its appropriate control with the
pooled variance as derived from a two-way analysis of
variance.

The computations- were done on the log transforms of
the data. In all cases the variance was assessed as being
homogenous on the log transformed data by Bartlett's
test (12). P values were found in Dunnett's tables for
comparing multiple tests with a single control (13).
Missing data points were estimated by the appropriate
method for randomized blocks (14) before the two-way
analysis of variance on the log transform. The results are
expressed as mean±standard error of the mean and sig-
nificance was P < 0.01 unless otherwise indicated. Non-
significant differences were those with P > 0.05. A copy
of the individual responses will be supplied by the authors
on request.

RESULTS

The absolute plasma levels of renin activity, A II, al-
dosterone, and cortisol in the present study were similar
to those previously recorded by our laboratory and in
reasonable agreement with other investigators when
one considers variations in dietary intake of sodium and
potassium (15-17), and differences in posture (4-7).

Intravenous saline infusion. The mean 24-h urine
sodium and potassium excretion on the day before, dur-
ing, and after the study were 11±2 and 70±6 meq; 181±
16 and 72±3 meq; and 125±8 and 77±4 meq, respec-
tively. Of the 450 meq sodium infused, 306 meq (63%)
was excreted on the day of and the day after the saline
infusion. The mean weight gain due to the saline infu-
sion (1.7±0.2 kg) was not significantly different from
the mean weight loss during sodium restriction (1.8±0.2
kg). The mean serum sodium did not vary during the
course of the study, while only at the last time interval
(480 min) did the mean potassium level significantly
decline below control levels. During saline infusion,
there was a fall in hematocrit levels from 43% to 41%
at 60; 40% at 120; and 39% at 240 min, representing a
mean fall from base line after 4 h of infusion of 9%.

The mean control values of PRA (bioassay and
radioimmunoassay), A II, and aldosterone are presented
in Table I. The mean PRAhad a similar response pat-
tern whether measured by radioimmunoassay or bio-
assay. In general, the radioimmunoassay and bioassay

Renin-Aldosterone Response to Acute Volume Expansion 989



TABLE I
Response of PRA, A II, Aldosterone, Cortisol, Serum Sodium, and Potassium to Saline Infusion

in Supine, Normal Subjects on a 10 meq Sodium/100 meq Potassium Intake

Electrolytes
PRA PRA Plasma

Time (bioassay) (radioimmunoassay) A II PA cortisol Sodium Potassium

min ng/100 ml/3 h ng/100 ml/3 h pg/ml ng/100 ml Osg/10O ml meq/liter

0 1,3904315 1,9504500 69413 3643 12±1 141±1 4.3±0.1
10 1,120±275 1,470±300 51±9 33±3 1141 141±1 4.3±0.1
20 855±275 1,420±i250 47±6 28±3 10±1 142±1 4.4±0.1
30 860±375 1,310±230 42±5 21±3 9±1 140i2 4.4±0.1
60 590±170 970±250 36±6 17±2 8±1 140±1 4.2±0.1

120 590±190 815±210 33±5 15±2 8±1 140±1 4.3±0.1
240 5604±16() 550±150 28±4 14±2 6±1 140±2 4.2±0.1
360 350±100 330±135 23±4 11±2 4±1 139±1 4.1±0.1
480 360±100 290±60 21±3 9±1 4±1 140±1 4.1±0.1

Results are means±SEM. Saline was infused at a rate of 500 cm3/h for 6 h.

determinations were similar when the PRA was in the
normal range, while the radioimmunoassay estimated a
larger value when the PRA values were high and a,
smaller value when the PRA values were low, when
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FIGURE 1 Mean response of PRA, A II, and aldosterone
to the infusion of normal saline at a rate of 500 cm3/h
for 6 h.

compared with values obtained by bioassay. The mean
PRA levels declined rapidly after the start of the saline
infusion with a significant fall by 10 min and a 50%
decline by 60 min (Fig. 1). Thereafter, the decline was
more gradual, reaching a nadir at 360 min at a level
80% below control. Plasnma A II responded in a similar
fashion. The pattern of response of PRA and A II to
saline infusion was significantly correlated (r= 0.75,
P < 0.001). PA levels also declined significantly during
the course of the infusion and were significantly corre-
lated with both A II and PRA levels (r = 0.79, 0.84,
P < 0.001). However, there was an initial delay in the
fall of PA with no significant change during the first
20 min of the infusion and then a rapid decline to 50%
below control by 60 min (Fig. 1). During the saline
infusion, the mean plasma cortisol levels showed only the
expected diurnal changes.

Intravenous glucose infusion. In contrast to the sa-
line infusion, the three subjects receiving a sham saline
infusion of 5% glucose and water showed no significant
alterations in their PRA values over the first 240 min
of the infusion. A gradual decline followed, so that by
480 min, the PRA had decreased by 35% below base
line, a pattern consistent with the previously described
diurnal rhythm in supine, normal subjects (7, 15, 18,
19). Likewise, the mean control PA level showed no
decline during the first 4 h of the infusion and then a
gradual decline to 47% below base line by 480 mim.

Intravenous dextran infusion. The mean 24-h excre-
tion for sodium and potassium were 7±1 and 73±3 meq,
respectively, on the day before the study; 6±1 and 65±3
meq on the study day; and 7±2 and 68±4 meq on the
post-infusion day. Mean weight gain from the morning
before dextran infusion to the morning after dextran
infusion was 1.2±0.1 kg, whereas the mean weight loss
during dietary sodium restriction was 1.6±0.2 kg. In
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TABLE I I
Response of PRA, A II, Aldosterone, Cortisol, Serum Sodium, and Potassium to Dextran Infusion in Supine,

Normal Subjects on a 10 meq Sodium/100 meq Potassium Intake

Electrol tes
PRA PRA Plasma

Time (bioassay) (radioimmunoassay) A II PA cortisol Sodi1um1 Potassium

min ng/100 ml/3 h ng/IlO ml/3 h pg/ml ng/10G ml lsg/lOO ml wieq/liter
0 9404130 1,3404230 4146 3144 1441 145±3 4.2±0.1

10 875±50 1,290±290 40±7 30±4 13±1 146±3 4.3+0.1
20 960±80 1,130±390 41+7 29±5 13±1 143±3 4.2±0.1
30 930±80 1,230±200 40±5 32±5 12i1 139±2 4.0±0.1
60 780±110 1,240±260 37±7 3346 11±1 137±2 4.1±0.2

120 720±110 1,220±190 34±8 26±6 10±1 139±4 4.1i0.2
240 6304110 1,020±80 28±4 16±2 9±1 136±4 3.9±0.1
360 630±110 900±80 23±6 11±43 8±1 139±3 3.9±0.2
480 315±24 620±50 19±4 8±2 6±1 138±3 3.9±0.2

Results are means±SEM. Dextran was infused at a rate of 250 cm3/h for 4 h.

contrast to the saline infusion study, both serum sodium
and potassium levels declined during the dextran in-
fusion. While there was no significant change over the
first 2 h of the study, serum potassium levels were sig-
nificantly lower than control at 240, 360, and 480 min.
Serum sodium levels declined from 145 meq to 139 meq/
liter at 120 min and then remained stable throughout the

TABLE I I I
Response of PRA and Aldosterone to Saline and Dextran

Infusion in the Same Individual. (The Study
Sequence Was in the Order Listed)

Time after start of infusion
0 30 60 120

Patient Study min min min min

1 Saline *PRA 670 450 400 290
4PA 20 14 11 10

Dextran PRA 600 580 630 460
PA 23 20 20 21

2 Dextran PRA 840 890 640 510
PA 37 45 43 43

Saline PRA 1,090 800 620 540
PA 46 26 20 20

3 Dextran PRA 1,320 1,250 1,270 1,125
PA 57 53 57

Saline PRA 1,620 1,330 720 740
PA 59 46 32 21

4 Dextran PRA 1,440 1,460 1,380 1,320
PA 30 27 25 20

Saline PRA 1,150 810 600 510
PA 32 24 16 -

* PRA, in ng/100 ml/3 h.
t PA in ng/100 ml.

rest of the infusion. Likewise, dextran infusion pro-
duced a fall in hematocrit from 43% base line value to
40% at 60 min, and a significant fall to 38% at 120
and 36% at 240 min. This represented a fall in hemato-
crit below base line to the 240-min period, significantly
greater than that produced during saline infusion.

The mean and range of the control levels before dex-
tran infusion were not significantly different from those
observed before saline or dextrose and water infusions
(Table II). In contrast to saline, infusion of dextran
was not accompanied by a significant decline in mean
PRA levels until 240-360 min after the start of the in-
fusion (Fig. 2). While the decline of PRA was less
rapid than with saline, it was still significantly more
rapid than with dextrose and water. The A II levels
showed a similar delayed response pattern, with a sig-
nificant fall below base line occurring at 240 min.
A II and PRA were again correlated (r = 0.55, P <
0.025). The mean PA level also showed no significant
change until 240 min. Changes in PA were significantly
correlated with changes both in PRA (r 0.62, P<
0.001) and A II (r =0.56, P <0.001). However, the
mean aldosterone levels declined more rapidly than PRA
and A II in the last three sampling periods. This may
reflect the effect of the lower serum potassium levels at
these times, although there was no significant overall
correlation between changes in these two parameters.

Paired infusion studies. In four subjects, both dex-
tran and saline infusions were performed to assess if
subject variation could account for the differences in the
responses to dextran and saline. In one, saline was in-
fused first, in the others, dextran. At least 5-6 days
elapsed between each study. The individual PRA and
aldosterone responses in these studies, as shown in Ta-
ble III, are similar to the mean responses in Tables I
and II.
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Saline ingestion. The mean 24-h sodium and potas-
sium excretion on the day before the study was 13±2
and 72±4 meq; on the study day, 132+10 and 77±4
meq; on the day after saline ingestion, 156+8 and 81+5
meq. The mean weight gain was 1.4±0.1 kg, whereas
the mean weight loss induced by the sodium-restricted
diet was 1.6±0.2 kg. The total sodium excreted on the
day of and the day after the study was 288 meq, lower
but not significantly less than that excreted during the
intravenous saline infusion study. There were no sig-
nificant changes in serum sodium or potassium during
the study, and mean plasma cortisol levels showed a
normal diurnal decline.

In comparison to intravenous saline administration,
there was a lag in the rate of decline of PRA so that
a significant decline did not occur until 30-60 min after
the start of the saline ingestion (Table IV). This was
still significantly more rapid than with dextran or dex-
trose infusion. Over the next 4 h, however, the rate of
decline was similar to that seen with saline infusion.
The changes in plasma aldosterone levels were signifi-
cantly correlated with changes in PRA (r = 0.56, P <
0.001), although a significant fall occurred somewhat
later (60-120min).

Plasma cortisol responses. The pattern of change in
plasma cortisol was similar in the four studies. Plasma
cortisol showed a 20-30% fall from base line between
60-120 min and a 50-75% decline by the end of the
study, a pattern in agreement with previously reported
diurnal changes from our laboratory (7). Since the
changes in plasma cortisol were similar in all four
studies, it is unlikely that ACTH mediated the re-
corded differences in rate of response of PA. In fact,
during saline infusion, PA had fallen more than 50%
below control at 60 min, whereas plasma cortisol had
fallen only by 30%. On the other hand, during dextran
infusion, there was no significant change in PA at 60
min despite a 20% fall of plasma cortisol levels.

DISCUSSION

There have been few investigations of the acute re-
sponsiveness of the renin-angiotensin-aldosterone axis.
Assumption of the upright posture or acute volume de-
pletion after furosemide administration have both been
reported to produce significant increments in PA levels
within 30-60 min (20-22). Return to the supine posi-
tion led to a 50% fall in PRA within 5-10 min (21).
Studies of acute volume expansion have been limited but
suggest a rapid suppression of renin and aldosterone
secretion. Pickens and Enoch reported that PRA fell
37% from control 4 h after volume expansion with 500-
ml dextran infusion (23). Kem, Weinberger, Mayes, and
Nugent described that plasma aldosterone levels fall to
less than 50% of control after a 4-h saline infusion (2
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FIGURE 2 Comparison of the rate of response of PRA
and aldosterone to saline and dextran infusions. Results
are expressed as the mean +SEM%fall from the base
line plotted against time on a log scale.

liters) and assumption of the supine position (4). The
present study extends these observations during the
early time period (0-60 min) and demonstrates that in
the sodium-depleted state, the renin-angiotensin-aldo-
sterone axis can be rapidly suppressed by small vol-
umes of sodium chloride. With intravenously adminis-
tered normal saline, a significant (P < 0.01) fall in the
level of renin activity and A II occurred at 10 min and
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TABLE IV
Response of PRA, Aldosterone, Cortisol, Serum Sodium, and Potassium to Saline Ingestion in Supine,

Normal Subjects on a 10 meq Sodium/100 meq Potassium Intake

Electrolytes
PRA PRA Plasma

Time (bioassay) (radioimmunoassay) PA cortisol Sodium Potassium

min ng/100 ml/3 h ng/100 ml/3 h ng/100 ml pg/100 ml meqlliter
0 940±160 1,320±130 29i7 13±1 143±1 4.2±0.1

10 840±120 1,350±175 23±5 11+1 143 ± 1 4.140.1
20 760±140 1,250±230 21±3 1141 143±1 4.040.1
30 670±110 1,130±310 21±3 10±1 142±1 4.0±0.3
60 610±100 960±t270 16±2 9±1 142±3 4.1±0.3

120 545±75 740±160 12±2 7±1 143i2 4.2±0.2
240 400±70 300475 10±1 7±1 142±1 4.2±0.1
360 320±90 130±36 8±2 6±1 142±1 4.1±0.3
480 230±50 100±25 5±1 5±1 144±2 4.240.1

Results are means±SEM. Bouillon, 150 meq NaCI/liter, was ingested at a rate of 500 cm3/h for 6 h.

of aldosterone at 30 min. In contrast to saline, dextran
infusion did not produce a significant fall in circu-
lating levels of angiotensin and aldosterone until 240
min, while glucose infusion required more than 360
min.

From the data available, both from the present and
previous studies, it is difficult to precisely determine the
sensitivity of the renin-angiotensin system to saline
infusion in sodium-depleted man. However, the minimum
sensitivity can be estimated from the renin half-life,
if one assumes complete suppression of renin secretion
after saline infusion. In all probability, a gradual sup-
pression occurs, and therefore, the sensitivity would be
greater than that calculated from the half-life deter-
mination. There is considerable discrepancy in the
literature regarding the biologic half-life of renin. From
the studies of Oparil, Vassaux, Sanders, and Haber in
normal man, as estimated by a 50% fall from the upright
to the supine position, the half-life of renin activity ap-
pears to be between 5 and 6 min (21). Michelakis and
Mizukoshi reported that the disappearance rate of
renin in man after nephrectomy was approximately 14
min (24). Furthermore, there is recent evidence that
the hepatic clearance of renin is influenced by sodium
intake, with sodium depletion decreasing hepatic clear-
ance of renin (25). Because of these difficulties, it is
not possible to determine in the present study the bio-
logic half-life of renin precisely. If one assumes a renin
half-life between 5 and 15 min, and no significant change
in its metabolic clearance rate during the first 30-60
min of the infusion, then the amount of saline required
to produce a 50% fall in renin activity (30-60 min)
would be an estimate of the minimum sensitivity. Thus,
it can be concluded that the system was sensitive to as
little as 20-60 meq of sodium chloride, and/or 125400
ml of volume. With saline ingestion, with a 10% rate

of absorption of sodium from the small bowel and no
absorption from the stomach (26), and a ti gastric
emptying rate of 5-7 min (27), a 45-60 min lag time
would be anticipated before a similar amount of sodium
chloride was absorbed. This was approximately the time
difference in the renin response rate between oral and
intravenous saline administration.

The mechanism producing the rapid suppression of
renin and aldosterone secretion by acute sodium re-
pletion is not entirely apparent from the present stud-
ies. It has been previously shown that there is a diurnal
fall in plasma levels of aldosterone, A II, and renin ac-
tivity in normal, sodium-depleted man (7, 15, 18, 19).
Because these studies were extended over a 6-8 h pe-
riod, diurnal variation could account in part for a de-
cline in aldosterone levels. However, the differences in
rates of response of the renin-angiotensin-aldosterone
axis are unlikely to be ACTH-mediated since the
changes in plasma cortisol were similar in all infusion
studies. A second possibility would be a local vascular
reflex due to the intravenous infusion of fluids with a
rapid alteration in adrenergic tone to the kidney,
thereby altering renin secretion. However, it would be
anticipated that under these circumstances all infusion
studies would produce a similar response pattern. In ad-
dition, orally administered saline produced a response
pattern similar to that of intravenous saline, when one
takes into consideration the delay in absorption from
the gastrointestinal tract.

It is also unlikely that the experimental design can
account for the differences in the response rates to- sa-
line and dextran infusion. The fact that intravascular
volume expansion, as reflected in hematocrit changes,
was nearly identical makes differences in the degree of
volume expansion an unlikely explanation for these ob-
servations. The overlap of the mean values and ranges
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for control parameters for the two studies would suggest
that the subjects were in the same balance state be-
fore the start of the infusion. Not only were the mean
response rates significantly different in the two infu-
sion studies, but there was no overlap of the individual
responses. The range of time to achieve a significant
fall in renin activity, for example, was 10-35 min wvith
saline infusion but 140-480 mnin with dextran. ft is also
improbable that suibject selection can explain the (lif-
ference in response silnce in the four suibjects whlo re-
ceived both studies, the same differences in response rate
to saline and dextran were observed.

Since dextran and saline produced comparable changes
in intravascular volume, the difference in the response
of the renin-angiotensin-aldosterone axis might reflect
their different effects on interstitial fluid volume. Sa-
line expands intravascular and interstitial compartments;
dextran also expands intravascular volume but decreases
interstitial and possibly intracellular fluid volumes. Thus,
the present data could be interpreted as showing stimu-
lation of the renin-angiotensin system by dextran
through contraction of some component of extravascular
volume as opposed to suippression by saline and/or the
sodium ion. However, expansion of intravascuilar volutnle
and the contraction of interstitial volume was eventually
associated with suppression of these parameters, as
evidenced by the difference in rate of response of PRA
to dextran in contrast to glucose infusion. Moreover,
levels of renin, angiotensin, and aldosterone never in-
creased after infusion of dextran, but only exhibited a
delayed suppression. Another possibility is that the
renin-angiotensin-aldosterone system can be suppressed
by expansion of either interstitial or intravascular com-
partments. However, to explain the absence of rapid
suppression after dextran infusion, this hypothesis
would require the unlikely circumstance that the stimu-
lation induced by contraction of interstitial fluid vol-
ume was of equal and opposite magnitude as the sup-
pression produced by intravasetlar expansion. This hy-
pothesis also fails to explaini the suppressioni produced
by dextran infusion after a 120-min lag. Thus, the
present data best support the hypothesis that the either
sodium ion per se or extracellular volume expansion
with saline mediates this rapid response. Although our
study does not clarify the sensing mechanism, possibili-
ties include the macula densa of the kidney, which is
detecting small changes in the sodium load (28), or an
extrarenal baroreceptor, (29) or a central nervous sys-
tem receptor (30) with transmittal of its input to the
kidney via the adrenergic system.
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