Suppression of renin release by

intravascular volume expansion

during chronic diuretic

treatment

Phillip M. Hall, M.D.

Department of Hypertension
and Nephrology

Harriet P. Dustan, M.D.
Robert C. Tarazi, M.D.

Research Division

This study supported in part by
grant HE-6835 from the National
Heart and Lung Institute, PHS.

Circulating renin is influenced by many fac-
tors. In the clinical setting, alterations in body
water and sodium balance influence plasma renin
activity (PRA) significantly. Thus, with dietary
sodium deprivation,!-? rapid diuresis with furose-
mide,* and water deprivation® PRA increases as it
does also in association with the modest oligemia
that accompanies long-term hydrochlorothiazide
or spironolactone treatment of hypertension.® ?
Conversely, lowered PRA has been observed fol-
lowing high sodium diet,%: 3 overhydration,® in
primary aldosteronism,® ® and following rapid
intravascular volume expansion.l® 11 In such
states of altered intravascular volume and serum
sodium concentration there is disagreement as to
the factors (volume or sodium) controlling renin
release and how they become sensory signals to
the juxtaglomerular apparatus.

To investigate the relative importance of in-
travascular volume and serum sodium concentra-
tion on PRA we have studied diuretic-treated hy-
pertensive patients before and after rapid expan-
sion with solutions that caused similar changes in
intravascular volume, but dissimilar changes in
serum sodium concentration. We selected diu-
retic-treated patients because they have been
found to have elevated PRA in association with
diminished intravascular volume.% 7
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Methods

Intravascular volume was rapidly ex-
panded in the 21 patients by adminis-
tering either 6% dextran in 5% glu-
cose (6DG), or 6% dextran in normal
saline solution (6DS). The age, sex,
diagnosis, and therapy is presented in
Table 1. All hypertensive patients had
had complete investigative studies, in-
cluding renal arteriography. Nineteen
were considered to have essential hy-
pertension; in one, hypertension was
thought to be secondary to renal artery
disease, and in another, to chronic py-
elonephritis. One patient (No. 15) had
significant impairment of renal excre-
tory function with a creatinine clear-
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ance of 27 ml/min. Twenty had been
receiving hydrochlorothiazide (50 to
150 mg per day) and/or spironolactone
(50 to 150 mg per day) for varying pe-
riods at the time of this study, and one
was untreated.

All patients were studied in the
fasting state, usually in the morning.
Following a 30- to 45-minute period of
supine rest, plasma volume was meas-
ured directly with human serum albu-
min labeled with 2.5 microcuries of
125] using a 10-minute equilibration
period.*? At the same time, blood sam-
ples were obtained without stasis for
determination of hematocrit values by
capillary microcentrifugation, of se-
rum sodium, potassium, and chloride

Table 1. Twenty-one patients studied with volume expansion

Treatment
Patient
no. Age Sex Diagnosis Type Duration
6DG

1 52 M Essential hypertension S 2yr
2 40 M Essential hypertension None

3 41 M Essential hypertension H,S 1 wk
4 53 M Essential hypertension H 3 wk
5 59 F Essential hypertension S 6 mo
6 69 F Essential hypertension H 2 wk

7 50 F Essential hypertension H, S 4 mo
8 51 M Essential hypertension H 6 mo

9 44 M Essential hypertension S 9 mo
10 62 F Essential hypertension H 2 mo
11 56 F Essential hypertension S 11 mo
12 52 M Essential hypertension H 3 mo
13 52 F Renal artery disease H,S 12 mo

6DS

14 55 M Chronic pyelonephritis H 5 mo
15 45 M Essential hypertension® H, G, Hy 9 mo
16 59 M Essential hypertension H 24 mo
17 66 M Essential hypertension H 9 mo
18 52 M Essential hypertension S 2yr
19 27 F Essential hypertension H 3 days
20 53 M Essential hypertension S 2 yr
21 46 M Essential hypertension H, G 2 yr

S = spironolactone, H = hydrochlorothiazide, Hy = hydralazine, G = guanethidine.
* Moderately impaired renal excretory function.
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concentrations and carbon dioxide
content by Technicon® method, and
of peripheral renin activity.

Plasma renin activity could not be
measured by the standard Pickens'?
method because dextran was carried
through the entire procedure, and on
bioassay produced such depressor re-
sponses that they obscured the plasma
pressor activity. This effect in rats is
presumably due to an allergic reaction
to dextran.'* To eliminate dextran
from the final test solution, angio-
tensin released during the 4-hour in-
cubation was adsorbed onto Dowex
50 resin and subsequently eluted as in
the Boucher method.’® To provide
uniformity of measurement, both con-
trol and test samples were handled in
this fashion, even though the control
specimen did not contain dextran.

To test the validity of this method,
a comparison was made of the amount
of angiotensin obtained by the Pickens
method with the amount obtained by
this modification. Duplicate plasma
samples to which .001 Goldblatt unit
of renin had been added (to assure
adequate angiotensin for reliable
assay) were carried through each type
of procedure and amounts of angio-
tensin measured were found to differ
by less than 5%, which is well within
the variance of the bioassay. To estab-
lish that dextran had not interfered
with generation of angiotensin, .001
Goldblatt unit of renin was incubated
with plasma in the absence and pres-
ence of dextran added in the same pro-
portion as occurred during this study.
No difference in angiotensin formation
was found.

Rapid intravascular volume expan-
sion was accomplished by infusing an
amount of either 6DG or 6DS equal
to 20% of the total blood volume as
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calculated from the plasma volume
radioiodinated serum albumin (RISA)
and hematocrit value. This amount of
fluid was given at a rate of 15 ml/min/
M2 body surface area using an infusion
pump. After 25%, 50%, 75%, and
100% of the infusion volume had
been administered, heart rate and
blood pressure were measured and
blood was obtained for determination
of the hematocrit value, serum so-
dium, potassium, carbon dioxide, and
chloride concentrations. Also, PRA
and plasma volume were again meas-
ured after completion of the infusion.
Plasma osmolality was measured dur-
ing 6DG expansion but not 6DS, as
previous reports'® had indicated that
no change in osmolality occurred with
infusion of 3% dextran in isotonic
saline.

Thirteen patients were given 6DG
solution and eight received 6DS;
all but one patient of the former
group were receiving hydrochlorothi-
azide and /or spironolactone. Although
amounts of the two solutions used
were similar, 6DG produced signifi-
cantly less plasma volume expansion
than did 6DS (22% vs 38%, p < .0I)
(Table 2). There are at least two pos-
sible explanations for this difference:
(1) patients given 6DG may have had
a greater diuresis than those receiving
6DS, but since urine volume was not
measured we have no information on
this; (2) the 6DG, while isotonic in
vitro, became hypotonic in vivo due
to metabolism of glucose. We did not
measure any significant change in
plasma osmolality with 6DG infusion,
but Schrier et al'® have. They observed
decreases in plasma osmolality and in-
terstitial fluid volume with 3% dex-
tran in 5% glucose infusion and
attributed these to metabolism of glu-
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Table 2. Paired data analysis of average changes in total blood volume, plasma
volume, serum sodium, PRA, and hematocrit following intravascular
volume expansion with 6DG (13 patients) and 6DS (8 patients)

Preexpansion Postexpansion 9% change
6DG
Total blood volume (ml)
Mean =4 S.D. 4593 £ 956 5042 + 1048 +10
<.001
Plasma volume (ml)
Mean + S.D. 2772 + 523 3387 + 614 +22
<.001
Serum sodium (mEq/liter)
Mean £ S.D. 139 & 3.1 132 4+ 4.3 -5
p <.001
Plasma renin activity (ng/ml)
Mean + S.D. 4.0 &= 4.0 1.5 &£ 1.1 —62
P <.025
Hematocrit (%)
Mean + S.D. 43 4 5.0 35 & 4.1 —19
P <.001
6DS
Total blood volume (ml)*
Mean £ S.D. 4678 + 316 5702 £ 672 +22
<.01
Plasma volume (ml)?
Mean =+ S.D. 2710 & 205 3757 x 419 +38
<.001
Serum sodium (mEq/liter)
Mean =+ S.D. 141 % 2.5 139 £ 2.2 —~1.4
p <.02
Plasma renin activity (ng/ml)
Mean + S.D. 29+1.6 14 +1.2 —33
p <.01
Hematocrit (%)
Mean + S.D. 47 + 2.6 38 + 2.2 —19
P < .001
* Based on six subjects.
t Based on seven subjects.
1 Based on eight subjects.
cose which rendered the fluid hypo- Results

tonic, resulting in the diffusion of ex-
tracellular water intracellularly.

Results obtained were analyzed sta-
tistically using conventional methods
for calculating the significance of
standard ¢ tests and correlation coeffi-
cients.1?

Preexpansion. Before volume ex-
pansion, serum sodium concentration
and PRA averaged 140 mEq/liter and
3.6 ng/ml respectively. In accord with
findings of another study,” a signifi-
cant inverse correlation between serum
sodium concentration and PRA was
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found in patients treated with spiro-
nolactone only or in combination with

hydrochlorothiazide (r = —.701, p <
.05) but not for those taking only
hydrochlorothiazide (r = -.115, p

n.s.). In contrast, there was no relation-
ship between PRA and plasma vol-
ume.

Volume expansion (Table 2).

Rapid infusion of 6DG. This re-
sulted in an average plasma volume
expansion of 22% (p < .001) which
was accompanied by a significant av-
erage decline in hematocrit value of
19% (p < .001), in PRA of 62%
(p < .025), and in serum sodium con-
centration of 5% (p < .001). There
was no significant change in heart rate,
mean arterial pressure, or plasma os-
molality with infusien.

In three patients the initial level
of PRA was less than 1 ng/ml and
changed little with volume expansion,
the values being less than 1 ng/ml.
Omitting these, there was a significant
correlation between percentile changes
in plasma volume and PRA (r =
—.694, p < .025) with expansion, and
in the men only, a significant inverse
correlation between actual levels of
PRA and plasma volume (r = -.700,
p < .05). No relationship was found
between actual values for PRA and
serum sodium concentration nor be-
tween percentile reductions accom-
panying the infusion.

Infusion of 6DS. This resulted in an
increase in plasma volume of 38%
(p < .001), a fall in hematocrit value
of 19% (p < .001), in PRA of 53%
(p < .005), and in serum sodium con-
centration of 1.4% (p < .02). There
was no significant change in heart rate
or mean arterial pressure. A relation-
ship between percentile changes in
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plasma volume and PRA was sug-
gested by a correlation coefficient of
r = -.569, but because of the small
number of patients studied it was not
statistically significant (p < .2). The
relationship between actual values of
PRA and plasma volume had a corre-
lation coefficient of —.496, but p <
.2. There was no significant relation-
ship between PRA and serum sodium
concentration.

Comparison of effects of the two
solutions. Although both produced a
marked increase in plasma volume,
6DS was more effective than 6DG
(38% vs 22% respectively, p < .01)
while 6DG lowered serum sodium con-
centration more than did 6DS (4.5%
vs 14% respectively, p < .001). De-
spite these marked group differences in
sodium concentration, decreases in
PRA were not significantly different
(p < .25).

Taking both groups together post-
expansion, there was a significant in-
verse correlation between actual values
of PRA and plasma volume (expressed
as percent of normal) for the 15 males
(r = —.653, p. < .01) (Fig.) but not
for the men and women combined.
There was no correlation between
actual values of PRA and serum so-
dium concentration nor between per-
centile changes in PRA and serum
sodium.

Discussion

The individual effects of intravas-
cular volume and serum sodium con-
centration upon PRA are difficult to
define because of the close relation-
ship between body sodium and extra-
cellular fluid volume. However, re-
sults of this study suggest that in hy-
pertensive patients receiving diuretic
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Fig. Relationship between plasma renin activity and plasma volume expressed as percent of
normal in diuretic-treated hypertensive men following rapid intravascular volume expansion with

either 6DS in saline or 6DG in glucose solution.

treatment: (1) there is a significant in-
verse relationship between PRA and
serum sodium concentration during
treatment with spironolactone; (2)
rapid intravascular volume expansion
suppresses renin release and results in
a significant decline in PRA; and (3)
that this suppression is a function of
the change in intravascular volume
but not in serum sodium concentra-
tion.

Although these results indicate a
dominance of intravascular volume
over plasma sodium concentration as
a determinant of renin release during
rapid volume expansion, they do not

eliminate sodium concentration as one
of the factors influencing PRA in more
stable situations. In this regard, Brown
et al'® have reported an inverse rela-
tionship between PRA and serum so-
dium concentration in a heterogeneous
group of hypertensive patients. The
same relationship was found in un-
treated patients with renovascular hy-
pertension'® and in patients with es-
sential hypertension during long-term
treatment with spironolactone.” Sim-
ilarly, in the present study there was
a significant inverse association be-
tween serum sodium concentration in
the spironolactone-treated patients.

Downloaded from www.ccjm.org on July 13, 2025. For personal use only. All other uses
require permission.


http://www.ccjm.org/

Spring 1974

Clinically, hypokalemia or potas-
sium depletion is known to increase
PRA in some subjects, whereas po-
tassium  administration  suppresses
PRA.20 In rats potassium administra-
tion suppresses the plasma renin stim-
ulating effect of hyponatremia, sug-
gesting an important influence of
potassium upon PRA.2% 22 In the pres-
ent study there were small decreases in
serum potassium with both expansion
studies. Such changes may have
blunted the degree of fall in PRA
which we observed, but certainly
should not have enhanced them.

There is also ample evidence of a
close, ongoing relationship between
PRA and intravascular volume. Thus,
Dustan et al'® found a significant in-
verse correlation between PRA and
plasma volume in normal and un-
treated men with essential hyperten-
sion and in women with renovascular
hypertension. Also, Acchiardo et al?
reported that during chronic treat-
ment with hydrochlorothiazide or spi-
ronolactone an inverse relationship
was found between the rise in PRA
and reduction in PV produced by these
drugs. Conversely, Tarazi et al® found
that following discontinuance of
chronic thiazide treatment, PRA fell
as PV rose. In short-term studies in
normotensive and hypertensive pa-
tients, Newsome and Bartter? demon-
strated a strong inverse relationship
between changes in body weight (pre-
sumed to reflect changes in intravascu-
lar volume) and PRA. This relation-
ship was maintained even when serum
sodium concentration was altered in a
direction opposite to change in body
weight, thus suggesting that a change
in intravascular volume was the more
potent modifier of PRA. Similarly, in-
verse relationships between PRA and
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intravascular fluid volume have been
inferred from observations made of the
clinical states of dehydration and in-
appropriate ADH secretion,?? 2¢ from
studies of water deprivation in man,’
and administration of small doses of
furosemide to dogs.?

It might be questioned whether the
fall in PRA in our experiments was
simply a result of dilution by increas-
ing the volume of distribution for
renin. That this is not the case is
shown by calculating “‘total circulat-
ing renin” from the PRA (ng/ml) and
plasma volume (ml). In all but one
instance, there was a significant de-
cline in total circulating renin (average
9,565 ng preexpansion and 4,517 ng
postexpansion [p < .01]).

Another question is whether our
study provides any insight into the
mechanism whereby intravascular vol-
ume influences PRA. Previously Nash
et al?® clearly demonstrated in dogs
that renin release could be dissociated
from renal and systemic hemodynam-
ics and from sodium and water bal-
ance, but that there existed a recipro-
cal relationship between renin release
and the rate of delivery of sodium to
the tubules. Vander?” proposed that
the final common pathway for renin
control is the macula densa sodium
load. According to this hypothesis,
when there is an increased sodium load
to the macula densa site, there is in-
creased reabsorption of sodium by
macula densa cells and inhibition of
renin release. When there is decreased
distal tubular sodium load, there is
decreased macula densa sodium re-
absorption and a stimulus to renin re-
lease. Therefore, on the basis of the
“macula densa sodium hypothesis,”
the influence of intravascular volume
and serum sodium concentration upon
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PRA must finally be understood in
terms of the effect of these factors upon
distal tubular sodium load and macula
densa sodium reabsorptive capacity.

In attempting to understand our
data in relationship to the “macula
densa” theory we must consider how
the infusion of solutions such as 6DG
and 6DS influence sodium excretion
and distal tubular sodium load. Vol-
ume expansion with hypotonic, iso-
tonic, and hypertonic saline in ani-
mals results in a natriuresis (hence in-
creased distal tubular sodium load)
which is independent of measurable
changes of renal blood flow or glo-
merular filtration rate and is due to
diminished proximal tubular sodium
reabsorption,?8-31 although diminished
distal tubular reabsorption may also
occur.’2 33 Volume expansion with
nonsaline-containing colloidal solu-
tions, i.e., dextran in glucose, salt poor
albumin, whole blood, or reconstituted
human plasma, produces no signifi-
cant natriuresis.’é 2%, 31, 3¢ Volume ex-
pansion with saline-containing colloi-
dal solutions such as 6% dextran or
albumin in isotonic saline produce a
definite natriuresis, the magnitude of
which is less than during isotonic sa-
line infusion alone.16 80, 31, 35-37 T ouy
two study groups a similar degree of
lowering of PRA was observed follow-
ing expansion with 6DG which should
not increase patriuresis and 6DS which
does. These observations suggest that
. intravascular volume may at times in-
fluence PRA by a sensory signal other
than distal tubular sodium load and
macula densa transfer.

Plasma volume variations could af-
fect the juxtaglomerular apparatus
via renal nerves or circulating cate-
cholamines, since it has been shown
that direct stimulation of renal nerves
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increased renin release,® that inter-
ruption of the renal nerves reduced
the renin stimulating effect of mercu-
hydrin,3% 40 and that infusion of epi-
nephrine and norepinephrine were
potent stimuli of renin.38

Tobian*! proposed that the final
common pathway for renin control is
via the afferent arteriolar juxtaglo-
merular cells acting as stretch recep-
tors which are sensitive to changes in
intraarterial pressure or volume or
both. In this view, chronic diuretics
which are known to produce oligemia$
would decrease the stretch of the af-
ferent arteriole and stimulate renin.
Conversely, rapid intravascular vol-
ume expansion would increase the
stretch of the afferent arteriole and
decrease renin production. We ob-
served no change in mean arterial
pressure with volume expansion, but
the afferent arteriole may have been
influenced by volume changes alone.

In a recent review by Davis?? the
multiple stimuli known to signal renin
release are summarized. The predom-
inance of any one signal is seen as
being variable, depending upon the
physiologic or pathophysiologic state
of the whole organism. Davis con-
cludes by noting the failure, as yet, to
discover a final common pathway from
the various sensory stimuli to the
macula densa.

Summary

The influence of rapid intravas-
cular volume expansion upon PRA,
PV, and serum sodium concentration
was studied in 21 diuretic-treated hy-
pertensive patients. PRA was sup-
pressed 53% in eight subjects receiving
6DS which elevated PV 38%, while
slightly lowering serum sodium con-
centration by 1.4%. Similarly PRA
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was suppressed 62% in 13 subjects
receiving 6DS which elevated PV 22%
and significantly lowered serum so-
dium concentration 4.5%. Plasma
renin suppression by administration
of intravenous fluid was thus most
clearly related to intravascular volume
expansion, suggesting that whatever
may have been the importance of
sodium concentration as a determinant
of PRA, intravascular volume played a
dominant role in renin release during
these experiments of brief duration,
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