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Reciprocation of Renin Dependency with Sodium

Volume Dependency in Renal Hypertension

Abstract. An angiotensin II inhibitor was administered to rats with two-kidney Gold-
blatt hypertension. The inhibitor produced a marked drop in blood pressure after 5 weeks
but no significant change after 15 weeks of hypertension. However, even after 15 weeks of
hypertension, following sodium depletion by either diuretics or a low sodium diet, the ani-
mals again became renin dependent as readministration of the inhibitor induced a signifi-
cant fall in blood pressure. The data indicate that two-kidney Goldblatt hypertension is
initially renin dependent but subsequently becomes sodium volume dependent in a way
similar, although more protracted, to that already described for one-kidney Goldblatt

hypertension.

Experimental renovascular hypertension
exhibits two different pathophysiologic
patterns: The two-kidney Goldblatt hyper-
tension (one renal artery clipped with the
contralateral kidney left untouched) has
been considered typical of renin-angioten-
sin dependent hypertension in both the ini-
tial and the established phase. Elevation of
renin and angiotensin II in the plasma has
been demonstrated in this model (/) in the
established phase; at this time the blood
pressure can be lowered by the administra-
tion of antibodies to, or blockers of, angio-
tensin 11 (2).

In contrast, the one-kidney Goldblatt
model (one renal artery clipped with the
contralateral kidney removed) shows only
an initial transient renin dependent phase
of a few days duration (3-5), but then be-
comes sodium volume dependent in the es-
tablished phase (§) with normal plasma re-
nin and angiotensin II levels and no blood
pressure response to blocking agents of or
antibodies to angiotensin II. During this
phase, sodium deprivation converts hyper-
tension to an overtly angiotensin II depen-
dent type (6).

Our study was designed to investigate
whether a similar change from a renin de-
pendent to a sodium dependent mecha-
nism occurs with time in the two-kidney
Goldblatt model and whether this status
can also be reversed by sodium depletion.

A silver clip was placed on the left renal
artery of male Wistar rats weighing 140
to 150 g; the right kidney was left un-

1316

touched. Three groups of animals were
studied and all received initially a regular
Purina rat chow diet (sodium content 0.22
meq/g). The blood pressure was measured
twice weekly by means of the tail micro-
phone method.

The animals in group 1 (N = 5) were
maintained on the above diet and exam-
ined 4 weeks after the clipping. The ani-
mals were anesthetized with ether, the
femoral vein was cannulated with a PE 10
catheter for the infusion, and the external
iliac artery was cannulated with a PE 50
catheter for blood pressure monitoring.
Arterial pressure was monitored with a
Sanborn pressure transducer. After the an-
imals recovered from the anesthesia, they
were kept in a semirestrained position. At
the end of a 30-minute control period, the
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Fig. 1. Blood pressure response to angiotensin
II blockage 4 to 5 weeks after the clipping of
one renal artery; 1. V., intravenous.

pressure response to an intravenous dose
of 100 ng of angiotensin Il was deter-
mined. Subsequently, [sarcosine!, ala-
nine]angiotensin Il (Eaton Laboratories),
a highly specific competitive antagonist
of angiotensin II (7), was infused at a
rate of 9 g/min for 60 minutes. After
the infusion was discontinued, the blocking
effect of the inhibitor was tested by an
injection of 100 ng of angiotensin II. The
animals were killed 3 hours later when the
blood pressure had risen to that observed
before the infusion.

The rats in group 2 (N = 6) were can-
nulated 14 to 15 weeks after they were
clipped, and the same protocol was fol-
lowed as described for the animals in
group . After their recovery from the ini-
tial infusion, the animals were maintained
in a semirestrained position for another 24
hours, during which time they received an
intravenous injection of furosemide (2 mg)
and were fed a low sodium diet (8) with
free access to tap water. Urines were col-
lected, and Na and K determinations made
in order to calculate Na and K excretion
over a 24-hour period. After this period of
sodium depletion, the antagonist infusion
was repeated.

The rats in group 3 (V = 8) were also
kept for a period of 14 to 15 weeks on the
regular salt diet. Eight days prior to the
experimental treatment they were placed
on the low sodium diet, and the antagonist
was infused at the end of the 8-day period.
Five of these animals were housed in
metabolic cages (Acme), and sodium and
potassium balance studies were carried out
as described (9).

In the animals of group 1 (which were
kept on the regular salt diet), 4 weeks after
clipping, the angiotensin II inhibitor pro-
duced an immediate and progressive fall in
blood pressure with a decrease of
36.6 + 4.8 (mean + S.E.) mm-Hg after 10
minutes (P < .01) and a maximum de-
crease of 44.0 & 6.2 mm-Hg after 60 min-
utes (P < .01) (Fig. 1).

In the animals of group 2 (which were
also on the regular salt diet), 14 to 15
weeks after clipping the mean of the blood
pressures in the controls was similar to
that of group I, but the angiotensin II in-
hibitor produced no significant change in
blood pressure. The maximum decrement
in blood pressure was 3.1 = 3.6 mm-Hg af-
ter 60 minutes (P < .5) (Fig. 2a). Sub-
sequently, sodium depletion was induced
by 24 hours of low salt diet and intra-
venous injection of 2 mg of furosemide; the
resulting loss of sodium was 2.1 =+ 0.4 meq,
and the net loss in weight was 49.0 +7
g, but there was no change in the blood
pressure. A second dose of the inhibitor
then produced a marked fall in blood pres-

SCIENCE, VOL. 188



Fig. 2. (a) Blood pressure response to angiotensin II blockade 15 weeks
after the clipping of one renal artery, before and after sudden sodium de-
pletion. (b) Blood pressure response to angiotensin I1 blockade 15 weeks
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after the clipping of one renal artery and after the animals were deprived
of dietary sodium for the 8 days preceding testing.

sure by 43.0 = 7.6 mm-Hg (P < .01) after
10 minutes and a maximum fall of
55.0 = 10.3 mm-Hg after 60 minutes, a
similar response in pressure to that seen in
group l.

In the rats of group 3, 14 to 15 weeks af-
ter the animals were clipped and after they
had been placed on a low sodium diet for 8
days prior to test, the angiotensin II inhib-
itor induced a significant fall in blood pres-
sure of 28.1 = 4.2 mm-Hg (P < .01) at 10
minutes and a maximum fall of 46.4 + 6.4
at 60 minutes (P < .01) (Fig. 2b). Balance
studies in five animals showed a mean so-
dium loss of 2.8 + 0.3 meq after the final
8-day period. However, the body weight
showed only a transient fall during the first
2 to 3 days, but then rose slightly toward
the end of the 8-day period on a low so-
dium diet (428 +9 g as compared to the
initial weight of 420 + 10 g).

These experiments indicate that the two-
kidney Goldblatt model of renovascular
hypertension, often considered a typical
model of renin dependent hypertension, is
subject to a change in its mechanism, pre-
sumably resulting from changes in the so-
dium metabolism. Thus, infusion of the
angiotensin blocker produced a lowering
of blood pressure at 4 weeks, confirming
that at this stage the hypertension is renin
dependent (2). However, 10 weeks later the

response to the blocker became negligible,

indicating that angiotensin no longer ap-
peared to play a role in the maintenance of
the high blood pressure and that sodium
retention with ensuing volume expansion
was probably the main operating mecha-
nism. Sodium depletion over a period of
hours by the use of diuretics alone did not
cause any fall in the blood pressure, prob-
ably because of stimulation of renin re-
lease, as suggested by the dramatic fall of
blood pressure when infusion of the angio-
tensin blocker was repeated. More gradual
sodium depletion of the same magnitude,
achieved by dietary salt deprivation over a
longer period, had the same effect of re-
instituting the renin dependency of the
hypertension.

This sequence of events in two-kidney
Goldblatt hypertension thus resembles that
already described in the one-kidney Gold-
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blatt model (6). Both models exhibit a re-
nin dependent early phase followed by a
volume dependent phase later on, during
which a latent role for renin can still be
exposed by sodium deprivation. In the
two-kidney model this transition occurs in
several weeks and may be attributed to the
presence of a normal contralateral kidney,
which at first excretes sodium freely in re-
action to the raised systemic blood pres-
sure. However, the continuing exposure of
this initially normal kidney to raised arte-
rial pressure, perhaps combined with ele-
vation in the circulating renin level, may
produce secondary vascular damage in this
kidney and lead to impaired sodium excre-
tion, to volume expansion, and then to sup-
pression of renin release from the clipped
kidney (10); at this point removal of the
clipped kidney no longer normalizes the
blood pressure (/7).
model a considerable loss of total renal
function occurs immediately, resulting in a
decrease of capacity for sodium excretion
and thus earlier sodium retention (4).

A similar mechanism may be applicable
in renal and even certain forms of essential
hypertension in man. According to this hy-
pothesis, patients exhibiting ““normal” or
even low renin levels might have actually
had an elevation of renin levels earlier,
which could have produced subtle kidney
damage sufficient to sustain the hyper-
tension with the subsequent lesser or latent
participation of renin. In this regard, es-
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sential hypertensive patients with low renin
levels have been found to be older than es-
sential hypertensive patients with normal
renin levels (/2).
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Insulin-Unresponsive Tissues Respond To

Superactive Insulin-Like Material

Abstract. Insulin-like material prepared from msulm-Sepharose stimulates glucose
oxidation by isolated diaphragm of C57Bl/6J ob/ob mice, but insulin does not. This ma-
terial is much more effective than insulin on epididymal fat tissue from these mice. In-
sulin-like material and insulin are equipotent on the corresponding tissues from lean

littermates.

It has been reported (/) that soluble in-
sulin-like material (ILM) can be produced
by treating insulin-Sepharose with bovine
serum albumin solution, and that the ma-
terial solubilized in this manner elicits un-

usual insulin-like responses from mam-
mary epithelial cells. The ILM exerts a
greater stimulatory effect than insulin ‘does
on the accumulation of a-aminoisobutyric
acid by mammary cells from pregnant
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