912

the response of the two groups of rats cannot
be attributed to inhibitors present in the al-
bumin solution.

The growth hormone (NIH GH S7) was a gift of
the Endocrinology Study Section of the Nation-
al Institutes of Health. The superb technical assist-
ance rendered by Mrs. Rosalie Snyder is gratefully
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Aldosterone Production in Chronic Renal Failure (33685)
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Changes in salt and water balance conse-
quent to renal failure might be expected to
involve changes in the secretion of sodium-
retaining hormones. When renal mass is re-
duced by renal disease or by ablation of
renal tissue, sodium excretion per nephron
increases so that normal sodium blanace is
maintained. Previous studies using micro-
puncture techniques in rats showed that the
mechanism for this adjustment is not depen-
dent on either the compensatory increase in
glomerular filtration per remaining nephron
which occurs in these circumstances, or on a
reduction in intrinsic reabsorptive capacity in
the proximal tubules (1). It seems likely,
therefore, that the early adjustments in sodi-
um excretion in renal failure take place in
the distal tubule. One possible explanation is
that aldosterone secretion is diminished. An-
other hypothesis is that distal absorption of
sodium is decreased in renal insufficiency by
an augmented load of urea per nephron. This
too might modify aldosterone secretion, but
in the opposite direction. For example, the
obligatory losses of sodium imposed by a
urea diuresis might be expected to deplete
uremic individuals of salt, stimulate the
secretion of aldosterone, and thus secondarily
modify distal reabsorption of sodium so as
to maintain sodium balance. The rate of al-
dosterone secretion in experimental renal fail-
ure is therefore of special interest.

Methods. Experiments were performed
upon two groups of male Sprague-Dawley

rats. One group of 10 rats with an initial
weight of 212 == 10 g (mean = SE), served
as the control group. The second group of 10
rats, initial weight 199 = 5 g, were azotemic
after ablation of approximately 85% of renal
tissue. Reduction of nephron mass was
accomplished in two stages. In the first stage
the upper and lower poles of the left kidney
were removed under ether anesthesia. Four to
5 days following this procedure, the right
kidney was removed. Sham operations were
performed in the control animals. Both
groups were then placed on a normal diet
contajning 109 meq of sodium/kg and 120 meq
of potassium/kg and tap water ad lLibitum.
Animals from both groups were pair-fed to
maintain an identical intake of sodium, since
the intake of food by azotemic rats was re-
duced.

Fourteen days after the second stage of
surgery, anesthesia was induced with sodium
pentobarbital, blood was obtained from the
abdominal aorta, and both adrenal glands
were excised, cleaned of adherent fat,
weighed, and quartered. The two adrenal
glands from each rat were combined and in-
cubated in Krebs—Ringer bicarbonate buffer
with added glucose, 200 mg/100 ml, in an
atmosphere of 95% 02 and CO, at 36-37°.
After preincubation for 30 min, the media
was renewed and incubation was performed
for 2 hr. The aldosterone content in the bath-
ing medium was estimated by methods previ-
ously described (2). The rate of production
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TABLE I. Summary of Data in Control Rats and Rats with Azotemia.®

Control Azotemia p value
Sodium intake (meq/day/rat) 1.67 + 0.05 1.67 4+ 0.05 NS
Serum sodium (meq/liter) 1444 =+ 0.6 1445 + 0.6 NS
Serum potassium (meq/liter) 55 =+0.6 51 +0.8 NS
Blood urea nitrogen (mg/100 ml) 25.7 =12 514 =422 0.001
Adrenal weight (mg/rat) 769 =+3.3 799 +438 NS
Aldosterone secretion (mg/100 g 0.96 + 0.08 0.85 + 0.05 NS

of adrenal/hr)

¢ Values represent means -+ SE.

of aldosterone measured by this method in
vitro in normal and sodium depleted rates,
corresponds closely to adrenal secretion meas-
ured in vivo (3, 4).

Serum values for sodium and potassium
were determined on an internal standard
flame photometer. The blood urea nitrogen
was measured on an auto-analyzer.

Results (Table I). The rate of production
of aldosterone in vitro was the same in partly
nephrectomized rats (blood urea nitrogen
51.4 == 2.2 mg/100 ml) as in their pair-fed
controls (blood urea nitrogen 25.7 *= 1.2
mg/100 ml). There was also no significant
difference in adrenal weight between the two
groups. It should be noted that there was no
systematic difference in serum sodium or po-
tassium between the two groups of animals.
The values obtained for aldosterone secretion
rate (0.8-0.9 g/100 g/hr) were similar to
those reported by others in normal rats, meas-
ured both in vitro and in vivo.

Discussion. 1t is clear that mineralocorti-
coids, including aldosterone, can reduce sodi-
um excretion in normal subjects during in-
tense osmotic diuresis with urea (5). In addi-
tion, mineralocorticoids can modify urinary
excretion of sodium when the mass of func-
tioning nephrons is reduced (6). When hypo-
aldosteronism coexists with renal failure
there is an excessive excretion of sodium and
retention of potassium (7). When excessive
salt wasting results from intrinsic renal dis-
ease, aldosterone excretion is increased (8).
Thus, there is reason to think that changes in
aldosterone secretion might play a role in
adjustments by remaining nephrons to renal
failure. Nevertheless, the actual role of aldos-
terone in the maintenance of sodium bal-

ance in chronic renal insufficiency is un-
known.

The model of renal insufficiency chosen in
the present experiments was identical with
that previously studied by micropuncture
techniques. In the remnant kidney after 5/6
nephrectomy, sodium excretion per nephron
is increased sixfold greater than control val-
ues, in a way that cannot be accounted for by
a rise in glomerular filtration or a change in
reabsorption by the proximal tubule (1). By
exclusion, changes in distal tubular handling
of sodium must be responsible. In addition,
changes in distal tubular handling of potassi-
um are implied by the maintenance of nor-
mal serum potassium and potassium balance
after partial nephrectomy. If chronic alter-
ations in aldosterone secretion played a role
in these adjustments of remaining nephrons,
they should have been detected in the
present experiments. The fact that freshly
excised adrenal glands from chronically ure-
mic rats produce aldosterone at the same rate
as normal pair-fed controls indicates that
changes in aldosterone production are not
primarily responsible for homeostatic adjust-
ments in tubular reabsorption by remaining
nephrons under these conditions. The ability
of the adrenals to participate in regulating
mineral excretion in renal insufficiency is not
of course, excluded, but attention should, we
believe, be focused on extra-adrenal mechan-
isms that might modify distal tubular behav-
ior after partial nephrectomy in a way that
subserves the needs of the body.

Summary. When renal mass is reduced,
sodium excretion per remaining nephron in-
creases so that normal sodium balance is
maintained. Since this adjustment might be
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expected to involve changes in the secretion
of sodium-retaining hormones, the rate of
production of aldosterone was estimated in
rats with azotemia and in control rats. The
rate of production of aldosterone, in wvitro,
was 0.85 = 0.05 mg/100 g of adrenal/hour in
rats with azotemia and 0.96 == 0.08 mg/100 g
of adrenal/hr in their paired controls. The
similar rate of production in both groups in-
dicates that changes in aldosterone secretion
are not primarily responsible for the adjust-
ments in sodium excretion in renal failure.

This work was supported by research grants from
the U. S. Public Health Service (TIAMS5015,
HE00834, AM05954 and AM35402) and the Ameri-
can Heart Association.
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The transtubular transport of organic acids
in mammalian kidney involves at least a
two-step process (1,2); the first step is from
interstitial fluid to cell and the second step is
from cell to lumen. Evidence of carrier-
mediation in the first step of the process is
readily obtained; however, evidence of meth-
od of transport in the second step is not
readily available for study (2).

In the present investigation we took ad-
vantage of the well-established occurrence of
a biosynthesis process of certain organic acids
with the renal tubular cells (3, 4) to study
the second step of transport process, as well
as the interrelationship of these two pro-
cesses, biosynthesis and tubular transport.

Experimental Methods. Mongrel dogs of

* Aided in part by grants from the American
Heart Association, USPHS (AM-02217-11) and NSF
(GB-4774).

t A preliminary communication was presented to
the 23rd Intern. Congr. Physiol. Sci. Tokyo, 1965.

both sexes were used. Using the in vitro kid-
ney slice technique, the dog was ether anes-
thetized and one kidney was removed from
the animal and packed in frozen saline. A
circular core 15 mm in diameter was cut from
the kidney in sagittal section and chilled for
5 min. It was then placed on a Riggs-Stadie
slicer which was modified with a screw device
for advancing the tissue and sections cut by
hand from papilla to cortex. Each slice, aver-
aging 0.3-0.6 mm in thickness, was alternate-
ly placed in Erlenmeyer flasks, each of which
contained 5 ml of phosphate Ringer solution
with either 0.075 mM m-aminohippuric acid
(MAH) or 1.25 mM m-aminobenzoic acid
(MAB) and 10 mM glycine. The flasks were
gassed with O.—CO. (95-5%) and incubated
at 25°. One hr later the slices were removed,
blotted, and homogenized with 5% trichloro-
acetic acid. The medium was centrifuged
and diluted with trichloroacetic acid. Details
of the procedure and preparation of Ringer



