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A B S T R A C T These experiments were aimed at in-
vestigating renal behavior towards chloride, as distinct
from sodium, during dietary deprivation of these ions
in adrenalectomized rats. Adrenalectomized and sham-
operated control rats were maintained on saline for 3 wk,
then chloride conservation during a very low chloride
intake was assessed both with an abundant sodium in-
take (as buffered sodium phosphate in the drinking
water) and after subsequent withdrawal of sodium.
When sodium intake was high, there was no difference
in chloride conservation between adrenalectomized and
control animals, and sodium balance and weight were
maintained similarly in both groups. At the same time,
both experimental and control rats developed significant
hypokalemia and elevation of the plasma bicarbonate
levels as compared to other control rats ingesting a
normal diet. In another group of adrenalectomized rats
sodium phosphate was withdrawn, after normal chlo-
ride conservation was observed, and the low-salt diet con-
tinued. Negative sodium balance developed and was
associated with a negative chloride balance, whereas
sham-operated rats continued to conserve sodium and
chloride. In further studies during polyuria, both adrenal-
ectomized and control rats developed urinary chloride
concentrations of less than 1 meq/liter.

Thus adrenalectomized rats can maintain chloride
balance on a low chloride, high sodium intake, in
contrast to their inability to conserve sodium on a low-
sodium intake. It is concluded that renal tubular reab-
sorption of chloride in adrenalectomized rats is adequate
to establish and maintain very low urinary chloride
concentrations, which may imply active chloride trans-
port in the papillary collecting duct despite the ab-
sence of adrenocortical hormone. In addition, the typi-
cal renal response to chloride deprivation, enhanced loss
of potassium and accelerated reabsorption of bicarbonate,
is not dependent on adrenocortical hormones.
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INTRODUCTION

Active chloride transport in the nephron has been
demonstrated in the thick ascending loop of Henle (1),
the distal tubule (2), and probably also in the papillary
collecting duct (3). Dietary chloride restriction in the
rat leads to renal conservation of chloride with low rates
of urinary chloride excretion (4, 5) and likely active
transport of chloride out of the papillary collecting duct
(3). The renal chloride conserving mechanism is in-
dependent of rates of sodium excretion, phosphate ex-
cretion, exposure to COa, or increased tubular bicarbo-
nate reabsorption (5) and is impaired by severe K de-
pletion (4) and hydropenia or antidiuretic hormone
administration (6). A negative external sodium balance
is not necessary to activate the renal chloride conserving
mechanism (4, 5). Maximum renal conservation of so-
dium is dependent on aldosterone secretion from the
adrenal cortex (7) but the action, if any, of adrenocor-
tical hormones on the renal chloride conserving process
is unknown.

The present studies were performed to determine the
effect of bilateral adrenalectomy on renal chloride con-
servation on the response of the kidney to dietary
chloride restriction. The results show normal chloride
conservation in adrenalectomized rats maintained on
high sodium intakes (as neutral phosphate). Hypo-
kalemia and an elevated plasma bicarbonate also devel-
oped in the adrenalectomized rats to the same degree as
in appropriate controls which were ingesting the same
chloride-free intake.

METHODS
Male Sprague-Dawley rats weighing 200-400 g (but with
matched weights in experimental and control groups in the
various experiments) were used. Bilateral adrenalectomy
was performed by the dorsal route under pentobarbital
anesthesia. Controls were sham-operated. All rats ate chow
and drank saline (150 meq/liter) until 3 wk after surgery,
when a daily intake of 10 g of a synthetic low salt diet
was substituted for the chow for a further period of 7-10
days. During this latter period, the animals continued to
drink saline and became accustomed to individual metabolic
cages. Then the response of these adrenalectomized rats to
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adrenalectomized rats could thrive and gain weight for at
least several weeks after substitution of such a chloride-free
solution of sodium phosphate for normal saline.

700 r 1 ,r A During periods of metabolic balance all rats were given,
and ate, 10 g daily of the low-salt diet. The synthetic low-
salt diet (ICN Nutritional Biochemicals Div., International

600 - Chemical & Nuclear Corp., Cleveland, Ohio) contained,
by analysis after nitric acid extraction, less than 10 ,ueq

cm\\ chloride and 1,400 ueq potassium per 10 g diet. Metabolic
0 balances were performed in individual cages with screensa 500 .-X SHAMORCONTROLS to separate urine from feces. Water bottles containing the

z
o 0-\ ADX electrolyte solutions were arranged so that any leak would

400 be collected in the urine. Amounts of ingested sodium chlo-
cr 400 - \ride or sodium phosphate were measured daily by weight.
Ux Exp. 1. Metabolic balance was begun immediately after
W

\\ substitution of sodium phosphate for sodium chloride and
a

300 continued for 6 days. At the end of this period animals
o were sacrificed by exsanguination from the abdominal aorta-JI \ t~under pentobarbital anesthesia (50 mg/kg). At sacrifice,

200 _ . Mlcomplete bilateral adrenalectomy was confirmed. Blood urea
c 2-00 \\ nitrogen (BUN),' plasma sodium, potassium, chloride, and

Z arterial pH, Pco2, and bicarbonate were measured on the
arterial blood obtained at sacrifice. These measurements

l00 _ A were also made on a group of normal rats ingesting regular
rat chow and water.

In order to observe the effects on chloride conservation
c l I | of two different concentrations of sodium phosphate, and

1 2 3 4 5 6 of ingestion of isotonic and hypotonic solutions, two sepa-
DAYS ONZEROCHLORIDE INTAKE rate experiments were performed; in exp. 1A animals drank

a solution of neutral sodium phosphate 150 meq/liter (a
buffered solution of NaH2PO4 and Na2HPO4) and in exp.

700-LB 1B sodium phosphate 100 meq/liter.7 966 I04 B Exp. 2. The protocol was identical to that of exp. 1A
except that, after a 4-day period of chloride conservation
on the low-salt diet and sodium phosphate, a further 4-day

600 836 86 period of metabolic balance was performed during with-
drawal of sodium by substitution of demineralized water

('J \ - X-X SHAMOP. CONTROLS for the sodium phosphate solution. At the end of this
U soo_ \ \experiment only plasma electrolytes were measured.50 \ *0 * ADX Exp. 3. The protocol was again identical to 1A except
o that, after 6 days on the low-salt diet and sodium phos-

400 phate 150 meq/liter, polyuria was induced in both adrena-
X 400 \ \ lectomized and sham-operated control rats by substitution
x \ \ of sodium phosphate in 5% dextrose (50 meq/liter) for
W

\ , \ the regular sodium phosphate solution. The aim of the
2 300 experiment was to determine the ability of the distal ne-
o phron to lower urinary chloride concentration during poly-
I \;< uria. No measurements were made on plasma.

200 BUN was measured by the method of Crocker (8),
a: 200 plasma and urinary sodium by an Ii flame photometer (In-
Z strumentation Laboratory, Inc., Lexington, Mass.) with in-

ternal lithium standard, and plasma and urinary chloride
z00 - by a Buchler chloridometer (Buchler Instruments Div.,

Nuclear-Chicago Corp., Fort Lee, N. J.). Arterial pH and
Pco, were measured by a blood gas analyzer with direct-

C I I reading electrodes (BMS 3 blood microsystem and PHM
2 3 4 5 6 71 acid-base analyzer, Radiometer, Copenhagen) and actual

DAYSON ZEROCHLORIDE INTAKE plasma bicarbonate was calculated by using a Siggaard-
Anderson normogram.

FIGURE 1 Urinary chloride excretion in adrenalectomized
and sham-operated control rats for 6 days after withdrawal RESULTS
of chloride intake and while ingesting neutral sodium
phosphate 150 meq/liter (A) or 100 meq/liter (B). Experiment 1 (Tables I-III; Fig. 1). Results of

balance data for exps. 1A and 1B are discussed sepa-
withdrawal of chloride intake was tested by substitution
of a buffered sodium phosphate solution (pH 7.4, 150 meq/ 'Abbreviations used in this paper: BUN, blood urea ni-
liter) for saline. Preliminary experiments showed that trogen; GFR, glomerular filtration rate.
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rately because of the different concentrations of sodium
in the drinking solution (150 and 100 meq/liter, re-
spectively), but results of arterial blood electrolytes and
acid-base status are combined since they were not dif-
ferent. After exposure to a low-chloride intake, renal
chloride conservation was very similar in both adrenal-
ectomized and sham-operated rats in both exps. 1A and
1B (Fig. 1 and Table I). Although sodium intake in
adrenalectomized animals was less than control in exp.
1B, sodium balance remained positive in experimental
and control animals in both exps. 1A and 1B. Weight
was maintained over the 6-day period of chloride con-
servation but cumulative potassium balance was nega-
tive in both groups (Table II).

Plasma electrolyte and acid-base status at the end of
the 6-day period of zero chloride intake is shown in
Table III. There was no difference in plasma levels be-
tween the adrenalectomized and sham-operated groups,
but both of these groups had a significantly lower plasma
potassium and a higher arterial pH and plasma bicarbo-
nate than rats which ingested water and normal chow
and in which measurements were performed by the
same techniques (Table III).

Exp. 2 (Table IV; Figs. 2 and 3). During ingestion
of sodium phosphate, as in exp. 1, chloride excretion
during dietary chloride restriction was not different
between sham-operated and adrenalectomized rats.
However, when sodium intake was restricted, a nega-
tive sodium balance was associated with urinary chloride
loss in the adrenalectomized, but not in the sham-oper-
ated control group, which conserved sodium normally
and continued to conserve chloride (Fig. 2, Table IV).
Urinary chloride concentration in the experimental and

TABLE I
Comparison of Chloride Conservation between Adrenalectomized

and Sham-Operated Rats

n 6 day C1* Uci day 61

Aeq meq/liter

Exp. IA (drinking sodium phosphate 150 meq/liter)
Sham 8 1,3904117§ 3.340.6
Adx 6 1,248i152 3.9+0.5

ttest NS NS

Expt. lB
Sham
Adx

i test

(drinking sodium phosphate 100 meq/liter)
9 1,916± 137 2.640.3
7 1,849±198 2.9±0.7

NS NS

* Cumulative 6 day chloride excretion during zero chloride
intake.
$ Urinary chloride concentration on 6th day of zero chloride
intake.
§ Mean±SEM.

the control group on day 4 of chloride conservation did
not differ, but there was a significantly higher urinary
chloride concentration on day 8 in the adrenalectomized
group after sodium restriction (Fig. 3, P < 0.05). Uri-
nary sodium concentration on day 8 in the two groups
was also higher in the adrenalectomized as compared to
control rats (Fig. 3, P < 0.001).

In the adrenalectomized group, potassium balance
was not different during sodium phosphate ingestion
but became significantly more positive during sodium
restriction (Table IV). Plasma potassium was also
higher in this group.

TABLE I I
Sodium and Potassium Balance and Change in Weight in Adrenalectomized and Sham-Operated

Rats on Zero Chloride Intake

Initial Wt Daily Na Daily Na Daily K
n wt* change: intakel balance§ balance§

g g yANeq Peq

Exp. 1A (drinking sodium phosphate 150 meq/liter)
Sham 8 33441511 -64±1 5,885±595 +319±370 -48482
Adx 6 325±21 -5±2 5,927±761 +314±239 -57±70

t test NS NS NS NS NS

Exp. lB (drinking sodium phosphate 100 meq/liter)
Sham 9 243±7 +7±12 5,761±248 +774±218 -593±146
Adx 7 223413 +9±7 4,8244191 +806±228 -287±235

t test NS NS P < 0.01 NS NS

* At start of zero chloride intake.
t Weight change during 6 days of zero chloride intake.
§ Mean daily intake and balance during 6 days of zero chloride intake.
(1,400 peq/10 g diet).

Mean+SEM.

K intake was equal in all rats
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TABLE I II
Plasma Electrolytes, Bun, and Arterial pH in Adrenalectomized, Sham-Operated (Exp. 1A and 1B), and Normal Rats

n BUN Na K Cl H+ (pH) Arterial Pco2 HCOs

mg/100 ml meg/liker nmol/liter mmHg mmol/lier
Sham-operated 17 15.4±0.9* 142.040.6 2.9±0.2t 101.1±0.8§ 36.9±L2.6t 39.6±1.2 26.24 1.0$

(7.43)
Adx 13 16.8±1.2 141.6±0.6 2.70.2t 100.841.7 38.141.3t 37.741.111 25.0±1.3t

(7.42)
Normal¶ 12 16.0±0.7 140.040.8 4.6±0.1 104.5±0.6 58.8±2.2 42.0±1.5 17.7±0.6

(7.23)

* Mean±SEM. There were no significant differences between adrenalectomized (Adx) and sham-operated rats. If not indicated
by symbol then no significant difference between either group and normal rats was found.
$ P < 0.001 as compared to normal rats.
§ P < 0.01 as compared to normal rats.
II P < 0.05 as compared to normal rats.
¶ Eating chow and drinking water only.

Exp. 3 (Table V). Adrenalectomized rats ingested
smaller amounts of fluid and excreted smaller urine
volumes than sham-operated controls (Table V). Uri-
nary chloride concentrations during polyuria were lower
in the adrenalectomized rats. Because of the lower uri-
nary volumes and lower urinary chloride concentrations,
chloride excretion was less in the adrenalectomized rats
(Table V).

DISCUSSION
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tomized animals (9). While there are abnormalities of
sodium handling in the proximal tubule, fractional reab-
sorption of sodium at that site is not decreased (10, 11),
and negative sodium balance in adrenalectomized rats
on low sodium intakes can be attributed to impaired
absorption in the distal convoluted tubules and collecting
ducts (10). Aldosterone increases the active transport
capacity for sodium in the collecting ducts and dimin-
ishes their permeability to passive back diffusion (12,
13).

re to reabsorb about 2% of the filtered sodium load In normal rats restoration of electrolyte balance for
e main functionally important defect in adrenalec- sodium and chloride after elimination of these ions from

the diet is dependent upon absorption by the papillary
OW580±253 collecting duct of almost all of the filtered load of sodium

XHIA-X and chloride reaching that site (3, 14). During this
No SHAM

732 ±245 \\ --KXprocess, steep transepithelial sodium and chloride con-612±113 centration gradients are created between the urine and
ADX the papillary interstitium. Since the measured collecting

522±138\ 3 duct transtubular potential is uniformly negative, so-
o\ \ dium transport at this site is occurring against the elec-

\ \ s Ad trochemical gradient and hence involves active trans-
0o \ \ i, . \ port. Diezi, Michoud, Aceves, and Giebisch have re-

WITHDRAWNo cently concluded, from consideration of the electro-
o0 \; WITHDRAWN chemical potential gradient during micropuncture stud-

ies of the papillary collecting duct, that active chloride
,o transport also "virtually certainly" occurs at that site

at low rates of urinary chloride excretion. They discuss
o L their own (in the rat) and previous (in the rat and

WITHDRAWN golden hamster) measurements of papillary collectingW

, , duct transtubular potential differences, which have been
1 2 3 4 5 6 7 8 in the range of -10 to -34 mV. The higher value

DAYS in this range was found during sodium sulphate diure-
Rz 2 Urinary chloride excretion during ingestion of sis, and, even in these circumstances, movement of
al sodium phosphate (chloride restriction, days 14) chloride out of the collecting duct could not be explained
after withdrawal of sodium phosphate (days 5-,
ide and sodium restriction) in adrenalectomized and on a basis of passive transport (15). The mean ratio
-operated control rats. of vasa recta to collecting duct chloride concentration
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TABLE IV
(Exp. 2) Sodium, Potassium, and Chloride Excretion and Plasma Electrolytes in Adrenalectomized and Sham-Operated

Rats during Chloride Restriction with Ingestion of High Sodium and with Zero Sodium Intake

Uci* K balance:
UN. I test

High Na Zero Na Zero Na High Na Zero Na on mean
n intake intake intake intake intake difference

Peq/4 days peq/4 days peq/24 h

Sham 5 8264121§ 189±30 1,0074116 +10480 +108±50 NS
Adx 5 1,279±165 787±210 2,793±351 -484130 +300±t54 P < 0.01

t test NS P < 0.025 P < 0.005 NS P < 0.05

Plasma Nall Plasma K Plasma C1
Sham 5 143.2±0.7 4.840.1 101.840.9
Adx 5 135.443.9 6.840.8 97.2±2.3

t test NS NS NS

* Cumulative 4 day chloride excretion during chloride restriction while ingesting sodium phosphate and in a subsequent 4-day
period while ingesting demineralized water.
$ K intake was constant throughout (1,400 ,eq/day).
§ Mean±SEM.

At end of experiment.

in the studies of Diezi et al. was 8.4 to 1 (3). In the
present experiments, the ratio of plasma to urinary
chloride was approximately 30 to 1 in exps. 1A and 1B
and considerably higher than this in the polyuria ex-
periments, in which mean urinary chloride concentra-
tion was 0.3 meq/liter in the adrenalectomized rats.
Thus, while these balance experiments can justify no
conclusions about the nature of the transport process
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FIGURE 3 Urinary sodium and chloride concentrations at
the end of chloride restriction while ingesting neutral so-
dium phosphate (day 4) and after chloride and sodium re-
striction (day 8) in adrenalectomized and sham-operated
control rats.

underlying chloride absorption in the collecting duct in
adrenalectomized rats, it seems likely, on the basis of
these previous observations, that active chloride transport
in the collecting duct is taking place in the absence of
mineralocorticoid hormone. Cortney has previously
shown that proximal and distal tubular fluid-to-plasma
and urinary-to-plasma chloride ratios in adrenalecto-
mized rats ingesting 1% sodium chloride were not dif-
ferent from control rats (10). The present study cer-
tainly demonstrates that adrenalectomized rats can, in
response to selective dietary chloride restriction, es-
tablish and maintain low urinary chloride concentra-
tions so that chloride balance is maintained; this con-
trasts with the inability of the adrenalectomized rat to
establish adequately low urinary sodium concentrations
to maintain sodium balance in response to dietary so-
dium restriction in similar experimental circumstances.

The absence of a direct effect of mineralocorticoid
hormone on renal chloride conservation is also illustrated

TABLE V
(Exp. 3) Effect of Polyuria on Urinary Chloride Concentration

in Adrenalectomized and Sham-operated Rats

Chloride
a UCI UV excretion

meqlliter ml/24 h jieq/24 h
Sham 9* 0.640.07t 94±4 55±5
Adx 9 0.3±0.08 4545 13±2

t test P < 0.02 P < 0.001 P < 0.001

* Three rats for 3 days.
t Mean±SEM.

Effect of Adrenalectomy on Renal Response to Chloride Deprivation 1333



by previous observations that the administration of
desoxycorticosterone acetate to rats conserving urinary
chloride on a low-chloride diet, which contained a nor-
mal sodium content as sodium bicarbonate, was as-
sociated with significant sodium retention but no change
in chloride excretion (6).

Glomerular filtration rate (GFR) was not measured in
these experiments but the similarly positive sodium
balance, weight gain, and BUN in rats ingesting an
identical diet all suggest that reduction of GFR in the
adrenalectomized rats on sodium phosphate did not
contribute to the reduction of chloride excretion in these
animals. Although GFRhas been reduced in adrenalec-
tomized rats (10, 16), it may be normal in rats main-
tained on saline (17). Even if delivery of chloride to the
distal nephron was reduced by a diminished GFR in the
adrenalectomized group, the distal nephron still was
capable of creating and maintaining the same low uri-
nary chloride concentration as in control rats.

The effect of ingestion of phosphate, as a relatively
unreabsorbable anion, on the chloride conserving process
must be considered. In previous experiments from this
laboratory we have demonstrated in normal rats that in-
gestion of phosphate-containing solutions in the range
of 25-100 meq/liter has no effect on the efficiency of
renal chloride conservation during dietary chloride re-
striction, as compared to conservation on a low-salt diet
or on a low-chloride diet containing sodium bicarbonate
(4, 5, 18). However, bromide, thiocyanate, and nitrate
did impair chloride conservation, and this effect was
not correlated with the relative reabsorbability of the
anions studied (18).

In the adrenalectomized rats, chloride conservation
after deprivation of both sodium and chloride became
abnormal and was associated with negative chloride bal-
ance. In the normal rat, chloride balance is established,
and a steady-state level of low urinary chloride excretion
is achieved, by the 4th or 5th day after dietary chloride
restriction (4), as in the present exps. 1A and 1B. In
these circumstances renal chloride conservation is not
affected by rates of sodium excretion (5), or by whether
sodium restriction is imposed before, or simultaneously
with chloride restriction (unpublished observations).
Thus the sodium and chloride conserving processes in
the distal nephron may be independently activated. In
adrenalectomized rats any active component of sodium
transport out of the collecting duct is absent or im-
paired (12, 13). Nevertheless, chloride conservation
after selective dietary chloride deprivation remains nor-

mal since net chloride reabsorption can be accompanied
by an equivalent reabsorption of sodium, which is avail-
able in abundance and at high concentrations in the
distal nephron because of the high intakes of sodium
phosphate. In contrast, when the adrenalectomized rat

is also subjected to sodium restriction, the collecting
duct is incapable of reabsorbing sodium against steep
concentration gradients, increased passive back diffu-
sion of sodium into the collecting duct lumen takes
place (12, 13), and natriuresis and negative sodium bal-
ance ensues. The chloride transport system in these cir-
cumstances would inevitably be impaired for secondary
electrochemical reasons.

The significantly lower urinary chloride concentra-
tions in the adrenalectomized rats during polyuria are
of interest. The lower intakes of dextrose water, and of
the hypotonic sodium phosphate solution employed in
exp. 1B, in the adrenalectomized animals as compared
to controls are probably secondary to the recognized
inability of such animals to excrete a water load (19).
A lower urinary volume might be expected to be as-
sociated with a higher urinary concentration of chloride
in the adrenalectomized rats, rather than the contrary
finding. This apparently paradoxical observation in the
adrenalectomized rat may relate to the lower papillary
sodium concentration (and presumably chloride con-
centrations) in these rats (20), since there would then
be less passive back diffusion of chloride into the col-
lecting duct. Similarly, sodium conservation after dietary
sodium restriction in rats with diabetes insipidus and
low papillary sodium concentrations is more efficient
than in normal controls (21).

Effect of adrenalectomy on renal response to chloride
deprivation. Aldosterone stimulates sodium-hydrogen
and sodium-potassium exchange together with sodium
chloride absorption (16), and adrenal insufficiency is
commonly associated with metabolic acidosis and renal
potassium retention. Adrenalectomized rats show a
markedly impaired net acid excretion in response to
metabolic acidosis with diminished titratable acid and
ammonium excretion (22). Kurtzman, White, and
Rogers (23) attributed acidosis in adrenalectomized
dogs maintained on glucocorticoids to a defect in distal
tubular bicarbonate reabsorption. Adrenalectomized rats
breathing 8% C02 in air for 24 h increased plasma bi-
carbonate normally, as compared to controls, without
an increase in net acid excretion (24); thus, the adrenal-
ectomized rat can increase renal tubular reabsorption of
bicarbonate in response to respiratory acidosis but is
unable to increase net acid excretion. Urinary net acid
excretion was not measured in these experiments, but
the elevation of plasma bicarbonate in the adrenalec-
tomized and control rats, as compared to normal rats,
must mean enhanced renal tubular secretion of hydro-
gen ion (reabsorption of bicarbonate). As discussed
by Seldin and Rector (25), maintenance of a metabolic
alkalosis implies an elevated tubular reabsorption of
bicarbonate but not necessarily any change in net acid
excretion. Thus, the adrenalectomized rat, like the
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normal rat, can increase tubular secretion of hydrogen
ion in response to respiratory acidosis or to selective
dietary chloride restriction.

Schwartz has summarized his extensive experimental
evidence that chloride depletion leads to enhanced so-
dium-hydrogen and sodium-potassium exchange in the
distal nephron (26). His group has also shown that
metabolic alkalosis associated with selective chloride de-
pletion in man is not dependent on increased aldosterone
secretion rates (27). While Rector has stated that, for
chloride depletion to produce metabolic alkalosis, reab-
sorption of sodium must be simulated to such an intense
degree that the urine is virtually sodium free (28), an
elevation of plasma bicarbonate has been observed in
normal rats which were on a low-chloride diet, ingested
neutral sodium phosphate, and which maintained sodium
balance and relatively high levels of urinary sodium
excretion (5). The maintained sodium balance and nor-
mal BUN, during the ingestion of sodium phosphate
without chloride, in the present studies suggests that
chloride restriction alone is associated with sufficient
acceleration of tubular sodium-hydrogen ion exchange
(sodium bicarbonate reabsorption) to maintain sodium
balance and elevate tubular reabsorption of bicarbonate,
even in the absence of mineralocorticoid hormone.

Of additional interest is the significant hypokalemia
in the adrenalectomized rats on the low-chloride, normal-
potassium diet. Giebisch has stated that "an adequate
level of circulating adrenal mineralocorticoid is necessary
for maintenance of normal secretory capacity of potas-
sium ions along the terminal nephron segment" (29).
These experiments suggest that dietary chloride restric-
tion, in the presence of an abundant sodium intake
with an unreabsorbable anion, is sufficient to accelerate
potassium secretion, and thus to lead to a negative po-
tassium balance and hypokalemia, despite the absence
of mineralocorticoid.

Thus both renal conservation of chloride and the
characteristic renal response to chloride restriction or
depletion, enhanced bicarbonate reabsorption and en-
hanced tubular potassium secretion, are not dependent
on adrenocortical hormone. The mechanism underlying,
and the nature of the stimulus to the probably active
chloride transport process in the distal nephron which
leads to renal chloride conservation remain unknown.
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