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A B S T R A C T The response of trained, conscious dogs
to an acute water load was studied before adrenalectomy
and under five conditions of hormonal replacement and
sodium intake after adrenalectomy. Before adrenalec-
tomy, with the dogs drinking isotonic saline, the minimal
urinary osmolality (Uosm) was 47±7 (SEM) mOsmand
free-water clearance (CH2o) was 8.6±1 ml/min. These
values were not different after adrenalectomy with or
without deoxycorticosterone (DOCA) if the animals
continued to drink saline and receive dexamethasone.
Moreover, after adrenalectomy in the presence of saline
drinking both dexamethasone and DOCAcould be with-
drawn for up to 4 days without impairment of diluting
ability (Uosm, 544+7 mOsmand CH20, 7.3±1 ml/min).
In contrast, when the dogs drank tap water (Na intake
30 mEq/day), water loading in the absence of dexa-
methasone and DOCAwas associated with a significantly
higher Uosm (127±28,mOsm) and lower CH20 (2.7+0.3
ml/min). Replacing DOCAalone in the presence of this
limited Na intake returned diluting ability to normal
(Uosm 31±7 mOsm, CH2o 7.7±0.5 ml/min). Glomerular
filtration rate for each animal was the same under each
condition except for a significant diminution which oc-
curred when dexamethasone and DOCAwere withdrawn
while the animals were on a 30 mEq sodium intake. In
contrast to previous conclusions, the present results indi-
cate that in the absence of adrenal hormones normal
renal diluting ability may occur, indicating both maximal
suppression of vasopressin release and maximal distal
tubular impermeability to water. In the present study the
diluting defect observed after adrenalectomy related to
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negative sodium balance and could be overcome by either
replacement with DOCAor a high intake of sodium
alone.

INTRODUCTION

There is considerable evidence that adrenal insufficiency
is associated with an impaired ability to attain a normal
water diuresis (1-13). The mechanisms involved in this
impairment of water excretion have not been clearly
elucidated, however, two possible mechanisms have been
proposed. One (3-8) is that, although the release of
antidiuretic hormone (ADH)' from the hypothalamus in
adrenal insufficiency is normally suppressed during water
loading, the water impermeability of the distal nephron
is incomplete in the absence of glucocorticoid hormone.
In contrast, other authors (9-11) have suggested that the
release of ADHis not suppressed normally during water
loading in the presence of adrenal insufficiency and in-
creased circulating levels of ADH account for the in-
ability to excrete water normally. Utilization of the bio-
assay of ADH in adrenal insufficiency has not distin-
guished between these possible mechanisms, since evi-
dence has been presented that ADH levels are both in-
creased (9) and undetectable (8) in adrenal insufficiency.
Green, Harrington, and Valtin (13) recently examined
this problem in adrenalectomized rats with hereditary
hypothalamic diabetes insipidus which thereby avoids the
necessity for assaying ADH. These investigators found
a persistent defect in water excretion in these adrenal-
ectomized rats with a congenital absence of ADHand
this defect could be completely reversed only by the si-
multaneous administration of both glucocorticoid and

'Abbreviations used in this paper: ADH, antidiuretic
hormone; CHE2O, free-water clearance; Cosm, osmolar clear-
ance; DOCA, deoxycorticosterone acetate; GFR, glomeru-
lar filtration rate; Uosm, urinary osmolality.
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mineralocorticoid hormones. Although renal hemody-
namics were not measured, the authors suggested that
the effect of glucocorticoid hormone on water excretion
could be due to a combination of an effect on renal he-
modynamics and a direct effect of the hormone on perme-
ability to water of the renal tubular epithelium.

The present study was undertaken to elucidate .further
the mechanisms involved in the impaired water excretion
in adrenal insufficiency. The studies were performed in
conscious, trained dogs and the same animals served as
their own control both before and after adrenalectomy.
The results demonstrate that the adrenalectomized con-
scious dog drinking isotonic saline retains a normal
renal diluting capacity, as judged by minimal urinary
osmolality and free-water clearance, in the absence of
both glucocorticoid and mineralocorticoid hormones for
periods up to 4 days. A defect in renal diluting capacity
did occur, however, if both hormones were withdrawn
and the animal's sodium intake was restricted. This de-
fect in renal diluting capacity could be corrected within
days by mineralocorticoid replacement alone. On the
basis of these findings, we conclude therefore that glu-
cocorticoid is not necessary for either maximal suppres-
sion of ADH or maximal water impermeability of the
renal tubular epithelium during acute water loading. In
the circumstances of the present study, the defect in
water excretion in the adrenalectomized dog was re-
lated primarily to sodium balance and could be over-
come by either mineralocorticoid or a high intake of
sodium.

METHODS
29 studies were performed during water loading in five
trained, conscious, female, mongrel dogs weighing 18.6-
25.4 kg. 1-2 wk before the water-loading studies the dogs
ingested a potassium-free diet containing 30 or 70 mEq of
sodium (Hartroft Formulation, General Biochemicals, Cha-
grin Falls, Ohio). 3 g of potassium chloride (KCl) was
added to their daily diet except on the two days before
each study. The composition of the diet was otherwise the
same for all of the studies. The animals were maintained
on this diet and offered either isotonic saline or tap water
to drink for at least 1 wk before each acute water-loading
study. After the animal's weight stabilized a preadrenalec-
tomy water-loading study was performed in the following
manner. A urethral catheter was inserted to allow collec-
tion of urine. Polyethylene catheters were placed in two
leg veins. Into one of these catheters an isotonic saline
infusion (0.5 ml/min) containing sufficient inulin for clear-
ance measurements was started at least 1 hr before be-
ginning urine and blood collections. A water load of 2.5%
glucose in water was infused through the same catheter at
20 ml/min for 60 min. 20 min after completion of this
water load, infusion of 2.5% glucose in water was re-
started and continued at 10 ml/min throughout the re-
mainder of the experiment. Collections were started 100
min after beginning the infusion of 2.5% glucose in water.
Urine was collected every 10 min and blood specimens were
withdrawn through an indwelling venous catheter at the

midpoint of alternate periods. The experiments consisted
of 7 or 14 10-min urine collections. This same protocol was
used in all of the experiments, both pre- and postadrenalec-
tomy. After the first study in each animal a bilateral adren-
alectomy was performed through a midline abdominal in-
cision under pentobarbital anesthesia. On the morning of
surgery and daily thereafter the animals were given 0.8
mg of dexamethasone intramuscularly (i.m.). For the first
three postoperative days the animals also received 50 mg
of hydrocortisone i.m. daily. The animals were allowed to
recover from the effects of surgery for at least 2-3 wk
before study. Completeness of adrenalectomy was assessed
by measuring plasma cortisol levels at a time when the
dogs had not received replacement steroid hormones for 72
hr and again after 3 consecutive days of 40 U of adreno-
corticotropin hormone gel i.m.

The experiments were divided into six groups as fol-
lows. Each animal served as its own control.

Group I. Water loading before adrenalectomy with the
animals on a 70 mEq sodium diet and drinking isotonic
saline.

Group II. Water loading after adrenalectomy with the
animals on 70 mEq sodium diet and drinking isotonic
saline. The only steroid replacement given was 0.8 mg of
dexamethasone i.m. daily.

Group III. Water loading after adrenalectomy with the
animals on a 70 mEq sodium diet and drinking isotonic
saline. Daily replacement with dexamethasone (0.8 mg i.m.)
was given as well as 2-5 mg of deoxycorticosterone acetate
(DOCA) i.m. on the morning of the water-loading experi-
ment.

Group IV. Water loading after adrenalectomy with the
animals on a 70 mEq sodium diet and drinking isotonic
saline. All steroid replacement was withdrawn for a
period of 50-100 hr before the study.

Group V. Water loading after adrenalectomy with the
animals on a 30 mEq sodium diet and drinking tap water.
All steroid replacement was withdrawn for a period of
50-100 hr before the study.

Group VI. Water loading after adrenalectomy with the
animals on a 30 mEq sodium intake and drinking tap
water. Dexamethasone therapy was withdrawn for 50-100
hr before the study. DOCA(2 mg i.m.) was administered
for at least 7 days before and including the day of the
acute water load.

The methods of analysis for inulin, osmolality, sodium,
and potassium have been referred to elsewhere (14). The
clearance of inulin and rates of electrolyte excretion were
calculated in the conventional manner. The plasma cortisol
levels were measured by the fluorometric technique (15).

RESULTS

The results of acute water loading before and after
adrenalectomy in an animal drinking isotonic saline are
shown in Fig. 1. In the preadrenalectomy study and in
the three postadrenalectomy studies the urinary osmolali-
ties (Uosm) achieved during the acute water load were
very similar. The mean Uosni achieved was 69 mOsm
before adrenalectomy (group I), 75 mOsmafter adrenal-
ectomy with chronic dexamethasone replacement (group
II), 63 mOsmafter adrenalectomy with chronic dexa-
methasone replacement and DOCAon the day of study
(group III), and 74 mOsmafter adrenalectomy with no
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steroid replacement for 4 days (group IV). Thus, in
the presence of a liberal sodium intake the Uosm
achieved during the acute water load in this animal was
not altered by adrenalectomy, independent of adrenal
steroid replacement. The rate of free-water clearance
(CH2o) was also comparable in all of these same cir-
cumstances (Fig. 1). The mean CH20 in this animal was
6.6 ml/min in the preadrenalectomy study (group I), 7.6
ml/min in the group II study, 7.3 ml/min in the group
III study, and 7.1 ml/min in the group IV study. The
comparable Uosm and CH2o during these acute water-
loading studies was also associated with a similar GFR.
Before adrenalectomy the mean GFR was 64 ml/min
(group I), while in the three postadrenalectomy studies
(groups II-IV) the mean GFRwas 64, 66, and 65 ml/
min, respectively.

The results in this animal are representative of the
results in the other animals. The Uosm in the pre-
adrenalectomy and three postadrenalectomy studies for
all animals while drinking saline are shown in Fig. 2.
The Uosm attained during the water-loading studies
after adrenalectomy (groups II-IV) was similar in all
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FIGURX 1 Responses to an acute water load before and
after adrenalectomy in a dog drinking isotonic saline. Each
value is the mean of seven consecutive 10-min urine collec-
tions. The GFR, free-water clearance, and urinary osmo-
lality were comparable in this animal in the preadrenalec-
tomy and three postadrenalectomy studies. Steroid replace-
ment with daily dexamethasone alone (group II), daily
dexamethasone plus DOCAon the day of study (group
III), or complete withdrawal of steroid replacement
(group IV) did not alter this animal's response to the acute
water load as compared to the preadrenalectomy study
(group I).
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FIGURE 2 Response of urinary osmolality to an acute
water load before and after adrenalectomy. Each value is
the mean of 14 consecutive 10-min urine collections. In an
occasional dog only 7 rather than 14 10-min urine collec-
tions were made because of hyperexcitability of the animal.
Dogs 7698, 7720, 8511, 7772, and 7840 are denoted by the
following respective symbols: A, X, 0, A, and *. In
some animals more than one study was performed in each
group. In dog 8511 no preadrenalectomy study was per-
formed. In dog 7772 no group III, V, or VI studies were
performed because the animal escaped from the vivarium
and died of nontraumatic causes. In none of these animals
drinking isotonic saline was the urinary osmolality altered
either by adrenalectomy or by adrenal steroid replacement in
the adrenalectomized state.

five animals to the Uosmobserved during the preadrenal-
ectomy study (group I). Values for CH20 for all of the
animals are shown in Fig. 3. As with Uosm, CH2o was
not different for any of the animals in the postadrenal-
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FIGuRE 3 Response of the free-water clearance to an acute
water load before and after adrenalectomy. The symbols
are the same as those used in Fig. 2. CH2o was not altered
in these animals drinking isotonic saline by adrenalectomy
or adrenal steroid replacement or withdrawal after adren-
alectomy.
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FIGURE 4 Response of GFR to an acute water load before
and after adrenalectomy. The symbols are the same as
those used in Fig. 2. In none of these animals drinking
isotonic saline did adrenalectomy or adrenal steroid re-
placement or withdrawal in the adrenalectomized state
alter GFR.

ectomy studies (groups II-IV) as compared to the pre-

adrenalectomy study (group I) when the animals were

drinking isotonic saline. GFR for each animal was also
comparable for all four groups of studies (Fig. 4). The
mean rate of fractional sodium reabsorption during the
water-loading studies performed before adrenalectomy
(group I) was 99.7%. The same mean fractional sodium
reabsorption of 99.7% was present after adrenalectomy
with replacement of both dexamethasone and DOCA
(group III). In the studies in the adrenalectomized ani-
mals not receiving DOCAthe mean fractional sodium
reabsorption diminished to 98.7% in group II and 99.0%
in group III experiments. In parallel with these changes
in fractional sodium reabsorption the mean osmolar clear-
ance (Cosm) was 1.7 and 1.8 ml/min in groups I and
III, respectively and was 2.5 and 2.2 ml/min in groups

II and IV, respectively. The body weight of the animals

during the postadrenalectomy studies was either equal
to or less than their weight during the preadrenalectomy
study except in one dog (7720) in which a 2% increase
in body weight from the preadrenalectomy state was

observed.
In contrast to the results without steroid hormone

replacement while the animals drank saline (group IV),
withdrawal of adrenal steroids for up to 4 days when
the animals were on a 30 mEqsodium intake and drink-
ing tap water (group V) was associated with definite
impairment in water excretion in each animal. However,
when these same animals were maintained on the same
30 mEq sodium intake and given only mineralocorticoid
hormone for 7 days (group VI) the Uosm, (CH2o, and
GFRwere comparable to those values observed in all of
the studies with the animals drinking isotonic saline
(groups I-IV). A comparison of the results obtained in
the Groups IV-VI studies is shown in Fig. 5. The re-

sults which are illustrated in Fig. 5 demonstrate that the
30 mEq sodium intake (group V) was associated with
an increase in Uosm and a decrease in CH2O as compared
to the values obtained when the same animals were

drinking isotonic saline (group IV). No adrenal steroids
were administered to the animals in either the group IV
or V studies. In each instance the GFRwas lower when
the animal was on a 30 mEq sodium intake rather than
drinking isotonic saline. When the animals were main-
tained on the 30 mEq sodium intake and treated with
DOCA(group VI) for 7 days the Uosm and CH20 were

comparable to those values obtained with the animals
drinking isotonic saline. In three of the four animals the
GFR also increased in association with the chronic
DOCAadministration. The mean fractional sodium reab-
sorption and Cosm were 98.7% and 2.2 ml/min in group
V and 99.7% and 1.0 ml/min in the group VI studies.

The importance of sodium balance in the capacity of
the adrenalectomized dog to excrete water was not only
indicated by the acute water-loading studies but also by

TABLE I
Effect of Sodium Intake and Chronic DOCATherapy on Plasma Sodium Concentration

and Weight in Adrenalectomized Dogs

Group IV Group V Group VI
High sodium intake 30 mEqSodium intake 30 mEqSodium intake

with no steroid with no steroid with chronic DOCA
replacement replacement replacment

Plasma Plasma Plasma
sodium Body sodium A Body sodium A Body

Dog No. concentration weight concentration weight concentration weight

mEqiliter lb. mEqlliter lb. mEqlliter lb.

7698 141 46.0 124 -2.0 154 +0.5
8511 139 50.0 127 -2.0 156 +1.0
7840 142 50.0 122 -1.5 152 + 1.0
7720 140 56.5 130 -2.0 151 +2.0
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the more chronic effect on plasma sodium concentration
and body weight (Table I).2 The restricted sodium in-
take in the group V studies was associated with weight
loss and hyponatremia' in each animal, effects which
were reversible with the administration of DOCA. Evi-
dence for the completeness of the adrenalectomy is
shown in Table II. There were no detectable levels of
plasma cortisol either under basal conditions or after
stimulation with adrenocorticotropin hormone.

DISCUSSION

The present investigation was undertaken to explore
further the mechanism(s) involved in the abnormality of
water excretion associated with adrenal insufficiency.
Several aspects of the experimental design of the present
study are different from many previous studies of this
problem. In all of the present experiments each animal
served as its own control, both before and after adrenal-
ectomy. In addition, a further control observation was

obtained during replacement of both glucocorticoid and
mineralocorticoid hormone in the adrenalectomized state.
Another aspect of the experimental design involved the
use of physiological amounts of glucocorticoid hormone
replacement rather than the larger doses of glucocorti-
coid hormone replacement which have been used previ-
ously to reverse the defect in water excretion in adrenal
insufficiency (1-13).' In an effort to avoid any secondary
effects related to negative sodium balance and depletion
of extracellular fluid volume, the initial group of studies
were performed while the animals were offered a high
sodium intake as saline drinking water. Also, in the
present studies the withdrawal of glucocorticoids was for
a period of time (50-100 hr) of sufficient duration to
insure absence of glucocorticoid activity,' but of short
enough duration to avoid any profound effects of
chronic glucocorticoid deficiency on systemic hemody-
namics. In addition to evaluating the effect of glucocorti-
coid replacement on the renal excretion of water during
the state of adrenal insufficiency, the role of mineralo-
corticoid was also examined. In all of these circum-
stances, the effect of adrenal insufficiency and hormone
replacement on glomerular filtration rate was evaluated.

' The modest hypernatremia (151-156 mEq/liter) ob-
served during the DOCA treatment (group VI) may be
similar to the hypernatremia which occurs in primary hy-
peraldosteronism, the etiology of which is not well under-
stood.

'Although Green et al. (13) treated some of their rats
with 0.1 mg of prednisone, a smaller dose by body weight
than most previous studies, this amount would approximate
28 mg of prednisone for a 70 kg man and thus probably
deliver more glucorcorticoid activity than normally produced
by these rats.

'The half-life of dexamethasone is 200 min (16).
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FIGURE 5 Effect of sodium intake and chronic DOCA
treatment on GFR, free-water clearance, and urinary os-
molality in the adrenalectomized dogs not receiving gluco-
corticoid replacement. The symbols are the same as those
used in Fig. 2. A lower GFR and free-water clearance
and a higher urinary osmolality was observed when the
animal's sodium intake was 30 mEq/day (group V, middle
panel) as compared to the same animals drinking isotonic
saline (group IV, left panel). Administration of DOCA
for 7 days with continued 30 mEq sodium intake was asso-
ciated with correction of these abnormalities (group VI,
right panel).

Under these experimental conditions the results of the
present investigation demonstrate that on a high sodium
intake the renal diluting capacity is comparable when the
same dog is studied before adrenalectomy and after

TABLE I I
Plasma Cortisol Levels in Adrenalectomized Dogs

without Steroid Replacement

Plasma cortisol
72 hr after no Plasma cortisol after daily stimu-

steroid replace- lation with 40 U of ACTH
Dog. No. ment gel for 3 days

jsg/1OO ml pg/100 ml

7698 <2 <2
7720 <2 <2
8511 <2 <2
7772 <2 No determination
7840 <2 <2
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adrenalectomy with glucocorticoid replacement. In addi-
tion, the administration of mineralocorticoid hormone
(DOCA) on the morning of study did not alter the
renal diluting capacity of these adrenalectomized dogs of-
fered a high sodium intake. The most important finding,
however, was that after adrenalectomy when the ani-
mals were drinking isotonic saline, renal diluting ca-
pacity was not impaired even when both mineralocor-
ticoid and glucocorticoid hormone replacement were
withheld for up to 4 days (Figs. 1-3). This finding is
of particular importance in view of the two main pro-
posed mechanisms for the impaired water excretion in
adrenal insufficiency. Many investigators (1-13) have
suggested that the presence of glucocorticoid hormone is
necessary for normal renal diluting capacity. This im-
portance of glucocorticoid hormone has been proposed
by some authors to be related to a direct action of the
hormone on the water permeability of the tubular epi-
thelium of the collecting duct (3-8), while other au-
thors have suggested that the presence of glucocorticoid
hormone is necesary for the maximal suppression of
vasopressin release (9-11). The present results do not
support either of these hypotheses, since in the presence
of a high intake of sodium, glucocorticoid hormone was
not necessary for a normal response to the water load.
The mean osmolality (57 mOsm) achieved in the present
adrenalectomized animals drinking isotonic saline and
not receiving adrenal. hormones for 2-4 days was suffi-
ciently low to indicate suppression of vasopressin re-
lease and water impermeability of the collecting duct epi-
thelium. Moreover, this level of urinary osmolality was
similar to the level achieved in the same animals before
adrenalectomy and after adrenalectomy with glucocorti-
coid replacement. In addition, withdrawal of glucocor-
ticoid hormone replacement in these adrenalectomized
animals drinking isotonic saline was also associated with
rates of free-water clearance and glomerular filtration
which were not different fromn those obtained in the
same animals before adrenalectomy and after adrenalec-
tomy with adrenal steroid replacement.

In contrast to the normal diluting capacity observed
with the animals drinking isotonic saline, when these
same adrenalectomized animals were on a 30 mEq
sodium intake and receiving no adrenal steroid replace-
ment a definite impairment of renal water excretion oc-
curred. In this circumstance, urinary osmolality was
higher and free-water clearance was lower when com-
pared to the values observed under the various conditions
with the animals drinking isotonic saline (groups I-IV).
In addition to the impaired excretion of an acute water
load, weight loss and the development of hyponatremia
were also observed when these adrenalectomized animals
received a 30 mEqsodium intake and no adrenal steroid
replacement. These findings suggest that the level of so-

dium intake was of crucial importance in the pathogene-
sis of the defect in water excretion after adrenalectomy.
Also, it seemed likely that the effect of mineralocorticoid
deficiency on sodium balance was of primary importance
in this impairment in the renal excretion of water.
Studies therefore were performed in which the animals
were continued on the same 30 mEq sodium diet but
replaced for 7 days with exogenous mineralocorticoid
(DOCA) but not glucocorticoid therapy. This mineralo-
corticoid therapy was associated with correction of the
impaired response to the acute water load, as well as a
reversal of the weight loss and hyponatremia.

Since during the group V studies the animals were
able to dilute their urine during the acute water load,
albeit not maximally, this degree of impairment of di-
luting mechanism would not explain the chronic hypo-
natremia which developed during this group of studies.
Urinary dilution, however, may be more pronounced
when the same water load is administered acutely over
1 hr period as compared to chronic ingestion over several
hours. Thus, any defect in urinary dilution observed dur-
ing an acute water load may not be directly applicable
to explain the development of chronic hyponatremia.
Even more important, since the chronic hyponatremia
in these group V studies was associated with weight loss
and was prevented by a high sodium intake or treatment
with DOCA, negative sodium balance rather than re-
tention of water appeared to be the initiating factor in
the development of the hyponatremia.

Taken together, the present results provide evidence
that the defect of urinary dilution in adrenal insufficiency
is related, at least in part, to a deficit of sodium balance.
In this regard, Gill, Gann, and Bartter (17) have previ-
ously demonstrated that either acute or chronic volume
expansion with isotonic saline improves renal diluting
capacity in patients with adrenal insufficiency. Other
authors (7, 18), however, have disputed the possibility
that significant hypovolemia is involved in the impaired
renal excretion of water with adrenal insufficiency.
The present results support the suggestion of Gill
et al. (17) that depletion of extracellular fluid volume is
an important factor in the impaired renal excretion of
water in adrenal insufficiency. In contrast to these previ-
ous results (17), however, in the present study sig-
nificant expansion of the extracellular fluid volume was
not a prerequisite for the demonstration of normal di-
luting capacity in the adrenal insufficient state. Although
daily sodium balances were not performed, the rates
of fractional sodium reabsorption, osmolar clearances,
and body weight measurements were such as to exclude
excessive expansion of extracellular fluid volume. Thus,
the objection that excessive expansion of the extracellu-
lar fluid volume may have overcome a defect in diluting
capacity which was unrelated to mineralocorticoid de-
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ficiency and sodium balance, although relevant to the in-
terpretation of the results of Gill et al. (17), does not
seem to be applicable to the present results.

The concomitant decrease in glonlerular filtration rate
which occurred during the period of restricted sodium
intake could have accounted, at least partially, for the
impaired excretion of water in these adrenalectomized
animals. Such a conclusion is reasonable since a similar
impairment of diluting capacity has been demonstrated
when glomerular filtration rate is diminished by con-
striction of the aorta (19) or renal artery (20). This in-
terpretation is compatible with the findings of Green et
al. (13) which indicated that factors other than ADH
are involved in the impaired water excretion associated
with adrenal insufficiency. In the present study, how-
ever, some increase in circulating levels of ADHcannot
be excluded as a contributing factor in mediating the
effect of sodium balance on water excretion. Support
that an increased level of ADHmay indeed be respon-
sible, at least in part, for the effect of sodium balance on
water excretion in adrenal insufficiency is provided by
the recent results of Share and Travis (21). In this re-
gard, the recent findings of Schrier, Lieberman, and
Ufferman (22) raise the possibility that changes in au-
tonomic neural tone may be the primary pathway
whereby alterations in sodium balance and body fluid
volume influence ADH release. Somewhat against the
possibility for a role of ADHin the present study, how-
ever, was the finding that the urine achieved a significant
degree of hypotonicity, even in the studies in which an
impairment in water excretion was demonstrable (group
V). Hypotonic urine, however, may occur in the dog in
the presence of submaximal levels of ADH (23). Al-
though this effect is most frequently observed at high
rates of solute excretion, it may occur at solute excretion
rates comparable to those observed in the present dogs
(23).

The results of the present investigation must be con-
sidered on the background of the previous suggestions
that the impaired renal diluting capacity characteristic
of adrenal insufficiency is due to glucocorticoid deficiency
and is mediated either by sustained release of ADH (9,
10) or by a failure to achieve maximal impermeability to
water of the distal nephron (3-8). Of primary impor-
tance is the fact that the duration of glucocorticoid with-
drawal in most previous studies has been in excess of
the period of glucocorticoid deficiency in the present
studies. Since more prolonged glucocorticoid deficiency
may be associated with substantial cardiovascular effects
(24-26), any observed impairment in water excretion
under these conditions could be related either to a direct
effect of glucocorticoid deficiency on ADH release or
renal tubular water impermeability, or alternatively to
any secondary effects of glucocorticoid deficiency on sys-

temic hemodynamics. Such an effect on systemic hemo-
dynamics could affect water excretion by diminishing
renal hemodynamics and/or stimulating the release of
ADH. Although the defect in water excretion in adrenal
insufficiency previously has been shown to be improved
by replacement of glucocorticoid hormone, supraphysio-
logical doses of the hormone have been used in these
previous studies (1-13). In this regard, Oleesky (27)
did not observe improvement in diluting capacity in hu-
mans with adrenal insufficiency who were treated with
physiological doses of glucocorticoid hormone and im-
provement required the administration of amounts of the
hormone in excess of that normally produced by the
adrenal gland. Moreover, the administration of large
doses of glucocorticoid hormone to normal subjects with
intact adrenal glands has been shown to enhance renal
diluting capacity (28). More recently, however, Agus
and Goldberg (29) have reported that the impaired
water excretion associated with anterior hypopituitarism
may in some instances be, at least partially, correctable
by the administration of physiological amounts (5-20
mg) of hydrocortisone. On the basis of the effect of
ethanol to improve diluting ability in these patients,
these investigators suggest that this effect of hydrocorti-
sone may be related to a suppression of release of ADH
(29). It should be emphasized, however, that in this
study (29), as well as previous studies (1-13), the ef-
fect on chronic glucocorticoid deficiency was examined
while glucocorticoid deficiency of a shorter duration was
investigated in the present study. In any event, and inde-
pendent of the mechanisms whereby more chronic glu-
cocorticoid deficiency (1-13, 29) may impair diluting
ability or the mechanisms whereby large amounts of glu-
cocorticoids may reverse this defect (1-13), the present
results demonstrate that glucocorticoid hormone is not
necessary for achieving normal urinary dilution in the
adrenalectomized dog. These results thus suggest that
glucocorticoid hormone is not necessary for either maxi-
mal suppression of ADHrelease or water impermeability
of the renal tubular epithelium. Although this conclusion
is in contrast to previous proposals, it is compatible with
in vitro studies in the toad bladder which have demon-
strated that glucocorticoid hormone enhances, rather than
impedes, the vasopressin-induced osmotic movement of
water (30).
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