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Involvement of Arginine Vasopressin and Renal Sodium 
Handling in Pathogenesis of Hyponatremia in Elderly 
Patients
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Abstract. The present study was undertaken to determine the pathophysiological role of arginine 
vasopressin (AVP) in elderly patients with hyponatremia, and the efficacy of fludrocortisone acetate in 
treating their hyponatremia. Eleven hospitalized patients aged 65 years or older whose serum sodium 
levels were less than 130 mEq/l were examined. The hyponatremic patients included two groups of 

patients: syndrome of inappropriate secretion of antidiuretic hormone (SIADH) and central salt-wasting 
syndrome. And 24 healthy, young subjects aged 20 to 34 years, and 24 healthy, elderly subjects aged 65 
to 80 years were recruited by community announcement. The elderly subjects had decreased urinary 
concentrating ability and exaggerated response of AVP secretion to osmotic and nonosmotic stimuli, as 
compared to the young subjects. All the patients had hyponatremia, with the exaggerated urinary loss 
of Na. Plasma AVP levels were elevated despite hypoosmolality in all the 2 groups of hyponatremic, 
elderly patients. Plasma renin activity and plasma aldosterone concentrations were low in the patients 
with SIADH and central salt-wasting syndrome. Fludrocortisone acetate therapy was effective in the 

patients with central salt-wasting syndrome and 3 patients with SIADH whose hyponatremia remained 
unchanged after water restriction. Water restriction therapy normalized serum Na levels in only 3 

patients with SIADH. These results indicate that AVP is involved in the mechanism for hyponatremia in 
the elderly patients with SIADH and central salt-wasting syndrome. Severe hyponatremia associated 
with SIADH and central salt-wasting syndrome responds well to mineralocorticoid therapy. Both the 
secretion of AVP and renal sodium handling may be involved in the mechanisms of action of the 
disorders. The diagnostic criteria for SIADH in the elderly patients may have to be reevaluated and 
should be considered to indicate fludrocortisone acetate therapy.
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HYPONATREMIA may occur in association with 

increased, decreased or normal amounts of body 
fluid [1]. Hypovolemic hyponatremia results from 

renal or extrarenal loss of sodium (Na), but is a 
minor cause of hyponatremia. In contrast, dilu-

Received: May 16, 1995 
Accepted: November 1, 1995 
Correspondence to: Dr. San-e ISHIKAWA, Division of 
Endocrinology and Metabolism, Department of Medicine, 

Jichi Medical School, 3311-1 Yakushiji Minamikawachi-
machi, Tochigi 329-04, Japan

tion of extracellular Na by increased body fluid 
seems to lead to hyponatremia in most clinical set-
tings. 
 After intracranial disorders the disturbance of 
renal Na handling appears in elderly subjects, and 
results in hyponatremia with exaggerated renal loss 
of Na and blood volume contraction. This seems 
to be distinct from the syndrome of inappropriate 
secretion of antidiuretic hormone (SIADH), because 
hypovolemia is not related to SIADH [2]. Other 
factors producing natriuresis seems to be involved
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in the mechanisms of hyponatremia [3]. This kind 
of hyponatremia has been called "central salt-wast-
ing syndrome" [4-8], the causes of which appear 
to be multifactorial. We reported three patients 
with hyponatremia after head injury, and the in-
crease in arginine vasopressin (AVP) from the 
neurohypophysis plays a key role in leading to 
hyponatremia [9]. We have found that patients, 
who diagnosed as having SIADH, can not easily 
respond to water restriction therapy to normalize 
serum Na levels. Such SIADH patients seem to be 
distributed in elderly subjects, because the com-

pensatory ability to conserve Na or water may be 
reduced in elderly subjects [10]. 

 In the present study we analysed 11 hyponatrem-
ic patients aged 65 years or older, and they included 
two groups of hyponatremia derived from SIADH 
and central salt-wasting syndrome. We evaluated 
the pathophysiological role of AVP in hyponatre-
mia and the efficacy of f ludrocortisone acetate in 
elderly patients with central salt-wasting syndrome 
and SIADH. In addition, whether age influences 
AVP secretion in response to osmotic and nonos-
motic stimuli was examined.

Subjects and Methods

 Eleven elderly patients with SIADH and central 
salt-wasting syndrome were examined between 

October, 1980 and September, 1993. We selected 
the patients whose serum Na levels were less than 

130 mEq/l. They were 7 males and 4 females 
whose ages were 65 years or older. They were

admitted to Jichi Medical School Hospital because 
of various reasons. Some patients complained of 
the disturbance of consciousness, generalized mal-
aise or fatigue. The others were to have evaluated 
hyponatremia further. 
 Six patients with SIADH had hyponatremia, hy-

poosmolality, exaggerated urinary excretion of Na, 
hypertonic urine and normal renal and adrenal 
functions (Table 1). And physical findings showed 
neither dehydration nor edema. SIADH occurred 
in 3 patients after cerebral infarction, in 2 patients 
after head trauma and in one patient in whom the 
cause was considered idiopathic. Serum Na levels 
ranged from 109 to 125 mEq/l when hyponatrem-
ia was discovered. In five patients with central 
salt-wasting syndrome, hyponatremia was associ-
ated with hypoosmolality, hypertonic urine and 

persistently increased urinary loss of Na (Table 2). 
It is unlikely that renal and adrenal functions were 

poor enough to have caused a massive renal loss 
of Na. Adrenocorticotropic hormone (ACTH), cor-
tisol and thyroid hormones were all within the 
normal ranges. Physical findings including dry 
skin, dry tongue, and decreased body weight, sug-

gested the presence of dehydration in 4 of 5 
patients. Three of 5 patients had had head injury 
1-4 weeks before hyponatremia was manifested 
[9]. Such accidents were closely related to the on-
set of hyponatremia, because two patients were 
confirmed to have had normal values of serum Na 
when they got head trauma. In two other patients 
there was no particular matter related to the oc-
currence of hyponatremia. 
 We analyzed the relationship between serum Na

Table 1. Laboratory values at hospitalization for 6 elderly patients with SIADH
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levels and plasma AVP levels. Also, we compared 

the changes in plasma AVP levels with that in cir-

culatory blood volume estimated clinically [11]. 
Percent changes in circulatory blood volume was 
determined using changes in hematocrit (Ht); (Ht1-

Ht2)/Ht2 x 100 (%).

Urine concentration and AVP secretion studies

  Urine concentrating ability and AVP release were 
examined in two groups of healthy volunteers, in-
cluding the elderly group aged 65 to 80 years and 
the young group with age of 20 to 34 years. We 
obtained informed consent from all the volunteers 
to join the present protocols. The following four 
studies were examined in different subjects in each 

group. (A) Fishberg test: Water drinking was pro-
hibited at least 12 h after the last supper, and in 
the early morning three urine collections were 
made at 1-h intervals to measure urinary os-
molality (Uosm). (B) 1-Deamino-8-D-arginine 
vasopressin (DDAVP) test: After urine and blood 
collections were made, water (15 ml/kg body 
weight) was given orally for 30 min. Ten jig 
DDAVP was given intranasally, and thereafter 4 
one-hour urine collections were made to measure 
urine volume and Uosm. Water drinking was 
forced in the same volume as urine volume at each 
time when urine was collected. (C) Hypertonic 
saline test: After urine and blood collections were 
made, hypertonic saline (5% NaCI) was infused 
intravenously at a rate of 0.05 ml/kg/min for 120 
min. Blood was collected at 30 min intervals for

120 min to measure plasma osmolality (Posm) and 

plasma AVP levels. (D) Tilting test: Subjects had 
had a sodium intake of 8 g/day for a week. Sub-

jects were placed in the supine position on a tilt 
table, and a venous catheter was inserted through 
a cubital vein. Thirty min later, the subjects were 
kept in place at 60° head-up tilt for 20 min, and 
thereafter they were placed in the supine position 
again. During the 90 min observation period, blood 

pressure and heart rate were determined at 5 min 
intervals. Also, Posm, plasma AVP levels and plas-
ma renin activity (PRA) were determined at 10 min 
intervals.

Hormonal assays

 Blood was collected in chilled tubes containing 
EDTA-Na2 (1 mg per ml blood) and centrifuged at 
3000 rpm at 4 °C for 15 min. The supernatants 
were decanted and frozen at - 20 °C until the time 
of assay for plasma AVP, aldosterone, and PRA. 
Plasma AVP was measured by RIA with AVP RIA 
kits (Mitsubishi Yuka Co., Tokyo, Japan) [12, 13]. 
PRA and plasma aldosterone concentrations were 
determined by RIA with PRA RIA kits (Midori-

Juji Co., Tokyo, Japan) and Aldosterone RIA kits 
(Dainabott Lab., Tokyo, Japan) [14, 15]. The nor-
mal value of plasma AVP is 0.2-2.2 pg/ml, that of 
PRA 0.3-2.9 ng/ml/h, and that of plasma aldos-
terone 1.1-6.3 ng/dl. The data were subjected to 
an analysis of multiple variance and Neuman-
Keuls' range test. P<0.05 was considered 
significant.

Table 2. Laboratory values at hospitalization for 5 elder 

wasting syndrome

ly patients with central salt-
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Results

  Serum Na levels and plasma AVP levels at a 
hospitalization of the 11 patients are shown in Ta-
bles 1 and 2. Following our definition, serum Na 
levels were below 130 mEq/l in all the patients. 
Plasma AVP levels of the SIADH patients were 
comparable to those of 1.4 ± 0.2 pg/ml of the con-
trol subjects aged 18 to 63 years (n=20), and they 
seem to be less than those of patients with central 
salt-wasting syndrome. Plasma AVP levels were 
detectable by RIA in all the patients, though se-
rum Na levels were reduced as mentioned above. 
 The relationship between plasma osmolality and 

plasma AVP levels is shown in Fig. 1. The shaded 
area means the normal relationship of the control 
subjects. As seen apparently, all the plots shift to 
the left. Plasma AVP levels were not sufficiently 
suppressed despite hypoosmolality in 2 groups of 

patients. Because plasma AVP levels should be 
suppressed to below 0.5 pg/ml in normal subjects 
if Posm is less than 280 mOsm/kg H2O [16]. Par-
ticularly, the patients with central salt-wasting 
syndrome had relatively high levels of plasma AVP 
in spite of their serious hypoosmotic condition. 
 We analyzed the urinary concentrating ability 
and AVP secretion in normal volunteers. Fishberg 
test showed the urinary concentrating ability. The 
maximal Uosm was 620.6 ± 74.1 mOsm/kg H2O 
in the elderly group, a value less than that of 904.4 
± 48.5 mOsm/kg H2O in the young group (P<0.05). 
The results of the DDAVP test are: Uosm after the 
oral water intake (15 ml/kg body wt) was signifi-
cantly higher in the elderly group than that in the

young group (315.3 ± 69.2 vs. 115.2 ± 22.6 mOsm/ 
kg H2O, P<0.05). However, after the DDAVP ad-

ministration the increase in Uosm was less in the 

elderly group than in the young group, as the max-
imal Uosm were 487.8 ± 82.5 and 828.7 ± 55.7 

mOsm/kg H2O in the elderly and young groups, 
respectively (P<0.05). 

 The response of AVP secretion to hypertonic sa-
line infusion is shown in Table 3. Plasma

Fig. 1. Relationship between plasma osmolality and 

plasma AVP levels in 2 groups of elderly patients 
with hyponatremia at hospitalization. Closed 
circles (•) show the patients with SIADH. Open 
circles (0) show the patients with central salt-
wasting syndrome. Shaded area shows the normal 
range.

Table 3. Changes in plasma osmolality (Posm) and plasma arginine vasopressin (AVP) levels in 
response to hypertonic saline infusion (5% NaCI at a rate of 0.05 ml/kg/min)
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osmolality increased comparably by 13 mOsm/kg 
H2O in both the elderly and young groups of sub-

jects, which is sufficient to stimulate osmotic release 
of AVP. An increase in Posm caused a significant 
increase in plasma AVP levels in both groups of 
subjects. The release of AVP seemed high in the 
elderly subjects when compared with that in the 

young ones, though there was no significant dif-
ference between the two groups. The results of 
the tilting test are shown in Fig. 2. A twenty min 
head-up tilt produced significant increases in the 
heart rate and mean arterial pressure (MAP) in the 

young group of subjects. In contrast, in the elder-
ly group there was no significant alteration in the 
heart rate and MAP in response to the head-up 
tilt. Figure 2 (B) shows plasma AVP levels. Plas-
ma AVP levels significantly increased in response 
to the stimulation of the head-up tilt in both groups 
of subjects. However, the magnitude was signifi-
cantly greater in the elderly group than in the 

young group. Head-up tilt caused a significant 
increase in PRA in both groups, and there was no 
difference in PRA response between the two groups 
(data not shown).

Therapy for Hyponatremia

 Since dehydration was present in the patients 
with central salt-wasting syndrome, whose other 

manifestations were compatible with SIADH, wa-
ter restriction could not be tried as an initial 

therapy. They were given 15-20 g/day of NaCI 
for 14-154 days, but serum Na levels remained 

low, associated with the exaggerated renal loss of 
Na. Of course, the patients whose serum Na lev-

els were below 120 mEq/l were given hypertonic 
saline intravenously and the serum Na level was 
kept above at least 120 mEq/l. Secondly, fludro-

cortisone acetate at a dose of 0.1-0.4 mg/day was 

taken orally to correct hyponatremia. Within a 
week serum Na levels were elevated above 135 

mEq/l, and serum K levels decreased to the low-
normal from the high-normal value (Fig. 3). Also, 

urinary excretion of Na was reduced. The increase 
in body weight during the 3 months of observa-

tion was 2.9 ± 0.4 kg. Hematocrit levels decreased 

after the administration of the drug (data not 
shown) and indicated a 7.8 ± 1.3% decrease in cir-

culatory blood volume during the episodes of 
hyponatremia. The dose of fludrocortisone ace-

Fig. 2. Effect of 60° head-up tilt on heart rate (HR) and 
       mean arterial pressure (MAP) (A) and plasma AVP 

       levels (B) in young and elderly subjects. Open 
       circles (0) show the young subjects and closed 
       circles (•) show the elderly ones. *P<0.05 vs. the 

       value before the head-up tilt. +P<0.05 vs. the 
       respective value of the young subjects. Values are 
       the means ± SEM, n=6.
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tate was thus reduced to 0.1 mg/day in all of the 5 

patients, and serum Na levels normalized. How-
ever, this therapy could not discontinue at least 6 

months after the start of therapy, because hy-

ponatremia occurred again. 
 The patients with SIADH restricted water intake 

of less than 20 ml/kg body wt. In three of 6 pa-

tients (patient no. 2, 4 and 6 shown in Table 1) 
serum Na levels gradually normalized in approxi-

mately 30 days. In contrast, in the other 3 patients 
hyponatremia was unchanged. Thereafter, fludro-

cortisone acetate at a dose of 0.1 mg/day was 
administered orally to the latter 3 patients who 

were not sensitive to water restriction. Urinary 
excretion of Na was reduced, and serum Na levels 

normalized in 9 days. There was no edema and 
hypertension throughout its therapeutic period.

Discussion

 We demonstrated serious hyponatremia in 11 

elderly patients with SIADH and central salt-wast-

ing syndrome. They had either hypovolemic or 
euvolemic hyponatremia. The volume condition 
was decided by the physical findings and the al-

teration in hematocrit during the hospitalization. 
We did not directly measure their circulatory blood 

volume. 
 The present study strongly shows that plasma 

AVP levels were not reduced despite hypoosmola-
lity, which should suppress plasma AVP levels to 

undetectable levels in normal human and animals 

[16]. Such an elevation of plasma AVP levels, 
found in all the two groups of patients, depends 
on the following two situations. First, AVP was 

inappropriately secreted from the posterior pitu-
itary in the patients with SIADH. Second, AVP 

release may occur in response to the decrease in 

circulatory blood volume in the patients with cen-
tral salt-wasting syndrome. In the latter cases, an 

elevation of plasma AVP seemed appropriate in 
maintaining circulatory blood volume. However, 

the situation was complicated in the patients with 

central salt-wasting syndrome. The increased lev-
el of plasma AVP may not be merely responsible

Fig. 3. Changes in serum Na and K levels after the fludrocortisone acetate therapy in five 

       patients with central salt-wasting syndrome. The dose of fludrocortisone acetate 
       ranged from 0.1 to 0.4 mg/day. Closed circles (•) and open circles (0) show 

       serum Na and K levels, respectively. Values are the means ± SEM, n=5.
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for the alteration in circulatory distress. We con-
sider that AVP is involved in the pathogenesis of 
hyponatremia per se. This reason will be discussed 
in detail below. 
  In a previous study [9], we demonstrated a com-

mon course of hyponatremia responsive to 
fludrocortisone acetate in three elderly patients af-
ter head injury. The group of patients with central 
salt-wasting syndrome included the three patients 
in the present study. Hyponatremia was associat-
ed with hypoosmolality, hypertonic urine and 

persistently increased urinary excretion of Na. It 
is unlikely that renal and adrenal functions were 

poor enough to have produced a massive renal 
loss of Na. Plasma AVP levels were relatively high 
despite hypoosmolality. The influence of age on 
AVP secretion may also be involved in the devel-
opment of hyponatremia because AVP release is 

greater in the elderly subjects than in the young. 
This was also described by other investigators [17, 
18]. We can mention that the reduced renal con-
centrating ability also contributes to the 
enhancement of AVP secretion from the neurohy-

pophysis in the elderly subjects. These findings 
are not inconsistent with the pathological state of 
SIADH. As mentioned above, the physical find-
ings include dry skin and a dry tongue at the 
hospitalization in four of 5 patients and fluctua-
tion in hematocrit values and body weight 
suggested the presence of dehydration. Therefore, 
we had to distinguish these disorder from SIADH. 
Such a category is derived from the following rea-
sons. There are the findings of inversely 

proportional changes in serum electrolytes, name-
ly, a reduction in Na and increase in potassium 
and the rapid normalization of serum electrolytes 
in response to fludrocortisone acetate therapy [9]. 
Also, hyponatremia persisted for a long time be-
cause the patients could not maintain normal serum 
Na levels, even more 6 months after the start of 
fluodrocortisone acetate therapy, without the ad-
ministration of the drug. 
  Low renin activity and concomitant low levels 
of aldosterone were not expected in the condition 
of dehydration. These alterations are not infre-

quently found in elderly persons, whether or not 
they are accompanied by hyponatremia [19, 20]. 
DeFronzo [21] showed that salt wasting is uncom-
mon in 81 elderly subjects who had hyporeninemic 
hypoaldosteronism. Since hyponatremia dra-
matically improved after the therapy with

fludrocortisone acetate, however, hyponatremia 
may have a close relation with the disorder of re-
nin-aldosterone system. Other factors including 
atrial and brain natriuretic peptides can not be 
ruled out [22]. Elevation of plasma AVP and hy-

poaldosteronism appear to have been involved in 
the pathogenesis of hyponatremia in the patients 
with central salt-wasting syndrome. The increase 
in plasma AVP might have interrupted the com-

pensatory mechanisms to maintain Na balance, that 
resulted in the increased renal loss of Na and hy-

ponatremia. Elevation of plasma AVP seems 
frequent in the elderly subjects, and it is not easily 
mentioned that the increase in plasma AVP levels 
is a secondary phenomenon due to reduced circu-
latory blood volume. Rather, we believe that 
inappropriate secretion of AVP should occur inde-

pendently of loss in circulatory blood volume. We 
know that hyponatremia is hard to occur in healthy, 
elderly subjects, since there are tight interactions 
among the central release of AVP, renal action of 
AVP and renal sodium handling mechanisms. The 
enhanced secretion of AVP may be a causitive fac-
tor for initiating such a disorder as hyponatremia 
in patients with central salt-wasting syndrome. 
 We had six elderly patients with SIADH. Hy-

ponatremia and the associated alterations were 
compatible with the diagnostic criteria of SIADH. 
Restriction of water intake less than 20 ml/kg body 
wt had been allowed, but in only three of 6 pa-
tients were serum Na level normalized. In the 
other 3 patients the signs of hyponatremia were 
not alleviated after the therapy. Hyponatremia re-
mained unchanged in association with the 
exaggerated renal loss of Na. We decided the ther-
apy of mineralocorticoid hormone in these 3 

patients, and hyponatremia normalized in 9 days 
in response to fludrocortisone acetate. We could 
not distinguish the elderly patients with SIADH 
who responded to the water restriction therapy 
from those who did not respond to it, before the 
start of treatment. There was no difference in phys-
ical findings and laboratory data between the 
above-mentioned two groups of patients. Since 
AVP secretion is greater in the elderly subjects than 
in the young, we can not evaluate that SIADH in 
the elderly subjects is an equal situation to that in 
the non-elderly. The causes of hyponatremia may 
be multifactorial in the elderly patients who are 
diagnosed as SIADH. Taken together, hyponatre-
mia is clinically based on SIADH, but the therapy
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is not simply related to water restriction in the 

elderly. In other words, hyponatremia responsive 

to fludrocortisone acetate may be present in the 

elderly patients with SIADH, and SIADH in the 

elderly patients seems unlikely to be distinguished 

from the pathological state of central salt-wasting 

syndrome. The relative hypersecretion of AVP de-

spite hypoosmolality may be an important trigger

for hyponatremia in the pathological state of cen-

tral salt-wasting syndrome in the elderly patients, 

but its maintenance to keeping serum Na level nor-

mal rather seems likely to depend on renal Na 

handling. The criteria for SIADH in the elderly 

patients may have to be reevaluated, and should 
be considered to indicate fludrocortisone acetate 

therapy.

References

 1. Berl T, Schrier RW (1986) Disorders of water me-
    tabolism. In: Schrier RW (ed) Renal and Electrolyte 

    Disorders. 3rd ed. Boston: Little, Brown and Com-

    pany, 1-77. 
 2. Bartter FC, Schwartz WB (1967) The syndrome of 

    inappropriate secretion of antidiuretic hormone. 
   Am J Med 42: 790-806. 
 3. Anand-Srivastava MB, Trachte GJ (1993) Atrial 
    natriuretic factor receptors and signal transduction 

    mechanisms. Pharmacol Rev 45: 455-497. 
 4. Peters JP, Welt LG, Sims EAH, Orloff J, Needham J 

    (1950) A salt-wasting syndrome associated with ce-
    rebral disease. Trans Assoc Am Physicians 63: 57-64. 

 5. Welt LG, Seldin DW, Nelson WP, German WJ, Pe-
    ters JP (1952) Role of the central nervous system in 

    metabolism of electrolytes and water. Arch Intern 
   Med 90:355-378. 

 6. Epstein FH, Levitin H, Glasser G, Lavietes P (1961) 
   Cerebral hyponatremia. N Engl J Med 265: 513-

   518. 
 7. Oster JR. Perez GO, Larios 0, Emery WE, 
   Bourgoignie JJ (1983) Cerebral salt wasting in a man 

    with carcinomatous meningitis. Arch Intern Med 
   143: 2187-2188. 

8. Al-Mufti H, Arieff AI (1984) Hyponatremia due to 
    cerebral salt-wasting syndrome: Combined cerebral 
   and distal tubular lesion. Am J Med 77: 740-746. 

9. Ishikawa S, Saito T, Kaneko K, Okada K, Kuzuya T 
   (1987) Hyponatremia responsive to fludrocortisone 

   acetate in elderly patients after head injury. Ann 
   Intern Med 106:187-191. 

10. Epstein M, Hollenberg NK (1976) Age as a deter-
    minant of renal sodium conservation in normal 

   man. J Lab Clin Med 87: 411-417. 
11. Ishikawa S, Saito T, Okada K, Nagasaka S, Kuzuya 

   T (1990) Prompt recovery of plasma arginine vaso-

   pressin in diabetic coma after intravenous infusion 
   of a small dose of insulin and a large amount of 

   fluid. Acta Endocrinol 122: 455-461. 
12. Sakurai H, Kurimoto F, Kanai A, Ohno H, Nomura 
   K, Demura H, Shizume K (1985) A simple and

    highly sensitive radioimmunoassay for 8-arginine 
    vasopressin in human plasma using a reversed-

    phase C18 silica column. Folia Endocrinol Japon 61: 
    724-736 (In Japanese). 
13. Ishikawa S, Saito T, Okada K, Tsutsui K, Kuzuya T 

    (1986) Effect of vasopressin antagonist on water ex-
    cretion in inferior vena cava constriction. Kidney 
    In t 30: 49-55. 

14. Ogihara T, Kumahara Y, Yamamoto T (1972) Mea-
    surement of angiotensin II. Clin Sci (Tokyo) 8: 
   1071-1076. 

15. Ogihara T, Iinuma K, Nishi K, Arakawa Y, Takagi 
    A, Kurata K, Miyai K, Kumahara Y (1977) A non-

    chromatographic non-extraction radioimmunoassay 
    for serum aldosterone. J Clin Endocrinol Metab 45: 
   726-731. 

16. Robertson GL, Shelton RL, Athar S (1976) The os-
    moregulation of vasopressin. Kidney Int 10: 25-37. 

17. Helderman JH, Vestal RE, Rowe JW, Tobin JD, 
   Andres R, Robertson GL (1978) The response of 

    arginine vasopressin to intravenous ethanol and 
    hypertonic saline in man: The impact of aging. I 

    Gerontol 33: 39-47. 
18. Goldstein CS, Braunstein S, Goldfarb B (1983) Idio-

    pathic syndrome of inappropriate antidiuretic 
    hormone secretion possibly related to age. Ann 

   Intern Med 99:185-188. 
19. Crane MG, Harris JJ (1976) Effect of aging on renin 
    activity and aldosterone secretion. I Lab Clin Med 
   87: 947-959. 

20. Zadik Z, Kowarski AA (1980) Normal integrated 
    concentration of aldosterone and plasma renin ac-

   tivity: Effect of age. J Clin Endocrinol Metab 50: 
   867-869. 

21. DeFronzo RA (1980) Hyperkalemia and hypo-
   reninemic hypoaldosteronism. Kidney Int 17: 
   118-134. 

22. Ballermann BJ, Brenner BM (1986) Role of atrial 

   peptides in body fluid homeostasis. Circ Res 58: 
   619-630.


