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INTRODUCTION

There are many conflicting reports on the acute
effects of posterior pituitary extract on the renal
excretion of sodium and chloride. This subject
has been recently reviewed (1).

The present study was made to' determine the
effects on electrolyte excretion in man of a long-
acting posterior pituitary extract administered
over a period of several days. The results suggest
that the state of hydration determines the effect
of pitressin on electrolyte excretion. The rela-
tionship of the findings to the problem of volume
regulation of the body fluids will be considered.

METHODS

Metabolic studies were conducted at the Metabolism
Ward of the Massachusetts General Hospital (2) and at
the U. S. Public Health Service Hospital, Baltimore,
Maryland. Subjects studied included four normal adults,
two patients with anterior pituitary insufficiency, one with
anterior and posterior pituitary insufficiency, one with
adrenal cortical insufficiency, and one with ovarian agene-
sis. Subjects were maintained on a constant diet, and
the fluid intake was controlled at various levels. No
restrictions were made on the activity or position of the
subjects. Dietary sodium intake was fixed in each study
and ranged in different studies from 20 to 175 mEq. per
day. Following an initial control period of several days,
posterior pituitary extract was administered intramuscu-

1 Supported by grants from the Milton Fund of Har-
vard University, the American Heart Association, and
the Worcester Chapter of the Massachusetts Heart As-
sociation.

2Howard R. Hughes Fellow in Medicine.
B Senior Surgeon, United States Public Health Service.

Present address: National Heart Institute, National In-
stitutes of Health, United States Public Health Service,
Bethesda, Maryland.

4Kellogg Fellow of the American College of Physicians.
Present address: Bahia, Brazil.

larly as Pitressin Tannate in Oil,5 2.0 units initially,
followed by 1.0 unit every 12 hours for two to four days.
This dose of pitressin was estimated to be within the
physiological range of endogenous antidiuretic hormone
production (3, 4). Twenty separate periods of pitressin
administration were studied. In all but one instance an
antidiuretic effect was maintained throughout the period
of hormone administration.

Urine and serum were analyzed for sodium, chloride,
potassium, nitrogen, and total solutes. Two studies in-
cluded calcium and phosphorus determinations and stool
analyses. Analytical methods used have been described
in a previous communication (5). Recently, however, the
saline standard solutions used in the measurement of
total solute concentrations have -been corrected for ac-
tivity coefficients calculated from data obtained in the
Intemational Critical Tables (6). Thus, in the studies
on R. S., N. W., and 0. W. i which the new standards
were used, the normal level of total solute concentration
of serum was found to be approximately 290 mOsm. per L.
rather than the previously reported value of 310 mOsm.
per L.

Inulin and para-aminohippurate clearances (7) were
used as measures of glomerular filtration rate and renal
plasma flow in one subject, M. K. H. In two subjects,
R. S. and 0. W., 24 hour clearances of endogenous
creatinine were used as an estimate of glomerular filtra-
tion rate's (8). Acute changes in plasma volume were
calculated in subjects R. S. and 0. W. from hematocrit
and hemoglobin measurements (9).

RESULTS

A. The effects of pitressin on electrolyte excretion
Figure 1 shows a typical response of a normal

subject to administration of pitressin over a period
5Lots L888G or L654C were used. The Pitressin

Tannate in Oil was generously supplied by Dr. A. C.
Bratton, Jr., Parke, Davis and Co., Detroit 23, Michigan.

6 Although not as valid a measure of glomerular filtra-
tion rate as is the clearance of inulin, the clearance of
endogenous creatinine is a useful estimate of the filtration
rate over the daily period of urine collection. This avoids
the fallacy of correlating the excretion of water and
solutes over twenty-four hours with the clearance of inulin
over a few minutes.
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FIG. 1. THE EFFECTS OF PITRESSIN ON SERUm ELECTROLYTE CONCENTRA-
TIONS, URiNARY ELECTROLYTEEXCRETION, URINARY VOLUMEANDTOTAL SOLUTE
CONCENTRATION,ANqD BoDY WEIGHTOF A N'ORMAL SuBjECTr

The hatched columns represent total 24 hour excretions and the broken lines
urinary concentrations. Note the prompt antidiuret.ic effect of pitressin but the
delay in the excretion of sodium and chloride. Sodium intake was 60 mEq. per
day by analysis. Because of anorexia and nausea, part of the diet and fluid
intake was refused on the last two- days of pitressin administration. The day
after pitressin was stopped 300 ml. of 'three per cent saline were administered
intravenously to correct the extracellular fluid hypotonicity. The abnortmally
high serum potassium on Day 10 was twice repeated but remains unexplained;
no comparable result was seen in any other experiment.
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FIG. 2. THEEFFECTSOF PITRESSIN ON SERUMELECTROLYTEANDTOTAL
SOLUTE CONCENTRATIONS, URINARY ELECTROLYTE EXCRETION, URINARY
VOLUMEAND TorAL SOLUTE CONCENTRATION,AND BODY WEIGHT IN A

SUBJECT WITH ANTERIOR AND POSTERIOR PITUrrARY INSUFFICIENCY

The concentrations of serum sodium, chloride and total solute were

abnormally high during the control period. In the left-hand section of
this figure the effects of pitressin alone are presented. In the right-hand
section the effects of pitressin following seven days of continuous cortisone
therapy are presented. On cortisone the antidiuretic effect of pitressin
was increased, as indicated by the higher urinary total solute concentration.
The sodium and chloride loss and symptoms of water intoxication were

also increased with cortisone. Sodium iptake was 49 mEq. per day by
analysis.
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of three days. The antidiuretic effect of pitressin
is seen in the abrupt decrease in urine volume and
increase in urine total solute concentration that
occurred on the first day of hormone administra-
tion. The water retention produced by this anti-
diuretic effect resulted in an increase in body
weight and dilution of serum sodium, chloride and
total solutes. On the third day of pitressin ad-
ministration a large increase in urinary sodium
and chloride excretion occurred. The large water
diuresis following the pitressin period represented
excretion of water retained during pitressin ad-
ministration, and returned the weight to the con-
trol level. The urinary sodium excretion fell to
low levels in the post-pitressin period. These
after-effects have been constant sequelae of pitres-
sin administration when the latter has caused fluid
retention and sodium loss.

The left-hand section of Figure 2 shows similar
data obtained from a patient with anterior and
posterior pituitary insufficiency. Again pitressin
had a prompt antidiuretic effect. Only after the
first 24 hours was there an increased excretion of
sodium and chloride, which progressed stepwise
throughout the remainder of the pitressin period.

Similar, though less striking, results were ob-
tained in a subject with adrenal cortical insuf-
ficiency (Figure 3) treated with 25 mgs. of corti-
sone acetate orally every eight hours throughout
the study.

The delay in the appearance of the increases in
electrolyte excretion suggested that they could be
dissociated from the prompt antidiuretic action of
pitressin. The increased sodium excretion during
administration of pitressin was associated with
progressive retention of water. This suggested
that the effects on electrolyte excretion could re-
sult from the overhydration produced by pitressin
rather than from a primary action of pitressin.

B. Prevention of the effects of pitressin on elec-
trolyte excretion by dehydration
To test this hypothesis pitressin was given to

three normal subjects during periods of low fluid
intake which would preclude fluid retention in
spite of exogenous antidiuretic activity. The same
dose of pitressin was repeated later in the study
during periods of high fluid intake. Figures 4
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FIG. 3. THE EFFECTS OF PITRESSIN ON SERuM ELEC-
TROLYTE AND TOTAL SOLUTE CONCENTRATIONS,URINARY
ELECTROLYTEAND NITROGEN EXCRETION, URINARY VOL-
UME AND ToTAL SOLUTE CONCENTRATION, AND BODY
WEIGHTIN A SUBJECTWITH ADRENALCORTICAL INSUF-
FICIENCY

The subject was maintained on 25 mg. of cortisone
acetate orally every eight hours throughout the study.
Urinary calcium and phosphorus excretion and salivary
electrolyte concentrations are also shown. Sodium intake
was 124 mEq. per day by analysis.

and 5 show the influence of the state of hydration
on renal sodium excretion.

Figure 4 shows the effects of two different levels
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of fluid intakes on the excretion of electrolytes dur-
ing pitressin administration. The urine volume
was small, and its total solute concentration high,
during the control period of low fluid intake. Ad-
ministration of pitressin resulted in no further
increase in urine total solute concentration and no
fluid retention, as indicated by the constancy of

I LOWFLLUD INTAK(E |- HK;H."l, INITAKE

FIG. 4. THE EFFECTS OF PITRESSIN ON SERUMELEC-
TROLYTE AND TOTAL SOLUTE CONCENTRATIONS,URINARY
ELECTROLYTEAND NITROGEN EXCRETION, URINARY VOL-
UME AND TOTAL SOLUTE CONCENTRATION, HEMATOCRIT,
ENDOGENOUSCREATININE CLEARANCE, AND BODYWEIGHT
IN A NORMALMANON LoW AND HIGH FLUID INTAKES

Fluid restriction prevented all of the effects of pitressin
(weight gain, serum dilution, sodium and chloride loss)
observed during the high fluid intake. Sodium intake was

78 mEq. per day by analysis.

body weights and the absence of serum dilution.
No change in sodium or chloride excretion re-
sulted from pitressin in the absence of fluid re-
tention.

The fluid intake was then increased. Urine vol-
umes increased and urine concentration dropped.
When pitressin was again given, its prompt
antidiuretic effect was evident. Water was now
retained, as indicated by the weight curve. A
definite increase in urinary sodium was present
on the third day of pitressin. The increase in
chloride occurred the following day. The marked
dilution of the serum sodium and total solute con-
centrations resulted both from water retention
and, to a lesser extent, from excretion of sodium.

Figure 5 shows the effect of three different
levels of fluid intake on the excretion of electro-
lytes during pitressin administration. Again with
restriction of fluid intake to low levels (920 ml.
of water in total fluid intake daily) no significant
changes in sodium and chloride excretion were
noted. When a further 1,500 ml. of water were
given daily, repetition of the pitressin dosage now
resulted in definite fluid retention and weight gain,
accompanied by a slight increase in sodium and
chloride excretion. Finally, the fluid intake was
increased to a total of 4,000 ml. daily; pitressin
now caused a very large increase in sodium and
chloride excretion.7 Because of the rapidity of
water retention and the marked dilution of serum
solute concentration that occurred with the high
fluid intake, the last pitressin period was shortened
to two days' duration.

These observations suggested that the electro-
lyte excretion following pitressin is determined by
the state of hydration. Figure 6 shows the rela-
tionship between per cent increase in body weight
and cumulative sodium loss during fifteen periods
of pitressin administration. It is apparent that a
rough correlation exists between fluid retention
and sodium loss.

The possibility existed that the late increase in
sodium and chloride excretion might simply be
the result of an accumulation of pitressin activity
in excess of physiological amounts. The total of

7 Although the sodium and chloride excretion had not
reached "base-line" control values by the time the third
course of pitressin was started, the effects on salt-loss are

unequivocal.
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FIG. 5. THE Emc'rs oF PImESSIN ON SERUMELECTROLYTEAND

TOTAL SOLUTECONCENTRATIONS,URINARY ELECTROLYTEANDNITROGEN
EXCRETION, URINARY VOLUMEAND TOTAL SOLUTE CONCENTRATION,
HEMATOCRIT, ENDOGENOUSCREATININE CLEARANCE,ANDBODYWEIGHT
IN A NORMALMAN DURING THREE DIFFERENT LEVELS OF FLUID
INTAKE

During dehydration there was no loss of sodium in excess of intake,
which by analysis was 60 mEq. per day. With a moderate and a large
increase in water intake, pitressin produced corresponding degrees of
fluid retention and sodium and chloride loss. The severity of dehy-
dration on the low fluid intake in this subject was indicated by the
high serum sodium and total solute concentrations and the weight loss.

The progressive fall in urine total solute concentration and increase
in urine volume, in spite of this dehydration and in spite of pitressin is
unexplained and was not observed in other studies.
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The data include all the pitressin periods except those
during ACTHand very low sodium intake, both of which
prevented sodium loss. The cumulative sodium loss was

calculated as that in excess of control urinary sodium ex-

cretion and per cent weight gain was calculated from the
maximum weight increase achieved during pitressin.

7.0 units of pitressin had previously been ad-
ministered over three days in most of the studies.
Therefore, this dose was administered to one sub-
ject, O.W., all at one time in five injection sites,
in order to produce hormone levels higher than
any that could have occurred in the other studies.
Antidiuresis was accompanied by a weight gain of
only 0.5 per cent (0.4 Kg.), and no increase in
sodium or chloride excretion. This indicates that
the large sodium and chloride losses from pitressin
in these experiments cannot be explained as ef-
fects of excessive doses of pitressin.

C. Prevention of the effects of pitressin on elec-
trolyte excretion by ACTH
In two studies adrenocorticotropic hormone was

administered concomitantly with pitressin to see

whethet the sodium and chloride excretion could
be prevented by stimulation of the adrenal cortex.
Figure 7 shows the results in one subject; the
other subject responded in similar fashion. Pi-
tressin alone produced the expected fluid reten-
tion, weight gain, serum dilution and diuresis of

sodium and chloride. A potent corticotropin,8 0.5
mg. administered subcutaneously every six hours
for five days, completely abolished the sodium and
chloride diuresis during pitressin; in fact, sodium
excretion was markedly inhibited until ACTH
was stopped.

The maximum increase in body weight was 2.3
kilograms when pitressin alone was administered
but 3.1 kilograms when pitressin and ACTHwere
given. In spite of the larger fluid retention that
occurred during the ACTH administration the
serum dilution was less because of the concomitant
sodium retention.

A very low sodium intake, 20 mEq. per day,
during another study on this subject likewise pre-
vented the expected sodium loss during pitressin
administration. Such a low sodium intake is a
potent stimulus for renal conservation of sodium
(10).

D. Hemodynamic and renal changes during pi-
tressin administration
In none of the subjects was there a significant

change in blood pressure during administration of
pitressin. Expansion of plasma volume subse-
quent to water retention was shown in subjects
0. W. and R. S. The peak increase of plasma vol-
ume (as calculated from changes in hematocrit
and hemoglobin) was 8 per cent in 0. W. and 13
per cent in R. S.

In the three studies in which renal clearances
were measured they were found to be increased
during the fluid retention. In subject R. S. the
clearance of endogenous creatinine rose from a
mean control level of 171 ± 11 liters per day to a
maximum of 217 liters during the second day of
the last pitressin period. In 0. W. the clearance
of endogenous creatinine rose from a mean control
level of 189 ± 9 liters per day to a maximum of
226 liters on the day after the second pitressin
period.

In subject M. K. H. the inulin clearance rose
from control values of 105, 102, and 85 ml. per
minute per 1.73 m2 to 124 ml. per minute per
1.73 m2 during the last day of the first pitressin
period in Figure 7. The simultaneous clearances
of para-aminohippurate showed no significant
changes.

8 Generously supplied by Dr. E. B. Astwood.

874



WATERRETENTION AND ELECTROLYTELOSS

E. The effects of pitressin on excretion of other
electrolytes and nitrogen
In the two studies in which calcium and phos-

phorus balances were measured there occurred an
increase in urinary calcium excretion similar to

KKH FEMALE AGE42 WSiMZ4IR
64/52 144936AGElESIS~~~~~

that shown in Figure 3. Changes in phosphorus
excretion were equivocal. No constant pattern of
potassium excretion was noted. Urinary nitrogen
was not significantly affected by pitressin admin-
istration (Figures 4 and 5).
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FIG. 7. THEEFFECTSOF PITRESSIN, ALONEANDWITH ACTH, ON SERUM
ELECTROLYTEAND ToTAL SOLUTE CONCENTRATIONS, URINARY ELECTROLYTE
EXCRETION, URINARY VOLUMEAND TOTAL SOLUTE CONCENTRATION,CIRCU-
LATING EOSINOPHILS, AND BoDy WEIGHT IN A SUBJECT WrrH OVARIAN
AGENESIS

The natriuresis and chloruresis induced by pitressin were completely
abolished by ACTH. The serum dilution was less with ACTH together
with pitressin than with pitressin alone, although the weight gain was greater.
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DISCUSSION

The confusion that exists regarding the effects
of pitressin on renal excretion of electrolytes is
probably the result of a diversity of experimental
conditions. Species' differences, variations in
dose, and the use of different extracts may have
contributed to the conflicting findings. The pres-

ent study indicates that the state of hydration of
the experimental subject may be an important
variable. Thus, dehydration prevented the large
excretion of sodium and chloride produced by
pitressin in hydrated subjects. This finding is in
accord with the observation that endogenous anti-
diuretic hormone, released by dehydration (11-
13), does not cause natriuresis or chloruresis (14,
15).

That pitressin does not exert a direct effect on

electrolyte excretion in man is suggested by the
results of the present study. The increased elec-
trolyte excretion associated with pitressin ap-

peared to be secondary to water retention and was

prevented by dehydration.
The possibility, however, of a direct effect of

pitressin on renal excretion of sodium and chloride
has not been excluded. Mechanisms for sodium
retention may come into play during dehydration
and obscure a pitressin effect. Increased adrenal
cortical activity was capable of inhibiting the
natriuresis and chloruresis, and it is possible that
dehydration stimulates the adrenal cortex.

Further evidence that pitressin has no direct
electrolyte effects was seen in the dissociation be-
tween its rapid antidiuretic action and the late in-
crease in electrolyte excretion which occurred in
the hydrated subjects. That this late effect was

not simply the result of an accumulation of pitres-
sin activity in excess of physiological amounts is
indicated by the following: 1) no such effect was

seen from the same pitressin dosage during de-
hydration; 2) when the total dosage was ad-
ministered at one time to a hydrated subject there
were no electrolyte effects.

The effects of a given quantity of water reten-
tion on sodium diuresis could be prevented by

9Theoretically at least, during dehydration, adminis-
tered pitressin is superimposed upon endogenous anti-
diuretic hormone, so that the total quantity of circulating
hormone is greater than that obtaining when pitressin is

administered to the hydrated subject,

adrenal stimulation or salt restriction.10 This was
demonstrated by studying exactly comparable
pitressin periods at the same level of fluid intake,
in the same subject, "on" and "off" ACTH, and
on low and high salt intakes. Thus it was ap-
parent that this degree of water retention had
not served to release endogenous sodium-conserv-
ing mechanisms.

In these experiments, small doses of pitressin
were given over periods of several days, and it is
possible that acute effects were obscured. How-
ever, several recent studies in which physiological
amounts of posterior pituitary extract were given
to human subjects in acute experiments reveal no
effect on sodium and chloride excretion (1, 16-
20).

Water retention with dilution of extracellular
fluid, when marked, was accompanied by symp-
toms of water intoxication. These were progres-
sive mental confusion, fatigue, headache, and
nausea leading to vomiting. Muscle cramps oc-
curred in only one instance. No essential dif-
ferences were observed in the response of normal
subjects and those with endocrine disorders, in-
cluding adrenal cortical insufficiency. In two sub-
jects, cortisone neither diminished the antidiuretic
response to pitressin nor ameliorated the symp-
toms of water intoxication. Adrenocorticotropic
hormone, on the other hand (Figure 7) did not
diminish the antidiuretic response to pitressin, but
did ameliorate the symptoms of water intoxication,
presumably by causing sodium retention, and
hence less serum and extracellular fluid dilution.

Low serum sodium concentrations have been
considered to be a cause of decreased renal func-
tion. Serum sodium levels as low as 120 mEq.
per L. were found in this study in the absence of
any evidence of diminished renal function. Inulin,
para-aminohippurate, and creatinine clearances,
as well as renal concentrating ability, were unim-
paired. This would suggest that the cause of
reduced renal function in other low sodium states
is not the low serum sodium concentration per se,
but rather some associated abnormality, such as a

10 Since an increase of glomerular filtration rate was
found to accompany water retention, it is likely that water
retention of a sufficient magnitude could produce sodium
loss in spite of a maximal stimulus to tubular reabsorption
of sodium.
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reduced plasma volume or cardiac output com-
monly found in these disorders.

It has been postulated that edema may result
from an excess of endogenous antidiuretic hor-
mone activity (21, 22). The assumption is made
that primary water retention will cause sodium
retention and the resultant isotonic over-expansion
of extracellular fluid volume which characterizes
the edematous state. The present studies, though
of short duration, suggest that this sequence of
events does not occur. Pitressin had no effect on
the dehydrated subject; when the fluid intake was
increased water retention occurred but sodium
loss rather than retention ensued. It appears that
antidiuretic hormone activity itself, in the absence
of simultaneous and independent mechanisms for
sodium retention, does not result in edema. No
edema was noted in our subjects; indeed it is un-
likely that pure water retention could cause sig-
nificant clinical edema without lethal water intoxi-
cation.

Some increase in glomerular filtration appar-
ently occurred during the water retention and
natriuresis. However, the demonstration that
ACTHprevented such sodium and chloride loss
indicates that tubular reabsorptive capacity for
sodium and chloride had not been exceeded. The
finding of large excretions of sodium and chloride
at a time when their concentrations in the serum
were falling, clearly indicates that serum concen-
trations of sodium and chloride were not effective
stimuli for their renal conservation. It is thought
that this renal loss of sodium and chloride in the
presence of obligatory retention of water is a
homeostatic response to over-expansion of fluid
volume.

It is of interest that Stewart and Rourke (23)
produced an increased excretion of sodium by
acutely over-loading a normal subject with water
to the point of water intoxication. No posterior
pituitary extract was administered to their subject.
Strauss, Davis, Rosenbaum, and Rossmeisl (24)
have increased renal sodium excretion by expan-
sion of extracellular fluid volume with hypotonic
saline solutions. These results appear to be
manifestations of the same phenomenon: increased
sodium excretion in response to over-expansion
of body fluid volume.

SUMMARYAND CONCLUSIONS

The effects of a long-acting posterior pituitary
extract on electrolyte and water excretion were
studied in man. Observations were made during
twenty 2 to 4 day periods of pitressin (1 unit per
12 hours) in nine subjects maintained on constant
diets and fluid intakes.

It was found that pitressin produced in normally
hydrated subjects the following: 1) prompt water
retention and resulting weight gain; 2) serum
dilution; and 3) a marked increase in urinary
sodium and chloride excretion manifest on the
second or third day of pitressin administration.

Cessation of pitressin administration was fol-
lowed by: 1) a large water diuresis with fall in
body weight; 2) return of serum concentration to
control levels; and 3) a decrease in urinary sodium
and chloride excretion to levels below the control.

All the above changes were prevented by re-
striction of fluid intake during pitressin adminis-
tration. This strongly suggests that the increased
excretion of sodium and chloride was the result
of water retention and not a direct effect of pitres-
sin.

Some increase in glomerular filtration rate ap-
parently occurred during the water retention and
natriuresis. Evidence that the tubular reabsorp-
tive capacity for sodium and chloride had not been
exceeded, however, was indicated by the preven-
tion of such electrolyte loss by ACTHor by a low
sodium diet.

The renal loss of sodium and chloride resulting
from obligatory retention of water is interpreted
as a homeostatic response to over-expansion of
fluid volume.
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