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The ingestion of isotonic saline solution, long
considered to have little or no immediate effect on
urine flow (1), has recently been shown by
Blomhert (2) to be followed by brisk water
diuresis. Further, several investigators have
demonstrated that similar diuresis may result
from intravenous infusion of isotonic saline solu-
tion (2, 3, 4). Examination of the latter experi-
ments reveals at least three factors which appear
to be of importance in determining whether water
diuresis ensues: hydration, posture and time of
day. Thus Ladd (3) found that diuresis follow-
ing saline infusion occurred only if the subjects
had been prehydrated eight to thirteen hours be-
fore the infusion was given. A previous study
from this laboratory (4) showed that diuresis oc-
curred in recumbent subjects but not in those
quietly seated in a chair. Blomhert (2) did not
observe diuresis when infusion was accomplished
at night, although it occurred regularly under the
same conditions during the day.

Since Blomhert's studies were made only on
recumbent subjects and no mention of posture is
to be found in other reports concerning the
response to ingested saline, it was deemed worth-
while to ascertain whether diuresis might be
induced, and if so, under what circumstances,
following saline ingestion by seated subjects.

METHODS

The subjects were essentially healthy male adults free
of cardiovascular, renal and endocrine disease. Except
for standing to void at appropriate intervals, they re-
mained quietly seated in a straight backed chair during
the study. Methods of analysis have been described in
recent publications from this laboratory (4, 5).

RESULTS

A. Observations on the response to saline in-
gestion in trained subjects with and without
prior hydration

The subjects were three physicians accustomed
to the procedures involved and capable of volun-
tarily emptying their bladders at short intervals.
In the first study the subjects drank approxi-
mately one liter of fluid with breakfast and col-
lected urine at intervals until the flow had declined
from its peak rate to less than 2 ml. per min. At
this time one liter of 0.9 per cent saline was
ingested within 10 minutes. In each instance
the rate of urine flow increased briefly, reaching
peak flows of 3.3, 4.7 and 5.9 ml. per min. in the
third quarter hour and returning to the initial rate
at the end of an hour. Data for one subject are
shown in Figure 1. The other two subjects
showed similar changes. Urinary electrolyte and
creatinine concentrations as well as specific gravity
fell. Urea and ammonia excretion were measured
in one subject. The total solute concentration,
estimated as the sum of urea plus twice the
sodium, potassium, and ammonia (in order to
include their accompanying anions), at the time
of maximum flow was 185 mMper L., definitely
hypotonic to extracellular fluid. Creatinine ex-
cretion remained relatively constant 1 suggesting
that the diuresis resulted from diminished tubular
reabsorption of water rather than increased filtra-
tion.

1 Since venipuncture, no matter how skillfully per-
formed, might constitute an antidiuretic stimulus, no
blood was obtained for analysis. However it is im-
probable that significant variation in serum creatinine
occurred during the short time intervals involved. The
validity of creatinine clearance as an index of glomerular
filtration rate in normal man has been confirmed (6).
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FIG. 1. THE EFFECT OF THE INGESTION OF ONELITER
OF 0.9 PERCENTSODIUMCHLORIDESOLUTIONON URINARY
FLOw, CREATININE EXCRETION, SPEcIFIC GRAVITY AND

ELECTROLYTE CONCENTRATIONWITH AND WITHOUTPRE-
HYDRATION

Saline was ingested in each case at the time indicated
by the arrow. Only the last two digits of the specific
gravity are shown.

When the saline was ingested under identical
conditions save that fluids at breakfast were re-

stricted to 250 ml. there occurred only a slight
augmentation in urine flow (Figure 1). The
other subjects reacted similarly.

At the end of one hour, when it was apparent

that a diuretic response was not forthcoming, a

second liter of saline was ingested during a period
of ten minutes. Urine collections were continued
for two hours. Diuresis did not occur. En-
deavors to administer larger volumes of saline
were frustrated by the appearance of mild cramps

and frank diarrhea.
These observations indicate that in seated sub-

jects who are on the descending limb of a previous
water diuresis, transient but definite water diuresis
may follow the ingestion of one liter of isotonic
saline solution, but that in normally hydrated,
seated subjects neither one nor two liters of in-
gested saline leads to such a response.

B. Observations on normally hydrated subjects
wtith and without prior salt loading

Without previous preparation each of four sub-
jects came to the laboratory one to two hours after
a breakfast in which fluids were restricted to 250

ml. Following the collection of timed control
urine specimens, blood was obtained for analysis
and the subject drank one liter of 0.9 per cent
saline solution within 10 to 20 minutes. Urine
was obtained at approximately hourly intervals
thereafter for the next three hours. During the
remainder of the afternoon, but before 6 P.M.,
the subject drank sufficient 0.9 per cent saline solu-
tion, to constitute together with the initial liter,
a load of 6.2 mEq. per Kg.2 The subjects ate
their usual meals (with salt as desired) and took
whatever additional liquids they wished. The
following morning the procedure of the preceding
day insofar as venipuncture, urine collections and
saline ingestion were concerned was repeated.

In each instance when saline was ingested with-
out antecedent administration of extra salt there
was a minor increase in urine flow associated with
an increased concentration of salt therein (Table
I).

Following the salt loading there was in each
instance a gain of weight (average 0.9 Kg.) as-

cribable to an increase in the volume of extra-
cellular fluid (Table II). Although the initial
urine flow was distinctly greater than on the
preceding day, so was the rate of sodium chloride
excretion, as a result of which the urinary elec-
trolyte concentration differed little from that
which obtained 24 hours earlier.

Following the ingestion of saline, diuresis com-

menced promptly, reaching peak flows of 5.0 to
8.9 ml. per min. within an hour and accompanied
by a sharp fall in the concentration of electrolytes,
in creatinine U/P ratio and in urinary specific
gravity. Creatinine clearances exhibited no con-

sistent changes. In one subject in whom urea

concentration was determined, the sum of the
concentration of urea plus 2(Na + K), an esti-
mate of the total urinary solutes, had declined to
152 mMper L., at the time of maximum diuresis,
or approximately one-half the osmolarity of extra-
cellular fluid.

In the other three experiments hypotonicity of

the urine to the plasma at the time of maximum
diuresis may be inferred in view of the fact that

the concentration of the major urinary electrolytes
(2 Na + K) was between 102 and 175 mMper L.

2In the case of subject WHBthe salt loading was

accomplished three days later rather than on the same day.
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TABLE I

809

The efect of the ingestion of isotonic saline solution on urine flow and specific gravity, concentration of electrolytes, creatinine
U/P ratio and clearance, and sodium excretion, before and after pre-loading with saline

Urine

Subject Spec.
Period Time Flow Grav.* Na K Cl Cr Car Na

mEq./L. mEq./L. mEq./L.

0.5 26 150 94 220
0.7 24 180 107 264
0.7 24 143 166 304
1.0 22 160 178 312

2.4 15 240
8.9 04 77
7.0 06 93
2.7 14 214
2.2 14 202

38 265
11 80
15 101
49 222
61 237

0.3 30 169 110 232
0.7 21 202 50 216
0.6 24 266 82 293
0.7 24 256 83 326

2.1$ 13 186
7.7$ 06 69$
8.7 04 50

2.9 13 187
3.0 13 200

24 216
6$ 66t
5 51

21 192
25 223

0.7 22 90 96 141
1.0 18 93 92 152
1.0 19 114 105 190

1.7 15 137
3.5 08 67
5.0 06 47
1.6 15 201
2.1 14 182

33 156
22 72
16 47
44 215
48 210

0.4 17 79 107 114
0.6 22 53 138 122
0.9 22 100 89 172
1.0 22 128 105 205

2.4 11 143
1.3 20 214
6.6 03 51

2.3 14 184
3.5 11 131

24 147
34 211

8 50

32 193
30 146

U/P
ratio

276
267
249
129

micro-Eq./
ml./min. min.

138 75
187 120
174 97
129 155

75 180 584
19 166 680
22 154 655
57 153 588
68 150 440

347 104 49
174 122 145
190 114 155
180 126 184

70t
19$
16
51
51

147$ 398t
147t 532$
137 438
148 545
153 600

180 126 60
122 122 95
115 115 118

79 134 228
39 136 233
24 119 233
78 125 329
60 126 383

270 108 31
197 118 32
143 129 92
125 125 121

55 132 341
100 130 286

21 138 334
60 138 428
39 137 459

* Only the last two digits are given.
t Pre - Control period before saline ingestion.
$ The actual values obtained for these two periods indicate incomplete bladder emptying at the end of the control

period and have been corrected by creatinine excretion on the assumption that the actual creatinine clearance remained
constant.

I Urinary urea + ammonia concentration in subject RDwas 488, 406, 371 and 351 mM/L. in the control study and
88, 131, 34, 88 and 63 mM/L. in the study after pre-loading with salt.

C. Observations on hydropenic subjects with and of these subjects did diuresis follow the ingestion
without prior salt loading of saline prior to pre-loading with salt solution.

In order to determine the effect of prior salt Following such pre-loading, however, two of the
loading under conditions of moderate hydropenia subjects responded to saline ingestion with
each of the five subjects was studied in the "basal" diureses identical to those of non-hydropenic sub-
state, i.e., deprived of food and fluid overnight, jects, achieving peak flows of 6.5 and 8.0 ml. per
prior to ingesting the test dose of saline. In none min. with corresponding declines in specific grav-

ml./mis.

WHB
Control

After
pre-.Ioading

CT
Control

After
pre-
loading

AC
Control

After
pre-
loading

RD§
Control

After
pre-
loading

Mixutks

Pret
+ 60
+123
+189

Pre
+ 33
+ 68
+100
+138

Pre
+ 60
+120
+180

Pre
+ 31
+ 67
+102
+135

Pre
+ 60
+120

Pre
+ 30
+ 60
+ 90
+120

Pre
+ 60
+123
+163

Pre
+ 30
+ 60
+ 90
+120



WILLIAM H. BIRCHARD AND MAURICE B. STRAUSS

ity and electrolyte concentration. The remaining
three subjects exhibited little or no change in
urine flow after saline ingestion. Thus it would
appear that in the presence of an osmotic stimulus
to antidiuresis from dehydration, saline ingestion
may or may not be followed by an increased flow
of dilute urine even when the subject has been
pre-loaded with salt.

DISCUSSION

Blomhert has clearly shown that water diuresis
may follow the ingestion of isotonic saline solu-
tion by normally hydrated recumbent subjects
(2). The observations reported here, all made
on seated subjects, may be summarized in tabular
fashion according to 1) the state of hydration, 2)
the prior ingestion of a salt-load, and 3) the
occurrence of diuretic response:

State of
hydration

Slight hydropenia
Normal
Slightly increased

Slight hydropenia
Normal

Previous
salt

loading
None
None
None

Yes
Yes

Diuretic
response

0/5
0/7
3/3 transient,

slight
2/5 brisk
4/4 brisk

The absence of water diuresis following the
ingestion of one to two liters of isotonic saline by
hydrated seated subjects was not surprising in
view of the fact that the intravenous infusion of
three liters of isotonic saline is similarly ineffective
in seated subjects (4).

The observation that when antidiuretic activity
presumably was relatively low (as when trained
subjects were on the descending limb of a previ-
ous water diuresis), definite if slight and transient
water diuresis followed the ingestion of one liter
of isotonic saline, although this did not occur when
these subjects ingested saline under conditions of
normal hydration, suggests an interplay of forces
upon the mechanism or mechanisms involved: nor-

mal hydration and the sitting position constituting
slight antidiuretic stimuli and saline ingestion a

moderate diuretic stimulus. These subjects, by
virtue of their familiarity with the procedures in-
volved, may be considered to have been free of
significant emotional antidiuretic stimuli.

Since there is no reason to believe that water
is preferentially absorbed from the gastro-
intestinal tract when isotonic saline is ingested,

it is unlikely that alterations in the effective
osmotic pressure of the plasma and extracellular
fluid explain the diuresis observed. The sug-
gestion has been made on the basis of the studies
cited above (3, 4) as well as others (7, 8) that
critical changes in the volume or distribution of
the extracellular fluid or alternatively in plasma
volume or distribution, may mediate true water
diuresis (9).

The inability of normal man rapidly to dispose
of a large isotonic saline load affords a simple
means of further examining this hypothesis
through the administration of such a load on the
day preceding the test dose of saline. Although
such a load, with the excess of chloride, might
conceivably elevate serum chloride levels, no
changes of significance were noted (Table II).
The decline in serum total proteins, hemoglobin
and hematocrit all suggest an expansion of plasma
volume. The average gain of 900 Gm. in weight
above that of the preceding morning is readily
ascribable to an expansion of extracellular fluid
volume in both interstitial and plasma compart-
ments. In contrast to sitting subjects receiving
isotonic saline intravenously who frequently ex-
hibit slight pitting edema of the legs, these sub-
jects who received saline on the preceding day,
awoke on the next morning with perceptible puffi-
ness about the eyes and no edema of the legs.
The impression is thus gained that the distribu-
tion of the presumed 900 ml. increase in extra-
cellular volume was different from that obtaining
when a similar or even larger expansion was ac-
complished in the sitting position without an in-
tervening period of recumbency.

Whatever the difference may be, however, it is
clear that the pre-loaded subjects, being seated in
a chair and normally hydrated, developed a
prompt water diuresis when they ingested a liter
of saline on the following morning. This did not
occur in any instance under comparable circum-
stances when the subjects were not pre-loaded
with salt. The fact that three of the five subjects
who were given saline under the same conditions
save for the fact that they had had no fluids for
12 hours, failed to exhibit diuresis, suggests that
the osmotic stimulus to antidiuresis thus present
from hydropenia was sufficient to prevent the
response. Such an interplay of factors has been
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TABLE II

The efect of pre-loading with saline on body weight and on the constituents of the blood and the volume of plasma

PV2/PV1 X 100*

Serum Blood From
Hct. and From

Subject Weight Na K C1 TP Hgb. Hct. Hgb. TP
Period Kg. mEq./L. mEq./L. mEq./L. Gm. % Gm. % Vol. % per cent per cen

WHB
Control 63.87 142 4.5 108 6.8 14.6 48.0 100 100
Pre-loaded 64.53 141 4.4 106 6.5 14.6 46.2 104 105

CT
Control 72.60 142 4.4 105 7.2 15.4 49.0 100 100
Pre-loaded 73.70 140 4.2 106 6.8 13.3 46.0 123 105

AC
Control 69.11 144 4.6 103 7.5 15.8 47.2 100 100
Pre-loaded 70.00 142 4.3 102 6.9 12.9 44.2 129 109

RD
Control 63.90 141 4.4 103 7.0 15.2 46.0 100 100
Pre-loaded 65.08 144 4.7 107 6.8 15.3 44.1 103 103

* PV2/PV1 X 100 indicates the calculated ratio of the new to the original plasma volume expressed as percent.
The formulae employed are:

PV= (1- Hct2) Hgbi
PV, (1 - Hctz) X Hgb2
PV2 TP,2. PV=

noted in connection with alcohol induced diuresis,
which can be largely eliminated by giving dry salt
with the alcohol and thus producing an osmotic
antidiuretic stimulus (10).

In each instance when diuresis was observed
in the above experiments it was associated with a
decreased electrolyte concentration in the urine, a
decreased creatinine U/P ratio and an unchanged
rate of creatinine excretion or clearance. Urinary
specific gravity fell and the rate of electrolyte ex-
cretion showed little change or moderate increase.
When this type of diuretic response follows the
administration of water or hypotonic solutions it
is presumed to be due to diminished antidiuretic
hormone secretion. It may be noted parentheti-
cally that although direct evidence is available
indicating the responsiveness of the canine neuro-
hypophysis (or some structure lying within the
distribution of the internal carotid artery) to hy-
pertonicity (11), the effect of hypotonicity is
inferential. Since no other mechanism is known
which leads to precisely this type of diuresis in
man, the hypothesis that the water diuresis ob-
served in the present experiments is mediated
through the supra-opticohypophyseal system
seems not unreasonable.

CONCLUSIONS

1. The ingestion of one or two liters of 0.9
per cent saline solution by normally hydrated
sitting subjects is not followed by a water diuresis.

2. The ingestion of one liter of 0.9 per cent
saline solution by seated subjects who are on the
descending limb of a previously induced water
diuresis may be followed by a slight and transient
augmentation of urine flow.

3. The ingestion of one liter of 0.9 per cent
saline solution by normally hydrated seated sub-
jects who have ingested excess salt on the preced-
ing day (and whose extracellular fluid volume has
presumably been expanded thereby) is followed
by a prompt water diuresis. This does not occur
regularly if the subjects are moderately hydro-
penic.

4. Responsiveness of the supra-opticohypophy-
seal system to changes in the volume or distribu-
tion of extracellular fluid is inferred.
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