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This paper reports a comparison between
normal subjects and patients with diabetes in-
sipidus of some blood and urine responses to the
ingestion of water and of hypertonic salt solu-
tion, both with and without pitressin. One aspect
of this work, the responses of normal and diabetes
insipidus subjects to water without pitressin, has
already been reported (1). Since the earlier work
showed failure of the human diabetes insipidus
subject to respond to water ingestion with an acute
increase in urine volume, one purpose of the pres-
ent work is to determine whether such subjects
show a corresponding failure, as compared with
the normal, of responses as regards salt. Ability
to conserve salt when on a low salt intake has also
been studied. There has further been a compari-
son of the acute responses to salt ingestion while
on an unrestricted and on a low salt intake.

METHODS

The usual procedure has been to get several con-
secutive 20 or 30-minute urine collections, with 1
or 2 blood samples during this control period.
The subject then drank water or salt solution,
urine and blood collections being continued. In
the experiments with pitressin, a dose of 0.15 unit
per kilo subcutaneously was given at the end of
the control period, 1 hour before the water or salt
ingestion. Experiments were usually begun early
in the morning, after a light breakfast or none;
no food was taken during the experiments. Urine
chlorides were done by a modified Volhard-Harvey
titration (2). Serum protein nitrogen was de-
termined by a micro-Kjeldahl method, serum chlo-
rides by Sendroy’s titrimetric method (3); in
many cases serum viscosity as an index of protein
and conductivity as an index of chlorides also were
determined as previously described (4), with good
agreement with the chemical findings.

1 Aided by a grant from the Commonwealth Fund to
H. L. White.

RESULTS

The acute responses to water ingestion without
pitressin by the normal and the diabetes insipidus
subject have already been reported (1); the pa-
tient with diabetes insipidus differs from the
normal in that no acute increase in urine volume
occurs. This finding has also been obtained in
6 additional experiments on 2 more cases seen
since the first paper; it occurs whether the sub-
ject is on unrestricted (average of 10 grams NaCl
daily) or on low (1 gram NaCl or less daily)
salt intake.

When a normal subject drinks 1200 to 1500 cc.
of water one hour after receiving 0.15 unit of
pitressin per kilo subcutaneously, there is a fall of
12 to 21 mgm. per cent in serum NaCl, of about
0.1 gram per cent in serum protein, and no con-
sistent change in rate of chloride output or in
urine volume (Figure 1). There have been 7
such experiments on 3 normal subjects. In 2
experiments the rates of chloride output and urine
volume have shown the progressive fall seen in
control experiments where nothing was given to
the subject for several hours except small amounts
of water.

When this procedure is carried out on the sub-
ject with diabetes insipidus the results are the
same as with the normal, except, of course, that
urine volume is greatly decreased below its initial
level by the pitressin, while in the normal it is un-
changed. In neither the normal nor the diabetes
insipidus subject is serum chloride or rate of
chloride output consistently changed by pitressin;
in both the normal and the diabetes insipidus sub-
ject the course of the serum chloride and of the
rate of renal output of chloride following the
ingestion of water is the same with pitressin as
without. Figure 2 shows an observation on a
subject with diabetes insipidus; there are 8 such
observations on 3 cases. If the subject has been
for some time on an unrestricted salt intake the
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initial rate of output may be 3 to 12 mgm. of
NaCl per minute, while on low intake it may be
only a few tenths of a milligram per minute. In
either case the rate of output is not consistently
changed by pitressin or by water ingestion 1 hour
later. '

When a normal subject on unrestricted salt in-
take takes 0.25 gram of NaCl per kilo of body
weight in 10 per cent solution, one sees a rise in
serum NaCl of from 40 to 60 mgm. per cent, a fall
in serum protein of from 0.32 to 0.50 gram per
cent, and an increase of 200 to 600 per cent in
rate of chloride output within the next few hours
(Figure 3). When the subject has been on a low
salt intake (1 gram daily) for a week to 10 days
preceding the experiment, the same results are
obtained, except that the percentage increase in
rate of chloride output is greater. Thus, in the
first condition, the output rises from 3 to 12 mgm.
of NaCl per minute to 10 to 30 mgm. per min-
ute, while in the second case it rises from 0.3 to
0.6 mgm. per minute to 5 to 15 mgm. per minute.
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The fall in serum NaCl is only slight after a 10-
day period of low salt intake following unrestricted
intake, e.g., fall from 626 to 618 mgm. per cent,
in a subject able to conserve salt, i.e., one whose
renal NaCl output will fall to 0.4 to 0.8 gram
daily on a daily intake of 1 gram. Since such a
subject is not significantly depleted of salt by such
a period of low salt intake, he responds to a large
dose of salt in essentially the normal fashion, al-
though the absolute rate of salt output following a
given dose is usually less than when such dose is
given during a period of unrestricted intake.
The total time required for the elimination of such
a dose is usually 4 or 5 days when on a daily low
salt intake as compared with 3 or 4 days when on
unrestricted intake.

In the normal subject, the increase in rate of
salt output following such a dose begins in the
third or fourth half hour. Many experiments have
been carried out in which the urinary response to
various doses of NaCl in 10 per cent solution has
been followed in 6 normal subjects on unrestricted
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daily salt intake (7 to 14 grams daily). It was
found in control experiments, where the subjects
took nothing except occasional small drinks of
water, that the rate of chloride output usually
falls during the day, as from 6 to 12 mgm. per
minute in the morning to 2 to 5 mgm. per minute
in the afternoon. If, then, after 6 half-hourly
urine collections beginning at 8 a.m. a dose of salt
is taken and the collections continued for several
hours more with the result that the rate of salt
output rises during the afternoon, this rise may
safely be ascribed to the salt ingestion. Many
such experiments have led us to conclude that
with a dose of 0.17 gram of NaCl per kilo the rate
of chloride output usually shows an increase of
50 to 100 per cent, beginning in the fourth or fifth
half hour; in the remaining cases the rate at least
stays constant, i.e., the effect of the salt dose is
seen in that the fall of control experiments does
not occur. This is about the threshold dose
which can safely be predicted to show an apprecia-
ble acute effect on rate of chloride output. With
0.22 gram of NaCl per kilo some increase in rate
of output has always been seen; this is also true
with 0.25 and 0.31 gram per kilo, the magnitude
of the effect being in general proportional to the
dose. Also, the larger the dose the sooner is the
increase in output manifest; thus, with 0.31 gram
per kilo it is seen in the third half hour.

When a subject with diabetes insipidus on un-
restricted salt intake took 0.25 gram of NaCl per
kilo, there was usually no increase in rate of
chloride output within the next 5 hours in 3 of
the 4 cases studied (Figure 4); 2 of these cases
were also studied during a period of low salt in-
take with the same result. This is not due to a
failure of absorption of the salt, since the serum
chloride rose as much in these cases as in the
normal subjects. One of these cases was the most
severe of the 4, a 10-year-old girl weighing 25
kilos with a daily urine output of 9 to 10 liters on
3.3 grams daily salt intake and of 6 liters on 0.8
gram daily (subject of Figure 4). In 1 other
case the urinary chloride response has not been
essentially different from the normal, either on
unrestricted or on low salt intake; this was a
relatively mild case, an adult with a daily urine
output of 4 to 5 liters. Various observers (5, 6,
7,8,9, 10, 11, 12, 13) have reported that chloride
elimination may be delayed in diabetes insipidus
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but in only a few cases has the blood been followed
or the urine course of the first few hours observed.

The longer time relations of the urinary re-
sponses to such a salt dose may be compared in the
normal and the diabetes insipidus subject. We
have found no significant difference; in both, the
excess salt is eliminated in 3 to 4 days when on an
unrestricted salt intake and in 4 to 5 days when on
low salt intake. We confirm Veil’s statement
(14) that in normal subjects following a dose of
about 0.25 gram of NaCl per kilo the serum chlo-
ride is up for the first 24 hours only, being back
to normal at the end of 24 hours and thereafter.
We do not confirm his finding that the chloride
output is up for the first 24 hours, back to normal
for the second 24 hours, and then up again for the
third day, during which the remainder of the dose
is eliminated. We find rather that the output for
the second 24 hours is almost as great as for the
first; it then falls during the third and fourth
days, at the end of which the dose has been essen-
tially completely eliminated. The striking finding
is that during the second 24 hours the output is
about as high as during the first 24 hours, although
the serum chloride is usually back to normal and
sometimes lower. This is true for both the
normal and the diabetes insipidus subject. It is
also true when the subjects are on low (except for
the dose) daily salt intake, the only difference here
being that a day more may be required for the
dose to be eliminated. A series of observations is
shown in Figures 7 to 10,

The stimulus for the maintained increase in out-
put after serum chloride has returned to normal
may be an increase in plasma volume, although the
mechanism through which this might operate is
not clear. Our only clue as to such changes in
plasma volume is the plasma protein level; this
usually but not always is below normal while the
excess salt is being eliminated. Even in the cases
where plasma protein returns to normal before
elimination of the salt dose is completed, it may
be that plasma volume remains above normal.
Within 2 or 3 days diluted plasma protein may be
built up to normal by new protein formation even
though it is probably safe to regard acute (meas-
ured in hours instead of days) falls in plasma
protein as indicating increases in plasma volume.

Another interpretation of the maintained in-
crease in salt output after serum chloride has re-
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standard intake, where standard intake is the daily intake other than the experimental dose.
intake in the food was 4 grams daily but on Day 1 there was an additional dose of 12 grams.

Thus, in Figure 7, the
The sum of the

blocks above the zero line adds up to the dose by the time chloride equilibrium is reattained. At equilibrium, daily
renal output of NaCl is a few tenths of a gram less than daily intake, as is seen in the foreperiod.

turned to normal is that those elements of the
tubular epithelium responsible for chloride reab-
sorption may, after having once attained salt equi-
librium at a higher level, become desalted only
slowly even in the presence of an environmental
fluid which is again normal with respect to salt;
so long as these elements are more than normally
salty they will fail to reabsorb salt to the normal
degree of completion. The principle is analogous
to that in which respiration is believed to be regu-
lated by the state of the interior of the respiratory
center cells or peripheral chemoreceptors rather
than by the state of the blood per se. Whatever
be the interpretation, one must believe that the
factors regulating salt reabsorption by the tubules
are represented by some stimulus acting in ar on
the tubular cells themselves; it is inconceivable
that these cells can be apprised of the existence of
salt stores at some distant point in the body except
through the operation of some process acting upon
them immediately. The acute rise in salt output
occurring in normal and in some diabetes insipidus
subjects following a large dose of salt is logically
explained as due to the accompanying acute rise
in plasma salt. The failure of some subjects with
diabetes insipidus to show such increase in output
in spite of the usual rise in serum chloride may be
“ explained ” by the statement that the tubular
cells of such subjects are slower to respond to
environmental changes than the normal individual.
The maintenance of an increased salt output in
both the normal and the diabetes insipidus subject

after the serum chloride has returned to or below
normal and the cessation of an increased salt out-
put without further demonstrable change in serum
chloride level, when the excess has been eliminated,
demands some more subtle mechanism.

When a normal subject takes 0.25 gram of NaCl
per kilo 1 hour after 0.15 unit of pitressin per kilo
subcutaneously the increases in serum chloride and
in chloride output are the same or somewhat less
than without pitressin. Four such experiments
have been done on 3 normal subjects. Where the
rise in serum chloride and in chloride output is
less than without pitressin the diminution in effect
is presumably due to interference by the pitressin
with intestinal absorption. There has been no
evidence that pitressin accelerates the elimination
of such a dose of salt under our experimental con-
ditions. A typical experiment is shown in Figure
5.

When a subject with diabetes insipidus takes
0.25 gram of NaCl per kilo in 10 per cent solution
1 hour after 0.15 unit of pitressin per kilo sub-
cutaneously we find, as in the normal, that the
course is not greatly changed by the pitressin; the
rise in serum chloride and in chloride output is
the same or somewhat less than without pitressin.
Three such experiments have been done on 2 with
diabetes insipidus ; one is shown in Figure 6 (same
subject as in Figure 4). In several other experi-
ments, where the blood was not studied, carried
out on another diabetes insipidus subject who
failed to show within 5 hours any increase in
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chloride output following such a dose of salt with-
out pitressin, there was still no increase in output
following the salt when pitressin was given, i.e.,
the addition of pitressin did not render normal
the response of these subjects to the salt dose.

Some incidental observations may be noted.
One is that in the 2 diabetes insipidus cases ade-
quately observed, there have been greater spon-
taneous fluctuations, on constant diet, in the serum
chloride level than is usually seen in normal sub-
jects. Thus, 1 subject showed within a week high
and low values of 631 and 592 mgm. of NaCl per
100 cc., respectively; another showed conduc-
tivity readings indicating a spread of 41 mgm. per
cent. This increased lability of the serum chlo-
ride level in diabetes insipidus has also been noted
by Marx (15). There has been no correlation be-
tween daily variations in serum chloride level and
in urine output. One of us (H. L. W.) has ob-
served correspondingly large spontaneous fluctua-
tions in serum chloride level in dogs with experi-
mental diabetes insipidus on constant diet, also
without correlation with daily urine output. In
our experience, normal subjects (either human or
dog) do not show changes in serum chloride as
great as 40 mgm. per cent even when there are
large changes in chloride intake. Thus, a normal
child showed within a 5-week period serum NaCl
values of 616, 626, 618, and 622 mgm. per cent;
the first 2 values were obtained during a period
of relatively high (4 grams daily) salt intake, the
second 2 values during a period of low (1.0 gram
daily) intake.

The finding that a large drink of water when
preceded or accompanied by pitressin dilutes the
serum chloride to as great an extent as it does
without pitressin, with no increase in amount of
urinary chloride output, speaks against the view
that pitressin “ mobilizes ” chloride from tissues
into blood. We also fail to find any consistent
increase in chloride output or in serum chloride
following pitressin unaccompanied by a drink of
water.

DISCUSSION

The views expressed here are at variance with
those of various German workers. For example,
Veil (13, 16) emphasizes the classification of
diabetes insipidus into 2 types, the hyperchlo-
remic-hypochloruric and the hypochloremic-hyper-
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chloruric. A partial summary of Veil’s views is
attempted in the following paragraph.

If a hyperchloremic-hypochloruric case is given
10 to 20 grams of NaCl, his plasma protein does
not dilute, as does the normal; rather, it may in-
crease. This means that no water is drawn into
the blood and indicates a reduction of the water
depots. Since it occurs with normal water con-
tent of the blood, it must mean a disturbance of
the exchange processes between blood and tissues.
Such a case also shows a much greater rise of
serum chloride to a given dose of salt than does
the normal; the ability of the tissues to take up
salt is diminished. In the normal the salt passes
from the blood into the tissues as well as into the
urine; in diabetes insipidus it fails to enter the
tissues. The high molecular concentration of the
blood so produced stimulates the kidneys to in-
creased water elimination. Such subjects are
much more sensitive to water deprivation than the
normal ; their plasma protein rises much more on
deprivation. This is not true with primary poly-
dipsia or with hypochloremic-hyperchloruric dia-
betes insipidus. The subject with hyperchloremic
diabetes inspidus always shows a retarded elimina-
tion of chloride; this is not due to any altered
behavior of the kidneys but to a disturbance of
the blood-tissue salt exchange. Pituitrin acts on
the tissues in general, not on the kidneys, restoring
to normal the tissues’ ability to hold salt. It there-
fore has an antidiuretic action on the hyperchlo-
remic but not the hypochloremic type of diabetes
insipidus because the latter type already shows
normal ability of the tissues to hold salt.

The evidence for the statements in the preced-
ing paragraph is scattered through a number of
publications and, in our opinion, is not always ade-
quate. First, as to the idea that the hyperchlo-
remic type of diabetes insipidus is merely a dis-
turbance of exchange between tissues and blood,
the fact that the blood salt rises on salt adminis-
tration without corresponding rise in renal salt
output shows that the kidneys are not responding
normally. Second, it is not true, in our experi-
ence, that the serum chloride of the diabetes in-
sipidus subject rises higher than in the normal
in response to a given dose of salt. Third, it is
not true that the serum protein of a diabetes in-
sipidus subject shows less dilution than the normal
in response to a given dose of salt. In the ex-
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periment of Figure 4 the serum protein was not
followed, but in other experiments it has shown a
dilution on salt ingestion quite comparable with
the normal. Thus, in a pair of experiments on
a normal subject and on the diabetes insipidus
subject of Figure 4 the serum protein in grams
per 100 cc. in the normal was 7.82 before the salt
dose of 0.25 gram per kilo, 7.96 1 hour after the
dose, 7.88 4 hours after the dose, 6.96 24 hours
later, and 7.10 48 hours later, while the corre-
sponding figures for the diabetes insipidus subject
were 7.12, 7.06, 699, 6.64, and 6.53. Finally,
we cannot understand why an increased molecular
concentration of the blood should stimulate the
kidneys to increased water elimination in the ab-
sence of any increase in elimination of solids.

We have found no consistent differences in the
blood responses of the diabetes insipidus subject
as compared with the normal on ingestion of water
or of salt, either with or without accompanying
pitressin administration. We have not had any
cases fail to show an antidiuretic response to pi-
tressin, as Veil says is the case with the hypo-
chloremic type, although we recognize that this
does not mean that such cases cannot exist. It is
our impression that Veil's hypochloremic cases
were not true diabetes insipidus.

Our concept of this condition, as contrasted
with that of various of the German workers, fol-
lows. Diabetes insipidus is due to a deficiency of
the antidiuretic principle secreted by the pars
nervosa of the hypophysis and adjacent floor of
the third ventricle. This principle acts on the
renal tubules rather than on the tissues in general;
it enables the tubules to reabsorb water from a
hypertonic solution in their lumen. The renal
tubules in diabetes insipidus are less sensitive than
normally to acute changes in water or salt con-
centration of the blood. There is no need to
assume a disturbance of exchange of water and
salt between tissues and blood in this condition;
the blood responses to salt and to water ingestion
are normal. There is no basis for the division
into hyperchloremic and hypochloremic types; one
and the same case while on constant diet may show
alternately a hyperchloremia and a hypochloremia.
True diabetes insipidus can be distinguished from
primary or psychic polydipsia by withholding
water for 6 to 12 hours; if the urine flow falls to
normal and its concentration rises to normal the
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case is a primary polydipsia. If the polyuria per-
sists, the case is either diabetes insipidus or be-
longs to a type of renal disease unable to put out
a concentrated urine; the latter condition should
be recognizable by other appropriate measures.
One such measure may be mentioned. If the pa-
tient is put on a low salt intake (1 to 2 grams
daily) (in the absence of gross sweating or diar-
rhea) he will, if a case of diabetes insipidus, come
into chloride equilibrium within 2 to 4 days, with-
out a consistently significant lowering of serum
chloride, i.e., he will behave in these respects as
does a normal subject. A case of renal disease
of the type likely to be confused with diabetes in-
sipidus will, on the other hand, usually show a
diminished ability to conserve salt as well as
water; he will continue in negative chloride bal-
ance and, if the procedure is prolonged, will show
a progressive fall in serum chloride.

SUMMARY

With 4 cases of diabetes insipidus studied, all
have failed to show within a few hours an increase
in urine flow in response to a large drink of water,
when urine flow preceding the drink was below
maximal.

Normal subjects show within 2 hours a greatly
increased rate of urinary chloride output in re-
sponse to a dose of 0.25 gram of NaCl per kilo in
10 per cent solution. Of the 4 cases of diabetes
insipidus studied, 3 have failed to show any in-
crease in chloride output within 5 hours while 1
has responded essentially normally. Where a de-
lay in chloride output occurs, the delay is not due
to a failure of rise of serum chloride.

Both normal and diabetes insipidus subjects ex-
crete about 40 per cent of the above dose of salt
during the first 24 hours, about 40 per cent during
the second 24 hours, and the remainder within the
next day or two. This is true whether the ex-
periment be done during a period of high or low
daily salt intake, provided the subject is able to
conserve salt adequately, i.e., to come into salt
equilibrium on low salt intake before serum salt
is significantly lowered. The only qualification is
that a day longer may be required for elimination
of the dose on a low as compared with a high daily
salt intake. The serum chloride is high for the
first day but is practically always down to or below
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normal by the end of 24 hours and thereafter.
The maintenance of the high rate of chloride out-
put during the second 24 hours is not satisfactorily
explained, although some guesses are proposed.

In neither normal nor diabetes insipidus sub-
jects has 0.15 unit of pitressin per kilo subcutane-
ously resulted in any consistent increase in rate of
urinary chloride output, either with or without a
large drink of water; the behavior of the serum
chloride is not affected by the pitressin. The anti-
diuretic action of this dose of pitressin is marked
for 4 to 6 hours in both normal and diabetes in-
sipidus subjects; following this it diminishes
rapidly and is usually not apparent after 8 hours.
The antiduretic action of pitressin in the normal
subject is, of course, observed by following the
pitressin with a large drink of water.

The rise in serum chloride and in rate of chlo-
ride output following a dose of 0.25 gram of NaCl
per kilo in 10 per cent solution is either unaffected
or somewhat diminished by a dose of 0.15 unit
pitressin per kilo subcutaneously 1 hour previ-
ously, in both the normal and the diabetes in-
sipidus subject.

Since the blood changes in all of the procedures
carried out have been the same in the normal and
in the diabetes insipidus subject, differences in
urinary responses may logically be referred to dif-
ferences in sensitivity of the kidneys, presumably
the tubules, to environmental changes. Each of
the 4 cases of diabetes insipidus studied has shown
kidneys less sensitive than the normal to the fall
in plasma molecular concentration brought on by
a large drink of water. Three of the 4 cases have
shown kidneys less sensitive (within the first few
hours) than the normal to the increase in plasma
molecular concentration brought on by a large
dose of NaCl; one’(the least severe) has shown
essentially normal sensitivity in this respect.

It is believed that there is no justification for the
division of cases with diabetes insipidus into hy-
perchloremic-hypochloruric and hypochloremic-
hyperchloruric types, or for the view that the con-
dition is primarily a disturbance of the processes
of exchange of water and salt between tissues and
blood.
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insipidus and 1 normal case.
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