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Solute Excretion in Man during Changing Urine Flow
Occurring Spontaneously and Induced by

Vasopressin Injection *
S. THOMAS

(From the Department of Physiology, University of Manchester, Manchester, England)

Studies of the effect of vasopressin on urinary
excretion of electrolytes have usually compared
urinary outputs or clearances before hormone in-
jection, in periods of stable urine flows, to clear-
ances after injection (1; see 2-4 for reviews of
the extensive literature). There are few data
concerning solute excretion during the transition
from diuresis to antidiuresis; in this phase, ac-
cumulation of progressively more concentrated
fluid in the dead space of the renal tract invali-
dates conventional calculations of solute excretory
rates and clearances, which require steady-state
conditions (5, 6).

Study of the transition from diuresis to anti-
diuresis is, however, potentially useful in deter-
mining whether differences between medullary
solute concentrations in diuresis and antidiuresis
(7-10) and the operation of countercurrent
mechanisms (11, 12) involve changes in tubular
solute transport. Furthermore, nonsteady-state
conditions can provide information about renal
solute transport mechanisms, as in Chinard's
technique of comparing urinary concentrations
before and after injection of solutes into the
renal artery (13).

Accordingly, I have determined changes in sol-
ute concentrations in samples obtained as fre-
quently as possible during the rapid decline in
flow after iv injection of vasopressin. A similar
technique was recently used in the dog (14).
The rationale of the present experimental design
is that if the only event involved in urinary con-
centration is the abstraction of water from the
nephron, then changes in the concentrations of
the various urinary solutes, relative to those in
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diuretic periods, should be equal for all solutes.
If a change also occurs in tubular reabsorption
of some solute, its increase in urinary concentra-
tion, relative to a preceding diuretic steady state,
would be different from that of another solute.
In particular, a change in the concentration of
solute compared with that of a "glomerular sub-
stance" (13) such as inulin would provide an in-
dex of the direction and magnitude of any change
in tubular solute transport.

Methods
Group I experiments, performed on five healthy male

subjects, ages 23 to 42 years, provide data on the rela-
tionship between endogenous creatinine and inulin ex-
cretion in a wide variety of circumstances, including
changes in urine flow. The experiments were originally
designed as investigations on phosphate Tm (15) and on
the acute renal effects of cortisone and hydrocortisone
in man (16). Full technical details of experimental pro-
cedures were given in previous publications (15, 16)
other details are presented in the Results.

Groups II experiments were performed on three
healthy males, ages 28, 36, and 46 years, who had previ-
ously been on normal diets. After a morning of per-
forming routine laboratory duties, subjects emptied their
bladders between 1 p.m. and 2 p.m., sat down, and drank
a large dose of water (20 ml per kg body wt) within
5 to 15 minutes. The water load was subsequently main-
tained constant by drinking a volume equal to the volume
of urine voided; no correction was made for insensible
loss of water. Subject M drank beer (Na content, 7.5
mEqper L; K content, 12 mEq per L) in place of water,
the alcohol content serving as an additional assurance of
suppression of endogenous vasopressin production. Be-
cause of this difference in procedure and because plasma
urea concentration declined during vasopressin experi-
ments in this subj ect, a control experiment was per-
formed with no vasopressin injected and a constant fluid
load maintained by drinking beer.

Once maximal flows were attained, urine collections
were made by voluntary voiding at 5- to 10-minute in-
tervals for several successive periods to ensure that a
stable diuresis was sustained. Vasopressin 1 (0.5 mU

1 Pitressin, Parke, Davis, Detroit, Mich.
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per kg body wt) was then injected within 1 to 2 minutes
via an indwelling polyethylene cannula inserted into a
forearm vein at the beginning of the experiment. The
times of injection in the two experiments on each sub-
ject differed; therefore possible diurnal rhythmic changes
in solute excretion occurring during the developing anti-
diuresis in one experiment could be assessed against
equivalent control diuretic periods in the other.

During the decrease in urine flow, collections were
made as often as was considered likely to give complete
bladder emptying, or at least 10 ml of urine, and was
accordingly adjusted with the time after vasopressin in-
jection. Collections were then continued at less frequent
intervals until flows had returned towards or to the
preinjection diuretic values.

Blood samples were collected at intervals via the
polyethylene cannula, received into heparinized tubes,
centrifuged immediately, and the plasma pipetted off.

Analytical methods. Creatinine determinations on
urine were made by the method of Bonsnes and Taussky
(17) and on plasma by that of Brod and Sirota (18);
inulin by the method of Dick and Davies (19); urea by
the microliffusion method of Conway (20), subtracting
an ammodia blank or, occasionally, the ammonia con-
centration as determined by aeration and titration (21);
osmolality by a modification of the freezing-point de-
pression method of Johlin (22); sodium and potassium
by flame photometry; and chloride by electrometric
titration (23).

Results

Group I experiments: comparison of creatinine
and inulin excretion. Unpublished data obtained
in previous experiments (15, 16) have been ex-

TABLE I

Comparisons of inulin and endogenous
creatinine excretion*

No.
of No. Range of Creatinine/inulin ratio

sub- of initial urine
jects periods flows Mean SE Range

ml/min
A. Stable flows, phosphate infusions.t R1 = CCr/CIn
4 23 1.55-16.55 1.03 0.02 0.92-1.16

B. Flows decreased at least 25 %.t R2 = Ucr/Usn, period 2:
UCr/Uin, period 1

4 13 2.80-18.04 1.02 0.02 0.93-1.16

C. Flows increased at least 25 %. Rs = UCr/UIn, period 2:
Ucr/Usn, period 1

5 17 2.25-12.10 1.00 0.02 0.85-1.18

p, that: RI = 1.0 0.1 > p > 0.05
R2 = 1.0 0.4 > p > 0.3
Rs = 1.0 1.0 > p > 0.9
R2 = Rs p = 0.6

* R = creatinine to inulin ratio, C = clearance, In = inulin, Cr =
creatinine, and U = urine.

t Data derived from published experiments (15).
* Data derived from published experiments (15, 16).

amined with reference to a) comparison of en-
dogenous creatinine and inulin clearances during
periods with stable urine flows and plasma con-
centrations and b) comparison of changes in uri-
nary concentrations of creatinine and inulin in
periods when abrupt changes in flow occurred.
The results, together with a statistical analysis,
are presented in Table I.

Under steady-state conditions during phosphate
infusions for determinations of phosphate Tm,
the mean creatinine to inulin clearance ratio (R1,
Table IA) was 1.03 in 23 comparisons on 4 sub-
jects (D, Y, M, and T) (15). The small differ-
ence from a value 1.0 did not quite reach conven-
tional levels of statistical significance (0.1 > p >
0.05).

In a wide range of experimental procedures-
with and without phosphate infusion, with and
without cortisone or hydrocortisone injection, in
the morning and afternoon-abrupt changes in
urine flow sometimes occurred with consequent
changes in urinary creatinine and inulin concen-
trations. In some periods a change in hydration
or the previous performance of a painful or
nauseous procedure may have caused a change in
the endogenous production of vasopressin; in
others the causes of such changes in flow were
uncertain. Tables IB and IC present the rela-
tive changes in urinary creatinine and inulin con-
centrations on 30 such occasions during 19 ex-
periments on 5 subjects (D, L, M, T, and Y)
(15, 16) in whom the flow increased or decreased
abruptly by at least 25%.

There was no significant change in creatinine
to inulin urinary concentration ratio from one pe-
riod to the next, either when the flow decreased
(R2, Table IB) or increased (R3, Table IC) from
a wide range of initial values; there was also no
significant difference between the ratio observed
during decreasing flows, R2, and that found during
increasing flows, R3 (p = 0.6).

These results point to the conclusions that dur-
ing alterations in urine flow the relative changes
in urinary creatinine and inulin concentrations are
similar and that creatinine may be used as an in-
(lex of changes in tubular water content.

Group II experiments: constant water load.
Detailed data from the control experiment Mc, in
which vasopressin was not administered, are given

2
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TABLE II

Data during maintenance of constant water load, experiment Mfc*

Urinary concentration U/P ratio
Urine

Time flow UOMS UCr Uure UN& UK UCi UNH4 Osm Cr Urea

min m1/min Osm/kg mg/L mmoles/L mEq/L mEq/L mEqIL mEgIL
Subject M (46 years, 1.83 m2)

14.57-
15.16i- 10.92 94 114 40.5 22 3.3 12 1.9 0.32 10.4 7.55
15.27- 12.33 84 102 34.9 21 2.2 1 1 1.7 0.29 9.38 6.71
15.42- 11.13 84 106 36.0 20 2.0 9.7 1.9 0.29 9.76 7.10
15.57i- 12.20 80 103 34.0 19 1.9 8.7 1.8 0.27 9.67 6.82
16.171- 12.50 75 97.6 31.8 19 1.7 8.0 1.4 0.25 9.12 6.53
16.291 11.58 70 101 31.3 16 1.8 7.4 1.6 0.23 9.36 6.52

* Osm = osmolality, U/P ratio = urine to plasma concentration ratio.

TABLE III

Data from diuretic periods immediately preceding, and periods of maximal concentrations
subsequent to, vasopressin injection

Urinary concentration U/P ratio
Time from Urine

injection flow UOSIII UCr UUrea UN& UKC UCi UNH4 Osm Cr Urea

min ml/min mOsm! mg/L mmoles/L mEqIL mEqIL mEq/L mEq/L
kg H20

Experiment MI (46 yrs, 1.83 M2)
-9.6-

0 8.71 76 141
15.31 vasopressin, 0.5 mU/kg body wt, iv

11.6-

37.6 13

26.7- 0.68 596 1,460 153 88
40.6 0.79 582 1,390 255 100

Experiment M2
-10.2-

-2.95 10.08 97 124 36.8 22
14.47 vasopressin, 0.5 mU/kg body wt, iv

11.65-
33.7- 0.27 601 1,540 130 93
68.0 0.48 597 1,650 223 94

Experiment Ti (36 yrs, 1.63 M2)
-5.75-

0 10.42 88 112 21.9 18
14.48 vasopressin, 0.5 mU/kg body wt, iv

10.5-
20.9- 0.91 669 1,100 141 132
36.15- 0.89 702 1,233 178 138
51.15 0.93 631 1,016 186 118

Experiment T2
-5.1-

76 105 24.7 11
15.20 vasopressin, 0.5 mU/body wt, iv

12.2-
23.0- 0.61 740 1,740 204 137
39.0 0.75 716 1,555 238 130

Experiment Wi (28 yrs, 1.76 M2)
-15.35-

-4.57- 15.79 44 65.4 15.7 10

15.065 vasopressin, 0.5 mU/kg body wt, iv
8.62-

17.18- 0.96 498 960 108 121
36.12 1.67 423 652 123 108

Experiment W2
-5.88-

0 13.18 52 96 23.0 8.
14.56 vasopressin, 0.5 mU/kg body wt, iv

3.8 9.5 2.4 0.26 12.6 7.19

80 81 17.3 2.01 128 29.7
48 65 15.3 1.96 129 49.7

4.3 12 1.8 0.31 11.7 7.58

104 73 11.9 1.91 143 27.1
74 55 18.8 1.89 154 47.3

7.5 21 2.2

92 1 77 17.0
80 168 21.6
68 147 18.8

0.27 9.45 6.20

2.07 92.5 39.4
2.18 103 49.7
1.95 84.0 51.6

7.5 1 1 2.9 0.27 8.9 6.24

102 136 29.0 2.67 147 52.6
82 126 26.9 2.58 132 59.7

1.9 9.0 2.0 0.16 4.86 4.00

38 142 15.4 1.74 71.5 27.8
26 91 15.6 1.58 48.5 31.6

.0 2.9 7.4 3.4 0.19 6.60 4.71

94 40 104 23.1
97 36 108 38.4

0 10.13

11.65-
21.95- 1.10
34.25 1.02

471 1,024 152
582 1,154 240

1.69 72.5 31.2
2.09 83 49.4
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in Table II. Urine flow remained fairly constant,
with only small changes in the urinary concentra-
tion and clearance of creatinine. The progressive
falls in urinary osmolality, sodium, and potassium
concentrations are considered to be manifestations
of diurnal electrolyte excretory rhythms. A simi-
lar decline in urine urea concentration was ac-
companied by a fall in plasma urea concentration
from 5.53 mmoles per L at 14.49 minutes to 4.78
mmoles per L at 16.32 minutes; consequently
urea urine to plasma (U/P) concentration ratio
and urea clearance remained more constant.
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Similar data for the diuretic periods immedi-
ately preceding vasopressin injection in all ex-
periments are presented in Table III. In Figures
1 and 3, urinary concentrations in preceding and
succeeding samples are given as ratios relative to
concentrations in the control diuretic periods,
since, in the present context, differences in the
relative changes in concentration are considered
to be significant. The concentrations of some
solutes remained stable in the preliminary pe-
riods, but there was a progressive change in con-
centration and output of other solutes. In ex-

-20 0 20 40 60 -20

Time after vasopressin i njection (mi ns)
FIG. 1. URINARY OSMOLALITY, UREA, NONUREASOLUTE, AND CREATININE CONCENTRATIONS.

These are ratios relative to control diuretic values given in Table III; vasopressin injection at
zero time.
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periment M2 a spontaneous fall in urea concen-

tration occurred; in some experiments urinary
osmolality tended to fall, particularly when so-

dium concentration also declined. These changes,
like those noted in experiment Mc, are considered
to be effects of diurnal excretory rhythms.

Vasopressin injection. The latent period be-
tween vasopressin injection and the earliest de-
tectable change in water excretion, a rise in cre-

atinine U/P ratio or urinary concentration, was

3 to 5A minutes. The magnitude and duration of
the antidiuresis differed between subjects (Figures
1 and 3); individual data are therefore presented.
Maximal urinary concentrations are included in
Table III; note that the times at which these were

attained were not simultaneous for all solutes
(see Figures 1 and 3).

If changes in urinary concentration were due
entirely to altered water reabsorption, then the
increases in concentrations relative to the pre-

ceding diuretic state would be similar for all uri-
nary solutes. The relative changes in creatinine,
urea, osmolality, and nonurea solute (osmolal-
urea) concentrations are given in Figure 1 and
sodium, potassium, ammonium, and creatinine
concentrations in Figure 3. Comparison of the
relative changes shows that during the develop-
ing antidiuresis there were marked and consistent
differences for some solutes and that the magni-
tude of such differences varied in time.

0
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o0a

07
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Osmolality and urea concentrations. Within 3
to 10 minutes of vasopressin injection, the incre-
ment in urea concentration ratio was evidently
less than that of any other urinary constituent
(Figure 1). The maximal deviation from os-

molality and creatinine concentration ratios oc-

curred during the developing antidiuresis before
maximal urinary osmolality and creatinine con-

centrations were attained. Later, during periods
of maximal antidiuresis and with the subsequent
onset of diuresis in Subjects T and W, these
differences became smaller or disappeared. Simi-
lar differences between the relative changes in
osmolality and creatinine concentrations are pri-
marily attributable to altered urea excretion, since,
except in experiments with marked changes in
sodium concentration, creatinine and nonurea sol-
ute concentration ratios were similar (Figure 1).

The magnitude of the effect of decreasing urine
flow on urea excretion is most clearly seen by
plotting urea to creatinine clearance ratio (i.e.,
urea U/P: creatinine U/P) against creatinine
U/P (Figure 2). If the conclusions concerning
Group I experiments can be extended to the cir-
cumstances in vasopressin experiments, this shows
the excreted proportion of filtered urea in each
sample. Several points are obvious. First, urea

excretion was lower during antidiuresis than in
diuresis. Second, during the rapid fall in flow,
urea excretion fell to values even lower than those

5 10 20 50 100 200 5 10 20 50 100 200 5

Cre a ti n ne U/ P ra tio

FIG. 2. RELATION BETWEENUREA TO CREATININE CLEARANCERATIO AND CREATININE U/P RATIO IMMEDIATELY PRE-

CEDING (0, A) AND FOLLOWING ( *, A) VASOPRESSIN INJECTION. Minimal published values (O) at similar, stable
urine flows are included for comparison (24, 25).

OM I
AM2

oT I
AT 2
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-20 0 20 40 60 -20 0 20 40 60 80

Time after vasopressin ; njection (mins)
FIG. 3. URINARY SODIUM, POTASSIUM, AMMONIUM,AND CREATININE CONCENTRATIONS. These

are ratios relative to control diuretic values given in Table III; vasopressin injection at
zero time.

observed during maximal or sustained antidiure-
sis. Urea excretion in this phase was less than
the minimal values at similar, but stable, urine
flows (inulin U/P ratios) reported by other
workers (24, 25); these values are included in
Figure 2 for comparison. This large change in
tubular urea transport was a rapid effect, oc-
curring within 15 minutes of vasopressin in-
jection in most experiments (Figure 1). Third,
as low urine flows were sustained, a large in-
crease in the excreted proportion of filtered urea
occurred with little change in creatinine U/P
(M1, M2, and W2). Finally, as urine flow sub-

sequently increased, urea excretion increased to-
wards the preinjection control values; only in T1
did the clearance ratio exceed that found in the
sample immediately prior to vasopressin injec-
tion, and even here the ratio fell within the range
of values found in earlier diuretic control samples.

These effects on urea excretion are equally evi-
dent in similar plots of urea to nonurea solute
clearance ratios against nonurea solute U/P
ratios.

Electrolyte concentrations. The increases in
ammonium concentration ratio during the transi-
tion from diuresis to antidiuresis were also con-
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sistently smaller than those of creatinine (Figure
3), but were larger and evident earlier after vaso-
pressin injection than the increases in urea ratio.
Later, with the persistence of antidiuresis in M
and the onset of diuresis in T and W, the changes
in ammonium concentration ratio showed no con-
sistent differences from those of osmolality, urea,
or creatinine.

Assessment of any effect of vasopressin on so-
dium excretion is difficult in view of the spontane-
ous fall in sodium concentration noted in some
experiments. In experiments XV1 and \V2 the
relative changes in sodium concentration were
closely similar to those in creatinine and nonurea
solute, whereas in experiments M1 and M2, the
relative increases in sodium concentration were
smaller (Figures 1 and 3).

Increases in potassium concentration ratio
tended to be greater than those of other urinary
constituents at some stages of the developing
antidiuresis (Figure 3). In M, potassium ratio
remained higher during the persistent antidiuresis;
in the other subjects, this relative increase was
more transient.

In every experiment, the sodium to potassium
concentration ratio fell relative to that present in
the diuretic control sample; again this fall was
persistent in Mbut in T and Wwas only a tran-
sient event during the developing antidiuresis.

Discussion

The sequence of changes in urine flow after
vasopressin injection and the rapidity of its effect
on water reabsorption are well-known (26). The
present Group II experiments show that the action
of vasopressin on water excretion is accompanied
by consistent effects on urea and ammonium ex-
cretion during the developing antidiuresis.

Interpretation of quantitative and temporal dif-
ferences between changes in solute concentrations
after vasopressin injection depends on the recog-
nition and evaluation of other possible contribu-
tory factors: 1) Changes in plasma solute concen-
trations and urinary solute outputs over prolonged
periods, because of variable hydration or diurnal
excretory rhythms, were minimized by mainte-
nance of a constant water load, by performance of
the experiments in the afternoon, and by the
choice of a single iv, rather than continuous, in-

jection of vasopressin. Thus, changes in urine
to plasma concentration ratios of osmolality, urea,
nonurea solute, and creatinine were similar to
those of urinary concentrations. Spontaneous
variations in sodium excretion have, however,
clearly contributed to the postvasopressin changes
observed in some experiments. 2) Changes in
glomerular filtration rate (GFR) cause unequal
changes in the excretion of different urinary sol-
utes (27, 28). Maintenance of a constant water
load obviates changes in GFRthat might follow
variations in plasma volume and plasma protein
concentration. The design of Group II experi-
ments precluded valid calculations of GFRduring
the rapid changes in urine flow, but current theory
suggests little effect of vasopressin on GFR (29).
Both 3) accumulation of solute in the dead space
of the renal tract because of abstraction of water
and 4) bladder-emptying errors affect excretory
rates, but since all urinary solutes would be equally
affected, relative changes in concentrations would
remain equal. Bladder-emptying errors would
obscure, rather than enhance, the magnitude of
differences in concentration ratios. 5) The use
of endogenous creatinine as a "glomerular sub-
stance" might also cause differences between
changes in solute concentrations. The extensive
literature, with differing conclusions, on com-
parisons of creatinine and inulin clearances in
man has been reviewed recently (30). The re-
sults of the present Group I experiments (Table
I) are taken to validate the use of creatinine as an
index of water reabsorption and of changes in
tubular solute transport. Furthermore, the
changes in urea and ammonium excretion are still
evident when compared with urinary solutes other
than creatinine, such as nonurea solute.

Many previous investigations on the relation
between solute (e.g., urea) excretion and urine
flow have employed variations in water intake as
the means of inducing changes in flow. Conse-
quently, factors 1 and 2 discussed above may have
contributed to any observed changes in solute ex-
cretion. In view of these considerations, differ-
ences in the relative changes in solute concentra-
tions after vasopressin injection in the present
experiments are considered to be due to altered
tubular transport.

If changes in solute excretion were due solely
to altered intratubular concentrations, then the

7
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expected relation between solute output (or clear-
ance) and urine flow might be similar to that
classically described for urea during steady or
slowly declining urine flow (29, p. 63). In the
present experiments, however, urea excretion fell
to values lower than those previously observed at
simliar but stable urine flows (24, 25) and even
lower than those found in more concentrated
urine samples (Figure 2). These observations are
similar to those reported in the dog after vaso-
pressin injection (14) and to a transient fall in
urea clearance-"abatement"-in sheep (31).
The phenomenon appears to be the converse of
"exaltation"-a transient rise in urea clearance
after water administration to values higher than
those found at similar but steady flows, originally
described by Shannon in the dog (32) and since
observed in other species (33) including man
(24).

These differences between urea excretion dur-
ing steady and nonsteady urine flows suggest the
operation of factors additional to changes in in-
tratubular urea concentration. In terms of sug-
gested actions of vasopressin (34), such factors
might include a direct effect on tubular perme-
ability to urea (35) or on an active transport
mechanism (36). Alternatively, peritubular urea
concentration may rise because of local accumula-
tion in a sink or pool. Thus, if the collecting
ducts are permeable to urea during antidiuresis
(12, 33, 35), delivery of more concentrated fluid
from the distal tubule would lead to diffusion of
urea into the medulla and a decrease in urea ex-
cretion. Operation of the medullary vasa recta
as a countercurrent exchange system (12) would
cause the sequestration of a pool of urea, pro-
gressively limiting further urea diffusion until a
new steady state was attained; urea clearance
would be lower than at similar but steady flows
(Figure 2), and the changes in urine urea con-
centration, creatinine, and nonurea solute would
differ in time and magnitude (Figure 1). With
the establishment of a steady state of antidiure-
sis and of a medullary urea concentration gradient,
net back diffusion of urea would be limited to
that lost into the circulation; the increase in urea
to creatinine clearance ratio at almost constant cre-
atinine urine to plasma concentration ratio in the
present experiments (Figure 2) is consistent with
the attainment of such a steady state.

Similar considerations apply to the changes in
ammonium concentration after vasopressin in-
jection. Under steady-state conditions, the rate
of excretion of ammonium is usually considered
independent of urine flow (and so of intratubular
ammonium concentration), except when the urine
is alkaline (37, 38). The changes in ammonium
concentration observed here therefore suggest the
involvement of factors alternative or additional to
increases in intratubular concentration. The pat-
tern of change is again compatible with accumu-
lation in a tubular sink or peritubular pool in the
nonsteady state, although changes in intratubular
pH cannot be excluded as a factor. Differences
between ammonium and creatinine excretion in-
duced by rapid injection into the dog's renal artery
have similarly been explained by transitory dif-
fusion of free ammonia into and out of a tubular
sink (39). The existence of a medullary concen-
tration gradient of ammonium during antidiure-
sis has not been specifically investigated but is evi-
dent in published data concerning the dog kidney
(Table I) (9). Back diffusion of free ammonia
from, or decreased diffusion into, the collecting
duct might contribute to the generation of such a
gradient.

The only consistent feature of changes in so-
dium and potassium excretion was a decrease in
sodium to potassium concentration ratio, transi-
ent in 2 subjects; a similar change in the first 20
minutes after vasopressin injection in the dog
was believed related to the large dose used, rather
than a physiological accompanient of endogenous
vasopressin secretion (14). In those experiments
where spontaneous changes in sodium excretion
were least evident, the similarity between changes
in creatinine and nonurea solute concentrations
(Figure 1) also argues against a marked over-all
effect on electrolyte excretion during the develop-
ing antidiuresis.

The absence of any consistent difference be-
tween the relative changes in solute concentra-
tion ratios during the subsequent diuresis in T
and W(Figures 1, 3) means that these changes
were primarily determined by diminished water
reabsorption. During this phase, urea to creati-
nine clearance ratios did not clearly exceed the
values of the preliminary diuretic periods (Fig-
ure 2), although the ratios were higher than most
of the values at comparable, but stable, urine

8
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flows (24, 25); a fraction of the decrement in
urea excretion during the developing antidiuresis
was not excreted during the ensuing diuresis.
These observations, together with the rapidity
of the effect of vasopressin on urea excretion
(Figure 1), are compatible with a change in tu-
bular permeability to urea, as suggested by
Jaenike (35) for the collecting duct of the dog.
The relevant data, however, are too few to ex-
clude other possibilities.

If the present observations can be related to the
generation of solute concentration gradients in
the renal medulla during antidiuresis, the accu-
mulation of a medullary pool of urea, and pos-
sibly of ammonium, involves increased transport
out of the tubule. The magnitude of the effect
on urea excretion supports the suggestion (12) of
a unique role of urea in the urinary concentrating
process.

Summary

1. In 23 clearance periods with urine flows
stable during phosphate infusions in 4 subjects,
the mean creatinine to inulin clearance ratio was
1.03 (± SD, 0.08; probability that ratio is unity,
0.1 > p > 0.05).

2. During 30 instances of spontaneous increases
or decreases in urine flow in a variety of experi-
mental circumstances-with and without phosphate
infusion, with and without cortisone or hydro-
cortisone injection, in the morning and afternoon
-there were no significant differences between
changes in creatinine and inulin concentrations
relative to those in the preceding urine samples.

3. In 2 experiments on each of 3 subjects main-
tained on a constant water load of 20 ml per kg
body weight, changes in osmolal, endogenous cre-
atinine, urea, nonurea solute (osmolal-urea), so-
dium, potassium, and ammonium concentrations
induced by vasopressin injection were compared
in successive frequent urine samples during the
rapid fall in urine flow: a) During the decline in
urine flow, the increments in osmolality and urea
concentrations (and U/P ratios) relative to those
in the preceding diuretic periods were smaller
than those in creatinine and nonurea solute con-
centrations (and U/P ratios); urea to creatinine
clearance ratios fell transiently to values smaller
than those previously reported at similar but
steady urine flows, with minimal values attained

before maximal creatinine and nonurea solute con-
centrations (or U/P ratios). b) Ammonium ex-
cretion relative to that of creatinine or nonurea
solute also fell. c) There were no consistent dif-
ferences between the changes in nonurea solute
and creatinine concentrations.

4. After maximal antidiuresis, the relative
changes in urinary concentrations were not con-
sistently different for any solute.

5. The quantitative and temporal pattern of the
changes in urea and ammonium concentrations
during the developing antidiuresis is consistent
with accumulation in a tubular sink or peritubular
pool, probably contributing to the generation of
medullary concentration gradients.
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