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Change of posture is known to be followed by alterations in the renal excre-
tion of water and various urinary constituents. The earlier literature was
summarized by Rosenbaum, Ferguson, Davis & Rossmeisl (1952). Change to
the upright posture, whether by active standing (e.g. Kattus, Sinclair-Smith,
Genest & Newman, 1949) or by passive tilting (e.g. Pearce & Newman, 1954),
results in a rapid and marked decrease in urinary flow and in the outputs of
sodium and chloride; the opposite changes occur after lying down (e.g.
Kelser, Izbar, Estes & Warren, 1955). The effect of change of posture on the
excretion of other urinary constituents, including potassium and inorganic
phosphate, is less clear.
The renal mechanisms operative in these postural alterations in urinary

excretions are incompletely understood. The cardiovascular effects ofchange of
posture (Sj6strand, 1953) include changes in renal haemodynamics (Smith,
1951) and when glomerular filtration rate (G.F.R.) alters it is difficult to evalu-
ate the relative importance of glomerular and tubular factors, particularly in
the short periods of observation used by most workers.
The main object of the present work was to attempt to demonstrate the im-

portance of alterations in tubular activity in the renal adjustments to change
of posture. It seemed likely that while acute alterations in renal water and
electrolyte excretion could be attributable to changes in renal haemody-
namics, the occurrence of more prolonged changes, particularly in urinary
hydrion outputs, might indicate the participation of renal tubular factors.
In the experiments reported here, the urinary outputs of water, sodium,
chloride, potassium, inorganic phosphate, bicarbonate and ammonium, and
urinary pH, have been followed for several hours before and after change of

* The material included in this paper formed part of a thesis submitted for the degree of M.D.,
University of Wales in June 1956.
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posture. Allowance was made for spontaneous diurnal rhythmic variations
in urine outputs (Stanbury & Thomson, 1951), by comparing these experiments
with controls in which the initial posture was maintained.

METHODS

Experiments were performed on three healthy adults. After waking in the morning a light
breakfast was taken; no more food was ingested during an experiment, and no caffeine-containing
fluids or smoking were allowed.

Four types of experiment were performed on each subject:
Group I, recumbent control experiments in which the subject remained in bed after waking for at

least 6 hr.
Group II, experiments in which the subject remained in bed until mid morning, when he got up

and then stood quietly for at least 3 hr.
Group III, control standing experiments, in which the subject travelled to the laboratory in the

morning and then stood quietly for at least 44 hr.
Group IV, experiments similar to group III, except that at some time between 10.00 and 11.00 hr,

after standing for 14-3 hr, the subject lay down and then remained recumbent for at least
3 hr.

Urine samples were collected by voluntary voiding every 30 or 60 min, and 100 ml. water was
ingested hourly. To minimize bladder emptying errors the subject stood to void samples, and to
minimize loss of carbon dioxide (Marshall, 1922) urine was collected and stored under liquid
paraffin.

Analytical method8 employed were as follows:
Sodium and potassium were estimated by flame photometer, EEL (Collins & Polkinhorne, 1952);
Chloride by electrometric titration (Sanderson, 1952);
Inorganic phosphate by the method of Fiske & Subbarow (1925);
Bicarbonate by that of Van Slyke & Neil (1924);
Ammonium by aeration and titration (Hawk, Oser & Summerson, 1947);
pH by glass electrode at 370 C;
Creatinine by the method of Bonsnes & Taussky (1945).

'Phosphate titratable acid' in the text refers to the fraction of urinary phosphate titratable to
pH 7-4, and was calculated as described by Longson & Mills (1953).
The base-equivalence of any particular urinary inorganic phosphate concentration, at the pre-

vailing urinary pH, was calculated as
P (2 -x),

where P = molar phosphate concentration, and x= fraction of molar phosphate existing as mono-
basic dihydrogen phosphate, which was determined in the calculation of 'phosphate titratable
acid'.
The urinary concentration of base-bound bicarbonate was calculated from the value of pK1 at

380 C = 6-32 - 0-5IB (McGee & Hastings, 1942); B was taken as [Na] + [K] + [NH4].

RESULTS

Four experiments of each type were performed, two on one subject (T) and
one each on the other two subjects (B and C). In all the four controlrecumbent
experiments there were changes attributable to the diurnal excretory rhythm
in urine pH (Fig. 1), flow and the outputs of sodium, chloride, potassium and
bicarbonate (Fig. 1), all of which increased from low early-morning values
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to reach maximal values in mid morning, and then usually decreased towards
the afternoon. Inorganic phosphate and ammonium outputs showed rhythmic
variations in the reverse direction. In the control standing experiments on
subjects T and C a clear diurnal rhythmic variation in urine excretion was
also seen (Fig. 2), but the outputs of sodium, chloride and water were less.
In subject B, however, there were no clear diurnal variations in the standing
control experiment.
From any series of four experiments on one subject two comparisons can be

made; first, between groups I and II experiments showing the effects of stand-
ing up as compared with continued recumbency, and secondly, between groups
III and IV, showing the effects of lying down as compared with continued
standing.

Urine flow, sodium and chloride
Comparison of groups I and II experiments shows that, within an hour of

standing up, diminution occurred in urine flow and the outputs of sodium and
chloride, which persisted during the prolonged maintenance ofthe new posture.
In the third hour of standing the sodium outputs were between 30 and
70 ,equiv/min compared with between 150 and 250 pequiv/min in corre-
sponding recumbent periods, and flows in three of the four experiments were
between 0 4 and 0 7 ml./min compared with between 2X0 and 3X4 ml./min. In
one experiment on subject T the flow rose in the third hour of standing to
1-9 ml./min. Changes in chloride outputs were similar to those for sodium,
but usually less. Conversely, lying down consistently increased urine flow
and the outputs of sodium and chloride. Subjects B and C showed immediate
increases and the difference from controls became more marked as the re-
cumbent position was maintained. In subject T there was little difference
from controls for the first 2 hr. After this there was an arrest of the diurnal
decline, and by early afternoon an absolute increase in output occurred at a
time of day when continued standing resulted in a further decline.

Potassium
The qualitative pattern of the diurnal rhythmic variations seen in control

experiments was usually maintained after standing up. In subjects B and C
there was an initial fall in output, and in C the output remained lower. In
subject B and in one experiment on subject T, however, an absolute increase
occurred in the third hour of standing at a time of day when a diurnal rhythmic
decrease normally occurs. After lying down the potassium outputs in subject
T were almost identical with those in the control standing experiments.
Subject B showed a considerable increase in potassium output within an
hour of lying down, but this was followed by a decrease towards control
values. Subject C showed a much smaller transient increase.
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Inorganic phosphate
Spontaneous diurnal rhythmic variations in inorganic phosphate outputs

were conspicuous in the control recumbent and standing experiments on all
three subjects, particularly T, with minimal outputs being found between
09.00 and 11.00 hr. Standing caused no evident modification of the diurnal
increase in excretion in subjects B and T, but a small decrease in C. Similarly
lying down had no apparent effect on outputs in any of the subjects, since the
diurnal increase in outputs found in the standing experiments was similar
to that present after lying down.
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Fig. 1. Urine pH and the outputs of NH4 and HCO3 in expts. in whieh subjects B, C and T re-
mained recumbent (B, A-A; C, O-O; T, 0-0) compared with expts. in which they
changed from lying to standing (B, * --- A; C, U- - *-; T, * @).

Acid and alkali excretion
In all subjects change of posture was followed by consistent alterations in

urine acid-base balance as indicated by changes in urine pH, and in the out-
puts of bicarbonate, ammonium and phosphate titratable acid.

Standing after lying. In the three subjects urine pH values of over 6*5 were
present in the later periods of continued recumbency; standing up, however,
was followed by a decline to below 5-5 in subject T, and in subjects B and C
the pH in the third hour of standing was below 5X2 (Fig. 1).

These changes in urine pH were accompanied by changes in total bicar-
bonate output (Fig. 1). Standing was followed by a rapid decrease in outputs
in all subjects, and the difference from controls persisted on maintained stand-
ing. In subject T bicarbonate outputs were under 5 ,uequiv/min in the third
hour after standing up compared with over 40 ,uequiv/min on continued
recumbency, and in the other subjects there were similar reductions.
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Conversely, standing up caused an increase in ammonium outputs, least
marked in subject C. In the two recumbent controls in subject T, diurnal
decreases in outputs to minimal values of about 10 ,uequiv/min in the
09.00-10.00 hr samples were followed by a maintenance of low outputs;
standing up, however, was followed by a progressive increase to values of
30 ,uequiv/min in the third hour of standing. Subject B showed an output of
20 pequiv/min in the third hour of standing compared with 10 ,uequiv/min
in the corresponding recumbent periods, and C 30 compared with
17 ,uequiv/min (Fig. 1).
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Fig. 2. Urine pH and the outputs of NH4 and HCO,3 in expts. in which subjects B, C and T re-
mained standing (B, A.-.-A; C, * ... ; T, 0--- @) compared with expts. in which
they changed from standing to lying (B, A..- A; C, O.---O; T, O-.-0O).

Lying after standing. Lying down was followed by an increase in the urine
pH in all exrperiments, particularly in subjects B and C. In these subjects
maintenance of standing was associated with a gradual fall in pH from early
high values to about 5 0 by mid-day. After lying down, however, there was
an increase to about 6@0 in C, and 7 0 in B and these high values were main-
tained to the end of the exrperiments. In subject T differences were only
evident in the third hour of recumbency (Fig. 2).

These changes were accompanied by increases in bicarbonate outputs
(Fig. 2). In subjects B and C the standing samples showed maxrimal values of
5 ,uequiv/min; after lying down the outputs increased in all subjects, and in
the third hour of recumbency the outputs were between 13 and 30 ,uequiv/min
compared with between 2 and 5 ,uequiv/min in the equivalent standing
periods.
Ammonium outputs fell after the subjects lay down (Fig. 2), again least
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marked in subject C. There was at least an arrest of the usual diurnal increase
in ammonium output, and in some experiments there was a diminution in the
later periods, compared with a rise when the subjects remained standing.

Creatiinine
When subject B stood up, creatinine output fell from 1-33 to 1.10 mg/min

and the output remained at this level in the subsequent periods. A smaller
fall was seen in subject C and in one experiment on T, but the output then rose
to the previous levels. In the other experiment on subject T there was not
even a temporary fall. After lying down there were no consistent alterations
in creatinine outputs in subjects C and T apart from early transient increases.
In B, however, outputs were slightly higher in all periods after lying down.

Urinary ionic pattern
Since the absolute outputs of some of these various urinary constituents

altered in opposite directions after change of posture, there was a consider-
able modification of the urinary ionic pattern. Of the normal urinary cations,
Na+, K+ and NH4+ were determined in these experiments; of the urinary
anions, Cl', HCO3' and inorganic phosphate. The sum of [Na+K+NH4]
gives the concentration of determined cations (m-equiv/l.) in any sample, and
the sum of [Cl + HCO3+base-equivalence (P) of molar phosphate] gives the
concentration of determined anions.
An indication of the relative changes in cation outputs may be obtained by

calculating the percentage of determined anion output (A) covered by the
particular cation (Na: A, K: A and NH4:A). Similarly, data on individual
anions can be presented as the percentage of the determined cation output
(B) covered by the particular anion (Cl:B, HCO3:B and P: B). In most col-
lection periods the sum of (Na:A + K:A + NH4: A) exceeded 100 %, since the
sum of the determined cations exceeded the sum of the determined anions
by 20-30 uequiv/min. In any one experiment this cation excess remained
fairly constant and there was no evidence of the participation of undetermined
anions in the renal response to change of posture.

Fig. 3 shows the effect of standing up on these ionic excretory percentages,
compared with a recumbent control, in subject T. Comparison of Fig. 3 with
Fig. 4 shows that while the absolute sodium output varied in the control
recumbent experiment between 60 and 250 ,uequiv/min, the percentage of
excreted anion covered by sodium (Na:A) remained more constant between
60 and 70. Standing up, however, resulted in a fall in Na: A to about 40%
in later periods. Standing produced the opposite changes in K:A and NH4:A
(Fig. 3). After an early rise, K:A remained fairly constant at about 30% on
continued recumbency, whereas standing up was followed by a rise to about
55%. In the control recumbent experiment, NH4:A showed a diurnal de-
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crease to below 5% in the later periods; standing up, however, caused an
increase to 30%.

Cl:B remained fairly constant at about 80% on maintained recumbency,
and standing up produced only a temporary rise, but HCO3: B showed marked
changes. In the control recumbent experiment there was a rise from early
values of 3% to over 20 %, accompanying the diurnal increase in absolute
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Fig. 3. Percentage of determined urinary anion (A) covered by Na (Na:A), K (K:A) and NH4

(NH4:A), and the percentage of urinary cation (B) covered by HC03 (HC03:B): left, an
expt. in which subject T remained lying (0-0) compared with an expt. in which he
changed from lying to standing (O ..) right, an exp't. in which subject T remained
standing (O---- *) compared with an expt. in which he changed from standing to lying

(O-j--o
.

bicarbonate output. Standing up, however, resulted in the amount of base
covered by bicarbonate becoming negligible. The P: B percentage was almost
unaffected by standing.
Lying down caused the opposite changes (Fig. 3); Na:A increased while

K:NAand NH4:eA decreased, andHCo3:cB increased while CO:B showed a
small decrease. Similar results were found in the other subjects, the changes
in NH4:A and HCo3:B being especially marked in subject B.
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Hydrion excretion
An assessment of the magnitude of urinary hydrion excretion may be made

by summing the output of ammonium and phosphate titratable acid and sub-
tracting base-bound bicarbonate output (Longson & Mills, 1953). Examples
of urinary outputs of hydrion for subject T are given in Fig. 4. In the re-
cumbent and standing control experiments diurnal rhythmic variations in
hydrion outputs were evident. Lying down caused a marked decrease in
hydrion excretion and, conversely, standing up was followed by an increase
in hydrion output. Similar results were obtained in the other subjects, being
particularly evident in subject B.
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Fig. 4. Urinary outputs of Na and hydrion (H+): left, an expt. in which subject T remained re-
cumbent compared with an expt. in which he changed from lying to standing; right, an
expt. in which subject T remained standing compared with an expt. in which he changed from
standing to lying. Symbols as in Fig. 3.

DISCUSSION

The acute reductions in urine flow and in outputs of sodium and chloride
observed after standing, and the reverse changes after lying down, confirm
the abundant observations in the literature (Lewis, Buie, Sevier & Harrison,
1950; McCance, 1951; Viar, Oliver, Eisenberg, Willis, Lombardo & Harrison,
1951; Chalmers & Squires, 1953; Goodyer & Seldin, 1953; Netravisesh, 1953;
Holland & Stead, 1954; Pearce & Newman, 1954); in addition, the present
experiments show that these changes persist for many hours. The present
findings that change of posture had comparatively little prolonged effect on
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absolute potassium and phosphate outputs, when allowance was made for
diurnal rhythmic variations, supplement previous reports on potassium
(e.g. Kattus et al. 1949; Viersma & ten Holt, 1950; Viar et al. 1951; Rosenbaum
Nelson, Strauss, Davis & Rossmeisl, 1953; Bachman & Youmans, 1953) and
phosphate (Kattus et al. 1949; Pearce & Simmons, 1954).

There are few observations in the literature on acid-base changes after
alteration of posture. Bachman & Youmans (1953) and Pearce & Simons
(1954) found no change in ammonium excretion in the upright position, while
Goodyer & Seldin (1953) claimed a slight decrease; absence of effect on titratable
acid excretion, in spite of a consistent change in pH and bicarbonate excretion,
has been reported (Pearce & Simmons, 1954). Changes in urine bicarbonate
excretion and pH are evident in the data of White, Rosen, Fischer & Wood
(1926) and Bazett, Thurlow, Crowell & Stewart (1924); a fall in the ratio
Cl: (Na + K) with a rise in pH after lying down was noted by Mills & Stanbury
(1952), and this suggests a rise in bicarbonate excretion. The present consistent
effect of change of posture on urinary pH and on the outputs of bicarbonate
and ammonium was often only made evident by comparison with control
experiments in which the initial posture was maintained, and by prolonged
maintenance of the new posture.
The ionic pattern of urine samples after change of posture shows that, apart

from the changes in absolute output of sodium, there were also changes in the
magnitude of sodium excretion relative to the other ionic constituents. Thus
the decrease in absolute sodium output caused by standing was relatively
greater than the decrease in total determined anion output, so that sodium
covered a smaller proportion of the excreted anion. The increase in K:A on
standing, even where no appreciable alteration in absolute output of potassium
occurred, and the considerable increase in NH4: A, even though the absolute
increase in ammonium output was small, reflect the decrease in total anion
outputs.
Change of posture had a striking effect on the relative contribution of

bicarbonate to the acid-base balance of the urine; on standing, bicarbonate
covered a very small proportion of excreted base, while in recumbency the
proportion was much higher. Changes in Cl: B were less obvious, except where
considerable changes in HCO3:B occurred, when Cl: B altered in the opposite
direction.
The occurrence of little change in the percentage of excreted base covered

by inorganic phosphate, despite an unaltered molar phosphate output in the
presence of altered base output, seemed to be secondary to the alteration in
urinary pH. On standing, for example, the reduction in urinary pH led to a
lowered base-equivalence of the molar phosphate output which paralleled
the reduction in total base excretion, so that the percentage P: B showed little
change.
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The intrarenal mechanisms involved in the renal response to change of posture
Alterations in urinary excretion of water and electrolytes might be due to

change in filtered load, or in quantitative tubular reabsorption, or to a com-
bination of both. As a possible factor in any change of filtered load, change in
plasma sodium concentration can be excluded (Kattus et al. 1949; Epstein,
Goodyer, Lawrason & Relman, 1951; Pearce & Newman, 1954; Thomas,
1956), and there is no evidence of alteration in plasma potassium concentra-
tion (Thomas, 1956).
The presence of any alteration in G.F.R. after change of posture (White &

Rolf, 1948; Epstein et al. 1951; Goodyer & Seldin, 1953) is a complication in
any attempt to assess the possible participation of change in tubular function
in renal postural responses. Most suggestions ofan altered tubular reabsorption
of sodium have depended on the demonstration of marked alterations in
sodium excretion when changes in endogenous creatinine or inulin clearances
were small or absent (Viar et al. 1951; Epstein et al. 1951; Pearce &
Newman, 1954; Thomas, 1956) or of a larger percentage alteration in sodium
excretion than in G.F.R. (Chalmers & Squires, 1953). However, because sodium
and water excretion normally represents only a small percentage of the filtered
load, considerable changes in urinary excretion might result from small
changes in G.F.R. In the present experiments an attempt to minimize possible
changes in G.F.R. was made by allowing sufficient muscular movement while
the subjects were standing to avoid subjective syncopal sensations, and by
prolonging the observations, when any acute changes in G.F.R. might be ex-
pected to have become stabilized. Under these circumstances the alterations
in absolute outputs of ammonium and bicarbonate and the changes in urinary
pH and ionic pattern become more significant and indicate an alteration in
the magnitude of tubular hydrion secretion.
On current theory the renal production of titratable acid and ammonium

and part, at least, of the tubular reabsorption of bicarbonate are functionally
related by being manifestations of the distal tubular ion exchange of sodium
for hydrion (Gilman & Brazeau, 1953). The present demonstration ofalteration
in hydrion excretion (Fig. 4) provides strong evidence of the participation of
the Na+ HH+ exchange mechanism in the renal response to change of posture.
Standing appears to increase the magnitude of this exchange, with a decrease
in sodium excretion and an increase in hydrion excretion, as manifested by
increased ammonium and titratable acid excretion and a decrease in urinary
pH and in bicarbonate output. Lying down depresses the magnitude of this
exchange.
The contribution of this change in ion exchange to the total alteration in

sodium excretion was variable, but usually at least 50% of the change in
sodium excretion could be attributed to this mechanism. In many periods
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the alteration in sodium excretion could be entirely accounted for by change in
hydrion excretion. Some of the quantitative variation between experiments
is presumably related to the varying change in G.F.R. that may occur after
change of posture. In some experiments the percentage of the change in
sodium output attributable to the change in hydrion output progressively
increased, from the early periods when change in G.F.R. might be maximal
to the later periods when the altered posture had been maintained for some
hours.

Subiect T Subject C Subject B
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below,=0--0---ihc he eane tnig B --;C - --* ,*---*

0

9 10 1112 13 910 1112 13 9 1011 1213
Time (hr)

Fig. 5. Ratio of excreted Na to excreted K (Na:K): top, in expts. on subjects B, C and T in which
they remained recumbent (B, A-A; C, fl-Ei; T, 0-0) compared with expts. in which
they changed from lying to standing (B, A- -. A; C, N- - -- 0; T, *-. - @); and
below, in expts. in which they remained standing (B, A -- - A; C, U -. - l; T, *0 --- 0)
compared with expts. in which they changed from standing to lving (B, A - -A;
C, El- ---ro; T, O - -- O0)

There was little evidence in the present experiments to indicate any com-
petition between secreted H+ and K+ for available Na+ (Berliner, Kennedy &
Orloff, 1951), since any early changes in potassium outputs were usually small
and transient. In the two experiments where standing up was followed by
small increases in potassium excretion in the later periods, an increase in
Na+ = K+ exchange presumably occurred in the presence of increased
Na+= H+ exchange.
More suggestive evidence of an alteration in the magnitude of Na+ = K+ ex-

change, in the same direction as change in Na+ = H+ exchange, is provided by
consideration of the ratio of excreted sodium to potassium (Na: K). Fig. 5
illustrates experiments on all three subjects, and shows that standing up
compared with continued recumbency progressively decreased Na: K, and that
lying down compared with continued standing progressively increased Na: K,
though more slowly.
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Standing, therefore, seems to have caused a specific tubular retention of
sodium, in addition to any retention secondary to change in G.F.R. This tubular
retention of sodium seems to have been effected by increase in the magnitude
of Na+= H+ exchange, but an increased Na+ = K+ exchange may also have
been involved. If the need for sodium conservation during standing is en-
hanced, as during a sulphate diuresis, the presence of an increase in Na+ 7 K+,
as well as in Na+ = H+, exchange may become more obvious (Epstein,
Kleeman, Lamdin & Rubini, 1956).

Surtshin & White (1956) have emphasized alterations in proximal, rather
than distal, reabsorption of sodium in renal postural responses. This conclu-
sion depended on several assumptions, including that of complete suppression
of antidiuretic hormone (ADH) secretion under conditions of maximal water
diuresis in both the standing and recumbent positions. However, it is possible
that the reduced flows of urine in the standing position, even in maximally
hydrated subjects, may be partly related to ADH secretion (McCance, 1951;
Rosenbaum et al. 1953; Pearce & Newman, 1954).
The present experiments give no direct evidence as to the nature of the

stimulus which caused such variations in tubular ion-exchange processes,
but it appears unlikely that alterations in the acid-base balance of body fluids
account for the altered bicarbonate excretion. There is a tendency for alveolar
partial pressure of carbon dioxide (pCO2) to increase in recumbency (Higgins,
1914), while Main (1937) reported a small but significant rise of 0-03-0*06 in
blood pH on standing. The increased bicarbonate excretion after lying down
is therefore in the opposite direction to that expected from any direct effect
of plasma PCO2 on tubular reabsorption of bicarbonate (Brazeau & Gilman,
1953; Dorman, Sullivan & Pitts, 1954).
Change of posture is well known to be one of the circumstances leading to

an alteration in the dynamic distribution of extracellular fluid between the
intravascular and extravascular compartments (Asmussen, Christensen &
Nielsen, 1940), and such effects persist for many hours, as indicated by altera-
tions in blood composition (Widdowson & McCance, 1951). There is consider-
able evidence for the existence of some 'volume receptor' mechanism, re-
sponsive to changes either in the total volume, or some related function, of
the extracellular fluid (Wrong, 1957), and variations in aldosterone secretion
may be involved in this mechanism (Bartter, 1956). Although it is unlikely
that changes in aldosterone secretion could account for the immediate altera-
tions in sodium excretion after change of posture, it seems more probable
that such changes in hormone output could explain the prolonged alterations
found in the present experiments. In particular, the progressive effects on
(a) urinary pH and the outputs of sodium, bicarbonate, ammonium and
titratable acid, (b) ionic pattern, (c) the proportion of the change in sodium
output attributable to change in hydrion excretion, and (d) the Na:K ex-
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cretory ratio, all suggest a hormonal mechanism rather than effects secondary
to any change in G.F.R., which would be expected to be maximal immediately
after the change of posture. Such progressive alterations are compatible with
variations in adrenocorticoid secretion since adrenocorticoids appear to in-
fluence tubular transport of sodium (Roemmelt, Sartorius & Pitts, 1949),
potassium (Ingbar, Kass, Burnett, Relman, Burrows & Sisson, 1951), ammo-
nium and titratable acid (Sartorius, Calhoun & Pitts, 1953) and tubular
reabsorption of bicarbonate (Giebisch & Macleod, 1955).
Rosenbaum, Papper & Ashley (1955) concluded that postural changes in

sodium excretion, while dependent on the presence of adrenal hormone, were
independent of alteration in hormone activity. They assumed that the ad-
ministration of exogenous cortisone in their patients with Addison's disease
would completely suppress any endogenous activity, but there are reports that
cortisone administration does not suppress endogenous aldosterone secretion
(Liddle, Bartter, Duncan, Barber & Delea, 1955; Farrell, Banks & Koletsky,
1956).
The present results, therefore, seem consistent with the view that change of

posture may affect some extracellular fluid volume receptor mechanism
which, via an adrenal cortical hormone, presumably aldosterone, varies
sodium reabsorption in the renal tubules by influencing the magnitude of ion-
exchange processes, particularly Na+ I, H+ exchange.

SUMMARY

1. In morning experiments on three subjects, urinary pH and flow and the
outputs of sodium, potassium, chloride, ammonium, bicarbonate and phos-
phate were determined for several hours after change of posture from lying
to standing, and from standing to lying, and compared with control experi-
ments in which the initial posture was maintained.

2. Standing up was followed by prolonged reductions in urine flow and in
sodium and chloride outputs, and lying down by the opposite changes.

3. Changes in potassium and phosphate outputs were usually absent, or
small and transient, and diurnal rhythmic variations were hardly affected. In
two experiments small increases in potassium output occurred in the third
hour after standing up.

4. Standing up was consistently followed by a decrease in urine pH and
bicarbonate output and an increase in ammonium and titratable acid outputs;
lying down was followed by the opposite changes. These changes in urine
acid-base balance became more pronounced or prolonged maintenance of the
new posture.

5. After standing up the percentage of urinary anion (A) covered by
sodium (Na: A) decreased, while K:A and NH4: A increased; the percentage of
excreted cation (B) covered by bicarbonate (1CO3: B) decreased, and Cl:B
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showed small inconstant increases. The opposite changes occurred after lying
down.

6. Standing up was followed by an increased, and lying down by a de-
creased, hydrion excretion; the percentage of the change in sodium output
attributable to the opposite change in hydrion output was variable, but often
progressively rose on maintenance of the new posture.

7. It is concluded that part, at least, of the sodium retention caused by
standing and of the increased sodium excretion after lying down is attributable
to an altered tubular Na+ = H+ exchange.

8. These results are considered to be consistent with a view that change of
posture causes a specific alteration of tubular ion-exchange processes, possibly
by a hormonal mechanism.

I wish to thank Dr J. N. Mills for help and advice, Mr P. J. Conlan for technical assistance
and the subjects who volunteered for these experiments.
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