FACTORS INFLUENCING THE COURSE OF MERCURIAL DIU-
RESIS DURING PITRESSIN® INFUSION IN NORMAL
SUBJECTS .2

By JACOB GROSSMAN, RAYMOND E. WESTON, E. RAYMOND BORUN,? anp
LOUIS LEITER

(From the Medical Division, Montefiore Hospital, New York, N. Y.)

(Submitted for publication March 29, 1955; accepted July 11, 1955)

Studies on the mechanism and site of mercurial
action have led to conflicting conclusions, be-
cause of differences in experimental design. Thus,
since sodium excretion during heavy sodium load-
ing did not exceed about 20 per cent of that fil-
tered, Duggan and Pitts (1) deduced that the ac-
tion of mercurials is exerted upon the distal seg-
ment, although additional effects on the proximal
tubules could not be excluded. On the other hand,
Farah, Cobbey, and Mook (2) obtained sodium
excretions under mercurials approximating 35 to
40 per cent of that filtered, a significantly greater
fraction than that generally attributed to the distal
tubule.

In an earlier study (3), the hypertonic urine
resulting from continuous infusion of concentrated
sodium chloride solution was found to be diluted
almost to isotonicity during mercurial diuresis.
Since facultative water reabsorption, under con-
trol of the anti-diuretic hormone, occurs low in
the nephron and is probably unaffected by mer-
curials (4), it was suggested that this decrease in
concentration may reflect inhibition of more proxi-
mal isosmotic reabsorption. From the changes in
urine osmolarity, Brodsky and Graubarth (5),
who studied hydropenic animals, and Welt, Good-
yer, Darragh, Abele, and Meroney (6) who stud-
ied three men receiving Pitressin® infusions, drew
similar conclusions. More recently, Capps, Wig-
gins, Axelrod, and Pitts (7) and Dale and Sand-
erson (8) suggested that because Mersalyl in-

1 Presented in part at the Annual Meeting of the
American Physiological Society, New York City, April
16, 1952.

2 This work was supported in part by grants from the
National Heart Institute, U. S. Public Health Service,
Martha Hall Foundation, Montefiore Hospital, Eli Lilly
& Co., Wyeth, Inc.,, Campbell Pharmaceutical Co., G. D.
Searle & Co., and the New York Heart Association.

8 Present address: Department of Medicine, U.CL.A.,
School of Medicine, Los Angeles, California.

creased sodium and chloride excretion without
augmenting urine volume during maximal water
diuresis, mercury and post-pituitary ADH must
act on the same (distal) segment. Subsequently,
however, the latter investigators (9) indicated
uncertainty as to the renal site of mercurial diu-
retic effect. Studies on renal excretion of sub-
stances other than sodium and chloride have dem-
onstrated that mercurials inhibit certain proximal
(10, 11), but not other, presumably distal, tubu-
lar functions (3).

The present report is concerned with an exten-
sion of our earlier observations (3) on the dilu-
tion of hypertonic urines following administration
of mercurials during infusion of a concentrated
salt solution. Because the resulting increasing
electrolyte excretion complicates analysis of the
data, constant and virtually maximal distal reab-
sorption of water was maintained by the continu-
ous infusion of Pitressin® throughout the pro-
cedure.

MATERIAL AND METHODS

The eleven subjects, all of whom were free of clini-
cally evident cardiovascular and renal disease, were pre-
viously maintained on regular diets. Each study was be-
gun between 8 and 9 A M., with the patient in the post-
absorptive state. Hydration was maintained by means
of a measured oral water intake and an intravenous in-
fusion of physiological saline or lactated Ringer’s solu-
tion given at 3 to 4 ml per minute by means of a con-
stant infusion pump. Following several control collec-
tion periods, Pitressin® (1 to 3 mu. per Kg.) was
injected intravenously, and a quantity calculated to pro-
vide an equivalent dose each 60 or 90 minutes was added
to the infusion mixture# Fairly constant anti-diuresis
was thereby achieved although, at times, slowly increas-
ing concentration of urine occurred.

When constant minimal urine flow was achieved, 2
ml. (80 mg. Hg) of mercaptomerin, a xanthine-free
mercurial diuretic, were injected intravenously, and fre-

4 One patient, L. G., received 6 mu. per Kg. with conse-
quent excessive Pitressin® effect.
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Minutes 0 L4 8 120

Fic. 1.

%0 00 20 260
ComparisoN OF A CoNTroL (PrtrRessiN® AroNeE) AND Ex-

PERIMENTAL (PITRESSIN® PLus MERCURIAL) PROCEDURE IN THE SAME

Susjecr (M. S.)

The urine flow and sodium excretion during the control study are de-

picted in the upper third of the graph (broken line).

In the middle third,

the control serum and urinary sodium concentrations (broken lines) are
plotted together with those of the experimental study (solid lines). Note
the decline in urinary sodium concentration toward isotonicity associated
with the increasing urine volume and sodium excretion (solid lines below)

during mercurial diuresis.

quent urine collections were continued until the result-
ing diuresis had ebbed significantly.

Blood was removed periodically from an indwelling
arterial needle. Urine specimens were collected by
washing the bladder with 10 or 15 ml. of sterile distilled
water and 100 to 200 ml. of air through an indwelling,
multi-holed, rubber catheter. When osmolarity was
measured, air alone was used for emptying the bladder.

The determinations of inulin, para-aminohippurate, so-
dium, chloride, and potassium, in plasma and urine, were
performed by the standard methods employed in this
laboratory (3). Total solute concentration was meas-
ured in some patients with a thermistor-osmometer.5

RESULTS AND DISCUSSION

The results are summarized in Table I and
Figures 1-7. In those patients studied prior to
the availability of the osmometer, the urinary
electrolyte osmolarity was calculated as: 2([Na]
+ [K]), ignoring the contribution of urea and
other substances of low molecular weight.

8 Manufactured by Fiske Associates, Inc., Boston, Mass.

Effects of Pitressin® infusion on electrolyte and
water excretion

Administration of Pitressin® produced a rapid
fall in urine flow and a corresponding rise in uri-
nary solute concentrations. In two control stud-
ies (Figure 1) in which the Pitressin® infusion
was continued for several hours and the mercurial
withheld, the urine flow and concentration of
sodium and chloride remained constant, inde-
pendent of the usual diurnal variation.

In all but one subject (T. S.), Pitressin® pro-
duced an initial decrease in electrolyte output.
This fall is probably factitious in that the de-
creased urine flow results in a greater relative
quantity of solute in the anatomical “dead space.”
This explanation is supported by the fact that
renal hemodynamics similarly fell, and together
with urinary electrolyte excretion, invariably rose
again during the very next period. Following
this transient fall, the urinary sodium and chloride
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F16. 2. REspoNSE oF SuBJEcT P. F. T0 ADMINISTRATION OF MERCURIAL DIURETIC DURING
PITRESSIN® ADMINISTRATION
Note that with maximal diuresis, the urinary sodium and total solute concentrations most
closely approach isotonicity. Renal hemodynamics do not change significantly during the

procedure.

excretion usually rose, reaching or slightly exceed-
ing the control levels. Whereas initial chloride
concentration generally exceeded that of sodium,
following Pitressin® administration, the sodium
concentration tended to equal or slightly exceed
that of chloride in three patients (J. L., R. C,,
T. S.), none of whom received excessive sodium
as PAH. The natriuretic action of Pitressin®,
postulated by some (12) may explain this in-
creased urinary Na/Cl ratio. The fall in urinary
excretion of potassium, despite apparently in-
significant changes in its serum level may reflect,
in part, the post-absorptive state.

Throughout the procedure, serum electrolyte
concentration usually fell slightly, probably sec-
ondary to dilution, and tended to rise again dur-
ing diuresis.

Effect of mercurial diuresis on urinary electro-
lytes during Pitressin® infusion

On the doses of Pitressin® and mercurial ad-
ministered, a clear-cut diuretic response to the

mercurial was obtained in each case. Following
the usual latent period, urine flow increased to
maximal values of 4.2 to 18.5 ml. per min., and
gradually subsided.® This increase in urine flow
and salt excretion was invariably accompanied by
a fall in urinary sodium and chloride concentra-
tions which, following maximal diuresis, rose to-
ward the previous, more hypertonic levels. The
potassium excretion continued to fall in these
normal individuals in striking contrast to the in-
crease in potassium excretion following mercur-
ials observed in cardiac patients or other subjects
exhibiting increased sodium conservation.
Examination of Table I and Figures 1 and 2 re-
veals that the lowest urinary concentration of so-
dium and chloride attained during diuresis al-
ways exceeded the patient’s plasma sodium level.
Moreover, the greater the increase in urine flow,
the more closely did the urinary sodium concentra-
tion approach isotonicity (Figure 3). These data

6 The procedures had to be discontinued before return
to the original control levels was reached.
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F16. 3. RELATIONSHIP BETWEEN THE URINE-PLASMA
CoNCENTRATION DIFFERENCE (URINE [Na]sg — PLASMA
[Na]) Anp TuBuLAR WATER REJECTATE AT MAXIMAL
Diurests (Vag— Veie) IN ALL SUBJECTS

It is apparent that the greater the diuresis, especially
beyond 4 to 6 ml. per min., the more closely does the
urinary sodium concentration approach isotonicity. This
strongly suggests that the hypertonic urine excreted under
Pitressin® alone is diluted by an approximately isotonic
fluid.

support the hypothesis that the very small volume
of highly concentrated urine resulting from Pitres-
sin® administration is diluted by an increasingly
larger volume of isotonic fluid, rejected by the
tubule due to the mercurial’s action. In such case,
no matter how great the diuresis, the final con-
centration must, however slightly, exceed iso-
tonicity.

The data in Columns 14, 16, and 18 reveal that,
following administration of the mercurial, the cal-
culated tubular rejectate concentrations? of so-

7The tubular rejectate concentrations are calculated
as follows: If the constant flow under Pitressin® alone
is subtracted from the total urine flow during mercurial
diuresis, the difference represents the additional water
passing down, and unresorbed by, the distal tubules, work-
ing almost maximally. This quantity has been desig-
nated the tubular water rejectate (Table I, Column 12,
Figures 3 and 4). Similarly, if the sodium excreted
under Pitressin® alone, just prior to the administration
of the mercurial, is subtracted from that during mercur-
ial diuresis, the difference represents the additional so-
dium now reaching, and unresorbed by, the distal seg-
ment (i.e., the tubular sodium rejectate, Table I, Column
13). By dividing this tubular sodium rejectate by the
tubular water rejectate, the concentration of sodium in
the additional urine resulting from the mercurial’s effect
may be calculated (Table I, Column 14). Similarly, the
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Fics. 4a AND 4b. RELATIONSHIP BETWEEN THE URINE-
PrasMa Soprum CoNCENTRATION DIFFERENCE (URINE
[Na]lag — PLasMA [Na]) ANp THE TuUBULAR WATER
REJECTATE (Vmg— Veie) DURING THE COURSE oF Dru-
RESIS IN INDIVIDUAL SUBJECTS

During the phase of increasing urine flow, urinary so-
dium concentration falls toward that of plasma.

During falling urine flow, each curve returns at a
somewhat higher level, indicating a greater concentra-
tion of electrolyte at any given flow. Moreover, the
smaller the diuresis, the greater is this deviation. These
curves suggest that additional resorption of a relatively
constant volume of water occurs during waning flows.
The arrows indicate course of diuresis. The broken line
portions of the curves for subjects F. G. and M. S. were
obtained following discontinuance of Pitressin®.

concentrations of total solute (osmolarity) or chloride in
the tubular fluid rejected under the influence of the mer-
curial may be determined (Table I, Columns 16 and
18).
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It is apparent that subtraction from the total
urine excretion of a “Pitressin®” figure of slightly
smaller volume and higher sodium concentration,
due to Pitressin® accumulation, would result in a
rejectate sodium concentration which is lower and,
therefore, closer to isotonicity. However, cor-
recting for such accumulation of Pitressin® in
the two subjects who were given the same dose
of Pitressin® without a mercurial in a second con-
trol study failed to eliminate this hypertonicity of
the tubular rejectate. Moreover, continued Pi-
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F1es. 52 AND 5b. RELATIONSHIP BETWEEN URINE
TotAL SoLUTE CONCENTRATION AND URINE FLOW DURING
THE COURSE OF Dr1uresis 1N INDIVIDUAL SUBJECTS

The deviations in the curves during waning diuresis are
similar to those observed in Figures 4a and 4b. Total
solute concentrations were calculated as 2([Na] + [K])
in most subjects and measured in two (P. F., P. G.).

dium, chloride, and total solutes are not isotonic,
but approach a limiting value somewhat above
the plasma level. One explanation for this might
lie in the fact that a steady state of anti-diuresis
may not have been achieved prior to the adminis-
tration of the mercurial. Thus, in two subjects
(R. F,, T. S.), the urine flow was still falling
slightly at the time the mercurial was given.
Moreover, in the two control studies, the urine
solute concentrations continued to rise slowly as
the Pitressin® infusions were maintained.
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Fi1Gs. 6a AND 6b. RELATIONSHIP BETWEEN URINE
TotAL SoLuTE EXcRETION AND URINE FLOW DURING THE
Courst oF Druresis 1N INDIVIDUAL SUBJECTS

The linear relationship and the general similarity of
slope are consistent with the postulated dilution of the
originally hypertonic urine by an approximately isotonic
fluid. Note the smaller urine flow per mOs. excreted
during waning diuresis.
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F16. 7. CHANGES IN NEGATIVE FREE WATER CLEARANCE DURING THE COURSE OF DIURESIS

In the lower portion, the negative free water clearance is plotted against urine flow. With
the onset of diuresis, there is an increase in tubular water resorption, which remains fairly
constant until maximal flow. Subsequently, a further increase in water resorption occurs.

The upper portion demonstrates that as the volume of fluid passing down the tubule (urine
flow (V) + T°mpo) increases during diuresis, the fraction of water resorbed T°mo/ (T m0+ V)
anisosmotically falls. As diuresis subsides, this reabsorbed fraction at any given urine flow is

increased.

tressin® accumulation would lead to rising re-
jectate sodium concentrations during increasing
diuresis. Actually the converse occurs, the tubu-
lar rejectate sodium concentration being maximal
at the onset of diuresis, and falling as the urine
flow increases.

Other factors may contribute to the hyper-
tonicity of the tubular rejectate with regard to
sodium. These include the fall in potassium ex-
cretion during most experiments and the isosmotic
reabsorption of other constituents of the glomeru-
lar filtrate, such as glucose. It is of interest that
during osmotic (urea or mannitol) diuresis, com-
plete reabsorption of glucose (13) contributes 5
mM per L. to the isosmotic resorbate concentra-
tion.® However, a real increase in rejectate ton-

8 During forced osmotic diuresis, relatively small
amounts of the diuretic agent are reabsorbed. Therefore,
the sodium concentration of the isosmotic reabsorbate is
greater, and that of the rejectate less, than that of the

icity is indicated by the fact that this increase was
observed not only when total solute concentrations
were calculated, but also when measured directly
by osmometry.

The persistence of a slightly hypertonic tubular
rejectate suggests that during mercurial diuresis
a small additional volume of water is resorbed
from an isotonic tubular fluid, presumably distal
to the site of mercurial action. At the onset of
diuresis, when the volume of fluid passing down
from the proximal segment has increased only
slightly, this will result in a significant increase in
the calculated rejectate sodium concentration.
However, as the tubular flow increases, the distal

glomerular filtrate.  Conversely, mercurial diuretics
which exert a primary effect on sodium reabsorption,
would, assuming the resorbate to be isosmotic, produce a
tubular rejectate hypertonic with respect to sodium, the
degree of hypertonicity reflecting the contribution of
other substances to the isotonicity of the resorbate.
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F16. 8. RELATIONSHIP BETWEEN TUBULAR REJECTATE
SoptuM CONCENTRATION AND TUBULAR REJECTATE
VoLUME

This hypothetical diuresis curve is based upon the fol-
lowing assumptions: At the onset (Pitressin® alone),
the urine flow is 1.0 ml. per min., and urinary sodium
concentration is 288 mEq. per L. During increasing diu-
resis, a constant increment of 0.3 ml. per min. of water
without solute is absorbed; following maximal flow, an
additional 0.5 ml. per min. of water is reabsorbed. It is
apparent that at smaller urine flows, additional reabsorp-

-tion of a given amount of water without solute will
produce a considerably greater increase in tubular re-
jectate sodium concentration than at higher flows.

tubular capacity to reabsorb water at this Pitres-
sin® dose is soon exceeded, and the small incre-
ment of water resorption assumes progressively
less importance. Subsequently, the additional re-
jectate remains isotonic and continues to dilute
the concentration of both the urine (Figure 5) and
the tubular rejectate (Figure 8).

This explanation is compatible with the findings
of an initially high tubular rejectate sodium or
solute concentration which asymptotically ap-
proaches isotonic levels, as urine flow increases,
and rises again, as urine flow falls. The theo-
retical additional distal water resorption required
to produce the observed rejectate sodium concen-
trations is very small in comparison with the total
distal water resorption of 15 to 20 ml. per min.
probably occurring under the conditions of our
experiments (Figure 8). It appears, then, that
the distal tubules, already absorbing water at a
near-maximal rate can reabsorb some additional
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water when presented with a larger flow from the
proximal segment. Once the capacity to reabsorb
water is exceeded, however, the urine volume
increases and the solute concentration of both re-
jectate and urine falls toward that of plasma.
The fact that this additional moiety of water re-
sorption remains small and fairly constant despite
a falling urine concentration suggests that under
these experimental conditions, the elaboration of
a more concentrated urine is prevented by the in-
ability of the distal tubules to resorb water beyond
a given rate. Thus, the capacity for distal water
resorption is evidently limited by either of two fac-
tors: 1) The maximal concentration gradient
which the tubule can establish by doing osmotic
work; and 2) the maximal rate at which the tu-
bule can transport water, per se. Normally, the
osmotic ceiling is the chief determinant of distal
water reabsorption, but under special conditions
like osmotic (13) or mercurial diuresis, the maxi-
mal water resorptive capacity may be exceeded
long before the predicted concentration gradient
for a given level of anti-diuretic activity is reached.
If this additional distal water absorption were
due to Pitressin® accumulation, the (negative)
free water clearance ® would rise throughout the
procedure, However, examination of Figure 7
reveals that the negative free water clearance re-

9 The free water clearance (T®m0) as defined by Wes-
son and Anslow (14), is that amount of water which
must be added to or removed from urine to render it isos-
motic with the plasma. TchO = [1 - (Uolm/Poun) ]V,
where Uosm and Posm are the osmolarities of the urine
and plasma, respectively, and V is the urine flow. T°mo
is negative when the urine is hyper-osmotic, and positive
when hypo-osmotic. It should be noted that the Pitres-
sin®-induced formation of a hypertonic urine from an iso-
tonic filtrate is not necessarily equated with the entire
distal tubule, either in an anatomical or in the usual
physiological sense. These investigators subdivided dis-
tal tubular reabsorption of water into at least two com-
ponents: 1) Facultative, which is associated with active
distal sodium reabsorption (T%m0), leaving the urine
isotonic; and 2) hyper-osmotic, which concentrates the
urine lower in the distal tubules or in the collecting ducts
(T°mo0). Of these, only the latter represents the free
water clearance. Ladd (15) and Zak, Brun, and Smith
(16) have demonstrated that mercurials do not affect
the T°mo. Whatever water diuresis occurs following a
mercurial must therefore be due to the osmotic effect
of the increased solutes claiming excretion or to a direct
effect upon water reabsorption proximal to the segment
where concentration occurs.
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mains fairly constant prior to the mercurial and
rises only as diuresis begins. In accord with the
above hypothesis, once the distal tubular capacity
for reabsorbing water at this level of anti-diuretic
activity is exceeded, the negative free water clear-
ance remains at this new value throughout the
period of rising urine flow.

Following maximal diuresis, the negative free
water clearance increases again. The significance
of this second rise becomes apparent from exami-
nation of Figures 4 to 6, which reveals that dur-
ing falling urine flows, the curves invariably fail
to trace the path followed during the diuretic
phase. If mercurial diuresis represents a rela-
tively simple process which rises to maximal in-
tensity and subsides as the pharmacologic effect is
dissipated, then the curves would be expected to
rise and fall symmetrically; that is, along the
same path. Instead, in each instance, during the
falling phase, the urine, at any given flow, is more
concentrated than during increasing diuresis.

When the rise and fall in urine flow during
diuresis are plotted against sodium or total solute
excretion (Figure 6), in some patients an almost
linear relationship appears to exist. However,
the return to low urinary flows during the falling
phase occurs at a slightly higher rate of sodium or
total solute excretion per volume of urine. It
would appear that following maximal diuresis,
the kidney reabsorbs more water than previously,
for less water is excreted per mOsm. of solute as
diuresis subsides.

Since it is unlikely that the mercurial directly
caused this increased tubular water reabsorption,
and since significant Pitressin® accumulation did
not occur during these studies, the possibility that
mercurial diuresis may have evoked other mecha-
nisms affecting water excretion must be consid-
ered. Previous studies from this laboratory (17)
have shown that a large fraction of intravenously
administered mercury appears in the urine before
diuresis has begun. More significantly, as much
as 14 to 14 of the injected mercury is excreted af-
ter diuresis has subsided. Therefore, although
little is known of the relationship between the
chemical form and diuretic activity of mercury, the
fall in urine flow cannot be ascribed simply to the
absence of mercury as such. Rather, it may reflect
secondary activation of compensatory mechanisms
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which combat the mercurial effect by increasing
tubular reabsorption of salt and water.

The relationship of solute excretion to urine
flow under the influence of a mercurial has been
studied by Brodsky and Graubarth (5) in hydro-
penic dogs, presumably under conditions of con-
tinued release of ADH. From the linear relation-
ship between osmotic load (excretion) and urine
flow, they concluded that mercurial diuresis is es-

" sentially an osmotic diuresis, the amount of distal

water resorption being determined by the num-
ber rather than the chemical nature of the particles
claiming excretion. While the present data sup-
port this concept, the altered level of the waning
phase of diuresis suggests that other factors or
mechanisms may modify this relationship. Thus,
the amount of distal water reabsorption, and
therefore of osmotic work performed, is a func-
tion not only of the number of particles involved,
as suggested by Rapoport, Brodsky, West, and
Mackler (18), but of the degree of anti-diuretic
activity at the time. Only during maximal anti-
diuresis does the simpler relationship apply.
That the increased sodium and calculated total
solute concentrations during the falling urine flows

. do not merely reflect decreased concentration of

other solute particles, for example, urea, is es-
tablished by the finding of similar changes in
measured urinary osmolarity. Further evidence
that increased reabsorption of water occurred fol-
lowing maximal mercurial action is provided by
the calculated free water clearances (T°m,0) (Fig-
ure 7). Because the concentration of urine tends
to approximate that of plasma during mercurial
diuresis, mercurials produce no marked effects
on the free water clearance, after the initial in-
crease discussed above. However, as diuresis
subsides, the (negative) free water clearance at
any given urine flow is higher than during the
periods of increasing flow (Figure 7), indicating
that, following maximal diuresis, more water in
excess of solute is being reabsorbed. Similarly,
the ratio of free water clearance (T°m,0) to the
total fluid leaving the proximal or isosmotic seg-
ment (urine volume + T°g,0), or the fraction of
water of the isotonic mixture absorbed distally,
falls, as expected, during increasing diuresis, and
returns at a higher level as flow subsides. Thus,
a greater fraction of water per unit urine flow
down the distal tubules is removed from the iso-
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tonic mixture during the waning phase of diure-
sis. Because the rise in T°g,o is stepwise rather
than continuous, these data do not simply reflect
accumulation of Pitressin® during the procedure,
but suggest instead that some other, presumably
endogenous, mechanism is activated.

Of interest is the finding of a tubular rejectate
chloride concentration approximating that of so-
dium. While it has been contended, on the basis
of the potentiating action of chloruretic agents,
that mercurials act primarily to inhibit chloride
resorption (19), our data neither support nor re-
fute this hypothesis. The tubular rejectate chlo-
ride concentration of about 140 mEq. per L., con-
firming the results of the micropuncture experi-
ments of Walker, Bott, Oliver, and MacDowell
(20), reflects rather the combined influences of the
Donnan effect, as a result of which the glomerular
filtrate chloride concentration may reach 112 to
115 mEq. per L., and the virtually complete, iso-
tonic reabsorption of bicarbonate, phosphate, and
glucose (13, 14). The high chloride concentration
in the tubular rejectate and urine is simply the re-
sult of the normal plasma ion partition, and does
not help localize the site of mercurial action.

The decreased urinary potassium excretion dur-
ing mercurial diuresis in these normal subjects
is in direct contrast to the increased potassium ex-
cretion observed in individuals in whom sodium
conserving mechanisms have been activated by low
sodium intake, specific cardiac, hepatic, or renal
diseases, adrenal cortical steroid administration,
or ammonium chloride acidosis. Potassium ex-
cretion involves filtration at the glomerulus, proxi-
mal reabsorption, and distal secretion of this ca-
tion. A purely proximal tubular inhibition by
mercurials should result in increased potassium
excretion in both normal and cardiac subjects.
An effect limited to the distal segment, if it in-
hibited potassium secretion, would account for
the decreased excretion encountered in normal
subjects, but not for the increased excretion of
potassium in cardiacs and other sodium retainers.

The explanation for this particular effect of the
mercurial may depend upon the balance of factors
adjusting potassium excretion at a given time to
the body’s previous conditioning. Thus, in normal,
post-absorptive subjects, any potassium escaping
reabsorption more proximally ordinarily would be
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largely reabsorbed lower in the tubule. In sub-
jects exhibiting marked sodium conservation, the
increased sodium delivered to the distal tubule as
a result of mercurial inhibition of proximal reab-
sorption, is exchanged for potassium, ammonia,
and hydrogen ion, by distal tubular base-conserv-
ing mechanisms, which are unaffected by thera-
peutic doses of mercurial (3). This leads to both
an increased excretion of potassium and the rela-
tively greater excretion of chloride than sodium
(21, 22).

On the basis of available evidence, certain ten-
tative conclusions as to the site and mode of ac-
tion of mercurial diuretics in man may be drawn.
The failure of mercurials to increase urine flow
during maximal water diuresis suggests a pri-
mary effect on the distal tubule salt reabsorption
(7, 8). However, the following observations
strongly suggest a predominant diuretic effect on
the proximal segments: 1) Minimal toxic doses
of mercury produce histologic damage and histo-
chemical evidence of enzyme inhibition only in
cells of proximal tubules; 2) mercurials depress
renal transport of substances other than sodium
and chloride, presumably handled by the proxi-
mal segments (10, 11) but not those secreted by
the distal tubule (3); and 3) the changes in hy-
drogen ion and potassium excretion following
mercurials in man (3, 21). The present data
and analogous studies from other laboratories sup-
port such an interpretation.

The degree and duration of mercurial diuresis
ultimately depend upon the balance between fac-
tors increasing or decreasing water and electrolyte
reabsorption by the tubules. The present data
suggest that, with the reduction in extracellular
fluid volume resulting from diuresis, mechanisms
normally preserving body fluid volume are acti-
vated, leading to increased reabsorption of elec-
trolyte and water. In addition to explaining the
described alterations in rejectate solute concen-
tration, this hypothesis is consistent with other
facts regarding mercurial diuresis. For example,
despite their normal renal hemodynamics, normal
serum electrolytes, and high urinary sodium and
chloride excretion rates, normal subjects on regu-
lar diets exhibit a shorter, and smaller, diuretic
response to mercurials than do edematous pa-
tients on low sodium diets, who are actively re-
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taining sodium. The normal subject achieves a
peak diuretic response greater than that of the
cardiac, but, with the consequent decrease in ex-
tracellular fluid and plasma volume (23), sooner
invokes secondary mechanisms for maintaining
body fluid volume and the circulation. Further
studies on these mechanisms which result in in-
creased tubular reabsorption of sodium and water
are now in progress.

SUMMARY AND CONCLUSIONS

1. Mercurial administration, in hydrated pa-
tients receiving 1 to 3 mu. per Kg. per hr. of Pi-
tressin® intravenously and excreting a hypertonic
urine of low volume (0.6 to 1.0 ml. per min.),
results in a diuresis of urine slightly exceeding
isotonicity. This implies that the effect of the
mercurial is to add a relatively large volume of
isotonic urine to the previously small, hypertonic
flow. Support for this explanation is found in
the fact that the greater the diuresis the more
closely is plasma tonicity approached.

2. The fact that mercurial diuresis is isotonic
implies that the principal site of action is proxi-
mal to the segment of the nephron at which ani-
sosmotic or free water resorption occurs.

3. The calculated concentration of sodium in
the fluid unresorbed (rejected) by the tubules as
a result of mercurial action is hypertonic to that
of plasma. The probable reasons for this phe-
nomenon have been discussed.

4. The relationship between urinary total solute
concentration, or excretion, and urine flow during
the rising and subsiding phases of mercurial diu-
resis strongly suggests that an altered bodily or
renal response results in somewhat greater reab-
sorption of water per unit load of solutes ex-
creted after maximal diuresis has been attained.
Calculation of the free water clearance corrobo-
rates this finding.

5. It is suggested that the subsidence of mer-
curial diuresis represents not simply the dissipa-
tion of a drug effect, but, in part, reflects the acti-
vation of compensatory counter-mechanisms pro-
moting fluid retention.
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