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Govaerts (1) and Bartram (2) established that
the diuretic action of organic mercury compounds
is renal rather than extrarenal. The use of clear-
ance techniques has further shown that the glo-
merular filtration rate does not increase in man
during a mercurial diuresis (3, 4). The increased
rate of water excretion must, therefore, be due
to diminished tubular reabsorption.

Attempts to carry the analysis still further have
led to divergent views. Duggan and Pitts (5)
conclude that the site of action is in the distal seg-
ment of the tubule, whereas Mudge, Foulks, and
Gilman (6) and Weston, Grossman, and Leiter
(7) believe it is in the proximal segment. In this
paper we present data which we consider to sup-
port the former view.

METHODS

The subjects were normal male medical students or
doctors. Except where it is stated to the contrary, the
subjects came to the laboratory in the morning, having
taken nothing by mouth since the previous evening. The
experiments were begun as near 9:30 a.m. as possible.
Urine was collected at 30-minute intervals by voluntary
micturition, without a catheter; the collection periods
were usually reduced to 15 minutes at the peak of the
diuresis.

The mercurial diuretic used was Mersalyl, obtained as
a solid from British Drug Houses Ltd.; unless otherwise
stated, the dose was 0.2 Gm., which was dissolved in 20
ml. sterile distilled water and injected intravenously as
soon as possible after solution. The injection was given
slowly over a period of 10 minutes to avoid possible toxic
effects on the heart resulting from a momentarily exces-
sive blood level of the drug. No theophylline was given
with these injections.

During the experiments the subjects sat in a chair or
reclined on a couch; their activity was restricted to that
necessary for passing urine. They took nothing by mouth,
except as stated in the text. Smoking was prohibited.
The chemical methods used were as follows: Sodium:
direct reading flame photometer; Chloride: electrometric
titration (8); Inulin: Harrison (9).

1 Ernest Hart Memorial Scholar.

RESULTS

The effect of Mersalyl in subjects on a normal diet

Figure 1 illustrates a typical experiment. After
three preliminary thirty-minute periods, 0.2 Gm.
Mersalyl was injected intravenously, and it can
be seen that the urine sodium and chloride con-
centrations, initially at a level of some 300 mEq.
per liter, fell sharply to about 150 mEq. per liter
at the height of the diuresis. Table I shows the
results of 12 such experiments. In nine of these,
the effect of Mersalyl was to cause a fall in the
urinary concentration of both sodium and chloride
at the peak of diuresis, producing a pattern of
excretion similar to that shown in Figure 1. In
the remaining three experiments (R. E. W.,
J. E. G., and E. R. D.) Mersalyl produced the op-
posite effect. The diureses in the experiments on
R. E. W. and J. E. G. were irregular and unsatis-
factory, reaching peak rates of only 3.7 and 5.0
ml. per min., respectively, and it seems possible
that some interfering factor was masking the usual
response. E. R. D. had a satisfactory diuresis,
but his initial urine sodium concentration was well
below his plasma sodium level.

In the four experiments marked with an asterisk
in Table I, the subjects drank 0.9 per cent sodium
chloride solution throughout the experiment at
a rate of 200 ml. per hr. The object of this was
to increase the subject's reserves of sodium and
chloride, in the hope that a more profuse diuresis
would result when Mersalyl was given. Control
experiments without Mersalyl had previously
shown that drinking saline in this way caused no
significant increase in urine flow even if continued
for seven hours. No increase in diuresis follow-
ing Mersalyl occurred, and in fact in two experi-
ments the diuresis was unsatisfactory; in the
other two, however, good diuresis with the typical
concentration changes were observed. It seemed
simplest, therefore, to group all four experiments
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FIG. 1. THE EFFECTOF MERSALYLON THE URINARY CONCENTRATIONOF SODIUM AND
CHLORIDE IN A SUBJECT TAKING A NoR1AL DIr

The plasma levels of sodium and chloride are indicated by open dotted circles and
closed circles, respectively.

with the rest in Table I, since the results seemed to
show no obvious distinguishing features.

The effect of Mersalyl in subjects on a diet poor
in salt

The marked depression of urine sodium and
chloride concentrations shown in the experiments
of Table I prompted us to enquire whether a simi-
lar effect would be seen if the initial urine concen-
trations were low rather than high. Accordingly,
some normal subjects were given a diet supplying
some 0.5 Gm. of sodium and 1 Gm. of chloride
daily for two to three days, and then the effect of
Mersalyl was observed as before. Figure 2 il-
lustrates a typical result of this procedure. It will
be seen that the injection of Mersalyl was followed
by a rise rather than a fall in the urinary concen-
trations of sodium and chloride.

The results of seven such experiments are set
out in Table II. In every case the injection of
Mersalyl caused a substantial rise in the concen-
trations of sodium and chloride in the urine.

Satisfactory diuresis was obtained in every case
except one (E. R. D.), and even in this instance
well marked concentration changes were seen.

It is clear, therefore, from Figures 1 and 2 and
from the data contained in Tables I and II, that
the effect of Mersalyl is to raise the urinary con-
centrations of sodium atd chloride if they are low
initially, and to lower them if they are high. In
Figures 1 and 2 the plasma sodium and chlonide
levels are also indicated, by open dotted circles
and closed circles, respectively. In the case of so-
dium the urinary concentrations at the peak of
diuresis approached closely to the plasma levels in
both experiments, whereas with chloride the con-
centrations tended, not towards the plasma level,
but towards a figure some 50 per cent higher.
Similar changes are found in all but three of the
19 experiments recorded in Tables I and II. This
aspect of the results has been summarized in Fig-
ure 3, which indicates the changes in

urine concentration
plasma concentration
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TABLE I

The eject of Mersalyl on urinary sodium and chloride concentrations in subjects taking a normal diet *

Urine sodium Urine chloride
concentration concentration

(mEO./L) Plsma (mEq./L.) Plasma Urine flow
sodium chloride at peak

Subject Initial Peak (mEq./L.) Initial Peak (mEq./L.) (ml./mim.)
R. A. D. 282.5 195 152 332 193 102 8.7
R. E. W. 180 205 143.5 189 212 98 3.7
I. C. S. N. 229 163 143.5 243 160 1OO.5 9.9
R. B. P. 277 138 140 315 153 100 14.0
M. B.T. 190 134 146 177 134 103.5 6.8
P. S. 193 160 146 219 168 101.5 6.9
P. A. B. 166 144 143 247 150 98 12.1
E. R. D. 114 147 144 152 160 101 9.5
B. Ct 172.5 159 144 218 157 100.5 12.9

S. B.t 114 90 141 142 96 104 4.9
. C. W.t 187 177.5 142.5 234 184 101 8.6

J. E. G.t 159 171 142.5 245 196 101 5.0

* The figures in the columns headed 'initial' are the means of the concentration of sodium or chloride in the periods
(not less than 3 in number) before the injection of Mersalyl.

The figures in the columns headed 'peak' are the concentrations of sodium or chloride in the specimen showing the
maximum rate of water excretion in each experiment.

t Subject drank 0.9 per cent sodium chloride solution, 200 ml. per hr., throughout the experiment.

(U/P ratio) for sodium and chloride. The mean
of all the sodium ratios at the peak of diuresis was
0.98, with a standard deviation of 0.25; the cor-
responding figure for chloride was 1.50, with a
standard deviation of 0.35.

The effect of Mersalyl on a maximum water
diuresis

These results shed some light on the action of
Mersalyl on the kidney as a whole, but, as pointed

out in the discussion, they do not allow a final
decision to be taken between a proximal or distal
tubular site of action. It seemed that further evi-
dence on this point might be obtained in the follow-
ing way.

Current theory (based, admittedly, on indirect
evidence) supposes that the fraction of water reab-
sorption which is under the control of the anti-
diuretic hormone of the posterior pituitary is car-
ried out in the distal tubule. This water reabsorp-

FIG. 2. THE EFmcTr OF MERSALYLONURINARY SODIUMAND CHLOID IN A
SUBJEcr TAKING A DmTPoOm IN SALT

Plasma sodium and chloride indicated as in Figure 1.
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TABLE II

Effect of Mffsalyl on urinary sodium and chloride concentration in subjects taking a diet poor in salt *

Urine sodium Urine chloride
concentration concentration

(mEQ./L-) Plasma (mEq-/L.) Plasma Urine flow
sodium chloride at peak

Subject Initial Peak (mEq./L.) Initial Peak (mEq./L.) (uIs./mi.)

T. C. W. 31 110 143 73 122 99.7 7.9
E. R. D. 8 134 140 41 156 100.5 3.5
I. C. S. N. 37 135 139 79 149 97 8.3
P.A. B. 12 125 144 42 136 101 9.9
B. C. 25 122 144 61 140 97 5.8
M. H. 15 126 143 31 132 94 6.2
W. R. C. 11 46 142 12 56 96.5 16.8

* The subjects took a diet supplying about 0.5 Gm. sodium and 1 Gm. chloride per day for three days prior to the
experiments, except in the cases of E. R. D. and I. C. S. N., where the period was two days.

tion can be suppressed by inducing a maximum
water diuresis. If Mersalyl inhibits water reab-
sorption in the distal tubule, then it should be in-
capable of producing any augmentation of a maxi-
mumwater diuresis. If, on the other hand, it in-
hibits proximal water reabsorption, it should cause
a conspicuous increase in urine flow even at the
height of water diuresis.

Urine flows of the order of 15 to 18 ml. per min-
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FIG. 3. CHANGESIN U/P RATIO FOR SODIUMANDCHLO-
REIN THE EXPERUMENTSOF TABLES I ANDII

Each oblique line represents a single experiment: the
point at its left-hand end indicates the U/P ratio before
Mersalyl was given, and that at the right-hand end the
ratio at the pak of diuresis.

ute can be produced without difficulty in most sub-
jects provided enough water is drunk sufficiently
rapidly; but these rates are seldom exceeded, and
cannot be maintained for more than about an hour,
no matter how great the intake. Moreover, the
maximum rate attainable depends on the time of
day, being greatest in the morning and progres-
sively less as the day goes on (10). It was,
therefore, impossible to produce a constant back-
ground of maximum water diuresis, against which
the effect of an injection of Mersalyl could be
presented. Instead, it was necessary to carry out
two experiments in each subject: a control experi-
ment, in which the course of the ordinary maxi-
mumwater diuresis, without Mersalyl, was demon-
strated, and a Mersalyl experiment, in which, at
the same hour of another day, the same amount
of water was drunk and an injection of Mersalyl
was given.

The plan of the actual experiments is best seen
from Figure 4, which shows the results obtained
in subject C. M. F. At the top of the figure is in-
dicated the water intake, and it can be seen that
a peak rate of excretion of 18 ml. per min. was
reached in the control experiment. In order to
make the peak of the mercurial action coincide with
the pealc of the water diuresis, the Mersalyl was
given half an hour before the first water was drunk,
and in this experiment a peak rate of 18.5 ml. per
min. was reached.

Table III shows the results of six such experi-
ments. It will be seen that in every case Mersalyl
produced a slight augmentation of the peak rate
of urine flow; but this increase was relatively small
when considered in conjunction with the rates of
urine flow, and was less than 3 ml. per min. in

1011



R. A. DALE AND P. H. SANDERSON

0 1 2 3 4 hrs
FIG. 4. DIUiESIS OBTAINED (a) BY ADMINISTERING

WATERALONE (SEE UPPERPANEL) AND (b) ADMINIS-
TENGTHE SAMEAMOUNTOF WATERAND INJECTING 0.2
GM. MERSAYL

The maximum rates of urine flow in the two experi-
ments are nearly the same.

every case except one (P. A. 0.). Similar results
have recently been recorded by Capps, Wiggins,
Axelrod, and Pitts (11). In their experiments,
and in experiments by other authors using
Mersalyl, depression of the glomerular filtration
rate following injection of the drug was occasion-
ally seen. Had this occurred regularly in our
subjects, it might have sufficed to mask a proximal
action of Mersalyl. We, therefore, repeated the
experiments with simultaneous inulin clearance
determinations. Figure 5 shows a typical result,

FIG. 5. URINE FLOW AND INULIN CLRANCEIN A
PAIR OF EXPERIMENTSOF THE SAMEPLAN AS THOSEIN
FIGURE 4

The injection of Mersalyl has no discernible effect either
on the water diuresis or on the inulin clearance.

and Table IV summarizes the data from five such
experiments. A conspicuous fall in filtration rate
following Mersalyl administration occurred in the
case of J. B., whose diuretic response was unusual
in that the peak flow with water alone was greater
than that with water and Mersalyl. In the remain-
ing experiments changes in filtration were insignifi-
cant; the result in the case of W. is almost certainly
an artefact due to incomplete bladder emptying.
Weconclude that a fall in filtration rate may some-
times follow the injection of Mersalyl, but that

TABLE IV

Changes in inulin clearance during naximum water
diuresis with and without Mersalyl *

TABLE III
Effect of Mersalyl on peak rate of watr excretion

during maximum watr diuresis

Maximum rate of urine flow

Subject Control Mersalyl

G. M. F. 18.1 18.5
.A. K. 17.0 19.7*

B. 9.3 10.1
E. 14.5 16.2
P. A. O. 15.1 19.2
A. W. 13.5 15.5

Needle slipped out of vein before completion of injec-
tion. Estimated dose of Mersalyl - 0.145 Gm.

Subject

P. H. S.
A. L.
J. Bl.
J. Ba.
A. R. W.

Control

Max.
urine
flow CIN

(mI./isi.) (ul./min.)

18.3 110
15.0 121
18.0 149
14.9 134
16.3t 132t

Mersalyl
Max.
urine
slow CmIf

(wl./mli.) (ml./Imi.)
17.7 106
19.1 125
13.7 117
14.9 124
13.9 113

* The figures quoted for each experiment are the maxi-
mumrate of urine flow reached, and the simultaneous
inulin clearance during that period.

t Results of this period probably too high as a result of
faulty bladder emptying. Figures for precding and fol-
lowing periods were: urine flow, 12.0 and 14.6 ml. per min.;
inulin clearance, 106 and 106 ml. per min.
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this is usually so slight as not to affect the argu-
ment outlined above; on the one occasion (J. B.)
when a considerable fall occurred, it was accom-
panied by a conspicuously reduced peak urine flow.

Effect of simultaneous administration of Mersalyl
and pituitary antidiuretic hormone

Capps, Wiggins, Axelrod, and Pitts (11) stud-
ied the simultaneous effect of mercurial diuretics
and pituitary antidiuretic hormone, and concluded
that the latter was able to reverse the fall in uri-
nary osmotic pressure caused by mercurials. They
gave Pitressin injections after mercurials, at a
time when our experience suggests that urinary
sodium and chloride concentrations are likely in
the natural course of events to be rising again.
Wehave investigated this point by the opposite
technique, injecting Mersalyl into subjects while
they were receiving a steady infusion of Pitressin
(80-120 mUper hr., with priming dose of 200
mU).

Some of these subjects were on normal and
others on salt-poor diets. The results are sum-
marized in Table V. The existence of an antag-
onistic effect of the Pitressin is shown by the fact
that, out of four experiments with normal diet and
three experiments with salt-poor diet, no diuresis
was obtained in one and two experiments, re-
spectively. In those experiments in which a diu-
resis was obtained, the changes in U/P ratios were
comparable with those obtained in similar experi-
ments without Pitressin (compare Figure 3).
In those experiments in which there was no diu-
resis, the changes were towards ratios consider-
ably higher than 1 for sodium and 1.5 for chloride,
so that the average U/P for the whole series was

TABLE V

Efect of Mersalyl on urine flow and U/P ratio for sodium
and chloride in subjc*ts receiving a continuous

intravenous infusion of Pitressin

Subject

H.J.W.
A. B.
A. L.

J.B.RG. L.*
N. B. P.*
G.H.G.*

Urine flow

Initial Peak

1.03 4.94
1.21 9.66
1.57 13.3
1.1 1.93
0.76 9.45
0.70 0.83
0.85 1.8

U/P sodium

Initial Peak

1.8 1.45
0.65 1.11
1.42 1.23
1.30 1.77
0.24 0.96
0.69 1.90
0.66 1.33

U/P chloride

Initial Peak

2.63 2.13
1.62 1.58
2.04 1.84
2.32 2.76
0.61 1.47
0.74 2.56
0.80 2.11

* Salt-poor diet for three days preceding experiment.

1.39 for sodium and 2.06 for chloride. Pitressin
evidently may reduce the response to Mersalyl,
and when it does so it raises the peak U/P ratios
for sodium and chloride.

DISCUSSION

The site of action of Mersalyl

Figures 1, 2, and 3 show that the effect of
Mersalyl is to alter the urinary concentration of
sodium in such a way that the U/P ratio tends
towards unity, irrespective of whether it was ini-
tially higher or lower. Chloride behaves similarly,
except that the U/P ratio tends towards 1.5.

In this connection the results obtained by
Walker, Bott, Oliver, and MacDowell (12) in
their micro-puncture experiments on mammalian
kidneys seem to be of great interest. These work-
ers obtained samples of fluid from the renal tu-
bules of guinea-pigs and rats, and analyzed them
for chloride, osmotic pressure and (in two in-
stances only) sodium. The site of puncture was
identified subsequently by dissection of the tubule.
Owing to technical difficulties they were unable
to obtain fluid from the lower part of the proxi-
mal tubule, and the observations on distal tubules
are represented by only three osmotic pressure
determinations. They were able, however, to ob-
tain samples from upper proximal tubules on 49
occasions. They found that the osmotic pres-
sure of the fluid so obtained was always close to
that of the plasma, and in two instances in which
the sodium concentration was determined, this
also was found to be very close to that of the
plasma. The chloride concentration of this fluid,
however, was always higher than that of the
plasma; samples taken from the middle third of
the proximal tubule all showed chloride U/P ratios
of about 1.4, while samples from the first third
showed ratios which were lower, but tended
nearer to 1.4, the lower down the tubule the punc-
ture was made. Nothing is known as to the com-
position of fluid in the distal third of the proximal
tubule; in the absence of evidence to the contrary
it seems likely that the same ratios, 1 for sodium,
1.4 for chloride, exist there also.

The urine obtained at the peak of mercurial diu-
resis in our experiments in man apparently tends
towards the composition of the proximal tubular
fluid obtained by micro-puncture experiments in
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rats and guinea-pigs, at least as -regards U/P ra-
tios for sodium and chloride, and it is tempting
to suggest that this 'peak' urine may represent
proximal tubular fluid which has been little if at all
altered in its passage through the distal tubules.
This might result either from an inhibition of
distal reabsorption of salt and water as suggested
by Duggan and Pitts (5) or from diminished salt
reabsorption in the proximal tubule causing 'flood-
ing' of the distal tubule by proximal tubular fluid
and masking of its reabsorptive capacity, as is ap-
parently the case in osmotic diuresis (13). The
question cannot be settled by the data on U/P ra-
tios alone, though we feel that the close approach
to the ideal ratios in some of our experiments
with relatively small diureses probably favors the
former hypothesis. Our results, and those of
Capps, Wiggins, Axelrod, and Pitts (11) show
that Mersalyl in therapeutic doses does not sig-
nificantly augment a maximum water diuresis.
If we assume that the action of pituitary antidiu-
retic hormone is on the distal tubule, these results
support the idea that the action of Mersalyl is simi-
larly located. The results of administration of
Mersalyl during a Pitressin infusion are too vari-
able to allow a definite conclusion to be drawn.
Thus the results reported here, while not in them-
selves conclusive, add to the evidence favoring the
view that Mersalyl inhibits reabsorption of sodium,
chloride, and water in the distal tubule.

SUMMARY

1. The injection of Mersalyl into normal hu-
man subjects caused the U/P ratio for sodium
to approach 1 and that for chloride to approach
1.4, regardless of whether the initial urine con-
centrations were high or low.

2. Mersalyl was incapable of producing more
than a slight augmentation of a maximum water
diuresis.

3. When MersalyI was given during an infu-
sion of pituitary antidiuretic hormone, the results
were variable. In some experiments, the diuresis
was suppressed completely; in others a diuresis
occurred, and the same changes in U/P ratio
were seen as in experiments without antidiuretic
hormone.

4. 'These results are considered to favor the
view that Mersalyl inhibits reabsorption of sodium,
chloride, and water in the distal tubule.
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