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A STUDYOF THE ACTION OF AMMONIUMCHLORID
ANDORGANICMERCURYCOMPOUNDS

BY NORMANM. KEITH mmMARYWH-ELAN
(From the Division of Medicine, Mayo Clinic)

(Received for publication May 29, 1926)

The elimination of urine from the body is not the function of the
kidney alone: the blood and the tissues are profoundly concerned.
The blood may be considered the connecting link between the other
two. The concentration in the blood of those substances which
eventually appear in the urine must fluctuate with variations in the
chemical state of either the tissues or the kidney or both. It is
conceivable, therefore, that an absolutely, or apparently, identical
chemical disturbance of the blood might result from either chemical
changes in the tissues or disturbance of the excretory function of the
kidneys. The general problem of the site of initiation of disease
characterized by retention of urinary elements is thus complicated
by the possibility that fundamentally different diseases may present
the same superficial appearance.

The problem became still more intricate with the demonstration
that retention of urea does not parallel retention of salt and water.
Edema may be accompanied by normal excretion of urea, and nor-
mal urea content in the blood; urea may be retained without edema
and even without serious anatomic changes in the kidneys; salt may
be retained without edema being demonstrable.

The effect of diuretics is similarly difficult to explain. Diuresis
can be produced by those which are known to increase blood-flow
and by those which cannot be shown to have any such primary effect.
It is impossible, therefore, to explain diuresis in every instance on the
same hypothesis. The newer diuretics, ammonium chlorid and
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ACTION OF AMMONIUMCHLORID

novasurol,2 have been thought to act in a purely chemical way, by
affecting the threshold of excretable bodies in the blood, and the acid-
base equilibrium in the blood and tissues. Study of the chemical
state of the blood cannot be divorced from consideration of the
chemical reactions in the tissues. Whether these diuretics act on
the tissues, the blood or the kidney is so important a problem that
its elucidation will probably go a long way toward settling the whole
question of the formation of urine.

Certain of the chemical constituents of the blood, like urea, will
be excreted as soon as they appear; they have no threshold. Others,
like the inorganic salts and glucose, must attain a fairly definite
level before any escapes. This threshold varies in different indi-
viduals, and in the same person at different periods, even in health;
in certain diseases the threshold is profoundly altered for one or
more of them, even for those that normally have no threshold. This
disturbance in the threshold of urea or salts may be associated with
marked changes in the acid-base equilibrium of the blood and tissues.
In acidosis the carbon dioxid combining-power of the plasma is de-
creased by acid entering the blood, although the hydrogen-ion con-
centration may be kept normal by the buffer system.

The effect of these newer diuretics on water retained in the inter-
stices of the body is quite remarkable. Here again, if the mechanism
of this action can be explained, the cause of the retention will be
clear. There is some relation between the excretion of salts and the
excretion of water; edema is often associated with chemical changes
in the blood. Haldane found that the ingestion of ammonium
chlorid by a normal man caused acidosis, as well as increase in urinary
excretion, and he attributes this diuresis to the acidosis.

The object of the present study is to determine what chemical
changes, especially in the content of salts and their ions, occurred in
the blood and urine during the reduction of ascites and edema by
the use of ammonium chlorid and novasurol, singly and in combina-
tion, and to compare them with the effects produced by the same
medication in the normal.

2Novasurol and salyrgan were used in these experiments. Novasurol is a
double salt of sodium oxymercuri-o-chlorphenoxy-acetate with diethylbarbituric
acid. Salyrgan is mercuric acetate-salicylallylamid-o-acetate of sodium.
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AMMONIUMCHLORID

Haldane's experiment in which he ingested ammonium chlorid
in amounts varying from 5 to 55 grams on six occasions resulted in
marked acidosis, as indicated by a fall in the alveolar carbon dioxid
and in the carbon dioxid capacity of the blood, and an increase in
the excretion of acid, ammonia and phosphates. Baird, Douglas
and Haldane made similar observations a little later. Gamble,
Blackfan and Hamilton noted acidosis, an increase in plasma chlorid,
and a decrease in plasma carbon dioxid in children after they had
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FIG. 1. DOGI127. INTRAVENOUSINJECTION OF AmmONIUMCHLORID, SHOWING
THE RELATION BETWEENTHE AmmONIAAND UREACONCENTRATIONIN THE

BLOOD. (TABLE 1)

taken 5.8 grams of ammonium chlorid a day for four days. They
observed also that there was no appreciable loss of plasma base.
They attribute the acidosis, evidenced by the lowering of the plasma
carbon dioxid almost wholly to increase of chlorid.

The present studies on ammonium chlorid were carried out on a
normal volunteer, on patients, and on dogs. In all cases control
periods preceded the giving of ammonium chlorid. The dogs were
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given no food during the eighteen hours preceding the experiment
and until the study period was completed (usually four hours after
the intravenous injection of 10 per cent ammonium chlorid, 0.05
to 0.1 gram (for each kilogram). Human subjects were kept on
weighed low-salt, low-fluid diets3 both before and during the inges-
tion of ammonium chIorid. The average usual dose of ammonium
chlorid was 9 grams a day. The actual total amount ingested in one
case was 364 grams over a continuous period of forty-two days. Dur-
ing both control and experimental periods studies of the blood and
urine were made.

Blood. Ammonia was determined in the blood of dogs on three
occasions, and all the findings were similar. The concentration of
ammonia nitrogen in the blood rose immediately after the injection,
reaching a maximum of 3.3 mgm. for each 100 cc. in two minutes,
but dropped so rapidly that in fourteen minutes it was reduced to
0.61 mgm. or one-fifth the maximal value. The rapid drop continued
for from half an hour to two hours, until the concentration became
normal. Blood-urea nitrogen did not show a marked change even
at the end of two hours in dogs G173 and G185, but with the larger
injection in dog I127 (fig. 1) it rose from 10 to 21 mgm. Plasma
chlorids did not change appreciably; the carbon dioxid combining-
power of the plasma showed a slight initial drop, which in some cases
persisted for two hours. Urine collected at intervals of two hours
before and after the injection of ammonium chlorid showed an in-
crease in volume in two experiments and a decrease in a third, an
increase in hydrogen-ion concentration in all, and an increase in
the concentration of chlorids in two experiments. The ammonium
nitrogen did not show any definite constant change; the urea nitro-
gen concentration remained the same or increased. The latter
increase is in agreement with previous results (18, 57).

Experiments of short duration give a fair idea of the manner in
which the injected salt is distributed in the blood. In the case of
ammonium chlorid both of the injected ions leave the blood stream

3 The actual food of these diets contained approximately 800 cc. of water, and
from 0.6 to 0.8 gram chlorid, from 0.5 to 0.7 gram sodium and from 1.6 to 1.8
grams potassium. Complete details in article. "The therapeutic use of diets
low in water and mineral content" (31).
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ACTION OF AMMONIUMCHLORID

with remarkable rapidity, the chlorid so rapidly that a definite in-
crease in plasma chlorids may not be detected two minutes after
injection. The ammonia nitrogen shows an increase but becomes
normal in from half an hour to two hours.

The rapid decrease in the ammonia with concomitant rise in the
urea content of the blood and increased excretion of urea in the urine
in dogs I127 and G175 indicates a quick formation of urea from the
ammonium ion of the injected salt. An experiment was carried out
by Bollman, Mann and Magath (dog A757, table 2) to ascertain
whether urea could be formed from ammonium chlorid in a dog whose
liver has been removed. The control experiment had been made after
the animal's inferior vena cava and portal vein had been ligated.
After removal of the liver and the injection of ammonium chlorid,
urea formation diminished and the ammonia nitrogen in the blood
remained abnormally high for six hours. The result of this experi-
ment indicates that the ammonium ion is not readily synthesized to
urea in the dog with its liver removed, quite the contrary to what
occurs in the normal dog. This was to be anticipated from the work
of Bollman, Mann and Magath.

In human patients after prolonged ingestion of ammonium chlorid
practically all showed an increase in blood-urea (table 3). A nor-
mal man (Case 8) ingested 31.5 grams of ammonium chlorid in three
days (10.5 grams a day) and his blood-urea nitrogen rose from 9 to
14 mgm. for each 100 cc. However, one patient (case 5, table 3)
having cirrhosis of the liver with ascites showed a gradual decrease
in blood-urea even during the continuous ingestion of 150 grams of
the salt for fifteen days. This variation in the blood-urea content
after ingestion of ammonium chlorid has suggested a possible rela-
tionship between the urea content of the blood, and the presence or
absence of water available for its elimination. During this period
in the same case, there was no marked disturbance in the carbon di-
oxid capacity of the plasma. The carbon dioxid combining power of
the plasma was 39 per cent by volume at the end of fifteen days,
having been 41 per cent by volume on the eleventh day and 59 at
the beginning of the period. Nevertheless, in most cases the carbon
dioxid combining-power of the plasma underwent a decided drop
about the fourth or fifth day after the daily ingestion of the usual
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amount of the salt, 9 to 10 grams each day (a total of about 40 grams).
The plasma chlorid was usually increased. This increase was particu-
larly marked in cases in which the plasma chlorid was low at the be-
ginning of the ingestion of the ammonium chlorid.

In a few cases the ammonia-nitrogen content of the blood was de-
termined before and after several days' ingestion of the ammonium
chlorid. A demonstrable increase in the blood-ammonia has not been
encountered often. Even after the ingestion of 81 grams of am-
monium chlorid (9 grams each day) in one case the ammonia nitrogen
of the blood was only 0.12 mgm. for each 100 cc. A value as high
as 0.30 mgm. was obtained in a single case. If the ingestion of am-
monium chlorid should result in the accumulation of ammonia in
the blood the usual methods for the determination of urea would
not give the true value of the blood-urea. But the small values
which have been obtained thus far in man would not produce an
appreciable difference in the urea values since even the highest
amount, 0.30 mgm. of ammonia nitrogen, would be equal to only
0.65 mgm. of urea.

In this series no studies on the sodium, potassium, calcium, and
magnesium in the serum were made, but a recent study in a single
case (case 6, table 4) after the patient had ingested 39 grams of am-
monium chlorid showed no change in the sodium in the serum. In
a previous experimental study on dogs, the sodium, potassium, cal-
cium, magnesium and chlorids were determined immediately after
the intravenous injection of ammonium chlorid, but no change in
these ions was noted. Gamble, Blackfan and Hamilton have also
shown that ammonium chlorid causes no appreciable change in the
amount of fixed base in the plasma.

Urine. The ingestion of ammonium chlorid by a normal subject
(case 8) and by two patients (cases 6 and 7) produced no change in
the volume of the urine, whereas in the other patients (cases 2, 4,
and 5) there was a definite diuresis. In the latter the urine nearly
doubled in volume and the volume remained large as long as the salt
was ingested (table 4). The cases include nephritis, nephrosis with
edema, cirrhosis of the liver with ascites and edema, and endocarditis
with ascites and edema. During the first period (ingestion of am-
monium chlorid) in cases 2, 4 and 5, the excretion of urine equalled
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TAB

The effect of ammonitum

Inorganic
Chlorid Phosphorus sulphur as Sodium

So$

Diagnosis Date, 1925

d~~~~~~~~~~~~8

8 29 M. Normal June 28 475 5.4 0.03 0.144 0.145 0.690 0.201 0.960 0.030 0.143
June 29 500 5.4 0.07 0.360 0.147 0.735 0.252 1.260 0.013 0.065
June 30 S50 4.6 0.42 2.310 0.126 0.693 0.242 1.330 0.009 0.052
July 1 550 4.6 0.68 3.760 0.140 0.770 0.211 1.610 0.028 0.151

2 17 M. Subacute glo- January 28 1,300 6.2 0.10 1.300 0.320 0.416 0.078 1.010
merular ne- January 29 2,200 6.4 0.07 1.440 0.020 0.447 0.057 1.250
phritis January 30 2, 750 6.0 0.09 2.480 0.020 0.550 0.058 1.600

January 31 2,900 5.8 0.13 3.650 0.018 0.522 0.079 2.380
February 1 2,100 5.4 0.15 2.550 0.020 0.420 0.098 2.060
February 2 2, ioo 5.4 0.19 4.030 0.025 0.525 0.107 2 280
February 3 2,300 5.0 0.021 4.600 0.021 0.483 0.117 2.690
February 4 1,850 5.0 0.23 4.220 0.021 0.389 0.123 2.280
February 5 2,000 4.6 0.34 6.840 0.020 0.404 0.155 3.100
February 6 1,150 4.8 0.32 3.730 0.032 0.368 0.157 1.810
February 7 1,300 4.8 0.36 4.680 0.025 0.325 0.174 2.160

4 48 F. Chronic May 31 700 5.8 0.29 2.020 0.060 0.420 0.058 0.406 0.180 1.270
nephrosis June 1 850 6.2 0.30 2.550 0.052 0.430 0.038 0.323 0.130 1.110

June 2 1,400 5.4 0.56 5.340 0.030 0.420 0.030 0.404 0.190 2.700
June 3 1,700 6.2 0.44 7.560 0.039 0.663 0.032 0.537 0.220 3.710
June 4 900 6.0 0.46 4.080 0.042 0.378 0.033 0. 299 0.140 1.230
June S 1,200 5.2 0.35 4.250 0.045 0.540 0.037 0.444 0.130 1.500

5 56 M. Portal cirrhosis July 25 85000
July 26 1,300
July 27 1,100
July 28 1,650
July 29 1,500 5.0 0.59 7.620
July 30 1,650 5.2 0.68 10.260
July 31 1,500 5.2 0.71 9.740
August 1 950 4.6 0.78 7.410
August 2 960 5.0 0.74 7.320
August 3 950 4.6 0.87 8.400
August 4 400 4.6 0.87 3.550
August 5 900 4.8 0.95 8.540
August 6 650 4.6 0.86 7.340
August 7 700 5.8 0.97 4.880
August 8 700 5.0 0.95 6.420
August 9 700 4.8 0.97 6.800
August 10 675 5.2 0.92 6.200
August 11 390 5.2 0.77 2.990

6 22 F. Chronic March 12 650 6.8 0.42 2.330 0.070 0.455 0.367 2.390
nephrosis March 13 850 6.4 0.40 2.450 0.070 0.595 0.288 2.450

March 14 450 6.2 0.73 3.290 0.105 0.743 0.325 1.460
March 15 450 6.0 0.80 3.600 0.122 0.836 0.300 1.350
March 16 600 5.8 0.87 5.360 0.083 0.498 0.249 1.490
March 17 700 5.8 0.66 4.620 0.072 0.494 0.115 0.810

7 35 M. Chronic endocar- May 27 600
ditis; poly- May 28 300
cythemia May 29 600

May30 150
May31 500

t Full diet not taken.
See Footnote 5.
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on the urine

Total ~~~~~~~~Percentage
Calcium Magnesium Tnotgali Ammonia Urea of totalbaseClunIi| c|nitiogen nitrogen nitrogen

03

Ei . . E t ; f a J aCa 10 0~~~~~~~~

5 0.826 0.0180 0.0860 0.0220 0. lOS0 84 399 0.98 0.466 1.34 6.38 9.40 68.0 4.8
27 1.140 0 .0300 0. lS00 0 .0250 0. 1250 89 443 0.12 0.600 1.71 8.55 9.40 90.9 6.3 lO.S
i02.090 0.0350 0. 1940 0.0220 0. 1230 139 765 0.13 0.715 1.47 8.07 13.90 68.0 S. I10lOS

91 2 .700 0.0340 0. 1870 0.0190 0. 1060 172 946 0. 161 1.884 1.44 8.90 tl.00 80.9 8.0 lO.S

_) ) . ... .)

371. 780 0 00 13 0 .0 169 0 .0034 0 .0442 75 950
002.260 0.0021 0.0462 0.0023 0.0506 53 1, 173 8.0
662.370 0.0017 0.0468 0.0024 0.0660 S0 1, 382 8.0
32 .700 0.0024 0 .0700 0.0024 0.0700 63 1, 805 8.0
951 . 990 0 . 00 1 4 0 02 94 0 003 7 0 . 07 7 7 7O11, 485 8 0

7 2.040 0.0011 0.0231 0.0037 0.0777 76 1,591 S.e0
2.070 0.0033 0.0760 0.0209 0.1360 87 13996 8.0

7 1.790 0 0037 0.0690 0-0062 0.1250 89 1 582 8.0
10 2.200 0.0022 0.0440 0.0058 0. 1160
7 1.630 0.0027 0.0311 0.0061 0.0700

1 .820 0.0021 0.0273 0.0362 0.0806

1.2.10 0.0040 0.0270 0.0084 0.0590 131 918 0.028 0.196 0.403 2.82 S.20t 54.0 3.6
321.020 0.0020 -0.0-30 0.0040 0.047 100 850 8.011O.085 0.27S 2.30 5.70 40.0 16.4 6.0
5 1.390 0.0021 0.0280 0.0072 0.1010 119 1,666 0.033 0.4590.4385 5.03 6.90 72.8 6.6 8.0

10 1.870 0.0012 0.0231 0.00.575.940 7 2,169 0.075 1.23 0.242 4.11 8.40 49.0 1 809.0
25 1.030 0.0028 0.0250 0.0069 0.0620 83 7570.7110 0.9 0.262 2.36 5. 10* 46.2 19.4

7 1.630 0. 0033 0.0400 0.004620.150 88 1,5224 .055 0.66 0.327 3.92 6.90 56.8 0969 0

102.2000.00220.04400.00580.1160 ~ ~ ~ ~ ~ ~ ~ ~ 10.
421.6300.00270.03110.00610.0700 ~ ~ ~ ~ ~ ~ ~ ~ 10.

10.0

40 1.8200.00210.02730.0620.080610.0258 1.210 0.00250.270 0.0400901131 0.028 0.196 0.403 2.82 7.23 54.0 3.6
1820 1 .020 0 .002640t0 0-0.0240180001 .8 .2*23 5.70 43.1. 6.0

81301.390 O0.00200020 0.007011 119 1666 0.0339 0.459 0.359 5.03 6.901 72.8 6.6 8.0
p.10 1.870 0.00205.340 0.05008817 ,6 0.0759 1.23 0.242 4.11 8.40 49.0 15.1 9.0

259 1.1030 0.00280.250 0.090029885 0.1105 0.99 0.262 2.36 5.10* 461.2 19.4 .
3651t.8630 0.0033 [0.0400 0.06005 88 _1,240.5 0.6630.32 3.2 .9018 56.8 9.6. 9.0

10.0
10.0
10.0

10.0
10.0
10.0
10.0
10.0
10.0
10.0

1821.5500.0026.0.0241 6.73 3~~~~~~~~~~~1.0

10.0
10.0

2351.5300.00250.0163 0.065 0.42 0.63 4.06 7.23 56.295.

8.0
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or exceeded the fluid intake. The patient (case 2) lost weight,
almost 4 kilos in seven days. During the second period (no ammo-
nium chloride and diet with increased salts and water) the fluid intake
exceeded the excretion of urine. The patient gained in weight.
The third period was a repetition of the first. The result in this
case (case 2) brings out clearly the possible relation of the diet to
treatment in cases of edema (table 5), since in our experience the
cessation of ammonium chlorid ingestion rarely resulted in an im-
mediate gain in weight when the diet was weighed and low in salt
and fluid content.

TABLE 5

Combined effect of low-salt low-fluid diet and ammonium chlo7id
Cmse 2. Subacute glomerular nephritis

Averge Average Cne Total
dail da~y ammwo.

Peiod Date, 1925 Days urine Weiht nium Diet
intake, excre- chlorid,

CC tion,kcc. grams

1 January 29 to 7 1,560 2,315 -3.6 56 Weight, low-salt, low-
February 4 fluid

2 February 5 to 10 6 2,025 1,258 +1.4 0 Salt-free, not weighed
3 February 11 to 18 8 1 620 2,310 -4.5 64 Weighed, low-salt, low-

fluid

In all cases there was a definite increase in the hydrogen-ion con-
centration of the urine. The greatest change occurred about the
fifth day, after the ingestion of approximately 40 grams of ammonium
chlorid, although in the normal subject the hydrogen-ion concentra-
tion changed from 5.4 to 4.6 on the second day after the ingestion
of 21.0 grams of the salt.

The chlorid excreted was increased in all cases, both in concentra-
tion and total amount. The other inorganic anions (SO4 and P04)
however, were very little affected, although usually the phosphates
were slightly increased. Of the basic ions the most marked change
was observed in sodium and potassium (table 4). In the normal
subject there was a great increase in the excretion of potassium
while the sodium actually diminished on the first two days. Gamble,
Blackfan and Hamilton made the same observation after calcium
chlorid had been ingested. When edema was present there was
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usually an increase in the sodium and potassium excreted, the in-
crease in sodium being the more marked. Changes in calcium and
magnesium were slight and difficult to evaluate. The total amounts
excreted were slightly increased. The sum of the basic ions, calcu-
lated as cubic centimeters of one-tenth normal alkali, always showed
a progressive increase after the ingestion of ammonium chlorid, indi-
cating that inorganic basic ions are excreted in large amounts in com-
bination with chlorid. Ammonia nitrogen, urea nitrogen, and total
nitrogen increased in all cases, the increase in the last being accounted
for by the nitrogen in the ammonium chlorid ingested.

After the ingestion of ammonium chlorid a certain amount of the
ammonia appears in the urine; the greater proportion, however, is
excreted as urea. The hydrochloric acid which is formed causes
acidosis, which in turn causes an increase in the excretion of am-
monia and of fixed base. Of the fixed base, sodium is as a rule the
chief component, but, if a sufficient amount is not available, an in-
crease in the excretion of potassium occurs.

Basal metabolism. Determinations of the basal metabolic rate
were made on three different mornings while a patient aged forty-
eight, with chronic nephritis and edema, was recieving 10 grams of
ammonium chlorid daily. After he had taken 30 grams the rate was
+1, after 40 grams, -5, after 65 grams, 0. Two hours before the

last rate was determined the patient had received 5 grams of am-
monium chlorid. Such results indicate that the ingestion of am-
monium chlorid by patients with nephritis and edema has no measura-
ble effect on the basal metabolic rate.

ORGANICMERCURYCOMPoUNDS4

Saxl and Heilig were the first to discover that novasurol caused a
marked diuretic response in cases of cardiac edema. They demon-
strated a relative and an absolute increase in the chlorids excreted in
the urine. Bohn showed that this occurred in rabbits. Nonnenbruch
and Muhling showed that in normal persons novasurol caused an

4The organic mercury compounds used in this investigation were novasurol
and salyrgan. The former was supplied by the Winthrop Chemical Company,
New York, and the latter by Metz and Company, New York.
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increase in the chlorids excreted in the urine, but the latter showed
that diuresis did not always occur. We ourselves confirmed these
observations in two normal subjects and a dog. In further studies
we found that there was a relative and absolute increase in the out-
put of sodium. Saxl and Heilig, and Miihling, emphasized the early
appearance of mercury qualitatively in the urine after the adminis-
tration of novasurol. Wehave been able to recover quantitatively
a large percentage of the mercury injected (48.5 to 85.6) in the urine
of the subsequent twenty-four hours.

Blood. In the present study the normal subjects and patients
were under the same control conditions with regard to diet and fluid
intake as those in the previous experiments with ammonium chlorid.
Analysis of the blood and serum in two normal men before and after
the injection of novasurol (table 6) showed no constant changes in
the concentration of hemoglobin, chlorid, sodium, potassium; calcium
or phosphates. The carbon dioxid combining-power of the plasma
remained within normal limits. Nonnenbruch in an experiment
conducted under similar control conditions noted no variation in the
chlorid concentration, but a slight rise in the protein content during
diuresis. No significant changes in the rest nitrogen, uric acid or
creatinin were noted by Muhling.

Studies of the blood in three cases of ascites similarly failed to show
any constant changes (table 7). These inconstant findings are es-
sentially in agreement with previous studies reported by Saxl and
Heilig, Miihling, and Bleyer. Crawford and McIntosh report a
fall in plasma chlorid for from three and a half to four and a half
hours after the injection of novasurol with a later slow rise, also a
fall in serum protein in the first one and a half hours after the injec-
tion in two cases of edema of cardiac origin. That such early changes
occur invariably has still to be corroborated by further work. The
constancy of the normal values for the carbon dioxid combining-power
of the plasma in our cases is worthy of note.

Urine. An experiment was made on a normal dog (dog G619) to
ascertain the effect of novasurol on the urine (table 8). The animal
did not receive food or water during the experiment which lasted
twenty-four hours. The time was divided into three eight-hour
periods, and a specimen of urine was obtained by catheter at the end
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ACTION OF AMMONIUMCHLORID

of each period. Novasurol was injected at the beginning of the second
period. Thus, we had a control period of urine excretion before and
after the exhibition of novasurol. Following the injection of nova-
surol marked diuresis occurred, accompanied by a high concentra-
tion of chlorid, sodium and total inorganic fixed base in the urine
which was maintained, resulting in a striking increase in their total
excretion. A moderate rise in the output of nitrogen, urea and
ammonia with little change in the amount of phosphorus or in the
hydrogen-ion concentration also occurred. The noteworthy urinary
findings in the third period were a decrease in the volume of the urine
and in the output of chlorids, sodium and total inorganic base, even
below that of the first control period. The phosphorus excreted was
slightly increased while the urea and total nitrogen approximated
those of the first period.

A similar experiment was carried out over a three-day period in a
normal man5 (case 8, table 9). His diet was as accurately controlled
as that for the patients in the series. As in the dog, novasurol caused
an increase in the excretion of water, chlorids, sodium, total inorganic
base, and total nitrogen. The excretion of potassium and magne-
sium was increased, but there was no appreciable change in the output
of calcium, phosphorus, sulphate, urea or ammonia. The hydrogen-
ion concentration was unchanged. On the third day, or post-nova-
surol period, the excretion of chlorids, sodium and total inorganic
base fell below that of the first day. This result corresponded closely
to that obtained in the experiment on dog G619. Nonnenbruch's
experiment with a dry controlled diet in a normal student gave similar
results as to the chlorid. He did not carry out the other analyses.
The continuous increase in the excretion of potassium is of note.

The urinary findings of two other normal subjects (cases 9 and 10,
table 9) correspond to the results in the two previous experiments
except that frank diuresis was not produced and the excretion of
potassium remained unaltered. In one normal subject (case 9) the
urine excreted during the day was increased, but the twenty-four-
hour output approximated that of the previous twenty-four hours.

6 An active healthy physician with the findings of a normal man except for a
mild type of orthostatic albuminuria.
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Bleyer made a similar observation. In case 10 divided specimens
failed to show any evidence of diuresis during the entire twenty-four
hours. Under like control conditions, Miihling reported similar
results. The urinary excretion of mercury was determined in a
normal subject after the injection of 2 cc. of novasurol; 85.6 per cent
of the amount injected was recovered in the twenty-four hour speci-
men of urine.

The urinary findings in seven cases of edema and ascites and one
of myxedema following the injection of novasurol are given in table
10. After ten of the thirteen injections frank diuresis occurred.
Continuous diuresis, of forty-eight hours, occurred on three occasions
in one case (case 11, table 10). Even more prolonged periods of
diuresis occurred, but they were infrequent and their exact signifi-
cance was difficult to determine. In case 13 the volume of urine was
not increased, yet there was a distinct rise in the concentration and
total output of chlorids, as in the normal subject (case 10, table 9).
Two reactions occurred in case 17 (table 10). With the early injec-
tions diuresis was produced, but subsequently the volume of urine
and output of chlorids were little affected. A similar failure in diure-
tic action occurred in case 18 (table 10). This failure of novasurol
to cause an increase in the excretion of water and chlorids in the
urine was associated in both case 17 and case 18 with a concentration
of the plasma chlorid of 276 mgm. for each 100 cc., well below the
normal renal threshold, 336 mgm.

Urinalysis before, during, and after diuresis in these cases gave
results closely simulating those in the normal subject (case 8, table 9).
There was the marked increase in water, chlorids, sodium and total
inorganic base. The excretion of potassium was variable, being
usually, but not always, increased. In case 12 (table 10) it was ac-
tually decreased after the first injection of novasurol, and after the
second injection the output remained unaltered.

The excretion of phosphate was characterized by a decrease in
concentration with little gross change in the total output. The
excretion of sulphate, estimated in case 14 (table 10) was unchanged.
The excretion of urea, ammonia and total nitrogen was inconstant.
Changes in the hydrogen-ion concentration were minor in degree.
The post-novasurol period showed a decrease in the excretion of

THE JOURNALOF CLINICAL INVESTIGATION, VOL. Ill, NO. 1
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174 ACTION OF AMMONIUMCHLORID

chlorids, sodium and total fixed base, as in the normal control experi-
ments.

COMBINEDEFFECTS OF AMMONIUMCHLORID AND ORGANIC

MERCURYCOMPOUNDS

By the extensive use of any new therapeutic agent one soon learns
to limit its use to certain specific conditions. Ammonium chlorid
produced striking diuresis in our early cases of edema. We then

Novasurol 20 cc. 2.0 c e

C.yT10l 2 + 6 7 Il

3500O-__-----:i1: --X

Wooeighe lo a diet

71000 it| -_i-_2_$4l

OFltuid intake 0 UJrine outpuit .-.Bod,y weight
*Fixed base 0 Ammonia al Hydrochloric acidw

S Sttlphtwic acid B Phosphoric acidS
Phosphoric acid has been calcullatedw as 0.1 M4. solu±tions

FIG. 2. RELATIVE DIURElTIC EFFECT OF NOVASUROLALONE, AND NOVASUROL
PLUS AMONIUMCHOLRID; ALSO THE SUM OF THE INORGANIC ACID AND)
INORGANIC BASIC IONS PLUS AMMONlAIN THE URINE CALCULATEDAS ONE-
TENTH NORMALCUBIC CENTIMETERS, ACID OR ALKALI. (CASE 8, TABLES
3, 4, 9, 11, 12, 13 AND 14)

began to have cases in which the salt failed to act. Similarly nova-
surol was, in our first cases, very effective in reducing edema and as-
cites. Subsequently, it also failed, in certain cases, to produce the
desired diuresis. These facts led us to a trial of their combined diure-
tic effects in cases in which one or the other had previously failed or
produced only temporary, slight diuresis. The therapeutic results
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of ammonium chlorid and novasurol in combination has, in many
cases, been really remarkable, the loss of weight due to removal of
previously retained fluid amounting to as much as 70 pounds (31.8
kgm.) in from five to six weeks.

Comparison of the results obtained before and after the use of
ammonium chlorid and novasurol combined are well demonstrated
in table 11. In the normal control, case 8, the volume of urine is
distinctly greater, 2100 cc., after the combined drugs than after nova-
surol alone, 1250 cc. (fig. 2). In case 13 novasurol produced no diu-
resis on November 19, whereas with the combined drugs the output
of urine six days later reached 3200 cc.

Such results established the efficacy of this form of treatment on a
sound basis. Wehave since made numerous studies directed chiefly
toward elucidating further the problem of the action of these sub-
stances. Interesting changes in the acid-base equilibrium, water
balance, the concentration of chlorid and other inorganic ions,.and in
the formation of urea and ammonia have occurred which are of bio-
logic significance and may be useful in throwing light on other allied
problems.

Blood. Studies of blood concentration were carried out in detail
in case 21 (table 12). The patient received the usual constant diet,
low in water and salt (3 grams of ammonium chlorid daily as a sub-
stitute for sodium chlorid), throughout his stay of five weeks. Nova-
surol was given on seven days, with marked diuresis (a maximum of
2900 cc.). During four of the periods of diuresis the hemoglobin
increased in concentration, and in one the plasma protein increased
in like manner. The plasma water showed some minor hourly
variations which were not constant. The plasma chlorid remained
unaltered during one period, but fell distinctly at the end of the
twenty-four hours in another. The carbon dioxid combining-power
of the plasma deviated from the normal once with a moderate fall.
No changes of significance were observed in the concentration of
sodium, potassium, calcium and phosphate in the serum. In a
normal subject and in a patient with portal cirrhosis, who were re-
ceiving 10 grams of ammonium chlorid daily (cases 8 and 22, table 12)
the chlorid concentration fell slightly in one but remained constant
in the other.
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NORMANM. KEITH AND MARYWHELAN

Since ammonium chlorid alone caused a rise in blood-ammonia,
blood-urea and plasma-chlorid, and a decrease in carbon dioxid com-
bining-power of the plasma, it was of interest to ascertain what the
added effect of novasurol would be. The results of such a combined
action are given in table 13. In the normal subject (case 8) there
was a rise in ammonia and urea but no fluctuation in either the chlorid
or carbon dioxid combining-power, although both of the latter were
abnormal, the chlorid being increased above the normal and the
carbon dioxid combining-power decreased. The results in cases 4,
18, 23, and 26, the rise in blood-urea and plasma-chlorid and the
fall in carbon dioxid* combining-power were identical with those in
which ammonium chlorid alone was ingested (table 3). In Cases
24 and 25, there was a moderate rise in blood-urea and chlorid and
a moderate early decrease in the carbon dioxid combining-power.
With the long-continued administration of both substances (more
than a month) these blood values tend to approach the normal.
Cases 6 and 22 show that a low content of blood-urea, an increased
content of plasma-chlorid, and a normal value for the carbon dioxid
combining-power can be maintained after continued large doses of
ammonium chlorid and novasurol. Normal values for urea, chlorid
and carbon dioxid combining-power were present in cases 21 and 25
(tables 12 and 13) at some time during the combined form of treat-
ment. It is noteworthy that these normal values were found during
periods of active diuresis in cases of long-standing marked edema,
after long-continued administration of both drugs.

The effectiveness of ammonium chlorid in increasing a subnormal
content of plasma-chlorid is well illustrated in case 18 (fig. 6, tables
10, 13 and 14). Within eight days the subnormal level of 276 mgm.
was raised to normal, 342 mgm., thus making it possible for novasurol
to cause a satisfactory diuresis. Dilute hydrochloric acid was sub-
stituted .for ammonium chlorid in case 30 (table 15). The patient had
portal cirrhosis with ascites. This acid caused a fall in blood urea
and only slight changes in plasma chlorid and the carbon dioxid
combining-power of the plasma, yet the subsequent administration
of salyrgan caused a large increase in the volume of the urine.

Urine. In our experience diuresis was usual, following the satis-
factory administration of ammonium chlorid and novasurol. The

181



TAB
The effect of combined ammonium

29

M
M)

M.

Diagnosis Date, 1925

Normal July 1

48 F. Chronic nephrosis

July 2
July 3
June 4
June 5
June 6
June 7

Blood

14.

la
ed a00
E Gi 8

16.0

14.0
21.6
12.0

s-E tk

B 1._-. ~ 4)OF

(.

384 55

384 43
390 43

411 37

550

2,100
500

900
1,200
3,100
1,050

m

4.6

4.6
5.0
6.0
5.2
5.6
5.4

Chlorid ISodium

0.68

0.55
0.22
0.46
0.35
0.52
O.S3

i
a

.-r0

3.76

11.47
1.22
4.08
4.25

16.00
5.61

7 35 M. Chronic encar- June 21 300 5.2 0.38 1.15
ditis, polycy

Jthemia June 22 13.0 366 48 1,750 5.2 0.56 9.27
June 23 2,050 4.810.56 11.44

- _ .__ ________ June 24 1,000 5.610.51 5.04 _ _
52 M. Banti's disease,

ascites

Portal cirrhosis

Portal cirrhosis

181 M. Chronic nephrosis

20 48 M.

22 27 F.

26 1 60 1 M. I Chronic nephrosis

July 31

August 1
August 2
August 3
August 4
August 5
August 6
January 18

January 19
August 15
May 10

May 11
May 12
September 2

September 3
September 4
August 16

Total
August 17
August 18
August 19
September 27
September 28

September 29
September 30
October 1
March 24

March 25
March 26

21.6

21.0

17.0

366

372

33

46

14.3 404 36

9.7 396 48
6.9 366 58

14.0 376 48

12.4 370
322

52
68

18.0 1324170

20.0 420 35

700

2,650
2,200
1,300
3,175
1, 150

950
750

2,200
850
850

3, 700
1, 550

500

3,700
550

1,700

2,025
1, 950
5,675

700
5, 710

715
700
600

500
400

750

5.6

6.6
6.2
6.4
6.4
6.2
5.6
5.8

6 0
4.6
5.6

5.0
5.4
5.6

5.4
5.6
6.4

5.4
7.2

5.4
5.4
5.0
5.4
5.8

5.2

5.6

5.4

0.16

0.43
0.40
0.38
0.41
0.36
0.13
0.70

0.70
0.52
0.66

0.64
0. 56
0.69

0.53
0.48
0.61

0.56
0.56

0.51

0.53
0.47
0.17
0.16

0.26
0.29

0.34

11.45
8.70
4.98

12.90
4.14
1.55
5.28

15.30
4.34
5.64

23.76
8.82
3.39

19.50
2.64

10.40

11.42
10.99
32.81
3.57

30.49
3.34
1.19
0.97

1.32
1.15

2.52

Q

114

0;

0.03

E
to4.4

0~.15

0.20 4.15
0. 03 0.20
0.14
0.13
0.28
0.26

0.13
0.10
0.18
0.15
0.05
0.03
0.34

1.23
1.50
8.68
2.70

3.44
2.31
2. 29
4.73
0.53
0.33
2.53

Potas-
sium

08 to

x. a

9 ;'
0.49 2.70

0.13 2.84
0.24 1.33
0.12 1.03
0.14 1.63
0.06 1.76
0.10 1.06

0.17
0.15
0.09
0.09
0.07
0.05
0.15

4.51
3.23
1.17
2.86
0.85
0.47
1.09

Calciun

8

ga
0.03

0.01
0.02
0.003
0.003
0.004
0.006

0.03

14

0.19

0.30
11

0.02
0.04,
0.13
0.06

0.391 8.6210.0811.8010.02 10.37

0.131 1.10I0.0811.1110.03 0.42

0.30
0.21
0.01

0.20
0.02
0.38

0.35
0.40

0.03
0.24
0.04
0.02
0.01

0.02
0.02

3. 11

11.19
3.27
0.05

7.55
0.14
6.43

7.09
7.76

21.28
0.20

11.28
0.25
0.13
0.05

0.11
0.08

0.84

0.06
0.10
0.21

0.08
0.10
0.03

0.01
0.01

0.12
0.10
0.06

2.05
1.50
1.05

3.15
0.57
0.58

0.23
0.25
1.06
0.91
4.75
0.38

2, 800 5.4 0.51 14.88 0.28 7.84 0.03 0.76
1. 300 7.0 0.46 5.94 0.27 3.52 0.04 0.58

0.02 0.59
0.01 0.24

0.00510.08

0.004 0.08
0.004 0.09

0.25

.27 63 M. Chronic myocar- January 24 26.0 373 62 1,330 4.6 0.66 9.24 0.39 5.92 0.13 1.74 0.18 0.24
dial degenera-
tion; chronic January 25 2,850 4.4 0.66 19.50 0.44 12.68 0.07 2.05 0.18 0.52
nephritis; por- January 26 24.4 357 60 1,650 4.6 0.46 7.500.29 4.62 0.10 1.60 0.13 0.22
tal cirrhosis ._._____.

29 20 F. Polyserositis March 1 300 6.4 0.65 1.94 0.07 0.22 0.12 0.37 0.005 0.01

March 2 12.0 402 48 2,400 6.2 0.64 15.26 0.30 7.32 0.07 1.64 0.001 0.27
March 3 400 6.0 0.58 2.30 0.06 0.25 0.11 0.4610.003 0.01

Se_ otoe5
ul itnttkn

t Full diet not taken.
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0 See footnote S.
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-hlorid and novasurol on blood and urine

* Phos- ~~~Inorganic Toteal inor Am- Ue
phorus s gani base on nitrogen 8

as03 ~~~nitrogen

8n4) k Dosage

-i 4 ~~~~~ 4 ~~~ li 4
E

4
-

0.02 0.11 0.14 0.77 0.21 1.61 172 946 0. 16 0.88 1.44 8.90 11.00 2, 200 1, 576 June 29 to July 2, ammonium
chlorid, 42 grams

-i.0l 0.190 .02 0.46 0.05 1.16 133 2, 793 0.03 0.73 0.35 7.25 9.90 3,869 3,317 Novasurol, 2 cc.
'0.02 0.11 0. 1S 0.85 0.33 1.83 100 550 0.17 0.96 1.52 8.36 10.00 1,603 1,232
.007 0.060 .04 0.38 0.03 0.30 83 757 0.11 1.00 0.26 2.36 S.lOt 1,591 1,465 June 1 to 7, ammonium chlorid, 43
0.005 0.05 0.04 0.54 0.04 0.44 88 1, 056 0. OS0.555 0. 33 3.92 6.90 1,835 1,695 grams
0.003 0.100 .01 0.46 0.03 0.84 139 4,309 0.03 0.84 0.19 5.80 7.00 5,159 4,815 Novasurol, 2 cc.
e.004 0.04 0.04 0.42 0.03 0.32 139 1,460 0.06 0.68 0.27 2.84 5.40t 2,069 2,209

0.11 0.33 0.13 0.39 135 405 0.17 0.52 655 776 June 9 to 27, ammoniwm chlorid, 129
grams

0.02 0.35 0.04 0.66 160 2,800 0.05 0.95 3,043 3,478 Novasurol, 2 cc.
0.03 0.68 0.05 1.05 162 3,321 0.05 1.07 3,981 4.085
0.08 0.80 0.08 0.82 143 1,430 0.11 1.09 2,213 2,208 .-
* July 21 to August 20, ammonium

chlorid, 207 grams
Novasurol, 2 cc.

Novasurol, 2 cc.

0.01 0.07 0.09 0-67 209 1, 567- January 12 to 20, ammonium chlorid,
78 grams

0.01 0.120.010.18 200 1,401 Novasurol, 1 cc.

. .08 0.06 0.51 122 1, 040 0.15 1.31 0.52 4.44 7.60 1,133 April 29 to May 13, ammonium
chlorid, 150 grams

0.006 0.21 0.01 0.52 158 5,870 0.05 1.91 O.5 5.51 8.50 6,006 Novasurol, 1.5 cc.
0.006 0.09 0.04 0.57 129 1,998 0.09 1.38 0.34 5.21 8.20 2.097

0.09 0.47 0.14 0.70 67 335 0.25 1.26 1,467 1,235 August 19 to September 30, am-
monium chlorid, 384 grams

0.01 0.52 0.02 0.85 130 4,810 0.04 1.63 6,075 5,975 Salyrgan, 2 cc.
0.11 0.60 0.16 0.90 70 385 0.26 1.45 1,396 1.430

August 13 to September 22, am-
monium chlorid, 364 grams

August 15, novasurol, 2 cc.

0.04 0.33 0.14 1.08
0.01 0.39 0.02 1.18 Novasurol 2 cc.
0.09 0.58 0.11 0.67
0.05 0.36 59 413
0.06 0.36 68 408 September 28 to 30, sodium chlorid,

24 grams
0.08 0.38 102 S10 September 28 to October 1, increase in
0.06 0.25 115 460 weight from 117.25 to 122.5 pounds

March 15 to 21, ammonium chlorid,
75 grams

Novasurol, 2 cc.

0.18 0.24 0.05 0.67 226 3, 0781 January 22 to 31, ammonium chlorid,
90 grams

0.07 0.21 .009 0.25 228 6,473 Novasurol, I cc.
0.08 0.140 .05 0.83 163 2.645

0.001 0.01 0.05 0.15 70 309t February 25 to March 14, ammonium
chlorid, 146 grams

0.002 0.040 .02 0.41 157 3.773 March 18 to 22, ammonium chlorid,
0.001 0.0101.07 0.27 _ _ 60 248 48 grams and novasurol, I cc.

Z Calculated from the estimations of sodium, potassium, calcium, and magnesium.
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NORMANM. KEITH AND MARYWHELAN

largest output of urine occurred in cases 22, 24 and 25 (table 14).
In a period of between two and three weeks the actual volume of
urine excreted daily by each of these patients on days of diuresis
only, amounted to from 16.5 to 30 liters. In case 25 (table 14) the
actual loss of weight during the five to six weeks of treatment was
70 pounds (31.8 kgm.), and is mentioned to demonstrate the possi-
bility of repeated marked diuresis in removing retained fluid from
the body. On the other hand, two patients (cases 17 and 18, tables
10 and 13, fig. 6), showed no diuresis when the plasma chlorid level
was below normal. The amount of mercury excreted in the urine
by each of four patients on days of diuresis, when undergoing the
combined treatment, was found to range from 48.5 to 81.3 per cent
of that injected. The hydrogen-ion concentration of the urine showed
no characteristic changes, though minor variations occurred. The
chlorids excreted, except by patients with an abnormally low content
of plasma chlorid, always showed a sustained or increased concentra-
tion, 0.36 to 0.70 gram per cent, and marked total increase. The
maximal output of chlorid occurred in case 25 (table 14), 32.8 grams
in twenty-four hours. Similarly, the sodium excreted showed an
increased or sustained concentration, 0.05 to 0.44 gram per cent, and
large total increase. The evenly sustained excretion of chlorid and
sodium at a high level, during this twenty-four-hour period is of note.
In case 25 when the amount of chlorid excreted in one period of
twenty-four hours amounted to 32.8 grams the sodium excreted
totalled 21.3 grams. Thus, on that particular day of the diuresis,
total amounts of chlorid and sodium were excreted in the propor-
tions of 6:4, the ratio of the two ions in the salt, sodium chlorid.
Weshall point out that such a ratio of the ions does not always occur.
Potassium is usually excreted at a lower concentration during days of
diuresis, but the total output is sustained or increased. The varia-
tions in the excretion of potassium, particularly in relation to the
excretion of chlorid and sodium, are well exemplified during two
periods of diuresis, August 16 and 18, in case 25 (table 14). In the
two experiments the total volume of urine was the same and the total
chlorid differed by only 2 grams, whereas the sodium differed by 10
grams and the potassium by 3.7 grams. Thus when the chlorid
excreted was stationary, there was a fall of 10 grams in the sodium
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186 ACTION OF AMMONIUMCHLORID

but an increase of 3.7 grams in the potassium. Whereas in the first
experiment almost all the chlorid was excreted as sodium chlorid, in
the second the total excretion of sodium and potassium combined
did not furnish sufficient base for the large output of chlorid. The

&ovasuvol Zc.c.

4500'-
4000 O X02jg
3500|3000 A2

502500-
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Days1 23 4 5 6 7 8 9 10 11 aL 13 14 15 16 17 1819
Weiglhe d low salt diet

OFluid, intake 12Urine output -.bodiy weight I Fixed base 0 AAmmoniA
DHydrochloric acidc U Sulphuric acid, Phosphoric acid

FIG. 3. CHRONIC NEPHROSIS. RELATIVE DIURETIC EFFECT OF AMMONIUM

CHLORID ALONEAND AMMO0NUMCHLORmPLUS NOVASUROL;ALSO THE SUM

OF THE INORGANIC AC1D AND INORGANIC BASIC IONS PLUS AMMONIA iN THE

URINE CALCULATEDAS ONE-TENTH NORMALCUBIC CENTIMETERS, AcID OR

ALKALI. (CASE 4, TABLES 3, 4, 13 AND 14)

ammonium radical unfortunately was not determined. The am-

monia excreted was always less concentrated on the days of diuresis,
whether the total amount was slightly decreased, maintained the same,
or slightly increased. The total fixed base was always markedly
increased and the concentration maintained or raised, thus paral-
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leling the chlorid excreted. The total calcium excreted was invaria-
bly increased and the magnesium also usually. The sulphate output
showed a fall in concentration with a small increase in total amount.
A fall in concentration with the total output unchanged was charac-
teristic of the phosphate excretion, a result similar to that noted with

Novasurol 2c.c. cc2 c.

4000ll3! m l S

5004
250

1000
500

aqs2 3 4 5 6 7, 9 10
Weighe4 low es.lt d.iet

OFl1iid. intle 0Urin outpu.t .-.od.y weiaht
* Faxed. ase 0 Ammonia. [Wiydrochioric acid.

USulphuric acid WPhosphoric acid.

FIG. 4. CHRONIC ENDOCAuRDSAND POLYCYTTIEMIA. PROLONGED, COMBINED
DInUREIC EFFECT OF AMMONIUMCIrLoRID AND NOVASUROL;ALSO TIHE SUJM
OF THE INORGANIC AC1D AND INORGANIC BASIC IONS PLUS AMMONIA IN THEE
URINE CALCULATEDAS ONE-TENTH NORMWALCUBIC CENTIMETERS, ACID OR
ALKALI. (CASE 7, TABLES 13 AND 14)

novasurol alone. Similarly also there were no constant changes ob-
served in the output of urea or total nitrogen.

Comparison of the excretion of the total inorganic acid ions, with
the inorganic basic ions and ammonia, expressed as one-tenth normal
acid or alkali, in a normal subject (case 8, table 14, fig. 2) shows a
preponderance of the inorganic acid ions. A similar finding, but with
increase of acid over base less marked, was noted in case 4 (table 14,
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(CASES 31 AND 32, TABLE 16)
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ACTION OF AMMONIUMCHLORID

fig. 3). In case 7 (fig. 4) and case 24 (table 14), the total inorganic
acid closely approximated the total basic ions. The phosphate ion
was calculated as one-tenth molar solution, it thereby having been
assumed that it had bound one equivalent of base.

Two patients with marked ascites (case 31 and 32) with only an
occasional trace of albumin in the urine manifested definite diuresis
after the combined treatment. The titratable acid, and total or-
ganic acids were determined in addition to the total inorganic acid,
basic ions and ammonia (table 16 and fig. 5). The amount of the
total acid excreted closely parallels that of the total base and the
titratable acid. These results again emphasize the importance of
the specific excretion of chlorid along with fixed base when diuresis is
produced by the combined action of ammonium chlorid and organic
mercury compounds.

OTHERDIURETICS

The urinary findings of two patients with diuresis after the use of
theocin, digitalis, and novasurol are recorded in table 17. In the
diuresis produced by theocin and digitalis there is an increase in
chlorid, sodium and fixed base similar to that produced by novasurol.
Steyrer reported diuresis with increase in the chlorid excreted follow-
ing the administration of digitalis to a patient with cardiac decom-
pensation. Katsuyama and Pototzski noted that after caffein de-
rivatives had been administered to rabbits, the chlorid and sodium
excreted in the urine were increased. Bock found that, besides
the increase in the chlorid and sodium, the potassium content of the
urine was increased during caffein diuresis. Meinertz first reported
an increase in the chlorid excreted after the use of caffein derivatives
in clinical cases of edema. In the single case in this series in which
all three diuretic agents were administered (case 14, table 17), nova-
surol brought about the maximal excretion of chlorid, sodium and
fixed base, although the amount of water excreted equaled that after
digitalis. Jendrassik, in 1891,6 gave calomel to a series of patients

6 Jendrassik's advocacy of the use of calomel for its diuretic effect was based
on certain remarkable instances of diuresis obtained in cases of obstinate edema
in Wagener's clinic in Budapest. The calomel treatment for edema was given
a trial in numerous clinics at this period, but because of the coexisting diarrhea,
and at times harmful effects on the kidney, its use as a diuretic was generally
abandoned.
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ACTION OF AMONIUMCHLORID

with cardiac edema and noted a similar increase in the urinary ex-
cretion of water and chlorids.

Comparative findings in the blood and urine. In three patients with
marked edema (cases 7, 22 and 24, table 14) who were given the
combined treatment a great diuresis occurred when the carbon dioxid
combining-power of the plasma was very slightly below the normal,
48 per cent by volume, and the blood urea was within normal limits,
but the plasma-chlorid level was definitely increased. Urinalysis
revealed: (1) acidity of the urine with little if any change in hydro-
gen-ion concentration, from the previous day, (2) marked increase in
chlorid, sodium and total fixed base, (3) a small but definite increase
in ammonia, (4) very close balance between the total inorganic acid
ions, and those of the total inorganic base with ammonia included,
and (5) in one case (case 22) an increase in the urea and total nitro-
gen. The only distinct difference between these results and those
of the normal subject (case 8, table 14) is the absence in the former
cases of a distinct decrease in the alkali reserve of the plasma.

Cases 17 and 18 (tables 10 and 13) clearly show the close relation-
ship between a low level of plasma chlorid and the consequent low
urinary excretion of chlorid and the diuretic action of novasurol.
With the level in the plasma below normal and in the presence of
marked edema, practically no excretion of chlorid occurred nor did
diuresis take place, but when the content was raised to the normal
level in case 18 by administering ammonium chlorid, chlorid, fixed
base and water were excreted in large amounts. There was no defi-
nite relationship between decreased alkali reserve in the plasma and
active diuresis, the latter occurring when the former varied between
37.5 and 76 per cent by volume (fig. 6).

The effect of sodium chlorid, as contrasted with that of ammonium
chlorid, in an organism which tends to retain fluid readily, is well
shown in case 25 (table 14). The patient's weight had been reduced
from 84 to 53 kgm. (185 to 117 pounds) by the combined use of
ammonium chlorid and novasurol. For three days he was given a
total of 24 grams of sodium chlorid, but the volume of the urine and
the chlorid, sodium, and fixed base excreted remained approximately
stationary, nor did the low plasma chlorid show any change. The
patient gained 2.4 kgm. in weight. These results clearly indicate
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that sodium chlorid in this case passed readily to and lodged in the
tissues generally, carrying with it a certain amount of water; hence
the increase in weight. This clinical experiment closely parallels
that reported by Widal and Javal in a case of edema with chronic
nephrosis.

Novdsurol 05ccZcc. 2cc. 2cc. 2cc. 2cc. 2cc. 2cc. 2cc 2cc.
_11 d1 ti l It iL lSmI 1I It 1l

mq 74
420 6kg. cr- IIT __X______X_66

_____ _ __ z-T _ ________=_-' m338 50

65 40002__r_

Fv8---l I1 16 240 3
60 3000

55 2000

50 1000

0~~~~~~~~~~~~~~~~~46

Days 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
0 Fluid into.ke I Urine output -- Body weight
Chlorine mg for each 00acc blood. plusma Chlorine gm. in urine
* Combined carbon dioxide volumes per cent

FIG. 6. RELATIONSHIP OF AN ABNORMALLYLow A NORmALPLASMACHLORD
TO THE DiuREsis PRODUCEDBY AMMONIUmCHLoRu AND NOVASUROL.

(CASE 18, TABLES 10, 13 mNm 14)

DISCUSSION

Action of ammonium chlorid. Following the injection or absorption
of this salt the ammonium ions are rapidly synthesized into urea with
consequent increase in the blood urea and the urea excretion. The
ammonium ions are thus rapidly removed from the blood and tissues
leaving hydrochloric acid which causes a shift of the buffer systems
toward the acid side. Haldane and Gamble have stressed the chlorid
acidosis as the important factor in the causation of the diuresis. Be-
sides the acidosis, we have been led to consider the increase of urea
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and the increase per se of chlorid in the blood and tissues, as possible
factors in inducing diuresis.

If the resulting acidosis is the sole cause of the diuretic action of
ammonium chlorid the ingestion of acids should have a similar effect.
Begun, Herrmann and Miinzer studied the effect of the ingestion of
a 12.3 per cent solution of hydrochloric acid, 170 and 85 cc., respec-
tively, in two normal men. During the period of acid ingestion they
observed an increase in the excretion of chlorid, ammonia nitrogen
and titratable acid in the urine. In one case there was no diuresis,
and in the other the moderate increase in the volume of urine was
due to an increase in the intake of water. One of our patients (case 30,
table 15) was given, by mouth, 116 cc. of 10 per cent hydrochloric acid,
in daily amounts varying from 8 to 48 cc. for four days. This
amount of hydrochloric acid contains 11.3 grams chlorin, equal to
that in 16.5 grams of ammonium chlorid. The ingestion of the
acid caused a very slight increase in the plasma chlorid and de-
crease in carbon dioxid combining-power of the plasma. Studies
of the urine showed that the acid had no definite diuretic action.
The excretion of chlorid and ammonia was increased. Sodium
and potassium showed some variation for it seemed that an
increase in soditum was accompanied by a decrease in potassium
and vice versa, while the total fixed base excretion remained con-
stant. In this experiment the acid ingestion produced evidences
of acidosis without diuresis; however, the lack of increase in the
volume of the urine may have been due to the relatively small amount
of acid ingested. These results with hydrochloric acid and the fact
that the normal subject (case 8) developed acidosis without diuresis
in three days after taking 31.5 grams of ammonium chlorid, indicate
clearly that acidosis can be produced by chlorid without a parallel
increase in the volume of urine. Further experiments with other
inorganic acids as sulphuric and nitric acids, are needed to decide
the question as to whether such disturbance in the acid-base equi-
librium towards the acid side in the tissues will cause liberation of
water. In interpreting such experiments the possible specific action
of the anion must also be considered.

An abnormally low level of plasma chlorid with little or no chlorid
excreted in the urine has been demonstrated in cases of severe renal
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insufficiency with and without demonstrable edema, lobar pneumonia,
extensive superficial burns, war-gas poisoning, the toxic syndrome
associated with upper intestinal obstruction, and in two cases of
portal cirrhosis with edema and ascites in this series (cases 17 and
18, table 10). In one of the latter (case 18) when the ascites and
edema were extensive the ingestion of ammonium chlorid gradually
raised the lowered chlorid plasma threshold to the normal level and
thus permitted an increase in excretion through the kidney.

At first glance the administration of a chlorid in large amounts
to an organism literally loaded down with chlorids and water seems
most illogical. However, it proved to be a life-saving measure in
the case just described. The exact manner in which the chlorid
current was thus diverted from the general tissues toward the blood
stream and hence through the kidney is not easily explained. So-
dium chlorid had no such effect in case 25 (table 14). On the other
hand, it augmented the current of chlorid and water toward the tis-
sues. This simple clinical experiment shows the important relation-
ship between retained sodium and retained water, as pointed out by
Meyer and Blum. Besides the acidity factor, due to ammonium
chlorid, the status quo of the ions already present, and the specific
action of the chlorid ion itself must also play a part in causing such
an important shift in the movement of the body fluids.

Action of organic mercury compounds. A large percentage of the
injected mercury is excreted in the urine. Diuresis is accompanied
by an increased excretion of chlorid and fixed base. The latter is
chiefly due to the increased elimination of sodium although potassium
in certain instances made up a considerable fraction. The urine
excreted the day following diuresis contained small amounts of
chlorid and sodium, but the average amount of potassium. The
latter urinary findings are similar to those noted by Benedict during
starvation, in which condition there is known to be a retention of
chlorid and sodium. There was no conclusive evidence during this
diuresis of any marked change in the acid-base equilibrium of the
blood or urine. Wedid note the absence of diuresis when the plasma
chlorid content was well below the normal threshold. Further we
have been unable to show any constant changes in the composition
of the blood during the period when a large quantity of fluid must
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necessarily be liberated from the tissues and transported within the
organism. These negative findings are in harmony with those of
Haldane and Priestley in the blood of normal man after the ingestion
of a large quantity of water. Greene and Rowntree had to give a
much larger amount of water to animals to produce changes in blood
concentration. The liberation of ascitic fluid by organic mercury
compounds in cases of serious hepatic disease without any demon-
strable renal impairment would lead one to believe that the specific
action was in the tissues remote from the kidneys. The specific
action in renal edema suggests an effect both on the general tissues
and kidneys. Experiments on the perfused isolated kidney might
be crucial in determining the specific site of action.

Combined action of ammonium chlorid and organic mercury com-
pounds. Following the combined administration of ammonium
chlorid and organic mercury compounds, marked diuresis was the
rule. The diuresis occurred more consistently than before, when the
diuretic substances were given singly, and large accumulations of
fluid within the body were removed in a comparatively short period.
Both substances have the same fundamental property of removing
chlorid and fixed base as well as water from the organism, and their
combined action may thus be simply a cumulative one. Full diuresis
did occur when the blood plasma values for urea, chlorid and the
carbon dioxid combining-power were normal. However, even with
the normal plasma content of urea, chlorid and carbon dioxid com-
bining-power, the urinary findings showed an increased excretion of
ammonia which indicated definite acidosis. Such results point to a
possible compensatory regulation of the acid-base equilibrium in the
plasma when the tissues are still more acid in reaction than normal.
Thus the acidosis produced by an acid-forming salt, after a long
period of ingestion, may be closely analogous to a case of compen-
sated acidosis in diabetes mellitus. In our experience novasurol
alone did not cause a demonstrable change in the acid-base equilib-
rium of the body, whereas when combined with ammonium chlorid
there was always evidence, in the plasma or urine, of acidosis. We
have thus demonstrated that ammonium chlorid can produce acidosis
in the organism with or without diuresis; that novasurol can bring
about diuresis when there is no acidosis; and that the combined
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exhibition of ammonium chlorid and novasurol causes the most
marked diuresis when acidosis is present. From such facts one
must conclude that an abnormal acid reaction in the tissues need not
per se cause diuresis, but since it ocurs when the diuretic response is
most regular and marked, it must be considered a possible factor in
liberating water from the tissues.

When diuresis follows the use of the caffein diuretics and digitalis
the urine shows a decided increase in the chlorid and fixed base
excreted. If acidosis favors diuresis, the combined use of an acid-
forming salt and theocin, for example, might cause diuresis after theo-
cin alone has failed. Weare at present carrying out some experi-
ments to test this possibility.

Urea has long been recognized as possessing diuretic properties
and has been used as a therapeutic agent in different types of edema.
Crawford and McIntosh have lately reported beneficial effects from
its use in cases of cardiac edema. Their results show clearly that the
increased elimination of water is accompanied by an increased ex-
cretion of urea, but with only slight irregular increases in chlorids.
Here then the mechanism of diuresis is quite distinct from that in-
volved when ammonium chlorid or an organic mercury compound,
caffein or digitalis, is administered. Similarly, hypertonic solutions
of glucose and saccharose have been employed experimentally to
produce marked diuresis and subsequent dehydration. Some of our
unpublished data indicate that, like urea, these sugars may not
necessarily cause a distinctly increased excretion of chlorid and fixed
base. From a practical therapeutic standpoint those substances
which remove water, chlorid, and fixed base from edematous patients
remove both the retained fluid and its inorganic dissolved constit-
uents and therefore accomplish a more complete withdrawal than
diuretics of the urea and sugar type.

The removal of accumulated fluid, in cases of cardiac and nephritic
edema, and in cases of ascites associated with disease of the liver, is a
fundamental problem in therapeutics. This excess fluid is either
retained within the cells themselves, in the tissues or in the body
cavities. It may leave the cells, tissues or body cavities spontane-
ously. Digitalis, the caffein derivatives, acid-forming salts, organic
mercury compounds or urea may bring about diuresis when it does not
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occur spontaneously. The site of action of these diuretics would seem
to be diffuse and not limited to one specific organ, the kidney. The
exact quantitative levels at which salts can pass from the edematous
tissues into the blood stream and from the blood stream through
the kidney may be affected by these drugs. That abnormal levels
do exist in edematous conditions and can be altered has been well
shown in cases of this series. These diuretics may also act by per-
mitting salts and water to pass through cells previously impervious,
as the renal cell in oliguria and the peritoneal endothelium in the as-
cites of cirrhosis of the liver.

SUMMARY

Following the administration of ammonium chlorid and its absorp-
tion into the blood stream it has been shown experimentally that the
ammonia is quickly synthesized to urea. The liberated hydrochloric
acid increases the chlorid content of the blood and tissues with the
production of acidosis. Under the conditions of these experiments
diuresis may or may not occur after the exhibition of an adequate
amount of ammonium chloride. Ammonium chlorid in man causes
an increased excretion of chlorid, fixed inorganic base (particularly
sodium and potassium), ammonia, urea, and total nitrogen in the
urine.

Organic mercury compounds cause an increased excretion of chlorid
and inorganic fixed base, without evidence in the blood or urine of a
change in acid-base equilibrium. The basic ions, sodium and potas-
sium, may be excreted independently. Diuresis occurs usually but
not always. Changes in the concentration of the blood are incon-
stant and never marked in degree, even when the diuresis is great.
Eighty-five per cent of the injected mercury can be recovered in the
subsequent twenty-four-hour specimen of urine.

Ammonium chlorid and organic mercury compounds used in com-
bination produce diuresis when singly they fail to do so. They
cause acidosis, an increase in the chlorid content of the blood, and an
increase in the excretion of water, chlorid, fixed inorganic base, chiefly
sodium and potassium, and ammonia. In one case in which there
was a subnormal plasma chlorid level the combined drugs failed to
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produce diuresis. Ammonium chlorid was then given until the
chlorids reached the normal level, when organic mercury produced
satisfactory diuresis.

The evidence at hand indicates that the activity of these diuretics
is not limited to the kidney, but that extrarenal factors enter into
consideration.
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