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sweating, and congestion of the neck veins. In two patients
retrosternal pains were intensified.
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FIG. 5.-Effect of propranolol on mean right atrial pressure in
seven patients with acute myocardial infarction. The thick

line represents the mean values.

Discussion
The most important haemodynamic effects of propranolol

are due to reduction of heart rate and a negative inotropic
effect. In patients with a damaged myocardium the ability to
maintain the stroke volume may be decreased, and an adequate
cardiac output will depend on a higher heart rate. The effect
of /3-adrenergic-receptor blockade will presumably be most
pronounced when a high sympathetic tone is present, which
often is the case in patients with acute myocardial infarction.
The depressing effect of the drug on myocardial contractility
may therefore also be accentuated.

In our study a marked reduction of cardiac output occurred
in all patients after intravenous injection of propranolol, mainly
as a result of reduction of heart rate, but also to a minor degree

as a result of reduced stroke volume. The findings of an
elevated central venous pressure and prolongation of circulation
time may indicate that heart failure was precipitated. In fact,
it was noted that a marked clinical deterioration occurred in
three of the patients. Similar effects will probably follow
adequate peroral medication.
As a consequence of these results the investigation was

terminated when only eight patients had been examined. Because
of the potentially undesirable effects we have also been hesitant
with regard to a controlled double-blind clinical study of the
antiarrhythmic properties of propranolol in acute myocardial
infarction.

Summary and Conclusion

The 83-adrenergic-receptor blocking agent propranolol
(Inderal) was given to eight patients in the acute stage of myo-
cardial infarction. In all patients a marked reduction of cardiac
output occurred. This was mainly due to a reduction of heart
rate, but to a minor degree also to reduction of stroke volume.
In three of the patients an obvious deterioration of their clinical
condition with symptoms of impending shock developed shortly
after the injection of propranolol.
The results indicate that propranolol should be used with

great caution in acute myocardial infarction.
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MK-870 (N-amidino-3,5-diamino-6-chloropyrazinamide hydro-
chloride dihydrate) is a new potassium-sparing diuretic, with
the structural formula shown in Fig. 1. Evaluation in normal
volunteers has shown that it produced a moderate sodium,
bicarbonate, and water diuresis while dramatically reducing
urinary excretion of potassium (Wilson et al., 1966). When
used with hydrochlorothiazide or ethacrynic acid MK-870
enhanced their natriuretic action but prevented potassium loss
without impairing glomerular filtration rate.
The present study describes the use of MK-870 in combina-

tion with hydrochlorothiazide or ethacrynic acid in patients
with resistant oedema of varied aetiology and confirms its

effectiveness in potentiating sodium and water diuresis while
conserving potassium.

0 NH HCI
N _ 11 H i

Cl C-N-C-NH2*2H20

H2N NH2
N

MK- 870
FIG. 1.-Structural formula of MK-870.

* Registrar, Medical Unit, Auckland Hospital, Auckland, New Zealand
t Research Fellow, Medical Unit, Auckland Hospital.
t Biochemist, Medical Unit, Auckland Hospital.
S Physician-in-Charge, Medical Unit, Auckland Hospital.

Patients and Methods
The object of the study was to evaluate the effects of MK-870

on the pattern of electrolyte excretion induced by hydrochloro-
thiazide or ethacrynic acid.
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Eleven patients with oedema were studied. Their clinical
and biochemical features are summarized in Table I. The
criterion for inclusion of patients in the trial was severe or

refractory oedema and they were selectively divided into two

groups. In group A the effects of MK-870 were studied with
hydrochlorothiazide and in group B with ethacrynic acid. The
more refractory patients were allocated to group B. All
patients had moderate to severe impairment of renal function
contributing to their previous inadequate response to diuretics.

TABLE I.-Clinica! and Biochemical Data of 11 Patients with Chronic
Oedema:

Sex

Serum Creatinine

No.C and Ures Clearance Diagnosis Other

N'Agge (mg./ (ml./ Drugs
100 ml.) minute)

I M 55
2 F 41
3 M 52

4 F 77

5 M 63

6 F 69

7 F 22

1A M 55
8 F 62

9 M 29
10 M 71

11 F 70

22
39
48

70

67

68

66

22
45

89
56

92

61-5
48 5
82-0

20 4

16-9

22-0

26 2

61 5
20-0

440
33-5

2-6

Group A
Portal cirrhosis
Pulmonary heart disease
Chronic glomerulonephritis with Predni-

nephrotic syndrom: sone

Ischaemic heart disease with
congestive heart failure Digoxin

Hypertension with congestive
heart failure

Aortic valvular disease with
congestive heart failure

Proliferative glomerulonephritis
with nephrotic syndrome

Group B
Portal cirrhosis
Membranous glomerulonephritis

with nephrotic syndrome

Ischaemic heart disease with
congestive heart failure Digoxin

Chronic glomerulonephritis with
congestive heart failure

* On the Giovannetti diet with serum creatinine of 5 8 mg./l00 ml. Before diet
began the serum urea was 250 mg./100 ml.

The patients for study were admitted to a metabolic unit
where facilities are available for balance studies. Each patient
was placed on bed rest, given a diet of known electrolyte con-
tent, and if receiving additional drugs such as digoxin the
dose was kept constant during the trial. The sodium intake was
limited to 22 mEq in the five more severe cases (Cases 1 and
2 in group A, and 1A, 8 and 9 in group B); the remainder
took 50 mEq daily because of the vigorous diuretic response
induced by these drugs in combination. Potassium intake was
fixed at 70 mEq with fluid intake of 1,500 ml. daily.
Each study started with a control period of two days, during

which the effects of bed rest, salt, and fluid restriction were
observed. Each diuretic regimen was given by mouth for two
consecutive days. With hydrochlorothiazide and ethacrynic
acid, 100 mg. was given at 9 a.m. and 50 mg. at 3 p.m. In
the first period hydrochlorothiazide or ethacrynic acid was given
alone, and in the second these drugs were combined with 15
and 10 mg. of MK-870 given at the same times. A "rest"
day without diuretic drugs separated each period. The plan
is illustrated in Fig. 2. Wherever possible (Cases 1, 1A, 3, and
5) the complete cycle was repeated. In the early part of the
investigation the " rest " period after the drug combination was
limited to 24 hours (Cases 1, 1A, and 7). This was increased
to 48 hours when the carry-over additive effect of MK-870
became apparent.
The patients were weighed daily at the same time. Urine

passed over 24 hours was collected under paraffin and preserved
with thymol for the estimation of sodium, potassium,
bicarbonate, pH, and osmolality. All specimens were kept at
-10° C. if not analysed within eight hours. Serum electro-
lytes, carbon dioxide content, urea, and creatinine clearances
were determined at the end of each drug period. Blood pres-
sures were recorded twice daily and clinical assessment was
made once a day. A full blood count and tests of liver func-
tion were done at the beginning and the end of each trial.
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Sodium and potassium in plasma and urine were measured
with an EEL flame photometer. A Van Slyke apparatus was

used to estimate carbon dioxide content. Endogenous creatinine
clearances were calculated from the creatinine values determined
by the Jaff6 reaction after adsorption on Lloyd's reagent (Hare,
1950) and corrected to standard surface area. An Advanced
Instruments osmometer was used to measure osmolality. Urine
pH was determined with a Radiometer 27 pH meter. Aliquots
of homogenized diets were digested with concentrated nitric
acid and the sodium and potassium concentrations estimated by
flame photometry.

Results

The effects of MK-870 on the diuretic response of hydro-
chlorothiazide and ethacrynic acid are shown in Tables II and
III. The results are derived from 10 cycles of treatment in
seven patients with hydrochlor-othiazide and six cycles in
five patients with ethacrynic acid. The urinary figures
represent the mean of two 24-hour excretions of sodium, potas-

sium, and the 24-hour volume. Details of one case are given
in Fig. 2. One patient (Case 3) was on prednisone throughout
the trial, but his response was so predictably consistent that he
has been retained in the analysis of results.

*HYDROCHLOROTHIAZIDE *MK-870 *ETHACRYNIC ACID
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FIG. 2.-Effect of MK-870 on the daily excretion of urinary

sodium, potassium, pH., and volume induced by hydrochloro-
thiazide and ethacryn;-c acid in an individual patient (Case I

and IlA).

Hydrochlorothiazide and MK-870 (Table II)

In all seven patients MK-870 potentiated and in most cases
doubled the sodium excretion produced by hydrochlorothiazide
while halving the potassium excretion. From a mean control
level of 25.4 mEq/day sodium excretion was increased to 91.6
mEq with hydrochlorothiazide and to 188.0 mEq with the addi-
tion of MK-870. Potassium excretion rose from a mean base-
line level of 40.5 mEq/day to 81.7 mEq with hydrochloro-

144 21 January 1967 New Diuretic-Singh et al.
 on 24 M

ay 2023 by guest. P
rotected by copyright.

http://w
w

w
.bm

j.com
/

B
r M

ed J: first published as 10.1136/bm
j.1.5533.143 on 21 January 1967. D

ow
nloaded from

 

http://www.bmj.com/


21 January 1967 New Diuretic-Singh et al. BRMrIH A 145
MEDICAL JOURNAL 145

thiazide, but the addition of MK-870 reduced this by 57%
to 35.5 mEq/day. The potentiation of water excretion by
MK-870 averaged 403 ml./day more than with hydro-
chlorothiazide alone.

TABLE II.-Group A Patients-Effect of MK-870 (M) on Daily Urinary
Sodium, Potassium, and Water Excretion Produced by Hydrochloro-
thiazide (H) Compared with a Control Period (C). Each Period is
a Mean of Two Days

(Table IV). MK-870 was found to be more effective in
promoting loss of sodium than that of water. In five patients
sodium excretion was enhanced without a corresponding water
diuresis. Small variations in free water clearance on the com-
bined regimens were observed, but the mean differences for both
groups were not significant. The selective natriuretic effect of
MK-870 was accompanied by a consistent increase in urinary
pH in all the patients studied (Table IV).

Potassium
(mEq/24 hr.)

C H H+Mj C

Volume
(ml./24 hr.)

H
-l-lIi

11-5
14-0
56-9
75-0
147-7
31-9
123-9
117-1
199-3
138-3

208-5
162-5
170-0
189-6
306-2
56-5

231-5
144-0
235-5
175-3

41-5

22-4
75.3

21-0
30-2

42-3
50-6

40-5

107-4
93-7
40-0
154-5
1 17-7
42-4
64-6
59-6
65-5
71-5

81-7

40-2
52-0
24-4
35-7
68-6
12-8
25-2
26-2
34-1
36-1

1,470

580
620

465
870

975
1,900

-I I'-

1,680
1,225
740

1,590
2,700
830

1,725
1,655
2,400
2,520

H+M

TABLE IV.-Effect of MK-870 (M) on Urinary Sodium/Potassium Ratio,
Urinary pH, and Creatinine Clearance in Patients Treated with
Hydrochlorothiazide (H) or Ethacrynic Acid (E)

2,220
1,680
1,515 Sodium/pota-
3,645 aium ratio
3,380
500 Urinary pH

2,135
1,570 Creatinine
2,260 clearance
2,200 (ml/minute)

35-5 1,114 1,707 2,110

Mean
Mean
Range
Mean
Range

Control H H+M Control

0-63 1-12 5-3
6-19 6-39 7-31

{5.35- 5-23- 6-83-
\7-7 7-8 8-03

39.7 43 0 43-2
82

16- 15-1- 15-7-
_82 79 87

0-69
5-88
5-03-
6-55
34-2
2-6-
70-6

Ethacrynic Acid and MK-870 (Table III)

As with hydrochlorothiazide, the response of ethacrynic acid
was considerably modified by MK-870. A further increase in
sodium excretion occurred in all patients from 94.9 mflq
obtained with ethacrynic acid to 159.6 mEq/day. Potassium
excretion was once again reduced in all patients. The average
reduction to 25.8 mEq with MK-870 gave a potassium excretion
of less than 50% of the average levels produced by ethacrynic
acid. With MK-870 a further small increase in water excretion
occurred, averaging 189 ml./day.

TABLE III.-Group B Patients-Effect of MK-870 (M) on Daily Urinary
Sodium, Potassium, and Water Excretion Produced by Ethacrynic
Acid (E) Compared with a Control Period (C). Each Period is a
Mean of Two Days

No. Sodium Potassium VolumeCase of (mEq./24 hr.) (mEq/24 hr.) (ml./24 hr.)
No. c _Cycle C E E+M C E E+M C B E+M

1A 1 18-9 54-0 141-1 84-7 80-0 44-1 1,670 2,150 2,400
1_l2 11064 153-2 99-1 41-9 2,760 2,355

8 1 3-0 21-5 75-4 12-7 25-3 10-1 500* 1,065* 1,200*
9 1 5-9 4-7 52-9 39 4 31-4 6-1 915* 1,020* 1,285*
10 1 15-6 266-0 365-4 18-4 53-3 38-9 500 2,730 3,370
11 1 71-4 116-5 169-5 12-4 21-1 13-4 700 1,040 1,290

Mean| 6 23.0 |94-9 159-6 33-5 51-7 25-8 857 1,794 1,983

* Fluid intake limited to 1,000 ml./day on account of extreme oedema.

Illustrative Case.-In one patient, a 55-year-old man with portal
cirrhosis and ascites, two complete cycles with each drug were
possible (Fig. 2). He retained sodium avidly, and was refractory
to hydrochlorothiazide alone. Addition of MK-870 produced a
sodium diuresis of over 200 mEq in 24 hours while reversing the
thiazide-induced kaliuresis. Qualitatively similar results were
achieved in combination with ethacrynic acid. This patient has
since been maintained as an outpatient for eight months on etha-
crynic acid 150 mg. and MK-870 20 mg. daily with no potassium
supplements, and has not become hypokalaemic, while remaining free
of ascites. There has been no loss of the potassium-sparing effect
of MK-870 and the glomerular filtration rate has remained unaltered
during eight months of continuous therapy.

Effect on Urinary Electrolytes
The ability of MK-870 to increase sodium excretion preferen-

tially in excess of potassium is reflected best in the rise in the
urinary Na/K ratios. For hydrochlorothiazide and ethacrynic
acid given individually the ratios averaged 1.12 and 1.84 respec-
tively; when MK-870 was introduced in combination the
corresponding ratios increased to 5.3 and 6.19 respectively
D

Serum Electrolyte Changes
The negative sodium balance induced by MK-870 was not

associated with significant alteration in serum levels of sodium
or carbon dioxide content. In some subjects, however, a slight
increase in serum potassium was noted. In none did this reach
a dangerously high level. In one patient (Case 11) the resting
level was 6.1 mEq/l. It remained unaffected with ethacrynic
acid, but rose to 7.0 mEq/l. when MK-870 was added. This
patient had severe renal failure with a serum creatinine of 5.8
mg./100 ml., while her serum urea was maintained at a level
below 100 mg./100 ml. by the Giovannetti diet, which often
leads to hyperkalaemia (Shaw et al., 1965).

Effects on Renal Function
The glomerular filtration rate, as measured by the endogenous

creatinine clearance, was not significantly affected when MK-
870 was used together with hydrochlorothiazide or ethacrynic
acid (Table IV). Moreover, no direct toxic effect on the kidneys
was observed, and, despite the moderately impaired renal func-
tion in the majority of patients in the trial, MK-870 caused
no further increase in the levels of serum urea.

Side-effects
We have now used MK-870 in 16 oedematous patients, five

of whom have not been included in the trial. No serious toxic
effects have so far been observed. Only one patient complained
of severe nausea, which ceased on withdrawal of the drug.
Another patient, suffering from mitral stenosis with congestive
heart failure, developed a striking eosinophilia (white cell count
13,000, with 75 % eosinophils). It was not possible to determine
whether this was related to the drug. It disappeared after three
weeks without any cause being found.
No hypotensive action attributable to the drug was found

in either group of patients. The effects of MK-870 on carbo-
hydrate or uric acid metabolism were not studied, as it would
have been impossible to dissociate these changes from those of
other diuretics used in the trial.

It is too early to evaluate the toxicity of this drug. Never-
theless, in one patient receiving 20 mg. daily of MK-870 no
side-effects have been observed during eight months.

Discussion

Trehtment of severely oedematous patients with potent
diuretics is not uncommonly complicated by hypokalaemia. In

No. Sodium

of (mEq/24 hr.)
-Cycle C H IJH+M

Case
No.

2
3 {
4
5 {
6
7

Mean

1
2
1
1
2
1
1
2
1
1

6-3

12-1
7-3

7-6
22-6

61-0
61-2

10 25-4 91-6 188-0

E E+M

1-84
6-45
5-6
8-25
40.7
5-1-
75-4

6-19
7-22
6-65-
8-27
37-6
4-65

65-3

1..l

-I 1-_-I-
--I
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patients with fluid retention, both from liver disease and cardiac
failure, diuretic therapy is necessarily prolonged. Hypokalaemia
under these conditions may precipitate hepatic precoma or
digitalis toxicity with cardiac arrhythmias. To counteract these
risks oral supplements of potassium or potassium-sparing
diuretics have been used with varying success.

Hypokalaemia resulting from powerful diuretics is not always
prevented by oral supplementation (Saad and Gabuzda, 1964;
Sperber et al., 1965). Moreover, oral potassium therapy is
being increasingly incriminated as a cause of stenosing jejunal
ulcers (Baker et al., 1964 ; Lindholmer et al., 1964). Despite
optimistic claims (Baba et al., 1962 ; Laufer and Mahabir,
1964), potassium balance is often not achieved when triamterene
is used concurrently with powerful diuretics in oedematous
patients (Shaldon and Ryder, 1962 ; Ginsberg et al., 1964;
Sperber et al., 1965). Similarly, the use of spironolactone does
not always obviate the need for potassium supplements (Ross,
1961).

In oedematous patients 25 mg. of MK-870 daily significantly
enhanced the negative sodium and fluid balance and completely
reversed the potassium loss created by hydrochlorothiazide or
ethacrynic acid. In some patients sodium diuresis occurred
without a corresponding loss of water, but in all patients a
satisfactory loss of oedema was achieved without serum electro-
lyte imbalance. Hyperkalaemia was noted in only one patient,
though Moukheibir and Kirkendall (1965) reported significant
increases in serum potassium in six patients with ascites treated
with 30 mg. daily of MK-870 alone. A significant increase in
the renal excretion of bicarbonate (Wilson et al., 1966) and a
rise in the urinary pH are also consistent effects of MK-870.
A diuretic which potentiates the sodium and water diuresis

and effectively blocks the renal potassium-wasting produced by
potent diuretics would have a valuable place in the treatment
of oedema. Our results from a short-term trial indicate that
in these respects MK-870 is effective and may prove superior
to triamterene or spironolactone. In one patient the potassium-
sparing effect of MK-870 has been maintained over eight
months of continuous daily administration without break-
through of potassium excretion. In this patient no disorder of
serum electrolytes has so far occurred. Further work is in
progress to evaluate the long-term effects of MK-870.

Unlike triamterene, which causes a variable depression of
renal function (Donnelly et al., 1962 ; Ginsberg et at., 1964),
MK-870 was found to remain active in the presence of rela-
tively advanced renal failure without causing further impair-
ment of glomerular filtration rate.
The mode of action of MK-870 is unknown. However,

from the pattern of urinary electrolyte excretion and pH
changes produced, its principal site of activity appears to be
within the distal part of the renal tubules (Wilson et al., 1966).

The selective natriuretic effect of this new diuretic with the
striking property of potassium retention would make it a poten-
tially useful agent for use in combination with potent diuretics
for relief of oedematous states. Its tendency to cause a slight
positive potassium balance in some patients could be controlled
by reducing the dose. If long-term experience reveals no limit-
ing toxic effects MK-870 is likely to prove useful in the manage-
ment of chronic oedema.

Summary

MK-870, a new potassium-sparing diuretic, has been evalu-
ated in 11 patients with resistant oedema. It potentiates strongly
the sodium and water diuresis induced by hydrochlorothiazide
or ethacrynic acid, while completely reversing their kaliuretic
effect. The use of MK-870 was associated with a rise in
urinary pH but with no significant alteration in glomerular
filtration rate or in levels of serum urea. In this short-term
trial increases in serum potassium were not significant and no
serious toxic effects were encountered.

We are grateful to Miss S. McIntyre, of the Dietary Department,
Auckland Hospital, for her co-operation, and to Sisters S. Cooper
and P. Nathan for help throughout the trial. We thank Merck
Sharp and Dohme Research Laboratories for supplies of MK-870,
and Mrs. E. Smith for secretarial assistance.
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