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SERUM LIPID LEVELS

In the Newcastle trial there were fewer events in the clofibrate-
treated group compared with those given placebo regardless
of whether the initial serum cholesterol was high or low,
and regardless of whether the presenting history had been
)ne of angina or of infarction. In both groups those with high
initial serum cholesterol levels had more events. In the Scottish
trial, on the other hand, those with high initial cholesterol
levels did not have more events than those with low ones.
The benefits seen in the "all anginas" group was independent
of the starting level of serum cholesterol. In the Newcastle
trial a derived index of triglyceride-rich lipoproteins was
obtained; the response of this to treatment did not correlate
well with the beneficial effects of clofibrate.

Conclusion

Both trials agree in showing a significant reduction in mortality,
especially in sudden deaths, and in total events when clofibrate
was given to patients who had angina. In the Newcastle trial
there was also a favourable trend for patients who entered
the trial with a history of myocardial infarction only, but this
was not evident in the Scottish trial. This inconsistency might
be explained by the considerable difference between the
trials in mortality rates in the placebo groups and in the selection
of patients.

In both trials, and especially in the Newcastle trial, there
was also a reduction in the incidence of non-fatal infarcts,
and again this was more pronounced in patients with angina.
Clearly clofibrate is more beneficial when there has been or

there is continuing myocardial ischaemia than when there is
only a history of infarct. Is seems to protect particularly
against sudden death.
The effect of the drug in reducing serum lipids was main-

tained up to five years, but in neither trial has it been possible
to prove that this effect and the improved prognosis are
causally related. Whether the beneficial effect of clofibrate is
related in some way to the preservation of blood flow to the
ischaemic areas is speculative, but, of course, clofibrate has
other mechanisms of action than reduction of plasma
cholesterol and triglycerides, such as reduction of raised
plasma free fatty acids, raised fibrinogen levels, and platelet
adhesiveness, and an increase in fibrinolytic activity.
The lesson to be learnt from both trials seems clear.

Clofibrate is a beneficial drug in the treatment of ischaemic
heart disease in patients who first present with angina and
in those who continue to have angina after myocardial infarction.
An argument can be developed for the establishment of a
larger trial of clofibrate specifically in patients with angina,
stratified according to certain high-risk categories. However,
the ethics of conducting this on a controlled basis would, in
view of the results reported here, have to be appraised care-
fully.

The assembly and statistical analysis of these studies has been
greatly aided by Dr. C. C. Downie and Dr. R. T. Rouse, of I.C.I.
Pharmaceuticals Limited, and we wish to thank them for their
advice.

Reprint requests to Dr. M. F. Oliver, Department of Cardiology,
Royal Infirmary, Edinburgh EH3 9YW.
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Summary

A controlled clinical trial of a new diuretic-mefruside-
is reported, in which it was compared with frusemide in 15
normal subjects and 15 patients with fluid retention. It was
found to be an effective diuretic which, in the patients,
produced a significantly greater excretion of water and
electrolytes than an equal dose of frusemide. Its smooth pro-
longed action, maximal in the first 12 hours, made it of par-
ticular value for maintenance therapy. In a short-term trial
on a further 15 hypertensive patients mefruside was shown
to have a useful hypotensive action. The drug was well
tolerated with minimal side effects.

Introduction

Since the introduction of an effective oral diuretic in the form of
chlorothiazide (Novello and Sprague, 1957), a wide range of
compounds differing in their chemical class and pharmacological
effect has been developed. Recent reports of a new compound-
mefruside-suggest that it has a prolonged mode of action and
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produces salt and water loss with little potassium depletion in
short-term experiments (Wilson and Kirkendall, 1970).
The chemistry of this compound has been described by

Horstmann et al. (1967). It is 4-chloro-N'-methyl-N'-
(2-methyltetrahydrofurfuryl)-benzene-1,3-disulphonamide, and
bears some chemical resemblance to frusemide (see Formulae).

9F CH2-N -S02 . CI X CH2-HN

CH3 SO2NH2 COOHQCI

S02 NH2
MEFRUSIDE FRUSEMIDE

Its absorption, excretion, and metabolism has been studied by
Duhm et al. (1967). It seems to act on the distal half of the
nephron, inhibiting sodium and water reabsorption in the
ascending loop of Henle and the collecting ducts (Meng and
Kroneberg, 1967), in contradistinction to frusemide, which
inhibits proximal reabsorption. Bicarbonate reabsorption is
unchanged. The effect of the drug is dose-related up to about
100 mg in human subjects but thereafter it seems to produce
little further response (Schwab and Immich, 1967).

Methods

Powders containing either 50 mg of mefruside or 50 mg of
frusemide were made up in the dispensary. The appearance and
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labelling were identical. The trial was then divided into two
parts-normal subjects and patients.

was given in a dose of 25 mgiday for seven days. Blood pressure
recordings taken at rest with the subjects lying were made on
four fixed occasions on each day and the results averaged.

TRIAL IN NORMAL SUBJECTS

Fifteen men were studied; these consisted of medical students
and staff aged 20 to 47 years. All had normal blood urea and
electrolyte levels. They took a normal diet, and consumed, so
far as possible, the same volume of fluid each day. Each subject
measured his own urine specimens and collected these in the
following manner: the bladder was emptied at 8 a.m. and urine
discarded; thereafter urine was collected in four-hourly vol-
umes-8 a.m. to midday, midday to 4 p.m., 4 to 8 p.m., 8 p.m.
to midnight, and a final eight-hour specimen from midnight
to 8 a.m.
The first 24 hours represented a control period. The full

procedure was repeated on the second day after taking the
diuretic powder at 8 a.m. After a rest period of several days the
experiment was repeated with a further control period of 24
hours followed by the other diuretic powder. Thus it was
possible to obtain two control periods and to study the effect of
each diuretic in turn.
The urine samples were analysed by standard methods-

sodium and potassium by flame photometry with an EEL
photometer, chloride by the titrimetric method of Schales and
Schales (1941)-and the electrolyte content of each specimen was
determined.

TRIAL IN PATIENTS

Patients with Oedema.-Fifteen patients with clinical features of
moderate fluid retention were selected. The nature of the
investigation was explained to them, and they voluntarily
consented to participate. Their ages ranged from 44 to 83.
All had congestive cardiac failure. In 12 this was secondary to
myocardial ischaemia, in two to pulmonary disease, and in one
to hypochromic anaemia. Throughout the trial they remained
on a standard light diet and were not allowed to take additional
sodium supplements. The trial was not begun until the patients
had reached a stable condition after a few days' rest in hospital.
The essential feature was the order of administration, the
diuretics being given in the sequence A B B A or B A A B (Gold
et al., 1960), an interval of one day being allowed between each
dose. This eliminates a source of bias that is possible when one
drug always precedes or follows the other in paired comparisons.
The sequence adopted was unknown to the investigators until
the end of the trial, so that the procedure was double-blind in
type. Twenty-four-hour urine samples were collected through-
out the trial, and the same values measured-namely, urine
volume and sodium, potassium, and chloride content. Thus
nine 24-hour collections were made as follows: Day 1, control
collection; 2, diuretic A (or B); 3, interval collection; 4, diuretic
B (or A); 5, interval collection; 6, diuretic B (or A); 7, interval
collection; 8, diuretic A (or B); 9, final collection. The basal
24-hour excretion for each reading was determined by adding
Days 1, 3, 5, 7, and 9, and taking the average. Existing therapy
-for example, digoxin-in certain patients was maintained
unchanged during the trial. The 24-hour increment in excretion
was derived by subtracting the control average from the mean
daily excretion for each diuretic.

Patients with Hypertension.-Though the main purpose of the
trial was to assess the effects of mefruside on water and salt
excretion, it has been claimed that the drug has a hypotensive
action in patients with hypertension (Kiihns and Janocha, 1967;
Losel, 1968). A short-term study of the effect of mefruside was
therefore conducted in a further 15 patients, whose details are
given in Table III. These consisted of patients admitted for
further investigation of hypertension, or who were found to have
incidental hypertension, having been admitted for other reasons.
All patients had undergone a minimum of four days' rest in
order to obtain basal values before the trial began. Mefruside

Results

Normal Subjects.-The patterns of response to the drugs were
distinctly different. Frusemide was rapid in action, the diuresis
occurring within an hour and being virtually complete in the
first four hours, whereas mefruside had a more prolonged effect
extending over at least 12 hours (see Fig.). The average increases
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in urine volume and sodium, potassium, and chloride excretion
over the 24-hour period on each diuretic are shown in Table I.
A statistical analysis was carried out using Student's t test to
assess the significance ofdifference between the means. Mefruside
produced a lesser volume of urine and a greater sodium and
potassium excretion, but the differences were not significant.
There was, however, a significant increase in the excretion of
chloride (P <0-02).

Patients.-The mean 24-hour increase of urine volume and
sodium, potassium, and chloride excretion for each diuretic is
given in Table II. In the patients mefruside was more effective
than a similar dose of frusemide, the differences in urine volume
and sodium, potassium, and chloride excretion all being
statistically significant.

Effect on Hypertension.-The results of our short-term studies
are shown in detail in Table III. Under the conditions of our
trial mefruside produced a degree of hypotension affecting
mainly the systolic pressure. After seven days' treatment the
mean blood pressure had fallen from 181/110 to 161/97 mm Hg.
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TABLE I-Increments in Urine Volumne and Electrolytes per 24 Hours in 15
Normal Subjects. Mean Values and Statistical Analysis

Average Increase ( ± S.D.) per 24 hours

Urine Sodium Potassium Chloride Ratio Na/K
Vol. Excretion Excretion Excretion Excretion
(Ml) (mEq) (mEq) (mEq) ____

Mefruside .. .. 902 (462) 144 (88) 27 (32) 172 (78) 5-3:1
Frusemide .. .. 1,066 (478) 101 (63) 17 (24) 107 (71) 5 9:1

t .0-9326 1-7318 1-2625 2-8034
P .<0 3 < 0-1 <0-2 <0-02*

*Significant.

TABLE II-Increments in Urine Volume and Electrolytes per 24 hours in 15
Patients with Fluid Retention. Mean Values and Statistical Analysis

Average Increase (± S.D.) per 24 hours

Urine Sodium Potassium Chloride Ratio Na/K
Vol. Excretion Excretion Excretion Excretion(Ml) (mEq) (mEq) (mEq)

Mefruside .. 918 (353) 167 (62) 24 (13) 190 (55) 7 0:1
Frusemide .. .. 694 (294) 72 (31) 17 (9) 92 (33) 4 2:1

t . . ..3-0662 5-729 4-1399 6-2542
P .<0.01* <0.001* <0.01* <0.001*

*Significant.

TABLE III-Effect of Mefruside (25 mglday) on Hypertension

A
Mean Blood

Case Age Pressure (mm Hg)
No. aSed Diagnosis

Before After
Therapy' Therapy

1 62 F. Hypertension. Cerebrovascular incident 168/96 148/88
2 48 M. Hypertensive retinopathy 204/111 185/102
3 72 M. Hypertension. Cerebrovascular incident 181/110 166/101
4 45 M. Hypertension 171/105 163/101
5 34 F. Hypertension. Cerebrovascular incident 176/105 174/108
6 51 F. Hypertensive encephalopathy 194/113 168/101
7 54 M. Hypertension. Previous cerebrovascular incident 219/113 204/105
8 56 M. Hypertension 184/110 150/100
9 55 M. Hypertension. Myocardial ischaemia 158/105 125/82
10 52 F. Hypertension 188,/124 155/100
11 33 M. Hypertension 180,'123 155/101
12 50 F. Hypertension. Cerebrovascular incident 188/112 167/97
13 32 M. Hypertension. Obesity 173/120 162/97
14 38 M. Hypertension 170/95 147/90
15 50 M. Hypertension. Cerebrovascular incident 163/110 148/87

Mean values of 15 patients 181/110 161/97

Side Effects.-In the doses used the drug was well tolerated.
Two patients complained of mild gastric upset, which may have
been related to its administration, though they were also
receiving other therapy.

Discussion

From the results it is apparent that mefruside is an effective
diuretic, and produced in patients a significantly greater
excretion of urine and electrolytes in comparison with similar
doses of frusemide. Moreover, on account of its smooth and
more prolonged response, the drug is readily acceptable to
patients. Thus a morning dose gives a diuresis maximal in the
next 12 hours without restricting normal daily activities or
interrupting the night's rest. The drug is suited to the treatment
of patients with a tendency to urinary incontinence or prostatic
obstruction where a sudden diuresis can be incapacitating. We
have found mefruside to be of particular value in maintenance
therapy.
A common criticism of diuretic trials is that comparisons

between drugs have been made in separate groups of patients.
This may account for initial claims that a particular drug causes
little potassium loss. However, our trial was designed to compare
the two drugs directly in the same patients. Under these
conditions mefruside produced a significant increase in potas-
sium excretion over basal values. However, in the patient group
its administration resulted in an increased urinary Na/K ratio
of 7-0:1 against 4-2:1 for frusemide (Table II). Thus at a

similar dose mefruside gave a greater sodium diuresis than
frusemide for the amount of potassium lost. It is interesting to
note that in the normal subjects Na/K ratios were almost
identical. Though this may have been due in part to the absence
of oedema, the normal subjects were ambulant, whereas the
patients were in bed. It is well known that recumbency increases
the excretion of sodium (Thomas, 1957, 1959) and can potentiate
the action of a diuretic (Grossman, 1960).
The antihypertensive action of diuretic drugs is, no doubt, in

part explained by their effect on sodium excretion and conse-
quent reduction in extracellular fluid and plasma volume
(Dustan et al., 1959; Johnson et al., 1962), but it is likely that, in
addition, certain diuretics have a direct effect in reducing
peripheral vascular resistance. This would seem to be the mode
of action in regard to the thiazide diuretics (Pickering et al.,
1961; Villarreal et al., 1962), and, indeed, diazoxide, a thiazide
with sodium-retaining properties, can nevertheless decrease
arterial blood pressure (Dollery et al., 1962; Hutcheon and
Barthalmus, 1962; Rubin et al., 1961, 1962). In our short-term
trial mefruside had a useful hypotensive effect, and its duration
of action persisting throughout the day may be of particular
value in this respect. Further studies to determine its mode of
action and to assess its long-term effects in hypertension are
indicated.
Though we have made no observations on the effect of

mefruside on blood sugar and uric acid levels, Wilson and
Kirkendall (1970) found no deleterious effects on carbohydrate
metabolism in short-term studies in man. However, Meng and
Kroneberg (1967) and Wales et al. (1968) noted a mild hyper-
glycaemic effect in rats. As with other diuretics (Demartini
et al., 1962; Cannon et al., 1965; Humphreys, 1966) there is an
increase in serum uric acid. Thus Wilson and Kirkendall (1970),
using large doses, noted a mean increase of 0-8 mg/100 ml in
short-term studies in normal subjects, but further rises could
occur with long-term administration.

We should like to thank Dr. R. Hill and Dr. A. Slessor for help-
ful criticism and for permission to treat patients admitted under
their care.
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