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Comparison of the acute vascular effects of frusemide and
bumetanide

G. D. JOHNSTON, D. P. NICHOLLS, G. B. KONDOWE & M. B. FINCH
Department of Therapeutics and Pharmacology, The Queen's University of Belfast, and Belfast City Hospital,
Belfast, Northern Ireland

1 The acute peripheral vascular and diuretic effects of intravenous frusemide 10 mg and
20 mg were compared with those of bumetanide 250 pug and 500 ,ug in a group of 10 salt
depleted volunteers.
2 Significant reductions in forearm blood flow (FBF) were observed after frusemide 10
mg (-0.77 ml 100 ml-' min-' P < 0.05) and 20 mg (-0.75 ml 100 m11 minil P < 0.01 at 15
min). No changes were observed after bumetanide. The reductions in blood flow produced
by frusemide were significantly different from those of bumetanide (P < 0.05) at 15 min.
3 Increases in venous capacitance (VC) and mean arterial blood pressure (MAP) were
observed after frusemide but these differences were not statistically different from placebo
or bumetanide. No increases were seen after bumetanide.
4 Plasma aldosterone concentrations were unchanged after either drug but plasma renin
activity (PRA) was increased after frusemide 10 mg (4.42 + 1.01 -+ 8.50 + 1.90 ng A I ml-'
h'1 P < 0.01) and 20 mg (4.01 ± 0.72 -- 7.81 ± 2.27 ng A I m[71 h-1 P < 0.05). No
increases were observed after bumetanide and significant differences between bumetanide
and frusemide were observed (P < 0.01).
5 This study demonstrates that the acute peripheral arterial effects of frusemide are not
observed after comparable diuretic doses of bumetanide. The differences appear to be
related to the ability of the drugs to stimulate acute renin release from the kidney.
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Introduction

It has been demonstrated that the acute non-
diuretic vascular effects of bumetanide differ
from those of frusemide and ethacrynic acid in
patients with congestive heart failure (Ziacchi et
at., 1981). While bumetanide is known to pro-
duce increases in renal blood flow (Bollerup et
al., 1974), the acute effects on left ventricular
filling pressure and venous capacitance are less
well defined and unlike other diuretics (Lal et
al., 1969; Dikshit et al., 1973; Ramirez &
Abelmann, 1968) bumetanide is associated with
a decrease in total peripheral systemic resistance
(Ziacchi et al., 1981).

We have previously shown that the acute
peripheral vascular effects of frusemide on
venous capacitance and forearm blood flow are
related to renin release, prostaglandin forma-
tion and angiotensin II formation. In keeping
with this hypothesis are the observations that
indomethacin, salt overloading and propranolol
prevent acute frusemide stimulated renin release
and attenuate the peripheral vascular responses
(Johnston et al., 1983a, 1985). Reduction of
angiotensin II formation with captopril also pre-
vents the venodilator, arterial constrictor and
pressor responses to intravenous frusemide
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(Johnston et al., 1983b). The following experi-
ment was therefore undertaken to compare the
peripheral venous and arterial effects of intra-
venous bumetanide and frusemide at comparable
diuretic doses and to examine the relationship
between these responses and the changes in
plasma renin activity.

Methods

Ten healthy volunteers, six females and four
males aged 19-34 years, were studied after full
clinical examination and having given informed
consent. The subjects had normal renal func-
tion as assessed by serum creatinine (92.8
± 2.4; range 84-109 gLmol 100 m[17). The
protocol of the study had been approved by the
Ethics Committee of The Queen's University of
Belfast. The study was carried out at the same
time of day on five separate occasions with a
period of at least 1 week between studies. For
the 3 days before each study day subjects were
asked to restrict the sodium content of their diet
to 50 mmol 24 h-1 by avoiding added salt and
restricting sodium rich foods. In addition the
volunteers received 80 mg of oral frusemide for 3
days. On the day of each experiment, urine was
collected over a 4 h period before the study to
estimate urinary sodium excretion. A 19 gauge
butterfly needle was then inserted into an ante-
cubital vein of the left arm for blood sampling
and drug administration. Blood pressure was
measured using a Hawksley random zero
sphygmomanometer (Wright& Dore, 1970) and
heart rate from a direct writing electrocardio-
graph as the mean of ten consecutive R-R inter-
vals. Mean blood pressure was calculated as the
diastolic blood pressure + 1/3 (systolic - diastolic
pressure). Forearm blood flow and venous
capacitance were measured in the right arm by
venous occlusion plethysmography (Whitney,
1953). Venous capacitance was determined by
the equilibration technique at a venous occlu-
sion pressure of 30 mm Hg (4kPa) and forearm
blood flow determined from the initial rate of
change in forearm circumference at an occlusion
pressure of 60 mm Hg (8 kPa). Changes in
forearm circumference were measured with a
mercury-in-silastic strain gauge. Room tem-
perature throughout was maintained at 24 ±
0.50C.

After a 1 h period of rest in the supine
position, three baseline measurements of
venous capacitance, forearm blood flow, blood
pressure and heart rate were made at 5 min
intervals and a blood sample taken for the
measurement of plasma renin activity and

plasma aldosterone concentrations. Subjects
then received 10, 20 mg of frusemide, 250, 500
Fg of bumetanide or placebo according to a
double-blind, randomised cross-over design. On
each occasion, the drug (or placebo) was admin-
istered as a 2 ml intravenous bolus given over a
10 s period. The injection had been prepared
beforehand by an independent observer to
maintain blindness. Venous capacitance, fore-
arm blood flow, blood pressure and heart rate
were again measured at 5 min intervals over the
next 15 min. Plasma renin activity and plasma
aldosterone concentrations were measured
before and ten minutes after the diuretic or
placebo. Urine samples were obtained at 20 mi
after drug administration for estimation of
urinary sodium output.
For estimation of plasma renin activity 10 ml

of blood was immediately placed in glass tubes at
0°C containing 0.3 ml of 10% sodium ethylene-
diamine tetra-acetate (EDTA), centrifuged at
4°C and plasma stored at -40°C. Plasma renin
activity was expressed as ng of angiotensin I
(A I) generated h71 ml[1 of plasma at pH 7 and
at 37°C. A I was measured by radioimmunoassay
with a Gamma Coat Kit, Clinical Assays
Travenol Laboratories Inc. (Haber et al., 1969).
Plasma aldosterone concentrations were mea-
sured with a radioimmunoassay kit supplied by
C.I.S. (UK) Ltd, North Finchley, London, and
urinary sodium concentrations by flame photo-
metry. Comparisons of absolute data at each
time point were made using Friedman's two-way
analysis of variance for non-parametric measure-
ments. If significant differences between treat-
ments were detected then a Wilcoxon's matched
pairs signed rank test for paired data was used to
identify differences between individual drugs.
The level of significance was chosen as P < 0.05
for the analysis of variance and P - 0.025 for the
Wilcoxon's test to reduce the frequency of
random positive results. Values P < 0.25 > 0.01
are expressed as P < 0.05.

Results

Frusemide 10 mg and 20 mg caused significant
reductions in forearm blood flow (FBF) at 15
min when compared with placebo (-0.77 ml
100 m171 min-' P < 0.05 and -0.75 ml 100 ml['
min7l P < 0.01 respectively, Figure 1). No re-
ductions in FBF were observed after the two
doses of bumetanide. The differences between
frusemide 10 mg and bumetanide 250 ,ug and
between frusemide 20 mg and bumetanide 500
F.g were significant (P < 0.05). A significant
difference (P < 0.05) was observed in venous



Vascular effects offrusemide and bumetanide

Drug administration

3.0 Placebo 4

c2.0 - i

E
T 1.0-
E
° 30 Bumetanide

32.0 - ~ - 4 ~r~
0

o 1.0
0

Frusemide

E 2.0[ It L

1.0

-10 -5 0 5 10 15
Time (min)

Figure 1 Changes in forearm blood flow (ml 100 ml-'
min) 15 min before and after the administration of
placebo (-_), bumetanide 250 ,ug (0-0),
bumetanide 500 ,ug, (A--*A), frusemide 10 mg (0-0)
and frusemide 20mg (A-----A). Changes are compared
with the corresponding placebo values. * P < 0.05,
** P<0.01.

capacitance (VC) between treatments 5 min
after drug administration but it was not possible
to identify any individual differences which were
significant. No overall differences were seen at
10 or 15 min after drug administration. The
increase in VC observed after frusemide (Figure
2) was not statistically different from placebo or
bumetanide. A small increase in mean arterial
blood pressure (MAP) was seen after frusemide
(Figure 3) but this also did not achieve statistical
significance when compared to placebo or
bumetanide.
The pre-treatment urinary sodium excretions

were all less than 2.5 mmol hl1 indicating that
subjects had adhered to the protocol and that a
measure of sodium depletion had been achieved.
After drug administration a significant increase
in sodium and water excretion was observed
after each active drug (P < 0.01) as compared to
placebo. No differences were seen between the
natriuretic effects of any of the active drugs
although the larger doses did appear to have
greater natriuretic activity (Figure 4). The
changes in plasma aldosterone concentrations
were not significantly different from placebo
after diuretic administration (Figure 4). By
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Figure 2 Changes in venous capacitance (ml 100 ml1-
at 30 mm Hg) 15 min before and after the administra-
tion of placebo (_-_), bumetanide 250 ,ug
(0-0), bumetanide 500 ,ug (A*-.A), frusemide
10 mg (e-e) and frusemide 20 mg (A----A). Changes
are compared with the corresponding placebo values.

contrast when compared to placebo significant
increases in PRA were observed after frusemide
10 mg (4.42 + 1.01-8.50 + 1.90 ng A I m[ It,
P < 0.01) and 20mg (4.01 ± 0.72 -. 7.81 + 2.27
ng A I ml[' h-1, P < 0.05, Figure 4). No changes
in PRA were observed after bumetanide. The
effects of 10 mg frusemide and 250 ,ug of bume-
tanide on PRA were significantly different
(P < 0.01). The coefficients of variation based
on values in 50 salt depleted subjects were 52%
for PRA and 43% for plasma aldosterone.

Discussion

This study demonstrates that comparable diuretic
doses of frusemide and bumetanide have differ-
ent acute effects on the peripheral vasculature
and the renin-angiotensin system. We have pre-
viously demonstrated that the acute peripheral
vascular effects of intravenous frusemide on
venous capacitance, peripheral blood flow and
blood pressure only occur when the kidney is in a
salt retaining state and when frusemide gives rise
to acute renin release (Johnston et al., 1983a, b,
1985). We postulated that the peripheral arterial
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Figure 3 Changes in mean arterial blood pressure
(mm Hg) 15 min before and after the administration of
placebo (_-_), bumetanide 250 ,ug (0-0),
bumetanide 500S g (A---A), frusemidelOmg(@-O*)
and frusemide 20 mg (A----A). Changes are compared
with the corresponding placebo values.

constrictor effects occurred secondary to angio-
tensin II formation while the venous effects were
due to the release of vasodilatory substances-
prostaglandins, kinins, etc. from the vessel wall
in response to angiotensin II. These effects,
combined with acute pressor responses are
observed at low dose (5 mg intravenously) and
there appears to be no relationship with the
degree of diuresis (Johnston et al., 1984). Ziacchi
et al. (1981) demonstrated that bumetanide, a
diuretic with similar properties to frusemide, did
not produce an increase in peripheral resistance
in patients with congestive heart failure. If our
original theory was correct then bumetanide
would not produce acute renin release under
these circumstances. However, bumetanide has
been reported to cause a marked increase in
plasma renin activity in laboratory animals
(Imbs et al., 1977; Olsen & Ahnfelt-Ronne,
1976) and man (Pedrinelli etal., 1980; Pierucci et
al., 1980) probably secondary to increases in
renal plasma flow (Sigurd et al., 1975) and de-
creases in extracellular volume. At first glance
the effects of bumetanide on renin release
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Figure 4 Plasma aldosterone (pg ml7') and plasma
renin activity (ngA I h-1 m17') before and 10 min after
the administration of placebo, bumetanide (250, 500
gig) and frusemide (10 mg, 20 mg). Urinary sodium
output (mmol h-l) following these drugs is also
illustrated. Changes are compared with the
corresponding placebo. * P < 0.05, ** P < 0.01

described in this study appear to be at variance
with most of the published literature on the
subject but the dose of bumetanide and the
timing of the renin sample must be taken into
consideration when making comparisons. Loop
diuretics, unlike other diuretics, have a biphasic
effect on renin release: an acute response which
is due to a direct effect of the drug on the macula
densa, accompanied by an increase in renal
blood flow and a late response which occurs
secondary to salt and water retention (Imbs et
al., 1977). In this experiment we examined only
the acute effects on renin release, i.e. changes
occurring within 10 min of drug administration
since this is the time scale of the acute peripheral
vascular responses. In two studies which reported
an increase in man following bumetanide, the
plasma renin activity was not measured before
30 min (Pierucci et al., 1980; Velasquez et al.,
1978) and therefore no evidence of an acute
increase in renin release was described. There
appears to be no evidence that bumetanide, at
these doses, causes acute renin release in man.
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The acute vascular effects of frusemide seem
to be unrelated to diuresis (Johnston etal., 1984)
and it may be that at higher doses bumetanide
could give rise to acute renin release and acute
peripheral vascular effects. Animal studies have
demonstrated that the acute increases in renal
blood flow and renin release seen with frusemide
occur at normal diuretic doses while with
bumetanide these effects are only seen at the
highest or even supramaximal diuretic doses
(Friedman & Roch-Ramel, 1977; Duchin &
Hutcheon, 1978). One might speculate that ifwe
had used higher doses of bumetanide plasma
renin activity would have increased acutely and
the peripheral vascular effects would have
been observed. On a weight for weight basis,
bumetanide is clearly a more potent diuretic.
These differences are in part related to lipid
solubility and to the concentrations achieved
within the renal tubule (Schlossman, 1974).
Loop diuretics produce their effects on sodium
and chloride transport on the thick ascending
loop of Henle from within the renal tubule and
the diuretic effects can be related to this concen-

tration. The ability of these drugs to stimulate
renin release acutely seems to depend on their
concentrations at the macula densa (Freeman et
al., 1974) which is not necessarily related to the
concentration in the ascending limb of the loop
of Henle. The diuretic activity and the ability of
loop diuretics to produce acute increases in plasma
renin activity are probably not related.
Whatever the reasons for the differences

between the two drugs, bumetanide at lower
therapeutic doses, unlike frusemide, is not
associated with acute increases in forearm
vascular resistance and probably total peripheral
resistance. These differences could be related to
their effects on acute renin release and subse-
quent angiotensin II formation. The implications
of these findings in patients with congestive
heart failure treated with loop diuretics has yet
to be assessed.
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