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Effect of bumetanide, frusemide and prostaglandin E,
on the isolated perfused kidney of rat and rabbit

JM.Foy & S.Z.Nuhu

Postgraduate School of Studies in Pharmacology, University of Bradford, Bradford, BD7 1DP

1 Rat and rabbit kidneys were isolated, perfused via the renal artery with Krebs solution and
perfusion pressure monitored. Dose-response curves to noradrenaline administered as bolus doses
or frequency-response curves from transmural arterial electrical stimulation were obtained.

2 A 1h continuous infusion of bumetanide (0.1 ugml~!) increased the sensitivity of rat kidney
vessels to noradrenaline, an effect also seen when bumetanide and flurbiprofen (6 pgml~!) were
simultaneously perfused. In the rabbit there was a decreased sensitivity to both electrical stimulation
and noradrenaline.

3 A 1h continuous infusion of frusemide (6 pg ml~!) only altered the effects of electrical stimula-
tion. An increased sensitivity in the rat (abolished by flurbiprofen) and a decreased sensitivity in the
rabbit kidney was observed.

4 A 1h continuous infusion of prostaglandin (PG)E, (2ngml~!) increased the sensitivity of rat
kidney to both types of stimuli but caused a reduction in the responsiveness of the rabbit kidney to
electrical stimuli only. Addition of flurbiprofen only slightly modified these results.

5 The results emphasize and confirm the fundamental difference in reactivity of the rat and rabbit
kidney.

6 Bumetanide and frusemide, two ostensibly similar loop diuretics, show significantly different
effects on these preparations suggesting that any modification by non-steroidal anti-inflammatory

drugs cannot wholly be explained by similar PGE, induced haemodynamic changes.

Introduction

Prostaglandins and prostaglandin forming enzymes
are widely distributed in the kidney. Initially it was
believed that their activity was largely confined to the
renal papilla and medulla where all species studied
showed a rich source of prostaglandin synthetase
(Anggard et al., 1972; Crowshaw & McGiff, 1973;
Larsson & Anggard 1973; Blackwell et al., 1975;
Dunn 1976). However, it was also shown that the
renal cortex could synthesize small amounts of pros-
taglandin E, (PGE,) and PGF,, (Larsson etal., 1974;
Dunn 1976; Pong & Levine 1976). The demonstra-
tion of prostaglandin synthetase in cortical and
medullary collecting tubules, in arterial vascular en-
dothelial cells and in the interstitial cells of the renal
medulla (Smith & Graham, 1978) support sugges-
tions of prostaglandin involvement in the control of
water and electrolyte excretion, renal blood flow and
possibly blood pressure (Olsen, 1983). Indeed, Malik
& McGiff (1975), in their classical study, showed that
in both rat and rabbit isolated perfused kidneys,
prostaglandins modulate adrenergic transmission.

Hedqvist (1981) has put forward evidence suggesting
that prostaglandins, particularly PGE,, are signific-
ant trans-synaptic modulators of noradrenergic sec-
retion and may help maintain the functional integrity
of the effector organ. Whether the modulation of
adrenergic transmission by prostaglandins in the iso-
lated perfused kidney is inhibiting or augmentary
appears to depend both on the species (Malik &
McGiff, 1975) and on the tone of the renal vascula-
ture (Pace-Asciak & Rosenthal, 1981).

The involvement of loop diuretics with prostaglan-
dins is now well known. Both frusemide (Williamson
etal., 1975a,b; Abe et al., 1976; Weber et al., 1977)
and bumetanide (Frohlich et al., 1975; Olsen, 1975;
Olsen & Ahnfelt-Ronne, 1976; Pedrinelli et al.,
1980) have been shown to stimulate renal prostag-
landin synthesis and in turn be partially inhibited in
their diuretic response by prostaglandin synthetase
inhibitors. In this study an attempt is made to com-
pare any possible modulation of adrenergic transmis-
sion by frusemide and bumetanide with, in some
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cases, the addition of a prostaglandin synthetase
inhibitor. Thus isolated perfused kidneys were stimu-
lated either electrically or by addition of norad-
renaline to the perfusate in the presence of various
combinations of bumetanide, frusemide, PGE, and
flurbiprofen.

Methods

Male Sprague-Dawley rats weighing 200-400 g and
male New Zealand White rabbits weighing
0.8-1.0kg were used in the experiments. The rats
were anaesthetized with pentobarbitone sodium
(60mgkg~!, i.p.) and the rabbits with pentobar-
bitone sodium (30 mgkg~!, i.v.) via the outer ear
vein. The abdomen was exposed by a midline incision
and the right kidney, abdominal aorta and renal
artery exposed. The abdominal aorta was then li-
gated above and below the renal artery. A 21 gauge
needle was inserted into the renal artery and the
artery and kidney flushed with heparinised saline
(0.9% w/v NaCl solution) (100 units ml~'). The nee-
dle served as both a cannula and an electrode. The
kidney was isolated and immediately transferred to a
jacketed glass container kept warm by water at 37°C
and loosely closed by a perspex lid. The kidney
was covered with a tissue moistened with Krebs
solution and perfused with Krebs solution of the
following  composition (mM): NaCl118.4,

KCl14.09, KH,PO,1.18, MgSO,1.18, CaCl,2.56,
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NaHCO;25.0 and D-glucose 11.2. The perfusion
fluid was maintained at a temperature of 37°C and
aerated with 95% O, plus 5% CO,. The rat and
rabbit kidneys were perfused at a constant rate of
2mlmin~! and 4mlmin~!, respectively, using a
Watson-Marlow pump. The fluid perfusing the kid-
ney flowed from the cut end of the renal vein and the
ureter. Changes in perfusion pressure were measured
with a Bell and Howell transducer and recorded on a
Grass Model 7D Polygraph. The resting kidney per-
fusion pressure was 50-60 mmHg for the rat and
70-80 mmHg for the rabbit. In all cases there was a
stabilization period of 1h. Following this, dose-
response or frequency-response curves were ob-
tained by drug administration or electrical stimula-
tion at 4min intervals. Frusemide (5.0pgml™!),
bumetanide (0.1pugml~!), PGE, (2ngml~!) and
flurbiprofen (6 ug ml~!) were dissolved in Krebs sol-
ution and perfused for 1h at a rate of 2mlmin~! in
the case of the rat kidney and 4 ml min~! in the case of
the rabbit kidney. After this a similar test sequence

- was performed.

An electrode was placed on the renal artery to
allow transmural stimulation. Frequency-response
curves to electrical stimulation were obtained to in-
creasing frequencies (1-25 Hz) of stimulation (20V,
1ms pulse width) for periods of 30s every 4 min.
Noradrenaline dose-response curves were obtained
in rats (5-100 ng) and rabbits (5-500 ng), each dose
being injected into the perfusion system, close to the
kidney in a volume of not more than 0.1 ml.
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Figure 1 Effect of bumetanide (0.1 ug ml~ ! infused for one hour) on the increase in renal perfusion pressure in the
electrically stimulated isolated perfused rat kidney. (a) Control (@), bumetanide alone (A); (b) control (@),
bumetanide + flurbiprofen (6 ugml~!) (A). Each point represents the mean (n=6) and the vertical bars show

s.e.mean.



DIURETICS AND PROSTANOIDS ON PERFUSED KIDNEY 167

200 r

S a
T

£ I *
= [
° 160

1

3

17

7]

(]

a

c 120

0o

‘g S

b

[}

a 8o}

©

c

o L

-

£

s 40t

[72]

@

o

Q

£

5 10 20 50 100
Dose NA (ng)

b
i *
1 *
5 10 20 50 100
Dose NA (ng)

Figure 2 Effect of bumetanide (0.1 pgml~! infused for one hour) on the increase in renal perfusion pressure
resulting from noradrenaline (NA) injection into the isolated ?erfused rat kidney. (a) Control (H), bumetanide
)

alone (A); (b) control (W), bumetanide + flurbiprofen (6 pug mi™

(V). Each point represents the mean (n = 6) and

the vertical bars show s.e.mean. * Significantly different from control, P <0.0S.

The following drugs were used: noradrenaline
bitartrate (Sigma Chemical Co.), prostaglandin (PG)
E, (Sigma Chemical Co.,), bumetanide (Leo
Laboratories Ltd.), frusemide (Hoechst UK Ltd.),
sodium flurbiprofen (Boots Co. Ltd.). Except for
noradrenaline, they were added to the perfusion fluid
to obtain the final concentration. Levels of signifi-
cance were determined using paired ttests.
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Results

Electrical stimulation (20 V, 0.1 ms, 1-125 Hz) pro-
duced a frequency related increase in resting perfu-
sion pressure in the isolated perfused rat and rabbit
kidney. Similar dose-related increases in resting per-
fusion pressure were also observed to additions of
noradrenaline 5-100 ng to the rat kidney and norad-
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Figure 3 Effect of frusemide (5 pgml~! infused for one hour) on the increase in renal perfusion pressure in the
electrically stimulated isolated perfused rat kidney. (a) Control (@), frusemide alone (A); (b) control (@)
frusemide + flurbiprofen (6 ugml~') (A). Each point represents the mean (n = 6) and vertical bars show s.e.mean.

* Significantly different from control, P <0.05.
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Figure 4 Effect of prostaglandin (PG)E; (2 ugml~! infused for one hour) on the increase in renal perfusion
pressure on the electrically stimulated isolated perfused rat kidney. (a) Control (@), PGE; alone (A); (b) control
(@), PGE; + flurbiprofen (6 ug ml™ 1) (A). Each point represents the mean (n = 6) and vertical bars show s.e.mean.

*Significantly different from control, P <0.05.

renaline 5-500ng to the rabbit kidney. Control
curves did not differ significantly from one another
throughout the period of the investigation.

Rat kidney

Continuous infusion of bumetanide (0.1 pgml~!) for
1h had no effect on either the resting perfusion
pressure or the frequency-response increase in perfu-
sion pressure. Addition of flurbiprofen (6 pgml~!) to
the bumetanide perfused kidneys also failed to affect
the curve to electrical stimulation (Figure 1). How-
ever, bumetanide did shift the dose-response curve to
noradrenaline to the left, both alone and with the
addition of flurbiprofen (Figure 2).

A 1h continuous infusion of frusemide
(5.0 ug m1~?) shifted the frequency-response curve to
the left, an effect which was not evident when both
frusemide and flurbiprofen (6 pgml~!) were simul-
taneously perfused (Figure 3). However, in contrast
to the effect with bumetanide, neither frusemide
alone or in combination with flurbiprofen affected
the dose-response curves to noradrenaline. A 1h
continuous infusion of PGE; (2 ngml~!) shifted the
frequency-response curve to the left as did an infu-
sion of PGE; plus flurbiprofen (6 pg mi~!), though to
a less marked extent (Figure 4). Similar leftward
shifts of the dose-response curves to noradrenaline

were seen, both with and without the addition of
flurbiprofen.

Continuous perfusion of flurbiprofen (6 ugml~!)
alone for 1h showed no effect on electrical stimula-
tion but shifted the dose-response curve to norad-
renaline to the left, the sensitivity of the preparation
being increased to all but the highest dose (Figure 5).

Rabbit kidney

Infusion of bumetanide (0.1 pgml~!) for 1h in the
rabbit kidney shifted the frequency-response curve
to the right, thus producing a significantly decreased
responsiveness. When flurbiprofen was added to the
bumetanide infusion the decreased responsiveness
appeared attenuated, being significantly different
from control at 6 Hz only (Figure 6). Similarly, infu-
sion of bumetanide and bumetanide plus flurbiprofen
(6 ug ml~1) both reduced responsiveness of the prep-
aration to noradrenaline, producing significant right-
ward shifts of the dose-response curves (Figure 7).

A 1h continuous infusion of frusemide (5 pgmi~?!)
and frusemide plus flurbiprofen (6 ug ml~!) both pro-
duced significant shifts to the right of the frequency-
response curves (Figure 8). In contrast, similar treat-
ments had no effect on the dose-response curves to
noradrenaline.
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Figure 5 Effect of flurbiprofen (6 ugml~! infused for one hour) on the increase in renal perfusion pressure in the
(a) electrically and (b) noradrenaline stimulated isolated perfused rat kidney. Control (@), flurbiprofen (A). Each
point represents the mean (n = 6) and vertical bars show s.e.mean. * P<0.05; ** P<0.01, significantly different
from control.

A 1h continuous infusion of PGE, (2 ngml~') and but neither treatment affected the dose-response
PGE,; plus flurbiprofen (6 pg ml~!) both significantly relationship to noradrenaline.
decreased the electrical responses at 6 Hz (Figure 9) A 1h continuous infusion of flurbiprofen alone
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Figure 6 Effect of bumetanide (0.1 pg ml~! infused for one hour) on the increase in renal perfusion pressure in the
electrically stimulated isolated perfused rabbit kidney. (a) Control (@), bumetanide alone (A); (b) control (@),
bumetanide + flurbiprofen (6 ugml~!) (A ). Each point represents the mean (n = 6) and vertical bars show s.e.mean.
* P <0.05; ** P <0.01, significantly different from control.
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Figure 7 Effect of bumetanide (0.1 ugml~! infused for one hour) on the increase in renal perfusion pressure
resulting from a noradrenaline (NA) injection into the isolated perfused rabbit kidney. (a) Control (), bumetanide
alone (A); (b) control (), bumetanide + flurbiprofen (6 ugml~!) (¥). Each point represents the mean (n=6)and
vertical bars show s.e.mean. * Significantly different from control, P <0.05.

produced an increase in the response to 3 Hz and Discussion
20 ng noradrenaline, only. '
None of the treatments employed, i.e. diuretics, In this study, within the limits of the parameters

PGE, or flurbiprofen, had any effect on the resting employed, a direct comparison is possible between
perfusion pressure of the isolated rat or rabbit rat and rabbit isolated perfused kidney and any possi-
kidney. ble haemodynamic (as opposed to diuretic) action of
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Figure 8 Effect of frusemide (5 pgml~! infused for one hour) on the increase in renal perfusion pressure in the
electrically stimulated isolated perfused rabbit kidney. (a) Control (®), frusemide alone (A); (b) control (®),
frusemide + flurbiprofen (6 pugml~') (). Each point represents the mean (n = 6) and vertical bars show s.e.mean.
*Significantly different from control, P <0.05.
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Figure 9 Effect of prostaglandin (PG)E; (2 pgml~! infused for one hour) on the increase in renal perfusion

pressure in the electrically stimulated isolated perfused rabbit kidney. (a) Control (@), PGE; alone (A); (b) control

(@), PGE; + flurbiprofen (6 ugml~!) (A). Each point represents the mean (n = 6) and vertical bars show s.e.mean.
had been proposed as physiological ‘braking

two ostensibly similar loop diuretics. The concentra-
tions of diuretics, PGE, and flurbiprofen chosen
were those either shown, in previous studies, to be
effective as diuretics or used in previous kidney per-
fusion studies (Malik & McGiff, 1975; Ferrando et
al., 1981). There can now be little doubt that prostag-
landins play an important role in the kidney, the
significance of which probably varies between
species. In most instances PGE, and PGI, are
thought to enhance renal blood flow, glomerular
filtration rate and renin secretion and inhibit Na* and
CI~ reabsorption and (for PGE; only) the action of
ADH (Smith, 1983). In general, and by contrast,
thromboxanes have actions opposite to the above. In
this study only the effect of PGE, was investigated,
together with an irreversible prostaglandin biosyn-
thesis inhibitor used at a concentration known to
inhibit synthesis without necessarily acting as an an-
tagonist (Froben, 1981).

On comparing the effect of electrical stimulation
and noradrenaline administration overall in the rat
and rabbit kidney, it can be clearly seen that in the rat
there was an enhancement of arterial tone, whereas
in the rabbit the opposite occurred. For example, in
the rat PGE, infusion shifted both electrical and
noradrenaline curves to the left whereas in the rabbit
the shift was to theright, in the electrically stimulated
preparation only. This result confirms the essential
difference between the two species first demon-
strated by Malik & McGiff (1975). In rabbit and
perhaps human kidney prostaglandins of the E series

mechanisms’ to the release of adrenergic transmitters
(Hedqpvist, 1970). This hypothesis would certainly fit
the current results where flurbiprofen, having block-
ed endogenous synthesis, enhanced both electrical
and transmitter responses in the rabbit organ al-
though not to a very marked extent. In the presence
of PGE; and either of the two diuretics responsive-
ness was suppressed. In the rat there was a less
consistent response to the various procedures but it
always tended towards vasoconstriction. Both PGE,
and flubiprofen infusion enhanced the constrictor
effects of noradrenaline, thus suggesting a more im-
portant role in transmitter modulation for other vas-
oactive substances in the rat kidney. However, very
recently Pace-Asciak & Rosenthal (1983) provided
another possible explanation for the apparently un-
usual effects of PGE; in the rat. They showed that
when the renal vessel resistance is raised, using vas-
opressin or angiotensin II and the flow rate increased
(but still within physiological limits), PGE; reveals
vasodilator properties which are presumably masked
in the relatively relaxed vessels of this study perfused
at only one third of the volume employed by Pace-
Asciak & Rosenthal. Perhaps the sensitivity of the rat
kidney to changes in experimental condition renders
it a less than ideal preparation for studies involving
prostaglandins.

Turning to the effects of the loop diuretics, the
question here is not whether the action of these drugs
is modified by cyclo-oxygenase inhibitors or indeed
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whether interactions occur at a haemodynamic level
— both are well documented (Olsen, 1983), but
whether there are important differences between the
two. In vitro frusemide has been shown to inhibit
15-hydroxyprostaglandin dehydoxenase (Stone &
Hart, 1976) while bumetanide had negligible activity
(Oliw, 1979). It has also been proposed that
frusemide may act sooner in the synthesis of PGs at
the stage of de-esterification of arachidonic acid. This
biochemical view is challenged by the physiological
explanation which suggests that diuretics produce an
intrarenal hydrodynamic state somewhat akin to ure-
teral obstruction. The increase in proximal tubular
pressure reduces glomerular filtration which leads to
the activation of cortical prostaglandins. Either of the
above hypotheses could be applied to the present
study, where of the eight sets of experiments (in both
species) in which bumetanide was employed, shifts in
the response curve were seen on six occasions but
only on three occasions with frusemide. Studies using
bumetanide in the rat have been complicated by the
apparently unique ability of this species to deactivate
the drug by metabolism (Ings & Stevens, 1982).
However, in this study metabolic deactivation should
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