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Summary .  The effects of  furosemide and ethacrynic acid have 
been studied using slices of  rat  kidney cortex incubated in a 
Ringer medium. At  concentrations from 0 . 2 - 2 . 0  mM, furo- 
semide had no significant effect on the tissue ATP content or 
on the metabol ism-dependent  net movements of  intracellular 
N a  +, K § and Ca 2 +. It did, however, induce an increase in the 
net, outward movement  of  C1 - ; we suggest that  this may have 
arisen from inhibition of  a C1- accumulating mechanism. In 
contrast,  ethacrynic acid in the same concentrat ion range 
caused marked reduction of  cell respiration and ATP content 
and virtually total inhibiti t ion of  several processes of  ion 
t ransport  (Na § C1 and Ca 2§ loss, and K § uptake). 
Concentrat ions of  furosemide greater than 5 m M  caused 
marked inhibition of  energy metabolism and t ransport  of  
ions, and 10 mM furosemide had quantitatively similar 
effects to 2 mM ethacrynic acid. Electron micrographs of  
kidney-cortex slices treated with the diuretics at 2 m M  show 
that the ultrastructure was well maintained in the presence of  
furosemide but  that  ethacrynic acid caused severe structural 
disorganisation and necrosis. The mitochondria  were gen- 
erally in the or thodox configuration in the presence of  
furosemide, but  swollen in ethacrynic acid in accord with the 
marked effects of  2 m M  ethacrynate on mitochondrial  energy 
metabolism. Of the effects we have detected, that  of  low 
concentrations of  furosemide on C1- movement  appears to be 
rather specific. Higher concentrations of  this agent (5 m M  
and above), and all concentrations of  ethacrynic acid studied 
(0.1 - 5 . 0  mM), have several inhibitory effects which seem to 
result from pr imary inhibit ion of  mitochondrial  activities and 
are presumably manifestat ions of  toxicity. 
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�9 Introduction 

Furosemide and ethacrynic acid have very similar diuretic 
effects in vivo and both have been reported to inhibit C1- 
reabsorpt ion in the ascending limb of  the loop of  Henle (Burg 
and Green 1973; Burg et al. 1973). They have been used 
experimentally as inhibitors of  specific N a  § and CI-  trans- 
por t  processes in a variety of  tissues (Cabantchik et al 1978; 
Candia  1973; Frizzell et al. 1979; Petersen et al 1979; 
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Whit tembury and Proverbio 1970). On the other hand, both 
of  these diuretics have been shown to inhibit energy- 
conserving metabolism of isolated mitochondria  (Foucher  et 
al. 1969; Gemba  1974; Manuel  and Weiner 1976), an effect 
which, if  it were to occur in intact cells, could contribute to 
inhibition of  t ransport  processes as a result of  a reduced 
availability of  ATP. 

At  rather high concentrations,  ethacrynic acid has been 
found to inhibit  the 02 consumption of renal cortical slices 
(Jones and Landon 1967; Macknight  1969). Cunarro and 
Weiner (1978) found that  both ethacrynic acid and furo- 
semide reduced the respiration of  tubules isolated from renal 
cortex and outer medulla. The sensitivity of  the respiratory 
inhibit ion to the ionic composit ion of  the medium, and the 
close coupling between ion t ransport  and 02 consumption in 
kidney cortex (Blond and Whi t tam 1964), led Cunarro and 
Weiner (1978) to suggest that the effects of  the diuretics on 
respirat ion were secondary to an inhibition of  C1- transport .  
This interpretat ion would receive support  if it could be shown 
that tissue ATP levels were not reduced by the diuretics. 
However, over the range ofethacrynate  concentrations ( 0 . 2 -  
1.0 mM) studied by Cunarro and Weiner (1978), we have 
found a close parallel between the inhibition o f N a  § and K + 
t ransport  and declining tissue contents of  ATP in kidney- 
cortex slices (van Rossum and Ernst 1978) so that, at least 
with this diuretic, the inhibition of  respiration and ATP 
synthesis appeared to be the pr imary effect. 

In view of  these findings, we felt it impor tant  to carry out a 
direct comparison of  the effects of  a range of  concentrations 
of  the two diuretics on ion movements and energy metabolism 
in kidney-cortex slices, and to support  these with morphologi-  
cal studies. Furosemide was found to be much less potent  
than ethacrynic acid as an inhibitor of  cell respiration and our 
results in general support  the conclusion of  Cunarro and 
Weiner (1978) that the concentration of  furosemide which 
they used had a pr imary effect on C1- movements. Higher 
concentrations of  furosemide, and a wide range ofe thacrynic  
acid concentrations,  caused marked reduction of  respiration 
and ATP contents, presumably representing toxic effects. 

M e t h o d s  

The methods used for preparation and incubation of slices of rat kidney- 
cortex and for analysis of the tissue contents were those used by van 
Rossum and Ernst (1978). The general experimental procedure was to 
pre-incubate the slices at 1 ~ C for 90 min in order to cause depletion of cell 
K + and to increase the cell contents of Na +, Ca 2 § and water, and then to 
study the metabolism-dependent reversal of these changes during 
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Table 1. Effects of incubation conditions on the composition of kidney- 
cortex slices 

Incubation Protein/ Water con- K § content 
dry wt tent (kg/kg (mmol/kg 

dry wt) dry wt) 

90 min at 1~ 0.63 • 0.05 4.56 + 0.21 132 • 5 

90 min at 1 ~ C followed by 60 min at 25 ~ C: 

Control 0.56 • 0.02 3.10 _+ 0.14 261 +_ 4 
Furosemide (10 raM) 0.52 • 0.02 4,44 +_ 0.40 149 + 18 
Ethacrynic acid (5 raM) 0.51 _+_ 0.04 6,05 + 0.23 68 + 5 

After the incubation indicated, slices in each incubation vessel were 
divided into two groups and weighed; one group was analysed for dry 
wt., water and ion contents and the other for protein. Each value is the 
mean +_ SEM of 8 observations 

incubation for 60 rain in an oxygenated medium at 25 ~ C. The medium 
contained (mM):Na + 139.0, K § 5.0, Ca 2+ 1.2, Mg z+ 1.0, C1 153.4, 
SO4 z 1.0, phosphate 2.0, Tris 10.0 and glucose, 10.0. The pH was 7.4 
and the medium and reaction vessels were gassed with 02. Inulin 
(0.5 % w/v) was present as a marker for the extracellular water compart- 
ment. The diuretics were added to the media at the 30th minute of pre- 
incubation at I~ so that they were in contact with the tissue for 60 min 
at 1 ~ and throughout the incubation at 25~ Readings of 02 con- 
sumption were taken manometrically at 25~ after an initial 10 min 
period of equilibration. 

Samples of the slices were collected for analysis at the end of the pre- 
incubation period at 1~ and the remaining slices after incubation at 
25 ~ C. Slices were collected on a filter paper maintained under suction. 
They were then either weighed, dried and treated with 0.1 N-HNO 3 to 
extract ions, in which case the composition was expressed relative to the 
dry wt, or they were homogenised in HC104(8 % v/v) in ethanol (40 ~ v/v) 
at -20~  to extract ATP and Na § when the results were related to the 
slice protein. For further descriptions of the extraction and assay 
procedures, see van Rossum (1972) and van Rossum and Ernst 0978). 

In order to permit a comparison of results expressed per unit dry wt 
with those expressed per unit protein, as well as to see whether these bases 
of reference were markedly affected by the different incubation con- 
ditions, we determined the ratio, protein/dry wt, in kidney-cortex slices 
analysed after incubation as follows: I) 90 min at 1 ~ C; II) 90 min at 1 ~ C 
followed by 60 min at 25~ as in II) but in the presence of III) 10 mM 
furosemide or IV) 5 mM ethacrynic acid. These represented the extremes 
of the conditions employed in our work and resulted in wide differences 
of tissue water and K § (Table t). Nevertheless, the ratio, protein/dry wt, 
was not significantly altered by any of the treatments, although there was 
a slight tendency for it to decline during incubation at 25 ~ C, especially in 
the presence of the very high concentrations of diuretics. We conclude 
that the differences of tissue composition reported in Results at varying 
diuretic concentrations were not markedly affected by changes in the 
proportions of protein and dry wt. 

The results are expressed as mean + standard error of the mean 
(number of observations), where each observation represents the value 
obtained from the contents of a single incubation vessel. In each 
experiment, duplicate or triplicate vessels were run for each diuretic 
concentration tested. Statistical significance of differences was examined 
by "Student's" t-test 

The fixation and treatment of tissue slices for electron microscopy 
were in general as described by Russo et al. (1977). A comparison was 
made between fixation in 2.5 % glutaraldehyde in the Ringer medium 
used for experimental incubation of the slices, and 2.5 ~ glutaraldehyde 
made up in 0.1 M phosphate buffer (pH 7.3); there was no apparent 
difference between the results. The micrographs presented below are of 
tissues treated with the latter fixative. 

Furosemide was generously provided by Hoechst-Rousell 
Pharmaceuticals, Inc., Somerville, N J, USA, and ethacrynic acid by 
Merck, Sharp & Dohme, West Point, PA, USA. 

Results 

The effects o f  increasing concen t r a t ions  of  furosemide  on 
resp i ra t ion  and  on the changes  o f  water  and  ionic con t en t  o f  
slices dur ing  incuba t ion  at  25~  are i l lustrated in Fig. 1. The 
diuret ic  caused  a r educ t ion  o f  the rate  of  O= c o n s u m p t i o n  
which  became  statistically s ignif icant  ( P < 0 . 0 1 )  at con- 
cen t ra t ions  o f  2 m M  and  above.  

C o m p a r i s o n  o f  slices analysed  after p re - incuba t ion  at 1 ~ C 
with  those  analysed after fur ther  incuba t ion  at  25~  shows a 
n u m b e r  o f  changes  o f in t race l lu la r  ionic con ten t  which  can be 
a t t r ibu ted  to me t ab o l i s m-d ep en d en t ,  i on - t r anspo r t i ng  activ- 
ities (Kleinzeller  1972; M a c k n i g h t  1969; M u d g e  1951; van 
R o s s u m  and  K a p o o r  1977). Con t ro l  slices (i. e. incuba ted  in 
the absence  o f  furosemide)  showed  a net  loss of  intracellular  
N a  § and  C I - ,  a gain o f K  § and  loss o f  total  and  intracellular  
water  (Fig. 1). A t  the same time, the Ca = § con ten t  decreased 
(Table 2). 

W h e n  slices were incuba ted  wi th  0 . 5 - 5 . 0 m M  furo- 
semide,  the intracel lular  C1- con ten t  a t ta ined  after 60 rain at 
25~  was significantly lower  than  tha t  o f  cont ro l  slices 
(Fig. 1) as the result  o f  a greater  net  loss o f  this an ion ;  e. g. the 
net  loss o f  intracel lular  C1- dur ing  incuba t ion  at 25~  
a m o u n t e d  to 195 + 22(9) m m o l / k g  dry wt  in cont ro l  slices 
and  to 260 + 15(9) m m o l / k g  in presence  o f  0.5 m M  furo- 
semide (p = 0.01). 

A t  a concen t r a t i on  o f  0.5 raM, furosemide  had  no signif- 
icant  effect  on intracel lular  ca t ion  contents .  Increas ing  the 
concen t r a t ion  to 5 m M  progressively increased the a m o u n t  of  
intracel lular  N a  + re ta ined  (Fig. l b), and this was accom- 
pan ied  by small increases in the tissue water  con ten t  (Fig. 1 a), 
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Fig. 1 a and b. Effects of furosemide on the contents of ions and water and 
on respiration of kidney-cortex slices. The slices were pre-incubated for 
90 rain at 1 ~ C followed by incubation for 60 rain at 25 ~ C in the presence 
of the concentrations of furosemide indicated. "Intracellular" com- 
position was determined by subtracting the contribution of the inulin- 
accessible water compartment from the total tissue composition. Each 
point is the mean + SEM of 9 observations, except those at 10 mM 
furosemide which are the mean of 2. (a) [] Rate of respiration; --s 
Intracellular water; - - [ ] - -  Total water. (b) �9 intracellular C1- 
content; O intracellular Na + content; x intracellular K + content 
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Table 2. Effect of different concentrations of furosemide on the C a  2 + 

content of kidney-cortex slices. Results are from the same experiments as 
Fig. i 

Incubation Ca 21 content 
(mmol/kg dry wt) 

90 min at 1~ with 0 or 5 mM furosemide a 29.8 + 2.2 (8) 

90 min at 1~ followed by 
60 min at 25~ with furosemide (mM): 

0 17.0_+ 1.7 (9) 
0.5 16.8 _+ 1.0 (9) 
1.0 16.3 + 1.5 (9) 
2.0 15.7_+ 1.2 (9) 
5.0 16.4_+ 1.5 (9) 

I0.0 23.4, 20.6 b 

a Furosemide had no effect on the Ca 2 + content at 1~ and the results 
with and without the diuretic have therefore been pooled 

b TWO single observations 

~ JJ tl 

Fig. 2 
Effects of ethacrynic acid (ID) and 
furosemide (O) on (a) respiration and (b) 
Na + content of kidney-cortex slices. 
Incubation procedure as for Fig. 1. Each 
point is the mean _+ SEM of 4-12 
observations for furosemide and of 4 
observations for ethacrynic acid 
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Fig. 3. Effects of ethacrynic acid (e) and furosemide (�9 on the ATP 
content of kidney-cortex slices. Results are from the same experiments as 
Fig. 2 

but neither K § accumulation (Fig. lb )  nor the net loss of 
Ca 2 + (Table 2) were significantly affected. A further increase 
of furosemide to 10 mM brought about a substantial in- 
hibition of all the metabolism-dependent transport activ- 
ities. Thus, it totally prevented K § accumulation at 25 ~ C and 
greatly increased retention of Na § as well as inducing a 
greater retention of C1 (Fig. l b )  and Ca 2 § (Table 2) than 
that seen in the control slices. 

The substantial inhibition by 10 mM furosemide of the 
metabolism-dependent changes in slice ionic content were 
reminiscent of the effects of ethacrynic acid, except that with 
the latter a concentration of 1 - 2 mM was sufficient to cause 
an even larger degree of inhibition (van Rossum and Ernst 
1978). We therefore next compared the concentration- 
dependence of the effects of the two diuretics on 02 con- 
sumption, determined during the course of incubation, and 
slice ATP content, determined at the end of 60 min incubation 
at 25 ~ C. It should be pointed out that control slices maintain 
a constant ATP content from the 15th to at least the 60th 
minute at 25~ (van Rossum and Kapoor, in press). 

In this series of experiments, low concentrations of 
furosemide had effects on respiration similar to those seen in 
Fig. I a, with an inhibitory trend becoming statistically sig- 
nificant (p = 0.01) at 2 mM (15 ~ inhibition, Fig. 2a). In 
contrast, furosemide at 0 . 2 - 2 . 0  mM caused no significant 
alteration of ATP content (Fig. 3). At higher concentrations, 
furosemide induced marked reductions of ATP content and 

rate of respiration, changes wich were accompanied by a 
considerably greater retention of Na § (Fig. 2b). The in- 
hibition of respiration given by 10 mM furosemide in this 
series of experiments was 66 ~ ,  a value considerably greater 
than the 20 ~o inhibition seen in the experiments of Fig. 1. The 
reason for this difference is not clear. 

The results of Figs. 2 and 3 also show that energy 
metabolism was more sensitive to ethacrynic acid than to 
furosemide at the same concentration. For example, a 
reduction of ATP by approximately 3 0 ~  was given by 
0.2 mM ethacrynic acid or by 5 mM furosemide, while 85 
reduction was given by, respectively, 2 and 10 mM. In each 
case, the increased retention o f N a  § was closely related to the 
fall of 02 consumption and ATP content. 

The morphological appearance of slices was studied after 
incubation in the absence or presence of each diuretic at a 
concentration of 2 mM. The appearance of control slices after 
incubation for 90 min at 1 ~ C followed by 60 min at 25 ~ C was 
similar, in about 80 ~ of the volume of each slice, to that of 
fresh (unincubated) kidney-cortex tissue. Necrosis was ob- 
served in approximately 20 ~ of the slice volume. A large 
proport ion of the necrotic cells was found in the peripheral 
zone of the slices that had clearly undergone damage during 
cutting and experimental handling of the tissue; the remain- 
ing necrotic cells were scattered throughout the tissue with no 
apparent localisation to particular regions of the slice or 
specific segments of the nephrons. In the case of the viable 
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Fig. 4. a Electron micrograph at low magnification of part of proximal tubule in a control slice (i. e. incubated without diuretics) after incubation for 
90 rain at l ~ C and 60 min at 25 ~ C. The majority of the cells are in a very good state of preservation. The apical regions of the cells surrounding the lumen 
show a number of small vesicles (V) and well-preserved microvilli of the brush border (M). B M  basement membrane; N nucleus, x 4,600. b Low 
magnification of part of kidney-cortex slice after incubation with 2 mM furosemide showing portions of two proximal tubules (P) and one distal tubule. 
The tissue is well preserved, except that the proximal tubule cells show some degree of swelling and some disorganisation of baso-lateral infoldings; the 
proximal tubule cells are generally similar to those of the control slice in a. In the distal tubule (centre of micrograph) vesicles of various sizes are present. 
C capillaries; L lumen of distal tubule, x 3,200 

80 ~ o f  cells, the mos t  not iceable  differences f rom fresh tissue 
were that  the vo lume  of  the cells appeared  to be somewha t  
reduced,  the g round  substance more  electron dense and the 
extracel lular  spaces, especially in the basal  infoldings, some- 
what  expanded  (Fig. 4a) ;  these differences may  be explained 
by some con t rac t ion  o f  cell volume.  

The overall  appearance  o f  slices after incuba t ion  with 
2 m M  furosemide was very similar to that  o f  the control  slices 

(Fig. 4b), a f inding in general  accord  with most  o f  the 
analyt ical  da ta  discussed above.  In contrast ,  slices incubated  
with 2 m M  ethacrynic  acid had a marked  appearance  o f  
general necrosis and disorganisa t ion  (Fig. 5). This was part ic-  
ularly true o f  p rox imal  tubular  cells, in which the cytoplas-  
mic ground substance exhibi ted varying degrees o f  conden-  
sation, c lumping  and vesiculat ion,  often accompanied  by 
dis rupt ion  or  loss of  basola tera l  p l a sma lemmal  infoldings;  
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Fig. 5. Kidney-cortex slice after incubation with 2 mM ethacrynic acid. The figure illustrates parts of two proximal tubules which show the general 
appearance of damage caused by ethacrynic acid, as discussed in the text. In addition, note the nuclear changes, particularly the alterations of the nuclear 
membranes and the clumping of chromatin, which are similar to those seen in liver (Russo and van Rossum, in preparation). C Capillary; B M  basal 
membrane; L tubular lumen, x 6,900 

these changes are similar to those reported by Petersen et al. 
(1979) with Guinea  pig gall bladder.  Generally, distal tubules 
were less affected by ethacrynic acid, al though some showed 
moderate  disruption of  fine structure. 

The morphology of  mitochondria  in the slices was of  
especial interest, in view of  the effects of  the two diuretics on 
respiration. Mitochondr ia  in all nephron segments of  the 
control  slices were similar to those of  fi-esh tissue; they were 
almost all in the classical or thodox configuration, with a 
matrix of  medium density, parallel  cristae and some dense 
particles (Fig. 6a). Mi tochondr ia  in the furosemide-treated 
slices (Fig. 6b) were also in a well-preserved, or thodox form, 
but  they were largely without  dense granules and their matrix 
frequently appeared less electron dense than in control  slices. 
These latler findings are often indicative of  a mild disrup- 
tion of  energy metabolism in mitochondria  and appear  to be 
consistent with our finding that  2 m M  furosemide is the 
lowest concentration at which we observed a significant 
decline of  respiratory rate in the slices. In the slices incubated 
with ethacrynic acid, all mi tochondria  were swollen to a 
degree which varied from a slight swelling, in which they were 
still rod-shaped but  had a less dense matrix and completely 
lacked dense granules, to high-ampli tude swelling in which 
they were spherical, the matr ix light and inhomogeneous and 
the cristae fragmented and vesiculated (Figs. 5 and 6c). 

The only other region of  the cell showing some affect of  
incubation with furosemide was the apical region. This was 
usually well preserved, but  there were occasional areas in wich 
the microvilli showed fragmentat ion (Fig. 6d). In contrast,  
the microvillar borders  of  proximal  tubules in slices treated 

i with ethacrynate were consistently in various states of  
disorganisat ion and apparent  dissolution, while the tubular  
lumina were often filled with cellular debris and microvillar 
remnants  (Fig. 6e). 

Discussion 

The readjustments of  ionic composit ion that  take place when 
kidney-cortex slices which have been pre-incubated at 1 ~ C are 
incubated at 25~ are brought  about  by the metabolism- 
dependent t ransport  of  ions (Mudge 1951). A number of  
different t ransport  processes is involved. They include an 
oubain-sensitive uptake of  K + coupled to an extrusion of  
intracellular N a  § as well as a second component  o f N a  § loss, 
insensitive to ouabain,  which occurs together with a net loss 
of  intracellular C1 and water (Kleinzeller 1972; 
Macknight1969; Whit tembury and Proverbio 1970). A net 
reduction of  Ca 2 § content also occurs, probably  as a result of  
extrusion by yet another t ransport  system (Gmaj et al. 1979; 
van Rossum and Kapoor  1977). 

As anticipated from the above, intracellular CI-  in our 
experiments showed a net, outward movement from the 
kidney-cortex slices at 25~ but, unexpectedly, this move- 
ment was increased by about  30% in the presence of  
furosemide concentrations between 0.5 and 5.0 mM. The 
changes in tissue composit ion of  other ions were not signif- 
icantly affected by furosemide, unless its concentration was at 
least 5 mM. To account for this affect on CI- ,  furosemide 
must either have st imulated a mechanism which, directly or 
indirectly, extruded C1- from the cells, or it must  have 
inhibited a mechanism which normally accumulated CI- .  
Since the only known effects of  furosemide on CI-  move- 
ments are inhibitory (e. g. Burg et al. 1973 ; Frizzell et al 1979), 
we favour the latter explanation. The inhibition of  a t ransport  
system required by this explanat ion is consistent with the 
results of  Cunarro and Weiner (1978), who found a chloride 
ion-dependent inhibition of  respiration in tubules of  kidney 
cortex by 1 m M  furosemide (the only concentration they 
studied). These workers suggested that furosemide acted by 
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Fig. 6. Details of mituchondria (a--e) and apical regions (d, e) of kidney cortex slices after incubation for 90 min at I~ and 60 min at 25~ in the 
absence or presence of diuretics, a Mitochondria from proximal tubule of a slice incubated without diuretics. The mitochondria are in the orthodox 
conformation and show dense granules. Small vesicles of the Golgi apparatus and smooth endoplasmic reticulum can also be seen. Mitochondria from 
distal tubules were very similar (not illustrated), x 17,000. b Mitochondria from proximal tubule of slice incubated with 2 mM furosemide; they are in 
the orthodox form but lack dense granules and have a less dense matrix than the control mitochondria in a. x 12,000. c Mitochondria from slice 
incubated with 2 mM ethacrynic acid. These mitochondria are in the best preserved state noted with ethacrynic acid, the more usual appearance being 
that of the mitochondria seen in Fig. 5. B M  basement membrane, x 13,500. d Detail of brush border of kidney cortex slice incubated with furosemide. 
Well preserved microvilli are seen in transverse section, together with a region (upper left) in which the microvilli have become fragmented and 
disorganised, x 17,000. e Detail of apical portion of proximal tubule in a kidney cortex slice incubated with 2 mM ethacrynic acid. For description, see 
text. M microvilli; L lumen of proximal tubule, x 13,500 

direct ly  i nh ib i t i ng  a C1 t r a n s p o r t  system, wi th  a consequen t ,  
s e c o n d a r y  i n h i b i t i o n  o f  r esp i ra t ion ,  r a t h e r  t h a n  by  direct ly  
i nh ib i t i ng  m i t o c h o n d r i a l  r e sp i ra t ion .  O u r  f ind ing  t h a t  the  
A T P  c o n t e n t  o f  slices was  n o t  r educed  over  m o s t  o f  the  r ange  
o f  c o n c e n t r a t i o n s  ( 0 . 2 - 2 . 0  m M )  at  w h i c h  fu rosemide  re- 
duced  slice C I -  con ten t ,  s u p p o r t s  the i r  i n t e rp re t a t i on .  

The  precise  n a t u r e  o f  the fu rosemide-sens i t ive  m e c h a n i s m  
which,  we speculate ,  a ccu mu l a t e s  CI in  the  cor t ica l  cells and,  
in par t i cu la r ,  w h e t h e r  it is coup led  to N a  + m o v e m e n t s  
(Frizzell  et  al 1979), c a n n o t  be  d e t e r m i n e d  f r o m  ou r  experi-  
ments .  We  can,  however ,  asser t  t h a t  it is p r o b a b l y  n o t  re la ted  
to the C1 t r a n s p o r t i n g  m e c h a n i s m  o f  the  a scend ing  th ick  
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l imb of  the loop o f  Henle  (Burg et al. 1973), as our  
morpho log ica l  studies show these regions o f  the neph ron  to 
be pract ical ly  absent  f rom our  cort ical  slices. 

A t  higher concen t ra t ions  ( 5 - 1 0  mM),  furosemide  in- 
duced closely paral lel  effects on tissue A T P  contents  and 
several aspects o f  cellular ionic composi t ion .  The  same was 
true for e thacrynic  acid, except  that  the effects were observed  
over  the whole  range o f  concent ra t ions  tested, f rom 0.1 m M  
upwards  (see van R o s s u m  and Ern t  1978, for the effects o f  
e thacryna te  on ions o ther  than Na+) .  We conclude that  these 
effects were all due to pr imary,  inhibi tory  act ions o f  the two 
diuretics on mi tochondr ia ,  which are re la ted to their  known  
inhibi t ion o f  respi ra t ion  in isolated m i t o c h o n d i a  (Foucher  et 
al. 1969; G e m b a  1974; Manue l  and Weiner  1976). The  
impor tance  o f  the mi tochondr i a  as the site o f  act ion o f  the 
higher  concent ra t ions  o f  furosemide in the slices is also 
indicated by the f inding that,  at  2 m M ,  the diuret ic  induced 
minor  morpho log ica l  modi f ica t ions  in the slice mi tochondr i a  
o f  a type presaging a l tera t ion  o f  oxidat ive  phosphory la t ion  
(i. e. loss o f  dense granules  and mat r ix  density), while few 
other  changes were no ted  in the cells. 

Our  results agree with the work  o f  M a n u e l  and Weiner  
(1976) and o f  Cuna r ro  and Weiner  (1978) in showing  that  
e thacrynic  acid is a more  po ten t  inhibi tor  o f  mi tochondr ia l  
activity than  furosemide,  and that  this difference is seen in 
whole  cells. Over  the concen t ra t ion  range studied, we have 
been unable  to dist inguish an effect o f  e thacrynate  on ionic 
m o v e m e n t s  which could  be dissocated f rom a fall o f  tissue 
A T P  content .  A t  first sight this appears  r emarkab le  since 
Burg and Green  (1973) had  to perfuse the lumina  o f  isolated 
nephrons  with at  least  0.5 m M  ethacrynic  acid order  to ob ta in  
a significant  inhibi t ion o f  C I -  t ransport .  But  our  results may  
be at least par t ly  due to the long incuba t ion  t imes we have 
employed  (i. e. 60 min  at 25 ~ C) since some pre l iminary  results 
suggest that  the A T P  conten t  o f  cort ical  slices t rea ted with  
2 m M  ethacrynic  acids falls by less than  30 % in the first 
15 min (Russo and van Rossum,  unpubl i shed  observat ions) .  
In general,  may  o f  the effects o f  the two diuretics that  we have 
observed  wou ld  appear  to be o f  a toxic, ra ther  than  a specific, 
pha rmaco log ica l  nature.  This is indicated by the decline o f  
ATP,  non-specif ic  inhibi t ion  o f  several ion- t ranspor t  pro-  
cesses and,  in the case o f e thac ryn i c  acid, marked  morpho log i -  
cal al terat ions.  However ,  the effects o f  fu rosemide  at concen-  
t rat ions up to 1 - 2 m M  are o f  a more  specific nature.  
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