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Summary. Ethacrynic acid greatly inhibited net transport of ions and aerobic, energy- 
conserving metabolism in slices of avian salt gland, rat liver, and rat and guinea-pig kidney 
cortex. The effects of increasing concentrations of ethacrynic acid on the transport of 
N a ' ,  K § and C1 ran closely parallel to its effects on tissue ATP levels and respiration. 
The concentration needed for maximal inhibition of transport reduced ATP levels by 
80-90%. Respiration was reduced by 80-90% in salt gland and kidney cortex, and by 
a maximum of 30% in liver slices. The effects of low concentrations of ethacrynic acid 
required time to become fully manifest in some tissues, and the development of transport 
inhibition followed a similar course to decline of respiration and ATP levels. Ca 2 § extrusion 
by liver cells was inhibited by ethacrynic acid. The concentration dependence of the inhibi- 
tion was similar to that shown by the other transport systems inhibited. There was no 
distinction evident between the sensitivity of Na § extrusion and of K + accumulation to 
the diuretic. Lactate production increased as respiration decreased in the presence of increas- 
ing concentrations of ethacrynic acid. We conclude that ethacrynic acid acted primarily 
as an inhibitor of mitochondrial respiration and ATP synthesis in the tissue slices, and 
that inhibition of ion transport was a nonspecific consequence of the failure of the energy 
supply. 

Ethacrynic acid is believed to exert its diuretic action mainly by 
inhibiting the reabsorption of NaC1 in the ascending limb of the loop 
of Henle [3], but the mechanism of the inhibition is unresolved [14]. 
Some workers have provided evidence for a direct inhibition of Na + 
transport processes and ion-sensitive adenosine triphosphatases [17, 25, 
28] and have suggested that ethacrynic acid specifically inhibits a ouabain- 
insensitive, Na § transport system which has been detected in kidney and 
other tissues [12, 23]. However, the diuretic also inhibits glycolysis [10, 113 
and aspects of mitochondrial oxidative metabolism [-7, 8, 15, 24]. Inhibi- 
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tion of the synthesis of  ATP provides an alternative means by which 
ion transport  could be blocked, but in this case a more generalized 
inhibition of cellular activities might be anticipated. A decision as to 
which of these effects represents the primary mode of action of ethacrynic 
acid requires a combined study of its effects on ion transport  and energy- 

conserving metabolism. To date, MacKnight 's  [13] and Epstein's [5] com- 
parisons of the effects of  a single, high concentrat ion of the diuretic 
on ion movements,  respiration, and ATP content in slices of rat and 
rabbit kidney cortex are the only studies which approach this require- 

ment. These authors concluded that the inhibition of energy metabolism 
could be the main cause of transport  inhibition, at least in the slice 
preparation. 

The concentrations of ethacrynic acid required to produce any of 

the effects described above are higher than may be anticipated to occur 
during its pharmacological use in vivo, and their bearing on the mecha- 
nism of diuresis is therefore open to question. However, the suggested 
specificity of ethacrynic acid as an inhibitor of  ouabain-insensitive Na § 
transport  [28] makes it important  to clarify the mode of action of this 
agent in experimental preparations in vitro. 

In preliminary experiments with slices of rat liver and avian salt-gland 

we found that ethacrynic acid not only inhibited Na § extrusion, but 

also drastically reduced both K § accumulat ion and respiration. In order 
to distinguish between a primary action on ion transport  or energy meta- 
bolism, we made a study of the adenine nucleotides in the slices. Further,  
in an attempt to resolve the opposing conclusions reached in experiments 
with kidney slices from guinea pig on the one hand [28, 17] and from 
rat on the other [13], we have also done experiments with slices of 
kidney cortex from both these species. We find that ethacrynic acid 

has a marked effect on energy-conserving metabolism in these four tissues 
and has no specificity as an inhibitor of Na + transport  as compared 
to K § transport. The primary mode of action in the slices appears 
to be an inhibition of the mitochondrial  synthesis of  ATP. 

Materials and Methods 

Animals and Tissue Preparations 

Domestic ducks (Anas platyrhynchos) received a few days after hatching were maintained 
on a commercial chick starting mash, and subjected to osmotic stress by inclusion of 1% 
NaC1 in their drinking water. They were kept for at least 30 days before use, in order 
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to ensure full development of the salt gland [6]. The ducks were decapitated and their 
salt glands dissected out with a scalpel. The glands were placed on a hardened (Whatman 
No. 54) filter paper moistened with Ringer's solution and cooled on a Petri dish containing 
crushed ice. Surface connective tissue was removed as thoroughly as possible and the 
glands were then cut into slices (approx. 0.2 0.3 mm thick) in the dorso-ventral plane. 
Slicing was done with a razor blade guided with a glass slide. Depending on their size, 
2 or 3 birds were used for each experiment, the slices from all the glands being randomized 
by stirring in a beaker of cold Ringer's solution. 

Albino rats of a Wistar strain were used at a weight of 200-400 g. They were fed 
ad libitum on a standard diet throughout. They were killed by decapitation and liver 
slices prepared as described previously [4]. The kidneys were cut throught the hilum, and 
the papilla and red medulla were carefully dissected out. The remaining outer, brown 
portion was considered to be the cortex and was sliced as for the salt gland. Two to 
four kidneys provided enough material for an experiment, the slices being randomized 
as above. Histological studies show that the slices were composed primarily of cortex 
with only occasional small areas of outer medulla present. 

The guinea pigs used were female albinos (Hartley strain) weighing approximately 
500 g. Slices of kidney cortex were prepared as for the rat; the organs of one animal 
were sufficient for an experiment. Microscopic examination of the slices showed a similar 
histological composition to the slices of rat kidney cortex. 

Incubation 

The Tris-buffered Ringer's solution used in most of the experiments contained (in 
mM): 147 Na +, 5 K +, 1 Mg 2+, 1.2 Ca 2+, 164 C1 , 1 SO42-, and 10 Tris (pH 7.4). 
On occasion, a phosphate buffered Ringer's solution was used in which 10 mM phosphate 
(pH 7.4) replaced the Tris, and the Na + and C1- concentrations were 165 and 154 mM, 
respectively; other components were as in the Tris Ringer's. The media were gassed with 
O2. No substrates were added unless noted in the text. In experiments with salt gland 
and liver, the media also contained 0.5% w/v inulin as a marker for the extracellular 
water compartment. Inulin and ouabain were obtained from Sigma Chemical Co., St. 
Louis, Mo., and ethacrynic acid was a gift from Merck, Sharp and Dohme. 

The slices were pre-incubated for 90-120 min (as indicated in the text) at 1 ~ They 
were first all placed together in 30 ml of medium which was renewed twice. Approximately 
60 min before the end of the pre-incubation, the slices were transferred in lots of 100-200 mg 
wet wt to Warburg manometer flasks containing 3 ml of the Ringer's solution. The Ringer's 
now contained inhibitors or substrates at the appropriate final concentrations, and the 
flasks further held 0.2 ml of 5 y-KOH in the center wells. The flasks were attached to 
the manometers and gassed while standing in an ice bath. The experimental incubation, 
at 38 or 25 ~ as noted, then permitted recovery of the slices to be studied_ Incubations 
were for 60 min unless otherwise indicated. Readings of O2 consumption were taken at 
10-rain intervals, after an inital 10-rain equilibration. 

At the end of incubation, each flask was rapidly detached from its manometer, the 
alkali removed with a roll of absorbent paper, and the remaining contents tipped onto 
a hardened filter paper (Whatman No. 54) supported on a sintered glass funnel under 
suction. The slices were then treated in one of two ways: (i) they were transferred to 
weighing bottles for assay of their dry wt, water, and ionic contents [4, 22]; (ii) they 
were rapidly dropped into 8% HC104 in 40% ethanol cooled in a salt-ice mixture, and 
immediately homogenized for 10 sec at 15,000 x rpm with the small head of a Polytron 
homogenizer (model PT 10, Brinkman Instruments, Westbury, N.Y.). The homogenate 
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was centrifuged, after which protein was determined in the precipitate and Na +, inulin, 
and nucleotides were assayed in the supernatant [22]. It should be noted that tissue K + 
contents could not be reliably assayed in slices subjected to procedure ii, because of the 
insolubility of potassium perchlorate at the low extraction temperatures required for conser- 
vation of the adenine nucleotides. 

Inulin and lactate in the incubation media were assayed in 1-ml samples of the medium 
which were withdrawn from the flasks by syringe pipette immediately before tipping the 
contents into the suction filter. The samples were deproteinized in ice-cold perchloric acid/ 
ethanol. 

Assay methods have been described previously [22]. 

Expression of Results 

The results are given as mean _+ SEM (number of observations). A single observaLon 
refers to the slices incubated in a single vessel. When comparing the effects of differeL ~. 
concentrations of an inhibitor, the whole range of concentrations was studied in each 
experiment, usually with duplicate flasks at each concentration. Similarly, time course 
experiments involved incubation of groups of slices from the same animal for each of 
the times studied. Differences were examined for statistical significance by Student's t test. 

The tissue assay from slices collected by procedure i are expressed per unit of slice 
dry wt; those collected according to procedure ii are given per unit of slice protein. In 
some experiments with salt gland and liver, the intracellular ion contents have been estimated 
on the basis of assays of the inulin distribution. Where not explicitly called "intracellular 
contents", the values given refer to total slice contents. 

Results 

Duck  Salt  Gland 

Slices o f  salt g land  tha t  h a d  been p r e - i n c u b a t e d  for  120 min  at  1 ~ 

showed  a s ignif icant  r ecove ry  dur ing  subsequen t  i n c u b a t i o n  at  38 ~ 

for  60 min,  wi th  a c c u m u l a t i o n  o f  K + a n d  ex t rus ion  o f  in t race l lu la r  N a  + , 

C1- and  to ta l  slice wa te r  (Fig. l a ,  see also [16] a n d  [18]. The  m e a n  

net ex t rus ion  o f  in t race l lu la r  N a  § (117 m m o l / k g  dry wt) s o m e w h a t  ex- 

ceeded  the r e a c c u m u l a t i o n  o f  K § (70 m m o l / k g ) ,  the d i f ference  be ing 

largely  a c c o u n t e d  for  by  a net  ex t rus ion  o f  C1- (35 m m o l / k g ) .  Slice 

M g  2+ was not  s ignif icant ly  a l tered  dur ing  i ncuba t i on  at  38 ~ bu t  the 

Ca  2+ con ten t  was r educed  by 50% (Fig. 1 b) suggest ing tha t  a m e t a b o -  

l i s m-dependen t  m e c h a n i s m  ex t ruded  Ca  2§ tha t  h a d  entered  pass ively  

at 1 ~ [21]. 
The  effects o f  a r ange  o f  c o n c e n t r a t i o n s  of  e thac ryn ic  acid are  also 

s h o w n  in Fig. 1, and  it is c lear  tha t  the net  m o v e m e n t s  at  38 ~ o f  

all the ions u n d e r g o i n g  t r a n s p o r t  were  increas ingly  inh ib i ted  by concen-  

t r a t ions  a b o v e  0.2 mM. The  net a c c u m u l a t i o n  o f  K + was to ta l ly  abo l i shed  
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Fig. 1. Effects of ethacrynic acid on ion transport and respiration of salt-gland slices. 
Slices were incubated for 120 min at 1 ~ and 60 min at 38 ~ in substrate-free, Tris-buffered 
Ringer's solution. Samples were analyzed at the completion of incubation at 1 ~ and 
after incubation at 38 ~ in the presence of the indicated concentrations of ethacrynic 
acid. The diuretic was also present during the last 60 min of the incubation at 1 ~ but 
had no effect on slice composition at this temperature (cf [28]). (a): Total water and 
intracellutar monovalent ions: :~, Water; �9 C1 ; o, Na+; A, K +. (b): Intracellular divalent 
ions: o, Mg2+; o, Ca 2+. (c): Rate of respiration: o, during the first 10-min period 
of observation after 10-min equilibration (i.e., the tenth to the twentieth minute at 38 ~ 
�9 during the last 10-min period (i.e. 50-60th min). Numbers of observations for each 
point: 1 ~ 8; 38 ~ with ethacrynic acid: nil, 8; 0.2 m~, 9; 0.5 mM, 7; 1.0 m~, 4; 2.0 mM, 

8. SEN are indicated 

b y  0.5 mM e t h a c r y n i c  ac id ;  h i g h e r  c o n c e n t r a t i o n s  c a u s e d  a ne t  loss  of  K +, 

w i th  a m a x i m a l  e f fec t  a t  1 mM. T h e  e x t r u s i o n s  o f  N a  + a n d  C1-  s h o w e d  

a sens i t iv i ty  to  the  d iu re t i c  w h i c h  w a s  s imi l a r  to  t h a t  o f  the  K § u p t a k e .  

Th i s  s i m i l a r i t y  is b r o u g h t  o u t  c l ea r ly  w h e n ,  as in Fig.  2, the  ne t  e x t r u s i o n  

o f  N a  § a n d  a c c u m u l a t i o n  o f  K + a re  p l o t t e d  a c c o r d i n g  to  the i r  a b s o l u t e  

m a g n i t u d e  a g a i n s t  the  i n h i b i t o r  c o n c e n t r a t i o n .  E x t r u s i o n  o f  C a  2§ w a s  

s u b s t a n t i a l l y  less sens i t ive ,  2 mM e t h a c r y n a t e  g iv ing  o n l y  a 3 5 %  i n h i b i t i o n  

( p < 0 . 0 5 ) ,  a l t h o u g h  the  f o r m  o f  t he  c u r v e  (Fig.  l b )  a g a i n s t  d iu re t i c  
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Fig. 2. Comparison of the effects of ethacrynic acid on net gain of K + (o) and extrusion 
of Na + (o)  by salt-gland slices. The results are from the experiments of Fig. 1 ; the net 
ion movements were determined as the differences between the slice contents after incubation 

at 1 ~ and after further incubation at 38 ~ 

concentrat ion was similar to that of  the other ion movements.  The Mg a+ 
content was not significantly affected by any concentration. 

At 1 and 2 mM, the diuretic also prevented extrusion of water at 
38 ~ (Fig. 1 a ; cf [28]). This effect will be described in detail elsewhere a 

Respiration of the salt-gland slices was markedly inhibited by ethacry- 
nic acid and, despite the addition of the agent 60 min before the incuba- 
tion at 38 ~ (see Materials and Methods), the effect increased progres- 
sively during the course of incubation (see also [27]). In Fig, 1 c the 
respiratory rates during the first and last 10-min periods of O2 measure- 
ment are plotted against the concentrat ion of diuretic. The effects of  
ethacrynic acid on K § and N a -  transport  as determined in these experi- 
ments (Figs. l a  and 2) refer to the situation existing after 60 min at 

1 G.D.V. van Rossum and M.A. Russo (in preparation). 
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38~ and it is therefore noteworthy that the concentration-dependent 
inhibition of transport  followed a pattern similar to that of the respiratory 
activity in the final observation period (50-60 min) of 02 uptake (Fig. 1 c), 
and rather different from that in the first 10 rain. Furthermore, the 
concentrations of ethacrynic acid needed for maximal inhibition of Na + 
and K § transport reduced respiration by 80% or more. 

The above results all suggested that ethacrynic acid was acting largely 
as an inhibitor of respiratory energy metabolism. To test this further, 
the adenine nucleotide contents of slices were determined after 60 min 
at 38 ~ The ATP content was reduced by 95%, and the ADP content 
halved by the high concentrations of ethacrynic acid, and as a result 
the energy change [1] fell drastically (Table 1). Moreover, there was a 
close relationship between the final (50-60 rain) rate of respiration, ATP 
content and the net Na § extrusion; this is clearly seen in Fig. 3, where 
these three factors from the same groups of slices have been plotted, 
on approximately normalized ordinates, against the ethacrynic acid 
concentration. 

Despite the parallel inhibition of energy metabolism and ion transport 
seen above, the progressive nature of the respiratory inhibition left the 
possibility that a direct inhibition of a specific transport process occurred 
in the early stages of incubation at 38 ~ Information on this point 
was obtained by studying the time course of the effects of an intermediate 
concentration (0.5 mM) of ethacrynic acid (Fig. 4). In control slices there 
was an initial 25% fall of ATP during the first 10 min, followed by 

Table 1. Effects of ethacrynic acid on adenine nucleotide contents of salt-gland slices a 

Ethacrynic acid (raM) 

0 0.2 0.5 1.0 2.0 

ATP 4.74 4.38 1.17 0.33 0.25 
_+0.55 (12)  _+0.49 (8) _+0.11 (10)  _+0.05 (10)  _+0.04 (8) 

ADP 0.80 0.78 0.67 0.31 0.29 
_+0.12 _+0.11 _+0.10 _+0.07 _+0.08 

AMP 0.74 0.64 0.86 0.76 0.66 
_+ 0.08 _+ 0.07 _+ 0.07 _+ 0.09 -+ 0.12 

Energy charge 0.81 0.82 0.56 0.35 0.36 
_+ 0.02 _+ 0.02 _+ 0.02 _+ 0.02 _+ 0.04 

a Incubation conditions as in Fig. 1, slices being assayed at the end of the full incubation 
period. The contents are expressed as mmol/kg protein. Numbers of observations are 
as indicated for ATP. 
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Fig. 3. Comparison of the effects of ethacrynic acid concentrations on Na + extrusion, 
ATP content and respiration in slices of salt gland. Incubation conditions were as in 
Fig. 1. Numbers of observations at the different ethacrynate concentrations were: nil, n= 12; 
0.2 raM, n = 8 ; 0.5 mM, n = 10 ; 1.0 mM, n = 10; 2.0 raM, n = 8. e, net Na + extrusion, deter- 
mined as in Fig. 2; o, slice ATP content determined at end of incubation; x, rate of 

respiration during last 10-rain period of observation 

s tabi l izat ion or slight recovery  (Fig. 4b), However ,  0.5 mM e thac ryna te  

caused  a m u c h  more  m a r k e d  fall (65%)  o f  A T P  in 10 min,  despite the 

small inhib i t ion  o f  resp i ra t ion  (20%) then  prevai l ing (Fig. 1 c), with con-  

t inued  loss at longer  i ncuba t ion  times. In aggreement  wi th  the f indings 

o f  M a c K n i g h t  [13] with rat  k idney  cortex,  the effects on  N a  § t r an sp o r t  

were biphasic,  F o r  the first 10 min the ex t rus ion  o f  N a  + in the presence  

o f  e thac ryna te  was equal  to tha t  in the con t ro l s  (Fig, 4a) ,  so tha t  there  

was no  indica t ion  o f  a specific, early inhib i t ion  o f  a s o d i u m - t r a n s p o r t  

system preceding  the fall o f  ATP.  Ra ther ,  net  ex t rus ion  o f  N a  + only  

ceased after  the fall o f  A T P  exceeded 60%,  w h e r e u p o n  a net  re -en t ry  

ensued.  Thus ,  the indicat ions  are tha t  the inhib i t ion  o f  N a  § t r an sp o r t  

was a secondary  consequence  o f  the falling levels o f  ATP.  

F o r  compar i son ,  measu remen t s  were made  o f  the effects o f  50 ~tN 

ouaba in ,  a concen t r a t i on  which we found  to give max ima l  effects on 

ion t r a n spo r t  and  respira t ion.  The  lat ter  was r educed  by 42% (cf. refs. 

[2] and  [19]), an inhibi t ion which was much  less t han  the max ima l  effect  
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Fig. 4. Time course of (a) net Na + extrusion and (b) ATP content of salt-gland slices 
during incubation at 38 ~ e, Controls (n = 2 3); �9 0.5 mM ethacrynic acid (n = 2). Incuba- 

tion conditions were as in Fig. 1 

of ethacrynate. Moreover,  instead of causing a fall of  ATP levels, ouabain 
gave a significant (P=0.05)  increase from 4.9 +0.7 mmol/kg protein in 
control slices (after 120min at 1 ~ plus 60min  at 38~ to 

7.0 + 0.7 mmol/kg;  the corresponding values for the energy charge were 

0.81 +0.01 in controls and 0.86_+0.02 in the presence of ouabain. These 
results indicate a conservation of ATP resulting from primary inhibition 
by ouabain of its utilization for ion transport  [20, 26]. In contrast, the 
results obtained with ethacrynic acid are not  amenable to this explana- 
tion. 

Rat Liver 

In this tissue, as has been reported previously [4, 22, 23], the net 
extrusion of Na + (267 mmoles/kg dry wt) was more than double the 
reaccumulat ion of K + ( 115 mmol/kg) by control slices; an extrusion of C1- 
(193 mmol/kg) approximately accounted for the difference. The effects 
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of ethacrynic acid on liver slices were broadly similar to the results 
with salt gland. There was a close parallel between the inhibition of 
all the transport  processes studied, namely K § uptake and Na § extrusion 
(Fig. 5), Ca z+ extrusion (Table 2), and C1- and water extrusion (not 
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Fig. 5. Comparison of the effects of ethacrynic acid on net gain of K + (�9 and extrusion 
o f N a  + (o )  by rat-liver slices. Incubation conditions were as in Fig. 1, except that incubation 
at 1 ~ was for 90 min. Net ion movements were determined as in Fig. 2. Numbers of 
observations at the different ethacrynic acid concentrations: nil, n =  11 ; 0.5 raM, n = 9 ;  

1.0 raM, n = 1 0 ;  2.0 raM, n=10 ;  5.0 raM, n = 8  

Table 2. Effect of ethacrynic acid on the Ca > and Mg 2+ contents of  liver slices 

Incubation: 90 min 
Ethacrynic at 1 ~ 
acid (mM) 0 

90 rain at 1 ~ followed by 60 rain at 38 ~ 

0 0.5 1.0 2.0 5.0 

Ca 2+ 18.8 10.3 12.1 16.1 14.7 19.2 
+_2.3(12) +_0.5(11) .+1.0(9) + l . 5 ( 1 0 )  +1.4(10)  +_1.2(8) 

Mg z + 29.5 26.0 25.8 26.7 26.2 25.3 
+ 1.3 _+0.8 +- 1.4 +_ 1.0 +_0.7 + 1.0 

a The results are from the same experiments as Fig. 5. Values are expressed as mmol/kg 
dry wt; numbers of observations for Mg 2+ are  as those given for Ca 2+. 
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shown). Again, Mg 2§ contents were not significantly affected (Table 2). 
Four  quantitative differences from the salt gland were noted:  (i) respira- 

tion was only inhibited by 30% (Fig. 6), and the effect did not increase 
with time; (ii) net Ca 2§ extrusion was totally inhibited (Table 2); (iii) 
the concentrat ion of ethacrynate required for maximal effects (5 mM) 

was greater than with salt gland; (iv) at any given concentrat ion of  
ethacrynic acid, the inhibition in mmol  Na § extruded per kg dry wt 

was approximately double the decrease in the mmol  K § reaccumulated. 
The last point may, at first sight, suggest that ethacrynic acid was a 
more effective inhibitor of  Na § transport  than of  K § transport. However, 

the extrusion of Na-- from control slices incubated without ethacrynic 
acid was double the reaccumulat ion of K + (see above) and the relative 
effectiveness of  the diuretic as an inhibitor of  transport  of  the two cations 
is therefore obtained by comparison of its proport ionate effect on each. 
In Fig. 5, the net transports o f N a  § and K § are plotted on approximately 
normalized scales; it is seen that the effect of  ethacrynic acid concentra- 
tions on each was very similar, 1.0-1.5 mM giving approximately 50% 

300 200 - \\\~ 6 

200 ~ 0 J . ~  ~K,~ ~0 ~" 4o ~ 

E 

+o o 
E z 
E 5 

0 14 0 0 
o , 2 5 

ETHACRYNIC ACID (mM) et 58~ 

Fig. 6. Comparison of the effects of  ethacrynic acid concentrations on Na ~ extrusion, 
ATP content and respiration in slices of  rat liver. Incubation conditions as in Fig. 5. 
Observations are the means+sEM of 6 observations, except at 0 and 2 mM ethacrynate, 
where n = 8. o,  net Na + extrusion, determined as in Fig. 2; �9 slice ATP content determined 
at end of  incubation; x ,  mean rate of  respiration throughout observation period of  50 min, 

(after 10-min equilibration) 
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Table 3. Comparison of the effects of ouabain and ethacrynic acid on liver slices a 

90 min 
at 1 ~ 

90 min at 1 ~ followed by 60 min at 38 ~ 

Control Ouabain Ethacrynate Ouabain 
(2 mau) 
+ ethacrynate 

(2 mM) (3 mM) (3 mu) 

Water 3.49+_ 0 . 1 0  2.59_+ 0.14 3.07_+ 0.22 3.81+ 0.08 3.85_+ 0.10 
Na + 461 • 155 _+22 362 +48 430 _+32 376 _+32 
C1 552 _+57 318 +29 496 +64 370 _+31 433 _+39 
K + 76 + 7 270 _+21 106 -t- 9 b 100 + 6 b 77 + 8 c 
Ca 2§ 20.5 _+ 1.9 11.0 _+ 1.0 12.9 +_ 1.1 20.0 _+ 1.6 20.3 _+ 1.8 
Respiration - 334 _+ 20 273 -+ 8 220 -+ 11 216 _+ 14 

a Incubation conditions as for Fig. 5. Values for ions represent the intracellular contents 
and are expressed as mmol/kg dry wt. Water contents are of total slice water, as kg/kg 
dry wt. Respiration is expressed as mmol O2/kg dry wt. hr -1. Each value is the mean + SEM 
of 10 observations for ions and water, and of 6 observations for 02 consumption. 
b Significantly different from values at 1 ~ P=0.02. 
~ Significantly different from value with ethacrynate alone, P =0.02. 

inh ib i t ion  of  each,  while 5 mM gave  9 0 %  inhibi t ion.  Tab le  3 shows a 

c o m p a r i s o n  o f  the  effects  o f  3 mM e thac ryn ic  acid and  2 mM ouaba in .  

E thac ryn i c  acid was less specific since it no t  only  inh ib i ted  K +, N a  + 

a n d  C1- t r anspo r t ,  but  also to ta l ly  p r e v e n t e d  wa te r  ex t rus ion  (which 

is only  par t ia l ly  sensit ive to ouabain-see also [23]) and  Ca  + ex t rus ion  

(insensit ive to o u a b a i n - s e e  also [21]). A l t h o u g h  2 mM o u a b a i n  is usual ly  

sufficient  to ta l ly  to inhibi t  K + r e a c c u m u l a t i o n  by  l iver slices [23], in 

Tab l e  3 a smal l  up t ake ,  s ignif icant  at the  2 %  level, was  observed .  In  

this series o f  exper iments ,  therefore ,  2 m u  o u a b a i n  was a slightly sub- 

m a x i m a l  c o n c e n t r a t i o n  and  thus  of fered  a g o o d  c o m p a r i s o n  to the 3 mM 

e thac ryn ic  acid, which  is also s o m e w h a t  less t h a n  m a x i m a l  (Fig. 5). I t  

will be  n o t e d  tha t  the  two inh ib i to rs  each  inh ib i ted  K § u p t a k e  to a 

s imilar  extent .  A d d i t i o n  o f  o u a b a i n  in the presence  o f  e t h a c r y n a t e  gave  

no s ignif icant  inh ib i t ion  b e y o n d  the effects o f  the diuret ic  a lone  on  respi-  

r a t i on  or t r anspo r t ,  except  for  a small  fu r the r  inh ib i t ion  o f  K + a c c u m u l a -  

t ion (Table  3). 

T a b l e  4 shows tha t  3 mM e thac ryn ic  acid p r e v e n t e d  stat is t ical ly signifi- 

cant  net  m o v e m e n t s  o f  in t race l lu lar  N a  +, K-- ,  and  C I -  at all i n c u b a t i o n  

t imes  at  38 ~ This  con t ras t s  wi th  the initial  ex t rus ion  o f  N a  § f r o m  

sa l t -g land  slices (Fig. 4), bu t  is c o n s o n a n t  wi th  the f inding tha t  r e sp i r a to ry  

inh ib i t ion  in liver slices did not  requi re  t ime  to deve lop  fully. 
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Table 4. Time-course of net ion movements in liver slices incubated with and without 
3 mM ethacrynic acid a 

Etha- 
crynate 
(mu) 

Incubated 90 rain at 1 ~ then at 38 ~ for (rain) 

0 5 15 30 60 

Na + 0 376+20 352,+19 1 8 8 _ + 3 8  131+13 106_+20 
3 349+40 326-+28 348-+37 374-+64 

C1- 0 355+62 3 1 7 _ + 1 8  173+36 225+23 220+23 
3 395-+94 307+31 418+95 372+69 

K + 0 63+ 6 80+ 6 92+ 3 127,+ 8 155+17 
3 66+ 4 732 4 68+22 58+15 

The results are for intracellular ion contents expressed as mmol/kg dry 
of observations were 4 at each time, except at 15 min where there were 6 
Incubation conditions as for Fig. 5. 

wt. Numbers 
observations. 

The rather small degree of respiratory inhibition caused by ethacrynic 
acid in liver (Fig. 6) was similar to that given by ouabain [4, 20] ; however, 
it was accompanied by drastic falls of the ATP content (Fig. 6) and 
energy charge (Table 5) which contrast with the unchanged levels in 
the presence of ouabain [23]. The inhibition of Na- extrusion closely 
followed the fall of ATP (Fig. 6). Ethacrynic acid inhibits glycolysis in some 
cells [10], but this could not account for the fall of liver-slice ATP since 
the lactate production increased somewhat (Table 5). Rather, this repre- 

Table 5. Effects of ethacrynic acid on energy metabolism in liver slices ~ 

Ethacrynate 0 0.5 1.0 2.0 5.0 
(ram 

Respiration 339 + 7 324 +_ 25 285 + 42 241 ,+ 10 231 _+ 20 
(retool O2/kg 

protein hr 1) 
Lactate 45 +8 57 + 8 70 216 67 +11 71 +11 
formed 
mmol/kg 

protein hr- 1 

Lactate/ 17 +3 20 + 3 30 _+ 6 65 +15 65 ,+13 
pyruvate 

Energy charge 0.76+0.02 0.70+ 0.03 0.65+ 0.4 0.53+ 0.02 0.41+ 0.05 

(n) (8) (6) (6) (8) (6) 

a Incubation conditions as for Fig. 5. Incubation was for 90 min at 1 ~ followed by 
60 rain at 38 ~ in the presence of the concentrations of ethacrynate shown. 
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sents a Pasteur effect, which indicates that the primary action of ethacry- 
nic acid on these slices was to interfere with mitochondrial oxidative 
phosphorylation. Also indicative of this mode of action is the finding 
of an increase in the ratio, lactate/pyruvate, which was related to the 
diuretic concentration (Table 5). 

Rat Kidney Cortex 

MacKnight [13] and Epstein [5] have previously obtained results which 
are also consistent with ethacrynic acid inhibiting ion transport by virtue 
of an inhibition of energy metabolism. We have attempted to corroborate 
their findings, studying effects of a wider range of ethacrynic acid con- 
centrations on the adenine nucleotides. 

In a first series of experiments, we duplicated the conditions used 
for salt gland and liver, conducting the experimental incubation at 38 ~ 
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Fig. 7. Comparison ' of  the effects of ethacrynic acid concentrations on Na + extrusion, 
ATP content, and respiration in slices of  rat kidney cortex, e ,  net Na § extrusion, determined 
as in Fig. 2; o,  slice ATP content determined at end of incubation; x ,  rate of respiration 
during last 10-min period of  observation (50-60th min of incubation). (a): Experimental 
incubation period at 38 ~ conditions as in Fig. 5. Numbers of  observation at the different 
ethacrynic acid concentrations: nil, n=10 ;  0.1 and 0.2 mM, n = 5 ;  0.5 to 2.0 mM, n = 8 ;  
5.0 mM, n=4 .  (b): Experimental incubation at 25 ~ incubation was for 90 min at 1 ~ 
followed by 60 rain at 25 ~ in Tris-buffered Ringer's solution containing 10 m~  acetate. 
Numbers of observations at ethacrynic acid concentrations: for nil, 1.0 and 2.0 raM, n = 4 ;  

at 0.2, 0.5, and 5.0 raM, n = 2  
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The results are very similar to those obtained above. The inhibition 
of respiration was progressive and extensive; e.g., after 60 min in the 
presence of 5 mM ethacrynic acid at 38 ~ 02 uptake was inhibited 

by 90% (Fig. 7a). The fall of Na § extrusion at increasing ethacrynic 
acid concentrations was closely related to the decline of respiration and 

ATP content (Fig. 7a). Lactate production was nil in control slices but 
rose to 1.0_+0.4 mmol/kg protein/hr at 0.5 mM ethacrynic acid, and at- 
tained a maximum of 2.7+0.5 mmol/kg/hr at 1.0 mM (no exogenous 

glucose was present). These results again indicate a primary inhibition 
of respiratory-coupled production of ATP by the diuretic. However, 
electron microscopic examination of the slices showed that even the 
controls exhibited marked alteration in normal fine structure at 38 ~ 
In further work we therefore conducted the experimental incubation 
at 25 ~ and added 10 mM acetate as substrate [13]. The ultrastructure 
of the control slices was much better maintained under these conditions. 

The ATP content of the control slices was significantly higher at 
25 ~ (8.4_+0.4 mmol/kg protein) than at 38 ~ (4.7+_0.2 mmol/kg), de- 
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Fig. 8. Effects of ethacrynic acid on slices of rat kidney cortex at 25 ~ in the presence 
and absence of glucose. Conditions as for Fig. 7b, except for the presence (filled symbols) 
or absence (open symbols) of 10 mM glucose, in addition to acetate, as substrate. (a): 
o, o, Na + content; zx, A, ATP content. (b): o, o, rate of O2 consumption; zx, A, 

rate of lactate production, n = 2, for all points 

spite the control  0 2 consumpt ion  (486 +26  mmo l / k g  protein/hr)  being 

substant ial ly lower than  at 38 ~ (780 _+ 35 mmo l / k g  hr). The progressive 

na ture  of  the respira tory inhibi t ion by e thacrynate  was less marked  at 

25 ~ But despite these quant i ta t ive  differences, the close relat ionship 

of  the inhibi t ion of  Na  + extrusion to the fall of  respira tory  activity 

and  ATP content  at increasing ethacrynic  acid concent ra t ion  was seen 

at bo th  temperatures  (Fig. 7a-b). 
In a single experiment,  glucose (10 raM) as well as acetate was added  

to the me d i um at 25 ~ in order  to duplicate the substrate  mixture  

used by W h i t t e m b u r y  and  Proverbio [28] for guinea-pig kidney.  Glucose 
gave no protect ion against  the inhibi tory effects of  1 and  2 mM ethacrynic  

acid on t ranspor t  and  ATP,  despite the presence of  a Pasteur  effect 

which ensured a substant ial  increase in the rate of  lactate p roduc t ion  

as respirat ion declined (Fig. 8). 

Guinea-Pig Kidney Cortex 

In view of  the concordance  of  results with the three tissues studied thus  

far, it became impor t an t  to reinvestigate the s i tuat ion in guinea-pig k idney 



Action of Ethacrynic Acid 267 

400 -I00 

"i t> 
~, + 
o, 3 ..~ o 
-6E 200 Na +- 50 .,-,~'~- E -I- '~ 
0 

z 

\ 

0 I \ \  "~ 0 
\\\ K+ 

I i I 

0 I 2 
ETHACRYNIC ACID (raM) at 25~ 

Fig. 9. comparison of the effects of ethacrynic acid on net gain of K § (�9 and extrusion 
of Na + (e) by guinea-pig kidney-cortex slices at 25 ~ Incubation was for 90 min at 
1 ~ followed by 60 min at 25 ~ in phosphate-buffered Ringer's solution containing 10 mM 
acetate and 10 mM glucose. Net ion movements were determined as in Fig. 2. Numbers 

of observations: at nil, 1.0 and 2.0 mM ethacrynate, n=10; at 0.2 and 0.5 mM, n=2' 

cortex slices [17, 28]. Slices were incubated for 90 min at 1 ~ and for 

60 min (unless noted) at 25 ~ We first used a phosphate-buffered 

Ringer's solution containing 10 mM acetate; these conditions are similar 

to those of Whit tembury and Proverbio [28] except for the absence of 

HCO;-. Figure 9 shows that 2 mM ethacrynic acid not only prevented 

the net extrusion of Na § but also totally inhibited K § reaccumulation, 

with no obvious difference in sensitivity. Extrusion of water and C1 

showed a similar pattern. Also, addition of  0.5 mM ouabain in the pres- 

ence of 2 mM ethacrynate resulted in a small, further increase of Na + 

content, from 955 to 1180 mmol/kg dry wt, as well as a small loss of 

K § from 120 to 71 mmol kg. As in rat kidney cortex, ethacrynic acid 

induced a Pasteur effect, increasing lactate production from 17.8 to 

38.5 mmol/kg dry wt/hr. 
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The time-course of the effects of 2 mM ethacrynic acid was studied 
under the same conditions (Fig. 10). Respiration was progressively inhib- 
ited and, in accordance with MacKnight's result from rat kidney [13], 
there was a partial initial recovery of composition at 25 ~ while the 
rate of respiration was still relatively high. After 30 min, however, 02 
consumption was reduced by more than 60% and there ensued large 
increases of tissue Na § and CI- contents beyond the values found in 
cold-incubated slices. 

Substitution of phosphate by 10 mM Tris-HC1 as the buffer caused 
a 20 % reduction in the control rates of respiration and lactate production, 
but gave no significant difference in the net transport of water and 
ions. The sensitivity of these activities to 1 and 2 mM ethacrynic acid 
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Fig. 10. Time-course of  net ion movements  in slices of  guinea-pig kidney cortex. Incubation 
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Table 6. Effects ofethacrynic acid, in the presence and absence of glucose, on Na + transport 
and energy metabolism in slices of guinea-pig kidney cortex a 

Medium 90 rain 
glucose at 1 ~ 
(rnM) 

Then 60 rain at 25 ~ with ethacrynic acid 

0 1 mM 2 mM 

Na + 0 819 ,+40 409 +17 699 _+27 890 _+84 
10 489 + 52 668 + 23 924 _+ 58 

ATP 0 8.8 ,+ 0.6 10.8 + 0.3 5.6 _+ 0.1 1.9 + 0.2 
i0 12.5 _+ 1.0 5.2 _+ 0.5 2.2 0.2 

Energy 0 0.742 0.02 0.85_+ 0.02 0.71_+ 0.02 0.46_+ 0.05 
charge 10 0.86_+ 0.01 0.68-+ 0.05 0.48_+ 0.04 

02 uptake 0 - 384 _+28 139 _+20 82 _+14 
(50-60 rain) 10 408 _+21 154 + t7 108 _+ 14 

Lactate 0 - 5.9 _+ 3.0 14.9 ,+ 1.9 22.7 + 2.6 
production 10 15.2 -- 2.5 33.3 _+ 2.2 41.3 + 5.1 

" Slices were incubated in Tris-buffered Ringer's solution containing i0 mM acetate for 
90 rain at l ~ followed by 60 min at 25 ~ Neither glucose nor ethacrynic acid had 
any effect during incubation at 1 ~ Results for Na + and ATP contents are expressed 
as mmol/kg protein, and for 02 consumption and lactate production as mmol/kg protein/hr. 
Values are mean_+ SEN of 4 observations. 

were also similar in the two media, and there was no evidence of a 

smaller sensitivity of K § transport than of volume control to the diuretic 
(results not illustrated). 

The effects of ethacrynic acid on the adenine nucleotides of these 
slices were studied in Tris-buffered Ringer's containing 10 mM acetate 
as substrate. Table 6 shows that 1 and 2 mM ethacrynic acid reduced 
ATP levels by 50 and 85%, respectively, and gave commensurate de- 
creases of total nucleotides, energy charge, and the final rate of respira- 
tion. Na § extrusion was totally blocked by 2 mM ethacrynate, and the 
concentration-dependence of the inhibition closely followed the fall of 
respiratory rate and ATP content (Fig. 11). Addition of glucose had 
no significant effect on the results, except to increase the rate of lactate 
production both in the presence and absence of the diuretic (Table 6). 
It will be noted that the only concentration of ethacrynic acid tested 
on guinea-pig kidney-cortex slices by Whittembury and Proverbio [28], 
namely 2 mM, was found in our experiments to block active movements 
of both Na § and K § totally and, in addition, to reduce respiration 
by 75-80% and to lower ATP contents by 85%. 
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Fig. 11. Comparison of the effects of ethacrynic acid concentrations on Na + extrusion, 
ATP contents and respiration in slices of guinea-pig kidney-cortex. The results are from 
the experiments of Table 6, the values with and without glucose present having been com- 
bined in view of the absence of a significant difference between them. At all points, n = 8. 
e, net Na § extrusion, determined as in Fig. 2; �9 slice ATP contents at end of incubation; 

x, rate of respiration during last 10-min observation period 

Morphological Effects of Ethacrynic Acid 

The inhibi tory effects of  e thacrynic  acid on salt g land and  k idney 

slice respirat ion and  on electrolyte and  nucleot ide content  were paralleled 

by marked  a l tera t ion in cellular fine structure in these tissues. In particu- 

lar, 2 mM ethacrynic acid caused p ronounced  disorganizat ion of  plasma- 

lemmal  specializations (microvilli in renal proximal  tubules,  basolateral  
folds in proximal  tubular  and  salt g land epithelial cells), d is rupt ion  of  

mi tochondr ia l  s t ructure and  vesiculation of  cytoplasm.  The cytotoxic  

effects of  e thacrynic  acid on these tissues will be described in detail 

in a subsequent  publication.  

Discussion 

The results show tha t  e thacrynic  acid inhibits aspects of  energy-con- 
serving metabol i sm and  several t ranspor t  activities in slices of  the four  
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tissues studied. In addition to its relation to the question as to whether 
the action of ethacrynic acid as a diuretic is due to primary inhibition 
of ion transport  or of energy provision, our work elucidates two other 
unresolved questions. These are: whether in whole cells ethacrynic acid 
inhibits mainly glycolysis or mitochondrial oxidative metabolism; and 
whether the diuretic has a specific inhibitory effect on a Na § transport 
system which is insensitive to K § and ouabain. These latter two points 
will be discussed first. 

Effects on Energy Metabolism 

In slices of kidney [11] and in Ehrlich ascites tumor cells [9, 10], 
ethacrynic acid has been found to inhibit both glycolysis and respiration. 
That these are two independent effects is shown by the fact that glycolysis 
is inhibited in mammalian red cells [10] and that respiration and phospho- 
rylation are inhibited in isolated mitochondria [7, 15, 24]. In considering 
which effect occurs in intact cells, Gordon and de Hartog [10] noted 
that respiratory inhibition by ethacrynic acid in ascites cells differed 
from the effects of respiratory chain inhibitors, such as antimycin A 
and cyanide, in that no Pasteur effect was produced. They concluded 
that both glycolysis and respiration were inhibited in their cells. The 
tissue preparations in which we have measured lactate production (liver 
and kidney cortex) did show a Pasteur effect, the increased lactate produc- 
tion being inversely related to the rate of respiration. It follows that, 
in these tissues, respiratory metabolism was at least more markedly inhib- 
ited than glycolysis. Thus, the main cause of the decline in tissue energy 
levels should be the fall in respiratory activity, and this is consistent 
with the close parallel we have observed in salt gland and kidney cortex 
between the effect of the diuretic on the final rate of respiration and 
on tissue ATP contents. Our present results are not sufficient to decide 
whether ethacrynic acid acted as an inhibitor of the mitochondrial elec- 
tron-transfer chain, or of phosphorylating reactions. 

In the case of the liver, there was a marked lowering of slice ATP 
at maximal ethacrynate concentrations despite the persistence of 70% 
of the maximal 02 consumption. This may be due to the uncoupling 
properties which ethacrynic acid has been reported to show at low 
(0.1 mN) concentrations [11], or to a microsomal origin of the ethacry- 
hate-resistant respiration. The latter seems the more likely explanation 
in view of the greater respiratory inhibition given in tissues with less 
mixed-function oxidase activity (salt gland and kidney). 
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Specificity of Effects on Ion Transport 

As a result of  their work on ion and water movements in slices 
of guinea-pig kidney cortex, and on Na+-K+-dependent  adenosine tri- 
phosphatases, Whit tembury and co-workers [17, 28] concluded that etha- 
crynic acid had a marked specificity towards the K +- and ouabain- 
insensitive, " s e c o n d "  Na + pump which has been implicated in volume- 
controlling activities in various tissues [12, 14, 23]. In particular, they 
observed that K + accumulation was only inhibited 30% by 2 mM ethacry- 
nate (the only concentrat ion used), while Na § extrusion was more 
strongly blocked. By contrast, we have found both Na § and K § transport  

to be totally inhibited by 2 mM ethacrynic acid in kidney and salt-gland 
slices, and by 5 mM in liver. Moreover,  in each of the tissues we have 
studied, the effects of  increasing concentrations of ethacrynic acid on 
K § accumulation ran closely parallel to the effects on Na + extrusion 
(Figs. 2, 5, and 9). MacKnight  [13] using rat kidney cortex also failed 
to find a difference between the action of this diuretic on Na + and 
K § movements.  None of the changes of incubation conditions that we 
introduced (temperature, substrate, buffer) altered the relative effects 
of  ethacrynic acid towards these two ions. There remain a number  of 
differences between the experimental conditions used for kidney-cortex 

slices by ourselves and by Whit tembury and Proverbio [28]. Thus, the 
latter authors used only the outermost slice of the cortex, conducted 
the cold pre-incubation in a K+-free medium and continued it for 
150 min, and used a medium for all incubations which had a smaller 
osmotic activity by about 20 mosN. They also used 2 mM or 16 mN K + 
for incubation at 25 ~ instead of the 5 mM which we have used; how- 
ever, Whit tembury and Proverbio reported a comparable insensitivity 
of K § reaccumulation to ethacrynic acid at both concentrations of me- 
dium K + [28]. 

The net movements of C1- and water were also inhibited by ethacrynic 
acid according to a similar pattern as the cation movements,  with total 
inhibition at 2-5 mM, depending on the tissue (Fig. 1 a, Table 3). Thus, 
the diuretic clearly' inhibited both of the two, independent processes 
which transport  Na § (i.e., the ouabain-sensitive and ouabain-insensitive 
mechanisms) and together control cell volume [12, 23, 28]. A third trans- 
port process inhibited by ethacrynic acid in liver slices is the extrusion 
of Ca 2+ (Table 2), a mechanism which is independent of the Na + trans- 
port  systems in this tissue [21]. 
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Mechanism of Transport Inhibition 

The finding that so many transport  activities have a similar sensitivity 
to ethacrynic acid suggests that the latter acts by inhibiting a single 
process common to all of  them. Since the three transport  processes 
appear to be independent of each other, the most likely common factor 

is the energy supply which our work shows to be very sensitive to the 
diuretic. 

Concentrations of ethacrynic acid necessary to give complete inhibi- 
tion of Na § and K-- transport  in each tissue also lower ATP levels 
by 80-90%. The close relationship between the effects of  the diruetic 
on energy levels and on Na § and K § transport  is seen in the time-course 
studies (especially Fig. 4) as well as in the concentrat ion dependence 
of the inhibitions. The latter relationship is clearly seen in Figs. 3, 6, 
7, and 11. Inhibition of Na + transport,  inhibition of  respiration, and 

reduction of ATP levels all followed a similar pattern in each tissue 

and, in the case of rat kidney, at both incubation temperatures. The 
values in Table 7 are the concentrations of ethacrynic acid giving half- 
maximal inhibition of the parameters we have measured. The values 

for respiration and tissue ATP were very similar. Estimates of the half- 
maximal inhibition of  Na § extrusion are complicated by the fact that, 

Table 7. Concentrations of ethacrynic acid giving half-maximal inhibition of Na § transport 
and energy metabolism in tissue slices a 

Tissue Concentration of ethacrynic acid (mM) 
giving half-maximal inhibition of 

Respiration ATP content Na + extrusion 

(a) (b) 

Duck salt gland 0.46 0.37 0.42 0.74 
Rat liver 0.95 1.08 0.83 3.15 
Rat kidney cortex 

38 ~ 0.58 0.58 0.38 2.59 
25 ~ 0.43 0.75 0.83 1.93 

Guinea-pig kidney cortex 0.61 0.75 0.79 1.98 

a As described in the text, the half-maximal inhibition of Na § transport was estimated 
from two ways of assessing the maximal inhibition: (a) from zero net extrusion of Na § 
at 25 ~ (b) from extrapolation of double reciprocal plots to infinite inhibitor concentration. 
The values for O2 uptake refer to the rate during the last 10 min of observations (i.e., 
the fiftieth to sixtieth minutes). 
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especially in k idney  and liver, high concen t ra t ions  o f  the inh ib i tor  no t  

on ly  p reven t  net  ext rus ion,  but  induce  a large, fu r the r  en t ry  o f  N a  + 

which did no t  a t ta in  a m a x i m u m  over  the co n cen t r a t i o n  range  tested. 

In  view of  the consequen t  uncer ta in ty  as to h o w  to es t imate  max ima l  

inhibi t ion,  we have a d o p t e d  two es t imates :  first, max ima l  en t ry  o f  N a  § 

was es t imated  by ex t r apo la t i on  o f  doub le  rec iprocal  plots  to  infinite 

inh ib i to r  c o n c e n t r a t i o n ;  second,  max ima l  inhib i t ion  was equa t ed  to  zero 

ex t rus ion  o f  Na  § In the lat ter  case, es t imates  o f  the concen t r a t i ons  

of  e thacrynic  acid needed  for  ha l f -maximal  effects agree well with those  

for  resp i ra t ion  and  A T P  contents .  F o r  the est imates  f r o m  doub le  rec ipro-  

cal plots,  m u c h  higher  est imates  o f  e thac ryna te  are obta ined.  Howeve r ,  

in ei ther  case it is clear tha t  t r anspor t  was no t  m o re  sensitive to e thacryn ic  

acid than  was aerobic  energy metabol i sm,  and  we conc lude  tha t  the 

inhib i t ion  o f  enery-conserv ing  reac t ions  was the p r i m a r y  effect  o f  the 

diuret ic  in the slices and  is the cause o f  the t r an sp o r t  inhibi t ion.  W h e t h e r  

this is also the basis for  the diuret ic  ac t ion  in vivo is open  to ques t ion  

in view o f  the high concen t ra t ions  o f  e thacrynic  acid (be tween 0.2 and  

0.5 mM) needed  to p roduce  significant effects in the tissue slices. 
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