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I. Slices of rat renal cortex were leached anaerobical ly  tit 0.5 ° anti re incubated  
at 25 ' in oxygenated  medium conta in ing  ethacrynic  acid. In 0.5 mM ethacrvnic  
acid slices showed definite, and in o.75 mM probable,  ini t ial  recovery in v(>hnue 
dur ing re incubat ion  which was subsequent ly  not  mainta ined.  Slices re incubated ill 

mM ethacrvnic  acid cont inued  to swell wi thout  significant initial  recovery. 
2. Slices re incubated  in oxygenated  medium with I mM ethacrvnic  acid and 

~lices re incubated  anaer(fl>icallv with I mM ethacrynic  acid and Io mM iodoacetate 
became significantly more swollen than  slices re incubated  anaerobical ly with IO mM 
i()(h)acetate alone. 

3- 0,, consumpt ion  of slices incuba ted  at 25: in medium conta in ing  ethacrvnic  
acid was markedly  depressed and slices swelled. The presence of IO lnM ouabain  
together with I mM ethacrynic  acid did not  decrease O,, consumpti(m further though 
it resulted ill a lower tissue K ~ content .  

4. Slices leached anaerobical ly  and  re incubated  in oxygenated  medium with 
o.oz mM 2,_~-dinitrophen()l showed initial  recovery in volume which was not main-  
rained. Slices leached and re incubated  with o.I mM and I mM 2,4-dini trophenol  
showed no appreciable rect)very. 

5- The results were consis tent  with the possibil i ty tha t  e thacrynic acid inhibi ts  
cellular lnetabolism, rather  than  with the suggestion that  ethacrynic acid specifically 
inhibi ts  a mechanism pr imari ly  concerned in the regulation of cellular volume. 

6. Although ethacrynic acid probably  increased the permeabi l i ty  of cellular 
membranes  to K + it was not possible t() decide whetlmr it also specifically interfered 
with linked N a ) - K  i t ranspor t  or, instead,  produced loss of tissue K t-as a result of 
inhib i t ion  of metabol ism.  

INTRODUCTION 

There is now evidence that  tile regulat ion of cellular volume ill renal  tissue 
occurs by  a mechanism independen t  of a convent iona l  Na+-K+-l inked,  ouabain-  
s','nsitive, cat ion pump I-4. The na tu re  of this process remains  to be firmly established. 

* The author is a member of the Scie, ntific Staff of the Medical Research ('ouncil of New 
Zc&l~m d. 
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KLEINZELLER and co-workers ~,'~ 7 have suggested that a contractile or elastic 
n~echanism may contribute to the regulation of cellular volume, while WHITTESImJRY '~ 
has postulated that renal tissue may possess a Na + pump insensitive to cardiac glyco- 
sides. The suggestion s that erythrocytes possess a second Na~ pump and that this 
pump is insensitive to ouabain but inhibited by the diuretic ethacrynic acid raised 
the possibility that a second Na~- pump in renal tissue, if such indeed exists, might he 
sensitive to ethacrynic acid. It has also been suggested recently that ethacrynic acid 
inhibits active Na + transport in toad oocytes 9. While this work was in progTess a 
report by WHITTEMBURY 1° suggested that the regulation of cellular volume in slices 
of guinea pig renal cortex was indeed specifically inhibited by ethacrynic acid. The 
results of the present work, however, suggest that, while the maintenance of normal 
cellular volume in slices of rat renal cortex is prevented hv ethacrynie acid, this effect 
is more likely to be the consequence of interference with cellular metabolism and, 
perhaps, some increase in cellular membrane permeability, than to be due to any 
specific inhibition of a mechanism concerned primarily with the regulation of cellular 
volume. 

METHODS 

Media 
The media had the following composition in mequiv/l: Na +, 146; K +, 5; Ca2+, 

5; Mg 2+, 2; CI-, 134; S042-, 2; acetate, io buffered with phosphate (8 raM) at pH 
7.26. Some media also contained ethaerynic acid (Merck, Sharp and Dohme), ouabain 
(B.D.H.), or 2,4-dinitrophenol. In some media IO mM sodimn acetate was replaced 
by io mM sodium iodoacetate. Media with dinitrophenol also contained 5 mM glucose. 
The pH of each medimn containing ethacrynic acid was adjusted to that of ordinary 
medium by the addition of I M NaOH where required. 

Procedure 

The procedure in experiments in which slices were leached at 0.5 ° before 
reincubation at 25 ° was similar to that previously described 2. As before inhibitors 
were present throughout both leaching and reincubation. 0 2 consumption of slices 
was determined at 25 ° by standard manometric methods using Warburg manometers 
as described previously n. The analytical methods have been described elsewhere e. 

Results 

The results shown in the tables and figures represent the mean i S.D. of the 
relevant observations. The statistical significance of differences between groups was 
evaluated by Student's t test. The intracellular values, where provided, were derived 
using a value of 26 % wet wt. of tissue for slices of normal or slightly increased water 
content (water content 2.5o-3.5o kg water per kg tissue dry matter) and a value of 
19 % wet wt. of tissue for grossly swollen slices (3.8o-4.5o kg water per kg tissue dry 
matter). The justification for assuming these values has been discussed elsewhere 12. 
Though tile distinction between tile groups is somewhat arbitrary, important com- 
parisons within groups have been made using the same percentage value for the 
extracellular space. 
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EFFECT OF ETHACRYNIC ACID ON RENAL CORTEX 22~; 

RESULTS 

Slices leached at 0.5 ° and subsequently reincubated at 25 ° 
In preliminary experiments it was established that concentrations of ethacrynic 

acid less than o.I mM had no apparent effect on the composition of the slices while 
concentrations above I mM appeared to cause a marked loss of tissue solid and gross 
tissue swelling. The water content of slices leached for 15o rain and subsequently 
reincubated for 6o rain in medium containing 2 mM ethacrynic acid were 3.67 and 
5.4 ° kg water per kg tissue dry matter respectively (one observation), and in medium 
containing IO mM ethacrynic acid the water contents were 6.8o and 7.3o kg water 
per kg tissue dry matter respectively (mean of two observations). It was therefore 
decided to examine in more detail tlle effects of o.5, o.75 and I mM ethacrynic acid 
and the results are illustrated in Fig. I. 

The slices leached in media containing ethacrynic acid became swollen to the 
same extent and this swelling was of the same order as that observed in other experi- 
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Fig. 1. Compos i t ion  of ra t  renal  cor t ica l  slices leached anaerob ica l l y  at  0.5 ° for  [5 ° rain and then  
r e i ncuba t ed  at  25 ° in o x y g e n a t e d  m e d i u m  con ta in ing  e i the r  0.5, 0.75 or i mM e thac ryn i c  acid. 
Each  po in t  represen ts  the  mean  ~ S.D. of 5 separa te  obse rva t ions  on slices from the  k i d n e y s  
of 22 rats .  Compos i t ion  of slices a t  end of leaching  p lo t t ed  a t  o. 
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ments  where slices have t)een leached in o rd ina ry  medium'-'. This swelling was a l t o n >  
p a n i e d b y t l l e u p t a k e o f N a  andC1 and l o s s o f K .  

Dur ing  subsequent  re incubat ion ,  slices in medium conta in ing  0.5 mM e thacryn ic  
acid showed in i t ia l  significant recovery in cellular w)lume with losses of water ,  Na~ 
a n d  C1-, the  wate r  and  CI- conten ts  af ter  4 rain re incuba t ion  being not  s ignif icant ly 
different  from those  of slices before leaching (P > o.Io,  1' > o.7o respect ively) .  There 
was also some net  up take  of K ,  though,  in con t ras t  to tile behav iour  obsevved in 
o rd ina ry  medium ~, tile K i content  never  r e tu rned  to the level observed  in slices 
before leaehing. This inhibi t ion ~)1 K accumula t ion  was reflected in the  behav iour  of 
t issue Na t .  Though there  was a significant net  loss of N a  (P < o.ooI) af ter  4 rain, 
tile t issue Na  t conten t  also never  re tu rned  to ti le level found in slices before leaching. 
This recovery in cellular  volume was re la t ive ly  well ma in t a ined  for t i le first 3 ° rain 
of re incubat ion but  dur ing  the m~xt 3 ° rain slices became swollen with the up take  of 
Na and C1- and loss of K t-, s~ that  a l t e r  60 rain reincubat i ,  m their  composi t ion  was 
s imilar  to that  of slices af ter  leaching. This behav iour  is ill ma rked  cont ras t  to the 
well ma in ta ined  recovery observed ill previ¢ms exper iments  e in slices re ineuba ted  
in o rd ina ry  medium,  ~wdinarv medium conta in ing  {mal)ain and K - f r e , '  medium. 

The water  c{mtent of slices leached clnd reincul)ate(t in lnedium c(mtaining 
o.75 mM e thacryn ic  aei(l prol )ably  recovered in the ear ly  minutes  of re ineubat ion ,  
t i le water  c( ,ntents  af ter  I, 4 and  8 rain all being s ignif icant ly lower than  those observed  
in leclched slices (P < 0.o 5, P -2 o.oI ,  1) o.o 5 resl)eetively).  T h e r e  w a s  also some 
h~ss ~,,f Na and C1 in i t ia l ly  though only  the values af ter  4 rain (l ~ -7 o.o2, l ) - o.o25 
resl)ectivei v were s ignif icant ly  different.  Also, a small,  bare ly  significant,  net up t ake  
o1: K had occurred af ter  4 nlin (1) o.os). Tiffs apparen t  t endency  lov some small  
ini t ial  teen,very in cellular vi)lullle an(l i{mie Ctmll)t~sitiou was not ma in ta ined  as 
re incubat i t ,n  ctmtinued,  and  af ter  6o lUill slices \vere eonsi(leral)ly swollen, with 
up t ake  ~f Na:  and C1-- and  loss ~1 b [  (1) < o.oor in each case compared  with leached 

r a l l i e S )  
Slices leached an(1 re ineuba ted  ill medimn conta inhlg  I mM e thacryn ic  acid 

showed no apprec iable  recovery  in e(mlt)t~sition but  con t inued  to gain water ,  N a  and  
CI-  th roughout  re incubat ion .  These slices to~) showed a t emlem 'y  t~ lose K i , though 
af ter  6o rain veincubat ion their  K conten t  was not s ignif icant ly d i l l ( ren t  fr~ml tha t  
(~f leilched t issue (P 2- oo5) .  

0._, ./,[a/,'e aml  compositioJl o j slices i~cttbclled a! :'-5 
Table  I ~hows tile O z up take  and Table I i  the compos i t ion  of slices of rat  

venal cor tex  incuba ted  in manome te r  flasks at  25 ' for 75 rain e i ther  in o rd ina ry  
medium,  o rd ina ry  mediunl  con ta in ing  i mM e thacryn ic  acid or o rd ina ry  medimn 

• " t r  J contatnnk~ I mM ethacrvnie  acid and IO mM oual)ain. It was found tha t  the presence 
~f r mM e thaeryn ie  acid reduced O 2 consumpt i ,m by 54 % (on a final t issue dr  5" wt. 
basis). \~'ttITTF~MIIURY ill ill guinea pig, and  .Ioxt,;s .\xl) L.xxI)OX -~a ill rabbi t ,  have 
repor ted  a decrease of al)prox. 56 % in ()., c(msumI)tion of slices of renal  cor tex  
incuba ted  ill inedium conta in ing  I i]ll~l e thacrvnic  acid. Unlike tile effect in guinea 
pig  renal  slices 1", the  plesei l (e  tlf ouabain,  toge ther  with ethacvynic acid did not  
depress  O 2 eoi]suinpt ion further .  

In con t ras t  to the slices incuba ted  in o rd ina ry  medium,  whieh ma in ta ined  at 
normal  t issue comt)osit ion,  slices incuba ted  ill mediunl  cmlta in ing e thaeryn ic  acid 
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T A B L E  I 

THF, EFFECTS OF I m M  ETHACRYNIC ACID AND I m M  ETHACRYXIC ACID + IO m M  OUABAIN O.~ 
0 2  CONSUMPTION OF RAT RENAL CORTICAL SLICES 

Sl ices  w e r e  i n c u b a t e d  a t  25 ° in  o x y g e n a t e d  o r d i n a r y  m e d i u m  a n d  t h e n  t r a n s f e r r e d  to  m e d i u n i  
in  \ V a r b u r g  m a n o m e t e r s  w h e r e  t h e y  r e m a i n e d  fo r  75 m i n  a t  25 °. A f t e r  15 r a i n  e q u i l i b r a t i o n  t h e  
O 2 c o n s u n a p t i o n  w a s  m e a s u r e d  o v e r  t h e  n e x t  60  ra in .  T w o  s l i ces  w e r e  p r e s e n t  in  e a c h  m a n o n l e t e r  
( a p p r o x .  5 ° nag w e t  w t .  of  t i s sue )  a n d  e a c h  v a l u e  r e p r e s e n t s  t h e  m e a n  [ -  S .D .  of  6 s e p a r a t e  o b s e r -  
r a t i o n s  o n  s l i ces  f r o m  k i d n e y s  of  6 r a t s .  

Comtili(u~s 

O r d i n a r y  n l e d i u n l  
M e d i u n a  - -  I m M  e t h a c r y n i c  a c i d  
M e d i u n l  -~ i m M  e t h a c r y n i c  a c i d  + i o  m M  o u a b a i n  

Oxygen consumption 

td/mg/h init ial  wet wt. pl /mg/h f inal  dry wt. 

2 . 2 8  ~ 0 .29  9 .2  ~ I . I  
0 .90  # 0 .25  4 .2  ± 1.2 
0 .99  +_ o.31 4 .4  ± 1.6 

T A B L E  1 [ 

T H E  E F F E C T S  OF I m~]~ E T H A C R Y N I C  ACID A N D  I ln~,I  E T H A C R Y N I C  ACID J- IO 111~[ O U A B A I N  ON 

T I S S U E  \ V A T E R  A N D  E L E C T R O L Y T E  C O N T E N T S  OF RAT R E N A L  C O R T I C A L  S L I C E S  I N C U B A T E D  IN 

\ V A R B U R G  M A N O M E T E R S  

D e t a i l s  of  e x p e r i n l e n t a l  p r o c e d u r e  g i v e n  in  T a b l e  ]. 

Conditio~Ts Tissue Tissue Tissue Tissue 
water contenl .Va + content* Cl co.tent* N + contempt* 
(k~,/kg 
d;~v matter) 

B e f o r e  m a n o m e t r y  
O r d i n a r y  m e d i u m  
M e d i u m  + I m M  e t h a c r y n i c  a c i d  
M e i d u m  + I m M  e t h a e r y n i c  a c i d  

q i o  m M  o u a b a i n  

I;tlraccl[ular 
1~[ i C O ~ I C ) I .  

(mequiv/l 
in lracdlular  
water) 

2.00  ~ O.I 9 259  - -  23 236  ± 32 2 5 0  ~:: I4  I 4 7  7- 9 
2 .67  :}: o. I I  236  -~ 9 218  ± 9 292 - -  6 I6,% 2:- 7 
3 .84  ~ o .14  600  ~ 34 404  rE 22 I t O ±  18 36 i 6 
3 .60  ~ 0 .07  587  ± 20 3 9 o _ ~  15 72 L 7 24_t_ 3 

* m e q u i v / k g  d r y  m a t t e r .  

became swollen with the uptake of Na ~ and C1 and loss of K% Slices in medium 
containing ethacrynie acid and ouabain also swelled, though they contained slightly 
less water after 75 rain (P < o.oo5). They also lost more K+, losing 71 ° o of their 
initial K + compared with the loss of 56 % from slices in medium with ethacrynic acid 
alone. This difference in K + content was highly significant (P < o.ooi), as was the 
difference between the calculated intracellular K + concentrations (P < o.oo5). It 
therefore appears that in rat, as in guinea pig ~°, the presence of ouabain produces a 
greater loss of K + from renal slices than does ethacrynie acid alone This is presumably 
due to inhibition of active Na+-K + exchange by ouabain. Yet the addition of ouabain 
did not produce any further significant reduction in 02 consumption. This finding 
may simply reflect the small 02 consumption related to the decreased active K + 
transport under these experimental conditions. Alternatively it may suggest that 
energy derived from anaerobic inetabolism, rather than from aerobic metabolism, 
was supporting K ! transport in the presence of ethacrvnic acid. It has been shown 
that anaerobic metabolism probably supports some K + up take  4. 
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Effects of ethacrynic acid on tissue K + aud tissue water 
The effects of ethacrynic acid on tissue K+ and tissue water were examined in 

further experiments in which the effects of ethacrynic acid were compared with the 
effects of inhibition of active K + transport by ouabain and of inhibition of cellular 
metabolism by anaerobic incubation with iodoacetate (Table III).  

Slices leached in medium containing iodoacetate or medium containing ouabain 
had the same K + content (P > 0.05). However, slices in medium with ethacrynic 
acid lost significantly more K + than did slices in medium with iodoacetate (P < o.ooi) 
or ouabain (P < o.ooi). The presence of ouabain together with ethacrynic acid had 
no further effect on the K+ content of the slices after leaching (P > o.60) the K+ 
content being again significantly lower than in medium with iodoacetate (P < o.oo5) 
or ouabain alone (P < o.ooz). Ethacrynic acid therefore caused a greater loss of K + 
from tissue than did suppression of active K + transport by anaerobic incubation, 
chilling and either iodoacetate or ouabain. 

After reincubation for 0o rain the intracellular K + concentration of slices in 
medium with ethacrynic acid did not differ significantly (P > o.2o) from that of 
slices with iodoacetate for although their intracellular K ÷ content was significantly 
higher (P < o.ooi) so was their water content (P < o.ooi). 

In a further experiment the effects of ethacrynic acid on slices whose metabolism 
was largely inhibited by anaerobic incubation with iodoacetate (Table IV) confirmed 
that the increased loss of K + from slices leached with ethacrynic acid was not due 

T A B L E  [ [ [  

THE EFFECTS OF I m M  ETHACRYNIC ACID, IO m M  OUABAIN, I m M  ETHACRYNIC ACID ~- IO m . ~  
OUABAIN, AND IO IIIM IODOACETATE ON TISSUE V~'ATER AND ELECTROLYTE CONTENTS OF RAT RENAL 
CORTICAL SLICES AFTER LEACHING ANAEROBICALLY AT O.5 c FOR I5 0  ra in  AND THEN REINCUBATING 
AT 25 ° FOR 60 ra in  

O 2 w a s  b u b b l e d  t h r o u g h  m e d i a  d u r i n g  r e i n c u b a t i o n  e x c e p t  for  m e d i u m  w i t h  i o d o a c e t a t e  t h r o u g h  
w h i c h  N,, w a s  b u b b l e d .  Be fo re  l e a c h i n g  sl ices w e r e  i n c u b a t e d  in o x y g e n a t e d  o r d i n a r y  m e d i u m  
a t  25 "~ for  a t  l ea s t  15 m i n .  E a c h  v a l u e  r e p r e s e n t s  t h e  m e a n  d- S.D.  of 8 s e p a r a t e  o b s e r v a t i o n s  
on  sl ices f r o m  t h e  k i d n e y s  of 8 ra t s .  

ConditioJzs l'issue Tissue Tissue Tissue Intracellular 
zemler content Na + content* Cl content* I£- co~#enl* K + conch. 
(kg/kg (mequiv/l 
dr 3, matter) intracellular 

water) 

Leached tissue 

M e d i u m  + i m M  c t h a c r y n i c  ac id  
M e d i m u  + io  m M  o u a b a i n  
M e d i u m  + I nlM e t h a c r y n i c  a c i d  

+ i o  m M  o u a b a i n  
M e d i u m  + IO m M  i o d o a c e t a t e  

Reincubaled tissue 

M e d i u m  + I m M  e t h a c r y n i c  ac id  
M e d i u m  -[- IO m M  o u a b a i n  
M e d i u m  }- I m M  e t h a c r y n i e  ac id  

+ IO m M  o u a b a i n  
M e d i u m  + io  m M  i o d o a c e t a t e  

3.41 - :  o.14 527 ~: 16 325 ±L 16 119 4 : 6  51 ~ 3 
3.16 Z 0.09 451 zL: I5  287 :L i8  I56  ]z I5 72 - 8 
3.25 ~ o.o8 5o2 ~. I t  3o8 j- I4  I [ 6 ~ I  7 5 2 ~ 9  

3-26 a o.13 460 Z 18 322 - 19 143 2k IO 64 :}: 4 

4 . 6 5  ~: O-41 766 ~ 84 542 ± 71 93 t 20 25 ~ 8 
2.68 ~ 0.20 368 ± 35 240 ± 27 I73 ~ 13 98 ± 14 
4 .21 z O.17 748 ~ 32 485 : 2{) 56 --: ,S 16 -}- 3 

3.96 ± O.I8 676 -~ 35 498 ~ 44 7 ° :L 7 22 ~ 2 

* m e q u i v / k g  dr}'  m a t t e r .  
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T A B L E  I V  

T H E  E F F E C T S  OF I m M  E T H A C R Y N I C  ACID OR IO III~{ O U A B A I N  I N  M E D I U M  C O N T A I N I N G  IO I l l~{  

I O D O A C E T A T E ,  A N D  M E D I U M  C O N T A I N I N G  IO m M  I O D O A C E T A T E  A L O N E ,  ON T H E  T I S S U E  W A T E R  

A N D  E L E C T R O L Y T E  C O N T E N T S  OF RAT R E N A L  C O R T I C A L  S L I C E S  A F T E R  L E A C H I N G  A N A E R O B I C A L L Y  

AT O.5  ° FOR I 5 0  m i n  A N D  T H E N  R E I N C U I ~ A T I N G  A N A E R O B I C A L L Y  AT 2 5  ° F O R  6 0  n l i n  

B e f o r e  l e a c h i n g  s l i ces  w e r e  i n c u b a t e d  in  o x y g e n a t e d  o r d i n a r y  m e d i u m  a t  25 ~: fo r  a t  l e a s t  15 ra in .  
E a c h  v a l u e  r e p r e s e n t s  t h e  m e a n  22 S .D.  of 6 s e p a r a t e  o b s e r v a t i o n s  o n  s l i ces  f r o m  t h e  k i d n e y s  
of  5 r a t s .  

Conditions Tissue Tissue Tissue Tissue 7ntracellular 
water content Na + content* Cl content* N + content* If ~ conch. 
(hg/hg (mequiv/l 
dry matter) intraeellular 

water) 

Leached tissue 
I o d o a c e t a t e  m e d i u m  + 3 .47  ± o .12  503  :t_ 16 359  • 19 132 ~ 8 55 ~: 4 

e t h a c r y n i c  a c i d  
i o d o a c e t a t e  m e d i u m  + o u a b a i n  3 .20  i o. i I  4 3 9  ± 22 322  ± 15 169 ___ 13 78 ± 6 
I o d o a c e t a t e  m e d i u m  3 .26  ~x o .21 433  ± 28 314  ± 3 ° 175 + 8 79 ± 6 

Reincubated tissue 
I o d o a c e t a t e  i n e d i u m  + 4 .4  ° ± o . i o  752 i 19 536  - -  14 76 ± 5 21 ~_ i 

e t h a c r y n i c  a c i d  
I o d o a c e t a t e  m e d i u m  + o u a b a i n  3 .85 ± 0 .09  643  :~ 43 465  -t- 28 7 ° - -  I i 22 ± 3 
I o d o a c e t a t e m e d i u m  4 .08  -[= 0 .08  671 - -  28 467  ± 3 ° 83 ~ IO 25 ~ 4 

* m e q u i v / k g  d r y  m a t t e r .  

to any interference by  ethacrynic acid with metabolism at this temperature for 
although the composition of slices leached in medium with iodoacetate or medium 
with iodoacetate and IO mM ouabain did not differ significantly, the slices leached 
with iodoacetate and ethacrynic acid together contained significantly less K + (P < 
o.ooi). After reincubation for 60 rain, slices with ethacrynic acid and iodoacetate 
contained significantly more water (P < o.ooi) than did slices reincubated with 
iodoacetate alone. This observation suggests that  the increased water content in 
slices reincubated with ethacrynic acid (Tables I I I  and IV) resulted from an increase 
in membrane permeabili ty rather than from any effect ot ethacrynic acid on cellular 
metabolism. 

I t  was of interest that  in these experiments slices reincubated with ouabain 
in medium containing ethacrynic acid or iodoacetate (Tables I I I  and IV) contained 
significantly less water than slices reincubated with ethacrynic acid (P < o.o2) or 
iodoacetate (P < o.ooi) alone, though the absolute differences were small. Similarly, 
slices incubated in manometers  with ethacrynic acid and ouabain became less swollen 
than those incubated with ethacrynic acid alone (P < o.oo5, Table II). This apparent  
effect of ouabain on cellular swelling remains to be investigated but the conclusion 1-3 
that  recovery in cellular volume is brought about by a mechanism other than a 
Na+-K+-linked, ouabain-sensitive, cation pump appears to be unaffected. 

The effects of 2,4-dinitrophenol on the composition of slices leached at o.5 ° and reincubated 
at 25 ° 

The initial recovery, with subsequent swelling, when leached slices were reincu- 
bated in media containing either 0.5 or 0.75 inM ethacrynie acid was reminiscent 
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medium +0.01 mM medium ÷ 0,1 m M medium + I .o mM 
2~4- dinit ropnenol 2~4-din/t rophenol 2,4-dinit rophenal 

• = H 2 0  0 : H 2 0  0 : H 2 0  
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Fig .  2. ( ' onapos i t i on  of r a t  r e n a l  c o r t i c a l  s l ices  l e a c h e d  a n a e r o b i c a l l y  a t  o. 5' for 15o ra in  a n d  t h e n  
r e i n c u b a t e d  a t  25 ° in  o x y g e n a t e d  o r d i n a r y  m e d i u m  c o n t a i n i n g  5 m M  g l u c o s e  a n d  e i t h e r  o .o i ,  
o. i or i I/1M 2 , 4 - d i n i t r o p h e n o l .  E a c h  p o i n t  r e p r e s e n t s  t h e  m e a n  :: S. D. of 5 s e p a r a t e  o b s e r v a t i o n s  
on s l ices  f rom t h e  k i d n e y s  of 2o ra t s .  C o m p o s i t i o n  of s l ices  a t  end  of l e a c h i n g  p l o t t e d  a t  o. 

of the behaviour  observed when slices were re incubated  anaerobical ly with or without  
ouabain  u. Such behaviour  was also seen when slices were leached and re incubated  
in ordinary  lnediunl  conta in ing  o.oI mM dinitrophelml.  The results of exper iments  
with O.OL o.I and  I .o mM dini t rophenol  are shown in Fig. 2. All slices became swollen 
to the same extent  dur ing  leaching. Dur ing  re incubat ion slices in medium conta in ing  
o.oi mM dini t rophenol  showed an ini t ia l  loss of water  which was ma in ta ined  fin- i6 3 o 
rain after which they t)ecame swollen again. This recovery was associated with loss 
of C1 -. After 8 rain the water and  C1 contents  of the slices (lid not  differ significantly 
frol?l those found in slices before leaching (P > o.2o, P > o.*o respectively). Though 
there was a considerable loss of Na t and uptake  of K i slices never  regained the Na + 
or K 4 contents  of tissue which was not  leached (P < o.ooI in each case), o.I mM and 
z.o mM dini t rophenol  v i r tua l ly  prevented  restorat ion of cellular water, Na ÷ or C1 
contents  and slices in these media cont inued  to swell dur ing reincubat ion.  They also 
lost K throughout  re incubat ion.  

J)IS< trssl~x 

The cj~ec! of ethacr3mic acid ot~ cdhdar volume 
Slices became swollen after incuba t ion  in medium conta in ing  I mM ethacrvnic 

acid (Table II) or after re incubat ion  in media con ta in ing  e thacrynic  acid (Fig. I), 
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and their 0 2 consumption was decreased in medium with r mM ethacrynic acid 
(Table I). This behaviour might be expected were ethacrynic acid specifically inhibiting 
the regulation of cellular wflume. Partial inhibition of such a mechanism might allow 
some initial recovery of cellular volume during reincubation, and any such recovery 
should subsequently be well maintained. However, slices reincubated in either o.5 
or o.75 mM ethacrynic acid were unable to maintain an initial recovery of cellular 
volume. This behaviour though inconsistent with that predicted were a volume 
regulating mechanism specifically inhibited, was very similar to that observed when 
slices were incubated under conditions in which metabolism was partially, rather 
than completely, suppressed. Such an effect ix illustrated in Fig. 2 where leached 
slices reincubated in lnediuln containing o.oI mM dinitrophenol showed initial recovery 
in cellular wflulne which was not subsequently maintained. This type of behaviour 
has also been found in slices reincubated anaerobically :~. These results are therefore 
consistent with the possibility that ethacrynic acid in these concentrations was in- 
hibiting cellular metabolisln, rather than inhibiting a specific mechanism regulating 
cellular volume. There is evidence that ethacrynic acid in similar concentrations inter- 
feres with nfitochondrial respiration:a,~L ts. The findings reported by \V t t lTTEMBURY I° 

in guinea pig cortical slices, though interpreted as evidence that ethacrynic acid speci- 
fically inhibited cellular volulne regulation, are also consistent with the possibility 
that ethacrynic acid interfered with cellular lnetabolism. 

Alternatively, the initial recovery of leached slices nlight have occurred before 
inhibition of wflume regulation by cthacrynic acid became effective. However, the 
following observations make this unlikely. After i5o rain at o.5 ~' ethacrvnic acid 
should have become distributed throughout the tissue, and in fact I mM ethacrynic 
acid prevented any significant recover\, from the beginning of reincubation. Further- 
more, slices leached at o.5 ° in I mM ethacrynic acid contained significantly less K '  
than those leached in medium containing ouabain or iodoacetate (Table III) suggc>ting 
that ethacrynic acid had an effect on tissue at o.5 ~. Although the water and C1 contents 
of slices in 0.5 mM ethacrynic acid returned, during the early period of rcincubation, 
to values not sigifificantly different from those in slices before leaching, their K ~ 
content showed only incomplete recovery. This nmst reflect activity of ethacrvnic 
acid in these early minutes. Finally, slices reincubated in o.5 mM ethacrynic acid 
maintained a relatively constant composition for 3o rain before swelling, it seems 
unlikely that o. 5 mM ethacrynic acid took 3 ° nfin to exert a specifc effect on wflume 
regulation when twice the concentration was effective from the beginning of rein- 
bati(m. 

If the effect of ethacrynic acid wax due to interference with metab~flism, then, 
with i nlM ethacrynic acid, insufficient energy appeared t~ be available for any 
iuitial restoration of cellular water and ion contents. Yet the O e consumption of 
slices incubated in I luM ethacrvnic acid was not entirely abolished, the uptake of 
()~ being about 4 ° ° o of the level measured in slices in ordinary medium (Table f). 
Either little or no energy from this residual O 2 consumption became awfilable to the 
mechanisms concerned with regulating volmne and ionic composition or, alternatively 
this O,, consumption did not yield energy to the cell. GORDOX ~s demonstrated that 
ethacrynic acid uncoupled mitochondrial oxidative phosphorylation, trot the fact 
that ethacrwfic acid depresses rather than stimulates tile 0 2 uptake of intact cells 
.~;uggests that this is not its only effect. 
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As well as any  effect on cellular metabolism, z hiM ethacrynic acid possibly 
increased the permeabil i ty of the cellular membranes  to ions, for slices became 
significantly more swollen during reincubation with ethacrynic acid alone, and with 
ethacrynic acid and iodoacetate  together,  than they  did during reincubation in 
media containing enough iodoactetate  to completely suppress metabolism x4 (Tables 
I I I  and IV). This suggestion is supported by  the observat ions in prel iminary experi- 
ments  where 2 and xo mM ethacrynic acid caused considerably greater swelling, 
and also by  the behaviour  of K + in slices leached in e thacrynic  acid, discussed 
below. 

The effect of ethacrynic acid on celhdar K 
Slices incubated in medium containing ethacrynic acid lost K + (Table II) ,  and 

did not regain it during reincubation of leached tissue (Fig. i,  Table I I I ) .  E thacryn ic  
acid has a similar effect on the K + content  of slices of guinea pig renal cortex ~°. 
This loss of K+ might be the result either of (i) a specific inhibition of active K t- 
uptake,  (ii) a decreased availabili ty of energy for active t ransport ,  or (iii) an increase 
in passive K + loss from the cells, which might result either from an increased permeabil- 
i ty of cellular lneinbranes to K +, a depolarisation of the cellular membranes,  or a 
decrease in the affinity of specific binding sites for K + on intracellular macro- 
molecules ~.~,a6. 

From the present results it is not  possible to distinguish clearly between these 
possibilities. The observation (Table I I I )  tha t  ethacrynic acid in medium at o.5 ° 
produced a greater  loss of K + from slices than did iodoaceta te  alone, and the fact 
tha t  this loss of K~ was unaffected by the presence of ouabain (Table I I I )  or iodo- 
acetate (Table IV) suggests tha t  e thacrynic acid increased passive K + loss at this 
temperature.  

There is evidence tha t  ethaerynic acid m ay  specifically inhibit Na t=K+-linked 
membrane  ATPasOW ~ which niany believe to be in t imately  associated with active 
ion movements  across cellular lnelnbranes 2s. The addit ive effect of ouabain and 
ethacrynic acid together  on the K~ content  and concentra t ion in slices incubated 
in manolneters  (Table II)  and in slices reincubated at 25 ° {Table I I I )  would suggest 
tha t  e thacrynic acid by  itself did not inhibit all active K + t ranspor t  at 25 ~' but  does 
not allow a distinction to be made between specific inhibition of ATPase and inter- 
ference by ethacrynic acid with the amount  of energy available for active K~ uptake.  
At least in some tissues ethacrynic acid appears not to inhibit a Na+-Kt--l inked 
nlembrane ATPase, for DANH~;L '~:~ reported that ,  though it inhibited extrusion of Na * 
from rabbit  uterine muscle, e thacrynic acid did not  prevent K~ uptake, a process 
thought  to depend upon glycolysis rather  than oxidative metabolisin in this tissue "~. 
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