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Inhib i t ion  of the  CO 2- Sens i t ive  N a  Eff lux  in B a r n a c l e  M u s c l e  F ibers  by M i c r o - I n j e c t i o n  of E t h a c r y n i c  
Acid  

I t  now appears ,  as expla ined  by  us in a recen t  pape r  1, 
t h a t  e thacryn ic  acid is a p o t e n t  inhib i tor  of the  CO 2- 
sensi t ive c o m p o n e n t  of the  Na  eff lux in barnacle  muscle 
fibers. In  view of the  impor t ance  a t t a ched  to the  pa r t  
p layed  by  CO 2 in t he  mechan i sm of Na t r anspor t ,  and  in 
view of the  poss ib i l i ty  t h a t  the  po in t  of act ion of e tha-  
crynic  acid is no t  t he  ex te rna l  side of the  p lasma  mem-  
brane,  t he  following expe r imen t s  were u n d e r t a k e n  to see 
whe the r  t he  microin jec t ion  of e thacrynic  acid affects  the  
Na eff lux only in t he  presence  of ex te rna l  acidif icat ion.  

The exper imen t s  were done using single muscle fibers 
a p p r o x i m a t e l y  5 cm in length  and 1.5 m m  in d iamete r  
f rom the  barnacle  Balanus nubilus or B. aquila. The fibers 
were cannn la t ed  and then  loaded wi th  22Na by  micro- 
injection,  employ ing  a microinj  ector  s imilar  to t h a t  devised 
by  HODGKIN and KEYN~S 2 as modif ied  by  CALDWELL and 
WALSTER 3. The micro in jec tor  d ischarged a volume of ca. 
0.1 F1 of fluid per  1 cm excurs ion of the  mic romanipu la to r .  
The ba th ing  med ium was art if icial  sea wa te r  the  composi-  
t ion of which  was the  same as t h a t  used by  ~ITTAR and 
TONG a. E thac ryn i c  acid was a gift  f rom Merck Sharp  and 
Dohme,  ~Rahway, N. J. A neut ra l  solut ion was p repa red  by  
add ing  equiva len t  a m o u n t s  of NaHCO 3. 

The me thods  of measur ing  22Na in t he  washou t  speci- 
mens  and in the  f iber  were essent ia l ly  t he  same as de- 
scr ibed by  BITTAR 5 and  BITTAR, CALDWELL and LowE% 
[2~Na] C1 was suppl ied  by  Amersha ln-Sear le  Corp. (SKS-1). 
All expe r imen t s  were carried out  be tween  22 and 24~ 

In  the  f i rs t  group of expe r imen t s  (7 fibers) the  effect  
of in terna l  appl ica t ion  of 2 x 10-2M e thacrynic  acid on the  
Na eff lux into art if icial  sea wa te r  a t  p H  7.8 was examined.  

A typical  expe r imen t  is recorded in Figure 1, where  it is 
shown t h a t  e thacryn ic  acid failed to  a l ter  the  course of the  
Na efflux. 

In  the  second group of expe r imen t s  the  fibers were 
b a t h ed  in art if icial  sea wa te r  a t  p H  6.3. The change in 
ex te rna l  p H  was effected some 20 rain before the  micro- 
in ject ion of radio-sodium.  As i l lus t ra ted  in Figure  2, 
in ject ion of 2 X 1 0 - 2 M  e thac ryn ic  acid caused a pro-  
nounced  fall in the  ra te  coeff icient  for Na  efflux. An 
es t ima te  of the  size of th is  effect  gave an average value of 
58% (~ = 4), which is no t  ve ry  d i f fe rent  f rom t h a t  
ob ta ined  following ex te rna l  appl ica t ion  of e thacrynic  acid 
a t  p H  6.31. 

The results  r epor ted  here  are in accord wi th  the  t heo ry  
t h a t  e th racryn ic  acid is a powerful  blocking agent  of the  
CO2-sensitive c o m p o n e n t  of the  Na eff lux and t h a t  its site 
o~ act ion is no t  the  ex te rna l  surface of the  p l a sma  mem-  
brane.  Tha t  in te rna l  appl ica t ion  of the  diuret ic  a t  p H  7.0 
failed to reduce the  Na  eff lux in to  art if icial  sea wa te r  a t  
p H  7.8 suggests  t h a t  the  in ternal  p H  of barnacle  muscle 
fibers m a y  be higher  t h a n  t h a t  of crab muscle fibers ~, i.e. 
above 7.0, or t h a t  the  ac t ion  observed in th is  ins tance  m a y  
be i n d e p e n d e n t  of t he  degree of ionizat ion of t he  drug. 
Fur the rmore ,  if it  be t rue  t h a t  e thacryn ic  acid is an in- 
h ib i tor  of ATP-ases  7, t hen  t h e  p resen t  resul ts  are a 
te l l ing a rgumen t  against  th is  idea. Fai lure of e thacrynic  
acid to reduce the  Na eff lux in the  presence of an ex te rna l  
p H  of 7.8 does not  necessar i ly  imp ly  t h a t  glycolysis is no t  
inhibi ted.  W h a t  it  does suggest  is t h a t  barnac le  muscle 
fibers have  some reserves of h igh-energy  p h o s p h a t e  
compounds  s. 
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Fig. 1. Lack of effect of internal application of 2 • 10-2M ethacrynic 
acid on the Na efflux into artificial sea water at pH 7.8. 
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Fig. 2. Reduction of the Na efflux into artificiaI sea water at pH 
6.3 by internal application of 2 x 10-2M ethacrynic acid, 

Zusammen/assung. Es wird  gezeigt, dass  die Mikro- 
in jek t ion  yon  _&thacryns/iure ~2, 3-Dichloro-4 (2-methylen-  
ba ty ry l ) -phenoxyace t sgure ]  in die isolierte Muskelfaser  
der  E n t e n m u s c h e l  nu t  d a n a  den N a t r i u m a u s s t r o m  herab-  
setzt ,  wenn  die Badel6sung vorher  anges~uer t  wird. 
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