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SUMMARY 

in a previous study, evidence was presented for an external  Na+-dependen t ,  
ouabMnqnsenMtive componen t  of  Na  + efflux and an ex~rna l  K+-dependen t  com- 
ponent  of  K + efltux in the Ehfiich ascites t umor  cell. Evidence is now p r e s e n ~ d  that  
these componen t s  are i n h i N ~ d  by the diuret ic  furosemide and that  under  c o n ~ t i o n s  
of  normM e x ~ a c d l ~ a r  Na + and K + they represent  N a + - f o ~ N a  + and K - + f o ~ K  + 
exchange mechaMsms. Using a~Rb to moni to r  K + m o v e m e n t ,  furosemMe is shown 
to i n N N t  an ouabMn-insensif ive componen t  of  Rb + influx and a componen t  of  Rb + 
efflux, both  represent ing approx.  30 ~[, of  the total  flux. Inh iNf ion  of  Rb + e ~ u x  is 
g r e a t ~  reduced by removal  o f  extracel lular  K +. FurosemMe does not  M~r  s ~ a d y -  
state levels of  in~acNlMar  K + and it does not  prevent  cells deNeted  of  K + by incuba-  
tion in the cold f rom regMMng K + upon  warming.  Using 22Na to moni to r  Na + 
movement~  furosemMe is shown to inhibit  an ouabNn-insensi t ive  componen t  of  
uM~rec t ionM Na  + effiux which represents approx.  22 ~£ of  total  N a  + efflux. Furo-  
semide does not M~r  s teady-state  levels of  intraceHMar Na + and does not  prevent 
removal  of  i n t r ace l l~a r  Na + upon warming  ~ o m  cells loaded with Na + by p ~ i n -  
cuba t ion  in the cold. The a N l i ~  of  furosemide to a f fe~  u M ~ r e ~ i o n M  Na + and K + 
fluxes but not net fluxes is confis tent  with the c o n d u N o n  that  these components  of  
cat ion movement  across the cell membrane  represent  o n ~ f o ~ o n e  exchange mechan- 
isms. Data  are also p re sen~d  which d e m o n s t r a ~  that  the uptake of  ~-aminNsobu~y-  
rate is not  af fe~ed by furosemMe. This i n~ca t e s  that  these componen t s  of  cat ion flux 
are not  d i ~ l y  involved in the Na+-dependen t  amino  acid ~ a n s p o ~  sysmm A. 

INTRODUC~ON 

In a previous study,  da ta  were presented for the existence of  an ouaba in-  
insensi t iv~ externM Na-dependen t  componen t  of  Na  effiux in the Ehflich ascites cell 
[l] .  A componen t  of  K + efflux dependent  on the presence o f  external  K + was also 
identified. The externN dependency of  a componen t  of  efllux for the same e ~ m e n t  is 
COheren t  with the presence of  a one - fo~one  exchange component ,  as o r i ~ n M ~  
e n ~ s i o n e d  by Ussing [2]. If it can be d e m o n ~ r a t e d  that  the Nteraf ion in the uni- 
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dkecfionN eMux of the ion in question cannot be accounted ~ r  by changes in 
concentration and~r  membrane p m e ~ N  ~ i ~  ~om its ~movM e ~ n N l ~  then 
such changes in cation flux may be a~fibutab~ to inNNtion of such exchange 
m~haNsms.  Our previous study s u g g ~ d  this was the case ~ r  the external K +- 
dependem componem of K + effiux. The nature of the e~ernN Na+-dependent 
c o m p o ~ m  of Na + effiux was not clear since, based on vNues ~ r  membrane per- 
m~Nl i f f  to Na +, ~11 m e m b m ~  p o S e N  and Na + d i ~ f i b ~ o m  it w ~  ~ t im~ed  
that the s ~ a d ~ e  influx of Na + could be e ~ i ~  accoun~d ~ r  by a p ~ s i ~  
N ~ n M  Na + influx. This imNied th~  the o u a b N ~ n f i t i ~  N a + ~ e ~ n ~  
componem of Na + effiux ~ w ~ e m e d  a net Na + effiux. 

Our interest in a N ~ h ~  characterization of these componems of Na + and K + 
flux in the Ehdich ascites cell ~emmed ~om two confiderations. Fir~, in the human 
~ d  cell it has been demon~m~d  that an ~ N ~ f i ~ e  ~ m p o ~ m  of Na + 
effiux d e ~ n d e m  on the presence of e~ernN Na + is capab~ of achieving net Na + 
effiux under conditions of ~duced e ~ r a ~ l ~ l ~  Na + ~]. At eleva~d e~mcdlMar  
Na + it ~ w ~ e ~ s  an N a + - ~ N a  + exchange [5]. This c o m p o ~  is inNNWd by 
~ h a ~ y N c  acid [5-7] and ~ m ~ m ~ e  ~, 5]. Our initiN observations in the ascites 
cell indic ted  that an o u a b N m ~ i t i ~ ,  emernal N a + ~ e N n ~  compone~ of 
Na" eMux was present [1 ]. F ~ e r m ~ e ,  they sugge~ed that this compone~  might 
represent a net effiux of Na +. Our i n ~ s t  turned ~ e ~  to i ~ t i g ~  whether 
this c o m p o ~ m  of Na + effiux was also N m ~  sensitive and, if so, would Nro- 
~mide inNNtion lead to a reduction in net Na + effiux, thus sugge~ing an N ~ r n ~ e  
Na + pump mechaNsm. The results indicate that the componem is ~ m ~ m ~ e  
sen~tive but, under conditions of norton extracellular Na +, it r e p ~ n ~  an Na +- 
~ N a  + exchange. 

The second ~ r ~  of interest dealt with the ~ o ~ N p  of these 
componen~ of cation flux to amino acid ~anspo~ in the asd~s  cell. There is a large 
body of evidence supposing the h y p h e n s  that ce~ain amino acids are actively 
~ a ~ p o ~  into the ascites cell at the expense of the passive Na + gradient (e.g. see 
~ e w  by Chr i~en~n [8]). It has also been s u g g ~ d  that cation exchange processes 
may be involved in amino acid transpo~ ~]. The ability to spedficN~ inhibit the 
exchange compone~s  with N m ~ m ~ e  Nlowed us to inv~tig~e their inv~vement in 
the N a + ~ e N n d e m  amino acid ~anspo~ sysmm A [10]. Using the transpo~ of 
~amino~obuf f r~e  as ~ p ~ m ~  of sys~m A, we have observed its uptake in the 
presence of ~ m ~ m i d e .  These data indicate that the uptake of ~ a ~ n ~ b m ~ e  is 
not a ~ e d  and t h e ~  not d i ~ l y  linked to the ~ m ~ ~ f i ~  fluxes. 

MATERIALS AND METHODS 

Ehdich Le~re (ELD) cells were grown in ~male HMICR mice. Cells were 
isN~ed as described p ~ o u ~ y  [l ]. All ~ f i ~  were run at 26-28 °C in a solution 
~ ~  of 147 mM NaCI, 6 mM KC1, 1 mM M ~ O 4 ,  0.1 mM CaC12, 46 mM 
Tris - O H -  brought to pH 7.4 with H3PO4. M o N ~ a t i o n  of tNs medium ~ r  specific 
expefimems is described in the figure ~gends. Ouabain was obtained ~om Sigma 
Chemical Co., St. Louis, Mo. Furo~mNe was a NR of Hoechst ~ m ~ e ~ s ,  
S o m ~ l ~ ,  N. J. Addition of ~ m ~ m ~ e  at 10 a M or grea~r led to adNfic~ion of 
the incub~ion medium and the pH was ~ a ~ d  to 7.4 with small amoun~ of 
N ~ H .  
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UnidirectionM influx or effiux of  Rb + was measured from the kinetics of 
SORb + uptake or loss. U°Rb+ serves as an analog of  K + movements in these cells 
(e.g. t e l  I). For  unidirectionM influx measurements a trace of  8~Rb + was added to 
cell suspensions at zero time. At intervMs I- or 2-ml aliquots were removed and 
centrifuged through 12 ml of  cold isotonic choline chloride (200 mM choline chloridm 
10 mM Tris - O H - :  pH 7.4 with HCI). Isotope trapped in the extracdlular  space was 
corrected for by s u b , a c t i o n  of  zero time points taken immedia tdy a~er addition of  
the tracer to the medium. The pr in ted  cells were resuspended and lysed in distilkd 
water. The lysate was then ~ansferred to a counting vial and isotope content was 
determined from measurements of  Cerenkov radiation in a liquid scintillation 
counter. In the presence of  cell lysate counting effidency is reduced 3-5 °;, for both 
22Na + and SrRb +. In certain experiments, subsequent to count in~  the same samples 
were analyzed for internal Na + and K + using an atomic absorption spectrome~r.  
From these data any changes in net Na + and K + fluxes were m o n ~ o ~ d .  

UnidirectionM Na + and Rb + effiux were determined from the ~netMs of  
~°Rb + or 22Na+ loss. Cells were preloaded with tracer by incubation for at least 
60 min in the case of  ~6Rb + or at least 30 min in the case of  22Na ~. These times are 
sufficient for the bulk of  the in~acdlu lar  cation to exchange with the externM isotope. 
At the termination of  the loading period, the cells were centrifuged, washed twice in 
the incubation solution or the appropriate modification of  it, and resuspended. In the 
case of  2ZNa+, the or i~nal  medium was removed, passed through a 0.2 I~M filter and 
reused in subsequent exper iment .  Loss of  isotope was moMtored by removal of  cell 
aliquots at specific intervals following resuspension in isotope ~ee medium. The cells 
were processed as for the isotope influx experiments. It should be noted that efl]ux 
experiments in K-flee medium required that the ratio of  cell volume to medium 
volume be 0.01 or less. At higher call denMt~s, K + loss from the cells led to dgnificant 
K + content in the external medium. The kinetic analysis of  the isotope flux experi- 
ments has been previously described [I ]. 

To determine the kinetics of  ~-aminoisobutyrate uptake, cells were suspended 
in the normal incubation solution with I mM ~-aminoisobutyrate plus a trace of  
~ 4Cdabded  ~-aminoisobutyrate with or without 1 mM furosemide, l-ml cell aliquots 
were taken at zero time and subsequent intervMs. The cells were centrifuged in 14 ml 
of  isotope-flee incubation medium. The cells were then resuspended in 1 ml of  5 °,, 
t r ichloroacet~ acid, I mM ~-aminoisobutyrate.  A~er  incubation for approx. 30 min, 
the precipitate was centrifuged and 200-pl samples were removed from the supernatant 
and added to 10 ml of  Bray's counting solution. Isotope content was determined in a 
liquid sdnfiHation counter. Intracellular versus extracdlular  ~-eminoisobutyrate 
ratios were determined knowing the specific activity of  the extracel luhr mcdium 
(cpm/molL 50-1d samples of  the external medium were counted in l0 ml of  Bray's 
plus 200pl  o f  5 3~ tfichloroacetic acid to compensate for quenching of  the cell 
samples. Pellet volume was determined from average cell d iame~r  and cell numbe~,  
as determined in a cell counting chamber  under phase optics. 

RESULTS 

K ~ o s e m i d e  <(leers on Rb  + . f lux 
Approx. 31 ~ of  the total uMdire~ionM Rb + influx of  the ascims c~l is inhibited 
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i ' i l l  o~ c~,.l~ . . . .  ~ m~ 

~ I 

~ 0 ° 

30 • o~bo. ,  

~ . ~ ' ~  

~ I ~ ' ~  

0 2 ~ 6 8 l0 12 
TIME (rain) 

Fig. 1. U n ~ a l  inf lux o f R b  + as d ~ d  f rom 8~Rb + uptake in the p ~ n c e o f l  mM 
~ m M m  I m M  ouabain or 1 m M  ~ d i m e  plus 1 mM ouabain. (A) cpm S6Rb + ~ m u ~  
versus time under the cond~ions ~ c a t e d .  T ~  ~ m b ~ s  correspond to the ~gend in the f igu~. For 
th~ p a ~  ~ f i m ~ t  the u ~ d ~ e ~ n ~  f lux v ~ u ~  are ( p m ~  per 10 s cell): c o ~ l ,  ~ ;  ~ -  
mide, I1: ouabain, 9~ ~ m i d e  plus ouabain, 2. ~ )  The Na + and K ÷ content oF the same cells 
over the du ra t~n  oFthe ~ f l ux  e x ~ f i m e ~ .  The mammal change in Na + or K ÷ content over the l l -  
rain interval in which the isotope uptake was m e ~ u ~ d  is 15 ~ (conditions in which ouab~n  is 
presenO. This i n ~ s  that the f lux m ~ m ~  were carried out under near ~ d ~ a t e  condi- 
tions. Seven such expef ime~s are ~ m m a ~ d  ~ Ta~e  1. 

T A B L E  11 

E F F E C T  O F  I N C R E A S I N G  C O N C E N T R A T I O N S  O F  O U A B A I N  A N D  F U R O S E M I D E  O N  
C A T I O N  F L U X  

The  effect o f  ~ r o ~ m i d e  and  o u a b ~ n  on  Rb  + inf lux was  m e a s u ~ d  by 86Rb+ up take .  The  d a t a  were 
o b t ~ n e d  f r o m  cel ls  i so l a t ed  f r o m  one  mouse .  T h e i r  e f f e~  on  N a  + ef f iu~  ~ m o M ~ d  by 22Na+ loss.  
w a s  o ~ n e d  o n  ce l l s  f r o m  a s e p a r a t e  m o u s e .  T h e  m a g M t u d e s  o f  t he  f luxes  were  d e t e r m i n e d  f r o m  
e x p e r i m e n t s  ~ m i l ~  to  t hose  p ~ e d  in  F igs  1 and  3. The  ~ s u l t s  a ~  ~ c a l  o f  two  such  e x p ~ i m e m s  
on  Rb  + inf lux and  N a  + effiux. The  ~ f i o n  by b ~ h  o u a b a i n  and  f u r o ~ m i d e  b e c o m ~  m a ~ m M  at  
c o n c e m ~ t ~ n s  b ~ w e e n  0.5 a n d  1 r aM.  

C o n d i t i o n s  Rb  + inf lux l n h i b f f i o n  N a  + efflux I n h i b i t i o n  
t pmoUs  pe r  l0  s cel l)  r e la t ive  to  ( p m o l / s  pe r  l0  s cel l)  r e la t ive  to 

con t ro l  (Yo) c o n t r o l  (y,,) 

C o n t r o l  18.4 0 16.8 0 
0.01 m M  o u a b a i n  --  - -  12.9 23 
0.1 m M  o u a b a i n  13. I 28 I 0.1 40 
0.5 m M  o u a b a i n  8.6 53 7.4 56 
1.0 m M  o u a b a i n  7.8 58 6.9 59 
2.0 m M  o u a b a i n  7.7 58 6.7 60 

0.01 m M  f u r o s e m i d e  16.0 13 - 
0.1 m M  fu rosemide  14.4 22 15.5 8 
0.5 m M  fu rosemide  12.9 30 15.0 11 
1.0 m M  f u r o s e m i d e  12.4 33 11.8 30 
2.0 m M  fu rosemide  12.6 32 11.9 29 
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by furosemide (Fig. 1, Table I). The concentrat ion of  furosemMe at which this 
inhiNfion is maximM lies between 0.5 and I mM (Table II). The i n a c t i o n  by furo- 
semide is distinct from the ouabMn~en~five  component  of  unidimctionM Rb + 
influx since addition of  furosemide in the presence of  ouabain leads to fu~her  inhiN- 
tion of  u M ~ c t i o n M  Rb + influx (Fig. 1, Table 1) The ouabain-sensitive component  
is ma~mMly  i n h i ~ d  b~ween  0.5 and 1 mM ouabain (Tab~ II) and it represents 
approx. 51 '~,, of  the total unidirectional influx (Tab~ I). The addition of  1 mM 
ouabain plus I mM furosemide leads to 88 'S, redumion in u M ~ c t i o n M  influx, 
which is nearly equNMent to the sum (82 ')~;) of  the reductions observed in ouabain or 
furosemMe alone. The concentrat ion of  ouabain required to achieve a maximum 
i n a c t i o n  of  the Na +, K + pump is somewhat  higher than observed in other sy~ems, 
suggesting a low affinity of  ouabain for the ~ a n s p o ~  mechangm (e.g. see also t e l  3). 
This reqMmment  could lead to the supposit ion that ouabMn and furosemide act on 
the same cmnponent  of  Rb + influx but that  the action of  ouabain is i n c o m ~ e t ~  as 
has been suggesmd for the effe~ ofe thacryMc acid in the presence of  ouabain on Na  + 
effiux in toad oocytes [11 ]. However,  the present data indicate this is not the case in 
the ascites cell. In experiments ~scussed bdow,  furosemide has been shown not to 
alter net Na + or K + movements  whereas ouabain does. Fu~hermom,  furosemMe 
reduces Rb + effiux to a near equal extent as Rb + influx, Ouabain has little or  no 
effem on Rb effiux [I ]. 

1~ 

~ l ~  

A 

~0 ouaba , r r  ~se~de 

~ ~ £ 

B 

0 /5 30 45 60 75 

TIME (rain) 

i3 

~ o~ 

@~ 

J 
~o 20 3o ~o 

TIME (min) 

Fig. 2. (A, B) The effect of  furosemide or ouabain  on i n ~ a c ~ l u l a r  Na + and K + content.  The ~gend  
in (A) a p p l e s  to all p o i n ~  in the figure. At  zero t ime equal a l iquots  of  cells were suspended in 1 mM 
furosemide medium or 1 mM o u a b ~ n  med ium or n o r m ~  medium at 28 ~C. The zero t ime point 
represents an a l iquot  taken from the control  cel~ imrned ia~ ly  upon resuspen~on.  The calls were all 
o b t ~ n e d  from the same a n i m ~ .  The resuhs are typ ic~  of  four such experiments.  (C, D) The effect 
of  furosemide and o u a b ~ n  on net Na + ex t ru~on  and K + up take  in cells dep l ~ed  of  K + and loaded 
with Na + by p r~ncub a t i on  in the cold. Cells from a ~ngle  a n i m ~  were incubated with gen t~  ~ i r f ing  
for approx.  I h at 2 4 °C to induce Na  + g ~ n  and K + loss. The cells were then centr ifuged and equal  
a l iquots  were resuspended at zero t ime in 28 °C medium conta in ing 1 mM furosemide or I mM 
ouaba in  or no addit ions.  The zero t ime point  was taken from the control  cells i m m e d h ~  upon 
resuspen~on.  The resuhs are typical  of  four such expef iment~  
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R e m o v a l  o f e x t e r n N  K + reduces  the inh ib i t ion  o f  fu rosemide  on  u N d i r e c t i o n M  

R b  + efflux to app rox .  12 '~(, o f  the total  efflux ( T a b ~  I). This  residual  effect  may  

represent  an  i ncomple t e  r e m o v a l  o f  ex t e rnN K + ~ o m  the cell sur face  o r  a second 

effect  o f  f u ro semide  on  Rb  + effiux which  is i n d e p e n d e n t  o f  ex te rna l  K +. The  near ly  

e q u i v M e n t  inh ib i t ion  o f  influx and  efflux in the presence  o f  ex terna l  K + and  the  

r educ t ion  o f t ~ e  inh ib i t ion  o f  etttux by r e m o v N  o f e x t e r n M  K + are  cons is ten t  wi th  the 

conc lus ion  tha t  f u ro semide  i n h i b i ~  a o n e - f o ~ o n e  K + - f o ~ K  + exchange .  This  is 

fu r the r  subs tan t i a t ed  by the o b s e r v a t i o n  tha t  f u rosemide  does  no t  a l ter  the s teady-  

state levels o f  i n ~ a c ~ l u l a r  K + (Fig.  2A) ,  as wou ld  be expecWd u p o n  inh ib i t ion  o f  a 
c o m p o n e n t  o f  flux which does  not  con t r i bu t e  to net flux. The  effect o f  fu rosemide  on  net  

flux o f  K + was also i n v e ~ i g a t e d  in a n o t h e r  manner .  A s d t e s  cells were i n c u b a t e d  at 
2~ ,  °C for  approx .  I h. This  ~ e a t m e n t  reduces  in t race l lu la r  K + levels and  e levates  

in t race l lu la r  Na  + due to the inh ib i t ion  o f  the A T P - d e p e n d e n t  N a  +, K + p u m p .  U p o n  

re turn  to e l e v a ~ d  t empera tu re s ,  i n ~ a c N l u l a r  K + levels a re  r ega ined  and  i n t r a c ~ l u l a r  

Na + is reduced.  The  ga in  o f  K + a n d  the  loss o f  N a  + are  n o t  a l t e red  by fu rosemide .  

In the same cell p o p u l a t i o n s  o u a b a i n  i n h i b i ~  this process  (e.g. Fig. 2B). 

Furosemide ~ / ] ~  o ,  Na * f l ux  
A p p r o x .  22 ~ o f  the u M ~ i o n M  N a  + e ~ u x  is i n N N m d  by N r o ~ m i d e  

(Fig.  3, T a b ~  I). T N s  i n N N t i o n  is max imM a a c o n c e n t r a t i o n  o f  ~ r ~ e m M e  be tween  

0.5 a n d  1 m M  ( T a b ~  I1). The  N m ~ m M e 4 e n ~ f i ~  c o m p o n e ~  is N ~ i n ~  f r o m  the  

o u a b M m ~ i t i ~  c o m p o n e m  o f  N a  + effiux ( T a N e  1). A t  a c o n c e n t r a t i o n  o f  1 m M ,  

o u a b a i n  maMmMly  inhibi ts  the o u a b M m ~ N ~  c o m p o n e ~  o f  N a  + effiux ( T a N e  
11). This  c o m p o n e m  ~ e ~ s  approx .  55 % o f  the u M ~ c t i o n N  Na  + e ~ u x .  T h e  

add i t i on  o f  I m M  ~ r o ~ m M e  ~ h e r  inh ibks  u M N ~ i o n M  N a  + e ~ u x  and  the sum 

! • Co~Im: i • C ~ o I  i 

i : 
~ ~ , ~ 0 3 L  ~ , ~ ~ , ~ 

0 ~ ~ I~ 0 ~ 8 1~ 

TI~ (~io) TI~ t~,~) 

Fig. 3. (A) U ~ d i ~ n M  Na + e~ux in the presence of 1 mM ~ m ~ m ~ e  or 1 mM ~ m ~ m i d e  
plus 1 mM ouabNn. Na + eNux was m o ~ N d  as the loss of 22Na+ ~om cells preloaded ~ t h  the 
tracer. After ~ a ~ n ~  the calls were washed twice ~ i m ~ p ~  me~um and equal M~ums were 
then resuspended in the appropN~e medium. P ~ s  were then taken and these are dmign~ed as 
~ m  time. The d~a  am N ~ d  ~ t ~  log of the coups ~ t ~  ~ t ~  ~ ~me t (C0 o ~ r  t ~  ~ u n ~  m 
~ m  time (C~o) ~ u s  c The s~pe o f t ~  ~ne ~ e ~ s  ~ e  u ~ n M  e~ux mm c o e ~ c ~  (t- ~). 
Six such expeNmems are summaN~d in TaMe I. (B) U ~ m ~ n a l  Rb + e~ux in the presence or 
absence of 1 mM ~m~midm Rb + e~ux was monRomd as ~ R b  + loss ~om preloaded ceRs. The 
cells were handled and the data is plowed as in (A) above. Five such expeNmen~ ~ e  s u m m ~ e d  in 
Table I. 
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of the individual effecU of ouabMn and furosemide (77 % reduction) is nearly 
equivalent to the reduction observed when both inhibito~ are present (73 %: Table 
H). 

As observed wRh K +, furosemide does not alter steady-state ~vels of intra- 
cellular Na + (Fig. 2A). Fu~hermore, in c~ls loaded with Na + by incubation at 
2-4 C, furosemide does not prevent the net loss of Na + in these cel~ upon incubation 
at elevated temperatures. Ouabain prevents the net Na + loss (Fig. 2B). 

The observation that furosemide does not alter steady-state Na + levels and 
does not Mter net Na + efflux coup~d with the observation that it inhibits approx. 
22 % of the unidirectional Na + effiux indicates that, in the presence of external Na +, 
furosemide inhibits a one-fo~one Na+-fo~Na + exchange. The absence of an effe~ 
on net Na + flux is Mso c o n ~ e n t  with the conOu~on that the furosemide-sensitive 
component is di~inct from the ouabMn4en~tive component. 

Based on the condu~on that furosemide inhibi~ Na+-fo~Na + exchange, it 
would be expected that a furosemide-sensitive component of unidirectionM Na + 
influx of appro~mat~y  the same magnitude as the efflux component should exit .  
Howeve~ in our hands, measurements of unidirectional Na + influx by the tracer 
technique have been highly variable. This stems from the rapid accumulation of 
labeled Na + and the relatively high amount of label trapped in the ex~ac~lular 
space a~er washing as compared to e.g. K +. Howeve~ the resuRs of the Na + efflux 
experiments, coup~d with observations on net Na + flux, are cons~tent with the 
presence of a furosemide-sensifive component of Na + influx. 

Furosemide and ~ n ~ o  acid ~anspo~ sy~em A 
The uptake of 2-amin~sobutyrate is due to the Na+-dependent sys~m A in 

the Ehdich ascites cell [10]. The a~lity of furo~mide to al~r ~s uptake was investi- 
ga~d. In four expefiment~ 1 mM furo~mide had no effect on the accum~ation of 
~ - a m ~ s o b u t y r a t e  (intracell~ar/extraceH~ar ratio: co~trM, 8.6±0.9: furo~mide, 
8.1 ~ 1.2, S.E.: 40 min incubation). In p a r c e l  experiments it was observed that the 
cation fluxes in these cell populations were reduced in a manner simi~r to our 
previous experiment. In two experimen~ invM~ng the amino a~d uptake, 8~Rb ÷ 
uptake was reduced by a mean v~ue of 41% in the same cell p o p ~ n s .  In two 
other experiment, 22Na + e~ux was reduced by a mean value of 29 %. 

D ~ C U S ~ O N  

In previous s tud,s ,  ~hacryn~ and and furosem~e have been used to cha~ 
acmfize ouabNn-insenfitiv~ non-diffufionN components of cation flux. Components 
of Na + flux senfitive to ethacryNc acid have been obtained in Log musc~ [16], toad 
oocyte [11 ] and red blood cells ~-7] .  K + influx has also been shown to be senfitive 
to ~hacryNc acid in human red cNls ~]. Furosemide has been shown to inhibit 
components of Na + flux in the human red Nood cdl ~, 5]. Our data i n , c a m  the 
presence of furosemNe-senfitive components for both Na + and K + in the Ehrlich 
asci~s cHl. At normM extracdlular ~vNs of Na + and K + they represent one-fo~one 
exchange fluxes. R should be emphasized that these exchange componenu may be 
capaNe of me~ating net fluxes under certNn expefimentM conNtion~ For instance, 
Dunn ~]  has demons~ated in the human red cHl that the ouabNn-insensitive, 
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furosemide-senMtive componen t  o f  N a  + efltux represen~  an N a + - f o ~ N a  * exchange 
at high levels of  ext racel lu lar  N a  +. This c o n ~ u ~ o n  was based on the observat ion  
tha t  furosemide does not  inhibit  a net et~ux of  Na + and that  the inhibi t ion of  furo- 
semide on unid~ect ional  Na  + influx and efllux was h e a d y  equal.  Lubowitz  and 
W h i ~ a m  [7] also concluded that  the ouabMn4nsen~f ive ,  external  Na+-dependen t  
componen t  of  Na  + efflux does not  represent  a net Na  + efltux in the human  red cell. 
but ra ther  an N a + - f o ~ N a  + exchange. However,  Hoffman and Kregenow [6] using 
the inhibi tor  e thacrynic  acid d e m o n s ~ a t e d  an ouabain- insensi t ive,  e thacrynic  acid- 
sen~tive,  externM Na+-dependen t  componen t  of  Na + efltux and  a componen t  of  K * 
influx sen~five to e thacrynic  a d d .  (In the presence of  ouabNn,  e t h a c r y n ~  acid appears  
to inhibi t  the same componen t  of  N a  + efttux as furosemide [5].) Based on the 
observat ions  that  e thacrynic  acid had no effect on Na + influx and that  depleted cells 
gained more Na  + than  flesh cells when e x ~ a c d l u l a r  Na  + was high as opposed  to 
when it was low, Hoffman and Kregenow [6] conc luded  that  the external  N a - -  
dependent ,  e thacrynic  add%en~f i~e  componen t  of  N a  + effiux represented  a net Na  ~ 
efflux which they defined as pump II. Sachs [4] has subsequent ly  d e m o n ~ r a t e d  that  
the furosemide~ens i t ive  componen t  of  Na + efllux in the human  red cell is capable  of  
net Na + efflux at reduced ex t r acd lu l a r  N a  +, but  at  elevated extracel lular  N a  + it 
represents  an  N a + - f o ~ N a  + exchange.  Our  present da t a  in the ascites cell also indicate 
that  the furosemide-sen~t ive  componen t  of  Na  + efflux represents an exchange 
mechanism at high extracel lular  Na  +. The nature  of  this flux at reduced extracel lular  
Na  + is not  known.  Direct  expe~menta l  test of  this is hampered  since, unlike the red 
cM1, changes in e x ~ a c d l u l a r  Na + or K + result  in r ap id  aRerat ions in in~acNlu la r  
Na  + and K +. E x p e ~ m e n ~  to assess net cat ion fluxes under  these condi t ions  must 
therefore  account  for changes independent  of  the furosemide-sensi t ive fluxes and,  in 
turn,  these changes may  overshadow any net flux cont r ibu ted  by these c o m p o n e n t .  
Expe r imen~  are in progress to determine whether sui table condi t ions  can be achieved 
to fu~her  character ize  the nature o f  the furosemide-sensit ive c ompone n t~  

Our  previous study [1] identified the p~esence of  both  ouabMn4nsen~f iv~  
external  Na+-dependen t  Na + el~ux and external  K +-de pe nde n t  K + efllux. The da ta  
indica ted  that ,  under  phyMoloNcM condi t ions ,  the external  K+-dependen t  K + efl]ux 
represented approx.  22 ~; of  the total  K + efflux and the external  Na+-dependen t  
componen t  represented approx.  31 ~ of  the total  Na  + efflux. The furosemide-sensif ive 
c o m p o n e n ~  of  Rb + and Na + eI~ux represent 34 and 22 "~, respectively (Table I). 
The c o m p o n e n ~  identified in the two studies are in reasonable  agreement ,  thus 
indicat ing that  the external  K +- or  Na+-dependen t  c o m p o n e n ~  and the furosemide-  
sensitive componen t s  are one and the same. in our  previous study we suggested that 
the external  Na+-dependen t  componen t  o f  Na  + efflux could  represent  a net Na ~ 
efflux. This suggestion was based on the observat ion  that  our  measurements  o f  
membrane  potent ia l ,  membrane  permeabi l i ty  to N a  + (P~,, cm/s)  and N a  + dis t r ibu-  
t ion yielded a diffusional Na  + influx which could account  for the totM unidirectionM 
Na  + influx, based on the s teady-state  assumpt ion .  Our  present  da t a  do not suppor t  
this p r e ~ o u s  concept  since unidirect ional  N a  + efflux is partiMly inhibited by furo- 
semide but  net N a  + fluxes are not  Mtered. Thus, of  the total  unid~ecfionM N e "  
influx, approx.  22 ?~ must  represent  an exchange flux. 

It is still unclear  as to whether  the Na+-dependen t  ~ a n s p o ~  of  amino  acids 
by the A sy~em in the Eh~ich cell can be accounted for entirely by the passive 



595 

e~ctrochem~N gradient of Na + or Na + plus K + (e.g. re~ 12) or whether a direct 
coupling to metabolism is involved (e.g. re~ 13). In the former case it is conceivable 
that exchange fluxes could pa~idpate  in the amino acid movements. This is based on 
the consequence that the magnitudes of  the exchange fluxes are senfifive to akerations 
in the Na + and K + di~ributions [1]. Thus, an observed inhiNfion of amino acid 
transport by reduction of external Na + could be attributed to a reduction in the 
magnitude of the passive Na  + gradient but it could also be a~dbuted to an al~rat ion 
in the magnitude of an Na+- fo~Na  + exchange flux. This possibility was fu~her 
substantiated by observations in the pigeon erythrocyte. It has been observed in this 
sy~em that both inward and outward fluxes of Na + are ~imulated by the uptake of 
alanine through the ASC system. No net change in Na + flux occurred and the 
increased Na + fluxes were ouabain insensitive [14]. These resul~ are con~stent with 
the involvement of  an Na+- fo~Na  + exchange in alanine uptake. In contrasL our 
results with the Ehdich cell are confi~ent with the conclusion that the exchange 
fluxes identified through the use of furosemide are not directly involved in the process 
of  Na+-dependent amino acid transport since ~-aminoisobutyrate uptake is insevsi- 
tire to furosemide. These results are confistent with certain previous observations in 
the Ehdich cell. Riggs et N. [15] have observed that the uptake of amino adds by 
sy~em A is accompanied by a gNn in internal Na + and loss of internal K +, thus 
indkating that the amino acid fluxes are assodated with net cation fluxes and not 
one-fo~one exchange fluxes. 

The exchange fluxes identified through the use of  furosemide represent a 
sub~antiN po t i on  of the total cation flux in the Eh~ich cell. Their elimination as 
factors in the accumulation of ~-aminoisobutyrate and posfibly all amino adds  
a ~ o d a t e d  with system A may serve to reduce somewhat the c o m p l e x ~ s  that need to 
be dealt with in charactefiNng this amino add  t ranspo~ system. Fu~hermore,  it 
remNns to be deWrmined what the functional fignificance of cation exchange diffufion 
is in the growth and metabolism of these cells. In experiments to be presented in 
detail Nsewhere, we observe that the magnitude of these exchange fluxes is cell cycle 
dependent. 
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