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SUMMARY 

~. Triflocin, a new diuretic agent, was used to study ouabain-uninhibited Na + 
transport in human erythrocytes. 

2. Triflocin inhibits ouabain-uninhibited *2Na+ efflux and 22Na+ influx and in 
this regard it resembles furosemide and ethacrynic acid. No effect on net Na + flux 
could be demonstrated. 

3. The portion of the ouabain uninhibited 2~Na+ flux inhibited by triflocin, 
ethacrynic acid or furosemide appears to represent exchange diffusion of Na+ rather 
than a net transport step. 

INTRODUCTION 

Recently, interest has developed in the ouabain-uninhibited Na + transport 
in human erythrocytes 1-4. I t  has been known for some time that ouabain and related 
digitalis glycosides inhibited approximately 7 ° % of Na + efflux (an uphill process) 
and this ouabain-inhibited fraction of efflux has been considered synonymous with 
the active transport of Na + (ref. 5). Na+ influx (a downhill process) is unaffected by 
ouabain unless extracellular K + is removed 6. Through the use of ethacrynic acid and 
furosemide it has been recognized that the ouabain-uninhibited component of Na ÷ 
efflux could be reduced and that Na + influx was also diminished in equimolar 
amounts z. Controversy exists as to whether this ethacrynic acid-inhibited or furose- 
mide-inhibited component of Na + flux contributes net Na + transport or exchange 
diffusion 1-a. The present studies utilized a new diuretic agent, triflocin, (trifluoro, 
toluidino nicotinic acid) 7 to examine further the ouabain-uninhibited Na + movements 
in the human erythrocyte. 

METHODS 

All experiments were conducted with fresh, heparinized blood obtained on the morn- 
ing of study from normal human volunteers. The techniques of Na + efflux, Na + influx, 
and intracellular Na + determinations have been described previously~, s. All incu- 
bation solutions contained: 14o mM NaC1; 5 mM KC1; glycylglycine-MgCO 3 buffer, 
pH 7.4, at 37 °, 27 mM and 4.4 raM, respectively; 1.2 mM phosphate as Na2HPO4- 
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NaH~PO4, p H  7-4; IO mM glucose;  and  o . i  g a lbumin  per  IOO 111]. Ouabain  was used 
in a concent ra t ion  of o . I  mM whereas  triflocin and  e thac ryn ic  acid were used in con- 
cen t ra t ions  of I raM. Triflocin and  e thacryn ic  acid were dissolved in a small  volume 
of o.I  % N a O H  and  e thanol ,  respect ively .  
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Fig. I. A typica l  Na  + efflux and  the  effects of trifloein. --In (1--Na*8/Na*total) represen ts  the  
a m o u n t  of 22Na+ appea r ing  ill t he  s u p e r n a t a n t  fluid (Na*8) divided by  the  to ta l  22Na+ p re sen t  
(Na*total). Values  for the  efflux ra te  c o n s t a n t  ( ° k ~ )  for Na  + were ca lcula ted  as the  regress ion 
equa t ion  for the  lines. E lec t ro ly te  and  inh ib i to r  c o n c e n t r a t i o n s  are g iven in METHODS. 

RESULTS 

Na, + g~ux  
An in i t i a l  dose response curve showed no effect on Na  + efftux wi th  triflocin o .o i  

mM and  less effect wi th  o . I  mM than  with  I mM. Therefore  all  subsequent  exper iments  
u t i l ized  a concen t ra t ion  of triflocin of I raM. Fig, I depic ts  a represen ta t ive  outf lux 
expe r imen t  and  Fig. 2 summar izes  the  da ta .  Triflocin, used alone,  inh ib i ted  1.3 ° ± 0.08 
mmoles  Na  + efflux per  1 cells per  h in 3 exper iments .  Compared  to  ouaba in  (2.95 ~: 
o . I i )  triflocin is a weak  inh ib i to r  of efflux; however ,  triflocin cont inued  to exer t  an 
i nh ib i t o ry  effect in the  presence of ouabain ,  i.e. on ouaba in -un inh ib i t ed  Na + efftux. In  
8 s tudies  triflocin caused a decrement  in the  ouaba in -un inh ib i t ed  efftux of o.51 :k 
0.05 mmole,  P < o.ooi .  The magn i tude  of the  fall in the  ouaba in -un inh ib i t ed  efftux 
was s imi lar  to t h a t  r epo r t ed  prev ious ly  wi th  furosemide and  wi th  e thacryn ic  acid 3. In  
o rder  to  inves t iga te  the  poss ib i l i ty  of a s imilar  locus of ac t ion for triflocin and e tha-  
crynic  acid, the  drugs were used s imul taneous ly  wi th  ouabain .  W i t h  triflocin presen t  
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ethacrynic acid had a negligible effect (o.15 :~ o.o 4, n = 5, P > o.o5) upon the ouabain- 
uninhibited fraction of Na + effux. These results suggested major similarities in the 
site of action of these transport inhibitors. 

No + E F F L U X  

Fig. 2. S u m m a r y  of efflux exper imen t s .  Triffocin a lways  exer ted  an  inh ib i to ry  ac t ion  despi te  the  
ouaba in  effect. The  effect of add ing  e thac ryn ic  acid to ouaba in  and  triflocin- was negligible 
(o.15 mmole  decrement )  and  n o t  s ignif icant  in 5 s tudies .  

Na+ imCux 
Although Na + influx is a passive, downhill process, a portion of the infux may 

be carrier-mediated and thereby susceptible to inhibition. Earlier studies have shown 
that furosemide reduces Na + influx to the same extent that  it reduces outflux in the 
presence of ouabain 3. Ouabain alone does not influence Na + influx if extracellular 
K + is present% Triflocin inhibited Na ÷ influx in the present studies despite the pres- 
ence of 5.0 mM extracellular K +. Influx was reduced from 2.08 ± o.12 in ouabain 
solutions to 1.75 ~ o.12 mmoles/1 cells per h in ouabain and triflocin media (n = 5, 
P <: o.ooi). A representative influx experiment is depicted in Fig. 3. Although tri- 
flocin always diminished efflux to a greater extent than influx the mean difference be- 
tween the fluxes was small (0.22 mmole) and not statistically different from zero. 

Net fluxes 
If the bidirectional inhibition by triflocin of ouabain-uninhibited Na + transport 

defines an exchange diffusion process then no alterations of net Na + flux would be 
expectedt Net fluxes were determined on the 5 paired influx-outflux studies over a 
6-h incubation. Human erythrocytes incubated with o.I raM ouabain, gained 6.8 ± 
0.45 mmoles Na + per 1 cells whereas cells incubated with ouabain and triflocin 
gained 7.2 4- 0.32 mmoles Na÷. There is no significant difference between these re- 
sults. If triflocin acted upon a carrier which accomplished net transport of Na ÷ under 
the circumstances of these experiments it would be predicted that  cells would gain 
more Na + in ouabain and triflocin solutions than in ouabain solutions. 
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DISCUSSION 

Triflocin is a new and chemically novel diuretic agentT, 1°. I t  is s t ructural ly  
dissimilar from ethacrynic acid and furosemide al though their natr iuret ic  po tency  
and site of action in the k idney appear  similar. In vitro triflocin does not  have sulfhy- 
dryl- inhibi tory properties 1°. In  this regard it resembles furosemide and contrasts  with 
e thacrynic  acid. Since chemically dissimilar agents such as furosemide and etha- 
crynic acid have reasonably similar effects on ouabain-uninhibited Na + t ransport  in 
erythrocytes  3, it appeared useful to s tudy  triflocin in this context.  
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Fig. 3. A rep resen ta t ive  Na  + influx. The  o rd ina te  --In (I - -Na*c/Na*s) ,  shows the  22Na+ which was  
t r a n s p o r t e d  in to  the  cells (Na*c) d iv ided  b y  the  22Na+ in the  s u p e r n a t a n t  med ia  (Na*s). Electro-  
ly te  and  inhib i tor  concen t r a t i ons  are g iven  in METHODS. 

Controversy exists over the meaning of ouabain-uninhibi ted Na  + movement  in 
erythrocytes.  HOFFMAN AND KREGENOW 1 described originally an inhibi tory action of 
ethacrynic acid on ouahain-uninhibi ted Na + efflux 1. They concluded tha t  a second 
active t ranspor t  system for Na + existed. SACHS 4 has recently reached the same con- 
clusions utilizing furosemide ra ther  than  ethacrynic acid to define the second efflux 
mechanism. On the other  hand  LUBOWITZ AND WHITTAM 2 and DUNN 3 have concluded 
tha t  the ouabain-uninhibited,  furosemide or ethacrynic acid-inhibited, Na + fluxes 
represent exchange diffusion. Exchange diffusion differs fundamenta l ly  f rom active 
t ransport  in tha t  it is a bidirectional flux without  net Na + t ransport  9. The present ex- 
periments, utilizing triflocin, appear to confirm the conclusions tha t  exchange diffusion 
occurs in human red blood cells. Triflocin inhibits bidirectional Na + flux (efflux and 
infux,  Figs. I and 3) and did not  change intracellular sodium concentrat ion over a 
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6-h incubation. If the triflocin-inhibited Na + efflux contributed net, active transport 
of Na +, cells incubated with triflocin and ouabain should accumulate more Na + than 
with ouabain alone. Such was not the case. If the triflocin-inhibited portion of Na + 
efttux is exchange diffusion, no triflocin effect should be demonstrable in solutions 
free of Na÷. Although this specific experiment was not done, recent work with furose- 
mide and ethacrynic acid confirms that  these agents show no substantial inhibitory 
effect upon Na + efttux in Na÷-free ouabain solutions containing the same other ionic 
constituents (Mg 2+ as replacement ion for Na +) as the present experiments (unpuNish- 
ed observations). A final point should be made concerning the similarity or identity 
of the aforementioned ouabain-uninhibited Na + transport mechanisms. I t  was shown 
previously that ethacrynic acid and furosemide inhibited this fraction of efflux at the 
same locus as judged by the lack of additive effects 3. The results in Fig. 2 show that  
triflocin and ethacrynic acid do not have additive effects in the presence of ouabain and 
presumably are affecting the same outflux carrier. Triflocin apparently inhibits some 
of the classic, ouabain-inhibited pump since it reduced Na ÷ efflux 1.3o i 0.08 mmoles 
when ouabain was not included in the media. Furosemide and ethaerynic acid have 
similar effects 1-4. 
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