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F luoresce in  is secre ted  intensively by cells of the proximal  renal  tubules of the frog in ex- 
per iments  in vivo and in vitro. Diuretics (frusemide, ethacrynic acid, t r i amterene ,  Brinal- 
dix, Aldactone-Saltucin) in doses inhibiting sodium reabsorpt ion,  inhibit the secre t ion of 
f luorescein through the apical membrane  into the lumen of the proximal  tubule but do not 
affect its accumulation in the cells of these tubules. Inhibition of f luorescein secret ion by 
diuretics is evidently connected with their  effect on one of the elements of the sodium t r ans -  
port  sys tem localized in the region of the apical p lasma membrane  of the proximal  tubule. 

The mechanism and site of action of diuretics on sodium reabsorpt ion in the nephron are  highly de- 
batable problems~ Since sodium t ranspor t  is coupled with the secre t ion of cer tain organic substances [5], 
the site of action of diuretics could perhaps be deduced f rom their  effect on the t ranspor t  of these sub- 
stances.  

It was decided to study whether various modern diuretics affect the secre t ion  of organic substances 
by cells of the proximal  tubules and whether this action is localized in the basal  or apical p lasma membrane  
of the kidney cell. 

E X P E R I M E N T A L  M E T H O D  

Male frogs (Rana temporar ia)weighing 25-35 g were used in the experiments f rom September to May. 
The frogs were kept in a r e f r i ge r a to r  and t r ans fe r r ed  to the room on the day of the experiment.  F luo res -  
cein, made up in Ringer ' s  solution for cold-blooded animals,  was injected into the thigh muscles  in a dose 
of 0.2 ml of the 0.01% solution. Diuretics (frusernide, ethacrynic acid, t r i amterene ,  cloparnide (Brinaldix), 
and Aldactone-Saltucin, and also para-aminohyppurate  (PAH) and tetramethylarnmonium bromide (TMA) 
were injected into the dorsa l  lymph sac. 

E x p e r i m e n t s  in  v i v o .  The frogs were injected with the test substance and with f luorescein 
10-25 rain later.  The spinal cord  was destroyed after  10 rain. The ventral  and dorsa l  surfaces  of the kid- 
neys were examined by contact mic roscopy  in situ without disturbance of the blood supply or to the normal  
outflow of urine. 

E x p e r i m e n t s  in  v i t r o .  The f rog ' s  kidneys were dissected; one of them was placed in a solu- 
tion consist ing of the tes t  substance and Ringer ' s  solution, while the other was incubated in Ringer ' s  solu- 
tion. After incubation for  10 rain the two kidneys were t r ans fe r red  separate ly  for the same period into 
f luorescein solution (1 : 250,000) and then examined by contact microscopy.  Each diuretic was tested on 
7-10 animals. A microscope  with contact objectives [1-3] was used in these experiments ,  so that the super-  
ficial glomerul i  and tubules could be examined without opening the kidney capsule. Observations were made 
with the OI-30 source  of light, ei ther in luminescence obtained with a type FS1-3 fil ter to the source of ex- 
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citat ion and a ZhS-18 stop f i l te r ,  or  in incident light using polar  f i l ters .  Photography was c a r r i e d  out on 
RF-3  f i lm using the OLK-2 focusing c a m e r a . *  

To de te rmine  the ability of the d iure t ics  to modify the sodium excre t ion  by the kidney, exper iments  
were  c a r r i e d  out on f rogs  with a ligated cloaca.  Urine col lected f r o m  the b ladder  was analyzed for  its so -  
dium content (Zeiss  III f lame photometer) .  Glomeru la r  f i l t ra t ion was m e a s u r e d  re la t ive  to inulin c learance .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

F r o m  1 to 2 rain a f te r  injection of f luoresce in  into the f rogs ,  it was found in the blood p l a sma  of the 
rena l  v e s s e l s ,  and la ter  it appeared  in the cy top lasm of the cel ls  of t h e  p rox ima l  tubules. Judging f rom the 
br igh tness  of i l lumination of the cy toplasm,  the f luoresce in  accumulated in it; v e r y  br ight  f luorescence  ap-  
pea red  a f te r  10-15 rain in the lumen of mos t  p rox ima l  tubules (Fig. 1). The following observa t ions  conf i rm 
that this f luorescence  was due to the sec re t ion  of f luorescein.  F luo rescence  in the ve s se l s  and in Bowman 's  
capsule  was incomparably  weaker  than in the lumen of the p rox ima l  tubule. The inc reased  intensity of fluo- 
r e s c e n c e  cannot be explained by an i nc rea se  in the concentra t ion of dye resul t ing  f r o m  reabsorp t ion  of the 
f i l t ra te ,  for  judging f r o m  the inulin concentra t ion index, the concentra t ion of the fluid in these  f rogs ,  even 
in the t e rmina l  pa r t s  of the tubules,  amounted to only 1.3 ~- 0.13 t imes .  Final ly ,  the exper iments  on isolated 
f rog  kidneys showed that br ight  f luorescence  appeared  in the lumen of the p rox ima l  tubules a f te r  5-10 min 
in f luoresce in  solution. 

To study the action of diuret ics  on secre t ion ,  doses giving the m a x i m u m  inc rease  in sodium concen-  
t ra t ion  in the f rog ' s  urine by inhibiting its r eabsorp t ion  were  used. F r u s e m i d e  (10 rag/100 g) and e thacrynic  
acid (5 rag/100 g) comple te ly  inhibited f luoresce in  secret ion.  It did not accumulate  in the lumen of the tu-  
bule. After injection of t r i a m t e r e n e  (1 ml  of a 10 -14 M solution/100 g), Brinaldix (1.25 mg/100 g) and A1- 
dactone-Sal tucin (25 rag/100 g), f luoresce in  accumulated in the lumen of the tubule in a much s m a l l e r  
amount than in the control .  Of all the d iure t ics ,  only t r i a m t e r e n e  p o s s e s s e d  spontaneous f luorescence  and 
was detected 10-25 rain a f t e r  its injection in the cy top lasm of the p rox ima l  tubules.  No t r i a m t e r e n e  could 
be found in the lumen of the p rox ima l  tubules or  in the cel ls  of the distal  tubules.  

The resu l t s  of the exper iments  in vivo and in v i t ro  show that the chief  s i te  of action of the diuret ics  
is the apical  cel l  membrane .  F luoresce in  pene t ra ted  through the m e m b r a n e  facing the network of blood 

* The authors a re  gra teful  to Doctor  of Technical  Sciences G. M. Brumberg  and the engineer  L. V. Spitkov- 
skaya  for  providing the appara tus  and for  a s s i s t ance  with its modernizat ion.  

Fig. 1. F luorescence  of f luoresce in  in cy top lasm and lumen of renal  tubules 
of a frog: a) control;  b) a f te r  injection of f rusemide  (10 rag/100 g body weight). 
1) in ter tubular  capi l lary;  2) ce l l cy top la sm;  3) lumen of tubule. Contac tob jec -  
t i r e  20 • 0.75. 
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v e s s e l s  and accumulated in the cy top lasm of the cel ls  of the p rox ima l  tubules but it did not pass  through 
the apical  m e m b r a n e  (Fig. 1). The entry  of f luoresce in  into the cy top lasm was prevented  only be the action 
of v e r y  high concentra t ions  of f ru semide  (1 m g / m l )  in the incubation medium. 

These  observa t ions  regard ing  the re la t ive  s t rength  of sec re t ion  by the var ious  d iure t ics  c o r r e l a t e  
well  with the sod ium-exc re t ing  action of the s a m e  substances :  the sodium concentrat ion rose  f r o m  4.1 ~- 1.0 
m e q / l i t e r  (n= 6) in the control  to 74.6• 1.9 m e q / l i t e r  (n = 9) a f te r  adminis t ra t ion  of f rusemide ,  to 64.0• 4.1 
m e q / l i t e r  (n = 6) a f te r  adminis t ra t ion  of e thacrynic  acid,  to 32.0 ~-5.0 m e q / l i t e r  (n = 9) a f t e r  Brinaldix,  to 
I5=~ 1.5 m e q / l i t e r  (n= 7) a f te r  t r i a m t e r e n e ,  and to 18.7:~ 1.8 m e q / l i t e r  (n = 13) a f te r  Aldactone-Saltucin.  
The d iures i s  inc reased  a f te r  adminis t ra t ion  of f rusemide ,  but in the other  expe r imen t s  it r ema ined  at the 
s a m e  level  as at the control .  

The dec r ea s e  in f luoresce in  sec re t ion  produced by the d iure t ics  could be explained in var ious  ways.  
F r u s e m i d e  and e thacrynic  acid a re  organic  acids and, as such, could be  s ec r e t ed  by the cei ls  of the p rox i -  
mal  tubule of the nephron and could compet i t ive ly  inhibit the sec re t ion  of f luorescein .  Another poss ib i l i ty  
is that the d iure t ics  se lec t ive ly  affected the pe rmeab i l i t y  of the apical  m e m b r a n e  or ce r t a in  e lements  of the 
sodium t r a n s p o r t  sy s t em,  reducing both the r eabsorp t ion  of sodium and the sec re t ion  of f luorescein .  Ex-  
p e r i m e n t s  in which PAH was injected into the f rogs  in doses of 25 and 2.5 mg/100 g gave evidence of the 
poss ib i l i ty  of compet i t ive  inhibition of f luoresce in  secre t ion:  in the f i r s t  case  there  was cons iderable ,  but 
in the second case  only weak inhibition of f luoresce in  a re  thus mutual ly compet i t ive ,  and the affinity of the 
cel ls  of the p rox ima l  tubules fo r  f luoresce in  is cons iderably  higher  than that of PHA, while compet i t ion was 
exhibited chiefly in the region of the apical  membrane .  Only when ve ry  high doses  of PAH were  used (5 
m g / m l  in vi t ro)  was the accumulat ion of f luoresce in  in the cel l  reduced. Sys tems  respons ib le  for  the t r a n s -  
por t  of organic  acids evidently exis t  on both m e m b r a n e s ,  and diuret ics  depress  the act ivi ty of these  s y s -  
t e m s  on the apical  membrane .  In the modern  view sec re t ion  of organic  acids and bases  in the p rox ima l  
tubule is c a r r i e d  out by independent t r a n s p o r t  s y s t e m s  [4]. The organic base  TMA in a dose of 0.5 ml  of 
the 10 -3 M solut ion/100 g did not affect  f luoresce in  secre t ion.  F luoresce in  and TMA do not comple te  with 
each other ,  as the exper imen t s  in v i t ro  c l ea r ly  showed. F luoresce in  and organic  bases  a re  thus evidently 
s ec r e t ed  by different  s y s t em s .  Meanwhile,  the diuret ic  t r i a m t e r e n e ,  which also is an organic  base ,  reduced 
the sec re t ion  of f luorescein .  These  resu l t s  suggest  that the inhibition of f luoresce in  sec re t ion  by diuret ics  
is connected with the i r  influence on one of the e lements  of the sodium t r a n s p o r t  s y s t e m  in the cel ls  of the 
p rox ima l  tubule,  which is evidently located in the apical  p l a s m a  membrane .  
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