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Rats were injected intravenously with 2% sodium sulfate solution (35 #eq/100 g body weight) 
under conditions of a high and stable water-a lcohol  diuresiS. The concentrat ion of sulfate in 
the blood se rum and the quantity of sulfates fi l tered in the glomerul i  20 min after  the injec- 
tion were not significantly different f rom the initial values. Meanwhile, the reabsorpt ion of 
sulfates was reduced f rom 1.82 =~ 1.09 to 0.99• 0.22 p e q / m i n .  100 g, while their  excret ion 
rose  f rom 0.17=~ 0.01 to 1.06 ~- 0.13 ~eq/min"  100 g. The reabsorpt ion of sulfates still r e -  
mained low 1 h after  the injection. During this t ime all the injected dose of sulfates was 
completely excreted.  

With an increase  in the concentrat ion of sulfate in the blood, the sys tem of its reabsorpt ion in the kid- 
neys quickly becomes saturated,  and excretion of sulfate can be increased only by an increase  in the quan- 
tity of it which is filtered. 

The stability of the blood p lasma sulfate level suggests the existence of a sys tem regulating the content 
of this anion in the fluids of the internal medium, 

The object of this investigation was to study tubular t ranspor t  of sulfates when their  level in the blood 
p lasma is slightly raised. 

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

Experiments were ca r r i ed  out on female Wistar albino rats  weighing about 200 g. The animals were 
provided with food and water  ad lib.; on the day of the experiment were deprived of food. A 12% solution of 
alcohol body weight was introduced into the s tomach through a tube at the rate of 5 ml/100 g to induce anes-  
thesia,  and it was followed by infusion of a 1-2% solution of alcohol during the experiment in a volume equal 
to that of the urine excreted. In this way a uniform water diuresis  was obtained. Urine was collected every  
10 rain through a catheter  introduced into the bladder. The f i rs t  four portions acted as the control,  after  
which 0.125 ml of 2% sodium sulfate solution (35 peq/100 g body weight) was injected into the caudal vein 
and six samples of urine were collected. The quantity of sulfate injected was approximately equal to the 
total content of sulfates in the whole extracel lu lar  fluids. Blood was taken for analysis (0.5-0.6 ml) f rom 
the jugular vein in the control  period and at the end of the experiment.  To measure  the rate of g lomerular  
fi l tration in the 45 rain before collection of the urine began, 0.72 ml of 7% inulin solution/100 g body weight 
was injected intramuscular ly .  

The concentrat ion of sulfates [1], of phosphates [5], of chlorides (by potentiometric  t i trat ion with 
AgNO3) , of sodium and potass ium (with the Zeiss HI flame photometer) ,  of magnesium (with the ' S p e k t r - l "  
atomic absorpt iometer) ,  and of inulin (by Cole 's  method using r e so rc in  with FeC13 as catalyst) was deter -  
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Fig. 1. Effect  of intravenous injection of sodium sulfate  on d iures i s  
(A) and concentra t ion (M * m) of sulfate (B) in urine (from resu l t s  of 
11 exper iments ) .  Ar row indicates t ime  of injection of sodium su l -  
fate.  Abscissa :  t ime  (in mint; ordinate:  in At d iu res i s  (in # l / m i n -  
100 g), in B) concentra t ion of sulfate  (in meq / l i t e r t .  

Fig. 2. Dynamics  of f i l t ra t ion and reabsorp t ion  of inorganic sulfate  
in kidney af ter  intravenous injection of sodium sulfate  solution. Each 
point is mean  value of expe r imen t s  on 10 animals ;  P) c r i t e r ion  of 
s ignif icance of change in r eabsorp t ion  re la t ive  to control  level.  Ab- 
sc i s sa :  t ime  (in min); ordinate:  quantity of sulfate  (in # e q / m i n .  100 
g) f i l te red  in g lomerul i  (Cin" PSO4) (top line) quantity excre ted  with 
ur ine  (Uso4" V) (bottom linet,  and quantity r e a b s o r b e d  by tubule cel ls  
(TsR04) (shaded part) .  

TABLE 1. Excre t ion  of Ions before  and af ter  In 

Ion 

S04 
PO~ 
C1 
Na 
K 
Mg 

K I ~:emX 

4,5 25,6  21,I--1,2 
0,17 1,29 1,12~0,44 
17,3 17,7 0,43---+3,0 
8,4 19,6 11,2~2,7 
5,3 11,8 6,5-"-0,9 
1,4 2,3 0,8~0,2 

O,OOl 
0,05 
0,05 
0,0[ 
0,001 
0,05 

ection of Sodium Sulfate 

n X• 

16,1 11,6+1,3 
4,43 4,25 + 1,1 
20,0 2,72-----4,2 
16,9 8,5~3,6 
9,3 4,0-4-0,7 
2,2 0,8-----0,36 

0,001 
0,01 
0,5 
0,05 
0,001 
0,5 

Legend: n) number  of an imals  investigated;  quantity of ions (in #eq) 
excre ted  in 30 rain, calculated pe r  100 g body weight in the control  
per iod  (K), in the f i r s t  30 mill (I) and in the second 30 rain (II) a f te r  
injection of sulfate;  P) level  of s ignif icance of d i f ferences  when c o m -  
par ing changes due to injection of sulfate  with initial  values  for  the 
s a m e  animal.  Sta t is t ical  ana lys is  by the method of compar ing  v a r i -  
ances  in two pa i red  samples :  & ) mean  d i f ferences  between values 
a f te r  injection of su l fa tes  and initial  values;  m~)  i ts  s t andard  e r r o r .  

mined in the s amples  of blood s e r u m  and urine.  Sta t is t ical  analysis  was ca r r i ed  out by the method of c o m -  
pa r i son  of va r i ances  in two pa i red  samples :  changes in sulfate  t r a n s p o r t  by  the kidney be fo re  and a f te r  ad-  
min i s t r a t ion  of sodium sulfate  were  com pa red  for  each animal  [2]; the calculat ions were  c a r r i e d  out on the 
P r o m i n ' - 2  computer .  

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  

By individual choice of dose of alcohol and accura te  maintenance of the water  ba lance  it was poss ib le  
to keep the an ima l s '  ex t race l lu la r  volume constant  and to obtain a uni form,  high d iures i s  throughout the ex-  
pe r imen t  (Fig. 1). 

671 



The sulfate concentrat ion in the blood p l a s m a  of the r a t s  was 2.72 ~- 0.13 m e q / l i t e r  (n = 18); under 
these conditions about 90% of the f i l te red  sulfates  was reabsorbed .  After  intravenous injection of sodium 
sulfate  the excre t ion  of sulfate by the kidney during constant d iures i s  inc reased  sharp ly  and then remained  
at a high level  throughout the exper iment  (Fig. 1). The p l a s m a  sulfate  concentra t ion  1 h af ter  its admin i s -  
t ra t ion  no longer differed f rom the control  and was 2.72 • 0.22 m e q / l i t e r  (n = 13). The increased  excre t ion 
of sulfate cannot be explained by an increased  load on the nephron but depended on changes in its r e a b s o r p -  
tion in the tubules. 

Since this conclusion is of fundamental  impor tance ,  s eve r a l  s e r i e s  of exper imen t s  were  c a r r i e d  out 
in which the concentrat ion of sulfa tes  in the p l a s m a  was de te rmined  at var ious  t imes  a f t e r  injection. The 
inorganic sulfate  of the p l a s m a  is known to be comple te ly  f i l tered by the g lomeru l i  of the kidney [3]. F o r  
an accura te  calculat ion of the ra te  of g lomeru l a r  f i l t ra t ion,  blood was taken twice f r o m  each animal  for  
de terminat ion  of the inulin concentrat ion,  and the inulin concentrat ion in the blood p l a s m a  cor responding  to 
each 10-min sample  of ur ine was de te rmined  by extrapolat ion.  The ra te  of g l o m e r u l a r  f i l t ra t ion during the 
exper iment  var ied  only slightly: 646 :e 33.5 ~ l / m i n -  100 g in the control  per iod and 674~- 31.9 # l / m i n .  100g 
a f te r  the injection of sulfate.  The sulfate  concentra t ion in the p l a s m a  was s t i l l  r a i s ed  4 rain af ter  in t rave-  
nous injection of the sodium sulfate solution, but its r eabsorp t ion  was a l ready  reduced; 20 rain a f te r  the in- 
ject ion the quantity of sulfate f i l te red  did not differ  s ignif icantly f r o m  the init ial  level ,  but the reabsorp t ion  
of sulfate  was cons iderable  reduced and its excre t ion  was increased  (Fig. 2). 

It was important  to study the reac t ion  of the kidneys to a prolonged inc rease  in the concentra t ion of 
sulfa tes  in the blood p lasma.  Exper iments  on th ree  r a t s  with continuous infusion of 2% sodium sulfate so -  
lution at the ra te  of 0.42 m l / h .  100 g l ikewise revea led  marked  inhibition of sulfate  r eabsorp t ion  in the r e -  
nal tubules. 

To study the specif ic i ty  of the reac t ion  of the kidneys to injection of sulfate,  the excre t ion  of var ious  
anions and cations by the kidney was invest igated (Table 1). The excre t ion of sulfate  was increased  in the 
f i r s t  30 rain by 21.1 peq ,  the excre t ion  of chlor ides  r emained  unchanged, and the excre t ion of phosphates  
was increased  by 1.1 peq.  The excre t ion  of sodium and po ta s s ium rose  considerably.  Consequently,  the 
body p o s s e s s e s  a ve ry  sensi t ive  s y s t e m  for  regulat ing the balance of sul fa tes ,  capable  of rapidly r e s t o r i n g  
the ionic composi t ion of the in ternal  medium not only through an inc rease  in the load on the nephron when 
the p l a s m a  sulfate level  is r a i sed ,  but also through a modificat ion of the act ivi ty of the tubular  s u l f a t e t r a n s -  
por t  sys t ems .  Since the excre t ion  of  sulfates  r emained  increased  despi te  the rapid r e s to ra t i on  of the initial  
p l a s m a  concentrat ion,  and all  the injected sulfate was excre ted ,  the exis tence  of nervous  or  humora l  fac tors  
regulat ing su l fa te  homeos ta s i s  may be postulated.  
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