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W a t e r  and s a l t  l oad ing  and a d m i n i s t r a t i o n  of f r u s e m i d e  i n c r e a s e  the a c t i v i t y  of the k a l l i k r e i n -  
k in in  s y s t e m  of the k i d n e y s  in r a t s .  D i r e c t  c o r r e l a t i o n  was  found be tween  k a l l i k r e i n  e x c r e t i o n ,  
d i u r e s i s ,  and c l e a r a n c e  of " o s m o t i c a l l y  f r ee  wa te r "  d u r i n g  w a t e r  and o s m o t i c  d i u r e s i s .  The 
g r e a t e s t  e x c r e t i o n  of k a l l i k r e i n  by the k i d n e y s  was  r e c o r d e d  d u r i n g  the " e s c a p e "  phenomenon  
a f t e r  s a l t  load ing .  In o s m o t i c  d i u r e s t s  the k a l l i k r e i n  e x c r e t i o n  c o r r e l a t e s  d i r e c t l y  with s o d i u m  
e x c r e t i o n .  The r o l e  of the k a l l i k r e i n - - k i n t n  s y s t e m  in the r e g u l a t i o n  of d t u r e s i s ,  of s o d i u m  e x -  
c r e t i o n ,  and of the a b i l i t y  of the k i d n e y s  to c o n c e n t r a t e  the u r i n e  is  d i s c u s s e d .  
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Water and osmotic diuresis is accompanied by changes in the intrarenal hemodynamics and by hormonal 

changes determining the level of glomerular filtration and tubular reabsorption of sodium and water. One of 
the factors concerned in the regulation of the intrarenal hemodynamics and in sodium and water transport is 

the kallikrein--kinin system of the kidneys (KKSK), activation of which leads to the liberation of biologically ac- 
tive substances (kinins) [2-4, 7, 81. 

The o b j e c t  of th is  i n v e s t i g a t i o n  was to s tudy  the r o l e  of the KKSK in the m e c h a n i s m s  of wa t e r ,  o s m o t i c ,  
and s a l t  d i u r e s t s .  

EXPERIMENTAL METHOD 

Male  W i s t a r  r a t s  w e r e  used .  Twenty  i n t a c t  a n i m a l s  s e r v e d  as  the con t ro l .  Twe lve  r a t s  r e c e i v e d  5 ml  
w a t e r / 1 0 0  g body we igh t  a s  a s ing le  i n j ec t ion  by g a s t r i c  tube. Six r a t s  w e r e  given 1~ NaCI so lu t ion  to d r i n k  
for  4 weeks .  The u r i n e  of the a n i m a l s  was  t e s t e d  in the 2nd and 4th w e e k s  of the expe r inaen t .  Twelve  r a t s  r e -  
c e i v e d  a s ing le  i n t r a p e r t t o n e a l  i n j ec t ion  of f r u s e m i d e  in a dose  of 2 rag /100  g body weight .  Ur ine  was c o l l e c t e d  
f r o m  r a t s  r e c e i v i n g  w a t e r  and f r u s e m i d e  in m e t a b o l i s m  c a g e s  d u r i n g  the f i r s t  2 h of the e x p e r i m e n t  a t  the t ime  
of m a x i m a l  d i u r e s i s .  Ur ine  was  c o l l e c t e d  f r o m  the r a t s  of the o t h e r  g r o u p s  o v e r  a p e r i o d  of 3-4  h. The s t a t e  
of the KKSK was  a s s e s s e d  f r o m  the k a l l i k r e i n  ac t iv i t y ,  d e t e r m i n e d  as  the r a t e  of h y d r o l y s i s  of b e n z o y l a r g i n i n e -  
e thy l  e s t e r  [ 1].  The k a l l t k r e t n  a c t i v i t y  was  e x p r e s s e d  in conven t iona l  uni t s .  Na § and K § w e r e  d e t e r m i n e d  by 
f l a m e  p h o t o m e t r y  and the o s m o t i c  c o n c e n t r a t i o n  of w a t e r  by a c r y o s c o p i c  method .  

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

In the c o n t r o l  a n i m a l s  (Tab le  1), on a s t a n d a r d  d i e t  (pe l l e t s !  and u n r e s t r i c t e d  f luid in take ,  d i r e c t  c o r r e l a -  
t ion was  found be tween  the k a l l i k r e i n  e x c r e t i o n  and d i u r e s i s  (r  = +0.70; P < 0.025) and a l s o  s o d i u m  e x c r e t i o n  
(r  = +0.64; P < 0.01). Th i s  i s  p o s s i b l e  e v i d e n c e  of the r o l e  of KKSK in s o d i u m  and w a t e r  t r a n s p o r t .  The n e g a -  
t ive  c o r r e l a t i o n  be tween  the k a l l i k r e i n  e x c r e t i o n  and c o n c e n t r a t i o n  c o e f f i c i e n t  (r = - 0 . 6 7 ;  P < 0.01) m a y  i n d i - '  
c a t e  tha t  the KKSK is  c o n n e c t e d  wi th  the m e d u l l a r y  blood flow in the k i d n e y s  [ 2, 6].  

D u r i n g  w a t e r  l oad ing  the d i u r e s i s  i n c r e a s e d  in the r a t s  m a i n l y  th rough  the e x c r e t i o n  of " o s m o t i c a l l y  f r e e  
w a t e r . "  Sodium e x c r e t i o n  was  r e d u c e d .  The u r i n e  e x c r e t e d  was  m o r e  hypoton ic  than p l a s m a ;  the o s m o t i c  
c o n c e n t r a t i o n  of the u r i n e  and the c o n c e n t r a t i o n  c o e f f i c i e n t  w e r e  much  l o w e r  than in the con t ro l ,  w h e r e a s  the 
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T A B L E  i. E x c r e t i o n  of  K a l l i k r e i n  wi th  t he  U r i n e  and  I n d i c e s  of  R e n a l  F u n c t i o n  in Ra t s  in  V a r i o u s  L o a d i n g  
T e s t s  

Index 

Kallikrein excretion, tuu./h 
Diuresis, ml/h 
Sodium excretion, meq/h 
Potassium excretion, meq/h 
C~notaflty of urine, 

mil,l.iosmoles/liter 
Concentration coefficient 
Cwatet 

Control 

M ~ rn 

2.06• 
1,4• 

0,095• 
0,041• 

485• 

1.8• 
--1,04• 

Water loading 
2 weeks 

10,09• 
0,34-0,05 

0,11• 
0,06• 
1222• 

P M •  

4,2• 
--1,11• 

NaC1 loading 

4 weeks 

M-',-,n 

<0,001 
>0,1 
<o.oot 
>o.I 
<o, ool 

<o,ool 
<o,ool 

Administration 
of frusemide 

M •  

1o,59• 
2,58• 
0,26• 
0,08• 

293• 

5,85:1:1,08 <0,01 
3,23• <0.01 

0.044• <0,01 
0,03• >0 , l  
149• <o, ool 

0,5• <0,001 
+1,74• <o, ool 

M •  P 

<o, ool 
<o.ool 
>o,1 
>o,1 
<o,ool 

<o, ool 
>o.1 

14,73• 
1,30:t:0,27 
0,3 !.4-0,046 
0,06• 
1163.4-132 

3,5+0,61 
--3,82• 

1,01• 
--0,014-0,0075 

<o, ool 
<o.ool 
<o,ool 
<0.02 
<o, ool 

<0,OOl 
<o,ool 

T A B L E  2. 
F u n c t i o n  R e l a t i v e  to D i f f e r e n t  M e c h a n i s m s  of D i u r e s i s  lWaterloidingH2Oiii aloadi Correlating indices t ] p 2 weeks 4 weeks 

+0,84 <O,Ol - -  +0,68 <0,1 
--  +0,97 I ~0,05 

C o r r e l a t i o n  b e t w e e n  K a l l i k r e i n  E x c r e t i o n  with  the Ur ine  and Ind i c e s  of R e n a l  

Administration of frusemide 

�9 P 

Kanikmin in urine/diuresis 
Kallikrein in urine]sodium excretion 
KaUikmin in urine/concentration 

coefficient 
KaUil~ein in utine/Cwate r 

+0,81 
+0,80 

--0,88 
+O J3 

<o,ool 
~o,ool 

<o.ool 
<0,02 

c l e a r a n c e  of " o s m o t i c a l l y  f r e e  w a t e r "  (Cwate  r)  b e c a m e  p o s i t i v e .  The  e x c r e t i o n  of k a l l i k r e i n  was  doub led  d u r -  
ing w a t e r  d i u r e s i s ,  i nd i ca t i ng  m o d e r a t e  a c t i v a t i o n  of KKSK. D i r e c t  c o r r e l a t i o n  was  found be tween  k a l l i k r e i n  
e x c r e t i o n ,  d i u r e s i s ,  and C w a t e r  (Tab le  2). 

D u r i n g  c h r o n i c  s a l t  l oad ing  the a n i m a l s  d e v e l o p e d  o s m o t i c  d i u r e s i s  wi th  an i n c r e a s e  in o s m o l a r i t y  and in 
the c o n c e n t r a t i o n  c o e f f i c i e n t  of the u r i n e  by m o r e  than 2.5 t i m e s .  Meanwhi l e  the k a l l i k r e i n  e x c r e t i o n  with  the 
u r i n e  r o s e  s h a r p l y .  A f t e r  2 w e e k s  the r a t s '  k i d n e y s  w e r e  not  y e t  adap ted  to the new cond i t i ons  of w a t e r  and 
s a l t  ba l ance .  R e t e n t i o n  of Na* in the body was  o b s e r v e d  ( i t s  e x c r e t i o n  with the u r i n e  was  the s a m e  as  in the 
con t ro l ) ,  but  the d i u r e s i s  was  c o n s i d e r a b l y  r e d u c e d .  A phe nome non  of " e s c a p e "  d e v e l o p e d  a f t e r  4 w e e k s :  T h e  
Na § e x c r e t i o n  was  i n c r e a s e d  t h r e e f o l d  and,  a t  the s a m e  t ime ,  the r e a b s o r p t i o n  of w a t e r  in the d i s t a l  tubu les  

was  i n c r e a s e d  in o r d e r  to p r e v e n t  d e h y d r a t i o n  of the a n i m a l .  

T h e  e x c r e t i o n  of  k a l l i k r e i n  wi th  the  u r i n e  a t  t h i s  p e r i o d  was  m a x i m a l  and was  s e v e n  t i m e s  h i g h e r  than  in the  
c o n t r o l .  Th i s  cou ld  i nd i ca t e  a r o l e  of the KKSK in the d e v e l o p m e n t  of the p h e n o m e n o n  of " e s c a p e "  of the k i d -  
neys  f r o m  o v e r l o a d i n g  wi th  Na § At  t h e s e  t i m e s  of s a l t  l o a d ing  c o r r e l a t i o n  was  r e s t o r e d  be tween  the k a l l i k r e i n  
e x c r e t i o n ,  d i u r e s i s ,  and s o d i u m  e x c r e t i o n  to the l e v e l  found in the c o n t r o l  a n i m a l s ,  but  a b s e n t  in the s e c o n d  
week  of s a l t  l oad ing .  The  o s m o t i c  i n d i c e s  of the u r i n e  in the r a t s  of t h i s  g r o u p  w e r e  those  c h a r a c t e r i s t i c  of 
o s m o t i c  d i u r e s i s  a s s o c i a t e d  with  r e l a t i v e  h y d r o p e n i a  and i n c r e a s e d  s e c r e t i o n  of a n t i d i u r e t i c  h o r m o n e .  The  
k a l l i k r e i n  c o n c e n t r a t i o n  in the u r i n e  c o r r e l a t e d  d i r e c t l y  wi th  the c o n c e n t r a t i o n  c o e f f i c i e n t  and i n v e r s e l y  with 

Cwa te r -  

I n t r a p e r i t o n e a l  i n j e c t i o n  of f r u s e m i d e  c a u s e d  a m a r k e d  i n c r e a s e  in Na § e x c r e t i o n  {three t i m e s  the  c o n t r o l  
l eve l ) .  The  d i u r e s i s  a l s o  was  i n c r e a s e d  as  the r e s u l t  of a m a r k e d  d e c r e a s e  in r e a b s o r p t i o n  of w a t e r .  V i r t u a l l y  
no o s m o t i c  c o n c e n t r a t i o n  of the u r i n e  took p l a c e  b e c a u s e  of the s h a r p  d e c r e a s e  in Na § r e a b s o r p t i o n  in the loop 
of Henle .  In th i s  type  of d i u r e s l s  the k a l l i k r e i n  e x c r e t i o n  was  i n c r e a s e d  f tvefo ld .  C l o s e  p o s i t i v e  c o r r e l a t i o n  
was  found b e t w e e n  the k a l l i k r e i n  in the u r i n e ,  the d i u r e s i s ,  and s o d i u m  e x c r e t i o n ,  but  n e g a t i v e  c o r r e l a t i o n  b e -  
tween  the k a l l i k r e i n  and c o n c e n t r a t i o n  c o e f f i c i e n t  in the u r i n e .  

The  KKSK thus  t a k e s  p a r t  in the r e g u l a t i o n  of e x c r e t i o n  of Na* and w a t e r  and i t  a l s o  i n f luences  the a b i l i t y  
of the k idney  to i n c r e a s e  the o s m o t i c  c o n c e n t r a t i o n  of the u r ine .  K a l l i k r e i n  i s  known to be s y n t h e s i z e d  in  the 
c o r t e x  of the k i d n e y s  [9] ; i t s  s y n t h e s i s  can  be a c t i v a t e d  by a change  in the o s m o l a r i t y  of the p e r i t u b u l a r  s p a c e  
and in the i n t e r s t i t i a l  p r e s s u r e  in the k i d n e y s  [4, 6] : The e f f ec t  of the k in in s  on r e n a l  a c t i v i t y  m a y  be due to 
v a s o d i l a t a t i o n  and an i n c r e a s e  in the m e d u l l a r y  b lood  flow, to d i r e c t  a c t i on  on Na § r e a b s o r p t i o n  by the e p i t h e l -  
ium of the t ubu le s  and,  f i na l ly ,  to  a change  in the s y n t h e s i s ,  s e c r e t i o n ,  and in f luence  of o t h e r  c ompounds ,  
no tab ly  v a s o p r e s s i n  and the p r o s t a g l a n d t n s  [3 -5 ,  7]. 
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EFFECT OF ERYTHROCYTE BREAKDOWN PRODUCTS 

ON STEM CELLS AND ERYTHROPOIETIN FORMATION 

Ya. G. Uzhanskii, N. M. Novikov, 
B. G. Yushkov, A. V. Karaulov, 

and V. N. Frash 

LrDC 612.119-063 

In exper iments  on CBA mice and albino ra ts  the effect of erythrocyte  breakdown products (EBP) 
on the number of colony-forming units (CFU), differentiation of stem ceils, and erythropoiet in  
production was studied. After three or four injections of EBP to normal  or lethally i r radiated 
(1000 rad) mice,  no changes in the number of CFU or  in differentiation of the stem cells 
were observed  after  t ransplantat ion of bone mar row.  Daily administrat ion of EBP to mice 
for  3 days before  i r radia t ion (1000 rad) and bone mar row transplantation led to an increase  
in the number  of colonies in the rec ip ients '  spleen, mainly on account of colonies of erythroid 
type. Injection of EBP into the animals did not change the erythropoiet ic  activity of the blood 
serum.  The possible role of EBP in the mechanism of autoregulation of erythropoies is  is 
discussed.  

KEY WORDS: ery throcyte  breakdown products;  s tem cells; erythropoietin.  

The stimulating action of e ry throcyte  breakdown products (EBP) on erythropoies is  can now be taken as 
proven [3, 4, 6, 8, 11-13]. However, the mechanism of this stimulating action of the e ry throcyte  breakdown 
products is not clear .  Some workers  postulate that their effect is mediated through increased formation of 
erythropoiet ins  [2, 8, 13]. A di rec t  stimulating action of EBP on the proliferat ion of bone mar row e ry th ro -  
blasts also has been suggested [1, 2, 4, 5, 12]. 

Some aspects  of the mechanism of action of EBP on erythropoies is ,  notably their effect on hematopoietic 
stem cells, and also on erythropoiet in  production were studied in this investigation. 

EXPERIMENTAL METHOD 

Experiments were carried out on CBA mice weighing 20-25 g and on albino rats weighing 100-150 g. 
EBP were obtained from erythrocytes of these animals by washing, hemolysis with distilled water (i volume 
erythrocytes + 3 volumes water), and freezing and thawing three times. Homologous EBP were injected intraperi- 
toneally in a dose of 1 ml into rats and 0.2 ml into mice. 
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