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On the a v e r a g e  an i nc r ea s e  in the excre t ion  of o smot i ca l ly  ac t ive  subs tances ,  sodiuna, p o t a s -  
s ium,  hydrogen,  and am m on i a  by each nephron was found in 104 pat ients  with chronic  renal  
fa i lure .  The u r e a  c l ea r ance ,  o smot i c  dilution, and concentra t ion of the ur ine  in the nephrons 
were  d is turbed  to an extent which could not be explained by the i r  high osmot ic  load. Examin-  
ation of the inc reased  excre t ion  of  these  subs tances  as a f o r m  of adaptat ion to the reduced 
number  of nephrons r evea l ed  ve ry  m a r k e d  insuff ic iency of  the adaptat ions as a whole and d i f -  
f e rences  in the adaptation of an individual function and, in pa r t i cu l a r ,  of d i f ferent  functions. 
Var ious  d i s o r d e r s  of s eve ra l  ftmct~ons of  the nephrons were  found in chronic renal  fa i lure ,  
re f lec t ing  the cons iderab le  functional he te rogene i ty  of  these  s t ruc tu re s .  

The re  a r e  a t  p r e sen t  two bas ic  concept ions of  the s ta te  of  nephrons  functioning in chronic renal  fa i lure  
(CRF). According to one of t hem,  based  on the r e su l t s  of morphologica l  r e s e a r c h ,  nephrons showing h e t e r o -  
geneous changes function in CRF [12]. According to  the "intact nephron" hypothes is ,  accepted  nowadays by 
m o s t  nephro logis t s  [4, 6, 7, 9, 10, 13, 14], however ,  the act ivi ty  of the kidney in CR F is  car ' r ied on by a s h a r p -  
ly reduced numbe r  of  nornaal nephrons  and the damaged  nephrons  play no pa r t  in ur ine  format ion.  

The impor tance  of this  p rob l em ,  toge ther  with s o m e  obse rva t ions  which contradic t  the "intact  nephron" 
hypothes is  [3, 16], just if ied fu r the r  invest igat ions in this d i rect ion.  

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

A group of 104 pat ients  aged f r o m  13 to 58 y e a r s ,  in whom CRF developed as the r e su l t  of chronic  in-  
f l a m m a t o r y  d i s ea s e s  of  the k idneys ,  was studied. The u r e a  concentra t ion in the blood p l a sma  va r i ed  between 
39 and 468 mg % (mean 196 nag %); the c rea t in ine  concentra t ion  var ied  f r o m  2.8 to 25.2 rng % (mean 9.5 nag 
%). The mean endogenous c rea t in ine  c l ea rance  was 9.36 m l / m i n .  No pat ients  with evidence of s eve r e  toxic 
changes f r o m  u r e m i a  w e r e  studied. A control  group consis ted  of 25 pat ients  aged f rom 16 to 40 y e a r s  with 
functionally compensa ted  diffuse d i s ea se s  of the kidneys.  

For not l ess  than 3 days  be fo re  the beginning of the invest igat ion all pat ients  rece ived  20-25 g prote in  
and not m o r e  than 20-25 meq  sodium daily.  

The excre t ion  of hydrogen ions and ammonia  was de te rmined  during exis t ing metabol ic  ac idosis .  If 
the spontaneous d e c r e a s e  of the s tandard  b icarbonate  did not r each  18 m e q / l i t e r ,  acute ac idos is  was induced 
by the o ra l  admin is t ra t ion  of a m m o n i u m  chlor ide .  In that  case  the ant iacidotic  function of the kidneys was 
de t e rmined  by the method of Wrong and Davies [18]. Maximal r eabsorp t ion  of  "osmot ica l ly  f r ee "  wa te r  was 
de te rmined  a f t e r  dehydrat ion for  18 h. The c l ea rance  of "osmot ica l ly  f r ee "  wa te r ,  the excre t ion  of p o t a s -  
s ium and sodium ions,  and the u r e a  c l ea rance  were  de te rmined  agains t  the background of water  d iu res i s  in-  
duced by ora l  admin i s t r a t ion  of wa te r  (20 m l / k g  body weight) and was mainta ined throughout the per iod of 
invest igat ion (2 h). 
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TABLE 1. State of Cer ta in  Functions in Nephrons Working in CRF and in Funct ional ly  Compensated D i sease s  
of the Kidneys (M ~: m) 

Function (calculated per  100 ml  g lomeru l a  f i l t ra te )  

In funct ional ly  compen- .  
sa ted  d i s e a s e s  of the 

kidneys 

Excre t ion  of o s m o t i c a l l y  ac t ive  subs t ances  (in 
p o s m o l e s / m i n )  380.0 4- 80 .0  

In CRF 

4517 4- 507 

P 

< 0.01 
Sodium excre t ion  (in peq /min)  72.2 
P o t a s s i u m  exc re t ion  (in peq /min )  91.1 
Excre t ion  of hydrogen ions (in /~eq/min) 61.8 
Excre t ion  of ammonium ions (in peq /min)  31.5 
Urea  c l e a r a n c e  (in ml /min )  54.1 
C lea rance  of o s m o t i c a l l y  f r ee  wa te r  (in m l /m i n )  7.32 
Reabsorp t ion  of o s m o t i c a l l y  f r ee  wa te r  (in m l / m i n )  0.68 

4-  9.8 
:e 9.7 
4- 1.4 
4- 0.9 
4- 3.8 
4- 0.68 

4- 0.19 

496.5 • 54.7 
486.6 4- 39.3 
194.9 • 13.3 

46.4 4- 3.8 
53.4 4- 4.6 

5.25 4- 0.41 
-0.47 4- 0.23 

< 0 . 0 1  

< 0 .01  

< 0 .01  

< 0 .01  

< 0 .8  

< 0 .01  

< 0 .01  

TABLE 2. Adaptation of Some Functions in Working Nephrons in 
CRF to a Reduced Mass of Functioning Nephrons fin %) 

Potassium ex- Sodium ex- Excretion of Excretion of 
Degree of adaptation cretion cretion hydragen ions ammonium 

ions 

80,5 N O adaptation 

<50 

5 0 - - 9 9  

100 o r  m o r e  . . . . . .  

8,2 
I 

I-7-P<O,O1 
61,5 
]', 

24,6 
I 

c-:-. ~ ,4 
--P<O,05-- 

14,7 
P<O,Ol 

34KI6 
P<O,O1 

]---P<O,O1 - -  - -  
--26,0 

P<0,01--  
23,8 

16,8 
I 

vP<0,01 
80,0 

- - P < 0 , 0 1 - -  
f 

3,7 
I 

20,2 

1 

Note: Adapta t ion  (in %) was ca lcu la ted  as  the r a t i o  of the function p e r -  
fo rmed  by the to ta l  r e n a l  pa renchyma  in CRF to the va lue  of the s a m e  
function p e r f o r m e d  by the n o r m a l  m a s s  of heal thy nephrons  (x 100). 

Since a def ini te  mean  volume of g lomeru l a  f i l t r a t e  is  a lways  formed by an equal number  of nephrons  
[4, 6, 7, 9, 10], the s ta te  of a p a r t i c u l a r  function in each act ing neuron was judged f rom that magni tude of the 
function s tudied which could be c a r r i e d  out by the m a s s  of functioning nephrons  (MFN) fo rming  100 ml of 
g lomeru la  f i l t r a t e  in 1 rain. The g lomeru l a  f i l t r a t e  was d e t e r m i n e d  f rom the endogenous c rea t in ine  c l e a r -  
ance [5] and in some pat ien ts  f rom the mannitol  c l e a r a n c e  [17]. The u r e a  concent ra t ion  in the u r ine  and 
blood was m e a s u r e d  by a m i c r o m e t h o d  [8] and ammonia  and t i t r a t a b l e  ac ids  in the u r ine  were  d e t e r m i n e d  
by the method of Bulbuca et al .  [1]. The o s m o l a r i t y  of the u r ine  and b l o o d p l a s m a  was m e a s u r e d  by a c r yos cop i c  
m e t  hod [2] and the potas  s lum and sodium concen t ra t ions  in the ur ine  and blood p l a s m a  by f lame pho tomet ry .  

EXPERIMENTAL RESULTS 

A m a r k e d  osmot ic  d i u r e s i s  (the excre t ion  of o s m o t i c a l l y  ac t ive  subs tances  was i nc r ea sed  by 12 t i m e s ) ,  
an i n c r e a s e  in the exc re t ion  of sodium (by about 7 t i m e s ) ,  po t a s s ium (by m o r e  than 5 t i m e s ) ,  hydrogen ions 
(by m o r e  than 3 t i m e s ) ,  and ammonium ions (by 1.5 t i m e s ) ,  and a d e c r e a s e  in the 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  a f t e r  wa te r  loading we re  d i s c o v e r e d  in CR F on  the ave rage  in each functioning nephron (Table 1). 
The mean  r e a b s o r p t i o n  of o s m o t i c a l l y  f r ee  wa te r  aga ins t  the background of dehydra t ion  was so sha rp ly  r e -  
duced in CRF that  it  ac tua l ly  became  negat ive ,  indica t ing  the excre t ion  of o s m o t i c a l l y  f ree  wa te r .  This could 
be due to  a s e v e r e  d i s t u r b a n c e  of p e r m e a b i l i t y  of the nephron wall ,  s t a r t i ng  f rom the d i s t a l  tubules .  The 
mean  u rea  c l e a r a n c e  in each nephron in CRF was normal .  Another  c h a r a c t e r i s t i c  fea ture  of CR F was a sha rp  
i n c r e a s e  in the v a r i a b i l i t y  of a l l  the renal  functions examined :  the ra t io  between the max ima l  and min ima l  
l eve l s  of the functions ranged f rom 7.9 to 138. Var i ab i l i t y  of the functions was m o r e  m a r k e d  when the d e -  
c r e a s e  in MFN was g r e a t e s t  (to 12% or  below). The exc re t ion  of ammonium ions and the u r ea  c l e a r a n c e  
we re  lowered  in CRF in 34.7 and 42.5% of pa t i en t s ,  r e s p e c t i v e l y ,  i n c r e a s e d  in 55.1 and 29%, and unchanged 
in 10.2 and 29%. 

The excre t ion  of "osmot i ca l ly  f r ee"  wa te r  in dehydra t ion  and a lso  the high v a r i a b i l i t y  of the c l e a r a n c e s  
of the o ther  subs tances  in CR F could be connected with the c o n s i d e r a b l e  osmot ic  d i u r e s i s ,  but no c o r r e l a t i o n  
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was found between the l a t t e r  and the c l ea rance  of osmot ica l ly  f r ee  wa te r ,  e i ther  during depress ion  or  during 
s t imulat ion by ant idiuret ic  hormone.  

Although in CRF, as under  normal  condit ions,  d i r ec t  co r r e l a t i on  was found between the u r e a  c l ea rance  
and the intensi ty of  osmot ic  d iu re s i s  (r = 0.83), given the s a m e  level  of excre t ion  of o smot i ca l ly  act ive sub-  
s tances ,  the values  of the u rea  c l ea rance  were  much  lower  in pat ients  with CRF than in healthy subjects .  
Consequently,  the m e c h a n i s m  of osmot ic  d iu re s i s  could not de te rmine  the d i f fe rences  in behavior  of  the func-  
t ions of the nephrons in CRF. 

The i nc r ea se  in the excre t ion  of  some subs tances  by each nephron working in CR F could be r ega rded  
as  a mani fes ta t ion  of the adaptat ion of the nephrons a imed at  regula t ing the co r respond ing  types  of  homeo -  
s t a s i s ,  for  it has been shown exper imen ta l ly  [11, 15] that  if  MFN is reduced,  the individual functions of  
heal thy nephrons  i nc rea se  in propor t ion  to the loss  of  kidney t i s sue ,  o r  even by a g r e a t e r  degree .  In CR F, 
however ,  d i f fe rences  a r e  found in adaptat ion of the s a m e  hmction as well as  s ta t i s t i ca l ly  significant  d i f f e r -  
ences  in the f requency of the s a m e  degree  of compensa t ion  of di f ferent  functions (Table 2). As r ega rd s  the 
excre t ion  of sodium and po ta s s ium,  all four  deg ree s  of  adaptat ion were  found. Overcompensa t ion  and c o m -  
plete compensat ion  of sodium excre t ion  were  obse rved  signif icantly m o r e  often than of po ta s s ium excret ion.  
The deg ree  of adaptation of the excre t ion  of hydrogen ions and ammon ium ions to a d e c r e a s e  in MFN was 
signif icantly lower  than the deg ree  of adaptat ion not only o f  sodium,  but also of  po ta s s ium excret ion.  Under 
these  c i r c u m s t a n c e s  compensat ion  of  hydrogen ion excre t ion  was obse rved  far  m o r e  often than c o m p e n s a -  
tion of the excre t ion  of am m on i um  ions. 

These  r e su l t s  cannot be explained f r o m  the standpoint of  the "intact  nephron" concept.  
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