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The effects  of functional loading and uni la te ra l  nephrec tomy on ea r ly  postnata l  growth of the 
kidney were  compared .  Significant d i f ferences  were  found between the Cellular m e c h a n i s m s  
of adaptat ion to those two f ac to r s .  Af ter  uni la tera l  nephrec tomy different iat ion of the 
nephrons took place m o r e  rapidly  and was accompanied  by reduced  p ro l i fe ra t ive  act ivi ty  of 
the nephrogenic  ce l l s ,  by con t ra s t  with the effects  of functional loading. On the other  hand, 
the ef fec ts  of functional loading and uni la te ra l  nephrec tomy on different ia ted cells  of the 
p rox imal  tubules were  s i m i l a r  in cha rac t e r :  hyperp las ia  and hyper t rophy.  Compensa tory  
hyper t rophy  of the kidney cannot be r ega rded  as  a r e su l t  of functional loading alone.  

No genera l  a g r e e m e n t  has yet  been r eached  on the mechan i sm of compensa to ry  p r o c e s s e s .  Among 
the fac tors  br inging about r e s to ra t ion ,  functional loading has been named  by one group of worke r s  [5-7] 
although others  give p r e f e r e n c e  to humora l  f ac to r s  [2, 3]. 

Since the s t ruc tu ra l  fo rmat ion  of the kidney is main ly  complete  a f t e r  the f i r s t  2 weeks of postnatal  
life [1-4], the w r i t e r s  postulated that d i f ferences  or  s imi l a r i t i e s  in the mechan i sms  of adaptat ion to func-  
tional loading and to uni la tera l  nephrec tomy might  be ref lec ted  in this p r o c e s s .  

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

Exper iments  were  ca r r i ed  out on 40 newborn ra t s  divided into four equal groups .  As functional load-  
ing, the ra ts  of group I r ece ived  injections of 0.3 mi  of " u r e m i c  s e r u m , "  obtained as descr ibed  previous ly  
[4], twice a day for  the f i r s t  7 days a f t e r  b i r th .  The an imals  of group 2 were  injected s i m i l a r l y  with the 
s e r u m  of intact  adult r a t s  (control to group 1). Lef t -s ided nephrec tomy was p e r f o r m e d  on the r a t s  of group 
3 on the 2nd day a f t e r  b i r th ;  group 4 cons is ted  of intact  control  an imals .  All the exper imen ta l  ra t s  we re  
kil led 7 days a f t e r  b i r th ,  a f te r  which the i r  r ight  kidneys were  fixed in toto in AAF fluid and embedded in 
paraf f in  wax. The total number  of g lomerul i  was counted in sect ions cut s t r i c t ly  t r a n s v e r s e l y  re la t ive  to 
the hilum of the kidney, s tained with hernatoxyl in-eosin;  the a r ea s  of the nephrogenic zone, the zones of 
fo rmed  nephrons,  the medul la ry  and pap i l l a ry  zones,  and the cel ls  and nuclei of the p rox imal  tubules were  
de termined,  and the nuc leo-cy top lasmic  ra t io  was calcula ted.  The mi to t ic  index was counted in 10,000- 
12,000 cells Separa te ly  in the nephrogenic zone and in the epithelium of the p rox ima l  por t ion  of the nephron 
and e x p r e s s e d  per  1000 cel ls .  Stat is t ical  analys is  of the data was ca r r i ed  out by the F i s h e r -  Student 
method.  

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

Under the influence of functional loading induced by admin i s t r a t ion  of u r emic  se rum,  the total  a r ea  of 
c ros s  sect ion of the kidney inc rea sed  on account  of en la rgemen t  of the zone of fo rmed  kidney s t ruc tu re s  
(Table 1). Li t t le  change was found in the s ize  of the nephrogenic zone or  o f t h e m e d u U a r y z o n e w i t h t h e p a p i l l a .  
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TABLE I.  Dimension of Various Zones of the Kidney (M :~ m) 
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Fig.  1. Histogram of distribution of a reas  
of nuclei and cytoplasm of cells f rom the 
proximal  tubules of the kidney during func- 
tional loading and af ter  unilateral  nephrec-  
foray, Abscissa ,  a rea  of c ross  section of 
nuclei and cytoplasm of cells in conventional 
units; ordinate,  frequency of occur rence  of 
nuclei and cytoplasm of ceils  with par t i cu la r  
a reas  (in %) ; a) control; b) injection of 
normal  serum;  c) injection of u remic  se rum;  
d) lef t -s ided nephrectomy.  I) Nucleus, lI) 
cytoplasm.  

After  le f t -s ided nephrectomy the total a rea  of cross  
sect ion of the kidney increased  on account  of intensive 
growth of the zone of formed s t ruc tures  accompanied by 
a sharp decrease  in the a rea  of the nephrogenic (undiffer- 
entiated) zone. The area  of the medul lary  zone with the 
papilla also increased .  

Analysis of the changes in area  of the various 
zones of the kidney during functional loading by uremic  
serum and after  lef t -s ided nephreetomy revealed signifi-  
cant differences in the cha rac te r  of the response of the 
kidney in young rats  to these two factors .  Functional 
loading with u remic  serum led to an increase  in a rea  of 
the fo rmed s t ruc tures  only, whereas  compensatory  hyper -  
t rophy also was accompanied by a reduction in size of the 
undifferentiated zone; i .e. ,  it evidently led to the more  
rapid differentiation of the nephregenic cel ls .  This hypoth- 
esis  was confirmed by the resul ts  of counting the number  
of g lomerul i  per  unit a rea  of c ross  sect ion relat ive to the 
hilum of the kidney. Whereas functional loading with 
u remic  serum caused no change in the number  of formed 
glomerul i  (nephrons) in the section (99.6 4-0.61 compared 
with 98.14- 0.63 in the control  with normal  s e rum) ,  during 
compensatory  hypertrophy their  number  was increased 
by more  than one- thi rd  (107.8 4- 0.55 compared  with 74.6 4- 
1.05 in the control). 

Changes in mitotic activi ty taking place in the 
nephrogenic (undifferentiated) zone under the influence of 
u remic  se rum and af ter  unilateral  nephrectomy were 
charac te r i s t i c .  Whereas during compensa tory  hypertrophy 
the mitotic index was sharply reduced (1.20 4- 0.10 compared 
with 6.10 4 0.02 in the control), during functional loading 
with u remic  se rum it was a lmost  unchanged (5.95 4- 0.07 
compared  with 5.86 4- 0.07 in the control with normal  serum).  

Both functional loading with u remic  serum and unilateral  nephrectomy led to hypertrophy of the cells 
and their  cytoplasm in the fo rmed tubules of the proximal  port ion of the nephron, accompanied by a de-  
c rease  in size of the nuclei and a considerable reduction in the nucleo-cytoplasmic  rat io (Fig. 1). A s ig-  
nificant increase  in the mitotic index was found in the epithelium of the proximal tubules both during func- 
tional loading with u remic  serum (5.18 • compared with 4.82 • 0.07 in the control  with normal  serum) 
and af ter  unilateral  nephrectomy (6.27 4- 0~ compared with 3.544- 0.05 in the control).  It can be concluded 
from these observations that functional loading with u remic  serum and unilateral  nephrec tomy produced 
s imi la r  effects on differentiated cells of the proximal  tubules. This effect consisted essent ia l ly  of hyper -  
plasia and hypert rophy of the cells with a reduction in the nueleo-cytoplasmic  rat io.  

It can be concluded f rom this general  a s s e s s m e n t  of the effect of functional loading with uremic  
serum and of unilateral  nephrectomy on ear ly  postnatal  development of the kidney that these factors  are  
by no means identical. Unlike functional loading with u remic  serum,  unilateral  nephrectomy had a marked 
st imulant effect on differentiation of the nephrogenic cel ls .  
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Compensatory hypertrophy of the kidney evidently cannot be regarded as  the result of functional 
loading alone. 
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