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Many invest igators  [1- 14] have observed an increase  in the number of mitoses  in the kidney during 
compensa tory  hyper t rophy and regenerat ion.  However, it is not known for how long it remains  increased.  
This problem may be solved only by a study of the diurnal rhythm of mitotic activity, and this was done in 
the present  investigation. 

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 885 male albino rats  weighing 90-120 g, of which 295 were  con-  
t rols  and 590 experimental .  The la t ter  were divided into two groups, with 295 ra t s  in each group. The left 
kidney was removed f rom the animals of group 1, while in the rats  of group 2 the left kidney was removed 
and f rom 1/3 to 1/4 of the right kidney was re sec ted  at one operation.  The operat ion was always p e r -  
formed between 9 a.m. and 4 p.m. The experimental  and control animals were decapitated 12 and 24 h, 
2, 5, and 14 days, and Z, 3, and 6 months af ter  the operation.  At each t ime 40 animals of the control  s e r -  
ies and of each variant  of the experiment ,  i.e.,  120 ra ts  altogether,  were sacr i f iced,  but 6 months af ter  the 
operation only 15 animals of each group were sacr i f iced.  At all these t imes the animals  were  killed eve ry  
3 h during the 24 h p e r i o d - 5  ra ts  each at 6 and 9 a .m.,  12 noon, 3, 6, and 9 p.m., 12 midnight, and 3 a.m. 
The mater ia l  was t rea ted  by the usual histological  methods. Mitoses were counted on the average  in 
26,000 cells for each animal.  The mitotic coefficient was expressed in promil le .  Statistical analysis  of 
the experimental  resul ts  was ca r r i ed  out by the F i she r -S tuden t  method. 

EXPERIMENTAL RESULTS 

The diurnal changes in the mitotic coefficient (MC) in the kidney undergoing compensa tory  hype r -  
t rophy and in the resected  kidney at var ious t imes af ter  the operat ion a re  given in the table. As the table 
shows, in compensatory  hyper t rophy 12 h af ter  the operat ion the diurnal rhythm of mitosis  is disturbed.  
The MC reaches  a maximum at 3-6 a.m. ( t ransgress ion  absent) and a minimum at between 12 noon and 
6 p.m. At these t imes the number  of mitoses  is much lower than in the control  se r i e s  (for 12 noon 
P < 0.001, for 3 p.m. P = 0.023, and for 6 p.m. t r ansg res s ion  is absent). 

The MC is much higher than in the control  24 h af ter  the operat ion (by 4.2 t imes,  t r a n s g r e s s i o n  ab-  
sent). The diurnal rhythm of mitosis  is disturbed. The MC reaches  a maximum at 6 a .m.  and a minimum 
at 9 a.m. The MC is also above the control  level 2 days af ter  the operation, on the average by 1.8 t imes,  
and the diurnal rhythm of mitosis  is disturbed. The MC reaches  a maximum at 12 midnight and between 
6 a.m. and 12 noon, and a minimum at between 3 and 9 p.m. 

At all t imes of the experiment  the MC is increased  5 days after  the operat ion ( t r ansgress ion  absent) 
on the average by twice, and the diurnal rhythm of mitosis  is the same as in the control .  

Two weeks after  the operat ion the MC shows a stat is t ical ly '  significant inc rease  over  the control  at 
all t imes of observat ion ( t ransgress ion  absent) on the average by twice. F r o m  now on the diurnal rhythm 
is unchanged. 
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Changes in MC in Epithel ium of Convoluted Tubules 
during the 24 Hours (in %) in Control  and Experimental  Rats 

Time of Period of investigation (in days after operation) 
day 0,5 1 ' ] I 5 t 14 I 30 I 99 I 

6 
9 

12 
15 
18 
21 
24 
3 

mean 

6 
9 

12 
16 
18 
21 
24 
3 

mean 

6 
9 

12 
15 
18 
21 
24 
3 

mec2n 

0,68 0,53 
0,73 0,56 
0,89 0,76 
0,83 0,62 
0,61 0,52 
0,53 0,48 
0,66 0,50 
0,63 0,53 

0,69• 9,56~0,03 

C o n t r o l  k i d n e y  

0,55 
0,65 
0,76 
0,82 
0,70 
0,44 
0,53 
0,47 

0,61+0,05 

0,79 0,68 
0,77 0,72 
0,89 0,87 
0,70 0,82 
0,67 0,66 
0,60 0,57 
0,69 0,6l 
0,61 0,6C 

0,69• 0,69+--0,04 

0,50 
0,57 
0,69 
0,77 
0,60 
0,41 
0,48 
0,49 

0,57• 

180 

1,62 
0,70 
0,47 
0,42 
0,34 
0,54 
0,80 
1,14 

0,61 
0,60 0"~0 
0,73 0,94 
0,82 0,82 
0,67 
0,43 
0,46 
0,48 

0,69• ] 0,8..5.• 

Kidney  with  c o m p e n s a t o r y  h y p e r t r o p h y  

4,93 1,05 1,29 1,26 0,85 0,75 
1,45 1,26 1,47 1,37 0,91 0,87 
2,80 1,31 1,73 1,66 1,06 0,93 
2,72 1,05 1,57 1,41 1,11 0,87 
1,79 1,09 1,38 1,37 1,01 0,69 
l,Sl 0,84 1,23 1,18 0,77 0,56 
1,92 1,28 1,25 1,25 0,90 0,68 
1,70 0,84 1,32 1,27 0,93 0,68 

0,75• 2,35• : 1,09__.0,06 1,41__.0,06 1,35• 0,94_+0,94 0,75+_0,94 

Kidney  with  r e g e n e r a t i o n  h y p e r t r o p h y  

0,28 
0,48 
0,48 
0,60 
0,68 
0,69 
0,86 
0,59 

0,47 
0,60 
0,87 
0,63 
0,87 
1,21 
0,65 
0,90 

2,62 
3,28 
3,46 
2,85 
2,27 
2,21 
2,85 
2,49 

i2,75• 

3,05 
4,32 
6,41 
4,41 
3,99 
2,74 
2,90 
3,03 

3,86• 

1,72 
1,95 
2,13 
1,85 
1,43 
1,33 
1,41 
1,44 

1,68• lO 

l,Ol 
1,05 
1,14 
1,16 
l,Oi 
0,85 
0,98 
1,00 

1,03• 

0,88 
1,00 
1,05 
1,03 
0,90 
0,82 
0,81 
0,85 

0,92~--.,0,03 0,78• l 0,58• 

o~ 
0,95 
0,92 

0,89~0,19 

1,0! 
0,97 

0,92--+0, I3 

One month  a f t e r  the  o p e r a t i o n  the  m e a n  d i u r n a l  MC i s  i n c r e a s e d  o v e r  the  c o n t r o l  va lue  a t  a l l  t i m e s  
of o b s e r v a t i o n  on the  a v e r a g e  by  1.6 t i m e s  ( t r a n s g r e s s i o n  absen t ) .  

T h r e e  mon ths  a f t e r  the  o p e r a t i o n  the  m e a n  d i u r n a l  MC was  c l o s e  to the  c o n t r o l  va lue .  The  d i f f e r e n c e  
b e t w e e n  the  e x p e r i m e n t a l  and c o n t r o l  v a l u e s  i s  not s t a t i s t i c a l l y  s i g n i f i c a n t  (P = 0.037).  

Six mon ths  a f t e r  the  o p e r a t i o n  no d i f f e r e n c e s  w e r e  found b e t w e e n  the  c o n t r o l  and e x p e r i m e n t a l  s e r i e s .  

The  t a b l e  shows  tha t  12 h a f t e r  the  o p e r a t i o n  the MC in the  r e s e c t e d  k idney  i s  a l so  s h a r p l y  a b n o r m a l .  
The  d i u r n a l  r h y t h m  of  m i t o s i s  i s  d i s t u r b e d .  The  MC r e a c h e s  i t s  m a x i m u m  at  9 p .m.  and i t s  m i n i m u m  at  
6 a . m .  The  d i f f e r e n c e  b e t w e e n  the  e x p e r i m e n t a l  and c o n t r o l  v a l u e s  a t  9 p .m .  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  
( t r a n s g r e s s i o n  absent)  and  a t  6 a . m .  i t  i s  c l o s e  to s i g n i f i c a n t  (P  = 0.027).  The  m e a n  d i u r n a l  v a l u e s  of the  
MC in the  e x p e r i m e n t a l  and c o n t r o l  s e r i e s  do not  d i f f e r  s i g n i f i c a n t l y .  

D i s t u r b a n c e  of  the  d i u r n a l  r h y t h m  of m i t o s i s  i s  a l s o  o b s e r v e d  24 h a f t e r  the  o p e r a t i o n .  The  MC 
r e a c h e s  i t s  m a x i m u m  at  12 midn igh t  and i t s  m i n i m u m  at  6 a . m .  The  d i f f e r e n c e  b e t w e e n  the  e x p e r i m e n t a l  
and  c o n t r o l  s e r i e s  a t  t h e s e  t i m e s  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  (P  < 0.01 in  both  c a s e s ) .  The  m e a n  d i u r n a l  
va lue  of the  MC is  the  s a m e  as  in the  c o n t r o l .  

The  d i u r n a l  r h y t h m  of  m i t o s i s  r e m a i n s  d i s t u r b e d  2 d a y s  a f t e r  the  o p e r a t i o n .  The  MC i s  a t  i t s  m a x i -  
m u m  a t  12 noon and i t s  m i n i m u m  at  b e t w e e n  6 and 9 p . m .  At  t h e s e ,  a s  a t  o t h e r  t i m e s ,  the  d i f f e r e n c e  b e -  
tween  the e x p e r i m e n t a l  and  c o n t r o l  v a l u e s  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  ( t r a n s g r e s s i o n  a b s e n t  in  a l l  c a s e s ) .  
The  m e a n  d i u r n a l  MC i s  i n c r e a s e d  by  4.5 t i m e s .  

The  d i u r n a l  r h y t h m  of  m i t o s i s  i s  s t i l l  d i s t u r b e d  5 d a y s  a f t e r  o p e r a t i o n .  The  MC i s  a t  i t s  m a x i m u m  
at  12 noon. A t  t h i s  t i m e  i t  i s  c o n s i d e r a b l y  i n c r e a s e d - 7  t i m e s  h i g h e r  than  the  c o n t r o l .  I t  r e a c h e s  i t s  m i n i -  
m u m  a t  9 p . m . ,  but  even  at  t h i s  t i m e  i t  i s  s t i l l  c o n s i d e r a b l y  i n c r e a s e d - 4 . 6  t i m e s  above  the  c o n t r o l  f i g u r e .  
The  m e a n  d i u r n a l  MC i s  5.6 t i m e s  h i g h e r  than  in  the  c o n t r o l .  

Two w e e k s  a f t e r  the  o p e r a t i o n  the  d i u r n a l  r h y t h m  of  m i t o s i s  i s  r e s t o r e d .  The  p e r i o d s  of the m a x i -  
m u m  and m i n i m u m  of the  MC c o i n c i d e  in  the  e x p e r i m e n t a l  and  c o n t r o l  s e r i e s .  Th roughou t  the  24 h the  MC 
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Changes in MC in kidney with compensa- 
tory hypertrophy and resected kidney. 
Abscissa) days after operation, ordinate) 
mitotic coefficient (in ~0): I) in control 
rats; 2) in rats after removal of left kid- 
ney; 3) in rats after removal of left kid- 
ney and resection of 1/3-1/4 of right 
kidney. 

is increased  by a s tat is t ical ly significant marg in  at all t imes  
of investigation ( t ransgress ion  always absent). The mean 
diurnal MC is 2.4 t imes higher  than in the control .  

One month af ter  the operat ion the MC shows a s t a s t i -  
cally significant increases  throughout the 24 h (at all t imes  
t r ansg res s ion  absent). The MC reaches  its maximum at 3 
and its minimum at 9 p.m. The increase  in MC f rom 6 a .m.  
to 3 p.m. is s ta t is t ical ly  significant ( t r ansgress ion  absent). 
The mean diurnal MC is increased  1.8 t imes.  

Three months af ter  operat ion the MC has a maximum at 
12 noon. The difference between the experimental  and control  
values at this t ime is s ta t is t ical ly  significant. The MC is 
minimal at 9 p.m. The increase  in MC f rom 6 a .m.  to 12 noon 
and its decrease  f rom noon to 9 p.m. are  s ta t is t ica l ly  s igni-  
ficant (in both cases  t r ansg res s ion  absent). However, at 6 a .m.  
and 3 p.m. the increase  of MC is not s ta t is t ical ly  significant 
(P = 0.094 and P = 0.110 respect ively) .  The mean diurnal MC 
is increased  by only 1.5 t imes over  the control  value. 

Six months af ter  the operat ion no significant differences are found between the experimental  and con-  
trol  ser ies  at the t imes investigated (P = 0.504, P = 0.394, and P = 0.347 respect ively) .  

The changes in the mean diurnal MC in the kidneys with compensa tory  and regenera t ion  hyper t rophy 
throughout the experimental  period are  shown graphically in the figure. It is c lear  that the MC r i ses  12 h 
after  unilateral  nephreetomy, and the increase  is par t icu lar ly  sharp at the end of the 1st day af ter  o p e r a -  
tion. Subsequently the number  of mitoses  gradually falls by compar ison with the control  value, but still 
remains  increased,  and not until 3-6 months after  operat ion does the difference between the experimental  
and control  values disappear.  The diurnal rhythm of mitosis  is disturbed for  12-48 h af ter  operat ion.  

In the sol i tary  resec ted  kidney an increase  in MC is found 2 days af ter  the operation,  reaching  its 
maximum on the 5th day of the experiment .  By one month af ter  the operat ion the MC falls appreciably,  
although it does not equal the control  level until after  6 months. The diurnal rhythm of mitosis ,  which is 
disturbed 12 h after  the operation, is r e s to red  after  2 weeks. 

It may be noted that in experiments  ca r r i ed  out on albino ra ts ,  the MC in the regenera t ing  kidney 
was also observed to reach a maximum on the 5th day after  operat ion [7].* 

L I T E R A T U R E  C I T E D  

$. V .V .  Vinogradov, Kievsk. med. Zh., 1, No. 1, 3 (1922). 
2. L . D .  Liozner (Editor), Compensatory  Hypertrophy of Mammalian Organs [in Russian],  Moscow (1963). 
3. S .A.  Petrova,  Investigation of Regenerat ion of Kidney Tissue in Albino Rats,  Candidate D i s s e r t a -  

tion, Moscow (1949). 
4. V .V.  Podvysotskii ,  Vrach, No. 7, 33 (1886). 
5. G.G. Samsonidze, Morphophysiological Analysis of Regenerat ion of the Kidney after  Injury [in Rus-  

sian], Tbilisi  (1958). 
6. I . F .  Semenova, Byull. t~ksp. Biol., No. 4, 122 (1961). 
7. L . M .  Faturina,  Regenerat ive P r o c e s s e s  in Ra t s '  Kidneys af ter  Resect ion and Nephrectomy, Candi- 

date Dissertat ion,  Moscow (1965). 
8. J. Bartman, Rev. Beige Path., Vol. 27 (1960), p. 219. 
9. G. Franek,  Arch. Biol. (Liege), Vol. 71 (1960), p. 489. 

10. R . I .  Goss, Cancer  Res. ,  Vol. 23 (1963), p. 1031. 
11. H .D.  Rollason, Anat. Res.,  Vol. 104 (1949), p. 263. 
12. G . E . W i l l i a m s , B r i t .  J. Exp. Path.,  Vol. 42 (1961), p. 386. 
13. M. Wolff, Die Nieren resekt ion und ihre Folgen, Berl in (1900). 

*The author is grateful  to P ro fe s so r  G. G. Samsonidze for guidance with this r e sea rch .  

1119 


