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Either  the left lung, the r ight kidney, or  two-thirds  of the l iver  was removed f rom pregnant 
noninbred ra ts .  During compensatory  hypertrophy of the lung and kidney and regenerat ion 
of the l iver ,  substances capable of stimulating cell prol iferat ion in the corresponding fetal 
organs appeared in the blood s t ream.  

The possibili ty of specific humoral  regulation of regenerat ion in the injured l iver  and other organs 
has been shown by resul ts  descr ibed previously [1, 3-7, 13]. However, many problems still remain  un- 
solved. In par t icu lar ,  it is not c lear  where and when after  t rauma substances capable of activating cell 
division appear  in the blood s t r eam [10]. Some invest igators [9, 12], indeed, deny that such regulation 
exists .  

The investigation descr ibed below was undertaken to determine how universal  is the manifestation 
of t issue humoral  regulation and to discover  at what period after  injury to an organ growth-regulat ing sub- 
s tances appear  in the blood s t ream.  

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

Noninbred albino ra t s  weighing 150-200 g were  used in the experiment.  Two females  in a state of 
es t rus  were  mated for  24 h with males.  The day of mating was taken as the f i r s t  day of pregnancy.  

Three groups of experiments  were performed.  In group 1, on the 15th-20th day of pregnancy,  t h e  
left lung was removed.  The ra t  and its progeny were  sacr i f iced 2, 3, 4, 5, and 7 days after unilateral  

pneumonectomy on the mother .  In group 2, the right kidney 
TABLE 1. Mitotic Index in Maternal and 
Fetal  Lungs Five Days af ter  Removal of 
Left Maternal Lung 

/Vli in MI in fetal 
I 

(~ Group of ~r maternall~ 
lungs - -  - -  animals Rat (~ 1 lungs liver 

Control 
(mock 
operation) 

Experiments 
(removal of left 
lun~from 
morner 

1 
2 
3 

I 
2 
3 

0,75 
0,75 
2,00 

2,75 
2,75 
3,00 

1,43 1,01 
1,16 -- 
1,62 1,66 

5,05 0,70 
3,18 1,60 
6,25 -- 

*Mitoses were counted al together in 
hepatocytes,  blood cells ,  and Kupffer 
cells of the l iver .  

was removed f rom 10 females  on the 10th and 19th day of 
pregnancy.  The ra t  and its progeny were  sacr i f iced  48 h 
and 7 days af ter  unilateral  nephrectomy on the mother.  In 
group 3, two-thirds of the l iver  was resec ted  f rom 9 females 
on the 20th day of pregnancy by the method of Higgins and 
Andersen.  The ra t  and its progeny were sacr i f iced 18 and 
32 h af ter  partial  hepatectomy on the mother.  

Mitotic activity was determined in the lungs, kidneys, 
and l iver  of the mother  ra ts  undergoing the operations, and 
also in the corresponding organs of 5 fetuses f rom each rat .  
The number of mitoses  was counted in the lungs in 4000 non- 
dividing alveolar  epithelial cells,  in the maternal  kidney in 
12,000 epithelial cells of the convoluted tubules in the cortex,  
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T A B L E  2. Mi to t i c  Index (in ~/00) in C e i l s  of Deve lop ing  Convolu ted  
Tubu l e s  of K i d n e y s ,  in H e p a t o c y t e s  of L i v e r  of F e t u s e s ,  and  E p i -  
t h e l i u m  of Convo lu t ed  Tubu l e s  in M a t e r n a l  K i d n e y s  a t  V a r i o u s  T i m e s  
a f t e r  U n i l a t e r a l  N e p h r e c t o m y  on the  M o t h e r  

Time after re- 
moval of maternal 
right kidney 
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Rat 
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1,91 
1,08 
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1,33 
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M e a n . . .  0,00 0,31 10,77 0,48 1,55 14,80 1,20 

7 days 

Mean. . . 

1,00 
0,25 
0,58 
0,41 

0,50 

0,16 9,20 
0,08 6,80 
0,16 10,20 
0,00 9,10 
0,00 9,20 

0,08 8,90 

7,00 
10,50 
8,70 

10,87 

9,26 

TABLE 3. Mi to t i c  Index in H e p a t o c y t e s  
of the  F e t a l  and M a t e r n a l  L i v e r  18 and  32 
h a f t e r  P a r t i a l  H e p a t e c t o m y  on the M o t h e r  

Time after Expt. [ Control 
removal of j~.. MI in liver (040) 

two-thirds of Rat ma- fetal I i]temal maternal ternal ma- i liver 

18 h 0 0,48 
0 0,46 
0 0,32 
0 0,39 
0 0,75 
- -  1,10 

fetal 

0,29 
0,31 
0,20 
0,40 

Mean 0 0,58 0,30 

32h ] 1 0,5 0,99 0 0,18 
I 2 10,2 1,32 0 0,36 

I 
Mean 5,3 1,15 0,27 

and in  the  f e t a l  k idney  in 2000 e p i t h e l i a l  c e l l s  of the  c o n -  
v o l u t e d  t ubu le s .  The  n u m b e r  of m i t o s e s  in t he  l i v e r  w a s  
coun ted  in 4000 h e p a t o c y t e s .  P r e g n a n t  r a t s  u n d e r g o i n g  
a c o r r e s p o n d i n g  mock  o p e r a t i o n  and  i n t ac t  p r e g n a n t  r a t s  
w i th  t h e i r  p r o g e n y  w e r e  u s e d  a s  the  c o n t r o l .  

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

L e f t - s i d e d  p n e u m o n e c t o m y  and  r e m o v a l  of two-  
t h i r d s  of the l i v e r  in r a t s  in the l a s t  t h i r d  of p r e g n a n c y  
a d v e r s e l y  a f f ec t ed  the v i a b i l i t y  of the  p r o g e n y :  in 3 of 
the  15 r a t s  wi th  a s o l i t a r y  lung t h e r e  w e r e  1-3  dead  f e t u s e s  
6 of the  13 f e t u s e s  of one r a t  a f t e r  r e s e c t i o n  of the l i v e r  
w e r e  dead ,  and  a n o t h e r  r a t  had  only t r a c e s  of an  a b s o r b e d  
f e tu s .  

C o m p e n s a t o r y  h y p e r t r o p h y  of the  lung and k idney  
and r e g e n e r a t i o n  of the  l i v e r  in the  p r e g n a n t  r a t s  w e r e  
a p p a r e n t  in the e a r l y  s t a g e s  a f t e r  the  o p e r a t i o n  a s  an  i n -  
c r e a s e  in we igh t  and a l s o  a s  an  i n c r e a s e  in the  l e v e l  of 
p r o l i f e r a t i o n  in  the  r e s i d u a l  o rgan .  

The  e f f ec t  of m a t e r n a l  p n e u m o n e c t o m y  on the  s t a t e  
of  the  f e t a l  lung was  m o s t  c l e a r l y  r e v e a l e d  on the  5th day  

a f t e r  the  o p e r a t i o n ,  when c o m p e n s a t o r y  h y p e r t r o p h y  of the  lung in the  m o t h e r  w a s  we l l  m a r k e d  and the m i -  
t o t i c  index  of the c e i l s  w a s  a t  i t s  h i g h e s t  (MI = 2 . 7 5 - 3 . 0 0  %0). The lungs  of f e t u s e s  be long ing  to the  p n e u -  
m o n e c t o m i z e d  m o t h e r s  s a c r i f i c e d  a t  t h i s  t i m e  w e r e  a s  a r u l e  20-40% l a r g e r  in  r e l a t i v e  we igh t  than  the 
lungs  of f e t u s e s  be long ing  to r a t s  u n d e r g o i n g  the  m o c k  o p e r a t i o n  ( t = 0 . 0 2 ) .  The  l e v e l  of  p r o l i f e r a t i o n  in 
the  lungs  of f e t u s e s  be long ing  to  r a t s  w i th  many  m i t o s e s  in t h e i r  h y p e r t r o p h i e d  lungs  w a s  3 -4  t i m e s  h i g h e r  
than  in the  lungs  of the c o n t r o l  f e t u s e s  (Tab le  1). No s t i m u l a t i o n  of c e l l  d i v i s i o n  w a s  found in the  l i v e r  of 

t h e s e  a n i m a l s .  

A f t e r  r e m o v a l  of the r i g h t  k idney  on the 19th day  of p r e g n a n c y  ( r a t s  s a c r i f i c e d  48 h a f t e r  the o p -  
e r a t i o n )  the we igh t  of the  k i d n e y s ,  l ive r ,  and  lungs  of f e t u s e s  be long ing  to the  e x p e r i m e n t a l  and c o n t r o l  r a t s  
w a s  a l m o s t  the s a m e .  K i d n e y s  of f e t u s e s  be long ing  to m o t h e r s  s a c r i f i c e d  7 days  a f t e r  u n i l a t e r a l  n e p h r e c -  
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tomy were  sl ightly s m a l l e r  in weight than in the control ,  although the di f ferences  we re  not significant (P = 
0.368). At the s ame  t ime ,  the weight of the l i ve r  and lungs of the fe tuses  in the exper imenta l  group was 
significantly s m a l l e r  than in the control  group (P = 0.01). 

The level  of p ro l i f e ra t ion  in the kidneys of fe tuses  belonging to uni la tera l ly  nephrec tomized  mothe r s  
48 h a f t e r  the opera t ion  was  1.8 t imes  higher  than in the kidneys of fe tuses  belonging to intact  r a t s  (P = 
0.001). Mitotic act ivi ty  in the kidney of the fe tuses  belonging to mothers  undergoing the mock operat ion 
was higher than in intact  r a t s  but lower  than in the exper imenta l  group (P = 0.08). 

Mechanical  injury to the kidney has been shown [8] to s t imulate  division of the kidney cel ls .  Evi -  
dently the mock  opera t ion  in the p resen t  expe r imen t s  mus t  also have affected the mitot ic  act ivi ty of the 
ma te rna l  kidneys and led to p ro l i fe ra t ion  of the kidneys of the fe tuses  belonging to these mother  ra t s .  

It  thus follows that  48 h a f t e r  uni la tera l  nephrectomy,  a humora l  growth-s t imula t ing  fac tor  was de-  
tec ted  in the ma t e rna l  body which s t imula ted  pro l i fe ra t ion  in the corresponding fetal  organ.  The action 
of this fac tor  was not s t r ic t ly  o rgan- spec i f i c  because an inc rease  in the number  of mi toses  was also ob- 
s e rved  in the hepatocytes  in the l ive r  of these fe tuses  (Table 2). 

On the 7th day a f te r  nephrec tomy on the mother ,  no act ivat ion of the fetal  kidney cel ls  to mitot ic  
divis ion could be observed ,  although the level  of pro l i fe ra t ion  in the ma te rna l  kidney sti l l  r ema ined  higher 
than in the control .  

The r e su l t s  of the exper imen t s  of group 3 dese rve  pa r t i cu la r  attention. Despite  the fact  that 18 h 
a f t e r  r e sec t ion  of the ma te rna l  l i ve r  m i t o s e s  were  v i r tual ly  absent  in the regenera t ing  remnant  of the organ,  
the mitot ic  index of the fetal  l ive r  of these r a t s  was 1.7 t imes  higher than in the control  (P=0.026).  Clear ly  
defined s t imulat ion of mi to t ic  divis ion of the hepatoeytes  of the fetal  l ive r  was obse rved  32 h a f te r  par t ia l  
hepatec tomy on the mothe r  (Table 3). 

It  can be concluded f r o m  these  r e su l t s  that during compensa tory  hyper t rophy of the lung and kidney 
and regenera t ion  of the l ive r ,  subs tances  s t imulat ing cell  p ro l i fe ra t ion  in the corresponding organ appear  
in the b loods t ream.  

The act ion of these humora l  f ac to r s  in the p r e sen t  exper iment  appeared  mainly  a t  the t ime  of m a x -  
imal  nucleic acid synthes is  (in the l iver)  and, in pa r t i cu la r ,  at the t ime  of i nc reased  ceil  p ro l i fe ra t ion  in 
the regenera t ing  organ (in the lungs and kidneys).  Assuming that act ivat ion of cei ls  of the fetal  lungs, k id-  
neys,  and l ive r  was synchronized with act ivat ion of the cei ls  of the cor responding  regenera t ing  ma te rna l  
organ,  there  is r ea son  to suppose that the appearance  of growth-s t imula t ing  subs tances  in the humora l  
med ium coincided with the ea r ly  per iod  of p remi to t i c  act ivat ion of nucleic acid synthes is .  

T issue  humora l  regulat ion of growth is mos t  eas i ly  detected a f te r  extensive r e sec t ion  of the l i ve r  
[5, 10] and l e s s  eas i ly  during r egene ra t i ve  growth of the kidney [2, 11]. This is evidently due to the m o r -  
phological  and physiological  f ea tu res  distinguishing the fetal  kidneys,  in which r ap id  morphogenet ic  p r o -  
c e s s e s  take place on the l as t  days of development .  On the 21st-22nd day of fetal  development  the mitot ic  
index in the epi thel ium of the developing convoluted tubules of the kidneys ave raged  8-10 %0 , compared  
w i t h l . 4 - 1 . 6 % i n t h e a l v e o l a r  epithelium of the lungs and 0.30 %0 in the hepatocytes  of the l ive r .  I t  can ac -  
cordingly be postula ted  that the abili ty of m o s t  cel ls  of the rapidly growing and a l ready  functioning fetal  
kidneys to respond to an additional s t imulus  by pro l i fe ra t ion  is l imi ted.  This fac tor ,  in pa r t i cu la r ,  can 
explain the negative r e s u l t s  obtained by Goss [9] and by Sereb e t  al.  [12]. 

There  is thus eve ry  r e a s o n  to suppose that t i s sue  humora l  regulat ion of growth is a un iversa l  m e c h -  
an i sm at the initial s tages  of r egene ra t ion  of injured organs .  
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