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Dur.{ng r e g e n e r a t i o n  of c e r t a i n  i n t e r n a l  o r g a n s  of  v e r t e b r a t e s  a f t e r  r e s e c t i o n ,  the m o r p h o g e n e t i c  
r e a c t i v i t y  m a y  v a r y  [1, 6]: This  i s  due to s e v e r a l  c a u s e s ,  one Of which m a y  be the p r e s e n c e  o r a b s e n c e  
of p r o c e s s e s  of  f o r m a t i o n  of  new s t r u c t u r a l  and funct ional  uni t s  in the  o r g a n  a t  the  m o m e n t  o f  i n j u r y  
( lobules  in the  l i v e r ,  alveoF, in the it::,g, neph rons  in the  k idney,  and  so  on).  

In m o s t  i n t e r n a l  o r g a n s  of m a m m a l s  the  p r o c e s s  of d e v e l o p m e n t  of  new s t r u c t u r a l  and func t iona l  
un i t s  d i m i n i s h e d  ~-ith age :  i t  can be o b s e r v e d  only  at  the  e a r l i e s t  s t a g e s  of pos tna t a l  o n t o g e n e s i s .  Th.ls 
m a y  accotmt  fo r  the  fact  that  in adu l t  a n i m a l s  r e s e c t i o n  of  p a r t  of a2. o r g a n - t h e  l i v e r ,  lung, o r  k i d n e j -  
does  not l e a d  to the  d e v e l o p m e n t  of new s t r u c t u r a l  c o m p o n e n t s  in the  o rgan ,  but  to h y p e r t r o p h y  of tPmse 
a l r e a d y  e.~2sting [2-4] .  

F o r  t h e s e  r e a s o n s  the d e t e r m i n a t i o n  o f  the r e a c t i o n  o f  an o r g a n  to i n j u r y  f r o m  the  a g e  a s p e c t  i s  
p a r t i c t f l a r l y  i n t e r e s t i n g .  

The  o b j e c t  of  the  p r e s e n t  i n v e s t i g a t i o n  was to s tudy  the  s t r u c t u r e  of the r e g e n e r a t i n g  l i v e r  a f t e r  
p a r t i a l  h e p a ~ c t o m y  in r a t s  in the  e a r l y  p o s t n a t a l  p e r i o d  of d e v e l o p m e n t .  

EXPERIMENTAL M E T H O D  

In the e : . -per iments  of  s e r i e s  I, the le f t  l a t e r a l  and  c e n t r a l  lobes  of the l i v e r  w e r e  r e m o v e d  f r o m  young 
r a t s  aged  7, 14, and 24 2 8  days  by the  me thod  of  Higgins  and A n d e r s o n .  The  m a s s  of l i v e r  t i s s u e  r e m o v e d  
amoun ted  to 66c~ of  the  to ta l  weight  of  the  o r g a n .  In e a c h  age  g roup  t h e r e  w e r e  5-7 ra~s  u n d e r g o i n g  the  
o p e r a t i o n  and 4 -5  c o n t r o l  a n i m a l s .  

T h e  young  r a t s  unde rgo ing  o p e r a t i o n  a t  the age  of 7-14 days  w e r e  s a c r i f i c e d  1.5 mon ths  a f t e r  p a r t i a l  
h e p a t e c t o m y ,  and the r a t s  unde rgo ing  the o p e r a t i o n  at  the age  of  24-28 days  w e r e  s a c r i f i c e d  6 monthy: l a t e r .  
The  con t ro l  a n i m a l s  w e r e  s a c r i f i c e d  at  the s a m e  t i m e  as  the e x p e r i m e n t a l .  In the ex -pe r imen t s  of s e r i e s  
I1 ! repealed} p a r t i a l  h e p a t e c t o m y  was c a r r i e d  out on r a t s  aged  10 and 24 d a y s .  The  e x p e r i m e n t a l  and c o n -  
l~ol an i~ , a l s  of ho',h age  gTeups w e r e  s a c r i f i c e d  at  the s a m e  t ime,  1.5 months  a f t e r  the  o p e r a t i o n .  

'] 'he ou t l i nes  of the  ind iv idua l  l obu le s  of  the l i v e r  we re  t r a c e d  by m e a n s  cf  a s p e c i a l  t echnique ,  d e s -  
c r i tx ,  d p r e v i o u s l y  ~41, in the e x l ) e r i m e n t a l  and c on t ro l  a n i m a l s .  The  l i v e r  was  then f ixed  in 10~ f o r m a l i n .  
Sec t ions  w e r e  cut  on a f r e e z i n g  m i e r c t o m e .  By m e a n s  of  a d rax~ng  a p p a r a t u s  the  o u t l i n e s  of  the  ind iv idua l  
l oku le s  of the  l i v e r  w e r e  d r a w n  and t h e i r  a r e a  was  de te rn~ined .  In each  an ima l  the  a r e a  of  40 -50  l obu l e s  
was m e a s u r e d .  The  r e s u l t s  ob ta ined  w e r e  a n a l y z e d  s t a t i s t i c a l l y  by the F i s h e r - S t u d e n t  me thod .  

EXPERIMENTAL R E S U L T S  

As the r e s u l t s  of  the e x p e r i m e n t s  of  s e r i e s  I show, the age  of  the an ima l  a t  o p e r a t i o n  was  of  d e c i s i v e  
i m p o r t a n c e  in d e t e r m i n i n g  the f inal  s t r u c t u r e  of the r e g e n e r a t i n g  l iver. .  

The l i v e r  of r a t s  unde rgo ing  p a r t i a l  h e p a t e c t o m y  at  the  age  of 7 and 14 days  was  p r a c t i c a l l y  i n d i s t i n -  
gu i shab l e  in s t r u c t u r e  f rom the l i v e r  of the  in tac t  a n i m a l :  m o s t  of the lobu les  of the  H v e r  w e r e  the  s a m e  
s i z e  a s  in the  c o n t r o l s  {P = 0.6, d i f f e r e n c e  not  s i g n i f i c a n t L  Th i s  was seen  p a r t i c u l a r l y  c l e a r l y  when the  
d i m e n s i a n s  of the  l obu le s  w e r e  b r o k e n  down into s e p a r a t e  c l a s s e s .  L o b u l e s  with an a r e a  of 140-240 m m l  
(magn i f i ca t ion  28~} w e r e  inc luded  in c l a s s  1, those  wi th  an a r e a  of 260-360 mm 2 in c l a s s  2, t hose  wi th  an 
a r e a  o l  3~0-4~0 mrl .n c l a s s  3, and those  with an a r e a  ~.f 500-600 ram2 in c l a s s  4, and  s o  on.  

La !~ora to rvo f  Growth  and Devel015ment , In s t i t u t e  of  E x p e r i m e n t a l  Biolo-gy, A c a d e m y  of M e d ic a l  ~ ' i ' -  
e n c e s  of the  USSR, Moscow ~Pre sen t ed  by Ac t ive  M e m b e r  of  the  A c a d e m y  of Med ica l  S c i e n c e s  of  t he  USSR, 
A. P. Avtsyn). Translated from Byulleten' l~ksperimental,noi Biologii i Meditsiny, Vol, 63, No. I, pp. 
1-85, January. i967. Original article submitted June 31, 1965, 
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Fig. 1. Relationship betwee,  dlmensions of hepatic lobu!es, 
broken down into classes ,  in the regenerat ing and intact l iver 
of ra ts .  Part ia l  hepatectomy was performed at the age of 7 (a), 
14 (b), 24-28 (c}, 10 (d), and 24 days (e). Al l  the experimental 
animals were sacr i f iced at the same time as the controls, 6 
months after  the operation. 1) Experiment,  2) control.  

In t:he animals undergoing operation at the age of 7 and 14 days, the tobules belonged by their  s ize  
to the f i rs t  four c lasses ,  mostly to c lass  2, while in the control (intact) rats they belonged to the fii*st 
three classes ,  again mostly to c lass  2 (Fig. 1, a and b). 

The discovery  of a l a rge r  number (23-25~) of lobules of class 3 in the l iver  of the exl~erimental 
groups of animals than in the controls  (10,~) and also the appearance of lobules of  c lass  4 (Fig. 1, a and b) 
indicate t]hat during regenerat ion of the l ive :  new hepatic lobules appeared, and h~pertrophy of the lobules 
also took place.  

Measurements  of the hepatic lobules in the rats  undergoing partial hepatectomy at the age of 24-28 
days yielded different resul ts :  the number of lobules in the experimental groups was 2 or  3 times g rea t e r  
than in the controls  (P < 0.001). ]~reakdown of the lobules into c lasses  showed that in the animals of the 
experimental  group c lasses  3-9 were mos t  commonly present,  but in the control animals, lobules of 
c lasses  i -4  (Fig. I, c). 

Since the animals undergoing partial  hepatectomy at the age of 24-28 days were sacrif iced at a longer 
interval af ter  the operation (6 months) than those undergoing the operation at the ages of ; ~nd 14 days 
{1.5 n . J n t ~  later), it may be suggested that the l a rge r  size of the hepatic Iobules in the experlmentaI ani-  
mals of this group was due to their increase in size during growth of the organ.  

For  this reason the investigation was repeated, constituting the experiments  of s e r i e s  If, s imi la r  to 
s e r i e s  I, but the animals undergoing operation at the ages of I0 and 24 days were sacr i f iced at the same 
time as the controls,  1.5 months af ter  the operation. 

The resul ts  obtained were the same as in the experiments  of se r ies  I: in the animals undergoing 
partial  hepa~.ectomy at the age of 24 days  the hepatic lobules were hypertrophied compared with those in 
the controls  {Fig. 1, e), while in the animals undergoing.operation at the age of ]0 days, the dimension of 
the lobules were close to those in the controls  (Fig. 1, d and Fig. 2). 

However, as in the experiments  of ser ies  I, in the young rats  undergoing operation at the age of 10 
days, besides the formation of new hepatic Iobules, partial  hypertrophy of the !obules also must  ha~e taken 
place, because the number of large lobules in the l iver  of the ex'perimental animals ~ t s  always g rea t e r  
than their  number in the controls  (Fig. I, d). 

The experimental resul ts  descr ibed above suggest  that the s t ructure  of the organ at the 
t ime cf operation de t e rmines  its s t ruc tu re  during regeneration.  Evidently the ability to form 
new structural  and functional units of a n  organ a t  the time of operation determines  this same  
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Fig. 2. Structure of the regenerating Hver 1.5 
months after partial hepatectomy. The dimensions 
of the lobules of the l iver in the animals undergoing 
operation at the age of 7 days (a) are  s imi la r  to 
those in the controls (b): the lobules in the rats  
undergoing operation at the age of 24 days (d) are  
hypertrophied by comparison with the control (c). 

p rocess  in the regenerat ing organ, i n  this case, performance of partial hepatectcmy on young 
rats  at the ages of 7, 10, and 14 days (the period of ontogenesis when the formation of new 
hepatic lobules is still possible in the l iver [7]) leads to the appearance of hepatic lobules in the 
process  of regenerat ion of the organ. If, on the other hand, the morphogenetic p rocesses  in the ontogenesls 
of the organ a re  already c6mplete, c lear ly ++hey can be manifested only to an extremely slight degree during 
its regeneration. T~ fact, af+~r p a ~ i ~  hepatectomy on ra ts  over  24 days old, main!y an increase  in the size 
of existing hepatic lobuJes and oot the formation of new lobules was observed.  Consequently, the same  
reaction took place as in adult animals after  extensive parllal hepateetomy [4]. 

The results  obtained pro~2de experimental confirmation of the author 's  ea r l i e r  h+~T>othesis that the 
processes  observed during regenera t ionof the  internal organs of ver tebra tes  (after extensive resect ions)  
are  closely s imilar  in nature to the p rocesses  taking place during the postnatal development of these 
organs [51. 
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