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The a r e a s  of the  hepa t ic  lobu les  in the l i v e r  of  r a t s  were  m e a s u r e d  a f te r  t h r e e  s u c c e s s i v e  
p a r t i a l  h e p a t e c t o m i e s  p e r f o r m e d  at i n t e r v a l s  of 0.5 and 1 month. Hype r t rophy  of the hepa t i c  
lobu les  in the h e p a t e c t o m i z e d  an ima l s  lagged  behind h y p e r t r o p h y  of the whole l i v e r ,  ind ica t ing  
the fo rma t ion  of new lobules .  With sho r t en ing  of the i n t e r v a l s  be tween  the ope ra t i ons ,  the 
ro le  of h y p e r t r o p h y  of the  hepa t i c  lobu les  as  a component  of r e g e n e r a t i o n  was i n c r e a s e d .  

P r e v i o u s  e x p e r i m e n t s  on r a t s  [4] have shown that  a f t e r  p a r t i a l  hepa t ec tomy  by the method of Higgins 
and Ande r son  the d imens ions  of  the hepa t ic  lobules  1 month a f te r  ope ra t i on  a r e  i n c r e a s e d  c o m p a r e d  with 
those  in the in tac t  l i v e r  on the ave rage  by 74%. Af te r  r e p e a t e d  p a r t i a l  h e p a t e c t o m i e s ,  a f u r t h e r  i n c r e a s e  in 
s i ze  of  the r e s i d u a l  p a r t  of the l i v e r  took p lace .  However ,  no fu r t he r  i n c r e a s e  in the s i ze  of the hepa t ic  
lobules  o c c u r r e d .  It was concluded f rom these  facts  that  a f te r  the f i r s t  ope ra t ion  r e g e n e r a t i o n  of  the l i v e r  
took p l a c e  p r i m a r i l y  through h y p e r t r o p h y  of i ts  s t r u c t u r a l  uni ts ,  while  a f t e r  r e p e a t e d  r e s e c t i o n s ,  as  wel l  
as h y p e r t r o p h y  of the ex is t ing  hepa t ic  lobu les ,new lobules  a r e  fo rmed ,  and this  l a t t e r  p r o c e s s  i s  s h a r p l y  
in tens i f i ed  as  the  n u m b e r  of r e s e c t i o n s  i n c r e a s e s  [4]. These  f indings a r e  in good a g r e e m e n t  with the r e -  
su i t s  of  inves t iga t ion  of r a m i f i c a t i o n  of  blood v e s s e l s  dur ing  r e g e n e r a t i o n  of the l i v e r  a f t e r  r e p e a t e d  p a r -  
t i a l  h e p a t e c t o m i e s  [6]. At the s a m e  t ime ,  a f te r  r e p e a t e d  t r auma ,  r e g e n e r a t i o n  of o rgans  is  known to take 
p l ace  m o r e  in t ens ive ly  than a f t e r  the p r i m a r y  in ju ry  [1, 2]. On the o t h e r  hand, i t  is  g e n e r a l l y  accep ted  at 
the p r e s e n t  t ime  tha t  the r a t e  and c o m p l e t e n e s s  of r e g e n e r a t i o n  a r e  d e t e r m i n e d  by  funct ional  demands  p r e -  
sen ted  to the  o rgan  by  the body as  a whole [5]. 

On these  grounds  i t  may ev ident ly  be expec ted  that  the c o u r s e  of r e g e n e r a t i o n  a f t e r  r e p e a t e d  p a r t i a l  
h e p a t e e t o m i e s  mus t  depend on the s t age  a f t e r  the  p r e e e e d i n g  ope ra t i on  that  the succeed ing  r e s e c t i o n  i s  p e r -  
fo rmed .  This  was the sub jec t  of the inves t iga t ion  d e s c r i b e d  below. 

EXPERIMENTAL METHOD 

Experiments were carried out on 70 female albino rats weighing on the average i00 g at the beginning 
of the experiment. At the first operation on the rats the left lateral and central lobes of the liver, i.e., 
about 70% of the tissue, were removed. These hepatectomized animals were divided into two groups. The 
succeeding operations on rats of the first group were performed at intervals of 1 month, and in those of the 
second group at intervals of 0.5 month. At the second operation the upper part of the right lobe, about 32% 

of the tissue of the regenerating liver, was removed. At the third operation the lower part of the right lobe, 
or about 25% of the twice regenerating liver was removed. The rats were killed 1 month after the last 

operation. To determine the boundaries of the hepatic lobules the arterial system of the liver was injected 
with a mixture of ink and gelatin by Sidorova's method [3]. The liver was weighed. The length, width, and 
thickness of the Inferior caudal lobe were measured and the area of the lobe determined. The outlines of 
the hepatic lobules were traced from tangential sections of the inferior caudal lobe with an Edinger's 
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Fig. 1. Changes in s ize  of hepat ic  lobules  1 month 
af ter  second opera t ion:  1) control ;  2) i n t e rva l s  b e -  
tween opera t ions  1 month; 3) in te rva l s  between 
opera t ions  0.5 month. Absc i s sa ,  a r e a  of hepat ic  
lobules  (in convent ional  uni ts) ;  ordinate ,  n u m b e r  of 
lobules  (in %). 

drawing appara tus  under  a magnif ica t ion  of 27 t imes .  The p ro jec t ions  of the 
lobules  drawn in  this  m a n n e r  were  cut out and weighed on t o r s i on  sca les .  

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

The r e su l t s  are  shown in Table  1. The weight of the in tact  l i ve r  was 
4.6-6.7 g. The weight of the l i ve r  was comple te ly  r e s t o r e d  1 month af ter  
the opera t ions ,  r e g a r d l e s s  of t he i r  number .  The a r ea  of the i n f e r i o r  caudal 
lobe 1 month af ter  the f i r s t  opera t ion  was i nc r e a se d  by 193% compared  with 
the control ,  the a r ea  of the hepat ic  lobule be ing i nc r e a se d  by 74%. 

After  the second opera t ion  the re  was a fu r the r  i n c r e a s e  in  size of the 
r e s idua l  l ive r ,  and this  i n c r e a s e  was evident ly  independent  of the in te rva l  
be tween operat ions .  At the same  t ime,  the change in s ize  of the hepatic 
lobules  depended on the in t e rva l  between the operat ions .  In r a t s  in which 
the in te rva l  between hepa tec tomies  was 1 month the a r ea  of the hepatic 
lobule was i n c r e a s e d  on the average by 100% compared  with the control,  
and it  was v i r t ua l l y  ind is t inguishable  f rom the a r ea  of the lobule in  r a t s  
undergoing  only one hepatectomy.  After  a second r e sec t i on  0.5 months af ter  
the f i r s t ,  the a r e a  of the hepat ic  lobule was i n c r e a s e d  by 291% over  the con-  
t rol .  Consequent ly,  with shor ten ing  of the in te rva l  between opera t ions  the 
a r ea  of the hepatic lobule was i n c r e a s e d  by about 1.5 t i me s  (P=0.02).  This 
was assoc ia ted  with a dec rea se  in the n u m b e r  of smal l  lobules  and an i n c r e a s e  
in  the n u m b e r  of l a rge  (Fig. 1). A f t e r  the th i rd  opera t ion the s ize  of the in -  
f e r io r  caudal  lobe l ikewise  was independent  of the f requency  of the ope ra -  
t ionm In r a t s  undergoing  opera t ions  at i n t e rva l s  of 1 month the a r e a  of the 
i n f e r i o r  caudal lobe was i n c r e a s e d  by 445% over  the control .  If the in te rva l  
between opera t ions  was 0.5 month, the a r e a  of the i n f e r i o r  caudal lobe was 
i n c r e a s e d  by 327% compared  with the control .  The di f ference between these 
f igures  is  not s t a t i s t i ca l ly  s igni f icant  and can be explained by the fact that 
the a r ea  of the in fe r io r  caudal lobe in one r a t  of group 1 was 1023%. The 
a r ea  of the hepat ic  lobule in  the r a t s  of group 1 was i nc r e a se d  on the a v e r -  
age by 72% over  the control .  In the r a t s  of group 2 the mean  a r ea  of the 
hepatic lobule was i nc r e a se d  by 115%. 

In an imals  undergoing  hepatec tomy at in te rva l s  of 0.5 month, h y p e r -  
t rophy of the hepatic lobules was more  marked  than in ra t s  hepatec tomized  
at an in te rva l  of 1 month. The difference in size of the hepatic lobules of the 
an ima l s  of these  two groups was about 35% (P =0.050). The i nc r ea se  in mean  
s ize of the hepat ic  lobules  assoc ia ted  with a shor ten ing  of the in te rva l s  b e -  
tween opera t ions  was accompanied by a d e c r e a s e  in the n u m b e r  of sma l l  
lobules  (Fig. 2). 
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Changes in s ize  of hepatic lobules 1 month af ter  
Legend as in Fig. 1. 

In all the hepatec tomized an imals  the i n c r e a s e  in size of the s t ruc tu r a l  uni ts  lagged behind the in -  
c r ea se  in s ize  of the res idual  l i ve r  as a whole. In some ra t s  this lag was p r e s e n t  af ter  the f i r s t  operat ion.  
It was inc reased  af ter  the second opera t ion and was observed  in all  the an imals ,  and af ter  the th i rd  r e -  
sect ion it  was i nc r ea sed  st i l l  more.  The d i sc repancy  between the i n c r e a s e  in size of the l i ve r  as a whole 
and hyper t rophy of the hepatic lobules  may be conf i rmat ion  of the fact that in the r egene ra t i ng  l i ve r  not 
only are  exis t ing  hepatic lobules hyper t rophied,  but new ones also are  formed. With a shor ten ing  of the 
in te rva l s  between operat ions ,  however,  the role  of hyper t rophy of the hepatic lobules  in r egene ra t ion  was 
to some extent inc reased .  Judging f rom the facts descr ibed  above, the behavior  of the hepat ic  lobules  dur ing  
repeated  resec t ions  of the l ive r  is  dependent on the stage after  the p receed ing  opera t ion  that the succeeding  
hepatectomy is per formed.  If it is done at a t ime  when the r egene ra t ion  induced by the p reced ing  opera t ion  
is not yet  complete,  the role of hyper t rophy of the s t ruc tu ra l  uni t s  in r egene ra t ion  af ter  the succeeding p a r -  
t ial  hepatectomy is inc reased .  This may be because ,  with a shor ten ing  of the in te rva l  between opera t ions ,  
the functional  deficiency is more  marked,  and this functional  deficiency de t e rmines  the shift in the ba lance  
of r egenera t ion  toward hyper t rophy of the s t r u c t u r a l  units .  It is well known that at the cytological  level  
r egene ra t ion  hyper t rophy of the l i ve r  is assoc ia ted  with two p r o c e s s e s :  with cel l  d iv is ion  and with cel l  
hypert rophy.  It is postulated that two p r o c e s s e s  also take place at the level  of s t r u c t u r a l  un i t s :  hyper t rophy 
of hepat ic  lobules and the i r  fo rmat ion  de novo. The re la t ive  impor t ance  of these two p r o c e s s e s  is d e t e r -  
mined by many factors .  In pa r t i cu l a r ,  it depends on the degree of funct ional  s t r e s s  a r i s ing  in the l i ve r  at 
the t ime of operat ion.  
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