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The high power of regenerat ion of the l iver  after  eight success ive  resect ions of the organ 
was demonst ra ted  by histological,  histochemical ,  and ka ryomet r i c  methods. After  eight 
par t ia l  hepatectomies there  was a less  marked increase  in mitotic activity of the hepato- 
cytes than af ter  the f i rs t  operation. Differences in polyploidization of the hepatocytes were 
discovered after  the f i rs t  and eighth part ial  hepatectomies:  after the f i rs t  operation in the 
ear ly  stages there  was an increase  in the number of hepatocyte nuclei with a high degree of 
ploidy, and a tendency toward res tora t ion  of the hepatocyte nuclei appeared only after  1.5 
months, while after  the eighth operation the division of polyploid cells was observed at once, 
with a consequent increase  in the number of cells with small nuclei. The rat io between the 
var ious  c lasses  of nuclei af ter  1.5 months was close to the control figure for the same age. 

Regenerat ion of the l iver  after  repeated resect ion is beginning to at tract  attention as a subject for 
r e s e a r c h  because of the striking powers  of r ecovery  possessed  by the l iver [7-10, 12]. However, many 
aspects  of regenerat ion of the l iver  af ter  repeated resect ion remain  incompletely studied. 

For  some yea r s  now the wr i t e r s  have studied the l iver  af ter  repeated resect ion [2, 4, 6]. This paper  
deals with the special features  of regenerat ion of the l iver  after  eight successive resect ions  of that organ. 

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

Regenerat ion of the l iver  af ter  repeated resect ion was studied in 300 noninbred albino ra ts  weighing 
165 ~- 1.8 g. The experimental  animals were kept under conditions of permanent  art if icial  lighting. The 
l iver  was resec ted  in the morning (8-11 A.M.) at intervals  of 1.5 months (6-7 weeks). Hepateetomized ani-  
mals were sacr i f iced on the 2nd and 7th day and 1.5 months after  each operation; intact animals of the same 
age were  sacr i f iced at the same t imes.  

At the f i rs t  operation the left la tera l  lobe of the liver,  accounting for 35.4% of the initial weight of the 
l iver ,  was removed.  

At the second operat ion the central  lobe, accounting on the average for 48.6% of the residual l iver  
t i ssue af ter  the f i rs t  hepatectomy, was removed.  

At the third operat ion the right la tera l  lobe of the liver,  accounting on the average for 35.25% of the 
residual t issue of the l iver  af ter  the second hepatectomy, was removed. At the fourth operation the cordate 
lobe, accounting for 33.61% of the residual  l iver  t issue after  the third hepatectomy was removed. At the 
fifth operation the a c c e s s o r y  lobe of the l iver,  accounting on the average for 29.59% of the regenerat ing 
l iver,  was removed. At the sixth operation 1.16 g of l iver  t issue,  on the average 18.83% of the residual  t i s -  
sue of the l iver  after  the fifth hepatectomy, was removed.  During the seventh operation 1.17 g of l iver 
t issue, or  on the average 13.2% of the l iver  t issue after  the sixth resection,  was removed. At the eighth 
operation 1.23 g l iver  t issue,  on the average 19.4% of the t issue of the regenerat ing l iver  after  the seventh 
operation, was removed. 
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Fig. 1. Mitotic act ivi ty of hepatocytes  in control  and r egene -  
ra ted  l i ve r  of r a t s  at different t imes  a f t e r  resect ion:  A) mitot ic  
act ivi ty  of hepatocytes  af ter  single resec t ion  of l iver ;  B) mitot ic  
act ivi ty  of hepatocytes  af ter  eight succes s ive  r e sec t ions  of l iver .  

Fig. 2. Distr ibut ion of nuclei of hepatocytes  bY c l a s s e s  of ploidy 
in control  and regenera t ing  ra t  l iver :  A) a f te r  f i r s t  operat ion;  ]3) 
a f t e r  eighth operation.  Numbers  beneath columns denote c l a s se s  
of ploidy. 

P i eces  of l ive r  w e r e  fixed in neut ra l  10% formal in  and Carnoy ' s  fluid and embedded in paraf f in  wax. 
Depending on the object of the invest igation,  sect ions were  cut to different  th icknesses  (5 and 7#). Some 
sect ions  were  stained with hematoxyl in-eos in ,  by Van Gieson'  s method, and with aqueous blue. The PAS 
reac t ion  was  c a r r i e d  out to detect glycogen, the t e t razo l ium react ion for  total  protein,  the Feulgen reac t ion  
for  DNA, and staining with Sudan III to reveal  neutral  lipids. 

The mitot ic  index of the hepatocytes  was de te rmined  by counting the number  of mi toses  pe r  7000 cel ls  
(ocular 10, object ive 90). 

P rev ious  invest igat ions using k a r y o m e t r i c  and cytophotometr ic  ana lys i s  have shown that the nuclear  
vo lumes  of the hepatocytes  in the regenera t ing  l i ve r  of r a t s  co r r e l a t e  with the i r  ploidy. On this  bas i s ,  the 
ploidy of the hepatocytes  was  studied by k a r y o m e t r i c  ana lys i s  of the i r  nuclei using a sc rew-ad jus t ed  ocular  
m i c r o m e t e r  (ocular  15, object ive  60). The nuclei of 500 no rma l  mononuclear  hepatocytes  were  m e a s u r e d  
in each specimen.  

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

As a resu l t  of  the eight pa r t i a l  hepatec tomies ,  the quantity of l i ve r  t i s sue  r emoved  was  2.5 t imes  
g r e a t e r  in weight than the no rma l  l iver ,  and in some animals  the total  weight of r e s e c t e d  l i ve r  t i s sue  was  
th ree  t i m e s  the weight of the intact  l iver .  

The re la t ive  weight of the l i ve r  1.5 months a f t e r  the eighth opera t ion (3.63%} was  not significantly dif-  
fe ren t  f r o m  i t s  re la t ive  weight in intact an imals  of the same  age (3.73%). 

A s tudy of histological  p r epa ra t ions  of the l i ve r  of the an imals  on the 2nd day a f te r  the eighth o p e r a -  
tion revea led  po lymorph i sm of the hepatocytes  and the i r  nuclei. The l i ve r  cel ls  w e r e  inf i l t ra ted with l a rge  
drople t s  of fat which cont ras ted  with the tiny drople ts  a f te r  the f i r s t  r e sec t ion  of the organ.  The cytoplasm 
of the hepatocytes  was  s t rongly vacuolated.  Cloudy-swell ing degenerat ion in the cy top lasm of the hepatocytes  
was revea led  by staining for  protein.  The glycogen content of the l iver  was  sharply  reduced. The mitot ic  
index was  6.5 ~ (Fig. 1). 

A study of the volume of the hepatoeyte nuclei showed that the number  of diploid nuclei was a lmos t  
doubled, while the num ber  of te t rap lo id  nuclei was  reduced by a lmos t  half, and at the s ame  t ime  there  was  
a cons iderable  i n c r e a s e  in the number  of octaploid and 16-ploid nuclei.  
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The inc rea se  in the number  of diploid hepatocyte nuclei was  due to division of te t raplo id  nuclei 
(Fig. 2}. 

On the 7th day a f t e r  the eighth operat ion the fatty inf i l t rat ion of the hepatocytes  had changed in 
c h a r a c t e r  to the smal l  droplet  type. The l i ve r  glycogen concentrat ion was  higher than on the 2nd day. 
Mitotic division among the hepatocytes  was cons iderably  l e s s  frequent.  The mitot ic  index was  0.3 ~ On 
the 7th day the re  was a fu r the r  i n c r e a s e  in the number  of diploid hepatocyte  nuclei. The number  of t e t r a -  
ploid nuclei  was  a lmos t  unchanged. The number  of octaploid and l '6-ploid nuclei showed a sharp  dec rease .  
The i nc r ea se  in the number  of cel ls  with smal l  nuclei at this  per iod  can be explained by division of the 
octaploid and 16-ploid nuclei. 

No fatty inf i l t rat ion of the hepatocytes  could be detected 1.5 months af ter  the eighth operation.  The 
glycogen concentra t ion in the l ive r  cel ls  was  a lmos t  normal .  The cytoplasm was  finely granular .  Mitotic 
division among the hepatocytes  was  v i r tua l ly  absent.  

The study of the volume of the hepatocyte  nuclei showed a tendency toward a dec rea se  in the number  
of diploid nuclei and an i n c r e a s e  in the number  of te t rap lo id  and octaploid nuclei.  The number  of 16-ploid 
nuclei was  unchanged. The re la t ive  p ropor t ions  of the nuclear  c l a s s e s  we re  close to those in the control  
an imals  of the s ame  age. 

It can be concluded f r o m  these  r e su l t s  that the l i ve r  p o s s e s s e s  high r egenera t ive  power  a f t e r  f r e -  
quent resection of the organ. The absolute and relative weight of the liver after the eighth resection were 
not significantly different from those after the first resection or of the liver of intact animals of the same 
age. A histological investigation showed that the regenerating liver 1.5 months after the eighth operation 
is very little different from the liver regenerating after the first resection, or from the liver of intact an[- 
mals. However, some special features of the liver regenerating after the eighth operation must be pointed 
out. Fatty infiltration and cloudy swelling were more marked after the eighth operation than at the same 
time after the first operation. Bands of hepatocy~es with homogeneous cytoplasm were seen in the peripor- 
tal zones. After the eighth operation the same pattern of change in the dynamics of the mitotically dividing 

hepatocytes was observed, but the maximal mitotic activity of the hepatocytes found on the 2nd day after 
the eighth operation was somewhat lower than at the same time after the first operation. The study of the 
volume of the hepatocyte nuclei after the eighth hepatectomy showed differences in the level of polyploidiza- 
tion of the hepatocytes compared with that after a single resection. 

Whereas on the 2nd and 7th days after the first hepatectomy an increase in the number of hepatocyte 
nuclei with a higher level of ploidy (4 n-8 n) was accompanied by a sharp decrease in the number of diploid 
nuclei, and a tendency for restoration of the normal number of diploid nuclei, evidently by division of nuclei 
with higher ploidy, was not observed until 1.5 months later, on the 2nd and 7th days after the eighth opera- 
tion there was a growing increase in the number of diploid nuclei (on account of division of tetraploid 
nuclei on the 2nd day, and of division of octaploid and 16-ploid nuclei on the 7th day). The ratio between the 
c l a s s e s  of nuclei  1.5 months a f t e r  the eighth r e sec t ion  of the organ was s i m i l a r  to that  in the control  ani-  
ma l s  of the s a m e  age. 

The r e su l t s  showed that,  bes ides  mitot ic  division of the hepatocytes ,  polyploidizat ion of these cel ls  
p lays  an impor tan t  role  in r epa ra t i ve  regenera t ion  of the l iver .  

Polyploidizat ion of the hepatocytes  helps them to c a r r y  out the i r  i nc reased  functions and may also act 
as  a r e s e r v e  of new hepatocytes  as a resu l t  of division of the polyploid cel ls ,  as  was  seen pa r t i cu l a r ly  
c l ea r ly  a f t e r  the eighth hepatec tomy,  which was p e r f o r m e d  on aging ra t s ,  in which the pr inc ipa l  c l a s se s  of 
hepat ic  nuclei a r e  those  with high ploidy. 

Af te r  the eighth r e sec t ion  the appearance  of new hepatocytes  is due pr inc ipa l ly  to division of po ly-  
ptoid cells .  
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