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A fair degree of unanimity has been reached over the cy tochemica l  changes and intensity of prol i ferat ion of  
cells  after part ia l  hepa tec tomy [1, 3, 5, 6, 7, 12, i3] ,  yet confl ict ing est imates have been made of  the number,  s i tu-  
ation, and formation of binuclear  cel ls  in the normal and regenerating l iver.  Some writers [4] consider that  the per-  

centage of binuclear  cel ls  is greatest  in the l iver  of young (45 g) rats, and that with age their number falls to a cer ta in  
level ,  which is then mainta ined throughout life.  Other writers [9,10] suggest that with age the number of  b inuc lea r  
cells  in the an imal  l iver  increases. The number of these cells in the regenerating l iver  decreases during intensive 

proliferation [4, 6, 14]. 

Differences of opinion also exist concerning the origin of the binuclear  cel ls  in the l iver.  It has been suggested 
that they are formed as a result of amitosis [8, 9], or mitosis not terminat ing in division of the ce l l  body [6, 15]. 

There is l i t t le  information concerning the late  results of par t ia l  hepatec tomy.  In our ear l ie r  reports we des- 
cribed changes taking place in mononuclear  l iver cells ,  ret icul in fibers, and the glycogen of the regenerat ing l iver  

of rats 17 months after part ia l  hepatec tomy [2, 3]. In the present research we de termined the number and size of  the 
binuclear  cel ls  and counted the number of dividing cel ls  in normal and regenerat ing l iver  from 2 to 17 months after 
par t ia l  hepatec tomy.  

E X P E R I M E N T A L  M E T H O D  
Experiments were carried out on 39 female rats in i t ia l ly  weighing 135-150 g. In 21 animals  two-thirds of the 

l iver was resected (central  and left  la tera l  lobes) under ether anesthesia by the method of Higgius and Anderson [7], 
a l igature first having been applied to the base of the resected lobes. The remaining 18 rats, not undergoing the op-  

eration, served as controls. After the operation,  a l l  the animals rece ived  white bread and water  ad l ib.  for a period 
of 1-3 days, after which they were transferred to a pel le t  diet .  The animals were sacrif iced 2, 5, and 17 months after 
the beginning of the experiment.  Pieces of the l iver were fixed in Carnoy's fluid. The ma te r i a l  was embedded  in 
paraffin wax in the ordinary way. Sections were cut to a thickness of 9/~.  In sections stained by Feulgen's  method 
and with light green, from both the intact and regenerating l iver,  the numbers of l iver  cel ls  with nuclei  dividing by 
mitosis, amitosis, and fragmentation were counted, and the number of binuclear  cei ls  in a to ta l  of  4500-6500 cel ls  
was determined.  We assumed, by amitosis, a form of ce l l  division in which the nucleus was shaped l ike a dumbbel l .  
A separate group included dividing l iver cel ls  with nuclei  in various stages of fragmentation,  according to the class-  
i f icat ion suggested by Nagata [8]. Counting was carried out under an oi l  immersion objec t ive  (• and ocular  (•  

of a binocular microscope. The field of vision of  the microscope was bounded by a diaphragm, the aperture size of 
which was 0.7 • 0.7 ram. The results of the counting of the binuclear  cells  were manipula ted by Pfuhl's formula [ t l ] .  

The dimensions of the binuclear  cells  and of their nuclei  were obtained,  measuring the large and smal l  d i a m e -  

ters of the ce l l  and the d iameter  of one of the nuclei.  In the l iver of each rat 100 cel ls  and 100 nuclei  were measured 
in this way. The area of  the nucleus was ca lcu la ted  from the formula for the area of a c i rc le  (~rrZ), and the area of  the 

ce l l  was ca lcula ted  as the product of its two diameters .  The numer ica l  results thus obtained were ana lyzed  s ta t i s t i ca l ly  
by the Fisher-Student formula. 
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E X P E R I M E N T A L  R E S U L T S  
The results of the counting of the dividing and binuclear cells in the intact and regenerating liver are shown in 

Table 1. Mitoses and amitoses were found extremely rarely in the intact liver of the control rats 2 and 5 months after 
the beginnirig of the experiment: 1 mitosis and 0.2-4 mitoses per 10,000 cells. Seventeen months after the beginning 
of the experiment, examination of 4500 ceils failed to reveal a single liver cell the nucleus of which was dividing by 
mitosis or amitosis. 

In the liver of the intact rats the number of fragmenting cells increased gradually with age from 10% 0 2 months 
after the beginning of the experiment to 31%0 after 17 months. 

In the regenerating liver of the rats 2 and 17 months after partial hepatectorny, mitoses and amitoses were ex- 
tremely rare, as in the intact organ: 1 mitosis and 1-2 amitoses per 10,000 cells. Mitoses and amitoses were more 
common in the regenerating liver 5 months after the operation: 7 mitoses and 11 amitoses per 10,000 cells. Through- 
out the period of the investigation from 2 to 17 months, the number of fragmenting liver cells underwent little change: 
21-34 per 10,000 cells. 

The distribution of binuclear cells within the lobules was irregular; they were commoner around the central 
vein, and their nuclei were smaller here. As the animals grew older (2-17 months), the number of binuclear cells in 
the intact liver rose gradually from 5.9 to 14.1% (P,~ 0.001). In the later stages of the investigation, however, there 
were considerable individual variations in the number of binuclear liver cells. For this reason the counts of these cells 
after 17 months were not always in agreement. For instance, in 4 of the 6 intact animals, the number of binuclear 
liver cells was unchanged by comparison with the earlier periods of the investigation (5 months), and amounted on the 
average to 11%, whereas in the other two rats their number rose sharply (up to 23.9%). 

TABLE 1. Average Number of Dividing, Binuclear, and Mononuclear Liver Cells 

Duration of No. 
experiment of 
(in months) rats 

Number of 

mitoses amitoses 
frag- binuclear, by 
menting Pfuht's formula 

2 7 I 0.43 " l 14.7 
5 7 3.10 5.10 15.4 

17 7 0.60 1.00 11.2 

2 
5 

17 

61 o o 1 o171 IO 6 0.70 2.10 29.9 
6 - - 31.5 

Number of cells 

binu- with 3 with 4 binu- 
clear nuclei nuctei clear 

R e g e n e r a t i n g  l i v e r  

264 I 2 ~ 0  - 1 6.1 
629 6.4 0.57 12.9 
355 1.9 6.9 

In t ac" t  l i v e r  

235 2.5 3.6 
317 0.8 0.16 6.6 
428 3.7 0.80 913 

Total no. 
of cells 
counted 

12.9 4284 
20.7 4794 
9.6 5189 

5.9 6584 
11.3 4751 
14.1 4564 

TABLE 2, Dimensions of Binuclear Liver Cells and of their Nuclei, and Ratio between Area of Nucleus and 
Area of Cytoplasm 

Diameter (in /i) 
Duration of No. 

~xperiment of of cell  of cell 
[in months) rats body 

5 7 
17 7 

2 
5 

17 

l 27.6 20.8 
29.8 20.8 
22.0 17.2 

24.1 I 16.4 
25.8 18.6 
26.4 19.4 

Area (in /~z 

of nucleus of cell of cytoplasm 

R e g e n e r a t i n g  l i v e r  

8.8 I 574.1 513.3 

7.8 I 619.8 573.2 
6.1 378.4 349.2 

I n t a c t  l i v e r  

395.2 ] 
479.9 
512.2 

7.5 
7.5 
7.4 

of nucleus 

Ratio between area 
of nucleus and area 
of cytoplasm 

351.0 
435.7 
469.2 

60.8 
46.6 
29.2 

l 44.2 
44.2 
43.0 

1:9 

1:13 

1:13 

1:9 

I:II 

1:12 
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The number of binuclear  cei ls  in the regenerating l iver  2 and 5 months after par t ia l  hepa tec tomy was twice  
their number in the intact  organ ( P ,  0,001), and it was not until  17 months after the operat ion that they became fewer 
in number than in the l i ve r  of the control  animals of  the same age:  9.6% in the regenerat ing l iver ,  14.1% in the con-  
trol rats (P = 0.0"/). 

At a l l  periods of the investigation the number of mul t inuclear  cel ls  in the in tac t  and regenerat ing l iver  of  the 
animals was small ,  ranging from 0 to 8 cells per 10,000 with 3 and 4 nuclei .  This figure was s l ight ly  e x c e e d e d  only 
in the case of the regenerating l iver  of rats sacrif iced 5 months after operat ion (13 per 10,000 cells) .  

Throughout the period of  the investigation (2, 5, and 17 months after operation) the size of the nucle i  of  the in-  
tact  l iver cei ls  of the control  animals showed hardly any change (see Table 2), and their  average area was 43.0-44.2  g z 

On the other hand, the area occupied by the cytoplasm gradual ly  increased with age, so that  the ra t io  between area of  
nucleus and area of cytoplasm fell.  

From 2 to 5 months after hepatec tomy,  hypertrophy of the nucleus and cytoplasm of  the binuclear  ce l ls  of  the 
regenerat ing l iver took place by comparison with the l iver  of control  rats of the same age,  and hypertrophy of the 
nucleus was more m a n e d  2 months after operation,  while hypertrophy of  the cytoplasm was more marked af ter  5 
months (P = 0.009). After 17 months the areas of  the nucleus and cytoplasm of the binuclear  ce l ls  fe l l  to less than 
two thirds of the areas of the nucleus and cytoplasm of the binuclear  cel ls  in the l iver  of the control  animals  (P= 0.018 

for the ce l l  and P ;0 .008  for the nucleus). 

If the changes in the area of the nucleus and cytoplasm of  the binuclear  liver cel ls  in the regenerat ing l iver  of  
the rats after 2, 5, and 17 months are compared,  it  will  be seen that  the nuclei of these cel ls  gradual ly  b e c a m e  sma l l e r :  
from 60.8 g ~- 2 months after operation to 29.2 g 2 after 17 months (P = 0.014), while the area occupied  by  the cy top lasm 
was not reduced until  5 months after hepa tec tomy (P = 0.001). 

The ratio between nucleus and cytoplasm in the  regenerating liver of the rats fel l  during the period from 2 to 5 
months, and then became stabi l ized:  it  remained sl ightly lower than in the liver of the control  rats o f  the same age.  

Hence, the changes in the number of binuclear  l iver cells  and in the dimensions of these cel ls  and of  their  nu- 
c le i  in the intact  and regenerating l iver of the rats in the course of aging were different in character .  The number  
of binuclear  cells  in the liver of the control  rats increased with age, i .e . ,  as the an imal  grew older  their  impor tance  
increased, while in the regenerating l iver this process took place  only between the 2nd and 5th months. 

The changes in the size of the nuclei  and cytoplasm of the binuclear  ceils  also differed in the in tac t  and regen~ 
crating liver. In the intact  l iver the size of the binuclear  cells  gradually increased with age (2-17 months),  whereas 
the size of the nucleus was unchanged. An increase in the size of the binuclear  cei ls  in the regenerat ing l iver  was ob -  
served only until the 5th month after hepatectomy,  after which the cytoplasm of  the cel ls  shrank: the nucleus g radua l ly  
decreased in size with effect  from 2 months after the operation.  

The changes developing in the regenerating l iver of  rats 17 months after operation [2, 3] also a f fec ted  the  b i -  
nuclear cells,  causing some of  them to atrophy, as shown by the considerable decrease in the size of these ce i l s  and 
their nuclei.  

S U M M A R Y  
In the nonoperated l iver of control female rats 2 to 17 months after the beginning of the exper iment  there  was 

a gradual increase of the number of binuclear  cells  and their sizes: the size of the nucleus remained  unchanged.  2 -5  

months after the removal  of two thirds of the l iver the percentage of binuclear  cells  was higher than in the l iver  of  the  
control animals of the same age; moreover hypertrophy of  binuclear  cel ls  and their  nucle i  was observed at  these periods.  
At the late postoperative dates (in 17 months) the percentage of binuclear  hepat ic  cei ls  decreased:  their  s ize and the  
size of their nuclei  also became smaller .  
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A11 abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the  a b b r e v i a t i o n s  as  g iven  in the  or ig ina l  R u s s i a n  j o u r n a l  Some or all of  this  peri- 
odical l i t e ra ture  may wel l  be  ava i lab l e  in Engl i sh  translation.  A co mp le t e  l i s t  of  the c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  of  th i s  i s s u e .  
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