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The question of morphological changes .in the liver of mammals that have undergone regeneration hypertrophy 
following hepatectomy is far from resolution. This pertains ' in the first order, to changes in the large structural com- 
ponents of the o r g a n -  the hepatic lobules and the vascular network. 

It is known that, in pigs, the liver is clearly constructed: due to the presence of marked connective tissue 
partitions between the individual hepatic lobules, the latter are easily distinguished. 

We considered it of interest to eIucidate the character of the changes in the hepatic Iobules in the process of 
regeneration of the organ, to determine whether or not new lobules are formed, and to determine the histogenetic 
characteristics of the process of liver regeneration in pigs. 

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

In the experiment we used 10 young pigs from a single litter, weighing 6-7 kg, 1�89 months in age. In 6 of the 
animals, under local, novocaine anaesthesia, we performed partial hepatectomies, through an incision in the skin and 
muscle under the left subcostal margin, we partly externalized the left lateral and central lobes of the liver, and then 
removed the distal portions of both lobes. Prior to the partial hepatectomy, silk literatures were placed in the par- 
enchyma of the lobes being traumatized, near the site of amputation. The removed portion of the liver weighed an 
average of 29 grams, with a total weight of the organ of 200-250 grams. During the operation, and over the 2 days 
immediately following, each animal was injected with approximately 1,000,000 units of penicillin. Two animals 
were sacrificed on the 3rd, 14th, and 68rd day after the operation (at 10-11 : 00 A.M.), as well as one control pig at 
each of these intervals. After slaughtering, we weighed the animals and the extracted liver. 

For histological investigation, the liver was fixed in Zenker's solution with formol and in 10% formalin. Paraffin 
sections, 6-8 micra in thickness, were stained with hematoxylin and eosin, according to Mallory. Using the prepara- 
tions, stained according to Mallory, we drew 40-50 lobules in each case, calculated their area, then calculated the 
mean cross sectional area of one lobule. We determined the area of the lobules in a traumatized l o b e -  near and 
distant from the wound surface, and in a non-traumatized lobe. At the same time, we measured the area of the 
lobules in the liver of a control animal. In the early periods of regeneration (3-14 days after the hepatectomy) we 
determined the mitotic activity of the liver cells in the experimental and control animals. 

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

In all 6 of the pigs that underwent the operation, the postoperative period passed smoothly. On autopsy of the 
animals, 3 days after the partial hepatectomy, the stumps of the operated lobes of the liver showed normal coloring, 
and a well manifested lobular appearance. At the wound surface, in the areas where the ligatures were placed, we 
observed minimal necrosis of the parenchyma; the free borders of the wound surface were clean and without signs of 
necrosis. By relative weight, the liver of the experimental animals was close to the weight of the liver in the controls 
(in the experimental g r o u p -  3.1%, in the con t ro l -  3.8%; mean absolute weight of the liver in the experimental group 
was t99 grams, in the c o n t r o l -  250 grams). 
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TABLE I. Character of the Distribution of Mitoses in the Liver Lobule on the 3rd Day 
After Partial  Hepatectomy 

Index 

Number of mitoses in 50 l iver 
lobules 

Average number per lobule 

Local 
at the 
central  vein 

12 
0.2 

izat ion of mitoses 
middle  of 
the lobule 

33 

0.6 

periphery of 

the lobule 

70 
1.4 

TABLE 2. 

Group of 

animals 

Experimental 

Control 

Dimensions of the Liver Lobules in Experimenta 

Local izat ion of the lobules 

In the t raumatized lobe,  near the 

wound surface 

In the t raumat ized lobe, distant from 
the wound surface 

In the non- t raumat ized  lobe 

In the right lobe 

and Control Animals  at Different Periods of Regeneration 

Time after operation (in days) 

3 I 14 I 63 
dimensions of the lobules (in mm 2) 

181 

365 

336 

369 

Borders of the 
lobules un- 
distinguish- 

able 
328 

312 

248 

403 

631 

677 

894 

On his tological  investigation of the l iver from exper imenta l  animals,  in the areas of parenchyma adjacent  to the 
wound surface we observed di la ta t ion of the large and small  vessels and sinusoids. At the very edge of the wound sur- 
face, along with resorption of escaped blood, there occurred a pronounced widening of the bi l iary ducts and the forma- 
tion of a scar. A hove this zone, there appeared groups of hepat ic  cel ls  that were distinguished by markedly eosinophil ic 
and homogeneous cytoplasm. The remaining portion of the parenchyma in the t raumat ized lobe was normal. 

In the liver of the operated and control animals,  we encountered mi to t ica l ly  dividing hepat ic  cells.  In the first 
case, they were s ignif icant ly more frequent. In the regenerating l iver,  the mi to t ic  coeff icient  was equal  to an average 
of 2.5%, while in the control - 1%. In the t raumat ized lobe, within the zone of l iver  cells ad jacent  to the wound sur- 
face, the mitot ic  index was as high as 4.5%. We observed more frequent loca l iza t ion  of the mitoses in the middle 

portion of the lobule and at its periphery. Significantly fewer mitoses were seen near the central  vein (Table 1). 

On the 3rd day after part ia l  hepatectomy,  the dimensions of the lobules in the t raumat ized and non- t raumat ized  
lobes of the l iver  somewhat exceeded those in the l iver of the control an imal  (Table 2). Thus, in the exper imenta l  
animals,  the mean measurement of the cross sectional  area for the lobule in the t raumat ized lobe was equal  to 328 
mm 2 (magnified by 20 times), while in the c o n t r o l -  248 mm z, i .e . ,  in the exper imenta l  animals the lobules were 
markedly hypertrophied. The difference between the dimensions of the lobules in the exper imenta l  group and the 
control was stat ist icaIly significant (P = 0.0001). Near the wound surface, at this interval ,  the lobules were intensely 
disrupted, and their borders were poorly distinguished. 

Investigation of the regenerating l iver  in the young pigs on the 14th day after par t ia l  hepatec tomy showed that 
the fundamental  mass of the l iver parenchyma,  including the t raumat ized lobes, possessed normal histoarchitectonics.  
The mi to t ic  ac t iv i ty  of the l iver cells  was markedly reduced.  The mi to t ic  coeff ic ient  in the exper imenta l  and con- 
trol groups was equal to 0.8-1%. At the wound surface of the t raumat ized lobes there was scar formation.  The di la ted 
bi l iary ducts at the edge of the wound underwent gradual degeneration.  

The zone of parenchyma,  3-7 mm in width, adjacent  to the wound surface, was l igher in color, which was 
caused partly by di la ta t ion of the vessels and sinusoids and partly by the less homogeneous and granular protoplasm 

of the l iver cells  in this area. The l ighter  zone at the wound surface consisted of small  l iver  lobules (Fig. 1), which 

seem to surround the entire edge of the t raumat ized region. In the more proximal  portion of the lobe,  these lobules 
were rarely encountered. According to our measurements (see Table  2), the dimensions of the l iver lobules at the 

wound surface were almost half  as large as in the remaining lobes of the t raumat ized  organ or in the control. The re~ 

maining portion of the parenchyma in the t raumat ized and non- t raumat ized  lobes consisted of large hepat ic  Iobules, 
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Fig.  1. Small liver lobules at the wound surface 
on the 14th day after partial hepatectomy (in- 
dicated by arrows). Magnification x 36. 

Fig. 2. Large liver lobules in the traumatized lobe, 
distant from the wound surface, on the 14th day after 
partial hepatectomy. Magnification • 86. 

equal in size to the liver lobules of the control (Fig. 2). By comparing the dimensions of the liver lobules, it can be 
seen that after 14 days the dimensions of the basic mass of lobules in the experimental group were practically un- 
changed, while in the control they increased markedly, This fact can be explained by the evidence that small changes 
in the weight of the liver during growth are not necessarily accompanied by a marked increase in the dimensions of 
the lobules [10, 14]. Also, individual variation is not excluded. In our case, the weight of the liver in the experi- 
mental  animals had increased by an average of 70 grams after 2 weeks, while in the c o n t r o l -  by more than 100 grams 
(mean absolute weight of the liver in the experimental animals was 287 grams, in the c o n t r o l -  353 grams). 

Due to the death of one of the experimental animals, on the 63rd day after partial hepateetomy we carried out 
a histological investigation on one experimental and 2 control animals. In the experimental pig, and in one of the 
control pigs, the liver was partly infected by eehinoeoccus, as evidenced by macroscopically striking parenchymal 
changes in certain areas, as well as an elevated eosinophile count in the peripheral blood. 

Despite the above facts, we investigated the area of the wound surface and the healthy regions of the liver in 
the experimental animal, as well as the liver of the control animals. We observed a thick scar on the wound surface. 
The liver lobules at the wound surface often appeared abnormally shaped, and were surrounded by thick connective 
tissue walls (their dimensions increased in comparison with the previous interval of the investigation, but still differed 
markedly from the measurements of the lobules in the remaining portions of the traumatized hepatic lobes). Statistical 
analysis of the numerical data showed a significant difference between the measurements of the lobules at the wound 
surface and the lobules in the remaining areas of the traumatized lobe (P -- 0.0002). In a number of sections, the 
division of the liver into individual lobules was very poorly manifested at the wound surface. In the total mass, the 
measurements of all the liver lobules, both in the experimental and control organs, increased in connection with 
growth of the animals. 

Although in investigating liver regeneration in young pigs we used a small amount of data, we were able to 
note a number of interesting facts. The distinguishing characteristics in the liver structure of the pig did not affect 
the nature of the response to trauma, i.e., the changes caused by removal of a portion of the liver were analogous to 
those which we observed in other species of animals [1, 4, 5, 6]. Soon after the operation, we noted an increase in 
the nitotic coefficient for the liver ce l l s .  Because of the clearly manifested lobular structure of the liver, it was 
possible to demonstrate the uneven distribution of mitoses in the borders of the lobttle, specifically~ mitotically 
dividing cells were localized in large numbers in the middle and peripheral zones of the liver lobule, but rarely 
around the central vein. This fact was also pointed out by Meister [3], who studied the regenerating liver of the rabbit. 
However, ultimately the question of the localization of mitoses in the lobule was inadequately investigated, since the 
liver of the majority of mammals has a poorly manifested lobular structure, and is not very suitable for this plan of 
study [2]. The increase in the number of mitoses toward the direction of the periphery of the lobule is obviously caused 
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both by a number of known [7-13] physiological  characterist ics of the l iver cells  located at the marginal  zone of the 

lobule,  and by the more favorable conditions for the supply of their  arterial  blood. 

Concerning the character iza t ion of the state of the l iver  tobules in the process of hepatic regenerat ion in pigs, 
it should be noted that, at the ear ly stages of regeneration (3 days after part ia l  hepatectomy) ,  in [he basic mass of the 
l iver  they are hypertrophied. 

It is true that the hypertrophy of the lobules in the experiments presented was not as ma~ked as in the exper i -  
ments on rats [4]. This is due to the fact that in the pigs we removed a re la t ive ly  smatl  portion of the l iver ,  consist- 
ing of 1/Sth of the weight of the organ. The presence of smaller l iver  lobules at the wound surface than in the re -  
maining portion of the organ, on the 14th day after the operation, brings to mind the possibility that they are newly 
formed in this area of the t raumatized organ. In addition, it  is comple te ly  possible that the small  lobules at the 
wound surface are areas of the parenchyma of old lobules that were retained after the trauma and have undergone re-  
construction. We observed similar phenomena in the experiments on rats, associated with peripheral wounds of the 
l iver  [5]. 

Special  supplementary investigations are needed for a more exact  answer to the question of whether new lobules 
can be formed in the l iver of mammals  during hepatic regeneration.  

S U M M A R Y  

About 1/8 of the l iver  (distal portions of the left  la teral  and central lobes) were removed in 6 young pigs aged 
1.5 months. Regenerating l iver  was investigated on the 3rd, 14th and 63rd postoperative days. As demonstrated, re-  
generation of the l iver  at the earIy periods was accompanied by the rise of mi to t ic  ac t iv i ty  of hepat ic  ceils and hy- 
pertrophy of hepatic lobules. Mitoses within the lobule were unevenly distributed - their greatest number was loca l ized  
in the middle and peripheral zones of the lobule,  On the 14th-63rd days of regenerat ion smal ler  hepat ic  lobules were 
revealed at the wound surface; the possibility of their formation anew was considered. Perhaps, however, the small  
lobules represented the retained and reconstructed areas of old lobuies. 
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