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Large-scale investigations have recently been carried out into the study of the regenerative powers of 
mammalian organs, and especially the regeneration of the internal organs. The heightened interest of research 
workers in this problem has been due to an attempt to find an experimental basis for new theoretical concepts, 
and to the requirements of practical medicine. 

The great regenerative powers of certain internal organs of mammals are not now in doubt. Relatively 
little attention has been pa id ,  however, ,to the problem of the structural and functional qualities of the regenerating 
organ, which requires more detailed analysis. 

For instance, i t  has been shown that removal of a large part of the liver, up to four fifths of its mass, in 
mammals,  very quickly leads, in 7-14 days , to complete restoration of the initial size of the organ. The 
removed lobes are not reformed under these circumstances, but a regenerative hypertrophy of the residual lobes 
of the liver takes place [3, 8, 10, 11, 12]. 

This rapid restoration of the damaged liver is brought about by the intensive mitotic proliferation of the 
liver cells. Proliferation of the cells of the efferent ducts and the stroma takes place to a lesser degree [9]. 

After extirpation of two lobes of the liver in rats, on the 3rd day the number of liver cells in the regenerating 
liver is 65 %, and on the 12th day 89%, of the number of liver cells in animals not undergoing operation [6] .  
The question whether such a rapid quantitative replacement of the cells is accompanied by structural changes 
in the organ has received only little study. 

In earlier work [3, 11] it was asserted that the microsoopic structure of the ~ regenerating liver (after 
the surgical procedure described above) Was characterized by hypertrophy of the hepatic lobules. These 
authors did not describe the formation of new structural units of the organ.Later workers, however, concerned with 
the study of regeneration of the liver, began to hold that the formation of new lobules does take place in the 
liver, and that these are indistinguishable from normal in their structure [4, 8]. 

These divergent views may be explained by the absence of special research directed toward the solution 
of this problem. Little attention has been paid, in particular, to the study of the topography of the blood 
vessels in the regenerating liver, which could give much valuable evidence abou t its structure. 

We know only one paper [5] in which it is pointed out that the blood pressure in the portal vein of a 
regenerating liver is lowered, and thus , according to the views of Elias [6], the arrangement of the Uver lobules 
is inverted in character, i j e ,  the portal and not the hepactic vein is in the center of each lobule. 

This state of affairs impelled us to carry out the present investigation, with the special object of 
ascertaining the dimensions of the lobules in the regenerating liver of rats, by demonstrating the topography 
of the arterial vessels of the liver. 
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Fig. 1. Section of the normal liver of a rat after injection of 
the arterial vessels with India ink. The contours of the indi- 
vidual tobules are clearly seen. Magnification 75x . 
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E X P E R I M E N T A L  M E T H O D  

In male white rats, weighing 115-150 g, total extirpation of the left lateral and central lobe of  the liver 
was performed , and ligatures applied to the bases of  these lobes by the method of Higgins and Andersen. The 
portion removed accounted for 60-70 % of the weight of  the organ. The regenerating liver was investigated 1, 2 ,  
3, 7 ,  12, 14, 20, 30, 50, 75, 90 and 180 days after operation. At each time 5 experimental and 3 control 
animals were sacrificed. 
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The main  diff icul ty in demonstrat ing the strucgure of the regenerat ing l iver  was the absence of  any c lear  
division into lobules. The contours of the lobules cou ld ,  however,  be quite c lear ly  distinguished by in jec t ion  of  
a mixture  of  Ind ia  ink and gelat in into the ar ter ia l  system of  the l iver.  A 4~ solution o f  gela t in  in i nk ,  warmed 
to 37-4f f ,  was in jec ted  into the anesthet ized animal ,  through a thoracotomy direct ly  into the aorta,  in a volume 
of  1 cm s. Before in ject ion a first l igature  was t ied above the site of in ject ion and after the in jec t ion  a second 
l igature was t ied below the site. 

After in jec t ion  of  the ink the c i rcula t ion must be stopped i m m e d i a t e l y ,  Otherwise the ink escapes from the 
ar ter ia l  capi l la r ies  into the venous,  so that the contours of  the lobule  are obl i te ra ted .  The  sacr i f iced animal  
was p laced  without de lay  in the refrigerator for 30 minutes at a tempera ture  of  0 ~ and was then kept for 24 
hours at +2 ~ . After 24 hours the l iver was fixed in 10~ formalin,  and sections were cut to a thickness of 10p 
on a freezing micro tome.  

The upper part of  the right lobe of  the l iver  was r emoved ,  not far from its base, from both exper imenta l  
and control animals;  this was the most convenient  p lace  for the preparat ion of  tangent ia l  sections. The  
structure of  the lobule was seen best of  a l l  in sections passing just beneath the capsule. In these areas near ly  
a l l  the lobules were cut transversely,  which fac i l i t a t ed  their  counting and measurement .  

For measuring the area of  the lobules sections of  equal  size were used, passing at roughly the same distance 
from the capsule.  By means of an Edinger drawing mach ine ,  with magnif ica t ion  19 t imes ,  the contours of a l l  
the lobules in one section from each l iver  were t raced on c leaned x - r a y  fi lm. The  section usually contained 

12-26 lobules. Areas of  f i lm,  corresponding to the individual  lobules,  were cut out and weighed on torsion scales. 

The values obtained were divided by the weight of 1 cm ~ of fi lm. Having es t imated  in this way the area lobule ,  
the mean area of  the lobules was then ca lcu la ted .  

In order to a n a l y z e  the structural  relationships between the vessels of  the regenerat ing l i v e r  and the 
parenchyma,  and also to provide supplementary information on the dimensions of the lobules,  the number of  
central  veins in a f ield of vision of the microscope was counted,  at a magni f ica t ion  of  20 t imes.  Three  fields 
of  vision were used in each section. 

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

In the l iver  sections,  the ar ter ia l  cap i l la r ies  s i tuated around the per iphery Of the lobule  were f i l l ed  with 

in jec ted  ink and c lear ly  out l ined its contours. The centra l  veins were wel l  marked ,  thanks to their  centra l  
position in the transverse sections of  the lobules,  and tO the almost comple t e  absence of  dye from them (Fig. 1). 

In the first few days after operat ion,  d i la ta t ion  of  the centra l  and per ipheral  veins of  a l l  the lobu les ,  and 
also of  their  venous and ar ter ia l  capi l la r ies ,  was observed. 

The results of  the counts of the number of centra l  veins in a f ie ld of vision of  the microscope,  and of  the 
measurement  of  the area of  the lobules in the sect ion in the exper imenta l  and control  animals ,  are shown 
in the table .  For each period of  regenerat ion the mean  values obta ined  in three  animals  are given. 

The  results obta ined show that  the dimension of  the hepa t ic  lobules began to change quite early.  Within 

24 hours of operat ion,  the dimensions of  the hepa t ic  lobules in the regenerat ing l iver  were increased.  The 
number of centra l  veins in a f ield of  vision in the l iver  preparations from the control  animals  was 8 ,  and from 
the exper imenta l  animals  7. The  corresponding areas of  the lobules were 147 and 193 mm 2 : The  differences 
between the exper imenta l  and control  values were s ta t i s t i ca l ly  s ignif icant .  The  increase  in size of  the  l iver  
lobules in the first 24 hours was ev iden t ly  due both to an increase  in the size of  the hepa t ic  ce l ls ,  as pointed 
out by several  authors [3,  10, 11], and to considerable  d i la ta t ion  of  the blood vessels. 

On the second day,  when prol i ferat ion of  hepa t ic  cel ls  began in the pa r t i a l ly  resected l i v e r ,  the  increase  
in the size of  the l iver  lobules took p l ace  more i n t e n s i v e l y .  The  number of centra l  veins in a f ield o f  vision 
was 6, the area of  the lobule  231 mm z . On the third day after opera t ion ,  a l l  the l iver  lobules were grossly 
hypertrophied.  One f ield of  vision included 5 cent ra l  veins, whereas in the l iver  sections from the control  
animals  there were 8 as before. At this t ime  the area of  the l iver  10bule in the exper imen ta l  animals  was 386, 
and in the controls 127 m m  z. 

The  difference in the size of the lobules on the second and third days after operat ion was s ta t i s t ica l ly  
s ignif icant .  Thus tile dimensions of the l iver  lobules in the regenerat ing l iver  were roughly 2-3 t imes as great  
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Fig.  2. Section through the regenerating l iver  3 days after 
par t ia l  hepa t ec tomy .  Di la ted  arterial  capi l lar ies  and veins 
are seen. The hepat ic  lobules are hypertrophied o Magnif i -  
cation 75 X . 

Fig.  3. Section through the regenerat ing l iver  6 months after 
hepatec tomy.  Normalizat ion of the fi l l ing of  the btood vessels. 
Liver nodules hypertrophied. Magnif icat ion 75 x , 

as those of the control animals on only the third day (Fig. 2). Under these circumstances all  the lobules ,  both 
large and small  , were enlarged and no individual  lobules or groups of lobules showed any preferent ial  enlargement .  

The mi to t ic  ac t iv i ty  of  the l iver cells  reached its maximmn intensity on the third day [6, 9, 10, 12, 13]. 

The weight of  the residual lobes of the tiver at this t ime was 70-80% of  the weight of  the whole organ [10]. 
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The increase in the dimensions of the hepatic lobules is thus primarily the result of  an increase in the number of 
liver cells. 

The rapid compensatory reaction of the body in this case was thus not one of formation of new structural 
components of the organ, i .e. ,  lobules, but of their hypertrophy. On the 7th day after partial hepatectomy, the 
anatomical structure of the liver was in no way indistinguishable from the picture that was observed on the 3rd 
day: the hepatic lobules remained hypertrophied. 

The reorganization of the structure of the l iver  during regeneration of the organ evidently took place 
mainly during the first days, since on subsequent days it was impossible for us to detect any essential difference 
between the dimensions of the lobules at the early and late stages of regeneration. The differences in the 
areas of the lobules in the experimental animals (for example, on the 14th and 20th days of regeneration), given 
in the table, depended on individual variations and were not statistically significant. The hepatic lobules, which 
doubled or trebled their size in the initial stages of regeneration, maintained their large size later on, even for 
6 months (the end of our period of observation). The filling of the blood vessels had returned to normal at this 
t ime (Fig. 3). 

It must be pointed out that hypertrophy of the lobules took place not only at the periphery of the organ, 
but also in its depths, since in the deeper sections were observed enlarged complex and simple lobules, cut 
transversely and longitudinally. We were never once able to discover signs of formation of new lobules, which 
would inevitably have been accompanied by the appearance of new efferent ducts and blood vessels. 

It can be concluded from our findings that after removal of the left lateral and central lobes of the liver, 
hypertrophy of the lobules of the remaining portion of the liver takes place. 

Regarding the possibility of formation of new lobules, both in the experiments which we carried out and in 
any other type of damage to the liver, in perforating wounds [1, 2] or in death of part of the parenchyma as the 
result of pathological conditions, there is need for special investigation. 

SUMMARY.  

60-70% of the liver was removed by Higgins and Anderson's method in white male rats, weighing 115 
m 150g. The changes in the size of hepatic lobules in regenerating liver were studied for a period of 1 to 180 
days.  India ink was injected into hepatic arteries which made possible clear deiineationof individual lobules. 
As demonstrated, the size of the lobules increases 2-3 times during the  l s t - -  3rd days and remains so. up to 6 months 
months. No nev21y formed lobules were revealed. 
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