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Although the morphological changes which occur during mamalian liver regeneration have been wetl studted, 
the functional condition of tile liver duri~g the regeneratio~ proce~ and tl~e influence of the liver function on 
liver regeneration have not yet been sufficiently investigated. As w~ll as being of general biological interest, 
these questions are extremely important to medicine~ especially surgery. 

With the question of how the functional condition of the liver influences the intensity of regeneration, we 
started from a proposition expressed by M. A. Vorontsova and L. D. Liozner [1], according to which, there is a 
close connection between physiological aiLd reparative regeneration. Processes re~oring the structural elements 
of each organ, i.e., physiological regeneration, occur as a result of the organ's functional operation. These re- 
generative processes, which occur in the normal conditions of the animal's life, constitute the original background 
on which the processes of reparative regeneration occur. One can therefore assume that intensificatio~l of the or- 
ganic flmction, which causes intensification of physiological regeneration, Would also affect reparative regenera- 
tion. The almost complete lack of data covering this important aspect of research Caused us to conduct exper~o 
ments which would throw some light on this relationship, rfow different degrees of flmctional loading affected 
liver regeneration was a question that interested us particularly. For this purpose, we made experimental tests 
to find whether the bile-secreting function of the liver increased or decreased by using choleretic substances and 
selecting a corresponding diet .  Although there are a series of works in the literature studying the influence of 
different diets on liver regeneration in mammals (Opie and Alford [6], Davis and ~'r [4], Moise and Smith 
[5], Brues, Drury and 8rues [3], and Podzolkov [2]), the data in these works is rather contradictory. Moreover, 
these ~udies did not treat the question of how liver function influences liver regeneration alid thus did not have 
direct  bearing on the problem which interested us. 

Our experiments were conducted on white rats. 

The plan of the experimental setup is illustrated in Table 1. 

The experimental animals were divided into three groups. The first group of rats (30 animals) were kept on 
a choleretic diet. The rats were given fresh dog's bile daily as the choleretie mbstance. In addition, the diet 
consisted principally of food substances causing s~rong bilifieation. 

The second group of rats (30 animals} received a sparing bilification diet, which principally consisted of 
food substances causing weak bilifieation. 

The third group (30 animals) was fed a normal diet. 

After being fed the indicated diets for 3 days, the animals of all three groups were operated upon to remove 
the large, left liver lobe. The average weight of the extirpated lobe was 2 g. Since the average weigh~ of the 
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liver was 9 g, apptoxhn.~tely 1/$-.1/4 of the liver wns removed. 

After the operation, the animals con~ltl~tcd on their respective di~'ts (cholctcttc, sp.~ring and norll~a]). 

TABLE 1 

T'lmc of fixattcn 

Experimental rats [ Co~ltrol rats 
Dtet 

! I - -  " 
Chole- Sparing N~ retic 
r~tic 

- . - !  ,0 1 ,~  ! ,~ I , ~  

Day of operation . . . . . . . . .  l ! [ 1 i0 

1day  after operation .... I IO I lO I lO I I 
"/ days after operation . . . .  I 10 I 10 I 10 I I 

14 days after operation 

Total numberofrats . . . . . J  30 ] 30 1 30 I 10 

I0 I IO 

I0 j 20 

The animals were killed 1 hour, 1 week and 2 weeks after the operation (10 rats from each group were killed 
at each of these times). 

The material was fixed in Carnoy's, Helly's and Zenker's fluids and in formalin. The material was processed 
for glycogen and fat, and the preparation was stained with hematoxylin-eosin, by Mallory's method and by Van 
Gieson's method. 

The group of  rats which had been fed a normal diet, but had also had the liver partially removed, served as 
the control in the examination of the effect of the choleretic and sparing diets on liver regeneration. 

In addition, 10 rats were killed before the operation (initial control) and 10 rats at the end of the experi- 
ment ( final control). 

Supplementary controls were used In order to distinguish the effects of the diets on the liver condition and 
on the course of the regeneration process in the liver; rats which had not had the operation but had been fed the 
choleretie diet (10 animals) served as the control for the choleretic diet, and rats which had not had the opera- 
tion but had been fed the sparing diet (10 animals) served as the control for the sparing diet. The animals of 
these two controls groups were killed at the same t ime as the experimental rats, 2 weeks after the operation. 

We determined the weight of the rats before the operation, the weight of  the extirpated portion of the liver, 
the weight of the rat when killed and the weight of the liver at the t ime the rat was killed. The relative weight 
of the extirpated portion of the liver to the weight of the body and the relative weight of the liver to the weight 
of the body were also computed. The material was processed statistically. The data obtained is summarized in 
Table 2 and graphically presented in Figures 1- 3. 

As Table 2 shows, the weight of the remaining part of the liver sharply Increased in the rats of all groups 
as early as a day after the liver lobe had been reseeted. Although a rather large number of mitoses was obser- 
ved in the hepatic cells at this time, it did not seem possible after such a short t ime that the liver weight had 
increased only because of the increased number of hepatic cells. It seemed more likely that this liver weight 
increase was connected with the reaction processes. At this time, histological study showed, along with the ne- 
crotic changes in the injured surface region of the liver, a profuse infiltration of large drops of fat, most clearly 
expressed around the periphery of the small lobes and change in glycogen distribution, which was shown by the 
fact that while mine of the hepatic cells had lost their glycogen, others, which did contain it, were almost corn- 
pletely clogged with it. 

One week after the operation, the weight of the regenerating liver was substantially different in the different 
groups of experimental rats. For example, in the rats kept on a choleretic diet, the weight of the regenerating 
liver exceeded the weight of the normal liver, while, in the animals fed the control diet, the weight of the liver 
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w i t  lest than the weight of  the liver a day after the operat iom The liver weight ill tile rats fed the sparing diet 

was atxmt the tame as it had been one day after tile operatioll.  The decrease ill the liver weight 1 week after 

the operat ion,  at compared  with the first days after the operation,  which was observed in the rats kept on the 
control  diet confirmed our protx~lition that the increase ill the liver weight the first day after the operation was 
due to a reaction.  That  l iver  regeneration continued during this period wal indicated b)' the stil l  rather large 
number of  mitoses, white the inf lammatory phcllonlella counected with the trauma were already abating. The 
drops of  fat infi l trat ing the hepat ic  cel ls  became stnall and the infil tratiou less ma rke d .  Staining for glycogen 
ihowed a picture approximat ing that ill the control alfimali .  

T A B L E  2 

Liver Regeneration i n EXi~erimental and Co. t ro l  Rats 

No.of 
St:st 

! 

2 

3 

4 

6 

IAverage I wt. o !  
J r~Jston I rauwhen 

-- " kil led iwt "'0 

Average [Average rel .  
wt . l lver  Iwt l iver  to 
wilen rat [ W''k~A" when 

ki.lled I , ) . : ~ .  '~) '_.'~, 
( i ~ v ,  n leu t  m "/o1 

Ini t ia l  control . . . . . . . .  

Experiment,  normal diet  
l l d a y  after  operation . . . 

weok after operat ion . . 
2 weeks after operat ion . . 

Experiment, sparing diet  
1 day after operation . . . 
I week after operation . . . 
2 weeks after operation . . . .  

Control o Sparing die t  . . . . .  

Experiment. chloret ic  diet  
I day after operation . . . 

week after operat ion . . . 
2 weeks after operation . . . 

Control, chloret ic  die t  �9 �9 �9 

Final  cont  to1 . . . . . .  

197 
197 
196 

2O3 
204 
194 

195 
202 
'203 

201 

193 
193 
189 

04  

8.-0 
7.2 
9.5 

4~  

4.5 
3.6 
5.0 

197 
2O5 
202 

195 

186 
173 
206 

8.3  
8.3 
9.8 

8.8  

7.8 
9.2 

10.4 

4.12' 
4,0 
4.8 

4.5 

4. [  
5.2 
5.0 

206 9.3 4 5 

204 8.6 4.2 

Two weeks after the operat ion,  the weight of  the regenerating l iver in the rats fed the control and sparing 
diets  became *lightly greater  than the l iver  weight in the rats of the int ial  and final controls. After the same 
period,  only the abmlute  weight of the liver had increased in the rats fed the cholere t ic  diet .  This is explained 
by t~e fact that the whole body of the rat had grown rather considerably by the second week after the operation. 

Two weeks after the operat ion,  the weight of  the regenerating l iver  in all  three groups of  the rats exceeded 
the or iginal  weight.  

During the.period of  the greatest increase in the weight of  the regenerating l iver,  the body weight o f  the 
rats decreased;  thls was especial ly  evident in the rats fed the choleret ie  diet .  

One can assume from the results o f  the histological  examinations made  o f  the regenerating l iver  of  the rats 
that the restoration is rea l ized  by regenerat ive hypertrophy. 

The  intense regenerat ion in the l iver  of  rats fed the choleret lc  diet  is evident ly  connected with the more 
rapid divisions of  the cel ls ;  we cannot,  however, prove this comple te ly  satisfactorily since there was no deta i led  
Itudy of  hepat ic  ce l l  mi to t ic  ac t iv i ty  in our work. 
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~ l t  data, then, showed that the fttttctmlt,d roudition of tile livt., does a{fect liver el:generation. Etl- 
hatlced ftnlctiotlal load created by feeding the; rat~ tile cholcretic diet catlt~t'd the weight of the rcgelwratl|lg liver 
to exceed the weigl~t of the norlual liver as to~m a, tilt. end of tim first week Mter thy dpcratlon. Therefore, liver 

o 

! 

r - - . _ . . . . . . r  e 

"d t,~, ,, 
, - q  

After I day 1 week; 2weeks; Time after oper- 
ation 

6 chloreflc diet 
normal diet 

8 sparing diet 
0 telati.ve wt. of l i v~  to body wt. 

- - ( i n  % ) -  in normal conditions 

regeneration is Itrten$ified by an enhanced hmctionat load. 
That Intett~e, regenerattvt: hypertrophy did In fact occur 
was .thown b.y tile increase ill the liver weight and by the 
fact that tile regenerated liver had a normal structure. 

E ~ 

= 

*~ 4/heft 

0 

"r After 1 day 1 week; 2 wee~.  Time after operation 

Fig. 1. Change in abmlute liver weight of rats 
during the regeneration process. 1) choleretic 
diet; 2) normal diet; 3) sparing diet; 4) aver- 
age weight of liver in the control rats. 

Fig. 2. Chatige in relative weight of rat's liver dur- 
ing regeneration. 1) choleretic diet; 2) normal 
diet; 3) sparing diet; 4) relative weight of liver 
to body weight in the norm (in ~).  

The latter proves that the liver weight increa.,e observed was not caused by any pathological processes. Since 
in i~o case did we find abilormal growths of hepatic ceils, in our experiments, liver regeneration was apparently 
caused both by hepatic cell divisions and by organization in the lobules. The ceils of the bile ducts did not take 
atr] important part in the regeneration process. Only in two cases did we observe abundant growth, similar to 
adenomatous trades, in the bile ducts. 

SUMMARY 

Ninety albino tats with the large left liver lobe extirpated were sustained on various diets {control, sparing 
and choleretic). In rats fed a eholeretic diet regeneration of the liver was most complete, lnotTc week after ttle 
operation the initial relative weight of the liver was already restored, while in the other groups restoratiolt took 
place only after two weeks. 

Restoration of the weight of the liver was due to an increase ill the number of liver cells. 

Thus, an enhanced functional lo~d of the liver stimulates its regeneration, 
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