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Most workers have come  to the conclusion that regenerat ion of the m a m m a l i a n  l iver  after injury takes 
p l ace  on the basis of the mi to t i c  prol i ferat ion of the cel ls  of the residual part  of the organ. At  the same time, 

the findings of cer ta in  workers [4, 6, 7] on the t ime of appearance  of the mitoses and their number are in disagree-  

ment,  al though in the major i ty  of exper iments ,a  standard operat ion was used (ext i rpat ion  of~ of the l iver  by the 
Higgins and Anderson method) .  Thesed i f fe rencesmay  be pa r t ly  explained by the fact  that, in the  analysis of the 
exper imenta l  findings, no a l lowance  was made for the t ime of f ixation of the tissues or the t ime of injury. 
Nevertheless, these important  factors must not be ignored, as has been shown by the findings of a number of work- 

ers [1, 2, 3, 5, 9] who studied the physiological  regenerat ion of various tissues, and by the special  experiments of 

Iaffe  [8]. laf fe  discovered a w e l l - m a r k e d  diurnal per iodic i ty  of the mi to t ic  ac t iv i ty  of the l iver  ceils  during re-  
generat ion of the l iver  in rats. According to his results, the max imum number of mitoses is found during the 
mourning hours. Iaffe  also a t t empted  to establish a relationship between the mi to t ic  ac t iv i ty  and the t i m e  of 

operat ion,  but c a m e  to the conclusion that, genera l ly  speaking, no such relationship exists. 

We set out to ascertain how widespread is the phenomenon of diurnal per iodic i ty  of mi to t ic  ac t iv i ty  during 
regenerat ion of the l iver,  and,for this purpose~ we carried out experiments,  not on rats as used by laffe ,  but on mice .  
We also considered i t  necessary to inves t iga te , in  mice , t he  inf luence of the t ime  of operat ion on the subsequent 
mi to t ic  ac t iv i ty  o f  the l iver  cells~ 

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

Experiments were performed as follows. The lef t  l a t e ra l  and central  lobes of the l iver,  amounting to 60- 
70% of the total  weight of the organ, were comple t e ly  removed from white mice .  One group of mice  was sub- 

j ec t ed  to this type of operat ion between 9A.M,  and 12 noon (morning group) and a second group between 6 P.M. 
and 9 P ,M.(evening group). 

The regenerat ing l iver  was fixed for h is to logical  examinat ion  48, 54, 60, 66 and 72 hours after operat ion 
(5-7  animals  at each t ime) .  The t imes of f ixat ion of the morning group of mice  were 9A.M.  3 P.M., 9 P.M. 

3 A.M. and 9 A.M.,  and of the evening group the corresponding t imes of f ixat ion were 9 P .M,  3 A.M.,  9 A.M., 
3 P,M. and 9 P.M. (see  tame) .  The animals  were ki l led (on the 2nd-3rd day after operation) at  t imes se lec ted  
on the basis of research by Yakoyama et al .  [10], which showed that  the max imum number of mitoses is observed 
in the regenerat ing l iver  of the mouse at this t ime.  

Before f ixation,  the l iver  was weighed.  The residual lobes of the l iver  were enlarged 1�89 to 2�89 t imes.  On 
the average,  the weight of the regenerat ing l iver  amounted to 58-78% of the weight of the l iver  in control animals .  
The  ma te r i a l  was f ixed in Zenker ' s  fluid and the sections were stained with hematoxyl in  eosin. The number of 
mitoses per 4500 l iver  cei ls  was counted in a small  p i ece  of tissue' excised from the eaudate  lobe of the l iver .  
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E X P E R I M E N T A L  R E S U L T S  

On microscopic examination of the regenerating liver, it was found that on the 2nd-3rd day after operation, 
besides intensive mitotic division of the liver cells, in a number of cases, the cells were enlarged. The hyper- 
trophy of the cells was shown particularly clearly at the periphery of the hepatic lobules, where a disturbance of 
the proper arrangement of the cells in trabeculae was often observed. The liver lobules were larger than normal; 
in the experimental animals, the distance between the central veins in cross sections of the lobules was on the 
average 42.5 divisions of the ocular micrometer,  and in the control animats, 35.8~ There was no regular feature 
of the distribution of the dividing cells to be seen in the lobule. Besides mitoses, amitoses were also found in 
the liver cells, although these were rarer. We also found, rarely, mitotic divisions in the epithelium of the bile 
ducts and in the Kupffer cells. 
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Changes in the number of mitoses, in the course of the second and third days 
after operation, in the liver of mice  undergoing operation in the morning and 
evening hours. Each column represents the total number of mitoses found in 
the liver of all mice  killed at that particular t ime. 

The results of  the mitosis counts in the liver ceils at different times after operation are shown in the table 
and in the figure (see data of the 1st series). Attention is drawn,in the first place, to the fact  that at hardly any 
t ime of regeneration was it possible to obtain absolutely consistent results in respect to the number of mitoses. 
Whereas the liver of some mice  showed high mitotic activity, an almost complete  absence of mitoses was observ- 
ed in that of other mice .  There were, therefore, no grounds for speaking of a regular diurnal periodici ty of 
mitosis in the regenerating liver of mice.  Nevertheless, the results obtained did show certain regular features 
about the mitotic act ivi ty.  The distribution of the number of mitoses among the different times of fixing was, 
undoubtedly, uneven, periods could therefore be distinguished in which enhanced mitotic activity was observed. 
We accepted, to some extent conventionally,  that increased mitotic activity could be defined as the presence of 
100 mitoses each in the liver of not less than 2 mice .  When the table is scrutinized from this point of view, it 
is easy to be convinced that in the mice  undergoing operation in the morning two peaks of mitotic activity were 
observed - at 9A.M. and 3A.M. on the 2nd and 3rd days after operation. In the mice  undergoing operation in 
the evening, it is possible to find only one peak of mitotic activity of the liver cells, at 3A.M. on the 3rd day 
after operation. At the remaining times of day, a very small number of dividing cells was to be observed. Only 
in individual mice  were larger numbers found. On the average,the number of mitoses in the "morning" group of 
mice  was greater than in the "evening" group. The averag e number of mitoses per mouse undergoing operation 
in the morning was 57.3; the average, per mouse, in the evening group - 26.9. I f  in calculating the average 
number of mitoses, only the figures obtained at 4 intervals of time, i .e. ,  in the course of 24 hours, were used, 
then the average number of mitoses per "morning" mouse was 54.1, and per "evening" mouse 31.6. 
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T A B L E  

Number Of Mitoses in the Liver of Individual Mice at Different Times after Operation 

T ime  of operation Morning Evening 

Time of fixing 

.Duration of regener- 
ation (in hours) 

Number of mitoses in 
individual mice  

A v e r a g e  

45 48 

259 
231 
138 

3 
0 

31 
54 l 60 66 t 

6 9 

69 72 

F i r s t  s e r ~ e s  

316to1, 12, 
54 ] 57 l 60 I 66 [ 72 

126 

130 
34 
29 
26 
10 

45 I0 

Average number of 
mitoses per mouse 57,3 

29 
10 
5 
3 
I 

t86 
136 
35 
15 
2 

74 

1~  123 
17 

12 5 
10 5 
3 0 

30 30 72 

81 
,10 
76 
72 
44 
21 

4 

18 [ I2 
17j 13 

10 9 
8 t  3 
7 3 

0 
0 

12 6 

26,9 

12 
9 
7 
7 
5 
5 

Number of mitoses in 
individual mice  

394 
259 

54 
41 
2 

320 108 
313 50 
203 34 
197 6 
107 6 

228 41 A v e r a g e  ~_150 

Averagenumberof  [ 
I 

mitoses per mouse ] 90,9 

S e c o n d  s e r i e s  

40 52 238 
5 19 1221 
5 12 1217 
3 12 1124 
0 2 [ 31 

11 19 1166 

48 90 
24 83 
14 28 
10 21 
6 6 

20 45 

222 54 139 6 15 
110 44 48 4 3 
50 19 46 3 0 
27 t6 30 3 0 
26 t0 0 0 0 

87 28 54 3 ! 4 

37 

In order to verify our findings, we repeated our experiments after one year under the same conditions (see 
table, second series). We added one further t ime of fixing the material,  namely  6 A.M., in  order to find out 
whether the peak of mitot ic  activity of the liver cells persisted throughout the whole interval from 3 to 9 A.M. 
As may be seen from the table, the results obtained were similar to those of the previous series. There were, 
however, 'a few variations. In the "morning" mice, we found no peak of mitotic activi ty at 3 A.M. on the 3rd 
day. An increase in the number of divisions was found later, namely  at 6A.M.,  In the "evening" mice,only one 
peak of mitotic activi ty was now found - at 3 A.M.on  the 3rd day after operation. The average number of 
dividing cells per mouse undergoing operation in the morning was now 90.9, and per mouse undergoing operation 
in the evening - 23.7. If the additional fixing t ime (6 A.M.) was excluded, the corresponding average value 
would then be 63.8 and 38.7, which were close to the results of the first series. 

It follows from these findings that periodic increases in the mitotic activity of the liver cells could be de- 
tected in the liver of mice  undergoing operation. Between 3 A.M. and 9 A.M.,the number of mitoses was higher 
than at the other times of day. This feature was apparent, however, in far from every animal.  It can~ot, there- 
fore, be asserted that by fixing the liver at a particular period of time, it will always be possible to find a large 
number of mitoses. Nevertheless, if this interval of t ime is examined, there is no doubt that it is characterized 
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by an increase in mi to t i c  ac t iv i ty .  We may point  out that, in his paper, Jaffe found a constant per iodic  increase 

in mi to t ic  ac t iv i ty  thanks to the fact  that he in jec ted  the animals,  4 hours before fixing, with eo lch ic ine  which 
led to a gradual  accumula t ion  o f  mitoses.  

We found an increase  of mi to t ic  ac t iv i ty  only on the 2nd and 3rd days after operat ion and at  the beginning 

of the 4th day; at 9 A.M, , the  number of dividing cei ls  was smal l .  Examination of sections of the regenerat ing 

l iver  on the 5th and 6th day also revealed  a smal l  number of mitoses.  

The second conclusion from our work was that  the mi to t ic  ac t iv i ty  of the l iver  cel ls  depended on the t ime 

of operat ion.  The." evening" mice  had only one peak of mi to t ic  ac t iv i ty  of the l iver  cells ,  taking p lace  a t 3 A . M .  

(54 hours after  operation). Nei ther  at 6 nor at  9 A.M. did they show an increase in the number of dividing 

cel ls .  Meanwhile , the "morning" mice  showed a peak of mi to t ic  ac t iv i ty  at  6, 9, and 3A.M.(45,  48, and 66 hours 
after operat ion) .  As a result, more  mitoses appeared ,on  the average , in  the "morning" than the "evening" mice ,  

i . e . , t he i r  mi to t ic  ac t iv i ty  was higher.  The impression was created that there were t imes at which the mi to t ic  
ac t iv i ty  of the cel ls  of the regenerat ing l iver  was greatest  (3-9  A.M.), although it  must be remembered  that the 

appearance  of mi to t ic  ac t iv i ty  within these l imi ts  depended on the t ime  of operat ion.  

Our findings showed that the behavior  of the mi to t ic  division of cel ls  during regenerat ion of the l iver  in 

mammal s  is qui te  complex .  This has obviously been largely  responsible for the differences in the results ob ta in-  

ed by individual  authors. 

Al though, in  a few mice ,we  obta ined no enhanced mi to t ic  ac t iv i ty  of the l iver  cells ,  i t  would be premature  

to conclude  that other methods of product ion of new cells ,  namely  amitosis,  had any considerable  part  to p lay.  
Since  tt was not possible to observe a regular  diurnat per iod ic i ty  in the l iver  of the mice ,  i t  is not excluded that  

mi to t ic  ac t iv i ty  may  take p lace  in indiv idual  mice  at  another t ime  of day.  Our results raise the question of the 

necessity of making a more de ta i l ed  analysis of both the methods of increase in the number of cel ls  during re~ 

generat ion of the l iver  and the conditions regula t ing mi to t ic  ac t iv i ty .  One of these conditions, previously un- 

recognized,  which must also be borne in mind is the t ime  of opera t ion .  

SUMMARY 

Mitoses in the regenera t ing  l iver  were observed on the 2nd-3rd day after the removal  of z/s of this organ, 
main ly  from 3 A.M. to 9 A.M. There is not much mi to t i c  ac t iv i ty  during the rest of the 24 hours, large number 

of mitoses being revea led  only in indiv idual  an imals .  There  were m a n y m o r e  mitoses revealed in the  l iver  of 

the  m i c e  operated at 9 to 12 in the morning than in those opera ted  during the evening hours (a t  6 to 9 P.M.). 
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