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Thymid ine -H 3 was  injected e v e r y  4 h into mice  for  112 h s ta r t ing  f r o m  34 h a f t e r  r e m o v a l  
of two- th i rds  of  the l iver .  Individual va r ia t ions  in the number  of labeled nuclei  in the r e -  
genera t ing  l ive r  were  l ess  m a r k e d  than usual  but st i l l  r ema ined  significant.  Hyperp la s i a  and 
hype r t rophy  during r egene ra t i on  of the l ive r  evidently differ in intensi ty in individual mice .  
No co r r e l a t i on  was found between the gain in weight of the r egene ra t ing  l iver  and the index 
of labeled  nuclei or  the degree  of hyper t rophy  of the hepatocytes  in individual mice .  

A prev ious  invest igat ion [3] showed that  cons iderable  individual va r ia t ions  in the level  of DNA syn- 
thes i s  and mi to t ic  act iv i ty  occur  in the r egene ra t ing  mouse  l iver .  The level  of DNA synthes is  was de te r -  
mined by inject ing thymidine-H 3 into mice  four t imes  a day Start ing 18 h a f te r  the operat ion.  

The p rob lem a rose  whether  the individual var ia t ions  found in the indices of p ro l i fe ra t ion  occu r r ed  be-  
cause  r egene ra t i on  of the l i ve r  takes  place in individual mice  at dif ferent  levels  of p ro l i fe ra t ion  or  whether  
they a r e  due to d i f fe rences  in the t imes  of intensif icat ion of DNA synthes is  a f te r  the opera t ion in different  
individuals .  To rule  out this l as t  poss ib i l i ty  e x p e r i m e n t s  were  c a r r i e d  out in which thymidine-H 3 was in- 
jec ted  l a t e r  and for  longer  per iods  into mice .  

EXPERIMENTAL METHOD 

Two-thirds of the liver was removed from male (CBA • C57BL) F i hybrid mice weighing 15-20 g at 

2-3 p.m. In series I injections of thymidine-H 3 into the mice began 34 h after the operation and continued 

at intervals of 6 h in a dose of 0.3 pCi/g. Altogether 12 injections were given over three days. In series H 

and Ill the isotope was injected only four times into the mice, the first time in series II 34 h after the opera- 

tion and in series III 58 h after the operation, so that the time of injection of the isotope in these series 

corresponded to the first and second days of its administrationin series I. 

All the mice were sacrificed 12 h after the last injection at 6-7 a.m., which was 112, 64, and 88 h re- 

spectively afterthe operation. The liver was fixed by Carnoy's method. Sections 5~ in thickness were coated 

with type M emulsion, exposed for 20 days, and stained with Meyer's hematoxylin. On the day of the opera- 

tion the mice were weighed and individually labeled. The lobes of the liver regenerating after resection 

were weighed in the fixed state, in order to verify the completeness of removal of the central and left 

lobes. The initial weight of the lobes remaining after the operation and the gain in weight as a result of re- 

generation were calculated on the basis of these results. In each case 50-80 fields of vision of the auto- 

radiographs were examined and the number of labeled and unlabeled hepatoeyte nuclei in the field of vision 

counted separately. The combined total was I000o The index of labeled nuclei (ILN) was expressed in per- 

cent, and the mitotic index (MI) per i000. In addition, in series I and II the ~ diameter of I00 nuclei in each 

case was measured with an ocular micrometer. Pieces of liver removed at the operation were used as the 

control .  
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TABLE 1. Change in Weight, ILN, and MI in the Regenerat ing Mouse 
Liver  

I 
II  

I I I  

'~ ~ ~ Relative 
~ ~ ~weight of 

~ O=~o~ 1oo~ [reseeted 
"~ ~.9 ~ ~ t l o b e s  of 

i ~ . ~ - -  ,r  ~ 

'i 
34--100 
34--52 
58--76 

112 
64 
88 

3,38~0,14 
3,54-+0,I0 
3,59~0,15 

Relative 
weight of re-. 
generating 
liver 

4,56----- 0,19 
3,74--0,21 
4,75--+0,33 

171,4-+ 13,4 
113,3-+ 13,3 
163,3-+ 18,7 

66,5--+4,21 4,5• 1,5 
48,8--~4,3 lO,fi~3,0 
30,6-----3,9 7,3~1,66 

EXPERIMENTAL RESULTS 

The main results are given in Table I. In series I, in which the isotope was injected into the animals 
for three days, 70% of the nuclei were labeled. Most nuclei synthesized DNA from the 34th to the 52nd 
hour (see the results of series II), and rather fewer did so during the next day (see the results of series 
Ill). The number of cells entering the period of DNA synthesis thereafter fell sharply. This is shown by 
the fact  that the combined total of labeled nuclei in ser ies  II and III was pract ica l ly  indistinguishable f rom 
their  number in se r ies  I. If these resu l t s  are  compared  with those of the previous investigation [3],it will 
be noted that with a change in the t imes of injection of the isotope to a la ter  period (from 18-36 h to 34-52h 
after  the operation) not only was ILN increased  (from 37.1 to 48.8%), but the individual variat ion also was 
considerably reduced. The coefficient of variat ion in the previous experiments  Was 64% but in the present  
exper iments  29.1%. This means  that individual variat ions in ILN in the regenera t ing  l iver were due par t ly  
to asynchronism of the beginning of activation of DNA synthesis  in the different mice after hepatectomy. 

The gradual equalization of the course  of regenera t ion  was also shown by changes in the relat ive 
weight of the liver.  Although in the mice of se r ies  III sacr i f iced 88 h after  the operation the relat ive weight 
of the l iver  was vir tually indistinguishable f rom the relat ive weight of the l iver in the mice of ser ies  I 
sacr i f iced 24 h la ter ,  the coefficient of variat ion of the relat ive weight by this t ime had fallen considerably 
(from 20.9 to 12.7). The variat ion in res to ra t ion  of weight of the regenera t ing  l iver in individual animals 
was somewhat reduced in the course  of regenera t ing  of the organ. On the other hand, however,  even when 
12 injections of the isotope were given over a period of three days, the individual variat ions in ILN still 
remained,  and in the mice of ser ies  I it var ied from 33 to 87%. Individual variat ions in MI at all three con- 
secutive per iods  (64, 88, and 112 h) were very  great .  The coefficient of variat ion was 94.4, 68.2, and 100% 
re  spectively. 

The question a r i ses  whether there is any cor re la t ion  between the level of prol i ferat ion and r e s t o r a -  
tion of weight of the l iver in individual mice .  Whereas in the previous investigation [3], in which thymidine- 
H s was injected at the beginning of the period of activation of DNA synthesis,  some degree of corre la t ion,  
although only slight, was found between these indices (coefficient of corre la t ion  50), in the present  exper i -  
ments  no such cor re la t ion  could be found in any of the ser ies .  The coefficient of cor re la t ion  between ILN 
and the gain in weight 64 h after  the operat ion was +44, after 88 h it was + 0.08, but after  112 h it was -0 .03 .  
The same pat tern  in principle was observed  when ILN was compared  with the absolute and relat ive weights 
of the regenera t ing  liver.  It is interest ing to note that no cor re la t ion  could be found between the 
size of the regenera t ing  l iver  and indices of hyper t rophy such as the increase  in volume of the hepatocyte 
nuclei (in se r ies  I it increased  by 81% over  the intial control) and the number of cel ls  in the field of vision 
(which was reduced by a lmost  half in ser ies  1). No definite relat ionship could be found between the var ia-  
tion in these indices and the original  weight of the mice.  This r e su l t  can evidently be at tr ibuted to variat ion 
in the manifestat ion of prol i ferat ion and polyploidy (which are known [1, 5, 6] to be responsible  for  r egenera -  
tion of the l iver in mice) in individual animals at different t imes of regenerat ion.  Despite these definite 
pat terns  in the course  of regenera t ion  of the l iver  revealed  by investigation of groups of animals,  r egene ra -  
tion of the l iver in each animal takes place very  individually. As an example of the individual react ion of the 
l iver  to t rauma,  the distribution of zones of increased  prol iferat ion in the lobules of the regenera t ing  l iver  
can be cited. Most workers  [7, 8] consider  that activation of division of the l iver  cells  begins f rom the per i -  
phery  of the lobules. During the f i r s t  40 h af ter  the operat ion mos t  cells synthesizingDNA were found at 
the per iphery  of the lobules [7]. By 50 h the distribution was regular ,  and la ter  mos t  labeled nuclei were 
found in the center  of the lobules. During repea ted  injection of thymidine-H 3 in the period f rom 18 to 36 h 
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Fig. 1. Differences  in localizat ion of labeled nuclei in lobules 
of regenera t ing  l iver  a f te r  injection of thymidine-H 3 by the 
same scheme (18, 24, 30, and 36 h af ter  operation),  • 
a) pa t te rn  observed  most  frequently;  b) pa t tern  observed  less  
frequently.  

a f te r  the opera t ion it was found that in mos t  cases  (eight of 15) such a pa t tern  in fact  was present ,  but in 
some mice  labeled cel ls  were  a r ranged  uniformly over  the lobules or predominant ly  in the middle zone, 
while in th ree  cases  they were  definitely predominant  in the center  of the lobules (Fig. 1). 

Since the operat ion was c a r r i e d  out on young growing animals,  an explanation of the differences in 
thei r  reac t ion  to t r auma should possibly be sought in a difference of phase of the prol i fera t ive  activity in 
the organ at the t ime of operation.  Markelova [2], fo r  instance,  in an e a r l i e r  investigation, obtained resu l t s  
showing that growth of the l iver  occurs  rhythmical ly  and not uniformly.  Milyutina [4] also concluded that 
p ro l i fe ra t ion  in the l iver  is pulsed in cha rac te r .  This ,  of course ,  is only one of the many possible explana- 
t ions of individual var ia t ions  in the response  of the mouse l iver  to t rauma.  
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