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The cytological  organizat ion of the l iver t rabecula  in rats  of different ages was investigated 
by determining frequency distributions of c lasses  of hepatocytes,  DNA-synthesizing cells, and 
mitoses  along the l iver  t rabecula.  The a r rangement  of hepatocyte subpopulations in the l iver 
t rabecula  has c lear  features of spat ial  organization: Most mitoses and DNA-synthesizing hepato- 
cytes are  located at the beginning of the t rabecula,  the f i r s t  c lass  of nuclei predominates  at 
the beginning and end of the t rabecula,  and the second class  in its middle. The results  provide 
additional evidence in support  of the occur rence  of se l f - renewal  p rocesses  in the l iver  of adult 
rats. 

KEY WORDS: liver trabecula; localization of mitoses and labeled cells. 

A distinct  and i r r egu la r  distr ibution of mitoses,  DNA-synthesizing nuclei, and nuclei of different s izes 
has been found in special ly oriented sections through the rat  l iver.  This finding suggests that the l iver  is an 
organ capable of renewal. 

Tissue reproduct ion requires  a spat iotemporal  organizat ion for  its occurrence ,  as is shown clear ly  by 
the example of rapidly renewed t issues and repara t ive  regenera t ion [2-6]. In 1943, Sulkin [7] postulated that 
physiological  regenera t ion takes place on account of cell division at the per iphery  of the lobule, thereby re -  
placing cells migrat ing toward the center  of the lobule, where they die. This hypothesis has not been put to 
experimental  proof in la ter  investigations. Meanwhile, experiments  on reparat ive  regenera t ion of the l iver  
[1, 2, 5, 7] have shown the initial appearance of mitoses at the per iphery  of the lobule. 

The object of this investigation was to study the topography of the cambria l  zones and other elements in 
the cytological organization of the l iver  trabecula.  

The unpredictabil i ty of the phase of the mitotic cycle in which the cell finds itself at each point along 
the l iver t rabecula  necess i ta tes  a s ta t is t ical  approach to the solution of this problem, i.e., the study of the 
c r i t e r i a  chosen for  investigation by determining the frequency of their  occur rence  at a par t i cu la r  point of a 
typical trabecula. 

The distribution of frequencies of classes of nuclei belonging to hepatocytes and DNA-synthesizing cells 
and of mitoses in a typical straight liver trabecula was studied in rats of different ages kept on the ordinary 
animal house diet. 

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

The l iver  of male noninbred albino rats  weighing 200 and 640 g was studied. The animals received an 
intraperi toneal  injection of thymidine-H 3 dissolved in physiological saline, in a dose of 0.5 /~Ci/g body weight, 
1 h before sacr i f ice .  Autoradiographs were prepared  by the s tandard method [1]. The standard method of 
embedding in paraffin wax was used, his tological  sections were cut to a thickness of 11 p, and the nuclei were 
counterstained with Mayer ' s  hematoxylin. Since the plane of the section coincided with the surface  orthogonal 
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TABLE 1. Mean Length of L ive r  T r a b e c u l a  

No. of cells fn trabecula 8 9 10 tl 12 13 14 15 16 17 18 19 20 21 22 23 27 

No. of trabeculae counted 1 2 5 9 13 31 35 53 107 37 11 17 6 6 2 2 1 

E.trab" = 338 Y cells = 5305 x = 5305/338 = 15,69 
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Fig.  1. D i s t r i b u t i o n  of m i t o s e s  (M) and D N A - s y n t h e s i z i n g  ce l l s  (S) along 
l i v e r  t r a b e c u l a  f r o m  r a t s  weigh~ng~:200~g.(A)and 640 g (B). A b s c i s s a ,  
s e r i a l  Nos. of ce l l s  in d i r e c t i o n  f r o m  t r i a d  toward  c e n t r a l  vein;  o rd ina te ,  
f r e q u e n c y  of d i s c o v e r y  (in %). 

Fig.  2. D i s t r i b u t i o n  of c l a s s e s  of hepatocyte  nuc le i  (K 1 and K2) a long 
l i v e r  t r a b e c u l a  of r a t s  weighing 200 and 640 g. R e m a i n d e r  of l egend  as 
in  Fig.  1. 

with r e s p e c t  to the roots  of the hepat ic  ve in  i t  con ta ined  the l a r g e s t  n u m b e r  of s t r a i g h t  t r a b e c u l a e  un i t ing  the 
r eg ion  of the t r i a d  with the c e n t r a l  ve in  of the lobule.  To s t a n d a r d i z e  the o b s e r v a t i o n s ,  a typ ica l  t r a b e c u l a  
with the a v e r a g e  n u m b e r  of ce l l s  d e t e r m i n i n g  i ts  l ength  was  d i s t ingu i shed .  The dens i ty  of d i s t r i b u t i o n  of DNA- 
s y n t h e s i z i n g  ce l l s  and mi to se s  f r o m  la te  p rophase  to e a r l y  t e lophase  was s tudied  along the l i v e r  t r a b e c u l a  in  
the d i r e c t i o n  f r o m  the t r i a d  toward  the c e n t r a l  ve in  in  r a t s  k i l l ed  at the t ime  of the m o r n i n g  peak of m i t o s e s  
(6-7 a .m. ) .  

The vo lume  of the hepatocyte  nuc le i  and the a r r a n g e m e n t  of the c l a s s e s  of nuc le i  a long the l i v e r  t r a b e -  
cu la  we re  d e t e r m i n e d  on photographs  with a l i n e a r  e n l a r g e m e n t  of 1 x 1600. To d e t e r m i n e  the d i s t r i b u t i o n  of 
the c l a s s e s  of nuc le i ,  m i t o s e s ,  and nuc l e i  in the S -phase  a long the l i v e r  t r a b e c u l a ,  30-50 t r a b e c u l a e ,  40-45 
t r a b e c u l a e  with m i t o s e s ,  and 250-500 labe led  nuc le i  r e s p e c t i v e l y  were  used.  

The vo lume  of the nuc le i  was ca l cu l a t ed  by the equa t ion  

v = - ~ - B 2 . L ,  

where  L is  the m a j o r  d i a m e t e r  and B the m i n o r  d i a m e t e r  of the hepatocyte  nuc leus .  

F o r  s u b d i v i s i o n  into bas i c  c l a s s e s  the vo lume  of 520 nuc le i  was d e t e r m i n e d .  The n a t u r a l  va lues  of the 
vo lumes  of the nuc le i  and t h e i r  l o g a r i t h m s  were  d i s t r i bu t e d  among  20 c l a s s e s  with an equal  i n t e rva l .  The r e -  
su l t s  w e r e  used to plot  h i s t o g r a m s  in  which c l a s s e s  K1, K2, and K 4 w e r e  d i s t ingu i shed .  C o r r e s p o n d i n g  with the 
m a x i m a l  a r e a  for  the e l l i p so ida l  and c i r c u l a r  f o r m s  of nuc le i  of each c l a s s ,  s t e n c i l s  w e r e  cut f r o m  t r a n s p a r e n t  
f i lm and with the i r  a id the c l a s s  to which each p a r t i c u l a r  nuc leus  be longed  was ident i f ied  on the photographs .  
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EXPERIMENTAL RESULTS 

The typical liver trabecula was defined on the basis of the average number of cells in liver trabeculae 

of 15 rats weighing 160-210 g (Table i). It will be clear from Table 1 that the typical liver trabecula can be 

represented as a row of 16 hepatocytes. Calculations to show the frequency of the selected features were 

thereafter made on typical trabeculae. 

The distribution of frequencies of mitoses and DNA-synthesizing cells along the liver trabecula of rats 

of different ages is shown in Fig. i. Clearly the mitoses were distributed irregularly along the trabecula: 

the first large maximum occurred at the 4th-5th cell in the young rat and a smaller maximum at the eighth 
cell of the liver trabecula. In old rats the two peaks were shifted toward the beginning of the trabecula. 

The great mass of DNA-synthesizing cells was located at the beginning of the trabecula in the region of 

the second to eighth cell with a maximum at the third to fourth cell, followed by a second rise in the zone of 

the seventh to eighth cell. In old rats these two peaks were shifted toward the beginning of the trabeeula. 

The distribution of classes of hepatocyte nuclei along the typical trabecula in rats weighing 200 and 640 g 

is shown in Fig. 2. Class K 4 is included in class K 2. Plotting histograms of distributions of the classes of 

hepatocyte nuclei along the liver trabecula for rats of different ages showed that these distributions are irregu- 

lar: Nuclei of class K 1 predominated at the beginning and end of the trabecula and nuclei of class K 2 in the 
middle. In old rats the number of nuclei of class K 2 was greater than in young rats, and the difference was 

particularly marked in the middle part of the trabecula. It will be clear from the graphs that most mitoses 

and DNA-synthesizing hepatocytes were located in areas of the liver trabecula where equal numbers of nuclei 
of classes K 2 and K 1 were found. 

The arrangement of hepatocyte subpopulations in the liver trabecula thus has distinct features of spatial 
organization. 

Since cytological transformations of hepatocytes fit into the cell cycle, the spatial structure discovered 
also reflects a temporal organization of the trabecula. 

The facts obtained support the view that self-renewal of cells actually takes place in the adult rat liver 

[3, 7], for the zonal structure of the cambium can be regarded as proven, which means that cells can be said to 
migrate from the cambial zone. 
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