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Previous investigations have shown that during thermal fractionation of nucleoproteins isolated from the liver 
of the rabbit or ox, fractions are obtained which differ in their relative proportions of nitrogenous bases [1]. These 

proportions differ in the desoxyribonucleoprotein (DNP) fractions isolated from the normal and regenerating liver of 

the rabbit; these fractions differ in their action on the regeneration of mouse liver [2]. After intravenous inject ion 

of the 1st fraction of the DNP isolated from the regenerating liver of rabbits into mice from which the left lateral 
lobe of the liver had been removed, the weight of the regenerating liver on the 3rd day after the injection was 15% 

greater than the corresponding weight in control animals. This difference was due to hypertrophy of the liver cells 

and of their nuclei.  Injection of the 1st fraction of DNP from normal rabbit 's liver had no such effect. 

In the present research we investigated the effect of the 1st fraction of the DNP isolated from the regenerating 
liver of a rabbit on the distribution of the nucleic acids in the ceils of the regenerating liver of mice,  on the d imen-  

sions of the cel l  and its nucleus and cytoplasm, and on the size and number of nucleoli .  

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

The method of obtaining DNP was described in previous papers [1, 2]. Experiments were carried out on 30 mice 

weighing 18-20 g, from which the left lateral lobe of the liver was removed. The animals were divided into three 
groups. The mice of the first group received, on the 2rid day after the operation, an injection of 0.1 ml of a solution 

of the 1st fraction of DNP from regenerating liver (DRL), containing 17 I~g of DNA, into the caudal vein. The mice 

of the second group received an injection of the same volume of a solution of the 1st fraction of DNP from normal 
rabbit's liver (DNL). The third group of animals (controls) received an injection of saline solution of the same con7 

centration as that ccntaining the DNP fractions. The mice were sacrificed 4 days after the operation. The liver was 
fixed in cold 80% ethyl alcohol and cut into sections 7-8 ~ thick. The sections were stained with azure-eosin,  with 

methyl green-pyronine ,  and by Feulgen's method. 

Measurements were made by means of a screw ocutar micrometer,  using a 15X ocular and a 120• objective.  

Mononuclear liver cells of mice receiving DRL injections (7) and of control animals (5) were measured. In each case 

100 cells were measured, in two diameters, and also their nuclei  and nucleoli  in two diameters, and the nucleoli  were 
counted. The area (S) of the cell,  nucleus, and nucleolus was calculated.  The area of the cel l  was taken to be the 

product of the two diameters. The area of the nucleus was calculated by the formula for the area of an ellipse, and 

the area of the nucleolus by the formula for the area of a circle. 

E X P E R I M E N T A L  R E S U L T S  
Two types of distribution of RNA in the liver cells during the interphase were observed in the liver sections from 

the control animals (Fig. t ,  a): in the first, RNA granules filled the whole cytoplasm of the liver cel l  uniformly; in 

the second, the RNA granules formed a "belt" around the nucelus, rather like a string of beads in appearance. In the 

second type, the rest of the cytoplasm remained free and the granules were large. 

After injection of the DRL, only the first type of distribution of RNA in the cytoplasm of the liver cells was ob- 

served (Fig. 1, b). The RNA granules were of various sizes - from very large to very small, - giving the impression 
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Fig. 1, RNA granules in cells of the regenerating liver 
of a control mouse (a) and after injection of DRL (b). 
Ocular 10x, objective 50x. Methyl green - pyronine. 

of a "washed-out ~ basophilia. The granules were irreg- 
ular in shape. The amount of RNA in both the cytoplasm 
and the nucleoli increased sharply over that present in 
the controls. 

After injection of DNL the distribution of RNA gran- 
Ules in the cytoplasm of the liver cells was largely the 
same as in the controls. However, the number of cells 
with a bead-like distribution of RNA was greatly increased. 
The RNA granules were larger and stained more inten- 
sively with pyronine than in the controls, and the appear- 
ance of"washed-out"  basophilia was not observed. The 
nucleoli stained more intensively with pyronine than in 
the controls. The cells contained more RNA than in the 
control animals, but significantly less than after injection 
of DRL (see table). Both in the control preparations and 
in the liver of the mice receiving injections of DNL and 
DRL, variations in the degree of basophilia occurred. In 
all cases the more strongly basophilic areas were mainly 
concentrated around the blood vessels (around the central 
veins and at the periphery of  the lobules), but after in- 
jection of DRL they occupied a much larger area than 
after injection of  DNL or physiological saline. 

The RNA granules in the ceils in a stage of mitosis 
in all three groups of mice were fine and gelatinous, and 
were uniformly situated in the cytoplasm at a short dis- 
tance from the nucelus. 

Hence, the injection of the first fraction of DRL affected both the character of the distribution of RNA and its 
amount in the cells of the regenerating liver. This indicates changes in the metabolism and mobilization of the RNA 
in the cells and, possibly, an increase in protein synthesis in the tiver. 

The DNA content in the nuclei of the liver cells was low in all three groups of animals. It was slightly greater 
after injection of DRL than in the controls. Previous investigations [2] also showed that injection of DRL and DNL does 
not affect the mitotic activity of the regenerating liver. 

Effect of Desoxyribonucleoproteins on the RNA Content in the 
Cells  of the Regenerating Mouse Liver 

Injection of  DRL 

Mouse ] Amount 
No. / of RNA 

1 + § 2 4 7  
2 § 2 4 7  
3 + §  
4 . + + § 2 4 7 2 4 7  

5 t + § 2 4 7  6 § 2 4 7  
7 §247247247 

Mean I + q - q - +  

Injection of DNL 

Mouse Amount 
No. of RNA 

19 + + +  §  
3 + + +  

+ + +  
+ + +  
§ 2 4 7  

7 -t- q-+ 

, + + +  

Injection of  physio- 
logical saline (control) 

Mouse 
No. 

Legend: ++ very small amount of RIGA; 
large amount of  RNA 

3 

Amount 
of RNA 

+ + +  
§ 2 4 7  
+ § 2 4 7  
+ §  
+ §  
§ 2 4 7  
+ +  

+ +  

+++ moderate; +++++ 
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Fig. 2. 

Fig. 3. 

Number of nucleoli  in the nuclei  of the regenerating l iver  cel ls  in the control  
(a) and exper imenta l  (b) animals.  

Dimensions of nucleoli  in the nuclei  of the regenerating liver cel ls  in the con- 
trol (a) and exper imenta l  (b) animals.  

After injection of DRL, the value of S of the liver ce l l  increased by 25% over the control (S in the expe r imen ta l  
animals was 825 /2~ and in the controls 670 /22 p = 0.005). These results agreed with the previous findings [2], when 
the size of the cells was est imated from their number in a field of vision. 

The difference between the area of the nuclei  in the l iver  of the mice  receiving DRL and of  the control  animals  
was about 33% (S in the exper imenta l  animals was 126 /2z and in the controls,94 /22). The results were close to s tat is-  
t i ca l ly  significant (P = 0.044). S of the cytoplasm in the exper imenta l  series was 698 /22 and in the controls,505 /22, 
the difference being 30%. The plasmonuclear  ratio in both the exper imenta l  and the control  series was 6:1. 

After injection of DRL the number of nucleol i  in the nuclei  of the regenerat ing l iver cel ls  decreased.  In the ex-  
per imental  series the number of nucleoli  in the nucleus averaged 2.88, and in the controls,3.13. We counted the nu- 
c le i  with 1, 2, 3 and more nucleoli  in the control and exper imenta l  animals.  The curves ref lect ing the number of 
nucleoli  in the nucleus in the exper imenta l  and control  series were found to coincide (Fig. 2). The decrease  in the  
mean number of nucleoli  after inject ion of DRL was the result of a decrease in the number of cei ls  with 2 and 3 nu- 
c leol i  by comparison with the controls. However, the dimensions of the nucleol i  in the exper imenta l  animals were 
increased: their  average area was 4.19 pz compared with 2.84 p2 in the controls; P = 0.007. After in ject ion of DRL 
there was an increase in the number of large nucleoli ,  the d iameter  of which exceeded 3 p (Fig. 3). The to ta l  area 
of the nucleus occupied by the nucleoli  averaged 12 /22 in the exper imenta l  animals and 9 gz in the controls. The 
nucleolo-nuclear  ratio in both the exper imenta l  and the control animals was 1:10. 

The increase in the size of the nucleol i  indicated an increase in the RNA synthesis in the nucleus. We conclude  
from our results that injection of the first fraction of DRL affected the formation of RNA in the cei ls  of the regenera t -  
ing l iver and caused RNA to accumulate  in the cytoplasm. The nature of the b io logica l  ac t iv i ty  of the first fraction 
of DRL is s t i l l  uncertain.  

We also performed one variant of this exper iment ,  in which the mice  were sacrif iced on the 4th day after oper-  

ation. The effect  of the first fraction of DRL in s t imulat ing the process of regeneration in this case took the form of 
hypertrophy of the cells ,  nuclei,  and nucleol i ,  and of the accumulat ion of RNA in the cells.  In the la ter  stages of re-  
generation the effect of DRL would possibly be shown more comple te ly .  
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We may thus conclude that the intravenous injection of the first fraction of desoxyribonucleoproteins isolated 

from the regenerating liver of a rabbit into mice from which part of  the l iver had been removed led to hypertrophy of 

the cells  of the residual part of the liver, and also of their nuclei  and nucleoli.  The injection of DNP from the re- 

generating liver and from normal liver caused an increase in the RNA concentration in the cells of the regenerating 

mouse liver. The DRL had the stronger action in this respect. As a result of its administration the number of nucleoli 

in the nuclei of the liver ceils decreased, but the size of the nucleoli  and the total  amount of RIgA in the nucleus in- 

creased. The plasmonuclear and nucleolo-nuclear  ratios were unchanged. 

S U M M A R Y  

A study was made of the effect produced by the I desoxyribonucleoprotein fraction obtained by thermal fractiona- 

tion from the rabbit liver (both normal and regenerating) on the regenerat ive process of the mouse liver. 

The I DNP fraction of the regenerating rabbit l iver was injected intravenously to mice with a removed part of 

the liver; on the 4th day of regeneration this led to hypertrophy of the cells of the remaining part of the liver, as well 

as to hypertrophy of their nuclei and nucleoli.  Administration of DNP both from the regenerating and from the nor- 

real liver provoked a rise of the RNA content in the cells of the regenerating l iver of mice.  The effect of DNP from 

the regenerating liver proved to be stronger. As a result of the DNP administration from the regenerating liver there 

was a decrease in the number of nucleoli  in the nuclei of hepatic cells, but the sizes of the nucleoli and the total 

amount of RNA in the nucleus increased. The nuclear-plasma ratio and the nucleolar-nuclear  ratio exhibit no changes. 
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