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Pyrogenal  s t imula tes  r egenera t ion  of l i v e r  t i s sue  in r a t s  with hepatos is  due to inject ions 
of CCI~. The normal  pa t t e rn  of s e r u m  prote in  f rac t ions  is  r e s t o r e d ,  with an i nc r ea se  in 
the albumin content and a dec r ea s e  in the ~-globulin content.  After  admin is t ra t ion  of 
pyrogena l  to r a t s  poisoned with CC14, the toxic effects  of the hepa to t ropic  poison f rom the 
l i ve r  t i s sue  a re  reduced  in seve r i ty ,  as shown by the m o r e  rap id  normal iza t ion  of the 
s e r u m  albumin and ~-globulin content during spontaneous r e c o v e r y .  

Much attention has  recen t ly  been  paid to the s t imulat ion of r egenera t ion  of hepatic  t i ssue  as a method 
of t r e a t m e n t  of c i r rhos i s  of the l i ve r .  

Accordingly,  in the p r e s e n t  invest igat ion a study was made of the effects  of h igh -molecu la r  weight 
compounds such as t ipopo lysacchar ides  of bac te r i a l  or igin (pyrogenal) [1, 2] on regenera t ion  of l i v e r  t i s sue .  
According to some  r epo r t s ,  l ipopolysacchar ides  of higher plants a re  capable of s t imulat ing l i ve r  r egenera t ion  
[81. 

EXPERIMENTAL METHOD 

Experiments were carried out on 80 female albino rats initially weighing 180 go Liver damage was 
produced by subcutaneous injection of carbon tetrachloride (CC14) in a dose of 0oi ml/100 g body weight, 3 
times a week for 3 months. The experimental animals were divided into two groups: group ] (44 rats) 
received CCI 4 onlyl group 2 (36 rats) received pyrogenal by intramuscular injection in a dose of 20 m~ 
(minimal pyrogenic dose) per animal 30-40 mill before injection of the hepatotropic poison, as a measure of 
protection. The control group consisted of 20 healthy rats kept under the same conditions. After the end 
of the course of injections of CC14, the rats of group 1 were divided into two subgroups: A) control (14 rats), 
which were left to recover spontaneously, and B) experimental (14 rats), Which received pyrogenal. The 
rats of group 2 were also divided into two subgroups: C) control (14 rats), allowed to recover spontane- 
ously, and D) experimental (15 rats), which received pyrogenal. Pyrogenal was injected intramuscularly 
three times a week in doses of 20 m.p.d, per animal. Two courses of treatment were given, the first last- 
ing 1.5 months, and then after an interval of ten days, the second course was given, lasting two months. 

The total serum protein content was determined refractometrically, and the protein fractions by 
paper electrophoresis. The serum cholinesterase activity was determined by Pokrovskii~s method [7], and 
histiclase activity by Tabor and Mehler's method as modified by Mardashev and Burobin [5]. 

Pieces of liver tissue were fixed in Lillie's fluid and embedded in paraffin wax, while some pieces 
were cut into sections on a freezing microtome. Sections were stained with hematoxylin-eosin, picro- 
fuchsin-fuchselin, toluidine blue, and Sudan HI-IV. The reactions of Brachet, Einarson, and Feulgen and 
the PAS reaction were carried out. Glycogen was determined by the methods of Shabadash (using a salivary 
amylase control) and Best. 
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T A B L E  1, S e r u m  P r o t e i n  F r a c t i o n s  of  R a t s  wi th  E x p e r i m e n t a l  CC14 
H e p a t o s i s  

t _ Content of 
Groups total albumin, % globulins, %, 
of | protein, % a, { == I ~ I 

animals 

I 
P 

2 
P 

Healthy 

7,16-+0,20 
>0,I 

7,19-+0,22 
>0,2 

7,46• 0,08 

Afte~ end of course of CC~ injections 

40,5• 13,3-+ 1,17 7,5-+0,46 20,9• 1,65 
<0,01 >0,1 50,05 <0,01 

40,6• 12,3• 7,8+-0,99 19,5-+ 1,26 
<0,0l >0.2 >0,I <0,02 

48,0• 11,2--+0,51 6,4• 16,3_+0,45 

18,0 +- 0,78 
>0,5 

19,9_+ 0,96 
>0,1 

18,[_0,48 

Subgroup First course of pyrogenal injections 

7,34+_0,23 41,9-+-1,96 14,4-,- 0,93 6,1-+0,59 19,3• 18,3• 0,88 A - -con-  
trol 

P 
B-injec- 

tion of 
pyrogena: 

P 
C-control 

P 
D - injec -  

tion of 
pyrogen~d 

>0,2 
7,20• 0,22 

>0,2 
7,43___ 0,08 

>0,2 
7,25• 0,26 

>0,2 

<0,0l 
47,4• 0,80 

>0,5 
47,5• 1,23 

>0,5 
47,1• 

>0,5 

<0,01 
12,3• 

>0,I 
13,l-+0,59 

<0,05 
11,9• 

>0,2 

>0,5 
5,1• 

<0,02 
5,7+--0,34 

>0,I 
5,7 • 

>0,I 

<0,02 
17,t• 

>0,2 
17,6+_0,94 

>0,2  
17,1_+0,29 

>0,I 

>0,5 
18,2• 

>0,5 
16,3• 0,79 

>0,05 
18,2• 1,28 

>0,5 

Second course of pyrogenal injections 

A -  control 

P 
B -injection 

P 
C-control 

P 
D-  injec - 

ticta of 
pyrogenal 

7,23+_0,15 

>0,2 
7,30• 0,09 

>0,1 
7,33• 0,25 

>0,2 
7,46+--.0,16 

>0,2 

40,6• 

<0,00! 
46,3• 1,93 

>0,2 
45,4• ! ,73 

>0,1 
46,1• 1,88 

>0,2 

13,7• 

<0,0! 
13,4• 

> 0,05 
13,3• 

<0,02 
12,9• 

>0,5 

7,3_-.0,59 

>0,! 
5,7• 

>0,I 
5,9• 

>0,2 
5,7• 0,44 

>0,2 

19,0• 1,01 

<0,02 
16,8_ + 1,33 

>0,5 
17,3• 

>0,2 
16,9-*- 0,74 

>0,2 

19,4• |,]6 

>0,2 
17,8• 

>0,5 
18,1• 1,09 

>0,5 
18,4_+ 1,24 

>0,5 

Note .  P d e n o t e s  s i g n i f i c a n c e  of  d i f f e r e n c e  f r o m  g r o u p  of  h e a l t h y  r a t s .  

E X P E R I M E N T A L  RESULTS 

At the end of the course of CCI 4 injections, the animals of groups I and 2 developed hepatosis. At 
autopsy the surface of the liver was covered with large and small nodules, The mass of the liver was in- 
creased. Its relative weight in the rats of group 1 was 4~ in the animals of group 2, which received 
pyrogenal during the period of CCI4 injections, the same pattern of hepatosis developed, but the relative 
weight of the liver in the rats of this group was slightly less (4%). The relative weight of the liver of the 
healthy rats was 3%. 

Morphological investigation revealed a picture of widespread fatty infiltration of the cytoplasm of the 
hepatocytes, with atrophy, necrobiosis, and necrosis of the hepatocytes, a sharp decrease in the glycogen 
content in these cells, and thickening of the interlobular connective-tissue septa. 

In the animals of both groups, hypoalbuminemia and an increase in the content of/~-globulins were 
observed (Table 1). In the animals of group 1, receiving CCI 4 only, a sharp decrease in eholinesterase 
activity was observed both in the serum (2~177176 compared with a normal 7.04• P < 0.001), and in 
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l i ve r  t i s sue  homogenate  (197-.26.32; normal  293-*25~ P < 0.01). The s e r u m  h is t idase  act ivi ty was in-  
c r ea sed  seve ra l  t imes  over  (3.35-*0.39; normal  0.74-*0.04; P < 0.001)o The level  of h i s t idase  act ivi ty  in 
l i v e r  t i s sue  homogenate  was unchanged (383~56o93; normal  375-*44.5). 

As a r e su l t  of pyregenaI  t r ea tmen t ,  a g r adua l  d i sappearance  of the fat ty degenerat ion,  an i nc rea se  in 
the number  of ami to t ica l ly  dividing cel ls ,  and thinning of the connec t ive - t i s sue  bands between the l ive r ,  
lobules we re  obse rved  in the an imals  of subgroups B and D. La rge  hepatocytes ,wi th  a s t rong  reac t ion  of 
the cy top lasm when s tained by Brache t  and E i n a r s o n ' s  methods and a s t rong  reac t ion  of the nucleus when 
s ta ined by Feu lgen ' s  method,  appeared .  L a r g e  quanti t ies  of glycogen accumula ted  in the cy top lasm of 
these  l a rge  hepa tocy tes .  

In the cour se  of t r e a t m e n t  with pyrogenal ,  i ts  beneficial  effect  was also r evea l ed  on the blood prote ins  
(Table 1, subgroups B and D), as shown by an inc rease  in the albumin content and a d e c r e a s e  in the fi- 
globulin content to no rm a l .  Adminis t ra t ion  of pyrogenal  during the actual  induction of CC14 hepatos is  
(Table 1, group 2), did not p reven t  the d is turbance  of the p ro te in - syn thes iz ing  function of the l i ve r  p roduced  
by CC14o After  admin is t ra t ion  of CC14 had stopped, and without subsequent  t r e a t m e n t  by pyregena l ,  the 
an imals  of control  subgroup C showed the s a m e  tendency toward normal iza t ion  of the s e r u m  prote in  p ic ture  
during reso lu t ion  of the hepa tos i s  as  those of subgroups B and D~ It  was  only in control  subgroup A of group 
1 that  the hypoalbuminemia  and inc rea sed  content of ~ and fi globulins p e r s i s t e d  throughout  the per iod  of 
observa t ion .  

I n c r e a s e d  cho l ines te rase  act ivi ty a lmos t  to within normal  l imi t s  was obse rved  in the s e r u m  of the r a t s  
(subgroups B and D) t r ea t ed  with pyrogenal  (6.10-.0.37, and 5.20-*0.6,respectively).  However ,  i t  should be 
noted that  in the r a t s  of subgroup A and C, which were  lef t  to r e c o v e r  Spontaneously, the cho l ines t e r a se  
ac t iv i ty  also r e c o v e r e d  to about the s a m e  level  (5.75-*0.56 and 6.81• The s e r u m  h is t idase  
act ivi ty  in all the subgroups inves t igated was ve ry  s table  and, despite pyrogenal  admin is t ra t ion ,  r ema ined  
unchanged and at  v i r tual ly  the s a m e  level  as the act ivi ty of this enzyme in the r a t s  rece iv ing  CC14 only. 
Chol ines te rase  act ivi ty in l i ve r  t i s sue  homogenate  ro se  to within normal  l imi t s  both in the expe r imen ta l  
subgroups B and D and in the r a t s  left  to r e c o v e r  spontaneously (subgroups A and C). No apprec iab le  
change in h is t idase  act ivi ty was obse rved  in the l i ve r  homogenates  in all s e r i e s  of the expe r imen t  co mp a red  
with healthy an ima l s .  No s ta t i s t i ca l ly  s ignif icant  d i f ferences  in the act ivi ty of these  enzymes  could be 
detected between groups of r a t s  rece iv ing  CCI~, and allowed to r e c o v e r  spontaneously,  and groups rece iv ing  
pyrogenaI  therapeut ica l ly  or  prophylac t ica l ly .  

These  r e su l t s  suggest  that  admin is t ra t ion  of pyrogenal  s t imula tes  p r o c e s s e s  of r egene ra t ion  in l i ve r  
t i s sue  and p r o m o t e s  a higher  level  of pro te in  synthes is  in the body (hlereased synthes is  of a lbumins) .  One 
mechan i sm of its act ion is evidently ba sed  on the renewal  and m o r e  in tensive synthes is  of h igh-energy  
compounds in the cel ls  of organs  and t i s sues  [3, 4, 6]. 
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