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Liver  damage was produced in rats  by injection of CC14. With the change f rom an acute parenchyma-  
tous lesion of the liver to a chronic lesion and c i r rhos i s ,  changes take place in the activity of various s e -  
rum enzymes.  Activity of t r ans fe rases  drops (alanine aminot ransfe rase  more  rapidly thanaspar ta te  amino- 
t ransferase) ,  activity of sorbitol  dehydrogenase fails sharply,  that of ornithine ca rbamoyl t r ans fe ra se  falls 
slowly, and activity of alcohol dehydrogenase r i ses .  The activity of all these enzymes in the l iver fails. 

The cha rac te r  of changes in se rum enzyme activity and the diagnostic importance of its de te rmina-  
tion in chronic forms of hepatitis and c i r rhos i s  have not yet been adequately studied. 

In this investigation we studied the principles governing changes in activity of various se rum enzymes 
during the change f rom an acute to a chronic lesion and during development of c i r rhos i s  of the liver.  

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

Experiments were  ca r r i ed  out on 260 male albino rats  weighing 250-300 g. Liver  damage was p ro -  
duced by subcutaneous injection of carbon te t rachlor ide in a dose of 0.5 ml /100  g body weight in an equal 
volume of sunflower oil. Administrat ion of CC14 to all animals began at the same time and the compound 
was injected every 3 days for 2.5 months, the animals then being sacr i f iced at various t imes after the f i r s t  

Fig. 1. Well-marked fatty infiltration of l iver t issue, inf i l t ra-  
tion by numerous lymphocytes and hist iocytes,  and d isappear-  
ance of the cytoplasm of single l iver cells.  12 days after  be-  
ginning of CC14 administrat ion,  hematoxylin-eosin,  200 x. 

Biochemical  and Pathomorphological  Laborator ies ,  Kiev Resea rch  Institute of Infectious Diseases ,  
Ministry of Health of the Ukrainian SSR (Presented by Active Member of the Academy of Medical Sciences 
of the USSR V. N. Orekhovich). Transla ted f rom Byulleten' ]~ksperimental 'noi Biologii i Meditsiny, Vol. 
66, No. 11, pp. 42-46, November,  1968. Original ar t ic le  submitted Februa ry  25, 1967. 
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Fig. 2. Connec t ive- t i s sue  bands in l ive r  t i ssue  with smal l ,  
newly fo rmed  blood v e s s e l s  and in f l ammatory  infi l t rat ion 
in these  bands.  Marked parenchymatous  degenerat ion.  F a t -  
ty infi l t rat ion and d i sappearance  of cy top la sm of nea rby  
l iver  cel ls .  Sol i tary  b inuc lear  cel ls  can be seen.  24thday.  
Hematoxyl in-eos in ,  200 x.  

Fig. 3. Extensive connec t ive - t i s sue  f ibrous band with sub-  
siding in f l ammato ry  changes in it and fat ty infi l t rat ion of 
surrounding l iver  t i ssue .  78th day. Hematoxyl in -eos in ,  
200 x .  

injection (4, 8, 12, etc.  up to 80 days).  Animals  of the control  group were  sac r i f i ced  along with the expe r i -  
menta l  an imals .  

Alcohol dehydrogenase  act ivi ty  was de te rmined  by the method of Roger  and c o - w o r k e r s  [3] and that 
of the other  enzymes  by methods desc r ibed  in previous  papers  [1, 2]. Activi ty of sorb i to l  dehydrogenase  
and a m i n o t r a n s f e r a s e s  was e x p r e s s e d  in #moles ,  that of ornithine c a r b a m o y l t r a n s f e r a s e  in # g s u b s t r a t e / m l  
s e r u m  or g l i v e r / h  at 37 ~ and act ivi ty  of alcohol dehydrogenase  as the change in optical  densi ty readings  
a f t e r  10 min.  

E X P E R I M E N T A L  R E S U L T S  

By injecting CC14 into ra t s  at di f ferent  t imes  it was poss ib le  to examine the change f rom acute into 
chronic  degenera t ion  and the development  of c i r r h o s i s  of the l iver ,  in four  main  s t ages .  Stages I and II 
(4-16 days f r o m  the beginning of CC14 adminis t ra t ion)  were  c h a r a c t e r i z e d  by the development  of acute 
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T A B L E  1. S e r u m  E n z y m e  Act iv i ty  in Animals  at Di f fe ren t  Stages 
of Deve lopment  of C i r r h o s i s  (M :~ m) 

Days from be- 
ginning ofCC14 
ad ministration 

sorbitol 
dehydro- 
genase 

Control (40) 0,22+-.0,05 

8 ( Q  (12) (12) (8) (8) 
2,8-+0,~ 1 9 - + 1 , 1  4,5_+0,25 2,4• 1,7+_0,2 

P<O,O01 P<O,O01 P<O,OOl P<0,601 P<O,O61 

16 (8) (10) (I2) (8) (8) 
3,3+0,86 19,1• 6,9m1,0 3,15_+0,7 2,4• 
P<O,OOl P<O,O01  P<O,O01 P<O,OO1 P<O,OO1 

48 {8) I (i 2) (i 2) (8) (8) 
0,42• I 16,1_+1,3 12,0_+2,0 0,96• 1,6• 
P>O,2 P < O , O 0 1  P<O,061  P~O, 1 P<O,O01 

76--80 

Enzyme activity 
omithine car- alcohol alanine I aspartate 
bamoyltrans- dehydro- aminotrans- ammotrans- 
ferase genase ferase ferase 

(12) (12) (40) (40) 
6,1• 0 0,7• 0,5-+0,08 

(16) 
0,17-+0,01~ 

(t2) 
12,9-+0,6 
P<O,O01 

(12) 
13,3• 
P<O,O01 

(16) 
0,56• 

(16) 
1,65-+0,26 
P<6,001 

Note.  Number  of an imals  (n) given in p a r e n t h e s e s .  

T A B L E  2. S e r u m  E n z y m e  Act iv i ty  in the L ive r  at  Di f fe ren t  Stages  
of Deve lopment  of C i r r h o s i s  (M �9 m) 

Enzyme activity 
Days frombe omithine car-, alcohol de- l alanine aspartate 
ginning of sorbitol de- bamoyltrans- aminotrans- amlnotrans- CCI 4 ad- mimstration hydrogenase ferase , hydrogenase ferase ferase 

/ 

Control 8 6 , 5 - + 4 , 8  5300-+180 [ 1 t90-+80 1 839-+27 1587-+18,5 
/ 

8 58 ,5 -+4 ,64  4300-+100 I 925_+58 1 114___12,8 1 069-+15,2 
P<O,O01 P<O,O01 I P<O,02 P<O,OI P<O,OOl 

16 56,5-+3,9 3640-+160 ] 800-+48 1 044-+11,7 1 026---7,6 
P<O,O01 P<O,O01 [ P<O,O01 P < O , O 1  P<O,O01 

48 

76--80 

56,5• 
P<0,001 

39,8_+3,1  
P<O,O01 

/ 

1 610-+200 I 610-+80 
P<O,O01 I P<O,OO1 

1 590_+90 I 525-+45 
P<O,O01 } P<O,O01 

570-+8,9 
P<O,O01 
415-+9,5 
P<O,O01 

688+8,4 
P<O,O01 

571-+7,7 
P<O,O01 

Note.  Number  of an imals  (n) given in p a r e n t h e s e s .  

degene ra t ive  and nec rob io t i c  changes  with the s p r e a d  of fa t ty  inf i l t ra t ion  and diffuse in f l ammat ion  in the 
s t r o m a  and p a r e n c h y m a  (Fig.  1), while s t age  III  (24-48 days) was  a c c o m p a n i e d  by p ro l i f e r a t i on  of the a d -  
vent i t ia  of the blood v e s s e l  wal ls  and p ro l i f e r a t i on  of the connec t ive  t i s sues  a round  the v e s s e l s  and bi le  
ducts  and in the i n t e r a l v e o l a r  sep ta  (Fig.  2), and in s tage  IV (48-80 days) m a s s i v e  p ro l i f e r a t i on  of the c o n -  
nec t ive  t i s sue  and a t rophy  of the lobules w e r e  o b s e r v e d  (Fig.  3). 

Changes  in enzyme  ac t iv i ty  in the blood s e r u m  and l ive r  t i s sue  (Tables  1 and 2) w e r e  dependent  on 
the phase  of deve lopment  of the pa tho logica l  p r o c e s s ,  and changes  in the ac t iv i ty  of d i f fe ren t  e n z y m e s  o c -  
c u r r e d  in d i f fe ren t  d i r ec t i ons .  

Dur ing  f o r m a t i o n  of chron ic  degene ra t ion  and c i r r h o s i s  the ac t iv i ty  of al l  inves t iga ted  e n z y m e s  in the 
l ive r  d e c r e a s e d  p r o g r e s s i v e l y .  D i s soc ia t ion  between changes  in ac t iv i ty  of the t r a n s f e r a s e s  developed in 
the blood s e r u m  (a m o r e  rap id  d e c r e a s e  in ac t iv i ty  of a lanine a m i n o t r a n s f e r a s e  than on a s p a r t a t e  a m i n o -  
t r a n s f e r a s e ) ,  while  ac t iv i ty  of so rb i t o l  d e h y d r o g e n a s e  fell  s h a r p l y  and that  of orn i th ine  c a r b a m o y l t r a n s f e r -  
a se  d e c r e a s e d  s lowly  and ac t iv i ty  of a lcohol  dehyd rogenase  i n c r e a s e d .  
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The re su l t s  given above indicate the absence  of d i r ec t  re la t ionship  between enzyme act ivi ty  in the 
l iver  t i s sue  and blood s e r u m .  They show that  during development  of c i r r h o s i s  of the l iver  the changes in 
act ivi ty  of the var ious  s e r u m  enzymes  possess  the i r  own dist inct ive pat tern .  

1o 
2. 
3. 
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