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Act ivi ty  of alanine a m i n o t r a n s f e r a s e ,  a spa r t a t e  a m i n o t r a n s f e r a s e ,  ornithine c a r b a m o y l t r a n s -  
f e r a se ,  glutamine synthe tase ,  and glutamine t r a n s f e r a s e  in the blood s e r u m  and l iver  t i s sues  
at var ious  t imes  af ter  division of the common bile duct was studied in expe r imen t s  on r a t s  
with expe r imen ta l  mechan ica l  jaundice.  During the f i r s t  few hours  af ter  the operat ion,  ac t i -  
vity of the enzymes  in the s e r u m  r i s e s ,  but that in the l iver  fai ls ,  in assoc ia t ion  with d i s tu rb -  
ance of the u l t r a s t r uc t u r e  of the hepa tocytes .  In the late s tages ,  act ivi ty of the enzymes  in 
the l ive r  falls s t i l l  lower .  Changes in enzyme act ivi ty in the blood s e r u m  are  va r i ed  in d i r -  
ect ion.  

The object  of the invest igat ion descr ibed  below was to study enzyme activi ty at var ious  t imes  af ter  
the production of mechan ica l  jaundice and during the development  of b i l ia ry  c i r r h o s i s  of the l iver .  

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

Exper imen t s  were  c a r r i e d  out on 340 ma le  albino r a t s  weighing 250-300 go Mechanical  jaundice was 
produced by division of the common bile duct between two l iga tures  at the point where  it en te r s  the duode- 
num. Operat ions  on the an imals  were  p e r f o r m e d  under hexobarb i ta l  anes thes ia .  Tes t s  were  made 1, 2, 
4, 8, 24, and 48 h, 1 and 2 weeks ,  and 1 month af ter  division of the common bile duct~ Normal  an imals  
and r a t s  undergoing l apa ro tomy under the s ame  conditions (anesthesia ,  etc.) as for division of the bile 
duct acted as the cont ro ls .  Activi ty of alanine and a spa r t a t e  a m i n o t r a n s f e r a s e s  (ALT and AST), sorb i to l  
dehydrogenase  (SD), and ornithine c a r b a m o y l t r a n s f e r a s e  (OCT) in the blood s e r u m  was de te rmined  by 
methods descr ibed  prev ious ly  [1 ,3 ,4 ,  7], giutamine t r a n s f e r a s e  (GT) activi ty was de te rmined  by the method 
descr ibed  by Trush  [10], and glutamine synthetase  (GS) act ivi ty  was de te rmined  by Kennan 's  method [11]. 
These methods were  adapted for de te rmina t ion  of enzyme act ivi ty in l iver  t i ssue homogena tes .  

Act ivi ty  of  SD, ALT and AST, GT, and GS was e x p r e s s e d  in m i c r o m o l e s ,  and act ivi ty of OCT in m i c r o -  
g r a m s  of subs t ra te  converted by l m l  or  1 g l iver  t i ssue during incubation for 1 h at 37~176 

To study the s t ruc tu re  of the l ive r  cel ls ,  bes ides  genera l  s ta ins  (hematoxylineosin,  pierofuchsin by 
Van Gieson ' s  method,  s i lve r  impregnat ion  of connective t i ssue  by Gomor i ' s  method),  invest igat ions with 
the Ut~MV-100V e lec t ron  mic roscope  were  c a r r i ed  out 2, 4, 6, and 8 h af ter  division of the ducts.  The 
l iver  was fixed with glutaraldehyde and o s m ium tetroxide and shadow-cas t  with uranyl  aceta te  by the usual  
methods.  Sections were  cut on Sjss t rand and LKB u l t r a m i c r o t o m e s .  
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T A B L E  1 .  

A n i m a l s  
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N o t e .  F o r  u n i t s  o f  a c t i v i t y  i n  T a b l e s  1 a n d  2 ,  s e e  s e c t i o n  " E x p e r i -  

m e n t a l  M e t h o d . "  

EXPERIMENTAL RESULTS 

During the first few hours after disturbance of the drainage of bile, enzyme activity both in the liver 
tissue and in the blood serum was altered. The direction of the changes in enzyme activity in the liver and 
serum differed, depending on the time of observation (Tables 1 and 2). The longer the period after division 
of the bile duct, the greater the decrease in activity of all investigated enzymes in the liver. As was shown 
previously [2], during prolonged interference with the drainage of bile, cirrhosis of the liver develops. To 
correspond to the marked cirrhotic changes observed morphologically in the liver tissue one month after 
division of the bile duct, activity of all the enzymes was lower. For instance, compared with the control 
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T A B L E  2. 

o f  A n i m a l s  
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(laparotomized animals), ALT activity was lower by 77%, AST by 51%, SD by 53%, OCT by 46%, GT by 68%, 
and GS by 68%. Changes in activity of the individual enzymes in the blood serum at different times after 
the operation varied. During the first few hours the activity of all the enzymes roseo After 24 h, however, 
SD activity was lower than at previous times, and it subsequently approached normal values. Activity of 
the other enzymes after 24 h showed a greater increase, but later it began to fall gradually, although one 
month after the operation AST and OCT activity was still considerably above normal. As during cirrhosis 
of the liver produced by prolonged administration of CCl 4 [5], the development of biliary cirrhosis was ac- 
companied by a characteristic dynamics of the ratio between the aminotransferases: ALT activity fell more 
sharply than AST. 

A study of the ultrastructure of the hepatocytes 2 h after division of the duct showed swelling of the 
mitochondria, a decrease in the number of eristae contained in them, and an increase in the number of 
electron-dense granules in different areas of the cytoplasm, most commonly in the perinuclear zone. With 
an increase in the period after operation, vacuolation of the endoplasmic reticulum increased in intensity 
around the nuclei, and some displacement and grouping of the mitochondria were observed (Fig. i). Signs 
of a change in the energy balance of the cells continued to progress: more mitochondria with a reduced 
number of cristae were seen. Partial degranulation of the endoplasmic membranes took place, and most of 
the ribosomes were located in the cytoplasmic matrix, outside the membranes. The number of electron- 
dense vacuoles in the nucleus and at the periphery of the hepatocytes was increased. Osmiophilic bilirubin- 
containing particles were concentrated in the dilated cisterns of the endoplasmic reticulum (Fig. 2). 
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Fig. 1 Fig. 2 

Fig. 1. Hepatocyte, 4 h after beginning of experiment. Vacuolation and partial degranulation of endoplas- 
mic reticulum. Slight swelling of mitochondria (20,000x). 

Fig. 2. Hepatocyte, 8 h after beginning of experiment. Increased vacuolation of endoplasmic reticulum. 
Increase in number of granules of bile pigments in its vacuoles. Lipoid masses appearing in perinuclear 
zone of cytoplasm, around swollen and deformed mitochondria (25,000• 

Consequently, changes in enzyme activity during the first  few hours of mechanical jaundice are evi- 
dently connected with metabolic disorders arising in the liver following interruption to the drainage of 
bile. The development of degenerative changes in the liver and of cirrhosis  produces a characterist ic  
dynamics of the changes in enzyme activity in the serum and liver tissue at different times after obstruc- 
tion of the duct. Bile acids, which accumulate in large quantities during the f irs t  few hours [2] and produce 
morphological and enzymic changes [6, 8, 9] play an important role in the path.genesis of these disturbances. 
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