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Despi te  the r e s to ra t ion  of the s t ruc tu re  and function of the l iver  during spontaneous r e -  
canalizat ion of the common bile duct in dogs a f te r  its ligation, cons iderable  metabol ic  
d is turbances  were  found in the hepatocytes  in the late per iods  a f te r  r e s to ra t ion  of the 
b i l i a ry  flow. 

As a resu l t  of recent  work, ideas regard ing  the i r r eve r s i b i l i t y  of f ibrous and c i r rho t ic  changes have 
undergone a change, and this has s t imulated the Invest igat ion of in t race l lu la r  r egenera t ion  [7, 8]. The suggestion 
has  also been made that the damaged and par t ia l ly  dedifferent ia ted cells  of an injured organ do not lose 

the i r  power of subsequent different iat ion and functional 
TABLE 1. Enzyme Activity in Subeellular  modificat ion [10]. 
St ructures  of Dog Liver  during Obst ruc t ive  
Jaundice  and Recanal izat ion of the Common 
Bile Duct 

Obstructive I Recanaliza- 
Control jaundice tion 

Nuclei 
Mitochondria 
Microsomes 
Cytoplasm 

Nuclei 
Mitochondria 
Microsomes 
Cytoplasm 

Nuclei 
Mitochondria 
Microsomes 
Cytoplasm 

Nuclei 
Mitochondria 
Microsomes 
Cytoplasm 

Nuclei 
Mitochendria 
Microsomes 
Cytoplasm 

AST 

13, 1 4.0,9 I 17,04-1,1 
8, 14-0,85 

61,84-2,05 

ALT 

I0,0 ~:0,82 I 14,24.1,o 
6,24.0,55 

69,64.1,82 

AP 

24,3:E3, 1 i 25,5~:3,0 
14,84-1,52 
35,44-3,25 

ACE 

26,0~2,2 I 15,84-1,9 
89,24-2,2 
19,04-1,6 

HAL 
17,24-1,6 
38,3:t: 1,6 
14,24-1,3 i 
30,34-1,2 

I8,44-3,0 16,44-3,1 
13,5:t: 1,2 14,24-1,1 
6,44-0,9 5,24-1,7 

61,7.-~4, t 62,24-4,2 

13,04.1,1 10,54-1,7 
12,54-2,6 15,64-1,6 
3,64-0,6 3,84-1,0 

70,94-3,5 70,14-2,3 

16, 94.5,8 29,84-1,1 
30, 14.2,8 25,44-6,0 
21,54-5, t 15,94-5,4 
31,5:t=6,4 28,84.3,2 

19,44-5,3 25,94-1,8 
16, 14.3,0 22,74-2,3 
33,34.6,8 25,64"3, 1 
31,24-8,2 25,84-4,2 

16,04.3,7 16,64.1,6 
15,44-3,9 23,94-2,8 
22,84-4,2 15,54-1,9 
45,84-4,8 44,04-3,2 

It is t he re fo re  in teres t ing to study the s ta te  of 
me tabo l i sm at the u l t r a s t ruc tu r a l  level  during spontan-  
eous recanal iza t ion  of the common bi le  duct, a p rob lem 
which has rece ived  insufficient attention in the l i t -  
e r a tu re .  

In the combined investigation descr ibed  below an 
a t tempt  was made  to examine the pathological  s ta te  at the 
ce l lu lar  level  and to de te rmine  the morphologica l  changes 
in the l iver  in the l a t e  s tages  a f te r  r e s to ra t ion  of the 
b i l ia ry  flow and ligation of the duct for  a second t ime.  

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

The function and s t ruc tu re  of the l iver  were  studied 
in 14 dogs with ligation (6 dogs) and division (8 dogs) of 
the common bile duct. Reeanal izat ion of the duct took 
place in all  dogs in which it was ligated. In 2 of the 6 
dogs with spontaneous recanal izat ion,  the duct was di-  
vided 4-5 months a f te r  ligation, and in this case  the b io-  
chemica l  and cl inical  manifes ta t ions  cor responded  to ob-  
s t ruc t ive  jaundice. The animals  r emained  under o b s e r v a -  
tion for  between 8 and 18 months a f te r  ligation. The r e -  
sults of the exper iments  on the dogs with recanal iza t ion  
of the common bile duct were  compared  with those in the 
per iod of mechan ica l  jaundice a f te r  division of the duct. 
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Fig. 1. Cel lu lar  po lymorph ism.  High alkaline phos -  
phatase  act ivi ty in s inuses  along the course  of b i l i a ry  
cap i l l a r ies  and in cy toplasm of hepatocytes .  Reaction 
for  alkal ine phosphatase ,  140 x.  

Fig. 2. F ibrous  changes in l ive r  t i s sue  of dog 18 months 
a f te r  r e s to ra t i on  of b i l i a ry  flow. High alkaline phos-  
phatase  act ivi ty in p ro l i fe ra t ing  bile ducts.  React ion for  
alkaline phosphatase,  140 • 

L iver  homogenates  were  f rac t ionated  in a T s L R - 1  r e f r ige ra t ion  centr i fuge by Khes in ' s  [12] modificat ion 
of Hogeboom and Sneider ' s  method, and nuclear ,  mi tochondria l ,  m i c r o s o m a l ,  and cy top lasmic  f rac t ions  i so-  
lated.  Activi ty of the enzymes  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  (AST), a l a n i n e - a m i n o t r a n s f e r a s e  (ALT), h i s t i -  
d ine -ammonia  l iase  (HAL), ace ty lcho l ines t e rase  (ACE), and alkaline phosphatase  (AP) was invest igated in 
the total  homogenate  and in its f rac t ions .  The act ivi ty of the enzymes  was invest igated by mic romethods  
developed by Mansurova  [1]. AST and ALT act ivi ty was exp re s sed  in m i c r o g r a m s  pyruvic  acid, HAL in 
m i c r o m o l e s  x 100 of urocannie  acid, ACE in m i l l i g r a m s  acetylcholine,  and AP in m i l l i g r a m s  phosphorus 
pe r  g r a m  l iver  t i s sue .  Fo r  the his tological  invest igat ions paraff in  sect ions were  stained with hematoxyl in-  
eosin, and for  the h i s toehemica l  demons t ra t ion  of alkaline phosphatase  G o m o r i ' s  method was used. 

EXPERIMENTAL RESULTS 

The re su l t s  showed that during spontaneous reeanal izat ion,  whichoecur red  in all  the dogs with l iga-  
t ion of the common bi le  duct, the tendency toward r e s to ra t ion  of the l ive r  s t ruc tu re  was slight and was not 
the s a m e  in al l  cases ,  despi te  the fact  that the b i l i a ry  s t a s i s  in the l iver  was reduced,  necro t ic  foci were  
absorbed,  and the inf lammat ion subsided.  
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In one dog, 18 months af ter  recanal iza t ion  of the bile duct, focal  changes cha rac t e r i s t i c  of a s e v e r e  
pathological  p ro ce s s  were  obse rved  in one lobe of the l iver .  These  local  changes evidently cor responded  
to the s eve re s t  type of des t ruc t ive  changes during the per iod of b i l ia ry  s t as i s .  Even in p laces  where  the 
cour se  of r e p a i r  was mos t  favorable ,  the t r abecu l a r  s t ruc tu re  cha rac t e r i s t i c a l l y  was i r r egu la r ,  the l iver  
cel ls  were  a r ranged  haphazardly ,  and they var ied  cons iderably  in s ize.  In the hyper t rophied  cells  the nu-  
celi  were  eccen t r ic  in position, and ka ryo lys i s  and vacuolation of the k a r y o p l a s m  were  observed,  indicating 
that the condition was not a l together  favorable .  Only a few binuclear  cel ls  were  seen. 

Alkaline phosphatase  act ivi ty  in the l ive r  of this dog was high along the cour se  of the b i l i a ry  capi l -  
l a r ies .  It was found diffusely but i r r egu l a r l y  in the cy top lasm of the hepatocytes  in the f o r m  of t iny g r a n -  
ules ,  the resu l t  of e a r l i e r  s eve re  damage  to the hepatocytes  in the per iod of b i l i a ry  s tas i s  (Fig. 1). F i -  
b rous  changes consis ted of m a rked  pro l i fe ra t ion  of connective t i s sue  in the por t a l  t r a c t s .  In other  pa r t s ,  
where  the changes in the past  had evidently been less  intensive in cha rac t e r ,  a l a rge  a r ea  of the pa r e n -  
chyma was replaced  by zones of f ib ros i s ,  containing inumerable  pro l i fe ra t ing  bile ducts showing high a lka-  
line phosphatase  act ivi ty (Fig. 2). 

These  observa t ions  show that r e c o v e r y  of the l iver  s t ruc tu re  a f te r  degenerat ion induced by b i l i a ry  
s t a s i s  is ve ry  p ro t r ac ted  in its course .  An aggravat ing fac to r  in this case  is the d is turbance of the c i r -  
culation of blood in the lobules accompanying s e v e r e  b i l i a ry  s tas i s  a f te r  l igation of the common bi le  duct. 

The other  animals  were  invest igated in the ea r l i e r  s tages  af ter  recanal iza t ion  of the duct, and no 
such marked  f ibrot ie  changes were  found in the i r  l iver .  

The degree  of r eve r s ib i l i t y  of pathological  changes depends ineach concre te  case  on the c h a r a c t e r  of 
the pathological  s ta te .  It has often been mentioned that in lesions of the l iver  accompanied  by b i l i a ry  s t as i s ,  
despi te  the high r egenera t ive  ability of the hepatocytes ,  r e p a i r  takes  place slowly [3, 5, 9, 11]. 

At the s a m e  t ime ,  when poisoned with bile the l i ve r  cel ls  become  res i s t an t  to subsequent i n t e r f e r -  
ence. Evidence of this r e s i s t a n c e  was found when division of the previous ly  l igated bi le  duct did not in- 
duce c i r rhot ic  changes in the l iver ,  although such changes could have taken place.  These  r e su l t s  a r e  in- 
t e res t ing  because  the r eac t ive  s ta te  of the cel ls  developing during b i l i a ry  s t a s i s  was respons ib le  for  the 
r e s i s t a n c e  of the hepatocytes  to the repea ted  toxic action of bi le.  

Hyper t rophy  and hyperp las i a  of the cel l  o rganel les  have been demons t ra ted  during cel l  hyper t rophy  
by the e lec t ron  m i c r o s c o p e  [6, 7]. The poss ibi l i ty  of changes in the re la t ionships  between the in t race l lu -  
l a r  m e m b r a n e s  cannot be  ruled out under  these  c i r cums tances ,  and this could probably  be  connected with 
the redis t r ibut ion  of enzyme activi ty obse rved  in these  exper imen t s  in the organel les  of the hepatocytes .  

With r e spe c t  to the c h a r a c t e r  of the enzymic  d is turbances  in the subcel lu lar  s t ruc tu res ,  the wr i t e r s  
have previous ly  repor ted  cons iderable  changes in act ivi ty  of the enzyme s y s t e m s  during obs t ruc t ive  jaun-  
dice [4]. Invest igat ion of enzyme act ivi ty in the to ta l  homogenate  revea led  a significant i nc rease  in alkaline 
phosphatase  act ivi ty in the period of reeanal iza t ion ,  when it was 1.5 t i m e s  higher  than in the control  
(p<0.02). 

HAL act ivi ty inthe r eeana l i za t ionpe r iod  was slightly higher thandur ingobs t ruc t ive  jaundice, but the 
d i f ference  between these  act ivi t ies  was not significant (P > 0.2), thus suggesting m a r k e d  inhibition of the 
e n z y m e  with r e s to ra t ion  of the flow of bi le.  

The inc rease  in ALT activi ty in the recanal iza t ion  per iod l ikewise was not significant compared  with 
its level  in the per iod of obs t ruc t ive  jaundice (1) > 0.5), although AST act ivi ty  in this per iod was a lmost  
back  to no rmal ,  namely  99.6% Of its init ial  value.  

Invest igat ion of enzyme act ivi ty in the subcel in lar  s t ruc tu re s  showed that the mi tochondr ia  of the 
hepatocytes  had undergone the g rea t e s t  damage,  as shown by a d e c r e a s e  in HAL act ivi ty by m o r e  than half 
in the per iod of obs t ruc t ive  jaundice.  During recanal iza t ion  of the duct, its act ivi ty  ro se  although it s t i l l  
r ema ined  much below the no rm a l  level .  HAL act ivi ty in the cy toplasm remained  essen t ia l ly  as high as in 
the per iod of obst ruct ion to the flow of bi le  (Table 1). 

Bes ides  the changes in HAL activi ty,  which is m o r e  specif ic  for  l iver  t i ssue ,  in the per iod  of r e s t o r a -  
tion of the b i l i a ry  flow in dogs, the act ivi ty  of the other  enzymes  in the organel les  of the hepatocytes  r e -  
mained dis turbed.  F o r  instance,  m a r k e d  depress ion  of ALT activi ty and a l ess  m a r k e d  depress ion  of AST 
act ivi ty was obse rved  in the m i c r o s o m e s ,  while alkaline phosphatase  act ivi ty  in this f rac t ion  r ema ined  

514 



slightly raised;  finally, the ACE activity was increased  in the mitochondria  and depressed  still  more  in 
the mic rosoma l  and cytoplasmic f ract ions  compared  with the period of obstruct ive  jaundice. 

Hence, the redis t r ibut ion of enzyme activity observed  in the hepatocytes,  indicating profound in t ra -  
ce l lu lar  dis turbances under  the influence of b i l ia ry  s tas is  and the reduced oxygen saturation of the l i ve r  
t i ssue  [2], had not re tu rned  completely to normal  at the stipulated periods of r e co v e ry  of the b i l ia ry  flow. 
At the same t ime,  the cha rac t e r  of distr ibution of enzyme activity in the cell  organel les  was a l tered.  
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