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The results  of a histochemical study of changes in the activity of nonspecific es terases  and 
~-glycerophosphate dehydrogenase (~-GPD) and the fat content in the regenerating liver of 
domestic chickens are  given. Accumulation of fat in the hepatocytes in the early states of 
regeneration ( ls t-5th days of the experiment) is due partly to a decrease in nonspecific es terase  
activity. Maximal steatosis in the liver is also accompanied by an increase in ~-GPD activity, 
evidence of intensification of giycolysis and of primary synthesis of tr iacylglycerides - the 
r e se rve  lipids of the liver - in the period of regeneration. 
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Biochemical and histochemical studies have shown that after partial hepatectomy in mammals fatty infil- 
tration develops in the remainder  of the organ [7, 11, 13]. Maximal accumulation of fat after hepatectomy 
coincides with the time of maximal mitotic activity. This suggests that the steatogenic response of the liver 
ref lects  the mobilization of the enerl~y-yielding resources  of the cells for regeneration [2, 12]. The data given 
in these publications show that the quantity and distribution of lipid inclusions return to normal on the 7th day 
of regeneration [6, 8, 15]. 

There are few data in the l i terature obtained by histochemical study of changes in the activity of enzymes 
catalyzing part icular  reactions in the lipid metabolism of the liver. For instance, histochemical investigations 
have shown a reduction in es terase  activity during the period of increase in weight of the regenerating mouse 
liver on the 3rd-8th day of the experiment [16]. However, no changes in nonspecific es te rase  activity were 
found in the dog liver at any time during the experiment [4], although the number of fat droplets in the hepat- 
ocytes increased 3-7 days after hepatectomy. Observations on the regenerating pigeon liver showed [5] that 
the beginning of cell divisions close to the damaged part  of the parenchyma is preceded by disappearance of 
neutral fats f rom this zone and an increase in lipase and esterase activity in it. 

Because of the lack of study of enzyme activity in the course of regeneration and the contradictory data 
for animals of different species it  was decided to undertake a histochemicai study of the activity of nonspecific 
es terases  and ~-glycerophosphate dehydrogenase (a-GPD) and the content of neutral fats in the regenerating 
chicken liver. 

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

Between 1/5 and 1/4 of the liver parenchyma was removed from chickens aged 5-6 months. Material 
for investigation was taken 1, 3, 5, 10, 20, 30, and 60 days after the operation. Fats were stained with Sudan 
III in frozen sections, and activity of ~-GPD and nonspecific es terases  was revealed in freshly frozen cryostat  
sections, stained by Nachlas' method and with naphthyl acetate respectively. The enzyme activity was expressed 
in conventional units. 
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Fig. 1. ~-GPD activity in domestic chicken liver 
cells, a) Control; b) 5th day after hepatectomy. 
Freshly frozen sections. Nitro-BT reaction after 
Nachlas'. Objective 63, ocular 12.5. 

Fig. 2. Nonspeeific esterase activity in domestic 
chicken liver ceils, a) Control; b) 5th day after 
hepatectomy. Freshly frozen sections. Reaction 
with ~-naphthyl acetate. Objective 63, ocular 12.5. 

EXPERIMENTAL RESULTS 

In the intact domestic chicken liver, ~-GPD activity in the hepatocytes was revealed mainly in the form 
of monoformazan, although large granules of diformazan were also present in the cytoplasm, and frequently 
formed a rim around the nucleus (Fig. la). Enzyme activity was uniform throughout the organ and could be 
assessed as 1 point. 
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Fig. 3. I nc rea sed  nonspecif ic e s t e r a s e  act ivi ty 
in hepatocytes  around cen t ra l  vein. F resh ly  f rozen  
section. React ion with ~-naphthyl  aceta te .  Objec-  
t ive 25, ocular  12.5. 

Nonspecific e s t e r a s e  act ivi ty  in the hepatocytes  of the intact  l iver  was r evea l ed  as  la rge  granules ,  m o r e  
concentra ted  around the nucleus (Fig. 2a). Activi ty of the enzyme was  a little higher in the hepatocytes  around 
the cen t ra l  veins  (Fig. 3). In the endothelium of the capi l la ry  walls  and in the Kupffer cel ls  the  granules  we re  
less  densely dis tr ibuted,  and the in ter lobular  connective t i ssue  and v e s s e l  walls  showed only ve ry  weak non- 
specif ic  e s t e r a s e  activity.  

In the ea r ly  s tages  a f te r  hepatec tomy (days 1-3 of the exper iment)  a - G P D  act ivi ty  in the l iver  increased .  
In a r e a s  of pa renchyma  adjacent  to the zone of r e sec t ion  and a shor t  dis tance f r o m  it, the number  of d i formazan  
grains, corresponding to ~-GPD activity, was considerably increased (Fig. Ib). Activity of the enzyme in 
these areas of the parenchyma could be assessed at 2 points. In the injured lobules the quantity of mono- 

formazan was increased. 

At these times of the experiment, nonspecific esterase activity was appreciably reduced in the extensive 
area of liver parenchyma adjacent to the zone of resection (Fig. 2b). Meanwhile zones with considerably 
increased activity of these enzymes could be seen in the sections. Increased esterase activity in the hepato- 
cytes was observed at the periphery of the lobules, especially close to the wide bands of interlobular connective 
tissue and on the boundary with the necrotic tissues. Often in the zone of resection lobules still functioning, 

and with very high esterase activity, were preserved between areas of necrotic parenchyma. Nonspecific 
esterase activity also was increased in the walls of the blood vessels and in the interlobular connective tissue. 
In the liver parenchyma at a distance from the zone of resection esterase activity was almost at the control 
level, but the granules corresponding to it were coarser and less densely distributed. 

At these times of regeneration the number of fatty inclusions in the parenchyma of the liver was increased, 
especially in areas adjacent to the zone of resection. Most cells of the undamaged parenchyma were filled 
with large granules of lipids, often merging to form larger drops. It was in these areas of the parenehyma 
that ~-GPD activity was increased and esterase activity sharply reduced. Conversely, lipids were not found 
in cells with very high esterase activity. 

Increased ~-GPD activity persisted in the liver 5 days after hepatectomy. However, activity of the 
enzyme at this time was irregularly distributed. Hepatic tubules with relatively high enzyme activity (2 
points) and tubules with reduced  ~ -GPD act iv i ty  compared  with the control  could be seen in the section.  Mainly 
monoformazans  w e r e  found in the cel ls .  At this per iod the dis tr ibut ion of nonspeeif ic  e s t e r a s e  act ivi ty  s t i l l  
r ema ined  i r r egu l a r .  I t  was  reduced  in extensive a r e a s  of pa r enchyma  adjacent  to the zone of r e sec t ion  but was 
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ve ry  grea t ly  inc reased  in cei ls  bounding the developing granulation t issue,  and also in newly fo rmed  epithelial 
tubules,  growing into the granulations.  In the differentiat ing cel ls  of these t i ssues  lipids as a ru le  were  
absent,  although by this t ime the number and s ize  of the fat  droplets  in the cei ls  of the parenchyma adjacent 
to the zone of r e sec t ion  had r eached  a maximum. 

On the 10th-20th days of the exper iment  ~-GPD activi ty in the l iver  parenchyma fe l l  r a the r  below the 
contro l  level,  and the i r r egu l a r i t y  of distr ibution of nonspecific e s t e r a s e  activity descr ibed  above sti l l  r e -  
mained. The fat  content of the liver was a lmost  back to normal ,  and it  remained  high only in the hepatocytes 
around the cen t ra l  veins.  

Activity of the enzymes studied began to r e tu rn  to normal  af ter  the 30th day of the exper iments ,  although 
in the zone d i rec t ly  border ing  the developing sca r  t issue and around the blood vesse l s  inc reased  nonspecific 
e s t e r a se  activity s t i l l  remained .  Es t e r a se  act ivi ty also was high in the vesse l  walls and in the inter lobular  
connective t i ssue.  Inthe r a r e  cases  when fat ty degenerat ion developed in the l iver,  nonspecific e s t e ra se  activity 
fell  sharply below normal .  

In the last  stage of the observat ions ,  2 months af ter  the operat ion,  the activity of the var ious enzymes 
studied and the neut ra l  fat  content in the hepatocytes  of the exper imenta l  chickens r e tu rned  to normal.  

In the ear ly  stages of regenera t ion  of the l iver in domest ic  chickens, para l le l  with an inc rease  in the 
number  of lipid inclusions in the parenchyma of the organ, ce-GPD activity r i s e s  and nonspecif ic  e s t e r a se  
activity falls .  In the newly fo rmed  epithelial  tubules in zones bordering on developing granulation t issue and 
on necro t ic  a reas ,  where  regenera t ion  takes place more  intensively,  no lipid inclusions a r e  p resen t  and 
e s t e r a s e  act ivi ty is  considerably increased .  In the course  of r egenera t ion  an inc rease  in nonspecffic e s t e r a se  
act ivi ty a lso takes place in the hepatocytes  around the blood vesse l s  and at  the per iphery  of the lobules. 

The fal l  in e s t e r a s e  act ivi ty in the parenchyma adjacent to the zone of r e sec t ion  faci l i ta tes  active 
accumulat ion of fat. The r i s e  in e s t e r a s e  activity,  on the other hand, in a reas  with more  marked  signs of 
regenera t ion  and in dividing cel ls  p romotes  util ization of this energy r e s o u r c e  of the l iver cells.  

The r i s e  in activity of ~-GPD,  an enzyme linking carbohydra te  and lipid metabol i sm in the l iver,  is 
evidence of intensif icat ion of glycolysis  and the util ization of i ts products  for  the synthesis  of t r i e thy lg lyce r -  
ides,  the r e s e r v e  lipids of the l iver ,  and for  oxidative phosphorylation of new ADP molecules ,  during r e g e n e r -  
ation of the liver in domest ic  chickens. 
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