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A histophotometric study of the liver dehydrogenase activity reveals the nature of 
changes of enzymatic homeostasis and its periodicity in the dynamics of endotoxinemia 
in dogs. A compensatory reaction to lipopolysaccharide administration develops during 
the first two hours. A decrease of dehydrogenase and diaphorase activity and the de- 
velopment of structural damage to hepatocytes appear later. It is shown that the acti- 
vation of  free-radical oxidation as well as an increase of the level of  medium-sized 
molecules in the blood plasma play a key role in the pathogenesis of liver damage. 
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Recent experimental studies have conf'n-med the 
importance of endotoxin from Gram-negative bacte- 
ria as a triggering element in the total reaction of 
the organism, which is accompanied by typical 
clinical-functional changes leading to the develop- 
ment of endotoxin shock and of multiple organ fail- 
ure [1,13]. Being responsible for the development of 
the somatogenic stage of intoxication, the liver is the 
chief organ fulfilling a barrier and detoxication func- 
tion. At the same time, the initial period of 
endotoxicosis may proceed asymptomatically due to 
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pronounced adaptive-compensatory reactions of the 
hepatic cells [9]. The above considerations call for 
a study of the alterations in hepatocyte metabolism 
which determine the level of compensatory resources 
and which are an important pathogenic element in 
hepatic insufficiency. 

The aim of the present study was a quantita- 
tive histoenzyme assay of hepatocytes in the dy- 
namics of systemic endotoxinemia. 

MATERIALS AND METHODS 
The study was carried out on the 97 liver biop- 
sies from 11 mongrel dogs weighing 13-18 kg 
which were injected i. v. simultaneously with E. 
eoli lipopolysaccharide in a dose of 2 mg/kg. Bi- 
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opsy of the liver tissue and sampling of the blood 
from the portal vein were performed initially and 
during 8 h after endotoxin injection. For the as- 
sessment of  the dynamics of hepatocyte enzyme 
activity we tested a complex of 6 enzymes involved 
in different metabolic pathways: succinate dehydro- 
genase (SDH) as the index of the intensity of oxi- 
dative processes in the Krebs cycle; lactate dehy- 
drogenase (LDH), characterizing glycolysis; gluta- 
mate (GDH) and 13-hydroxybutyrate dehydrogenase 
(BDH), related to protein and lipid metabolism. 
The total index of the energy potential was stud- 
ied with NAD-diaphorase. NADP-diaphorase was 
used for assessing the state of the energy provi- 
sion of synthetic processes. Histoenzyme reactions 
were performed on 10-~t cryostat sections as de- 
scribed elsewhere [15]. Quantitative evaluation of 
enzyme activity was carried out by means of  a 
Mikrovideomat television image analyzer (Opton, 
Germany) controlled by a Wang 720c computer, 
using specially devised software for photometric 
analysis of  histological preparations [5]. Microtome 
sections were stained with hematoxylin-eosin. The 
intensity of lipid peroxidation was assessed by the 
level of  malonic dialdehyde in the portal vein [2]. 
The degree of intoxication was evaluated according 
to the concentration of medium-weight molecules 
in the blood plasma [3]. The numerical results 
were computer-processed using variational statistics 
analysis. 

RESULTS 

Microscopic examination of the liver tissue in the 
time course of endotoxinemia reveals progressive 
microcirculatory failure and damage to hepatocytes. 
An hour after lipopolysaccharide administration 
nonuniform congestion of the portal vessels is o b -  

served, particularly of the portal vein branches. In 
isolated portal tracts minor hemorrhages are noted, 
whereas large foci of hemorrhages are found after 
2-3 h, and after 5-8 h they even spread to indi- 
vidual periportal regions. Nonuniform widening and 
congestion of the sinusoidal vessels and hepatic 
venules, erythrocyte aggregation and leukocyte 
stases, and widening of perisinusoidal Disse's spaces 
are noted 2-3 h later. As early as 2-3 h after li- 
popolysaccharide administration stellate reticuloen- 
dotheliocytes and endothelial cells increase in size 
and their nuclei become hyperchromic. Focal clus- 
ters of  polymorphnonuclear leukocytes are found 
after 5-8 h in certain portal tracts and regions of 
hemorrhages. Hepatocyte destruction predominantly 
manifests itself in vacuolar dystrophy and mono- 
cellular necrosis, which encompasses mostly peri- 
portal cells 1 h after intoxication. Focal necroses 
are revealed 3 h later and occasional periacinar 
necroses are found by 5-8 h. 

Development of systemic endotoxinemia results 
in marked disturbances of the liver tissue metabo- 
lism. Quantitative study of the changes of dehy- 
drogenase and diaphorase activity allows one not 
only to analyze the metabolic processes but also to 
determine the degree of involvement of membrane 
structures in cell function at a specific time point 
[17]. Diverse changes of dehydrogenase activity are 
noted 1 h after lipopolysaccharide administration 
(Fig. 1). The oxidation of  metabolites in the 
Krebs cycle is boosted under conditions of cell 
loading as is evidenced by an increase of SDH 
activity by 17.9% as compared with the control 
(p<0.05). A higher activity of NAD-diaphorase 
(86.8%, p<0.01) over NADP-diaphorase (8.1%, 
p<0.05, Fig. 1, b) is observed and the bulk of 
energy is expended on cell functioning at the ex- 
pense of plastic processes. LDH, BDH, and GDH 
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activity is reduced compared to the baseline level 
(Fig. 1, a, c). A progressive drop of NAD- and 
NADP-diaphorase activity to 62.6% and 44.9% of 
the control (p<0.05) is subsequently found toward 
8 h of intoxication as endotoxinemia is prolonged. 
SDH activity rises somewhat by 2 h of endo- 
toxicosis and then during the next 8 h also falls 
progressively by 39.0% of  the baseline level 
(p<0.05). The indexes of protein and lipid metabo- 
lism are found to increase by 17.1% (GDH) and 
7.4% (BDH) (Fig. 1, c) 2 h after lipopolysaccha- 
ride administration, as compared to 1 h of intoxi- 
cation; GDH activity in this case is 2.9% higher, 
while BDH activity is 8.6% below the control val- 
ues (p<0.05). Two to four hours later LDH activ- 
ity exceeds the control level, but after 3 h of  
endotoxicosis the activity gradually decreases, to 
reach 88.6% of the control  values after 8 h 
(p<0.05). 

The study of malonic dialdehyde content in 
the portal vein revealed a 4.9% increase as early 
as 1 h after lipopolysaccharide administration (Fig. 
2), followed by a steep rise of its level. An in- 
crease of  the number of  medium-sized molecules 
by 19.2% (p<0.05) was found just 1 h after en- 
dotoxin injection, whereas 8 h later their number 
exceeded the initial values by 81.3% (p<0.05). 

The data obtained show a pattern of dehydro- 
genase variation rather similar to that of diapho- 
rase in the dynamics of  systemic edotoxinemia, 
evidently attesting to common pathological mecha- 
nisms of damage resulting from lipopolysaccharide 
administration. The increase of enzyme activity 
after 2 h may be interpreted as a compensatory 
response of the liver to the pathogenic action of 
the lipopolysaccharide. The subsequent decrease of 
ox ida t ion- reduct ion  enzyme activity probably 
stemmed from uncoupling of the respiration and 
oxidative phosphorylation in hepatocyte mitochon- 
dria and, together with the results of microscopic 
investigations, attests to a breakdown in the adap- 
tation of metabolic systems. The changes of dehy- 
drogenase activity confirm the reports [11] that the 
direct toxic effect of  endotoxin on hepatocytes and 
sinusoidal cells together with progressive hypoxia 
[12,14] leads to the development of an initial 
phase of shock in the early period after endotoxin 
administration. These changes are achieved by free 
fatty acids blocking adenine nucleotide translocase 
[10], as is borne out by the data obtained on 
changes of  BDH activity (Fig. 1, c). The distur- 
bance of  hepatocyte metabolism is mainly due to 
the destruction of cell and intracellular membranes 
in the course of lipid peroxidation. The activation 
of free-radical oxidation is noted at early stages of 
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endotoxinemia [8,16]. In our assays the maximal 
level of  malonic dialdehyde is noted within 5 h 
of intoxication and exceeds the control level by 
70.6% (p<0.05). It is at this stage of endotoxicosis 
that periacinar necroses are observed, and LDH 
activity is below the baseline levels. 

The progression of secondary intoxication plays 
an important role in the pathogenesis of  liver dam- 
age and in the development of multiple organ fail- 
ure, as evidenced by the increase of  the number 
of medium-sized molecules in the plasma obtained 
in the present study. An elevated level of these has 
been found in shock of various etiology, sepsis, and 
peritonitis [4,6]. This increase of the number of  
medium-sized molecules may be related to protein 
degradation when hepatic tissue is damaged, as well 
as to intestinal flora decay. These findings support 
the recommendations [7] for early artificial detoxi- 
cation in endotoxicosis. 

Thus, comparative quantitative studies of hepa- 
tocyte enzyme activity in the dynamics of endo- 
toxinemia revealed a regular pattern of changes in 
enzymatic homeostasis and its periodicity. A com- 
pensatory reaction to lipopolysaccharide admin- 
istration develops during the first 2 h. A decrease 
of dehydrogenase and diaphorase activity as well as 
progressive destruction take place at later times. 
The activation of free-radical lipid oxidation and 
an increase of the number of medium-weight mol- 
ecules in the blood plasma play a key role in the 
pathogenesis of liver damage under conditions of 
bacterial endotoxicosis. 
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Comparative histophotometric and correlation analysis was carried out to study dehy- 
drogenase activity in hepatocytes of different acinar zones in peritonitis and gangrene 
of the lower extremities. Structural-metabolic disturbances of hepatocytes were found to 
be responsible for the weakened detoxicating function in patients with endotoxicoses. 
Special features of metabolic disturbances in the liver acini were demonstrated in peri- 
tonitis and limb gangrene. 
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Signs of endotoxicosis are found in surgical 
patients under a wide variety of pathological con- 
ditions and are characterized by disturbances of 
homeostasis associated primarily with intoxication 
[1,5,8]. Since the liver is the central organ where 
detoxication occurs, disturbances in its structure 
and metabolism result in the development of liver 
and then multiple organ failure [10]. For a more 
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reliable assessment  of  the morphofunc t iona l  
changes and an explanation of the pathogenesis of 
the damage, the zonal structural-metabolic hetero- 
geneity of hepatocytes in the acinus must be taken 
into consideration and correlation analysis must be 
used to study the interactions between the differ- 
ent metabolic pathways [7,9]. 

The goal of the present study was to perform 
a comparative histophotometric and correlative 
analysis of dehydrogenase activity of hepatocytes in 
different zones of the acinus in peritonitis and 
gangrene of the lower extremities. 
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