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In modern vascular surgery aid for patients with acute arterial obstruction is one of 
the most important problems. Embolism, especially of large arteries, leads to sudden dis- 
turbances of the peripheral and central hemodynamics, which arise in response to the appear- 
ance of mechanical obstruction in the blood vessel. Disturbances of correlation between 
metabolism and the formation of toxic substances not normally present in the body, during 
ischemia have a considerable harmful action on the microcirculatory system and on tissue 
structures of the internal organs and may cause death. This intricate symptom-complex, char- 
acterized by definite clinical, morphological, and biochemical changes in the damaged tissues 
and in the body as a whole, is known in the literature as the revascularization syndrome or 
the postischemic syndrome (PIS), and it develops in 20-50% of patients with occlusion of the 
aorto--iliac zone (the mortality in these cases is 25-40%) [3, 6, 7]. One form of manifesta- 

TABLE i. Dehydrogenase and Diaphorase Activity in the Liver during Temporary 
Ischemia of the Limbs and in the Postischemic Period 

- Name of 
enzyme and 
control 
value 

LDH 

P 

G-6 -PDH 

P 

SDH 

P 

GDH 

P 

NAD 

P 

NADP 

P 

Control I Ischemia of limbs 

I 311 6h 

0,1968• 
0,0042 

0,06264- 
0,0062 

0,09564- 
0,0038 

0,2238--+ 
0,0056 

0,1503_+ 
0,0056 

0,22364- 
0,0056 

0,2057• 
(+5%) 
>0,05 

0,0951 4-0,0027 
(+52%) 
<0,01 

0,11534-0,0019 
(+21%) 
<0,01 

0,2536• 
(+13%) 
<0,05 

O, 1943 _+0,0022 
(+29%) 
<0,01 

0,2447~0,0024 
(+9%) 
<0,05 

0,i9294-0,0019 
(--2%) 
<0,05 

0,05544-0,0026 
(--I2%) 
>0,05 

O, 103t 4-0,0026 
(+8%) 
>o,o5 

0,21694-I,0021 
(--3%) 
>0,05 

O, 16334-0,0026 
(+9%) 
<0,05 

0,20984-0,0032 
(--6%) 
>0,05 

for 2 h 

12h ] 3h 

O, 15664-0,0022 
(--20 % ) 
dO,O 1 

0.0341 +0,0023 
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<0,01 

0,07594-0,0019 
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<o,01 

o, t 635 4-0,0020 
(--27%) 
<0,01 

O, 1275_0,0023 
(--15%) 
<0,05 

O, 15664-0,0019 
(--30%) 
< 0 , 0 1  

I Ischemia of limbs followed by revascularization 

~ h  

O, 16394-0,0042 
(--17%) 
<0,05 
d0,01 * 

0,20484-0,0025 
(--60%) 
<0,01 
< 0 , 0 1  * 

0,08O2 +__O,0O35 
(--16%) I 
<0,05 
< 0 , 0  t * 

O, 1772 4-0,0102 
(--21%) 
<0,05 
< 0 , 0 1  * 

0,12364-0,003] 
(--18%) 
<0,0! 
< 0 , o i *  I 

O, 1502+0,0110 
(---33%) 
<0,01 
<0,01 * 

0,20044-0,0066 
(+2%) 
>0,05 
>0,05 

0,09174-0,0t00 
(+46%) 
d0,05 
>0,05* 

o, 1092 4-o,oo31 
(+14%) 
<0,05 
>0,05* 

0,2331 4-0,0095 
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>0,05 
<0,05* 

O, 18874-0,0071 
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<0,0i 
>0,05* 

0,2350_+0,0024 
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<0,05* 

I 2 h  

O, 13924-0,0045 
(--29%) 
<0,05 
<0,01" 

0,014210,0030 
(--77%) 
<o,01 
<0,01" 
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(--36%) 
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<0,0t* 
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<0,05* 

Legend. P) Significance of differences compared With control. 
*Differences between data for ischemia and for ischemia followed by revasculariza- 
tion are significant. 
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tion of PIS is acute hepatorenal failure, due to disturbance of the capillary circulation 
and organid damage to the parenchymatous cells of these organs [2]. Since the liver partici- 
pates actively in the maintenance of dynamic equilibrium between the constants of the in- 
ternal medium, a close study of hepatocyte metabolism must be of great interest and help to 
the understanding of the pathogenesis of PIS. Many workers have described the important role 
of the liver in occlusion of the bifurcation of the aorta and states of similar pathogenesis 
[i, 2]. However, the enzyme histochemical characteristics of the hepatocytes in acute dis- 
turbances of the arterial circulation in the lower limbs and in the early stages after re- 
vascularization have not previously been studied. 

The aim of this investigation was a quantitative analysis of changes in dehydrogenase 
activity in the hepatocytes during temporary ischemia caused by acute occlusion of the main 
arteries of the limbs, and in the postischemic period. 

EXPERIMENTAL METHODS 

Experiments were carried out on 36 mongrel dogs of both sexes weighing 13-18 kg. A 
model of acute occlusion of the trifurcation of the aorta, by the method described in [3], 
was used. The duration of ischemia of the limbs was 3, 6, and 12 h. In the next series of 
experiments, these same periods of ischemia were followed by revascularization in the course 
of 2 h. To assess the dynamics of enzyme activity we chose as tests a series of six enzymes, 
involved in different pathways of metabolism: succinate dehydrogenase (SDH), an indicator 
of the intensity of oxidative processes in the Krebs' cycle, lactate dehydrogenase (LDH), 
associated with anaerobic glycolysis, glucose-6-phosphate dehydrogenase (G6PDH), a marker 
of the pentose shunt of glucose oxidation, and glutamate dehydrogenase (GDH), connected with 
amino-acid and protein metabolism. As integral parameter of the energypotential, NAD-diaph- 
orase, was investigated. To assess the state of the energy supply for synthesis, NADP- 
diaphorase was used. The enzyme-histochemical tests were carried out on frozen sections I0 
thick by the usual methods [5]. For the quantitative analysis, a Microvideomat television 
system (Opton, West Germany), controlled by a Wang 7200 (USA) computer, by a specially writ- 
ten program of photometric analysis of histological preparations [14], was used. The param- 
eter chosen for study, the mean optical density, is proportional to enzyme activity in the 
tissues. The significance of differences was estimated by Student's test. 

EXPERIMENTAL RESULTS 

In the control group the enzyme histochemical profile of the hepatocytes was estab- 
lished, and described as 100% (Table I). In experiments in which the terminal part of the 
aorta was occluded, the level of enzyme activity of the hepatocytes was higher than in the 
control. The principal changes concerned the pentose shunt of glucose oxidation, as the 
shortest pathway and the one yielding the greatest energy, and NAD-diaphorase, signifying an 
increase in energy potential of the cells and activation of glycolysis, and which also gives 
some evidence of an increase in the functional load on the hepatocytes. If the period of 
ischemia was lengthened to 6 h, the levels of enzyme activity fell. The course of this pe- 
riod was characterized in particular by relative normalization of the metabolic pathways and 
approximation of levels of enzyme activity to the control values. After ischemia for 12 h 
a dramatic decline in the activity of the dehydrogenases was observed, as shown by the ap- 
pearance of large grains of diformazan in the hepatocytes, evidence of damage to the intra- 
cellular structures. In experiments in which ischemia of the hind limbs for 3 h was followed 
by revascularization in the course of 2 h, increased enzyme activity also was found compared 
with the control. Parameters obtained during ischemia with revascularization had values 
rather lower ~han those obtained during ischemia, specifically, 3% lower for LDH, 7% for SDH, 
6% for G6PDH, 4% for NADP-diaphorase, 3% for NAD-diaphorase, and 9% for GDH. In experiments 
with ischemia of the hind limbs for 6 and 12 h, followed by revascularization for 2 h, a pro- 
gressive decline in enzyme activity was observed. In these cases, just as after ischemia 
for 3 h, the levels after revascularization were lower than those obtained after ischemia 
of the limbs alone. The difference for the two periods, respectively, was 15 and 9% for LDH, 
24 and 15% for SDH, 48 and 32% for G6PDH, 27 and 11% for NADP-diaphorase, 18 and 11% for GDH, 
and 27 and 23% for NADP-diaphorase. 

The quantitative study of levels of activity of certain liver dehydrogenases during tem- 
porary ischemia of the hind limbs and ischemia followed by revascularization revealed defin- 
ite patterns of changes in the enzymologic homeostasis of the liver and changes in the levels 
of enzyme activity were found to be periodic in character. The metabolic system of the 
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fiepatocytes was shown to react regularly to changes taking place in the body during tempor- 
ary ischemia of the limbs, and the response depended on the duration of ischemia. Changes 
in hepatocyte dehydrogenase activity took the form of an increase in the early stages of the 
experiments, followed by a marked decrease. 

In the postischemic period levels of hepatocyte dehydrogenase activity exceeded the con- 
trol values only on restoration of the blood flow after ischemia of the limbs for 3 h. Later 
restoration of the blood flow in the limbs led to a decrease in hepatocyte dehydrogenase 
activity by a greater degree compared with the corresponding ischemic period. 
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The writers showed previously [3] that liver scanning after tetrachloromethane poisoning 
in rabbits is not the most suitable method of detecting mild and early parenchymatous 
changes. 

TABLE i. Activity of Serum Enzymes (in 
l.U./ml) ChE, AlP, Ald, and LAP in Rabbits 
before and after Tetrachloromethane Poison- 
ing (M • m) 

l I 
Exptl. conditions CLE t AIP Aid I LAP 

! | 
Control (normal 
rabbim) 

48 h after CC14 
oOisonin~ 

18 days after CCI 4 
poisoning 

1342--_+269 33,0----+3 
418-+-43 ]44,0__+ 7~3 
287+--_32 141,0~4,2 

142+_22 116,5• 
2 4 8 + 4 2 , 7 | 1 5 , 0 ~ 2 , 2  

42+--7,7 13,0• 
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