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Changes in the activity of malate dehydrogenase (MD) and its isozymes in the 
blood serum and heart muscle of rats were investigated during hypoxia and 
under the influence of ATP and cocarboxylase. An additional cathodic isozyme 
(MD4) appeared in the blood serum d,~ring hypoxia. Under the influence of ATP 
and cocarboxylase the metabolic changes in the blood and myocardium induced 
by hypoxia did not correlate fully. 
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The study of the isozyme spectrum of malate dehydrogenase (MD) for diagnostic 
purposes has not proved very popular [4, ii]. However, reports have recently been 
published on changes in ~ isozymes in several pathological states [i, 2, 7, 8, i0]. 

The object of the present investigation was to study the activity of MD and its 
isozymes in the blood serum and heart muscle of rats exposed to hypoxia and the effect 
of ATP and cocarboxylase on the MD isozyme spectrum in these tissues when disturbed by 

hypoxia. Guidance in the choice of ATP and cocarboxylase as correcting factors was 
obtained from the fact that both these substances are widely used in clinical practice 
for the treatment of disturbances of oxidative processes, for ATP is a source of en- 
ergy and cocarboxylase is a coenzyme that participates in the glycolytic hydrolysis of 
carbohydrates. 

EXPERIMENTAL METHOD 

Experiments were carried out on 30 noninbred male rats weighing 120-130 g. Hy- 
poxia was induced by keeping the animals for 30 min in an airtight vessel. Intact 
animals acted as the control. In the experiments of series I, the animals were killed 
after exposure to hypoxia for 30 min. In series II the rats were removed from the 
chamber after 30 min, ATP was injected intraperitoneally in a dose of 0.01 mg/g body 
weight, and the rats were killed 15 min later. In the experiments of series III, 
after exposure to hypoxia for 30 min the rats received an intraperitoneal injection 
of cocarboxylase in a dose of 0.02 mg/g, and they also were killed 15 min later. The 
blood serum and heart muscle were tested. MD activity was determined spectrophoto- 
metrically [3]. Protein was determined by Lowry's method [9]. The isozymes were 
separated by electrophoresis on agar [5]. They were determined quantitatively by Yur- 
kov's method [6]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Investigation of the activity of MD and its isozymes in the blood serum showed no 
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TABLE i. Changes in Activity of MD and Its Isozymes in 
Blood Serum (M • m) 

Series of ex- 
periments 

Control 
Hypoxia for 30 min 
Hypoxia for 30min+ 

ATP 
Hypoxia for 30 min + 

coearboxylase 

Total MD 
activity (in 
Bucher units 
units/rag 
protain) 

4,17+--0,57 
3,65-----0,41 

6,2-----0,38* 

MD, 

13,37----- 1,24 
13,4I--+0,38 

10,62+0,63 

3,23--0,16 I 18,24-----2,05 

12,23-----0,99 
13,94-+-1,19 

16,44-----2,92 

3! ,94~ 1,67" 

*P < 0.05 (compared with control). 

MD isozymes (in %) 

MD2 MDs 

68,95--+2,44 
57,77~2,05" 

52,6--+4,50 * 

46,8~2,46" 

MD4 

14,9---+4,19 

20,72-----2,57 

TABLE 2. Changes in Activity of MD and Its Isozymes 
in Heart Muscle (M • m) 

Series of ex- 
periments 

Conmol 
Hypoxia for 30 rain 
Hypdxia for 30 men§ 

ATP 
Hypoxia for 30 rain+ 

cocarboxylase 

Total MD 
activity (in 
Bueher- 
units/mg 

206,5-----2! ,9 
291,2~23,8" 

162,3~ 3, 72 

228,8+--- 10,6 

MD 1 

MD isozymes (in %) 

5,02m0,30 
3,90-----0,70 

4,5--+0,44 

4,4--0,34 

P < 0.05 (compared with control). 

MDz 

12,9-----I,13 
6,9+0,77 * 

6,75• 

8,1"- 1,09" 

MDs 

47,4~2,94 
45,6-----3,39 

43,15• 1,64 

37,9~0,83" 

MD4 

35,2-+-2,51 
47,3-4-3,94* 

45,8-----2,16* 

49,3~ l, 16* 

change in the total activity after hypoxia for 30 min. However, the isozyme spectrum 
was modified: whereas normally as a rule 3 MD isozymes are present in the serum, 
after hypoxia an additional cathodic fraction (MD4) appeared and the MD 3 activity was 
reduced (Table i). MD 4 was found in only 2 of 16 intact rats. Administration of ATP 
led to an increase in the total MD activity, mainly on account of the cathodic isozyme 
MD 4. After administration of cocarboxylase, although the additional isozyme disap- 
peared, marked discoordination was observed in the distribution of activity of the re- 
maining isozymes: activity of MD 2 rose sharply but that of MD 3 fell. 

In heart muscle (Table 2) a marked increase in total MD activity (by 42%) was ob- 
served after 30 min of hypoxia; considerable changes also took place in the myocardial 
isozyme spectrum: activity of MD 2 was reduced almost by half, whereas activity of MD 4 
was increased by 34.3%. Injection of ATP reduced the increase in total MD activity 
produced in the myocardium by hypoxia; under these circumstances the MD 2 activity fell 
significantly -- by 20%. Corresponding changes in the activity of this enzyme and its 
isozyme spectrum also were observed under the influence of cocarboxylase: total MD 
activity in the heart muscle returned to normal, the MD 2 level increased slightly, but 
did not reach normal, and MD 4 activity, just as after administration of ATP, remained 
at the same high level as during hypoxia, and the MD 3 activity fell by 20%. 

The investigation of the effect of hypoxia on the state of the MD isozyme spec- 
trum in the blood serum thus confirmed the appearance of a fourth cathodic isozyme. 
Since the cathodic fractions are known to be mitochondrial in origin [4], and since 
under normal conditions MD 4 is present in a small percentage of cases [i], its ap- 
pearance in the serum may indicate destructive changes in the myocardial cells and it 
may be used to some extent as an indicator of cell destruction during hypoxia. When 
the simultaneous action of ATP and cocarboxylase on metabolic changes in the heart 
muscle and blood induced by hypoxia were studied, the corrective effect of these sub- 
stances was incomplete. Besides some degree of normalizing action, these preparations 
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had an additional effect on the processes studied. The fact that the changes in the 
state of MD and its isozyme profile in the heart muscle under the action of the dif- 
ferent substances were similar in direction and equivalent in value will be noted. In 
addition, no correlation was found between changes in the isozyme activity in the 
blood serum and myocardium. The changes in membrane permeability produced by hypoxia 
to allow the various isozymes to escape from the heart muscle evidently differed in 
degree. 
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