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Activation of molecular oxygen is an essential factor in the modification of cellular 
structures. The process of this kind that has been studied the most is modification of 
biological membranes through activation of lipid peroxidation (LPO) [2, 12]. It must be 
recalled, however, that activation of molecular oxygen is not always the result of membrane 
processes such as, for example, the functioning of electron-transport chains, cytochrome 
P-450, monoamine oxidase, etc. [3, 4]. In some cases molecular oxygen can also be activated 
in the cytoplasm, for example, during oxidation of substrates by xanthine and aldehyde oxi- 
dases, by self-oxidation of low-molecular-weight compounds and, in particular, catechol- 
amines, and through interaction with metals of variable valency [2, I0, ii]. Not only lipids 
of biological membranes, but also soluble proteins can naturally be the targets for oxygen 
activated in this way. As an example may be mentioned the auto-inactivation of xanthine 
oxidase during oxidation of xanthine [i0]. It is therefore logical to expect that activa- 
tion of molecular oxygen may be the cause of disturbance of enzyme activity of cytosol pro- 
teinso The aim of the present investigation was accordingly to study the effect of activa- 
tion of oxygen on activity of one typical cytosol enzyme, creatine phosphokinase (CPK), in 
rat brain synaptosomes. 

EXPERIMENTAL METHOD 

Synaptosomes were isolated from the gray matter of the rat brain [8]. The concentra- 
tion of synaptosomal protein was determined by the method in [6] and CPK activity by the 
method in [9]~ 

Molecular oxygen was activated by addition of Fe ++ and ascorbate ions to a suspension 
of synaptosomes. Activation of LPO was judged by accumulation of malonic dialdehyde (MDA). 
The MDA concentration was determined as the formation of a colored complex with 2-thiobarbi- 
turic acid [2]. 

The sucrose, D-glucose, dithiothreitol, ascorbate, HEPES, 2-thiobarbituric acid, and ~- 
tocopherol used in the work were obtained from "Serva" (West Germany), hexokinase and glu- 
cose-6-phosphate dehydrogenase from "Sigma" (USA), and AMP, ADP, and creatine phosphate 
from "Reanal" (Hungary). The remaining reagents were of Soviet origin and of the chemically 
pure grade. 

EXPERIMENTAL RESULTS 

As was pointed out above, activation of molecular oxygen in the cell can take place in 
several ways, including during its reduction with the aid of ions of metals of variable va- 
lencyo Accordingly, in the first series of experiments the effect of an Fe++/ascorbate sys- 
tem on CPK activity and on the MDA concentration in rat brain synaptosomes was investigated. 
As will be clear from the results in Table i, during incubation of the synaptosomes with 
Fe++/ascorbate, CPK activity was reduced and LPO products accumulated. Lowering of CPK ac- 
tivity through the action of Fe++/ascorbate was not accompanied by any change in the value 
of K m of the enzyme (K m = 1.0-2.0 mM for creatine phosphate). The most likely explanation 
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TABLE i. Changes in MDA Concentration and 
CPK Activity in Rat Brain Synaptosomes 
under the Influence of Fe++/Ascorbate (M -+ 
m; n = 6) 

IFe +§ ( I  Fe § ~ ) ,  
Parameter Control, I/M). as- I ascorbate I % [ corbate 

I , l< Sl I . , ,  

CPK a c t i v i t y  100 57,84-8,0* 43,0~9,0" 

Legend. MDA concentration and CPK activ- 
ity determined after incubation of synapto- 
somes (i00 ~g protein/ml) with Fe++/ascor - 
bate for 30 min at 37~ CPK activity and 
MDA concentrations expressed in % of con- 
trol. r I = -0.88, r 2 = -0.64, *p < 0.05. 

is that during the action of Fe++/ascorbate a decrease in activity took place, not because 
of a decrease in specific activity of all CPK molecules, but as a result of inactivation 
of some molecules of the enzyme. 

It is important to note that with an increase in concentration of Fe++/ascorbate from 
1/15 to 3/45 ~M, besides intensification of LPO, CPK activity also was reduced. This in- 
dicates a connection between reduction of CPK activity and MDA accumulation that character- 
izes LPO, and it is confirmed by the high values of the coefficients of correlation between 
these parameters (Table i). The character of this connection may be twofold. On the one 
hand, this correlation may reflect a direct connection between activation of LPO and damage 
to CPK; on the other hand, correlation of this kind is possible if both LPO activation and 
CPK damage take place independently, but with the participation of the same damaging fac- 
tor, i.e., of active forms of oxygen. Support for this hypothesis is given by the decrease 
in the coefficient of correlation with an increase in concentration of Fe++/ascorbate. Such 
a decrease can be explained on the grounds that in the presence of high concentrations, as- 
corbate has an inhibitory action on LPO [5]. 
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Fig. i. Effect of =-tocopherol (10 -4 mole/mg protein) 
on MDA accumulation and CPK activity in rat brain syn- 
aptosomes under the influence of Feee/ascorbate. a) 
Fe ++ i ~M, ascorbate 15 ~M; b) Fe ++ 3 ~M, ascorbate 45 
BM. Effect of tocopherol represented as % of inhibi- 
tion of LPO and change in CPK activity relative to val- 
ues obtained under identical conditions but in the ab- 
sence of ~-tocopherol. i) Inhibition of LPO, 2) change 
in CPK activity. 
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The character of the connection between LPO and CPK damage can be explained by the 
use of selective inhibition of one of these processes. For this purpose, in the next 
series of experiments we studied the effect of the natural lipophilic antioxidant a-tocoph- 
erol on MDA accumulation and CPK activity under the influence of Fe++/ascorbate. It will 
be clear from the data in Fig. 1 that ~-tocopherol inhibits LPO but does not lower the lev- 
el of damage to CPK. It can accordingly be concluded that damage to CPK is caused by the 
direct action of active forms of oxygen, generated by the Fe++/ascorbate system, and not by 
activation of LPO. The results are in agreement with data indicating that damage to some 
proteins on activation of molecular oxygen is not connected with LPO activation [7, 13]. 
This conclusion is sufficiently important because activation of molecular oxygen, in the 
modern view [2, 12], is a key mechanism in the etiology and pathogenesis of several diseas- 
es. An intensive search for effective antioxidants is therefore currently in progress. 
However, most attention has been paid to the ability of these compounds to inhibit LPO of 
cell membranes. The results of the present investigation, and also those obtained in other 
studies, are evidence that activation of molecular oxygen can lead to damage to enzymes and 
DNA [i, 13]. Accordingly, to develop effective methods of correcting pathological states 
associated with a role of active oxygen, it is advisable to use not only LPO inhibitors, 
but also compounds protecting the enzymic and genetic apparatus of the cell against the 
action forms of oxygen. 
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