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Introduction. During recent years, the attention of researches has been attracted 

by Oxygen and Nitrogen active forms, which have regulatory functions. 

Nitric oxide (NO˙) is short-life reactive free radical which plays the role of a 

universal modulator of various physiological functions including the central nervous 

system (CNS) under both normal and pathological conditions. 

NO takes a part in the regulation of blood circulation, neurotransmission, 

modulation of neuroendocrine function and behavioral activity. 

Under conditions of pathology of CNS, NO˙ can acts as a pathogenic factor under 

conditions associated with ischemia, strokes, neurodegenerative diseases, epilepsy, 

primarily causing nitrosative stress of the cell. As a result of nitrosative stress nitration 

of metals and thiol groups in protein molecules takes a part, fragmentation of nucleic 

acids occurs, the level of ATP decreases, and the functions of mitochondrial enzymes is 

inhibited. Main neurotoxic factor of nitrosative stress is a peroxynitrite-anion ONOO
–
, 

which is formed under the interaction of excess of NO˙ and superoxide radical. 

The peroxynitrite molecule exists in a stable cis-form and is able to diffuse over a 
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distance of the several cell body diameters. As a strong oxidizing agent, ONOO
–
 is 

characterized by a high level of cytotoxicity, which contributes to the oxidative 

modification of sulfhydryl groups of protein fragments of enzymes, receptors, ion 

channels, lipoproteins and DNA. 

Peroxynitrite interacts with the metals of the superoxide dismutase (SOD) active 

center, resulting in the formation of a highly toxic nitrosonium-ion (NO2
+
), which 

attacks the phenyl radicals of protein molecules, namely tyrosine. In this case, the 

violation of the signal transmission mechanism in the CNS is damaged. 

Under the ONOO
–
 side, superoxide dismutase undergoes both reversible and 

irreversible oxidative changes and loses activity. Inhibition of SOD activity enhances 

the effect of neurotoxicity. 

The aim of our research was the investigation of antioxidant activity of 4-((7-

ethyl-3,7-dihydro-3-methyl-1H-purin-2,6-dion-8-yl)amino)alkanoic acids in the test of 

NO formation in vitro. 

Materials and methods. The antioxidant activity of 4-((3-methyl-3,7-dihydro-7-

ethyl-1H-purin-2,6-dion-8-yl)amino)alkanoic acids (propanoic, butanoic and hexanoic) 

in the experiment under inhibition of SOD by Nitrogen active forms (NO˙ and ONOO
–
) 

has been investigated. The antioxidant activity of the researched compounds was 

evaluated by the NO˙ induction method in vitro. The induction was carried out by the 

action of light on samples with Na2[Fe(CN)5NO]  2H2O from a 300W source with a 

wavelength of 425 nm, focusing it with a lens and passing it through the water filter to 

prevent overheating. Irradiation of aqueous solutions of sodium nitroprusside (1.0 mM) 

was carried out for 30 min in a quartz cuvette with an optical path length of 1 mm. The 

efficiency of NO˙ generation (in the control experiment) and the antioxidant activity of 

the researched substances were tested by the rate of oxidation of 40 μM of ascorbic acid 

at 265 nm.  

The substances were added to the samples before irradiation at a concentration of 

10
–6

 M. The optical density was measured before and after irradiation. The antioxidant 

activity was expressed as a percentage of ascorbic acid oxidation. The antioxidant 

activity of substances was studied under the SOD inhibition on the model of nitrosative 
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stress in vitro. The researches were carried out in the supernatant obtained from the 

brain of white Wistar rats (male, 200-250 g). After decapitation, the rats brain was 

quickly removed and washed in ice-cold isotonic solution, homogenized in five 

volumes of 50 mM Tris-HCl buffer (pH = 7.4) cooled to 5°C, containing 0.5 mM 

Na2EDTA and 1 mM dithiothreitol. The homogenate was centrifuged at 11000g for 30 

min at 4
o
C. For modelation of nitrosative stress the dinitrosole complex of iron(ІІ) with 

cysteine, as a stable NO˙ complex, which can be considered as a transport form of this 

radical, which provides a long-term inhibitory effect on various groups of proteins was 

used. A stable NO and cysteine complex was added to the supernatant (content of 

protein is 5 mg/ml) at a concentration of 100 μM and incubated for 10 min at the 

temperature of 4
o
C. The researched substances were added before incubation at a 

concentration of 10
–6

 M. For assessing the degree of nitrosative stress in vitro and 

activity of compounds, the products of protein oxidative modification were researched. 

SOD activity was also determined. In an aliquot of the supernatant, the protein was 

precipitated with a 20% trichloroacetic acid solution. 1 ml of a 0.1 M solution of 

2,4-dinitrophenylhydrazine in 2 M hydrochloric acid was added to the denatured 

proteins and incubated at 37°C for 1 hour. After incubation, the samples were 

centrifuged at 3000g for 20 min. The precipitate was washed three times with a mixture 

of ethanol–ethyletanoate (1:1). The precipitate was dried in a thermostat at 40°C and 

then dissolved in an 8 M urea solution. Urea was added in a volume of 3 ml. To 

improve solubility, 0.01 ml of 2 M hydrochloric acid solution was added. The optical 

density of 2,4-dinitrophenylhydrazones was recorded at a wavelength of 274 nm 

(carbonyl compounds) and 363 nm (carboxylic compounds). The degree of protein 

oxidative modification was measured in units of optical density per 1 mg of protein. 

The method of determination the activity of SOD is based on the ability of 

adrenaline to autoxidize in an alkaline medium with the formation of a superoxide 

radical. In the presence of SOD, the reaction is inhibited. 4.4 ml of a 0.5 mM hydrogen 

carbonate buffer solution (pH = 10.2) was added to a cuvette of a spectrophotometer 

with an optical path of 1 cm; 0.1 ml of the supernatant and 0.5 ml of an adrenaline 

solution in citric acid were added. The kinetics of reaction was fixed at 480 nm. SOD 
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activity was expressed in units per 1 mg of protein  min. 

N-acetylcysteine was chosen as a reference drug. 

Statistical data analysis was carried out using the Statistic for Windows software 

package. For estimation of significant difference between the groups the Mann-Whitney 

test was used. 

Results and discussion. 4-((7-Ethyl-3,7-dihydro-3-methyl-1H-purin-2,6-dion-8-

yl)amino)alkanoic acids (fig. 1) showed expressed antioxidant activity in test of 

photoinduction of Na2[Fe(CN)5NO]  2H2O (table 1). At the same time, the compound 

4-((7-ethyl-3,7-dihydro-3-methyl-1H-purin-2,6-dion-8-yl)amino)butanoic acid showed 

the maximal activity (51%).  

 

Figure 1. Principle structure of 4-((7-Ethyl-3,7-dihydro-3-methyl-1H-purin-2,6-

dion-8-yl)amino)alkanoic acids 

 

Table 1 

Antioxidant activity of the investigated compounds in vitro in the reaction of 

photoinduction of sodium nitroprusside 

Compound  of optical density,  = 

265 nm 

АОА, % 

4-((7-Ethyl-3,7-dihydro-3-methyl-1H-

purin-2,6-dion-8-yl)amino)propanoic 

acid 

0.31 + 0.005
a
 45 

4-((7-Ethyl-3,7-dihydro-3-methyl-1H-

purin-2,6-dion-8-yl)amino)butanoic 

acid 

0.28 + 0.005
a
 51 

4-((7-Ethyl-3,7-dihydro-3-methyl-1H-

purin-2,6-dion-8-yl)amino)hexanoic 

acid 

0.35 + 0.01
a
 42 

N-acetylcysteine 0.48 + 0.002
a
 20 

Control 0.6 + 0.01 - 
a
 – p  0.05 to control. 
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The modeled nitrosative stress in the rats brain supernatant was characterized by 

inhibition of the activity of the antioxidant enzyme – superoxide dismutase, as well as 

increasing in the formation of protein oxidative modification products that react with 

2,4-dinitrophenylhydrazine with maximum absorption at 270 and 363 nm. 

Thus, the activity of SOD decreased by 52.6%, and the products of oxidative 

modification of protein observed at 270 nm increased by 87.5%, and at 363 nm – by 

65.2%. 

Other objects of the destructive effect of nitrosative stress are antioxidant 

enzymes, an inhibition of which is due to the formation of nitrosol complexes with 

metals that are part of the active centers of enzymes. 

Decrease of activity of antioxidant enzymes and the level of thiol antioxidants, 

hyperproduction of NO2
+
 and OH

–
 during the decay of ONOO

–
 leads to a significant 

increase in the level of free radical oxidation. 

Decrease of SOD activity is due to the interaction of nitrosonium-ions with 

copper(I)-ions, which are part of the SOD prosthetic group. Under conditions of 

nitrosative stress, unfavorable conditions for cell life are created: the activity of tyrosine 

kinases and other enzymes of oxidative reactions is inhibited, protein phosphorylation is 

disturbed. 

Addition of 4-((7-ethyl-3,7-dihydro-3-methyl-1H-purin-2,6-dion-8-

yl)amino)butanoic acid (at a concentration of 10
–6

 M) into the incubation medium 

before modeling of nitrosative stress led to limited inhibition of SOD. 

Thus, the researched substance reduced the formation of 

2,4-dinitrophenylhydrazones by 34.1% and 65.8%, N-acetylcysteine by 13.7% and 

18.9%, respectively, 4-((7-ethyl-3,7-dihydro-3-methyl-1H-purin-2,6-dion-8-yl)amino) 

butanoic acid prevented the modification of SOD during nitrosative stress. 

The activity of SOD in samples with 4-((7-ethyl-3,7-dihydro-3-methyl-1H-purin-

2,6-dion-8-yl)amino)butanoic acid was significantly higher by 65.8% than in nootropic 

ones (table2). 
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Table 2 

Effect of 4-((7-ethyl-3,7-dihydro-3-methyl-1H-purin-2,6-dion-8-yl)amino)butanoic 

acid and N-acetylcysteine on SOD activity and content of protein oxidative 

modification products in supernatant of rats’ brain in the nitrosive 

stress model in vitro 

 

The investigated samples 

SOD, 

units/mg of 

protein/min 

Products of protein oxidative 

modification, 

units/mg of protein 

 = 270 nm  = 363 nm 

Intact 260.7 + 7.6 14.0 + 0.12 22.5 + 0.15 

Control (adding of stable NO˙ 

and cysteine complex, 100 μM) 

 

120.2 + 5.0 

 

26.2 + 0.21 

 

36.7 + 0.10 

Experimental (adding of NO˙ 

and cysteine complex + 4-((7-

ethyl-3,7-dihydro-3-methyl-1H-

purin-2,6-dion-8-

yl)amino)butanoic acid, 10
–6

 M) 

 

198.4 + 4.1
a, b

 

 

 

 

18.2 + 0.10
a, b 

 

 

28.1 + 0.11
a, b

 

Experimental (adding of stable 

NO·and cysteine complex + N-

acetylcysteine, 10
–6

 M) 

 

147.3 + 3,7
a
 

 

22.6 + 0.12
a
 

 

32.1 + 0.11
a
 

a
 – p  0.05 to control; 

b
 – p  0.05 to N-acetylcysteine. 

In the case of N-acetylcysteine, SOD activity was only 23.2% higher. 

N-acetylcysteine is able to bond NO˙ with the formation of nitrosocompounds, and after 

interaction with ONOO
–
 or NO2

+
, sulfoximes are formed. N-acetylcysteine competes for 

active forms of Nitrogen with sulfhydryl groups of proteins, reducing the development 

of necrosis and the creation of nitrotyrosine. 

Conclusions. 

1. Nitrosive stress in vitro induced by dinitrozole complex of metal and cystein 

evokes SOD activity inhibition in rats’ brain and increase the rate of protein oxidative 

modification. 

2. 4-((7-Ethyl-3,7-dihydro-3-methyl-1H-purin-2,6-dion-8-yl)amino)alkanoic 

acids and N-acetylcysteine have antioxidant activity in NO˙ induction in vitro. 

  


