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Annotation. The purpose of the study is to evaluate the antioxidant potential 

of liver and brain tissue in the posthypoxic period under the influence of a course of 

internal intake of selenium-modified mineral water (MW) from the spring 

"Krasnoarmeyskij Novyj" in the experiment. The multidirectional reaction of the 

liver and brain tissue to the interval hypoxic load lasting 17 days and in the  

long-term period 14 days after its completion are determined. The least resistance to 

hypoxia and rapid recovery are observed in the liver tissue. The intake course of 

native MW decreases the antioxidant protection of the liver, and the addition of 

selenium to MW leveled its stressful effect. In the brain tissue, the intake course of 

native and selenium-modified MW unidirectionally increases the reserve of 

antioxidant protection, reducing the intensity of spontaneous and induced lipid 

peroxidation. 

Introduction. The effectiveness of using natural factors in therapeutic and 

rehabilitation purposes depends on the balance of pro- and antioxidant systems of an 

organism. It was established that generating reactive metabolites and reactive 

oxygen intermediates (ROI) in particular, plays a central role in cell’s life. These 

metabolites are always being controlled by endogenic antioxidant systems, which 

can be enzymatic and nonenzymatic. Change in the antioxidant status caused by 

exogenous or endogenous sources could disturb the cell’s reductive-oxidative 

balance and lead to pathological disorders, one of the main components of which is 

the oxidative stress [19]. 

However, more works started to appear stating that ROI could participate in 

various physiological processes as a specific signaling molecule, including the 

autophagy induction, which is considered as an effective defense mechanism from 



cell stress [14, 15].  A high level of antioxidants is registered in the brain of many 

mammals, which allows them preserving the ROI balance in hypoxia and 

reoxygenation [16]. 

In this respect, the evaluation of changes in the balance between the level of 

lipid peroxidation (LP) caused by the increase in the ROI content in tissues and the 

change in resources of the antioxidant system is relevant to understanding 

mechanisms of sanogenetic potential of native and modified drinking mineral 

waters, which are natural adaptogens. Earlier it was shown that the intake course of 

drinking mineral water of the Caucasian Mineral Waters region decreases the level 

of LP in the liver tissue, provided that the mechanism of their action is different 

depending on mineralization and physical and chemical composition [9]. 

Modification of biological potential  of low-salt and medium-salt waters would 

contribute to the extension of their use in conditions of spa treatment.  

Earlier obtained data gives evidence of the presence of selenium’s impact on 

the content of MDA-oxygenized low-density lipoproteins (LDL) in blood with 

selenium intakes in the interval of 20 μg/kg to 40 μg/kg, which could be the opposite 

depending on the level of glutathione peroxidase (selenium-containing enzyme of 

the antioxidant system). Physiological mechanisms of the intake course of the 

“Krasnoarmeiskaya novaya” mineral water modified by selenium nanoparticles 

involve various levels of the regulation of metabolic reactions, which are the 

endocrine testing (decrease of cortisol level), substrate profile (changes in the level 

of energy substrate in blood) and enzymatic profile (increase in capacity of the 

antioxidant system) [1]. 

Organic selenium is one of the important modifying components due to the 

fact that there are several selenoproteins participating in the regulation of  

reductive-oxidative homeostasis of cells of various tissues of an organism [22].  

Glutathione peroxidase, selenprotein, which supports the ROI inactivation in tissues, 

are catalyzing recovery of lipid hydroperoxides and hydrogen peroxide to water.  

The purpose of this study is to evaluate the antioxidant potential of the liver 

and brain tissue during the post-hypoxic period under the influence of the intake 

course of selenium-modified mineral water “Krasnoarmejskaya novaya” in the 

experiment.  

Methods and organization. Thirty five white outbred male rats, comparable 

in age (3,5 months) and body mass (220-250 g), were included in the study. Animals 

were contained in standard conditions of the vivarium in the PSRIB, the branch of 

the FSBI “NCFSCC of the FMBA of Russia” regulated by the SER 2.2.1.3218-14 

“Sanitary and epidemiological requirements to the arrangement, equipment and 

maintenance of experimental and biological clinics (vivarium)”, GOST 33215-2014 

“Guidelines on management and care of laboratory animals”. Work with animals 



was carried out according to principles of humane treatment to animals, in 

compliance with requirements of the European Convention for the Protection of 

Vertebrate Animals used for Experimental and Other Scientific Purposes (ETS  

№ 123, Strasbourg, 1986) with adjustments from June 22, 1998. All animals had 

access to drinking water and received standard laboratory food every day.  

According to the experiment’s design, two research blocks were carried out.  

The first block is the comparative evaluation of the LP intensity in the liver 

and brain tissues depending on the duration of hypoxic influence. Animals were 

divided into 4 groups, 5 specimen each: 1 – control group (СG), without influence; 

2-4 groups – experimental groups with modeling of the interval normobaric hypoxic 

hypoxia with hypercapnia (INHHwH) 12 days long for the 1st Experimental group  

(EG1), 17 day long for the 2nd Experimental group  (EG2) and 17 days long 

followed by a 14-day presence in the experiment without hypoxic influence for the 

3rd Experimental group (EG3). The INHHwH modeling was carried out with time 

intervals of 24-48 hours by placing animals in a pressurized chamber (desiccator), 

5 specimen each, until they appear to be in a preagonal state. Animal sacrificing was 

carried out on the 13th (EG1), 18th (EG2) and 33th (EG3) day by decapitation under 

brief ether anesthesia. 

The second block – the examination of the effect of the intake course (14 days) 

of the native and modified by organic selenium “Krasnoarmejskaya Novaya” MW 

on the level of antioxidant protection reserves in various tissues (the liver and the 

brain) during the recovery period after the 17-day INHHwH. 

Animals were divided into 3 groups, 5 specimen each: the 1st control group, 

animals with the modeling by the 17-day interval normobaric hypoxic hypoxia with 

hypercapnia followed by a 14-day presence in the experiment (INHHwH sep) 

without hypoxic influence (matches with the EG3 from the first block), the 2nd 

experimental group after the 17-day INHHwH with the intake course of the native 

“Krasnoarmejskaya novaya” MW (INHHwH+KN) and the 3rd experimental group 

after the 17-day INHHwH and the intake course of the selenium-modified 

“Krasnoarmejskaya Novaya” MW (INHHwH+KNSe). 

The duration of the intake course of the native and modified 

“Krasnoarmejskaya novaya” MW from the Pyatigorsk Resort is 14 days. MW was 

administered per os every day at a rate 1,5 ml on 100 g of an animal’s body mass, 

selenium in the form of the “Selenkor” substance was added to MW right before 

giving the water at the rate of 3 μg/kg for animal’s body mass.  

“Krasnoarmejskaya Novaya” mineral water (Kurlov’s formula) is a  

low-carbon sulfate-bicarbonate-chloride calcium-sodium mineral water of medium 

mineralization (6-8 g/l): 

 



            CL*39* НСО338*SO4*23 

СО2 1,36 М 5,0    –––––––––––––––––––––      рН 6,1 

          (Na +К)*61Ca*32 

During the experiment, body mass of rats was determined, tissues were 

retrieved from the liver and the brain (large hemispheres) in order to obtain tissue 

homogenates (500 mg in 5 ml 40 mmol tris/НCL buffer solution of pH 7,4 with 

1,2% КСL), the level of malondialdehyde (MDA) and levels of spontaneous and 

induced by the spectrophotometric method (during calculating the MDA content in 

the samples, the molar extinction coefficient was used 1,56 × 10-5 mol-1 cm-1) with 

preliminary standard sample preparation were also identified [10].  

Statistical analysis of results of the study was carried out on a personal 

computer using methods of non-parametric variational statistics. Obtained data was 

assessed using the Newman-Keuls test for numerous intergroup comparisons of 

independent variables and the multifactor dispersive analysis. Indicators were 

presented in the form of median (Me) and quartiles (Q25-Q75). Differences were 

considered as significant when the minimal level of significance is p<0,05.  

Results and discussion. The oxidative stress has a different effect on tissue 

metabolism in the liver and brain. Usage of antioxidants is a rational therapeutic 

strategy for prevention and therapy of liver diseases related to the oxidative stress in 

the liver [17]. 

In order to study the direction of pathological processes during modeling 

hypoxic hypoxia in animals, a comparative study of LP intensity in liver and brain 

hemispheres depending on hypoxia’s duration was carried out.  

 

 
Fig. 1. Content of LP products (MDA) in the liver and brain tissues of rats with interval 

normobaric hypoxic hypoxia of various duration 

 



The initial level of MDA in the liver tissue of the CG was 1,5 times 

significantly higher than in tissue of large hemispheres of the brain (LHB) (Fig. 1). 

At the 12 day of INHHwH (EG1), the MDA level in the liver tissue and LHB was 

decreased, but this change was not significant in comparison with the MDA level in 

tissues if the CG. It was revealed that after 17 days of INHHwH (EG2), the MDA 

level in liver tissue is 2 times lower in comparison with the CG, and it was registered 

on this level in animals within the long-term period after INHHwH (EG3). MDA 

content in the brain after 17 days (EG2) and within the long-term period after 

INHHwH (EG3) is almost on the same level as it is in the CG.  

According to obtained results, LP processes in the liver tissue are more active 

in intact animals (CG). Earlier in other studies, it was also revealed that the level of 

LP products (diene and triene conjugates, as well as the end products of this process 

– Schiff bases) is higher in the liver of animals than in the brain [8]. Obtained results 

on different MDA content in the brain and liver tissue could be used as criteria for 

the assessment of the effect of antioxidant activity of tissues considering the fact that 

the MDA level is an integral indicator, which shows the intensity of free-radical 

oxidation, which is being controlled by systems of antioxidant protection, taking 

tissue specificity into account.  

 

 
Fig. 2. MDA content in the spontaneously induced LP in the liver and brain tissue of rats  

(in vitro) during normobaric hypoxia of various duration 

 

A change in the intensity of LP in many disorders of brain function in hypoxic 

conditions is registered. Thus, a moderate activation of LP is registered in patients 

with atherosclerosis of the internal carotid artery (brain ischemia) before surgery, 

which is related to the perpetuation of brain tissue ischemia [6]. In this experimental 

study, the intensity of spontaneous LP in vitro (during incubation of liver’s 

homogenate for 15 minutes at 370 С), by which the level of reserves of the 

antioxidant protection system was evaluated both in the liver and the brain after the  



12-day INHHwH (EG1), does not differ from values of the CG (Fig. 2). After the 

17-day INHHwH (EG2) and within the long-term period after INHHwH (EG3), the 

level of spontaneous LP in the brain tissue was 2 times higher in comparison with 

values of the CG and the 12-day INHHwH (EG1). The level of spontaneous LP in 

vitro was 1,5 times lower in the EG2, 2 times lower in the EG3, in comparison with 

its level after the 12-day INHHwH (EG1), and was near the CG level. 

 

 
Fig. 3. Level of induced (by exogenous Fe2+) LP in the liver and brain tissue of rats (in vitro) 

during normobaric hypoxia of various duration 

 

The level of induced nonenzymatic LP is a “loading” test, which allows to 

assess indirectly the resource limits of the antioxidant system of examined tissue. 

Indicators of induced LP in vitro (when adding Fe 2+ in the incubation medium) in 

animals of the CG and after the 12-day INHHwH both in the liber and brain are not 

significantly different (Fig. 3). However, after the 17-day INHHwH, the level of 

induced LP in the brain is rapidly increased (2 times) in comparison with the CG 

level, and such tendency in preserved in 14 days after the 17-day INHHwH. On the 

contrary, the level of induced LP in the liver is decreased after the 17-day INHHwH. 

(EG2) and in 14 days after the 17-day INHHwH (EG3) in comparison with the level 

after the 12-day INHHwH (EG1), but it is not significantly different than the CG 

level.  

Various response made by the antioxidant defense system in examined tissues 

and registered by us is related to their morphological features and different formed 

strategies of adaptation to hypoxic states. The oxidative stress is considered as a 

systemic pathological mechanism contributing to initiation and progression of liver 

damage. The liver is a main organ, in which ROI are the most reactive, and violations 

of membrane integrity and metabolic exchange caused by them lead to stenosis, 

fibrosis and other liver diseases [21]. Parenchymal cells are the initial cells, which 

are subject to the oxidative stress caused by liver damage. Mitochondria, 



microsomes and peroxisomes in parenchymal cells can produce ROI. Moreover, 

Kupffer cells, hepatic stellate cells and endothelial cells are potentially more 

susceptible to the effect and sensitive to molecules related to the oxidative  

stress [17].  

Moreover, the systemic oxidative stress appearing with liver diseases could 

also cause damage of such extrahepatic organs as the brain and kidneys [12].  

During repeat of 17-day INHHwH (EG2), the MDA level in the liver tissue 

(thiobarbituric acid products in vivo) is decreased 2 times and remains decreased 

during the long-term period in the EG3 animals. The obtained effect of decreased 

MDA in the liver tissue is necessary to interpret not from the point of the formation 

of antioxidant defense, but as a result of deep disorder of the parenchymal structure 

of the liver. Thus, on the 17th day of INHHwH (EG3), a total hydropic degeneration 

of hepatic cells and local necrosis happen (according to conducted histologic studies 

of analyzed tissues) [7]. The decrease of LP appearance in the liver tissue is the best 

demonstrated in case of acute experimental toxic liver damage, when after 2-3 days 

of intoxication the oxidation rate is increased leading to total damage of liver cells, 

and as a consequence to a decrease in the chemiluminescence indicators in the liver 

homogenate, the growth of thiobarbituric acid products is decreased [4]. 

It is important to note that within the long-term period 14 days after INHHwH 

LP products content was on the same level as in animals of the EG3. As it was shown 

earlier, according to data of histologic study in animals 14 days after the 17-day 

INHHwH, cytoarchitectonics of the liver tissue is not disturbed, hepatic cells are 

without signs of dystrophia. It indicates a total physiological recovery of liver 

microstructure after cancellation of pathological factors due to its high regenerative 

potency [5]. Therefore, in our experiment within the long-term period after the end 

of INHHwH, MDA content in the initial state (in vivo) and after the induction of LP 

processes into the liver tissue (in vitro), the antioxidant potency of tissue when it is 

almost fully recovered is registered (Fig. 2-3). 

Thus, a multidirectional response of the liver and brain tissue to the 17-day 

long interval hypoxic load and within the long-term period after the 17-day 

INHHwH with the recovery of antioxidant defense of peripheral tissues (the liver). 

Studies on the intensity of LP of the liver and brain in the 17-day INHHwH and 14 

days after the 17-day INHHwH could allow to assess differently reserves of the 

antioxidant protection of organs under the influence of examined balneological 

factors.  

During the intake course of MW within the regeneration period, 14 days after 

the 17-day INHHwH, the tolerance of tissues to oxidation in animals of the 

INHHwH+KN group is decreased, which is registered according to the increase in 

the MDA level and the intensity of induced LP in the liver tissue to 20% in 



comparison with values of animals of the INHHwH sep group (Fig. 4).  Addition of 

selenium into MW in some way manages the appearance of LP products in the liver 

of animals of the INHHwH+KNSe group, the LP products level appears to be near 

the high level of values in the INHHwH sep group. It is known, that stressing factors 

can also influence the antioxidant potential of the liver within the regeneration 

period. Number of studies showed that if animals during the rehabilitation period 

after partial hepatectomy are exposed to immobilizing stress, then the MDA level in 

the liver tissue will be increased, and the activity of antioxidant enzymes is  

decreased [4].  

 

 
Fig. 4. LP products content in the liver tissue 14 days after the 17-day normobaric hypoxic 

hypoxia with hypercapnia (INHHwH sep) after the intake course of native mineral water from 

the “Krasnoarmejskij novyj” spring (INHHwH+KN) and selenium-modified version 

(INHHwH+KNSe) 

 

 
Fig. 5. LP products content in the brain tissue 14 days after the 17-day normobaric hypoxic 

hypoxia with hypercapnia (INHHwH sep) after the intake course of native mineral water from 

the “Krasnoarmejskij novyj” spring (INHHwH+KN) and selenium-modified version 

(INHHwH+KNSe) 

 



During the intake course of the “Krasnoarmejskaya novaya” MW in the brain 

tissue, a decrease in the intensity of both spontaneous and induced LP was registered 

(Fig. 5). Modification of the “Krasnoarmejskaya novaya” MW by selenium led to 

insignificant decrease in the LP intensity in the liver tissue (Fig. 4) and almost did 

not affect reserves of the antioxidant enzyme system in the brain tissue (Fig. 5).  

Various metabolic reaction of examined tissues on both pathogenic and 

therapeutical influence is connected to different mechanisms of regulation on 

physiological and cellular level [13, 20]. 

Moreover, different structures of the brain are differently resistant to hypoxia 

of the dame degree and duration. Firstly, functions of younger (in a phylogenetic 

way) segments of the brain, which are the cerebral cortex and cerebellum, are being 

damaged. Our study was carried out on the tissue of large hemispheres of the brain 

– area of the brain, which is less tolerant to hypoxia in comparison to other areas. 

The liver in the normal state, as well as the brain, is characterized by the high oxygen 

consumption, however, hepatic cells are more adapted to changes in oxygen tension 

in the liver tissue due to prevalent blood supply from the system of portal vein [18]. 

It is also important to note that the liver and the brain are different in the 

strategy of forming tolerance to hypoxia and the oxidative stress. Anatomical and 

physiological conditions are formed in the brain to adapt to changes in the level of  

oxygenation [11]. 

Conclusion. Therefore, using selenium-modified MW increases resources of 

the antioxidant system of tissues and organs of the gastrointestinal tract (GIT) and 

is practicable in prevention and rehabilitation of GIT diseases, however, it should be 

done at the stage of remission, as it was noted earlier in clinical guidelines [2]. In 

case of disorders of the brain functions related to ischemia or hypoxia of various 

genesis, including diseases of contagious nature (post-COVID syndrome), a use of 

drinking mineral waters from the Pyatigorsk Resort is possible, but this type of 

rehabilitation requires further study both in the experimental form and in the practice 

of therapeutic and preventive institutions of the resort.  
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