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It is known that acute kidney injury (AKI) often leads to death of patients with ischemic injuries and organ diseases leading to accumulation of nephrotoxins [26, 27, 28, 34, 35]. Thus, a number of writers has showed that 5-7% of hospitalized patients are developing AKI [26, 27, 28, 34, 35]. In the United States the mortality of patients with AKI constitutes 45-70%, and the cost of their treatment constitutes 10 billion US dollars [26, 27, 28, 34, 35]. These trends indicate that the existing arsenal of methods of treatment of AKI does not satisfy completely the needs of public health, which is a medical and social problem of various contries. The development of new treatment technologies and the creation of medicinal products, which possess nephroprotective properties, is relevant for practical medicine throughout the world.
It is proved nowadays that one of the main pathogenetic links of acute kidney injuries is a disturbance of the balance of processes of lipid peroxidation and antioxidant protection of cell membranes, and it is considered to be one of the leading links of the cellular mechanism of damage to local hemodynamics and glomerular filtration [16, 26, 29]. Therefore, a potential drug for treatment of the acute kidney injury within the mechanism of its nephroprotective action, along with membrane-stabilizing, anti-inflammatory, antihypoxic activity, must have antioxidant and antiradical action.

Sodium salt of poly (2.5-dihydroxyphenylene)-4-thiosulphonic acid (PDT-Na) with proven antihypoxic activity can become such a promising drug [6, 7, 9, 12, 13, 31, 32]. From the studies conducted previously we have found out that PDT-Na (90 mg/kg daily for 14 days intragastrically) has nephroprotective effect in acute renal failure of various genesis, which has been manifested by restoration of diuresis, blood and urine creatinine, urea and protein content, normalization of the glomerular filtration rate and tubular reabsorption rates, equal to the effects of the comparator, hophitol (1.36 ml/kg in the same regime). PDT-Na has also normalized significantly the level of the main serum enzymes (LDH, GGT, APF) and electrolyte blood composition in comparison with the reference drugs: mexidol, hofitol and thiotriazolin, that confirms the nephroprotective effect of the investigated drug [6, 7, 9, 12, 13, 31, 32].
The nephroprotective effect of PDT-Na, proved by the experiment, suggests that it has antioxidant and anti-radical properties. Therefore, the purpose of this research is to study the effect of antihypoxant with the established nephroprotective activity of PDT-Na on the state of peroxidic oxygenation of lipids and antioxidant protection in rats by three models of AKI (ethylene glycol, glycerol, gentamicin).

MATERIALS AND METHODS
The studies were conducted on 96 white mature, full-grown non-linear rats of both sexes weighing 150-170 grams. The studies were conducted in the laboratory of the Department of Pharmacology and Medical Recipe of KhNMU. All experiments were carried out in accordance with EU Directive 86/609 EEC dated 24 November 1986 on the observance of laws, regulations and administrative provisions of the EU Member States on animal welfare, which are used for experimental and other scientific purposes (Strasbourg, 1986), and in accordance with methodical recommendations of the State Expert Center of the Ministry of Health of Ukraine (Minutes No.9 of the meeting of the Ethics and Bioethics Committee of KhNMU dated 03.12.2014) [5, 14, 30].

According to the study design of nephroprotective activity of PDT-Na, we have applied modern and the most informative models of acute toxic kidneys injury of different genesis: glycerol (myoglobinuric) AKI, ethylene glycol AKI and gentamicin nephropathy. These models reflect the main links in the pathogenesis of AKI, and they are easily reproduced in the laboratory, suitable for both screening and in-depth studies of potential nephroprotective agents [10, 11, 33, 36].

In this study, the activity of the processes of lipid peroxidation (LPO) and antioxidant protection in the blood and kidney homogenate of laboratory animals with glycerol ARF, ethylene glycol ARF, and gentamicin nephropathy was assessed. The animals were divided into 16 groups (5 groups per model and one intact group) of 6 rats in each group: the animals of the experimental, reference and control pathology groups (1) received the corresponding nephrotoxin. In each model the groups of rats received the following treatment: experimental (2) - PDT-Na, reference - mexidol (3), hofitol - (4) and thiotriazolin (5). At the end of the study, the animals were withdrawn from the experiment by decapitation under thiopental sodium narcosis (40 mg/kg). The blood was taken and kidneys were removed to prepare biological substrates for further biochemical studies [5, 36]. The state of the LPO process was assessed by the content of diene  conjugates (DC) and TBA-active products (TBA-AP) in the blood and kidney homogenate [2, 21, 22]. The state of the antioxidant system was assessed by the activity of antioxidant defence of enzymes catalase (CT), superoxide dismutase (SOD) and the content of groups of sulfhydryl (GSH) in blood and kidney homogenate of the animals with AKI [2, 17].

The DC content was determined after extraction of lipids by a mixture of heptane in isopropyl alcohol [22]. The DC concentration was expressed in μmol/g of protein (in the kidney homogenate) and μmol/L (in blood). The content of TBA-AP was determined by reaction with 2-thiobarbituric acid (TBA). The principle of the method is the ability of TBA to react with lipoperoxides, amino acids, carbohydrates, but the main product of this interaction is TBA-AP [21, 22]. The concentration of TBA-AP was expressed in μmol/mg of protein (in the kidney homogenate) or in μmol/L in serum [21].
The activity of CT was determined spectrophotometrically. The principle of the method is that CT destroys the substrate - Н2О2; the amount of undissolved hydrogen peroxide was measured by ammonium molybdate, which along with hydrogen peroxide forms a stable coloured complex. The enzyme activity in tissue homogenate was expressed in μmol/(min×mg of protein), in hemolysate of blood – in μmol of Н2О2/ (min×L) [2].
The activity of SOD was determined spectrophotometrically. Its activity was expressed in relative units (RU). In the tissue of the kidneys it was expressed in RU/mg of protein; in the blood – in RU/mL [2].

The content of GSH was determined in serum according to the method developed by I.F. Meschishen and N.P.Grigorieva [17]. The principle of the method is the interaction of 5.5-dithiobis-2-nitrobenzoic acid (Elman reagent) with free SH-groups to form a thionitrophenyl anion, the amount of which is directly proportional to the content of SH-groups. The SH-group content was expressed in μmol/mL.
The obtained results of the study were processed by standard method in biomedical studies, i.e. the variation statistics method, using the computer program “Statistica 6.0”. T-test of Student was applied to assess the reliability of the obtained results (p<0.05). A comparison of the obtained data was carried out between groups 2-1; 3-1,2,4; 4-1,2 of each model of the experiment [5].
RESULTS AND DISCUSSION
Determination of indicators of oxidative stress

The state of lipid peroxidation in rats against the background of three models of AKI, affected by the investigated drug PDT-Na and reference drugs, was assessed by the level of lipid peroxidation products in the blood and in the kidney homogenate. Primary products of LPO-diene conjugates (DC) and secondary or final products of LPO-malonic aldehyde (MA or TBA-active products) [28, 36].

Hydrogen is separated in the α-position with respect to the double bond under the process of free radical oxidation of arachidonic acid; that causes the displacement of this double bond with the formation of lipoperoxides or DC [3]. Diene conjugates refer to toxic metabolites, which have a harmful effect on lipoproteins, proteins, enzymes and nucleic acids. Lipoperoxides are highly unstable and are subject to further oxidative degeneration. Secondary oxidation products are accumulated. Unsaturated aldehydes (malonic dialdehyde or TBA-active products (TBA-AP) are the most important of secondary oxidation products. According to F.A. Tugusheva and others (2007, 2009), the manifestation of oxidative stress is detected in the early stages of chronic kidney disease, andc it has one of the key values ​​in the development of renal disease [23, 24].  Malonic aldehydes (TBA-AP) are formed only from fatty acids with three or more double bonds participating in the synthesis of prostaglandins, progesterone and other of their steroids [3]. The negative role of malonic dialdehyde is the following: it crosslinks lipid molecules and reduces the density of the membrane. As a result, the membrane becomes more fragile. The following processes associated with changing the surface of the membrane are been destroyed: phagocytosis, pinocytosis, cell migration and etc.

Hydroperoxides, unsaturated aldehydes are mutagens and have frank cytotoxicity. They suppress the activity of glycolysis and oxidative phosphorylation, inhibit the synthesis of protein and nucleic acids, disrupt the secretion of triglycerides by hepatocytes, inhibit the activity of membrane-binding enzymes. The accumulation of the products of LPO (DC, TBA-AP) [3] leads to stimulation of monooxygenase system, change of reaction of lipid, hormonal, immune, microelemental, neurotransmitter statuses, depletion of antioxidant system, that affects the functioning of organs and systems, including the kidneys [3].

The results of the study of DC level and TBA-AP in the blood and kidney homogenate of intact and experimental animals against the background of three models of acute renal failure (ARF) are given in Tables 1-4.

Table 1. The PDT-Na and reference drugs interaction on the level of DC (μmol/L) in rat blood under AKI conditions (M ± m, n = 6)
	          AKI model
Experimental conditions
	Ethylene

Glycol
	Glycerol
	Gentamicin nephropathy

	Intact control
	48.86±4.08

	Control (ARF)
	69.81±3.84*
	79.18±3.56*
	72.80±4.12*

	Experiental (ARF + PDT-Na)
	54.36±3.03**
	52.66±3.12**
	56.42±3.36**

	Reference (ARF + mexidol)
	58.42±3.26**
	60.28±3.88**
	62.36±3.74**

	Reference (ARF + hofitol)
	62.24±4.02*/**
	66.34±3.48*/**
	64.24±3.06*/**

	Reference (ARF + thiotriazolin)
	56.16±3.28**
	55.04±4.14**
	58.12±3.68**


Table 2. The PDT-Na and reference drugs interaction on the level of DC (μmol/g) in kidney homogenate of rats under AKI conditions (M ± m, n = 6)

	          AKI model

Experimental conditions
	Ethylene

Glycol
	Glycerol
	Gentamicin nephropathy

	Intact control
	4.27±0.28

	Control (ARF)
	7.56±0.64*
	9.66±0.56*
	8.62±0.44*

	Experiental (ARF + PDT-Na)
	5.36±0.34**
	4.92±0.32**
	6.54±0.52**

	Reference (ARF + mexidol)
	5.98±0.52**
	5.44±0.68**
	7.44±0.42**

	Reference (ARF + hofitol)
	6.16±0.36*/**
	6.86±0.46*/**
	7.38±0.46*/**

	Reference (ARF + thiotriazolin)
	5.66±5.28**
	5.22±0.62**
	6.92±0.54**


Note: 

1. * – the indicator deviation is reliable relatively to the intact control, p <0.05;

2. ** – the indicator deviation is reliable relatively to the control (ARF), р <0.05.
Table 3. The PDT-Na and reference drugs interaction on the level of TBA-AP (μmol/L) in rat blood under AKI conditions (M ± m, n = 6)
	          AKI model

Experimental conditions
	Ethylene

Glycol
	Glycerol
	Gentamicin nephropathy

	Intact control
	10.24±2.32

	Control (ARF)
	18.48±2.88*
	24.52±3.24*
	21.26±2.72*

	Experimental (ARF + PDT-Na)
	12.22±2.42**
	13.74±3.18**
	14.34±3.04**

	Reference (ARF + mexidol)
	12.84±3.08**
	16.16±3.02**
	15.02±2.92**

	Reference (ARF + hofitol)
	14.28±2.94*/**
	16.38±3.46*/**
	16.16±3.08*/**

	Reference (ARF + thiotriazolin)
	13.26±3.26**
	13.42±3.22**
	14.84±2.12**


Table 4. The PDT-Na and reference drugs interaction on the level of TBA-AP (μmol/g) in kidney homogenate of rats under AKI conditions (M ± m, n = 6)
	          AKI model

Experimental conditions
	Ethylene

Glycol
	Glycerol
	Gentamicin nephropathy

	Intact control
	25.27±3.32

	Control (ARF)
	44.38±4.12*
	58.24±3.88*
	48.56±4.44*

	Experimental (ARF + PDT-Na)
	24.64±3.96**
	27.38±5.54**
	29.22±4.16**

	Reference (ARF + mexidol)
	26.76±4.08**
	33.76±5.56**
	32.82±3.94**

	Reference (ARF + hofitol)
	35.42±4.24*/**
	41.78±5.38*/**
	39.14±4.08*/**

	Reference (ARF + thiotriazolin)
	25.92±4.76**
	29.36±5.04**
	31.88±4.46**


Note: 

1. * – the indicator deviation is reliable relatively to the intact control, p <0.05;

2. ** – the indicator deviation is reliable relatively to the control (ARF), р <0.05. 

Analysis of the obtained results, which characterize the state of LPO in blood and in kidney homogenate of rats with ethylene glycol of AR, indicates that the introduction of ethylene glycol into experimental animals activates LPO processes. It was reflected in the increase in the level of the primary products of LPO – DC and the final ones – TBA-AP (Tables 1-4).

It has been established that under the action of ethylene glycol reliable in relation to intact control, the level of DC in rat blood increased by 1.5 times (Table 1) and in the kidney homogenate – by 1.8 times (Table 2). Similar dynamics was observed with respect to TBA-AP, as indicated by the reliable in relation to intact control, the level of TBA-AP increased in the blood of rats by 1.8 times (Table 3) and in the kidney homogenate – by 1.75 times (Table 4). So, ethylene glycol causes the accumulation of primary and final products of LPO in the blood and kidney tissues, which characterizes the manifestation of oxidative stress in renal failure and it is important in the development of chronic renal disease.

The application of the investigated drug PDT-Na and the reference drug mexidol leads to the normalization of the functional state of kidneys and the activity of LPO. This conclusion is based on the value of the content of primary and final products of LPO of DC and TBA-AP in the blood and kidney homogenate, which do not differ from those of the intact control group (Tables 1-4).

The antioxidant activity of PDT-Na and mexidol and their ability to suppress the accumulation of primary and final products of LPO is indicated by the reliable relatively to the control group (ARF) the reduction in blood and kidney homogenate of the level of DC and TBA-AP. So, affected by PDT-Na, in comparison with the control, the level of DC and TBA-AP reduced in blood by 1.3 times and 1.5 times respectively (Table 1-2) and in the kidney homogenate – by 1. 4 times and 1.8 times respectively (Table 3-4). Similar dynamics was observed under the affect of mexidol: in comparison with the control, the level of DC and TBA-AP in the blood decreased by 1.2 times and 1.4 times respectively (Tables 1-2) and in the kidney homogenate – by 1.3 times and 1.7 times respectively (Tables 3-4).
Our studies have also confirmed the pronounced antioxidant activity of the reference drug thiotriazolin [15, 19, 25], which under the conditions of ethylene glycol ARF suppressed the activity of LPO processes almost to the intact level. So, in comparison with the control (AKI), thiotriazolin significantly decreased the level of DC and TBA-AP in the blood – by 1.2 times and by 1.4 times respectively (Tables 1-2) and in the kidney homogenate – by 1.3 times and 1.7 times respectively (Tables 3-4).
The comparator, hofitol, being a herbal medicinal product with nephroprotective activity, showed less antioxidant activity than synthetic drugs PDT-Na: mexidol and thiotriazolin. Thus, under the affect of hofitol, a significant decrease in DC in blood and kidney homogenate was observed in comparison with the control (ARF) by 1.2 times (Table 1) and by 1.3 times respectively (Table 2), TBA-AP in blood and kidney homogenate by 1.3 times (Table 3) and by 1.25 times (Table 4) respectively.

Considering that glycerol is a more potent nephro- and membranotoxin, one of the mechanisms of its action is the activation of processes of lipid peroxidation; we have studied the content of blood and kidney tissues of rats of primary and final products of LPO-DC and TBA-AP in the model of glycerol arteries. It has been found out that the introduction of glycerol leads to a significant increase in the level of DС in blood (Table 1) and kidney homogenate (Table 2) of rats by 62% and 126%, respectively, compared with intact animals. Affected by glycerol, there was also a significant increase in the level of final products of LPO TBA-AP in blood (Table 3) and kidney homogenate (Table 4) by 139% and 130%, respectively, compared with the intact control. The results show that within the conditions of the glycerol model of ARF, the activation of LPO processes is more severe than within the conditions of ethylene glycol ARF.
The application of the drug PDT-Na and the mexidol reference drug showed a therapeutic effect; the antioxidant action is an integral part of this effect, as evidenced by their ability to suppress the accumulation of primary and final products of LPO in blood and kidney homogenate of DC and TBA-AP (Tables 1-4). Affected by the PDT-Na, the level of DC in the blood and kidney homogenate decreased significantly by 51% (Table 1) and by 96% (Table 2), respectively, compared with the control and almost to the intact level, and the level of TBA-AP decreased by 78 % (Table 3) and by 112% (Table 4), respectively.
Similarly to the action of PDT-Na, the comparator, mexidol showed antioxidant activity. The application of mexidol in comparison with the control to the intact level reduced the DC content in the blood and kidney homogenate by 31% (Table 1) and by 77% (Table 2), respectively, and the content of TBA-AP – by 73% (Table 3) and –  by 72% (Table 4), respectively.
The comparator, hofitol, showed antioxidant activity, which was inferior in comparison ith PDT-Na and mexidol (Table 1-4). Hofitol contributed significantly to the reduction of DC concentration in blood and kidney homogenate – by 20% (Table 1) and – by 41% (Table 2), respectively, and TBA-AP – by 49% (Table 3) and by 39% (Table 4), respectively, compared with the control (ARF). But, when applying hofitol, LPO activity indexes did not reach intact values ​​and had significant differences from those of the intact control group (Tables 1-4). This confirms our conclusion that PDT-Na and mexidol have an advantage over hofitol in terms of antioxidant activity.
The reference drug thiotriazolin has shown a therapeutic effect similar to PDT-Na and mexidol. The dynamics of LPO activity under the action of thiotriazolin was similar to that of PDT-Na and mexidol (Table 1-4). Thus, in comparison with the control pathology, thiotriazolin significantly contributed to a decrease of DC level in the blood and kidney homogenate by 44% (Table 1) and by 85% (Table 2), respectively, and TBA-AP – by 82% (Table 3 ) and by 98% (Table 4), respectively.
The next phase of our research was the study of LPO processes activity and the influence of PDT-Na and reference drugs on them within the terms of gentamicin nephropathy. It has been established that gentamicin activates LPO processes, leading to the accumulation of DC and TBA-AP in the blood and kidneys (Tables 1-4). The results clearly demonstrate the prooxidant effect of gentamicin, which is one of the links in its nephrotoxic effect. Thus, gentamicin in comparison with intact animals increased the accumulation of DC in the blood and kidney homogenate of rats by 1.5 times (Table 1) and 2 times (Table 2), respectively. The level of TBA-AP in the blood and kidney homogenate of rats increased by 2.1 times (Table 3) and 1.92 times (Table 4), respectively, compared with the intact control.
Analysis of the activity of LPO processes in rats, which applied PDT-Na antihypoxants and mexidol against gentamicin nephropathy, showed their pronounced antioxidant effect (Tables 1-4). Thus, PDT-Na promoted a significant decrease of DC content in the blood and kidney homogenate by 1.29 times (Tables 1-2) and by 1.31 times (Tables 1-2), respectively, and TBA-AP – by 1.48 times (Tables 1-2) and 1.66 times (Tables 1-2), respectively, reaching the values of the intact group of animals.
Mexidol showed the same antioxidant activity as PDT-Na. It decreased significantly the DC in the blood and kidney homogenate compared to the control group – by 1.16 times (Tables 1-2) and by 1.31 times (Tables 1-2), respectively, and TBA-AP - by 1.41 times (Tables 1-2) and 1.48 times (Tables 1-2) respectively.
The reference drug, hofitol, as in the previous models (ethylene glycol and glycerol ARF) showed antioxidant activity, which is inferior to PDT-Na and mexidol, up to the values that have significant differences with the intact control group (Tables 1-2). Tables 1-4 show that hofitol causes a significant reduction of the DC level in the blood and kidney homogenate in terms of the control (ARF) – by 1.25 times (Tables 1-2) and 1.17 times (Tables 1-2), respectively, TBA-AP – by 1.32 times (Tables 1-2) and by 1.24 times (Tables 1-2) respectively.
The comparator, thiotriazolin, as well as PDT-Na and mexidol showed significant antioxidant activity under the conditions of gentamicin nephropathy (Tables 1-4). Thiotriazolin is reliable with respect to the control (ARF); it decreased the DC in the blood and kidney homogenate – by 1.25 times (Tables 1-2) and 1.24 times (Table 1-2), respectively, and TBA-AP – by 1.43 times (Tables 1-2) and by 1.52 times (Tables 1-2), respectively.
The results of the study obtained in this part of the work (Tables 1-4) indicate that PDT-Na, mexidol and thiotriazolin showed antioxidant activity at the same level and had an advantage over hofitol in terms of severity of their action. 

Determination of antioxidant defence enzymes activity

Powerful multi-component antioxidant system counters the toxic action of reactive oxygen species (ROS) in the body. Specific antioxidant protection is directed just at the reduction and destruction of ROS in tissues both enzymatically and non-enzymatically. Superoxide dismutase (SOD), catalase, glutathione peroxidase, glutathione-S-transferase, glutathione reductase play an important role among the enzymatic participants of antioxidant protection.

The task of the next phase of our work was to assess the state of antioxidant protection in the blood and kidney homogenate in rats against the background of ARF and under the influence of the studied drug PDT-Na and reference drugs according to the activity of enzymes of antioxidant protection of catalase, SOD and the level of accumulation of SH-groups (GSH).

The antioxidant defence system of a living organism controls and inhibits all the stages of the reactions of formation of free radicals, starting with their initiation and to the formation of hydroperoxides and malonic dialdehyde [1, 4, 8, 16, 18]. The main mechanism for monitoring these reactions is associated with a chain of reversible oxidation-reduction reactions of metal ions, ascorbate, tocopherol, glutathione and other substances. In addition, these reactions are important for the preservation of long-existing macromolecules of nucleic acids and proteins of the constituent membrane of cells.
Each component of the antioxidant system acts in close relationship with the other structural elements, harmoniously complements, and in many cases – enhances the effect of each other. The functional basis of the antioxidant defence system is formed by the glutathione system, the constituent elements of which are glutathione itself, the enzymes catalyzing the reactions of its reverse transformation (oxidation ↔ reduction). These enzymes include catalase, superoxide dismutase, etc., which are capable to catalyze the reactions of direct destruction of peroxide compounds in humans and animals [1, 4, 8].

Glutathione (L-γ-glutamyl-L-cysteinyl-glycine) is a biologically active tripeptide, which is detected in all organisms. Glutathione performs polyhedral and very important functions in the body: it participates in the neutralization of xenobiotics; protects from active oxygen compounds;  increases the resistance of cells to the negative effects of stressors; restores and isomerizes disulfide bonds; performs coenzyme functions; affects the biosynthesis of nucleic acids; has an effect on the proliferation of cells and maintains the functional state of biological membranes. Glutathione reduced is the main sulfur-containing antioxidant in the body [1, 4, 8]. It protects the sulfhydryl groups of globin, erythrocyte membranes, ferrous iron from oxidants. It has been found out that a low concentration of glutathione in cells, in particular in erythrocytes, leads to activation of LPO [1, 4, 8, 16, 18]. Superoxide dismutases (SOD) are metal-containing enzymes that catalyze the reaction of the dismutation of superoxide radicals into hydrogen peroxide and molecular oxygen. As a rule, enzymes, which have SOD-activity, are inside the cell and are the main enzymes of intracellular antiradical defence of aerobic organisms [1, 4, 8, 16, 18]. It shall be mentioned that both decrease and increase in SOD activity cause the development of pathological processes. Firstly, as a result of insufficient protection from active forms of oxygen, secondly, as a result of increasing the cytotoxic action of hydrogen peroxide, formed as a result of superoxide dismutation. SOD in the blood as a primary antioxidant maintains and controls the level of free radicals and thus creates conditions for the normal use of the oxygen environment of the body. SOD catalyzes the reaction of ROS dismutation into hydrogen peroxide, which can damage SOD, for this reason SOD always functions together with catalase. Catalase splits quickly enough the hydrogen peroxide, which is harmful to SOD, into water and oxygen. SOD with catalase and other antioxidant enzymes protects the body from highly toxic oxygen radicals.
Catalase is an enzyme of the oxidoreductases class, involved in the detoxification of non-radical active oxygen form – Н2О2. The highest concentration of catalase is in the liver. In peroxisomes of hepatocytes, part of the catalase is 40% of all proteins, and its high concentration is in the mitochondria and endoplasmic reticulum [1, 4, 8, 16, 18].

The results of the study of the catalase, SOD, and GSH levels in the blood and kidney homogenate of rats on models of ethylene glycol, glycerol ARF and gentamicin nephropathy are shown in Tables 5-10.

Table 5. The PDT-Na and reference drugs interaction on catalase activity (μmol/ Н2О2/min × L) in rat blood under AKI conditions (M ± m, n = 6)
	          AKI model

Experimental conditions
	Ethylene

Glycol
	Glycerol
	Gentamicin nephropathy

	Intact control
	31.92±0.18

	Control (ARF)
	26.12±0.14*
	25.78±0.22*
	26.26±0.12*

	Experimental (ARF + PDT-Na)
	29.72±0.18*/**
	29.94±0.16**
	28.44±0.16*/**

	Reference (ARF + mexidol)
	28.84±0.14*/**
	29.22±0.22**
	28.62±0.16*/**

	Reference (ARF + hofitol)
	27.28±0.16*/**
	26.96±0.26*/**
	27.36±0.14*/**

	Reference (ARF + thiotriazolin)
	29.68±0.16*/**
	28.92±0.24**
	28.36±0.18*/**


Table 6. The PDT-Na and reference drugs interaction on catalase activity (μmol/ Н2О2/min × mg) in rat kidney tissue under AKI conditions (M ± m, n = 6)
	          AKI model
Experimental conditions
	Ethylene

Glycol
	Glycerol
	Gentamicin nephropathy

	Intact control
	12.16±0.98

	Control (ARF)
	5.36±0.34*
	4.92±0.32*
	6.54±0.52*

	Experimental (ARF + PDT-Na)
	10.56±0.64*/**
	11.66±0.56**
	10.62±0.44**

	Reference (ARF + mexidol)
	9.98±0.52*/**
	10.44±0.88**
	10.44±0.42*/**

	Reference (ARF + hofitol)
	8.16±0.36*/**
	7.86±0.46*/**
	8.38±0.46*/**

	Reference (ARF + thiotriazolin)
	10.66±5.28*/**
	11.22±0.62**
	10.92±0.54**


Note: 

1. * – the indicator deviation is reliable relatively to the intact control, p <0.05;

2. ** – the indicator deviation is reliable relatively to the control (ARF), р <0.05. 

Table 7. The PDT-Na and reference drugs interaction on SOD activity (IU/mL) in rat blood under AKI conditions (M ± m, n = 6)
	          AKI model

Experimental conditions
	Ethylene

Glycol
	Glycerol
	Gentamicin nephropathy

	Intact control
	98.36±5.96

	Control (ARF)
	61.58±5.64*
	56.64±6.12*
	67.32±6.90*

	Experimental (ARF + PDT-Na)
	82.36±4.98*/**
	89.68±5.64**
	84.44±6.12*/**

	Reference (ARF + mexidol)
	79.92±5.06*/**
	84.24±4.86*/**
	80.96±5.88*/**

	Reference (ARF + hofitol)
	70.32±4.86*
	72.42±4.38*/**
	76.34±5.24*/**

	Reference (ARF + thiotriazolin)
	78.78±5.18*/**
	86.56±5.14*/**
	81.56±4.56*/**


Table 8. The PDT-Na and reference drugs interaction on SOD activity (IU/mg) in rat kidney homogenate under AKI conditions (M ± m, n = 6)
	          AKI model

Experimental conditions
	Ethylene

Glycol
	Glycerol
	Gentamicin nephropathy

	Intact control
	112.27±6.58

	Control (ARF)
	74.42±6.46*
	68.16±6.92*
	76.68±6.28*

	Experimental (ARF + PDT-Na)
	95.36±6.38*/**
	96.76±6.12*/**
	93.38±5.94*/**

	Reference (ARF + mexidol)
	92.84±6.12*/**
	90.34±6.24*/**
	91.26±5.86*/**

	Reference (ARF + hofitol)
	86.64±5.98*
	80.46±6.12*/**
	84.52±6.16*

	Reference (ARF + thiotriazolin)
	90.78±5.92*/**
	94.52±6.28*/**
	90.32±5.86*/**


Note: 

1. * – the indicator deviation is reliable relatively to the intact control, p <0.05;

2. ** – the indicator deviation is reliable relatively to the control (ARF), р <0.05. 

Table 9. The PDT-Na and reference drugs interaction on GSH level (glutathione reduction) (μmol/ mL) in rat blood under AKI conditions (M ± m, n = 6)
	          AKI model

Experimental conditions
	Ethylene

Glycol
	Glycerol
	Gentamicin nephropathy

	Intact control
	1.98±0.28

	Control (ARF)
	1.32±0.26*
	1.14±0.32*
	1.40±0.22*

	Experimental (ARF + PDT-Na)
	1.78±0.34**
	1.88±0.18**
	1.89±0.26**

	Reference (ARF + mexidol)
	1.76±0.24**
	1.84±0.24**
	1.88±0.24**

	Reference (ARF + hofitol)
	1.66±0.32**
	1.78±0.26**
	1.80±0.24*

	Reference (ARF + thiotriazolin)
	1.76±0.28**
	1.86±0.20**
	1.88±0.18**


Table 10. The PDT-Na and reference drugs interaction on GSH level (glutathione reduction) (μmol/g) in rat kidney homogenate under AKI conditions (M ± m, n = 6)
	          AKI model

Experimental conditions
	Ethylene

Glycol
	Glycerol
	Gentamicin nephropathy

	Intact control
	4.38±0.22

	Control (ARF)
	2.56±0.22*
	2.12±0.16*
	2.72±0.16*

	Experimental (ARF + PDT-Na)
	3.92±0.18**
	4.16±0.20**
	3.74±0.22**

	Reference (ARF + mexidol)
	3.88±0.22**
	4.08±0.24**
	3.70±0.18**

	Reference (ARF + hofitol)
	3.62±0.20*/**
	3.76±0.18*/**
	3.64±0.22*/**

	Reference (ARF + thiotriazolin)
	3.90±0.24**
	4.12±0.22**
	3.72±0.20*/**


Note: 

1. * – the indicator deviation is reliable relatively to the intact control, p <0.05;

2. ** – the indicator deviation is reliable relatively to the control (ARF), р <0.05. 

Analysis of the obtained results of the study shows that in acute kidney injury with nephrotoxins (ethylene glycol, glycerol and gentamicin), there is the depression of enzyme antioxidant defence system, considered as a universal mechanism of oxidative stress (Tables 5-10).

Under the influence of ethylene glycol, the catalase activity in the blood and kidney homogenate reliable in relation to the intact control decreased by 1.22 times (Table 5) and 2.27 times (Table 6), respectively, of SOD – by 1.60 times (Table 7) and by 1.51 times (Table 8), respectively. Ethylene glycol is reliable relatively to the intact decreased the level of renal and endogenous sulfur-containing antioxidant of reduced GSH glutathione in the blood and kidney tissues by 1.50 times (Table 9) and 1.71 times (Table 10), respectively.
The application of PDT-Na and mexidol under conditions of ethylene glycol ARF promoted the normalization of the state of antioxidant defence in the body of rats, increasing the activity of catalase, SOD and GSH in the blood and in the kidney tissues (Tables 5-10).

The drug PDT-Na is reliable relatively to the control pathology, it increased enzyme activity in the blood and kidney homogenate: catalase – by 1.14 times (Table 5) and by 1.97 times (Table 6), respectively, SOD – by 1.34 times (Table 7) and by 1.28 times (Table 8), respectively, GSH content – by 1.42 times (Table 9) and by 1.53 times (Table 10), respectively. Comparator, mexidol reliably increased the catalase level in blood and kidney tissues by 1.10 times (Table 5) and 1.86 times (Table 6), respectively, SOD – by 1.29 times (Table 7) and by 1.25 times (Table 8 ), respectively, and GSH content – by 1.41 times (Table 9) and by 1.51 times (Table 10) relatively to the animals of the control pathology group.

The comparator, hofitol, in terms of antioxidant effect was inferior to the investigated drug PDT-Na and the reference drug mexidol. Thus, hofitol increased the activity of catalase enzymes by 1.05 times (Table 5) and 1.52 times (Table 6), respectively, SOD – by 1.14 times (Table 7) and by 1.16 times (Table 8), respectively, and the level of GSH – by 1.24 times (Table 9) and by 1.41 times (Table 10), respectively.

The comparator thiotriazolin, as well as PDT-Na and mexidol, showed a powerful antioxidant effect. It was indicated by the significant increase in the activity of catalase in the blood and in the kidney tissues by 1.15 times (Table 5) and 1.99 times (Table 6), respectively, in SOD – by 1.28 times (Table 7) and by 1.22 times (Table 8), respectively, GSH – by 1.40 times (Table 9) and by 1.52 times (Table 10), respectively.

By the following model of our study, under the conditions of glycerol ARF, it has been found out that glycerol suppressed the state of antioxidant defence. There was a decrease of the catalase activity in the blood and kidney homogenate of the rats of the control group by 1.24 times (Table 5) and 2.42 times (Table 6), respectively, of SOD – by 1.74 times (Table 7) and 1.65 times (Table 8 ), respectively, of GSH – by 1.74 times (Table 9) and by 2.10 times (Table 10), respectively, relatively to the intact animals.

The investigated drug PDT-Na reduced the antioxidant defence system of animals, increasing significantly the activity of catalase enzymes in the blood and kidney homogenate by 1.16 times (Table 5) and by 2.37 times (Table 6), respectively, SOD – by 1.58 times (Table 7) and by 1.42 times (Table 8), respectively, GSH content – by  1.65 times (Table 9) and by 1.96 times (Table 10), respectively, in comparison with the control pathology.

The reference drug mexidol showed antioxidant activity similar to PDT-Na, which is manifested by a significant growth in the blood and kidney homogenate of catalase levels by 1.13 times (Table 5) and by 2.12 times (Table 6), respectively, of SOD – by 1.49 times (Table. 7) and by 1.33 times (Table 8), respectively, and of GSH content – by 1.61 times (Table 9) and by 1.92 times (Table 10), respectively, in comparison with the animals of the control group.

Hofitol showed weak antioxidant activity in the study. The drug significantly increased the activity of catalase enzymes in the blood and kidney homogenate – by 1.05 times (Table 5) and by 1.59 times (Table 6), respectively, SOD – by 1.28 times (Table 7) and by 1.18 times (Table 8) respectively, the GSH content – by 1.56 times (Table 9) and by 1.77 times (Table 10), respectively, in comparison with the control of pathology.
The reference drug thiotriazolin showed pronounced antioxidant properties, increasing the activity of catalase enzymes by 1.12 times (Table 5) and 2.28 times (Table 6), respectively, SOD – by 1.53 times (Table 7) and 1.39 times (Table 8 ), respectively, and GSH content – by 1.63 times (Table 9) and 1.94 times (Table 10), respectively.
It has been demonstrated on the model of gentamicin nephropathy (Tables 5-10) that aminoglycoside antibiotic gentamicin significantly reduced the activity of enzymes of antioxidant catalase defence by 1.21 times (Table 5) and by 1.86 times (Table 6) relatively to the control pathology group, SOD – by1.46 times (Table 7) and 1.46 times (Table 8), respectively, GSH – by  1.41 times (Table 9) and 1.61 times (Table 10), respectively.

Within the conditions of the gentamicin nephropathy the investigated drug PDT-Na promoted reduction of the system of antioxidant defence of the animals. This was proved by a significant increase of catalase enzymes activity in the blood and kidney homogenate by 1.10 times (Table 5) and by 1.62 times (Table 6), respectively, SOD – by 1.25 times (Table 7) and by 1.22 times (Table 8), respectively, GSH – by 1.35 times (Table 9) and by 1.38 times (Table 10), respectively.
Mexidol, like PDT-Na, showed significant antioxidant activity, increasing significantly the level of catalase in the blood and kidney homogenate by 1.10 times (Table 5) and by 1.59 times (Table 6), respectively, SOD – by 1.20 times (Table 7 ) and by 1.19 times (Table 8), respectively, GSH – by 1.35 times (Table 9) and by 1.36 times (Table 10), respectively.

Hofitol in terms of antioxidant activity is inferior to drugs PDT-Na and mexidol. It increases the activity of enzymes of antioxidant defence in the blood and kidney homogenate: of catalase – by 1.05 times (Table 5) and by 1.28 times (Table 6), respectively; SOD – by 1.13 times (Table 7) and by 1.10 times (Table 8), respectively; GSH – by 1.29 times (Table 9) and by 1.34 times (Table 10), respectively.

The comparator, thiotriazolin, with proven antioxidant activity, due to its pharmacodynamics, contributed to a significant increase of the enzymes activity of: catalase – by  1.10 times (Table 5) and by 1.67 times (Table 6), respectively, SOD – by 1.21 times (Table 7) and by 1.18 times (Table 8), respectively, GSH – by 1.35 times (Table 9) and by 1.37 times (Table 10), respectively, in comparison with the pathology control group.

CONCLUSION

Thus, experimentally, according to the models of acute kidney injury, it has been shown the inhibit of the mechanisms of antioxidant defence and the important role of oxidative stress in the development of acute kidney pathology.

The investigated drug PDT-Na, which is better than the plant nephroprotective hofitol and at the level of antioxidant with cytoprotective action of thiotriazoline, reduces the primary and final products of LPO-DC and TBA-AP.

The application of the drug PDT-Na leads to the activation of the enzymes of catalase antioxidant defence, SOD, accumulation of the endogenous antioxidant GSH to the almost intact level. The abovementioned information indicates that the antihypoxicant PDT-Na with previously established nephroprotective activity shows antihypoxic, antioxidant, antiradical and cytoprotective properties and it is a promising drug for complex treatment of kidney diseases.
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РЕЗЮМЕ

ДИНАМИКА ПОКАЗАТЕЛЕЙ АНТИОКСИДАНТНОЙ ЗАЩИТЫ В ОТВЕТ НА ПРИМЕНЕНИЕ НАТРИЕВОЙ СОЛИ ПОЛИ-(2,5-ДИГИДРОКСИФЕНИЛЕН)-4-ТИОСУЛЬФОКИСЛОТЫ ПРИ ЕКСПЕРИМЕНТАЛЬНОМ ОСТРОМ ПОВРЕЖДЕНИИ ПОЧЕК

Ермоленко Т.И., Кривошапка А.В., Шаповал О.Н.

Харьковский национальный медицинский университет, Харьков, Украина

Токсическое повреждение почек приводит к изменению показателей активности ферментов антоксидантной защиты. Свободнорадикальное окисление липидов является важнейшим звеном в регуляции липидного состава биомембран клеток, мембранноассоциированных ферментов. Активация перекисного окисления липидов вызывает изменения функций биомембран, клеточного обмена, что является одним из звеньев патогенеза заболеваний почек. Активация процессов перекисьного окисления липидов в почках приводит к манифестации воспаления, дисфункции клеточных мембран нарушая сбалансованность функционирования прооксидантной и антиоксидантной систем. Изучение перекисного окисления липидов при остром повреждении почек поможет установить механизмы антиоксидантной защиты в експерименте.

Цель исследования, установить влияние изучаемого препарата ПДТ-Na на показатели свободнорадикального окисления липидов и системы антиоксидантной защиты почек у крыс на моделях острой почечной недостаточности и гентамициновой нефропатии. 

Исследования выполнены на 96 белых половозрелых беспородных нелинейных крысах обоего пола массой тела 150-170 г. Животные были разделены на 16 групп (по 5 групп на каждую модель и одна интактная группа): животные опытных, референтных и групп контрольной патологи (1) получали соответствующий нефротоксин. В каждой модели в качестве лечения группы крыс получали: опытные (2) – ПДТ-Na , референтные – мексидол (3), хофитол – (4) и тиотриазолин (5). 

Результатами исследований установлено, что в условиях острого повреждения почек препарат ПДТ-Na способствует снижению первичных итермедиатов – диеновых конъюгатов и вторичных итермедиатов перекисного окисления липидов – ТБК-реактивных продуктов, активации работы ферментов антиоксидантной защиты каталазы и супероксиддисмутазы и накоплению почти до интактного уровня эндогенного антиоксиданта GSH. 
Вышесказанное свидетельствует о том, что препарат фармакологической группы – антигипоксанты ПДТ-Na, с установленной ранее нефропротекторной активностью, проявлял антиоксидантные, антирадикальные и цитопротекторные свойства в эксперименте. Что является перспективным в комплексном лечении заболеваний почек.

Ключевые слова: натриевая соль поли-(2,5-дигидроксифенилен)-4-тиосульфокислоты, антигипоксант, почки, нефропротекция, оксидативный стресс, антиоксидантное действие, антирадикальное действие.

SUMMARY
DYNAMICS OF INDICATORS OF ANTIOXIDANT PROTECTION IN RESPONSE TO THE APPLICATION OF SODIUM POLY-(2.5-DIHYDROXYPHENILEN)-4- THIOSULFATE ACID IN EXPERIMENTAL ACUTE KIDNEY INJURY

Iermolenko T., Krivoshapkа A, Shapoval O.

Kharkiv National Medical University, Kharkiv, Ukraine

Toxic kidney injury causes a change in the activity of antioxidant defence enzymes. Free radical oxidation of lipids is the most important link in the regulation of the lipid composition of biomembranes of cells, membrane-associated enzymes. Activation of lipid peroxidation causes changes in the functions of biomembranes, cell metabolism, which is one of the links in the pathogenesis of kidney diseases. Activation of processes of lipid peroxidation in the kidneys leads to the manifestation of inflammation, disfunction of cell membranes disrupting the balance of functioning of the prooxidant and antioxidant systems. The study of lipid peroxidation in acute kidney injury can assist in establishing the mechanisms of antioxidant protection in the experiment.

The purpose of the study is to establish the effect of the investigated drug PDT-Na on the parameters of free radical lipid oxidation and the system of antioxidant defence of the kidneys in rats on models of acute renal failure and gentamicin nephropathy.

The studies were conducted on 96 white mature, full-grown non-linear rats of both sexes weighing 150-170 grams. The animals were divided into 16 groups (5 groups per model and one intact group): the animals of the experimental, reference and control pathology groups (1) received the corresponding nephrotoxin. In each model the groups of rats received the following treatment: experimental (2) – PDT-Na, reference – mexidol (3), hofitol – (4) and thiotriazolin (5).

The results of the study show that under the conditions of acute kidney injury the PDT-Na assists to reduce the primary intermediates – diene conjugates and secondary intermediates of lipid peroxidation - TBA-reactive products, activation of enzymes of catalase antioxidant defence and superoxide dismutase and accumulation to the almost intact level of GSH endogenous antioxidant.
The abovementioned information indicates that the drug of the pharmacological group – antihypoxicant PDT-Na with previously established nephroprotective activity has shown antioxidant, antiradical and cytoprotective properties during the experiment. This is a promising drug for complex treatment of kidney diseases.

Keywords: sodium poly-(2,5-dihydroxyphenilen)-4-thiosulfate acid, antihypoxant drug, kidneys, nephroprotection, oxidative stress, antioxidant action, antiradical action.
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