UDC 615.275:547.823]:616.152.21-08
S.P.Pasevych, I.I. Zamorskii

Bucovinian state medical university
Antioxidant potential of THE 3-OXIPYRIDINE DERIVATIVES under the conditions of the chronic hypoxic hypoxia
RESUME

In the experiment with modeling of the chronic hypoxic hypoxia the significant impairment of the prooxidant-antioxidant balance in adult male white rats’ kidneys (by the indices of malondialdehyde (MDA), oxidative modification of proteins (OMP) and catalase activity (CAT)) was observed.  It was estimated, that single administration of mexidol (100 mg/kg i.p.) facilitated both the decrease of the intensity of lipids’ and proteins’ peroxidation (decrease of MDA, OMP content) and significant activation of the enzymatic antioxidant defense – CAT activity in kidney tissue. At the same time antioxidant activity of emoxipin (100 mg/kg i.p.) was considerably less. 
INTRODUCTION
Free radical oxidation is the most important regulator of the metabolism of lipids and proteins – processes, underlying the plastic and energetic supply of cell functions. It’s known, that most intensive and prolonged increase of the free radical oxidation processes in the lipid layer of biological membranes is observed in hypoxia [8]. 
The consequences of the hypoxia influence are double and oppositely directed: hypoxia causes pathological changes on tissue, cell and molecular levels, and metabolism disturbances are seen not only during its direct influence, but also in the farther posthypoxic period, playing important role in the pathogenesis of many diseases [5, 6, 7].   

Despite the presence of a great arsenal of medicines for hypoxia states correction, the most actual and capturing the attention become medications able with the help of different mechanisms neutralize the energetic deficiency, protect cells from injury during the reverse stage and activate recovery of the structure and functions, videlicet antihypoxants  [9].
They combine the properties of the membrane stabilizer and antioxidant, inasmuch as energy deficiency causes different metabolic disturbances including activation of the free radical oxidation in the cell. Ergo, ascertainment of antioxidant power of these remedies under the different hypoxic conditions is actual. 
Administration of the exogenous succinic acid is ineffective because of low penetration through biological membranes, therefore the most perspective direction in the activation of succinate oxidation (one of the principal compensatory metabolic pathways in hypoxia) is the use of different organic succinate-containing substances, facilitating its penetration into the cell: mexidol and emoxipin, which are the structural analogs of vitamin B6 [2, 4].
THE AIM OF THE RESEARCH
To study the influence of mexidol and emoxipin on the peroxidation processes of lipids and proteins, antioxidant system (AOS) activity in the kidney tissue of adult male white rats under the conditions of the chronic hypoxic hypoxia.
materials and methods
Research was carried out on white laboratory non-linear male rats of the reproductive age with average weight 140-180 g, maintained on the standard balanced food ration and free access to water. Animals, previously selected as moderately resistant to hypoxia, were divided into 4 groups: first group consisted of intact animals; animals of the second group were influenced by the chronic hypoxic hypoxia. 

Hypoxic hypoxia was simulated in the modified flow pressure chamber by the imitation of the lifting of rats to a height of 4000 m above the sea level (this model of the hypoxic hypoxia is maximally close to natural conditions of oxygen supply in the alpine regions of the habitation of people and animals) at a speed 24 km/h. On this height animals were maintained during 2 hours daily during 2 weeks, hypoxia sessions were conducted in the early periods of the day. Animals of the third and forth groups after the last hypoxia session were intraperitoneally injected with mexidol and emoxipin in a dose 100 mg/kg, respectively [1].  
Animals were euthanized by decapitation method under the ether anesthesia. State of peroxidation of proteins and lipids was estimated by MDA and OMP content, AOS – by CAT activity in the kidney tissue [3]. Statistical analysis was carried out by the method of variation statistics and Student’s t-test.  Differences considered significant at p≤0.05.
RESULTS AND THEIR DISCUSSION
Experimental studies, which results are indicated in tabl. 1, have shown that during the second week of the exogenous chronic hypoxia influence the significant impairment of the prooxidant-antioxidant balance in the rats’ kidney tissue is observed.
Table 1. Indices of the prooxidant-antioxidant state in rats’ kidney tissue after single administration of mexidol and emoxipin and modeling of the chronic hypoxic hypoxia (х±Sх, n=7)
	Index
	MDA content,

μmol/g of tissue
	OMP content,

o.d.u./g of tissue
	CAT activity, μmol/min∙g of tissue

	Control
	34.24±1.931
	16.51±0.975
	24.28±1.087

	Hypoxia
(2 weeks)
	53.59±1.603

р1<0.001
	22.91±1.787

р1<0.01
	14.36±1.089
р1<0.001

	Hypoxia
(2 weeks) + emoxipin
	48.26±1.262
р1<0.001

р2<0.05
	20.84±1.083
р1<0.01
р2=0.18
	26.67±1.007
р1=0.08
р2<0.001

	Hypoxia
(2 weeks) + mexidol
	43.99±2.352
р1<0.05

р2<0.05
	18.79±0.715
р1=0.06
р2<0.05
	28.07±0.659
р1<0.05

р2<0.001


Notes: р1 – significance of changes comparing to control; р2 – significance of changes comparing to hypoxia.

The classic marker of the oxidative stress concerning lipids is MDA level, which index increased during the hypoxia by 1.6 times indicating the intensification of the lipoperoxidation along with the absence of compensation by utilization of peroxidation products.  
Increase of the OMP content in blood plasma by 1.2 times comparing to control group indicates on the significant oxidative destruction of proteins. Obtained results specify on the intensification of free radical processes in chronic hypoxia and excessive accumulation of their toxic metabolites in kidney tissue during the second week of the hypoxia influence, realizing subsequently the damaging effects of oxidative stress under the current conditions.
At the same time, during the experiment the dynamic decrease of CAT activity in kidney tissue by 1.7 times compared to intact animals was detected. Taking into account that free radical products are the substrates for antioxidants, it can be argued that excessive level of ROS besides direct attack of antioxidant enzymes is able to decrease their activity by the principle of inverse inhibition of enzyme by substrate. 
Use of emoxipin under the conditions of chronic hypoxia promoted the decrease of MDA content in kidney tissue by 1.1 times comparing to untreated animals influenced by hypoxia, use of mexidol decreased this index by 1.2 times, indicating the ability of mexidol, and, in a lesser degree, emoxipin to decrease the intensity of lipid peroxidation in kidney tissue by the effect of radicals «damping», because the action of mexidol is directed, primarily, on the processes of the free radicals oxidation in biomembranes and inside of the cells.  
In contrast to emoxipin, use of mexidol in chronic hypoxia led to decrease of OMP content in kidney tissue with index of treated animals by 1.2 times lesser, than in animals with hypoxia, confirming the marked ability of this drug to react with primary and hydroxyl peptide radicals. 
Thereby, mexidol and, in a lesser degree, emoxipin have shown the significant antioxidant activity under the conditions of the chronic hypoxic hypoxia by stabilizing the mechanism of the maintenance of balance between antioxidant and prooxidant systems of kidney tissue, that is especially important during the oxidative stress accompanying all diseases. 

More significant corrective influence of mexidol can be explained by intensive inhibition of free radical processes of lipis’ peroxidation by binding to peroxide radicals, active reaction with hydroxyl radicals of peptides and lipids, activation of the enzymatic antioxidant defense, ability to activate energy synthesizing function of mithochondria, and, probably, arrest the cascade of irreversible functional-metabolic changes in hypoxia.
Derivatives of 3-oxipyridine – mexidol and emoxipin are the drugs of a great interest for the further studies and formation of potent remedies against different types of hypoxic stress.
CONCLUSIONS

Excessive formation and accumulation of lipids’ and proteins’ peroxidation products (MDA, OMP) aggravating the depletion of enzymatic antioxidant defense (CAT activity) is observed in the rats’ kidney tissue under the conditions of the chronic hypoxic stress during 2 weeks. Use of mexidol and emoxipin under the conditions of chronic hypoxia facilitated the decrease of intensity of free radical processes of lipids’ and proteins’ oxidation, and activation of enzymatic antioxidant defense. Mexidol has shown more significant antioxidant potential under the conditions of the chronic hypoxia than emoxipin.
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