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Characteristic of actoprotective action of aminoacids derivatives of 1,4-naphthoquinone in hypo-and hyperthermic conditions
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It has been shown in the experiments on the rats that after unitary intraperitonium introduction into organism of aminoacids derivatives  of 1,4-naphtochinone   (substances III-10,2 mg/kg and VI-7,4 mg/kg) as a bemethyl (34 mg/kg)  endurance animals  (swimming test) raises in  hypothermic conditions (38-400С) on the 61,7;  83,6 and 48,7%  and in hypothermic conditions (10-120С) on the 39,2; 46,0 and 51,6% (p<0,05) accordingly. The action of these compounds indicates that they have  actoprotective effect. The Compound VI, contains in its structure a glycine residue, is interested for the in-depth study of its actoprotective properties and mechanisms of action.
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Introduction 
Previous studies have shown that aminoacidcontaining derivatives of 1,4 - naphthoquinone ( 1,4- NH) are the carriers of actoprotective activity. In response to a single injection of the compounds, as well the reference actoprotector bemityl, it has manifested itself by increasing physical endurance of the rats in theswimming test ( under normal conditions at t 24-26 ° C). In these experimental conditions, the highest efficiency has been shown by the compounds of laboratory cipher III and VI, containing in the structure of residue α- alanine and glycine , respectively [ 1]. In this regard, it has become very important to investigate the effect of these aminoacidcontaining derivatives of 1,4- HX in the complicated conditions of the experiment, as actoprotectors are used primarily for strengthening the body's physical endurance under extreme conditions - physical overload , hypoxia, high and low temperature, radiation exposure , etc. [ 2], and serves as the basis for this study.
The objective of the work is to give a comparative description of actoprotective action of the certain aminoacidcontaining derivatives of 1,4 - and NC and bemethyl under conditions of  hypo- and hyperthermia to determine the compound that is the most promising for the advanced study.
Materials and methods of the research. 
We have used the substances of the aminoacidcontaining derivatives of 1,4- NC in the experiments that have been synthesized at the Department of Technology of biologically active compounds, pharmaceutical and biotechnology (the Head of Department  - Prof. V.P. Novikov ) of the National University "Lviv Polytechnic". The experiments have been conducted at 156 rats of both sexes, nonlinear, weighing 160- 220g. Physical endurance of animals has been assessed by a swimming test ( duration of swimming) in hot (38-40 ° C) and cold (10 - 12 ° C) water with an additional load of 10% of body weight. Each compound (as well as bemethyl)  has been administered once to the group of animals (n = 7) intraperitoneally 40 min before testing at doses that were equal to their ED50 ( effective dose, which caused the increase of the indicator swimming 50% ) according to the previous experiments. The control animals have been injected with an equivalent amount of 0.9 % solution of NaCl in the same way.

The magnitude of the actoprotective effect of these substances has been assessed according to the dynamics (in%) of expectancy swimming rats to the complete fatigue (non- swimming , 10 -seconds immersion ) according to the controls. Digital data has been processed by the variation statistics using Student's t-test, the difference between the indices has been considered probable at p ≤ 0,05.
Results and discussions

The study has shown that under the conditions of hyperthermia (38-40 ° C) the average length swimming test in the intact animals (control) has been 341,4 ± 43,2 s. Under the influence of aminoacidcontaining derivatives of 1,4- NC with the complex cipher III and VI, as well as are being influenced by bemethyl, the duration of rats’ swimming was likely to grow by 61.7 , 83.6 and 48.7 % relative to benchmark in the given experimental conditions. According to the effectiveness these substances can be arranged in a row : VI ≥ III ≥ bemityl (Table 1).
Increased physical endurance of the rats against the background of compounds III and VI, which is similar to the drug equalization, has been also observed under the conditions of hypothermia (10-12 ° C): the average length of rats’ swimming in the control group has been 183,6 ± 18,6 s, and under the influence of these substances, the figure has increased respectively by 39.2, 46.0 and 51.6 %. Thus, according to the efficiency of the experiment data these substance can be arranged in the following order bemityl ≥ VI ≥ III ( Table 2). The ability of studying the aminoacidcontaining derivatives of 1,4- NC enhance physical endurance under conditions of hypo - and hyperthermia can be interpreted as the present of actoprotective effects under extreme conditions. In this case, both substances have been slightly more effective in hyperthermia while as the reference actoprotector has shown almost the same performance at both temperatures.
Enough expressive actoprotective effect of both aminoacidcontaining derivatives of 1,4- NC , as well as bemethyl, with hyper- and hypothermia is a valuable property. The need for such substances is not reduced today in the world and in Ukraine in particular. Hyperthermia often occurs in the people who work in the deep mines, fires, in space , in regions with hot climates. [2]
.

Pretty serious implications for warm-blooded organism, including humans, can be caused by hypothermia when there is a predominance of heat transfer to heatproduction. Most often this condition occurs among the residents and travelers in cold regions of the world, or in a variety of accidents and emergencies in the winter. According to published data [2 ], personal means of low temperature protection (clothes , shoes) are not always effective, plus they restrict the motor activities, are  pretty expensive and not effective in cold water. In addition, these drugs as sidnokarb, amphetamine , bromantan , tomerzol and etc. , that are used to prevent cold injury have regularly insufficient protective effect during the hyperthermia, their action is shown within a narrow dose range . [2]
These data indicate the feasibility of finding and developing some new substances with actoprotective effect that are suitable for making on their base these new drugs with the specified action. From this perspective, the results of the study are quite encouraging. Aminoacidcontaining derivatives of 1,4- NC with laboratory cipher compounds III and VI for the ability to increase endurance under conditions of hyper- and hypothermia were not inferior than bemethyl and the compound VI against the background of hyperthermia has been dominated by the performance of benchmark actoprotector in 1.7 times (p> 0, 05). Another advantage of the studied derivatives of 1,4- NC III and VI to bemethyl is their higher activity: the largest index of ED50 is prevalent to the reference actoprotector 3.3 and 4.6 times respectively. Mechanism of actoprotective effect of the studied derivatives of 1,4- NC, to some extent, is related to the presence of their antihypoxic and antiischemic properties [3 ].
Due to greater activity and slightly higher efficiency of the compound VI in both studies, the conclusion can be made that this is an important compound for the further studies of its pharmacological properties. The presence of the chemical structure of the compound VI some glycine residue leads to the assumption that this aminoacid, to some extent, determines the extent of its act protective effect under the difficult conditions of the experiment. This assumption is consistent with the literature that the purpose of glycine, as a drug, is to be taken by practically healthy patients to rise to a height of 6000 m contributes to the preservation of their original functional state of the central nervous system (operator activity) and increase of the physical endurance of the organism under hypoxic conditions [4 ] .
Conclusions and prospects for further development.
1. The amino acid derivatives of 1,4- NC with the laboratory cipher III (10.4 mg / kg) and VI (7,4 mg / kg) after a single intraperitoneal administration to the rats as well as bemethyl (34 mg / kg) significantly increase the physical endurance (swimming test ) under hyperthermia ( 38-40 ° C) at 61.7 , 83.6 and 48.7 %.
2. Against the background of hypothermia (10-12 ° C) the compound III, VI and bemethyl at similar injections lead to the increase in the body of the length of the swimming test 39.2 , 46.0 and 51.6 % (p < 0.05) , respectively.
3. In the future, it is advisable to investigate the actoprotective effect of the compounds III and VI under conditions of prolonged hypocinesia and describe their impact on the bioenergetic processes in skeletal muscle to determine the mechanisms of this effect.

Table 1. Influence of the compounds III, VI and bemethyl on the length of the swimming test in the rats under conditions of hyperthermia (M ± m, n = 7).
	The compound
	The dose, мг/кг
	The length of swimming, с
	Dynamics according tot the control, %

	Control
	-
	341,4 ± 43,2
	-

	III
	10,2
	552,0 ± 80,4٭
	+ 61,7

	VI
	7,4
	627,0 ± 54,0٭
	+ 83,6

	Bemethyl
	34,0
	 507,6 ± 24,6٭
	+ 48,7


Note: * - р ≤ 0,05  according to the control  

Table 2. Influence of the compounds III, VI and bemethyl on the length of the swimming test in the rats under conditions of hypothermia (M ± m, n = 7).
	The compound
	The dose, мг/кг
	The length of swimming, с
	Dynamics according tot the control, %

	Control
	-
	183,6± 18,6
	-

	III
	10,2
	255,6 ± 33,0
	+ 39,2

	VI
	7,4
	268,8 ± 25,8٭
	+ 46,0

	Bemethyl
	34,0
	278,4 ± 15,6٭
	+ 51,6


Note: * - р ≤ 0,05  according to the control  
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