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Introduction. Sport pharmacology is, first of all, pharma-
cology of healthy people, its aim is to enhance the body adapt-
ability to the large physical activity [5]. Rational use of drugs 
(the notion «drugs» in sport pharmacology should be under-
stood as drugs or dietary supplements) during extreme train-
ing and competitive loads promotes achievement of individual 
record-breaking result. Therefore, sport pharmacology stud-
ies the impact of drugs in enhanced physical performance, 
mental stability and ability to quickly restore the athlete body's 
resources. Competitive athletes are targets for many hardships 
— strenuous work, injuries, cold and heat, thirst and fatigue, 
emotional stress. These stresses can lead to immunosuppres-
sion and illness. Sports pharmacology has proven useful in 
helping athletes cope with the physical and emotional stresses 
of training and competition [8]. Historically sport pharmacol-
ogy was not acknowledged in the western countries. Instead, 
the concept of ergogenic aids and sports supplements have 
been prompted [10]. All in all pharmacological substances, 
used in sport, include adaptogens, actoprotectors, antioxi-
dants, anabolic substances, substrates of plastic metabolism, 
bioregulators and energotonics. Succinic acid - one of the 
strongest antioxidants / antihypoxant of mitochondrial ac-
tion. It is the intracellular metabolite with low toxicity, has no 
mutagenic and teratogenic effects. In experimental studies 
a wide spectrum of pharmacological activity of succinic acid 
and its derivatives has been shown, in particular cardioprotec-
tive, antiischemic, actoprotective, radioprotective, antistress, 
antydepressant, antioxidant, anticonvulsant activity. Succinic 
acid preparations are used in sport medicine and treatment 
of complex diseases such as coronary heart disease, arterial 
hypertension and bronchial asthma [7]. Antihypoxic activity of 
succinic acid derivatives is very low and side effect of these 
substances is increasing of gastric acidity [1, 6]. 

That is why the aim of this work was to develop, synthe-
size, describe and predict pharmacological activity of new 
derivative of malic acid and mono-[(2-dimethyl amino)ethyl 
ether] of succinic acid. New substance was called antilactate, 
it must have significant antihypoxic and actoprotective proper-
ties and mustn’t influence gastric secretion.   

Materials & methods.
I. Synthesis of antilactate. The set task is solved by pro-

duction of malate mono[(2-dimethylamino)ethyl ether] of suc-
cinic acid having the composition which is produced using the 
following procedure:

18.9g (0.1mole) malate mono[(2-dimethylamino)ethyl 
ether] of succinic acid were dissolved at heating in 100ml of 
ethanol. To that solution there were added 6,7g (0.05mole) 
of malic acid in 50ml of ethanol. The reaction mixture was left 

for 12 hours at 20ºC, the laid-down white fine-crystalline pre-
cipitate was filtered and recrystallized with 100ml of ethanol. 
As a result, 22.1g (86.3%) of malate mono[(2-dimethylamino)
ethyl ether] of succininc acid were recovered with a fusion 
temperature 92-94ºC;  R

f
0.55 (system i- propyl alcohol: water 

5:1). Molecular structure was substantiated through elemental 
analysis:

Exposed, %: C 46.67; H 7.12; N 5.54; C20 H36; N2 O13.
Calculated, %: C46.88; H 7.03; N 5.47.
And by spectrum PMR-spectrum. 
II. Prediction of antilactate biological activity spectrum. 

Computer program PASS Inet (Prediction of Activity Spectra 
for Substances) which predicts 2486 pharmacological ef-
fects, mechanisms of action, mutagenicity, carcinogenicity, 
teratogenicity and embryotoxicity [9]. Accuracy of prediction is 
about 85% on the basis of the compound's structural formula 
that is satisfactorily for the prediction of the biological activity 
spectrum for original compounds. The result of prediction is 
presented as the list of activities with appropriate Pa and Pi, 
sorted in descending order of the difference (Pa-Pi)>0. Pa 
and Pi are the estimates of probability for the compound to be 
active and inactive respectively for each type of activity from 
the biological activity spectrum, their values vary from 0.000 
to 1.000 [11]. 

III. Quantum-chemical analysis of antilactate structure. 
Semi-empirical quantum-chemical calculations were per-
formed to predict geometrical parameters of antilactate using 
the program FireFly [3], from which estimates of interatomic 
distances, torsion angles and atomic charges could be ob-
tained. Geometry optimization was performed using standard 
gradient techniques at the PM3 method [4]. Atomic charges 
were calculated by HF 6-31 G (d, p) method. Program Chem-
Craft 1.5 has been used for molecular visualization. 

Results & discussion. PMR-spectrum of antilactate: 
(triplet 4.17-4.2m.h.-OCH2(4protons); doublet of doublets 
3.99-4.02m.h.(1proton) – enantiomer CH-proton of malic 
acid; triplet 2.74-2.8m.h.-NCH2(4 protons); two doublets of 
doublets 2.31-2.57m.h.(2protons) – diastereotropic CH2-
protons of malic acid, which were partially overlapped by the 
signals from the other proton groups; within 2.32-2.55m.h. the 
signals of protons(triplets) of methylene groups of succinic 
acidresiduals occurred, and also N-CH3 protons, see fig. 1. 

Biological activity is an expression describing the effects of 
a drug on living matter and the result of a chemical compound’s 
interaction with a biological entity [2]. Every biologically active 
compound has a wide spectrum of different effects: some use-
ful in the treatment of diseases, but the others - side and toxic 
effects. Biological activity spectrum (BAS) of a compound 
represents the complex of pharmacological effects, physi-
ological and biochemical mechanisms of action and specific 
toxicity. BAS can be characterized on the basis of computer-
aided prognosis. The technique used for compound’s BAS 
prediction by its chemical structure is called QSAR (quantita-
tive structure-activity relationship). It is the process by which 
chemical structure is quantitatively correlated with a biologi-
cal activity. Molecular descriptors are numerical values that 
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characterize properties of molecules. PASS program calcu-
lates multilevel neighborhoods of atoms (MNA) structure de-
scriptors of a molecule, generated on the basis of connection 
table and table of atoms types presented the compound. It 
is subtype of 2D-QSAR, because molecular descriptors are 

Fig 1. PMR-spectrum of antilactate.

calculated from 2D-structures. Since the MNA descriptors do 
not represent the stereochemical peculiarities of a molecule, 
the compounds, which have only stereochemical differences 
in the structure, are formally considered equivalent. Predicted 
biological activities of antilactate are shown in table 1.

Table 1 

Predicted biological activities of antilactate

¹ Pa Pi Activity:

1 0.930   0.001  Growth hormone agonist 

2 0.896   0.007  Vasodilator. peripheral 

3 0.878   0.003  Adenylate cyclase stimulant 

4 0.844   0.008  
D-alanine 
2-hydroxymethyltransferase 
inhibitor 

5 0.823   0.013  Gaucher disease treatment 

6 0.784   0.005  Radioprotector 

7 0.800   0.047  Hematotoxic 

8 0.765   0.016  NMDA receptor glycine 
site agonist 

9 0.752   0.005  Amino-acid N-acetyltransferase 
inhibitor 

10 0.751   0.006  Skin diseases treatment 

11 0.740   0.026  NADPH oxidase inhibitor 

12 0.726   0.017  
Galacturan 
1.4-alpha-galacturonidase 
inhibitor 

13 0.737   0.035  Levanase inhibitor 

14 0.744   0.046  2-Haloacid dehalogenase 
(configuration-inverting) inhibitor 

15 0.709   0.028  Coccolysin inhibitor 

16 0.715   0.044  Sickle-cell anemia treatment 

17 0.766   0.098  Antiseborrheic 

18 0.711   0.044  Sarcosine oxidase inhibitor 

19 0.708   0.052  
Aminocarboxymuconate-
semialdehyde decarboxylase 
inhibitor 
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- If Pa > 0.7 the compound is very likely to reveal this activity in 
experiments, but in this case the chance of being the analogue of the 
known pharmaceutical agents for this compound is also high.

- If 0.5 < Pa < 0.7 the compound is likely to reveal this activity in 
experiments, but this probability is less, and the compound is not so 
similar to the known pharmaceutical agents. 

- If Pa < 0.5 the compound is unlikely to reveal this activity in 
experiments.

One of important properties of new biological active sub-
stance is safety. In the table 1 we can find only one direct in-
dication of antilactate toxicity – hematotoxicity (Pa = 0.784). 
According to the results of prediction antilactate has a wide 
spectrum of activity. The most interesting properties are stimu-
lation of metabolism (growth hormone agonist. Pa = 0.930; 
adenylate cyclase stimulant. Pa = 0.878). antihypertensive 
(peripheral vasodilator. Pa = 0.896). antihypoxic (Pa = 0.640). 
antioxidant (NADPH oxidase inhibitor. Pa = 0.740). and radio-
protective (Pa = 0.784). 

Prospective view and molecular framework of antilactate 
with numbers on heavy atoms after geometrical optimization are 
shown in fig. 2 and fig. 3 respectively. Molecule is stabilized by 
three hydrogen bonds (O3 – H38. bond length = 1.786 �; O2 – 
H23. bond length = 0.974 �; O4 – H39. bond length = 1.595 �).

20 0.683   0.035  Polygalacturonase inhibitor 

21 0.661   0.014  Creatinase inhibitor 

22 0.666   0.020  2-Oxoglutarate decarboxylase 
inhibitor 

23 0.654   0.008  L-lysine 6-transaminase inhibitor 

24 0.657   0.012  Trehalose-phosphatase inhibitor 

25 0.684   0.041  D-xylulose reductase inhibitor 

26 0.682   0.043  Ecdysone 20-monooxygenase 
inhibitor 

27 0.677   0.044  Quinoprotein glucose 
dehydrogenase inhibitor 

28 0.653   0.022  GABA C receptor agonist 

29 0.639   0.013  Ubiquitin thiolesterase inhibitor 

30 0.640   0.028  Antihypoxic 

31 0.614   0.007  Carboxymethylenebutenolidase 
inhibitor 

32 0.609   0.008  GABA aminotransferase inhibitor 

33 0.623   0.026  Alcohol O-acetyltransferase 
inhibitor 

34 0.602   0.010  Diisopropyl-fluorophosphatase 
inhibitor 

35 0.597   0.011  Pyrimidine-deoxynucleoside 
2'-dioxygenase inhibitor 

36 0.629   0.046  Pectate lyase inhibitor 

37 0.595   0.015  Dimethylaniline monooxygenase 
(N-oxide-forming) inhibitor 

38 0.588   0.023  Vasodilator 

39 0.573   0.012  Acyl-lysine deacylase inhibitor 

40 0.576   0.017  Peptidoglycan glycosyltransferase
inhibitor 

41 0.600   0.044  Multiple sclerosis treatment 

42 0.568   0.015  Pectin lyase inhibitor 

43 0.612   0.061  Licheninase inhibitor 

44 0.601   0.052  tRNA nucleotidyltransferase 
inhibitor 

45 0.590   0.043  Glycerol-1-phosphatase inhibitor 

46 0.561   0.020  Prostaglandin H2 antagonist 

47 0.600   0.062  Lipoprotein lipase inhibitor 

48 0.611   0.074  Pitrilysin inhibitor 

49 0.550   0.012  Excitatory amino acid agonist 

50 0.559   0.022  3-Oxoadipate enol-lactonase
inhibitor 

51 0.566   0.029  Acylglycerone-phosphate 
reductase inhibitor 

52 0.560   0.023  CYP4A11 substrate 

53 0.557   0.020  2.2-Dialkylglycine decarboxylase 
(pyruvate) inhibitor 

54 0.587   0.052  Cyanidin-3-rhamnosylglucoside
5-O-glucosyltransferase inhibitor 

55 0.545   0.011  Glutamate-1-semialdehyde 
2.1-aminomutase inhibitor 

56 0.594   0.061  Arylacetonitrilase inhibitor 

57 0.569   0.038  Dipeptidase E inhibitor 

58 0.633   0.105  Monodehydroascorbate reductase 
(NADH) inhibitor 

59 0.539   0.019  Omega-amidase inhibitor 

60 0.609   0.089  Benzoate-CoA ligase inhibitor 

Fig 2. General view on antilactate optimized molecule: magenta 

– carbon atoms. green – oxygen atoms. yellow – nitrogen atoms. 

red – hydrogen atoms; hydrogen bonds are shown by dotted line.
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Bond lengths and bond angles in antilactate molecule are 
given in the table 2. 

Table 2 

Molecular geometries of antilactate: all distances 
(R) are in �. all angles (A) in degrees

Interatomic distances

1 R(1-9)         1.351          
2 R(2-9)         1.341          
3 R(2-23)        0.974          
4 R(3-7)         1.420          
5 R(4-6)         1.285          
6 R(5-6)         1.379          
7 R(6-7)         1.530          
8 R(7-8)         1.545          
9 R(8-9)         1.491          

10 R(10-11)       1.498          
11 R(10-21)       1.488          
12 R(10-22)       1.485          
13 R(11-12)       1.531          
14 R(12-19)       1.426          
15 R(13-16)       1.222          
16 R(14-20)       1.215          
17 R(15-16)       1.357          
18 R(16-17)       1.504          
19 R(17-18)       1.517          
20 R(18-20)       1.508          
21 R(19-20)       1.364          
22 R(25-28)       1.232          
23 R(26-31)       1.212          
24 R(27-28)       1.335          
25 R(27-37)       0.975          
26 R(28-29)       1.510          
27 R(29-30)       1.527          
28 R(30-31)       1.511          
29 R(32-33)       1.520          
30 R(32-35)       1.506          
31 R(32-36)       1.507          
32 R(33-34)       1.535          
33 R(3-37)        1.786          
34 R(4-38)        1.595          
35 R(32-38)       1.100          
36 R(10-23)       1.879          

Fig 3. Molecular framework of antilactate with numbers on heavy 

atoms: yellow – carbon atoms. red – oxygen atoms. magenta – 

nitrogen atoms. blue – hydrogen atoms; hydrogen bonds are 

shown by dotted line. interatomic distances are marked; only hy-

drogens taking part into hydrogen bonding are shown.

Partial charges are created due to the asymmetric distri-
bution of electrons in chemical bonds. The resulting partial 
charges are a property only of zones within the distribution. 
and not the assemblage as a whole. Mulliken charges (calcu-
lated by DFT methods) arise from the Mulliken population anal-
ysis and provide a means of estimating partial atomic charges 
from calculations carried out by the methods of computational 
chemistry. particularly those based on the linear combination 
of atomic orbitals molecular orbital method. Partial charges in 
molecule of antilactate are shown in table 3.

Angles

1 A(1-9-2)       104.8          

2 A(1-9-8)       125.2          

3 A(9-2-23)      107.9          

4 A(2-9-8)       120.7          

5 A(2-23-10)     158.9          

6 A(3-7-6)       114.1          

7 A(3-7-8)       108.4          

8 A(7-3-37)      118.8          

9 A(4-6-5)       107.8          

10 A(4-6-7)       120.9          

11 A(6-4-38)      114.4          

12 A(5-6-7)       120.6          

13 A(6-7-8)       112.9          

14 A(7-8-9)       112.9          

15 A(11-10-21)    110.7          

16 A(11-10-22)    112.9          

17 A(10-11-12)    113.6          

18 A(11-10-23)    116.2          

19 A(21-10-22)    111.1          

20 A(21-10-23)    100.3          

21 A(22-10-23)    104.8          

22 A(11-12-19)    108.0          

23 A(12-19-20)    119.0          

24 A(13-16-15)    113.2          

25 A(13-16-17)    127.9          

26 A(14-20-18)    128.4          

27 A(14-20-19)    108.4          

28 A(15-16-17)    119.0          

29 A(16-17-18)    116.2          

30 A(17-18-20)    114.4          

31 A(18-20-19)    123.2          

32 A(31-24-34)    120.2          

33 A(25-28-27)    116.6          

34 A(25-28-29)    126.3          

35 A(26-31-30)    127.8          

36 A(28-27-37)    110.9          

37 A(27-28-29)    117.1          

38 A(27-37-3)     152.0          

39 A(28-29-30)    110.1          

40 A(29-30-31)    112.6          

41 A(33-32-35)    110.6          

42 A(33-32-36)    109.8          

43 A(32-33-34)    110.8          

44 A(33-32-38)    108.5          

45 A(35-32-36)    110.2          

46 A(35-32-38)    109.7          

47 A(36-32-38)    108.1          

48 A(4-38-32)     160.6          
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Table 3 

Atomic charges in molecule of antilactate

Atom 
number

Atom type Atom charge

1 OXYGEN -0.748670

2 OXYGEN -0.763222

3 OXYGEN -0.687909

4 OXYGEN -0.787405

5 OXYGEN -0.744264

6 CARBON 0.706176

7 CARBON 0.165597

8 CARBON -0.319300

9 CARBON 0.745116

14 NITROGEN -0.610405

15 CARBON -0.064269

16 CARBON 0.122890

17 OXYGEN -0.599529

18 OXYGEN -0.557181

19 OXYGEN -0.569515

20 CARBON 0.782386

21 CARBON -0.314556

22 CARBON -0.371294

23 OXYGEN -0.662756

24 CARBON 0.851964

Conclusions. New substance – derivative of malic acid 
and mono-[(2-dimethyl amino)ethyl ether] of succinic acid, 
antilactate – was synthesized. Antilactate has wide spectrum 
of possible pharmacological activity, such as stimulation of 
metabolism, antihypertensive, antihypoxic, antioxidant and 
radioprotective properties. These types of activity must be 
proved by experimental investigations in future. Structure of 
antilactate has been analyzed by quantum-chemical meth-
ods: optimized geometry is definite, geometric properties and 
atomic charges are calculated. 

25 HYDROGEN 0.453169

26 CARBON -0.167965

27 CARBON -0.168773

37 OXYGEN -0.644352

38 OXYGEN -0.572702

39 OXYGEN -0.540272

40 OXYGEN -0.644305

41 CARBON 0.778351

42 CARBON -0.301060

43 CARBON -0.362779

44 CARBON 0.807901

45 NITROGEN -0.623740

46 CARBON -0.067666

47 CARBON 0.083813

54 CARBON -0.185215

55 CARBON -0.169501
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ÓÄÊ 796.015.6:577.1:612.01 
ÑÈÍÒÅÇ, ÀÍÀËÈÇ ÑÒÐÓÊÒÓÐÛ È ÁÈÎËÎÃÈ×ÅÑÊÈÕ ÏÐÎÃÍÎÇÎÂ ÑÏÅÊÒÐÀ ÄÅßÒÅËÜÍÎÑÒÈ  ANTILACTATE 
Äðà÷óê Î., Ñåìåíîâ Ñ., Îëåéíèê Ñ.
Ðåçþìå. Áûëè ðàçðàáîòàíû, îáîáùåíû è îïèñàíû íîâûå ïðîèçâîäíûå ÿáëî÷íîé êèñëîòû è ìîíî-[(2-äèìåòèë-

àìèíî) ýòèë ýôèð] ÿíòàðíîé êèñëîòû. Ñòðóêòóðà âåùåñòâà áûëà äîêàçàíà ìåòîäîì ßÌÐ-ñïåêòðîñêîïèè. Íîâîå âåùå-
ñòâî ïîëó÷èëî íàçâàíèå Antilactate. Åãî ôàðìàêîëîãè÷åñêàÿ àêòèâíîñòü áûëà ïðåäñêàçàíà 2D-QSAR ìåòîäîì ñ èñïîëü-
çîâàíèåì ïðîãðàììû PASSInet. Äîêàçàíû ñòèìóëèðîâàíèå îáìåíà âåùåñòâ, àíòèãèïåðòåíçèâíûå, àíòèãèïîêñè÷åñêèå, 
àíòèîêñèäàíòíûå è ðàäèîïðîòåêòîðíûå ñâîéñòâà. Ñòðóêòóðà Antilactate áûëà ïðîàíàëèçèðîâàíà êâàíòîâî-õèìè÷åñêèì 
ìåòîäîì. Îïòèìèçàöèÿ ãåîìåòðèè ïðîâîäèëàñü ñ èñïîëüçîâàíèåì ñòàíäàðòíûõ ìåòîäîâ ãðàäèåíòà íà ÐÌ3. Çàðÿäû 
áûëè ðàññ÷èòàíû ìåòîäîì  6-31 ÊÂ G (D, P). 

Êëþ÷åâûå ñëîâà: ñïîðòèâíàÿ ìåäèöèíà, ÿíòàðíàÿ êèñëîòà, ÿáëî÷íàÿ êèñëîòà, QSAR.
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ÓÄÊ 796.015.6:577.1:612.01 
ÑÈÍÒÅÇ, ÀÍÀË²Ç ÑÒÐÓÊÒÓÐÈ ² Á²ÎËÎÃ²×ÍÈÕ ÏÐÎÃÍÎÇ²Â ÑÏÅÊÒÐÓ Ä²ßËÜÍÎÑÒ² ANTILACTATE 
Äðà÷óê Î., Ñåìåíîâ Ñ., Îë³éíèê Ñ.
Ðåçþìå. Áóëè ðîçðîáëåí³, óçàãàëüíåí³ ³ îïèñàí³ íîâ³ ïîõ³äí³ ÿáëó÷íî¿ êèñëîòè ³ ìîíî-[(2-äèìåòèë-àì³íî) åòèë åô³ð] 

ÿíòàðíî¿ êèñëîòè. Ñòðóêòóðà ðå÷îâèíè áóëà äîâåäåíà ìåòîäîì ßÌÐ-ñïåêòðîñêîï³¿. Íîâå ðå÷îâèíà îòðèìàëà íàçâó 
Antilactate. Éîãî ôàðìàêîëîã³÷íà àêòèâí³ñòü áóëà ïåðåäáà÷åíà 2D-QSAR ìåòîäîì çà äîïîìîãîþ ïðîãðàìè PASSI-
net. Äîâåäåí³ ñòèìóëþâàííÿ îáì³íó ðå÷îâèí, àíòèã³ïåðòåíçèâí³, àíòèã³ïîêñè÷í³, àíòèîêñèäàíòí³ ³ ðàä³îïðîòåêòîðí³ 
âëàñòèâîñò³. Ñòðóêòóðà Antilactate áóëà ïðîàíàë³çîâàíà êâàíòîâî-õ³ì³÷íèì ìåòîäîì. Îïòèì³çàö³ÿ ãåîìåòð³¿ ïðîâîäèëàñÿ ç 
âèêîðèñòàííÿì ñòàíäàðòíèõ ìåòîä³â ãðàä³ºíòó íà ÐÌ3. Çàðÿäè áóëè ðîçðàõîâàí³ ìåòîäîì 6-31 ÊÂ G (D, P). 

Êëþ÷îâ³ ñëîâà: ñïîðòèâíà ìåäèöèíà, áóðøòèíîâà êèñëîòà, ÿáëó÷íà êèñëîòà, QSAR.

UDC 796.015.6:577.1:612.01
SYNTHESIS, STRUCTURE ANALYSIS AND BIOLOGICAL ACTIVITY SPECTRUM PREDICTION OF ANTILACTATE 
Drachuk O., Semenov S., Oliynyk S.
Summary. A new derivative of malic acid and mono-[(2-dimethyl amino)ethyl ether] of succinic acid has been developed, 

synthesized and described. Structure of the substance was proved by NMR-spectroscopy. New substance was called antilac-
tate. Its pharmacological activity was predicted by 2D-QSAR methodology with program PASSInet. Stimulation of metabolism, 
antihypertensive, antihypoxic, antioxidant and radioprotective properties are found. Structure of antilactate has been analyzed 
by quantum-chemical methods. Geometry optimization was performed using standard gradient techniques at the PM3 method. 
Atomic charges were calculated by HF 6-31 G (d, p) method. 

Key words: sport medicine, succinic acid, malic acid, QSAR.
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ÂÄÍÇ Óêðà¿íè „Óêðà¿íñüêà ìåäè÷íà ñòîìàòîëîã³÷íà àêàäåì³ÿ” (ì. Ïîëòàâà)

Çâ’ÿçîê ç ïëàíîâèìè íàóêîâî-äîñë³äíèìè ðîáîòàìè: 
ïóáë³êàö³ÿ º ôðàãìåíòîì íàóêîâî-äîñë³äíî¿ ðîáîòè “Äî-
ñë³äæåííÿ ìîëåêóëÿðíî-ãåíåòè÷íèõ àñïåêò³â ïàòîãåíåçó 
àðòåð³àëüíî¿ ã³ïåðòåíç³¿ äëÿ ðîçðîáêè íîâèõ ìåòîä³â ä³à-
ãíîñòèêè òà äèôåðåíö³éîâàíîãî ë³êóâàííÿ” (¹ äåðæàâíî¿ 
ðåºñòðàö³¿ 0103V004857).

Âñòóï.  Äåìîãðàô³÷íà ñèòóàö³ÿ ó ñâ³ò³ õàðàêòåðèçóºòü-
ñÿ òåíäåíö³ºþ äî ïîñòàð³ííÿ íàñåëåííÿ òà çá³ëüøåííÿì 
â³äíîñíî¿ ê³ëüêîñò³ ëþäåé ñòàðøèõ â³êîâèõ ãðóï, ïðè÷îìó, 
îçíà÷åíà êàòåãîð³ÿ ëþäåé º íàéá³ëüø øâèäêî çðîñòàþ÷îþ. 
Ïðîáëåìè ãåðîíòîëîã³¿ òà ãåð³àòð³¿ íàáóâàþòü âñå á³ëüøîãî 
çíà÷åííÿ ó çâ’ÿçêó ç³ çðîñòàííÿì çàõâîðþâàíîñò³ îçíà÷å-
íî¿ êàòåãîð³¿ íàñåëåííÿ ÿê âçàãàë³, òàê ³ çîêðåìà íà ³íôåê-
ö³éí³ çàïàëüí³ çàõâîðþâàííÿ íèðîê [3]. Ïðè öüîìó, àíàë³ç 
äæåðåë ³íôîðìàö³¿ ñâ³ä÷èòü ïðî çíà÷í³ ðîçá³æíîñò³ ó òðàê-
òîâö³ ÿê â³êîâèõ çì³í ó íèðêîâ³é òêàíèí³ âçàãàë³ [5, 8], òàê 
³ îçíàê õðîí³÷íîãî ï³ºëîíåôðèòó (ÏÍ) [1, 4]. Öå ïîâ’ÿçàíî 
ç íåîäíîçíà÷íèì ðîçóì³ííÿì ð³çíèìè äîñë³äíèêàìè â³êî-
âèõ çì³í, ùî â³äáóâàþòüñÿ ï³ä âïëèâîì çîâí³øí³õ òà âíó-
òð³øí³õ ôàêòîð³â ³ ìàþòü â³äáèòêè íà îêðåìèõ ñòðóêòóðíî-
ôóíêö³îíàëüíèõ åëåìåíòàõ íèðêè [7]. Íà ïî÷àòêó 90-õ ðîê³â 
ìèíóëîãî ñòîë³òòÿ ó êë³í³÷íó ïðàêòèêó óâ³éøîâ òåðì³í “ðå-
ìîäåëþâàííÿ”, ñóòí³ñòü ÿêîãî ïîëÿãàº ó çäàòíîñò³ îðãàí³â 
òà ñèñòåì çì³íþâàòè ñòðóêòóðó òà ãåîìåòð³þ ó â³äïîâ³äü íà 
äîâãîòðèâàëèé âïëèâ ïàòîëîã³÷íèõ àãåíò³â [2].

Ìåòà äîñë³äæåííÿ. Âñòàíîâèòè îñîáëèâîñò³ â³êîâîãî 
ðåìîäåëþâàííÿ íèðîê.

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Ïðîâåäåíèé ïîð³â-
íÿëüíèé àíàë³ç ôóíêö³îíàëüíî-àêòèâíèõ ñòðóêòóð íèðîê â 
îñ³á ìîëîäîãî ³ çð³ëîãî â³êó (20-44 ðîêè), ñåðåäíüîãî â³êó 
(45-59 ðîê³â) òà ïîõèëîãî ³ ñòàðå÷îãî â³êó (60 ðîê³â). Ã³ñòî-
ëîã³÷í³ äîñë³äæåííÿ ïðîâîäèëèñÿ íà ïðåïàðàòàõ, ùî áóëè 
âèãîòîâëåí³ ³ç øìàòî÷ê³â íèðîê, âçÿòèõ â³ä 15 ïîìåðëèõ 
â³êîì 20-44 ðîêè (ñåðåäí³é â³ê ñêëàâ 36,2±2,21 ðîê³â), 15 
ïîìåðëèõ â³êîì 45-59 ðîê³â (ñåðåäí³é â³ê - 52,7±1,56 ðîê³â) 
òà 15 îñ³á â³êîì 60 ðîê³â (ñåðåäí³é â³ê - 69,6±2,89 ðîê³â), ó 
ÿêèõ çà æèòòÿ íå ñïîñòåð³ãàëîñÿ çàõâîðþâàíü íèðîê. Ã³ñòî-
ëîã³÷í³ çð³çè òîâùèíîþ 7-15 ìêì ôàðáóâàëè ãåìàòîêñèë³í-
åîçèíîì, ïî Âàí-Ã³çîí òà ïî Õàðòó. Ã³ñòîëîã³÷í³ ïðåïàðàòè 
âèâ÷àëè ïðè ð³çíîìó çá³ëüøåíí³ ì³êðîñêîïó ô³ðìè Olimpus 
„Ñ3040-ADUP” ç âèêîðèñòàííÿì ñïåö³àëüíî¿ ïðîãðàìè 

„Îëèìïóñ ÄÏ Ñîôò”. Ïðîâîäèëè ã³ñòîìåòðè÷í³ äîñë³äæåí-
íÿ ì³êðîãåìîñóäèí òà íèðêîâèõ ò³ëåöü ó ð³çí³ â³êîâ³ ïåð³îäè 
îíòîãåíåçó. Çàãàëüíèé îáñÿã ã³ñòîìåòðè÷íèõ äîñë³äæåíü 
âêëþ÷àâ 356 ïîë³â çîðó ì³êðîñêîïó.

Ñòàòèñòè÷íó îáðîáêó ìàòåð³àëó ïðîâîäèëè ïàðàìå-
òðè÷íèì ìåòîäîì îö³íêè â³äì³ííîñòåé ì³æ äâîìà ãðóïàìè 
ñåðåäí³õ âåëè÷èí òà ¿õ ïîãð³øíîñò³ (Ì±m) çà äîïîìîãîþ 
êðèòåð³þ Ñò’þäåíòà, âèêîðèñòîâóþ÷è ïàêåò ñó÷àñíèõ ïðè-
êëàäíèõ ïðîãðàì äëÿ ìàòåìàòè÷íîãî àíàë³çó ìåòðè÷íèõ 
äàíèõ.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Çà ðå-
çóëüòàòàìè äîñë³äæåííÿ, ó ëþäåé ïîõèëîãî ³ ñòàðå÷îãî 
â³êó ñïîñòåð³ãàþòüñÿ ñïåöèô³÷í³ çì³íè íèðêîâèõ ñòðóêòóð, 
çóìîâëåí³ ñòàð³ííÿì. Àíàë³ç ã³ñòîëîã³÷íèõ ïðåïàðàò³â ñâ³ä-
÷èòü ïðî ïîñèëåííÿ ç â³êîì ÿê ó ê³ëüê³ñíîìó, òàê ³ ó ÿê³ñíîìó 
ïëàí³, ïðîöåñ³â ðåìîäåëþâàííÿ ôóíêö³îíàëüíî-àêòèâíèõ 
ñòðóêòóð íèðêè. Íàâ³òü âïðîäîâæ òîãî ïåð³îäó îíòîãåíåçó, 
ÿêèé âèçíà÷àºòüñÿ ÿê ìîëîä³ñòü òà çð³ë³ñòü, â³äáóâàºòüñÿ 
ïåâíà ñòðóêòóðíà ïåðåáóäîâà íèðêè. Âæå ó â³êîâ³é ãðóï³ - 
20-44 ðîêè ïðàêòè÷íî â óñ³õ âèïàäêàõ ñïîñòåð³ãàþòüñÿ ïîî-
äèíîê³ âîãíèùà íåôðîñêëåðîçó. Ï³äâèùåííÿ ³íòåíñèâíîñò³ 
êîëàãåíîãåíåçó, ïðèçâîäèòü äî ñêëåðîçó òà äåôîðìàö³¿ 
ì³êðîãåìîñóäèí.

Çà äàíèìè ìîðôîìåòð³¿, çîâí³øí³é ä³àìåòð àðòåð³àëü-
íèõ ñóäèí ó ñåðåäíüîìó â³ö³ çðîñòàº á³ëüøå, í³æ ó äâà ðàçè ó 
ïîð³âíÿíí³ ç ìîëîäèì òà çð³ëèì â³êîì. Ó ïîäàëüøîìó òåìïè 
çðîñòàííÿ öüîãî ïîêàçíèêà óïîâ³ëüíþþòüñÿ. Òîâùèíà ñò³-
íîê ì³êðîãåìîñóäèí ó äîñë³äæóâàíèõ îá’ºêò³â ìîëîäîãî 
òà çð³ëîãî â³êó äîñòîâ³ðíî ìåíøà ó ïîð³âíÿíí³ ç îá’ºêòàìè 
ñåðåäåíüîãî â³êó (0,17 ± 0,03 ìêì ïðîòè 0,22 ± 0,02 ìêì; 
p<0,001) òà ïîõèëîãî ³ ñòàðå÷îãî â³êó (0,17 ± 0,03 ìêì 
ïðîòè 0,26 ± 0,03 ìêì; p<0,05). Ïëîùà ïîïåðå÷íîãî ïåðå-
ð³çó ì³êðîãåìîñóäèí ó äîñë³äæóâàíèõ îá’ºêò³â ìîëîäîãî òà 
çð³ëîãî â³êó âèÿâèëàñü óäâ³÷³ ìåíøîþ, í³æ ó îá’ºêò³â ñåðåä-
åíüîãî â³êó (0,55 ± 0,18 ìêì2 ïðîòè 1,24 ± 0,2 ìêì2; p>0,05) 
òà ïîõèëîãî ³ ñòàðå÷îãî â³êó (0,55 ± 0,18 ìêì2 ïðîòè 1,40 ± 
0,27 ìêì2; p<0,05). Á³ëüø âèðàæåíó â³êîâó ïåðåáóäîâó ì³-
êðîãåìîñóäèííîãî ðóñëà ó ïîð³âíÿíí³ ç ³íøèìè ñòðóêòóðà-
ìè íèðêè ìîæíà ïîÿñíèòè çíà÷íèì éîãî ïåðåâàíòàæåííÿì 
çà ðàõóíîê çàãàëüíîãî àðòåð³î- òà àòåðîñêëåîçó.

Ó ñâîþ ÷åðãó, çì³íè ó ì³êðîãåìîñóäèííîìó ðóñë³ 


