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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.

l. 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:
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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 20eC, the laid-down white fine-crystalline pre-
cipitate was filtered and recrystallized with 100ml of ethanol.
As aresult, 22.1g (86.3%) of malate mono[(2-dimethylamino)
ethyl ether] of succininc acid were recovered with a fusion
temperature 92-94eC; R0.55 (system i- propyl alcohol: water
5:1). Molecular structure was substantiated through elemental
analysis:

Exposed, %: C 46.67; H7.12; N 5.54; C20 H36; N2 O13.

Calculated, %: C46.88; H 7.03; N 5.47.

And by spectrum PMR-spectrum.

Il. 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].

Ill. 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
adrug 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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Fig 1. PMR-spectrum of antilactate.

characterize properties of molecules. PASS program calcu- calculated from 2D-structures. Since the MNA descriptors do
lates multilevel neighborhoods of atoms (MNA) structure de- not represent the stereochemical peculiarities of a molecule,
scriptors of a molecule, generated on the basis of connection the compounds, which have only stereochemical differences
table and table of atoms types presented the compound. It in the structure, are formally considered equivalent. Predicted
is subtype of 2D-QSAR, because molecular descriptors are biological activities of antilactate are shown in table 1.

Table 1
Predicted biological activities of antilactate 10 0.751 0.006 Skin diseases treatment
Ne Pa Pi Activity:
11 0.740 0.026 NADPH oxidase inhibitor
1 0.930 0.001 Growth hormone agonist
Galacturan
12 0.726 0.017 1.4-alpha-galacturonidase
2 0.896 0.007 Vasodilator. peripheral inhibitor
. 183 0.737 0.035 Levanase inhibitor
3 0.878 0.003 Adenylate cyclase stimulant
2-Haloacid dehalogenase
D-alanine 14 0744 0.046 (configuration-inverting) inhibitor
4 0.844 0.008 2-hydroxymethyltransferase
inhibitor 15 0.709 0.028 Coccolysin inhibitor
5 0.823 0.013 Gaucher disease treatment ) )
16 0.715 0.044 Sickle-cell anemia treatment
6 0.784 0.005 Radioprotector . .
17 0.766 0.098 Antiseborrheic
7 0.800 0.047 Hematotoxic ) ) L
18 0.711 0.044 Sarcosine oxidase inhibitor
NMDA receptor glycine Ami b te-
8 0.765 0.016 " - Inocarooxymuconate
site agonist 19 0.708 0.052 semialdehyde decarboxylase

inhibitor
Amino-acid N-acetyltransferase
9 0752 0.005 j nibitor
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Acylglycerone-phosphate

20 0.683 0.035 Polygalacturonase inhibitor 51 0.566 0.029 reductase inhibitor
21 0.661 0.014 Creatinase inhibitor 52 0.560 0.023 CYP4A11 substrate
2-Oxoglutarate decarboxylase 2.2-Dialkylglycine decarboxylase
22 0.666  0.020 inhibitor 53 0.557  0.020 (pyruvate) inhibitor
23 0.654 0.008 L-lysine 6-transaminase inhibitor Cyanidin-3-rhamnosylglucoside
54 0587 0.052 5-0-glucosyltransferase inhibitor
24 0.657 0.012 Trehalose-phosphatase inhibitor
o 55 0.545 0.011 Glutamate-1-semialdehyde
25 0.684 0.041 D-xylulose reductase inhibitor ' : 2.1-aminomutase inhibitor
26 0682 0043 Lodysone20-monooxygenase 56 0.594 0.061 Arylacetonitrilase inhibitor
Quinoprotein glucose ) ) o
27 0.677 0.044 dehydrogenase inhibitor 57 0.569 0.038 Dipeptidase E inhibitor
28 0.653 0.022 GABA C receptor agonist Monodehydroascorbate reductase
58 0.633  0.105 (\yADH)inhibitor
29 0.639 0.0183 Ubiquitin thiolesterase inhibitor
30 0.640 0.028 Antihypoxic 59 0.539 0.019 Omega-amidase inhibitor
31 0614 0007 Carboxymethylenebutenolidase 60 0.609 0.089 Benzoate-CoA ligase inhibitor
. o - If Pa > 0.7 the compound is very likely to reveal this activity in
32 0.609 0.008 GABA aminotransferase inhibitor experiments, but in this case the chance of being the analogue of the
known pharmaceutical agents for this compound is also high.
33 0.623 0.026 AlcoholO-acetyltransferase - I 0.5 < Pa < 0.7 the compound is likely to reveal this activity in
inhibitor experiments, but this probability is less, and the compound is not so
34 0.602 0.010 Diisppropyl-fluorophosphatase similfar to the known pharmaoeuticgl agerlnts. ' o
inhibitor If Pa < 0.5 the compound is unlikely to reveal this activity in
Pyrimidi d | id experiments.
35 0597 0.011 yrimidine-deoxynucleoside
2'-dioxygenase inhibitor One of important properties of new biological active sub-
o stance is safety. In the table 1 we can find only one direct in-
36 0.629 0.046 Pectate lyase inhibitor dication of antilactate toxicity — hematotoxicity (Pa = 0.784).
According to the results of prediction antilactate has a wide
37 0595 0.015 Dimethylaniline monooxygenase spectrum of activity. The most interesting properties are stimu-
’ : (N-oxide-forming) inhibitor lation of metabolism (growth hormone agonist. Pa = 0.930;
adenylate cyclase stimulant. Pa = 0.878). antihypertensive
38 0.588 0.023 Vasodilator (peripheral vasodilator. Pa = 0.896). antihypoxic (Pa = 0.640).
antioxidant (NADPH oxidase inhibitor. Pa = 0.740). and radio-
. . protective (Pa=0.784).
39 0573 0.012  Acyl-lysine deacylase inhibitor Prospective view and molecular framework of antilactate
with numbers on heavy atoms after geometrical optimization are
40 0576 0.017 Peptidoglycan glycosyltransferase shown in fig. 2 and fig. 3 respectively. Molecule is stabilized by
’ : inhibitor three hydrogen bonds (O3 - H38. bond length = 1.786 A; 02 —
H23. bond length = 0.974 A; 04 — H39. bond length = 1.595 A).
41 0.600 0.044 Multiple sclerosis treatment
42 0.568 0.015 Pectin lyase inhibitor
43 0.612 0.061 Licheninase inhibitor
tRNA nucleotidyltransferase
44 0.601 0.052 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
Fig 2. General view on antilactate optimized molecule: magenta
50 0.559 0.022 3-Oxoadipate enol-lactonase — carbon atoms. green — oxygen atoms. yellow — nitrogen atoms.
' ’ inhibitor red — hydrogen atoms; hydrogen bonds are shown by dotted line.
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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.

Bond lengths and bond angles in antilactate molecule are
given in the table 2.
Table 2

Molecular geometries of antilactate: all distances
(R) arein A. 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 (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

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) 1141
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) 1111
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) 1171
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
a7 A(36-32-38) 108.1
48 A(4-38-32) 160.6

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.
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Table 3
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. . . 25 HYDROGEN 0.453169
Atomic charges in molecule of antilactate
26 CARBON -0.167965
nﬁ:ﬁt;lr Atom type Atom charge 27 CARBON -0.168773
37 OXYGEN -0.644352
1 OXYGEN -0.748670 38 OXYGEN -0.572702
2 OXYGEN -0.763222 39 OXYGEN -0.540272
3 OXYGEN -0.687909 40 OXYGEN -0.644305
4 OXYGEN -0.787405 41 CARBON 0.778351
5 OXYGEN -0.744264 42 CARBON -0.301060
6 CARBON 0.706176 43 CARBON -0.362779
7 CARBON 0.165597 44 CARBON 0.807901
8 CARBON -0.319300 45 NITROGEN -0.623740
9 CARBON 0.745116 46 CARBON -0.067666
14 NITROGEN -0.610405 47 CARBON 0.083813
15 CARBON -0.064269 54 CARBON -0.185215
16 CARBON 0.122890 55 CARBON -0.169501
17 XYGEN -0. 2
OXYG 0.599529 Conclusions. New substance - derivative of malic acid
18 OXYGEN -0.557181 and mono-[(2-dimethyl amino)ethyl ether] of succinic acid,
19 OXYGEN -0.569515 antilactate — was synthesized. Antilactate has wide spectrum
20 CARBON 0.782386 of pOSS|_bIe pharmacologlcgl actlvr_cy, suc_h as s'tlm_ulatlon of
metabolism, antihypertensive, antihypoxic, antioxidant and
21 CARBON -0.314556 radioprotective properties. These types of activity must be
20 CARBON -0.371294 proved by experimental investigations in future. Structure of
antilactate has been analyzed by quantum-chemical meth-
23 OXYGEN -0.662756 ods: optimized geometry is definite, geometric properties and
24 CARBON 0.851964 atomic charges are calculated.
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YAK 796.015.6:577.1:612.01

CUHTES, AHAJIU3 CTPYKTYPbIl U BUOJIOTMHECKUX MPOrHO30B CNEKTPA AEATEJ/IbHOCTU ANTILACTATE
Apauyk 0., CemeHoB C., OneitHuk C.

Pesiome. Bbiin paspaboTaHbl, 06006LEeHbI 1 ONMCaHbl HOBbIE MPOU3BOAHbLIE SAO6M0YHOM KUCNOThl U MOHO-[(2-aumeTun-

aMuHO) aTun adup] aHTapHon kncnoTel. CTpPyKTypa BellecTBa Obiia gokazaHa metonoM AMP-cnekTpockonuu. HoBoe Belue-
CTBO Mosny4nno HaseaHue Antilactate. Ero ¢apmakonormnyeckast aktMBHOCTb Obina npeackasana 2D-QSAR meToooMm € UCMosb-
30BaHMeM nporpammbl PASSInet. [lokadaHbl CTUMynMpoBaHue obmMeHa BELECTB, aHTUIMNEPTEH3VBHbIE, aHTUIMIMOKCUYeCKUe,
AHTUOKCMAAHTHbIE N PAAMONPOTEKTOPHbIE cBoMcTBa. CTpykTypa Antilactate Obina npoaHannavpoBaHa KBAHTOBO-XMMUYECKUM
mMeToaoM. ONTMMU3auus reoMeTpun NPOBOAMIACHE C MCMOJNIb30BaHMEM CTaHOAPTHbIX MEeTOAOB rpaaveHTa Ha PM3. 3apsaapl
ObIn paccunTaHbl MeTogom 6-31 KB G (D, P).

KnioueBble cnoBa: cropTuBHas MeavumHa, sHTapHas kucnota, sénodHas kmucnota, QSAR.
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YAK 796.015.6:577.1:612.01

CUHTES3, AHAJI3 CTPYKTYPMU | BIOJIOTNYHUX NPOIrHO3IB CMNEKTPY AIAJIbHOCTI ANTILACTATE

Apauyk 0., CemeHoB C., OniiiHuk C.

Pe3tome. Bynu po3pobneHi, y3aranbHeHi i onvcaHi HoBi NoxiaHi S61y4HOI KUCNOTY | MOHO-[(2-AnMeTun-amiHo) etTun edip]
AHTapHOi kucnotu. CTpykTypa pevyoBuHM Oyna goBepeHa metogom AMP-cnektpockonii. HoBe peyoBuMHa oTpumana HasBy
Antilactate. Moro dapmakonoriyna akTmsHiCTb 6yna nepenbadeHa 2D-QSAR meTonom 3a JonoMoroilo nporpamu PASSI-
net. JloBeneHi CTUMynioBaHHA OOMiHY PEYOBMH, aHTUMNEPTEH3MBHI, aHTUFMOKCUYHI, aHTMOKCUAAHTHI i pagionpoTeKTOpHi
BnacTtmBocTi. CTpykTypa Antilactate 6yna npoaHanisoBaHa KBAQHTOBO-XiMiYHMM MeToaoM. OnTuMi3aLis reomMmeTpii npoBoaunacs 3
BMKOPUCTaHHAM CTaHOAPTHUX MeToAIB rpaaieHTy Ha PM3. 3apsan 6ynu pospaxosaHi metogom 6-31 KB G (D, P).

Knio4ogi cnoBa: cnoptuBHa MeauLmMHa, GypLUTUHOBA KUCNOTa, S61y4Ha kucnoTa, 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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I .11. KatepeHuyyk, J1. I1. Capuyes, I. J1. MycToBoiiT, 0. A. KocTtpikoBa, T. I. ipmosna
OCOBJINBOCTI BIKOBUX 3MIH ®YHKLUIOHAJNIbHUX CTPYKTYP HUPOK

BAH3 Ykpaiuum ,,YKpaiHCbKka Megu4Ha ctoMmaTosioriyHa akagemia” (m. NMNontaea)

3B’A30K 3 MJIaHOBMMW HAyKOBO-AOCHiIAHUMM poboTamu:
nybnikauis € pparMeHToM HaykoBO-[O0ChiAHOI poboTtu “Oo-
CRiOXEHHST MONEKYNSIPHO-FEHETUYHUX aCMEKTIB MaToreHesy
apTepianbHoi rinepTeHsii gns po3pobkn HOBUX METOAB Aia-
FHOCTUKU Ta amdepeHLuinosaHoro snikysaHHsa” (Ne gepxxasHoi
peecTpauii 0103V004857).

Bcryn. [emorpadiyHa cutyaLiqa y CBITi XapakTepusyeTb-
CSl TEHAEHUIE0 A0 NMOCTapiHHA HaceneHHs Ta 30iNbleHHAM
BIAHOCHOI KiNbKOCTI Nl0gen ctaplumx BIKOBUX rpyn, Mpu4omy,
0O3HaveHa kaTeropis noaen € HanbinbL WBUAKO 3POCTaOY0I0.
Mpobnemun repoHTONOrii Ta repiatpii HabyBatoTb BCe BiNbLLIOro
3HA4YeHHS y 3B’A3KY 3i 3pOCTaHHAM 3axXBOPIOBAHOCTI O3Ha4e-
HOI KaTeropii HaceneHHs sK B3arani, Tak i 3okpema Ha iHdek-
LiMHI 3ananbHi 3axBoptoBaHHs HMpok [3]. Mpu ubomy, aHania
oxepen iHpopmaii CBiguMTbL NPO 3HAYHI PO3BIKHOCTI y Tpak-
TOBLL 5K BIKOBMX 3MiH Y HUPKOBI TkaHuHi B3arani [5, 8], Tak
i 03HaK xpoHiyHoro nienoHedputy (MH) [1, 4]. Lle nos’a3aHo
3 HEOHO3HAYHUM PO3YMIHHAM PI3HMMUK O0CAIAHUKAMU BiKO-
BUX 3MiH, WO BiAOyBalOTbCA Mif BMJNBOM 30BHILLHIX Ta BHY-
TPILWHIX (pakTopiB i MalOTb BIAOUTKN HA OKPEMUX CTPYKTYPHO-
bYHKUiOHaNbHMX enemeHTax Hupku [7]. Ha noyatky 90-x pokis
MWHYJSIOrO CTONITTS Y KAiHIYHY NpakTUKy YBIALWOB TEPMIH “pe-
MOZENIOBAHHA", CYTHICTb AKOro nonarae y 34aTHOCTI OpraHie
Ta CUCTEM 3MiHIOBATW CTPYKTYPY Ta rEOMETPIt0 Y BiANOBIAb Ha
[OBroTpUBanNuUi BNANB NATONOMYHUX areHTis [2].

MeTa pocnimxeHHs. BctaHoBMTU 0COGMBOCTI BIKOBOIrO
pemMopaentoBaHHs HUPOK.

0OG’exT i MeTOoAU AocnimKeHHs. [TpoBeneHuin nopis-
HANBHUI aHani3 GYHKUiIOHANbHO-aKTUBHUX CTPYKTYP HUPOK B
oci6 monogoro i 3pinoro Biky (20-44 poku), CEPefHbOro BiKy
(45-59 pokiB) Ta NOXmMnoro i crapeyoro Biky (=60 pokis). [cTo-
NOriyHI LOCNIAXKEHHS NPOBOAMINCS HA npenaparax, wo 6ynm
BUIOTOBJIEHI i3 LUMATO4YKIB HMPOK, B3ATUX Bifg 15 nomepnux
Bikom 20-44 poku (cepepHinn Bik cknas 36,2+2,21 pokis), 15
nomepnux Bikom 45-59 pokiB (cepepHin Bik - 52,7+1,56 pokiB)
Ta 15 ocib Bikom >60 pokiB (cepeaHii Bik - 69,6+2,89 pokiB), y
AKNX 32 XUTTHA HE CNOCTEPIranocs 3axBOpioBaHb HUPOK. [MNCcTo-
JIOTiYHi 3pi3n TOBLMHOIO 7-15 MkM dapbyBann reMaToKCUJIiH-
€031HOM, no BaH-Ti30H Ta no XapTy. icTonoriyHi npenapatn
BMBYasIM NpW pPisHOMY 36inbLueHHi Mikpockony dipmu Olimpus
,C3040-ADUP” 3 BMKOPUCTaHHSAM CcreLianbHOi nporpamm

,Onumnyc AN Codt”. NpoBoannn riCTOMETPUYHI SOCHIOKEH-
HS MiKpOreMOoCyuH Ta HUPKOBUX TiNeLb Y Pi3Hi BiKOBI nepioamn
OHTOreHesy. 3arasibHuin 00CAr FiCTOMETPUYHUX A0CHIAXEHb
Bk/t04aB 356 nosis 30py Mikpockony.

CraTnuctnyHy ob6pobKy maTtepiany npoBoAMAM napame-
TPUYHUM METOAOM OLHKM BiAMIHHOCTEN MiX ABOMA rpynamMum
CcepefHix BeNn4YMH Ta ix norpiwHocTi (M+m) 3a A0NOMOrowo
kpuTepito CT’loaeHTa, BUKOPUCTOBYIOUM NAKeT Cy4aCHUX Npu-
KnagHWx nporpam Ans MaTemMaTU4HOro aHanidy MeTpuyHHuX
LaHNX.

PesynbraTtn pocnipXeHb Ta iX 06roBopeHHs. 3a pe-
3ynbratamMuv OOCHIOXKEHHS, Y NIOAENn NOXWUAOro i ctapedvoro
BiKy CMOCTepIiraloTbCs cneumdivHi 3MiHN HUPKOBUX CTPYKTYP,
3yMOBJIEHI CTapPiHHAM. AHani3 ricToNoriYHMX Npenaparis CBiA-
YNTb NPO NOCUNIEHHS 3 BIKOM SK Y KiJIbKICHOMY, TaK i y SKICHOMY
nnaHi, NPoOLECiB PEMOAENIOBAHHSA DYHKLIOHANBbHO-aKTUBHUX
CTPYKTYP HUPKK. HaBiTb BNIPOAOBX TOr0O Nepioay OHTOreHeay,
KNI BU3HAYAETLCH K MOJSIOAICTb Ta 3piNicTb, BioOyBaeTbCs
neBHa CTPYKTypHa nepebynosa HUpKK. Bxe y BikoBil rpyni -
20-44 poku NPakTUYHO B YCiX BUNaaKax CrnocTepiratoTbCs noo-
[AVHOKI BOrHMLLA Hedpocknepoady. MiaBULLLEHHS iIHTEHCMBHOCTI
KonareHoreHesy, npm3BoauTb OO0 Ckaepol3y Ta gedopmadii
MiKPOremMOoCyouH.

3a paHnmMu MmopdpoMeTpii, 30BHILLHIN AiameTp apTepianb-
HUX CYOMH Y cepefHboMy Billi 3pocTae binblLue, HiX y ABa pasuy
MOPIBHAHHI 3 MONIOANM Ta 3PiNvM BiKOM. Y noaanbLioMy TemMnm
3POCTaHHSA LbOro NokasHmka yrnoBifbHIOTLCS. TOBLUMHA CTi-
HOK MiKpPOreMOoCyAuH y [OCRiAXYyBaHUX 06’EKTIB MOOA0ro
Ta 3pinoro Biky A4OCTOBIPHO MEHLLA Y MOPIBHSHHI 3 06’ekTamu
cepepneHboro Biky (0,17 = 0,03 mkm npotn 0,22 + 0,02 MKMm;
p<0,001) Tta noxunoro i ctape4yoro Biky (0,17 + 0,03 Mkm
npotun 0,26 * 0,03 MkM; p<0,05). Mnowia nonepeyHoro nepe-
pi3y MikporeMocyauH y OCAioKyBaHMX 06’ EKTIB MOJIOA0ro Ta
3pinoro Biky BUSIBUMACh yABi4i MEHLLOIO, HiX Yy 06’eKTiB cepen-
eHboro Biky (0,55 £ 0,18 Mkm? npoTu 1,24 + 0,2 Mkm?; p>0,05)
Ta noxunoro i ctapeyoro Biky (0,55 + 0,18 mkm? npoTn 1,40 +
0,27 mkm?; p<0,05). Binblu BMpaxeHy BikoBY nepebyaoBy Mi-
KPOreMOCYAMHHOrO pycna y NOPIBHAHHI 3 iHLIMMW CTPYKTYypa-
MW HUPKM MOXHA NOSICHATY 3HAYHUM MOrO NEPEBAHTAXEHHAM
3a paxyHOK 3aranbHOro apTepio- Ta aTepocKneosy.

Y CBOWO 4epry, 3MiHU Yy MIKPOreMOCyOuHHOMY pycChi
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