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OPTICAL PROPERTIES OF RAT SERUM
AFTER INTRAGASTRIC ADMINISTRATION OF MELANIN

Previous studies of the biological activity of melanin produced by the Antarctic black yeast Pseudonadsoniela brunnea
have shown its antioxidant, stress-adaptogenic, dermatotropic, wound-healing and antibacterial effects. However, the primary
physicochemical mechanisms of the system influence of melanins remain insufficiently studied. Therefore, the aim of the
study was to determine effects of the intragastral administration of melanin produced by the Antarctic black yeast
Pseudonadsoniela brunnea on the optical properties of a protein component and an aqueous phase of rat serum. White
nonbread adult male rats weighing 180-200 g were used in the experiments. The intragastric route of administration of
melanin by means of soft gastric catheter at a dose of 3 mg/kg was used. Rats of the control group were administered the
physiological solution in the same way. After 1 hour the animals were sacrificed by cervical dislocation and blood serum was
obtained for further studies. The absorption spectra of blood serum samples were recorded using Shimadzu Biospec-Mini
spectrophotometer in the range of 190-1100 nm. Analysis of the absorption spectra of blood serum in a wide range from UV
to near IR indicated that one hour after intragastral administration of melanin to rats at the dose of 3 mg/kg the optical
properties of protein component were not changed, but the properties of the aqueous phase of the blood serum were changed
due to statistically significant decrease of an amount of hydrogen bonds. Authors hypothesized that the appearance of
substances that destruct the hydrogen bond network in the blood is one of the reasons for such changes. Changes of
properties of water as the solvent and the structure-forming factor can have further systemic consequences due to changes
in the hydration of biological polymers and low molecular weight metabolites, their solubility and intermolecular interactions,

cell membrane permeability, molecular dynamics and functional activity of biomacromolecules, etc.
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Introduction. Melanins belong to the group of pig-
ments synthesized in living organisms — both in pro- and
eukaryotes. It is well known that melanins have a wide
range of biological action: antioxidant, cytoprotective, pho-
to- and radioprotective, etc., they can be used as sorbents
of a number of radionuclides and heavy metals [1, 2].

Previous researchesthat we have conducted to deter-
mine the biological activity of melanin produced by the Ant-
arctic black yeast Pseudonadsonielabrunnea showed anti-
oxidant, stress-adaptogenic [3], dermatotropic, wound-
healing, antibacterial [4, 5], antiphytopathogenic [6, 10]
effects of melanin. This, in turn, allows us to consider mel-
anin as a promising substance for numerous drugs with
many useful properties that also makes it useful in medi-
cine and veterinary medicine. The mechanism of action of
melanins on biological processes is primarily associated
with their antioxidant properties. However, the biological
effects observed in the experiments are mainly systemic in
nature. We must state that the primary physicochemical
mechanisms of systemic influence of melaninson men and
animals remain insufficient. Therefore, the aim of this study
was to determine the effects of intragastral administration
of melanin on the optical properties of the protein compo-
nent and the aqueous phase of the blood serum of rats.

Materials and methods. The white not breed adult
male rats raised in the animal house of the Institute of Biol-
ogy and Medicine of Taras Shevchenko National University
of Kyiv and weighing 180-200 g were used in experiments.
Animals were kept on a standard diet in an accredited ani-
mal house in accordance with standard rules for the organ-
ization, equipment and maintenance of experimental bio-
logical clinics (animal houses). Animal were divided on two
groups: control (nc = 5) and experimental (ne = 5). The ex-
perimental procedures were conduct according to interna-
tional recommendations for conducting biomedical re-
search using animals in accordance with the European
Convention. The intragastric route of administration of mel-
anin by means of soft gastric catheter at a dose of 3 mg/kg
was used. Rats of the control group were administered the
physiological solution in the same way. After 1 hour the

animals were sacrificed by cervical dislocation and blood
serum was obtained for further studies.

Melanin was obtained from a strain of black yeast-
like fungi Pseudonadsoniellabrunnea (Basidiomycota,
Agaricomycotina, Agaricomycetes, Polyporales, Meripi-
laceae) 470 FCKU, isolated from Antarctic rock samples of
Fr. Galindez. Strain P. brunnea 470 FCKU is stored in the
Collection of Microscopic Fungi of Institute of Biology and
Medicine of Taras Shevchenko National University of Kyiv
(international acronym of the FCKU collection), registration
number P. brunnea in the Depository of the State Research
and Control of Institute of Biotechnology and Strains of Mi-
croorganisms is N 607 [6]. In order to obtain biomass and
synthesis of melanin the cultivation of the strain P. brunnea
470 FCKU was carried out by means of deep method using
liquid nutrient media. The composition of nutrient media
was chosen according to results of our previous studies [7—
9]. Malt extract broth and Saburo medium (manufactured
by HiMedia Laboratories, India and Conda, Spain) were
used for biomass accumulation. Isolation of melanin from
the culture medium of P. brunnea 470 FCKU was carried
out in accordance with the Regulation "Obtaining polyphe-
nol-carbon complex from Antarctic black yeast-like fungi
Pseuonadsoniellabrunnea" Melanin "on the basis of Specifica-
tion U 15.9-30034243-004: 2005 with changes in name stain
and additions and changes in p. 2.2.1, 2.2.3, 5.9.3-2017".
For the cultivation of P. brunnea 470 FCKU in order to ob-
tain melanin we used barley-malt extract (YASE Ne 3, pro-
duced by "Starch Products of Ukraine", Specification
U 15.8 — 32671885-001: 2011) (4.6 % by hydrometer-sugar
meter AST-2) with the addition of 0.05 % L-tyrosine and
1 % enzymatic peptone.

The absorption spectra of blood serum samples from
each animal were recorded using Shimadzu Biospec-Mini
spectrophotometer in the range of 190-1100 nm. Light
absorption by serum samples was measured in quartz cu-
vettes with an optical path length of 1 cm against air that
allowed to investigate the optical properties of not only the
protein component but also spectral features of water,
which is the main component of blood serum and other
biological tissues.
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ANOVA statistic was used for analysis of experimental
data using Origin Pro that licensed for Taras Shevchenko
National University.

Results and discussion. The blood serum of the rats had
a light pink color due to the presence of small impurities of
hemoglobin which got into the serum due to the mechanical
destruction of erythrocytes during preparation of blood sam-
ples. The absorption spectra clearly show the typical absorp-
tion bands of oxyhemoglobin (Sore band 350—450 nm, as well
as two bands in the range 500-600 nm) (Fig. 1, line A).
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The statistically significant differences in the absorption
spectra in the range of 300—700 nm of serum samples in
groups of control and experimental animals were not de-
tected (Fig. 1, line A). Analysis of the optical properties of
serum proteins in the range of 230-320 nm, that character-
izes absorption of aromatic and sulfur-containing amino
acids, was possible after diluting blood serum 1 : 100 and
1:1000 (Fig. 1, lines B and C). In this case there were also
not statistically significant differences between the control
and experimental groups for this spectral range.
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Fig. 1. Absorption spectra of whole blood serum samples in groups of control and experimental rats (line A)
and diluted serum 1 : 100 and 1 : 1000 (lines B and C). The mean error of the average value (D * d) is given
for each value of optical density. The averaged absorption spectra for the control and experimental samples actually coincide

The absorption band corresponding to the vibronic
overtones of water molecules (2v1 +v2=951.5nm;
v1+2v2 =936.3 nm; 2v1 + 2v3 = 982.1 nm; 2v2 + 2v3 = 951.5)
was observed in the near infrared (IR) range of 900-—
1070 nm. In order to eliminate the effects of nonspecific
light scattering in the different samples of blood serum, the
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absorption spectrum of each sample for the specified range
was normalized relative to the baseline calculated by using
procedure "Peak and Baseline" in Origin Pro. Then statisti-
cal processing was performed and spectral lines were av-
eraged over animal groups taking into account the mean
error for every average value of optical density (Fig. 2).
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Fig. 2. The normalized absorption spectrum in the near IR range of vibronic overtones of water molecules 900-1070 nm
(2v1 + v2 =951.5 nm; v1 + 2v2 = 936.3 nm; 2v1 + 2v3 = 982.1 nm; 2v2 + 2v3 = 951.5 nm) for undiluted blood serum
(1 — control group of rats, 2 — group of rats with the administration of melanin).
The mean error of the average value (D * d) is given for each value of optical density
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The analysis of absorption spectra in the range of 900—
1070 nm shown the statistically significant (p <0.05) in-
crease in optical density by 6 % at Amax = 974-976 nm in
serum samples of rats administered with melanin, compared
to samples of control animals. This indicates that despite the
absence of spectral changes of the protein component, the
state of the aqueous phase of blood serum was changed in
some way. An additional confirmation of the real changes in
the water state is the statistically significant increase of light
absorption of near-IR light in the range of higher-order vi-
bronic overtones on 885-895 nm (2v1 + 2v3). In addition,
the absorption maximums of the spectral bands in the con-
trol and experimental serum samples are respectively
976 nm and 974 nm that indicates a spectral shift to the blue
region of the water spectrum in serum samples of experi-
mental group of animals. A natural question arises as to the
nature and causes of such spectral changes.

Water is the main component of the blood serum, so
the increase of its optical density in near IR range can be
explained by an increasing its content in the biological
samples. According to this assumption we should expect a
decrease of the content of other components in blood se-
rum, especially the proteins as the main component. The
protein concentration for serum samples is easy to calcu-
late using the Kalckar's formula C (g/l) =1.45D280 —
0.74D2s0, where D2so and Dzeo are the optical density at the

respective wavelengths [15]. Using this formula, the serum
protein concentration was calculated to be 64 and 66 g/l
that corresponds to a protein concentration of 6.4 % and
6.6 %, respectively, for control and experimental groups of
animals. These values are usual for the protein concentra-
tion indicies in the blood serum of rats and the difference
does not exceed 3 % compared to the serum samples of
control animals and it is not statistically significant value,
which is clearly seen in Fig. 1. Even if we take this value as
an extremely weak tendency to increase the concentration
of protein in the blood serum of experimental rats, it con-
tradicts the accepted assumption of increasing the water
content in the blood serum samples. Thus, the most plau-
sible explanation for the detected spectral shifts is the
changes in the state of the aqueous phase in the serum
samples of experimental animals.

Fig. 3 shows the generalized absorption spectra of lig-
uid and solid phases of water. It is clear that when freezing
water, when it is structured by the formation and stabiliza-
tion of hydrogen bonds, there is a red shift (shift of absorp-
tion maxima in the region of greater wavelengths) and hy-
pochromism (decrease in optical density) in the spectral
range corresponding to higher overtones of water. In our
case, the opposite effect was detected, namely the in-
crease of optical density and the shift of the absorption
maximum to the blue region.
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Fig. 3. Generalized light absorption spectra for liquid water (1, red solid) and ice (2, blue dotted line) [11-14]

Thus, based on data on the optical properties of water
and ice (Fig. 3), we can conclude that increase of optical
density of water and the shift of the spectrum to the blue
region in the near IR range indicates an increase of free
molecules of water due to destruction of hydrogen bond
network. This fact, in turn, allow us to suggests the
changes of ratio of low molecular weight substances and
electrolytes, which are structurants or destructors of the
hydrogen bond network and affect the thermal motion of
water molecules [16, 17] in the blood of experimental an-
imals administered with melanin, that, in turn, should af-
fect the solubility of substances of different nature in the
blood and the hydration of biological molecules. The na-
ture of such substances in blood serum and their proper-
ties require separate verification.

The authors draw attention to the fact that the antitumor
effect of cisplatin-based drugs is accompanied by an in-
crease in the self-diffusion rate of water molecules in both
sensitive and cisplatin-resistant tumors of Guerin's carci-
noma, which generally indicates an increase in motility of
water molecules under the influence of this drug [18]. Pos-
sibly, radioprotective and anticancer effects of melanin
drugs are associated not only with their high antioxidant
activity [19, 20], but also withinfluence on the physicochem-
ical properties of the aqueous phase that primarily depend
on the dynamics of the hydrogen bond network.

Conclusions. Analysis of the absorption spectra of
blood serum in a wide range from UV to near IR indicated
that one hour after intragastral administration of melanin
to rats at the dose of 3 mg/kg the optical properties of
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protein component were not changed, but the properties
of the aqueous phase of the blood serum were changed
due to statistically significant decrease of an amount of
hydrogen bonds.

Authors hypothesized that the appearance of sub-
stances that destruct the hydrogen bond network in the
blood is one of the reasons for such changes. Changes of
properties of water as the solvent and the structure-forming
factor can have further systemic consequences due to
changes in the hydration of biological polymers and low
molecular weight metabolites, their solubility and intermo-
lecular interactions, cell membrane permeability, molecular
dynamics and functional activity of biomacromolecules, etc.
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KuiBcbkuit HauioHanbHUM yHiBepcuteT iMeHi Tapaca LLleByeHka, KuiB, YkpaiHa

OMNTUYHI BIIACTUBOCTI CUPOBATKWM KPOBI LLYPIB NICNA IHTPAFACTPANbHOIO BBEAEHHA MEJNAHIHY

IMonepedHi docnidxeHHs1 6ionozi4HOI akmueHocmi MenaHiHy, npodyyeHmaMu $IKO20 € aHMapKMUuYHi 4YOpHi Opix0onodibHi epubu
Pseudonadsoniela brunnea, nokasanu, w0 MenaHiH eusienisie aHmuokcudaHmHy, cmpec-adanmozeHHy, 0epMamomporHy, paHo3az2oreasnbHy ma
aHmu6akmepiansHy Oito. OOHaK nepeuHHi ¢i3uKo-ximiyHi MexaHi3Mu cucmemHoi Oii MenaHiHy 3anuwarombcsi HeAocmamubo AocnidxeHumu. Y
38'A3Ky i3 yum memoro AocnidxeHHs1 6yno 3'acyeaHHs1 eghekmie iHmMpaz2acmpanbHO20 88e€0€HHSI MeNaHiHy Ha onmu4Hi enacmueocmi 6inkoeoi
KOMMOHeHMu i 800HOI ¢ha3zu cupoeamku Kposei wypie. Y docnidax eukopucmosyeasnu 6inux HeniHiliHUX cmameeo3pinux wypie-camyie i3 Macoro
180-200 2. 3acmocoeyeasniu iHmpazacmpansHull Wsix yeedeHHs1 npenapamy menaHiHy Kamemepom M'sSKUuM wJilyHKoeum y do3i 3 me/ke (10-kpamHa
mepaneemu4Ha). Lllypam KoHmMponbLHOI 2pynu makum came YuHOM yeodusniu ducmusibogaHy 800y. 3a 1 200 meapuH ymepmessisiu MemodoM yep-
sikanbHOI ducsiokayii ma ompumyseanu cupogamky Kpoei, Ky eukopucmosysainu 0511 nodanbuwiux docnioxeHb. Peecmpauito cnekmpie noanuHaH-
HS1 3pa3kie cupoeamku Kpoei npoeodunu Ha cnekmpogomomempi "Shimadzu Biospec-mini" e dianazoHi 190-1100 HM. AHani3 cnekmpie noanu-
HaHHS1 cupoeamku Kpoei y wupokomy diana3oHi 8id Y® do 6nwkHbo20 14 ceidyums npo me, wo 3a 200uUHy nicas NiOWKipHO20 88e0eHHsT wypam
menaHiHy e do03i 3 M2/k2 onmuyHi enacmueocmi 6inkie y kpoei He 3MiHIOtOMbCsl, 0OHaK AOCMOBIPHO 3MiHIOIOMbLCSI 8slacmueocmi 800HOI ¢ha3u
Kpoei 8 6ik 3MeHWeHHs Kinbkocmi eodHeeux 38'A3kie. Aemopu npunycmusiu, wjo rnosiea Pe4yosuH, siki pylHyromb Mepexy eo0Heeux 38'd3kKie y
Kpoei, € 00Hiero i3 Npu4YuH makux 3miH. 3MiHU enacmueocmeli 600U sIK PO34YUHHUKa i CMPYKMypoymeopro4yo20 ¢hakmopa MOXXymb Mamu rnoda-
nbwi cucmeMHi Hacnioku Yyepe3 3MiHU 2idpamayii 6iono2iyHuUX nosnimepie i HU3LKOMOJIEKYNsiPHUX Memab6onimie, iXHbLOI PO34YUHHOCMI Mma MiXMo-
JNeKynsipHUX 83aemMo0ill, MPOHUKHOCMI KiMUHHUX MeM6paH, MosieKynsipHoi uHaMiku ma ¢hyHKUioHanbHOi akmueHocmi 6ioMakpoMosieKynu mouo.

Knroyoei cnoea: menaHiH, cupoeamka kpoei, 6inku cupoeamku, eooda.
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KneBckui HaumoHanbHbIW yHMBepcuteT uMeHu Tapaca LLleBuyeHko, Kues, YkpauHa

ONTUYECKUE CBOMNCTBA CbIBOPOTKM KPOBU KPbIC MOCNE UHTPAFACTPANIbHOIO BBEAEHMA MENAHUHA

lMpedbidyuue uccnedoesaHusi 6uonozuyeckoli akmueHoOCMuU MeslaHUHa, NPodyyeHmaMu KOMmopo20 SesisIoMCcs aHmMapKmu4ecKue 4YepHble
dpoxoxenodobHble 2pubbl Pseudonadsoniela brunnea, noka3anu, Ymo MenaHuH nposiensiem aHmMuokcudaHmHoe, cmpecc-adanmozeHHoe, depMa-
momponHoe, paHo3axuesnsilowee u aHmubakmepuansHoe delicmeue. OOHako nepeuyHble (hU3UKO-XUMUYECKUe MexaHU3Mbl cucmemMHoz2o del-
cmeusi MeslaHUHa ocmatromcsi HeAocmamo4Ho uccriedogaHHbIMU. B cesizu ¢ amum yeneto uccnedoeaHusi 6bi10 8bisiesieHUe aghghekmos uHmpaza-
cmpanbHo20 88edeHUs1 MeJlaHUHa Ha onmu4Yeckue ceolicmea 6e/1Ko8oli KOMMOHEeHMbI U 800HOU ¢ha3bl CbIBOPOMKU KPO8U KpbiIc. B onbimax ucno-
Nb30eanu 6enbix HesluHelHbIX M0/10803pesbiX Kpbic-camMyoe ¢ Maccol 180-200 2. [MpumeHsnu uHmMpaaacmpanbHbil Nyms eeedeHus npernapama
MeslaHUHa KamemepoM MsI2KUM esly0oYHbIM 8 do3e 3 m2/k2 (10-kpamHasi mepaneemud4eckasi). KpbicaM KOHMpPonbHOU 2pynnbI Makum e obpa-
30M eeodusiu ducmunnuposaHHyro 8ody. Yepes 1 yac KueOmMHbIX ymepuwiesisiiu MemodoM yepeukasbHolU Aucriokayuu U nosy4vanau cbi8OPOMKy
Kposu, Komopyo ucnosb3oeanu 0ns1 danbHeliwux uccnedosaHuli. Pecucmpayuto ciekmpoe noaioujeHust o6pa3yoe CbiI8OPOMKU KPo8uU Mpoeo-
dunu Ha cnekmpoghomomempe "Shimadzu Biospec-mini" e duanasoHe 190-1100 HM. AHanu3 creKmpoe Mo2/I0WeHUs1 CbIBOPOMKU KpO8U 8 Wupo-
koM QuanasoHe om Y® do 6nuxHezo UK ceudemenbcmeyem o mom, 4mo 4epe3 4Yac rnocsie nodKoxHo20 eeedeHusi KpbicaM mMenaHuHa e dose
3 me/k2 onmu4eckue ceolicmea 6eslko8 8 Kpo8U He U3MeHsIlomcsi, 00HaKko 0CMOo8ePHO U3MEHSIIoMCcs ceolicmea 800HOU ¢ha3bl KPOBU 8 CIMOPOHY
YMeHbWeHusi Konuyecmea 8000po0HbIX cesizell. Aemopbl NPednosoxusiu, Ymo rnosiesieHuUe eewecmes, paspywarouux cems 8000pPodHbIX ceszell
8 Kpoeu, siesisiemcsi 00HOoU U3 NPUYUH makux udmeHeHul. 3MmeHeHus1 ceolicme e800bl Kak pacmeopumerisi U cmpykmypoobpa3syrouje2o ¢hakmopa
mMoz2ym umemsb QanbHeliwue cucmemHble nocaedcmeus e pesynbmame usMeHeHuUl 2udpamayuu 6uosio2uyecKux MoJUMepPo8 U HU3KOMOIIEKYIsip-
HbIX Mema6osiumos, ux pacmeopuMoCmu U MeXMOJIeKyNsipHbIX 83aumodelicmeul, MPoHUYaeMocmu K/1lemoYHbIX MeM6paH, MoneKynsipHol AuHa-
MUKU U (hyHKYUOHabHOU akmueHocmu 6uomMakpomoriekyn u ap.

Knioyeenbie cnosa: menaHuH, cbieopomka Kpoeu, 6e/lKku CbiIsOPoOmKu, 800a.
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PEECTPALIA IOHHUX CTPYMIB KPI13b LCC-KAHANU AAEPHOI MEMBPAHM:
XPOHOBIONOrIYHUMA ACNEKT

lpomsizom cemu pokie OocridxeHb MpPaHCMOPMHUX cucmeM si0epHUX Memb6paH i3 3acmocyeaHHsIM Memody patch-clamp
crnocmepizaanu neeHy 3aKOHOMIipHiCMb: Y3UMKy eghekmueHicmb po6omu yuM MemodoM 3Ha4HO 3HUXyeanachk. OCKinbKu pi3Hi ce-
30HU/MOPU POKY XapakKkmepu3yrombCsl Pi3HUMU ceimsioeumMu i memnepamypHUMU MOKa3HUKamu, mo Mu eupiwunu nepesipumu
imogipHull ensiue ocMaHHix Ha ycniwHicmb euKOHaHHs docidxeHb. ToMy Memotro yiei po6omu 6yno nepeegipumu ensue makux
ce30HHUX ¢hakmopie, sik 3MiHa mpueasiocmi ceims108020 OHs1, memnepamypa, ammMocgepHuUll MUCK, Kinbkicmb onadie i xmapHicmb
Ha sikicmb patch-clamp-peecmpauiti ioHHUx cmpymie kpi3b LCC-kaHanu si0epHoi MeMb6paHu kapdiomioyumie i HelipoHie lMypKiHbe
mo3o4ka. Mu npunycmunu, wo 3i 3MeHWeHHsIM mpueasiocmi ceims08020 OHS1 i 3HWKEHHSIM meMrepamypu 3MeHWYoMbCS SIKICHI
ma KinbKicHi nokasHuku patch-clamp-peecmpauit. [ins nepesipku yb020 NpunyweHHs1 3aCmMocoeaHo KopesnsyitiHul aHani3 lNipcoHa
i3 suxiOHUMuU GaHUMU NPo mpuseasnicme ce8imsI08020 OHsI, MEMEeOoPOJI02i4YHi yMOBU ma po3paxoeaHoro ycrniwHicmro peecmpaduiti (%)
3a KOHKpemHul OeHb. Ha ocHoegi pe3ynibmamie makoao aHarsi3y ecmaHO8/IeHO, W0 iCHye npsiMa eupa)keHa JliHiliHa 3anexHicmb
sKocmi ma Kinbkocmi peecmpayil 8i0 mpueanocmi ceimnoeozo OHsi (r = 0,6) i memnepamypu (r = 0,6), a makox cnabka ob6epHeHa
3anexHicmb 8id xmapHocmi (r = 0,3). Ha ocHoei ducnepcitiHozo aHanizy (ANOVA) niomeepdxeHo docmoegipHo 6inbuwy ycniwHicmb
peecmpauyili, BUKOHaHUX Y NiMHili nepiod, NopieHAHO i3 3UMOBUMU MO20 caMo20 PoKy. OmpumaHi pe3ynbmamu MOXymb cmamu
OCHogor 0511 onmumi3ayii docnidHuybKoi disnbHocmi pobo4ux 2pyn, siki eue4yaromb hYHKUiOHY8aHHSI @HYMPIiWHBLOKIMUHHUX
mpaHcrnopmyeasibHUX cucmem esiekmpodgbizionoziyHumu memodamu, 30kpema patch-clamp.

Knro4yoei cnoea: 6iopummu, xpoHobionoezisi, MemeoposoziyHi ymosu, patch-clamp, sdepHa membpaHa, ioHHi kaHanu, LCC-kaHanu.

BcTyn. Agpo € ogHieto i3 kNOYOBUX OpraHen eykapio- Towo. Big untonnasmu, y Skil MICTATbLCA peluTa opraHen,
TWUYHOI KNiTMHW: BOHO 30epirae, peanisye Ta nepefae reHe- A0p0 BiAMEXOBaHe SAepHOK OBOSOHKOK, Sika yTBOpEHa
TUYHY iHpOpMaLito, peryroe CUHTETUYHI MpoLUEecH Y KNITUHI 30BHILLHBOIO | BHYTPILLHLOK MeMOpaHamu Ta NepuHyknea-
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