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AKTyaJbHicTh. JlocipKeH S (I3MYHAX Ta MOJIEKYJIIPHUX MEXaHI3MIB BIUIMBY HU3bKOIHTEHCHBHOTO JIA3€PHOTO
BunpominoBants (HIJIB) mIMpoKoro 9acTroTHOro [iama3oHy Ha Oi0JoridHi 00’€KTH J03BOJISIE€ 3 SCYBaTH
npobaeMy nma3zepHoi GOTOMOIYIIIIT Ha PiBHI MPUPOTHIX O10JOTIYHHX MEMOpaH Ta IX MOJCITBFHIX aHAJIOTIB.
Merta po6oru. BusBieHHS MONeKyIsIpHHX Ta (i3MYHHX MexaHi3MmiB BBy HIJIB mmpokoro 4acToTHOTO
Jiarma3oHy Ha 610JI0TiuHI 00'€KTH PI3HOTO PIBHS CKIIAJHOCTI.

Martepiaan Ta Mmetoau. O6’€KTH TOCTIKEHHS: OMHOKITITHHHI OPTaHi3Mu S. Cerevisiae, KOHIEHTpAIlis KITiTHH B
3pasky 18x10%; momenbHi simigni MeMOpanu 3 cyminn (GocaTUANMIXONIHY Ta KapAioJiliHy 3 Pi3HMM BMiCTOM
kommoHeHT (10%, 20% Ta 40% kap[iofimiHy), IO MOJCIIOE MMOBEPXHEBI CICKTPUYHI BIACTUBOCTI JIIMiTHHX
moJeneld. CrekTpooToOMETpUYHE JOCIIHKEHHS [IEPepOo3II0oALTY 3aps/1iB Ha KIITHHHII MOBEpXHI 31HCHIOBAIH 3
BUKOPHUCTAaHHSIM OapBHMKAa OpPOMTHMOJIOBOTO CHHBOr0. KOMIIIEKCOYTBOPEHHSI LUTOXPOMY € 3 MOJIEJIbHUMH
MeMOpaHaMHu TTOCIIDKYBalH CHEeKTpodoToMeTprndHO Ha noBxHHI XBmii cMmyru Cope (405-410 am). Brums
HU3BKOIHTEHCHBHOTO JIA3€PHOTO BHUIIPOMIHIOBaHHS 3 JOBKHMHOIO XBWJII Ta MIUTBHICTIO IOTYXKHOCTI, BIAIIOBIIHO:
337 1M, 2,8 MB1/cM?; 532 1M, 9,5 MB1/cm?; 70,5 Mxm, 10,0 MBT/cM? Ha KITITUHHY IIOBEPXHIO APIKIKIB; 632,8 HM,
5,1 MB1/cM? Ha nimocomu 3 Pi3HUM OLTOK-JIITITHAM CKIIAZOM.

Pesyapratn. HIJIB mmpokoro 4acTOTHOrO JMiana3oHy CHPUYHMHSE 3MIiHY TIOBEPXHEBHX EJIEKTPHIHUX
BJIACTHBOCTEH KIITHH S. Cerevisiae, a came, mepeposnoiij MOBEPXHEBUX 3apsiB KIITHUHHOI MeMOpaHH, sK
HACITIZIOK PEECTPYETHCS 3MiHA TOBEPXHEBOr0 MEMOpPaHHOrO MoTeHMmiany. ONpoMiHCHHS 3pa3KiB MOJCIbHHX
JMiJHAX MeMOpaH refiii-HEOHOBUM JIa3epOM MPU3BOJMTH JI0 3MiHHM MIOBEPXHEBHX XapaKTEPHCTHK JIIOCOM, IO
BILUIMBA€E Ha KIHETUYHI ITapaMeTpy YTBOPEHHs OLITOK-JIIMITHUX KOMILIEKCIB 32 y4acTIO IIMTOXpoMa C.

BucHoBkH. MileHHIO nporieciB JiazepHol (HoToMOyIsLil € moBepxHs 0iojoriuHoi MeMOpaHH SIK IPUPOJHUX
KJIITHH, Ha NPUKJIAAI KIITHH APDKIKIB, TaK 1 MOJEIBHUX JIINIAHUX MeMOpaH 3 cyMii GocdomimniiiB 3 pisHUM
BMICTOM KOMITOHEHT. CTBOpEHHS IIMiTHUX MOJENel, 3a OUTKOBHM Ta JIMIIHUM CKIAIOM HAOIMKEHHX IO
MPUPOAHUX MEMOpaH, JT03BOJISIE B MOJIENI Mepea0aYnTH peakiito KIITHHHNX MeMOpaH Ha nito HIJIB, 3po3ymiti
MOJICKYJISIPHI MEXaHi3MH IMPOIIECiB Ja3epHOi (POTOMOIYIIALIII.

Sk muryBatu: CiueBceka JIB, OscsanikoBa TM, Koanenko AO, 3abenina IA, Jlesuenko OM,
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KJIOYOBI CJIOBA: HH3bKOIHTCHCHBHE JIa3epHE BHIIPOMIHIOBAHHS, KIITHHH S. Cerevisiae; mimocomu;
MeMOpaHHUI MOTEHITia; OUTOK-JIMiTHI B3aEMOIIi; IIUTOXPOM ¢; KapAioimiH; pochaTHIUIXOTIH.

dortobiomonynmoya ePeKTUBHICTh HU3BKOIHTEHCUBHOTO J1a3€PHOTO BHUIIPOMIHIOBAHHS
(HUUIB) B mmpoxomy jiana3oHi JOBXKHH XBHIIb HA CHOTOJIHI JOCTIKYEThCS Ha PI3HUX PIBHIX
oprauizaiii »KMBOrO: Ha MPHKJIAAi OAHOKIITHHHHX opranismiB [1, 2], kymeTyp kmitua [3],
KJIITUH KpoBi [4, 5] Ta Ha kimiTHHHUX opraHenax [6—8]. JlasepHe BUIPOMIHIOBaHHS HH3BKOT
MOTY)KHOCTI Ma€ BEJMKI MOTEHIIIHHI MOXXJIMBOCTI B SKOCTI peryisropa (i3iojJoriyHux Ta
MeTabOoIYHUX MPOIIECIB B 010JIOTIYHUX 00’€KTax 1 HA JaHWH Yac IMHUPOKO 3aCTOCOBYETHCS B
rany3sx Oiosorii Ta memuimuad [9-11]. JloCmimKeHHS MOJCKYISPHUX MEXaHI3MIiB BILUIUBY
Ja3epHOTO0 BUIPOMIHIOBaHHSA Ha O010JIOTi4HI O0’€KTH O3BOJWIA OTPUMATH MEPCHEKTHBHE
pileHHs MpoOJeMU ChOTOJICHHSI — JOCTABKH JIIKIB 3 MOJOJaHHSAM MPUPOIHUX O10JIOTTUHHUX
6ap’epiB [12]. HoBiTHI TexHOJIOril BUKOPHUCTAHHS JIA3EPHOTO BUIIPOMIHIOBAHHS J03BOJISIOThH
JOCSITTH a1’ FOBAaHTHOTO e(DEKTY, IKUI HA3UBAIOTh «Ia3epHUM a1 toBaHToM» [13, 14]. 3 orssiay
Ha pe3yJbTaTH HAyKOBHUX JOCITiKeHb OionoriuHa edekxtuBHicth HUJIB rpyHTyeThCS Ha
doToTepMiuHiii il BUPOMIHIOBaHHS 3a PaXyHOK IEPETBOPEHHs eHeprii (oToHIB B Temio [15]
Ta mposBy (otoximigHoro edekry [3, 16] mazepHoro BumpomiHroBaHHSA. CydacHi HayKOBI
rinore3u [17, 18] moB’s3yt0Th Oionoriuny edekrtuBHicTs HIJIB 13 3amyckoM MoJIeKyIsIpHUX
peakIiiii B KJIITHHAX 3a Y4acTI0O €HJOreHHUX (oTroceHcmOimizaropiB. Peakuis OiomoridyHux
00’exTiB Ha aito HIJIB pi3HuX 4acTOTHUX Jiana3oHIB 3a0€3MeUyeThCsl HASIBHICTIO B CTPYKTYpI
KIITHHHUX MeMOpaH crienudigHux (HOTOaKIENTOPIiB TAKUX SIK TOP(ipUHH, OTICHHY, (praBiHH i
¢dmnaBomporeinn [12]. OpnHak, MOJEKyIsApHI MeXaHi3MU Ja3epHOro epekry Ha piBHI
6i00TiYHMX MEeMOpaH Ha ChOTOIHIIIHIN JEHb HE MAIOTh BUUEPITHOTO MOSICHEHHS. 3pO3yMiTH,
SAKUM YHHOM KIITHHHI CTPYKTYpPHU BHUCTYMAIOTh MIIIEHSAMU IMPU 3aCTOCYBaHHI JIa3e€pHOTO
BUIIPOMIHIOBaHHS, MOXJIMBO 3 BUBYeHH:M i1 HIJIB in vitro Ha pi3Hi MeMOpaHHi CTPYKTYpH, Y
TOMY YHCII, 13 3aCTOCYBaHHSM MOJICIbHHX CHCTEM JIMiAHUX MeMOpaH, fKi 3a XIMIYHUM
CKJIa/IOM MaKCHMaJIbHO HAOJMXKeH1 A0 MPUPOAHUX OlomMeMOpaH, HalpuKiaa, epUTPOLUTIB 1
MITOXOH/IpiH, IO MOJEIIOIOTHCS JIMIAHUMU MeMOpaHamMu 3 BMICTOM (ochaTuIuIXoiHy Ta
KapIi0JIiIIiHY.

MATEPIAJIU TA METOAHN

3 METOI0 JOCTIIKEHHS KIIITUHHUX €(PEKTIB 32 YMOB BIUIMBY JIa3€PHOTO BUIIPOMIHIOBAHHS
BUKOPUCTOBYBAIM KYJIbTYPY OIHOKIITHHHHX OpraHi3MmiB S. cerevisiae. PoOouwmii po3umH
KIITUH OTpuMyBaiu 3 1% cycnensii apikKiB, Tpudl BIAMUTUX (Hi310JIOTIYHUM PO3YHMHOM
nusixoMm nentpudyrysanaa npu 1500 o6/xB mpotsirom 10 XB Ta pecycrneqoBaHux y 8 mi
po3unny SMM Ttpuc- HCI 6ydepa (pH 7,4). KinneBa KOHIIEHTpallist KIIITHH B JOCHIPKyBaHOMY
3pasKy craHoBmia 18x108 kmiTum.

JlocnikeHHsT CTPYKTYpPHHUX 3MIH KIITHHHOI TOBEPXHI OIPOMIHEHUX JIPLKIKIB
3MIHCHIOBAIM 3a JOMOMOror OapBHHKa — OpomtumoinioBoro cunboro (BTC). PoGoua
koHnentpanist BTC B 5 MM po3unni Tpuc HC1 6ydepa (pH 7,4) cranosuina 0,1 MM. Taky0artito
KJIITHH 3 aJIIKBOTOIO OapBHUKA B IHTEpBaJIi KOHIEHTpalii 1,6—16 MxM 31iiicHIOBa M POTATOM
15 XBUIMH 3 AOTPUMAaHHSIM TemnepaTypHux ymoB 25 °C. BMicT BUIbHOT0 OapBHUKA BU3HAYAIN
y Hajgocaal micias UeHTpudyryBaHHs 3paskiB mpotsrom 10 xB mpu 1500 006/xB.
CnextpogoToMeTprUYHE TOCIIDKEHHS HAa0caay 3IMCHIOBAIM Ha JOBXHUHI XBUJl 615 HM.
Po3paxyHok KOHIIEHTpallii BUTbHOTO OapBHUKA 3]iHCHIOBAIN 3a Gopmyioro (1) Ta 3a taHUMHU
KOHIEHTpaliiHoi rpanytoBaibHOi 3anexHocTi bTC (2,5+20 MmxM):

CoD
Cy =37 (1)
ne: Do — onTuuHa minbHICTh po3unHy OapBHUKA KOHIEHTpawii Co; Df — onTuyHa OIUIBHICT
HAJI0Caay JOCTIDKYyBaHOTO 3pa3ka; Co — moyaTkoBa KOHIICHTpaIlis OapBHUKA B 3pa3ky; Cy —
KOHIIEHTpALlisl BUIbHOTO OapBHMKA B 3pa3Ky. 3HaueHHs KoHIeHTpalii Cs; 3B’ s13aHOr0 OapBHUKA
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OTPUMYBAIIK 332 PO3PaxXyHKOBOKW Gopmynow C,, = Cy—C,. PiBHOBaxkHe 3B's13yBaHHSA BTC i3
[IEHTPOM B3a€MO/I1 Ha MOBEPXHI KIITUH JPIK/PKIB aHATI3yBaJIM B paMKax aJcopOIiitHOi Teopii
Jlenrmropa [19].

MogentoBaHHsl  MOBEPXHEBUX  BJIACTUBOCTEH  JMITHUX MeMOpaH  3iHCHIOBAJIN
JIOJIaBaHHSAM B CyMill JimigiB aHioHHOro (ocdominiay kapaiomiminy. MonaenbHi JTimigHi
mMeMOpaHu GopMmyBanu i3 cymimi minifiB: ¢ocharunmixoniny (PX) ta kapaioniminy (KJI) 3
PI3HUM BMICTOM KOMITOHEHT. B SIKOCT1 BUX1IHUX PO3YMHIB BUKOpUCTOBYBaiH 10% eTaHONBHUI
po3unH docharuamnxominy (Sigma) (100 mr/mi), 0,5% eraHONBHUN PO3YUH KapIiONiMmiHY
(Sigma) (5 mr/mur). Cymimi JimiaiB 1uist GopMyBaHHS JIIMTOCOM MaJId HACTYITHUH CKJIaJl; PO3YHH
docharuannxoniny (OX), po3unn pocharuaniaxomniny 3 BMicroM kapaiomininy 10%, 20% Ta
40% (OX+KII10%, OX+KI120%, ©X+KJ140%). MonenbHi JinigHi MeMOpaHu OTPUMYBAIU
METO/IOM 1HXKEeKIii 3a mocTiiHuX Temmneparypaux ymoB (T=25°C) [20, 21]. Hdiamerp mimigHux
BE3HMKYJ KOHTPOJIOBAJIM METOJIOM CBiTJIOpo3citoBaHHs [22]. Cepeaniil aiamerp JimigHUX
Be3ukyl cranoBuB 100 HM. KiHmeBa KOHIIEHTpAITis JTiMiAiB B TOCTKYBaHUX 3pa3Kax JiIOCOM
cranoBmwia 0,5 MM.

KomrutekcoyrBopenns muroxpomy ¢ (Lut C) 3 MoIenpHUMHU JiMiJHUMH MeMOpaHaMHU
TOCTiKyBanu  cnekTpodoTromerpuuHo Ha  crnektpodoromerpi  HitachiU-3210, B
tepMocTaToBaHux KroBeTax 10x10 mm Ha moBxkuHi xBwin cmyru Cope 405410 am. Poboua
KOHIEHTpallisd po3uuHy Oinka ctaHoBuia 1 MkM. KiHeTH4Hi 3alneXHOCTI 3MiHHM ONTHYHOT
mieHOCTI ut C B po3unHi Ta mpu #oro B3aeMoil 3 MOACIHHUMU JIIITHUMU MeMOpaHaMu
OMKCYBaIH PIBHAHHAM [23]:

D/Dy = Aje 1t + Aje ket 2)

ne Dy, D — nornmHaHHA CBIT/Ia HUTOXPOMOM ¢ B OydepHOMY PO3UUHi Ta B CyCHEH3ii JIIMocoM,
BiNOBiHO; A1, A, — aMIuriTyau KiHeTnuHux 1 Ta 2 ¢a3, BiAnoBiaHO; kq, k, — KiHETHYHI
KoHCcTaHTH. KiHeTHYHI mMmapaMeTpyu BHU3HAYAIM 3 3aCTOCYBaHHSM METOAY HAHMEHIINX
KBaJIpaTiB.

JlazepHe ompoMiHEHHsSI 3pa3KiB KIITHH JPULKIKIB B yJIbTpadioieTOBOMY Jiana3oHi
3MIACHIOBANTM  IMIYJABCHUM  a30THUM JazepoM (A =337 HM), cepeAHs TMOTYXHICTh
BUNIPOMiHIOBAaHHS 5 MBT, IIUIBHICT TOTYXHOCTI ~ BHOpoOMiHIOBaHHA 2,8 MBT/cM?.
OnpoMiHEeHHS 3 JOBXKHUHOIO XBWIl A=532 HM (3eneHa OO0JIacTh CHEKTPY) 3A1HCHIOBAIN
TBEpIOTIILHUM JlazepoM Ttuny DPSS  (BupoObnuk Kwuraii), cepeqHss MNOTYXHICTb
punpominioBanas 20 MBT, IMiNBHICTE TIOTYKHOCTi  BHOpOMiHIOBaHHA 9,5 MBT/cM?.
OnpoMiHeHHs 3pa3KiB KIITHH B CyOMLUIIMETpPOBOMY JAiama3oHi 3/ilCHIOBAN Oe3mepepBHUM
CO2-mazepom (A =70,5MKkM), cepelHsS TOTYXKHICTh BHUNpOMiHIOBaHHs 20 MBT, IIUTBHICTH
TIOTYKHOCTI BUTIpOMiHIOBaHHS 9,2 MBT/cM?. ToBIIMHA MIapy ONPOMiHIOBAHOI CyCTeH3il KIiTHH
cTaHoBMJa 1 MM, yac ornpoMiHeHHs 3pa3kiB 10 XBUINH.

JlazepHe OMpPOMIHEHHS 3pa3KiB MOJAEIbHHUX JINOCOMAJIbHUX MEMOpaH Ta PpO3YMHIB
muToxXpoMy ¢ 3midicHioBamm  He-Ne  mazepom  A=632,8 HM, cepenHsS  MOTYXHICTh
BUMPOMiHIOBaHHS | MBT, IIiNbHICTH MOTYXHOCTI BUnpoMintoBanHS 5,1 MB1/cm2. ToBimHa
mapy OImpoMIHIOBAaHOT CyCIIeH3ii JIIMOCOM cTaHOBWIA 1 MM.

CratuctnyHa oOpoOka JaHUX 3JIHCHIOBAJIAcs 13 3aCTOCYBaHHSM IMPOTPaMHOTO MaKeTy
Amnani3z nannx MS Exsel. Pesynpratit B Tabmuii 1 mpencTaBieHi K cepenHe £ JOBIpUHi
inrepBan. Jlocroipuicte anpokcuMmamnii (R) excrnepumenrtansHux ganux  (Puc. 2, 3)
BiAMOBiHOW yHKITE (2) ckinagana He MeHie 0,9 (N=3).

PE3YJbTATHU TA OBI'OBOPEHHS
Brus HIJIB Ha 6100’€kTH, 30KpeMa, Ha KIITUHU YU KIITUHHI OpraHenu, MnepeayciMm,
CIPUYUHSE 3MIHY BJIACTUBOCTEH X MEMOpaHHOI MOBEPXH1, BHACIIIJOK YOTO 1HIIIIIOETHCSI HU3KA
nepedy 0B MDKMOJIEKYJSIPHUX B3a€EMOJINA, IO MNPU3BOAUTH JIO 3MiHM IOBEPXHEBOIO
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MeMOpaHHOro MOoTeHIiany. Bimomo, 1m0 moBepXHEBU MeMOpaHHWN TOTEHINAT KJIITHHU €
BOXIUBUM (i3UKO-XIMIYHUM YMHHUKOM JUIs 3a0€3MeueHHs] TaKUX IapamerpiB 010J0Ti4HOI
AKTHUBHOCTI, IK CTIMKICTh KJIITHHH A0 Ai1 P13nyHuX (HaKTOPiB, aKTUBAIIISA KIIITHHH, MIXKKJIITHHHI
B3aemoJii Ta iniie [24, 25].

3 MeTOor0 BUSBJICHHS MEXaHI3MIB BIUIUBY JIa3€PHOIO BUIIPOMIHIOBAaHHS Ha MOBEPXHIO
KIITHHHOT MEeMOpaHU EeKCIIEPHUMEHTAIBHO JOCIHIDKYBAJIM OCOOJMBOCTI B3a€EMOAIl aHIOHHOTO
6apHuka bTC 3 kiTHHAMEU APDKHKIB, OPOMIHEHUMH B IOCIKYBaHOMY JTiania3oHi JOBXKHH
xBwib. Ilepeposmonin anioHHOro OapBHUKAa Ha OiojoriuHiii MemOpaHi € YyTJIMBUM
MOKKYMKOM CTPYKTYPHHUX TepeOya0B MOBEPXHI KIITHHU 32 YMOB Jii (DI3WYHUX YMHHHKIB 1
Ja3epHOTO BUNPOMIHIOBaHHS, 30kpeMa. OcobmuBocTi XimiuHoi OymoBu Mmonekynn BTC
OB’ s13aH1 3 HASBHICTIO BiJl’€MHOTO 3apsiay Ta BeduKoi riapodobHoi nosepxHi. EQexTuBHICTH
B3aeMoJii OapBHHMKAa 3 0iOMEMOpPAHOI0 BU3HAYAETHCS PO3MOALIOM IOJNAPHUX TPym Ha ii
MOBEPXHI, Ta BCTAHOBJCHHSIM NEPBUHHHUX EJIEKTPOCTATUYHUX KOHTAaKkTiB. HasBHICTH
rizpodoo6noi yactiuau Monekymu bTC 3a0e3nedye Horo 31aTHICTD 10 B3a€MO/II1 3 HETIOISAPHOIO
MOBEPXHEI0 MeMOpaHU. 3aBISKH CBOIM CTPYKTYPHHM OCOOJIMBOCTAM OapBHUK HE 3/aTHUM
IIIMOOKO MPOHUKATH B JinigHUK Oimmap, a anionHa rpyna moiekynu BTC 3amumaerbcs Ha
MeMOpaHHii oBepxHi [26, 27]. 3a 0cOOIMBOCTIMU MOJEKYIAPHOi Oy/IOBU KIIITUHHA CTIHKA
S. cerevisiae pO3TNAMAETBCS K MOIYJIBHO-pEIiTYaTa CTPYKTypa 3 JOBOJI BEIMKHMHU
OTBOpaMH, 4epe3 Kl MOXYTh AUPYHAYBATH MoJeKynu pizHoro tumy [28]. [IpoHUKHICTH
KJIITHHHOI CTIHKA OOMEXYEThCS MOJIEKYJIaMH 3 T1IPOJMHAMIYHIM pajaiycom a0 5,8 um [29, 30].
KniTuHHa CTIHKA THYYKO B3a€MOJI€ 3 IIa3MaTHYHOI MeMOpaHoro. Came Taki 0COOJIMBOCTI
OyZ0BM KIIITUHHOI MOBEpPXHI 3a0€3MeUyIOTh BaXUIMBI TPAHCTIOPTHI (DYHKIII APLKIKIB, SKI
MOB’sI3aH1 3 MEpEeHeceHHIM 10HIB cunepodopamu. 3 orisay Ha (i3UKO-XIMIUHI BIACTUBOCTI
BTC Tta mpocTopoBY CTPYKTYpy KIITHHHOI CTIHKH CIIiJ] epeadauynTH, 10 KiHIEBa TOYKA
copOuii 6apBHUKA € TUIa3MaTHYHA MeMOpaHa S. cerevisiae.

XapakTep nepepo3noAlly aHlIOHHOro OapBHHMKA Ha KJIITHHHIM MeMOpaHi BH3HAYa€ThCS
IIJTBHICTIO 3apsAiB TNPOTHJIEKHOIO 3HAaKy Ha I TOBEpXHI, L€ /03BOJIAE OIUCATU
KOHUEHTPALIHHUI pO3I0/IiJ1 aHIOHY Ha MeMOpaHi CTAaTUCTUYHUM piBHAHHAM bonbimana:

—Z
Cy = Coexp——= 3)

ne Cy, C, — 3araibHa KOHIIEHTpAIlis Ta KOHIIEHTpAIlisl 3B’s13aHOTO JIiraHaa, BiAMOBiAHO, Z —
3apsii MOJIEKYJIH JIiraH/a, € — eJIeMEHTapHUH 3aps, (¢ — MOTEeHIliall Ha MeXi po3noaity ¢as,
K — crana bonpnmana.

3MIHM JIOKaJIbHOI KOHLIEHTpalii OapBHMKAa B NpPHUMEMOpaHHOMY IIapi BU3HAYAIOThCS
BEJIMYMHOI IIOBEPXHEBOTO MEMOpaHHOro TmoTeHUiany. EnekTpuyHi XapakTepUCTHKHU
MeMOpaHHOI MOBEpPXHI BIUIMBAIOTh Ha €(EeKTUBHICTH (HOpMyBaHHS JIraHJ-pelENTOPHUX
koMmIuiekciB 3a yudacTio BTC Ta Ha KOHCTaHTy acouialii IMX KOMIUIEKCIB. 3 OIJIsiAy Ha
0COOJIMBOCTI €EKTPOCTATUYHUX B3a€MO/IIH 3a y4acTro OapBHHUKA MOYKHA MPHUITYCTUTH:

Ko = Keexp =22 (@)
ne KQ — xoHcTanTa 3B'13yBaHHs IS He3apsKeHoi MeMOpaHu, K, — KOHCTaHTa yTBOPEHHS
JraH-pelenTOPHUX KOMILJIEKCIB Ha 3apspkeHid MemOpani. [ JBOX CTaHIB KIITHHHOI
MeMOpaHU, HEONPOMIHEHI KIITUHM Ta KIITUHU  ONPOMIHEHI  eJleKTPOMAarHiTHUM
BUIIPOMIHIOBaHHM, OYAyTh XapaKTepH1 BIANOBIIHI KOHCTaHTH acouianii K1 1a K, {1t aBox
PI3HUX 3HAUYEHb MOBEPXHEBHUX MOTEHIIATIB (1 (HEONPOMIHEHUN KOHTPOJIb) 1 2 (ONPOMiHEHUI
3pa3ok) Oyjie BUKOHYBATHUCS CITIBBIIHOIICHHS:

Kar _ 5y 2880 (5)

Ap =1 —p2 =5 Iny— (6)
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Puc. 1. 3B's13yBaHHA OPOMTHUMOJIOBOTO CHHBOTO ITa3MaTHYHUMK MeMOpaHaMH JPKIKIB 32 yMOB [l JTa3epHOTO
BHIIPOMIHIOBaHHS: | — HEONpoMiHEeHUH KOHTpoIb; 2 — 337 uM; 3 — 532 uM; 4 — 70,5 MxM.

Fig. 1. Binding of bromothymol blue by plasma membranes of yeast under the conditions of laser radiation: 1
— non-irradiated control; 2 — 337 nm; 3 — 532 nm; 4 — 70.5 pum.

[Tapamerpu nirang-peuentopHoi B3aemonii BTC Busnauanu 3a Meromom Ckeruapnaa 13
eKCIepUMEHTAIbHUX 3aJISKHOCTEN TUTpYBaHHA OapBHHKOM cycnensii kit (Puc. 1). Byno
BUSIBJIEHO 3MIHY MapameTpiB KomiuiekcoyTBopeHHss BTC 3 ompoMiHEHMMH KIITHHaMu B
JOCTIKyBaHOMY Jiana3oHi qoBxuH XBuib (Puc. 1).

BusiBnena 3aranbHa TEHIEHINS BIUIMBY JIQ3€PHOTO BHUIPOMIHIOBAaHHS Ha ITOBEPXHIO
KJIITUHHOI MeMOpaHH B HIMPOKOMY Jiala3oHi JOBXHH XBMJIb: ONPOMIHEHHS CIPHUYUHSE
3MEHIIICHHS KOHCTAHTH 3B’SI3YBaHHsS Ta 3POCTAHHS YMCIA IEHTPIB copOiii OapBHHKA 3
MOBEPXHEI0 KJIITUH BIJHOCHO HeonmpoMiHeHOro koHTpoito (Tabm. 1). 3 orsany Ha Oinblry
NOTY)KHICTh BUIIPOMIHIOBAaHHSI 3HAUyIlll 3MIHM MapaMeTpiB KOMIUIEKCOYTBOPEHHS BHUSBIIEHI
npu onpomineHHi kiaiTuH HIJIB 3 noBxkuHOI0 XBUITi 532 HM: BCTaHOBJIEHO 3pOCTaHHS KUTBKOCTI
LEHTPIB 3B’s13yBaHHs OapBHUKA 3 KIITHHOW (N, MKM) y 2,5 pa3u Ta 3MEHIIEHHsS] KOHCTaHTH
38’ a3yBanHs (Ke, Mosb™t) y 2 pasu, y HOpiBHAHHI 3 HEONPOMiHEHUM KOHTPOIIEM.

Po3paxoBana 3a BCTaHOBJIIEHHMH IapaMeTpamMH KOMIUIEKCOYTBOpPEHHS OapBHMKa 3MiHa
MeMOpPaHHOTO TOTEHIIaly BKa3ye Ha 3POCTaHHSA aOCONIOTHOI BEIMYMHHM TOBEPXHEBOI'O
MOTEHITaTy i BIUIMBOM JIa3€PHOTO OMPOMIHEHHS TOCTIKYBAHOTO J1ana30Hy TIOBXUH XBHJIb
BITHOCHO HEONPOMIHEHOro KOHTpojro. HaiOinpmn 3Hauymi 3MiHM JAHOTO ITOKa3HHKa
BCTAHOBJICHI JIJIsI JIA3€PHOT0 OMPOMIHEHHS 3 TOBXKHHOK XBHI A=532 HM (A = -0,77).

Yrpumanss anionHoro 6apsHuka BTC Ha moBepxHi MeMOpaHU 311HCHIOETHCA, B MEPILY
4epry, 3a paxyHOK EJEKTPOCTaTUYHUX B3aeMOMAiIM. BmimB nazepHOTO BUIPOMIHIOBAHHS
Moaudikye MeMOpaHHY TOBEpPXHIO KIITHUHM Ta BIUIMBA€ Ha EHEPreTHYHI MapaMeTpu
KOMIUIEKCOYTBOPEHHSI Ha 1ii MOBEpXHi. 3a pe3yibTaTaMU EKCIEPUMEHTAIbHUX JaHUX
po3paxoBaHa BeIMUYWHA 3MIHU BiIbHOI eHeprii (AG) B3aeMoii, sika 3HAXOAUTHCS B IHTEpBai
3HaveHb -21,97 k/[x/monp+-20,08 k/[)/Monp Ta BKa3zye Ha BUCOKY CIIOPiIHEHICTh aHIHHOTO
OapBHHKA J10 610J0TTYHUX MEMOpaH.
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Tabmmms 1. [Tapamerpu xoMiuiekcoyTBopeHHs BT C 3 moBepxHEe0 KIIITHHHIX MEMOpaH JpiXDKIiB Ta po3paxoBaHi
BEIMYMHMA 3MiHM BiIbHOI eHeprii 3B’sA3yBaHHS i 3MiHM MEMOPAaHHOTO IIOTEHIialy 3a yYMOB Mii JIa3epHOTO
BUTIPOMIHIOBAHHSI.

Table 1. Parameters of complex formation of BTS with the surface of cell membranes of yeasts and calculated
values of changes in free energy of binding and changes in membrane potential under the conditions of laser
radiation.

K¢x10* monp™ N, MkM AG, xJI>x/MoIb Ao, MB
KonTposnb 6,7+0,3 5,21£0,26 --- ---
A =337 um 5,93+0,29 7,4+0,4* -21,66 -0,13
A =532 am 3,16+0,16* 13,040,7** -20,08 -0,77
A =70,5 MKkM 3,81+0,19* 7,4+0,4* -20,11 -0,56

* — p < 0,05 BiZTHOCHO HEOTIPOMIHEHOTO KOHTPOIIIO;

** — p <0,01 BIZHOCHO HEOTIPOMIHEHOTO KOHTPOITIO

3a pe3ynabTaTaMH TIPEACTABICHUX EKCIIEPUMEHTAIBPHUX JOCHTIKEHb ITOKa3aHo, IO
MeMOpaHHa IOBEPXHS KIITHH S. Cerevisiae pearye Ha [il0 Ja3epHOr0 BUIPOMIHIOBAHHS
HIMPOKOT'0 YACTOTHOTO JIialma30Hy 3MiHOIO TOBEPXHEBUX €ICKTPUYHUX BIACTHBOCTEH. 3 OTIISATY
Ha OUIBIIY MOTY>KHICTh BUTIPOMIHIOBAaHHSI MAKCUMAaJIbHUI €(EKT CIIOCTEePIraeThCs Il BILTUBOM
HUIB 3 nosxuHoro xBuimi 532 aM. OTpuMaHi HAMU €KCIIEpUMEHTANbHI JJaHI He Cylepedyarhb
CYy4acHUM HayKOBHUM JIOCIIPKEHHSM, 100 CTPECOBOTO BIUIMBY BHJIMMOIO CBITJIa HA KIITUHU
[31]. [IpurHiueHHs qUXAIbHOT aKTHBHOCT] ONITHYHUM BUIIPOMIHIOBaHHSM CHHBOT'O Ta 3€JICHOTO
CHEKTPAJIbHOTO [l1ana30HIB BUSABJICHE B KIITHHAX S. cerevisiae [32]. Takox aBTopamu [33]
BCTAHOBJICHO J10303aJIe)KHE MTPUTHIUYEHHS MOAUTY KYJIbTYp KITHH IPKIKIB B TorapuMidHIld
¢a3i pocTy B pe3ynbTaTi X ONPOMIHEHHS BUJUMHM CBITJIOM B IIMPOKOMY IHTEpBali 103
0-140 JIx/cm?. Tlonepenni nocmimkenns [2] cBimgaTh mpo nepebyaoBy KIITHHHOT MEMOpaHH
S.cerevisiae mijg BIUIMBOM JIa3epHOTO BHUIPOMIHIOBaHHS JBOX()OTOHHOTO 30YIKECHHS
ONTUYHOTO J1afa3oHy, BUSBIEHI €(QEKTH OB A3YyIOTbCS 3 aKTHUBAIllEl0 IPOLECIB
(OTOOKHCIIEHHS! B KIITUHHUX MeMOpaHax. Peakiii KJIITHH Ha BHJUME BHUIIPOMIHIOBAHHS
pPEeryJIoI0ThCs, TEpeBaXHO, mpupoaHumu ¢dotoceHcudmizatopamu. [lpoTte, y KIiTUH
S. cerevisiae Ha BiOMiHY BiA 0aratboX IHIIUX OJHOKIITHHHUX OpraHi3MiB, BIJICYTHI
¢doTopenenTopy BUITPOMIHIOBAHHS ONTHUYHOTO JI1ala30HY TakKi IK KpUITOXPOMH, CXUTOXPOMH,
ponorncuHu [34], oKkpiM IIUTOXPOMIB. 3apeecTpoBaHEe MPHUTHIYEHHS IUXalbHOI aKTUBHOCTI
KJIITUH JPDKIDKIB BHAMMHM BHUIIPOMIHIOBAHHSIM HHM3bKOI IHTEHCHBHOCTI BiIOYBa€ThCS 3a
paxyHOK (OTOMOIIKO/PKEHHSI ~MITOXOHJpiaJlbHUX MeMOpaH 3a y4yacTi eHJOTeHHHUX
doTtocencubuTIzaTOpiB 1IUTOXpOMiB [32]. Takox KITHHH S. cerevisiae 37aTHI CHpUUMATH
BUMME CBITJIO Yepe3 epoKcrucoManbHy ¢uiaBiHoOBMICHY alm-KoA-okcuiasy, GoToakTuBaris
SIKOT CYTIPOBOJIKYETHCS TEHEPAITI€I0 MIEPEKUCY BOTHIO, IO i 3aMyCKa€e B KIIITHHAX CUTHAJIBHUN
Kackaj peakuiit [35]. 3 Monekyn mepekucy BOIHIO B MPUCYTHOCTI 10HIB METalliB 3MiHHOT
BaJICHTHOCTI (3aJ1i3a, MiJll, MapraHIio Ta iH.) yTBOPIOIOTHCS peakiiiHi IIpOKCUIbHI paJnuKaiy,
SK1 37aTHI MOCHIIOBATH OKHCIIOBAIbHI MPOIECH B MeMOpaHHUX nimigax. Lle mae migcraBu
NPUITYCTUTH, 110 (OTOMOIIKOKEHHSI KIITHHHOI MeMOpaHM JApPDKIKIB  1HIIIOETHCS
HiZBUIIEHHAM KOHIEHTpalii MEepOKCHUIY BOJHIO Ta CIPUYUHSAE AaKTHBAIII0 TPOIECIB
MEePEKUCHOTO OKUCIICHHS JIIMIIIB. 3 OTJIS Y Ha 1€ aBTOPU MPHUITYCKAIOTh, 1110 BUSBIICHA Ja3epHa
(doromMoayALi KINITUHHOI MOBEPXHI JAOCIIPKYBAHUM BUIIPOMIHIOBAHHSM 3 JIOBXKUHOIO XBHJI
532 BM € OaraTocTaJiiHHUM TIPOLIECOM, 3 OJHOTO OOKYy, IHINIMOBAaHUM €HIOTEHHUMH
doToceHcubiTi3aTOpamMy, sIKi MPHUCYTHI B KIITHHAX S.CErevisiae i 30kpeMa, MOJEKYJIaMH
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ut C, 3 iHmoro 00Ky, (oToakTHBAIli€l0 MEpPOKCHCOMaANbHOI (uraBiHOBMICHOI aruia-KoA-
OKCHJIa3! 3 HACIIIKaMU pO3ropTaHHs (POTOOKUCIICHHS B JiMiAHIN (a3l KIIITHHHUX MeMOpaH.
Hamri pesynbraté Ta momepenHi NMPUIYIIEHHS MIOJ0 POJi 010J0TiuHOT MeMOpaHH—HE
cymepedarb 3araibHii mozeni Qoromonymsauii kiituH HUIB. Knituaai 1 cyOkmiTHHHI
MeMOpaHH € TOJJOBHUMH MIIICHAMU 1HIIiaIii ¢oToMOay Al HA PiBHI KIITHHHOTO OpraHi3My
[36, 37]. Bionoriuna epexrupnicts HIJIB nanoro nianasony, gociipKyBaHa Ha KJIITHHAX KPOBI
JIFOIMHU, TTOB’SI3Y€ThCS 3 aKTUBAIIEI0 €HIOTCHHUX (POTOCCHCHOITI3aTopiB B eputporurax [36]
Ta, K HACIIJJOK, TOIIKOKEHHSIM PEOJIOTIYHUX BJIIACTUBOCTEH epuUTPOIUTIB. biocTumyioroua
nis HIJIB 3 noBxxuHO0 XBWI 589 HM Ha KiiTHHH JIMQPOIUTIB [37] IPOSIBISIETHCS B 3pOCTaHH1
MIBUJKOCTI TOJUTY KIITHH 31 3pOCTaHHSM KOHLEHTpauii BHYTpiIHbOKTITUHHOI AT®, B
pe3ynbTaTi GOTOMOIYIIALIT MITOXOHAPIATIEHUX MEMOpPAH B KIITHHAX JIIM(OIIHTIB.
BukopucTanHs JiocoMalbHUX MEMOpaH, SIK CIIPOIIICHUX MOJICIICH MTPUPOTHOT MEMOPaHH,
JTO3BOJISAE TOCIIIUTH 1 ITpoaHanizyBaru Oionoriuny epextuBHicTh HUJIB B cuctemi 3 3ananumu
MOJICKYJISIPHUM KOMITOHCHTAMH Ta BH3HAYHUTHCSA 3 IX 3HAYYIIICTIO B Ipolecax JiazepHOi
doromonynauii. JocmimkyBanucs MoaenbH1 JiniaHi MmemOpanu 3 pocorummixomniny (100%)
ta pocharuamixomniny 3 BmicToM kpamiomminy (10%, 20%, 40%). MoaemtoBaHHsI il JHOTO
ckiaay OilomemOpaH J03BOJIs€ HAONM3UTH 32 CBOIMHM XIMIYHMMHU XapaKTEPUCTUKAMU CYTO
docharuannxoninosi (PX) minocomu 10 epuTpounTapHoi MeMOpanu, Toai sk O X sinocomu
3 BMICTOM KapiOJiMiHy 3a XIMIYHMM CKJIaJI0M HaOJMKalOThCsS O BHYTPIIIHHOI MeMOpaHU
MiTOXOHApiH. B sikocTi OimkoBoro xommoHeHTy OyB obOpanmii Llut C — omumH i3 OinKiB
MUXaTbHOTO JIAHIIOTa MITOXOHIpiH. BiH Oe3nmocepenHbo Oepe y4yacTh HE JHIIE Y
(GyHKIIOHYBaHHI €JIEKTPOH-TPAHCIIOPTHOTO JIAHIIIOTA, aJie i Y IpoIlecax aronTo3y KIiTHHH ITi]T
Ji€r0 ek30- abo exporeHHUX YMHHMKIB [38, 39]. Takox BiZOMO, 110 B MPUPOIHUX YMOBaX
¢ynkuionanbHa aktuBHICTH Llut C Ha BHYTpimHIA MeMOpaHi MITOXOHJAPIH BH3HAYAETHCS
KOHIIeHTpali€eto kapaionininy [40]. 3a ymos BruiuBy He-Ne HIJIB Ha mozaenbHi Oinok-mimiani
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Puc. 2. KineTn4Hi 3a1€XKHOCTI 3MEHIIeHHS onTHYHOI miutbHOCTI LlutT C B MPHCYTHOCTI MOJAENBHUX JIIITHUX
MeMOpaH pi3HOTO CKJIaay B KOHTpoJli (A) Ta onpominennx He-Ne mazepom (B): 1 — @X; 2 — OX+KII10%; 3
— OX+KJI20%; 4 — ®X+KJ140%. Konuentparris 6inka — 1 MkM, kounenrparis gimiga — 0,5 MM.

Fig. 2. Kinetic dependences of the decrease in the optical density of Cyt C in the presence of model lipid
membranes of different composition in the control (A) and those irradiated with a He-Ne laser (B): 1 — PH; 2
— PH+CL10%; 3 — PH+CL20%; 4 — PH+CL40%. Protein concentration — 1 uM, lipid concentration —
0.5 mM.
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cucTteMu Oy JociipkeHi oco0auBocTi B3aemoii Llut C 3 minmocoManbHUMH MeMOpaHaMH
pi3HOTO docdomninigHoro CKJIany, poaHaji3oBaHi KiHeTHYHI1 napameTpu
KOMILJIEKCOYTBOPCHHSI.

Bzaemonis Llutr C 3 MoOmenbHMMH MeMOpaHAMH CYNPOBOKYETHCS 3MEHLICHHAM
MOTJIMHAHHS CBITJIa TeMOBMicHOro Ounka B cmy3i Cope, Ha aoBxuHI XBmII A=407 HM, 110
00yMOBJICHO 3MiHaMH CTPYKTYpPHOTO CTaHy remMoBoi rpynu. OTpumani B JaHiii poOoTi
eKCIIepUMEHTAIIbHI KIHETHYHI 3aJIe)KHOCT1 KOMITIeKcoyTBOpeHHsI L{ut C 3 minmocomamMu pi3HOTO
docdominigHOTO CKIaay XapaKTepU3yIOThCsS HasBHICTIO aBOX (a3 [41] mepebynoBu B
MOJIEKYJIi: IBUJIKOT KIHETHYHOI (pa3u, siKa XapaKTepu3ye 3MiHM KOH(pOopMaIIii O1JIka BHACITIIOK
fioro B3aemoii 3 gocdominizamu JinocoMaIbHUX MEMOpaH, Ta MOBUIBHOI KIHETUYHOI (a3,
sIKa 3yMOBJICHA TIOPYIICHHSIM 3B’ 513Ky MIXK TJI001HOM Ta TEMOBOIO TPYIIOHO.

HwusbkoinTencuBHe BunpoMiHioBanHs He-Ne nazepa BrumBae Ha epeKTHBHICTD B3a€MOIIT
[lut C 3 monenbHumMu MeMmOpanamu (Puc. 2, Puc. 3). 3MeHIIIEHHS TIOTJIMHAHHS T€MOBMICHOT'O
Oinka B MakcuMmyMmi cmyru Cope BCTaHOBJIEHO B IMPOIECaX KOMIUIEKCOYTBOPEHHS 3a y4acTi
0060x TuniB MeMmOpan: ®X Ta ®X+KJI micis ix onpomMiHEeHHS.

@opmyBanss Oinok-mimigaux komuiekciB Lut C 3 onpominenumu DX mimocomamu
CYIPOBOIKYIOTHCS 3MIHOIO KIHETHYHUX MapameTpiB. 3HaueHHs aMIUTiTy1u (42) Ta KOHCTAaHTH
mBUAKOCTI (K2) MOBUIBHOI KiHeTHYHOT (a3u 3MeHmwIucs B 4 ta 1,5 pasu, BIANOBITHO, Y
MOPIBHSIHHI 3 HEONMpPOMiHEHUM KoHTposieMm. [Ipote, Oinpin uytnuBumu a0 aii He-Ne nazepa
BUSIBUIIHCS JTiocoMu 3 BMicToM 40% kapuionininy. s onmpoMiHEHHX JIITOCOM i3 BMiCTOM
40% xapmioJtiniHa KiHeTH4HI apaMeTpu komruiekcoTBopeHHst (K1, ko) ut C 3a3Har0Th OinbIi
cyrreBux 3MiH (Tab:. 2). KOoHCTaHTH MIBUIKOCTI SIK IIBUJIKOT, TaK 1 MOBLUIbHOT KiIHETHYHHX (a3,
NEPEBUIIYIOTh 3HAYCHHST KOHCTAHT I HEONPOMIHEHHX JIIOCOM, a came, K1 B 8 pasis, ko B 9
pa3iB. 3MiHM KIHETUYHUX ITAPAMETPIB ISl IHIIUX TOCIIIKYBaHUX 3pa3KiB OyJIM MEHIII 3HAYYIII.

Tabmuus 2. KineTnuHi mapameTpu KomiuiekcoyTBopeHHs Llut C' 3 MOTENbHUMH JNilliTHUMHA MeMOpaHaMH B
KOHTPOJBHUX 3pa3Kax Ta ITicis onpoMineHHs JinocoM He-Ne mazepom.

Table 2. The kinetic parameters of complex formation of Cyt C with model lipid membranes in control samples
and after irradiation of liposomes with a He-Ne laser.

‘ Ar ‘ ki x1073, xB ™t ‘ Az ‘ ko, xB
KoHTposbHi JinocomMu
OX 0,960+0,009 | 6,80+0,15 0,040+0,012 | 0,780+0,025
OX+KJI10% 0,98+0,01 2,90+0,15 0,020+0,004 0,4+0,05
OX+KJ120% 0,98+0,014 5,3+0,3 0,020+0,005 | 0,75+0,025
DX+KJI40% | 0,940+0,006 | 0,85+0,05* | 0,060+0,003 | 0,090+0,005*
OnpoMiHeHi JTIMoCoOMH
dX 0,99+0,02 5,5+0,3 0,010+0,005 0,45+0,07
dX+KJI10% | 0,980+0,015 | 2,80+0,15 0,020+0,003 0,23+0,05
OX+KJ120% 0,97+0,01 4,5+0,4 0,030+0,005 0,80+0,02
OX+KJI140% | 0,970+0,007 6,5+0,4* 0,030+0,005 | 0,79+0,05*

* —p < 0,01 BiTHOCHO HEOTIPOMIHEHOT'O KOHTPOIIIO

JocnimpkyBaHi OLI0K-TiMiIHI B3a€MOJIIT CYPOBOKYIOThCS KOH(MOPMAIIHHUMU 3MiHAMHU
MaKpoOMOJIEKYJl. MOXIHBI CTPYKTYpHI TNEepeOyIOBH MPHU IIBOMY CTOCYIOTHCS SIK O1IKOBOT
YaCTUHM TeMOBMICHOTO OiJka, Tak 1 HOro reMoBOi Tpynu. YTBOpPEHHS OIOK-TMiIHUX
komruiekciB  Ilutr C 3 MopenbHMMH MemOpaHamu pizHOro (ocdominmigHoro ckiany,
onpoMineHuMH He-Ne nazepom, CyNpoBOMKYEThCS KOH(pOpMAIIMHUMHU 3MiHAMHU O1JIKOBOI
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YaCTUHU MOJIEKYJU IUTOXPOMY Mpu Horo B3aemozii 3 ®X minmocomamu, TOJ1 K KOMIUIEKCH 3
ainocomamu ®X+KJ140% BigzHauaroThcst nepedyaoBaMu SIK OLIKOBOI YaCTHHHU, TaK 1 3B’SI3KY
remM-rJI00iH.

Bzaemonis Llur C 3 nmimigHuMm OimapoM MonenbHUX MeMOpaH € OararoctagiifHUM
nporecoM. Monekyna [lut C — 11e moJikaTioH, sIKkUid pu HeWTpanbHux pH mMae cymapHumii
3aranbHUA 3apsa +9,5 [42, 43], oTxke, MepeBaXarOTh €JICKTPOCTATHYHI B3aeMoii Oinka 3
MOJSIPHUMH TOJIIBKAMH JIiiiHOTO Oimapy. Ha mepmiomy erari yTBOPIOIOTBCS OJMH-JBA
3B’A3KH, @ TMOTIM KUIBKICTh €JIEKTPOCTAaTHYHUX KOHTAKTIB 30UIBIIYETbCS B pE3yabTaTi
fgarepanbHOi audys3ii 3apsmkeHux (ocdomimiaiBe Ta 3minu KoHdopmarii Oinka [41, 44]
[Momaneimi B3aemonii 1 3aHypeHHA Oinka B JimigHui Oimap 30UTBIIYIOTH KUIBKICTB
rigpooOHUX KOHTAKTIB.
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Puc. 3. KinetnuHi 3aie)XHOCTI 3MEHIIEHHS ONTHYHOI MIUTBHOCTI ompomineHoro He-Ne mazepom Llur C B
MIPUCYTHOCTI MOJICNIBHUX JiMiAHUX MeMOpaH pizHoro ckiany: 1| — ®X; 2 — OX+KJI110%; 3 — OX+KJI120%;
4 — OX+KJI40%. Konnentpanis 6imka — 1 MxM, koHneHTpamis mimiga — 0,5 MM.

Fig. 3. Kinetic dependences of the decrease in the optical density of Cyt C irradiated by a He-Ne laser in the
presence of model lipid membranes of different composition: 1 — PH; 2 — PH+CL10%; 3 — PH+CL20%; 4
— PH+CL40%. Protein concentration — 1 uM, lipid concentration — 0.5 mM.

EdextuBHicTh popMyBaHHS OUIOK-TIMIAHUX KOMIUIEKCIB 3aJIEKUTH SIK Bl (I3UYHOrO
CTaHy JIiMiJHOTO OilIapy, Tak i BiJl CTPYKTYpHOI'O CTaHY MOJIEKYJ Oi1Ka. Y 3B'sI3Ky 3 UM, Oynu
JOCTIPKEHI KIHETHYHI MapaMeTpu KOMILIEKCOYTBOPEHHSI MOJENbHMX JINIAHUX MeMOpaH 3
Llut C, onpominenum He-Ne nazepom, 3a THX K€ YMOB ONPOMIHEHHS, 1O 1 JUIs OMEepeHIX
cepiii nocniai (Puc. 3). He BUsIBIEHO AOCTOBIPHHUX 3MiH KIHETUYHHUX MapaMeTpiB MIBUAKOL
da3u (A1, ki) mpu B3aemonii ompomineHoro Ilur C 3 ®X minmocomamMu Ta 3 BMICTOM
kapmiomminy 10% 1 20% y TOpiBHAHHI 3 KIHETUYHUMH TapaMeTpamMHu B3aeMOJIIT
HeonpomineHoro ur C 3 ®X pimocomamu. [l MOBUIBHOI (pa3u BCTAHOBIEHI JTOCTOBIpHI
3MIHM KOHCTAHTU IIBHJKOCTI mpu B3aemojli ornpomineHoro ur C 3 ®X ninocomamu Ta 3
BMicTOM Kapgionininy 10% y mMOpiBHAHHI 3 BIANOBIAHUMHU KIHETUYHHMH I1apaMeTpaMu
B3aemoii HeonpomineHoro [{ut C. Binbur 3Hauymii 3MiHM KIHETUUHUX MapaMeTpiB BUSABJIEHI
npu B3aemonii onpomineHoro Iut C 3 mimocomamu ®X+KJI40% (Tabxn. 3). Koncrantu
mBuakocTi ki ta ko mepeBumyrore B 4 Ta 3 pasw 3HAYCHHS BIAMOBIIHUX KOHCTaHT IS
HeonpomineHoro Llut C. Jlns iHIIUX JOCTIKYBAaHMX 3pa3KiB 3HAYYIIMX 3MiH KIHETHUYHHUX
napaMeTpiB HE BUSBIICHO.
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Tabmuusg 3. KineTnyni napaMeTpu KoMIUIEKCOTBOpeHHs onpoMineHoro He-Ne nazepom Lut C 3 ninocomamu.

Table 3. The kinetic parameters of complex formation of Cyt C irradiated by He-Ne laser with liposomes.

A1 ki x107%, xB ™! A2 ko, xB 1
X 0,970+0,008 6,45+0,21 0,030+0,002 0,40+0,04
DOX+KIT10% 0,980+0,014 3,00+0,33 0,020+0,003 0,15+0,01
DOX+KJ120% 0,980+0,015 6,0+0,7 0,020+0,005 1,10+0,06
DOX+KI140% 0,940+0,015 3,40+0,27* 0,060+0,003 0,30+0,03*

* —p <0,01 BimHOCHO HEOIIPOMIHEHOTO KOHTPOIIIO

OnpomiHEHHST MOJIEKYJSIPHOTO pPO34yMHY IToxpomy He-Ne nasepom BrumBae Ha
CTPYKTYpHO-(DYHKIIIOHATbHI BIACTHBOCTI MOJEKYJ, $K HACIiIOK, BCTaHOBJCHO 3MiHY
napameTpiB  KomruiekcoyTBopeHHs Llut C 3 MOJenpHUMH  JIIAHAMH MeMOpaHaMH.
CrnoctepiraeTbcst TEHACHIIIS 3pOCTaHHS KIHETUYHUX TTapaMeTpiB OLTOK-JIIMiTHUX B3aEMO/IIH 3a
yuacTi onpomineroro Llut C'y nopiBHsAHHI 3 HEOPOMiHEHUM KOHTposeM. PopmyBaHHS O1710K-
JIAHUX KOMIUIEKCiB 3a yyacTi onpomineHoro LHut C 1 mogensHux meMOpan ¢hocdominigHoro
cxnaxy ®X+KJ140% cynpoBoKyeThess KOHGOPMAIIHHUMHU 3MiHAMH K OUIKOBOI YacTHHW,
TakK 1 3B’SI3Ky reM-TJI001H.

Bimomo, mo B mporeci acomiamii lur C 3 MOAENbHUMH JIiMMITHAMH MeMOpaHaMu
MepPeBaXKalOTh EJIEKTPOCTATUYHI OUTOK-JIIIHI B3a€EMOJii, HAa KOPHCTh IIbOTO CBITYHUTH
HasBHICTb CYMapHOTO €JeKTpu4HOro 3apsiny wmojiekyan Llutr C [44]. 3 ormsagy Ha
eKCIIEPUMEHTAIbHO BCTAHOBJIEHI 3MIHM KIHETUYHHMX mapameTpiB B3aemoxii Llut C 3
onpomineHnmu He-Ne yazepom MonmenbHUMU MeMOpaHaMu MOKHA TIPUITYCTUTH, IO JIa3epHa
MoudiKkalis JiMigHOI KOMIIOHEHTH, a caMe MOJUQiKalisi MNOBEPXHEBUX EJIEKTPHUYHUX
BJIACTUBOCTEH JIIITOCOM, CIIPUYMHIOE 3MIHM MTPOLIECY KOMILJIEKCOTBOpPEeHHsI. ExcriepruMeHTanbH1
JaH1 OTPUMaHi B MOJIEJIbHUX JTOCIIKEHHX B3aeMo/Iii onpominenoro He-Ne nazepom Lut C 3
HAaTUBHUMH MOJIEIbHUMH MeMOpaHaMH CBII4aTh MNP0 YYyTJIMBICTH MOJEKysl Oinka 10 aii
Ja3epHOT0 BUMPOMIHIOBAHHS. 3a TAKUX YMOB €KCIIEPUMEHTY 30€epiraeThCsl 3arajbHa TeHICHIIIs
IIOJI0 3POCTAaHHS NapaMeTpiB KOMIUIEKCOYTBOPEHHS 3a y4acTi ONpPOMIHEHHMX 3pa3KiB, aje
KUTbKICHA OIlIHKA IMX MapaMeTpPiB CBIAYUTH Ha KOPUCTH OLIBIIOT UyTIUBOCTI JI0 [T JT1a3epHOTO
BUITPOMIHIOBaHHS CaMe JIIMIAHOT KOMIIOHEHTH.

Hocnimpxenns BBy HIJIB mmpokoro yactoTHoro aiamna3oHy Ha 010J10Ti4HI 00’ €KTH
PI3HOTO PiBHS CKJIa/HOCTI BKa3y€e Ha pO3ropTaHHs MpoleciB GoToMoy il Ppi3uKo-XiMIuHUX
BJIACTUBOCTEH sSIK Ha piBHI MPUPOAHUX KIITHHHUX MeMOpaH, Tak 1 Ha PiBHI MOJEJIBHUX
TOIAHUX MeMOpaH 3 pi3HUMM (I3MYHUMH XapaKTepUCTHKaMHU MOBepxHi. MemOpaHHa
MOBEPXHS € YYTIMBOI MIIIEHHIO 10 Jii J1a3epHOr0 BUIPOMIHIOBAHHS JOCIHIKYBaHOTO
YaCcTOTHOTO Aiana3ony. Jlist KIiTHH ApLKIKIB S. Cerevisiae Hacmiaku ga3epHol (GOTOMOTYIISIIIT
OB’ s13aH1 31 3MIHOIO IIIIBHOCTI MEPEPO3NOALUTY 3apsA/IiB HA KIITHHHIN MOBEpXHI. 3 OISy Ha
O0COOJIMBOCTI peakilii KIITHH JPIKIKIB HA HU3BKOIHTEHCUBHE BUIIPOMIHIOBAHHS BHIMMOTO
niamasony [32,35] nasepHe MOIIKO)KEHHS MeMOpaHHOI TOBEpXHI € OararoctaiiiHuM
MPOLIECOM, 1HIIIHOBAHUM €HJOT€HHUMHU (HOTOCEHCHO1TI3aTOpaMH, 30KpeMa, MOJIEKYJIaMH
Ilur C, Ta (¢oroakTHBaALIEI0 TMepoKcHucoMaabHOT aumn-KoA-okcuaasu 3 Haciiakamu
po3ropTanHs (OTOOKUCICHHS B JTIMiAHIN (a3l KIITHHHUX MEeMOpaH.

CTBOpEHHs JTIMOCOMAIBHUX MOJIelNel, 3a OLTKOBUM Ta JIiMiTHUM CKJIaJIOM HaOIMKEHUX 10
MPUPOJHUX KIITUHHUX UM CYOKJIITUHHUX MEeMOpaH, 103BOJISIE B MOJIEINI MTepe10auuTy peaKIlio
npupoaHux MeMOpaH Ha airo HIJIB, 3po3ymitu MonekyisipHi MeXaHi3MHU MPOLECIB JIa3epHOT
dboTomoaynsaiii. MoaenbHi jimiaHi MeMOpanu 3 BMicToM 40% Kap1ioimiHy 3a CBOIM XIMIYHUM
CKJIaJIOM HaOJIKAIOTBCS /10 BHYTPINIHBOI MEMOpaHH MITOXOHAPIH (BMICT KapIioJimiHy
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outbe 25% 3aranbHoi KinbkocTi GocdomininiB). @opMyBaHHsS OUTOK-TIMIAHUX KOMIUIEKCIB
[utr C 3 KapAioMiMmiHyMICHUMH JIIOCOMaMu pOOUTh MOJEIbHI MeMOpaHu Iie Oinblie
HAOMMKEHUMH 10 TPUPOJHOI MITOXOHApiadbHOI MeMOpaHu. 3 OISy Ha TaKy MoJeib Ta
pe3yJbTaTH EKCIePUMEHTAIBLHUX JIOCHIDKEHh MOKHA mpunyctuTH, mo HIJIB BmnuBae Ha
byHKIIT MITOXOHpiH Yyepe3 3MmiHy edekTuBHOI B3aemoii Llut C 3 KapAloJimiHOM, a TaKOX
yepe3 3MiHy mpoctopoBoi koHbirypamii L{ut C, B3aemMHOi opieHTamii #oro reMoBoro Ta
OLIKOBOIO KOMIIOHEHTIB. 3 ypaxyBaHHSM JITepaTypHUX J[JaHUX IPO PpOJIb HPUPOTHOTO
komriekcy Llur C—kapuioniniH y MITOXOHIpIAX B mporecax amontody [45,46], moxHa 3
YIEBHEHICTIO MpUIycTuTH, 110 HIJIB nocnimxyBanoro nianasony (632,8 HM) 31aTHE BIUTMBATH
Ha LIe¥ mpoliec.

BUCHOBKHA

1. MemOpanHa TmOBepXHs KIiTHH S. Cerevisiae pearye Ha Jil0 J1a3epHOTO
BUIIPOMIHIOBAHHS IIMPOKOTO YACTOTHOTO JIialla30HYy 3MIHOK) ITOBEPXHEBUX CICKTPUYHUX
BrnactuBocted. HIJIB 3 moBxunoro xBwmi (337 am; 532 uMm; 70,5 MKM) BUKITMKAE TTEPEPO3TIOILIT
MOBEPXHEBUX 3aps/IiB KIIITHH S. CErevisiae, mo cpu4uHse 3MiHy HOBEPXHEBOTO MEMOPaHHOTO
MOTEHIIIaTy.

2. HUIB (632,8 uM) BrMBae Ha KiHETHYHI mapameTpu KoMmiuiekcoyrBoperss Lut C 3
MOJICIBHUMH MEeMOpaHaMH 3 Pi3HUM JIIITHAM ckianoM. HalOinpmuii eekT qocsaraeTbes mpu
onpoMiHeHHI (ochaTHIMIXOIHOBUX JimocoM 3 BMicToM 40% kapmiomiminy. JlocmimkyBaHi
OLIOK-TIMiIHI B3a€MOIIi CYITPOBOIKYIOTHCS KOHPOPMALIHTHIMH 3MiHAMU SIK O1TKOBOT YaCTUHU
[{ut C, TaK i 3B'A3Ky TeM-TJI001H.

3. Bzaemonis ompoOMiHEHOTO IUTOXPOMY € 3 JIMiAHUM OIilIapOM MOJENIBbHUX MeMOpaH
XapaKTePU3YEThCS 3MIHOIO IMapaMeTpiB KOMIUIEKCOYTBOpeHHS. CIIOCTEepiraeTbCst TCHICHITIS
3pOCTaHHS KIHETHYHUX MapameTpiB komruiekcoytBopenns (Ki, ko) ompominenoro Ilur C 3
JII0COMAIbBHUMU MeMOpaHaMu 3 BMICTOM Kapaionininy 40% y nopiBHSIHHI 3 HEOITPOMIHEHUM
KoHTposieM. DopMyBaHHs OUIOK-JTIMITHUX KOMIUIEKCIB B yMOBaX JOCIHIKYBaHOI MoJeli
CYNPOBOJUKYETHCS 3MiHAMU KOHQopMarlii OIIKOBOI YaCTMHM IUTOXPOMY ¢, a TaKOX
HOPYIICHHSM 11 B3a€EMO/IIi 3 FTéeMOBOIO I'PYTIOHO.

4. BcraHOBIEHI 3aKOHOMIPHOCTI 3MIHM  (DI3UKO-MOJEKYJISIPHUX  XapaKTEPUCTUK
MOJIeJIbHUX JIMiIHUX OiIapiB mif Ji€r0 HU3bKOIHTEHCUBHOTO BUnpoMiHioBaHHS He-Ne nazepa
PO3LIUPIOIOTH YSABICHHS MPO MeXaH13Mu MeMOpano3anexHux 6ioedexris HIJIB.

KOH®JIIKT IHTEPECIB
ABTOpH NMOBILAOMIISIOTH PO BiJICYTHICTh KOH(IIKTY 1HTEPECIB.

Authors’ ORCID ID
. B. CiueBcoka "= https://orcid.org/0000-0001-6613-2645
. M. OBcsannikosa "= https://orcid.org/0000-0002-5386-6559
.O.
-

Kosanenko " https://orcid.org/0000-0002-6332-8922
3abemina "= https://orcid.org/0009-0005-3071-9635
. M. JIeBuenxo " https://orcid.org/0000-0002-4460-8419
. B. T'ypin "“'https://orcid.org/0000-0003-1382-5338
. I1. Bepect “*'https://orcid.org/0000-0001-7779-154X

WOO ™~ a4

REFERENCES
1. Santos FP, Carvalhos CA and Figueiredo-Dias M. Review New insights into photobiomodulation of the vaginal
microbiome-A. Critical Review Int. J. Mol. Sci. 2023;24:13507. https://doi.org/10.3390/ijms241713507
2. Grangeteau C, Lepinois F, Winckler P, Perrier-Cornet JM, Dupont S, Beney L. Cell death mechanisms induced
by photo-oxidation studied at the cell scale in the yeast Saccharomyces cerevisiae. Front
Microbiol. 2018;5(9):2640 https://doi.org/10.3389/fmicb.2018.02640



https://orcid.org/0000-0001-6613-2645
https://orcid.org/0000-0002-5386-6559
https://orcid.org/0000-0002-6332-8922
https://linkprotect.cudasvc.com/url?a=https%3a%2f%2forcid.org%2f0009-0005-3071-9635&c=E,1,M7Ot00FZUgC6d68ki5fLMciDD_y7hb9rki_V_6GZGib1yGiuzpoksdNvGf2L0NRCNT5HZ9n30ZDdP0T8Ug1FDzv7ixbOsfVYfYJdsYaNm4n_U5sU6nnE6B4,&typo=1
https://orcid.org/0000-0002-4460-8419
https://orcid.org/0000-0003-1382-5338
https://orcid.org/0000-0001-7779-154X
https://doi.org/10.3390/ijms241713507
https://doi.org/10.3389/fmicb.2018.02640

18
JI. B. CiueBcrka, T. M. OBcsaunikoBa, A. O. Kosanenko, 1. A. 3ab6emina, O. M. JleBueHKo,
O. B. I'ypin, B. I1. bepect

3. Lubart R, Lavi R, Friedmann H, Rochkind S, Photochemistry and Photobiology of Light Absorption by Living
Cells Photomedicine and Laser Surgery. 2006;24(2):179-85 https://doi.org/10.1089/ph0.2006.24.179

4. Zhu R, Avsievich T, Su X, Bykov A, Popov A, Meglinski I. Hemorheological alterations of red blood cells
induced by 450-nm and 520-nm laser radiation. J Photochem Photobiol B. 2022;230:112438.
https://doi.org/10.1016/j.jphotobiol.2022.112438

5. Elblbesy MA. Comparative In Vitro Study: Examining 635 nm laser and 265 nm ultraviolet interaction with
blood. Photobiomodul Photomed Laser Surg. 2019;37(6):342-8. https://doi.org/10.1089/photob.2018.4611

6. CuiY,GuoZ, ZhaoY, Zheng Y, Qiao Y, Cai J et al. Reactive effect of low intensity He-Ne laser upon damaged
ultrastructure of human erythrocyte membrane in Fenton system by atomic force microscopy. Acta Biochimica
et Biophysica Sin. (Shanghai) 2007;39(7):484-9 https://doi.org/10.1111/].1745-7270.2007.00309.x

7. Hamblin MR. Mechanisms and mitochondrial redox signaling in photobiomodulation. Photochemistry and
Photobiology. 2018;94(2):199-212. https://doi.org/10.1111/php.12864

8. Baldassarro VA, Alastra G, Lorenzini L, Giardino L, Calza L. Photobiomodulation at defined wavelengths
regulates mitochondrial membrane potential and redox balance in skin fibroblasts. Oxid Med Cell Longev
2023;24:7638223 https://doi.org/10.1155/2023/7638223

9. Bensadoun RJ, Epstein JB, Nair RG, Barasch A, Raber-Durlacher JE, Migliorati C et al. Safety and efficacy
of photobiomodulation therapy in oncology: A systematic review. Cancer Med. 2020;9(22):8279-300.
https://doi.org/10.1002/cam4.3582

10. Berni M, Brancato AM, Torriani C, Bina V, Annunziata S, Cornella E et al. The Role of Low-Level Laser
Therapy in  Bone Healing: Systematic Review. Int J Mol Sci. 2023;24(8):7094.
https://doi.org/10.3390/ijms24087094

11. Nejatifard M, Asefi S, Jamali R, Hamblin MR, Fekrazad R. Probable positive effects of the
photobiomodulation as an adjunctive treatment in COVID-19: A systematic review. Cytokine. 2021;
137:155312. https://doi.org/10.1016/j.cyt0.2020.155312

12.da Silva TG, Ribeiro RS, Mencalha AL, de Souza Fonseca A. Photobiomodulation at molecular, cellular, and
systemic levels. Lasers Med. Sci. 2023;38(136):77. https://doi.org/10.1007/s10103-023-03801-6

13. Maki Y, Kushibiki T, Sano T, Ogawa T, Komai E, Takahashi S et al. 1270 nm near-infrared light as a novel
vaccine adjuvant acts on mitochondrial photoreception in intradermal vaccines. Front. Immunol.
2022;13:1028733. https://doi.org/10.3389/fimmu.2022.1028733

14. Yokomizo S, Katagiri W, Maki Y, Sano T, Inoue K, Fukushi M, et al. Brief exposure of skin to near-infrared
laser augments early vaccine responses. Nanophotonics. 2021;10:3187-97. https://doi.org/10.1515/nanoph-
2021-0133

15. Cronshaw M, Parker S, Grootveld M, Lynch E. Photothermal effects of high-energy photobiomodulation
therapies: an in vitro investigation Biomedicines 2023;11(6):1634.
https://doi.org/10.3390/biomedicines11061634

16.1toh S, Okada H, Kuboi T, Kusaka T. Phototherapy for neonatal hyperbilirubinemia. 2017;59:959-66.
https://doi.org/10.1111/ped.13332

17. Liebert AD, Bicknell BT, Adams RD. Protein conformational modulation by photons: A mechanism for laser
treatment effects Medical Hypotheses 82.2014;275-81 https://doi.org/10.1016/j.mehy.2013.12.009

18. Freitas De Freitas L, Hamblin MR. Proposed mechanisms of photobiomodulation or low-level light therapy.
IEEE Journal of Selected Topics in Quantum Electronics. 2016;22(3):348-64.
https://doi.org/10.1109/JSTQE.2016.2561201

19. Huanmei Suna, Jiajun Liua, Yifei Lib, Jing Wanga, Yajun Zhanga Characterization of the heterogeneous
adsorption of three drugs on immobilized bovine serum albumin by adsorption energy distribution. Journal of
Chromatography B. 2019;1125(1):121727. https://doi.org/10.1016/j.jchromb.2019.121727

20. Kremer JMH, Esker MWJ, Pathmamanoharan C, Wiersema PH. Vesicles of variable diameter prepared by a
modified injection method. Biochemistry. 1977;16(17):3932-5 https://doi.org/10.1021/bi00636a033

21. Stano P, Bufali S, Pisano C, Bucci F, Barbarino M, Santaniello M, Carminati P, Luisi PL. Novel camptothecin
analogue (gimatecan)-containing liposomes prepared by the ethanol injection method. J. Liposome Res,
2004;14(1-2):87-109 https://doi.org/10.1081/L PR-120039794

22. Matsuzaki K, Murase O, Sugishita K, Yoneyama S, Akada K, Ueha M, Nakamura A, Kobayashi S. Optical
characterization of liposomes by right angle light scattering and turbidity measurement Biochimica et
Biophysica Acta 1467 (2000) 219-26 https://doi.org/10.1016/S0005-2736(00)00223-6

23.Gorbenko GP. Kinetics of conformational changes of methemoglobin complexed with liposomes. The
Ukrainian Biochemical Journal. 1998;70(3):68—72. (In Ukrainan)

24.Szeremeta M, Petelska AD, Kotyn'ska J, Pepin’ski W, Naumowicz M, Figaszewski ZA, et al. Changes in
surface charge density of blood cells in fatal accidental hypothermia. J Membrane Biol. 2015;248:1175-80.
https://doi.org/10.1007%2Fs00232-015-9838-1



https://doi.org/10.1089/pho.2006.24.179
https://doi.org/10.1016/j.jphotobiol.2022.112438
https://doi.org/10.1089/photob.2018.4611
https://doi.org/10.1111/j.1745-7270.2007.00309.x
https://doi.org/10.1111/php.12864
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Baldassarro+VA&cauthor_id=37663921
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Alastra+G&cauthor_id=37663921
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Lorenzini+L&cauthor_id=37663921
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Giardino+L&cauthor_id=37663921
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Calz%C3%A0+L&cauthor_id=37663921
https://doi.org/10.1155/2023/7638223
https://doi.org/10.1002/cam4.3582
https://doi.org/10.3390/ijms24087094
https://doi.org/10.1016/j.cyto.2020.155312
https://doi.org/10.3389/fimmu.2022.1028733
https://doi.org/10.1515/nanoph-2021-0133
https://doi.org/10.1515/nanoph-2021-0133
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Cronshaw+M&cauthor_id=37371729
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Parker+S&cauthor_id=37371729
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Grootveld+M&cauthor_id=37371729
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Lynch+E&cauthor_id=37371729
https://doi.org/10.3390/biomedicines11061634
https://doi.org/10.1111/ped.13332
https://doi.org/10.1016/j.mehy.2013.12.009
https://doi.org/10.1109/JSTQE.2016.2561201
https://www.sciencedirect.com/journal/journal-of-chromatography-b
https://www.sciencedirect.com/journal/journal-of-chromatography-b
https://www.sciencedirect.com/journal/journal-of-chromatography-b/vol/1125/suppl/C
https://doi.org/10.1016/j.jchromb.2019.121727
https://doi.org/10.1021/bi00636a033
https://doi.org/10.1081/LPR-120039794
https://doi.org/10.1016/S0005-2736(00)00223-6
https://doi.org/10.1007%2Fs00232-015-9838-1

19

BrinB HU3bKOIHTEHCHBHOTO J1a3€pHOTO BUIPOMIHIOBaHHS Ha ()i3UKO-XIMiUHI TTOKAa3HUKH. . .

25. Aharon D, Weitman H, Ehrenberg B. The effect of liposomes’ surface electric potential on the uptake of
hematoporphyrin Biochimica et Biophysica Acta. 2011;1808:2031-5
https://doi.org/10.1016/j.bbamem.2011.03.015

26. Dreval VI, Finashin AV, Barannik EA. Study of bromthymol blue binding with plasma membranes. The
Ukrainian Biochemical Journal, 1989;61(2):94-8. (In Ukrainan)

27.Luvisetto S, Cola C, Conover TE, Azzone GF. Tracking of proton flow during transition from anaerobiosis to
steady state in rat liver mitochondria. Biochimica et Biophysica Acta. 1990;1018:77-90
https://doi.org/10.1016/0005-2728(90)90113-I

28.Eddy AA, Barnett JA. A history of research on yeasts 11. The study of solute transport: the first 90 years,
simple and facilitated diffusion. Yeast. 2007;24(12):1023-59 https://doi.org/10.1002/yea.1572

29.De Nobel JG, Barnett JA. Passage of molecules through yeast cell walls: a brief essay-review. Yeast.
1991;7(4):313-23 https://doi.org/10.1002/yea.320070402

30. De Nobel JG, Klis FM, Munnik T, Priem J, Ende H. An assay of relative cell wall porosity in Saccharomyces
cerevisiae, Kluyveromyces lactis and Schizosaccharomyces pombe. Yeast. 199;6(6):483-90
https://doi.org/10.1002/yea.320060605

31. Camponeschi I, Montanari A, Mazzoni C, Bianchi MM. Light Stress in Yeasts: Signaling and Responses in
Creatures of the Night. Int. J. Mol. Sci. 2023;24:6929. https://doi.org/10.3390/ijms24086929

32. Robertson JB, Davis CR, Johnson CH. Visible light alters yeast metabolic rhythms by inhibiting respiration.
Proc Natl Acad Sci USA. 2013;110(52):21130-5 https://doi.org/10.1073/pnas.1313369110

33. Gierke AM, Hessling M. Photoinactivation by UV A radiation and visible light of Candida auris compared to
other fungi. Photochem Photobiol Sci. 2024;23(4):681-92 https://doi.org/10.1007/s43630-024-00543-4

34.Salichos L, Rokas A. The diversity and evolution of circadian clock proteins in fungi. Mycologia.
2010;102(2):269-78 https://doi.org/10.3852/09-073

35. Bodvard K, Peeters K, Roger F, Romanov N, et al. Light-sensing via hydrogen peroxide and a peroxiredoxin.
Nat. Commun. 2017;24(8):14791 https://doi.org/10.1038/ncomms14791

36. Mi XQ, Chen JY, Cen Y, Liang ZJ, Zhou LW. A comparative study of 632.8 and 532 nm laser irradiation on
some rheological factors in human blood in vitro Journal of Photochemistry and Photobiology B: Biology 74
(2004) 7-12 https://doi.org/10.1016/].jphotobiol.2004.01.003

37.Al Musawi MS, Jaafar MS, Al-Gailani, Ahmed NM, Suhaimi FM, Suardi N. Effects of low-level laser
irradiation on human blood Iymphocytes in vitro Lasers Med Sci. 2017;32(2):405-11
https://doi.org/10.1007/s10103-016-2134-1

38. Vakifahmetoglu-Norberg H, Ouchida AT, Norberg E. The role of mitochondria in metabolism and cell death,
Biochem. Biophys. Res. Commun. 2017;482(3):426-31. https://doi.org/10.1016/j.bbrc.2016.11.088

39. Hiittemann M, Pecina P, Rainbolt M, Sanderson TH, Kagan VE, Samavati L, et al. The multiple functions of
cytochrome ¢ and their regulation in life and death decisions of the mammalian cell: from respiration to
apoptosis, Mitochondrion. 2011;11:369-81. https://doi.org/10.1016/j.mit0.2011.01.010

40.1kon N, Ryan RO. Cardiolipin and mitochondrial cristae organization. Biochim Biophys Acta Biomembr.
2017;1859(6):1156—63. https://doi.org/10.1016/j.bbamem.2017.03.013

41.Gorbenko GP. Resonance energy transfer study of hemoglobin and cytochrome complexes with lipids.
Biochim. Biophis. Acta.1998;12(24):13-4. https://doi.org/10.1016/S0005-2728(98)00140-6

42.Zaidi S, Hassan MI, Islam A, Ahmad F. The role of key residues in structure, function, and stability of
cytochrome-c, Cell. Mol. Life Sci.2014;71:229-55. https://doi.org/10.1007/s00018-013-1341-1.

43. Bertini I, Cavallaro G, Rosato A. Cytochrome c: occurrence and functions. Chem. Rev. 2006;106:90-115.
https://doi.org/10.1021/cr050241v.

44. Schweitzer-Stenner R. Relating the multi-functionality of cytochrome ¢ to membrane binding and structural
conversion, Biophys. Rev. 2018;10:1151-85. https://doi.org/10.1007/s12551-018-0409-4.

45.Fox CA, Ryan RO. Studies of the -cardiolipin interactome. Prog Lipid Res. 2022;88:101195.
https://doi.org/10.1016/j.plipres.2022.101195

46. Gasanoff ES, Yaguzhinsky LS, Garab G. Cardiolipin, Non-Bilayer Structures and Mitochondrial
Bioenergetics: Relevance to Cardiovascular Disease. Cells. 2021;10(7):1721.
https://doi.org/10.3390/cells10071721



https://doi.org/10.1016/j.bbamem.2011.03.015
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Dreval%27+VI&cauthor_id=2728119
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Finashin+AV&cauthor_id=2728119
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Barannik+EA&cauthor_id=2728119
https://doi.org/10.1016/0005-2728(90)90113-I
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Eddy+AA&cauthor_id=18050280
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Barnett+JA&cauthor_id=18050280
https://doi.org/10.1002/yea.1572
https://doi.org/10.1002/yea.320070402
https://doi.org/10.1002/yea.320060605
https://doi.org/10.3390/ijms24086929
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Robertson+JB&cauthor_id=24297928
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Davis+CR&cauthor_id=24297928
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Johnson+CH&cauthor_id=24297928
https://doi.org/10.1073/pnas.1313369110
https://doi.org/10.1007/s43630-024-00543-4
https://doi.org/10.3852/09-073
https://doi.org/10.1016/j.jphotobiol.2004.01.003
https://doi.org/10.1007/s10103-016-2134-1
https://doi.org/10.1016/j.bbrc.2016.11.088
https://doi.org/10.1016/j.mito.2011.01.010
https://doi.org/10.1016/j.bbamem.2017.03.013
https://doi.org/10.1016/S0005-2728(98)00140-6
https://doi.org/10.1007/s00018-013-1341-1
https://doi.org/10.1021/cr050241v
https://doi.org/10.1007/s12551-018-0409-4
https://doi.org/10.1016/j.plipres.2022.101195
https://doi.org/10.3390/cells10071721

20
JI. B. CiueBcrka, T. M. OBcsaunikoBa, A. O. Kosanenko, 1. A. 3ab6emina, O. M. JleBueHKo,
O. B. I'ypin, B. I1. bepect

INFLUENCE OF LOW-LEVEL LASER RADIATION ON THE PHYSICO-CHEMICAL
INDICATORS OF BIOMEMBRANES
L. V. Sichevska™™, T. M. Ovsyannikova'®, A. O. Kovalenko", I. A. Zabelina'®, O. M. Levchenko"*,
O. V. Gurin'® V. P, Berest
V. N. Karazin Kharkiv National University, 4 Svobody Sq., Kharkiv, 61022, Ukraine
e-mail: sichevska@karazin.ua
Submitted April 12, 2024; Revised August 18, 2024;
Accepted September 6, 2024

Background: The study of physical and molecular mechanisms of the influence of low-level laser radiation
(LLLR) of a wide frequency range on biological objects allows to clarify the problem of laser photomodulation at
the level of natural biological membranes and their model analogues.

Obijectives: Identification of molecular and physical mechanisms of the influence of LLLR of a wide frequency
range on biological objects of various levels of complexity.

Materials and methods: Research objects: unicellular organisms S. cerevisiae, concentration of cells in the
sample 18x10° model lipid membranes from a mixture of phosphatidylcholine and cardiolipin with different
content of components (10%, 20% and 40% cardiolipin), which simulates the surface electrical properties of lipid
models. A spectrophotometric study of charge redistribution on the cell surface was carried out using bromothymol
blue dye. Complex formation of cytochrome ¢ with model membranes was studied spectrophotometrically at the
wavelength of the Soret band (405-410 nm). The influence of low-intensity laser radiation with wavelength and
power density, respectively: 337 nm, 2.8 mW/cm?; 532 nm, 9.5 mW/cm?; 70.5 um, 10.0 mW/cm? on the yeast cell
surface; 632.8 nm, 5.1 mW/cm? on liposomes with different protein-lipid composition.

Results: LLLR of a wide frequency range causes a change in the surface electrical properties of S. cerevisiae cells,
namely, a redistribution of the surface charges of the cell membrane, as a result of which a change in the surface
membrane potential is recorded. Irradiation of samples of model lipid membranes with a helium-neon laser leads
to a change in the surface characteristics of liposomes, which affects the kinetic parameters of the formation of
protein-lipid complexes with the participation of cytochrome c.

Conclusions: The target of laser photomodulation processes is the surface of the biological membrane of both
natural cells, for example yeast cells, and model lipid membranes made of a mixture of phospholipids with different
content of components. The creation of lipid models based on the protein and lipid composition of natural
membranes makes it possible to predict the reaction of cell membranes to the action of LLLR in the model, and to
understand the molecular mechanisms of laser photomodulation processes.

KEY WORDS: low-level laser radiation; cells of S. cerevisiae; liposomes; membrane potential; protein-lipid interactions;
cytochrome c; cardiolipin; phosphatidylcholine.
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AxryanbHicts. [IpoOnema pocraBieHHS JIKapCbKHUX 3ac0o0iB y 30HY Yypa)K€Hb TKaHHWH JIIOJCHKOTO
OpraHi3My 3aJIMIIAEThCA Hapasi akTyanbHOw. [impokcuamatutr (HA), sk oqHa 3 HaMOLIBII BiIOMEX
kajplid Qocharaux (CaP) crmonyk, BUKOPHUCTOBYEThCS SIK HEOpraHiuyHa CKJIAJ0Ba KOMIIO3UTHHX
MarepiaiiB Uil 3aBaHTaXeHHs JiKiB. OpraHiqHOI0 YaCTUHOIO Y KOMIIO3MTHHX MaTepiajax BUCTYIAIOTh
OiomousiMepH, Taki sIK anbriHat, araposa, xiro3aH (CS), konareH i >xenarud. Hanoyactuaku Cep IIMPOKO
3aCTOCOBYIOTBCSL SIK AHTHOAKTepialbHI areHTH ¢ 3JaTHI 3MIIHIOBATH CTPYKTYPY KOMITO3HUTIB.
MikpoxsunboBe omnpomineHHS (MW) € MeTomoMm BIUIMBY, SIKMH CKOpOYy€ dYac CHHTE3Y, 3Ha4HO
30UIBIIYIOYN KUTBKICTh IICHTPIB 3aPOJKOYTBOPEHHS Ta 3MEHIIYIOYA PO3MIp YTBOPEHHUX KPHUCTANTITIB, IO
BIUTMBAE Ha aICOPOLINHY 3aTHICTh MPOIAYKTY.

Merta podorn. bBinbmictes cydacHuX (GopM DOCTaBICHHS JIKapChKHUX 3acO0IB JIEMOHCTPYIOTH IIBHIKE
BuBinbHEeHHS Lledrpiakcony (DT) Ta Anecresuny (AHA) ympomomxk 2 IHIB, sSIKE€ XapaKTePH3YEThCS
«BUOYXOBMM BUBUIBHEHHSIM», II0 MOXK€ BUKJIMKATH IEPEJI03YBaHHS y IEpUIl FOAMHU BHUKOPUCTAHHS.
Meroto naHoi poGOTH OyJIO JOCHIANTH Ta HOPIBHATH KIHETHUKY BHBUIBHEHHS JIKapChKUX 3aco0iB 3
KJ1acuuHO (KoHBekwiiHO) Ta MW-cunre3oBanux CS marpuips MomudikoBanux HA, mynstudazaumu CaP
Ta HaHouacTuHKaMu ¢ynepeny Ceo Ui BiTHOBJIEHHS IOIIKOUKEHb KIiCTKOBOI TKaHMHH BIPOJOBXK
TPUBAJIOTO Yacy.

Martepiann i meroan. JlociipkeHHS TPOBOIMIA METOJIOM BHCOKOS(EKTHBHOI piIMHHOI XpomaTtorpadii
(HPLC) 3 BuxopuctamHsaMm mnpumaay Agilent 1200 3 DAD-merektopom (A = 210-270 HM) i
xpomarorpadignoi komonku C18 (Zorbax SB-C18 4,6x150 MM, 5 MKM) 3a TeMnepaTypu HaBKOJIUIIHBOTO
CepeloBHINIa.

PesyabTaT. HA € xopommM agcopOeHTOM, ajie BAXXKOPO3UNHHOIO PEYOBHHOIO, TOMY (papMaKoKiHETHKa
BUBUIbHEHHSI AHA B OCHOBHOMY BHM3Hauaylacs CTyIeHeM aJcopOlii mpemapary MoBepXHEI0 Marepiany i
Horo nudysiitnum noteHmiasoM. CS 1 Ceo y CKiIail KOMIIO3UTIB 3a0€3NeuyloTh IMPOJIOHIOBaHE
BuBiibHeHHST AHA no 18 nuiB. Businenenus LI®T 3 CaP/CS martpuile 3ajeKuTh Bi METOLy HOro
BHECEHHs [0 KOMIIO3MTY: IiJi 4ac CHUHTe3y abo HAaCHYeHHsSM Iicist cuHTe3y. MeToJ HacHuYeHHs
XapaKTepU3y€eThCS NUISTHKOIO IIBHIKOTO BUBITBHEHHS BIPONOBXK 24—48 ToanH, a BHECEHHS MiJ Yac
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CHHTE3Y BiATEPMIHOBY€ aKTHBHE BHBUIBHEHHA N0 48—72 roawH (MOYATKy Ierpanariii MaTpHIli). Tunexc
BUBIIBPHEHHS IpuitMaB 3HaueHHs Bix N = 0,56 mo n = 0,92, mo BigmoBigae KiHETUIII BUBLUIbHEHHS, KA HE
MiATIOPAIKOBYETHCS 3aK0HY Dika, TOOTO HAOIIKYETHCS IO MOJIENI TIEPIIOTO MOPSAKY.

BucnoBku. CuHTEe30BaHI KOMIO3UTH Ha ocHOBI CS MaTpuri, Moan(ikoBaHOI HAHOCTPYKTYPOBaHUMU
gactuakamu CaP Ta ¢yneperny Ceo, € morenmiiiammu Hocismu L[OT ta AHA 3 ¢yHKIiEo ix
JIOBIOTPHUBAJIOTO BUBUILHEHHS Yy 30HU YPaXKeHb KiCTKOBOI TKaHUHH.

KJIFOUYOBI CJIOBA: xiro3an; rigpokcuanatut; ¢ynepeH Cgo; BHUBUIBHEHHS JIKapChbKHX 3aco0iB;
HaHOYAaCTHHKU.

YTIpoIoBXK OCTaHHIX KiJIBKOX POKIB JOCITIPKEHHS] MOXKJIUBOCTI BUKopuctanus CaP s
JIOCTaBJICHHS JIiKiB aKkTUBi3yBanmucs. Marepianu Ha ocHOBI CaP BUKOPHCTOBYIOTBCS B SIKOCTI
HOCIiB JUI JOCTaBJIGHHS Y TapreTHi 30HM aHTHOIOTHKIB, IPOTH3ANAIbHUX Ta MPOTUPAKOBUX
npenaparis, OUIKiB, BiTamiHiB i ropmoHiB [1]. [lo ¢akTopiB, siKi BIUIMBAIOTh HA BUBLILHEHHS
JIKIB 13 KOMIIO3UTHHUX MAaTpPHILb, BIJHOCATBHCS CKJIAJ 1 BIACTHUBOCTI Marepiaily-HOCis, HOro
MOPHCTICTh 1 MUTOMA MOBEPXHSA, a TAKOXK THIT 1 KOHIIEHTPAIis JIKapChKOTo Mpernapary, Horo
B32€MO/Iisl 3 MATPHIICIO Ta MEXaHI3M 3aBaHTAXXEHHS 10 KOMIIO3HTY [2].

@i3uK0-XIMIUHI BIACTHBOCTI KOMIIO3HUTY, MIPUCYTHICTh TOMIIIOK Yy (pOpMi HEOpPTaHIYHUX
HAHOYACTHMHOK a00 Ol0aKTMBHHX pPEYOBHH, (Di310JOTIYHI YMOBH OTOYYIOUOTO CEpEIOBHUIIA
(BemuumHa pH, Temmeparypa) € OCHOBHMMH (aKTOpaMH, SIKi BH3HAYAIOTh KiHCTUIHHMA
npodisb BUBIIBHEHHS Tpernapary [2].

JonaBaHHs 10 CKJIany KapOOHOBHX HAHOYACTHHOK CYTTEBO MOKpAIlye MEXaHiuHi
BJIACTUBOCTI Ta CTaOUIBHICTh MaTPUIIb, IO HAJAJll MOXKE BIUIMBATU Ha MEXaHIKY BUBLJIbHEHHS
JKapChbKHUX 3ac00iB 31 CKiany KOMIO3UTHUX OiomarepianiB [3, 4]. ®dynepen Ceo, SIK OAHH 3
HANOUIBII 3aCTOCOBYBAaHUX MPEACTABHHUKIB KapOOHOBHUX HAHOYACTHHOK, BIIOMHI CBO€IO
CTaOUTBHICTIO TA YHIKAIBHUMH (Di3MKO-XIMIYHUMHU BJIACTUBOCTSMH, YaCTO 3aCTOCOBYETHCS SIK
aHTHOAKTEpiaNbHUN areHT B MEANYHHUX Marepiaiax [5—7].

INppoxkcuanatutr (HA) omaun 3 HaibOubm Bimomux CaP, BUKOpHUCTOBYETBHCS SIK
HEOpraHiuHa CKJIaJ0Ba KOMIIO3UTHUX MarepialliB, B TOMY YHCII K aJCOpPOEHT Ta HOCIH JIKIB
JUIS TIOAAJBIIOTO KOHTPOJBbOBAHOIO iX BHUBUIbHEHHsS. OpraHidyHOI0 YacTUHOI Yy TaKHX
Marepiaiax BUCTYHAalOTh OlOTOJIIMEpH, Takl SK aibliHAT, arapo3a, XiTo3aH, KoJIareH i
KeNaTHH. 3aBJIIKU CBOIM YHIKaJIbHHUM BJIACTUBOCTSAM O10I0JIIMEPHU BiIIpatoTh BaXKJIMBY POJIb
y TKaHuHHI# imkeHepil [8]. [Tomimepu MOXyTh OyTH MOAM(DIKOBAHUMH Pi3HHMH CIIOCOOAMHU
Ta IMMOOLJTI30BaHUMHU B MIKPOCTPYKTYPH JUJIsl TOCATHEHHS Oa)KaHUX XapakTepucTuk. OHUM
13 momupeHux B OloMmenuinuHi noximepiB € CS, niHIMHMNA moyicaxapuj, SKUH MOXKe
IHKAICYIIIOBATH Ta MPOJOHIOBAaHO BUBLIBHSITH JiKapchKi 3acobwu [9].

JlocmipkenHst I Vitro mokaszanu, mo Oiokommo3utu 3 BMictoM HA Ta GiomonmimMepis,
no0pe MAXOMATh ISl TPUBAJIOr0 KOHTPOJIHOBAHOTO BUBLIBHEHHS JKIB 1 MPALIOIOThH Kpallle,
HK uuctuii mpecoBanuii mopomok HA [10]. OcobmuBa yBara HpuaiisieThCst PO3poOITi
KICTKOBUX TPAHCIUIaHTaTiB Ha ocHOBI CaP, siki po3yMHO MO€IHYIOTH B3a€EMHI TE€pareBTUYHI
GyHKIIT TPUBAJIOro BUBLILHEHHS JIIKIB 1 pereHepaliio BeTUKUX Ie(eKTiB KICTKOBOI TKAHUHU
[11].

MW e 06araTtoo0ilsuIbHUM METOJOM BIUIMBY Ha MaTepiajad, M0 Hapasl IIHPOKO
BUKOPUCTOBYEThCS y pi3HuX chepax mociuimpkeHb. Cunre3 CaP BigOyBaeThCsi MpU 4YiTKO
BU3HAYCHUX YMOBAX, 1 30€peXKCHHS TIEBHOI TeMIlepaTypu € (HakToOpoM, IO CYTTEBO BIUIMBAE
Ha Mopdoorito, po3mip Ta ¢azy kanbuiid Gocdary. Tak, nia cuntesy HA notpibHo nocsrtu
y peakmiitHii cymimn temriepatypu 80 °C. MeTo KOHBEKIIIHHOTO HarpiBaHHS HEPIBHOMIPHO
nepeaae TeIIo CyMilli, 0 BIUIMBA€E SIK HA 4ac CHHTE3Yy, TaK 1 Ha MapaMeTpH KPHCTANTITiB.
Bukopuctanast MW 1103Bosisie piIBHOMIPHO HarpiTé CyMilll BOPOJOBXK 5 XBUJIMH, IIPH LIbOMY
KUIBKICTh IIEHTPIB 3apOAKOYTBOPEHHS 3HAYHO 30UIBLIYETHCS, a PO3MIP CHHTE30BAHUX
KPHUCTAJIITIB € MEHIIUM. B pe3ynbrati 30UTbIIYETHCS €HEPreTUYHO aKTUBHA MUTOMA IMOBEPXHS
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HaHoyacTuHoK CaP, mio 31 cBoro OOKy BIUIMBa€ Ha CTYIiHb aacopOIii Ta HACTYITHOTO
BUBLJIHHEHHS JIIKAPCHKHUX 3aCO01B.

[IpoGiiemMa noCTaBlIEHHS JIIKAPChKUX 3ac00iB B 30HY YpaXX€Hb TKAHUH JIIOJICBKOTO
OpraHi3My € aKTyaJbHOIO B)K€ BEIMKHI NMPOMDKOK yacy. BaxnuBuMM mapamerpamu, Ha sKi
BapTO 3BEpTaTH yBary IMpu po3poOIll TaKMX CHCTEM, € THII JIIKAPCBKOTO 3aco0y, Mepiojn
HaMiBpO3Maay B OpraHi3Mi, IIBUAKICTP Ta TPHUBAIICTh BIUIMBY Ha TKaHUHH, MHOTO
dbyHKioHampHa KibKicTh. [IOT — nedanocnopud TpeThOro MOKOIIHHS, 3 BUCOKUM PiBHEM
AHTUOAKTEPiaNbHOI aKTUBHOCTI NpoTH ['pam-no3utuBHEX i ['paM-HeratuBHux Oakrepii [12].
OpnHak nmocTiiiHe BUKOPUCTaHHS MO>KE MPU3BOAUTHU JI0 3HUKEHHS Horo eekTuBHOCTI. Takox
BiH MOX€ BHUKJIMKATH CTilKi MOOI4HI eeKTH, Taki K Aiapes, €03uHOM1IiL, TPOMOOLIUTO3 Ta
inmre [13]. Tomy, #oro 3acTocyBaHHS € OOMEKEHHM 1 mOTpeOye pPO3pOOKH CHCTEM
KOHTpOJIboBaHOTO JocTaBieHHs LIDT B rtapretHy nainsHKy opranismy. Y po6oti [14]
nokazano, o LIdT 3aBanTa)keHuil y mnomimep-iimiHi HAHOYACTUHKUA Ta HOTO BUBLILHEHHS
BiOyBaJoOCS aKTUBHO TMPOTATOM Mepmux roauH i mpocsaramo 80% Bxke depe3 2 m00w.
BuBinbHenns I[DT 3 cucteMn BOJIOKOH KaMell — akamii-TparakaHToBOi — Kamejli-
MOJTIaKPUJIAMIiTy BIAMOBITAIO MOJEII MEPIIoro Mmopsaky (BiamoBigHo moneni Kopcwmeiiepa-
[Menmaca — audysis, 110 He Bianosigae 3akony dika) [15].

[Ile omHMM YacTo BKMBAaHUM 3HEOOIIOBAILHUM JIKapChKUM 3acobom € AHA —
JiKapchKuit 3aci0 eipHOro TUIY, OTPUMaHUM 3 M-aMiHOOEH30MHOT KUCIIOTH, SIKUH TaK0X Mae
3aCTePeIKCHHS MO0 3aCTOCYBaHHSA. Tak, BIJIOMI BWITAJIKH METTEMOTJIO0IHEMIT TTicis
3aCTOCYBaHHs BUCOKMX 103 AHA giTsaMm, a TakoX MOXIIMBI anepriyHi peakuii. AnHani3
BUBUIBHCHHS mpernapaty in Vitro 3 rigporeniB Ha ocHoBi CS Ta mouni(BiHUIMIpOmigoHy) (3-
MEPKaNTOIPOIILT)-TPUMETOKCUCUTIAHY (MPTMS) y dbocharnomy OoydhepHomy
¢izionoriunomy poszuuHi (pH 7,4) 1 cumynpoBaHiit kumkosii piguai (pH 6,8) mokazas >90%
BUBLIbHEHHS MPOTIroM 2 roauH [16].

3riiHoO 3 JITEpaTypHUMHU AAaHUMHM, OUIBLIICTH po3podsieHnx gopm noctasienHsa L{OT ta
AHA neMOHCTpyIOTh IIBHJKE BUBUIBHEHHS BIPOJOBXK JIEKUJIBKOX 10, 110 HE 3aJ0BOJIbHSE
JIOBTOTPHUBAJINI MTPOIIEC JIKYBaHHS OPTONEANIHUX TPABM.

Mertoro naHoi po6oTu OyJ0 TOCHIAUTH Ta MOPIBHATH KIHETUKY BUBLIBHEHHS JIIKAPCHKUX
3ac001B, BHECEHMX PI3HUMH METOJaMM JI0 CTPYKTYpH KiacudyHO Ta MW-CHHTE30BaHUX
KOMITO3UTIiB Ha 0cHOB1 CS matpuib, MoaudikoBanux HaHodacTuHKaMu HA ta ¢ynepeny Ceo.

MATEPIAJIM I METOIHN

Marepianmu: CS (M.B. 100-300 k/la, cryninb neaneruiatoBanHs 85%, Acros 0rganics,
CIIA); xanpuii HITpaT TeTpariapar, aiamMoHiil naurinpodocdar, amoHIM TiAPOKCH]
(BupoonuurBo Sinopharm Chemical Reagent Co., Ltd.), xampmisi xmopun, 85%
oprodochopHa Kuciaora, TiApokcua Hatpito (yma, Merck); kanbiiii amnerar, Hatpiit
nuriapooptodocdar, onroBa KucioTa, HaTpiit Tpunomidocdar (BupooHunrBo Kwurtait); Ceo
(BOAHMH KOJIOITHHUM PO3UYMH 13 cepeIHIM po3MipoM YacTHHOK 50 HM), MPUTOTOBAHHUM 3TiHO
[17] ta namanuii TexHiuHMM yHiBepcuTeToM [nbMeHay, IHCTHTYTOM Ximii Ta GiOTEeXHOJOTIT
(Himeuumnna) B pamkax criBpoOiTHUIITBA; KoMmepiiiiHo goctynmHi AHA (M.m 165,189 r/monb)
ta HOT (M.m 554,58 r/moms).

Cunmes
HA/CS ziopocenv rotyBamu 3a TexHojoriew, onucanor B [18]. Kopotko, mo 100 mi
0,1 M CaClz (pH = 12) momasanmu 100 mu 0,06 M H3POs 3 BmicTtom 0,4 r CS. Otpumany
CyCIIeH3i10 MijaBanu KoHBekuiiiHoMy HarpiBanHio (60 °C, 1 roguna). [licas oxomomkeHHS
0caJ1 BIIOKPEMITIOBAIN IIEHTPU(YTYBAaHHIM Ta MIPOMHBAIIH JI€10HI30BaHOIO BOI010. BooricTh
ocany crtaHoBmia 85%. 3pasku Oynu Has3Bai rigporeneM HA/CS 1 Bukopuctani s
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MoANIbIIOTO MpUroTyBaHHs Ceo-BMICHUX KOMITO3UTIB. TpH 1HII 3pa3ku Oy/IM IMiArOTOBAHI 3a
II€I0 K TEXHOJIOTIE0, aJie 3aMiCTh KJIIACHYHOTO KOHBEKIIMHOTO HArpiBaHHs OyJIO 3aCTOCOBAHO
MIKpOXBUILOBEe onpoMineHHs (MW) pi3zHoi motyskHocTi (300, 600 1 800 W) mipotsirom 5 XB, a
3pas3ku Oynu HazBaHi BiamoBiqHo HA/CS300W, HA/CS600W, HA/CS800W. HaBanTtaxeHHs
3pa3KiB JIKapChbKUM IPernapaToM MPOBOIMIN HUIAXOM IX HaCHYEHHs BOTHUM po3unHoM AHA
(11,8 mr/mm).

CeoHA/CS/AHA epanynu. Konoinuuii Bogauit pozuud Ceo (2,6 mMr/mi) nogaBanu 10 3%-
ro pozunny CS (M.B.300 x/la) B 1% onTOBiif KHCIIOTI, B KUTBKOCTI, sika Bignosigana 0,0006
ta 0,0012 % Bmicty Ceo B roroBomy kommo3uti. CyMilml mNepeMilllyBald IMiJl €0
ynbTpa3Byky. Otpumani CeCS cycnensii gonmaBamu o riaporemto HA/CS y BaroBomy
criBBigHOMmIeHH] 1:1, cymimn oOpoOIsIM yabTPa3BYKOM YIPOJOBXK S5 XB, TICIAS YOro
mucriepryBaiu B 1% pozunn Tpunomigochary narpiro (TPP) ta BuTpuMyBanmu mpotsrom
24 ron. Ilicnsa BimokpemieHHsT Big piakoi ¢pakuii ¢GiIbTpyBaHHSIM, TPaHYJIH PETEIHHO
MIPOMHUBAJIH JICIOHI30BaHOI BOOI0 1 BUCymTyBasd nipu Temmepatypi 60 °C. Hamam 3paszku
orpumanu Hazu 0.0006CeoHA/CS60°C Ta 0.0012CeoHA/CS60°C. [lnisi BU3HAYCHHS BILTHBY
¢dynepeny Ceo Ha KIHETUKY BUBUTbHEHHS JIIKaPCHKOTO 3aC00y OyB OTpHMaHU 3pa30K rpaHy
HA/CS (6e3 dynepeny). Lleit 3pa3ok BUKOpHUCTOBYBABCs SIK KOHTpOJbHM. HaBaHTakeHHS
3pa3KiB JIIKAPCHKUM TPETApaToM MPOBOIMIIHN IIISIXOM 1X HACHYCHHS BOJAHUM po3urnHOM AHA
(11,8 mMr/mm).

CaP/CS/LI@T komnosumu. Jlns orpuManHs cycriensii rotyBanu 6% CS B 1% ornroiii
kucinoti, 0,5 M po3uuH anerary kaibiiito, 0,3 M po3zuun aurigpooprodocdary narpito ta 1%
po3uma TPP. 6% CS B 1% orroBiii kucioti moxasamu g0 0,5 M anerary kansitito (pH 6,86),
npu 1pomy cmiBBigHomeHHss Ca/CS cknagano 0,45. Cymimi cTpymyBaid y ILIeikepi
npotsirom 3 rox (37 °C, 110 06./xB), miCast 4Oro MOKpAreilbHO JUCICPTYBAIH y PO3UHHI
0,3M mHarpito aurigpooprodochary (pH 8,0), kiibkicTe sikoro Oyia JOCTaTHBOIO JUIs
YTBOPEHHsSI Ta BUIBHOTO pO3TaIllyBaHHS TrpaHydl amopdHoro kamibilito (ocdary. YUepes 2
TOJIMHM YacTMHA 3pa3kiB Oyna mianaHa BBy MW (600W) mpotsrom 75 ¢ (iMOyJIbCHUM
BIUIMBOM — 5 pasiB 1o 15 cekyHn, A 3anmo0iraHHs neperpiBaHHs peakuiiHoi CyMilll), IpH
IbOMY KiHIleBa TeMnepaTypu cymimi jgocsarina 60 °C. 3pasku Oynu HazBani CaP/CS600W.
KonBekuiitne HarpiBanHs npu 60 °C 0yi0 3aCTOCOBaHO A0 1HILIOT YaCTMHU 3pa3KiB, K1 Oynu
Ha3BaHi CaP/CS. Ilicns oxomomxkeHHs po3unH NaH2POs 3aminioBamu Ha 1% TPP Ta
BUTpUMYBajH 12 TouH, 110 3a0e3euyBaio KOMIIO3UTaM cTabiisHy dopmy rpany [19].

HaBanrtaxeHnHs 3paskiB jikapcbkuM 3acobom L[®T mpoogunu 2 merogamu, a came:
JI0JIaBaHHSM JI0 MAaTEPUHCHKOI CyMillll i Yac CUHTE3y, a00 LUISIXOM HACUYEHHS Y BOAHOMY
po3uuHi L{OT rorosux rpanyin. Konnenrpauis HOT B 060x Bunagkax ctanoBmia 12,5 mMr/mi.

Memoou

HPLC determination. Jlocmi/ykeHHS BHUBIJIBHEHHS JIKApChKUX 3acO0IB MPOBOIUIH
MeToioM BHcokoedekTuBHOI pinmHHOI Xpomatorpadii (HPLC) 3 Bukopucranusm Agilent
1200 3 DAD-gerextopom (A = 210-270 um) 1 xpomaTorpadiunoi koaonku C18 (Zorbax SB-
C18 4,6x150 MM, 5 MKM) 3a TeMIiepaTypy HaBKOJIMIIHBOTO cepeoBuIla. ExcriepumMeHTanbHi
3pa3KH, HaCMYeHl JiKapchbKuMu 3aco0amu, noMimand B 6 ma PBS (dbocdaruuii 6ydepHuit
po3uuH) npu pH 7,2 Ta inkyOyBanu 3a remnepatypu 37 °C npu Ge3nepepBHOMY CTPYIIyBaHHI
80 00/xB [18]. PBS — 1ie BoaHMIA COMBOBUI PO3YMH, 110 MICTHTh aurigpodocdar HATPitO
(10 mMmonb/m), xmopuna Hatpito (137 MMoms/m), xnopua Kamito (2,7 MMoJb/1) i auriapogocdar
kauito (1,8 mmons/i) [20].

BuBinbHEeHHs mpenapariB KOHTPOJIIOBAJIU MOTOJUHHO MPOTArOM MepIioi JoOH, a MOTiM
mosieHHo. i 1poro 3 koxkHOT mpoOipku Bimoupanu amikBotu 600 mxa  PBS, a mortim
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JIOJIABAIM PIBHUH 00’€M CBIXKOTO CEpPEAOBHINA I MIATPUMKH IMOCTIHHOTO IOYaTKOBOTO
00’emy B npobipkax [3].

Busnauenns eusinonenns AHA: enroenT metanoa ta 10% KpukaHa OUTOBa KUCIOTa IpU
caiBBinmHomeHHi 10:90, BiAMOBiTHO; MIBHIKICTH MOTOKY 2 MII/XB.; 130CTaTUYHHHA PEKHUM;
TeMIiepaTypa aHaniTuuHoi kKoiaoHkHu 40 °C; 00'em iH'exii 20 MKIT;, 1eTeKTyBaHHS BiOyBaiocs
npu goBxwuHi XxBwii 210 am. Yac qociimkenns npodou — 5 xpuiuH [18].

Busnauenns eusinonenns [[@T: emoent 0,05 M optodocdopna kucinora (pH 2,0) Ta
AIETOHITPWJI y CHIBBiTHOMIEHHI 35:65, BIAMOBIAHO; MpPHU MIBUAKOCTI MOTOKY 2,0 MII/XB.
BuxopucroByBanu i3octratuuHy oOpoOKy, Temreparypa aHamitTuuHoi kojoHKku 40 °C. O6'em
iH'exkmii craHoBuB 20 MKJI, a BHSBICHHSA BigOyBasiocs Npu JOBXKHUHI xBuimi 254 uMm. Yac
JTOCJTIJDKEHHS MPOOH — 3 XBUJIMHHU.

VYci ekcriepuMeHTH MPOBOJIMIIA B TPHOX MOBTOPAX, 1 BUBUIBHEHHS JIIKAPCHKOTO 3ac00y 3
KOMIIO3UTIB BHM3HAuUalM 3a KaliOpyBalbHUMH KpUBUMH. MexaHism audysii mikiB 13

IHKAICyJIbOBaHUX IOJIIMEPIB BHU3HAUAIM 3a JOTMOMOTOI0 piBHsHHA Kopcmeiiepa-Ilenmaca
[21]:

Mt/Moo = ktn,
ae K i N e MOCTIHHMUMHK 1 BIAMOBIIHO HA3MBAIOTHCS XAPAKTEPUCTHKOI KOMIIO3UTY Ta
noKa3HUKOM 1udy3ii. Mi — KibKiCTh TpenapaTy, M0 BHUBUIBHSETHCS 3a 4yac t, a Mo —

KUIBKICTb MpernapaTy B CTaHi piBHOBAru.
KymynsaruBae BuBiibHeHHs AHA BH3Hauanw 3 ypaxyBaHHSM KOHIICHTpAIlii PO3UMHY Ta
KUTBKOCTI BiZIiOpaHoi pe4oBUHHU, sIKa MICTHIIACH Y anikBOTI 600 MKII IpU KOKHOMY B1100pI.

PE3YJIbTATHU TA OBI'OBOPEHHS

B naniii po6oti Oyno MpPOBEACHO MOPIBHSIBHE JOCHIIKCHHS KIHETUKA BHUBUIBHCHHS
rigpododnoro AHA Ta rigpodineHoro HOT 3 matpuips Ha ocHOBI npupoaHoro nojimepy CS
3 BmictoM HA. IoniMep-anmatuTHi MaTpuill, K NOTEHLIIHI HOCII JIIKApChKUX 3aco0iB, Oyau
CHUHTE30BaHlI 3a PI3HUX TEXHOJOTIIYHUX yMOB (KOHBekuiiHe a0o MW HarpiBaHHS pi3HOI
MOTYXKHOCTI), 3 BMicTOM (Qynepeny Ceo, a JiKapchKi 3acobu Oyiu BHECEH1 ad0 MpU CHUHTE3I,
a00 NUIIXOM HACUYEHHS TOTOBOTO MPOJYKTY.

Yacro 6a30B1 JIIKapChK1 3aCO0M 1EMOHCTPYIOTh NMPOQ1Ib BUBLILHEHHS MEPILIOT0 MOPSAKY,
SKMA Ha3MBalOTh «BHOYXOBMM» BHUBUIBHEHHSM, TOOTO BUBUIBHEHHS BEJIMKOI YacTKH
mpenapary Ha paHHIM cTafll, MICIAsS 4YOTO CHiAy€e€ 3HWKEHHS (i1310J0TIYHOT KOHIICHTpAIlii
npenapary [22]. IIpu npomy (apMakoKiHETHKA BHSBIISE YUCICHHI eKCTpEeMalbHI HHU3bKi Ta
BHUCOKI TOKa3HUKM KOHIIEHTpAIll JIIKAPChKUX 3ac00iB, SKI XapaKkTepHU3ylOTh HEPIBHOMIPHE
BUBIJIBHEHHS JIKiB. JlaHI mpouecu MOXYyTh NPU3BOAUTH 10 NEPEA03yBaHHA, a OTXKE, MAIOTh
Oytu oomexeni. st 3a6e3nedeHHst 6€3MeYHOro BUBUILHEHHS JTIKAPCHKUX 3aC001B MIBUIKICTh
Ha/IXO/DKEHHS Tpernapary /10 OpraHi3My Ma€ OYyTH MOCTIHHOIO MPOTSATOM IEBHOTO IMEpioay
yacy. Takuii (papMakoJOTIUHMIA MPOIeC MOKE OYTH MPEACTABICHUN y BUTIIAI KIHETUYHOTO
npodiIo HYIHOBOTO MOPSAAKY — JIHIMHOT 3aJIe)KHOCTI KIJIBKOCTI BUBUIBHEHOI PEYOBUHH BiJl
qacy [23].

Bimomo, mo Tum mnikapchkoro 3aco0y, a Takoxk Horo B3aemoxis 3 CS Ta iHmUMH
KOMITOHEHTaMH MAaTPHIll, KOMIIOHCHTHHHN CKJaJ MaTpHIli, ii TMOPUCTICTh Ta 3IaTHICTH 0
HaOpsIKaHHs BiIIrpalOTh BaXJIMBY POJIb Y KOHTPOJII BUBLIbHEHHS JIKIB.

Tax, Ha Puc. 1 300paxeni HPLC rpadiku BuBimpHeHHs AHA 31 ckimagy HA/CS
eKCIepUMEHTAIbHUX 3pa3KiB, HaBaHTaxeHUX AHA nuisxom HacuuenHs npu 37 °C npotarom
24 rogun. Ui 3pa3ku mpeacTaBieHi B SIKOCTI CHCTEM MJIi MPOJOHIOBAHOIO BUBLIBHEHHS
JiKapchKoro 3aco0y. OueBUIHO, 110 XIMIYHI peakiii miJl yac CUHTE3y Ta (GOpPMYBaHHS TpaHyl
3MEHIIWIN KUIbKICTh BUIBHUX (QYHKUIIOHANbHUX TIpyn y CS, 37aTHUX B3aEMOMISTH 3
HOJIIPHUMH MOJIEKYJIaMU BOJM Ta pO34MHAMHM JIiKiB. IMMoOii3anis nmpenapaty Ha MOBEPXHI
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KOMIIO3UTHOI'O Martepiajly Mora BiOyBaTHUCS MiJ BIUIMBOM €JEKTPOCTaTHYHUX cuil. Tomy
NOBEepXHsl 3pa3ka Oyna obOnacTio 3 HaWBumol KoHueHtpamiero AHA. Ile cnopusiio
BUBIJIbHEHHIO IIpenapaTy B MEpIInii 1EHb.

Ha Puc. 1 MoXHa BHOKPEMHUTH [IBi OCHOBHI CTaJii BHBUIBHEHHS TIpenapary 3
EKCIIEpUMEHTAIBHHUX 3Pa3KiB: 1) ympoaoBIK MEPIIOro JHs Ta 2) MiCisl MePIIoro AHS 1 10 KIHIIA
BuBLIbHEHHS. [lepima ¢asza xapakTepu3yeThCsi BITHOCHO BHCOKOKO IIBHIKICTIO BUBUILHEHHS
agcopboBaHoro Ha mnosepxHi AHA. B mnopanpimiomy BHMBUIBHEHHS IIperapary 3 ycix
EKCHEPUMEHTAIbHUX 3pa3KiB BiOYBA€TbCSA MPAKTUYHO PIBHOMIPHO BIIPOJOBXK YCHOTO
nepiony gocmimkenns [18]. Cmig 3a3mauntw, 1mo wmarpuii Ha ocHoBi CS t1a HA €
BXKOPO3UYMHHUMH 1 TpaHylIHM MiJ 4ac JOCHIDKEHHS 30epiraiu MexaHIYHy CTaOiIbHICTB.
dapMakoKiHETHKAa BHUBIJIBHEHHS 3 TaKUX 3pa3KiB B OCHOBHOMY BH3Hayajacs CTYIIEHEM
aacopOIii mpemapaty MaTepiajioM i Horo audy3iifHUM MTOTCHITIAIOM.

Oco0nuBy yBary Oyno mpHIIIEHO 3pa3kaMm, CHHTe30BaHUM i nieto MW onpomiHeHHS
(Puc. 1 B). 3pazox HA/CS300W cunTe30BaHMi Mia Mi€l0 HaiMeHIIOi moTykHocTi MW
JIEMOHCTPY€E HallMEHII TpHBaje BUBUIbHEHHS, B TOH 4ac, K 4ac BUBUIBHEHHS JIIKAPCHKOTO
3aco0y 31 3pazka HA/CS800W e OimpmmmM Maibxe y aBa pasu. HaifHWk4Ya MIBHAKICTBH
BuBiUIbHEHHST AHA cnoctepiraetees ans HA/CS800W, a HailiBuma 1yt KOHTPOJIBHOTO
HA/CS. Y mepuri aBi roguau HaiiMeHma KinbKicTh (Om3bko 32%) AHA BuBLIBHSETBCS 3i
3pazka HA/CS800W, mio € mNO3UTUBHUM MOMEHTOM. B 1HIIMX 3pa3kax BUBUIbHEHHS
npenapary B Tepuli KinbKa TOOUH CcTaHOBUTH Omm3pko 45%. Ha momatox, HA/CS800W
MOKa3ye HaWTpuBamimuid yac BuBUIbHEHHS (912 roauH) TOPIBHAHO 3  IHIIUMHU
excnepuMeHTanbHuMH 3pa3kaMu (384-336 ronun). Lleit dakr € pesymprarom rinpodoOHUX
B3aemoaiil Mixk AHA Ta KOMIIOHEHTaMH MaTepiany, mpuyoMy BIIUB MW omnpomiHeHHs
crpusie crienu(pivHOMY pO3TAIlyBaHHIO CAMTIB 3B'SI3yBaHHA Ta JHoCTymy Moiekynr AHA nmo
mux caiiris [18]. TakuM YHHOM, KOMIIO3UTH MOXKYTh OYTH 3aCTOCOBaHI sl JIIKYBaHHS
BEIMKUX JE(PEKTIB KICTKOBOI TKAaHMHM, 10 MOTPEOYIOTh 3HAUHOTO 4Yacy JJis BIAHOBJICHHS
HATUBHOT KICTKH.

Buecennss HanouacTuHOK ¢ynepeHy Ceo 10 KOMIIO3UTHOI MAaTpHIll MPOJIOHTYE Yac
BUBIJIBHEHHS Ta MiJABHILYE 3arajbHy KUIbKICTh BUBIJIBHEHOTO IpenapaTy MpOoNopLiifHO Horo
BMicTy (mopiBHsiHO 3 KoHTposibHUM HA/CS). Mu npunyckaemMo, 1o 3aTpuMKa BHUBUITbHEHHS
npenaparty 31 3paskiB 3 BMicToM Ceo € pe3ynbTaToM riipooOHux Bzaemoaii Mixk Ceo 1 AHA.
TakuM 4MHOM, Yac BUBLJIBHEHHS Mpenapary MOXKHa PEeryiioBaTH, 3MiHIOI0UYU BMICT Ceo.

Kinetnuni po3paxyHKku KiHeTUKH BHUBUIbHeHHS AHA npoBomwiu s etamy
PIBHOMIPHOT'O BUBUIbHEHHSI IIpeTiapary, KUl BIIOYBa€ThCs MICHs NMepoi 100U, OCKIIbKY Ha
nepuiomy erani AHA akTHBHO BUBUIBHSABCS 3 IOBEPXHEBOTO IIapy. Y pe3ynbTaTi 1HJIEKC
BUBUIHbHEHHS N mpuiiMaB 3HadeHHs Bix N = 0,75 mo n = 0,82 (Tabmuus 1), neMoHCTpyrOUH
KiHeTUKY qudy3ii, 10 He mianopsakoByeTbes 3akony Dika [21].

Amnanizyroun otpuMani gani (Tabmuusg 1), Ta BUXoa94u 31 3HaYSHHs TapaMeTpy I', MOXKHA
3poOUTH BHCHOBOK IPO JOCTaTHBO piBHOMIpHHMHA mpo¢ins BuBiibHeHHS AHA. Ile Takox
HIATBEPKYETHCS MapamMeTpoM N, skuid 6nm3bkuit 1o 0,8, mo ans 3paskiB Kpyrioi Gpopmu
CBLAUUTH MpO IUQY3it0, K TaKy, M0 HE MiANOpsaAKoBYeThes 3akony ®Dika (audysis PFO).
Janwuit Tun BuBiabHeHHSI AHA HaOmmkaeTbest 10 MOJIENi HYJIbOBOTO MOPSAIKY, 1110 € 30JI0TUM
CTaHJApTOM BUBUIBHEHHS JIKapChbKHUX 3ac00iB. SIKIIO MOPIBHIOBATH KIHETHUKY BHBIILHEHHS
AHA 31 3pa3kiB 3 BMicToM Qynepeny Ceo 3 pe3yiabTaTamMu, OTPUMaHUMU Jis 3pa3kiB 0e3
JIOMIIIOK, TO JUIi OCTaHHIX CIIOCTEPIraeThCsl MiJABUIICHHS 3HAYEHHS Hapamerpy N, IIo
CBITUUTH MpO OUIbII CKIATHUN XapakTep audysii. BuBinbHeHHS npemnapaTy 31 3pas3KiB 3
BMicTOM (ynepeHy Ceo KOHTPOJIOETHCS BUKIIOUHO cujamMM Judysii, B TOH dYac K 3
KOHTPOJIbHOTO 3pa3Ky BUBUIbHEHHS IpenapaTy BU3HAYAE€ThCs K qudy3i€ro nmpenapary, Tak i
Jierpajali€ro rpanys (He3HaYHUH BILTUB).
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Puc. 1. HPLC rpadixu BuBimbHeHHsT AHA 31 ckmamy HA/CS 3paskiB: A) KOHTpOJBHUN 3pa3ok 0e3
¢dynepeny (HA/CS) ta 3pasku 3 joxaBanHsMm (dyneperny Ceo: (3pasku  0,0012CeHA/CS  Ta
0,0006CeoHA/CS), cunresoBani  KoHBekmiiiHnM  MeTomoM  (mo3Hauka 60°C);  B) cunresoBani
MIKpOXBHIIBOBHM MeTO0M (TToTyxHicTs 300, 600 Ta 800W). *p<0.05

Fig. 1. HPLC graphs of ANA release from the HA/CS samples: A) control sample without fullerene
(HA/CS) and with the addition of fullerene Cgo: (samples 0.0012CgHA/CS and 0.0006CsoHA/CS),
synthesized by the convection method (60°C); B) samples synthesized by the microwave method (power
300, 600 and 800W). *p<0.05
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Jlns mopiBHsHHSA, y poOoti [16] BuBinmeHeHHs AHA 3 CS-PVP (momiBiHLImiposigoH)
martpuilb, 3mmtux MPTMS  ((3-mMepkanromnpomnii)TpuMeTpoKCUCiaH),  BigOyBamocs
BIPOJOBK Bchoro 100 XBwiMH, Ta TeX manopsakoByBaigocs mozaen Kopcmeiiepa-Ilenmaca
(Tabmuus 1, 3pazox CP-II).

Ha Puc. 2 naBeneno rpadiku BuBiipHeHHs LIDT 31 cknagy CaP/CS kommosuris. Sk Oymno
BHUIIE CKa3aHO, OyJI0 3aCTOCOBAHO J[BI METOAMKM HaBaHTaxeHHs 3paskiB LIDT, a came 1) mix
yac CHHTe3y, HnuisixoM noxaBaHHs mopomky [[DT mo cymimi KOMIIOHEHTIB Ta 2) Micis
OCTaTOYHOTO BHUCUXaHHS C(OPMOBAHUX TpaHyN NIUIIXOM HacudeHHs y poszuuHi L[DT. Sx
6aunmo, rpadiku 1EMOHCTPYIOTH JIBa KapAMHAIBHO Pi3HI MPpodiai BUBUILHEHHS.

Tabmuusg 1. [Tapamerpu pozpaxyHky moayii Kopemetiepa-Ilenmaca aist po3po06iaeHux riOpugHUX KOMIIO3UTIB

Table 1. Korsmeyer-Peppas modulus calculation parameters for developed hybrid composites

3pasok [lapameTpu KiHETUIHOI Moz[eJii
K n r
1 2 3 4
AHA
HA/CS 0,080 0,680 0,996
HA/CS300W 0,087 0,655 0,996
HA/CS600W 0,111 0,591 0,998
HA/CS800W 0,115 0,636 0,998
0,0006CsHA/CS 0,067 0,757 0,999
0,0012CsHA/CS 0,059 0,818 0,999
CP-11 [16] - 0,932 0,993
DT
CaP/CS_ Saturation™ 10,345 1,042 0,997
CaP/CS600W_Saturation 10,038 0,928 0,979
CaP/CS_Synthesis™ 33,212 0,540 0,887
CaP/CS600W_Synthesis 21,557 0,700 0,875
GA-TG-cl-poly(AAm) [15] 1,387 0,65 0,997

* r — koegimient xopemmii (-1 <r<1).
** __ HaBaHTa)KCHHS JTIKapCHKUM 3aCO00M TP CHHTE31 00 NIIIXOM HACHYCHHS

Tak, LI®T, BBeeHUH NUIIXOM HACHYEHHS, BUBLIBHIETHCS aKTUBHO MPOTATOM IMEPIIUX
roguH (> 30 %), mo € «BUOYXOBMM» BUBUIbHEHHSM. Ha mporuBary mnpoMy, HpOTITOM
nepiux ABOX 110 BUBLIbHAETHCS Ommu3bko 10% Big 3aranbHoi KinbkocTi LIDT, BBeneHoro mo
CKJIaJly KOMIIO3UTY /I 4ac CUHTE3y. 3pa3ku, cuHTe3oBaHi mij miecro MW onpomineHHs, €
OUTBII MOPUCTUMH, HK CHHTE30BaHI KOHBEKLIMHMM MeTonoM. ToMy miag 4ac HaCHYEHHS
OUTBII pO3BMHEHA TMOBEPXHs 3/1aTHA aJcopOyBaTH Ta HaJall BUBUIBHATH OUIBIIY KUIBKICTb
JiKapchKoro 3aco0y. JloriuHum € mBuAame BUBUIbHEHHS 31 3pa3kiB  CaP/CS600W. VYV pasi
nomaBaHHs [[T® mig wac cuHTE3y CHOCTEpIiraeThCs MPOTUIIC)KHA JHUHAMIKA BUBUIBHCHHS
LT®. OueBuaHO, 1€ MOB’SA3aHO 3 YTBOPEHHSAM OUIBII MIIHMX 3B’S3KIB MDK MOJIEKYJIaMHU
komro3uty Ta LIT®, cnpuumnene came niero MW. Takum unHoM, BuBUIbHEHHS [[TD 3
CaP/CS600W e GibI1 MOBUIBHUM.

Ha ninsuami 48—72 roguau BigOyBaeThesl CTpIMKHI picT BuBUIbHEHOro LT BHacminok
pyiiHyBaHHs Matpulli. Edexktu pyiiHyBaHHS NMOBEpXHEBUX MIapiB MaTpulli B po3uuHi PBS
MPUCYTHI B 000X BHUIIAJKaxX, ajle MAIOTh PI3HUI BIUIMB HA IWHAMIKY BUBUIBHEHHS 32 paXyHOK
PI3HOTO PO3MOJUTY MOJIEKYN JIKapChbKOro 3aco0y BcepeIuHi Ta Ha MOBEPXHI KOMIIO3UTY.
[Tpouecu apcop6buii HOT koMmo3uToMm mijJ yac HACUUYEHHS CHOPUSIOTH (POPMYBAHHIO BUCOKOL
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KOHIICHTpaIlii JIIKapChbKOTO 3ac00y Ha MOBEPXHI IPaHyJl, 1 HUKY0i — B 00’emi. TakuM yuHOM,
npouec pyiHyBaHHs wmarpuili [[DT HacHMueHMX KOMIIO3UTIB JIEMOHCTPYE BIiJCYTHICTH
CTPUOKOTOIIOHUX JUISTHOK ITiCJIS OYaTKy Jerpaaarii.

Koedimient xopensuii I Mae BHUILI 3HAYEHHS JUII METOAY HACHYCHHS, ajie MPH LBOMY
3HAYCHHsI TTapaMeTpiB KIHETUYHOI MOJIENIl € 3HAYHO BUIMMHU ¥ BiAMOBIAOTh qU(y3ii, 110 HE
HiAMOPAIKOBYEThCA 3aKOHY Dika.

Jlis mopiBHsAHHS y poOoTi [15] mokaszaHo, 1m0 KijgbKicHe BHBLIbHEHHS aHTHOioTHKA DT
3 iHKarncyaboBaHoro rigporento GA-TG-cl-poly(AAm), sike BigOyBasoch y OydepHOMY
po3uuHi nipu pH 7,4, 6yno Oinbmmm, HiX npu pH 2,2. JIudysis npenapaTy He BiamoBigana
3akony ®ika, 1110 BUTIKaJO 31 3HaUeHb MokasHuka audysii 0,53 y Oydepi 3 pH 2,2 ta 0,65 y
o0ydepi 3 pH 7,4. Yac BuBinbHeHHs ckinanaB 1440 xsuauH (1 go6a).
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Puc. 2. HPLC rpadixu BuBinmbHeHHs LIDT 3i ckmagy CaP/CS 3paskiB, CHHTE30BaHMX KOHBEKIIHHUM
Ta MIKpOXBIJIBOBUM MeTogoM. *p<0.05

Fig. 2. HPLC graphs of CFT release from CaP/CS samples synthesized by convection and microwave
methods. *p<0.05

Takum unHOM, oTpuMani CaP/CS KOMIIO3UTH BHKOHYIOTH (PYHKIIIFO HOCIS JTIKAPCHKOTO
3aco0y 3 TMPOJIOHTOBAaHWM MOTO BUBUIBHEHHSM, aje TpoOiemMa BIOCKOHAJEHHS KIHETUKH
BUBIJIBHEHHS Bce mIe 3anumaerscsi. OueBHAHO, IO I[bOIO MOXKHA JIOCATTH IUIIXOM
Monupikamii CTPYKTypH, HAaNpHUKiIaA, BHECEHHSM TMEBHOI KOHUEHTpalli JOMIIIOK
HaHOYACTHHOK, a TAKOXK MiABUILEHHSIM MOPUCTOCTI KOMITO3UTIB.

BUCHOBKHA
VY poboTi gocmimkeHo BB (aKTOpPiB, M0 37aTHI BIUTMBATH HA KIHETHKY BUBUIbHEHHS
JIKapChKHUX 3ac00iB, a caMe: METOJl CHMHTe3y KoMNo3uTiB (kimacuunuii un MW), metoauka



30
M. O. Kymena, JI. b. Cyxony0, JI. ®@. Cyxoay0

BHECEHHS JIIKAPCHKOTO 3ac00y (HACHYEHHs YH Il Yac CHHTE3Y), HasBHICTh Ta KUIbKICHHUNA
BMICT HEOPTaHIYHUX HAHOYACTHUHOK.

Ha BimmiHy Big MeTOJy BHECEHHS JIKApCHKHX 3acO0iB I 4Yac CHUHTE3Y (BUBUILHEHHS
BiIOYBAa€ThCS TOCTYIOBO), METOJ] HACHYEHHS KOMIIO3UTIB JIKAPCHhKUMHU IMpermapaTamMu
JIEMOHCTPY€E HEpIBHOMIpHE BHUBUIBHEHHS 3 JUISHKOK MHIBHIKOTO 3POCTaHHS Ha IOYATKy
JOCTIPKEeHHS, 110 BiJIOBi1a€ TOBepXHEBO-aacopboBanomy LIDT.

Hocnimxenus HPLC noBemo mpsiMo mpomopliiHy 3aiekHicTh MDK BMicToM Ceo Ta
TpuBasicTioO BUBUIbHEHHS AHA: 3miHa BMicTy Ceo 03BOJISIE PETYINIOBATH 4ac BUBLIBHEHHS
npenapary. Cunepriuna misi CS 1 Ceo 3abe3neuye mnpodins BuBUIbHEeHHS AHA, skuit
BiAMOBiIae po3paxoBaHoMmy Koedimienty kopemsuii (r = 0,99), Ta mapamerpam mozemni
Kopcmetiepa-Ilenmaca (n = 0,75-0,82), mro 61au3bki 10 Mpodiar0 KIHETUYHOTO BUBUIBHEHHS
HYJIHOBOTO MOPSIKY.

Buecenns LI®PT Ha ertami cuHre3dy riopuauux CaP-BMicHUX MarepiaiiB CyTTEBO
MOKpAaIlye KiHETHKY BHBUIBHEHHs Mpenapary BHpoaoBx mepmmx S5 mi6. Ilicna 72 rogun
KUTBKICTh BUBUIBHEHOTO JIIKAPCHKOTO 3ac00Yy CYTTE€BO 30UIBIIYETHCS, IO O3HAYAE MOYATOK
Jerpajanii MoBepXHEBUX MIAPiB MaTPHULI-HOCIA JIiIKapchbkoro 3aco0y. Haiikpamii mapamerpu
moneni Kopewmeiiepa-Ilenmaca (n = 0,93—-1) Gynu oTpumaHi A7 KOMIIO3UTIB CUHTE30BaHUX
i niero MW BunpomiaroBanHs, 3 [IOT BHeceHUM IIITXOM HACHYCHHS.

Takum 4yuHOM, TapaMeTpW KIHETHYHOI MOJENI Ta JWHaMiKa BUBUILHEHHS JIIKApCHKUX
3ac00iB 3 KOMIIO3HMTIB Ha OCHOBI XiTO3aHOBOI MaTpHIll CYTTEBO 3aJIeXkaTh BiJ HACTYITHUX
YUHHUKIB: CIHIBBIIHOILIEHHSI MoJIiMepy Ta BMICTY HAHOYAaCTUHOK (kampIin
docdaris/dynepeny), CTPYKTypH KOMITO3UTY Ta METOY BHECEHHS JIIKAPCHKOTO 3ac00Y.

MNOAAKA
JlocnmipkeHHsT BMKOHAHO 3a (piHAHCOBOI MIATPUMKHM MiHIicTepcTBa OCBITH 1 HayKu
VYxpaiuu [rpant Ne 01220000775, 2022-2024].
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Background: The problem of drug delivery to the tissue-damaged area of the human body remains
relevant. Hydroxyapatite (HA), as one of the best known calcium phosphate (CaP) compounds, is used as
an inorganic component of composite materials for drug loading. The organic components in composite
materials are biopolymers such as alginate, agarose, chitosan (CS), collagen, and gelatin. Selected Ceo
nanoparticles are widely used as antibacterial agents and can strengthen the structure of composites.
Microwave (MW) irradiation is an exposure method that shortens the synthesis time by significantly
increasing the number of nucleation centers, which results the reducing the size of the crystallites formed,
which affects the adsorption capacity of the product.

Objectives: Most forms of drug delivery systems demonstrate rapid release of ceftriaxone (CFT) and
anasthesin (ANA) within 2 days, characterized by a "burst release” that may cause overdose in the first
hours of use. The aim of this work was to investigate and compare the drug release kinetics from
convectionally and MW-synthesized CS matrices modified with HA, multiphasic CaP, and fullerene Cego
nanoparticles for long-term bone tissue regeneration.

Materials and methods: The study was performed by high-performance liquid chromatography (HPLC)
using an Agilent 1200 device with a DAD detector (A =210-270 nm) and a C18 chromatographic column
(Zorbax SB-C18 4.6x150 mm, 5 pum) at ambient temperature.

Results: HA is a good adsorbent, but a poorly soluble substance, so the pharmacokinetics of ANA release
was mainly determined by the degree of adsorption of the drug on the surface of the material and its
diffusion potential. CS and Cgo in the composition provide a prolonged release of ANA for up to 18 days.
The release of CFT from CaP/CS matrices depends on the method of its introduction into the composite -
during synthesis or saturation after synthesis. The saturation method is characterized by a fast release
range of 24-48 hours, and adding during synthesis delays active release to 48-72 hours (start of
degradation). The release index took values from n = 0.56 to n = 0.92, which corresponds to the release
kinetics that does not follow Fick's law, and close to the first-order release kinetics model.

Conclusions: Synthesized composites based on a CS matrix modified with nanostructured CaP particles
and fullerene Cgo are potential carriers of CFT and ANA with the function of their long-term release in
areas of bone tissue injury.

KEYWORDS: chitosan; hydroxyapatite; fullerene Ceo; drug release; nanoparticles.
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Background: The impact of low-dosed ionizing radiation (IR) itself and in combination with the other
damaging physical factors such as extremely high frequency (EHF) microwaves and magnetic fields (MF)
is currently the object of numerous researches. Results of those investigations, however, still didn’t lead
to certain unequivocal conclusions.

Objectives: This paper presents the review and analysis of previously conducted experimental series in
comparison with adjacent-aimed works to make a step forward in understanding the role of low doses of
ionizing, non-ionizing radiation and magnetic field in the development of cellular effects.

Results: Ultra-low doses of both IR itself and with EHF and MF have triggering effects which included
variability of IR effect modification; the significance of even non-ionizing radiation effects was shown on
the example of ultra-wideband microwaves irradiation. Combined effects from gamma-IR with EHF
microwaves and MF on chromatin led to decrease of heterochromatin granules quantity (HGQ) but
affected the cell membrane permeability (CMP) rate greater than IR itself. Mitochondrial activity
inhibition and cytoplasm Ca?* decrease was detected under exposure to both IR and EHF-microwaves and
their combination; MF slightly increased mitochondrial membrane potential and showed no significant
changes in Ca®" migration to the nucleus when applied together with IR. Exposure to neutron radiation
revealed the maximum of chromatin condensation rate and cell membrane permeability up to the dose
36.5 mSv. Further dose increase returned the state of chromatin and cell membrane to control levels.
Conclusions: Vague effect of ultra-low doses of IR with modifying abilities of EHF-microwaves and MF
was shown on the example of HGQ. Effects of high doses of gamma-radiation were also modified by
both EHF-microwaves and MF at indexes of HGQ (decrease), CMP (increase), mitochondrial activity
(decrease) and Ca?* nucleus/cytoplasm redistribution. Irradiation with fast neutrons in low-to-medium
dose range led to the development of cell stress signs (HGQ/CMP increase) which were smoothed under
the dose increase.

KEY WORDS: X-rays, gamma-radiation, neutron radiation, EHF-microwaves, static magnetic field,
chromatin, membrane permeability, mitochondria activity

The problem the impact of physical factors on the human organism is one of the main
tasks in both medicine and ecology because of continuous exposure to variable physical
factors [1]. The uncertainty of the data on the biological effects of small doses of ionizing,
non-ionizing radiation, and low-intensity magnetic fields requires detailed study. The reasons
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for conducting the further investigations are the presence of electromagnetic and radioactive
environmental pollution; the application of electromagnetic, corpuscular radiation and
magnetic fields in medicine according to existing and under-development methods and
procedures; additionally, it is actual for investigations of possible responses of human body in
possibly stressing conditions (spaceflight, submarine etc.).

Together with mentioned objectives the modifying effect of non-ionizing radiation
(microwaves and low-frequency electromagnetic fields) in combination with ionizing
radiation has been the object of research for quite a long time [2], as these factors are used in
practical and experimental medicine, but the mechanisms of this effect and its consequences
at the cell level are still not completely clarified. Some experimental data [3, 4] says that
prolonged exposure to microwave radiation is able to cause changes in living tissues, however
the other researches [5, 6] disproves that.

The other significant influence on human organism comes from magnetic fields (MF).
The applications of MF in medicine and industry (alone and together with radiation of
different spectrum range) [7] requires further investigations.

As the results of scientific data analysis shows the uncertainty of conclusions about the
effects of low-dose ionizing radiation especially combined with the other environmental
factors such as magnetic fields or non-ionizing radiation. Those mentioned factors have
increasing impact on human so that is why the studies in this filed do not lose their
importance.

CELL RESPONSE TO X-RAYS, GAMMA RADIATION AND
COMBINED EXPOSURE WITH MICROWAVES AND MAGNETIC FIELD

The effects of different ranges of electromagnetic radiation spectrum have been of a great
interest especially in case of ionizing radiation impact on living cell. One of the branches in
these studies is dedicated to possibility of modification the effects caused by ionizing
radiation with non-ionizing one (such as microwaves and low-frequency electromagnetic
fields). This problem is also relevant in connection with application in medicine; however, it
remains incompletely described. The data of early studies in this field are well-described and
summarized in [8]. Separately special attention is paid to the study of modification
possibilities for biological effects caused by doses of ionizing radiation (IR), which belong to
the ranges of very low (<100 mGy) [9], low (<0.5 Gy) and medium (0.5-5 Gy) [10].
UNSCEAR ranging tells that doses <100 mGy are low, 0.1-1 Gy are moderate, and doses >1
Gy are high ones [11]. It is also important to note that ranges of doses in certain studies may
vary due to the way of radiation application, for instance the monthly lethal dose for human
which formally belongs to medium range is described in [12] as ultra-low. There is the data
that summarizes the presence of the ionizing radiation biological effects on prokaryotic
organisms [13] which includes also the signs of radiostimulation with relatively low doses
(around 0.5 Gy) which may refer to hormesis concepts [14].

The problem of the cellular response to electromagnetic radiation (both ionizing and non-
ionizing) is key in understanding its potentially harmful effects on human health [15] and at
the same time understanding the possibilities of using these effects in medicine [16, 17]. The
question of the response of both a whole organism and individual cells to the action of
ionizing and non-ionizing radiation was considered by A.S. Pressman, in his experimental
works the positive changes in the viability of animals under conditions of microwave
irradiation before receiving a dose of ionizing radiation were described [1]. Recently, it has
been established that non-ionizing radiation (for example, microwaves) and magnetic fields
can cause certain biological effects. In particular, there are data on the presence of such
effects in the cell nucleus [18]. There is also the evidence of the positive effect of the
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magnetic field on plants [19, 20]. The possibility of biological interaction of the magnetic
field and ionizing radiation has also been shown [21, 22].

Known cytological impact caused by ionizing radiation include changes in the
permeability of the cell membrane, swelling of both the majority of cell organelles and its
entire volume of cytoplasm, chromosomal aberrations and cell cycle interruption. There are
data confirming the relationship between the number of heterochromatin granules and the
degree of the cell's stress response to electromagnetic radiation, RNA synthesis inhibitors, etc.
[23]. The permeability of the cytoplasmic membrane is also an indicator of cell damage. An
increase in the permeability of the cell membrane can be a sign of either apoptosis or necrotic.
It has been shown that microwave radiation and a magnetic field can damage the membranes
of plant cells [24]. In addition, an increase in membrane permeability was observed in human
cells under the influence of electromagnetic radiation of the mobile frequency range [25]. The
influence of the magnetic field used in medicine (for MRI and stimulation of regenerative
processes) and industry also requires a more detailed study, especially in cases of combined
exposure together with microwave and other types of radiation [26]. There are data on the
ability of a low-frequency magnetic field to reduce the harmful effects of microwave radiation
[27, 28]. In the development of the stress response of the cell to the action of ionizing
radiation, a significant role is played by the signal response of the cell to the stress associated
with irradiation [29].

It has been established that non-ionizing radiation is also able to cause a stress response,
leading to the activation of signaling pathways [30], which, in turn, affect the activity of
certain genes [31]. It has been shown that there is an increase in the ability of laboratory
animals to survive after exposure to ionizing radiation, simultaneously with irradiation and
during pretreatment with electromagnetic or by magnetic fields [1]. Together with that
different results exist with the use of the combination of 900 MHz microwaves and gamma-
radiation based on experimental object. A negative effect of microwaves on the proliferation
of cells that were previously treated with gamma radiation has been revealed on SHG44 cells
while in mice the microwaves as pre-treatment of gamma-radiation exposure showed
protective features [32, 33]. Plant organisms instead such as guar has shown an increase of
productivity high doses of gamma radiation and 900 MHz-microwaves [34]. Also there the
possibility of metabolic product modification by different combinations of gamma-radiation
and microwaves was shown [35].

For magnetic field it has been shown the absence of a reliable effect of a magnetic field
with an induction of 1.42 mT and electromagnetic radiation with a frequency of 60 Hz
(magnetic induction of 0.13 uT) on the mortality of mice that simultaneously received high
doses of gamma radiation (3.0, 4.0 and 5.1 Gy) [36]. In some works, the role of ELF
electromagnetic fields in the development of cancer, their influence on immunity and the
functioning of nerve cells were studied, there is evidence of the positive effect of ELF and
magnetic fields on bone structures, nerve tissue, wound healing and reperfusion processes
[37].

The uncertainties and controversy mentioned above the further research of
electromagnetic field impact on human organism is still actual, especially in the branch
related to combined exposure of different physical factor such as ionizing and non-ionizing
radiation ranges.

The series of experiments which are discussed in present analysis were conducted with
use of X-rays [38] and gamma-radiation impact modified with microwave radiation and static
magnetic field [39]. Buccal epithelium cells were used as the experimental object for their
convenience in examining of cytological indexes such as heterochromatin granules quantity
(HGQ) and cell membrane permeability (CMP). The methods of cell samples prepare and the
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procedure of irradiation are described in [40, 38]. Another series included the assessment of
mitochondrial activity and Ca?* ions migration between cell nucleus and cytoplasm [41].

Effects of X-rays with microwaves and magnetic field on chromatin condensation

The main conclusion of the experimental series with use of X-rays is about trigger effect
of X-ray towards chromatin state. Even dose 1.4 uSv led to significant increase of HGQ
index. However, this effect appeared without certain dependences in the range of very low
doses. The absence of the trend also was observed up to 40 pSv in cells of 2 donors. And in
general cell of both donors did not show similarities in response to mentioned dose range
[38]. Still the presence of the trigger effect may mean the radiosensitivity in dose ranges that
are even lower than low [42] or very low [9].

According to the data that the cytological effects of even short ultrawideband impulses
has been shown as significant in ability to change the rate of chromatin condensation [18, 43,
44], the combinations of microwave radiation and X-rays were implemented as the variant of
exposure for cell samples. Microwave radiation and static magnetic field ability to change
HGQ index were also illustrated in [45]

The combined effect of microwave and X-ray radiation in most cases reduced the value
of the HGQ index under the condition of cells post-treatment with microwave radiation after
exposure to X-ray. Thus microwave radiation had a modifying effect, which appeared more
clearly with the increase of the X-rays.

The biological effect caused by the permanent magnetic field, also had its own
personalized features such as decrease or increase of HGQ in the cells of different donors. A
protective effect of the magnetic field was observed in case of cells pre-treatment before X-
ray irradiation. This effect was most clearly observed on cells of a 25-year-old donor. Post-
treatment with magnetic field caused changes variable by donors’ individual features (from
absence of the effects to its increase in addition to X-rays). These results illustrate the
uncertainty in the statements about possibility of direct impact of the magnetic field on any
kind of cellular effect including oncogenesis [46]. Detected so-called protective properties of
static magnetic field against ionizing radiation can be explained from the creation of smaller
cell stress from MF which may prepare the cell to upcoming damage from radiation.

Gamma-radiation with microwaves or magnetic field impact on chromatin
condensation, cell membranes permeability

The problem of biological effects from the combined effects of ionizing and non-ionizing
radiation is not fully resolved; basing on data of our experiments with X-rays and microwaves
the mentioned stochasticity may be present not only in the range of extremely low doses both
for ionizing and non-ionizing radiation, the same may be predicted also for simultaneous
impact of magnetic field with ionizing radiation. In our opinion, the cellular response to the
combination of these factors is determined by the genotype of the cell and the intensity of the
effect, which is the reason for the difference in the experimental data obtained by different
authors.

Cells of the human buccal epithelium obtained from different donors have individual
characteristics of the reaction to the action of gamma radiation. These features are similar to
those that occur under the action of small doses of X-ray and microwave radiation. Results of
samples gamma-irradiation revealed predictable increase of HGQ; however the highest doses
have led to non-linear plateau-like dependency [47]. Statistically significant increase in the
level of chromatin condensation (HGQ index) in cells of all donors was detected at a dose of
gamma radiation of 2 Sv and higher. With use of this threshold dose of 2 Sv the further
modification of the cell effects on chromatin condensation, plasmatic membranes
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permeability, mitochondrial activity and Ca?* redistribution between nucleus and cytoplasm
was carried out.

The application of a constant magnetic field and microwaves in most cases after
treatment with y-radiation led to a decrease in the stress response of cells according to the
HGQ index. General modifying effect of EHF-microwaves was also related either to the
decrease of HGQ or no significance in the impact toward y-radiation. Results obtained in our
experiments correspond to general uncertainty about possibility of non-ionizing radiation to
induce the adverse changes in living matter (including carcinogenesis) [48]. Also there was no
difference between intensities of microwave radiation (0,1 or 1 W/m?) in their effect
before/after ionizing irradiation [40, 49]. There is the data about development of the oxidative
stress however without significant outcome [49], so in our cases changes in cells nuclei
membrane may appear as indirect illustration of EHF microwaves low impact on general cell
stress development induced by ionizing radiation.

When the cells were exposed to microwave radiation in combination with ionizing
radiation and static magnetic field, a tendency to decrease the permeability of the cell
membrane was observed, but this effect was not pronounced among the cells of all donors.
For instance, cell of one of the donors demonstrated greater amount of damage in plasmatic
membranes under combined exposure of y-radiation with magnetic field as well as the in
combination with microwaves regardless of the sequence or intensity of EHF-irradiation. Due
to expressivity of plasmatic membrane permeability changes under various damaging factors
it can be concluded that both questionable microwaves influence on human [49] (but stated as
possible on bacteria [9]) and magnetoreception [46] can be revealed under condition enhanced
with such clearly damaging factor as gamma-radiation.

Ca?* redistribution and mitochondria activity under gamma-radiation exposure

combined with microwaves

The magnetic field has a weak positive effect on the membrane potential of mitochondria
and is able to facilitate the transfer of Ca?* ions from the cytoplasm to the nucleus; in
combination with gamma radiation, this effect is neutralized.

EHF-microwaves and gamma radiation lead to a decrease in the activity of mitochondria
in terms of their membrane potential and mutually reinforce each other, also leading to the
accumulation of Ca?* in the cell nucleus. Thus, this combination turned out to be the most
significant among the studied physical factors with proapoptotic potential. Our results
correspond with conclusion of works [50, 51] about radiation-induced oxidative stress;
microwave radiation appeared to be a potent enhancer of ionizing radiation effects related to
suppression of oxidative phosphorylation. Despite the clear difference in destructive impact of
gamma rays on cell structures the non-ionizing showed even more expressive signs of
oxidative stress comparing to pure IR exposure but at the same time the sustainability of such
modifying effect should be researched furthermore.

With experimental data obtained, it is possible to make an assumption about the mutual
reinforcement of the effects of gamma radiation and microwaves in relation to the
redistribution of Ca?" ions from the cytoplasm to the nucleus. In combination with the
previously shown ability of EHF-waves and gamma-rays to a decrease in the membrane
potential of mitochondria, this may indicate the beginning of the process of induced apoptosis
in the cells of the buccal epithelium. However, taking into account the processes of restoration
of cell membranes and reduction of the degree of chromatin condensation demonstrated
above, at this stage of our research, the reversibility of the pro-apoptotic state of the cell
should be noted [41]. Also the data about sensitization of the tissues to ionizing radiation by
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microwaves is present in recent studies [52] but in our case the changes in the mitochondria
activity and Ca?* ions location may doubtfully depend on thermal effects.

CELL RESPONSE TO NEUTRON RADIATION EXPOSURE

The study of the influence of neutron radiation on biological objects is necessary for the
general characterization of the processes occurring during the interaction of tissues with
corpuscular radiation, including for determining the relationship between indicators of the
cell's response to stress and its functional (proliferative) activity, with the aim of practical
application in medicine. It is known that the development of cellular stress depends on both
the intensity and the type of radiation.

The medical value of neutron radiation is considered in [52], where the high efficiency of
neutron exposure in the treatment of brain tumors was demonstrated. Biological effects of
neutron radiation, occurring at all levels of the organization of living matter, have various
manifestations. The problem of using neutrons in medicine is related to the absorption of
accompanying low-intensity radiation by the tissues surrounding the tumor. Studying the state
of cells under the influence of neutron radiation is of practical importance for clarifying the
characteristics of possible side effects of radiotherapy. The work [54] shows the high
efficiency of neutron radiation in anticancer therapy with neutron capture by boron °B. Slow
neutrons are inferior to gamma radiation in terms of biological effectiveness [55], but it has
long been established that their effect outweighs the effects of X-ray radiation [56]. At the
same time, it should be noted that despite the established distribution of RBE (relative
biological efficiency) of neutrons corresponding to their energy range, some reviews provide
a set of data indicating no change in the RBE indicator, for example, for fast neutrons in
relation to their effect on inducing apoptosis [57].

There are also quite contradictory data that indicate an increased risk of carcinogenesis
under the influence of, including, neutrons [58], on the one hand, and the insignificance of the
influence of neutron radiation on the occurrence of cancer [59] on the other. Neutron radiation
at small absorbed doses has significant destructive properties for cells, which can be
manifested in the weakening of gene activity, while X-ray radiation can have both
suppressing and enhancing effects [60], the nature of which is not completely understood.

Separately, we should take into account the evidence about the weak influence of neutron
radiation on the survival of patients [61], that is, the effects of neutrons at the cellular level
were more pronounced than at the organismic level. The effect of large doses of neutron
radiation on living objects is well studied. Studies show a clear dependence of the effect on
the dose, albeit nonlinear, using the example of rat [62] and human [63] cells. There are
different views on the biological effect of neutron radiation, which indicate both hormetic
[56] and damaging effects [64, 65]. But since there are still no final conclusions determining
the biological effects of small doses of neutron radiation, the question of a scientific solution
to this problem arises separately. But at the same time, according to some data, it is claimed
that there is an increased risk of carcinogenesis [66] and an increase in the frequency of
chromosomal aberrations [57] in the range of small doses of ionizing radiation (including
neutrons), according to others, that this risk is not significant [59]. There are also scientific
data on the positive effect of neutron radiation on animal organisms [67]. All of the above
requires further research to clarify the biological impact of neutron radiation depending on the
dose range.

Low doses of neutron radiation appeared to be able to increase the degree of chromatin
condensation (from 4.6 mSv) and the permeability of the cell membrane (from 9.2 mSv) with
the maximum values of indicators at a dose of 36.5 mSv, but these processes have individual
characteristics and character and depend from the characteristics of a specific donor. A further
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increase in the dose (73.1-146 mSv) caused the opposite changes such as chromatin
decondensation and a decrease in the permeability of cell membranes. At the same time, the
content of heterochromatin granules and the permeability of the cell membrane for vital dyes
decreases to the control level and in some samples show even lower values [68, 69, 70, 71].
Such non-linear response may be explained by numerous cell protective mechanisms that are
described in [72] or from the point of view of radiation hormesis as the stimulating effect of
lower doses of neutron radiation (up to 36.5 mSv) with the subsequent development of the
adaptive response of the cell to the stress factor of higher doses (73.1-146 mSv). There is a
point of view about pro-inflammatory response of immune system to very low IR doses which
changes to anti-inflammatory with the increase of dose to low-to-moderate range [73], so
similar variations exactly on the border of dose ranges may take place in other cells (e.g.
buccal epithelium). Also the case of protective effects of IR against chemical damaging factor
were observed [74], and in our case due to elongated procedure of irradiation the dose
received in the beginning of the exposure could appear as protection-activating against the
upcoming doses.

At the same time the donors’ sensitivity to neutron radiation had also individual features
of response. Considering the noted similarity of reactions to different types and dose ranges of
ionizing radiation, which were described both in experiments with gamma radiation and with
neutrons, we can make an assumption about the similarity of individual adaptation reactions
of donors to different types and doses of ionizing radiation.

There can be two points of view on the recorded wave-like changes in the state of
chromatin: the development of a stress reaction with the loss of the cell's ability to further
chromatin condensation with an increase in the dose of ionizing radiation due to irreversible
DNA damage or cell repair and, accordingly, the stimulating effect of small doses of neutron
radiation with the activation of biosynthetic processes. The second way may resemble the
gradual acquired radioresistance to upcoming irradiation observed exactly at low-to-moderate
doses (as it was recently shown in experiments with Drosophila melanogaster [9]) by analogy
with higher ones [75]. In general, non-monotonic dependences of the effect on ultra-low
doses of ionizing radiation have been known in radiobiology for many years.

CONCLUSIONS

According to the results of our research, it was primarily postulated that very low doses
range cannot give the certain “dose-effect” dependency, the low doses of neutron radiation
revealed non-linear features of cell response and the high doses may lead to plateau threshold
in the effects toward chromatin condensation including the doses that are closes to lethal.

The effect of 2 Sv gamma-radiation dose is partially reduced by applying a constant
magnetic field and microwaves before or after gamma radiation treatment. Individual
differences in the reaction of the HGQ indicator in donor cells to different treatment regimes
were revealed. Changes in the permeability of cell membranes of different donors under the
exposure of gamma radiation have individual characteristics and in general statistically are
less significant than the HGQ index. The microwave radiation and magnetic field in
combination with gamma radiation has a weak but reliable additive effect, which is expressed
in further increase of cell membranes permeability.

The transmembrane potential of mitochondria is significantly decreased under the
influence of both microwave and gamma radiation, while increasing the dose of gamma
radiation led to wave-like fluctuations in mitochondrial activity. The magnetic field had no
significant effect on this index. Gamma radiation, unlike microwave radiation, did not cause a
significant increase in the content of Ca?* ions in cell nuclei, however the combined effect of
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microwave and gamma radiation led to an effect that was more expressive than the one after
exposure of microwaves.

Neutron radiation caused wave-like changes in cell membrane permeability and
chromatin condensation in the nucleus of target cells in the dose range of 2.3—-146.0 mSv with
the maximum effect at a dose of 36.5 mSv. A further increase in the dose of neutron radiation
reduces the HGQ index and the permeability of the cell membrane to control levels and even
below.

Since the cells of the buccal epithelium are sensitive even to extremely small doses of
ionizing radiation, and also demonstrate modification of the effects of irradiation during the
action together with a magnetic field and microwaves, it is proposed to continue using the
cells of the human buccal epithelium as a test system for studying the effects of both ionizing
and non-ionizing radiation.
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AxTyajbHicTs. BrumB Manux no3 ioHizyrouoro BunpomiHioBaHHs (IB) sik Takoro Ta B moeaHaHHI 3
IHIIUMH IUKIJUIMBUMHU (Qi3MYHUMHU (akTopaMu, TakuMu sk HajasucokouacToTHi (HBY) mikpoxBmii Ta
MarHiTHI monst (MII), B maHumit yac € 00'€eKTOM YHCICHHUX IOCITI[KeHb. [IpoTe pe3ymbraTH HuX
JIOCJIIKEHB BCE I1Ie HE MAIOTh OJJHO3HAYHNUX BUCHOBKIB.

Merta podoru. [IpencraBneHo ori Ta aHaji3 paHille IPOBEICHUX Cepiii eKCIIEPUMEHTIB Y TIOPiBHSHHI 3
CyMDKHHMH MiThbOBUMH pPOOOTAaMH I IOKpAIICHHS PO3YMIHHA pOJNI MaluxX 03 10HI3yHYOro,
HEIOHI3YI0YOT0 BHIIPOMIHIOBaHHS Ta MarHiTHOTO TOJIS Y PO3BUTKY €(PeKTiB KIITHHHOTO CTPECY.
PesynsraTn. Hagamseki nmo3m sk camoro IB, Tak i HBY i MII mposiBmsuiim TpurepHi edektw, ski
BKIIIOYAlOTh BapiabenpHicTh Moaubikamii edexkry IB. Ha mnpukmagi yasTparmmpoKOCMyTrOBOrO
MIKPOXBHJILOBOI'O ONPOMIHEHHS IMOKa3aHO 3HAYYIIICTh BIUIMBY HABiTh HaJMajHX JI03 HEIOHI3YIUOTro
BunpoMiHioBaHHs. KomOiHOBaHMi BIUIMB ramMma-punpomiHtoBanHsi 3 HBU-mikpoxsuisimu ta MII Ha
CTaH XpOMaTWUHY MNPU3BIB O 3MEHILEHHs BMICTy rpaHyi rerepoxpomaruny (BIT), ame BrmimHyB Ha
3pOCTaHHs MPOHUKHOCTI KiIiTHHHOT MemOpanu (ITKM) Oinbuie, Hixk came IB. BusiBneHo mpurHiueHHs
aKTHBHOCTI MiTOXOHpii Ta 3HwkeHHs Ca?* B nuromnasmi npu il sk 1B, tak i HBU-MikpoxBuib Ta ix
koMmOiHamii. MII nemo miaBuITyBano MeMOpaHHHI MOTEHINAT MITOXOHJPIH Ta HE MOKa3aJio 3HAYHUX
3MiH y nepeposmogini Ca?* 1o sapa npu 3actocyBaHHi pasom 3 IB. Tlpu gii  HeifrpoHHOrO
BUIIPOMIHIOBAHHSI BUSBJICHO MakcUMyM NokasHuka BI'T Ta mpoHHMKHOCTI KIiTHHHOI MeMOpaHU Npu 1031
36,5 m3B. Iloganmbmme 30iNbIIEHHS MO3W TOBEPTANO CTAaH XPOMATHHY Ta KIITHHHOI MeMOpaHU [0
KOHTPOJILHOTO PiBHSI.

BucnoBku. Ha npuknami BIT mokazano HeBupazHuii edpexT Haamanux n03 IB i3 mommdikyrodoro
3nataicTiIo HBY-mikpoxBuine Ta MIIL. Edexktn BHCOKMX 103 raMMa-BHIPOMIHIOBAHHS TaKOX OyiH
momudikoani sk HBU-mikpoxBmmsmu, Tak i1 MII 3a mokasamkamu BIT (3menmenns), [TKM
(30iNbIIEHHS), MITOXOHApiaNbHOI aKTHBHOCTI (3MeHueHHs) i Ca?*-mepeposnofily Mix SIpoM Ta
uTormIazMor. ONMPOMiHEHHS IIBHIKAMHA HEUTPOHAMH B Jlialla30Hi HU3BKUX 1 CEPEAHIX 103 MPU3BOIUIO
JI0 PO3BHUTKY 03HAK KIiTHHHOTO cTpecy (mimumieHas BI'T Ta [TKM), sxi 3rmamkyBanucs mpH 30iIbIIeHHI
JIO3H.

KJIFOUYOBI CJIOBA: peHTreHiBcbKe BHITPOMIHIOBAHHSI; raMMa-BHIIPOMIHIOBAaHHS; HEUTPOHHE BUIPOMIHIOBAHHS;
HBY-MikpoXBHJIi; HOCTii{HE MarHiTHe MOJIe; XPOMATHH; IPOHUKHICTH MEMOPaHH; aKTUBHICTh MiTOXOHPIH.


https://doi.org/10.1007/s00018-018-2987-5
https://doi.org/10.1016/j.envint.2020.106212
https://doi.org/10.1080/15569543.2019.1580746
https://doi.org/10.2147/JHC.S383959
file:///D:/Downloads/ka.kuznetsov@knmu.edu.ua
http://orcid.org/0000-0003-0498-2489
http://orcid.org/0000-0001-6945-8413
http://orcid.org/0000-0002-3020-5539

ITPABHIIA JUIA ABTOPIB

B penakuiro momaeTses enekrponHuit Bapiant crarti (MS Word 2007 i Buie) ykpaiHChKOI0 ab0 aHTJTIHCHKOK MOBOO
gepe3 caiit xypHany http://periodicals.karazin.ua/biophysvisnyk 3 xampaBieHHSM yCTaHOBH i €KCIIEPTHHM BUCHOBKOM
y BHUTIISAI BiICKAHOBAaHUX (hailiiB.

TekcT HaOMpaeTbes Ha apkymax gopmaty A4 depes3 ogmH iHTepBal. BukopuctoByerhes mpudTt Times New Roman
12 pt, BupiBHIOBaHHS TeKcTy 1o mupwuHi. [lons crpasa i 31miBa mo 2,5 oM, 3Bepxy — 3,5 cM, 3HU3Y — 2 cM. MaremaTu4Hi
Ta XiMi4HI CHMBOJIM BBOISATHCSA 1O TEKCTY CTATTi 3a jomoMoror pemaktopa MathType a6o Microsoft Equation.
PucyHku 3 po3inbpHOIO 3maTHiCTIO He MeHme Hix 300 dpi y dopmari *.jpg, *.jped, *.png BCTaBISIOTHCS IO TEKCTY B
Me)Kax IDIOMII CTOPiHKH, BKa3aHO! BHUIIE. PHCYHKH CiJl po3MiIIyBaTH B Mekax TaOJHIN 3 MPO30OPHUMH 30BHIMIHIMA
TPaHUIIMU y TIEPLIOMY PSIKY, MIJNNC Ta KOMEHTapi 0 PUCYHKY — Y Apyromy psiiky Taomuui. ['padiku OynyroTses y
NPOrpaMHUX TaKeTax, IpU3HAYeHHX Uil oOpoOkm 1 Bizyamizauii HaykoBux maHux: Origin, Mathcad Tomo.
Bukopucranns ogicuoro nakery MS Excel mis nobynosu rpadikiB He nomyckaersest. Ludpu 1 mignucu Ha ocsx Ta
Hajanucax MmoBuHHI Matu mwpudrt 9 pt. Ilixnuen nin pucynkamu Apykyrotbest mpupTom 10 pt. @opmynu, Tadbmumi i
PHCYHKH HyMEpPYIOTHCS MOCHTIJOBHO apabcbkumu mudpamu, Hanpukian, (1); Tadon. 1; Puc. 1. Skmio crarrs Hanucana
YKpaTHCBKOIO0 MOBOIO, MiJNUCH A0 PHUCYHKIB 1 TAOIHIb TyOIIOIOTHCS aHTIIHCHKOI0 MOBOIO.

Ha mepmiii cropiHmi 3BepXy Ha MEpIIOMY PSAAKY B JiBOMY BepxHboMY KyTi HaBoauThcs YK (kypcus, 11 pt). Ilicnsa
MPOIYCKY OTHOTO psNKa, PO3MINIYEThCS Ha3Ba CTATTi (BENWKI JITepH, NpAMUN HamiBXUpHUH mpudT, 12 pt,
BHpPIBHIOBaHHS IO HEHTpY). Ilicis mpomycky OIHOTO psaka HAOMPAarOThCS iHIIIANM, TPI3BHINA aBTOPIB (MPAMUI
HamiBXupHUA mpudT, 12 pt, BUpiBHIOBaHHSA M0 IEHTPY). Ha HacTymHOMY psIKY pO3MIIIYIOThCS TIOBHI Ha3BHU i axpecu
YCTaHOB, /€ BHMKOHyBajach po0OTa, ajgpeca eJNIEKTPOHHOI IOLITH aBTOpa — KOHTakTHOI ocodu (kypcus, 10 pt,
BUPIBHIOBAHHS IO LEHTPY). [10TiM BMIIIyeThCS aTa HAIXOMKCHHS CTATTI J0 PEAAKIIIT: YUCIO — IUPpPaMHU, MiCSIb —
nponucoM, pik — nudpamu (mwpudt npsmuii, 10 pt, BupiBHIOBaHHS 1O LEHTPY). Ha HacTymHOMY psIKy BMIIyeThCs
JlaTa MPUHHATTS CTAaTTi 10 APYKY (3aIIOBHIOETHCS PENIKOJIETIEO).

[Ticns mpormycky O0JHOTO psiika BMILIYIOThCS J1Ba pedepaTr (YKpaiHCHKOIO Ta aHIJIiHChKO MoBaMu). Pedepar MoBoro
CTaTTi po3mimyeTbes nepumM. [lepen apyrum pedeparom 3 HOBOTO psifika MUIIETHCS HA3BU CTaTi (BEIMKUMHU JTITEPaMH,
mpudT npsmuid, 10 pt, HamiBXUPHWH, BUPIBHIOBAHHA IO LEHTPY), iHIMIaNKA Ta MpPi3BUINA aBTOPiB (WIPHPT mpsaMuit
10 pt, HamiBKUpPHUI, BUPIBHIOBAHHS IO IICHTPY), HAa3BH OpTraHi3amiil Ta iX ampecu (KypcuB 9 pt., BUPIBHIOBAHHS IO
neHtpy). Pedepar moBuHeH OyTH CTPYKTYpOBaHMM Ta MICTHTH HACTYIHI YaCTHHH 3 3arojOBKaMH: AKTYaJbHICTh,
Mera po6otu, Marepianu i meToan, Pesyabrarn, BucHoBKH, siKi TOYMHAIOTECS 3 HOBOTO psinka. CioBa “Pedepar” i
“Abstract” He THMIIYThCS. 3aroJIOBKH CTPYKTYPHHX YaCTHH IHIIYTHCS HAMIBXKHUPHUM IMIPH(TOM, IICISA 3arojoBKa
cTaBuThCsl Kparka. Tekct pedepary ckianae He MeHme 1800 ta ne Ouibme 2000 poHETUUHHX CHMBOJIB, TOOTO 0e3
HNPOMDKKIB Mix cioBamy; npsmuil mpudt 10 pt. Pedeparu apyroro MOBOI Takok HOBHHEH MaTu OOCAT HE MEHIIE
1800 Ta nHe Oinbure 2000 ¢oHeTMUHMX cHUMBONIB. Ha HAacTymHOMY psiiKy BMIIIYIOTBCS 5-8 KIIFOUOBHX CIIiB, SIKi
PO3ALIAIOTHCS MiXK 00010 Kparkoro 3 komoro (10 pt — mepuruii pedepar, 9 pt — npyruit Ta Tperiit pedeparn). 3 mouarky
psiika BEJMKUMH JIiTepamMH, WPpUGT HAMIBXUPHUH, MHIIEThCS 3aroyioBok 3 nBokpamnkor “KJHOYUOBI CJIOBA:”.
Texctu pedepartis 1 KIIFOUOBI CIIOBa MarOTh IIMPUHY Ha | CM MEHIIY, Hi’ OCHOBHHIT TekcT (110 0,5 cM 3 KOXKHOTro OOKY).
Pedeparn po3ainsioThCsl OAHUM ITyCTHM PSAKOM.

OCHOBHUH TEKCT CTATTI HABOAUTHCS MICIS MPOIyYCKy oaHoro psaka mpudrom Times New Roman (Cyr), 12 pt. A63auu
MMOYUHAIOTECS 3 YepBoHOTO psinka (0,75 cMm). PekoMeHIyeThCsl pO30UTTS CTATTI HA TaKi PO3AUIHM: BCTYH (Ha3Ba pO3IiTy
we mumetscs), MATEPIAJIM I METOJM (0GoB’i3Kk0BO uisi eKcrepuMeHTanbHuX pobit), PE3YJIBTATH W
OBI'OBOPEHHS, BUCHOBKMU. [ns1 TeopeTHUHUX poOiT mependavdaeThest OB BiIbHE PO3TANIyBaHHS MaTepiay,
Hanpukian, 3amicte po3ainy MATEPIAJIM I METO/JM pexomernaytotscs posninu IOCTAHOBKA 3AJTAYI,
MOJEJIb Ta in. Po3ninm He HyMepyIOThCs, JIITEpH BEJIMKi, HAIIBKUPHI, BUPiBHIOBaHHS 110 LeHTpy. [Tpn HeoOXigHOCTI
PO3MiNM MOAIMAIOTECS Ha miapo3ainn. Ha3Bu miIpo3ainiB MHITYTHCS 3 BENUKOI JIHTEPH 1 BHAUIAIOTHCSA HAIiBXUPHIM
mpudTOM, BUPIBHIOBAHHA IO HEHTPY. Po3minm abo migpo3mian po3aiIsIOTECA OMHUM IycTUM psakoM. Ilicims Has3B
pO3AiMIB 1 MiAPO3iNIB Kpamka HE CTaBUTHCS. Y KiHII TEKCTy CTaTTi MICIS MPOITyCKy OJHOTO PsKa Yy PO3inii
MHNOJAAKA 3a3nauaeThcsi Ha3Ba (GOHIY, sk (iHaHCYBaB poOOTy, i HOMep rpaHTy. [IOoTiM PO3MIIIYEThCS PO3IIT
KOH®JIIKT IHTEPECIB, y sikoMy aBTOPH JIEKIapyIOTh HasBHICTH (hiHAHCOBMX ab0 IHIIMX KOH(QIIIKTIB iHTEpECiB,
SIKI MOTJIM BIUTMHYTH Ha PE3yJbTaTH, IHTEPIPETAII0 Ta BUCHOBKH JOCI/DKEHHS. SIKIIO HEeMae KOHQIIKTa iHTEpeciB,
TaK i MoTpiOHO 3asBUTH: «ABTOPH MOBIJOMIISIOTH IIPO BIJICYTHICTH KOH(]IIiKTa iHTEepeciBy. I10TiM po3MinryeTsest po3i
Authors’ ORCID ID, y sixomy aBTOpH BKa3ytoTh aapecu cBoix npodinis ORCID.

JlirepaTypHi NMOCHJIaHHSI HYMEpYIOThCS B HOPSAAKY LUTYBaHHS B TEKCTi, HOMEp MOCHJIAHHS MHIIETHCS Y KBaJPaTHUX
nyxkax. He mormyckaloTbesi OCHIaHHS Ha HEOMyOJiKOBaHI poOOTH, MiJpYYHHKH Ta HaBYajbHI MOCiOHMKH. CIHMCOK
mitepatypu (mpudt 10 pt.) po3minryeTbcs 3a OCHOBHHM TEKCTOM cTarTi, BUntierbes sk po3nin REFERENCES i
0 OPMITIOETECS 3TiHO 3 MDKHApOJHHMM cTHieM O(OpPMIICHHS CHHMCKY HayKoBuX myOumikauiit Vancouver. Ilpuxnaan
odopmiieHHst 0ibmiorpadiyHUX MOCHIaHb MOXHA IIOJMBUTUCH HAa CalTi XypHaly y posaini «KepiBHMOTBO [uist
aBTopiB»: https://periodicals.karazin.ua/biophysvisnyk/about/submissions.

Pykonucu odopmJieHi He y BiTmoBiZHOCTi 10 HaBeJeHUX MPABUJ He PO3IJISIAATUMYThCs!
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INSTRUCTIONS FOR AUTHORS

Electronic files of the contributions (created in MS Word 2007 and later versions) written in English or Ukrainian,
scans of the expert inference directive and directive from the author’s institution should be sent to the Editorial
Office online via the website http://periodicals.karazin.ua/biophysvisnyk.

A manuscript should be typed in single spacing on A4 paper. Use the MS Word with following options: 12 points
Times New Roman font, text justified. Left and right margins should be 2.5 cm, the upper margin should be 3.5 cm,
and bottom one should be 2 cm. Mathematical and chemical symbols, equations, and formulae should be inserted in
the text by computer means (MathType or Microsoft Equation). Figures should be computer-generated in software
packages intended for processing and visualization of scientific data: Origin, Mathcad, etc. The use of the MS Office
Excel is not permitted. Use computer printed symbols for axes labeling. Insert prepared images into an MS Word
file as files in *.jpg, *.jpeg, *.png format within the area of the page specified above. Images must have a resolution
of at least 300 dpi. We recommend the following layout: images are placed in the first row of the table with
transparent outer borders, legends and comments to figures are placed in the second raw of the table. The font size
of figure legends should be 9 points. Formulae, tables, figures should be numbered consecutively using Arabic
numerals, e.g. (1), Table 1, Fig 1. If the article is written in Ukrainian, captions to figures and tables are duplicated
in English.

Insert UDC in the first line on the left of a first page (11 pt, Italic). Leave one line blank. Place the title of the paper
in capital letters (12 pt, bold, centered) on the next line. After one blank line type initials and surnames of the
authors (12 pt, bold, centered). On the next line type the authors' affiliation and postal addresses of the institution
where the actual work was done, including an e-mail address of the corresponding author (10 pt, Italic, centered).
Then, place the date of the paper submission: day — in numbers, month — in words, year — in numbers (straight
font, 10 pt, centered). Then, place the date of the paper submission (to be filled by editor).

After one blank line place two abstracts of the paper (written in Ukrainian and English). The first abstract should be
written in the language of the manuscript. On the next line provide the second abstract (capital letters, straight font,
10 pt, bold, centered). Above the second abstract place the titles of the paper in the second language (capital letters,
straight font, 10 pt, bold, centered), then — initials and surnames of the authors (straight font, 10 pt, bold, centered),
and finally — the authors' affiliation names and addresses (9 pt, Italic, centered), every time starting from a new
line. The abstract should be structured and consist of the following parts with headings: Background, Objectives,
Materials and Methods, Results, Conclusions, each placed on a new line. The words “Pedepar” and "Abstract"
should be omitted. The headers of structural parts are written in bold letters, putting a dot after the header. The two
abstracts of the paper should contain not less than 1,800 and not more than 2,000 phonetic symbols (i.e., without
taking into account the spacing between words); straight font, 10 pt. On the next line type 5-8 key words, separated
by a semicolon (10 pt — first abstract, 9 pt — second and third abstracts). Next, the header "KEY WORDS:"
should be typed in bold capital letters at the beginning of the line. The texts of the abstracts and key words should be
indented 0.5 cm from the left and right margins. The abstracts should be separated by a blank line.

Then, leave one blank line before starting to type the text of the paper with following options: Times New Roman
font, 12 pt, text justified. The first line of each paragraph should be indented 0.75 ¢cm from the left margin. Each
manuscript should contain the following elements: an introduction (heading of this section should be omitted),
MATERIALS AND METHODS (obligatory for experimental studies)), RESULTS AND DISCUSSION,
CONCLUSIONS. For theoretical less specified text organization is envisaged, e.g., instead of section
MATERIALS AND METHODS, the sections PROBLEM FORMULATION or MODEL are recommended, etc.
The sections are not numbered, capital letters, bold, centered. Sections may be subdivided into subsections, if
necessary. Subsection Headings are centered and should be bold and capitalized. Leave one blank line after each
section or subsection. A dot should be omitted after headings of sections and subsections. Names of the foundations
and grant numbers should be included in the section ACKNOWLEDGMENTS at the end of the text after one
blank line. The next section should be CONFLICT OF INTEREST in which you should declare financial or any
other conflict of interest. If there is no conflict of interest, you can state: “The authors declare that there is no
conflict of interest.” The next section should be Authors’ ORCID ID in which you should include ORCID internet
addresses of all authors.

References to the literature should be cited in the text consecutively by Arabic numerals in square brackets. The
citation of unpublished papers, textbooks and tutorials are prohibited. List of references (10 pt) should be given at
the end of the manuscript as a separate section REFERENCES, formatted according to the VVancouver style for
scientific publications.

The examples for reference formats are given on the journal's website in the "Author Guidelines™:
https://periodicals.karazin.ua/biophysvisnyk/about/submissions.

Manuscripts that do not meet the requirement mentioned above will not be considered for publication!
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