AHOTAIIA

buyenko K. O. Omninka iMyHOJIOTIYHHX MeXaHi3MiB micjas il
KOMILIEKCHHX eK30reHHuX ¢akropiB (GpoTOONpPOMIHIOBAHHS, €K30COM,
HAHOYACTHHOK) HA eKCIePUMEHTAJIbHI Moaesi 3anajienns. — Kpamidikariiina
HayKOBa Ipalls Ha MpaBax PyKOMUCY.

Hucepralliss Ha 3100yTTs CTymneHs JoKTopa (imocodii 3a creriaabHICTIO
091 — bionorisa (I'amy3s 3Hanp 09 — bionoris). — XapKiBCbKHI HalliOHATBLHUN
yHiBepcuteT iMeH1 B. H. Kapa3zina MinicTepcTBa ocBITH 1 Hayku YKpainu, XapkKis,
2023.

Jlucepraiito NPUCBIYEHO IOCIIKEHHIO MEXaHI3MIB BIUIUBY (DI3UYHUX Ta
OioymoriyHux  ¢akTopiB Ha  IMYHOPE3UCTEHTHICTh B  yMOBax  IHJIYKIII
eKCMEPUMEHTAIBHOTO  3allajieHHs Ta OIIHKM CTYNEHS IIUTOTOKCHYHOCTI
HAHOYACTUHOK JIOKCUJY LIEpPII0 PI3HUX PO3MIPIB Ta Pi3HOI KOHIICHTpALlli B SKOCTI
XIMIYHOTO (aKTOPY AJI1 KOMIUIEKCHOTO 3aCTOCYBaHHS IIPH 3anaibHIN peakilii.

biosoriyHi mpouecu y JKMBUX OpraHi3Max MOB’s3aHlI 3 NEPEHECEHHSIM 1
NEPETBOPEHHSAM €HEprii, NEpBUHHUM JDKEPEJIOM SIKOI € COHAYHE CBITJIO.
MexaHi3mMu BIUTUBY (DOTOONPOMIHIOBAaHHS Ha 01000’€KTH TMOB’SI3aHI 3 €O
MOJIEKYJI, 3MIHOIO 1XHBOI KOH(opMarllii Ta (i31070TT4HO0 aKTUBHICTIO. HaitOinbi
BOKJIMBUM JIJISI BCIX KUBHUX 00’ €KTIB € YTBOPEHHS OPraHIYHUX PEUOBUH Y MPOIIEC]
dboTocuHTE3y, KOJIM B1AOYBA€THCA MEPETBOPEHHSI COHSYHOIO CBITJIa HA E€HEPriio
XiMIYHUX 3B’s3KiB. CBITIIO CHpHsi€ aKTUBAIl MIKPOIUPKYJSIT y KIITHHI Ta
BIUIMBAE HA MEeTa0OIyH1 HUIsAxu. Jlis CBiTIa HA *KUB1 00’ €KTH BUKOPUCTOBYETHCS Y
MPaKTUIll JAaBHO, Xo4da J0CI He C(HOPMOBAHO €IMHOI TYMKH II0JI0 MEXaHI3MiB
CBITJIOBOTO BIUTMBY Ha 01000’ €KTH.

IcHye mpoOnemMa Kopekilii iIMyHOMEeTa0OMIYHUX MOKAa3HUKIB MPU XPOHIYHUX
3amanbHUX peakiisx. Bignmosigno mpo Teopii 3amanenns 1. . Meunukosa (1892 p.)
3armajieHHs € CUCTEMHUM 3aXHUCHUM TIPOIECOM, KU PO3BUBAETHCS HA BCIX PIBHAX
opraHizauii oprasizmy. Mae ¢dyHIaMeHTaNbHUN Ta MPaKTUYHUN 1HTEpEC

3’SCyBaHHS TOTO, SIK ek3oreHHl dakropu ((PpizuynHi, XiMiuHi, O10JOTIYHI)



BIUTMBAIOTh HA 3amaJibHuii mipomec. [l BupimieHHS 1(i€l  mpobieMu
BUKOPHUCTOBYIOTh 0araTo pi3HUX MiJXOJiB, ICHY€ MpPaKTHKa BUKOPUCTAHHS PI3HUX
dbakTopiB — (i3WYHUX, OIOJOTIYHHUX Ta XIMIYHHMX, SKI BIUIMBAIOTh Ha Iepedir
3amajpbHOro  mpomecy. B skocTi  ¢i3muHuX  (GaAKTOpiB  3aCTOCOBYIOTH
(GbOTOONPOMIHIOBAHHSI PI3HUMU JOBXHUHAMH XBHWJIb BUJAMMOTO J11alla30HY CIIEKTPY,
ajyie 3aJUIIAIOThCA MHUTAHHS MIOJI0 MEXaHI3MIB Ta PiBHSA €()EKTUBHOCTI TaKOTO
croco0y Mpu JIOKaJbHUX Ta CHUCTEMHHUX 3alajbHUX MpPOIEcax, OCKIIbKU €PEeKTH
CBITJIOBOTO BHUITPOMIHIOBAHHS 3ajie)KaTh BiJl JOBXWHU XBWJI, YaCTOTH BIUIUBY,
eKCIO3UIIi1, MOTYXHOCTI Ta UIIIBHOCTI eHeprii. JJig KopeKIii iMyHOMETa0OoI1YHIX
MOPYIIEHb TAKOX 3aCTOCOBYIOTH CTOBOYPOBI KJIITUHU Ta iX METa0OJITH, B TOMY
gUCIi JUIS KOPEKIli BaXKMX METa0OJIUYHMX JUCPYHKIIN — JOKaJbHUX Ta
CUCTEMHHUX 3alaJbHUX peakuiid. B To# ke yac mMallo JOCHIIKEHb, MPUCBAYECHUX
BUBYCHHIO BIUIMBY €K30COM (B fKOCTI O010JIOT14HOTO (HaKTOpy), $KI MICTSTh
€K30MeTa0O0ITH CTOBOYPOBUX KIIITUH PI3HOTO IMOXOJKEHHS, (DAKTOpU pPOCTYy Ta
1HII QakTopu MIKPOOTOUYEHHS Ha XPOHIYHE MJISIBE 3amajieHHA. KpiM CBITIOBOTO
BIUIMBY, CTOBOYpOBUX KIITHUH TaKOX 3aCTOCOBYIOTh Pi3HI HAHOYACTHHKHU JJIs
HNIATPUMKN PEJOKC-CUCTEMHU KIIITUH 1 MIKpOUMPKYJALii. HaHoyacTUHKM pi3HOTO
MOXO/PKeHHS (Hampukiaa, rpadiToBl Ta 1HINI) MOXYTh BUKOHYBAaTH TPAHCIIOPTHY
byHKIIII0, TOOTO BOJIOAIIOTH 3/IaTHICTIO TMPOHUKATH Kpi3hb  OlomMemMOpaHu Ta
3MiHIOBaTU (PYHKIIT O10MOJIeKyJ. B 1IbOMY acneKTl I10KCHJ LIEPit0 BOJIOJIE IIJTUM
pSZIOM TO3UTHBHUX BIUIMBIB Ha MeTa0odi3M cucteMm oprasizmy. OnHak, depes
CyNepewInBl BIJOMOCTI MPO LHUTOTOKCUYHICTh HAHOYACTUHOK, iX 3aCTOCYBAaHHS
CYNPOBOJIKYETHCSA TIOCTIHHOIO AUCKYCIEIO MPO MOXKJIMBI MEXaHI3MHU IXHBOI J1i Ha
JUHAMIKY JIOKQJIbHUX Ta CUCTEMHUX 3allaIbHUX MPOIIECIB Ta 010JIOTIYHY O€3IeKy,
a TaKOXX HE BM3HAYEHO JOMYCTHMI J03M Ta ONTUMAJbHI pO3MIpH, AKi O HE Malu
BHCOKOTO CTYMEHs] HIUTOTOKCUYHOCTI.

Tomy meToro po6oTu OyJi0 BUBYEHHS MEXaHI3MiB 010J0T1YHUX €(EeKTIB Ta
Jii pI3HUX JIOBXKUH XBWIb (DOTOONPOMIHIOBAHHSI Ha CTaJlli 3alaJibHOTO MPOILIECY,
€K30COM  ME3€HXIMaJbHUX  CTOBOYpPOBHX  KIITHH  Ha  CTUMYJIALIIO

npostihepaTUBHOTO MOTEHITIATY IMyHOKOMIIETEHTHUX KJIITHH B KyJbTYpi IN Vitro Ta



BU3HAUEHHS CTYIEHS IUTOTOKCUYHOCTI HAHOYACTUHOK MIOKCHAY LEPII0 PI3HUX
XapaKTePUCTHK 3a JIONOMOroto Oioinaukaropa D. viridis.

3amauamu poboTH OyIIO:

1. BuBuenHsa O6ionoriuHux e(eKTiB Ta MexaHi3MiB (HOTOOMPOMIHIOBAHHS
pI3HUX JOBXKHUH XBUJIb (A = 660 uHM, A = 530 HM, A = 470 HM) Ha PI3HUX CTAISIX
3aMmajibHOTO MPOIIECY.

2. O1iHKa NOTEHIIIMHOT MOKJIMBOCTI €K30COM, III0 MICTITH €K30METa00JIITH
ME3EHXIMaJIbHUX  CTOBOYPOBUX  KIITHH, CTHUMYJIOBAaTH MpojidepaTuBHUN
MOTEHI[1aJ] IMyHOKOMITIETEHTHUX KIIITHH MAlll€HTIB 13 XPOHIYHUM 3araJeHHSIM.

3. BusHaueHHs1 CTyneHs HUTOTOKCUYHOCTI HAHOYACTUHOK JIIOKCUJY IIEPiI0
pI3HUX PO3MIpIB Ta KOHIEHTpAIliii 3a jonomMoror Oioimukatopa D. viridis 3
METOI0 TXHBPOTO MPAKTUIHOTO 3aCTOCYBAHHS.

4. OriHka IMyHOKOPUTYIOUUX €(EeKTIB CBITJIOBOI Jii PI3HUX JOBKHH XBHJIb
(A = 660 am, A = 530 M, A = 470 HM) y TAII€HTIB 3 XPOHIYHUM 3alajIbHUM
IPOLIECOM Ha TJIi yKpoBoro aiadery Il tumy.

VY po6oTi BUKOPUCTOBYBAJIM TPHU €KCIIEPUMEHTAIBHI MOJIEIII.

Monens | — MomenioBaHHS TPUBAJIOTO 3aMaJIbHOTO MPOIECY Ha TBapUHAX.
Jlany Mojenb BHUKOPUCTOBYBAJIM [IJIsi OLIHKK €(eKTiB (POTOONMPOMIHIOBAHHS
TBApWH PI3HUMH JTOBKUHAMU XBWIb (660 HM, 530 HM, 470 HM) Ha BCIX eTamax
3amajqibHOrO mpouecy (iHQinbTpamii, anprepanli, ekcyaalii Ta pereHepanii,
npomidepartii). bymo mnpoBeaeHo OararoeTanHuii €KCIEPHUMEHT Ha BEITHMKOMY
MacHBI JTa0OpaTOPHUX TBApUH (IIypHU-caMill opoau Bictap), siki Oynau po3maiieHi
Ha 5 rpyn. I'pyna 1 (koHTpoab) — iHTakTHI TBapuHu (n = 32). Y TBapuH rpyn 2-5
Oy70 1HIYKOBAHO EKCIEPUMEHTAIBHUM TMEPUTOHIT 3 METOI MOJICTIOBaHHS
YOTUPHOX €TalliB 3amajbHOi peakuii. [HAYKIiI0 3amaJbHOrO MpOLECYy y TBAapUH
rpyn  2-5  3miiCHIOBAIM ~ NUISIXOM  BHYTPIITHBOYEPEBUHHOTO  BBEICHHS
mnonomicaxapuny (JIIIC) 3 pospaxynky 1 mkr/100 r macu Tima Ha 1 M
130ToHIYHOTO po3unHy (0,9 % NaCl). TBapun rpynu 2 3 iHAyKOBaHUM 3aMaJICHHIM
BUKOPUCTOBYBAJIH SIK TpyIy nopiBHAHHS (n = 32). TBapun rpym 3, 4, 5 (B KOXHI

rpyni n = 32) migaaBanu MIOACHHOMY (DOTOONPOMIHIOBAHHIO HUISIXOM BILIUBY



dboTonanmu (cBiTIOAionHMMHU) MaTpuisamMu Kopobosa A. — Kopobosa B. «bapsa-
®nexc/24OM» Ha yepeBHY CTIHKY B OAMH 1 TOHM >ke 4ac noOM — BpaHIl, A0
roJlyBaHHs; 4yac ekcrosuiii cranoBuB 10 xB. TBapuH rpynu 3 ONpOMiHIOBAJIU
4epBOHUM CBITIOM (A = 660 HM); TBapuH Tpynu 4 — 3eneHuM cBitioMm (A = 530
HM), TBapUH TIpynu 5 — cuHiM cBiTiIoM (A = 470 um). Y poboTi Oylio mpoBEIEHO
OIIIHKY 3MIH IMYHHHX MapkepiB A0 1 mmicias (OTOONMPOMIHIOBAaHHS PI3HUMH
JOBKMHAMHU XBHJIb KOXKHOTO €TaIy 3amajbHOro mporiecy: 1-if eranm — ampTeparlis;
2- etam — ekcydaiis Ta 1HQUIBTpais;, 3-il — pereHepariis; 4-i — 3aBeplICHHS
3amajgpbHOro mporecy. Ha mpomy eTami BHBYamu AaKTHBHICTH HEUTPOQITiB B
KHCEHb-HE3aJIE)KHOMY 1  KHCEHb-3aJIe)KHOMY  (haromuTo3l  Ta  CTYIIHb
JTM(OIMTOTOKCUYHOCTI (3a Tepacaki) METOJIOM CBITJIOBOI MiKpockomii. Bmict
HUpKyIoounx 1MyHHUX KomiuiekciB (L{IK), ski sBASOTH €000 KOMILIEKC
AHTUTEH — aHTUTLIO — KOMIUIEMEHT, OI[IHIOBAIM CIIEKTPO(POTOMETPHUUHO.

Mopguensb Il — ominka nposidepaTUBHOT aKTUBHOCTI — BUKOPUCTOBYBAIU IS
OLIIHKA MOXJIMBOI ~aKTHBYIOYOi [Ii €K30COM CTOBOYpOBHUX KJITHH Ha
npostihepaTuBHY AaKTHBHICTh JICHKOIMTIB mepudepuuHoi Kposi In VIitro s
OOTpYHTYBaHHsSI ~ aJ[peCHOTO  3aCTOCYBaHHS  €K30COM 3  MeTaboJTamu
poreHepaTOpHUX CTOBOYpoBUX KIiTUH. [IponidepaTuBHy aKTUBHICTH JICUKOIUTIB
BH3HAYAJIM METOJIOM CBITJIOBOI MIKPOCKOIIii y KyJbTypax in VItro TproX BapiaHTIB:
«A» — KOHTpPOJbHA KyJnbTypa, «B» — KyabTypa 3 J0JaBaHHS MITOTCHY
bitoremarrmotuHiny; «C» —  KyJapTypa 3  JIOaBaHHSM  €K30COM 3
€K30MeTa00IITaMU ME3EHXIMaJIbHUX CTOBOYPOBHX KIIITHH.

Mogens III — oriHKa TUTOTOKCUYHOI aKTUBHOCTI HAHOYACTUHOK JI1OKCUIY
1Eepito pi3HOI KOHIIEHTpallli Ta pizHuX po3mipiB (2 uM — 0,1 M; 3-4 am — 0,2 M; 6
oM — 0,1 M) 3 BuHKOpHCTaHHSIM KiIiTHHHOTO OioiHmukatopa D. viridis. 3a mii
HEraTUBHUX (AKTOPIB PI3HOTO CTYIMEHS IMTOTOKCUYHOCTI BU3HAYaIu Mopdo-
GyHKIIOHATBHI TOPYIICHHS KIITHH TECT-CUCTEMHU: 3MiHa (OpMHU  KIIITHH,
HAKOTIMYEHHS BKIIIOUEHB, BTpaTa /UKIYTHKA, 3MiHA XapaKTepy Ta HampsSMKY pyXy,
YTBOPEHHSI arperariB, BUAUICHHsS ek30MeTa0omiTiB. [ligpaxyHOK 3MiIHEHUX KIIITUH

MPOBOAMIIM METOJIOM CBITJIOBOI MiKpOCKOIii. Bu3Hauanu iHTerpajibHi MOKa3HUKU



IMUTOTOKCUYHOCTI:  KOE(III€EHT CHOHTaHHOI UTOTOKCHMYHOCTI Kem (st
KOHTPOJIbHOT KYJBTYPH) Ta KOEQIIIEHT 1HAYKOBaHOI HUTOTOKCHYHOCTI Kir (st
JOCITIKYBaHUX 3Pa3KiB).

Ha mopeni JIIIC-iHAykOBaHOTO NMEPUTOHITY BUBYAIM IMyHOPE3UCTEHTHICTD
Ha CTaJisX TPUBAIOTO 3aMajibHOrO MPOIECY MICs Aii PI3HUX TOBXHUH XBWIb (A =
660 umM, 530 uMm, 470 HM). AKTHBaIlSl BPO/HKEHOTO IMYHITETY Oyja BUsIBIICHA Ha
nepmoMy erami 3anaieHss (iH¢iapTparii) micas aii yepBoHoro cBitia (A = 660
HM): y EKCHEpPUMEHTAJIbHUX TBAPUH 3 I1HJYKOBAHOIO 3alalIbHOI0 PEAKIIEI0
MOKA3HUKU OYJW BUIMMHM, HDK y TBaApWH TPYNHU MOPIBHSHHS 13 3alalicHHsIM 0e3
dotoBruuBy. 3enenHe cBiTio (A = 530 HM) NOpuU3BOAMUIO JO HOpMAaJI3aIlii
MOKa3HUKIB KJIITUHHOTO IMYHITETY Ta 3HWKEHHS MOKAa3HHUKIB T'yMOPaJIbHOIO
IMYHITETY Ha JIpyromy erarii 3amnajieHHs (perenepaiiii). Cute citio (A = 470 M)
COPHSUIO 3HWKEHHIO JOCHIKYBaHUX IOKA3HUKIB IMYHITETY Ha TPETbOMY €TaIll
3amanieHHs (mposmidepariii). Y KOXHIA Tpymi TBapuH IICIs BIUIMBY TIE€BHOI
JOBXKMHU XBHWJII TEPMIHM €TalliB 3alajeHHs CKOPOTUJIMCS BIJHOCHO TpYIHU
nopiBHsAHHSA (TBapuHH 3 JIIIC-1H1yKOBaHUM MEPUTOHITOM 0€3 (OTOBILIUBY).

BusiBieHo, BUpakeHy CTUMYJIIOIOUY JII0 €K30COM CTOBOYpOBUX KIIITUH Ha
npoJiepaTuBHY aKTUBHICTh NOPIBHIHO 3 MiTOreHoM @PI'A B KyJIbTypi JIEUKOLIUTIB
MAIllEHTIB 13 ~ XPOHIYHUMH  3alajbHUMHU  MpOIEcaMu.  3aCTOCYBaHHS
€K30MeTa0O0MITIB CTOBOYpPOBUX KIIITUH Y BHIJISAAI €K30COM (SIK Ol0J0TiyHUM
dbakTop) AJIsI TPAHCIOPTYBAHHSI aKTUBHUX KIITUHHUX KOMIIOHEHTIB MOXE OYyTH
e(eKTUBHUM 3aCO00M JIJI1 KOPEKIIiT IMyHOMETa0OIIYHUX OPYIICHb Ta CTUMYJISIIIT
pereHepaTUBHUX MPOIIECIB.

Sk xiMiuHUN (DaKTOp 3aCTOCOBYBAJIM HAHOYACTUHKH, SIKI € aKTUBATOPAMHU
Mirparii aranTepHUX MENTUIIB 1 BOJOMIIOTh MM PSI0M MTO3UTHBHUX BIUIMBIB Ha
MeTabomi3M CHUCTEM OpraHi3My. BuBYanmM MOTEHIIHY UHUTOTOKCUYHOCTH
HAHOYACTUHOK (K XIMIYHMNA (DakTOp) MIOKCHAY IIEpit0 PI3HOTO pPO3MIpYy Ta
KoHIeHTpali. [licma BHeceHHs 10 TecT-cuctemMu D. viridiS HaHOYaCTHHOK
JTIOKCUIY Uepito Maioro po3Mmipy (2 HM y koHuentpauii 0,1 M) BiazHavanu

HE3HAYHI YIOBUIBHEHHS PYXY JMEAKUX KIITHH MIKpOBOIOPOCTi. KiIbKICTh KITITHH 31



3MiHEHOI0 Mopdororieto Oyna Ha piBHI KoHTpoiro. Kimitmaum D. viridis He
yTBOpIOBaja arperaT 3a Aii HanowyactuHok 0,1 M miokcuay mepiro po3mipom 2
oM. Koedimient nurorokcuuyHocti Kir He BiapizHsBcs Bix koHTpodto. Ilicis
iHKyOarii tect-cuctemu D. viridis 3 miokcumom mepito B konmneHtparnii 0,1 M
po3MmipoM 6 HM yCi KIITHHH TECT-CUCTEMU HaOyBaiu aepopMoOBaHOI OKPYTIoi
dbopmu, BTpadanu KTYTHKH Ta YTBOPIOBAJIM BEIUKI 32 PO3MIPOM CKYMUYEHHS
KITUH (Makpoarperatu). KoegilieHT HMMTOTOKCHMYHOCTI B LLOMY BHUIAAKy OYB
OaraTopazoBo MiJABUIIEHUA BIAHOCHO KOHTpOJt0. ToOTOo, mmicis 1HKyOaIli Tect-
cucremu D. viridis 3 miokcuaoM Iepit0 MaKCUMAILHOTO pPO3Mipy 6 HM B
koHueHntpauii 0,1 M cnoocrepiraiii BupakeHi HUUTOTOKCHUYHI edektu. TooOTo,
JOCITIJIKEHHS 1010 IIMTOTOKCUYHOCTI HAHOYACTUHOK JIOKCHAY LIEPI0 3 PI3HUMHU
XapaKTEPUCTHKAMH 13 3aCTOCYBaHHSIM KIITHHHOTO OioiHmukatopa D. viridis
JTI03BOJIMJIO BUSIBUTH ONITUMAJIbHY KOHIIEHTPAIlIO Ta PO3MIPU HAHOYACTUHOK (2 HM,
0,01 M), siki HEe IPOSIBIISUTH LIUTOTOKCUYHOT Jii.

Takum yuHOM, B poOOTI BIEpIIE MOKa3aHO, 1O (POTOBIUIMB PIZHUMH
JIOBKMHAMU XBUJIb TPUBOJUB JIO0 PI3HUX €(EeKTIB Ha eTanu 3amalieHHS: BiJl
aKkTuBallll 70 1Hr10yBaHHSA MOKA3HUKIB BPOHKEHOTO IMYHITETY HAa MEBHUX €Tanax
3arajeHHsl, 110 IPU3BOJINIIO, Y CBOIO YEPry, 10 CKOPOUYECHHS TEPMiHIB 3aBEPILICHHS
3amanbHOro mpotecy. Ilicns ompomiHiOBaHHS 4epBOHUM CBITIOM (A = 660 HM)
BUSIBWIIM akTuBalito ¢arounto3y (Ha 30 %), NOCHIIEHHS T'yMOpPaJbHUX peakUii
(30UIBIIEHHS CTYMEHIO JIM(OIMTOTOKCUYHOCTI Ta KOHIICHTpAIlll ITUPKYIIOI0YUX
IMyHHUX KoMIuiekciB Ha 50 %), mo CcynpoBOKYBAJIOCh CKOPOYEHHSM MEpIIOi
CTajii 3amaJibHOrO Tmpolecy MNopiBHAHO 3 KoHTposieM (JIIIC-inmykoBaHuit
MEePUTOHIT 0€3 CBITIOBOTO BILIMBY) Ha 9 116. 3enene cBiio (A = 530 HM) cripusijio
30uTbIIeHHIO (Ha 20 %) moriauMHanbHOI 34aTHOCTI HEUTPO(D1IIB, 3HUKEHHIO PIBHS
MUPKYJIIOI0YUX IMYHHUX KOMIUIEKCIB (Ha 40 %) Ta miMEGOIMTOTOKCHYHOCTI (Y 2
pasu), 10 XapaKTepU3yBajo 3aKIHUEHHS albTepallii Ta CTUMYIAIIID pereHepartii
Ha JIpyroMy erari 3amajibHoi peakiii. [1icis BIIMBY 3€J€HOTO CBITJIa TPUBAIICTh
3armajibHOTO TIPOIIECY CKOpoUuyBajach Ha 6 110 3a paxyHOK (ha3u excyaaiii y nmepiosn

posnurtoro neputoHiTy. Cune cBiTio (A = 470 um) Ha T JIIIC-iHayKoBaHOTO



NEPUTOHITY OKa3yBajO HalMEHIIN eQeKT Ha IOCHIHKyBaHI 1MYHOJIOTIYHI
napaMeTpy Ha paHHIX eTanax 3amajJeHHs. A Ha 3aBepllIajbHii cTali 3amaJbHOTO
MIPOIIECY BUSBUJIN JOCTOBIPHE 3HUKEHHS MOKa3HUKIB (parouutoly HEUTpoPiIiB —
XeMOTaKCUC, aAre3is 1 MOIVIMHAJIbHA 3AaTHICTh OYJIM HIDKYUMH, HIK TpYI
nopiBHsiHHSA ~ (JIIIC-inaykoBaHuit mepuToHIT 0e3 CBITIIOBOI Aii). BusiBuiu
3HIDKEHHSI y 3 pa3u CTYNEeHI JIM(OUUTOTOKCUYHOCTI, BMICT HUPKYIIOIOUHX
IMyHHUX KoMmIUiekciB ctaHoBUB (70,5 = 9,9) ox. E 1 OyB Ha piBHI IHTAaKTHUX TBapUH
(69,2 £ 6,8) on. E. 3acrocyBanHs cuHbOrO cBiTia (A = 470 HM) CHpHUSIO
CKOPOYEHHIO 3aBEpIIAJLHOTO €Taly 3alajlibHOTO MpoLecy Ha Tl MOJIMIICHHS
MIKPOLUMPKYJISIIIT 32 paxyHOK JuiaTalii Cy[WH IMiJi BIUIMBOM IMYHOTPOITHOTO
epeKTy AaHOl JOBXKMHU XBHWJII Ta MPU3BOAMIO JIO0 CKOPOYEHHS TPHUBAJIOCTI
3anajbHOTO MpoIliecy Ha 5 1i0.

BceranoBieHO cTUMYIIOIOUNN €(EeKT €K30COM, L0 MICTATh €K30METa0O0IITH
ME3CHXIMAJIbHUX CTOBOYPOBHX KIIITHH, SKHM TPOSIBISBCA B  30UIbLICHHI
npostihpepaTuBHOI aKTUBHOCTI IN VItr0 y KyJbTypi KIIITHH MAII€HTIB 13 XPOHIYHUM
3amasieHHaM. To0To, eK30COMH MPOSBIISIA AHTATOHICTUYHY J1}0 TIPOTHU 1HT101TOPIB
npoJiihepaTUBHOIO MOTEHLIANY JTIM(POIMUTIB MALIEHTIB, Kl Majld JOBrOTPUBAIUI
3aIlaJIbHAM TIPOLIEC.

JloBeieHO, 10 HAHOYACTHUHKU JTIOKCHUIY IIEpiI0 Majoro posMipy (2 HM) B
koHneHTpaiii 0,1 M He MNposBISUIM UMUTOTOKCHUYHOI i, TPO IO CBIAYHUB
HOPMAaJIbHUN piBeHb KoeimieHTy nutoTokcuyHocTi (Kir) BITHOCHO KOHTpOIO. A
micist iHkyOarii kiitaH D. viridis 3 miokcuaoM 1epito MakCHUMaabHOTO po3Mipy (6
HM) Ti€i ) koHeHTpauii (0,1 M) crocTtepirain BHUpaXeH! HUTOTOKCUYHI e(peKTH
BIJIHOCHO KJITUH OloiHAMKaTOpy. YUepe3 HAasIBHICTh BHPAXKEHOI PI3HHUIN PIBHS
HUTOTOKCUYHOCTI HAHOYACTHMHOK 3 PI3HUMHU pO3MIpaMU 1 KOHUEHTpAI€E, iX
BUKOPUCTAHHSA, K AHTHOKCHUIAHTIB 1 CTUMYJISTOPIB MIKPOIUPKYIIT HOTpedye
MOTIEPETHBO1 OIIHKHY 3 YPaXyBaHHSM BIATOBITHUX XapaKTEPUCTHK.

[IpakTiuHe 3HA4YEHHS OTPUMAHMX pPE3YJIbTATIB TMOJSITa€ y TOMY, IIIO
BU3HAYEHO OCOOJHMBOCTI BHOIPKOBOI Jii Pi3HUX JIOBXKWH XBWJIb Ha MOAM(IKAIIIO

O0lOMOJIEKYJI, HAa YOMY MOXYTb OyTH 3acHOBaHI pi3HI €(EeKTH Ha CTaIisfax



3amajgbHOro mporecy. JocmiTKeHHs 3MiH MEeXaH13MIB IMyHOPE3UCTEHTHOCTI MiCTs
Jii pI3HUX JTOBXWH XBWJIb BHJMMOTO JIalla30HY HA €TalM 3amajbHOTO MPOIeCy
cupusie po3poOIll TOKa3aHb 1O iX 3acTOCyBaHHS. BusiBneHa akTuBaris
npodidepaltii KINTHH y KyJIbTypi MICIs BIUIMBY €K30COM CTOBOYPOBHX KIIITHH
MOXke OyTHM BHBYEHA Ta BHKOPHUCTAHA SIK IHAYKTOp pernapaiiii mpu 3amajeHHI.
HaHouacTUHKY TIOKCHAY LIEPIF0 MAJIUX PO3MIPIB Y HU3BKIM KOHIIEHTpaIlii, K1 He
MPOSIBISIIOTh  IIUTOTOKCUYHOCTI, MOXYTh BHUKOPHUCTOBYBAaTHUCS Yy  BUTJIAII
IUTONIPOTEKTOPIB, AHTHOKCHJIAHTIB Ta aKTHUBATOPIB MIKPOUUPKYJALIl MpH
3arajbHOMY MPOIIECi.

[IpoBeaeHi  JOCHIDKEHHS  JO3BOJIMIM:  OOIPYHTYBaTh  IMYHOJIOTIYHI
MeXxaH13MH 010JI0T1YHUX €PEeKTIB Micisi OTOONMPOMIHIOBAHHS PI3HUMH JIOBKUHAMU
XBWJb Ha €Taly 3alaJIeHHs; OLIHUTH JII0 €K30COM CTOBOYpPOBHMX KIITHH SK
aKTUBATOPIB TPOJi(EepaTUBHOTO MOTEHIANy B KYJbTYpl KIITHH Ta 3’SICyBaTH
CTYMiIHb IUTOTOKCUYHOCTI HAHOYACTHHOK JIOKCHAY 1LEpII0 3  PI3HUMH
XapaKTePUCTHKAMU JIJIs1 pO3POOKHU MOKa3aHb J0 iX CIUIFHOTO 3aCTOCYBAaHHS.

KiarouoBi  ciaoBa:  Mozaenb — 3amajieHHs,  BPOUKEHUM  IMYHITET,
(OTOONPOMIHIOBAHHSI, €TaNU 3alaJeHHs, KyJIbTypa KIITHH, €EK30COMH, CTOBOYpPOBI
KIITUHU, TpoyidepaTuBHa aKTUBHICTh, HAHOYACTUHKU JIOKCUIY IIEpifo,

oioinaukarop D. viridiS, HUTOTOKCHYHICTb.
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The dissertation is devoted to the study of the physical and biological factors
mechanisms on immunoresistance under conditions of experimental inflammation
induction and assessment of the cytotoxicity degree of cerium dioxide
nanoparticles of different sizes and concentrations as a chemical factor for complex
application in inflammatory reactions.

Biological processes in living organisms are associated with the transfer and
transformation of energy, the primary source of which is sunlight. The mechanisms
of the photoirradiation effect on biological objects are related to the action of
molecules, changes in their conformation, and physiological activity. The most
important for all living things is the formation of organic substances in the process
of photosynthesis, when sunlight is converted into the energy of chemical bonds.
Light promotes the activation of microcirculation in the cell and affects metabolic
pathways. The effect of light on living objects has been used in practice for a long
time, although there is still no consensus on the mechanisms of light effects on
biological objects.

There is a problem of immunometabolic indicators correction in the chronic
inflammatory reactions. According to I. 1. Mechnikov's theory of inflammation
(1892), inflammation is a systemic protective process that develops at all levels of
the body's organization. It is of fundamental and practical interest to find out how
exogenous factors (physical, chemical, biological) affect the inflammatory process.

To solve this problem, many different approaches are used; there is a practice of



using various factors — physical, biological and chemical, which affect the course
of the inflammatory process. As physical factors, photoirradiation with different
wavelengths of the visible range of the spectrum is used, but questions remain
regarding the mechanisms and level of this method effectiveness in the treatment
of local and systemic inflammatory processes, since the effects of light radiation
depend on the wavelength, frequency of exposure, exposure, power and energy
density. Stem cells and their metabolites are also used to correct immunometabolic
disorders, including for the treatment of severe metabolic dysfunctions — local and
systemic inflammatory reactions. At the same time, there are few studies devoted
to the study of the influence of exosomes (as a biological factor), which contain
exometabolites of stem cells of various origins, growth factors and other factors of
the microenvironment on chronic indolent inflammation. In addition to photo-
influence, stem cells also use various nanoparticles as a chemical factor to support
the redox system of cells and microcirculation. Nanoparticles of various origins
(for example, graphite and others) can perform a transport function, that is, they
have the ability to penetrate through biomembranes and change the functions of
biomolecules. In this aspect, cerium dioxide has a number of positive effects on the
metabolism of body systems. However, due to conflicting information about the
cytotoxicity of nanoparticles, their use is accompanied by a constant debate about
the possible mechanisms of their action on the dynamics of local and systemic
inflammatory processes and biological safety, as well as the permissible doses and
optimal sizes that would not have a high degree of cytotoxicity have not been
determined.

Therefore, the aim of the work was to study the biological effects
mechanisms and different wavelengths action at the inflammatory process stages,
exosomes of mesenchymal stem cells to stimulate the proliferative potential of
immunocompetent cells in the in vitro culture, and to determine the cytotoxicity
degree of cerium dioxide nanoparticles of various characteristics using the
bioindicator D. viridis.

The tasks of the work were:



1. Study of biological effects and mechanisms of photoirradiation of
different wavelengths (A = 660 nm, A = 530 nm, A = 470 nm) at different stages of
the inflammatory process.

2. Evaluation of the potential ability of exosomes containing exometabolites
of mesenchymal stem cells to stimulate the proliferative potential of
immunocompetent cells.

3. Determination of the cytotoxicity degree of cerium dioxide nanoparticles
of different sizes and concentrations using the bioindicator D. viridis for the
purpose of their practical application.

4. Evaluation of the immunocorrective effects of light exposure of different
wavelengths (A = 660 nm, A = 530 nm, A = 470 nm) in a chronic inflammatory
process.

Three experimental models were used in the work.

Model | — simulation of a long-term inflammatory process in animals. This
model was used to evaluate the photoirradiation effects in animals with different
wavelengths (660 nm, 530 nm, 470 nm) at all stages of the inflammatory process
(infiltration, alteration, exudation and regeneration, proliferation). A multistage
experiment was conducted on a large array of laboratory animals (male Wistar
rats), which were divided into 5 groups. Group 1 (control) — intact animals (n =
32). Experimental peritonitis was induced in animals of groups 2-5 in order to
simulate the four stages of the inflammatory reaction. Induction of the
inflammatory process in animals of groups 2-5 was carried out by intraperitoneal
injection of lipopolysaccharide (LPS) at the rate of 1 pg/100 g of body weight per
1 ml of isotonic solution (0.9% NaCl). Animals of group 2 with induced
inflammation were used as a comparison group (n = 32). Animals of groups 3, 4, 5
(in each group n = 32) were subjected to daily photoirradiation by exposure to
photonic (light emitting diode) matrices A. Korobov - V. Korobov "Barva-
Flex/24FM" on the abdominal wall at the same time of the day — in the morning,
before feeding; exposure time was 10 min. Animals of group 3 were irradiated

with red light (A = 660 nm); animals of group 4 — with green light (A = 530 nm),



animals of group 5 — with blue light (A = 470 nm). In the work, a preliminary
assessment of changes in immune markers before and after photoirradiation with
different wavelengths of the inflammatory process each stage was carried out: 1st
stage — alteration; 2nd stage —exudation and infiltration; 3rd — regeneration; 4th —
completion of the inflammatory process. At this stage, the activity of neutrophils in
oxygen-independent and oxygen-dependent phagocytosis and the degree of
lymphocytotoxicity (according to Terasaki) were studied by light microscopy. The
content of circulating immune complexes (CIC), which are an antigen-antibody-
complement complex, was assessed by spectrophotometry.

Model Il — assessment of proliferative activity — was used to assess the
possible activating effect of stem cell exosomes on the proliferative activity of
peripheral blood leukocytes in vitro to substantiate the targeted use of exosomes
with metabolites of progenitor cells. The proliferative activity of leukocytes was
determined by light microscopy in the in vitro cultures of three variants: "A" —
control culture; "B" — culture with the addition of the mitogen phytohemagglutinin;
"C" is a culture with the addition of exosomes with exometabolites of
mesenchymal stem cells.

Model 111 — estimation of cytotoxic activity of cerium dioxide nanoparticles
of different concentrations and sizes (2 nm — 0.1 M; 3-4 nm - 0.2 M; 6 nm — 0.1
M) using the cellular bioindicator D. viridis.

Under the action of negative factors of cytotoxicity varying degrees,
morphological and functional disorders of the cells were determined: changes in
the cells shape, accumulation of inclusions, loss of flagella, changes in the nature
and direction of movement, formation of aggregates, release of exometabolites.
Changed cells were counted by light microscopy. The integral indicators of
cytotoxicity were determined: the coefficient of spontaneous cytotoxicity Ksc (for
the control culture) and the coefficient of induced cytotoxicity Kc (for the studied
samples).

On the model of LPS-induced peritonitis, immunoresistance was studied at

the stages of the long-term inflammatory process after exposure to different



wavelengths (A = 660 nm, 530 nm, 470 nm). Activation of innate immunity was
detected at the first stage of inflammation (infiltration) after exposure to red light
(A =660 nm): in experimental animals with an induced inflammatory reaction, the
indicators were higher than in animals of the comparison group with inflammation
without photo-exposure. Green light (A = 530 nm) led to the normalization of
cellular immunity indicators and a decrease in humoral immunity indicators in the
second stage of inflammation (regeneration). Blue light (A = 470 nm) contributed
to the reduction of the immunity studied indicators at the third stage of
inflammation (proliferation). In each group of animals, after exposure to a certain
wavelength, the duration of the stages of inflammation was reduced relative to the
comparison group (animals with LPS-induced peritonitis without photo-exposure).
A pronounced stimulating effect of stem cells on proliferative activity
compared to the mitogen phytohemagglutinin in the culture of leukocytes from
patients with chronic inflammatory processes was revealed. The use of stem cells
and their exometabolites in the form of exosomes (as a biological factor) for the
transport of active cellular components can be an effective means of correcting
immunometabolic disorders and stimulating regenerative processes.

As a chemical factor, nanoparticles were used, which are activators of the
adapter peptides migration and have a number of positive effects on the
metabolism of body systems. The potential cytotoxicity of cerium dioxide
nanoparticles (as a chemical factor) of various sizes and concentrations was
studied. After the addition of small-sized cerium dioxide nanoparticles (2 nm at a
concentration of 0.1 M) into the D. viridis test system, a slight slowdown in the
movement of the microalgae some cells was noted. The number of cells with
altered morphology was at the control level. D. viridis cells did not form
aggregates under the action of 0.1 M cerium dioxide nanoparticles with a size of 2
nm. The cytotoxicity coefficient (Kc) did not differ from the control. After
incubation of the D. viridis test system with cerium dioxide at a concentration of
0.1 M with a size of 6 nm, all the test system cells acquired a deformed rounded

shape, lost flagella and formed large cells clusters (macroaggregates). The



coefficient of cytotoxicity in this case was increased several times compared to the
control. That is, after incubation of the D. viridis test system with cerium dioxide
of the maximum size of 6 nm in a concentration of 0.1 M, pronounced cytotoxic
effects were observed. So, research of the cytotoxicity of cerium dioxide
nanoparticles with different characteristics using the cellular bioindicator D. viridis
allowed us to identify the optimal concentration and size of nanoparticles (2 nm,
0.01 M), which did not exhibit cytotoxic effects.

Thus, the work showed for the first time that photo-exposure with different
wavelengths led to different effects on the inflammation stages: from activation to
inhibition of innate immunity indicators at certain stages of inflammation, which,
in turn, led to a reduction in the term of the inflammatory process completion.
After irradiation with red light (A = 660 nm), activation of phagocytosis (by 30%),
increased humoral reactions (an increase in the degree of lymphocytotoxicity and
the concentration of circulating immune complexes by 50%), accompanied by a
reduction in the first stage of the inflammatory process compared to the control
(LPS-induced peritonitis without light exposure) for 9 days. Green light (A = 530
nm) contributed to an increase (by 20%) in the absorptive capacity of neutrophils,
a decrease in the level of circulating immune complexes (by 40%) and
lymphocytotoxicity (by 2 times), which characterized the end of alteration and
stimulation of regeneration in the second stage of the inflammatory reaction. After
exposure of green light, the duration of the inflammatory process was reduced by 6
days due to the exudation phase in the period of spilled peritonitis. Blue light (A =
470 nm) against the background of LPS-induced peritonitis had the least effect on
the studied immunological parameters in the early stages of inflammation. And at
the final stage of the inflammatory process, a significant decrease in the parameters
of neutrophil phagocytosis was found — chemotaxis, adhesion and absorption
capacity were lower than in the comparison group (LPS-induced peritonitis
without light exposure). A 3-fold decrease in the degree of lymphocytotoxicity was
found, the content of circulating immune complexes (70.5 = 9.9) units E was at the

level of intact animals (69.2 + 6.8) units E. The use of blue light (A = 470 nm)



contributed to the shortening of the final stage of the inflammatory process against
the background of the improvement of microcirculation due to the dilation of blood
vessels under the influence of the immunotropic effect of this wavelength and led
to a reduction in the duration of the inflammatory process by 5 days.

The stimulatory effect of exosomes containing exometabolites of
mesenchymal stem cells were established, which was manifested in the increase of
proliferative activity in the in vitro cell culture from patients with chronic
inflammation. That is, exosomes showed an antagonistic effect against inhibitors
of the lymphocytes proliferative potential of patients with the long-term
inflammatory process.

It was proved that nanoparticles of cerium dioxide of small size (2 nm) in a
concentration of 0.1 M did not show cytotoxic effect, which was evidenced by the
normal level of the cytotoxicity coefficient (Kc) relative to the control. And after
incubation of D. viridis cells with cerium dioxide of the maximum size (6 nm) of
the same concentration (0.1 M), pronounced cytotoxic effects were observed
against the bioindicator cells. Due to the pronounced difference in the level of
cytotoxicity of nanoparticles with different sizes and concentrations, their use as
antioxidants and microcirculation stimulators requires a preliminary assessment
taking into account the relevant characteristics.

The practical significance of the obtained results lies in the fact that the
features of the selective effect of different wavelengths on the modification of
biomolecules have been determined, which can be the basis of various effects at
the stages of the inflammatory process. The study of changes in the mechanisms of
immunoresistance after the action of different wavelengths of the visible range on
the stages of the inflammatory process contributes to the development of
indications for their use. The detected activation of cell proliferation in culture
after exposure to stem cells exosomes can be studied and used as an inducer of
repair in inflammation. Cerium dioxide nanoparticles of small sizes in low
concentration, which do not show cytotoxicity, can be used as cytoprotectors,

antioxidants and activators of microcirculation of the inflammatory process.



The carried out research made it possible: to justify immunological
mechanisms of biological effects after photoirradiation with different wavelengths
at the stages of inflammation; to evaluate the effect of stem cells exosomes as
activators of the proliferative potential in cell culture and to find out the
cytotoxicity degree of cerium dioxide nanoparticles with different characteristics in
order to develop indications for their joint use.

Key words: inflammation model, innate immunity, photoirradiation, stages
of inflammation, cell culture, exosomes, stem cells, proliferative activity, cerium
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