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1. OcobauBOCTi peryssLii pernapaTuBHUX [IPOLECIB YCKIaTHEHUX PaH M'IKUX TKaHUH IIPU BUKOPUCTaHHI
dorobiomonysLiiiHoi Teparnii

2. Features of regulation of repair processes of complicated soft tissue wounds when using photobiomodulation
therapy

Pedepar:

1. B pucepTaliiiHiil poboTi MOAAHO TEOPETUYHE Ta eKCIIepMMEHTaJIbHe OOIPYHTYBAHHSI 110JJ0 HOBUX HayKOBUX
IiAXO[iB IO OLIIHKM peryJsilii penapaTuBHUX POLECiB yCKIaAHEHUX PaH IPU 3aCTOCYBaHHI (POTOGIOMOIY AL HO]
(®BM) Tepanii pisHUx napameTpiB, SKi MOJIAraloTh Y JOCJiIKEHHI piBHIB 6i0aKTMBHUX MOJIEKYJI HA Pi3HUX (azax
3aro€HHs paH. EkcniepuMeHnTanbHa poboTa BukoHaHa Ha 108 mypax sinii Bictap. B gocminkenHi 6ysa obpaHa
MO/JI€JIb YCKJIAIHEHOI PaHU 3 BiITBOPEHHSIM YMOB JIOKAJIbHOI IIIOKCIi Ta MOpyLIEeHb MiIKPOLMPKYJIALiL. JJoCimKeHHs
BKJIIOYAJIO aHaJi3 BMICTy akTMBHUX (popmu KUCHIO (ROS), ocHOBHOTO pakTopy pocty (pibpoodsaactis (bFGF),
uuToKiHiB IL-10, IL-4, IL-6, IL-10 Ta ¢akTopy HeKpo3y nyxunH-anbda (TNF-o). Buuascs srms @BM tepamnii Ha

dyHKIiOHATIbHY aKTUBHICTh TPOMOOLIMTIB Ha [109aTKOBUX (azax 3aroeHHsI. [ljisi KOHTPOJIIO 3aTOEHHS PaH BUKOHAHI



MopdodYHKLIOHAIBHI JOCIIPKEHHS Ha Pi3HUX (pa3ax 3aroeHHs. OBM Teparmis 3 pisHuMU TapameTpaMu
IIPOBOJIMJIACS B JBOX €KCIIEPUMEHTAJIbHUX IPyIiax TBapuH. B koHTposbHil rpymni ®BM Tepariis He 3aCTOCOBYBaJjacsl.
B po6orTi nokasaHo, 1o BukopucranHsa @EM Tepanii cripysio cnpsiMOBaHOCTI Ha IPUCKOPEHHS! penapaTuBHUX
IIPOLIECIB YCKJIAJHEHUX PaH IIJISIXOM MOAYJILi] eKcrpecii 6i0aKTUBHMX MOJIEKYJI HA Pi3HUX CTalisgX 3arOeHH4. bysa
3acrocoBaHa @BM Teparmis 3 napameTpamu JOBXUHU XBUIi 660 HM, minbHOCTI eneprii 1 /I /cm2, noTy>kHOCTi 50
MBT (exciepumeHnTasnbHa rpymna 1). ¥ ¢asi 3ananeHHs Lie pru3Besio 10 3HWKeHHs piBHiB IL-6 y 2,15 pasa, piBHiB IL-4
y 2,07 pa3a, piBHiB IL-10 y 1,6 pa3za nopiBHIOIOUM 3 PiBHSIMU BiATIOBITHMX LJUTOKIHIB y IIypiB KOHTPOJIBHOI rpynu (p <
0,05). Ipu nepexoqi Bix 3ananpHOI dasa 1o ¢gasu npomidepanii npu 3actocyBanHi ®BM Tepariii 3a3HaueHNX
napameTpiB 0yJi0 BUsiBJieHO 3HWKeHHs piBHiB TNF-no B 1,57 paza i ninsuimenHs piBHiB bFGF B 1,26 paza nmpotu
aHaJIOTriYHMX I10KA3HUKIB TBapuH rpynu 6e3 iy ®BM Tteparnii (konTposbHa rpyna) (p < 0,05). IIpu nepexoni Bif,
¢dasu nposidepauii 1o $pasu pemoesnoBaHHs 6yJ0 OKa3aHo 3HWKeHHs piBHIB TNF-0 B 1,75 pasa, piBHiB IL-10 B 1,28
pasa, piBniB ROS y 1,6 pa3za NopiBHIOIOYM 3 aHAJIOTTYHUMU [TOKa3HUKAMU TBAaPUH KOHTPOJIbHOI rpynu (p < 0,05).
Bussneno nigsunieHHs piBHiB IL-4 B 1,54 pasa Ta piBHiB bFGF 1,45 pa3a nopiBHIOI0YM 3 aHAJIOTIYHUMU TOKa3HUKaMU
TBAapVH KOHTPOJIbHOI rpynu (p < 0,05). Y ¢azi peMoesnoBaHHS 3aCTOCYBaHHS JAHOTO METOLY ITPU3BEJIO 1O
3HIKEHHS KoHLeHTpauiil TNF-o 1,5 pa3sa ta pisHiB bFGF B 1,92 pa3a i ninpumenHss piBHiB IL-4 B 1,36 pasa Ta piBHiB
ROS y 1,44 paza nopiBHIOI0YY 3 PiBHSIMU aHAJIOTIYHUX [TIOKa3HUKIB Y LIypiB KOHTPOIbHOI rpymnu (p < 0,05). [ToTim

oysia BuKopuctanHs OBM Teparii 3 mapameTpamu LOBXUHYU XBUJli 660 HM, inbHOCTI eHeprii 17k /cm2,

noTy>kHocTi 10 MBT (ekcriepumeHTasnbHa rpyna 2). Lle npussesio y (pasi 3anasnieHHs 10 3HWXKeHHs piBHiB IL-6 B 2,11
pasa, piHiB IL-4 B 1,68 pa3a i ninpuimenHs piBHiB IL-10 B 1,43 pa3a npoTu aHAJIOTriYHUX [TOKA3HUKIB Y IypiB rpynu 6e3
3acrocyBaHHs OBM Teparmnii (koHTposibHa rpyna) (p < 0,05). Bukopucranusa ®BEM Tepanii BuiesragaHux napameTpis
IIpU n1epexozi Bif, ¢asu 3ananeHHs 0o gasu nposidepatiii npussesio 1o 3HWKeHHs piBHiB TNF-0 B 1,42 paza Ta piBHiB
IL-6 B 1,52 pasa i nigsuieHHs piBHiB ROS B 1,27 pa3a npoTu piBHiB aHAJIOT{YHUX IIOKA3HUKIB y IyPiB KOHTPOJIbHOI
rpymnu (p < 0,05). I[Tpu nepexozi Bix ¢azu nposidepatii 1o ¢pasu pemoe 0BaHHS IIPU BUKOPUCTaHHI LIbOTO METOAY
0yJ10 IPOJeMOHCTPOBAHO 3HWKeHHs piBHIB TNF-n0 B 1,88 pasa i nizpuiieHHs piBHiB IL-4 B 1,4 pa3a, piBHiB IL-6 B 1,5
paza Ta ROS B 1,56 pa3a nopiBHSAHO 3 aHAJIOTIYHMMU [TOKa3HUKaMU y IypiB rpynu 6e3 srmBy GBM teparii
(xouTpoOsBHOI rpymu) (p < 0,05). V dasi pemogentoBanHs npu BukopuctanHi PBM teparii 6yJ10 1okazaHO 3HUKEHHS
KoH1eHTpanii IL-10 B 1,22 pasa, TNF-o B 1,52 pa3a ta bFGF B 1,87 pa3a i mo migsumienss piBHiB IL-4 B 1,3 pa3a ta IL-10 B
1,81 paza npotu piBHIB aHAIOriYHMX IIOKA3HUKIB y IIypiB KOHTPOJIbHOI rpynu (p < 0,05). Takum 4YMHOM,
BUKOPUCTAHHS Bullle3raganux napamerpis ®MB Tepanii Takox Mpu3Besio 1o MOAYJIsLii 6i0aKTUBHMX MOJIEKYJI HA
BCixX ¢$azax 3aroeHHs paH. [Ipy nopiBHSIHHI piBHIB 6i0aKTUBHUX MOJIEKYJI py BukopuctanHi ®BM Teparnii
IlapaMeTpiB, 1110 BUKOPMCTOBYBAJIMCS B IBOX €KCIIEPUMEHTAIbHUX TPyIax, 6yJI0 oKasaHo BigMiHHOCTI piBHiB IL-6,
IL-10, bFGF Ta ROS Ha nesxux ¢asax 3aroeHHs paH. 3acrocyBaHHsa OBM Teparnii pi3HUX TapaMeTpiB MPU3BETIO 1O
CXOXMX TeHIeHUi B nponykuii IL-1n0, TNF-n, IL-4 Ha BCiX CTPOKax 3aro€HHs paH. AHaIi3 B3a€MO3B'I3KiB MK PiBHSIMU
6i0aKTHMBHUX MOJIEKYJI BUSIBUB, 110 Ha ¢oHi BUkopuctanHs ®BM tepanii napameTpis, 1110 3aCTOCOBYBAJIMUCS Y
IOCJiI)KEeHHI, MalOTh MicClie CTaTUCTUYHO 3HauylLli KopeJsuii. HeratusHi Kopessuii 6yiu BUSBIIEH] B
eKCcllepuMeHTanbHuX rpynax 1 ta 2 mixx piBHamu bFGF ta ROS Ha 7 nenb Ta Mixx piBHIMu bFGF Ta IL-10 Ha 28 neHb
nicsis MopenoBaHHs paH. Kopesnsuii 3i 3MiHOI0 3HaKy (Bif, — 40 +) MPOIEeMOHCTPOBaHI B KOHTPOJIbHI IpyTIi
(HeraTuBHA) Ta eKCIIepUMEHTAbHIN rpymi 2 (mo3uTHBHA) MK piBHsAMU bFGF Ta IL-10 Ha 14 nens micius
MogeIoBaHHS paH. OTpuMaHi [aHi 0B's13aHi, BIpOTiHO, 3 B3a€MO03aJIEXKHICTIO CUTHAJIBHUX LIJISIXIB, 32 JOTIOMOTOI0

SIKUX KOHTPOJIIOETHCSI [TPOLIEC 3aTOEHHSI paH Npu 3actocyBaHHi ®BM Teparii.

2. The dissertation presents a theoretical and experimental justification for new scientific approaches to the
assessment of the regulation of the reparative processes of complicated wounds when using photobiomodulation
(FBM) therapy of various parameters, which consist in the study of the levels of bioactive molecules at different
phases of wound healing. Experimental work was performed on 108 Wistar rats. The study chose a model of a
complicated wound with the reproduction of conditions of local hypoxia and microcirculation disorders. The study
included an analysis of the content of reactive oxygen species (ROS), basic fibroblast growth factor (bFGF),
cytokines IL-1n, IL-4, IL-6, IL-10, and tumor necrosis factor-alpha (TNF-n). The effect of PBM therapy on the
functional activity of platelets in the initial phases of healing was studied. To control the healing of wounds,



morphofunctional studies were performed at different phases of healing. PBM therapy with different parameters
was carried out in two experimental groups of animals. The control groups PBM therapy was not applied. The work
shows that the use of PBM therapy contributed to the acceleration of the reparative processes by modulating the
activity of bioactive molecules at different phases of healing. PBM therapy was used with the parameter’s
wavelength of 660 nm, the energy density of 1J/cm2, and the power of 50 mW (experimental group 1). In the
inflammatory phase it resulted in a 2.15-fold decrease in the levels of IL-6, levels of IL4 by 2, 07 times, and levels of
IL-10 by 1.6 times compared with the levels of the corresponding cytokines in rats of the control group (p < 0.05).
During the transition from the inflammatory phase to the proliferation phase when using PBM therapy of the
specified parameters, a 1.57-fold decrease in TNF-n levels and a 1.26-fold increase in bFGF levels were found,
compared to similar indicators of animals of the group without the influence of PBM therapy (control group) (p <
0.05). During the transition from the proliferation phase to the remodeling phase a 1.75-fold decrease in TNF-o
levels, a 1.28-fold decrease in IL-10 levels, and a 1.6-fold decrease in ROS levels were shown in comparison with
similar indicators of animals in the control group (p < 0.05). An increase in the level of IL-4 by 1.54 times and bFGF
by 1.45 times was detected compared to similar indicators of animals of the control group (p < 0.05). In the
remodeling phase, the use of this method led to a decrease in TNF-o concentrations by 1.5 times and bFGF levels by
1.92 times and an increase in IL-4 levels by 1.36 times, and ROS levels by 1.44 times compared to the levels of similar
indicators in rats of the control group (p < 0.05). Then PBM therapy was used of PBM therapy with parameters of a
wavelength of 660 nm, an energy density of 1J /cm2, and a power of 10 mW (experimental group 2). In the
inflammatory phase it led to a decrease in IL-6 levels by 2.11 times, IL-4 levels by 1.68 times, and an increase in IL-10
levels by 1.43 times against similar indicators in rats of the group without the use of PBM therapy (control group),

(p < 0.05). The use of PBM therapy of the above-mentioned parameters during the transition from the
inflammatory phase to the proliferation phase led to a decrease in TNF-no levels by 1.42 times and IL-6 levels by 1.52
times and an increase in ROS levels by 1.27 times compared to the levels of similar indicators in rats of the control
group (p < 0.05). At the transition from the proliferation phase to the remodeling phase using this method, a
decrease in TNF-o levels by 1.88 times and an increase in IL-4 levels by 1.4 times, IL-6 levels by 1.5 times, and ROS by
1.56 times compared to similar indicators in rats of the group without the influence of PBM therapy (control group)
(p < 0.05). In the remodeling phase, with the use of PBM therapy, a 1.22-fold decrease in the concentrations of IL-1n,
1.52-fold TNF-n, and 1.87-fold bFGF and an increase in IL-4 levels by 1.3-fold and IL-10 in 1.81 times against the levels
of similar indicators in rats of the control group (p < 0.05). Thus, the use of the aforementioned parameters of PMB
therapy also led to the modulation of bioactive molecules at the systemic level in all phases of wound healing.
When comparing the levels of bioactive molecules when using PBM therapy of the parameters used in the two
experimental groups, differences in the levels of IL-6, IL-10, bFGF, and ROS at some phases of wound healing were
shown. The use of PBM therapy of various parameters led to similar trends in the production of IL-1o, TNF-n, and IL-
4 at all times of wound healing. The analysis of relationships between the levels of bioactive molecules revealed
that against the background of the use of FBM therapy, the parameters used in the study have statistically

significant correlations.
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Biacue IpizBume Im's I1o-6aThKOBI Ionos Irop AHaroifioBuY;

rOJIOBYIOYOrO Ha 3acigaHHi

BignosigasnbHuii 3a l'li,ZII‘OTOBKy HoBosiokiH AHTOH BoslogumupoBry

00JIIKOBHX JOKYMEHTIB

Peectparop VYKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




