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1. TTopxano [I.0. «3anexHi Bif rinokcii 3minu excnpecii izodpopm Paxropy, 110 iHAYKyeTbCS TiNOKCi€l0, Y rinokamIii
Ta MeJiabHil npedpoHTaIbHIN KOPi IPY MOAEIOBAaHHI IOCTTPAaBMAaTUYHOT'O CTPECOBOTO PO3JaAy». -
KsanigikanifiHa HayKoBa Ipals Ha NpaBax pyKomnucy. JJuceprauis Ha 3000yTTsI HAyKOBOTO CTYIIEHS JOKTOpa
¢inocodii y ramysi 3Hanb 09 - Biosorig 3a cneuianbHicTio 091 - Biosoris. Inctutyt ¢isionorii im. O. O. Boromosbis
HAH Vkpainu, Kuis, 2026. [TocTrpaBmaTuuHuii crpecosuii posnag, (IITCP) € ogHuM i3 HallIOMKUPEHIMUX ICUXIYHUX
PO3JafiB, TArap SIKOro 0COOGJIMBO 3POCTA€E y MOMYJIALiSK, 10 IEPEKUBAIOTh 30pPOHI KOH(JIIKTH, HACUJIbCTBO Ta
mMacmrtabHi karactpodu. [Tonpu 3HaYHUI IPOrpeC y BUBYEHH] IICUXOJIOTIYHUX i HEPOEHIOKPUHHUX MEXaHi3MiB

[ITCP, #ioro MmoseKyJisipHa IIPUPOAA 3aIUIIAETHCS HELOCTaTHBO 0XapaKTEePU30BaHOI0, 110 YCKIIATHIOE PO3POOKY



[aTOT€HETUYHO OOI'PYHTOBAHUX TE€PAIEBTUYHUX CTPATETIi. Y nucepTallii nepeBipeHo rinoTesy npo y4acTb
daxTopiB, o iHAYKyThC rinokcieto (HIF-1n, HIF-20, HIF-3n) Ta acouifioBaHUX i3 HUMU MOJIEKYJI - MOJIIeNTULY, 110
aKTUBYye afeHinaruukiasy rinogisa (PACAP) Ta iHribitopa akTuBaTopa niaasmidoreny 1-ro tumny (PAI-1) -y
MoJiekyIgpHOMY raroreHesi I[ITCP, a TakoX IOCIiIKEHO MOKIIMBICTh KOPEKLii BiiTIOBIIHUX NTOPYIIEHD 32
IOTIOMOTOI0 Pi3HUX BUJIB IiIOKCUYHUX BILJIUBIiB. POOOTY BUKOHAHO Y [1Ba IOCJIiIOBHI €Tanyu Ha €JuHil KOropTi
IypiB-CcaMLIiB 3 BUKOPUCTaHHIM Mogei single prolonged stress (SPS). Ha nepuomy ertari BCTaHOBIEHO 6a30BUi
MOJIEKYJIsIpHO-TIOBeliHKOBUI (peHoTun IITCP misixoM NOpiBHSIHHS iHTaKTHUX TBapUH i TBapUH i3 SPS-iHAyKoBaHUM
posnanoMm. [TokazaHo, mo SPS BiTBOpIO€e XapaKTepHUI TPUBOKHO-TIOAIOHUI (PEHOTHUIT Y TeCTaX «IliIHEeCEeHU
xpecTornogioHuii 1a6ipuHT» (EPM) Ta «TeMHO-CBiT1a Kamepa» (DLB), a Ha MOJIeKyJIIpHOMY PiBHI CYIIPOBOIKY€ETbCSI
BUOipKoBUM HinBuieHHsM ekcnpecii HIF-1o ta HIF-20o y rinokamni (mpu6ansHo y 2,1 Ta 2,2 pasa BignosinHo; p < 0,05)
3a BiICyTHOCTI 3HauyIuX 3MiH y MeJianbHii npedponTanbHiit kopi (MIIOK). Lle Bkaszye Ha perioH-cnenupiyHy
aKTUBALIIIO TIIIOKCifA-3aJIeKHUX CUTHAJIbHUX IIJIAXIB K PaHHII MOJIEKYJISIPHUN KOMIIOHEHT IIOCTTPaBMaTUYHOI
apjanranii. Ha gpyromy erari Brepiue Ha OfHiN MOZeli IOPIBHSHO TPU MOZEJII TilOKCIi - iHTepBajibHe TiIOKCUYHE
tpenyBaHHs (IHT), rinobapuyny rinokcio (Bar) Ta ximiuHy rinokcito, cipuyuHeny xjaopuaom koo6ansty (CoClo), - 3a
iXHiM BIIJIMBOM Ha MOBEJiHKY Ta €KCIIPECilo NOCiIPKyBaHUX reHiB y rinokammi ta MITQK. BetaHoBIeHO, O came
BUJI TIIOKCIi, @ HE HASBHICTb TIMOKCMYHOTO CTUMYJIY SIK TAKOTO, BU3HAYAE XapaKTEP MOBEIiIHKOBUX i MOJIEKYJISIPHUAX
Hacuigkis. Jlume m'ska IHT 3abe3nedysasno BupaxeHuil PTSD-cnenndgiyHnii aHkcioniTuyHui edekT (30Kpema,
3MEHIIEHHs Yacy 3aBMupaHHs B 4,0 pa3a B EPM Ta B 4,0 pa3a B OFT) i omHO4YacHO Haiirmobie HopMasiszyBaia
ekcrnpecito HIF-1n, HIF-30 Ta PAI-1y TpaBMOBaHMX TBapyH, TOAi sIK iHTeHcuBHii BBy Bar i CoClo naBanu
obMe>keHUI ab0 HeCIIPUSTIMBUIL TOBEJiHKOBUI pe3ysbTaT. BusBieHo yHiKanbHYy perioH-crneuudiyny aucolialio
Bignosini PACAP i HIF-2o 3a ymoB rino6apruyHoi rinokcii, a TakoK HU3Ky MOJIEKYJ/ISIPHO-TIOBEIiHKOBUX KOPeJISLii, 110
noB’a3y10Tb cynpeciio HIF-10 i PACAP 3i 3HIDKEHHSIM TPUBOKHO-TIO/1iOHOI MOBEAiHKU. YIleplle OKa3aHO PerioH-
crienudivne ninpumerHs ekcnpecii HIF-1o ta HIF-20 y rinokammi (asie He B MITOK) Ha SPS-mopeni [ITCP; yniepuie B
MeXXax €JIMHOTrO eKCIIEPMMEHTY [IOPiBHSIHO I10BEiHKOBI Ta MOJIEKYJISIPHI eeKTU TpboX MojieJiel rinokcii Ta
OOI'PYHTOBAHO NIPUHLMII BIUIMB-3aJI€XKHOCTI iXHbO] Aii; ynepie BctaHOBIeHO PTSD-cenexkruBuuii xapaxrep gii IHT
Ta BUSIBJIEHO Aucolianito HeiiponentunHoi (PACAP) i HIF-20-Bianosini 3a rino6apuiHux ymoB. OfepikaHi JaHi
OOI'PYHTOBYIOTh JOLINIbHICTb [104a/bI1I0i PO3POOKY iHTEPBaIBHOTO MIOKCUYHOTO TPEHYBaHHS (IHTE€pBaIbHOIO
rinokcnyHoro TpeHyBaHHs, IHT) gk kaHAnAaTHOrO HepapMaKoJIOTiYHOrO METOY MOYJIsALIi TpaBMa-acoLifiOBaHUX
CTaHiB, a TAKOX IIPOINOHYIOTh rinokamnaneHi HIF-10/HIF-20 K NOTeHLiHI MOJIEKyYISIPHI MapKepU OCTTPAaBMAaTUYHO]
apanrauii. Kimovosi cioBa: T'inokcis, gpakropu mo iHAyKYIOThCS TilOKCi€l0, iHTepBaibHe riIOKCUYHE TPEHYBaHHS,
CTpax-3yMOBJIEHA [I0BEMiHKA, OKCUIATUBHUI CTPEC, ajanTauis, kucens, [ITCP, rinokamil, cTpec, TBapyuHH,
TPUBOJKHICTb, TIOBEIiHKA, MEXaHI3MU PEryJdLii cTpecy

2. SUMMARY D. Porkhalo. “Hypoxia-dependent changes in the expression of hypoxia-inducible factor isoforms in
the hippocampus and medial prefrontal cortex in a model of post-traumatic stress disorder”. - Qualifying scientific
work on the rights of a manuscript. Thesis for the degree of Doctor of Philosophy in the field of knowledge 09 -
Biology in speciality 091 Biology. Bogomoletz Institute of Physiology of the NAS of Ukraine, Kyiv, 2026. Post-
traumatic stress disorder (PTSD) is one of the most common mental health disorders, the burden of which is
particularly high amongst populations experiencing armed conflict, violence and large-scale disasters. Despite
significant progress in the study of the psychological and neuroendocrine mechanisms of PTSD, its molecular
nature remains poorly characterised, which complicates the development of pathogenetically grounded
therapeutic strategies. This thesis tests the hypothesis regarding the involvement of hypoxia-inducible factors
(HIF-1o, HIF-2n, HIF-3m) and their associated molecules — the pituitary adenylate cyclase-activating polypeptide
(PACAP) and plasminogen activator inhibitor type 1 (PAI-1) — in the molecular pathogenesis of PTSD, and the
possibility of correcting the corresponding abnormalities using various types of hypoxic interventions was
investigated. The study was conducted in two consecutive stages on a single cohort of male rats using the single
prolonged stress (SPS) model. In the first stage, the baseline molecular and behavioural phenotype of PTSD was
established by comparing intact animals with those exhibiting an SPS-induced disorder. It was demonstrated that
SPS reproduces a characteristic anxiety-like phenotype in the elevated plus maze (EPM) and dark-light box (DLB)



tests, and, at the molecular level, is accompanied by a selective increase in the expression of HIF-1o and HIF-2no in the
hippocampus (approximately 2.1-fold and 2.2-fold, respectively; p < 0.05) in the absence of significant changes in
the medial prefrontal cortex (mPFC). This indicates region-specific activation of hypoxia-dependent signalling
pathways as an early molecular component of post-traumatic adaptation. In the second stage, three models of
hypoxia were compared for the first time using a single model: intermittent hypoxic training (IHT), hybaric hypoxia
(Bar) and chemical hypoxia induced by cobalt chloride (CoCln), were compared for the first time on a single model,
based on their effects on behaviour and the expression of the genes under investigation in the hippocampus and
mPFC. It was established that it is the specific type of hypoxia, rather than the mere presence of a hypoxic

stimulus, that determines the nature of the behavioural and molecular consequences. Only mild IHT produced a
pronounced PTSD-specific anxiolytic effect (in particular, a 4.0-fold reduction in freezing time in the EPM and a
4.0-fold reduction in the OFT) whilst simultaneously normalising the expression of HIF-1n, HIF-3o and PAI-1in
traumatised animals, whilst more intense exposures to Bar and CoClo produced limited or adverse behavioural
outcomes. A unique region-specific dissociation of the PACAP and HIF-2no responses under conditions of hypobaric
hypoxia was identified, as well as a series of molecular-behavioural correlations linking the suppression of HIF-1no
and PACAP to a reduction in anxiety-like behaviour. For the first time, a region-specific increase in the expression
of HIF-1o and HIF-2o in the hippocampus (but not in the mPFC) has been demonstrated in the SPS model of PTSD; for
the first time, within a single experiment, the behavioural and molecular effects of three models of hypoxia have
been compared, and the principle of the dose-dependent nature of their effects has been substantiated; the PTSD-
selective nature of IHT’s action has been established for the first time, and a dissociation between the

neuropeptide (PACAP) and HIF-2o responses under hypobaric conditions has been identified. The data obtained
support the feasibility of further developing intermittent hypoxic training (IHT) as a candidate non-
pharmacological method for modulating trauma-associated conditions, and also propose hippocampal HIF-1a/ HIF-
20 as potential molecular markers of post-traumatic adaptation. Keywords: Hypoxia, hypoxia-induced factors,
intermittent hypoxic training, fear-induced behaviour, oxidative stress, adaptation, oxygen, PTSD, hippocampus,

stress, animals, anxiety, behaviour, stress regulation mechanisms.

Jep>kaBHHHM peecTpauiliHuii Homep JiP: 0124U001685

IIpiopuTeTHHH HANIPpSIM PO3BHTKY HayKH i TEXHIKHU: OyHIaMeHTasbHI HAyKOBI HOCIIIKEHHS 3 HAGLIbII
BaXKJIMBYX IPOOGJIEM PO3BUTKY HayKOBO-TEXHIYHOIO, COLiaJIbHO-€KOHOMIYHOr0, CyCIIiJIbHO-TIOJIITUYHOTO,
JIIOJICbKOTO IIOTEHLiany 1715 3a6e31e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOTO PO3BUTKY

CYCIIiJIbCTBA i Iep>KaBy

CrpareriyHui NPiOPUTETHUH HANIPSIM iHHOBALLiMHOI AisIJIBHOCTI: BripoBa/yKeHHs HOBUX TEXHOJIOTIH

Ta 06JIafHAHHS 1J1S IKICHOTO MEAMYHOr0 O6CIyrOBYBaHHS, JIiKyBaHHS, GapMaleBTUKA
I'[i,ucyMKH IOCJIiA>KEeHHS: HoBuit HaIpPSIMOK y HayLi i TEXHILi

Iy6sikaii:

¢ Porkhalo D., Pashevin D., Naumenko Y., Dosenko V. HIF-1o and HIF-2o Are Upregulated in the Hippocampus but
Not in the Medial Prefrontal Cortex in Experimental PTSD. Brain and Behavior 16(8) Q2 DOI
10.1002 /brb3.71654

¢ Porkhalo D., Pashevin D., Naumenko Y., Koval R., Kozlovska M., Kamkina M., Tytarenko Y., Portnychenko A.,
Dosenko V. Mode-Dependent Effects of Chemical, Intermittent, and Hypobaric Hypoxia on HIF-1n, HIF-2n, HIF-
3o, PACAP, and PAI mRNA Expression in the Single Prolonged Stress Model of PTSD. Frontiers in Neuroscience.
20(1904848) Q2 DOI10.3389 /fnins.2026.1904848

¢ Porkhalo D., Kozlovska M., Dosenko V. Differential effects of cobalt chloride, intermittent hypoxia, and
hypobaric hypoxia on PTSD-like behaviour in rats: Abstract S1P10. 17th International Congress of the Polish
Neuroscience Society, Bpounas, [Tonbma.

HaykoBa (HayKOBO-T€XHiYHa) MPOAYKILiS: MeToxH, TeOpii, rinoresn



ConiaJIbHO-€EKOHOMIYHA CI‘IpﬂMOBaHiCTb: TIOJIIIIEHHS SIKOCTI )KUTTS Ta 3[,0POB'SI HACEJIEHHS,

eeKTUBHOCTI [AiarHOCTUKY Ta JIiIKyBaHHS XBOPUX

OxopoHHi gJokymeHTH Ha OIIIB:

BrnpoBazkeHHS pe3yJIbTaTiB AHCEPTaLii: [liaHyeTbCs 10 BIPOBAIKEHHS

3B'130K 3 HAYKOBHMH TeMaMH: 0124U001685, 0118U007348

VI. BizomocCTi Ipo HayKOBOr0 KepPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. [Namesin deHuc OsekcaHIpOBUY

2. Denys O. Pashevin

KBasidikamis: k.men.n., n.c, 14.03.04
InenTudgikarop ORCID ID: He 3acrocosyerncs
JoparkoBa iHdpopmamist:

IIoBHe HaﬁMeHyBaHHH lOpI/I,I;H'{HOi 0COO0M: IncTuTyT Qizionorii imeni O. O. boromonbis HanioHansHOi

akagemii HayK YKpainu

Kopg 3a €IPIIOY: 05417093

Micuesnaxo;perHﬂ: ByJI. boromosbig, Kuis, 01024, Ykpaina
dopma BracHOCTI: JlepxasHa

Coepa ynpaBiHHS: HaujoHanbHa akazieMist HayK YKpaiHu

InenTudikarop ROR:

VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIiB
OdiuiiiHi OIOHEHTH
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Jlymaxk Bonogumup IBaHOBUY

2. Volodymyr I. Lushchak

KBasigikanis: 1.6.1., npodecop, 03.00.04

InenTudikarop ORCID ID: 0000-0001-5602-3330

HoparkoBa iHpopmamisi: scopus.com/authid/detail.uri?authorld=7006070957

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: KapnaTchkuii HallioHa/IbHUIT yHiBEpCUTET iMeHi Bacuis

Credannka
Kopg 3a €IPIIOY: 02125266
Micue3HaxoaKeHHS: ByJ1. llleByeHka, IBano-®pankiBcek, 76018, Ykpaina

dopma BiracHOCTI: JlepxasHa



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Ienedins Onpra BosogumupisHa

2. Olha V. Denefil

KBasidikamis: 1. men. u., npodecop, 14.03.04
Imentudikarop ORCID ID: 0000-0002-3606-5215
JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0COOH: TepHOMINbCHKUI1 HAIIOHATBLHUI MeIUYIHUT yHIBEPCUTET iMeHi

I. 4. TopbayeBchKOro MiHicTepcTBa OXOPOHU 37IOPOB'st YKpaiHu

Koz 3a €IIPIIOY: 02010830

MicueBHaxo,ereHHﬂ: Maiinan Boui, TepHormins, TepHoninbcbkuii p-H., 46001, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCTBO OXOPOHU 3/10POB 51 YKpaiHu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Hari6in Bacunp CeprifioBuy

2. Vasyl S. Nahibin

KBasidikamis: k. men,. H., c.z1., 14.03.04
ImenTudikarop ORCID ID: 0000-0001-6259-0518

JopaTkoBa iH(l)OpMaI.[iﬂ: Lapikova-Bryhinska T, Zhukovska A, Nagibin V, Tumanovska L, Portnichenko G,
Goncharov S, Portnychenko A, Dosenko V. Altered biogenesis of microRNA-1 is associated with cardiac dysfunction
in aging of spontaneously hypertensive rats. Mol Cell Biochem. 2019 Sep; 459(1-2): 73-82. doi: 10.1007 /s11010-019-
03551-6. PMID: 31104265;Strutynskyi RB, Goncharov SV, Tumanovska LV, Nagibin VS, Dosenko VE. Cardiac
dysfunction in spontaneously hypertensive old rats is associated with a significant decrease of SUR2 expression.
Mol Cell Biochem. 2021 Dec;476(12):4343-4349. doi: 10.1007 /s11010-021-04237-8. PMID: 34455535;V Fleming, X Hu,
C Weller, R Weber, Ch Groth, Z Riester, L Hiser, Q Sun, V Nagibin, C Kirschning, V Bronte, J Utikal, P Altevogt, V
Umansky. Melanoma extracellular vesicles generate immunosuppressive myeloid cells by upregulating PD-L1 via
TLR4 signaling. Cancer Research (2019) 79 (18): 4715-4728. https:/ /doi.org /10.1158 /0008-5472.CAN-19-0053

IloBHe HaiMeHYBaHHSI OPUAHUYHOI OCOOH: IncTUTyT disionorii imeni O. O. Boromosbig HanjoHambHOi

akageMii HayK YKpaiHu

Kop 3a €IPIIOY: 05417093

Micue3HaxoaKeHHS: ByJI. boromosbug, Kuis, 01024, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akajiemis HayK YKpaiHu



InenTudikarop ROR:

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. IlopTHiveHKo Bonogumup Inmia

2. Volodymyr 1. Portnichenko

KBastidikamis: . men. H., crapumii HayKoBUIA CITiBPOGITHYK, 14.03.04

InenTudikarop ORCID ID: He 3acrocosyetscs

JopaTrkoBa inpopmanis:

IToBHEe HafIMeHyBaHHSI IOpH,ZII/I‘IHOi ocoou: IHctutyT disiosnorii imeni O. O. Boromosnbus HanioHanbHOI

akageMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417093

MicueSHaxo,vieHHﬂ: ByJ1. boromosnbig, Kuis, 01024, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiiHHS: Haujonanbha akazemis HayK Ykpainu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI
Baache IlpizBuiie Im's ITo-6aTbKOBI
TOJIOBH pagu

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUI 3a HiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeectpaTtop

KepiBuuk Bigzainy YKpIHTEI mo €
BiZIIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisIJIBHOCTI

Pososa Karepuna BceBosoniBHa

Pososa Karepuna BceBonogniBHa

[Topxano Jenuc GenopoBud

IOpuenko TersHa AHaTosiiBHA

Opuenko TersHa AHaTosIiBHA



