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AHOTALIA

byaiii O. A. “KommiekcHa ricTOnOro-6ioxiMiuHa  XapaKTEepHCTHUKA
TomHaMOypy 3a BILUTUBY 10HIB KaAMIiI0™

JurmomHa poOoTa Ha 300yTTS OCBITHBOTO PIBHSI MaricTpa 3a CIeIliaabHICTIO
091 Bionoris Ta 6ioxiMis, OCBITHS mporpama “bioximis™.

Jlana po0OoTa mpuCBAYEHA BUBYCHHIO TICTOJIOTIYHUX 3MIH Ta O10XIMIYHUX
MOKa3HUKIB y pociuHl ToniHamOypa (Helianthus tuberosus L.) mia BIUTUBOM PI3HUX
KOHIICHTPAIIIH 10HIB KaaMil0 y MOIECTBLHUX yMOBax in vitro. H. tuberosus BimomMuii sk
pociurHa-pITOpEMEIaHT, 110 Ma€ 3/IaTHICTh 10 TIOTJIMHAHHS 10HIB METAJIB 13 TPYHTY 3
MOJIAJILIIOK0 IXHBOKO AKYMYJIALIIEI0 Y MMaroHax Ta Oyiap0ax.

B ekcrepuMmeHTi OyJa0 BCTaHOBIEHO, IO 30iIbINeHHS KoHueHrpauii Cd*
1HYKY€ TABUIIICHHS BMICTY MOJi()EHONIBHUX CIONMYK Ta (DJIaBOHOIIIB, IO € 3aXHUCHOIO
BIMOBIJIII0O Ha CTpec. XJOpUJ KaJAMIIO Y HHM3bKIH KOHIEHTpamii 1 Mr/ia 3Ha4mmo
CTUMYJIIOBAB BMICT ()OTOCUHTETUYHUX MITMEHTIB Y JTUCTKAX, TOA1 AK [P 3aCTOCYBaHHI1
BUIIUX /103 OyJi0 3a()iKCOBAHO 3HMKEHHSI KOHIIEHTpallii KapoTuHoiaiB. {1 pe3ynsraru
CBIIYaTh MPO PO3BUTOK (POTOCUHTETUYHUX Ta AHTUOKCUJAHTHUX ajanTailii y
pocirHax TomiHaMOypa y BIANOBIAL Ha KaamieBui crpec. Kpim Toro, pesynbraTtu
TICTOJIOTIYHOTO aHaji3y YITKO MPOJEMOHCTPYBAJIM MOPYIIEHHS CTPYKTYpPH TKAaHHUH
JUCTKA MpU KyJTUBYBaHHI TOMMHAMOypa Ha MOXKUBHOMY CEPEIOBHIIII, 1[0 MICTHIIO 2,5
Ta 5 MI/J XJIOpUIY KaaMito.

OTpumMaHi JaH1 TiATBEPIKYIOTh 3AaTHICTh Helianthus tuberosus L. no ananTaiii
Ta MoO1Ti3amii 3axucHuX MexaHi3miB pu Cd-cTpeci, a TakoK BKa3ylOTh HA Uy TJIUBICTh
M0r0 TKAHUHHOI CTPYKTYPH 10 BUCOKHUX 1103 METAILY.

Kurouogi ciioBa: ioHn MeTaiB, KaaMil, ToniHaMOyp, GpiTopeMeiaris.

Bulii O. A. “Comprehensive histological and biochemical characteristics of
Jerusalem artichoke under the influence of cadmium ions”

Master's thesis in the field of study 091 “Biology and Biochemistry,” educational
program “Biochemistry.”

This work is devoted to the study of histological changes and biochemical

indicators in the Jerusalem artichoke plant (Helianthus tuberosus L.) under the



influence of various concentrations of cadmium ions in model conditions in vitro. H.
tuberosus is known as a phytoremediation plant that has the ability to absorb heavy
metals from the soil and accumulate them in shoots and tubers.

The experiment showed that an increase in Cd?* concentration induces an
increase in the content of polyphenolic compounds and flavonoids, which is a
protective response to stress. Cadmium chloride at a low concentration of 1 mg/l
significantly stimulated the content of photosynthetic pigments in the leaves, while at
higher doses, a decrease in carotenoid concentration was observed. These results
indicate the development of photosynthetic and antioxidant adaptations in Jerusalem
artichoke plants in response to cadmium stress. In addition, the results of histological
analysis clearly demonstrated tissue structure damage in leaves when Jerusalem
artichoke was cultivated on a nutrient medium containing 2.5 and 5 mg/L of cadmium
chloride.

The data obtained confirm the ability of Helianthus tuberosus L. to adapt and
mobilize defense mechanisms under Cd stress, and also indicate the sensitivity of its
tissue structure to high doses of metal.

Keywords: heavy metals, cadmium, Jerusalem artichoke (Helianthus

tuberosus L.), phytoremediation.
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AHOTALIA

Maricrepcbka poboTta I 3100yTTS JIPyroro (MaricTepchbKoro) piBHS BHIIOT
ocBitH 3a cremanbHicTIO 091 bionoris Ta 6ioximis (OINIT bioximis).

AKTyaJIbHICTh TeMHU A0CTigxeHHs. J[OCTITKEHHS TEMH 3yMOBIICHA 3HAYHUM
MOIIUPEHHSIM TOCTTpaBMaTuyHOro crpecoBoro posnany (IITCP) Ta iHmmx crpec-
acolifiOBaHUX 3aXBOPIOBaHb Yy cy4yacHOMY CBITi. IlepeHecenuii CUIBHUN CTpec
BUKJIMKA€ TPUBAIl MOPYIIEHHS POOOTH IMYHHOI CHCTEMH, POOUTH OpraHi3M OiIBII
Bpa3NUMBUM JI0 1HQEKIN 1 3MiHIOE Mepedir 3amaibHUX MpolieciB. Bukopucranus
eKCIIEpUMEHTANIbHUX MoJieniell TpaBmaruuHoro ctpecy (foot shock) oxpemo Ta B
noeIHaHH1 3 inononicaxapuaoM (LPS), mo imiTye 6akTepianbHy 1HPEKIIITO, T03BOIISE
3’sCyBaTU MEXaHI3MH TaKoi B3a€MOJIl Ta 3HAWTU HOBI MIAXOAU 0 NPO(UIAKTHKU ¢
JIKyBaHHS CTPEC-1HITyKOBAHUX IMyHONATOJIOT 1.

Mera i 3aBaaHHs gocaixkeHHs. Mera poOOTH — JOCIITUTH OCOOIUBOCTI 3MIH
reMaToJIOTIYHUX Ta O10XIMIYHMX TMOKAa3HUKIB KPOB1 y MHUILIEH MICJsI BIUIMBY CTpeECy
metonoM foot shock pi3HOT IHTEHCHBHOCTI Ta Y TTOEIHAHHI 3 JIIMOIOJIICAXapHUI0M.

Y poGoTi BUKOPUCTOBYBajiu O10XIMIYHI, IMYHOJOTIYHI METOAM Ta METOAH
MaTeMaTU4YHOI CTaTUCTUKU. OO0 ’ekmom 00cCnioxceHHs BUCTyIalla IMyHHa CHCTEMa
mumed Mus musculus miuii C57Bl/6). Ilpeomemom Oocniosncenns Oyau 3MiHU
reMaroJIOriYyHuX Ta OIOXIMIYHMX [IOKa3HUKIB IUTa3MU KpOBI MHIIEH 3a [ii
TpaBMaTH4HOTO cTpecy (foot shock) pi3HOI IHTEHCHBHOCTI OKPEMO Ta B TOEIHAHHI 3
ninontomicaxapuaoM (LPS).

XapakTepucTHKa OTPUMAHUX pe3yabTartiB. BcTaHoBieHo, 10 rocTpuii cTpec
(foot shock, 0,8 MA) BukiHKae TpuBami 3MiHA HEUTPOQIIHHOI JIAHKU IMyHITETY 0€3
MOPYIIEHHS 3arajbHUX TEeMaTOJIOTIYHUX TOKa3HUWKiB. [lomepenHiii cTpec MOCHITIOE
nerkouuTo3 npu aii LPS, cipuuunnsie «3cyB popmynu BiliBO» Ta 3HUKY€E aKTUBHICTh
MI€JIOTIePOKCHIA3U, MOU(IKYIOUM 3aMaibHy BiJIOBIIb.

Po6ota ckinagaeThes 31 BCTyIy, TPhOX OCHOBHUX po31uiB ( «Omiisia JiTepaTypuy,
«Marepianu i METOIU TOCTIIKEeHBY, «Pe3ynbraTtu mocipkeHb Ta iX 0OTOBOPEHHS ),

BHCHOBKIB Ta CIUCKY BUKOPUCTAaHUX JDKepesl. 3arajbHa KUIBKICTh CTOPIHOK — 63.



KinbkicTs BUKOpHUCTaHUX JKEpen JdiTeparypu — 122. Omiisia giTeparypu UTFOCTPOBAHUN
OIHUM pUCYHKOM. OTpHMaHi pe3yabTaTH MPEACTaBICH] Y BUMTISAL TpadikiB.
Kurouosi caoBa: mocrrpaBMatuunamii crpecoBuii posnan (ITTCP), foot shock,

Jinonojicaxapul, IMyHHa cuctema, Myt JiHili Mus musculus ninii C57B1/6].



ABSTRACT

Master's Thesis for obtaining the second (master's) level of higher education in
specialty 091 Biology and Biochemistry (Educational Program "Biochemistry").

Relevance of the research topic. The study of this topic is driven by the
significant prevalence of post-traumatic stress disorder (PTSD) and other stress-
associated diseases in the modern world. Severe stress causes long-term impairments
in the functioning of the immune system, makes the body more vulnerable to
infections, and alters the course of inflammatory processes. The use of experimental
models of traumatic stress (foot shock) alone and in combination with
lipopolysaccharide (LPS), which mimics bacterial infection, makes it possible to
clarify the mechanisms of such interaction and to find new approaches to the
prevention and treatment of stress-induced immunopathologies.

Aim and objectives of the study. The aim of the work was to investigate the
features of changes in hematological and biochemical blood parameters in mice after
exposure to foot-shock stress of varying intensity and in combination with
lipopolysaccharide.

The work employed biochemical, immunological methods and methods of
mathematical statistics. The object of the study was the immune system of Mus
musculus mice of the C57Bl/6] line. The subject of the study was changes in
hematological and biochemical parameters of blood plasma in mice under the influence
of traumatic stress (foot shock) of varying intensity alone and in combination with
lipopolysaccharide (LPS).

Characteristics of the obtained results. It has been established that acute stress
(foot shock, 0,8 mA) causes long-term changes in the neutrophilic component of
immunity without disturbing general hematological parameters. Prior stress enhances
leukocytosis under the action of LPS, causes a “shift to the left” in the leukocyte
formula, and reduces myeloperoxidase activity, thereby modifying the inflammatory
response.

The work consists of an introduction, three main sections — “Literature Review”,
“Materials and Methods of Research”, “Research Results and Their Discussion”,

conclusions, and a list of references. Total number of pages — 63. Number of literature



sources used — 122. The literature review is illustrated with 1 figure. The obtained
results are presented in the form of graphs.

Keywords: post-traumatic stress disorder (PTSD), foot shock, lipopolysaccharide,
immune system, Mus musculus mice of the C57BI1/6J line.
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AHOTAIIS

PoGota mpucBsiueHa BUBYCHHIO OCOOMMBOCTEM METa0OJi3My Ta aHATOMIYHHX
3MIiH y KOpPOTKOXKMBYYHMX JiHIH Drosophila melanogaster, OTpUMaHHX IIISIXOM
JIOBIOTPHUBAJIOI CeleKIlii Ha BUCOKOOLIKOBIN AieTi (HPD). MeToro nocmikeHHs Oyiio
JOCIIIUTH BIKOBI Ta (h1310J0T14HI 3MIHH, 110 JIEKATh B OCHOBI CKOPOUEHHS TPHUBAJIOCTI
)KATTS LUX JIHIM, IUIIXOM MOPIBHAHHSA iX 3 KOHTpOJIbHOW miniero w///%. 'V poGori
BUKOPUCTAaHO KOMIUICKC OIOXIMIYHMX METOIB IS OIlIHKH BMICTY TJIIOKO3U (Y
remoniMdi Ta Tim), miikoreny 1 tpurminepuaiB (TAIL), a Takox Merom MiKpo-
xoMIT'toTepHoi ToMorpadii (Mikpo-KT) 3 moganbimm 3adapOoByBaHHSIM BHYTPIIITHIX
oprasiB (cepIisi, MO3KY, BEHTPAJIbHOTO HEPBOBOTO JIAHITIOTA, TOJLOTHUX M'sI31B).

BcraHoBieHO, 1110 KOPOTKOXKUBYY1 JIiHIT HE AEMOHCTPYIOTh O3HAK MOPYIIECHHS
BYIJIEBOAHOTO OOMiHY (PiBHI ITIFOKO3U Ta IIIKOTEHY HE BIJIPI3HIIOTHCA BiJl KOHTPOIIIO),
MPOTE XapaAKTEPU3YIOThCS JOCTOBIPHO 3HUKEHUM PIBHEM TPUIILEPUAIB MOPIBHSIHO 3
KOHTPOJIBHOIO TPYIOI0. AHATOMIYHUM aHalli3 BUSBUB HETUIIOBUH JJIi HOPMaJbHOTO
cTapiHHS (PEHOTHI: 3aMICTh OYIKYBaHOI arpodii y JOCTIAHUX JIHINA CIOCTEPIraeThes
natosioriyda rineprpodist (30uUTbIIeHHsT 00'eMy) ceplis, M'sI31B Ta €JI€MEHTIB HEPBOBOT

CHCTCMMU.

KuawuoBi cinoBa: Drosophila melanogaster, cTapinHs, BUCOKOOUIKOBa HI€Ta,
metabonizm, Mikpo-KT, rineprpodis, Tpurminepuau, TOR-misx.



ABSTRACT

This study is devoted to investigating the metabolic and anatomical changes in
short-lived Drosophila melanogaster lines obtained through long-term selection on a
high-protein diet (HPD). The aim of the study was to investigate the age-related and
physiological changes underlying the reduction in the lifespan of these lines by
comparing them with the control line w1118. The work uses a set of biochemical
methods to assess the content of glucose (in haemolymph and body), glycogen and
triglycerides (TAG), as well as micro-computed tomography (micro-CT) with
subsequent staining of internal organs (heart, brain, ventral nerve cord, flight muscles).

It has been established that short-lived lines do not show signs of carbohydrate
metabolism disorders (glucose and glycogen levels do not differ from the control), but
are characterised by a significantly reduced level of triglycerides compared to the
control group. Anatomical analysis revealed a phenotype atypical for normal ageing:
instead of the expected atrophy, the experimental lines showed pathological
hypertrophy (increased volume) of the heart, muscles and elements of the nervous

system.

Keywords: Drosophila melanogaster, ageing, high-protein diet, metabolism, micro-CT,

hypertrophy, triglycerides, TOR pathway.
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AHOTAIISA

Jiumuk M. B. Kom0OiHoBaHuUiiI BILUIMB Npenapary MarHiio ta il eJJeKTPHYHOIO0
cTpyMy Ha po3BUTOK cumMnToMiB IITCP y mumuei.

JumiomHa po6oTa Ha 3100y TTsI APYTOTO (MaricTepChKOTO) PiBHS BUIIOT OCBITH
3a cremianbHicTio 091 bionoris Ta 6ioxiMis (ocBiTHA nporpama bioximis).
VY poboTi nociimkeHo KOMOIHOBaHHWM BIUIMB mpenapaty Mg-B6 Ta enekTpudHOro
CTPYMY Ha PO3BUTOK CUMIITOMIB MOCTTpaBMaTUYHOTO cTpecoBoro posnany (IITCP) y
camiiB mumeit minHii C57BL/6J. Monens IITCP, ingykoBaHa IIOKOM BHCOKOi
IHTEHCUBHOCTI, €(EKTUBHO BIJTBOPIOE CUMIITOMH PO3JIay, 110 MiATBEPIKYETHCS
MIJBUILEHHAM 3aBMUPaHb B TECTI aBEPCHUBHOIO KOHTEKCTYy. [loBemiHKOBI TecTH
(BiZKpuTE TOJIE, CIUICHI-TECT, MiJHECEHUU IUTI0C-TA0IPUHT, CBITIO-TEMHUN SIIUK)
MOKa3aJii MOCWJICHHS TPUBOXKHOCTI Ta 3HMKEHHS JOCIITHUIIBKOT aKTUBHOCTI Y TPYIIl
«ctpectMg-B6», NOpiBHIHO 3 KOHTPOJIEM Ta CTPECOBOIO rpymoro 6e3 Mg-Bb.

bioximMiyHMI aHa3 BUSBUB BIACYTHICTh 3MIH B aKTMBHOCTI MAapaoKCOHA3U Ta
MIJIBHUIICHHS aKTUBHOCTI MI€JOMEPOKCHIA3U y KPoBl y rpymnax 3 Mg-B6, mo moxe
BKa3yBaTH Ha aKTUBALIIIO 3aMaJIbHUX MPOLIECIB. 3arajioM, pe3yJibTaTy CBiA4aTh Mpo Te,
1[0 BIUIMB €JIEKTPUYHOTO CTpyMy eekTtuBHO Moaemntoe cumnromu [TTCP y mutueit, a
npenapatr Mg-B6 He BusBIsS€ OYIKyBAaHOTO KOPHUTYIOWOTO e(eKTy, HaBIIakH,

MOCUJTIOIOYH JIESIKI ITPOSIBU TPUBOKHOCTI Ta MOBEIIHKOBUX TUCPYHKIIIH.

Kurouogi cioBa: IITCP, Mg-B6, noBeiiHKOBI TECTH, Mi€JIONEPOKCHIa3a, MHUIIIL.

Lylyk M. V. Combined effect of magnesium preparation and electric current on
the development of PTSD symptoms in mice.

Master’s Thesis for obtaining the second (master's) level of higher education in
the specialty 091 Biology and Biochemistry (Educational Program Biochemistry).
The study investigated the combined effect of magnesium and electric current on the
development of post-traumatic stress disorder (PTSD) symptoms in male C57BL/6J
mice. The PTSD model induced by high-intensity shock effectively reproduces the

disorder's symptoms, as confirmed by increased freezing in the aversive context.



Behavioral tests (open field, splash test, elevated plus maze, light-dark box)
showed enhanced anxiety and reduced exploratory activity in the "stress+Mg-B6"
group compared to the control group and stress group without magnesium.
Biochemical analysis revealed no changes in paraoxonase activity and increased
myeloperoxidase activity in groups with magnesium, which may indicate activation of
inflammatory processes. Overall, the results suggest that electric current effectively
models PTSD symptoms in mice, while the magnesium preparation does not show the
expected corrective effect; instead, it enhances some manifestations of anxiety and

behavioral dysfunctions.

Keywords: PTSD, magnesium, behavioral tests, myeloperoxidase, mice.
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AHOTAIIS

OxoBuu A.P. Mera0oiyHi NOKA3HUKM Yy MO3KY MuIei 3

eKcrnepuMeHTaabHO innykoBanum IITCP.

Jlumiomua po6ota Ha 3700yTTs APyroro (MariCTepchbkoro) piBHS BHIOI OCBITH

3a criemianbHicTIO 091 Bionoris Ta 6ioximis (OIIIT bioximis).

JumioMHa ~ poboTra  IpHUCBIYEHA  JOCHIKEHHIO  CTaTeBO-3aJICKHUX
BIJIMIHHOCTEH y MOBEIIHKOBUX Ta MOJICKYJSIPHUX PEAKIIsAX HAa CTPEC y MHIICH IMicCIIs
Iii €NeKTPUYHOro cTpyMmy ((pyTIHIOKY) Pi3HOI IHTEHCHUBHOCTI. AKTYaJbHICTh TEMH
3yMOBJIEHa HEOOX1/IHICTIO TIMOIIIOr0 PO3YMIHHSI MEXaHi13MIB CTPECOBOI BIJMOBIJI, IO
Ma€ 3HAYEHHS JJIsI MOAENIOBAHHS MMOCTTpaBMaTU4YHOrO crpecoBoro posnany (IITCP)
Ta IHIIUX CTpec-acoliioBaHuX Imarojorii. OcobauBa yBara NpHALIIIACS OLIHII
MOBE/IIHKOBHX IMOKA3HUKIB Y TECTaX Ha TPUBOXKHICTH Ta IMaM’sITh, @ TAKOXK aHATI3y 3MIH
y CHCTEMI AHTHOKCHJIAHTHOTO 3aXWCTy M €KcIpecii TeHIB, MOB’sA3aHUX 31 CTpec-

peaxiriero, MeTaboII3MOM 1 Helpo3araieHHsIM.

BcranoBneno, 1o Aisi €1EKTPUYHOTO CTPECY CHPHUUHSIE CTaTeBO-CreugiuHi
BIIMIHHOCTI Yy (I1310JIOT1YHINA Ta MOJEKYIsIpHii BianoBifgl. CaMKy BHUSBISUIM BUILY
YYTJIUBICTh JI0 CTPECY, IO TMPOSBISUIOCS OLIbII BUPAKEHUMHU TMOBEAIHKOBUMHU
3MiHAMHM, aKTHUBAIIE€I0 MITOXOHAPIAIHPHUX aHTHOKCHUJIAHTHUX IUISXIB Ta MOCUIICHHIM
eKCIIpecii TeH1B, MOB’ I3aHUX 13 3aMajibHOI0 Ta TIIOKOKOPTUKOIAHOI BiAnoBiAAt0 (/L6,
PGCIA, FKBP5, SGKI). Y caMuiB, HaBIaKH, CIOCTEPIraJucsi IEepPeBaKHO
KOMIIEHCATOpHI 3MIHM B AHTHUOKCHJAHTHIM cUCTEeMi 0€3 CYTTE€BOIO PpO3BHUTKY
OKCHJATUBHOrO crpecy. OTpuMaHi pe3ysbTaTH CBIJYaTh MPO BIAMIHHI MEXaHI3MU
HENpoO10JIOriyHOT ajanTauii O CTpecy y CaMILiB 1 CaMOK Ta MiAKPECIIOITh
HEOOX1IHICTh ypaxyBaHHs CTareBUX (PAKTOpIB MpU BHUBYEHHI CTPECOBHUX 1

HEHUpOJIETeHePAaTUBHUX MPOIIECIB.

Kurouogi cioBa: [ITCP, enexrpuunuii cTpyM, QPyTIIIOK, MHUIIIA, MO30K, CTaTeBl

BIIMIHHOCTI, TIOBEJIIHKA, OKCUAATUBHUI CTpeC, aHTUOKCHUJaHTHA cuctema, [1JIP.



ANNOTATION

Okhovych A.R. Metabolic parameters in the brain of mice with
experimentally induced PTSD.

Master’s Thesis for obtaining the second (master's) level of higher education in

the specialty 091 Biology and biochemistry (Educational Program Biochemistry).

The master’s thesis is devoted to the study of sex-dependent differences in
behavioral and molecular responses to stress in mice exposed to electrical footshock of
varying intensities. The relevance of this work lies in the need for a deeper
understanding of the mechanisms of the stress response, which is essential for
modeling post-traumatic stress disorder (PTSD) and other stress-related pathologies.
Particular attention was paid to the assessment of behavioral parameters in anxiety and
memory tests, as well as to the analysis of changes in the antioxidant defense system
and the expression of genes associated with stress response, metabolism, and

neuroinflammation.

The study revealed that exposure to electrical stress induces sex-specific
differences in physiological and molecular responses. Female mice exhibited higher
stress sensitivity, manifested by more pronounced behavioral alterations, activation of
mitochondrial antioxidant pathways, and upregulation of genes involved in
inflammatory and glucocorticoid responses (IL6, PGCI1A, FKBPS, SGK1). In contrast,
male mice showed predominantly compensatory changes in the antioxidant system
without significant oxidative stress development. These findings indicate distinct
mechanisms of neurobiological adaptation to stress in males and females and
emphasize the importance of considering sex as a biological variable in studies of

stress-related and neurodegenerative processes.

Keywords: PTSD, electric footshock, mouse, brain, sex differences, behavior,

oxidative stress, antioxidant system, PCR.
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AHOTAIIS

JurimomHa po6oTta Ha 3100y TTs APYyroro (MaricTepChbKoro) piBHsS BHIOT OCBITH

3a criemianbHICTIO 091 Bionoris Ta 6ioximis (OIIIT bioximis).

[ToctrpaBmarnunmii crpecoBuii posnan (IITCP) € cknagauMm MCHXIYHUM
po37a7oM, IO PO3BUBAETHCS Y BIANOBIAbL HA BIUIMB TpaBMaTUYHMX MOMIN 1
CYNPOBOJKY€ETbCSI  JOBIOTPUBAJIMMHM  3MIHAMM  €MOIIAHOI, KOTHITUBHOI  Ta
MOBENIHKOBOI JisTbHOCTI. Bimomo, mo IITCP acormitoeTscst 3 mopymieHHAM (YHKITIH
[IEHTPaAJIbHOI HEPBOBOi, €HJOKPUHHOI W IMYHHOI CHCTEM, a TaKOX 13 PO3BUTKOM
Helpo3ananeHHs. IMyHH1 MeXaHI3MH Ta MPOLIECH OKCUJATUBHOIO CTPECY BIAIIParOTh
KJIFOYOBY POJb y (OpMyBaHHI Ta MIATPUMII NATOJOTIYHUX 3MIH Yy MO3KY 32 YMOB
CTPECOBUX YHMHHMKIB, L0 3yMOBJIIOE HEOOXIJHICTh KOMIUIEKCHOTO BHUBYEHHS iX
B3a€MO3B’s13Ky.  OcoOnuBHMII  HAyKOBUW  IHTEpPEC  CTAHOBUTH  JOCHIIXKCHHS
KoMO1HOBaHOTO BIUTUBY 3anajeHHs Ta [ITCP, ockiibku B peaqbHUX YMOBaX 111 pakTopu

qacTo I[iIOTI) OAHOY4aCHO, Hi,Z[CI/IJ'II-OIO‘-II/I HEraTUBHUU BILJIUB OHH OAHOIO.

MeToro Haloro JOCiKEHHS OYyJI0 OL[IHUTH OCOOIUBOCTI MOBEIIHKOBUX 3MiH,
CTaH AHTHOKCUJAHTHOI CHUCTEMH W EKCIpECiI0 MOJEKYISIPHUX MapKepiB y MO3KY
MUIIIEH 32 YMOB OJJHOYACHOTO BIUIMBY 3allajieHHS i MOCTTPAaBMAaTHYHOTO CTPECOBOTO
po3Naay, 1HAYKOBAHOTO EJIEKTPUYHUM CTPYMOM. Y XOA1 €KCIEPUMEHTY 3amnajibHui
IpolLieC y TBAPHH 1HAYKYBAJIA BHYTPIIIHbOUEPEBUHHUM BBEJICHHSIM JIITTOIOICaXapuay
(JITIC), micast 4yoro MONETIOBAIM CTPECOBY pEAKIi0 3a JOMOMOTOI0 yAapiB
€JIEKTPUYHUM CTPYMOM 3 METOIO OLIIHKHM B3a€MOZIT X (DAKTOPIB 1 IXHHOTO BILIMBY Ha

po3BuToK IITCP-1toxi6HOT MOBETIHKH.

VY nocnigpkeHHI BUKOPUCTOBYBAJIM TBApUHHY MOJAETH — S5-6-MICAYHUX CAMOK
munieit niHii C57BL/6J. TBapun Oyno0 NOAUIEHO Ha YOTUPH IPpynu: 1 — KOHTPOJIBbHY, 2
— 3 BBeneHHsaM Jtinonoinicaxapuay (JITIC), 3 — 3 excrio3uiiiero ynapaMmu eIeKTpUIHUM

ctpymom (YC) ta 4 — komb6iHoBany rpymny (JIIIC+YC).

[ToBeniHKOBI 3MiHM TBapWH OIIHIOBAJIM 3a JOMOMOTOK) HACTYIHHUX TECTIB:
BIJIKDUTOTO TMOJS — JUISS BU3HAYCHHS PIBHSA 3arajbHOi PYyXOBOi AKTHBHOCTI Ta

TPUBOXKHOCTI, MiJTHECEHOTO IUTIOC-TA0IPUHTY — JJIS OIIHKK E€MOIIIHHOTO CTaHy W



ABEPCHUBHOTO KOHTEKCTY — JIJIsl aHali3y KOTHITUBHMX (DYHKIIIHM 1 peakiii mam’sTi Ha

yIapy €JEKTPUYHUM CTPYMOM.

bioximMigH1 JOCTITKEHHS BKIIIOYAIN BU3HAYCHHS BMICTY MEPOKCHUIIB JIMIIIB y
PI3HHUX CTPYKTypax MO3Ky MHUIIEH (KOpl BEJIMKUX IMIBKYJb, TiMOTalaMmycl Ta
rioKammi), a TaKoX aKTUBHOCTEH aHTHOKCHUJIAHTHHX (DEPMEHTIB: Karayasu,
[II0TaTIOHTIEpOKCcHaa3u, Trotarionpenykrasu, HAJI(®)H-xinonookcuaopeaykrasu 1
(HXO1) 1 rmorarion-S-tpancdepasu. s 3’aCyBaHHSI MOJICKYJSIPHMX MEXaHi3MiB
BHUKOPHCTOBYBAJIM METO/I TIOTIMepa3Hoi J1aHItoroBoi peakuii (I1JIP) B peanpHOMY yaci,
AKUW JTO3BOJIMB BU3HAUUTU PIBEHb TPAHCKPHIILII T'€HIB, OB’ SI3aHUX 13 3alaJICHHSM,

TICUXOJIOTIYHUM CTPECOM, META0O0IYHOIO Ta AETOKCUKAIIIMHOIO BIAMOBI IO,

JlocnmipkeHHsT MOKa3allo, M0 KOMOIHOBaHUI BIUIUB CTpPECy Ta CHUCTEMHOTO
3anajyieHHs BUKIMKae Haiouibm BupaxeHi [ITCP-noaiOHi moBeIIHKOBI MOPYIIEHHS Ta
CTIMKMI YyMOBHUH cTpax y muiieil. bioxiMiuHl aHami3W BUSBWIM HIKYUU PIBEHb
MEPOKCH/IIB JIMIIB y TIOKaMIIl Ta npurHideHHs aktuBHOCTI HXO1, 1m0 cBi19uUTH Mpo
nopyueHHs Nrf2-3a1exH0i aHTHOKCHIaHTHOT BiAnoBial. Ha TpanckpumniiitHoMy piBHi
3a(p1KCOBAHO AKTHBAIlIIO TIIOKOKOPTHKOITHOTO NUIIXy (migBuieHHs piBHs MPHK
SGK1, 3amxenns pisass MPHK FKBP5) i inaykuito 3ananbHuX xeMokiHiB (CCL2,
CXCL?2). 3aranom mo€IHaHHS CTPECY EJIIEKTPUYHUM CTPYMOM i 3amajieHHs popmye

o1 Bupaxenuit [ITCP-mogioHuit heHoTHII, HiXK Jisl KOKHOTO (haKTOPy OKPEMO.

Kurouogi ciioBa: nocrrpaBmaruanuii crpecoBuit posnaj (ITTCP), tpaBmaruyHi
noxii, minononicaxapun (JIIIC), 3ananeHHs, MUIll, MOBEIIHKOBI TECTU, OKCHUIATUBHUI

CTpeC, aHTHOKCHIAaHTHA CHCTEMa, MO30K, EKCIIPECis TeHiB.

ANNOTATION

Thesis for the second (master's) degree of higher education in the specialty 091

Biology and Biochemistry (Educational Program Biochemistry).

Post-traumatic stress disorder (PTSD) is a complex mental disorder that
develops in response to the impact of traumatic events and is accompanied by long-

term changes in emotional, cognitive and behavioral activity. It is known that PTSD is



associated with impaired functions of the central nervous, endocrine and immune
systems, as well as with the development of neuroinflammation. Immune mechanisms
and oxidative stress processes play a key role in the formation and maintenance of
pathological changes in the brain under stressful conditions, which necessitates the
comprehensive study of their relationship. Of particular scientific interest is the study
of the combined effect of inflammation and PTSD, since in real conditions these factors

often act simultaneously, amplifying each other's negative effects.

The aim of our study was to assess the features of behavioral changes, the state
of the antioxidant system, and the expression of molecular markers in the brain of mice
under the conditions of simultaneous exposure to inflammation and post-traumatic
stress disorder induced by electrical shock. During the experiment, the inflammatory
process in animals was induced by intraperitoneal administration of lipopolysaccharide
(LPS), after which the stress response was simulated using electrical shock (procedure
«foot shock») in order to assess the interaction of these factors and their impact on the

development of PTSD-like behavior.

The study used an animal model — 5-6-month-old female mice of the C57BL/6J
line. The animals were divided into four groups: 1 — control, 2 — with the administration
of lipopolysaccharide (LPS), 3 — with exposure to electric shocks (FS) and 4 — a
combined group (LPS+FS).

Behavioral changes in animals were assessed using the following tests: open
field — to determine the level of general motor activity and anxiety, elevated plus maze
— to assess the emotional state, and aversive context — to analyze cognitive functions

and memory reactions to stressful stimuli.

Biochemical studies included the determination of levels of lipid peroxides in
various brain structures (cerebral cortex, hypothalamus and hippocampus) of mice, as
well as the activity of antioxidant enzymes: catalase, glutathione peroxidase,
glutathione reductase, NAD(P)N-quinone oxidoreductase 1 (NQO1) and glutathione-
S-transferase. To elucidate the molecular mechanisms of these changes, we used real-

time polymerase chain reaction (RT-PCR), which allowed us to determine the level of



transcription of genes associated with inflammation, psychological stress, metabolic

and detoxification response.

The study showed that the combined effect of stress and systemic inflammation
causes the most pronounced PTSD-like behavioral disorders and persistent conditioned
fear in mice. Biochemical analyses revealed a decrease in lipid peroxides in the
hippocampus, along with inhibition of NQO1 activity, indicating a disruption of the
Nrf2-dependent antioxidant response. At the transcriptional level, activation of the
glucocorticoid pathway (increased SGKI mRNA level, decreased FKBP5 mRNA
level) and induction of inflammatory chemokines (CCL2, CXCL?2) were recorded. In
general, the combination of stress and inflammation forms a more pronounced PTSD-

like phenotype than the action of each factor separately.

Keywords: PTSD, traumatic events, LPS, inflammation, mice, behavioral tests,

oxidative stress, antioxidant system, brain, gene expression.
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AHOTALIA
ledynuak JI. C. “B3aeM03B’30K aHTHOKCHJAHTHOTO 3aXHCTy Ta 10HHOTO

roMeocTasy y TomiHaMOypa B yMOBax KaJMiii-1HyKOBaHOTO CTpecy’

Jlurniomua po6ota Ha 3700yTTs APYroro (MaricTepchbkoro) piBHsS BUIIOI OCBITH
3a crerianbHicTio 091 Bionoris Ta 610Ximis, OCcBITHS mporpama bioximisi.

VY 1iit poboti Oyimo AOCTIKEHO 010XiIMiYHI MOKa3HUKUA POCIMHH TOTiHAMOypa
(Helianthus tuberosus L.) — BiioMoro piToeKCTpakTopa — y BIJMOBIIb HA BIUTUB PI3HUX
KOHIeHTpallii ioHiB kaamiro (Cd **) B ymoBax in vitro. MeTor0 0yJ10 OLIHUTH CTYIIiHb
TOKCMYHOCTI METaly Ta MEXaHI3MH ajanTailii poclMHU. BCTaHOBIEHO, 10 BHUCOKI
PIBHI KaaMII0 1HAYKYIOTh 3HAYHUN OKCUIATUBHUMN CTpPEC Y KIITHHAX, 110 MPU3BOAUTD
70 TOpylIeHHs (YHKI[IOHYBaHHS AaHTHOKCUJAHTHOI CHUCTEMH Ta BHUPAXKAETHCSI Y
3HIM)KEHI aKTUBHOCTI BIJIMTOBITHUX (PEPMEHTIB.

OTpumani pe3yiabTaTd MIATBEP/KYIOTh 3HAYHUNA HETaTUBHUN BIUIMB BaKKUX
MeTaJIiB Ha (P1310JI0TTYHI IPOLUECH POCIHH, aj€ BOJHOYAC IIJIKPECIIOTh MOTEHIAI
Helianthus tuberosus L. sik 1HCTpyMeHTa OlopeMesialiii sl OUMIIEeHHS 3a0pYIHEHUX
I'PYHTIB.

KuarouoBi cJjioBa: 10HM MeTalliB, OKUCHO-BIJHOCHAa CHCTEMa pOCIIHH,

TomiHamOyp, hiTopemeniairis.

Shebunchak D. S. “The interrelation of antioxidant defence and ionic

homeostasis in Jerusalem artichoke under cadmium-induced stress”

Master’s Thesis for the attainment of the second (master’s) level of higher
education in the specialty 091 Biology and Biochemistry, educational program
Biochemistry.

This study investigated the biochemical parameters of Jerusalem artichoke
(Helianthus tuberosus L.) — a well-known phytoextractor — in response to varying
concentrations of cadmium ions (Cd**) under in vitro conditions. The aim was to assess
the degree of metal toxicity and the plant’s adaptive mechanisms. It was found that
elevated cadmium levels induce significant oxidative stress in plant cells, leading to
disruption of the antioxidant system and manifested by decreased activity of related

enzymes.



The obtained results confirm the pronounced negative impact of heavy metals
on plant physiological processes, while simultaneously highlighting the potential of
Helianthus tuberosus L. as a tool for bioremediation of contaminated soils.

Keywords: heavy metals, plant redox system, Jerusalem artichoke,

phytoremediation.



