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KgranidikamiitHa HaykoBa mparisi Ha IpaBax PyKOIMUCY.

HMucepranis Ha 3700yTTs CTymneHs aoktopa ¢intocodii B ramy3i 3Hanb 09
bionoris 3a cnemanbhicTio 091 bionoris. — Ilpukaprnatcbkuii  HallOHaJIbHUN
yniBepcuteT iMmeHi Bacuns Credpannka MOH VYkpainu, [Bano-®pankisebk, 2025.

HaykoBa po6ota BukoHaHa Ha 0a3i kadeapu OioxiMii Ta OIO0TEXHOJIOTIL
dakynbTeTy MPUPOAHUUYNX HayK [IpukapnaTchKoro HaIliOHAIFHOTO YHIBEPCUTETY iIMEHI
Bacuns  Credanukxa (IBano-®paHkiBcbk, VYKpaiHa) Ta 4acTKoBO Kadenpu
Helpodizionorii, [HcTuTyT (di3ionorii, TroOIHTeHCHKOTO YHIBepcuTeTy iMeHi EGepxapaa
Kapna (Trwo0inren, Himeyunna) npotsirom 2020-2025 pokis.

Hucepranist ckianaeTscss 3 ABOX dYacTHH. Ilepma dYacTHa mnpuUCBSIYEHA
JOCTIPKEHHIO BIUIMBY MaprapyH-BMICHOT TKi OKpeMO Ta B TO€JHAHHI 3 BOJHUM
BiJIBApOM KBIiTiB pomariku Jikapcbkoi (BBP) a6o pexxuMoM rojiogyBaHHS depe3 JeHb
(I'YJl), sk MOTEHLIMHUX Xap4yOBHUX MOMYJISATOPIB, IO 3JaTHI 3MIHIOBAaTH Iepedir
METa0OIYHUX MPOIECIB B opraHizmi mwuinei. Jlyis mociimkeHHs Oyiad BHKOPHCTaHI
mumii  JiHii C57BL/6J 000X crtaTed, SKUM MPOTATOM YOTHPHOX MICAIIB 0
nabopaTopHOro KopMmy noaaBanu mapraput 70% sxxupHocti, Mmapraput Ta BBP, a Takox
3actocoByBanm ['YJ/[ Ha Tii MaprapuH-BMICHOI DKi. MeToro mepinoi 4acTuHu poOOTH
Oyn0 BUSBUTH YW 30aradyeHa MaprapuHoOM iDKa MOXKE BUKIMKATH METa0OIIYHUN
cuaapom (MC), abGo moB’si3aHi 3 HUM TOPYIIEHHS, a TaKoX 4u gomaBaHHs BBP a6o
3actocyBaHHs [U]] 3M0KyTh MOM’ IKIIUTH HETaTHBHI €(EKTH, sIKi MOXYTh BUHUKHYTH
BHACTIZIOK CIIOKMBaHHS MaprapuHy. TakoX MeTor poOOoTH Oyio TEpeBIpUTH YU
OJTHAaKOBO OYyIIyTh pearyBaTH camIli Ta CAaMK{ MUIIEH Ha JOCTIIHI BUIU XapIyBaHHS.

Omanmu 13 xmouoBux o3Hak MOC € HasBHICTh OXHUPIHHS, BHCOKI pIBHI
tpuanunrainepuais (TAI) Ta riaoko3u, pO3BUTOK 1HCYJIIHOPE3UCTEHTHOCTI, a TaKOX
3ananeHHs Ta okcugaTuBHoro ctpecy (OC). s Toro, mo0 nepeBipuTH skl HOPYUICHHS

MOIJIM BUHUKHYTH Y MUIIEH MICIS CHOXUBAHHS 1K1 3 MaprapuHom, OyJ0 BU3HAYEHO



Mop@omeTpuyHi, (i310J0T14HI Ta O10XIMIYHI MOKa3HUKH. [IpoTdarom pocmixeHHs 0yino
BUSBIICHO, 10 CIIOKMBAaHHS MaprapuHy okpeMo Ta Ha T BBP a6o [']] He BuKIHKano
pO3BUTOK OxUpiHHA. [Ipy oMy 1HZEKC MacH Tila Ta 1HJAEKC oxupiHHA JIi Oynu y
MeXax HOpPMH, XO4ya CaMKH, Kl CHOKHMBaJIM MaprapuH MocTiiHo, Ta camui Ha Y]]
HaOupanu Macy IIBUAIIE, HDK 1HIII rpynd. Sk camii, Tak 1 CaMKu, Yy BCIX
€KCIIEpUMEHTAIBHUX TpyHax CHOXKMBAJIM MEHILIE K1 Ta MWK MeHiie Boau, abo BBP,
HDK B KOHTpOJi. bByno BHSBICHO, IO TBapWHU BiJJAaIOTh IEpeBary MaprapuHy
MOPIBHSAHO 3 JIa0OpPaTOPHUM KOPMOM. Xoda OOHWJBI CTaTl Ha EKCIePUMEHTATbHUX
paiioHax CHOXXMBAJIM MEHILE XK1, JOCIIAHI camIll OTPUMYBaiIM Oljblle Kalopii, HIX
KOHTPOJIbHI, @ CAMKH TaKy K KUIBKICTh KaJIOpiid, SIK 1 KOHTpoJibHA rpymna. OTpuMaHi y
iii poOOTi pe3ynbTaTH BKa3ylOTh Ha Te, IO CHOKUBAHHSI MaprapuHy MpOTATOM
YOTUPHOX MICSAIIB Ma€ CWIBHIIIMN HETaTHMBHHWM BIUTMB HAa CAaMOK MHUINEH, HDK Ha
camuiB. Kpim Toro, mo BoHM HaOupanu Macy TiUla IMIBUAILIE, Y HUX OYyJO BHUSIBICHO
HUKYY aKTHBHICTH mapaokcoHasu (ITOH) B mma3mi kposi. Ile miaTBepKkye po3BUTOK
OC B meuiHIll, HUPKaxX Ta KOpi TOJOBHOTO MO3Ky. Ha mpoTuBary camkam, y camiiiB OyB
BUCOKHH piBeHb mnepokcuaiB mimiaiB (I1JI) y >kupoBiii TKaHWHI, Ta CHOCTEpiragach
TEHJIEHIIsT 10 30UIbIIeHHs piBHA 1HTepaehkiny-13 (IJI-1B), mo cBimuuTh mpo ciaadki
O3HAaKM 3amajicHHs. TakoX BOHU Maju CWIbHIMY iHTeHCUBHICTH OC y KOpPi1 TOJIOBHOTO
MO3KYy. [Ipu bOMy B MIEUiHIII JOCTITHUX TBAPUH aKTUBHICTh KaTajla3u OyJia BUIIOO, 110
symoBwio 3MmeHmeHHs OC y npomy opradi. SIK y camiliB, Tak 1 y CaMOK TICJs
CIIO’KMBAaHHS MaprapuHy aKTUBHICTh TIIKOMITHYHHX ¢depmeHTiB (hochodpykTokinazu
Ta TipyBaTKiHa3W) TMEYiHKKA Oyja BUIIOI0, IO MOXKE BKAa3yBaTH Ha IHTEHCH]IKAIIIIO
TITKOI3Y.

HNonasanusa BBP no 30arauenoi maprapuHoM ixi 3ano0irano Habopy macu Tiia
CaMOK Ta TOKpallyBajo CHOXXMBaHHA iK1 y camuiB. [Ipore pomaimika mo-pizsHOMY
BILJTMBajia Ha OpraHu TBapuH. Y camok BBP mposBisB aHTHOKCHIAHTHI BIIACTUBOCTI Y
MEYiHI[l Ta CHOPUSAB 3MEHIICHHIO PIBHS TJIOKO3W Yy Iia3Mmi KpoBi. Y cawmiie BBP
30UTBbIIUB aKTUBHICTH mtoTaTioHnepokcuaaszu (I'Tl) y nupkax, ane nmocunuB OC y
cepui. Y KOp1l TOJOBHOTO MO3KY SIK caMIliB, TaK 1 caMOK He Oyno BusiBieHO o3Hak OC,

110 CBIAYUTH PO Mo3uTUBHUN BB BBP Ha M030k TBapuH.
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[um mgocnimkeHHSIM BIepile TMOKa3aHO, 1Mo 3actocyBanHs ['YJ] pazom i3
MaprapuHoM Mo’ke OyTM WIKUJIMBUM JJs caMuiB Mumied. OKpiM TOro, 1o BOHHU
IBU/IIE HAOWpaNIM Macy Tula, 11 TBAPUHU TAKOXK OyJIW CXWIbHI 10 MepeilaHHsd y JAHi,
KOJM MaJli JOCTYN a0 DKi. Y KpoBi camiliB OyB MiABUIIECHUN 3arajJbHUN BMICT
JEUKOIUTIB, IO € O3HAKOI PO3BUTKY 3alajbHUX MPOIECIB Yy opraHizmi. Takox y
mia3Mi KpoBi OyJji0 BUSIBIIEHO HU3bKUU piBeHb TAI', ajie BUCOKUH piBEHb IJIIOKO3U. Y
MEeYiHIll caMIliB crioctepiranu HakonuueHHs TAI' Ha TJII HU3BKOTO BMICTY TJIIKOTCHY.
Pazom i3 pe3ynbraTaMu, OTPUMAaHMMH Y IIJIa3Mi KpOBi, 1€ CBIIYUTH MPO TMOPYIICHHS
[IIKOJIITUYHOTO Ta JdimiHoro oOMiny. byno BusiBaeHo po3sutoxk OC y cepili camilis,
npote akTuBHICTh [Tl y HUpKax Ta KOpi roJIOBHOTO MO3KY OyJia BHINOIO, 1[0 BKa3ye Ha
cinabky anTHoKcHaaHTHY Aito ['U]] y mux opranax. CaMKu MUIIEH HaBMAKH IMOKA3aJIH
MO3UTUBHI 3MIHM MICJIA 3aCTOCYBaHHS TAKOro peXuMy xapuyBaHHsA. Ha BigMmiHy BiX
TBAapWH, SKi TOCTIHHO CIIOKWBaJd MaprapWH, CaMKH, SKi TMEPIOJUYHO TOJOYBaIH,
HaOupany Bary HoBiIbHINIE. TakoX y HMUX OyB HI)KYMM pIBEHb MapKepiB 3allajieHHs,
aktuBHicTh MIIO y mma3smi kpoBi ta IJI-1B y >xupoBiii TkanuHi. Byno BuUsBICHO
3sMmeHIeHHs iHTeHcuBHOCTI OC y mediHini Ta 301IbIIeHHs] aKTUBHOCTI aHTUOKCUIAHTHUX
depmenTiB y HUpKax Ta cepiii camok. [Ipore I'U]] ne 3amobiramo po3sutky OC y kopi
TOJIOBHOT'O MO3KY MHMIIICH ITi€T CTATI.

3arajoM OTpUMaHI1 Pe3yJNbTaTH CBIMYATh MPO CHIIBHINIY BPa3jiMBICTh CAMOK IO
XapuyBaHHsl 30araueHoro maprapuHom, a camiiB go ['Y]/[, mpore He BKa3zyloTh Ha
po3Butok MC, a nuie Ha TEBHI MOpPYIICHHS MOB’s3aHI 3 HUM. BimBap pomamiku
3aBISIKM CBOIM AHTHOKCHUJIAHTHUM BIIACTUBOCTSIM MOXE 3MEHIIYBAaTH HETAaTUBHUUN
BIUTUB MaprapuHy B CaMoOK, aje He Yy caMIliB. Pexxum xapuyBaHHS 4Yepe3 JCHb TEXK
BUSBIISE OUTBHIITY TTO3UTUBHY JII0 JJISI CAMOK, XO4Ya HE 3aXHINA€ KOPY TOJOBHOTO MO3KY
Biz po3BuTKy OC.

Jlpyra dYactmHa aucepTaimiitHOi poOOTH MPUCBSYECHA MOCTIIHKCHHIO BIUIHBY
kanopiitHoro ooMexeHHs (KO) sk Takoro pexxumy XapdyBaHHS, [0 MOKE 3MEHIITYBATH
TIOIITKO/IPKEHHS B OPraHi3Mi, skl BAHHUKAaIOTh 3 BiKOM. Lle gocmimkenHs Oyino mpoBeaeHe
Ha wmumax jgiHli C57BL/6N cepennboro Tta ctapmioro Biky. Ilicist gocsirHeHHS

TBapUHAMHU TPHOX Ta LIECTU MICAILIB, CEPEIHBOr0 Ta CTAPIIOr0 BIKY BIAMOBIAHO, M



naBanu Ha 30% MeHme Dxi. Taka giera TpuBajia 10 JOCSATHEHHS TBapUHAMHU JEB’ATU
(cepenHbOro BiKy) Ta BICIMHAQAISATH (CTApIIOrO BIKY) MicsliB. MeTorw 11i€i 4acTUHU
pobotu Oyino mepeBiput, yn Oyae KO BuKIMKATH 3MIHM y CHCTEM1 3aXHCTy Bil
aktuBHUX (hopMm kucHi0 (ADK) y nedinii, HIpKax Ta KOpi TOJOBHOIO MO3KY, a TAKOX
YY BIUIMBATUME TaKUW TUIl XapyyBaHHS HA IHTEHCUBHICTH TJIIKOJI3Y NEYIHKU JOCTITHUX
TBapHH.

Binomo, 1110 IpoTAToM CTapiHHA B OPraHi3Mi MOCIa0II0I0TECS CUCTEMU 3aXUCTY,
a piBeHb MOIIKO/KEHb B KJITUHAX 3POCTA€, 10 € MPUYHUHOI 30UIBIIECHHS KUIBKOCTI
ADK. OOMexxeHHS B XapuyBaHHI MOXE [ISTH K CIaOKHil cTpecoBUi (pakTop, SKHii
aKTUBYE aHTHOKCHIAHTHY cucteMy. lle mocmimxenHs mokasano, mo KO 3meHmmio
iHTeHcuBHicTh OC y TBapuH CepeHBOTO BiKY, aje HE MaJio BIUIMBY Ha TPYITy CTAPIIOTO
BiKy. 30Kpema, OyJio BUSIBICHO HIK4YMi piBeHb [1J] y HUpKax Ta KOpi TOJOBHOTO MO3KY,
B KOp1 TOJIOBHOI'O MO3KY Ha TJIi BUIIOi aKTUBHOCTI TJIOTATIOH-3aJIEKHUX (QEPMEHTIB Y
MuIlIeil cepenHboro Biky. Takoxx Oyno BusiBieHo, mio micisa KO y TBapuH cepeaHboro
BiKy OyJia BHINa aKTHUBHICTh TJIIOK030-6-pocdaraerigporeHasy, MNpoTe y MHUIIEH
CTapIIOro BIKY il aKTHMBHICTH OyJia MEHIO. Pa3oM 13 HMKYOI0 aKTUBHICTIO (DEPMEHTIB
[UIKOJII3y Ta HU3BKUM BMICTOM TUIFOKO3W Y TIC€UIHIN, II€ CBIAYMTH IPO IHTECHCHUBHIITY
poboty meHTo30dochaTHOrO NUISXY B TBAPUH CEPEAHBOTO BIKY, SKUM OOMEKYBAIH
KaJopiHicTh Tki. Came MOCHUJIEHHS! IHTEHCUBHOCTI IILOTO MIISXY CIPHUSi€ BUPOOICHHIO
HAJI®H, sixuii € kopepMeHTOM JIs TIIFOTaTIOHOBOT CUCTeMH 3axucTy Big ADK.

Hani, ski Oyno OTPUMAHO TPOTITOM JHCEPTAIMHOTO  JOCIIIKCHHS,
MOTTUOIIIOIOTh 3HAHHS MPO BIUIUB BHCOKOKAJIOPIMHUX MPOIYKTIB, 30KpeMa MaprapuHy,
a tako)k BBP ta 'Y/l na mopdomerpuuni, ¢izionoriyai ta 6i0XiMiuHI MOKA3HHKH,
30KpeMa Ha CTaH MPO-/aHTHOKCUIAHTHOI CHCTEMHU 1 €HEePreTHYHOTO OOMIiHYy, a TaKOXK
mpo 3MIHM B IHUX CHUCTEMax, sKi MOXyTh Bukimukatucs KO, mo 3acrocyBanu y
CepenHbOMYy Ta cTapmomy Bimi. Cruparduch Ha I1i Pe3yIbTaTH, BiBap POMAIIKH Ta
MepioInyHe TOJIOAYBAHHS MOXHA PEKOMEHIYBATH ISl TOJANBIIAX JOCIIKEHb Ha
MaIleHTax JKIHOYOI cTaTl, AK1 MarTh ITodyatkoBl o3Haku MC, a KO — Ha oco0ax

CEepPEeAHBOT0 BIKY 3 METOIO MOM’SIKILIEHHS] TOPYIIEHbB, SIK1 OB’ sI3aH1 31 CTAPIHHSIM.
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ANNOTATION

Hurza V.V. Dietary correction of age- and margarine-induced metabolic
disorders in mice: energy metabolism and oxidative stress. — Qualifying scientific work
on the rights of manuscripts.

Thesis for the degree of Doctor of Philosophy in the field of knowledge 09
Biology, specialty 091 Biology. — Vasyl Stefanyk Precarpathian National University,
Ministry of Education and Science of Ukraine, Ivano-Frankivsk, 2025.

The study was conducted at the Department of Biochemistry and Biotechnology,
Faculty of Natural Sciences, Vasyl Stefanyk Precarpathian National University (Ivano-
Frankivsk, Ukraine) and partially at Department of Neurophysiology, Institute of
Physiology, Eberhard Karls University of Tiibingen (Tiibingen, Germany) during 2020-
2025.

The dissertation consists of two parts. The first part is devoted to the study of the
effect of margarine-containing foods separately and in combination with a chamomile
flower water decoction (CWD) or every-other-day fasting regimen (EODF) as potential
supplements to nutrition that can change the course of metabolic processes in the mice
body. For the study, C57BL/6J mice of both sexes were used, which were fed 70%-fat
margarine, margarine and CWD, and margarine with EODF for four months. The study
aimed to determine whether margarine-enriched food can cause metabolic syndrome
(MS) or related disorders, and whether the addition of CWD or the use of EODF can
mitigate negative effects that may arise from margarine consumption. Another goal was
to test whether male and female mice would respond equally to the experimental diet.

Obesity is one of the key features of MS, along with high levels of

triacylglycerols (TAG) and glucose, the development of insulin resistance,
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inflammation, and oxidative stress (OS). Morphometric, physiological, and biochemical
parameters were determined to check what disturbances may occur in mice after
consuming food with margarine. The study showed that margarine consumption alone,
and in combination with CWD or EODF, did not cause obesity. At the same time body
mass index and Lee's obesity index were within normal limits, although females who
consumed margarine constantly and males who were on the EODF gained weight faster
than other groups. Both males and females in all experimental groups consumed less
food and drank less water, or CWD compared with controls. It was found that the
animals preferred margarine to laboratory chow. Although both sexes consumed less
food on the studied regimens, the experimental males received more calories than the
control males, and the females received the same amount as the control group.The
results obtained in this study indicate that consumption of margarine for four months
has a stronger negative effect on female mice compared with males. In addition to
gaining body weight faster, they had lower plasma paraoxonase (PON) activity. This
indicates the development of OS in the liver, kidneys, and cerebral cortex. In contrast to
females, males had elevated levels of lipid peroxides (LOOH) in adipose tissue and a
tendency to increase interleukin-1f (IL-1B) levels, indicating mild signs of
inflammation. They also had a higher intensity of OS in the cerebral cortex. At the
same time, in the liver, higher catalase activity was observed, which led to a decrease in
OS in this organ. In both males and females, the activity of hepatic glycolytic enzymes
(phosphofructokinase and pyruvate kinase) was higher after margarine consumption,
which is a sign of more intense glycolysis.

Adding CWD to margarine-enriched food prevented weight gain in females and
improved food intake in males. However, chamomile had different effects on animal
organs. In females, CWD showed antioxidant properties in the liver and caused lower
plasma glucose levels. In males, BBR induced higher glutathione peroxidase (GPx)
activity in the kidneys, but intensified OS in the heart. No signs of OS were found in the
cerebral cortex of both males and females, indicating a positive effect of CWD on the

animal brain.
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This study is the first to show that consumption of EODF together with
margarine can be harmful to male mice. In addition to gaining weight faster, these
animals also tended to overeat on days when they had access to food. In the blood of
males, the total number of leukocytes was higher, which is a sign of inflammatory
processes. They also had low plasma TAG levels but high glucose levels. In the liver of
males, accumulation of TAG was observed with low glycogen content. Together with
the results obtained in the blood plasma, this indicates a disturbance in glycolytic and
lipid metabolism. The development of OS was detected in the heart of males, but the
activity of GPx in the kidney and cerebral cortex was higher, indicating a weak
antioxidant effect of EODF in these organs. Female mice, on the other hand, showed
positive changes after using this diet. In contrast to animals that constantly consumed
margarine, females that periodically starved gained body weight more slowly. They also
had lower levels of inflammatory markers, lower plasma MPO activity, and lower levels
of IL-1B in adipose tissue. We found a lower intensity of OS in the liver and higher
activity of antioxidant enzymes in the kidneys and heart of females. However, EODF
did not prevent the development of OS in the cerebral cortex of mice of this sex.

Overall, the results indicate a greater vulnerability of females to margarine-
enriched diets and males to EODF, but do not indicate the development of MS, only
certain associated comorbidities. Due to its antioxidant properties, chamomile decoction
can reduce the negative effects of margarine on females, but not on males. Fasting every
other day also shows a greater positive effect for females, although it does not protect
cerebral cortex from development OS.

The second part of the dissertation is devoted to studying the impact of caloric
restriction (CR) as a dietary regimen that can reduce the damage in the body that occurs
with age. The study was conducted on middle-aged and older C57BL/6N mice. When
the animals reached three and six months, middle age and older, respectively, they were
given 30% less food. This diet continued until the animals reached nine (middle-aged)
and eighteen (older) months. This part of the study aimed to test whether CR would

cause changes in the defense system against reactive oxygen species (ROS) in the liver,
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kidneys, and brain cortex and whether this type of nutrition would affect the intensity of
liver glycolysis in experimental animals.

It is known that during aging, the body's ROS defense systems weaken, and the
level of damage in cells increases, which leads to increasing ROS levels. Dietary
restriction can act as a mild stressor that activates the antioxidant system. This study
showed that CR reduced the intensity of OS in middle-aged animals but had no effect
on the older group. In particular, lower levels of LOOH were found in the kidneys and
cerebral cortex, in the cortex to the higher activity of glutathione-dependent enzymes in
middle-aged mice. It was also shown middle-aged animals had higher glucose-6-
phosphate dehydrogenase activity under CR conditions, but its activity was lower at
older group. Combined with the lower activity of glycolytic enzymes and low glucose
content in hepatocytes, this indicates that the pentose phosphate pathway is intensive in
middle-aged animals that were restricted in caloric intake. It is the increase in the
intensity of this pathway that contributes to the production of NADPH, which is a
coenzyme for the glutathione system of defense against ROS.

The data obtained in the dissertation research deepen the knowledge of the effect
of high-calorie foods, in particular margarine, CWD, and EODF on morphometric,
physiological, and biochemical parameters of mice, on the pro-/antioxidant system, and
energy metabolism, as well as changes in these systems that may be induced by the use
of CR in middle age and older. Based on these results, chamomile decoction and
intermittent fasting can be recommended for further research in female patients with

early signs of MS, and CR in middle-aged people to mitigate aging-related disorders.

Key words: aging; antioxidant enzymes; caloric restriction; chamomile
decoction; glycolysis; inflammation; margarine; body weight; metabolic syndrome;

mice; oxidative stress; intermittent fasting; lipid peroxides; liver; triacylglycerols.
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